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Abstract: Diarylethenes having thiazole rings, 1,2-bis(thiazol-4'-yl)perfluorocyclopentenes and 1,2-bis(thiazol-5'"-

yDperfluorocyclopentenes, were synthesized. The binding positions of the thiazole rings to the perfluorocyclopentene moiety strongly

affected the absorption spectra. The absorption maxima of the open- and closed-ring forms of 1,2-bis(5'-methyl-2'-phenylthiazol-4'-

yhperfluorocyclopentene were observed at 300 nm and 525 nm, respectively, while the maxima of 1,2-bis(4'-methyi-2"-phenylthiazol-
5'-yl)perfluorocyciopentene shifted to 363 nm (open-ring form) and 406 nm (closed-ring form).
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INTRODUCTION

There has been considerable interest in the synthesis of new photochromic compounds for photonics
device. VY We have so far synthesized various kinds of diarylethenes that undergo reversible photocyclization
reactions.? Theoretical consideration based on a molecular orbital theory revealed that the thermal stability of
s is attained by introducing aryl groups, which have low aromatic stabilization

lization energy, the closed-ring forms are thermally stable and don't return to the open-ring forms in the dark. On
the other hand, photogenerated closed-ring forms of diarylethenes with phenyl or indole rings, which have rather
high aromatic stabilization energy, are thermally unstable.

In this paper, we report on the photochromic properties of bis(thiazolyl)perfluorocyclopentene deriva-
tives (1)-(5), and the effects of the binding position of the thiazole rings to the perfluorocyclopentene moiety on
the absorption spectra (Scheme 1). Thiazole is a heterocyclic ring which has low aromatic stabilization energy.
The diarylethenes having thiazole rings are expected to undergo thermally irreversible photochromic reactions.
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Synthesis and Photochromic Properties of 1,2-Bis(thiazol-4'-yl)perfluorocyciopentene Derivatives:

1,2-Bis(5'-ethoxy-2'-methyithiazol-4'-yl)perfluorocyciopentene ia and 1,2-bis(5'-methyl-2'-
phenylthiazol-4'-yl)perfluorocyclopentene 2a were prepared by addition elimination reactions of
perfluorocyclopentene with appropriate 2-lithiothiazoles as illustrated in Scheme 2. Ethoxy substituents were
introduced at 5' positions of the thiazole rings of 1a to increase the reactivity at 5' positions. Figure 1 shows the
absorption spectral change of a hexane solution of 1a ( /l .. 323 nm) by irradiation with ultraviolet (334 nm)
light. Upon irradiation the absorption at 323 nm decreased and the colorless hexane solution changed to a red

solution. in which a visible absorntion was observed at 474 nm. Figure 2 shows the Sp ral chanee of a hexane
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under above irradiation conditions were 0.87 and 0.97 for 1b and 2b, respectively.

Upon visible light irradiation ( A >400 nm) the red color disappeared and the absorption bands at 323
nm (1a) and 300 nm (2a) of the open-ring forms were restored. The coefficient € at the absorption maximum of
2b (525 nm) was 1.0 x 10* M cm™' and that of 1b (474 nm) was 4.7 x 10* M*cm™. The & of 2b is twice as large
as that of 1b. Introduction of phenyl groups at 2'-positions to the thiazole rings of 1,2-bis(thiazol-4'-
yl)perfluorocyclopentene derivatives is effective to increase the absorption coefficient, which is similar as ob-

served for 1.2-bis(th !o phen-3'-yl)perfluorocyclopentene derivatives. 9 The phenyl substituent was also effective
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o shift the absorption band of the closed-ring form to a longcr wavelength.
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I'lgl.l]'Cb 3a and 3b sh
with 313 nm light. Before irradiation, a Me-Ar signal was observed at 2.10 ppm. After UV irradiation, a new
signal appeared at 2.03 ppm along with the decrease of the original signal intensity. The fact that only one
methyl signal appeared at a higher field after photoirradiation indicates that the closed-ring form has a single

structure with two methyl groups in the trans position, that is predicted theoretically.”
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Figure 2.  Absorption spectra of 2a ( ), 2b (— ——), and in the photostationary state (--.----~) under
irradiation with 313 nm light in hexane.
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Figure 3. NMR spectra (300 MHz) of 2 in CDCl.: (a) before irradiation; (b) in the photostationary state under
irradiation with UV light (300 < A < 380 nm).
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Synthesis and Photochromic Properties of 1,2-Bis(thiazol-5"-yl)perfluorocyclopentene Derivatives:
1,2-Bis(2',4'-dimethylthiazol-5'-yl)perfluorocyclopentene 3a, 1,2-bis(4'-methyl-2'-phenylthiazol-5'-
yl)perfluorocyclopentene 4a, and 1,2-bis[2‘-(p-methoxyphenyl) 4'-methylthiazol-5'-yl]perfluorocyclopentene Sa

were synthesized by the similar method used for 1,2-bis(thiazol-4'-yl)perfluo orocyclopentenes as illustrated in
Scheme 2. Although compound 4a has al eady been synthesized by Tanaka and his co-workers'®, the detailed
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Figure 4.  Absorption spectra of 3a (
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Figure 5. Absorption spectra of 4a (
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irradiation with 366 nm light in hexane.

photochromic behavior has not yet been revealed. The spectral changes of hexane solutions of 3a ( A max 320
nm), 4a ( A __ 363 nm), and 5a ( A __ 380 nm) are shown in Figs. 4, 5, and 6. Upon irradiation with 366 nm
light the hexane solution turned yellow. The photogenerated yellow closed-ring forms have their absorption
maxima at 391 nm (3b), 406 nm (4b), and 402 nm (5b), respectively. The conversions to their closed-ring forms

in the photostationary states under 366 nm light irradiation were determined to be 0.48 (3b), 0.73 (4b) and 0.68

oby.

1

scribed in the introductory part, diaryethenes having aryl groups with low aromatic stabilization energy undergo
thermally irreversible photochromic reactions. This predicts that the photogenerated ciosed-ring forms 3b, 4b,
and 5b are thermally stable and hardly return to the open-ring forms. As expected, the photogenerated closed-
ring forms were stable and keep the absorption intensity constant for more than 40 h at 70°C. Upon irradiation
with visible light (A > 400 nm) the yellow solutions became colorless and the initial absorptions were restored.

As can be seen from the solid line spectra in Figs. 4, 5, and 6, the absorption maxima of the open-ring
ms of the derivatives shift to longer wavelengths from 320 nm (3a) to 380 nm (5a) and the absorption coeffi-

cients & increase from 1.0 x 10* M'cm™”(3a) to 2.4 x 10* M cm™ (Sa) with an extension of 7T -conjugation

length of the substituents on the 2'-positions of thiazole rings.

epa A s o STIASA A L0

On the OUICI nana the aosorpuon maxima of the (JObC(J-I'll’lg forms were not aff
p-methoxyphenyl substitutions. The different substitution effect of the phenyi groups to
the closed- and open-ring forms is explained as follows. In the open-ring forms, the phenyl and p-methoxyphenyl
substituents are in the 7T -conjugation chain extending throughout the molecule, while in the closed-ring forms

he absorption spectra of

the 7T -electrons in the central hexadiene structure have no significant interaction with those of the side arm
phenyl groups. It is inferred from our previous results that sulfur lone pairs and sp* carbons that were produced
by ring-closure reaction disconnect the 7T -conjugation. Table 1 summarized the absorption maxima and the
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coefficients of these derivatives.

Effect of Binding Positions of the Thiazolyl Groups to the Perfluorocyclopentene Moiety:
In order to know the effect of binding position of the thiazole ring to the perfluorocyclopentene moiety,

,,,,,,, o i

photochromic behavior of compounds 2 and 4. that have same nhenvl substituents at 2'-nositions of thiazale
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tions, the maximum of the closed-ring form 4b ( A 406 nm) shifted to a shorter wavelength in comparison
with the ciosed form Zb (A ___ 525 nm), in which the thiazolyl groups were bound at 4'-positions. The blue shift
observed for 4b suggests that the 7T -electrons in the central hexadiene structure have no significant interaction
with those of the side arm phenyl groups.' In 2b, 7T -conjugation is extended to the phenyl substituents. This
explains the longer absorption band of 2b.

The open-form 4a, on the other hand, gave an absorption band at a longer wavelength compared with
2a. The 7T -conjugation in the open-ring form 4a extends throughout the molecule, while in 2a the 77 -electrons
in the central hexatriene structure have no significant interaction with those of the side arm phenyl groups.

The quantum yields of cyclization and ring-opening reactions of 1-5 were measured in hexane solution
at room temperature. Mercury lines and the light from Xe lamp, which were isolated with a monochrometer,

were used to induce the reactions. The results are summarized in Table 1.

Table 1. Absorption maxima and their coefficients of the open-ring and closed-ring forms of bis(thiazolyl)ethenes,
and quantum yields of cyclization and ring-opening reactions in hexane.

1 -1 -1 ~1
xau / nm (Emu / M ) q)a—ﬂv 7\'mm( / nm (Emax / M cm ) q)b%i

1a 323 (8.5 X 10°) 0.14 ( 366 nm ) 1h 474 (4.7 x 10% 0.04 ( 492 nm )
L Gl A AV v.afs SOV RIL aAR? Ul SR AN VUS54 DI

2a 300 (2.4 x 109 032¢(313am) 2b 525 (1.0 % 109 0.02 (492 gm)
TRV Vel \ 1 Kk -y SLI kAN AV VeVk \ oL aall g

1a 2 (1 0w 1M N 16 ( 266 nm ) 3h 201 (7.0 ¥ 108 NO7(420 nm )
Ja PEAAC R R A V.1V { JUV 1KLL v TGIRNTW ALV VeV i | T&U LR
4a 363 (2.1 x 104 022(366nm)  4b 406 (7.0 X 10°) 0.01 (420 nm )
[ 22N /) Ay 10 110 ¢ 2RA nm ) Sh AN (7 T v 103 NN 4 AU nm )
Ja SOV LT ALY Vel 7 { JUU LI I TUL 7.1 N LY V.U TV L

In order to shed light on the effect of binding positions of the thiazolyl groups to the perfluorocyclopentene
moiety on the quantum yields, the yields of 2 and 4 were compared. The cyclization quantum yield of 2a is 0.32,
while that of 4a is 0.22, The structure of 2a, in which the thiazolyl groups are bound at 4'-positions to the

perfluorocyclopentene moiety, is favorable for the cyclization reaction. In the structure, the 5 position to S atom
Potho thiooole o fo hound to serfliorsevelorantane masiats 1 2 Bicr Al dimethyl-5! Amulthinahan 2
l 1 1€ UHaZ0IC Tig lb DOUILIU W pelliuvivLyLlupeaicue vl Cl.y 1,4~ le\L i ~Qimc l i- 'pllC yiunopici-o -
yi)perfiuorocyciopentene, in which O position to S atom in the thiophene ring is bound to perfiuorocyciopentene
moiety, is known to have a very high quantum yield of cyclization reaction (0.46). 'V The reactivity difference of
2a and 4a is considered to reflect the difference of the electron density in the reactive carbon and the conforma-
tion of the thiazole ring in the open-ring forms. The ring-opening quantum yields of 2b and 4b are 0.02 and 0.01,
respectively. These values are similar to those of dithienylethene derivatives.”

Next, the quantum yields of 3, 4, and 5 were compared to reveal the substituent effect on the thiazole
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ring. The cyclization quantum yield were affected by the phenyl and p-methoxyphenyl substitutions. The quan-
tum yields of 3a and 4a are 0.16 and 0.22, respectively. Introduction of phenyl groups to the thiazole rings
increased the yield. However, introduction of methoxy groups to the p-positions of the phenyl substituents re-
duced the yield (Sa, ®__, = 0.19). The ring-opening quantum yield was also dependent on the aryl substituents.

Introduction of phenyl o methoxvphcn yl groups at the 2'- positions of the thiazole rings decreased the ring-
onenine auantum vield from 0 (1‘\\ 0.01(4h) and 0.02(5h)
opening quantum yield from b) to 0.01(4b) and 0.02(5b).

Fatigue Resisiant Property:

Fatigue resistance, i.e., how many times photo-cyclization and ring-opening reaction cycles can be
repeated without loss of performance, is an important photochromic property.'? Hexane solutions of compounds
2,3, and 4 (in thin cells with light pass length of 2 mm) were irradiated alternatively with 366 nm light for 45 s
and visible light ( A > 420 nm) for 60 s in the presence of air. The irradiation times, 45 s and 60 s, were long
enough for these compounds to convert to the photostationary state and to the complete photobleached state,
respectively. Figure 7 shows the results. The absorptlon mtensnty at the wavelengths of their /l . in closed-ring

forms remain

forms remained constant even after 3400 photo- opening r n This indicates that th
hiacfthiaraloNnarfliuarn~volanantanas haya o fatinna rogigtant nranoarty irragnantiva ~f tha ciihotitiitiam sacitinm ~F
um\uucu.ux l}l’Clllu lUbyblUPClllCllCB Havue a 1ausuu 1CaIdLAaliL Pl\)})hl l.y IIIED}JU\-UVC UL I SUUDLILULILUL PUBILIU 1 UL
the thiazole rings to the perfluorocyclopentene moiety. Thiazole rings are useful for constructions of fatigue

resistant and thermally irreversible photochromic diarylethenes.
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Figure 7.  Fatigue resistant property of 2a (—0O—), 3a (—&—), and 4a ( —{3—
presence of air. Initial absorbance of the samples was fixed to 0.3.

erties of 1,2-bis(thiazol-4'-yl)perfluorocyclopentenes and 1,2-bis(thiazol-5'-yl)perfluorocyclopentene. The
binding positions of the thiazole rings to the perfluorocyciopentene moiety strongly affected the absorption
spectra. When the thiazole ring was substituted at 5'-position, the maximum of the closed-ring form shifted to

shorter wavelength in comparison with the bis(thiazol-4'-yl)perfluorocyclopentenes.
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EXPERIMENTAL SECTION

Compound 6a, 6b, 9a, and 9b were prepared according to literature methods. ' 'H NMR spectra
were recorded on a Varian Gemini-200 (200 MHz) spectrometer with CDCI, as the solvent and tetramethylsilane

as an internal standard. Mass spectra (EI, 75 eV) were measured with a JEOL JMS-01-SG-2 mass spectrometer.
The absorption spectra were recorded on a Hitachi U-3410 spectrophotometer. Photoirradiation was carried out
by using an USHIO 1000 W high-pressure mercury lamp and an USHIO 500 W Xe lamp as the exciting light

source. Mercury lines at 280, 313, 334, and 366 nm, and the light (420, 430, 492 nm) from Xe lamp were isolated
by passing the light through a monochrometer (Ritsu MC-10N). Quantum yields were determined by comparing
the reaction rates of the diarylethenes in hexane with that of 2-[1-(2,5-dimethyl-3-furyl)ethylidene]-3-
isopropylidenesuccinic anhydride (furyl fulgide) in toluene'®'® . The samples were not degassed. The concentra-
tions of the solutions were adjusted so that the absorbance at the irradiation wavelength is 0.60 for the ring-
closure reactions and less than 0.2 for the ring-opening reactions. For the ring-closure reactions, the absorption

increases of the closed-ring forms in the very initial isomerization step (I than ﬂ%\ where the chan

absorbed light intensi ty negligible (less than 4%), were followed to determine the quantum yields. The ring-
opemﬁg quantum yl s were measured from the dUbUTp tion decreases of the closed- fiﬁg : i
were carried always out more than 3 times and the average vaiues were shown in Tabie 1. The experimentai
errors among them were less than 10%.

Closed-ring forms were separated by HPLC in the dark in order to estimate the absorption coefficients.
After measurements of the absorption spectra of the closed-ring forms in hexane, the solutions were irradiated
with visible light to convert all of them to the open-ring forms. From the ratios of the absorbances of the closed-
ring forms and the open-ring forms, whose absorption coefficients were previously determined by normal method,

the absorption coefficients of the closed-ring forms were determined.

N-Bromosuccimide (4.0 g, 22.5 mmol) and benzoylperoxide (533 mg, 2.2 mmol) were added to a
stirred solution of 5-ethoxy-2-methyithiazoie (6a'¥, 2.00 g, 11.4 mmoi) in 50 mi of carbon tetrachioride. Afier
stirring for 24 h at ambient temperature, 10 ml of SN NaOH aqueous solution was added to quench the reaction.
The reaction mixture was extracted with chloroform (100 ml). The combined organic layer was extracted with
ethyl acetate. The organic layer was dried (MgSO,), filtered and evaporated in vacuo. The residue was distilled
under reduced pressure to give 3.31 g of 4-bromo-5-ethoxy-2-methylthiazole 7a in 75% yield.
7a: colorless oil; bp 150-151 °C / 38 mmHg; 'H NMR(CDCI,) 4 1.43 (t, 3H,CH ,-), 2.60 (s, 3H, ArMe), 4.13 (q,

2H, -CH, ) MS m/z (relatwe intensity), 223 (M*, *Br, 100), 222 (52.2), 221 (M*, ™Br, 87.8), 59 (85.8). Anal.
3: H, 3.60; N, 6.31. Found: C, 32.27; H, 3.76; N, 6.24.

n
a 9 Liy o7 1%, UJA. i 9 SShmodu ]y iy TPy AN,

To a dry THF solution (30 mi) of 3.0 g (13.5 mmol) of 4-bromo-5-ethoxy-2-methylthiazole (7a), 9.4 mi
(15.0 mmol) of n-BuLi hexane solution (1.6 N) was added to form 8a at -60°C under a nitrogen atmosphere.
After 45 min, 0.89 ml (6.9 mmol) of perfluorocyclopentene was added to the solution. After additional 30 min
stirring at the temperature, the reaction was allowed to stand at ambient temperature. Then, hydrochloric acid
was added. The reaction mixture was extracted with diethyl ether (30 ml x 3). The combined ether layer was
dried (MgSO,), filtered and evaporated in vacuo. The residue was purified by column chromatography on silica

N
o))

\
98]
19,1



6636 K. Uchida et al. / Tetrahedron 54 (1998) 6627-6638

gel (toluene / ethyl acetate = 1 / 19) to give 452 mg of 1,2-Bis(5'-ethoxy-2'-methylthiazol-4'-
yhperfluorocyclopentene 1a in 7.3 % yield. 4

1a: mp 147-147.5 °C; '"H NMR(CDCl,) J = 1.12 (t, 6H, Ar-O-CH ,-CH.), 2.62 (s, 6H, 2Ar-Me), 3.87 (q, 4H, Ar-
0-CH,-CH, ).; MS m/z (relative intensity) 458 (M*, 11.0), 413 (89.9), 59 (100). Anal. Caled for C H N F.O,S :
C, 44.53;: H,3.52; N, 6.11. Found: C, 44.27; H, 3.49; N, 6.19.

4-bromo-S-methyl-2-phenylthiazole (7b).

Bromine (0.44 ml, 10.2 mmol) was added to a stirred solution of 5-methyl-2-phenylthiazole (6b*?,
1.25 g, 4.92 mmoi) in 30 mi of carbon disuifide cooled on ice bath. After 72 h stirring at ambient temperature,
water was added to quench the reaction. The reaction mixture was extracted with chloroform (100 ml). The
combined organic layer was washed with sodium thiosulfate aqueous solution, dried (MgSO,), filtered and
evaporated in vacuo. The residue was purified by column chromatography on silica gel (hexane / ethyl acetate =
9/1) to give 600 mg of 4-bromo-5-methyl-2-phenylthiazole 7b in 48% yield.
7b: colorless oil; 'H NMR(CDCL,) § =2.49 (s, 3H, Ar-Me), 7.45 (m, 3H, Ph), 7.89 (m, 2H, Ph).; MS m/z
(relative intensity) 255 (M*, *'Br, 100), 254 (53.3), 253 (M*, ™Br, 94.1). Anal. Calcd for C, HNSBr: C, 47.24; H,

und: (° A7977-H 2R <1720
. ikl

g LRy Tk, 1‘, TakaZ

ui;izﬁi-“.'-y. jperfluorocyclopentene (2a).

ml (2.8 mmol) of n-BuLi hexane solution (1.6 N) was added at -60°C under a nitrogen atmosphere. After 45 min
stirring, 0.16 ml (1.2 mmol) of perfluorocyclopentene was added to the solution. After additional 3h stirring at
the temperature, the reaction mixture was allowed to stand at ambient temperature. Then, hydrochloric acid was
added. The reaction mixture was extracted with diethyl ether (30 ml x 3). The combined ether layer was dried
(MgSO0,), filtered and evaporated in vacuo. The residue was purified by column chromatography on silica gel
(hexane / ethyl acetate = 9/ 1) to give 30 mg of 1,2-Bis(5'-methyl-2'-phenylthiazol-4'-yl)perfluorocyclopentene
2a in 5% yield.

%as rnlarloce nriemer mn 14AR.1SO0°C T NMR/OCDCIY S =165.202¢(c AH 27Ma) 745_700(m 10U r)
&as CUIULIUSS PHISINS, P 150=1JU vy 1 INVAR L UL, ) U = 1000 = 40U (9, UL, &iVaby, 7.590 .77 (M, 1ULL, fad ).
s RAC __f_ F__ 1. _ac_. s N AEe TTEON EQMNMN Aannl CAl A fae ™ 1T N RCQ .M CTA7.LT 2070 £ 28
5 VIO I/ \l 1 1, /J.7}, 27 (1VV). AAlldi. wallAd 101 \/Bnl(’l‘zrs\),- /.97, 11, O.U/, 1IN, J.00

5-bromo-2 4-d|methylth1azole (10a).

Bromine (4.4 ml, 102 mmol) was added to a stirred solution of 2,4-dimethylthiazole (9a', 9.66 g, 85.3
mmol) in 80 m! of carbon disulfide cooled on ice bath. After 48 h stirring at ambient temperature, water was
added to quench the reaction. The reaction mixture was extracted with chloroform (100 ml). The combined
organic layer was washed with sodium thiosulfate aqueous solution, dried (MgSO,), filtered and evaporated in
vacuo. The residue was distilled under reduced pressure to give 7.64 g of 5-bromo-2,4-dimethylthiazole 10a in
47% yield.

1o ol Toee 31l 10N Y /10N mcn LT o ILTNMB/OTYCTY S 29 22 /e 21T Ae Mal D &1 e 2H Ar NMa) - MAC
1va. COI0TICSS Olt, P 1UU U/ LUV HHHTLE, TTINIVIR(LLCL ) U =000 (9, 211, NdEVIL ), £.01 (9, JiL, AdTVILV)., V1O

Fate ] 81'\ el AW L 7 A __ 1 1 3 O Y TY RTT Y e
m/z (I'Cla'[lVC lﬂtCﬂSlty) 193 ( T, DI, nai. Laica 1or « NDID: U,

1
31.25; H, 3.13; N, 7.29. Found: C, 31.25; H, 3.23;
1,2-Bis(2',4'-dimethylthiazol-5'-yl)perfluorocyclopentene (3a).
To a solution of 1.0 g(5.2 mmol) of 5-bromo-2,4-dimethylthiazole (10a) in 30 ml of dry THF, 3.7 ml
(5.9 mmol) of n-BuLi hexane solution (1.6 N) was added at -60°C under a nitrogen atmosphere. After 1h stirring,
0.35 ml (2.7 mmol) of perfluorocyclopentene was added to the solution. After additional 3 h stirring at -60°C, the
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reaction was allowed to ambient temperature then hydrochloric acid was added. The reaction mixture was ex-
tracted with diethyl ether (30 ml x 3). The combined ether layer was dried (MgSO,), filtered and evaporated in
vacuo. The residue was purified by column chromatography on silica gel (hexane / ethyl acetate = 4 / 1) to give
125 mg of 1,2-Bis(2',4'-dimethylthiazol-5'"-yl)perfluorocyclopentene 3a in 12% yield.

3a: pale yellow prisms; mp 80-81 °C; 'H NMR(CDCL,) & = 1.65 - 2.13 (s, 6H, 2Me), 2.70 (s, 6H, 2Me).; MS m/
z (relative intensity) 398 (M", 88.9), 324 (100). Anal. Calcd for C H_NF,S,: C, 45.16; H, 3.01; N, 7.02. Found

2-phenyi-5-bromo-4-methylthiazoie (10b).

Bromination of 9b'%'" (1.19 g, 6.8 mmol) was carried out by a similar procedure as used for 10a. The
crude product was purified by column chromatography on silica gel (ethyl acetate) to give 1.41 g of 2-phenyl-5-
bromo-4-methylthiazole 10b in 82% yield.
10b: colorless prisms; mp 60-61 °C; 'H NMR(CDCL,) 0 =2.44 (s, 3H, Ar-Me), 7.40-7.56 (m, 5H, Ph).; MS m/
z (relative intensity) 255 (M*, *'Br, 89.7), 253 (M*, "Br, 100), 175 (84.8). Anal. Calcd for C._ H NBrS: C, 47.24;
H, 3.15; N, 5.51. Found: C, 47.37; H, 3.28; N, 5.46.

1,2-Bis(4'-methyl-2'-phenylthiazol-5'-yl)perfluorocyclopentene (4a).
o rrrmmnnad A RremaTe £ s [, o S| | SO wnn bl inrns
This wmpuunu was plcpdxcu fr f 2-phenyl-5-bi thiazol b)

yl)perﬂuorocyclopentene 4a was obtained in 38% yield.
4a: mp 107-109 °C; 'H NMR(CDCL,) & = 1.59 - 2.13 (s, 6H, 2Me), 7.44 - 7.96 (m, 10H, Ar).; MS m/z (relative
intensity) 522 (M?, 88.1), 386 (42.4), 59 (100). Anal. Calcd for C,.H N.F.S,: C, 57.47; H, 3.07; N, 5.36. Found:
C,57.51; H, 3.02; N, 5.28.
2-(p-methoxyphenyl)-4-methylithiazole (9¢).

2-(p-methoxyphenyl)-4-methylthiazole (9¢) was synthesized from 5.0 g of benzamide (33 mmol) by

same nrocedure as used for 9a. The obtained crude nrndu(‘f was distilled under reduced pressure to give 236¢g

ST pPRUSARLE S 2LA2 LR RNAL LAl as UIxl ull 1

c: bp 168-170 °C / 7 mmHg; 'H NMR(CDCl,) § =2.50 ( 3H, Ar-Me), 4.85 (s, 3H, Ar-O-Me), 6.80 (s, 1H, Ar-
H), 6.91-8.80 (dd, 4H, Ph H) MS m/z (relative intensity) 205 (M*, 100). Anai. Calcd for C, H ,NOS: C, 64.35;

H, 5.37; N, 6.83. Found: C, 64.51; H, 5.40; N, 6.85.
2-(p-methoxyphenyl)-5-bromo-4-methylthiazole (10c).

Bromination and followed purification of 9¢ (600 mg, 2.9 mmol) were carried out by a similar proce-
dure as used for 10b to give 752 mg of 2-(p-methoxyphenyl)-5-bromo-4-methylthiazole 10¢ in 91% yield.
10c: 'H NMR(CDCL,) & =2.45 (s, 3H, Ar-Me), 4.86 (s, 3H, Ar-O-Me), 6.92-8.83 (dd, 4H).; MS m/z (relative
intensity) 285 (M*, $1Br, 85.6), 283 (M*, ™Br, 100), 203 (43.6), 162 (86.1). Anal. Calcd for C, H, /NBrOS: C,

................ > L5 75 Q0 e
1

4
i

2
2 FAt £ ek ik nae s : ) P wlthiamnl £ o llnawflasnaenneala af
-Bis[2'-(p-methoxyphenyl)-4'-methylthiazol-5'-yl]perflucrocyclo-pentene (Sa).

u
This compound was prepared from 350 mg (1.2 mmol) of 5-bromo-2-(p-methoxyphenyl)-4-
methylthiazole (10¢c) by a similar procedure as used for 3a. After the purification, 144 mg of 1,2-bis[2'-(p-
methoxyphenyl)-4'-methylthiazol-5'-yl]perfluorocyclopentene 5a was obtained in 20% yield.
5a: yellow needles; mp 135-136 °C; '"H NMR(CDCI,) § = 2.13 - 2.48 (s, 6H, 2Me), 3.85 (s, 6H, 2Me), 6.91-
8.90 (m, 8H).; MS m/z (relative intensity) 582 (M*, 89.2), 581 (100). Anal. Calcd for C, H, N.F.O,S,: C, 55.66;
H, 3.46; N, 4.80. Found: C, 55.66; H, 3.50; N, 4.83.
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