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ABSTRACT

STEREOSELECTIVE CONSTRUCTION OF 2-OXINDOLE FUSED
SPIROCYCLE PRECURSORS

Karahan, Seda
PhD, Department of Chemistry
Supervisor: Prof. DiCihangir Tanyeli
January 2019257 pages

Recent literature on the bioactivity of isatin (indol&@&-dione) derivatives
triggered organic chemists to k#a use of the unique potential of isatin in
asymmetric organocatalytic synthesidue to extensivepresence of -®dxindole
skeleton, especiallgpiro-fused cycles, in many natural products, they drew the
special interest ithe disciplines omedicinalchenistry and agrochemistryDue

to highly reactive prochiral carbonyl group, isatins are potent precursors for the
synthesis of B-disubstituted spirooxindoles. Directucleophilic addition to
isatinderived ketiminess one of the straightforward approache® adi ARg t o U
chiral amines whichare frequent subunits of pharmaceuticals and agrochemicals
besides being heterocycle precursdmsthis respect, asymmetric organocatalytic
synthesis offers facile and environmentally benign reaction process and gglectivi
as well. Remarkable advantages of cooperative activation of substrates via
bifunctional organocatalysts bearinghddnd donor components such as urea,
thiourea and squaramide are indispensable. Modulation of sterically encumbered
units such as -aAdamanty 2-adamantyl andt-butyl in the structure of
organocatalyst reveals distinct changes in stereoselectivity of the synthetic
transformations. In thighesis study, we aimed to utilize new quinibased

squaramides in theasymmetricazaFriedelCrafts and Mnnich reactions of isatin



ketimines to obtain corresponding chirab®indoles with 1,3aminonaphthol and
2-azidoethanamine functionalities, respectively. A new quidieeved
squaramide organocatalyst revealed excellent stereoselectivity up to >99% ee i
azaFriedelCrafts reaction also up to 96% ee and 24:1 diastereomeric ratio in
Mannich reactionof N-carbamate protected isatin ketimine&dditionally,
representative examples of hdphthoxazepines, 1,2tBazoles and cyclic ureas
were synthesized tdemonstrate the synthetic potential of these novel chiral 3,3
disubstituted zxindoles as being heterocycle precursors. Reaction scope,

limitations and activation modes of organocatalystsediscussed in detail.

Keywords: Asymmetric synthesis, orgacatalysis,squaramidejsatin ketimine,

2-oxindole,azaFriedelCrafts, Mannich
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Ks a f(indaiin-2,3dion) t ¢ revl erinin sahip ol duju b

yamléanmék san o-raglaénkinkal ki myasimarik @nganik bu yarg

sentezdale kullanmayat e Kk v i k 2@ksmdokkigkelat . © zel | i kIl e de
hal kabliérl-aork, doj al crénde bul unmaseé neden
ki my asaér éanléann I®izreil 4 dddnoekki-eadi meakt i f proki
grubu sayesindediisgdtsitnt yapasapé,roB8k8i ndol
kul |l an®ha bbiilleenKislkalt @ mditre.r e vi i minlere dir
sonucu el d-kiral andrilet,fexz rekdesiPvet Br ém ki myasal |l a
sékl ékl a rastl anél an birimler:i Bul manén
bajl amda asimetrik organokatalitik sent

Kartl arenén yaneé sér ade rgail eeRaukiflesnt er e o s e

H-b aj yapecé&grezeltliiylot¢caki ve skawmzamarnl| égi b

aktivasyonunu sajl amase nedeni vyl e bif o
al andaki ° nemi gz arde edil emez. Bi fon
kalabaé k -adamantil, 2adamantil ve t-b ¢ t gibli grupl ar én kul |
stereee-i cili kte farkl é Bwthaz | aal,géghma £ redad

kinin temelli skuaramib r g a n o k a t1gbminoRaftol ve azidoetanamin
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fonksiyonel kirau pd kasriénndao | 4 &t ii m s eazat e z | i -1in
FriedelCrafts ve Mannich tepkimelerindeu | | an él ma s éBalsedilen | anmeé kKt e
yeni Kinin tg¢reWikaobgaeaa b ksdtito aehinmmizfini@ 1 | e
azaFriedelCrafts tepkimesind&:>99 ee Mannid tepkimesind€096 ee ve 24:1

d iy@dvarany ¢ ks e ks es-tiecredol &€ | edAylrnéickat i $zg-¢n kiral

di s ¢ b soksindolfeenh 2t er osi k| i k seneetik pdtaasiyellanig e - i kKt e ki
°rnekl e mek u amalpaditsksazepin, 1,2;8iazo | ve tiekl i k ¢re
dong¢gkt grel dy. Tepki morigapsamtatréezeodlienviitnd e n

bi-imleri ayréntélaréyla ele alénméxkteéer.

Anahtar kelimerler: Asimetrik sentezorganokataliz, skuaramit, isatin ketimin,

2-oksindol, azeFriedelCrafts, Mamich
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CHAPTER 1

INTRODUCTION

1.1lsatin as Privileged Saffold

Indoline 2,3dione which is commonly known as isatifrigure 1),is a welt
known natural product found in the plants of gelaadis, such adsatis tinctorig
Calanthe discolor Couroupia guianensis It was initially obtained as the
oxidation product of indigalye by nitric acid and chromic acidy Erdmanf and
Laurent in 1840.Almost thirty years laterits structure was first enlightened by
Kekule.* From a structural point of view, psessing an indole unit together with a
ketone ando-lactam functionalities isatins a privileged scaffold capable of
reactingasa both nucleophile and electrophffeigure 1) Itsunique potential as a
building block unfoldsvarious aspects of organgynthesissuch as electrophilic
aromatic substitutios at G5 and CG7 of the phenyl ring, N-substitutions and

nucleophilic additions to @ carbonyl group.

Figure 1 Isatin and its general transformatgo

Most frequentlyprochiral G3 cener has beerxploited because of its undoubted
high reactivity. Reactions of this centre, mostly nucleophilic additions and

spiroannulations, afford-8xindole derivatives (Figure 1Lonstruction of spiro



cyclic framework has always been a great challenge duleetnecessity of well
designed synthetic strategies and overcoming steric issues. However, exploration
of isatin chemistry in the past decade offered successful design and syothesis

various spirefused 2oxindole rings.

Specifically, 3-aminooxindole moiety has been encountered as the core entity of
many architecturally complex natural products and pharmaceuticals such-as AG
041R gastrin/CCKB receptor agonist CRTH2 antagonist as ariacterial agent

ard an antituberculosis agerit,vasopressin ), receptor antagonist SSRI9415
which is used in treatment of anxiety and depresSi@m antimalarial agent
NITD609 HIV-1 protease inhibit6f and an antmycobacterial against
M.tuberculosisH37RV" (Figure 3.

O:< NH cl
NH .
\_ O )
(e}

N MeO ©

\ OMe

CH,CH(OEt), HO.C

AG-041R .
. Vasopressin V1b receptor
gastrin/CCK-B receptor agonist CRTH2 antagonist P antagonist P
SSR-149415
(0}
(¢}
(o}
. O)\NH
KK[OH
M
P L°
N NH
Y 4
NITD609
anti-malarial agent HIV-1 protease inhibitor anti-bacterial agent

Figure 2 Representative examples of biologically active compounds camjein

aminc-2-oxindole skeleton.



1.1.1 Chiral Spirooxindoles

Chiral spirooxindoles, a class of spitgclic framewoks, is prevalent in natural
alkaloids andherapeuticagents.Their scope of biologicainode of action is so
wide that,apart from the examples given in Figurdly have frequent utility in
therapeutic areas as beirantitumor, antimicrobial, artHIV, antimalarial,
antiviral, antipyretic agents and sodiwghannel blocker8. Structurally rigid
nature of spirooxindoles provides an affinity threedimensional protein§As a
result of broad and promising biological activity of chiral spirooxindole ske)et
investigation of robust and facile strategfes their synthesisre of interest for

the communities in both industry and academia.

Organocatalysiss a milestone for anstruction of stereochemically complex
spiro-cyclic frameworks.Its ready availhility, mild reaction conditions and
stability makes enantioselective organocatalysis attragtiverganocascade and
domino strategies designed for the enantioselective synthestugbforder

products’

Asymmetric catalysishas been efficiently utilizedor the construction of
spirooxindoles from oxindole and derivatives in the last de¢@dgire 3) Isatin
and isatinimined are good acceptors due to highly reactiv8 @osition which
can be reaty attacked by a nucleophile. With walesigned reactio partners
possessing both nudphilic and electrophilic sitesubsequent to additipn
cyclization affords chiral spirooxindoles3-Alkylid ene indolinones 2 reveal
similar reactivity pattern; however, the control of regioselectivity may alter due to
influence of shstituents on two carbon atofhSecondly, 3ubstituted oxindoles
3 couplewith convenient reaction partners via an addHaomulation process.
Moreover, isatirderived 3-indolylmethanad 4 have dravn attention because of
zwitterion generatedunder acidic conditionsare good substrate for [3+2]
cycloadditions and [3+3] cyclization® form 5 and 6membered rings.A



variety of enantioenriched spirooxindol&s9 with three to seven membered
cycles ae known in the literatureDepending on theubstituents on the rings,

annulation reactions may letmthe formation ofnultiple stereocenters.

x R/ . C
/
HN
@lgio CELO o OH
N
PG N N O °
PG PG N
2 3 4 PG ‘

‘ 1 X=NR, 0

H Asymmetric Catalysis

Z. Y
X S Y Y )
X X X X
o) o Cf/go o) N0
N N N N N
PG PG PG PG PG

5 6 7 8 9

Figure 3 Strategies for catalytic asymmetric dyasis of chiral spirooxindoles

1.2Why Do We Need AsymmetricSynthesis?

Asymmetric synthesis is the ability to control the thdégmensional structure of

the molecular architecture. This control brings about a chemical synthesis in
which one or more new chlity elements are produced so that the stereocisomeric
(enantiomeric and diastereomeric) products are unequal in ant8untsither
words, in the course of the synthesfsa compound, the molecular interactions
between the substrates and catalgststively favor one enantiomeric fornthis
selectivity is advantageous sindeetmajority of medicinal agents and natural

productsexistalready ashesingle enantiomer.
1.2.1 Applications in Medicinal Chemistry

Selectivity of enzymeandinformation carrier miecules such aBRNA and DNA

are dependent tdheir monomeric subunits, amino acids and nucleatides



respectively Therefore a biological system can differentiate and respond
differently to both enantiomers of a biologically active compo@eherally, ony
one of the enantiomers is therapeutically active while the aheategorized as
medicinal pollutantMost of the natural medicinal agents exist in their optically

pure form such aguining quinidine, ¢)-morphine and (+Jligitoxin (Figure 4)*

Quinine

(-)-Morphine

" 03 pol
HOY ™%

T
T

(+)-Digitoxin

Figure 4 Structures of some naturally occurring medicinal agents

Malaria disease can be given as illostrative example to emphasize the
importance of asymmetrisynthesison human healthThe thirdworld countries

have been still exposed to unfortunate consequences of malec@ding to the

report of World Health Organization published in 20%i& $cenario is so drastic
thatthere were an estimated 445,000 deaths glabalgo an independentisty

claims that the number is twice when undiagnosed and untreated cases are
included'? Plasmodium falciparuris one of the spées causing malaria in
humans and recently tetrahydropyridirigshave been synthesized and screened
for this parasite(Scheme L' From cheap sting materials b-ketoester10,

aromatic aldehydes and anilines, asymmetric organocatalytic-paine



multicomponentreaction in the presence ofproline (1) affordedtransaryl-
substituted tetrahydropyridine$2. In the first step,enamine 13 formed by
organocatalystll and b-ketoester attacks to the aldehyde and subsequent
dehydration leads toKnoevenagel condensation produdd. Meanwhile,
condensation of aniline with bofl®t and aldehyde affoetiimine and 2azadiene

15, respectively. Azdiels-Alder reactionof 15 gives the target molecule§?2
(Scheme 1yvhich were later assayed for their blood schizonticidal activity against
P. falciparum3D/ strain.Even in very low concentrationene of the derivatives

of 12 provided 91% ihibition of the parasiteWith countlessstudies similar to

this example, the field cisymmetric synthesis is hope for humanity whicls

always been in fighfior mortal diseases for ages.

CO,H
N 14
MOR + R|1\©/CHO+ R|2\©/NH2 Eomer .
~ _
10 TFA, CHyCN,
20-30 °C

J Ar2NH,
o)

.o O O)O 2
N Arel
EI\B)LO/H "SNH 0
| OR >
OR
o)

13 < —~
Proli Ar'—X Ar'!
&\f roline /\N/ Ar2

Ar' 15

Schemel Synthesis of tetrahydropyridinagianst Plasmodium falciparum

1.2.2 The Market of Chiral Drugs

In 2015, 45 new drugs were approved by the US Food and Drug Administration
(FDA) and 44% of these drugs are small molecule active pharmaceutical
ingredients (APIs) with at least one or more chiratignters* Therefore, he



current drug industrjnastendency tceither exploit chiral switching or establish

de novosynthesis of enantiomerically pure compoufatschiral drugs The term

Achiral switchingo goes bac kscenoe ofthé 9 7

field of chiral drugs.The f i r st definition of nchi

Agranat and Caner in 1989 and later clarified ashe replacement of a chiral
drug that has been developed initially as a racemmateixture d diastereomers
(usually marketed but not necessarily) with its singlentiomer'® That is to say,
the fundamental criterioh o r A ¢ h i r aslthe alterationcirhthenstatos of

chirality.

The first drug switched to single enantiomer was a -steroidal anti
inflammatory drug ibuprofen in 199igure 5) The reasoror this change wa
the fact thatinhibition activity of the §-enantiomertoward cyclooxygenase 1
(COX-1) was over 10@old more than that ofR)-isomer® As a result, by
reducing the source of configational diversity, application of enantiopur®-(

ibuprofenwould lead a rapid onset of action with a lower dosadgesides a

faster onset of action and patientos

potential advantages of chiral switching compasenhanced therapeutic index
by increasedselectivity, decreased sideffects and a reduced liability for drug

drug interactions?

wcooH )\/@/LCoOH

(S)-(+)-Ibuprofen (R)-(-)-Ibuprofen

Figure 5 Structureof ibuprofen enantiomers.

Instead of putting many effatinto separation and purification of two
enantiomers from a mixturele novoinduction of stereochemistry is the second

alternative applied by the drug industry. For the development of enantitugye

whi

ra

b €



there are three methad$) to start from an enantiomerically pure natural product
(chiral pool); (ii) to employ asymmetric synthesis; (iii)) to resolve the racemate
obtained by a nostereoselective synthetic protocol. In eaase in order to
spedfy the identity, stereochemistry, purity and quality of the drugrious
instrumental and experimental methods ninesttrictly applied™*

1.2.3 Isomers and Odor or Nose as t8éreochemist

Smell is one of the way® perceivethe world around us. Fragrant objects have
influence on human webeing. However, we usually do not realize that organ
which can even distinguish trace amount of impurities in the sample. Functioning
as an extremely sensitive analytical maehour olfactory receptors can identify
even minor spatial differencgse. configuration of the double bonds and chiral

centers)n the structure of a related arorfa.

One of the most frequently usedmpoundss rose oxidel6 for the creation of
rose notes. The two diastereomeric form of rose oxi(lR,4R)-trans-16b and
(2S4R)-cis-16a were encountered igeraniumoil androseoil. Taking place of
each isomer on the shelves of perfumery became possible after the asymmetric
synthesis of them startingoim (S)-citronellol (Scheme 2§° In general, rose oxide
has a refreshing, floragreen note. However, characteristics of odary from
isomer to isomeso thatcis-rose oxidehas geranium and ppgrmint like note,
while transrose oxide has much more inge fragrance. In 1972, Ohloff
synthesized and evaluated the enantiomersisafose oxide (L6a 16¢). Isomer

16a was found to have a sweet fragrance; howeléc have somewhat spicy.
Later the threshold of each enantiomer was found to be different biymi€® so
thatwhile 0.5 ppb is enough to perceive5(2R)-16a for (2R, 45-16¢ 50 ppb is
required?® It is noteworthy to indicate that reliable data can be obtained only for
highly pure compounds. Thereforaegcessity of asymmetric methods is not
surprigng in the field of perfumery.



(2S, 4R)-cis-16a (2R, 4R)-trans-16b (2R, 4S)-cis-16¢c  (2S, 4S)-trans-16d

1) Na,COgs, Br,, acetonitrile, -
CH,OH KOH, aliquat R O
N (e}
| 2) 30% H,SQ,, distillation /“\
(S)-citronellol (2S, 4R)-cis-16a

Scheme2 Stereoselective synthesis of rose oxide.

1.3 Asymmetric Organocatalysis

Since the turn of the centyrg profound interest raised for the development of
new aymmetric catalysts using organic molecules to attain optically active
organicmolecules. Althouglthe first utility of such metafree organic molecules

as catalyst dates back to 1971 with prolia¢alyzed intermolecular asymmetric
aldol reactios establshed by tw independent industrial grougScheme 3
recognition of asymmetric organocatalysis as a researchceiek true after the
conceptualization and description of the generic activation méd#ss reaction

a triketonel7 generates an enamgirwith the §-proline (1) than the neutral
enamine attacks to the carbonyl groagtivated by Hboonding with a facial

selectivity to afford cyclic aldol produd.

Discovery of transitiormetal catalysis with tunable activity and selectivity with
different ligands has offered a powerful tool for the constructionldfand GC
bonds. But still organic chemists have a consensus on the drawbacks of transition

metal catalysis. These are the high cost and effort for the preparation of catalysts,
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Scheme3 The first asymmetric organocatalytic reaction.

toxicity carried forward to final product and lack of orthogonality with different
functional group$? However, after a series of primary studiesyasocatalysis
appear to solve these problems with better tolerance to moisture, air and various
functional groups. In combination with other synthetic tools and concepts,
organocatalysis have altered the map of -catalysis. Nevertheless, these

achievementsra insufficient in terms of efficiency to meet the industrial ne&ds.
1.3.1 Bond Formation Methodologies and Activation Modes

Along with the structural simplicity of the organocatalysts, asymmetric
organocatalysis is notable farvariety of activation modeshich are fundamental

for establishing mechanistic working models and the prediction of the
stereochemical outcom&lodes of activation can be classified according to two
perspectives.From a mechanistic point of view activation mode can be

categorized a®ither covalent or noncovalent with respect to substaityst

interaction. In the second perspective, the chemical nature is considered and

Lewi s base, Lewis acid, BrBnsted®*®base and
However, it is important to notehat many organocatalysts (e.g. amino acids,

phosphoric acids) act by both covalent and noncovalent interaction or have dual

10



acid-base nature (bifunctional catalystdjigure 6) Aiming the synthesis and
-boadvdonBrr bifunéednal ojandratadystsh H

this thesis preferentially more detailed literature will be presented on this

application

subdivision.

of
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v
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- J
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\

. ATFdzy Ol A2
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Figure 6 Classification of asymmetric organocatalysis according to activation
modes.
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1.3.1.1B r B3 n s ase/HiBorkl Donor Bifunctional Catalysis

Multifunctional asymmetric catalysisargeting the synergistic activation of both
reactarg by dual organocatalysts bearing acidic and basic sites, has attracted
considerable interest in modern synthetic chemigtiytil being introduced by
Takemoto and cworkers as consistent and general stratégy20032° previous
reports of Riant and Kagan (1989pn quindine catalyzed DielsAlder reaction

of anthronesl9 and MoritaBaylis-Hillman reaction of Hatakeyama and -co
workeré’ had already indicated the future of bifunctional organocatalysis
(Scheméd).

In the first example, while tertiary amine of the quinidi@&) (was responsible for
the enolate formation frorh9, presence of a freeOH group was essential for a
better yield since its assumed to activate dienopHi@ through Hbonding
(Scheme 4%° In the second report, phenolic hydroxy group of the cat&lgst
playsa key role for the stereochemistry of thejorand minorproducts (25 and
26). Enolate generated by Michael addition of catalyst to acryl&®
stereoselectivelnttacks to aldehyde to form an oxyanion intermedstdbilized
by the Hbonding interaction of thehenolic hydroxyl of the catalyg4.?’ Later,
theconcept®6 fbi functionalasofgasocatmdlrypsdiuce d
catalyst29 in which thiourea moiety (Hbond donoy was combined with tertiary
ami ne ( Br Bns tRRE12bydahexyldiamine tata chiral scaffold
(Scheme 4). Michael addition of malona&sto nitroolefins27 occurred highly

stereoselectively tafford (§-30with high yields and enantiopuritiés.

Although, (thio)ureas had been faeny used for molecular recognitiotheir
mode of action in catalysis was investigated after the interpretation of dual H
bonding nature of enzymes activatibgwis basic compounds (e.g. nitroaromatic
compounds, ketones, sulfoxides, imines}Béhd donorassociated with other

complementary

12
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Schemed Pioneering examples of asymmetric bifunctional organocatalysis.

and structural frameworks directs the spatial arrangement of both nucleophile and
eledrophile with as much control as covalent catalyBigure 7) However since

there is no covalent intermediate between the substrate and the catalyst, isolation
and characterization of the reactive intermediates to enlighten the mechanism is

difficult. But still, bifunctional organocatalysis disclosed manyCCand C

13



heteroatom bond formation reactions with a wide spectrum of subgftdres.
Figure 7, different combinations ohia i n |l y mstetl badic sBnpl@ tertiary
amines31, quinine derivative82 and 2-aminoDMAP units33 and Hbond donors
((thio)ureas34 and squaramide35) reported hitherto are represented with their
first developers.

Brgnsted " Chiral Spacer ==  H-bond
Base Donor
*i' H
Nu E
\ Y / \ ~ J
. /X
R 'R Takemoto, 2003 S R
31 - » NN
34
X=§,0
Sods, 2005 *
Rawal, 2008 +
NiMez Tanyeli, 2015 o, 0
B < >, =
NN “N°_n-R
H H
a3 1 35

Figure 7 Br3nsted basienoieties withH-bond donors

1.3.1.2Superior Performance of Sjuaramides

Squaramidesnitrogenated squaric acid derivativegre initially designed for the
molecular recognition of negatively charged carboxylates and nittadés. they
entered organocatalysss their urea and thioureanalogues. However, with its
conformationally rigid squarshaped structuresquaramido functionality differs
significantly in five aspects; (i) duality in binding, (ii)-bbnd spacing, (iii) H
bond angle, (iv}igidity and(v) acidity*

14



While urea and tloiurea reveal excellent anidmnding ability, their capability to

bind cations is limitedOn the contraryrecoguizing both anions and catigns
squaramides exhibit duality in bindinds a result of this ambivalent nature,
squaramides possess three dédférHbonding patterngFigure 8)which makes

them much more bifunctional Calculated Hboond spacing in N,N'-
dimethylthiourea andN,N'-d i met hyl squarami de i s aproxim
i , respectively(Figure 8)*° With a larger spagesquramides have a der

substrate scope. Furthermore, square geometry of cyclobutenedione ring induces
convergent orientation of the-N groups (b &4 (Figure 8). This deviation

brings about a greater linearity irddnding for some substrates.

U] (i)

s O O
H/‘ H !
ﬁ' 1 H-bond acceptor o \NJ\N/ ]:E
PN 1 (e) | | N N—
HOH 25 H H Loy
:: ": i /9‘6‘60 B H<—>H
j;( ! % 213 A 2.72 A
! R R R- —H %
R-N  N-R "N N NN
HH , H H H R (i) s o. 0
seo bt N Y =
\H( | H-bond donor \y\( l}zé/

Figure 8 (i) Duality in bindirg, (ii) H-bond spacing, (iiiH-bond angle
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Figure 9 Resonance structures of (thio)urea and squaramide.



Both (thio)urea and sgpramide functionalities have the ability to delocalize the
nitrogen lone pair through carbongt thiocarbonylgroups therebythey restrict

the rotation of EN bond. However, squaramides undergo further delocalization to
give the cyclobutene ring with twpositive charges on the rihg (Figure9). By
computational methods, this structure is known to fulfill the energetic, geometric
and magnetic criteria of aromaticity which brings aboutdrigifor the catalyst
Finally, acidities of urea and squaramiglere compared by analogy with carbonic
acid (pKap:3.6, pK42:10.3) and squaric acid (pK:1.5; pKaz:3.4) from which a
higher acidity is inferred for squaramid@s.

1.4 U-Chiral A mines

A nitrogen atom bearing an adjacent carbon atom waiteastthree different
substituents are namedfdd¢ h i r a | Due totheirénberited Hoond ability,
abundance in vast majority of natural produdsbuilding elemerand resolung
agentpotencythey are powerful pharmacophorétowever their synthesis faces
some challenges such as functional group interconversion and industrial
feasibility ! When regie, cheme and stereocontrol are added to these challenges,
development of singe step strategies inducing heteroatom gains more
importance®

141 Organocatal yt i-Chir&d Amire Syatgesie s f or U

There are various met al medi at ed, BrBnst e
catalyzed strategies hitherto reporfed U-chiral amine synthesissmong them

chiral B r Rborsl domat (thi)arsaed shuaramides are mostly utilized

in asymmetric organocatalytic direct addition of carbanions to imines or conjugate

addition ofnitrogen nucleophiles with high levels of enantiofacial discrimination.

Namely, enantioselective attenry, azaFriedelCrafts, Strecker, Mannich and

16



azaMichael reactions are efficient synthetic tools for the synthesis of sagond
and t edhitaliaminegScheme 5)

OH

R? 2
\|N TMSCN R1\N/R R/\/EWG R1\N/R2

J\ MeNO2 _ |
R®” "R - )\,,,,Rs H
R

o)
AL Ewe A 4

C-C bond formation C-N bond formation

SchemésCo mmon st r ahira gmine syntliesiss U

1.4.1.1Aza-Friedel-Crafts Reaction

1,2-Addition of naphthols, activated phenols, benzenes androastenatic
compoundgindole, pyrrole, furan etc.) to imines are known asfzedelCrafts
reaction. The seminadtudy on agmmetric aza-riedelCrafts reaction was a
chiral copper (HTol-BINAP catalyzed addition oihdole (37) to imino esters38
afford ng cdamimoatid dérivative89 (Scheme 6§° Later, many chiral
phosphoric acid, thiourea and cuprecsalyzedasymmetric az&riedelCrafts
reations have been reportéli However, bifunctional squaramides have been

implementedn azaFriedelCrafts reactions very recently.

Even though az&riedelCrafts reactions of indoles and pyrroles have been
examined extensively, examples with naphthols and phenols were very elusive.
Furthermore, due to low reactivity and difficult face selectivity of ketes, this

type was limited to aldimines. In 2015, the first quinine squaramide catalyzed aza
FriedelCrafts reaction of cyclic trifluoromethyl ketimines4l and
naphthols/phenolsi2 were reported(Scheme 7§°> The fluorenyl substituted

organocatalyst40 afforded trifluoromethyl bearing dihydroquinazolinonés,

17



which are prominently known as potential HIV nonnucleoside

transcriptase inhibitor, in excellent&yd and enantiopurity

CHg

OO /@/cm
P
P
g
36

CH;
5 mol% CuPFg TsHN
R\@\/\> N/TS 5.5 mol% 36 R - COLEt
] N\
N EtO,C dry THF, -78 °C N
37 38 39 H

up to >99% ee
after crystallization

Scheme6 The first asymmetric azBriedelCrafts reaction.

7

e
7N ONH .
SHNSE

OMe

o} NH -
CF OH —
A Ty —
R = /IL o = ) 5 mol% 40 FaC &= "R3
= N e 3/ s CHCls, rt | AN NH
|2 R R1_| /g
R = N"So
2
M 42 R® 43

up to 99% vyield
up to 99% ee

Scheme7 Bifunctional squaramide catalyzed azaedelCrafts reaction of

trifluoromethyl ketimines.
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In 2017, Enders grouf developed a domino procol utilizing N-Boc ketimines
derived from pyrazolirb-ones46 possessing two electrophilic centé&cheme
8). Subsequent to a#aiedelCrafts reaction, adducf 2-naphthols47 underwent
further N,O-acetalization to give dihydronaphtofuras8 with two vicinal
tetrasubstituted stereogenicenters However, reaction with -baphthols
terminate at the first step witlthe formation ofl,3-aminonaphthol€5 (Scheme
8). With the well-established milestones of squaramides and familiar
electrophilicity of istin, azaFriedelCrafts reaction of isatin ketiminegs worth

to investigate as a part of this thesis sttfdy
e Jog

N

H H CF3
|

4 FaC
R1
OENG® L
x OH
R1 O OR|_3| 42 OH R3 47

0.5 mol% 44 BONS_{ 0.5 mol% 44
BocHN N e— NG
: N

H
MeO /
NS

N 4

o7 N DCM, rt oZ N DCM, rt
Re R?
45 46 48
70-98% yield 95-98% yield
50-98% ee 97-98% ee

SchemeB Bifunctional squaramide catalyzed azaedelCrafts reaction of
pyrazoline5-one ketimines.

1.4.1.2Mannich Reaction
Manni ch reacti on i s a u s e-aminbketanesovi f or

multi-component & bond formation between an aldehyde, an eabléeketone

or equivalent and a primary or secondary amine. The key element of this reaction
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is the formation of @ imine or iminium intermediatélhe products are called as

Mannich bases and valualite the synthesis of alkaloid&.

The first example of catalytic asymmetric Mannich reactiorergedas a result of

Li stods i nterest on whetdsevould cdtalyzeale a mi nes
Mannich reactions as they did in the direct asymmetric aldol readfidnsee

component Mannich reaction of acetone, an aliphatic or aromatic aldehyge and

anisidine 49) in the presence df-proline (L1) as the organocatalyst affted

PMP (-methoxyphenyl) protectedmines50 with moderate yields due to the

formation of aldol addition and condensation side prod{(fttieme Q)But still

obtained enantioselectivities wiagh (7096% ee).

CO,H
NH N
2 H 11
(6] ; (@] NHPMP
)CJ)\ . )J\ . 35 mol% L-Proline )J\A:
H R R
DMSO, rt

OMe
49 50

35-90% vyield
70-96% ee

Schemed The first asymmetric organocatalytic Mannich reaction.

Subsequent to pioneering work of L8liverseorganocatalytic approaches have
been developed utilizing enamine catalysis,rathBr B n st e ahd ¢thisak e s
Br Bnst e db-Diamrbanyd sompounds (symmetrical and unsymmetrical
diketones, malonates, dithiomalonatespx®butanoates et¢.jsocyanoacetates,

pyrazolones etc. have beexaminedas nucleophile in the Mannich reaction.

After transformation to their carbamate protected ketimbtepotential of isatin
has been benefited in Mannich reactions as wd&kamples of Mannich,
vinylogous Manich and domino Mannich/cyclization reacsonutilizing
squaramids 51-54 are given inScheme 10. In 2014, dihydrofurar®l were

synthesized by the Mannich reaction ofbbmao3-oxobutanoates60 with
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ketimines 55 in the presence of only 1 mol% bifunctional squaranta@d®
Although the reaction yield was lowhen organocatalyst was used $§gle
additive basesodium carbonatas HBr scavengetriggered cyclization stepo
afford products in high yield and excellent enantioselectid®97% yield, 92
98% ee).

R = Me, MeO, Ph
R' = Me, MeO, Ph, EtO o o

1 mol% 52

56
Na,CO3 (1.0 e
3 mol% 51 2005 (10 eq) R2
Mannich Domino 61
57 R%0.C Mannich/Cyclization ~ 90-97% yield
78-99% yield 2\ 92-98% ee
33->99% ee /
X
SOOI
o o N, NC =R
R — NC
55 62 CN
1mol% 53/ 10 mol% 54 _ R°0,CHN,
. X
Mannich Vinylogous Mannich R'r "R

29-97% yield = =
41->99% ee ; 73-96% yield
R H 82-96% ee
N (o) N 10

51 : R'= OMe, R? = 3,5-(CF3),Bn
52:R"'=H, R% = 3,5-(CF;3),Ph
53 : R'= OMe, R? = 2-adamantyl

Schemel0 Asymmetric oganocatalytic Mannich reactions of isatierived
ketimines

Later, Zhu et al . demonstrated -the Vior
dicyanoolefins62 with the same electrophifé.Cinchona alkaloietlerived tert-

butyl substituted organocatalys4 lead to3,3-substituted oxindole63 again in

high yields (7396%) andenantiopurity (8296% ee)Scheme 10)
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Then Trivedf? and our grouff examined thesquaramide catalyzellannich
reaction of isatirketimines with 1,3dicarbonyls56. Although the substrate scope

of the former study was limited tdl-Boc protected ketiminesjifferent N-
alkoxycarbonyl protecting groups have been tolerated by sterically hindered 2
adamantyl substituted squaramigi@ with very low (1 mol%)catalyst loading.
Reaction proceeded smoothly with acetylacet@@ énd stereoselectivity up to
greater han 99% ee was attainadadducts$9 (Scheme 10).

Besi des synthetically val uaabdoeketopes,operti es
special subclass within the azides, have enhanced acidity which offerso@d
forming potential.To the best of our knowle@, $ n c-azidoketones haveot
been explored in Mannich reaction previoushgir reactivity with isatirderived

ketimineshas been investigates a part of this thesis study
1.5U-Chiral A zides

Organic azides are valuable synthons in organic syisthese to their different
mesomeric structures, they reveal diverse chemical reactiVitgir facile
decomposition to nitrene and nitrogen can be attributed to the dipolar stridcture
given in Rgure 10 Moreover, whereby resonance structute, thar
regioselective 1:8lipolar cycloaddition with both nucleophiles and electrophiles
is not surprisingnucleophiles attack on N3, while electrophiles are attacked by
N1).4

1.2 3
® 9 o ® 2.9
R—N3; = R—-N=N=N:=—>> R—-N—-N=N: =— R—N—-N=N

Figure 10 Resonance struates of azido group.
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Among organic azi e s-chirallazides constitute special subclasgith amaskof

chiral amino functionality. Furthermorethey undergo various ysthetic
transformatios such as reduction, azdide formation, cycladdition and so o
(Figure 11)** Nitrenes, generated from azides by thermolysis or photolysis, are
uncharged, monovalent carbene analogmesenting similar reaction patterns
such as €H insertion, cycloaddition, Curtis and oHmann rearrangements.
Staudinger reaction of organic azides with phosphines is a mild tool for the
synthesis of azglides which arereactive through carbonyl compoundsenable

imine synthesis (az@ittig reaction)*

Among the reactions of organicides as beingood 1,3dipoles, especiallynetal
catalyzed azidalkyne coupling leading to,2,3triazoles have great importance

in medicinal chemistry. Due to their strong dipole moments, these motifs are
effective amide surrogate3heir physicalpropeties such as hydrogen bond
formation, dipoled i p o | estackingdnterfactions makes triazoles important in

medicinal chemistry as thegadilybind with biological target®

o, heat / light / [M] « Ao
N/\ R® L VR

R2 \ / RZ
R’ R' R’
o A
X\ ""11R3 oy 13
N)\ 2R /\ 7 HzN/\ R
R
Alkenes
@ / Alkynes
1
® R* Nitriles
R{ I/R3
N
HY, R2 \/Y R2
RG
Y=C,N

Figure 11 Syrthetic transformatiogio f -chidal azides.
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151 St r at e g-Chiral AZideSynthBsis

Even t kcbiralgahidesUnave already been efficiently used for the total
synthesis of natural products and pharmacophores for years, generally chiral
starting mateals are chosen as precursor. Therefatevelopment of new
asymmetric methodologies is still in demand. There are three major strategies
f ur ni schiral mzidesa$ given in Fure 12: (a) nucleophilic azidation, (b)
electrophilic azidation and (c) futionalization. As a result of small size of the
azido group, ensuring enantiofacial discrimination becomes difficult in
nucleophilic and electrophilic azidatiéh. In organocatalytic approaches,
functionalizaton of achiral azides is much more preferable mainly due to three
reasons: (i) with azido moiety introduced in advance, improvement of
stereocontrol might be more attainable; (ii) diversity of organic azides expands the
limits of reaction types as well; i{ii mild reaction conditions of asymmetric

organocatalysis reduces the decomposition of unstable azido group.

With C-N bond forming Without C-N bond forming
Nucleophilic
o /\ R azidation
N3 + /ED
a
I e @ - ‘
/\,,, 3 Functionalization I-R
R 2
N3 R
2
R N3 R1

. (c)
Electrophilic
azidation

® o
N3 =+ Rt
R
R
R2

Figure 12Cur rent st r atchigliaades. f ur ni shing

24

U



1.6 Aim of the Study

The man objective of thishesis study i€nantioselective synthesis oindole

d e r i sediary abhineshaving wide applicability in medicinal chemistry and
total synthesis of natural procks As being encouraging synthons for the
generation of stereocheaaily and architecturally complex-éindole fused
spirc-heterocycles, deelopment of new stereoselective approadheg-oxindole
derivedU-chiralamineswas aimed. For both activation of the substrates and chiral
induction, chiral bifunctional organoedysts were preferred. After a careful
examination of the ldrature, it was discovered thateric influence of the
substituents on squaramidesspecial class of4Hond donor organocatalgshad
been underestimateldecausemostly the acidity of NH praons was focus of
interest. Therefore, initially, new quinindased squamides 64 with bulky
hydrocarbon substituentgere designed in order to examine their potential in the

subsequent asymmetric transformation of iskgitimines(Figure 13).

MeO Nﬂio | < o~ £ CHs
b [ et0 W K

HN

64 @ %

Figure 13 Targeted new bulkizydrocarbon substituted quinkuerived
squaramides

In the second part of the studyesides the known#Hondd onor / Br Bnst ed
bifunctional organocatalysts, newly synthesizderivatives would be utilized in

the asymmetric organocatalytic aZaedelCrafts reaction oN-protected isatin
ketimines65 with 1-naphthol 42). Among diverse synthetic transformations that
ketimines show reactivity, aferiedetCrafts reaction wagpreferredwith the

anticipation of converting the resulting daghinonaphthol$6 to aforementioned
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spiro-heterocycles bearing-@indole unit 67. In continuation of this strategy,
adduct 66 would be transformed int@epresentativel,4-naphthoxazepines7
(Scheme 11)

chiral
organocat,

PG,
/N OH
Z N
2 3

65 42

Schemell Synthetic routdor asymmetric az&riedelCrafts reaction.

In the last part, aiming the stereoselective synthadsadternative precursor for-2
oxindole fused spirocycte a new strategy based onaZdo ethanamine
functionality was implemented. Inspired from the results of our preliminary
study’’ on the asymmetric aldol addition dffazido ketones68, whose
asymmetric organocatalytic reactions had not been discoveretysiyy we
would like to investigate their Mannich reaction with isatin ketimi@gsas well
(Scheme 12) In addition to generation ofJchiral azido ketones69 by
functionalization of achiral starting materials, these enantioenridhediral
azides woud bring about a masked amino functionality. With two contiguous
stereogenic centers in hand, compo6G8dvould be converted tspiro-cyclic urea

as an illustrative otargetcompound7l. Moreover, the 18lipolar potency of
azido functionality was going tbe evaluated to obtain 1,28azole70 (Scheme
12).
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o} PG\N chiral
N )/ organocat.
N
1/ = 3 Z~N
R hg

68 65

Schemel2 Synthetic routéor asymmetric Mannich reaction.
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CHAPTER 2
RESULTS AND DISCUSSION

2.1 Synthesis of Bifunctional Sjuaramides

Literature survey on quinederived squaramides showed that mainlys-CF
substituted aryl squaramidesmidowed with high M acidity had beenwidely

utilized inasymmetric organocatalytic applicaticfis

0 O
0 o g
—R 0O O
72 — NH

Ph)% Ph
NO,
+ — Ar
MezNCN 1 mol%

Ar/\/NOZ
73

74 75

"LLL CF3 ?
<) A@ “{'((R)j zj\©‘s’ =)
CF3
62% ee 64% ee 81% ee 82% ee 83% ee 82% ee

O ¢ & CFs

Jo B o B2
CF3

70% ee 87% ee 85% ee 89% ee 50% ee

Schemel3 Catalyst tunning on squaramido moiety.
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Previously, our group had reported a study examining the effects of different aryl
and alkyl substituents of-@minoDMAP based squaramide organocatalyson
dibenzoylmethane (72) addition to trand-nitroalkenes 73*° Set by set
modulation of Rsubstituent through electronic and steric factors brought about
diverse outcomes in the enantioselectivity and highest results were attained with
l-adamantyl and -2damatyl substituents (89% and 87% ee, respectively)
(Scheme 13). Inspiring from this study and the lack of sterically bulky
hydrocarbon units for squaramides, we decided to synthésakamantyl, 2
adamantyl and-butyl substituted quinine derived squarami@dsaccording to

synthetic routelepictedn Scheme 14.

/
1) PPhs, DIAD, DPPA
THF, 0°C —rt, 12h MeO N

2) PPh3, 50 °C, 2h

3) H,0, rt, 3h \ " NH;
71% yield N/
76 77
EtOH (0] O R—NH,.HCI, NEt;3 (0] O
j\;ﬁ T reflux 3h DCM, rt, 24h j:[
94% vyield EtO OEt 79-87% yield EtO HN—R
7 80a-c
7 /
MeO O O
N . j;f _ MeO N7
£ DCM:MeOH (1:1)
O NH, Et0” HN--R o = o
Y 80 70-85% yield \
N 77 \ s
64a-c

o SN & CHs
R e
H3C CH3
a b c

Schemel4 Synthetic route for quininderived bifunctional squaramides.
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In the first step, quinine76) was converted into amingé7 accord ng t o So -

onepot procedurd® Upon the addition of triphenylphosphine, diisopropyl
azadicarboxylate (DIAD) and diphenylphosphoryl azide (DPR¥#)Mitsunobu
reaction,azide intermediate formed in sitwith inversion of configuration on
reaction centerlater, treatment of the intermediate with triphenylphosphine
generated an iminophosphane by evolutioh nitrogen gas. Hydrolysis of

iminophosphane afforded quinitlerived aming7in 71% yield (Scheme 14).

Meanwhile, for the synthesis of monosquaramiflO, squaric acid(78) was
convertednto diethyl squaraté79) by refluxing inabsoluteethanolfor 3 hours>*
Then aapting the procedure of Rawal and-workers*® stirring the related
alkylamine (orhydrodloride salt of the amine in the presence of stoichiometric
triethylamine base) witY9 at room temperature afforded magoaramidesO.
Repeating thesimilar process witlthe amine77 in DCM/MeOH (1:1) mixture at
room temperature yielded in our quinideived squaramidess4 with 70-85%
isolated yield for the final stegfscheme 14).

2.2 Synthesis of Starting Materials
2.2.1 Synthesis ofN-Carbamate Protected Ketimines

Due to known facile deprotection procedurésalkoxycarbonyl moiety was
preferredas protectinggroups At first, iminophosphane83 was synthesized
starting from carbazate in the presence of sodium nitrite and glacial acetic acid.
After basic workup, highly reactive acyl azide82 was treated with
triphenylphosphine which leads to formation of imihopphane through nitrogen
loss from phosphazide intermediate according to literature procedure (Scheme
15) 32 t-Butyl, ethyl and benzyl triphenyliminophosphad@&were synthesized to
establish the tolerance of our organocataly®dstoward various carbamate
protecting groupsSynthesis of isatin ketimineS5 could be achieved by aza
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Wittig reaction of commercially available isatig with iminophosplane reagent
83 according to literatur€ (Scheme 16).

le) NaNOZ’ ACOH, H20 0 F)F)h3 JJ\
> N OR
H,NHN™ “OR 0°C -1t Ny~ "OR 0°C PPh,
53-73% yield
81 82 °Y 83

R= t-Butyl, Et, Bn,

Schemel5 Synthesis of triphenyliminophospine reagent

Commercially available isatin derivativ8d, werefurther derivatized through by
N-substitution of amide moiet\-Alkylation, alkenylation and benzylationere
achieved by using correspondiniiyd, alkenyl and benzyhalide (X = Br, 1)in
the presence of potassium carbonate as hdgecetylisatin 85e was attained
upon the reflux of isatii®4 in acetic anhydride. For the synthesid\sBoc isatin
85f, isatin was treated with dert-butyl dicabonate (Bogd) and 4
dimethylaminopyridine (DMAP). Later a&/ittig reaction of allN-substituted
and unsubstituted isatin derivativ@4 with triphenyliminophosphanecagent83
yielded in isatin derived ketiminé& (70-95% vyield)(Scheme 16)

O (0]
PPN 7
(0] 0 AN
reflux R <N ©
\ (0]
85e Ac J\ o
N OR
Q RE—X P Peh RO™™y
N K,COs4 N 3 83 /
R o ——— R4 o] N
L N Acetonitrile, rt Z N 1,4-dioxane R o)
H R2 reflux Z N
84 85a-d 70-95% vyield 55 R’
2_
R®=Me, Et, Bn, R = t-Buty, Et, Bn
Allyl” R2 = Me, Et, Bn, Allyl,
Boc,0, DMAP N Ac, Boc
10
THF,0°C->rt R U N ©
85f éoc

Schemel6 N-Substitution of isatirandsubsequent ketimingynthesis
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20 Derivatives of satin ketimine with different substituenten amide nitrogen,
aromatic ring anccarbamate protecting grosigBoc, Clz and ethoxycarbonyl)
were synthesized according to above mentioned protocol. Isolated yieRs of
isatin-derived ketimine$5a-t are depicted in Table 1.

Table 1 SynthesizedN-carbamate protected ketimirfes

i
O
(0] RO N
J\ + R N e} 2 /
N~ “OR 2N _ RS- 0
Il \ 1,4-dioxane A ~N
PPhj R? reflux, overnight L,
83 85 70-95% yield 55 R
NBoc NCbz NCO,Et NCO,Et NCbz
N N N N N
H H H Me Me
55a 55b 55¢ 55d 55e
80% yield 70% yield 85% yield 78% yield 70% yield
NBoc NBoc NBoc NBoc NBoc
N N N N N
v Bn Et Me Ac
55f 559 55h 55i 55j
90% yield 93% yield 90% yield 95% yield 80% yield
NBoc NBoc NBoc NBoc NBoc
N N Br N
F Me Cl Me Me Me
55k 551 55m 55n 550
93% yield 91% yield 95% yield 93% yield 93% yield
NBoc NBoc NBoc NBoc NBoc
Br. Br Me F MeO
O le} 0] e} (0]
N N N N N
Me H Me H Me
55p 55q 55r 55s 55¢
78% yield 83% yield 70% yield 87% yield 90% yield

4solated yields.
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222 Synt h e dArido Ketohes U

Initially, cy ¢ | ibromo Bhromanongthiochromanone, indanone and tetralone
(87ab and 90ab) could be obtained by brominatioof chromanone(86a),
thiochromanong86b), indanone(89a and tetralone(89b) prior to azidation.
Although stoichiometric amount of bromine was used in bromination atep
decreased reaction temperafufermation of U ,-dibromdketone 88 and 91)

couldbe avoidednly to some extent (Scheme 17).

0 o 0
Br
Et,0, 0 °C->rt ’
X 2 r X X

X=0,8 major minor
86a X =0 87a X =0, 75% yield 88
86bX =S 87b X = S, 62% yield
(0] o] 0
Br, Br Br
> +
(CH2)n Et,0, 0 °C->rt (CH)), Eii/HZ)n
major minor
89an=1 90an =1, 72% yield
89%bn=2 90b n = 2, 87% yield 91

Schemel7Sy nt he-br 8 mof k &-azida letwne arscursbrs.

I n order t-azidecketone®d3esnmel €dophil i-brom@ubstitut.ii
ketone precursors92 was utilized Ac y c |-azido kétones93aj were

synthesized from commerciallyvailable 2bromoacetophenone®2 (Table 2).

Following the generalproceduregiven in the experimental pa@;bromdetones

92 were treated witlexcesssodium azide in acetorie obtainU-azido ketone93

as nucleophile of the further Mannich reactidio. the best of our knowledge,

synthesis 090aand90b from their brominated precursonsd not been reported

sofar.Sy nt h e-azida ketdne€3 are shown in Table 2. Except 88k and

93m, as long as they are stored at cold and in amber bottles, thé emed for

months without decomposition.
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Table 2 Synthesized}azido ketones

(e} (e}
| AN \ NaN3 | AN ‘ N3
S acetone, rt JF
R overnight
92 68-98% yield 93
(0] o} o 0 0
N m N m
®3 Me 3 MeO 3 Br FC °
93a 93b 93c 93d 93e
81% yield 80% vyield 94% vyield 89% vyield 78% vyield
(e} o OMe O
(0] ° o)
/@)\ Me
N3 N3 N3
E N3 N3
Br OMe OMe
93f 93g 93h 93i 93j
93% vyield 91% vyield 91% yield 88% vyield 98% vyield
O (6] (0] o)
N3 N3 N3
N3
(¢} S
93k“ 93|* 93m* 93n“
82% vyield 73% yield 68% yield 72% yield

@Additional to the given reaction conditioris8-crown-6 (20 mol%)was used.

Besides the chromatograptiicators,chemical shifts of}protonon *H NMR
spectra were decisive on the substitution of bromine with azide. As an illustrative
example,'H NMR spectrum of90a and 93n were depictedin Figure 14.
Apparent | y -protarhdf bremo subsituted ketoréfa resonates at
lower field with 4.58 ppm as doublet of doublet, upon the replacement with azido

group that signal 0®3n shifts to higher magnetic field (4.25 ppm)
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4.58

0
H
' Br
N 90a
464 4.62 4.60 ‘fll.S(Bppn:).Sé 4.54 452 4.50
Jbui 3 |
T T T T T T T T T
8 7 6 4 2 1 0
f1 (ppm)
N
T 0
H
W -
93n
35 4.‘30 4.‘25 4.‘20
f1 (ppm)
T T T T T T T T T T T T T T T T T
8 7 6 4 2 1 0
f1 (ppm)

Figure 14'H NMR s p e ebtomaamiU-azitio indanone
2.3 Asymmetric Aza-Friedel-Crafts Reaction
2.3.1 Optimization of Reaction Parameters for AzaFriedel-Crafts Reaction
In order to achieve our goal on the asymmetric synthesis-@firziole
bearing 1,3aminonaphtholswe firstly surveyed squaramidesgda, 74b,

64a-d, as well as quininebased (thio)urea bifunctional organocatalygta
and94b, respectivelyin the model reactior{Table 3).Although azaFriedet
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Crafts reactiorof isatinderived ketimines5a (1 eq)with 1-naphthol 42)

(1.1 eq) afforded adduct95a in good yield with 2-aminoDMAP cored
squaramide34a and74b, it wasalmostracemate (Tabl8, entries 1 and 2).
When quininederived squaramide&da-d were compared witthiourea and
urea counterparts94a and 94b), the former category revealesliperior
performance in terms ofstereoselectivity (entries-8). It is important to
note that Cks-substituted arylquinine-derived squaramidecatalyst 64d,
which has been commonly utilized in the literature, dragged behind our
newly introduced organocatalys#lb in termsof enantiopurity 70% ee,
90% ee, respectivelgntries 4 and). Background reaction with no catalyst
led to adductac-95a with 61% yield in 24 how(entry 9).Considering the
reaction duration and chemical yields obtained by catab/stsl and94ab
(entries 38) it can be claimed that bifunctionattiond donor / Br Bnst
catalystsactivate the substrates so that higlaenount of adducts was
handled in a shorter time than the background readtiooverall (entry 9).
Furthermore,ending up withracemic mixture of95a in the uncatalyzed
reaction is indicativeof organocatalystsbeing thesole chiral induction
source Among the quininelerived squaramide$4ad, as the most
encouragingclass of organocatalyst§4b would be organocatalyst of

choicewith 90% ee and excellent yield.

Table 3 Optimization studies for asymmetizaFriedelCrafts reaction

R =
0 NH
H
MeO N
NH X

X : Py

“NH \_7 NH
Z\ O
|
Me,N A FsC CF3
R = 1-adamantyl (64a)

R = 1-adamantyl (74a) 2-adamantyl (64b) X =S (94a)
2-adamantyl (74b) t-butyl (64c) O (94b)

3,5-bis(trifluoromethyl)phenyl (64d)
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Table 3 Continued®

NBoc OH chiral
% . organocat.
(e}
o O
H
55a 42

Cat.loading T Time  Yield ee

Entry Catalyst Solvent i d
(mole)  (AC (h)  (%)° (%)

1° 74a DCM 5 rt. 60 68 8

2 74b DCM 5 rt. 60 94 7

3 64a DCM 5 r.t. 19 71 60
4 64b DCM 5 r.t. 16 99 90
5 64c DCM 5 r.t. 19 60 60
6 64d DCM 5 r.t. 13 98 70
7 94a DCM 5 r.t. 19 71 44
8 94b DCM 5 r.t. 19 81 21
9 No cat. DCM - r.t. 24 61 rac
10 64b DCM 2 r.t. 18 99 89
11 64b DCM 1 r.t. 19 40 6

12 64b CHCl; 2 r.t. 26 90 20
13 64b THF 2 r.t. 46 43 70
14 64b CHsCN 2 r.t. 26 70 47
15 64b Dioxane 2 r.t. 46 32 52
16 64b DCM 2 0 26 97 86
17 64b DCM 2 -20 18 98 97
18 64b DCM 2 -40 46 75 89

®Reaction conditionsl-naphthol 42) (0.055 mmol, 1.1 €gisatin ketimine55a (0.050 mmol, 1
eg , catalyst, sol vent ( 0POppositeLehantiorfefisigted 4iglds.mo | ecul ar s

dDetermined by HPLC with chiraitationary phase.

Decrement ofcatalyst loading frond mol% to 2 mol% lead to no explicit change
in yield, stereoselectivity and reaction tiras well (Table 3,entries 4 and 10).
Hence, for the sake of atom economy, 2 mol%64b was preferred forthe
further trials. Neither yields nor enantiopurity increased upon examination of

other solvents (chloroform, THF, aceiioie and dioxane) (entries 115).
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Among the decreased reaction temperat(gaties 1618), -20 e ®rought about
95ain excellent yieldand satisfactorily high enantioselectivity (97% ee) with no
significantelongation in reaction time. Consequendg, the optimal conditiqri

eq of ketimine55, 1.1 eq of inaphthol 42), 2 mol% organocataly€4b and 25
mg4 j mo | e ¢ weéreaused SDCM (0.6 mL) at-20 AC.

2.3.2 Scope of AzaFriedel-Crafts Reaction

In order to investigate the scope of the reaction, vardgarbamate protected
ketimines55 were treated with-haphtol 42) under optimized conditionnitially,
protecting group toleraecof the catalysts was tested by using Chz idD@,Et
alkoxycarbonyl units additional tert-butoxycarbonyl (Boc)Table 4 95ac). It

is obvious that the cataly$4b is compatible with other carbamate protective
groups so that high enantioselectivit{83-99% ee) could be obtained 9%b and
95c. Additionally, p-methoxyphenyl (PMP) protected isatin ketimine was also
tested in the reaction; however, no product was attained in this situatan. be
inferred that carbamate group is crucial in the atidn mode of the squaramide
64b. Later, reactivity of N-substituted isathderived ketimines with Boc
protecting group were investigated (Table 95d-g). Good to excellent
enantioselectivity was obtained with ethyl, methyl and benzyl substituents (94
99% ee) whereasN-acetyl substituted addu®bg was almost racemic mixture.
Presumably, coordination of the squaramide protons with the carbonyl moiety of

the acetyl part overrides desired selective substrate binding through imine moiety.

Next, various isati-derived 1,3aminonaphthols 96h-j, 95m-t) with electron

donating and withdrawing groups on the benzene ring and the naphthol were

synthesized similarly. Except fo@5h, excellent outcomes in terms of
enantiomeric excess (909%) and yield (6-P8%) wereattained. According to

the results, electronic character of the substituents do not have significant role on

stereoselectivityln the scale up study &e 3 mmol isatirderived ketimines5g

afforded product in 85% yield with the same dr@aneric exces$99%).
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Table 4 Scope of az#&riedelCrafts reaction with -haphhols 42.2

72
H
MeO N
NH O
\
N
HN o
(0] organocat. @
64b HO
R1OJ<N OH
R'0,CHN
N ! 2 mol% 64b 200, R4
R2_I o + R2_| X
= N ° |
\ -20 °C, DCM
R® R* 25 mg 4A MS RO
1eq 1.1 eq
55 42 95

61-98% yield
up to >99% ee

HO

H
95a 95b 95¢ 95d
98% yield, 97% ee 76% yield, 98% ee 80% yield, 99% ee 61% yield, 94% ee

\
Ac

95e
. 95f 95¢g 95h
97% yield, 99% ee o/ i o 0/ i ) o vi 9
* 85% yield, 99% ee 96% yield, 99% ee 78% yield, 3% ee 98% yield, 37% ee

Me Me
95i 95j 95k 951
73% yield, 97% ee 67% yield, 92% ee 94% vyield, >99% ee 93% yield, 97% ee
®Reaction conditions#2 (0.11 mmol), isatin ketiming5 (0.1 mmol), catalysé4b (2 mol%), DCM
(2.0 mL), 25 migve, € {0 e*Renttion ovad carried out with 3 mmasatin

ketimine.
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Table 4 Continued?

0]
R1OJ<N OH
/
X 2 mol% 64b
R2_! o +
=
N -20 °C, DCM
R® R 25 mg 4A MS e
55 42 95
1eq 1.1eq 61-98% yield

up to >99% ee

Me

95m 95n 950 95p
98% vyield, 97% ee 94% vyield, >99% ee 70% yield, 99% ee 90% yield, 99% ee

95q 95r o 95s . " 95t .
96% yield, 98% ee 90% yield, 99% ee 96% yield, 91% ee 74% yield, 99% ee

®Reaction conditions42 (0.11 mmoal), isatin ketiminB5 (0.1 mmol), catalys4b (2 mol%), DCM
(2.0 mL), 25 mg -240jeQnol ecul ar si eve,

As an illustrative exampléH and*C NMR spectra of compourbf are given in
Figures 15 and 16, respectively. The most decisive signd NMR spectrum
belongs ta NH proton resonating as broad singlet at 5.66 jppich newly formed
quaternary carbon atom resonatingt 66.0 ppm in**C NMR spectrum.
Additionally, phenolic hydroxyl proton appears as broad singlet at 10.78Npm.
Me andt-butoxy methyl protons give singlet at13l and 1.19 ppm, respectively.

Also 10 aromatic protons are observedhea range of 6.68.60 ppmAmide (-N-
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C=0) and carbamateN-CO-O-) carbonyls resonatat 179.5 and 154.1 ppm,
respectively in*C NMR spectrum(Figure 16) While aliphatic carbon atoms of
methyl groups resonate at 26.7 and 28.0 ppm, ipso carbtbudixy group at
80.5 ppm.Phenolic ipso carbon atom is observed at the lowermost field of the
aromatic region with chemical shift 153.9 ppm. Other ipso aromatic casoers

143.4, 134.7, 129.3 and 126.9 ppm. Also there are 10 aromaticadlbbn atoms.

10.78

mmnh TEITHRARNRS %
o0 00 NNNNNOUn [22]
=
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6
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Figure 15'H NMR spectrum oB5f.
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Figure 16 *C NMR spectrum 095f.

Hereafter, scope of the reaction wittn@phhol (47) was explored (Table 5).
Reaction proceeded also well withnaphhols 47 in the presence of 2 mol%
bifunctional squaramidé4b to give 1,3aminonaphthol®6 in good yields(76-
99%) and moderate to high enantioselecti{sig97% ee)
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Table 5 Scope of azFriedelCrafts reaction with <haphhols 47.2

7
MeO H N
— NH O
\
N—7
HN o
organocat.
64b
A
R'O
N
/ OH 2 mol% 64b
X +
R2-- o} 4
Z~N R -20 °C, DCM
R3 25 mg 4A MS
55 47

76-98% yield
up to 97% ee

96¢
76% vyield, 73% ee

96g 96h 96i
98% vyield, 54% ee 97% yield, 97% ee 98% yield, 93% ee

®Reaction conditions47 (0.11 mmol), isatin ketiminB5 (0.1 mmol), catalys4b (2 mol%), DCM
(1.0 mL), 25 mg -240jeQnol ecul ar si eve,
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To increase the synthetic efficacy, agditig and azaFriedelCrafts

reactions were merged in epetsequential protocol. After the formation

of the ketimine55qg in 1,4dioxane, without any wid-up procedure, the

reaction conditions of azlriedelCrafts reaction was ensured (Scheme 18).

Although there was a small decrease by 5% in enantiomeric excess, this

protocol was still practical and applicable.

0]

@ﬁ%
N .

Bn

OH

aza-Friedel-

ll\llBoc aza-Wittig
PPhs

1.2 eq 1.0 eq 1.0 eq
N J
Y
NBoc
aza-Wittig

> o

1,4-Dioxane N\

reflux Bn
overnight 55¢g

78% yield, 94% ee

aza-Friedel-

Crafts

2 mol% 64b

1-naphthol
DCM, 4A MS,
-20 °C, 18h

Schemel8 Onepot sequential azwittig/azaFriedetCrafts reaction.

Further scope of our methodology was tested with pheho(3able §. In

addition to parent phendBP73a), activated phenols with electron donating

groups were preferdedue to noted lower nucleophilicity oftho- carbon

of phenoxide ion compared to naphthoxid®nly the trial with 4

methoxyresorcinoB7b resulted with the desired produ@db in 70% yield

and 84% ee.

45



Table 6 Scope of azFriedelCrafts reaction with phene97.2

R1 RZ
flBoc OH | 10mol% 64b
[::Ij@>: [:ijf/R 25 mg 4A MS
(0] +
N rt, DCM
Me R 7 R
R3
55i 97
Time Yield ee
Entr Phenol Product
y hy % (%)
OH
1 - 72 NR -

48 70 84

Me
4 - 72 NR -
MeO

97d

®Reaction conditionsPhenol97 (0.11 mmol), ketimines5! (0.1 mmol), catalys64b (10 mol%),
DCM (1.0 mL), 25 mg 4ij mol ecul ar sieve, room temper

In this caseaza-FriedelCrafts reactiomegioselectively occurs from one of
the availabbe ortho- positionswith referenced phenolic hydroxyl groups.
The preferencefor 98b was elucidated byH NMR spectrum(Figure 15)
Two singlets 2 =6.19 ppm andH5 =6.54 ppm) esonating at thepper

field of the aromatic region indicates that aromatic protons of phenol are
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para- to each other.Therefore, substitution occurs asterically more
available6-position. This situation can be used to interpretlo& of any
productfrom 97c and 97d having sterically more crowdedrtho-carbons
(Table §.

5 3
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|
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Figure 17 *H NMR spectrum o88b.

Absolute configuration oddduct95ewasdecided asR) by comparing the
retention times of the enantiomevgh the literatureand generalized for the
others™ To interpret theR-selectivity, we proposed a transitiostate model
shown in Figure 18While isatinketimine is activated through the dual H
bonding by squaramide functionalitiznaphthol 42) coordinates simildy
after deprotonation by the quinuclidine ring. In such a transition sate,
face of the ketiminas hindered by the sterically bulky adamantyl unit so
that of the naptmoxide selectively attacks froRe-face to afford R)-isomer

exclusively.
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Re face

Figure 18 Proposed transition state model for-&zeedelCrafts reaction.

2.3.3 Representative Transformation of Enantioenriched 13

Aminonaphthols to Spirocycles

To demonstrate thgynthetic potential ofnantioenriched-amino2-oxindolesas
synthons for spirocycles, we used the methodology of Aggarwal amditers
reported for annulation of I @minoalcoholsto afford more challenging -7
membered heterocycléScheme 19} By treating 1,3aminonaphthoB5e with

4M HCI solution in acetonitrile, free amirfenctionality regained with almost
quantitative yield After the formation of deprotection produ@®, reaction with
bromoethylsulfonium saltOl1in the presence of sodium hydride resulied ,4-
naphtloxazepinel00 with the conservation of the inherited enantiopurity (99%
ee). Naphthoxazepine derivatives are known to have medicinal importance

especially in nervous system as antidepre38d@nd antipsychotic¥®
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101 "oty

Br -
~">sPh,
4M HCI NaH
- 5 -
Acetonitrile, rt DCM, 0 °C
98% yield 25% yield
95e 99 100
99% ee 99% ee 99% ee

Scheme19 Transformation of 1,&minonaphtho95eto 1,4naphthoxazepine
100

Br/\\\

1) TFA
K,COj

DCM, 0°C

Acetone, reflux 2) NaHCO?»(aQ)

92% vyield 98% vyield

95e 102 103
99% ee J

ZnCl,
CHClj, reflux

isomerization

105 104
unstable

Scheme20 ZnCl, promoted intramolecularyclization

Also we would like to run metanediatel intramolecular cyclization tbugh
alkyne activation to obtain -@xindole fused spirdneterocycle(Scheme 20)
Therefore, initially O-propargylation of95e by using propargyl bromide and
potassium carbonate wasrformed to obtaitompoundl02in good yield. After

49



the deprotection of Bagroup by trifluoroacetic acid and subsequent basic work
up afforded aminel03 Zinc chloride promoted cyclizatiprunder reflux in
chloroform leading to compound04 followed by isomerization yielded in cyclic
imine 105. However, membered cyclic imind05 was so unstable in solution
that we could noget'*C NMR spectrum which requires elongated data collection
process compared t6i NMR spectroscopy. Therefore, the structure givehGs
was proposed according 8l NMR spectrumSimilarly, due to laclof stability

in solution, enantiopurity af05could not be determined by HPLC analysis.

NINOO OO ANANOODO NO O ™M

NANANANT T MM InNnwn o

TTFEFFTTOMOMOMNMNO NANAN N

RO RVEENN

I I ’ I ’
T = T T — ———f——T———
45 4.0 3.5 | 258 2.54
f1 (ppm) f1 (ppm)

Figure 19'H NMR spectrum of.03

Upon the cyclization, the triplet of propargyli€H proton at 2.56 ppm and broad
singlet of i NH, protons (2.03 ppm) observed in tHel NMR spectrum of
compound103 (Figure 19)disappears in Figur@0. Similarly, two doublet of
doublets (4.25 and 3.40 ppm, Figure 19) corresponding to propargylic methylene
protons and observed as a result of both gemamal allylic coupling with

terminal 1 CH, change pattern to give two doublets at 4.99 and 4.69 ppm in
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cyclized producflO5 (Figure 20).Also, in the'H NMR spectrum shown in Figure
20, singlet resonating at 2.00 ppm belongs to methyl protons adjacent to sp

hybridized imine carbon.

IREHBRNG S
RPN R  a o
EECpRS
|
EtOAc EtO

solvent  solvent
residue  residue

T

05
1.08
1.12
1.23
1.11

4
f1 (ppm)

Figure 20*H NMR spectrum of.05

2.4 Asymmetric Mannich Reaction

Asymmetric Mannichreactionis a useful tool for the synthesisdthiral amines.
With enocddiziad | earUbonyl c 0 mp cchiraldagides r eact i
bearing two contiguousstereogenic centers by single carmambon bond
formation. Both the amine functionality of the Mannich base adductaarc

moiety withmasked aminoature arerucial synthon#n heterocyclic chemistry.

Although,c ar bani on i nt er me-dzidaketenes igteerpreserece e d f r

of base had been trapped by carbon electrophiles such as aldehydes,&fones,
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ox 0o al de hketdesters’ahere wabla few-proline derivativecatalyzed
asymmetricreports® with those.In 2014, we reported the firgnantioselective
aldol reactiono f -azldo ketones93 with ethyl pyruvate 107) with 2 mol%
cinchonabasedbifunctional urea catalysepi94b (Scheme 21). Aldol adducts
107were obtained with diastereoselectivity up to 19:1 and enantioselectivity up to
82% ee.

epi-94b FsC CF,
9 0 2 mol% epi-94b
N N ){Woa
|/ = N3 o} toluene, rt
R
93 106 107
21-60% yield
dr=6:1-19:1 (syn:anti)
50-82% ee (syn)

Scheme21 Asymmetricorganocatalyti@ | d o | r eazidotkétames. of U

Moderate stereoselectivity obtainedthe former studydirected us tamprove

and expand t fazmdo ketbned in tagymmetfic tr&hsformations.
Consequentlyasa part ofthis thesisstudg i mi ng t he -chirglaminese si s of
bearing 2oxindole scaffold, we examined the Mannich reactio®®fwith isatin

derived ketimine$5.
2.4.1 Optimization of Reaction Parameters for Mannich Reaction

In order to initiate the study on the asymmetric Mannich reaatfobtazido

ketones93, various organocatgdts have been examined in the model reaaion
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2-azido1-phenylethanon€93g) and isatin ketimine55i (Table 7). Firstly, 10
mol% of organocatalysts wergcreened at room temperatureDEM (Table 7,
entries 112). Among 2aminoDMAP based squaramidé&@lc was better in terms
of reaction rate (Tabl&, entry 2), it afforded desired productlow yield due to
formation of side products. High yie[@®0%) and good diastereoselectivity with
9:1 diastereomeric ratio were obtained in casg-adamantyl substited quinine
based squaramid&lb (entry 4). Although the highest enantioselectivity with 87%
ee was attained by the catalggtd, it brought about poorer diastereoselectivity
with 4:1 dr(entry 6).Trials with bfunctional (thio)urea organocatalysts0g and
94), quinidine @1) and quinined-epiamine 109 resultedin lack of enantiopurity
(entries #12). Eventually, prior to optimization of catalyst loading, decided to

examine potentially promising catalyst4écand64ad.

Table 7 Catalyst screening.

N R l
Me,N
€2 MeoN~ X
R = 1-adamantyl (74a) R = 1-adamantyl (64a) X =S (108a)
t-butyl (74c) 2-adamantyl (64b) O (108b)
t-butyl (64c)
3,5-bis(trifluoromethyl)
phenyl (64d)

MeO

FsC CF,
X = S (94a) R = -NH, (109)
O (94b) -OH (21)
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chiral
organocat.
o . E——
N Ns  pewm, it

55i 93a

Table 7 Continued

Cat. loading Time Yield

Entry Catalyst dr ee (%)

(mol%) (h) (%)

1 74a 10 16 75 31 60
2 74c 10 2 41 2:1 68
3 64a 10 20 68 2:1 70
4 64b 10 16 90 9:1 56
5 64c 10 24 62 3:1 70
6 64d 10 3 94 4:1 87
7 10& 10 16 85 2:1 rac
8 108 10 16 60 2:1 30
9 94a 10 6 71 10:1 10
10 94b 10 16 64 2:1 rac
11 109 10 48 20 nd 5

12 21 10 24 30 2:1 17

®Reaction condition: 0.05 mmol (1 eq) ketimi®®i, 1.1 eq U-azido ketone93a 10 mol%
organocatalyst, DCM (0.5 mL), room temperature.

Decrement of catalystioading from 10 mol% to 5 mol% raised the
enantioselectivity of64b from 56% ee (Table ,7entry 4) to 77% eend
diastereoselectivity fron®:1 to 12:1 dr(Table 8§ entry 3). Therefore, for the

solvent screening study, we have focused on organocabdlyst
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Table 8 Screning o6 mol% catalgt loading withcatalysts74cand64a-d.*

Cat. loadin Time Yield ee

Entry Catalyst (Mol%) g (h) (%) dr (%)
1 74c 5 24 63 8:1 67

2 64a 5 24 43 7:1 70

3 64b 5 24 70 12:1 77

4 64c 5 24 59 10:1 65

5 64d 5 24 86 3:1 77

®Reaction condition: 0.05 mmol (1 eq) ketimid&i, 1.1 eq.Uazido ketone93a, 5 mol%
organocatalystDCM (0.5 mL), room temperature

Later, examination of other solvents in the presence of 5 n@zlBoat room
temperature in the presence of 1 eq of ketingifieand 1.1 eepf U-azido ketone
93adid not furnish theenantioselectivity (Table,%ntries 15). Hereafter, with
DCM as the solvent of choice, we progressed to determine the optimal reaction

temperature and substrate equivalency.

Table 9 Solventscreening for organocatalyéAb.?

Entry Catalyst Solvent Time (h) Yield (%) ee (%)

1 64b CHCl; 24 76 49
2 64b CHsCN 24 50 8

3 64b THF 24 43 36
4 64b Toluene 24 35 31
5 64b 1,2DCE 25 45 37

4Reaction condition: 0.05 mmol (1 eq) ketimiBbi, 1.1 eq.Uazido ketoned3a, 5 mol% 64b,
solvent (0.5 mL), room temperature. Due to low enantiopurity, diastereomeric ratios were not
determined.

Instead of performing the reaction at flumtdambient temperaturé,was fixed at

22 AC for t he lgyadond pregigion (Tabfe r)d Whew ithé i
temperature was 2 Bff6db,increased 1Bl% eesieDGMc t i vi t vy
wi t h 1 .-dzidoekgton®Ja(Tdble 10.entry 1) When the equivalency was
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2, small increase was attained both in yield and enantidisee¢78% yield and
83% ee, entry 4).

Table 10S ¢ r e e n {azidg kewri®3dgquivalency’

Entry Catalyst U-Azido 0T Time  Yield dr ee
ketone eq. ("C) (h) (%) (%)

1 64b 1.1 22 24 73 10:1 81

2 64b 15 22 21 70 11:1 82

3 64b 3 22 21 78 9:1 75

4 64b 2 22 24 78 12:1 83

®Reaction condition: 0.05 mmol (1 eq) ketimib&, U-azido ketoné3a, 5 mol% 64b, DCM (0.5

mL) ,

22

AcC

Finally, lower temperatures @ and-2 0

AC)

wer e

scr &4bned
However, a decrement both yield and ee was detectélable 11 entries 1, 2)

Although leading lower diastereoselectivity and similar enantioselec{Witydr,
87% ee, Table entry 6)with the optimal outcome reached b (12:1 dr, 83%
ee) the potential of64d was reconislered.However, @ ami nat i on of
2 2 A C64d did motraise stereoselectivity (Table Jdntries 3and4).

Table 11 Temperature screening f6db and64d.

Cat. : .
Entry Catalyst loading Solvent (O-EI) T(lrrge \E:Z)I)d dr (;e)
(% mol)
1 64b 5 DCM 0 41 63 nd 70
2 64b 5 DCM -20 46 53 nd 48
3 64d 10 DCM 0 24 95 71 77
4 64d 10 DCM 22 24 90 61 74

?Reaction condition: 0.05 mmol (1 eq) ketimisgi, U-azido ketoned3a (2 eq for64b, 1.1 eq for
64d), DCM (0.5 mb).

Eventualy, optimum conditions were determined for bé#db as2 e g

ketone93, 5 mol% catalyst, DCM as reaction solvent and reaction temperature as
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22 AC. For t bde 1o g aayioakéond3 30 snbl% catalyst,

reaction solvent DCM anom temperature.

2.4.2 Scope of Mannich Reaction

Although derivatization studies had been initiated by quinine derixethEhantyl
substituted squaramid@ib, due to leading better enantioselectivities with some
substrates organocatalytld was also invegjated in asymmetric Mannich
reaction In general, squaramidé4b afforded better diastereoselectivity with
higher diastereomeric ratio th&#d (Table 13. However, higher enantiomeric
excesses were attained for the derivati@#a-c, 107/, 107, 107j and 1071 by
organocatalyst64d. Furthermore it was investigated that organocatabyki,
which has relatively less acidic squaramide protons, distinctively lead to higher
enantioselectivities for isatin ketimines bearing no substituent on indoline
nitrogen (Table 2, 107mp). It can be inferred from this outcome that in the
presence of substrates havinghbhding potential, 3;Bis(trifluoromethyl)aniline
substituted organocataly$¥dd fails to coordinate tdN-carbamate ketimine to
some extent. To concludeyd organocatalysts are supplementary to each other
for the asymmetri c or g a rarido&dtoadandtisato Manni
ketimines. Amonggixteenderivatives high enantioselectivities up to 96% ee and
20:1 diastereomeric ratio were obtain&tie highest enantioselectivity (96% ee)
belongs to chromanone bearing derivatit®@3gand107I.
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Table 12 Scope of Mannich reactidh

J 7
H
MeO H K MeO N
— O
— NH o ( ) NH
\
N—” N ﬁ 5
HN” O HN
organocat.
organocat.
64b 64d CF3
5 mol% 64b
s NBoc or
R 10 mol% 64d
+ o @ 5
N DCM
ke e
93 55 107
19-97% yield
up to 24:1 dr
96% ee

l\/le \BOC

107a 107b 107¢c 107d
cat. 64b: cat. 64b: cat. 64b: cat. 64b:
78% yield,12:1 dr, 83% ee 75% yield,14:1 dr, 69% 70% vyield, 4:1 dr, 70% ee 19% yield, 20:1 dr, rac
ee
cat. 64d: cat. 64d:
95% yield, 4:1 dr, 86% ee cat. 64d: 80% yield, 9:1 dr, 82% ee

96% yield, 4:1 dr, 84% ee

Me Me Me
107e 107f 107g 107h
cat. 64b: cat. 64b: cat. 64b: cat. 64b:

97% yield,18:1 dr, 88% ee  29% vyield,14:1 dr, 26% ee 85% yield, 20:1 dr, 96% ee 26% yield, 8:1 dr, 83% ee

cat. 64d: cat. 64d: cat. 64d: cat. 64d:
72% yield,15:1 dr, 86% ee  89% vyield, 6:1 dr, 90% ee 59% yield, 5:1 dr, 95% ee 22% yield, 3:1 dr, 62% ee

®Reaction conditioffor cat.64b: isatinketimine55 (0.1 mmol), Uazido keton®3 (0.2 mmol), 5
mol% cat.DCM (1.0mL), 2 ZReaktion condition for caé4d: isatinketimine55 (0.1 mmol)
Uazido keton®3(0.11 mmol), 10 mol% catDCM (1.0mL), rt.
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Table 12Continued®

o 5 mol% 64b
R! NBoc or
N N3 R, 10 mol% 64d
| ; . o
AN N
}?2 DCM '\?2
93 55 107
19-97% yield
up to 24:1 dr
96% ee

107i 107j 107k 1071

cat. 64b: cat. 64b: cat. 64b: cat. 64b:
76% vyield,14:1 dr, 84% ee 71% vyield,8:1 dr, 64% ee 60% vyield,11:1 dr, 70% ee 78% yield,15:1 dr, 96% ee

cat. 64d: cat. 64d: cat. 64d: cat. 64d:
97% yield, 11:1 dr, 90% ee  80% vyield, 4:1 dr, 75% ee  85% yield, 20:1 dr, 53% ee  76% yield, 13:1 dr, 96% ee

OMe Br
(0] 0 (0]
BocHN N BocHN BocHN
3 3 3
e (L= (Lo
N N
H H H
107m 107n 1070 107p
cat. 64b: cat. 64b: cat. 64b: cat. 64b:

49% yield, 9:1dr, 93% ee  28% yield, 5:1dr, 89% ee  64% yield,15:1 dr, 80% ee  68% yield, 24:1 dr, 80% ee

. cat. 64d: . ~ cat. 64d: cat. 64d: cat. 64d:
38% yield, 10:1dr, 58% ee  59% yield, 9:1dr, 16% ee  66% yield, 6:1 dr, 68% ee  40% yield, 19:1 dr, 23% ee

®Reaction ondition for cat64b: isatinketimine55 (0.1 mmol) U-azido keton@3 (0.2 mmol), 5
mol% cat.DCM (1.0mL), 2 .ZReahtidn condition for ca64d: isatinketimine55 (0.1 mmol)
U-azido keton@3 (0.11 mmol), 10 mol% catDCM (1.0mL), rt.

Representive 'H and**C NMR specta of 107aare depicted in Figurel2and
Figure 2. Signals indicating the bond formation are obserasgingletsat 5.86
ppm fori NH and 5.28 ppm for methine proton adjacent to azido m@kegure
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21). Interestingly, instead afarbamaté NH proton, methine proton appears as
broad singlet.These two protons were precisely designated according to 2D
HSQC and DEPT 90 NMR spectidethyl protons resonate at 3.27 ppmQHis)

and 1.30 ppm-O-tBu) as strong singlets. Among the aromatighine protons,
doublet at the highest field of the aromatic region (6.81 ppm) belongs to the

ortho-CH with respect to indoline nitrogen.

BezRYdsga®m & N
NNNNNNNOOAn [Te] o
A — |

T T T T T

8.0 7.5 7.0
Co f1 (ppm)

| 945{%
%

4
f1 (ppm)

Figure 21 *H NMR spectrmn of 107a

In *C NMR spectrum ofL07a(Figure 22) differert types of carbonyl carbogmare
observed afl93.7ppm (ketone), 173.9pm (amide) and 154 2om (carbamate)
Aromatic-CH carbons resonates at 135.5, 134.3, 130.1, 128.9, 128.8, 122.7, 108.4
ppm. Aromatic ipsecarbors resonate at 144.2, 126.5 and 125.8 ppiiphatic

methine carbon at 64.0 ppm and quaternary stereogenic carbon atom at 62.9 ppm

proves the suggested structukdoreover, thestrong peakat ~2100 crit at IR

spectrum indicates the presence of azido moiety.
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Figure 22'°C NMR spectrum ol07a

Figure 23 X-ray crystall structure af07g

Absolute configuration oénantioenriched07gwas determined by single crystal

X-ray diffractionanalysis According to this crystal imag€1 andC2 asymnetric
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centes haveS-configuration(Figure ). The relative conformation oNHBoc
and TNz moieties are observed aynclinal (Figure 3 and 2. This syn
conformation and absolute configuration were generalized for the other

derivatives as well.

Figure 24 Newman projection of07g

By analogy to Zimmermaiiraxler model, which explains the diastereofacial
selectivity in aldol reactions through a chike transition statewe tried to
interpretthe synselectivity determined by the single crystal XRD analysis.
Figure 25 all possible interactions between th&-(and E)-enolates and the
ketimine were considered in a chlke transition state. In the model given as (i)
(2)-enolate interactwith the ketimine from it$Siface so that thsteric repulsions
are minimized. Howevethe transition staten which Reface ofisatin ketimine
interactswith both ¢)- and E)-enolate(ii and iv, Figure 25) are disfavored due to
both the 1,&3iaxial interactions and the steric hindrance caused bydsoap.
Because of the electron repulsion between the azido and carbonyl groups, model
(ii) is also disfavoredEven though the role of the bifunctional organocatalyst is
excluded, Zimmermaitraxler model $ useful todescribethe synpreference of

the asymmetric Mannich reaction.
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Z-enolate E-enolate

Boc
SNH. o

Favored Disfavored

(i) (iii)

B
285

Disfavored Disfavored
(ii) (iv)

Figure 25 ZimmermanTraxler approach for diastereofacial selectivity.

To explain thestereoselectivity observed 07g, transition state model given in
Figure 26 was suggested. Isatierived ketimines5i coordinateso squaramide
moiety through double #honding while thequinuclidine base enhances the
enolate formationSimilar to the face selectivity estimated in FHig25, &)-

enolate attacks to ketimine selectively from Sidace to afford two contiguous

stereogenic carbon atoms wit-Configuration.

Figure 26 Proposed transition state for asymmetriciiiah reaction.
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Graph 1 Reaction time vs ee% graph fmsmpoundlO7a

In order to determine whether the Mannich addud@3 (a-d, i-k, m, o, p)
obtai ned f-azalonketanegndergoany efimerizatiorunder reaction
condtions due to enolisation, change in enantiomeric excess by reaction time was
monitored. Graph shown above belongs to compout@/g obtained by2-
adamantybkubstitutedquininederived squaramidé4b. Accordingly,in the first 6

hours there is a drastic m@se in enantiopurity and it reaches equilibrium by
83% ee after 20 houréGraph 1) Although the reaction had alreadeen
complete in 24 hours, elongation of reaction duration to 54 hours did not cause

any distingushed decrease in enantiopurity.

2.4.3 Representative Transformation of Mannich Adducts to 1,2,3Triazole

and Spiro-cyclic Urea.

In order to show theersatility of the enantioselectively synthesiz8&mino3-
(1-azido2-oxo)indolin-2-one skeleton, we wanted to transform the azide moiety
into 1,4disubstituted triazoleia copper (I) catalyzed aziekkyne cycloaddition
(CuAAC). For this purpose, initially catalytic amount of CuS&H,0 together
with sodium l-ascorbate as reducing agent were usettBoOH:H,O solvent

mixture. However, the yield diainedin the catalytic reactiowith substratel07a
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was | ower t han expéccéad redoemi ormd. 0
tris(triazol gatl&iEgurb 2fkrownia€highly active Huisgen

1,3dipolar cycloaddition catalystvas also examineth 2 mol% in EOH:H,O

solvent mixture according to literatu?®.However, presumably due to high
stericalhindrance around our azide compout@/athis catalyst was inefficient

for our substrate.

108

Figure27Tris( t r i azol yl ) mel®Bhanol 1T Cu (Il ) s a

Ph——=

o 110 O o
CuS0,.5H,0 (1 eq)
BocHN Sodium L-ascorbate (1 eq) BocHN N
N3 N" N
O 0 t-BUOH:H,0 O o \:<
N (1:1) N Ph
Me 40 °C Me
107a 109
60% ee 85% vyield
60% ee
Ph——=
110
CuS0,.5H,0 (1 eq)
Sodium L-ascorbate (1 eq)
> No Reaction
t-BuOH:H,O
\ (1 1)
Me 75°C
107g

Scheme22 Copper (I) catalyzed aziemkyne cycloaddition reaction dlannich
adduct.
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Later, it was decided to use stoichiometric amounCo8Q.5H,0 (1 eq)and
reducing agenwith excess phenylacetyler(@10). Reaction proceed smoothly
andall the starting azide was consumed hours to giverellow precipitatel09.
After purification by column chromatography,2,3triazole 109 was obtained as
white solid in 85% vyield with the conservation of previously inhereted
enantiopurity. However, same procedure with chiral azitie7g at increased
reaction temperatureesulted in no product (Scheme 2Zjiazole structure was
proven by*H NMR spectroscopy. The charagdstic signal of triazolé CH proton

is detected as singlet at 8.11 pfffigure 28).

CRRERRBIIRS g Q <
ONNNNNGS OO 06O N o —
N |
0
BocHN N’NN
[ 0=
N Ph
Me
T T ! 109
8.0 7.5 7.0
f1 (ppm)
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| ' LL
HINF"OHLDFHO' T 'O T T T T NI T T 'm T T T
8 7 6 5 4 3 2 1 0
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Figure 28 'H NMR spectrum ofriazole109

Additionally, in order to use the Xgthanamine functionality ol07a, azido
moiety was reducedo amine by usingboth Pdcatalyzed hydrogenation at
atmospheric pressure @&Btaudinger reductio(Gcheme 23)The former afforded

compoundllla in high yield (94%) and withalmost full conservation of
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enantiopurity (8% ee). The smilar enantiomeric ex@s obtained in amine
product and the formation of no diastereomensures hat there is no
epimerization due to nitrogen inversion and enolisationlbia. However,
Staudinger reduction of azide affordddla in only 30% vyield. After the
deprotection oBoc-groupwith TFA, without isolation 1,1carbonyldiimidazole
(113 was added to the reaction medium in the presence of triethylaiiee.

reaction pathway brought aboutir®-cyclic ureall2a with 85% egqScheme 23)

1) TFA
2) NEt;
3 0 413
A D
N \;J“ '\\l\\/N S-NH - py
Pd/C, Hy(g) atm = HN 'U”\<
O
MeOH DCM, rt o
94% yield overnight N|\\/|e
32% yield
112a
85% ee
1) PPh; (1.2 eq)
0°C, THF
2) H,0, 50 °C
30% yield

Scheme23 Synthetic raite for spirecyclic ureall2a.

In the’'H NMR spectrum ofureall2a (Figure 29),0ne ofthe ureai NH proton
and aliphatic methine proton coupled with each othed £y9.3 Hzare depicted.
The otheri NH proton overlaps with aromatic protontn **C NMR spectrum,
urea carbonyl resonates at 158.1 ppm as expected along with other carbonyls at
193.4 and 172.4 pprgFigure 30) Accordingly, here 10 aromiatand 3 aliphatic

carbon atoms are clearly shown on the spettr
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Figure 30 *C NMR spectrum of spirayclic ureall?a.
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CHAPTER 3

EXPERIMENTAL

3.1 Materials and Methods

'H NMR and**C NMR spectra wereecorded at 400 MHz and 100 MHz in
CDCl; or DMSO-ds with TMS as internal standard with residual nondeuterated
solvent peaks ati 7.26 and 77.0 ppm, or 2.50 and 39.5 ppm, respectively.
Chemical shifts are given in ppm, and coupling const@htare given in értz

(Hz). *H and*C NMR spectra of products which are unknown in literature are
given in appendix AAll reactions were maitored bythin layer chromatography
(TLC) on Merck silica gel 60, 254 TLC.Plates were visualized by UV light and
p-anisaldehyde stain. Flash column chromatography was performed by using glass
columns with a flash grade silica gel (2800 mesh). Meltig points were
measured by capillary tubes. Optical rotations were made by the sodiura D

(589 nm) and reported as :g(c in g mL?, solvent). HPLC chromatograms were

recorded with Daicel AEH, ASH,ODH, and | A chir al col umn
cm) andwith indicated lexane: i-PrOH eluentHPLC chromatograms of chiral

products and racemic forms of them were giwemppendix B.High resolution

mass HRMS) data were acquired on a time of flight (TOF) mass spectrometer

with electrospray ionization (ESI) methoehfrared radiation IR) spectra of all

new compounds were recorded on ATR spectromdtke compounds were

named by using ChemDraw Ultra 12A&ll glassware was dried in oven prior to

use.
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3.2General Procedure A Synthesis ofBifunctional Squaramides

3.2.1 (8S,9S5)-9-Amino-9-deoxyepiquinine(77)

According to literature procedur®, quinine (76) (10.0
ﬁj mmol, 3.2 g) andtriphenylphosphine12.0 mmo] 3.1 g)
N

MeO
were dissolved in 50 mL adry THF (dried over sodium

NH, metal and benzophenona)d the solution was cooled to 0

AC. Diisopropyl azodicarboxylatéDIAD) (12.0 mmo) 2.4

N_/

g) was added all at once to tlm®oled solution.Diphenyl phosphoryl azide

(DPPA) (2.0 mmo] 3.3 g) was dissolvedn 20 mLdry THF in another flask and

cooled to OAC in ice bath.DPPA solution was added to thginine mixture

dropwise and after the congpé addition mixture was allowed to reach to ambient
temperature. After 12 ht he sol uti on Cafer 2 hdertthed t o 50
reduction of azide intermediate, a second portion of triphenylphosphine (13.0

mmo | 3.4 g) was &dimtiethe gas pvolutistias finishedd at 50 A
After cooling the solution to room temperature, deionized water (1 mL) was

added and stirred for 3 h. Upon the removal of solvent in vacuo, the residue was
dissolved in 1:1 mixture of DCM and 10% HCI (100 mahd layers are

separatedThe aqueous phase was washed with DCM (4 x 50 mL). Later, the

acidic solution was made alkaline with 3Q#%GueousNH; solution and aqueous

phase washed with DCM (4 x 50 mL). The combined organic layers was dried

over MgSQ and concentrated. Thegidue was purified by silica gel column
chromatography initially with ethyl acetate and gradual increassetianol until

EtOAc : MeOH : TEA =50 : 50 : 1 ratio. The title amid@ was obtained as

colorless viscous oil in 71% vyield. The spectral data waaccordance with

literature®®
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3.2.2 Synthesis of Monosquaramide80a-c

Monosquaramide80a-c were synthesized according to literature procedtibg,

stirring diethyl squarate(79) (1.0 mmol, 170.2 mg) with the corresponding

commercially available aming4.0 mmol) inDCM (4 mL) at room temperature.

In case amines are in the form of hydrochloride $a#thylamine (1.1 mmol,
165. 4

was added, the solid was filtered and dried for use in the further step.

eL)

was added. T h el5:IMpentana r ethgrwa s c O

Spectroscopic data for3-(tert-butylamino}4-ethoxycyclobu3-enel,2-dione

(800 was in accordance with literatGf@ndfor adamantane dieatives are given

below.

The acidic part 3-((3,5-bis(trifluoromethyl)phenyl)aminel-ethoxycyclobut3-

enel,2-diong required for organocatalysi4d was synthesized according to

literature procedre® Diethyl squarate 79) (1.5 mmol, 255.2 mg) and zinc

triflate (0.2 mmol, 72.7 mg) was dissolved in EtOH (5 mL) at room temperature.

35bistct ri fl uoromethyl )aniline (1.2 mmol, 1

stirred overnight. The precipitate was filtered and washed with eth&hel.

filtrate was recrystallized from ethanol/hexane to afford yellow solid. Spectral

data was in accordance withetliterature®®

3.2.2.13-(Adamantan-2-ylamino)-4-ethoxycyclobut3-ene 1,2-dione (80b)

o_ 0
Et0”  HN
u 189. 3,

Major rotamer: *H NMR (400 MHz, CDCJ) 6119 (bs,
1H), 4.70 (q,J = 6.6 Hz, 2H), 3.77 (d,J = 6.6 Hz, 1H),
1.93 (s, M), 1.897 1.66 (m, DH), 1.60 (d,J = 12.7 Hz,
2H), 1.39 (t,J = 7.1 Hz, #). **C NMR (10 MHz, CDCk)
183.2, 17v7.2, 171.76, 69.3, 58. 8.

Minor rotamer: *H NMR (400 MHz, CDC}) 571 (bs, 1H), 4.70 (), = 6.6Hz,
2H), 4.21(d, J=6.2Hz, 1H),1.93 (s, #), 1.891 1.66 (m, DH), 1.60 (dJ=12.7
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Hz, 2H), 1.39 (t,J = 7.1 Hz, #). ®*C NMR (10O MHz, CDCk) & 189. 3, 183. 2
177.2,171.6, 69.3, 58.8, 37.1, 32.7, 30.7, 26.9..15.

3.2.3 Synthesis of QuinineBased Bifunctional Squaramide (64-d)

(85,99)-9-Amino-9-deoxyepiquining77) (1.0 mmol, 323.4 mg) was dissolved in
MeOH (2 mL). In another vessel, corresponding monosquarad®ide.2 mmol)

was dissolved in DCM and added to the amine solution. Mixture was stirred at
room temperaturéor 3-4 days.Reaction mixture was directly loadedto silica

gel column for chromatography by 3(EtOAc : MeOH)eluent. Quininébased
squaramide§4ad were obtained as white solid in good yields-88%). Spectral

data for64a* and 64¢ was in accordance with literaturBpectral data 064b

and64d are given below.

3.2.3.13-((1R,3S,5S, 7S)-Adamantan-2-ylamino)-4-(((S)-(6-methoxyquinolin-
4-y)((1S,2S,4S,5R)-5-vinylquinuclidin -2-yl)methyl)amino)cyclobut-3-
enel,2-dione (64b)

The use of zadamantylamine hydrochloride in general procedure afforded
squaramide64b as white solid in 87% vyieldmp 200208 AC (decomposed)

| ?O’E 376.0A ¢ (.25 CH,CL,).

p 'H NMR (400 MHz, CDC}) U 8J=63& H¢, d
. ﬁj 1H), 8.01 (dJ = 9.2 Hz, 1H), 7.78 (s, 1H), 7.51 (d,
hed N J= 4.1 Hz, 1H), 7.39 (d] = 9.2 Hz, 1H), 6.12k,
Qj\fmjfio 1H), 5.84i 562 (m, 1H), 5.14 4.85 (m, 2H) 4.02
" Yo | (bs, 1H), 397 (s, 3H), 3.69 (s, 1H), 3.46 (s, 2H),
2@ 3.16 (t,J = 10.5 Hz, 1H), 2.83 2.52 (m,2H), 2.30
(bs, 1H), 1.85 1.40 (m, 15H), 1.38 1.17 (m, 3),

1.007 0.65 (bs, 2H)!°C NMR (100 MHz, CDGY) o , 1827 169.7, 167.4,
158.9 147.9, 145.0144.0, 140.8131.9 128.0, 1298, 122.6 115.3, 101.5, 58,5
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56.2 56.Q 41.0, 39.3 37.3, 36.9 36.§ 33.4, 33.2, 30.7, 27.5, 27.1, 2618
(neat): 32262905, 2853, 2359, 1792, 1660, 1620, 1574, 1506, 1455, 1363, 1339,
1228, 1100, 1026, 977, 909, 847, 727, 69I'ctHRMS (ESI) m/z: calcd. for
CasHaiN4O3 [M+H]": 553.3179; found 553.3178C NMR spectrum was in

accordance witliterature?®

3.2.3.23-3-((3,5-bis(trifluoromethyl)phenyl)amino) -4-(((S)-(6-methoxy
quinolin-4-y1)((1S,2S,4S,5R)-5-vinylquinuclidin -2-yl)methyl)amino)
cyclobut-3-ene-1,2-dione (64d)

The use of 35-bis(trifluoromethyl)aniline in

general procedure afforded squaramifiéd as

72
MeO H N .
white solid in 87% vyield. mp 227229 AC
— NH O
W ﬁ:i (decomposed)
N
HN (@)

'H NMR (400 MHz, CDC) & 8.61 (s, 1H)
cr, | (d,3=9.0Hz, 1H), 7.81 7.41 (m, #), 7.35 (d,J

FC = 9.0 Hz, 1H), 7.29 (s, 1H), 6.155, 1H), 5.70 (dd,

J=16.1, 8.4 Hz, 1H)5.137 4.60 (m, 2H), 3.86 (s,H), 3.50 (s, 1H), 3.27b6,

1H), 3.01 bs, 1H), 2.691¢s, 1H), 2.53I¢s, 1H), 2.221¢s, 1H), 167 (s, 1H), 1.63

1.35(m, 3H), 09571 0.65(m, 1H).(Two aliphatic protonsverlapwith others)

3.3 General Procedure B: Synthesis ofN-Substituted Isatin Derivatives
3.3.1 N-Alkylation of Isatin:

According to literature proceduféisatin (H-indole-2,3-dione) (84) (30.0 mmol,

4.4 g)and potassium carbonate (B@nmol, 8.3 g)was disstved in 100 mLof
acetonitrile at room temperature. Corresponding alkyl hald30 (mmol) was
added to the suspension and react@s stirred overnight at room temperature.
Upon the monitoring of reaction progress by TLC, reaction was quenched with
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distilled water After the evaporation of reaction solvent, content was dissolved in
ethyl acetateand organic phase extracted with 5% (wAqueousNaHCGO;
solution three times andihe for compounds85a 85c¢ 85d. For 85b, extraction

was done only with water and brin@rganic phase was dried over anhydrous
MgSO, and concentrated in vacudultiple recrystallization of the cruderoduct
from ethyl acetate and hexane at room tempegatfforded compound85ad in
good yields (82%)as needldike crystds. The spectral data was in accordance

with literature®4®°

3.3.2 N-Benzylation of Isatin

Isatin (HH-indole-2,3-dione) (84) (30.0 mmol, 4.4 g)potassium carbonate (60.0
mmol, 8.3 g) ad potassium iodide (3.0 mmd.5 g) was suspended in 100 wiL
acetonitrile. After benzyl bromide (33.0 mmol, 3.92 migs added and stirred at
room temperature overnightpon the completiorsolvent was evaporated under
vacuum and workip procedure wagerformed withaqueousNaHCG; in analogy

with N-alkylation procedure. The spectral data of the recrystallized orange needle

like solid (88% yield)was in accordance with literatut®.
3.3.3 N-Acetylation of Isatin

Adapted from the literatuf® a mixture of isatin (3.4 mmol, 0.5 gnd acetic
anhydride(20 mL) was refluxed for 6 h. After coolinthe solution was poured
into cold water andiltration of the precipitate affordet-acetylisatin85e as
yellow powder wih 90% vyield. The crude product was used without further

purification in later steps.
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3.3.4 N-Boc Isatin Synthesis

According to literature procedufédry THF (38 mL) was added to an overied

Schlenk charged witsatin (84) (6.3 mmol,926.9 mg) and DMARO0.6 mmol,

73.3 mg)a t 0 AC under i nert -erthutyldicprboeatee . A s«
(Boc,O) (7.6 mmol, 1.6 g) in THF (20 mL) was slowly added to the solution at O

AC and resul ting solution fowd$. Aer i rr ed
monitoring ©nsumption of the starting material by TLC, reaction mixture was

quenched with water. Standard wark with ethyl acetate and mgstallization

via EtOAc: hexaneyielded in yellow solid with 63% yield. The spectral data was

in agreement witliterature®’

3.4 General Procedure C: Synthsis of Triphenyliminophosphane83

According to literature procedur@sodium nitrite(66.6 mmol,4.6 g) was added

in small portionsd a solution of corresponding carbaz&ig60.5 mmol) in water

(40 mL) and gl aci al ac eSolution wascstirrdd fqr 200 mL )
min, and thenextracted intoether (2 x 40 mL).The @ombined organics were

washed with water (40 mL) andeih NaHCQ (1M, 2 x 40 mL) Organic layers

were combined and dried over Mg§@iltered and used for the next step without
evaporation of the solventCAUTION: Acyl azides82 are highly explosive in

caseof concentration to dryness!)

The ether solution otrude azide82 obtained in the previous stepas added

dropwise to a stirring suspension of triphenylphosph#&5 mmol, 11.2 g) in

ether (40 mL) at O AC. After the compl e
precipitate was filtered and mystallized over ethyl acwmte to afford
iminophosphan&3 (53-73% vyield).Spectral data dafbutyl,>? ethyf® and benzy’
triphenyliminophospharsawas inaccordance with the literature.
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3.5General Procedure D: Synthesis of katin-Derived Ketimines

According to literature proceduréjn an overdried Schlenk flask related
triphenyliminophospane83 (2.9 mmo) andisatinderivative84 (2.6 mmol)
were dissolved in 4 mL of dry ldioxane and refluxed under argon
atmosphere until completion of the reaction. After evaporation of the
organic solvent, the mixture was purified by flash column chromatography
over silica gel column anBtOAc : hexane (1:3) eluenCharacterization of
compainds55a-t was done by compamj with previously reportedH and

13C NMR spectra.

3.6 General ProcedureE: Racemic Synthesis of Az&riedel-Crafts Adducts

To a solutionisatin ketimine 55 (0.1 mmol) and Etnaphthol(42) (1.1 eq,
15.9 mg)in CH.Cl, (1 mL), tiethylamine (0.10 mLwas added at room
temperature. In the case @fnaphthol 47) addition, to a solution of
ketimine 55 (0.1 mmol) 2-naphthol(1.1 eq)in 1 mL of CHCl,, 5 mol%
TEA and Schr e10® eng)@ese atddbd ab roameeanperature.
In eachcase reaction progress was monitored by TLC and purified by silica

gel column chromatography as described for asymmetric synthesis.

3.7General Procedure E Asymmetric Synthesis of AzaFriedel-Crafts
Adducts

To a test tube charged with 0.1 mmol @&laed ketimine55, 1.1 eq

naphthol42 or 47,250mg 4 j mol ecul a%camlys6db,el and 2 mc
mL of CH,.Cl,was added a2 0 A C. Reaction was monitore
colored byp-anisaldehyde stain, products on TLC plate were observed as

blue spots. Uporompletion, reaction content was directly loaded on silica
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gel column chromatography. 1:5 (EtOAbexane) to 1:3 (EtOAchexane)
gradient eluent afforded produ@sa-t, 96a-i.

3.7.1 (R)-tert-Butyl (3-(1-hydroxynaphthalen-2-yl)-2-oxoindolin-3-
yl)carbamate (95a)

The use of [E)-tert-butyl (2-oxoindolin3-
ylidene)carbamate 56a) and ZXnaphthol (42) in
general procedure afforded chiral add@ga as white

solid in 18 h in 99% vyield. mp 2131 5 |A$(g%,

+ 352 ¢ 0.66, QHC}. Enantiomeric excess was
determined by Chiralpak GB column, 90:10 (hexane -ArOH), 254 nm,

1 mL/min, thinor= 7.48 minN, hajor= 21.95 min, (97% ee)1H NMR (CDCl,

400 MHZ)U 10. 79 (s, 1H)842 (8 119),5.747.65 (m,1 H) ,
1H), 7.527.46 (m, 2H), 7.39 (dJ = 7.3 Hz, 1H), 7.2&.19 (m, 2H), 7.14
(d,J =8.7 Hz, 1H), 6.82 (d) = 8.7 Hz, 1H), 6.70 (bs, 1H), 6,02 (bs, 1H),
1.36 (s, 9H).2*C NMR (CDCk, 100 MHz) U 181.3, 154.5, 154.3, 141.2,
134.9, 129.6127.5, 127.1, 125.7, 125.5, 125.3, 123.3, 123.1, 119.6, 114.2,
111.6, 81.3, 66.4, 28.3R (neat): 3270, 3058, 2922, 2852, 1702, 1622,
1471, 1367, 1255, 1158, 808, 747 tnmHRMS (ESI) m/z: calcd. for
CosH22No0O4Na [M+NaJ': 413.1477; found 413.1480.

3.7.2 (R)-Benzyl (3-(1-hydroxynaphthalen-2-yl)-2-oxoindolin-3-
yl)carbamate (95b)

The use of E)-benzyl (2oxoindolin-3-
ylidene)carbamate(55b) and ZXnaphthol (42) in
general procedure afforded chiral add@@b as white

solid in 48 h in 76% yield. mp 1989 7 |ACE
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+ 3 0 6 c0%A CHKC}). Enantiomeric excess was determined by Chiralpak
OD-H column, 80:20 (hexane :HrOH), 254 nm, 1 mL/min,fhor = 8.58

Min, tnajor= 20.03 min, (98% eefH NMR (400 MHz, CDC) i 10. 71
1H), 8.63 (s, 1H), 8.48.38 (n, 1H), 7.717.64 (m, 1H), 7.54.44 (m, 2H),

7.38 (d,J= 7.1 Hz, 1H), 7.35.17 (m, 7H), 7.15 (dJ = 8.9 Hz, 1H), 6.81
(d,J=8.8 Hz, 1H), 6.71 (d] = 7.5 Hz, 1H), 6.29 (bs, 1H), 5.03 (s, 2C

NMR (CDCl;, 100 MHz)4 18 0. 8, ,14.91397,139.06 9.8
128.5, 128.2, 127.9, 127.5, 127.1, 127.0, 125.75, 125.69, 125.1, 123.3,
123.2, 119.7, 119.5, 113.8, 111.5, 67.5, 66.5. IR (neat): 3248, 3034, 2921,
2852, 1704, 1682, 1525, 1460, 1383, 1259, 1058, 803, 747 EHRMS

(ESI) m/z: calcd. for ggH20N>O4Na [M+Na]': 447.1321; found 447.1329.

3.7.3 (R)-Ethyl (3-(1-hydroxynaphthalen-2-yl)-2-oxoindolin-3-
yl)carbamate (9%)

The use of E)-ethyl (2oxoindolin-3-
ylidene)carbamate(55c) and ZXnaphthol (42) in

HO

EO,CHN, general procedure afforded chiral add96t aswhite

O N solid in 48 h in 80% vyield. mp 168 0 7 |A$gL-L,

+ 35 3 ¢ 9.28, QHC}. Enantiomeric excess was
determined by Chiralpak GB column, 90:10 (hexane -ArOH), 254 nm,

1 mL/min, tinor = 12.73 min, tajor = 32.60 min, (99% ee)l.H NMR (400

MHz, CDCE)ti 10. 53 ( s,J=85.HB.7 Hz81H)} A 76.68(m,,

1H), 7.65 (s, 1H), 7.51 (dd, = 6.2, 3.4 Hz, 2H), 7.4Z.33 (m, 2H), 7.28

7.21 (m, 1H), 7.22 (d] = 8.8 Hz, 1H), 6.95 (d] = 7.8 Hz, 1H), 6.85 (d] =

8.8 Hz, 1H), 5.94 (s, 1H), 450(m, 2H), 1.231.12 (m, 3H).**C NMR
(CDCl3, 100 MHZz)1 181.0, 155.2, 154.3, 140.9, 135.1, 129.9, 129.2, 127.7,
127.2, 127.16, 126.0, 125.8, 125.3, 123.5, 123.4, 119.9, 114.0, 111.4, 66.5,
61.9, 14.4. IR (neat): 3286, 3060, 2958, 2922, 2853, 1694, 161, 1
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1256, 1059, 805, 748 ¢ HRMS (ESI) m/z: calcd. for GH1gN-OsNa
[M+Na]*: 385.1164; found 385.1163.

3.7.4 (R)-tert-Butyl (1-ethyl-3-(1-hydroxynaphthalen-2-yl)-2-
oxoindolin-3-yl)carbamate (%5d)

The use of KE)-tert-butyl (1-ethyl2-oxoindolin-3-
ylidene)arbamate (55h) and ZXnaphthol (42) in
general procedure afforded chiral add9sd as white

solid in 21 h in 61% yield. mp 985 AGF

+ 2 7 3 ¢ 8.7, QHC}). Enantiomeric excess was
determined by Chiralpak GB column, 90:10 (hexane -ArOH), 254 nm,

1 mL/min, tnajor= 5.05 Min, finor= 6.28 min, (94% ee)‘H NMR (400 MHz,
CDClzh)yt 10. 92 (s,J=6.63.1Hz8H),#.361 .64 dm, 1H),
7.551 7.47 (m, 2H), 7.44 (d) = 7.4 Hz, 2H), 7.31 7.22 (m, 1H), 7.18 (d,

J = 8.8 Hz, 1H), 6.98 (dJ = 7.5 Hz, 1H), 6.82 (dJ = 8.8 Hz, 1H), 5.69 (s,

1H), 3.87 (ddJ = 14.1, 7.0 Hz, 1H), 3.71 (s, 1H), 1.29 (s, 9H), 1.28 &,

7.3 Hz, 3H).»*C NMR (100 MHz, CDG) i 17 8. 3, 153. 7,
134.9, 130.5, 130.1, 127.3, 127.2, 126.7, 126.3, 125.7, 124.1, 123.9, 122.9,
119.9, 117.6, 109.5, 80.2, 77.4, 35.4, 29.8, 12.6. IR (neat): 3286, 3058,
2922, 2852, 1693, 1619, 1470, 1383, 1256, 1088, 1059, 804, 749 cm
HRMS (ESI) m/z: calcd. for @H.sN>OsNa [M+Na]: 441.1790; found
441.1792.

3.7.5 (R)-tert-Butyl (1-benzyt3-(1-hydroxynaphthalen-2-yl)-2-

oxoindolin-3-yl)carbamate (95e)

The use of )-tert-butyl (1-benzyt2-oxoindolin-3-ylidene)carbamatés5g)
and Xnaphthol(42) in general procedure afforded chiral add@ée as

white solid in 12h in 99% yield. mp 971 0 0 |A$(g9-'; + 3 1d148,A (
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CHCI3). Enantiomeric excess was determined by

Chiralpak 1A column, 80:20 (hexan: rPrOH), 254

nm, 1 mL/min,tminor = 12.00 min, hajor = 44.74 min,

(99% ee).'H NMR (400 MHz, CDC§) U 10. 75 (s,
1H), 8.36 (dd,J = 5.4, 4.3 Hz 1H), 7.66i 7.53 (m,

1H), 7.46 7.35 (m, 2H), 7.31 (d) = 7.1 Hz, 1H), 7.267.07 (m, 7H), 7.05

(d,J=8.8 Hz, 1H), 6.70 (d) = 8.8 Hz, 1H), 6.66 (dJ = 7.7 Hz, 1H), 5.79

(s, 1H), 4.94 (dJ = 14.6 Hz, 1H), 4.73 (d1 = 5.1 Hz, 1H), 1.23 (s, 9H}*C

NMR (100 MHz, CDC}) a 179. 9, 154. 2, 154. 0, 142
129.5, 128.90, 128.88, 127.7, 127.5, 127.1, 125.7, 125.5, 125.2, 123.6,

123.3, 119.7, 114.6, 110.4, 80.8, 66.3, 44.5, 28.2. IR (neat): 3324, 2972,

2923, 1686, 1614, 1466, 1366, 1257, 1157, 1072, 807, 746 HRMS

(ESI) m/z: calcd. for ggH2sN>0O4Na [M+Na]": 503.1947; found 503.1953.

3.7.6 (R)-tert-Butyl (3-(1-hydroxynaphthalen-2-yl)-1-methyl-2-

oxoindolin-3-yl)carbamate (95)

The use of E)-tert-butyl (1-methyl2-oxoindolin-3-
ylidene)carbamatés5i) and tnaphthd (42) in general

procedure afforded chiral addu@hf as white solid in

21 h in 99% vyield. mp 132 1 5 |A$Cg$; +39d. 4A (

0.75, CHCY}). Enantiomeric excess was determined by
Chiralpak ODH column, 95:5 (hexane <RrOH), 1 mL/min, 254 nm bjor

= 8.08 min, #inor = 11.46 min, (99% ee)H NMR (400 MHz, CDCJ}) U
10.78 (s, 1H), 8.5% 8.19 (m, 1H), 7.59dd, J = 6.6, 2.8 Hz, 1H), 7.48

7.38 (m, 2H), 7.38 7.30 (m, 2H), 7.18 (dd] = 13.2, 5.7 Hz, 1H), 7.05 (d,

J = 8.8 Hz, 1H), 6.85 (dJ = 7.8 Hz, 1H), 6.71 (dJ = 8.8 Hz, 1H), 5.66 (s,

1H), 3.14 (s, 3H), 1.19 (s, 9HC NMR (100 MHz, CDGJ)) U 154.9,. 5,
153.9, 143.3, 134.7, 129.5, 129.3, 127.3, 127.0, 126.9, 125.5, 125.3, 125.1,
123.4, 123.2, 119.3, 114.2, 109.2, 80.5, 66.0, 28.0, 26.7. IR (neat): 3322,

80



3057, 2974, 2923, 1688, 1613, 1570, 1470, 1366, 1253, 1159, 1075, 808,
747 cm'. HRMS (ESI) m/zcalcd. for GsH24N,0OsNa [M+Na]': 427.1634;
found 427.1639.

3.7.7 (R)-tert-Butyl (1-acetyl3-(1-hydroxynaphthalen-2-yl)-2-
oxoindolin-3-yl)carbamate (95g)

The use of E)-tert-butyl (1-acetyt2-oxoindolin-3-
ylidene)carbamate(55j) and ZXnaphthol (42) in
generalprocedure afforded addu®tg as white solid

in 18h in 78% yield. mp 188 9 1 A +3c 1A (

1.05, CHCY}). Enantiomeric excess was determined by
Chiralpak ODH column, 95:5 (hexane zRrOH), 254 nm, 1 mL/minhjor

= 9.39 min, finor= 12.24 min, (3% ee}H NMR (400 MHz, CDC}) B8 9 .
(s, 1H), 8.43 (ddJ = 6.0, 3.4 Hz, 1H)8.33 (d,J = 7.9 Hz, 1H), 7.70 (dd]

= 6.0, 3.2 Hz, 1H), 7.56 7.43 (m, 3H), 7.40 () = 6.8 Hz, 2H), 7.18 (d] =

8.8 Hz, 1H), 6.62 (dJ = 8.8 Hz, 1H), 5.87 (s, 1H), 2.64 (s, 3H), 1.28 (s,
9H). *C NMR (100 MHz, CDGJ) a 180. 3, 17 040.86,, 154.
135.2, 130.1, 127.9, 127.3, 126.8, 126.1, 126.0, 125.2, 124.84, 124.77,
123.2, 120.2, 117.3, 113.7, 81.7, 66.6, 28.1, 26.7. IR (neat): 33450, 3211,
2973, 2921, 2852, 1708, 1464, 1370, 1253, 1161, 1015, 754 ldRMS

(ESI) m/z: calcd. for gH»4N,OsNa [M+Na]'": 455.1583; found 455.1589.

3.7.8 (R)-tert-Butyl (3-(1-hydroxynaphthalen-2-yl)-5,7-dimethyl-2-

oxoindolin-3-yl)carbamate (95h)

The use of E)-tert-butyl (5,7#dimethyl2-oxoindolin-3-ylidene)carbamate
(55r) and Xnaphthol(42) in general procedure affded chiral adduc®5h

as white solid in 18 h in 98% yield. mp 1394 3 |A$Odé; +7 @0O.BA (

CHCI3). Enantiomeric excess was determined by Chiralpak IA column,
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80:20 (hexane :PrOH), 254 nm, 1 mL/min,fnor =

8.24 min, fajor= 10.88 min, (37% eefH NMR (400

MHz, CDCk) a 10.65 (s, 1H), 9. 89
8.29 (m 1H), 7.71 (dJ = 4.8 Hz, 1H), 7.50 (dd] =

5.7, 3.6 Hz, 2H), 7.17 (d] = 8.8 Hz, 1H), 7.03 (s,

1H), 6.96 (s, 1H), 6.85 (d, = 8.8 Hz, 1H), 5.95 (s, 1H), 2.41 (s, 3H), 2.20

(s, 3H), 1.26 (s, 9H)**C NMR (100 MHz, CDG)) a 182. 4, 154. 2,
134.9,132.9, 131.5, 129.5, 127.3, 127.1, 125.5, 123.6, 123.3, 120.6, 119.5,
114.4,81.1, 67.1, 28.0, 21.3, 16.1. IR (neat): 3322, 3056, 2973, 2923, 1688,

1613, 1470, 1378, 1253, 1159, 1057, 808, 747 .cHIRMS (ESI) m/z:

calcd. for GsHeN>OsNa [M+Na]': 441.1790found 441.1798.

3.7.9 (R)-tert-Butyl (5-bromo-3-(1-hydroxynaphthalen-2-yl)-2-
oxoindolin-3-yl)carbamate (95i)

The use of E)-tert-butyl (5-bromao2-oxoindolin-3-
ylidene)carbamate(55q) and ZXnaphthol (42) in
general procedure afforded chiral add@bt as whte

solid in 21 h i 73% yield. mp 164 7 3 |AGH

+ 2 2 3 ¢ B.46, QHCY). Enantiomeric excess was
determined by Chiralpak GB column, 90:10 (hexane -ArOH), 254 nm,

1 mL/min, thinor = 7.27 MiN, hajor = 18.09 min, (97% ee)l.H NMR (400
MHz,DMSOds) O 11. 03 (s, 118.20,(m, 1H),.8405(s, ( s , 1H),
1H), 7.86 7.73 (m, 1H), 7.54.48 (m, 4H), 7.32 (dJ = 8.8 Hz, 1H), 6.90
(dd,J = 10.9, 8.5 Hz, 2H), 1.27 (s, 9HYC NMR (100 MHz, DMSQdp) U

179.7, 154.1, 152.9, 141.3, 134.1, 133.6, 131.7, 127.3, 127.2, 127.0, 125.9,
125.4, 124.9122.4, 119.1, 115.2, 113.9, 112.4, 79.3, 65.8, 27.8. IR (neat):
3288, 3060, 2924, 2853, 1741, 1671, 1517, 1474, 1382, 1283, 1155, 808,
604 cm’. HRMS (ESI) m/z: calcd. for £H,:BrN.OsNa [M+NaJ"
491.0582; found 491.0584.
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3.7.10(R)-tert-Butyl (5-fluoro-3-(1-hydroxynaphthalen-2-yl)-2-

oxoindolin-3-yl)carbamate (95))

The use of KE)-tert-butyl (5-fluoro-2-oxoindolin3-
ylidene)carbamate(559 and ZXnaphthol (42) in

general procedure afforded chiral add@gt as white

solid in 18 h in 67% yield. mp 1282 7 A %‘,E

+2 21 c B.A, QHC}. Enantiomeric excess was
determined by Chiralpak GB column, 90:10 (hexane -ArOH), 254 nm,

1 mL/min, tinor = 10.49 min, tajor= 18.01 min, (92% eefH NMR (400

MHz, DMSO-dg) a 10.97 (s, 1H) J=894 4.6, (s,
1H), 8.11 (s, 1H), 7.79 (dd,= 6.3, 3.1 Hz, 1H), 7.61 7.44 (m, 2H), 7.29
(d,J=8.8 Hz, 1H), 7.24 7.11 (m, 2H), 6.96 (dd] = 8.4, 4.3 Hz, 1H), 6.87

(d, J = 8.8 Hz, 1H), 1.27 (s, 9H)*C NMR (100 MHz, CDG) a 180. 5,
158.4 (d,J = 238.3 Hz), 156.3, 154.1, 153.3, 138.1, 134.2, 132.8 (18.3

Hz), 127.1, 127.0, 126.1, 125.3, 125.1, 122.5, 119.0, 115X4F@3.3 Hz),

114.8, 112.5 (d) = 25.1 Hz), 111.4 (d) = 7.9 Hz), 79.19, 77.0, 66.3, 28.3.

IR (neat): 3269, 2956, 2922, 2853704, 1487, 1367, 1259, 1160, 1078,
798, 748 crit. HRMS (ESI) m/z: calcd. for £H»:FN,OsNa [M+NaJ'*:
431.1383; found 431.1388.

3.7.11(R)-Benzyl (3(1-hydroxynaphthalen-2-yl)-1-methyl-2-
oxoindolin-3-yl)carbamate (95k)

The use of KE)-benzyl (Emethyl2-oxoindolin-3-
ylidene)carbamate(55¢ and ZXnaphthol (42) in
general procedure afforded chiral add@git as white

solid in 18 h in 94% vyield. mp 9@ 2 Aéoﬂ-l

+3 41 c p.8, QHC}. Enantiomeric excess was
determined by Chiralpak AP column, 80:20 (hexwe : FPrOH), 254 nm,
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1 mL/Min, thinor= 17.30 min, hajor= 19.96 min, (>99% eefjH NMR (400

MHz,CDCkL) & 10. 90 ( 9=56.213b)Hz, 119,.748.60(nd d ,

1H), 7.49 (ddJ = 6.3, 3.4 Hz, 2H), 7.477.39 (m, 2H), 7.317.26 (m, 5H),

7.17 (d,J = 8.8 Hz, 2H), 6.95 (s, 1H), 6.83 (@ = 8.8 Hz, 1H), 6.14 (s, 1H),

4.99 (s, 2H), 3.25 (s, 3H}>C NMR (100 MHz, CDC)) o 179. 3, 154.
154.4, 143.7, 135.0, 130.0, 128.8, 128.6, 128.3, 128.2, 127.6, 127.2, 127.1,

125.8, 125.7, 125.2, 123.7, 123.4, 119.74.0, 109.5, 67.3, 64.5, 25.5. IR

(neat): 3391, 3305, 3059, 2918, 2850, 1686, 1612, 1494, 1469, 1253, 1073,

747 cm'. HRMS (ESI) m/z: calcd. for §H2:N,O4Na [M+Na]': 461.1477;

found 461.1484.

3.7.12(R)-Ethyl (3-(1-hydroxynaphthalen-2-yl)-1-methyl-2-oxoindolin-
3-yl)carbamate (95)

The wuse of K)-ethyl (1-methylt2-oxoindolin3-
ylidene)carbamate(55d) and ZXnaphthol (42) in

HO

EI0,CHN, general procedure afforded chiral add@st as white

O .
O N solid in 15 h in 99% vyield. mp 89 1 A«:SO‘E

+391. 7A ( cy. Enarfofmeric exd¢e<s|was
determined by Chiralpak AB column, 90:10 (hexane -ArOH), 254 nm,
1 mL/min, thajor = 26.12 min, tinor = 27.76 min, (97% ee)lH NMR (400
MHz, CDCkL) UG 10. 93 i @.%6 (m, 1H),)7,63 (8d]) =612.3, 9.0
Hz, 1H), 7.51i 7.36 M, 4H), 7.25 (dd) = 15.1, 7.6 Hz, 1H), 7.09 (d,=
8.8 Hz, 1H), 6.93 (dJ) = 7.8 Hz, 1H), 6.79 (d] = 8.8 Hz, 1H), 6.13 (s, 1H),
4.087 3.91 (m, 2H), 3.21 (s, 3H), 1.311.19 (m, 3H)*C NMR (100 MHz,
CDCly) U 179. 5, 155. 0, 1183828, 327.5 1242,. 8, 135.
127.1, 125.72, 125.67, 125.2, 123.6, 123.3, 119.7, 114.1, 109.4, 66.2, 61.6,
27.0, 14.4. IR (neat): 3306, 3058, 2918, 2850, 1717, 1686, 1613, 1379,
1253, 1074, 806, 747 ¢hm HRMS (ESI) m/z: calcd. for £H2oN>OsNa
[M+Na]*: 399.1321found 399.1322.
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3.7.13(R)-tert-Butyl (3-(1-hydroxynaphthalen-2-yl)-1,5-dimethyl-2-
oxoindolin-3-yl)carbamate (95m)

The use of E)-tert-butyl (1,5dimethyl2-oxoindolin
3-ylidene)carbamatg55n) and Xnaphthol (42) in
general procedure afforded chiral add@@m as

white solid in 15 h in 98% vyield. mp 1482 1 AC;
L2+ 3 306L.08 BHCY). Enantiomeric excess

was determined by Chiralpak GB column, 90:10 (hexane -HrOH), 254

nm, 1 mL/min, ajor= 6.63 Min, finor= 8.84 min, (97% ee)H NMR (400

MHz, CDCk) U 10. 84 1i(845 (m,11H)) 7.55 §.465(8, 1H),

7.401 7.28 (m, 2H), 7.16 7.01 (m, 2H), 6.89 (d] = 8.7 Hz, 1H), 6.65 (dd,
J=8.3, 2.9 Hz, 2H), 5.79 (s, 1H), 3.02 (s, 3H), 2.33 (s, 3H), 1.15 (s, 9H).
13C NMR (100 MHz, CDG)) 09.4,1184.2, 154.0, 141.0, 134.8, 133.0,
129.8, 129.3, 127.3, 127.0, 126.1, 125.5, 125.2, 123.2, 119.3, 114.4, 108.9,
80.5, 66.2, 28.1, 26.8, 21.3. IR (neat): 3307, 2918, 2850, 1687, 1496, 1378,
1253, 1074, 807, 748 ¢ HRMS (ESI) m/z: calcd. for £H26N.OsNa
[M+Na]*: 441.1790; found 441.1798.

3.7.14(R)-tert-Butyl (7-fluoro-3-(1-hydroxynaphthalen-2-yl)-1-methyl-
2-oxoindolin-3-yl)carbamate (95)

The use of K)-tert-butyl (7-fluoro-1-methy}2-
oxoindolin-3-ylidene)carbamatg55k) and ZXnaphthol
(42) in generalprocedure afforded chiral addu@®sn as

white solid in 15 h in 94% vyield. mp 1929 5 | ACOCE;

+3 95 c8.A1, CHCH. Enantiomeric excess was
determined by Chiralpak IA column, 90:10 (hexanePr©OH), 254 nm, 1
mL/min, tmajor = 10.98 min, hinor = 12.32 min, (>99% eeH NMR (400
MHz, CDCJ) d 10. 70 (97623HHHz1Hy 7.404ddJ(=d d,
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6.2, 3.2 Hz, 1H), 7.51 (dd, = 6.3, 3.3 Hz, 2H), 7.2B 7.14 (m, 4H), 6.73
(d, J = 8.8 Hz, 1H), 5.75 (s, 1H), 3.45 (@= 2.5 Hz, 3H), 1.32 (s, 9H}C
NMR (100 MHz, CDCH) i 179. 4, 154. 4=2463H4z),0, 148.
135.0, 1324, 130.2 (d,]) = 8.7 Hz), 127.7, 127.2, 127.1, 125.9, 125.0, 124.2
(d,J = 6.3 Hz), 123.4, 121.3 (d,= 3.2 Hz), 119.8, 117.8 (d,= 19.4 Hz),
113.9, 81.1, 66.3, 29.8, 28.2. IR (neat): 3311, 2919, 2851, 1691, 1471, 1375,
1254, 1074, 806, 752 cmHRMS ESI) m/z: calcd. for GH23sFN,O4Na
[M+Na]": 445.1540; found 445.1547.

3.7.15(R)-tert-Butyl (6-bromo-3-(1-hydroxynaphthalen-2-yl)-1-methyl-
2-oxoindolin-3-yl)carbamate (990)

The use of E)-tert-butyl (6-bromol-methyl2-
oxoindolin-3-ylidene)carbamaté50) and1-naphthol
(42) in general procedure afforded chiral add@so
as white solid in 24 h in 70% yield. mp 3121 5 A C;

| $OE—L + 3 4¢10.8® GHC). Enantiomeric excess

was determined by Chiralpak AB column, 80:20 (hexane -HrOH), 254

nm, 1 mL/Min tmajor= 7.35 min, hinor= 10.53 min, (99% eefH NMR (400

MHz, CDCEL) 1@.65 (s, 1H), 8.43 (dd| = 6.2, 3.5 Hz, 1H), 7.70 (dd,=

6.1, 3.3 Hz, 1H), 7.55 7.47 (m, 2H), 7.42 (dd] = 7.9, 1.6 Hz, 1H), 7.28
(d,J=7.9 Hz, 2H), 7.18 (d) = 8.8 Hz,1H), 7.11 (dJ = 1.6 Hz, 1H), 6.76

(d, J = 8.8 Hz, 1H), 5.75 (s, 1H), 3.23 (s, 3H), 1.32 (s, 9f0. NMR (100

MHz, CDCb) U 179. 6, 154. 3, 153. 9, 144. 9,
127.16, 126.7, 126.5, 125.9, 124.9, 123.4, 123.3, 119.8, 113.8, 113.0, 81
65.9, 28.3, 27.1. IR (neat): 3317, 2926, 1693, 1606, 1366, 1161, 805, 759
cmt. HRMS (ESI) m/z: calcd. for £H24N-04Br [M+H]*: 483.0919; found
483.0941.
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3.7.16(R)-tert-Butyl (7-chloro-3-(1-hydroxynaphthalen-2-yl)-1-methyl-
2-oxoindolin-3-yl)carbamate (95)

The wuse of K)-tert-butyl (7-chloro-1-methyl2-
oxoindolin-3-ylidene)carbamate(55l) and ZXnaphthol
(42) in general procedure afforded chiral addagp as

white solid in 15 h in 90% yield. mp 870 A %t,—L

+4 09 .c0Al1, CHCH. Enantiomeric excess was
determined by Chiralpak IA column, 85:15 (hexanePr©OH), 254 nm, 1
mL/min, tmajor= 9.02 MiN, finor= 14.77 min, (99% eejH NMR (400 MHz,
CDClz) U4 10.68 ( 3856.313b)Hz1H)87.70 @ldJE 6.4, 3.3

Hz, 1H), 7.55 7.48 (m, 2H), 7.37 (dJ = 8.1 Hz, 1H), 7.30 (dd]= 7.3, 1.2

Hz, 1H), 7.20- 7.16 (m, 2H), 6.69 (d] = 8.8 Hz, 1H), 5.75 (s, 1H), 3.60 (s,
3H), 1.32 (s, 9H).**C NMR (100 MHz, CDCJ) 180.0, 154.4, 153.9,
1394, 135.1, 132.1, 127.8, 127.7, 127.17, 127.16, 125.9, 124.9, 124.3,
124.0, 123.4, 119.8, 116.9, 114.0, 81.2, 65.7, 30.5, 28.3. IR (neat): 3324,
3055, 2975, 2924, 1693, 1463, 1366, 1256, 1114, 802, 737 HRMS

(ESI) m/z: calcd. for @H.3CIN,Os;Na [M+Na]: 461.1244; found
461.1252.

3.7.17(R)-tert-Butyl (3-(1-hydroxynaphthalen-2-yl)-5-methoxy-1-
methyl-2-oxoindolin-3-yl)carbamate (95)

The use of E)-tert-butyl (5-methoxyl-methyl2-
oxoindolin3-ylidene)carbamate (65t) and &
naphthol(42) in general procedurafforded chiral

adduct95q as white solid in 12 h in 99% yieldap
97-1 0 1 A%EE +37 &.00A CHC).

Enantiomeric excess was determined by Chiralpak IA column, 80:20
(hexane :4PrOH), 254 nm, 1 mL/minbjor= 10.91 min, hinor= 14.05 min
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(98% ee)H NMR (400 MHz, CDC§) U 10. 96 (sI=64,H), 8
3.6 Hz, 1H), 7.74 7.61 (m, 1H), 7.49 (ddl = 6.3, 3.3 Hz, 2H), 7.17 (d,=

8.7 Hz, 1H), 7.04 (d) = 2.5 Hz, 1H), 6.95 (dd] = 8.5, 2.6 Hz, 1H), 6.85

(dd,J = 8.6, 2.3 Hz, 2H), 94 (s, 1H), 3.87 (s, 3H), 3.21 (s, 3H), 1.31 (s,

9H). *C NMR (100 MHz, CDG) U 179. 3, 156. 8, 154.
135.0, 130.8, 127.5, 127.2, 127.1, 125.7, 125.2, 123.4, 119.6, 114.5, 113.9,
112.9, 109.8, 80.9, 66.5, 56.1, 28.3, 27.1. IR (neat): 3319%,2%82, 1497,

1366, 1286, 1161, 1031, 808, 736 tmHRMS (ESI) m/z: calcd. for
CosH26N0sNa [M+Na]': 457.1739; found 457.1746.

3.7.18(R)-tert-Butyl (6-chloro-3-(1-hydroxynaphthalen-2-yl)-1-methyl-

2-oxoindolin-3-yl)carbamate (95)

The use of KE)-tert-butyl (6-chloro-1-methyl2-
oxoindolin3-ylidene)carbamate (55m) and &
naphthol (42) in general procedure afforded chiral

adduct95r as white solid in 24 in 90% yield. mp
1841 8 7 A(%F—L +35@&.009% CHCY).

Enantiomeric excess was determined by ChiralpakHADolumn, 80:20

(hexane :4PrOH), 254 nm, 1 mL/minmbjor= 7.22 mMiN, finor= 10.29 min,

(99% ee)'H NMR (400 MHz, CDC) it 10. 65 ( s, J=168) , 8. 43
3.5 Hz, 1H), 7.69 (ddJ = 6.1, 3.3 Hz, 1H), 7.56 7.45 (m, 2H), 7.34 (d] =

7.9 Hz, 1H), 7.26 (dd) = 7.9, 1.8 Hz, 1H), 7.16 (d, = 8.8 Hz, 1H), 6.96

(d,J=1.7 Hz, 1H), 6.76 (d] = 8.8 Hz, 1H), 5.77 (s, 1H), 3.22 (s, 3H), 1.32

(s, 9H).*C NMR (100 MHz,CDClzp) 4 179 . 7, 154. 3, 153. 9,
135.0, 127.8, 127.7, 127.16, 127.15, 126.4, 125.9, 124.9, 123.5, 123.3,

119.8, 113.9, 110.2, 81.1, 65.9, 28.3, 27.1. IR (neat): 3320, 2977, 1694,

1609, 1367, 1251, 1162, 1069, 806, 75I'ciHRMS (ESI) m/z: calcd. for
C24H24CIN2O4 [M+H] *: 439.1425; found 439.1423.
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3.7.19(R)-tert-Butyl(1-benzy}3-(1-hydroxy-4-methoxynaphthalen2-yl)-
2-oxoindolin-3-yl)carbamate (95s)

The use of E)-tert-butyl (1-benzyt2-oxoindolin3-
ylidene)carbamate(55¢ and 4methoxyl-naphthol in

generd procedure afforded chiral adduébs as white

solid in 20 h in 96% yieldmp 155157 ACj %

+3 29 .c61/00, CHCH). Enantiomeric excess was
determined by Chiralpak IA column, 80:20 (hexan€’r®H), 254 nm, 1 mL/min,
tminor = 10.38 MinN, dajor = 25.96 min, (91% eefH NMR (400 MHz, CDC}) i
10.25 (s, 1H), 8.33 (dd,= 7.2, 2.1 Hz1H), 8.01 (dd,]) = 7.1, 2.1 Hz, 1H), 7.5D

7.39 (m, 2H), 7.36 (ddl = 7.2, 0.8 Hz, 1H), 7.26 7.18 (m, 2H), 7.18 7.09 (m,

5H), 6.69 (dJ= 7.7 Hz, 1H), 6.05 (s, 1H), 5.87 (s, 1H), 4.94J4,15.5 Hz, 1H),

4.80 (s, 1H).), 3.52 (s, 3H), 1.25 (s, 9HC NMR (100 MHz, CDG)) U 179. 8,
154.1, 149.0, 147.8, 142.7, 135.0, 129.6, 129.5, 128.9, 127.9, 127.7, 127.2, 126.9,
126.7, 126.4, 125.2, 123.3, 123.2, 121.5, 113.8, 110.5, 103.6, 80.8, 66.3, 55.5,
44.5, 28.3. IR (neat): 3370, 2973, 1710, 1687, 1491, 1451, 1242, 1154, 1005, 846
764 cmt. HRMS (ESI) m/z: calcd. for §H3oN-OsNa [M+Na]": 533.2052; found
533.2029.

3.7.20(R)-tert-Butyl(1-benzy}3-(4-chloro-1-hydroxynaphthalen-2-yl)-2-

oxoindolin-3-yl)carbamate (9%)

The use of K)-tert-butyl (1-benzyt2-oxoindolin-3-
ylidene)carbamate (55g) and 4chloro-1-naphthol in
general procedure afforded chiral addest as white solid
in 20 h in 74% vyield mp 201203 A C(decomposed)

| C,OE—L + 3 3080.98 &HC§). Enantiomeric excess was

determined by Chiralpak IA column, 80:20 (hexan®r®H), 254 nm, 1 mL/min,
tminor = 10.35 Min, dajor= 18.27 min, (99% eefH NMR (400 MHz, CDC}) i
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10.99 (s, 1H), 8.48 (d] = 8.1 Hz, 1H),8.09 (d,J = 8.2 Hz, 1H), 7.63 (ddd] =

8.3, 6.9, 1.3 Hz, 1H), 7.507.53 (m, 1H), 7.43 (dd] = 7.2, 1.0 Hz, 1H), 7.35

7.20 (m, 7H), 6.93 (s, 1H), 6.80 @= 7.7 Hz, 1H), 5.80 (s, 1H), 5.03 @z= 15.7

Hz, 1H), 4.86 (d,) = 14.1 Hz, 1H), 1.31 (s,H9. *°C NMR (100 MHz, CDCJ) U
179.7, 153.9, 153.6, 142.7, 134.9, 131.9, 129.9, 129.0, 128.8, 128.7, 128.2, 127.9,
127.3, 126.5, 125.4, 125.1, 124.05, 123.98, 123.9, 122.9, 114.9, 110.7, 81.1, 65.9,
44.7, 28.3. IR (neat): 3242, 2971, 1707, 1686, 1613, 1352, 1156, 1018, 757, cm
HRMS (ESI) m/z: calcd. for &H»;CINOsNa [M+Na]: 537.1557; found
537.1533.

3.7.21 (R)-tert-Butyl (1-benzyt3-(2-hydroxynaphthalen-1-yl)-2-

oxoindolin-3-yl)carbamate (96)

The use of E)-tert-butyl (1-benzyt2-oxoindolin3-
ylidene)carbamatés5g) and 2naphthol(47) in general

procedure afforded chiral addugéa as white solid in

18 hin 99% yield. mp 89 1 A %l,& +550.5A (

CHCI3). Enantiomeric excess was determined by Chiralpak IA column,

80:20 (hexane :-IPrOH), 254 nm, 1 mL/min,mor = 15.39 min, hajor =

34.72 min, (97% eefH NMR (400 MHz, DMSQdg) i 10. 19 (s, 1H),
(d,J=8.6 Hz, 1H),7.81 (d,J = 8.2 Hz, 2H), 7.70 (dJ = 8.8 Hz, 1H), 7.57

(d,J=7.4 Hz, 2H), 7.51 7.45 (m, 1H), 7.43 (d) = 7.5 Hz, 1H), 7.39

7.25 (m, 4H), 7.11 (t) = 7.7 Hz, 1H), 7.04 (d) = 8.8 Hz, 1H), 6.81 () =

7.5 Hz, 1H), 6.74 (dJ = 7.8 Hz, 1H), 5.7€s, 1H), 4.01 (dJ = 16.0 Hz,

1H), 4.93 (d,J = 16.0 Hz, 1H) 1.20 (s, 9H}*C NMR (100 MHz, DMSQ

d)i 176. 4, 154. 0, 152. 0, 143. 6, 136. 8,
128.3, 128.1, 127.5, 127.0, 125.6, 125.4, 123.4, 122.3, 121.6, 118.7, 116.5,

108.5, 78.3, 63.6, 55.1, 43.7, 39.5, 27.9. IR (neat): 3217, 2973, 1693, 1609,

1466, 1347, 1156, 815, 749m¢. HRMS (ESI) m/z: calcd. for
CsoH2gN>OsNa [M+Na]': 503.1947; found 503.1955.
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3.7.22 (R)-tert-Butyl (3-(2-hydroxynaphthalen-1-yl)-1-methyl-2-

oxoindolin-3-yl)carbamate (96)

The use of E)-tert-butyl (1-methyl2-oxoindolin-3-
ylidene)carbamaté55i) and 2naphhol (47) in general

procedure afforded chiral addugb as white solid in

18 h in 85% vyield. mp 117 1 9 |A$(g,‘£; +84c 37¢e (

0.98, CHCY}). Enantiomeric excess was determined by ChiralpakHAD

column, 80:20 (hexane-RrOH), 254 nm, 1 mML/mMiNminor= 6.83 Min, hajor

= 30.74 min, (79% ee}H NMR (400 MHz,CDC}) U 9.82 (s, 1H),
J=7.8 Hz, 1H),7.55 (d,J = 8.8 Hz, 1H), 7.47 7.27 (m, 3H), 7.20 (q] =

7.3 Hz, 1H), 7.15 7.04 (m, 3H), 6.97 (dJ = 7.8 Hz, 1H), 5.87 (s, 1H),

3.32 (s, 3H), 1.28 (s, 9H}*C NMR (100 MHz, CDGJ) a 179. 7, 15!
154.1, 143.9, 132.0, 131.5, 130.8, 130.4, 129.6,11225.8, 125.3, 124.6,

123.5, 122.9, 121.1, 114.7, 108.9, 80.7, 65.4, 28.3, 27.0. IR (neat): 3368,

2970, 1703, 1607, 1470, 1348, 1243, 1157, 1055, 826, 754 HRMS

(ESI) m/z: calcd. for @H»4N>O4Na [M+Na]': 427.1637; found 427.1640.

3.7.23(R)-Ethyl (3-(2-hydroxynaphthalen-1-yl)-2-oxoindolin-3-
yl)carbamate (9&)

The use of E)-ethyl (2oxoindolin-3-ylidene)carbamate

HO
EtO,CHN,

Enantiomeric excess was determined by Chiralpak IA column, 80:20
(hexane :4PrOH), 254 nm1 mL/min, tminor= 17.85 min, hajor= 35.80 min,

(73% ee)H NMR (400 MHz, CDC}) i 9. 36 ( s, 1 H)T, 9. 08
7.89 (m, 1H), 7.70 (dJ = 7.9 Hz, 1H), 7.48 7.36 (m, 2H), 7.32 7.21 (m,

2H), 7.09 (s, 1H), 6.97 6.79 (m, 2H), 6.72 (s, 1H), 6.22 (d,= 4.6 Hz,

(550 and 2naphthol(47) in general procedure afforded
o chiral adduct96c as white solid in 36 h in 76% yield.

mp 98100 A %‘f_l -154 . ® A92, (CHCH).
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1H), 4.01 (qJ = 6.9 Hz, 2H), 1.10 (t) = 6.9 Hz, 3H)!*C NMR (100 MHz,
CDCh) U 181. 2, 15 4,.191.9, 181451 135.2, 131.B 430.8,
130.4, 130.4, 129.6, 129.3, 126.2, 125.1, 124.7, 123.1, 111.1, 65.4, 61.6,
14.4. IR (neat): 3250, 2988, 1698, 1619, 1507, 1471, 1228, 1054, 815, 725
cm®. HRMS (ESI) m/z: calcd. for £H1gN,OsNa [M+Na]": 385.1164;
found385.1171.

3.7.24(R)-tert-butyl  (7-fluoro-3-(2-hydroxynaphthalen-1-yl)-1-methyl-
2-oxoindolin-3-yl)carbamate (96)

The use of §)-tert-butyl (7-fluoro-1-methy}2-
oxoindolin3-ylidene)carbamatg55k) and 2naphthol
(47) in general procedure afforded chiral add96d as

white solid in 42 h in 95% yield. mp 1873 9 | ,@OCX;;

+ 4 1 .c4.00, CHCY). Enantiomeric excess was determined by Chiralpak

IA column, 80:20 (hexane :RrOH), 254 nm, 1 mL/mint.or= 6.33 min,

tmajor = 34.93 min, (95% ee)H NMR (400 MHz, CDC)) a 9.67 (s, 1H
7.68 d, J= 8.0 Hz, 1H), 7.5%d, J = 8.8 Hz, 1H), 7.30 (d) = 4.6 Hz, 1H),

7.261 7.20 (m, 1H), 7.1%.12 (m, 3H), 7.09 (dJ = 8.8 Hz, 1H), 7.02

6.93 (m, 1H), 5.88 (s, 1H), 3.55 (@ 2.6 Hz, 3H), 1.31 (s, 9H}*C NMR

(100 MHz, CDC}) a 179. 5, 155J=3244.6HH,4337,, 148. 2 (
131.8 (d,J = 2.0 Hz), 130.7 (dJ = 8.3 Hz), 130.4, 129.2, 126.5, 126.0,

124.4, 124.0 (dJ = 6.4 Hz), 123.1, 121.3, 121.1, 117.7 Jd 19.4 Hz),

114.3, 81.0, 65.4, 29.7 (d,= 5.9 Hz), 28.3. IR (neat): 3243, 2975, 2926,

1698, 1626, 1480, 345, 1236, 1158, 855, 730 émHRMS (ESI) m/z:

calcd. for G4H.3sFN,O4Na [M+Na]': 445.1540; found 445.1535.
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3.7.25(R)-tert-Butyl (3-(2-hydroxynaphthalen-1-yl)-5-methoxy-1-
methyl-2-oxoindolin-3-yl)carbamate (96e)

The use of E)-tert-butyl (5-methoxyl-methyl2-
oxoindolin-3-ylidene)carbamate (55t) and 2
naphthol(47) in general procedure afforded chiral
adduct96e as white solid in 42 h in 86% vyield. mp

11221 1 5 |A‘,gx—: + 1 8 © 0.8,ACHGC}). Enantiomeric excess was

determined by Chiralpak IA columi®0:20 (hexane :-PrOH), 254 nm, 1
mL/min, tyinor= 8.83 Min, hajor= 37.33 min, (85% eejH NMR (400 MHz,
CDCL) U 10. 11 (3X5=8.0HA2H), 7.57.(8 68.8(Ha, ,1H),

7.20 (t,J=7.9 Hz, 1H), 7.12 (d] = 8.8 Hz, 3H), 7.08.85 (m, 3H)5.85 (s,

1H), 3.70 (s, 3H), 3.30 (s, 3H), 1.30 (s, 9HC NMR (100 MHz, CDGJ) U
179.5, 156.9, 155.8, 154.0, 137.6, 132.1, 132.0, 131.7, 130.4, 129.0, 125.8,
124.5, 122.9, 121.4, 114.6, 114.4, 112.8, 109.4, 80.7, 65.8, 56.1, 28.3, 27.1.
IR (neat): 32472981, 2923, 1688, 1497, 1366, 1275, 1158, 1040, 815, 750
cm®. HRMS (ESI) m/z: calcd. for §£H2¢N.OsNa [M+Na]": 457.1739;
found 457.1736.

3.7.26 (R)-tert-Butyl (7-chloro-3-(2-hydroxynaphthalen-1-yl)-1-methyl-
2-oxoindolin-3-yl)carbamate (9€)

The wuse of [E)-tert-butyl (7-chloro-1-methyl2-
oxoindolin-3-ylidene)carbamate(55l) and 2naphthol

(47) in general procedure afforded chiral add@6ét as

white solid in 24 h in 97% yield. mp 1607 1 |A<O(9;

+ 1 2 .cD.81, CHC}. Enantiomeric excess was determined by Chiralpak

IA column, 80:20 (hexae : tPrOH), 254 nm, 1 mL/mintminor = 6.93 min,

tmajor = 42.63 min, (91% ee)H NMR (400 MHz, CDC})) 4 9. 72 (s,
7.67 (d,J=7.7 Hz, 1H), 7.5 (d,J = 8.8 Hz, 1H), 7.34 (d] = 8.2 Hz, 1H),
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7.307 7.11 (m, 4H), 7.08 (d] = 8.8 Hz, 1H), 6.96 (t) = 7.8 Hz, 1H), 5.84

(s, 1H), 3.70 (s, 3H), 1.31 (s, 9HFC NMR (100 MHz, CDCG) i 179 . 0,
154.3, 152.8, 138.8, 132.7, 130.8, 130.75, 130.67, 1228,1, 124.8,

123.3, 123.0, 122.9, 121.9, 120.0, 115.2, 113.1, 79.9, 64.8, 29.4, 27.1. IR
(neat): 3228, 2979, 1721, 1690, 1469, 1366, 1164, 1020, 823, 736 cm
HRMS (ESI) m/z: calcd. for £H23CIN,O4Na [M+Na]": 461.1244; found
461.1241.

3.7.27 (R)-tert-Buty!l (3-(2-hydroxynaphthalen-1-yl)-1,5-dimethyl-2-
oxoindolin-3-yl)carbamate (963)

The use of )-tert-butyl (1,5dimethy}2-oxoindolin
3-ylidene)carbamatg55n) and 2naphthol (47) in

general procedure afforded chiral adda@g as white

solid in 24 h in 98% ¥ild. mp 1011 0 3 |ACH

+ 6 5 .c71.80, CHCY). Enantiomeric excess was determined by Chiralpak
IA column, 80:20 (hexane :RrOH), 254 nm, 1 mL/mint.or= 7.00 min,
tmajor = 38.45 min, (54% ee)H NMR (400 MHz, CDC)) a 9.54 (s, 1H
7.66 (s, 1H), 7.58 7.48 (m,1H), 7.36 (dd,J = 17.0, 8.8 Hz, 1H), 7.12 (4,

= 6.2 Hz, 3H), 7.02 (dJ = 7.8 Hz, 1H), 6.93 (dd] = 12.5, 8.9 Hz, 1H),

6.69 (d,J = 7.9 Hz, 1H), 5.84 (s, 1H), 3.17 (s, 3H), 2.12 (s, 3H), 1.17 (s,

9H). **C NMR (100 MHz, CDGJ) a 179. 3, 2.8 4320, 141. 5,
131.2, 131.1, 130.5, 130.2, 129.7, 129.7, 129.1, 125.8, 124.7, 122.8, 120.6,

115.1, 108.5, 80.5, 65.2, 28.2, 26.9, 21.2. IR (neat): 3227, 2975, 1690, 1500,

1432, 1348, 1247, 1160, 813, 747 'tnHRMS (ESI) m/z: calcd. for

CasH26N20sNa [M+NaJ': 441.1790; found 441.1782.
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3.7.28(R)-tert-Butyl(1-benzyl3-(2-hydroxy-6-methoxynaphthalen1-yl)-
2-oxoindolin-3-yl)carbamate (96h)

The use of E)-tert-butyl (1-benzyt2-oxoindolin-3-
ylidene)carbamat€55g) and 6methoxy2-naphthol in
general procedure affordechiral adduc96h as white
solid in 24 h in 97% vyield. mp 189191 AC

(decomposed) | ?O‘i’ +65.52\ ¢ (.00, CHC}). Enantiomeric excess was

determined by Chiralpak A column, 90:10 (hexane :HrOH), 254 nm, 1
mL/Min, tmajor = 35.86 MiN, dinor = 39.75 min, (97% ee)H NMR (400 MHz,
DMSO) U0 9.89 {=s8,7H4 1)),7.83 &,.1MA)97.59 (dl= 8.8 Hz,
1H), 7.54 (dJ = 7.2 Hz, 2H), 7.39 7.24 (m, 4H), 7.22 (d) = 2.8 Hz, 1H), 7.14
(dd,J =9.4, 2.2 Hz, 1H), 7.08 (8, = 7.7 Hz, 1H), 6.95 (d) = 8.8 Hz, 1H), 6.78
(t, J=7.6 Hz, 1H), 6.70 (dJ = 7.8 Hz, 1H), 5.75 (slH), 4.97 (dJ = 16.1 Hz,
1H), 4.89 (d,J = 16.0 Hz, 1H), 3.83 (s, 3H), 1.18 (s, 9H)C NMR (100 MHz,
DMSO) a 176. 5, 154. 4, 154. 0, 150. 2, 143.
128.1, 127.7, 127.6, 127.0, 123.4, 121.6, 119.1, 117.5, 116.8, 108.5, 107.5, 78.3,
63.6, 55.0, 54.9, 43.7, 28.0. IR (ne&3}13, 2974, 1698, 1609, 1515, 1346512

1157, 1010, 867, 726m™. HRMS (ESI) m/z: calcd. for £HzoN,OsNa [M+NalJ':
533.2052; found 533.2032.

3.7.29(R)-tert-Butyl(1-benzy}3-(6-bromo-2-hydroxynaphthalen-1-yl)-2-
oxoindolin-3-yl)carbamate (96)

The use of E)-tert-butyl (1-benzyt2-oxoindolin-3-
ylidene)carbamate (5590 and 6bromao2-naphthol in
general procedure afforded chiral add@@tas white solid
in 48 h in 98% yield mp 137139 AC
(decomposed) ¢ & +61.0A c (1.00, CHCY). Enantiomeric excess was
determined by Chiralpak IA column, 80:20 (hezan-PrOH), 254 nm, 1 mL/min,
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tmajor = 8.23 MiN, hinor = 13.64 min, (93% ee))H NMR (400 MHz, CDC)) i
10.02 (s, 1H), 7.84 (dl = 2.0 Hz, 1H), 7.53d, J = 8.8 Hz, 1H), 7.41 7.18 (m,

8H), 7.13 (dJ = 9.1 Hz, 1H), 7.05 () = 7.5 Hz, 1H), 6.98 (s, 1H), 6.81 (@=

7.8 Hz, 1H), 5.86 (s, 1H), 5.15 (d,= 15.9 Hz, 1H), 4.87 (d] = 16.0 Hz, 1H),

1.33 (s, 9H)**C NMR (100 MHz, CDCGJ)) U 1 8 0 152.5, 14B.3,6135%,,
132.3, 131.4, 131.32, 131.26, 131.0, 130.4, 129.5, 129.4, 128.3, 127.8, 126.7,
126.0, 124.3, 123.1, 117.2, 115.4, 110.8, 81.5, 66.0, 45.4, 28.9. IR @i&R):
2977, 1692, 1608, 1465, 1335, 1152, 1009, 874, &8t HRMS (ESI) m/z:
calcd. for GoH,7BrN,O4Na [M+Na]: 581.1052; found 581.1052.

3.7.30 (R)-tert-Buty!l (3-(2,4-dihydroxy -5-methoxyphenyl)}1-methyl-2-

oxoindolin-3-yl)carbamate (98)

The reaction of 0.1 mmolEj-tert-butyl (1-methy}2-
oxoindolin-3-ylidene)carbamate (55i) and 4
methoxybenzenel,3-diol (1.1 eq)(97b) with 10 mol%
64b in 1 mL DCM, at room temperature afforded

chiral adduct98b as pale yellow solid in 67 h in 70%
yield. mp 979 9 A %t,—- + 2 3©1.00, £HQ}). Enantiomeric excess

was determined by Chiralpak IA column, 80:20 (hexa+PrOH), 254 nm,

1 mL/min, tmajor = 13.55 min, kinor = 22.27 min, (84% ee)l.H NMR (400
MHz, CDCk)t 9. 75 (s ,J=8HHz, 2HY 2B @I =(715 Hz,
1H), 6.90 (dJ = 7.7 Hz, 1H), 6.54 (s, 1H), 6.39 (bs, 1H), 6.19 (s, 1H), 5.89
(bs, 1H), 3.49 (s, 3H), 3.18 (s, 3H), 1.21 (s, 9HC NMR (100 MHz,
CDClh)yu 179. 2, 154. 0, 152. 2, 147. 9,
112.0, 111.9, @9.3, 107.1, 80.7, 65.6, 56.4, 28.0, 26.8. IR (neat): 3324,
2976, 2871, 1687, 1611, 1505, 1367, 1278, 1156, 807, 754 HRMS
(ESI) m/z: calcd. for gH24N>OgNa [M+Na]': 423.1527; found 423.1533
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3.8 Procedure for the S/nthesis 0f95e by One-pot Sequential aza-Wittig/aza-

Friedel-Crafts Reaction

To a schlenk tube filled witiN-benzyl isatin97 (1.2 eq 28.5 mg)and 0.1
mmol t-butyl triphenylphosphoranylidenecarbam&®& 1 mL of dry 1,4
dioxane was added and reaction was refluxed overnight under argon
atmosynere. Upon the consumption of limiting reagent, solvent was
evaporated. Then reaction mixture was dissolved with DCM (2 mR) 2
times and oncentrated in vacuo. Then, Orimol I-naphthol 42), 2 mol%

64b, molecular sieve (26 mg) and 1 mL DCM were addeché reaction

was stiredat2 0 AC f or 18 hour s. Product [
chromatography with hexarneethyl acetate eluent. The prodifiie was
isolated as white solid with 78% vyield and 94% ee. Enantiomeric excess
was determinedy Chirdpak IA column, 80:20 (éxare: i-PrOH), 254 nm,

1 mL/min, tminor= 13.31 Min, hajor= 54.00 min, (94% ee).

3.9 Procedure for Deprotection of 95e

Adduct 95e (336.4 mg, 0.7mmol) was dissolved in 4M HCI in acetanili@

(15 mL) and stirred at.tr for 30 min. Reaction wa monitored by TLC.
After all starting compound finished reaction content was concentrated by
vacuo. Then, reaction mixture diluted with DCM was quenched with 30 mL
of 10% (w/w) KCOsagyand aqueous phase was washed with DCM (3 x 20

mL). Organc phase dried over MgS@nd solvent was evaporated.

3.9.1 (R)-3-Amino-1-benzy}l3-(1-hydroxynaphthalen-2-yl)indolin -2-
one (99)

Compound99 was obtained according to given deprotection procedure of
95e with 98% yield as white solid and it is used without Hert purification.
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mp 13t133 AC (d e|c§8t£m®©5 eDh4; (
CHCI3) Enantiomeric excess was determined by
Chiralpak ADH column, 70:30 (hex®e : tPrOH), 254

nm, 1 mL/min tminor= 17.98, kajor= 20.64 min (99% ee).

'H NMR (400 MHz, CDC§) ti  81. 825 (m, 1H), 7.69
(dd,J=6.8, 3.1 |, 2H), 7.55i 7.27 (m, 7H), 7.2&.13 (m, 2H), 6.98 ()

= 7.5 Hz, 1H), 6.87 6.71 (m, 2H), 5.12 (d) = 15.5 Hz, 1H), 4.94 (d] =

15.5 Hz, 1H).”*C NMR (100 MHz, CDG) i 17 8. 3, 155. 0, 141.
134.4, 129.8, 129.1, 128.1, 127.6, 127.3, 126.8,312¥5.3, 124.7, 123.9,
123.8, 122.6, 119.1, 116.1, 110.0, 65.3, 44.4. IR (neat): 3343, 3280, 3060,
1710, 1604, 1486, 1364, 1190, 1062, 796, 727#.cm

€Y

3.10 Procedure for the §nthesis ofl,4-Naphthoxazepinel00

According to literature  procedurgd, (R)-3-aminol-benzyt3-(1-
hydroxynaphthales2-yl)indolin-2-one (99) (266.3mg, 0.7mmol) and NaH

(60.0 mg, 2.5mmo | ) were dissolved in 5 mL DCM
Bromoethyldiphenylsulfonium saliOl (1.2 eq, 372.4mg), synthesized

according taef. 55, was added and reaction was sti
Progress was monitored by TLC. Reaction content was quenched with

saturated NkCl,qg and extracted with DCM (3 x 20 mL), washed with

brine and dried over MgSOAfter concentration under reduced pressure,

the product was purified by column chromatography on silica gel with 1:3

(EtOAcC: hexane) as eluent.

3.10.1(R)-1-Benzy}3',4'-dihydro -2'H-spiro[indoline-3,5-naphtho([2,1-
f][1,4]oxazepin}-2-one (100

Compound100 wasobtained according to given procedure with 25% vyield

as white solid. mp 14345 AC (d em%‘i‘mB a8 3 ecdO®1, (
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CHCIl3). Enantiomeric excess was determined by
Chiralpak ADH column, 70:30 (hexane :HrOH), 1
ML/min, tmajor = 14.47 min, hinor = 19.33 min, (99%
ee).'H NMR (400 MHz, CDCJ§) U 187.94 @n,

1H), 7.81i 7.67 (m, 1H), 7.55.26 (m, 10H), 7.09 (t,
J=8.3 Hz, 1H), 6.93 (d]= 7.9 Hz, 1H), 6.61 (d] = 8.7 Hz, 1H), 5.13 (d]

= 15.3 Hz, 1H), 4.98 (d] = 15.3 Hz, 1H), 4.56 (dt] = 14.6, 8.1 Hz, 2H),
3.061 2.90 (m, 1H), 2.76 (bs, 1H), 1.63 (bs, 1HC NMR (100 MHz,
CDCl) U 178. 8, 154. 4, 143. 4, 136. 4, 134
128.1, 128.0, 127.9, 127.7, 126.5, 126.1, 125.9, 124.4, 123.8, 122.9, 109.4,
100.1, 72.6, 45.2, 44.4, 29.8. IR (neat): 3050, 2936, 1717, 1609, 1466, 1332,
1173, 1081, 809, 698 c¢hm HRMS (ES) m/z: calcd. for GH2aN.0O,
[M+H] *: 407.1760; found 407.1761.

3.11 Procedure for O-Propargylation of 95e

In an ovendriedround bottom flask 1;aminonaphthol compoun@be (0.8
mmol, 384.4 mg,)and anhydrous potassium carbonate (1.2 mhe5%.8
mg) was disslved in 15 mL of acetone. To this suspension, propargyl
bromide (80 wt. % in toluen®.9 mmol, 97.1& [} was added and reaction
was refluxed for 6 h. Monitoring theonsumption of starting compourty
TLC, reaction content wasoncentrated by evaporation and directly loaded
to a silica gel column. Column chromatography with (EtOAc: hexane)

as the elant affordedO-propargyl naphthol derivativi02 as white solid.

3.11.1(R)-tert-Butyl (1-benzyl2-oxo-3-(1-(prop-2-yn-1-
yloxy)naphthalen-2-yl)indolin -3-yl)carbamate (102

Compoundl02 wasobtained according tgiven procedure in 92% yield as
white solid. mp77-79 A GH NMR (400 MHz, CDCY) U 8J=Ba8Hz d ,
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1H), 7.70 (dJ = 7.6 Hz, 1H), 7.61 (s, 1H), 7.49 (ddH,

= 8.4, 6.9, 1.3 Hz, 1H), 7.467.38 (m, 2H), 7.32 (dJ

= 7.0 Hz, 2H), 7.28 7.21 (m, 2H), 7.2% 7.16 (m,
1H), 7.16i 7.10 (m, 2H), 6.94 (1) = 7.2 Hz, 1H), 6.74
Bn (dd,J = 16.7, 8.3 Hz, 2H), 5.01 (d,= 15.7, 1H), 4.99
(dd,J = 14.9, 2.4, 1H), 4.86 (d,= 15.8 Hz, 1H), 4.64 (dd} = 15.0, 2.4 Hz,
1H), 2.61 (t,J = 2.4 Hz, 1H), 1.32 (s, 9H}°C NMR (100 MHz, CDGJ)) U
176.8, 154.5, 152.7, 143.6, 136.0, 134.8, 132.4, 12282.9, 128.8, 128.0,
127.7, 127.6, 127.2, 126.9, 126.2, 125.5, 124.9, 124.5, 123.4, 122.7, 109.4,
80.3, 79.1, 76.1, 65.9, 64.3, 44.6, 28R.(neat): 33893290, 2975, 1714,
1612, 1486, 1352, 1160, 748m'. HRMS (ESI) m/z: calcd. for
CasHaoN20sNa[M+Na]*: 541.2103; found 541.2098

3.12 Procedure for Deprotection ofcompound 102

In an ovendried Schlenk tubecompound102 (0.8 mmol, 414.9 mg) was

di ssolved in 20 mL of DCM under argon
(32.0 mmol, 2.43 mL) was addedavsyringe atthe same temperatur@he
reaction mixture was allowed to reach ambientgerature through the overnight
Upon the completion of the reaction, all volatilgere evaporated. Extraction of

the mixture with DCM and saturated NaHg£g followed by drying over
anhydrous MgS@afforded crude product. Column chromatography with silica
gel and 1:2 (EtOAc:DCM) afforded amii@3as white solid.

3.12.1 (R)-3-Amino-1-benzy}3-(1-(prop-2-yn-1-yloxy)naphthalen-2-
yhindolin -2-one (103

CompoundlO3was obtaned according tgiven procedure in 98% vyield aghite

solid. mp 99-102A C'H NMR (400 MHz, CDC{) 0 8J=3J Hz 1H), 8.03
(dd,J = 5.4, 4.2 Hz, 1H), 7.91 7.82 (m, 1H), 7.78 (d) = 8.7 Hz, 1H), 7.51
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7.43 (m, 4H), 7.39 (t) = 7.5 Hz, 2H), 7.31 (t) = 7.3 Hz,

1H), 7.20 (dtJ = 7.8, 1.1 Hz, 1H), 7.07 (d,= 7.3 Hz, 1H),

6.92 (t,J = 7.4Hz, 1H), 6.85 (dJ = 7.9 Hz, 1H), 5.40 (dJ

= 15.7 Hz, 1H), 4.85 (d) = 15.7 Hz, 1H), 4.25 (ddJ =

15.0, 2.4 Hz, 1H), 3.40 (dd,= 15.0, 2.4 Hz, 1H), 2.56 ,

= 2.4 Hz, 1H), 2.03 (bs, 2H}*C NMR (100 MHz, CDGJ)

G 180.7, 151. 22 13B.2,3305, 129133189.04 128.3] 823.73,
127.68, 127.4, 126.4, 126.3, 125.0, 124.7, 124.5, 123.0, 122.4, 109.8, 79.4, 75.4,
61.7, 61.4, 44.3IR (neat):3337, 2920, 1712, 1610, 1465, 1351, 726, 68F.

HRMS (ESI) m/z: calcd. for §H»N,O,Na[M+Na]*: 441.1579; found 441.1574

3.13 ZnCl, Mediated Cyclization of 103

Compound103 (0.6 mmol, 251.1 mg) and ZnC(1.2 mmol, 163.6 mg) was
dissolved in 6 mL of chloroform in an flartigied two-neck rounebottom flask.

The resulting solution was refluxed undeg@n atmospheréor 12 h. Initially,

pale yellow solution turned into deep red color. After the evaporation of the
solvent, purification of the product by silica gel column chromatography with
1:20 EtOAc:DCM) affordedcompoundLO5asunstable pale yellowil.

3.13.1 (R)-1-Benzy}3'-methyl-2'H-spiro[indoline-3,5-naphtho[2,1-
f][1,4]oxazepin]-2-one (105

Compound 105 was obtained according tagiven
procedure iM6% yield asunstablgdecomposes in DCM,
i-propanol and ethyhcetate)pale yellow oil. '*H NMR
(400MHz, CDCEL) U 8J=B.2 Hz 1H), 7.82 (d] =
7.6 Hz, 1H), 7.72 (d)J = 7.6 Hz, 1H), 7.56 7.38 (m, 4H), 7.36 7.23 (m, 4H),
7.20 (ddJ = 12.8, 10.5 Hz, 1H), 7.05 (,= 7.2 Hz, 1H), 6.89 () = 7.6 Hz, 1H),
6.62 (d,J = 7.8 Hz, 1H), 5.27 (d] = 15.9 Hz 1H), 4.99 (dJ = 17.2 Hz, 1H), 4.81

101



(d, J = 15.9 Hz, 1H), 4.69 (dJ = 17.2 Hz, 1H), 2.00 (s, 3H)R (neat):2923,
2351, 1723, 1609, 1467, 1259, 1028, 198 . HRMS (ESI) m/z: calcd. for
CogH29N20, [M+H] ™ 419.1759found419.177.

3.14 General Procedure G: Synthes i s -Apido Kéiones

Synt hesi s -Azitlo Katongs(9Baij)c U

According to literature proceduréto a stirred solution of appropriateb?omo 1-
phenylethanon®2 (5.0 mmol) in 40 mLacetonesodum azde (975.0 ng, 15.0
mmol) was added at room temperature. The resulting solution was stirred
overnight at room temperature. The reaction was checked by TLC. After the
completion of reaction, the solvent was evaporated. Then the mixture was poured
into waterand extractedvith ethyl acetate (3 x 50 mL). The organic layer was
dried over MgS@ and concentrated vacuo.After the evaporation of solvent the
crude product was purified by column chromatography eluting with ethyl acetate:
hexane (1:5) to give -dado-1-phenylethanore 93aj. Spectral data was in

accordance with literatur@
Synthesis ofC y ¢ | -Azitlo Kétones(93k-n)

In accor@nce with literature proceduf® to a stirred solution of-bromo
chromanonethiochromanone, indanonar tetralone(87a 87b, 90a 90b) (4.0
mmol) in acetone (20 mL) sodium azide (8.0 mmol, 520.0 amg) 18crown6

(0.8 mmol, 211.5 mg) was added. The reaction content was stirred at room
temperature. Monitoring by TLC, the reaction solvent was evaporated and residue
was disolved in ethyl acetate and extracted with water and brine, respectively.
Being dried over MgS¢) organic phase was concentrated in vacuo. Silica gel
column eluted with ethyl acetate:hexane (1:¢i@lded in corrgponding azido
ketones93k-n. Compoundd3k and 93! were characterizedy comparing'H and
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13C NMR spectra with literaturd”’* Spectroscopic data 68mand93n are given

below.

3.14.1 2-Azido-3,4-dihydronaphthalen-1(2H)-one (93m)

o General procedure given for cyclic-azido ketones afforded

®N3 compound93m as dark green oil in 68% yieldH NMR (400
MHz, CDCk) U 7 J97%8 Hg dH), 7.41 (t) = 7.5 Hz,

1H), 7.23 (tJ = 7.4 Hz, 1H), 7.17 7.05 (m, 1H), 4.33 3.91 (m, 1H), 2.94 (d]

= 4.3 Hz, 2H), 2.23 (ddd} = 9.0, 7.4, 4.4 Hz, 1H), 1.99dd,J = 8.9, 8.0, 4.4 Hz,
1H).°*C NMR (100 MHz, CDCk) i 1 9M43.63 134.4, 131.2, 128.9, 128.1,
127.3, 64.529.4, 27.7

3.14.2 2-Azido-2,3-dihydro-1H-inden-1-one (93n)

o General procedure given for cyclit-azido ketones affoetl
@E&M compoundd3n as white crystals in 72% vyield. mp.-43 A C'H
NMR (400 MHz, CDC}) U 7J3=79 Hz IH), 7.65 (td] =
7.6, 1.1 Hz, 1H), 7.51 7.34 (m, 2H), 4.32 (dd} = 8.2, 4.6 Hz, 1H), 3.51 (dd,=
17.1, 8.1 Hz, 1H), 2.93 (dd,= 17.1, 4.6Hz, 1H).»*C NMR (100MHz, CDCkL) U
201.9, 151.3, 136.2, 134.3, 128.3, 126.7, 124.7, 62.1, 33.1

3.15 General Procedure H: RacemicSynthesis of Mannich Alducts

In an overdried test tube with screw cap isatin ketimb®e( 0 . 4 mazwd ) ,
ketone93 (1.1 eq)and 5 mol% 1:1 mixture of quininderivedurea catalyst94b
and epi-94b were dissolved in 3 mL of DCM at room temperatudggon the

completion, reaction mixture was directly loaded to glass column for purification.

Racemates of each isomer were isoldtgdsilica gel column chromatography

with a gradient solvent system of ethyl acetate:hexane from (1:5) to (1:3) ratio.
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3.16 General Procedure I Asymmetric Synthesis of Mannich Alducts

Experimental procedures for the asymmetric organocatalytic synthédenaoich

baseslO7ap with two different organocatalys&4b and64d were given below.

With organocatalyst 64b: In an ovendried test tube with screw capatin
ketimine 55 (0.1 mmo | Jazido kktoned3 (0.2 mmol) and 5 mol%guinine
derived squaramides4b were dissolved inl mL of DCM at2 2 . Reaction
progress was monitored by TLC and purified by silica gel column
chromatography as described facemic sythesis ingeneral procedurd.

With organocatalyst 64d: In an ovenrdried test tube with screw capatin
ketimine55 (0.1mmo | -azjdo Kétoné3 (1.1 eq) and 10 mol% quinirderived
squaramid®é4dwer e di ssol ved 1 n Réactioniprogrdss wvas M
monitored by TLC and purified by silica gel column chromatography as described

for racemic sythesis ingeneral proedureH.

3.16.1 tert-Butyl ((9)-3-((9)-1-azido-2-oxo-2-phenylethyl)-1-methyl-2-

oxoindolin-3-yl)carbamate (107a)

The use of 64d with (E)-tert-butyl (1-methyl2-
0 O oxoindolin-3-ylidene)carbamate(55i) and 2azidol-
3 phenylethanone(93d in general procedure afforded
O N ° chiral adductlO7aas white solid in 3h in 95% yield

with diastereomeric ratio 4:1 (syn:anti). mp.-6% A C;

oT _
(0]

Chiralpak ADH column, 85:15 (hexand-PrOH), 254 nm, 1 mL/Mirtminor

= 12.14 min, hajor = 15.74 min, (86% ee)l.H NMR (400 MHz, CDC)) U
7.901 7.75 (m, 2H), 7.58 ( = 7.4 Hz,2H), 7.43 (tJ = 7.8 Hz, 2H), 7.33
7.22 (m, 1H), 6.96 (t) = 7.6 Hz, 1H), 6.81 (d] = 7.8 Hz, 1H), 5.86 (s, 1H),

| 18.7A ¢ (0.5, CHC}k). Enantiomeric excess was determined by
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5.28 (s, 1H), 3.27 (s, 3H), 1.30 (s, 9HJC NMR (100 MHz, CDGJ)) U
193.7, 173.9, 154.2, 144.2, 135.5, 134.3, 130.1, 128.8, 128.8, 126.8,
122.7, 108.4, 80.7, 64.0, 62.9, 28.1, 26R6(nea): 3312, 2976, 2102, 1710,
1612, 1470, 1249, 1158, 75887 cm*. HRMS (ESI) m/z: calcd. for
CoH23Ns0sNa [M+Na]': 444.1648; found 444.1634.

3.16.2tert-Butyl ((9)-3-((9)-1-azido-2-oxo-2-phenylethyl)-1-benzyl 2-
oxoindolin-3-yl)carbamate (107b)

O The wuse of 64d with (E)-tert-butyl (1-benzyt2-
oxoindolin3-ylidene)carbamate(559) and 2azidol-
phenylethanone(93a) in general procedureafforded

3
O N © chiral adductl07b as white solid in 1& in 96% yield
Bn

with diastereomeric ratio 4:1 (syn:anti). mp.-724 A C;

%t—L -0 . 3cA0.95, CHC4). Enantiomeric excess was determined by

Chiralpak AD-H column, 80:20 (hexane-ArOH), 254 nm, 1 mL/mintaor

= 15.32 min, hajor = 21.46 min, (84% eefH NMR (400 MHz, CDCl) a
7.73 (d,J = 7.7 Hz, 2H), 7.48 (dd] = 15.2, 7.5 Hz, 2H), 7.3D 7.11 (m,

7H), 7.06 (t,J = 7.6 Hz, 1H), 6.85 (dd] = 14.1, 6.8 Hz, 1H), 6.61 (d,=

7.8 Hz, 1H), 6.01 (s, 1H), 5.16 (s, 1H), 4.98J¢; 14.6 Hz, 1H), 4.72 (d]

= 14.6 Hz, 1H)1.21 (s, 9H)*C NMR (100 MHz, CDGJ) a 194. 0,
154.2, 143.3, 135.6, 134.4, 130.0, 128.9, 128.82, 128.79, 128.7, 127.7,
127.6, 126.6, 125.8, 122.8, 109.5, 80.8, 63.8, 63.3, 44.5, [BB.(hea):

3300, 2977, 2103, 1714, 1613, 1486, 1248, 1157, 894cm*. HRMS

(ESI) m/z: calcd. for ggH,7NsO;Na [M+Na]": 520.1961; found 520.1944.
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3.16.3 tert-Buty!l ((9)-1-allyl-3-((S)-1-azido-2-oxo-2-phenylethyl)-2-

oxoindolin-3-yl)carbamate (107c)

The use o64d with (E)-tert-butyl (1-allyl-2-oxoindolin
3-ylidene)cabamate(55f) and 2azidoe1-phenylethanone
(9339) in general procedure afforded chiral addL@7cas

white solid in 18h in 80% vyield with diastereomeric

ratio 9:1 (syn:anti). mp 55 7 A %’,& -2 2. 60002, (
CHCI3). Enantiomeric excess was determined by ChiralpakHAEolumn,

85:15 (hexane :-IPrOH), 254 nm, 1 mL/min,mfor = 13.12 min, hajor =

17.92 min, (82% ee)H NMR (400 MHz, CDC}) U 7 J38&0 Hg,d ,
2H), 7.59 (m, 2H)7.44 (t,J = 7.5 Hz, 2H), 7.26 (dd] = 13.7, 6.0 Hz, 1H),

6.97 (t,J=7.6 Hz, 1H), 6.83 (dJ = 7.8 Hz, 1H), 5.96 (s, 1H), 5.945.80

(m, 1H), 5.40 (d,J = 17.2 Hz, 1H), 5.32 (s, 1H), 5.28 @@= 17.2 Hz, 1H),

4.55 (d,J = 13.4 Hz, 1H), 4.26 (d] = 134 Hz, 1H), 1.32 (s, 9H)}>C NMR

(100 MHz,CDC}) 10 193. 8, 173. 8, 154. 2, 143. 4,
128.9, 128.8, 126.5, 125.9, 122.7, 118.0, 109.4, 80.8, 64.0, 63.0, 43.0, 28.2.
IR (nea): 3420, 2977, 2102, 1716, 1611, 1484, 1365, 1156, 754cB85
HRMS (ESI) m/z: calcd. for £H2sNsOsNa [M+Na]™: 470.1804; found
470.1796.

3.16.4 tert-Buty!l 3-(1-azido-2-oxo-2-phenylethyl)-3-((tert-
butoxycarbonyl)amino)-2-oxoindoline-1-carboxylate (107d)

The use of 64b with (E)-tert-butyl 3-((tert
butoxycarbonyl)iminoR-oxoindoline1-carboxylate and
2-azido1l-phenylethanone (938 in general procedure
afforded chiral adductO7das white solid in 48 in 19%

yield with diastereomeric ratio 20:1 (syn:anti). mp5ib

AC;g %& -0.5A ¢ (.5, CHC}). Enantiomeric excess was determined by
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Chiralpak ADH column, 85:15 (hexane =HrOH), 254 nm, 1 mL/min, %

9.37, 10.60 minrac. *H NMR (400 MHz, CDC)) a 1&.70(60, 3H),

7.691 7.52 (m, 1H), 7.53 7.37 (m, 3H), 7.3 (t,J= 7.9 Hz, 1H), 7.07 (1)

= 7.6 Hz, 1H), 6.00 (s, 1H), 5.11 (s, 1H), 1.63 (s, 9H), 1.25 (s, 88).

NMR (100 MHz,CDC}) U0 193.4, 172.5, 153.9, 14
130.3, 130.2, 128.9, 125.7, 124.7, 124.5, 115.3, 84.5, 81.3, 65.1, 63.3, 28

27.9.IR (neaj): 3370, 2924, 2105, 1777, 1709, 1597, 1477, 1343, 1248,

1145, 753cmt. HRMS (ESI) m/z: calcd. for £gHooNsOsNa [M+Na]':

530.2016; found 530.1995.

3.16.5 tert-Butyl ((9)-3-((R)-2-azido-1-ox0-2,3-dihydro -1H-inden-2-yl)- 1-
methyl-2-oxoindolin-3-yl)carbamate (10%&)

The use of 64b with (E)-tert-butyl (1-methyl2-
oxoindolin3-ylidene)carbamat€55i) and 2azido2,3
dihydro-1H-inden1-one (93n) in general procedure

afforded chiral adducl07e as white solid in 24 in

97% vyield with diastereomeriatio 18:1 (syn:anti). mp 92 4 A %,9

+ 9 3 .c4.80, CHCY). Enantiomeric excess was determined by Chiralpak
AD-H column, 80:20 (hexane :HArOH), 254 nm, 1 mL/min,for = 7.80

min, tmajor= 10.78 min, (88% eejH NMR (400 MHz, CDCY) i (d7J=8 1
7.6 Hz, 1H), 7.64 7.58 (m, 1H), 7.57 (d] = 8.6 Hz, 1H), 7.44 7.36 (m,

1H), 7.34 (d,J = 7.7 Hz, 1H), 7.28 (dJ = 7.6 Hz, 1H), 7.09 (t) = 7.4 Hz,

1H), 6.85 (d,J = 7.8 Hz, 1H), 6.82 (s, 1H), 3.10 (s, 3H), 3.00Jd; 18.0

Hz, 1H), 2.81 (dJ = 18.0 Hz, 1H), 1.23 (s, 9H}°C NMR (100 MHz,
CDCl) a 199. 4, 173. 3, 154. 0, 149. 8, 1 ¢
126.7, 126.0, 125.3, 125.2, 123.1, 108.4, 80.5, 69.0, 66.8, 36.3, 28.1, 26.5.
IR (nea): 3348, 2976, 2104, 1710, 1610, 1469, 1364914159, 75@m™.

HRMS (ESI) m/z: calcd. for £H23NsOsNa [M+Na]: 456.1647; found
456.1657.
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3.16.6tert-Butyl ((S)-3-((R)-3-azido-4-oxothiochroman-3-yl)-1-methyl-2-
oxoindolin-3-yl)carbamate (107)

The use of 64d with (E)-tert-butyl (1-methy}2-
oxoindolin-3-ylidene)carbamate (55i) and 3
azidothiochromas#-one (93l) in general procedure
afforded chiral adduct07f as white solid in 1& in

89% vyield with diastereomeric ratio 6:1 (syn:anti). mp87&@ A %"—1

+ 1 0 .c9.80, CHC}). Enantiomeric excess was determined by Chiralpak

AD-H column, 90:10 (hexane =ArOH), 254 nm, 1 mL/minqt.or= 14.58

Min, tnajor= 19.64 min, (90% eejH NMR (400 MHz, CDC§) &4 8J=11 ( d,
7.9 Hz, 1H), 7.49 (dJ = 7.5 Hz, 1H), 7.467.25 (m, 2H), 7.22 (d) = 7.8

Hz, 1H), 7.13 (dJ = 7.9 Hz, 1H), 7.03 (t) = 7.6 Hz, 1H), 6.76 (d) = 7.7

Hz, 1H), 6.76 (s, 1H), 3.08 (s, 3H), 3.00 &+ 14.2 Hz, 1H), 2.91 (d] =

14.1 Hz, 1H), 1.17 (s, 9H}3C NMR (100 MHz, CDG)) & 190. 7, 173. 0,
153.8, 144.8, 140.7, 133.9, 132.7, 131.01, 130.3, 127.6, 126.6, 125.8, 125.5,
123.1, 108.5, 80.5, 69.7, 67.2, 29.8, 28.2, 26.8. IR (neat): 3398, 2924, 2109,
1713, 1610, 1469, 1249, 1159, 750 tnHRMS (ESI) m/z: calcd. for
Co3H23Ns0,SNa [M+Na]™: 488.1368; found 488.1343.

3.16.7 tert-Butyl ((9)-3-((9)-3-azido-4-oxochroman-3-yl)-1-methyl-2-
oxoindolin-3-yl)carbamate (107g)

The use of 64b with (E)-tert-butyl (1-methy}2-
oxoindolin-3-ylidene)carbamate (55i) and 3

azidochromast-one (93k) in general procedure

Me afforded chiral adduct07gas white solid in 4& in
85% vyield with diastereomeric ratio 20:1 (syn:anti). mp -173 5 AcC
(decomposed); %’E + 1 5.1.80A CHC}). Enantiomeric excess was

determined by Chiralpak AP column, 90:10 (hexane -ArOH), 254 nm,
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1 mL/min, toinor = 9.36 MinN, hajor = 11.21 min, (96% ee)'H NMR (400

MHz, DMSO) li=78,18%5z (H), .62 (ddd=8.7, 7.3, 1.7

Hz, 1H), 7.58 (dJ = 7.4 Hz, 1H), 7.36 (td) = 7.7, 1.0 Hz, 1H), 7.17 (s,

1H), 7.17i 7.10 (m, 1H), 7.09 6.98 (m,J = 13.0, 7.7 Hz, 3H), 4.61 (d,=

12.5 Hz, 1H), 4.23 (dJ = 12.5 Hz, 1H), 3.07 (s, 3H), 1.14 (s, 9HJC

NMR (100MHz, DMSO) & 186.2, 172.5, 160. 7,
127.3, 125.6, 122.3, 122.1, 120.7, 117.6, 108.3, 79.5, 69.0, 67.4, 65.1, 27.7,
26.3.IR (neaj): 3429, 2982, 2101, 1717, 1673, 1490, 1254, 1145 ci%4

HRMS (ESI) m/z: calcd. for £H23NsOsNa [M+Na]™: 472.1596; found

472.1592 See Appendix C for crystallographic data.

3.16.8 tert-Butyl  ((9)-3-((R)-2-azido-1-ox0-1,2,3,4tetrahydronaphthalen-2-
yl)-1-methyl-2-oxoindolin-3-yl)carbamate (107h)

The use of 64b with (E)-tert-butyl (1-methy}l2-
oxoindolin-3-ylidene)carbamat€55i) and 2azido3,4-
dihydronaphthaleii(2H)-one  ©3m) in general

Me procedure afforded chiral addulf@7has white solid in
60 h in 26% vyield with diastereomeric ratio 8:1 (syn:anti). mp992 A C;
| ?OI—L + 3 5.0.83A CHCY). Enantiomeric excess was determined by

Chiralpak ADH column, 90:10 (hexane-ArOH), 254 nm, 1 mL/Mintaor

= 9.52 min, tajor= 14.61 min, (83% eejH NMR (400 MHz,CDC}) & 8. 12
(d,J = 7.9 Hz, 1H), 7.58 7.45 (m,3H), 7.41i 7.31 (m, 2H), 7.19 7.08

(m, 2H), 6.82 (dJ = 7.7 Hz, 1H), 3.15 (s, 3H), 2.93 (ddbs 15.7, 11.1, 4.3

Hz, 1H), 2.61 (dtJ = 16.7, 4.4 Hz, 1H), 1.84 (ddd,= 14.7, 11.0, 4.1 Hz,

1H), 1.68 (dt,J = 14.0, 4.5 Hz, 1H), 1.26 (s, 9H)®*C NMR (100 MHz,

CDCly) U 193. 1, 174. 2, 154. 3, 144. 6, 1 ¢
128.1, 127.7, 126.8, 125.1, 123.0, 108.2, 80.3, 68.6, 67.7, 29.3, 28.2, 26.6,
24.8.IR (nea): 3342, 2976, 2102, 1713, 1612, 1470, 1249, 1158 cibi
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HRMS (ESI) m/z: calcd. for £H2sNsO4Na [M+Na]: 470.1804;found
470.1788.

3.16.9 tert-Buty! ((S)-3-((S)-1-azido-2-(3-bromophenyl)-2-oxoethyl)-1-methyl-
2-oxoindolin-3-yl)carbamate (107)

Br The wuse of 64d with (E)-tert-butyl (1-methyl2-
O oxoindolin-3-ylidene)carbamat¢s5i) and 2azido1-(3-
0 bromophayl)ethanone (93g) in general procedure

O N3 afforded chiral adducL07i as white solid in 1% in
o
N

97% vyield with diastereomeric ratio 11:1 (syn:anti). mp

6971 A %@ -2 2 4 .c0.3V, QHC}). Enantiomeric

excess was determined by Chiralpak -ADcolumn, 85:15 (hexane : i
ProH), 254 nm, 1 mL/miNnor = 13.46 min, fajor= 21.86 min, (90% ee).

'H NMR (400 MHz, CDC}) U 7J.=8.8 Hz( 1tH), 7.73 (dJ = 7.9 Hz,
1H), 7.67 (dJ = 7.3 Hz, 1H), 7.57 (d) = 7.3 Hz, 1H), 7.31 (d) = 7.9 Hz,
1H), 7.27 (dJ = 6.8 Hz, 1H), 6.96 (1) = 7.6 Hz, 1H), 6.81 (d) = 7.8 Hz,
1H), 5.89 (s, 1H), 5.24 (s, 1H), 3.25 (s, 3H), 1.29 (s, 9#0).NMR (100
MHz, CDCk) U 6,119328, 154.3, 144.1, 137.3, 137.1, 131.7, 130.4,
130.3, 127.3, 126.4, 125.9, 123.2, 122.9, 108.6, 80.9, 64.2, 63.0, 28.1, 26.7.
IR (neat): 3320, 2977, 2104, 1709, 1612, 1470, 1366, 1248, 1158, 752 cm
HRMS (ESI) m/z: calcd. for £H.:BrNsOsNa [M+Na]: 522.0753; found
522.0763.

3.16.10 tert-Butyl ((9)-3-((9)-1-azido-2-(4-methoxyphenyl)}2-oxoethyl)-1-
methyl-2-oxoindolin-3-yl)carbamate (107)

The wuse of 64d with (E)-tert-butyl (1-methyl2-oxoindolin3-

ylidene)carbamatés5i) and 2azido1-(4-methoxyphenyl)ethaome (930 in
general procedurafforded chiral adduct07) as white solid in 18 in 80%
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yield with diastereomeric ratio 4:1 (syn:anti). mp- 79
82 A %‘,‘—* -1 2 . 6 A00,(CHCY). Enantiomeric

excess was determined by Chiralpak -ADcolumn,
75:25 (hexane :-lPrOH), 254 nm, 1 mL/min,mtnor =

Me 13.34 min, fejor= 15.66 min, (75% eefH NMR (400
MHz, CDCkL) U 7J=823 HZ, 2H), 7.54 (d] = 6.9 Hz, 1H), 7.26 (dd,
J=19.8,5.2 Hz, 1H), 6.95 (§ = 7.6 Hz, 1H), 6.87 (d] = 8.9 Hz, 2H), 6.80
(d,J=7.8 Hz, 1H), 6.00 (s, 1H), 5.17 (s, 1H), 3.82 (s, 3H), 3.24 (s, 3H),
1.26 (s, 9H).»*C NMR (100 MHz, CDG) a 191. 7, 174. 1,
144.2, 13.4, 130.0, 128.2, 126.6, 125.6, 122.6, 114.1, 108.3, 80.6, 63.8,
63.0, 55.6, 28.1, 26.6R (neaj): 3322, 2976, 2102, 1713, 1597, 1470, 1248,
1162, 1022, 752cm?’. HRMS (ESI) m/z: calcd. for £H2sNsOsNa
[M+Na]*: 474.1753; found 474.1757.

3.16.11 tert-Butyl ((9)-3-((9)-1-azido-2-oxo-2-phenylethyl)-5-bromo-1-
methyl-2-oxoindolin-3-yl)carbamate (107)

O The use ob4b with (E)-tert-butyl (5-bromo1-methyt

Boch; 2-oxoindolin-3-ylidene)carbamat€55p) and 2azido

y O 03 1-phenylethanonegeneral procedureafforded chiral
N,\,le adduct1l07 as white solid in 24 in 60% yield with

diastereomeric ratio 11:1 (syn:anti). mp-713 A %,I—L + 3¢ BOA, (

CHCI3). Enantiomeric excess was determined by ChiralpalkHASIumn,

97:3 (hexae : tPrOH), 254 nm, 1 mL/mintmajor= 21.49 min, hinor= 28.35

min, (70% ee)'H NMR (400 MHz, CDC}) U i 7.789rh, 2H), 7.69 (s,

1H), 7.60 (tJ = 7.4 Hz, 1H), 7.45 (t) = 7.8 Hz, 2H), 7.38 (dd] = 8.3, 2.0

Hz, 1H), 6.68 (dJ = 8.3 Hz, 1H), 5.90 (s, 1H), 5.24 (s, 1H), 3.24 (s, 3H),
1.32 (s, 9H).»*C NMR (100 MHz, CDG) a 193. 5, 173. 6,
135.4, 134.7, 132.9, 129.1, 129.0, 128198.6, 115.5, 109.9, 81.2, 64.2,
63.0, 28.2, 26.9. IR (neat): 3343, 2976, 2103, 1710, 1608, 1486, 1365, 1248,
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1158, 777 cnl. HRMS (ESI) m/z: calcd. for £H.BrNsOsNa [M+NaJ'":
522.0753; found 522.0747.

3.16.12 tert-Butyl ((S)-3-((S)-3-azido-4-oxochroman-3-yl)-5-bromo-1-methyl-
2-oxoindolin-3-yl)carbamate (107)

The use of64b with (E)-tert-butyl (5-bromo1-
methyt2-oxoindolin-3-ylidene)carbamaté&5p) and
3-azidochromasd-one (93k) in general procedure
afforded chiral adductO7l as white solid in 4& in

Me
78% vyeld with diastereomeric ratio 15:1 (syn:anti). mp 108 1 AC

(decomposed);| ?O& + 1 5.1.80A CHC}). Enantiomeric excess was

determined by Chiralpak AP column, 90:10 (hexane -ArOH), 254 nm,

1 mL/min, thinor= 7.33 MiN, fajor= 9.43 min, (8% ee).lH NMR (400 MHz,
CDCl) a 8.J65F.9, (.89Hdz 1H), 7.63 (d = 1.9 Hz, 1H), 7.57

7.52 (m, 1H), 7.51 (dd] = 8.3, 1.8 Hz, 1H), 7.14 (§ = 7.5 Hz, 1H), 6.88
(d,J=8.3 Hz, 1H), 6.74 (d]) = 8.3 Hz, 1H), 6.39 (s, 1H), 4.02 (@= 12.5

Hz, 1H), 3.89 (dJ = 12.5 Hz, 1H), 3.12 (s, 3H), 1.25 (s, 9HC NMR

(100 MHz, CDC}) U 187. 7, 171. 9, 161. 5, 153. 5,
128.1, 127.3, 123.0, 121.7, 117.5, 115.3, 109.5, 80.9, 70.0, 67.3, 65.7, 28.1,
26.6. IR (neat): 3369, 2975, @3, 1670, 1477, 1269, 1150, 720 tm
HRMS (ESI) m/z: calcd. for £§H.-BrNsOsNa [M+Na]: 550.0702; found
550.0687.

3.16.13 tert-Butyl ((9)-3-((9)-1-azido-2-ox0-2-phenylethyl)-2-oxoindolin-3-
yl)carbamate (107m)

The use ob64b with (E)-tert-butyl (2-oxoindolin-3-ylidene)carbamaté5a)

and 2azidol-phenylethanon€93d) in general procedurafforded chiral

adductl07mas white solid in 24 in 49% yield with diastereomeric ratio
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O 9:1 (syn:ant) . mp 16971 AC (dem%ﬂmposed);

0]

BocHN
N3 determined by Chiralpak AH column, 80:20 (hexane :

1 3. 0cA0.5,( CHCh. Enantiomeric excess was
N ° | i-ProH), 254 nm, 1 ML/MiNfor = 7.24 MiN, fhajor =

23.89 min, (93% ee}H NMR (400 MHz, CDC}) U 8. 46

(s, 1H), 7.94i 7.84 (m, 2H), 7.60 (t) = 7.4 Hz, 1H), 7.55 (d) = 7.4 Hz,

1H), 7.46 (t,J = 7.8 Hz, 2H), 7.23 (td) = 7.7, 1.1 Hz, 1H), 6.98 (dd,=

11.1, 4.0 Hz, 1H), 6.83 (d,= 7.7 Hz, 1H), 6.09 (s, 1H), 5.22 (s, 1H), 1.34

(s, 9H).'*C NMR (100 MHz, CDCG}) & 194. 0, 175.7, 154.
134.5, 130.0, 128.9, 128.8, 127.0, 125.9, 122.8, 110.5, 81.1, 63.8, 63.6,

28.1. IR (nea): 3342, 2977, 2114, 1730, 1693, 1516, 1170, €&9".

HRMS (ESI) m/z: calcd. for £H,1NsOsNa [M+Na]: 430.149; found

430.1479.

3.16.14 tert-Butyl ((S)-3-((S)-3-azido-4-oxochroman-3-yl)-2-oxoindolin-3-
yl)carbamate (107n)

The use of64d with (E)-tert-butyl (2-oxoindolin-3-
ylidene)carbamate(559) and 3azidochromasi-one
(93K) in general procedurafforded chiral adduclO7n

as white solid in 20 h in 28% yield with diastereomeric

ratio 5:1 (syn:anti). mp 18286 AC ( d e|cF;9¥m:pb.sdeo&Qo,c

CHCI3). Enantiomeric excess was determined by ChiralpakHAEolumn,

80:20 (hexane -PrOH), 254 nm, 1 mL/MiNnlor = 6.89 Min, tajor= 8.18

min, (89% ee))H NMR (400 MHz, DMSO) U=10.63
8.0 Hz, 1H), 7.61 (dd) = 12.0, 4.8 Hz, 1H), 7.54 (8, = 8.1 Hz, 1H), 7.25

(t,J=7.7 Hz, 1H), 7.19 7.09 (m, 1H), 7.08 6.90 (m, 3H), 6.80 (d] =

7.8Hz, 1H), 4.60 (dJ = 12.5 Hz, 1H), 4.28 (d) = 11.7 Hz, 1H), 1.18 (s,

9H). ®c NMR (100 MHz, DMSO) 4 184.6, 17
135.1, 127.7, 125.3, 124.2, 120.3, 119.4, 118.8, 115.7, 107.5, 77.5, 67.0,
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65.2, 63.5, 25.7. IR (neat): 3267, 29240211721, 1606, 1466, 1250, 1154,
751 cm'. HRMS (ESI) m/z: calcd. for £H»1NsOsNa [M+Na]': 458.1440;
found 458.1440.

3.16.15tert-Butyl  ((9)-3-((S)-1-azido-2-(4-methoxyphenyl)-2-oxoethyl)-

2-oxoindolin-3-yl)carbamate (1070)

ove| The use of64b with (E)-tert-butyl (2-oxoindolin-3-
O ylidene)carbamate (559 and 2azido1-(4-
(0]
BocHN 1 methoxyphenyl)ethanon€3¢ in general procedure

O 03 afforded chiral adduct070as white solid in 44 h in
N
H

64% vyield with diastereomeric ratio 15:1 (syn:anti).

mp1951 97 AC ( de c?cgfzrracoo&s e0d,)CHC}). Enantiomeric

excess was determined by Chiralpak-KWScolumn, 70:30 (hexane * i
PrOH), 254 nm, 1 mL/min o= 7.80 Min, hajor= 27.32 min, (80% eejH

NMR (400 MHz, DMSO) UJ=BBHS5MH), (.4l(, 1H) ,

1H), 738 (d,J = 7.4 Hz, 1H), 7.12 (t) = 7.6 Hz, 1H), 7.03 (dJ = 8.8 Hz,
2H), 6.80 (t,J = 7.5 Hz, 1H), 6.72 (d] = 7.7 Hz, 1H), 5.38 (s, 1H), 3.84 (s,
3H), 1.23 (s, 9H)**C NMR (100 MHz, DMSO) i
153.5, 143.0, 131.0, 129.3, 128.0, B7124.8, 121.1, 114.2, 109.5, 79.1,
62.4, 62.3, 55.7, 27.8R (neat): 3142, 2978, 2099, 1713, 1659, 1595, 1468,
1219, 1152, 851, 752 ¢ HRMS (ESI) m/z: calcd. for £H23NsOsNa
[M+Na]*: 460.1597; found 460.1580.

3.16.16 tert-Butyl ((9)-3-((9)-1-azido-2-(4-bromophenyl)-2-oxoethyl)-2-
oxoindolin-3-yl)carbamate (107)

The use ob4b with (E)-tert-butyl (2-oxoindolin-3-ylidene)carbamaté5a)

and 2azidol-(4-bromophenyl)ethanone(93d) in general procedure
afforded chiral adducfiO7p as white solid in 24 h in 68%ield with
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-— diastereomeric ratio 24:1 (syn:anti). mp-§9 A C;
O | C,OE -8 . 6 6 A27,(CHC}). Enantiomeric excess
Bochr)\l Ny was determined by Chiralpak A$ column, 80:20
O 0 (hexane :4PrOH), 254 nm, 1 mL/min,yfhor = 7.45
i Min, tmajor= 20.14 min, (80% eefH NMR (400 MHz,

CDCly) a 9. 24 ( s)lz=8.4H¢)2H), 7753 @dh= 84 dHz, 3H),
7.19 (t,J=7.6 Hz, 1H), 6.95 (tJ = 7.6 Hz, 1H), 6.79 (d) = 7.7 Hz, 1H),
6.16 (s, 1H), 5.19 (s, 1H), 1.31 (s, 9HC NMR (100 MHz, CDGCJ) a
193.2, 176.2, 154.3,41.4, 134.3, 132.2, 130.3, 130.2, 129.9, 127.0, 125.8,
122.8, 110.8, 81.1, 63.84, 63.78, 28R..(nea): 3170, 2981, 2111, 1731,
1667, 1396, 1162, 1070, 748m*. HRMS (ESI) m/z: calcd. for
Co1H20BrNsO4Na [M+NaJ': 508.0596; found 508.0598.

3.17 Copper (I) Catalyzed AzideAlkyne Cycloaddition

A flame-dried Schlenk tube was charged withi7a (86% ee)(0.12 mmol, 50.6

mg), phenylacetylendlfQ ( 0. 59 mm,d-BuOH @ ML), Avater £€2ImL)

and sodium -ascorbate (0.12 mmol, 23.8 mg) under argon. GU#GO (0.12

mmol , 30.0 mg) was added and reaction mi
the consumption 0fl07g mixture was diluted with diethyl ether followed by
extraction with water dried over NagOColumn chromatography with ethyl

acetate:hexane (). affordedtriazole 109

3.17.1 tert-Butyl  ((S)-1-methyl-2-ox0-3-((S)-2-oxo-2-phenyl-1-(4-phenyl-1H-
1,2,3triazol-1-yl)ethyl)indolin -3-yl)carbamate (109)

Given procedure starting frorhi07a(60% ee) and phenylacetylernEL() general
afforded109as white solidn 8hin 85% yield. mp 222 2 9 |A§é§‘-‘;-l 0. 32A (

0.37, CHCY}). Enantiomeric excess was determined by Chiralpak IA column,
80:20 (hexane =PrOH), 254 nm, 1 mL/MiNmlor= 14.12 min, hajor= 33.57 min,

115



(60% ee)’H NMR (400 MHz, CDCJ) U (s81H), 1.75
BocHN Nay (d,J=2.7 Hz, 2H), 7.73 (d] = 2.2 Hz, 2H), 7.65 (s, 1H),
o Ph| 7.42 (t,J=7.4 Hz, 1H), 7.37 7.20 (m, 6H), 7.19 7.11

Me (m, 1H), 6.86 (tJ = 7.6 Hz, 1H), 6.69 (d] = 7.8 Hz, 1H),
5.42 (s, 1H), 3.20 (s, 3H), 1.26 (s, 9H)C NMR (100 MHz, ©®Cl;) 4 189. 4,
171.5, 152.0, 145.4, 141.8, 132.5, 132.4, 128.2, 126.7, 126.6, 126.0, 123.8, 123.7,
120.8, 119.2, 106.3, 78.9, 62.1, 59.4, 26.0, 23 6verlapping signals)R (neat):
3298, 2924, 1692, 1613, 1246, 1158, 1021, 754, 689. ¢tRMS (ESI) m/z
calcd. for GoH3zoNsO4 [M+H] *: 524.2298; found 524.2317.

3.18 Reduction of Azides
Method A: Catalytic Hydrogenation

Adapted from the literature procedufep a solution ofLl07aor 107g(100 mg) in

MeOH (3 mL) Pd/C (10 mol%) was added at room temperallre suspension

was stirred under hydrogen gas at atmospheric pressure for 12 h. The reaction
mixture was filtered and washed with MeOH (20 mUhe filtrate was
concentrated in vacuo and loaded to silica gel column eluted with ethyl acetate:

DCM (1:3) toafford correponding amine
Method B: Staudinger Reduction

CompoundL07a(0.7 mmol, 295.0 mg) was dissolved in THF (5 mijai Schlenk

tubeat O AC. Triphenyl phosphine (0.7 mmol,
portions and mixture was allowed to reach rootemperature.Upon the

consumptiono f the starting material, distilled
stirr e@ undltthe §a® evdtion ceasesAfter the reaction mixture was

concentrated, residue wdduted with ethyl acetate and extracted withteveand

brine, respectivelyOrganic phase was dried over Mg&Sfitered and condensed.
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Silica gel column chromatography with ethyl acetat®CM (1:3) afforded
compoundl1las white solid in 30% yield.

3.18.1 tert-Buty!l ((S)-3-((S)y1-amino-2-oxo-2-phenylethyl)-1-methyl-2-
oxoindolin-3-yl)carbamate (111a)

Reduction of 107a (86% ee)according to procedures
given as method A and B afforded chiddll as white
solid in 94% and 30% yield, respectively. mp7% A C;

| 509 -1 7 . ©050, (CHC)). Enantiomericexcess was

determined by Chiralpak ABI column, 70:30 (hexane :

i-PrOH), 254 nm, 1 mL/mintor= 14.29 min, hajor= 19.71 min, (85% ee).

'H NMR (400 MHz, CDC§) U 7J=6/8 HZ, 2H), 7.46 (t) = 7.4 Hz,

1H), 7.40- 7.26 (m, 3H), 7.12 (td) = 7.7, 1.0 Hz, 1H), 6.84 (1) = 7.5 Hz,

1H), 6.67 (d,J = 7.8 Hz, 1H), 6.33 (s, 1H), 4.99 (s, 1H), 3.22 (s, 3H), 2.44

(s, 2H), 1.24 (s, 9H)**C NMR (100 MHz, CDG) U 199. 0, 175. 4
144.2, 136.2, 133.5, 129.5, 128.6, 128.3, 127.8, 124.1, 122.4, B0852,

62.4, 59.3, 28.2, 26.5. IR (neat): 3325, 2976, 2927, 1707, 1613, 1469, 1366,

1248, 1160, 733 cth HRMS (ESI) m/z: calcd. for £H,sNsOsNa

[M+Na]": 418.1743; found 418.1721.

Me

3.18.2rac-tert-Butyl (3-(3-amino-4-oxochroman-3-yl)-1-methyl-2-
oxoindolin-3-yl)carbamate (1119)

Reduction of ac-107gaccording to method A afforded
amineas white solid in 8h in 90% yield. mp-81 AC;
'H NMR (400 MHz, CDC}) U 7J1=7.8 HzZ XH),
7.41 (t,J = 7.6 Hz, 1H), 7.32 (d) = 7.4 Hz, 1H), 7.25

Me
(t, J= 7.7 Hz, 1H), @8 (d,J = 7.5 Hz, 1H), 6.94 (dJ = 7.5 Hz, 1H), 6.86
(d, J = 8.4 Hz, 1H), 6.78 (d] = 7.8 Hz, 1H), 6.52 (s, 1H), 4.43 @= 11.9
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Hz, 1H), 4.29 (d,J = 11.9 Hz, 1H), 3.21 (s, 3H), 2.36 (s, 2H), 1.18 (s,
9H).*C NMR (100 MHz, CDCJ) U 191. 6.7, 184B51452, 160
136.2, 129.7, 127.9, 126.0, 124.8, 122.2, 121.9, 120.3, 117.5, 108.2, 80.3,
72.1, 63.6, 61.5, 28.0, 26.5. IR (neat): 3375, 2930, 1707, 1612, 1469, 1366,
1248, 1160, 1020, 751 ¢n

3.19 Synthesis of Cyclic Wea (1123

In an overdried roundbottom flask111a(0.25 mmol, 98.9 mgwas dissolved in

DCM (5 mL) at room temperature. Trifluoroacetic acid (10.00 miiog 5. 75 € L)
was added all in once and reaction progress was monitored by TLC. After the
consumption of the starting, all volatiles wesvaporated in vacuum. The residue

again dissolved in DCM (5 mL) and Xdarbonyldiimidazolg113) (1.25 mmol,

202. 7 mg ) and triethyl amine (1. 25 mmo | ,
temperature, sequentialbifter overnight reaction, reaction mixture waisectly

loaded to silica gel column and elution with ethyl acetat:hexane (1:5) afforded

cyclic ureall2a

3.19.1 (3'S,55)-5-Benzoyt1'-methylspiro[imidazolidine-4,3-indoline]-2,2'-
dione (1123

Given procedurestarting from107a(85% ee) afforded12aas

HNf i( colorless crystals in 12h in 32%teld. mp 164166 A C; ?OQ -
N

51.51A ¢ @.37, CHCk). Enantiomeric excess was determined

by Chiralpak IA column, 90:10 (hexane-PrOH), 254 nm, 1
mL/min, tminor = 8.50 Min, fajor = 10.50 min, (85% ee)H NMR (400 MHz
CDCl) 0 8J=198 H¢, dH), 7.62 (dd] = 7.3, 1.2 Hz, 2H), 7.46 (dd,=

16.7, 7.7 Hz, 2H), 7.3%8.25 (m, 3H), 7.14 (dt) = 7.8, 1.1 Hz, 1H), 6.71 (I =

11.9, 2H), 6.66 (dJ = 9.3Hz, 1H), 3.25 (s, 3H)*C NMR (100 MHz, CDG)) U
193.4, 172.4158.1, 143.8, 135.0, 134.7, 131.3, 129.0, 128.6, 126.5, 123.6, 123.1,
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109.2, 61.6, 54.1, 27.@R (neat): 3260, 3069, 2922, 1670, 1548, 1220, 1160, 752,
627 cni.
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CHAPTER 4

CONCLUSION

In brief, a wide variety 2-oxindole fused spirtveterocycleprecursors were
synthesized througlbifunctional squaramide catalyzed d@za@edetCrafts and
Mannich reactions of isatiderived ketimines 55 in high vyield and
stereoselectivityScheme 24)in the first part of this thesis studyjigine-derived
bifunctional squaramides with bulky hydrocarbon units-adamantyl, 2
adamantyl andt-butyl) were synthsized. Synthesized organocatalysts were
examined in the asymmetric transformations of isdénved ketimines and facile
methodologies withoptimized reactionconditions were determinedor the

synthesis of}chiral amines.

In the first part, 1,&aminonaphthol®95 merged with 2oxindole scaffold were
obtained by very low (2 mol%)-2damantyl substituted squaramiib via aza
FriedelCrafts reaction of isatin dtimines and -haphthol, 2naphthol and
activated phenolgScheme 24) The reaction proceeded smoothly to afford
excellent yield (up to 98%) and enantioselectivity (>99% ee) for the large
majority of various substrates. To the best of our knowledge, sqiteré4b was
examined in an asymmetric reaction for the first time. It was also discovered that
besides being compatible with differeNkalkoxycarbonyl protecting groups,
squaramide64b surpasses previously known quiniderived squaramides in
terms of streoselectivity. In representative examples, the resulting carbamate
protected aminonaphthols were converted intenhghthoxazepin@00 through
bromoethylsulfonium tflate as annulation reagent andr&mbered spirocyclic

imine via ZnC} promoted intraméecular cyclization (Scheme 24).
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100 105 109 112a

Scheme24 General synthetic pathway for target compounds.

In the second part of the study, asymmetric Mannich reactilamdo ketones
possessing masked aminan€tionality were investigate(Scheme 24)After a
careful optimization study -adamantyl substituted squarami@éb and 3,5
bis(trifluoromethyl)anilinesubstituted squaramidé4d were decided to be the
most promising organocatalysts and optimum reactimonditions were
determined for both. Several cyclic and acyliazido ketoneseacted with isatin
derived ketimines5 in the presence of each catalyst. Satisfactory results with
high yields (up to 97%) and stereoselectivity (up to dr = 2¢rianti and 96%

ee) were attained in the corresponding Mannich ba8&with two contiguous

stereogenic centers. Absolute configuration of adducts were determineddyy X
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crystallography and stereochemical outcome were supportedorbgosed
transition state modelakingaccount of steric interactionk order to exhibit the
synthetic potential of the -&zidoethaneamine functionality, enantioenriched
products were converted into 1,2r&azole 109 via Copper (I) catalyzed azide
alkyne cycloaddition and spirocycliceall2aafter the reduction of azide moiety

by Pdcatalyzed hydrogenatidischeme 24)
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APPENDIX A

NMR SPECTRA
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Figure A. 1 'H NMR spectrum o80b.
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Figure A. 2 °C NMR spectrum of80b.
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2.17 Acetone
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Figure A. 6 'H NMR spectrum o95a
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Figure A. 7 **C NMR spectrum o095a
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Figure A. 8 'H NMR spectrum 085b.

Figure A. 9 **C NMR spectrum o95b.
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