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Abstract: Diarylethene derivatives, which have an optically activer d-menthyl group at the 2-position of benzo-
[b]thiophene ring, were synthesized. Irradiation with 450 nm light in solution led to the formation of diastereomer
pairs of the closed-ring forms. The product ratio of the diastereomers was dependent on solvent polarity and
temperature. In slightly polar (or polarizable) solvents, such as THF and toluene, an asymmetric photocyclization
was observed. At40°C in toluene, a diastereomer excess as large as 86.6% was observed. The mechanism of the

asymmetric photocyclization is discussed.

Introduction

Photochromic compounds characteristically exhibit two dif-
ferent chemical forms which are reversibly transformed form
one to the other upon irradiation with light of appropriate wave-
lengths! The instant image-forming property without process-
ing has led to consideration of their use in a rewritable direct
read-after-write mediurd. The inherent drawback of the pho-
tochromic memory is a lack of readout stability. Photochromic
reactions are, in general, induced in proportional to the number
of photons absorbed by the medium. Therefore, the photo-
chromic memory is destroyed after many readout operations.
To avoid such inconvenience, it is indispensable to develop
nondestructive readout methotd<One of the approaches is to
introduce gated reactivity to the photochromic sysfefn.
Another approach is to discriminate between the two isomers
using light which cannot induce the photochromic reactions.
Changes in the reflective indéinfrared absorptiof,and optical
rotatior? (or circular dichroism) can be detected with light of
wavelengths longer than the electronic absorption bands.

Several photochromic compounds, which have chirooptical
properties and change the optical rotation by photoirradiation,
have been reported. Typical examples are highly substituted
stilbene$ and fulgide&® with helical asymmetry. They undergo
photochromic reactions between the two forms with different
optical rotations. Other examples are photochromic compounds
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with two chiral units (chirochromism2and those incorporated
into chiral matrices, such as cholesteric liquid cryst&isor
chiral polymerst?

Diarylethenes with heterocyclic rings undergo cyclization/
ring-opening photochromic reactions. The photogenerated
closed-ring form has eithe®S or R-R asymmetric structure.

R = R®  hv
INRIN =
R g xRS W
RZ
R XN xR

(R.R)

The enantiomers can be separated with a chiral high-perfor-
mance liquid chromatography (HPLC) column (Daicel Chiralcel
OD). For example, the enantiomer pairs of closed-ring forms
of bis(2-methylbenzdjlthiophen-3-yl)perfluorocyclopentene,
1,2-bis(2,4,5-trimethylthiophen-3-yl)perfluorocyclopentene, 1,2-
bis(2,4-dimethyl-5-(4-methoxy-benzyl)thiophen-3-yl)perfluoro-
cyclopentene, and 1-(1,2-dimethyl-3-indolyl)-2-(2-cyano-3,5-
dimethylthiophen-4-yIN-(cyanomethyl)maleimide were detec-
ted’® When an optically active substituent such as$- ar
d-methyl group is introduced to the above compounds, a
diastereodifferentiating photocyclization is expected to occur
under suitable condition'$:1> Martin et al.}® for example,
reported such a diastereodifferentiation in the photosynthesis

(10) (a) Yokoyama, Y.; Shimizu, Y.; Uchida, S.; YokoyamaJYChem
Soc, Chem Commun 1995 785. (b) Yokoyama, Y.; Uchida, S.;
Yokoyama, Y.; Sugawara, Y.; Kurita, Yd. Am Chem Soc 1996 118
3100.

(11) (a) Zhang, M.; Schuster, G. B.Am Chem Soc 1994 116, 4853.

(b) Zhang, M.; Schuster, G. B. Phys Chem 1992 96, 3063. (c) Janicki,
S. Z.; Schuster, G. Bl. Am Chem Soc 1995 117, 8524.

(12) Sisido, M.; Ishikawa, Y.; Ito, K.; Tazuke, $lacromoleculed991
24, 3993.

(13) Enantiomer pairs of closed-ring forms of the following diarylethenes
were separated with a chiral column (Daicel Chiralcel OD): 1,2-bis-
(methylbenzdj]thiophen-3-yl)perfluorocyclopentene (eluent, hexane), 1,2-
bis(2,4,5-trimethylthiophen-3-yl)perfluorocyclopentene (eluent, hexane), 1,2-
bis(2,4-dimethyl-5-(4-methoxybenzyl)thiophen-3-yl)-perfluoro-
cyclopentene (eluent, hexane/ethanol 99.4:0.6), and 1-(1,2-dimethyl-3-
indolyl)-2-(2-cyano-3,5-dimethylthiophen-4-ylN-(cyanomethyl)maleim-
ide (eluent, hexane/ethanol 4:1).

© 1997 American Chemical Society



Asymmetric Photocyclization of Diarylethenes J. Am. Chem. Soc., Vol. 119, No. 26, a®®7

(a) Open form
1.0F
A-isomer
B-isomer
<
0.5
L 1 ! 1 1 !
0 10 20 30 40 50 (min)
0 , . e .
300 400 500 600 700
Wavelength (nm) (b) AB
Figure 1. Absorption spectra of in hexane (1.2x 107 M) before
(—) and after (- - -) irradiation with 450 nm light.
of helicenes. We have examined the photochemical asymmetric
induction for the diarylmaleimide havinglaor d-menthyl group
at the 2-position of benzb]thiophene ring { and 2). t L i : . ;
0 10 20 30 40 50 (min)

Figure 2. HPLC chart ofl irradiated with 450 nm light in hexane:
(a) monitored at 475 nm, (b) monitored at 538 nm. Eluent, hexane/
ethyl acetate (90:10 volume ratio); flow rate, 3.0 mL rin

@)

1a: R=/menthyl 1b: R=/-menthyl 0.6
2a: R=d-menthyl 2b: R=d-menthyl

Results and Discussion <

Photochromic Reactions of Diarylethenes 1 and 2 in 03f
Hexane. Figure 1 shows the absorption spectral changé of
in hexane. Upon irradiation with 450 nm light, the open-ring
form 1a (Amax417 NM,emax 4.3 x 108 M~1 cm1) converted to
the closed-ring formib with the absorption maxima at 538 nm
(emax 7.4 x 10° M~1 cm™1) and 375 nmdnax 1.5 x 10* M~ 300
cml). The photoirradiated sample was analyzed with a Wavelength (am)
conventional HPLC column (silica gel column, Wakosil 5 SIL).
When the monitoring wavelength of the HPLC was 475 nm,
which is the isosbestic point of the photoisomerization spectral
change, three peaks were observed as shown in Figure 2a. The
peak at the retention time of 38 min disappeared when the 0.6}
monitoring wavelength was shifted to 538 nm, where only the
closed-ring form has the absorption band (Figure 2b). This
result indicates that the peak at 38 min is due to the open-ring
form and the peaks at 25 min and 28 min are due to the closed-
ring forms. The reason why two peaks were observed for the 03|
closed-ring form is the following. As already noted, the
conrotatory photocyclization of bis(benbithiophen-3-yl)-
maleimide itself leads to the formation 8fS and R,R enanti-

1
700

(b)

omer pairs. When an optically activiementhyl group is 0 ) N '-\.\ )
substituted at the 2-position of benbfihiophene ring, the 300 400 500 600 700
maleimide produces twbSS and |-R,R diastereomers. The Wavelength (nm)

two peaks are due to the diastereomers. We assigned the-ig,re 3. Absorption spectra of closed-ring form diastereomers in

@astereomers th_at gave peaks at 25 and 28 min to the A and Brexane ¢ = 5.0 x 105 M): (a) A-isomer (), after irradiation with

isomers, respectively. 570 nm light (- - -) and in the photostationary state under irradiation
Figure 3 shows the absorption spectra of the isolated A and with 450 nm light (-—); (b) B-isomer {), after irradiation with 570

B isomers in hexane. The A and B diastereomers gave the sameam light (- - -) and in the photostationary state under irradiation with
450 nm light -—).

(14) For reviews of photochemical asymmetric photoreactions, see: (a)

2”305“9' Y.Chem Rev. 1992 92, 741. (b) Rau, HChem Rev. 1983 83, absorption maximum and coefficient. Both diastereomers
(15) (a) Martin, R. H.Chimia 1975 29, 137. (b) Coches, Y.; Martin, returned to the open-ring forms upon irradiation with 570 nm

R. H.; Jespers, Jsr. J. Chem 1976/77 15, 29. light. When the sample was irradiated with 450 nm light, the
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Figure 6. A HPLC chromatogram ol after irradiation with 450 nm
light at 23°C in a mixed solvents of hexane and THF (hexane/FHF
80.8:19.2 volume ratio).
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Figure 4. HPLC chromatograms of monitored at 475 nm: (a) A
diastereomer, (b) after irradiation with 570 nm light, (c) in the

photostationary state under irradiation with 450 nm light in hexane. Figure 7. Polarity dependence of the percentage diastereomeric excess
(% de) ofl, in hexane/THF @), hexane M), toluene #), and ben-

Diastereomeric excess (% de)

1 1 1 1

o

31 32 33 34 35 36
E1(30)

+10 ] zene Q).
absorption. This means that the recorded marks, the existence
+35 of the closed ring forms, can be read using atie laser
w without destruction of the closed-ring forms.
< 9 Asymmetric Induction. As shown in Figure 4c, photoirra-
diation of the open-ring form with 450 nm light produced equal
5 | amounts of A and B diastereomers in hexane. Any asymmetric
induction was not discerned. However, the production ratio of
the two diastereomers dramatically changed when a small
-10 i amount of THF was added to the hexane solution. Figure 6
300 400 500 600 700 shows the HPLC of the photoirradiated sample with 450 nm
Wavelength (nm) light in a mixed solvent of hexane and THF (80.8:19.2 in volume
Figure 5. CD spectra ofl in hexane: A diastereomer—j, B ratio). The A diastereomer was predominantly produced, and
diastereomer (- - -), and open-ring form+-) at 23°C. the diastereomeric excess was as large as 62.8%.

. i ) The diastereomeric excess value depended on solvent polarity.
open-ring isomers again converted to the closed-ring forms. The percentage diastereomeric excess (% de) increased with the
conversion was 42.5% in the photostationary state in both casesjncreasing solvent polarity. The ratio of two diastereomers was

Contribution of the two diastereomers A and B to the spectral measured in mixed solvents of hexane and THF and also in
change shown in Figure 3a was examined by HPLC. Figure 4 ,,re penzene and toluene. Figure 7 shows the relationship
shows the HPLC chromatograms monitored at 475 nm of the panveen % de anB(30). Below arE+(30) of 30.9, asymmetric
A isomer samples before (a) and after (b) irradiation with 570 j,qyction was not observed. The % de sharply increases above
nm light and after (c) irradiation with 450 nm light. The solid Er(30) of 30.9 and shows saturation above 33. The cyclization
line absorption shown in Figure 3a is purely due to the A quantum yield was also depended on the solvent poltrity.
diastereomer. On the other hand, the absorption after irradiationhigh yield of 0.23 in hexaneE(30) = 30.9) decreased to 0.056
of the open-ring form with 450 nm light is due to the mixture i, toluene Er(30) = 33.9).
of A and B diastereomers. In the photostationary state under Figure 8 shows the temperature dependence of % de in
ir_radiation with 450 nm light in hexane, the ratio of A to B toluene. In toluene, the % de was found to increase at lower
dlastereomers was 1:1: . . temperatures. At40°C, a % devalue as high as 86.6% was

F'gur‘? 5 shows the _cwcular dlchr0|sm_(CD) spectra ofthe A ghserved. The asymmetric photocyclization in the photosta-
and B diastereomers in hexane. Nega“Ye and positive C_Ottontionary state by irradiation with 450 nm light was confirmed
effects were observed for the A and B isomers, res_;pec_nvely. by using pure A and B diastereomers as the starting compound
The two CD spectra have the same band shape but with different,; 23°C, as shown in Figure 9. In these photoreactions, after

signs. Both have intense peaks at 537, 382, and 327 nm. Theyg min of irradiation, the diastereomeric excess reached the
specific rotation §]%%33 of the A isomer in hexane wak130Q photostationary value of 72.2% de.

and :Eat of thiB. |(sjomedr v(v:a[;slSOO’.t The o_lE)ﬁn-rmg f_grm hf?. The asymmetric cyclization reaction was observed in slight-
a rg) erfv;/hea induce ; §pre]c rum. e;steﬁ(go'c_lfﬁa'on ly polar (or polarizable solvents when an optically active
[0]*%ss of the open-ring form in hexane was a - 1he menthyl substituent was introduced to the diarylethene. The

large specific rotation of the closed-fing forms IS t_)ased on their asymmetric induction was not discerned in nonpolar hexane
molecular asymmetric structure. The large specific rotation was

detected at 633 nm, where the closed-ring form has no (16) Irie, M.; Sayo, K.J. Phys Chem 1992 96, 7671.
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energy curves of the twisted conformation is higher than the
energy curves of the planar conformations. Therefore, the
photoexcited compounds dominantly convert to the planar
- conformations. In this case, discrimination between A and B
diastereomer conformations is not attained because the excited
compounds can not recognize the barrier difference between A
7 and B conformations. In slightly polar solvents, on the other
hand, the potential energy curve of the twisted conformation is
lowered and starts to compete with the curves of the planar
conformations. When the energy curve of the twisted confor-
mation is located between the curves of the A and B conforma-
tions, as shown by the broken line of Figure 10, the cyclization
Figure 8. Temperature dependence of the percentage diastereomericreaction to B diastereomer is suppressed. During relaxation
excess (% de) of in toluene. from the Franck-Condon state to relaxed fluorescent states,
the excited molecule having the B conformation efficiently
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converts to the unreactive twisted conformation. The rate-
T ol = ] limiting step that determines the % de is the formation process
N P of the two conformer states. The subtle balance of the energy
§z /’ curves brings about the asymmetric induction and affects the
s 0rF N yield of the closed-ring forms. As already reporiéda
g ?/ dithienylmaleic anhydride derivative converts to the closed-ring
< S0, b form much faster €10 ps) than the main fluorescence life-
¥ time (365 ps, 98%). The present diarylmaleimide derivative
-100 ' L ! also has a similar lifetime of 554 ps in toluene. This
0 05 1 . L5 2 fluorescence is considered to emit from one of the relaxed
Time(h) fluorescent states, which does not directly correlate to the

Figure 9. Diastereomeric excess (% de) of samples irradiated with cyclization reaction.

450 nm light in toluene at 23C (1.5 x 10°* M): (@) starting from In order to know the energy barrier difference in the

pure A diastereomer()) starting from pure B diastereomer. photoexcited state between A and B diastereomer formation,

. . . . the temperature dependence of % de in toluene was analyzed.

solution. Thus, the solvent polarity plays an important role in he quantum yields of formation of the A and B diastereomers,

the asymrr_letnc induction. _ _ ¢a and ¢p, are the function okyn, ka, andks, wherekyn, Ka,
Mechamsm of the Asymmemc Inducthn. To reyeal the. andkg are the rate constants of decays from the Fra@&ndon

asymmetric induction mechanism, we first examined which gtate through unreactive channels and formation of A and B

electronic state, ground or excited, contributes to the discrimina- diastereomers, respectively.

tion. The CD spectrum of the open-ring form was measured

in hexane, hexane/THF mixture, and toluene. Any detectable k
difference was not observed. This indicates that in the ground dp= — A Q)
state the solvent polarity does not affect the conformation of kit ka T kg
the open form. The right- and left-helical conformations are
considered to be in equilibrium, and the relative population of bg = ke )
the two conformations is equal even if the solvent polarity is Bk, T ky + kg
changed. This was also confirmed by NMR measurements.
Signal Spllttlng, Wh|Ch iS attributable to ﬁxation Of the Confor' The product ratio Of A and B diastereomers in the photosta_
mation of the aryl groups, was not detected. These resultstionary state, [A]/[B], is expressed as follows
indicate that the ground state conformation is not responsible
for the asymmetric induction. R
When the compound was photoexcited to the first excited K
singlet state, the compound can take two conformations, planar ﬂ = Poa = % = A ©)
and twisted, as reported previou$iyand shown in Figure 10. [B] ¢ge, #s ks
The photocyclization reaction can proceed only form the planar ﬁ

conformation. In polar solvents photoexcitation brings about

aninwalecar lcton ansir (TICT) VM he GONOTDENZO" et ¢ s, e ar th quantm e of g openg

substitFl)Jted male?mide moietv. and the chgr o-se argte)(; Olar_reaction of diastereomers and the absorption coefficients of the
Y: 9 P P open-ring form and the A and B diasteromers, respectively.

ized state prefers the twisted conforma.tlon. The photogycllzathn From the transition state theory, the rate constant is expressed
reaction can not proceed from the twisted conformation. This

mechanism explains the low cyclization quantum yield in polar by eq 4.
solvents'® . .

In both planar and twisted conformations, diastereomeric Rzk—Tex;{— Mt] =k—Tex;{— AGT (4)
right- and left-helical conformations coexist. The potential h RT h RT

energies of the two conformer are, however, considered to be N o
slightly different as shown in Figure 10. This potential energy ~ AH* and AS' stand for activation enthalpy and entropy,
difference can explain the solvent polarity dependence of the respectively. The ratitia/kg is expressed as follows
asymmetric induction as follows. In a nonpolar hexane solution, ~~(17) Miyasaka, H.; Araki, K.; Tabata, A.; Nobuto, T.; Mataga, N.; Irie,
intramolecular charge transfer hardly occurs and the potential M. Chem Phys Lett 1994 230, 249.
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Figure 12. Reversible ellipticity change df in toluene (1.2x 10°*
M) at 23 °C by alternate irradiation with 450 nm light arre670 nm
light: monitoring wavelength, 540 nm.

The slope and intercept of Figure 11 gave the valuesHf*
— AHA¥ = 2.5 kcal mott andASs* — ASy* = —5.0 cal mot?
degl.

The activation entropy difference of the A isomer is larger rjyorescence lifetimes were measured with a time-resolved spectro-
than and the activation enthalpy difference of A isomer is fluorometer (Hamamatsu, C47803H NMR spectra were recorded on
smaller than those of B isomer. Both entropy and enthalpy JEOL-EX 270 (270 MHz) and Gemini 200 (200 MHz) spectrometers.
difference values indicate that the activation free energy The signals were expressed as ppm downfield from tetramethylsilane,
difference of A isomer is smaller than that of B isomer &ad used as an internal standar\value). Mass spectra were taken with
is larger thanks. In the temperature range examined, the @ LUCY (version 2.22) mass spectrometer. Circular dichroism was

diastereodifferentiating photocyclization is mainly controlled by Measured with a JASCO J-720S spectrometer. The optical rotation
the activation enthalpy. was measured using a Union GIKEN PM-101 (633 nm light) pola-

. . . rimeter. The samples were not degassed. Optical purity of compounds
For compound, in which ad-menthyl group was substituted was checked by chiral column (Daicel Chiralcel OD). A silica gel

instead of anl-menthyl group, the B diastereomer became .,;;mn (wakosil 5SIL, Wako) was used to analyze diastereomers.
dominant and the other kinetic parameters were the same. Thisyp| ¢ was performed on a Shimadzu LC-6AD liquid chromatography
is another evidence that the optical active substituent is coupled with a Shimadzu SPD-10AV spectrophotometeric detector.
responsible to the asymmetric induction. Materials. 2-(2-Methylbenzdjjthiophen-3-yl)-3-(2-menthoxyben-

In toluene at 23C, the reversible circular dichroism changes zo[bJthiophen-3-yl)maleimide 1) and 2-(2-methylbenzb]thiophen-
of the photocyclization reaction were clearly observed as shown 3-Y1)-3-(2-d-menthoxybenzdfthiophen-3-yl)maleimide2) were syn-
in Figure 12. Upon alternating irradiation with 450 an&70 thesized according to the following reaction route (Scheme 1).
nm light, the ellipticity reversibly changed. This is due to 2-lodobenzdj]thiophene B8) was prepared by the literature methéd.

g . . 2--Menthoxybenzop]thiophene (4). A solution of I-menthol
the difference in [AJ/[B] at the photostationary state by (16.01 g) in 2,4,6-trimethylpyridine (20 mL) was added to sodium

irradiation with 450 nm. The diffe_rt_ent A/B_ ratio can be detected (1.841 g). The solution was then stirred at 80 until the sodium
not only by CD but also by specific rotation. This means that issoved. This solution was added to copper(l) iodide (1.647 g) and
this system can be potentially useful for nondestructive readout 2.jpdobenzdjjthiophene 8, 5.0 g), and the reaction mixture was stirred
optical memory. At present, the problem is a rather small for 24 h at 110°C. The copper was separated by filtration, and the
change in the value due to low conversionl0%) in polar filtrate was treated with 10% sodium thiosulfate solution. The product

solvents. was extracted with ether from the reaction mixture, and the extracts
were dried over sodium sulfate. The solvent was removed, and the
Experimental Section residue was purified by a column chromatography to give 27 %

o ... yield: mp 104-105 °C; *H NMR (270 MHz, CDC}) 6 0.82-1.76
General. Solvents used were spectrograde and purified by distil- (m, 16H), 2.22 (m, 2H), 2.30 (m, 1H), 4.03 (dt= 4.3, 10.6 Hz, 1H)
lation before use. Absorption spectra were measured with an absorption 6’9 (s 1H) 7 1£’7 28’(rﬁ 2H) '7 50’ ((le _ 1(’) 6 Hz 1|;|) 7 ég (d’
spectrophotometer (Hitachi, U-3410). A mercury lamp (Ushio, 500 ;_7 9’Hz iH)- MS vz (M'+) 28'8 (MF — CioHig) 150' Anél Calcd,
W) and a xenon lamp (Ushio, 1 kW) were used as the light sources. ¢/ ~ \ <. 'c 74.95- H 8.38. Found: C. 75.05 H. 8.41
Monochromic light was obtained by passing the light through a Toshiba O Maghadds: &, 855, 1, .99, Found: &, fo.05, 1, 842
cutoff filter (UV-35) and interference filters (KL-45 and KL-57). (18) Gaertner, RJ. Am Chem Soc 1952 74, 4950.
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Scheme 1
Na, ROH, (COC).
@\ Cu(l)l @ (NHoCH,CN),H,S0,
S | y-collidine s” OR CHCl,
3 4,5
4: R=/- menthyl
5: R=d-menthyl
O (e}
~ CN
N CN
O e — (
s” OR
6,7
6: R=/- menthyl
7: R=d-menthyl
CH,COOH
1a: R=/- menthyl
Q——g\ M 2a: R=d-menthyl
S~ Me
8

2-Menthoxy-3-(N-(cyanomethyl)oxamoyl)benzdj]thiophene (6).
A solution of sodium aminoacetonitrile (0.733 g) and triethylamine
(2.0 mL) in dichloroethane (15 mL) was refluxed for 3 h. A
1,2-dichloroethane (15 mL) solution 4f(0.500 g) was added dropwise
to oxalyl chloride (0.325 g), and the solution was stirred3d at 70
°C. The acid chloride solution was added dropwise to the amino-
acetonitrile solution at room temperature. The mixture was stirred for

J. Am. Chem. Soc., Vol. 119, No. 26, a®Rr

2 h at room temperature and refluxed for 1 h. The solvent and excess
oxalyl chloride were removed in vacuo, and the residue was dissolved
in 1,2-dichloroethane (25 mL). The acid chloride solution was added
dropwise to a 1,2-dichloroethane (25 mL) solution containinly 2-
menthoxy-3-N-(cyanomethyl)oxamoyl)benzgthiophene 6, 1.365 g)
and triethylamine (15 mL). The solution was stirred for 48 h at room
temperature. The reaction mixture was pouread iitM HCI, the
product was extracted with chloroform, and the extracts were dried
over sodium sulfate. The solvent was removed, and the residue was
purified by column chromatography to give compouhdn 71 %
yield: mp 103-104°C; *H NMR (270 MHz) 6 0.55-2.41 (m, 21H),
3.62-3.74 (s, 1H), 4.51 (s, 2H), 6.88.63 (m, 8H); MSm/z (M* —
CioH19) 430. Anal. Calcd for @H3,0sN.S;: C, 69.69; H, 5.67; N,
4.93. Found: C, 69.85; H, 6.05; N, 4.94.

Closed form (A) for 1: *H NMR (270 MHz, CDC}) 6 0.68-1.67
(m, 16H), 2.03 (s, 3H), 2.282.38 (m, 2H), 4.18-4.23 (m, 1H), 4.60
(s, 2H), 7.15-7.39 (m, 2H), 7.5%7.54 (m, 1H), 7.6%7.71 (m, H),
9.15-9.25 (m, 2H); f]%%33 = +1300.

Closed form (B) for 1: 'H NMR (270 MHz, CDC}) 6 0.67-1.67
(m, 16H), 2.03 (s, 3H), 2.282.40 (m, 2H), 4.1#4.23 (m, 1H), 4.60
(s, 2H), 7.15-7.39 (m, 2H), 7.527.55 (m, 1H), 7.687.72 (m, 1H),
9.17-9.24 (m, 2H); p]%%3s3 = —1300.

2-d-Menthoxybenzop]thiophene (5). The synthetic procedure was
the same as that f@rexceptd-menthol was used instead lementhol.
For 5. mp 104-105°C; *H NMR (270 MHz, CDC}) 6 0.82-1.74
(m, 16H), 2.22 (m, 1H), 2.26 (m, 1H), 4.03 (dt= 4.1, 10.0 Hz, 1H),
6.38 (s, 1H), 7.137.29 (m, 2H), 7.477.61 (m,J = 10.6 Hz, 2H).
Anal. Calcd for GgH240S: C, 74.95; H, 8.39. Found: C, 74.72; H,
8.34.

2-d-Menthoxy-3-(N-(cyanomethyl)oxamoyl)benzdj]thiophene (7).

12 h at room temperature. The reaction mixture was poured into 1 M The synthetic procedure was the same as thatéf@xcept 2¢-

hydrochloric acid, the products were extracted with chloroform, and

menthoxybenzdjthiophene was used instead of-Paenthoxybenzo-

the extracts were dried over sodium sulfate. The solvent was removed,[blthiophene. Foi7: mp 141-142°C; *H NMR (270 MHz, CDC})

and the residue was purified by a column chromatography to@ine
92 % yield: mp 141142°C; *H NMR (270 MHz, CDC}) 6 0.82—
2.27 (m, 18H), 3.994.35 (m, 3H), 6.977.51 (m, 4H), 8.048.21
(m, 1H). Anal. Calcd for @H2603N.S: C, 66.30; H, 6.58; N, 7.03.
Found: C, 66.27; H, 6.63; N, 7.01.
2-Methyl-3-benzdj]thienylacetic acid §) was prepared according
to the procedure described befdfe.
3-(2-Methyl-3-benzop]thienyl)-4-(2-I-menthyl-3-benzop]thienyl)-
N-(cyanomethyl)maleimide (1). A solution of 2-methyl-3-benzbj-
thienylacetic acid § (0.922 g) in dry benzene (40 mL) was added
dropwise to oxalyl chloride (1.422 g), and the solution was stirred for

(19) Uchida, K.; Nakayama, Y.; Irie, MBull. Chem Soc Jpn 199Q
63, 1311.

6 0.80-1.80 (m, 16H), 2.042.27 (m, 2H), 3.99-4.05 (m, 3H), 6.87
6.90 (m, 1H), 7.26-7.41 (m, 2H), 7.53-7.57 (m, 1H), 8.228.25 (m,
1H). Anal. Calcd for G:H2603N.S: C, 66.30; H, 6.58; N, 7.03.
Found: C, 66.25; H, 6.60; N, 6.96.

3-(2-Methyl-3-benzop]thienyl)-4-(2-d-menthyl-3-benzop]thienyl)-
N-(cyanomethyl)maleimide (2). The synthetic procedure was the same
for 1 except 2d-menthoxy-3-N-(cyanomethyl)oxamoyl)benzof
thiophene was used instead ofl-Bhenthoxy-3-N-(cyanomethyl)-
oxamoyl)benzdjjthiophene. Fo2: mp 103-104°C; *H NMR (270
MHz, CDCk) ¢ 0.63—-2.56 (m, 21H), 3.653.82 (m, 1H), 4.60 (s, 1H),
6.94-7.72 (m, 8H). Anal. Anal. Calcd for £H3,0:N,S;: C, 69.69;
H, 5.67; N, 4.93. Found: C, 69.74; H, 5.87; N, 4.64.
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