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Abstract - New general methods are described for the synthesis of phthalides, 3-monosubstituted, and 3,3-
disubstituted phthalides including naturally-occurring phthalides such as pierardine based on a regioselective
single or double B-scission of the alkoxyl radicals generated by the photolysis of the hypoiodites of 1-ethyl
benzocyclobuten-1-ols or 1,2-catacondensed benzocyclobuten-1-ols or 1,3-dihydro-1,3-alkanoisobenzofuran-1-
ols. The formation paths of the phthalides, which involve a regioselective single or double B-scission of the
alkoxyl radicals generated from 1-alkylbenzocyclobuten-1-ols and from catacondensed benzocyclobuten-1-ols,
are discussed.

Isobenzofuran-1(3H)-ones (phthalides)® are a group of substances which are interesting in two respects.
First, several substituted phthalides possessing biological activity have been found in nature.* Second, since
Trueb and Eugster used a carbanion generated from phthalide for annelation,’ a varfety of methods using
phthalides as key intermediates have been developed for the annelation of aromatic rings in the synthesis of tn-
and tetracyclic aromatic natural products, such as anthracycline antibiotics® and in the phthalide isoquinoline
alkaloids.”

Since the classical work by Wislicenus® and by Gabliel, several methods for the synthesis of phthalides
have been reported. These include preparations of phthalides by the oxidation of o-methylbenzoic acid,!” the
oxidation of polymethylbenzonitriles with fuming nitric acid,!! by appropriate transformations of suitable ortho-
lithiated benzyl alcohols, N,N-dialkylbenzylamine, or benzamides'?, and the reduction of phthalaldehydic acids
prepared from o-bromobenzaldehydes.!’ Asymmetric syntheses of the chiral phthalides have also been
repom:d.14

In this paper we give a full account of new, simple routes to 3-monosubstituted and 3, 3-disubstituted
phthalides, as well as some naturally-occurring phthalides based on a rather novel approach?. The methods
involve a regioselective single or double B-scission of alkoxyl radicals as the key step.
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Our first method for the preparation of phthalides is based on simply the preparation of 1-
ethylbenzocyclobuten-1-ols and the photolysis of their hypoiodites in benzene (outlined in Scheme 1).
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Reagents and conditions: i, EtMgBr, Et,0, 0°C; ii, HgO-I,, benzene; 1ii, hv.

Scheme 1.

Thus, irradiation of 1-ethylbenzocyclobuten-1-ol (2a), prepared from benzocyclobutenone (11:)15'16 and
ethylmagnesium bromide, in benzene containing mercury(Il) oxide and jodine (3 equivalents each) with a 100-W
high-pressure Hg arc through a Pyrex-filter at room temperature gave phthalides (3a) in a 41% yeld. 7-Chloro-
(3b), 7-methoxy- (3c),17 and 6,7-dimethoxyphthalide (3d)4“'4b were similarly prepared from the corresponding
1-ethylbenzocyclobuten-1-ols (2b), (2¢), and (2d) derived analogously from benzocyclobutenones (1b),6
(lc),16 and (ld)16 in 54-67% yields. The 6,7-dimethoxyphthalide (3d) is a natural product (meconin) isolated
by Freund*® and synthesized by W. H. Perkin, JrAb

The presence of the alkyl group attached to C-1 of benzocyclobuten-1-ols was found to be essential for the
formation of the phthalides, since the photolysis of the hypoiodite of benzocyclobuten-1-ol (4)'® under the above-
mentioned conditions gave simply 2-iodomethylbenzaldehyde (5) arising from a B-scission (outlined in Scheme

2).
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Reagents and conditions: i, HgO-I,, benzene; ii, hv.

Scheme 2.

We then extended this new method to the synthesis of 3-substituted phthalides. The synthesis of 3-
substituted phthalides consists of the preparation of catacondensed benzocyclobuten-1-ols and the photolysis of
their hypoiodites generated in sifu by an excess of mercury(Il) oxide and iodine (outlined in Scheme 3).
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Scheme 3.

Thus, irradiation of 1,3,4,8b-tetrahydro-4a(2H)-biphenylenol (ﬁa),19 prepared according to the method
of Caubere and colleagues,?” in benzene under the same conditions as described for the photolysis of the
hypoiodite of 1-ethyl-benzocyclobuten-1-ol (2a) gave 3-(4-iodobutyl)phthalide (7a) in 61% yield.

Similarly, a one-step reaction of homologous catacondensed benzocyclobuten-1-ol (6b) gave 3-(5-
iodopentyl)phthalide (7b); a one-step reaction of a mixture of 2-methoxybiphenylenol (6¢) and its 3-methoxy
isomer (6d) afforded 3-(5-iodopentyl)-5-methoxyphthalide (7c¢) and its 6-methoxy isomer (7d). 3-(w-
Iodoalkyl)phthalides, such as (7a-7d), are useful compounds; the iodine atom can be either readily removed or
substituted by nucleophiles in an intra- or intermolecular manner. For example, the reduction of iodide 7a with
tributyltin hydride in benzene under reflux gave ()-3-butylphthalide (8a), a racemic form®! of a constituent of
celery?*d1®,in 87% yield.

On the other hand, treatment of iodide (7a) with lithium diisopropylamide in THF-HMPA at-78°C for 30
min led to the formation of 3,-spirophthalide (9a) in 67% yield. Similarly, 3-pentylphthalide (8b) and 3-
spiropentylphthalide (9b) can be prepared from catacondensed benzocyclobuten-1-ol (6b)19 through 3-(5-
iodopentyl)phthalide (7b), as outlined in Scheme 3.

The pathways which led to phthalides (3a-3d) from 1-ethylbenzocyclobuten-1-ols and to 3-(-
iodoalkyl)phthalides (7a-7d) from catacondensed benzocyclobuten-1-ols (6a-6d) are outlined in Schemes 4 and
5.
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These pathways are essentially parallel to those leading to the formation of iodo formates from the
hypoiodites of steroidal cyclic alcohols upon irradiation.2? The principal feature of this process is an
intramolecular combination of a carbon-centered radical or an ion and a carbonyl oxygen generated by a
regioselective B-scission of the alkoxyl radicals, a combination of the resultant species with iodine oxide or the
iodoxyl radical to form a second hypoiodite and a final B-scission of the alkoxyl radical generated from the second
hypoiodite.

Thus, irradiation of the hypoiodite (A) of 1-ethylbenzocyclobuten-1-ols 2 generates a stabilized benzyl
radical (C) via an alkoxyl radical (B) (Scheme 4). An intramolecular combination of the carbonyl oxygen and the
carbon-centered radical (C) or the corresponding carbocation (C') formed by one-electron oxidation affords a
cyclic radical (D) or the corresponding cation (D') which combines with the iodoxyl radical (-OI) or with the
iodine oxide to generate a second hypoiodite (E). The second B-scission of alkoxyl radical (F) generated from
hypoiodite (E) under the experimental conditions gives phthalides (3a-3d). An analogous path through radicals
G, H, I, and J leads to 3-(w-iodoalkyl)phthalides (7a-7d) (outlined in Scheme 5).

Hemiacetal (I, X=H, n=1, R=H) can, in fact, be isolated by discontinuing the photolysis of the hypoiodite
of catacondensed benzocyclobuten-1-of (6a) at an early stage of the reaction.

A limitation of the described method is that it can not be applied to the preparation of phthalides having
three or less carbon chains attached to the 3-position. The involvement of the intermediates (I, X=I in Scheme 5)
in the path leading to 3-(w-iodoalkyl)phthalides (7a-7d) from the hypoiodites of catacondensed benzocyclobuten-
1-ols, however, suggested a second new method for the general synthesis of 3-(w-iodoalkyl)phthalides, simply
based on the photolysis of the hypoiodites of type I hemiacetals.

In the following section of this paper, we describe this new synthesis of 3-(3-iodopropyl)- or 3-(4-
iodobutyl)phthalides and a new synthesis of a racemic form of a naturally occurring 3-substituted phthalide,
pierardine.23

The preparation of a type I transannular hemiacetal has been reported by Hahn and Kryczka,24 who
prepared 9-ethyl-6,7,8,9-tetrahydro-5,9-epoxy-5H-benzocyclohepten-5-0l (16a)?* by a treatment of 7,8-
dihydro-5H-benzocycloheptene-5,9(6H)-dione (15a)25 with ethylmagnesium bromide. We prepared analogous
transannular hemiacetals (13), (16b), (16d) from acyclic and cyclic 1,4-diones by this method. The generation
of alkoxyl radicals from these acetals (as described above) gave the expected 3, 3-disubstituted phthalides
(outlined in Schemes 6 and 7) in fair to high yields.

0
. Et Me .. ... Et Me
Me 1 1i, iii
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Me -Me*
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Reagents and conditions: i, EtMgBr, Et,0, -78°C; ii, HgO-1,, benzene; i1, hv.

Scheme 6.
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Scheme 7.

Thus, the reaction of commercially available 1,2-diacetylbenzene (12) with ethylmagnesium bromide in
diethyl ether gave 1,3-dimethyl-3-ethylisobenzofuran-1-ol (13) in 89 % yield. Irradiation of hemiacetal (13) in
benzene containing mercury(II) oxide and iodine under the conditions described above gave 3-ethyl-3-
methylphthalide (14)26 in 36% yield (Scheme 6). Far better yields of phthalides (17a-17d) can be obtained from
transannular hemiacetals (16a-16d) prepared by the reaction of fused cyclic 1,4-diones, (15a) and (15b), with
Grignard reagents. Thus, we prepared two hemiacetals, (16a)2“ and (16b), by a treatment of 7,8-dihydro-5H-
benzocycloheptene-5,9(6H)-dione (152)% with ethyl magnesium bromide and with magnesium enolate of t-butyl
acetate,?’ in 94 and 76% yields, respectively. Similarly, hemiacetal (16d) could be obtained by the reaction of
6,7,8,9-tetrahydrobenzocyclooctene-5,10-dione (15b)Bwith ethylmagnesium bromide in 57% yield.

The transannular hemiacetals, (16a), (16b), and (16d), were subjected to photolysis under the
conditions mentioned above to yield the corresponding 3-(w-iodoalkyl)phthalides, (17a), (17b), and (17d), in
83, 97, and 58% yields, respectively. Hemiacetal (16¢), isolated from the products of the photolysis of the
hypoiodite of catacondensed benzocyclobuten-1-ol (6a) (as mentioned previously), gave the expected 3-
monosubstituted phthalide (7a) in 89% yield.

It has been reported that in contrast to hemiacetal (16¢), an attempted preparation of homologous
transannular hemiacetal (16e) by the reduction of 1,4-dione (15a) with zinc in acetic acid afforded a hydroxy
ketone (18)2*?° in 82% yield. We confirmed by TH-NMR spectroscopy that the product of the reduction of
(15a) existed entirely as a ring-opened form (18) in CDCl,. Irradiation of the hypoiodite of hydroxy ketone (18)

under the conditions described above gave 3-(3-iodopropyl)phthalide (17¢) and a new ketone (19) in 36 and
32% yields. The structure of the new ketone (19), C, H,,O, (high resolution mass spectrometry), was
confirmed to be 6,7,8,9-tetrahydro-6,9-epoxybenzocyclohepten-5-one (19) by the IR, mass, and 'H-NMR
spectra (see Experimental). The phthalide (17¢) can be formed either from hemiacetal form (16e) or from the
ring-opened form (18), as outlined in Scheme 8. The ketone (19), on the other hand, is most probably formed
via an intramolecular nucleophilic addition of hydroxyl oxygen to a carbocation which is formed by an
intramolecular hydrogen abstraction by alkoxyl radical followed by one-electron oxidation of the resulting radical
(as outlined in Scheme 9).
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A displacement of the iodine atom of 3-(3-iodopropyl)phthalide (17e) with dimethylamine in methanol at
0°C gave a racemic form of naturally-occurring phthalide, pierardine (20)2 in 23% yield (outlined in Scheme

10).
H
; NMe
17¢ ——t— ©:<(O\/\ 2
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20
Reagents and conditions: i, HNMe,, MeOH, 0°C.

Scheme 10.
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EXPERIMENTAL

Mps. were recorded with a Yanagimoto melting point apparatus and are uncorrected. IR spectra were
determined for Nujol mulls with a Hitachi 285 infrared spectrometer unless stated otherwise. The 'H-NMR

spectra were determined with either a Hitachi R-90B spectrometer (90 MHz) or a INM-FX 270 spectrometer (270
MHz, Faculty of Pharmaceutical Sciences of this University). CDCl, was used as the solvent with SiMe, as an

internal standard. PL.C was carried out with Merck Kiesel gel 60-PF,,. The high- and low- resolution mass

spectra were determined with a JEOL JMS-300 spectrometer (70 eV, Faculty of Pharmaceutical Sciences of this
university). Elemental analyses were performed by the staff of the analytical laboratory of the Faculty of
Pharmaceutical Sciences.

Preparation of 7-Ethylbicyclo[4.2.0]octa-1,3,5-trien-7-al (2a) [General Procedure for the Preparation of I1-
Ethylbenzocyclobuten-1-ol (2a-2d)]. To a solution of benzocyclobutenone (la)ls'16 (186 mg, 1.57 mmol) in
diethyl ether (Sml), was added dropwise ethylmagnesium bromide (2M in diethyl ether solution, 2 mmol) at 0°C
while stirring. After the solution was stirred for 15 min, the mixture was poured into iced water and extracted
with diethyl ether. The extract was washed with aq. ammonium chloride and brine, and dried over anhydrous
magnesium sulphate. The solvent was removed with the aid of rotary evaporator. The residue was subjected to
PLC on silica gel (1:3 ethyl acetate-hexane) to give benzocyclobutenol (2a) (152 mg, 66%). An oil. IR (neat)
3330 cm™ (OH); 'H NMR (90 MHz) 8 1.06 (3H, t, J 7.3 Hz, -CH,CH,), 1.92 (2H, q, J 7.3 Hz, -CH,CH,),
3.10 (1H, d, J 4.3 Hz, 2-H), 3.36 (1H, d, J 4.3 Hz, 2-H), and 7.20 (4H, s, aromatic H); MS, m/z 148 (M™,
3.8%), 119 [(M-Et*, 100], and 91 (68.7). (Found : M*, 148.0876. C,oH,,0 requires M, 148.0887).

5-Chloro-7-ethylbicyclo{4.2.0]octa-1,3,5-trien-7-0l (2b). The reaction of 6-chlorobenzocyclobutenone (1b)'¢
(190 mg, 1.25 mmol) with ethylmagnesium bromide (2 mmol) in diethyl ether (5 ml) under the above-mentioned
conditions gave benzocyclobutenol (2b) (170 mg, 75%). An oil. IR (neat) 3350 cm’! (OH); Iy NMR (90 MHz)
6 1.04 (3H,t,J 7.3 Hz, -CH,CH,), 1.9-2.2 (2H, m, -CH,CH,), 3.09 (1H, d, J 14.3 Hz, 2-H), 3.35 (1H, d, J
14.3 Hz, 2-H), and 7.0-7.3 (3H, m, aromatic H); MS, m/z 182 (M*, 1.4%), 153 [(M-En)*, 100}, 125 (25.4),
and 89 (19.3). (Found : M¥, 182.0483. C,H,,0Cl requires M, 182.0498).
7-Ethyl-5-methoxybicyclo[4.2 .0]octa-1,3,5-trien-7-0l (2¢). The reaction of 6-methoxybenzocyclobuteneone
(lc)16 (85 mg, 0.57 mmol) with ethylmagnesium bromide (1 mmol) in diethy! ether (3 ml) under the above-
mentioned conditions gave benzocyclobutenol (2¢) (85 mg, 0.57 mmol), mp 40-41.5°C (diethyl ether -hexane).
IR (neat) 3400 cm™ (br. OH); 'H NMR (90 MHz) & 1.02 (3H, t, J 7.3 Hz, CH,CH,), 1.8-2.1 (2H, m, CH,
CH3), 3.02 (14, d, J 14.1 Hz, 2-H), 3.18 (1H, d, J 14.1 Hz, 2-H), 3.87 (3H, s, OMe), 6.6-6.8 (2H, m,

aromatic H), and 7.1-7.3 (1H, m, aromatic H); MS, m/z 178 (M*, 2.8%), 149 [(M-Et)*, 100}, and 91 (32.0).

(Found: C, 73.89; H, 7.92. C, H, O, requires C, 74.12; H, 7.92).
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7-Ethyl-4,5-dimethoxybicyclo[4.2 .0]octa-1,3,5-trien-7-ol (2d). The reaction of cyclobutenone (1d)*6 (105 mg,
0.59 mml) with ethylmagnesium bromide (1 mmol) in diethyl ether (3ml) gave benzocyclobutenol (2d) (89 mg,
73%), mp 64.5-65.0°C (hexane). IR 3310 cm™! (OH); 1H NMR (90 MHz) 8 0.95 (3H, t, J 7.3 Hz,

-CH,CH,), 1.8-2.1 (2H, m, -CH2CH3), 2.94 (1H, d, J 13.9 Hz, 2-H), 3.33 (1H, d, J 13.9 Hz, 2-H), 3.82
(3H, s, OMe), 4.04 (3H, s, OMe), 6.65 (1H, d, J 7.7 Hz, aromatic H), and 6.83 (1H, d J 7.7 Hz, aromatic H);
MS m/z 208 (MY, 12.2%), 179 [(M-Et*, 100], and 136 (17.1). (Found: C, 69.16, H, 7.73. C,,H, 05 requires
C, 69.21; H, 7.74).

(a) Preparation of Isobenzofuran-1(3H)-one (3a). (General Procedure for the Preparation of Phthalides).
Benzocyclobutenol (2a) (64 mg, 0.43 mmol) in benzene (30 ml) containing mercury(l) oxide (284 mg, 1.29
mmol) and iodine (331 mg, 1.29 mmol) was irradiated for 3 h with a 100-W high pressure mercury arc through a
Pyrex filter while stirring in an atmosphere of nitrogen. Examination of the solution by TLC indicated that all the
starting material was converted to the products. The photolysed solution was filtered through Celite and the filtrate
was washed with aqueous sodium thiosulphate and then with water. After the solution was dried over anhydrous
magnesium sulphate, the solvent was removed by rotary evaporator to give phthalide (3a) which was punfied by
PLC onssilica gel (Rf 0.23; 1:3 ethyl acetate - hexane) (24 mg, 41%).

) 7-Chloroisobenzofuran-1(3H)-one (3b). Irradiation of benzocyclobutenol (2b) (120 mg, 0.66 mmol) in
benzene (40 ml) in the presence of mercury(Il) oxide (428 mg, 1.98 mmol) and iodine (502 mg) for 1.5 h and
work-up as mentioned above gave phthalide (3b) (62 mg, 56%), mp 144-145°C (diethyl ether-hexane). IR 1750
cm’! (C=0); 'H NMR (90 MHz) 8 5.26 (2H, s, 3-H), and 7.3-7.7 (3H, m, aromatic H); MS, m/z 168 o,
37.4%) and 139 (100). (Found : C, 56.74; H, 3.01. C;H,0,Cl rquires C, 57.00; H, 2.99).

©) 7-Methoxyisobenzofuran-1(3H)-one (3¢) Irradiation of benzocyclobutenol (2¢) (80 mg, 0.45 mmol) in
benzene (30 ml) containing mercury(Il) oxide (288 mg, 1.35 mmol) and iodine (344 mg, 1.35 mmol) for 4h and
work-up of the solution as mentioned above gave phthalide (3¢) (40 mg, 54%), mp 105-107°C (diethyl ether-
hexane) (lit.'7 107-109°C).

(d) 6,7-Dimethoxyisobenzofuran-1(3H)-one (3d). Irradiation of benzocyclobutenol (3d) (48 mg, 0.23
mmol) in benzene (15 ml) containing mercury(II) oxide (150 mg, 0.69 mmol) and iodine (175 mg, 0.69 mmol)
for 1.5 h and work-up of the solution gave phthalide (3d) (30 mg, 67%), mp 99-100°C (diethyl ether - hexane)
(tit.2 mp 97-100°C).

Photoreaction of benzocyclobuten-1-ol Hypoiodite in the Presence of Mercury(ll) Oxide and lodine. -A solution
of benzocyclobutenol (4)18 (214 mg, 1.78 mmol) in benzene (100 ml) containing mercury(II) oxide (1.16 g, 5.34
mmol) and iodine (1.36 g, 5.34 mmol) was irradiated for 30 min. with a 100-W high pressure mercury arc
through a Pyrex filter, as described for 1-ethyl derivative. The solution was worked up as usual. The product was

subjected to PLC (1:3 ethyl acetate hexane) to yield 2-iodomethylbenzaldehyde (5) (178 mg, 41%). IR (neat)
2730, 1684 and 1655 cm'1 (CHO); 'H NMR (90 MHz) & 4.92 (2H, s, -CH,1),7.3-7.8 (4H, m, aromatic H),
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and 10.23 (1H, s, CHO); MS m/z 246 (M*, 5.6%) and 119 [(M-D)*, 100]. (Found M™, 245.9523. C;H,IO
requires M, 245.9541).

Preparation of Fused benzocyclobuten-1-ols.
(a) Fused benzocyclobuten-1-ols (6a) and (6b). These cyclobutenols were prepared according to the published
procedure.19

(b) Fused benzocyclobuten-1-ols (6¢) and (6d). The reaction of 4-bromoanisole (935 mg, 5 mmol) with
cycloheptanone (560 mg, 5 mmol) in the presence of sodium amide (390 mg, 10 mmol) in THF (15 ml) was
carried out in the same manner as the reported procedure for the synthesis of fused benzocyclobutenol (6b)"° to
give a 1:1 mixture of (6¢) and (6d) as an oil (306 mg, 28%), Rf 0.40 (1:3 ethyl acetate - hexane). IR (neat)
3400cm™ (OH); 'H NMR (270MHz) & 1.35-1.95 (8H, m, methylene protons), 2.05-2.15 (2H, m), 2.25 (1H, s,
OH), 3.39 (1H, 2t J 11.36 Hz each, benzylic H), 3.775 and 3.783 (3H, 2s, OMe), 6.7-6.85 (2H, m, aromatic
H), and 7.0-7.1 (1H, m, aromatic H); MS, m/z 218 (M+, 18%) and 175 (100). (Found M*, 218.1301.

C,,H,0, requires M, 218.1307).

3-(4-Todobutyl)isobenzofuran-1(3H)-one (7a).

i) Irradiation of benzocyclobutenol (6a) (254 mg, 1.46 mmol) in benzene (100 ml) containing mercury(Il)
oxide (950 mg, 4.38 mmol) and iodine (1.12 g, 4.38 mmol) for 2.5 h gave 3-substituted phthalide (7a) (298 mg,
62%). IR(neat) 1759 cm™! (C=0); 'H NMR (270 MHz) § 1.4-2.15 (6H, m, -(CH,),-), 3.18 (2H, t, J 6.96 Hz,
CH,D), -5.48 (1H, dd, J 8.06 and 4.03 Hz, -CH-O), and 7.4-7.55 (2H, m, aromatic H); MS, m/z 316 mt,
3.7%), 189 [(M-D, 65], and 133 [(M - C,H,l, 100)). (Found : M*, 315.9962. C,,H,,0,I requires M,
315.9984).

ii) A solution of benzocyclobutenol (6a) (300 mg, 1.72 mmol) in benzene (100 ml) containing mercury(Il)
oxide (1.12 g, 5.16 mmol) and iodine (1.31 g, 5.16 mmol) was irradiated with a 100-W high pressure Hg arc in
a similar manner as described above. The irradiation was discontinued after 30 min and worked up as described
above. The product was subjected to PLC (1:5 ethyl acetate-hexane) to give hemiacetal (16¢) (134 mg, 41%) and
(7a) (108 mg, 20%) Mp. 133-134°C (diethyl ether-hexane). IR (Nujol) 3400 cm™!; 'H NMR (270 MHz) § 1.0-
1.2 2H, m, -CH,-), 1.5 - 1.7 (3H, m, -CH,- and -HCH-), 2.0 - 2.3 (3H, m, -CH,- and -HCH-), 5.28 (1H, 4,
J 6.23 Hz, benzylic H), 7.05 - 7.1 (1H, m, aromatic H), and 7.25 - 7.35 (3H, m, aromatic H); MS, m/z 190
M7, 47%) and 147 (100). (Found : C, 75.74 : H, 7.58. C,,H,,0, requires C, 75.76 : H, 7.42).

3-(5-Iodopentyl)isobenzofuran-1(3H)-one(7b). Irradiation of benzocyclobutenol (6b) (340 mg, 1.81 mmol) in
benzene (100 ml) containing mercury(Il) oxide (1.18 g, 5.43 mmol) and 1odine (1.38 g, 5.43 mmol) for 1.5 h
gave phthalide (7b) (245 mg, 41%). IR (neat) 1753 cm? (C=0): !H NMR (270MHz) § 1.45-1.6 (4H, m, -
(CH,),-), 1.75-1.8 (3H, m, -CH,- and -HCH-), 2.0-2.15(1H, m, -HCH-), 3.53 (2H, t, J 6.60 Hz, -CH,D),
5.50 (1H, dd, J 8.06 and 4.03 Hz, 3-H), 7.44 (1H, dd, J 7.70 and 0.74, aromatic H), 7.5-7.55 (1H, m,

aromatic H), 7.65-7.7 (1H, m, aromatic H), and 7.90 (1H, d, J 7.69 Hz, 7-H); MS, m/z 330 (M+, 16%), 203
(M - DY, 31], and 133 [(M - C;H, ;DF, 100]. (Found : M* 330.0118. C,,H, O, ! requires M, 330.0123).
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3-(5-Iodopentyl)-5-methoxyisobenzofuran-1(3H)-one (Tc) and 3-(5-iodopentyl)-6-methoxyisobenzofuran-
1(3H)-one (7d). Irradiation of a mixture of benzocyclobutenols (6e) and (6d) (218 mg, 1 mmol) in benzene (75
ml) containing mercury(I) oxide (651 mg, 3 mmol) for 3h gave a product mixture. It was subjected to PLC (1:3
ethyl acetate-hexane) to give phthalide (7¢) (Rf 0.32) (40 mg, 11%) and (7d) (Rf 0.46) (94 mg, 26%). Phthalide
(7¢). IR (neat) 1752 cm™! (C=0) ; 'H NMR (270 MHz) § 1.4 - 1.5 (4H, m, -(CH,),"), 1.7-1.9 (3H, m, -CH,-
and HCH-), 2.0 - 2.1 (1H, m, -HCH-), 3.18 (2H, t, J 6.96 Hz, -CH,D), 3.91 (3H, s, OMe), 5.39 (1H, dd, J
8.06 and 3.66 Hz, 3-H), 6.84 (1H, d, J 2.20 Hz, 4-H),7.03 (1H, dd, J 8.84 and 2.20 Hz, 6-H), and 7.80 (1H,
d, J 8.80 Hz, 7-H); MS m/z 360 (M*, 15%), 233 [(M-D*, 30), and 163 [(M-C5H101)+, 100]. (Found : M™,
360.0236. C, H, 0,1 requires M, 360.0223). Phthalide (7d). IR (neat) 1756 cm’! (C=0) ; 'H NMR (270 MH?z)
$ 1.4-1.55 (4H, m, -(CH,)-,), 1.65-1.85 (3H, m, -CH,- and -HCH-), 1.95-2.1 (1H, m, HCH), 3.17 (2H, t, J
6.96 Hz, -CH, 1), 3.87 (3H, s, OMe), 5.42 (1H, dd, J 7.70 and 4.03 Hz, 3-H), 7.22 (1H, dd, J 8.06 and 2.19
Hz, 5-H), 7.31 (1H, d, J 8.06 Hz, 4-H), and 7.32 (1H, d, J 2.19 Hz, 7-H); MS m/z 360 (M™, 21%), 233 [(M-
D7, 81, and 163 [(M-C4H, )*, 100]. (Found : M, 360.0236. C, H,,0,I requires M 360.0223).
3-Butylisobenzofuran-1(3H)-one (8a). A mixture of iodide (7a) (92 mg, 0.29 mmol) and tributyltin hydride (170
mg, 0.58 mmol) in benzene (6 ml) was heated under reflux for 3h. After the removal of the solvent, the residue
was subjected to PLC (1:3 ethyl acetate-hexane) to afford phthalide (8a)%! (48 mg, 87%). IR (neat) 1752 em?
(C=0), 1H NMR (270 MHz) & 0.85-0.95 (3H, m, Me), 1.3-1.5 (4H, m, -(CH2)2-), 1.7-1.8 (1H, m, one of -
CH,-), 1.95-2.1 (1H, m, one of -CH,-), 5.48 (1H, dd, J 8.06 and 4.03 Hz, 3-H), 7.44 (1H, dd, J 7.70 and
0.74 Hz, aromatic H), 7.5-7.55 (1H, m, aromatic H), 7.65-7.7 (1H, m, aromatic H), and 7.90 (1H, d, J 7.70
Hz, 7-H); MS m/z 190 (M+, 6.3%) and 133 [(M-Bu)+, 100].

3-Pentylisobenzofuran-1(3H})-one (8b). Reduction of iodide (7b) (110 mg, 0.33 mmol) in benzene (10 ml) with
tributyltin hydride (190 mg, 0.66 mmol) as described above gave phthalide (8b) (46 mg, 68%). IR (neat) 1768
em’! (C=0); 'H NMR (270 MHz) & 0.89 (3H, t, J 6.96 Hz, Me), 1.25-2.55 (6H, m, «(CH,);-), 5.48 (1H, dd, J
8.06 and 4.03 Hz, 3-H), 7.44 (1H, dd, J 7.69 and 1.10 Hz, aromatic H), 7.52 (1H, t, J 7.33, aromatic H), 7.67

(1H, dt, J 1.10 and 7.33 Hz, aromatic H), and 7.90 (1H, d J 7.69Hz, 7-H); MS, m/z 204 (M*, 3.9%) and 133

[((M-CH )*, 100). (Found :M*, 204.1153. C_.H O, requires M, 204.1151).

11 137716

3-Spirotetramethyleneisobenzofuran-1(3H)-one (9a). To a solution of diisopropylamine (108 mg, 1.07 mmol)
and HMPA (309 mg, 1.7 mmol) in THF (5ml) cooled to -78°C, was added butyllithium (1.24 mmol, 1.5M in
hexane). To the solution, stirred for 5 min, was added iodide (7a) (200 mg, 0.63 mmol) in THF (5 ml). After the
solution was stirred for half an hour, the solution was quenched with aqueous ammonium chloride and extracted
with diethyl ether. The extract was washed with brine and dried over anhydrous magnesium sulphate. Removal of
the solvent gave a product which was purified by PLC (1:3 ethyl acetate-hexane) to give spirophthalide (9a) (79
mg, 67%). IR (neat) 1755 cm™ (C=0); 'H NMR(270 MHz) § 1.9-2.15 (8H, m, -(CH,),~), 7.40 (1H, d, J 7.69

Hz, aromatic H), 7.45-7.55 (1H, m, aromatic H), and 7.86 (1H, d, J 7.69 Hz, 7-H); MS, m/z 188 (M+, 66%)
and 159 (100). (Found : M, 188.0835. C12H1202 requires M, 188.0836).



544
8 K. KOBAYASHI et al.

3-Spiropentamethyleneisobenzofuran-1{3H)-one (9b). This spirophthalide (9b) (86mg, 60%) was prepared by
the treatment of iodide (7b) (240 mg, 0.72 mmol) with LDA (1.24 mmol) - THF (6 ml)-HMPA (357 mg, 1.96
mmol). The crude product was purified by PLC (1:3 ethyl acetate-hexane) and recrystailized from diethyl ether -
hexane. Mp 75-76°C. IR (neat) 1755 cm™ (C=0); 'H NMR (90 MHz) § 1.15-1.95 (10H, m, -(CH,);-), 7.35-

7.7 (3H, M, aromatic H), and 7.87 (1H, d, J 6.81 Hz, 7-H); MS, m/z 202 (M*, 62%) and 159 (100). (Found :
C, 7693 H, 7.06. C,H, 0, requires C, 77.20: H, 6.98).

13714

1,3-Dihydro-1,3-dimethyl-3-ethylisobenzofuran-1-ol {13). To a stirred solution of commercially available 1,2-
diacetyl benzene (12) (44 mg, 0.27 mmol) in diethyl ether (5 ml) kept at -78°C was added ethylmagnesium
bromide (1 mmol) in diethyl ether (0.5 ml). The solution was stirred for 30 min at that temperature, then
quenched with aqueous ammonium chloride and extracted with diethyl ether. The organic layer was washed with
brine and dried over anhydrous sodium sulphate. Evaporation of the solvent gave a product which was purified
by PLC (1:4 ethyl acetate-hexane) to give hemiacetal (13) (46 mg, 89%) as a 1:1 mixwre of diastereomers. IR
(neat) 3400 cm™ (OH): "H NMR (90 MHz) & 0.74 and 0.84 (3H, 2t, J 7.5 and 7.3 Hz,-CH,CH,), 1.05-2.05
(8.5H, m including 4s at 1.46, 1.56, 1.77, and 1.78, Me, CH2CH3, and OH), 2.64 (0.5H, br. s, OH), 7.0-
7.15(m, aromatic H), and 7.25-7.35 (m, aromatic H); MS m/z 192 MY, 0.49%), 191 [M-B)*, 3.5], 175 [(M-
OH)*, 27 ], and 147 (100). (Found : M*, 192.1142. C H, O, requires M, 192.1150).
Preparation of 3-Ethyl-3-methylisobenzofuran-1(3H)-one (14). Hemiacetal (13) (46 mg, 0.24 mmol) in benzene
(5 ml) containing mercury(Il) oxide (0.16g, 0.72 mmol) and iodine (0.18 g, 0.72 mmol) was irradiated with a
100-W high pressure mercury arc through a Pyrex-filter under nitrogen atmosphere for 1.5 h while stirring. The
mixture was filtered through Celite pad and the filtrate was washed with a 5% aqueous sodium thiosulphate and
then with brine, dried over anhydrous sodium sulphate. Evaporation of the solvent gave a product which was
purified by PLC (1:5 ethyl acetate-hexane) to give phthalide (14)* (15mg, 36%).

9-Ethyl-6,7,8,9-tetrakydro-5,9-epoxy-SH-benzocyclohepten-5-ol (16a). This hemiacetal was prepared from 7,8-
dihydro-5H-benzocycloheptene-5,9 (6H)-dione (15a)> according to the reported procedure?*,

9-Carbo(1,1-dimethylethoxy)methyl-6,7,8,9-tetrahydro-5,9-epoxy-SH-benzocyclohepten-5-ol (16b). To a
stirred solution of magnesium enolate of t-butyl acetate (1 mmol), prepared in situ according to the previously
reported proccdure,27 was added dione (15a) (0.25g, 1.4 mmol) in diethyl ether (7 ml) at 0°C. The solution was
stirred for 30 min at that temperature and then quenched with aqueous ammonium chloride. The solution was
extracted with diethyl ether and the organic layer was washed with brine and dried over anhydrous sodium
sulphate. Evaporation of the solvent gave a product which was purified by PLC (1:3 ethyl acetate-hexane, Rf
0.25) to give hemiacetal (16b) (0.31g, 76%). IR (neat) 3370 (OH) and 1728 cm™! (ester C=0); 'H NMR (90
MHz) § 1.2-2.1 (15H, m, -(CH,),- and -C(CH,),), 2.86 (2H, s, -CH,COO0-), 3.95 (1H, s, OH), and 7.1-7.6
(4H, m, aromatic H); MS, m/z 234 [M-C 4H8)+, 33%] and 57 (100). (Found : M™, 234,0908. C13H1 0, M-
C4H8) requires 234.0892).
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10-Ethyl-7,8,9,10-tetrahydro-5,10-epoxybenzocycloocten-5(6H)-ol (16d). To a stirred solution of
ethylmagnesium bromide (0.45 mmol) in diethyl ether (3 ml) kept at -78°C was added 6, 7, 8, 9-
tetrahydrobenzocyclooctene-5, 10-dione (15b) (15mg, 0.08 mmol) in diethyl ether (3 ml). The solution was
stirred for 30 min at that temparature and then allowed to warm to room temperature. The solution was further
stirred for one day, then quenched with aqueous ammonium chloride and worked up as in the case of the
preparation of hemiacetal (16b). The product was purified by PLC (1:3 ethyl acetate-hexane) to give hemiacetal
(16d). (14mg, 57%). IR (neat) 3380 cm™ (OH) : 'H NMR (90 MHz) 8 0.81 (3H, t, J 7.47 Hz, Me), 1.45-2.3
(10H, m, -(CH,),- and CH,Me), 2.96 (1H, s, OH), 6.95-7.1 (1H, m, aromatic H), 7.25-7.35 (3H, m, aromatic
H); MS m/z 218 (M*, 69%) and 189 [(M-Et)*, 100]. (Found : M*, 218.1317.C, ,H O, requires M,
218.1307).

Preparation of 3-Ethyl-3-(3-iodopropyl)isobenzofuran-1(3H)-one (17a). Hemiacetal (16a) (75 mg, 0.38 mmol)
in benzene (25 ml) containing mercury(II) oxide (0.24g, 1.1 mmol) and iodine (0.28 g, 1.1 mmol) for 2h as
described for the above-mentioned preparation of phthalide (14) gave phthalide (17a). The phthalide was
purified by PLC (1:3 ethyl acetate-hexane) (0.10 g, 83%), mp 73-75°C (diethyl ether-hexane). IR (Nujol) 1744
cm’! (C=0); 'H NMR (90MHz) 8 0.71 (3H, t, J 7.3 Hz, Me), 1.05-2.4 (6H, m, -(CH,),-), 3.09 (2H, J 6.37
Hz, -CH,]), and 7.25-7.95 (4H, m, aromatic H); MS m/z 330 ™, 0.25%), 301 [(M-Et)*, 55], and 203 [(M-
1)*, 100]. (Found : M*, 330.0130. C,,H, IO, requires M, 330.0117).

Preparation of 3-Carbo(l,1-dimethylethoxy)methyl-3-(3-iodopropyl)isobenzofuran-1(3H)-one (17b).
Hemiacetal (16b) (0.18 g, 0.60 mmol) in benzene (30 ml) containing mercury(II) oxide (0.39 g, 1.8 mmol) and
iodine (0.46 g, 1.8 mmol) was subjected to photolysis for 4h as mentioned above to give phthalide (17b) (0.24
g, 97%) after purification by PLC (1:4 ethyl acetate-Hexane). IR (neat) 1765 (lactone C=0) and 1722 cmlester
C=0); '"H NMR (90 MHz) § 1.23 (9H, s, C(CH,),), 1.5-2.4 (4H, m, -(CH,),-), 2.94 (2H, s, -CH,COO0-),
3.09 (2H, t, J 6.6 Hz, -CH,]), and 7.3-7.9 (4H, m, aromatic H); MS m/z 416 M, 0.38%), 360 [(M-C4H8)+,
25], 301 [(M‘CH2C00C(C}13)3)+, 42, 233 (84), and 57 (100); (Found : M*, 359.9887. CsH,,10, M-C Hy)
requires 359.9857.)

Preparation of 3-(4-lodobutyl)isobenzofuran-1(3H)-one(7a). Hemiacetal (16c) (68 mg, 0.36 mmol), isolated in
the photolysis of the hypoiodite of cyclobutenol (6a) mentioned above, in benzene (20 ml) containing mercury(il)
oxide (0.24 g, 1.1 mmol) and iodine (0.28 g, 1.1 mmol) was photolyzed for 2h to afford phthalide (7a) (68 mg,
89%).

Preparation of 3-Ethyl-3-(4-iodobutyl)isobenzofuran-1(3H)-one (17d). Hemiacetal (16d) (11 mg, 0.05 mmol) in
benzene (5 ml) containing mercury(II) oxide (35 mg, 0.15 mmol) and iodine (38 mg, 0.15 mmol) was photolyzed
for 2.5 h as described for the preparation of phthalide (17a) to give phthalide (17d) (10 mg, 58%) after
purification by PLC (1:3 ethylacetate-hexane). IR (neat) 1760 em? (C=0); 'H NMR (90 MHz) 8 0.71 (3H, t,J
7.3 Hz, Me), 0.9-2.3 (8H, m, -(CH2)3-and -CHzMe), 3.08 2H,t, J 7.0 Hz, -CHZI), and 7.2-7.9 (4H, m,
aromatic H) : MS m/z 344 (M*, 41%), 315 [(M-En),*, 58], 217 [(M-),* 93], and 161 [(M-C,H,D*, 100].
(Found M, 344.0270. C,H,,10, requires M, 344.0274).
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Preparations of 3-(3-lodopropyl)isobenzofuran-1(3H)-one (17e) and 6,7,8,9-tetrahydro-6,9-
epoxybenzocyclohepten-5-one (19). A stirred solution of ketol (18) (0.15g, 0.83 mmol) in benzene (20 ml)
containing mercury(II) oxide (0.54 g, 2.5 mmol) and iodine (0.63 g, 2.5 mmol) was irradiated with a 100-W
high pressure mercury arc through a Pyrex-filter under nitrogen for 1 h 20 m. After filtering through a Celite pad
the filtrate was washed with a 5% aqueous sodium thiosulphate and then brine. The solution was then dried over
anhydrous sodium sulphate. The solvent was removed in vacuo to give a residue which was subjected to PLC on
silica gel (1:5 ethyl acetate - hexane) to give isobenzofuranone (17e) (Rf 0.37, 90 mg, 36%) and
epoxybenzocycloheptenone (19) (Rf 0.39, 33 mg 32%). (17¢): IR (neat) 1762 cm 1(C=0); 'H NMR (90 MHz)
6 1.65-2.4 (4H, m,

-(CH,),-), 3.24 (2H, t, J 6.3Hz, -CH,]), 5.50 (1H, dd, J 7.3 and 3.5 Hz, -CHO), 7.4-7.75 (3H, m, aromatic
H), and 7.90 (1H, dd, J 7.7 and 1.8 Hz, aromatic H); MS, m/z 302 M™, 0.11%), 1.75 [((M-D)*, 53], and 131
[(M-C,HD™*, 100).(Found M*, 301.9788 C, H, 10, requires M, 301.9804). (19): IR (neat) 1705 cm™ (C=0);
'H NMR (90MHz) § 1.6 - 2.0 and 2.2 - 2.5 (4H, m, -(CH,),-), 476 (1H, dd, J 6.2 and 1.8 Hz, -CHO-), 5.30
(1H, d, J 6.4 Hz, -CHO-), 7.15 - 7.6 (3H, m, aromatic H), and 8.00 (1H, dd, J 7.0 and 1.8 Hz, aromatic H) ;
MS, m/z 174 (M*, 70%) and 131 (100). (Found :M™, 174.0652. C, H, /O, requires M, 174.0681).

Synthesis of 3-[3-(Dimethylamino)propyl}isobenzofuran-1(3H)-one. (*)-Pierardine (20). A solution of
phthalide (17e) (90 mg, 0.30 mmol) and dimethylamine (1 ml, 50% in water) in methanol (3 ml) was stirred at
0°C for 2h, then acidified with conc. hydrochloric acid and adjusted to pH 10. The solution was concentrated in
vacuo and extracted with diethyl ether. The organic extract was washed with brine and dried over anhydrous
sodium sulfate. Evaporation of the solvent gave a product which was purified by PLC (1:1 ethyl acetate-hexane)
to give a racemic pierardine (20)2 (15 mg, 23%). A viscous oil. IR (neat) 1762 cm™! (lactonic C=0): 'H NMR
(90 MHz) & 1.5-2.5 (6H, m, '(CHz)a')’ 2.20 (6H, s, NMe,), and 7.3-7.95 (4H, m, aromatic H).
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