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aurone (Scheme 1), proved to be an inhibitor of iodothyronine
deiodinase, an enzyme involved in hormone synthesis and

Aurones are conveniently formed in a three-step procedureregulation® Non-natural aurones have been found to bind to

including a goldcatalyzed cyclization of 2-(1-hydroxyprop-

the nucleotide-binding domain of P-glycoprotein, which medi-

2-ynyl)phenols as a highly regio- and stereoselective key ates resistance of cancer cells to chemothetaplyibit cyclin-
step. A wide diversity of derivatives can be obtained starting dependent kinases in connection with antiproliferative proper-
from substituted salicylaldehydes. Synthesis of natural tiest® and act as anticancer agehts.

4,6,3,4'-tetramethoxyaurone and structure revision of two
natural products (dalmaisione D andchloroaurone) were
achieved.

Numerous aurone syntheses were reported in the literature:
the Wheeler aurone synthesis from chalcone dihafidlegida-
tive cyclization of 2-hydroxychalcone& and ring closure of
o-hydroxyaryl phenylethynyl ketoné4.These methods give
generally good stereoselectivity, but they usually cannot com-

Flavonoids represent a large class of plant natural products, pletely prevent the formation of flavones. The most popular

exhibiting multiple biological activitie$ Among them, aurone,
i.e., @-2-benzylidenebenzofuran-342-ones (Scheme 1), con-

preparation of auronés!! was developed by Varrfaand is
based on the condensation of benzofurar-3{@nes with

stitute a subclass contributing to the pigmentation of flowers benzaldehydes. However, this aldol-like coupling reaction gives

and fruits® especially to the bright golden yellow color of
flowers? Aurones also exhibit a strong and broad variety of
biological activities? For example, they have been described
as antifungal agenfsas insect antifeedant agefitas inhibitors

of tyrosinase, and as antioxidan.Aureusidin, a common

T On leave from the chemistry department of the University of Batna, Batna,
Algeria.
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TABLE 1. Screening of Gold Catalysts for the Cyclization of 1a TABLE 2. Comparison with the Cyclization of an Analogue

Ynone
oH O Conditions? i Conditi
/ onditions % onditions
Z MeCN, rt
MeCN, rt OH O '
OH 1a OH 2a ynone aurone
o - o - : catalyst additive time aurone flavone
entry catalyst (mol %) additive (mol %) time (h)  yiél(bo) entry (mol %) (mol %) (h) yield® (%) yield? (%)
1 none KCO; (10) 24 0 1 none KCOs(10) 1 25 65
2 AuClI (10) none 0.5 c 5 AUCI (10 24 38
3 AuCI (10) KoCOs (10) 2 78 3 A“CI (10) ”Oge 100 24 O"aces
4  AuCI(10) NaHCQ (10) 24 67 uCl(10)  KCOs(10) traces
5 AuCl (10) NEg (10) 24 50 aYields of aurone and flavone were calculated'byNMR relative to
6 AuCl (10) pyridine (10) 24 0 an internal standard (hexamethylbenzene).
7 AuCI (10) NaH (100) 24 4 : _
8 PPhAUCI (5) none 24 0 appeared to be the most effective reagent and smoothly furnished
9 PPhAUCI (5) K2CO; (10) 15 55 aurone3ain 90% yield. To better understand the cyclization
1(1) Zﬁg@‘(’%)@ ﬁgf:'% ®) 150 L ¢ step, we then screened other bases associated with AuCl. Sodium
12 AuCk (10) KoCOs (10) 24 22 hydrogenoce}rbonaye or triethylamine were al_so efficient in the
13 AuCI (1) KoCOs (1) 30 86 gold catalysis cyclization but gave lower yields and longer

2Reactions run under argom, = 0.1 mol/L.? Yields of 2a were _reaC“O’_‘ times.(entrie_s 4 and 5). Pyridine was Com_plet_ely
calculated byH NMR relative to an internal standard (hexamethylbenzene). in€effective in this reaction, presumably due to its coordination
¢ Degradation products.14% of flavone and 35% of yno#tproduct were with gold chloride (entry 6§2 Preformed phenolate only
observed byH NMR of the crude mixture. afforded a modest yield da (entry 7). Other gold catalysts

were also less effective than AuCl. Surprisingly, the more

The aurone biological properties and the lack of regioselective SOluble triphenylphosphane gold chioride required longer reac-
syntheses led us to develop an alternative route. We decided tdion time than gold chloride itself and gave only a modest yield
take advantage of our experience in oxygenated heterocyclesOf the expected cyclized product (entry 9 vs 3). It is worth
preparationd® and we wish to report here a simple three-step Mentioning that with t_hls catalyst also, the presence of potassium
synthesis of aurones. Indeed, we reasoned that augstesuld ~ carbonate was required to get some transformation (entry 8).
be available through metal-catalyzed cyclization of substituted More electrophilic catalysts either derived from triphenylphos-
1-(2-hydroxyphenyl)-3-phenylpropynolsfollowed by oxida- phane gold chloride treg@ed with silver salt_ or gold(Il) trichloride
tion. The latter would be easily obtained by alkynylation of 2lone gave decomposition product (entries 10 and 11). Never-
salicylaldehyde derivatives (Scheme 1). theless, in the_ presence of potassium carbonat'e, gold trichloride

Various 2-(1-hydroxy-3-arylprop-2-ynyl)phendls—h were gave thg CyClIZf’:ltIOI‘l product but in very low yield (entry ;2).
easily produced by addition of 2 equiv of lithium arylacetyl- Interestingly, with a low catalyst loading (1 mol %), the yield
ides17 substituted or not, at low temperature in THF to several Was sllgh_tly |r_10reased without any loss in regioselectivity, but
substituted salicylaldehydes. The yields were routinely higher the reaction time was, however, longer (entry 13 vs 3).
than 70%. In order to find more appropriate conditions for the ~ Knowing that arylated ynones could be cyclized into a

cyclization reaction of such substrates and based on previousMixture of aurones and flavonéSwe were curious at this point
resultst®18 we applied various conditions and gold catalysts @ compare our optimized conditions with these classical basic

to the simplest aurone precursba (Table 1). conditions. The corresponding ynones were thus easily prepared
Potassium carbonate alone was not able to promote anyPY MnO: oxidation of 1a This ynone was then submitted to
cyclization, and the starting materih was recovered even  the known basic conditions and to gold catalysts in various
after prolonged contact time (entry 1). In sharp contrast, gold- conditions (Table 2). The former led as expected to a mixture
(I) chloride alone rapidly led to decomposition (entry 2). But ©f aurone and flavone (entry 1). Surprisingly, AuCl alone gave
premixing the base (10 mol %) and the starting material in almost exclusively the flavone, but in low yield (entry 2), and
acetonitrile before adding AuCl (10 mol %) gave the expected K2COJAUCI failed to promote any cyclizatioff. These results
cyclization product2a in 78% yield asa single 5-exo-dig and the experiment with the preformed phenolate (Table 1, entry
regioisomer and Z stereoisomdentry 3). The regio- and 7) clearly evidenced the key role of the base in the Au-catalyzed

stereochemistry were unambiguously established after compari-cYclization of 1-(2-hydroxyphenyl)-3-phenylpropynols.
son of the oxidation produ@ato the known auron& 2t indeed, The above results showed that aurones could be obtained in

after a rapid screening of oxidation conditions 2& MnO, three steps from salicylaldehyde and phenylacetylene through
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TABLE 3. Scope of the Au-Catalyzed Aurone Synthesis

R’ R’
R | [
2% 7"\ 7\
~ OH || AuCl7K2CO3 o _ o o _
| = S (10 mol%) I A MnO, I N
e MeCN, it A CHCl, A
OH n.1h o
2a-h 3a-h

OH
1a-h (2)-4'-chloroaurone (3e) Revised structure

3-(4'-chloroisocoumarin)

addition  cyclization

. . idati ield (%
MY yield (%) yield (%) aurone oxidation yield (%) FIGURE 1. Structural revisions.
. . O
1 1a, 73 2a, 84 O — 3a, 90
(o)
2 1b,94  2b,86 A= 3b, 99
O,N O
[e]
. O R = H : (2)-2-hydroxyaurone (4) R = H : 2-hydroxyflavone (5)
3 lc, 85 2¢,79 o O — 3¢, 77 R = Glc—>-Glc : Dalmaisione D R = Glc—-Glc : Revised structure (6)
o
c' FIGURE 2. Structural revisions.
4 1d, 87 2d,70 O o 3d, 88 SCHEME 2. Synthesis of 5, Aglycon of Dalmaisione D
Br Y OH 0
cl 1) MnOz, CH20|2
) U L 2)KeCOs MeON
5 1,71 2e65 o 3¢, 83 O N 2/KC0s MeCHl
0 OH O 3) BBr3, CH,Cl,
° OMe 19 2'-hydroxyflavone, 5
O 17% over 3 steps
3f, 86"

— isolated from the marine brown al@patoglossurariabile.?
However, spectroscopic data of the synthé&we obtained
did not match with those reported. The vinylic proton resonated

6 1,67  2£,70 o

7 1g,68 28,69 @ 3g, 87 at 6.84 ppm as a singlet, while it was reported at 6.91 ppm.
Comparison with related compounds led us think that the natural
product was misassigned and that it should correspond to an

4 isocoumarin. Indeed, Subbar#jiet al. published during our

8 1h,21° 2h,83 Heo 3n°, 64/ own attempts to elucidate this structure, a structural revision
and reassigned it as the known 3-@¢hloroisocoumarin)
(Figure 1).

aCyclization yield obtained with 1 mol % of catalystsTrace of We also chose to prepare auroBg S'n(_:e_ it is theO-

E-aurone was observed 5%). ¢ The adduct is instable on silica gélYield methylated form of the aglycone of dalmaisione D, a natural
was determined byH NMR on the crude mixtureg The natural product product isolated from roots d?olygala dalmaisiang” which
isomerized in solutiod? f Yield of isolatedE/Z products (ratio: 27/73), is composed of a disaccharidg-glucopyranosyl4-1—6)-

determined over the two steps. glucopyranosyl) tethered to th&)¢2'-hydroxyauronet (Figure

2). But again, the spectral data reported for the compound
alkynylation, gold-catalyzed cyclization, and oxidation. We then obtained after acid hydrolysis of dalmaisione D did not match
explored the scope of this new synthesis of aurones by applyingwith the synthetiet we obtained after demethylation 8f with
this sequence to variously substituted salicylaldehydes andBBrz.?® Indeed, NMR shifts of carbonyl (G= 177.1 ppm) and
alkynes (Table 3). olefinic proton (Hp = 7.13 ppm) seem to correspond to the

The yields of cyclic producta—h were always good, flavone isomer5. Unfortunately, reported NMR data of-2
remaining between 65 and 86%. In all cases, no trace of otherhydroxyflavoné®were confusing, which forced us to synthesize
regio- or stereoisomers was observed. The oxidation step gaveb in three steps from phendl (Scheme 2). We were pleased
generally aurone8a—h in high yields with sometimes trace of ~ to find that*H and 3C NMR data of syntheti& were now
E-aurones (entries 5 and 6), probably due to aurone instability consistent with the natural aglycon. These data led us to reassign
(entry 8)%4 the natural product dalmaisione D as compo6r{igure 2)?*

Some of the synthesized aurones in Table 3 need more
detailed comments. Indeed, we focused on the synthesis ofA (gﬁ) Att%ﬁf-RahgﬁéllPZ;O%hozghf(r))é,_l\ilblf; Hayat, S.; Khan, A. M.; Ahmed,
natural products t,o i||u§trate our str.ategy. We prepazed( '(26()ar\]/1'enka6:¢rar2\}varllju, Sl Pa{nchagnulé, G. K.; Gottumukkala, A. L.;
chloroaurone3e since it was described as a natural product subbaraju, G. VTetrahedron2007, 63, 6909-6914.

(27) Kobayashi, S.; Miyase, T.; Noguchi, H. Nat. Prod.2002 65,
319-328.

(28) (a) Blask@G.; Xun, L.; Cordell, G. AJ. Nat. Prod.1988 51, 60—
65. (b) Budzianowski, J.; Morozowska, M.; Wesolowska,Miytochemistry
2005 66, 1033-1039.

(24) (a) Seabra, R. M.; Andrade, P. B.; Ferreres, F.; Moreira, M. M.
Phytochemistry1997, 45, 839-840. (b) Bolek, D.; Gtschow, M. J.
Heterocycl. Chem2005 42, 1399-1403.
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Finally, the synthesis of naturaf)-4,6,3,4'-tetramethoxyau- General Procedure 2 for the Au-Catalyzed Cyclization.To
rone 3h isolated fromCyperus capitatuighlights this new  the alcohol (0.5 mmolla—h) in dry acetonitrile (2.5 mL) was
aurone access. It is noteworthy that although only one stereoi-added KCO; (0.05 mmol) at room temperature. The reaction
somer was formed during the cyclization step, a mixture/gf mixture was stirred for 5 min, and AuCl (0.05 mmol) was then

3h was obtained after oxidation due to equilibrium of the two @dded in one portion. The reaction was monitored by TLC until
isomers in the presence of light or on silica &el complete conversion of starting material. Acetonitrile was removed

In conclusion, we have reportéar the first timean original in vacuo, and the residue was purified by flash chromatography.

; Z)-2-Benzylidene-2,3-dihydrobenzofuran-3-ol (2aj-ollowing
route toward aurones. This three-step approach based on a gold- (
catalyzed cyclization led to an efficient and expeditious synthesisthe general procedure 2, alcotial (116 mg, 0.5 mmol) gavea

of aurones. Moreover. a sinale reaioisomer and stereoisomer .5(98 mg, 84%) as a white solid: TL& 0.32 (cyclohexane/EtOAc
u - VEr, a singie regiol ' 1S3096): mp 116-111°C; IR (KBr) vmax 3305, 1684, 1613, 1600,

produced in the cyclization step. We have accomplished the 1475 1466. 1448 cr: IH NMR (300 MHz, CDCH) 6 7.72 (d,J
synthesis of the natural 4,6,8-tetramethoxyaurone and reas- = 7.9 Hz, 2 H), 7.50 (dJ = 7.2 Hz, 1 H), 7.4+7.32 (m, 3 H),

signed the structures of dalmaisione D and another natural7 27-7.22 (m, 1 H), 7.1+7.07 (m, 2 H), 6.01 (dJ = 1.5 Hz, 1

product isolated from a marine brown alga. H), 5.77 (d,J= 7.5 Hz, 1 H), 2.20 (dJ = 8.0 Hz, 1 H);3C NMR
Further work is now underway to understand the role of the (75 MHz, CDCk) 157.7, 157.0, 134.5, 130.6, 128.7, 128.5, 126.9,

base involved in the gold-catalyzed reaction, to expand the use126.8, 125.6, 122.9, 110.7, 106.0, 72.5; MS (E@& 223 (100,

of gold catalyst¥ in organic synthesis, and to broaden the scope M** — H); HR-MS 223.0380 (@H1,0; — H calcd 223.0354).

of this reaction. General Procedure 3 for the Oxidation.To the corresponding
benzofuranol (0.2 mmoRa—h) in dry CH,ClI, (5 mL) was added
Experimental Section MnO, (2 mmol) at room temperature. The reaction mixture was

) stirred fa 1 h atroom temperature and was then filtered through
General Procedure 1 for the Alkynylation. To an arylacetylene 3 pad of Celite. The organic phase was evaporated, and the crude
(2.2 mmol) in dry THF (5 mL) was slowly addedBuLi (2.1 mmol, residue was purified by flash chromatography.

1.6 M in THF) at—78 °C. The reaction mixture was heated up to (2)-Aurone (3a)® Following the general procedure 3, benzo-

—40 °C and then cooled down te-78 °C. A solution of the
. . . furanol2a (100 mg, 0.45 mmol) gav&a (90 mg, 90%) as a yellow
corresponding salicylaldehyde (1 mmol in 5 mL of THF) was solid: TLC R: 0.54 (Cyclohexane/EtOAc 30%); mp 9200 °C;

dropwise added via cannula. The reaction mixture was stirred at _
T on o : IR (KBr) vmax 3030, 1714, 1652, 1594, 1472, 1462, 1445 &m
78 °C for 4 h and was then quenched with saturated,GIH iH NMR (300 MHz, CDCh) 6 7.93 (dd.J = 7.0, 1.8 Hz, 2 H),

solution. Excess of THF was removed in vacuo, and the aqueous
. : i 7.82 (ddd,J = 7.7, 1.6, 0.7 Hz, 1 H), 7.65 (1 = 8.1 Hz, 1 H),
phase was extracted with Z£&&. Combined organic layers were 7.50-7.41 (m, 3 H), 7.34 (d) = 8.3, 1.2 Hz, 1 H), 7.22 (td) =

‘F')V:)Sdhui? V‘\',Va'ltshpz':i?iz;j (g;eﬁagﬁl’ecrh'rs“(ﬁ‘%’tozrlgpﬁfporated' Crude 25’1 6 Hz, 1 H), 6.91 (s, 1 HI2C NMR (75 MHz, CDCh) 184.8,
166.8, 146.9, 137.0, 132.3, 131.9, 129.9, 128.9, 124.7, 123.5, 121.7,

2-(1-Hydroxy-3-phenylprop-2-ynyl)phenol (1a)!® Following ) . )
the general procedure 1, salicylaldehyde (1.22 g, 10 mmol) and 113.1, 113.0; MS (ESI'z 245 (100, M* + Na), 223 (28); HR-

phenylacetylene (2.04 g, 22 mmol) gata (1.64 g, 73%) as a  MS 245.0548 (GH100, + Na calcd 245.0573).

pale white solid: TLORs 0.4 (cyclohexane/EtOAc 30%); mp 88;

IR (CHCl) vmax 2580, 3368, 3022, 2927, 2851, 2229, 1588, 1489,  Acknowledgment. We thank the CNRS and the French
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H NMR (300 MHz, CDC}) 6 7.48-7.46 (m, 3 H), 7.357.24 Algerian government for a Ph.D. fellowship.
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