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A general route to R-pyrones and 3-substituted isocoumarins from (Z)-iodovinylic acids 1a-f or
2-iodobenzoic acids 4a-c is described, including compounds bearing a substituent on the aromatic
ring. Treatment of (Z)-â-iodovinylic acids 1a-f or 2-iodobenzoic acids 4a-c with various allenyl-
tributyltin reagents in the presence of palladium acetate, triphenylphosphine, and tetrabutylam-
monium bromide in dimethylformamide provided good yields of the corresponding R-pyrones 3a-k
or 3-substituted isocoumarins 5a-g via tandem Stille reaction and 6-endo-dig oxacyclization.

Isocoumarins and R-pyrones are valuable intermedi-
ates in the synthesis of several natural products1,2 and
important hetero- and carbocyclic molecules, including
isocarbostyrils, isoquinolines, isochromenes, and pyri-
dones. These lactones also occur as structural subunits
in numerous natural products that exhibit a wide range
of biological activities,3 including anticancer and HIV-1-
specific reverse transcriptase inhibitor properties,4 and

antiallergic and antimicrobial,5 immunomodulatory,6 cy-
totoxic,7 antifungal,8 and antiinflammatory activities.9
The prominence of coumarins and R-pyrones in natural
products and biologically active molecules3,10 has prompted
considerable interest in their synthesis.11,12

Much attention has been focused on the selective
synthesis of these ring systems by transition metal-
catalyzed heteroannulation reactions.13 In the past de-
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cade, numerous methods reported for the synthesis of
R-pyrones have utilized halolactonization or transition
metals (Ag, Hg, Rh, Pd) to promote intramolecular
addition of carboxylic acid to alkynes.14 In general, these
reactions of 4-alkynoic acids occur with poor regioselec-
tivity, and in many cases mixtures of γ-alkylidenebuteno-
lides and R-pyrones are obtained (Scheme 1). The prob-
lem of regioselectivity was recently solved by Larock et
al., who demonstrated that substituted isocoumarins or
R-pyrones could be prepared by treating â-halogeno R,â-

unsaturated esters with internal alkynes in the presence
of a palladium catalyst.15 Nevertheless, in the case of
nonsymmetric alkynes, two R-pyrone regioisomers were
obtained. More recently, Negishi et al. proposed the
selective conversion of (Z)-2-en-4-ynoic acids into R-py-
rones in the presence of a catalytic amount of ZnBr2 (10%)
or to furanone in the presence of silver salts.16 On the
other hand, we have previously described the synthesis
of dienoic acids and enynes bearing a carboxylic acid
function from â-iodovinylic acids and vinyltin or alkynyl-
zinc reagents.17 This methodology was then applied to
the synthesis of γ-tributyltin methylidenebutenolides.18

We have also described our first results of the synthesis
of the R-pyrones by approaches involving intramolecular
addition of carboxylic acids to allenylstannanes.19 We now
present our full results in this field and their extension
to regioselective synthesis of isocoumarins, and our
investigation of the scope and limitation of the reaction.

To broaden our synthesis strategy and to design a
system suitable for 6-exo lactonization, we planned the
preparation of allenyl-substituted alkenoic acids, which
we believed would exclusively undergo 6-endo mode
cyclization mediated by a palladium complex (Scheme 1).

Results and Discussion

Synthesis of r-Pyrones. Our investigation began
with the coupling of tributylstannylallene20 with (Z)-3-
iodoprop-2-enoic acid17 under conditions identical to those
used for the synthesis of γ-tributyltin methylidene-
butenolides [Pd(PPh3)4 (1%), DMF, 25 °C].18,21 Unfortu-
nately, neither allenyl-substituted propenoic acid nor
cyclized products (five- or six-membered ring lactones)
were detected. Only a large amount of tin byproducts
were recovered, among them the tributylstannyl ester of
the starting iodovinylic acid. To avoid the proteolysis of
allenylstannane and to promote the cross-coupling reac-
tion, we examined the reaction under various conditions
(solvent, catalyst, presence of additives, ...). The influence
of the nature of the carboxylic acid derivative on conver-
sion rates was examined first. In DMF and in the
presence of 1% of tetrakis(triphenylphosphine)palladium,
the ethyl ester of 1a yielded exclusively ethyl hex-2-en-
4-ynoate in 75% yield. The use of tributyltin carboxylate
under conditions identical to those used for the synthesis
of tributyltin methylidenebutenolides provided 52% yield
of 6-methylpyran-2-one 3a, without any trace of hexa-
2,4,5-trienoic acid or hex-2-en-4-ynoic acid.

Next, the natures of the solvent and palladium com-
plexes were examined. THF was found to be ineffective,
whereas acetonitrile afforded a very poor yield (<25%)
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of cyclized product. We also observed that phosphine-
ligated palladium appeared to be more efficient than
other palladium salts such as palladium acetate (without
additional triphenylphosphine) or bis(acetonitrile)palla-
dium chloride. Tetrakis(triphenylphosphine)palladium
gave approximately identical yields to the Pd(OAc)2/PPh3

couple. The use of an excess (1.5 equiv) of allenyltribu-
tyltin was essential to obtain good yields of these pyra-
nones 3a-k, and a stoichiometric quantity of allenyl-
tributyltin provides the desired pyranones, but in poor
yields (<40%). The use of sodium carbonate as base is
not necessary in these heterocyclization reactions as we
previously mentioned.19 In the absence of a palladium
complex, no reaction occurred between the (Z)-iodovinylic
acids 1a-f and the allenyltributyltins, the starting
materials are recovered. After experimentation with a
variety of conditions and methods, it was found that the
best result for the final cyclization step was obtained
using 5% palladium acetate, 10% triphenylphosphine,
and tetrabutylammonium bromide in DMF at room
temperature, providing an 83% yield of R-pyrone 3a
(Scheme 2). The results are summarized in Table 1.

The reaction of tributylstannylallene with a range of
(Z)-3-substituted 3-iodoprop-2-enoic acids under regio-
and stereocontrol gave good yields of 4-substituted-6-
methyl-2-pyranones 3a-f as the sole products (entries
1-6, Table 1). The scope and limitations of this annula-
tion reaction were studied by allowing a wide variety of
allenyltributyltins to react with various â-iodo propenoic
acids under our optimized reaction conditions. High
regioselectivity was observed in each case. The use of
3-alkylallenylstannanes (entries 7-10, Table 1) showed
that the regioselective heteroannulation reaction oc-
curred only on carbons 1 and 2 of the allenyltin reagent.
The methodology also proved to be very convenient and
general for the synthesis of various 4,6-disubstituted
2-pyranones. The reaction temperature does not have any
effect on the regioselectivity. The annulation reactions
performed at 80 °C afforded 2-pyranones with compa-
rable results. The R-pyrones were obtained without any
trace of 3-allenyl or 3-alkynyl propenoic acids. On the
other hand, the γ-alkylidenepyranones previously ob-
tained by Larock et al. from a reaction of allenes with
(Z)-3-iodopropenoic acids were not observed. This almost
certainly indicates a mechanism different from those
proposed by Larock and Yamamoto, respectively.22,23 In
our case, the regioselectivity of this process would arise
from the nucleophilic attack of the carboxylate function
on the central carbon of the allenyl moiety.

In continuation of our studies on the synthesis of
R-pyrones by approaches that involve intramolecular

addition of carboxylic acids to allenylstannanes, we next
examined the possibility of regioselectively preparing
isocoumarins by this same methodology and report our
results here.

Synthesis of Isocoumarins. 3-Substituted isocou-
marins are attractive synthesis targets because of their
biological and pharmacological activities. These hetero-
cycles have been prepared by the palladium-catalyzed
coupling of 2-halobenzoate esters or 2-halobenzonitriles
with alkenes,24 vinylic stannanes,25 or terminal alkynes,26

with subsequent cyclization or π-allylnickel cross-cou-
pling and palladium-catalyzed cyclization,27 itself by
coupling of 2-(2,2-dibromovinyl) benzoates and orga-
nostannanes,28 or by palladium-catalyzed annulation of
terminal alkynes and 2-iodophenols.29 The cross-coupling
of o-iodobenzoic acid and terminal alkynes produces
either unsaturated phthalides30,31 or 3-substituted iso-
coumarins32 as major products. In our case, the reaction
conditions chosen were those used for the synthesis of
R-pyrones. Thus, the coupling of 2-iodo benzoic acids
4a-c with tributylstannylallene at 80 °C under identical
conditions provided a highly regioselective method for the
synthesis of isocoumarins (Scheme 3). It should be noted
that the reaction requires heating because no reaction
occurred at room temperature. The results are sum-
marized in Table 2.

Both 2-iodo benzoic acids 4a-c and a variety of
allenyltributyltins were successfully utilized. This process
afforded reasonable yields of substituted isocoumarins
5a-g, including compounds bearing a substituent group
on the aromatic ring (5c-g). Thus, the cyclization of
2-iodo benzoic acid bearing an electron-withdrawing
group ortho to the hydroxycarbonyl group proved to be
nearly as successful as 2-iodobenzoic acid itself (entries
3, 5, and 7, Table 2). In addition, the yield was compa-
rable to the yield obtained with the parent 2-iodo benzoic
acid. These results are important, because isocoumarins
possessing an electron-withdrawing group such as fluo-
rine, and an electron-donating group such as methoxy
group, have been synthesized.

When 2-iodo-4-methoxybenzoic acid was allowed to
react with allenylstannane (entries 4 and 6, Table 2), the
desired isocoumarins 5d and 5f were produced at 65%
and 61% yield, respectively. The starting materials for
our synthesis of isocoumarins, 2-iodo benzoic acid 4a and
2-fluoro-6-iodo benzoic acid 4b, were commercially avail-
able. 2-Iodo-4-methoxybenzoic acid 4c was synthesized
from 4-methoxybenzoic acid by a known procedure.33
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Isocoumarins 5a-g were obtained without any trace
of 2-allenyl benzoic acids, and without any trace of five-
membered ring products, giving a regioselective character
to the cyclization process where only 6-endo mode cy-
clization was observed (Scheme 3 and Table 2). As

illustrated in Tables 1 and 2, better yields were obtained
in the case of R-pyrones as compared to the isocoumarins.
On the basis of the above results, we believe that this
isocoumarin synthesis proceeds by the same mechanism
as that proposed for the synthesis of R-pyrones.

All of the isocoumarins 5a-g and R-pyrones 3a-k
were well characterized by satisfactory spectroscopic (MS,
IR, 1H NMR, and 13C NMR) and analytical data.

(33) (a) Meyers, A. I.; Temple, D. L.; Haidukewych, D.; Mihelich, E.
D. J. Org. Chem. 1974, 39, 2787. (b) Meyers, A. I.; Mihelich, E. D. J.
Org. Chem. 1975, 40, 3158. (c) Liang, P.-H.; Hsin, L.-W.; Pong, S.-L.;
Hsu, C.-H.; Cheng, C.-Y. J. Chin. Chem. Soc. 2003, 50, 449.

TABLE 1. Synthesis of Substituted r-Pyrones 3a-k

a Isolated yield of analytically pure products.
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Mechanism. Based on the above observations and the
known palladium chemistry, a possible mechanism for
the formation of R-pyrones and isocoumarins by a single-
step palladium-catalyzed reaction of (Z)-3-iodopropenoic
acid or 2-iodobenzoic acid derivatives with allenylstan-
nanes is shown in Scheme 4. First, Pd(OAc)2 is reduced
to a Pd(0) complex, which is the actual catalyst in the
process, followed by an oxidative addition of the vinylic

(or aromatic) iodide to palladium (0). A Stille mecha-
nism34 would yield 3-allenylpropenoic acid (or 2-allenyl-
benzoic acid) by transmetalation and reductive elimina-
tion. After activation by complexation with palladium,
the allene undergoes intramolecular 6-exo-dig nucleo-
philic attack by the carboxylate function, the catalytic
cycle being completed by protonolysis, and affords R-py-
rone or isocoumarin as the final product.

TABLE 2. Synthesis of 3-Substituted Isocoumarins 5a-g

a Isolated yield of analytically pure product.

SCHEME 4. Proposed Mechanism of the Formation of Isocoumarin and r-Pyrone
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An alternative pathway involving the vinylic palladium
addition to the central carbon atom of the stannylallene
could be excluded on the basis of the experiments
conducted with 1- or 3-substituted allenylstannanes
because other regioisomers should have been obtained
rather than 3a-k or 5a-g.22

On the other hand, an isomerization of allene to alkyne
prior to nucleophilic attack of the carboxylate function
is also excluded, because, in this case, a probable mixture
of five- and six-membered ring products will be formed.30-32

Conclusion

In summary, we have developed a general and conve-
nient regioselective method for the preparation of 3-sub-
stituted isocoumarins and substituted R-pyrones via the
palladium-catalyzed coupling of 2-iodobenzoic acid de-
rivatives or vinylic acids and allenyltributyltins. The
heteroannulation reaction proceeded selectively and pro-
vided good isolated yields of a variety of 3-substituted
isocoumarins and substituted R-pyrones.

Experimental Section

General Procedure for the Preparation of r-Pyrones
3a-k. Palladium acetate (112 mg, 0.5 mmol), triphenylphos-
phine (262 mg, 1 mmol), and tetrabutylammonium bromide
(3.2 g, 10 mmol) were progressively added to a degassed
solution of 3-substituted-3-iodopropenoic acids 1a-f (10 mmol)
in anhydrous DMF (40 mL). The mixture was stirred at room
temperature for 10 min, and allenylstannane (15 mmol) was
then added. The reaction mixture was stirred for 4h after
conversion was complete (checked by TLC), and the reaction
was quenched with aqueous NH4Cl solution. After ether
extraction (3 × 20 mL) and usual treatments, the crude
products were chromatographed on silica gel (hexane/ether )
80/20) to obtain compounds 3a-k.

6-Methyl-2H-pyran-2-one (3a).35 IR (neat) 2960, 2926,
2856, 1732, 1713, 1636, 1559, 1341, 1099; 1H NMR (200 MHz,
CDCl3) δ 2.24 (s, 3H), 5.96 (dd, J ) 6.5 Hz, J ) 0.7 Hz, 1H),
6.1 (dd, J ) 9.4 Hz, J ) 0.7 Hz, 1H), 7.23 (dd, J ) 9.4 Hz, J
) 6.5 Hz, 1H); 13C NMR (50 MHz, CDCl3) δ 20.5, 103.8, 113.5,
144.3, 163.3, 163.5; MS (EI) m/z (%) 110 (M•+, 40), 95 (39), 82
(50), 43 (50), 39 (100). Anal. Calcd for C6H6O2: C, 65.45; H,
5.49. Found: C, 65.40; H, 5.42.

4,6-Dimethyl-2H-pyran-2-one (3b).36 IR (neat) 2959, 2926,
1736, 1704, 1651; 1H NMR (200 MHz, CDCl3) δ 2.14 (s, 3H),
2.24 (s, 3H), 5.87 (s, 1H), 5.97 (s, 1H); 13C NMR (50 MHz,
CDCl3) δ 19.6, 21.2, 106.2, 110.3, 156, 161, 163; MS (EI) m/z
(%) 124 (M•+, 42), 96 (70), 95 (21), 53 (100), 43 (61). Anal. Calcd
for C7H8O2: C, 67.73; H, 6.50. Found: C, 67.68; H, 6.45.

6-Methyl-4-propyl-2H-pyran-2-one (3c). IR (neat) 3071,
2963, 2875, 1770, 1731, 1644, 1562, 1463, 1231; 1H NMR (200
MHz, CDCl3) δ 0.86 (t, J ) 7.3 Hz, 3H), 1.17 (sext, J ) 7.3 Hz,

2H), 2.21 (s, 3H), 2.33 (t, J ) 7.3 Hz, 2H), 5.87 (s, 1H), 5.92 (s,
1H); 13C NMR (50 MHz, CDCl3) δ 13.5, 19.7, 21.3, 37.8, 105.6,
109.6, 161.0, 161.9, 164.1; MS (EI) m/z (%) 152 (M•+, 36), 124
(24), 96 (100), 95 (43), 43 (83). Anal. Calcd for C9H12O2: C,
71.03; H, 7.95. Found: C, 71.09; H, 8.0.

6-Methyl-4-phenyl-2H-pyran-2-one (3d).37 IR (neat) 2960,
2926, 2855, 1741, 1725, 1642, 1552; 1H NMR (200 MHz, CDCl3)
δ 2.35 (bs, 3H), 6.35 (bs, 1H), 6.38 (s, 1H), 7.31-7.62 (m, 5H);
13C NMR (50 MHz, CDCl3) δ 20.7, 104, 108.8, 127.3, 129.7,
131, 137, 157, 162.7, 163; MS (EI) m/z (%) 186 (M•+, 53), 158
(100), 129 (40), 115 (69), 51 (15), 43 (39). Anal. Calcd for
C12H10O2: C, 77.40; H, 5.41. Found: C, 77.36; H, 5.36.

6-Methyl-4-trimethylsilyl-2H-pyran-2-one (3e). IR (neat)
2960, 1764, 1730, 1624, 1523, 1253; 1H NMR (200 MHz, CDCl3)
δ 0.23 (s, 9H), 2.23 (bs, 3H), 5.97-6.0 (m, 1H), 6.28 (bs, 1H);
13C NMR (50 MHz, CDCl3) δ -0.8, 14, 105.7, 118, 160.3, 160.4,
161.6; MS (EI) m/z (%) 182 (M•+, 19), 154 (27), 139 (100), 73
(49), 43 (60). Anal. Calcd for C9H14O2Si: C, 59.30; H, 7.74.
Found: C, 59.35; H, 7.80.

4-Methoxymethyl-6-methyl-2H-pyran-2-one (3f). IR
(neat) 2995, 2928, 2824, 1738, 1715, 1645, 1568, 1449, 1308,
1199; 1H NMR (200 MHz, CDCl3) δ 2.2 (s, 3H), 3.38 (s, 3H),
4.18 (bs, 2H), 5.92 (bs, 1H), 6.08 (bs, 1H); 13C NMR (50 MHz,
CDCl3) δ 20.5, 59.4, 72.5, 103, 109, 156.7, 162.7, 163.5; MS
(EI) m/z (%) 154 (M•+, 22), 122 (21), 95 (28), 45 (19), 43 (100).
Anal. Calcd for C8H10O3: C, 62.33; H, 6.54. Found: C, 62.28;
H, 6.48.

6-Ethyl-4-methyl-2H-pyran-2-one (3g).38 IR (neat) 2981,
2977, 2968, 1713, 1644; 1H NMR (CDCl3, 200 MHz) δ 1.05 (t,
J ) 7.5 Hz, 3H), 1.97 (s, 3H), 2.33 (t, J ) 7.5 Hz, 2H), 5.73
(bs, 1H), 5.77 (bs, 1H); 13C NMR (CDCl3, 50 MHz) δ 11.3, 22.9,
27.1, 105.2, 110.7, 156.9, 163.6, 166.3; MS (EI) m/z (%) 138
(M•+, 53), 111 (51), 109 (100), 95 (63), 53 (92). Anal. Calcd for
C8H10O2: C, 69.54; H, 7.30. Found: C, 69.49; H, 7.27.

6-Ethyl-4-trimethylsilyl-2H-pyran-2-one (3h). IR (neat)
2960, 1745, 1727, 1622, 1523, 1255; 1H NMR (200 MHz, CDCl3)
δ 0.17 (s, 9H), 1.15 (t, J ) 7.5 Hz, 3H), 2.41 (q, J ) 7.5 Hz,
2H), 5.90 (s, 1H), 6.19 (s, 1H); 13C NMR (CDCl3, 50 MHz) δ
-2.1, 11.7, 27.3, 104.6, 118.6, 162.2, 163.1, 165.5; MS (EI) m/z
(%) 196 (M•+, 22), 168 (30), 153 (100), 75 (15), 57 (17). Anal.
Calcd for C10H16O2Si: C, 61.18; H, 8.21. Found: C, 61.13; H,
8.13.

6-Ethyl-4-methoxymethyl-2H-pyran-2-one (3i). IR (neat)
3084, 2995, 2928, 2844, 1738, 1714, 1645, 1568, 1199; 1H NMR
(200 MHz, CDCl3) δ 1.12 (t, J ) 7.5 Hz, 3H), 2.46 (q, J ) 7.5
Hz, 2H), 3.33 (s, 3H), 4.14 (s, 2H), 5.87 (s, 1H), 6.04 (s, 1H);
13C NMR (50 MHz, CDCl3) δ 11.4, 27.3, 59.3, 72.4, 101.1, 108.9,
156.7, 163.5, 167.4; MS (EI) m/z (%) 168 (M•+, 71), 139 (100),
111 (54), 57 (71), 45 (35). Anal. Calcd for C9H12O3: C, 64.27;
H, 7.19. Found: C, 64.20; H, 7.14.

6-Hexyl-4-methyl-2H-pyran-2-one (3j).21,39 IR (neat) 2958,
2930, 2860, 1736, 1647, 1564; 1H NMR (200 MHz, CDCl3) δ
0.76 (t, J ) 6.3 Hz, 3H), 1.15-1.18 (m, 6H), 1.53 (m, 2H), 2.0
(s, 3H), 2.33 (t, J ) 7.3 Hz, 2H), 5.75 (s, 1H), 5.82 (s, 1H); 13C
NMR (50 MHz, CDCl3) δ 14.4, 21.8, 22.8, 27.2, 29.0, 31.8, 33.9,
106.1, 110.8, 156.8, 163.8, 165.3; MS (EI) m/z (%) 194 (M•+,
26), 124 (33), 109 (100), 96 (48), 95 (76). Anal. Calcd for
C12H18O2: C, 74.19; H, 9.34. Found: C, 74.13; H, 9.29.

5-Methoxy-4-methoxymehyl-6-methyl-2H-pyran-2-
one (3k). IR (neat) 2994, 2938, 2826, 1738, 1642, 1558, 1230,
1122; 1H NMR (200 MHz, CDCl3) δ 2.18 (s, 3H), 3.40 (s, 3H),
3.59 (s, 3H), 4.27 (s, 2H), 6.15 (s, 1H); 13C NMR (50 MHz,
CDCl3) δ 15.3, 59.7, 62.5, 68.9, 109.7, 138.5, 154.2, 154.6, 162.4;
MS (EI) m/z (%) 184 (M•+, 23), 169 (22), 141 (22), 43 (100), 39
(14). Anal. Calcd for C9H12O4: C, 58.69; H, 6.57. Found: C,
58.66; H, 6.49.
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metallic Chemistry II; Abel, E. W., Stone, F. G., Wilkinson, G., Eds.;
Elsevier: Oxford, 1995; Vol. 12, Chapter 3.4, pp 161-241. (e) Farina,
V.; Roth, G. P. In Advances in Metal-Organic Chemistry; Liebeskind,
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General Procedure for the Preparation of Isocou-
marins 5a-g. Palladium acetate (112 mg, 0.5 mmol), tri-
phenylphosphine (262 mg, 1 mmol), and tetrabutylammonium
bromide (3.2 g, 10 mmol) were progressively added to a
degassed solution of 2-iodobenzoic acids 4a-c (10 mmol) in
anhydrous dimethylformamide (40 mL). The mixture was
stirred at room temperature for 10 min, and allenylstannane
(15 mmol) was then added. The reaction mixture was heated
in an oil bath at 80 °C for the necessary period of time. After
conversion was complete (checked by TLC, reaction time < 10
h), the reaction mixture was cooled, diluted with diethyl ether,
and quenched with aqueous NH4Cl solution. After ether
extraction (3 × 20 mL) and usual treatments, the products
5a-g were isolated by chromatography (hexane/ether: 70/30)
on silica gel column or by crystallization in diethyl ether.

3-Methylisocoumarin (5a).40 Isolated as colorless prisms
with mp 71-73 °C (lit.S6(b) mp 71 °C).

3-Ethylisocoumarin (5b).11j,41 Isolated as a pale yellow
solid with mp 72-74 °C (lit.S7(a) mp 72-73 °C).

8-Fluoro-3-methylisocoumarin (5c). Mp 110-112 °C; IR
(KBr) 3083, 2973, 1743, 1661, 1614; 1H NMR (200 MHz,
CDCl3) δ 2.28 (d, J ) 1.0 Hz, 3H), 6.26 (q, J ) 1.0 Hz, 1H),
7.06-7.16 (m, 2H), 7.59-7.70 (m, 1H); 13C NMR (50 MHz,
CDCl3) δ 20, 103.5, 109.4 (d, JC-F ) 7 Hz), 115 (d, JC-F ) 21
Hz), 121.3 (d, JC-F ) 4 Hz), 136.5 (d, JC-F ) 10 Hz), 140.6,
156, 159 (d, JC-F ) 5.5 Hz), 163 (d, JC-F ) 266 Hz); 19F NMR
(188 MHz, CDCl3) δ -108.5; MS (EI) m/z (%)178 (M•+, 100),
163 (38), 107 (65), 43 (79). Anal. Calcd for C10H7FO2: C, 67.42;
H, 3.96. Found: C, 67.38; H, 3.95.

6-Methoxy-3-methylisocoumarin (5d).42 Mp 86-88 °C;
IR (KBr) 3079, 2992, 1726, 1648, 1610, 1150; 1H NMR (200
MHz, CDCl3) δ 2.31 (s, 3H), 3.94 (s, 3H), 6.23 (s, 1H), 6.75 (d,

J ) 2.5 Hz, 1H), 7.02 (dd, J ) 8.8 Hz, J ) 2.5 Hz, 1H), 8.21 (d,
J ) 8.8 Hz, 1H); 13C NMR (50 MHz, CDCl3) δ 20.1, 56, 104,
107.3, 113.4, 116.3, 132.1, 140.4, 155.6, 163.2, 165.1; MS (EI)
m/z (%) 190 (M•+, 100), 175 (49), 148 (18), 119 (54), 43 (28).
Anal. Calcd for C11H10O3: C, 69.46; H, 5.30. Found: C, 69.44;
H, 5.25.

3-Ethyl-8-fluoro-isocoumarin (5e). IR (neat) 3083, 2973,
1743, 1661, 1614; 1H NMR (200 MHz, CDCl3) δ 1.29 (t, J )
7.5 Hz, 3H), 2.58 (qd, J ) 7.5 Hz, J ) 1.2 Hz, 2H), 6.26 (t, J
) 1.2 Hz, 1H), 7.07-7.18 (m, 2H), 7.60-7.70 (m, 1H); 13C NMR
(50 MHz, CDCl3) δ 11.5, 27, 102 (d, JC-F ) 3 Hz), 109.4 (d,
JC-F ) 7 Hz), 115 (d, JC-F ) 21 Hz), 121.3 (d, JC-F ) 4 Hz),
136.5 (d, JC-F ) 10 Hz), 140.6, 159 (d, JC-F ) 5.5 Hz), 161,
163 (d, JC-F ) 265 Hz); 19F NMR (188 MHz, CDCl3,) δ -108;
MS (EI) m/z (%) 192 (M•+, 100), 163 (63), 136 (28), 107 (96),
57 (33). Anal. Calcd for C11H9FO2: C, 68.74; H, 4.72. Found:
C, 68.79; H, 4.76.

3-Ethyl-6-methoxyisocoumarin (5f). Mp 93-95 °C; IR
(KBr) 3088, 2990, 1725, 1650, 1606, 1160; 1H NMR (200 MHz,
CDCl3) δ 1.31 (t, J ) 7.5 Hz, 3H), 2.60 (q, J ) 7.5 Hz, 2H),
3.94 (s, 3H), 6.23 (s, 1H), 6.78 (d, J ) 2.4 Hz, 1H), 7.02 (dd, J
) 8.8 Hz, J ) 2.4 Hz, 1H), 8.21 (d, J ) 8.8 Hz, 1H); 13C NMR
(50 MHz, CDCl3) δ 11.6, 27.1, 56, 102.4, 107.6, 113.7, 116.3,
132.2, 140.4, 160.6, 163.2, 165.1; MS (EI) m/z (%) 204 (M•+,
94), 175 (82), 148 (34), 119 (100), 65 (22). Anal. Calcd for
C12H12O3: C, 70.57; H, 5.92. Found: C, 70.54; H, 5.94.
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