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Regioselective Synthesis of Natural and Unnatural
(2)-3-(1-Alkylidene)phthalides and 3-Substituted Isocoumarins
Starting from Methyl 2-Hydroxybenzoates
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Abstract—(2)-3-(1-Alkylidene)phthalides and 3-substituted isocoumarins, which include compounds bearing a substituent on their benzene
ring, have been selectively and efficiently synthesized by a new protocol which involves: (i) the conversion of methyl 2-hydroxybenzoates
into the corresponding nonaflates; (i) Pd-catalyzed alkynylation reactions of these derivatives; (iii) the conversion of the so obtained methyl
2-(1-alkynyl)benzoates into the corresponding carboxylic acids followed by a transition metal-catalyzed heteroannulation reaction. This
procedure has been used to prepare either natural products such as senkyunolide B, senkyunolide C, 3-propylisocoumarin and artemidin, or
the MEM-ether of senkyunolide E. The regioselectivity of the transition metal-catalyzed cyclization reactions of 2-(1-alkynyl)benzoic acids
has proven to be affected either by the catalyst used or the type of 1-alkynyl group present in these carboxyti@fid&lsevier Science

Ltd. All rights reserved.

Introduction displayed by 3-substituted isocoumarins of general formula
2, which correspond to regioisomers of compouricf®

(2)-3-(1-Alkylidene)phthalidesl represent an important Thus, a number of methods have been reported for the
class of naturally occurring lactonésyhich are character- ~ synthesis either of compound$® or 2.°
ized by interesting biological properties. In fact, compounds
1, which have been isolated from the rhizomeGfidium R »
species orLigusticum wallichj commonly known as R* J R ~ R
Senkyuin Japan, are used in the treatment of anemia and o @i;o/
women'’s diseas@as cardiokinetics, antistenocardiacs, anti-
arrhytmics, vasodilators and coronary artery dilafors. o) o]
Moreover, antispasmodic activity has been observed for a
series of synthetic compounds of general formiufaA wide
range of biological and pharmacological activities are also
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Recently, much attention has been particularly directed to (2)-3-ylidenephthalidesl and their structural analogues.
the selective synthesis of 3-ylidenephthalides and 3-substi-The protocol which we used to prepare these compounds
tuted isocoumarins, which do not contain a substituent on involved: (i) the conversion of commercially available and
their benzene ring, by transition metal-catalyzed hetero- cheap methyl 2-hydroxybenzoat@to the corresponding

annulation reaction&:7"94.9¢ |n particular, it has been
found that g)-3-(1-alkylidene)-phthalide$ and 3-substi-
tuted isocoumarin$é can be obtained as major and minor

nonaflates9; (ii) Pd-catalyzed alkynylation reactions of
compound$®; (iii) the conversion of the so obtained methyl
2-(1-alkynyl)benzoates 10 into the corresponding

products, respectively, either by reaction of 2-iodobenzoic carboxylic acids11 followed by selective Sxodig or

acid @) with 1-alkynes §) in the presence of a base and
catalytic quantities of Pd(PRh and Cul" or by cyclization
of 2-(1-alkynyl)benzoic acid¥ in DMF solution in the
presence of catalytic amounts of Agl or AfScheme 1).

However, these transition metal-catalyzed reactions have

not been used so far to prepare naturally-occurrifig3f
(1-alkylidene)phthalides sav&)(3-(1-butylidene)phthalide
(1a),"da substance which has been isolated fta@wisticum
officinalé® and Apium graveolens dulc®

2 R!
R i

o)

1a:R'=CgH; R =H
1b :R' = C4H;; R? = 4-OMe

1c :R' = C3Hy; R? = 5-OMe
1d :R' = (F)-C,Hs5-CH=CH-; R2=H
1e :R' = C,HsCH(OH); R? = H
1f : R' = C,HsCH(OMEM); R? = H
19 :R' = C4H,; R? = 4-OH
1h:R' = C4H;; R? =5-OH
2
R .
o
o)

2a:R'=CyH;; R =H

2b : R' = C3Hy; R2 = 5-OMe

2¢ :R' = C4H;; R? = 6-OMe

2d : R' = (F)-CoHs-CH=CH-; R> = H
2e : R' = C,HsCH(OH); R = H

2f : R' = C,HsCH(OMEM); R? = H

It has also been reported that isocoumarins of general

6-endadig cyclization of these last compounds in the
presence of catalytic amounts of Ag powder or AgINO
respectively.

R2 2
Eg :OH ﬁg :OSOZC4F9
COOMe COOMe
8a:R%>=H %a:
8b : R? = 3-OMe 9b :
8c: R? = 4-OMe 9c:
1
2 R
foed
COOR®
10 :R® = Me
11:R®=H

In this paper we wish to describe in detail these synthetic
studies which allowed us to prepare selectively compounds
la—h and 2a—e. These substances include some natural
products, i.e. senkyunolide B1g),'® senkyunolide C
(1h),*® senkyunolide E 1€),*¢ 3-propylisocoumarin 2a)*

and artemidin 2d).®> Moreover, we will show that the
regioselectivity of the heteroannulation reactions of
carboxylic acidslla—d and 11f is strongly affected either

by the catalyst used for these reactions, i.e. AgNOAg
powder, or the type of 1-alkynyl group present in these

compounds.
2
o
COOH

11a:R'=CzH;;R2=H

11b : R = C3Hy; R? = 3-OMe

11¢ : R' = C3H;; R2 = 4-OMe

11d : R = (E)-C,H5-CH=CH-; R? = H
11f : R = C,HsCH(OMEM); R = H

formula 6 can be obtained as major products by treatment Finally, we will report that, whereas saponification of

of 3with 1-alkynes4 in the presence of Pd(PRh Et:N and
ZnCl, in DMF,%¢ by reaction of 2-(1-alkynyl)benzoic acids
with Et;N and catalytic amounts of PAQCH,CN),,* by
cyclization of compoundd in the presence of a mineral
acid® as well as by Cul-catalyzed cyclization of these
carboxylic acids prepared in situ fro® and 1-alkynyl-
copper compounds. However, to the best of our knowl-

compoundsl0, which have been prepared by Pd-catalyzed
reaction of nonaflate® with 1-alkynylzinc halides or a
l-alkynylstannane, followed by acidification, affords the
desired carboxylic acidkl, an analogous reaction sequence
involving compoundsl0, which have been prepared by
treatment oP with 1-alkynes4 in the presence of catalytic
amounts of Pd(PR}Jy and Cul, provides heteroannulation

edge, no catalytic method has been used so far to prepargroducts which consist of 3-substituted isocoumagnsr

3-substituted isocoumarins of general form@lhearing a
substituent on their benzene ring.

In the context of our studies on the transition metal-

catalyzed synthesis of unsaturated lactdiegcently we

mixtures of2 and the corresponding compounts

Results and Discussion

developed a general procedure for the regioselective Commercially available methyl 2-hydroxybenzoa8ss-c,
synthesis either of natural and unnatural 3-substituted which we used as starting materials for the synthesis of

isocoumaring or direct precursors to naturally-occurring

carboxylic acids of general formuthl, were converted in
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@iOSOQC.;Fg
COOMe
9a:R?=H

9b : R? = 3-OMe
9c : R? = 4-OMe

R1

yrd

12a:R' = C3Hy; X =Cl

XZn

Scheme 2.

Pd(dba),, dppf
THF, A

12f: R' = C,HsCH(OMEM); X = Br

2535
1
2 R
joed
COOMe
10a : R' = CgHy; R% = H [65 %]
10b : R' = C3H;; R? = 3-OMe [90 %]

10c : R' = C3H7; R? = 4-OMe [84 %]
10f : R' = C,HsCH(OMEM); R® = H [52 %]

guantitative yield into the corresponding crude nonaflates in the presence of BNl and catalytic amounts of Pd(P£h

9a—c by reaction with 1.5 equiv. of NaH in DMF at’O
followed by treatment with 1.5 equiv. of perfluoro-1-
butanesulfonyl fluoride at °@ for 1.5h and at room
temperature for 3 h. So prepared crude compoudai,
which had chemical purity higher than 96%, were then
converted into methyl 2-(1-alkynyl)benzoates of general
formula 10 using three different procedures. The first of
these Procedure A, which involved the cross-coupling
reaction between 1-alkynylzinc halidesl2af and
compound®a—cin THF at 65C in the presence of catalytic
amounts of Pd(dbajpnd 1,1-bis(diphenylphosphino)ferro-
cene (dppf), gave compound®a 10b, 10c and10fin 65,

90, 84 and 52% yield, respectively (Scheme 2).

1-Pentynylzinc chloridel2a) was prepared by treatment of
1-pentyne 4a) with 1 equiv of ethylmagnesium bromide in
THF at 50C followed by transmetallation of the resulting
1-pentynylmagnesium bromide with 1.3 equiv. of dry ZnCl
in THF at OC. 3-(2-Methoxyethoxymethoxy)-1-pentynyl-
zinc bromide 12f) was prepared by treatment of the corre-
sponding 1-alkyne4f, with 1 equiv. of butyllithium in THF
at —78C followed by transmetallation of the resulting
1-alkynyllithium with 1.2 equiv. of dry ZnBrin THF. On
the other hand, compourtf was prepared by reaction of
commercially available 1-pentyn-3-o4¢ with 1.5 equiv.
of MEM-chloride and 1.5 equiv. of EtN{Pr), in CH,CI, at
room temperature.

The second procedure for the synthesis of compourids
(Procedure B involved the cross-coupling reaction of
nonaflateQawith a 1-alkyne4 in DMF at room temperature

and Cul. Compound%0a and 10ewere so prepared in 75
and 84% yield starting from 1-pentynés] and 1-pentyn-3-ol
(4e), respectively, an®a (Scheme 3).

It must be noted that, despite their efficiency, above
mentionedProcedures Aand B did not appear suitable to
prepare methyl HE)-2-(3-hexen-1-ynyl)benzoate 1@d),
which, according to our retrosynthetic analysis, was a
precursor to artemidin 2¢). In fact, these procedures
required the use ofH)-3-hexen-1-yne 4d), which is a
previously unreported substance for which an efficient
synthesis seemed difficult owing to its volatility.

F
/\/\
H
4d

Thus, we prepared compouridd by Pd-catalyzed cross-
coupling reaction betweefia and €)-1-tributylstannyl-3-
hexen-1-yne 16) (Procedure @, which was stereo-
selectively and efficiently synthesized in two steps starting
from (E)/(2)-1-bromo-1-butenel@) (Scheme 4).

According to a general procedure for the stereoselective
synthesis of E)-1-trimethylsilyl-3-en-1-yne$® trimethyl-
silylethynylzinc chloride {4) was reacted with a molar
excess ofl3 (E/Z=62/38) in THF at room temperature to
give chemically and stereoisomerically pureE)-l-
trimethylsilyl-3-hexen-1-yne 15) in 66% yield. Using a
catalytic method for the direct conversion of 1-alkynyl-
silanes into the corresponding 1-tributylstannai§és;**a
mixture of 0.46 equiv. of bis(tributyltin)oxide and 1 equiv.

R1
0S0,C4Fq R Pd(PPhg)s, Cul FZ
@: * H/ EtsN, DMF, it
COOMe COOMe
9a 4a:R' =CgzHy 10a:R' = C3H; [75 %]
4e : R' = C,HsCH(OH) 10e : R' = C,HsCH(OH) [84 %]
Scheme 3.
P MenSi—=—=—7nci _PA(PPha)s /\/\ (BugSn),0O, THF
Br + WEeST= THF, 20 °C SiMe;  TBAF, 60°C
13 14 (66 %) 15 (94 %)
X
/\/\ 9a, Pd(dba)s, dppf 3
SnBu3 LiCI, DMF, 60 °C
(41 %) COOMe
16 10d

Scheme 4.
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COOH
11a:R'=CzH,; R®=H

11b : R' = C3H7; R% = 3-OMe
11c¢ : R' = C4Hy; R? = 4-OMe

11d : R' = ()-C,Hs-CH=CH-; R = H
111 : R' = C,HsCH(OMEM); R? = H
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R R’
= 1) LIOH, H,0, MeOH, 5 °C
2) Hy0%, 0°C
COOMe (99-100 %)
10a:R' = C4H,; R2=H
10b : R' = C3Hy; R? = 3-OMe
10c : R' = C3Hy; R? = 4-OMe
10d : R' = (F)-C,Hs-CH=CH-; R = H
10f : R' = C,HsCH(OMEM); R2 = H
Scheme 5.

of 15in dry THF was treated with a catalytic amount of
tetrabutylammonium fluoride (TBAF) and the resulting
mixture was heated to 66 for 2.5 h. The volatiles, i.e.
THF, the molar excess df5 and bis(trimethylsilyl)oxide,
which was formed in the reaction, were removed in vacuo to
give in 94% vyield the required organotin derivatii®
having chemical purity higher than 97%. Finally, treatment
of 9awith 1.2 equiv. ofl6in DMF at 60C in the presence
of 4 equiv. of LiCl and catalytic amounts of Pd(dband
dppf provided compoundOd in 41% vyield.

Methanol solutions 0103 which was prepared according to
Procedure Aand compound40b, 10c 10d and 10f were
then reacted with 5 equiv. of an aqueous 2.29 M LiOH solu-
tion at 5C and the resulting lithium carboxylates were trea-
ted at OC with 10% HSO, to give the corresponding
carboxylic acids, i.ella 11b, 11c 11d and 11f, respec-
tively, in quantitative yield (Scheme 5).

However, it was found that under these experimental
conditions methyl estetOa which had been prepared by

Procedure B,was unexpectedly converted into 3-propyl-

isocoumarin 2a) in 97% vyield (Scheme 6).

Moreover, saponification 010e which was prepared by
Procedure Bfollowed by acidification produced a mixture
of senkyunolideE (1€) and 3-(1-hydroxypropyl)isocou-
marin 2€) in a ca. 55:45 ratio, respectively (Scheme 7).

nification followed by acidification of methyl 2-(1-alkynyl)-
benzoateslO, which had been prepared by reaction of
methyl 2-halobenzoates with 1-alkynes in the presence of
Et;N and catalytic amounts of Pd{PPh), and Cul*! A
reasonable rationalization for these results could be that (i)
traces of Cu(l) salts contaminate either compourd@s
prepared by these alkynylation reactions or the correspond-
ing carboxylic acids1l and that (ii) these Cu(l) salts
promote the Gendodig and/or the 5exo-dig cyclization of
compoundsll On the other hand, it has been reported that
2-(1-alkynyl)benzoic acids, which are prepared in situ from
2-iodobenzoic acid 3) and 1-alkynylcopper compounds
undergo Cul-catalyzed cyclization to give 3-substituted
isocoumarins or mixtures of6 and the corresponding 3-
ylidenephthalides.”

We next examined the synthesis of some natural and un-
natural isocoumarins, i.e. compourtts-d, and some direct
precursors to naturalZj-3-(1-alkylidene)phthalides, i.e.
compoundslb, 1c and 1f, by transition metal-catalyzed
heteroannulation reactions of the carboxylic acids which
had been prepared according Roocedures AandC, i.e.
compoundslla—d and 11f. As shown in Table 1, these
heteroannulation reactions were performed in acetone at
room temperature in the presence of 20 mol% AgNO
(entries 1, 2, 6 and 9), or in DMF at 8D in the presence

of 10 mol% Ag powder (entries 4, 5, 7 and 8). On the other
hand, compound.1b proved also to be able to undergo
heterocyclization in toluene solution at T in the

It must be noted that these unexpected results parallel thosepresence of 5 mol%rans-di(p.-acetato)bis[(die-tolylphos-

which regard the formation of compounti&nd2 by sapo-

1) LiOH, H,0O, MeOH, 5 °C

phino)benzyl]dipalladium(l1}> The AgNGQ;-catalyzed

2) HO", 0°C
(94 %)

@\/\/
COOMe

10a
(from Procedure B)

Scheme 6.

OH

1) LiOH, H,0, MeOH, 5 °C

Pz
Z 2) H;0%, 0°C

COOMe

10e
(from Procedure B)

Scheme 7.

A
o)
0]
2a

OH OH
/A S
o) * o)
o) (0]
1e 2e

(25 %) (21 %)



Table 1. Transition metal-catalyzed heteroannulation of 2-(1-alkynyl)benzoic ddids

1 2 R R?
2 R R R!
A Z cat. / N
ca. o + o
COOH o

1" 1 2

Entry Reagent Catalyst (mol%) Solvent Reaction conditiorfCih/ Products
11 R! R? 1+2 1/2 molar ratio Yield (%§°

1 lla CsH; H AgNO; (20) Acetone 24/20 lat+2a 6/94 88
2 11b C3H, 3-MeO AgNG; (20) Acetone 24/20 1b+2b 6/94 83
3 11b C3H, 3-MeO Palladacycfe(s) Toluene 6/110 1b+2b° 8/8C0° (>98)
4 11b CsH- 3-MeO Ag (10) DMF 48/60 1b+2b 71/29 63
5 11b CsH, 3-MeO Ag (10) DMFEN (3 equiv.) 15/50 1b+2b 34/66 98)
6 1llc CsH; 4-MeO AgNG; (20) Acetone 24/20 lct2c 3/97 81
7 1lic CsH- 4-MeO Ag (10) DMF 48/60 lc+2c 86/14 54
8 11f C,HsCH(OMEM) H Ag (10) DMF 48/60 1f+2f >99/<1 94
9 11d (E)-CHs-CH=CH- H AgNG; (20) Acetone 24/20 1d+2d 72/28 51

|solated yields of the major products of the reaction mixtures.

®Values in parenthesis are referred to GLC conversions.

¢ Compoundla was isolated in 5% vyield.

4This palladacycle wasans-di(p.-acetate)-bis[db-toliphosphino)benzyl]dipalladium.

¢ The reaction mixture contained a third component which presumably corresponded E)-sher¢oisomer otb.
f Compound2b was isolated in 19% vyield.

9 Compound2c was isolated in 11% vyield.

" Compound2d was isolated in 23% yield.

GSz—€€Se (0002) 95 Uoipayenal / ‘e 19 eullleg o

LESC
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reactions involvinglla 11b and 11c (entries 1, 2 and 6, OMe on 12
Table 1) gave reaction mixtures in which the 3-substituted / 1) BBra, CHyClp 5 3/ e 4
isocoumarins2a, 2b and 2c, respectively, were the major o 2)703'—”2_2’ 02
products and the stereocisomerically puzg-8-(1-alkylide- 2(860/) 6 8\
ne)phthalidesla, 1b and 1c, respectively, were the minor 0 ) 770
products. Purification of these mixtures by MPLC on silica v 19
gel allowed isolation of naturally-occurrirg, 2b and2cin Scheme 8.
88, 83 and 81% yield, respectively. Interestingly, a reaction
mixture in which2b was the major component aridh the
minor component was also obtained by Pd-catalyzed hetero- o2
annulation ofl1b (entry 3, Table 1). However, this reaction i 4 _3f 4
mixture contained a third component which presumably MeO 1) BBr3, CHClp Hos 3
corresponded to theef-stereoisomer otb. ° 2) H0 o 102

Y (57 %) 7 8
It was also observed that the regioselectivity of the AgNO 1c 1h

catalyzed heteroannulation reactions of compourideas
affected by the type of 1-alkynyl moieties present in these Scheme 9.
acids. In fact, in an attempt to synthesize regioselectively

artemidin @d), which is an isocoumarin isolated from mo|ar excess of a cold saturated aqueous Naki@(ition
Anthemis fuscat® by AgNOs-catalyzed lactonization of provided a complex reaction mixture in whithwas absent
11d, a reaction mixture was (_)btamed in which the major ¢ compoundle was the minor product. Interestingly, a
component was stereoisomerically purg-8-{1-[(E)-pent- GLC/MS analysis of this crude reaction mixture showed

2-enylidene]}phthalide Xd) and the minor component was  hat, similarly to 1e, two other reaction products had a
2d (entry 9, Table 1). Purification of this mixture by MPLC  hrominent peak am-18.

on silica gel allowed isolation afd and2d in 51 and 23%

yield, respectively. OR

4
As shown in Table 1, the regioselectivity of the AghO

catalyzed ring closure reactions oib, 11c and 11f was °
reversed when the cyclization reactions were catalyzed by o]
Ag powder and were performed in DMF at“@D In fact, =
these last reactions (entries 4, 7 and 8, Table 1) provided
reaction mixtures in which the ZJ-3-(1-alkylidene)-
phthalides were the major products and the corresponding
3-substituted isocoumarins were the minor products. These
results were in agreement with those previously reported for
the heteroannulation of1a’® However, it was observed
that the presence of a base could affect the regioselectivity.
In fact, the reaction mixture, which was obtained by
cyclization of 11b in DMF in the presence of 3 equiv. of
Et:N and a catalytic quantity of Ag powder, proved to be
constituted of a mixture oflb and 2b in which this last
compound was the major component (entry 5, Table 1). It
is also worth mentioning that the Ag-catalyzed hetero-
annulation reaction ot1f proved to be much more regio-
selective than the corresponding reactions involviridp
and1ic In fact, the reaction involvind 1f gave 1f, which

was the sole product identified in the crude reaction mixture
(entry 8, Table 1).

1le:R=H
1f:R= CHQOCH2CH200H3

Moreover, reaction oif with 5 equiv. of ZnBg in CH,ClI,

for 6 h atroom temperaturé followed by hydrolysis with a
saturated aqueous NaHgQ@olution afforded a reaction
mixture which contained a compound different frdraas

the sole reaction product. This unidentified compound was
fast running on silica gel chromatography and had a GLC
retention time higher than that ¢

In conclusion, we devised a convenient protocol for the
synthesis of 2-(1-alkynyl)benzoic aciddl and we
employed the AgN@catalyzed cyclization reaction of
these carboxylic acids to prepare some 3-substituted iso-
coumarins of general formuld, which include naturally-
occurring 3-propylisocoumarir2g) and artemidin Zd). On

the other hand, by Ag powder-catalyzed heteroannulation
reaction of compound$l we prepared some precursors to
naturally-occurringZ)-3-(1-alkylidene)phthalides. Finally,

two of these precursors, i.e. compourids and 1c, were
converted to naturally-occurring senkyunolide By and
senkyunolide CZXh), respectively.

Finally, in order to prepare naturally-occurring senkyun-

olide B (1g), senkyunolide CXh) and senkyunolide E1¢),

we examined the selective deprotection of the protected

hydroxy group present in compountls, 1c and 1f, respec-

tively. Thus, it was found that demethylation bp and 1c

with 2.1-2.5 equiv. of boron tribromide in GBI, at room Experimental

temperature according to a general procetfyseovidedig

andlhin 86 and 57% yield, respectively (Schemes 8 and 9). All boiling and melting points are uncorrected. Precoated
Merck 60 ks, plastic silica gel sheets were used for TLC

Unfortunately, attempts to convetf into 1e by protocols analyses. GLC analyses were performed on a Dani GC 1000

reported in the literature for deprotection of MEM-ethérs  instrument with a PTV injector, which was equipped with a

were fruitless. In fact, treatment &f with 5 equiv. of TiCl, Dani data station 86.01. Two types of capillary columns

in CH,CI, at C for 20 min followed by addition of a large  were used: an Alltech AT-1 bonded FSOT column
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(30 mx0.25 mm i.d.) and an Alltech AT-35 bonded FSOT was purified by MPLC on silica gel, using a mixture of
column (30 nx0.25 mm i.d.). Purifications by MPLC were toluene and hexane (80:20) as eluant, to give in 70% vyield
performed on a Bechi instrument, using a Bischoff 8100 chemically puredb as a colourless liquid. M3z (%): 464
differential refractometer as detector. GLC/MS analyses (4), 181 (100), 149 (62), 122 (19), 107 (33), 95 (10),j 69
were performed using a Q-mass 910 spectrometer interfaced43). IR (film): v 1734, 1480, 1426, 1203, 1145, 1064,
with a Perkin—Elmer 8500 gas-chromatograpH. NMR 763 cm . 'H NMR (200 MHz, CDC}): & 7.50 (1H, d,
spectra were recorded on a Varian Gemini 200 MHz J=7.9 Hz, Hyon), 7.38 (1H, t,J=8.0 Hz, Hyon), 7.20 (1H,
spectrometer or a Bruker AMX 600 spectrometer using d, J=8.0 Hz, Hyon), 3.94 (3H, s, OMe), 3.92 ppm (3H, s,
TMS and CDC} as an internal standard, respectively. IR OMe). Anal. Calcd for GFgHgOeS: C, 33.63; H, 1.95.
spectra were recorded on a Perkin—Elmer 1725-X FT-IR Found: C, 33.94; H, 1.98.
spectrophotometer. All reactions of air- and water-sensitive
materials were performed in flame dried glassware under anMethyl  4-methoxy-2-(perfluoro-1-butanesulfonyloxy)-
atmosphere of argon or nitrogen. Air and water sensitive benzoate (9c).This crude product, which was prepared in
solutions were transferred with hypodermic syringes or quantitative yield starting from methyl 2-hydroxy-4-
double ended needles. Solvents were dried and distilled methoxybenzoate8€) according to the above mentioned
before use. K)/(Z)-1-Bromo-1-butene 13) (E/Z=62/38; procedure, had: mp 55-8D. MS, m/z (%): 464 (20), 433
bp 90-92C) was prepared starting from 1,2-dibromobutane (10), 369 (9), 153 (27), 125 (11), 107 (10), 51 (108.
according to a previously reported procedtfté@d(dba), NMR (200 MHz, CDC}): 6 8.06 (1H, d, J=8.8 Hz,
1,7-bis(diphenylphosphino)ferrocene (dppf) and bis(tributyl- Hgron), 6.95 (1H, dd,J=8.8 and 2.4 Hz, ), 6.80 (1H,
tinJoxide were commercially available. Pd(RRhwas brs, Hyom), 3.93 (3H, s, OMe), 3.88 ppm (3H, s, OMe). This
prepared according to the literature. crude product was used in the next step without any further
purification and characterization.
General procedure for the synthesis of methyl 2-(per-
fluoro-1-butanesulfonyloxy)benzoates 9 General procedure for the Pd-catalyzed cross-coupling
reactions between 1-pentynylzinc chloride (12a) and the
A dispersion of NaH (60%, 4.50 g, 112.5 mmol) in mineral aryl nonaflates 9
oil was washed with pentane and the residue was diluted
with DMF (220 ml). To the resulting suspension, whichwas A slurry of 1-pentynylzinc chloride 128 in THF was
stirred at OC, was added dropwise a solution of a methyl prepared by addition of a 0.64 M THF solution of the
2-hydroxybenzoat8 (75.0 mmol) in DMF (40 ml) and the  corresponding Grignard reagent (50.7 ml, 32.45 mmol) to
mixture was stirred for 0.5 h at’G and for 1.5 h at room  a solution of dry ZnG (5.74 g, 42.14 mmol) in THF
temperature. To the resulting reaction mixture, which was (120 ml), which was stirred at°Q. After stirring the
maintained under stirring afQ, was then added dropwise reaction mixture for additional 30 min, Pd(dba}.25 g,
perfluoro-1-butanesulfonyl fluoride (26.05 g, 86.25 mmol) 0.43 mmol), dppf (0.24 g, 0.43 mmol) and a solution of a
and the mixture was stirred af@© for 1.0 h and then at  crude methyl 2-(perfluoro-1-butanesulfonyloxy)benzdate
room temperature for 2 h. After this period a GLC analysis (21.61 mmol) in THF (30 ml) were sequentially added. The
of a sample of the reaction mixture, which was hydrolyzed resulting mixture was allowed to warm up to room tempera-
with a saturated aqueous NEI solution and extracted with  ture and then heated to ®5for 5 h. After usual workup the
Et,O showed that the reaction was complete. Thus, the crude reaction product was diluted with the solvent which
reaction mixture was poured into a large excess of a cold was subsequently used for its purification by MPLC on
saturated aqueous N@I solution and extracted repeatedly silica gel and filtered over Celite. The filtrate was concen-
with Et,O (4x100 ml). The collected organic extracts were trated in vacuo and the residue was purified by MPLC on
washed with water, dried and concentrated in vacuo to give silica gel. Compound40a 10b and 10c were prepared

in quantitative yield crude compoun@svhich had chemi- according to this procedure.
cal purity higher than 96%. Compounés, 9b and9c were
prepared according to this procedure. Methyl 2-(1-pentynyl)benzoate (10a)The crude reaction

product, which was obtained from the Pd-catalyzed reaction
Methyl 2-(perfluoro-1-butanesulfonyloxy)benzoate (9a). betweenl2aand methyl 2-(perfluoro-1-butanesulfonyloxy)-
The crude product, which was obtained in quantitative yield benzoate%a) according to the above mentioned procedure,
starting from methyl 2-hydroxybenzoat8a) according to was purified by MPLC on silica gel, using a mixture of
the above mentioned procedure, had: mp 4T€4MS, m/z toluene and petroleum ether (70:30) as eluant, to give in
(%): 434 (6), 339 (33), 151 (16), 135 (33), 123 (65), 95 (90), 65% vyield chemically purdOaas a colourless liquid. MS,
69 (100).'H NMR (200 MHz, CDC}): & 8.10 (1H, dd, m/z (%): 187 (7), 174 (100), 159 (23), 143 (28), 115 (44), 91
J=7.7 and 1.7 Hz, Koy, 7.64 (1H, dtJ=7.8 and 1.2 Hz,  (17), 75 (15). IR (film):» 1734, 1718, 1296, 1251, 1130,
Harom), 7.48 (1H,pseudet, J=7.1 Hz, Hyom), 7.30 (1H, t, 1085, 759 cm®. *H NMR (200 MHz, CDC}): 6 7.88 (1H,
J=7.8Hz, Hyom), 3.97 ppm (3H, s, OMe). This crude d,J=7.6 Hz, Hyon), 7.53—-7.27 (3H, m, Ko, 3.91 (3H, s,
compound was used in the next step without any further OMe), 2.46 (2H, t,J=7.3 Hz, H-3), 1.67 (2H, sext,
purification and characterization. J=7.3 Hz, H-4), 1.07 ppm (3H, tJ=7.3 Hz, H-8). Anal.

Calcd for G3H140,: C, 77.20; H, 6.98. Found: C, 77.06; H,
Methyl  3-methoxy-2-(perfluoro-1-butanesulfonyloxy)- 6.69.
benzoate (9b).Crude compoun®b, which was obtained
in quantitative yield from methyl 2-hydroxy-3-methoxy- Methyl 3-methoxy-2-(1-pentynyl)benzoate (10b).The
benzoate&b) according to the above mentioned procedure, crude reaction product, which was obtained from the
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Pd-catalyzed reaction betwe&Baand methyl 3-methoxy-  warm up to OC within 1.5 h and then it was cooled to
2-(perfluoro-1-butanesulfonyloxy)benzoatéb) according —78C. A solution of dry ZnBj (9.57 g, 42.50 mmol) in
to the above mentioned procedure, was purified by MPLC THF (50 ml), which was cooled to-20°C, was then
on silica gel using toluene as eluant, to give in 90% yield added and the mixture was allowed to warm up t6CLO
chemically purelOb as a pale yellow liquid. MSyVz (%): within 2 h. It was then cooled to°C and Pd(dba)(0.31 g,
232 (20), 217 (26), 204 (67), 189 (51), 143 (31), 115 (100), 0.54 mmol), dppf (0.30 g, 0.54 mmol) and a solutionOaf
75 (81). IR (film): v 1732, 1468, 1434, 1306, 1269, 1061, (11.83 g, 27.24 mmol) in THF (35 ml) were sequentially
758 cm . *H NMR (200 MHz, CDCL): & 7.41 (1H, d, added. The resulting mixture was allowed to warm up to
J=7.7 Hz, Hyon), 7.26 (1H, t,J=8.0 Hz, Hyon), 7.00 (1H, room temperature and then it was maintained under reflux
d, J=8.0 Hz, Hyon), 3.90 (3H, s, OMe), 3.89 (3H, s, OMe), for 17 h. After this period the reaction mixture was cooled to
2.52 (2H, t,J=7.0 Hz, H-3), 1.68 (2H, sextJ=7.0 Hz, room temperature, poured into a large excess of a saturated
H-4%), 1.09 ppm (3H, tJ=7.0 Hz, H-8). Anal. Calcd for aqueous NKCI solution and extracted repeatedly with@t
CisH1604: C, 72.39; H, 6.94. Found: C, 72.78; H, 7.21. (83x100 ml). The collected organic extracts were washed
with water, dried and concentrated in vacuo. The residue
Methyl 4-methoxy-2-(1-pentynyl)benzoate (10c).The was purified by MPLC on silica gel, using a mixture of
crude reaction product, which was obtained from the toluene and AcOEt (90:10) as eluant, to gi@f (4.32 g,
Pd-catalyzed reaction betweé&®a and methyl 4-methoxy-  52% yield) as a colourless liquid. M8Yz (%): 276 (1), 217
2-(perfluoro-1-butanesulfonyloxy)benzoa®e)(according to (28), 201 (15), 187 (15), 89 (13), 59 (100). IR (film)1732,
the above mentioned general procedure, was purified by1295, 1256, 1129, 1110, 1083, 1033¢mn'H NMR
MPLC on silica gel, using a mixture of hexane and (200 MHz, CDC}): 6 7.92 (1H, dd,J=7.7 and 1.8 Hz,
CH,CI, (50:50) as eluant, to give in 84% vyield chemically Hg.on), 7.56—7.32 (3H, m, Kon), 5.18 (1H, d,J=7.0 Hz,
purelOcas a pale yellow liquid. MSyVz (%): 232 (1), 204 H-1"), 4.80 (1H, dJ=7.0 Hz, H-1), 4.61 (1H, tJ=6.4 Hz,
(100), 173 (22), 161 (31), 115 (21), 101 (16), 75 (21). IR H-3'), 3.91 (3H, s, COOMe), 3.87-3.56 (4H, m, H-and
gfilm): v 1729, 1712, 1601, 1286, 1263, 1210, 1136¢&m  H-3”), 3.40 (3H, s, H-4), 1.94-1.80 (2H, m, H%,
H NMR (200 MHz, CDC}): 6 7.89 (1H, d,J=8.8 Hz, 1.11 ppm (3H, t, J=7.3Hz, H-5). Anal. Calcd for
Harom), 7.00 (1H, d,J=2.5 Hz, Hyon), 6.82 (1H, dd J=8.8 C17H2:0s: C, 66.65; H, 7.24. Found: C, 66.87; H, 7.51. A
and 2.5 Hz, H,,n), 3.88 (3H, s, OMe), 3.83 (3H, s, OMe), GLC analysis showed that0f had chemical purity higher
2.47 (2H, t,J=7.0 Hz, H-3), 1.67 (2H, sextJ=7.3 Hz, than 98%.
H-4'), 1.08 ppm (3H, tJ=7.3 Hz, H-8). Anal. Calcd for
C14H1603: C, 72.39; H, 6.94. Found: C, 72.55; H, 7.05.

3-(2-Methoxyethoxymethoxy)-1-pentyne (4f)A solution

of 2-methoxyethoxymethyl chloride (9.99 g, 80.24 mmol)
in CH,Cl, (50 ml) was added dropwise to a solution of
1-pentyn-3-ol 4e) (4.509, 53.49 mmol) and EtNPr),
(10.37 g, 80.24 mmol) in CkLCl, (50 ml) which was stirred
under nitrogen at room temperature. The resulting mixture
was stirred for 3 h at room temperature, poured into a large
excess of 5% HCI and extracted repeatedly witsCEfThe Pd(0)/Cu(l)-catalyzed cross-coupling reaction of methyl
collected organic extracts were washed with a saturated2-(perfluoro-1-butanesulfonyloxy)benzoate (9a) with
aqueous NaHC®solution and water, dried and concen- 1-alkynes 4

trated under reduced pressure. The residue was fractionally

distilled to give4f (6.60 g, 72% yield) as a colourless liquid. To a suspension of Pd(PPh (1.73 g, 1.50 mmol) and

bp 93-94C/15 Torr. MS,m/z(%): 113 (2), 105 (4), 89 (28),  compound9a (6.51 g, 15.0 mmol) in deareated dry DMF
73 (13), 67 (34), 65 (11), 59 (100¥H NMR (200 MHz, (60 ml), which was stirred under argon, were sequentially
CDCly): 6 5.02 (1H, d,J=7.1Hz, H-T), 4.73 (1H, d, added a 1-alkynd (22.5 mmol), E4N (4.18 ml, 30.0 mmol)
J=7.1Hz, H-1), 4.32 (1H, dt,J=6.4 and 2.2Hz, H-3), and Cul (0.57 g, 3.0 mmol) and the resulting reaction
3.76—-3.54 (4H, m, H-2and H-3), 3.40 (3H, s, H-4), 2.41  mixture was stirred at room temperature for 24 h. It was
(1H, d,J=2.2 Hz, H-1), 1.85-1.65 (2H, m, H-4), 1.03 ppm then poured into a large excess of a saturated aqueous
(3H, t,J=7.3 Hz, H-5). Anal. Calcd for ¢H,¢05: C, 62.77; NH,4CI solution and the resulting mixture, which was stirred

H, 9.36. Found: C, 62.91; H, 9.71. in the air for 0.5 h, was extracted repeatedly with@t
o (4x50 ml). The collected organic extracts were washed
o/\o/\{o\' with water, dried and concentrated in vacuo. The residue
y\/f’ 3 4 was diluted with the solvent which was subsequently used
H Z 35 for its purification by MPLC on silica gel and filtered over
af Celite. The filtrate was concentrated in vacuo and the

residue was purified by MPLC on silica gel. This procedure
Methyl  2-[3-(2-methoxyethoxymethoxy)-1-pentynyl]- was employed to prepare compoub@a and methyl 2-(3-
benzoate (10f).A 1.91 M hexane solution of butyllithium  hydroxy-1-pentynyl)benzoatel@e in 75 and 84% vyield,
(18.6 ml, 35.50 mmol) was added dropwise to a solution of respectively. The spectral properties Iffa were in good
3-(2-methoxyethoxymethoxy)-1-pentyne 4f\ (6.10g, agreement with those of the compound which was prepared
35.42 mmol) in THF (100 ml) which was stirred under by Pd-catalyzed cross-coupling reaction betwé&anand
argon at—78C. The resulting mixture was allowed to 12a
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Methyl 2-(3-hydroxy-1-pentynyl)benzoate (10e).The
crude reaction mixture, which was obtained from the
Pd(0)/Cu(l)-catalyzed reaction betwe@a and 3-hydroxy-
1-pentyne 4e), was purified by MPLC on silica gel, using a
mixture of toluene and ED (70:30) as eluant, to give in
84% yield compoundOeas an orange liquid. M$wz (%):
203 (4), 190 (35), 157 (100), 129 (58), 101 (79), 77 (28), 57
(21). IR (film): » 1718, 1435, 1298, 1279, 1256, 1084,
759 cm ™. 'H NMR (200 MHz, CDC}): & 7.92 (1H, d,
J=7.3 Hz, Hyom), 7.55-7.35 (3H, br m, Kon), 4.61 (1H,

t, J=6.0 Hz, H-3), 3.91 (3H, s, OMe), 2.75 (1H, br s, OH),
1.85 (2H, quint, J=7.3Hz, H-4), 1.10ppm (3H, t,
J=7.3 Hz, H-8). Anal. Calcd for GsH405: C, 71.54; H,
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Methyl (E)-2-(3-hexen-1-ynyl)benzoate (10d)A flame
dried reaction vessel, which was maintained under an
argon atmosphere, was charged with methyl 2-(perfluoro-
1-butanesulfonyloxy)benzoat®d) (7.49 g, 17.25 mmol),
Pd(dba) (0.396g, 0.689 mmol), dppf (0.760g,
1.379 mmol), LiCl (2.92 g, 68.99 mmol) and deareated
DMF (100 ml) and the mixture was stirred. A deareated
solution of 16 (7.64 g, 20.70 mmol) in DMF (30 ml) was
then added and the resulting mixture was stirred &Caor

80 h. It was then cooled to room temperature, poured into a
large excess of a saturated aqueous,GlHsolution and
extracted repeatedly with 2. The collected organic
extracts were washed with water and concentrated in

6.46. Found: C, 71.14; H, 6.25. A GLC analysis showed that vacuo. The residue was diluted with,Bt and stirred at

10ehad chemical purity higher than 99%.

(E)-1-Trimethylsilyl-3-hexen-1-yne (15).1-Trimethylsilyl-

20°C with an aqueous 6 M solution of KF (150 ml) for
24 h. The mixture was then diluted with Bt (150 ml),
filtered over Celite and the filtrate was extracted with

acetylene (17.71 g, 180.3 mmol) was added dropwise to aEt,O (3x50 ml). The collected organic extracts were

0.67 M THF solution of ethylmagnesium bromide (269 ml,
180.3 mmol) which was maintained under stirring at®5

washed with water, dried and concentrated in vacuo. The
residue was purified by MPLC on silica gel, using a mixture

After the addition was complete, heating was continued for of toluene and hexane (60:40) as eluant, to gi®d(1.51 g,

1 h. The THF solution, which was cooled to°#) was then
added to a solution of dry Zng(26.58 g, 195.0 mmol) in
THF (180 ml) cooled to T and the resulting mixture was
stirred for 0.5 h. A degassed solution of Pd(BRK5.57 g,
4.82 mmol) and E)/(Z)-1-bromo-1-butene 1Q) (E/Z=62/

41% vyield) as an orange liquid. M8Yz (%): 214 (22), 199
(41), 181 (76), 153 (88), 128 (100), 115 (74H NMR
(200 MHz, CDCk): 8 7.93 (1H, d, J=7.6 Hz, Hyom),
7.55-7.29 (3H, m, Hon, 6.36 (1H, dt, J=15.9 and
6.7 Hz, H-4), 5.77 (1H, d,J=15.9 Hz, H-3), 3.93 (3H, s,

38; 42.0g, 311.0 mmol) in THF (210 ml), which was OMe), 2.21 (2H pseudoquint, J=7.4 Hz, H-5), 1.06 ppm
prepared immediately prior to use, was added and the result(3H, t,J=7.4 Hz, H-8). Anal. Calcd for G4H40,: C, 78.48;
ing mixture was stirred for 58 h at room temperature. It was H, 6.58. Found: C, 78.70; H, 6.71.
then poured into a large excess of a saturated aqueous
NH,CI solution and the resulting mixture was extracted 2-(1-Pentynyl)benzoic acid (11a)Compoundl0a (3.0 g,
with pentane (%100 ml). The collected organic extracts 14.83 mmol), which was prepared by Pd-catalyzed cross-
were filtered, washed with water, dried and concentrated coupling reaction betweefa and 12a was dissolved in
at 760 Torr. The residue was fractionally distilled using a methanol (7 ml) and the resulting solution was added to a
Fischer Spaltrohr System to give chemically and stereo- mixture of an aqueous 2.29 M LiOH solution (32.4 ml,
isomerically purel5 (18.12 g, 66% yield) as a colourless 74.15 mmol) and methanol (90 ml), which was stirred at
liquid. bp 73-78C/25Torr. (Lit®° bp 84—86C/56 5°C. The resulting mixture was stirred atGfor 22 h and
Torr). MS, m/z (%): 152 (20), 137 (100), 109 (11), 93 (5), then concentrated at room temperature under reduced
83(25), 73 (10), 59 (23fH NMR (200 MHz, CDC}): 6 6.24 pressure. The residue was diluted with water and extracted
(1H, dt,J=15.9 and 6.4 Hz, H-4), 5.48 (1H, d=15.9 and with Et,O (3x75 ml). The aqueous phase was cooled’t®,0
1.6 Hz, H-3), 2.30-1.95 (2H, m, H-5)0.99 (3H, t, J= acidified with cold 10% HSO, and extracted with EO
7.4 Hz, H-6), 0.16 ppm (9H, s, SiME (375 ml). The collected organic extracts were washed
with water, dried and concentrated in vacuo to givka
(E)-1-Tributylstannyl-3-hexen-1-yne (16).A flame dried (2.79 g, quantitative yield) as a solid. mp 35°G7'H
reaction vessel, which was maintained under an argonNMR (200 MHz, CDC}): 6 8.07 (1H, d,J=7.7 Hz, Hyom,
atmosphere, was charged with a degassed solution 0f7.54-7.36 (3H, m, Hon), 2.48 (2H, t,J=7.0 Hz, H-3), 1.68
compound15 (3.81 g, 25.00 mmol) in THF (60 ml) and (2H, sext, J=7.1 Hz, H-4), 1.09 ppm (3H, t,J=7.1 Hz,
bis(tributyltin)oxide (6.86 g, 11.50 mmol). A 1M THF H-5). This crude compound was used in the next step
solution of TBAF (0.50 ml, 0.50 mmol) was added and without any further purification and characterization.
the mixture was magnetically stirred at°@for 2.5 h, at
which time the volatiles were removed in vacuo. The
residue was filtered over Celite to give compouh@
(8.49 g, 94% yield) as a yellow liquid. MS$wz (%): 313
(41), 311 (34), 257 (40), 255 (33), 199 (100), 197 (78), 121
(60). *H NMR (200 MHz, CDC}): & 6.20 (1H, dt,J=15.9
and 6.8 Hz, H-4), 5.52 (1H, d)=15.9 Hz, H-3), 2.11 (2H,
quint, J=6.8 Hz, H-5), 1.71-1.45 (6H, br m, H)
1.42-0.81 ppm (24 H, br m, H:2H-3', H-4 and H-6).
GLC and TLC analyses showed that compout® had
chemical purity higher than 97%. This crude compound
was used in the next step without any further purification
and characterization.

3-Methoxy-2-(1-pentynyl)benzoic acid (11b)Compound
10b, which was prepared by Pd-catalyzed cross-coupling
reaction betwee®b and 12a was converted in 99% vyield
into the title compound by a procedure similar to that
employed to prepardla Compoundllb, which was a
colourless solid, had: mp 82-88. *H NMR (200 MHz,
CDCly): 8 10.50 (1H, br s, COOH), 7.65 (1H, d,
J=7.9 Hz, Hyon), 7.32 (1H, t,J=8.1 Hz, Hyor), 7.07 (1H,

d, J=8.1Hz, Hyom), 3.91 (3H, s, OMe), 2.54 (2H, t,
J=7.0Hz, H-3), 1.69 (2H, sext, J=7.3Hz, H-4),
1.09 ppm (3H, t,J=7.3 Hz, H-5). This crude compound
was used in the next step without any further purification
and characterization.
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4-Methoxy-2-(1-pentynyl)benzoic acid (11c)Compound

F. Bellina et al. / Tetrahedron 56 (2000) 2533-2545

(16). IR (KBr): » 1731, 1656, 1160, 1141, 1019, 762,

10¢, which was prepared by Pd-catalyzed cross-coupling 690 cmi X, *H NMR (200 MHz, CDC}): & 8.25 (1H, d,

reaction betweefc and12a was converted in quantitative
yield into the title compound by a procedure similar to that
employed to prepardla Compoundllc which was a
colourless solid, had: mp 89-93. *H NMR (200 MHz,
CDCly): 6 10.60 (1H br s, COOH), 8.04 (1H, dl=
8.8 Hz, H-6), 7.02 (1H, dJ=2.6 Hz, H-3), 6.86 (1H, dd,
J=8.8 and 2.6 Hz, H-5), 3.84 (3H s, OMe), 2.47 (2H, t,
J=7.0Hz, H-3), 1.68 (2H, sext, JI=7.3Hz, H-4),
1.09 ppm (3H, t,J=7.3 Hz, H-8). This crude compound
was used in the next step without any further purification
and characterization.

(E)-2-(3-Hexen-1-ynyl)benzoic acid (11d).Compound

J=8.0 Hz, Hyom), 7.77-7.58 (1H, m, Kon), 7.60-7.30
(2H, m, Hyom), 6.26 (1H, s, H-4), 2.51 (2H, t}=7.5 Hz,
H-1/), 1.80-1.65 (2H, m, H42, 0.99 ppm (3H, t J=

7.4 Hz, H-3). These spectral data were in good agreement
either with those reported for the natural prodticr with
those regorted foRa prepared starting from 2-iodobenzoic
acid @).°

Saponification followed by acidification of 10e: synthesis
of (2)-3-(2-hydroxy-1-butylidene)phthalide (senkyunolide
E) (1e) and 3-(1-hydroxypropyl)isocoumarin (2e)

CompoundlOe (1.0 g, 4.58 mmol), which was prepared by

10d, which was prepared by Pd-catalyzed cross-coupling Pd(0)/Cu(l)-catalyzed reaction 8awith 4e was dissolved

reaction betweerl6 and 9a, was converted in 99% vyield
into the title compound by a procedure similar to that
employed to prepardla Compoundlld, which was a
colourless solid, had: mp 93-97. *H NMR (200 MHz,
CDClg): 6 10.30 (1H, br s, COOH), 8.06 (1H, dd=8.4
and 1.6 Hz, B, 7.70-7.30 (3H, m, Ko, 6.37 (1H, dt,
J=15.8 and 6.6 Hz, H-3, 5.77 (1H, dtJ=15.8 and 1.5 Hz,
H-3'), 2.20 (2H, dquint,J=7.4 and 1.5 Hz, H-5, 1.04 ppm
(3H, t, J=7.4 Hz, H-8). This crude compound was used
in the next step without any further purification and
characterization.

2-[3-(2-Methoxyethoxymethoxy)-1-pentynyl]benzoic acid
(11f). CompoundL0f, which was prepared by Pd-catalyzed
cross-coupling reaction betwe®a and12f, was converted
in quantitative yield into the title compound by a procedure
similar to that used preparkla Crudel1f, which was a
colourless liquid, had*H NMR (200 MHz, CDC}): & 9.87
(1H, br s, COOH), 8.05 (1H, ddi=7.7 and 1.5 Hz, ko),
7.60-7.35 (3H, m, Hom), 5.17 (1H, d,J=7.0 Hz, H-Y),
4.82 (1H, d,J=7.0Hz, H-1), 4.61 (1H, t, J=6.4 Hz,
H-3'), 3.85-3.50 (2H, m, H®2 or H-3"), 3.60 (2H, t,
J=4.4 Hz, H-3 or H-2"), 3.41 (3H, s, H-4), 1.89 (2H,
quint, J=7.4 Hz, H-4), 1.11 ppm (3H, tJ=7.4 Hz, H-5).

in methanol (5 ml) and the resulting solution was stirred at
5°C for 18 h with a 2.29 M aqueous LiOH solution (10 ml,
22.90 mmol) and methanol (25 ml). The reaction mixture
was concentrated in vacuo at room temperature and the
residue, which was dissolved in water (15 ml), was
extracted with BO (3x50 ml). The aqueous phase was
cooled to OC, acidified with cold 10% EBO, and extracted
with Et,O (3x50 ml). The organic extract was washed with
water, dried and concentrated in vacuo. A GLC analysis of
an EtO solution of a sample of the residue showed the
presence of two compounds in a ca. 55:45 ratio, which
were subsequently identified d® and 2e, respectively.
This oily residue was purified by MPLC on silica gel,
using a mixture of hexane and AcOEt (70:30) as eluant.
Concentration of the first eluted chromatographic fractions
allowed to isolate compounge (0.20 g, 21% yield) as an
orange oil. MSn/z (%): 204 (23), 175 (100), 147 (43), 89
(37), 63 (18), 57 (12), 51 (39). IR (film)r 1718, 1658,
1605, 1485, 1328, 1024, 759 ¢hm *H NMR (200 MHz,
CDCly): 6 8.27-8.23 (1H, m, Hon), 7.71-7.39 (3H, m,
Harom), 6.56 (1H, s, H-4), 4.42 (1H, dd=7.3 and 5.4 Hz,
H-1'), 2.50 (1H, br s, OH), 2.05-1.81 (2H, m, H)2
1.00 ppm (3H, t, J=7.4Hz, H-3). Anal. Calc for
CioH120s: C, 70.57; H, 5.92. Found: C, 70.85; H, 6.04.

This crude compound was used in the next step without any Concentration of the last eluted chromatographic fractions

further purification and characterization.

Saponification followed by acidification of compound
10a which was prepared by Pd(0)/Cu(l)-catalyzed
reaction between 9a and 4a: synthesis of 3-propyl-
isocoumarin (2a)

CompoundL0a(3.0 g, 14.83 mmol), which was prepared by
Pd(0)/Cu(l)-catalyzed reaction betwe®a and 4a was
dissolved in methanol (7 ml) and the resulting solution
was stirred at 8 for 18 h with a 2.29 M aqueous LiOH
solution (32.4 ml, 74.15 mmol) and methanol (90 ml). The
reaction mixture was concentrated in vacuo at room

allowed isolation of compountle (0.23 g, 25% vyield) as a
pale crystalline solid. mp 86—88. MS, m/z (%): 204 (4),
175 (100), 147 (75), 129 (11), 104 (5), 57 (16), 51 (67). IR
(KBn): v 1770, 1691, 1279, 1256, 1061, 1007, 970, 767,
692 cm . '"H NMR (200 MHz, CDC}): & 7.91 (1H, dt,
J=6.6 and 1.1 Hz, o), 7.75-7.50 (3H, m, ko), 5.66
(1H, d, J=8.5 Hz, H-1), 4.86 (1H, dt,J=8.5 and 6.6 Hz,
H-2), 2.04 (1H, br s, OH), 1.85-1.60 (2H, m, H}3
1.00 ppm (3H, tJ=7.3 Hz, H-4). These NMR data were
in agreement with those of senkyunolide E) prepared
starting from phthalic anhydrid.However, this phthalide
was described as a pale yellow oil. Finally, concentration of
the intermediate chromatographic fractions allowed to

temperature and the residue was diluted with water and obtain a ca. 1:1 mixture dfeand2e (0.10 g, 10% vyield).

extracted with BEO (3x50 ml). The aqueous phase was
cooled to OC, acidified with cold 10% EBO, and extracted
with Et,O (3x50 ml). The organic extract was washed with

Preparation of 3-substituted isocoumarins 2 and Z)-3-
(1-alkylidene)phthalides 1 by treatment of 2-(1-alkynyl)-

water, dried and concentrated in vacuo. The residue wasbenzoic acids 11 with catalytic amounts of AgN@or Ag

purified by MPLC on silica gel, using a mixture of toluene
and petroleum ether (90:10) as eluant, to fle€2.62, 94%
yield) as a light yellow solid. mp 28—-3C. MS, m/z (%):
188 (36), 159 (14), 131 (38), 118 (100), 103 (15), 89 (60), 77

powder

The AgNG;-catalyzed reactions were performed according
to the following procedure. In a typical experiment AgNO
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(0.24 g, 1.41 mmol) was added to a degassed solution of alast eluted chromatographic fractions allowed to isolate in

2-(1-alkynyl)benzoic acidll (7.05 mmol) in dry acetone
(70 ml) and the resulting mixture was stirred in the dark

88% vyield stereoisomerically pur2a. The physical and
spectral properties of this compound were in good agree-

under an argon atmosphere for 24 h at room temperature.ment with those oRawhich was prepared by saponification
It was then concentrated in vacuo and the residue, whichfollowed by acidification ofLlOawhich was synthesized by

was diluted with CHCI, (40 ml), was filtered over Celite.
The filtrate, which was analyzed by TLC and GLC/MS, was

Pd(0)/Cu(l)-catalyzed reaction betwe@aand4a.

concentrated in vacuo and the residue was purified by Synthesis of 5-methoxy-3-propylisocoumarin (2b) and

MPLC on silica gel. Compound$la 11b, 11c and 11d
underwent the Ag(l)-catalyzed cyclization reactions to
give mixtures of the corresponding 3-substituted iso-
coumarins, i.e2a, 2b, 2c and 2d, respectively, and)-3-
(1-alkylidene)phthalides, i.ka, 1b, 1c and1d, respectively

(entries 1, 2, 6 and 9, Table 1). Nevertheless, the 3-substi-
tuted isocoumarins were easily separated from the corre-

sponding F)-3-(1-alkylidene)phthalides by MPLC on
silica gel. The 3-substituted isocoumarifig, 2b and 2c
were the major products in the case of the Ag(l)-catalyzed
cyclization reactions oflla 11b and 11c respectively
(entries 1, 2 and 6, Table 1). On the contrary, the Ag(l)-
catalyzed cyclization reaction dfld afforded a reaction
mixture in which the major product was compouid
(entry 9; Table 1). On the other hand, the Ag powder-
catalyzed heteroannulation
according to the following procedure. In a typical experi-
ment, Ag powder (5—8 micron, 0.052 g, 0.48 mmol) was
added to a degassed solution of a 2-(1-alkynyl)benzoic
acid 11 (4.81 mmol) in dry DMF (32 ml) and the resulting
mixture was stirred in the dark at 8D for 48 h under an

(2)-4-methoxy-3-(1-butylidene)phthalide (1b)

A GLC analysis of the crude reaction mixture, which was
obtained by AgN@-catalyzed heteroannulation reaction of
11b (entry 2, Table 1), showed the presence of two
compounds in a ca. 94:6 ratio, which were subsequently
identified as2b and 1b, respectively. This mixture was
purified by crystallization from hexane to give in 83%
yield chemically pure2b as a pale yellow crystalline
solid. mp 76-79C. MS, m/z (%): 218 (70), 189 (72), 161
(100), 148 (41), 119 (50), 89 (52), 76 (50). IR (KBn):
1719, 1651, 1482, 1265, 1139, 1034, 763 ¢ntH NMR
(200 MHz, CDC}): 6 7.83 (1H, d,J=7.8 Hz, Hyom), 7.37
(1H, t,J=8.0 Hz, Hyon), 7.12 (1H, dJ=8.0 Hz, Hyon), 6.63
(1H, s, H-4), 3.92 (3H, s, OMe), 2.52 (2H, 3=7.4 Hz,

reactions were performedH-1'), 1.74 (2H, sextJ=7.4 Hz, H-2), 0.99 ppm (3H, t,

J=7.4 Hz, H-3). Anal. Calcd for GsH40s: C, 71.54; H,
6.46. Found: C, 71.61; H, 6.51. On the other hand, a GLC
analysis of the crude reaction mixture, which was obtained
by cyclization of11bin DMF in the presence of a catalytic
guantity of Ag powder (entry 4, Table 1), showed the

argon atmosphere. It was then cooled to room temperature presence of two compounds in a ca. 71:29 ratio, which

diluted with water (200 ml) and extracted with QEl,
(550 ml). The organic extract was washed with brine
(2x50 ml), dried and concentrated in vacuo. The residue
was purified by MPLC on silica gel. Compounii&b and
11lcunderwent this Ag-catalyzed reaction to give mixtures

containing the corresponding 3-substituted isocoumarins,

i.e. 2b and 2c, respectively, and the corresponding)-@-
(1-alkylidene)phthalides, i.elb and 1c, respectively, in
which these last compounds were the major products
(entries 4 and 7, Table 1). On the contrary, the Ag-catalyzed
lactonization ofL 1f afforded selectively compourid (entry

8, Table 1).

Synthesis of 3-propylisocoumarin (2a) and4)-3-(1-
butylidene)phthalide (1a) by AgNOs-catalyzed
lactonization of 11a

GLC analysis of the crude reaction mixture, which was
obtained by Ag(l)-catalyzed lactonization dia (entry 1,

Table 1), showed the presence of two compounds in a ca.

94:6 molar ratio, which were subsequently identified?as
andla, respectively. This mixture was purified by MPLC on
silica gel, using a mixture of toluene and petroleum ether
(95:5) as eluant. Concentration of the first eluted chromato-
graphic fractions allowed us to isolate in 5% yidld as a
colourless oil. MSy/z (%): 188 (16), 159 (100), 146 (44),
131 (35), 103 (44), 77 (38), 55 (124 NMR (200 MHz,
CDCly): 6 7.88 (1H, dJ=7.7 Hz, Hyon), 7.75-7.60 (2H, m,
Harom), 7.50 (1H, dddJ=7.7, 1.0 and 1.0 Hz, i), 5.65
(1H, t, J=7.7 Hz, H-1), 2.46 (2H, dt,J=7.7 and 7.3 Hz,
H-2'), 1.56 (2H, tgq,J=7.3 and 7.3 Hz, H-3, 0.99 ppm
(3H, t, I=7.3 Hz, H-4). These NMR data were in agree-
ment with those previously reportétiConcentration of the

were subsequently identified db and 2b, respectively.
This mixture was purified by MPLC on silica gel, using a
mixture of CHCI, and hexane (60:40) as eluant. Concen-
tration of the first eluted chromatographic fractions allowed
to isolate in 63% ;/ield compountb as a pale yellow solid.
mp 80—81C. (Lit.?> mp 79—-81C). MS, m/z (%): 218 (18),
189 (100), 161 (18), 131 (18), 105 (33), 91 (15), 76 (35). IR
(KBr): v 1770, 1682, 1496, 1278, 1043, 978, 748 ¢niH
NMR (200 MHz, CDC}): 6 7.49(1H, ddJ=7.4 and 1.5 Hz,
Harony, 7.43 (1H, ddJ=7.4 and 1.5 Hz, H,), 7.13 (1H, dd,
J=7.4and 1.5 Hz, Hn), 5.97 (1H, tJ=7.9 Hz, H-1), 3.99
(3H, s, OMe), 2.45 (2Hpseudoq, J=7.4 Hz, H-2), 1.56
(2H, m, H-3), 0.99 ppm (3H, tJ=7.3 Hz, H-4). The spec-
tral properties of this compound were in good agreement
with those previously reported. On the other hand, concen-
tration of the last eluted chromatographic fractions allowed
us to isolate compoun@b in 19% vyield. The spectral
properties of this compound were in agreement with those
of 2b prepared by AgN@catalyzed cyclization reaction of
11b.

Synthesis of 6-methoxy-3-propylisocoumarin (2c) and
(2)-5-methoxy-3-(1-butylidene)phthalide (1c)

A GLC analysis of the crude reaction mixture, which was
obtained by AgN@-catalyzed cyclization reaction dflc
(entry 6, Table 1), showed the presence of two compounds
in a ca. 97:3 ratio, which were subsequently identifie@@s
and 1c, respectively. Crystallization of this mixture from
hexane allowed to obtain in 81% yield compouPdas a
pale yellow crystalline solid. mp 69-73. MS, m/z (%):
218(41),175(29), 161 (51), 148 (100), 119 (96), 76 (41), 65
(17). IR (KBr): v 1718, 1663, 1605, 1574, 1255, 1221,
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1144 cm*. 'H NMR (200 MHz, CDC}): 6 8.17 (1H, d, (%): 200 (100), 185 (12), 172 (28), 157 (47), 129 (33), 115
J=8.8 Hz, Hyom), 6.98 (1H, dd,J=8.8 and 2.3 Hz, Ko, (18), 89 (57). IR (KBr):» 1729, 1655, 1621, 1059, 972, 961,
6.73 (1H, dJ=2.3 Hz, Hyom), 6.19 (1H, s, H-4),3.90 (3H,s, 759 cm . *H NMR (200 MHz, CDC}): 6 8.23 (1H, br d,
OMe), 2.49 (2H, t,J=7.5Hz, H-T), 1.83-1.64 (2H, m,  J=8.0 Hz, H-8), 7.64 (1H, ddd=7.4, 7.4 and 1.4 Hz, H-6),
H-27), 0.99 ppm (3H, tJ=7.3 Hz, H-3). Anal. Calcd for 7.39 (1H, dddJ=7.4, 7.4 and 1.4 Hz, H-7), 6.67 (1H, dt,
Ci3H1404: C, 71.54; H, 6.46. Found: C, 71.83; H, 6.80. J=15.4 and 6.6 Hz, H42, 6.25 (1H, s, H-4), 6.02 (1H, dt,
J=15.4 and 1.6 Hz, H4), 2.38-2.15 (2H, m, H-3,
On the other hand, a GLC analysis of the crude reaction 1.09 ppm (3H, tJ=7.5 Hz, H-4). These spectral properties
mixture, which was obtained by cyclization @fic in the were in agreement with those previously reported.
presence of a catalytic quantity of Ag powder, showed the
presence of two compounds in a ca. 86:14 molar ratio, (2)-3-[2-(Methoxyethoxymethoxy)-1-butylidene]phthalide
which were subsequently identified &s and 2c, respec- (1f). A GLC analysis of the crude reaction mixture, which
tively (entry 7, Table 1). This mixture was purified by was obtained by cyclization df1fin DMF in the presence
MPLC on silica gel, using a mixture of GBI, and hexane  of catalytic quantity of Ag powder (entry 8, Table 1),
(60:40) as eluant. Concentration of the first eluted chroma- showed the presence of a single compound which was
tographic fractions allowed to isolate in 54% yield chemi- subsequently identified dd. This crude mixture was puri-
cally and stereoisomerically pufe as a pale yellow solid.  fied by MPLC on silica gel, using a mixture of toluene and
mp 55-56C. (Lit.”* mp 56—-57C). MS, mz (%): 218 (16), AcOEt (80:20) as eluant, to give in 94% yield purkas a
189 (97), 176 (100), 161 (90), 133 (55), 77 (37), 63 (84). IR colourless liquid. MSnvVz (%): 263 (4), 203 (20), 187 (57),
(KBr): v 1785, 1617, 1490, 1296, 1063, 859, 775 ¢riH 159 (16), 115 (11), 89 (100), 59 (45). IR (filmy: 1789,
NMR (200 MHz, CDC}): & 7.77 (1H, br d,J=9.0 Hz, 1110, 1094, 1037, 998, 977, 765 ch'H NMR (200 MHz,
Harom), 7.10-6.95 (2H, m, Hom), 5.60 (1H, t,J=7.8 Hz, CDCly): 6 7.95-7.50 (4H, m, Hon), 5.57 (1H, d,J=8.8 Hz,
H-1'), 3.92 (3H, s, OMe), 2.44 (2Hyseudog, J=7.3 Hz, H-1'), 4.86—4.72 (3H, m, H*2and H-Y¥), 3.82-3.52 (4H,
H-2), 1.70-1.45 (2H, sexf=7.3 Hz, H-3), 0.99 ppm (3H, m, H-2" and H-3), 3.38 (3H, s, H-4), 1.85-1.65 (2H, m,
t, J=7.3 Hz, H-4). The spectral properties of this compound H-3'), 0.99 ppm (3H, tJ=7.5 Hz, H-4). Anal. Calcd for
were in agreement with those previously reporfe@n the C16H200s: C, 65.74; H, 6.89. Found: C, 65.81; H, 6.97.
other hand, concentration of the last eluted chromatographic
fractions allowed isolation of pur@c in 11% yield. The
physical and spectral properties of this compound were in
agreement with those dfc prepared by AgN@catalyzed
cyclization reaction ofL1c

Synthesis of Z)-3-{1-[(E)-2-penten-1-ylidene]}phthalide
(1d) and artemidin (2d)

A GLC analysis of the crude reaction mixture, which was

obtained by Ag-catalyzed cyclization reactionldfd (entry (2)-3-(1-Butylidene)-4-hydroxyphthalide (senkyunolide

9, Table 1), showed the presence of two compounds ina ca.B) (1g). A 1.0 M CH,CI, solution of BBg (10.5ml,
28:72 molar ratio, which were subsequently identifie@as  10.50 mmol) was added to a solution of compoutil
and 1d, respectively. This crude mixture was purified by (1.09 g, 5.0 mmol) in dry CECl, (15 ml), which was stirred
MPLC on silica gel, using a mixture of toluene and hexane at C under an argon atmosphere. The resulting mixture
(90:10) as eluant. Concentration of the first eluted chroma- was allowed to warm up to room temperature and stirred for
tographic fractions allowed to obtain in 51% yield chemi- 7.5 h. It was then poured into ice water and extracted with
cally and stereoisomerically pufiel as a pale yellow solid.  Et,O (4x75 ml). The organic extract was washed with brine
mp 41-43C. MS, m/z (%): 200 (100), 185 (26), 157 (56), (100 ml), dried and concentrated in vacuo. The solid residue
144 (20), 129 (36), 115 (20), 76 (20). IR (KBry: 1772, was recrystallized from a mixture of benzene and hexane
1659, 1279, 1072, 982, 966, 773 cm'H NMR (600 MHz, (3:1) to give compoundg (0.88 g, 86% yield) as a colour-
CDCly): & 7.89 (1H, d J=7.8 Hz, H-7), 7.67 (1H, m, H-5), less crystalline solid. mp 162—182 (Lit. mp 165-168C%;

7.65 (1H, m, H-4), 7.49 (1H, dddl=7.8, 7.8 and 1.1 Hz, mp 150-153C"). MS, m/z (%): 204 (14), 175 (100), 147
H-6), 6.67 (1H, ddtJ=15.2, 11.0 and 6.5 Hz, HR 6.17 (28), 119 (22), 91 (41), 65 (17), 55 (14). IR (KBn):3233,
(1H, d,J=11.0 Hz, H-1), 6.07 (1H, dtJ=15.2 and 6.5 Hz, 1734, 1684, 1467, 1305, 1004, 747¢m 'H NMR
H-3'), 2.24 (2H, qdJ=7.4 and 6.5 Hz, H-3, 1.09 ppm (3H, (600 MHz, DMSO-8): 6 11.03 (1H, s, OH), 7.42 (1H, dd,

t, J=7.4Hz, H-3). A NOESY experiment showed the J=7.9 and 7.9 Hz, H-6), 7.33 (1H, d=7.9 Hz, H-7), 7.22
presence of a cross-peak between the resonances of thélH, d,J=7.9 Hz, H-5), 5.90 (1H, tJ)=7.6 Hz, H-1), 2.36
H-1' and H-4 protons®C NMR (150 MHz, CDC}): & (2H, q,J=7.6 Hz, H-2), 1.51 (2H, sextJ=7.6 Hz, H-3),
166.68 (C-1), 143.34 (C-3), 141.24 (C)}3139.63 (C-9), 0.94 ppm (3H, tJ=7.6 Hz, H-4). A NOESY experiment
134.20 (C-5), 129.35 (C-6), 125.51 (C-7), 124.19 (C-8), showed the presence of cross-peaks between the resonances
122.17 (C-2), 119.63 (C-4), 108.34 (CLL, 26.27 (C-4), of the following protons: H-1and OH; OH and H-61°C
13.18 ppm (C-5. Anal. Calcd for GsH1,0,: C, 77.98; H, NMR (150 MHz, DMSO-§): 6 167.34 (C-1), 153.82 (C-4),
6.04. Found: C, 78.05; H, 6.24. On the other hand, concen-145.08 (C-3), 131.86 (C-6), 126.20 (C-8), 125.72 (C-9),
tration of the last eluted chromatographic fraction allowed 116.22 (C-7), 112.72 (C4), 28.52 (C-2), 23.01 (C-3),

to isolate in 23% yield chemicallyspure artemididdj as a 14.58 ppm (C-4. The spectral properties of this compound
colourless solid. mp 46—-48. (Lit.>® mp 48C). MS, m/z were in agreement with those previously reported.
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(2)-3-(1-Butylidene)-5-hydroxyphthalide (senkyunolide
C) (1h). A 1.0M CHyCI, solution of BBg (12.5ml,
12.50 mmol) was added to a solution dfc (1.09 g,
5.0 mmol) in dry CHCI, (15 ml), which was stirred at

2545

Wang, G. Y.; Chang, C. Wl ai-wan Yao Hsueh Tsa Chi983 35,
155-162;Chem. Abstr1984 101, 48511y.

5. (a) Barry, R. DChem. Revl1964 64, 229-259. (b) Bohimann,
F.; Zdero, CChem. Ber197Q 103 2856—2859. (c) Bohlmann, F.;

0°C under an argon atmosphere. The resulting mixture Zdero, C.Phytochemistryi976 15, 1318-1319.
was stirred at room temperature for 6 h and worked up 6. (&) Turner, W. B.Fungal Metabolites Academic Press:
according to the same procedure employed in the synthesid.ondon, 1971; Chapter 5. (b) Hill, R. ARrogress in the Chemistry

of 1g. The crude reaction product was purified by MPLC on

of Organic Natural ProductsWien-Springer-Verlag: New York,

silica gel, using a mixture of petroleum ether and acetone 1986; Vol. 49. (c) Ohta, S.; Kamata, Y.; Inagaki, T.; Masuda, Y.;

(80:20) as eluant, to giveh (0.58 g, 57% yield) as a colour-
less crystalline solid. mp 117-12D (Lit."” mp 117—
119C). MS, m/z (%): 204 (23), 145 (100), 131 (16), 115
(23), 103 (46), 91 (15), 77 (21). IR (KBr} 3236, 1753,
1739, 1683, 1620 1591, 1316 ¢ *H NMR (600 MHz,
CDCly): 6 7.76 (1H, d,J=8.2 Hz, H-7), 7.03 (1H, d,
J=2.0 Hz, H-4), 6.98 (1H, ddJ=8.2 and 2.0 Hz, H-6),
5.57 (1H, t, J=7.6 Hz, H-1), 2.43 (2H, q,J=7.6 Hz,
H-2"), 1.54 (2H, sextJ=7.6 Hz, H-3), 0.98 ppm (3H, t,
J=7.6 Hz, H-4). A NOESY experiment showed the

Yamamoto, S.; Yamashita, M.; Kawasaki,dhem. Pharm. Bull.
1993 41, 1188-1190.

7. (a) Castro, C. E.; Gaughan, E. J.; Owsley, DJ@rg. Chem.
1966 31, 4071-4078. (b) Mali, R. S.; Jagtap, P.&.Chem. Res.
(S) 1993 184-185. (c) Ogawa, Y.; Maruno, M.; Wakamatsu, T.
Heterocycles1994 39, 47-50. (d) Ogawa, Y.; Maruno, M.;
Wakamatsu, THeterocycles1995 41, 2587-2599. (e) Li, S.;
Wang, Z.; Fang, X.; Yang, Y.; Li, YSynth. Commurl997, 27,
1783-1791. (f) Kundu, N. G.; Pal, M.; Nandi, B. Chem. Soc.
Perkin Trans. 11998 561-568.

presence of a cross-peak between the resonances of th8. For a short review on the synthesis of 3-ylidenephthalides, see:

H-1' and H-4 protons*C NMR (150 MHz, CDC}): &
167.38 (C-1), 161.62 (C-5), 145.47 (C-3), 142.37 (C-4),
127.26 (C-7), 118.15 (C-6), 117.13 (C-8), 109.80 (¢-1
105.37 (C-4), 27.78 (Ci) 22.49 (C-3), 13.80 ppm
(C-4). The spectral properties dfh were in satisfactory

Ref. 7f.

9. (a) Korte, D. E.; Hegedeus, L. S.; Wirth, R. K. Org. Chem.
1977, 42, 1329-1336. (b) Batu, G.; Stevenson, ROrg. Chem.
198(Q 45, 1532-1534. (c) Larock, R. C.; Varaprath, S.; Lau, H. H.;
Fellows, C. A.J. Am. Chem. Socl984 106, 5274-5284. (d)

agreement with those reported either for the product isolatedlzumi, T.; Nishimoto, Y.; Kohei, K.; Kasahara, A. Bleterocycl.

from Cnidium officinalé® or compoundLh synthesized from
4-hydroxyphthalic anhydrid&
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