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AMrwi-A highly selective synthetic route of general utility was devised for the preparation of 
2’-hydroxycbakones 4. The procedure involves the regiochemical controlled reaction between 
bromomagncaium salts of mono and dibydric phenols 1 and variously substituted cinnamaldehydes 2 
in aprotic apokr media and in the presence of a suitable basic additive. Application of this procedure 
to some naturally occurring chakoncs 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- 
hydroxyacetophenone-s with aromatic aldehyde-s’ 
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 

phenyl cinnamate procedure fails to offer very 
much in the way of yield and selectivity. 

2’-Hydroxychakones 4 are found per se in na- 
ture2~ and may be versatile intermediates in the 
synthesis of naturally occunin g,oxygen heterocycles 
such as flavonols.6 flavanones, and aurones8 

Here we describe a facile and general synthesis 
of 2’-hydroxychakones 4a-1 which has significant 
advantages over previously published routes. Our 
strategy (Scheme 1) involves an initial C-or-010 
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Table 1. Preparation of 2’-hydroxychalcont &l 

Compound’ Yieldb Lit. Molecular formula 
SUbstrate Reagent No. WI v8hles (M.4 

Phenol Ciinamaldehyde 4a 62(82) 87-88 88-89” CtsHtxOx(224.25) 
Phenol 4Methoxy- 

cinnamaldehyde 58(85) 94-95 94O CtsHt,Os(254.27) 
2Methylphenol Cianamaldehyde 2 68(85) 75-76 CtcHt,Os(238.27)’ 
3-Methoxyphenol Cinnamaldehyde Id 78(82) 104-105 107-108s C,JIH,,0s(254.27) 
3Methoxyphenol 4-Mcthoxy- 

cinnamaldehyde L 60(85) 111-112 113-l 14b C,,H,,0,(284.30) 
3Methoxyphcnol 3,4-Dimcthoxy- 

cinnamaldehyde Y 47(80) 152-154 156’ C,,Ht,Os(314.32) 
3-N.N-dimethyl- 

aminophcnol Cmnamaldehyde 80(90) 147-149 - C,,H,,N0,(267.31), 
bClrloropheno1 Cirmamaidehyde 2 48(88) 109-110 109-110~ C,,H,,ClOx(258.70) 
3.4-Dimethoxyphcnol Cinnamaldehyde 60(92) 96-97 97-98’ C,,H,,0,(284.30) 
3-Hydroxyphenol Cinnamaldehydc tt 68(83) 139-141 142-143” C,,H,,0,(240.25) 
3-Hydroxy4 

methoxyphenol Cmnrmaldehyde R 60(80) 159-160 159” C,sH,,0.(270.27) 
3-Hydroxy-5- 

methoxyphenol Ciinsmsldehydc 41 66(91) 2&207 207” C16H,,0.(270.27) 

‘All products arc yellow or orange-yellow. 
bIsolated yields, values in psrentheses refer to yields based upon unrecovered starting phenol, not optimized. 
CRecrystn solvent was benxene/hcxane in ali cases. 
dT. Asahina. Bull. C&m. Sot. Japan, 9, 131 (1934). 
OP. ICarrer, Y. Yen, G. Reichstein, Helo. CMn. Actu, l.3, 1308 (1939). 
‘Anal.: Found C. 80.42; H, 6.20. Required C, 80.64; H, 5.92%. 
sbS. Fujise, H. Tatsuta, Z. Ckem. 8oc. Zapan, 63,932 (1942). 
‘N. Narasimhechari, T. R. Seshadri, Proc Zndfwt Acod. Sci, 274 223 (1948). 
‘Anal.: Found C, 76.11; H, 6.40; N, 5.01. Rquircd C. 76.38; II, 6.41; N, 5.24%. 
‘L. Monti, Gotr. Chim. Ital., 60, 43 (1930). 
‘G. Bargcllini and G. B. Marini Bettolo, Guxz. Chim. Itof., 70, 170 (1940). 
mH. A. GtIe and W. Barkow. Ber. L&h. Chem Gu., 80,458 (1947). 
“N. Adityachandhury, C. L. Kirtaniya, and B. Mukherjce, Tefruhedron, 27, 2111 (1971). 
“Y. Kimura, S. Takahashi, and I. Yoshida. Yokugoky Zussi, 88, 239 (1968). 
pJ. Gnodera, H. Obara. Bull. C&m. Sot Japan, 47,240 (1974). 

regiospecittc attack of aldehyde 2 on the In our opinion, the method is one of the most 
bromomagnesium salt of phenolic substrate 1 lead- versatile routes to 2’-hydroxychalcooes and appears 
ing to a carbiool iotermediite 3. Subsequent quan- to be of general applicability with respect to both 
titative dehydrogeoatioo of 3 by a second mole of 2 mono and dihydric phenols as well as aldehydes. 
produces the expected chalcone 4 and cinnamyl Thus, application of this synthesis to naturally oc- 
alcohol 5. The synthesis can be advantageously curring compounds or to related derivatives car- 
carried out in one operation by the in-situ prepara- damonin (41), flemichapparin (lu), 4’-O-methyl- 
tioo of the salt 1 and ethylmagnesium bromide, (4I), 4,4’-O-dimethylisoliquiritigenin (48). 3,4,4’-0- 
followed by solvent exchange (ether+tolueoe) and trimethylbutein (4f) was carried out successfully. 
addition of reactants (Experimental). The process Structures of 44 were substantiated by com- 
gives chalcones 40-l which crystallize in moder- pariaoo with published data for 2’-hydroxy- 
ately good yields with excellent selectivity (Table chalcooes or by elemental and spectral analyses 
1). (Tables 2 and 3). 

Table 2. IR, UV. and mass spectrai data of chalcones lrcl 

*&nrnT X l(r) 
hfad 

m/c (% relative abundance) 

z 
1640 1566 224(9.9), 319(19.6), 35q11.3) 224(93), 147(100). 121(54). 103(443) 
1640 1554 225(12.4). 320(18.9), 366(22.3) 254(45), 253(20), 121(100), 133(32) 

2 
1642 1572 225(12.5), 319(23.3), 350(10.7) 238(23), 161(25). 135(100). 103(16) 
1633 1587 223(10.5), 323(20.1), 349G9.1) ‘254@6). 253(68), 177(100), lSl(63) 

4a 1640 1565 225(12.0), 32OG7.9). 365(24.3) 284(61), 207(91). 177(100), 103050) 

: 

1639 1564 221(22.7), 269(10.6), 36q24.3) 314(41). 234(41). 177(100), 103(49) 
1626 1548 220(20.1), 286(16.0), 39q24.1) 267(100). 266(45). 190(83), 164(49) 
1643 1581 226(15.3), 32H12.3). 349(7.3) 260(28). 258(80), 181(70), 154(100) 

: 
1644 1580 225(12.1), 32q18.6). 373(24.0) 284(40). 283(26). 207(90), 181(70) 
1640 1587 260(17.1), 32q13.8). 352G3.4) 240(l), 137(26), 103(32). 102(34) 

z 
1641 1590 225(11.7), 313(20.9) 270(24), 193(63), 166(100), 151(51) 
1642 1589 223(16.8). 322(20.0) 270(21), 193(60). 166(100). 151(40) 

Qtly fragment ions above m/c 103 arc listed. 
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Table 3. ‘H NMR spectra of Chakonas 4a-1' 

hmpd ‘I%- 
No. H,,b H,’ my OH-2” 

7.47 7.93 
7.47 7.94 

2 
7.46 7.90 
7.48 7.80 

4a 7.40 7.98 
41 7.64 8.10 

15.42 13.00 6.9-7.7 
15.40 13.45 6.5-7.7 
14.51 13.55 6.81(m. H-S’) 
15.40 13.50 6.42(m, H-3’); 6.47(m, H-5’) 
15.40 13.45 6.4O(m, H-3’); 648(m, H-S’) 
15.60 13.49 7.0-7.3 

4 7.52 7.81 15.40 14.00 

t: 
7.39 7.99 
7.60 8.11 

11, 
7.46 7.98 
7.35 7.90 

I 7.34 7.92 

15.05 12.80 
15.58 13.48 
15.35 13.60 
15.80 14.00 
15.80 13.50 

Aromatic [ring A)” others 

6.06(m, H-3’); 6.23(m, H-5’); 
7.70(m, H-6’) 

7.05(m, H-3’) 
6.65(s, H-3’); 7.26(s, H-6’) 
6.38(m, H-3’); 6.46(m. H-S’) 
6.66(s, H-3’); 7.28(s, H-6‘) 
6.65(m, H-3’); 6.4S(m, H-53 

3.80(s, 3H, OCHs-4~ 
2.28(s,3H. CHs-33 
3.78(s, 3H, ocH,4’) 
3.70(s, 3H, 0CH,43; 3.82(s. 3H, ocH,-4) 
3.71(s, 3H, CCHs-4’); 3.81(s, 6H, OCH,-3 

and 43 

2.96(s. 6H, N&X-I&4’) 
- 

3.71(s,6H, OCHs-4’ and 5’) 
5.86(s. lH, OH-43 
3.95(s, 3H, CCHs-5’); 5.90(s, lH, OH-43 
3.76(s, 3H. OCHs-6’); 5.90(s, lH, OH-43 

Xbcmical shifts (8) in ppm. 
bsharp A-B quartet. 
“sharp singlet; solvent and dilution independent. 
“f&e signals reported were extracted by analysis of the spin system overlapped with the ring B protons (6.9-7.76). 

In particular the structures are au Lxxlsistent with 
their H and 13C NhfR spectra. For compounds N 
4b, 4d, and 4e the carbon spectra are iu full agree- 
ment with the previously reported data’ and the 
structures of the remaining compounds were aa- 
signed by the use of double reseuartce technique 
and chemical shift criteria.rO The proton spectra 
provide independent coufirmation of the structures 
and offer an unambiguous route for the determina- 
tion of the double bond geometry. The assignments 
of the 100 MHx spectra are given in Table 3 and 
some values are chosen on the basis of the best 
fitting between calculated and observed spectra. 

protons H-3’, H-S’, and H-6’ respectively. Irradia- 
tion at 67.70 (X part partially hidden by the re- 
maining aromatic protons) produces a strong simp- 
lification of the high field part of the AI3 system. 
From this result we can attribute the two protons 3’ 
and 5’ considering the additive shielding effect of 
the two electron-donating groups OH and NMez. 
Moreover, irradiation of these two protons results 
in a coalescence of the H-6’ signal. It is therefore 
possible to assign without ambiguity the doublet 
signal at 87.81 to the I-Is proton of the AB system 
for protons I-I,, and H,. The tr0n.r configuration (I3 
isomer) is derived from Jr.,__,,, coupling of 15.6 I-Ix. 

As an example of the procedure, the spectrum of For this synthesis, trioctylamine was usually emp- 
4g consists of a strong coupled system ABX for loyed as basic additive and toluene as solvent. 

Table 4. Additive effect in reactions between phenoxymagnesium 
bromide (1 mol) and cinnamaldehydc ‘(1 mol) under comparable 

conditions in toluene at 110 f 0.5’ 

No. 
Additive Conversion” @a), YieldbL 

(mol) WI WI 

1 Trioctyfamfrie (2.0) 76 65 (86) 
2 HMPA (2.0) 75 60 (80) 
3 65 Sl(78) 

: 
EA(fu:) 

. . 

DME? (l.0)’ 
44 31(70) 
41 30 (73) 

6 Trioctyfamine (1.0) 30 26 (87) 
7 Trioctyfamine (5.0) 21 19 (91) 
8 None 66d 0.0” 

*Mole per mole of PbOMgBr. 
bDotermind by OLC analyses (SC 30.5% on Cbromosorb W. co. 

3.2mmx2.4m. 1200). 
Values in parentheses refer to yfelds based upon unrecovered 

starting phenol. 
dMolar ratio of PbOMgBr to cinnamaldehyde was 1: 1.5. 
Vroducts formed: 2,2’-dihydroxydiphenyl(rtml)methanc (54%) 

and PH-benzocb) pyran (2.5%) (ref. 12). 
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6 

M-MgBr; R=CH:CH& 

Scheme 2 

Hex~e~ylph~pho~de (HMPA) also serves as 
additive as can be seen from Table 4 (No. 2). 
Other bases, such as tetramethylethylenediamioe 
(TMEDA), pyridiae, and dimethoxyethane (DME) 
are less effective agents (Nos. 3-S), and the order 
of decreasing efecieocy appears to be trioctylamine, 
~A>~DA>p~~e~D~. ‘Ibe opti- 
mum molar ratio of base to metal phenoxide is cu 
2: 1 (mot equiv/mol equiv) (No. 1); lower or higher 
ratios lead to a significant drop in reactivity without 
loss of speciticity (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-hydroxybenxyl alcohol 3 represents the first stage 
of our synthesis (Scheme 2). 

As previously reported,12 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 pheoolic ring. 

The second stage of the process presumably io- 
volves a Meerwein-Pooodorf-Verley-type hydride- 
transfer from the alkoxy-moiety of carbinol 3 to 
aldehyde 2, producing 4 and 5.” Aocordingty. 
b~moma~~ium salt of 2-hydroxy-a-methyl- 
benxyl alcohol when treated with cimmmaidehyde 
in the presence of trioctylamine (2mol equiv) in 
usual reaction conditions produces, fastly and 
quantitatively, 2-hydroxyacetopheoone. 

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

-AL 

Cherd. AU m.ps were determined on a Biicbi ap- 
paratus and arc uncorrected. UV spectra for solns in 95% 
EtOH were determined using a Gary 17 spectrometer. lR 
spectra (RBr discs) were determined using a Perkin- 
Ebner 457 spectrometer. ‘H and r3CNMR spectra were 
obtained witb a Varian XL-100 instrument with TMS as 
iatemaf standard. The chemical shifts are espresscd in 
ppm; the carbon spectra were measured at 25.2MHz in 
the Fl mode. Further oaramcters were: uulsc width 
20~s; intcrferograms wire stored in Slit memory; 
SOOOHs snectml width and 10.000-20.000 scans. Mass 
spectra w&e determined on a krian MAT CHS spcc- 
trometer using direct insertion probe (70 eV). Tic espcri- 
menta were carried out on Merck silica gel GFss, plates. 
Column chromatography was conducted with Merck silka 

gel 60-230 mesh ASTM. Preparative UC were carried out 
on lmm thick Iayers. 4-Mctboxyci~amaldehyde and 
3,4-dimetho~cinnamaldehyda were prepared according 
to literature. ’ Au reactions were run in dry conditions 
under pure N,. Microsnalyses were performed by Istituto 
di CSnics Farmaccutica dell’Universit& di Panna (Italy). 

Rcprcscr~tativc esamples of preparation of 2’- 
hydroxychalcones from monobydrk and dibydric phenols 
are ~veo here. 

21-Hydroxyc~[l-(2-hydroxyphcnyi)-3-piunyl-2- 
pmpm-l-one] (4a). To 2.0M EtMgEr, in dietbyl ether 
(50 ml; 0.1 mol), 9.8 g (0.1 mol) pbcaol in 100 ml dietbyl 
ether was added smwly at room temp, under Ns with 
stirring. The ether was completely distilled in uacuo and 
tolueou 500 ml, trioctylamiue 7d.7 g (0.2 mol), and cin- 
namaldehvdc 26.4’~ (0.2mol) were added. T7m miature 
was heat&l under &iua with stirring for 5 br, quenched 
with NH,Claq and eatmctcd with dietbyl ctber. After 
drying (Na#G,) the ether was evaporated and ir was 
separated from the residue by crysWiition from a 
benxenefhexane 1:2 v/v mixture; 13.98 (62%; 82% 
based on unrccovcrcd starting pbeool); pale yellow rme- 
dlcs, m.p. 87-88’. Compounds 1w were prepared in a 
similar way. 

Y,4’-Dihydroxy-S-m&wxy&a&ow (~m&~~) 
(4k). To 2.&M EtMgEr SOnrI (0.1 mol) in dietl$~ctber 
(6.2 a. 0.05 mof). 3-hvdroav4metltoav~beool in 100 ml 
diet&l ether WG add&I doky. The et& was compktcly 
removed In oucuo and toluene 25Oml, bioctylamine 
70.7 g (0.2mol), and ci~amaldchyde 13.2 g (0.1 mol) 
were added. Tbc mixture was heated with stirring umkr 
r&us for 5 br aud, after coolin~ the mass was worked up 
as above. Tbc ckakooe 4 was obtained from the residue 
by chromatography on a column of silica gel in 
hexxne/EtOAc 8 : 2 v/v: 8.1 II (60% : 80% based on unre- 
covered starting 3-b$lro+-metboayphenol); orange 
needles from bcnsene/bcaane 1: 1 v/v. m.p. 159-1600. 

Compounds 4j-¶ were prepared in a similar way. Pre- 
parative data and physical proper&s for all synthesized 
chatcones sre shown in Table 1. S&d&ant sp&uxcopk 
data aod ass@meots arc reported in Tables 3 and 4. 

Ackuowfedgemerus-We arc pleased to ackoowkdge aup- 
port of this invcstigatioo by the CNR. (Consiglio 
Nazionale &UC Ricer&c, It&y). 
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1-(2-hydroryphenyi)-3-p~eoyl-2-~n-l-oac. 
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timpounds (Edited by A. Weiasberger aud E. C 
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1467. 2810, 3748. Springer Verlag Berliu, (l%?- 
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(1%8); F. M. Dem. Ihc Toral Synfhe@ of lVarawal 
Products. W&y Interscience. New York, N.Y. (1973); 
Rod&s Chcm&try of Co&on &nrpoun4 (Bdited by S. 
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(1974). C9tem. Abstr., 82, 85832 (1975); Z&i. 16, 895 
(1973); Zbid., 79, 91907 (1973); Tairy. Vsu. Simp. 
09. Synt &nzoidnyc Ammo?. sadin. h 37 (1974); 
C&in. Abstr., 86, 5569 (1977). 
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H. M. Chwla. S. S. Shibber and Anil Sharma. Tetmhed- 
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