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ABSTRACT

SYNTHESIS OF THIENO-DIBENZOTHIOPHENE DERIVATIVES VIA
CYCLIZATION REACTIONS

ALGSO, Muheb A.S.
Ph. D. Thesis, Department of Chemistry
Supervisor: Prof. Dr. Arif KIVRAK
June 2018, 195 Pages

Benzothiophene and derivatives have emerged as central candidates for
pharmaceutical applications since they show remarkable analgesic, antiinflammatory,
antibacterial ~ antiparasitic, —antitussive, hypoglycemic, antitumor and/or anticancer
activities. They have also important compounds for material sciences. Many synthetic
methods have been employed for the synthesis of this heterocyclic compounds and they
have also been isolated from different kinds of plants and used to treat different diseases
for many years. On the otherhand, there are a few studies for thieno-dibenzothiophenes
which may have critical biological properties. In this study, we developed new
methodologies for the synthesis of potentially biologically active thieno-
dibenzothiophene derivatives containing fused heteroaromatics. A variety of organic
reactions were used for the formation of desired products such as, Sonogashira
Coupling Reactions, Electrophilic Cyclization Reactions and Suzuki-Miyaura Coupling
reactions. Moreover, all synthesized intermediates and products were characterized by

using spectroscopic methodologies.

Key words: Biological activities, Cyclization reactions, Dibenzothiophenes,
Thieophenes.






OZET

TIYENO-DIiBENZOTiYOFEN TUREVLERININ HALKALASMA
TEPKIMELERI ILE SENTEZI

ALGSO, Muheb A.S.
Doktora Tezi, Kimya Anabilim Dal
Tez Damsmani: Prof. Dr. Arif KIVRAK
Haziran 2018, 195 Sayfa

Benzotiyofen ve  tlirevleri sahip  olduklart  analjezik, ates  disiiriici,
antibakteriyel, antiparazitik, hipoglisemik, antitimoér ve antikanser aktivitelerinden
dolayr ilag uygulamalari i¢in ¢ok biiylik Oneme sahip olmalarmm yannda malzeme
bilimi icin de olduk¢a Onemlidirler. Bu heterosiklk yapilarm sentezi icin farkh sentetik
metotlar kullanilmakla birlikte bazlari dogal iiriin olarak ¢esitli bitkilerden de elde
edilebilmektedirler. Ancak, bir benzotiyofen tirevi olan ve potansiyel olarak biyolojik
Oneme sahip tiyeno-dibenzotiyofenler hakkmnda ¢ok az c¢alsma mevcuttur ve bu
tirevlerin biyolojik ozellikleri hakkmda sadece bir ka¢ c¢alisma vardwr. Bu ¢aligmada
potansiyel biyolojik 6neme sahip tiyeno[a]dibenzotiyofen turevierinin sentezi icin yeni
ve uygulanabilr  metotlar  gelistirilmistir.  Farkh  sentez  yOntemleri hedeflenen
molekiillerin  eldesi i¢in  kullamimustr. Bunlardan bazlar1  Sonogashira Kenetlenme
Tepkimesi, elektrofilik  halkalasma  tepkimesi ve  Suzuki-Miyaura  kenetlenme
tepkimesidir.  Tepkimelerde elde edilen tim ara ({irtin ve {riinlerm yapisal

karakterizasyonlar1 spektroskobik yontemler ile kesin olarak belirflenmistir.

Anahtar Kelimeler:  Biyolojik, Dibenzotiyofenler aktiviteler, Halkalasma
tepkimeleri, Tiyofen.






ACKNOWLEDGMENT

First and foremost, | would like to thank our god "Allah" for giving me the
strength, ability, knowledge, and ability to undertake my Ph. D. study. Without his
blessings my study would not has been possible.

I would like to express my special thanks to my teacher, my friend, my role
model, my pillar support, and my scientific supervisor Prof. Dr. Arif KIVRAK for his
endless care, support and help during this study. His suggestions and encouragement
carry out my Ph. D. study to be finished in scientifically acknowledgement.

I would like to thank to Kivrak's group members for their friendship, helps, and
encouragement especially with my friend Emrah KAVAK. With Kivrak's group our
laboratory life was more beautiful.

I would like to thank to faculty of Science specially Chemistry Department in
Van Yuzinc Yil University.

I would lke to thank to TUBITAK (115Z020) for financial support, and we
would like to acknowledge networking contribution by the COST Action CM1407
“Challenging organic syntheses inspired by nature - from natural products chemistry to
drug discovery”.

I would like to thank especially to my wife Dhabya for her love, for all constant
support, for all the late nights and early morning, and for keeping me sane over the past
few years

Finally, 1 would like to thank my parents, all family and my friends who have
always been supportive in my life and they haven’t deprived me of therr valuable

encouragement.

2018
Muheb A. S. ALGSO






TABLE OF CONTENTS

Page
ABSTRACT .ottt ettt et b e s bt st e e e s et st s e n e ne bt ne et nnens i
(74 = OO OO UURRRTRRON ii
ACKNOWLEDGMENT ...ttt sne e eeneas Vv
TABLE OF CONTENTS ...ttt e e Vil
LIST OF TABLES........o oottt sttt nes X
LIST OF FIGURES ...ttt ettt e e e s e e ene e e e nnnae e Xi
SYMBOLS AND ABBREVIATIONS . ... Xxii
L INTRODUCTION ...ttt e et e e e e e e enae e e nneeas 1
1.1. HeteroCyClic COMPOUNIS.......ccuiiieiieeiciieite ettt ee s 1
1.2. Thiophene, Benzothiophene, and Dibenzothiophene Compounds..............c..c...... 4
1.2.1. THIOPNENES ..ottt re et reere s 4
1.2.2. BENZOtNIOPNENES ... 6
1.2.3. DIDENZOTNIOPNENES ... 8
1.3. Thieno-dibenzothiopheNeS.........oiiiie e 10
1.4. Palladium Catalyzed Coupling ReaCtiONS ...........coevieviiiieiiccec e 12
1.4.1. Sonogashira Coupling REACIONS. .........ccccviiriiiiiiiesee e 13
1.4.2. HECK rEACTIONS .. .eovviieeeiiieieeie sttt 14
1.4.3. Negishi Coupling REACTIONS .........cceiiriiiriiieie s 15
1.4.4. Suzuki-Miyaura Coupling ReaCtioNS..........cccevviiiiieiie i, 17
1.5. Electrophilic Cyclization REACTIONS ........cccvevverireiiiiieie e 17
1.6. The AIM OT STUAY ..oooviiiiic e 21
2. METARIAL AND METHODS. ........cotitiiieiiesieesies e 22
2.1. Methods and apPParatUSES ...........ccueieerierieriesieesieeie e e e sree e sbeeee e seeeneeas 23
2.2. Synthesis 0 COMPOUNGS ........covviiiiiciice et 23
2.2.1. Synthesis of thieno[2,3-a]d ibenzothiophene derivatives.............cccooerennne 23
2.2.2. Synthesis of thieno[3,2-a]dibenzothiophene derivatives..............ccccceveennne 58
3. RESULTS AND DISCUSSION .....coiiiiiiiie it ses e se e se e ste e e e snae e nnnee e 85
3.1. synthesis of thieno[2,3-a]dibenzothiophene derivatives...........c.cocovcvvveiieeieennns 85

Vii



3.1.1. Synthesis of ((3-bromothiophen-2-yl) ethynyl) trimethylsilane

COMPOUNT (MHL) .o s 85
3.1.2. Synthesis of trimethyl ((3-(substituted ethynyl) thiophen-2-yl)
ethynyl) silane compounds (MH2-2G)........ccccooviiiiniiiniiieic e 85
3.1.3. Synthesis of 2-ethynyl-3-(substitutedethynyl)thiophene derivatives ........... 88
3.1.4. Synthesis of 2-((2-(methylthio) phenyl) ethynyl) -3-(substituted
ethynyl) thiophene derivatives (MH4-4G) ..o, 90
3.1.5. Synthesis of 4-iodo-5-substituted-thieno[2,3-a]dibenzothiophene............... 92
3.1.6. Synthesis of 4,5- disubstituted - thieno[2,3-a] dibenzothiophene
(010 1001010 1o USROS 97
3.2. Synthesis of thieno[3,2-a]dibenzothiophene derivatives..........ccccccoocviiieiennens 97
3.2.1. Synthesis of 2-ethynyl -3-((2-(methylthio) phenyl) ethynyl)
thiophene (MHL5) ..o 97
3.2.2. Synthesis of 3- ((2-(methylthio) phenyl) ethynyl) -2-(substituted
ethynyl) thiophene derivatives ..o 100
3.2.3. 4-lodo-5-substituted-thieno[3,2-a]d ibenzothiophene derivatives............... 102
3.2.4. Synthesis of 4-(p-tolylethynyl)-5-(thiophen-2-yl)- thieno [3,2-a]
dibenzothiophene (IMH21).......cccveeiieiececee e 107
4, CONCLUSION ... .ottt sttt st b e saesaesaeaeseesreeneanes 109
REFERENGCES ... .ottt sttt sttt neene e 111
APPENDIX A:NMR DAT A et e e anes 121
APPENDIX B: Extended Turkish Summary (Genisletilmis Tiirkge Ozet).................. 181
CIRRICULUM VITE ...ttt et 193

viii



LIST OF TABLES

Table Page
Table 3.1. Synthesis of MH2-2G derivatives by using method C. ..........cccccooeiiiinenn. 87

Table 3.2. Desilylation reactions for the formation of 2-ethynyl-3-(substituted-
ethynyl) thiophene MH3 derivatiVes. ... 89

Table 3.3. Optimization conditions for Sonogashira coupling reaction between
MH3 and 2-halo thioaniSole. ...........ccooiiieiiee e 91

Table 3.4. Synthesis of MH4-4G derivatives by the reaction between terminal
alkynes (MH3-3G) and 2-i0do thioanisole. ..........ccccccevveiviieiiee e 91

Table 3.5. lodine- mediated intramolecular electrophilic cyclization reactions............. 93

Table 3.6. Sonogashira coupling reaction to preparation of 3-((2-(methylthio)
phenyl) ethynnyl)-2-(substitutedethynyl)thiophene derivatives. ..........c........... 100

Table 3.7. lodine-mediated intramolecular electrophilic aromatic cyclization
to preparation of 4-iodo-5-substituted-thieno[3,2-a]dibenzothiophene
EIIVALIVES ...ttt ettt et re e sra e e be e s aa e e nreesane e enea e e 103






Figure

Figure 1.1.
Figure 1.2.
Figure 1.3.
Figure 1.4.
Figure 1.5.
Figure 1.6.
Figure 1.7.
Figure 1.8.

Figure 1.9.

Figure 1.10.
Figure 1.11.
Figure 1.12.
Figure 1.13.
Figure 1.14.
Figure 1.15.
Figure 1.16.
Figure 1.17.
Figure 1.18.
Figure 1.109.

Figure 1.20.

LIST OF FIGURES

Page

Some heteroCyClic COMPOUNGS. ....c.voviiiiiiiie e 2
Some polyheterocyclic COMPOUNGS. .........ccviiiiriiiiiee e 3
PUFNE ErIVALIVES. ......eeiiiieiiee e e 3
B-Vitamin COMPIEX. .....coiiiiiiiieee e 4
THIOPHENE STIUCTUIE. ... 5
Some biologically active thiophene derivatives. ..........c.ccccvevveieiie e, 5
Some thiophene SITUCIUMES. ........coieiie e 6
the structures of Raloxifene 1, Zileton 2, Sertaconazole 3..............ccocceeeee. 7
Synthesis of benzothiophenes via intramolecular cyclization reactions. ....... 8
Synthesis of benzothiophenes via electophilic substitution reactions.......... 8
Biologically important dibenzothiophene derivatives............ccccocevinviennne. 9
Various approaches to the preparation of dibenzothiophene. ...................... 9
Some thieno-dibenzothiophene derivatives. ..........cccocevveieiiciec e, 10
Some reactions to prepare thieno[2,3-a]dibenzothiophene. ..........cco....... 11
Reaction to preparation of thieno[2,3-a]dibenzothiopehen. .............cc....... 11
Some reactions to prepare thieno[2,3-a]dibenzothiophene. .............c......... 12
Annulation reaction to prepare of thieno[b]dibenzothiopenes. .................. 12
Palladium-catalyzed coupling reactions. ..........ccccooeveiineniinienenc e 13
Sonogashira Coupling REACLION. ........cccveiiiiiiiecse e 14
Mechanism of Sonogashira coupling reaction ...........ccccoeevvevveiciiesiennns 14



Figure Page

Figure 1.21. Examples of the use of the Heck reaction in product synthesis. ................ 15
Figure 1.22. Heck reaction MEChaNISIM. .........ccoeiieiiiie e 15
Figure 1.23. Negishi Coupling REACTIONS. ........coviiriiiiiiiiiee e 16
Figure 1.24. synthesis of PUMITIOTOXIN A. ..o 17
Figure 1.25. Negishi coupling reaction mechanism. ...........ccccccoeeiieiicie v s 18
Figure 1.26. Suzuki-Miyaura Coupling ReaCtions. .........ccccvvevveieiieii e 18
Figure 1.27. Electrophilic cyclization reaction mechanism. ...........ccocvvvinieieiesinnennns 19
Figure 1.28. Examples of heterocycles formed via 5-endo cyclizations. ....................... 20
Figure 1.29. Examples of heterocycles formed via 6-endo-dig cyclizations.................. 21
Figure 1.30. Cascade cyclization of methylthioaryl aryldiynes with iodire. ................. 21
Figure 1.31. Synthesis of thieno-dibenzothiophene by using cyclization reactions. ..... 22
Figure 2.1. Synthesis of MHL1 compound...............c.coiiiiiiiiiii e, 25
Figure 2.2. Representative 'H NMR spectra 0f MHL. .........cccoovvereeeeinvsresreeeseiensnnenns 24
Figure 2.3. Representative 13C NMR spectra 0f MHL. .........coccoovveveierieeeeeeeeeeeeens 25
Figure 2.4. Synthesis of MH2 compound. ..........cccooveiiiie i 26
Figure 2.5. Representative 'H NMR spectra 0f MH2..........ccccoovvveeevievonresrseseieniensenns 26
Figure 2.6. Representative *C NMR spectra 0f MH2. ............co.coovevvnveenrsrinsseiisneennens 27
Figure 2.7. Synthesis of MH2BN compound. .........ccccccooieiieieiie e 27
Figure 2.8. Synthesis 0f MH2C COMPOUNG. .....cc.ooviiiiiiiiiiieee e 28
Figure 2.9. Synthesis 0f MH2D COMPOUNG. .....cc.oouiiiiiiiiiiieiee e 29
Figure 2.10. Synthesis of MH2E compound. .........cccoiiieiiiiiiciie e 29
Figure 2.11. Synthesis of MH2F COMPOUN. .......ccoiiiiiiiieiiecece e 30

Xii



Figure

Figure 2.12.
Figure 2.13.
Figure 2.14.
Figure 2.15.
Figure 2.16.
Figure 2.17.
Figure 2.18.
Figure 2.19.
Figure 2.20.
Figure 2.21.
Figure 2.22.
Figure 2.23.
Figure 2.24.
Figure 2.25.
Figure 2.26.
Figure 2.27.
Figure 2.28.
Figure 2.29.
Figure 2.30.
Figure 2.31.
Figure 2.32.

Figure 2.33.

Page
Synthesis 0f MH2G COMPOUNG. ......ccooiiiiiiiiiieesie e 31
Synthesis 0f MH3 cOMPOUN. ........ccveiveiiiie e 31
Representative 'H NMR spectra 0F MH3..........cc.coovvverveninvereereeeeesieene 32
Representative 13C NMR spectra 0f MH3.........ccccovvverveveeveceesssiesninnns 32
Synthesis of MH3BN compound. .........ccccooveiieiiiiesecceese e 33
Synthesis 0f MH3C COmMPOUNd. .......ccccveiiiiieiiee e 34
Synthesis of MH3D COMPOUNG. ...c.ooviiiiiiiiiiieiee e 34
Synthesis of MH3E COmMPoUNd. ......c.cooviiiiiiiiiiicce e 35
Synthesis 0f MH3F cOmMPOUNG. ........cccccveiiiieiieiecs e 36
Synthesis 0f MH3G COMPOUN. ...c.ooviiiiiiiiiiiieiee e 36
Synthesis 0f MH4 compound. .........cccooviiiiiieiiecce e 38
Representative *H NMR spectra 0F MH4. ...........ooooivieeeeeeeeeeeeeeene 38
Representative 13C NMR spectra 0f MH4. ...........ccooovirvevoeeesesissiesnnens 39
Synthesis of MHAB COMPOUNG. ......ooviiiiiiiiiiiiieeee e 40
Synthesis of MHAC compound. .........ccoveoiiiiii i 40
Synthesis 0f MHAD COMPOUNG. .......cccoveiiiiieieececie e 41
Synthesis of MHAE COMPOUNG. .......cooiiiiiiiiiiiee e 42
Synthesis of MHAF compound. ..........cccveoiiiiiiiiieicc e 43
Synthesis 0f MHAG COMPOUNG. .......cccoveiiiiiiieece e 43
Synthesis of MH7 and MHL17 cOmMPOUNGS. .......coooiiiinininiiiee e 44
Representative 'H NMR Spectra 0F MH7.........c.oovevoireeeeeeeeeeeeeeeseenne 45
Representative 13C NMR spectra 0f MH7...........ocoooivieeeeieeeeeeeeesseene 45

Xii



Figure

Figure 2.34.
Figure 2.35.
Figure 2.36.
Figure 2.37.
Figure 2.38.
Figure 2.39.
Figure 2.40.
Figure 2.41.
Figure 2.42.
Figure 2.43.
Figure 2.44.
Figure 2.45.
Figure 2.46.
Figure 2.47.
Figure 2.48.
Figure 2.49.
Figure 2.50.
Figure 2.51.
Figure 2.52.
Figure 2.53.
Figure 2.54.

Figure 2.55.

Page
Representative 'H NMR spectra 0F MHL7.........c.coovveereivreeeesseeeeseseens 46
Representative 13C NMR spectra 0f MHL7. ..........cocovveeveveieeeseeeseeenne 46
Synthesis of MH17B cOMPOUNG. .......c.cooeiiiiiiiieieceeeee e 47
Synthesis of MH7C and MHL17C compounds. ..........ccovrvreeieienie s 48
Synthesis of MH7D compound. ..........ccooviieiieieiie e 49
Synthesis of MH7E COMPOUNG. .......cccccveviiiiiiieece e 50
Synthesis of MH7F COMPOUNG. .......ccooiiiiiiiiiiie e 51
Synthesis of MH7G comPouNd. ........cooviiiiiiiiiiice e 51
Synthesis of MH42 A and MH42B compounds. .........ccccoveveeieieeieeinennn, 52
Synthesis of MH43A and MH43B COMPOUNGS. ........ccoivririiiiieieniesieeias 54
Representative 'H NMR spectra 0f MHA2A. ........coooveeeoeeseeeeeeeeeerreeen, 53
Representative 13C NMR spectra of MHA2A. ..........cccooeeveveeerereseereenne 54
Synthesis of MH44 A and MH44B COMPOUNGS. ........ccoviriniiieienie s 56
Representative 'H NMR spectra 0f MHA4A. ..........c..coccovvmvneeeereerrenrnnn. 57
Representative 13C NMR spectra of MHA4A. ..........cocooveeeereeeeeeeeeeereen. 57
Synthesis 0f MHG COMPOUNG. ........ccoveiieiicie e 58
Synthesis of MH9 COMPOUNG. ......cooiiiiiiiiiiicee e 59
Synthesis 0f MHL3 COMPOUNG. .......ccoiiiiiiiiiie e 60
Representative 'H NMR spectra 0F MHL3..........coovoiveerieeeeeeeeeeeereeene 60
Representative 13C NMR spectra 0f MHIL3. .........ccooovvivvereeresisessisninens 61
Synthesis of MHL5 COMPOUNG. .......coooviiiiiiiice e 62
Representative 'H NMR spectra 0F MHIL5. .........o.cooiveereeeeeeeeeeerseeene 62

Xiv



Figure Page
Figure 2.56. Representative “*C NMR spectra 0f MHIL5. ..........cocouvevrieeeneeeeeeeniesines 63
Figure 2.57. Synthesis of MH19 compouNnd. ..........cccoeviiiiiieiecc e 64
Figure 2.58. Representative *H NMR spectra 0F MH19. ........cc.cooovvvvvievnveneeseieninnens 65
Figure 2.59. Representative 3C NMR spectra 0f MHL9. ........co.ovvevvrverreenceerseeeesennens 65
Figure 2.60. Synthesis of MH19B cOmMpPouNd. .........cccoviiiiieiiic e 66
Figure 2.61. Synthesis of MH19C compound. .........cccoviieiieriie e 67
Figure 2.62. Synthesis of MH19D compouNd. ..........cccoooiiiiiiieieiesceeeeee e 67
Figure 2.63. Synthesis of MHL9E cOMPOUNG. .......ccoviiiieiiiiiicicce e 68
Figure 2.64. Synthesis of MHL19F cOompound. ........cccocviiiiieieie e 69
Figure 2.65. Synthesis of MH19G COMPOUNG. .........ccocoiiiiiiiieieicceeee e 70
Figure 2. 66. Synthesis of MHA46A COMPOUNG. ......covviiiieiiiiieciie e 70
Figure 2.67. Synthesis of MH46B cOMPOUNG. .........c.coviieiieiicese e 71
Figure 2.68. Synthesis of MHAGC COMPOUNG. .........ccoeiiiiiiiieieceee e 72
Figure 2.69. Synthesis of MH4G6D COMPOUNG. ..........cccoiiiiiiiiiiiee e 72
Figure 2.70. Synthesis of MHAGE cOMPOUNG. ........ccooivieiiiiiiciie e 73
Figure 2.71. Synthesis of MH20 COMPOUNG. .......ccoevveiiiiieiiee e 74
Figure 2.72. Representative *H NMR spectra 0F MH20...........co.covvvvievnrererneseieninnenns 75
Figure 2.73. Representative 2>C NMR spectra 0f MH20. ...........cooeuoevieeeeseeeeeseenns 75
Figure 2.74. Synthesis of MH20B cOMPOUNG. .......cccoeiuiiiiiieiece e 76
Figure 2.75. Representative *H NMR spectra 0F MH20B. ...........ccccoevivvnvevereieeiininnenns 76
Figure 2.76. Representative 2>*C NMR spectra 0f MH20B. .........c.ocveuvieeerereeeresreenns 77
Figure 2.77. Synthesis of MH20C as mixture COMPOUNdS. ........ccccoveveereeieieenieeieeeans 77

XV



Figure Page
Figure 2.78. Synthesis of MH20F COMPOUNG. ........cccooiiiiiiiiierie e 78
Figure 2.79. Synthesis of MH20G cOmpouNd. .........ccooviieiieriece e 79
Figure 2.80. Synthesis of MHA8A COMPOUNG. .........ccoceiiiiiiiieie e 81
Figure 2.81. Synthesis of MH48B compound as mixture compounds. ...........c.ccccervreene 80
Figure 2.82. Synthesis of MH47 compound as mixture compounds. ............cccccvevveeneee. 80
Figure 2.83. Synthesis of MH21 compound compound. .........ccccceveevieresienie e 81
Figure 2.84. Representative *H NMR spectra 0F MH21.........cc.co.oovvevevnrenerescieniniens 82
Figure 2.85. Representative 2*C NMR spectra 0f MH21L. ........c.covivvirieieeeeeeereenns 83
Figure 2.86. Synthesis of MH49 compound compound. .........cccccevvveiieiesiiesie e 83
Figure 2.87. Representative *H NMR spectra 0F MH49. ...........cc.oovvevevnrerereseeniennenes 84
Figure 2.88. Representative 2>C NMR spectra 0f MHA9. .........c.covevveerieiieeeeeeseens 84
Figure 3.1. Synthesis of the compound MH1..................iiiiiiin, 85
Figure 3.2. Synthesis MH2 compound via METHOD A. ... 86
Figure 3.3. Method B for the synthesis 0Ff MH2. ... 86
Figure 3.4. Method C for synthesis MH2 compound. .........cccccovvveiieeiiie i, 87
Figure 3.5. Mechanism reaction for benzothiophenes synthesis. .........c.cccccvvveviviiennnnnn. 95

Figure 3.6. lodo cyclization mechanism reaction to formation of dibenzothiophenes... 95
Figure 3.7. Cascade iodo cyclization mechanism for dibenzothiophene derivatives. .... 96
Figure 3.8. Synthesis of MH7 fromthe MHL7.........c.ccoo oo 96
Figure 3.9. Sonogashira coupling reactions between dibenzothiophenes and alkynes. 98
Figure 3.10. Synthesis of MH44 A and MH44B compounds via Stille reactions.......... 99
Figure 3.11. Synthesis of 2-ethynyl-3-((2-(methylthio)phenyl)ethynyl)thiophene. ....... 99

xvi



Figure Page
Figure 3.12. Mechanism reaction for benzothiophenes synthesis. ..........c.ccocvveiennnne 106

Figure 3.13. lodo cyclization mechanism reaction to formation ofdibenzothiophenes.106

Figure 3.14. Cascade cyclization for formation of dibenzothiophene derivatives. ..... 107
Figure 3.15. Sonogashira coupling reaction to prepare thien-dibenzothiophene. ........ 108
Figure 3.16. Stille coupling reaction to prepare MH49 compound. ..........cccccoevvevieennene 108
Figure M1. TH NMR spectra 0f MHL........oooiei e 122
Figure M2. 13C NMR SPectra 0f MHL. .......c.ovoieieeeeeeeeeeee e 122
Figure M3. TH NMR SPECtra 0F MH2. .........oviveeeeeeeeeeeeeeeeeee e 123
Figure M4. 3C NMR SPectra Of MH2. ...........ovvvrvereereeeseeeeeseesees s 123
Figure M5. *H NMR spectra 0f MH2BN. ......cc.cec.vvemrirenreineeseeseesseess s, 124
Figure M6. 13C NMR spectra 0f MH2BN. ..........ccocoiueieeeeeeeseeeeeeeeeeeeesesee e 124
Figure M7. YH NMR SPectra 0F MH2C. ......c..ovovieeeeeeeeeeeeeee e 125
Figure M8. 3C NMR Spectra 0f MH2C. ........co.ovveveererieeeeeseeeeesees s, 125
Figure M9. TH NMR SPectra 0F MH2D. ......c..ovevieeeeeeeeeeeeeeeeeee e 126
Figure M10. 23 C NMR Spectra 0f MH2D. .........c.cooeeieeeeeeeseeeeeeees e 126
Figure M11. . "H NMR spectra 0f MH2E. .......cccooivviveeeieieeeeseeseseeeesessenees s 127
Figure M12. 13C NMR spectra 0f MH2E. .........cocovveveeeseeineseesssesess s, 127
Figure M13. TH NMR SPectra OF MH2F . ........c.ouieeeeeeeeeeeeeeeeeeeee e 128
Figure M14. 13C NMR Spectra 0f MH2F . ........c.cooiveiveeeeeieeeeeeeeeeees s, 128
Figure M15. *H NMR Spectra 0F MH2G. .......cc.coooovvviveeisriinseeeeseesiessessees s, 129
Figure M16. 23 C NMR SPectra 0f MH2G. .........c.oueeeieeeeeeeeeeeeeee e eeeeeeeeeeeeeeeeesnn 129
Figure M17. TH NMR SPectra OF MHS3. .......co.ovvieeeeeeeeeee e 130



Figure

Figure M18.
Figure M19.
Figure M20.
Figure M21.
Figure M22.
Figure M23.
Figure M24.
Figure M25.
Figure M26.
Figure M27.
Figure M28.
Figure M29.
Figure M30.
Figure M31.
Figure M32.
Figure M33.
Figure M34.
Figure M35.
Figure M36.
Figure M37.
Figure M38.

Figure M39.

Page
13C NMR SPectra 0f MHS3. ..ot 130
TH NMR spectra 0f MH3BN. ........ooiueieieeeeeeeeeeeeeeeeeee e, 131
13C NMR spectra 0f MH3BN. .......cc.ovvivereeeineess s, 131
YH NMR Spectra 0F MHS3C. .......ovviveceerieeeeeeeseeeee s 132
13C NMR Spectra 0f MH3C. ........ovieieeeeeeeeeeeee oo, 132
TH NMR Spectra 0F MH3D. ........ouieieeeieeeeeeeeeeee e, 133
13C NMR Spectra 0f MH3D. .......oouuevereereeeeeeseeeseeeeeeeees s 133
LH NMR SPectra 0F MH3E. ......c.ovieieeeeeeeeeeeeeeee et eeee e, 134
13C NMR SPectra 0f MHBE. ........c.oiiiieeieeeeeceeee e, 134
YH NIMR SPectra 0F MHSF..........couvvriecieeeneesesessseesesesssseenieneessnsesnens 135
13C NMR SPectra 0f MH3F..........ooiuieeeeeeeeeeeeeeeee oo, 135
TH NMR Spectra 0F MH3G. ........ovieeeeeeeeeeeeeeeeeee e, 136
13C NMR SPectra 0f MH3G. .......ovuvereeeeeiseseesiseeeeesesse s 136
YH NIMR SPectra OF MHA4. ..........ocueveiececeeie e, 137
13C NMR SPECtra 0f MHA. ..., 137
TH NMR Spectra 0F MHAB. .........coooeieeeeeeeeeeeeeeeee e, 138
13C NMR Spectra 0f MHAB. .......o.ovvueieeeeeeeeiseeeeeeeeeseses s 138
TH NMR SPectra 0F MHAC. ..., 139
13C NMR Spectra 0f MHAC. .......coouieeeeeeeeeeeeeeee oo, 139
YH NMR Spectra 0F MHAD. .........c.oovvvreeeerisessesseeeeeesees s, 140
13C NMR SPectra 0f MHAD. ........cooeieeieeeeeeeeeee oo, 140
TH NMR SPectra 0F MHAE. ........ouieeeeeeeeeeeeeeeeeeeeeee e, 141

xviii



Figure

Figure M40.
Figure M41.
Figure M42.
Figure M43.
Figure M44,
Figure M45.,
Figure M46.
Figure M47.
Figure M48.
Figure M49.
Figure M50.
Figure M51.
Figure M52.
Figure M53.
Figure M54,
Figure M55.
Figure M56.
Figure M57.
Figure M58.
Figure M59.
Figure M60.

Figure M61.

Page
13C NMR Spectra 0f MHAE. ..........ouieeeeeeeeeeeeeeeeseee s, 141
TH NMR SPeCtra 0Ff MHAF . ..., 142
13C NMR SPectra 0f MHAF . ...........ovriereeeeeeeeeieeeeeeeses s 142
YH NMR Spectra 0F MHAG. ........ooovveeeereeeeeeeeeseeseeses s 143
13C NMR Spectra 0f MHAG. ..., 143
TH NMR SPeCtra 0F MHT. ..., 144
13C NMR SPECHra 0Ff MHT7. ..o 144
TH NMR SPectra 0f MHL7. ..ottt 145
13C NMR SPectra 0f MHLT7. .......ooovieieeeeeeeeeseeeeeee e, 145
YH NMR Spectra 0F MHIL7B. ......oouvvevieieeireesesssseeseeensessesessees s 146
13C NMR spectra 0f MHLTB. ......c.ouieieeeeeeeeeeeeeeeeeeeee e eeeesvee e, 146
TH NMR Spectra 0F MHTC. ..., 147
13C NMR SPectra 0f MHTC. ......vvvuveeeeeeeeeeseeeieeesiesesse s 147
YH NMR spectra 0F MHIL7C. ......oouvvrieeecieeeeveeeeees s, 148
13C NMR Spectra 0f MHLTC. ......vieieeeeeeeeeeeeeeeeeee e, 148
TH NMR Spectra 0f MHTD. ......c.ovieieeeeeeeeeeeeeeeeee e, 149
13C NMR SPectra 0f MHTD. ......vvvuveceereeeeeeseeeseessesees s 149
TH NMR SPectra 0F MHTE. .......oieieeeeeeeeeeeeeeeeeeeeeeee e, 150
13C NMR SPectra 0f MHTE. .......ooiuieeeeeeeeeeeeeee oo, 150
YH NIMR SPectra OF MHTF.......c..cuevrieeecniieeeveesseeeeseses s, 151
13C NMR SPeCtra Of MHTF ..., 151
TH NMR Spectra 0f MHTG. ..., 152

XX



Figure

Figure M62.
Figure M63.
Figure M64.
Figure M65.
Figure M66.
Figure M67.
Figure M68.
Figure M69.
Figure M70.
Figure M71.
Figure M72.
Figure M73.
Figure M74.
Figure M75.
Figure M76.
Figure M77.
Figure M78.
Figure M79.
Figure M80.
Figure M81.
Figure M82.

Figure M83.

Page
13C NMR Spectra 0f MHTG. ..ot 152
TH NMR Spectra 0f MHA2A. ..o, 153
13C NMR spectra 0f MHA2A. .........cooveiveieeeeeseeseseeeeesessen e 153
YH NMR Spectra 0F MHA2B. .........oooovvereeeeeiseesiessessesessesn s 154
13C NMR spectra 0f MHA2B. ........oooiieieieeeeeeeeeeeeeeeeeeeeseeeee s, 154
TH NMR Spectra 0f MHABA. ..o, 155
13C NMR spectra 0f MHABA. ..o 155
TH NMR Spectra 0f MHABB. .......coovieeeeeeeeeeeeeeeeeeeeeeeeee s, 156
13C NMR spectra 0f MHA3B. ........coviieieeeeeceeeeeeeeeeeeeereseeeee s, 156
YH NMR Spectra 0F MHA4AA. .........c.vvvieeereeeeeeresseseeseeenies s, 157
13C NMR Spectra 0f MHAAA. ..o, 157
TH NMR Spectra 0F MHA4B. .........oooieeieeeeeeeeeeeeceeeeeeeeeeeeeeee e, 158
13C NMR Spectra 0f MHA4B. .........c.oovovveeeveeeseeseseeeieseese s 158
YH NIMR Spectra 0F MHIL3. ........cveveiceceeieeveseeeeeeseee s, 159
13C NMR Spectra 0f MHL3. ........vieeeeeeeeeeeeeeeeeeee e, 159
TH NMR Spectra 0F MHIL5. ..........ooiuieeeeieeeeeeeeeeeee e, 160
13C NMR SPeCtra 0f MHI5. ........ovvuveciereeeeeeiseeseeseeesseseessees s 160
TH NMR Spectra 0f MHLO. .........ovieieeeeeeeeeeeeeeeeeeeee e, 161
13C NMR Spectra 0f MHLO. .........ovivieeeeeeeeeeee oo, 161
YH NMR spectra 0F MHIOB. .........ccovvieeereeeereeseeeeeesees s, 162
13C NMR spectra 0f MHLOB. ........ooieiieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee s, 162
TH NMR spectra 0f MHLOC. ..o, 163

XX



Figure Page
Figure M84. 13C NMR Spectra 0f MHIIC. .........ovviveeeeeeeeeseseeeee et 163
Figure M85. *H NMR spectra 0F MHIID. ........c.cooiueieeeeeeeeeeee e 164
Figure M86. 13C NMR spectra 0f MHIOD. .........c.covviveeeeeeseeseseeeeees s, 164
Figure M87. *H NMR spectra 0F MHILOE. ........cccccovvvvireneeneeseseseeen s, 165
Figure M88. 23C NMR spectra 0f MHLOE. .........ccooueieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 165
Figure M89. *H NMR Spectra OF MHIOF . .........c.coieeieeeeeeeeseeeeeees e 166
Figure M90. 13C NMR spectra 0f MHIOF. ..........c.covuvveeeeeeseeseecseeeseess s, 166
Figure M91. *H NMR spectra 0F MHIIG. ........c.oveeieeeeeeeeeeeeeeeees e eeeeeeseeee 167
Figure M92. 23 C NMR spectra 0f MHLIG. ..........ccooiiueeeeeeecseeeeeeee e 167
Figure M93. *H NMR Spectra OF MHABA. ..........cc.vvvvreeieeeeeessessesieneessesseenesssessnseenens 168
Figure M94. 3C NMR SPectra 0Ff MHABA. .........ooieeeeeeeeeeseeeeeeee oot 168
Figure M95. *H NMR spectra OF MHABB. ...........cooueieeeeeeeeeeeeeeeeeeeeeeeee e 169
Figure M96. 13C NMR spectra 0f MHABB. ..........ccccovvervieeieseeseseieesessees s, 169
Figure M97. *H NMR Spectra OF MHABC. ..........ccovverveeeeeeeieeeseseesee e 170
Figure M98. 23C NMR SPectra 0f MHABC. .........coveieeeeeeeseeeeeeeeeeeeeeeeeeeeseeeeeseeeeee 170
Figure M99. *H NMR spectra OF MHABD. ...........c.oooieeeeeeeeseeeeeeee s 171
Figure M100. 2*C NMR spectra 0f MHABD. ..........c..ccoovvereeeeeeiseseeesressessesneessesneenn, 171
Figure M101. *H NMR Spectra 0f MHABE. .........c.ooieeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 172
Figure M102. 3C NMR Spectra Of MHABE. ..........cooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeean 172
Figure M103. *H NMR spectra 0f MH20. ........ccovvevmvereeceeiseseesesiessesseesess s 173
Figure M104. 3C NMR Spectra 0F MH20. ........cvcvieeieeeeeeeeeeee oo eeeeeeeeeeee e 173
Figure M105. *H NMR spectra 0f MH20B. ...........ccoieieeeeeseeeeeeeeeseeeeeeeseeeeeseeee oo 174

xd



Figure

Figure M106.
Figure M107.
Figure M108.
Figure M109.
Figure M110.
Figure M111.
Figure M112.
Figure M113.
Figure M114.
Figure M115.

Figure M116.

Page
13C NMR spectra 0f MH20B. .........o.ovieeeieeeeeeeeeeeeeesese s 174
TH NMR Spectra 0f MH20F . ..........ooiiieeeeeseeees e 175
13C NMR Spectra 0f MH20F . .........o.ovvoeeeeeeeeseiseseieseeessessssesssessennes 175
YH NMR spectra 0F MH20G. .........cooovvmeeererineeesesseseeesssssssesssennennes 176
13C NMR spectra 0f MH20G. ........ouieeieeeeeeeeeeeeeeeeeeeeeee s 176
TH NMR Spectra 0F MH21L. ..o 177
13C NMR SPeCtra 0f MH2L. ........vvoveeveeeeeeeeiseesese e eseeseeseessen e 177
TH NMR Spectra 0f MHABA. .........ovieeeeeeeeeeeeeeeeeee e 178
13C NMR Spectra 0f MHABA. .........cooieeeeeeseeeeeee oo 178
TH NMR SPectra 0F MHA9. ..........coovviieieiniseeeessese s 179
13C NMR Spectra 0f MHA. ... 179



SYMBOLS AND ABBREVIATIONS

Some symbols and abbreviations used in this study are presented below, along

with descriptions.

Symbolss Description
br broad (spectral)
°C degree celcius
o chemical shift in parts per million
d doublet (spectral)
g gram (s)
h hour (s)
Hz hertz
J coupling constant
m multiplet
mL milliliter
mmole millimole
Ph phenyl
R alkyl
Ar aryl
ppm parts per million (in NMR)
g quartet (spectral)
r.t. room temperature
S singlet (spectral)
t triplet (spectral)



Abbrevations Description

DMF N,N-Dimethylformamide

TLC thin-layer chromatography

uv ultravoilet

TMS trimethylsilane

THF tetra-hydrofuran

NMR nuclear magnetic resonance

EtsN triethylamine

HRMS high resolution mass spectrometry
IR infrared



1. INTRODUCTION AND LITERATURE REWIEWS

1.1. Heterocyclic Compounds

Organic compounds and their reactions have been used for thousands of years
while the science of organic chemistry is less than 200 years old. We live in an age of
organic chemistry since there is an excellent relationship between the applications of
organic chemistry and the standard of living. Organic chemistry is a wide field which
intersects with biology, biochemistry, medicine, pharmacology, polymer technology,
agriculture and petroleum engineering (Thomas etal., 1997).

Heterocyclic compounds are organic compounds which have at least one
element other than carbon, such as oxygen, nitrogen or sulfur, within a ring skeleton.
Heterocyclic compounds are not only found in natural products, such as aflatoxin B1,
caffeine, reserpine and biotin (Aldrich et al, 1959) but also obtained synthetically.
Heterocyclic compounds are generally classified according to the number of atoms on
the ring. Many alkaloids, vitamins, antibiotics and synthetic medicines as well as
dyestuffs are heterocyclic compounds. The seven of the top 10 best selling prescription
drugs include heterocyclic moieties in their structures, which emphasizes the
importance of heterocyclic compounds for human life (Reddy et al., 2004). Therefore,
the synthesis of heterocyclic compounds has attracted great attention in organic
community for a long time because of their biological activities, properties and
applications (Campaigne, 1986).

The most major heterocycle compounds are those containing five or six
membered rings and with heteroatoms as nitrogen (N), oxygen (O), or sulfur (S). The
best known example and simple are pyridine, pyrrole, furan, and thiophene (Figure 1.1).
The molecules of pyridine consist of a ring of six atoms, five carbon atoms and one
nitrogen atom. Pyrrole, furan, and thiophene molecules each consist of five-membered
rings contain four atoms of carbon and one atom of nitrogen, oxygen, or sulfur,
respectively (Berquist etal., 1993).


https://www.britannica.com/science/nitrogen
https://www.britannica.com/science/oxygen
https://www.britannica.com/science/sulfur
https://www.britannica.com/science/pyridine
https://www.britannica.com/science/pyrrole
https://www.britannica.com/science/furan
https://www.britannica.com/science/thiophene
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Figure 1.1. Some heterocyclic compounds.

Polyheterocyclic compounds are heterocyclic compounds consist of three cyclic
unites or more fused together in one structure. Polyheterocyclic structures can be
founded in many natural products. For example, alkaloids are the well known
polyheterocyclic molecules due to their unique properties (Arora et al, 2007).
Camptothecin (Efferth et al., 2007) is a quinoline alkaloid which inhibits the DNA
enzyme topoisomerase, and Reserpine (Baumeister et al, 2003) is an indole alkaloid
which has been used for the control of high blood pressure and the treatment of
psychotic behavior. Other examples are Ajmaline (Siddiqui et al., 1931) and strychnine
(Bonjoch et al, 2000), they are indole alkaloids used as antiarrhythmic agent and
extremely toxic pesticide (Figure 1.2).

Purine derivatives are simple fused ring heterocycle compounds constitute an
essential important and numerous family of natural products. Adenine and guanine are
two of the integral bases that are essential components of DNA Structure. The structures
of these compounds are shown in the Figure 1.3. Moreover, Xanthine and uric acid are
member of purine families, and they are obtained from the metabolic oxidation of
purines. Uric acid is normally excreted in the urine, an surplus serum accumulation of

uric acid lead to an arthritic condition called gout (Rosemeyer etal., 2004).
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Figure 1.2. Some polyheterocyclic compounds.
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Figure 1.3. Purine derivatives.

Sulfur containing heterocyclic compounds are found in naturally, but less than
their nitrogen and oxygen analogs (Cremlyn, 1996). Biotin and Thiamine are two

members of the B-vitamin complex that is shown in Figure 1.4 (Winklera et al., 2005).
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Figure 1.4. B-vitamin complex.

1.2. Thiophene, Benzothiophene, and Dibenzothiophene Compounds

1.2.1. Thiophenes

Thiophene and its derivatives are wvery important members of heterocyclic
compounds because of critical properties. Thiophene is taken from the word theion, the
Greek word for sulfur, and another Greek word phaino which means shinning.
Thiophene structure can be found in a variety of natural products. Thiophene derivatives
have been very well known for their therapeutic applications. Therefore, they have been
used for the treatment of different diseases for hundred years.

Thiophene is five-membered ring with one sulfur atom (Figure 1.5). Thiophenes
are very important classes of heterocyclic compounds that have possess interesting
biological properties as well as interesting application as building blocks and reagents in
organic synthesis. The stability of thiophene plays an important role in increasing and
preparing different types for experimentation in the medical and pharmaceutical fields
(Ward, 1944).



Y

S

Figure 1.5. Thiophene structure.

Thiophene derivatives have been used as chemotherapeutic agent for the
treatment of cancer (Raghav et al, 2001). Moreover, thiophene moiety carrying
compounds exhibit various activities like for example 1-[1- (2, 5- dimethylthiophen- 3-
yl) ethyl]- 1-hydroxyurea (Figure 1.6, compound 2) shows antiinflammatory activity,
the maleate salt of 1-(2,5-dimethylthiophen- 3- yl)- 3-(5- methyl- 1 Himidazol- 4- yl)
propan-1-one (Figure 1.6, compound 3) act as serotonin antagonists, and used in the
treatment of Alzheimer’s disease. The latter has also been employed in the formulation
of inks for computer printers by the Xerox Group and as a raw material for herbicides/
pesticides. 2-butylthiophene (Figure 1.6, compound 4) has been employed as a raw
material in the synthesis of anticancer agents and 2-octylthiophene (Figure 1.6,
compound 5) has been employed in the synthesis of anti-atherosclerotic agents such as
compound 6 (Figure 1.6, compound 1) (Jha et al., 2012).
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Figure 1.6. Some biologically active thiophene derivatives.




Thiophene derivatives are also very important for material sciences. They have
been used in organic solar cells, OFETs, sensors, etc. Moreover, they have unique
properties for optoelectronic applications such as electrochromic devices. In Figure 1.7,
there are some examples of the thiophene using in material chemistry. Terthienyl as
three thiophene wunits bounded together (thiophene trimer) found in the roots of
marigolds and it provides nemicidal activities. In addition, UV irradiation of terthienyl
can produces a general phototoxicity for many organisms. Thiophene derivatives have
high conductivity, so they are good monomer for the preparation of corresponding
polymers.

Polymers including of thiophene display interesting electromagnetic properties,
and presentation of promise as organic metal such as conductors and photovoltaic
materials.  Recently, it was reported that tetracyanoquinodimethane  and
tetrathiofulvalene are the highest charge transfer properties (Smeets et al., 2003) as a
polymer.

J\ S S S
\ / S S S S S
Terthienyl Tetrathiofulvalene Dithienothiophene

Figure 1.7. Some thiophene structures.

1.2.2. Benzothiophenes

Benzothiophene are to be an important role in the medicinal chemistry and
material chemistry. They have been used as antibacterial, antifungal and antitubercular
agents. Moreover, benzothiophene and it is derivatives have aromaticity makes are
relatively stable and have wide range of applicability in the field of material chemistry
(Cava et al., 1975).



Benzothiophene finds use in researches as a starting material for large synthesis,
usually for the bioactive structures synthesis. It is found within the chemical structures
of pharmaceutical drugs such as raloxifene 1 (Seeman et al., 2001), zileuton 2 (Lu et al.,
2003), and sertaconazole 3 (Imming et al, 2006) (Figure 1.8), Especially,
benzothiophene derivatives with substituted group as one of the substituents on the five
membered rings have large medicinal value due to their promising pharmacological
properties. Extensive research is now in course for other potential applications of this
drug, namely for the treatment of Alzheimer’s disease. In the same series a number of 3-
(4-pyridinyl)amino  benzothiophenes, which are  selective  serotonine  re-uptake
inhibitors, were prepared and may be useful in the treatment of central nervous system
disorders, including obsessive compulsive disorders.

HO
SYaWal
0
U 2
\Lo
1

CIoH—< 0

Figure 1.8. The structures of Raloxifene 1, Zileton 2, Sertaconazole 3.

Generally, benzothiophenes are prepared from intramolecular cyclization and
from Claisen Rearrangement reactions (figurel.9). For example, benzothiophenes were
regioselectively ~ obtained from the intramolecular cyclization reaction of o-
alkinylthioanisoles (figure 1.10). Recently, Mohanakrishnan et al was reported a novel
method for the synthesis of  benzothiophene and dibenzothiophene starting from
thiophenes and 2,5-dimethoxy-THF by using zinc catalyst.
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Figure 1.9. Synthesis of benzothiophenes via intramolecular cyclization reactions.

/
N\ Pd A\ Cul Z
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X: Br, Cl

Figure 1.10. Synthesis of benzothiophenes via electophilic aromatic substitution
reactions.

1.2.3. Dibenzothiophenes

Dibenzothiophenes, mostly isolated from nature as a side-product of petroleum,
have been important role in material science. They were highly used in solar batteries,
OLEDs, OFETs, and electrochromic materials. In addition, they have been used for
biological applications (Figure 1.11). For example, dibenzothiophenes were easily
oxidized to form the biologically important dibenzothiophene-sulfons by using various
metal and organic catalysts. Last studies completed in recent years, dibenzothiophene
containing molecules were found as novel inhibitors for some proteins found in DNA
structure, and they have a potential for the treatment of cancer. Therefore, a facile and
efficient synthetic approach to various derivatives of this valuable compound is in great
demand. There are several reliable procedures for the synthesis of dibenzothiophenes,
but most of them require the use of sulfur sources that have an unpleasant odor, such as
P4S10, and the substrates used in the transformation are limited to a peculiar activated

substrate that partakes in either an aromatic nucleophilic substitution (SNAr) or an



aromatic electrophilic substitution (SEAr) reaction (Figure 1.12) (Cullinane et al.,
1936).

Figure 1.11. Biologically important dibenzothiophene derivatives.

Q0
. \ 9\/@
) wo VY
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Figure 1.12. Various approaches to the preparation of dibenzothiophene.
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1.3. Thieno-dibenzothiophenes

In literature, there are many synthetic methodologies for the preparation of
benzothiophene and dibenzothiophene derivatives, but very limited synthetic route for
the synthesis of thieno-dibenzothiophenes (Figure 1.13). Thieno-dibenzothiophenes are
polyheteroaromatics with two sulfur atom on their structures. There are two possible

isomers named  thieno[2,3-a]dibenzothiophene  and  thieno[3,2-a]dibenzothiophene

(Figure 1.13).

[2,3-a] dibenzotiyofen [3,2-a] dibenzotiyofen

Figure 1.13. Some thieno-dibenzothiophene derivatives.

Firstly, Kudo et al (Kudo et al., 1984) used special alkene (structure A and B) as
a starting compound. Thieno[2,3-a]dibenzothiophene (compound C) and thieno[3,2-
a]dibenzothiophene (compound D) were obtained in 21% yields of compound C and

80% of compound D from the intramolecular cyclization reaction (Figure 1.14).
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Figure 1. 14. Some reactions to prepare thieno[2,3-a]dibenzothiophene and thieno[3,2-
a]dibenzothiophene.

The other method for the synthesis of thieno-dibenzothiophenes was found by
Sankaar et all. (Sankar et al, 2017). They used 2-bromo-3- (phenylsulfonylmethyl)
benzo[b]thiophene as a starting compound. Firstly, strong base activated the reaction to
removing sulfonyl groups, then palladium catalyzed ring closing reaction gave the
thieno-dibenzothiophene (F) at higher temperature. They obtained only one isomer in
62% vyields. (Figure 1.15).

Figure 1.15. Reaction to preparation of thieno[2,3-a]dibenzothiopehen.

Yifan reported synthesis of heterotetracenes based on a platinum- and gold-
catalyzed cyclization—alkynylation domino process using 3-ethynyl benzothiophenes
(Yifan et al, 2017). They isolated thioeno[2,3-a]dibenzothiophenes and thieno[3,2-
a]dibenzothiophene in 79% and 64% vyields, respectively (Figure 1.16).



/
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K

64% S S C6H13

Figure 1.16. Some reactions to prepare thieno[2,3-a]dibenzothiophene and thieno[3,2-
a]dibenzothiophene.

Dhayalan et al wused annulation reaction between compound A and
benzothiophene for the synthesis of thieno[b]dibenzothiopenes (Dhayalan et al., 2012).
The reaction between benzothiophenes and compound A gave the two isomers mixtures
(compounds B and C) with 54% yield in the presence of zinc catalyst (Figure 1.17).

Br
7\ ° | ‘\:s
Et/ol/géit * @ES/) ' O s

A B c

Figure 1.17. Annulation reaction to prepare of thieno[b]dibenzothiopenes.

1.4. Palladium Catalyzed Coupling Reactions

Palladium-catalyzed coupling reactions comprise a family of cross-coupling
reactions that employ palladium complexes as catalysts. In 2010, the Nobel Prize in

Chemistry was awarded to Richard F. Heck, Ei-ichi Negishi and Akira Suzuki for their


https://en.wikipedia.org/wiki/Cross-coupling_reaction
https://en.wikipedia.org/wiki/Cross-coupling_reaction
https://en.wikipedia.org/wiki/Palladium
https://en.wikipedia.org/wiki/Nobel_Prize_in_Chemistry
https://en.wikipedia.org/wiki/Nobel_Prize_in_Chemistry
https://en.wikipedia.org/wiki/Richard_F._Heck
https://en.wikipedia.org/wiki/Ei-ichi_Negishi
https://en.wikipedia.org/wiki/Akira_Suzuki_(chemist)
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work on palladium-catalyzed cross couplings in organic synthesis (Figure 1.18). On the
other hand, there are a variety of coupling reaction have been used for the formation of

organic compounds.

Paladium Catalyzed Coupling Reactions

Heck Coupling Reaction Sonogashira Coupling Reactions Suzuki-Miyaura Coupling Reactions
pZ
72 _
R + RX —> R/\/R1 R/ + RX — R—=-Ry R’B(OH)Z + RX — R/R1
Negishi Coupling Reaction Stille Coupling Reactions Buchwald-Hartwing Coupling Reactions
LZnX _SnR.
R + RX — R RT3+ RX — R RN-RSIR; +RX — o-Ri

R

Hiyama Coupling Reactions
Fukuyama Coupling Reactions

+ RX — Rt R,

_SiRs
R RCO(SEY) + RX —> g

Figure 1.18. Palladium-catalyzed coupling reactions.

1.4.1. Sonogashira Coupling Reactions.

A modern and very important reaction in organic chemistry is the Sonogashira
reaction discovered by Sonogashira in 1975. Sonogashira reaction is considered as a
one to the family of palladium-catalyzed carbon-carbon coupling reactions, such as
Heck reaction, Suzuki reaction, and Stille coupling reaction. The Sonogashira reaction
is palladium-catalyzed cross-coupling of a vinyl or aryl halide with terminal alkyne by
using copper (I) iodide as a co-catalyst (Figure 1.19), which converts the alkyne into a
copper acetylide (Sonogashira, 2002). Sonogashira Coupling reactions need simple
reaction conditions such as lower temperature, shorter reaction time. Moreover,
Sonogashira Coupling reactions give the high vyields and regioselectivity. The
Sonogashira reactions are used in the synthesis of various organic compounds. For
example, they are used for the synthesis of natural products, novel molecules for
optoelectronic devices. We can see mechanism of Sonogashira coupling reaxtion at
Figure 1.20.
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Pd cat., Cu cat.

= R'-X
R H o+ base, rt

RI : aryl or vinyl
X: 1, Br, Clor OTf

Figure 1.19. Sonogashira Coupling Reaction.

Figure 1.20. Mechanism of Sonogashira coupling reaction.

1.4.2. Heck reactions

The Heck reaction has been used in more than 100 different syntheses of natural
products and biologically active compounds. The Heck reaction has also been used as
an important carbon-carbon bond-forming step in the synthesis of other complex
organic molecules such as steroids (Chang et al., 1990), strychnine (Rawal et al., 1994),
and the diterpenoid scopadulcic acid B31. Palladium catalyzed Heck reactions need to
alkene and halo-aryl compounds (Figure 1.21). They form the new C-C bonds which
may be very important for the designing biologically active organic molecules.
Moreover, alkene moieties have also critical roles for material science due to
conductivity. Many researchers used Heck coupling reactions for the synthesis of new
materials. The reaction mechanism (Figure 1.22) represented by the catalytic cycle for
the Heck reaction involves a series of transformations around the palladium catalyst.
The palladium(0) compound required in this cycle is generally prepared in situ from a

palladium(Il) precursor (Ozawa etal., 1992).


https://en.wikipedia.org/wiki/Catalytic_cycle
https://en.wikipedia.org/wiki/In_situ
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y

Ri Pd cat. _
R—X + =/ base =/

\ J

Figure 1.21. Examples of the use of the Heck reaction in natural product synthesis.

\ J

Figure 1.22. Heck reaction mechanism.

1.4.3. Negishi Coupling Reactions

The Negishi couplingis a widely employed transition metal catalyzed cross-
coupling reaction. The reaction couples organic halides or triflates with organo  zinc

compounds, forming carbon-carbon bonds (C-C) in the reactions. A palladium (0)


https://en.wikipedia.org/wiki/Transition_metal
https://en.wikipedia.org/wiki/Cross-coupling_reaction
https://en.wikipedia.org/wiki/Cross-coupling_reaction
https://en.wikipedia.org/wiki/Halocarbon
https://en.wikipedia.org/wiki/Trifluoromethanesulfonate
https://en.wikipedia.org/wiki/Organozinc_compound
https://en.wikipedia.org/wiki/Organozinc_compound
https://en.wikipedia.org/wiki/Carbon-carbon_bond
https://en.wikipedia.org/wiki/Palladium
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species is generally utilized as the metal catalyst (Figure 1.23), though nickelis
sometimes used (King et al, 1977). Generally, the leaving group X is chloride,
bromide, oriodide, but triflate and acetyloxy groups are feasible as well. Chloride
usually leads to slow reactions. They can be applied a variety of organic molecules

including alkenyl, aryl, allyl, alkynyl. Triphenylphosphine.

The Negishi have also been frequently employed in natural product synthesis.
Pumiliotoxin A is a toxic alkaloid found in the skin of frogs from the Dendrobatidae
family that the frog uses for its defence. The total synthesis of pumiliotoxin A was
performed by using Negishi coupling in one of the key step (Figure 1.24) (Hirashima et
al., 1999).

PdLn or NiLn
R-X +R-2ZnX > R-R

\. J

Figure 1.23. Negishi Coupling Reactions.

The reaction mechanism (Figure 1.25) is thought to proceed via a standard Pd
catalyzed cross-coupling pathway, starting with a Pd(0) species, which is oxidized to
Pd(ll) in an oxidative addition step involving the organohalide species. This step
proceeds with aryl, vinyl, alkynyl, and acyl halides, acetates, or triflates, with substrates
following standard oxidative additionrelative rates (I>OTf>Br>>Cl) (Kurti et al., 2005).


https://en.wikipedia.org/wiki/Catalyst
https://en.wikipedia.org/wiki/Nickel
https://en.wikipedia.org/wiki/Chloride
https://en.wikipedia.org/wiki/Bromide
https://en.wikipedia.org/wiki/Iodide
https://en.wikipedia.org/wiki/Triflate
https://en.wikipedia.org/wiki/Acetyloxy
https://en.wikipedia.org/wiki/Alkenyl
https://en.wikipedia.org/wiki/Aryl
https://en.wikipedia.org/wiki/Allyl
https://en.wikipedia.org/wiki/Alkynyl
https://en.wikipedia.org/wiki/Triphenylphosphine
https://en.wikipedia.org/wiki/Oxidative_addition
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Negishi coupling

Figure 1.24. synthesis of Pumiliotoxin A.

1.4.4. Suzuki-Miyaura Coupling Reactions

The Suzuki reactionis anorganic reaction, classified as a coupling reaction,
where the coupling partners are boronic acids and anorgano halide which catalyzed by
a palladium(0) complex (Miyaura et al., 1979). The general scheme for the Suzuki
reaction is shown below (Figure 1.26) where a carbon-carbon single bond is formed by
coupling an organoboron species (Ri-BY>) with a halide (R-X) in the presence of

a palladium catalyst and a base.

1.5. Electrophilic Cyclization Reactions

Among known synthetic methodologies transition-metal-catalyzed annulations
reactions are a direct way of synthesizing substituted heterocycles from acyclic
precursors. However, the use of expensive transition metals and harsher reaction
conditions, and intolerance to several functionalities limits the scope of these
methodologies. In past decade there has been an impressive increase in the reports of
heterocyclic synthesis, involving cyclization of an alkyne onto a tethered nucleophilic
carbon or heteroatom with the help of an electrophile. Cyclization involving C, O, N, S

and Se nucleophiles are well studied. The most commonly used electrophiles for these


https://en.wikipedia.org/wiki/Organic_reaction
https://en.wikipedia.org/wiki/Coupling_reaction
https://en.wikipedia.org/wiki/Boronic_acid
https://en.wikipedia.org/wiki/Organohalide
https://en.wikipedia.org/wiki/Catalyzed
https://en.wikipedia.org/wiki/Palladium
https://en.wikipedia.org/wiki/Organoboron
https://en.wikipedia.org/wiki/Halide
https://en.wikipedia.org/wiki/Palladium
https://en.wikipedia.org/wiki/Base_(chemistry)
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cyclization reactions are 1y, ICl, IPyBF4, Bry, NBS, and PhSeBr. These cyclization
reactions are effected by nucleophilicity, polarizability of the C-C triple bond,

geometrical orientation of the functional groups, and the nature of the electrophile.

R-R Il‘ R-X
i
L
1 ]
R-Pd-X

[
-Pd- [
F§”)F’Id Ry L)
<
ZnX1X R1—ZnX1

" J

Figure 1.25. Negishi coupling reaction mechanism.

Pd cat.
R1_BR2 + RZ_X —W R1—R2 + X—Br2

Figure 1.26. Suzuki-Miyaura Coupling Reactions.

In general, these electrophilic cyclization reactions are very efficient, afford
clean reactions, proceed under very mild reaction conditions in short reaction times, and
tolerate almost all important functional groups. Furthermore, the iodine-containing
products can be further elaborated to a wide range of functionally-substituted
derivatives using subsequent palladium-catalyzed processes. These reactions are
generally believed to proceed by a stepwise mechanism involving electrophilic
activation of the alkyne carbon-carbon triple bond, intramolecular nucleophilic attack

on the cationic intermediate, and subsequent dealkylation (Figure 1.27).
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G\X R
o~ -

X=0, S, Se, N, efc.

L

Figure 1.27. Electrophilic cyclization reaction mechanism.

A wide range of carbocycles and heterocycles have been prepared by the
electrophilic  cyclization of functionally-substituted alkynes (Larock, 2005)and by
transition metal-catalyzed annulations (Skouta et al., 2007). Recently, we and others
have reported that the electrophilic cyclization of alkynes using halogen, sulfur and
selenium electrophiles can be a very powerful tool for the preparation of a wide variety
of interesting carbocyclic and heterocyclic compounds (figure 1.28, and figure 1.29),
including benzofurans (Arcadi et al., 1999, Yue et al., 2005, Yue et al, 2005), furans
(Sniady et al., 2005, Yao et al, 2005, Liu et al., 2005), benzothiophenes (Larock et al.,
2001, Yue et al, 2002, Hessian et al, 2003), thiophenes (Flynn et al, 2001),
benzopyrans (Worlik et al., 2007), benzoselenophenes (Kesharwani et al., 2006, Bui et
al., 2006), selenophenes (Alves et al., 2007), naphthols (Zhang et al., 2006), indoles
(Yue et al., 2004, Barluenga et al., 2003), quinolines (Zhang et al., 2005), isoquinolines
(Huang et al., 2002, Fisher et al, 2007), a-pyrones (Yao et alo., 2003), isocoumarins
(Yao et al., 2003).
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Figure 1.28. Examples of heterocycles formed via 5-endo- and 5-exo-dig cyclizations.

1,2,4-oxadiazoles (Kivrak et al, 2014, Zora et al, 2014), isochromenes
(Barluenga et al, 2003, Yue et al, 2006), isoindolinones (Yao et al, 2005),
naphthalenes (Barluenga et al., 2003), polycyclic aromatics (Yao et al., 2004, Yao et al.,
2005), isoxazoles (Waldo et al., 2005, Waldo et al, 2007), dihydrobenzisoxazoles
(Kivrak et al, 2010), chromones (Zhou et al., 2006, Likhar et al., 2008), bicyclic f-
lactams (Ren et al., 1998), cyclic carbonates (Marshall et al., 1999), pyrazoles (Zora et
al., 2011), pyrroles (Knight et al., 1998, Just et al., 2008), furanones (Crone et al., 2007,
Just et al., 2008), etc.

Recently, it was reported that iodine mediated cascade cyclization (Figure 1.30)
of thioanisole- substituted aryldiynes to form the iodo-substituted
benzo[b]naphthothiophenes. These electrophilic cyclization reactions are exceptionally
effective, afford clean responses reactions, proceed under very mild reaction conditions
in brief reaction times, and endure almost all important functional groups (Ferrara et al.,
2012), (Chen et al., 2014).
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Figure 1.29. Examples of heterocycles formed via 6-endo-dig cyclizations.
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Figure 1.30. Cascade cyclization of methylthioaryl substituted aryldiynes with iodine.

1.6. The Aim of Study

In the present study, we investigated electrophilic cyclization of dialkynylic
thiophenes compounds for the synthesis of thieno[a]dibenzothiophene isomers. Firstly,

dialkynyl structures were synthesized as a starting molecules by using coupling
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reactions. Then, iodide-catalyzed electrophilic cyclization reactions gave the our desired

Ry
N\ s Ry /|
D
y O )
N
SCH,

| |

isomer in a moderate to high yields (Figure 1.31).

Ry
Ry N\
[\ s
O \ 7z 8 E/(Hg’ —,
X S S Br
X SCH;

Ry Re Ry R
9 s
(- (L
S
X7 8 o

Figure 1.31. Synthesis of thieno-dibenzothiophene derivatives by using electrophilic
cyclization reactions



2. METARIAL AND METHODS

2.1. Methods and apparatuses

The design, synthesis, and biological properties of novel thieno-
dibenzothiophene derivatives were studied. The structures of the synthesized molecules
were determined by 'H and *C-NMR spectroscopy. *H and 3C-NMR spectra were
recorded on an Agilent NMR (400 MHz) spectrometer. Chemical shifts were reported in
parts per milion (ppm) downfield from an internal TMS (trimethylsilane) reference.
Coupling constants (J) were reported in hertz (Hz). In addition, spin multiplicities were
presented by the following symbols: s (singlet), brs (broad singlet), d (doublet), t
(triplet), q (quartet), and m (multiplet). **C-NMR information was given in parentheses
as C, CH, CH,, and CHs. Flash chromatography was performed using thick-walled glass
columns and ‘flash grade’ silica (Merck 230-400 mesh). Thin layer chromatography
(TLC) was performed by using commercially prepared 0.25 mm silica gel plates. The
relative proportions of solvents in chromatography solvent mixtures referred to volume
to volume ratio. All commercially available reagents were used directly without
purification unless otherwise stated. All the solvents used in experiments were distilled
for purity. The inert atmosphere was created by slight positive pressure (ca. 0.1 psi) of
argon. All glassware was dried in an oven prior to use.

2.2. Synthesis of Compounds

2.2.1. Synthesis of thieno[2,3-a]dibenzothiophene derivatives

2.2.1.1. ((3-bromothiophen-2-ylethynyl)trimethylsilane (MH1):

To a solution of 2,3-dibromothiophene (0.52 mL, 4.6 mmol) in EtsN (6 mL)
were successively added Cul (54 mg, 0.28 mmol), PdCI,(PPhg), (0.1 g, 0.15 mmol), and
TMS—acetylene (0.76 mL, 5.5 mmol) at room temperature under argon. The mixture
was stirred at 80 °C for 16 h. The mixture was filtered through a pad of Celite. The
filtrate was concentrated under reduced pressure, and the residue was purified by

column chromatography over silica gel with hexane—EtOAc (400:1) to afford MH1
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(65% yield) as an red oil (Figure 2. 1). *H NMR (400 MHz, CDCk) & 7.16 (d, Jag= 5.36
Hz, 1H), 6.94 (d, Jag= 5.4 Hz, 1H), 0.30 (s, 9H) (Figure 2.2), **C NMR (100 MHz,
CDCk) & 130.1, 127.2, 116.9, 103.6, 95.9, 85.5, 0.05, IR (ATR) Vmax (cm'): 3107.5,

2980.5, 2890.2, 2359.7, 2342.4, 2148.2 (c=c), 1249.1 (Si-CH;), 837.6, 758.4,
707.4(Figure 2.3).

Br Pd,Cu Br
g~ Br 65% ST 1us
MH1

Figure 2.1. Synthesis of MH1 compound
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Figure 2.2. Representative *H NMR spectra of MHL.
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Figure 2.3. Representative **C NMR spectra of MHL1.

2.2.1.2. Sonogashira palladium-catalyzed cross-coupling reaction between compound
MH1 and terminals alkynes to Synthesis of trimethyl((3-(substituted ethynyl)thiophen-
2-yhethynyl)silane derivatives:

General procedure: To a stirred suspension of MH1 (200 mg, 0.77 mmol),
PdCL(PhCN); (18.3 mg, 0.047 mmol), and Cul (9.0 mg, 0.047 mmol) in 1,4-dioxane (3
mL) were added diisopropylamine (1.9 mL, 3.84 mmol), terminal alkynes (0.92 mmol),
and tri-tert-butylphosphine (18.7 mg, 0.092 mmol). After stirred at r.t. for 12 h, the
reaction mixture was extracted with EtOAc, and the organic layer was dried through
magnesium sulfate and then filtration, the filtrate was chromatographed on silica gel by

hexane to afford the product.

Compound (MH2):

MH1 (200 mg, 0.77 mmol), PdCL(PhCN); (18.3 mg, 0.047 mmol), and Cul (9.0
mg, 0.047 mmol), and ethynylbenzene (94.5 mg, 0.92 mmol) were employed to afford
(80%) as a yellow oil of the indicated product(Figure 2.4). *H NMR (400 MHz, CDCl)
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§ 7.59-7.64 (m, 2H), 7.39-7.43 (m, 3H), 7.18-7.21 (m,1H), 7.10-7.12 (m, 1H), 0.38 (s,
9H) Figure 2.4, *C NMR (100 MHz, CDCk) & 131.8, 129.4, 128.6, 128.55, 127.8,
126.3, 126.2, 123.3, 103.8, 96.9, 93.8, 84.1, 0.13 (Figure 2.6), IR (ATR) Vmax (cm?):
3101.2, 2970.3, 2896.8, 2360.1, 2208.5 (c=c),2145.6 (c=c), 1246.8 (Si-CHs), 833.3,
753.6, 692.3.
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Figure 2.5. Synthesis of MH2 compound.
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Figure 2.5. Representative *H NMR spectra of MH2.
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Figure 2.6. Representative *C NMR spectra of MH?2.

Compound MH2BN:

MH1 (200 mg, 0.77 mmol), PdClL(PhCN); (18.3 mg, 0.047 mmol), Cul (9.0 mg,
0.047 mmol), and 1-heptyne (89 mg, 0.92 mmol) were employed to afford (69%) as a
yellow oil of the indicated product (Figure 2.7).

CsHyq
Br //
I\ — _—
$ TS-tws 6% /s\ ~
TSSTMS
MH1 MH2BN

Figure 2.7. Synthesis of MH2BN compound.

'H NMR (400 MHz, CDCLk) & 7.14 (d, Jag= 4.0 Hz, 1H), 6.95 (d, Jas= 4.0 Hz,
1H), 3.55 (s, 1H), 2.45 (t, 2H), 1.6 (p, 2H), 1.47 (p, 2H), 1.37 (h, 2H), 0.93 (t, 3H), 13C
NMR (100 MHz, CDCl) § 129.9, 128.9, 126.3, 123.9, 95.2, 84.7, 76.5, 74.8, 31.2, 28.5,
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22.4,19.8, 14.2, IR (ATR) Vmax (cM): 3305.9, 2955.6, 2929.0, 2227.7, 2101.3, 1378.0,
726.6, 646.2, HRMS calcd for HRMS calcd for Ci3Hi14S, 202.0816, found 202.1863.

Compound (MH2C):

MH1 (200 mg, 0.77 mmol), PACL(PhCN), (18.3 mg, 0.047 mmol), Cul (9.0 mg,
0.047 mmol), and p-tolylacetylene (107 mg, 0.92 mmol) were employed to afford
(97%) as an orange oil of the indicated product Figure 2.8. *H NMR (400 MHz, CDCl)
5747 (d,J = 8.0, 2H), 7.18 (t, 3H), 7.07 (d, J = 8.0 1H), 2.40 (s, 3H), 0.33 (s, 9H),
13 NMR (100 MHz, CDCl) o6 138.8, 131.7, 129.4, 129.3, 128.0 Hz, 126.3, 125.9,
120.3, 103.6, 96.9, 94.1, 83.4, 21.8, 0.15, IR (ATR) Vmax (cm}): 3108.2, 2957.5, 2930.3,
2859.4, 2148.6 (c=c),1249.3 (Si-CHj), 839.5, 759.0, 708.3, HRMS calcd for
C1sH18SSi, 294.0898, found 294.0919.
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a + |
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S TSetws
MH1 97% MH2C

Figure 2.8. Synthesis of MH2C compound.

Compound (MH2D):

MH1 (500 mg, 1.93 mmol), PdCL(PhCN); (45.9 mg, 0.12 mmol), Cul (22.7 mg,
0.12 mmol), 1,4-dioxane (3.8 mL), diisopropylamine (976.3 mg, 9.6 mmol), 2-ethynyl-
1,4-dimethylbenzene (302.3 mg, 2.3 mmol), and tri-tert-butylphosphine (47 mg, 0.23
mmol) were employed to afford (68%) as a light yellow oil of the indicated product
Figure 2.9. *H NMR (400 MHz, CDCh) & 7.37 (s, 1H), 7.19 (d, J = 8.0, 1H), 7.16 (d, J
= 8.0, 1H), 7.10-7.07 (m, 2H), 2.55 (s, 3H), 2.34 (s, 3H), 0.32 (s, 9H), 13C NMR (100
MHz, CDCl) 6 137.3, 135.2, 132.6, 1329.6, 129.55, 129.5, 127.9, 126.4, 125.8, 122.8,
103.5, 96.9, 92.9, 87.5, 21.0, 20.8, 0.1, IR (ATR) Vmax (cmt): 2969.5, 2919.2, 2202.8,
2137.8, 1247.7, 836.9, 814.5, 757.2, HRMS calcd for C19H1SSi, 309.1055 [M+H]",
found 309.1123 [M+H]".
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HaC CH,

MH1

Figure 2.9. Synthesis of MH2D compound.

Compound (MHZ2E):

MH1 (500 mg, 1.93 mmol), PdACL(PhCN), (45.92 mg, 0.119 mmol), Cul (22
mg, 0.119 mmol), 1,4-dioxane (3.8 mL), diisopropylamine (976.3 mg, 9.647 mmol), 1-
ethynylnaphthalene (353.6 mg, 2.32 mmol), and tri-tert-butylphosphine (47 mg, 0.23
mmol) were employed to afford (67%) as a yellow oil of the indicated product (Figure
2.10).. *H NMR (400 MHz, CDCls) & 8.62-8.60 (m, 1H), 7.92-7.88 (m, 2H), 7.84-7.82
(m, 1H), 7.67-7.63 (m, 1H), 7.61-7.56 (m, 1H), 7.52-7.49 (m, 1H), 7.24 (d, Jag= 4.0 Hz,
1H), 7.20 (d, Jag= 4.0 Hz, 1H), 0.37 (s, 9H), **C NMR (100 MHz, CDCk) & 133.2,
133.1, 130.7, 129.5, 129.0, 128.3, 127.5, 126.9, 126.5, 126.4, 126.3, 126.0, 125.3,
120.8, 103.8, 96.8, 91.7, 88.7, 0.08, IR (ATR) Vmax (cm™): 3118.9, 2980.3, 2139.6,
1399.2, 1250.9, 837.4, 772.3, 757.3, HRMS calcd for C,1H;5SSi, 330.0898, found
330.0912.

Figure 2.10. Synthesis of MH2E compound.

Compound(MH2F):

MH1 (286.3 mg, 1.1 mmol), PdCL(PhCN), (26.18 mg, 0.068 mmol), Cul (13.0
mg, 0.068 mmol), 1,4-dioxane (3 mL), diisopropylamine (556.6 mg, 5.5 mmol), 1-
ethynyl-4-methoxybenzene (175 mg, 1.32 mmol), and tri-tert-butylphosphine (26.81
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mg, 0.132 mmol) were employed to afford (68%) as an orange oil of the indicated
product(Figure 2.11). *H NMR (400 MHz, CDCl) & 7.49 (d, J = 12.0 Hz, 2H), 7.17 (d,
Jas= 4.0 Hz, 1H), 7.05 (d, Jag= 4.0 Hz, 1H), 6.89 (d, J = 8.0 Hz, 2H), 3.84 (s, 3H), 0.30
(s, 9), 3C NMR (100 MHz, CDCl) & 160.0, 133.3, 129.4, 128.2, 126.3, 125.6, 115.4,
114.2, 103.5, 96.9, 93.9, 82.8, 55.5, 0.2, IR (ATR) Vmax (cmi*): 3106.7, 2958.0, 2836.3,
2205.1, 2143.1, 1604.3, 1520.6, 1245.7, 828.5, HRMS calcd for C1gH190SSi, 311.0848
[M+H]", found 311.0940 [M+H]".
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Figure 2.11. Synthesis of MH2F compound.

Compound(MH2G):

MH1 (500 mg, 1.93 mmol), PACL(PhCN), (45.9 mg, 0.119 mmol), Cul (22.7
mg, 0.12 mmol), 1,4-dioxane (3.8 mL), diisopropylamine (976.3 mg, 9.6 mmol), 2-
ethynyl-6-methoxynaphthalene (423.4 mg, 2.32 mmol), and tri-tert-butylphosphine (47
mg, 0.23 mmol). Were employed to afford (57%) as a light yellow oil of the indicated
product (Figure 2. 12). *H NMR (400 MHz, CDCl) & 8.02 (s, 1H), 7.72 (d, J = 12.0
Hz, 2H), 7.58 (d, J = 12.0 Hz, 1H), 7.20-7.10 (m, 4H), 3.94 (s, 3H), 0.36 (s, 9H), *C
NMR (100 MHz, CDCk) & 158.6, 134.4, 131.6, 129.6, 129.4, 129.1, 128.7, 128.0 Hz,
127.1, 126.3, 126.0, 119.7, 118.2, 106.0, 130.7, 96.9, 94.5, 83.8, 55.5, 0.2, IR (ATR)
Vmax (cmt): 3676.0, 3102.0, 2971.6, 2937.8, 2900.5, 2360.1, 2139.5, 1625.3, 1597.9,
1480.4, 1246.5, 836.4, HRMS calcd for Cy;H,;OSSi, 361.1004 [M+H]*, found
361.1067 [M+H]".
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Figure 2.12. Synthesis of MH2G compound.

2.2.1.3. Synthesis of 2-ethynyl-3-(substitutedethynyl)thiophene derivatives:

General desilylation procedure to prepare the compounds MH3-MH3G: A
solution of starting compound (2.4 mmol), methanol (24 mL), and THF (5 mL) was
added K;CO3 (995 mg, 7.2 mmol). The mixture was stirred at room temperature for 60
min. The reaction mixture extracted with EtOAc. The organic extracts were dried over
anhydrous MgSO.. After filtration and removal of solvent, the residue was purified by

column chromatography to give the product.

Compound MHS3:

MH2 (672.8 mg, 2.4 mmol), methanol (24 mL), THF (5 mL), K,CO3 (995 mg,
7.2 mmol) were employed to afford 96% as yellow oil of the indicated product (Figure
2.13). 'H NMR (400 MHz, CDCk) & 7.57-7.59 (m, 2H), 7.35-7.39 (m, 3H), 7.22 (d,
Jag= 4.0 Hz, 1H), 7.10 (d, Jag= 4.0 Hz, 1H), 3.65 (s, 1H) (Figure 2.14) *C NMR (100
MHz, CDCk) 6 132.0, 129.7, 128.8, 128.6, 128.1, 126.7, 125.0, 123.2, 93.7, 85.6, 83.6,
76.3 (Figure 2.15), IR (ATR) Vmax (cmil): 3286.6, 2988.1, 2359.7, 2341.5, 2204.4,
1485.7, 1442.3, 1254.0, 1069.7, 752.8, 727.6, 687.3.

Ph Ph
YA K,COj3 Vi
THF
|\ — —MeOH . 7\
S TTTTMS  96% s S,
MH, MH;

Figure 2.13. Synthesis of MH3 compound.
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Figure 2.14. Representative ‘H NMR spectra of MH3.
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Figure 2.15. Representative 3C NMR spectra of MH3.
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Compound MH3BN:

MH2BN (511.6 mg, 1.86 mmol), methanol (24 mL), THF (5 mL), and K,CO3
(777.3 mg, 5.6 mmol) were employed to afford 91% vyield as yellow oil of the indicated
product (Figure 2.16). *H NMR (400 MHz, CDCl) & 7.14 (d, Jag= 4.0 Hz, 1H), 6.95 (d,
Jas= 4.0 Hz, 1H), 3.55 (s, 1H), 2.45 (t, J = 8.0 Hz, 2H), 1.64 (p, J = 4.0 Hz, 2H), 1.43-
1.51 (m, 2H), 1.32-1.41 (m, 2H), 0.94 (t, J = 8.0 Hz, 3H), **C NMR (100 MHz, CDCls)
5 129.9, 128.9, 126.3, 123.9, 95.2, 84.7, 76.5, 74.8, 31.2, 28.5, 22.4, 19.8, 14.2, IR
(ATR) Vmax (cm): 3305.9, 2955.6, 2929.0, 2227.7, 2101.3, 1378.0, 726.6, 646.2,
HRMS calcd for C13H14S, 202.0816, found 202.1863.

4 K,COs3 4
I\ —
87 TS, MOOHTHE S A 4
MH2b-N MH3b-N

Figure 2.16. Synthesis of MH3BN compound.

Compound MH3C:

MH2C (706.5 mg, 2.4 mmol), methanol (24 mL), THF (5 mL), and K,COj3 (995
mg, 7.2 mmol) were employed to afford 96% vyield as yellow oil of the indicated
product (Figure 2.17). *H NMR (400 MHz, CDCl) & 7.45-7.48 (m, 2H), 7.21 (d, Jag=
5.2 Hz, 1H), 7.16-7.19 (m, 2H), 7.07 (d, Jas= 5.2 Hz, 1H), 3.64 (s, 1H), 2.39 (s, 3H),
3¢ NMR (100 MHz, CDCl3) & 139.0, 131.9, 129.7, 129.3, 128.3, 126.6, 124.6, 120.0,
94.0 Hz, 85.5, 83.0, 76.3, 21.8, IR (ATR) Vmax (cm™): 3285.3 (=c—H),3106.7, 2980.6,
2917.8, 2359.5, 2342.4, 2204.7 (c=c),2099.5 (c=c),1518.9, 1380.5, 813.8, 727.3,
644.9, HRMS calcd for C15H10S, 222.0503, found 222.0530.
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Figure 2.17. Synthesis of MH3C compound.

Compound MH3D:

MH2D (280 mg, 0.9 mmol), methanol (24 mL), THF (5 mL), and K,CO3 (378
mg, 2.73 mmol) were employed to afford 93% vyield (Figure 2.18) as light yellow oil of
the indicated product.

Figure 2.18. Synthesis of MH3D compound.

'H NMR (400 MHz, CDCh) & 7.39 (s, 1H), 7.22-7.23 (m, 1H), 7.17 (d, J = 8.0 Hz, 1H),
7.09-7.12 (m, 2H), 3.66 (s, 1H), 2.55 (s, 3H), 2.36 (s, 3H), **C NMR (100 MHz, CDCl)
§ 137.5, 135.2, 132.5, 129.7, 129.6, 129.57, 128.6, 126.6, 124.5, 122.6, 92.9, 87.1, 85.5,
76.5, 21.0, 20.6, IR (ATR) Vmax (cmit): 3269.3, 2980.5, 2917.6, 2205.3, 2102.8, 1456.5,
815.0, 729.9, 612.9, HRMS calcd for CigHi3S, 237.0660 [M+H]", found 237.0776
[M+H]".

Compound MH3E:

MH2E (363.7 mg, 1.1 mmol), methanol (24 mL), THF (5 mL), and K,CO3 (456
mg, 3.30 mmol) were employed to afford 97% vyield as yellow oil of the indicated
product (Figure 2. 19).. *H NMR (400 MHz, CDCk) & 8.65 (d, J = 8.0 Hz, 1H), 7.90 (t,
J= 8.0 Hz 2H), 7.84 (d, J = 8.0 Hz, 1H), 7.62-7.66 (m, 1H), 7.56-7.59 (m, 1H), 7.47-
7.51 (m, 1H), 7.19-7.25 (m, 2H), 3.78 (s, 1H), 3C NMR (100 MHz, CDCl) & 133.4
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(include 2C), 130.7, 129.6, 129.3, 128.5, 128.3, 127.0, 126.8, 126.7, 126.6, 125.4,
125.0, 120.8, 92.0, 88.6, 85.8, 76.6, IR (ATR) Vmax (cMi): 3288.5, 2980.6, 2202.4,
2101.2, 1396.6, 797.4, 770.4, 726.7, HRMS calcd for CigH11S, 259.0503 [M+H]",
found 259.0621 [M+H]".

Figure 2.19. Synthesis of MH3E compound.

Compound MH3F:

MH2F (197 mg, 0.63 mmol), methanol (15 mL), THF (3 mL), and K,CO3 (263.2
mg, 1.90 mmol) were employed to afford 91% yield as light green solid of the indicated
product (Figure 2.20). *H NMR (400 MHz, CDCl) & 7.51 (d, Jag= 8.0 Hz, 2H), 7.21 (d,
Jas= 4.0 Hz, 1H), 7.06 (d, Jag= 4.0 Hz, 1H), 6.89 (d, Jag= 8.0 Hz, 2H), 3.83 (s, 3H),
3.63 (s, 1H), *C NMR (100 MHz, CDCl) & 160.1, 133.5, 129.7, 128.4, 126.6, 124.3,
115.2, 114.2, 93.8, 85.4, 82.4, 76.4, 55.5, IR (ATR) Vmax (cm'}): 3243.6, 2922.0, 2203.1,
2094.6, 1621.2, 1247.8, 1026.8, 827.6, 719.4, 643.4, HRMS calcd for Ci5H;;0S,
239.0452 [M+H]", found 239.0545 [M+H]".
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Figure 2.20. Synthesis of MH3F compound.

Compound MH3G:

MH2G (393 mg, 1.09 mmol), methanol (20 mL), THF (4 mL), and K,COs3
(451.9 mg, 3.27 mmol) were employed to afford 74% yield as light yellow solid of the
indicated product (Figure 2.21). *H NMR (400 MHz, CDCL) & 8.02 (s, 1H), 7.72 (d, J =
12.0 Hz, 2H), 7.58 (d, J = 8.0 Hz, 1H), 7.17-7.24 (m, 2H), 7.12-7.14 (m, 2H), 3.94 (s,
3H), 3.71 (s, 1H), *C NMR (100 MHz, CDCk) & 158.6, 134.5, 131.7, 129.7, 129.6,
129.2, 128.7, 128.3, 127.1, 126.6, 124.7, 119.7, 118.0 Hz, 106.1, 94.4, 85.6, 83.3, 76.4,
55.5, IR (ATR) Vmax (cmit): 3243.8, 2960.2, 2206.6, 2092.1, 1602.0, 1393.4, 1259.1,
1029.2, 844.9, 722.4, HRMS calcd for C19H12,0S, 288.0609, found 288.0623

OCH;

MH2G

Figure 2.21. Synthesis of MH3G compound.
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2.2.1.4. Sonogashira coupling reaction between 2-iodothioanisole and terminal

alkynes

Starting  compounds  to preprae  2-((2-(methylthio)phenyl)ethynyl)- 3-
(substitutedethynyl)thiophene derivatives:

General procedure: solution of the terminal alkyne (0.648 mmol) in DMF (7.5
mL) were added 2-iodothioanisole (162 mg, 0.648 mmol), Triethylamine (3 mL),
Pd(PPh3)2CI2 (24.5 mg, 0.035 mmol), and the reaction mixture was stirred at room
temperature under argon gas for 10 min. Then, Cul (6.66 mg, 0.035 mmol) was added,
and the reaction mixture was stirred at room temperature overnight. The reaction
mixture extracted with with ethyl acetate- water. The organic extracts were dried over
anhydrous MgSO4. After filtration and removal of solvent, the residue was purified by

column chromatography to give the product.

Compound MH4:

MH3 (135 mg, 0.648 mmol), DMF (7.5 mL), 2-iodothioanisole (162 mg, 0.648
mmol), Triethylamine (3 mL), Pd(PPh3),Cl (24.566 mg, 0.035 mmol), and Cul (6.66
mg, 0.035 mmol) were employed to afford 63% vyield as yellow solid of the indicated
(Figure 2.22).. *H NMR (400 MHz, CDCl) & 2.42 (s, 3H), 7.11-7.15 (m, 2H), 7.19 (d, J
= 8.0 Hz, 1H), 7.25 (d, J = 4.0 Hz, 1H), 7.30-7.32 (m, 1H), 7.34-7.38 (m,3H), 7.52-
7.54 (m, 1H), 7.61-7.63 (m, 2H) (Figure 2.23), 3C NMR (100 MHz, CDCk) & 15.2,
84.3, 88.5, 93.8, 95.1, 121.1, 123.5, 124.3, 124.4, 126.2, 126.6, 126.8, 128.4, 128.5,
129.2, 129.9, 132.1, 132.4, 142.0 (Figure 2.24), IR (ATR) Vmax (cm): 691.5, 719.2,
753.8, 1439.5, 2206.4 (c=c), 2918.2, 2980.6, 3126.4, HRMS calcd for C,1H;5S;,
331.0537 [M+H]", found 331.0617 [M+H]".
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Figure 2.22. Synthesis of MH4 compound.
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Figure 2.23. Representative *H NMR spectra of MH4.
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Figure 2.24. Representative *C NMR spectra of MH4.

Compound MH4B:

MH3B (364 mg, 1.8 mmol), DMF (7.5 mL), 2-iodothioanisole (450 mg, 1.799
mmol), Triethylamine (3 mL), Pd(PPhs);CkL (68.2 mg, 0.097 mmol) and Cul (6.66 mg,
0.035 mmol) were employed to afford 73% vyield as orange oil of the indicated product
Figure 2.25. *H NMR (400 MHz, CDCk) & 7.51 (d, J = 8.0 Hz, 1H), 7.31 (t, J = 4.0
Hz, 1H), 7.18-7.20 (m, 2H), 7.12 (t, J = 4.0 Hz, 1H), 7.00 (d, J = 4.0 Hz, 1H), 2.52 (s,
3H), 2.49 (t, J = 4.0 Hz, 2H), 1.68 (p, J = 4.0, 2H), 1.44-1.52 (m, 2H), 1.33-1.40 (m,
2H), 0.91 (t, J = 4.0 Hz, 3H), 13C NMR (100 MHz, CDCk) & 141.7, 132.4, 129.9,
129.1, 127.7, 126.3, 125.1, 124.5, 124.4, 121.3, 95.2, 94.2, 88.5, 75.2, 31.3, 28.6, 22.4,
19.9, 15.4, 14.1, IR (ATR) Vmax (cm®): 2954.2, 2921.7, 2225.6, 1464.1, 1432.4, 747.0,
723.0, HRMS calcd for CyoH21S2, 325.1006 [M+H]*, found 325.1095 [M+H]".
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Figure 2.25. Synthesis of MH4B compound.

Compound MHAC:

MH3C (135 mg, 0.648 mmol), DMF (7.5 mL), 2-iodothioanisole (162 mg, 0.648
mmol), Triethylamine (3 mL), Pd(PPh3).ClL (24.5 mg, 0.035 mmol), and Cul (6.66 mg,
0.035 mmol) were employed to afford 58% vyield as light yellow solid of the indicated
product (Figure 2.26). *H NMR (400 MHz, CDCl) & 7.48-7.55 (m, 3H), 7.30-7.35 (m,
1H), 7.25 (d, 8.0 Hz, 1H), 7.16-7.21 (m, 3H), 7.09-7.14 (m, 2H), 2.44 (s, 3H), 2.40 (s,
3H), 1*C NMR (100 MHz, CDCly) & 142.0, 138.7, 132.4, 132.0, 131.9, 129.8, 129.3,
129.2, 127.1, 126.6, 125.9, 124.4, 121.2, 120.4, 95.0, 94.0 Hz, 88.6, 83.7, 21.7, 15.2, IR
(ATR) Vimax (cm®): 3101.7, 2980.7, 2917.1, 2189.1 (c=c),1435.3, 952.7, 743.6. HRMS
calcd for CyyH17S,, 345.4924 [M+H]", found 345.0773 [M+H]".

CH,
Pd,Cu
// Et;N, DMF
]\
SRS
MH3c

Figure 2.26. Synthesis of MH4C compound.
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Compound MHA4D:

MH3D (165.4 mg, 0.699 mmol), DMF (7.5 mL), 2-iodothioanisole (175.1 mg,
0.70 mmol), Triethylamine (3 mL), Pd(PPhs),CkL (26.4 mg, 0.0376 mmol), and Cul
(6.66 mg, 0.035 mmol) were employed to afford 97% vyield as yellow oil of the
indicated product (Figure 2.27). *H NMR (400 MHz, CDCk) & 7.51 (d, J = 8.0 Hz, 1H),
7.41 (s, 1H), 7.30-7.35 (m, 1H), 7.25 (d, J = 8.0 Hz, 1H), 7.19 (d, J = 8.0 Hz, 1H),
7.04-7.14 (m, 4H), 2.52 (s, 3H), 2.44(s, 3H), 2.33(s, 3H), **C NMR (100 MHz, CDCl)
5 142.1, 137.5, 135.0, 132.8, 132.5, 129.8, 129.6, 129.5, 129.49, 129.2, 128.0 Hz, 127.2,
126.6, 124.4, 123.0, 121.2, 94.9, 93.0, 88.6, 87.7, 21.0, 20.6, 15.2, IR (ATR) Vmax (cM’
1): 2953.3, 2920.3, 2852, 2193, 1463.3, 807.9, 722.3, HRMS calcd for Cz3H10Sy,
359.0850 [M+H]", found 359.0944 [M+H]".

CH,
H4C
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N\,_——H
\
S
MH3D

\ J

Figure 2.27. Synthesis of MH4D compound.

Compound MH4E:

MH3E (219 mg, 0.849 mmol), DMF (7.5 mL), 2-iodothioanisole (212.5 mg,
0.849 mmol), Triethylamine (3 mL), Pd(PPhs),CL (32.1 mg, 0.045 mmol), and Cul (8.7
mg, 0.045 mmol) were employed to afford 99% vyield as yellow oil of the indicated
product (Figure 2. 28). *H NMR (400 MHz, CDCl) & 8.63 (d, J = 8.0 Hz, 1H), 7.85-
7.88 (m, 3H), 7.56-7.59 (m, 1H), 7.46-7.53 (m, 2H), 7.38-7.42 (m, 1H), 7.32-7.36
(m, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.24 (d, J = 4.0 Hz, 1H), 7.19 (d, J = 8.0 Hz, 1H),
7.12-7.16 (m, 1H), 2.36 (s, 3H), *C NMR (100 MHz, CDCLk) & 142.3, 133.4, 133.3,
132.7, 130.8, 129.8, 129.3, 129.1, 128.3, 127.1, 127.0, 126.8, 126.76, 126.6, 126.3,
125.4, 124.4, 124.35, 121.1, 121.0, 95.24, 91.99, 89.15, 88.57, 15.13, IR (ATR) Vmax
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(cmY): 3056.2, 2980.4, 2920.9, 2194.2, 1434.9, 1400.1, 800.5, 753, 732.3, HRMS calcd
for CosHi7S, 381.0693 [M+H]", found 381.0776 [M+H]".

MH3E

i\ J

Figure 2.28. Synthesis of MH4E compound.

Compound MHA4F:

To a soluton of MH3F (123 mg, 0.519 mmol, DMF (7.5 mL), 2-
iodothioanisole (129 mg, 0.518 mmol), Triethylamine (3 mL), Pd(PPhs).Cl (19.6 mg,
0.028 mmol), and Cul (5.3 mg, 0.028 mmol) were employed to afford 79% vyield as
orange solid of the indicated product (Figure 2. 29) *H NMR (400 MHz, CDCl) & 7.52-
7.57 (m, 3H), 7.29-7.33 (m, 1H), 7.24 (d, J = 8.0 Hz, 1H), 7.19 (d, J = 8.0 Hz, 1H),
7.11-7.15 (m, 2H), 6.89 (d, J = 8.0 Hz, 2H), 3.83 (s, 3H), 2.43 (s, 3H), 13C NMR (100
MHz, CDCl) 6 159.9, 141.9, 133.5, 132.4, 129.8, 129.1, 127.2, 126.5, 125.5, 124.43,
124.42, 121.2, 115.5, 114.1, 94.9, 93.8, 88.6, 83.0, 55.5, 15.2, IR (ATR) Vmax (cm?):
2958.4, 2920.3, 2191.4, 1603.6, 1520.3, 1245.9, 1028.7, 829.9, 748.2, 725.4, HRMS
calcd for C,H160S;, 360.0643, found 360.0661



43

OCHs

I

— —H
=

MH3F

Figure 2.29. Synthesis of MH4F compound.

Compound MHA4G:

MH3G (242 mg, 0.839 mmol), DMF (7.5 mL), 2-iodothioanisole (209.8 mg,
0.838 mmol), Triethylamine (3 mL), Pd(PPhs),Cl (31.8 mg, 0.045 mmol), and Cul
(8.62 mg, 0.045) were employed to afford as 76% vyield light yellow solid of the
indicated product (Figure 2.30). *H NMR (400 MHz, CDClk) & 8.06 (s, 1H), 7.70 (d, J =
8.0 Hz, 2H), 7.62 (d, J = 8.0 Hz, 1H), 7.55 (d, J = 8.0 Hz, 1H), 7.30 (t, J = 4.0 Hz, 1H),
7.25 (d, J = 8.0 Hz, 1H), 7.11-7.19 (m, 5H), 3.92 (s, 3H), 2.39 (s, 3H), 13C NMR (100
MHz, CDCk) 6 158.6, 142.0, 134.4, 132.5, 132.0, 129.9, 129.6, 129.4, 129.2, 128.7,
127.1, 126.9, 126.6, 126.0, 124.5, 124.4, 121.2, 119.6, 118.4, 106.1, 95.1, 94.5, 88.7,
84.1, 55.6, 15.2, IR (ATR) Vmax (cm™): 311.1, 2980.5, 2925.1, 2191.6, 2042.6, 1398.3,
1211.9, 1025.9, 855.5, 725.9, HRMS calcd for Cy6H190S;, 411.0799 [M+H]", found
411.0888 [M+H]".

Figure 2.30. Synthesis of MH4G compound.
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2.2.1.5. lodine-mediated intramolecular electrophilic aromatic cyclization of the

compounds MH4 derivatives:

General procedure: To a solution of the starting compound (one of the MH4
derivative) (200 mg, 0.6 mmol) in CH,CL (8 mL) iodine was added (458.1 mg, 1.8
mmol), and the mixture was stirred at room temperature for 60 min. The saturated
aqueous solution of Na;S,03; was added subsequently into the reaction mixture and
extracted by DCM. The combined organic extracts were dried over anhydrous MgSQO,.
After filtration and removal of solvent, the residue was purified by column

chromatography to afford the product.

Compound MH7 and MH17:
MH4 (200 mg, 0.6 mmol), CH,ChL (8 mL), I, (458.1 mg, 1.8 mmol) were

employed to afford MH7 (31% vyield as yellow solid) and MH17 (59% vyield as white
crystal) of the indicated products(Figure 2.31).

g NIy // |
7

7\ SCH,4 CHZCIZ O O

SIS S

MH; 31% MH17 59%

MH,
CHZCIZ

50%

Figure 2.31. Synthesis of MH7 and MH17 compounds.

MH7: *H NMR (400 MHz, CDCl) & 7.44-7.46 (m, 2H), 7.51-7.65 (m, 5H), 7.62
(d, Jag= 4.0 Hz, 1H), 7.78 (d, Jag= 4.0 Hz, 1H), 7.84-7.86 (m, 1H), 8.42-8.45 (m, 1H)
(Figure 2.32), *3C NMR (100 MHz, CDCl) & 93.8, 122.8, 124.2, 124.8, 125.2, 126.8,
128.9, 129.0, 129.1, 129.9, 130.3, 131.6, 134.8, 138.3, 138.6, 140.4, 1415, 1435
(Figure 2.33), IR (ATR) Vmax (cm®): 691.8, 719.1, 828.7, 1306.1, 2918.6, 2980.6,
3127.1, HRMS calcd for CaoH111S,, 441.9347, found 441.9329.
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Figure 2.32. Representative *H NMR spectra of MH?7.
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Figure 2.33. Representative 3C NMR spectra of MH7.
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MH17: 'H NMR (400 MHz, CDCL) & 7.25 (d, J = 4.0 Hz, 1H), 7.28-7.32 (m,
3H), 7.39-7.49 (m, 5H), 7.79-7.81 (m, 1H), 7.84-7.87 (m, 1H) (Figure 2.34), 1*C NMR
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(100 MHz, CDCl) & 83.4, 85.0, 94.1, 122.3, 123.2, 123.3, 125.7, 126.2, 126.8, 126.9,
1285, 128.7, 131.1, 131.7, 134.7, 137.4, 139.6, 141.8 (Figure 2.6), IR (ATR) Vimax (CM
1): 688.5, 719, 750.1, 1246.6, 2202.6 (c=c), 2852.7, 2922.4, 2980.4, 3103.6, HRMS
calcd for CooH111S,, 441.9347, found 441.9359.
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Figure 2.34. Representative *H NMR spectra of MH17.
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Figure 2.35. Representative 3C NMR spectra of MH17.
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MH7 from MH17:

To a solution of compound MH17 (100 mg, 0.3 mmol) in CH,CkL (10 mL) in
the presence of I, (229 mg, 0.9 mmol) was stirred at room temperature for 60 min. The
saturated aqueous solution of Na,;S,03 was added subsequently into the reaction mixture
and extracted by EtOAc. The combined organic extracts were dried over anhydrous
MgSO,4. After filtration and removal of solvent, the residue was purified by column
chromatography to afford MH7 (50% vyield) as yellow solid. *H NMR (400 MHz,
CDCk) 6 7.44-7.46 (m, 2H), 7.51-7.65 (m, 5H), 7.62 (d, Jag= 4.0 Hz, 1H), 7.78 (d,
Jag= 4.0 Hz, 1H), 7.84-7.86 (m, 1H), 8.42-8.45 (m, 1H), **C NMR (100 MHz, CDCl) &
93.8, 122.8, 124.2, 124.8, 125.2, 126.8, 128.9, 129.0, 129.1, 129.9, 130.3, 131.6, 134.8,
138.3, 138.6, 140.4, 1415, 143.5, IR (ATR) Vmax (cm): 691.8, 719.1, 828.7, 1306.1,
2918.6, 2980.6, 3127.1, HRMS calcd for CyoHi1l1S,, 441.9347, found 441.9329.

Compound MH17B:

MH4B (383 mg, 1.182 mmol), CH,Cl, (15 mL), I2 (893 mg, 3.54 mmol) were
employed to afford 97% vyield as light yellow solid of the indicated product (Figure
2.36). 'H NMR (400 MHz, CDCk) & 7.87 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.0 Hz, 1H),
7.45-7.50 (m, 2H), 7.40-7.44 (m, 1H), 7.04 (d, J = 4.0 Hz, 1H), 2.74-2.82 (m, 2H),
7.57-1.66 (m, 2H), 1.28-1.35 (m, 4H), 0.87 (t, J = 4.0 Hz, 3H), **C NMR (100 MHz,
CDCk) 6 147.3, 141.5, 139.9, 133.9, 132.1, 128.6, 127.0, 126.8, 126.1, 125.6, 122.2,
109.5, 88.5, 84.2, 50.2, 30.7, 27.9, 22.7, 14.2, IR (ATR) Vmax (cm): 2951.1, 2922.5,
2853.1, 1452.8, 1246.3, 830.6, 749.6, 723.4, 660.4, HRMS calcd for CigH17IS;,
435.9816, found 435.9884.

CsH1q CsHis
Vi J I, Il
CH,Cl, S
= B\
S % 97 S
MH4B MH17B

Figure 2.36. Synthesis of MH17B compound.

Compounds MH7C and MH17C: MH4C (350 mg, 1.017 mmol), CH,Cl, (25
mL), and I, (768 mg, 3.051 mmol) were employed to afford MH7C (as a white solid,
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64% vyield) and MH17C (as a Brown solid, 31%) of the indicated products (Figure
2.37). MH7C: 'H NMR (400 MHz, CDCl) & 8.42 (d, J = 8.0 Hz, 1H), 7.84 (d, J = 8.0
Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.64-7.60 (m, 2H), 7.54-7.50 (m, 1H), 7.40 (d, J =
8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 2.52 (s, 3H), *C NMR (100 MHz, CDCk) &
141.5, 140.6, 140.4, 138.7, 138.5, 138.4, 134.8, 131.5, 130.3, 129.7, 129.6, 129.0,
126.7, 125.1, 124.7, 124.2, 122.8, 94.0 Hz, 21.8, IR (ATR) Vmax (cm'l): 2980.6, 2918.5,
1335.8, 1101.9, 818.8, 739.4, 709.4, 645.8, HRMS calcd for C»1H131S>, 455.9503, found
455.95151

_—
==
O MH7C MHA17C

%64 %31

Figure 2.37. Synthesis of MH7C and MH17C compounds.

MH17C: 'H NMR (400 MHz, CDCl;) & 7.89-7.85 (m, 2H), 7.53-7.45 (m, 4H),
7.23-7.20 (m, 2H), 7.16 (d, J = 8.0 Hz, 2H), 2.36 (s, 3H), 13C NMR (100 MHz, CDCl)
5 146.8, 144.6, 141.8, 139.9, 138.9, 131.6, 129.34, 129.31, 128.2, 128.2, 127.3, 126.9,
126.2, 125.8, 122.4, 101.7, 91.2, 84.5, 21.7, IR (ATR) Vmax (cm%): 2954.7, 2920.3,
1435.2, 814.2, 755.7, 729.2, 700, HRMS calcd for C21H13IS2, 455.9503, found
455.9527.

MH7C from MH17C:

To a solution of compound MH17C (100 mg, 0.29 mmol) in CH,CL (10 mL) in
the presence of I, (219.2 mg, 0.87 mmol) was stirred at room temperature for 60 min.
The saturated aqueous solution of Na,S,0O3 was added subsequently into the reaction
mixture and extracted by EtOAc. The combined organic extracts were dried over

anhydrous MgSO4. After filtration and removal of solvent, the residue was purified by
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column chromatography to afford MH7C (61% yield) as white solid. *H NMR (400
MHz, CDCLk) & 8.42 (d, J = 8.0 Hz, 1H), 7.84 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0 Hz,
1H), 7.64-7.60 (m, 2H), 7.54-7.50 (m, 1H), 7.40 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0
Hz, 2H), 2.52 (s, 3H), 3C NMR (100 MHz, CDCl;) & 141.5, 140.6, 140.4, 138.7, 138.5,
138.4, 134.8, 131.5, 130.3, 129.7, 129.6, 129.0, 126.7, 125.1, 124.7, 124.2, 122.8, 94.0
Hz, 21.8, IR (ATR) Vmax (cm’l): 2980.6, 2918.5, 1335.8, 1101.9, 818.8, 739.4, 709.4,
645.8, HRMS calcd for C,1H131S,, 455.9503, found 455.95151.

Compound MH7D:

MH4D (169 mg, 0.47 mmol), CH,CkL (10 mL), and I, (356 mg, 1.41 mmol) were
employed to afford MH7D as a white solid Figure 2.38. (59 % vyield). *H NMR (400
MHz, CDCk) & 8.45 (d, J = 8.0 Hz, 1H), 7.86 (d, J = 8.0 Hz, 1H), 7.79 (d, J = 8.0 Hz,
1H), 7.61-7.66 (m, 2H), 7.54 (t, J = 8.0 Hz, 1H), 7.30-7.35(m, 2H), 7.09 (s, 1H), 2.46
(s, 3H), 2.08 (s, 3H), 13C NMR (100 MHz, CDCl) & 142.7, 141.4, 140.5, 138.4, 138.2,
136.0, 134.8, 133.3, 131.4, 130.6, 130.2, 130.0, 129.9, 129.0, 126.7, 125.1, 124.7,
124.1, 122.9, 94.3, 21.4, 19.2, IR (ATR) Vmax (cm™): 2953.5, 2916.5, 2853.1, 1444.5,
1094.2, 733.1, 750, 698.5, HRMS calcd for C22H151S2, 469.9660, found 469.9685

CHj
HsC
l2 I
CH,Cl, O O
%59 ! S S
MH,D

Figure 2.38. Synthesis of MH7D compound.

Compound MH7E: MH4E (154.5 mg, 0.40 mmol), CH,Cl (10 mL), and 1, (306
mg, 1.218 mmol) were employed to afford MH7E as a white solid Figure 2.39. (70 %
yield). 'H NMR (400 MHz, D-DMSO) & 8.20(d, J = 8.0 Hz, 1H), 7.99-8.11 (m, 3H),
7.67-7.77 (m, 2H), 7.45-7.54 (m, 2H), 7.28 (t, J = 8.0 Hz, 2H), 7.14 (d, J = 8.0 Hz, 1H),
6.85 (t, J = 8.0 Hz, 1H), 5.95 (d, J = 4.0 Hz, 1H), 3C NMR (100 MHz, D-DMSO) &
141.9, 141.2, 138.31, 138.29, 135.3, 133.9, 133.5, 131.5, 131.47, 130.4, 129.4, 129.0,
128.7, 128.0 Hz, 127.3, 127.0, 126.9, 126.7, 125.1, 125.0, 124.4, 123.8, 96.6, 60.2, IR
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(ATR) Vimax (cmi’®): 3049.9, 29922.5, 2852.7, 1357.5, 775.5, 741.8, 730.1, HRMS calcd
for Co4H131S2, 491.9503, found 491.9519

Figure 2.39. Synthesis of MH7E compound.

Compound MHT7F:

MH4F (290 mg, 0.80 mmol), CH,Cl (10 mL), and 1, (608 mg, 2.4 mmol) were
employed to afford MH7F as a light brown solid Figure 2.40 (99% yield). *H NMR
(400 MHz, CDCls) & 8.38 (d, J = 8.0 Hz, 1H), 7.83 (d, J = 8.0 Hz, 1H), 7.74 (d, J = 8.0
Hz, 1H), 7.55-7.61 (m, 2H), 7.50 (t, J = 8.0 Hz, 1H), 7.36-7.38 (d, Jag= 8.0 Hz, 2H),
7.09-7.11 (d, Jag= 8.0 Hz, 2H), 3.94 (s, 3H), **C NMR (100 MHz, CDCl) & 159.9,
141.5, 140.4, 138.6, 138.1, 135.9, 134.7, 131.4, 131.1, 130.2, 128.9, 126.6, 125.1,
124.6, 124.1, 122.7, 114.2, 945, 55.5, IR (ATR) Vmax (cmit): 2960.9, 2917.4, 1606.5,
1511.8, 1238.3, 1024.7, 834.6, 744.8, 712.3, HRMS calcd for C,;H;1310S;, 471.9452,
found 471.9455.

Compound MH7G:

MH4G (223 mg, 0.543 mmol), CH,CL (15 mL), and I, (410 mg, 1.63 mmol)
were employed to afford MH7G as a light yellow solid (64% yield) (Figure 2.41). ‘H
NMR (400 MHz, CDClk) & 8.44 (d, J = 8.0 Hz, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.87 (s,
1H), 7.79-7.84 (m, 3H), 7.60-7.63 (m, 2H), 7.48-7.53 (m, 2H), 7.23-7.28 (m, 2H), 3.99
(s, 3H), *C NMR
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Figure 2.40. Synthesis of MH7F compound.

(100 MHz, CDCk) 6 158.6, 141.6, 140.5, 138.74, 138.71, 138.5, 134.8, 134.7,
131.6, 130.3, 130.2, 129.1, 129.05, 128.9, 128.2, 127.5, 126.8, 125.2, 124.8, 124.2,
122.9, 1195, 106.2, 94.2, 55.7, IR (ATR) Vmax (cm*): 2916.3, 2848.3, 1296, 1267.6,
1210, 1028.3, 862.3, 745.3, HRMS calcd for Cz5H1510S7, 521.9609, found 521.9631.

Figure 2.41. Synthesis of MH7G compound.

2.2.1.6. Sonogashira coupling reaction between the 4-iodo-5-substituted

thieno[2,3-a]dibenzothiophene compounds and terminal alkynes:

General procedure: To a solution of MH7G or MH7D (0.0765 mmol) in DMF
(3.0 mL) were added terminal alkyne (0.082 mmol), Triethylamine (1 mL),
Pd(PPhs).CkL (2.687 mg, 0.0038 mmol), and the reaction mixture was stirred at room
temperature under argon gas for 10 min. Then, Cul (0.728 mg, 0.0038 mmol) was
added, and the reaction mixture was stirred at room temperature overnight. The reaction

mixture extracted with with CH,CL. The organic extracts were dried over anhydrous
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MgSO,4. After filtration and removal of solvent, the residue was purified by column

chromatography to give the product.

Compound MH42A:

MH7G (40 mg, 0.0765 mmol), DMF (3.0 mL), ethynylbenzene (8.3 mg, 0.082
mmol), Triethylamine (1 mL), Pd(PPh3),ChL (2.7 mg, 0.0038 mmol), and Cul (0.72 mg,
0.004 mmol) were employed to afford 92% vyield as white solid of the indicated product
(Figure 2.42). *H NMR (400 MHz, CDCL) & 8.47 (d, J = 8.0 Hz, 1H), 8.22 (s, 1H),
7.92-7.96 (m, 2H), 7.84-7.88 (m, 3H), 7.60-7.66 (m, 2H), 7.49-7.53 (t, J = 4.0 Hz, 1H),
7.22-7.29 (m, 7H), 4.00 (s, 3H) (Figure 2.44), *C NMR (100 MHz, CDCL) & 158.4,
140.9, 139.9, 138.3, 136.3, 135.3, 134.7, 134.5, 132.7, 131.6 (include 2C), 130.1, 129.3,
129.2, 129.0, 128.7, 128.5, 126.9, 126.6, 125.4, 125.1, 124.9, 124.2, 123.5, 122.9,
119.3, 115.9, 106.1, 96.9, 88.0 ,55.6 (Figure 2.45), IR (ATR) Vmax (cmt): 2954.4,
2923.3, 2853.9, 1723.5, 1266.5, 1212.1, 1034.1, 848.8, 743.6, HRMS calcd for
C33H200S;, 496.0956, found 496.0955.

OCH,

Figure 2.42. Synthesis of MH42A and MH42B compounds.
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MH43A

Figure 2.43. Synthesis of MH43A and MH43B compounds.
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Figure 2.44. Representative ‘H NMR spectra of MH42A.
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Figure 2.45. Representative *3C NMR spectra of MH42A.

Compound MH42B:

MH7G (40 mg, 0.0765 mmol), DMF (3.0 mL), 1-ethynyl-4-methylbenzene (9.53
mg, 0.082 mmol), Triethylamine (1 mL), Pd(PPhs),CL (2.687 mg, 0.0038 mmol), and
Cul (0.728 mg, 0.0038 mmol) were employed to afford 89% vyield as yellow solid of the
indicated product. *H NMR (400 MHz, CDCl) & 8.46 (d, J = 8.0 Hz, 1H), 8.22 (s, 1H),
7.84-7.95 (m, 5H), 7.60-7.65 (m, 2H), 7.50 (t, J = 8.0 Hz, 1H), 7.22-7.28 (m, 2H), 7.16-
7.18 (d, Jag= 8.0 Hz, 2H), 7.04-7.06 (d, Jas= 8.0 Hz, 2H), 4.00 (s, 3H), 2.31 (s, 3H),
13C NMR (100 MHz, CDCL) & 158.4, 140.8, 139.8, 138.7, 138.3, 136.1, 135.3, 134.6,
134.5, 132.7, 1315, 130.1, 129.3, 129.2, 129.1, 129.0, 128.7, 126.9, 126.6, 125.3,
125.1, 125.0, 124.1, 122.9, 120.4, 119.3, 116.2, 106.1, 97.2, 87.4, 55.6, 21.7, IR (ATR)
Vmax (cm): 2957, 2924.1, 1628.7, 1603.5, 1213, 1030, 856.5, 814.1, 752.5, 726.1,
HRMS calcd for C34H2,0S,, 510.1112, found 510.1111.

Compound MH43A:

MH7D (40 mg, 0.085 mmol), DMF (3.0 mL), ethynylbenzene (9.3 mg, 0.091
mmol), Triethylamine (1.0 mL), Pd(PPhs),Ck (2.98 mg, 0.0042 mmol), and Cul (0.809
mg, 0.0042 mmol) were employed to afford 93% vyield as a yellow solid of the indicated
product. *H NMR (400 MHz, CDCl) & 8.48 (d, J = 8.0 Hz, 1H), 8.12 (s, 1H), 7.94 (d, J
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= 8.0 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.61-7.67 (m, 2H), 7.50 (t, J = 8.0 Hz, 1H),
7.25-7.34 (m, 7H), 2.43 (s, 3H), 2.17 (s, 3H), *C NMR (100 MHz, CDCly) & 141.0,
139.3, 138.6, 138.3, 136.7, 135.4, 135.3, 134.0 Hz, 132.6, 131.7, 130.6, 130.3, 129.7,
1295, 128.9, 128.5, 126.6, 125.3, 125.1, 124.7, 124.1, 123.6, 123.0, 116.4, 96.8, 87.5,
21.3, 19.4, IR (ATR) Vmax (CMi'): 2956.4, 2921.6, 2853.3, 2206.4, 1719.2, 1442.6,
1265.6, 1099.5, 751, HRMS calcd for CaoHa0Sy, 444.1006, found 444.1006.

Compound MH43B:

MH7D (40.0 mg, 0.085 mmol), DMF (3.0 mL), 1-ethynyl-4-methylbenzene
(10.58 mg, 0.091 mmol), Triethylamine (1.0 mL), Pd(PPhg),Cl (2.98 mg, 0.0042
mmol), and Cul (0.809 mg, 0.0042 mmol) were employed to afford 86% yield as a
yellow solid of the indicated product. *H NMR (400 MHz, CDCLk) & 8.46 (d, J = 8.0
Hz, 1H), 7.92 (d, J = 4.0 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.60-7.66 (m, 2H), 7.50 (t, J
= 4.0 Hz, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.23-7.26 (m, 2H), 7.09-7.15 (m, 4H), 2.41 (s,
3H), 2.34 (s, 3H), 2.15 (s, 3H),, **C NMR (100 MHz, CDCl) & 141.0, 139.3, 138.7,
138.69, 138.3, 136.5, 135.4, 135.36, 134.0 Hz, 131.6, 130.6, 130.3, 129.7, 129.4, 129.3,
128.8, 126.5, 125.2, 125.1, 124.8, 124.1, 123.0, 120.5, 116.7, 97.1, 86.9, 21.8, 21.3,
19.4, IR (ATR) Vmax (cml): 2956.9, 2922.4, 2854, 1722.7, 1461.7, 1265.9, 1116,
1100.8, 730.1, HRMS calcd for C31H,2S,, 458.1163, found 458.1164.

2.2.1.7. Stille coupling reaction between the iodo substituted compound (MH7F)
and 2-(tributylstannyl)thiophene or 2-(tributylstannyl)furan:

General procedure: To a mixture of the compound MH7F (50 mg, 0.1 mmol), 2-
(tributylstannylthiophene or 2-(tributylstannyl)furan (0.127 mmol) and toluene (10 ml)
was added Pd(PPhs); (6.1 mg, 0.0052) under argon gas, the mixture was reflux
overnight at 110 °C. The reaction mixture extracted with with CH,Ck. The organic
extracts were dried over anhydrous MgSO4. After filtration and removal of solvent, the

residue was purified by column chromatography to give the product.
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Compound MH44A:

MH7F (50 mg, 0.1 mmol), 2-(tributylstannyl)thiophene (47 mg, 0.127 mmol),
toluene (10 ml), and Pd(PPhs)s (6.1 mg, 0.0052) were employed to afford 93% yield as
a yellow solid of the indicated product (Figure 2.46). (Note: this compound has splitting
for NMR data), *H NMR (400 MHz, CDCk) & 8.50 (d, J = 8.0 Hz, 1H), 7.88-7.95 (m,
1H), 7.73 (d, J = 8.0 Hz, 1H), 7.64 (t, J = 8.0 Hz, 1H), 7.52-7.57 (m, 3H), 7.32-7.34 (m,
2H), 7.10 (d, J = 8.0 Hz, 1H), 6.91-7.02 (m, 3H), 3.86 (s, 3H) (Figure 2.47)., *C NMR
(100 MHz, CDCls) 6 159.3, 140.6, 140.3, 139.4, 139.0, 135.4, 133.4, 133.0, 131.4,
130.0, 129.1, 127.5, 126.7, 126.6, 126.4, 125.1, 125.0, 124.5, 124.0 Hz, 122.8, 122.1,
113.9, 155.4 (Figure 2.48)., IR (ATR) Vmax (cm™): 2980.6, 2925.2, 1513.4, 1243,
1174.8, 1028.6, 831.7, 694.6, HRMS calcd for C,5H;608S3, 428.0363, found 428.0366

L J

Figure 2.46. Synthesis of MH44A and MH44B compounds.

Compound MH44B:

MH7F (50 mg, 0.1 mmol), 2-(tri-n-butylstannyl)furan (45 mg, 0.127 mmol),
toluene (10 ml), and Pd(PPhs)s (6.1 mg, 0.0052) were employed to afford 82% yield as
a yellow solid of the indicated product. *H NMR (400 MHz, CDCl) & 8.50 (d, J = 8.0
Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.80-7.82 (d, Jas= 8.0 Hz, 1H), 7.61-7.65 (m, 1H),
7.58-7.60 (d, Jag= 8.0 Hz, 1H), 7.48-7.54 (m, 2H), 7.33-7.35 (d, Jag= 8.0 Hz, 2H),
6.98-7.01 (d, Jag= 8.0 Hz, 2H), 6.38-6.39 (m, 1H), 6.04 (d, J = 4.0 Hz, 1H), 3.90 (s,
3H), 3¢ NMR (100 MHz, CDCls) 6 159.4, 152.0, 142.2, 140.7, 139.6, 137.5, 135.4,
133.6, 132.7, 132.4, 131.0, 128.9, 126.4, 125.1, 125.0, 124.7, 124.1, 124.0 Hz, 122.8,
114.2, 111.8, 111.3, 55.8, IR (ATR) Vmax (Cm'l): 2951.6, 2923.5, 1514.3, 1246.1,
1171.8, 837.9, 720.9, HRMS calcd for C,5H170,S,, 413.0592 [M+H]", found 413.0670
[M+H]".



57

98'€ —

16'9
£6'9
002
20,
60°L
L
Vi
L
ve'L
2
LS'L
9L
992
e
v
88'L
S6'L

6'8~
158/

PROTON_01

5

16'9
g9
00'L
z0'L
60°L
s/
VAN
ze'L
ve'L
T§'Ln
N
z9'L
99,
zrL
en.nv

ww.nﬁ
S6'L

PR%@OI

-

T210

MH 44 A

there is seplitting

80 79 78 77 76 75 74 73 72 71 7.0 69

85 84 83 82 81

f1 (ppm)

1.0 0.5 0.0

1.5

50 45
f1 (ppm)

55

00 95

1

10.5

Figure 2.47. Representative *H NMR spectra of MH44A.
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2.2.2. Synthesis of thieno[3,2-a]dibenzothiophene derivatives

2.2.2.1. Sonogashira coupling reaction to preparation of the trimethyl
((2(methylthio) phenyl) ethynyl)silane (MH6)

To a stirred mixture of the 2-iodothioanisole (2.48 mmol, 620 mg), THF (8 mL),
ethynyltrimethylsilane  (2.97 mmol, 303 mg), triethylamine (12.4 mmol, 1252 mg),
PdCl,(PPhz), (0.06 mmol, 42.1 mg) under argon gas was added Cul (0.06 mmol,11.4
mg), The resulting mixture was stirred at room temperature for 12 h. Water (30 mL)
was added to the reaction mixture. The resulting solution was extracted with DCM
(3%30 mL). The organic layer was dried over anhydrous MgSO4. The solvent was
removed under vacuum, and the residue was purified by flash column chromatography
on silica gel using hexanes as mobile phase. This compound was obtained as a light
yellow oil in an 95% yield (Figure 2.49). *H NMR (400 MHz, CDCk) & 7.4-7.42 (m,
1H), 7.24-7.28 (m, 1H), 7.02-7.12 (m, 2H), 0.28 (s, 9H), 2.46 (s, 3H), *C NMR (100
MHz, CDCh) 6 142.2, 132.7, 129.1, 124.1, 123.9, 121.1, 102.3, 101.4, 15.0, 0.13, IR
(ATR) Vmax (cmt): 3059.4, 2980.5, 2920.7, 2890.6, 2154.7 (c=c),1435.5, 1248.3 (Si-
CHj3), 838, 747.6, 685.2 (S-C).

P TMS
Ci' H—=-TMS =
s/CH3 PdCI,(PPhj), S/CHs
CUl, Et3N
THF MHq

Figure 2.49. Synthesis of MH6 compound.

Desilylation Reaction to prepare (MH9)

A solution of compound MH6 (2 g, 9.09 mmol), methanol (60 mL), and THF
(20 mL) was added K,COs3; (3.72 g, 27 mmol). The mixture was stirred at room
temperature for 60 min. The reaction mixture extracted with EtOAc. The organic

extracts were dried over anhydrous MgSO4. After filtration and removal of solvent, the
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residue was purified by column chromatography to give the product. This compound
was obtained as yellow oil in an 91% vield (Figure 2.50). *H NMR (400 MHz, CDCk) &
7.39-7.42 (m1H), 7.23-7.28 (m, 1H), 7.09-7.11 (m, 1H), 7.0-7.05 (m,1H), 3.47 (s, 1H),
2.42 (s, 3H), *C NMR (100 MHz, CDCl) & 142.0, 133.1, 129.3, 124.2, 124.1, 120.1,
83.7, 81.0, 60.3, IR (ATR) Vmax (cmt): 3058.3, 2982, 3281.3 (=c—H), 2920.2, 2101.8 (
c=c), 1432.7, 747.9, 614.6 (S-C), HRMS calcd for CoHgS, 149.0347 [M+H]", found
149.0248 [M+H]".

™S H
P KoCO3 _
= CH4OH ~ 4
S/CH3 THF S/CH3
91% MH,

Figure 2.50. Synthesis of MH9 compound.

2.2.2.2. Sonogashira coupling reaction to preparation of trimethyl((3-((2-
(methylthio)phenyl)ethynyl)thiophen-2-yl)ethynyl)silane (MH13)

To a stirred suspension of MH1 (619 mg, 2.39 mmol), PdCI,(PhCN), (56.7 mg,
0.14 mmol), and Cul (28.1 mg, 0.14 mmol) in 1,4-dioxane (5 mL) were added
diisopropylamine (1205 mg, 11.9 mmol), MH9 (384 mg, 2.6 mmol), and tri-tert-
butylphosphine (45.9 mg, 0.286 mmol). After being stirred at rt for 12 h, the reaction
mixture was diluted with EtOAc and filtered through a short pad of silica gel (Figure
2.51) The filtrate was concentrated in vacuum, and the residue was chromatographed on
silica gel (hexane) to afford MH13 (50%) as a brown oil (Figure 2.51). *H NMR (400
MHz, CDClk) & 0.29 (s, 9H), 2.52 (s, 3H), 7.09-7.10 (d, Jag= 4.0 Hz, 1H), 7.11-7.14
(m, 1H), 7.17-7.18 (d, Jag= 4.0 Hz, 1H), 7.19-7.21 (m, 1H), 7.30-7.34 (m, 1H), 7.49-
7.51 (m, 1H) (Figure 2.52),, **C NMR (100 MHz, CDCk) & 0.2, 15.4, 90.3, 91.0, 96.7,
103.9, 121.5, 124.4, 124.5, 126.2, 126.3, 127.5, 129.1, 129.8, 132.9, 141.7 (Figure
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2.53), IR (ATR) Vmax (CMY): 644.46, 748.18, 838.24, 1248.31 (Si-CHs), 1462.81, 2142.9
(c=c), 2342.6, 2359.8, 2890.5 ,2919.8, 2980.5, 3105.5, HRMS calcd for C1sH16S,Si,
327.0619 [M+H]", found 327.0703 [M+H]".

Pd,Cu, (t-Bu)3P _CH
Br = 1,4-Dioksan, s
I\ N Diisopropilamin //
= CH
— S g )
™ 50%
S 0 \__——TMS
MH, MH,q |
S
MH;
Figure 2.51. Synthesis of MH13 compound.
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Figure 2.52. Representative *H NMR spectra of MH13.
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2.2.2.3. Desilylation Reaction to prepare 2-ethynyl-3-((2-(methylthio) phenyl)

ethynyl)thiophene (MH15)

To a solution of compound MH13 (563 mg, 1.72 mmol), methanol (25 mL), and
THF (7 mL) was added K,COj3 (715 mg, 5.1 mmol). The mixture was stirred at room
temperature for 120 min. The reaction mixture extracted with EtOAc. The organic
extracts were dried over anhydrous MgSO4. After filtration and removal of solvent, the
residue was purified by column chromatography to give the product. This compound
was obtained as brown oil in an 98% vield (Figure 2.54). *H NMR (400 MHz, CDCl) &
2.52 (s, 3H), 3.65 (s, 1H), 7.11-7.15 (m, 1H), 7.12-7.13 (d, Jas= 4.0 Hz, 1H), 7.18-7.20
(m, 1H), 7.12-7.22 d, Jag= 4.0 Hz, 1H), 7.30-7.34 (m, 1H), 7.51-7.53 (m, 1H) (Figure
2.55), 1*C NMR (100 MHz, CDCk) & 15.4, 76.3, 85.8, 89.8, 91.0, 121.2, 124.4, 124.5,
124.9, 126.6, 127.9, 129.2, 129.8, 132.9, 141.8 (Figure 2.56), IR (ATR) Vmax (cm?):
645.1, 729.5, 747, 1430.5, 1462.2, 2098.9 (c=c), 2199.9 (c=c), 2917.4, 3104.1,
3280.6 (=c—H), HRMS calcd for CisHi1S;, 255.0224 [M+H]', found 255.0300
[M+H]".
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Figure 2.54. Synthesis of MH15 compound.
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Figure 2.55. Representative ‘H NMR spectra of MH15.
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2.2.2.4. Sonogashira coupling reaction to preparation of 3-((2-(methylthio)phenyl)

ethynyl)-2-(substitutedethynyl)thiophene derivatives

General procedure for the reaction between MH15 and arylbromid compounds:
To a stirred suspension of aryloromid (0.78 mmol), PdCL(PhCN), (17 mg, 0.044
mmol), and Cul (85 mg, 0.044 mmol) in 14-dioxane (2 mL) were added
diisopropylamine  (363.9 mg, 3.59 mmol), MH15 (0.78 mmol), and tri-tert-
butylphosphine (14.0 mg, 0.087 mmol). After being stirred at rt for 12 h, the reaction
mixture was diluted with EtOAc and filtered through a short pad of silica gel. The
filtrate was concentrated in vacuum, and the residue was chromatographed on silica gel
(hexane) to afford the product.
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General procedure for the reaction between MH15 and aryl iodide compounds:
Solution of MH15 (0.7 mmol) in THF (7.5 mL) were added aryliodid compounds (0.7
mmol), Triethylamine (3 mL), Pd(PPhs),CL (24.566 mg, 0.035 mmol), and the reaction
mixture was stirred at room temperature under argon gas for 10 min. Then, Cul (6.66
mg, 0.035 mmol) was added, and the reaction mixture was stirred at room temperature
overnight. The reaction mixture extracted with with CH,Cl. The organic extracts were
dried over anhydrous MgSO4. After filtration and removal of solvent, the residue was

purified by column chromatography to give the product.

Compound MH19:

2-Bromothiophene (128.3 mg, 0.78 mmol), PdCL(PhCN), (17.1 mg, 0.044
mmol), Cul (8.5 mg, 0.044 mmol, 1,4-dioxane (2 mL), diisopropylamine (363.9 mg,
3.59 mmol), MH15 (200 mg, 0.78 mmol), and tri-tert-butylphosphine (14 mg, 0.087
mmol) were employed to afford 91 % as a yellow solid of the indicated product (Figure
2.57).'H NMR (400 MHz, CDCk) & 2.45 (s, 3H), 7.03-7.05 (m, 1H), 7.10-7.15 (m,
2H), 7.17-7.19 (m, 1H), 7.24 (d, J = 4.0 Hz, 1H), 7.29-7.36 (m, 3H), 7.51-7.54 (m, 1H)
(Figure 2.58), 13C NMR (100 MHz, CDCl;) & 15.3, 86.0, 90.4, 90.9, 91.3, 121.4, 123.2,
124.3, 124.4, 126.1, 126.7, 126.9, 127.4, 128.2, 129.1, 129.8, 132.7, 132.9, 142.1
(Figure 2.59), IR (ATR) Vmax (cm™): 640.9, 702.7, 839.1, 983.2, 1433.6, 1462.9, 2147.6
(c=c), 2193.1 (c=c), 2858.3, 2920, 2956.3, 3105.6, HRMS calcd for CigH;,Ss3,
336.0101, found 336.0101.

_CHs Pd,Cu, (t-Bu)zP

S :
1,4-Dioksan,
// Diizopropilamin
=" 91%
S
MH,5

Figure 2.57. Synthesis of MH19 compound.



65

ST —

€0°L
S0°L
oT°L
ST'L
LTL
6T'L—
vl
STL
6T°L
9€°L
1s°L
vS'L

PROTON_01

7.55 7.50 7.45 7.40 7.35 730 7.25 7.20 7.15 7.10 7.05 7.00 6.95
f1 (ppm)

T€

105 100 95 9.0 8.5 8.0 7.5 7.0 65 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5 0.0 -05

11.0

f1 (ppm)

Figure 2.58. Representative “H NMR spectra of MH19.

€E'ST —

s6's8
3.8%
7606,
8f%2¢
Y vTT
80°92T
£9°9TT
16°92T
8€'/TT
vz'8TT
TT°6CT
18'62T ¢
SO'ZET -~
z6'zer/

80°CYT —

€E°ST—

mmHhTM
vv°06 —

va.omw
62°T6
SE'TTT
ET'ETT
8EVTT £
EVVTT %
80'9ZT
£9'9TT
T6°92T
8€'LTT ]
28Tt
TT°6CT
T8'62ZT
SO'TET |
52T
gozrt!
3

T
100

f1 (ppm)

T
150

T
200

ook

M

()

I

Wi

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

Figure 2.59. Representative 3C NMR spectra of MH19.



66

Compound MH19B:

Bromobenzene (104.4 mg, 0.28 mmol), PdCL(PhCN), (14.4 mg, 0.037 mmol),
Cul (7.1 mg, 0.037 mmol), 1,4-dioxane (2 mL), diisopropylamine (307.4 mg, 3.03
mmol), MH15 (169 mg, 0.66 mmol), and tri-tert-butylphosphine (11.72 mg, 0.073
mmol) were employed to afford 69% as a brown solid of the indicated product (Figure
2.60). 'H NMR (400 MHz, CDCl) & 2.43 (s, 3H), 7.11-7.15 (m, 1H), 7.16-7-17 (d,
Jas= 4.0 Hz, 1H), 7.19 (d, J = 8.0 Hz, 1H), 7.23-7.24 (d, Jag= 4.0 Hz, 1H), 7.30-7.34
(m, 1H), 7.35-7.39 (m, 3H), 7.53-7.55 (m, 1H), 7.60-7.63 (m, 2H), **C NMR (100 MHz,
CDCk) 6 15.3, 82.4, 90.5, 91.1, 97.8, 121.4, 123.2, 124.3, 124.4, 126.3, 126.5, 126.8,
128.5, 128.8, 129.1, 129.8, 132.0, 132.6, 142.0, IR (ATR) Vmax (cm™): 637.4, 718.9,
753.4, 1421.9, 2206.9 (c=c), 2339.3, 2359.8, 2918.1, 2980.5, 3050.5, HRMS calcd for
C21Hi15S>, 331.0537 [M+H]", found 331.0616 [M+H]".

Pd,Cu, (t-Bu)3P
s-CHs 1,4-Dioksan,

// Diisopropilamin
0,
\ \_——H 69%
S
MH,5

Figure 2.60. Synthesis of MH19B compound.

Compound MH19C:

3-Bromothiophene (128.3 mg, 0.78 mmol), PdCL(PhCN), (17.1 mg, 0.044
mmol), Cul (8.5 mg, 0.044 mmol), 1,4-dioxane (2 mL), diisopropylamine (363.9 mg,
3.59 mmol), MH15 (200 mg, 0.78 mmol), and tri-tert-butylphosphine (14 mg, 0.087
mmol) were employed to afford 87% as a brown solid of the indicated product (Figure
2.61). 'H NMR (400 MHz, CDCk) & 7.60-7.61 (m, 1H), 7.50-7.52 (m, 1H), 7.29-7.33
(m, 2H), 7.25-7.27 (m, 1H), 7.21-7.23 (d, Jag= 8.0 Hz, 1H), 7.18-7.20 (m, 1H), 7.13-
7.15 (d, Jag= 8.0 Hz, 1H), 7.10-7.14 (m, 1H), 2.43 (s, 3H), 3C NMR (100 MHz,
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CDCl) § 142.0, 132.7, 130.2, 129.83, 129.80, 129.6, 129.1, 126.8, 126.5, 126.2, 125.5,
124.5, 124.4, 121.5, 93.0, 91.0, 90.6, 81.8, 15.3, IR (ATR) Vmax (cmL): 3056.6, 2980.5,
2920.6, 2359.7, 2342.6 , 2200 (c=c),1380.5, 1157, 691.5, HRMS calcd for C1H13Ss,
336.0101 [M+H]", found 337.0176 [M+H]".

«-CHy Pd,Cu, (t-Bu)3P
1,4-Dioksan
// Diizopropilamin
\\ ——H 87%
S
MH 5

Figure 2.61. Synthesis of MH19C compound.

Compound MH19D:

4-bromoaniline (169 mg, 0.983 mmol), PdCL(PhCN), (21.3 mg, 0.055 mmol),
Cul (10.6 mg, 0.055 mmol), 1,4-dioxane (4 mL), diisopropylamine (454.2 mg, 4.48
mmol), MH15 (250 mg, 0.98 mmol), and tri-tert-butylphosphine (17.3 mg, 0.108 mmol)
were employed to afford 41% as a green oil of the indicated product (Figure 2.62.). *H
NMR (400 MHz, CDCk) & 7.53-7.51 (m, 1H), 7.40 (d, J = 8.0 Hz, 2H), 7.32-7.28 (m,
1H), 7.18-7.16 (m, 2H), 7.13-7.09 (m, 2H), 6.62 (d, J = 12.0 Hz, 2H), 3.90 (b, 2H), 2.43

Figure 2.62. Synthesis of MH19D compound.

(s, 3H), 13C NMR (100 MHz, CDCly) § 147.2, 141.9, 133.4, 132.5, 129.7, 128.9, 127.4,
125.7, 1255, 124.4, 124.3, 121.5, 114.8, 112.3, 98.9, 90.8, 90.7, 80.3, 15.2, IR (ATR)
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Vmax (cmit): 3371, 2955.9, 2922.3, 2853.5, 2182.4, 1602.7, 1461.6, 1260.7, 10.69.6,
747.4,727.1, HRMS calcd for Cp1Hi6NS,, 345.0646 [M+H]", found 346.0722 [M+H]".

Compound MH19E:

N,N-Dimethyl-4-bromoaniline (196.6 mg, 0.983 mmol), PdCI,(PhCN), (21.3
mg, 0.055 mmol), Cul (10.6 mg, 0.055 mmol), 1,4-dioxane (4 mL), diisopropylamine
(454 mg, 4.48 mmol), MH15 (250 mg, 0.98 mmol), and tri-tert-butylphosphine (17.3
mg, 0.108 mmol) were employed to afford 11% as a red oil of the indicated product
(Figure 2.63). *H NMR (400 MHz, CDCk;) & 7.54-7.52 (m, 1H), 7.48 (d, J = 12.0 Hz,
2H), 7.33-7.28 (m, 1H), 7.20-7.10 (m, 4H), 6.66 (d, J = 8.0 Hz, 2H), 3.00 (s, 6H), 2.45
(s, 3H), 1*C NMR (100 MHz, CDCk) & 150.4, 141.9, 133.2, 132.6, 130.5, 129.6, 128.9,
127.8, 125.4, 125.2, 124.4, 121.7, 111.8, 109.8, 99.5, 91.0, 90.6, 80.4, 40.4, 154, IR
(ATR) Vmax (cm): 2970.53, 2920.52, 2185.56, 1603.81, 1526.88, 1359.63, 948.65,
750.03, HRMS caled for Cp3H2oNSy, 374.0959 [M+H]", found 374.1036 [M+H]".

MHs MH19E

Figure 2.63. Synthesis of MH19E compound.

Compound MH19F:

2-Bromopyridine (155.3 mg, 0.983 mmol), PdCL(PhCN), (21.3 mg, 0.055
mmol), Cul (10.6 mg, 0.055 mmol), 1,4-dioxane (4 mL), diisopropylamine (454 mg,
4.48 mmol), MH15 (250 mg, 0.98 mmol), and tri-tert-butylphosphine (17.3 mg, 0.108
mmol) were employed to afford 70 % as a yellow solid of the indicated product (Figure
2.64). 'H NMR (400 MHz, CDCk) & 8.62 (d, J = 4.0 Hz, 1H), 7.67-7.63 (m, 1H), 7.59
(d, J = 8.0 Hz, 1H), 7.54-7.52 (m, 1H), 7.31-7.26 (m, 2H), 7.24-7.20 (m, 1H), 7.17-7.08
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(m, 3H), 2.43 (s, 3H), 3C NMR (100 MHz, CDCl) & 150.2, 143.3, 142.0, 136.2, 132.6,
129.9, 129.1, 127.8, 127.7, 127.5, 125.1, 124.4, 124.2, 123.0, 121.1, 96.6, 91.4, 90.2,
82.1, 15.2, IR (ATR) Vmax (cm): 2980.5, 2919., 2198.6, 1579.2, 1462.7, 1431.3,
1264.9, 952.8, 749.1, 730.3, HRMS calcd for CaoHisNS,, 331.0489 [M+H]*, found
332.0567 [M+H]".

—

/ .

N

\ N —
S

MH 5

Figure 2.64. Synthesis of MH19F compound.

Compound MH19G:

3-Bromopyridine (155.3 mg, 0.983 mmol), PdCL(PhCN), (21.3 mg, 0.055
mmol), Cul (10.6 mg, 0.055 mmol), 1,4-dioxane (4 mL), diisopropylamine (454.2 mg,
4.48 mmol), MH15 (250 mg, 0.98 mmol), and tri-tert-butylphosphine (17.3 mg, 0.108
mmol) were employed to afford 78 % as a yellow solid of the indicated product (Figure
2.65).. 'H NMR (400 MHz, CDCl;) 8 8.82 (d, J = 4.0 Hz, 1H), 8.54 (d, J = 8.0 Hz,
1H), 7.85-7.83 (m, 1H), 7.50-7.48 (m, 1H), 7.31-7.24 (m, 3H), 7.15-7.07 (m, 3H), 2.40
(s, 3H), *C NMR (100 MHz, CDCLk) & 152.3, 148.7, 141.9, 138.8, 132.5, 129.9, 129.2,
127.5, 127.1, 125.3, 124.3, 124.0 Hz, 123.2, 120.9, 120.4, 94.0 Hz, 91.3, 90.1, 85.7,
15.1, IR (ATR) Vmax (cmt): 3103.5, 3088.1, 3033.7, 2918., 2208.8, 1556.9, 1428.8, 951,
7485, 726.3, 718.9, 700.8, HRMS calcd for CyoH14NS,, 332.0489 [M+H]", found
332.0569 [M+H]".
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Figure 2.65. Synthesis of MH19G compound.

Compound MH46A:

MH15 (178 mg, 0.7 mmol), THF (7.5 mL), 4-iodothioanisole (175 mg, 0.7
mmol), Triethylamine (3 mL), Pd(PPh3),Ck (24.5 mg, 0.035 mmol), and Cul (6.66 mg,
0.035 mmol) were employed to afford 62% vyield as yellow oil of the indicated product
(Figure 2.66). *H NMR (400 MHz, CDCk) & 7.53-7.58 (m, 3H), 7.29-7.33 (m, 1H),
7.11-7.21 (m, 4H), 6.90 (d, J = 16.0 Hz, 2H), 3.83 (s, 3H), 2.43 (s, 3H), 13C NMR (100
MHz, CDCkL) & 160.0, 141.9, 133.5, 132.5, 129.7, 129.0, 126.9, 126.1, 125.8, 124.4,
124.3, 121.4, 115.2, 114.1, 98.0 Hz, 90.8, 90.6, 81.1, 55.5, 15.2, IR (ATR) Vmax (cm):
3104.4, 2918.3, 2834.9, 2194.8, 1602.9, 1519.2, 1504.3, 1288.3, 1246.1, 1171.7, 829.5,
747.8, HRMS calcd for Cp,H;70S;, 361.0643 [M+H]", found 361.0729 [M+H]".

S/CH3
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— H
\ \ —_—
S
MHys MH46A

Figure 2.66. Synthesis of MH46A compound.
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Compound MH46B:

MH15 (250 mg, 0.98 mmol), THF (7.5 mL), 1-iodonaphthalene (249.7 mg, 0.98
mmol), Triethylamine (3 mL), Pd(PPhs);CkL (34.4 mg, 0.049 mmol), and Cul (9.3 mg,
0.049 mmol) were employed to afford 83% vyield as yellow oil of the indicated product
(Figure 2.67). 'H NMR (400 MHz, CDClk) & 8.60 (d, J = 8.0 Hz, 1H), 7.84-7.88 (m,
3H), 7.58-7.60 (m, 1H), 7.47-7.53 (m, 2H), 7.38-7.40 (d, 1H), 7.32-7.37 (m, 1H), 7.28-
7.29 (d, Jag= 4.0 Hz, 1H), 7.23-7.24 (d, Jag= 8.0 Hz, 1H), 7.19 (d, J = 8.0 Hz, 1H),
7.12-7.16 (m, 1H), 2.37 (s, 3H), **C NMR (100 MHz, CDCl) & 142.3, 133.3, 133.2,
132.9, 130.8, 130.0, 129.3, 129.2, 128.4, 127.2, 126.9, 126.8, 126.7, 126.65, 126.5,
125.4, 124.4, 124.3, 121.3, 120.8, 96.2, 91.2, 90.7, 87.2, 15.2, IR (ATR) Vmax (cm}):
3054.7, 2918.0, 2191.7, 1582.2, 1431, 1069.2, 798.2, 771.4, 748.3, 725.3, 642.2, HRMS
caled for Cs5H17S5, 381.0693 [M+H]", found 381.0777 [M+H]".

’\ =——H
S

MH s MH46B

Figure 2.67. Synthesis of MH46B compound.

Compound MH46C:

MH15 (250 mg, 0.98 mmol), THF (7.5 mL), methyl-4-iodobenzoate (257.5 mg,
0.98 mmol), Triethylamine (3 mL), Pd(PPh3).Cl, (34.4 mg, 0.049 mmol), and Cul (9.3
mg, 0.049 mmol) were employed to afford 81% vyield as light yellow solid of the
indicated product (Figure 2.68). *H NMR (400 MHz, CDCl;) & 8.02-8.05 (d, Jag= 12.0
Hz, 2H), 7.64-7.67 (d, Jag= 12.0 Hz, 2H), 7.51-7.54 (d, J = 12.0 Hz, 1H), 7.32 (t, J =
8.0 Hz, 1H), 7.26-7.28 (d, Jag= 8.0 Hz, 1H), 7.19 (d, J = 8.0 Hz, 1H), 7.16-7.17 (d,
Jag= 4.0 Hz, 1H), 7.13 (t, J = 8.0 Hz, 1H), 3.93 (s, 3H), 2.44 (s, 3H), *C NMR (100
MHz, CDCk) & 166.7, 142.0, 132.6, 131.8, 130.0, 129.8, 129.6, 129.2, 127.9, 127.5,
127.1, 125.7, 124.4, 124.3, 121.2, 96.9, 91.4, 90.3, 85.4, 52.4, 52.5, 15.2, IR (ATR) Vmax



72

(cm'): 2980.5, 2918.3, 2191.3, 1707.4, 1192.3, 1278.1, 1105.7, 956, 748.9, 720.2,
HRMS calcd for C,3H;70S;, 389.0592 [M+H]", found 389.0663 [M+H]".

Figure 2.68. Synthesis of MH46C compound.

Compound MH46D:

MH15 (250 mg, 0.98 mmol), THF (7.5 mL), 5-iodothiophene-2-carbaldehyde
(218.1 mg, 0.98 mmol), Triethylamine (3 mL), Pd(PPhs),CkL (34.4 mg, 0.049 mmol),
and Cul (9.3 mg, 0.049 mmol) were employed to afford 78 % vyield as yellow solid of
the indicated product (Figure 2.69). *H NMR (400 MHz, CDCk) & 9.64 (s, 1H), 7.52-
7.55 (m, 1H), 7.30-7.32 (m, 2H), 7.26 (d, J = 4.0 Hz, 1H), 7.19 (d, J = 8.0 Hz, 1H),
7.11-7.17 (m, 2H), 6.83 (d, J = 4.0 Hz, 1H), 2.5 (s, 3H), 3C NMR (100 MHz, CDCl) &
177.3, 152.9, 142.1, 141.9, 132.8, 130.1, 129.4, 128.8, 128.4, 1245, 124.4, 123.7,
121.5, 121.0, 118.0 Hz, 92.2, 89.8, 89.5, 86.3, 15.3, IR (ATR) Vmax (cmt): 3094.2,
2980.5, 2209.7, 2193.8, 1664.7, 1382.7, 1273.6, 1030.1, 956.1, 740.7, HRMS calcd for
C20H1302S;, 349.0279 [M+H]", found 349.0371 [M+H]".

/) H /l

=y | Y= |

S S (¢} H
MHs MH46D 0

Figure 2.69. Synthesis of MH46D compound.
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Compound MH46E:

MH15 (250 mg, 0.98 mmol), THF (7.5 mL), 4-iodoaniline (215.2 mg, 0.98
mmol), Triethylamine (3 mL), Pd(PPhs);CkL (34.4 mg, 0.049 mmol), and Cul (9.3 mg,
0.049 mmol) were employed to afford 83% vyield as orange-red oil of the indicated
product (Figure 2.70). *H NMR (400 MHz, CDCl;) & 7.49-7.51 (m, 1H), 7.39 (d, J =
8.0 Hz, 2H), 7.26-7.30 (m, 1H), 7.14-7.17 (m, 2H), 7.08-7.12 (m, 2H), 6.63 (d, J = 8.0
Hz, 2H), 3.19 (b, 2H), 2.41 (s, 3H), *C NMR (100 MHz, CDCl) § 147.1, 141.9, 133 4,
132.5, 129.7, 128.9, 127.4, 125.7, 125.4, 124.4 (include 2C), 121.6, 114.8, 112.4, 98.9,
90.8, 90.7, 80.3, 15.3, IR (ATR) Vmax (cmt): 3472.1, 3377.4, 2918.9, 2182.3, 1617,
1602.7, 1521.3, 1292.3, 826.9, 748.4, HRMS calcd for Co1H16NS;, 346.0646 [M+H]",
found 346.0721 [M+H]".

| N>—=H
S

MH 5

Figure 2.70. Synthesis of MH46E compound.

2.2.2.5. lodine-mediated intramolecular electrophilic aromatic cyclization to
preparation of 4-iodo-5-substituted-thieno[3,2-a]dibe nzothiophene

derivatives:

General procedure: To a solution of reactant compound (0.32 mmol) in CH,Cl,
(8 mL) in the presence of I, (247 mg, 0.98 mmol) was stirred at room temperature for
30 min. The saturated aqueous solution of Na,;S;0O3; was added subsequently into the
reaction mixture and extracted by EtOAc. The combined organic extracts were dried
over anhydrous MgSO4. After filtration and removal of solvent, the residue was

purified by column chromatography to afford the product.
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2.2.2.5.1. 4-iodo-5-(thiophen-2-yl)-dibenzo[b,d]thiopheno[2,1-b]thiophene (MH20):

MH19 (110 mg, 0.32 mmol), CH,Ck (8 mL), and I, (247 mg, 0.98 mmol) were
employed to afford 60 % vyield as yellow solid of the indicated product (Figure 2.71). *H
NMR (400 MHz, CDCl;) & 8.44-8.52 (m, 2H), 7.81-7.86 (m, 2H), 7.47-7.60 (m, 3H),
7.24-7.28 (m, 2H) (Figure 2.72), *C NMR (100 MHz, CDCls) & 145.7, 143.3, 140.3,
139.7, 135.7, 133.3, 131.0, 129.5, 129.4, 129.1, 127.4, 127.3, 126.6, 125.0, 124.2,
123.1, 122.9, 93.2 (Figure 2.72), IR (ATR) Vimax (cm™): 3091.1, 2980.5, 2922.3, 2359.7,
2342.5, 1395.5, 692.4, HRMS calcd for C1gHglS3, 447.8911, found 447.8926.

Figure 2.71. Synthesis of MH20 compound.

2.2.2.5.2. 3-iodo-2-(2-(phenylethynyl)thiophen-3-yl)benzo[b]thiophene (MH20b):

MH19b (180 mg, 0.544 mmol), CH,CL (8.5 mL), and I, (411 mg, 1.63 mmol)
were employed to afford 70 % yield as yellow crystals of the indicated product (Figure
2.74). 'H NMR (400 MHz, CDCl) & 7.82-7.88 (m, 2H), 7.45-7.51 (m, 3H), 7.40-7.44
(m, 2H), 7.36 (d, J = 8.0 Hz, 1H), 7.30-7.33 (m, 3H) (Figure 2.75), *C NMR (100
MHz, CDCk) 6 141.7, 139.5, 138.0 Hz, 136.7, 131.6, 129.7, 128.9, 128.5, 126.4, 126.3,
125.9, 125.6, 123.1, 122.9, 122.3, 97.8, 82.6, 81.6 (Figure 2.76), IR (ATR) Vimax (cm™):
3053.3, 2980.4, 2921.9, 2852., 2360.4, 2193 (¢=c),1430.3, 752.5, 689.7, HRMS calcd
for CooH111S2, 441.9347, found 441.9368.
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Figure 2.73. Representative **C NMR spectra of MH20.



76

MH19b MH20b

PROTON 01 838933H4AR
R
|
I
ml
PROTCR 01 Hu&gd ONWMO
IR RN R R N
NS SNNEA Y
|
|
|
"'nd \”AM‘“\ ‘A\
T TTesse
< i ]
MAN-AN
79 18 77 74 73 72

T T T T T T T T T T T T T T T T T T T T
11.0 105 10.0 95 9.0 8.5 8.0 7.5 7.0 6.5 6.0 ?.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

Figure 2.75. Representative *H NMR spectra of MH20B.

Compound MH20C:
MH19C (150 mg, 0.44 mmol), CH,Cl, (8.0 mL), and I, (343.6 mg, 1.36 mmol)
were employed to afford the products as mixture cannot be separated by column

chromatography with different solvents (Figure 2.77).
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Figure 2.76. Representative 3C NMR spectra of MH20B.

MH20C KARISIM

Figure 2.77. Synthesis of MH20C as mixture compounds.

Compound MH20F:
MH19F (185 mg, 0.558 mmol), CH,CkL (8.5 mL), and I, (422.3 mg, 1.67 mmol)

were employed to afford 66 % vyield as light yellow crystals of the indicated product
(Figure 2.78).
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MH19F

MH20F

Figure 2.78. Synthesis of MH20F compound.

IH NMR (400 MHz, CDCl) & 8.59 (d, J = 8.0 Hz, 1H), 7.81-7.86 (m, 2H), 7.60
(t, J = 8.0 Hz, 1H), 7.50 (t, J = 8.0 Hz, 1H), 7.39-7.43 (m, 4H), 7.18-7.22 (m, 1H), *C
NMR (100 MHz, CDCL) § 150.2, 143.2, 141.7, 139.5, 139.1, 136.3, 136.3, 129.8,
127.6, 127.5, 126.5, 125.9, 125.6, 123.2, 122.4, 121.9, 96.5, 82.5, 81.9, IR (ATR) Vimax
(cm1):3059.2, 2957.2, 2923.5, 2209, 1579, 1484.4, 1430.5, 1409.9, 846.1, 745.2, 722.3,
HRMS calcd for C19H11INS,, 443.9299 [M+H]*, found 443.9294 [M+H]".

Compound MH20G:

MH19G (200 mg, 0.6 mmol), CH,CkL (8.5 mL), and I, (458.18 mg, 1.81 mmol)
were employed to afford 76 % vyield as yellow crystals of the indicated product (Figure
2.79). *H NMR (400 MHz, CDClk) & 8.69 (s, 1H), 8.52 (d, J = 8.0 Hz, 1H), 7.81-7.86
(m, 2H), 7.72 (d, 2H), 7.40-7.50 (m, 4H), 7.21-7.24 (m, 1H), *C NMR (100 MHz,
CDChk) & 152.1, 148.9, 141.6, 139.3, 138.8, 138.4, 136.2, 129.8, 127.1, 126.5, 126.0,
125.7, 123.2, 122.3, 122.0, 120.2, 94.2, 85.9, 81.9, IR (ATR) Vmax (cml): 3052.2,
3027.4, 2923.6, 2200.3, 1401, 1247.9, 1019.8, 910.7, 739.6, 697.9, HRMS calcd for
C1oH11INS,, 443.9299 [M+H]", found 443.9377 [M+H]".

Compound MH48A:

MH46A (126.2 mg, 0.35 mmol), CH,Chb (8.5 mL), and I, (264 mg, 1.05 mmol)
were employed to afford 75% vyield as white solid of the indicated product (Figure
2.80). 'H NMR (400 MHz, CDCl;) & 8.43-8.48 (m, 2H), 7.83 (d, J = 8.0 Hz, 1H), 7.75
(d, J = 8.0 Hz, 1H), 7.51-7.55 (m, 1H), 7.44-7.49 (m, 1H), 7.38-7.40 (d, Jas= 8.0 Hz,
2H), 7.09-7.11 (d, Jag= 8.0 Hz, 2H), 3.94 (s, 3H), 1*C NMR (100 MHz, CDCl) & 159.9,
145.7, 140.3, 138.5, 137.6, 135.8, 135.4, 132.6, 131.1, 129.4, 128.3, 126.3, 124.9,
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124.1, 122.9, 122.8, 114.2, 91.3, 55.5, IR (ATR) Vmax (cm™): 2922.5, 2852.8, 1507.5,
1240.6, 1174, 835.5, 758.6, 707.5, HRMS calcd for Cp1Hi3l0S,, 471.9452, found
471.9461

=N
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| \\
S
N
S
MH19F MH20G
Figure 2.79. Synthesis of MH20G compound.
H3CO

MH46A MH48A

Figure 2.80. Synthesis of MH48A compounds

Compound MH48B:
MH46B (276.2 mg, 0.725 mmol), CH,CL (8.5 mL), and I, (548 mg, 2.177
mmol) were employed to afford the products as a mixture cannot be separated by

column chromatography with different solvents (Figure 2.81).
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Figure 2.81. Synthesis of MH48B compound as mixture compounds.

Compound MH47:
MH13 (130 mg, 0.398 mmol) in CH,Ck (8.5 mL), and I, (301 mg, 1.196 mmol)
were employed to afford the products as a mixture cannot be separated by column

chromatography with different solvents (Figure 2.82).

MH13 e R '

Figure 2.82. Synthesis of MH47 compound as mixture compounds.

2.2.2.5.3. Sonogashira coupling reaction to prepare 4-(p-tolylethynyl)-5-(thiophen-
2-yl)-thieno[3,2-a]dibenzothiophene (MH21):

To a stirred mixture of the MH20 (0.16 mmol, 72 mg), DMF (3.5 mL), 1-
ethynyl-4-methylbenzene (0.17 mmol, 19.9 mg), triethylamine (1.0 mL), PdCly(PPhs)2
(0.008 mmol, 5.6 mg) under argon gas was added Cul (0.008 mmol,1.52 mg), The
resulting mixture was stirred at room temperature for 12 h. Water (30 mL) was added to
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the reaction mixture. The resulting solution was extracted with DCM (3%x30 mL). The
organic layer was dried over anhydrous MgSO4. The solvent was removed under
vacuum, and the residue was purified by flash column chromatography on silica gel
using hexanes as mobile phase. This compound was obtained as a yellow solid in an
(94.2%) vyield (Figure 2.83). *H NMR (400 MHz, CDCh) & 8.55 (d, J = 8.0 Hz, 1H),
8.26-8.27 (d, Jag= 4.0 Hz, 1H), 7.92 (d, J = 8.0 Hz, 1H), 7.80-7.81 (d, Jas= 4.0 Hz,
1H), 7.48-7.63 (m, 4H), 7.43 (d, J = 8.0 Hz, 2H), 7.27-7.29 (m, 1H), 7.19 (d, J = 8.0
Hz, 2H), 2.84 (s, 3H) (Figure 2.84)., *C NMR (100 MHz, CDCk) & 142.0, 140.6,
139.5, 139.2, 139.1, 136.1, 133.7, 131.8, 129.6, 129.4, 129.2, 129.1, 128.2, 127.2,
127.0, 126.4, 125.0, 124.1, 123.0, 122.1, 120.2, 116.1, 99.0, 86.5, 21.9 (Figure 2.85).,
IR (ATR) Vmax (cm™): 3050, 2980.5, 2919.5, 2360.2, 2203.5 (c=c),812.2, 685.3, 650.9,
HRMS calcd for C27H16S3, 436.0414, found 436.0416.

MH,, MH,,

Figure 2.83. Synthesis of MH21 compound compound.

2.2.2.6. Stille coupling reaction to prepare MH49 compound:

To a miture of the compound MH48A (100 mg, 0.21 mmol), 2-(tri-n-
butylstannyl)furan (90.7 mg, 0.25 mmol) and toluene (10 ml) was added Pd(PPhs)s
(12.24 mg, 0.001) under argon gas, the mixture was reflux overnight at 100 °C. The
reaction mixture extracted with with CH,Ck. The organic extracts were dried over
anhydrous MgSO4. After filtration and removal of solvent, the residue was purified by
column chromatography to give the product (Figure 2.86). This compound was obtained
as a yellow solid in an 86.44% vield (Figure 2.86) *H NMR (400 MHz, CDCl) & 8.57
(d, J = 8.0 Hz, 1H), 8.30-8.31 (d, Jag= 4.0 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.77-7.78
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(d, Jag= 4.0 Hz, 1H), 7.54-7.58 (m, 1H), 7.50-7.51 (m, 1H), 7.45-7.49 (m, 1H), 7.35-
7.39 (d, Jas= 16.0 Hz, 1H), 7.02-7.06 (d, Jas= 16.0 Hz, 1H), 6.39-6.40 (m, 1H), 6.04-
6.05 (m, 1H), 3.92 (s, 3H) (Figure 2.87)., *C NMR (100 MHz, CDCL) & 159.6, 151.6,
142.0, 140.7, 140.5, 137.8, 136.3, 134.6, 132.6, 131.2, 131.0, 129.0, 128.8, 126.1,
124.8, 124.1, 123.0, 122.96, 121.3, 114.5, 111.7, 111.5, 55.5 (Figure 2.88), IR (ATR)
Vmax (CMY): 2952.2, 2923.2, 2831.8, 1508.9, 1237.9, 1173.1, 1025.5, 8415, 727.6,
720.3, HRMS calcd for C,sH1602S,, 412.0592, found 412.0589.
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Figure 2.84. Representative *H NMR spectra of MH21.
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Figure 2.85. Representative *3C NMR spectra of MH21.
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Figure 2.86. Synthesis of MH49 compound.
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3. RESULTS AND DISCUSSION

3.1. Synthesis of thieno[2,3-a]dibenzothiophene derivatives

3.1.1. Synthesis of ((3-bromothiophen-2-yl)ethynyl)trimethylsilane compound
(MH1)

Compound MH1 was prepared by using literature procedure (Awvelina et al.,
2008). When 2,3-dibromothiophene was allowed to react with trimethylsilylacetylene in
the presence of PdCI2(PPh3)2 as the catalyst, Cul as co-catalyst, and Et3N as a base,
compound MH1 was isolated in 65% vyield (Figure 3.1). These types Sonogashira
coupling reaction have high selectivity for the synthesis of 2-alkynyl substituted

thioephenes as a major product (Figure 3.1).

Br Br
mar =" [ »—=—rus
S PdCl,(PPh3), S
Cul, Et;N
MH1 (65%)

Figure 3.1. Synthesis of the compound MHL1.

3.1.2. Synthesis of trimethyl ((3-(substituted ethynyl) thiophen-2-yl) ethynyl)
silane compounds (MH2-2G)

After isolation of MH1, MH2 was synthesized by using second Sonogashira
coupling reaction. Firstly, we used a same reaction condition as METHOD A (Figure
3.2) that was applied of preparation MH1 compound. The reaction between compound
MH1 and phenylacetylene in the presence of Pd catalyst and Cul at 80 °C for 16 h., the
desired compound MH2 was obtained in 20% vyield. The low vyield was not good as
starting compound that must run to additional steps until final product, then we tried

different procedure to increase the yield percentage of the product
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1. EtsN 6 ml J )
Br 2. Cul 0.28 mmol
3. PdCI,(PPha), 0.15 mmol
| V—=—1ms APPhs)e | Y—=—1ms
S 4. =—Ph 5.1 mmol S
MHA . . MH2
4.6 mmol 5. heating at 80 °C 20 %

method A

Figure 3.2: Synthesis MH2 compound via METHOD A.

METHOD B: Secondly, we tried to different procedure which was reported by
Kimio (Kimio et al, 2011) (Figure 3.3). MHL1, diisopropylamine, phenylacetylene, and
P(t-Bu)s was stirred in THF under inert athmosphere. After 10 min., Cul and
PdCL(PhCN), were added, and the mixture was refluxed for overnight for the formation
of MH2. After isolation, we did not increase the yields (26% yield) of desired product
MH2 by using METHOD B

1. THF 15 ml
Br 2. DIPA 24 mmol /
3. =—Ph 5.7 mmol
E%%TMS > | N = 1Ms
S 4. P(t-Bu); 0.57 mmol S
MH1 5. Cul 0.29 mmol MH2
4.8 mmol 6. PdCl,(PhCN), 0.15 mmol 26 %
7. heating at 60 °C

method B

Figure 3.3. Method B for the synthesis of MH2.
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METHOD C: was also modified Sonogashira coupling reaction for the synthesis
of MH2 (Saori et al., 2012) (Figure 3.4). According to modified procedure, a mixture of
MH1, PdCL(PhCN),, and Cul were stirred in 1,4-dioxane. Then, diisopropylamine,
phenylacetylene, and tert-butylphosphine were added, stirred at room temperature for 6
h. After purification by column chromatography, desired compound MH2 was obtained
in 80% vyield. It is important to increase the yield of dialkynyl intermediates which have
critical intermediates for the synthesis of thienodibenzothiophene isomers. As seen
Table 1, a variety of dialkynylic compounds were synthesized by using METHOD C.
The yields changed from 57% to 97% (Table 3.1). The highest yield was obtained from
the coupling reaction between MH1 and p-tolylacetylene. Moreover, napthyl substituted
MH2E and MH2G were isolated in 69% and 57% yields, respectively.

1. Dioxane 5 ml
2. PdCl,(PhCN), 0.17 mmol //
Br 3. Cul 0.17 mmol
E \< & . 4. DIPA 24 mmol _ | N\ h. N
S 5. =——Ph 3.3 mmol S
MHI 6.P(t-Bu); 0.33 mmol MH2
2.75 mmol 7. stirring r.t. 6h 80 %
method C

Figure 3.4. Method C for synthesis MH2 compound.

Table 3.1. Synthesis of MH2-2G derivatives by using method C

Br Pd, Cu

/
/ + 1\
% R 5T ==

TMS

\

T™MS
MH1
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entry alkyne product Yield %

MH2
s
\ P T™S
CsHyq
2 y / \ 69
CsHqy
MH2b-N
CH,
M
Z
? jogl / o7
at B ™S
s
MH2C
CH,
_ H HsC
Z
4 H:,c@( I 68
cH, A __Tms
MHSZD

AN —
[ LY

MH2E

CH,

v
6 d I 68
HaCO N ™S

\ S

MH2F

\O

57

—
=

——TMS

»_y

MH2G
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3.1.3. Synthesis of 2-ethynyl-3-(substitutedethynyl)thiophene derivatives

We used TMS as a prodecting groups for the formation of dialkynlic thiophenes.
Then, terminal alkyne moities required for the Sonogashira coupling reaction with 2-
iodothioanisole. Therefore, we used desilation reaction to remove the TMS our
structure. When MH2 and K,COs; was stired in MeOH-THF mixture at room
All MH2-MH2G derivatives
underwent to desilation reaction for the formation of corresponding terminal alkynes

(Table 3.2).

temperature, corresponding terminal alkyne was formed.

Table 3.2. Desilylation reactions for the formation of 2-ethynyl-3-(substituted-ethynyl)
thiophene MH3 derivatives

R R
V. V.
7 K,CO,4 7
/7 \ — [/ \ -
SIS THF SRS
s MeOH
MH2-2G MH3-MH3G
entry reactant product Yield%
1 4 Z 9
[ D J
§°  —TMms s =
H
MH2 MH3
CsHiy CsH14
7 4
2 I N o 91
§° -1ms S -y
MH2b-N MH3B
CHs CHj
Y V.
3 : C/j *
7\ I\
8T —71Ms s =

H
MH3c
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Table 3.2. continued

CHj
CH,
HaC H3C
I I
4 93

=TV = H
L d \

S

MH3D

0 IO
5 H\ _ws | __H 97
- \\s

MH2E MH3E
oo, OCH,
6 I Il 91
y—=—Tms N\ — H
S | -
MH2F S
MH3F
ocH3 OCHa
7 V Y 74
I\
= I\
S ™S ¢ T=_,

MH2G MH3G

3.1.4. Synthesis of 2-((2-(methylthio)phenyl)ethynyl)-3  (substitutedethynyl)
thiophene derivatives (MH4-4G)

The Sonogashira coupling reaction between terminal alkynes (MH3-3G) and 2-
halo thioanisole was tested to finding best yields of desired starting compound (Table
3.5). We used different Pd catalysts, solvents, bases, reactants for modified Sonogashira
coupling reaction.

Initilally, the reaction between MH3 and 2-bromothioanisole in the presence of
PdCL(PPhs), as a catalyst and Cul in THF under inert gases for 12 h., we did not obtain
any products ( Entry 1, Table 3.3). Then, we tried to use different reaction conditions
(entry 2, Table 3.3). When MH3 was allowed to react with 2-bromothioanisole with
PdCL(PhCN),, (t-Bu)sP, and Cul in 1,4-dioxane and DIPA at room temperature. desired
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compound MH4 was formed in 43 % vyiels. If the same procedure (Entry 2) was

repeated with 2-iodothioanisole, the yield increased to 51% yields (Entry 4, Table 3.5).

When DMF was used as a solvent, the highest yield was obtained from the reaction
between MH2 and 2-iodothioanisole in the presence of PdCL(PPhs), catalyst

Table 3.3. Optimization conditions for Sonogashira coupling reaction between MH3
and 2-halo thioanisole

Ph Ph
7 X 7
7 + ©: Pd/Cu N\ _
S = SCHj4 S
MH3 MH4 HsCS
en MH3 2-halo solvent base Pd Cul another pro. %
tr thioanisole compon (MH4)
y ent
1 3.0 mmol Br THF EtsN  PdCL(PPh;) 008 - 0.0
C[S/ 10 mi 15 ml 2 mmol
0.08 mmol
2 33 Br 1,4- DIPA  PdCL(PhC 017  (t-Bu)sP 43
mmol ©:S/ dioxane 13.7 N); mmol
27 mmol 5ml mmol 0.17 mmol
3 29 I THF EtsN PdCl,(PPh3) 006  ------ 40
mmol ©is/ 8 ml 124 2 mmol
3.1 mmol mmol 0.06 mmol
4 33 [ 1,4- DIPA  PdCL(PhC 017  (t-Bu)sP 51
mmol ©:S/ dioxane 13.7 N); mmol
978 ol 5ml mmol 0.17 mmol
5 0.65 [ DMF EtsN  PdCl,(PPhz) 0.035 - 35
Mmol ©is/ 75 ml 3ml 2 mmol
0.65 mmol 0.035 mmol
6 0.65 [ DMF EtsN  PdCl,(PPh;) 0.035  ----- 63
mmol ©is/ 7.5 ml 3ml 2 mmol
0.65 0.035 mmol

Table 3.4. Synthesis of MH4-4G derivatives by the reaction between terminal alkynes
(MH3-3G) and 2-iodo thioanisole
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|
Pd/Cu X
S SCH; s =

entry Starting compound Yield%

Ph

Vi

1 7
S

MH

3

63

)l

H

sH11

c
4
2 7\
S

MH3B

CHg
Y
3 f
D =
s =y

MH3c

CHs
HaC
4 i
XN—=H
\ ¢

MH3D

CO

5 I
N—=—="H

\ ¢

MH3E

73

)l

H

58

97

99

OCH;,

6 i
="
S

MH3F MH4F

79

OCHs

(3
7 Q
Y
/S\ —

MH3G

76

3.1.5. Synthesis of 4-iodo-5-substituted-thieno[2,3-a]dibenzothiophene
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lodine-mediated  intramolecular  electrophilic  aromatic  cyclization  reaction
(Cascade cyclization reaction) was applied on the MH4-4G compounds for the synthesis
of 4-iodo-5-substituted thieno[2,3-a]dibenzothiophene derivatives (Table 3.5).

Table 3.5. lodine-mediated intramolecular electrophilic aromatic cyclization reactions

7 . R R
/!
I\
PR < S v I &
S s \ S
S
H,CS
entry Product(s)
Ph
. Ph /o
1 \/ O v A
IS = \ s S
MH4 MH7  31% MH17 99%
CsH14q
S
2 K
s
|
MH17B  97%
CHj;
3 D
\ S
MH7C
64%
4

MH7D
59%

Table 3.5. continued
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MH,G 64%

When Compound MH4 was allowed to eletrophilic cyclization reaction with
molecular iodine, 4-iodo-5-phenylthieno[2,3-a]dibenzothiophene MH7 was formed as
desired product (31% vyield). Moreover, compound MH17 was also isolated with 59%
yield.

A variety of aromatic compounds ( MH4) were tested for cascade electrophilic
cyclization reaction. When pentyl-substituted starting compound MH4B was undergone
to electrophilic cyclization, the only MH17B was formed in 97% vyield. Compound
MHA4C also treated with iodine, desired product MH7C and undesired compound
MH17C were obtained in 64% and 31% yields, respectively.

The yield of the desired compound MH7C was more than the yield of desired
compound MH7. This result displayed that Electron Donating groups may be help to
increase the yields. As a result, the more rich electronically alkyne on the MH4 could be
undergo cascade cyclization by iodine for the formation of iodo-substituted thieno[2,3-
a]dibenzothiophene. When methoxy-substituted MHF was used for electrophilic
cyclization reactions, 99% vyield of MH7F was isolated. If polyaromatics like naftyl
groups were applied for cyclization reaction, only desired products were formed as
MH7E and MH7G (Table 3.5, entry 5 and 7).
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The mechanism for formation of the benzothiophene product (compound 2) as

undesired compound is iodocyclization mechanism can be explaining in Figure 3.5.

R R
A\ W
— N/ —— N
S -CHasl S S

Figure 3.5. Mechanism reaction for benzothiophenes synthesis.

And the first possible mechanism for formation of the desired product as
thieno[2,3-a]dibenzothiophene (3) can be shown in figure 3.6. firstly by formation of
benzothiophene compound (2) by iodocyclization reaction, and then benzothiophene

continous to unter additional iodocyclization step to give the product (3).

" \—

\/|
s) s

Figure 3.6. lodo cyclization mechanism reaction to formation of thieno[2,3-
a]dibenzothiophenes.

The second possible mechanism for formation of the desired product as

thieno[2,3-a]dibenzothiophene is cascade iodo cyclization mechanism (shown in Figure
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3.7). this mechanism is multiple steps mechanism give directly our  thieno[2,3-

a]dibenzothiophene derivatives.

Figure 3.7. Cascade iodo cyclization mechanism for formation of thieno[2,3-
aJdibenzothiophene derivatives.

After cascade cyclization reactions, we proposed that if MH17, MH17B, and
MH17C were again treated with molecular iodine (Figure 3.8), they could be produce
the MH7. Therefore, three examples were chosen for second electrophilic cyclization
reaction in the presence of molecular iodine. When MH17 was allowed to cyclization
reaction by using different equivalent of iodine such as 1 equiv., 3 equiv and excess, we
obtained the desired compound in 35% yield. Interestingly, pentyl susbtituted MH17B
did not give the electrophilic cyclization. Compound MH17C reacted with iodine, 60%

yields of product was formed.

R R
I R
Il ' I
J & O O J

N + N
\ S S iy \ J 'S \ S S
MH17: R= -phenyl MH7: R= -phenyl (35%) MH17: R= -phenyl (62%)
MH17B: R= -pentanyl MH7B: R= -pentanyl (0.0%) MH17B: R= -pentanyl (100%)
MH17C: R= -4-methylphenyl MH7C: R= -4-methylphenyl (60%) MH17C: R=-4-methylphenyl (36%)

Figure 3.8. Synthesis of MH7 from the MH17.
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3.1.6. Synthesis of 4,5-disubstituted-thieno[2,3-a]dibenzothiophene compounds

Aryl halide compounds are very important in organic chemistry due to they can
be use as starting materials for the formation of natural products. Moreover, we need to
increase the number of compounds for the testing biological properties or optoelectronic
applications. Therefore, Halogenes have very critical roles for library studies. We tested
two essential coupling reactions including Sonogashira Cross coupling reactions and
Stille  Coupling reactions for the synthesis of 4,5-disubstituted thieno[2,3-
a]dibenzothiophene (Figure 3.9).

Pd catalyzed Sonogashira coupling reaction used for the synthesis of MH42A ,
MH42B, MH43A and MH43B from the MH7D and MH7G as a starting compounds.
When compounds MH7G and MH7D were allowed to react with phenylacetylene in the
presence of Pd(PPhs),CL at room temperature, MH43A a MH42A was obtained in
92% and 93% vyields, respectively. If the same reaction was performed with p-
tolylacetylene, MH42B and MH43B formed with 89% and 86% yields. Our results
showed that iodo-thieno[2,3-a]dibenzothiophenes could be elaborated more derivatives
by using Sonogashira coupling reactions.

Stille coupling reactions are also important in organic chemistry. When MH7F
was reacted with 2-(tributylstannyl)thiophene in the presence of Pd(PPhg), as catalyst in
toluene under reflux for overnightt MH44A and MH44B were synthesized (92% and
81%). Stille coupling reaction formed the new carbon-carbon bonds between
heteroaromatic ~ compounds  (thiophene  and  furan) and  iodo-thieno[2,3-
a]dibenzothiophenes with a high vyields (Figure 3.10). As a results, we could be
synthesized many thieno[2,3-a]dibenzothiophenes derivatives by using Stille coupling

reactions.

3.2. Synthesis of thieno[3,2-a]dibenzothiophene derivatives

3.2.1. Synthesis of 2-ethynyl-3-((2-(methylthio)phenyl)ethynyl) thiophene (MH15)

Thieno[3,2-a]dibenzothiophene derivatives were synthesized by using different

methodologies. Firstly, compound MH6 was synthesized from the reaction between 2-
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iodothioanisole and  ethynyltrimethylsilane via Pd-catalyzed Sonogashira coupling
reaction (95% vyield, Figure 3.11). Then, protecting group was removed to form the
terminal alkyne MH9 (91%). Compound MH9 have very critical roles for the synthesis
of thieno[3,2-a]dibenzothiophene isomers. In the lights of our knowledge, when MH9
was allowed to react with MH1 in the presence of Pd catalyst, MH13 was obtained in
50% vyields. MH13 was undergone to desilylation reaction, desired terminal alkyne

MH15 formed in 96% vyield.

OCH3
H3 OCH3
OCH3
\\ Q
\\ Q
92% 9°/
MH,G MH,4,B

MH oA

MH45A MH,D MH43B

Figure 3.9. Sonogashira coupling reactions between the 4-iodo-5-substituted thieno[2,3-
a]dibenzothiophenes and terminal alkynes.
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S
OCH3
MH,F

MH 44 B

OCH,

p

MH44A

Figure 3.10. Synthesis of MH44A and MH44B compounds via Stille coupling reactions

/

PdCl,(PPhs),
Cul, Et;N

CHy + H=s8i— ———

K,CO4
CH,OH

@K @K

H6  95% HO  91%

/ S
Pd,Cu, (t-Bu)3P [
1,4-Dioksan,

! san, X
Diisopropilamin |Br

T™S
MH1

Figure

THF, MeOH
MH15  96% MH13  50%
3.11.  Synthesis of  2-ethynyl-3-((2-(methylthio)phenyl)ethynyl)thiophene

(MH15).
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3.2.2.  Synthesis of  3-((2-(methylthio)phenyl)ethynyl)-2-(substitutedethynyl)

thiophene derivatives

As seen Table 3.6, compound MH15 could be very important precursors for the
synthesis of a variety of dialkynilic thiophenes via Sonogashira coupling reaction. In
our study, we used aryl, heteroaryl and polyaryl halides for coupling reactions to give
the corresponding compounds as MH19.

Our optimized procedure was applied for the synthesis of MH19 derivatives for
arylbromides. When MH15 was reacted with aryloromide in the presence of
PdCL(PhCN); tri-tert-butylphosphine and Cul in 1,4-dioxaneidiisopropylamine MH15
(0.78 mmol), MH19- MH19B, MH19C, MH19D, Mh19E, MH19F and MH19G were
obtained between moderate to high yields (Table 3.6). When iodoaryl was applied for
the formation of desired dialkynilic compounds, we performed standard Sonogashira
coupling procedures, PdCl(PPhs), and Cul were used as a catalyst, and EtsN was used
as base. We synthesized different dialkynilic compounds (MH46A-D) by using this
procedure.

Table 3.6. Sonogashira coupling reaction to preparation of 3-((2-(methylthio) phenyl)
ethynnyl)-2-(substitutedethynyl)thiophene derivatives.

5-CHs
/ | Pd,Cu
— X-Ar
\ S
MH15
entry arylhalide Yield%
1 e 01




Table 3.6. continued
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O

69

87

MH19D= 41
MH46E= 83

10

70

78
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Table 3.6. continued

8 62
9 83
10 81
SCHj,
— ] /l
11 0 H 78
o [ >—=—]
S O H
MH46D

3.2.3. 4-lodo-5-substituted-thieno[3,2-a]dibenzothiophene derivatives

After preparation of necessary starting compounds, we investigated electrophilic
cyclization  reactions for the formation of 4-iodo-5-substituted-thieno[3,2-
a]dibenzothiophene  derivatives. Similarly, molecular iodine was used for cascade
intramolecular electrophilic cyclization reaction in DCM at room temperature.

When MH19 was allowed to cyclization reaction, desired product was isolated
in 60% yields of MH20 compound (entry 1, table 3.7). We also synthesized our
designed molecules as a methoxy-substitued MH48A. On the other hand, MH19B,


https://www.google.com.tr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwip48uGkOvYAhUEGuwKHcj9BA8QFgg2MAE&url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpubmed%2F23230893&usg=AOvVaw2UcKMfqf_TmM3owidJC8i6
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MH19F and MH19G did not gave the cascade electrophilic cyclization (Table 3.6,
Entries 2,6 and 7). We observed only corresponding benzothiophenes.

If MH19C treated with molecular iodine (entry 3, table 3.7), we observed only
one spot on the TLC. After NMR analysis, we investigated that there were two
compounds. One is our desired compounds, and second is benzothiophenes obtained
from first electrophilic cyclization reaction. We also similar mixtures when MH46B and
MH13 was used a starting compounds. We did not achieved separation these
compounds from each other.

Interestingly, amine-substituted alkynilic compounds decomposed after addition
of molecular iodine in DCM. Therefore, we did not found any product from these

cyclization rections. All results are shown in Table 7.

Table 3.7. lodine-mediated intramolecular electrophilic aromatic cyclization to
preparation of 4-iodo-5-substituted-thieno[3,2-a]dibenzothiophene
derivatives

SCH;
)l
| N =R
S
entry reactant

MH20 60%

MH20B 70%
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Table 3.7. continued

3

A under decomposition during iodine
treating

. under decomposition during iodine
treating

6

MH19F MH20F 66 %
7

MH19G MH20G 76 %
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Table 3.7. continued

H;CO

; S
LY
s
MH48A 75 %
9
10 under decomposition during iodine
treating
under decomposition during iodine
treating
11

MH46D

12
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The mechanism for formation of the benzothiophene product (compound 2) as

undesired compound is iodocyclization mechanism can be explaining in figure 3.12.

R R

A A
. \ S . N\_/ S
@(-S — -CH3| S —

Figure 3.12. Mechanism reaction for benzothiophenes synthesis.

And the first possible mechanism for formation of the desired product as
thieno[3,2-a]dibenzothiophene (3) can be shown in figure 3.13. firstly by formation of
benzothiophene compound (2) by iodocyclization reaction, and then benzothiophene

continous to unter additional iodocyclization step to give the product (3).

R R
3 CHjl >
Se > U8 S =
tﬂ*s (2)
'- |
R | I
R ' -
W—"
C)s {
-0 - e
S S ) =

)

Figure 3.13. lodo cyclization mechanism reaction to formation of thieno[3,2-
a]dibenzothiophenes.
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The second possible mechanism for formation of the desired product as
thieno[3,2-a]dibenzothiophene is cascade iodo cyclization mechanism (shown in Figure
3.14). this mechanism is multiple steps mechanism give directly our  thieno[3,2-

a]dibenzothiophene derivatives.

Figure 3.14. Cascade iodo cyclization mechanism for formation of thieno[3,2-
aJdibenzothiophene derivatives.

3.24. Synthesis of 4-(p-tolylethynyl)-5-(thiophen-2-yl)-thieno[3,2-a]
dibenzothiophene (MH21)

As shown in Figure 3.21, compound MH20 was allowed to react with 1-ethynyl-
4-methylbenzene via Pd-Catalyzed Sonogashira coupling reaction,  we synthesized
MH21 with 94% vyield. We improved that our thienodibenzotihophenes could be used

for the formation of new compounds.
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PdCI2(PPh3)2,
Cul, Et;N

DMF, r.t.

MH21 94 %

. J

Figure 3.15. Sonogashira coupling reaction to prepare 4-(p-tolylethynyl)-5-(thiophen-2-
yl)-thieno[3,2-a]dibenzothiophene (MH21).

3.24.1. Synthesis of 4-(2-thiophenyl)-5-(thiophen-2-yl)-thieno[3,2-a]
dibenzothiophene (MHA49):

Stille coupling reactions was also tested for the synthesis of MH49. When
MH48A was allowed to react with 2-(tri-n-butylstannyl)furan in the presence of
Pd(PPhs3)s in Toluene under reflux, expected product was obtained in 86% yield. (Figure
3.16)

H3CO, HsCO —

| E\>—Sn(8u)3 O \_s

(I3 —— )
J /
S 86 % g

MH48A MH49

Figure 3.16. Stille coupling reaction to prepare MH49 compound.



4. CONCLUSION

In the present study, we developed a novel methods for the synthesis of
thieno[2,3-a]thiophene and thieno[3,2-a]thiophene derivatives by using electrophilic
cyclization reactions. In the first part of study, we prepared dialkynilic-thiophene
derivatives as a starting compounds by using Pd-catalyzed Sonogashira cross coupling
reactions. After isolation of dialkynilic-thiophenes, electrophilic cyclization reaction
was used for the synthesis of thieno[2,3-a]thiophene and thieno[2,3-a]thiophene in the
presence of molecular iodine. Thieno[2,3-a]thiophene were obtained in moderate to
high yields from the cascade electrophilic cyclization reactions. During this cyclization,
we also isolated benzothiohenes derivatives as a side-product.  Interestingly, we
obtained only two derivatives of thieno[3,2-a]thiophene after iodine-catalyzed
cyclization reaction.

In the last part of the study, Sonogashira coupling reactions and Stille coupling
reactions were tested for the increasing of thieno[2,3-a]thiophene and thieno[3,2-
a]thiophene derivatives.

In conclusion, synthesis of thieno[2,3-a]Jthiophene and thieno[2,3-a]thiophene
via electrophilic cyclization reactions were performed successfully. lodo-substituted
thieno-dibenzothieophenes could be new starting compound for the synthesis of

biologically important structures by using metal catalyst coupling reactions.
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APPENDIX A: NMR DATA

NMR spectra were recorded on a Bruker Spectrospin Avance DPX400 Ultrashield
(400 MHz) spectrometer

'H and 13C NMR spectra of products are given below.
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0t'e8
T6'¥8

0T'v6

ST'TTT
et
TEETT
€L°STT
8T°9CT
LL9TT
§8'9CT
€9°8CT
§9'8CT
80°TET
et
TLVET
EV'LET
T9'6ET
LLTVT

CARBON_01

~
-

f

136 134 132 130 128 126 124 122
1 (ppm)

138

140

ST'TLT ~
TTELT

1€'€TT —
€L'STT~ B

8T'9ZT Z

Y714 SNE

S8'9ZT/

£5°821

59'82T —
80°'TET — —_—
UiItEeF————————
TLYET — -
£VLET — -—
19'6€T — =
3 -

=z

o

BLTYT — —
3

142

200 190 180 170 160 150 140 130 120 110f1 ( 100) 90 80 70 60 50 40 30 20
ppm

210

Figure M48. *C NMR spectra of MH17.



146

VOV HWOINTONINDT
PROTON_01 28382238883
NNNNNKNNNNNN
RRARANENIRSAEAEREAL)
- 00 (=] n<o
PREB H R 2 $¥3%
NN NN NN
N T
3 8 S =
i - o~ -

—7.27

N < O NSO
LN O MR
N HHHHOO CH,
N/ AP
n <
S9
NI
\/

SonnAg
ol N
T e & e
11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

55 5.0
f1 (ppm)

Figure M49. *H NMR spectra of MH17B.

CARBON_01 ) InSHET @ © o =1 \OpNn
- NeogmMaNoNOSOSIIAN o oMo o
tTsMmmmMmANNNNN © OENNN o
v v v v v v v v e e WONNN n
S | N |
CARBON_O1 n @ a o Yo=Y o ]
N - o m o W N O WV o~ -
< T ® L] NN N o
- - - - - o v - - -
| | | | | NS | |
| [T |
| | ‘ (- |
I [ [ |
T T183
148 146 144 142 140 138 136 134 132 130 128 126 124 122 120 118 116 114 112 110 108
f1 (ppm) MH17B
I
[T 1
i
I
I Il I
L | L
H . ‘ LM A
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 80 70 60 50 40 30 20 10 0

110 100 90
f1 (ppm)

Figure M50. 2*C NMR spectra of MH17B.



147

w|sT—

ve'L
og'L
6€'L
e
05'L
vs'L
09°L
v9'L
7
6L'L
£8'L
S8'L
'8
£v'8 7

PROTON_01

e

MH7C
T150

ve'L
9€'L
6€'L
WL \
0s'L
vs'L
09'L
v9'L

foon
TNA
fsoz

Heo
[soe

e
6L'L V
€8'L
S8'L

W)

PROTON

7.4 7.3 7.2

7.5

8.3 8.2 8.1 8.0 7.9 7.8 7.7
f1 (ppm)

8.4

8.5

=16'C

6'T
et
~150'C

- ﬁm.o
0T

—=00'T

0.0 -0.5

0.5

1.0

.5 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

10.

11.0

'H NMR spectra of MH7C.

Figure M51

€8'TC—

S6'9L
NN.NNW
am.nn

S0'¥6 —

T8°CTT
LT'vTT
wtt
v1'set
vL9t1
86'8CT
v9'6C1
TL'6TT
wN.om.n\

TS'IET
nn..vm.n\ﬁ

Sh8eT
bS8ET
12'8€T
ThopT
S.ei
61T

CARBON_01

18TCT —

LTYTT~
LY~
451154

vL9TT —

86'8ZT
Y9'6TT
126217
8T'0ET

TS'TET —

LLVET —

Sv'seT
yeRET "
18e1/

WorT —
ovT/
THT —

3

MH7C
T150

==t

139 137 135 133 131 129 127 125 123
1 (ppm)

141

200 190 180 170 160 150 140 13i 120 110f ( 10(; 90 80 70 60 50 40 30 20 10
1 (ppm

210

Figure M52. 2*C NMR spectra of MH7C.



148

nmMmmnmm NN
PROTON_01 QBRBIIRITA
NNNNNNNNN
NN
7 VN
n m n m Mmoo
PROTON.G & n €9 NR
NN ~N NN NN
o A NN

7.17
7.15

[

11.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 5,5 5.0 4.5 4.0 3.5 3.0 Z55] 2.0 1.5 1.0 0.5 0.0
1 (ppm)
OCrHONMOHTHAONANSANON <
CARBON-01 RORAROEMMOHNANRM N  ® © e
CETrHORHANDBONOOIIAN Sl N
5332333333 3333388 3 3 ] T151
M S e | T there are impurities | MH17C
CH;,
- -] n o - T -AOANAN-ENO ~N
chraR 01 g R 83 3 AREHAINR A
o < - a 0 Y O WONOVOL o~
< < s Mm ™M [y} NANANANNANANAN o~
- - - - o - oo v v o -
\ \ [ [ I N/ e [
[
| | | i |
T i
| . O | \
148 146 144 142 140 138 136 134 132 130 128 126 124 122
f1 (ppm)
1l
i | |
, [l \‘ | | | |
UL | [ | |
210 200 190 180 170 160 150 140 130 120 110f ( 100) 90 80 70 60 50 40 30 20 10 0
1 (ppm|

Figure M54. *C NMR spectra of MH17C.



149

T187
MH7D

80T —— $~.m
ov'T— WM +60'€
60°L— Té.ﬂ 2
N
N
d
0€'L— 2
mn.nV\ 1T
NS
N
o
N
zs
60°z 19zl N
MM.M 992 90°
N
TS'L N
Tor) 8L oot | = o
i : 1T
oos| na” Lo " ks
Nw.mk VY% R 0z
sgLf | o1
(8'L 9 01
©
ww.wv \ £00°T
<
@©
o
b= <
— S ©
5 .J/ .
) m.w\ o 9
e g ©
g

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

11.0

Figure M55. *H NMR spectra of MH7D.

S6'9L
NN.NNW
mm.nn

EE'V6 —
06'CCT
14941"
89'vCT
€1'STT
TL'9TT
86'8CT
¢6'6CT
L6'6TT
ST'OET -
6S'0ET
wIET
6T'EET
S8'VET
00'9€T
8T'8ET
TH'8ET
Ly'OVT
LETVT
vLTVT

CARBON_01

T187
MH7D

06'CCT— -

yrver— -
89'VCT~ -
ET'STT— -

Lottt — —m———

86'87T 3
26621

L6'6TTL —

ST'0ET/ _

650eT/

IET - .

6T'EET —
S8'VET — E—

00'9€T — -—

8T'8ET .
TV'8ET T

142 141 140 139 138 137 136 135 134 f133] 132 131 130 129 128 127 126 125 124 123 122
1 (ppm)

143

200 190 180 170 160 150 140 130 120 110f ( 10(:; 90 80 70 60 50 40 30 20 10
1 (ppm

210

Figure M56. 2*C NMR spectra of MH7D.



150

£6'S+
96’/
£8'9
£8'9
£T'L
mﬁ.L»
9L
0gL >
Sy’
E.N\
L9'L \
L \
66'L
3]
6T'8
17’8

PROTON_01

T

T189
MH7E

€6'S~
96'S

6'C

Joso

7.2 7.0 6.8
1 (ppm)

8.0 7.8 7.6 7.4

8.2

=14

00°'T

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 B 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

11.0

'H NMR spectra of MH7E.

Figure M57

€'6€
S'6€
8'6€
(114
oy
v'ov
9’0

09—

9'96 —
8'€TT
YT
0'SZT |
T'STT
£'9TT
6'92T
0°£2T
€ LTT
0'82T /
£'8CT
0'62T
621
Y'0ET -
S'TET
S'TET |
S'EET
6°€ET
£'5ET |
£'8€T |
£'8€T
At
6TvT .

CARBON_01

8'E€ETT~

PYTI-
0'STT~
ST

L'9z1
6921\
0'LZT/
ez’
0'sztT/
82T —
o.mﬁw
v'62T

¥'0ET—

S'TET~
STET

S'EET —
6°CET —

€'SET —

n.wn.n
€'8ET >

T189
MH7E

Ll

=

141 140 139 138 137 136 135 134 f13(3 1)32 131 130 129 128 127 126 125 124
1 (ppm

142

190 180 170 160 150 140 130 120 110f ( 10(; 90 80 70 60 50 40 30 20 10
1 (ppm

200

Figure M58. 13C NMR spectra of MH7E.



151

v6'€ —

60°L"
L]
Lre
9g°L |
8L
8L |
5L
SS'L
192
0L
SLLA
LT
v8'L

XN
68/

T Tr——

PROTON_01

s

P s

60°L~
1194

L
9E' L\
8€'L
8v'L
Nm.NW
SS'L~
19'L

I
SL'L
8L
v8'L

T198
MH7F

72 7.1

7.3

7.4

83 82 81 80

8.4

4.0 &3 3.0 25 2.0 1.5 1.0 0.5 0.0

100 95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

10.5

Figure M59. *H NMR spectra of MH7F.

§'SS —

0'LL
M.NNW
o.nn

S'v6 —

CARBON_01

LTCT — -

TveT — -
9VTT -
T'STT — -

9'92T — -—

6'8CT —

TOET - -
TIET
YIET

T198
MH7F

141 140 139 138 137 136 135 134 133 132 131 130 129 128 127 126 125 124 123 122
1 (ppm)

142

e

200 190 180 170 160 150 140 130 120 11(f] ( 10)0 90 80 70 60 50 40 30 20 10
1 (ppm

210

Figure M60. *C NMR spectra of MH7F.



152

o a
o R N :
I Lo / E
== o —
L e
o 9 =
L= 96'67 — 9 =
s OQo0000 3
E, E
e
Fa
69'SS — I8 — %
<
e
196 — —3|
2
o
S6'9L |8
66'€ — R N S.epel @ LT Ll —_—F
N e65s) a
u 9T'90T— - [~
<
o X vS 61T Ls i
cre FR o 1eike S8'TTT
WE .
8T'L . 8 1TveT [
R — 170 S . =
° s ong ] 6Lt B
& Lo ez | ) —
p_— L= . S8°zZT VACTA B e
z-c Le Q] 1TveT sLeny|
podys sv'L |2 N~ 6LbTT TT'8eT | — L8 =
oty £5°L | in I LT'STT 68'8TT\ - £ —
09°Z 09°L L2 © M 8L'9TT ¢ SO06CTy —————=| o= e
£9'¢ £9'L b, Ts°LTT LA E— 1 i e
6r'c S 1wz~ sy 1T'8TT Lrogr —
bl v lers fezt 68'821 YEOET —t8 —
8L -y L 2E w\mmo.a He S S0jGET voTET \
182 ey 3 - = T'e = LT'0ET TLUYET —i| e
Z6 % v e [ o - = 01| o > YE0ET v8PET ﬁ —_—[ "
verl 6L o1 [ © o . bS'8ET o
£1'8 v6L o . £S8ST = TL'8ET M= T
Sv's ' [e = =00'T | (ne vL'8ET
. S 15°0¥T L2
Fe 09°TYT
L M N -
3 Fa
Lo . T
- re £S'8ST— e
[~ - Y9
m_ L M — m_
m 8 <« = O = n
- . LS - z Lg
M_ @vw# in M M 2
E - = 2 g
g 8

Figure

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

13C NMR spectra of MH7G.

M62.

200

Figure



00’y —

153

wL
6C'L

6v'L
mm.n%
09°L
99°L V
v8'L—

88°L
6L
wa.n\

ws
9t'8
81’8

PROTON_01

we
6C°L

6v°'L
€S9°L
09°L
99°L

v8'L
88'L
6L
96°'L

ws

'8
'8

PROTEN_01

]

]

\f

MH42A
T205

=0T'€

5.5 5.0 4.5

6.0

10.5 10.0 9.5

11.0

f1 (ppm)

'H NMR spectra of MH42A.

Figure M63.

§9'9S —

S6'9L
LTLL W
6S°LL

66°£8 —

06’96 —

oE0% -
£8'TTT
9T'veT
€6'VCT
LE'STT
€9'9CT
¥6'9CT
T1S'8CT
69'8CT
0zT'6CT
CT'OET
S9'TET

<y'8ST —

CARBON_01

v6'STT —

TE6TT —

18'TTT~
0S'EZT
OT'HZT~
£6'VTT
TT'STT
sz’
£9'92T —
{2
69'8TT

£0°6TT
oz6zT/
TT'0ET

SO'TET —
69°CET —

LYPET ~
L9vET /.
8zser/
£€'0€T —

6C'8ET —

3
8y6ET—

[=)
68'0VT —
o

125 123 121 119 117

127

MH42A
T205

ol

139 137 135 133 131 129

141

1 (ppm)

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50
f1 (ppm)

200

13C NMR spectra of MH42A.

Figure M64.



154

T€T—

00’y —

v0'L
90°L
oT'L
sTL
(1A
8TL-
8v'LF

(494
09°L
S9°L

v8'L
96°'L
ws
St'8
[A4]

PROTON_01

\

|

v0'L
90°L
9L~
sTL
L
8TL

8v'L
s'L

09°L
mo.nﬁ

v8'L

96'L

T207

MH42B

72 7.1 7.0

74 7.3

77 76 7.5

7.8
1 (ppm)

80 7.9

8.1

85 84 83 82

Feo'e

F8oe

3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5

3.5

105 100 95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

11.0

Figure M65. *H NMR spectra of MH42B.

§9'SS —

S6'9L
NN.NNW
am.nn

LEL8—
8T°L6—

99801
9871
[An44"
00°SZT
80'STT
ST'STT
06°'9CT \
€L'8TT
TT'6CT
8T'6CT
CT'0ET
VYS'IET

6E'8ST —

CARBON_01

LT61T—

woTT —

98'TCT —

TTVTTA
00°'sZT \
80'STT L
sT'sTT/
LS'9TT~
06'9ZT

€L'8CT
mo.mNﬂ%
<T'6TT—
TT'6CT
8T°6CT
CT'0ET
YS'TET —

99'CTET —

£5'PET~
p9beT/
1€'SET/
TT9ET—

T207
MH 42 B

==

——=

11

119

21

139 137 135 133 131 129 127 125 123
f1 (ppm)

141

80 70 60 50 40 30 20 10

90

190 180 170 160 150 140 130 120 110 100
f1 (ppm)

200

Figure M66. 2*C NMR spectra of MH42B.



155

ST'L
ve'L

6v°L
9..“/
19°L A

L9°L—
L8'L—
68°L
€6'L
S6°L
(4%}
[A4]
61’8

PROTON_01

s6'z/

T8

LV'8 _
m¢.wv HIML

PROTON_01

7.0 6.9

7.1

74 73 7.2

77 76 75

7.8

7.9
f1 (ppm)

84 83 82 81 8.0

8.6 85

89 88 8.7

best from T204

1s

ko

VET'L
RET
k0T
0'T
6'0
80
500'T

T
-0.5

T
0.0

1.0

1.5

4.5 4.0 3.5

f1 (ppm)

'H NMR spectra of MH43A.

T T
10.0 9.5

T
10.5

Figure M67.

6T~
€1

0'LL
M.NNW
9'LL
S8 —

0'ETT~
9'ETT~.
T~
rven

ﬁ.muﬂw
€5TT—

99T —

S'8TT~
68T~
S'6TT~
L'6TT—
€'0ET~
9'0ET
L'TET—

9'CET —

0'vET —

€'GET~
V'SET

L'9ET —

5
< & ]
0 H —
N
| o M 0 .
o —
N
= =
£
)
e _
N
bl
%]
0
. a
] 0
)
N —3
9 -
o —_—
N ——
S I
2
o
g
a8 — _

140 139 138 137 136 135 134

141

‘o

LS

R

L]

Lo

Lg

L g

L g

L g

L g

| 88

o]

0ﬂ A
Q

o

L g

~ T

s =

S

g put
S
+—

g 9

h o
[72]

e

e 2

- zZ

|3 O

- o
—

r& o
©

e =

g
[¢D)
S
=
D2
L



156

60°L
ST'L

€T'L
eN.nW
6L
el
60°L
ST'L | .
€224 mv.im
9z'L | zsL
62°L 1 09,
1€ ewif/
6b°L |
5L |
co.DW \
9L | ggy
. A
LY | esu
el g
7 ' gL
g6z
Sb'8+
L'/ |
o
&
- '8
g Brs
z g
e
o]
g

T203

MH43B

7.7

7.9

8.0

8.2

8.3

8.4

8.5

16T
60°E
'Z6'C

10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.f5( 5.)0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm|

11.0

'H NMR spectra of MH43B.

M69

Figure

v'6T
£1
g1z/

0'LL
M.NNW
9'LL
6'98 —

L9TT —

S'0CT —

0'ETT~
YT

§YTT -
T'STIL
vsTr/

S'9CT —

w.mﬁ
m.mﬁw
v'6TT—
et/
£oe1
90T

oter/

0bET
'SET
v'SET
SOET
£'8€T

n.mﬂw
L8€T

goer/

Q
ETvT —
S

T203

139 137 135 133 131 129 127 125 123 121 119 117
f1 (ppm)

141

MH43B

excess 4 CH3

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

13C NMR spectra of MH43B.

M70

Figure



157

98'€ —

PROTON_01

\

PRgC&}Ol

T210

MH 44 A

there is seplitting

7.0 6.9

80 79 78 77 76 75 74 73 72 71

8.2 8.1

8.4 83

8.5

f1 (ppm)

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)

10.5

Figure M71. *H NMR spectra of MH44A.

0'SS —

S6'9L
NN.NNW
mm.hh

PEEE
vo'vzT
gevT L
Trsei
ozt
65'921
0L'9zT
L0'62T
66'6ZT
8E'TET

6T'6ST —

CARBON_01

T6'ETT —

€T°TCT
v8'zeT
Y0o'veT
£5'VTT
86471 -
szt
ot
65°9ZT
0L'92T
0s'2zT
£0°62T
66'6ZT 1
8E'TET
66°ZET |
SY'EET |
LE'SET
Y0"6ET |
€1'6ET {
€E"0VT
z9'0p1-
6Z°65T —
0,

CARBON.

T210
MH 44 A
there is seplitting

160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85
1 (ppm)

165

|

100 90 80 70 60 50 40 30 20 10

f1 (ppm)

200 190 180 170 160 150 140 130 120 110

210

Figure M72. 2*C NMR spectra of MH44A.



158

06°€ —

wo.w
mo.@V
8€9~

G

€€,
SE'L

09°L~
08'L~
L/

6v'8-
1587

PROTON_01

0’9
S0'9
8€'9
6€'9

>

T211
MH 44 B

breo

— F16'0[ ©

-—— =060

0z o
H\mw.ﬂ [~
Ve
w\wﬂ.m FR

60
60] 2

0T | 2

T T
10.5 10.0 9.5

T
11.0

Figure M73. *H NMR spectra of MH44B.

8v'SS —

S6'9L
NN.NNW
mm.hh

8T'ITT
SLTITT >
122150
(4% 44 5\
€Lyl
T0'STT
ST'SCT
€v'9CT
86'0€T
IT'TVT

96'1ST —

vv'6ST —

CARBON_01

€8TTT—
66°€ZT

Trper
ELVTT~
10°S2T 7
svezr/
€r'9TT—

98'8CT —

86'0€T —

YYZET —
oLzer/
T9'€ET —

8E'SET —
0S'LET —

T9'6ET —

LoV —

z
qATYT —
4

T211
MH 44 B

123

125

127

129

131

133

135

137

139

141

143

f1 (ppm)

|

200 190 180 170 160 150 140 130 120 11?( 10)0 90 80 70 60 50 40 30 20
1 (ppm

210

Figure M74. 2*C NMR spectra of MH44B.



159

- O OO N oo o~ (-]
PROTON. 01 IR EERRERE: ? ]
NNNNRNKNNNNRNNN o~ o
| | |
Iy
- ~N
pT-or 8 A §9959% 238
N N ~ ~ NNNNN NNN
[ | | N A N
U - —— ———
I
‘\
MUH l
e
eraao- b ]
HEHOO ™™ m -}
T . T T . T T T T T T T T T T T T T T T T T
105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)
N COHAYHONM
CARBON_O01 R @RHINNIWono N
7 cdooaRNSsOSEIman bl 9
< MANNANANANNNDOVWO O n .
H EHEEEAEE OO al ©
| \ """ S | |
O - T -O N M (=)
CARG@N.O1 red ¥IA] &% g
o @ g NSSY <% N
(2] N N NANAN N N o~
- - - o - - - -
| [ [N N |
I [
I I
I
! | |
- i
T T T T T
133 131 129 127 125 123 121
f1 (ppm)
[
o
| ﬂ'
I I
} | | “
| ‘
[ b
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 ( 100) % 8 70 60 50 40 30 20 10 0
1 (ppm

Figure M76. *C NMR spectra of MH13.



160

ST—

S9'€ —

114
L
€T°L
ST'L
8T'L
0c'L
1L
we
0€'L
veE'L
18°L
€9°L

PROTON_01

PROTON_01

foot

—<E'E

+98'0

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
f1 (ppm)

10.5

Figure M77. *H NMR spectra of MH15.

EV'ST —

ST'9L—

€8'S8~_
18°68~
16°06

YT ITT
vt
6v'vTT
£6'V2T
¥9°9ZT
na.RﬁV
£zt
18621
98'ZET
T8'TYT —

CARBON_01

EV'ST—

ST'IL~
£8'S8
Hw.mwM
16'06 7
yT'IT
or'veT
6V'vTT
£6'VTT
v9'9zT /f
86'LTT
£T°6CT
18'62T
98'ZET
T8IV

CARBON_01

180 160 140 120 100 80 60 40 20
f1 (ppm)

200

150 140 130 120 110 100
f1 (ppm)

160

200 190 180

210

Figure M78. *C NMR spectra of MH15.



161

"
re
=]
=}
FS ££'ST—
<
n
S
e
. €€ST—  ———
sve— — - TE | = B
a o
L8 =
L8 s
~ e
€L\ K3 1 sese.
so'L/ ~ L2 ¥1'06 __
oT'L [ 2 §6'58+ g.oaw =
™ L2 S..oo/ 6716
err - L3 ¥6'06 SETTT
’ ~ 0 £TETT ]
res g -ag s€if v g—— |
61e/ e 5 £PpeT . % =
~ g : I AZ4!
VZL Lo qE L= oot goozt | -
sTLs rRe £9°9TT var |
= : £9'921
6T~ g o . ESOrT 169214
£0°L Fe re (<} 8€°LTT Ml
- o vT'8zt
S0°L w e vT'8eT
(194 9€'L — M~ Fo I Tr6zT 11621 4
STL ° = 186TT: 186211
L M e S9'TET ~ et |
. - r~ Y— 26'ZET VA S9 Nn.n;
6T T — [ o e6TET
V2L — ~ Ly @ 80TV — eyt
STL - 2 — <
S, | ] —d o
67'L IsL— / ~ o O
9g'L 5 — " Fa [<5)
15°L g S 3
vS'L & L
o
. S
=z
L M H
—
= .
M= o
- A N~
M_ B w. M
o
2 3 (<&}
2 5
D
LL

100

200 150
1 (ppm)
130 120

140

190 180 170 160 150

200

Figure M80. *C NMR spectra of MH19.



162

eV —

PROTON_01

86'8 — \

PROTON_01

6.0 5.5 5.0

8.5 8.0 7.5 7.0 6.5
f1 (ppm)
|

9.0

9.5

L

T'e

T
6'0
0'T
T
6'C

0'C

11.0 105 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 f5(.5 )5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm

11.5

Figure M81. *H NMR spectra of MH19B.

ST'ST—

9€'78 —

£5°06—

s0'16”/
£445
e
0€'921
SL'9TT
Ly'8TT
SL'8T1
90°6ZT
el
09zer/

T0°THT —

CARBON_01

EV'TCT —

0T'€ECT —
LEVTT
Wt A

0€'9ZT
8Y'0ZT —
szt /

LY'8TT~
SL'8TT—
90'62T/
78'621

00°CET —
09°CET —
D_

CARBON,

133 131 129 127 125 123 121
f1 (ppm)

135

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200

Figure M82. 13C NMR spectra of MH19B.



163

ee——————

oT'L,
€T°L
vTL
STL
8T'L
0T'L
TTLA

sz
L]
6C°L
gL
05°Z
Ts'L]
09°L |
19°2’

PROTON_01

£TL \W ——
i

7.10

7.30

f1 (ppm)

7.40

7.50

=S

6'C

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm)

11.0

Figure M83. *H NMR spectra of MH19C.

°E'ST —

8’18 —

SS°06

.no.._"oW
of%28
8T
(4514
19Tt
SL'9TT
80°6CT
79'6CT
08'6CT
STOET L
S9'TET —

00°THT —

CARBON_01

¢S TCT —

ov.vN.n
8y'veT >

TS'STT—
17921

vm.uﬁw
SL'9TT —

80°67T
29'62
08'62T -
£8°62T/
ST'OET/

—?

132 131 130 129 128 127 126 125 124 123 122 121
1 (ppm)

133

200 190 180 170 160 150 140 130 120 11[)f ( 10()] 90 80 70 60 50 40 30 20 10
1 (ppm

210

Figure M84. 2*C NMR spectra of MH19C.



164

06'€ —

19'0-
$9'9/
60°L
€T
9T'L
8T'L
8zT'L
el
8€'L
13 A
157
€5,

PROTON_01

MH19D

6.6

6.9 6.8 6.7

7.0

7.2

7.3

7.4

7.5

=96'C

oz

105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)

11.0

Figure M85. *H NMR spectra of MH19D.

S6'9L
LTLL~
6S'LL A
1€°08

mo.om
€8°06 >

29599
[Tven
9€"vTT
Lb'STT
89'STT
ev'LeT
26'8C1
S9'671
7STET—
spest/

T6'TVT —
TCLYT —

CARBON_01

CETIT —

8LYIT —

8Y'1CT —

L[TYTT~,
ocveT/
Ly'seT
89'STT

vz’
76'87T —
S9'6ZT

CS'TET —
EV'EET —

MH19D

146 144 142 140 138 136 134 132 f13(0 1)28 126 124 122 120 118 116 14 112
1 (ppm

148

An‘

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200
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APPENDIX B: EXTENDED TURKISH SUMMARY

(GENISLETILMIS TURKCE OZET)

TIYENO-DIBENZOTiYOFEN TUREVLERININ HALKALASMA
TEPKIMELERI ILE SENTEZI

ALGSO, Muheb A.S.
Doktora Tezi, Kimya Anabilim Dal
Tez Damsmani: Prof. Dr. Arif KIVRAK

1. GIRIS

Yeni ilaglarm kesfi icin Ozellkle ilag potansiyeline sahip organik maddelerin
sentezi ve izolasyonu c¢ok Onemlidir. Ayrica sentezlenen maddelerin ¢ok farkh
stibstitiientlere sahip olmas1 veya farkh siibstitiientler ile tiirevlendiriimesi de kritik
oneme sahiptir. Ila¢ arastrmalarmda ana yapiya farkh gruplar baglanarak ya yapmmn
biyolojik ozelligi artriimakta ya da tamamen yeni bir Ozellige sahip bir yapi elde
edilmektedir. Dinya Uzerinde kullandan ilaglarm yapilarma bakildignda ¢ogunlukla
yapismda hetero atom bulunan organikk maddeler oldugu goriilmektedir. Bir
malzemenin ila¢ olabilmesi icin gerekli asamalardan basari ile gecmesi gerekmektedir.
Bu asamalarm Dbirincisi organikk malzemelerin tasarimi, sentezi, saflastridmast ve
karakterizasyonudur. Tasarrm asamasmda ila¢ potansiyeli olabiimesi icin Lipinskii
Kuralna ( belli sayida heteroatom, ¢oziinirliik, molekiiler agrhgmm 500 g/mol den az
olmasi vb.) uymasi gereklidir. Ikinci asamada ise hedeflenen organik bilesigin yiksek
verimer ve  uygulanabilir  ydntemler ile  sentezlenmesi gerekmektedir. Ilag
uygulamalar1 i¢in elde edilen bilesigin oldukca saf halde olmasi dogru sonuglarm elde
edilmesi icin  buylk ©Onem arz etmektedir. Elde edilen maddenin yapisal
karakterizasyonu hem sentetikk olarak elde edilen hem de dogadan izole edilen
tirevleri i¢cn ¢ok Onemlidir. Ayrica yapilarm farkh siibstitiientlere sahip olmasi veya
tirevlendirilebilir olmas1 ila¢ arastrmalari icin kritiktir. Ozellikle ABD gibi gelismis
lilkkelerde Universiteler arasi isbirligi yapilarak ila¢ potansiyelne sahip yapilar
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tirevlendirilmekte ~ ve  belirli merkezlere  gonderilerek bu  yapilarm  etkileri
arastrimaktadr.  Bu  arastrmalar  sonucunda  belli  hastalklarm  tedavisinde
kullanilmak 1tizere ilaglar kesfedilmektedir.

flag olarak kullanilan dogal bilesiklerin dogadan izole edilmesi, izole edilen
bilesiklerm  yapilarmn tam olarak belirlenmesi, hangi hastalklarm tedavisinde
kullanlacaklarmm  bulunmast ve bu maddelerin sentetik olarakta elde edilip
edilmeyeceginin  bulunmasi ¢ok Onemlidir. Giiniimiizde dogada bulunan organik
yapillardan bazlarm ilag olarak kullanmaktayz. Ancak dogada bulunan ve
kesfedilmeyi bekleyen ne kadar madde oldugu biiylik bir soru isaretidir. Kesfediimis
yapllarm sentetik olarak elde edimesi kadar heniiz dogada olip olmadigm
bimedigimiz yeni hetero- veya karbo- organik maddelerin elde edilmesi de c¢ok

Onemlidir.

Bu c¢alhsmada gelistirdigimiz yeni yontemler ile yeni tiyeno-dibenzotiyofen
tirevilerini  sentezledik. Tiyeno-dibenzotiyofenler ilag olma potansiyeline sahip ve
Lipinskii kuralma uyan heterosiklik yapilardir. Tiyeno-dibenzotiyofenler gibi biyolojik
Onemi heniiz bilinmeyen ve hastaliklara karst ¢ok yeni ve farkh davrammlar
gosterebilecek tlrevlerin sentezlenmesi ilag arastrmalari i¢in ¢ok Onemlidir. Tiyeno-
dibenzotiyofenler i¢in yapilan literatiir arastrmamiza goére nerdeyse yok denecek
kadar az sentez yontemi vardr ve bu yontemler oldukca fazla dezavantaja sahiptir (zor
tepkime kosullari, smirh sayida tlirevlendirilebiimesi, diisik verim, yiliksek sicaklk
vb.). Bu cabsmada gelistirdigimiz yeni yontemler ile 2 ana yapiya sahip Tiyeno-

dibenzotiyofenler rejio-segici olarak sentezlenmistir.



2. MATERYAL, YONTEM VE BULGULAR

2.1. Tiyeno[2,3-a]dibenzotiyofen sentezleme yontemi ve elde edilen bulunan

bulgular

Bu c¢ahsma kapsammnda tiyeno[2,3-a]dibenzotiyofenlerin sentezi icin asagidaki
sentez basamaklar1 kullaminstr. Bu yontemler kullamlarak yukarida detaylar1 verilen
deneyler ile gergeklestirilmis ve hedeflenen firiinler sentezlenmistir. Elde edilen tiim
ara Uriin ve irilnler izole edilerek yapisal karakterizasyonlari spektroskobik yontemler
kullanilarak ~ yapimustr.  Onerilen  yontemlerde  kullanlan ~ deneysel  yontemlerin
bazlar literatir de olan metotlardr. Bunlar i¢in ik olarak literatirdeki ydntemler
aynen kullanmustr. Ayrica yontemlerin bazlar1t modifiye edilerek bizim yapilarmiza
uygun hale getirilerek deneysel calismalar yapilmugtir.

Deneysel  caligmalarda  2,3-dibromotiyofen  baslangic  maddesi  olarak
kullanimistir.  Bilindigi gibi tiyofen 2 ve 5 konumundan kolaylkla tiireviendirilebilen
bir molekiildiir. Literatiire bakidiZinda bu bilesik ile gergeklestirilen palatyum
katalizorlii Sonogashira Kenetlenme tepkimelerinde ana riin olarak 2 konumunda alkin
baglanmaktadwr. Eger fazla miktarda alkin tepkimelerde kullanilrsa  dialkinil
tiyofenlerde elde edilebilmektedir.  2,3-Dibromotiyofenin  bu sekilde Sonogashira
kenetlenme tepkimesinde biiyiik segicilife sahip olmasi bizim iki izomerimizide
sentezlememiz icin  ¢ok kritik bir role sahiptir. 2,3-Dibromotiyofen ilk olarak
paladyum katalizorligiinde asetiltrimetil silan ile kenetlenme tepkimesine sokularak 2
konumundan yapiya alkin baglanmustir(Sekil 2.1). Daha sonra gerekli izomerin
sentezlenmesi  i¢gin  tiyofenn 3 konumundan  akin  tiirevlermin  baglanmasi
gerceklestiriimistr.  Bu  kenetlenme  tepkimeleri icin  farkh aromatik alifatk ve
poliaromatik alkin tiirevleri reaktant olarak kullamimstr. Bu ikinci Sonogashira
kenetlenmesi ile 7 farkh tirev yiiksek verimler ile izole edilmisti. Bunlardan fenil
asetilen ile gerceklesen tepkimeden %80 gbi iyi bir verim ile MH2 yapisi elde
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edildiken, en yuksek verimi p-tolilasetilen ile gerceklestirilen {irlin vermistir (%97
MH2C). Bu tepkimelerde ilging olan yapismda metoksi grubu bulan tiirevin en diigiik
verim (%55, MH2F) elde edilmis olmasidrr.

MH2 ftiirevleri izole edildikten ve yapisl karakterizasyonlar1 tamamlandiktan
sonra hedeflenen fiiriin icin yapidaki TMS koruyucu grubunun uzaklastriimasidir.
Bunun i¢in zayif bazik ortamda ve oda sicakhignda istenilen birincil alkinler (MH3)
elde edimistr. Bu tepkimede genel olarak verimler %90 ustiindedir, sadece MH3G
yapist %74 verim ile izole edilmisti. Bizim i¢in en kritkk role sahip olan baslangig
maddesinin  (MH4) sentezi icin elde edilen MH3 tirevieri ile 2-iyodotiyoanisol
kenetlenme tepkimesine sokulmustur. Bu paladyum katalizorlii kenetlenme tepkimesi
ile yiuksek verimler ile MH4 tirevieri (%58-%99) izole edilmistir. Fenil substitlie tiirev
%62 gibi bir verim ile sentezlenirken, ek yiksek verimi 2-naftilasetilen substitie tlrev

vermistir (%99).

Cahsmanmn ana konusu elektrofilik halkalasma tepkimesi ile
tiyenodibenzotiyofen tlrevierinin  sentezidir. Bu tlrevlerin sentezi icin molekiler iyot
ortammnda elektrofiik halkalasma tepkimeleri gergeklestirilmisti. Bunun i¢in ik
olarak MH4 ile halkalasma tepkimesi gerceklestiriimisti. Bu tepkime sonugunda iki
farkll iirin izole edilmistir. Bunlardan birincisi %31 gibi bir verim ile hedeflenen Urin
MH?7 dir. Bu f{iriin ile birlkte mono halkalagsma iiriinii olan MH17 de (%50) tepkime
sonunda ortamda kalmistr. MH17 i¢in ayrica bir teori gelistiriimistir. Buna gore tekrar
iyot ortaminda halkalagsma tepkimesi sokuldugunda istenin {iriinii verebilmesidir.
Bunun igin MHI17 nin baslangic maddesi oldugu elektrofiik halkalagsma tepkimesi
gerceklestirildiginde bu sefer %50 gbi bir verim ile hedeflenen molekiiin olustugu
bulunmustur. Aym tepkime alkil substitite tirev (MH7B) i¢in uygulandignda %97
gibi ¢ok yiksek bir verim ile sadece MHI17B elde edilebimistr. MH4C ile
gerceklestirilen halkalasma tepkimesinden ise MH7C (%64) ve MH17C (%31) izole
edimigtir (Tablo 3.4). Ayrica elektrofiik halkalagma tepkimesi kullamlarak MH7D,
MH7E, MH7F ve MH7G oldukca yiksek verimler ile sentezlenmisler. Sentezlenen
tim Urlnlerin  yapisal karakterizasyonlar1  spektroskobik  yontemler kullanilarak
belirlenmistir.
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Tiyeno[2,3-a]dibenzotiyofen threvlerin kenetlenme Tepkimeleri ile
tirevledirilebilir  olmalar1  Ozellikle biyolojik arastrmalar i¢in ¢ok biliyik Oneme
sahiptir. Gelistirdigimiz yeni yontemler ile yapismda iyot bulunan tiyenobenzotiyofen
tiirevleri sentezlenmistir. Proje kapsammda bu yapilarm kenetlenme tepkimeleri ile
tirevlendirilebilir - olduklarm gosterdik. Bunun igin ik olarak paladyum katalizorli
kenetlenme tepkimesi olan Sonogashira kenetlenme tepkimesini sectik. Ornek olarak
MH7G ve MH7D iirlinleri bu tepkimeler i¢in secilmisti. Buna gore fenil asetieln ile
kenetlenme tepkimeleri sonugcunda MH42A ve MH43A oldukca yuksek verimler ile
sentezlenmistir (srastyla %92 ve %93) (Sekil 2.2).

Ry Ry
Br oH Br 1. Pd/ Cu, Baz / /
HiC T Pd/Cu CH, / /
Ng ¥ = e [ Y=-sich, -
| Br HAC Baz = Sl"bhg . N\ / N
o 3 s CH, R——= \ =—si— \ =H
S \ S
MH2 MH3

%65

CHs
e Ry
”””””””””””” Lo R / /
. \ | Elektrofiik Halkalasma
b Tepkimesi
i \\ — \ /
Do N Y s
77777777777777777777777 § s : Iyot HyC-S

Sekil 2.1. Tiyeno[2,3-a]dibenzotiyofen tlrevierin sentezi.



186

SONOGASHIRA STILLE D R
KENETLENME KENETLENME \
TEPKIMESI TEPKIMESI O
g \
J S
MH42 ve MH43 MH7 MH44

Sekil 2.2. Sonogashira kenetlenme tepkimesi kullanilarak tiyenodibenzotiyofen

treviendirilmesi.

Ayrica tolilasetilen kullanilarak yapilan Sonogashira tepkimesi sonucunda %89
MH42B ve %86 MH43B elde edilmistir. Bu dort tirevde bize gostermektedir ki
Sonogashira  kenetlenme  tepkimesi  kullanlarak  tiyenodibenzotiyofen  tiirevleri
istenildigi kadar tirevlendirilebilmektedir.

2.2. Tiyeno[3,2-a]dibenzotiyofen sentezleme yontemi ve elde edilen bulgular

Tiyeno[3,2-a]dibenzotiyofenlerin ~ sentezi i¢in  asagida  verilen tepkimeler
kullaniistr.  Burada ik olarak 2,3-dibromotiyofenden ile TMS-asetilen tepkimeye
sokularak palatyum katalizorliigiinde %65 gbi bir verim ile 2- alkinil-tiyofen
sentezlenmektedir. Hedeflenen izomerin elde edilebilmesi icin 3  konumundan
tiyoanisolin  yaprya baglanmasi gerekmektedir. Bu baslangic maddesi ise 2-
iyodotiyoanisolden baglanarak sentezlenmistir. Burasa ik olarak 2-iyodotiyoanisol ve
TMS-asetilen palatyum katalizorlii  Soniogashira kenetlenme tepkimesine sokulmakta
ve MH6 izole edildikten sonta bazik ortamda TMS uzaklastirilarak olduk¢a yiksek bir
verim ile MH9 (%91) asetil tiyoanisol sentezlenmektedir. 2-alkinil-tiyofen ve 2-
etinittiyoanisol ~ tekrar  kenetlenme  tepkimesi sokularak %50 verim ile  2,3-
dialkinitiyofen MH13 sentezlenmektedir. Tiyofenin 3  konumundan Sonogashira
kenetlenmesi 2 konumuna gore oldukga zordur. Ancak bizim sistemimizde verim

oldukca 1iyi bulunmustur. Daha sonra yapidan TMS uzaklastmlarak bilesigimiz
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tirevlendirilebilir hale getiriimistir. Burada yapismda brom veya iyot bulunduran
aromatikler kullamlarak yapiya aril gruplart baglanmustr. Bu tepkimeler i¢in ik olarak
2-bromo tiyofen ile kentlenme tepkimesi gergeklestirlmis, %99 gibi oldukca yiiksek
verim ile MH19 izole edilmisti. Daha sonra bromobenzen ile tepkime yapimis ve
%70 verim bulunmustur. Bu tepkimelerde hem brom hemde iyot substitiie reaktantlar
kullanilabimektedir. ~ En  ilging  sonug  p-bromoanilin  ve  p-iyodoanilin ile
gerceklestirilen tepkimede goriilmiistiir. p-Bromoanilin ile gergeklestirilen kenetlenme
tepkimesinden %41 gibi disik bir verim ile MHI19D elde edildi iken bu tepkime p-
iyodoanilin ile gerceklestirildiginde verim %83 e cikmustr. Bu tepkime i¢in piriridn ve
naftalen iceren gruplarda yapiya baglanarak halkalasma tepkimesi i¢in gerekli
baslangic maddesi MH16/MH46 tiirevleri sentezlenmistir.

Boylece elektrofiik halkalasma tepkimesinde kullanlacak olan baglangic
maddelerimiz  sentezlenmustir.  Elektrofiik halkalasma i¢in ik olarak fenil substitiie
tirev test edilmistir. Ancak standart tepkime kosulumuzda sadece tek halkalagma
tepkimesi gercekleserek indol yapismda madde kalmustr. Diger taraftan 2-tiyofenil
tirev halkalasma tepkimesine sokuldugunda %60 gibi bir verim ile hedeflenen {iriin
MH20 sentezlenmistir. Fenil ve tiyofen yapilart karsilastirildignda tiyofen daha
elektron verme Ozelligine sahip bir bilesiktir. Buna gore elektron veren yapilar
hedeflenen Urinimizii daha yiksek verimler ile verebilme potansiyeline sahiptirler.
Sentezlenen 3-tiyenil substitiie baslangic maddesi MHI16C elektrofik halkalasma
tepkimesine sokuldugunda hem iirlin hemde mono haalkalagma {irlinii olugmustur
(Sekil 2.3) (NMR sonucuna gore) ancak bu karisim ne yazk ki birbirinden
ayrlamanmistr. Bunun i¢in ileri seviye ayrma yoOntemlerine ihtiyag vardr. Benzer bir
durum naftalen iceren bilesik icinde gegerlidir. Uriin ile mono halkalagma {iriinii
karism halindedir. Ilging bir sekilde yapismda pridin bulunduran baslangic maddeleri
elektrofiik  halkalasmaya sokuldukla iside mono halkalasma irliniinii
vermektedirler (MH20F ve MH20G).
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3. TARTISMA VE SONUC

Bizim teorimize gore elektron veren grup iceren bilesiklerin daha 1yi sonug
vermesi  beklenmektedir.  Yapisnda metoksi gubu bulunduran MH46A il
gerceklestirilen halkalagsma tepkimesinden %75 verim ile tek madde olarak hedeflenen
riin  sentezlenmistir. Ne yazikki yapisinda amin ve N,N-dimetil amin bulunduran
gruplar tepkimede bozulmus ve hig bir {iriin olusumu gozlenmemistir. Buna benzer
bozulma durumu MH46C ve MH46F vyapilarmda da gozlemlenmisti. Bunun nedeni

icin aragtrmalar devam etmektedir.

Br ™S
E& HsC,_CHa PdiCu Hs Z Baz Z
NLgr) + Si— | =—Si-CH; *+
‘s HaC Baz s Chs s g1, s-CHs  MHe
%65 MH9

50% TMS

=z

96%

Py CL
R :
Ry ) 1\\ ) 5-CHs
+ :

1. Pd/ Cu, Baz

Pd/Cu ’ H

S S | MH13
Baz
98%
Elektrofilik Halkalasma R4
Tepkimesi \\ \\
S S
| p Ri—X |
P - J
4 Pd =Z
X: 1, Br
S/CHs S’CH3
MH16/MH46 MH15

Sekil 2.3. Tiyeno[3,2-a]dibenzotiyofenlerin iyot ortammnda elektrofiilik halkalagsma
tepkimesi ile sentezi.

Proje kapsamnda yapismda iyot bulunduran tiyeno[3,2-a]dibenzotiyofenlerin
kenetlenme tepkimeleri ile tiireviendirilmeside hedeflenmektedir. Bunun igin ilk
olarak yaptiZimiz Sonogashira kenetlenme tepkimesinde oldukga yiiksek bir verim
(%94)( Sekil 2.4) ile tepkime ger¢eklesmisti. Bu sayede elektrofilik halkalasma
tepkimesinden elde edilen rilinlerin  kenetlenme tepkimelerinde  kullaniabilirligi
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kantlanmustr.  Ozellikle  biyolojik  arastrmalar  i¢in  yapilarm  farkh  tiirevlerinin

sentezlenmesi ¢ok 6nemlidir.

Sonogashira
kenetlenme Tep.

94%

Sekil 2.4. Tiyeno[3,2-a]dibenzotiyofenlerin Sonogashira Kenetlenme Tepkimesi ile

tirevlendirilmesi.

Sentezlenen tiyeno[3,2-a]dibenzotiyofenlerin ayrica Stille kentlenme tepkimesi ile
tirevledirilebilri olduguda test edilmistir. Bilindigi gibi Stille kenetlenme tepkimesi ile
yeni karbon karbon bag olusarak iki aromatkk veya heteroaromatik Dbilesik
birlestiriimektedir. Bu kenetlenme tepkimesi i¢in Ornek olarak MH48A secilmistir.
Paladyum katalizorliginde ve toluen ¢oziclsii igerisinde gergeklestirildiginde %86
gibi yiksek bir verim ile {irlin elde edimisti. Buna gore tiyenobenzotiyofenler Stille
kentlenme tepkimesi ile istenildigi kadar tlirevlendirilebilirler(Sekil 2.5)

H
3CO H,CO —

I @smams O \_S
S 86 % Q s

MH48A MH49

Sekil 2.5. Stille Kenetlenme tepkimesi ile tiyeno[3,2-a]dibenzotiyofenler

tireviendirilmesi.
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Sentez icin sonu¢ olarak, projemizin amaci yeni gelistirdigimiz yontemler ile
tiyeno[2,3-a]dibenzotiyofen  ve  tiyeno[3,2-a]dibenzotiyofenlerin  sentezlenmesidir.
Proje kapsammda tiim ara {riinler sentezlenmis ve yapisal karakterizasyonlart
yapimistr.  Hedeflenen iiriiniimiiz tiyeno[2,3-a]dibenzotiyofen ve tirevieri oldukca iyi
verimler 1ile sentezlenmisti. Bu tepkimlerden bazlarmda mono halkalagma {iriinii
olusmus olmasma ragmen bu yapilar ikinci bir elektrofiik halkalasma tepkimesine
sokularak  istenilen {irln  izole edilmistr. = Ayrica  sentezlenen  tiyeno[2,3-
a]dibenzotiyofenlerin  yapisinda iyot bulinmasmdan dolay1 kenetlenme tepkimeleri
tiirevlendirilebilir olduklar kanmtlannusgtr. Projede ayrica tiyeno[2,3-
a]dibenzotiyofenler i¢in yeni bir yontem gelistirilerek rejiyo segigi olarak hedeflenen

iirtin eldesi i¢cin ¢ahsmalar devam etmektedir.

Projemizde yer alan ikinci izomerimiz tiyeno[3,2-a]dibenzotiyofenler icinde
ara rlinler sentezlenmis ve yapisal karakterizasyonlar1 tamamlanmustr. elektrofilik
halkalasma  tepkimesi  kullanlarak  yapismda ilyot  bulunan  tiyeno[3,2-
a]dibenzotiyofenler elde edimesinde ragmen, c¢ogunlukla mono halkalasma {iriinleri
izole edilebilmistir. Son basamakta yine kenetlenme tepkimeleri ile tiirevlendiriebilir
olduklar1 kantlanmugtr. Tirevlendirme i¢in istenildigi kadar yeni molekil elde

edilebilecektir.
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