Papichaya Boonpothong

Studies towards the total synthesis of neofiscalin A,
a potent antibacterial agent

Dissertação do 2º Ciclo de Estudos Conducente ao Grau de Mestre em Química
Farmacêutica, Faculdade de Farmácia, Universidade do Porto

Trabalho realizado sob a orientação de:
Professora Doutora Emília Sousa
Professora Doutora Madalena Pinto

Julho de 2017

ii

IT IS NOT PERMITED TO REPRODUCE ANY PART OF THIS DISSERTATION
DE ACORDO COM A LEGISLAÇÃO EM VIGOR, NÃO É PERMITIDA A
REPRODUÇÃO DE QUALQUER PARTE DESTA DISSERTAÇÃO

(Assinatura do autor)

iii

iv

Author’s declaration:
Under the terms of the Decree-Law nº 216/92, of October 13th, is hereby declared that
the author afforded a major contribution to the conceptual design and technical execution of
the work and interpretation of the results included in this dissertation. Under the terms of the
referred Decree-Law, is hereby declared that the following articles/communications were
prepared in the scope of this dissertation.

The results presented in this dissertation are part of the following scientific
communications:
Review article submitted for publication:
P. Boonpothong, D. Resende, E. Sousa, A. Kijjoa, M. Pinto.

Chemistry of the

fumiquinazolines and the structurally related alkaloids: from Nature to the lab bench.
Natural Products Reports (submitted in April 2017), synopsis accepted in January 2017.
Poster communications
S. Long, D. Resende, P. Boonpothong, A. Kijjoa, E. Sousa, M. M. Pinto, Towards the
total synthesis of neofiscalin A, a potent antibacterial agent Brezmedhem, Rio de
Janeiro, Brazil, 27-30 November 2016.
P. Boonpothong, D. Resende, A. Kijjoa, E. Sousa, M. Pinto, Synthetic studies towards
neofiscalin A, a potent antibacterial agent, IJUP16 –10th Meeting of Young Researchers,
University of Porto, Porto, Portugal, 8-10 February 2017.
P. Boonpothong, D. Resende, A. Kijjoa, E. Sousa, M. Pinto, Progress towards neofiscalin A
synthesis, a potent antibacterial agent, The XXVEN-SPQ, University of Lisbon, Lisbon,
Portugal, 16-19 July 2017 (accepted).
Oral communications
E. Sousa, S. Long, P. Boonpothong, D. Resende, F. Durães, A. Palmeira, A. M. S. Silva, A.
Kijjoa, M. Pinto, Models from the sea: synthesis of potential new antibacterial agents,
International Christmas Caparica Congress in Translational Chemistry IC3TC-2017, Lisbon,
Portugal, 4-7December 2017 (invited).
v

vi

Acknowledgements

As a matter of first importance, I would express my faithful gratitude following the
persons for the kindliness assistances which were very crucial for doing this work.
To my supervisor, Professor Dr. Maria Emília da Silva Pereira de Sousa and Co
advisor, Professor Madalena Maria de Magalhães Pinto for their suggestions and
valuable comments which were the gut to run this dissertation successfully.
To Professor Anake Kijjoa and Associate professor Poonpipope Kasemsap who
inspired me and constantly support me to study at an excellent University, University of
Porto.
To all of the professors of Organic and Pharmaceutical Chemistry for transfer
knowledges which opened my new vision of Medicinal Chemistry and Synthesis.
To Dr. Diana Resende and Solida Long who always share their knowledges and
advices which were very great extent to accomplish this dissertation.
To Dr. Sara Cravo and Gisela Adriano, for assisting me in both of laboratory
techniques and also giving practical knowledge during the dissertation period.
To Dr. Paulo Costa and Dr. Eugénia Pinto for their assistances in the evaluation
of antibacterial and antifungal activities.
To ALFABET Scholarship and coordinators and the corporation between
Kasersart University and University of Porto who supplied the beneficial opportunities
for me to study at University of Porto. This chance treated me to lengthen my
perspectives and gain many experiences.
To all my lab co-workers, Master’s degree friends and Thai friends as well as
foreigner friends for their kind and their beneficial advices which were crucial for studying
and also living. Their assistances supported me to stay in Portugal easier.
To my family for their advices and their contribution which were very necessary
to encourage me to get successes.
vii

This work was developed in Laboratório de Química Orgânica e Farmacêutica,
Departamento de Ciências Químicas, Faculdade de Farmácia da Universidade do
Porto.

This

research

was

partially

supported

by

the

Strategic

Funding

UID/Multi/04423/2013 through national funds provided by FCT – Foundation for Science
and Technology and European Regional Development Fund (ERDF) , in the framework
of the programme PT2020. This research was developed under the projects PTDC/
MAR- BIO/ 4694/ 2014 and PTDC/ AAG- TEC/ 0739/ 2014 supported through national
funds provided by Fundação da Ciência e Tecnologia ( FCT/ MCTES, PIDDAC) and
European Regional Development Fund ( ERDF) through the COMPETE – Programa
Operacional Factores de Competitividade (POFC) programme (POCI‐01‐0145‐FEDER‐
016790

and

POCI- 01- 0145- FEDER- 016793) ,

Reforçar

a Investigação,

o

Desenvolvimento Tecnológico e a Inovação ( RIDTI, Project 3599 and 9471) , and
INNOVMAR - Innovation and Sustainability in the Management and Exploitation of
Marine Resources, reference NORTE- 01- 0145- FEDER- 000035, Research Line
NOVELMAR.

NORTE-01-0145-FEDER-000035

viii

Index

Acknowledgements ......................................................................................................... vii
Index ................................................................................................................................. ix
Index of figures ................................................................................................................xiii
Index of tables ................................................................................................................. xv
Index of schemes ...........................................................................................................xvii
Abstract ........................................................................................................................... xix
Resumo……………………………………………………………………………………….xxi
Abbreviations………………………………………………………………………………..xxiii
Outline of the dissertation ............................................................................................. xxv
CHAPTER 1: Introduction ................................................................................................. 1
1.

Marine natural products and quinazolinones ............................................................. 3

1.1 Overall information of quinazolinones ........................................................................ 4
1.2 Pyrazino[2,1-b] quinazoline-3,6-dione alkaloids linked to an indole moiety ............. 6
1.3 Natural occurring fiscalins and their biological activities ........................................... 8
1.4 Biosynthesis of fiscalins ............................................................................................ 12
1.5 Synthesis of fumiquinazoline A (18) and attempted synthesis of fiscalin A (29) .... 13
1.5.1 The total synthesis of fumiquinazoline A (18)............................................. 14
1.5.2 The attempted synthesis of fiscalin A (29).................................................. 16
1.6 Isolation and structure of neofiscalin A (32) ............................................................ 17
ix

2.

Antibacterial activities ............................................................................................... 18
2.1.1 Neofiscalin A (32) and antibacterial and antibiofilm activities ................... 20

CHAPTER 2: Aims .......................................................................................................... 23
CHAPTER 3: Results and discussion ............................................................................ 27
3.1 Synthesis of neofiscalin A (32) .................................................................................. 29
3.1.1 Synthesis of Nα-(2,2,2-trichloroethoxycarbonyl)-D-tryptophan methyl ester
(44) .............................................................................................................. 34
3.1.2 Synthesis of N-benzyloxycarbonyl-D-alanine-p-nitrophenyl ester (79)..... 35
3.1.3 Synthesis of Nin-D-Cbz-alanyl-Nα-2,2,2-trichloroethoxycarbonyl-Dtryptophan methyl ester (82) ...................................................................... 35
3.1.4 Synthesis of Nin-D-Cbz-alanyl-2-Nα-2,2,2-trichloroethoxycarbonyl-2-iodo-Dtryptophan methyl ester (83) ...................................................................... 37
3.1.5 Synthesis of methyl (αR,2R)-2,3-dihydro-2-methyl-3-oxo-1[(phenylmethoxy) carbonyl]-R-[[(2,2,2-trichloroethoxy)carbonyl]-amino]-1Himidazo[1,2-a]indole-9-propanoate (84) ..................................................... 38
3.1.6 Synthesis of the oxidizing agent (42): Davis’ saccharine-derived
oxaziridine ................................................................................................... 39
3.1.7 Synthesis of methyl (αR,2R,9S)- and (αR,2R,9R)-2,3,9,9a-tetrahydro-9hydroxy-9a-methoxy-2-methyl-3-oxo-1-[(phenylmethoxy)carbonyl]-R[[(2,2,2-trichloroethoxy)carbonyl]-amino]-1H-imidazo[1,2-a]indole-9propanoate (88 and 89). ............................................................................. 43
3.1.8 Other attempted syntheses ........................................................................ 44
3.2 Structure elucidation .................................................................................................. 49
3.2.1 Protected amino acids ................................................................................ 49

x

3.2.2 Compounds 82, 83 and 84 ......................................................................... 58
3.2.3 Oxidizing agent: Davis’ saccharine-derived oxaziridine. ........................... 64
3.3 Evaluation of antibacterial and antifungal activities ................................................. 70
CHAPTER 4: Conclusions .............................................................................................. 71
CHAPTER 5: Materials and methods ............................................................................. 75
5.1 General methods ....................................................................................................... 77
5.2 Synthesis of neofiscalin A intermediates .................................................................. 78
5.2.1 Synthesis of Nα-(2,2,2-trichloroethoxycarbonyl)-D-tryptophan methyl ester
(44) ............................................................................................................... 78
5.2.2 Synthesis of N-benzyloxycarbonyl-D-alanine-p-nitrophenyl ester (79) ..... 79
5.2.3 Synthesis of Nin-D-Cbz-alanyl-Nα-2,2,2-trichloroethoxycarbonyl-Dtryptophan methyl ester (82) ....................................................................... 79
5.2.4 Synthesis of Nin-D-Cbz-alanyl-2-Nα-2,2,2-trichloroethoxycarbonyl-2-iodo-Dtryptophan methyl ester (83) ....................................................................... 80
5.2.5 Synthesis of methyl (αR,2R)-2,3-dihydro-2-methyl-3-oxo-1[(phenylmethoxy) carbonyl]-R-[[(2,2,2-trichloroethoxy)carbonyl]-amino]-1Himidazo[1,2-a]indole-9-propanoate (84) ..................................................... 81
5.2.6 Synthesis of oxidizing agent: Davis’ saccharine-derived oxaziridine ........ 82
CHAPTER 6: References ................................................................................................ 85
CHAPTER 7: Appendix ................................................................................................... 97

xi

xii

Index of figures

Figure 1. Bioactivities of new marine natural products discovered from 1985 – 2012.
(Adapted from7 ) ................................................................................................. 4
Figure 2. Quinazolinone scaffold (1) and selected quinazolinones 2-8 with promising
biological activities. ............................................................................................ 5
Figure 3. Substituted and quinazolinones and quinazolinones fused with rings (9-15). 6
Figure 4. Pyrazino[2,1-b] quinazoline-3,6-dione scaffold linked to indole (16) and
examples of naturally-occurring metabolites from this class (17-28). .............. 7
Figure 5. Naturally-occurring fiscalins (19, 29-36). .......................................................... 9
Figure 6. Fumiquinazoline A (18), neofiscalin A (32), and fiscalin A (29). .................... 17
Figure 7. Isolated compounds (29-34, 63-69) from Neosartorya siamensis KUFA 0017
and Neosartorya siamensis KUFA 6349 investigated for their antibacterial
activities. ........................................................................................................... 20
Figure 8. Correlations detected in HMBC spectrum for compound 44. ........................ 54
Figure 9. Correlations detected in HMBC spectrum for compound 79. ........................ 57
Figure 10. Correlations detected in HMBC spectrum for compound 82. ...................... 64

xiii

xiv

Index of tables

Table 1. Summary of the sources and biological activity data of naturally-occurring
fiscalins 19, 29-36. ........................................................................................... 10
Table 2. WHO priority pathogens list for research & development of new antibiotics. . 19
Table 3. IR data for protected tryptophan (44) and protected alanine (79). .................. 49
Table 4. 1H NMR data for compound 44. ....................................................................... 51
Table 5.

13

C NMR data for compound 44. ...................................................................... 52

Table 6. 1H NMR data for compound 79. ....................................................................... 55
Table 7.

13

C NMR data for compound 79. ...................................................................... 56

Table 8. IR data for compounds 82, 83, and 84. ............................................................ 58
Table 9. 1H NMR data for compound 82, 83, and 84. .................................................... 60
Table 10.

13

C NMR data for compound 82, 83, and 84. ................................................ 62

Table 11. IR data for intermediate 86, 87 and oxidizing agent 42. ................................ 65
Table 12. 1H NMR data for intermediates 86, 87 and oxidizing agent 42. .................... 67
Table 13.

13

C NMR data for intermediates 86, 87 and oxidizing agent 42. ................... 68

xv

xvi

Index of schemes

Scheme 1. Proposed biosynthetic route to fiscalin A (29), B (19) and C (30) in
Neosartorya fischeri..................................................................................... 12
Scheme 2. The synthesis of asperlicin (37). ................................................................... 13
Scheme 3. The synthesis of fumiquinzoline A (18). ....................................................... 15
Scheme 4. Synthesis of the model compound 58 of fiscalin A (29). ............................. 16
Scheme 5. The schematic proposed development for this dissertation. ....................... 26
Scheme 6. Retrosynthesis of neofiscalin A (32). ........................................................... 30
Scheme 7. Synthetic pathway to the tryptophan-like moiety synthesis. ....................... 32
Scheme 8. Synthetic pathway for the pyrazinoquinazolinone fused with tryptophan-like
moiety. .......................................................................................................... 33
Scheme 9. Synthesis of Nα-(2,2,2-trichloroethoxycarbonyl)-D-tryptophan methyl ester
(44). .............................................................................................................. 34
Scheme 10. Synthesis of N-benzyloxycarbonyl-D-alanine-p-nitrophenyl ester (79). .... 35
Scheme 11. Synthesis of Nin-D-Cbz-alanyl-Nα-2,2,2-trichloroethoxycarbonyl-Dtryptophan methyl ester (82). ...................................................................... 36
Scheme 12. Synthesis of Nin-D-Cbz-alanyl-2-Nα-2,2,2-trichloroethoxycarbonyl-2-iodo-Dtryptophan methyl ester (83). ...................................................................... 38
Scheme 13. Synthesis of methyl (αR,2R)-2,3-dihydro-2-methyl-3-oxo-1-[(phenyl
methoxy) carbonyl]-R-[[(2,2,2-trichloroethoxy)carbonyl]-amino]-1Himidazo[1,2-a]indole-9-propanoate (84). .................................................... 39
Scheme 14. Synthesis of Davis’ saccharine-derived oxaziridine (42). ......................... 40
Scheme 15. Synthesis of 3-ethoxy-1,2-benzisothiazole 1,1-dioxide (86). .................... 41
Scheme 16. Synthesis of 3-n-butyl-1,2-benzisothiazole 1,1-dioxide (87). .................... 42
Scheme 17. Synthesis of 3-butyl 1,2-benzisothiazole 1,1-dioxide oxide (42). .............. 43
xvii

Scheme 18. Synthesis of methyl (αR,2R,9S)- and (αR,2R,9R)-2,3,9,9a-tetrahydro-9hydroxy-9a-methoxy-2-methyl-3-oxo-1-[(phenylmethoxy)carbonyl]-R[[(2,2,2-trichloroethoxy)carbonyl]-amino]-1H-imidazo[1,2-a]indole-9propanoate (88 and 89). ............................................................................. 44
Scheme 19. Other attempted synthesis to reach neofiscalin A (32). ........................... 45
Scheme 20. The attempted synthesis of oxymercuration with compound 84. ............. 46
Scheme 21. The attempted synthesis to form the pyrazinoquinazolinone 96. ............. 48

xviii

Abstract

Neofiscalin A ( 32) is a natural product with a pyrazino[ 2,1- b] quinazoline- 3,6dione containing indole alkaloid found in both marine and terrestrial resources isolated
from Neosartorya siamensis. This compound showed a potent antibacterial activity
against multidrug-resistant Gram-positive bacteria of MRSA and VRE strains becoming
a great candidate for antibacterial treatment.
In order to obtain neofiscalin A ( 32) for further biological investigations, in this
dissertation synthetic studies were undertaken.

The tryptophan- derived scaffold

synthesis was initiated from protected D- tryptophan and D- alanine amino acids. The
Schotten-Baumann acylation of D-tryptophan methyl ester hydrochloride (77) with 2,2,2trichlorethoxycarbonyl (Troc) chloride 78 gave Nα-Troc- D-tryptophan methyl ester 44 in
99% yield. Coupling with N- Cbz- D- alanine- PhNO 2 ( 79) , previously synthesized by a
Steglich esterification between N- Cbz- D- alanine ( 80) and p- nitrophenol ( 81) in 86 %
yield, furnished Nin- D-Cbz-alanyl-Nα-Troc- D-tryptophan methyl ester (82) in 53 % yield.
The product 82 was submitted to an iodination yielding 51% of Nin- D- Cbz- alanyl- 2- N αTroc- 2- iodo- D- tryptophan methyl ester ( 83) . Compound 83 was further submitted to a
condensation reaction, in which CuI catalysis under microwave irradiation furnished the
desirable product of methyl ( αR,2R) - 2,3- dihydro- 2- methyl- 3- oxo- 1- [ ( phenylmethoxy)
carbonyl] - R- [ [ ( 2,2,2- trichloroethoxy) carbonyl] - amino] - 1H- imidazo[ 1,2- a] indole- 9propanoate ( 84) in 97% yield. The imidazo- indole derivative 84 was submitted to an
oxidation using Davis’ saccharine-derived oxaziridine 42 previously synthesized by the
Prilezhaev reaction. Unfortunately, this oxidation reaction could not furnish the targeted
tryptophan-like moiety of neofiscalin A (32).
The structure elucidation of the synthesized compounds 42, 44, 79, 82, 83, 84,
86, and 87 were established based on IR, HRMS, optical rotation, and NMR techniques.
The neofiscalin A related- compounds 82, 83, and 84 were evaluated for their
antimicrobial activities showing that none of them was active (MIC > 64 µg/mL).

Keywords:

Alkaloid, antibacterial, neofiscalin A, marine natural products,

pyrazino[2,1-b] quinazoline-3,6-dione, total synthesis.
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Resumo
A neofiscalina A (32) é um produto natural alcaloide de indole pirazino [2,1-b]
quinazolina-3,6-diona encontrado em fontes marinhas e terrestres isolado do
Neosartorya siamensis. Este composto mostrou uma potente atividade antibacteriana
contra bactérias Gram-positivas de estirpes multirresistentes MRSA e VRE tornandose um excelente candidato para tratamento antibacteriano.
Nesta dissertação foram realizados estudos sintéticos no sentido de obter a
neofiscalina A (32) para estudos biológicos,. A síntese do derivado de triptofano foi
iniciada a partir de aminoácidos protegidos de D-triptofano e D-alanina. A acilação de
Schotten-Baumann do cloridrato de éster metílico de D-triptofano (77) com cloreto de
2,2,2-tricloretoxicarbonilo (Troc) 78 proporcionou o éster metílico de Nα-Troc-Dtriptofano 44 com 99% de rendimento. O acoplamento com N-Cbz-D-alanina-PhNO2 79,
previamente sintetizado por uma esterificação de Steglich entre N-Cbz-D-alanina (80) e
p-nitrofenol (81) com 86% de rendimento, forneceu o éster metílico de Nin-D-Cbz-alanilNα-Troc-D-triptofano (82) com um rendimento de 53%. O produto 82 foi submetido a
uma iodação produzindo 51% do éster metílico de Nin-D-Cbz-alanil-2-Nα-Troc-2-iodo-Dtriptofano (83). O composto 83 foi adicionalmente submetido a uma reação de
condensação, em que a catalise com CuI sob irradiação por micro-ondas proporcionou
o produto desejável do (αR,2R)-2,3-dihidro-2-metil-3-oxo-1-[(fenilmetoxi)carbonil]-R[[(2,2,2-tricloroetoxi)carbonil]-amino]-1H-imidazo[1,2-a]indole-9-propanoato de metilo
(84) com um rendimento de 97%. O derivado de imidazo-indole 84 foi submetido a uma
oxidação usando a oxaziridina derivada de sacarina de Davis 42 anteriormente
sintetizada pela reação de Prilezhaev. Infelizmente, esta reação de oxidação não
permitiu obter a unidade pretendida de triptofano da neofiscalina A (32).
A elucidação da estrutura dos compostos sintetizados 42, 44, 79, 82, 83, 84, 86
e 87 foi estabelecida com base em infravermelho, espectrometria de massa de alta
resolução, rotação óptica e técnicas de ressonância magnética nuclear.
Os compostos 82, 83 e 84 análogos da neofiscalina A (32) foram avaliados
quanto às suas atividades antimicrobianas, não tendo demonstrado atividade (MIC> 64
μg / mL).

Palavras-chave: Alcaloide, antibacteriano, neofiscalina A, produtos naturais
marinhos, pirazino [2,1-b] quinazolina-3,6-diona, síntese total.
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Outline of the dissertation

CHAPTER 1 – INTRODUCTION
Chapter 1 includes a brief introduction to marine products as a source of bioactive
compounds. The chemical class of fumiquinazolines and bioactivities, synthesis and
antibacterial activity of neofiscalin A are also presented.
CHAPTER 2 – AIMS
In this chapter, the main objectives are described
CHAPTER 3 - RESULTS AND DISCUSSION
Results and discussions are divided into three topics. The first topic describes
the studies towards the synthesis of neofiscalin A. The second topic concerns the
structure elucidation of all synthesized compounds. Finally, the third topic describes the
results of antimicrobial evaluation.
CHAPTER 4 – CONCLUSIONS
This chapter summarizes the main conclusions concerning this dissertation.
CHAPTER 5 - MATERIAL AND METHODS
In this chapter, the general methods including the material used, reagents and
also the structure characterization methods are described as well as the experimental
procedures and conditions used for the synthesis of neofiscalin A precursors.
CHAPTER 6 – REFERENCES
In this chapter, the references cited throughout the dissertation are presented.
The main bibliographic research motors were ISI Web of Knowledge, Scopus, PubMed
and Google Scholar.
CHAPTER 7 – APPENDIX
The additional information concerning IR and NMR data are gathered in this
section. IR, NMR data were gathered in this section.
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CHAPTER 1
INTRODUCTION

1

2

CHAPTER 1 - INTRODUCTION
1.

Marine natural products and quinazolinones
For millennia, the nature has been an important source for medicinal products.

The search for novel natural origin derived compounds still has been a motivation for
pharmaceutical research. Researchers have been tried to discover in natural source
drug substances bringing secondary metabolites into the lab bench. Natural products
are still an important source for approved drugs; 1 from 1981 to 2014, over one-third of
new molecular entities of all Food and Drug Administration (FDA) approved drugs were
from natural products and their derivatives.2,

3

One of the most powerful source of interesting compounds is the marine world, 4
possessing an unique ecosystem.5 In each year, marine resources provide hundreds of
new natural compounds with unique chemical structures and interesting bioactivities 6,

7

being anticancer, antibacterial, antiviral, and antifungal activities the most proiminent 8-14
(Figure 1).
The interest in marine microorganisms especially marine fungi, is rising in the
scientific community resulting from the fact that fungi produce a large scale of secondary
metabolites with potential biological activities. The publication of Ratebab and Ebel in
2011 reported that natural products chemistry of marine- derived fungi is rapidly
developing and visioned that has not reached its peak and it can be antecipated that
more secondary metabolites can be discovered.

15

Among secondary metabolites

commonly produced by marine- derived fungi we can find polyketides, peptides,
terpenoids, prenylated polyketides, alkaloids, shikimates, lipids, and mixed biosynthesis
compounds.13

3

1% 1%
3%

Anticancer

3%

Antibacterial

5%

Antifungal
Antiviral

13%

Pest resistance

56%

Prevention of heart and
vascular diseases
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Figure 1. Bioactivities of new marine natural products discovered from 1985 – 2012.
(Adapted from7 )

1.1 Overall information of quinazolinones
The scaffold of quinazolinones ( 1;Figure 2) is one of the most attractive among
of alkaloids found in Nature including the plant kingdom, animals, and microorganisms. 14
Currently, more than 200 compounds have been isolated. 15,16 Quinazolinones of both
natural and unnatural occurrences became of interest because of the range of potential
therapeutic activities such as antitumor,17,

18

antibacterial,19,

20

and anti- inflammatory

activities, among others.24-26 According to their potential, some synthetic quinazolinones
are already in the market such as raltitrexed (2) and ispinesib (3) for cancer treatment,
and albaconazole ( 4) for antifungal application ( Figure 2) . 27, 28 The natural compound
( – ) - 5- N- acetylardeemin ( 5) is being investigated for multi- drug resistance in human
4

tumor cell lines, 16, 18 and also the natural product chaetominine ( 6) is cytotoxic against
human leukemia K562 and colon cancer SW1116 cell lines 19,

; febrifugine (7) isolated

29

from Dichroa febrifuga is used in Chinese traditional medicine for malaria,30 and
vasicinone ( 8) , isolated from Adhatoda vasica, is used in Indian traditional herbal
remedy for cough and cold (Figure 2).16

Figure 2. Quinazolinone scaffold (1) and selected quinazolinones 2-8 with promising
biological activities.
The quinazolinones can be substituted or fused with a ring ( Figure 3) and were
categorized into several sub- classes such as 2- substituted quinazolinone ( 9) ,
3- substituted quinazolinones ( 10) , 2,3- disubstituted quinazolinones ( 11) ,17-

18

quinazolinones fused with pyrrole ( 12) , quinazolinones fused with piperidine ( 13) ,
quinazolinones

fused

with

piperazine

( 14) , and

quinazolinones

fused

with

benzodiazepine (15).17, 31, 32
5

Figure 3. Substituted quinazolinones and quinazolinones fused with rings (9-15).

1.2 Pyrazino[2,1-b] quinazoline-3,6-dione alkaloids linked to an indole moiety
Herein, only quinazolinone fused with piperazine containing indole alkaloids (16,
Figure 4) , are detailed since it is the class which represents the natural product under
investigation in this dissertation. Quinazolinones fused with a piperazine containing
indole or pyrazino[2,1-b] quinazoline-3,6-dione linked to an indole moiety (16) are the
core structure of fumiquinazolines, a group of natural products mainly isolated from
marine resources. Until now, approximately 70 naturally- occurring pyrazino[ 2,1- b]
quinazoline-3,6-dione alkaloids linked to an indole moiety were isolated*. The promising
biological activities described for fumiquinazolines and related compounds led our group
to summarize their isolation, biological activities, and chemical and biogenetic synthesis
studies*into nine different groups with different structural motifs depending on the amino
acids from which they are biosynthesized. These groups were divided into glyantrypines
and analogues, fumiquinazolines, fiscalins, aniquinazolines and neosatoryadins,
ardeemins, cottoquinzolines, fumigatosides, versiquinazolines, and spiroquinazoline
derivatives. Figure 4 illustrates some example of compounds containing pyrazino[2,1-b]
quinazoline-3,6-dione linked to an indole moiety.

* Submitted review: P. Boonpothong, D. Resende, E. Sousa, A. Kijjoa, M. Pinto. Chemistry of
the fumiquinazolines and the structurally related alkaloids: from Nature to the lab bench.
Natural Products Reports, 2017.
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Figure 4. Pyrazino[ 2,1- b] quinazoline- 3,6- dione scaffold linked to indole ( 16) and
examples of naturally-occurring metabolites from this class (17-28).
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In the next section, the subclass of fiscalins will be highlighted being included the
target molecule of this dissertation.
1.3 Naturally occurring fiscalins and their biological activities
Fiscalins are a group of pyrazino[2,1-b] quinazoline-3,6-dione alkaloids linked to an
indole moiety. Until now, nine compounds were isolated (Figure 5). The first description
concerning the isolation of ficalins was reported in 1993 and included fiscalin A (29), B
( 19) , and C ( 30) . These metabolites were produced by Neosartorya fischeri, a fungus
that was isolated from a plant rhizophere collected near We Fung Chi Cascade region
in Taiwan. 33 The results from their biological activitiy examination revealed that they
have moderate substance P inhibitory activity to human neurokinin (NK-1) receptor with
inhibitory constant values ( Ki) of 57,174, and 68 µM, respectively. 33 The structure of
these compounds were established by X-ray crystallography, spectroscopic techniques
and chiral amino acid analysis revealing that they are derived from anthranilic acid
containing an indolyl moiety.
Nine years later, in 2012, four new fiscalins were discovered from Neosartorya
siamensis ( KUFC 6349) , a fungus isolated from a forest soil at Samaesarn Island,
Thailand, including, epi-fiscalin A (31), neofiscalin A (32), epi-neofiscalin A (33) and epiC ( 34) . 34 Later on, these coumpounds were discovered from Neosartorya

fiscalin

siamensis (KUFA 0017), isolated from the sea fan Rumphella spp., which was collected
at Similan Islands, Thailand.35
In order to find novel antibacterial drugs and antibiotics against multidrugresistant bacteria, these four new compounds obtained from Neosartorya siamensis
( KUFC 6349) were evaluated along with fiscalin C ( 30) and other alkaloids for their
antibacterial effect. Neofiscalin A ( 32) showed potent antimicrobial activity ( minimum
inhibitory concentration, MIC = 8 µg/ mL) against methicillin- resistant Staphylococcus
aureus (MRSA) and vancomycin-resistant Enterococcus faecalis (VRE). Moreover, this
compound 32 also exhibited a great antibiofilm activity with no cytotoxicity against a
human brain capillary endothelial cell line. Consequently, neofiscalin A (32) became an
excellent active substance as a new antibiotic drug candidate.35
Apart from neofiscalin A (32), this study also revealed that fiscalin C (30) presents
a synergistic activity against MRSA when combined with oxacillin, although singly this
8

metabolite showed no antibacterial effect. Thus, fiscalin C (30) is also a good candidate
as an adjuvant in antimicrobial combined therapeutics. Furthermore, fiscalin A (29), epifiscalin A ( 31) , epi- neofiscalin A ( 33) , and epi- fiscalin C ( 34) were examined for their
anticancer activity on a panel of three human cancer cell lines: malignant melanoma
(A375), hepatocellular carcinoma (HepG2) and colon carcinoma (HCT116).36 In general,
all the tested secondary metabolites showed moderate antiproliferative activity at least
in one cell line. epi-Fiscalin C (34) was effective in all three cell lines and exhibited the
lowest half maximal inhibitory concentration (IC50) values in each cell line (from 24 to 86
µM), being the most active compound.
Recently, two new compounds belonging to this family, fiscalins E ( 35) and F
( 36) , were isolated from Neosartorya udagawae HDN13- 313. 37 Their cytotoxicity was
tested against the HL-60 cancer cell line, but they showed no interesting activity (IC50 >
50 μM) as well as showed no effect in antiviral activity evaluation against influenza A
virus (H1N1).

Figure 5. Naturally-occurring fiscalins (19, 29-36).
The isolation and biological activities for fiscalins 19, 29-36 were summarised in
Table 1.
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Table 1. Summary of the sources and biological activity data of naturally-occurring
fiscalins 19, 29-36.
Comp.
19

Sources
Neosartorya fischeri

Biological Activity

Ref.

Substance P inhibitor to NK-

34, 40, 41,

1 receptor (Ki = 174 µM)

42

Dichotomomyces cejpii
(BRF082)
Corynasus setosus
29

Neosartorya fischer

Substance P inhibitor to NK1 receptor (Ki = 57 µM)

33, 34, 36,
38, 39

Neosartorya siamensis
(KUFC 6349)
Neosartorya siamensis
(KUFA 0017)
Xylaria humosa
30

Neosartorya fischeri

Substance P inhibitor to NK1 receptor (Ki = 68 µM)

Neosartorya udagawae
(HDN13-313)

33, 34, 35,
37, 39, 43

Weak cytotoxicity (IC50 = 21
µg/mL);

Xylaria cf. cubensis
(PK108)

Potential adjuvant in
antimicrobial combined

Neosartorya siamensis
(KUFC 6349)
31

Neosartorya siamensis
(KUFC 6349)
Neosartorya siamensis
(KUFA 0017)
Xylaria humosa

10

therapeutics

Weak cytotoxicity against
MCF-7 cells (IC50 = 24.4
µg/mL)

34, 36, 38,
39

Table 1. Summary of the sources and biological activity data of naturally-occurring
fiscalins 19, 29-36. (CONT)

32

Neosartorya siamensis

Potent antibacterial activities

(KUFC 6349)

against Staphylococcus

34, 35, 39

aureus and Enterococcus
faecalis (MIC = 8 µg/mL)
33

Neosartorya siamensis

Not known

(KUFC 6349)

34, 36, 39

Neosartorya siamensis
(KUFA 0017)
34

Xylaria cf. cubensis
(PK108)

Weak cytotoxicity against
MCF-7 (IC50 = 21 µg/mL)

34, 36, 38,
39, 43

Neosartorya siamensis
(KUFC 6349)
Neosartorya siamensis
(KUFA 0017)
Xylaria humosa
35

Neosartorya udagawae
(HDN13-313)

No cytotoxicity against HL60 cancer cell line (IC50 > 50
µM)

37

No antiviral activity against
H1N1
36

Neosartorya udagawae

No cytotoxicity against HL-

(HDN13-313)

60 cancer cell line (IC50 > 50

37

µM)
No antiviral activity against
H1N1
IC50 - half maximal inhibitory concentration, Ki - inhibitory constant, MIC - Minimum
inhibitory concentration
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1.4 Biosynthesis of fiscalins
The pyrazino[2,1-b]quinazoline-3,6-dione system, the key structural fragment of
the fumiquinazoline- derived group of alkaloids, is derived from anthranilic acid ( Ant) ,
tryptophan (Trp), and an additional amino acid.44
Concerning fiscalin structure, the additional amino acid is valine ( Val) in which
the ficalin B ( 19) presents the simplest scaffold and clearly arises from an Ant- D- TrpVal- tripeptidyl- NRPS assembly line by the molecular logic presented in ( Scheme 1) .
Fiscalin C ( 30) would then result from tandem action of a flavoenzyme epoxygenase
and a monomodular NRPS activating aminoisobutyrate, like the tryptoquialanine
pathway to yield the annulated dimethylimidazolone. The substituents at C-19 and C-20
are cis, in analogy to the 2’ - epi fumiquinazoline A produced in the tryptoquialanine
pathway. Fiscalin A (29) differs from fiscalin C (30) only in the use of L-alanine ( L-Ala)
instead of 2- aminoisobutyric acid ( AIB) in the annulation step. Thus, there are
intersections with both fumiquinazolines and tryptoquialanine pathways.45

Scheme 1. Proposed biosynthetic route to fiscalin A ( 29) , B ( 19) and C ( 30) in
Neosartorya fischeri.
Along with their isolation, structure elucidation and bioactivity assays in 2015, Yu
et al. also proposed a plausible biogenetic pathway to fiscalin E ( 35) and F ( 36)
suggesting that these metabolites are also biosynthesized from L-tryptophan, anthranilic
acid, L- valine, and AIB in which they are obtained by further modification of fiscalin C
(30) by oxidation and methylation.37
12

1.5 Synthesis of fumiquinazoline A (18) and attempted synthesis of fiscalin A (29)
In 2003, Snider and Zeng published the total synthesis of fumiquinazoline A (18),
(Scheme 3) that was accomplished in 14 steps with 7 % overall yield starting from three
amino acids including tryptophan, anthranilic acid, and alanine. Moreover, they reported
the attempted synthesis of fiscalin A ( 29) , as well as other total syntheses of related
compounds including fumiquinazoline B, C, H, and I.

46

The structures of these

compounds consist of two complex cyclics: pyrazino[ 2,1- b] quinazoline- 3,6- dione
system linked to a tryptophan- like via a methylene group. Since the tryptophan- like
moiety is more complex, the approaches initially considered aimed to synthesize this
part, which was then coupled to the quinazolinone ring using a Mazurkiewicz-Ganesan
cyclization. These approaches followed the previously described synthesis of the potent
cholecystokinin antagonist, asperlicin (37) (Scheme 2).47
The steps in the synthesis of asperlicin ( 37) synthesis included the Buchwald’ s
palladium-catalyzed cyclization of iodoindole carbamate 38 to form imidazoindolone 39
which then was deprotected from trichloroformate group (Troc) Following, coupling with
anthranilic acid, and cyclization yielded compound 40. The acylation of compound 40
with the Eguchi reagent formed the quinazolinone ring of compound 41. Epoxidation of
compound 41 with Davis’ saccharine- derived oxaziridine 42 in methanol provided
compound 43, which was then submitted to reduction with NaBH( OAc) 3 and to a
hydrogenolysis to complete the synthesis of asperlicin (37).

Scheme 2. The synthesis of asperlicin (37).
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1.5.1 The total synthesis of fumiquinazoline A (18)
The total syntheses of fumiquinazolines A ( 18) were reported in 2000,48 and
200346 by Snider and Zeng. The initial steps included the modification of the tryptophan
to introduce the imidazolinone ring and a hydroxyl group ( Scheme 3) . Thus, the
synthesis started with the reduction of the protected tryptophan 44 to provide the
indoline which was acylated with N-carboxybenzyl(Cbz)- L-alanine (45). Mercuration of
46 with KI followed by treatment with iodine yielded iodoindole 47, that submitted to the
Buchwald palladium-catalyzed condensation, gave the desirable key intermediate 48.
Another crucial structural aspect is the configuration of the two substituents at C19. This selectivity can be achieved by the epoxidation reaction of 48 with oxaziridine
42 occurring selectively on the bottom face yielding a mixture of diastereomers with 65%
yield of the α- hydroxy derivative 49 and 23%

of the corresponding β- hydroxy

diastereomer 50 (Scheme 3A). Isomer 51 was produced exclusively upon reduction with
NaBH( OAc) 3 and further lactonization was accomplished by stirring with silica gel in
CH2Cl2 for 12 hours.
The second part of the synthesis of fumiquinazoline A ( 18) consisted in
assembling the three units of amino acids ( Scheme 3B) . Reductive deprotection of
intermediated 51 afforded the amine intermediate, which was coupled with anthranilic
acid using 1- ethyl- 3- ( 3- dimethylaminopropyl) carbodiimide ( EDAC) in CH3CN to yield
the aniline. The second coupling with Fmoc- L- alanine to yield compound 52 ( with the
correct configuration of fumiquinazoline A ( 18) and further dehydrative cyclization with
Ph3P, Br2, and triethylamine ( Et3N) in CH2Cl2 yielded iminobenzoxazine 53. Reaction
with piperidine in ethyl acetate (EtOAc) gave the amidine amine 54 which, after refluxing
in CH3CN for 2 hours, afforded the protected fumiquinazoline 55 and 56.

The

hydrogenolysis reaction of the protecting group of compound 55 gave fumiquinazoline
A (18) in 90% yield and compound 56 gave compound 57 in 90% yield.
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Scheme 3. The synthesis of fumiquinzoline A (18).46,

48
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1.5.2 The attempted synthesis of fiscalin A (29)
Due to structural similarities between fiscalin A (29) and fumiquinazoline A (18),
Snider and Zeng also attempted to synthesize fiscalin A (29). The structures of the two
compounds differ only in the substituent on the piperazine ring at C- 3 and, more
significantly, in the stereochemistry at C- 20 ( Figure 6) . Although the authors were not
able to accomplish the total synthesis of fiscalin A ( 29) , they successfully prepared a
model compound with the correct stereochemistry (compound 58, Scheme 4, H and OH
are in anti position).
To get model 58, compound 59 was prepared as a mixture of α- and β-alcohols.
Treatment of compound 59 with triethylsilane ( TES) triflate and 2,6- lutidine gave 93%
of a mixture of silyl ethers. Hydrogenation of the mixture with Pd/C (1 atm of H2, 1 hour)
gave of a mixture of imines 60 and 61. Epimerization of 60 to give ent- 61 and 61 to give
ent- 60 was possible. On standing in air, 60 and 61 undergo oxidation to give a mixture
of isomers with both hydroxyl and methyl groups on C- 19. It was, therefore, crucial to
rapidly hydrogenate the mixture of 60 and 61 with catalyst. Hydrogenation over PtO2 (1
atm of H2, 2 hours) gave, after cleavage of the TES ethers with tetra-n-butylammonium
fluoride ( TBAF) , compound 58 with fiscalin A ( 29) stereochemistry and compound 62,
which is formed as the minor diastereomer of compound 58.

Scheme 4. Synthesis of the model compound 58 of fiscalin A (29).
Unfortunately, when the autours tried to apply the methodology used to construct
the model for fiscalin A (29) synthesis, the hydrogenolytic removal of the Cbz group led
to a complex mixture of products that did not appear to contain the desired compound.
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1.6 Isolation and structure of neofiscalin A (32)
The secondary metabolite, neofiscalin A (32) was first reported as a white crystal
produced from Neosartorya siamensis from the strain KUFC 6349 that was isolated from
the forest soil at Samaesarn Island, Chonburi Province, Thailand, in November 2008. 34
Later in 2010, neofiscalin A ( 32) also found in the strain KUFC 0017 isolated from the
sea fan Rumphella spp., collected from the coral reef of the Similan Islands, Phang Nga
Province, Southern Thailand. 35 Both of pure cultures were deposited at the Mycology
Laboratory, Department of Plant Pathology, Faculty of Agriculture, Kasetsart University,
Bangkok, Thailand and the crude extracts were investigated at Chemistry Department
of Institute of Biomedical Sciences Abel Salazar of University of Porto, in Porto, Portugal.
Concerning the structure elucidation, the 1H NMR and

13

C NMR spectra and

correlation spectroscopy ( COSY) spectra analysis of neofiscalin A ( 32) revealed a
similar profile to fiscalin A (29) displaying the W-type long range coupling between NH2 and H-14 (Figure 6). Thus, neofiscalin A (32), is the R stereoisomer of fiscalin A (29).34

Figure 6. Fumiquinazoline A (18), neofiscalin A (32), and fiscalin A (29).
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2. Antibacterial activities
Since antibiotics were first introduced as medicines in the 1940s, these drugs
have been used to prevent or treat infections in several applications. These include
patients in surgery, patients receiving chemotherapy, people with problematic immune
systems, patients with chronic diseases such as diabetes, end–stage renal disease, or
rheumatoid arthritis, as well as in agriculture to promote the growth and prevent diseases
in animals. 49, 50
Nonetheless, antibacterial resistance has increased dramatically becoming an
emergency in the healthcare nowadays not only in finding new antibacterial agents but
also preventing antibacterial resistance worldwide.

51

The obstacles in antibiotics

development are due to the rapid resistance of bacteria resulting in high investment in
research and development. Because of the short period in using a novel antibiotic and
also due to the lack of economic appeal, fifteen of the eighteen largest companies
refused to research for a novel antibiotic. 52 As a result, a decrease in new antibiotics
entering to the market is observed leading to the lack of available drugs to overcome
resistance. 52,

53

Consequently, many public health organizations warned the rapid

emergence of resistant bacteria as a crisis or nightmare scenario. 54 The Centers of
Disease Control and Prevention (CDC) announced in 2013 that the human race is now
in the post-antibiotic era. 55 Moreover, the World Health Organization (WHO) warned in
2014 that the antibiotic resistance crisis is becoming dire.56
In February 2017, WHO published the list of priority pathogens needed for
research of new antibiotics being the list divided according to urgent need into three
categories including critical, high, and medium priority ( Table 2) . The critical priority
consists of the multidrug resistant bacteria which can cause severe and often deadly
infections such as bloodstream infections and pneumonia. These bacteria have already
been found to resist the best antibiotics including carbapenems and third generation of
cephalosporins. The high and medium priority contain the resistant bacteria which are
normally found in the diseases such as gonorrhea and food poisoning.57
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Table 2. WHO priority pathogens list for research & development of new antibiotics.57

Bacteria

Antibiotic resistances
Critical priority

Acinetobacter baumannii

carbapenem-resistant

Pseudomonas aeruginosa

carbapenem-resistant

Enterobacteriaceae

carbapenem-resistant, extended-spectrum β-

(including Klebsiella, Escherichia

lactamases-producing

coli, Serratia, and Proteus)
High priority
Enterococcus faecium

vancomycin-resistant

Staphylococcus aureus

methicillin-resistant,
vancomycin-intermediate and resistant

Helicobacter pylori

clarithromycin-resistant

Campylobacter spp.

fluoroquinolone-resistant

Salmonellae

fluoroquinolone-resistant

Neisseria gonorrhoeae

cephalosporin-resistant,
fluoroquinolone-resistant
Medium priority

Streptococcus pneumoniae

penicillin-non-susceptible

Haemophilus influenzae

ampicillin-resistant

Shigella spp.

fluoroquinolone-resistant
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2.1.1 Neofiscalin A (32) and antibacterial and antibiofilm activities
The studies on the antibacterial activity of neofiscalin A ( 32) were reported four
years later after the discovery of this compound. 35 These investigations concerned the
examination of neofiscalin A ( 32) along with other secondary metabolites found in
Neosartorya siamensis KUFA 0017 and KUFC 6349, namely of fiscalin A ( 29) , epifiscalin A (31), epi-neofiscalin A (33), fiscalin C (30), epi-fiscalin C (34), tryptoquivalines
L ( 63) , H ( 64) , F ( 65) , O ( 66) , nortryptoquivaline ( 67) , satorymensin ( 68) , and 3’ - ( 4oxoquinazolin- 3- yl) spiro[ 1H- indole- 3,5’ - oxolane] - 2, 2’ - dione ( 69) ( Figure 7) . The
antibacterial evaluation and antibiofilm activity followed the methodology described by
Gomes et al. in 2014.60 Various bacterial stains were examine including Escherichia coli
ATCC 25922, Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus ATCC
25923, Enterococcus faecalis ATCC 29212, S. aureus B1 and E. faecalis W1.

35

Figure 7. Isolated compounds (29-34, 63-69) from Neosartorya siamensis KUFA 0017
and Neosartorya siamensis KUFA 6349 investigated for their antibacterial activities.
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The results showed that neofiscalin A (32) revealed antibacterial activity against
Gram- positive bacteria with MIC ( 8 µg/ mL) against all strains of S. aureus and E.
faecalis. In addition, the minimum bactericidal concentration ( MBC) was usually four
times greater than the MIC (32 µg/mL). These results exposed neofiscalin A (32) as a
potent antibacterial agent against multidrug-resistant Gram-positive bacteria MRSA and
VRE.
Although, fiscalin A (29), epi-fiscalin A (31), neofiscalin A (32), and epi-neofiscalin
A ( 33) are diastereoisomers, differing from each other only in the configuration of C- 3
and C-22, antibacterial activity results showed that only neofiscalin A (32) possessed a
growth inhibitory effect. Moreover, fiscalin C (30) and epi-fiscalin C (34) which have two
methyl groups on C- 22 did not show antibacterial activity when they were tested singly
(fiscalin C (30) showed synergistic activity against MRSA when combined with oxacillin)
Thus, the authors concluded that one methyl group at C- 22 and the stereochemistry of
C-3 and C-22 to be 3S, 22R are required for the antibacterial activity.35
Concerning antibiofilm activity, the biofilm formation was investigated through the
crystal violet assay by a microscopic analysis (fluorescence microscopy) of the biofilms
of S. aureus B1 and E. faecalis W1 showing that at 2× MIC and at the MIC of neofiscalin
A (32), the biofilm could not be formed in both strains.
The biofilm inhibitory ( BIC) and biofilm eradication ( BEC) concentrations were
evaluated through the 3- [ 4,5- dimethylthiazol- 2- yl- 2,5- diphenyl tetrazolium bromide
( MTT) assay. 61 The result revealed that at BIC values for neofiscalin A ( 32) of 96 and
80 µg/ mL, against 24- hours biofilms of S. aureus B1 and E. faecalis W1 the great
antibiofilm effect in both bacteria was observed,even though the BEC values were
higher than 25× MIC (200 µg/mL) for both strains. In addition, at a concentration of 200
µg/ mL, neofiscalin A ( 32) could reduce the metabolic activity of the biofilms by
approximately 50%.
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CHAPTER 2 - AIMS
Since approximately two- thirds of the clinically used antibacterial agents are
derived from natural products, 6 the investigation of antibacterial drugs from this source
is very attractive. 59,59 Therefore, the “ Medicinal Chemistry: drug discovery and drug
design” research group at CIIMAR focused on finding novel antibiotics derived from
Nature, especially from terrestrial and marine fungi species and considered neofiscalin
A ( 32) as very promising against Gram- positive bacteria, MRSA and VRE. 34,

35

Nevertheless, the isolation of neofiscalin A (32) did not furnish the necessary amounts
to pursuit further studies. Moreover, to our current knowledge, the total synthesis of
neofiscalin A (32) has never been attempted before.
Thus, the main objective of the present dissertation was to study the total
synthesis of neofiscalin A ( 32) based on its structure and the syntheses of related
structural compounds which were performed in the past, including fiscalin A ( 29) and
fumiquinazoline A (18).46
The specific aims were:
i)

to obtain the synthetic precursors of neofiscalin A (32),

ii)

to stablish through adequate spectroscopic techniques and high- resolution

mass spectrometry (HRMS) the structure of the synthesized derivatives,
iii) to screen the antibacterial activities of the obtained compounds.
Ultimately, the total synthesis of neofiscalin A (32) would provide this compound
in the necessary amount to be tested for further antibacterial/ toxicological studies
(Scheme 5).
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Scheme 5. The schematic proposed development for this dissertation.
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CHAPTER 3
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RESULTS AND DISCUSSION

3.1 Synthesis of neofiscalin A (32)
Neofiscalin A (32) which was first isolated in 201234 has no report concerning its
synthesis but are notorious the structural similarities with fumiquinazoline A ( 18) and
fiscalin A ( 29) ( Figure 6, section 1. 6) . Neofiscalin A ( 32) and fiscalin A ( 29) are
diastereomers, differing only in the configuration of C-22 which is R in neofiscalin A (32)
while the configuration is S in fiscalin A ( 29) . Moreover, these two differ from
fumiquinazoline A ( 18) in the substituent at C- 3 on the piperazine ring and in the
stereochemistry of the hydrogen at C-19 and the hydroxyl group at C-20 of the indoline
ring being trans in fiscalin A (29) and neofiscalin A (32), and is cis in fumiquinazoline A
(18). 46
As stated before, the synthesis of fumiquinazoline A (18) and attempts to the total
synthesis of fiscalin A ( 29) were reported by Snider and Zeng in 2000 and 2003,
respectively.48,46 Unfortunately, only the model similar to the tryptophan-like moiety was
accomplished with the same stereochemistries of fiscalin A ( 29) but the quinazolinone
ring could not be functionalized. 46 However, these approaches could be used for
studying the synthesis of neofiscalin A (32) and were followed in this dissertation.
The retrosynthesis of neofiscalin A ( 32) is proposed based on the amino acids
presented in its structure that were confirmed by the biosynthesis of fiscalin A ( 29) ,45
which contains two linked parts including the pyrazinoquinazolinone ring and the
tryptophan-like moiety (Scheme 6).
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Scheme 6. Retrosynthesis of neofiscalin A (32).

The oxazine ring could be obtained through two amino acids, which are
anthranilic acid (70) and L-valine (71) to specify the S configuration at C-3. This ring
could be formed by a coupling reaction between those two amino acids either by
conventional 46 or microwave assisted synthesis.62 With the oxazine ring formed,
intermediate 76 is ready to be fused with the tryptophan-like moiety 72.
The critical features of the tryptophan- like moiety 72 include four stereogenic
centers, C- 14, C- 19, C- 20, and C- 22, which are intrinsic to the stereochemistry of the
amino acids being used and the methodology applied in the oxidation of the double
bound of intermediate 73. D- Alanine ( 74) and D- tryptophan ( 75) can be used to be
coupled together to form intermediate 73 which will be oxidized with an oxidizing agent
that specifies the trans geometric isomerism between the hydroxyl group at C- 19 and
the hydrogen at C-20 resulting in the desirable compound 72.
Therefore, the total synthesis of neofiscalin A ( 32) was divided into two parts.
First part is the tryptophan-like moiety synthesis. D-Tryptophan (75) and D-alanine (74)
30

will be used to form three rings ( 6- 5- 5) of tryptophan- like moiety. The second part is
using anthranilic acid (70) and L-valine (71) to form pyrazinoquinazolinone (6-6-6) which
would be fused to build the tryptophan- liked moiety to complete the total synthesis of
neofiscalin A (32).

Tryptophan-like moiety synthetic plan
In this synthesis, tryptophan- like moiety synthesis of neofiscalin A ( 32) , the
synthetic pathway was adapted following the synthesis of fiscalin A ( 29)

and

fumiquinazolines synthesized by Snider and Zeng in 2003 ( Scheme 7) . 46 The main
difference of the synthesis between neofiscalin A ( 32) and fiscalin A ( 29) was the use
p- nitrophenyl N- Cbz- D- alanine ( 79) instead of p- nitrophenyl N- Cbz- L- alanine in the
process of coupling with protected D- tryptophan 44 which is very important to specify
the configuration R at C-22 in neofiscalin A (32) opposite to the configuration S in fiscalin
A ( 29) . The initial steps began with the protection of the amino acids 77 and 80 which
are important to set the expected configurations. Then, the two protected tryptophan 44
and alanine 79 are coupled following an iodination and a condensation process to form
the third ring. The synthetic pathway then continues by oxidation to yield the expected
configurations at C-19 and C-20. In Scheme 7, the synthetic pathways followed to obtain
the oxidizing agent 42 are also indicated.
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Scheme 7. Synthetic pathway to the tryptophan-like moiety synthesis.

32

Pyrazinoquinazolinone fused with tryptophan-like moiety synthetic plan
In this part, anthranilic acid 70 and protected valine 91 are coupled to be used
with the previously synthesized tryptophan- like moiety to yield neofiscalin A ( 32) . The
synthetic plan follows the one-pot synthesis performed by Ji- Feng, et al. in 2005 using
microwave irradiation to achieved the pyrazinoquinazolinone compounds such as
fiscalin B ( 19) , the simplest structure of fiscalins.
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According to this synthesis,

neofiscalin A ( 32) , a more complex structure was planned to be obtained using
anthranilic acid (70) and L-valine (91) in conventional heating to yield the intermediate
76 to be coupled with the deprotected moiety 92 under microwave irradiation to form the
target molecule (Scheme 8).
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Scheme 8. Synthetic pathway for the pyrazinoquinazolinone fused with tryptophan-like
moiety.
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3. 1. 1 Synthesis of Nα- ( 2,2,2- trichloroethoxycarbonyl) - D - tryptophan methyl ester
(44)
D-

Tryptophan methyl ester ( 77) , the important starting material to set the

expected configuration at C- 19 of neofiscalin A ( 32) , was coupled with trichloroethyl
chloroformate (78) to protect the amine group. For this reaction, the Shotten-Baumann
acylation conditions which allow the formation of amides from amines and acid chlorides
were used (Scheme 9). 46 In this mechanism, the lone pair of electrons on the amine in
D-

tryptophan reacts with the carbon of the carbonyl group in 2,2,2- trichloroethyl

chloroformate (78) to form the amide.
In this procedure, a two- phase solution was used. Firstly, aqueous NaHCO 3, a
basic solution, can retain the acidic conpounds and salts formed. Moreover, the
presence of a base prevents the amine reactant from being protonated, which would
make it unable to react as a nucleophile. On the other hand, the starting material and
product remained in the diethyl ether which is the organic phase. D-Tryptophan methyl
ester hydrochloride ( 77) was added in small portions during 1 hour to the mixture of
NaHCO3 and then a solution of 2,2,2- trichloroethyl chloroformate ( 78) in diethyl ether
was added dropwise over 1 hour and was stirred additionally for 5 hours. Extraction
furnished a brown oil which was purified by flash chromatography in diethyl ether giving
a brown oil corresponding to Nα- ( 2,2,2- trichloroethoxycarbonyl) - D- tryptophan methyl
ester (44) in 99 % yield.

Scheme 9. Synthesis of Nα- ( 2,2,2- trichloroethoxycarbonyl) - D- tryptophan methyl ester
(44).
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3.1.2 Synthesis of N-benzyloxycarbonyl-D -alanine-p-nitrophenyl ester (79)
The synthesis of N- benzyloxycarbonyl- D- alanine- p- nitrophenyl ester ( 79)
( Scheme 10) proceeded via Steglich esterification based on the previously described
synthesis of N- benzyloxycarbonyl- L- alanine- p- nitrophenyl ester. 63 In the Steglich
esterification, dicyclohexylcarbodiimide (DCC) was used as a catalyst to couple amino
acids in the present of EtOAc. DCC can react with the carboxylic acid group of Nbenzyloxycarbonyl-D-alanine (80) and form an O-acylisourea intermediate which can be
coupled with p- nitrophenol ( 81) to produce the desirable ester 79 as well as the side
product, dicyclohexylurea (DHU).

Scheme 10. Synthesis of N-benzyloxycarbonyl-D-alanine-p-nitrophenyl ester (79).

The reaction mixture of N- benzyloxycarbonyl- D - alanine ( 80) and p- nitrophenol
(81) in EtOAc was cooled to 0 °C for 2 hours and was left overnight. The white precipitate
which is DHU was formed and was removed by filtration and the filtrate was washed
successively with Na2CO3, HCl, NaCl and dried over anhydrous Na2SO4 to remove acid,
base and water, respectively. Then, the desirable product ( 79) was obtained by
crystallization from EtOAc/petroleum ether (40-60oC) in 86% yield as a white solid

3.1.3 Synthesis of Nin-D-Cbz-alanyl-Nα-2,2,2-trichloroethoxycarbonyl-D -tryptophan
methyl ester (82)
Snider and Zeng reported two methods for the synthesis of Nin- L-Cbz-alanyl-N α2,2,2- trichloroethoxycarbonyl- D-tryptophan methyl ester. 46 The first one, method A can
be accomplished in three steps by reduction with BH3·( tetrahydrofuran) THF in
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trifluoroacetic acid ( TFA) , acylation of indoline with Cbz- L- alanine and oxidation with
2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DQQ).64 Method B can be achieved in one
step using KF, 18-crown-6, and N,N-diisopropylethylamine (i-Pr)2NEt in CH3CN with NCbz-alanine nitrophenyl ester. 65-67 Herein, instead of using L-alanine, D-alanine 79 was
used following method B that enabled the preparation of Nin- D- Cbz- alanyl- Nα- 2,2,2trichloroethoxycarbonyl-D-tryptophan methyl ester 82 in a single step (Scheme 11).

Scheme 11.

Synthesis of Nin- D- Cbz- alanyl- Nα- 2,2,2- trichloroethoxycarbonyl- D -

tryptophan methyl ester (82).

SN2 type reaction occurred in the amide synthesis between D-tryptophan 44 and
D-alanine

79 in the present of unsolvated fluoride anion produced by solubilization of a

18-crown-668 and KF. Fluoride anion acts as a great base which can remove the proton
from the indole nitrogen atom, resulting in the indolide ion which then can be acylated
with suitable carbonates without racemization

. Aprotic solvent CH3CN used in this

69

synthesis was reported to be the best for solubilization of 18- crown- 6 and KF. 70 The
reaction was finished after sonication for 30 minutes and stirring at room temperature
overnight. The reaction mixture was diluted with EtOAc, and filtered through celite. As
described in the report of Snider and Zeng 46 using flash column chromatography with
5: 1 hexane/ EtOAc would give 91 % of the desirable product. Unfortunately, using the
same procedure, compound 82 was always isolated with nitrophenol, which was the
side product. Thus, the purification was performed by flash chromatography on silica gel
( CHCl3: acetone, 100: 2) with further purification by preparative TLC with the same
mobile phase. Combination of pure product gave a light-yellow oil of Nin- D-Cbz-alanylNα-2,2,2-trichloroethoxycarbonyl-D-tryptophan methyl ester 82 in 53% yield.
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3.1.4 Synthesis of Nin- D-Cbz-alanyl-2-Nα-2,2,2-trichloroethoxycarbonyl-2-iodo- D tryptophan methyl ester (83)
In this reaction, two steps were taken to form Nin- D- Cbz- alanyl- 2- Nα- 2,2,2trichloroethoxycarbonyl-2-iodo- D-tryptophan methyl ester (83). The first step involved a
mercuration and the second step an iodination reaction (Scheme 12).
In the first step via mercuration in dry CH2Cl2, mercuric acetate ( Hg( OAc) 2) is
normally used to form organomercury from an unsaturated compound. In this process,
the double bond binds to the mercury. The remaining electron pair on the mercury ion
then attacks a carbon of double bond, which has a positive charge. Since mercury gives
an electron to this carbon, it becomes a positive mercurinium ion and can form a bond
with iodide from KI, leaving another acetoxy group with saturated KI.
The second step was iodination. The mercury still had a lone electron pair, which

could form a bond with another iodide, and HgI2 left as a red solid precipitate, which can
be removed out by filtration. The filtrate was then washed with aqueous Na2S 2O3, which
reacted stoichiometrically with the remaining iodine in aqueous solution to iodide with
the color of the solution changing from red to a light yellow solution. The organic phase
was dried over Na2SO4 to remove water that might remain. Evaporation would give a
product with the dark spot in 325 light; however, some starting 82 remained when
checking by TLC with 100: 2 CH2Cl2: ethanol ( EtOH) .

Following Snider and Zeng 46

purification process, by flash column chromatography, the 100:1 CH2Cl2: EtOAc mobile
phase could not purify the crude product since the retention factors (Rf) of the desirable
product 83 and compound 82 were similar. Further, attempts to purify by preparative
TLC that could degrade in the purification procedure resulted in a dramatic loss of the
desirable product. After repeating this reaction several times, we were able to purify
compound 83 with 51% yield when performing readly flash chromatography with 100:0.2
CH2Cl2: EtOH as mobile phase.
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Scheme 12. Synthesis of Nin- D-Cbz-alanyl-2-Nα-2,2,2-trichloroethoxycarbonyl-2-iodoD-tryptophan

methyl ester (83).

3.1.5 Synthesis of methyl (αR,2R)-2,3-dihydro-2-methyl-3-oxo-1-[(phenylmethoxy)
carbonyl]-R-[[(2,2,2-trichloroethoxy)carbonyl]-amino]-1H-imidazo[1,2-a]indole-9propanoate (84)
This synthesis was initially investigated applying Buchwald palladium- catalyzed
condensation 71 as it was mentioned for fumiquinazoline A ( 18) synthesis46,
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using

tris(dibenzylideneacetone) dipalladium(0) (Pd2(dba) 3) and tris(o-tolyl)phosphine (P(otolyl)3) as the catalysts in the presence of a base which was K2CO3 in toluene at 105 oC.
After several attempts with conventional synthesis, the reaction progressed to
hydrolyzed products of starting material 83 as showed by NMR data.

It was

hypothesized that there was still humidity within the reactive medium but even in very
mild conditions under N2 or argon to prevent the humidity and the air in the system,
hydrolysis was observed. Thus, the microwave synthesis was attempted in identical
conditions. Regrettably, the result was still the same.
The group experience in Cu- catalysed intramolecular amidation ( unpublished
results) led us to attempt microwave synthesis using CuI as a catalyst for this reaction
( Scheme 13) . Moreover, in CuI- Catalyzed tandem intramolecular amidation, some
authors also mentioned that they also investigated palladium- catalyzed conditions but
these were unsuccessful.72 In this study, the authors found that CuI-catalyzed conditions
could be used successfully; furthermore, toluene was found to be the best solvent and
K2CO3 as base gave the highest yields in these reactions.72
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Scheme 13. Synthesis of methyl ( αR,2R) - 2,3- dihydro- 2- methyl- 3- oxo- 1- [ ( phenyl
methoxy) carbonyl] - R- [ [ ( 2,2,2- trichloroethoxy) carbonyl] - amino] - 1H- imidazo[ 1,2a]indole-9-propanoate (84).

The work- up of the reaction to eliminated remaining CuI and K2CO3 used
aqueous NH4Cl.

Flash column chromatography ( CHCl3)

was used in further

purifications. Unfortunately, this process led to the degradation noted by TLC analysis.
Hence, the crude extract obtained from a new reaction was used in the following step
without further purification.

3.1.6 Synthesis of the oxidizing agent (42): Davis’ saccharine-derived oxaziridine73
The oxidizing agent used in the attempts to synthesize fiscalin A ( 29) 46 was a
saccharine- derived oxaziridine that conferred highly regioselectivity for the asymmetric
oxidation with reduced reactivity. In this synthesis, 3- n- bultyl 1,2- benzisothiazole 1,1dioxide oxide ( 42) was used as an oxidizing agent which is a saccharine- derived
oxaziridine. The synthesis of this oxidizing agent was reported by Davis et al. in 1990
( Scheme 14) ,73 and can be achieved in two steps from treatment of saccharin ( 85) in
method A with two equivalents ( equiv) of an organolithium reagent or in three steps in
method B, via pseudosaccharin ethyl ether (86), which reacts only with one equiv of the
organolitium reagent. The next step is the epoxidation to yield the 3- substituted 1,2benzisothiazole 1,1- dioxides oxide 42 as an oxidizing agent ( Scheme 14) . 73 Both
approaches were used in this dissertation to obtain the oxidizing agent (42)
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Scheme 14. Synthesis of Davis’ saccharine-derived oxaziridine (42).

3.1.6.1 Synthesis of 3-ethoxy-1,2-benzisothiazole 1,1 - dioxide (86)
3-Ethoxy-1,2-benzisothiazole 1,1-dioxide or pseudosaccharin ethyl ether (86) is
the first intermediate used in method B to obtain the oxidizing agent 42. In this
procedure, PCl5 was used to react with saccharin 85 via chlorination and form 3-chloro1,2-benzisothiazole 1,1-dioxide 93 (Scheme 15) 74 which was then treated with EtOH to
yield 3-ethoxy-1,2-benzisothiazole 1,1-dioxide (86). During the chlorination, the carbonyl
group of saccharin (85) acted as a nucleophile and phosphorus acted as an electrophile.
A chloride of PCl5 subtracts hydrogen of NH forming a double bond. Then another
chloride substituted at the carbon of the carbonyl resulting in POCl3 which was removed
by filtration and the filtrate was treated with EtOH in which a chloride ion left and the
substitution of ethoxide ion gave 3-ethoxy-1,2-benzisothiazole 1,1 - dioxide (86) in 44%
yield.
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Scheme 15. Synthesis of 3-ethoxy-1,2-benzisothiazole 1,1-dioxide (86).

3.1.6.2 Synthesis of 3-n-bultyl-1,2-benzisothiazole 1,1-dioxide (87).
In method A, the synthesis of oxidizing agent intermediate (87) reported by Davis,
et al.

73

was based on the work of Abromovitch, et al.75 Since n-butyllithium (nBuLi) is a

good nucleophile and strong base, a bimolecular nucleophilic substitution (SN2) of nBuLi
with the acyl group of saccharin (87) occurs (Scheme 16A). Saccharin (85) contains an
acidic hydrogen atom, and two equiv of nBuLi were added to a solution of saccharin (85)
in freshly distilled THF as an aprotic solvent at - 78 oC to prevent the water that could
react with nBuLi and to form a strong complex with remaining Li+ . After 4 hours at - 78
o

C and overnight at room temperature, the reaction was not completely finished but the

water was added to stop the reaction and solubilize LiOH, which then formed a basic
LiOH. H2O. To remove the bases and acids, which could be remaining in the reaction,
10% HCl and 10% NaHCO3 aqueous solutions were added respectively, and water was
used to wash the organic etheric phase. Purification by flash column chromatography
with chloroform as eluent followed by recrystallization from absolute EtOH gave
compound 87 as a white solid in 60 % yield.
Similarly, method B (Scheme 16B) was followed but using pseudosaccharin ethyl
ether ( 86) as a starting material and only one equivalent of nBuLi since compound 86
has no acidic proton as saccharin ( 85) . Butyl can then substitute and leave ethylene
oxide which then can form the complex with Li+ to give lithium ethoxide ( LiOEt) . The
reaction was stopped with saturated NH4Cl that can react with LiOEt to give NH3, EtOH,
and LiCl which can be hydrolyzed with water when the solution is washed with NaCl to
get the soluble complex LiOH. H2O while NH3 can form NH4Cl. Crystallization from
absolute EtOH gave 81% of 3- butyl 1,2- benzisothiazole 1,1- dioxide ( 87) as a white
solid.
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Scheme 16. Synthesis of 3-n-butyl-1,2-benzisothiazole 1,1-dioxide (87).

3.1.6.3 Synthesis of 3-n-butyl 1,2-benzisothiazole 1,1-dioxide oxide (42)
3-n- Butyl 1,2- benzisothiazole 1,1- dioxide (87) was submitted to an epoxidation
via the Prilezhaev reaction with meta- chloroperoxybenzoic acid ( m- CPBA) and Nsulfonyl imine (Scheme 17). The study of the mechanism of this reaction supported that
there are two steps; first, the nucleophilic attack of the π bond with the peroxy acid ( mCPBA) ; then, the intramolecular nucleophilic reaction of lone- pair electrons of nitrogen
on the peroxy acid forming a transition state called “ butterfly transition state” in which
oxygen is added and the proton is shifted simultaneously. Then, the carboxylic acid
leaves to give 3-butyl 1,2-benzisothiazole 1,1-dioxide oxide (42).66, 76,77 After 4 hours the
reaction was complete and the crude product was extracted. The organic phase was
washed with aqueous Na2SO 4, NaHCO3, and saturated NaCl to promote a salting out
effect, and dried over anhydrous Na2SO4. Recrystallization from absolute ethanol gave
a white solid corresponding to 3- n- butyl 1,2- benzisothiazole 1,1- dioxide oxide ( 42) in
79% yield.
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Scheme 17. Synthesis of 3-butyl 1,2-benzisothiazole 1,1-dioxide oxide (42).

3. 1. 7 Synthesis of methyl ( αR,2R,9S) - and ( αR,2R,9R) - 2,3,9,9a- tetrahydro- 9hydroxy- 9a- methoxy- 2- methyl- 3- oxo- 1- [ ( phenylmethoxy) carbonyl] - R- [ [ ( 2,2,2trichloroethoxy)carbonyl]-amino]-1H-imidazo[1,2-a]indole-9-propanoate (88 and
89).
In this reaction, the Davis’ saccharine-derived oxaziridine 42, an oxidizing agent
previously synthesized, was used to the addition reaction of the hydroxyl and methoxy
group into the double bond of tryptophan moiety ( Scheme 18) to obtain the desirable
configuration compound as a major product, methyl (αR,2R,9S)- )-2,3,9,9a-tetrahydro9- hydroxy- 9a- methoxy- 2- methyl- 3- oxo- 1- [ ( phenylmethoxy) carbonyl] - R- [ [ ( 2,2,2trichloroethoxy)carbonyl]-amino]-1H-imidazo[1,2-a]indole-9-propanoate (88).
Compound 84 was treated with 4: 1 MeOH: CH2Cl2 and 1. 5 equivalent of the
oxidizing agent 42. Several attempts were performed at room temperature for 12 hours
which were then monitored by TLC showing that many products were generated. After
12 hours, the reactions were not finished but the oxidizing agent 42 was all consumed.
Thus, one equivalent was added more and the resulting mixtures were stirred until the
reactions were done usually after 1-2 days.
When the reactions were finished, many products could be observed by TLC
analysis. The results of these reaction attempts were quite weird compared to the report
of Snider and Zeng46 in which they obtained the desirable configuration compound as
a major product in 65% and the diastereomer in 23% . The products were isolated by
preparative TLC using 100: 2 CH2Cl2: EtOH following 100: 8 CH2Cl2: EtOH conditions
and eight major products were investigated by 1H NMR.
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The spectra showed that three of the major products were similar to the oxidizing
agent and its intermediates and others were not close to the desirable products 88. We
assumed that the oxidizing agent 42 was degradeble during the progress of the reaction
and the same was hypothesized for the starting material (84). Another reason that might
possibly explain this unsuccessful experiment is the steric hindrance of compound 84
being more difficult to introduction of hydroxy and methoxy groups at the double bond
level of tryptophan moiety of compound 84.

Scheme 18. Synthesis of methyl (αR,2R,9S) - and (αR,2R,9R) - 2,3,9,9a- tetrahydro- 9hydroxy- 9a- methoxy- 2- methyl- 3- oxo- 1- [ ( phenylmethoxy) carbonyl] - R- [ [ ( 2,2,2trichloroethoxy)carbonyl]-amino]-1H-imidazo[1,2-a]indole-9-propanoate (88 and 89).

3.1.8 Other attempted syntheses
Since the oxidation reaction could not furnish the desirable intermediate 88 to
proceed, other approaches ( Scheme 19) were investigated to find an alternative route
to continue this total synthesis. The first one was the oxymercuration of intermediate 84
to add the hydrogen and hydroxyl directly into the double bond and another approach
was planned to deprotect the intermediate 84 and fused pyrazinoquinazolinone into the
tryptophan moiety 94, which would then be oxidized by the oxidizing agent 42. This last
proposal was based on the synthesis of aspericlin ( 37) which tryptophan moiety was
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fused with the benzodiazepinedione before using the oxidizing agent 42 ( Scheme 2,
introduction section).
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Scheme 19. Other attempted synthesis to reach neofiscalin A (32).

3.1.8.1 Oxymercuration
Since the oxidation reaction of compound 84 to add the hydroxyl and methoxy
group could not be achieved, the oxymercuration described in Scheme 19 sound an
attractive method because of few steps would be involved.
The oxymercuration is an electrophilic addition reaction to alkenes and was first
investigated in 1900s using an aqueous solution of mercuric salt in which the mercuric
salt and a nucleophilic group such as hydroxyl group would be added to the double
bond. 78 Generally, the advantages in this reaction are the regioselectivity following
Markovnikov’ s rule and the stereochemistry occurring anti addition. As soon as the

45

oxymercuration is done, the reduction step is the key reaction to substitute the mercuric
salt with hydrogen to give the final product.79,

80

In the investigation of this reaction we used the procedures that were observed
by Brown et al. 81,

82

Similarly, we tried the previously used reagent, Hg ( OTFA) 2 with

THF: H2O as solvent under 0 oC since this temperature could insolubilize the side
products that might be obtained during the reaction. 81 Unfortunately, when monitoring
the reaction by TLC, no progress could be observed. Thus, we decided to use the
conventional heating at 40-60oC and following reflux was applied. In the last conditions,
a new product was generated but the reaction could not be finished even when the
reaction was left for days. Since the type of the mercuric salt can affect the yield of the
product, being reported that Hg ( OTFA) 2 gave lower yields than Hg( OAc) 2 in a similar
reaction,82 Hg(OAc)2 was investigated in the same conditions under reflux. Regrettably,
only starting material could be observed by TLC analysis. After these experiences,
Hg(OTFA) 2 was selected to repeat the reaction as described in Scheme 20. Even with
a considerable amount of starting material, after one week, the reduction with
NaBH( OAc) 3 was performed. After the disappearance of the intermediate product 84,
the two major products were isolated by preparative TLC and investigated by 1H NMR.
Nevertheless, none of the isolated products was considered to be the desirable
compound 90.

Scheme 20. The attempted synthesis of oxymercuration with compound 84.
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3.1.8.2 Pyrazinoquinazolinone formation with the tryptophan moiety.
Since in the synthesis of aspericlin (37), the tryptophan moiety was fused with a
benzodiazepinedione before using the oxidizing agent 42,47 a similar approach was
investigated. In the research group. A one-pot synthesis using microwave radiation was
already investigated as furnished successfully fiscalin B ( 19) analogues ( unpublished
results). Therefore, it was decided to use the approach dispicted in Scheme 21, similarly
to the reported for the synthesis of fiscalin B (19) by Ji- Feng, et al. in 2005.62
Firstly, compound 84 was deprotected of Troc group using the metallic zinc in
acetic acid. The resulting mixture was stirred for 30 minutes to yield compound 95.
Secondly, Intermediate 76 was synthesized using anthranilic acid (71) and L-valine (72)
with conventional heating which followed to the next step to react with compound 95
under microwave irradiation at 220 oC for 1.5 min (Scheme 21). Using these conditions
many products (more than 20 products) could be detected by TLC. It was hypothesized
that the microwave irradiation conditions might not be adequate for this substrate, with
undesirable side reactions occurring. By preparative TLC, eleven compounds were
isolated and then analyzed by 1H NMR. Unfortunately, none of these compounds was
the desirable product 96.
Future attempts could involve oxidizing the unprotected intermediate 96 using
other conditions to assembly the final scaffold.
.
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Scheme 21. The attempted synthesis to form the pyrazinoquinazolinone 96.
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3.2 Structure elucidation
3.2.1 Protected amino acids
Tables 3, 4, 5 present the IR, 1H and

13

C NMR data, respectively, for the protected

amino acids 44 and 79.

3.2.1.1 IR spectroscopy data
The IR data for protected tryptophan ( 44) and protected alanine ( 79) shown in
Table 3 indicates the presence of bands corresponding to the important functional
groups presented in their structure.
Table 3. IR data for protected tryptophan (44) and protected alanine (79).

Compounds

Group

V (cm-1)

N-H

3408, 1514

=C-H

3057

C-C

2953

C=O

1728

C=C (Ar)

1438, 1341

C-O

1094, 1045,

C-N

1215

44
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Table 3. IR data for protected tryptophan (44) and protected alanine (79). (CONT)

79

N-H

3296, 1688

C=O

1770

C=C (Ar)

1489,1343

N=O

1554, 1522

C-O

1108, 1068

C-N

1209

Regarding the Nα-(2,2,2-trichloroethoxycarbonyl)-D-tryptophan methyl ester (44),
the most characteristic bands are the bands corresponding to the N- H ( amine group)
and C=O (carbonyl group). The band corresponding to the N-H bonds was observed at
3408 cm- 1 as a broad band since this band also represents the N- H bond of the indole
ring. Another band corresponding to the N-H bond was confirmed again in the fingerprint
region. The C= O bond was attributed to the band at 1728 cm- 1 corresponding to the
ester carbonyl. Interestingly, the protected tryptophan (44) has an alkene bond (=C- H)
which was attributed to the band at 3057 cm- 1. Other bands were detected for this
structure such as the bands corresponding to C= C bond in the aromatic ring at 1438
and 1341 cm- 1, the bands corresponding to C- O bond at 1094 and 1045 cm- 1 and C- N
at 1215 cm-1.
N-Benzyloxycarbonyl-D-alanine-p-nitrophenyl ester (79) is also an amino acid. At
3296 and 1688 cm- 1, two bands were detected corresponding to the N- H bond as well
as a band corresponding to C=O of ester was observed at 1770 cm-1. Another important
functional group presented in this structure is the N= O bond of the nitro group and the
corresponding bands were observed at 1554 and 1522 cm-1. Other bands were detected
such as the bands corresponding to C= C bond in the aromatic ring at 1489 and 1343
cm-1, C-O bond at 1108 and 1068 cm-1and C-N bond at 1209 cm-1.
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3.2.1.1 1H NMR data and

13

C NMR data

The 1H NMR spectrum (Table 4) shows the presence of 12 signals corresponding
to the numbers of proton presented in compound 44.
Table 4. 1H NMR data for compound 44.

Protons

δH

H-1

8.53, 1H, s

H-2

6.97,1H, s

H-4

7.62, 1H, d, J = 7.9

H-5

7.18, 1H, t, J = 7.4

H-6

7.25, 1H, t, J = 7.6

H-7

7.35, 1H, d, J = 8.1

H-8

3.35, 1H, dd, J = 14.8, 5.5
3.40, 1H, dd, J = 14.8, 5.5

H-9
H-10

4.80, 1H, dd, J = 8.2, 5.5
3.71, 3H, s

H-11

5.89, 1H, d, J = 8.3

H-12

4.70, 1H, d, J = 12.0
4.84, 1H, d, J = 12.0

*Values in ppm (δH) relative to (CH3)4Si as an internal reference. J values are in Hz.
** Numbering of atoms was attributed for NMR assignments.
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The most deshielded proton corresponds to the indole proton ( H- 8) since this
proton is an exchangeable proton and is assigned to the singlet at chemical shift 8. 53
ppm while another amine proton shows a doublet at δ H-11 5.89 ppm due to the coupling
between its proton and proton H-9. Four signals corresponding to four aromatic protons
namely H- 4, H- 5, H- 6 and H- 7 appear as two triplets and two doublets ( δH 7. 35- 7. 62
ppm) . Since the 1H NMR data could not confirm which aromatic signals correspond to
which aromatic protons, these assignments were made by HMBC ( Figure 8) showing
that the most deshielded aromatic signal corresponds to H-4 appearing at δH 7.62 ppm
while the signal corresponding to H-7 appears at δH 7.35 ppm as a doublet and H-5 and
H-6 as triplets at δH 7.18 and 7.25 ppm, respectively. These evidences can be justified
by the anisotropy of the carbonyl group ( C- 11a) , as well as the electronegativity of the
oxygen and nitrogen nearby, having impacts in deshielding proton H-4.
The chemical shift corresponding to H- 2 is observed at δH 6. 97 ppm due to the
effects of Sp2 hybridization and the electronegativity of indole nitrogen. These effects
make the corresponding signal for H- 2 to be found at a higher value of chemical shift
than typical double bond protons.
For the methylene and methyl proton, the signal appearing at δH 3. 71 ppm
corresponds to H- 10 integrating for 3 protons as a singlet due to no neighboring proton
and its proximity to an ester which has an electronegativity effect that can withdraw
electronic density of electrons. Interestingly, there are two signals referring to the
geminal protons of H- 12 ( δH 4. 70 and 4. 84 ppm) as well as signals corresponding to
diastereotopic protons H-8 (δH 3.35 and 3.40 ppm). Moreover, the signal corresponding
to the H-9 proton (δH 4.80 ppm) was detected in between the two signals corresponding
to H-12 (δH 4.70 and 4.84 ppm). This can be explained by the fact that these protons H12 are affected by an electronegativity effect of the ester nearby and H-9 also suffers an
effect of an electronegativity of nitrogen and ester.
The

13

C NMR data corresponding to the protected tryptophan methyl ester 44 is

presented in Table 5.
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Table 5.

13

C NMR data for compound 44.

Carbons

δc

Carbons

δc

C-2

123.2

C-8

27.9

C-3

109.3

C-9

54.9

C-3a

127.4

C-9a

172.7

C-4

118.5

C-10

52.6

C-5

119.7

C-11a

154.2

C-6

122.2

C-12

74.6

C-7

111.5

C-13

95.5

C-7a

136.2

*Values in ppm (δC) relative to (CH3)4Si as an internal reference.
** Numbering of atoms was attributed for NMR assignments.

The presence of two signals with the highest chemical shifts corresponding to the
carbons of carbonyl groups (δC-9a 172.1 ppm, δC-11a 154.2 ppm) were noted. Six signals
referring to carbons of aromatic rings, namely C-3a, C-4, C-5, C-6, C-7 and C-7a appear
between δC 111.5 and 136.2 ppm. These assignments were confirmed by HMBC (Figure
8). The chemical shifts of C-2 and C-3 were also detected in this region with δC values
of 123.2 ppm and 109.3 ppm, respectively due to the Sp2 hybridization effect. The other
signals representing the carbons of methyl and methylene carbons appear at chemical
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shift values between δC 27. 9 and 74. 6 ppm. The lowest chemical shift value was
attributed to the C- 8 since this carbon has no electronegative atoms such as oxygen
and nitrogen nearby. The chemical shift values of C-10 (δC 52.6 ppm) and C-13 (δC 95.5
ppm) are quite different eventhough they are Sp3 hybridization carbons since at C- 13,
three chlorines are bonded resulting in a deshielding effect.

Figure 8. Correlations detected in HMBC spectrum for compound 44.

The 1H NMR data for N-benzyloxycarbonyl-D-alanine-p-nitrophenyl ester (79)
shown in Table 6 reveal seven signals corresponding to thirteen protons and three of
them represent the seven aromatic protons.

54

Table 6. 1H NMR data for compound 79.

Protons

δH

H-1’

4.62, 1H, m

H-2’

1.60, 3H, d, J =7.2

H-3’

5.30, 1H, d, J =6.8

H-4’

5.14,2H, s

H-5’, 6’, 7’, 8’, 9’
H-2’’, 6’’
H-3’’, 5’’

7.36,5H, s
7.28, 2H, d, J =9.0
8.27, 2H, d, J =9.0

*Values in ppm (δH) relative to (CH3)4Si as an internal reference. J values are in Hz.
** Numbering of atoms was attributed for NMR assignments.

The highest chemical shift signal corresponds to H-3’’ and H-5’’ at δH 8.27 ppm
and appears as a doublet higher than for H-2’’ and H-6’’ protons due to their proximity
to the nitro group suffering the electron- withdrawing and magnetic anisotropic effect
resulting in more deshielded protons for H-3’’ and H-5’’ when comparing with H-2’’ and
H-6’’ that are also affected by the electronegativity of the oxygen in the ester. In contrast,
the proton H-5’, H-6’, H-7’, H-8’, and H-9’ are equivalent protons being observed only a
singlet integrating to five protons at δH 7. 36 ppm. The presence of a doublet at δH 5. 30
ppm represents a secondary amine proton which its neighboring proton is H-1’ (δH 4.62
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ppm) shown as a multiplet because of the effect from the neighboring protons at H- 2’ ’
( δH 1. 60 ppm) and a proton from the amine group. The last signal found in compound
79 spectrum represents two protons of the methylene group as a singlet at δH 5.14 ppm.
C NMR data for compound 79 ( Table 7) reveal 13 signals corresponding

13

The

to the presence of two carbonyl group (C-1a’ and C-3a’), two aromatic rings (δC between
122.2 and 155.0 ppm) and aliphatic carbons. The carbon assignments were confirmed
by HSQC and HMBC (Figure 9).

Table 7.

13

C NMR data for compound 79.

Carbons

δc

Carbons

δc

C-1’

49.9

C-5’,9’

128.1

C-1a’

170.9

C-6’, 8’

128.6

C-2’

18.1

C-1’’

145.5

C-3a’

155.7

C-2’’, 6’’

122.2

C-4’

67.2

C-3’’, 5’’

125.2

C-4a’

135.9

C-4’’

155.0

C-7’

128.3

*Values in ppm (δC) relative to (CH3)4Si as an internal reference.
** Numbering of atoms was attributed for NMR assignments.
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The highest chemical shift of aromatic carbon C-4’’ was detected at δC 155.0 ppm
as a result of directly bonding to the nitro group. The signal corresponding to the methyl
carbon exhibits the lowest chemical shift at δC 18. 1 ppm while the signals representing
aliphatic carbons (C-1’ and C-4’) reveal carbons at δC 49.9 and 67.2 ppm, respectively,
according to the electronegativity effects.

Figure 9. Correlations detected in HMBC spectrum for compound 79.
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3.2.2 Compounds 82, 83 and 84
In the Table 8, 9, 10 present the IR, and 1H NMR,

13

C NMR data, respectively for

compounds 82, 83, and 84
3.2.2.1 IR spectroscopy data
In Table 8 the IR data concerning compounds 82, 83 nd 84 are displayed.
Table 8. IR data for compounds 82, 83, and 84.

Compounds

82

85
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Group

V (cm-1)

N-H

3338,1526

C=O

1701

-CH3

2954

=C-H

3033

C=C (Ar)

1455, 1403

C-O

1093, 1047

C-N

1219

N-H

3346, 1522

C=O

1725

-CH3

2952

C=C (Ar)

1448

C-O

1093, 1046

C-N

1250, 1212

Table 8. IR data for compounds 82, 83, and 84. (CONT)
N-H

3361

C=O

1732

-CH3

2953

C=C (Ar)

1478, 1467, 1417

C-O

1094, 1043

C-N

1263, 1212

84

Comparing to the IR data of compounds 82, 83, and 84 with the parent
compounds 44 and 79 similarities were found; the IR of compounds 82, 83 and 84
themselves also show very similar bands corresponding to the functional groups
including the bands corresponding to N-H, C=O, -CH3, C=C (Ar), C-O, C-N bonds with
slightly differences in the values as shown in the Table 8. The band in compound 82
which corresponds to =C-H bond was detected at 3033 cm-1 and confirmed the desirable
transformation.

3.2.2.1 1H NMR data and

13

C NMR data

Table 9 shows the 1H NMR data for compound 82, 83, and 84 revealing many
similarities due to the slight transformations that occurred. The signals found in these
three compounds corresponding to the methyl and methoxy group were around δ H 1. 4
ppm ( H- 2’ ) and δH 3. 7 ppm ( H- 10) , respectively and the signals corresponding to the
methylene bridge including H-8, H-9, H-12, H-1’ and H-4’ were observed around δH 3.2,
4.65, 4.7, 5.0, and 5.15 ppm, respectively.
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Table 9. 1H NMR data for compound 83, 83, and 84.

84

82

83

Protons

δH

δH

δH

H-2

7.44, 1H, s

-

-

H-4

7.53, 1H, d, J =7.1

7.58,1H, d, J =7.7

7.54, 1H, d, J = 7.7
7.35, 2H, m

H-5,6,
5’,6’,7’,8’,9’

7.33, 7H, m

7.42, 5H, m
8.43, 1H, d, J =7.9

H-7

7.34, 7H, m

3.20, 1H, dd, J =14.8, 6.1
H-8

8.01, 1H, d, J =7.7
3.29, 2H, dq, J = 14.3,

7.88,1H, d, J =7.8
3.25, 1H, dt, J =9.7,3.8

3.32, 1H, dd, J =14.8, 5.2

6.8

H-9

4.78, 1H, s

4.75, 1H, m

4.60, 1H, m

H-10

3.72, 3H, s

3.68, 3H, s

3.78, 3H, s

H-11

5.98, 1H, s

5.76, 1H, d, J =8.5

3.74, 1H, s

4.66, 1H, d, J =12.0

4.63, 1H, d, J =12.0

4.52,1H, d, J =12.1

4.81, 1H, d, J =12.0

4.70, 1H, d, J =12.0

4.68, 1H, d, J = 12.1

3.36, 1H, dd, J=14.3, 4.2

H-12
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Table 9. 1H NMR data for compound 82, 83, and 84. (CONT)

H-1’

5.16, 1H, m

5.83, 1H, m

4.78, 1H, dq, J=6.6, 4.3

H-2’

1.54, 3H, d, J = 6.9

1.39, 3H, d, J = 6.8

1.68, 3H, d, J =7

H-3’

5.96, 1H, s

3.74, 1H, s

-

H-4’

5.13, 2H, s

5.15, 2H, d, J= 6

5.35, 2H, m

*Values in ppm (δH) relative to (CH3)4Si as an internal reference. J values are in Hz.
** Numbering of atoms was attributed for NMR assignments.

The main differences in 1H NMR data between compound 82 and 83 cocern the
signals in the aromatic region. Since compound 82 would be iodinated at C-2 becoming
iodide in this position, the signal corresponding to H-2 would not be presented in the 1H
NMR data for compound 83. Similarly, a signal was attributed to H-3’ only in compounds
82 and 83 1H NMR spectrum and not to compound 84 due to the condensation between
position 2 and 3’.
The data corresponding to the

13

C NMR data of compound 82, 83, and 84 are

presented in Table 10.
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Table 10.

13

C NMR data for compound 82, 83, and 84.

84

82

83

Carbons

δc

δc

δc

C-2

122.4

128.5

136.6

C-3

117.7

126.2

127.1

C-3a

130.2

129.6

136.2

C-4

118.6

114.3

118.6

C-5

127.8

125.4

125.2

C-6

124.0

123.6

123.9

C-7

116.7

118.6

113.3

C-7a

135.9

138.4

135.2

C-8

27.5

31.3

26.5

C-9

53.9

53.6

53.5

C-9a

171.3

171.4

172.2

C-10

52.5

53.0

52.6

C-11a

153.8

153.8

154.4
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Table 10.

C NMR data for compound 82, 83 and 84. (CONT)

13

C-12

74.3

74.6

74.2

C-13

95.1

95.2

95.7

C-1’

49.3

52.4

62.8

C-1a’

170.7

174.2

165.5

C-2’

19.2

18.9

17.5

C-3a’

155.5

155.8

151.6

C-4’

66.9

67.2

69.21

C-4a’

135.7

136.1

134.6

C-5’,9’

128.3

128.6

128.9

C-6’,8’

121.8

128.1

128.5

C-7’

128.0

128.2

129.0

*Values in ppm (δC) relative to (CH3)4Si as an internal reference.
** Numbering of atoms was attributed for NMR assignments.

The

13

C NMR spectra of these three compounds are quite similar with the signals

corresponding to the carbons of carbonyl groups including C- 9a, C- 11a, C- 1a’ and C3a’ appearing at high values of chemical shifts between 155 and 175 ppm and the lowest
chemical shift values being found around 18 ppm and corresponding C- 2’ carbon of
methyl group.
For compound 82,

13

C NMR assignments of the hydrogenated carbons were

determined by HSQC and the carbon atoms not directly bonded to hydrogen atoms were
deduced by HMBC experiments (Figure 10).
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Figure 10. Correlations detected in HMBC spectrum for compound 82.

3.2.3 Oxidizing agent: Davis’ saccharine-derived oxaziridine.
In the Table 11, 12, 13, the IR, and 1H and

13

C NMR data, respectively of

compound 86, 87 and 42 are presented in the following sections then the elucidation
discussed

3.2.3.1 IR spectroscopy data
The IR spectra of the oxidizing agent 42 and intermediates 86 and 87 are shown
in Table 11
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Table 11. IR data for intermediate 86, 87 and oxidizing agent 42.

Compounds

86

Group

V (cm-1)

=C-H

3090

-CH3

2990

C=N

1613

C-O

1009

C= (Ar)

1556, 1389

S=O

1327, 1179

=C-H

3066

-CH3

2962, 293/, 2873, 2856

C=N

1603

C=C (Ar)

1559

S=O

1332, 1170

=C-H

3071

-CH3

2960, 2924, 2852

C-N

1219

C-O

1011

C=C (Ar)

1574

S=O

1427

87

42
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Different bands between compounds 86 and 87 spectra put in evidence the
transformation as for instance the band corresponding to C- O at around 1009 cm- 1 in
intermediate 86. For compound 42, it can be highlighted the band corresponding to
C-O again at 1011 cm-1 since the C-O of epoxide is formed. Similarly, the band referring
to C=N at 1613 cm-1 of intermediate 87 contracts with the spectrum of the oxidizing agent
42 with a band at 1219 cm-1, which corresponds to C-N.

3.2.3.2 1H NMR data and

13

C NMR data

The spectra of the intermediates 86, 87, and the oxidizing agent 42 are similar in
their 1H NMR data. In the aromatic region, the intermediate 86 spectrum presents two
signals corresponding to four aromatic protons as same as in intermediate 87. Due to
the location near a carbonyl of the sulfone group, which can withdraw electron density
to C- 1, the highest chemical shift value was attributed to H- 1 in intermediate 86
exhibiting a double of doublet at δH 7. 89 ppm while in intermediate 87, appearing as a
multiplet at δH 7.92 ppm. The remaining protons H-2, H-3, and H-4 were assigned as a
multiplet signal at δH 7. 75 ppm in the intermediate 86 and at δH 7. 72 ppm in the
intermediate 87. In contrast, the aromatic protons of the oxidizing agent 42 were
assigned as a multiplet with δH of 7.76 ppm.
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Table 12. 1H NMR data for intermediates 86, 87 and oxidizing agent 42.

Protons

H-1

86

87

42

δH

δH

δH

7.89, 1H, dd, J =8.0,
1.2

7.92, 1H, m
7.76, 4H, m

H-2,3,4

7.75, 3H, m

7.72, 3H, m

2.23, 1H m
H-5

4.67, 2H, q, J =7.1

2.97, 2H, t, J = 7.4
2.61, 1H, m

H-6

1.53, 3H, t, J =7.1

1.87, 2H, m

1.53, 2H, m

H-7

1.51, 2H, m

1.43, 2H, m

H-8

0.99, 3H, t, J =7.3

0.93, 3H, t, J =7.2

*Values in ppm (δH) relative to (CH3)4Si as an internal reference. J values are in Hz.
** Numbering of atoms was attributed for NMR assignments.

The different number of methylene group (-CH2-) in the intermediates 86 and 87
and in the oxidizing agent 42 are the evidences of the occurred transformations. In
intermediate 86 spectrum, one signal representing two protons of the methylene
appears at δH 4.67 ppm as a quartet due to the effects of the oxygen and methyl group
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protons. The most deshielded methylene protons refer to signals corresponding to H- 5
in intermediate 87 at δH 2.97 ppm as a triplet while for the oxidizing agent 42 appear at
δH 2. 23 and 2. 61 ppm since these protons are affected by the oxygen of the epoxide

group resulting in non- equivalent protons to each other even though they are geminal
protons. The signal protons of two other methylenes appear at δH 1.87 and 1.51 ppm in
intermediate 87 and are slightly different from the signals represented in the oxidizing
agent 42 ( δH values of 1. 53 and 1. 43 ppm) . The signal referring to a methyl group
integrating three protons of intermediate 87 and oxidizing agent 42 appear at δH 0. 99
and 0.93 ppm, respectively, as a triplet owing to two neighboring protons of a methylene
group.

Table 13.

13

C NMR data for intermediates 86, 87and oxidizing agent 42.

86

87

42

Carbons

δc

δc

δc

C-1

123.3

122.4

122.8

C-1a

143.5

139.7

133.6

C-2

134.0

133.8

133.1

C-3

133.3

133.4

131.5
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Table 13.

13

C NMR data for intermediates 86, 87 and oxidizing agent 42. (CONT)

C-4

121.9

123.9

124.9

C-4a

127.1

131.3

132.6

C-5

68.2

30.8

27.1

C-5a

169.1

176.3

85.3

C-6

14.0

27.4

24.6

C-7

22.3

21.2

C-8

13.7

12.7

*Values in ppm (δC) relative to (CH3)4Si as an internal reference.
** Numbering of atoms was attributed for NMR assignments.

The

13

C NMR data of intermediate 86 and 87 reveal signals with the highest

chemical shifts corresponding to Sp2 hybridization carbons at δC-5a 169.1 and 176.3 ppm,
respectively. These chemical shifts are quite higher than common Sp2 hybridization
since these carbons C-5a are directly linked to the electronegative nitrogen atom of the
imine group deshielding the carbon to the highest chemical shift, while the highest
chemical shift observes in the of oxidizing agent 42 pectrum represents the carbons of
the aromatic region (at δC 122.8 -133.1 ppm) since there is no Sp2 hybridization carbon.
Similarly, the 13C NMR data reveal the range of chemical shifts corresponding to carbons
of the aromatic ring of intermediate 86 between δC 121. 9- 143. 5 ppm and δC 122. 4 139. 7 ppm for compound 87. The lowest chemical shifts for intermediate 86, 87 and
oxidizing agent 42 spectra exhibit the values corresponding to methyl group at δC 14.0,
13. 7, and 12. 7 ppm, respectively. Interestingly, the chemical shifts corresponding to
methylene group (-CH2-) of intermediate 86 appear at δC-5 68.2 ppm since this carbon
links to the electronegative oxygen atom. The

13

C NMR data of compound 42 reveals

the highest chemical shifts corresponding to Sp3 hybridization carbon C- 5a ( 85. 3 δC
ppm) since this carbon connects to the oxygen and nitrogen.
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3.3 Evaluation of antibacterial and antifungal activities
The antibacterial and antifungal activities of compounds 82-84 were investigated
by Dr. Paulo Costa at Departmento de Produção Aquática, Instituto de Ciências
Biomédicas Abel Salazar ( ICBAS) , Universidade do Porto, Porto, Portugal and by Dr.
Eugénia Pinto at Laboratório de Microbiologia, Departamento de Ciências Biológicas,
Faculdade de Farmácia, Universidade do Porto, respectively.
The synthetic analogues were screened for antimicrobial activity following the
Clinical and Laboratory Standards Institute protocols. Antibacterial assays against a set
of

bacterial

reference

strains,

Gram- positive ( Staphylococcus

aureus ATCC

25923/Enterococcus faecalis ATCC 29212) and Gram-negative (Escherichia coli ATCC
25922/Pseudomonas aeruginosa ATCC 27853) were performed. For antifungal assays,
several yeasts ( Candida albicans ATCC 10231/ C. krusei ATCC 6258) and molds
( Aspergillus fumigatus ATCC 46645/ Trichophyton rubrum clinical strains)

were

investigated.
None of the intermediates 82- 84 of neofiscalin A ( 32) was active in the
investigated strains for neither antibacterial evaluation (MIC > 64 µg/mL) nor antifungal
evaluation (MIC > 128 µg/mL).
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CHAPTER 4 - CONCLUSIONS

In this dissertation, the synthetic studies towards neofiscalin A (32) based on the
approach to synthetize of fiscalin A (29) were undertaken. The syntheses of protected
amino acids were straightfoward and furnished Nα-Troc-D-tryptophan methyl ester 44 in
99% and N- Cbz- D- alanine- PhNO 2 79 in 86 % yield. Coupling these two amino acids
furnished Nin- D- Cbz- alanyl- N α- Troc- D- tryptophan methyl ester ( 82) in 53 % yield but
difficulties were noted to remove nitrophenol side product. Compound 82 treatment with
iodine yieldied the iodinated compound 83 succesfully. Difficulties with the Buchwald
palladium- catalyzed condensation were overcome with a copper- catalyzed reaction
under microwave irradiation and yielding compound 84 in quantitative yields, surpassing
previous reports.

This last derivative was submitted to oxidation with the Davis’

saccharine- derived oxaziridine 42. Unfortunately, the oxidation reaction could not
furnish the desirable product 88. Compounds 82, 83, and 84, were evaluated for their
antimicrobial activities. None of them was active in the investigated strains which
highlights the importance of the achieving the pyrazinoquinazolinone ring formation.
Nevertheless, the overall results can pave the way to reach neofiscalin A ( 3 2) ,
highlighting the bottlenecks of the pathway followed.
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CHAPTER 5 - MATERIALS AND METHODS

5.1 General methods
- Reagents and solvents were purchased from Sigma Aldrich, and had no further
purification processes.
- Solvents were evaporated using rotary evaporator under reduced pressure,
Buchi Waterchath B-480.
- All reactions were monitored by TLC carried out on precoated plates with 0.2 mm
of thickness using Merck silica gel 60 ( GF254) . The UV light at 254 and 365 nm was
used for observing.
- Purification was performed by flash column chromatography using Merck silica
gel 60 ( 0. 040- 0. 063 mm) and preparative TLC using Merck silica gel HPLC60 RP- 18
(GF254) plates purchased from Merck (Germany).
- Melting points (mp) were measured in a Köfler microscope and are uncorrected.
- Optical rotations were analysed in CHCl3, being c the concentration in g/100 mL
using polarimeter BS+ADP410 at Abel Salazar Biomedical Sciences Institute (ICBAS),
Universidade do Porto.
- Infrared ( IR) spectra were obtained in KBr microplates in a Fourier transform
infrared spectroscopy spectrometer Nicolet iS10 from Thermo Scientific with Smart
OMNI-Transmisson accessory (Software OMNIC 8.3) (cm-1).
- NMR spectra were performed in University of Aveiro, Department of Chemistry,
and were taken in CDCl 3 ( Deutero GmbH) at room temperature on Bruker Avance 300
spectrometer (300.13 MHz for 1H and 75.47 MHz for

13

C).

13

C NMR assignments were

made by 2D ( HSQC and HMBC) NMR experiments ( long- range

13

C- 1H coupling

constants were optimized to 7 Hz).
- High-resolution mass spectrometry by eletrospray ionization (HRMS-ESI) results
were obtained in the services of C.A.C.T.I. (Vigo, Spain).
- Microwave (MW) reactions for compound 84 were performed in glassware open
vessel reactors in a MicroSYNTH 1600 Microwave Labstation from Millestone
( ThermoUnicam, Portugal)

by Dr.

Sara Cravo at Laboratory of Organic and

Pharmaceutical Chemistry, Faculty of Pharmacy, University of Porto and the reactions
for compound 92 were performed glassware open vessel reactors in CEM single mode
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microwave oven, model Discover SP by Dr. Diana Resende at QOPNA, Department of
Chemistry, University of Aveiro.
-

The compounds were considered pure when each one was analyzed by TLC

analysis of two different chromatographic systems and only one spot was detected.

5.2 Synthesis of neofiscalin A intermediates
5. 2. 1 Synthesis of Nα-(2,2,2-trichloroethoxycarbonyl) - D - tryptophan methyl ester
(44)
In a 100-mL round bottom flask, the solution mixture of NaHCO 3 (0.42 g, 5 mmol)
and 10% aqueous NaHCO 3 solution (5 mL) and diethyl ether (10 mL) were cooled to 0
°C and several portions D-tryptophan methyl ester hydrochloride (77) (1.275 g, 5 mmol)
were added over 10 minutes. Then, a solution of 2,2,2-trichloroethyl chloroformate (78)
(1.06 g, 5 mmol) in 5 mL of diethyl ether was added dropwise over 1 hours. The resulting
solution mixture was stirred at rt for 5 hours. The organic layer was washed with brine,
and dried over anhydrous ( Na2SO 4) . Purification by flash chromatography on silica
( ether) gave the brown oil corresponding to Nα- ( 2,2,2- trichloroethoxycarbonyl) - D tryptophan methyl ester (44, 2.11 g 99%).
mp 33-35°C ; [α] D= -46 (c=5, CHCl3); IR (KBr): ѵmax (cm-1) = 3408, 3057, 2953, 1728,
1515, 1457, 1437,1341, 1215, 1126, 1094, 1045, 819, 743; 1H NMR ( CDCl3, 300. 13
MHz): δ = 8.53 (1H,s, H-1), 7.62 (1H, J= 7.9, H-4), 7.35 (1H, dd, J= 8.1, H-7), 7.25 (1H,
t, J=7.6, H-6), 7.18 (1H , t, J= 7.4 H-5), 6.97 (1H,s H-2), 5.89 (1H, d, J= 8.3, H-11), 4.84
(1H, d, J= 12.0,H-12), 4.80 (1H, dd, J=8.2, 5.5, H-9), 4.70 (1H,d, J=12.0, H-12), 3.71
(3H s, H-10), 3.40 (1H, dd, J=14.8, 5.5, H-8), 3.35 (1H, dd, J=14.8, 5.5, H-8);

13

C NMR

(CDCl3, 75.47 MHz): δ =172.7 (C-9a), 154.2 (C-11a), 136.2, (C-7a), 127.4 (C-3a), 123.2
(C-2), 122.2 (C-6), 119.7 (C-5), 118.5 (C-4), 111.1 (C-7), 109.3 (C-3), 95.5 (C-13), 74.6
(C-12), 54.9 (C-9), 52.6 (C-10), 27.9 (C-8)
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5.2.2 Synthesis of N-benzyloxycarbonyl-D -alanine-p-nitrophenyl ester (79)
In a 250-mL round bottom flask, N-benzyloxycarbonyl- D-alanine 80 (1.25 g, 5.5
mmol), p-nitrophenol 81 (0.825 g, 6 mmol) and 50 mL EtOAc were placed. The solution
mixture was cooled to 0 °C and DCC ( 1. 15 g, 5. 5 mmol) in 5 mL of EtOAc was added
dropwise. The solution was stirred at 0 °C for 2 hours and was left in the refrigerator
overnight. The white precipitate formed was filtered and the filtrate was then washed
successively with solutions of 5% Na2CO3, 5% HCl, and 5% NaCl and dried over
anhydrous Na2SO 4. The resulting solution was concentrated by rotary evaporation until
2. 5 mL remained. The concentrated solution was added dropwise to a 50 mL of
petroleum ether to form a white solid. The product thus obtained was filtered to give 1.63
g (86%) of a white solid corresponding to N-benzyloxycarbonyl- D-alanine-p-nitrophenyl
ester (79).
mp 221-223°C ; [α]D= -58 (c=5, CHCl3); IR (KBr): ѵmax (cm-1) = 3296, 1770, 1688, 1554,
1522, 1489, 1343, 1287, 1266, 1209, 1196, 1160, 1134, 1108, 1079, 1068, 738; 1H NMR
(CDCl3, 300.13 MHz): δ = 8.27 (2H, d, J=9.0, H-3”,5”), 7.36 (5H, s, H-5’,6’,7’,8’,9’), 7.28
(2H, d, J=9.0, H-2’’,6’’), 5.30 (1H, d, J=6.8, H-3’), 5.14 (2H, s, H-4’), 4.62 (1H, m, H1’),1.60 (3H, d, J= 7.2, H-2’);

C NMR (CDCl3, 75.47 MHz): δ = 170.9 (C-1a’), 155.7

13

(C-3a’), 155.0 (C-4”), 145.5 (C-1”) 135.9 (C-4a’), 128.6 (C-6’,8’),128.3 (C-7’) 128.1 (C5’,9’), 125.2 (C-3”,5”), 122.2 (C-2”,6”), 67.2 (C-4’), 49.9 (C-1’), 18.1 (C-2’)

5.2.3 Synthesis of Nin-D-Cbz-alanyl-Nα-2,2,2-trichloroethoxycarbonyl-D -tryptophan
methyl ester (82)
In a dry 50- mL round bottom flask added with a solution of 44 ( 0. 595g, 1. 511
mmol) in CH3CN ( 4 mL) was added p- nitrophenyl N- Cbz- D- alanine ( 79) ( 0. 78 g, 1. 5
mmol), 18-crown-6 (0.340 g, 1.511 mmol), anhydrous KF (0.176 g, 3.022 mmol), and (iPr)2NEt (0.26 mL, 1.511 mmol). The reaction mixture was sonicated for 30 minutes and
then stirred at rt overnight. The reaction mixture was diluted with EtOAc and filtered
through a pad of Celite. Flash chromatography on silica gel ( CHCl3: acetone, 100: 2)
gave 0. 48 g ( 53% ) of a light- yellow oil corresponding to Nin- D- Cbz- alanyl- Nα- 2,2,2trichloroethoxycarbonyl-D-tryptophan methyl ester (82).
79

mp 64-67°C ; [α]D= -62 (c=5, CHCl3); IR (KBr): ѵmax (cm-1) = 3338, 3033, 2954, 1701,
1526, 1455, 1403, 1369, 1219, 1093, 1047, 818, 751, 697; 1H NMR ( CDCl3, 300. 13
MHz): δ = 8.43 (1H, d, J=7.9, H-7), 7.53 (1H, d, J=7.1, H-4), 7.53 (1H, d, J=7.1, H-2),
7.33 (7H, m, H-5,6,5’,6’,7’ ,8’,9’) , 5.98 (1H, s, H-11), 5.96 (1H, s, H-3’ ), 5.16 (1H, m,
H- 1’ ) , 5. 13 ( 2H, s, H- 4’ ) , 4. 81 ( 1H, d, J= 7. 7, H- 12) , 4. 78 ( 1H, s, H- 9) , 4. 66 ( 1H, d,
J=12.0, H-12), 3.72 (1H, s, H-10), 3.32 (1H, dd, J=14.8, 5.2,H-8), 3.20 (1H, dd, J=14.8,
6.1, H-8), 1.54 (3H, d, J= 6.9, H-2’);

C NMR (CDCl3, 75.47 MHz): δ = 171.3 (C-9a),
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170.7 (C-1a’), 155.5 (C-3a’), 153.8 (C-11a), 135.9 (C-7a), 135.7 (C-4a’), 130.2 (C-3a),
128.3 (C-5’,9’), 128.0 (C-7’), 127.8 (C-5), 124.0 (C-6), 122.4 (C-2), 121.8 (C-6’,8’ ),
118.6 (C-4), 117.7 (C-3), 116.7 (C-7), 95.1 (C-13), 74.3 ( C-12),66.9 (C-4’), 53.9 (C-9),
52.5 (C-10), 49.3 (C-1’), 27.5 (C-8), 19.2 (C-2’); HRMS-ESI m/z calc for C26H27Cl3N 3O 7
[M+H]+ 598.09091, found: 598.08875.

5.2.4 Synthesis of Nin- D-Cbz-alanyl-2-Nα-2,2,2-trichloroethoxycarbonyl-2-iodo- D tryptophan methyl ester (83)
In a dry 50- mL round bottom flask was placed 82 ( 1. 1487 g, 1. 918 mmol) , Hg(OTFA) 2 (1.0638 g, 2.4934 mmol) in dry CH2Cl2 (16 mL) and stirred at rt for 1.5 hour.
The solution was then washed with aqueous saturated KI solution, dried (Na2SO4), and
treated with iodine ( 0. 730 g, 2. 877 mmol) added in one portion. The solution mixture
was stirred at rt for 3 hours. A red precipitate was formed and filtered off. The filtrate
was washed with aqueous Na2S 2O3, dried with anhydrous Na2SO4 and was evaporated
at reduced pressure. Purification by flash chromatography on silica ( 100: 0. 2 CH2Cl 2:
gave to yellow oil corresponding to Nin- D- Cbz- alanyl- 2- Nα- 2,2,2-

EtOH)

trichloroethoxycarbonyl-2-iodo-D-tryptophan methyl ester (83, 0.71 g, 51%).
mp 46-49 °C ; [α]D= -54 (c=5, CHCl3); IR (KBr): ѵmax (cm-1) = 3346, 2952, 1725, 1522,
1448, 1348, 1250, 1212, 1093, 1046, 747, 698; 1H NMR (CDCl3, 300.13 MHz): δ = 8.01
(1H, d, J=7.7, H-7), 7.58 (1H, d, J=7.7, H-4), 7.34 (7H, m, H-5, 6, 5’, 6’, 7’, 8’, 9’), 5.83
(1H, m, H-1’), 5.76 (1H, d, J=8.5, H-11), 5.15 (2H, d, J= 6.0 H-4’), 4.75 (1H, m,H- 9),
4.70 (1H, d, J=12, H-12), 4.63 (1H, d, J=12, H-12),3.74 (1H,s, H-3), 3.68 (3H, s, H-10)
3.29 (2H, dq, J=14.3, 6.8, H-8), 1.39 (3H, d, J=6.8, H-2’);

C NMR (CDCl3, 75.47 MHz):
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δ = 174.2 (C-1a’), 171.4 (C-9a), 155.8 (C-3a’), 153.8 (C-11a), 138.4 (C-7a), 136.1 (C80

4a’), 129.6 (C-3a), 128.6 (C-5’,9’), 128.5 (C-2), 128.2 (C-7’), 128.1 (C-6’,8’), 126.2 (C3),125.4 (C-5), 123.6 (C-6), 118.6 (C-7), 114.4 (C-4), 95.2 (C-13), 74.6 (C-12), 67.2,
(C-4’), 53.6 (C-9), 53.0, (C-10), 52.4 (C-1’), 31.3 (C-8), 18.9 (C-2’) ; HRMS-ESI m/z
calc for C26H26Cl3IN 3O7 [M+H]+ 723.98755, found: 723.98444.

5.2.5 Synthesis of methyl (αR,2R)-2,3-dhydro-2-methyl-3-oxo-1-[(phenylmethoxy)
carbonyl]-R-[[(2,2,2-trichloroethoxy)carbonyl]-amino]-1H-imidazo[1,2-a]indole-9propanoate (84)
In a two neck round bottom flask was added 83 (0.4896 g, 0.676 mmol), CuI (27
mg, 0.2704 mmol), and finely ground anhydrous K2CO3 (122 mg, 0.8788 mmol) in dry
toluene (5 mL). The mixture was submitted microwave irradiation 500W at 105 °C for 3
hours under N2. The solution was cooled and washed with aqueous NH4Cl until the
aqueous phase did not showed a blue color. Evaporation of the organic phase would
give 0.35 g (97%) as a dark brown oil corresponding to methyl (αR,2R)-2,3-dihydro-2methyl-3-oxo-1-[(phenylmethoxy)carbonyl]-R-[[(2,2,2-trichloroethoxy)carbonyl]-amino]1H-imidazo[1,2-a]indole-9-propanoate (84).
mp 41- 44 °C ; [ α] D= - 54 ( c= 5, CHCl3) ; IR ( KBr) : ѵmax ( cm- 1) = 3361, 2953, 1732,
1632,1525, 1467,1478, 1417, 1314, 1263, 1212, 1144, 1094, 1043, 749, 698; 1H NMR
(CDCl3, 300.13 MHz): δ =7.88 (1H, d, J =7.8, H-7), 7.54 (1H, d, J = 7.7, H-4), 7.42 (5H,
m, H-5’,6’,7’,8’,9’),7.35(2H,m, H-5,6), 5.35(2H, m, H-4’), 4.78 (1H, dq, 6.6, 4.3, H-1’),
4.68 (1H, d, J = 12, H-12), 4.60 (H, m,H-9), 4.52 (1H, d, J =12, H-12), 3.78 (3H, s, H10), 3.74 (1H,s H-11), 3.25 (1H, dt, J =9.7, 3.8,H-8), 3.36 (1H, dd, 14.3, 4.2, H-8), 1.68
(3H, d, J =7, H-2’ ) ;13C NMR (CDCl3, 75. 47 MHz) : δ = 172. 2 (C- 9a), 165. 5 (C- 1a’ ) ,
154.4 (C-11a), 151.6 (C-3a’), 136.6 (C-2), 136.2 (C-3a),135.2 (C-7a),134.6 (C-4a’),
129.0 (C-7’), 128.9 (C-5’,9’), 128.5 (C-6’,8’), 127.1 (C-3), 125.2 (C-5), 123.9 (C-6),
118.6 (C-4),113.3 (C-7), 95.7 (C-13), 74.2 (C-12), 69.2 (C-4’), 62.8 (C-1’), 53.5(C-9),
52. 6( C- 10) , 26. 5 ( C- 8) , 17. 5 ( C- 2’ ) ; HRMS- ESI m/ z calc for C26H25Cl3N3O7 [ M+ H] +
596.07526, found: 596.07338.
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5.2.6 Synthesis of oxidizing agent: Davis’ saccharine-derived oxaziridine
5.2.6.1 Synthesis of 3-ethoxy-1,2-benzisothiazole 1,1-dioxide (86)
In a dry 500- mL round bottom flask were placed saccharin ( 85) 5. 49 g ( 0. 030
mol) and PCl5 ( 8. 0 g 0. 039 mol, 1. 3 equiv) . The contents were gently heated with
magnetic stirring and the mixture was melted at 90°C. The mixture contents were
continued to heat until 175 °C and was stirred for an additional 1.5 hour. The POCl3 was
removed by suction. The remaining crude 3-chloro-1,2-benzisothiazole 1,1-dioxide was
treated with 400 mL of absolute ethanol. The temperature of the reaction mixture was
then increased to 175 °C and was refluxed for 1 hour. The solution was filtered, the
filtrate was cooled in an ice bath to give 2.77 g (44%) of a white solid which was collected
by filtration corresponding to 3-ethoxy-1,2-benzisothiazole 1,1 -dioxide (86).
mp 222-226.°C ; [α] D= 4 (c=5, CHCl3); IR (KBr): ѵmax (cm-1) = 3090, 2990, 1613, 1480,
1416, 1389, 1350, 1327, 1272, 1179, 1163, 1118, 1056, 1009, 938, 860, 786, 774; 1H
NMR (CDCl3, 300.13 MHz): δ = 7.89 (1H, dd, J=8.0, 1.2, H-1), 7.75 (3H, m, H-2,3,4),
4.67 (2H, q, J=7.1, H-5), 1.53 (3H, t, J=7.1, H-6);

C NMR (CDCl3, 75.47 MHz): δ =
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169.1 (C-5a), 143.5 (C-1a), 134.0 (C-2), 133.3 (C-3),127.1 (C-4a), 123.3 (C-1), 121.9
(C-4), 68.2 ( C-5), 14.0 (C-6).

5.2.6.2 Synthesis of 3-n-butyl-1,2-benzisothiazole 1,1-dioxides (87)
Method A: In a dry 250-mL round bottom flask, 2.745 g (0.015 mole) of saccharin
(85) in 125 mL of freshly distilled THF was placed. The solution was stired under N2 and
was cooled to -78 °C in a dry ice-acetone bath. Two equiv (0.030 mol) of the butyl lithium
reagent were carefully added by syringe. The reaction was stirred at -78 °C for additional
4 hours and the reaction mixture was warmed to room temperature and was left
overnight. Then 50 mL of water were added. The aqueous phase was extracted with
100 mL of diethyl ether. Combined organic layers were washed successively with 10%
HCl, 10% NaHCO3, water and dried over anhydrous Na2SO4.

The solution was

evaporated by rotary evaporator and was purified by flash column chromatography with
chloroform as an eluent yielding 2. 02 g ( 60% ) of a white solid corresponding to 3- nbutyl-1,2-benzisothiazole 1,1-dioxides (87).
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Method B: In a dry 250- mL round- bottom flask, 0. 5207 g ( 2. 465 mmol) of
compound 86 in 50 mL of dry THF was placed. The solution mixture was stirred under
N2 and was cooled to -78 ºC in a dry ice-acetone bath. 1.3 Equiv of buthyl organolithium
reagent were carefully added by syringe. The reaction mixture was stirred for 4 h. A 5
mL saturated NH4Cl solution was added to the reaction mixture. After warming to the
room temperature, 75 mL of ethyl ether were added, and the organic phase was washed
with saturated NaCl solution and dried over anhydrous Na2SO4. Removal of the solvent
by rotary evaporator gave a white solid, which then was crystallized from absolute
ethanol to yield 0. 45. g ( 81% ) as a white solid corresponding to 3- n- butyl- 1,2benzisothiazole 1,1-dioxides (87).
mp 92-94°C ; [α] D= -16 (c=5, CHCl3); IR (KBr): ѵmax (cm-1) = 3092, 3066, 3021, 2962,
2931,2873, 2856, 1603, 1559, 1467, 1454, 1415, 1393,1332, 1278, 1221,1171, 1131,
1042, 1004, 956, 846, 769, 737; 1H NMR (CDCl3, 300.13 MHz): δ = 7.92 (1H, m, H-1),
7.72 (3H, m, H-2,3,4) , 2.97 (2H, t, J= 7.4, H-5) , 1.87 (2H,m H-6) , 1.51 (2H, m), 0. 99
(3H, t, J=7.3, H-8);

C NMR (CDCl3, 75.47 MHz): δ =176.3 (C-5a), 139.7 (C-1a), 133.8
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(C-2),133.4 (C-3),131.3 (C-4a), 123.9 (C-4), 122.4 (C-1), 30.8 (C-5), 27.4 (C-6), 22.3
(C-7), 13.7 (C-8).

5.2.6.3 Synthesis of 3-n-butyl- 1,2-benzisothiazole 1,1-dioxide oxides (42)
In 500-mL round bottom flask was placed 6 mmol of the intermediate 87 in 90 mL
of CH2Cl2 and 90 mL of saturated K2CO3 solution. The reaction mixture was stirred
vigorously. A solution of 1. 5531 g ( 9 mmol) of 95% m- CPBA in 60 mL of CH2Cl2 was
added dropwise over 10 minutes into the mixture. The progress of the reaction was
monitored by TLC using CH2Cl2. The Rf of the oxaziridine 42 was greater than the imine
87. When the reaction was completed, the organic phase was separated and washed
successively with aqueous Na2SO4, NaHCO3, and saturated NaCl, and dried over
anhydrous Na2SO4. The solution was evaporated and the solid thus obtained was
crystallized from absolute ethanol to yield 1. 13 g ( 79% ) as a white solid corresponding
to 3-n-butyl-1,2-benzisothiazole 1,1-dioxide oxides (42).
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mp 76-78 °C; [α] D= -32 (c=5, CHCl3); IR (KBr): ѵmax (cm-1) = 3071, 2960, 2024, 2852,
1790, 1765, 1574, 1427, 1219, 1100, 1074, 1011, 812, 7560, 722; 1H NMR ( CDCl 3,
300.13 MHz): δ = 7.76 (4H, m, H-1,2,3,4), 2.61 (1H, m,H-5), 2.23 (1H, m,H-5), 1.53
(2H, m, H-6), 1.43 (2H, m, H-7), 0.93 (3H, t, J=7.2, H-8); 13C NMR (CDCl3, 75.47 MHz):
δ = 133. 6 ( C- 1a) , 133. 1( C- 2) , 132. 6 ( C- 4a) , 131. 5 ( C- 3) , 124. 9 ( C- 4) ,122. 8
(C-1), 85.3 (C-5a), 27.1(C-5), 24.6 (C-6), 21.2 (C-7), 12.7 (C-8).
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