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Abstract – Head-to-head photo[2+2]cycloaddition of 1,ω -di[3-(1-methyl- 

2-phenylsulfanyl-1H-imidazol-5-yl)propenoyloxy]alkylenes smoothly proceeded 

under irradiation of a high-pressure mercury lamp to give cyclobutane 

compounds regio- and stereoselectively. The stereochemistry of these 

cyclobutanes was determined as β-form. 

INTRODUCTION  

Recently, many types of biologically active pyrrole-imidazole alkaloids have been isolated from marine 

lives such as sponges, and they have become an important focus of scientific attention.1,2 In 1981, sceptrin 

1 was isolated from a sponge, Agelas sceptrum, as an antimicrobial agent by Faulkner and Clardy,3 and 

recently found to have various biological properties such as antiviral, antimuscarinic, antihistamic, 

inhibition of somatostatin and vasoactive intestinal peptide receptors. Use of 1 for a treatment of cystic 

fibrosis and Alzheimer’s disease has also been tried.4 

 

Figure 1 

 

 

 

 

 
 

The structural skeleton of 1 has been considered to be biochemically synthesized through a formal 

head-to-head [2+2]cycloaddition1b,3,4a of the simplest pyrrole-imidazole alkaloids, oroidin 25 or/and 
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hymenidin 3 (Figure 1).6 Total synthesis of 1 was achieved first by Baran and his co-workers without 

[2+2]cycloaddition,7 and next by Birman and his co-workers through the photo[2+2]cycloaddition of 

maleic anhydride with trans-1,4-dichloro-2-butene.8  

Formally, sceptrin is related to oroidin (2) by a head-to-head photo[2+2]cycloaddition, and it may be the 

first example of a biological [2+2]cycloaddition. The cyclodimerization of cinnamic acid is one of the 

oldest and best known reactions of photo[2+2]cycloaddition. In principle, ethyl cinnamate can form 11 

cyclic dimers and the products distribution is shown in Table 1.9 

 

 

We have investigated the total synthesis of several biologically active imidazole alkaloids10 and at this 

time our attention has been focused on the synthesis of sceptrin 1 via a biomimetic synthetic route. In this 

paper, we would like to report the first photo[2+2]cycloaddition of 1,ω-di[3-(1-methyl-2-phenyl- 

sulfanyl-1H-imidazol-5-yl)propenoyloxy]alkylenes to a cyclobutane derivative, which may be the key 

intermediate for the synthesis of 1. 

RESULTS AND DISCUSSION 

D’Auria reported photocycloaddition of allyl urocanate (4) to the head-to-head cyclobutane 5 (Scheme 

1)11, but in our hands, we obtained only a trace of 5 probably because of different reaction conditions 

such as the light source. Furthermore, N-unsubstituted imidazole seems to be not useful for synthesis of 1 

because of difficulties relating to the tautomerism of the imidazole ring.12 However, further conversion of 

5 to sceptrin 1 has not yet been reported. On the other hand, we have demonstrated a synthesis of 

12,12’-dimethylageliferin (Figure 2), which is an analogue of a member of the dimeric oroidin alkaloids, 

starting from the ethyl ester 6.13 Thus, we planned first to investigate the reactivity of the 

photo[2+2]cycloaddition of 3-(1-methyl-2-phenylsulfanyl-1H-imidazol-5-yl)propenonates (6). 

Yield (%)*

  
  ε
  δ
  µ
  β
  α
  ζ

neo 7.1
2.5

55.2
0.5

24.0
6.3
4.4

Table 1    Distribution of stereoisomers of [2+2]cycloadducts obtained from liquid ethyl cinnamate 9
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   Scheme 1 

 

   Figure 2 

 

To examine the reactivity of the ethyl ester 6 under photocycloaddition reactions conditions, various 

[2+2]cycloaddition precursors, similar to Scheme 1, were prepared from 1, 2-disubsituted imidazoles. 

First, photo[2+2]cycloaddition of the ethyl ester 6 was attempted under irradiation with a 400-W 

high-pressure mercury lamp in MeCN, and two products could be isolated from the reaction mixture 

(Scheme 2). One of the products was head-to-head cycloadduct 7 (26%), whose structure was proven by 

further experiment described below, and the other product was the head-to-tail cycloadduct 8 (16 %), the 

structure of which was confirmed by X-ray crystallographic analysis as shown in Figure 3. This result 

shows that the tendency of the reactivity of ethyl 3-(1-methyl-2-phenylsulfanyl-1H-imidazol- 

5-yl)propenoate 6 under a photochemical reaction condition might be almost the same as that of the 

cinnamic acid derivatives.9 
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 Figure 3    ORTEP drawing of 8 

Then, we planned to prepare polymethylene-linked imidazolylpropenoate 9 expected to be a good 

precursor of an intramolecular head-to-head photo[2+2]cycloaddition.14 Trans-esterification of the ethyl 

ester 6 with various 1,ω-alkanediols was performed in the presence of p-TsOH in refluxing benzene 

(Scheme 3). The diesters 9c-e (n = 4 - 6) were provided by the reaction with the corresponding 

1,ω-alkanediols in the presence of p-TsOH in good yields (74-80 %).15 On the other hand, use of 

ethanediol or 1,3-propanediol gave monoesters 10a-b and diesters 9a-b (n = 2, 3) were not observed 

neither by prolongation of the reaction time nor by addition of a further amount of 6. However, the diester 

imidazolylpropenonates 9a-b could be obtained in moderate yields (52 - 62 %) by using Yamaguchi’s 

method16 from the alcohols 10a-b and the imidazolylpropenoic acid hydrochloride 11, prepared by acidic 

hydrolysis of 6. 

 

Scheme 3 

 

We also planned to prepare the cyclohexanediol-linked imidazolylpropenonates 12 expected to be a good 

precursor of the intramolecular head-to-head [2+2]cycloaddition by a photochemical reaction like the 
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above one. Also, asymmetric photo[2+2]cycloaddition may be expected by using chiral cyclohexanediol 

ester. These cyclohexanediol-linked esters were prepared by using Yamaguchi’s method16 of the 

(±)-trans-1,2-cyclohexanediols with the imidazolylpropenoic acid hydrochloride 11. Here, once again 

monoester 13 was obtained in major yield (56%) compared to the diester 12 (24%), but upon subjection 

of the obtained monoester 13 to once again Yamaguchi’s method, we could obtain the diesters 12 in 71% 

yield (Scheme 4). 

 

Scheme 4 

 

Photochemical reactions of 9a-e were examined under several reaction conditions and the results are 

summarized in Table 2 as well as in Figure 4. The desired head-to-head cyclobutane compounds 14b-e (n 

= 3 - 6) were only provided in 19 - 45 % yields under irradiation of a 400-W high-pressure mercury lamp 

in MeCN at room temperature (Entries 2-5). The reaction of 9a (n = 2) did not give the corresponding 

[2+2]cycloadduct (Entry 1), because the length of two methylenes of the linker might not be enough to 

close both double bonds to form the cyclobutane ring. The 9d (n = 5) gave the best result for the present 

photochemical reaction to afford the β-form product 14d in 45 % isolated yield (Entry 4) and the 

structure of 14d was determined by X-ray crystallographic analysis to be the β-form of the cyclobutane 

system as shown in Figure 5. Although some decomposed or polymerized products were observed in 

every reaction under the 400-W mercury lamp at room temperature, irradiation with a 100-W mercury 

lamp at lower temperature (10 °C) increased the yield of the β-form of the head-to-head cycloadduct 14d 

to 52 % (Entry 6); when the reaction was carried out at 0° to -20 °C (Entry 7), the desired cyclobutane 

14d was obtained in lower yield (34 %) together with a small amount (1%) of the unexpected 

[2+2]cycloadduct 15, whose structure was confirmed by X-ray crystallographic analysis as shown in 

Figure 6,  and also a small amount (1.5%) of the δ-isomer 16 was obtained. The structure of 16 was 

determined by 1HNMR and NOE (Ha-Hb and Ha-Hc) as shown below in Figure 7. 
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   Figure 4 

 

 

Table 2  Photochemical reaction of 9a-e.a 

 

 

 

 

 

 

 

Entry n Substrate 
Light source 

(W)b 

Temp. (°C) 

c /Time (h) 
Product Yield (%) 

1 2 9a 400 rt/20    14a 0 

2 3 9b 400 rt/20 14b 37 

3 4 9c 400 rt/20 14c 39 

4 5 9d 400 rt/20 14d 45 

5 6 9e 400 rt/20 14e 19 

6 5 9d 100 10/20 14d 52 

7 5 9d 100 0 to -20/20 14d 34d 
a All reactions were run in a Pyrex flask (>280 nm). 

b High-pressure mercury lamp was used. 
c temperature of the reaction mixture: 20°-25° (rt) 
d By-products 15 (1 %) and 16 (1.5 %) were also obtained (Figure 6 and Figure 7). 
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    Figure 5    ORTEP drawing of 14d 

 

 

  Figure 6   ORTEP drawing of 15 

 

 

 

 

 

 

 

 

 

 

 

    Figure 7   NOE co-relation of 16 
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Photochemical reactions of the cyclohexanediol-linked imidazolylpropenonate 12 were also examined. 

The desired head-to-head cyclobutane compound 17 was provided in 38 % yield by irradiation with a 

400-W high-pressure mercury lamp in MeCN at room temperature (Scheme 5). 

 Scheme 5 

 

The cyclobutane 14d, of which the structure was already confirmed by X-ray crystallographic analysis as 

β-form as shown above, was derived to 7 (91%) by acidic transesterification as shown in Scheme 6. 

Spectral data of this compound was compared with that of 7, which was obtained by the photochemical 

reaction as shown in Scheme 2, to identify the structure of 7 as β-form. Compound 17 was also derived to 

7 in order to confirm the structure of 17 as shown in Scheme 5. 

 

Scheme 6 

 

Furthermore, the cyclobutanes 14b-e were all converted to the diol 18 by treatment with LAH as shown 

in Scheme 6. From these experiments, we could conclude that the structures of 7, 14b-e and 17 were all in 

the β-form. 

At this stage, we decided to synthesize unnatural sceptrins or their analogs to examine their biological 

activities because MIC of natural sceptrin was reported to be not so high,3 and further conversion of 14 to 

a β-sceptrin type derivative is currently under way. 

In conclusion, we have developed the photo[2+2]cycloaddition of 1,ω-di-[3-(1-methyl-2-phenyl- 

sulfanyl-1H-imidazol-5-yl)propenoyloxy]alkylenes to obtain the head-to-head [2+2]cycloadducts regio- 

and stereoselectively. 
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EXPERIMENTAL 

NMR were recorded on JEOL-AL 300 (1H: 300 MHz, 13C: 75 MHz) or Varian Inova-400 (1H: 300 MHz, 
13C: 75 MHz) instruments at rt. Chemical shifts are given in δ relative to tetramethylsilane (TMS); TMS 

served as internal standard for 1H-NMR, and solvent peak was referenced for 13C-NMR. IR spectra were 

recorded on a Shimadzu IR-435 spectrometer. MS and HRMS were measured on JEOL JMS BU-20 (EI) 

or JEOL JMS-SX 102A QQ (FAB) spectrometer. Melting points were recorded on a Yanaco MPP－100 

apparatus and uncorrected. X-ray crystallographic analysis was performed on a Rigaku RAXIS RAPID 

and AFC7R diffractometer with filtered Cu-Ka radiation and a rotating anode generator. 

 

(1R*,2S*,3R*,4S)-3,4-Bis(1-methyl-2-phenylsulfanyl-1H-imidazol-5-yl)cyclobutane-1,2-dicarbo- 

xylic acid diethyl ester (7) and (1R*,2R*,3S*,4S*)-2,4-Bis(1-methyl-2-phenylsulfanyl-1H-imidazole- 

5-yl)cyclobutane-1,3-dicarboxylic acid diethyl ester (8): N2 gas was passed into a solution of 6 (288 

mg, 1 mmol) in MeCN (0.5 mL) and the solution was irradiated by a 400-W mercury lamp through a 

Pyrex filter under N2 at rt for 20 h. The solvent was evaporated and the crude product was purified by 

column chromatography (CHCl3) and recrystallized from AcOEt-n-hexane. Yield of 7; 75mg (26%) 

obtained from the second fraction. Yield of 8; 46mg (16%) obtained from the first fraction. 

7: White powder. Mp 157.5-160.0 °C (recrystallized from AcOEt-n-hexane). 1H-NMR (CDCl3, 400 MHz) 

δ: 1.28 (t, 6H, J = 7.1 Hz, OCH2CH3 x 2), 3.26 (s, 6H, NCH3 x 2), 3.73 (d, 2H, J = 5.9 Hz, CHCO2 x 2), 

4.17-4.22 (m, 6H, ImCH x 2 and OCH2CH3 x 2), 6.87 (s, 2H, ImH x 2), 6.98-7.25 (m, 10H, ArH). 
13C-NMR (CDCl3, 100 MHz) δ: 14.1, 31.1, 35.4, 44.2, 61.5, 126.6, 127.7, 128.2, 129.4, 132.8, 134.4, 

138.8, 171.3. IR (CHCl3) cm-1: 2955, 1724, 1578, 1473, 1444, 1368, 1274, 1178, 1066, 1022. EI MS m/z 

(%): 576 (M+, 2), 531 (1), 503 (2), 405 (2), 404 (2), 288 (100), 259 (9), 215 (43), 91 (24). HRMS (EI) m/z 

for C30H32N4O4S2: requires M+ 576.1865, found M+ 576.1871. Anal. Calcd for C30H32N4O4S2: C, 62.48; 

H, 5.59; N, 9.71. Found: C, 62.43; H, 5.73; N, 9.57. 

8: Colorless prisms. Mp 154.0-158.5 °C (recrystallized from AcOEt-n-hexane).  
1H-NMR (CDCl3, 400 MHz) δ: 0.91 (t, 6H, J = 7.1 Hz, OCH2CH3 x 2), 3.62 (s, 6H, NCH3 x 2), 3.72, 

3.75 (q each, 2H, J = 7.1 Hz, OCH2CH3), 3.82 (dd, 2H, J = 7.0, 10.1, Hz, CHCO2 x 2), 3.88, 3.91 (q each, 

2H, J = 7.1 Hz, OCH2CH3), 4.33 (dd, 2H, J = 7.0, 9.8 Hz, ImCH x 2), 7.13 (s, 2H, ImH x 2), 7.16-7.28 (m, 

10H, ArH). 13C-NMR (CDCl3, 100 MHz) δ: 13.7, 31.5, 32.4, 45.1, 61.2, 126.8, 127.8, 128.3, 129.2, 132.8, 

134.3, 139.0, 170.2. IR (CHCl3) cm-1: 2944, 1724, 1446, 1268, 1178, 1093. EI MS m/z (%): 576 (M+, 5), 

288 (100), 259 (7), 215 (31), 91 (9). HRMS (EI) m/z for C30H32N4O4S2: requires M+ 576.1865, found M+ 

576.1867. Anal. Calcd for C30H32N4O4S2: C, 62.48; H, 5.59; N, 9.71. Found: C, 62.32; H, 5.75; N, 9.56. 

Crystal data for 8: The crystal of 8 was obtained as space group P1 (#2), a = 11.364(1) Å, b = 17.267(1) Å, 

c = 7.7445(4) Å, α = 98.596(5)°, β = 104.633(5)°, γ = 90.965(6)°, V = 1451.5 (2) Å3, Z = 2, Dcalc = 1.319 
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g/cm3, λ (CuKα) = 1.54178 Å, µ (CuKα) = 20.07 cm-1, F000 = 608.00, T = 23±1°C, R1 = 0.0705 for 4428 

reflections. 

3-(1-Methyl-2-phenylsulfanyl-1H-imidazol-5-yl)acrylic acid 5-[3-(1-methyl-2-phenylsulfanyl-1H- 

imidazol-5-yl)acryloyloxy]alkyl ester; Synthesis of 9d (n = 5) as a General Procedure for 

compounds 9c-e from 6: A solution of 6 (5 g, 18.2 mmol), p-TsOH.H2O (6.9 g, 36.5 mmol) and 

1,5-pentanediol (1 mL, 14.5 mmol) of benzene (800 mL) was refluxed under N2 equipped with Dean 

Stark condenser until no starting material 6 remained on TLC (16 h). The solvent was evaporated and the 

reaction mixture was neutralized with saturated aq.NaHCO3 then the obtained yellow solid was filtered 

and to give pure 9d (4.09 g, 80 %) as a white powder. Mp 134-136 °C (recrystallized from MeOH-Et2O). 
1H-NMR (CDCl3, 300 MHz) δ: 1.48-1.79 (m, 6H, OCH2(CH2)3CH2O), 3.68 (s, 6H, NCH3 x 2), 4.21 (t, 

4H, J = 6.6 Hz, OCH2 x 2), 6.33 (d, 2H, J = 15.7 Hz, CHCO2 x 2), 7.19-7.35 (m, 10H, ArH), 7.50 (d, 2H, 

J = 15.7 Hz, ImCH x 2), 7.57 (s, 2H, ImH x 2). 13C-NMR (CDCl3, 75 MHz) δ: 22.5, 28.3, 31.9, 64.4, 

117.0, 127.3, 129.1, 129.4, 129.6, 131.6, 132.0, 133.2, 142.6, 166.7. IR (CHCl3) cm-1: 2934, 1698, 1627, 

1275. EI MS m/z (%): 216 (43), 244 (20), 345 (49), 479 (100), 588 (46, M+). HRMS (EI) m/z for 

C31H32N4O4S2: requires M+ 588.1865, found M+ 588.1873. Anal. Calcd for C31H32N4O4S2: C, 63.24; H, 

5.48; N, 9.52. Found: C, 63.06; H, 5.50; N, 9.46. 

3-(1-Methyl-2-phenylsulfanyl-1H-imidazol-5-yl)acrylic acid 4-[3-(1-methyl-2-phenylsulfanyl-1H- 

imidazol-5-yl)acryloyloxy]butyl ester (9c; n = 4): The title compound was prepared from the ethyl 

ester 6 (29.948 g, 103.9 mmol) and 1,4-butanediol (7.37 mL, 83.12 mmol) according to the general 

procedure A, and the obtained crude product was extracted AcOEt (200 mL x 3). The organic layer was 

dried over anhydrous sodium sulfate and evaporated to give an oily residue, which was purified by 

column chromatography (CHCl3/MeOH = 100/1)  to give 9c (22.782 g, 76%) as white prisms. Mp 

129-133 °C (recrystallized from AcOEt-n-hexane). 1H-NMR (CDCl3, 400 MHz) δ: 1.82 (br t, 4H, J = 

6.20 Hz, CH2(CH2)2CH2), 3.68 (s, 6H, NCH3 x 2), 4.25 (br t, 4H, J = 5.6 Hz, OCH2 x 2), 6.31 (d, 2H, J = 

15.9 Hz, CHCO2 x 2), 7.21-7.31 (m, 10H, ArH), 7.48 (dd, 2H, J = 0.6, 15.9 Hz, ImCH x 2), 7.58 (s, 2H, 

ImH  x 2). 13C-NMR (CDCl3, 100 MHz) δ: 25.3, 31.9, 64.0, 116.7, 127.2, 129.0, 129.4, 129.8, 131.4, 

132.2, 133.3, 142.6, 166.6. IR (CHCl3) cm-1: 2950, 1701, 1628, 1441, 1302, 1275, 1176, 1155. EI MS m/z 

(%): 574 (M+, 100), 465 (92), 331 (81), 259 (25), 243 (62), 215 (80). HRMS (EI) m/z for C30H30N4O4S2: 

requires M+ 574.1708, found M+ 574.1701. Anal. Calcd for C30H30N4O4S2: C, 62.70; H, 5.26; N, 9.75. 

Found: C, 62.75; H, 5.46; N, 9.77. 

3-(1-Methyl-2-phenylsulfanyl-1H-imidazol-5-yl)acrylic acid 6-[3-(1-methyl-2-phenylsulfanyl-1H- 

imidazol-5-yl)acryloyloxy]hexyl ester (9e; n = 6): The title compound was prepared from the ethyl ester 

6 (1.053 g, 3.65 mmol) and 1,6-hexanediol (0.34 mL, 2.92 mmol) according to the general procedure A, 

and obtained 9e (814 mg, 74 %) as a white powder. Mp 133-134 °C (recrystallized from AcOEt). 
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1H-NMR (CDCl3, 300 MHz) δ: 1.43-1.72 (m, 8H, CH2(CH2)4CH2), 3.68 (s, 6H, NCH3 x 2), 4.20 (t, 4H, J 

= 6.6 Hz, OCH2 x 2), 6.31 (d, 2H, J = 16.0 Hz, CHCO2 x 2), 7.20-7.28 (m, 10H, ArH), 7.47 (d, 2H, J = 

16.0 Hz, ImCH x 2), 7.58 (s, 2H, ImH x 2). 13C-NMR (CDCl3, 75 MHz) δ: 25.5, 28.5, 31.9, 64.6, 117.0, 

127.2, 129.0, 129.4, 129.6, 131.5, 132.3, 133.4, 142.6, 166.8. IR (CHCl3) cm-1: 2928, 1698, 1629, 1276, 

1178, 1157. EI MS m/z (%):602 (37, M+), 494 (32), 493 (100), 359 (49), 243 (33), 216 (35), 215 (59). 

HRMS (EI) m/z for C32H34N4O4S2: requires: M+ 602.2021, found M+ 602.2018. Anal. Calcd for 

C32H34N4O4S2: C, 63.76; H, 5.69; N, 9.29. Found: C, 63.57; H, 5.83; N, 9.29. 

3-(1-Methyl-2-phenylsulfanyl-1H-imidazol-5-yl)acrylic acid 2-hydroxyethyl ester (10a; n = 2): The 

title compound was prepared from the ethyl ester 6 (144mg, 0.50 mmol) and 1,2-ethanediol (0.014 mL, 

0.25 mmol) according to the general procedure A, and the obtained crude product was extracted with 

AcOEt (50 mL x 3). The organic layer was dried over anhydrous sodium sulfate and evaporated to give 

an oily residue, which was purified by PTLC (CHCl3/MeOH = 20/1) to give 10a (68 mg, 89 %) as a white 

powder. Mp 127-128 °C (recrystallized from AcOEt-n-hexane). 1H-NMR (CDCl3, 400 MHz) δ: 3.31 (t, 

1H, J = 5.5 Hz, OH), 3.67 (s, 3H, NCH3), 3.88 (brq, 2H, J = 4.7 Hz, OCH2), 4.33 (t, 2H, J = 4.7 Hz, 

OCH2), 6.34 (d, 1H, J = 15.9 Hz, CHCO2), 7.20-7.31 (m, 5H, ArH), 7.50 (dd, 1H, J = 0.6, 15.9 Hz, 

ImCH), 7.57 (s, 1H, ImH). 13C-NMR (CDCl3, 100 MHz) δ: 31.9, 60.8, 66.4, 116.6, 127.3, 129.0, 129.4, 

130.0, 131.4, 132.1, 133.1, 142.7, 166.9. IR (CHCl3) cm-1: 2940, 1703, 1629, 1442, 1396, 1302, 1275, 

1178, 1156, 1078. EI MS m/z (%): 304 (M+, 100), 261 (18), 243 (17), 215 (42), 109 (11), 91 (20), 58 (10). 

HRMS (EI) m/z for C15H16N2O3S: requires M+ 304.0882, found M+ 304.0876. Anal. Calcd for 

C15H16N2O3S: C, 59.19; H, 5.30; N, 9.20. Found: C, 59.22; H, 5.56; N, 9.05. 

3-(1-Methyl-2-phenylsulfanyl-1H-imidazol-5-yl)acrylic acid 3-hydroxypropyl ester (10b; n = 3): The 

title compound was prepared from the ethyl ester 6 (5.000 g, 17.34 mmol) and 1,3-propanediol (6.27 mL, 

86.70 mmol) according to the general procedure A, and the obtained crude product was extracted AcOEt 

(200 mL x 3). The organic layer was dried over anhydrous sodium sulfate and evaporated to give an oily 

residue, which was purified by PTLC (CHCl3/MeOH = 20/1) to give 10b (4.457 g, 81 %) as a yellow 

powder. Mp 115-120 °C (recrystallized from AcOEt-n-hexane). 1H-NMR (CDCl3, 400 MHz) δ: 1.94 

(quintet, 2H, J = 6.0 Hz, CH2CH2CH2), 3.69 (s, 3H, NCH3), 3.73 (t, 2H, J = 6.0 Hz, CH2OH), 4.37 (t, 2H, 

J = 6.0 Hz, COOCH2), 6.32 (d, 1H, J = 15.9 Hz, CHCO2), 7.21-7.30 (m, 5H, ArH), 7.50 (dd, 1H, J = 0.6, 

15.9 Hz, ImCH), 7.59 (s, 1H, ImH). 13C-NMR (CDCl3, 100 MHz) δ: 31.7, 31.9, 58.6, 61.6, 116.8, 127 .2, 

128.9, 129.3, 129.7, 131.4, 132.0, 133.2, 142.4, 166.9. IR (CHCl3) cm-1: 2942, 1697, 1628, 1441, 1395, 

1303, 1276, 1156. EI MS m/z (%): 318 (M+, 100), 259 (18), 243 (17), 215 (44), 109 (11), 91 (22). HRMS 

(EI) m/z for C16H18N2O3S: requires M+ 318.1038, found M+ 318.1041. Anal. Calcd for C16H18N2O3S: C, 

60.36; H, 5.70; N, 8.80. Found: C, 60.09; H, 5.83; N, 8.59. 
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3-(1-Methyl-2-phenylsulfanyl-1H-imidazol-5-yl)acrylic acid 2-[3-(1-methyl-2-phenylsulfanyl-1H- 

imidazol-5-yl)acryloyloxy]ethyl ester (9a; n = 2): DIEA (0.23 m1, 345 mmol) and 2,4,6-trichloro- 

benzoyl chloride (0.042 mL, 0.269 mmol) were added to a stirred solution of 11 (80 mg, 0.270 mmol) in 

DMF (1.3 mL) under N2 at 0 °C. After stirring for 1.5 h at rt, a solution of 10a (82 mg, 0.269 mmol) and 

DMAP (1 mg, 0.011 mmol) in DMF (2 mL) was added and the whole was stirred for 24 h at rt. The 

mixture was diluted with H2O (1 mL) and the products were extracted with Et2O (20 mL x 2). The 

organic layer was dried over anhydrous sodium sulfate and evaporated to give an oily residue, which was 

purified by PTLC (CHCl3/MeOH = 20/1) to give 9a (76 mg, 52 %) as a white powder. Mp 109-110 °C 

(recrystallized from AcOEt-n-hexane). 1H-NMR (CDCl3, 400 MHz) δ: 3.68 (s, 6H, NCH3 x 2), 4.46 (s, 

4H, O(CH2)2O), 6.34 (d, 2H, J = 15.9 Hz, CHCO2 x 2), 7.21-7.31 (m, 10H, ArH), 7.51 (d, 2H, J = 15.9 

Hz, ImCH x 2), 7.59 (s, 2H, ImH x 2). 13C-NMR (CDCl3, 100 MHz) δ: 31.9, 62.4, 116.1, 127.3, 129.1, 

129.4, 130.3, 131.3, 132.5, 133.2, 142.9, 166.4. IR (CHCl3) cm-1: 2954, 1704, 1628, 1441, 1302, 1274, 

1171, 1150. EI MS m/z (%): 546 (M+, 100), 437 (69), 287 (59), 243 (63), 215 (83), 110 (62). HRMS (EI) 

m/z for C28H26N4O4S2: requires M+ 546.1395, found M+ 546.1383. Anal. Calcd for C28H26N4O4S2: C, 

61.52; H, 4.79; N, 10.25. Found: C, 61.23; H, 4.93; N, 10.04. 

3-(1-Methyl-2-phenylsulfanyl-1H-imidazol-5-yl)acrylic acid 3-[3-(1-methyl-2-phenylsulfanyl-1H- 

imidazol-5-yl)acryloyloxy]propyl ester (9b; n = 3): DIEA (0.25 m1, 1.41 mmol) and 2,4,6-trichloro- 

benzoyl chloride (0.044 mL, 0.283 mmol) were added to a stirred solution of 11 (84 mg, 0.283 mmol) in 

DMF (1.5 mL) under N2 at 0 °C. After stirring for 1.5 h at rt, a solution of 10b (90 mg, 0.283 mol) and 

DMAP (1 mg, 0.01 mmol) in DMF (2 mL) was added and the whole was stirred for 24 h at rt. The 

mixture was diluted with H2O (1 mL) and the products were extracted with Et2O (20 mL x 2). The 

organic layer was dried over anhydrous sodium sulfate and evaporated to give an oily residue which was 

purified by PTLC (CHCl3/MeOH = 20/1) to give 9b (98 mg, 62 %) as white prisms. Mp 132-134 °C 

(recrystallized from AcOEt-n-hexane). 1H-NMR (CDCl3, 400 MHz) δ: 2.10 (quintet, 2H, J = 6.2 Hz, 

OCH2CH2CH2O), 3.69 (s, 6H, NCH3 x 2), 4.32 (t, 4H, J = 6.3 Hz, OCH2 x 2), 6.31 (d, 2H, J = 15.9 Hz, 

CHCO2 x 2), 7.21-7.31 (m, 10H, ArH), 7.49 (dd, 2H, J = 0.5, 15.9 Hz, ImCH x 2), 7.58 (s, 2H, ImH x 2). 
13C-NMR (CDCl3, 100 MHz) δ: 28.0, 31.9, 61.1, 116.5, 127.2, 129.0, 129.3, 129.9, 131.3, 132.4, 133.2, 

142.7, 166.5. IR (CHCl3) cm-1: 2950, 1702, 1628, 1441, 1395, 1275, 1171. EI MS m/z (%): 560 (M+, 100), 

451 (72), 317 (57), 243 (44), 230 (28), 215 (63). HRMS (EI) m/z for C29H28N4O4S2: requires M+ 

560.1552, found M+ 560.1554. Anal. Calcd for C29H28N4O4S2: C, 62.12; H, 5.03; N, 9.99. Found: C, 

62.41; H, 5.20; N, 9.94 

(2E)-3-(1-Methyl-2-phenylsulfanyl-1H-imidazol-5-yl)acrylic acid hydrochloride (11): A solution of 

the ethyl ester 6 (2.00 g, 6.94 mmol) in HCl (10 %, 30 mL) aq. was refluxed for 2h. Then toluene (30 mL) 

was added to the reaction mixture and the solvent was evaporated to give crystalline residue 11 (1.263 g, 
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61 %) as a white powder. Mp 158-162 °C (recrystallized from MeOH-Et2O). 1H-NMR (CD3OD, 400 

MHz) δ: 3.96 (s, 3H, NCH3), 6.66 (d, 1H, J = 16.1 Hz, CHCO2), 7.46-7.57 (m, 5H, ArH), 7.56 (dd, 1H, J 

= 0.5, 16.3 Hz, ImCH), 8.21 (s, 1H, ImH). 13C-NMR (CD3OD, 100 MHz) δ: 33.9, 122.1, 125.8, 128.2, 

129.2, 131.3, 131.7, 133.2, 134.7, 142.5, 168.3. IR (KBr) cm-1: 3865, 2672, 1809, 1692, 1635, 1469, 1388, 

1260, 1187, 966, 847. EI MS m/z ( %): 260 (M+, 100), 215 (66), 156 (9), 112 (12), 91 (35), 80 (25). 

HRMS (EI) m/z for C13H12N2O2S: requires M+ 260.0619, found M+ 260.0611. Anal. Calcd for 

C13H13N2O2ClS: C, 52.61; H, 4.42; N, 9.44. Found: C, 52.52; H, 4.49; N, 9.38. 

(±)-(E)-1,2-Di[(2E)-3-(1-Methyl-2-phenylsulfanyl-1H-imidazol-5-yl)acrylic acid 2-[3-(1-methyl-2- 

phenylsulfanyl-1H-imidazol-5-yl)acryloyloxy]cyclohexyl ester (12) and 3-(1-Methyl-2- 

phenylsulfanyl-1H-imidazol-5-yl)acrylic acid 2-hydroxycyclohexyl ester (13): DIEA (1.70 m1, 10 

mmol) and 2,4,6-trichlorobenzoyl chloride (0.31 mL, 2 mmol) were added to a stirred solution of 11 (594 

mg, 2 mmol) in CHCl3 (6 mL) under N2 at 0 °C. After stirring for 1.5 h at rt, a solution of 

(±)–trans-1,2-cyclohexanediol (279 mg, 2.4 mmol) and DMAP (9 mg, 0.080 mmol) in CHCl3 (3 mL) was 

added and the whole was stirred for 24 h at rt. The mixture was diluted with H2O (1 mL) and the products 

were extracted with EtOAc (50 mL x 2). The organic layer was dried over anhydrous sodium sulfate and 

evaporated to give an oily residue, which was purified by PTLC (AcOEt/n-hexane = 2/1) to give 12 

(176mg, 24%) and 13 (404 mg, 56%) as white prisms. 12: Mp 129-132 °C (recrystallized from 

AcOEt-n-hexane). 1H-NMR (CDCl3, 400 MHz) δ: 1.38-1.51 (m, 4H, CH2(CH2)2CH2), 1.78-17.9 (m, 2H, 

CHHCHO x 2), 2.12-2.15 (m, 2H, CHHCHO x 2), 3.65(s, 6H, NCH3 x 2), 4.96-5.03 (m, 2H, CHO x 2), 

6.24 (d, 2H, J = 15.9 Hz, CHCO2 x 2), 7.18-7.30 (m, 10H, ArH), 7.43 (dd, 2H, J = 0.4, 15.9 Hz, ImCH x 

2), 7.55 (s, 2H, ImH x  2). 13C-NMR (CDCl3, 100 MHz) δ: 23.5, 30.3, 31.9, 74.1, 116.9, 127.3, 129.0, 

129.4, 129.9, 131.4, 132.4, 133.3, 142.7, 166.0. IR (CHCl3) cm-1: 2929, 1699, 1628, 1440, 1275, 1177, 

1157, 1022. EI MS m/z (%): 600 (M+, 44), 491 (40), 357 (23), 243 (100), 215 (62), 91 (75), 81 (41). 

HRMS (EI) m/z for C32H32N4O4S2: requires M+ 600.1865, found M+ 600.1858. Anal. Calcd for 

C32H32N4O4S2: C, 63.98; H, 5.37; N, 9.33. Found: C, 63.72; H, 5.22; N, 9.29. 

13: Mp 153-155 °C (recrystallized from AcOEt-n-hexane). 1H-NMR (CDCl3, 400 MHz) δ: 1.26-1.44 (m, 

4H, CH2(CH2)2CH2), 1.73-1.75 (m, 2H, CH2CHO), 2.04-2.10 (m, 2H, CH2CHO), 3.61-3.66 (m, 1H, 

-CH(OH)), 3.67 (s, 3H, NCH3), 4.68-4.74 (m, 1H, -CH(OCO)), 6.32 (d, 1H, J = 16.1 Hz, CHCO2), 

7.19-7.31 (m, 5H, ArH), 7.49 (dd, 1H, J = 0.6, 15.9 Hz, ImCH), 7.57 (s, 1H, ImH). 13C-NMR (CDCl3, 

100 MHz) δ: 23.7, 23.9, 30.0, 32.0, 33.1, 72.6, 78.5, 117.1, 127.2, 129.0, 129.4, 129.9, 131.5, 132.3, 

133.3, 142.6, 166.9. IR (CHCl3) cm-1: 2924, 1697, 1628, 1443, 1274, 1181, 1156, 1019. EI MS m/z (%): 

358 (M+, 100), 259 (55), 243 (56), 215 (77), 133 (15), 109 (30). HRMS (EI) m/z for C19H22N2O3S: 

requires M+ 358.1351, found M+ 358.1347. Anal. Calcd for C19H22N2O3S: C, 63.66; H, 6.19; N, 7.82. 

Found: C, 63.67; H, 6.26; N, 7.89. 
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(±)-(E)-1,2-Di[(2E)-3-(1-Methyl-2-phenylsulfanyl-1H-imidazol-5-yl)acrylic acid 2-[3-(1-methyl-2- 

phenylsulfanyl-1H-imidazol-5-yl)acryloyloxy]cyclohexyl ester (12) from 13: DIEA (0.73 m1, 4.19 

mmol) and 2,4,6-trichlorobenzoyl chloride (0.13 mL, 0.83 mmol) were added to a stirred solution of 11 

(248 mg, 0.83 mmol) in CHCl3 (2.5 mL) under N2 at 0 °C. After stirring for 1.5 h at rt, a solution of 13 

(300 mg, 0.83 mol) and DMAP (4 mg, 0.033 mmol) in DMF (2 mL) was added and the whole was stirred 

for 24 h at rt. The mixture was diluted with H2O (1 mL) and the products were extracted with Et2O (50 

mL x 2). The organic layer was dried over anhydrous sodium sulfate and evaporated to give an oily 

residue, which was purified by PTLC (AcOEt/n-hexane = 2/1) and to give 12 (358 mg, 71 %) as white 

prisms. Spectral data was matched with the above prepared compound 12. 

Synthesis of (1R*,12S*,13R*,14S*)-13,14-Bis(1-methyl-2-phenylsulfanyl-1H-imidazol-5-yl)-3,10- 

dioxabicyclo[10.2.0]tetradecane-2,11-dione (14e) as a General Procedure for the cyclobutane 

derivatives from 9: N2 gas was passed into a solution of the alkene 9e (141 mg, 0.23 mmol), in MeCN 

(11.6 mL) and the solution was irradiated by a 400-W mercury lamp through a Pyrex filter under N2 at rt 

for 12 h. The solvent was evaporated and the crude product was purified by PTLC (CHCl3/MeOH = 20/1) 

to give the cyclobutane 14e (44 mg, 31 %) as a viscous oil. 1H-NMR (CDCl3, 400 MHz) δ: 1.40-1.80 (m, 

8H, OCH2(CH2)4CH2O), 3.27 (s, 6H, NCH3 x 2), 3.78 (d, 2H, J = 5.9 Hz, CHCO2 x 2), 3.92-3.96 (m, 2H, 

OCH2), 4.25 (d, 2H, J = 6.0 Hz, ImCH x 2), 4.57-4.59 (m, 2H, OCH2), 6.87 (s, 2H, ImH x 2), 6.97-7.24 

(m, 10H, ArH). 13C-NMR (CDCl3, 100 MHz) δ: 24.3, 26.4, 31.2, 35.0, 44.5, 65.7, 126.6, 127.7, 128.2, 

129.4, 132.8, 134.4, 138.8, 171.3. IR (CHCl3) cm-1: 2911, 1723, 1473, 1446, 1274. FAB MS m/z (%): 603 

[78, (M+H)+]. HRMS (FAB) m/z for C32H35N4O4S2: requires (M+H)+ 603.2100, found (M+H)+ 

603.2107. 

(1R*,9S*,10R*,11S*)-10,11-Bis(1-methyl-2-phenylsulfanyl-1H-imidazol-5-yl)-3,7-dioxabicyclo- 

[7.2.0]undecane-2,8-dione (14b): The title compound was prepared from the ester 9b (96 mg, 0.171 

mmol) according to the general procedure B, and the obtained crude product was purified by column 

chromatography (AcOEt/n-hexane = 2/1) to give 14b (35 mg, 37 %) as colorless needles. Mp 211-214 °C 

(recrystallized from AcOEt-n-hexane). 1H-NMR (CDCl3, 400 MHz) δ: 1.99-2.08 (m, 1H, one of 

CH2CH2CH2), 2.14-2.24 (m, 1H, one of CH2CH2CH2), 3.25 (s, 6H, NCH3 x 2), 3.72 (d, 2H, J = 5.7 Hz, 

CHCO2 x 2), 4.26 (d, 2H, J = 5.7 Hz, ImCH x 2), 4.46-4.51 (m, 2H, OCH2), 4.56-4.62 (m, 2H, OCH2), 

6.90 (s, 2H, ImH x 2), 6.96-7.25 (m, 10H, ArH). 13C-NMR (CDCl3, 100 MHz) δ: 25.8, 31.3, 35.2, 44.5, 

65.7, 126.9, 128.0, 128.6, 129.7, 132.4, 134.5, 139.2, 170.3. IR (CHCl3) cm-1: 2945, 1735, 1474, 1444, 

1272, 1250, 1218, 1172. EI MS m/z (%): 560 (M+, 38), 451 (24), 317 (15), 260 (22), 215 (34), 110 (100), 

78 (49). HRMS (EI) m/z for C29H28N4O4S2: requires M+ 560.1552, found M+ 560.1563. Anal. Calcd for 

C29H28N4O4S2: C, 62.12; H, 5.03; N, 9.99. Found: C, 62.32; H, 5.19; N, 10.02. 

(1R*,10S*,11R*,12S*)-11,12-Bis(1-methyl-2-phenylsulfanyl-1H-imidazol-5-yl)-3,8-dioxabicyclo- 
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[8.2.0]dodecane-2,9-dione (14c): The title compound was prepared from the ester 9c (115 mg, 0.20 

mmol) according to the general procedure B, and the obtained crude product was purified by PTLC 

(CHCl3/MeOH = 100/1) to give 14c (46 mg, 40 %) as white needles.  Mp 204-206 °C (recrystallized 

from AcOEt-n-hexane). 1H-NMR (CDCl3, 400 MHz) δ: 1.90-1.92 (m, 4H, OCH2(CH2)2CH2O), 3.26 (s, 

6H, NCH3 x 2), 3.78 (d, 2H, J = 5.9 Hz, CHCO2 x 2), 4.12-4.16 (m, 2H, OCH2), 4.28 (d, 2H, J = 6.0 Hz, 

ImCH x 2), 4.38-4.41 (m, 2H, OCH2), 6.89 (s, 2H, ImH x 2), 6.96-7.24 (m, 10H, ArH). 13C-NMR (CDCl3, 

100 MHz) δ: 25.5, 31.1, 34.8, 44.9, 65.7, 126.5, 127.6, 128.3, 129.4, 132.5, 134.3, 138.8, 170.2. IR 

(CHCl3) cm-1: 2939, 1728, 1445, 1286, 1251, 1227, 1202, 1175, 1079. EI MS m/z (%): 574 (M+, 67), 465 

(100), 331 (85), 259 (21), 243 (45), 215 (79), 109 (17), 91 (39). HRMS (EI) m/z for C30H30N4O4S2: 

requires M+ 574.1708, found M+ 574.1703. Anal. Calcd for C30H30N4O4S2: C, 62.70; H, 5.26; N, 9.75. 

Found: C, 62.51; H, 5.35; N, 9.67. 

(1R*,11S*,12R*,13S*)-12,13-Bis(1-methyl-2-phenylsulfanyl-1H-imidazol-5-yl)-3,9-dioxabicyclo- 

[9.2.0]tridecane-2,10-dione (14d): N2 gas was passed into a solution of 9d (1.5 g, 2.5 mmol), in MeCN 

(900 mL) and the solution was irradiated by a 100-W mercury lamp through a Pyrex filter under N2 at 

10 °C for 20 h. The solvent was evaporated and the crude product was purified by column 

chromatography (AcOEt) to give pure 14d (780 mg, 52 %) as white needles.  Mp 160-162 °C 

(recrystallized from AcOEt-n-hexane). 1H-NMR (CDCl3, 300 MHz) δ: 1.76-1.81 (m, 6H, CH2(CH2)3CH2), 

3.33 (s, 6H, NCH3 x 2), 3.80 (d, 2H, J = 5.8 Hz, CHCO2 x 2), 3.95-3.97 (m, 2H, OCH2), 4.27 (d, 2H, J = 

6.1 Hz, ImCH x 2), 4.53-4.56 (m, 2H, OCH2), 6.89 (s, 2H, ImH x 2), 6.96-7.25 (m, 10H, ArH). 13C-NMR 

(CDCl3, 75 MHz) δ: 19.3, 24.1, 31.1, 34.5, 44.7, 64.0, 126.5, 127.7, 128.2, 129.3, 132.7, 134.4, 138.0, 

170.9. IR (CHCl3) cm-1: 2937, 1726, 1627, 1578, 1473, 1445, 1392, 1275, 1176. FAB MS m/z (%): 589 

[100, (M+H)+]. HRMS (FAB) m/z for C31H33N4O4S2: requires (M+H)+ 589.1943, found (M+H)+ 

589.1950. Anal. Calcd for C31H32N4O4S2: C, 63.24; H, 5.48; N, 9.52. Found: C, 63.03; H, 5.34; N, 9.51. 

Crystal data for 14d (n=5): The crystal of 14d was obtained as space group P21/n (#14), a = 19.2833(9) Å, 

b = 6.4736(3) Å, c = 24.3370(11) Å, β = 97.223(3)°, V = 3013.9 (2) Å3, Z = 4, Dcalc = 1.297 g/cm3, λ 

(CuKα) = 1.54187 Å, µ (CuKα) = 19.452 cm-1, F000 = 1240.00, T = 22 ± 1°C, R1 = 0.0542 for 5456 

reflections. When this same reaction was carried out at 0 to -20 °C for 20hr, the product (14d) was 

obtained in 34% yield. 

(1R*,2E,13S*,14S*,15S*)-18-Methyl-14-(1-methyl-2-phenylsulfanyl-1H-imidazol-5-yl)-17-phenyl- 

sulfanyl-5,11-dioxa-16,18-diazatricyclo[13.3.0.01,13]octadeca-2,16-diene-4,12-dione (15): This 

compound was obtained when 9d was irradiated at 0 to -20 °C in yield of 1 % as white needles. Mp 

198-200 °C (recrystallized from AcOEt-n-hexane). 1H-NMR (CDCl3, 300 MHz) δ: 1.52-1.91 (m, 6H, 

CH2(CH2)3CH2), 2.97 (s, 3H, NCH3), 3.38 (s, 3H, NCH3), 3.76(d, 1H, J = 7.1 Hz, CHCO2), 3.87-3.94 (m, 

1H, OCHH), 4.17-4.24 (m, 2H, OCHH and CHIm), 4.35-4.42 (m, 1H, OCHH), 4.55-4.62 (m, 1H, 
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OCHH), 4.71 (d, 1H, J = 7.9 Hz, CHN), 5.86 (d, 1H, J = 15.7Hz, =CHCO), 7.07-7.37 (m, 12H, ArH and 

CH=CHCO).13C-NMR (CDCl3, 75 MHz) δ: 21.3, 26.0, 27.3, 28.8, 31.5, 35.5, 51.1, 63.4, 65.1, 69.4, 72.0, 

121.9, 126.4, 127.4, 127.7, 128.3, 129.1, 129.2, 129.3, 132.8, 134.6, 134.8, 138.2, 142.9, 165.5, 167.5, 

170.3. IR (CHCl3) cm-1: 2934, 1713, 1578, 1541, 1473, 1472, 1327, 1245, 1222, 1165, 1091, 1050. FAB 

MS m/z (%): 589 [100, (M+H)+]. HRMS (FAB) m/z for C31H33N4O4S2: requires (M++H) 589.1943, found 

(M+H)+ 589.1951. Anal. Calcd for C31H32N4O4S2: C, 63.24; H, 5.48; N, 9.52. Found: C, 63.05; H, 5.35; 

N, 9.44. Crystal data for 15: The crystal of 15 was obtained as space group P21/n (#14), a = 10.602(2) Å, 

b = 13.901(3) Å, c = 20.2778(14) Å, β = 92.555(10)°, V = 2985.4(9) Å3, Z = 4, Dcalc = 1.310 g/cm3, λ 

(CuKα) = 1.54178 Å, µ (CuKα) = 19.638 cm-1, F000 = 1240.00, T = 23±1°C, R1 = 0.0924 for 5633 

reflections. 

(1R*,11R*,12S*,13S*)-12,13-Bis(1-methyl-2-phenylthio-1H-imidazole-5-yl)-3,9-dioxabicyclo[9,2,0]- 

tridecane-2,10-dione (16): This compound was obtained when 9d was irradiated at 0° C to -20° C in 

yield of 1.5 % as a viscous oil.1H-NMR (CDCl3, 300 MHz) δ: 1.62-1.72 (m, 6H, CH2(CH2)3CH2), 3.10 (d, 

2H, J = 9.7 Hz, CHCO2 x 2), 3.46 (s, 6H, NCH3 x 2), 3.72 (d, 2H, J = 9.9 Hz, ImCH x 2), 3.74-3.78 (m, 

2H, OCH2), 4.71-4.76 (m, 2H, OCH2), 7.12 (s, 2H, ImH x 2), 7.13-7.27 (m, 10H, ArH). 13C-NMR 

(CDCl3, 75 MHz,)  δ: 24.2, 28.3, 31.6, 35.7, 48.5, 66.4, 126.9, 127.9, 128.5, 129.3, 133.74, 134.4, 158.0, 

170.9. IR (CHCl3) cm-1: 2925, 1698, 1627, 1473, 1439, 1391, 1274, 1174. FAB MS m/z (%): 589 [7, 

(M+H)+], 307 (25), 154 (100), 136 (70). HRMS (FAB) m/z for C31H33N4O4S2: requires (M++H) 589.1943, 

found (M+H)+ 589.1947. 

(1R*,2S*,3S*,4R*)-1,2-Bis(1-methyl-2-phenylsulfanyl-1H-imidazol-5-yl)-decahydro-4,9-dioxabenzo-

[a]cyclobuta[e]cyclooctene-3,10-dione (17): N2 gas was passed into a solution of the 12 (540 mg, 0.90 

mmol) in MeCN (90.0 mL) and the solution was irradiated by a 400W mercury lamp through a Pyrex 

filter under N2 at rt for 16 h. The solvent was evaporated and the crude product was purified by column 

chromatography (AcOEt), to give pure 17 (205 mg, 38 %) as a white needles.  Mp 164-167 °C 

(recrystallized from MeOH-n-hexane). 1H-NMR (CDCl3, 300 MHz)  δ: 1.36-1.48 (m, 2H, (CH2 in C6H10), 

1.58-1.69 (m, 2H, CH2 in C6H10), 1.82-1.92 (m, 2H, CH2 in C6H10), 2.15 (br t, 2H, J = 13.2 Hz, 

(CH2CHO), 3.02 (s, 3H, NCH3), 3.47 (s, 3H, NCH3) 3.68 (dd, 1H, J = 9.4, 2.0 Hz, CHCO2), 4.11 (t, 1H, J 

= 10.1 Hz, CHCO2), 4.26 (t, 1H, J = 9.3 Hz, ImCH), 4.32 (dd, 1H, J = 8.2, 2.0 Hz, ImCH), 4.70 (ddd, 1H, 

J = 4.0 Hz, (CH2CHO), 4.98 (ddd, 1H, J = 4.0 Hz, (CH2CHO), 6.68 (d, 1H, J = 0.5 Hz, ImH), 6.93-7.30 

(m, 10H, ArH), 7.12 (d, 1H, J = 0.5 Hz, ImH). 13C-NMR (CDCl3, 75 MHz,)  δ:  24.3 x 2, 30.4, 30.7, 

31.0, 31.6,  34.2, 37.7, 46.9, 49.9, 85.6, 85.7, 126.8, 127.0, 128.1, 128.6, 129.1, 129.5, 129.8, 131.8, 

132.0, 134.3, 134.6, 139.3, 139.5, 172.7, 175.6. IR (CHCl3) cm-1: 2928, 1730, 1473, 1444, 1578, 1340, 

1231, 1161, 1079. EI MS m/z (%): 600 (M+, 62), 491 (61), 358 (38), 261 (79), 243 (100), 215 (65). 
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HRMS (EI) m/z for C32H32N4O4S2: requires M+ 600.1865, found M+ 600.1866. Anal. Calcd for 

C32H32N4O4S2: C, 63.98; H, 5.37; N, 9.33. Found: C, 63.76; H, 5.30; N, 9.26. 

7 Obtained by the Transesterification of the Linked Cyclobutane 14d: A solution of 14d (25 mg, 0.04 

mmol) and p-TsOH・H2O (10 mg, 0.05 mmol) in EtOH (4 mL) was refluxed under N2 for 48 h. The 

reaction mixture was neutralized with saturated NaHCO3 aq (5 mL), then the product was extracted with 

AcOEt (15 mL x 3). The organic layer was dried over anhydrous sodium sulfate and evaporated to give 

an oily residue, which was purified by PTLC (CHCl3/MeOH = 20/1) to give 7 (21 mg, 91 %) as a 

colorless solid. 1H- and 13C-NMR of the product was identified with 7β. 

(1R*,2S*,3S*,4R*)-[2-Hydroxymethyl-3,4-bis(1-methyl-2-phenylsulfanyl-1H-imidazol-5-yl)cyclo- 

butyl]methanol (18) from 14d; General Procedure: A THF (10mL) solution of LiAlH4 (200mg, 

5.3mmol) was cooled to 0 °C and to this a solution of 14d (780mg, 1.32 mmol) in THF (10mL) was 

added and stirred at rt. After completion of the reaction, as indicated by TLC (30 min), the reaction 

mixture was cooled to 0 °C and the remaining LiAlH4 was quenched with sat. aq NaHCO3 and stirred for 

1h at rt. After filtration the reaction mixture washed with MeOH. The solvent was evaporated to give an 

oily residue which was  purified by column chromatography (CHCl3/MeOH = 100/1 ) to give pure diol 

18 (460mg, 70%) as white needles. Mp 193.8-197.3°C (recrystallized from MeOH-Et2O). 1H-NMR 

(DMSO-d6, 300 MHz) δ: 2.80-2.88 (m, 2H, CHCH2OH x 2), 3.36 (s, 6H, NCH3 x 2), 3.64 (br d, 2H, J = 

5.5 Hz, ImCH x 2), 3.71-3.72 (m, 4H, CH2OH x 2), 4.69 (t, 2H, J = 5.1 Hz, OH x 2); 6.80-6.83 (m, 4H, 

ArH), 7.12-7.25 (m, 6H, ArH), 7.40 (s, 2H, ImH).13C-NMR (DMSO, 75 MHz) δ:  30.8, 34.5, 41.3, 60.2, 

126.1, 126.3, 127.9, 129.5, 135.0, 135.3, 136.0.  IR (KBr) cm-1: 3193, 2896, 1576, 1473, 1436, 1414, 

1269, 1019.  FAB MS m/z (%):493 [46, (M+H)+], 246 (70). HRMS (FAB) m/z for C26H29N4O2S2: 

requires (M+H)+ 493.1732, found [M+H]+ 493.1735. Anal. Calcd for C26H28N4O2S2: C, 63.39; H, 5.73; N, 

11.37. Found: C, 63.19;  H, 5.92;  N, 11.21. 

14b, c and 14e were converted to 18 in the similar manner in 76, 94 and 61 % yields, respectively. 

ACKNOWLEDGEMENTS 

This research was financially supported in part by the Frontier Research Program and the 21st Century 

COE Program of the Ministry of Education, Culture, Sports, Science and Technology (MEXT) of Japan, 

and a Grant-In-Aid for the promotion of the advancement of education and research in graduate schools 

in subsidies for ordinary expenses of private schools from the Promotion and Mutual Aid Corporation for 

Private Schools. 

 

HETEROCYCLES, Vol. 71, No. 4, 2007 831



 

REFERENCES 

1. Reviews: (a) H. Hoffmann and T. Lindel, Synthesis, 2003, 1753. (b) A. A. Mourabit, P. Potier,    

Eur. J. Org. Chem., 2001, 237. (c) J. R. Lewis, Nat. Prod. Rep., 1998, 15, 417. 

2. (a) D. E. N. Jacquot, M. Zoellinger, and T. Lindel, Angew. Chem. Int. Ed., 2005, 44, 2295. (b) N. 

Travert, M.-T. Martin, M.-L. Bourguet-Kondracki, and A. A. Mourabit, Tetrahedron Lett., 2005, 46, 

249. (c) P. S. Baran, D. P. O’Malley, and A. L. Zografos, Angew. Chem. Int. Ed., 2004, 43, 2674. (d) 

N. Travert and Al-Mourabit, A. J. Am. Chem. Soc., 2004, 126, 10252. (e) K. G. Poullennec, A. T. 

Kelly, and D. Romo, Org. Lett., 2002, 4, 2645. (f) K. S. Feldman and J. C. Saunders, J. Am. Chem. 

Soc., 2002, 124, 9060. (g) D. E. N. Jacquot, H. Hoffmann, K. Polborn, and T. Lindel, Tetrahedron 

Lett., 2002, 43, 3699. (h) K. J. Wiese, K. Yakushijin, and D. A. Horne, Tetrahedron Lett., 2002, 43, 

5135. (h) P. M. Fresneda, P. Molina, and M. A. Sanz, Tetrahedron Lett., 2001, 42, 851. (i) D. Stien, 

G. T. Anderson, C. E. Chase, Y. Koh, and S. M. Weinreb, J. Am. Chem. Soc., 1999, 121, 9574. 

3. R. P. Walker, D. J. Faulkner, D. V. Engen, and J. Clardy, J. Am. Chem. Soc., 1981, 103, 6772. 

4. (a) P. A. Keifer, R. E. Schwartz, M. E. S. Koker, R. G. Hughes Jr., D. Rittechof, and K. L. Rinehart, 

J. Org. Chem., 1991, 56, 2965. (b) R. Rosa, W. Silva, G. Escalona de Motta, A. D. Rodriguez, J. J. 

Morales, and M. Ortiz, Experientia, 1992, 48, 885. (c) F. Cafieri, R. Carnuccio, E. Fattorusso, O. 

Taglialatela-Scafati, and T. Vallefuoco, Bioorg. Med. Chem. Lett., 1997, 7, 2283. (d) A. Vassas, G. 

Bourdy, J. J. Paillard, J. Lavayre, M. Pais, J. C. Quirion, and C. Debitus, Planta Med., 1996, 62, 28. 

(e) U. Bickmeyer, C. Drechsler, M. Kock, and M. Assmann, Toxicon, 2004, 44, 45. 

5. S. Forenza, L. Minale, R. Riccio, and E. Fattorusso, Chem. Commun., 1971, 1129. 

6. J. Kobayashi, Y. Ohizumi, H. Nakamura, and Y. Hirata, Experientia, 1986, 42, 1176. 

7. (a) P. S. Baran, A. L. Zografos, and D. P. O’Malley, J. Am. Chem. Soc., 2004, 126, 3726. (b) P. S. 

Baran, K. Li, D. P. O'Malley, and C. Mitsos, Angew. Chem. Int. Ed., 2006, 45, 249. 

8. V. B. Birman and X.-T. Jiang, Org. Lett., 2004, 6, 2369. 

9. P. L. Egerton, E. M. Hyde, J. Trigg, A. Payne, P. Beynon, M. V. Mijovic, and A. Reiser, J. Am. 

Chem. Soc., 1981, 103, 3859. 

10. (a) S. Nakamura, I. Kawasaki, M. Yamashita, and S. Ohta, Heterocycles, 2003, 60, 583. (b)  S. 

Nakamura, I. Kawasaki, M. Kunimura, M. Matsui, Y. Noma, M. Yamashita, and S. Ohta, J. Chem. 

Soc., Perkin Trans. 1, 2002, 1061. (c) I. Kawasaki, S. Nakamura, S. Yanagitani, A. Kakuno, M. 

Yamashita, and S. Ohta, J. Chem. Soc., Perkin Trans. 1, 2001, 3095. (d) S. Nakamura, N. Tsuno, M. 

Yamashita, I. Kawasaki, S. Ohta, and Y. Ohishi, J. Chem. Soc., Perkin Trans. 1, 2001, 429. (e) S. 

Ohta, N. Tsuno, S. Nakamura, N. Taguchi, M. Yamashita, I. Kawasaki, and M. Fujieda, 

Heterocycles, 2000, 53, 1939. (f) S. Ohta, N. Tsuno, K. Maeda, S. Nakamura, N. Taguchi, M. 

Yamashita, and I. Kawasaki, Tetrahedron Lett., 2000, 41, 4623. (g) I. Kawasaki, H. Katsuma, Y. 

832 HETEROCYCLES, Vol. 71, No. 4, 2007



 

Nakayama, M. Yamashita, and S. Ohta, Heterocycles, 1998, 48, 1887. (h) I. Kawasaki, N. Taguchi, 

M. Yamashita, and S. Ohta, Chem. Pharm. Bull. 1997, 45, 1393. (i) I. Kawasaki, M. Yamashita, and 

S. Ohta, Chem. Pharm. Bull., 1996, 44, 1831. (j) I. Kawasaki, H. Katsuma, Y. Nakayama, M. 

Yamashita, and S. Ohta, Heterocycl. Commun., 1996, 2, 189. (k) I. Kawasaki, N. Taguchi, Y. 

Yoneda, M. Yamashita, and S. Ohta, Heterocycles, 1996, 43, 1375. (l) I. Kawasaki, N. Taguchi, T. 

Yamamoto, M. Yamashita, and S. Ohta, Tetrahedron Lett., 1995, 36, 8251. (m) I. Kaswasaki, M. 

Yamashita, and S. Ohta, Chem. Commun., 1994, 2085. 

11. M. D’Auria and R. Racioppi, Photochem. Photobiol., 1998, 112, 145. 

12. (a) F. Berree, P. G. Bleis, and B. Carboni, Tetrahedron Lett., 2002, 43, 4935. (b) T. Lindel and M. 

Hochgürtel, J. Org. Chem., 2000, 65, 2806. (c) S. D. Zeghal, A. A. Mourabit, A. Ahond, C. Poupat, 

and P. Potier, Tetrahedron, 1997, 53, 7605. (d) G. D. Nanteuil, A. Ahond, C. Poupat, O. Thoison, 

and P. Potier, Bull. Soc. Chim. Fr., 1986, 813. 

13. (a) I. Kawasaki, N. Sakaguchi, N. Fukushima, N. Fujioka, F. Nikaido, M. Yamashita, and S. Ohta, 

Tetrahedron Lett., 2002, 43, 4377. (b) I. Kawasaki, N. Sakaguchi, A. Khadeer, M. Yamashita, and S. 

Ohta, Tetrahedron, 2006, 62, 10182. 

14. M. Kuzuya, M. Tanaka, and T. Okuda, Tetrahedron Lett., 1983, 24, 4237. 

15. G. M. J. Schmidt, Pure Appl. Chem., 1971, 27, 647. 

16. J. Inanaga, K. Hirata, H. Saeki, T. Katsuki, and M. Yamaguchi, Bull. Chem. Soc. Japan, 1979, 52, 

1989. 

 

 

HETEROCYCLES, Vol. 71, No. 4, 2007 833


