National Libra
I*‘ of Cl,anada; i

Acquisitions and

Bibliothégqu> ationale
du Canada

Direction des acquisitions et

Bibliographic Services Branch  des services bibliographiques

395 Wellington Street
Otiawa, Onlano
K1A ON4 K1A QN4

The author has granted an
irrevocable non-exclusive licence
allowing the National Library of
Canada to reproduce, loan,
distribute or sell copies of
his/her thesis by any means and
in any form or format, making
this thesis available to interested
persons.

The author retains ownership of
the copyright in his/her thesis.
Neither the thesis nor substantial
extracts from it may be printed or
otherwise reproduced without
his/her permission.

395, rue Wellingion
Cttawa (Ontano)

Your e Voire reférenco

Our g Notre reference

L'auteur a accordé une licence
irrévocable et non exclusive
permettant a [a Bibliotheque
nationale du Canada de
reproduire, préter, distribuer ou
vendre des copies de sa these
de quelque maniére et sous
quelque forme que ce soit pour
metire des exemplaires de cette
théese a Ila disposition des
personnes intéressées.

L'auteur conserve la propriété du
droit d’auteur qui protege sa
thése. Ni la thése ni des extraits
substantiels de celle-ci ne
doivent étre imprimés ou
autrement reproduits sans son
autorisation.

ISBN 0-612-15602-8

- Canada



= UNIVERSITE D’OTTAWA
UNIVERSITY OF OTTAWA



* T x

Dedicated to the loving memory of my parents



* There is no problem that will stand
the assault of sustained thought.”

Voltaire

“Do not follow where the path may lead.
Go instcad where there is no path
and leave a trail.”

R. Zaphiropoulos

“Deal with the task at hand and
all else witl fall into place.”

Anon. (RC)



ACKNOWLEDGHMENTS

I would like to thank Professors Tony Durst. Thor Arnason, and the University of Ottawa for financial
support during my graduate studies.

The services provided by Dr. C. Bensimon (X-Ray and clemental analysis), Dr. C. Kazakoff (mass
spectrometry), Dr. G. Facey (NMR) and Mr. R. Capoor (NMR) arc gratefully acknowledged.

I thank tmy family for their unending support. This thesis would have never been completed without their
constant encouragement. Special thanks go 1o my sisters Jean and Helen for remembering me when they got that
“long distance feeling™, and my brother Allan for being an excellent role model and his steadying influence. 1
would also like to thank the McKeough family for their support and encouragement, especially since the death of
my parents.

I thank Yvonne Lear for proof-reading parts of this thesis. My trusted colleague Dr. Robert Ben is
acknowledged for his suggestions, comments and criticisms over the years, but mostly for his fricndship that has
continued to survive the west of time and distance.

Finally, I thank Karen for her support, understanding and paticnce, particularly during the writing of this

thesis.



TABLE OF CONTENTS

ACKNOWLEDGMENTS

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF ABBREVIATIONS AND SYMBOLS.

ABSTRACT.

CHAPTER 1: Introduction
1.1 Isolation, Structure Elvcidation and Biological Actvity of Lysergic Acid
1.2 Previous Syntheses of Lysergic Acid
1.2.1 - Komfeld-Woodward Synthesis
1.2.2 - Rebek’s Synthesis
1.2.3 - Vollhardt’s Synthesis

References

CHAPTFR 2: Ortho-Quinodimethanes

2.1 Introduction

22 Electrocyclic Ring Opening of Benzocyclobutenes

23 1,4-Elimination of ¢’ -Disubstituted o-Xylenes

24 Extrusion Reactions

25 Photoenolization and Pholorearrangement

26 Synthetic Applications of o-Quinodimethanes
2.6.1 - Estrones
2.6.2 - Podophyllotoxin

27 Retrosynthetic Analysis of Ergot Alkaloids

References

ii

i

xii

10
1
12
12
14
14
15
15

18



CHAPTER 3: Initial Approaches
3.1 Formation of Indole Ring
3.2 Mechanistic Studies on the Formation of Sulfide 4
33 Probing Regioselectivity of 3-Nitro-o-CQuinodimethanes
34 Experimental
References
CHAPTER 4: Indole Approach
4.1 Introduction
42 Indole - Sulfonium Salt Approach
43 Indoline - Sulfonium Salt Approach
44  Experimental
References
CHAPTER 5: Oxindole-Sulfonium Salt Approach
5.1 Introduction
5.2 Oxindole - Ester Approach
53 Oxindole - Acid Approach
54 Oxindole - Anhydride Approach
55 Experimental
References

30
39

47

86
87
94
95
103

111



CHAPTER 6: Sultine Approach
6.1 Iniroduction
62 Indole - Sultine Approach
6.3 Indoline - Sultine Approach
6.4 Experimental

CHAPTER 7: Studies on the Reductions of Oxindoles
7.1 Inwroduction
72 3-Thiomethyl-4-carbocthoxy-2-oxindole
73 1,3-Dimethyl-3-thiomethyl-4-carbocthoxy-2-oxindole
74 1-Mcthyl-3-thiomethyl-4-carboethoxy-2-oxindole
1.5 3-Mecthyl-3-thiomethyl-6-carbocthoxy-2-oxindole
7.6 3-Thiomethyl-7-carboethoxy-2-oxindole
7.7 Conclusions
7.3 Experimental
References

CHAPTER 8: Non-Reductive Desulfenation of 3-Thioalkyl-2-Oxindoles
8.1 Introduction
8.2 Study of the Reaction Mechanism and Design of a Reagent Pair

- 33 Scope of the Reaction
34 Experimental
References
© CHAPTERY9: Pholochemically Generated Bicyelic ortho-QulnodimethQne

8.1 Introduction
%2 Photoenolization Strategy 10 3

B

136
136
137
140
144
148
152
157

174

175
176

178

180

193

194

194

v



9.3 Other Bicyclic Aldehydes 197

9.4 Synthesis of Bicyclic Ketones 202
9.5 Trapping of Photocnols 204
9.6 Experimental 211
References 246

CHAPTER 10: Synthesis of New Sulfur-Containing Heterocycles and the Thermal Generation of  Bicyclic

ortho-Quinodimethanes
10.1  Introduction 247
102  Studies on the Synthesis of Bicyclic Sulfones 1, 6, and 7 247
10.2.1 - Synthesis of Tricyclic Sulfonc 6 248
10.2.2 - Synthesis of Tricyclic Sulfone 7 250
10.2.3 - Auempted Synthesis of Tricyclic Sullone 1 251
10.3  Synthesis of Tricyclic Sultines 255
10.4  Thermal Generation of Bicyclic o-éuinodimcthancs 262
10.5  Conclusions and Suggestions for Future Rescarch | 263
10.5.1 - Tricyclic Sultines 263
10.6  Experimental 266
References 283

CHAPTER 11: Solid State NMR Study of a Weinreb Amide

11.1  Introduction 284
112  Synthesis of Weinreb Amides 7, 8, and 9 285
113 >CCP/MAS Study of Amide 8 289
114  Conclusions 299
115  Experimental 301

References 310



APPENDIX 1
X-Ray Data for 4-Pentafluorchenzoyl-1(H)-2,3-dihydroindene 31
APPENDIX II

X-Ray Data for N-Mcthoxy-N-methyi-1.2.3,4-tetrahydronapthyl-S-carboxamide 327



Figurs3.1
Figure 3.2
Flgure 33
Figure 3.4
Flgure 3.5
Figure 3.6
Figure 3.7
Figure 4.1
Figure 4.2
Figure 43
Flgure 5.1
Flgure 52
Figure 5.3
Figure 54
Figure 3.5
Flgure 5.6
Figure 6.1
Figure 62
Figure 6.3
Figure 6.4
Figure 6.5
Figure 6.6
Figure 7.1
Figure 7.2

LiST OF FIGURES

200 MHz 'H-NMR Spectrum of Nitro-Sulfide 4 in CDCl,
200 MHz 'H-NMR Spectrum of Nitro-Suifone 5 in CDCly
200 MHz "H-NMR Spectrum of Amino-Sulfone 11 in CDCl,
500 MHz COSY Spectrum of Sultine 44b in CDCl,

500 MHz COSY Spectrum of Sultine 44a in CDCl,

200 MHz 'H-NMR Spectrum of Cycloadduct 47 in CDCl,
PM3 Calculated HOMO of 3-Nitro-0-Quinodimethane
200 MHz 'H-NMR of Benzylic Iodide 15 in CDCl,

200 MHz '"H-NMR Spectrum of Indoline 25 in CDCl,

500 MHz 'H-NMR Spectrum of Indole 11 in CDCl,

200 MHz 'H-NMR Spectrum of Oxindole 11 in CDCl,
200 MHz 'H-NMR Spectrum of Oxindole 14 in CDCl,
500 MHz 'H-NMR Spectrum of Oxindole 19 in CDCl,
200 MHz *H-NMR Spectrum of Indole 24 in CDCl,

200 MHz "H-NMR Spectrum of Alcohol 8 in CDCl,

200 MHz "H-NMR Spectrum of Iodide 28 in CDCl,

500 MHz '"H-NMR Spectrum of Hydroxy-Sulfoxide 6 in CDCl,

500 MHz *H-NMR Spectrum of Chloro-Sulfone 11 in CDCl,

Bond/No-Bond Resonance Structures of Products from Fragmentation of 14
Bond/No-Bond Resonance Structures of Products from Fragmentation of 13

500 MHz 'H-NMR Spectrum of Hydroxy-Sulfoxide 19 in CDCl,

500 MHz 'H-NMR Spectrum of Chloro-Sulfone 21 in CDCI,
500 MHz *H-NMR Spectrum of Oxindole 17 in CDCl,

200 MHz 'H-NMR Spectrum of Oxindole 18 in CDCl,

43
45
47
70
74
76
89
91
93

97

102
114
116
118
119
121
122

141

via



Figure 7.3
Figure 7.4
Figure 7.5
Flgure 7.6
Flgure 9.1
Flgure 9.2
Figure 9.3
Figure 9.4
Figure 9.5
Figure 9.6
Figure 10.1
Figure 102
Figure 10.3
Fipure 104
Figure 10.5
Flgure 11.1
Figure 1.2
Figure 11.3
Figure 11.4

Figure 11.5

Figure 11.6
Figure 11.7
Figure 11.8
Figure 119
Figure 11.10

Figure 11.11

200 MHz 'H-NMR Spectrum of Oxindole 19 in CDCl,
500 MHz 'H-NMR Spectrum of Oxindole 22 in CDCl,
500 MHz 'H-NMR Spectrum of Oxindole 24 in CDCl,
500 MHz 'H-NMR Spectrum of Oxindole 25 in CDCl,
200 MHz '"H-NMR Spectrum of Aldchyde 5 in CDCl,
200 MHz 'H-NMR Spectrum of Aldehyde 9 in CDCl,
200 MHz 'H-NMR Spectrum of Aldchyde 10 in CDCly
500 MHz 'H-NMR Spectrum of Sulfone 27 in CDCl,

500 MHz 'H-NMR Spectrum of Cycloadduct 38 in CDCl,
500 MHz '"H-NMR Spectrum of Cycloadduct 39 in CDCl,
500 MHz 'H-NMR Spectrum of Sulfone 6 in CDCl,

500 MHz "H-NMR Spectrum of Sulfone 7 in CDCl,

500 MHz 'H-NMR Spectrum of Hydroxy-Sulfide 20 in CDCI,
500 MHz 'H-NMR Spectrum of Sultine 34 in CDCl,

500 MHz '"H-NMR Spectrum of Sultine 35 in CDCl;

500 MHz "H-NMR Spectrum of Amide 7 in CDCly

500 MHz 'H-NMR Spectrum of Amide 8 in CDCl;

N0 MHz 'H-NMR Spectrum of Amide 9 in CDCl;

500 MHz HMQC Spectrum of Amide 8 in CDCl,

a) 50 MHz "C Dipolar Dephased Spectrum of Amide 8
b) 50 MHz °C CP/MAS Spectrum of Amide 8

31 MHz *H-NMR Spectrum of Amide 15 at Various Temperatures
Plot of Signal Splitting vs Temperature

Plot of Ln T, vs 1000/T for Amide 8

ORTEP of Amide 8

50 MHz **C CP/MAS Spectrum of Acid 2

31 MHz *H-NMR Spectrum of Acid 14 at Various Temperatures

145
147
149
151
196

199

01

262

287

290

291

294

295

297
298

300



Table 8.1

LIST OF TABLES

Summary of Non-Reductive Desulfenation Results

179

ix



LIST OF ABBREVIATIONS AND SYMBOLS

Ac acetyl

Ar aryl

Bn benzy!

Bu butyl

BOC butyloxycarbonyl

Bz benzoyl

°C degrees Celsius

Calc: caiculated

Cl chemical ionization
DMAP 4-dimcthylaminopyridine
DMF dimethyl formamide

El clectron impact

<q. equivalents

b hours

Hz Henz

HRMS high resolution mass spectrum
IR infrazed

J coupling constant

LDA lithium diisopropylamide
LHMDS lithium hexamethyldisilizane
m | multiplet

M molar

M~ parent molecular ion

m/z mass/charge ratio

mCPBA meta-chloroperbenzoic acid



mmol

mp

MS

NBS

PDC

Ph

PMB

ppm

TBAF

TBDMS

tc

TMEDA

Ts

minutes

millimolcs

melting point

mass spectrum
mcthanesulfonyl
N-bromosuccinimide
nuclear magnetic resonance
pyridinium dichromate
pentafluorophenyl
phenyl
para-mcthoxybenzyl

parts per million

tetrabutylammonium fluoride

tert-butyldimethylsilyl
triethylamine
tetrahydrofuran

thin layer chromatography
tetramethylethylenediamine
trimethylsilyl

oluenesulfonyl

xi



xii

ABSTRACT

Chapters 3-6 outline anempts 0 gencrate a tri-fused sulfone and sulting svitable as an ortho-
quinodimethane precursor that could be used in a novel synthesis of lysergic acid. Several penultimate
intermediates were prepared and characterized, but in no cascs were the final steps successful. A number of
approachcs centered on the use of a sulfonium sait as an intermediate.  Atempled activation 3-thiomethyl-4-
hydroxymethyl indole with methanesulfony! chloride and tricthylamine did not result in the formation of a tricyclic
sulfide. The planar geomeltry of the indolc and the inability of the sulfur, clecurophilic center and leaving group 1o
align with the geometry nccessary for an Sx2 pathway was suspected o be responsible.  Attempls o prepare 3-
thiomethyl-4-hydroxymethyl-2,3-dihydroindole were not successful.  3-Thioalkyl indolines (2,3-dihydroindole)
were found o be quite reactive materials, readily loosing the thiomethy! group and forming indoles. A mechanism
that involves nitrogen assistance and proceeds through an 1-aza-1,3-diene is proposed to account for this
conversion.

Auempted cyclization of 4-hydroxymethyl-3-thiomethyl-2-oxindole under basic conditions did not afford
the desired tricycle and resulied in complim;cd reaction mixtures. Activation under acidic conditions (HI) resulted
in dethiomethylation of the oxindole. This reaction led to the development of a mild, non-reductive method for the
desulfenylation of 3-thioalkyl-2-oxindoles. Optimium conditions were found when the reagent pair TsOH and PPhs
were used.

Attempted cyclization of 3-thiobenzyl-4-hydroxymethylindole-S-oxide with NCS and $0,Cl, did not result
in the formation of a tricyclic sultine. The new target was expected to be less strained and therefore remove some
of the problems assoc:awd with the failure (o prepare a tricylic sulfoue. However, sultine formation also proved to
be probiematic. All the difficulties were believed to be due to the electron donating ability of the nitrogen, and and
aromati¢ ring sysiem. A mechanism to account for the formation of 2 bicyclic chloro-sulfone rather than a tricyclic
sultine is proposed.

Factors influencing the metal hydride mediated reduction of pendant ester groups of 3-ihiomethyl-2—
oxindolcs were probed by preparing a number of oxindole derivatives. All compounds prepared differed only in the

position of the ester group, and the alkyl substitution at the 1 and 3 position. It was found that if the oxindoles
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have a proton @ to the oxindole carbonyl. then reduction of the pendant ester occurs first. If a proton is available at
C3, then deprotonation occurs. If this center is ortho or para (o the benzoate, then initial reduction is difficult, and
over-reduction is common. For 1.3-dimethyl-3-thiomethyl-2-oxindoles, a different pathway is followed.  Initial
reduction of the oxindole carbonyl scems 10 occur first in this case. The intermediate hemi-aminal which resuls
from the first hydride addition to the carbonyl may follow a number of pathways, An unusual rearrangement of the
thiomethyl group from the 3 to 2 position was also observed. Mechanism to explain these transformations ane
proposed.

Finally, bicyclic ortho-quinodimethanes were prepared via two routes, New routes to a series of bicyclic
carboxaldchydes followed by photo-cnolization led to bicylic ortho-quinodimethanes which were trapped with a
serics of dienophiles. An ionic route was also developed that led to the suceessful preparation of a 6-6-6 and a 6-6-
7 wricyclicsulfone. Chelotropic expulsion of SO, led to ortho-quinodimethanes.

Finally, the opporwnity of explore the solid state mobility of N-methoxy-N-methyl-1,2.3,4-
tetrahydronapthylcarboxamide presenied itself. This compound was found 10 cxhibit considerable mobility in the
solid state. A cyclohexene-type inversion was found to take place with an apparent activation energy of 12.3
kJ/mol. An analogue which was di-deuterated at the 3 position was also prepared, and broad line H-NMR used 10
study its mobility. The corresponding acid was also found to be mobile, but with only limited mobility at higher
temperatures. Although the dipolar dephased spectrum of the acid suggesiced that it was quite rigid, examination of
the change in line shape of the deuterated analogue at higher temperatures suggests that there is some, albeit
limited, mobility. An single crystal X-Ray diffraction study also supports the mobility of the amide. The crystal

packing of the unit cell is believed to be responsible for this mobility.



Chapter 1 - Introduction

1.1 Isolation, Structure Elucidation and Biological Activity of Lysergic Acid
Lysergic Acid (1) belongs 10 a large class of natural products known as ergot alkaloids. The term

crgot is used to describe the filamentous fungus, Claviceps purpurea (Fries) Tulasne, which grows

parasitically on the ripening cars of ryc in place of the ryc grains. Ergot was responsible for outbreaks of

cpidemics known as St. Anthony's Fire when rye, infested by the fungus, was used to make bread'=,

COR
8

10|

‘ 3 N\Me
H
|

HN
1

1, R=0OH
2; R=NEt2
Lysergic acid (1) was first isolated by basic hydrolysis of ergot alkaloids™®. The structure was
cstablished using degradative studies*® and physical measurements™®. The relative stereochemistry was
assigned by observing that hydrogenation of the A*'® double bond of 1 yiclded only one stercoisomer,
indicating that the carboxylic group at C-8 and the proton at C-5 arc on the same side of the molecule,
thus screcning one side of the double bond''. In the case of isolysergic acid, which has the opposite
configuration at C-8, two isomers were obtained when it was subjected to similar  hydrogenation
conditions. The absolute stereochemistry was later deduced by analysis of rotation-dispersion curves'® and
chemical degradation to an amino acid of known configuration'.
Lysergic acid and some of it dcﬁvau'vcs. particularly lysergic acid diethylamide (LSD) 2 have
enjoyed rich historics concerning their biological activity. As pointed out by Hofmann in an early review

of ergot alkaloids'*, there were more then 1000 reports on the pharmacological effects of LSD in the 20
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vears following its preparation.  All ergot alkaloids display the same biological cffects to some degiee.
The principal effects arc: uterolonic action, increasc or decrease in blood pressure, induction of

hypothermia and emesis, and control of the secretion of pituitary hormones, A number of reviews have

appeared dealing with this subject’ '*,

N
D H
I 0 NH E{Et
Br CH20H
\ NMe
H
MeN |
3 4
0O NH,l_ Q/
I A
NH H CH2CHMe2
H
HN |
Br

A number of ergot alkaloids derivatives have found their way into clinical use for a varicty of ailments.

These include Nicergoline 3, a vasodilator and antihypertensive, Methysergide 4, a scrotonin receptor
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antagonist used in the prevention of migraines, and Bromocriptine S, a prolactin inhibitor used in

Parkinson therapy.

1.2 Previous Synthesis of Lysergic Acid

Owing to the remarkable biological activity of some derivatives of lysergic acid, it has become of
central interest not only in medicinal chemistry, but also in synthetic chemistry, Somewhat surprisingly
despite the 60 year time span since its isolation, there have been only ninc total syntheses published to
datc'™¥", This section reviews three of these: Woodward's, since it was the first: Rebek's because it
resulted in enantiomerically pure matcrial; and the most recent one published by Vollhardt which

illustrates a novel cyclization strategy and is only cight steps from a known compound,

1.2.1 Komnfeid-Woodward Synthesis

The first total synthesis was reported by Komifeld and Woodward in 1954'°. Their synthesis
started with N-benzoyl-3-(B-carboxyethyl)-dihydroindole (6) which was converted to the tricyclic
intermediate 7 by conversion of the acid to the acid chloride, followed by intramolecular Friedei-Crafts
acylation. Treatment of 7 with Brs, followed by addition of methylaminoacetone ethylene ketal
(MAAEK) led to formation of the ketal-ketone 8. Treatment of 8 with acid afforded a dikctopc which
was cyclized by treatment with sodium methoxide to afford the tetracyclic intermediate 9. Acetylation of
the frec amine which had been generated under the cyclization condition with AcO, followed by NaBH,
reduction of the ketone, conversion of the allylic alcohol 1o the chloride SOCl;, followed by displacement
of the allylic chloride with NaCN in liquid HCN gave rise to nitrile 10. Methanolysis of the nitrile to the
mcthyl ester, followed by basic hydrolysis and dehydrogenation with Raney nickel afforded racemic

lysergic acid 1.
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Scheme 1.1 - Kornfeld - Woodward Synthesis of Lysergic Acid

1.2.2 Rebek’s Synthesis
Rebek is credited with the only synthesis that can provide enantiomerically pure lyscrgic acid.
His original synthesis started with racemic tryptophan, so racemic matcrial was produced®™. However,
the synthesis was modified in a way to provide cnantiomerically pure material®®. Hydrogenation of
commercially available L-tryptophan 11 under acidic conditions with Pd/C followed by dibenzoylation
provided a mixture of scparable diastercomers 12a and 12b. Activation of the carboxylic acid as a mixed
annhydride, followed by an intramolecular Fricde!-Crafis acylation led to a single isomer of the tricyclic
ketone 13. Under these reaction conditions, cpimerization of the center o to the carbonyl (ic., the
.original asymmetric center in tryptophan) enables cach diastercomer to be converted into a single
enantiomer. A Reformatsky reaction, followed by intramolecular lactone formation led to 14 which was

then converted to bromide derivative 15 by treatment with HBr. Selective debenzoylation led 1o the



© tetracyclic intermediate 16, Cleavage of the lactonc ring with thiony! chloride, followed by dehydration

with phosphorous pentoxide afforded dihydroisolysergic acid methyl ester 17.

pANHEZ
(OB 1) Hapale 1) A0
"H - tr—— H
Hi NH2 2) BzCl 2)ACBE BN
11 12acH

12b-8H

1) EBO'BF4
iff——

2) Het

3) NaHCOs3

15 14

17

Scheme 1.2 - Rebek’s Formal Synthesis of iso-Lysergic Acid.



1.2.3 Vollhardt’s Synthesis

The most recent synthesis of a member of the lysergic acid family was reported by Vollhardt™, who
synthesized the dicthylamide derivative, LSD. 2 in a conceptually different way using the cobalt catalyzed [2+2+2]
cycloaddition methodology developed in his laboratory. The synthesis started with 4-bromoindole 18, which was
converted to tryptamine desivative 19 via a Mannich reaction followed by conversion to nitrile 20 by displacement
with KCN. Pd(0) mediated coupling of the bromoarene with trimethylsilylacctylene in the presence of Cu(l) and
base fummished acetylene 21. Use of the author’s cobalt cmlyzcd co-cyclization strategy with the amide partner
shown resulted in, after protodesilylation on SiO: during chromatography. indolequinoline 22 in a yicld of 13%.
Methylation followed by reduction with borohydside afforded LSD, along with 10% of the iso-!ysdgidc. as evident

by NMR.

r 7 r Br
MeZNH, HCHO KCN
— R Ma2 —— %—CN
H I H l H I
18 19

TMSCCH, Pd(0)
TEA. A

CONEt2 CONEt2

iMe3
1)0FsSOaMo CpCo(CO)z.A hv ‘ N
2) NoaBHa4 TMSCCCONEIz
H )
21

Scheme 1.3 - Vollhardt's Synthesis of LSD 2.
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Chapter 2 - Ortho-Quinodimethanes
2.1 Introduction

©0-Quinodimethane 1 (0QDM) also called o-xylylene, is an extremely reactive intermediate that

has been used extensively in organic synthesis'>,

1
o-Quinodimethancs arc very willing participants in pericyclic reactiuns, especially in [4+2]

cycloadditions, since cycloaddition results in the restoration of aromaticity. First postulated as an
intermediate in 1956 by Cava® to explain the formation of dibromobenzocyclobutene 2 from o'\, B-
tetrabromoxylene, it was not until Errede’ reported the isolation of the dimer of oQDM 3 and the eventual

isolation of 0-QDM in 2 glassy matrix at low temperature® that 0-QDMs were accepted as being discrete

intermediates.
Br
CHBr2 Nal /
— .
CHBr2 “Br
2
3

Due to the utility of these intermediates in organic synthesis, considerable effort has been dedicated to
finding new ways to generate these reactive intermediates. In general, these methods may be categorized

into four headings: electrocyclic ring opening of benzocyclobutenes, 1,4-¢limination of oo’ -substituted
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o-xylencs, extrusion reactions, and photochemical gencration. Each of these methods is briclly reviewed

below.,

2.2  Electrocyclic Ring Opening of Benzocyclobutenes

One of the most common mcthods of gencrating 0-QDMs is through the thermolysis of
benzocyclobutenes which proceeds via a thermally allowed conrotatory electrocyclic ring opening.
Although there are two possible modes of rotation for substituted benzocyclobutenes, one is generally
preferred. This preference for inward or outward rotation has been termed torquoscelectivity and numerous
studics, most notably by the Houk group™'® have shown that this cffect is mainly clectronic, not sieric in
nature. In general, electron donating groups like alkyl, alcohols, halogens and amines favor outward

rotation, whereas electron accepting groups like formyl and boranes prefer inward rotation.

R
//R R
- L - O
Y

4 outward inward

Scheme 2.1 - Conrotatory Ring Opening of Substituted Benzocyclobutene

The nature of the substituent also has a profound effect on the iemperature at which the benzocyclobutene
undergoes ring opening. Some examples are given for 4, where the thermotlysis temperature follows the
nature of t.he. substituent in brackets: R=NH, (25 °C), OR (80 °C), OCOR (150 °C), H (200 °C).
Although all of these temperatures are attainable under normal laboratory conditions, the biggest
drawback of this method for the generation of 0-QDMs is the difficulty associated with the synthesis of the

appropriately substituted benzocyclobutene.



11

23  1,4-Eliminations of &,¢ - Disubstituted o-Xylenes

As mentioned previously, this methiod was the first method used to generate 0-QDMs, Since the
original obsuvéﬁon. a number of methods have been developed to carry out the 1.4-elimination. The
reaction may be donc thermally'®"”, base induced’™®, fluoride induced™ or a reductive elimination
(dchalogenation) the most notable being the recent advances by Sonoda® using sodium benzenetcllurolate

and Rieke™, using activaied nickel. Some examples are shown in the scheme below.

CCh CCle
4 .
Me
Br
Zn
—
Br
OMe OMe
Z N OMe Base
Mo

N'Rs
C< -
SiRs

Scheme 2.2 - 1 4-Elimination Route to 0-Quinodimethanes

* These examples are pointed out only because the 1,4-¢limination of dikalides is usually restricted 10
activated aromatic rings (bearing an alkoxy group). However, in both of the cited references, the reactions
may be done on non-activated, and even de-activated (bearing halogen and cyano substituents) substrates.



2.4  Extrusion Reactions

Another popular method for the gencmation of o-quinodimethancs is the thermal or
photochemical expulsion of gasecous molecules such as N2, CO-S%, §0.™ ¥ CO" from suitable

precursors, An exarmple of cach reaction is shown below.

/
@ 400 C

Aorhv

A
/ \

<25 C N
SOz 250 C i
C 9@

Ph h

@:}o "
———
Ph h

Scheme 2.3 - Extrusion Routes to o-Quinodimethane

2.5 Photoenolization and Photorearrangement

Irradiation of o-alkylated phenyl ketones S gives rise 1o o-quinodimethanes via a mechanism
similar to Norrish Type II cleavage*>. Excitation of the carbonyl group results in formation of the
singlet excited state, which undergoes rapid intersystem crossing to the triplet 6. y-Hydrogen abstraction
results in the diradical 7, which can then decompose to the Z-dienol 8Z or the E-diencl 8E. The Z-dicnol
is quite short lived and returns to the starting carbonyl oompou_md via a [1,5] shift. However the E-dieno!
has a lifetime that is long enough to allow trapping with an external dienophile to form cycloadduct 10.

Because of the hydroxy group at the 1-position of the diene, these dicnols undergoe [4+2] cycloadditions
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with a high degree of regioselectivity when reacted with unsymmetrical dienophiles like acrylates. In the
absence of an added diene, benzocyclobutenols 9 are sometimes produced, assuming the appropriate
precautions are taken during the work-up™.

o o OH

R 1 1
hy

H OH

OH
O:(,..sm
Re
9 10

Scheme 2.4 - Formation and Reaction of o-Quinodimcthanes formed via Photolysis of o-Alkyl Phenyl
Ketones

The photoinduced isomerization of o-methyl styrenes has also besn reported to give o-
quinodimethanes. The reaction is believed to proceed via a [1,5) sigmatropic rearrangement®, but this
reaction has not been studied extensively. Presumably the reverse reaction is also quite facile, limiting

this reaction as a suitable method for the generation of o-quinodimethanes.
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hv Me

Me
Scheme 2.5 - Photoisomerization of o-Methylstyrenes 1o o-Quinodimethanes

2.6  Synthetic Applications of 0-Quinodimethanes

As mentioned carlier, o-quinodimethanes have been key intermediates in the synthesis of a
number of natural products. A few cxamples are shown below in which the key ring forming reaction
utilizes an o-quinodimethane intermediate.

2.6.1 Estrones

There have been a number of syntheses of the steroid  nucleus which utilized an o-
quinodimethane to form the B-C ring system™, For example, Kametani’s® synthesis of cstrong with the
desired stercochemistry proceeded via o-quinodimethane 12 which was gencrated from the
benzocyclobutene 11.

\

/

MeQ

MeO

11 12

HO

Scheme 2.6 - Kametani's Synthesis of Estrone
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2.6.2 - Podophyllotexin
The use of o-quinodimethanes in the synthesis of natural products has also been studied in our
laboratory. This has culminated in 2 highly stereoselective synthesis of podophyllotoxin 17°¢, in which

the key o-quinodimethanc 15 was preparcd from the benzocyclobutenc 14,

0
0 o
0O NH
OJ‘LNH
( | Y
O Xy Ar 0 COZH
CCOzH Ar
14 15
CE)H
¢ o
i ©
17 16

Ar = 3,4, 5-trimethoxyphenyl

Scheme 2.7 - Durst’s Synthesis of Podophyllotoxin

2.7 Retrosynthetic Analysis of Ergot Alkaloids

As pointed out earlier, the ergot alkaloids, such as lysergic acid 18, continue to attract
considerable attention from both a medicinal and synthetic viewpoint’. The goal of this research

program was to study the feasibility of utilizing an ortho-quinodimethane route to provide access to the
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crgot alkaloid class of natural products. In the examples shown in the previous section, it is readily
apparent that the ortho-quinodimethane disconnection may considered when the target molecule contains
an aromatic ring fused to a six membered ring. 1t should therefore be possible to usc this disconnection
for the crgot alkaloids. Looking at lysergic acid 18, and removing the mﬁ double bonds exocyclic to ring

C gives 19. This system should be accessible using the 0-QDM strategy.

CO2H COzR CO2R
o
NMe NMe
H > \ “/
HN HN

18 19 20

¢

CO2R
0
o
RO2C v S0z /Nj]
N + < 502
K PN PN

23 22 21
Scheme 2.8 - Retrosynthetic Analysis of Lysergic Acid

This conceptually new approach to lysergic acid had considerable appeal. It would involve a
number of innovative steps and if successful, would also be quite short. The synthesis of 22, a new
heterocyclic ring system, was chosen as the first synthetic target. It was belicved that gencration of an
anion o to the sulfone group at the less substituted center of 22 would allow rapid access to the ortho-

quinodimethane precursor 21 through a Michael addition to receptor 23.
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The fact that the literature was devoid of anything structurally related to 22 did cause some
concern, however it was believed that 22 was an accessible compound. It was hoped that structure 22
would not be so strained as to make it inaccessible, but that it would possess enough ring strain such that
expulsion of SO; from 21 would be facile, much below the 250-300 °C usually required for chelotropic
expulsion of SO, from unactivated sulfones, Also, since the carbon-sulfur bond is longer than a carbon-
carbon bond, 22 should resemble the core of the tetahydrolysergic acid series®. In addition, Rapopont®
has claimed" to have prepared hydrocarbon 24, a structurc that would be considerably more strained than
sulfonc 22 since it contains an all carbon framework, Also, Matsumoto® has proposed that the

structurally related sulfonium ylide 26 was an intermediate in the transformation from 25 to 27.

24

CN
NNHTs
—. — .
| | [ M
HN HN M

25 26 27

Using this information as literature precedence, studies began directed towards the synthesis of
sulfone 22, with the ultimate goal being the total synthesis of lysergic acid 18. The next few chapters of

this thesis outline the approaches that have been investigated to date.

* As a general rule of thumb, having one sulfur in a chain is similar to having 1.5-2 carbons in the chain
due to the longer bond length.

* There is no spectroscopic data reported, and the structural assignment is based solely onthe isolation of
less then 1% of benzene-1,2-3-tricarboxylic acid when 24 was treated with hot KMnO, under basic
conditions.
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Chapter 3 - Initial Approaches

3.1 Formation of Indole Ring

Initia) attempts at preparing the tricyclic sulfone 1 focused on generating the indole ring in the

last step. Retrosynthctically, this is represented in Scheme 3.1.

Q= @ = &
PN NOz NO2

1

Scheme 3.1 - Retrosynthetic Analysis of Tricyclic Sulfone 1 - Indole Ring Forming Strategy.

It was hoped that a on¢ carbon unit could be built into bicyclic sulfide 2, either at this oxidation state, or at
a higher (sulfur) or lower (nitrogen) oxidation state. With this approach in mind, commercially available
3-nitro-o-xylene 2 was subjected to benzylic bromination with two cquivalents of NBS in CCl; with a
catalytic amount of benzoyl peroxide added as an initiator to afford an extremely potent lachrymator as a
pale ycllow solid (mp 62.8-63.8 °C) in a yield of 51%. Inspection of the '"H-NMR showed two singlets at
4.67 and 4.84 ppm, integrating for two protons, whereas the aromatic region had remained basically
unchanged in comparison to the starting material. EI-MS showed 2 molecular jon at m/z 306, and a
pattern consistent with incorporation of two bromine atoms; namely a M"":(M‘*+2):(M++4) ina1:2:1
ratio. All of this data was consistent with the structure for the dibromide 3. Addition of 3 to a solution of
Na;S in EtOH led 10 4 as a pale yellow powder (mp 95.8-96.2 C) which showed a molecular ion at m/z
181. The 'H-NMR of 4 (Fig. 3.1) showed a stight upfieid shift of the methylene groups, and HRMS
supported a formula of CgH7NO,S. The yield in this reaction was quite erratic and depended strongly on

the reaction temperature, solvent and addition rate. Optimum results were obtained when the reactiop
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was carried out at 0 °C in E1OH, with dibromide 3 being added quickly to a solution of Na.$ in EtOH.
Even under these *bptimized” reaction condition, the yield was only 25-30%, however it was consistent if
the reaction was conducted on a 15-20 mmol scale. Minimal workup was required to produce these
results; i.¢., evacuation of the solvent at reduced pressure and at room temperature, followed by applying
the resulting black, thick oil directly to a column of silica gel. The consistently low yield for the

conversion of 3 1o 4 was the subject of a brief mechanistic investigation that is presented later in this

chapter,
Br
a b
NO2 NO2 Br NO2
2 3 4
c
SO02 «---- Q:/\S()z - @302
HN: I ‘ NO2 NH2
6 5 11

Reagents: 2} NBS, Bz;0, CClg, A (51%); b) Na,S, E1OH (28%); c) mCPBA, CH,Cl,, -50 °C (85%); d)
(i) DMFDA, DMF, A; (ii) Fe, HOAc, EtOH

Scheme 3.2 - Attempted Route to Tricyclic Sulfone 6.

Oxidation of 4 with mCPBA proceeded in a straightforward manner to provide § as a bright

yellow powder in yiclds of 85-90%. Again, chromatography was not necessary in order to isolate or purify



sulfonc S. After usual workup, the crude product was triturated with dicthyl cther. Filtration provided a
bright yellow powder (mp 1953 - 196.0 °C) whose 'H-NMR (Fig. 3.2) displayed two singlets in the
aliphatic region that had shifted downficld by about 0.1 ppm. 1n addition, the aromatic region was not as
clearly defined as it had been in the two precursors, with significant overlap occurring,  Although 5 did
not exhibit a molecular ion in the EI-MS, it did show a parent ion at mvz 149, a peak consistent with the
loss of SO, from §. The presence of the sulfone group was confirmad by examining the IR spectrum,
which showed the expected two peaks at 1131 and 1352 em™.

With sulfone 5 in hand, conversion to 6 was attempted using conventional chemistry,
Leimgruber' and others™® had shown that o-nitrotoluene derivatives could conveniently be transformed

into indole derivatives via a simple two step sequence (Scheme 3.3).

R R R
T —
NO2 NO2 HN |
8

N(Me)2

7 9

Scheme 3.3 - Leimgruber Indole Synthesis

Simply heating o-nitrotoluene derivatives 7 with dimethylformamide dimethylacetal (DMFDA) in DMF
caused condensation to the enaminc 8. Reduction of the nitro group of 8 to the aminc followed by
intramolecular addition-climination to the enamine resulted in the formation of indoles 9 in high yicids.
Attempts to us¢ this methodology on nitro-sulfonc § failed to give any of the desired indolc 6.
The only identifiable product isolated after column chromatography of the crude reaction product was the
bicyclic sulfone 11. It is unknown if the first step in this reaction failed, or if cnamine formation was
successful, but cyclization failed, and the enamine was hydrolyzed on work up, The intermediate

enamines are sensitive compounds, readily hydrolyzing back to the tolucne derivatives. For this
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reason, they are usually not isolated. Instead, the solvent is stripped off at reduced pressures, and the
enamine isolated by crystallization in some cases, but in most cases, being subjected to the reduction
conditions as a crude material. The usc of Gold's reagent (MeaN-CH=N-CH=NMe;"* CT) as described by
Gupton® was also attempled, but again failed to give any of the desired indole derivative.

Gupton™ had reported that the addition of Gold's reagent 10 o- or p-nitroethylbenzene failed to
give any of the desired addition product, which was explained on the basis of a steric argument, However,
if the o-methyl group was substituted with an electron withdrawing group (cster) then addition was
successful. It was anticipated that the adjacent sulfonc would also serve as a sufficient activator for the
methylene group, and the longer C-S bond, as compared to a C-C bond. would eliminate steric effects, if
present at all. In addition, HaefligerS® has described an efficient syntbesis of benz[c,djindoics 10 based on
similar methodology. In view of this work, it scems unlikely that condensation of nitro-sulfonc S with
DMFDA failed t give the cnamine’. Regardess of the reasons for the reaction failing to give the desired

product, this approach was abandoned.

1) (Me2N)2CHO!Bu

-
2) Hz, Pd/C

NO2 HN

10
Scheme 3.4 - Haefliger's Synthesis of Benz[c.d]indoles.

The second approach to tricyclic sulfone 1 involved attempts to form 1o the indole ring by making
the C-C bond in the last step. Nitro-sulfone 5 was converted to amino-sulfone 11 (mp 196.5 °C} using
transfer hydrogena:ion‘ in 2 91% yield. The '"H-NMR of this matesial is shown in Fig. 3.3.

Haefliger had also published an aliernative route o tricyclic indoles such as 10 that involved

cyclization of benzylic anions onto isonitriles™~. It was hoped that this same type of methodology could

! In connection with another project, (methyl)-2-methyl-3-nitrobenzoate was successf{ully converted to
4-carbomethoxyindole using identical reaction conditions.
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be used in this work by converting amine 11 to isonitrile 12, which, according to Haefliger's work, should
cyclize to form tricyclic sulfone 6. When amine 11 was reacted with dichlorocarbene, generated from
chloroform under phase transfer conditions™ , the reaction very quickly became homogenous. Complete
destruction of the starting material occurred under the reaction conditions. The reaction was worked up at
a variety of pH’s, but no product or starting material could be isolated. Using the pyrolysis of sodium
trichloroacetate as an alternative source of dichlorocarbene™ again led to decomposition.  Although both
methods of gencrating dichlorocarbene were successful in converting aniline to benzeneisonitrile, neither

method was successfil in affecting the desired 11 to 12 wansformation. Duc to these difficultics, this

approach was abandoned.
sz —2» [ [ “soz -m Q:;m """ - %\(Sm
NO2 NH2 N=C H l
5 " 12 6

(0= (e (0=
NH

H
Bn’ BOC/N Bn oc
16 13 “*
\ v
O - OO
Bn/N\COZMe Bn o
1w 15

Reagents: a)H;NNH,*xH,0, PA/C, MeOH (91%); b) (i) PhCHO, MgSOs, CH:Cly (i) NaBH,CN, K,
MeOH (92%); ¢) (Boc);0, DMAP, CH3CN (63%).

Scheme 3.5 - Attempted Routes to Tricyclic Sulfone 6 and 15
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Again, using matenials already on hand, the strategy was modified and 15 was chosen as the next
synthelic target. Although both methylenes adjacent 1o the sulfone group of 14 should be comparable in
acidity, only one methylene group is in a position to react with the carbony! group and cyclize to form 15,
With these ideas in mind, a synthesis that was expected to provide 15 was initiated.

Acylation of the amino group of 11 with (Boc);0" in acctonilrile using a catalytic amount of
DMAP gave the Boc-derivitive 13 in a yicld of 63%. However, 13 proved to be quile base sensitive,
When alkylation was attempted with NayCO3 and benzyl bromide in acctone, no reaction was observed,
However, when stronger bases (NaH or KOtBu) were used, compiex mixtures were formed, from which no
starting material or desired product could be isolated.

It was then decided to reverse the order that these substituents were introduced on the nitrogen,
i.e., alkylation then acylation. Accordingly, amine 11 was mono-alkylated using the reductive amination
procedurc of Boreh®. Much better yictds of the N-benzylated amine 16 were obtained if the reaction was
conducted in a two step process rather then the one step sequence suggested by Boreh.  Condensation of
aminc 11 with onc equivalent of benzaldehyde in dichloromethane in the presence of anhydrous
magnesium sulfate, followed by filtration, concentration and then subjecting the crude imine to reductive
amination conditions with NaBH3CN at acidic pH led to N-benzylamine 16 in yields of 92%. The
methylene groups adjacent to the sulfonyl group of 16 were shificd from 4.12 and 4.34 ppm to 4.03 and
4.27 ppm. This small upficld shift may be due w anisotropic cffects because of the newly inwroduced
benzyl group. The methylene group of the N-benzyl group appeared as a singlet at 4.27 ppm. HRMS also
supported 2 molecular formula of CysHysNO,S.  However, when 16 was reacted with methyl or ethyl
chloroformate in CH;Cl; in the presence of one equivalent of triethylamine and a catalytic amount of
DMAP, only starting material was recovered in quantitative yicld. When the more reactive carboxylating

reagent methyl cyanoformate was used, starting material was again recovered
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in quantitative yicld. Higher reaction temperatures and longer reaction times” did not help in affecting the
desired transformation of 16 to 17. Although it is difficult 1o believe that there would b2 any significant
difference clectronically between 16 and N-benzyl aniline, it is even more difficult to understand any
steric effect that the addition of the second ring would have on impeding carboxylation on amine 16. Due
to the difficulties associated with this series of reactions, work towards oxindolc-sulfone 15 was

abandoned.

3.2  Mechanistic Studies on the Formation of Sulfide 4.

As muvutioned cardicr, yiclds for the formation of sulfide 4 from bis-benzylbromide 3 were quite
low. Optimixed conditions led to the desired product in yields approaching 40% for best runs, One

possible mechanistic explanation is shown in Scheme 3.6.

Br
Na2S Z | SNa
—_— ~ ) S
NOz Br N ¥e NO2
P O
3 18 4
Complex polymeric
material

Scheme 3.6 - Speculative Mechanism for Formation of 4 from 3

i When these unusual results first surfaced, a model reaction was done using N-benzyl aniline as a
substrate and methyl chloroformate as the carboxylating reagent. Although the reaction was somewhat

sluggish at room temperature, being only 40% complete after 18 hours, there was no reaction of amine 16
when treated with the same reagents, even after three weeks!
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Reaction of sodiom sulfide at the more accessible benzylic center would lead 10 intermediate 18.
It was postulated that intramolecular displacement of the second bromide was impeded by the adjacent
nitro group. Because of the resonance interaction with the benzene ring, the nitro group must stay planar
and in this arrangement, it may be difficult for the nucleophilic sulfur center and the leaving group to
align in an arrangement that would atlow displacement. To test this hypothesis it was decided to prepare
two compounds, generically represenied by 19 and 20, in which the positions of the nucleophilic sulfur

center and the electrophilic carbon center were transposed.

X
CCm— QO — OO
NO2 NO2

NO2 X
19 4 20

If the above mechanistic explaination were correct, then 19 should form 4 readily, whereas 20

would give a complex mixture due 10 inter- and intramolecular reactions. The route taken to 19 is shown

in Scheme 3.7.
CO2H CO2Me O2Me
2 L
Me e
NO2 NO2 NO2 Br
21 2 23

OR '
o CO2Me
NO2

NOz2 SBn NO2 SBn
4 25 24

Reagents: a) MeOH, H+, A (95%); b) NBS, B2;0, CCly, A (76%); ¢) BnSH, KOtBu, THF (97%); d)
LiEt;BH, THF (50%); ¢) MsCl, TEA, CH,Cl, (78%).

Scheme 3.7 - Route 1 1o Sulfide 4 via Sulfonium Salt Imsrmgdiate.
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Fisher esterification of commercially available 2-methy! 3-nitrobenzoic acid 2i with methanol
afforded methy! ester 22 in greater than 95% yield as a white. highly crystalline solid (mp 65.3-66.2 °C)
that had spectroscopic propertics identical the literature reported values'®,

Benzylic bromination with NBS in CCl; using benzoyl peroxide as an initiator smoothly
coaverted ester 22 10 ester 23, in a crude yicld of 90%. Recrystallization from CH2Cla/hexanes provided
23 in 76% yield as pale yellow prisms {mp 67.9-71.8 *C).

Addition of potassium benzylmercaptide, conveniently gencrated in THF from benzyl mercaptan
and KOtBu, gave addition product 24 in an optimized yicld of greater than 95% after column
chromatography. The pale yellow oil had spectroscopic propertics consistent with the proposed structure.

After considerable experimentation, selective reduction of the ester group of 24 to benzylic
alcohol 25 was found to proceed best with LiEt;B''. Even under these conditions, the yicld was still only
50%. Reduction with either LiAlH, or DIBAL-H, even at low temperatures, led to complex reaction
mixturcs resulting from competitive partial reduction of both the ester and nitro groups. HRMS of the
yellow oil obtained afier column chromatography supported a molecular formula of CysH;sNO3S.
Examination of the 'H-NMR spectra now showed three methylene groups at 3.74, 3.89 and 4.57 ppm.
The aromatic region of the spectra still showed two low ficld doublets at 7.60 and 7.64 ppm with a 8 Hz
coupling constant for the protons para and ortho to the nitro group, and 2 broad overlapping signal at 7.27
ppm representing six protons, A broad signal at 2.75 ppm was assigned to the alcohol proton. The IR
spectra showed the absence of a carbonyl group, and the presence of an OH group which showed up as a
broad, strong stretch at 3600 cm”. Stretches at 1356 and 1530 cm™ also indicated that the nitro group
was intact.

Finally, reaction of the alcohol with methanesulfonyl chloride in the presence of triethylaminc
provided sulfide 4 directly. This non-polar compound, isolated as a pale yellow powder afier column
chromatography in a yield of 78%, displayed spectroscopic properties identical 1o that prepared as shown
in Scheme 3.2,
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Having proved the facile displacement representing the transformation 19 to 4, it remained to
prove that 4 would not be formed readily from 20. A synthesis was cnvisioned that would use the
identical sequence and reagents as shown in Scheme 3.7, except that the starting material would be the

isomeric 2-mcthyl 6-nitrobenzoic acid.

02 NO2 NO2 NO2
COzH COz2Ma CO2Me
-2 . 2 . . o)
Me ‘ ]
2% vid 2 B 20
1 .
NO2 NGz OH NO2
COz2Me
. SBn SBn
a 3N 30

Reagents: a) NaHCO;, Mel, DMF, A (85%); b) NBS, Bz;0, A, CCL; (64%); ¢) NaSBn, THF (20%); d)
LiEyyBH, THF (11%); ) MsCl, TEA, CHz2Cl; (72%).

Scheme 3.8 -Route 2 to Sulfide 4 via Sulfonium Salt

It was immcdiately obvious from the first step that the reactivity of benzoic acid 26 was very
different from its isomeric counterpart 21. Fisher esterification returned starting benzoic acid 26. In
order 1o prepare methyl ester 27, it was necessary to use basic conditions and alkylate the carboxylate salt
with Mel in DMF. Aqueous work up and extraction with ether provided ester 27 in a vield of 85% after
recrystallization from MeOH. The resulting pale yellow plates (mp 49;8-50.6 °C) exhibited 2 'H-NMR

consistent with structure 27, The difficulties associated with esterification of acid 26 were, presumably, a
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refiection of the rather crowded steric environment of the acid carbonyl group. the flanking nitro and
methyl groups making it very difficult for the nucleophile to approach. or for the carbonyl carbon to go to
the necessary tetrahedral intermediate necessary for acid catalyzed esterification.  The facile alkylation of
the carboxylate anion showed that the problem was assoctated with the carbonvl carbon. since
' deprotonation of the acid and subsequent alkylation of the salt proceeded in high yield.

Benzylic bromination of ester 27 gave the desired product 28, but in significantly lower vields
than the correspondisg reaction of NBS with ester 22, with yields of $0-60% being typical. The 'H-NMR
showed the following key resonances: singlet at 3.90 ppm for the methoxy group, singlet at 4.51 ppm for
the benzylic methylene group, and two doublets and a triplet in the aromatic region with coupling
constants of 8 Hz indicative of a 1,2,3-trisubstituted benzene ring.  EI-MS confirmed the presence of
bromine by showing fragments of equal intensity at m/z 275 and 273, representing the (M™"+2) and (V™)
respectively. The IR spectra also confirmed the presence of the ester group (1739 cm™ ) and nitro group
(1349 and 1538 cm™ ). In addition to the desired ester 28, another compound, assigned as lactone 29, was
isolated in significant yield (up to 30%). This assignment was based solely on the 'H-NMR. which
showed, in addition to the typical pattern for a 1,2,3-trisubstituted benzene, only a single resonance at
4.00 ppm :ntegrating for two protons, and the HRMS which supported a molecular formula of CgHsNOQ,.
It was also observed that the isolated ester 28 was slowly converted to lactone 29 if lefi standing at room
temperature for extended periods of time. Contrary to this, ester 23 could be converted to phosphonium
salt 32 by refluxing in xylene, and was stable at room emperature indefinitely, at no point was there any
indication of lactonc formation. This is consistent with the mechanistic speculations outlined carlier in

Scheme 3.6,

CO2Me CO2Me

NO2 g NO2 gPPh3
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Reaction of bromide 28 with sodium benzylmercaptide. generated from benzyl mercapian and
sodium hydride, in THF afforded ester 30 as, after column chromatography. a pale yellow oil in a yield of
30%. Nitroaromatics are known to undergo single electron transfer reactions in the presence of
mercaptide anions'?, which may help explain the low yield in this step.

The congested steric nature of the ester carbonyl group was made evident once again as reduction
of ester 30 with Super-Hydride™ to give the desired benzylic alcohol 31 proceeded in a meager yicld of
10%, with reduction of the nitro group being a major side reaction. No attempt was made 1o optimize this
reduction, nor were any allernative reducing agents tried.  Benzylic alcohol 31, obtained as a yellow oil
after chromatography, was characierized only by 2 '"H-NMR spectra which showed a singlet at 3.80 Hz,
inegrating for 4 protons, which was inicrpreted as being two overlapping methylene group, and a singlet
a1 4,10 ppm, accounting for the remaining methylene group. Reduction of the ester group was verified by
an upficld shift of the two doublets corresponding to the protons that had been ortho and para 1o the ester
group.

Exposure of benzylic alcohol 31 to the same ¢yclization conditions of 25 led 1o the isolation of a
single product that had a 'H-NMR spectra identical to bicyclic sulfide 4 in a yield of 72%.

At this point, the mechanistic explanation for the low yicld of sulfide 4 from benzyl bromide 3
had to be re-cxamined and the striking differences in reactivity of the two serics of compounds explained.
Repeating the reaction of 3 and Na,S. and performing GC-MS on the crude reaction mixluré led 10 the
identification of a two other products, and a major reaction pathway that was previously overlooked.

Peaks with molecular ions at m/z of 151 and 168 were assigned a3 amine 35 and hydroxyl-amine 36.
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Br
X —C0 - o - O
NH2

NO2 Br NH NO2
36 4

Fd

35 HO

Scheme 3.9 - Products Detected in Reaction of 3 with NayS

Completc and partial reduction of the nitro group of 3 by Na;S' to the amine 35 and hydroxylaminc 36
may help explain the low yicld cousistently encountered in this step. A significant amount of insoluble.
presumably  polymeric material was formed during the reaction. and a large amount of basetine material
was left behind during column chromatography. Polymeric material could form by the reaction of aminc
35 with starting material 3. Regardless of the nature of the final side products. it was clear that the low
yield in this step was associated with reduction of the nitro group, and further reaction of the aminc. and
not the result of a difficult intramolecular displacement of the 2-benzylic bromide duc to a high cnergy
Sn2 trajectory as postulated in Scheme 3.6.

However, intramolecular displacement from ring position 1 to 2 when a nitro group occupics
position 3 is not always possible, as evident by the remarkable stability of bromo-ester 23 as compared to
the sensitivity of bromo-ester 28. Shown in Scheme 3.10 is a summary of the intramolecular reactions
that were observed for the isomeric serics of compounds. As can be scen from the transformations of
either 25 or 31 to 4, if the center & to nucleophile is sp®  hybridized, then displacement is facile. This
became even more apparent when, in connection with another approach, reduction of ester 23 to alcohol
38 was attempted, bu* reduction conditions gave rise to ether 39 exclusively in essentially quantitative
yicld. This proved, inarguably, that the nitro group docs not interfere with intramolecu'ar displacement of

the benzylic bromide.
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Contrary to this, intramolecular displacement when the carbon center is sp- hybridized is
impossible, cvident from the failure of ester 23 to cyclize to lactone 37.  Presumably in the case of 23, the
cster group remains planar and in conjugation with the aromatic ring. In this planar geomctry,
intramolecular displacement is impeded by the adjacent nitro group. This was cven more obvious by the
previously mentioned reaction of ester 23 with PPhy to cleanly afford the phosphonium salt. Presumably,
the cster functionality in 28 is too sterically crowded to adopt a planar geometry. This notion scemed 1o
be supported by inspection of the IR spectra of csters 23 and 28, which showed carbony! stretches at 1729
and 1739 cm’ respectively. Since the positions ortho and meta to the nitro group are not clectronically

equivalent, it was decided to inspect the spectra of acids 21. 26, and 40",

CO2H
CO2H
; ~ ; :COZH
NO2 NO2 NO2
21 26 40
1695 cm™ 1700 cm! 1685 cm™

As can be seen from the C=0 stretching frequency for these isomers, there was a considerable
difference in the energy required to stretch the bond.  Although there appeared to be very little difference
between 21 and 26, it is apparent by comparing 26 and 40 which both had the acid function cither ortho
or para to the nitro group and therefore in similar electronic positions, that the frequency for 26 was high,
indicating that the carbonyl group was not in conjugation with the benzene ring,

Considering this structural difference of isomers 21 and 26 was critical in understanding the
differences in reactivity of the two serics of compounds. Reactions for the serics in which the methyl
group was located between the nitro group and the acid group were as would be predicted; esterification
proceeded in high yields under the usual Fisher conditions, the carbonyl group rc_maincd flat relative 1o

the ring, and the nitro group impeded displacement of the halogen thereby preventing lactonization, and
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accounting for the remarkable stability of the benzylic bromide.  However, once the easily accessible
carbonyl group was reduced, there was no lenger a need for the side chain to remain flat, thereby
explaining the casce of formation of ¢ther 39,

In the case of the isomer scries that started with the carboxylic acid group between the nitro and
methyl group, both faces of the carbonyl group were blocked by the neighboring substituents since the
carbonyl group was likely perpendicular to the ring dne 10 the crowded steric environment, which readily
explaincd why a nucleopbile the size of methanol could not get in, and even onc as small as hydride had
trouble approaching, as cvident from the low yicld and number of side reactions when ester reduction
conditions were cuiploycd. In the case of this serics, the hybridization of the carbon substituent flanked by
the two other substituents was irrelevant, since displacement of an clectrophile ortho to it occurred readily
from both the Csp® hybridized center (ester to lactone) and Csp® hybridized centered (acyclic sulfide 1o

cyclic sulfide).

33  Probing Regioselectivity of 3-Nitro-o-quinodimethane

Due to the low yiclds associated with the synthesis of nitro-sulfone 5 as desribed in the previous
section, another route 10 5 was desired. Durst et al'* had previously shown that sultines, such as 41, could
be cleaniy and almost guantitatively isomerized o sulfones, in this casc 42, by simply heating at 80 °C in

benzene,

e,
? - SO2
(0]
4 42

Scheme 3.11 - Durst’s Route to Sulfones via Isomerization of Sultines.
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Dittmer'® had also shown that o,’-dibromoxylene, 43, could be cleanly converted to sultine 41
with Rongalite™ in DMF in the presence of Nal or a phase transfer catalyst such as tetrabutylammonium

bromide.

Br

43 Br M

Reagents: a) HOCH.SO.Na*2 H.O, TBAB, DMF
Scheme 3.12 - Dittmer's Route to Sultines

With these reactions in mind, it was decided 10 investigate the possibility of combining them as outlined

in Scheme 3.13 as an alternative route to sulfonc S.

m“"@@ ok = o

3 44a 44b ]

Scheme 3.13 - Alternative Route to Sulfone S

Reaction of 3 with Rongalitc™ under the conditions specified by Dittmer'® afforded, after column
chromatography, two compounds in essentially identical yiclds (35-40% of cach). Both compounds gave
IR spectra that were quite similar, and remarkably devoid of any stretching bands, except for a single
stretch at 1120 cm™, assigned 10 the S=0 bond of 2 sultine, and peaks at 1350 and 1530 cm™ representing

a nitro group. Neither compound showed a molecular ion in the EI-MS, with the highest mass peak at
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149, but both showed (M™"+1) peaks in the CI-MS, all of which was interpreted as these two compounds
being isomeric sultinus 44a and 44b. The 500 MHz 'H-NMR of the less polar isomer, isolated as pale
yellow ncedles (mp 97.4 - 98.2 °C), showed AB patterns for both methylene groups, one having doublets
at 3.83 and 4.70 ppm, with a coupling constant of 16.5 Hz, and the other set of doublets at 5.02 and 5.36
ppm with a coupling constant of 14.2 Hz, Based on the previous work of Durst'®, the signals at 5.02 and
5.36 ppm could be assigned to the methylene group o 1o the endocyclic oxygen. Inspection of the 500
MHz COSY (Fig. 3.4) showed a correlation between the doublet at 5.02 ppm and an zromatic proton at
7.45 ppm. Since the lowest field resonance at 8.00 ppm was assigned 1o the proton ortho 10 the nitro
group, and the two rcmaining aromatic resonances overlapped at 7.45 ppm, this comelation was
interpreted as evidence that this isomer had structure 44b,

Examination of the 500 MHz 'H-NMR spectra of the more polar fraction, also isolated as pale
yellow needies (mp 106.4 - 107.0 °C), showed two AB pattems, one having doublets at 3.65 and 4.34
ppm with a coupling constant of 15.7 Hz assigned to the methylene group & o the sulfoxide moicty of the
sultine, and onc with doublet at 5.43 and 5.46 ppm with a coupling constant of 16.3 Hz assigned 1o the
methylene group adjacent to the endocyclic oxygen. Once again, 500 MHz COSY (Fig. 3.5) showed a
correlation between the aromatic proton representing the proton para to the nitro group, and the proton
which resonated at 4.34 ppm which had previously been assigned 0 one of the protons adjacent to sulfur.
These spectroscopic data were consistent with a structural assignment corresponding to the other possible
regioisomer 44a.

With these sultines in hand, isomerization to the desired sulfone was attempted. Whereas the
parcnt sultine 41 was smoothly isomerized at 80 °C 10 sulfone 42 in essentially quantitative yicld, no
isomerization occusred for cither sultines 44a or 44b untl temperatures of 110 °C were reached.
Unfortunately, at this higher iemperature, considerable dimerization of the intermediate o-
quinodimethane occurred, and although the 'H-NMR of the crude product showed that the desired
material was present, the difficulty associated with purification and the yicld of the sulfone made this

sequence unattractive as an altemative route 1o sulfone 5,
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Since the presence of the nitro group on the aromatic ring led to an increase in the thermolysis
temperature of the sultine, presumably due 10 increasing the C-8 and C-O bond strengths, it was hoped
that its presence may also lead to some modification on the chemistry of the intermediate 0oQDM. Using a
valence-bond approach and examination of the major resomance contributor, $6. for 3-nitro-o-

quinodimcthanc 48, it appeared that the clectron density of the exocyclic methylene groups should be

eoﬁ'ko o

S}
45 46

quite different.

With this notion in mind and a convenient source of 45 in sultines 44a and 44b, a study aimed at probing
the regioselectivity of reactions of 45 with unsymmetrical dicnophiles was initiated. Heating either sultine
44a or 44b with methyl acrylate, vinyl acetate or butyl vinyl ether in toluene led smoothly to the expected
cycloadducts in chromatographed yields of 93, 85 and 62% respectively.  Unfortunately, the
regioselectivity was essentially non-existent, with best selectivity being seen for the reaction with methyl
acrylate being (6:5). No attempt was made to separate the isomers and determine unambiguously the

structures of the major and minor isomers.

R
ﬂ/ R
0
I _— .
QC&\O Ph-Me, A @ @R
NOz NOz2 NO2

4
47; R=CO2Me; 93% (5:2)
48; R=OAc; 85% (2:1)
49; R=OnBu; 62% (1:1)

Scheme 3.14 - [4+2] Cycloadditions of Sultine 44 With Various Diencophiles
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These results were considered somewhat unusual, since any contribution of resonance form 46
was expected 0 influence the regiochemistry of the cycloaddition. Since it was not possible 10 explain the
almost negligible effect of the strongly clectron withdrawing nitro group on the regioselectivity using a
valence-bond approach, a molccula_r orbital theory based approach'? was adopted. The ability of frontier
molecular orbital (FMO) theory 10 explain the regiochemistry of Diels-Alder cycloadditions has been well
documented”. Based on Alston's'® analysis of the reaction of a serics of substituted 1,3-butadicnes with
methyl acrylale, a somewhat lincar relationship can be found between the regioselectivity and the
difference of the CNDO/2 calculaied Cl1 and C4 coefficients of the diene HOMO. Using this as

precedence, it was hoped that evaluation of the HOMO would explain the apparent lack of regiosclectivity,

Selectivity vs Difference of HOMO Terminal

Coeflicients
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Inspection of the PM3 calculated HOMO for 3-nitro-ortho-quinodimethane, shown in Figure 3.7, showed
that there was liule difference in the size of the coefficients on the terminal ends of the dicne. With a
difference of only 0.0064, them was virtually no way for the dicneophiles to discriminate between the
terminal ends of the diene. Once again, FMO theory showed its superior predictability power over the

“arrow pushing” valence-bond approach.
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Figure 3.7 - PM3 Calculated HOMO of 3-Nitro-ortho-Quinodimethane

Having completed these mechanistic studics, rescarch was once again focused on the syathesis of tricyclic

sulfonc 1. The next few chapters discuss alternative routes aimed at this goal.



3.4  Experimental

General

All reactions were carried out in flame-dricd glassware that had been cooled under a stream of
nitrogen. All reactions were carried out under an inert atmosphere with the exclusion of moisture urless
otherwise noted. Melting points were délcnnincd with a Fisher-Johns Unimelt melting point apparatus
and are uncorrected. When no range is given for meling points, the number given is the average of @ one
to two degree melting point range. Infrared spectra were recorded with a Bomem MB 101 FT-IR
spectrometer with solution cells using the highest grade of methylene chloride available unless otherwise
noted. Proton and carbon nuclear magnetic resonance spectra were recorded on cither a Bruker AMX-
500, Varian XL-300 or Varian Gemini 200 operating at frequencics of 500, 300 and 200 MHz for proton,
and 125, 75 and 50 MHz for carbon, using the specificd solvent.  Spectra were referenced to residual
protonated solvents, but are reported relative to TMS = 0.00 ppm. Multiplicitics arc reported as s, singlet;
d, doublet: dd, doublet of doublets; t, tiplet; g, quartet, br, broad singlet; and m, multiplet. Low and high
resolution mass spectra were recorded on a VG 7070 Mass Spectrometer or a Concept Il instrument. MS
peak intensities are reported as a percent of the base peak.

The phrase “vsual work up™ refers to drying the solvent over anhydrous magnesium sulfate,
filtering and removing the solvent under reduced pressure using a Buchi Rotovapor. The term
chromatography refers to flash column chromatography performed using 230-400 mesh silica gel supplicd
by Terochem Laboratories in the solvent system specified. All solvents were routinely dricd and distilled
prior 1o use. All starting materials were used as received from commercial sources except for the
following: tricthylamine was distilled from CaH; immediately before use, THF was dricd over sodium

with benzophenone as an indicator, and CH,Cl; was distilled from P,0s.
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3-Nitro-o-a,a'-dibromoxylene (3).

Br

NQ2 Br
3
To a solution of 3-nitro-o-xylene (10.00 g. 66,2 mmol) in CCL, (100 mL) was added NBS (26.00 g, 147.8
mmol) and benzoyl peroxide (cat, 1.6 g). The resuiting mixture was heated to reflux for 24 h, cooled to
RT, filtcred, washed with Na;CO, (4 x 50 mL) and worked up in the usual manner affording a thick
yellow oil. The desired product 3 was obtained by crystallization with hexancs from CH.Cl-. affording
10.92 g (53%) of pale yellow prisms. CAUTION! The product and reaction mixture arc very potent

lachrymators and should be handied with extreme cars!

"H-NMR (200 MHz, CDCly): 3 4.67 (s, 2H), 4.84 (s. 2H). 7.45 (¢, 1H. J=8.0 Hz), 7.64 (d. 1H. J=8.0 Hz),
7.88 (d, IH, 8.0 Hz) ppm.

BC-NMR (75 MHz, CDCl;): 5 22.47, 28.40, 125.33, 129.72, 130.84, 135.38, 139.40, 149.90 ppm.

IR (CH-CI.): 1354, 1534 cm™.

EI-MS (m/z, %): 310 (3.3, M™"+4), 308 (7.0, M™+2), 306 (3.1, M™), 230 (59.0), 228 (59.0), 149 (50.0),
91 (100).

HRMS: Caic. for CgH:NO.Bra: 306.88434; Found: 306.88206.

mp: 62,8-63.8 °C.
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3-Nitro-dihydroisobenzothiophene (4).

NO2
4

A solution of dibromoxylene 2 (5.00 g. 16 2 mmol) in McOH (50 mL) was added dropwisc over 0.5 ko a
cooled (0 °C) solution of Naa§ (5.00 g. 8.1 mmol) in McOH (200 mL). The resulting vellow solution was
stirred at 0 °C for 0.5 h, then the solvent was removed under reduced pressure with the water bath at RT.
The resulting black residuc was suspended in CHLCl: and appliced to a column of SiQ;.  Elution with

Hex:EtOAc (7:1) afforded the title compound 4 2s a yellow powder (1.27g. 43%).

"H-NMK (200 MHz, CDCly): 5 4.31 (s, 2H). 4.70 (s, 2H), 7.40 (1. 1H. J=7.5 Hz), 7.55 (d. 1H, J=7.5 Hz),
8.08 (d, 1H, J=7.5 H2) ppm.

BC-IMR (75 MHz, CDCly): § 37.18, 38.37, 123.07, 126.10, 128.13, 130.36, 136.73, 144.97 ppm.

IR (CH:Cly): 1352, 1530 cm™.

EI-MS (m/z, %): 181 (33.2, M™), 164 {57.7), 134 (100},

HRMS: Calc. for CgH>NO.S: 181.01975; Found: 181.02143.

mp: 95.8-96.2 °C.
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3-Nitro-dih_vdreisobcnzothiophene-S,S—dioxidc (S).

SO2

NC2
5

A solution of sulfide 4 (5.43 g, 30.0 mmol) in CH.Cl. (300 mL) was cooled (0 °C) as mCPBA (13.03 g,
85%, 61.0 mmol) was added portionwisc over 10 min. The solution was allowed to warm to RT over 12
h, washed with NaHSQ, (10%, 2 x 50 mL) and NaHCO; (5%, 4 x 50 mL), followed by the usual work up.
The resulting bright yellow solid was triturated with EO (25 mL) and filtered affording the title

compound 5 as a bright yellow powder (5.26 g. 82%).

"H-NMR (200 MHz, CDCL): & 4.4 (s. 2H), 4.82 (s, 2H), 7.62 (m, 2H). 8.60 (d. 1H. 8.5 Hz) ppm.
“C-NMR (75 MHz, CDCL,): § 55.41, 57.08, 124.98, 127.59, 129.64, 131.81, 134.35, 145.80 ppm.
IR (CH:Cl.): 1131, 1329, 1352, 1536 cm™.

EI-MS (m/z, %): 149 (100, M™-S0,).

HRMS: Calc. for CeH,NO:: 149.04768; Found: 149.04784. (M™ «504).

mp: 195.4-196.0 °C,



3-Amino-dihydroisobcnzothiophcnc-S.S-dioxidc-(1 1.

S02

NH2
11
A solution of nitro-sulfone § (5.00 g, 23.5 mmol) in McOH (300 mL) was added dropwisc 10 a cooled (0
°C) solution of Pd on Carbon (10%, 50 mg) in MeOH (10 mL). A solution of hydrazine hydrate (8 mL)
was added dropwisc over 10 min, and the resulting solution was heated 1o reflux for 6 h, cooled to RT,
filtered through Celite, and the solvent evaporated o, The residue was dissolved in CH-Cl: (75 mlL),
washed with H-O (2 x 25 mL) and worked up in the usual fashion affording the title compound 11 as

white prisms (3.91 g, 91%).

"H-NMR (200 MHz, CDCly): §4.12 (s, 2H). 4.34 (s, 2H), 6.68 (m. 2H), 7.14 (¢, 1H. J=8.0 Hz) ppm.
PC-NMR (75 MHz, CDCly): 54.03, 57.39, 114.76, 115,56, 115.90, 129.63, 131.78, 143.05 ppm.
IR (CH:Cly): 1130, 1321, 3400 cm™.

EI-MS (m/z, %): 183 (20.5%, M™), 119 (100),

HRMS: Calc. for CgHyNO,S: 183.03540; Found: 183.03648.

mp: 196.5-197.0 °C.



3-(N-Benzyl-amino)-dihydroisobenzothiophene-S,S-dioxide (16).

S0z

/NH
Bn
16

The pH of a solution of amino-sulfone 11 (300 mg, 1.65 mmol) and benzaldehyde (210 mg, 1.98 mmol) in
M¢cOH ( 100 mL} was adjusted to pH~6 by the dropwise addition of HC1 (10%). NaBH,CN (750 mg, $.50
mmol) was then added portionwisc and the solution stirred at RT for 1.5 h, afer which time concentrated
HCl was added to the cloudy solution until pH< 2, The solvent was removed, water was added, and the
solution was extracted with Et:O (2 x 20 mL). The organic phase was discarded, and the pH of the
aqueous layer adjusted to pH>10, saturated with NaCl, and extracted with EtO (4 x 50 mL}. Usual work

up, followed by chromatography (3:1 Hex:EtOAc) afforded the title compound 16 as white fluffy needles

(410 mg. 92%).

'H-NMR (200 MHz, CDCly): 5 4.03 (s, 2H), 4.27 (s, 4H), 6.49 (d. 1H, J=8.0 Hz), 6.55 (d, 1H. J=8.0 Hz),
7.12 (¢, 1H, J=8.0 Hz). 7.30 (s, SH) ppm.

BC-NMR (75 MHz, CDCl,): 5 47.84, 53.75, 57.29, 110,02, 114.22, 115.40, 127.16, 127.34, 128.48,
129.55, 131.19, 137.59, 143.89 ppm.

EI-MS (m/z, %) 273 (3.8, M™), 225 (21.9), 183 (15.5), 161 (36.7). 146 {100).

HRMS: Calc. for CysH;sNO-S: 273.08235; Found: 273.08276.



5

Methyl (2-methyl-3-nitro)benzoate (22).

CO2Me

Me
NO2

2
A solution of 2-mcthyl-3-nitro benzoic acid (50.00 g. 0.28 mol) in McOH (500 mL) containing H.SO,
(conc.. 1 mL) was heated at reflux for 24 h. The solution was then evaporated, and the solid that resulted

was recrystallized from McOH. affording the title compound 22 as white needles,

"H-NMR (200 MHz, CDCLy): 5 2.60 (s, 3H). 3.90 (s, 3H), 7.38 (1, 1H. J=8.0 Hz), 7.81 (d. 1H, J=8.0 Hz),
7.98 (d. 1H, J=8.0 Hz) ppm.

mp: 65 °C (lit.’ 6566 °C).
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Methyl (2-bromomethyl-3-nitro)benzoate (23).

COz2Me

NO2 Br
23

A mixture of ester 22 (5.00 g, 25.6 mmol), NBS (5.00 g, 28.4 mmol) and benzoyl peroxide (cat) in CCl,
(50 mL) was heated 10 reflux for 24 b, cooled to RT, filtered, washed with Na;CO (10%, 4 x 20 mL) and
worked up in the usual manner. The yellow solid that resulted was recrystallized from MeOH, affording

the title compound 23 as pale yellow plates (4.74 g, 68%).

"H-NMR (200 MHz, CDCly): & 3.97 (s, 3H). 5.13 (s, 2H), 7.82 (¢, IH, J=8.0 Hz), 7.93 (d, 1H, J=8.0 Hz),
8.08 (d, IH, J=8.0 Hz) ppm.

“C-NMR (75 MHz, CDCly): 22.72, §3.07, 127.81, 129.09, 132.33, 132.64, 134.70, 151.48, 165.85 ppm.

IR (CHCL): 1120, 1356, 1535, 1729 cm™.

EL-MS (m/z, %): 244 {{(M""+2)-McO), 8.2), 242 ((M™)-Me0),8.2), 162 (100).

HRMS: Calc. for CyHsBrNOy: 243.04295; Found: 242,94465 (M™"-Me0).

mp: 69.7-71.8 °C.
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Methy! (2-(thiobenzyl)methyl)-3-nitro-henzoate (24).

CQOzMe

NC2 SBn
24

Benzyl mercaptan {4.76 g. 38.4 mmol) was added dropwise over 15 min to a solution of KOtBu (4.23 g.
38.1 mumol) in THF (150 mL). The resulting bright yellow solution was stirred at RT for 10 min. A
solution of benzyl bromide 23 .(9.60 2. 34.9 mmol) in THF (50 mL) was added dropwisc over 10 min.
Stirring was continued at RT for 2 h, after which time the THF was evaporated off, and the residue
partitioned between CH-Cl: and HyO. The organic phase was separated and worked up in the usual

fashion to afford the title compound 24 as a yellow oil (13.39 g, 97%).

'H-NMR (200 MHz, CDCl,): 5 3.65 (s, 2H), 3.85 (s, 3H). 4.28 (s, 2H), 7.20 (s, SH). 7.38 (¢, 1H, )=8.0
Hz), 7.78 (d, 1H, J=8.0 Hz), 7.92 (d, 1H, J=8.0 Hz) ppm.

BC-NMR (75 MHz, CDCly): 5 28.36, 37.13, 52.80, 127.03, 127.13, 127.59, 128.42, 128.74, 133.18,
133.99, 134.68, 137.47, 151.00, 166.70 ppm. i

IR (CH:ClLy): 1121, 1358, 1534, 1727 cm™.

EI-MS: 317 (1.8, M™), 226 (2.2). 194 (4.6), 91 (100).

HRMS: Calc. for C,¢H<NO.S: 317.07218; Found: 317.07484.




57

1-{Hydroxymethy!)-2-(thiobenzyl)methyl-3-nitro-benzene (25).

OH

NO2 SBn
25

A solution of LiEt;BH (2.80 mL. 1.0 M. 2.80 mmol) was added dropwis¢ to a cooled (0 °C) solution of
ester 24 (750 mg, 2.37 mmol) in THF (20 mL). The resulting wine-red solution was stirred at 0 °C for 2
h. It was poured into H.O (50 mL) and ncutralized with HCI (10%), at which point the solution turned
pale yellow. Extraction with EtOAc (6 x 20 mL) followed by usual work up afforded crude 25 as a
reddish oil. Chromatography (3:1 Hex:E1OAc) provided the title compound 25 as a yellow oil (337 mg.

50%).

"H-NMR: (200 MHz, CDCly): § 2.75 (br. 1H), 3.74 (5. 2H), 3.89 (s. 2H), 4.57 (s. 2H), 7.27 (m, 6H). 7.60
(d. 1H, J=8.0 Hz), 7.64 (d. 1H, J=8.0 Hz) ppm.

YC-NMR (75 MHz, CDCy): § 28.33, 38.17, 62.63, 124.44, 127.95, 128.64, 129.22, 129.50, 130.67,
133.30, 137.95, 142,67, 151.11 ppm.

IR (CHxCL): 1014, 1356, 1530, 3600 cm’™.

EI-MS (m/z, %): 289 (5.6, M™), 180 (8.7), 148 (8.4), 134 (5.2), 118 (7.8), 91 (100).

HRMS: Calc. for C,sH; sNSO,: 289.07727; Found: 289.07841.



3-Nitro-dihydroisobenzothiophence (4).

NO2
4

A solution of methancsulfonyl chloride (43.6 mg, 0.38 mmol) in CH.Cl: (2 mL) was added dropwise 1o a
solution of hydroxy-sulfide 25 (100 mg. 0.35 mmol) and tricthylamine (38.4 mg. 0.38 mmol) in CHyCl.
{1C mL). 'fhe resulting solution was stirred at RT for 1 h. Water (20 mL) was added, the solution was
extracted with CH-Cl, (2 x 10 mL) and worked up in the usual fashion to afford, afier chromatography
(10:1 Hex;EtOAc) sulfide 4 as a bright yellow solid (53.2 mg, 85%). The isolated product was identical to

that prepared via a different route and mentioned carlier.
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Methyl (2-methyl-6-nitro)benzoate (27).

NQO2
COz2Me

Me
27
A solution of 2-mcthyl-6-nitro-benzoic acid (5.00g, 27.6 mmol), Mel (4.70 g, 32.7 mmol) and NaHCO;
(11.50 g, 136.9 mmol) ;n DMF (75 mL) was heated to 60 °C for 6 h, afier which time the solution was
poured into H:O (200 mL) and extracted with EtzO (6 x 50 mL). Usual work up afforded an orange solid

that was recrystallized from McOH to afford the title compound 27 as pale yellow plates (4.60 g, 85%).

'H-NMR (200 MHz, CDCl): 5 2.34 (s, 3H), 3.89 (s, 3H), 7.42 (m, 2H), 7.90 (d, IH, J=8.0 Hz) ppm.

C-NMR (75 MHz, CDCly):  18.67, 52.71, 121.35, 128.93, 129.41, 135.64. 137.128, 145.75. 166.54
ppm.

IR (CH:Cl.): 1351, 1535, 1740 cm™,

EI-MS (m/z, %): 195 (17.2, M™), 178 (58.2), 163 (89.5), 133 (79.6), 89 (100).

HRMS: Calc. for C;H;NO,: 195.05316; Found: 195.05138.

mp: 49.8-50.6 °C.
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Methyl (2-(bromomethyl)-6-nitro)benzoate (28).

NO2
CO2Me

28 Br

A solution of ester 27 (3.50 g. 18.0 mmol) and NBS (4.70 g, 26.7 mmol) in CCL, (100 mL) containing a
catalytic amount of benzoyl peroxide was heated to reflux for 4 h. After this time, the solution was cooled
to RT, filtered, washed with NaxCO; (10%. 2 x 25 mL) and worked up in the usual manner 10 afford an
orange solid. Purification via column chromatography (5:1 Hex:EtQAc) afforded the title compound as a

white crystalline solid (3.07 g, 63%).

"H-NMR (200 MHz, CDCl,): 5 3.90 (s, 3H), 4.51 (s, 2H). 7.52 (¢. 1H, J=8.0 Hz), 7.74 (d. 1H, J=8.0 Hz).
8.00 (d, 1H, J=8.0 Hz) ppm.

BC-NMR (75 MHz, CDCly): § 27.56, 53.10, 123.85, 128.47, 130.39, 135.42, 137.22. 146.73. 165.19
ppm.

IR (CH.Cl.): 1349, 1538, 1740 cm™.

EI-MS (m/z, %): 275 (6.6, M™+ 2), 273 (6.6, M), 258 (42.0), 256 (42.0). 194 (100.0).

HRMS: Calc. for CoE,BrNO,;: 272.96376; Found: 272.97158.

mp: 82.8-83.6 °C,
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Methyl (2-(thiobenzyl)methyl-6-nitro)benzoate (30),

NO2
COzMe

SBn
30

A solution of benzyl mercaptan (164.0 mg. 2.20 mmol) in THF (5 mL) was added dropwise to a
suspension of NaH (110.0 mg, 4.6 mmol) in THF (10 mL). This mixture was stirred at RT until H:
cvolution ceased., at which point a solution of benzyl bromide 28 (600.0 mg, 2.19 mmol) in THF ( 10 mL)
was added dropwisc over 20 min. The resulting mixture was stirred at RT for 20 min, then refluxed for
10 h. The resulting orange-brown solution was poured into H-O (50 mL) and extracted with Et.O (4 x 25
mL). Usual work up followed by chromatography (10:1 Hex:EtOAc) afforded a pale yellow oil (135.9 mg,

20%}.

"H-NMR (200 MHz, CDCls): 6 3.50 (s, 2H), 3.70 (s, 2H), 3.80 (s, 3H), 7.20 (s, SH), 7.40 (d, IH. J=8.0
Hz), 7.50 (¢, 1H. J=8.0 Hz), 8.00 (d, 1H, }=8.0 Hz) ppm.

“C-NMR (75 MHz, CDCl;): § 29.09, 32.73, 48.18, 111.82, 115.46, 116.82, 117.27. 118.18, 123.64,
124.36, 125.00, 126.36, 134.36, 150.91 ppm.

IR (CH.Cl): 1115, 1352, 1535, 1738 cm™,

EI-MS (m/z, %): 317 (11.8), 300 (8.2), 162 (14.5), 91 (100).

HRMS: Calc. for Cy¢H;sNO,S: 317.07218; Found: 317.07270.
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1-(Thiobenzyl)methyl-2-(hydroxymethyl)-3-nitro-benzene (31).

N2 OH

SBn
31

A solution of LiEtBH (1.01 mL, 1.0 M in THF, 1.01 mmol) was added dropwise to a cooled (0 °C)
solution of ester 30 (120 mg. 0.38 mmol) in THF (10 mL). Stirring was continued at 0 °C for 3 h. The
solution was warmed to RT and stirring continued for 2 h, afier which tme the reaction mixture was
poured into H;O (20 mL}, neutralized with HCl (10%), and extracted with EtOAc (6 x 10 mL). Usual

work up and chromatography (3:1 Hex:EtOAc) afforded the title compound as a yellow oil (12 mg, 11%).

"H-NMR (200 MHz, CDCl,): 3.80 (s, 4H). 4.10 (s, 2H), 6.80 (d. 1H. J=8.0 Hz). 7.10 (d, 1H, J=8.0 Hz),

7.30 (s, SH), 7.50 (d. 1H., }=8.0 Hz) ppm.

Addition of MsCl and TEA to a solution of 31 in CH.Cl. afforded sulfide 4 in a yicld of 72%.



Sultines 44a and 44b

s? © 0

I

0 * 0
NO2 NO2

44a 44b
Sultines 44a and 44b were prepared following the general procedure of Dittmer'®,
A suspension of benzyl bromide 3 (3.00 g, 10.0 mmol), Rongalite™ (3.00 g. 20.0 mmol) and
tetrabutylammonium bromide (0.70 g. 2.0 mmol) in DMF (20 mL) was stirred at RT for 6 h, poured into
Hz0 (150 mL), extracted with Et:O (6 x 20 mL) and worked up in the normal manner, affording a bright
yellow solution (1.33g). Elution through a column of SiO. afforded two compounds in almost identical

yiclds.

Sultine 44b, R=0.34 (2:1 Hex:EtQAc), pale yellow needles (702.1 mg, 33%).

"H-NMR (500 MHz. CDCLy): § 3.83 (d, 14, J=16.5 Hz), 4.70 (d. 1H, J=16.5 Hz), 5.02 (d. IH. J=14.3
Hz), 5.36 (d, IH. J=14.3 Hz), 7.45 (m, 2H), $.00 (m. 1H) ppm.

“C-NMR (75 MHz, CDCl;): 5 51.38, 60.84, 121.41, 124.96, 128.12, 130,60, 135.34. 149.47 ppm.

IR (CH:Clo): 1119, 1352, 1533 cm™.

CI-MS (m/z, %): 214 (100, M™*+1).

HRMS: Calc. for CyH;NO, (M™)-SO-): 149.04768; Found: 149.04677.

mp: 97.4-98.2 °C,



Sultine 44a, Re=0.20 (2:1 Hex:EtOAc), pale vellow needles (362.7 mg, 27%).

'H-NMR (500 MHz, CDCl,): 83.65 (d. 1H, J=15.7 Hz), 4.34 (d. 1H, J=15.7 H2), S48 (d, IH. J=16.3
Hz). 5.50 (d. 1H. J=16.3 Hz), 7.47 (m. 2H), 8,10 (dd. IH, J=8.0, 1.5 Hz) ppm.

BC-NMR (75 MHz. CDCl,): § 54.58, 58.57. 124.58. 128.40, 128.56, 129.34, 135.94. 146.83 ppm.

IR (CH:CL:): 1118, 1352, 1533 em™.

CI-MS (m/z. %): 214 (90.9, M~ +1).

HRMS: Calc. for CyHiNO- (M™)-50-): 149.04768: Found: 149.04883,

mp:106.4-107.0 °C,
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Chapter 4 - Indole Approach
4.1 Introduction

While exploring a mechanistic problem discussed in Chapter 3, it was found that bicyclic sulfides

such as 4 could be prepared via activation of alcohol 1, presumably through sulfonium salt 3.

o4 OMs
a o
—_— SBn | —* S
Bn
No2 Ph NO2 Nz  ® NO2
1 2 3 4
Reagents: a) MsCL TEA, CHCly.

Scheme 4.1 - Sulfide Formation via Sulfonium Salt Intermediate.
It was found that by simply activating the alcohol 1 by converting it o a mesylaw, the sulfide 4 was

formed quickly in near quantitative yiclds. The possibility of using this methodology w construct desired

tricyclic sulfide 5, represented retrosynthetically in Scheme 4.2, was therefore expiored.

OH

5 6 7

Scheme 4.2 - Retrosynthetic Analysis of 5 using Sulfonium Salt Mcthodology
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4.2  Indole-Sulfonium Salt Approach

A routc to a synthon for 7 was devised that relied on Gassman's aza-sulfonium salt' chemistry to
construct «ne desired indole skeleton. Gassmar had shown that znilines could be converted into indoles in
a onc pot procedure.  His proposed mechanism is shown in Scheme 4.3, Iniual N-chlorination of the
aniline, followed by addition of a sulfur nucleophile gives an aza-sulfonium salt as an intermediate.
Deprotonation of the methylenc group adjacent to the sulfur provides a sulfonium ylide that undergoes a
{2,3}-sigmatropic reasrangement. Re-aromatization of the benzene ring, followed by intramolecular

condensation of the aminc and the carbonyl group, and a final rearrangement affords the 3-thioalky!

indole 9 as a final product.
——— — ——
c®
=]
NH2
o H’N\%{\cm H’N\§g\CHo
8
R R

-— —
SR R R
- HN | NHz CHO NH CHO
9

Scheme 4.3 - Gassman’s Aza-sulfonium Salt Route to 3-Thioalkyl Indoles.

Use of this methodology and starting with ethyl 3-aminobenzoate and thiomethylacetaldehyde

dimethylacetal as a sulfur nucleophile afforded a mixture of isomeric indoles 10 and 11. As can be seen



in Scheme 4.3, if the starting aniling is not symmetric, then two isomers can result from the sigmatropic

rearrangement. In the present case, both isomers were formed in cssentially identical yields,

CO2Et CO2Et EtO2C
_ab -
. Me SMe
NH2 HN I HN l

10 (21%) 11 (20%)
Reagents: a) (i) tBuOCl, CHyCl:, -78 °C: (ii) MeSCH.CH(OMe):: (iii) TEA, (iv) A

Scheme 4.4 - Synthesis of Indole 10 using Gassman’s Aza-sulfonium Sait Mcthodelogy

The two isomers were casily separated and readily distinguished by examination of the aromatic region of
the "H-NMR spestra since 10 and 11 are 1,2,3~ and 1,2,4-trisubstituted aromatics respectively. Indole 10
displayed two scts of doublets at 7.30 and 7.39 ppm with a coupling constants of 8.0 Hz. and a multiplet
pattern centered at 7.05 ppm, the aromatic region of isomer 30 was cleanly scparated into three distinet
resonances for the benzene ring protons; two doublets at 7.79 and 7.90 ppm with a coupling constant of 8
Hz, and a singlet at 8.15 ppm, represeating the remaining, isolated aromatic proton.

Reduction of 10 with LiAlH, in THF provided 3-thiomethyl-4-hydroxymethyl indole 12 in a yicld
of 93% as a colorless oil. The 'H-NMR exhibited peaks at 2.00 ppm (s, 3H, SCHy). 3.80 ppm (bs, 1H.
OH), 5.00 ppm (s, 2H, -CH.0O-) and 7.0 - 7.3 ppm (m. 4H).

Activation of the benzylic atcohol of indole 12 with MsCUTEA, conditions that had afforded
bicyclic sulfides (cf Chapter 3) gave no trace of the desired tricyclic sulfide 14. The EI-MS of the product
obtained showed two peaks at m/z 289 and 291 in a ratio of 3:1, indicative of a compound containing onc
chlorine atom. Analysis of the 'H-NMR spectra showed three singlets at 2.55, 3.15 and 5.25 ppm in an
integral ratio of 3:3:2, consistent with the presence of a thiomethyl and 2 methancsulfonyl group and a
benzylic chloride. The aromatic region remained complicated due to significant overlap of signals for
threc protons around 7.45 ppm, but there was a single resonance representing onc proton that had moved

downfield and now appeared as a doublet of doubiets centered at 7.95 ppm with coupling constants of 8
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and 1 Hz. These data were consistent with a structure of 13. In an attempt to induce cyclization, 13 was
heated in acetone in the presence of excess Nal. Smooth quantitative conversion 1o the benzylic iodide 15
(yellow solid, mp 95 °C) was observed afier short reaction times. The 'H-NMR of 15 is shown in Fig, 4.1.
The °C spectra showed an upficld shift of 50 ppm for the carbon that had been assigned to the benzylic
methylene group when compared 10 the benzylic alcohol or chloride. Afier prolonged reflux, the mass
balance decreased, but no other material could be isolated. Trying to induce an Sx1 pathway by heating
13 or 1S in ionizing solvents like DMF resulted in considerabie decomposition. Addition of silver salts,
cither AgCIO, or AgBF,, also did not Jead to the formation of 14. Instead. the CH:Cl. solution turned
bright yetlow immediately upon addition of the silver salt, but in less then onc seccond, the reaction
mixture turned biack, and no starting material or product could be isolated from the reaction mixture,

These results indicate that intramolecular displacement, via cither an Sxl of $x2 mechanism, was very

difficult for substrates 13 or 15.
OH Cl
CO2Et
. SMe SMe Me
HN | HN | N |
Ms/
11 12 13
% l c
|
S -—too
Me
RN I N
”
R=H, Ms Ms
14 15

Reagents: a) LiAlH,, THF, RT (93%).; b) MsCl, TEA, RT (26%); c) Nal, acetone, A (91%).

Scheme 4.5 - Postulated Synthesis of Tricyclic Sulfide 14 via Indole-Sulfonium Salt Approach
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Although in indoles 13 and 14 the sulfur was in conjugation with the indole ring, a factor which
may decrease the nucleophilicity of this center, it was doubtful that this was solely responsible for the
failure of forming tricyclic 14. The resonance forms in which the sulfur electron density is pumped into
the aromatic ring were not considered to be major contributors since onc resonance form. 16b, places a

lone pair or clectrons adjacent to the nitrogen, a factor known to be destabilizing.

X X
s - @
~Me S""Me
]
N
e 7 -
M
S Ms 16b

16a
A more reasonable conclusion was that 16a was too flal to allow for the correct geometry and
trajectory necessary for Sy2 displacement, since the nucleophile, electrophilic center and leaving group
should ideally align with an angle between them of 180 °. In the case of trying to induce an Syl reaction,
the intermediate benzylic carbocation 17 may not have been able to get the correct orbital alignment since
the sp® hybridized carbocation would prefer 1o stay planar and in conjugation with the benzene ring. It
was anticipated that if the ring system was more flexible, then the desired intramolecular displacement

may proceed. The strategy was therefore changed, the results of which are presented in the next section.

“~Me

17



4.3  Indoline-Sulfonium Salt Approach

The modificd approach, represented retrosynthetically in Scheme 4.6, called for the synthesis of a
3-thiocalkyl-3-hydroxymethylindoic 19. It was anticipated that with a compound such as 19 in hand,
activation of the benzylic alcohol followed by intramolecular ring closure and in site dealkylation of the

sulfonium salt would afford tricyclic sulfide 18. Oxidation of the sulfur would give the target sutfone 5.

OH
R
P'N p’N B P

5 18 19

Scheme 4.6 - Retrosynthetic Analysis IT of Tricyclic Sulfonc §

A route to the 3-thicalkyl indoline 19 was envisaged based on the impressive work donc by

Gassman on the synthesis of 3-thicalkyl oxindoles® This is shown in Scheme 4.7.

OH

8 20 ‘ 21

Scheme 4.7 - Approach II to Tricyclic Sulfide Precursor 21

Starting again with ethyl 3-aminobenzoate, oxindole 20 was prepared in onc pot by treatment
with tBuOCl, followed by addition of methyl (methylthio)acetate, and finally addition of tricthylamine,

Oxindole 20 {colorless crystals, mp 150.2 - 151.0 °C) was isolated as a single regioisomer by
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crystallization from the crude reaction mixture, in a yield of 72%. Its structural assignment was based on
its MS and 'H-NMR data. The "H-NMR showed the expected peaks for the ester, S-methyl and the 1,2,3-
trisubstituied aromatic units. The singlet at 4.68 ppm was assigned to the benzylic methine group adjacent
to both the carbonyi and thiomethyl groups.

As mentioned in the previous scction, the key [2.3)-sigmatropic rearrangement of the
interinediate ylide can result in the formation of two regioisomers. However, in this case, oaly the product
arising {rom reaction at the center ortho to both substituents was isolated: an exhaustive search of the
mother liquor was not carried out. Gassman® had reported a similar result when the starting aniline
derivative contained a nitro group ortho to the amino group.

With a supply of oxindole 20 in hand, conversion 0 the desired 3-thicalkyl indoline derivative
was auempted. After considerable experimentation, conditions were found that would convert oxindole
20 1o indolinc derivative 25, When a THF solution of oxindole 20 and 1 equivaient of BF3*0OEty was
added dropwise to a solution of LiAH, in THF at 0 °C, followed by warming 1o RT, then heating at reflux
for one hour, followed by the usual work up and column chromatography, a cloudy oil was gbiained. EI-

MS showed a molecular ion at m/z 237 and the ‘H-NMR was consistent with a structure of 25.

CO2Et COzEt O2Et
Me —» Me —_— Me
H H BF3
23 H

C
&
24

_ / J

CO2Et O2Et
%}Me * ~SMe
H l H
11 25

Scheme 4.8 - Reduction of Oxindole 20 with LiAIH/BF3#0Ety

o)

BFs




74

$3QD Ul 5T 2utjopuf JO wnN2adg WAN-H, ZHW 002 7t oandig

U o
Ber Y5t € pe ; o
per 92 | e p2 oo
c !

Hdd } g 8 6 ol

LLLLLLLLLLIFELFLLIFLLI[LLFFFE.E.FF.LLLLIEIF—LF Ll_qrrEanl_.....rrr_.-LLLl—.E wtasasd s sbaas o s bl

B A2l




75

In addition to indolinc 25, another product was isolated by chromatography as a colorless solid.
This material was identified as the indole 11 based on its simple '"H-NMR spectra which was identical to
the spectra of 11 that had been prepared previously in this chapter via an alicmative route. Both
compounds were present in almost equal proportions, in a combined overall yield of 73%. This reaction
was not studied in any detail so conditions that maximized the formation of cither 11 or 25 were not
found.

Presumably, complexation of the more Lewis basic amide group with the Lewis acid led to the
formation of complex 22 which was converied to hemiaminal 23 by the first equivalent of hydride.
Elimination of metal alkoxide in 2 manner similar to simple amide reduction® provided imine 24, which
.could then undergo further reduction to indoline 25, or isomerize to indole 26,

With reasonable access to indoline 25 (two steps from commercial material), it was assumed that
reduction of the 4-carboethoxy group to the hydroxymethyl group wquld be a trivial transformation,
Reduction of ester 25 with a variety of reducing agents, including LiAH,, Dibal-H, LiE,BH and LiBH,
under a variety of conditions failed to provide any of the desired benzylic alcohol 21. Instead, ester 27
was isolated along with benzylic alcohol 28. When the reaction was carried out under more controlled
conditions, using only one equivalent of hydride at in the form of Super-Hydride™ at -78 °C. 27 was

produced in nezrly quantitative yield,

CO2Et CO2Et
H H |
2 - 25 2 28

Scheme 4.9 - Reduction of Ester 25 with Metal Hydrides
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Onc possible mechanistic explanation is shown in Scheme 4.10. Nitrogen assisted climination of the
thiomethy! group, followed by re-aromatization of the indole nucleus would account for the facile

conversion of indoline 25 to indole 27.

CO2Et CO2E CO2Et
SMe —> [ ,J_v\ —_— [ ;
, L. ] ~ GSM |
N Hg € HN

25 27

Scheme 4.10 - Proposed Mechanism for the Formation of 27 from 25.

Further supporting cvidence for the mechanism proposed in Scheme 4,10 was the observation that 25 was
converted 1o 27 by standing at room temperature in the absence of any added metal hydride.

With this result, it became apparent that formation of the desired 3-thioalkylindoline derivative
21 would be quite difficult. Additionaily, the above transformation pointed out a possible reaction
pathway that had not been considered previously, the facile elimination of the thioalkyl group. Such an
elimination could conceivably complicate the proposed synthesis of the desired tricyclic sulfide as shown

in Scheme 4.11.

OH SMe
® ,
Me
HN HN HN

21 29 30

Scheme 4.11 - Re-examination of Sulfonium Salt Approach to Tricyclic Sulfide 29,
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p-climination from the sulfonium salt 29 could compete with de-alkylation. Even if de-alkylation proved
to be the major pathway, the formed tricyclic sulfide could be prone to the same climination. This

possibility coupled with the problems in accessing 21 caused the abandonment of this approach.

4.4  Experimental
General

For general experimental, see chapter 3. In addition to this, tBuOCl was prepared accerding to

the literature method*,
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3-(Thiomethyl)-3-carbocthoxy-indole (10).
CO2Et
SMe

HN

10

The general procedure of Gassman' was used. In this way, a solution of freshly prepared tBuOCH (4.60 g,
42.4 mmol) in CH:Cl: (10 mL} was added dropwisc to a cooled (-78 °C) solution of cthyl 3-
aminobenzoate (7.0 g, 42.4 mmol) in CH2Cl; (175 mL). The resulting yellow solution was stirred at
=78 °C for 15 min, then a solution of thiomethylacetaldehyde dimethylacetal (5.80 g, 42.9 mmol) in
CH:Cl» (10 mL) was added dro-wise. Stirring was continued for 1.5 h, then a selution of tricthylamine
(4.28 g. 42.5 mmol) in CH-Cl> (10 mL) was added, the cooling bath removed, and the reaction allowed to
warm to RT over a period of 12 h. The reaction mixture was heated to reflux for 12 h, cooled to RT,
water (100 ml) added, the organic phase separated and the resulting reddish solution evaporated to
dryness. The dark residue was dissolved in THF (50 mL}), and HCI was added (10%). The reaction
mixture was heated at reflux for 4 h, cooled to RT and extracted with EtzO (4 x 50 mL). Usual work up

on the combined organic extracts followed by chromatography (3:! Hex:EtOAc) afforded the title

compound (2.42 g, 24%).

TH-NMR (200 MHz, CDCl,): § 1.38 (1, 3H, J=7.0 Hz), 2.21 (s, 3H), 4.40 (q, 2H, 1=7.0 Hz), 7.05 (m, 2H),
7.35 (m, 2H), 8.90 (br, 1H) ppm.

BC-NMR (75 MHz, CDCly): 5 13.86, 19.74, 60.90, 108,60, 114.47, 121.05, 121.23, 124.25, 124.68,
127.46, 136.91, 163.93 ppm.

EI-MS (m/z, %): 235 (100, M™), 207 (12.1), 190 (49.7), 176 (42.5), 144 (47.6), 116 (27.4).

HRMS: Calc. for C;oH;sNO,S: 235.06670; Found: 235.06518,
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3-(Thiomethyl)-4-(hydroxymethyl)-indole (12).

OH

SMe

HN
12

A solution of cster 10 (100 mg, 0.43 mmol) in THF (10 mL) was added dropwisc 10 a suspension of
LiAlH, (16 mg, 0.43 mmol} in THF (5 mL). The gray. cloudy mixture was stirred at RT for 1 h, then
poured into a saturaied solution of potassium sodium tartrate (50 mL) and EtOAc (25 mL) and stirred at
RT for 4 b. Scparation of the organic phasc followed by usual work up and chromatography (2:1

Hex:EtOA<) afforded the title compound 12 as a clear oil (62 mg, 80%).

'H-NMR (200 MHz, CDCl,): § 2.00 (s, 3H), 3.80 (br, 1H), 5.00 (s, 2H), 7.00-7.20 (m, 4H), 9.00 (br, 1H),
EI-MS (m/z, %): 193 (98.1, M™), 160 (39.1), 117 (100).

HRMS: Calc. for CyoH,;;NOS: 193.05614; Found: 193.05628.
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1-(methanesulfonyl)-3-{thiomethyl}~4-(chloromethy1}-indole (13).

Ci

A solution of methanesulfonyl chloride (330 mg, 2.88 mmol) in CH;Cl; (10 mL) was added dropwisc to a
solution of alcohol 12 (250 mg, 1.30 inmol) and tricthylaming (262 mg, 2.60 mmol) in CH.Cl; (10 mL).
The resulting solution was stirred at RT for 3 h, then poured into H2O (20 mL) and extracted with CH:Cl.
(2 x 10 mL). The combined organic extracts were worked up in the usual manncer and chromatographed
(2:1 Hex:EtOAc) affording a slightly green solid, which was triturated with Et-O and filiered, providing

the title compound as white needles (95.2 mg, 26%).

'H-NMR (200 MHz, CDCI;): 6 2.55 (s. 3H), 3.15 (s, 3H), 5.25 (5. 2H), 7.45 (m, 3H), 7.95 (dd. 1H. J=3.0,
1.6 Hz) ppm.

BC-NMR (75 MHz, CDCly): § 18.19, 39.83, 42.07, 112.77, 116.24, 124.49, 124.73, 125,08, 126.85,
130.64, 134.85 ppm.

IR (CH:Cly): 1174, 1355 cm™.

EI-MS (m/z, %); 291 (8.0, M™+ 2), 289 (25.3, M™), 210 (66.1), 164 (26.1), 149 (100).

HRMS: Calc. for CyyH;NO:S:Cl: 288.99980; Found: 288.99981.

mp: 98 °C,



I-{mcthanesulfony!)-3-(thiomethyl)~4-(iodomethyl)-indole (15).

SMe

N

Ms 15
A mixture cf chloride 13 (90mg, 0.43 mmol) and Nal (65 mg, 0.43 mmol) in accione (5 mL) was heated
to reflux for 2 h, cooled to RT, diluted with CH.Cl,, filtered, and the resulting bright yellow solution

concentrated, affording the title compound 15 as a yellow powder (147 mg, 91%).

'H-NMR (200 MHz, CDCly):  2.55 (s. 3H), 3.11 (s, 3H), 5.13 (s, 2H). 7.30 (m, 3H), 7.80 (dd. 1H. ]=8.0
Hz, 1.0 Hz) ppm.

PC-NMR (75 MHz, CDCly): §2.89. 19.78, 40.56, 112.87, 117.13, 125.03, 125.54, 125.71. 126.40.
131,63, 135.53 ppm.

IR (CH:Cl:); 1179, 1369 cm™.

EI-MS (m/z, %): 381 (2.9, M™), 254 (100), 208 (35.5).

HRMS: Calc. for C;H;aNO.S,I: 380.93542; Found: 380.93421.

mp; 95 °C.
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3-(Thiomethyl)-4-carbocthoxy-2-0x0-2.3-dihzdroindole (20).
COzEt

SMe
HN

20

Oxindole 20 was prepared according to the general procedure of Gassman® In this way, a solution of
freshly preparced tBuOCH (3.30 g. 30.4 mmol) in CH:Cl: (15 mL) was added dropwise to a cooled (0°C)
solution of cthyl 3-amincbenzoate (5.00 g. 30.3 mmol) in CH2Cl; (100 mL). The resulting bright yclow
mixture was stirred at this temperature for 10 min, at which point a solution of methy! (thiomethylacelaie
(3.65 g. 30.4 mmo) in CH:Cl; (15 mL) was added and stirring continued for 2.5 h. A solution of
tricthylamine (3.10 g, 30.7 mmotl) in CH:Cl; (15 mL) was then added, and the initially yellow solution
was allowed to warm to RT over 12 h. The reddish solution that resulted was poured into a solution of
H20 (200 mL), the organic phasc scparated and worked up in the usual manncr to provide an orange

solid. Recrystallization from CH;Cl, afforded the title compound as colorless plates (5.70 g, 75%).

"H-NMR (200 MHz, CDCl,): 8 1.40 (t, 3H, J=8.0 Hz), 1.51 (s, 3H). 4.38 (q. 2H, J=8.0 Hz), 4.68 (s, IH),
7.02 (d. 1H, J=8.0 Hz), 7.31 {8, 1H, J=8.0 Hz), 7.62 (d. H, J=8.0 Hz), 8.05 (br, 1H) ppm.

BC-NMR (125 MHz, CDCl3): 5 12.15, 14.05, 46.74, 61.33, 113.39, 124.26, 127.89, 128.19, 129.00,
142,04, 165.52, 177.46 ppm.

IR (CH:Cl): 1613, 1723, 3424 cm™ .

EI-MS (m/z, %): 251 (2.2, M™), 205 (100), 176 (13.2), 160 (36.6).

HRMS: Calc. for C;2H;3NO,S: 251.06162; Found: 251.06118,

mp: 150.2-151.0 °C.



Reduction of Oxindole 20 with LiAlH/BF,*OEt,

CO2Et CO2Et
HN | HN

10 25
A cooled (0 °C) solution of oxindole 20 (500 mg, 1.99 mmol) and BF;#QEt: (0.50 mL, 3.95 mmol) in

THF (10 mL) was added dropwise to a solution of LiAlH, (75 mg, 1.98 mmol) in THF (10 mL), The
resulting solution was stirred at & *C for Ih, refluxed for 3.5 h, cooled to RT and quenched with a solution
of potassium sodium tartrate (saturated, 50 mL) anf E1OAc (50 mL). Separation of the organic phasc,
usual work up and purification of the residuc by chromatography (d4:1 Hex:EtOAc) afforded two

compounds.

25: R=0.25 (4:1 Hex:E1OAc); cloudy yellow oil (200 mg, 42%).

'H-NMR (200 MHz, CDCl,): 8 1.35 (t, 3H. J=8.0 Hz), 2.00 (s. 3H), 3.65 (d. 1H, 7.0 Hz), 3.70 (br, 1H).
3.89 (dd. 1H. J=7.0, 1.0 Hz). 4.35 (m, 2H), 4.92 (d. 1H. J=7.0 Hz), 6.80 (d. 1H. J=7.5 Hz). 7.11
(t. 1H, J=7.5 Hz), 7.38 (d. 1H, J=7.5 Hz) ppm.

EI-MS (m/z, %): 237 (2.5, M™), 189 (39.7). 144 (100), 116 (49.6).

HRMS: Calc. for C,;H,sNO-S: 237.08235; Found: 237.08185.

10; R=0.10 (3:1 Hex:EtOAC); pale yellow solid (145 mg. 40%).

'H-NMR (200 MHz, CDCly): & 1.38 (t, 3K, J=7.0 Hz), 2.21 (s, 3H), 4.40 (q, 2H, J=7.0 Hz), 7.05 (m, 2H),
7.35 (m. 2H), 8.90 (br, 1H) ppm.

“C-NMR (75 MHz, CDCl,): 5 13.86, 19.74, 60.90, 108.60, 114.47, 121.05, 121.23, 124.25, 124.68,
127.46, 136.91, 168.93 ppm.

EI-MS (mv/z, %): 235 (100, M™), 207 (12.1), 190 (49.7). 176 (32.5), 144.(47.6). 116 (27.4).

HRMS: Calc, for C,2H,,NO;S: 235.06670; Found: 235.06518.
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Chapter 5 - Oxindole-Sulfonium Salt Approach

5.1 Introduction

In the first approach to 4 (Ch. 4) based on an indole precursor, the hydroxy-sulfide 5 was
Synthesized, but cyclization to provide 6 was not successful, possidly duc to the rigid nature of the planar
intermediate and the inability to achicve the trajectory necessary for displacement. In the sccond
approach, the synthesis of the indoline precursor 1 proved troublesome, and it was belicved that the
intermediate sulfonium salt 2 would climinatc to form indole 3 rather than dealkylaie to form the desired
tricyclic sulfide 4. A precursor to 4 which would avoid these problems would have an sp” hybridized
center at C2, yet have an sp® hybridized carbon at position 3 1o give cnough flexibility 10 allow the desired

displacement; the oxindole 8 appeared to fit these criteria.

OH R
F | s’
S—R
----- > —————
“R R
HN HN HN
1 2 . 3
x\
OH
R S > S
™R
HN HN HN
5 6 4

It was expected that 8 could be :xade rapidly from commercial ethyl 3-aminobenzoate according

to Scheme 5.1 using Gassman’s oxindole methodology'.
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CH

CO2Et CO2Et
. - _— (;E‘{
SMe SMe
NH2 H HN HN
) o 0 o]
7 ] 9

Scheme 5.1 - Proposed Synthesis of Oxindole-Sulfide 9

5.2 Oxindole-Ester Approach

Based on the vast amount of literature precedence indicating that N-unsubstituted oxiadoles are
extremely difficult to reduce, the reduction of the pendant ester side chain in 7 to benzylic alcohol 8 was
expected to be a trivial transformation, However, exposure of oximdole-cster 7 to typical reduction
condition with Dibal-H in THF at 0 °C led to the quantitative recovery of starting material. Use of the
Super-Hydride™, 2 reagent that is usually quite effective for the reduction of esters” also led to quantitative
recovery of starting material. A number of other reducing agents were screened including the already
mentioned Dibal-H and LiEt,BH. LiBH., Ti(oiPr). / (E10);SiH’, Red-Al and LiAIH, over a tcmperature
range from -78 °C to refluxing THF. with an excess of reducing agent present.  In almost all cascs,
starting material was recovered in near quantitative yicld, A hint of a reaction was observed when excess
{10 molar equivalents) of LiAlH; was used and the reaction mixture was rcﬂuxcd for I8 h in THF, and

even then, the only sign of reaction was that the recovery of stariing material was only 50% of the original

mass balance.

Me ——» SMe

HN HN
7 Y 11 0

Scheme 5.2 - Reduction of Oxindole-Ester 7
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Reduction of oxindole-cster 7 with excess LiALH, in refluxing THF for 18 h, followed hy cooling
to 0 °C and quenching with a saturated solution of Rochelle's salt® led to two products; starting material,
recovered in almost 50% yicld. and another fess polar compound. This less polar compound. isolated via
chromatography, was identified as 4-methyl-3-thiomethyl-2-oxindole 11. The 'H-NMR of the new
compound (Fig. 5.1) showed three singlets at 2.10, 2.50 and 4.25 ppm in a ratio of 3:3:1 ascribed to the
aromatic methyl, thiomethyl and benzylic methine respectively. The IR spectrum (carbonyl at 1724 cm™)
and the aromatic portion of the 'H-NMR (doublet-doublct-triplet pattern shifted upfield to 6.70, 6.50 and
7.20 ppm respectively) confirmed that the oxindole nucleus was still intact. Repetition of the reaction at
lower temperaturcs and for longer reaction times did not Iead to interception of the desired, presumed
benzylic alcohol 8.

The harsh conditions necessary in order to observe any reduction of ester 7 and the complete lack
of control ied to an intercsting mechanistic speculation. The relative inertness of the ester carbonyl
towards addition of hydride, and the subsequent high propensity for over reduction to 11 was consistent
with reduction of benzoates having an electron donating group cither ortho or para to the ester group®. In
oxindole 7, the amide N-H could hardly be viewed as a strong clectron dorating group and. regardiess of
its clectron density, it was situated meta 1o the ester group. The relative acidity of the benzylic methine
proton was then considered. Gassman’ had found this proton to be quite susceptible to deprotonation,
Bascd on this work, the reduction results of oxindole-ester 7 were explained based on the following
mechanism.

Addition of a hydride source 10 a solution of 7 in THF leads to anion 12. The high electron
density of the ester carbonyl group as illustrated by 12b makes the carbonyl relatively inert to addition of
all hydride sources, except for LiAIH,. The first addition of hydride lcads to aldchyde 13, which is more
susceptible to addition of another hydride, giving rise to the benzylic alkoxide 14, At this point, the extra
clectron density donated by the anion formed & to sulfide and oxindole carbonyl which initially made the

ester carbonyt incrt to addition of hydride now makes it very prone to over-reduction, presumably via
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climination of an aluminum alkoxide forming, ironicatly. ortho-quinodimethane 15. Very rapid addition

of hydride to intermediate 15 would result in 11 being formed.
o®
CC2Et H@ COEt A ~0Et CHO
(15 :SMe_" e Me“_"f E\ SMe ©_SMe
H gmjr—\l:X HN %
; © 12a O 120 O 3 O

OAIR3

Me
Me _-SMe S SMe
MN HN HN
14 O s O u O

Scheme 5.3 - Proposed Mechanism for Reduction of Oxindole-Ester 7.

An obvious solution 1o both the difficulty in reducing the ester in 7 and then the subsequent over-
reduction was 1 enolize the oxindole, and trap it as a silyl enol ether, This methodology was chosen for a
number of rcasons: The reaction is quite simple and high yields are usually reported; it was anticipated
that once 12 was formed, reduction of the ester sidechain would proceed without any complications to

provide alcohol 13, desilylation of which would generate the desired alcohol 8.

COEt COzEt
— IE—— —
SMe Me Me SMe
I L
S 4 OSiR3 H
: O oy ' ' g O

R3S 2 OSiR3 R3S

Scheme 5.4 - Proposed Route to 8 via Silyl Enol Ether 12
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However, the first step of the sequence outlined in Scheme 5.4 failed. A variety of condition were tried
with temperature ranging from =78 °C to 100 °C. basces including EGN, EWiPr):N, LiHMDS. NaHMDS,
KHMDS. LDA. NaH and KOtBu in THF, and no base with heating in DMF. A number ot silylating
reagents were tried including TMSCIL, TBDMSCIL, TEDMSOTY, and TBDMSIm in onc, two and three
molar cquivalents. Aqueous work ups were carricd out, no work ups were done and the solvent was
stripped off under reduced pressure, and a number of deuteraled solvents were used to analyze the crude
reaction mixtures including CDCly, benzene-d®, and acctone-d® fearing decomposition of the product duce
to HCI present in the chloroform. In alt cases, no trace of reaction was found. Based on this work and the
results of Gassman’, it is quite clear that deprotonation takes place. There should be no steric restrictions
preventing the formativa of 12, assuming O-silyation occurs. It would be quite unusual if the anion or
dianion formed was so stable that silylation would not occur. Even considering such a preposterous
explanation, in several of the silylations, the reactions were allowed to stir for up 10 18 hours hefore being
quenched. Regardless of the reasons for the failure to form 12, work on this route was abandoncd.

It was found that reaction of oxindole 7 with two equivalcnts of LDA in THF at -78 °C followed
by quenching with Mel led to smooth formation of the 1.3-dimethylatcd oxindole derivative 14. The
permethylated oxindole 14, which was isolaled as a pale yellow oil afler chromatography, displayed
spectroscopic data consistent with its structure, the key requirements being the appearance of two new
singlets in the "H-NMR (Fig. 5.2) at 1.80 and 3.21 ppm, cach integrating for three protons.

With a route 10 14, and having blocked the problematic methine proton thereby simplifying the
situation that would occur during reduction, it was anticipated that reduction of 14 would afford alcohol
15. It was anticipated that alcohol 15 could be transformed to sulfonc 16 via the sulfonium sait strategy
and subsequent oxidation. Although the expected reduction product 15 would likely be uscless from a
synthesis point of view owing to the [1,5] saift shown for the transformation 17 to 18, it was hoped that
this study would serve an important purpose. It would address what had become key questions: Can a
ring system such as 16 be made using this methodology? and does 16 undergo chelotropic expulsion of

SO,, and if 50, al what temperature?
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CO2Et CO2Et
-_— Me - - Me  ---- b
Me Me Me
HN N
7/ /

Me o]

Scheme 5.5 - Postulated Routc to Tricyclic Sulfonc 16

Me'

- e——aa

17

Reduction of a THF solution of 14 with LiAlIH, led, very quickly, to a new product which was

isolated as a pale yellow solid after chromatography and identified as 19. Inspection of the "H-NMR

spectrum (Fig. 5.3) indicated that the thiomethyt group had been lost. Additionally, it showed a singlet at

3.14 ppm due to the N-methyl group and a set of peaks at 2,70 (s, 1H), 4.65 (d. 1H, J=13 Hz) and 4.73 (d,

1H, J=13 Hz) ppm, consistent with a benzylic alcohol. Since the benzylic methylenc group had appeared

as an AB pattern rather than a singlet, it was obvious that a chiral center was still present. A quartet at

3.44 ppm (IH), doublet at 1.44 ppm (3H) and the signals consistent with three contiguous aromatic

protons were also observed,
OH
CO2Et
Me — Me
SMe
N N
Me” 0 Me” 0
14 19

Scheme 5.6 - LiAlH, Reduction of Permethylated Oxindole Ester 14
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Based on the previous results it appeared reasonable to suggest that the sequence of events in the reduction
of 14 to 19 should be initial reduction of the ester followed by dethiomethylation. This result initiated a
study on the reduction of oxindoles that is discussed in much greater detail in Chapter 7 of this thesis.

With the realization that the sequence proposed in Scheme §.5 could not be carried out, work in this arca
was abandoned.

5.3  Oxindole-Acid Approach

Becausc of the problems associated with the metal hydride mediated reduction of oxindole-cster
7. it was decided to investigate the possibility of hydrolyzing the ester and reducing the resulting

carboxylic acid with a borane equivalent, as outlined in Scheme 5.7.

OH
CO2Et CO2H
—_— | eema- -
Me SMe Me
HN HN HN
7T C 20 o 8 ©
CQOzH
—_—
9
HN
21 O

Scheme 5.7 - Proposed Route to 8 via Carboxylic Acid 14

Hydrolysis of ester 7 by refluxing in EIOH in the presence of 20% KOH led to isatin derivative
21, rather than to the desired carboxylic acid. This was, in retrospect, not surprising, since Gassman had
reported that 3-thioalkyl-2-oxindoles could be converted 1o isatins by streaming oxygen through a basic

solution of the oxindole’. In addition, Taylor® had reported a similar conversion to isatin derivatives when
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trying to hydrolyze the ester side chain of a different 3-thioalkyl oxindole, When the hydrolysis of 7 was
carried out under conditions with the strict exclusion of oxygen, the conversion o carboxylic acid 20 (mp
208.5-209.0 °C) was achicved in near quantitative yicld.

Disappointingly, exposing carboxylic acid 20 1o reduction conditions with cither BHy»THF or
BH3#DMS in the absence or presence of Lewis acids like B(OMe)'™ or BFy»OEL'™ led only to very
complex reaction mixtures. Examination of the literature pointed out that borane had been known to give
complex reaction mixtures when reacted with oxindoles'?, the presence of the carboxylic acid group in 20

no doubt complicated matters further. Due to these complications, this route to alcohol 8 was abandoned,

5.4  Oxindole-Arhydride Approach

Due 1o the the complications associated with the borane mediated reduction of carboxylic acid 20,
the reduction of an activated derivative of the carboxylic acid was next attempted. To meet this end,
conversion of acid 26 1o the acid chloride was studied. However, reaction with thionyl chloride or oxalyl
chloride, cither neat or in solutions of CH:Cl,, led to complex reaction mixtures that could not be properly
analyzed due to the sensitive nature of the iniermediates. Attempted conversion of the acid 14 o a
carboxylate salt and subscquent reaction with oxalyl chloride also failed 1o give the desired acid chloride.

The case of cnolization (vide infra) was blamed for this. Activation of the acid group according to

Scheme 5.8 was then atiempied.
) i OH
CH O QOEt
Me - > Me it Me
H H H
20 O 2 o 8 C

Scheme 5.8 - Planned Synthesis of Alcohol 8 via Mixed Anhydride 22
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Using the procedure of Fraser ¢t al', ethyl chloroformate and triethylamine were added to a
solution of carboxylic acié 20 in THF., followed by portionwisc addition of excess NaBH,. After stirmng at
room temperature overnight, the reaction mixture was quenched by the slow addition of water. These
conditions, followed by appropriate workup and column chromatography led to the isolation of two
compounds,

The "H-NMR spectrum of the first compound that cluted (Fig. 5.4). isolated as a white crystalline
solid, showed that two carbocthoxy groups had been incorporated into the molecule duc to two
overlapping quartets centered at 4.35 and 4.30 ppm representing four protons, and two almost identical
triplets at 1.35 and 1.36 ppm. integrating for six protens. The thiomethyl singlet had been shifted to a
slightly lower field and now resonated at 2.50 ppm. Two rather broad singlets at 4.99 and 2.95 ppm
indicated that reduction had occurred, since both of these signals were taken as evidence that the benzylic
alcohol group was present. The most interesting aspect of the spectra was the appearance of the aromatic
region. Two protons gave risc to a multiplet in the region of 7.10 to 7.20 ppni. and the remaining proton
resonated at 8.00 ppm, appearing as a doublet with & 8.0 Hz coupling constant. This pattern was
indicative of an indolc with a strong clectron withdrawing group on the nitrogen. Bands at 1779 and
1746 cm™ in the IR spectra were consistent with the presence of carbonate and carbamate functionalitics.

Based on this spectroscopic data, structure 24 was proposed.

COz2H
Me
HN
0 OCO2Et EtOzCO OCQO2Et
20

Scheme 5.9 - Products Formed by Mixed Anhydride Reduction Protocol of Acid 20
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The second product. isolated as a clear oil. was identified 2s 23, Its 'H-NMR showed the
presence of the thiomethyl group. benzylic alcohol, one carboethoxy group. three aromatic protons and an
N-H group. The IR spectra showed the presence of a curbonate group (1772 cm'™) and HRMS supported a
molecular formula Cy3H, NO,S.

The isolation of these compounds led 10 some very interesting speculation about the behavior of
carboxylic acid 20. The formation of compounds 23 and 24, and the recovery of acid 20 indicated that
carbonate formation occurred before activation of the acid group. Once the oxindole was tied up as a
carbonate, carbamate formation became competitive with anhydride formation. This result scemed to
indicate that cither the methine proton of the oxindole was more acidic than the carboxylic acid, or that
oxindole 20 had considerable enol character, and this was efficiently acylated with the chloroformate
reagent. The ease of O-acylation and C-alkylation (vide supra) of these oxindoles makes the results of
attempied trapping with silyl clectrophiles cven more puzzling.

The use of three equivalents of chloroformate and base and the change of reducing agent from
NaBH, to LiBH,"* (more soluble in THF) resulted in a yietd of 90% for the conversion of 20 to 24 without
the need for chromatography; 24 being crystallized at the end of the reaction after a simple aqueous work
up.

With 24 in hand, the hydrolysis to the desired 8 was attempted. Hydrolysis under a variety of
basic conditions, including NaOH/MeOH and Na.CO,/MeOH led to very low yields of alcohol 8, and
cven after considerable experimentation, the best conditions found to convert 24 to 8 were the use of
LiEt;BH in THF, and even then, the yield was only 35-40%.

Alcohol 8 was isolated as a slightly yellow solid (mp 154 °C) and was characterized by the
presence of a thiomethyl group, resonating at 2.07 ppm in the 'H-NMR (Fig. 5.5), a singlet at 4.41 ppm
representing the methine proton, a very tight AB pattern for the benzylic methylene group, one doublet
centered at 4.81 ppm, and the other at 4.87 ppm, with coupling constants of 12 Hz. In addition, the
aromatic region showed the familiar pattern of three well defined and scparated resonances, two doublets

at 6.83 and 7.11 ppm and a triplet at 7.28 ppm with coupling constants of 7.0 Hz. A broad singlet at 8,00
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ppm accounted for the amide N-H. In addition . the IR spectra showed a broad stretch at 3082 cmtanda

sharp strong band at 1727 cm”, indicting that the alcohol and carbony! functional groups were present.

A~ o

EtO2C OCO2Et
24 8

“Scheme 5.10 - Conversion of 24 to Benzylic Alcohol 8

With 8 finally in hand, conversion to 9, as outlined in Scheme 5.1, was attempted,
Disappointingly, the desired cyclization could not be achicved under either basic or acidic conditions,
possibly due to the casc of enolization of the oxindole. Attempted activation of the hydroxymethyl group
under basic conditions with MsCl and TEA led to a very complicated mixture, The 'H-NMR of the crude
product showed no methine group, and the patiern of the aromatic region resembled an indole rather than
an oxindole. Addition of more than onc equivalent did not lead to any of the desired compound, No pure
products could be obtained afier silica gel chromatography cf the crude products obtained from any of the
above attempts. The use of less reactive mlft.;unylaﬁng reagents such as TsCl or Ts;O in the absence and
presence of bulky bases like Huning’s base or Proton Sponge™ over a broad temperature range failed 10
give any evidence for the formation of the desired product. In all cases, very complex reaction mixtures
were formed, presumably due to the reason cited above. .

Due to the failure of inducing cyclization under basic conditions, activation of the hydroxymethyl
group under acidic conditions was attempted. Stirring a solution of 8 in CH:Cl; in the presence of excess
TsOH and Nal led to the very rapid formation of a nonpolar compound, as evident by tle, Aqueous work
up, followed by column chromatography led 1o the isolation of a slightly pale yellow solid. Examination of

the EI-MS of the product showed a molecular ion at m/z 273, with a primary fragmentation showing loss
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of 127 to give a base peak at m/z 146, a fragmentation consistent with the presence of one iodine. The 'H-
NMR spectrum (Fig. 5.6) showed peaks at 3.48 (s, 2H), 4.32 (s, 2H), 6.75 (d. 1H), 6.99 (d. 1H), 7.12 (d.

IH) and 7.80 (bs, 1H} ppm, all consistent with structure 28.

OH i
Me !
HN HN
8 © 28 0
E A
v E
OH OH :
o ] l“m ] |
HN HN HN
‘o4 OH OH
25 |1| 26 27

Scheme 5.11 - Proposed Mechanism for Reaction of Alcohol 8 With Nal and TsOH

Presumably protonation of the carbony! group as in 2§ activates the sulfur towards attack by the
soft aucleophile I:", leading to formation of enol 26. Subsequent conversion of the hydroxymethyl group
to the benzylic iodide 27 followed by re-enolization on work up should provide the observed product 28,
This non-reductive desulfenation was studied in more detait, and is the subject of Chapter 8 of this thesis.

It is also possible that conversion to the hydroxymethyl group to the benzylic iodide preceded
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displaccment of thiomethy! group. although ring closure might have been expected if this represented the

pathway.

Based on the results described in this chapter, work directed towards the synthesis of tricyclic

sulfone 29 was abandoned.

S02
HN

29

5.5  Experimental

For gencral comments rcgardi;tg experimental, see chapter 3.  Oxindole 7 was prepared as

described in chapter 4,
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Reduction of Oxindole 7 with LiAIH, (11).

Me

A solution of oxindole 7 (100 mg. 0.40 mmol) in THF (10 mL) was added dropwise to a suspension of
LiAlIH, (150 mg. 3.95 mmol) in THF (10 mL). The resulting gray. cloudy solution was refluxed for 18 h,
poured into a saturated solution of potassium sodium tartrate (50 mL) and EtOAc (50 mL), and stirred for
4 h. The organic phasc was separated and subjected to normal work up foliowed by column
chromatography (2:1 Hex:EtOAc) providing two compounds: recovered starting material (35 mg, 35%)

and a less polar compound, 11, isolated as an off white solid (30 mg. 43%).

'"H-NMR (200 MHz, CDCly): 5 2.10 (s, 3H), 2.50 (s, 3H), 4.25 (s, 1H), 6.70 (d. 1H, J=8.0 Hz), 6.80 (d.
1H, J=8.0 H2), 7.20 (t, IH, }=8.0 Hz) ppm.

BC-NMR (75 MHz, CDCl,): § 11.45, 17.85, 45.52, 107.17, 123.27, 124.31, 128.69, 135.96, 140.98,
177.17 ppm.

IR (CH,Cl.): 1724 cm’.

EI-MS (m/z, %): 193 (26.5, M™), 146 (100), 118 (4.2).

HRMS: Calc. for C;oH;;NOS: 193.05614; Found: 193.05684.

mp: 154.3-155.9 °C.
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1,3-Dimethyl-3-(thiemethyl)-2-0x0-2,3-dihydroindole (14).

COzEt

Me

Me

Me/ O
14

A solution of freshly prepared LDA (2.1 cquiv.) in THF was added dropwisc to a cooled (0 °C) solution of
oxindole 7 (500 mg, 1.99 mmol) in THF (20 mL). Stirring was continued for 1 h, after which time a
solution of Mcl (631 mg, 4.38 mmol) in THF (5 mL) was added dropwise. The resulting solution was
allowed to slowly rise to RT over 12 h, poured i~to H,0 (50 mL) and extracted with Et.O (4 x 20 mL).
The combined organic extracts were worked up in the usual manner affording, after chromatography (2:1

Hex:EtOAc), the title compound 14 as a pale yellow oil (540 mg, <95%).

'H-NMR (200 MHz, CDCly): 8 1.40 (¢, 3H, J=7.5 Hz), 1.80 (s, 3H), 2.02 (s, 3H). 3.21 (s, 3H), 4.40 (q.
2H, J=7.5 Hz), 6.98 (dd. 1H. J=7.0, 1.0 Hz), 7.38 (t, 1H, J=7.0 Hz), 7.59 (dd, 1K, J=7.0, 1.0 Hz)
ppm.

BC-NMR (75 MHz, CDCly): 5 12.29, 14.20, 21.32, 26.55, 51.59, 61.40, 111.28, 124.61, 128.70 ,129.09,
130.93, 143.62, 165.99, 177.25 ppm.

EI-MS (m/z, %): 279 (12.2, M™), 233 (100).

HRMS: Calc. for C;H,sNO,;S: 279.09292; Found: 279.09141.
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Reduction of Oxindole 14 with LiATH, (19).

Me

19

A solution of oxindole 14 {100 mg. 0.36 mmol) in THF (10 mL) was addcd dropwise to a suspension of
LiAlH, (25 mg, 0.66 mmol) in THF (10 mL). The resulting gray cloudy solution was heated to reflux for
12 h, poured into a saturated solution of potassium sodium tartrate (50 mL) and extracted with EtOAc (4
x 25 mL). The combined organic extracts were combined and worked up in the normal manner, affording
a yellow oil that was chromatographed (1:1 Hex:EtOAc), providing as the major, polar material, oxindole

19 as a pale yellow solid (45 mg. 66%).

1H-NMR (500 Hz, CDCly): § 1.44 (d, 3H, J=7.60 Hz), 2.70 (br, 1H), 3.14 (5, 3H), 3.44 (q, IH, J=7.60
Hz),4.65 (d, 1H, J=13.0 Hz), 4.73 (d, IH, J=13.0 Hz), 6.72 (d, 1H, J=8.0 Hz), 7.05 (d, 1H, J=8.0
Hz), 7.24 (t, 1H, J=8.0 Hz) ppm.

BCNMR (125 MHz, CDCly): 5 15.43, 26.29, 40.11, 62.26, 107.42, 121.62, 127.93, 128.12, 137.15,
144.10, 178.81 ppm.

IR (CH:Cl): 1710, 3603 cm™.

ELMS (m/z, %): 191 (100, M™), 173 (73.3), 144 (32.6).

HRMS: Calc. for C,H;;NO,: 191.09463; Found: 191.09650.

mp: 99.8-100.0 °C.



107

3-(Thiomethyl)-2-0x0-2,3-dihydroindole-3-carboxylic acid (20).
)

OH
Me

20

A solution of NaOH (5%, 10 mL) and EtOH (10 mL) was brought to reflux and a steady stream of
nitrogen was passed through the solution for 30 min. After this period, oxindole 7 (500 mg, 1.99 mmol)
was added as a neat solid, and refluxing was continued for another 30 min. The yellow solution was then
cooled to RT, acidified with HCi (conc.) and the EtOH was stripped off. The white solid that formed was

filtered off, affording the title compound 20 as white plates (430 mg, >95%).

'H-NMR (200 MHz, acctone-d%): 5 1.90 (s. 3H), 4.50 (s, 1H), 7.05 (d, 1H, J=8.0 Hz), 7.30 (t, 1H, J=8.0
Hz2), 7.54 (d, 1H, J=8.0 Hz), 9.50 (br, 1H) ppm.

BC-NMR (75 MHz, acetone-d°): 5 16.89, 51,17, 118.14, 128.41, 133.36, 133.38, 134,07, 148.67, 171.20,
180.65 ppm.

EI-MS (m/z,%): 223 (10.2, M™), 205 (1.6), 177 (100), 131 (9.4), 119 (5.0).

HRMS: Calc. for C,¢HoNO,S: 223.03032; Found: 223.03021.

mp: 208.5-209.0 °C.



1<(Carbocthoxy)-2-(oxo-carboethoxy)-3-(thiomethyl)-3-(hydroxymethyl)indole (24).

OH

Me

Et02C0” .. OCOZE

Ethyl chloroformate (0.80 g, 7.40 mmol) and tricthylamine (1.10 g, 10.9 mmol) were added sequentially
10 a solution of carboxylic acid 20 (0.72 g. 3.23 mmol) in THF (100 mL). The resulting solution was
allowed to stir at RT for 1 k, after which time LiBH, (0.28 g. 12.9 mol) was slowly added pertionwise,
After all the reducing agent was added, the solution was allowed to stir at RT for i b, poured into H-O
(100 mL), and extracted with CH.Cl> (6 x 50 mL). Usual work up afforded the titlc compound 24 as a

white crystalline solid (0.75 g, 66%).

TH-NMR (200 MHz, CDCly): § 1.32 (t, 3H, J=7.5 Hz), 1.33 (t, 3K, J=7.5 Hz), 2.28 (s, 3H), 2.95 (br, 1H).,
4.28 (q. 2H, J=7.5 H2), 4.32 (q. 2H, J=7.5 Hz), 5.00 (s, 2H), 7.23 (m, 2H), 8.10 (dd. 1H, J=7.5,
1.0 Hz) ppm.

LBEC-NMR (75 MHz, CDCly): 5 13.78, 13.79, 20.07, 62.67, 63.68, 65.87, 101.42, 115.02, 124.40, 124.68,
124.95, 132.19, 133.48, 143.57, 149.21, 151.64 ppm.

IR (CH,CL): 1746, 1779, 3450 cm™.

EI-MS (mv/z, %): 353 (10.0, M™), 281 (31.2), 263 (52.8), 190 (43.2), 160 (70.1), 132 (47.6), 29 (100).

HRMS: Calc, for C;¢HsNSOg: 353.09331; Found: 353,05242.
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3-(Thiomethyl)4-(hydroxymethyl)}-2-0x0-2,3-dihydroindole (8).

OH

SMe

A solution of LiEyBH (3.0 mL, 1.0 M in THF, 3.0 mmol) was added dropwise to a solution of 24 (100
mg, 0.28 mmol) in THF (10 mL). The resuiting solution was heated 1o reflux for 1 h, cooled to RT.
acidified to pH 3 with HCI (10%). and extracted with EtOAc (4 x 50 mL). Usual work up on the
combined organic extracts, followed by chromatography (1:1 Hex:EtOAc) afforded the title compound §

as a pale yellow solid (21 mg, 35%).

"H-NMR (200 MHz, CDCly):  2.07 (s, 3H), 4.41 (s. 1H), 4.78 (d. IH, J=15.0 Hz), 4.88 (d, 1H., J=15.0
Hz), 6.83 (d, 1H, J=7.0 Hz), 7.11 (d, IH. J=7.0 Hz), 7.28 (v, 1H, J=7.0 Hz), 8.00 (br, IH) ppm.

“C-NMR (75 MHz, d*-McOH): 5 11.65, 46.67, 61.70, 109.94, 122.41, 124.36, 130.25, 140.34, 143.50,
179.43 ppm.

IR (CHCly): 1727, 3423, 3682 cm™.

EI-MS (m/2, %): 209 (2.8, M™), 161 (100), 145 (18.2).

HRMS: Calc. for C,oH;1NO-S: 209.05105; Found: 209.05403.

mp: 154 °C.
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2-Oxo-¢-(iodomethyl)-2,3-dihydroindolc (28),

HN

28

A solution of alcohol 8 (20 mg, 0.10 mmol), Nal (30 mg. 0.20 mmol) and TsOH (36 mg. 0.20 mmol) in
CH.Cl: (5 mL) was stirred at RT unti! tic showed complete consumption of starting material. Addition of
H:0 (10 mL), and extraction with CH;Cl: (2 x 5 mL) followed by washing the combined organic extracts
with sodium thiosulfate {10%, 4 x 25 mL) and usual work up afforded the title compound as a slightly

yellow solid (23 mg. 88%).

'B-NMR (200 MHz, CDCL): 3.48 (s, 2H). 4.32 (s, 2H), 6.75 (d, 1H, J=7.5 Hz), 6.99 (d, 1H, J=7.5 Hz),
7.12 (t, 1H, J=7.5 Hz), 7.80 (br, 1H) ppm.
EI-MS (m/z,%): 273 {9.0, M™), 146 {100), 128 (20.9).

HRMS: Calc. for C;HgNOI: 272.96507; Found: 272.96515.
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Chapter 6 - Sultine Approach
6.1 Introduction

Retrosynthetic analysis suggested that sulfone 1 could be a valuable intermadiatc in the syathesis
of the ergot alkaloid ring system. Several attempts to prepare 1, or the precursor sulfide, have been
described in the carlier chapters of this thesis, but none had been successful. One reason for the lack of
success might have been that the 6,5,5- ring system of 1 is highly strained, It was belicved that the sulting
3 would be a relatively unstrained precursor to 2. Additionally, with 3 in hand, it was hoped that its

thermolysis in the absence of a dienophile would lead to sulfonc 1 since a related sultine to sulfone

isomerization has been reported’.
Z 0
SQ2 —m -— I
N S
o N N
1 2 3

6.2  Indole-Sultine Approach

The first approach was based on previous work of Durst' who had shown that benzfused sultines
could be formed efficiently from hydroxy-sulfoxides by reaction with NCS or SO:Cls, as illustrated in

Scheme 6.2 for the transformation of 4 to 5,

OH
0 NCS or
I "soxcl2.
“R

R=Bn, tBu
4 5

Scheme 6.1 - Durst’s Sultine Synthesis via Hydroxy-Sulfoxides
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Using this as precedence, it was anticipated that sultine 3 could be formed from hydroxy sulfoxide 6,

which should be accessible from indole 7. This is shown retrosynthetically in Scheme 6.2.

OH
0 CO2Me
Qgﬁ'* RS G %
@]
H HN I HN l
3 7

6
Scheme 6.2 - Retrosynthesis of 3 to indole 7

Starting with 4-carbomethoxyindole 7, readily available from 2-methyl-3-nitrobenzoic acid using
the procedure of Leimgruber.® the thiobenzyl substituent was introduced at three position by the reaction
with benzylsulfenyl chloride, gencrated in situ from benzyl disulfide and SO-Cl. according to the
procedure of Hamel®, Unfortunately, separation of the product from the starting material was not possible
at this stage using column chromatography. The crude product 8 was subjected to reduction with LiAlH,
in THF. Column chromatography afforded 9, characterized by 'H- and '>C-NMR, as a clear oil in a 56%

yicld based on crude 8.

OH OH
CO2Me CO2Me
a - b [
Bn Bn OBn
HN l HN l H l HN |
7 8 8 6

Reagents: a) (BnS)z, SO.Cl., DMF; b) LAH, THF (56%); ¢) NalO,, MeOH/H.0 (94%).

Scheme 6.3 - Synthesis of Hydroxy-Sulfoxide 6 from Indole 7
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Oxidatior of sulfide 9 to sulfoxide 6 was accomplished in 94% vield with NalO, in McOH*. The
'H-NMR of sulfoxide 6 (Fig. 6.1). isolated as a beige solid after recrystallization from CHaCla/hexancs
(mp 148 °C), showed the expected AB quartets at 4.35 and 4.42 ppm (J=12.4 Hz) duc to the benzylic
methylene group o to the sulfoxide and at 4.77 and 5.19 ppm (J=12.8 H2) for the benzylic methylenc
group of the alcohol. Signals accounting for nine aromatic protons at 6.90 (d, 1H, J=8.0 Hz), 7.30 (d.
IH, J=8.0 Hz) and 7.10-7.25 (m, 7H) ppm and the indolic proton (broad singlet at 9,20 ppm) were also
present.

With the desired sultine precursor 6 in hand, cyclization to afford sultine 10 was attempted,
Addition of onc equivalent of NCS in CH.Cl: icd to rapid and smooth conversion to 2 single product,
isolated as a pale yellow solid {mp 178 °C) after chromatography. This compound showed a 3:1 ratio of
M™:(M™"+2) peaks in the EI-MS, indicating that the z chlorine atom had been incorporated into the
molecule. The 'H-NMR showed singlets at 4.80 (2H) and 5.80 (2H) ppm. More importantly, integration
of the aromatic region showed that there were still nine protons present, thus the pendant benzyl group
had not been cleaved off as anticipated. A broad singlet at 8.90 ppm indicated that the indole nuclens was

still intact. These data were consistent with chlorosulfone 11.

OH cl
? o) o)
e i — i
H HN H 0
10 & 11

Scheme 6.4 - Reaction of Hydroxy-Sulfoxide 6 With NCS or SO-Cl,

To explain the formation of this unexpected product, a more critical look at the operative reaction
mechanism was necessary. The key oxosulfoxonium salt intermediate 13 is expected to be generated by

initial S- chlorination of sulfoxide 6 to chlorosulfoxonium salt 12, followed by intramolecular
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displacement of the halide by the hydroxy group producing 13. At this point, the chloride liberated in the

previous step could react with 13 via cither path  or path b, giving 11 or 10 respectively.

OH OH - 2
Q Q 0 XF’
s — ?e\/Ph —_— “Uh)

b

l | | ©

H H H
6 12 13
Path a
l Path b
ct
o)
i - ?
I N
1 © I °
H
11 10

Scheme 6.5 - Mechanism for Reaction of 6 With NCS

Path b Ieads to the desired product. However, the reaction proceeded exclusively by pathway a,
and 11 was the only product isolated. Using alternative chlorine sources, like SO;Cl., led to the same
product. Examination of the 'H-NMR spectra of the crude product showed that in all cases, 11 was
formed cleanly and exclusively, In stark contrast to this, Durst et al did not report products other than the
sultines under identical reaction conditions. As shown in Scheme 6.6, the same type of intermediate and
the same two possible reaction pathways occur for hydroxy-sulfoxide 4. Once oxosulfoxonium salt 14 is
formed, pathway a or b can be followed.

Why in the case of 4 was the sultine § the only observable product, and no trace of 15 was found,
whereas in the case of substrate 6, reaction occurred exclusively via pathway a, giving only chloro-sulfone

11, and none of the desired sultine 10?
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OH

a Cl
<]
(o) ﬂl a
I —_— ! ‘) —
(@]
4 14 15
b (0]
=0,
S0

Scheme 6.6 - Mechanism For Durst’s Sultine Synthesis

In the casc of 14 when R=Bn, reaction following cither pathway a or b leads to a primary
benzylic chloride. inspection of the bond / no-bond resonance forms of cither of the products arising
from intermediate 14, shown in Figure 6.3, clearly showed that there was litle difference in the stability

of products duc to pathway a or b. Presumably in this case, pathway b is favored duc to the enthalpic

factors usually associated with ring forming reactions.

<I:s SORn S028n S028n
"vPh
0

Cl
14; R=Bn @
— —— b e g
CIe

Figure 6.3 - Bond/No-Bond Resonance Structures of Products From Fragmentation of 14

A possible answer comes from examination of the intermediate 13 and evaluation of its bond/no-

bond resonance forms (Fig. 6.4). Fragmentation of the benzylic C-O bond may be facilitated by the lone
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pair of the indole nitrogen. Such a reaction would lead to 11 via the stabilized benzylic cation 16. Such a

fragmentation is not as readily available for the oxosulfoxonium intermediate 14

c|e Cl ®

S028Bn <+ . -S02Bn
[ H
®
16
H

<]

Cl

Figure 6.4 - Bond/No-Bond Resonance Structures of Products From Fragmentation of 13

Although the sequence discussed above had not provided the desired target sultine, the results
were encouraging since it had shown that the key intermediate and new ring system 13 was formed quite
casily, but had failed 1o fragment in the desired manner. With an understanding of the reaction
mechanism, it was hoped that some way could be developed to suppress the alternative obscrved
fragmentation of oxosulfoxonium salt 16 and return to the previously observed fragmentation to afford
the desired sultine. Onc obvious alternative was to place a strong clectron withdrawing group on the
indolic nitrogen. By decreasing the clectron donating ability of the nitrogen, it was hoped that the
participation of resonance form 16 would be minimized, returning to the previously observed preference
for these oxosulfoxonitm salts to form benzyl chloride and sultines.

With this goal in mind, indole 8 was N-mesylated MsCI/TEA and then reduced with LiAlH, to
afford 18 as a pale yellow oil in an overall yield of 47% from crude 8. The spectroscopic properties of

both the ester and alcohol sulforamides 17 and 18 agreed with the assigned structures.
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OH H
CO2Me CO2Me
a b [
Bpn———» Bn Bn -_— S0Bn
HN MsN | MsN | MsN |
8 17 18 19

Reagents: a) MsCl, TEA, CH.Cl (70%): b) LiAlH,, THF (67%); ¢) NalO4, McOH-H;O (95%).

Scheme 6.7 - Synthesis of Hydroxy-Sulfoxide 19 from indole 8

Oxidation of hydroxy-sulfide 18 to hydroxy-sulfoxide 19 was accomplishpd in 95% yicld using
NalQ, in McOH-H;0. The colorless solid isolaied by crystallization and trituration with cther (mp 152
°C) had a 'H-NMR spectrum (Fig. 6.5) consistent with 19. Key peaks in the '*H-NMR included a singlot
at 3.00 ppm (MeS0O,-), two doublets at 4.33 and 4.43 ppm with a coupling constant of 12.7 Hz (<CHz- ato
the S=0) and two doublets at 4.7% and 5.06 ppm which also had a 12.7 Hz coupling (AsCH,0). The
presence of the sulfoxide moicty, which was quitc obvious from examining the ‘'H-NMR, was confirmed
by IR spectroscopy which showed a band at 1150 am™,

The cyclization of 19 to sultine 20 was attempted using the previously reported conditions of
reaction with NCS ir CH,Cl,. As with 6, reaction led to the rapid consumption of starting matcriat and
the formation of a single product, as evident by te. Typical aqueous work up followed by column
chromatography led to the isolation of a colorless solid (mp 215 °C) in a yield of 57% which was
identified as chlorosulfone 21. The simple proton spectrum (Fig. 6.6) showed peaks at 3.07 (s, 3H,

MeS0»-), 4.81 (s, 2H), 5.41 (s, 2H) and a total of nine aromatic protons.

20 19 21

Scheme 6.8 - Reaction of Hydroxy-Sulfoxide 19 With NCS
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6.3  Indoline-Sultine Approach

Having failed in the first attempt to favor sultinc over sulfone formation, the next solution was to
remove the indole double bond. It was believed that once the double bond was removed, there would be
no conjugated pathway allowing the nitrogen to pump electron density in to the ring and a retumn to
normal sultinc forming behavior would be observed. By making 3 the target, there was actually very little
deviation from the original retrosynthesis since the indole sultine 20 would have to be converted to the
indoline sultine 3 in order {0 allow the chelotropic expulsion to occur. The only difference, therefore, was
the order of the sequence, Whereas the first approach called for sultine formation, then indole reduction
the modified or second approach called for indole reduction to precede sultine formation. The

retrosynthesis of sultine 3 to the readily available hydroxy-sulfoxide 6 is shown in Scheme 6.9.

OH OH
?
o B— SOBn ——> OBn
HN HN HN l

3 22 6

Scheme 6.9 - Retrosynthesis of Tricyclic Sultine 3 to Hydroxy-Sulfoxide 6

Reduction of 6 with NaBH;CN in HOAC® returned starting material, Using TFA as a solvent led

OH
Me
+ %
HN AN
4

2 25

10 over-reduction and desulfenation as shown in Scheme 6.10.

OH
HN I HN

OH
o+
6 23

Scheme 6.10 - Reduction of Indole 6 with NaBH,CN in TFA
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It seemed obvious that indoline 24 resulted from further reduction of the initially formed indole
23, and indoline 25 was the result of reduction of the 4-hydroxymethyl group of 24. but there was some
question as to how indole 23 had formed. Two mechanistic possibilitics arc offered.  Undoubtedly, the
first step in the reaction mechanism was C3 protonation of indole 6 to provide imine 26 as the key
intermediate, Atack of some nucleophile, be it "CN or ‘OCOCF;, on the sulfoxide with concomitant
displacement of the indole nuclens would result in formation of indole 23.  Alternatively, imine 26 could
have undergone typical reduction with addition of hydride at C2, giving indoline 27. Syn climination of
phenylmethansulfinic acid would also have led to indole 23, Since the temperatures usually required for
-limination of sulfinic acids arc typically greater than 110 °C®, this pathway is not viewed as being likely.
Buth of these pathways are shown in Scheme 6,11, Although both pathways are, in principle, possible,
the pathway involving nucleophilic attack on the sulfoxide moicty is viewed as being more reasonable
based on the work reported by the Merck group’. Atkinson and coworkers’ had reported that 3-alkylthio
indoles undergo isomerizations and desulfenations when dissolved in strongly acidic mediums (FPA or
TFA) in the presence of another nucleophile, usually a thiolate nucleophile. They have also reported that

in the absence of an added nucleophile that the conjugate base of the acid is sufficiently nucleophilic to

react at the sulfur center,



125

OH OH OH
/\(9 CN
—— H ———
SOBn SOBn
HN | Hg_ HN
6 26 23
©H

OH
N ,Bn
S\\
3.0
HN H
27

Scheme 6.11 - Possible Mechanisms for Formation of Indole 23 via Reductior of Indole 6

With the realization that reduction of an indole with an clectron withdrawing group at C3 was
not going to be a trivial transformation, work on this project was abandoned. However, a number of
questions regarding the accessibility of the desired ring systems had been raised. All of the problems
associated with the failures in this chapter were attributed to the aromatic indole nucleus. It was decided
to remove both of these and focus 2 study based entirely ¢n the dihydroindene skeleton. These studies are

discussed in greater detail in Chapters 9 and 10.

6.4 Experimental
General

For comments regarding gencral experimental, se¢ experimental section of chapter 3,



4-{Carbomethoxy)-indole (7).

CCzMe

HN

7
Indole 7 was prepared according 1o the procedure of Leimgruber.
A solution of methyl (2-methyl-3-nitro)benzoate (50.00 g. 0.26 mol) and DMFDA (35.00 g. 0.29 mol) in
DMF (100 mL) was heated to reflux for 12 h. The resulting dark red solution was poured into HzO (1 L)
and extracted exhaustively with Et-O until the organic extract was clear. The combined organic extracts
were worked up in the usual manner affording a dark red oil (58.5 g).
The resulting red oil was dissolved in E1OH (650 mL) and HOAc (glacial, 650 mL) and iron (195 g) was
added. The resulting solution was stirred with a mechanical stirrer and heated to 50 °C for 1h, then
warmed to reflux for 3 h. The solution was filtered through Celite™, extracted with Et;O (6 x 100 mL).
then washed with Na,COy (10 %) until neutral. Normal work up, followed by distillation at reduced
pressure afforded the title compound 7 as a clear oil that slowly solidified on standing to a white solid

(35.2 g).

'H-NMR (200 MHz, CDCl;): § 3.90 (5, 3H), 7.50 (m, SH), 8.80 (br, IH) ppm.
bp: 110 °C (0,15 torr)

mp: 65 °C (lit.2 63 °C).



3-(Thiobenzyl)-$-{carbomethoxy)-indole (8).
CO2Me
SBn

HN

8
Sulfuryl chloride (0.74 g, 5.60 mmol) was added to a solution of benzyl disuifide (1.40 g, 5.70 mmol) in
1.2-dichlorocthane (10 mL). The yellow solution that resulted was stirred at RT for 10 min, then added
dropwise to a solution of indolc 7 (2.0 g, 11.43 mmol) in DMF (20 mL). Afier stirring at RT for 1 b, the
solution was poured into H;O (100 mL) and extracted with Et-O (4 x 50 mL). Usual work up followed by
chromatography (3:1 Hex:EtOAc) provided the title compound 8 as a pale yellow oil, contaminated with

starting indole 7. This material was used directly in the next step without further purification.

"B-NMR (200 MHz, CDCly): 5 3.90 (s, 3H), 4.50 (s. 2H), 7.0-7.5 (m, 9H). 8.80 (br, 1H) ppm.
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3-(Thiobenzyl)}-4-(hydroxymethyl)-indole (9).

OH

SBn
HN

9

A solution of crude cster 8 (500 mg, 1.68 mmol) in THF (10 mL) was added dropwisc to a suspension of

LiAlH, (65 mg. 1.71 mmol) in THF (10 mL). The cloudy gray reaction mixture was stirred at RT for 15

min, warmed to reflux for 2 h, cooled to RT and quenched by the addition of a saturated solution of

potassium sodium tartrate (50 mL) and EtOAc (50 mL), Usual work up of the organic phasc followed by

column chromaiography (3:1 Hex:EtQAc) afforded the title compound 9 as a clear oil (258 mg, 56%
based on crude 8).

"H-NMR (200 MHz, CDCL,): 5 3.40 (br, H), 3.88 (s, 2H), 5.05 (s. 2H), 6.88 (d. 1H. J=2.6 Hz), 7.0-7.3
(m, 8H), 8.90 (br, 1H) ppm.

PC-NMR (75 MHz, CDC,): § 43.59, 63.41, 10236, 11.69, 120.94, 122,08, 126.25. 126.77. 128.03,
128.71, 131.61, 132.90, 136,70, 137.56 ppm.

IR (CH.Cl,): 3455 cm™.

CI-MS (isobutanc): 270 (19.2, M™"+1).
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3~(Thiobenzyl-S-oxide)-4-(hydroxymethyl)-indole (6).

OH

SOBn

HN
6

A solution of NalO, (103 mg, 0.50 mmol) in H.0 (2 mL) was added dropwise to a solution of sulfide 9
(130 mg, 0.48 mmol) in McOH (5 mL). The resulting solution was stirred at RT for 6 h, after which time
the McOH was cvaporated off under reduced pressure. The residue was extracted with CHxClz 4x10
mL). Usual work up afforded a beige solid which was recrystallized from CH-Cl/hexanes to afford the

titlc compound as a white solid (130 mg, 94%).

'H-NMR (500 MHz, CDCly): 34.35 (d, IH, J=12.4 H2), 4.42 (d, IH, J=12.4 Hz), 4.77 (d, 1H. J=12.8
Hz), 5.19 (d, IH, J=12.8 Hz), 6.90 (d, 2K, J=8.0 Hz), 7.20 (m, 7H), 7.30 (d, IH. J=8.0 Hz), 9.20
(or, IH) ppm. '

BC-NMR (125 MHz, CDCl;): 8 62.58, 65.02, 112.52, 123.05, 123.96.. 128.22, 128.44, 128.53, 128.70,
130.10, 130.27, 130.86, 133.65, 137.85 ppm.

IR (CH:CL): 1109 cm™,

EI-MS (m/z, %): 285 (1.8, M™), 237 (13.5), 176 (43.7), 148 (36.5), 91 (100).

HRMS: Calc. for C;sH,sNO,S: 285.08235; Found; 285.08079.

mp: 148 °C,
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Reaction of sulfoxide 6 with NCS (11).

Cl
“
N l S02Bn
HN
1
NCS (26 mg, 0.20 mmol) was added in one pottion to a solution of sulfoxide § (50 ing. 0.18 mmol) in
CH-Cl- (25 mL). The solution was stirred at RT for 1 h, then poured into 33,0 (20 ml), extracted with
CHCIL: (4 x 10 mL) then washed with Na:CO; (3 x 20 ml) and subjected to usual work up.

Chromatography afforded 11 as a pale yellow solid (30 mg, 54%).

"H-NMR (500 MHz, CDCl):  4.80 (s, 2H), 5.40 (s, 2H), 7.2-7.4 (m. SH), 8.90(br. 1H) ppm.

BC-NMR (125 MHz, CDCly): 5 45.80, 62.05, 116.54, 117.23, 120.30, 122.05, 123.86, 125.67, 126.34,
130.09, 130,54, 132,64, 136.29, 138,02, 139.86 ppm.

IR (CH:CL): 1)19, 1334 cm™,

EI-MS (m/z, %): 319 (3.5, M™), 193 (10.0), 129 (222.0), 91 (100).

mp: 178 °C.



N-{Methanesulfonyl)-3-(thiobenzyl)}-d-{carbomethoxy)-indole (17).

Z COz2Me
N I Bn
MsN l

17
A solution of MsCl (360 mg, 31.4 mmol) in CH:Cl: {5 mL) was added dropwise 10 a cooled (0°C)
solution of indole 8 (0.91 g, 3.06 mmolj and tricthylamine (34.5 mmol) in CH,Cl: (50 mL). The resulting
solution was stirred at 0 °C for 1 h, then was poured into H:O (50 mL) and was worked up in the usual
manner. Purification via column chromatography afforded the title compound as white needled (0.82 g,
70% based on crude indole 8),
'H-NMR (500 MHz, CDCl,): 5 2.91 (s, 3H), 3.980 (s, 2H), 3.982 (s. 3H), 7.22 (m, 6H), 7.40 (t, IH. J=7.5
Hz), 7.61 (dd. 1H. J=7.5. 1.0 Hz), 8.03 (dd. 1H, J=7.5, 1.0 Bz) ppm.
PC-NMR (125 MHz, CDCly): 5 39.85, 40.79, 52.40, 114.40, 116.01, 124.57, 124.88, 126.41, 127.29,
128.08, 128.44, 128.83, 129.20, 135.75, 137.09, 168.33 ppm.
IR (CH:CL): 1162, 1371, 1720 cm™.
EI-MS (m/z, %): 375 (9.1, M™), 296 (2.9). 264 (5.7). 91 (100).
HRMS: Calc. for CysH,;-NO,S2: 375.05990; Found: 375.05840.

mp: 111 °C,



N-(Methanesulfonyl)-3-(thiobenzyl}~i-(hydroxymethyl)-indole (18).

OH

Bn

MsN
18

A solution of indole 17 (200 mg, 0.53 mmol) in THF (25 mL) was added dropwise 10 a suspension of
LiAIH, (25 mg, 0.66 mmol) in THF (10 mL). The resulting reaction mixture was stirred at RT for 30
min, reffux for 30 min, cooled to RT, and quenched with potassium sodium tartrate (saturated, 100 mL)
and EtQAc (50 mLl). Scparation of the organic layer and usual workup, followed by column

chromatography (3:1 Hex:EtOAC) afforded the title compound 18 as a slightly yellow oil (125 mg, 67%).

TH-NMR (500 MHz, CDCl,): 5 2.97 (s, 3H), 4.00 (s, 2H), 5.07 (s, 2H), 7.10-7.40 (m, 8H), 7.90 (d, 1H.
J=1.0 Hz) ppm.

BC.NMR (125 MHz, CDCly): §40.89, 41.81, 62.81, 100,77, 111.72, 113.07, 124.57, 125.56, 127.79,
128.57, 129.12, 130.30, 134.90, 135.71, 136.79 ppm.

IR (CH.Cly): 1177, 1370, 3566 cm™.

EI-MS (m/z, %): 347 (14.3, M™), 256 (10.9), 160 (5.9, 91 (100).

HRMS: Calc. for C;7H,;sNOS,: 347.06499; Found: 347.06294.



N-(Mcthanesulfonyl)-3-(thiobenzyl-S-oxide)-4-(hydroxymethyl)-indole (19).

OH

OBn

MsN
19

A solution of NalO, (80 mg. 0.37 mmol) in H2O (2 mL) was added dropwise to a solution of 18 (120 mg,
0.35 mmol) in McOH (10 mL). The resulting mixture was stirred at RT for 2 h, after which time the
MeOH was stripped off at reduced pressure, H2O (10 mL) was added and the solution was extracted with
CH:Cl: (4 x 10 mL). The combined organic extracts were worked up in the usual manner, and the residue
chromatographed (1:2 Hex:EtOAc) affording, in addition to recovered starting material (68.2 mg), the

titlc compound 19 as a white waxy solid (58.5 mg, > 95%).

'H-NMR (500 MHz, CDCly): & 3.00 (s, 3H). 4.33 (d, 1H, J=12.7 Hz), 4.43 (d, IH, J=12.7 Hz), 4.79 (d,
IH., J=12.7 Hz), 5.06 (d. 1H, J=12.7 Hz), 7.00 (d, 2H, J=7.0 Hz), 7.2-7.3 (m, 3H), 7.35 (d, 1H,
3=7.4 Hz), 7.43 (1, 1H, J=7.4 Hz), 7.47 (s, 1H), 7.90 (d, 1H, J=7.4 Hz) ppm.

BC-NMR (125 Mz, CDCly): § 41.57, 61.85, 64.37. 113.34, 122.71, 124.55, 125.49, 126.35, 128.51,
128.58, 128,85, 129.55, 130.39, 134.49, 136.10 ppm.

IR (CH:CL); 961, 1179, 1375, 3334 cm™.

mp: 152 °C.
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Reaction of 19 with SO.CL (21).

Cl

S028Bn

MsN
21
A solution of SO:Cl: (5 uL) in CH:Cl: was added dropwise to a solution of sulfoxide 19 (20.5 mg, 0.06
mmol) in CH.Cl, (5 mL). Stirring was continued at RT for 1 h, afier which time tlc showed that no
starting material remained, and the solvent was evaporated, leaving a while precipitate. Chromatography

of the residue (2:1 Hex:EtOAc) afforded chloro-sulfore 21 as a white solid (13.6 mg, 57%).

H-NMR (500 MHz, CDCly): §3.07 (s, 3H), 4.81 (s, 2H), 5.41 (s, 2H), 7.2-7.3 (m. 5H). 7.50 (m. 2H),
7.75 (s, TH), 7.95 (dd, IH, J=7.5, 1.0 Hz) ppm.

BC-NMR (125 MHz, CDCly): 8 41.94, 44.86, 61.98, 113.98, 119.79, 126.86, 128.21, 128.50, 128.59,
128.66, 128.80, 128.91, 130.88, 131.63, 136.21 ppm.

IR (CH.Cly): 1090, 1210, 1350, 1362 cm™.

CI-MS (iso): 398 (M™+1, 0.5), 362 (100).



1y
2)
3
3)

5)

6)

7

References
Jung. F.; Molin, M.; Van DenElzen, R.; Durst, T. J. Amer. Chem. Soc.. 1974, 96, 935.
Leimgruber, W.; Batcho, A.D.; Organic Synthesis, 1984, 63, 214.
Hamel, P. Private Communication.
Leonard, NJ.; Johnson, C.R. J. Org. Chem., 1962, 27, 282.
a) Gribble, G.W.; Hoffman, J.H. Synthesis, 1977, 859,
b) Jones, R.J.; Cava, M.P. J. Chem. Soc., Chem. Commun., 1986, 826.
¢) Rawal, V.H.; Cava. M.P. J. Chem. Soc.. Chem. Commun., 1984, 1526.
Smith, M.B. Organic Synthesis, p. 168, McGraw Hill Inc., Toronto (1994}.

Hamel, P.; Girard, Y.; Atkinson, J.G. J. Org. Chem., 1992, 57, 2694.



Chapter 7 - Studies on the Reductions of Oxindoles

7.1 Introduction

As mentioned carlier (cf. Chapter 5), the behavior of some of the 3-thioalkyl-2-oxindoles towards
LiAlH; mediated reduction was atypical. Intrigued by these results, a scries of structurally related
oxindoles, which varied only in the position of the pendant cster group on the benzenc ring, and the
number of methyl groups in the 1 and 3 positions were prepared and their behavior towards reduction
with LiAlH, and LiEt,BH was studicd. The goal of this rescarch was to gain an understanding of the

factors influencing the ease of reduction of the pendant cster group on the aromatic ring.

7.2  3-Thiomethyl-4-carboethoxy-2-oxindole

Attempted reduction of 1 with a variety of reducing agents led to quantitative recovery of starting
material. Only under rather forcing conditions (10 equivalents LIAIH,, refluxing THF, 18 hours) was any
reaction observed, and even under these conditions, 50% of the starting material was recovered with the

remainder of the mass balance being 3-thicincthyl-4-methyl-2-oxindole 2.

CO2Et COzEt Me
a
SMe ——» SMe + SMe
HN HN— HN
1 ° 1 o 2 o}

Reagents: a) (i) 10 equiv. LiAIH,, THF, A, 18 h; (ii) Rochelic’s Salt, EtQAc

Scheme 7.1 - Reduction of Oxindole 1 with LiAlH,

The absence of any of the presumed intermediate to 2, the desired benzylic alcohol, led to the
mechanistic proposal shown in Scheme 5.3. The initial resistance of the ester group of 1 towards reaction

with LiAIH, and the subsequent high propensity for over reduction was ascribed to the high acidity of H,.
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73  13-Dimethyl-3-thiomethyl-4-carboethoxy-2-oxindole
It was expecied that removing the troublesome acidic protons ¢ to the carbonyl group would
allow the desired reduction 10 benzylic alcobol 4 to take place, thus 1 was permethylated to 3. However,

treatment of 3 with LIAIH, in refluxing THF afforded S as the major polar product.

Q2Et COzEt
a Me
Mo —* 5 > Me
Me Me

o (o) o]

Me

Reagents: a) 2LDA, THF, -78 °C (i) Mel; b) LiAlH,, THF
Scheme 7.2 - Synthesis and Initial Reduction of Oxindole 1
To gain insight into the reduction mechanism, the reaction was repeated using LiAID, as the reducing

agent. Reaction of 1 with LiAID, in THF at RT, followed by careful chromatography led to the isolation
of three products!
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O2Et CD20H CD20H CD20H

|_SMoe e + e + o
MeN——= Me Ms Mo
O 0 SMe
3 8 (40.5%) 6 (25.0%) 7 (30.1%)

Scheme 7.3 - Reduction of Oxindole 3 with LIiAID,

The least polar product, isolated as a pale yellow solid (mp 1063 - 107.0 °C) showed three
methyl singlets in the *H-NMR at 8 = 2.12, 2.58 and 3.75 ppm. The small separation of peaks and the
patiern in the aromatic region of the *H-NMR suggested that the nucleus was now an indole, rather than
the starting oxindole. The IR spectrum showed a broad stretch at 3400 cm™, indicating that estwer
reduction to the benzylic alcohol had occurred, and the absence of 8 C=0 band confirmed that the
oxindole carbonyl had also been reduced. In addition, the C-NMR showed a S line pattern centered at
63.80 ppm and the *H-NMR showed a singlet at 4.87 ppm. consistent with a benzylic -CD;OH group. El-
MS showed a molecular ion at mJz 223, and HRMS supported a molecular formula of Cy-HysNOSD;. All

of this spectroscopic evidence was consistent with two structures, 6a or 6b.

H H

D2 gnz

e <]:|\-(:Me

Me I MeN I

SMe Me
6a 6b

Distinguishing betweea 6a and 6b by spectroscopic methods proved difficult, so recourse was made W
Ni,B mediated desulfurization!. Desulfurization of either 6a or 6b would led 10 a C3 or C2 substituted

indole respectively, which would be readily identifiable ca the basis of the chemical shift of the proton
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that would replace the sulfur substituent. For C3 substituted indoles, the C2 proton resonates close to 7
ppm, whereas for C2 substituted indoles, the C3 proton resonates at much higher chemical shifts, typically

around 5 ppm®.

o CIJH OH ?H
CD2 io2 CD2z
NizB
e or SMe —_— e
SMe Me 10 H

6a €b

Exposure of a THF solution of the unknown indole 10 a methanolic solution of Ni-B, generated in
situ from NaBH, and NiCl,, resulted in the formation of a single product which showed a new resonance
in the "H-NMR at 6.78 ppm., indicative of an indolic C2 proton, and consistent with the precursor being
6a.

The second compound, isolated as a pale yellow solid (mp 80.5 - 81.7 °C) was assigned structure
7. The "H-NMR spectrum showed that an indole had formed, but that only 2 methyl groups had been
retained. Additionally, the *H-NMR spectrura indicated that two deuteriums had been incorporated in a
ratio of 2:1, at chemical shifts of 4.68 and 6.78 ppm! Examination of the EI-MS did show a major peak
at m/z 178, however HRMS was not possible due to slight contamination by 6, as cvident from the 'H-
NMR and the EI-MS. The signal in the *4-NMR spectrum at 6.78 ppm was consistent with deuterium
incorporation at C2 of the indole.

The most polar compound, also obtained as a pale yellow solid (mp 99.6 - 101.3 °C) had a 'H-
NMR that showed signals at 1.38 (d, 3), 3.08 (s, 3H), 3.42 (q, 1H) ppm. The aromatic region showed a
doublet-doublet-triplet pattern associated with an oxindole nucleus at 6.65, 6.98 and 7.18 ppm. The IR
spectrum showed the presence of 2n alcohol (3603 cm™ ) and a carbonyl group (1710 cm™ ), HRMS
supported a molecular formula €y HyNO,D- and the *H-NMR showed two singlets in a one to one ratio at

4.56 and 4.63 ppm. These data are consistent with structurs 8.
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The reaction was repeated using a milder, more controlled hydride source (Super-Hydride™).
Carcful chromatography led to the isolation of Jour producis: 11 - 14. The isolation of 11 and 13

indicated that reduction of the oxindole carbony! group preceded that of the C4 ester group.

OH OH
CO2EL COZEL
a
3 ——— e o e * Me » e
Me | Me l Me MeN——-k
SMe SMe o) o]
11 (6.6%) 12 (1.9%) 13 (67.6%) 14 (11.0%)

Reagents: a) LiIEt,BH, THF

Scheme 7.4 - Super-Hydride™ Mediated Reduction of Oxindole 3

The incrtness of the oxindole carbonyl when the oxindole was not substituted with an altkyl group
at cither the 1 or 3 position was in stark contrast to the reduction of oxindole 3 which was substituted at
both the 1 and 3 positions. At this point, it was decided to investigate the reduction behavior of some

oxindoles that were substituted at either the 1 or 3 positions.

7.4  1-Methyl-3-thiomethyl-4-carboethoxy-2-oxindole

As shown in Scheme 7.5, starting with commercially available material and adapting the
procedure of Krishnamurthy’, aniline 16 was converted into the requisite N-methyl oxindole 17 using the
standard Gassman method®. Oxindole 17 ("H-NMR shown in Fig. 7.1) was isolated 2s off- whitc needles
(mp 82.5 - 82.8 °C) following chromatography and recrystallization from McOH in an unoptimized yield
of 12%.
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CO2Et CO2Et COz2Et CO2Et
Q - Q/ _.....E..... Q —C - %SMQ
NH2 N

HNCHO
16 (S3%) 16 (50%) 17 (12%)
Reageats: a) HCO-H, PhMe, A; b) BMS, THF, A: ¢) (i) tBuQCl, (i) MeSCH.CO.Me, (iii) TEA

Schemc 7.5 - Synthesis of Oxindole 17

Reaction of 17 with LiEt;BH in THF at temperatures ranging from 0 °C 1o reflux resulted tn the
recovery of starting material in near quantitative yield. Excess LiAlH,, at roc.a temperature, likewise
failed to promote reaction, but in refluxing THF (67 °C) complete reduction of the ester group was
observed. Oxindole 18 was isolated as an off-white solid (mp 100.0 - 101.3 °C) in 90% yicld aficr column
chromatographv. Key changes in the '"H-NMR spectrum (Fig. 7.2) included loss of the cthyl group and
the appearance of a new singlet integrating for three protons at 2.43 ppm.  An upficld shift of the aromatic

protons was also consistent with conversion of 17 1o 18. Additionally, HRMS svpported a molccular

formula of CuHuNOS.

. CO2Et . Me
| —
™ Me Me
MeN MeN
0] 0]
17 18 (90%)

Reagents: a) LIAIH,, THF, A

Scheme 7.6 - Reduction of Oxindole i7
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7.5  3-Methyl-3-thiomethyl-6-carbeethoxy-2-oxindole

Having cstablished the effect of an N-alky! group. it was decided to investigate the reduction of a
compound in which deprotonation at C3 was blocked by alkylation. Gassman methodology again
provided the desired oxindole, Reactions as shown in Scheme 7.7 afforded oxindole 19 as an off-white
solid (plates, mp 135.3 - 136.2 °C) in an unoptimized yicld of 24%. This compound showed two carbonyl
stretches in the IR spectrum at 1722 and 1730 cm™. The EI-MS showed a molecular ion at m/z 265, and
HRMS supported a molecular formula of Cy;HysNO,S. Examination of the aromatic region of the 'H-

NMR spectrum (Fig. 7.3) showed a splitting pattern indicative of a 1,2,5-trisubstituled system.

CO2Et
EtO

SMe

NH2 HN
0
19 (24%)
Reagents: a) (i) tBuOCI, CH:Cly; (i) MeCH(SMe)CO:Me; (iii) TEA

Scheme 7.7 - Synthesis of Oxindole 19

Although both 1,2,3- 1,2,5-trisubstituted oxindoles are possible products from this rcaction, up to
this point, only 1,23-trisubstituted oxindoles had been formed. As suggested in Scheme 7.3, the
increased steric demand of the branched sulfide ester may have been responsible for this switch in
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0] 0]
e QEt OEt
I Me —_— Me
eﬂ—-COZMe SMe
HN—S@ HN
Me 0
20a 21
0O 0
EtO & I E@’K/ I
Me —_— Me
[ N
e).,cone SMe
HN—S& HN
\
Me 0
20a 19

Scheme 7.8 - Possible Intermediates in Synthesis of Oxindole 40

Since the ester groups of 19 and 21 are electronically vaiy similar, the regiochemistry of the
product made litle differznce for the reduction study, Reduction of a THF solution of oxindole 19 was
accomplishes by the addition of 2.5 equivalents of & solution of LiEt,BH (Scheme 7.9). Usual work up,
chromatography and recrystallization afforded 22 as a white solid (prisms, mp 167.3 - 167.5 °C) in a yicld
of 88%. The IR spectrum of 22 showed bands consistent with reduction of the ester group 1o an alcohol
(3604 cm™ ) with the oxindole remaining intact (1729 em” ). in addition, HRMS supported a molecular
formula of C),Hi;NO,S. Inspection of the 'H-NMR spectrum (Fig. 7.4) showed that the resonances
associated with the cthyl ester had disappeared and a new singlet at 4.60 ppm integrating for 2 protons

had appeared.
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" OH
EtO Me
SMe a SMe ﬁ,b SMe
L—Me LI\.‘Ie LMe
HN— — — ]
N\ HN—-\ HN——%
0 (o] \O
19 22 23

Reagents: a) LiEt,BH, THF; b) LiAlH,, THF, A

Scheme 7.9 - Reduction of Oxindole 19

Oxindole 22 was not prone to over-reduction. This was demonstrated by the recovery of starting material

when it was allowed to react with excess ($ equivalents) LiAlH; in refluxing THF (6 h).

7.6  3-Thiomethyl-7-carboethoxy-2-oxindole

Having established the effects of the benzylic methine protor on the reduction of the carbonyl
proups, it remained to be scen if the anion gencrated on the amide nitrogen had any cffect on
reduction/over-reduction of the pendant ester group. The synthesis of the material required for this study,
" oxindole 24, was accomplished using modified Gassman conditions® as shown in Scheme 7.10. Oxindole
24 was obtained as a white crystalline solid (mp 87.3 - 88.2 °C) after usual work up, chromatography and
recrystallization, in a non-optimized yield of 10.1%. The IR spectrum of 24 showed two C=0 stretches

(1697 and 1721 em™ ). The 'H-NMR spectrum (Fig. 7.5) was consistent with 24,
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SMe
EtO2C EtO2C

NH2 HN

24
Reagent: a} (i) SO:Cl,, CHAC):; (ii) MeSCH:CO:Me; (iii) TEA

Scheme 7.10 - Synthesis of Oxindole 24

Reaction of exindole 24 with either LiEt;BH or LiAIH, in THF at RT afforded smooth conversion
to a single compound. Usual work up, chromatography and recrystallization afforded 25 as a pale yellow
solid (mp 148.3 - 149.1 °C). The IR spectra showed that one carbonyl group remained (1721 cm™ ) and

t an alcohol was now present (3620 cm™ ), The 'H-NMK spectrum (Fig. 7.6) and HRMS provided
additional support for 25.

Once again, reduced oxindole 25 was sutjected to forcing reduction conditions (excess LiAlH,,
refluxing THF). No further reduction of the benzylic alcohol o 2 methyl group was observed. After
prolonged exposure to these harsh reduction conditions (18 h refluxing THF), a small amount of reduction
of the oxindole group to provide 27 was noted (less than 5%). However, at no timec was there any
evidence to support formation of oxindole 26. Indole 27 was characterized on the basis of its 'H-NMR

spectra and EI-MS which showed a molecular ion at m/z 147.
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a
Me —— Me %(- SMe
EtO2C Me
H
o) o)
24

25 (B4%) 26

b
——
OH
r

Reagents: a) LIEGBH or LiALH,, THF; b) LiAlH,, THF, &

Scheme 7.11 - Reduction of Oxindole 24, and Further Reduction of Product 25

7.7 Conclusion

Considering the scries of compounds prepared and the tesults of reductions discussed in this
chapter, a general conclusion regarding the reduction of 3-thiomethyl-2-oxindoles bearing an ester on the
benzene ring was reached. In all cases, except for 1.3-dimethyl-2-oxindole, the oxindole carbonyl “vas
extremely inert to reduction, with only a small amount of reduction occun‘ir;g at prolonged exposurc lo
clevated temperatures and cxccssA reducing agent.  From this, it appears that having a proton « to the
oxindole carbony! protects this carbonyl group against reduction. Deprotonation of cither the amide
proton, or the benzylic methine proton leads to an ¢lectron rich carbonyl group that is not susceptible to
the first addition of hydride. If the C3 anion is ortho to the ester functional group, then the ester becomes
somewhat inert to initial addition of hydride. However, it also becomes extremely susceptible to

subsequent over reduction.® The proposed mechanism for this case is shown in Scheme 7.12.
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0 o° OAIR3
CHO
OEt OEt =]
P H
©_.SMe +—» _SMe ow 8 _SMe —» S _SMe
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c (o) o 0
Me Me
&
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Me —+—— e SMeT . _SMe
RN RN
Q 8]

o

Scheme 7.12 - Proposed Reduction Mechanism for C3 Anion Case

If the amide anion is ortho to the ester group, then ester reduction is unimpeded, proceeding
smoothly to the benzylic alcohol, and not going past the alcohol stage even under forcing conditions. This
suggests that the contribution of resonance forms 28¢ and 28e are negligible. This is not surprising since
any delocalization into the benzene ring would force the molecule to give up the amide resonance, and any

resonance energy associated with this resonance, as well as a loss of aromaticity of the indole ring.

o o o 0 o e o] o
28a 28b © 28¢

1 |

E SMe E SMe
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In the case of 2-oxindoles that have both of the positions « to the oxindole carbonyl group
blocked 10 deprotonation, then oxindole carbonyl reduction occurs prior to that of the ester carbonyl
group. The initial hemi-aminal 29 produced by addition of onc hydride to the oxindole may follow a
number of pathways. Addition of another hydride in a manner reminiscent of amide to amine reduction,

followed by loss of HSMe from indoline 31 {(¢f Chapter 4) would afford indole 32.

CO2E COzE CO2Et COEt
SMe —n SMe __ SMe ____ SMe
Me A—Me Me Me
Me MeN———"—0M MeN=—= MeN H
(o} 2]
3 29 H 30 a1 H
COEt CO2et
l p—Me Me
MeN:- oM MeN |
e H
/ 35 H 2
l l OH
CO2Et CO2Et CO2Et
—
Me Me Me Me
Me | Me: | MeN l
OM MeN o SMe H
36 13 11 n
OH l OH OH
| Me —™ Me Me
MeN MeN MeN l
oM (o] SMe
37 " 12

Scheme 7.13 - Proposed Mechanism for Reduction of Oxindole 3
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Further reduction of the ester side chain provides indole 33. Aliernatively, nitrogen assisted climination
of the thiomethy! group from 29 through the putative intermediate 35 followed by deprotonation would
result in the formation of enol 36. Further reduction of 36 10 37, followed by re-enolization on work up
would result in 13 and 14 respectively. Another possible pathway which would result in the formation of
13 and 14 from 35 is a 1,2-hydride shift, forming 13 directly. Although no deuterium was incorporated at
C3, this pathway cannot be ruled out duc to the ease of enolization of 13 and the possibility of scrambling.
Finally, a rather unusual rearrangement of the thioalkyl group from the 3 to 2 position occurred,
One possible pathway would involve the intermediacy of epi-sulfonium salt 34. In an attempt to gain

morc insight into this rearrangement, 2 number of analogues were prepared.

OMe . OMe Me .
Me Me |
H N N
4 o B oy B Bn
39

Me
Bn Q
41

38 40

36 Me Me
@
O—Me
/ -/
OMe
Bn 42 H 43

Bn

Scheme 7.14 - Reaction of 3-Alkoxy Substituted 2-Oxindoles

As shown in Scheme 7.14, reduction of oxindole 38 (three steps from isatin) with LiE,BH
afforded hemi-aminal 39 in greater than 90% yield after chromatography. Hemi-aminal 39 was
characterized by HRMS and 2 large coupling of the new methine proton to the hydroxy proton (16 Hz).
'I‘ﬁis coupling disappeared upon addition of one drop of D;0. Further reduction of 39, or use of LiAlH,
for the reduction of 38 provided indole 40 and oxindole 41, characterized by 'H-NMR and BRMS, There

was never any evidence of 43 being formed under the reaction conditions. The failure of 38 or 39 to form
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43 lends further support to the mechanism proposed in Scheme 7.13. Due to the longer C-S bond, an
intermediate such as epi-sulfonium salt 34 may be possible, whereas an intermediate like 42 is not

accessable due to the shorter C-O bond.

S"?)n H
S H
[ ' ;&; Ly | ~S
Bn”" N Bn/ o /N
. _

) Bn
44; n=2,3 48
[ P
Bn” Br
47 48

Scheme 7.15 - Reductions of Oxindoles 44

The reactive carbonyl group was also transformed into a dithiane and a dithiolanc as in 44.
Reaction of 44 with LiEtyBH or LiAIH, resulted in the isolation of two compounds, tentatively assigned as
45 and 46 on the basis on their '"H-NMR. These compounds did not give informative MS results,
presumably as a result of the ready autooxidation of the free thiol to disulfides. Compound 45 was
identified on the basis of the pattern of the aromatic region of the 'H-NMR, which showed the diagnostic
doublet and triplet of the oxindole, the other doublet being somewhat obscured duc to the signal from the
benazyl group. Likewisc, 46 was identified on the basis of the indole-like pattern of the aromatic region,
with afl protons being fairly close together, and the integration accounting for 10 aromatic protons,
climinating compound 48 as a possibility. The failure to form 48 is probably the result the rather unlikely
nature of forming intermediate 47, an idea which again supports the intermediary of an epi-sulfonium salt

as in intermediate in the migration of SMe from the 3 to 2 position reported carlier.
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7.8  Experimental

General

General experimental was as reported in the experimental section of Chapier 3. In addition to
this, *H-NMR were recorded in CH=Cl: solutions on a Varian XL-300 spectrometer, operating at a
frequency of 46.06 MHz and are referenced to the natural abundance of CD.Cly at 5.20 ppm. The
synthesis of compounds 1, 2 and 3 was as reported in Chapters 4 and 5. BuOCl was prepared
immediately before use as reported’. Once again, all manipulation involving tBuOCl, including the

preparation, were carried out in the dark.

Reduction of Oxindole 3 with LiAID, (6, 7, 8)

. CD20H CD20H CD20H
Me + e + e
MeN ] MeN I MeN
SMe D o]
6

7 8

A solution of oxindole 3 (200 mg. 0.72 mmol) was added dropwise to a suspension of LiAID, (50
mg. 1.19 mmol) in THF (10 mL) at RT. Afier stirring at RT for 7 h, the resulting gray cloudy solution
was poured into a solution (50 mL) of saturated potassium sodium tartrate and EtOAc (20 mL). After
stirring for 4 h, the organic phase was separated, and subjected to normal work up, affording 180 mg of a
pale yellow oil. Chromatography with a gradient of 2:1 to 1:1 Hex:EtOAc provided three compounds.
Indole 6: 40.3 mg (25.0%), R(=0.5 (1:1 Hex:EtQOAc), pale yellow solid.
'H-NMR (200 MHz, CDCl,): 5 2.12 (s, 3H), 2.58 (s, 3H), 3.75 (s, 3H), 6.95 (d, 1H, J=7.5 Hz), 7.10 (m,

2H) ppm.
*H-NMR (46 MHz, CHCL,): 5 4.87 () ppm.
“C-NMR (75 MHz, CDCly): 5 12.03, 19.61, 29.89. 63.80 (quintet), 109.45, 116.38, 119.24, 122.11,

124.65, 130.10, 132,91, 137.88 ppm.



IR (CH.Cl.): 3392 cm™.
EI-MS (rvz, %): 223 (100), 205 (15.0), 190 (48.5). 175 (28.5}).
HRMS: Calc for C,-H,3NOSDa: 223.10309, Found: 223.09989.

mp: 106.3 - 107.0 °C.

Indole 7, 38.4 mg (30.1%), R¢=0.40 (1:1 Hex:E1QAc), pale yellow solid.

TH-NMR (500 MHz, CDCly): § 2.41 (s. 3H). 3.62 (s. 3H), 6.90 (d. 1H, J=7.5 Hz), 7.15 (8. 1K, J=7.5 H2),
7.23 (d, 1H, J=7.5 Ha).

H-NMK (46 MHz, CH.Cl.): § 4.86 (s, 2D), 6.78 (s, 1D).

BC.NMR (125 MHz, CDCly): 8 12.14, 32.54, 63.80 (quintet), 109.42, 109.75, 119.42, 121.36, 122.86,
128.72, 132.48, 138.62 (doublet).

IR (CH.Cl): 3391 cm™.

EI-MS (m/z %): 178 (96.3) (M™), 160 (100).

mp: 80.5 - 81.7 °C.

Oxindole 8, 56.0 mg (40.5 %), R= 0.1 (1:1 Hex:EtOAc), pale yellow solid.

'H-NMRK (200 MHz, CDCly): 5 1.38 (d, 3H, J=7.5 Hz), 3.08 (s, 3H), 3.42 (q. 1H, J=7.5 Hz). 6.65 (d, 1H.
J=7.5 Hz). 6.98 (4, 1H, 7.5 Hz), 7.18 (¢, 1H, J=7.5 Hz).

2H-NMR (46 MHz CH,Cl.): 8 4.56 (s, 1D}, 4.63 (s, 1D).

IR (CH,Cl): 3603, 1710 cm™.

EI-MS (m/z, %): 193 (45.6, M™), 175 (32.9), 160 (23.9), 43 (100).

HRMS: Calc for Cy1H;;NO:D2: 193.11028, Found: 193.10784.

mp: 99.6 - 101.3 °C.
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Reduction of Oxindole 3 with LiEt,BH (i1, 12, 13, 14).

OH OH
CO2EL CO2Et
Me + e * Me + Me
MeN l MeN | MeN MeN
SMe SMe 0 O

11 12 13 14

A solution of LiEfyBH (2.80 mL, 2.80 mmol, 1.0 M in THF) was added dropwise via syringe to a solution
of oxindole 3 (156.3 mg, 0.56 mmol) in THF (15 mL) at RT. The resulting bright vellow solution was
stirred at RT for 3 b, afier which time the yellow solution was poured into H;O (20 mL), adjusted to pH 3
by the dropwise addition of HCI (10%) and extracted with EtOAc (4 x 20 mL). The combined organic
extracts were worked up as usual, affording 2 pale yellow oil (120 mg) which was chromatographed with a
gradient of 2:1 to 1:1 Hex:EtOAc and afforded four compounds.
Indole 11, yellow oil, 9.8 mg (6.6 %), R=0.9 (1:1 Hex:E10AC).
'B-NMR (200 MHz, CDCl,): 5 1.40 (t, 3K, J=7.5 Hz), 2.25 (s, 3H), 2.51 (s, 3H), 3.88 (s, 3H). 4.42 (q,

2H, J=7.5 Hz), 7.20 {t, 1H, J=7.5 Hz), 7.41 (4, 1H., 7.5 Hz), 7.52 (d, 1H, J=7.5 Hz).
EI-MS (m/z, %}): 263 (57.3, M™), 248 (12.6), 234 (14.0), 219 (24.3), 205 (53.3), 57.0 (100).

HRMS: Calc for C,H,7NO,S: 263.09800, Found: 263.09847.

Indole 12, white solid, 2.4 mg (1.9%), R=0.75 (1:1 Hex:EtOAc).

'H-NMR (200 MHz, CDCly): § 2.21 (s, 3H), 2.68 (s, 3H), 3.85 (s, 3H), 5.05 (s, 2H), 7.04 (d, 1H, J=7.5
Hz), 7.20 (m, 2H).

EI-MS (m/z, %): 221 (100, M™), 188 (43.3), 173 (32.2), 145 (36.5).

HRMS: Calc for C.H,sNOS: 221.08744, Found: 221.08616.

mp: 115.0-116.1 °C.
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Oxindole 13, pale vellow solid, 88.2 mg (67.6 %), R=0.50 (1:1 Hex:E10Ac).

'H-NMR (200 MHz, CDCly): § 1.38 (1, 3H, J=7.5 Hz). 1.48 (d. 3H. J=7.5 Hz), 3.22 (s. 3H). 3.86 (q. 1H.
7.5 Hz), 4.38 (q. 2H. 7.5 Hz), 6.98 (d. 1H. J=7.5 Hz}. 7.32 {t. I1H, J=7.5 Hz2), 7.68 (d. IH. }=7.5
Hz).

BC-NMR (75 MHz, CDCly): 5 13.89, 15.93, 26.00, 41.65, 60.86, 111.36, 123.46, 126.58, 127.59,
132,41, 144.66, 165,55, 178.66.

IR (CH:CL): 1714 cm™.

EI-MS (m/z, %): 233 (100, M™), 204 (40.3), 188 (29.7), 160 (83.7).

HRMS: Calc for C,3H;sNO,: 233.10519, Found: 233.10495.

mp: 70.0 - 70.5 °C,

Oxindole 14, pale yellow solid, 11.8 mg (11.0 %), R=0.10 (1:1 Hex:EtQAc).

'H-NMR (500 MHz, CDCyy): 3 1.44 (d, 3H, 1=7.6 Hz), 2.70 (br, 1H), 3.14 (s, 3H), 3.44 (q. 1H, J=7.6
Hz), 4.65 (d, 1H, 13.0 Hz), 4.73 (d. 1H, J=13.0 Hz), 6.72 (d, 1H, J=8.0 Hz), 7.05 (d. 1H, J=8.0
Hz), 7.24 (1, 1H, 8.0 Hz).

BC-NMR (125 Mz, CDCl,): 5 15.43, 26.29, 40.11, 62.26, 107.42, 121.62, 127.93, 128.12, 137,15,
144.10, 178.8].

IR (CH:CL): 3603, 1710 cm.

EI-MS (m/z, %): 191 {100, M™), 173 (73.3), 144 (32.7).

HRMS: Calc for C;;H;3NO,: 191.09463, Found: 191.09650,

mp: 99.8 - 100.0 °C.
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Ethyl-3(N-Methyl-amino)benzoate,

COzEt

Me NH

A tolucne (50 mL) solution of ethyl 3-aminobenzoate (5g, 30.30 mmol) and formic acid (5 mL, 98%) was
fitted with a Dean-Stark trap and heated to reflux for 12 h. The solvent was removed and the resulting
purple residuc was suspended in CH.Cl: (50 mL), and washed sequentially with H.O (2 x 20 mL), HCI
{10%, 2 x 20 mL) and NaHCO, (5%, 2 x 20 mL). The organic phase was worked up in the usual manner,
uit;xmlcd with Et:0, and filtered. The purplish solid was recrystallized from CH.Clv/Hexanes and
filtered, affording 3.12 p of cthyl (N-formyl-amino)benzoate 15 (53 %) as white cubes.

The resulting N-formy! derivative (3.0 g, 15.54 mmol) was dissolved in THF (50 mL), and heated to
reflux, at which point. a solution of boranc-methyl sulfide complex was added (3.0 mL, 10 M, 30.00
mmol) dropwise via syringe. After 12 h at reflux, the solution was cooled to RT, and McOH (20 mL) was
added stowly (CAUTION! H; Evoiution!). Stirring was continued until hydrogen evolution stopped, and
then for 15 min more, after which time the solution was concentrated to dryness, and the residue purified

by column chromatography (2:1 Hex:EtOAc), affording the title compound as a clear oil (2.5 g, 90 %).

'H-NMR (500 MHz, CDCl): § 1.35 (t, 3H. J=6.8 Hz), 2.82 (s, 3H), 3.80 (br, 1H), 4.32 (g, 2H. J=6.8 Hz),
6.74 (d. 1H. 3=6.5 Hz), 7.20 (t, 1H, J=6.5 Hz), 7.25 (d, 1H, J=6.5 Bz), 7.35 (d, 1H, J=6.5 Hz)
ppm.

BC-NMR (125 MHz, CDCly): § 14.32, 30.62, 60.79, 112.84, 116,77, 118.23, 129,04, 131.35, 149.34,
167.13 ppm.

IR (CH:Clo): 3435, 1713 cm™.

EL-MS (m/z, %): 179 (100, M™), 150 (76.0), 134 (40.3), 106 (58.5), 77 (23.2).

HRMS: Calc for C;oH,3NO2: 179.09463, Found: 179.09434.
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1-Methyl-3-thiomethyl-2-0x0-2.3-dihvdroindole 17.

CO2Et
SMe

MeN
17 0
A solution of freshly prepared tBuOCl (0.60 g, 5.49 mmol) in CH.Cl; (5 mL) was added dropwisc 10 a
cooled (-78°C) soiution of cthyl (3-(N-mclhyl)-amino)b&zoatc (0.98 £. 5.47 mmol) in CH.Cl: (25 mL).
The resulting bright yellow mixture was stirred at this temperature for 10 min. at which point a solution
of methyl (thiomethyl)acetate (0.66 g. 5.47 mmol) in CH:Cl. (5 mL) was added and stirring continued for
2.5 h. A solution of triethylamine (0.56 g. 5.54 mmol) in CH.Cl: (5 mL) was added, and the initially
yellow solution was allowed to warm to RT over 12 h. The reddish solution that resulted was poured into
a solution of H:O (100 mL), the organic phase separated and worked up in the usual manner to provide an

orange solid. Recrystallization from CH.Cl: afforded the titie compound as a white solid (075 mg. 12%).

'H-NMR (200 MHz, CDCl,): 5 1.40 (t, 3H, J=7.1 Hz), 1.97 (s, 3H), 3.22 (s, 3H), 4.36 (m, 2H). 4.66 (s,
1H), 6.96 (d, 1H, J=7.1 Hz), 7.41 (1, 1H, J=7.1 Hz), 7.65 (d, I1H, J=7.1 Hz) ppm:.

BC-NMR (75 MHz, CDCly): 5 12.32, 14.04, 26.33, 46.01, 61.30, 111.40, 124.02, 127.33, 127.86,
128.99, 144.72, 165.55, 174.86 ppm.

IR (CH:CL.): 1717 cm™.

EI-MS (m/z, %): 265 (5.2, M™), 219 (100}, 190 (18.6), 174 (33.8).

HRMS: Calc for C,5H,sNO,S: 265.07727, Found: 265.08194.

mp: 82.5-82.8 °C.



Reduction of Oxindole 17 with LiAlH, (18).
Me
Me

MeN
0
18
A solution of oxindole 17 (40 mg. 0.15 mmol) in THF ( 5 mL) was added dropwisc to a suspension of
LiAlH, (10 mg, 0.26 mmol) in THF (5 mL). The resuiting gray cloudy solution was stirred at reflux for
2h, then poured into a saturated solution of potassium sodium tartrate (50 mL) and Et;O (50 mL).
Stirring was continued for 4 h, after which time the organic phasc was separated, and worked up in the
usual manner, affording, after column chromatography (1:1 Hex:EtOAc) compound 18 as off-white

needles (28 mg, %0 %).

'H-NMR (200 MHz, CDCly): 8 2.01 (s, 3H). 2.43 (s, 3H), 3.21 (5. 3H), 4.18 (s, 1H). 6.66 (d, 1H. J=7.5
Hz), 6.88 (d, 1H, J=7.5 Hz), 7.21 {t. IH, }=7.5 Hz) ppm.

BC-NMR (75 MHz, CDCL): § 11.66, 17.78, 26.01. 44.79, 105.27, 122.54, 12431, 128.58, 135.53,
143.77, 174.81 ppm.

IR (CH:Cl): 1712 em”,

EI-MS (m/z, %): 207 (14.2, M™), 160 (100), 130 (9.4), 117 (10.4), 77 (7.9).

HRMS: Calc for C;;H;;NOS: 207.07179, Found: 207.07322.

mp: 100.0 - 1013 °C.
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-

Methyl (2-thiomethyl)proplonate.

Me

Me Me

O
thlymtsodiummpml@g.%.ﬁmmol)mdissolvodinMoOH(ISOmL). To this was added
thiolactic acid (5g, 47.17 mmol), and the resulting cloudy solution was stirred at RT for 1 b, after which
time Mei ( 7.4 g, 52.11 mmol) was added, and stirring was continued for 18 h. The solution was acidified
with HySO, (conc.) and the resulting precipitate was filtered off. The resulting clear, reddish solution was
refluxed for 3 h, the solvent was evaporated, and the residue dissolved in CHyClz (100 mb), washed with
HzO(SOmL).thanaHCO,(S%.d»xZO_mL). Usual work up of the organic phase, followed by

purification via distillation afforded the tide compound as a clear liquid (3.01 g, 48 %).

'H-NMR (200 MHz, CDCLy): §1.30 (d, 3H, J=7.1 Hz), 2.02 (s, 3H), 3.37 (q, 2H, J=7.1 Hz), 3.61 (s, 3H).
DENMR (50 MEz, CDCly): 5 13.58, 16.22, 41.46, S1.85, 172.84 ppm.
bp: 75 - 77 °C (20 torx).
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3-Methyl-3-thiomethyl-6-carboethexy-2-0x0-2 3-dihvdroindole (19),

O

EtO
Me

SMe

HN
O
19
Standard Gassman mcthodology as reported for the synthesis of 17 afforded the title compound 19 in a
yicld of 24% after purification via column chromatography (4:1 Hex:EtOAc) and recrystallization from

CH.Cl/Hexanes.,

'H-NMR (200 MHz, CDCl): 8 1.30 (¢, 3H. J=7.2 Hz). 1.59 (s, 3H), 1.80 (s, 3H). 4.28 (q. 2H, J=7.2 Hz).
7.29 (4, 1H, J=7.9 Hz), 7.50 (d. 1H. J=1.4 Hz), 7.73 (dd. 1H. J=7.9, 1.4 Hz), 8.38 (br. 1H) ppm.

BC-NMR (75 MHz, CDCly): 5 11.82, 14.01, 21.16, 50.19, 60.98. 110.29, 123.53, 124.53, 130.91,
136.38, 139.61, 165,63, 178.90 ppm.

IR (CH:Cl;): 3421, 1722, 1730 cm™.

EI-MS (m/z, %): 265 (2.9, M™), 218 (100). 190 (34.5).

HRMS: Calc for C;3H,sNO,S: 265.07727, Found: 265.07661.

mp: 135.3 - 136.2 °C.
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Reduction of Oxindole 19 with LIEt,BH (22).

H

SMe
Me

HN""—\

» O
A solution of LiEt;BH (0.45 mL, 1.0M, 0.45 mmol) was added dropwise to a cooled (0 °C) solution of
oxindole 19 (45 mg, 0.17 mmol) in THF (5 mL). Stirring was continued at O °C for 1h, after which time
the pale yzllow solution was poured into a solution of H;O (10 mL) and made acidic by the dropwise
addinon of HC1 (10 %). Extraction with EtOAc (4 x 20 mL), followed by normal work-up and
chromatography (2:3 Hex:EtQAc) afforded, in addition to returned starting material (7.8 mg), the title

compound 22 (27.4 mg, 83%), which was recrystzllized from CH;Cly/Hexanes as white prisms,

TH-NMR (200 MHz, CDCly): § 1.54 (s, 3H), 1.80 (s, 3H), 4.60 (s, 2H), 6.85 (s, 1H), 6.95 (d, 1H, }=1.5
Hz), 7.19 (4, 1H, J=7.5 Hz), 8.10 (br, 1H) ppm.

BC-NMR (75 MHz, CDCly): §11.79, 21.29, 49.98, 64.77, 108.11, 121.13, 123.71, 130.72, 139.78.
141.78, 179.22 ppm.

IR (CH;CL): 3604, 1729 cm™.

EI-MS (w/z, %): 223 (6.7, M™), 176 (100), 148 (2.8).

HRMS Calc for C; H3NO,S: 223.06670, Found: 223.06858.

mp: 167.2 - 167.5 °C.
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3-Thiomethyl-7-carboethoxy-2-0x0-2,3-dihydroindole (24).

SMe
EtO2C

HN
0O
24
A solution of sulfuryl chloride (2.26 g, 16.7 mmol) in CH,C!: (5 mL) was added dropwisc to a cooled
solution (-78 °C) of methyl (methylthio)acetate (1.833 g, 15.3 mmol) in CH-Cl> (50 mL), resulting in the
slow formation of a whitc precipitate. ARer stirring for 1 h, a solution of ethy! (2-amino)benzoate (2.50 g.
15.1 mmol) in CH;Clx (50 mL) was added dropwisz, resulting in slow dissolution of the white precipitate
with the solution slowly turning pale ycllow. After stirring for 2 h, tricthylamine (1.59 g, 15.8 mumol) was
added, and the solution was allowed to warm 10 RT ovemnight. Water (50 mL) was added, and the
aqucous layer separated and subjected to normal work up conditions, resulting in a yellow semi-solid
which was dissolved in EtzO (50 mL) and HCI (10%, 10 mL). The two phase mixture was refluxed for 12
h, cooled, the organic phase separated and worked up in the usual manner. Column chromatography (5:1
Hex:EtOAc) afforded a ycllow solid which was recrystallized from CH.Ci-/Hexanes, affording the tite

compound 24 as white flakes (383.8 mg, 10.1%).

'H-NMR (500 MHz, CDCl,): 1.39 (1. 3H, J=7.0 Hz), 2.02 (s, 3H), 4.23 (s, 1H), 4.38 (q, 2H, J=7.0 Hz),
7.08 (1. 1H, J=7.5 Hz), 7.50 (d, 1H, J=7.5 Hz)., 7.81 (d. 1H, J=7.5 Hz2), 9.20 (br, 1H) ppm.

BC-NMR (125 MHz, CDCly): 12.23, 14.32, 45.32, 61.39, 111.73, 122.14, 127.57, 129.58, 129.66,
143.79, 165.85, 175.92 ppm.

IR (CH:Cly): 3403, 1721, 1697 cm™.

EI-MS (m/z, %): 251 (3.4, M™), 205 (100), 158 (30.9), 130 (14.1).

HRMS: Calc. for C;;H,3NO,S: 251.06162, Found: 251.06239.

mp: 87.3 -88.2 °C.



Reduction of Oxindole 24 with LiAIH, (25).

SMe
HO

HN
(@
25
A solution of oxindole 24 (50 mg. 19.9 mg) in THF (10 mL) was added dropwisc to a suspension of
LiAlH, (10 mg, 26.3 mmol) in THF (10 mL). The resulting gray cloudy mixture was heated to refiux for
18 h, then cooled to RT, and poured into a saturated solution of sodium potassium tartrate (20 mL) and
E1QAc (50 mL). The biphasic solution was stirred for 4 h, the organic phase was scparated and worked
up in the usual manner, affording, aficr purification via column chromatography (1:1 Hex:EtOAc), 25 as

a white crystalline solid (35 mg, 84%).

'H-NMR (500 MHz, CDCl3): 5 2.00 (s, 3H). 4.30 (s, 1H), 4.80 (s, 2H), 7.02 (m, 2H), 7.28 (d. IH, J=7.5
Hz). 8.50 (br, 1H) ppm.

BC-NMR (125 MHz, CDCly): 5 12.33, 45.79. 63.43, 120.20, 122.56, 124.54, 127.24, 138.76, 142.36.
168.20 ppm.

IR (CH:Cly): 3620, 1721 em™.

EI-MS (m/z, %): 209 (7.6, M™), 163 (100), 144 (42.0), 116 (48.6).

HBRMS: Calc. for C)oH,;;NO-S: 209.05105, Found: 209.04985.

mp: 148.3 - 149.1 °C,
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N-{Benzyl)-isatin,

/N
Bn o)
To a solution of isatin (5.00 g. 33.98 mmol) in CH-Cl. (25 mL) was added benzyl bromide (5.81 g, 33.98
mmol), a solution of NaOH (10 ml., 20% ), and benzyl tricthylammonium bromide (100 mg). The dark
red solution was stirred at RT for 4 h, after which time the organic phasc was separated and worked up in

the usual manner, affording the title compound as an orange solid (6.85 g. 85%).

"H-NMR (200 MHz, CDCly): 5 4.82 (s, 2H), 6.68 (d. 1H, J=8.0 Hz), 6.98 (1, 1H, J=8.0 Hz), 7.20 (s, 1H).
7.35 (ud, 1H, J=8.0, 1.0 Hz), 7.50 (dd, 1H, J=8.0 1.0 Hz) ppm.

BC-NMR (75 MHz, CDCly): § 50.62. 110,68, 117.39, 123.54, 125.11, 127.11, 127.86. 128.74, 134,19,
137.98, 150.43, 157.96, 182.91 ppm,

E-MS (m/z, %): 237 (62.2, M™), 180 (38.4), 146 (100).

HRMS: Calc. for C,sH;;NO.: 237.07898; Found: 237.07912.

mp: 124.2-125.1 °C
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1-Benzyl-3-methyl-3-hydroxy-2-0x0-2,3-dihydroindole.

OH

Me
N

B 0
A solution of MeMgBr (0.85 mL, 3.0 M in Etz0, 2.55 mmol) was added dropwisc to a cooled (0 °C)
solution of N-benzyl-isatin (500 mg. 2.11 mmol) in THF (20 mL). The resulting ycllow solution was
allowed to warm to RT over 12 h, and the red solution that resulted was poured into a solution of NH.CI
(10%, 20 mL) and extracted with EtOAc (4 x 10 mL). Usual work up afforded a reddish oil that was

subjected to column chromatography (2:1 Hex:EtOAc). providing the title compound as a yellow solid

(346.2 mg, 65%).

'H-NMR (200 MHz, CDCl,):  1.63 (s, 3H), 4.80 (d, 1H, J=15.0 Hz), 4.95 (d, 1H, J=15.0 Hz), 6.70 (d.
14, J=8.0 Hz), 7.05 (L 1H, J=8.0 Hz), 7.18 (dd, 1H, J=8.0, 1.0 Hz}, 7.30 (s, 5H). 7.42 (dd, 1H,
J=8.0, 1.0 Hz) ppm.

BC-NMR (50 MHz, CDCly): 5 24.78, 43.34, 73.41, 109.28, 122.96, 123.21, 126.90, 127.43, 128.56,
129.26, 131.01, 135.16, 141.63, 178.30 ppm.

EI-MS (m/z,%): 253 (24.7, M™), 235 (20.5), 149 (38.3), 91 (100).

HRMS: Calc. for C,¢H,;sNOx: 253.11078; Found: 253.11042.
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1-Benzyl-3-methyl-3-methoxy-2-0x0-2,3-dihydroindole.

OMe

Me
/N
Bn O
A solution of N-benzyl-3-methyl-3-hydroxy-2-oxo-2,3-dihydroindole (150 mg, 0.59 mmol) was added
dropwise to a suspension of NaH (20 mg, 0.83 mmol) in THF ( 5 mL). The pale yellow solution was
stirred at RT for 1 h, excess Mel was added, and the still pale yellow solution was stirred at RT for 18 b,
after which time it was cvaporated 10 dryness, lcaving a pale yellow solid that was recrystallized from

CH:Cly/Hexanes, affording the title compound as 2 bright yeliow solid (81.2 mg, 51%).

'H-NMR (200 MHz, CDCl,): & 1.60 (s, 3H). 3.06 (s, 3H), 4.91 (d, 1H. J=16.0 Hz), 4.92 (4, 1H, i=16.0
Hz), 6.70 (d, 1H. J=8.0 H2), 7.05 (1, 1H, J=8.0 Hz), 7.20-7.40 (m, 7H) ppm.

BC-NMR (50 MHz, CDCLy): § 23.83, 43.44, 52.87, 79.33, 109.21, 122.82, 123.51, 126.93, 127.44,
128.29, 128.55, 129.31, 135.37, 142.23, 176.31 ppm.

EI-MS (m/z, %): 267 (23.4, M™), 237 (25.3), 176 (14.5), 144 (28.6), 91 (100).

HRMS: Calc. for C;-H;sNOx: 267,12593; Found: 267.12731.
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1-Benzyi-3,3-cthylenedithio-2-0x0-2,3-dihydroindole.

@
S
Bn/N 0
A solution of N-benzylisatin (250 mg, 1.05 mmol) in CH-Cls (15 mL ) containing ethanc-1,2-dithiol ( 119
mg, 1.27 mmol) was stirred at RT while BFy»OEt, (! mL) was added dropwisc. The resuiting solution
was stirred at RT for 2 h, then quenched by the addition of HsO (20 mL), washed with sodium carbonate

(10%, 3 x 20 mL), and worked up in the usual manner, Chromatography ( 5:1 Hex:EtOAc) afforded the

tile compound as a pale yellow solid (222 mg, 67%).

TH-NMR (200 MHz, CDCly): § 3.65 (m, 2H), 3.95 (m, 2H). 4.90 (s, 2H), 6.65 (d, 1H, J=8.0 Hz), 7.10 (1,
1H, J=8.0 Hz), 7.15 (1, 1H, J=8.0 Hz), 7.30 (s, SH), 7.55 (d, 1H, J=8.0 Hz) ppm.

BC-NMR (50 MHz, CDCly): §40.34, 43.82, 109.22, 123.13, 125.34, 125,94, 126.99, 127.54, 128.54,
128.69, 129.73, 135.31, 142.22, 177.96 ppm

IR (CH:CL): 1717 em™.

EEMS (m/z, %): 313 (33.1, M™), 254 (54.2), 222 (53.2), 162 (51.0), 91 (100).

HRMS: Calc. for C)7H,sNOS,: 313.05951; Found: 313.06144.

mp: 107.8-108.0 °C.
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1-Benzyl-3,3-propylenedithio-2-0x0-2,3-dihydroindole.

s/j
3
0

/N
Bn

The title compound was prepared as above, except that propanc-1.3-dithiol was used in the place of

cthane-1,2-dithiol. Chromatography (6:1 Hex:EtOAc) afforded the title compound as a pale yellow solid
(241.8 mg, 70.1%).

'B-NMR (200 MHz, CDCly): § 2.0-2.3 (m. 2H), 2.65 (dt, 2H, J=14.0, 2.0 Hz), 4.09 (i, 2H, J=14.0, 2.0
Hz), 4.85 (s, 2H), 6.63 (d. 1H, J=7.6 H2), 7.00 (t. 1H, J=7.6 Hx), 7.15 (t, 1H. }=7.6 Hz), 7.30 (5.
SH), 7.45 (d. IH, 7.6 Hz) ppm.

BC-NMR (50 MHz, CDCly): & 24.18, 25.88, 43.16, 109.17, 122.94, 124.99, 126.80, 127.48, 128.71,
129.90, 135.39, 141.43, 175.67 ppm.

IR (CH:Cl): 1708 cm™,

EI-MS (mv/z, %): 327 (M, 23.2), 294 (22.0).. 254 (39.5). 162 (61.5), 91 (100).

HRMS: Calc. for Ci3H,;7NOS2: 327.07516; Found: 327.07519,

mp: 148.8-149.2 °C.
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Chapter 8

Non-reductive Desulfenation of 3-Thioalkyl-2-Oxindoles

8.1 Introduction

Although Gassman’s oxindole synthesis' is an extremely powerful method for the construction of
the oxindole nucleus, the general utility of this sequence could be extended if mild conditions could be
found for the removal of the necessary thioalkyl group. A survey of the literature showed that the only
methods used were Rancy Ni* and Zn®. Work from this laboratory had shown that NizB™* worked as well
as Rancy Ni with the added advantages of being prepared rapidly and in situ, and being non-pyrophoric,
However, all of these mentioned methods suffer from at least one scrious drawback: sclectivity. Although
all three reagents mentioned arc very powerful desulfenating rcagents, they are also very powerful
reducing agents, limiting the choice of substratcs.

In the course of studics directed towards the synthesis of a new tricyclic heterocycle (1), acid
promoted ring closure of oxindole 2 was cxpected to provide 1 via 2 sulfonium salt intcrmediate.
However, treatment of 2 with excess TsOH and Nal in CH:Cl: led to the formation of 3. Further study of
this reaction has led to the development of a mild, general high yielding method for the desulfenation of

3-thioalky! oxindoles, the results of which are presented in the remainder of this chapter.

OH I
S a
< ----- Me —_—
0 O 0
1 2 3

Reagents: a) TsOH, Nal, CH:Cl;, RT.

Scheme 8.1 - Reaction of Oxindole 2 with Nal and TsOH.
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8.2  Study of the Reaction Mechanism and Design of a Reagent Pair

A mechanism 0 account for the unexpected convversion of 2 10 3 upon treatment with HI as
shown in Scheme 8.2 was proposed: Initial addition of a proton to 2 lcads (o protonation of the amide
carbonyl forming 4. This protonation of the carbonyl results in the activation of the sulfur substituent at
C3 wwards attack by a thiophile. Tbus a soft nuclcophile such as I' present would generate a sulfenyl

iodide and the enol 5 which can tantomerize back 1o the oxindole form.

OH

OH OH
HI q
Me —> Me —_— +MeS|
ng ) |
2 (o]

& ;o
H

|

| 1
—
]
3 O ¢ OH
Scheme 8.2 - Propased Mechanisin for Desulfenation of Oxindole 2

To 1est the generality of this reaction, oxindole 7 was subjected o the same reaction conditions as
2. When stirred with 1.5 equivalents of TsOH and Nal, 7 was rapidly coaverted into product 8 in a yield

of 80%.
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CO2Et CO2Et
2
SMe
HN HN
0 (8]
7 8

Reagents: a) TsOH. Nal, CH:Cl..

Scheme 8.3 - Reaction of Oxindole 7 with TsOH and Nal.

Although using TsOH and Nal as a reagent pair resulted in excellent yields of the desulfenated
products, the reaction was somewhat messy, giving I» and (MeS); as by products. Inspection of the
proposed mechanism showed that, in principle, all that was neccssary was a proton source (0 Cause
formation of 4 from 2, and a thiophile to cffect the conversion of 4 to 5. With this idea in mind, the
scarch for another rcagent pair was initiated. Workers at Merck® had reported on the usc o-
mercaptobenzoic acid as a method of desulfenating 3-thicalky! indoles. Reaction in this casc occurs by
initial C3 protonation, followed by nucleophilic attack of the added sulfur nucleophile on the sulfur of the
3-thicalkyl indole.

o

H
s Q;j?“*j — 9
HN | HN HN l
®

Scheme 8.4 - Merck Methodology for Desulfenation of 3-Thioalkylindoles.

It was anticipated that a similar reaction could take place between a 3-thioalkyl oxindole and o-

mercaptobenzoic acid, However, treatment of oxindole 7 with 1.5 equivalents of o-mercaptobenzoic acid
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led 10 the quantitative recovery of starting material. Failure of this recagent 1o cffect the desired
transformation was belicved to be the result of cither: a) insufficient acidity of the benzoic acid moiety or
b) inadequate nucleophilicity of the benzencthiol portion of the reagent. When this reaction was repeated
using onc equivalent of TsOH as the acidic reagent, starting material was again recovered. Since TsOH
was previously shown to be acidic cnough to protonate the amide carbonyl, it was concluded that the
reaction failed duc to the low thiophilicity of o-mercaptobenzoic acid.

Rapoport® had uscd PPh, 2s a thiophile in his modification of the Eschenmoser ring contraction’,
thus desulfenation with the reagent pair PPhyTsOH was attempted. Reaction of oxindole 7 with 1.5
cquivalents of both PPhy and TsOH in CH:Cl: at RT resulted in smooth and rapid conversion to the
desulfenated product 8 (89% yicld) after a base wash and clution through a plug of stlica gel, Both the
TsOH and PPh, were necessary to effect the desired transformation. With a reagent pair that provided the
desired product cleanly and in high yiclds, with 2 relatively simple purification, 2 survey of the generality

of this non-reductive desulfenation was carried out,

8.3  Scope of the Reaction

As can be seen from Table 8.1, the reaction is quite gencral and high yiclding. The reaction
worked well for both 3- thiomethy! and thiobenzyl substitucnts (entries 1 and 2). Desulfinylation also
occurred in acceptable yields (entry 10), but desulfonylation could not be carried out (entry 11).
Presumably, the reaction failed because the nucleophile (PPhy) was too soft to react at the sulfone center, a

hard electrophilic site.
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R4
R3 TsOH, PPha
R2 CH2CI2 R3
N N-—\
Rt o RY” 0
Entry R Ra Ry Ry Yicld (%) | Conditions/
Notes
1 H SMc H 4-CQ-Et 87 a
2 H SBn H 4-CO-Et 97 a
3 Me SMe H 4-CO-Et 85 a
4 Me SMe H 4-Me 97 a
5 H SMc Me 6-CO-Et 89 a
6 Me SMe Me 4-CO-Et 98 b
7 H SMe H 5-Br 93 a
8 H SMe H 4-NO-» 90 a
9 Allyl SMe Allyl 4-CO-Et 87 b
10 Propargyl SMe Propargyl 4-CO-Et 35 b
11 H SOMe H 4-CO-Et 76 a
12 H SO-Me H 4-CO-Et 0 d
13 H SMe H 7-CH-OH 0 c
14 H SBn H 4-CO-Et 20 c

a) RT: b) Reflux: ¢) no products identified; d) recovered starting material; ¢) polymer bound PPh, used.

Table 8.1 - Summary of Non-Reductive Desulfenation Results

The reaction proceeded well for both I- and 3-alkyl substituted oxindoles, as shown by cntrics 3

through 5. For 1,3-dialkyl substituted oxindoies (entries 6, 9 and 10), the reaction was somewhat sluggish
at RT, being only 70% complete after 24 h. The reaction, when conducted in refluxing CH:Cl,, was rapid
and high yielding, providing the desulfenated product in ncar quantitative yield afier 2 h (entry 6). The
reaction was also relatively inscnsitive to the nature of the substituent on the benzenc ring, tolerating alkyl
groups and acyl groups, the only exception being entry 13. In this case, the benzylic alcohol was also
susceptible to reaction with the nucleophile under acidic conditions, lcading to, presumably, a

phosphonium salt, since no organic material was isolated following standard work up.
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The utiiity of the methodology was best illustrated by entries 7-10. As shown by the high yiclds
of the reaction, casily reduced groups such as halogens, nitro, and isolated double bonds are not touched
under the reaction conditions.

In the case of cntry i4, polymer bound PPh; was used. It was hoped that the work up would
become even casicr, since filiering would remove the excess PPh, and the by-product.  However, use of
this reagent did not offer any advantages. The reaction was much slower with the polymer bound
phosphine, which was acceptable, but a smail amount of the polymer always remained in solution, making
chromatography necessary. Duc to these difficultics, recourse was made to the TsOH/PPh, pair which
worked best.

8.4  Experimental
General
For gencral experimental, see the experimental section of chapter 3. All starting oxindoles were prepared

as described in chapter 7, except 3-thiomcthyl-4-nitro-2-oxindole, which was prepared according to

Gassman' and those noted below.



3-Thiomethyl-S-bromo-2-o0x0-2.3-dihydrvindolc

Br

SMe

KN
O

A solution of tBuOC! (0.63 g. 5.82 mmol) in CH;Cl: (2 mL) was added dropwise to a cooled
(<78 °C) solution of 4-bromoaniline (1.00 g. 5.82 mmol) in CH:Cl: (50 mL). The resulting yellow
solution was stirred at =78 °C for !5 min, after which time a solution of methyl (methylthio)acetate (0.70
£, 5.82 mmol) in CHxCl: (2 mL) was added dropwise. The yellow solution was stirred for 1 h, then a
solution of tricthylamine (0.59 g. 5.82 mmol) in CH;Ci; (5 mL) was added. and the resulting solution was
allowed to warm to RT over a period of 16 h. The dark red solution was pourcd into H:O (50 mlL)
separated and concentrated to dryness.  The residue was dissolved in Et-O (100 mL) and HCI (10%, 25
mL) was added and the solution refluxed for 2 h. Scparation of the organic phasc followed by usual work

up afforded a pals yellow solid (500 mg, 33%).

TH-NMR (200 MHz, CDCl,): 5 2.03 (s, 3H), 4.29 (s, IH), 6.82 (d, 1H, J=8.2 Hz), 7.42 (dd. 1H, J=8.2. 1.0
Hz), 7.52 (d, iH. J=1.0 Hz), 9.00 (br, IH) ppm.

BC-NMR (75 MHz, CDCly): 8 12.15, 46.35, 111.44, 115,68, 128.44, 132.01, 140.25, 177.08 ppm.

IR (CH:Cl,): 1726 cm™.

EI-MS (m/z. %): 259 (V™+2, 17.5), 257 (M™", 16.8), 211 (100), 213 (97.9), 182 (15.2).

HRMS: Calc for C;HsNOSBr: 256.95099; Found: 256.95057.

mp: 174.0-175.0 °C.
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3,3-Di(3-propenyl)-3-thiomethyl-2-0x0-2,3-dihvdroindole.
0O

OEt
SMe

A solution of freshly prepared LDA (2.1 equiv.) in THF was added dropwise to a cooled (-78 °C) solution
of 3-thiomethyl-4-carboethoxy-2-0x0-2,3-dihydroindole (100 mg, 0.40 mmol) in THF (10 mL}. Stirring
was continued for 1 h, after which time a solution of allyl bromide (145 mg, 1.20 mmol) in THF (5 mL)
was added dropwise. The resulting solution was allowed to slowly risc to RT over 12 h, then poured into
H:0 (50 mL) and extracted with Et:O (4 x 20 mL), The combined organic extracts were worked up in the
usual manner affording, after chromatograpuy (7:1 Hex:EtOAc), the title compound as a pale yellow oil

(110 mg, 83%).

"H-NMR (500 MHz. CDCl;): & 1.35 (1. 3H, J=7.5 Hz), 1.80 (s, 3H), 2.80 (dd, 1H, J=15.0, 11.0 Hz), 3.50
(dd, J=16.0, 11.0 Hz), 4.20 (m, tH), 4.35 (m, 3H), 4.80 (dd, 1H, J=11.0, 1.0 Hz), 5.00 (dd, 1H,
J=18.0, 1.0 Hz), 5.15 (m, 2H), 5.25 (m, 1H), 5.80 (m, IH), 6,80 (dd, I, J=8.0, 1.0 Hz), 7.25 (t.
1H, J=8.0 Hz), 7.60 (dd, 1H. J=8.0, 1.0 Hz) ppm.

PC-NMR (125 MHz, CDCly): 5 12.01, 14.23, 39.04, 42.49, 55.45, 61.40, 112.07, 117.78, 118.99,
124.41, 128.63, 128.67, 129.52, 130.96, 132.03, 143.43, 166.05, 175.77 ppm.

IR (CH.CL): 1719 cm™.

EI-MS (m/z, %): 331 (M™", 8.6), 285 (87.5), 244 (49.5), 41 (100).

HRMS: Calc. for CysHxNO,S: 331,12422; Found: 331.12528.



3,3-Di(3-propyny!)-3-thiomethyl-2-oxo0-2,3-dihydroindole.
O

OEt
SMe

N— o
A solution of freshly prepared LDA (2.1 equiv.) in THF was added dropwise to a cooled (-78 °C) solution
of 3-thiomethyl-4-carbocthoxy-2-0x0-2.3-dihydroindole (100 mg, 0.40 mmol) in THF (10 mL). Stirring
was continucd for 1 b, after which time a solution of propargyl bromide (150 mg, 80% wt. in tolucne. 1.00
mmol} in THF (5 mL) was added dropwise. The resulting solution was allowed to slowly rise 1o RT over
12 b, then poured into H;O (50 mL) and extracted with ELO (4 x 20 mL). The combined organic extracts
were worked up in the usual manner affording, afier chromatography (7:1 Hex:EtOAc), the title

compound as a pale yellow solid (105 mg, 81%).

'H-NMR (500 MHz, CDCLy): § 1.41 (t, 3H, J=7.0 Hz), 1.65 (t. 1H. 2.6 Hz). 2.15 (s, 3H). 2.21 (1, IH,
J=2.5 Hz), 3.00 (dd, 1H, J=16.0, 2.5 Hz), 3.80 (dd. 1H, J=16.0, 2.5 Hz), 4.38 (q. 2H. J=7.0 Hz),
4.45 (dd, 1H, J=16.0, 2.5 Hz), 4.68 (1H, J=16.0, 2.5 Hz), 7.22 (dd, iH, J=8.0, 1.0 Hz), 7.42 (1,
1H, J=8.0 Hz), 7.70 (1H, dd, J=8.0, 1.0 Hz) ppm.

>C-NMR (125 MHz, CDCIy): § 12.28, 14.19, 25,09, 29.59, 30.87, 54.42, 61.49, 70.50, 72.58, 76.42,
78.39, 112.51, 125.30, 128.81, 129.04, 142.78, 165.51, 174.64 ppm.

IR (CH,Cl): 3303, 1727 cm™.

EI-MS (m/z, %): 327 (M™, 12.3), 281 (100).

HRMS: Calc. for C,gH;sNO,S: 327.09292; Found; 327.09347.

mp: 105.4 °C.
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3-Thiomethyl-t-carbocthoxy-2-ox0-2,3~dihydroindole-S-oxide.

0

“OEt
SOMe

HN
@)

To a cooled (-78 °C) solution of 3-thiomethyl-4-carbocthoxy-2-0x0-2.3-dihydroindole (150 mg. 0.60
mmol) in CHyCl: (15 mL) was added in onc portion mCPBA (121 mg, 85%, 0.60 mmol). The resulting
mixture was stirred and siowly allowed to reach RT. After 12 h, HyO (10 mL) was added, and the organic
phase scparated and washed with sodium bisulfite (10%, 2x10 mbL) and sodium bicarbonate (10%, 2x10
mL). Usual work up afferded 2 slighly reddish solid which was triturated with cold (0 °C) Et-O (2 mL)

and filtered, providing the title compound as a white solid (88 mg, 62%).

'H-NMR (200 MHz, CDCL): § 1.3C {t, 3H, J=7.0 Hz), 3.05 (s, 3H), 4.25 (q, 2K, J=7.0 Hz), 4.85 (s, 1H).
6.95 (d. 1H, J=7.5 Hz). 7.30 (1, 1H. J=7.5 Hz2), 7.65 (d. IH, J=7.5 Hz), 8.20 (br, 1H) ppm.
PC-NMR (75 MHz, CDCl,): 13,88, 35.58, §1.04, 63.24, 114.19, 123.53, 123.92, 126.64, 129.66. 143.60,

165.13, 169.98 ppm.
IR (CH:Cl.): 3400, 1716, 1029 cm™.
EI-MS (m/z, %): 267 (M™", 0.6), 205 (100).

mp: 149.0-149.5 °C.



3-Thiomethyl-$-carbocthoxy-2-o0x0-2,3-dibydroindole-S,5-dioxide.
0O

OEt
SO2Me

HN——KO

To a cooled (0 °C) solution of 3-thiomethyl-4-carbocthoxy-2-0x0-2,3~dihydroindole (150 mg, 0.60 mmol)
in CH;C!: (15 mL) was added in one portion mCPBA (240 mg. 85%, 1.20 mmol). The resulting mixture
was stirred and slowly allowed to reach RT. After 12 h, H;0 (10 mL) was added, and the organic phasc
scparated and washed with sodium bisulfite (10%, 2x10 mL) and sodium bicarbonate (10%. 2x10 mL).
Usual work up afforded a slightly reddish solid which was triturated with cold (0 °C) EtO (2 mL) and

filtcred, providing the title compound as a white solid (85 mg, 50%).

TH-NMR (200 MHz, CDCly): 1.35 (t. 3H, J=7.0 Hz), 3.20 (s, 3H), 4.35 (q, 2H. J=7.0 Hz), 5.45 (s. 1H).
7.00 (d, 1H, J=8.0 Hz), 7.40 (t, 1H, J=8.0 Hz). 7.60 (d. 1H, J=8.0 Hz), 7.80 (br, IH) ppm.
BC.NMR (75 MHz, CDCly): 14.03, 39.70, 61.46, 67.86, 113.37, 117.36, 124.06, 130.76, 131.13, 143.14.

164.38, 169.23 ppm.
IR (CH:CLy): 3400, 1716, 1330, 1110 cm™.
EI-MS (m/z, %): 283 (M™, 5.6), 238 (1.2), 204 (100), 176 (19.0).
HRMS: Cale. for CiH;3NO,S: 283.05144; Found: 283.05114.

mp: 156.3-157.0 °C.
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General Procedure for Non-Reductive Desulfenation.

A solution of oxindole (1.00 mmol} in CH:Cl- (10 mL) was stirred at RT as PPh; (1.10 mmol)
and TsOH (1.10 mmol) were added. The resulting solution was stirred at RT, except for 1.3-disubstituted
substrales, in which cascs the reaction mixtures were refluxed, until tle showed complete consumption of
starting material. The solution was washed with H.O (2 x 5 mL) and NaHCO, (2 x 5 mL). dried over

MgSQ,, filtered. concentrated and chromatographed,

4-Carboethoxy-2-0x0-2,3-dihydroindolc

COzEt

HN
0

'H-NMR (200 MHz, CDCly): 5 1.40 (1, 3H, J=7.5 Hz), 3.86 (s, 2H), 4.36 (q. 2H. J=7.5 Hz), 7.05 (d, 1H,
J=6.5 Hz), 7.30 (. 1H, J=6.5 Hz), 7.70 (d, 1H, J=6.5 Hz), 8.50 (or, 1H) ppm.

BC.NMR (75 MHz, CDCly): & 14.3, 37.97, 61.14, 113.52, 123.58, 126.85, 127.47, 127.9, 143.27,
165.83, 177.91 ppm.

IR (CH.CL): 1719, 3430 cm™.

EI-MS (m/z.%): 205 (M™, 100), 176 (35.0). 160 (33.8).

HBRMS: Calc. for C,)H,;NO,: 205.07389; Found: 205.07317.

mp: 181.3-182.1 °C (whitc solid).



1-Mecthyl-3-carbocthoxy-2-0x0-2,3-dihydroindole

CO2Et

N

Me 0

'H-NMR (500 MHz, CDCly): 8 1.37 (1. IH. J=7.0 Hz), 3.22 (s, 3H). 3.82 (5. 2H). 4.33 (g. 2H. J=7.0 H2).
6.94 (d. 1H. J=8.0 Hz), 7.31 (1. 1H, J=8.0 Hz), 7.68 (d. 1H, J=8.0 Hz) ppm.

BC-NMR (125 MHz, CDCl,): 5 14.31, 26.28, 37.47, 61.14, 111.64, 123.46, 126.61, 126.88, 127,97,
145.97, 165.85, 175.11 ppm.

IR(CH.CL,): 1714 cm ™.

EI-MS (m/z, %): 219 (M™, 100), 150 (63.4), 173 (31.8), 146 (27.6).

HRMS: Calc. for C,2H;3NO;y: 219.08954; Found: 219.08867.

mp: 108.0-108.5 °C (white solid).
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3-Methyl-6-carbocthoxy-2-0x0-2,3-dihydroindole

EtQO2C

Me

HN
O

'H-NMR (200 MHz, CDCly): § 1.37 (1. 3H. J=7.0 Hz), 1.51 (dd. 3H. J=7.0 Hz). 3.49 (q. 1H. J=7.0 Hz),
4.55 (q. 2H, J=7.0 Hz), 7.25 (d. 1H, J=8.0 Hz). 7.55 (s. 1H), 7.75 (d. 1H, J=8.0 Hz), 8.60 (br, 1H)
ppm.

BC-NMR (50 MHz, CDCly): 5 14.32. 15,01, 41.11, 61.17. 110,32, 123.62. 124.25, 130.42, 136.23,
141.30, 166.21, 180.71 ppm.,

IR (CH:Cl): 1720 cm™.

EI-MS (m/z, %): 219 (M™, 100), 174 (55.3), 146 (76.3).

HRMS: Calc. for C;2H;3NO,: 219.08954; Found; 219.08968.

mp: 135.3-136.2 °C (white solid).



1,3-Dimcthyl-$-Carboethoxy-2-0x0-2,3-dihydroindole.
CO2Et

Me

'H-NMR (500 MHz, CDCl,): § 1.43 (t. 3H, J=7.0 Hz). 1.49 (d. 3H. }=7.0 Hz), 3.22 (s, 3H), 3.85 (q. 1H.
J=7.0 Hz). 4.38 (q. 2H. J=7.0 Hz), 6.98 (d. 1H., J=7.5 Hz). 7.35 (1. 1H. J=7.5 Hz), 7.65 (d. 1K,
J=7.5 Hz) ppm.

BC.NMR (125 MHz, CDCly): 5 14.17, 16,22, 26.28, 41,93, 61.13, 111,62, 123.73, 126.90, 127.86,
132.71, 144.96, 165.82, 178.92 ppm.

IR (CH:CL): 1714 cm™.

EI-MS (m/z. %): 233 (M™, 100), 204 (39.5), 188 (31.7). 160 (89.7).

HRMS: Calc. for Cy3H)sNOy: 233.10519; Found: 233.10528.

mp: 70.0-70.5 °C (palc ycllow solid).

4-Nitro-2-o0x0-2,3-dihydroindole

NO2

HN
0

'H-NMR (200 MHz, CDCl): 4.00 (s, 2H), 7.15 (d, 1H, J=8.0 Hz), 7.40 (, IH, J=8.0 Hz), 7.89 (d. IH,
J=8.0 Hz), 8.30 (br. 1H) ppm.

mp: 156.3-157.0 °C (white solid).
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5-Bromo-2-0x0-2,3-dihydroindole

Br

HN
0]

TH-NMR (500 MHz, CDCl,): 5 3.45 (s, 2H), 6.73 (d, 1H. J=7.5 Hz), 7.32 (m, 2H), 8.00 (br, 1H) ppm.
BC-NMR (125 MHz, CDCly): § 35.91, 110.87, 114.95, 127.26, 127.88, 130.82, 131.24. 176.24 ppm.
IR (CH:Cl.): 1714 cm™,

EI-MS: (m/z, %): 213 (M™+2, 98.2). 211 (M™, 100), 132 (14.2).

HRMS: Calc. for CoHBrNO: 210.96327; Found: 210.96311.

mp: 220 °C {white solid).
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3.3-Di(3-propenyl)-2-ox0-2,3-dihydroindole.
O

OEt

'H-NMR (500 MHz, CDCly): § 1.40 (t, 3H, 3=7.0 Hz), 2.85 (m. 1H), 2.95 (m, 1H), 4.053 (m. H), 4.21
m, [H), 4.38 (q. 2H). 4.45 (m, 1H), 4.83 (dd. 1H, J=14.0, 1.0 Hz), 4.94 (dd, 1H. J=14.0, 1.0 Hz),
5.15 (m. 1H), 5.20 (m, 1H), 5.35 (m, 1H), 5.75 {(m, 1H). 6.80 (d. 1H. J=7.5 Hz), 7.20 (1. IH,
J=7.5 Hz), 7.80 (d. 1H, J=7.5 Hz) ppm.

BC.NMR (125 MHz, CDCLy): 14.21, 34.53, 42.22, 46.69, 61.16, 112.41, 117.56, 118.28, 123.68, 127.22,
127.89, 130.13, 131.23, 132.64, 144.70, 165.92, 177.13 ppm.

IR (CH:CL): 1712 cm.

EI-MS (m/z, %): 285 (M™, 36.3), 240 (53.2), 212 (100).

HRMS: Calc. for C,,H;sNO5: 285.1364%9; Found: 285.13655.



3,3-Di(3-propynyl)-2-0x0-2,3-dihydroindole.

OEt

=—/N O

‘H-NMR (500 MHz, CDCl): § 1.40 (¢, 3H. J=7.5 Hz), 1.60 (t, 1H, J=2.5 Hz). 2.10 (¢, 1H. J=2.5 Hz), 3.03
(m. 1H). 3.22 (m. 1H), 4.00 (1, IH, J=2.5 Hz), 4.36 (q, 2H, J=7.5 Hz), 4.55 (m. 2H), 7.20 (d. 1H.
J=7.5 Hz). 7.40 (. 1H, J=7.5 Hz), 7.80 (d, 1H, J=7.5 Hz) ppm.

BC-NMR (125 MHz, CDCl): § 14.20, 20.11, 29.25, 45.30, 61.28, 70.29, 72.38, 76.61, 78.77. 112.79,
124.27, 127.10, 128.49, 129.34, 144.17, 165.59, 175.70 ppm.

IR (CH;Cly): 3303, 1719 cm™,

CA: Cale. for C,7HisNOy: C (72.58), H (5.37), N (4.98); Found: C (72.55), H (5.55), N (4.75).
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Chapter 9
Photochemically Generated Bicyclic ortho-Quinodimethanes

9.1 Introduction

Duc 1o the problems associated with the synihesis of a bicyclic o-quinodimethane precursor
containing an indole nucleus, the direction of rescarch was changed. Evaluation of rescarch done to date
had shown that although a number of interesting studics had been conducted and some unusual behavior
uncovered and new methodology developed, major questions remained, Can a 6-5-5 tricyclic ring sysitem

such as 1, 2 or 3 be prepared, and if o, can it be used to gencrate o-quinodimethanes?

@802 . @802
HN HN

1 2 0 3

Since considerable effort had been invested in exploring routes 1o 1 and 2, it was decided to investigate

routes to 3. Since 3 was a derivative of the dibydroindene skeleton, one problem associaled with the

synthesis of 1 and 2, aromatization to the indole ring system, would not be encountered in the synthesis of

3.

9.2  Photoenolization Strategy to 3

A synthetic route to 3 was devised. This sequence relied on the successful trapping of the

photoenol of 5 with SO, and is shown rctrosynthetically in Scheme 9.1,



1498

OH
- I 802 —> d | e
2 S0z —>
x ~

3 4 5

Scheme 9.1 - Retrosynthetic Analysis of Tricyclic Sulfone 3

The aldehyde S had been reported in the literaturc®, although its synthesis was not selective, and
resulted in 2 mixture of isomers that had to be carried through a number of steps before separation could

be achieved. To circumvent these problems, a new synthesis of § was developed and is shown in Scheme

9.2,

CO2H COH CHO
a b c.d
1 7 8 5

Reagents: a) (i)2.2 nBuLi, TMEDA, Pentance,A; (ii) CO- (s); (iii) HCI (65%); b) Ha, 10% Pd/C, HOAc
(90%); ¢) LiAlH,, THF, A (90%); d) MnO., CH:Cly, A (93%).

Scheme 9.2 - Synthesis of Aldchyde 5

Alkoxide directed ortho-metaliation of I-indano! using the conditions described by Secbach®,
followed by a low temperature quench of the di-anion with CO- afforded the carboxylic acid 7 as a white
solid (mp 128 °C) in an overall yield of 65%. Hydrogenolysis of the benzylic alcohol to the acid 8 (mp
150 °C) was best accomplished by bubbling H; through a solution of hydroxy-acid 7 in glacial HOAc in
the presence of a catalytic amount of 10% Pd/C. Finally, the desired aldchyde 5 was obtained via a two

step sequence consisting of LiAlH, mediated reduction, followed by MnQ, oxidation. Aldchyde 5,
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isolated as a clear oil in yields greater than 90%., was idcnlii':cd on the basis of its 'H-NMR spectrum (Fig.
9.1). which showed a sharp singlet at 9.97 ppm. a quintet and two triplets for the aliphatic protons at 1.98,
2.77 and 3.12 ppm respectively, and a patiern in the aromatic region indicative of a 1.2 3-trisubstituted
benzene.

Irradiation of a solution of aldchyde S in benzene in the presence of SO:* led only 10 recovered
starting material, and carboxylic acid 8. With the cnvisioned route 10 4 and 5 failing in the key step, the
focus of the cument study was modified once again. At this point it was not known if the desired
aldchyde 5 would form an enol under irradiation conditions. It was then decided to synthesize a number
of compounds related 10 5 and enlist the help of Professor Tito Scaiano. Professor Scaiano's group has
made significant contributions in the ficld of laser flash photolysis, particularly in the area of studying
photo-cnols®. The goal of this rescarch was gain a better understanding of the geometric factors
influencing photo-enolization. Al the time of the writing of this thesis, these studies arc still in progress.
What follows is a report on the synthesis of a number of putzlive photo-enol precursors, and the results of

trapping experiments using classical diencophiles.

9.3  Other Bicyclic Aldehydes

Since the goal of this research was to identify the effects of imposing physical constraints on the
photo-cnol precursors, 2 series of compounds was desired that bad a predictable differences in the angle
and distance between the reactive carbonyl center and the =hydrogen. It was belicved that a series of
compounds that differed only in the number of methylene units in the saturated ring would best fit this

criterion, i.e. 5, 9 and 10.

CHO

Dn
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The synthesis of 9 was accomplished in 2 manner identical to the synthesis of 5, except that 1,2,3.4-

tetrahydro-1-napthol was the starting material. This synthesis is shown in Scheme 9.3.

CO2H OH CO2H
12 : 13 9

Reagents: a) (i)2.2 nBuLi, TMEDA, Pentane.4; (ii) COx (s); (iii) HCl (70%): b) Ha, 10% Pd/C, HOAc
(75%); ¢} LiAlH,, THF, A (87%): d) MnOs, CH.Cl,, A (78%).

Scheme 9.3 - Synthesis of Aldchyde 9

Again, all intcrmediates in Scheme 9.3 had spectroscopic properties consistent with the proposed
structures. Key '"H-NMR resonances fgr aldchyde 9 (Fig. 9.2), which was isolated as a clear oil after
column chromatography, included the aromatic pattern, which was typical of a 1,2.3-trisubstituted
benzenoid aromatic, a singlet at 10.15 ppm indicative of the aldehyde, and a multiplet at 1.65 ppm
accounting for 4 protons and two triplets at 2.73 and 3.10 ppm, cach representing two protons.

With a secure route to aldehydes 5 and 9, attention was turned towards the synthesis of aldehyde
10. The benzylic alcohol 15 was prepared in near quantitative yield via a standard LiAlH, reduction from
commercially available benzosuberone 14. Ortho-metallation with nBuL/TMEDA and quenching with
CO:, followed by acidic work up afforded lactone 16 as a white crystalline solid (mp 74.8 °C) in a 75%

yicld. However, lactone 16 could not be converted to acid 17 via hydrogenolysis.
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O
o] HO COzH
O =00 Q0+ Q0
14 15 16 17
Scheme 9.4 - Aucmpted Synthesis of Acid 17 from Alcohol 15

After investigating a number of altemative routes in the hope of converting 16 to 17, this routc was
abandoned and a longer sequence was adopted. Reduction of lactone 16 to diol 18 (white solid, mp 77 °C)
was accomplished in 89% yicld with LiAlH,. Protection of the primary benzylic alcohol with TBDMSCI®
proceeded in quantilaliﬁc yicld affording 19 as a white solid (mp 62 °C). Activation of the sccondary
benzylic alcohol with Ts;O and pyridine in CH.Cl: generated the alkene 20, which was characterized
solely on the basis of its 'H-NMR which showed a doubiet at 6.60 ppm and a2 doublet of triplets at 6.15
ppm accounting for the olefinic protons. Hydrogenation of 20 followed by deprotection of the silyl ether
with TBAF® in THF afforded alcohol 22 as a clear oil in 85% yicld after chromatography. Oxidation 1o
aldchyde 10 was accomplished in 80% yield with PDC'® in CH.Cl,. Aldehyde 10 was isolated as a clear
oil and had spectroscopic propertics consistent with its structure. Its 'H-NMR spectrum is shown in Fig.

9.3.



201

ndd 1

T
T

€120 ui 01 2pSyaply Jo wnn2ds WAN-H, ZHW 002 £'6 iy

269
1, 658 i £2e
g £ 4 S g £ 8 6 ol

_...»_..-._-..-_..—u__.-._...‘_.._._..-._.._._--_-.——...-_....-.-.—...._..

-

Fov sl gaad e g de g

il

4
T M TR
a [

N




RO
0 RO OH
a c <
—_— —_—
W

16 18; R=H 20;: R=TBDMS
b
|: 19; R=TBDMS
1 :
RO
CHO
f
-————
10 21; R=TBDMS
e
22;R=H

Reagents: a) LiAlH,, THF, A (89%); b) TBDMSCI, Et;N, DMAP, CH.Cl. (>95%): ©) Ts:O, pyr. DMAP,
CH;Cl; (85%). d) Ha. 10% Pd/C, McOH (83%); &) TBAF, THF (85%); f) PDC, CH.Cl (80%).

Scheme 9.5 - Synthesis of Aldehyde 10

9.4  Synthesis of Bicyclic Ketones

As part of the laser flash photolysis study, accessibility to the methyl, phenyl and
pentafluorophenyl ketones was desirable. These compounds were prepared via a two-step sequence
involving addition of a Grignard reagent or organolithium to the aldehydes, followed by oxidation of the

gencerated secondary alcohol to the desired ketone, This general sequence is shown in Scheme 9.6.



CHO
RM [C]
n e
5 n=1 a; R=Me 23; n=1
9: n=2 b; R=Ph 24: n=2
10; n=3 c; R=Pf 25 n=3

Scheme 9.6 - Synthesis of Bicyclic Kelones

Acetophenone derivatives 23a, 242, and 25a were prepared by dropwise addition of MeMgBr
(Aldrich) to a THF solution of the appropriate aldchyde. The sccondary alcohol intcrmediates were
identificd on the basis of the high ficld doublet and quartet that appeared in the "H-NMR spectra in a 3:1
ratio. The crude products were immediately oxidized to the desired methyl ketoncs with MnO- in CH.Cl..
The methyl ketones were readily identified by the loss of the aforementioned doublet and quartet, and the
appearance of a new singlet, typically resonating around 2.5 ppm in the 'H-NMR spectrum,

The benzophenone detivatives 23b, 24b, and 25b and the pentafluorophenyl analogues 23c-25¢
were prepared by dropwise addition of PhLi (prepared at -78 °C via m@-hﬂogcn exchange of
bromobenzene and nBuli) and pentafluorophenyllithium' respectively 1o a THF solution of the
appropriate aldehyde. The intermediate alcohols were identified by the presence of a new singlet in the
'H-NMR at 6 ppm, which accounted for the doubly benzylic methine proton. Oxidation caused a decrease

in polarity, as well as loss of the signal at 6 ppm in the "H-NMR spectra.
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9.5  Trapping of Photoenols

As meationed carlier in this chapier, the reaction between the presumed photoenol of 5 and SO,
failed to provide any cycloadduct. However, when a benzene solution of 9 was irradiated in the presence
of SOz, a new product, tentatively assigned as 26 was isolated by base washing and then re-acidification

and cxtraction with EO. This intermediate was converted into the sulfone 27 by reaction with NaBH,

and then concentrated HCI2,
OH
CHO b
% _a sop  ——~ %302
9 26 27

Reagents: a) hv, SO,. PhH; b) (i) NaBH,, MeOH; (i) HCI (25% from 9).

Scheme 9.7 - Synthesis of Sulfone 27 from Aldebyde 9 via SO, Trapping of Photoenol.

The 500 MHz 'H-NMR (Fig. 9.4) of 27 showed a number of multiplets for the aliphatic protons. Key
signals included 2 doublet of doublets at 4.19 ppm, accounting for the methine proton adjacent to the
sulfur, and an AB pattern with doublets centered at 4.15 and 4.50 ppm (J=15.8 Hz) for the benzylic
methylene group adjacent to the sulfonyl group. Although the EI-MS did not show a molecular ion, a
peak accounting for loss of SO, from the parent structure was readily apparent; this is suggestive of a
ready extrusion of SO,. CI-MS did show a peak at m/z 209, accounting for the [M™*+1] peak.

This result, which proved that bicyclic ortho-quinodimethanes could be prepared

photochemically, made the failure of 5 to react with SO, even more interesting. A brief survey of the
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photochemistry of aldehydes 5. 9 and 10 was then undertaken. The results are summarized in Scheme

9.8,
CHO
_ab
5, n=1 n=1; endo-28 (10%, 12:1) n=1; exo-28
9 n=2 n=2; endo-2% (70%, 15:1) n=2; exo-29
10; n=3 n=3; endo-30 (40%, 3:1) n=3; exo-30

COz2Me
- (1]
. CO2Me

h

n=1; 31 (12%)
n=2; 32 (44%)
n=3; 33 {78%)

CO2Et

n

n=1; 34 (0%)
n=2; 35 (61%)

Reagents: a) Dimethyl Fumarate, CH,CN, hv. b) (i) Dimethylacetylenedicarboxylate, CHyCN, hv; (i)
TsOH. c) (i) Ethylpropiolate, CH,CN, hv; (ii) TsOH.

Scheme 9.8 - Summary of Aldehyde Photochemistry Results

As is immediately obvious from inspecting the above data, the yields associated with trapping the
photoeno! of § were always lower than the yields of the same reactions using either 9 or 10. It appeared
that the photoenol of 5 was not a willing participant in [4+2] cycloadditions, since no reaction was

observed when SO: or methyl propiolate were used as dienophiles. Even when the very reactive
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dicnophiles dimethyl fumarate and dimethyviacetylene dicarboxylate (DMAD) were used as  trapping
reagents, the yields were still quite low. Because of this poor yield, cycloadducts 28 and 31 could not be
fully characterized. In the case of reactions with DMAD, the intermediate dihydronapthols were
dchydrated with TsOH to simplify work-up and product identification.

The reactions with dimcthyl fumarate provided two isomers resulting from endo and exo addition
of the dienophile to the intermediate ortho-quinodimethane. These isomers were readily identified by the
size of the coupling constant between the benzylic methine proton and the adjacent methine proton. The
benzylic methine proton resonated around 5 pprn, and typically displayed a 3 Hz coupling constant for the
endo cycloadduct whereas the exo cycloadduct had 2 10 Hz coupling constant.

The reaction between the photocno!l of 9 and methyl propiolate led to only onc regioisomer.
Apgain, the intermediate dihydonapthol was dchydrated to the naphthalene derivative 35 to simplify
product isolation and identification. The regiochemistry was confirmed by the presence of two lowficld
doublets at 7.80 and 8.40 ppm with a coupling constant of 1 Hz. The resonance were assigned to the
isolated aromatic protons of the B aromatic ring which flanked the carbomethoxy group. The size of the
coupling constant was indicative of a meta coupling. confirming the expected regiochemistry as shown in
35,

The consistently lower yields associated with reaction of photoenol § were the observations that
initiated the laser flash photolysis study. It was unknown at this time if the lower yiclds were the result of
a poor geometry making proton abstraction in triplet 36 difficult. If this were so, then it would explain the

lower yields, since the yields of diradical 37 and the photoenol would be lower.

OH

CHO . .
v o __?_
Sy ]

5 36 37



208

To finish off the photoeno! trapping project, acetonitrile solutions of the benzophenone
derivatives 23b, 24b, and 25b were irradiated in the presence of DMAD, Again, the initially formed
dihydronapthols were dehydrated to form the naphthalene derivatives. The results of this series of

reactions is shown in Scheme 9.12.

O Ph
COz2Me
" 9@
ab
—_——
‘ CO2Me
n h
n=1; 23b n=1; 38 (43%)
n=2; 24b n=2; 39 (59%)

Reagents: 2) DMAD, hv, CH,CN; b) TsOH.

Scheme 9.9 - Summary of Photochemical Trapping Results of Ketones 23b and 24b,

The cycloadducts 38 and 39 displayed spectroscopic data consistent with the proposed structures.
The 'H-NMR spectra for 38 and 39 are shown in Fig. 9.5 and 9.6 respectively. Somewhat surprising was
the formation of 38 in a yield of 43%. This bright yellow soli_d (mp 150 °C) displayed two singlets in the
"H-NMR spectrum (Fig. 9.5) at 3.56 and 3.92 ppm, accounting for the methyl esters. The methylene
groups of the five membered ring appeared as two triplets with a 7.5 Hz coupling constant at 3.44 and
3.70 ppm. This result spurned the notion that photoenolization of the indane substrates was not possible
due to some geometry constraint. In retrospect, it is more likely that photoenolization of aldehyde 5
resulted in poor trapping yields due to rapid oxidation to the corresponding carboxylic acid, irrespective of
the amount of care taken during sample preparation and isolation. The photochemistry of benzophenone

25b was not investigated.
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9.6 Experimental

For comments regarding gencral experimental, sce the experimental section of Chapter 3,
Mecthylmagnesium bromide was purchased from Aldrich as a 3,0 M solution in Et;O and was used as
reccived. Phenyllithium was prepared in THF from bromobenzene via metal-halogen exchange with
nBuLi at -78 °C. Pentafluorophenyllithium was prepared from bromopentafluorobenzene according 1o the
literature method". Pholochemical reactions wcrc conducted with a watcr-cooled Hanovia medium
pressure mercury arc lamp, Acetonitrile (BDH, reagent grade) solutions of the carbonyl compounds were
placed in Pyrex test tubes, sealed with rubber scpta and were degassed with nitrogen for 30 min prior 1o
irradiation. After this time, the flow of nitrogen was reduced, and the samples were irradiated for the

specified time 5 ¢m from the arc lamp.



1(H)-2,3-Dihydro-3-hydroxy-4-indenoic acld (7).

CO2H

_OH

7
A solution of nBuLi (33 mL, 2.5 M in Hexanes, 82.5 mmol) was added dropwise 1o a solution of indanol
(5.00 g, 37.3 mmol) and TMEDA (12.5 mL, 9.63 g, 83.0 mmol) in pentane (500 mL). The resulting
reddisk mixture was heated to reflux for 12 h, cooled to ~78 °C, and excess Dry Ice was added as a solid.
The yellow solution was allowed 10 slowly warm to RT over 6 h.  'Water was added and the reaction
mixture was adjusted to pH 1 with concentrated HCI, and extracted with Et;O (5 x 100 mL). The
combined organic extracts were subjected to standard work-up, providing a thick, red oil. The title

compound could be crystallized as a white solid (3.93 g, 65%) by the addition of E1;O and hexanes.

'H-NMR (200 MHz, CDCL;): §2.15 (m, 1H), 2.40 (m, 1H). 2.85 (m, 1H), 3.18 (m,-1H), 5.64 (dd, 1H,
3=8.0, 4.0 Hz), 7.37 (1, 1H, J=7.5 Hz), 7.51 (d. 1H, J<7.5 Hz), 7.96 (d, 1K, J=7.5 Hz) ppm.

>C-NMR (75 MHz, CDCL,): §29.86, 32.16, 75.02, 125.21, 128,24, 129.27, 130.43, 145.27, 146.93,
171.33 ppm.

IR (CH.ClL,): 3495, 1684 cm™.

EI-MS (m/z, %): 178 (M™, 3.1), 160 (56.6), 115 (100).

HRMS: Calc. for C;oH;00s: 178.06299; Found: 178.06371.

mp: 128 °C.



1(H)-2,3-Dihydro—4-indenoic acid (8).

COH

8
A solution of hydroxy-acid 7 (3.50 g. 19.7 mmol) in HOAc (20 mL) was added dropwise to a suspension
of 10% Pd/C (500 mg) in glacial acctic acid (50 mL). The reaction mixture was scaled with a rubber
scptumn, and hydrogen was bubbled through the solution for 6 h. An aliquot was worked up by filtering
through a pad of Celite™, rinsing with Et-0, then concentrating the filtrate to dryness. 'H-NMR analysis
of the crude product showed reaction was complete. The remainder of the reaction mixture was worked

up in the same manner affording 8 as a white solid (3.20 g, 90%).

"H-NMR (200 MHz, CDCl): 8 2.26 (m, 2H), 3.09 (1, 2H, J=7.5 H2), 3.46 (¢, 2H. J=7.5 Hz), 7.35 (¢, IH.
J=8.0 Hz), 7.58 (d. 1H, J=8.0 Hz), 8.04 (d. 1H, J=8.0 Hz) ppm.

BC-NMR (75 MHz, CDCly): 5 25.47, 33.14, 34.70, 126.25, 126.83, 129.36, 130,07, 146.62, 148.29,
173.54 ppm.

IR (CH:CL): 3500, 1689 cm™,

EI-MS (m/z, %): 162 (M™, 59.7), 117 (100).

HRMS: Calc. for CioHi002: 162,06808; Found: 162.06783.

mp: 150 °C.
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1(H)-2,3-Dihydro~-4-hydroxymethyl-indenc.

OH

A solution of carboxylic acid 8 (3.00 g. 18.3 mmol) in THF (100 mL) was added dropwise to a suspension
of LiAlH, (1.40 g, 37.0 mmol) in THF (20 mL). Aftcr addition was complete, the reaction mixture was
refluxed for 2 h, cooled to RT and carefurlly pourcd into a solution of potassium sodium tartrate {10%, 200
mL). EtOAc (100 mL) was added and the mixture stirred at RT overnight, Separation of the organic

phasc and usual work up afforded the title compound as a clear oil (2.46 g, 90%).

"H-NMR (200 MHz, CDCl3): 5 2.00 (quintet, 2H, J=7.0 Hz), 2.80 (m, 4H), 4.54 (s. 2H), 7.08 (s, 3H)
ppm.

“C-NMR (75 MHz, CDCl,): 5 24.93, 30.60, 32.71, 63.37, 123.63, 124.57, 126.40, 136.28, 142.05,
144.53 ppm.

IR (CH.Cl.): 3605 ¢cm™.

EI-MS (m/z, %): 148 (M™.20.0), 130 (100).

HRMS: Calc. for CyH;-0: 148.08882; Found: 148.09103,



1(H)-2.3-dihydro-$-indenecarboxaldchyde {S).

CHO

L]
A mixture of 1(H)-2.3-dihydro-4-hydroxymethylindene (4) (2.00 g, 13.5 mmol} and activated MnQ- (5.00
£. 57.5 mmol) in CH,Cl- (100 mL) was refluxed for 10 h, cooled to RT and filtered through Celite™. The
filter cake was washed thoroughly with CH.Cl: and the resulting clear solution was concentrated to

dryness. Column chromatography (8:1 Hex: EtOAc) afforded the title compound as a clear oil (1.83 g,

93%).

'H-NMR (200 MHz, CDCl): 5 1.98 (quintet, 2H, J=7.6 Hz), 2.77 (t, 2H, J=7.6 Hz). 3.12 (L 2H, I=7.6
Hz). 7.15 (t, 1H, J=7.3 Hz), 7.30 (d. 1H, J=7.3 Hz), 7.45 (4, 1H. J=7.3 Hz), 9.97 (s. |H) ppm.

BC-NMR (75 MHz, CDCly): 5 24.78. 31.31, 31.62, 126.28, 128.77, 129.48, 131.88, 145.79, 145.85,
192.2¢ ppm.

EI-MS: (/z, %): 146 (M™", 86.8), 145 (27.0), 117 (100).

HRMS: Cale. for C\¢H;00: 146.07317: Found: 147.07645.
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5,6,7.8-Tetrahydro-8-hydroxy-1-napthoic acid (12):

CO2HOH

12

The title compound was prepared in 70% yicld according 1o the procedure of Seebach™

'B-NMR (CDCl,, 200 MHz): 1.70 (m, 2H), 2.00 (m, 2H), 2.80 (m, 2H), 5.05 (t. IH, }-5.0 Hz), 7.1-7.30
{m, 2H), 7.75 (d, 1H, J=8.0 Hz) ppm.

BC.NMR (CDCh,, 75 MHz): 16.57, 29.67, 30.01, 63.32, 126.96, 129.07, 129.25, 134.61. 138.12, 139.29,
172.22 ppm,

EI-MS (m/z, %): 192 (8.4, M™), 174 (67.1), 146 (54.3), 118 (100).

HRMS for C;,H,:0;: Calc: 192.07864; Found: 192.07682.

mp: 125 °C (lit.* :115-118 °C).



5,6,7,8-Tetrahydro-1-napthoic acid (13)

CO2H

13
A solution of hydroxy acid 12 (4.00 g. 20.8 mmol) in glacial HOAc (50 ml.) was added dropwisc to a
suspension of Pd/C (10%. 500 mg) in glacial acetic acid (10 mL). The resulting solution was stirred at
room temperature as hydrogen was continucusly bubbled through the solution for ¢ h. Workup as for 8

followed by recrystallization from EtOAc/Hex afferded white prisms (2.75 g. 75%).

'H-NMR (500 MHz, CDCly): 1.78 (m, 4H), 2.82 (1, 2H, 7.5 H2), 3.12 (t, 2H, 7.5 Hz), 7.15 {1, 1H. )=8.0
Hz), 7.25 (G, 1H. 8.0 Hz), 8.30 (d, 1H, J=8.0 Hz) ppm.

BC-NMR (125 MHz, CDCly): 22.36, 23.09, 27.96, 30.28, 125.03, 128.69, 129.03, 134.15, 138.58,
139.86, 172.87 ppm.

IR (CH.Clo): 3495, 1690 cm™.

EI-MS (m/z, %): 176 (M™, 71.5), 158 (81.7). 131 (100).

HRMS for C1H;204; Calc. 176.08373; Found: 176.08472,

CA: Calc: C (74.98), H (6.86); Found: C (74.94}, H (6.55).

mp: 150 °C.
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5,6,7,8-Tetrabydro-1-hydroxymethylnapthylene.

CH

A solution of carboxylic acid 13 (2.50 g, 14.2 mmol) in THF (100 mL) was added dropwisc to a
suspension of LiAlH, (1.10 g, 28.9 mmol) in THF (20 mL). After addition was complete, the reaction
mixture was refluxed for 2 h, cooled to RT and carefully poured into a solution of potassium sodium
tartrate (10%. 260 mL). EtOAc (100 mL) was added and the mixture stirred at RT ovemnight. Scparation

of the organic phase and usual work up afforded the title compound as a clear oil (2.00 £ 87%).

"B-NMR (200 MHz, CDCh): § 1.75 (m, 4H), 2.71 (¢, 2H, J=7.0 H2), 2.85 (¢, 2H, J=7.0 Hz), 4.65 (s, 2H),
7.2 (m, 3B) ppm.

BC-NMR (75 MHz, CDCL): 5 22.45, 22.77, 25.05, 29.63. 62.70, 124.39, 125.00, 128.48, 134.62,
137.08, 138.31 ppm.

IR (CH:Cl-): 3605 cm™.

EI-MS (m/z, %): 162 (M, 5.5). 144 (100).

HRMS: Calc. for C,;H,,0: 162.10446; Found: 162.10399.

CA: For C)H140, Calc: C (81.44), H (3.70); Found: C (81.73), H (8.86).



5,6,7,8-Tetrahvdro-1-napthaldehyde (9).

CHO

9
A mixture of 5.6.7,8-tctrahydro-1-napthaldchyde (2.00 g. 12.3 mmol) and activated MnO, (4.00 g, 46.0
mmol) in CH,Cl. (100 mL) was refluxed for 10 h, cooled to RT and filtered through Celite™. The filter
cake was washed thoroughly with CE.Cl; and the resulting clear solution was concentrated to dryness.

Column chromatography (8:1 Hex: EtOAc) afforded 9 as a clear oil (1.54 g, 78%).

'B-NMR (200 MHz, CDCly): § 1.65 (m., 4H), 2.73 (t. 2H. J=7.1 Hz), 3.10 (t, 2H. J=7.1 Hz), 7.15 (m,
2H), 7.52 (d, 1H., J=7.5 Hz), 10.15 (s, 1H) pom.
BC-NMR (75 MHz, CDCl;): 21.90, 22.30, 26.00, 29.98, 124.80, 130.62, 134.00, 135.20, 138.20, 139.4G,

192.86 ppm.
IR (CH;Cly): 1691 cm™.
EI-MS (m/z, %): 160 (M™, 100), 159 (10.4), 131 (74.8).

HRMS: Cale. for C;,H;20: 160.08881; Found: 160,08961.
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Benzosuberan-1-ol (15).

15
A solution of benzosuberone (25.00 g, 0.16 mol) in THF (150 mL) was added dropwisc to a stirred
suspension of LiAlH, (6.0¢ g. 0.16 mol) in THF (50 mL). The resulting solution was stirred at RT for 1
h, and was carefuully poured into a solution of potassium sodium tartrate (10%, 250 mL). EtOAc (150
mL) was added, and the mixture was stirred for 10b. The organic phase was then separated and subjected

to standard work up, affording the title compound 15 as a white solid (25.00 2. >95%).

"H-NMR (200 MHz, CDCly): § 1.50 (m, 2H), 1.80 (m, 2H), 2.00 (m, [H), 2.10 (m, 1H), 2.75 (m, 1H),
3.00 (m, 1H), 5.00 (d, 1H, J=4.0 Hz), 7.20 (m, 3H), 7.50 (d. 1H. J=7.0 H2) ppm.,

BC-NMR (75 MHz, CDCly): 5 27.30, 28.80, 35.70, 36.50, 74.30, 124.52, 125.35, 127.46, 129.46,
141.32, 143.67 ppm.

IR (CH;CL): 3601 cm™,

EI-MS (m/z, %): 162 (M™, 6.2), 144 (83.4), 129 (100).

HRMS: Calc. for C,H,40: 162.10447: Found: 162.10475.

mp: 106.0 °C



i3
+

5-Hydroxy-benzosuberane-7-carboxylic acid lactone (16).

@]

16
A solution of nBuLi (27.2 mL, 2.5 M in Hexanes, 68.0 mmol) was added dropwisc to a solution of alcohol
15 (5.00 g, 30,9 mmol) and TMEDA (7.90 g. 67.9 mmol) in pentane (500 mL). The resulting cloudy
yellow reaction mixtu e was refluxed for 12 h, cooled to -78 °C, and treated with an excess of Dry lce.
The reaction mixture v/as slowly allowed to warm to RT, acidified with concentrated HCL and the
aqueous phase extracted with Et2O (5 x 100 mL). The combined organic extracts were concentrated, and
the title compound was isolated as an off-white solid. Recrystallization from Et-O/hexanes provided the

title compound as white plates (4.35 g, 75%).

'H-NMR (500 MHz, CDCI,): § 1.40 (m, 2H), 1.80 (m, 1H), 2.10 (m, 1H), 2.30 (m, IH), 2.50 (m, 1H),
2.80 (m, 2H), 5.20 (dd, 1H, J=12.0, 3.6 Hz), 7.30 {m, 2H), 7.80 (d, 1H, J=7.5 Hz) ppm.

BC-NMR (125 MHz, CDCly): 5 27.53, 27.72, 32.86, 35.16, 82.58, 122.92, 125.57, 129.03, 133.39,
138.19, 150.68, 170.80 ppm.

IR (CH:CL): 1762 cm”,

EI-MS (m/z, %): 188 (M™, 100}, 159 (29.3), 131 (82.2).

HRMS: Calc. for C;3H;20,: 188,08373; Found: 188.08726.

CA.: Calc. for C,gH;004: C (76.57), H (6.43); Found: C (76.67), H (6.45).

mp: 75.0 °C.



7-Bydroxymethyl-5-bydroxybenzosuberane (18).

OH

18
A solution of Iactone 17 (4.00 g. 21.3 mmol) in THF (50 mL) was added dropwise to a suspension of
LiAlH, (0.80 g, 21.1 mmol) in THF (100 mL). The resulting mixture was stirred at RT for 1 h, refluxed
for 2 h, cooled to RT, and was poured carefully into a solution of potassium sodium tartrate (10%, 100
mL). EtOAc (150 mL) was then added and the mixture was stirred for 10 h. Separation of the organic
phasec and usual work up afforded the title compound as a thick, clear oil that slowly solidified on

standing. Recrystallization from Et.O/hexanes afforded diol 18 as a white crystalline solid (3.62 g, 89%).

"H-NMR (500 MHz, CDCl): 5 1.40 (m, 1H), 1.65 (m, IH), 1.80 (m, 2H), 2.05 (m, 1H), 2.10 (m. 1),
2.65 (m, 1H), 3.20 (m, 1H), 4.40 (d, 1H, J=12.5 Hz), 4.70 (d, 1K, J=12.5 Hz), 5.25 (dd, 1K,
J=12.0, 1.0 Hz), 7.10 (m, 3H) ppm.

PC-NMR (125 MHz. CDCly): § 24.46, 27.62, 33.35, 35.36, 65.04, 69.84, 127.48, 127.91. 131.03,
138.06, 141.71, 143.61 ppm.

IR (CH:Cl,): 3596, 3392 cm’™,

CA: For Ci2H,602: Calc. C (74.97), H (8.39); Found: C (74.72), H (8.61).



7-(tert-Butyldimethylsiloxy)methyl-5-hydroxybenzosuberane (19).

TBDMSO OH

19
A solution of TBDMSC?! 73.02 g, 20.0 mol) in CHCl. (50 mL}) was added dropwise to a solution of diol
18 (3.50 g, 18.2 mmol), Et:N (2.30 mL, 20.1 mmol) and DMAP (200 mg) in CH.Cl; (150 mL). The
s=sulting clear solution was stirred at RT for 1h, after which time tlc analysis indicated the complete
consumption of starting material. The reaction mixture was poured into H-O {100 mL) and the organic
phase separated and subjected to standard work up. The resulting clear il was purified by passing it
through a short column of silica gel (10:1 hexanes:EtOAc). Tke resulting clear oil solidified on standing,

providing the title compound 19 as a white solid (5.60 g, >95%).

'H-NMR (200 MHz, CDCly): 5 0.08 (s, 3H), 0.10 (s, 3H), 0,90 (s, SH), 1.80 (m, 4H), 2.10 (m, 2H), 2.65
(m, 2H), 3.10 (br, 1H), 4.65 (d, 1H, J=12.0 Hz), 4.90 (d, 1H, J=12.0 Hz), 5.35 (dd, 1H, j=3.5, 1.5
Hz), 7.05 (s, 3H) ppm.

BC-NMR (50 MHz, CDCly): 5 -5.25, -5.17, 24.59, 25.64, 25.91, 27.70, 33.10, 35.42, 65.53, 69.63,
127.14, 127.20, 130.61, 138.01, 141.86, 143.34 ppm.

IR (CH:CL,): 3599 cm™.

CA: For CygH3,Si0a: Calc. C (70.53), H (9.86); Found C (70.93), H (9.76).

mp: 62 °C.
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7-{tert-Butyldimethylsiloxy)methyl-4,5-dehydro-benzosuberane (20).

TBDMSO.

9

20
A solution of alcohol 19 (2.00 g, 6.54 mmol), pyridine (1.20 mL, 14.8 mmol) and DMAP (100 mg) in
CHCl: (100 mL) was stirred at RT while Ts,O (2.13 g, 6.54 mmol) was added poru'énwisc. The
resulting solution was stirred at RT for 6 h, poured into H:0 (75 mL) and the organic phase separated and
subjected to standard work up. The resulting clear oil was chromatographed with hexanes, affording the

title compound as a clear oil (1.60 g, 85%).

'"H-NMR (200 MHz, CDCl,):  0.10 (s, 6H), 0.90 (s, 9H), 2.10 (m, 4H), 2.70 (¢ 2H, J=6.5 Hz), 4.75 (s,
2H). 6.15 (dt, IH, 10.0, 6.5 Hz). 6.60 (d, 1H, J=10.0 Hz), 7.15 (m, 2H), 7.38 (d, 1H, J=7.0 Hz)

pPpm.



7-{tert-Butyldimethylsiloxy)methylbenzosuberane (21).

TBDMSO

21
A solution of clefin 20 (1.50 g, 5.19 mmol) in McOH (50 mL) was carefiily added dropwise to a cooled
(0 °C) suspension of Pd/C (10%, 200 mg) in MeOH (10 mL). Hydrogen was bubbled through the
resulting solution for 4 h. The dark solution was then filtered through a pad of Celite™, The filter cake
was then washed with Et;O, and the combined organic solutions evaporated to dryness. The resulting

clear oil was passed through a plug of silica gel, affording the title compound as 2 clear oil (1.27 g, 35%).

'H-NMR (200 MHz, CDCly): 5 0.09 (s, 6H), 0.95 (s, 9H), 1.60 (m, 4H), 1.80 (., 2H), 2.80 (m, 4H), 4.70
(s, 2H), 7.05 (m, 2H), 7.20 (dd, 1H, J=7.0, 1.0 Hz) ppm.

BC.NMR (50 Miz, CDCLy): 5 -5.83, 18.30, 25.21, 26.00, 26.42, 27.43, 32.52, 36.08, 64.16, 125.00,
126.20, 127.32, 128.16, 131.62, 139.72 ppm.

CA: For CHSi0: Cale. C (74.42), H (10.41); Found: C (74.26), H (10.88).
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7-bydroxymethylbenzosuberane (22).

HO.

22
A solution of TBAF (5.0 mL, 1.0 M in THF, 5.00 mmol) was added dropwise to a solution of silyl ether
21 (1.20 g, 3.44 mmol) in THF (50 mL). The resulling solution was stirred at RT for [2 h, poured into
H0 (50 mL) and extracted with Et;O (4 x 50 mL). The combined organic extracts were subjected to
standard work up and the resulting clear, oily residue was purified via column chromatography (5:1

Hex:EtOAc) affording the title compound as a clear colorless oil (0.60 g, 85%).

"H-NMR (200 Mz, CDCls): & 1.60 (m, 4H), 1.85 (m, 2H), 2.85 (m, 4H), 4.62 (s, 2H), 7.10 (m, 3H)

ppm.
“C-NMR (75 MHz, CDCly): 8 28.19, 28.80, 30.05, 33.15, 37.03, 64.65, 126.30, 127.22, 129.64, 138.18,
142.76, 145.15 ppm.
IR (CH,Cl,): 3602 cm™.
EEMS (m/z, %): 176 (M™, 11.9), 158 (50.2), 43 (28.9), 130 (100).

HRMS: Calc. for C,-H;40: 176.12012; Found: 176.11881.
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Benzosuberan-7-carboxaldehyde (10).

CHO

10
A mixture of alcohol 22 (0.95 g, 5.38 mmol) and PDC (3.05 g. 8.11 mmol) in CH.Cl: (75 mL) was
stirred at RT for 12 h, after which time a 1:1 mixture of Celite™ and silica gel (2g) was added. Stirring
was continued for 2 h, and the mixturc was filtered through Celite™. The filter cake was washed
thoroughly with Et;O, and the combined organic solutions subjected to standard work up, The resulting
yellow cil was purified via column chromatography (10:1 Hex:EtQAc) affording the title compound as a

clear oil (0.75 g, 80%).

'H-NMR (200 MHz, CDCly): 3 1.60 (m, 4H), 1.80 (m, 2H), 2.85 (m, 2H), 3.25 (m. 2H), 7.15 (1. 1M,
=7.0 Hz), 7.30 (d, 1H, J=7.0 Hz), 7.65 (d, 1H, J=7.0 Hz), 10.31 (s, 1H) pprm.

BC-NMR (50 MHz, CDClh): 327.17, 27.53, 27.78, 32.09, 35.85, 126.00, 129.01, 133.70, 134.36.
145.59, 146.07, 192.94 ppm.

EI-MS (m/z, %): 174 (M™, 100), 173 (25.7), 145 (75.6).

HRMS: Calc. for C;oH,.0: 174.10447: Found: 174.10407.
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General Experimental for the synthesis of Methyl Ketones (23a-25a).

d-Acetyl-1(H)-2 3-dihydroindene (232).

M 0

23a

A solution of MeMgBr (0.25 mL, 3.0 M in Et;0, 0.75 mmol) was added dropwisc to a cocled (0 °C)
solution of aldehyde 5 (100 mg, 0.68 mmol) in THF (10 mL). The resulting solution was stirred at 0 °C
for 30 min, warmed 10 RT and stirred for 1 h. The pale ycllow solution was then pourcd into a saturated
solution of IWNH4Cl (25 mL) and extracted with E;O (5 x 15 mL). The combined Organic extracts were
subjected to standard work up, affording a clear oil (108.3 mg, >95%). The intermediate alcohol was
dissolved in CHCl> (20 mL) and activated MnO. was added (118 mg, 1.36 mmol). The resulting dark
solution was refluxed for 10 h, cooled to RT and filtered through Celite™. The filter cake was washed
thoroughly with CH:Cl:, and resulting clear solution concentrated to dryness, The resulting pale yellow
oil was chromatographed (5:1 Hex:EtOACc) affording the title compound as a clear oil (88 mg. 80% from
5).

'H-NMR (200 MHz, CDCly): & 2.05 {quintet, 2H, J=7.0 Hz). 2,57 (s, ZH). 2.90 {t, 2H. J=7.0 Hz), 3.24 (¢,
2H, J=7.30 Hz), 7.21 (t, 1H, J=7.0 Hz), 7.38 (d, 1H, J=7.0 H2), 7.64 (d, 1H, }=7.0 Hz) ppm.

BC-NMR (75 MHz, CDCLy): 8 25.00, 28.27, 32.27, 34.01, 126.10, 127.42, 128.50, 133.85, 145.34,
146.20, 199.83 ppm.

IR (CH:Cl»): 1680 cm™.

EI-MS (m/z, %): 160 (M™", 60.0), 145 (100), 117 (61.1).

HRMS: Calc. for C;,H,-0: 160.08881; Found: 160.08735.

CA: For C,;H;20: C (82.45), H (7.55); Found: C (82.74), K (7.86).
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6-Acctyl-1,2,3,4-tetrahydronapthylence (24a).

M o

24a
Using the above procedure, aldehyde 9 (100 mg, 0.63 mmol) was converted to 24a (92 mg. 84%). Ketone

24a was purified via column chromatography (10:1 Hex:EtOAc) and was isolated as a clear oil.

'H-NMR (200 MHz, CDCLy): 8 1.75 (m, 4H), 2.51 (s, 3H), 2.80 (t. 2H. J=6.0 Hz), 2.93 (1. 2H. J=6.0 Hz).
7.15 (m, 2H), 7.40 (d, 1K, J=7.0 Hz) ppm.

BC-NMR (50 MHz, CDCl,): 522.37, 23.06, 27.63, 30.08, 30.12, 124.88, 126.21, 132.50, 132.52,
136.67, 139.56, 202.86 ppm.

IR (CH:Cl.): 1685 cm™.

EI-MS (m/z, %): 174 M™, 72.0), 159 (100), 131 (60.8).

HRMS: Calc. for C|2H|‘0: 174.10447; Found: 174.10396.
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7-Acetyl-benzosurberane (25a).

25a
Using the above procedure, aldehyde 10 (150 mg. 0.86 mmol) was converted into ketone 25a (117 mg,

72%). Ketone 25a was isolated as a clear, colorless oil after chromatography (10:1 Hex:EtOAc).

"H-NMR (200 MHz, CDCl;): 1.60 (m. 4H), 1.85 (m, 2H), 2.50 (s, 3H), 2.82 (m, 4H), 7.20 (m, 3H) ppm.

C-NMR (50 MHz, CDCl,): 27.40, 27.82, 30.66, 30.94, 32.10, 36.21, 124.68, 125,32, 131.12, 140.43,
140.94, 145.20, 204,81 ppm.

IR (CH.Cl): 1680 cm™.

EI-MS (m/z, %): 188 (Me+, 59.4), 173 (100), 145 (32.2).

HRMS: Caic, for C,3H,40: 188.12012; Found: 188.11934.



General Experimental for the synthesis of Phenyl Ketones (23b-25b).

4-Benzoyl-1(H}-2,3-dihydroindene (23b),

23b
A solution of nBuLi (0.81 mL. 2.5 M in Hexanes, 2.03 mmol) was added dropwisc to a cooled (<78 °C)
solution of bromobenzene (320 mg. 2.04 mmol) in THF (10 mL). The resulting solution was stirred at =78
°C for 30 min, after which time it was added via cannula to a cooled (=78 °C) solution of aldchyde § (150
mg, 1.02 mmol) in THF (10 mL). The resulting solution was stirred at <78 °C for 30 mir, warmed to RT
and stirred for 1 h. The pale yellow solution was then poured into a saturaied solution of NH,CI (25 mL)
and extracted with EtzO (5 x 15 mL). The combined organic extracts were subjected to standard work up,
affording a clear oil. The intermediate alcohol was dissolved in CH:Cl: (20 mL) and activated MnO: was
added (173 mg. 2.00 mmol). The resulting dark solution was refluxed for 10 h, cooled to RT and filicred
through Celite™. The filter cake was washed thoroughly with CH:Cls, and resulling clear solution
concentrated to dryness. The resulting pale yellow oil was chromatographed (15:1 Hex:EtOAc) affording

the title compound as a clear oil (132 mg, 58% from 5).

'H-NMR (500 MHz, CDCls): & 2.06 (quintet, 2H, J=7.5 Hz), 2.95 (t, 2H, J=7.5 Hz), 3.01 (1, 2H, J=7.5
Hz), 7.40 (m, 6H), 7.78 (dd, 2H, J=7.5, 1.1 Hz) ppm.

BC.NMR (125 MHz, CDCLy): § 25.33, 32.64, 32,77, 125,69, 127.48, 127.77, 128.29, 130.00, 132.52,
134.43, 138.21, 144.83, 145.83, 197.81 ppm.

IR (CH:Cl,): 1658 cm™.

EI-MS (m/z, %): 222 (M™, 100), 145 (19.2), 117 (26.6).

HRMS: Calc. for CigH,40: 222.10447; Found: 222.10422,
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6-Benzoyl-1,2,3,4-tetrahydronapthylenc (24b).

P 0

24b
Using the above procedure, aldehyde 9 (150 mg, 0.95 mmol) was converted 10 24b {140 mg, 63%).

Ketonc 24b was purificd via column chromatography (25:1 Hex:EtOAc) and was isolated as a clear

colorless oil.

"H-NMR (200 MHz, CDCl,): 8 1.75 (m, 4H), 2.65 (t, 2H, J=6.0 Hz), 2.85 (1. 2H. J=6.0 H2), 7.10 (m.
3H), 7.50 (m. 3H), 7.80 (d. 2H. J=7.0 Hz) ppm.

“C-NMR (50 MHz, CDCLy): 5 22.62, 22.85, 27.05, 29.79, 124.70, 125.34, 128.37, 130.04, 131.04,
133.11, 135.29, 137.60, 138.04, 136.82, 199.11 ppm.

IR (CH:Cl): 1675 cm™.

EI-MS (m/z, %): 236 (M™, 100), 159 (7.2). 131 (15.9).

HRMS: Calc. for CysH;40: 236.12011; Found: 236.11904.
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wd

7-Benzoyl-benzosurberane (25b).

255
Using the above procedure, aldehyde 10 (150 mg. 0,86 mmol) was converted into ketone 25b (120 myg,

56%). Ketone 25b was isolated as a clear, colorless oil afier chromatography (10:1 Hex:E1QAc),

'H-NMR (200 MHz, CDCly): 5 1.50 (m. 2H), 1.60 (m, 2H), 1.75 (m 2H), 2.65 (m. 2H), 2.85 (m. 2H),
7.10 (m, 3H), 7.45 (d, 2H, J=8.0 Hz), 7.50 (m, 1H, J=8.0 Hz). 7.80 (m, 2H, J=8.0 Hz) ppm.

C-NMR (75 MHz, CDCly): § 27.50, 27.90, 31.73, 32.22. 36.43, 125.17, 125.22, 128.34, 130.09,
130.56, 133.18, 137.84, 139.05, 140.92, 144,77, 199.53 ppm.

IR (CH.Cl.): 1662 cm™.

EI-MS (m/z, %): 250 (M™, 88.4), 249 (100), 173 (47.6), 145 (16.6), 105 (40.1), 77 (68.4).

HRMS: Calc. for C;sH,40: 250.13577; Found: 250.13619.
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General Experimental for the synthesis of Pentafluorophenyl Ketones (23¢-25c¢).

4-Pentafluorobenzoy!-1(H)-2,3-dihydroindcene (23c).

Pl O

23c
A solution of nBuLi (0.81 mL, 2.5 M in Hexanes, 2.03 mmol) was added dropwise 10 a cooled (-78 °C)
solution of bromopentafluorobenzene (504 mg, 2.04 mmol) in THF (25 mL). After stirring at -78 °C for
30 min, it was added via cannula to a cooled (-78 °C) solution of aldehyde § (150 mg, 1.02 mmol) in THF
(10 mL). The resulting solution was stirred at <78 °C for 30 min, warmed to RT and stirred for 1 h, after
which time the pale yellow solution was poured into a saturated solution of NHLCI (25 mL) and extracted
with E:O (5 x 15 mL). The combined organic extracts were subjected 1o standard work up, affording a
clear oil. The intermediate 21cohol was dissolved in CH,Cl, (50 mL) and activated MnO- was added (173
mg. 2.00 mmol). The resulting dark solution was refluxed for 10 h, then cooled to RT and filtered
through Celite™. The filter cake was washed thoroughly with CH.Cl,, and resulting clear solution
concentrated to dryness. Chromatography (15:1 Hex:EtOAc) afforded the title compound as a white solid
(168 mg, 52% from 5).
'H-NMR (500 MHz, CDCly): 5 2.14 (quintet, 2H, 1=7.6 Hz), 2.96 (1, 2H, J=7.6 Hz), 3.29 (t, 2H, ]=7.60
Hz), 7.22 (d, 1H, J=6.9 Hz), 7.24 (1, 1K, J=6.9 Hz), 7.48 (4, 1H, J=6.9 Hz) ppm
BC-NMR (125 MHz. CDCly): § 24.95, 32.25, 33.74, 126.65, 129.48, 130.52, 132.41, 137 (dm), 142
(dm), 143 (dm) ppm.
IR (CH:CLy): 1678 cm™.
EI-MS (m/z, %): 312 (M™, 44.6), 233 (99.4), 203 (35.3), 159 (100).
HRMS: Calc. for C;¢HsF;0: 312.05736; Found: 312.05640.
CA for Cy¢H;F;0: Calc. C (61.55) H (2.91); Found: C (62.32) H (2.96).



mp: 80,1-81.2 °C (white needles from MeOH).

6-Pentafluorobenzoyt-1,2,3.4-tetrahydronapthylene (24c).

PR .0

24c
Using the above procedure, aldchyde 9 (150 mg, 0.95 mmol) was converted to 24¢ (114 mg, 37%).
Ketone 24¢ was purified via column chromatography (25:1 Hex:EtOAc) and was isolated as a white solid.
Recrystallization from McOH afforded an analytical sample.

'H-NMR (500 MHz, CDCl,): & 1.81 (m, 4H), 2.85 (t. 2H, J=6.0 Hz), 3.11 (t. 2H, J=6.0 Hz), 7.14 (8. IH.
=7.0 Hz), 7.24 (d, 1H, J=7.0 Hz), 7.29 (d. 1H, J=7.0 Hz) ppm.

BC.NMR (125 MHz, CDCly): & 22.17, 22.91, 27.85, 30.15, 125.20, 129.73, 135.07, 135.66, 137,80 (dm).
139.35, 139.76, 142.50 (dm}, 143.80 (dm) ppm.

IR (CH.Cl): 1679 em”.

EI-MS (m/z, %): 326 (M™", 100).

HRMS: Calc. for C,-H;;FsO: 326.07301; Found: 326.07199.

CA for C;;H; F:0: Calc. C (62.58), H (3.40); Found: C (62.67), H (3.50).

mp: 110 °C.
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7-Pentafluorobenzoyl-benzosurberane (25¢).

Pl O

25¢c
Using the above procedure, aldehyde 10 (90 mg. 0.52 mmol) was converted into ketone 25¢ (50 mg.
28%). Ketone 25¢ was isolated as a clear, colorless oil which slowly solidified to a white solid after

chromatography (20:1 Hex:EtOAc).

'H-NMR (500 MHz, CDCl,): § 1.60 (m, 4H), 1.80 (m, 2H), 2.80 (m, 2H), 3.00 (m. 2H), 7.10 (m, 2H),
7.40 (d. 1H, J=7.0 Hz) ppm.

BC-NMR (125 MHz, CDCly): 327,01, 27.73, 30.12, 31.99, 36.14, 110,30 (dm), 125.55, 127.45, 133.48,
137.01 (dm), 137.61, 142.50, 144.04, 144.80, 145,08, 188.18 ppm.

IR (CH:Cly): 1681 cm™,

EI-MS (m/z, %): 340 (M™, 54.3), 195 (100), 167 (23.3).

HRMS: Calc. for CisH)5FsQ: 340.08866; Found: 340.08699.

mp: 58 °C.
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General Procedure for the Generation and Trapping of Photoenols

A solution of the appropriate aldehyde or ketone (50-100 mg) in CH/CN (10 mL) and the desired
diencophile (2 equivalents) was placed in 2 Pyrex test tube and was scaled with a rubber septum.  The
solution was degassed with nitrogen for 30 min, afier which time the flow of nitrogen was reduced, the
test tube was placed 5 cm from a water-cooled Hanovi medium pressure mercury arc lamp and the sample
irradiated for 12h. The solvent was evaporated and the product purified by column chromatography. In
the cases where DMAD was used as the dienophile, the reaction mixture was transferred 1o a round-
bottorn flask, a crystal of TsOH added and the resulting mixwre refluxed for 1h. The solvent was

evaporated and the product isolated as above,



Cycloadduct 29

29

Using the general procedure, aldehyde 9 (90 mg. 0.56 mmol) was converted into a 15:1 mixture of
endozexo cycloadducts, which was purified via column chromatography (3:1 Hex:EtOAc). Cycloadduct

29 was obtained as a white solid (120 mg, 70%).

'H-NMR(500 MHz, CDCl,): 5 1.45 (m, 1H), 1.75 (m. 1H), 1.92 (m, 2H), 2.75 (m, 1H), 2.81 (m, 2H),
3.03 (dd, 2H, J=10.0, 3.0 Hz). 3.75 (s, 3H), 3.77 (s, 3H), 5.13 (d, IH, J=3H), 7.10 (m, 1H), 7.20
(m, 2H) ppm.

BC-NMR (125 MHz, CDCl,): 8 22.13, 27.56, 28.89, 29.60, 43.66, 49.35, 51.87, 52.17, 68:18. 126.78,
126.88, 129.34, 134.10, 135.39, 137.19, 172.57, 175.50 ppm.

IR (CH:Cl:): 3550, 1734 cm™.

CI-MS(iso, m/2,%): 305 (M™"+1).

HRMS: Calc. for C;H;30, [(M™)-H:0]: 286.1205 I; Found: 286.12103.

mp: 167 °C,



Cycloadduct 30

Using the general procedure, aldehyde 10 (50 mg. 0.29 mmol) was converted into a 3:1 mixture of
endo:exo cycloadducts, which was purified via column chromatography (3:1 Hex:EtQAc)., Cycloadduct

30 was obtained as a clear oil (35 mg, 40%).

'H-NMR (500 MHz, CDCly): 5 1.25 (m, 1H), 1.40 {m, 1H), 1.64 (m. 1H), 1.90 (m, 1H). 1.95 (m. 1H),
2.05 (m, 1H), 2.70 (m, 2H), 2.80 {m, 1H), 3.10 (m, 2H), 3.74 (s, 3H), 3.76 (s, 3H), 5.00 (d. 1H.
3.0 Hz), 7.10 {m, 3H) ppm.

BC.NMR (125 MHz, CDCly): 27.29, 31.74, 36.28, 36.61, 40.97, 44.61, 47.03, 52.22, 52.26, 69.08,
126.36, 127.68, 130.62, 135.07, 139.14, 143.41, 173.72, 175.96 ppm.

IR (CH;Cl,): 3589, 1733 cm™.

EI-MS (m/z, %): 318 (M™*, 1.5), 300 (5.9), 240 (100).

HRMS: Cale, for CsHxOs: 318.14672; Found: 318.145676.



Cycloadduct 32

CO2Me

CO2Me

32
Using the general procedure, aldehyde 9 (90 mg. 0.56 mmol) was converted into cycloadduct 32 which
was purified via column chromatography (5:1 Hex:EtQAc). Cycloadduct 32 was obtained as a palc yellow

solid (70 mg, 44%).

'H-NMR (500 MHz, CDCl,): § 2.03 (quintet, 2H, J=8.9 Hz), 3.05 (t, 2H, J=8.0 Hz), 3.09 (3. 2H, J=8.0
Hz), 3.92 (s, 3H), 3.96 (s, 3H), 7.35 (dd, 1H, J=8.0, 1.0 Hz), 7.45 (1, 1H, J=8.0 H2), 7.74 (dd, 1H,
J=8.0, 1.0 Hz), 8.33 (s, IH) ppm.

BC-NMR (125 MHz, CDCly): § 22.53, 28.21, 30.74, 52.46, 52.50, 122.14, 124.40, 127.19, 127.20,
127.35, 129.84, 131.44, 132.59, 134.63, 137.17, 166.63, 170.17 ppm.

IR (CH:Cl): 1727 em™.

EI-MS (m/z, %): 284 (M™, 5.6), 225 (36.8), 165 (13.5), 113 (100).

HRMS: Calc. for Cy;H;40.: 284.10486; Found: 284.10503.

mp: 78 °C,



Cycloadduct 33

IICOzMe

CO2Me

33
Using the general procedure, aldehyde 10 (50 mg, 0.29 mmol) was converted into cycloadduct 33 which

was purified via column chromatography (5:1 Hex:EtOAc), Cycloadduct 33 was obtained as a pale yellow
solid (67 mg, 78%).

"H-NMR (500 MHz, CDCl,): 5 1.98 (m, 4H), 3.10 (m, 2H), 3.22 (m, 2H), 3.90 (s, 3H). 3.95 (s. 3H), 7.35
(m, 2H), 7.71 (dd, 1H, J=8.0, 1.0 Hz), 8.35 (s, 1H) ppm.

BC-NMR (125 MHz, CDCl,): § 26.06, 26.19, 29.90, 34.26, 52.44, 52.54, 124,12, 126.86, 128.30,
130.43, 130.72, 131.06, 133,94, 135.59, 138.77, 142.13, 166.41, 170.63 ppm.

IR (CH.ClL): 1717 cm™.

EI-MS (m/z, %): 298 (M, 20.6), 266 (100).

HRMS: Calc. for C;sH,30,; 298.12051; Found: 298.12056.

mp: 138 °C.
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Cycloadduct 35

] . CO2Me

35
Using the general procedure, aldehyde 9 (90 mg, 0.56 mmol) was converted into cycloadduct 35 which
was purificd via column chromatography (10:1 Hex:EtOAc). Cycloadduct 3§ was obtained pale yellow oil

(33 mg. 61%).

'H-NMR (500 MHz, CDCLy): § 1.42 (¢, 3H, J=7.5 Hz), 2.06 (quintet, 2H, J=7.5 Hz), 3.08 (t. 2H. J=7.5
Hz), 3.11 (t, 2H, J=7.5 H2), 4.45 (q. 2H, J=7.5 Hz), 7.20 (dd, 1H, J=8.0, 1.0 Hz), 7.40 (1, 1H,
J=8.0 Hz), 7.76 (dd, 1H. J=8.0, 1.0 Hz), 7.80 (d. 1H. J=1.0 Hz), 8.40 (d, 1H, J=1.0 Hz) ppm.

BC-NMR (125 MHz, CDCly): 5 14.42, 22.96, 31.24, 60.98, 122.99, 126.12, 126.18, 127.09, 127.35,
128.87, 132.23, 132,88, 136,48, 136.81, 167.11 ppm.

IR (CH:ClL): 1711 cm™,

EI-MS (m/z, %): 240 (M™, 100), 195 (49.5), 167 (76.6).

HRMS: Caic. for Ci¢H¢0-: 240.11503; Found: 240.11391.



Cycloadduct 38

Using the general procedure, ketonc 23a (50 mg, 0.23 mmol) was converted into cycloadduct 38 which

was purified via column chromatography (5:' Hex:E1tOAc). Cycloadduct 38 was obtained palc vellow
solid (33 mg. 43%).

'H-NMR (500 MHz, CDCly): 3.44 {t, 2H. J=7.5 Hz). 3.56 (s. 3H). 3.70 (L 2H, J=7.5 Hz), 3.92 (s. 3H).
7.2-7.6 (m, 8H) ppm.

BC-NMR (125 MHz, CDCly): 5 30.53, 32.74, 51.99, 52.10, 119.12, 121.30, 122,05, 127.77, 128.01,
130.11, 130.84, 132.20, 132,77, 135.20, 136.54, 138.83, 147.78, 151.09, 166.91, 169.87 ppm.

IR (CHCLy): 1725 cm™.

EI-MS (m/z, %): 346 (M"™, 39.7), 314 (100), 228 (35.5).

HRMS: Calc. for C:zH;gO.: 346.12051; Found: 346.111975.

mp: 150 °C,
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Cycloadduct 39

Ph
CO2Me
l! CO2Me
39
Using the general procedure, ketone 24a (75 mg, 0.32 mmol) was converted into cycloadduct 39 which

was purified via column chromatography (10:1 Hex:EtOAc). Cycloadduct 39 was obtained pale yellow oil

(68 mg, 59%).

'H-NMR (500 MHz, CDCl,): 5 2.08 {quintet, 2H, J=7.5 Hz), 3.12 (1. 2H, J=7.5 Hz), 3.23 {t, 2H, J=7.5
Hz), 3.47 (s. 3H), 3.89 (5, 3H), 7.2-7.4 (m, 8H) ppm.

PC-NMR (125 MHz, CDCly): § 22.75, 29.21, 31.19, 51.97, 52.37, 125.58, 125.85, 126.17, 127.39,
127.58, 127.92, 128.71, 129.61, 129.99, 130.20, 133.07, 136.01, 137.49, 138.09, 168.91, 169.07
ppm.

TR (CR.C!.): 1730 em™.

EI-MS (r/z, %) 360 (M™", 16.0), 328 {100).

HRMS: Calc. for CxyHz004: 360.13616; Fourd: 360.13705.



245

Sultine 27

27
In a Pyrex test tube containing a solution of aldchyde 9 (70 mg, 0.44 mmol) in benzene (10 mL) was
added SO: (0.42, 6.25 mmol). The resulting solution was scaled with a rubber septa, and irradiated for 12
h. The reaction mixture was then cvaporated 10 dryness, and the resulting dark residue was dissolved in
Et-0 (10 mL) and extracted with 2vaHCO; (10%, 4 x 5 mL). The combined basic extracts were acidified
with HC! (10%), and extracted with Et:O (4 x 25 mL). The combined organic extracts were subjected to
usual work up, affording a white solid. The solid was dissolved in McOH (5 mL) and NaBH, (50 mg) was
added. The reaction mixture was stirred at RT for 2 h, then cvaporated to dryness. Concentrated HCI (5
mL) was added carefully and the resulting mixture was heated to 50 °C for 30 min. The solution was
then cooled to RT, and extracted with CH2Cl: (4 x 15 mL) and worked up in the usual manncr. The clear

oil was chromatographed (8:1 Hex:EtOAC) affording sultine 27 as a clear oil (12 mg, 13% from 9).

JH-NMR (500 MEHz, CDCly): & 1.85 (m, 2H), 2.20 (m, 1H), 2.40 (m, 1H), 2.78 (m. 1H), 2.89 (m, 1H),
4.15 (d, IH, J=15.8 Hz), 4.19 (dd, 1H, J=10.5, 4.0 Hz), 4.30 (d, IH, J=15.8 Hz), 7.10 (d, IH,
J=7.0 Hz), 7.20 (m, 2H) ppm.

IR (CH.Cl>): 1133 cm™.

CI-MS (iso, m/z, %): 209 M™+1, 100).

BRMS: Calc. for Ci1H;2 [(Mo-l-)-SO:I 144.09390; Found: 144.09180.
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Chapter 10

Synthesis of New Sulfur-Containing Heterocycles and the Thermal
Generation of Bicyclic ortho-Quinodimethanes

10.1 Introduction

Although the work discussed in the previous chapter did show that bicyelic ortho-
quinodimethanes could be prepared photochemically and trapped with a number of reagents, there still
remained one nagging question: Could the tricyclic compounds 1 or 2 be prepared casily, and once

prepared, could they be used to thermally generate ortho-quinodimethane 37

Schemes 10.1 - Postulated Thermal Genceration of ortho-Quinodimethane 3

With the goal of answering these questions, studies directed towards the synthesis of 3 and analogues were

initiated. The results of these studies are presented in the remainder of this chapter.

10.2  Studies on the Synthesis of Tricyclic Sulfones 1, 6 ard 7

The route chosen was an extension of the work discussed in Chapier 3 and is represented

retrosynthetically in Scheme 10.2.
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Scheme 10.2 - Retrosynthetic Analysis of Tricyclic Sulfones 1, 6 and 7.

10.2.1 Synthesis of Tricyclic Sulfone 6

The synthesis of sulfone 6 started with hydroxy-acid 12 which was prepared in connection with
another project (cf Chapter 9). Reduction of hydroxy-acid 12 with LiAIH, in THF afforded the diol 9 in a
yield of 77%. Diol 9 was isolated as a white solid (mp 74 °C) and was readily identified by the presence
of'2 new AB pattern in the 'H-NMR representing the newly created benzylic methylene group. Addition
of Znl; 10 a CH,Cl» solution of diol 9 and a thiol resulted in smooth conversion to hydroxy-sulfides 8a-c,
in yields ranging from 82 to 88%. Incorporation of the sulfur nucleophile at the secondary benzylic center
was confirmed by the significant upfield shift of the benzylic methine proton. Ring closure 1o tricyclic
sulfide 13 was best accomplished with TsOH and Nal. Thus stirring together a solution of the hydroxy-
sulfide in CH;Cl; with one equivalent of TsOH and Nal afforded smooth conversation to the much less
polar sulfide 13. Tricyclic sulfide 13 displayed spectroscopic properties consistent with its structure, The
smelly, dark oil obtained was immediately oxidized to sulfone 6 with RuCl; and NalO, in
CCL/CHy;CN/H.0' in a yield of 73%. Sulfone 6, isolated as a pale yellow solid (mp 130 °C), displayed
the stretches diagnostic of a sulfone group in the IR spectrum; 1133 and 1317 em™. Its "H-NMR spectrum
is shown in Fig. 10.1
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55 = A8 -~ &0

12 9 8a. R=Bn
8b; R=PMB
8c; R=tBu

|-

LCERRR

13
Reagents: a) LiAIH,, THF, A (77%); b) RSH, Zal,, CH,Cl. (82-88%); ¢} TsOH, Nal, CH.Cl: (80%); d)
NalQ,, RuCl,, CH,CN/CCL/H:0 (73%).

Scheme 10.3- Synthesis of Tricyclic Sulfone 6.

10.2.2 Synthesis of Tricyclic Sulfone 7.

Based on the successful synthesis of tricyclic sulfone 6, an attempt was made to extend the
methodology to the synthesis of 7. Treatment of diol 11, a compound that had been prepared previously
(Chapter 9), with Zal; in the presence of PMB-SH led to the formation of tricyclic ether 14, identified on
the basis of its '"H-NMR and EI-MS. Howcver, acetylation of the primary benzylic alcohol, which could
be done selectively with Ac.O in CH:Cl: at 0 °C, followed by reaction with p-methoxybenzylmercaptan
(PMB-SH) and Znl; led directly to tricyclic sulfide 16 in an overall yield of 50%, Oxidation of the sulfids

as reported carlier led to the desired sulfone 7 in a yield of 87%. Sulfone 7, isolated as a pale yellow solid



(mp 135 °C), displayed spectroscopic properties consistent with its structure including two IR stretches at

1118 and 1312 em™. Its 'H-NMR spectrum is shown in Fig. 10.2.

HO AcO

O HO HO

o e e

14 1
b
AcO IPIViB
S
c

% — % —

7 16 15

Reagents: a) Ac:0, EtsN, DMAP, CH.Cl: (77%); b) Znl:, PMB-SH, CH:Cl: (50%): ¢) RuCl,, NalO, ,
CH,CN/CCL/H:0 (87%).

Scheme 10.4 - Synthesis of Tricyclic Sulfone 7.

1023 Attempted Synthesis of Tricyclic Sulfone 1.

Tricyclic sulfone 1 became the next target.  Reduction of hydroxy-acid 17 with LiAlH, in THF
afforded diol § as a clear oil in a yield of 70%. Conversion of diol 5 to hydroxy-sulfidec 4 was
accomplished as described above in a yicld of 82%. Reaction of hydroxy-sulfide 4 with TsOH and Nal in

CH,Cl, rapidly led to 2 new, much less polar compound, as evident from tlc analysis. However, 'H-NMR
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analysis of the isolated compound showed that the PMB group still remained. The only difference in the
spectrum was a slight downfield shift of the AB pattern representing the isolated benzylic methylene
group, consistent with conversion of the benzylic alcohol 10 the benzylic iodide. In addition, analysis of
the IR spectrum showed that the OH group was not present, and CI-MS showed a peak at 411, consistent
with an [M™"+1] peak for compound 18. Higher reaction temperatures led to decomposition of the

benzylic iodide, with no trace of the desired tricyclic sulfide.

HO HO
COH gy OH s-PMB g—-PMB
5 4 18

1w

Reagents: a) LiAIH,, THF, A (70%); b) Znl., PMB-SH, CH.Cl: (82%): ¢} Nal, TsOH, CH:ClI: (83%).

Scheme 10.5 - Synthesis of Todo-Sulfide 20

Another approach to tricyclic sulfone 1 involving an intramolecular Mitsunobu reaction” as the
key step was undertaken. The sequence of reactions is shown in Scheme 10.6. Conversion of diol 5 to
hydroxy-thiol 20 was accomplished using the two-step sequence published by workers at Merck’,
Accordingly, diol 5 was converted to thioacetate 19 in 78% yicld, Thioacetate 19 was readily identified by
the appearance of a new singlet accounting for three protons at 2.35 ppm, as well as the IR spectrum,
which showed stretches at 3355 and 1688 cm™. The pale yellow oil was hydrolyzed to hydroxy-thiol 20
with KOH in MeOH in a yield greater than 95%. The greenish oil, which showed stretches in the [R
spectra at 3602 and 2592 cm™ was immediately dissolved in benzene and added dropwise to a benzene
solution of PPh; and DIAD. Afier the disappearance of starting material (tic), the reaction was subjected
to an aqueous work up, However, analysis of the crude reaction mixture did not provide any cvidence

supporting the formation of tricyclic sulfide 22.
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HO HO HO.
OH SCOMe SH
5 19 20 |

Reagents: a) Znl., HSCOMe, CH,Cl; (78%): b) KOH, McOH (>95%); ¢} DIAD, PPh,, PhH

Scheme 10.6 - Mitsunobe Approach to Tricyclic Sulfide 21.

Based on these difficultics, work towards the synthesis of 1 was abandoned and studics directed towards

the synthesis of 2 were initiated.

10.3 Synthesis of Tricyclic Sultines
As mentioned earlier in this thesis, one of the methods used in the synthesis of sultines is the
reaction of a hydroxy-sulfoxide with a halogen source®. The proposed synthesis of tricyclic sultines 2 and

22 is shown retrosynthetically in Scheme 10.7.

OH H
(l) j Il :>
S0 R “R
n h n
n=1;2 n=1;23 n=1; 4
n=2; 22 n=2; 24 n=2; 8

Scheme 10.7 - Retrosynthesis of Tricyclic Sultines 2 and 22,

Due to the problems that had been encountered while trying to prepare any of the ortho-
quinodimethane precursors for the indane series, it was decided to conduct the sequence on the

tetrahydronapthalene series.
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Starting with hydroxy-sulfide 8a, oxidation 10 hydroxy-sulfoxide 24a (mp 95°C, IR: 3683, 1053
cm™ ) was accomplished in 82% yicld using NalO, in McOH/H,O®. Trcatment of a solution of 24a in
CH,Cl; with cither NCS or SO-Cl; led rapidly and cleanly o a much less polar compound, identified as

dichloride 25 on the basis of it '"H-NMR spectrum and EI-MS.

HO HO C
- Osg R )
a b
—_— —
8a; R=Bn 24a; B=Bn 25
8b; R=PMB 24b; R=PMB
8c; R=tBu 24c; R=tBu

Reagents: a) NalQ,, McOH/H,0 (65-85%): b) NCS or SO.Cl,, CH.ClL: (52-75%).

Scheme 10.8 - Approach 1 to Tricyclic Sultine 22.

A mcchanistic explanation to account for the formation of this unexpected product is shown in Scheme
10.9. Initial S-chlorination of 24, followed by intramolecular ring closure would give the oxo-
sulfoxonium salt 27, Intermediate 27 is then capable of fragmenting via three pathways. Pathway a need
not be considered since the carbons o to the positive sulfur center would be more electrophilic. The
competition between pathways b and ¢ may be rationalized on the stability of the carbocation at the
clectrophilic center. Thus, for 27a (R=Bn), rcaction via pathway b gives a secondary benzylic
carbocation, whereas reaction via pathway ¢ would give 2 primary benzylic carbocation. An attempt was
made o favor palhway ¢ by making a more stable carbocation at this elcCUOphilic carbon. However,
changing the R group to p-methoxybenzy! or t-butyl failed to give any of the desired product. Presumably,

excess chloride reacts at the primary benzylic center of 29 giving rise 10 the observed 25.
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Scheme 10.9 - Proposed Mechanism for Formation of 25 from 24

25

Evaluation of the reaction mechanism, and more importantly, the key intermediate 27, indicated
that transpesing the position of the oxygen and sulfur atoms may lead to the correct fragmentation. If the
intermediate was 30, then once again there would be a competition between reaction at the clectrophilic

carbons adjacent to the sulfur. In this case, however, reaction via pathway b should be favored,” especially

if R=t-Bu. This is shown in Scheme 10.10.

a
‘ /’\ cl
0
Séo lg o
] b I R a
0 - o) \_/b — OSOR
2 20 3t

Scheme 10.16 jProposed Route to Sultine 22 via Intermediate 30,
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To test this idea, diol 9 and pyridine were dissolved in CH,Cl» and cooled to -78 °C. A solution of POCl,
in CH;Cl; was then added dropwise, and the temperature was slowly allowed to reach RT. Tlc showed
that as starting material was consumed, a new, less-polar spot appeared. Attempts to purify this
intermediate led to cousiderable solvolysis, returning starting maierial.  However, addition of sodium t-
butyl mercaptide to a THF solution of the crude product led to hydroxy-sulfide 32 in a yield of 65% from
diol 9. Hydroxy-sulfide was identified on the basis of its "H-NMR spectrum, which showed an upfield
shift of the AB pattern of the benzylic methylene group, consistent with incorporation of sulfur at this
center. Oxidation with NalO, afforded 33 as mixture of diastereomers in a nou-optimized yicld of 53%.
Addition of S0;Cl, 10 a solution of 33 in CH;Cl; led o sultine 34 (60%). Sultine 34 was obtaincd as a
singlc diastercomer after column chromatography. The clear oil displayed a2 'H-NMR spectrum (Fig.
10.4) that showed the expected AB pattern for the benzylic methylene group (4.85 and 5.55 ppm, J=14.1
Hz) and a triplet for the benzylic methine (5.63 ppm, J=3.0 Hz). The bigh-ficld region of the spectrum
was quite complicaled due to the extensive couplings and the non-symmetry of the sultines. Examination
of the IR spectra showed a band at 1116 e, further supporting the proposed structure. Althongh EI-MS
did not show a molecular ion, there was a peak at m/z 144, comresponding 10 loss of SO, from the parent

ion. Inspection of the CI-MS did show a (M"™+1) peak at m/z 209. The synthetic sequence is shown in

Scheme 1C.11.
OH StBu SOBu
O
_ab — 9 . s”
OH OH OH 0
D )y h )
na2; 9 n=2; 32 (55%) n=2; 33 (53%) n=2; 34 (60%)
n=1; 18 . nut;35 (B5%) n=1; 35 (50%) n=1; 47 {63%)

Scheme 10.11 - Synthesis of Tricyclic Sultines 37 and 40.
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As can be seen in Scheme 10.11, this methodology was also successfully extended to the indane serics,
culminating in the successful synthesis of the 6-6-5 tricyclic sultine 37. The 'H-NMR of sultine 37 is
shown in Fig. 10.5. As is readily apparent, separation of the diastereomers was not achieved in this case,
making the 'H-NMR spectrum quite complicated. The isolated material seems to be a 1:1 mixture of
diastereomers, .as estimated by comparing the integrated area of the two AB patterns for the benzylic
mcthylene groups. Onc diastercomer displayed a patiern of AB doublets at 4.86 and 5.35 ppm (J=14.5
Hz), with the methine proton appearing as a doublet of doublets at 5.74 ppm (J=8.0, 1.0 Hz). The other
diastercomer displayed an AB pattern at 4.56 and 4.51 ppm (J=12.9 Hz). The benzylic methine appeared

as a doublet of doublets at 5.67 ppm (J=8.0 Hz, 1.0 Hz).
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10.4 Thermal Generation of Bicyclic ortho-Quinodimethanes

It now remained to find conditions that would allow for the generation and trapping of these
bicyclic ortho-quinodimethanes from sulfones 6 and 7 and sultines 34 and 37. Unfortunately, time
constrains did not allow for a systematic study of the thermal behavior of sultine 34 and 37 (activation
lemperatures, isomerization reactions, trapping). However, a reliable route to these corpounds was
developed, and the remainder of the study should be quite straightforwarg.

The thermal generation of bicyclic ortho-quinodimethanes from sulfones 6 and 7 was
investigated. The best conditions found for the expulsion of SO, from sulfones 6 and 7 were to add excess
dienophile to the sulfone, in the present cases, DMAD was used as a dienophile, and, in the absence of a
solvent, heat the mixture from 250-320 °C for 15-20 min, Column chromatography of the crude products
afforded the expected cycloadducts. In both cases, the intermediate dihydronapthalene was oxidized to the
naphthalene derivative. The yielas were acceplable, 65% for sulfone 6 and 45% for sulfone 7. The lower
yield for the cycloaddition of 7 is presumably a reflection of the slightly longer reaction time and higher
temperature used as compared to 6. The results of this study are shown in Scheme 10.12. The
cycloadducts 38 and 39 were found to be identical to the same compounds prepared in Chapter 9 of this

thesis.

CO2Me CO2Me
- —CC
COzMe . COzMe
h &n
n=1, 6 n=1; 38
n=z;7 n=2; 3%

Scheme 10.12 - Generation and Trapping of Bicyclic ortho-Quinodimethanes from Sulfones 6 and 7
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10.5 Conclusions and Suggestions for Further Research

Having completed a fairly comprchensive studvy on vapous routes to bicyclic ortho-
quinodimethancs, there are still some questions that must be addressed. This final section poscs some of

these questions, and suggests some synthetic sequences that could be used to answer them,

10.5.1 Tricyclic Sultines

With a viablc route to these compounds, a systematic study of their reactivity should be done.
This would involve repeating the sequences reported in Chapters 9 and 10, Since the photochemistry in
Chapter ¢ complements the ionic chemistry of chapter 10, it should be possible to compare the chemistry

of the isomeric sultines as shown in Scheme 10.13.

CHO e
———— O
| —— B — |
—
4“4 41 42

34

Scheme 10.13 - Comparison of Thermal Chemistry of Sultines 41 and 34,

The photochemistry developed in Chapter 9 should also provide the only route to the 6-6-7 sultine ring
system. Activation of the primary hydroxy group of diol 11 would be expected to result in the formation
of the tricyclic cther 14 in a2 manner similar to what is reporisd in section 10.2, facilitating against the usc

of ionic chemistry. A photochemical route to sultine 45 is shown in Scheme 10.14.
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OH
CH
° 0
hv, SOz SOz ! S{}O

43 44 45

Scheme 10.14 - Proposed Route to Tricyclic Sultine 45,

If the thermolysis of sultine 37 in the absence of a diencophile does not result in the formation of
the 6-5-5 sulfonc 21, then onc other route that had not been explored is shown in Scheme 10.15.
Synthesis of the primary benzylic chioride as reported in this chapter, followed by displacement with
thiolacetic acid to thipacetate 46 and hydrolysis to the thio-alcohol 47. Addition of a Lewis acid will
ionize the benzylic alcohol, and if 21 is an accessible compound, then this reaction should result in its

preparation.

Cl SCOMe SH
—_— —_— e S
OH OH OH
48 47 21

Scheme 10.1S - Possible Route to Tricyclic Sulfide 21

Finally, it is fitting that this thesis end the way it started, with a proposed route to tricyclic sulfone 52, a
possible intermediate in the synthesis of lysergic acid. Isatin 48 is accessible via Gassman chemistry®.
Based on the studies of oxindole reductions (Chapter 7), reduction of isatin 48 is expected to be facile,

providing diol 49. Diol 49 could then be converted to sulfide 50a via the methodology discussed in this
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chapter and then converted to sultine 51. Sultine 51 could then be used as an oxindole derived ortho-
quinodimethane, o it could be isomerized to sulfone 62, Alternatively, diol 49 could be converted to
thicacetate 50b. Hydrolysis of the thicacetate to the free thiol, followed by Lewis acid induced ring

closure could provide a route to sulfide 53, an obvious precursor 1o sulfone $2. These reactions sequences

are showa in Scheme 10.16.

OH SR
CO2E Je)
— —— —_— |
0 OH OH o}
(o] (o) 0 0

43 49 R=tBu; 50a 1]
R=COMe; 50b

| |

s — S02
H HN
o 0

53 52

Scheme 10.16 - Possible Route to Sulfone 52 and Sultine 51.
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10.6 Experimental

General experimental was as reported in Chapter 3. Hydroxy-acids 8 and 17 and diol 12 were
prepared as described in Chapier 9. Final products and intermediates in this chapter arc nor characterized
fully. Most of the sequences in this chapter were conducted when many of the analytical services of the
department were not available. However, as the time of the writing of this thesis, an undcrgraduate
student is repeating the sequences to sultines 34 and 38,

1-Hydroxy-3-hydroxymcthyi-i,2,3,4-tetrahydronapthalenc (9).

HO,
OH

9
A solution of hydroxy-acid 8 (5.00g, 26.04 mmol} in THF (100 mL) was added dropwise to a
suspension of LiAlH, (2.00 g, 52.63 mmol) in THF (25 mL). Afier addition was complete, the reaction
mixture was stirred at RT for 30 min, then was refluxed for 2 h, The reaction mixture was then cooled to
RT and quenched by the careful addition of potassium sodium tartrate (10%, 250 mL) and EtOAc (100
mL). The resulting mixture was stirred for 6h, the organic phase separated and subjected to standard

work up, affording the titlc compound as white plates (3.57 g. T7%).

"H-NMR (500 MHz, CDCly): & 1.75 (m. 2H), 1.85 (m, 1H), 2.05 (m, 1H), 2.65 (m, 1H), 2.80 (m, IH),
3.58 (br, 2H), 4.42 (d, 1H, J=12.2 Hz), 4.90 (d, 1H, J=12.2 Hz), 5.00 (t, IH, J=4.0 Hz), 7.10 (m,
3H) ppm. |

BC-NMR (125 MHz, CDCLy): 5 17.18, 30.04, 31.57, 36.73, 64.15, 64,18, 127.80, 127.85, 129.83,
136.87, 138,01, 139.86 ppm.

IR (CH.CL): 3597, 3402 cm™.

mp: 74 °C,



Geoeral  Procedure  for  the  preparation of
tetrahydronapthalenc (8).
HO &R
8a; R=Bn
8b; R=PMB
8c; R=tBu
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1-Thioalkyl-9-hydroxymethyl-1,2,3,4-

Znl- (180 mg, 0.56 mmol) was added in one portion to a solution of diol 9 (100 mg, 0.56 mmoi) and one

equivalent of the appropriate thiol in CH:Cl: (20 mL). The resulting mixture was stirred at RT for 2 b,

after which time it was poured into H2O (50 mL) and extracted with CH-Clz (20 mL). The combined

organic extract were combined and subjected to standard work up. The resulting cloudy oil was

chromatographed (3:1 Hex:E1QAc) affording the final product.

1-Thiobenzyl-9-hydroxymethyl-1,2,3,4-tetrahydronapthalene (8a) (pale yellow oil).

'H-NMR (200 MHz, CDCl5); 5 1.80 (m, 2H), 2.25 (m, 2H), 2.80 {(m, 2H), 3.75 (d, 1H, J=13.3 Hz), 3.85

(d, 1H, J=13.3 Hz), 4.30 (m, 3H), 4.49 (d, 1H, J=12.4 Hz), 7.0-7.5 (m, 8H) ppm.

BC-NMR (50 MHz, CDCly): 5 17.47, 27.19, 29.32, 36.67, 39.73, 62.33, 127.19, 127.32, 127.52, 128.57,

128.97, 129.13, 133.45, 137.62, 137.65, 139.68 ppm.
IR (CH-CL): 3599 cm™.

CI-MS (iso): 285 [(M™+1), 2.8].
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l-Thio(p-mcthoxybcnzyl)—9-hydroxymcthyl-1.2,3.4-tetrahydronzpthalcne {(8b) (white solid).

'H-NMR (200 MHz, CDCly): & 1.80 (m, 2H), 2.20 (m, 2H). 2.80 (m, 3H), 3.70 (d. 1H, J=13.2 Hz), 3.78
(s, 3H), 3.80 (d. 1H, J=13.2 Hz), 4.20 (m, 2H), 4.53 (d, 1H. J=12.0 Hz). 6.85 (4, 1H. J=7.0 Hz).
6.9-7.2 (m, 3H), 7.28 (d. 2H, J=7.0 Hz) ppm.

BC-NMR (50 MHz, CDCly): 3 17.42, 27.20, 29.27, 36.02, 39.71, 55.19, 62.24, 113.87, 127.19, i27.38,
129.01, 12941, 129.98, 133.46, 137.48, 139.68, 158.64 ppm.

IR (CH;Cl): 3328 cm™.

CA: For CgH22SOx; Calc: C {72.58), H (7.05); Found: C (72.62). Found (7. 1.

mp: 75 °C,

1-Thio(t-butyl)-9-hydroxymethyl-1,2,3,4-tctrahydronapthalene (8¢) (white solid).

"B-NMR (200 MHz, CDCl;): & 1.55 (s. 9H). 1.85 (m, 1H), 2.10 (m, 1H), 2.30 (m, 1H). 2.50 (m. 1H),
2.90 (m, 2H), 3.40 (d, 1H, J=8.6 Hz), 4.70 (m. 2H), 5.00 (d, 1H, J=12.0 Hz), 7.08 (d. 1H. }=8.0
Hz), 7.20 (m, 2H) ppm.

“C-NMR (50 MHz, CDCl,): 5 16.89, 29.10, 29.65, 31.85, 39.21, 45.41, 62.92, 127.26, 127.86, 129.46,
134,72, 137.83, 139.22 ppm.

IR (CH-Cly): 3341 cm™.

CI-MS (iso): 251 [(M™+1), 1.3].

mp: 140 °C.
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Tricyclic Sutfide 13.

13
To a solution of hydroxy-sulfide 8b (100 mg. 0.32 mmol) in CH:Cl: (20 mL) was added TsOH
(90.8 mg. 0.48 mol) and Nal (72 mg. 0.48 mmol). The resulting solution was stirred at RT for 10 h,
poured into H:O (50 mL) and extracted with CHLCl: (4 x 20 mL). The combined organic extracts were
worked up in the usual manner, and the dark oily residue chromatographed {20:1 Hex:EtOAc). The title

compound was isolated as a slightly green oil (45 mg, 80%).

'H-NMR (200 MHz, CDCl,): § 1.60 (m. LH), 1.80 (m, 1H), 2.10 {m IH), 2.30 (m, 1H), 2.80 (m, 2H).
3.85 (d. 1H, J=16.0 Hz), 4.32 (dd, IH, J=16.0, 1.0 Hz), 4.50 (d, 1H. J=12.0 Hz), 6.9-7.1 (m, 3H)
ppm.

BC-NMR (125 MHz, CDCly): § 23.35, 26.24, 29.93, 26.44, 48.79, 121.42, 126.12. 127.02, 134.59,
140.73, 141.64 ppm.

EI-M5(m/z, %): 176 (M, 61.8), 148 (100).

HRMS: Calc, for CnH:zS: 176.06597, 176.06317.



Tricyclic Sulfone 6

SO2

6
A mixture of sulfide 11 (140 mg. 0.80 mmol) and HlO, (400 mg. 1.75 mmotl} in CHyCN (1 mL). CCL (1
mL) and H-O (1.5 mL) was stirred until it became homogcnpus. RuClyexH.Q (cat) was added and the
resulting black reaction mixture stirred at RT for 3 h, after which time it was poured into Et.O (50 mL).

The organic phasc was separated. Usual work up afforded sullone 6 as a paie yellow solid (121 mg, 73%).

'H-NMR (500 MHz, CDCl,): 5 1.85 (m, 2H). 2.15 (m. 1H). 2.35 (m, 1H), 2.70 (m, 1H), 2.85 (m., 1H).
3.09 (d. 1H. J=15.4 Hz), 4.15 (dd. 1H. J=i0.2, 1.0 H»), 4.27 (d. IH, J=15.4 Hx). 7.10 (m, 2H),
7.40 {m, 1H) ppm.

BC-NMR (125 MHz, CDCly): & 19.41, 21.20, 26.07, 55.55. 61.47, 123.03, 128.20, 128.40, 130.20,
131.41, 136.03 ppm.

IR (CH:Cl.): 1317, 1133 em

CI-MS (iso): 209 [(M""+1), 100].

HRMS: Calc. for C1H;> M"-80.): 144.09350; Found: 144.09357.

mp: 130 °C.



10-Acctoxymethyi-1-hydroxy-benzosuberane.

AcO
HO

A solution of AcxO (265 mg, 2.60 mmol) in CH.Cl. (5 mL) was added dropwise 10 a cooled (0°C) solution
of 10-hydroxymethyl-1-hydroxy-benzosuberane (500 mg, 2.60 mmol), tricthylamine (312 mg, 3.09 mmol)
and DMAP (50 mg) in CH.Cl. (30 mL). The resulting solution was stirred at 0 °C for 30 min, then
pourcd into H:O (50 ml). Scparation of the organic solution and usual workup afforded a clear oil.

Chromatography afforded the title compound 14 as a clear oil (470 mg, 77%).

"H-NMR (500 MHz, CDCl): 5 1.40 (m, 1H), 1.65 (m. 2H). 1.90 (m, 2H). 2.05 (s, 3H). 2.15 (m. 2H),
2.65 (dd. 1H, J=16.0, 8.0 Hz), 3.35 (dt. 1H., J=8.0, 1.0 Hz), 5.13 (d. 1H. J=14.0 Hz). 5.19 (dd.
1H, J=14.0 Hz), 5.15 (dd, J=8.0, 2.5 Hz)7.10 (m, 3H) ppm.

“C-NMR (125 MHz, CDCly): § 21.00, 24.63, 28.17, 32.81. 35.75. 65.48, 69.12. 127.65. 128.61, 131.64,
133.05, 142.08, 144.29, 170.64 ppm.

IR (CH:Cl.): 3200, 1710 cm™.



Tricyclic Sulfide 16

16
To 2 solution of mono-acctate 14 (200 mg, 0.85 mmol) in CH.Cl; (20 mL) was added sequentially 4-
methoxy-c-toluencthiol (158 mg. 1.02 mmol) and Znly (327 mg. 1.02 mmol). The resulting cloudy
solution was stirred at RT for 10 h, after which time it was poured into HsO (50 mL) and extracted with
CH:Cl: 2 x 25 mL). The combined organic extracts were subjected to normal workup. Chromatography

with hexanes afforded the title compound as a yellow oil (80 mg. 50%).

'B-NMR (500 MHz.CDCl,): 5 1.20 (m, 1H), 1.80 (m, 2H). 2.05 (m. 3H). 2.80 (m. 2H), 4.21 (d, IH,
J=12.5 Hz), 4.38 (dd. 1H. J=12.5, 3.0 Hz), 4.74 (dd. 1H. J=11.0, 3.0 Hz). 6.90 (d, 1H, J=7.5 Hz),
7.00 (d, 1H, J=7.5 Hz), 7.20 (1. 1H, ]=7.5 Hz) ppm.

“C-NMR (125 MHz, CDCl;): 5 27.56, 31.27, 36.73, 37.66. 39.17. 55.00, 122.57, 126.94, 127.22,
139.76, 140.47, 144.29 ppm.

EI-MS (m/z, %): 190 (M™", 100).

HRMS: Calc. for C;-H,.S: 190.08162; Found: 190.08107.



Tricyclic Sulfone 7

S0z

7
Sulfone 7 was prepared from sulfide 14 (75 mg, 0.39 mmol) in a manner identical to that described for

sulfone 6. The title compound was isolated as a white solid (76 mg, 87%).

'H-NMR (500 MHz, CDCly): 5 1.40 (m, 1H), 1.55 (m, 1H), 1.75 (m. 1H), 2.00 (m, 1H), 2.20 (m. 1H).
2.42 (m, IH). 2.75 (m. 1H), 4.27 (dd, 1H, J=12.0, 2.0 Hz), 4.32 (d, 1H, J=15.9 Hz), 4.36 (d, 1H,
J=15.9 Hz), 7.06 (d, 1H, J=7.5 Hz}, 7.09 (d, 1H. J=7.5 Hz), 7.18 (1. 1H. J=7.5 Hz) ppm.

BC-NMR (125 MHz, CDCly): 5 27.37, 27.81, 29.64, 35.91, 56.51, 66.97, 123.31, 128.50, 129.00,
129.17. 13¢ 74, 141.56 ppm.

IR (CH:ClL:): 1312, 1118 em™.

CI-MS(iso); 223 (M™"+1, 100).

HRMS: Calc, for C;-H;4 (M™-SO-): 158.10955; Found: 158.11004.

mp: 135 °C,
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1(H)-2.3-dihydro-3-hydroxy-4-hydroxymethylindene (5).

HO
OH

5
A solution of hydroxy-acid 17 (2.50 g. 14.0 mmol) in THF (100 mL) was added dropwise 1o 2t suspension
of LIAIH, (533 mg, 14.0 mmol) in THF (25 mL). The resulting mixture was refiuxed for 3 h, cooled to
RT and pourcd carefully into a solution of potassium sodium tartrate {10%., 200 mL) and EtOAc (100
mL). The resulting mixture was stirred at RT for 10 h.  Scparation of the organic layer and usual workup

followed by column chromatography (2:1 Hex:ElOAc) afforded the titic compound as a clear oil (1.60 g.

70%).

"H-NMR (200 MHz, CDCly): § 1.95 (m, 1H), 2.35 (m, 1H). 2.80 (m. 1H}, 3.05 (m, 1H). 4.00 (br, 2H),
4.46 (d, 1H, J=12.2 Hz), 4.79 (d. 1H. J=12.2 Hz), 5.31 (dd. 1H. J=7.0, 3.5 Hz), 7.05 (m, 1H),
7.20 {m. 2H) ppm,
BC-NMR (50 MHz, CDCly): 8 30,36, 34.05, 64.05, 75.13, 124.73, 126.44, 128.75, 137.37, 143.39,
| 143.54 ppm.

IR (CH:Cl,): 3590, 3382 cm™.



()
~J
th

1(H)-2,3-dihydro-3-thio-(p-methoxybenzyl)~4-hydroxymethyl-indene (4).

HO
S/PMB

4
The title compound was prepared in 2 manner identical 1o that described for the preparation of 8b. In this

was, diol 5 (250 mg. 1.52 mmol) was converted into the title compound 4 (375 mg, 82%), which was

isolated as a white solid afier purification via column chromatography (5:1 Hex:EtOAc).

*H-NMR (200 MHz, CDCl,): 5 2.20 (m. 2H), 2.80 (m. 2H), 3.10 (m, 1H), 3.70 (d. 1H. J=12.5 Hz), 3.72
(d, IH, J=12.5 Hz). 3.78 (s, 3H). 4.30 (d. 1H. J=12.0 Hz). .50 (d, 1H. J=12.0 Hz), 4.63 (dd. 1H.
1=12.0. 2.0 Hz), 6.83 (d. 2H, J=7.5 Hz). 7.20 (m, SH) ppm.

CA: Calc. for CyHxSO=: C (71.97). H (6.72); Found: C (71.80). H (6.82).

mp. 130 °C.



1-(H)-2.3-dihydro-3-thioacetyl-4-hydroxymethyl-indenc (19).

HO
SCOMe

19
To a solution of diol § (250 mg. 1.52 mmol) and thiolacetic acid (118 mg. 1.55 mmol) in CH:Cl: (50 mL)
was added Znl; (485 mg. 1.55 mmol). The cloudy solution was stirred at RT for 10, and was pourcd into
H.O (50 mL). The organic layer was scparated. the aqueous phase extracted with CH:Cls (2 x 15 mL),
and the combined organic extracts were subjected to normal workup, followed by purification via column

chromatography (10:1 Hex:EtQAc), affording the title compound 19 as a pale yellow oil (264 mg. 78%).

'H-NMR (200 MHz, CDCl;): 5 2.20 (m. 1H). 2.35 (s, 3H). 2.65 (m. 1H). 2.90 (m, 1H), 3.00 (m. 1H),
3.50 (br. 1H), 4.30 (d. 1H, J=10.0 Hz), 4.55 (d. 1H. J=10.0 Hz), 5.18 (d. 1H. J=7.5 Hz), 7.20 (m.
2H) ppm.

BC-NMR (50 MHz, CDCly): 5 30.59, 30.85, 35.15, 46.64, 68.73, 124.51, 124.60, 128.13, 128.91,
135.76, 145.62, 195.93 ppm.

IR (CH-ClL.): 3355, 1688 cm™.



1{H)-2,3-dihydro-3-mercapto-3-hydroxymethylindene (20).

HO
SH

20
A solution of KOH (40%, 2 mL) was added to a solution of thicacetate 19 (250 mg, 1.13 mmol) in THF
{20 mL). The resulting homogenous solution was stirred at RT for 2 h, after which time it was acidified
with HCI (10%) and extracted with EtOAc (4 x 20 mL). The combined organic extracts were worked up
in the usual manner affording, afier column chromatography (5:1 Hex:EtQAc). the title compound as a

green oil (200 mg, >95%).

'H-NMR (500 MHz, CDCly): § 2.20 (m. 1H), 2.60 (m. 1H). 2.80 (m, 1H). 3.20 (m, 1H). 3$.61 (14, 1H,
J=7.5. L0 Hz), 4.71 (d, IH, J=13.0 Hz). 4.84 (d. 1H, J=13.0 Hz), 7.20 (m. 3H) ppm.
“C-NMR (125 MHz, CDCly): 5 30.07. 37.48, 41.60, 63.12. 124.35, 126.66, 128.35. 136.33, 143.11,

143.89 ppm.

IR (CH.Cl+): 3602, 2592 cm™,



78

General Procedure for the  preparation of  1-Thivatkyl-9-hydroxymethyl-1,2.3.4-

tetrahydronapthalene-S-oxide (24).

HO

24a; R=Bn
24h; R=PMB
24c; R=tBu

A solution of NalO, (1.2 equivalents) in H2O was added to 2 solution of the appropriate sulfide (8 a-¢)} in
McOH. The resulting solution was stirred at RT overnight. The McOH was then cvaporated under
reduced pressure, and to the remaining residue was added H-O (10 mL). The solution was extracted with

CH:Cl: (4 x 10 mL). The sulfoxides were usually isolated as solids after typical workup.

1-Thiobenzyl-9-h»droxymethyl-1,2,3,4-tetrahydronapthalenc-S-oxide (24a).

White solid (82% yicld).

'H-NMR (200 MHz, CDCl,): & 1.65 (m, 2H), 2.05 (m, 2H). 2.75 (m, 2H), 3.40 (d ,1H. J=5.0 Hz). 4.20
(m, 4H), 4.70 (d. 1H. J=3.0 Hz), 7.0-7.4 (m, 8H) ppm.

IR (CH:CL.): 3683, 1053 cm™.

CI-MS(iso): 301 M™+1, 5.1),

mp: 95 °C.
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1-Thio{4-methoxybenzyl}-9-hydroxymethyl-1,2,3,4-tetrahydronapthalenc-S-oxide (24b).

White solid (85%).

'H-NMR (200 MHz, CDCly): & 1.80 (m. 2H), 2.15 (m, 1H). 2.60 (m, IH). 2.83 (t. 2H, J=5.0 Hz), 3.40
(br. 1H), 3.80 (s. 3H), 4.10 (m, 1H). 4.50 (m. 3H). 6.85 (d. 2H, J=7.5 Hz). 7.05-7.45 (m, 6H)
ppm.

IR (CH.Cly): 3330, 1033 cm™.

CA: Calc. for C;sH=250s: € (69.06), H (6.71): Found: C (69.40). H (6.90).

mp: 134 °C.

1-Thio(tert-butyl)-9-hydroxymethyl-1,2,3,4-tctrahydronapthalene-S-oxide (24c).

pale yellow oil (65%).

"H-NMR (200 MHz, CDCly): § 1.50 (s, 9H). 2.20 (m, 3H). 2.80 (m, 3H). 4.50 (br, 1H). 4.70 (m. 3H),

7.20 {m, 3H) ppm.
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1-Hydroxy-9-thio(tert-butyl)-1.2.3 4-tetrahydronapthalenc (32).

StBu

CH

32
A solution of POCl; (265 mg. 1.73 mmol} in CH.Cl: (10 mL) was added dropwise to a cooled (-78 °C)
solution of diol 9 (300 mg. 1,68 mmol) in CH.Cl; (20 mL}) containing pyridine {140 mg. 1.77 mmol).
The resulting solution was slowly allowed to warm to RT over 4 h, after which time it was poured in H.O
(20 mL). The organic layer was scparated and subjected to normal work up. The crude material was
dissolved in THF (20 mL) and sodium t-butylmercaptide (282 mg, 2.52 mminl) was added. The resulting
solution was stirred at RT for 10 h, cvaporated to dryness and the residuc partitioned over H-O (20 mL})
and CH:Cl: (20 mL). The aqueous phase was extracted with CH.Cl. (2 x 10 mL) and the combined
Organic extracts were worked up in the normal way, and chromatographed (10:1 Hex:EtOAc). The tite

compaound was isolated as a clear oil (239 mg, 55% from diol 9).

'H-NMR (500 MHz, CDCly): 8 1.40 (s, 9H), 1.75 (m, 2H), 2.00 (m, 1H), 2.15 (m, 1H), 2.80 (m, 1H),
2.90 (m, 1H), 3.20 (br, 1H), 3.89 (d, 1H, 1=10.5 Hz), 3.95 (d, 1H, J=10.5 H»). 5.08 {t, IH, J=3.2
Hz), 6.90 (d, 1H. J=7.5 Hz), 7.20 (m, 2H) ppm.

BC.NMR (125 MHz, CDCLy): & 16.91, 29.96, 30.14, 30.64, 31.19, 43.69, 63.63, 127.64, 128.67, 128.93,
136.16, 136.92, 138.06 ppm.

IR (CH.Cl.): 3600 cm™.
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Sultine 34

B

'H-NMR (500 MHz, CDCl;): & 1.80 (m, 1H). 2.20 (m, 2H), 2.40 (m, 1H), 2.80 (m. 1H), 2.95 (m, 1H),
4.84 (d. IH, J=14.0 Hz), 5.56 (d. 1H. J=14.0 Hz), 5.64 (t. 1H, J=4.3 Hz), 7.20 (m, 3H) ppm.

BC-NMR (125 MHz, CDCly): 5 16.88. 29.06, 31.98, 55.27. 68.00, 118.87, 125.35, 128,78, 131.40,
132.25, 136.22 ppm.

IR (CH:CL:): 1116 cm™.

CI-MS (isobutanc): 209 (M™"+1. 76.3).

EI-MS (m/z, %): 144 (M™-S0-, 45.8).



1(H)-2.3-dihydro-3-hydroxy-4-(t-butylthio)methyl-indene (35).

StBu

Hydroxy-sulfide 35 was prepared from diol § in an overall yicld of 65% in a manner ideatical to that
described for the preparation of 32. Hydroxy-sulfide 35 was isolated as a clear oil after chromatography

(5:1 Hex:EtOAc).

TH-NMR (50 MHz, CDCly): & 1.35 (s, 9H). 2.05 (m, 1H). 2.30 (m. 1H), 2.75 (m, 1H). 3.20 (m. 1H).
3.25 (m. 1H). 3.86 (d. 1H. J=11.0 Hz), 3.93 (d. 1H. J=11.0 Hz). 5.39 (d. 1H, J=6.4 Hz) 7.20 {m,
3H) ppm.

BC-NMR (125 MHz, CDCl,): .5 24..21.°30.68, 32.29, 34.29. 43.70, 74.36, 124.74, 127.77. 128.74,
133.91, 144.10, 145,15 ppm.

IR (CH.Cl.): 3591, 2942 cm™.
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Chapter 11

Solid State NMR Study of a Weinreb Amide

11.1 Introduction

In chapter 9. the synthesis of a number of carboxaldchydes was described. In connection with 2
laser flash photolysis study, it was dcsirable 10 prepare a number of ketone derivatives. The strategy
discussed in Chapter 9 involved reduction of the carboxylic acid 1o a benzylic alcohol. followed by

oxidation of the aleohol 1o an aldchyde, addition of an organomctallic reagent and another oxidation.

This strategy is summarized in Scheme 11.1

OH
CO2H % %CHO
% }‘

n=1;1
n=2; 2
n=3;3

0 OH
%R ;; |
‘..—
n=1:.4
n=2;5
n=3; 6

Scheme 11.1 - Initial Route to Ketones 4-6



285

Although the chemistry worked well, the strategy was lengthy, and required adjusting the oxidation state
of the oxygen three times. This scemed wasteful, especially since the oxidation state of the starting acids
(1-3) was at the samc state as the products (4-6) so an alternative routc was desired. The next section

outlines the results of a different route that relics on the use of Weinreb'’s methodology’ as a key step.

11.2  Synthesis of Weinreb Amides 7, 8 and 9

Considerable rescarch has been done on the acylation of organometallic and Grignard
rcagents”, and notable achicvements have been made by the Weinreb group'. In particular, they have
shown that N-methoxy-N-mcthylamides arc very efficient acy! transfer reagents that do not suffer from the
over-addition of organometallics to the acyl transfer reagent. Use of this methodology would shorten the

routc to ketones 3-6 from acids 1-3. This revised methodology is shown in Scheme 11.2.

0 O
COzH OMe
N~ R
— e —

n ),
n=1;1 n=1;7 n=1;4
n=2; 2 n=2;8 n=2:5%
n=3;3 n=3:9 =3; 6

Scheme 11.2 - Weinreb Amide Route to Ketones 4-6.

Activation of the carboxylic acids 1-3 with SOCl. provided the intermediate acid chlorides in
near quantitative yiclds. Addition of the acid chlorides to a solution of N-methoxy-N-methylamide
hydrochloride and triethylamine afforded amides 7, 8 and 9 in yields of 88, 86 and 83% respectively.
Amides 7-9 all displayed very broad signals in the 'H-NMR spectra (Fig 11.1-1L3 respectively).

Complete characterization of the amides was complicated by inadequate responses of the carbon nuclei at
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50 MHz. Increasing the applied magnetic field strength to 125 MHz did not alleviate this problem. Ia
order o assign all of the carbons, it was necessary 1o perform the HMQC experiment. In this way, a
corrclation between the visibie protons and the broadened carbon lines could be found. The HMQC
spectrum of amide 8 is shown in Fig 11.4 as a representative example.

The broadened ﬁncs for the N-methyl and N-methoxy groups indicated that the amides coalesced
at temperatures close (0 room (emperature. A dynamic NMR study was performed, but the results are not
discussed in this thesis. It was found over the temperature range studied, the amides existed as a 2:1 ratio
of rotomers. Amides 7 and 9 were oils, but amide 8 was highly crystalline solid. It was decided to probe
the solid state using the recently acquired solid stale NMR instrument. The initial expectation was that
there may be two rolomers detectable in the solid state as well. The results of this solid state study are

presenated in the next section.

11.3 C CP/MAS Study of Amide 8

All of the solid state spectra were acquired by Dr. Glenn Facey. Shown in Fig. 11.5 are two solid
state spectra. The spectrum at the top is the CP/MAS spectrum of amide 8. The interpretation of the
spectrum is quite straightforward. The are six aromatic carbons resonating between 120 and 140 ppm.
The carbonyl carbon resonates downfield at 170 ppm. The high field region of the spectrum shows
signals at 62 ppm (MeO-), a broadened signal at 34 ppm (N-Mc) and three lines between 20 and 30 ppm,
accounting for the methylene groups. Although only three lines appear, the highest field signal is twice as
high as the other methylene signals. This line accounts for the methylenc groups not attached to the
benzene ring. This straightforward spectrum shows that only one rotomer exists in the solid state, A
much more interesting result was obtained when Facey recorded the dipolar-dephased spectrum which is
the lower spectrum in Fig. 11.5. This experiment is supposed to cancel out all protonated carbons except
fo:: methyl groups®. Inspection of the spectrum shows that the carbonyl and three quaternary carbons

remained, as did the methoxy and n-methyl carbons. However, the signal which was assigned to the
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overlapping methylenc group remained! This is usually indicative of a high degree of melecular motion®,
Facey suggested that if one of the methylene group B 1o the aromatic ring of amide 8 could be labeled with

deuterium, then the degree of mobility in the solid state could be more accurately accessed. The synthesis

of the deuterium labeled material is shown in Scheme 11,3,

O O OH
—— — —i
10 11 12

OMe
/
OuAL
COzH OH COz2H Me
@Dz d @i\/coz et CD2
—— —
13 14 15

Reageats: a) KoCO,, THF-D-O (90%); b) LiAlEL, THF (>95%); <) (i} nBuLi, TMEDA, pentane; (ii) CcO:;
(iii) BCI (70%); d) H.. Pd/C, HOA¢ (80%); ¢) SOCL., CHaCls, 4; ) H:N"(Me)}(OMe) CI',
CH2C12, TEA (7 8 % from 14).

Scheme 11.3 - Synthesis of Deuaterium Labeled Amide 15

Starting with a-tetralone 10, the protons o to the carbonyl group were exchanged by allowing 10
10 enolize in D+O. After 24 h, deuterium incorporation was 70% as judged by 'H-NMR. Adding fresh
D,0 and allowing the reaction to continue for another 24 h led to complete exchange of the protons for
deuterium, as judged by "H-NMR and 2 recovered mass balance of 90%. Reduction of the carbonyl group
of 11 was accomplished in near quantitative yiclds with LiAlH, in THF, affording .12 as a clear oil.
Ortho-metallation and carboxylation of alcoho! 12 under the conditions described by Seebach* led to

hydroxy-acid 13 in 70% yield. Hydrogenolysis of the benzylic alcohol with H; and 10% Pd/C in glacial
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acetic acid afforded acid 14 as a while crystalline solid. Finally, conversion of the acid t an acid
chloride, followed by addition of N-methoxy-N-methylamine hydrochloride led to amide 15 as a white
crystalline solid (mp 76 °C) in 70% vyield from acid 14, All intermediates displayed spectroscopic
propertics consistent with their structures (see experimental section, this chapter).

Figure 11.6 shows the broad-line *H-NMR solid state spectrum of amide 15. At 300 X. the line
shape is indicative of a deutcrium undergoing a two-site exchange, with the angle between the two sites
being 109 °.* As the temperature is lowered, the line shape changes. This change in line shape was
interpreted by Facey as meaning that the population of the two sites is no longer equal. To rule out the
possibility of another dynamic process causing the change in line shape, a plot of the splitting of the
broad-line pattern vs temperature was recorded (Fig. 11.7). The resulting plot shows that the slope of the
top and bottom lines is approximately cqual, and the slope of the center line is zero, indicative on only one
dynamic process occurring.

Facey then determined the barrier to inversion of the cyclobexene ring to be approximately 12.3
kl/mol from the relaxation times from the initial slope of the Arrchenius plot (Fig. 11.8). The only value
which may be comparable to this is the solution phase barrier 10 inversion of cyclohexene determined by
Anet® 1o be 6 kcal/motl (24 kl/mol).

A crystal of amide 8 suitable for X-Ray diffraction was grown. Single crystal diffraction also
provided evidence for this high degree of molecular motion, as evident from the disorder of the methylene
groups B 1o the aromatic ring. The sizes of the thermal ellipsoid are also different, providing addition
evidence for the uncqual population of the two stales at lower temperatures, The ORTEP of 8 is shown in
Fig 11.9.

This high degrec of motion of the tetrahydronapthalene ring is particular only to the Weinreb
amide. The "°C CP/MAS spectrum of carboxylic acid 2, a precursor to the amide, was also examined
(Fig. 11.10). The solid state spectrum shows a carbonyl at 175 ppm, six aromatic carbons between 120
and 140 ppm, and four aliphatic carbons between 15 and 30 ppm. The lines between 40 and 50 ppm are
spinning sidebands of the aromatic carbons. Unlike amide 8, the methylene signals do disappear in the

dipolar-dephased spectrum of acid 2, shown as the lower spectrum of Fig. 11.10. This is indicative of a
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Figurc 11.9 ORTEP of Amide 8
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rigid solid’. The *H-NMR spectrum of acid 14 (Fig. 11.11) aiso suppons this rigid acid model, 2s evident
by the line shape at ambient temperatures. However, increasing the temperature past 350 K shows that a
new line is growing out of the center of the spectrum.  This change in line shape was taken as cvidence
that the tetrahydronapthalene inversion was occurring, but the motion of the sohid was aucnuated as
compared 10 the motion of amide 8 or 15. 1t is believed that the difference in crystal packing of the amide
and acid may account for this difference in motion. The carboxylic acid presumably crystallizes as a
highly hydrogen bonded dimeric structure. Although the amide also crystallizes as a dimer, the presence
of the two substituents on the nitrogen cause the carbonyl group to tip out of the planc of the benzene ring.
This results in more of a void space between the two molecules of the unit cell. This increase in space

between the two molecules is belicved 10 be responsible for the facile inversion of the cyclohexene ring.

11.4 Conclusion

For the first time, a cyclohexene-type inversion has been detected in the solid state. This
inversion of the tetrahydronapthalene ring system of a N-methoxy-N-methylcarboxamide was measured to
have an activation energy of 12.3 kl/mol by measuring the 'C relaxation times at various temperatures,
The mobility of this solid is believed to be due to the packing of the unit cell, which is belicved 1o have

large cmpty spaces present due to the conformation of the amide function,
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11.5 Experimental

For general experimental comments, see chapter 3. In addition, *H-NMR spectra were measured
on a Bruker AMX-500 at a frequency of 77 MHz in CH-Cl: and are referenced to CD.Cl; (5.20 ppm).
Solid state spectra were recorded with a Bruker ASX 200 spectrometer. Carboxylic acids 1 and 2 were

preparsd as reported in Chapter 9.

N-Methoxy-N-Mcthyl-1(H)-2,3-dibydroindenc-4-carboxamide 7.

O
~OMe

S—Z

7

A solution of carboxylic acid 1 (1.00 g, 6.2 mmol) and S0CI: (1.84 g, 15,4 mmol) in CH.Cl. (50 mL) was
heated as reflux for 8 h. The solvent was evaporated, and the slightly yellow oil was dissolved in CH.Cl,
(20 mL) and added dropwise to a solution of N,O-dimethylhydroxylamine hydrochloride (0.73 g 7.5
mmol), tricthylaminc (1.37 g, 13.6 mmol) and DMAP (100 mg) in CHCl> (50 mL). The resulting
solution was stirred at RT for 14 h, poured into H.O (50 mL), and worked up in the usual way. The
slightly brownish oil was chromatographed (3:1 Hex:EtOAc) affording the title compound as a clear oil
(1.12 g. 88%).
'H-NMR (200 MHz, CDCly): 5 2.08 (quintet, 2H, J=7.5 Hz), 2.93 (t, 2H, J=7.5 Hz), 2.97 (1, 2H, J=17.5

Hz), 3.31 (s, 3H), 3.55 (s, 3H), 7.20 (m, 3H) ppm.
PC-NMR (50 MHz, CDCly): § 25.05, 3 1.59, 32.71, 33.53, 61.03, 124.28, 125.64, 125.82, 131.16,

142.05, 144.90, 170.11 ppm.
IR (CH:Cl): 1646 cm™.
EI-MS (m/z, %). 205 (M™, 2.4), 145 (100)117 (34.2).

HRMS: For C;2H,sNO-; Cale: 205.11028: Found: 205.10974.



N-Methoxy-N-Methy1-1,2,3.4.-Tetrahydronapthyl-S~carboxamide (8).

0
OMe
N

]
Me

8

The title compound was prepared in a manner identical to 7. In this way, acid 2 (1.50 g, 9.4 mmol) was

converted to the titlc compound (1.75 g, 86%). Amide 8 was isolated as a white erystalline solid.

"H-NMR (500 MHz, CDCl): 1.80 (m, 4 H), 2.62 (t, 2H, J=7.0 Hz), 2.80 (t, 2H. J=7.0 Hz), 3.20 (bs, 3H).
3.45 (bs, 3B}, 6.90 (m, 3H) ppm.

PC-NMR (125 MHz, CDCly): 22.76, 22.76. 26.26, 29.65, 31.08, 61.02, 123.20, 125.02, 130.01, 133.72.
135.43. 137.64, 170.00 ppm.

IR (CH:Clo): 1647 cm’’.

EI-MS (m/z, %): 219 (1.4, M™), 159 (100), 131 (31.8), 91 (22.5).

HRMS for C,,H;>NO.: 219.12593; Calc: 219.12617.

CA Cale: C (71.21), H (7.81), N (6.39); Found: C (72.18), H (7.97). N (6.26).

mp: 77 °C.
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Benzosuberane-8-carboxylic acid (3).

OH

3
A solution of Jones reagent (10 mL) was added dropwise to a solution of the benzylic alcohol precursor
(250 mg. 1.42 mmol) in Et:O (20 mL). The resulting solution was stirred at RT for 16 h, the phases
scparated and the aqueous phase extracted with Etz0 (4 x 15 mL). The combined organic extracts were

subjected to normal work up, affording the title compound as a white crystalline solid (230 mg, 85%).

'H-NMR (200 MHz, CDCly):  1.60 (m, 4H), 1.80 (m, 2H), 2.85 (m, 2H), 3.20 (m, 2H), 7.10 (¢, 1H,
J=7.5 Hz). 7.25 (d. 1H, J=7.5 Hz), 7.65 (d, 1H, J=7.5 Hz) ppm.

PC-NMR (50 MHz, CDCLy): 5 27.16. 27.84. 30.56, 31.99, 125.38, 128.13, 129.62, 132.82, 144.55,
145,25, 175.16 ppm

IR (CH.Cly): 3500, 1690 cm™.

EI-MS (nvz, %): 190 (M*", 100), 172 (90.6), 145 (83.1).

HRMS: For C)2H;(O-: 190.09938; Found: 190.09832.

mp: 105 °C,



%

N-Mecthoxy-N-methyl-benzosuberanc-8~carboxamide (9).

0

N _OMe
|
Me

9
The title compound was prepared in 2 manner identical to that described for the preparation of 7. In this

way, acid 3 (220 mg, 1.16 mmol) was converied to the title compound (225 mg, 83%). which was isolated

as a clear oil.

'H-NMR (500 MHz, CDCl;): & 1.60 (m, 4H), 1.80 (m, 2H), 2.70 (m, 2H), 2.85 (m, 2H). 3.20 (bs, 3H),
3.50 (bs, 3H), 7.10 (m, 3H) ppm.

BC-NMR (125 MHz, CDCl,): 5 28.05, 28.55, 29.95. 32,15, 32,75, 38.06, 60.05, 122,63, 126.53, 130.05,
138.06, 139.95, 143.27 ppm.

IR (CHCl): 1650 cm™.

CI-MS (iso, m/z, %): 234 (M""+1, 100).

HRMS: Cale. for C;-H,3O [M™-N(OMe)(Me)]: 173.09664; Found: 173.09782.
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3,4-dihydro-1(2H)-napthalenone-2,2-d; (11).
O

CD2

"

A solution of a-tetralone (8.00 g, 54.8 mmol) in D-O:THF (100 mL., 9:1) containing potassium carbonate
(1.00 g, 7.25 mmol) was refluxed for 12 hours after which time, 'H-NMR analysis indicated ca. 70%
deuterium incorporation. The solution was extracted with EO (4 x 50 mL), the combined organic
cxtracts were dried over magnesium sulfate and concentrated in vacuo. The resulting residue was re-
dissolved in a freshly prepared solution of D-O:THF (9:1, 100 mL) and refluxed for another 12 hours after
which time, 'H-NMR analysis of an aliquot indicated complete exchange. Work up as above afiorded the

title compound as a slightly yellow liquid (7.51 g, 94% recovery).

"H-NMR (500 MHz, CDC,): 2.10 (1, 2H), 2.94 (t, 2H), 7.20 (d, 1H, J=8.0 Hz), 7.25 (¢t IH, J=8.0 Hz),
7.45 (¢. 1H, J=8.0 Hz), 8,00 (d. 1H. J=8.0 Hz) ppm.

*B-NMR (77 MHz, CH,Cl»): 2.59 ppm.

“C-NMR (125 MHz, CDCly): 23.09, 29.61, 38.44 (quintet), 126.57, 127.08, 128.77, 132.61, 133.36,
144.49, 198.25 ppm.

EL-MS (m/z, %): 148 (75.0, M™), 131 (11.5), 118 (100),

HRM3: Calc, for C,oHsD.0: 148.08572; Found: 148.08524.
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1,2,3,4-tetrahydro-1-napthol-2,2-d; {12).

12

To a suspension of LiAIH, (1.28 g, 33.8 mmol) in THF (20 mL) was added dropwise with stirring a
solution of tetralone 1 (5.00 g, 33.8 mmol) in THF (50 mL) the resulting gray solution was allowed to stir
at room temperature for 1 h, then quenched by the slow careful dropwise addition of a solution of
potassium sodium tartrate (saturated, 100 mL) followed by the addition of EtOAc (50 mL). Stirring was
continued at room temperature for 2 h, the organic phase was separated and subjected to standard work up

affording the title compound as a thick, slightly yellow oil (5.00 g, >95%).

'H-NMR (200 MHz, CDCL): 1.70 (m, 1H), 1.90 (m, 1H), 2.75 (m, 2H), 4.80 (s, 1H), 7.00-7.20 (m. 3H),
7.40 (dd, 1H, J=8.0, 1.0 Hz) ppm.

*B-NMR (77 MHz, CH,Cl,): 1.78, 2.16 ppm.

BC-NMR (50 MHz, CDCly): 19.27, 29.82, 32.00 (quintet), 68.58, 126.75, 128.13, 129.30, 129.58,
137.73, 139.45 ppm.

EI-MS (m/z, %): 150 (46.3, M™), 132 (100), 122 (86.4), 91 (57.5).

HRMS: Cale. for C,H,6D-0: 150.10136; Found: 150, 09943,
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1,2,3,4-Tetrahydro-4-hydroxy-S-nanthoic acid-3,3-d: (13).
CO2HOH

CD2

13

The title compound was prepared using the procedure of Scebach® except that napthol 12 was used as the

starting matcrial, The material prepared in this way had the following spectroscopic properties:

"H-NMR (500 MHz, CDCl): 1.80 (m, 1H), 2.10 (m, 1H)<2.75 (m, 1H), 2.90 (m, 1H), 5.10 (s, 2H), 7.20
(t 1H, J=8.0 Hz), 7.40 (d. 1K, J=8.0 Hz), 7.85 (d, 1H, J=8.0 Hz) ppm.

*H-NMR (77 MHz, CH:CL): 1.76, 2.14 ppm.

“C-NMR (125 MHz, CDCly): 16.77, 30.08, 63.63, 127.32, 129.44, 129,62, 134.95, 138.52, 139,64,
172,30 ppm.

EI-MS (m/z, %): 194 (24.6, M™), 176 (70.3), 148 (50.3), 118 (100).

HRMS for C,H,0D:03; Calc: 194.09120; Found: 194.08990.
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1,2,3.4-Tetrahydro-S-napthoic acid-3,3-d: (14)
COzH

CD2

14
To a suspension of Pd/C (10%, 100 mg) in glacial acetic acid (5 mL) was added dropwisc a
solution of hydroxy acid 13 (500 mg, 2.58 mmol) in glacial HOA¢ (15 mL). The resulting solution was
stirred at room temperature while hydrogen was continuously bubbled through the solution for 4 h. The
solution was then filtered trough Celite™, the filter cake was washed with Et.O, and the resulting solution

was cvaporated to dryness, affording the title compound as a white solid. Recrystallization from

EtOAc/Hex afforded white prisms (365 mg, 30%).

'H-NMR (500 MHz, CDCly): 1.75 (¢, 2H. J=7.5 Hz). 2.80 (t. 2H, J=7.5 Hz), 3.10 (s, 2H), 7.15 (1. I1H,
J=8.0 Hz), 7.25 (d, 1H, }=8.0 Hz), 7.85 (d, 1H, J=8.0 Hz) ppm.

BC-NMR (125 MHz. CDCly); 22.13, 27.76, 30,23, 125,02, 128.75, 129.07, 134.17, 138,58, 139,88,
173.62 ppm. |

EI-MS (m/z, %): 178 (79.0, M™), 160 (82.8), 133 (100).

HRMS for C,1H;cD-0-: Calc. 178.09628; Found: 178.09625.
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N-Methyl-N-methoxy-1,2,3,4-tetrahydro-S-napthemide-3,3-d; (15

PMe
o]
N\Me

CD2

15

The title compound was prepared in 2 manned identical 10 that described for 7 except that carboxylic acid
14 (200 mg, 1.12 mmol) was used as the starting material. The product, isolated as a white solid (195

mg, 78%) had the following spectroscopic data;

"H-NMR (500 MHz, CDCh): 1.73 (¢, 2H, J=7.5 Hz), 2.00 (s, 2H), 2.73 (t, 2H, J=7.5 Hz), 3.15 (bs, 3H),
3.50 (bs, 3H). 7.00 (m, 3H) ppm.

*B-NMR (77 MHz, CH.Cl.): 1.75 ppm.

BC-NMR (125 MHz, CDCly): 22.00 (quintet), 22.55, 26.07, 29.61, 32.16, 61,03, 123.21, 125.02, 130.01,
153,74, 135.45, 137.67, 165.10 ppm.

EEMS (m/z, %): 221 (M™, 1.3), 161 (100), 133 (34.3).

HRMS for C;3H,sD2NO-: Calc: 221.14158; Found: 221.14101.

mp: 76 °C.
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Appendix 1

X-Ray Data for 4-Pentafluorobenzoyl-1(H)-2,3-dihydroindene



Space Group and Cell Dimensions Monoclinic, P 21
a 8.099(2) b 8.314(4) ¢ 9.550¢(4)
beza  91.95(4)
Volume Ba2.T(5)A 3

Empirical formula : FS © Cl6 HS

Cell dimensions were obtained from 25 reflections with 2Theta angle
in the range 80.00 - 100.00 degrees.

Crystal Qimensions : 0,20 X 0.20 X 0.20 mm

Fw = 312.24 Z = 2 F(000) = 317.33

Dealec 1.6132Mg.m-3, mu 1.14mm-1, lambda 1.54058A, 2Theta({max) 100.0
The intensity data were c¢ollected on a Rigaku diffractometer,

uzing the thetas2theta scan mode.
The h,k,l ranges used during structure solution and refinement are :--

Hmin, max -8 8; HKmin,max 0 . 8; Lmin,max 0 9
No. of reflections measured 781
No. of unique reflections 720

No. of reflections with Inet > 2.5sigma{Inet) 718
Merging R-value on intensities 0.113
No correction was made for absorption

The last least squares cycle was calculated with

31 atoms, 199 parameters and 715 out of 720 reflections.
Weights based on counting-statistics were used.
The weight modifier K in KFo*=2 is 0.000200

The residualz are as follows :--
For significant reflections, RF 0.026, Rw 0.051 GoF 3.49
For all reflections, RF 0.036, Rw 0.051.
where RF = Sum(Fe-Fc)/Sum({Fo),
Rw = Sqgrt(Sum(w(Fo-Fc)**2)/Sum{wFo**2)] and
GoF Sqrr [Sum{w(Fo-Fc)**2)/(No. of reflns - No. of params.)]
The maximum shift/sigma ratio waz  0.077.

In the last D-map, the deepest hole wasz -0.220e/A"3,
and the highest peak 0.170e/A"*3.

Secondary ext. coeff. 1.019092 sigma '0.082736
The following references are relevant to the NRCVAX System.
1. Full System Reference :
Gabe, E.J., Le Page, Y., Charland,.J.-P., Lee, F.L. and White, P.5.
(1989) J. Appl. Cryst., 22, 384-187.

2. Scattering Factors from Int. Tab. Veol. 4



International Tablez for X-ray Crystallography, Vol. IV, (1974)
Kynoch Pressz, EBirmingham, England.

The following references may also be relevant.
ORTEP Plotting
Johnzon, C.K., (1976) ORTEP - A Fortran Thermal Ellipsoid Plot
Program, Technical Report ORNL-5138, Oak Ridge

Pluto Plotting
5. Motherwell, University Chemical Laboratory, Cambridge, 1578

Missing Symmetry Treatment by MISSYM .
Le Page, Y., (1988) J. Appl. Cryst., 21, 983-984.

Grouping of Equivalent Reflections in DATRD2 :
Le Page, Y. and Gabe, EBE.J., (1979) J. Appl. Cryst., 12, 464-466.

Extinction Treatment :

Larson, A.C., (1970) p.292, Crystallographic Computing. Munksgaard,

Copenhagen.
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Appendix II

X-Ray Data for N-Methoxy-N-methyl-1,2,3,4-tetrahydronapthylcarboxamide
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ions Monoclinic, P 2l/a

21 nsi
@ e.6171(12) b 12.2 19} c 11.2223(2%)

betua 102.937(12)
Volume 1152.1(2)A"*2

Empirical formula : 02 N €13 H17

Cell dimensions were obtained from 24 reflections with 2Theta angle
in the range B80.00 - 100.00 degrees.

Crystal dimensions : 0.20 X 0.20 X 0.20 mm

FW = 215.28 2

1]

4 F(000) = 473.38
Decalec 1.263Mg.m-3, mu 0.85mm=-1, lambda 1.54056A, 2Theta(max) 100.0
The intensity data were collected on a Rigaku  diffractometer,

using the theta/2theta scan mode.
The h.k,l ranges uszed during structure solution and refinement are :--

Hmin, max -8 8:; HKmin,max 0 12; Lmin,max 0 11
No. of reflections measured 1297
No. of unique reflections 1195

No. of reflections with Inet » 2.Ssigma(Inet) 1155
Merging R-value on intensicies 0.050
No correction was made for absorption

The last least squares cycle was calculated with

39 atomz, 164 parameters and 1155 out of 1195 reflections.
Weights based on counting-statistics were used.
The weight modifier K in KFo**2 is 0.000250

The residuals are az follows :--
For significant reflections, RF 0.066, Rw 0.138 GoF 8.13
For all reflections, RF 0.087, Rw 0.138.
where RF = Sum(Fo-Fg¢}/Sum({Fo),
Rw sqrr[Sum{w(Fo-Fc)"*2) /Sum({wFo**2)] and
GoF = Sqre(Sumi{w(Fo-Fc)**2)/(No. of reflns - No. of params.)]
The maximum shift/sigma ratio was 0.183.

In the last D-map, the deepest hole was -0.440e/A**3,
and the highest peak 0.460e/A**3.

Secondary ext. coeff. 9.989143 sigma 0.220005
The following references are relevant to the NRCVAX System.
1. Full System Reference :
Gabe, E.J., Le Page, Y., Charland, .J.-P., Lee, F.L. and White, P.S.
{1989) J. Appl. Cryst., 22, 384-387,

2. Scattering Factors from Int. Tab. Vol. 4 :



318

International Tables for X-ray Crystalloegraphy, Vel. IV, (187Q)
Kynoch Press, Birmingham, England.

The Zollowing references may alse be relevant.

. ORTEP Plotting :

Johnzon, C.K., (1978) ORTEP - A Fortran Thermal Ellipsoid Plot
Program, Technical Report ORNL-5138, Oak Ridge

Pluteo Plotting :
$. Motherwell, University Chemical Laboratory, Cambridge, 19738

Missing Symmetry Treatment by MISSYM :
Le Page, Y., (1988) J. Appl. Cryst., 21, 983-984.

Grouping of Eg.ivalent Reflections in DATRD2 :
Le Page, Y. and abe, E.J., (1979) J. Appl. Cryst., 12, 464-466,

Extinction Treatment :
varsen, A.C., (1%70) p.293, Crystalleographic Computing, Munksgaard,
Copenhagen.
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CLAIMS TO ORIGINAL RESEARCH

The regioselectivity of 3-nitro-ortho-quinodimethanc was probed using a suitine as the dicne
precursor. Usc of methyl acrylate, viny! acetate and butyl vinyl ether as representative
diencophiles showed there to be no regioselectivity. Evaluation of the PM3 calculated HOMO
supports these resuits, which shows the coefficients o the terminal ends of the dienc to be almost
cqual in magnitude.

Two new tricyclic sulfones and two new tricyclic sultines were prepared. Preparation of sulfones
derived from tetrahydronapthalene and benzosuberane was accomplished through the
intermediacy of a sulfonium salt. This strategy failed when the substrate was derived from
indanc or indole. The sultines were derived from tetrahydronapthalenc and indane. Cyclization
of hydroxy sulfoxides was not as general 2 route 1o sultines as previously believed. The success
of the reaction depended highly on the regiochemistry of the hydroxy sulfoxide.

A mechanistic investigation of the factors influencing the results of metal hydride mediated
reduction of 3-thicalkl-2-oxindoles was completed. A proton & to the oxindole carbonyl protests
this group from reduction. The C3 anion generated under the reaction conditions has a profound
effect on the ease of reduction of a pendant carboxylic ester. When in a position ortho Or para to
the ester carbonyl, there is a low tendency for initial addition of hydride, and a subsequent high
propensity for over-reduction. This result is best understood with resonance forms. The N1
anion does not interfere with the reduction of attached esters, even when ortho to this group.

A non-reductive method for the desulfenation and desuifination of 3-thioalkyl and 3-thioalkyl-S-
oxides was developed. Useof a proton source (TsOH) and a thiophile (PPhs ) results in smooth
removal of the sulfur substituent. The reaction is tolerant to arange of functional groups,
including nitro, bromo and isolated double bonds (allyl and propargyl).

A series of bicyclic aldehydes and ketones were prepared. These compounds were found 10

undergo facile photoenolization, and the intermediates were readily trapped with added



6)

dicncophiles. The only anomaly was indane-6-carboxaldehyde. However, this is belicved 10 be
the result of rapid auto-oxidation of the aldchyde to the carboxylic acid.

The solid state mobility of a tetrahydronapthalene derivative was studied for the first ime. This
Weinreh amids was found to undergo a cyclohexene type inversion with an apparent activation

encrgy of 12.3 kJ/mol as calculated from Ty measurements,
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