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The attempt to synthesize N-p-tolylsulfonylindolylfulgide by Stobbe condensation was unsuccessful
because hydrolysis of the Stobbe-condensation product eliminated the sulfonyl moiety to give, after several
steps, the N-unsubstituted fulgide. Pd(I)-catalyzed carbonylation of 2-butyne-1,4-diol derivative bearing
the N-p-tolylsulfonylindole, however, afforded the desired N-p-tolylsulfonylindolylfulgide. ‘A comparison of
absorption spectroscopic and photochromic properties of these fulgides with those of the known N-meth-
ylindolylfulgide gave the following results. The electron-withdrawing substituent on nitrogen (i) shortened
the absorption maximum of the colored form, (ii) suppressed thermal F~Z isomerization, and (iii) enlarged

quantum yields of photochromic reactions.

Indolylfulgides such as 1 are fatigue resistive and
thermally stable among the fulgides reported so far.?
We (the Yokohama group) have already reported the ef-
fects of substituents on 5-position of the indole ring on
absorption spectroscopic and photochromic properties
of indolylfulgides 2—4 (Chart 1).2 An electron-donat-
ing substituent on 5-position of the indole ring length-
ened the absorption maximum of the colored form and
decreased the coloring and bleaching quantum yields.
Based on these findings, an indolylfulgide with a di-
methylamino group (4) has become a candidate for pho-
ton-mode rewritable optical recording media which have
non-destructive readout ability.®>*) Thus we intended to
obtain more information about the relationship between
the steric®® and electronic® effects of substituents of
indolylfulgides and their photochromic properties.

Syntheses of fulgides have generally been done by
way of Stobbe condensation” since the beginning of
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this century, though important improvements have
been reported.®?® Recently we (the Tottori group)
have developed a new and efficient method of syn-
thesis of fulgides, by way of the palladium(1I)-cat-
alyzed carbonylation of 2-butyne-1,4-diol derivatives®
(Scheme 1). We have already reported the synthe-
sis and photochromic reactions of furyl- and thienyl-
fulgides with a ¢-butyl group (5 and 6) with this method
(Chart 2);'9 such compounds have never been synthe-
sized by the Stobbe-condensation method.'V

In this article, we report (i) application of the car-
bonylation method to the synthesis of indolylfulgides,
and (ii) analysis of the electronic effects of substituents
on the nitrogen atom of indolylfulgides.

Results and Discussion

Application of Stobbe-Condensation Method
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to the Synthesis of an Indolylfulgide with an
Electron- Withdrawing Substituent on Indole
Nitrogen. A Stobbe condensation of the lithium eno-
late of diethyl isopropylidenesuccinate ('7) (generated
by lithium diisopropylamide (LDA)) with 3-acetyl-
1,2-dimethylindole possessing an electron-donating sub-
stituent on 5-position did not proceed smoothly. This
can be attributed to the weakened polarization of the
carbonyl group.? As 5-unsubstituted 3-acetyl-1,2-di-
methylindole (8) reacted smoothly, we expected that
the introduction of an electron-withdrawing substituent
on the indole nucleus might accelerate the condensa-
tion reaction. It would naturally be better that the
electron-withdrawing substituent could be replaced af-
ter the condensation reaction, to obtain a broader range
of fulgide derivatives. We therefore carried out a con-
densation reaction of 3-acetyl-2-methyl-1-p-tolylsulfo-
nylindole (3-acetyl-2-methyl-1-p-Ts-indole, 9) with the
enolate 7 (Chart 3).

As had been expected, condensation proceeded
smoothly to give, after the usual work-up, two geomet-
rically isomeric half esters in 44 and 16% yields based
on the ketone. The major half ester was subjected to
hydrolysis with potassium hydroxide in refluxing aque-
ous ethanol. The dibasic acid obtained was treated,
without further purification, with trifluoroacetylimida-
zole, to afford the unexpected N-unsubstituted indolyl-
fulgide 10 instead of 11 (Chart 4). Apparently the
sulfonamide group was hydrolyzed together with the
ester group upon treatment with potassium hydroxide.
The fulgide 10E was obtained in 54% for the major half
ester. Contrary to our expectation, however, introduc-
tion of substituents to the indole nitrogen of 10 (e.g.,

p-Ts group with p-tolylsulfonyl chloride and LDA in

tetrahydrofuran (THF)) was not successful.
Application of Carbonylation Method to the

Synthesis of Indolylfulgides. The effectiveness

of the palladium(II)-catalyzed carbonylation method

A O L
Et0,C OEt

7 8 Me

Chart 3.

Photochromism of N-Substituted Indolylfulgides
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has been proved by the syntheses of furyl- and
thienylfulgides® including 5 and 6 having a t-butyl
group on the arylmethylene moiety.!®) As the extension
of application of this method, we tried to synthesize in-
dolylfulgides. Reaction of the N-methyl indolyl ketone
8 with the lithium acetylide of 3-methyl-1-butyn-3-ol
(12a), however, did not give the desired addition prod-
uct in a sufficient yield. Replacement of the lithium
cation with cerium(II)>!? was not effective. As the
polarization of the carbonyl of 8 is weakened by the
electron-donation from the indole ring, the acetylide
carbanion could not react efficiently. In order to re-
duce the electron donation from the indole nitrogen,
addition of the cerium(Ill) acetylide 12b to the N-Ts-
indolyl ketone 9 was carried out (Chart 5). The reaction
proceeded to give the desired acetylenic diol derivative
13 in 25% yield after column chromatographic purifi-
cation. Treatment of 13 with palladium(Il) acetate in
benzene under an atmosphere of carbon monoxide (7.1
MPa) at 90 °C for 6 h afforded a mixture of the F- and
Z-isomers of desired N-p-Ts-indolylfulgide 11 in 31%
yield. Column chromatographic separation followed by
recrystallization (EtOAc/hexane for 11E and Et,O for
11Z) gave pure 11E and 11Z.

Unlike other indolylfulgides and similarly to furyl-
fulgides, F- and Z-forms of 11 did not isomerize to each
other during column chromatographic separation.” A
reduction of the electron-donating ability of the aro-
matic ring decreased the contribution of the charge-sep-
arated resonance structure such as 14 (Chart 6), which
is supposed to undergo the ground-state E~Z isomer-
ization. This is the first example of an indolylfulgide
in which Z-form is isolated and characterized. The Z-
forms of indolylfulgides 1—4, 10,  and other indolyl-
fulgides reported so far® could not be isolated. As
the Z-forms, if generated by syntheses, isomerized to
the corresponding E-forms during the silica-gel column
chromatographic purification,® they could only be de-
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tected by 'HNMR during UV-light irradiation. The Z-
forms of 2—4 isomerized to the corresponding E-forms
in toluene quickly at room temperature because of the
enhanced electron-donating power of the aromatic ring.
The precise concentration ratios of the F- and Z-iso-
mers during the photoirradiation were therefore not de-
termined either by HPLC® or by 'HNMR. For that
reason, the quantum yields of photoreactions of 2—4
had been calculated without considering the existence
of small amounts of corresponding Z-forms.?
Electronic Effects of Substituents of Indole Ni-
trogen on Absorption Spectroscopic Properties
of Indolylfulgides.  As fulgides 1, 10, and 11 have
substituents on indole nitrogen with different degrees
of electron-donating or -withdrawing effects (Me, H, p-
Ts), such effects appeared directly in their absorption
spectra. As shown in Table 1, absorption maximum
wavelengths of both F- and C-forms shortened in the
decreasing order of electron-donating ability of the sub-
stituent. This is in good accord with the observation for
5-substituted indolylfulgides® and fulgides with differ-
ent aromatic rings. It is worth noting that the change
of electron-transition energy associated with the change
of the substituents on the indole nitrogen is larger than
that associated with the change of the substituents on
the 5-position of the indole nucleus. The differences
of electron-transition energy are also shown in Table 1.
While the lone pair on nitrogen can participate in the
conjugation of the diene- (E-form) and triene-conju-
gated (C-form) carbonyl functionality as the electron
donor, the group on the 5-position cannot participate
in the conjugation. Therefore the transition energy is
more affected by the substituents on indole nitrogen
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than by the substituents on 5-position.

Electronic Effects of Substituents of Indole
Nitrogen on Photochromic Properties of In-
dolylfulgides. Photochromic reactions were car-
ried out as previously reported for furylfulgides® and
indolylfulgides.” The change in absorption spectra of
11 as the time of photoirradiation continued is shown
in Fig. 1. The results of photochromic reactions are
summarized in Table 2.

All the quantum yields except @zg(UV) decreased
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Fig. 1. Absorption spectral changes of coloring of 11

in toluene. Concentration: 1.01 x 10™* moldm™3,
Irradiation light: 366 nm, Light intensity: 2.31
mW cm ™2, Trradiation time/min: 0, 0.5, 1.2, 2.2, 3.5,
5.2, 7.4, 11, 15, 25 (PSS).

Table 2.  Quantum Yields of Photoreactions of In-
dolylfulgides with Different Substituents on Indole
Nitrogen in Toluene

Pcr® Ppz®

P o5 [E) /(7 /[P $cr®

11 019 044 011 0083 39/33/28 027
10 0.14 023 0074 015 23/ 3/74  0.092
1 0.045Y 0.169 0.040Y 0.072¥ 35/ 9 /56  0.051°

a) 366-nm light irradiation. b) PSS (UV). c¢) 495-nm
light irradiation. d) 405-nm light irradiation. e) 608-
nm light irradiation.

Table 1. Absorption Spectral Data of Indolylfulgides with Electron-Withdrawing
and -Donating Substituents in Toluene
E-Form Z-Form C-Form

Amax/nm (c—:max)a) Amax,/nm (6max)a) Amax/Dm (5max)a) TE/kJ mol ™! b)
11 340 (4980) 351 (5970) 479 (7120) 250 (-+46)
10 375 (7800) 383 (13400)° 535 (7400) 223 (+19)
1 38 (8150) 397 (14300)® 584 (6810) 204 (0)
2 387 (8750) — 9 600 (7090) 199 (~5)
3 393 (9530) —9 625 (7060) 191 (—13)
4 404 (8040) — D 673 (6200) 178 (—26)

a) Emax/mol~1dm3 cm~—1.

theses are the deviation from 1.
(see text).

b) Electronic transition energy of C-forms. Values in paren-
c) Calculated values.

d) Could not be determined
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as the electron-donating ability increased. We have
previously reported similar effects of electron-donating
groups on 5-position of the indole ring of indolylfulgides
on the quantum yields of photoreactions.? To the con-
trary, Tomoda et al. reported that increase in the elec-
tron-donating ability of substituents on heteroaromatic
ring of fulgides (i) increased the coloring quantum yield
and (ii) decreased the bleaching quantum yield.'® Al-
though the latter trend is consistent with our observa-
tions, the former is not consistent with ours. For ex-
ample, the coloring quantum yield of an oxazolylfulgide
(15, Z=H) increased (0.18 to 0.26) and bleaching quan-
tum yield decreased (0.054 to 0.0091) when the elec-
tron-donating group was substituted on the p-position
of the phenyl ring (16, Z=NMe,) (Chart 7). The elec-
tronic factors governing the quantum yields are thus
ambiguous. The differences may have come from the
electronic nature of the aromatic rings of not only the
ground states but also the excited states, the latter be-
ing more important. Unfortunately, because no effec-
tive and reliable calculation methods to evaluate the
electronic properties of the excited states of complex
molecules such as fulgides are available, further discus-
sion is not possible at the present time.!®

The relationship between the conversion ratio to the
C-form at the photostationary state of UV-irradiation
(PSS(UV)) and the electronic nature of the substituents
is not simple for the present case. The ratio of C-
form at PSS(UV) increased as the electron-donating
ability of the substituents increased for 5-substituted
indolylfulgides 2—4, because the decrease in bleach-
ing quantum yield of UV-light irradiation (@cg(UV))
is larger than the decrease in coloring quantum yield
(Pec(UV)). To the contrary, the percentage of C-form
at PSS(UV) for 10 is the largest in the 1, 10, and 11
series. This is attributed to the drastic decrease of Prc
(UV) from 10 to 1 (0.14 to 0.045).

N-p-Ts-Substituted Indolylfulgide with a 2,2-
Dimethylpropylidene Group. Using the carbonyl-
ation methodology, we obtained the ¢-butyl-substituted
N-p-Ts-indolylfulgide 17 by way of the indolyl ketone
18 and the acetylenic diol 19 (Chart 8). Examination
of the steric effect of the indolylalkylidene moiety on
spectroscopic and photochromic properties of N-p-Ts-
indolylfulgides is possible by comparing those of 11 with
those of 17.

The absorption spectroscopic data and quantum
yields of photochromic reactions of 11 and 17 are listed

o}
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Photochromism of N-Substituted Indolylfulgides
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in Tables 3 and 4. The absorption maximum wave-
length of 17E in the UV region is shorter than that
of 11E. This absorption band is shaped like a shoulder
(Fig. 2(a)). This is because (i) the absorption maximum
wavelength shortened, and (ii) its molar absorption co-
efficient decreased, so that the absorption band merged
into the absorption end of the large absorption of the
shorter wavelength. A similar tendency has been ob-
served for furylfulgides.®1%:1%)

The absorption band of 17C in the visible region

Table 3. Quantum Yields of Photoreactions of the N-
p-Ts-Indolylfulgide with a ¢-Butyl Group in Tolu-
ene

Pec® Scp® Brz® Pze® [E]/[Z /) [C]P Fce®
11 019 044 011 0.083 39/33/28  0.27
179 034 034 — — 57/—/43 025

a)366-nm light irradiation. b) PSS (366).
light irradiation. d) Z-form was neglected.

¢) 495-nm

Table 4. Absorption Spectral Data of N-p-Ts-In-
dolylfulgides with ¢-Butyl Group in Toluene

E-Form Z-Form C-Form
)\max/nm (Emax)a) )\max/nm (Emax)a) )\max/nm (€max)a)
11 340 (4980) 351 (5970)® 479 (7120)
17 333 (2350) (sh) —© 459 (4770)

a)  Emax/mol"ldm3cm~!. b) Calculated values.
c) Could not be determined (see text).
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Fig. 2. Absorption spectra of 17 in toluene (1.01 X

107* moldm™2). (a) E-Form. (b) Photostationary
state of 366 nm-light irradiation on (a).
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is composed of two ill-distinguished bands (Fig. 2(b)).
That 17C has these two absorption bands was con-
firmed from the facts that (i) the absorption changed
proportionally during the photoreaction, and (ii) the
HPLC chromatogram showed only two components
(17E and 17C) during photoirradiation. The absorp-
tion maximum wavelength of the major band of the ¢-
butyl-substituted 17C (459 nm in toluene) is shorter
than that of the methyl-substituted 11C (479 nm in
toluene), while that of the smaller one of 17C (about
550 nm) locates at a longer wavelength in the visible
region than that of 11C. The absorption end of 17C,
therefore, reaches 650 nm, while that of 11C is about
610 nm. The molar absorption coeflicient of the absorp-
tion maximum of 17C is considerably smaller than that
of 11C.

Different from the furyl- and thienylfulgides 5 and 6
with a ¢-butyl group, the photochromic reaction of 17
was shown, by 'HNMR in toluene, to involve the Z-
form. However, because the amount of the Z-form is
small and the Z-form was not isolated, quantum yields
were calculated by neglecting the Z-form. As shown
in Table 3, the coloring quantum yield increased when
the substituent changed from methyl to ¢-butyl (0.19
to 0.34). This tendency is the same that for the pho-
tochromism of t-butyl-substituted furyl- and thienyl-
fulgides 5 and 6.

As 17C has two absorption bands, irradiation of the
light of the wavelength in each absorption band is inter-
esting. If irradiation of one of the bands causes bleach-
ing while the other does not, it is conceptually possible
to construct a system having a non-destructive readout
of memory when it is applied to the optical memory
media. Bleaching quantum yields of 17C with 495-nm
light (in the major absorption band) and 608-nm light
(in the smaller absorption band), however, were both
0.25. In addition, these values are almost the same as
that of 11C (0.27).

Conclusion

Although it was not effective to prepare N-meth-
ylindolylfulgide 1, the Pd(II)-catalyzed carbonylation
method was successful to prepare N-Ts-indolylfulgides
11 and 17. Electronically influential substituents on the
indole nitrogen atom affected both absorption spectro-
scopic and photochromic properties of indolylfulgides
more than the substituents on 5-position of the indole
ring. The Apax of the C-form became shorter when the
electron-withdrawing nature of the substituent on the
indole nitrogen increased. Almost all of the quantum
yields increased as the electron-withdrawing ability in-
creased. The t-butyl-substituted N-Ts-indolylfulgide
exhibited a large coloration quantum yield.

Experimental

General. IR spectra were measured using a
Perkin—Elmer 1650 FT-IR or a JASCO A 202 IR spectrom-
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eters. "HNMR spectra were recorded with a JEOL JNM-
EX-270 (270 MHz) spectrometer in CDCls or toluene-ds.
The signals are expressed as ppm down field from tetra-
methylsilane, used as an internal standard (é value). Split-
ting patterns are indicated as s: singlet; d: doublet and
m: multiplet. The low- and high-resolution mass spectra
were taken with a JEOL JMS D-300 or a JEOL JMS AX-
500 mass spectrometer. UV-vis spectra were recorded on
a JASCO Ubest-50 UV-vis spectrophotometer. The emis-
sion line of 366 nm of a 500 W high-pressure mercury lamp
(Ushio Electric) was separated by filters (Toshiba UV-35,
UV-D35, a 1-cm thick aqueous CuSO4 (50 gdm™2), and
a 5-cm water filter). Monochromatic light beams of the
visible region were taken out from a 500 W xenon lamp
(Ushio Electric) using filters (495 nm; 5-cm water filter and
Toshiba Y-47, IRA-25S, and KL-50 glass filters. 608 nm;
5-cm water filter and Toshiba O-58, TRA-25S, and KL-60
glass filters). The irradiation light intensity was determined
by a photometer (IL-1350, International Light Inc.) with
detectors (SEDO038 for 495- and 608-nm lights and SED400
for 366-nm light), calibrated with tris(oxalato)ferrate(III)
chemical actinometer. Measurements of the concentration
of components during the photoreaction were made using a
high-pressure liquid chromatograph (Shimadzu LC-6A) and
a detector (Shimadzu SPD-6AV) using a silica-gel column
(Wako, Wakosil 5-sil, 4.6 mm Xx 150 mm) with a mixture
of ethyl acetate and hexane as an eluent. Silica-gel column
chromatography was carried out with a Merck Kieselgel 60
(230—400 mesh) with a mixture of ethyl acetate and hex-
ane as an eluent, unless otherwise noted. Analytical thin-
layer chromatography was performed on Merck precoated
silica gel 60 F-254, 0.25 mm thick TLC plates. All of the
synthetic reactions were carried out under a dry nitrogen
atmosphere. Tetrahydrofuran (THF) was freshly distilled
from benzophenone ketyl, and diethyl ether and dichloro-
methane were distilled from CaHs immediately before use.

Synthesis of Fulgides. 3- Acetyl-2-methyl-1-(4-
tolylsulfonyl)indole (9). A THF solution (70 ml) of oily
NaH (ca. 60%, 0.25 g, ca. 6.3 mmol) and 3-acetyl-2-methyl-
indole (1.00 g, 5.77 mmol) was stirred at room temperature
for 30 min. To it was added, at that temperature, p-tolyl-
sulfonyl chloride (1.33 g, 6.98 mmol) in THF (5 ml), and
the resulting solution was stirred for 2 h. Methanol (0.5 ml)
was added to quench the reaction, followed by addition of
sat. aq NaCl. The solution was extracted with ethyl acetate,
the organic layer was washed with aq NaCl, dried with anhy-
drous NasSQy, and the solvent was removed in vacuo. The
residue was chromatographed to give 9.

9 (1.35 g, 71%): 'HNMR (CDCl;) §=2.36, 2.63, 2.89
(each 3H, s), 7.25 (2H, d, J=8.57 Hz), 7.3—7.4 (2H, m),
7.71 (2H, d, J=8.68 Hz), 7.9 (1H, m) 8.3 (1H, m); IR (KBr)
1670, 1381, 1176, 722 cm ™. _ ,

(E)-3-Isopropylidene-4-[1-(2-methyl-3-indolyl)eth-
ylidene]-3,4-dihydro-2,5-furandione (10). To a so-
lution of lithium diisopropylamide (prepared from 0.85 ml
diisopropylamine and 3.1 ml hexane solution of butyllithium
(1.63 moldm™2) in 15 ml THF at —78 °C) was added a so-
lution of diethyl isopropylidenesuccinate (1.08 g in 5 ml of
THF), and the mixture was stirred for 1 h at —78 °C. To
this was added a solution of 9 (1.11 g in 5 ml THF) at —78
°C. The temperature of this solution was allowed to grad-
ually rise to r.t., and the solution was then stirred for 2 d.
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The reaction mixture was acidified with diluted hydrochloric
acid. The reaction mixture was extracted with ethyl ether
three times, and the combined organic layer was washed
with saturated aqueous NaCl. The organic layer was dried
with anhydrous NaxSQy, and the solvent removed in vacuo.
The two isomers of half acid were roughly separated by sil-
ica~gel column chromatography (major isomer 745 mg, and
minor isomer 264 mg), and were used for the next reaction
without further purification.

The impure major half acid (745 mg) was dissolved in 15
ml ethanol; to this mixture were added 15 ml of water and
3.1 g of potassium hydroxide. The mixture was refluxed for
18 h, and then poured into a mixture of diluted hydrochloric
acid and ice. After the solution was saturated with solid
NaCl, it was extracted with ethyl acetate three times. The
combined organic layer was washed with saturated aqueous
NaCl, dried with anhydrous Na2SQOy4, and the solvent was
then removed in vacuo. The residue was dissolved in 30
ml] of THF, and to it was added 1-trifluoroacetylimidazole
(0.25 ml). The mixture was stirred for 1 h at r.t. To the
mixture was added saturated aqueous NaCl and the mixture
was extracted with ethyl acetate three times. The combined
organic layer was washed with saturated aqueous NaCl and
dried with anhydrous NasSO4. The solvent was removed
in vacuo, and the fulgide 10 was purified by flash column
chromatography and recrystallization (CH2Cly/hexane).

Fulgide 10E (241.6 mg, 24%): Mp 214—215 °C;
'HNMR (CDCl;) 6§=1.00, 2.22, 2.24, 2.81 (each 3H, s),
7.1—7.4 (4H, m), 8.21 (1H, s); IR (KBr) 1801, 1747, 1458,
1229, 929, 742 cm™*; MS (EI, 70 eV) m/z (rel intensity) 295
(M™*; 100), 131 (CoHoN™T; 34). Found: m/z295.1173. Caled
for 021H23NO3: M, 295.1208. )

5- Methyl- 2- [2- methyl- 1- (4- tolylsulfonyl)- 3- in-
dolyl]-3-hexyne-2,5-diol (13). Indolyl ketone 9 (2.56
g, 7.8 mmol) and CeCls-7TH20 (13.0 g), which was dried be-
forehand under vacuum at 140 °C for 8 h, were stirred in
THF (70 ml) at room temperature for 3 h. An acetylide
solution was prepared by addition of butyllithium (hexane
solution, ca. 32 mmol) to a THF solution (20 ml) of 2-meth-
yl-3-butyn-2-ol (1.6 ml, ca. 16 mmol), and this was added
to the above solution of 9 at —78 °C. The resulting solu-
tion was stirred at —78 °C for 3 h and was then warmed
slowly to room temperature while stirring overnight. Aque-
ous NH4Cl was added and the product was extracted with
ether. The ether solution was dried over NagSQ4. Concen-
tration gave crude 13 (2.50 g) as dark oil. The product (1.65
g) was chromatographed on Wakogel C-200 with benzene,
benzene/chloroform (2/1), and methanol. The eluate with
methanol was collected and concentrated to give 13 (0.79 g)
as a dark brown solid.

Carbonylation of 13.  Synthesis of 3-Isopropyli-
dene-4-{1-[2-methyl-1-(4-tolylsulfonyl)-3-indolyl]eth-
ylidene}-3,4-dihydro-2,5-furandione (11). The com-

bined crop of 13 (1.05 g, 2.55 mmol), Pd(OAc)2 (20 mg,

0.1 mmol), I> (24 mg, 0.1 mmol), and benzene (10 ml) were
charged in a 40 ml stainless steel autoclave. The air was
purged with carbon monoxide. The autoclave was pressur-
ized at 7.1 MPa and heated at 90 °C for 6 h with magnetic
stirring. After the reaction, the benzene solution was fil-
tered through a short silica gel column. Benzene was evap-
orated under reduced pressure to give a brown solid (ca.
0.8 g), which was chromatographed on Wakogel C-200 with

Photochromism of N-Substituted Indolylfulgides

hexane/benzene (1/1), benzene, and chloroform (2/1—1/1).
The eluate with benzene gave 11 as a light brown solid (0.33
g, 31%). Repeated silica-gel column chromatographic purifi-
cation followed by recrystallization (ethyl acetate/hexane
for E-form and ethyl ether for Z-form) afforded pure iso-
mers.

Fulgide 11E:  Mp 188—189 °C; 'HNMR (CDCl;)
§=0.73, 2.04, 2.33, 2.39, 2.65 (each 3H, s), 7.3 (4H, m),
7.4 (1H, m), 7.73 (2H, d, J=8.25 Hz), 8.32 (1H, d, J=
8.25 Hz); IR (KBr) 1810, 1759, 1380, 1225, 1178, 934, 752
cm™; MS (EI, 70 eV) m/z (rel intensity) 449 (M™; 65), 294
((M—C7H7OZS)+; 100). Found: m/z 449.1324. Calcd for
Ca5H23NO5S: M, 449.1297.

Fulgide 117Z: Mp 192—193 °C; "HNMR (CDCl3)
§=2.10, 2.14, 2.34, 2.49, 2.54 (each 3H, s), 7.2 (5H, m),
7.69 (2H, d, J=8.57 Hz), 8.10 (1H, dd, J=9.25, 0.66 Hz);
IR (KBr) 1812, 1761, 1377, 1223, 1172, 928, 750 cm™1:
MS (EI, 70 eV) m/z (rel intensity) 449 (M™*; 78), 294
((M—C7H7028)*; 100). Found: m/z 449.1323. Calcd for
CQ5H23N058: M, 4491297

3-(2,2-Dimethylpropanoyl)-2-methyl-1-(4-tolylsul-
fonyl)indole (18). 2-Methylindole (9.71 g, 74 mmol)
in ether (50 ml) was added to a Grignard solution, which
was prepared by addition of ethyl bromide (6.8 ml, ca. 80
mmol) to magnesium (2.18 g, 90 mmol) in ether (80 ml). 2,
2-Dimethylpropanoyl chloride (9.7 ml, ca. 80 mmol) in ether
(10 ml) was added to the above solution and the resulting
solution was stirred at room temperature for 1.5 h. Aqueous
NaHCO3 was added to the solution. Extracting with eth-
yl acetate, washing with aq NaCl, and drying with anhy-
drous NaySO4 gave red brown oily liquid (15.36 g; Yield,
96.5%). This product (14.7 g, 68 mmol) was subjected to
the synthesis of 18 in a similar manner to that of 9 (giving
22.9 g of 18).

2,6,6-Trimethyl-5-(2-methyl-1-(4-tolylsulfonyl)-3-
indolyl)-3-heptyne-2,5-diol (19). This compound was
prepared from 18 (2.70 g, 7.25 mmol) in a similar manner
to the synthesis of 13, giving 2.75 g of 19.

Carbonylation of 19. Synthesis of 3-{2,2-Dimeth-
yl-1-[2-methyl- 1- (4- tolylsulfonyl)- 3-indolyl]propyli-
dene}-4-isopropylidene-3,4-dihydro-2,5-furandione
(17). Carbonylation was performed in a similar man-
ner to that of 13. The crude, dark brown solid (1.61 g) thus
obtained was chromatographed repeatedly to give the E-iso-
mer of fulgide 17 in 22% yield (0.34 g). It was recrystallized
from Et;O/hexane. Mp 138—139 °C. 'HNMR (CDCls)
6=0.84, 1.75, 2.33, 2.37 (each 3H, s), 1.28 (9H, s), 7.2—
7.4 (5H, m), 7.67 (2H, d, J=8.24 Hz), 8.27 (1H, d, J=7.92
Hz); IR, (KBr) 1817, 1770, 1176 cm™*. MS (EI, 70 eV) m/z
(rel intensity) 449 (M™; 65), 294 ((M—C,H;0,8)"; 100).
Found: m/z 449.1324. Caled for CogH2gNOsS: 449.1297.
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