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Abstract: 12,13-Dibromometa[2](2,5)thiophenophane was subjected to Suzuki-Miyaura cross coupling to yield
12,13-diarylmeta[2](2,5)thiophenophanes, cyclophanes with extended 7-systems.
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1. Introduction

Over the years, thiophenophanes'”* and their metal complexes™>* have been of considerable
interest. Thiophenophanes have been used as study objects in the 7 sinteraction’” and &7
interaction'® in closely spaced aromatic-heteroaromatic systems.'>'? Thiophenophanes have been
investigated as inclusion hosts’ and have elicited attention as interesting optical material.'*'"> They
have been used as starting materials for multi-functionalised arenophanes'®"® via the corresponding
thiophenophane S-oxides and for condensed heteroarenes.'” Many, especially closely layered
cyclophanes have interesting electronic properties due to the proximity of their areno/hetareno faces.
These electronic properties can be modified by 7ring substitution. In this regard, extension of their 7
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systems due to suitable substitution is of interest. The following details a simple synthetic sequence to
meta[2](2,5)thiophenophanes with extended s-systems as a first step to oligomers with
heterocyclophane monomers bridged by z-units.”>*’

— — n

Figure 1. Schematic representation of oligomers with thiophenophane monomers bridged by 7zsystems

2. Results and Discussion

Synthesis. The key precursor, which was to be used as the substrate in Suzuki-Miyaura cross-
coupling reactions, is 12,13-dibromo[2]metacyclo[2](2,5)thiophenophane (5), which is prepared by
pyrolysis of disulfone 4. The synthetic approach follows closely a sequence published previously.'®*'
At first, 3,4-dibromo-2,5-bis(bromomethyl)thiophene (1)'® was prepared. The coupling reaction of
3,4-dibromo-2,5-bis(bromo)methylthiophene (1) with 1,3-bis(mercaptomethyl)benzene (2)® was
carried out under high dilution conditions and afforded dithia[3]metacyclo[3](2,5)thiophenophane (3)
in 48% yield. 3 was oxidized with meta chloroperbenzoic acid (m-CPBA) in CH,Cl, to sulfone 4 in
90% vyield. Pyrolysis of 4 afforded dibromo[2.2](2,5)metathiophenophane 5'®*' in 70% yield (Scheme
1).
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Scheme 1. Synthesis of 12,13-dibromometa[2](2,5)thiophenophane (5) [see also ref. 16 and 21]

Suzuki-Miyaura cross-coupling and characterization of the cyclophanes. 5 was subjected to
Suzuki-Miyaura cross coupling reaction with a number of substituted aryl boronic acids 6 to yield the
symmetric 14,15-diaryl[2]metacyclo[2](2,5)thiophenophanes 7 (Scheme 2). A two-phase reaction
medium  was chosen with a  basic aqueous  phase (aq. Na,COs) and
tetrakis(triphenylphosphino)palladium(0) [Pd(PPhs)4] as a catalyst.” In order to obtain the symmetric
bis-coupled products 7, it is necessary to use an excess of aryl boronic acid and a longer reaction time.
Mono arylated cyclophanes form as by-products. They are separated from the desired diarylated
products by column chromatography. In certain cases, as in the coupling reaction of 5§ with 3-
nitrophenylboronic acid (6c), the use of less arylboronic acid has led to the formation of the mono-
arylated cyclophane (ie., to 14-bromo-15-(3-nitrophenyl)metacyclo[2](2,5)thiophenophane) as the
major product.”
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Scheme 2. Synthesis of symmetric 12,13-diarylmeta[2](2,5)thiophenophane (7) - Suzuki Miyaura cross coupling

of thiophenophane 5.

12,13-Dibromo[2]metacyclo[2](2,5)thiophenophane (5) consists of two layered 7z-systems, where
the thienyl- and the phenylene ring are positioned almost in parallel. The X-ray crystal structure of 5°'
shows the molecule to exhibit a conformation similar to 5-fert-butyl-12,13-dibromo-8-
methyl[2]metacyclo[2](2,5)thiophenophane, of which the X-ray structure has already been
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communicated.”’ At & 5.97 ppm, Hg (vs. & 7.01 ppm for Hye and & 7.20 ppm for Hs) of the
phenylene ring in 5 experiences a high field shift due to the vicinity of the overlying thienyl group.
Although less pronounced, this high field shift of Hg due to the anisotropy of the proximate thienyl
group can be found in the 7-extended cyclophanes as well. Only small differences in chemical shift
values can be found for Hg, when comparing cyclophane 7¢ with slightly electron withdrawing m-
nitrophenyl substituents (& 6.29) with cyclophane 7e with slightly electron-donating p-anisyl
substituents (dy 6.39). This may be due to a slightly different electronic interaction of the layered 7-
systems compensated by a slight difference in shielding, potentially due to a small change in interlayer
distance.

3. Conclusion

A number of symmetric 14,15-diaryl[2]metacyclo[2](2,5)thiophenophanes 7 have been prepared
successfully as a first step towards the synthesis of 7-bridged heterophane oligomers. Currently,
strategies utilizing aryldiboronic acids in the reaction with 12,13-dibromo[2]metacyclo[2](2,5)
thiophenophane (5) and similar heterophanes are being investigated.

4. Experimental

General. — Melting points were measured on a Yanaco microscopic hotstage are uncorrected.
Infrared spectra were measured with JASCO IR-700 and Nippon Denshi JIR-AQ20OM machines. 'H
and "C NMR spectra were recorded with a JEOL EX-270 spectrometer. The chemical shifts are
relative to TMS (solvent CDClj;, unless noted otherwise). Mass spectra were measured with a JMS-01-
SG-2 spectrometer (EL, 70 eV or FAB-modus). UV-VIS spectra were performed with a Shimadzu UV-
2401 PC spectrometer. UV-spectra of the cyclophanes were measured as solutions in cyclohexane
(reagent grade ACS, ISO UV-VIS, Karl Fischer Titrations, Scharlau). Column chromatography was
carried out with Wakogel 300.

12,13-Dibromo[2]metacyclo[2](2,5)thiophenophane (5) was prepared according to the
literature.'**' Commercially available biphenylboronic acid (6a), p-phenoxyphenylboronic acid (6b),
3-nitrophenylboronic acid (6c), phenylboronic acid (6d), 4-methoxyphenylboronic acid (6e), and 4-
vinylphenylboronic acid (6f) (all Aldrich) were used for this study.

12,13-Bis(pp'-biphenyl)metacyclo[2](2,5)thiophenophane (7a). — A mixture of 12,13-
dibromo[2]metacyclo[2](2,5)thiophenophane (§) (171 mg, 0.46 mmol), p,p’-biphenylboronic acid
(228 mg, 1.15 mmol) and Pd(PPh;), (30 mg, 2.610% mmol) in DME (4 mL) and 1.5 M aq. Na,CO; (3
mL) was stirred at 60 °C for 8h. Thereafter, the cooled solution was poured into water (50 mL) and
extracted with CHCI; (3 X 15 mL). The combined organic phase was dried over anhydrous MgSO,
and concentrated in vacuo. Column chromatography of the residue on silica gel (hexane/CHCl; 20:3)
gave 7a (141 mg, 59%) as a pale yellow solid, mp. 210 °C; IR (KBr) v 2936, 1526, 1483, 841, 802,
764, 752, 735, 695 cm™; UV (¢ = 3.410° M in cyclohexane) Ay nm (log €) 280 (4.82), 251 (4.41),
204 (4.53); '"H NMR (270 MHz, CDCls3) §2.45 — 2.56 (m, 4H), 2.80 — 2.84 (m, 2H), 3.28 — 3.33 (m,
2H), 6.46 (s, 1H), 7.07 (d, 2H, *J 7.6 Hz), 7.23 - 7.62 (m, 19H); °C NMR (67.8 MHz, CDCl;) §32.20
(20), 38.90 (20), 126.41 (2C), 126.64 (4C), 126.91 (4C), 127.20 (2C), 128.72 (4C), 129.04, 130.39
40C), 130.75, 136.04 (2C), 139.09 (2C), 140.63 (2C), 142.09 (4C), 142.67 (2C) MS (FAB, 3-
nitrobenzyl alcohol) m/z (%) 518 (M*, 7.0). HRMS Calcd. for C3sH3,S: 518.2068. Found: 518.2065.
Calcd. for C33H3,S0.4H,0: C, 86.78; H, 5.90. Found: C, 86.88; H, 5.87%.
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12,13-Bis(p-phenoxyphenyl)metacyclo[2](2,5)thiophenophane (7b). - A mixture of 5 (128 mg,
0.34(6) mmol), p-phenoxyphenylboronic acid (185 mg, 0.86 mmol) and Pd(PPh;), (30 mg, 2.6107
mmol) in DME (4 mL) and 1.5 M aq. Na,CO3 (3 mL) was stirred at 60°C for 8h. Thereafter, the
cooled solution was poured into water (50 mL) and extracted with CHCl; (3 X 15 mL). The combined
organic phase was dried over anhydrous MgSO, and concentrated in vacuo. Column chromatography
of the residue on silica gel (hexane/CHCl; 20:3) gave 7b (110 mg, 58%) as a colorless solid, mp. 167
°C; IR (KBr) v 1587, 1512, 1487, 1229, 1166, 867, 751, 695 cm™; UV (¢ = 4.010° M in cyclohexane)
Amax 1M (log &) 254 (4.53), 246 sh (4.36), 209 (4.88); °C NMR (67.8 MHz, CDCl;) & 32.09 (2C),
38.79 (20), 118.23 (4C), 119.00 (4C), 123.32 (2C), 126.41 (2C), 129.04, 129.75 (4C), 130.64, 131.33
(40), 132.00 (2C), 141.87 (2C), 142.03 (20), 142.27 (2C), 155.99 (2C), 157.04 (2C); MS (FAB, 3-
nitrobenzyl alcohol) m/z (%) 550 (M*, 17.5). HRMS Calcd. for CszsH300,S: 550.1967. Found:
550.1974. Calcd. for C33H300,S: C, 82.88; H, 5.49. Found: C, 82.74; H, 5.55%.

12,13-Bis(m-nitrophenyl)metacyclo[2](2,5)thiophenophane (7¢).- A mixture of 5§ (155 mg, 0.42
mmol), m-nitrophenylboronic acid (166 mg, 1.04 mmol) and Pd(PPh;), (30 mg, 2.610% mmol) in
DME (4 mL) and 1.5 M aq. Na,CO; (3 mL) was stirred at 60°C for 8h. Thereafter, the cooled solution
was poured into water (50 mL) and extracted with CHCl; (3 X 15 mL). The combined organic phase
was dried over anhydrous MgSO, and concentrated in vacuo. Column chromatography of the residue
on silica gel (hexane/CHCls/ether 8:2:1) gave 7¢ (105 mg, 55%) as a pale yellow solid, mp. 196 °C; IR
(KBr) v 2912, 1527, 1347, 1072, 813, 771, 730, 705, 691 cm’'; UV (c = 4.610° M in cyclohexane)
Amax 1M (log &) 339 sh (3.26), 259 (4.48), 239 sh (4.38), 202 (4.68); '"H NMR (270 MHz, CDCl5)
52.35 — 2.50 (m, 4H), 2.89 (m, 2H), 3.19 (m, 2H), 6.29 (s, 1H), 7.08 (dd, 2H; *J 7.3 Hz, *J 1.6 Hz),
7.29 (dd, 1H, °J 8.1 Hz, *J 8.1 Hz), 7.43 — 7.54 (m, 4H), 8.11 — 8.18 (m, 4H), °C NMR (67.8 MHz,
CDCl3) 632.06 (2C), 39.04 (2C), 122.05 (2C), 124.47 (2C), 126.69 (2C), 129.32 (2C), 129.55 (20),
130.45 (2C), 135.98 (2C), 137.87 (2C), 139.17 (2C), 141.47 (2C), 145.18 (2C), 148.20; MS (FAB, 3-
nitrobenzyl alcohol) m/z (%) 457 (MH", 6), 456 (6). HRMS Calcd. for CysHyoN,0,S: 456.144. Found:
456.1146. Calcd. for CocH,00,N,S: C, 68.41; H, 4.42; N, 6.14. Found: C, 68.27; H, 4.43; N, 6.18%.

12,13-Diphenylmetacyclo[2](2,5)thiophenophane (7d). — A mixture of 5 (140 mg, 0.37(5)
mmol), phenylboronic acid (110 mg, 0.82(5) mmol) and Pd(PPh;), (5.5 mg, 5.10-3 mmol) in DME (5
mL) and aq. Na,COj; (250 mg Na,COs; in 0.75 mL H,0) was kept under reflux for 24h. Thereafter, the
reaction mixture was extracted with CH,Cl, (50 mL). The solution was dried over anhydrous MgSQ,,
concentrated in vacuo and the residue was purified by column chromatography on silica gel
(hexane/ether 5:1) to give 7d (153 mg, 0.37 mmol, quant.) as yellow prisms, mp. 199 °C; IR (KBr) v
3048, 3014, 2936, 2914, 2844, 1598, 1500, 1481, 1432, 1069, 913, 773, 731, 698 cm™"; '"H NMR (270
MHz, CDCl3) 62.30 — 2.49 (m, 4H), 2.65 — 2.74 (m, 2H), 3.08 — 3.19 (m, 2H), 6.35 (s, 1H), 6.95 —
7.23 (m, 13H); °C NMR (67.8 MHz, CDCl;) §32.06, 38.81, 126.38, 126.52, 127.92, 129.00, 129.99,
130.69, 137.02, 142.10, 142.39, 142.53; MS (FAB, 3-nitrobenzyl alcohol) m/z (%) 366 (M*, 100).

12,13-Bis(methoxyphenyl)metacyclo[2](2,5)thiophenophane (7e). — A mixture of 5 (140 mg,
0.37(5) mmol), 4-methoxyphenylboronic acid (125 mg, 0.82(5) mmol) and Pd(PPh;), (5.5 mg, 5.10°
mmol) in DME (5 mL) and aq. Na,COj; (250 mg Na,CO; in 0.75 mL H,O) was kept at reflux for 24h.
Thereafter, the cooled reaction mixture was extracted with CH,Cl, (100 mL). The solution was dried
over anhydrous MgSO,, concentrated in vacuo, and the residue was subjected to column
chromatography on silica gel (hexane/ether 2:1) to give 7e (35 mg, 22%) as yellow prisms; mp. 175
°C; IR (KBr) v 3030, 2920, 2846, 1689, 1674, 1656, 1640, 1610, 1289, 1247, 1214, 1202, 1176 cm™;
'H NMR (270 MHz, CDCl3) 62.35 — 2.53 (m, 4H), 2.72 — 2.83 (m, 2H), 3.12- 3.25 (m, 2H), 3.79 (s,
6H, 2 OCH,), 6.39 (s, 1H), 6.80 — 6.85 (m, 4H), 7.05 (d, 2H, °J 8.1 Hz), 7.14 — 7.27 (m, 5H); °C
NMR (67.8 MHz, CDCl;) 6 32.56, 39.16, 55.60, 113.84, 126.77, 129.38, 130.01, 131.09, 131.52,
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142.14, 142.61, 142.75, 158.60; MS (EI, 70 eV) m/z (%) 426 (M*, 44). HRMS Found: 426.1651.
Caled. for CosHp60,S: 426.1654 (M™).

12,13-Bis(4-vinylphenyl)metacyclo[2](2,5)thiophenophane (7f). — A mixture of 5 (140 mg,
0.37(5) mmol), 4-vinylphenylboronic acid (122 mg, 0.82(5) mmol), Pd(PPh;), (5.5 mg, 5.0 10°
mmol) in DME (5 mL) and aq. Na,COj3 (250 mg Na,CO; in 0.75 mL H,0) was kept under reflux for
24h. Thereafter, the mixture was extracted with CH,Cl, (100 mL). The organic phase was dried over
anhydrous MgSQ,, concentrated in vacuo, and the residue was purified by column chromatography on
silica gel (hexane/ether 5:1) to give 7f (118 mg, 75%) as yellow prisms; mp. 82 °C; IR (KBr) v 3080,
3014, 2916, 1627, 1604, 1517, 1432, 1400, 1329, 1261, 1206, 1167, 1112, 1068, 1028, 1015, 1006,
987, 910, 844, 807, 781, 711, 701, 473 cm™"; 'H NMR (270 MHz, CDCl;) §2.29 — 2.46 (m, 4H), 2.63
—2.75 (m, 2H), 3.04 — 3.19 (m, 2H), 5.01 — 5.19 (m, 4H), 5.60 - 5.69 (dd, 2H, °J 11.0 Hz, *J 10.5 Hz)..
6.38 (s, 1H), 6.52 — 7.30 (m, 11H); ’C NMR (67.8 MHz, CDCl;) & 31.30, 37.93, 112.72, 124.99,
125.05, 125.57, 128.17, 129.40, 129.86, 135.67, 135.90, 141.24, 141.33, 142.01; MS (FAB, 3-
nitrobenzyl alcohol) m/z (%) 418 (M*, 78).

Acknowledgements

The authors thank Ms. Yasuko Tanaka, Institute of Materials Chemistry and Engineering, Kyushu
University, for the mass and high resolution mass measurements. The elemental analyses were carried
out at the Centre of Analysis, Kyushu University, Hakozaki Campus, Fukuoka. J. 1. appreciates
financial support from the Ramon y Cajal Programme of the Spanish Ministry of Education and
Science.

References

[1] Miyahara, Y. A new general route to thiophenophanes. Synthesis and properties of
[n](2,5)thiophenophane-1,n-diones. J. Org. Chem. 2006, 71, 6516-6521.

[2] Heerklotz, J.; Linden, A.; Hesse, M. Synthesis of aza-1,2-thiophenophanes by double ring enlargement.
Tetrahedron, 2000, 56, 7205-7210.

[3] Aguilar, J. A.; Diaz, P.; Domenech, A.; Garcia-Espana, E.; Llinares, J. M.; Luis, S. V.; Ramirez, J. A.;
Soriano, C. Synthesis, protonation and Cu®* co-ordination studies on a new family of thiophenophane
receptors. J. Chem. Soc., Perkin Trans. 2, 1999, 1159-1168.

[4] Nakamura, Y.; Kaneko, M.; Shinmyozu, T.; Nishimura, J. Synthesis of [2.n]thiophenophanes by
intramolecular [2+2] photocycloaddition. Heterocycles 1999, 51, 1059-1065.

[5] Katano, N.; Sugihara, Y.; Ishii, A.; Nakayama, J. Synthesis and structure of sulfur-bridged
[1.,]1(2,5)thiophenophanes (n=4-6). Bull. Chem. Soc. Jpn. 1998, 71, 2695-2700.

[6] Tsuji, T.; Ishihara, T.; Nishida, S. Ring-opening cycloaddition of 4-thiadispiro[2.1.2.2]non-8-ene with
tetracyanoquinodimethane via zwitterions. Formation of (2,5)thiophenophanes and a specific effect of
ethereal solvent. J. Org. Chem. 1993, 58, 1601-1603.

[7] Takeshita, M.; Koike, M.; Tsuzuki, H.; Tashiro, M. Synthesis and structure of
[24]1(2,3,4,5)thiophenophane (superthiophenophane). J. Org. Chem. 1992, 57, 4654-4658.

[8] Acheson, R. M.; Lee, G. C. M. The synthesis of some thiophenophanes and attempted cyclization to
polycyclic thiophenium salts. J. Chem. Soc., Perkin Trans. 1, 1987, 2321-2332.

[9] Fukazawa, Y.; Kodama, M.; Tsuchiya, J.; Fujise, Y.; Ito, S. Conformation of dithia[3.3]azulenofurano-
and -thiophenophanes. Tetrahedron Lett. 1986, 27, 1929-1932.

[10] Miyahara, Y.; Inazu, T.; Yoshino, T. Synthesis and properties of [3.3](2,5)furano(2,5)thiophenophane
and [3.3](2,5)thiophenophane. Chem. Lett. 1980, 397-400.

[11] Miyahara, Y.; Inazu, T. Yoshino, T. A new approach to the synthesis of thiophenophanes. Synthesis of
[n.1.1]paracyclo(2,5)thiophenoparacyclophane. Chem. Lett. 1978, 563-566.

[12] Thiemann, T.; Ohira, D.; Li, Y. Q.; Sawada, T.; Taniguchi, M.; Tashiro, M.; Mataka, S.
Thieno[3.3]orthocyclophanes: preparations and structures. New J. Chem. 1999, 23, 675-678.



61

Thiemann et al., Org. Commun. (2008) 1:3 54-61

[13] Gleiter, R.; Schaefer, W.; Krennich, G.; Sakurai, H. oz Interactions in [2.2]paracyclophanes. PE
investigations on octamethyltetrasila[2.2](2,5)thiophenophane and —furanophane. J. Am. Chem. Soc.
1988, 110, 4117-4120.

[14] Schiller, J.; Lagier, H.; Klein, A.; Hormes, J.; Voegtle, F.; Aigner, A.; Thomessen, R. Circular
dichroism measurements of thiophenophanes and binaphthyl-descendants in the VUV-region with a
recent facility of HASYLAB. Phys. Scr. 1987, 35, 463-469.

[15] Aigner, A.; Voegtle, F.; Franken, S.; Puff, H. New helical molecules .10. Syntheses and chiroptical
properties of diastereomeric and enantiomeric pure thiophenophanes. Chem. Ber. 1985, 118, 3643-
3651.

[16]Li, Y. Q.; Thiemann, T.; Mimura, K.; Sawada, T.; Mataka, S.; Tashiro, M. Oxidative Cycloaddition of
Thiophenophanes — [n](2,5)-Parathiophenophane (n = 8, 10-12, 14), [8](2,4)Metathiophenophane and
[2.2](2,5)Parameta thiophenophane. Eur. J. Org. Chem. 1998, 1841-1850.

[17] Thiemann, T. [4+2]-Cycloaddition reactions and cyclophanes In Cyclophane Chemistry of the 21"
Century (Takemura, H.; ed.), Research Signpost, Trivandrum, India, 2002; pp. 301-316.

[18]Li, Y. Q. Oxidative cycloaddition of thiophenes. DSc-thesis, Kyushu University, 1997.

[19] Watanabe, K.; Aso, K.; Otsubo, T.; Ogura, F. Synthesis and properties of naphtha[l,8-bc:4,5-
b’c’]dithiophene as a novel heterocyclic electron donor. Chem. Lett. 1992, 1233-1236.

[20] Takeshita, M.; Tsuge, A.; Tashiro, M. Synthesis and thiophene opening reaction of
[2]paracyclo[2](2,5)- and (2,4)thiophenophanes. Chem. Ber. 1991, 124, 411-413.

[21] Takeshita, M.; Tashiro, M. Synthesis and conformation of dithia[3]meta[3]thiophenophanes and
[2]meta[2]thiophenophanes. J. Org. Chem. 1991, 56, 2837-2845.

[22] JP Pat. 53141295 Thiophenophanes (Iwao, T.; Miyamoto, I.; Sasaki, H.; Yamamura, K.) Dec. 12, 1978,
Appl. May 17, 1977; Chem. Abstr. 1979, 90, 151971b.

[23] Lucas, C. R.; Liu, S.; Newlands, M. J.; Charland, J. P.; Gabe, E. J. Thiophenophane metal complexes.
I. Preparation, structure and properties of binuclear copper(Il) complexes and of 2,5,9,12-
tetrathia[ 13](2,5)thiophenophanes. Evidence for S-coordinated thiophene. Can. J. Chem. 1989, 67, 639-
647.

[24] Liu, S.; Lucas, C. R.; Newlands, M. J.; Charland, J. P. Thiophenophane-metal complexes. 4. Structural
and NMR study of a 1,4-fluxional pivot about a Pd-S(thiophene) bond. Inorg. Chem. 1990, 29, 4380-
4385.

[25] For approaches to paracyclophane oligomers bridged by thienyl units, see: Salhi, F.; Collard, D. M. 7
Stacked conjugated polymers: the influence of paracyclophane p-stacks on the redox and optical
properties of a new class of broken conjugated polythiophenes. Adv. Mater. (Weinheim), 2003, 75, 81-
85 and ref. 26 and 27.

[26] Guyard, L.; Nguyen Dinh An, M.; Audebert, P. Synthesis and electrochemical polymerization of new
oligothiophene functionalized cyclophanes. Adv. Mater. (Weinheim), 2001, /3, 133 — 136.

[27] Guyard, L.; Dumas, C.; Miomandre, F.; Pansu, R.; Renault-Meallet, R.; Audebert, P. Synthesis and the
electrochemical and fluorescence properties of new cyclophane-derived oligothiophenes. New J. Chem.
2003, 27, 1000 — 1006.

[28] Yamato, T.; Arimura, T.; Tashiro, M. Metacyclophanes and related compounds. Part 16. Preparation of
8-fluoro-tert-butyl[2.2]metacyclophanes and their treatment with aluminum chloride-nitromethane in
benzene. J. Chem. Soc., Perkin Trans. 1, 1987, 1-7.

[29] Suzuki, A. Cross-coupling reactions of organoboron compounds with organic halides in Metal
catalyzed cross-coupling reactions, eds.: F. Diederich, P. J. Stang, Wiley-VCH, Weinheim, 1998, pp.
74 - 178.

[30] Arima, K. The chemistry of thiophene-, benzothiophene- and dibenzothiophene S-oxides, MSc thesis,
Kyushu University, 2001.

[31] Thiemann, T.; Arima, K.; Matsumoto, T.; Li, Y. Q.; Iniesta, J. 12,13-Dibromo[2]metacyclo[2](2,5)
thiophenophane. Acta Cryst., Sect E, to be submitted.

ACG

publications

© 2008 Reproduction is free for scientific studies



