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ABSTRACT

ASYMMETRIC ORGANOCATALYTIC SULFA-MICHAEL REACTIONS OF
THIOGLYCOLATE WITH ISATIN DERIVED NITROALKENES

Sajesen, Selin
MSc, Department of Chemistry
Supervisor : Prof. Dr. Cihangir Tanyeli

September 2018, 11Pages

Organosulfurcompounds i@ present in many natural prodsiand drugs. Sulidichael
reactionis the prominent methotb synthesize these molecules. The novel bifuctional
organocatalysts developed in our research group enableMictiael reaction to ocur
asymmetriclly. In this thesis, biologically active isatin derived nitroalkenes were chosen
as SulfaMichael acceptors. Addition of methyl thioglycolate to isatin derived
nitroalkenes in the presence of the bifunctional organocatalysts was studied under
different comlitions. Solvent, temperature, catalyst loading and concentration screenings
were done. Isatin derived nitroalkenes substituted from different positions were also
tested in sulfaMichael reactions under optimized conditions. Sifi@hael product was
synthesized with 75% yield and 70% ee when 10 mol-8&@ldmantyl squaramide/quinine
catalyst was used. The nitro group in theicttire was reduced catalytically in order to

reveal the product to be utilized in further reactions.

Keywords: SulfaMichael, Isatin derived Ntroalkenes Asymmetric Synthesis
Organocatalysis, Bifunctionalr@anocatalyst



Oz

TKYOGLKKOLATLARI N KSATKN T! REVK NI TROALK
ASKMETRKK ORGANKAT AW KCTHKAKE LS ULEFPA K ME L E RK

Sajesen, Selin
Yuksek Lisans, Kimya Bolumu
TezYoneticisi : Prof. Dr. Cihangir Tanyeli

Eylil 2018, 11%ayfa

Organos¢l fer bilexki kIl eri bir-ok doj al bil et
Bu bilexikl eri sent ez | dMmoewel tefkimelezigdliire r i ni n ba
Ar akt ér ma geluibkutmurzidlaen ©°©zg¢n bi fonksiyonel
Mi chael reaksiyonl arénén asimetrik ol arak
Bu tez - al e-Michad @&keept@( oladkuldiyblaik olarak aktif isatin

t ¢revi nitroal kielnl eryesegl-iikaoli xttédamn,. iMeatin t
bi fonksiyonel orgakataliz°rl er ekl ijinde v
kat el masé -al ékéel méxkt ér . Sol vent, sécakl é
taramal ar e yapél mekt er . llar8an isaiiny tirevih al e get

nitroal kenl erin farkl e pozisyonl-aréndan t

Mi chael r eak stieysa n | eadr i élnmAdarhantit skura®oit/kihit.  mo | 1
organokatalizor ilavesinde %#/rim ve %70 enantiosegicilite sulfaMichael

Sréng sentezlenmi ktir. Tepki me L éneén il e
yapéda bulunan nitro grubunun katalitik 1ind

Anahtar Kelimeler: SulfeMi ¢ h aadirl tgreviKitroalkene, Aimetrik Sentez,
Organokataliz, Bifonksiyosl Organokatalizor
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CHAPTER 1

INTRODUCTION

1.1Importance of Asymmetric Synthesis

The majority of thecompounds related toving organisms are chirallhe chiral
molecules are asymmetric in other words, they do not ppssésor plane
symmetry The asymmetricnolecule hast leastone carbon that &stituted four
different groups. In the case of having one chiral carbon, the molecule has two
nonsuperimposablenantioners! Although, enantmers haveahe same physical
propeties, they are different on physiologaspects.The diral molecules in
living systems for instance enzymes at@nding to substrates wita specific
orientation, otherwise noxiousormations may show uplt is also valid for
pharmaceuticalE£ach enantiomer ahanychiral drugshas different actiwy on
human body. Penicillamirfepropranolof and thalidomidé are known instances
(Figure 1)

Propanolol Penicillamine
OH OH Y OH OH
e 0O

B-blocker used in the Treats rheumatoid

Contraceptive treatment of heart disease arthritis

Causes optic atrophy

Thalidomide

Sedative Teratogenic

Figure 1. Different effects of two enantiomers of the chiral drugs



Since the asymmiey of the molecules are that much vital for human life,
scientists work on asymmetric synthesis for a long ti@gnthesis of one
enatiomer selectively is reasonable in many resp&wlogically active
compounds are almost enantiopure. When the racemate ¢ddrget molecule is
synthesizedhalf of the material will be the waste after the isolation of desired
enantiomerThis method also doublélse work required inhe processhence it is

time andenergy consuming.

1.2The Methods Applied in Asymmetric Synthesis
1.2.1Chiral Pool

Chiral pool method aims toonvertenantiopure natural products chiraltarget
molecules. The method is efficient but the number of enantiopure natural products
is finite. Therefore, the applicability of the method is restrictefls a
representative examplde transformation df-valine (1) is used as ahiral pool

in the synthesis fS)(-)-4-Isopropyt2-oxazolidinong3) (Scheme 1§

0
BF3.0Ety, BH3.Me,S, (Et0),CO, K,COs3, /g/\
OH THF, reflux OH reflux HN 0
NH, NH> 62% overall Wg
1 2 3

Schemel. Synthesis of §-(-)-4-1sopropyt2-oxazolidinong3) by chiral pool method

1.2.2Chiral Auxiliary

Chiral auxiliaries are enantiopure molecules and have -deddirmined
configurations. They are generally derived from natural products such as
carbohydrates and amino acids. Chiral auxiliary is bonded to substrate to

introduce chiral information to the piact. Generally, chiral auxiliary is removed



easily in the final step under mild conditions. Oxazolidinone derivadlvase
popular chiral auxiliaries which are highly studied bu Evans and cowothkelse
synthesis of quassine and bruceatine, the degrdripertene lactones, the key
step is Evans aldol reaction of an aldehyde with oxazolidinone derivative (Scheme
2).7

nBu,BOTY, CHyCl,, MeNHOMe, HCl,
7 o
PR 0°Cto-78°C  Q MesAl,
Q NJ{/ _ CHCL0°%C

Bn
4 6

CHO

Scheme2.Evandés al dol reaction withchradazol i di none
auxiliary

1.2.3Catalytic Asymmetric Synthesis

Asymmetric synthesis is performed in the prese of the chiral reagentseither
stoichiometric or catalytic amounthe stoichiometd process converts one mol

of starting material into one mol @froduct by using one molef chiral reagent.

As there is no catalytic turnoveahe reaction becomes costly by means of atom
economy. It is obvious that transformation of larger amounts of substrates with
catalytic amount of chiral reagent lmuch more valable syntheticall§. The
asymmetric catalystare divided into three groups namely, biocatalysts, tiansi

metal catalysts and orgasaialysts.

1.2.3.1Biocatalysts

Enzymes ompeptides catalyze the reactions in living organisitey perform in
biological transformations besislebiocatalysts also hawynthetic applications.
These catalystsan form the enantiopure compounds via either kinetic resolution
or direct introduction of chiral information. They lower the activation ibawf

the reaabn and provide high stepselectivity. Biocatlysts are biodegredable and



nontoxic. 2-(11H-benzofluorenll-yl)acetic acid in Bakers yeaghe leavening
agent of bakg bread is used as biocatal/sh the selective reduction of

butanenitrile derivativg (Schene 3.°

GN Baker's C;:N
©)\H/ Yeast y (0]
= . i
o OH OH
7 8 2-(11-H-benzofluoren-11-yl)
98% ee acetic acid in Bakers yeast

Scheme3. The selective reduction biocatalyz:q

Novozyme 435, a commercially avaliable biocatalyst is utilized as biocatalyst in
the kinetic resolution ofrac-1-phenyl ethano(10) to phenylacetat¢ll) at high
yield and ee (Schen®). 1°

H3 H3C

o*Q@

Novozyme 435

99% yield
99% ee

Schemed. Kinetic resolution done wtiNovozyme 435

1.2.3.2Transition Metal Catalyst

Metals, generally transitiometals, and chiral ligands coordinatedthe metal,
consitutes transition metal catalydtlighly enantioselective adducts can be
synthesized with transition metal catalysts however, heavy metal pollution
continues to be a critical conceifhe pioneeringvorks in this area wergone by
Knowless, Noyori and Sharpless who were awarded the NobeliRi@@emistry

in 2001.



In 1968, Knowles discovered Rhodium metal with chiral ligand, can catalyze the
hyrogenatio of carborcarbon double bond in the reductioh U-phenylacrylic
acid (13) to (+)-hydratopic acid(14) (Scheme B! Afterwards, he applied this

method in the synthesis of[DOPA, a biologically active amino acid.

CH2 H2 C_;H3
OH ~_OH
Ph RRCIs(PPhMePr;  Ph™ Y[
0 o
12
13 14

Schemeb. K n o w | asysnetirc hydrogenation of carboarbon double bond

Sharpless developed a numbercatalyss which catalyzeoxidation, epecially
epoxidation reactions. But his seminal work was the asymmetric epoxidation of
allylic alcohols15 with titanium tetraisopropxide catalyst17 which led to high

enantioselectivities (up to 95% g&cheme B2

O OH
OEt
Eto)%]/ siface
OH O

(S,5)-16

R?

O

OH
15

(-)-DET
(+)-DET

O OH

EtoM

) OH O
Ti(OCH(CH3),)4 re face

17 (R,R)-16

%OOH

18

OEt

o]

R R
R1
OH

19
70-87%
90-95% ee

Scheme6. Sharpless epoxidation of allylic alcohol

Noyori designedBINAP-Ruthenium complexX0 as a catalystto beused inthe
hydrogenation of olefine21l. BINAP-Ruthenium complex catalyst promstine



synthesis ofR)1,2-propandiol(22) which is included some antibiot{Scheme
7) 13

COe g
2
O O P\ /NiR OH O

| OCH,4 OO P/ H 54R3 OCH,
Ar R
NHCOCgHs Zcl NHCOCgHs

21 20 22

99% ee
anti/syn: 96:4

Scheme7. BINAP-Ruthenium complex catalyzed hydrogenation

1.2.3.30rganocatalyst

Organocatalysts accelerate the transformations by directing the reaction to a
different pathway with lower activation barrier. They promote the reacti@s
binding substrates. They can act as acids and bases while activating electrophile

andor nucleophile.

Organocatalysts have superior propertiesr oveetal and biocatgéts. In the
nature, the reactions are mostly mdtak because of the ingenious dale
between metalree and metamedated transformationsMetal sources product
contamination undoubtedly, besides they are high pri€ganocatlysts can be
used under oxygeatmosphere with wet solvents. They are more stable than

enzymes andan beanchoredo solid support irtonsideration of reusability.

Organocatalysts drew attention about 20 years lagspearheadingtudiesof
List, Barbas, MacMillan, Jgrgensen and JacobBmgure 2 demonstrates some of

the organocalatysts developed in theseliss!*



o) CH3
'\L
1)
N Bu
ph H

23 24 25
MacMillan's organocatalyst Jorgensen's organocatalyst Jacobsen's organocatalyst

Figure 2. The most common organocatalysts

Classification of Organocatalysts

Covalent: covalent intermediate between substrate and catalyst. Enamine and
iminium catalysis can be classified in this group. In enamine catalysis, the
nucleophile, in the case of being enolate anion, can be transformed into enamine
with chiral secondary amine,wersibly.*®> The most common example of enamine
catalysts is the natural, cheagnd very successful-proline (57).1¢ Another
instance is iminium catalysis where a chiral secondary amine activates the

acceptor, reversibly.

Noncovalent: bases on noncovalemteractions such as hydrogen bonding or
formation of ion pairs. Typical hydrogen bond donors, namely (thia¥ract as
pseudo Lewis acids.

Catalytic functions of hydrogen bonds:

1. Arrangement the reactants. Hydrogen bond donor attached to a chiral pool,

determines the selectivity.
2. Activation of the reactants by changing the electron density.

3. Stabilization of the developing negative charge of transition state or
intermediateDue to being noncovalentteraction, hydrogen bond ikexible and
the length of the bond can expand or shotten

Organocatalytic aldol reactions proceed basically through three activation modes.



The first one is acid catalyzed activation mode. The ikewv Bmnsted acid

catalysts adivates the electrophile towarchucleophilic attack mimicking
enzymeg?

Metalmediated Lewis acid, iminium ion formation and hydrogen bonding are
utilized for electrophilic activatio (Figure 3)'°

X
\N N/
H H
M + NS
0" SN o
Metal-mediated Iminium ion Hydrogen bonding
Lewis acid activation formation

Figure 3. Electrophilic activation modes

The hydrogen bonding catalystach as (thio)ureashich were designed as the
potentialligands to Lewis acidic metaldecreases the electron density around the
acceptor.

In 1994, Curran and coworkers first used urea deriv&tivas caalyst in Claisen

rearrangemeruf allyl vinyl ether22 (Schemes).°

OCH,
27 28

CF; CF3
0] Organocatalyst 26 -0
W (10 mol%) [TJ 0
- A
CeDs, 80°C CgH170,C N“ON CO,CgH17
26

Scheme8. The first use of urea derivatives as organocatalyst

Afterwards,Jacobsen and coworkers discovered that urea and thiourea derivatives

24 catalyzed the Strecker reaction and enhanced enantiosele@isfitgme 92!



1. TMSCN/MEOH
N~ >ph  Organocatalyst 29 (2 mol%)

)l\ Toluene, -70to -75°C  F3C~ "N” "Ph
Ph” "H A~
2. TFAA Ph™ "CN
30 31
CH; Bu JSL
N A -
O N
HO
29 Bu OC(0)Bu

Scheme9. (Thio)ureaorganocatalyzed Strecker reaction

Chiral acidic organoatalysts with different hydrogen bond donor functionalities
such as guanidine82 or BINAP derivatives35 were developed after that
breakthrough studgf JacobseiScheme 1?2

Organocatalyst 32
N O (10 mol%) N @(\J':»@
HCN, -40°C N= N
Ar)\H Ar H
33 34 32
99% vyield
99 % ee
TBSO TBSO R
\ﬁ + HTR Organocatalyst 35 | 5 CHscocl  © R
\1 o (20 mol%) CH,Cl,/Toluene O
N(CHg3)z Toluene N(CH3), -78°C
-80 to -40°C
36 37 38 39

52-94% yield

O Ar A 98-98% ee
OH
OH

7

35

SchemelO0. Application of acid functionalities as organocatalysts

In 2008, Rawal and coworkers introduced squaramide acidic meibtgh
resembles (thio)urea deatives but has superifeatures compared them. They

tested the squaramide moiety attached to cinchona alki)andMichael addition



of 1,3-dicarbonyl compound41to nitrostyrenegl2 and they got excellent results
(Scheme 1).%3

N

o. .0
EHN

N
H

7 9 iy FaC N N\
RY Organocatalyst 40 1 2 3 /
R1MR2 + R no, (0.1-2 mol%) R R _N
R3 DCM, rt R NO,
4 CF3
41 42 43 40

65-98% yield
77-99% ee

SchemellRawal 6s squaramide type organocatal

Squaramides reveal outstanding anion bonding ability like (thio)ureas. Besides
this functionality shows duality and recognizes also the cationthgigarbonyl
groups which arosérom its aromatic charactgFigure 4)?* Bidentate binding
nature of squaraides removes some conformational degrees of freedom and

prevents entropic loss upon coordinatfén

R

/

o--H-N_ 0~

{ 7 "H.O®H
H—<( © N
O——H N\ _H ‘H
N o--
R

Figure 4. Dual activation of squaramides

Moreover, squaramides are considered as vinylogmides, thus delocalizes the
nitrogen lone pair and restrict the rotation of carbdrogen bond. Partial
aromaticity also provides further delocalization for more conformational

restriction(Figure 5)%°

_ O o}
X
R+/)\ R R
HoH RN" KR
H H

Figure 5. The delocalization of electron density upon (thio)ureas and squaramides
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The distance between two-Ml groups in squaramide is greater than that in
(thio)ureas, which give rise to a higher spacer. The square geometry of the
squaamide makes the formed hydrogen bond more linear and supplies different

binding properties in transition stat@gure 6)%°

S o_ 0
N

N”O N —N N—
H==H N

21A 27A

Figure 6. The distances between two acidic hydrogens at thiourescpadlamide

The base catalyzed mode is the secadiivation modeof catalytic asymmetric
aldol reactions.

Bregnsted base catalysts are widely used, longstanding catalysts. They activate the
nucleophile viaabstracting itshydrogen and let itattack The first emerged
Bronsted base catalgsare cinchona alkaloids which are natural products and
isolated from the bark cinchona tre€snchona alkaloids are versatile molecules
they possess many fuctional groups such ashalcand vinyl units, quinudiine

ring and quoniline moiety with many stereogenic centers which enable to catalyze
the reactions asymmetricallyCinchona alkaloid family consists of quinine,
quinidine, cinchonidine and cinchonine which are pseudoenantiomers of each
other(Figure 7)%’

OMe

Quinidine

Cinchonidine Cinchonine

Figure 7. Cinchona alkaloids
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Wynberg states that, the natural organocatalysts, enzymes can produce only one
enantiomer of tb chiral compounds, thoughgach enantiomers of chiral
compounds may compose versatile end product. Thus, it is clear that scientists
need to synthesize enzyme alternatifes

In 1977, Wynbergutilized Brgnsted base cataly§tinchonine(44) in conjugate
addition of 4(tert-butyl)benzne thiol (45) to 5,5dimethylcyclohex2-en-1-one

(46) (Scheme 1P The study wasa milestone in asymmetric organocatalysis,
since the cinchona alkaloids as#l utilized to catalyzenumerouscarboncarbon

and carborheteroatom bond forming reactiéh

SH 0 (o) N
+ ©< Catalyst 44 (1 mol%) /@< Ny “oH
Benzene, 22°C Arg N

75% ee

Schemel2. The first asymmetric sulidichael addition

Cinchona alkaloid organocatalyst have thredes in terms of activation.
Quinuclidine part can act asddrsted base and deprotonatephanucleophile. In
another case, quinuclidine ring can behave as nucleophile activator and react with
pronucleophile. The third mission is the formation of quaternary ammonium salt
of the Nsubstituted quinuclidine ringvhich acts as phadeansfer catalysand

stabilizes nucleophile(Figure 8)°

12



1D
eNuH
S e
o
LN LN e® E X
L
I
0>x
5
o A zNA@J
p  Nu o & _E . NuE
Nu

Figure 8. The activation modes of quinuclidine ring of cinchona alkaloids

Dialkylaminopyridines arewidely used Lewis base catalyst¥hey act as
nucleophilic catalysts in acetylation, alkylation reactions and several
rearrangement$Scheme 183! The mechanistic studies show that the reaction
starts with the nucleophilic attack of DMARS), resulted in the formation of ion
pair by theelimination of acetyl group. The interaction between the nucleophile

49 and electrophile50, DMAP (48) is eliminated, and catalytic cycle is

completedf?
(0]

~.,

o, N

OH (0)

(0] (0] 48 )J\OH | X

N N - 7

49 50 51 52 48

Schemel3. DMAP catalyzed nucleophiliaddition

DMAP (48) is an alternative to enzymes in kinetic resolutiofibe different
reaction rates of two enantiomers provides kinetic resolution while reacting to

intermediates, comprise of chiral DMARS) and the substrai&chemel 4).33
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OH
~,,
N HOJ\@ k¢ O)\OJ\Q
AN
N +
O)\CH:; )

R
(S)-49 (S)-51
H OH ki f ko
TR
(R)-49 (R)-51

Schemeld. DMAP as an alternative to enzymes in kinetic resolutions

Fu and coworkers developed planar chiral DMAP derivatives which acts as
Brognsted base catalyst. In their studygy2nopyrrole(54) was added to prochiral
ketene 55 enantioselectively with 4pyrrolidino)pyridine derivative53. Their

study was seminal with regard to utilizing DMAP for many purpdSzheme

15).34

SN
e
N
o Fe
NG OscEt NG Et Me Me
JNH v O Catalyst 53 (2 moi%) N /§\M
= Ph Toluene, rt // Ph Me €
Me
54 55 56 53
93% yield
90% ee
Schemels, Appl ication of Fubs planar chiral D

The last but most preciouactivation mode for asymmetric reactions is
bifunctional activationThe bifunctional organocatalysts involves both acidic and
basc moiety. These moieties caudeal activation of nucleophile and electrophile
simultaneously. The basic part is responsible for raising the HOMO of the
nucleophile, while the acidic patecreases the LUMO of the electrophile, thereby

the activation energy of the reaction is redu@édure 9.
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Chiral Scaffold

Brensted Acid Bronsted Base

Figure 9. Activation of bifunctional organocatalyst

Theorganocatalystare defined as artificial enzym&sEnzymes are proteins that
catalyze the reactions in living organisms. But a much smaller of its substitute,
amino acids also have bifunctional character. The most common, simple,
successful, cheap and readily available angoiol isL-proline (57). 16 In 2000,

List and Barbasinvestigated asymmetric aldol reaction of acet@s8) with
isobutyraldehyde 59 by the catalysis ofL-proline (57) with excellent
enantoselectivity and yieldScheme 1p6

O—COOH
OH

0
)J\ catalsyt L- ProI|ne (57) (30 mol %),
DMSO, rt

60
97% yield
96% ee

Schemel6. L-proline(57) catalyzed aldol reaction

O—COOH —> Acidic part
N
H 7 N;

Basic part

Figure 10. Bifunctionality of L-proline (57)

The transition state of the aldol reaction points out the bifunctionalitft )of
proline (57). A six-membered cyclic structure is formed at the transition state.

15



While acid hydrogen activates isobutyraldehy88) through hydrogen bonding,
nitrogen of secondary amine forms enamine with ace{68p thereby restricted

substrateseact with a defined orientatigfigure 10.

A groundbreaking study came out in 2003 by Takemoto and coworkers. Their
organocatalysts bearing thiourea and ami
thioureacatalyst. The catalytiactivity of the organodalysts 61-63 was

investigated in the conjugate addition of diethyl malon@®) to trans( b )

nitrostyrene(65), and accomplished encouraging results -@&86 ee)(Scheme

17).36

N CO,Et

0,
— ? 10) EtO,C NO,
+ Organocatalyst 61-63 (10 mol%)
EtOMOEt Toluene, rt
64 65

66

CF3

CFy
QLD L.
S
. . Ph Me
- A AL oAy A
H H
61

1z

3 NN NMe,
NMe, NMe,

62 63

Schemel7zTakemot ods organocatalysts used ir

In 2014, Tanyeli and coworkeneported unique 2-aminoDMAP/Squaramides
which are efficienasbifunctional organocatalysts. They investigated the catalytic
activity of 2aminoDMAP/SquaramidesV in conjugate addition of
dibenzoylmethang(67) to trans( bn)trostyrene derivative$4. The addition
occurred with very high enansielectivity at 1 mol% catalyst loadin@cheme
18).37
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o O

«__NO (0] (0] Organocatalyst V
ph/\/ 2 4 1 1% Ph Ph
Ph)J\/U\Ph ( mo o)
Ph

Toluene, 5°C NO,

64 68

95% vyield

67
0] o)
O

N N

Z H H

NH

MezN —
\ N

Schemel8. The application o2-AminoDMAP/squaramide type organocatalysts

v

Two years later, they published an article about quinbesed squaramides,
merging two weHlknown catalyst parts. In their study, Michael additions of
nitroethane(69) to varioustrans( bnjtrostyrenes(64) were carried out in the
presence of a number of quinibasedt-butyl squaramidev with advanced

diastereomeric ratios and enantiomeric exceSeiseme 195

o N
R\
HN (0]
~__NO Organocatalyst ITI (2 mol%) ~NO, HO/ N
P X2+~ _NO, DCM, 0°C o NO, HN,,,
64 69 70 - o
73% yield
95% ee N
96:4 dr

~

I

Schemel9. The application of quinine/squaramide type organocatalysts

1.2 Asymmetric Sulfa-Michael Reactions

SulfaMichael reaction isthe conjugate addition of thiol to an unsaturated
compound. Asymmetric sullichael reactions enable enantiomerically enriched
thioethers that can be used as chiral building bloGkganosulfur compounds,
such as amino acids (cysteine, methiorine), peptides have vital functions in

metabolism of living thing¢Figure 13.3°
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o)
SH
0 M o) o) e
HN" "NH J N NI
HS OH HﬁH HO™ ™ N OH

NH,

e
Cysteine Biotin 0 Glutathione

OH

Figure 11. Organosulfur compounds in living organisms

The metabolism of acrylamid@1l) that is a toxic constituent of heated food, is
led off by sulfaMichael addition of glutathion@2 to the double bond of acryl
amide(71) (Scheme 2

NH,

0 NH,
(0] H HOzo N COZH
/\( + HOzo NLH/ N \/COQH —_— H 0
H S O
NH, H o

NH,
7 72 73

Scheme20. The metabolism of acrylamide

The sulfaMichael addition of cysteine to oxytoxin 2 takes part in teéedse
mechanism of unicellulacaulerpa taxifola against mechanic injuria wound

closurein the presence dysine (Scheme 211

SH
gfcozH
CHO _N
/ b g M
2
N CHO - ~7 s H
HO,C
Oxytoxin 2 z
NH,

Scheme21. SulfaMichael addition in the defense mechanism of unicellular caulerpa
taxifola

In 2016, Houk ad coworkers studied thmechanism otatalytic sulfaMichael
reaction, as the addition of thiophenol(75) to cyclohexeone (76) using

cinchonidindureaorganaatalyst74 (Scheme 22§°

18



?J
o I X NH
© b Organocatalyst 74 b N__~ O//]\NH
(0.1 mol%)
Toluene, rt ArS
77
Fs;C CF

94% ee 3

74

Scheme22. The first catalytic sulfaMichael reaction

The cinchonidinkirea catalyst74 produced greater ee thainchonidine (44)

produced. Hence, Houk and coworkers proposed that changing catalyst may alter

the mechanismDual activation ofcinchonidinéurea catalys74 may stabilizes

transition state, furtheWy nber g6 s mo d el -quinachdniestgmt s t hi ol a
ion pair and quinine hydroxy grotgyclohexanone oxygen hydrogen bond.

HoukOd6s computational i nvesti gétolatmin conf ut es
bonded to hydroxy group o€inchonidine (44) and cyclohexanong&76) is

activated by ammoni um i on of guinuclidini
preferred because of the stabilization of developing alkoxide by proton transfer

from quinuclidinium imng (Figure 13.

Wynberg's model Houk's model

Figure12Wy nber g 6 s mnsiton stateuriodels t

Their study also reveals that the urea acidic part preventagmgiégation of the
catalyst via the interaction with methoxy group of quinoline ring due to the
increasing steric demands. The increasing steric demands can conduce to catalyst

concentrationndependengnantigelectivity.
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After one year,Wong and coworkergostulated the modes of bifunctional

activation of carbois ul f ur bond forming step. Mo d e
mod el whereas Mode B represents Houkods m
D were suggested, but they were not found to be energetically falboeeover,

the steric repulsion between chalcone and catalyst disabled the interabgon.
investigations indicate that mode B is more favored in terms of further
stabilization of the dealoping alkoxidgFigure 13.

R~ R~ ’ ‘
, N '
/ +/N\ ! ,/ +/N\
| o R | E W R
Evw Nu NU

C D

Figure 13. Bifunctional activation modes

Wong and coworkergested the possible modes of activation in the dditzhael
addition of phenylmethanethiqB0) to chalcone(79), using squaramide type
quinine catalys78. Mode B is favored also for squaramide type catalgsiMore
acidic squaramidestabilized thiolate ion better and trifuoromethyl groups also
increased acidity and stabilize the transition stabeemConsequently, excellent

yield and ee were obtain¢g8cheme 28*

PO
o}

o S
Ph
Organocatalyst 78 M
Ph){/\Ph + HS—/ (1 mol%) Ph Ph

Toluene, rt
79 80 81
96% yield
97%ee

Scheme23. Squaramide type quinine catalyzed stiechael addition
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In 2009, Ellmann and coworkers performed sifizhael addition of thioacetic
acid (83) to the most common Michael accepttgns( bn)trostyreneg64) by
the catalysis oftert-amine/sulfinyl urea82 with excellent yield and ee. The
formed aminothioB4 involves in compounds of pharmaceutical inte(&stheme
24).

NG iPr o o
2
N0z )Cj)\ Organocatalyst 82 @—( 0 \"S\NJ\N\“
+ SH (5 mol%) S\( P o1 NMey
r r
64 83 CPME, -78°C o 82

95% yield
84% ee

Scheme24. Organocatalytic sulfvichael addition to nitrostyrene

The investigation of the diastereoselectivity in sifehael reactions are limited,
compared to the ones about enantioselectividne of thesestudies, belorgto
Wang and coworkers, examines kinetic and thermodynamic control in sulfa

Michael addition of thiols to nitroalken¢Scheme 252

SH NO, NO,

R? 1= 1
R%NO + 10 mol% NEtg R\‘/\RZ + R\‘/LRz
2 DCM, rt SPh SPh
85 75 anti-86 syn-86

Scheme25. Michael addition to nitroolefins

The reaction yields bothnti- and syn products.Full conversion occurs after 1
hour. But, after addition of triethylamine and stirring only for 10 seconds, 70%
yield is obtained andanti/syn selectivity is 93:7. Interestingly, after 1 hour,
anti/synsekectivity drops to 40:60. The decrease in selectivity is attributed to the
kinetic and thermodynamic contralf the reaction SulfaMichael addition is
kinetically controlledat first, but thermodynamically controlled at the end. Hence,

the reaction time ikey factor for diastereoselectivitifpimerization occurs in the
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presence of triethylaminélhe steric bulkiness on vicinal carbon to nitro group
causes a depression in diastereoselecti@ty.the other hand, increased steric
hindrance on germinal carbodeclines the epimerization andnproves the

diastereoselectiwt(Figure 14).

QH H  CR
o H ’ R PhS cl,
N A N
_N R R N ,H
6_ 02N 9
SPh S, N R
Ph syn-86

Figure 14. Transition state of sulfichael addition to nitroolefins

T h elacamsystems arevell-known becausef their antibiotic properties and

various biological activities. Although the intramolecular additiorb-d&ctams is
highly studied, there are not mu<ch art.
lactams for desymmetrizatiolChauhan and coworkers plannad asymmetric
sulfaMichael addition/ protocol for 2;6yclohexadienoné-lactam (87) which

led to dynamic kinetic resolution. A quinine based squaramide type
organocatalyst78 was employed in the addition of thiophen@l5) to 2,5

cycl ohexzalaciae @9mne® B orm spi rlacam88lwitthh e x ene
excellent ee and good yie{8cheme 26%3

SH

+ Organocatalyst 78
(2 mol%) EtO,Cr+
1,4-dioxane, 13°C

75

76% vyield
90% ee

Scheme26.De sy mme t r i-lactarh devativeo f b

Biologically active and synthetically useful isatin derived ketimines are used in
many transformations. One of them is the addition of thiophéf)lto N-Boc
protected isatin derived ketimir@0 in the presence of chiral phosphoric acid

organaatalyst89. 1,2Addition of thiols is not a common protocol, besides this

22



work is the first example of asymmetric dddition of thids to isatin derived
ketimines The highly selective adduct, oxindole bag8¢dN)-acetal91 may be

precursor for bioactive compousitSchene 27)%

%o + Organocatalyst 89 @E;o
N (1 mol%) E

Toluene, 0°C

90 75 91

92% yield
93% ee

Scheme27. Phosphoric acid catalyzedIfa-Michael addition to isatin derived ketimines

In the same year, Nakamura and coworkers also developed a protocol-for 1,2
addition of thiols to isatin derived ketimine83. The addition reaction was
performed in the presence of quinine derived sulfonamide ca®@lygth various

thiols. They also obtained oxindole basg] N)-acetal 94 with excellent ee

(Scheme 28§°
%
Q ome (N

(0]
N//< XNH SR!
R'SH Organocatalyst 92 o \
N o =+ (10 mol%) N | o~ Ns
Me Toluene, -80°C Me N OU
93 94 92

90-99% vyield
82-99% ee

Scheme28. Quinine derived sulfonamide catalyzed stNfichael addition to isatin
derived ketimines

The cascadeMichael/Michael reactions lead to many bicyclic and spiro
compounds. Moreover, starting from simple and readily available starting
materials transforms into complex molecules in reduced steps, with reduced
waste.One of the pronounced meith is the synthesis athromans.Chroman
skeleton is present in many biologically aeticompounds such &s-siccanin,

exhibiting antifungal activity,and Gamma secretase inhibitor, a potent in the
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treatmento f Al zhei mer 6s di asease. I n 2010,

sulfaMichael/Michael cascade reactionmthiocresol(96) and nitralefin enoate
97 by the catalysis diert-amine attached thiouréb. At low catalyst loading, the
diasteree and enantioselectivity of the chrom®@®8 reached to 90%{Scheme
29).4

SH ‘ NO, P, Q .

+ Organocatalyst 95 ©\/'\/’k/ *N\\ HN%HN“‘ Ph
L, o\ COEt (3 mol%) o CO,Et &
96 97

DCM, rt Ph
ArO,SHN
98

95% yield 95
95:5 dr 90% ee

Scheme29. A sulfa-Michael/Michael cascade reaction

A withstanding instance of Domino sulfdichael/Michael reactions ishé
synthesis of trisubgtited tetrahydrothiophenel00 from mercapte2-butenoate
99 and nitrostyrened?2 with tert-amine/thiourea cataly$tl with goodselectivity.
The authors statedhat dynamic kinetic resolution occurs in addition to

stereocontrol through hydrogen bondiggheme 3%

CFs
EtO,C NO, s
0 Organocatalyst 61 )L
o NO, 9 b —
HSMOB + RTY (10 mol%) s” R NN CFs
61

N
99 42 CHClj, -40°C 100 NN

51-93% yield
6:1-30:1dr,
92-97% ee

Scheme30. A domino sulfaMichael/Michael reaction

In 2012, Xiao and coworkers published an inspiring study about organocatalytic

sulfaMichael/aldol cascade reaction 8fylideoxindoles101 and 1,4dithiane
2,5diol (102. The quinine derived squaramid® mediatel reaction proceeded
through formal [3+2] annulatio to yield spirocyclic oxindolel0O4. Excellent
enantioselectivities were obtained in mild conditi¢®sheme 315’
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s
HOGOH
s

102

H
EtOzC s

EtO,C N
JK/SH Organocatalyst 78 "OH FsC
(1 mol%) /=0
R MeO

DCM, MgSOy, 15°C

104
74-96% yield
4:1-19:1dr
83-91 % ee

Scheme31. A sulfaMichael/aldol cascade reaction

1.41satin

Isatin wa independently discovered by Erdmann and Laurent in 1841, as an
oxidation product of indigaddofmman and Baeyer conducted several experisnent
in order tofind out the structure of isatin. But its current structure was suggested
by Kekulé. As Baeyer found out isatic acid selith the treatment of isati(lL05)

with a baseKekulé discovered thatsatin (105) is the lactam of the isatic acid

salt*®

Isatin is found in plants ajenuslsatis and a metabolic derivative of adrenaline in
human body® Furthermore, it is found in many natural and synthetic
pharmaceuticalyR)-(+)-Dioxibrassinin(106) is located in the cytoplasm of cell
and also in brassas and cauliflower, which makes it a potential biomarket.
benzothiazine linked isatin derivatived07 have antifungal activity’
Phthalimidoxy substituted sphthiazolidinonel08 has good antibacterial activity
(Figure 15.%1

¥ o)
s
HO M | D s/\i
K N SCH3 s N. _ph
N % 7 N”
(0] 0 N 0
N N""o F Ph
106 107 108

Figure 15. The natural products bearing isatin skeleton
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Its preciousstructure permits isatiil05 to take part into many transformations.
The carbonyl carbon at third position has highly electrophilic charattereas
nitrogen of the amino group acts as nucleoplle.demonstrated in Figure 16

the reaction of C3of isatin (105 with hydrazinecarbiioamide forms thio-
semicarbazon€109). In the presence of a nitroalkane and a base, the C3 gives
Henry adductL10 Indolylation of isatin(105) in acidicmedia yieldsl11 N-alkyl
substituted isating12are synthesized fromsatin (105 with an alkyl haliden the
presence of potassium carbonats-halosacchrains are monohalogenation
reagents for morbalogenation of isatigl05). Schiff base of isatiri13 can be
easily produced by using a primary amine and acetic acid. A secondary amine
addition to the Schiff bas&l3in formaldehyde transforms it into Mannich base
115(Figure 16.°

NH,
s~

NH o
N
L i °
o N
N HzN‘N)kNH2 RX, K2CO3
H H DME 112
109
0
HO o) ©5<NX o]
NO, H3C-NO, s\\ X
0O ~— o oo o
N 5 mol% DABCO N - ’ N
H H SiO,, DCM H

113

Fe (I, RNH,, CH3COOH
HZO EtOH (3:2) EtOH, reflux
HO |- NR
N OHcro™
H
114

115 ‘Rz

Figure 16. Selected reactions of isatin

The Henry adducti10 can undergo the elimination reaction of the hydroxyl
group. The product, isatin derived nitroalketi6 is found in the structure of the
natural products such as Wasalexin (A17) which is antimicrolal and
antioxidative substancend found in Japanesenseradisi?? N-alkyl substituted
isatin derived nitroalkenet18 also shows cytotoxic activity against lung cancer
cells(Figure 17)>3

26



/
(0]
N
o O,N / R
OH / 117
\ O  elimination o)
N MeS
H H >]/SMe
110 116 ~~ N
/
(0]
N
H

118

Figure 17. The isatin derived nitroalkene part in natyredducts

The diversed reaiwity of isatin enables to form spirooxindoles that are potent
drug molecules. For instancdecarbaylative cyclization ofN-subsituted isatin
112 with carboxylatel17 gives spiooxindole118in the presence of Pd metal and
BINAP catalysts 116 selectively. Further transformations are possible after

cyclization such as reduction of amine candaof the productl18 (Scheme 3R
50

LiAlH4, THF,
0°Ctort

(e}

R Ar_
R“0,Cak
PACp(C3Hs) (5 mol%) —a
R202 Catalyst 116 (10 mol%) ©‘\

N
R
112 118 119

OCH3 85-94% vyield

73-87 %ee

88:12-95:5dr
‘CH3
O:%

Scheme32. An instance for the synthesis of spirooxindoles

1.5 Aim of The Work

The nitroolefines are the most common Michael acceptors due to their high

reactivity. The electronwithdrawing effect of the nitro group eases any
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nucleoplilic attack through nitroolefii* Moreover, the nitro group is a
multifunctional group, it can transform into several functional groups such as
oxime, nitrile oxide, amine, azide, and even carbonyl compounds by Nef reaction
(Figure 18)%°

P
=N-0
nitrile oxide

|

NH, NO, NN
= L= L
amine / \ oxime

N3 O
N
azide carbonyl

Figure 18. Transformation of nitro group into some functional groups

On the other hand, the pharmaceutical properties of iqafdy) such as
antifungal, anxiogenic and antibacterial activities, aforementi@ieEye, make
isatin an attractive precursor for many transformations. The highly reactd/e C
carbonyl group of isatiflL05) is a prochiral center as wel?.

In the light of this information, isatin derived nitroalkeh¥7 can be a beneficial
acceptor forMichael additions. The asymmetriaulfa-Michael addition, the
valuable one among other Michael additions, gives rise to enantio enriched
organosulfur compounds that can be utilized for pharmaceutical purposes or
further transformation® Thioglycolatesare less toxic and relatively inexpensive
sulfaMichael donor. What is more, the study of Northrop and coworkers reveals
that U ,-umsaturated ketones reacts selectively methyl thioglyc¢l®@ in the
presence of thiophendl75).>’ Considering all of theseenantioselective suka
Michael addition of methyl thioglycolat@d20) to isatin derived nitroalkenelsl7

would be a convenient work (Scheme 33).
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O,N

y/ OCHg3;
2 S N Q L o N
R°—; O HS\)J\ Bifunctional R
Z N OCHj3; organocatalyst Z N

R’ R'
17 120 121

Scheme33. SulfaMichael additionof methyl thioglycolat€120) to isatin derived
nitroalkenesl17

The asymmetric sulidlichael reaction was planned to achieve by the catalysis of
our bifunctional organocatalysts. Solvent, temperature, catalyst loahdg
concentration screenings and derivatization studies were done in order to enhance
enantioselectivity. The second part of our synthetic plan was the reduction of nitro

group ofl121in order to cyclize the resultant molecule. (Scheme 34)

OCHj3 OCHj3
R2—— 0O —/—— R2? CBS: —_—— R2 CPS:
N

R
121

Scheme34. The £cond part of the synthetic plan

The cyclization product involves thiomorpholiBeone moiety which is present in
natural products and drugs. For instance, thiazine derivatives have potassium
channel opening activit}? One of thenatural products, Conicaquiodeis used in

the treatment of brain tumét.Thienothiazine based compounds are vasopressin
receptors and have antagonistic activity (Figure®09).
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° " )
S s
Conicaquinone A Thiomorpholin-3-one Thienothiazine based compounds

Figure 19. Natural product and drugs bearing thiomorpheBrgne
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CHAPTER 2

RESULTS AND DISCUSSION

2.1  Synthesis of tAdamantyl Squaramide/Quinine Type Organocatalyst
Q)

All the studies done in thikesis aimed to get enantiomerically enricheethyl
thioglycolate attachetbatin derived nitroalkene derivativeShiral induction has

been tried by asymmetric bifunctional acid/base type organocatalysts developed in
our research groupvhich are quinineand 2aminoDMAP based bifunctional
organocatalysts. Their acidic parts consist ehdamantyl squaramide,- 2
adamantyl squaramideert-butyl squaramide, urea and thiourea ufiitds a
representative example, herein, the synthesisaafalnantyl squaramide quinihe

is given (Scheme 35%

/i 1. PPhy, 50°C Y
N N
Ns 2 H,0, 1t NH;

_ EoH A
reflux DCM EtO N

HO"  OH  ggo 45,  EtO°  OE

DCM:MeOH
(1:1)
t, 48h

Scheme35. Synthetic route applied forddamantyl squaramide/quini(ié
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The basicpart of organocatalyst was prepared by applying Mitsunobu reaction,
followed by Staudinger reductiorf? The acidic part synthesis of target
organocatalystbegins with squaric aciflL27) which was refluxed in ethanol for
4.5 h to afford diethyl squarat@l28) with quantitative yield.?® Subsequent
addition of tadamantyl amine to diethyl squargtE28) in DCM resulted in
monosquaramidé?29 at room temperature for 24 h. The already prepared acidic
and basic parts combined by stirring in 1:1 ratio of DCMMesolvent system to

yield desired organocatalyisf?

2.2 Synthesis ofN-Methyl Isatin Derived Nitroalkene 117a

As the first stepN-alkylation reaction was carried out. Methyl group was chosen
as model alkyl group due to its simplicity. The proceduar¢he literature was
applied.® Potassiuntarbonate and iodomethane wadeled to the solution of isatin
(105) in acetonitrile. After acidic workup, the produdB0a was purified by
recrystallization with ethyl acetatin the second step, Henrgactionwas performed

via the additiorof diethyl amine and nitromethane to themethyl substituted isatin
131lain DCM. The resultant hydroxyl unit was transformed into a good leaving group
by thionyl chloride and subsequent elimination triggered by pyridfféded the
target isatin derived nitroalkeri 7a as (E)- and (Z)- isomers (E):(Z) ratio 3:1)

with moderate yield (74%{5creme 3.8

o O,N

1. K,CO4 1. CH3NO, 1. SOCl, y/

(0] 2.CH3I o 2 NHEt2 o 2. Pyrldme o

N

N CH4CN, rt. Me DCM, 0°C Me DCM, o°c N
105

130a 131a 117a
(E)-isomer
(major)

Scheme36. Synthetic route applied fod-methyl substitutedsatin derived nitroalkene
117a
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The structure of diastereomers was identified by meansidf NMR. The
nitroalkene hydrogen di)-117aresonated at 7.91 ppm because of the effect of
the deshielding zone of the amide carbonyl group whefZpsll17a olefinic
hydrogen was observed at relatively higher field as 7.50 BgrilIMR spectra of
(E)- and(Z)- isomersare given in Figure A.2.

2.3 Organocatalytic Sulfa-Michael Reaction

The background suliichael reaction of methyl thioglycolatét20) with N-
methyl substitutedN-methyl substitutedsatin derived nitroalkengl7awas carried
out at room temperature with DABCO usedbase catalyst in DCMThe major
isomerl2laas a result of sulidichael reaction with respect to nitro unit was
formed in 67% vyield, whereas minor isoniE32a as a result of sulfdichael
addition with respect to amide carbonyl moiety was also isolate2ll % yield
(Scheme 3p

O
OaN O2N OCH3
/ OCH,4
o 20 mol%
DABCO
o + HS\)J\
y OCHj DCM rt
Me
117a 120 rac-121a rac-132a
67% yield 21% yield

Scheme37.The background suliMichael reaction

The structure elucidation ofc-121ahas been done by4 and**C NMR. In 'H

NMR, diastereotopic methylene protoatigned between sulfur and carbonyl
moiety resonated at 3.60 ppm as doublet of doublet 16.4 Hz) whereas the
other methylene diastereotopic protons resonated at 5.16 ppm as doublet of
doublet § = 14.3 Hz). Tiolene reaction was also considered asrd&etion that
formed12l1a Therefore, the reaction was carried out at dark atmosphere and TLC
check has also be done at dark medium, yet thdtsedo not change undiérese

conditions.
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Asymmetric version of sultdichael reaction has been screened witberies of
chiral bifunctional organocatalysts in DCM with 10 mol% catalyst loading at

room temperature. The results are summarized in Tlable

Table 1. Catalyst Screening

O,N o
/ OaN s\)\\OCHg,
(0] . !
10 mol% bifunctional *
o * o
N HS\)kOCH3 organocatalyst (I-X) N
Me Me

DCM, rt

117a 121a

Entry Organocatalyst  Time Yield %2 ee %P

1 I 48 h 62 43
2 Il 48 h 26 39
3 1] 48 h 13
4 A% 48 h 18
5 \Y, 1h 67 28
6 Vi 4 h 22
7 Vi 8 h 59
8 VIlI 48 h 27 41
9 Xl 24 h 17 10
10 X 10 h 10 31

All of the experiments are conducted with 0.2 Ma: isolated yield b:
Determined by HPLC using ASH chiral column with 80:Bthexane:i-
propanol eluent at ImL/min flow rate and 254 nm
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The yields were low because of the side reactior8ddmantyl squaramide
detected the catalystAdd@nanty

squaramide/quinin@l) and thiourea/quininéVIll) catalysts were the promising

quinine  was as best working

one among the others in terms of enantioselectivity.

After choosing the best working catalyst, solvent screening was done with 1
adamantyl squaramide/quinif@ with 10 md % percent catalyst loading. Again,
temperature was kept constant and the electrophile:nucleophile ratio was 1:1.2.

Table 2. Solvent screening

OZN/ . OaN 3\3\\00H3
117a 120 121a
1.0eq 1.2 eq.
1-adamantyl
squaramide/quinine (I)
Entry Solvent Time Yield %2 ee %P

1 Toluene 24 h 27 12
2 THF 10 min 53 59
3 Chloroform 48 h 20 11
4 Xylene 4 h 21 57
5 1,4-dioxane 30 min 19 45
6 Diethyl ether 2h 31 31
7 n-Hexane no rxn
8 Acetonitrile 48 h 45 46
9 1,2-Dichloroethane 72 h 8 46

All of the experiments are conducted with 0.2 Ma: isolated yield b:
Determined by HPLC using ASH chiral column with 80:Rthexane:i-
propanol eluent at ImL/min flow rate and 254 nm
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The model reaon was tried by using ninsolvents. Using THF increased
enantioselectivity considerabbnd the reaction duration decreased drastically to

10 min The other solvents did not have a good impact upon enantioselectivity.

The promising Zadamantyl squaramide/quinirfd) and thiourea/quiningVIll )
catalysts were also & with various solvent§ he chosen solvents were the ones

gave relatively better results. But we did not observe a cut above result (Table 3).

Table 3. Solvent screening with-ddamantyl and thiourea squaramide/quinine
(11-Vv1n)

O,N (0]
/Z/ O,N S\)LOCHS
O
o -+ 10 mol% 2-adamantyl squaramide * le)
N HS\)J\QCH3 and thiourea/quinine (II/VIII) N

Me Me
117a 120 solvent, rt rac-121a
67% yield
I R= @ 0 N\
HN<>:O
HN-..,,
N
VI F30\©/H\ﬂ/
S
CF, I/VIII
Entry Organocatalyst Solvent Time Yield %2 ee%?"
1 I Toluene 48 h 22 46
2 1 THFE 4 h 23 4
3 I Chloroform 40 h 32 13
4 I Xylene 16 h 26 40
5 1 1,4-dioxane 30 h 9 42
6 1l Toluene 48 h 10 20
7 1l THF 6 h 40 32

All of the experiments are conducted with 0.2 M: isolated yield b: Determined by HPLC using ASF
chiral column with 80:2®-hexanei-propanol eluent at 1mL/min flow rate and 254 nm
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The next optimization step was changing temperature. Lowering the temperature
was known to increase enantioselectivity. The catalyst, its loading, solvent and
electrophile:nucleophile ratio kept constant. Howebeth yield and ee decreased
drastically. The result was attributed to low solubility ofadamantyl

squaramide/quinine at low temperatuf€able 4).

Table 4. Temperature screening

O,N Q
/Z O,N S\)LOCH3
(0]
o + 10 mol% (1) * o)
HS - s
N \)J\OCH3 THE, To0 N

Me Me
117a 120 121a
1.0 eq 1.2 eq.
1-adamantyl
squaramide/quinine (I)
Entry Temperature Time Yield %2 ee %

1 0 30 min 41 57

2 -20 1lh 21 3

3 -40 6 h 22 3

All of the experiments are conducted with 0.2 Kl.isolated yieldb: Determined
by HPLC using ASH chiral column with 80:2@hexane:i-propanol eluent at
1mL/min flow rate an®54 nm

10 mol % catalyst loading could cause the -agfjregation of -hdamantyl
squaramide(l). It has tendency to make-lbbnding itself consequently, the
coordination ability of the organocatalyst with isatin derived nitroalkE2@

might have been decreased which affects the enantioselectivity adversely. Thus, 2
and 5 mol % catalyst loadings were screened at formerly optimized conditions.
Catalyst loading was not scaleg further than 10 mol % becaukev catalyst
loading is prizedn concern with atoreconomy. The screening study indicated

that selfaggregation is not the reason for the moderate selectivity. Decreasing the
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catalyst loading to 5 mol % declined enantioselectivity. We did not even observe
product at 2 mol % catalystading (Table 5).

Table 5. Catalyst loading screening

O,N Q
/ OoN 3\)\\OCH3
? 1% (I) *
o + x mol% 0
HS Bl
N \)J\OCH3 THF 1t N
Me ! Me
117a 120 121a
1.0 eq 1.2 eq.

1-adamantyl
squaramide/quinine (I)

Entry Catalyst loading % Time Yield %2 ee %
1 5 48 h 54 30
2 2 not isolat

All of the experiments are conducted with 0.2 [st. isolated yield b: Determined
by HPLC using ASH chiral column with 80:20-hexane:i-propanol eluent at

Last parameter was the concentration of tkaction mixture The reaction
durationwere not prolonged, nevertheless the side reactions overcame the sulfa
Michael reaction when concentration of isatin derived nitroalkene was raised due
to the sensitive nature of isat{h20). We observed slight increase in terms of ee
from 59% to 61% byncreasing the nucleophile concentration twoffl@ble

entry 4.
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Table 6. Concentration screening

Entry [El] [Nu]
1 0.24 0.2
2 0.2 0.2
3 0.2 0.3
4 0.2 0.4

Time Yield %2 ee %

10 min
10 min
20 min
14 min

22
54
54
56

28
33
51
61

All of the experiments are conducted with 0.2 Ist.isolated yield b: Determined
by HPLC using ASH chiral column with 80:26-hexane:i-propanol eluent at

ImL/min flow rate and 254 nm

O,N

/ o+ HS\)CJ)\ 10 mol% (1)

N OCH; ~ThHE 1t
117a 120

o
ON— s Joch,
* =0
N
Me
121a

1-adamantyl
squaramide/quinine (I)

2.3.1 Effect ofN-Substitution on Isatin Derived Nitroalkene

Any substitution orlN-position of isatin(120) can changdoth the reactivity and
spatial orientation of the molecule. Derivatization studies beganNuatlkylation
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reaction of isati105). Therefore, we havsynthesizedN-ethyl, allyl, and benzyl
substituted derivativelBy using corresponding alkyl, allyl and benzyl halidds.

ethyl substitution reaction was carried out by using ethyl iodide under reflux. In
N-allylation and benzylation reactions, allyl bromide and benzyl bromide were
used as alkyl halides and potassium iodide was added for Finkelstein reaction.
Afterward, Henry reaction procedure was appliedNtethyl and allyl substituted
isatins130b-c. N-benzyl substituted isatih30d did not afford Henry adduct with

the same procedure. More harsh conditions was required in the synthesis of it.
(Scheme 3B Unsubstituted isatif105 was also triedScheme 3P At the end,

isatin (105 and threetypes ofN-alkyl substituted isatind30b-d yielded isatin

derived nitroalkene$16and117b-d via additiorelimination mechanism

O,N
o 1.S0Cl, /)
@o 1. K,CO;4 1. CHaNO, @ 2. Pyridine @ELO
N _2.R'X N 2. Base DCM, oM. e N
H CH4CN R DCM, 0°C R
130b-d 131bd 117b-d

117b R2X= Etl Base= NHEt,
117¢ R?X= AllylIBr Base= NHEt,
117d R2X= BnBr Base= NaOH

Scheme38. Synthetic route foN-substituted isatin derived nitroalkeh28>-d

O 1. S0Cl,
1. CH3NO, @ 2. Pyrldlne @
H DCM 0°C

105

Scheme39. Synthetic route for isatin derived nitroalkeliz8a

Optimized conditions were apetl with derivatized substrated17b-d.
Interestingly, yields of all derivatives were greater than thatNehethyl
substituted adduct21a Unsubstituted substratedl6 also gave good yield. The
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side reactions were diminished by the aid MNfsubstitution derivatization.
Although a considerablencreasewas not detected with other derivativés,
benzyl substitution led to a significant increase in enantioselectupty 70% ee)
(Table 7)

Table 7. Effect of N-substitutian on isatin deriveditroalkenel29ad

O,N Q
/ ON— s MocH,
\)(j)\ 10 mol% (I) *
o + mol% o)
HS o
N OCHs  THF, rt N
R’ R!
116 120 133
117b-d 2.0 eq 121b-d
1.0 eq

1-adamantyl
squaramide/quinine (I)

Entry R? Time Yield %2 ee %P
1 H 10 h 80 25
2 Ethyl 24 h 80 57
3 Alyl 1h 84 59
4 Benzyl 2h 75 70

All of the experiments are conducted with 0.2 Bl.isolated yieldb:
Determined by HPLC using ASH chiral column with 80r2Bexane:
i-propanol eluent at 1mL/min flow rate and 254 nm
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As we observed the significant increase in enantioselectivity Witenzyl
substitution, we decided to do further optimization studi#SM and toluene
were tri@l as solvent, methyl thioglycolad20 concentrationwas increased,
catalyst loadingand temperature were decreased. Though, we could not improve

the enantioselectivity (Table 8).

Table 8. Further optimization studies f-benzyl substituted isatin derived
nitroalkenel28d

O,N Q
/ ON— ¢ OCH;
o "
+ HS\)J\ x mol% (l) o)
B OCHs  sovent, T°C N
n Bn
117d 120 121d
1.0 eq 2.0eq

1-adamantyl
squaramide/quinine (I)

Entry [Nu] Cat.(mol%) Solvent T (°C) Time Yield %2 ee %

1 0.4 10 DCM rt 20 h 63 51

2 0.4 10 Toluene rt 24 h 39 47

3 0.6 10 DCM rt 4 h 41 35

4 0.6 10 THF rt 8h 69 13
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5 0.4 5 DCM rt 24 h 92 27

6 0.4 2 DCM rt -
7 0.4 10 DCM 0°C 48h 70 37
8 0.4 10 DCM  -20°C 40h 43 41

2.3.2 Derivatization Studies

Various isatin derived nitroalkene$l7e-n were synthesized starting from
commercidly availablesubstituted isatins. The formation of bdth)- and (Z)-
117e-n werealso observed while synthesizing these derivativesth&llreactions
were carried out by using 20 mol% DABCO as base in THF at room temperature.

The yields are summarized 8theme 40

0 O 1. CH3NO,
e ni e 2
S =0 Iy N 3AC|d|c
R H

CHSCN' R2 Bn workup
105e-n reflux 130e-n DCM, 0°C 131e-n
1. SOCl,
2. Pyridine
DCM, 0°C
OoN OoN OoN OoN OoN
/ / / / /
(0] (e} 0} 0} (e}
N N N N N
F Bn Br Bn Me Bn MeO Bn O,N Bn
117e 1M7f 1179 117h 117i
28% vyield 10% yield 23% vyield 18% yield 6% yield
O,N O5N O5N O,N OyN
Ve ) N ) ) ) )
(0] (o} (0] (0] (e}
N N N N N
Bn Bn Bn Bn Bn
Me Cl F Br Cl
117j 117k 1171 117m 117n
39% vyield 16% yield 18% yield 8% yield 22% vyield

SchemedO. Various Nbenzyl substituted isatin derived nitroalkeié3e-n and their
isolated yields
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Subsequently, all further derivatives underwent to sMiighael reactions under
optimized conditions. Whilehe yields are moderate, ee values could not reach
that of N-benzyl substituted nitroalken&21d. Unexpectedly, the electron
withdrawing groups had aettactive effect on ee (Table éntry 1, 5, 7). While
electrondonating groups affected en@selectivtiy mildly (Table 9 entry 34).

Table 9. Derivatization Studies

O,N Q
) ON S\)\OCH3
RIS o+ HS\)CJ)\ 10 mol% (1) R1€§;O
Z N OCH3 THE 1t Z N

Bn Bn
117e-n 120 121e-n
1.0 eq 2.0eq.
1-adamantyl
squaramide/quinine (I)
Entry 12le-n Time  Yield %2 ee %
o
1 . °Z”\3§s 48 h 50 25
gn ° 121e
o]
2 8 ocks 36 h 58 47

o 2h 78 47

4 @\3; on  24h 44 59

5 ozN\E§</iJOLOCHa 30 mln 67 9

ock, 2h 70 59

7 o °:”\)§s ocks 22 h 80 39
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8 3JL 1h 75 29

F

O

9 2"?55%% 3h 66 47

Br

10 s toon 6h 71 13

N 121n

] Bn

All of the experiments are conducted with 0.2 M. a: isolated y
b: Determined by HPLQ@sing ASH chiral column with 80:20-n
hexane:4propanol eluent at 1mL/min flow rate and 254 nm.

2.3.3 Utilization of SulfaMichael Adduct

It is known that isati{105) take part in lots of spiro annulation reactions which
yield numerous biologically active compounds. In our research, we attend to
synthesize spirooxindole thimorphoigione 123 through the reduction of nitro
group following nucleophilic attack of amingroup to the glycolate carbonyl
carbon. In the first step, the reduction was achieved by ammonium formate and
Pd/C catalyst. The procedure in the literature was adapted. The reaction was set

up at room temperature and heated tdG0and stirred overnighHaving been
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filtered through a bed of Celite, the product was purified by column
chromatography and obtained with an acceptable yield (60%).

(0]
OCH3z  Ammonium formate HoN S OCH;
20% Pd/C
\ MeOH, rt to 50 °C 0
N

Bn Bn
121d 122d

Schemedl. Reduction of nitrayroup

In the second step, the cyclization reaction was tried to achidwee.applied
procedures were prepared by getting inspired from some works in the
literature®*2¢ The reaction was carried out under both acidic and basic conditions.

The temperature was ireased. But the attempts did not lead to success.

; OCHs

122d 123d
20% NEtz, DCM, rt/

20% NEtz, DCM, 50 °C /
30% DBU, DCM, rt/

5 % HCI, EtOH, rt/

10% HCI, EtOH, 60 °C

HN

(@]

Schemed2. Trials for the cyclization reaction
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CHAPTER 3

EXPERIMENTAL

3.1 Materials and Methods

The instruments used for thbaracterization of the compounds are listed below.

Nuclear magnetic'!d NMR and **C NMR) spectra were recorded on Bruker
Spectrospin Avance DPX 400 spectrometer, using @R€lsolvent. Cémical
shifts are reported in p per million (ppm) frontetramethylsilane as internal
reference. Spin multiplicities were specified as s (singlet), bs (broad singlet), d
(doublet), dd (doublet of doublet), ddd (doublet of doublet of doublet), dq
(doublet of quartet), t (triplet), g (quartet), m (multiplet), deeptet). The
coupling constantsJ) were reported in Hertz (Hz).*H NMR and **C NMR

spectra of the materials are given in appendix A.

HPLC chromatograms were recorded on Thefimmigan HPLC system. Daicel

ASH and ODH chiral columns were used witthexane/2propanol as eluent.

HPLC chromatograms are given in appendix A. Optical rotations were measured
with Rudol ph Scientific Autopol m{cl!l pol a
ingperl0OOmls ol vent ) .

I nfrared spectra werPel aothitnauimm eAdl Ro ra nBIr bkaenrd
were repdri hedpHRMS datawere detected on Agilent 6224 TOF
LC/MS at UNAM, Bilkent University

All the reactions were monitored by TLC using precoated silica gel plates (Merck
Silica Gel 60 Bs4). Visualized by UVlight. Flashcolumn chromatography was
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performed on silica gel 60 with particle size of 046300 mm by using thiek

walled glass columns.

Compounds were nad by using ChemBio Draw Ultra.

3.2 Synthess of 3Amino(9-deoxy)quinine (1)

The literature procedure was applied. Quin{@g4) (3.24 g,
10.0 mmol) and 1.2 eq triphenyl phosphine (3.15 g, 12.0
mmol) were dissolved in 50 mL of dry THF. After the solution
was cooled to T, 1.2 eq diisopropyl azodicarboxylate (2.43 g,

12.0 mmol) was added to the solution. The solution of diphenyl
phosphoryl azide (3.30 g, 12 mmol) in 20 mL of dry THF was cooled@éahd
added dropwise to the initial solution. After the reaction mixture reached to room
temperature, 1 mL of water was added. The reaction was stirred for 3 h. The
solvent was evaporatad vacuo,The residue was dissolved in 1:1 ratio of 100
mL of 10% hydrochloric acid:DCM. The aqueous phase was washed with DCM
for four times. The combined orgampbases werdried over MgS@, and filtered.

The solvent was removeth vacuo. The residue was purified by column
chromatography on silica gel (EtOAc/ Kel/ NEt; = 50/ 50/ 1 as eluent).-9
amino(9deoxy)quinine(126) was obtained as yellowish viscous oil with 70%

yield.

Spectroscopic data weeensistent with the literaturé.

3.3 Synthesis bl-Adamantyl Mono-Squaramide 128

Squaric acidl27 (500 mg, 4.3 mmol) was reflex for 3 h with 7

(0] (o]

E?(;:fN@ mL of dry ethanol under argon atmosphere. Having evaporated
H
129 the solvenin vacuo,the method was repeated for three times for

30 minutes reflux. The reoval of ethanol yields pale yellow oil
diethyl squaratd 28 with quantitative yield. After dissolving diethyl squarat@s
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in 4 mL DCM, 1 eq 1adamantyl adamine (650 mg, 4.3 mmol) was added to the
solution. The reaction was stirred for 24 h at room temperature -addrhantyl
Mono-Squaramidel29 was purified with silica gel and 1:3 ratio of EtOAc:
Hexane as eluent, and obtdhas white solid with 90% vyield.

Spectroscopic data weeensistent with the literaturé.

3.4 Synthesis of Adamantyl Squaramide/ Quinine catalyst |

l-adamantyl Mone&Squaramide 129 (3.55 mmol,
1000mg) was added to a solution ofa®ino(9
deoxy)quinine (126) (3.55 mmol, 1146 mg) in the
mixture of DCM:MeOH (1:1). The reaction was
stirred for 48 h at room tempatusnd loaded into

silica gel column (EtOAc/ MeOH = 90/ 10). The organocatdlysas obtained as
white solid with 92% yield.

Spectroscopic data weeensistent with the literaturé.

3.5 Synthesis oN-Methyl substituted Isatin derived Nitroalkene 11&a

According to literature procedure, isa(iti05) (400 mg, 2.72
: /Z mmol) was dissolved in 15 mL of dry acetonitrile. 1.2 eq
Me K2CGOs (450 mg, 3.26 mmol) and 3 eq iodomethane (1158 mg,

8.16 mmol) were added to the solution at once. After stirring

the reaction overnight, the solvent was remoireddacuoand the residue was
diluted with EtOAc. After the aqueous phase was washed with EfGAfur
times,the combined organic layers wesgtracted with 5% N#£ Oz solution and
washed with water. The organic phase washed with water one more time and
dried over MgS@ N-methyl substituted isatinl30a was afforded by
recrystallization with EtOAavith quantitative yiel®®> N-methyl substituted isatin
130a(400 mg, 2.48 mmol) was dissolved in 6 mL of DCM and cooled®. G
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eq NHEt and CHNO: was added to the solution respectively. After observing
the consumption dN-methyl substituted isatih30g 1.5 eq thionyl chloride (442

mg, 3.72 mmol) and 2 eq pyridine (446 mg, 5.64 mmol) were added dropwise to
the reaction mixture at°G. N-methyl substituted isatin derived nitroalkene was
obtained with 585 yield >®

Spectroscopic data weeensistent with the literaturé.

3.6 General Procedure for the synthesis déatin derived nitroalkenes 117bn

According to literature procedure; Br 7-substituted isatin
A . (117bn) (2.72 mmol) was dissolved in 15 mL of dry

ke acetonitrile. 1.2 eq #C0Oz (3.26 mmol), 0.1 eq Kl (0.33 mmol)
and 3 eq alkyl bromide (8.16 mmol) were added to the solution

117b-n

at once. After stirring the reaction overnight, the solvent was remiovedcuo

and the residue was diluted with EtOAc. After the aqueous phase was washed
with EtOAc for four timesthe combined organic layers wesgtracted with 5%
NaCOs solution and washed with water. The organic phase washed with water
one more time and dried over MgEN-alkyl substituted isatinl30b-n was
afforded by recrystallization ih EtOAc with quantitative yield@ N-alkyl
substituted isatii105) and130b-c weredissolved in 6 mL of DCM and cooled to
0°C. 4 eq NHEt and CHNO: were added to the solution respectively. After
observing the consumption @fatin (105) and N-alkyl substituted isatiri30b-c,

1.5 eq thionyl chloride (442 mg, 3.72 mmol) and 2 eq pyridine (446 mg, 5.64
mmol) were added dropwise to the reaction mixture &E.0N-ethyl and alkyl
substituted isatin derived nitroalken€l1l7b-c were obtained by column
chromatography with EtOAn:hexane as eluert.N-aryl substituted isatin17d-

n was dissolved in EtOH and cooled td°©. 1.1 eq NaOH and GNO. was
added to the solution respectively. After the reaction finished, the reaction mixture
was quenched into acidic crushed ice and extracted with EtOAc. After drying
organic phase over MgS0OThe same procedure and purification method were

applied for the synthesis dbFaryl substituted isatin derived nitroalkerigl 7d-n.
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Spectroscopic dataereconsistent with the literaturé.

3.7 Asymmetric SulfaMichael Reaction: Addition of Methyl Thioglycolate
120 toN-Methyl Substituted Isatin derived Nitroalkene 117a

Racemic Synthesis:

O:N SJO\\OCH3
©E<Fo 1 eqN-methyl substituted isatin derived nitroalkeh2b

" (40 mg,0.19 mmol) and 0.2 eq DABCO (4.48 mg, 0.04
mmol) were dissolved in 0.25 mL of THF. In another

121a

flask 2 eq methyl thioglycolatél24) (252.6 mg, 0.38 mmol) was dissolved in

0.25 mL of THF and added dropwise to the former solution.
Asymmetric Synthesis:

1 eqN-methyl substituted isatin derived nitroalkette’a(25 mg,0.12 mmol) and
0.1 eq ladamantyl squaramide/quinih€6.57 mg, 0.0Inmol) were dissolved in
0.25 mL of THF. In another flask 2 eq methyl thioglycolgt20) (252.6 mg, 0.24
mmol) was dissolved in 0.25 mL of THF and added dropwise to the former

solution.
Optical rotati[ffi=+80aP{c=0Gg/neLcAHEl). as [ U
mp: 112°C

IH NMR (400 MHz, CDC}) :  7.30 (di3) 4 7.8, 1.2 Hz1H), 7.237.21 (dd,
J=7.4, 0.6 Hz,lH), 7.057.01 (dt,J = 7.6, 0.9 Hz,1H), 6.876.85 (d,J = 7.9
Hz,1H), 5.235.19(d, J = 14.6 1H), 5.155.11 (d J = 14.6 1H), 3.953.91 (d,J =
16.4, 1H), 3.69 (s, 3H), 3.26 (s, 3H)

13C NMR (100 MHz, CDC#): ) 1 211.6, 169.7, 142.5, 132.3, 127.7, 127.6, 126.7,
124.5, 74.3, 58.9, 56.6, 38.4.

HPLC: Daicel ASH column, 80:20n¢hexanea-PrOH), flow rate 1.0 mL/min,
254 nm, temp=2%, tmajo=17.0MiN tmino=22.0 min

IR(neat): 3309, 29242650, 17501699, 1611, 1556, 1458, 1374, 741tm

HRMS: Calculated for @&H14N20sS [M + H]" 310.0623 found310.0707.
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3.8 General Procedure for the Addition of Methyl Thioglycolate 120 tdsatin
derived Nitroalkene 116 andN-Alkyl Substituted Isatin derived Nitroalkene
117bn

Racemic Synthesis:

1 eq isatin derived iroalkene 116 or N-alkyl substituted isatin derived
nitroalkenel17b-n (0.20 mmol) and 0.2 eq DABCO (0.04 mmol) were dissolved
in 0.25 mL of THF. In another flask 2 eq methyl thioglycoli0) (0.40 mmol)

was dissolved in 0.25 mL of THF and added dropwise to the former solution.
Asymmetric Synthesis:

1 eq isatin derived iroalkene 116 or N-alkyl substituted isatin derived
nitroalkenel117b-n (0.20 mmol) and 0.1 eg-ddamantyl squaramide/quinirie
(0.02 mmol) were dissolved in 0.25 mL of THF. In another flask 2 eq methyl
thioglycolate (120) (0.40 mmol) was dissolved in 0.25 mL of THF and added

dropwise to the former solution.
3.8.1 Addition of Methyl Thioglycolate 120to Isatin derived Nitroalkene 116
General procedure starting from isatin derived nitroalkété and methyl

thioglycolate(120) was applied. After 10 h, the desired prodi@8was afforded
with 80% yield and 2% ee.

Optical rotation was detecteds t‘*—;oL:B]T’ (c= 0.01g/mL, CHCIy).

o mp: 108°C

ON~ g __~ocCH,

@E&o IH NMR (400 MHz, CDC#) :  +8.28 (d,297.8 Hz,
1H), 7.68 (s, 1H), 7.42.38 (t,J = 7.8 Hz, 1H), 7.19 (s,
1H), 7.057.01 (dt,J = 8.2, 7.4 Hz1H), 6.79 6.77 (d,J
= 14.2Hz, 1H),3.763.72 (d J = 7.2 Hz,1H), 3.683.64 (d J = 7.2 Hz,1H), 1.57

- 1.18 (m, 5H).
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13C NMR (100 MHz, CDC#) : 21116, 169.7, 142.5, 132.3, 127.7, 127.6, 126.7,
124.5, 74.3, 58.9, 56.6, 38.4.

HPLC: Daicel ASH column, 80:20n¢hexaneiPrOH), flow rate 1.0 mL/min,
254 nm temp=25°C, tmajo=19.9MinN tmino=25.2min

IR(neat): 3300,2600 17501700,1460 cm'*

HRMS: Calculated for @H12N20sS [M + H]" 296.0466 found296.0543.

3.8.2Addition of Methyl Thioglycolate (120 to N-Ethyl Isatin derived
Nitroalkene 117b

General procedure starting frod-ethyl isatin derived nitroalken&17b and
methyl thioglycolatg120) was applied. After 1 h, the desired prodli2ilb was
afforded with 84% vyield and 5% ee.

Opticalrotation was detecteal s lLTQ:)L”}Ir]ZZ.O’ (c= 0.01g/mL,CH2Cly).

mp: 112°C

]

@B& R TN (400 MHz, CDC}) : 7.36i 7.26 (m, 2H), 7.12

- i 6.92 (M, 2H), 5.35 5.24 (m, 3H),5.22 5.19(d, J =
14.6Hz, 1H), 5.17-5.13(d, J = 14.6Hz, 1H), 4.507 4.37
(m, 3H), 4.02 3.98 (t,J = 0.9 Hz,3H), 3.8 3.59 (M, 5H).

121b

13C NMR (100 MHz, CDC#) : 17212, 169.8, 169.2, 142.5, 129.5, 123.2, 122.0,
121.9, 108.0, 52.4, 51.7, 41.3, 28.9.

HPLC: Daicel ODH column, 90:10n¢hexand-PrOH), flow rate 1.0 mL/min,
254 nm, temp=28C, tnajo=16.1MiN tmino=21.0 min

IR(neat): 3310, 29252650, 1750, 1700, 1610, 1566, 1457, 1374, &3

HRMS: Calculated for @H16N20sS [M + H]" 324.0779 found325.0867.
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3.8.3Addition of Methyl Thioglycolate (120)to N-Allyl Isatin derived
Nitroalkene 117c

General procedure starting fromd-allyl isatin derived nitroalkenel17c and
methyl thioglycolatg120) was applied. After 24 h, the desired prodi2icwas
affordedwith 80% yield and 5% ee.

Optical rotation was detected [aﬂl}q‘;’—' 4.0° (c= 0.01g/mL,CHxCIy).

w

mp: 122°C

@BN;O 1H NMR (400 MHz, CDC}): Ui 7.65i 7.63 (ddJ = 12.3,

e 4.4 Hz,1H), 7.477 7.45 (m, 1H), 7.3G 7.21 (m, 1H),

7.03i 6.86 (dd,J = 7.7 Hz,1H), 5.247 5.20 @, J = 14.8,

1H), 5.185.14 (d, J = 14.8Hz, 1H), 4.16- 3.94 (m, 2H), 3.90 3.87 (m, 3H),
3.72i 3.68 (m, 5H), 3.30 3.26 (d,J = 4.4 Hz,1H).

13C NMR (100 MHz, CDC¥): i1 172.2, 169.2, 142.4, 129.4, 123.2, 122.1, 122.0,
108.1, 51.7, 47.7, 28.9, 28.5, 25.7.

HPLC: Daicel ASH column, 802 (n-hexanea-PrOH), flow rate 1.0 mL/min,
254 nm, temp=28C, tnajo=17.0mMiN tminor=22.0 min

IR(neat): 2650, 17001698, 1550, 1458, 1374, 885, 752, 669, 62w
HRMS: Calculated for @GH16N20sS [M + H]" 336.0779 found337.0838.

3.8.4 Addition of Methyl Thioglycolate (120 to N-BenzylIsatin derived
Nitroalkene 117d

General procedure starting frodbenzyl isatin derived nitroalken¥l7d and
methyl thioglycolatg120) was applied. After 2 h, the desired prodi2dd was
afforded with 75% yield and 70% ee.

Optical rotation was detecteds ] ¢ &)@90.(? (c=0.01g/mL, CHCIy).
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mp: 137°C

@B}o IH NMR (400 MHz, CDC}) : 7.88 (s, 1H), 7.58 7.52
(d,J = 6.0 Hz,1H), 7.27i 7.21 (m, 3H), 7.12 7.01 (m,
3H), 4.94i 4.92 (d,J = 17.8Hz, 1H), 3.923.74(d, J =

17.8Hz, 1H), 3.797 3.29 (m, 6H).

13C NMR (100 MHz, CDC#) : 6619, 116.2, 138.3, 134.8, 134.7, 129.9, 129.0,
128.1, 127.3, 123.5, 117.3, 109.9, 44.1.

HPLC: Daicel (DH column, 90:10 rf-hexana-PrOH), flow rate 1.0 mL/min,
254 nm, temp=28C, tnajo=38.2min tmino=45.8min

IR(neat): 2750, 17201699, 1557, 1457, 1374, 1173, 906, 727, 696
HRMS: Calculated for GH1sN20sS [M + H]" 386.0936 found386.2069.
3.8.5Addition of Methyl Thioglycolate (120) to N-Benzyl 5Fluoro Isatin

derived Nitroalkene 117e

General procedure starting fradabenzyl 5fluoro isatin derived nitroalkentl7e
and methyl thioglycolaté120) was applied. After 48 h, the desired prodi2ie
was afforded with 50% yield and 2bee.

Optical rotation was detecteds ] ¢ E’—ZOG}Z.6° (c=0.01g/mL, CHCI).

mp: 140°C

o o oo

\@E}o IH NMR (400 MHz, CDCY): ti 7.46- 7.39 (m, 3H), 7.37
" i 7.26 (m, 2H), 7.24 7.20 (m, 1H), 7.18 7.15 (m, 1H),

7.07i 7.01 (m, 1H), 5.67 5.58 (d J = 15.3 Hz, 1H),

5.365.32(d, J = 15.3Hz, 1H), 4.777 4.59 (dd,J = 9.3, 0.6Hz, 2H), 3.77 (s, 3H)

1.98i 1.80 (d,J = 7.6 Hz, 2H)

121e

13C NMR (100 MHz, CDC¥): U 166.6, 164.3, 135.0, 129.8, 129.3, 128.9, 127.9,
127.5,127.4,126.8, 126.5, 120.2, 117.8, 11514,8, 110.3, 56.7, 43.8.

HPLC: Daicel CDH column, 90:10r¢-hexane=PrOH), flow rate 1.0 mL/min,
254 nm, temp=28C, tnajo=43.1MiN tmino=62.6Min
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IR(neat): 2760, 1720, 1698, 1557, 1457, 1362, 1178, 908, 796, 669 cm

3.8.6Addition of Methyl Thioglycolate (120) to N-Benzyl 5-Bromo Isatin
derived Nitroalkene 117f

General procedure starting frakbenzyl 5bromo isatin derived nitroalkeriel 7
and methyl thioglycolat¢120) was applied. After .. h, the desired prodi2f
was afforded with 5& yield and 4% ee.

Optical rotation was detecteds ] ¢ L"al}o.? (c=0.01g/mL, CHCly).

mp: 137°C

\o@e%} IH NMR (400 MHz, CDCH): (i 7.98 (s, 1H), 7.53 7.49
2 (m, 1H), 7.437.28 (M, 2H), 7.25 7.21 (m, 2H), 7.19
- 7.15 (m, 1H), 6.98 6.92 (d,J = 6.5 Hz, 1H)5.745.66
(d, J = 182 Hz,1H), 5.567 5.48 (d,J = 182, 1H), 4.9 7 4.63 (m, 3H), 3.86 (s,
3H), 2.531 2.49 (d,J=8.7 Hz, 2H)

13C NMR (100 MHz, CDCH): 4 167.6, 167.0, 140.5,
128.1, 127.4, 127.3, 123.5, 117.3, 112.8, 111.7, 110.0, 108.9, 53.6, 44.2, 29.7.

HPLC: Daicel CDH column, 80:P (n-hexane&-PrOH), flow rate 1.0 mL/min,
254 nm, temp=28C, tnajo=15.0mMiN tmino=20.0min.

IR(neat): 2750, 1750, 1705, 1556, 1412, 1158, 900, 79d.cm

3.8.7Addition of Methyl Thioglycolate (120) to N-Benzyl 5-Methyl Isatin
derived Nitroalkene 117g

General procedure starting froddbenzyl 5methyl isatin derived nitroalkene
1179 and methyl thioglycolat¢120) was applied. After 2 h, the desired product
121g was afforded with 78% yield and %/ ee.

Optical rotation was detecteds ] ¢ ﬁ@ﬁm@ (c= 0.01g/mL, CHCI).
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mp: 135°C

o)
\@B%o 1H NMR (400 MHz, CDC#): 1i 8.761 8.62 (d,J = 36.6
Hz, 1H), 7.26 7.08 (m, 5H), 6.916.79 (m, 1H), 6.50
6.44 (m, 1H), 4.84 4.80 (d,J = 4.5 Hz,1H), 3.86i 3.48

(m, 6H), 2.28 2.20 (m, 3H).

13C NMR (100 MHz, CDC¥): Ui 168.8, 165.9, 136.2, 131.7, 128.9, 128.7, 127.5,
124.7,122.0, 108.8, 108.6, 53.1, 43.7, 45.5, 37.0, 36.5, 21.2, 21.1.

HPLC: Daicel CDH column, 90:10r¢-hexane=-PrOH), flow rate 1.0 mL/min,
254 nm, temp=28C, tmajo=19 Min tmino=25min

IR(neat): 2765, 179, 1699, 1553, 14561362, 1178, 908, 796, 669 cm

3.8.8Addition of Methyl Thioglycolate (120) to N-Benzyl 5-Methoxy Isatin
derived Nitroalkene 117h

General procedure starting froftbenzyl 5methoxy isatin derived nitroalkene
117h and methyl thioglycolaté120) was applied. After 24 h, the desired product
121h was afforded with 44% yield and 9®ee.

Optical rotation was detecteds ] ¢ &)946.60 (c= 0.01g/mL, CHCI).

mp: 141°C

\@E;o 1H NMR (400 MHz, CDC}): U 7.78 (s, 1H), 7.22 7.16

o (m, 2H), 7.10- 7.09 (m, 3H), 6.62 6.59 (m, 1H), 6.53
6.49 (M, 1H), 4.85 4.84 (d,J = 2.4 Hz,1H), 3.73i 3.53
(m, 8H), 1.27i 1.13 (m, 2H).

121h

13C NMR (100 MHz, CDC¥): Ui 165.8, 155.6, 138.8, 136.2, 135.9, 135.8, 128.8,
128.7,127.5,127.4, 127.2, 113.2, 110.0, 109.2, 95.9, 93.4, 55.9, 43.7, 36.9.

HPLC: Daicel CDH column, 90:10rf-hexand-PrOH), flow rate 1.0 mL/min,
254 nm, temp=28C, tnajo=48.5Min tmino=89.5min
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IR(neat): 2755, 17451699, 1552, 1497, 1375, 1288, 1035, 734%cm

3.8.9Addition of Methyl Thioglycolate (120) to N-Benzyl 5-Nitro Isatin
derived Nitroalkene 117i

General procedure starting froNtbenzyl 5nitro isatin derived nitroalkengl7
and methyl thioglycolat€120) was applied. After 30 min, the desired product
121 was afforded with 67% yield and®ee.

Optical rotation was detecteds ] ¢ ﬁ)L?D.Z’ (c= 0.01g/mL, CHCIy).

5 mp: 138°C
O,N

\@E;o R PPN (400 MHz, CDCH): i1 8.42- 8.38 (m, 1H), 8.12

> i 8.08 (M, 1H), 7.62 7.48 (m, 1H), 7.31 7.27 (m, 4H),
6.731 6.67 (m, 1H), 5.02 4.98 (dd,J = 5.3 0.9 Hz,
2H), 4.02 3.98 (dd,J = 4.3 Hz,2H), 3.73 (s, 1H), 2.282.12 (m, 2H).

121i

13C NMR (100 MHz, CDC¥): 1 173.5, 169.7, 148.5, 140.8, 137.0, 128.8, 128.8,
128.5, 128.5, 128.0, 118.6, 112.4, 62.3, 58.9, 47.4, 44.9.

HPLC: Daicel CDH column, 90:10r-hexane&-PrOH), flow rate 1.0 mL/min,
254 nm, temp=28C, tmajo=17.7MiN tminor=23.4mMin

IR(neat): 3292, 2750, 1760, 1708, 1550, 1490, 1457, 1374, 1267, 1097, 813, 783,
676 cm?

3.8.10Addition of Methyl Thioglycolate (120) toN-Benzyl5,7-diMethyl Isatin
derived Nitroalkene 117]

General procedure starting froibenzyl 5,7dimethyl isatin derived nitroalkene
117 and methyl thioglycolaté120) was applied. After 2 h, the desired product
1217 was afforded with70% yield and 5% ee.

Optical rotatiorwa s de't qu%ﬁ@mf(@@.om/m, CHCL).
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mp: 134°C

W?;B}o IH NMR (400 MHz, CDC}): 1i 7.31i 7.27 (m, 1H), 7.21
e Bfm -7.11 (m, 5H), 6.82 (s, 2H), 5.265.18 (dd,J = 5.3 1.2
Hz, 2H), 5.13- 4.99 (dd,J = 12.1, 2.6 Hz, 3H), 2.24
2.16 (dd,J = 9.6 Hz, 2H), 1.98 (SH).

13C NMR (100 MHz, CDC¥): U 189.7, 188.3, 137.1, 137.0, 136.7, 136.3, 133.6,
132.8, 128.7, 126.9, 125.4, 123.2, 123.2, 61.5, 58.9, 47.8, 45.3, 28.5, 18.4.

HPLC: Daicel IA column, 70:8 (n-hexane-PrOH), flow rate 1.0 mL/min, 254
nm, temp=25C, tmajo=8.2minN tmino=14.5min

IR(neat): 3270, 2750, 1760, 1685, 1546, 1456, 1373, 1075, 779, 746, 670 cm

3.8.11Addition of Methyl Thioglycolate (120) toN-Benzyl 5,7-diChloro Isatin
derived Nitroalkene 117k

General procedure starting froNibenzyl5,7-dichloro isatin derived nitroalkene
117 and methyl thioglycolatél20) was applied. After 22 h, the desired product
121k was afforded with 80% yield and 3®ee.

Optical rotation was detecteds ] ¢ &)GS.OAP (c= 0.01g/mL, CHCI).

mp: 142°C

o]

| ON— o OCH,

CW?;BNS:O IH NMR (400 MHz, CDC4): U 7.51 (s, 1H), 7.31 (s,
” 1H), 7.317 7.27 (m, 3H), 7.25 7.19 (m, 1H), 5.74

5.08 (dd,J = 18.9, 30 Hz,2H), 4.827 4.78 (d,J = 6.7

121k

Hz, 2H), 3.79 (s, 3H).

13C NMR (100 MHz, CDC¥): Ui 166.2, 137.5, 136.9, 132.7, 131.9, 128.7, 128.3,
127.4,127.2,126.5, 124.1, 123.4, 116.1, 66.0, 50.2, 44.9, 29.7.

HPLC: Daicel CDH column, 90:10r¢-hexane=PrOH), flow rate 1.0 mL/min,
254 nm temp=25°C, tmajo=17.8MinN tmino=23.5min

IR(neat): 2750, 17601707, 1550, 1374, 1103, 807, 781'&¢m
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3.8.12Addition of Methyl Thioglycolate (120) to N-Benzyl 7-Floro Isatin
derived Nitroalkene 117I

General procedure starting frafbenzyl #fluoro isatin derived nitroalken&l7
and methyl thioglycolat€120) was applied. After 1 h, the desired produ2tl
was afforded with 75% yield and 20ee.

Optical rotationwasl e t e ¢ t]l)é&ﬂa%c: 0.0g/mL, CHCIy).

mp: 140°C

@BNS:O 1H NMR (400 MHz, CDC#): 17.387 7.30 (m, 2H), 7.28
i i 7.26 (m, 2H), 7.21 7.19 (m, 2H), 7.13 7.09 (m, 1H),
5.75i 4.96 (dd,J = 18.6, 9.7Hz, 2H), 4.84i 4.82 (d,J =

7.4 Hz 2H), 3.77 (s, 3H), 2.5 2.48), (d,J = 21.0Hz, 2H).

1211

13C NMR (100 MHz, CDC¥): 11 192.4, 187.8, 166.6, 146.3, 141.7, 134.9, 132.4,
129.0, 127.9, 127.3, 122.9, 117.9, 115.7, 114.5, 110.4, 61.2, 43.9.

HPLC: Daicel A3 column, 80:P (n-hexana:-PrOH), flowrate 1.0 mL/min,
254 nm, temp=28C, tmajo=17.9MiN tmino=23.5 min

IR(neat): 3292, 2740, 1750, 1708, 1550, 1490, 1457, 1374, 1267, 1097, 813, 783,
676 cm?t

3.8.13Addition of Methyl Thioglycolate (120) to N-Benzyl 7-Bromo Isatin
derived Nitroalkene 117m

General procedure starting fronddbenzyl Zbromo isatin derived nitroalkene
117m and methyl thioglycolat€120) was applied. After 3 h, the desired product
121Im was afforded with 66% yield and % ee.

Optical rotationwasl e t e c t]UéLL’%+92?S (c=[001g/mL, CHCL).
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mp: 1448 C

(;BS:JL 3 IH NMR (400 MHz, CDC#): ti 7.547 7.48 (dd,J= 8.5

. Hz, 2H), 7.38i 7.32 (m, 2H), 7.31 7.27 (m, 2H), 7.25
i 7.19 (m, 2H), 5.37 5.11 (dd,J = 12.4, 6.2 Hz2H),
4.887 4.72 (d,J = 10.0 Hz,2H), 3.77 (s, 1H), 2.40 2.32 (d,J = 38.2, 2H ).

13C NMR (100 MHz, CDC¥): 11 177.9, 166.8, 137.2, 136.2, 130.9, 130.8, 129.0,
128.6, 127.7,127.2, 126.5, 126.4, 126.1, 123.8, 123.7, 102.8, 44.6.

HPLC: Daicel A3 column, 90:10rf-hexana:-PrOH), flow ratel.0 mL/min,
254 nm, temp=28C, tnajo=18.0mMin tminor=25.0min

IR(neat): 2750, 17601715, 1556, 1489, 1374, 1096, 741tm

3.8.14Addition of Methyl Thioglycolate (120) toN-Benzyl 7-Chloro Isatin
derived Nitroalkene 117n

General procedure starting frodd-benzyl Zchloro isatin derived nitroalkene
117n and methyl thioglycolaté120) was applied. After 6 h, the desired product
121n was afforded with 71% yield and 2bee.

Optical rotation was detecteds ] ¢ Lj"foGG.? (c=0.01g/mL, CHCIy).

o mp: 144°C

ON— o OCH,
@aﬁio 'H NMR (400 MHz, CDC#): 17.397 7.31 (m, 1H), 7.29
¢ 1"m i 7.27 (m, 2H), 7.23 7.17 (m, 3H), 7.16 7.08 (m, 1H),
5.127 4.98 (dd,J = 13.2 6.0Hz, 2H), 4.82i 4.80 (d,J =

1.2 Hz 2H), 3.76 (s, 3H)L.69i 1.67 (d,J = 81. Hz, 2H)

13C NMR (100 MHz, CDC¥): 11 176.0, 166.2, 137.5, 136.9, 132.7, 131.9, 128.7,
128.3, 127.4,127.2, 126.5, 124.1, 123.4, 116.1, 57.5, 44.9.

HPLC: Daicel CDH column, 90:10r¢-hexane=PrOH), flow rate 1.0 mL/min,
254 nm,temp=25°C, tnajo=16.4 Min tmino=21.4mMin

IR(neat): 2750, 17601707, 1550, 1374, 1103, 807, 781'tm
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3.8.15 Reduction of Nitro Group of SulfaMichael Adduct 121d

1 eq sulfaMichael adduct 121d0(225 mmol, 86 mg) was dissolved in @é.

1.5 eq ammoniunformate (0.337 mmol, 21.28 mg) and 50 mg 10% Pd on
activated charcogburiss were added to the solutidrhe reaction was heated to
50°C. After 14 h, the reaction mixture was filtered through Cethe filtrate was
concentrateénd loaded to column chromatogragyHex:EtOAc). The product

was obtained with 60 % yield.

mp: 132°C

HoN sJOLOCHs
Ca%o IH NMR (400 MHz, CDC#$): 4 7.571 7.53 (m, 1H), 7.38
Bn
1224 T 7.32 (m, 1H), 7.30 7.27 (m, 4H), 7.24 7.22 (d,J =
7.09 Hz,1H), 7.21- 7.19 (m, 1H), 7.12 7.10 (ddJ = 8.7,
1.3 Hz,1H), 4.88i 4.70 (dd,J = 88.7, 1.3 Hz2H), 3.78i 3.70 (m, 6H), 3.48

3.46 (d,J = 1.8 Hz,1H).

13C NMR (100 MHz, CDC#): 1166.7, 160.2, 142.5, 139.2, 134.4, 129.7, 129.1,

128.2,127.2,121.4,121.2,118.2,118.0, 117.6, 110.5, 110.4, 53.4, 51.8, 48.0,
47.4, 34.9.

IR(neat): 3282, 29282750, 17601692, 1609, 1561, 1372, 1089, 884, 795, 749,
695 cm?!
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CHAPTER 4

CONCLUSION

Throughout this work, a new synthetic methodology vetsdied for the
asymmetric synthesis of methyl-(@-methyl3-(nitromethyl}2-oxoindolin-3-
yhthio)acetatg121a) by the bifundbnal acid/base organocatalysts developed by

our research group.

In the first part, sulfaMichael addition of methyl thioglycolatg 20)to N-methyl
substituted isatin derived nitroalkeng#l7a was tested with bifunctional
organocatalysts. Sinceadamantlysquaramideguinine(l) was the best working
organocatalyst, thesolvent, temperature, cataly$bading and concentration
screenings were done with this organocatalyst. The solvent screeviegled
that THF is the proper solvent for the reactimtausef elevating the yield and
enantioselectivity to 53% and 59% respectively in drastically reduced reaction
duration (10 min). Although we could not improve enantioselectivity via changing
temperature or catalyst loading changing, we cought a slight iecregmas
enantioselectivity when methyl thioglycola(@20) concentration was doubled.
Different groups were substituted to-p8sition substituted isatin derived
nitroalkenell7 in the second part. The optimized conditions were tested-on
ethyl, allyl, benzyl substituted117b-c and unsubstitutedl16 isatin derived
nitroalkenes.N-benzyl substituted isatin derived nitroalkefh&7d led to the
highest enantioselectivity (70 % ee). The side reactions also®bservedo be
diminished and the yield was increaged’5 %. Derivatization studies continued
with ten differentN-benzyl substituted isatin derived nitroalkerid§en. Sulfa

Michael reaction of theseerivativeswere carried outbut we could not obtain a
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more advanced result. Lastly, the stM&chael adiuct 121d underwent catalytic
reduction and the nitro group was reduced into amine group. As aforementioned
in Aim of The Work (Section 1.5) the reluced productl22d was planned to
attack on ester carbonyl group in order to yighibmorpholine3-one based
compound 123d which can be biologically active and unique skeleton.
Unfortunately, the protocols we applied for the cyclization reaction did not yield

the target molecul23d
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APPENDIX A
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