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Abstract:

3-Arylpyrones and 5-arylpyrones featuring the 4-methoxy-2H-pyran-2-one moiety are obtained by Suzuki
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posmons had not becn reported till very recently w
coupling of organozinc derivative 2 (X = ZnCl) with iod .
Pd(O) catalvzed reactions are the arylation at C-4 of 4- bromo 6- methvl 2H—Dvran 2-one |5],
the cross-couplings on 5-bromo-2H-pyran-2-one |6] and on 4-substituted coumarins |7, 8],
and the allylation of 1b at C-3 [9, 10]. Palladium-mediated cross-coupling reactions with 5-
halo 2,3-dihydropyran-4-ones [11], 5-halo 2,3-dihydro-4-pyridones [12], and 3-
bromochromones [13] have also been reported. Since a vast array of brominated 4-hydroxy-
and 4-methoxy-6-methyl-2H-pyran-2-ones is available |3, 14|, we decided to study the
Suzuki-type cross-coupling [ 15-19] of pyrones Zb,¢ and 3 with commercial boronic acids.
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pyrones 2b-c and 3 by Suzuki cross-couplings.
Results

Initial experiments with bromopyrone 2b [14] failed. Therefore we prepared 3-iodo-4-
methoxy-6-methyl-2H-pyran-2-one, 2¢, by reaction of 2a with N-iodosuccinimide in
acetonitrile according to a general procedure [20]. After some optimization we found that
reactions of 2¢ with arylboronic acids were best performed in refluxing toluene with
Pd(dba); as palladium source, without added phosphine ligands (see Scheme 1 and Table 1).
In some cases pyrone 2a and biarqu derived from the corresponding arylboronic acids were
also formed as by-products. Lomramy, some ne[eroarylboromc acids did not gave the

coupling products under these conditions. After some cxpcrlmcntduon modest yields were
Ahtninad wwith 2 thinnhanabharania anid and D _hansalhlfieanahaennia an 21 eanin o DADDLAY
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refluxing DME, longer reaction times being required for the reaction to complete. In the
lagt race fantry Q 1n Tahla 1Y an nwnavnoantad "\n_nrnrlnr-f (RO wwag alen ignlatad whirh chawad
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Scheme 1
Table 1
3-Arylpyrones 4 by Suzuki cross-coupling of 2e with arylboronic acids.
Entry R Conditions® ___time 4 (® 4 mp (°C)
i 4-MeO-CgHy- A 33 h 4a (66) 165-171
2 4-Me-CgHy- A 19h 4b (87) 143-145
3 2-Me-CgHy- A 20 h 4¢ (50) 124-126
4 CeHs- A 86 h 4d (70) 156-147
5 4-C1-CoHy- A 23 h de (74) 153-154
6 4-CF3-CgHy- A 74 h 41 (62) 164-166
7 4-NO2-CgHy- A 68 h 4g (38) 170-176
8 3-thienyi B 6d 4h (45) 1i3-1i5
9 2-benzojbjiuryl C 6d 4t (I8¢ 143-145

A 5% Molar Pd(dba), and refluxing toluene; B: 2% molar Pd(PPh,), and
refluxing DME. "Yieids of pure isolated products. ¢

See text and experiment

refluxing DME; C: 5% molar Pd(PPh,),,

A Fen b odu
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Initial experiments targeted to arylate C-5 were also carried out with bromopyrone 3 [21]
and the results are summarized in Scheme 1 and Table 2. In this case Pd(PPh3)4 was
superior as palladium source.

Table 2
5-Aryipyrones 5 by Suzuki cross-coupling of 3 with aryiboronic acids.®

Entry X time (d) 5 (mb 5 mp (°C)
1 4-McO 11 Sa (33) 120-122
2 H 2 5d (64) 92-94

3 4-Cl 2 Se (41) 139-140
4 4-CF3 11 5f (34 146-147

‘ieids of pure isoiaied producis.

In summary, Pd(0)-catalyzed Suzuki cross-coupling is an efficient method to prepare 3-
and 5-aryl-4-methoxy-6-methyl-2H-pyran-2-ones 4 and 5 from easily available
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halogenoderlvatlves of triacetic acid lactone methyl ether.

Experimental

Compound 3 was prepared as described [21]. Mass spectra were registered under electron
impact at 70 eV. 1H NMR (13C NMR) spectra were registcrcd at 250 MHz (62.5 MHz).
letrametnylsuane was used as internal standard. Chemical shifts are glven in & units.

l'\l'leOl'OﬂlC acids were purcnasea from Aldrich or Lancasier. HC[CI‘OHI’leOrOHlC acids
>asier

3,'nﬂn,4;mnfknvv,‘,mnf vi.2H . nvran.?.nneo o P
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N-lodosuccinimide (8.437 g, 37.5 mmole) was added under nitrogen atmosphere to a
magneti callv stirred soluti n of 2a (3.503 g, 25 mmole) in acetonitrile (100 mL). Thg

eva_porated and the resultlng orange solid was redissolved in dlchloromethane. The organic
solution was washed with an aqueous solution of sodium tiosulfate (3 x 100 mL), the organic
layer was dried with anhydrous sodium sulfate and the solvent was evaporated to yield 2¢ as
a yellowish solid (5.952 g, 90%); mp 144-146 °C; IR (KBr) 1698 cm-1; 1H NMR (CDCl3):
2.30 (s, 3H), 3.98 (s, 3H), 5.98 (s, 1H); 13C NMR (CDCl3): 20.0, 57.4, 62.0, 94.7, 161.6,
164.1, 170.4; MS (m/z, %): 266 (M+, 100), 238 (64), 195 (35), 43 (51). Anal.: Calcd. for
C7Hr103: C, 31.60; H, 2.65. Found: C, 31.67; H, 2.61.
4-Methoxy-3-(4-methoxyphenyl)-6-methyl-2H-pyran-2-one, 4a (General
Method).

A mixture of 1oaopyrone 2¢ (0.133 g, 0.50 mmoie), 4-methoxyphenyiboronic acid (0.091
DU A ~=b . __a_ /N 177D __ 1 MA ——__1_\ DAAL NN /N N12Y nNn NYLZ
g, U DU rnm()le), pOldbblum caroonaic \V.170 g, 1.49 HINUIC), FAdldud)2 (\U.Ul1o g, U.UL)
mmol), and degassed nhydrous toluene (5 mL) was refluxed for 33 h (GC monitoring)
tnndar macgnatin gtiesrinag and araonn atmmagnhasa Thoan tha mivtira swag nartitinnad with
uuucn ulag iICLIV blllll IE 11\ algvu allllUDPllL«lD 1 HCH LIV HITALUIVC vwao PaltlllUll\;u vV Itll
di}uted aguesous potassium carhanate (7 v 10 mI Y and the aaunennc nhace wac extracted wit
\{UUUUO NJLADIT UL VAR UWVIIALW (4 A IV 51l ) @QINg Uilw u\.'uvvuu ‘llluuv VY €40 WALLIEAWALWNE VY I%AR
dichloromethane (3 x 10 mL). The combined organic phase (toluene plus dichloromethane)

was dried and evaporated to give a residue (0.146 g
column of silica gel (230-400 mesh) with hexanes-e

Uh



66%); mp 169-171 °C (dichloromethane-pentane); IR (KBr): 1683 cm-1; 1H NMR (CDCl3):
2.32 (s, 3H), 3.82 (s, 3H), 3.83 (s, 3H), 6.13 (s, 1H), 6.92 (d, ] = 8.8 Hz 2H), 7.37 (d, ) =
8.8 Hz, 2H); 13C NMR (CDCl3): 20.5, 55.1, 56.5, 95.2,95.4, 113.4, 123.5, 131.5, 131.7,
158.8, 162.3, 165.6; MS (m/z, %): 246 (M+, 84), 218 (34), 204 (15), 203 (100), 175 (32),
135 (79), 132.1 (15), 89 (15), 43 (48). Anal.: Calcd. for Ci14H1404; C, 68.28; H, 5.73.
Found: C, 68.32; H, 5.32.
4-Methoxy-6 Methyl -3-(4- methylphenyl) -2H- pyran-2 one, 4b

it was obtained in 87% yield from 2 ¢ and 4-methyiphenylboronic acid as for 4a. Mp 143-
145 °C (ethyl acetate-pentane); IR (KBr): 1687 cm-!; 1H NMR (CDCl3): 2.29 (s, 3H), 2.34
(s, 3H), 3.79 (s, 3H), 6.14 (s, 1H), 7.18 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H); 13C
NMR (CDCI3): 20.3, 21.2, 56.4, 95.3, 105.0, 128.5, 130.2, 137.0, 162.3, 164.3, 165.8; MS
(m/z, %): 230 (M+, 100), 202 (50), 187 (57), 159 (15), 119 (49), 115 (17), 43 (13)
4=Met..axy=6=methy!=Ze{zemet..y!pheny!)EZHepyranpz-ene, 4c.

It was obtained in 50% vield from 2c¢ and 2- mgthvlnhenvlhnro nic acid as for 4a (hexanes-
ethyl acetate 7:3 as eluent) Mp 124-126 °C (ethyl acetate- pentane) IR (KBr): 1691 cm-1; 1H

NMR (CDCI3): 2.19 (s, 3H), 2 35 (s, 3H), 3.80 (s, 3H), 6.14 (s, 1H), 7.15-7.26 (m, 4H); l3C
NMR (CDCl3): 19.6, 20.4, 56.5, 95.2, 104.9, 125.5, 128.0, 130.0, 130.8, 131.0, 137.6,
163.0, 163.8, 166.3; MS (m/z, %): 230 (M+, 100), 199 (36), 188 (97), 159 (64), 128 (40),
115 (36), 114 (15), 43 (46). Anal.: Calcd. for C14H1403: C, 73.03; H, 6.13. Found: C,
72.78; H, 5.71.

4-Methoxy-6-methyl-3-phenyl-2H-pyran-2-one, 4d.

It was obtained in 70% yield from 2¢ and phenylboronic acid as for 4a. Mp 156-157 °C
(dichloromethane-pentane); IR (KBr): 1700 cm-1; TH NMR (CDCl3): 2.33 (s, 3H), 3.83 (s,
3H), 6.14 (s, 1H), 7.27-7.45 (m, 5H); 13C NMR (CDCl3): 20.4, 56.5, 95.3, 105.1, 127.3,
127.8, 130.4, 130.7, 162.7, 164.2, 165.9; MS (m/z, %): 217 (M + 1, 15), 216 (M+, 100),
188 (66), 173 (62), 145 (i9), 105 (76), 102 (i9), 77 (i3), 43 (26). Anai.: Calicd. for

Ci13H1203: C, 72.21; H, 5.59. Found: C, 71.80; H, 5.51.
3-(4- Chlorophenyl)-4 methoxy-6 ethyl-2H-pyran-2-one, 4e.

It was obtained in 74% yield from 2 ¢ and 4-chlorophenylboronic acid as for 4a. Mp 153-
154 °C (dichiﬁmmetha'ie-pemaﬁ“); IR (KBr) 1705 cm-!; TH NMR (CDCl3) d 2.32 (s, 3H),
3.83 (s, 3H), 6.12 (s, 1H), 7.29-7.40 (m, 4H); 13C NMR (CDC13) d 20.4, 56.6, 95.2, 103.9,
128.0, 129.8, 131.8, 133.0, 163.1, 163.9, 166.1; MS (m/z) 252 (34), 250 (M+, 100), 22
(28), 222 (85), 209 (28), 207 (82), 179 (26), 141 (33), 139 (97), 136 (25), 75 (16), 43 (75).
Anal.: Caled. for C13H1Cl03: C, 62.29; H, 4.42. Found: C, 62.19; H, 4.58

3-.(4-Tr lfll_(,\rg!ppt!ly!p gpy!) -4-met}l 10XV~ ﬁ-mgthy! ZH-pyl’a_ -2-()“(! 4f.

It was obtained in 62% yield from 2¢ and 4- trlﬂuoromethylphenylb nic acid as for 4a.
Mp 164-166 °C (dlchIoromethane-pentane) IR (KBr): 1690 cm-l; IH NMR (CDCl3): 2.35
(s, 3H), 3.87 (s, 3H), 6.17 (s, 1H), 7.56 (d, J ca 8.0 Hz, 2H), 7.63 (d J ca 8.0 Hz, 2H); 13C
NMR (CDCI3): 20.6, 56.6, 95.1, 103.8, 124.2 (q, J = 270 Hz), 124.7, 129.1 (q, J = 33 Hz),
130.9, 135.2, 163.7, 163.8, 166.5; MS (m/z, %): 284 (M+, 54), 256 (58), 241 (35), 213
(17), 173 (100), 145 (15), 43 (62). Anal. Calcd. for C14H11F303: C, 59.17; H, 3.90. Found:
C, 59.17; H, 3.79.

4-Methoxy-6- methyl -(3-nitrophenyl)-2H-pyran-2-one, 4g.

It was obtained in 38% yield from 2¢ and 3-nitrophenylboronic acid as for 4a (hexanes-
ethyl acetate 7:3 as eluent). Mp 170-176 °C (ethyl acetate- pentane) IR (KBr): 1707 cm!; IH
NMR (CDCl3): 2.37 (s, 3H), 3.90 (s, 3H), 6.20 (s, 1H), 7.54 (br dd, J = 8.0 Hz, .0 Hz
1H), 7.83 (ddd, J = 8.0 Hz, J = 1.5 Hz, J = 1.5 Hz, 1H), 8.14 (ddd, J = 8.0 Hz J H:
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= 1.5 Hz, 1H), 8.33 (dd, J = 2.2 Hz, J = 1.5 Hz, 1H); 13C NMR (CDCl3): 20.7, 56.8, 95.1,
102.9, 122.2, 125.8, 128.7, 133.2, 136.8, 147.9, 163.5, 164.1, 166.7: MS (m/z, %): 261
(M+, 100), 233 (92), 218 (32), 150 (47), 144 (15), 43 (39). Anal. Calcd. for C13H;1NOs:
C, 59.77; H, 4.24; N, 5.36. Found: C, 59.41; H, 4.17; N, 5.32.
4-Methoxy-6-methyi-3-(3-thienyi)-ZH—pyran-i-one, 4h.

It was obtained in 45% yield from 2¢ and 3-thiopheneboronic acid under the conditions
specified in Table 1 (entry 8). Mp 113 115 °C (ethyl acetate-hexane); IR (KBr): 1700 cm1;
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1 Yo D 211N 2 I"’I\al’)/ﬁ_ 1IN "1TN"NO 741 T _ &N LI~ 7N r_
OONIVER VO LACIE ). £.00 (8, o1y, J. (a, JIj, .13 (5, 111), /.40 \UG, J = J.U n7Z, J.V nz,
THY 7&K /(A 1 —m&XN LU 1IN 770 /A 1T 2N e 1IN, 137 NIMD /I I\, YN A L & DS 1
1xx), /.09 4, J — JUILL, 1X1), 7./0 U, J = J.UriZ, i11), *~ U INIVIIN (LIR30 2U.4, D0.), YO.1,
127292 1284 1209 1IN "7 141 Q 182 A4 168 A0 NC (el OL). W7D M+ 1NN 104 722N
LLJ.&y LAy MLTusy 1IUGT, 1UL.O, 10D, 1UJ4, IO ML/, 70). LL4 \UVIT, TUU), 1794 (D)),
179 (88), 151 (30), 111 (80). Anal. Calcd. for C11H1003S: C, 59.45; H, 4.53; S, 14.42.
Found: C, 59.32; H, 4.75; S, 13.25.

3-(2- Benzg[h]fury!)-‘l-me hoxy-6-methyl-2H-pyran-2-one, 4i.

It was obtained in 18% yield from 2¢ and 2-be nzo[b!f_rangh()rnm(‘ acid under the
condmons specified in Table 1 (entry 9). Mp 143-145 °C (isopropanol); IR (KBr): 1690 cm-

; 1H NMR (CDCI3): 2.34 (s, 3H), 3.99 (s, 3H), 6.17 (s, lH) 7 19-7.29 (m, 2H), 7.22
(broad s, 1H), 7.50 (broad d, J ca 7.5 Hz, 1H), 7.57 (broad d, J ca 7.5 Hz, 1H); 13C NMR
(CDCI3): 20.6, 57.0, 95.2, 108.0, 111.0, 120.8, 122.5, 123.9, 128.5, 148.3, 154.3, 163.6,
167.1; MS (m/z, %): 256 (M+ , 100), 228 (21), 213 (66), 185 (30), 145 (77), 142 (20), 43
(49). A by-product (8%) was also obtained in this reaction with spectroscopic data
according to the structure 3-(2-furyl)-4-methoxy-6-methyl-2H-pyran-2-one: IR (KBr): 1696
cm-1; 1H NMR (CDCI3): 2.32 (s, 3H), 3.95 (s, 3H), 6.12 (s, 1H), 6.47 (dd, ] = 2.9 Hz, 2.2
Hz, 1H), 6.84 (d, J = 2.2 Hz, 1H), 7.50 (d, J = 2.9 Hz, 1H); 13C NMR (CDCIl3): 20.5, 56.8,
95.2,97.0, 110.7, 111.4, 141.6, 145.8, ]62 0, 162.4, 165.6; MS (m/z, %): 206 (M+, 100),

178 (22), 163 (62), 135 (32), 95 (52), 43 (40).
4-Methoxy-5-(4-meithoxyphenyi)-6-methyi-2H-pyran-2-one, 5Sa (General

Method).

A mivture of hrom
4% 11IRLNARULIW U ULl

g 1.20 mmole)
g, 1.0 mmo!l e),

under magnetlc surrmg and argon atmosphere Then the mixture was partltloned with
diluted aqueous potassium carbonate (2 x 10 mL) and the aqueous phase was extracted with
dichloromethane (3 x 10 mL). The combined organic phase (toluene plus dichloromethane)
was dried and evaporated to give a residue (0.359 g) which was chromatographed through a
column of silica gel (230-400 mesh) with hexanes-ethyl acetate (9:1) to afford Sa (0.080 g,
33%); mp 120-122 °C (ethyl acetate-pentane); IR (KBr): 1718 cm-1; 1H NMR (CDCl3): 2.09
(s, 3H), 3.74 (s, 3H), 3.84 (s, 3H), 5.52 (s, 1H), 6.91-6.97 (m, 2H), 7.08-7.13 (m, 2H); 13C
NMR (CDCl3): 18.1, 55.2, 56.2, 87.5, 113.8, 123.6, 131.5, 159.2, 159.5, 164.2, 170.2; MS
(m/z, %): 246 (M+, 100), 231 (87), 218 (33), 203 (21), 175 (51), 43 (53). Anal. Calcd. for
Ci14H1404: C, 68.28; H, 5.73. Found: C, 68.47; H, 5.82.

4-Methoxy-6- methyi 5- phenyi ZH-pyran 2-one, 5d.

it was obtained in 64% yleld from 3 and pnenymoromc acid as for Sa. Mp 92-94 °C
(dichioromethane-pentane); IR (KBr): 1722 cmr 1. IH NMR (CDCl3): 2.09 (s, 3H), 3.74 (s,
3H), 5.54 (s, 1H), 7.15-7.20 (m 2H), 7.34-7.45 (m 3H); 13C NMR (CDCIz): 18.2, 56.1,
O~ £ 114 120 N 1m0 19N 191 100N & 1A 1 171N N, AAC 7.l EN. Y1 £ /AAL 1NN
87.6, 1i4.1, 128.0, 128.3, 130.4, 131.7, 159.5, 164.1, 170.0: MS (m/z, 5): 216 (M*, 100),
100 /710 1AL AN\ 118 716 10OV 16N AY 7A0Y A wal MNalad Fae (M enaldialae (Y 7791 11
180 (/0), 140 OV}, 110 L10), 1UZ (19}, 49 (#7). Alldl. Caill. 1O U310 2WVs. W, r4.41, 11,
E &0 iAo ™ 771 OA. 1T & AQ

J.0Y. rouna: C, /1.74; n, J.96
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5-(4-Chlorophenyl)-4-methoxy-6-methyl-2H-pyran-2-one, Se.

It was obtained in 41% yieid from 3 and 4-chiorophenyiboronic acid as for 5a. Mp 139-140
°C (ethyl acetate-pentane); IR (KBr): 1723 cm-1; IH NMR (CDCI3): 2.09 (s, 3H), 3.74 (s,
3H), 5.53 (s, 1H), 7.10-7.15 (m, 2H), 7.35-7.40 (m, 2H); 13C NMR (CDCIi3): 18.2, 59.3,
87.7, 113.2, 128.7, 131.9, 134.2, 159.7, 163.9, 169.7; MS (m/z, %): 252 (30), 250 (M+,
93), 224 (32), 222 (96), 208 (18), 179 (30), 43 (100). Anal. Caled. for Ci3H;iClO3: C,
62.29; H, 4.42. Found: C, 62.43; H, 4.49.
5-(4-Trifluoromethylphenyl)-4-methoxy-6-methyl-2H-pyran-2-one, Sf.

It was obtained in 34 % yield from 3 and 4-trifluoromethylphenylboronic acid as for Sa.
Mp 146-147 °C (ethyl acetate-pentane); IR (KBr): 1723 cm-l; 1H NMR (CDCl3): 2.10 (s,
3H), 3.76 (s, 3H), 5.56 (s, 1H), 7.34 (d, J ca 8.0 Hz, 2H), 7.68 (d, J ca 8.0 Hz, 2H); 13C
NMR (CDCI3): 18.2, 56.3, 87.8, 113.1, 124.0 (g, J = 274 Hz) 125.3, 130.0, 131.0, 135.6,
159.8, 163.7, 169.4; MS (mm/z, %): 284 (M+, 71), 256 (95), 213 (28), 185 (14), 69 (16), 43
(100). Anal. Calcd. for Cj4 HnFaO% C, 59.17; H, 3.90. Found: C, 59.08; H, 3.82.
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