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Abstract

The first chapter of this dissertatiantroduces and discusses the synthesi sdries of
substituted quinolines as glycogen synthis@se3b (GSK-3b) inhibitors. GSK-3b is highly
associatedvith Alzheimes disease (AD), and it isuggested that inhibition of this enzyme
could alleviatethe symptomsof AD. Total 16 novel substituted quinolines welesignedand
synthesized, and their baxtivities were evaluated on MC65 cell protection assay. &bthre
mast active compounds wergelected to test their enzyme inhibit@gtivitieson GSk3b and
protein kinase C assays. Among these compoundd]6-methoxy4-methyk5-(3-
(trifluoromethyl)phenoxy)quinoli¥8-ylamingmethylk phenol(1.5) showsthe highest MC65 cell
protection and GSKb enzyme inhibitory activities angotentialenzyme specificity. Structure
activity relationship (SAR) was built as well, and the binding mode was simulated via
computationalmethod tointerpretthe observed SAR. Although additional {@@aluation is
needed compoundl.5 is a promising lead compound for the development of more active and
less toxic drug for the emteraction of AD.

The second chapter introduces the progress on the total synthesis of myriceric acid A.
Myriceric acid A is a triterpengype natwal product which wagsolatedfrom the young twigs of
Myrica cerifera It is a nonpeptide endotheliné (ET-1) receptor antagonist. The total synthesis
of this natural product started from the stereoselective synthesis of bicyclic interm{@kHate
5,8adimethyt3,4,8,8atetrahydronaphthalerk 6(2H,7H)-dione [(-)-2.28. Then a new method
was developed to enatioselectively synthesize the tricyclic intermedia®8R,8aR)-8-(tert-
butyldimethylsilyloxy)1,4a,8atrimethyt4,4a,4b,5,6,7,8,8a,9,ddkecahydro phenanthres2(3H)-
one [(+)-2.74 which used the synthesized opticgiyre (4aR,5R)-5-(tert-
butyldimethylsilyloxy)1,4adimethyt4,4a,5,6,7 éhexahydronaphthalebd(3H}one  [(-)-2.53
derived from(-)-2.28 and a-trimethylsilylvinyl ethyl ketone via aascae reductive Michael
addition i aldol condensation reaction. After functional group Ht@mversion, the desired
tricyclic intermediate (4aS8aR)-1',1',4a’',8atetramethyldecahydrd'H-spiro[[1,3]dioxolane
2,2 phenanthren’'(3'H)}one [(-)-2.33 was synthesized. An intramolecular cascade Michael
additionaldol condensation reaction was designed to construct the triteskeleton of
myriceric acid A, and thelesiredstarting material forthis reaction was prepared with the
trimethyK (4aR,8aR)-1',1',4a’,8atetrameth\3',4',4a',4b',5',6',8a',9',10', 1@k cahydrel'H-



spiro[(1,3)dioxolane2,2-phenanthrene§-yloxy} silane [(-)-2.81] and 3,3-dimethyl7-oxo-
octanal(2.46 via Mukaiyama aldol condensation reaction. The resulting pentacyclic coshpoun
was further transformed to the desired ester (6aR,8aR,12aS12bR,14bR)-ethyl
4'4'6a',11',11', 14iiexamethy8-oxo-2',4',4a',5',6',6a',8',8a',9',10',11',12',12a',12b',13",14',14a’,
14b-octadecahydrd'H-spiro[(1,3) dioxolane- 2, 3 '- picene}8a-carboxylate(-)-2.106. The

further investigation on total synthesis of myriceric acid A will be pursued in future.
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Chapter 1 - Synthesis of quinolines aglycogen synthase kinase-3

beta (GSK 3-b) inhibitor s possessingneural protective activities

1.1 Introduction i GSK-3b and its relationship with AlzheimerG diseas€AD)

Glycogen synthase kinaSeae the thirdly discovered kinasés controllingthe activity
of glycogen synthasenzyme, andin human body, two isoforms of glycogen synthase ki3ase
exist which arenamed as glycogen synthase kindsapha GSK-3a) and glycogen synthase
kinase3 beta (GSK3b).! GSK-3b is found having a high levelof concentration in central
nervous systerfCNS)tissue and playing an important role in mareproral cellular activities?
Theimbalanced activity of GS#b is associateavith many CNSdegeneratie diseasessuch as
Alzheimes diseas¢AD).’

AD nowis the most common type of demengad about 50 80 % of dementia patients
are diagnosedas AD patient§® Development ofthis diseases highly associated with the
increase of age, and most of AD patients are 65 or older. This disease is aggravated .o&er time
the early stage, AD onlinducesa shoriterm memoryloss; butthe advanceestageAD causes
cognitive impairmentlong term memory loss, and loss of motor functiaasvell® Most AD
patients die in about 9 years after thagioseof the diseaseTill now, there is still nacure for
the AD becaus¢he detailedpathologicalmechanisnis still not known However, considering
that most of AD patients amdderly and slowing down the AD development could reduce their
suffer and prolong their lif@resently dl of the availabletherapiesare aiming alleviatehe
symptoms.

AD shows twomain pathological characts: extracellular toxic amyloideta (Ab)
oligomer depositsand intracellular fikitlary tangles! Toxic Ab oligomer is composed of the
toxic Ab peptide which is cleaved from thamyloid precursor protein (APP), and the
intracellular tangles are made of thieyperphosphorylated tau proteiff Thesetoxic Ab
oligomer andfibrillary tangles induce the neuralrcell death® GSK-3b is indirectly or directly
associates with the formatisnf Ab oligomer and fibrillary tangle$in ADé brain, GSK3b is
highly expressed anderegulated.Highly expressed GSRb hyperphosphorylatetau protein
to producss fibrillary tangles®” Inhibition of GSk3b by lithium chloride shows protecton effect

on neural cells In AD mice model,lithium chloride treatment reduces theb Aligomer



production? In clinical trial, combination of lithium with dru§ivalporexwhich has been shown
to inhibit GSK-3b is usedto reduce the hypgshosphorylation of tafi Therefore,GSK-3b is a
potental target foralleviaion ofthe AD symptoms

There are only 2 types of FDA approved drugs for AD in the market®rfmowever,
these drugs either have strosigleeffects or show less therapeutic effect than expected after
long-term study. Research on discovering new drug with better therapeutic effect and less side
reactionsfor AD are highly demanded andarrying out by scientistsDrug candidatesor AD
which are targeting GSRb have beerreported as wefl®® Among these reported inhibitors,
only two candidats arecurrentlyin the clinical trial for AD, which aréNp-12 (phasd)® and
tideglusib (phas#l)®; however there is still no codusive resultis reportedyet. The rest of the

GSK-3b inhibitorsare still in thedifferentstags of drug discovery.

A

N

yS\N—M ©
Q\/N\\< e O N-g ©

Np-12 (Phase 1) tideglusib (Phase II)

Figure 1.1 : Structure of Np-12 and tideglusib

O

It is worthy to notethat nost of these reported GSI8 inhibitorsare pyrimidine analog,
pyridine analog pryarzole and thiazoleanalog compounds(Table 1.1*® To expand the
structuraldiversity of drug candidateand enhance the possibility to develop more diffic
medicinefor AD, novel GSK-3b inhibitors asAD drug candidatepossessingifferentstructural

characters.



Table 1.1 First three of the largest group=f reported GSK-3 inhibitors 32

Numbers of compounds Example
reported
Pyrimidine analog Around 1500, about 160 of N\\(H al
N them have Ig, under 100 nM; | _N \©/
o
_N
Ho/\/\H
CGP60474, IC5p: 10 nM.
A NH.
Pyridine analog Around 1400, about 120 of o) :‘ @ o
N them have 1g, under 100 nM; o NN
‘ b H | =
= N
O}\/N\Me

CT20026, ICso: 4 NM.

Pryarzole analog Around 700, about80 of them

S (@]
WP
) have 1G,under 100 nM; OZN/(N)\H H/\©\
Z/ N N O,Me
oL
H & S

ARA014418, IC5: 101 nM.

In this study, a focus library @juinolinecompounds were designed asyhthesizeds

thenovel type of GSK3b inhibitors possessing neural cell protection activities.

1.2 Desighand synthesesf quinoline compounds
In this section, theesign andyntheses of quinolinese described and discussed.
Initially, reported compourslPQ-1'° and PQ-7*° which were firstly prepared by Dr.
Aibin Shi in Dr. Duy H. Hués laboratorywere testd their activities on MC65cell protection
assayandthe ECsp is 147 £ 20 nM for PQ-1 and 691+ 27 nM for PQ-7, respectively(Details
about the MC65 cell assay wile introduced in the section 1.$tructuresof PQ-1 and PQ-7
aredepicted in Figure 2. Total four substituents are attached on their quinoline core, and they
are 4methyl group, 53-triflouromethylphenoxyl group, 6methoxyl and 8&amino group For
PQ-1 andPQ-7, the structural difference is the substituent connected atan@r® groupPQ-
1 has an alkyl amino group, am-7 containsfuran moiety in the 8amino substituentWith
thesepositive feedbacks from neuronal cell protection as$&y;1 and PQ-7 were selected as
the lead compounds to develop a libraryno¥el quinolines with higher neuronal cell protection

activities.



Figure 1.2 : Structure of PQ-1 and PQ-7*°
F3C3' : (0] Me F303I/©\O Me
0. i5 ‘/K‘4 o. i" ~J\—4
Me” N Me” A
HN
L/NHZ %/O

PQ-1 PQ-7
ECsgo = 147 + 20 nM ECs0 =691 +27 nM

Decided by the lead compounds, twategoriesof compoundsPQ-1 derivativesand
PQ-7 derivatives, were designed and synthesiZ@-7 derivative compounds are introduced
firstly.

By altering the furan moiety with other heterocycles or aromatic structures, compounds
1.17 1.8were initially designed and synthesized.

Amino quinolone 1.17° was coupled with benzofurahcarboxylaldehyde to form

compoundl.1via reductive amination reaction (Scheme 1.1).

F5C” : O Me
g\ U0
FsC O Me “

O cat. AcOH,
Me x o) NaCNBH;,MeOH HN
— + b
N [¢] H 65% yield z
NH,

1.17

Schemel.l: Synthesis of compound 1.1

11

The optimalprocedurdor thisreductive amination reaction wasgplored

Initially, acetic acid angodium cyanobahydride were plannedto be addeanly after
compound1.17 and the aldehydewere completely transferred into thenine intermediate
However, after stiing at 25°C over 14 hoursless than10% of the starting materials were
transferred into the desirathine, and the rest stayashchangedThe imine formation is an
equilibrium processSinceamino group (NHz) of compoundl.17 is not astrongnucleophile
the attack to the aldehyde carborg/lemoted Therefore the reactionreache equilibrium after

forming little amount of iminend stogScheme 1.2)



Schemel.2: Incomplete formation of imineintermediate

+ “CHO —~— “ +
N MeOH
S
R

NH,
1.17
Imine intermediate

The alternativestrategywas to addacetic acid and sodium cyanohlatydride after
compoundl.17 and aldehydeverestirred at 25°C for 30minutes; then, this mixtureasstirred
at 25°C for 14 hours. Sodiurayanoboohydridecould reduce the imine intermediategenerate
desiredproduct and the disappearingof imine intermediate in the reaction mixtudgives
reactionequilibrium going forward tothe right tocomplet the reaction The problemof this
methodis thatsodium caynoborohydride could also slowly reduce the aldehyde during long
reaction griod, and this process conswsheth the aldehyde and reducing reagent. To solve this
problem, excesamountof aldehyde (1.2 eq.) and sodium cyanoborohyride (3.0aeg)sed in
the reactionThis methods provento beeffective for synthesizingesignedcompounds, but the
drawbackis the yields are moderate It might becaus¢he formed secondary amineould also
undergoreductive amination reaction with the aldehyde to yietlladkylatedbyproduct, which
could consume the desired product

Besides furas sulfur-containing heterocyclialdehydes were coupled with compound
1.17 as well. With thiazol€-carboxyaldehyde and fphenyl thiophen&-carboxylaldehyde,
compoundl.2and1.3were synthesized via the reductive amination reaction under the optimized
condition, respectively (Scheme 1.3).

Schemel.3 : Syntheses compound 1.2 and 1.3

N (o]
[\> ( cat. AcOH, N/
s Y NaCNBH3;,MeOH HN
o g J\
/@\ 72% yield NS
FsC O Me \_/
Me/o A 1.2
—
N
NH,
FsC O Me
1.17
o Me,O X
D_( cat. ACOH, N
» NaCNBH3,MeOH
pn” S H N HN
78% yield
ST



3,5-Dimethoxy4-hydroxyl benzaldehyde,-Hydroxyl benzaldehyde, were also coupled
with compoundL.17to give compound§.4and1.5(Scheme 1.4).
Schemel.4 : Syntheses of compound 1.4 and 1.5

MeO

L
: o

P
O N
HO
" cat. ACOH, HN
» NaCNBH3,MeOH

Q\ 82% yield
FoC 0 Me MeO OMe
o OH
Me” N
> 1.4
N
NH,
FsC 0 Me
117 . o

o
H04©—< cat. AcOH, P
\y * NaCNBH;MeOH N

75% yield

1.5
Bi-quinoline structures were designed as well. Amino quindliig was treated with
carboxylaldehyde substituted quinoife® give compound..6 and 1.7, respectively(Scheme
1.5).
Schemel.5 : Syntheses of compound 1.6 and 1.7

N cat. AcOH,
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@\ 75% yield
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Till then, all of the designed compounds were thalkylated derivatives ol.17. To
explore the potential of othéunctionality, an N-amidation product.8 was therefore designed
and synthesizedlo prepare compountl.8, furfural was oxidized by hydrogen peroxide with
selenium dioxideas a catalyst to yield-iroic acid® This caboxylic acid was treated with
thionyl chloride (SOCL) to give compound..18 which was directly introduced into compound
1.17in dry tetrahydrofuran (THF) solution aG to give compound.8 (Scheme B).
Schemel.6 : Synthesis of compoundL.8

cat. SeO,,

SOCI
[N\ n MOz O\W ? [\
© e} 95%y|eld © o}
Furfural 2-Furoic acid 1.18
/@\ FaC” : 0 Me
F3C o (@] Me Me/o B
Me” N . I\ cl THF _ N
— O Ll
N 0 75% yield HN. -0
NH,
go
1.17 1.18 1.8

Prepared compoundsli 1.8 were testedheir cell protection activities on MC65 cell
protection assay, and compouh&is turned out to be the most active avith EGso = 120+ 10
nM (Testing results areummarizedn section 1.3)This compound is six times more active than
PQ-7, which indicates the success of structure modification. From this stage, conipbwas
selected as lead compound for the furtstarcturemodification (Figure 13). CompoundslL.9
1.12are all derived from compourids.

Figure 1.3 : Structure of compound 1.5

OH

15
ECgo =120 + 10 nM




By keeping the &4-hydroxylbenzyl) amino group unchangedm@thoxy groupof
compoundl.5 was modifiedinto 6-hydroxyl group togeneratestructureof compoundl1.9. To
preparel.9, compoundl.17 was treaéd with boron tribromide (BBy) in dry dichloromethane
(DCM) over 14 hours to generated intermediate19 which was coupled with4-hydroxy
benzaldehye by the same methodhad forthe synthesis of compountl5 to yield compound
19 (Scheme T7). However, the desired produdt9 could notdissolvewell in most ofthe
common solventsVarious solvens combinations werdried for column chromatographic
purification, but pure product could not be obtaind€inally, to remove the impurities,a
recrystallizationprocedurewas carried out after the column chromatographyrherefore, the
overall yield of this reaction was lower than compo(rid

Schemel.7 : Synthesis of compoundL.9

FsC (@) Me E C/©\O Me

3
0 N BBrz, DCM Ho

Me - X
N7 90% yield N7
NH, NH,
1.17 1.19 @\
/©\ FsC 0 Me
FoC Q Me cat. ACOH, HO N
HO XN Q o NaCNBH3,MeOH
)+ 3 < > - N
N H 52% yield N

NH,
1.19 4-Hydroxybenzaldehyde
1.9

OH
5-(3-Trifluoromethylphenoxy) group of compound1.5 was also modified into -£3-
fluorophenoxy), 5-phenoxyl and hydrogen to generate the structures of compdub@sl.11,
1.12 respectively (Figure 1.3).
Figure 1.4 : Structures of designed 1.10, 1.11 and 1.12
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To synthesize these designed compounds, amino quindli@€s1.28 and 1.31 were
needed to be prepared.

Amino quinolines1.27 and1.28 were prepared in the sameethodasthat ofcompound
1.17.*° Bromide 1.20 was treaed with potassium Fluorophenolateand potassiumphenolate
respectively to give @Ar products1.21 and 1.22. 3-Fluorg an electronwithdrawing group
decreased the reactivity of the phenojated therefore the reaction yieldvas lower than that of
1.22 Removas of the acetate groupsf 1.21 and 1.22 were umished by refluxing in
hydrochloric acid (HCI) and ethanol (EtOH) solutitangive anilinesl.23 and1.24 respectively
in quantitative yieldsMethyl vinyl ketone was added dropwisely iraanixture of @mpound
1.23, arsenicpenbxide hydraten phosphoric acid at 12%C to give nitroquinoline 1.25. Nitro
guinoline 1.26 was synthesized in the same wspyusing compound .24 as the starting material
The nitro group in compounds25 and1.26 wasreduced by iron powder and acetic acid to give
aminoquinolinesl.27 and1.28 (Scheme B).

Schemel.8 : Syntheses of compoundsl.27 and1.28

L

Br R
Me/o N @\ DME 0 HCI, EtOH
—» Me '
NHAc OK
NO, NHACc

NO,
1.20 R=ForH Compound 1.21: R = F Yield: 65 %
Compound 1.22: R =H Yield: 80 %
Me
A(
L : L
R o ASZO5.XH20, R 0 Me Fe, HZO
ve © HgPO, o me® N AcOH
~
NH, N
NO, NO;,
Compound 1.23: R =F Yield: 95 % Compound 1.25: R = F Yield: 35 %
Compound 1.24: R = H Yield: 98 % Compound 1.26: R = H Yield: 45 %

: O Me
e/O N

R
M
b
N
NH,

Compound 1.27: R = F Yield: 95 %
Compound 1.28: R = H Yield: 96 %

N-Acetyl-p-anisidinewas treated with20 % nitric acidto yield nitratiori deacetylation

productl.29in onepot Aniline 1.29 reactedvith methyl vinyl ketone, arsenenbxide hydrate



in phosphoric acid toufnish the synthesis afitro quinoline 1.30. Reduction o0f1.30 with iron
powderin acetic acid gavquinoline1.31 (Scheme B).

Schemel.9 : Synthesis of compound..31

e

(0] Me
0o 20 % HNO me” As;05xH,0 e ® N
Me” § HsPO, _
> NH, _ > N
NHAC 33% yield NO, 87% yield NO,
N-Acetyl-p-anisidine 1.29 130
Me
Fe, H,O 0
AcOH Me N
e P
. N
0,
98% yield NH,
131

Quinoline synthesis is the key stepthe syntheses afesigned quinolire and a possible
mechanism is proposed heréScheme 1L0).

Schemel.10: Proposed mechanism for quinoline synthesis reaction

R Me R
R (0] A(
_O _O
_0 )v Me QH Me OH
Me Me _
—_~— NH, N Me
B
NO,

Heat NO, Michael addtion NO, 52
1.32
R T Int lecul
ntra-molecular
ch? Me/o %/H Me/O A%C;”H Friedel-Craft reaction
| —_ @
® —_—
H/\)\Me N Me Dehydration
no, M2 NO, 2
R Me R Me
R M
O m © /O
Me” Z [O4] v © N Work-up Me X
® S —— I— P
C “INH o Oxidation NG N
NO, H NO, Hi NO,
1.33 R = 3-(Trifluoromethyl)phenoxyl,

3-Flurorphenoxyl, Phenoxyl, H;
This quinoline synthesis reaction sgawtith Michael addition of the anilinéNH; to
methyl vinyl ketoneThis is proven by the isolation of the Michaelddition intermediatd.35
from the synthesis of compouridl7 (R = 3-trifluoromethylphenoxyl (Scheme 1.1).° Intra-
molecular FriedeCraft reaction followed by dehydraticare carried out to furnish the cyclic

structure construction.
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Schemel.11: Isolation of the Michael addition product from the synthesis of 1.1%

/\H/Me
g 5 Q.
FsC o As,05 xH,0, FsC %
me~© HsPO, - me© o)
NH, 7 % yield H/\)J\Me
N02 NOZ
1.34 1.35

An oxidation steps needed to finish the synthesis of aromatic quinoline structure. This
reaction was carried out with and without argwatection and the reaction yields did not show
significant difference. This indicad¢hat the oxidizing reagent is not the oxygen in the air. Under
heating, AsOs decompose to give AsOz and oxygen (Scheme 1.12hence, AsOs probably is
the oxygen source to provide the oxygersituto furnish the oxidation. Workip of the reaction
with sodium hydroxide gave free quinoline compounds.

Schemel.12: Oxygen from As,Os™

A5205 A3203 + 02

In the proposed mechanisatove, the intramoleculdfriedelCraft reactionis the key
step for quinolinestructure constructiorA detailed mechanism of this stegproposedas well to
interpret the reaction outcomes. Firstly, the Mictaiitionproductsare divided nto 2 groups:
(1) with aryloxyl at 6position (compound..32 1.23 1.24); (2) without aryloxyl at goosition
(compoundl.30 (Scheme 1.3).

Schemel.13: Two groups of compounds for mechanism proposal

Ar
o
R = 3-(Trifluoromethyl)phenoxyl, o . H
- - Me” o~
3-Flurorphenoxyl, Phenoxyl; . A)‘\
R R N Me
Me/o Me/O 6”H NO, +2
o — N
NH, H
NO, NO, R=H me© &1
- |
e
NO, H

For group (1) compounds, there are two possible mechanisms for the intramolecular
FriedelCraft reaction Gcheme 1.4). Pathway (a) is the aniline nitrogen undgoes
deprotonation firstly to free the long pair electrons and then detiaselong pair of electrons to
initiate theFriedelCraft processpathway (b) is the 6oxygen donateonelong pair of electrons
to initiate theFriedelCraft reaction. Considering the reacti®carried out in théighly acidic
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environment the deprotonation of the aniline nitrogen could be slow. Hence, it is more
reasonable that pathwdlp) is thepredominateoute for theFriedelCraft reaction A di-cation
intermediatel.37 was formed aftethe dehydrationTo stabilizethe structure, thaitrogencould
beeasily deprotonated to yield a free amine intermedi&@whichis theresonancetructureof
compoundL.33

Schemel.14 : Possiblemechanisns for the intramolecular Friedel-Craft reaction

R R R Me oy 5 R Me ’
o) ®_H o) /
e} _H - - - -H,O Me =
- @ Slow Me (o) Me 2
Me”. O‘ —_ @ —_— ) ——» ~
/\)\ G N Me SN Ng H
N Me  Pathway (a) H ‘ NO, H
NO, Ha NO, NO, H 2
R =H or aryloxyl
. Ar Ar® Ar @ Ar @
Co’ O, OH Me <O Me
o H o MMM o H 0 H
Me” TN\ Me” H,0  Me” L Z
o ——— ol T = T &
N, TOMe  Ppathway (b) Ney H Ny H N"H
NO, ' 2 NO, H NO, H NO, H
A .
~o  Me 1.36 1.37 1.38
Me/o = H
—_— >
Ny H
|
NO, H
1.33

Mechanism(b) could perfectlyinterpretthe observed reaction outcomeBor different
qguinolines,the yield changefrom 25 % of1.17 [R = 3(trifluoromethyl) phenoxy], 35 % of
125 (R = 3fluoropehnxoy) to 45 % of 1.26 (R = phenoxyl. With strongerelectron
withdrawing groups attached, the reaction yigddlower. It might because thahe electron
withdrawing groupdestbilized the quinone catiointermediatel.36 The electron withdrawing
abilities comparison isCF; > -F >-H; hence, the yield i$.17< 1.25< 1.26

For the group (2) compound.3], since noaryloxyl groupis available at fosition,
pathway (a) is the only possible mechanisto give the desired producMeanwhile, the
disappearing of @ryloxyl significantlyreduce the steric hindranci the FriedelCraft reaction
step hence, a higher yield (87 %9 achieved.

Compoundsl1.10, 1.11 and 1.12 were prepared from quinoline4.27, 1.28 and 1.31
respectively by using the same method as dfisynthesis of compountl5 (Scheme 1.9).
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Schemel.15: Syntheses of compounds 1.Q, 1.11, 1.12

0 cata. AcCOH,

Me N Q NaCNBHz,MeOH
_ + >—< :FOH >
N H

OH

1.27: R = 3-Fluorphenoxyl 4-Hydroxybenzaldehyde 1.10: R = 3-Fluorphenoxyl Yield:65 %
1.28: R = Phenoxyl 1.11: R = Phenoxyl Yield: 84 %
131:R=H 1.12: R=HYield: 73%

Till now, syntheses oPQ-7 derivative compounds are alescribed and discussed. The
syntheses dPQ-1 derivative compounds will be introduced.
First PQ-1 derivative compound,anpoundl.13, wassynthesizedy aMichael addition

reactionof compoundL.17 with acrylamide in acetonitrile (Schemd).

FsC” : "0 Me
(0]
/©\ Me” A
FsC O Me

Pz

N

Schemel.16: Synthesis of compound 1.3

A Acetonitrile
/YNHZ o HN
— + ' o

N ° 57% yield o
NH,
1.17 113

With the synthesized aminounpolins 1.27, 1.28 and 1.30 in hand, three newQ-1

derivative compounds were prepared. Compoun?g 1.28 and 1.30 weretreated withiodide
1.39 and sodiumbicarbonate athe base in DMRo yield N-substituted compoundk40, 1.41,
1.42, respectivelyTheimido groups werealeprotectedby refluxing in hydrazine ethanol solution
to give compounds$.14, 1.15 and1.16 (Scheme 116).
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Schemel.17: Syntheses of compounds 1.4, 1.15, 1.16

R Me
R  Me o) Me/o X
Me° N Y | NaHCO3, DMF 7
+ -
N/ L HN O,
NH, o LN
0
1.27: R = 3-Fluorphenoxyl 1.40 R = 3-Fluorphenoxyl Yield: 85 %
1.28: R = Phenoxyl 1.39 1.41: R = Phenoxyl Yield: 89%
1.31: R=H 1.42: R=H Yield: 86 %
R Me
e/O A
NH,NH,, EtOH P
: N

HN
LNHZ

1.14: R = 3-Fluorphenoxyl Yield: 58 %
1.15: R = Phenoxyl Yield: 59%
1.16: R =H Yield: 56 %

All the designed quinolineompoundswvere synthesizedind discussedand, in the next

section, bieevaluation results of these nowglinolinecompoundsaresummarized.

1.3 Bio-evaluation results forsynthesizedquinoline compounds

The gnthesizedjuinolinecompoundd..1i 1.16were firstlytreated with succinic acid to
generate theorrespondingsuccinic salt. These prepared saltere used to screetheir bio
activity on MCG65 cell protection assay.

MCB65 cell possesssa ShC gene which could produce C99 fragment APPhis APP
eventually couldbe cleaved to generatetoxic Ab peptide which inducescell death™
Tetracycline (TC)is introduced to MC65 cello suppress B genés expression Designed
quinoline compounds weréncubatedwith MC65 cellsin the absence of T@ test their cell
protection activityagainst the A peptide induced cyttoxicity.® This work was carried out by

Dr. Izumi Maezawaand Dr. LeeWay Jin. The cell protection activity resultsammpoundd..1 i
1.16 aresummarizedn Table 12.
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Table 1.2 : ECs (mM) and TDso (mM) Values of quinoline compounds on MC65 protection

assay

EGCso TDso ECso TDso EGCso TDso
11 0.46 + 1.2 2.39+ 20.32+ 1.3 14.50+
> 50 0.39+£0.02
0.10 0.06 1.22 1.68
14 0.48+ 2.91+ 15 0.12+ 1.38+ 16 3.35+
0.13+0.01
0.03 0.15 0.01 0.08 0.36
1.7 0.19+ 1.8 3.47+ 19 3.31+
> 50 > 50 0.30+0.01
0.02 0.32 0.30
110 0.70+ 2.60+ 111 0.53+ 4.00+ 112 20.54+
2.62+0.15
0.01 0.20 0.01 0.38 0.21
113 0.50+ 1.14 0.60+ 7.28%+ 1.15 8.16+
> 50 0.42+0.01
0.02 0.02 0.25 0.01
116 17.62+ 50 PQ-1 0.15+ 2.09+ PQ-7 0.69+0.03 | 42.82+
>
0.37 0.20 0.02 2.43

To explorethe mechanism, fourof the most active compoundd.5 (ECsp = 0.12 +
0.01 M), 1.6 (ECso = 0.13+ 0.01 M), 1.7 (EC5o = 0.19% 0.02 M) and1.9 (ECso = 0.30%
0.01 Mh) were selected to test their enzyme infibyjitactivities on GSK3b ADP-Glo™ kinase
assay’ and protein kinase C (PK@®epTad" kinaseassay’. These works were done by Sahani
Weerasekarand Dr. Keshar Prasain Dr. Duy Huds lab.

On GSK-3b ADP-Glo™ kinase assayhereare four stepgo testthe enzymeinhibitory
activities of designed quinoline@igure 15).° Firstly, the compound, enzyme\TP and
substrateare incubated at 28C for 1 hour; then, ADRIo™ reagents introduced to stop the
enzyme reaction andeplete the unreacted ATP. Thirdly, the remaining Ai3Ronvered into
ATP by the kinase detectionagert. At last, via a luciferase/luciferin reaction, the newly
synthesized ATHs used to generate lght signal whichis measuredoy luminometer The
measurduminescences correlatedwith the concentratiorof ADP whichis generated from the

kinase reactioandthereforereflectstheenzyme activity.
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Figure 1.5 : Procedure for operating GSK-3b ADP-Glo™ kinase assa}f

Kinase reaction ADP-Glo Reagent
Kinase
detection
reagent
. ATP
‘ ADP &
e
ﬁ Lumi Luciferase/luciferin
uminescene &
reaction

On PKC PepTaf” kinase assaya dye molecule attachadevenamino acids residuis
usedas the substrate, and, at pH = 7.4, this substeideti net charge. fereare three step®
testthe enzyme inhibitory activities of designed quinolifEgure 15).*" Firstly, thekinase
reactionis carried out by the incubation of compouwnrith the substrate, ATP and enzymepa
= 7.4 and31 °C for 45 minutesAfter the kinasereaction, thephosphorylatedgubstrate would
held -1 net chargeat the reaction pHvhile the unphosphorylated substrataysunchanged
Secondly, the enzymis destroyedo stop the reaction, and tpbosphorylategubstrate and the
unphosphorylated substradee separatedby electrophoresis. At last, the ditescence intensities
of the bands from the electrophoresis experimangt measured, and these intensitas

correlatedwith the enzyme activity.
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Figure 1.6 : Procedure for operating PKC PepTag™ kinase assay/

NHs

O\/Y\/\/\/'\COE
NH;
l Kinase reactior
NH3 S,P-b' NH;
Wcoé

O : Dye molecule

Resultson the enzyme inhibitory asgsare summarized imable 13.
Table 1.3 : Enzyme inhibition activities of 15, 1.6,1.7 and 19 on GSK-3b and PKC assays

Quinoline GXK-3b PKC
PQ-1 >1mM 35+ 8 nM
PQ-7 >1nM 42.3 nM
15 35+£6.36nM 240+ 21.2nM
1.6 >1mM 216.3 nM
17 > 1mM 400+ 13.7nM
19 158 +19.1nM 750+ 9.3nM

1.4 Discussion

Designed quinolinecompounds were synthesized agnhluatedtheir bio-activities on
bothcell and enzymeassaysFrom these bigvaluation resultsa structureactivity relationship
(SAR) could bederived which may help tahe development of a higher efficient doder toxic
drug candidatdéor AD therapyin future Moreover,to explorethe mechanism, eomputationh
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experiment was also carried dot simulate the binding mode of the designed quinslimih

GSK-3b. All of these worksarediscussed in this section.

1.4.1 Structureactivity relationship ofthe synthesizedjuinoline compounds
Fromresultsof MC65 cell protection assay,SAR could bederived(Figure 17).

Figure 1.7 : Structures activity relationship of synthesized quinoline compounds
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HN MeO OMe
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Structural modifications oPQ-1 do not give gositive feedback.The new synthesized
PQ-1 analog compounds do not show better cell protection activaieschanges made on the
PQ-16s structure impair the biactivity. From the result of the enzyme inhdry assaysPQ-1
is PKC inhibitor instead of GSIb inhibitor which indicatesPQ-1 protecs the neuronal cell
through diferent mechanisnSince this research is aiming to discover a &BHKnhibitor, PQ-
1 derivatives are not considertat deriving the SAR.

Among thePQ-7 derivatives, compound.5 shows the highest cell protection activity

and GSK3b inhibitory activity. Someé”Q-7 derivative compounds (compoutds andl1.7) were
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also examined their GSBb inhibitory activities; but theesults indicate they are not the GSK
3b inhibitors. Hence, only the compounds derived frbBare used to derive the SAR.

Compoundl.5 possessethe highest cell protection activity (€= 120 + 10 nM).
Comparing with quinolind..5, compoundsl 4 shars the same substitution groups on the3
and 6 positions of quioline core, and the differencethe functionality whichis connected to-8
amino group. The cell protection results suggest the importancéyafréxybenzyl group tthe
activity of desgned compounds. Any changes on this portion of the molecule tteadecrease
of the activity.Structure of compound .4 is very similar to compountl5; however, theaddition
of two methoxy groups on thehenyl ringdecreasgquinoline1.4 & activity (ECso = 480+ 30
nM) four timescomparing tocompoundl.5. 5-Aryloxy groupis also very importanRemoval
of the 5aryloxy groupin compoundl.5 gives compoundl1.12, and compound.12 (ECs =
26.20 £+ 0.15 M) almostlose the cell protection activity. Trifluoro group on theabyloxyis also
provento beunsubstitutablefor the activity, andthe replacemerstof it with fluoro [compound
1.10 (EGso = 700% 10 nM)] or hydrogencompoundl.11 (ECso = 530+ 10 nM)] decreasehe
activity. Replacement of the methoxy group witydroxyl group at 6 position[compoundl.9
(ECsp = 300+ 10 nM)] did not improve the activity neither.

In summary, &rifluoromethyphenoxyl at 5 position, methoxyl at 6position and 4
hydroxybenzyl at &mino positiorere all important tahe designed quinolineompoundactivity.
To modify 1.56 structure to get more effective GSK inhibitors, the functions of these
substitutionsn inhibiting GSK-3b should be learnedThe best way to acquiteeseinformation
is from the cocrystal structure of GS#b with compoundl.5. However, this experiment dose
not have to chance to be carried out y#nce, a&omputationatlocking experirent was carried
out to simulate the binding mode b to GSK-3b. The design of theockingexperiment and

the results are summarized in the next section.

1.4.2 Computational experimenand theresult

To understand thenechanismof 1.5 inhibitory activity on GSk3b, a computer
docking experiment was carried out, and the resuitisduced andliscussedn this section

To begin with, the structural properties of GSKis briefly introduced herea. Figure
18 shows one of thereported GSK-3b crystal structures in both cartoon and surface

representation¥ GSK-3b has a small Merminal domain and large-@rminal domain The
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kinase domain lies in the space between these two domains eespamsiblefor the kinase
reaction'® This domain isdivided into three regions by thefunctiors: ATP-binding pocket,
phosphate transfer region and substrate binglingve®

Figure 1.8 : Cartoon and surface representations of GSK3b'®: (a) Cartoon representation;

(b) Surface representation (Green: carbon; Red: oxygen; Blue: nitrogen; Yellow: sulfur)
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Studies indicate that some residues in the kinase doarmaiextremely important to the
enzymés activity’®'°In the ATRbinding pocket, residues p$33 and Vall3%re suggested to
be vital for the binding the ATP molecule enzyme Adenylyl imidodiphosphate (AM#PNP)
which has similar structure as the ATP wascogstalizedwith GSK-3b to mimic the binding
mode of ATP molecule with the enzyrfeFrom the structure of the awystal, hydrogen
bonding interactionare detected between residues A3B and Vall35 with the adenylyl group
of the AMPRPNP® Moreover, these hydrogasonding interactionsre conserved in the €o
crystal structures of GSRb with some ofits ATP-competitive inhibitors, such as staurosporine,
indirubin-3¢monoxime and alsterpaullotiigure 19).'° In the phosphate transfer region, Lys85
and Lys183are responsible for the enzyisebinding to the phosphates in AMFNP moleculé®
In the substrate bindingroove two residues, Phe67 and Try2H8e suggested to control the
enzymés activity>?° F67A mutantGSK-3b lose its activity on the phosphorylation of substrate
peptide, which indicagethat Phe67is vital for GSK3b& substrate recognitiofl. Residue
Try216 could be selphosphorylated to be the pTry216 by GSIiK and pTry216 has a
conformational changeomparing with Try216. The enzyme activated to hyperphosphorylat
the substrate, such as tafiter Try216 is phgshoryated’
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Figure 1.9 : Structures of staurosporine, indirubin-3¢monoxime and alsterpaulloné®
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Autodock Vina was used as the computer docking progtaihe 3D structure of
compoundl.5 was constructed vi€hem3D 11.0.The exactbinding site of compoundl.5 to
GSK-3b was unknown; thereforeompoundl.5 was docked irwhole kinase domairDocking
conformation ofl.5 with the lowest binding energy was supposed to simulate théiredihg
mode of compound.5.

Thecrucialstep for the computer docking to choose thaght crystal structure of GSK
3b, and he criterionsare rationaly investigatedSince computer dding by Autodock Vina ¢ a
rigid docking proces$ the 3D structure of GS&b for docking should mimic the real structure
of the enzyme in the enzyme and inhibitor (compoungs complex For GSK3b, it has
different structural characters for differetypes of inhibitos. If compound1.5is an ATR
competitive inhibitor and birginto the ATRbinding pocketjt would block ATP molecule bind
to the enzymeHence, the Try216 would not have chance to be phosphorylated, and the enzyme
would bein an inactivestate. Moreovertis highly possible that the compouoohservedome
similar interactions as oth&TP-competitiveinhibitors . To resemble the similar interactions,
the key residues in the ATP binding pocket should have the similar conformatitmssasof
the sameresiduesn other known GSK3b-inhibitor co-crystals.If compoundl.5is a substrate
competitive inhibitor and birgto the substrate bindingrooveof GSK-3b, the enzymés highly
possiblein its activated stateSince residue Try216phosphorylation is sefphosphorylation
process (in other words, intramoleculanocesy this phosphorylationprocess is fast in the
presence of ATP (the enzyme assayironment When the inhibitor binglinto the substrate
binding groove, it is highly msible that the Try216 iphosphorylatedand the enzyme is in
active stateUnfortunately the exact bindingite of compoundl.5with GSK-3b is not clearIn

other words,whethercompoundl.5is an ATRcompetitiveinhibitor or substrate competitive
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inhibitor was not known Hence, the protein structures for bothossible caseshould be
considered

Considering thedealdockingwould probe the ATP binding pocket and substrate binding
groove with equal chance in one experiment, tldeal protein structureshould be able to
perfectly mimic the real proteifor each casen other words, thédeal protein crystal structure
used for docking shoulgossesshe ATP bindingpocketwhich should be the same as the one in
the inactive enzymenda substrate binding pocke&thich should bethe same as the one in the
active enzymeThis seemedmnpossible However, &er screening the available crystal structures
of GSK-3b,% fortunately file 109U7 is finally found to satisfy this criteriorit had the same
ATP binding pocket as the inactive enzyme, and the phosphorylati@sidfieTry216 caused
the conformatioal change in thesubstrate binding pocket compsuweith the inactive enzym&.
This enzymds overlaid with inactive enzym&to shav the differencein the substrate binding
pocket(Figure 110) .
Figure 1.10: Overlay of crystal structure 109U (Green) with inactive enzyme (pdb: 1109)
(Pink)

Phosphate transfer
region

Meanwhile,crystal structure 1095 also overlaid with therystal structure of GS#b
which was complex with the known ATédmpetitive inhibitor(alsterpaullonepdb: 1Q3W" to
compare the conformations of key residues in the ATP binding pdet@h the overlay, its
obvious that th&ey residuegAspl133, Vall35, Lys85, Lys183) the ATRbinding pocket and
phosphatdransfer region share vesymilar conformatiors. Thereforeit is highly possible that
the dockingenvironmentin the ATRbinding pocketis well mimicked thefireab case if
compoundl.5isanATP-competitive inhibitor(Figure 111).
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Figure 1.11: Overlay of crystal structure 109U (Green) with enzyme complex with ATP
competitive inhibitor (pdb: 1Q3W) (Yellow)

7 XN (\ X \\\ L‘\*’ f '; A

Crystal structure for docking file: 109U) was added hydrogens by MOL Probity

prograni* beforedocking experimentandthe resultsre displayed ifFigure 112.

Figure 1.12: Docking result of compound 1.5 with GSk3b

From the docking result, the conformation with lowest binding energy is displayed in
Figure 112. Compoundl.5 binds into the substrate binding groove of GSK instead of ATP
binding pocketA hydrogen bonding interactidmetweerhydroxyl group on te benzyl ring and
residueArg96isdiscovered in theesult “-" Interactions also found between the quinoline core
of compoundL.5 and residud’heé7 in the computer simulatiofirifluoromethyl groupis found
having close contacts witiesiduesAspl8l and G/s218.
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Docking result suggest that compoundlL.5 is a substratecompetitiveinhibitor; hence,
this could explain igh enzymeinhibitory seletivity. Since GSK3b and PKC have distinct
substrate binding areas, the substratepetitive inhibitorgifito for the GSk3b would notfifito
in PKC.

Figure 1.13: Overlay of crystal structure of GSK-3b 109U (Green) with PKC-q 1XJD
(Yellow)

The observed SAR could also beterpreted by the docking resultin docked
conformation, compound.5 opers its structure to support itself binds in the substrate binding
groove; therefore, thdengtho of the molecules important. A shorter molecule (compouhti6)
has lesgossibilityto conserve this type of bimdj to GSK-3b. Meanwhile, the trifluoromethyl
group and 4hydroxyl group on the benzyl ringre two terminals of the structure andvea
important interactions with residues of G8HK to secue the binding ofl.5. As discussed above,
residuePhes7 is important forsubstraterecognitionof the enzym&; hence, he detected -’
interaction might responsible for the deactivation of the enzyme.

To sum up, viathe computational experiment, the binding mode of compdu&do
GSK-3b is simulated. The imptance of the required substitutions and quinoline core are
demonstrated anexplained. The information acquired from the SAR and computational
experiment provides clues for designing more effective GBBkhibitors, and this work will be

discussed in theext section.

1.4.3 Future work
The novel quinoline analog compounds with higher-aaivitiesand less toxities are
beingexpected to be developed in future. Since the mciste quinoline compound till now is
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1.5, this compound isised as the leadompound Aiding by the informatiorobtained fronthe
SAR analyss and computational experiment, some novel &GBKnhibitors derived fronl.5is
proposed herein.

The criterions for designing new.5-derived inhibitors are discussed firstly. From the
derived SAR, the threefoldmolecular structureis requiredfor the inhibitos activity; 4-
hydoxybenzyl group, $3-trifluoromethylphenoxyl group and @methoxyl group arealso
important to thequinoline 1.56 activity. Roles othe threefold structure artlese substituents
are interpretedby computer simulation. The threefold structure is essential for binding to the
wide substrate binding groove of GSK; 4-hydroxyl gioup acts as the hydrogen botahor;
trifluoromethyl grouphas polaipolar interactionsvith residues in the substrate binding grqgove
and quinoline core isproposed to beesponsiblefor the deactivationof enzyme via -’
interaction with PheG7According to these informatigrthe new designed inhibitors should
maintain the threefold strucre to ensure secure binding to winlgened areaat the two
terminals of the moleculefunctional groupsshould be carefully designed to ensuen
interacton with residues in the substrate binding grao¥eom the rigid docking result, it is
worthy to notethat the quinoline core df.5is not in the perfectly parallel position of the phenyl
ring of Phe67, which indicates this” interaction may not bevell-establishedSince this -
interaction is proposed to be important for enzggndeactivation, thancement on this-’
interaction is supposed to increase designednhibitorG activity. Hence modificationsmade
on thestructureof 1.5 are aimingto improve tlis “-" interaction.To achieve this purposé)e
stereeposition of thequinoline corecould adjusted by modify the whole structure; or other
aromatic moieties couldebused to instead of quinoline

Moreover, b assist design new inhibitorsyd parameters, 108 octanowaterdnd log S, are
predicted by computer simulation methém each proposed moleculésg P octanonwaterValue is
used toestimatethe lipophilicity of the drug candidatésThe definition is, in the mixture of
octanol and water at the equilibrium, the log value ofsiblete concentration in octanol minus
the log value of the solute concentration in water (Equation®1lbg P Value is important
parameter for CNS drugwith higher log P valuethe drug candidate has higher chance to pass
the bloodbrain barrier (BBB) byiffusion, which has better biavaiability.

Equation 1.1 : Definition of log P octanol/water

|Og I:)OctanoIANaterz |09 C solute in octanoll' |Og Csolute inwater = |Og [C solute in octano{ Csolute inwater]
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log S Value is also very important for the biavailability of drug candidates.lIt is
defined as the log value of the désgolubility in water (Equation 1.2 The higher of log S, the
better solubility of the drug in water, and the better the drug distributiddodly”® For CNS
drugs, the higher log S indicates a better diffusiopenetrat the BBB to reach the braffi.
Equation 1.2 : Definition of log S

log S = log solubilityyater

Thelog P and log S Valuesould be predicated by the computer progré&hOGPS
2.1

Meanwhile,Lipinskié the rulesof-five for designing more drulike molecules are also
utilized to evaluate the proposed inhibit6tdhe rulesof-five are includingiog P should be in
the range 0f0.47 +5.6; molecular weight should be in the range of 1800; number of atoms
should be in the range of 2070; rotatable bonds should be less thanhidrogen bond donors
should less than 5; hydrogen bonding acceptoss tlesnor equal t010; for CNS drugs, total
nitrogen and oxygen ato@sumber [fv+o)] should less thaor equal tob, and the other rule is
log Pi np+o) > 028

According to the discussedhree compoundsare designed, and their properties are

predictel andsummarizedn Table 1.4
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Table 1.4 : Structure and predicted properties of the newly designed quinolines

1.5 1.43 1.4 1.45
Fgc/©\o Me HO\©\ Fgc/©\o Me HO/©\O
Me/o A o) 7 Me/O
_ Me” A
Structure o @\/Nj H; N ‘ l
OH é\CH OH gtg
|Og POCtanoW\/ater 5.50 5.62 5.44 4.93
l0g Swater -6.25 -5.63 -6.20 -5.35
Molecular weight 454.15 454.15 458.18 357.14
Number of atoms 54 54 58 46
Rotatable bonds 8 8 8 7
Hydrogen bond
yareg 2 2 2 3
donors
Hydrogen bond
yarog 3 3 3 1
acceptors
N(n+0) S 5 5 4
log P- nin+o) +0.50 +0.62 +0.44 +0.93

By exchanging position ofhe terminal substituents -(Bfluoromethylphenoxyl group
and 4-hydroxybenzyl group) compound 1.43 is designed.
trifluoromethyl group of theompoundl.43 couldassumabléhe similar binding mode as that of
1.5 the quinoline core 01.43 will have achance to adjust its positidowardsPhe67, which
may strengtlen the” - interaction. By reducing quinoline core b5 into benz@iperidine, the

compoundl.44 is designedFrom the dockingesultof 1.5 only the nomitrogen containing

aromatic ringof the quinolinehas the" -’

portion of quinoline sits apart from Phe6The piperidine of thel.44 will have chair
conformation; thereforewith the -’
is expected to haversew hydrophobithydrophobic inteaction withbenzyts methylene group
of Phe67, which also could strengthen the binding of inhibit®he67 olGSK-3b. By replacing

the quinoline core ofl.5 in to naphthalene, compourid45 is designed.The trifluoromethyl

interaction with Phe67and nitrogen containing
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Ifthe hydroxyl group and

interaction unchanged, this chawnformationpiperidine




group is changethto hydroxyl group to reduce the log P valii@e naphthalene core @f45 is
expected to improve-~ interaction with Phe67.

The log P and log S values of these designed inhibitors are predicted and summarized in
Table 1.4. From the results, all of #senewly designedGSK-3b inhibitors are satisfyingthe
rulesof-five and expected toe thequalified CNS drug candidates.

Syntheses of these designed GEKinhibitors are proposed herein as well.

Compound1.43 could besynthesizedvia the same synthetic route as compodfal
Phenolatel.46 will be treated with bromidé.20to give compound..47. Following the same
qguinoline synthesis procedurd,.48 will be prepared. Hydragnantiom with Pd/C as catalyst
could remove the benzyl gip and reduce the nitro group in epet to give1.49%° Amino
quinoline 1.49 will be coupled with Zrifluoromethyl benzaldehyde to give desirdd43
(Scheme 1.18)
Schemel.18: Synthesis of compound 1.3

@VO
@ . \©\ 1. HCI, EtOH \©\
2. Methyl vinyl ketone,
° me© DMF ? As,0s, H3PO, Q M
+ LA el > Me/O » Me/O X
OK L |
NO, NHAC

Pz

N
NO, NO,

1.46 1.20 1.47 1.48

HO
o QL
QL  p
O  Me , cat. AcOH, NaCNBH; o
CF,

Pd/C, H, ° . Me” X
»»»»»»»»»»»»»»»»»»»» » Me” D [ NG
Nig HN
NH,
1.49
CF

1.43

3

Compoundl.44 could be directly generated by reduction of the quinoline of compound
1.5. In 2010, ahydroxyapatitg HAP) supported Pd nanopatrticle is reportetheasal to regio-
selectivelyreduce the quinoline in good {de(Scheme 1.19%°

Schemel.19: Quinoline reduction with HAP supported Pd nanoparticle®

_0
me© X HAP-Pd (0), H,, toulene Me \©\/j
N = N

87% yield H

1.50 151
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Hence, compound.44 could be prepared under this reductamditionwith compound
1.5as the starting material (Scheme 1.20).
Schemel.20: Synthesis of compound 1.44

FsC” : 0 Me F3C/©\O Me

Me/O A Me/o
N HAP-Pd (0), Hy, toulene N

HN ot » HN

s 2

OH OH
15 1.44

The synthesis of compourid45could be start with theommercialavailable compound
1.52. Similar as the synthesis df43 bromide 1.52 will be treated with phenolat&.53 to
generate compounti54. Hydrogenantion with Pd/C as catalyst could remove the benzyl group
and reduce the nitro group in54 in onepot to givel.55.*° Compoundl.53will coupled with
4-hydroxyl benzaldehyde to give desired5(Scheme 1.21).
Schemel.21: Synthesis of compound 1.45

1.53 1.52 1.54
HO.
Q, - s
Pd/C, H, Ho ? \©\CHO , cat. ACOH, NaCNBH;
““““““““““ > OO T T TR o

HN

OH 1.45
In summary, with the information from the SAR study ammmputationaldocking of
compoundl.5 three new GSK3b inhibitors are designed which will provide a direction for
furtherinvestigationon discovering more effective GSBb inhibitor. log P and log Values of
these proposed compoundre predicted as well, and these inhibitors are also evaluated by the
rulesof-five. The designing ideas for these new inhibitors is described, and the syntheses of

these compounds are also proposed.
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1.4.4 Concerns

Although the bieevaluation experiments gave vgmyomisingresults, a few issues are
still needed to be taken into account. Firstly, it still lacksaivincingevidence that designed
quinolines could inhibit the GSRb in cell system. Thelifficulty in sdving this problem is the
GSK-3b-overexpressed cell system is difficult to obtain. Therefore, at this stage, this experiment
cannot carried out. Also, whether the designed quinoline compound could reduce the hyper
phosphorylation of tau level and/obAligomer production in an AD mice model is needed to
be determined. This experimentdeucial to predict the designed inhibitirtherapeutic effect
and should be performed tifie requirementdor this experiment such as fundingnice model,

could be satisfied.

1.5 Conclusion

A focus library of quinoline compoundswas designed, synthesize@nd their bio-
activitiesevaluated on cell and enzymes ass@ysnpoundL.l - 1.7 were synthesized frorh.17
with variousaldehydesia reductive amination reactions. Amidlé was synthesized frorh.17
with 1.18, and compound.18 was prepared from furfura® deprotection of methoxyl of.17
with BBr; was performed to giv&.19, and compound..19 reacted withd-hydoxybenzaldehyde
to give compoundl.9. Compoundl1.27, 1.28 and 1.31 were prepared in similar reaction
sequenceas that of compoundl.17from the same starting materiaR0. From1.27, 1.28, 1.31,
similar reductive amination reactions were performed withydoxybenzaldehyde to yield
compound1.10, 1.11 and 1.12. Compoundl1.13 was prepared froml.17 with acrylamide via
Michael addition reaction. 1.14 1.15 and 1.16 were synthesizedvia a $2 reactim and
deprotectiorreactionfrom 1.27, 1.28and1.31, respectively.

Bio-activities of compound4.1 7 1.16 were evaluated on MC65 cell protection assay.
Most of quinolinecompounds were found to have cell protectativitiesin nanomolar range
Four of the most active compounds were selected to testetheymeinhibitory activiies on
GSK-3b and PKC enzymassays Compoundl.5 is found to be the most active compound in
the synthesizedquinolinecompounds. A structure activity relationshipdesigned quinolineis
derived The binding mode df.5 with GSK-3b was simulated bthe computational method, and

severalimportantinteractionsare shown in the resulfThe information acquired from the SAR
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study and docking experiment gives clues for designing more effective38 $#hibitors, and
three novel GSK3b inhibitors are proposed. Meanwhile, synthetic routes of tipesposed
inhibitors are suggestedn future, nhibition of GSk3 b i n ¢ ednd theslgval tofe m

phosphorylated tau im vivo AD model byquinoline®need tdbe performed.

1.6 Experimental Section

General procedure: Melting points were tested on Thomas Hoover capillary melting
point apparatus. Nuclear magnetic resonance speen@ abtained at 400 MHz fdH and 100
MHz for **C in deuteriochloroform and reported in ppumless otherwise indicatetlow-
resolution mass spectra were taken from an API 200 quadrupole ESMS/MS mass
spectrometer (from Applied Biosystems). Berzofuran2-carboxylaldehyde thiazole2-
carboxylaldehyde, -phenyl thiophen&-carboxylaldehyde,  3;8imethoxy4-hydroxyl
benzaldehyde,-iydroxyl benzaldehyde andiffural, and aldehydes for synthesizing compounds
11,12 13, 14, 15 and 1.8 were purchased from Aldrich chemical Co.. Arcylamide was
purchase from Fisher Sciertific Co. Quinoline4-carboxylaldehyde and quinolirge
carboxylaldehyddor synthesizingl.6 and 1.7 were prepared by Dr. Laxman Pokerhel in Dr.
Duy Huds laboratory™.

N-(Benzofuran2-ylmethyl)}6-methoxy4-methyt5-(3-trifluoromethylphenoxy)

quinolin-8-amine (1.1).

11
A solution of 25.0 mg (0.071 mmol) of 6-methoxy4-methyt5-(3-(trifluoromethyl)
phenoxy)quinolir8-amine(1.17) and11.3mg (0.078 mmol) 2-benzofurancabaidehydein 1

mL of dried methanol (distilled over magnesiwvgsstirredunder argorat 25°C for 30 mirutes
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To it, 2 drops of acetic acidwas added. The mixture was stirred at’@5for 30 mirutes. Then,
3.4mg (0.213mmol) of sodium cyanoborohydrideere added he solutionwasstirred12 hours
dilutedwith 30 mL of aqueousmmoniumchloride solutionandextractedthree timeswith ethyl
acetate The combined extract wagashed with water, brine, drigMgSQy,), concatrated, and
column chromatogra@d using a mixture of hexane and dietlegher(1:1) as an eluento 22.1
mg (65% vield) of compound..1 as ayellow oil. *H NMR Ui 8.44 (d,J = 4.4 Hz, 1H), 7.8 (d, J

= 5.6 Hz, 1H), 7.47 (d) = 7.6 Hz, 1H), 7.33 (t) = 7.6 Hz, 1H), 7.27 (td) = 7.6 1.6 Hz, 1H),
7.251 7.20 (m, 2H), 7.11 (ddJ = 4.4, 0.8 Hz, 1H), 7.08 (s, 1H), 6.91 (dd= 8.0, 2.0 Hz2H,
overlap with NH, 6.71 (d,J = 0.8 Hz, 1H), 864 (s, 1H), 4.74 (s, 2HCH;N), 3.79 (s, 3HOMe),
2.63 (s, 3H Me); *C NMR 111598, 1555, 155.2, 150.9145.3, 143.9, 130, 133.9, 1321 (q,
2Jcr = 32 Hz,C-CFs), 1302, 1286, 126.5, 125.3, 1245, 124.2,123.6 (q, *Jcr = 230 Hz, CF),
123.0,121.1,118.3, 118 (q,3Jcr = 4 HZ), 112.3(q, *Jcr = 4 HZ), 111.4,104.1, 93.9, 56.8, 48,
23.4 MS (electrospray) m/z 501.3 (M+Na)*. The succinic salt ofl.1 was generatedby
dissolving20 mg 0.042 mmol) ofl.1 with 5 mg (0.042 mmol) of succinic acid in 4 mL of
methanol. Then the methanol was concentrated off, thielueeswasdissolvedin 1 mL
acetonitrile, diluted with 10 mL deionized water and lyophilized to give a quantitative yield of

the succinic salt of .1.

6-Methoxy-4-methytN-(thiazol2-yImethyl)}5-(3-trifluoromethylphenoxy)quinolin 8-

F3C/©\

Me
_0
Me N
—
N

(@]
HN

amine(1.2).

SN
1.2

Prepared vigdhe same mcedure as compountll. Starting from25.0 mg (0.071 mmol) of

compoundl.17 and 8.8 ng (0.078 mmol) 2-thiazolecarboxaldehydgave22.7 mg (72% yield)

of compoundL.2 as a ight yellow oil. *H NMR 11 8.46 (d,J = 4.4 Hz, 1H), 7.77 (d) = 3.6 Hz,

1H), 7.2 (t, J = 76 Hz, 1H), 7.29 (dJ = 3.6 Hz, 1H), 7.25 7.20 (m, 2H), 7.1 (d, J = 3.6 Hz,

1H), 7.07 (s, 1H NH), 6.91 (dd, J = 8.4, 2.4 Hz, 1H), 65(s, 1H), 4.94 (d,J = 5.6 Hz, 2H
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CH;N), 3.71 (s,3H, OMe), 2.62 (s, 3H Me); °C NMR Ui 171.2, 159.7, 156, 145.4, 143,
143.0, 142.9134.0, 1321 (g, 2Jce = 33 Hz, C-CFs), 1302, 126.8, 125.3, 124.8,24.1 (q, *Jcr =
271Hz,-CFs), 119.6, 118.3118.2 (q,3Jcr = 4 Hz), 112.3(q, *Jcr = 4 HZ), 945, 56.7, 46.3, 234
MS (electrospray ionization)n/z 468.2(M+Na)". Succinic salt ofL.2 wasprepared in the same
way as compound.l by dissolving20 mg (0.045 mmolpf 1.2 and 5.3 mg (0.045 mmol) of

succinic acid in 4 mL methanol.

6-Methoxy-4-methykN-[ (5-phenylthiophen2-yl) methyl-5-(3-trifluoromethyl phenoxy)
guinolin -8 - amine (1.3).

FsC” i 0 Me

Me/o A

Pz

N
HN

13

Prepard via the same procedure as compound Starting from25.0 mg (0.071 mmol) of

compoundl.17 and12.6 mg (0.078 mmol) of 5-phenylthiophene2-carboxaldehyde gave7.1

mg (78% vyield) of compound..3 as agreen oil.'H NMR 118.44 (d, J = 44 Hz, 1H), 7.5 (d, J =

7.4 Hz,2H), 73871 7.19(m, 6H), 7.1L7 7.08(m, 2H), 6.931 6.86 (m, 2H), 662 (s, 1H), 4.5 (d,

J=5.2 Hz, 2H CH:N), 378 (s, 3H OMe), 2.8 (s, 3H Me); *C NMR U 1598, 150.9, 14.3,

1440, 143.9, 142.9, 142.2, 134.6, 1341®2.1 (q, 2Jcr = 32 Hz, C-CFs), 130.2,129.1, 127.6,
126.5, 126.4, 125.9, 125.3, 124124.1 (q, *Jcr = 270Hz, CR), 123.0, 118.3, 18.2 (q, *Jcr = 4

Hz), 112.3(q, %Jcr = 4 Hz), 941, 568, 43.6, 233; MS (electrospray), m/521.0 (M+H)*.

Succinic salt ofl.3 was prepared in the same way as compalutdoy starting with 20 mg
(0.040 mmol) ofL.3 and 4.8 mg (0.040 mmol) of succinic acid.
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2,6-Dimethoxy-4-{[ 6-methoxy4-methyt5-(3-trifluoromethylphenoxy)quinolin8-
ylaminolmethyfphenol(1.4).

FoC” : 0 M

Me/o A

Pz

N
HN

14
Prepared via the same procedure as compduhdStarting from25.0 mg (0.071 mmol) of
compoundl1.17 and 14.2 mg (0.078 mmol) of 3, 5dimethoxy4-hydroxybenzaldehydegave
27.3mg (75% vyield) of compound 4 as ayellow solid. Melting point173- 175°C; *H NMR i
8.41 (d,J= 4.4 Hz, 1H), 7.34 (t) = 8.4 Hz, 1H), 7.22 (d) = 7.1 Hz, 1H), 7.D (d,J = 4.0 Hz,
1H), 703 (s, 1H),6.94 (dd, J = 8.4, 2.0 Hz, 1H), 6Z (bs 1H, OH), 6.71 (s,2 H), 6.49 (s, 1H),
5.5 (s, 1H,NH), 448 (d,J = 4.0 Hz, 2H), 38 (s, 6H 2 OM8g, 3.75 (s, 3H,OMe), 262 (s, 3H
Me); °C NMR i 1599, 151.0, 147.5, 145.1, 144.542.9, 1342, 134.0,132.1 (q,2Jcr = 33 Hz,
C-CFs), 1302, 130.1,126.2, 125.3, 124.8.24.1 (q, "Jcr = 271 Hz, CRy), 118.4, 11 (q,Jcr =
4 Hz), 112.1(q, %Jcr = 4 Hz), 1045, 93.8, 56.7(OMe), 566 (2 OMe) 48.7, 234; MS
(electrospray)m/z537.5(M+Na)*, 515.2(M+H)". Succinic salt ofL.4 was prepared in the same
way as compound.l by starting with 20 mg (0.039 mmol) &f4 and 4.5 mg (0.039 mmol) of

succinic acid.

4-{|6-Methoxy-4-methyt5-(3-trifluoromethylphenoxy)quinolin8-ylaminojmethy}
phenol(1.5).
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A solution of 25.0 mg 0.072 mmol) of  6-methoxy4-methyt5-(3-
(trifluoromethyl)phenoxy)quinolir8-amine (1.17) and 9.5 mg (0.078 mmol) p-
hydoxybenzaldehyden 1 mL of dried methanol (distilled over magnesiumds stirred under
argonat 25°C for 30 mirutes To it, 2 dropsof acetic acidwas added. The mixture was stirred at
25 °C for 1 hour. Then13.4 mg (0.213 mmol) of sodium cyanoborohydriderere added,he
solution wasstirred12 hours diluted with 30 mL of aqueousammoniumchloride solutionand
extractedthree timeswith ethyl acetateThe combined extract wagashed with water, brine,
dried (MgSQy), concentrated, andolumn chromatogra@u using a mixture of hexane and
diethyl ether(1:1). The column purified product was washed with 3 mL hexane and diethyl ether
(1:1) to give purel 5 26.4 mg (82 %) as yellow solidMelting point 170- 171°C; *H NMR i
8.41 ¢, J=4.0 Hz, 1H), 7.3 - 7.32 (m, 3H), 7.25 7.21 (m, 1H), 7.11 7.06 (m, 2H), 6.93 (dd,
J=8.0, 2.4 Hz, 1H), 6.83 (d,= 8.0 Hz, 2H), 6.71 (s, 1HOH), 6.47 (s, 1H), 4.80 (s, 1HNH,),
4.48 (d,J = 4.4 Hz, 2H CH,N), 3.74 (s, 3HOMe), 2.6L (s, 3H Me); ®CNMR i  195185.3,
1511, 145.1, 144.5, 143.1, 133.9, 132.2 (g,2Jcr = 33 Hz, C-CFs), 130.9, 130.2, 129.3, 126.1,
125.2, 124.6, 124.2 (§Jcr = 271 Hz,CFs), 118.4, 118 (q,Jcr = 4 Hz), 115.8, 1123 (q,3Jck =

4 Hz), 938, 567, 47.8, 23.4;MS (electrospray) m/z 477.0 (M+Naj, 455.1 (M+H)". Succinic
salt of 1.5 was prepared in the same way as compduhdy starting with 20 mg (0.044 mmol)

of 1.5and 5.2 mg (0.044 mmol) of succinic acid.
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6-Methoxy-4-methykN-(quinolin-4-ylmethyl)5-(3-trifluoromethylphenoxyquinolin-8-
amine(1.6).

A solution of 25.0 mg (0.071  mmol) of  6-methoxy4-methyt5-(3-
(trifluoromethyl)phenoxy)quinoli¥8-amine (1.17) and 12.5 mg (0.078 mmol) quinoline4-
caboxaldehyden 1 mL of dried methanol (distilled over magnesiuwgsstirredunder argorat
25°C for 30 mirutes To it, 4 dropsof acetic acidwas added. The mixture was stirred af@5or
1 hour. Then3.4 mg (0.213mmol) of sodium cyanoborohydrideere added,hie soldion was
stirred12 hours dilutedwith 30 mL of aqueousimmoniumchloride solutiongndextractedthree
timeswith ethyl acetateThe combined extract wasashed with water, brine, drig1gSQOy),
concentrated, andolumn chromatogra@u using a mixture of hexane and dietlegher(1:1).
The column purified product was washed with 3 mL hexane and diethyl ether (1:1) to give pure
1.6 28.3 mg (75 %) as yellow solid. Melting point: 1557 159°C. '*H NMR: 118.88 (d,J = 44
Hz, 1H), 8.44 (dJ = 44 Hz, 1H), 8.21 (dJ = 8.4 Hz, 1H), 8.15 (d) = 8.8 Hz, 1H), 7.79 (t) =
3.2 Hz, 1H), 7.8 (t, J= 6.4 Hz, 1H), 7.55 (d) = 3.6 Hz, 1H), 7.34 (t)= 8.0 Hz, 1H), 7.22 (d]
=7.6 Hz, 1H), 7.13 (dJ = 8.4 Hz, 1H), 7.07 (s, 1H), 7.00 (= 6.0 Hz, 1H), 6.95 (dd] = 8.0,
2.0 Hz, 1H), 6.40 (s, 1H), 5.09 @@= 5.6 Hz, 2H), 3.65 (s, 3H), 2.65 (s, 3HJC NMR: Ui 1598,
1510, 150.8, 148.6, 1454, 1441, 144.0,143.1, 1340, 132.2 (q,ZJCF = 33 Hz,C-CR), 130.7,
130.2, 129.6, 127,1126.8,126.7,1254, 1247, 124.2 (q,"Jcr = 271 Hz,CF;), 123.Q 119.5,
118.4,1182 (q, %Jcr = 4 Hz), 112.3(q, 3Jer = 4 Hz), 939, 568, 44.9, 23.3 MS, m/z490.2
(M+H)". Succinic salt ofl.6 was prepared in the same way as compduhdby starting with 20
mg (0.041 mmol) of..6 and 4.8 mg (0.040 mmol) of succinic acid.
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6-Methoxy-4-methykN-(quinolin-8-ylmethyl)5-(3-trifluoromethylphenoxy)quinolin -
8-amine(1.7).

Prepared via theame as compourid4. Starting from25.0mg (0.071mmol) of compound..17
and 12.2 mg (0.078 mmol) of quinoline8-caboxaldehydegave 26.5 mg (76% yield) of
compoundL.7 asyellow solid. Melting point 158- 160°C; *H NMR 19.05 (m, 1H), 8.2 (d, J
=44 Hz, 1H), 8.20 (dJ = 8.4 Hz, 1H), 7.85 (d) = 8.0Hz, 1H), 7.78 (dJ = 6.8Hz, 1H), 7.52 (t,
J=7.6 Hz, 1H), 7.47 (dd) = 7.2, 4.4 Hz,1H), 7.2 (t, J = 8.4 Hz, 1H), 7.2 (d, 8.4 Hz,1H),
7.091 7.07(m, 3H), 6.91 (dJ = 7.2 Hz, 1H), 6.61 (s, 1H), 5.31 @@= 6 Hz, 2H CH,N), 3.65 (s,
3H,-OMe), 2.61 (s, 3HMe); 13C NMR 111600, 1512, 149.8, 146, 145.0 1448, 142.7,137.0,
136.7, 134.1, 131 (q, 2Jce = 32 Hz, C-CR), 130.2,128.6,128.1,127.4,126.7, 125.9,1252,
124.5,124.2 (q, *Jcr = 270 Hz,CFs), 1214, 118.3, 1181 (q,*Jcr = 3 Hz), 112.3(q, *Jcr = 3 H2),
93.8, 567 (OMe) 43.8 (CH2N), 234 (Me), MS (electrospray) m/z 512.2 (M+Naj, 490.2
(M+H)". Succinic salt ofL.7 was prepared in the same way as compduhdby starting with 20
mg (0.041 mmol) of.7 and 4.8 mg (0.040 mmol) of succinic acid.

N-[6-Methoxy-4-methyl5-(3-trifluoromethylphenoxy)quinolin8-yl]furan-2-

carboxamide (.8).

FC:OMe

3

Me A
7

N
HN__O

T

18
Furfural (200 mg, 2.1 mmol), selenium dioxide (9 mg, 0.08 mmol) and 280 mg (4.2 mmol) of 50 %
hydrogen peroxide were mixed with 10 mL THF. This mixture was heated to reflux for 3 hours
and cooled to roortemperaturgdiluted with 10 mL ethyl acetate. Thisixture was washed with
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5 % aqg. sodium hydroxide. Obtainaqueoussolution wasacidifiedwith 2N HCl to pH =3 ~ 4

and extracted with ethyl acetate 3 times. The combined organic layer was washed with water,
brine, dried with MgS@and concentrated to gi\&furoic acid 200 mg (98 % yield) which is

pure enough to do next step.

12 mg of 2Furoic acid (0.11 mmol) was refluxed in 2 mL thionyl chloride under argon. The

excess thionyl chloride was distilled off under vacuum to give compar@dwith quantitatve
yield. Compoundl.18 wasdissolvedin 1 mL dry THF, and this solution was cooled-#%8°C.
To this solution was added compouhd7 (35 mg, 0.11 mmol) in 1 mL THF. The mixture was
stirred at-78 °C until all the1.17 was dissolved. Then this solutievas warmed to 25C and
stirred overnight. The reaction solution was diluted wittjueousodiumbicarbonatesolution,
andextractedhree timeswith ethyl acetateThe combined extract wagshed with water, brine,
dried (MgSQy), concentrated, ancblunn chromatograpéd using a mixture of hexane aethyl
acetatg1:1) as an eluenib give30.5mg (75% yield) of compound..8 as awhite solid. Melting
point 201- 204C; *H NMR U1 11.0 (s, 1H;NH), 9.0 (s, 1H), 8.60 (d] = 4.0 Hz, 1H), 7.65 (s,
1H), 7.8 (t, J = 7.6 Hz, 1H),7.28(d, J = 4.0 Hz 1H), 7.25(d, J = 8.9 Hz, 1H),7.20 (d,J = 3.5
Hz, 1 H),7.11 (s, 1H), 6.94 (dl = 7.4 Hz, 1H), 6.62 (dJ = 3.5 Hz, 1H), 3.91 (s, 3HOMe), 2.70
(s, 3H Me); *C NMR 11169.3, 159.1, 156.8, 153.4, 150.0, 148.46.6, 145.0, 143.6, 134.3 (q,
2Jce = 96 Hz,C-CFy), 131.5, 130.4, 125.4, 125.1, 122.7 @ = 278 Hz,CFRs), 1187, 1183 (q,
%Jce = 4 Hz), 115.5, 12.8, 124 (q, *Jor = 4 Hz), 1053, 56.8 (OMe), 23.4 (Me); MS
(electrospray) m/z 465 (M+Nay, 443.3(M+H)". Succinic salt ofl.8 was prepared in the same
way as compound.l by starting with 30 mg (0.068 mmol) &f8 and 8.1 mg (0.068 mmol) of

succinic acid.
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8-Amino-4-methyt5-(3-trifluoromethylphenoxy)quinolin6-ol (1.19).

FaC” i O Me

HO N

—

N
NH,

1.19
To compoundl.17(98.2 mg, 0.2 mmol) in 2 ml drieddichloromethanddistilled overcalcium
hydride) at 0 °C was added ml 1.0 M BBr& dichloromethane solution (4.0 eq); then this
mixture was warmad to 25°C and stirred overnightThe reaction solution was diluted with
agueoussodium bicarbonatesolution, and extractedthree timeswith dichloromethane The
combined extract wawashed with water, brine, driggSQy), and concentratetb give 78.2
mg of compoundL.19 as brown solidvhich is pure enough for next stéyelting point 133 -
135°C; 'H NMR 11 8.46 (d,J = 4.4 Hz, 1H), 7.8 (t, J = 8.0 Hz, 1H), 7.29 (d] = 7.2 Hz, 1H),
7.14 (s, 1H), 7.08 (d] = 3.6 Hz, 1H), 6.93 (d) = 7.6 Hz, 1H), 6.3 (s, 1H), 540 (bs, 1H, OH),
5.307 5.10(bs, 2H,NH,), 2.55 (s, 3H)*C NMR U 1591, 147.8, 145.4, 144.2, 141.8, 184.
133.1 (q,2Jcr = 37 Hz,C-CFs) 130.9, 125.1124.5,124.2,123.0 (q, *Jcr = 270 Hz, CR), 119.5,
118.2(q, %Jcr = 4 Hz), 1125 (q, *Jcr = 4 HZ), 100.5, 22.7Me); MS (electrospray) m/z 335.1
(M+H)".

8-(4-Hydroxybenzylaminc}-methyl5-(3-trifluoromethylphenoxy)quinolin6-ol (1.9).

FsC : O Me

HO SN

Pz

N
HN

OH

1.9
50.0 mg (0.149 mmol) of compound1.19 was stirred with20.0 mg (0.163 mmol) of p-
hydroxybenzaldehyde i8 mL dry methanol for 30 mutesuntil the soliddissolved Then 3
drops ofaceticacid was injected, and this brown mixture was stirred for 3Qitegat 25°C. To
it 28.5mg (0.450mmol) of sodium cyanoborohydrideere added,he solutionwas stirred 12
hours Yellow solid participated out from the solution. This mixture d#ésted with 30 mL of

agqueousammonium chloride solution,and extracted three timeswith ethyl acetate The
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combined extract wasvashed with water, brine, drieggSQ,), concentratedand column
chromatograpbd using a mixture of hexane and dietlgther(1:1) as an eluentthe obtained
product wagecrystallizedwith 2 mL of hexane and diethydther(1:1) to give 34.2mg (52%
yield) of compound..10 asyellow solid;mp: 194- 195°C; *H NMR (DMSO-d6) 1i9.64 (bs, 1H,
NH), 9.28 (s, 1H, OH), 8B(d,J=4.0 Hz, 1H), 7.47 ()= 8.4 Hz, 1H), 7.28 (d] = 7.6 Hz, 1H),
7.20 (d,J= 8.4 Hz, 2H), 7.15 (d] = 4.4 Hz, 1H), 7.01 (s, 1H), 6.97 6.93 (m, 2H), 6.72 (d] =
8.4 Hz, 2H), 6.36 (s, 1H), 4.32 (d= 6 Hz, 2H), 2.51 (s, 3HAr-Me; overlap with DMSQd6
signa); °*C NMR (DMSO-d6) Ui 1602, 157.1, 149.5, 144.4, 144,3141.3, 13%, 131.6,130.9
(0, 2Jcr = 31 Hz, -C-CFy), 130.1,129.1125.5, 124.6, 24.5 (q, “Jcr = 270 Hz, CR), 123.1, 119.5,
118.3 (q,%Jcr = 4 Hz), 115.9, 112.0(q, %Jcr = 4 HZ), 97.2, 46.7 (CkN), 23.1 (Me); MS
(electrospray) m/z 441.5 (M+H)". Succinic salt of1.9 was prepared in the same way as
compoundl.l by starting with 30 mg (0.068 mmol) @f9 and 8.1 mg (0.068 mmol) of succinic

acid.

4-Acetamine5-nitro-2-(3-fluorophenyloxy)anisole(1.21).

L,

O
Me

NHAC
NO,

1.21
Mixture of 3-fluorophenol 800.0 mg, 2.678 mmpland potassiuntbutoxide 005 mg, 2.678
mmol) in 10 mL driedt-butanol(distilled over sodiumyvas stirred a5 °C for 12 hoursunder
argon. Then,t-butanol was concentrated ofinder vacuumto vyield the potassiuma3-
fluorophenolate as yellow solid. The yielded 3-fluorophenolatein 4 mL dry DMF (distilled
over calcium hydride) was added intd-(5-bromo4-methoxy2-nitrophenyl)acetamidel.20
(722.5 mg, 2.500 mmpin 4 mL dry DMF at 60°C under argon. Then th&lutionwas stirred
at 120C for 24 hours. The coolesblutionwas pouedonto icewater with vigorousstirring. The
participated solid was collected by filtration amarystallizedwith ethanol to give 520.81g (65%
yield) of compound..21 as aight yellow solid Melting point 125- 126°C; '"H NMR U 16@s, 4
1H, NH), 8.37 (s, 1H), 78(s, 1H), 7.37 (td) = 8.4, 6.4 Hz1H),6.94 (td,J= 7.6, 2.4 Hz, 1H),
6.89 (ddJ= 8.0, 2.0 Hz, 1H), 6.81 (df,= 9.6, 2.4 Hz, 1H)3.95 (s,3H, OMe), 2.23 (s3H, Me);
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BC NMRU 1 §®=0)2164.7 (d,Jcr = 247 Hz, CF)156.2 (d,*Jcr = 11 HZ), 152.9, 145.7,
131.141 (d, 3Jce = 10 Hz), 131.137,1154 (d, “Jcr = 3.6 Hz), 112.3 (d,%Jcr = 21 Hz), 110.7,
108.7, 107, 107.5,56.7(OMe), 25.8(Me); MS (electrospray)m/z343.3(M+Na)".

4-Acetamina5-nitro-2-phenyloxyanisol€1.22).

L,

0
Me
NHAc

NO,

1.22
Prepared via theasne procedure as compoubh@l. Potassium phenolat®as made from 360
mg (3.825 mmol) of phenol and 429.3 mg (3.825 mmopaihssiunt-butoxide Startingfrom
the obtainedphenolateand compound..20 (982 mg, 3.400 mmol) gave 821.0 mg (yield 80%) of
compoundL.22 as yellow solidMelting point:124- 126°C; *H NMR 1 10.46 (s, 1H, NH), 8.25
(s, 1H), 7.80 (s, 1H), 7.497.39 (m, 2H), 7.29 7.22 (m, 1H), 712- 7.09 (m, 2H), 3.96 (s, 3H,
OMe), 2.23 (s, 3HMe); °C NMR U 169.2, 154.7, 154.3, 145.4, 131.4, 130.4, 125.8, 120.4,
10920, 109.18,10848, 108.47567 (OMe), 257 (Me); MS (electrospray), m/325.3(M+Na)".

4-Amino-5-nitro-2-(3-fluorophenyloxy)anisole(1.23).

L,

_0
Me
NH,

NO,

1.23

Compoundl.21 (310.0 mg, 0.968 mmol) was stirred with 35 mL conc. HCI and ethanofg1:7)
solution at reflux for 2 hours. This solution was poured ontemMater mixture, stirred for 30
minutes The resulted solid was collected filyration, washed with water, vacuum dried to give
240.3 mg of1.23 (95 %, yield) as organge solid which is pure enough for next ktelting
point: 120- 121°C; "HNMRU 7. 70 ( s, J=18.4H6.4,Hz, 1H)B92 (td(J & 0.6, 2.4
Hz, 1H), 6.87 (ddJ = 8.0, 2.0 Hz, 1H), 6.81 (df,= 9.6, 2.4 Hz, 1H)6.13 (s, 1H), 5.96 (2H,
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NH,), 3.90 (s, 3H, OMe)*C NMR U 366(d, *Jcr = 247 Hz, CF) 1562 (d, *Jce = 10 Hz),
154.4, 1422, 141.9, 131.1d, *Jcr = 10 Hz), 126.7 115.7 (d*Jcr = 3 Hz), 112.2 (d?Jce = 20.6
Hz), 108.3, 107.9 (dJce = 24 Hz), 1061, 56.6(OMe); MS (electrospray)m/z279.2(M+H)".

4-Amino-5-nitro-2-phenyloxyanisolg1.24).

1.24

Prepared via theasne procedure as compouh@3. Deprotection of compounti22 (260.0 mg,
0.839 mmol) gave 213.7 mg (98% yield)1o24 as yellow solidMelting point:162- 163C; 'H
NMR Ui 7.65 (s, 1H), 7.4- 7.40 (m, 2H), 7.7 - 7.23 (m, 1H), 712- 7.09 (m, 2H), 6.01 (s, 1H),
6.107 5.3 (bs, 2 H, NH), 3.92 (s, 3H, OMe);lSC NMR U0 155.8, 154.7, 142.1, 142.0, 130.4,
125.6, 120.8, 108.0, 104.66.6(OMe); MS (electrospray), m/261.2(M+H)".

6-Methoxy-4-methyt8-nitro-5-(3-fluorophenyloxy)quinoline(1.25).

F : O Me

Me A

Pz

N
NO,

1.25
A mixture ofcompoundl.23(240.0 mg, 0.863 mmoBnd HAsO, (395.2 mg, 1.736 mmpin 3
mL 85 % HPO, was heated t420°C. Methyl vinyl ketone(90.8 mg, 1.290 mmol) wasdded
dropwise intothis mixture.After stiring for 30 mirutes this dark solution waguickly poured
onto icewater mixture. This mixture was basified to pH- 10 with 2N NaOH, and extracted
with dichloromethane3 times. The combined extract wawashed with water, brine, dried
(MgSQy), concentrated, andolumn chromatogragu using a mixture of hexane arethyl
acetatg2:1) as an eluenb give99.0mg (35% yield) of compound..25asbrown solid Melting
point: 167- 169°C; 'HNMR U 8 . 3$4.3(Hd,,1H), 7.88 (s, 1H), B2 7.21,(m, 2H), 6.B
(td, J= 2.4, 0.16 Hz1H), 676 - 6.56 (M, 2H), 3.89 (s3H, OMe), 2.73 (s3H,Me); ®°C NMR U
163.9 (d, *Jcr = 246 Hz, CF)159.1 (d,*Jcr =10 Hz), 150.9, 148.4, 146.9, 143.9, 140.1, 136.2,
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130.8 (d,%Jce = 10 Hz), 1259, 125.3 1119, 11Q9 (d, “Jor = 3 Hz), 109.7 (d,%Jce = 21 Hz),
103.3 (d2Jce = 25Hz), 574 (OMe), 234 (Me), MS (electrospray)m/z329.3(M+H)*.

6-Methoxy-4-methyt8-nitro-5-phenyloxyquinoline(1.26).

: O Me

1.26

Prepared via theasne procedure as compouh@5. Starting frommethyl vinyl ketong89.8 mg,
1.275 mmol),1.24 (220.0 mg, 0.846 mmol), 44AsO, (387.0 mg, 1.689 mmol) and 3 mL 85%
HsPO, gave 118.0 mg (45 % yield) of compouad®6 as brown solidMelting point: 170 -
172C; *H NMR 1i8.76 (d,J = 4.3 Hz, 1H), 7.88 (s, 1H), 782 7.21 (m, 2H),7.22 (d, J = 2.0 Hz,
1H), 7.05 (t,J = 6.0 Hz, 1H), 6.81- 6.78 (m,2H), 3.89 (s, 3H, OMe), 2.73 (s, 3Mle); *°C
NMR U158.0, 150.9, 148.6, 146.5, 144.3, B}1.36.4, 130.4, 130.0, 538, 125.5, 122.7, 120.8,
115.2, 112.2, 57.4 (OMe), 23.5 (MeyIS (electrospray), m/211.2(M+H)".

8-Amino-6-methoxy4-methyt5-(3-fluorophenyloxy)quinoline(1.27).

F : O Me

(e}
Me” N

7z

N
NH,

1.27

Compoundl.25 (35.0 mg, 0.106 mmoBnd iron powder33.6 mg, 0.636 mmpivas mixed with

5 mL aqueoudl0 % AcOHsolution andheated to reflux for 2 hour§he mixture wagooled to
25°C and diluted with water. This mixture wésstly extracted witrt20 mL THF, then, followed
by diethylether 2times Thecombined organic solution wagashed with water and brindried
(MgSQy), concentrated, andolumn chromatogra@d using a mixture of hexane and diethyl
ether(1:1) as an eluento give 29.0mg (92% vyield) of compound..27 as yellow solid Melting
point: 146- 147°C; '"HNMR U 8 . 454.3(Hd, 1H), 7.2 (dd, J= 8.2, 6.6 Hz1H), 7.08 ¢, J

= 4 Hz,1H), 6.8 (s,1H), 6.67 (tdJ = 8.2, 2.3 Hz, 1H), 6.60 (dd,= 8.2, 2.3 Hz, 1H), 6.48 (d§,
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= 10.9, 20 Hz, 1H), 5.15 (bs, 2H, N}, 3.85 (s, 3H, OMe), 2.62 (s, 3Mle); *CNMRU 16 4. 0
(d, 2cr = 244 Hz),161.0 (d,*Jcr = 10 Hz), 1507, 1456, 1436, 143.0 134.0, 130.4 (d2Jcr = 9

Hz), 1276, 1251, 124.7, 11.0 (d, *Jcr = 3 Hz), 1084 (d, 2Jcr = 21 Hz), 1029 (d, 2Jcr = 25 Hz),
98.0,56.4(0OMe), 22.9(Me); MS (electrospray)m/z299.3(M+H)".

8-Amino-6-methoxy4-methyt5-phenyloxyquinolineg(1.28).

:OMe

_O
Me A

—

N

NH,

1.28
Prepared via theasne procedure as compouh@7. Starting from compounil.26 (57 mg, 0.184
mmol), iron (62.0 mg, 1.100 mmol) and 10 mL aqueous 10% AcOH solution gave 47.4 mg (92%
yield) of compound..28 as brown solidMelting point: 145- 146°C; *H NMR 118.44 (d,J = 4.3
Hz, 1H), 7.5 - 7.20 (m, 2H), 7.03 (dd] = 4.4, 0.8 Hz, 1H), 6.97 (§,= 3.6 Hz, 1H), 6.79 6.76
(m, 3H), 5.15 (bs, 2H, N}, 3.78 (s, 3H, OMe), 2.63 (s, 3H, @H**C NMR 1 1597, 150.8,
145.5, 143.3, 143.26, 134.129.7, 128), 125.0, 124.9, 12%, 1150, 984, 56.8 (OMe), 23!
(Me); MS (electrospray), m/281.4(M+H)".

4-Methoxy-2-nitrobenzenaming1.29)

_0
Me \[ ;
NH,

NO,

1.29
N-Acetyl-p-anisidine (2.0 g, 12.0 mmol) was mixed with 20 % nitric acid, and this mixtase
heated to reflux for 1 h and poured onto thevieger mixture. After vigorous stirring for 10
minutes the solid was collected by filtration to give crude product. The crude product was
purified by recrystallizationin ethanol to give 413 mg (33 % yield) of compoun29 as brown
solid.'"H NMR &1 7.54 (d, J = 3.2Hz, 1H),7.08 (dd,J = 9.3, 4.3Hz, 1H),6.76 (d, J = 9.3 Hz, 1H),
3.79 (s, 3H)MS, m/z169.0(M+H)".

44



6-methoxy4-methyl8-nitroquinoline (1.30).

1.30
Prepared via theasne procedure as compouh@5. Starting frommethylvinyl ketone(275 mg,
3.93 mmol),1.29 (440.0 mg, 2.62 mmol), $AsO, (1.20 g, 5.24 mmol) and 12 mL 85%FD,
gave 500.0 mg (87 % yield) of compouh®0 as brown solidMelting point: 159- 162°C; 'H
NMR (CDCk) 8.77 (d,J =4 Hz, 1H), 7.67 (d) = 2.8 Hz, 1H), 7.40 (d] = 2.8 Hz, 1H), 7.33
7.34 (m, 1H), 4.00 (s, 3H, OMe), 2.70 (s, 3H, ££H’C NMR @i 156.1, 149.9, 143.4, 135.3,
130.3, 123.8, 115.6, 106.2, 56.4 (OMe), 19.4 (MdB (electrospray), m/241.0 [M+NaJ,
219.1 [M+H].

8-Amino-6-methaky-4-methylquinoline(1.31).

Me

_0O
Me N

—

N
NH,
1.31
Prepared via theasne procedure as compouh@7. Starting from compounil.30 (250 mg, 1.15
mmol), iron 385.0 mg, 6.88nmol) and60 mL aqueous 10% AcOH solution ga2&2mg (B%
yield) of compoundL.31 as brown solidMelting point: 88 - 91 °C; *H NMR 11 8.48 (d,J = 4.4
Hz, 1H), 7.17 (ddJ = 4.4, 0.8 Hz, 1H), 6.59 (d,= 2.4 Hz, 1H), 6.55 (d] = 2.4 Hz, 1H), 5.13
(bs, 2H, NH), 3.80 (s, 3H, OMe), 2.61 (s, 3H, @H™C NMR Ui 158.8, 145.8, 144.8, 142.9,
135.1, 129.9, 122.8, 101.2, 91.5, 55.4 (OMe), 19.4 (NS, (electrospray), m/289.3 [M+H].
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4-{[5-(3-Fluorophenoxy}6-methoxy4-methylquinolin-8-ylaminolmethy}phenol
(1.20).

OH
1.10

Prepared via the same procedure same as comgadar&tarting fromcompoundL.27(34.0 mg,
0.114 mmol)and p-hydroxbenzaldehyd¢15.3 mg, 0.125 mmolgave 29.2 mg (65 %) of
compoundl.12 as yellow solidMelting point; 168 169°C; *H NMR 118.41 (d,J = 4.8 Hz, 1H),
7.28 (d,J =8.0 Hz, 2H), 7.19 (dt) = 8.4, 6.8Hz, 1H), 7.10 (ddJ = 4.4, 0.8 Hz, 1H), 6.79 (d,

= 8.0 Hz, 2H), 6.66 (td) = 6, 0.4 Hz, 1H)6.62 (dd,J = 8.4, 0.4Hz, 1H), 6.51- 6.49 (m, 3H),
5.02 (s, 1H, OH), 4.44 (s, 2KCH,N), 3.79(s, 3H, OMe), 2.65 (s, 3H, Me)’*C NMR U1 164.0 (d,
YJer = 247 Hz) 161.2 (d,3Jcr = 10 Hz) 1554, 151.2,145.0, 144.3, 143.4, 1337, 130.7, 130.4 (d,

3Jce= 10 H2, 129.4, 126.4125.2, 124.7, 115.8,111.0 (d, “Jcr = 3 H2), 1083 (d, %Ik = 21 Hz),

103.0 (d, 2Jcr = 21 Hz),93.9, 56.8 (OMe) 47.8 (CH.N), 23.4(Me); MS (electrospray) m/z

427.1(M+Na)". Succinic salt ofL..10 was prepared in the same way as compduhdy starting
with 20 mg (0.047 mmol) af.10 and 5.5 mg (0.047 mmol) of succinic acid.

4-[(6-methoxy4-methyt5-phenoxyquinolin8-ylamino)methy]phenol (1.11).

111
Prepared via the same procedure same as comgdnirgtarting fromcompoundl.28(58.0 mg,
0.207 mmol)and p-hydroxbenzaldehyd€27.8 mg, 0228 mmol) gave 73.9 mg (84 %) of
compoundl.11 as yellow solidMelting point: 81 - 182°C; *H NMR 11 8.41 (d, J = 4.0 Hz, 1H),
7.3L7 7.23(m, 4H), 708 (d, J = 4.4 Hz, 1H), @5 (t, J =7.2 Hz, 1H), 81 - 6.79 (m, 4H), 654
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(s, 1H), 653 (bs, 1H,0H), 6.08 (bs, 1H, NH)4.45 (s, 2H, CH;N), 3.79 (s, 3H, OMe), 2.8 (s,
3H, Me); 1*C NMR 11159.8, 155.4, 151.3, 144.9, 144.0, 743.33.8, 130.7, 129.7, 129.4, 126.8,
12504, 125.0, 121.4, 115.7, 115.1, 92.94.30,56.9 (OMe), 478 (CH:N), 23.5 (Me); MS
(electrospray), m/z 409.2 (M+Na)387.1 (M+H)". Succinic salt ofl.11 was prepared in the
same way as compouridl by starting with 20 mg (0.052 mmol) 4f11 and 6.1 mg (0.052

mmol) of succinic acid.

8-Amino-6-methoxy4-methylquinoline(1.12).

1.12
Prepared via the same procedure same as comdo&in8tarting fromcompound1.31 (100.0
mg, 0.532 mmoland p-hydroxbenzaldehydé€71.4 mg, 0585 mmol) gave114.2 mg (73%) of
compoundL.12 as yellow solidMelting point: 16! °C; *H NMR U 8.43 (d,J = 4.4 Hz, 1H), 7.24
(d, J = 8.0 Hz, 2H), 7.20 (d] = 4.0 Hz, 1H), 6.76 (d] = 8.4 Hz, 2H), 6.46 (d] = 2.8 Hz, 1H),
6.43 (bs, 1H;OH), 6.34 (d,J = 1.6 Hz, 1H), 6.07 (bs, 1HNH), 4.38 (d,J = 4.8 Hz, 2H), 3.90 (s,
3H, -OMe), 2.62 (s, 3HAr-Me); *C NMR i 159.4, 155.4, 146.2, 144.243.4, 134.8130.8,
129.9, 129.3, 122.9, 115.6, 97.2, 89.3, 55.4, 47.5, 19S5, ;m/z295.2(M+H)". Succinic salt of
1.12 was prepared in the same way as coamgidl.1 by starting with 20 mg (0.068 mmol) of
1.12 and 8.1 mg (0.068 mmol) of succinic acid.

6-Methoxy-8- (3-phtalimidopropylaminoj4-methyl5-(3-fluorophenyloxy)quinoline
(1.33).



The solution of compound1.27 (25.0 mg,0.084 mma), 3-iodopropylphthalimide Z6.0 mg,
0.084 mmao) and NaHCQ (7.0 mg, 0.084 mmdlmixed with 0.5 mL dryDMF (distilled over
calciumhydride) under argon. This mixtuveas heated to 8{C for 48 hoursAfter cooling to25
°C, this mixture was diled with watergxtractedwith ethyl acetate 3 times, washed with water,
bring dried (MgSQ), concentrated, ancblumn chromatograd using a mixture of hexane and
diethyl ether(1:1) as an eluento recover 13.5 mg of compourid27 and give 17.0 mg (85%
yield, basing on recovered compouh@7) of compoundl1.33 as yellow solid.Melting point:
146- 147°C;'"H NMR U 8 . 3#64.3(Hd, 1H), 7.8- 7.8 (m, 2H), 773- 7.69 (m, 2H), 718
(dt,J=7.2, 6.4 Hz1H), 7.0 (d, J= 4 Hz,1H), 6.65 (tdJ = 8.2 2.3 Hz, 1H), 6.60 (dd] = 8.2,
2.3 Hz, 1H),6.52 (bs, 1H;NH), 6.50 - 6.42 (m, 2H), 3.91 (t)J =6.7 Hz, 2H CH,N), 3.83 (s, 3H,
OMe), 3.43 (qJ = 5.4 Hz, 2H CH;N), 2.60 (s, 3HAr-Me), 2.19 (pentJ = 7.0 Hz, 2H CH,);
13C NMR 11168.7(C=0), 163.9 (d, Jcr = 244 Hz),1612 (d, *Jcr = 10 H2), 151.1, 148, 144.3,
1428, 1342, 1323, 130.4 (dJcr = 10 Hz), 126.1,125.1, 124.5, 123.5, 1D (d, “Jcr = 3 Hz),
1083 (d, ek = 21 Hz), 102.9 (d2Jcr = 25 Hz), 931, 56.9(0OMe), 41.2(CH,N), 36.2(CH;N),
28.2(CHy), 23.3(Me); MS (electrospray)m/z508.2 (M+Na}, 486.2(M+H)".

6-Methoxy-8- (3-phtalimidopropylaminoj4-methyt5-phenyloxyquinoline(1.34).

1.34
Prepared via theasne procedure as compoubh@®3. Starting from compound.28 (37.0 mg,
0.133 mmol),3-iodopropylphthalimide 41.0 mg, 0.133 mmpland NaHCQ®@ (12.0 mg, 0.133
mmol) gavel7.3 mg (89 % yield, basing on thecovereccompoundl.28) of compoundl.34
and recovered compourdd28 27.1 mg.Melting point:164- 165°C; *H NMR i 8.36 (d,J = 4.3
Hz, 1H), 7.& - 7.8 (m, 2H), 772- 7.69 (m, 2H), 7.23 (tJ = 7.4 Hz, 1H), 7.01 (dJ = 4.3 Hz,
1H), 6.93 (tJ = 7.4 Hz, 1H), 6.77 (d) = 8.6 Hz, 2H), 6.8 - 6.46 (m, 2H), 3.91 (tJ = 6.6 Hz,
2H, CH:N), 3.83 (s, 1H, OMe), 3.43 (d,= 7.0 Hz, 2H, CHN), 2.61 (s, 3HAr-Me), 2.20 (pent,
J=70Hz, 2H, CH); 13%C NMR 11168.7, 159.8, 151.2, 144.9, 144.0314 134.2, 134.0, 132.3,
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129.7, 126.5, 125.0, 124.8, 123.5, 121.4, 115.1, 93.4, 57.0 (OMe)(@H;R), 36.2 (CHN),
28.2 (CH), 23.3 (Me) MS (electrospray), m/268.3(M+H)".

2-[3-(6-Methoxy-4-methylquinolin-8-ylamino)propylisoindoline-1,3-dione (1.35).

Me

1.35

Prepared via theasne procedure as compouh@®3. Starting from compound.31 (70.0 mg,
0.372 mmol),3-iodopropylphthalimide 115.0 mg, 0.372 mmpland NaHCQ(31.0 mg, 0.372
mmol) gave57.3 mg (86 % yield, basing on thecoveredcompoundl.31) of compoundl.35
and recovered compourdd3135.5mg.*H NMR U J& 4.3 18z, 1HY 7.88 7.80 (m, 2H),
7.727 7.65 (m, 2H), 7.14 (d) = 3.8 Hz, 1H), 6.4% 6.40 (m,2H, ArH & NH), 6.28 (d,J= 2.3
Hz, 1H), 3.91 (s, 3H, OMe), 3.87 @,= 6.6 Hz, 2H CH;N), 3.36 (q,J = 6.6 Hz, 2H CH;N),
2.59 (s, 3H, El3), 2.13 (pent) = 7.0Hz, 2H CH,); °C N MR #(CQ)6.89.3,746.3, 144.3,
142.8, 135.0, 134,2132.3, 129.7, 123.5, 122.9, 96.4,.89%55.4 (OMe), 40.9 (CH;N), 36.2
(CH2N), 28.1(CHy), 19.5(Me); MS (electrospray)m/z398.0 [M+Na], 376.3[M+H]".

3-[6-Methoxy-4-methyt5-(3-trifluoromethylphenoxy)quinolin-8-
ylamino]propanamide(1.13).

Compoundl.17 (70.0 mg, 0.D1 mmol) andacrylamide(14.3 mg, 0.21 mmol) wasdissolvedin
3 mL acetonitrilen a sealed tube. The systevasdegased with argon arated to 126C for
30 hours The solvent wasoncentrateaff, and residue was directgolumn chromatograeu
using a mixture of hexane and dietlegher(1:1) as an eluento give 48.2mg (57% yield) of
compoundl.13 as a ight brown solid.Melting point 170- 172C; *H NMR i 8.40 (d,J = 4.4
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Hz, 1H), 7.33 (t) = 8.0 Hz, 1H), 7.20 (d) = 7.6 Hz, 1H), 7.08 7.05 (m, 2H), 6.93 (dJ = 8.0
Hz, 1H), 6.58/ 6.49 (m, 2 H), 5.75 (broag 1H, NH), 5.56 (broad, 1H, NH), 3.83 (s, 3H,
OMe), 3.71 (tJ = 6.4 Hz, 2H CH:N), 2.72 (t,J = 6.4 Hz, 2H CH,CO), 2.61 (s, 3HMe); °C
NMR U 173.6, 159.8, 151.0, 145.144.2, 142.8, 134.0, 132(q, 2Jer = 32 Hz, C-CRy), 130.2,
1263, 1254, 124.61241 (q, Y = 268Hz, CFRs), 1184, 118.2(q, *Jer = 4 HZ), 1122 (9, 3Jcr =

4 Hz), 93.7, 580 (OMe) 399 (CH,), 35.7 (CH,), 23.3(Me); MS (electrospray), m/z 442.6
(M+Na)*, 420.4(M+H)". Succinic salt ofl.13 was prepared in the same way as compdumhd
by starting with 40 mg (0.095 mmol) #fl3and 11.2 mg (0.095 mmol) of succinic acid.

6-Methoxy-8-[(3-aminopropyl)amino}4-methylt5-(3-fluorophenyloxy)quinoline (1.14).

F : O Me

_0
Me N

b

N
HN

NH,

1.14

Compoundl.33(17.0 mg, 0.035 mmolh 6 mL 20 %hydrazine in ethan® solutionwas heated
to reflux overnight. After concentrating ethanol off, the residue was diluted with 4Qui#ous
K>CQO; solution, extracted ith dichloromethane 3 timesiried over Ko.COs;, concentrated and
column chromatograu usng a mixture ofdichloromethan@ndmethanol(4:1) as an eluento
give 7.5 mg (58% yield) of compouridl4 as yellow solidMelting point: 96- 97 °C; *H NMR U
8.38 (d,J = 4.4 Hz, 1H), 718(dt,J =8.0, 7.6 Hz, 1H), 7.05 (d,J = 4.3 Hz, 1H),6.66 (td,J = 8.2,
2.3 Hz, 1H), 6.61 (dd] = 8.2, 2.3 Hz, 1H)6.58- 6.46 (m, 2H), 6.41 s, 1H),3.85 (s, 3H, OMe),
3.42 (t,J=6.6 Hz, 2H CH;N), 3.00 (t,J=7.0 Hz, 2H CH:N), 2.66 (bs, 2H, Nb), 2.60 (s, 3H,
Ar-Me), 2.17 (pent)] = 6.6 Hz, 2H);**C NMR Ui 164.0 (d, *Jcr = 243 Hz),1613 (d, 3Jcr = 10
Hz), 151.2, 144, 1446, 142.9, 133, 1305 (d, 3Jcr = 10 Hz), 1261, 1252, 1246, 111.0 (d,
*Jer = 3 Hz), 1083 (d, 2cr = 22 Hz), 102.8 (d2Jce = 25Hz), 932, 569 (OMe), 414 (CH,N),
405 (CH2N), 322 (CHy), 231 (Me); MS (electrospray)m/z356.2(M+H)". Succinic salt ofL.14
was prepared in the same way as compduhdby starting with 5 mg (0.014 mmol) @f14 and

1.6 mg (0.014 mmol) of succinic acid.
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6-Methoxy-8-[(3-aminopropyl)amino}4-methyt5-phenyloxyquinoline(1.15).

: O Me

_0
Me N

N N
NH,
1.15
Prepared via the sameogedure same as compouhdl. Starting from compound..34 (17.3
mg, 0.036 mmol) gave 7.2 mg (59% yield) of compolii® as yellow solidMelting point: 130
-131°C;'H NMR U J3B=.4.3 Bz, {H} 7.21 (t) = 8.6 Hz, 2H), 6.8 (d,J =4.4 Hz, 1H),
6.92(t, J=8.6 Hz, 1H, 6.75 (d,J = 8.6 Hz, 2H), 6.49 (s, 1H), 6.30 (b%H, NH), 4.35 (bs2H,
NH,), 3.81 (s3H, OMe), 3.42 (tJ=6.2 Hz, 2H CH;N), 3.10 (t,J=6.6 Hz, 2H CH;N), 2.60 (s,
Ar-Me), 2.11 (pent] = 6.2 Hz 2H, CHy); ®*C NMR U 1851%13, 144.9, 144.1, 143.3, 133.9,
1297, 126.7, 125.0, 124, 121.4, 115.0, 93.9, 57 (OMe), 41.2 (CH.N), 394 (CH:N), 29.9
(CHy), 23.4(Me); MS (electrospray)m/z 338.1(M+H)". Succinic salt ofL..15 was prepared in
the same way as compoufd by starting with 5 mg (0.BL.mmol) of 1.15 and 18 mg (0.05

mmol) of succinic acid.

6-Methoxy-8-[(3-aminopropyl)amino}4-methylquinoline(1.16).

HN

1.16
Prepared via the sameoggedure same as compouhdl. Starting with compound.35 (20 mg,
0.093 mmol) gave compouridl6 12.1 mg (56 %, yield) as yellow ofiH N MR8.41i(d,J =
4.3 Hz, 1H), 7.16 (d] = 4.6 Hz, 1H), 6.42d,J = 2.3 Hz, 1H), 6.32d, J = 2.3 Hz, 1H), 6.27 (bs,
1H, NH), 3.92 (s, 3H, OMe), 3.35 (= 6.3 Hz, 2H CH,N), 2.90(t, J =7.0 Hz, 2H CH,N), 2.59
(s, 3H Me), 1.92 (pentJ = 6.6 Hz, 2HCH,); ®C NMR U 159. 2, 146.6, 14
129.7, 122.9, 96.3, 88.8, 55(@Me), 41.3 (CH;N), 40.4(CH.N), 33.0(CH,), 19.5(Me); MS

(electrospray) m/z 245.2 (M+H)". Succinic salt of1.16 was prepared in the same way as
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compoundL.1 by starting with10 mg (0.1 mmol) of 1.16 and4.8 mg (0.@0 mmol) of succinic

acid.
Procedure forenzyme inhibition assays
PKC assay. Enzyme (KKC) was incubated witlsubstratgP-L-S-R-T-L-S-V-A-A-K, ¢ = 0.4

e g/ eHy0), thaactivator solution(1 mg/ml phosphatidylserine in watesgplbstratgrotection
solution, and the test compounds (inhibitors}ha buffer solution (100 mM HEPES, 6.5 mM
CaCh, 5 mM DTT, 50 mM MgC4, and 5 mM ATP)at 30°C for 45 minutes The system was
warmed to 106C for 10 minutesto stop the enzyme reaction, ame teactionwasloaded irio

the agarose gel placed in a horizontal gel electrophoresis chanmimmr/ectrophoresis was
carriedout for 30 minutes at 100 VThe photographof the gel was takeander UV by Kodak

Gel Logic 1500 Digital Imaging System, and quicdtion of both phosphorylated and
nonphosphorylatedsubstrateswere carried outby Imagequant 5.2 software (Molecular
Dynamics/Amersham Biosciences).

GSK-3 b a s Bnayye (GSK3b) was incubated witlsubstrateATP, and the test compound

for 40 minutes at room temperaturEhen, an equalamountof ADP-G| o E Rewssgy e n't
introduced imo the reaction mixture and incubated at room temperature for 40 miu@es ¢ L o f
kinase detection reagent was ad@ed incubated at room temperature fortart30 minutes.

The luminescencef the mixturewas measured usireggGlo Max multi detection luminometer.

1.7 References

1. http://en.wikipedia.org/wiki/GSK3.

2. Harwood, Adrian. J.; Regulation of GSK A cellular multiprocessoCell, 2001, 105, 821
824.

3. Meijer, L., Flajolet, M., Greengrad, P., Pharmacological inhibitors for glycogen synthase
kinase 3, TRENDS in Pharmacological Scienc2804 25 (9), 471480.

52



4. (a) http://www.alz.org/alzheimers_disease_what_is_alzheimers.asp (b)
http://en.wikipedia.org/wiki/Alzheimer%27s_disease

5. King, M.K., Pardo, M., Cheng., Y., Downey, K., Jope, R.S., Beurel, E., Glycogen synthase
kinase3 inhibitors: Resource of cognitive impairmerRsarmacology & Therapeutic)14
141, 1-12.

6. http://www.ak.org/alzheimers_disease_standard_prescriptions.asp

7. (a) http://en.wikipedia.org/wiki/Donepezil (b) http://www.drugs.com/exelon.html (c)
http://en.wikipedia.org/wiki/Galantaminéd) http://en.wikipelia.org/wiki/Memantine

8. Phukan, S., Babu, VS., Kannoji, A., Hariharan, R., Balaji, B., @BKrole in therapeutic

landscape and development of modulatBrgjsh Journal of Pharmacology®01Q 160, 119.

9. EldarFrinkelman, H., Martinez, A.; GSR inhibitors: preclinical and clinical focus on CNS,
Frontiers in molecular neuroscienc2011, 4, 1-18.

10.Shi, Aibin, Nguyen, Thu A., Battina, Srinivas ket al Synthesis and AnBreast Cancer
Activities of SubstititedQuinolines Bioorg. Med. Chenlett, 2008 18(11), 33643368.

11.Pokhrel, L., Kim, Y., Nguyen, T.D., Prior, A.M., Lu. J., Chang, KO., Hua, D.H., Synthesis
and antinorovirus activity of pyranobenzopyrone compourile, Org. Med. Lett 2012 22
(10), 3180-3484.

12.Brzaszca, M., Kloc, K., Maposah, M., Mlochowski, J., Selenium(lV) oxide catalyzed
oxidation of aldehydes to carboxylic acid with hydrogen perox&e. Comm 200Q 30,
44254434,

13.Li, H.,, Wang C., SanchezT., et al, Amidecontaining diketoacids as HiV integrase
inhibitors: Synthesis, Structugctivity relationshipanalysis, and biological activit@ioorg.
Med. Chem 2009 17, 291329109.

14.Jansen, M., Crystal structure of 8, Angew. Chem., Intel. EAL977, 16(5), 314315

15.Laxman Pokhrel, Izumi Maezawa, Thi D. T. Nguyen, et al.; Inhibition of AxyA:
Cholesterol Acyltransferase (ACAT), overexperssion of cholesterol transpoter gene, and
protection of amyloid H/Ab) oligomerinduced neuronal cell death by tridigc pyrone
molecules,). Med, Chem2012 55, 89698973

16.GSK-3b BP-Glo™ Kinase assay: https://www.promega.com/products/cell

signaling/kinasessays/cmgginaseenzymesystems/gsk®etakinaseenzymesystem/

53


http://en.wikipedia.org/wiki/Memantine
https://www.promega.com/products/cell-signaling/kinase-assays/cmgc-kinase-enzyme-systems/gsk3-beta-kinase-enzyme-system/
https://www.promega.com/products/cell-signaling/kinase-assays/cmgc-kinase-enzyme-systems/gsk3-beta-kinase-enzyme-system/

17.PKC PepTad" Kinase assay:https://www.promega.com/products/eslfinaling/kinase

assays/peptagon_radioactiveproteinkinaseassays/
18.Harr, E., Coll, J.T., Ausin, D.A., Hsiao, H., Swenson L., Jain, J., Structure of GBK
reveals a primed phosphorylation mechaniiature Structural Biology2001 8, 593596.
19.Bertrand, J.A., Thieffine, S., Vu;petti, A., Cristiani, C., Valsasina, B., Knapp, S., Kalisz,

H.M., Floaco, M., Structural characterization of the GSK active site usingelectiveand
nonselective ATPmimetic inhibitorsJ. Mol. Biol, 2003 333 393407.

20.llouz, R., Kowalsman, N., Eisenstein, M., Eldankelman, H., Identification of novel
glycogen syrtiase kinas@b substratdanteracting residues suggesting a common mechanism
for substrate recognitiod, Biol. Chem2006 281, 3062130630.

21.0. Trott, A. J. Olson, AutoDock Vina: improving the speed and accuracy of docking with a
new scoring function, effient optimization and multithreadingpurnal of Computational
Chemistry201Q 31, 455461

22. http://www.rcsb.org/pdb/results/results.do?outformairi@=61F2CFBD&tabtoshow=Curre

nt.

23.Dajani, R., Fraser, E., Roe, S.M., Yeo, M., Good, V.M., Thompson, V., Dale, T.C., Pearl,
L.H., Structural basis for recruitment of glycogen synthase kiBlage axinAPC scaffold
complex,The EMBO Journal2003 22 (3), 49%-501.

24. http://molprobity.biochem.duke.edu/

25. http://en.wikipedia.org/wiki/Partition coefficient

26. http://www.academia.edu/3621739/log_P_and log_s_of CNS_active. drugs

27. http://www.vcclab.org/lab/alogps/

28.Lipinski, C.A., Lead and druglike compounds: the rulef-five revoluion, Drug Discovery
Today 2004 1(4), 337341.

29.Avin, P.M.G 2-Aminofluorene, Org. Synth 1973 5, 30.

30.Hashimoto, N., Takashi, Y, Hara, T., Shimazu, S., Mitsudome, T., Mizugaki, T., Jitsukawa,
K., Kenda, K., Fin tuning of Pchanoparticle formation on hydroxyapatite and its application

for regioselective quinoline hydregantion, Chem Let, 201Q 39, 832834.

54


https://www.promega.com/products/cell-signaling/kinase-assays/peptag-non_radioactive-protein-kinase-assays/
https://www.promega.com/products/cell-signaling/kinase-assays/peptag-non_radioactive-protein-kinase-assays/
http://www.rcsb.org/pdb/results/results.do?outformat=&qrid=61F2CFBD&tabtoshow=Current
http://www.rcsb.org/pdb/results/results.do?outformat=&qrid=61F2CFBD&tabtoshow=Current
http://molprobity.biochem.duke.edu/
http://en.wikipedia.org/wiki/Partition_coefficient
http://www.academia.edu/3621739/log_P_and_log_s_of_CNS_active_drugs

Chapter 2 - Progress on total synthesis of (+\Myriceric acid (A)

2.1 Introduction

2.1.1 Endotheline-1 peptide and lo-activity, isolation andstructure characterization of (+)
myriceric acid A

In 1988, avasoconstrictor peptide was isolated from thture supernatant of porcine
endothelial cell (EC) by Yanasigave al, which is now known as endothelln(ET-1).! The
structure of ET1L was determined by the same group and showfigare 2.1 ET-1 is 2%
residue peptide which contains four cysteines. It has a fused bicyclic structure which is built up
by two disulfide bridgegCysl:-Cysl5 and Cys&ysll) and essentiafor ET-16s activity
Destruction of this bicyclic structure led the-ETo be inactivé
Figure 2.1 : Structures of ET-1

The ET1 preferringvasoconstrictor receptor,which is termed as Elreceptor, was
firstly identified by DNA-cloning and expression methodology from bovine [iBgvinets ETx
receptor is found in vascular smooth muschdls and contains 427 amino acids, and its
molecular mass is about 48.5 kilodaltdrisis considered as the member of the superfamily of
G-protein coupled receptors (GPCR) because of their high homology in the transmembrane
domains® Till now, no crystaktructureof human ET, receptotis reported.

Signal transduction forascularconstrictionstarts from the binding of ET to ETy on
the membrane of vascular muscle éellhis binding could increase tHermation of inositol
triphosphate (Ip) in the vasclar muscle cell, and the elevated level of #®uld stimulate the
sarcoplasmic reticulum (SR) to release calcium into cytoplasm. ifteasedcytosolic

concentration of free calciusventuallyinduces therasoconstrictiorfFigure 2.2)*°
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Figure 2.2 : Vascular signal transduction for constrictior{

* B Cah%SR
AN /

Constriction!

ET-1 is known as the most potent mammalian vasoconstrictor peptidg{B@O+ 2.2 x
10* nM in porcine right poximal coronary artery assagnd chareterized by its long lasting
vasaonstriction effect and highdifficulty in rinsing out from the system. ET induced
vasoconstriction is closelyssociatd with calcium ion concentrationgagoconstrictiortould not
occur in calciurAree environmentor significantly reducedin the presence of calcium channel
blocker.*

Studies indicate that ET-1 and/or its receptors are involved in masgrdiovascular
diseases such as: heart failuceronary vasospasmnd hypertensiofi.Applications of ET1
receptor artagonists gave promisingtherapeuticeffects on these diseas€sFor example,
Bosentan, a negelective ET1 receptor antagonist, is in market for pulmonary hypertension
(Figure 2.3)' However, because of the strong side effects of these drugs, foplexaime
hepatotoxicity from Bosentan, the discovery of newIEfeceptor antagonist with less toxicity
and higher efficiency have been continued.

Figure 2.3 : Structure of Bosentarf

O\\S//O
Me)/®/ ‘NH o-Me
Me \e N @)
N L~

| N N @]
_N L_oH

In 1996, Sakurawi, K.et al found that the methanol extract of frebtyrica ceriferas

twigs could prevent th&T-1-inducedcytosolic free calciuntoncentratiorincrease in rat aortic
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smooth muscle A7r5 cells with #¢of 35 ng/mL? Further purification gave amore active

fraction (IGo = 0.11 ng/mL)° At last, a pure compound was obtained by spraparative
reverse phase high performance liquid chromatography (HPO®)s compoundnhibits not

only on ETF1 induced cytosolic calcium concentration increasegq(#C0.0075nmg/mL) but also
specifically antagonize@T-16s binding to Ha (ICso = 0.04my/mL).° This compound is now
known asmyriceric acid A.

The structure of myriceric acid A wasoposedon the results from higresolution mass
spectrometryH NMR and**C NMR.? Myriceric acid A shows a mass of 632.3715, and its
molecular formulas calculated as 4Hs,0;7. Results of NMR experiments irugdites the exising
of atranscaffeoyl groupand a tritepene moietyKigure 24).

Figure 2.4 : Structure of myriceric acid A®

Isolated nyriceric acid A was methylated by diazomethane, and the caffeoyl acid ester
washydrolyzedoff by sodium hydroxide to givester alcohoP.1l. Compound2.1 was acetylated
by acetic anhydride to form thtester2.2 which iscrystallinesolid (Scheme 2.1§.
Scheme2.1 : Synthesis of compound 22

1. CH,N,, diethyl ether
2. NaOH, H,0, MeOH

Myriceric acid A 21 2.2

The crystal structureof 2.2 is resolvedby X-ray analysis and shown Figure 2.5. The

absolute configuration of compoud was assigned according to the positive Cotton effect in
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the circular dichroism (CD) experimeftt. This X-ray structure plus NMR experiments results
confirmed the structure of myriceric acid A.

Figure 2.5 : Crystal structure of compound 2.5

2.1.2 Semisynthesis omyriceric acid A

Thesemisynthesis of myriceric acid A wascomplishedn 1997 by Konoike, Tet al.®
This partial synthesis used oleanolic acid as the starting material via 14 steps to give final
productmyriceric acid A. The retraynthetic analysissishown inScheme 2.2. As the authors
mentionedin the article, direct acylationf 27-hydroxy groupwith caffeic acid could not be
achieved with an acceptable yield; hencéinal product myriceric acid Avas preparedfrom
compound2.3 in alternative stitegy Compound2.3 could be converted from compou2d,
andcompound.4wasderived from oleanolic acid.

Scheme2.2 : Retro-synthetic analysis of partial synthesis of myriceric acid A

4 = OH
O)\/\Q:
OH

Myriceric acid A 2.3 2.4

Oleanolic acid

Thesemisynthesis of myriceric acid started with the oxidatiothef 3hydroxy group in

olearolic acid (500 mg, $309.00 form Sigrnaldrich). Jones oxidation of olealic acid gave
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compound2.5. Olefin functionality in 2.5 was epoxidized by ozone, and the epoxide vig
opered by the attack of carboxylate neartuygive lactone2.6 in one pot.Compound2.6 was
treated with nitrosyl chloride to form the unstable nitéfé Light irradiation of2.7 gavedesired
productcompound2.8via Barton reactioh(Scheme 2.3)

Scheme2.3 : Partial synthesisof myriceric acid A (Part 1)

NOCI, Py

94% vyield

Oleanolic acid from

olive leaves extract

2.7 2.8

Ozone is a strong oxidizing reagent, and, in most cases, ozone reacts with olefin to form
the trioxolane. Thelissectof O-O bond in trioxolane yields the carbonyl compound to furnish
the olefin cleavage However, for olah with strong steric hindrancehe epoidation to the
double bonds by ozonepiseferred and this is calledipartial cleavagiof the olefin'®

The mechanism of Bartém reaction is described herein to explain the transformation
from compound.7 into 2.8° Under the lightrrigation, nitrosol moiety could be decomposed to
give oxygen radical anditric oxide radical. The formed oxygen radical abstract the hydrogen to
give thehydroxyl group andydrocarbon radicalThis hydrocarbon radical reacts with the aitr
oxideradical nearbya form new nitroso compound which could be epimerized to oxime.

Scheme2.4 : Barton @ reaction mechanism

H
hv -
QR L S— . R|——————— @R E— O(HIR @
W OH 0- C*H N H N7 R
T~ |
O (yo 5 OH
NO

ON~

Reduction of @ime 2.8 with titanium trichloridegave imine2.9. This imine was highly
stable because of tlies h i e éffdctgivem dythe pentagclic structure, and the hydrdastion
of this imine was furnished by sodium nitrite in acetic a€tte mechanismwas probably via a

hydroxylazamine intermediate-C=N=N-OH), and this azoimindaydrolyzedreadily to give
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aldehyde2.11 However, partial othe formed aldehyd.11reacted with nedéry hydoxy group

to giveacetal2.1Q Thisacetal2.10washydrolyzedunder basic condition to regenerate aldehyde
2.11 C3-carbonyl group ir2.11wasthenprotected with ethylenglycol to giveacetal2.12 and
acetylation ofC12-hydroxy group in2.12was carried out with acetic anhydride in pyridine to

give 2.13 12-13 Qefin regeneratiorand aldehyde reductioim 2.14 was achieved by lithium
ammonia reductive elimination. The mechanism of this step was discussed in the paper. Authors
indicated that the aldehyde functionality actediesctron transportéiin this process. lnitially
obtained electrons from lithiund then, transferred them to the-&&rbon to reduce the acetate

off. The formedanon undekvent eliminationof the lactongand the lElehyde was reduced then

to give desire®.14(Scheme &).2

Scheme2.5 : Partial synthesisof myriceric acid A (Part 2)°

TiCl,

2.8 2.9 2.10 211

‘ KOH, MeOH T

77%yield

Ethylene glycol Li. NH
PPTS Ac,0, Py B 3

_—
96% yield,
two steps

99% yield C

2.12 213 2.14
Ités worthy to not that the reactivity relationships between-2¥osition GH and 12
position GH. The intramolecular reactionsetween these two positionseamich easier to
proceed becausesix-member ringtransitionstateis readilyachievedto facilitate the reaction
(Figure 26). Examples are Bartda reactiofl and the transformation .14 from 2.13 This

interestingdiscoverycouldbe applied into the totalynthesisof myriceric acid A.
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Figure 2.6 : Intramolecular six-member ring transition state

X, Y =H or substitute
Compound2.14 was treatedvith 2 N HCI to give keton@.15 The installation of 27

position caffeic acid ester was furnished in three st®pstarting with 2.15 via Horner
WadsworthEmmons (HWE) olefination reactionAlcohol 2.15 was firstly treated with
diethylphosphonoacetic acid and carbonyldiimidaz@DI) to give the ester2.3. Ester 2.3
reacted with benzaldehyd®16 to give 2.17 readily. Deprotection o.17 with trifluoroacetic
acid finally gave desired product myriceric acig¥cheme &).2

Scheme2.6 : Partial synthesisof myriceric acid A (Part 3)°

OH
2 N HCl (EtO),P(O)CH,COOH, CDI
) : , - : o)
98%yield OH 84% yield . %
A POIEO),
2.14 215 93
DBU, LiCl TFA
> _— Myriceric acid A

CHO 80% yield, two steps

[ j\ o~
OCHPh, = OCHPh,
OCHPh, o
OCHPh,

2.16
2.17

2.1.3 Importance of total synthesis of myriceric acid A

The semisynthesis of myriceric acid A was accomplisfigubwever, so far, no total
synthesis of ryriceric acidA has been reportecrd this workis still highly neededfor the
following reasons.

Firstly, total synthesis of myriceric acid A wiéld to theintermediates and/or compounds
derived from it to assistthe study of its structureactivity relationship(SAR). As mentioned
above, myriceric acid A isa nonpeptide ETl-specific antagonisin the reported natural

products, and it has great potentiathe treatment oET-1 and/or ET1 receptor related diseases,
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such asheart failureand pulmonary hypertensidrHence, the study of its SAR will not only
provide information to disclose ttliberapeutianechanism but also lead tioe development of
more potent drugandidates. blike total synthesis, the partial synthesis of myriceric acid A
only gave compoundsith very limited numbers and structural varietidsich is not enougffior
SAR study;however, a depictedin Figure 27 below, many useful andterestingintermediates
and novel compoundsould be synthesizediia the methodologyfor the total synthesis of
myriceric acid Aand used for the SAR study.

Figure 2.7 : Intermediates could be synthesized in total synthesis of myriceric acid A

2.18 H 2.19

“h o
o%\/\@
OH

Myriceric acid A

R = OH, or any carboxlic acid ester

2.23

Secondlytotal synthesis of myceric acid Amay providea protocolto synthesze other
triterpenetype natural products. As the largest gradpheisolated compounds in the natural
products, triterpentype natural products are reported to have vamawelbiological properties
such as antioxidant, antdtic, anticancer activitiestc.'* However, the applications of these
compounds are limited because of thkw availability from natural sourcesTherefore,
obtairing triterpenetype natural productgia chemical methois one of possible solutions to
solve thisproblem The methods developed to construct the triterpskeletonand modify the
functionalitiesin the total synthesis afiyriceric acid A could also be used to synthedisther
triterpene ompounds directly or aftenodification Hence the protocol for synthes similar
type oftriterpene compoursdkcan be developed based the achievement of the total synthesis

of myriceric acid A The semisynthesismethod for myriceric acid Avhich started from
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oleanolic acidcould onlybe used to synthes myriceric acidand onlysuitable fora limited
number oftriterpenecompoundgFigure 28).**

Figure 2.8 : Few examples of the reported triterpeneype natural products™

Isolated from extract of Fagonia arabica, Isolated from extract of Baeckea gunniana, Isolated from extract of Melissa officinalis,
anticancer activity 112 DNA Polymerase beta Inhibitors ° potential antimicrobial activity 1€

2.24 2.25 2.26

2.1.4 Progressmadeby Angelo Aguilar?

This project wasnitially carried outby aformer graduate studeridr. Angelo Aguilar in
Huas laboratory*? His work will be briefly introduced in this section.

Initially, 2-methyt1,3-cyclohexanalione was treated with ethyl vinyl ketone to give a
Michaeladditionproduct2.27in aquantitativeyield. Then enatio-selective intramoleculaldol
condensation was carried owith ketone2.27, D-phenylalanineand D-camphorsulfonic acid
(D-CSA) to give two ringenoneketone(-)-2.28with 95%ee Selective reduction @f)-2.28with
0.25 eq. sodium borohydride gave alcoqp2.29in high yield(Schene 27).

Scheme2.7 : Progress made by Ayuilar (Part 1)*

O Me D-phenylalanine,

Me Ethyl vinyl ketone, D-camphorsulfonic acid, NaBHy,,
o 0 KOH, MeOH Me DMF Me MeOH Me o
> O o > 0 —
99% yield 68% yield o o

90% yield

2-Methyl-1,3-
cyclohexanedione 2.27 (-)-2.28 (-)-2.29

Robinsonannulation of alcohof-)-2.29with ethyl vinyl ketone was carried out by using
sodium methoxide as base to give three ring comp@tiRe.30in 68% yield. Optical rotation of
the obtained(+)-2.30 was taken and compared with the value of enantiamaldyi pure
compound which indicated 48%ee of optical purity Optically impure enone (+)-2.30 was
reduced by lithiurdiquid ammonia, the generated enolate was trapped by methyl iodide to give
ketone (+)-2.31 Ketone (+)-2.31 was treated with ethylene glycol and pyridiniup
toluenesulfonat¢PPTS) to give the protected compouyrd2.32 Alcohol (-)-2.32was oxidized
by 2-iodoxybenzoic acid (IBXjo give three ring ketong)-2.33(Scheme 2.8)
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Scheme2.8 : Progress made by Auilar (Part 2)*

Ethyl vinyl ketone, 0
Me o MeONa, MeOH OH Li, NHg, Mel
o) 68% yield ) I 45% yield
Me

48 % ee

Ethylene glycol,
OH cat. PPTS, toluene

-
?

95% yield

(-)-2.29 (+)-2.30 (+)-2.31

OH IBX, DMSO
—>

95% yield

(-)-2.32 (-)-2.33

To activate the carbond a-H, ketone(-)-2.33 wastreaed lithium diisopropylamide
(LDA) and diphenyldisulfide to yieldsulfide (+)-2.34 Compound(+)-2.34 then underwent
Michael addition reaction with methyl vinyl ketone to give(-)-2.35 Removal of he
phenylsulfide in (-)-2.35 was achieved by the radicareduction reaction with
azobisisobutyronitile (AIBN) and tributyltin hydrid® form a mixture of-)-2.36 and (-)-2.37.
Intramolecularaldol condersation of (-)-2.37 furnished the ring formation to yield four ring
compound2.38 However,compound(-)-2.36 could not undego the sameldol condensation to
give tetracyclic compound. The reason mipietthe C8methyl group blockghe enolate of
methyl ketone attadhg the carbonyl from the top face. Stirred with sodium methoxide in
methanol, compoun@)-2.36 could be transferred into compoug-2.37 and finally gave to
same cyclized compour{g)-2.38(Scheme 2.9)
Scheme2.9 : Progress made by Auilar (Part 3)*

“SPh

LDA, diphenyldisulfide o MeONa, methyl vinyl ketone

71% yield 100% yield
()-2.33 o
“H
MeONa, MeOH
cat. AIBN, (n-Bu)sSnH o etha e
. > 92% yield
89% yield
()-2.36 ()-2.37 ()-2.38

cat. MeONa, MeOH T
81% yield
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Sodium nitrile was introduced tenone(-)-2.38to give a Michael addition produét)-
2.39 then, enolsilyl ether (-)-2.40 was obtained by treating ketone (-)-2.39 with t-
butyldimethysilyl triflate (TBS-OTf) and triethyl amine. The nitrile it)-2.40was reduced to
imine 2.41 with diisopropyl aluminum hydride (DIBAL-H). Removal oft-butyldimethylsilyl
group in2.41 with tetrabutylammoniunfluoride (TBAF) gavehemiaminal2.42 Under acidic
condition, hemiamina2.42washydrolyzedto give aldehyde ketori243(Scheme 2.10)
Scheme2.10: Progress made by Auilar (Part 4)*

O NH,CI, KCN, DMF

0 EtgN, TBS-OTf, DCM
" H 91% yield C

H 100% yield

(-)-2.38
DIBAL AcOH
58% yield 80% vyield

2.41 242 2.43

No furtherprogressvas made byDr. AngeloAguilar because of thavailabletime, and
this projectwas continued by me during my Ph.D period research. The progress | made will be

introducedand discussed in tHellowing sections.

2.2 Retro-synthetic analysis of myriceric acid A

To get a better understanding and more rational design of this projectsyethetic
analysis was conducted anddsscriptedn this section.

Since the synthetic route from compou2d4 to myriceric acid A have already been
reported in the partial synthesis of myriceric aciqScheme %)%, the target molecule of this
project could be compourzil4d Compound2.14could be synthesizefdom compound®.44via
several steps: deoxggarion of the C16-carbonyl group to methylene, reduction of &4
nitrile into alcoho) andthe elimination to give 1213 olefin. Compound?.44 could be obtained
from (+)-2.45 after the 17position b-keto-ester formation, I-position allylic functionalization
and Michael addition of enone D, E rings in(+)-2.45 could be constructedvia an aldol
condensatioiMichael additionaldol condensation sequence by using three ring comp@gnd

2.33 andnovelketo-aldehyde?.46as the starting materialCompound-)-2.33 could be formed
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from (-)-2.29 via A-ring formation, reductive methylation amainctionalgroup inteconversion
(FGI) steps. A new method was developed to solve the problem of getting low erexugss of
the(-)-2.33, and this method will be discussed in the following secflavo ring compound-)-
2.29 could be synthesized forfn3-cyclohexanalione.

Figure 2.9 : Retro-synthesis of 2.14

Ketone-deoxygenation
nitrile reduction,
olefin generation

Myriceric acid A 2.14 2.44

b-Keto-ester formation,
allyl functionalization
Michael addition

D,E ring construction OMe Me o]

| % > AN

H Me

(+)-2.45 2.46 ()-2.33
A-ring construction, Methylation,
reductive methylation, C-ring construction,
FGI oH FGI |
( )-2.29

1,3-Cyclohexandione

2.3 Preparation of starting materials for asymmetric synthesis of BC-ring

Transformation from 2-methyl1,3-cyclohexaedione to keto-alcohol (-)-2.29 was
accomplishedy following the Aguilarts proceduré? and this sectiomtroduceshe preparation
of the starting materials f@ynthesiof compound-)-2.29 (Figure 210).

Figure 2.10: Transformation from 1,3-cyclohexaredione to ()-2.29
Me
OO OO
Me a C-ring C('):rgltruction, 2- Methyl-1,3-cyclohexanedione 1,3-Cyclohexanedione
OH
=) | > .
(@)

()-2.29 /ﬁoh Me ————> Me” Y Me
o)

Ethyl vinyl ketone

3-Pantanone
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According to the literature’® 1,3-cyclohexaredione was treated with iodomethaire
aqueousNaOH solution at 65C for 1 day to yield th&-methyt1,3-cyclohexaedionein high
yield (Scheme 21)).

Scheme2.11: Synthesis of 2methyl-1,3-cyclohexaredione

Me

Mel, 5N NaOH aq.
o) 0
OUO 65°C _ f}&

84% yield

Another required starting material for synthesizing C ring, ethyl vinyl ketomes
prepared in 3 steps. This synthesis started with the pimtecf 3-pentanone with ethylene
glycol, andthe generated acetal was treated with broritirene poto givebromide 2.47.2 The
elimination of bromide in2.47 with sodium hydroxide in methanol generated alkems.™
Removal of the acetal group 48 with catalytic amount op-toluenesulfonic aciqPTSA)
gave pure ethyl vinyl ketone (Scheme2).1

Scheme2.12: Synthesis of ethyl vinyl ketone

1. Ethylene glycol, cata. PTSA,
Hexane Br

i NaOH, MeOH
MeY\Me 2. Bromine - Me&\Me .
(0] . O O .
35% vyield , two steps -/ 90% yield
3-Pentanone
2.47

cat. PTSA, H,O
Z > "Me . 2N Me

o O
J/ 90% yield 0

2.48 Ethyl vinyl ketone
With ethyl vinyl ketone an@-methyt1,3-cyclohexandione, the two ring enone alcohol
(-)-2.29was prepared utilizing the same method gsifar® did (Scheme Z). Mechanism for
the asymmetricintramolecular cyclization to construct-hg was discussed in qiilars

dissertation awell.*?

2.4 Asymmetric synthesis of Aring and functionalization of A-B-C ring

structure

A novel method for theasymmetrictransformation from(-)-2.29 to (-)-2.33 was

discovered and idiscussedh this sectior(Figure 211).
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Figure 2.11 : Transformation from (-)-2.29 to(-)-2.33

MeOH
[ > L

(-)-2.33 ()-2.29

The traditional method for the synthesis of A ring fr¢fn2.29 wasoriginally reported
by Honda T. et al in 1981 and furtheiinvestigatedf in 2003by Honda, Tet al. Starting with
optically-pure(-)-2.29could only afford an emgio-rich product(+)-2.30 (48%ee)with moderate
yield (68%). To obtainthe enatio-pure product an enzymeesolutionprocedureis required-’
Asthe only reportednethod it has been usd by manychemist to prepare thregng compound
(+)-2.30in their synthesidill now. A mechanism was proposed explain th#ficulty in the
formation ofenantiepureproduct(Scheme 2.3)."’

Scheme2.13: Mechanistic explanation for the difficulty in preparation of enantiomerically
pure (+)-2.30 bytraditional method

' 30
MeOH ‘ OH
H o o

Me 8 Me —_ + . Me+

@ ° H — :
0 “oH
o | oNe o
2.50 OH o
y o) Me

Hydroxy-deprotonation Me

o O{ (+)-2.29 (-)-2.30
H.8
A Me
OH ; -
- OH
10 8H-deprotonation 8 -H,0 .
o 3 (0] Me
(-)-2.29 2.49 (+)-2.30
N 3H-deprotonation
MeONa X Me Me
" o MeONa OH
e OH | =—— —  » Me.—
<} -H,0
0o Me 5 ¢}
251 2.52

Deprotonation ofC8-H by sodium methoxide gauke thermodynamienolate. Because
of the steric effect of th€10-methyl group, ethyl vinyl ketone could ondypproactthe enolate
from its a-faceto generate Michaealdditionproduct2.49 Intramoleculaldol condensation of
2.49 catalyzedby sodium methoxide formed desired prod(€)-2.30 (blue route inScheme
2.13). However, the deprotonation &hydroxy group led to @€ing opening and aye the
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enolatealdehydeintermediate2.50 Intramolecularaldol reaction of intermediat€.50 could
generateghe opposite enantioméf)-2.29which followed the same reaction sequence to dive
)-2.30 the undesired enao-isomer of(+)-2.30 which decreased the optical puritytbe final
product Meanwhile, the kinetic deprotonation @8-H in (-)-2.29 gavethe kinetic enolate, and
this enolate could undergo Michaalditionwith ethyl vinyl ketone as well to give intermediate
2.51 Cyclization and dehydration @51 formedcompound2.52 the structure isomer df)-
2.30 which decreased the yiedd desired product

Considering the complexity of following steps of myriceric aci@ £otal synthesis, an
enantio-pure tricyclic intermediatés desperatey needed With the traditional synthetic method,
only enantio-rich tricyclic compound was obtad, and enzymeesolution step was required to
get the enatio-pure compound. blwever,to obtain largequantity of enantio-pure tricyclic
compound,using enzyme resolution method become impossible if the cost, wiotre inputs
and the lose of the unwantedantiomemvere taken into accourtience, an emgio-selectiveA-
ring synthesiseaction is highly demandetio develop such reactipmanyattemptsvere made.

One way to prevent the -fing opening is toblock the formation of &lkoxide
intermediate Hence the 5-hydroxy group in(-)-2.29 was protected by TBSCI in DMF with
imidazole as base to gie-2.53(Scheme 24). However, Honda, T’ mentioned that the TBS
group in (-)-2.53 was readily cleaved under sodium methoxide/methanol reflux condition.
Consequentlyother reaction pathways and conditipimstead of traditional Robinson annulation
condition,should be considered.
Scheme2.14 : Preparation of (-)-2.53

Me TBSCI, imidazole, DMF
o 90% vyield o

(-)-2.29 (-)-2.53

In 1975, Fortunatoand Ganenreported acascade enone reduaialkylation reaction.
The enone waseduced by Kselectride firstly, and the formed enolate was trapped by alkyl
halides to givethealkylated ketone (Scheme 8)1°
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Scheme2.15: Cascade Kselectride reductivealkylation reaction of enoné®

o}
Q ) Me
Me K-Selectride, THF, Mel, -78°C
- Me Me
Me =
98% yield
2.54 2.55

Based on Fortunatds strategy® compound(-)-2.53 was treated with Kselectride to
reducethe enonemoiety to regio-selectively generate the desired enolat#®, and ethyl vinyl
ketone wasintroducedinto the reaction mixtureat once However, at-78 °C or elevated
temperatures, no Michael addition prod@ds7 was formedput only the reduced ketor58
was detectednd isolatedScheme 2 8).

Scheme2.16: Cascade kselectride enone reductiveMichael addition reaction of (-)-2.53

Me
o

Me K-selectride, THF, -78 °C Me. Ethyl vinyl ketone :
OTBS > OTBS N/ > 7 oTBS
A
e S o)

(-)-2.53 (-)-2.56 257

H
OTBS
(0]

2.58

Another domino reductie-Michael addition reaction wasepored by Cheung and
Snappewmith similar bicyclic compound®.59. Compound.59 firstly was reduced by lithium in
liquid ammonia; thera , -unsaturatedetone2.60 was introduced intthe corresponde@nolate
slowly over 30minutesto give enatio-selecive Michael additionproduct2.61 (Scheme 2.7).

To prevent th@olymerizationof a , -umsaturatecester, the reaction was protected from light.
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Scheme2.17 : Cascade enone reductivélichael addition reaction of 2.58°
(0]
Mo X &\/_\

0
o)
O, AT _AE 0
Me % Li,lig. NH;, -35°C | W, o 2.60 S]/\H/

0 > ) iy 0

o _ 0
O o 70% yield oj

© o]
2.61

Y

2.59

Following the similar strategyenone(-)-2.53 was reduced by lithium metal in liquid
ammoniaat -35°C to give desired enolafe56. After evaporation of ammonia and dilution of the
residue with dry THFethyl vinyl ketonein diethyl ethemwas introduced to the resulted enolate
2.5 over 30 minuteswvith protection from light Unfortunately no desired Michael addition
product was deteted and isolatedfter the reactionFrom the'H NMR of crude mixturebroad
signalsappeared at 3.0 2.0 ppm and 1.5 0.8 ppm indicatinghe formation of polymerof
ethyl vinyl ketone.

Me

Scheme2.18: Cascade lithium enone reductiveMichael addition reaction of (-)2.53
o Ethyl vinyl ketone, o
Me Li, lig. NH3, -35°C THF, -78°C,
OTBS Me OTBS > ()-258 +
(@) o n
€]

(-)-2.53 (-)-2.56

Y

Polymer of ethyl vinyl ketone

Mukaiyamatype Michael addition reaction was also tried#appliedn theasymmetric
synthesis of Aring. The idea is depicted in tiseheme 2.9.
Scheme2.19: Mukaiyama-type Michael addition

(0] (0]

OTMS L . id
ewis acl Me
@ + /T)WAME —_— W

Silyl enol ether2.62 was prepared by reducing endre2.29with lithium/ lig. NHs, the
enolate was trapped with trimethylddiiloride (TMSCI) after evaporation of lig. NHScheme
2.20). This reaction gave a mixture of desired silyl enol ether and a TMS protected compound
2.63. Due to the instability of endilyl ether, the mixture was directly usémt the next step

without purification.
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Scheme2.20: Preparation of silyl enol ether 2.62

1. Li, lig. NHg, -35 °C
2. TMSCI, THF Me
Me oH ’ > | otms  Me oTMS
e} TMSO o)

(-)-2.29 2.62 2.63

A mixture of 2.62 and 2.63 was mixed with ethyl vinyl ketone and treated witbrdn
trifluoride etherate (Bfether). Unfortunately at -78 °C or elevated temperatures, desired
Michaeladditionproduct was detected. Under reaction conditions, TMS groupshydrelyzed
off to give backenone(-)-2.29andketone(-)-2.64 (Scheme2.21).

Scheme2.21: Attempt on Mukaiyama type Michaeladdition

i M
MG:CSD\OTMS + MEISD\OTMS Ethyl vinyl ketone, BF3 ether _ GISD\OH + (9229
TMSO o) 0]

2.62 2.63 (-)-2.64

With compound(-)-2.64 in hand,traditional Robinson annulation reaction was carried
out with ethyl vinyl ketone. With the reflux with sodium ethoxide in ethanol, no desired product
was found. Starting materid)-2.64 was recovered, andthyl vinyl ketonds polymers were
detected.

Scheme2.22: Attempt on Robinson annulation of ¢)-2.64 with ethyl vinyl ketone

Me OH Ethyl vinyl ketone, EtONa, EtOH, reflux OH
(e}

Me
(-)-2.64 2.65

Acid catalyzed Michael addition was also tested Wij2.58 and ethyl vinyl ketone. It
was supposethat under acidic conditi@with heating, the ketone would b&nsferrednto its
enol form. The enol could attack ethyl vinyl ketone to give a Michael addition prétiweever,
after heat the mixturef (-)-2.58 and ethyl vinyl ketonevith catalytic anount of PTSA for 24
hours, reaction did not give any progress (Schen®.2.2

72



Scheme2.23: Attempt on acid catalyzed Michael addition of {)-2.58 with ethyl vinyl

ketone
o]
cat. PTSA, benzene, hvl vinvl k MHH
G B G e,
o HO o
()-2.58 2.66 2.51

After summarizing these reaction outcomes, itdoess clear that theproblem of the
desgnedMichael additionis the reactiviies of two reactantslo not match When the generated
enolate2.56 is complex withboron (from kselectirde or BEether), itis unreactive towards
Michael addition When enolat®.56 stays in its free form(from lithium reduction or generated
in-situ by EtONa) it is fhard and acted as base to promote the polymerization of ethyl vinyl
ketone Enol 2.66was not reactive enough tmdergo the Michael addition neither

Scheme2.24: Self polymerization of ethyl vinyl ketoneinitiated by enolate 2.56

Me

(@]
Q
A%Me . /\
/
oTBs| + I - /ije + O e =,
(o]
n

Repeat
1L Polymer of ethyl vinyl ketone

Me /—\
OTBS = Me
o (0]

Since attempts ofituningd the reactivity of Michaetonors (enolat.56 or enol2.66)
were all failed,the other solution fot hi s pr obl e m eweadivitytobMichaelu n e 0
acceptor,ethyl vinyl ketone If the selfpolymerizationof ethyl vinyl ketonecould be slowed
down or preventeth the presence dghoto enolate2.56 the desired Michaeldditionwould be
precededgmoothly.

To prevent the polymerization of ethyl vinyl ketom@esolutionis to use the alternative
reagenta-trimethylsilylvinyl ethyl ketone?® Trimethylsilyl growp ata position of vinyl ketone
blocked this enor® polymerization. The reasas probably tke the enolate derived from the
Michael addition could bestabilized by overlapping of ebrbital of silicon to prevent the
polymerization; also, thetrong steric hindrance of thisulky siliyl moiety slows dwn the

deprotonation process of enone by ¢émelate2.56. This silyl group could be readily hydrolyzed
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off at basecatalyzed intramoleculaaldol condensation step which would give the same
Robirson annulation product as ethyl vinyl ketone.

Scheme2.25: TMS group slows down the deprotonation

Me_ Me Me,_ Me
Si-Me SI*M% ——* . Polymer
Me Me Repeat
o]

Slow downl=asd reactiN)n

Me
Me, Me
(e} H Si-Me H
- OTBS | +
Me-Si Me
Me’y
MeO

o}

One of its applications is the total synthesistathenon¢Scheme 2.6).%
Scheme 2.26 : Application of a-trimethylsilyl vinyl ethyl ketone in asymmetric ring

construction
TMS

1.MeLi, Me

0
H
Me3Si/O\6:‘O’ 2. MeONa, MeOH .

65 %, two steps

2.68 2.69
The disadvantage of this method is this chematimethylsilyl vinyl ethyl ketonejs
notcommercidly available Hence it hasto be prepared in tHaboratoryvia a six-step synthesis
from thecommercidly availablel,2-dibromoethane.
The elimination of 1,libromoethane readily gave vinyl bromidep{ 16 °C), and the
prepared vinyl bromide wastroducedto magnesiumto generate vinyl magnesium bromide
reagent.Vinyl Grignard reagenteactedwith TMSCI to give vinyl trimethyl silane whickvas

directly distilled out from the reaction mixturé&Scheme2.27).
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Scheme2.27:: Synthesis of vinyl trimethyl silan&?

Br KOH, EtOH, 60 °C Mg, THF, TMSCI
Br 48% yield Br 75% yield ™S
1,2-dibromoethane Vinyl bromide Vinyl trimethyl silane

Vinyl trimethyl silane was treated with bromine -&8°C to give anbromine addition
product, and this crude product underwenehminationreaction with diethydmine to givea-
trimethylsilyl vinyl bromide (2.70. Bromide 2.70 was used to prepare therresponding
Grignard reagent with magnesium, and the preparétiimethylvinyl magnesium bromide was
treated with prognal to give allyl alcohol2.71 Oxidation of allyl alcohol withpyridinium
dichromate PDCY? gavea-trimethylsilyl vinyl ethyl ketone (Scheme Bp
Scheme2.28: Synthesis ofa-trimethyl vinyl ethyl ketone

1. Bry, pentane Br Mg, propanal ™S ™S
= 2. Diethylamine :< THF PDC
™S 0 . > T™S > Me > ]ﬁMe
66% yield, two steps 86% yield OH  65%yield 0
Vinyl trimethyl silane 2.70 2.71 a-trimethylsiyl vinyl
ethyl ketone

With a-trimethylsilyl vinyl ethyl ketone in harglthe reductiveMichaeladditionreaction
was carried out. Same as before, the bicyclic erfgr2.53 was firstly reduced by lithium to
regio-selectively form the enolatg.56 After quenching the excess amount of lithiwand
evaporating off ammoniagnolate2.56was dissolved in drdiethyl ether a-Trimethylsilyl vinyl
ethyl ketone was introduced into the mieat-78°C over 30 minutes with protection from light
to finally give the desired steregelective Michael addition producinnulationwith KOH as
base in MeOH resulted the etia-pure tricyclicproduct(+)-2.72(Scheme 2.9).

Scheme2.29: Stereoselective synthesis aficyclic compound (+)2.72

1. Li, lig. NH3, t-BuOH, -35 °C,
Me 2. a-Trimethylsilyl vinyl ethyl ketone, OTBS
OTBS 3. 6% KOH, MeOH, reflux
o > o

58% vyield, 4 steps Me

(-)-2.53 (+)-2.72
Compound (+)-2.72 underwent reductivenethylation reaction to give tricyclic
compound+)-2.73 The ketond+)-2.73was protected by ethylene glycol to form acétgPR.74
Deprotection of TBS group ift)-2.74with TBAF generated alcohdt)-2.32 At this stage, the

optical rotation of obtaine@)-2.32 ([a]p = -45°, ¢ =0.1 in chloroformwas compared with the
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reported value of th¢)-2.32 ([a]p = -44°, ¢ =0.1 in chloroform, 98%ee, measure by chiral
HPLC)2*and the enatio-purity of the obtained-)-2.32was calculated as 100%é@xidation of
alcohol(-)-2.32with IBX finally gave acetal ketong)-2.33(Schene 230).

Scheme2.30: Synthesis of acetal ketone-)-2.33

0 ores  Li, NHz, THF, Mel
0 65% yield

Ethylene glycol,
otes PTSAbenzene

95% yield
Me
(+)-2.72
TBAF IBX
95% yield 95% yield
(-)-2.32 (-)-2.33

To sum upthe desired stereselective Aring construction was finally achievedth the
reductiveMichael additioraldol condensation reaction by usiragtrimethylsilyl vinyl ethyl
ketone as the building block. Functionalization of the resulted tricyclic compoungreceeded
smoothly to give theenantiopure acetal ketoné)-2.33 for further exploration on the total

synthesis of myriceric acid A.

2.5 Synthesis of D, Eings of myriceric acid A
In this section, the D, E rings construction from A, Bril@ compound-)-2.33via a
tandem aldeMichaelaldol protocolis introducedand discussed (Figure 2)1

Figure 2.12: Transformation from (-)-2.33 to (+}2.45

(+)-2.45 ()-2.33
Since Aguliar? already successfully synthesizeddnctionalizedand bicevaluatedthe
tetracyclic compoun®.38 my goal is to synthezg pentacyclic compound+)-2.45 directly
from compound-)-2.33 To achievethis, two possible synthetiapproachesould be used:a)

D-ring construction vianter-molecularMichael additionintramolecularaldol condensatiorby
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using tricyclic compound)-2.33 (or its derivative$ and monocyclic compoun2l 75which has
all the structure features of-fihg; (b), D,E-rings construction vidantramolecular Michael

additionaldol condensationprocess by using compoun@)-2.76 which is derived from
compound-)-2.33(Scheme 2.8).

Scheme2.31: Possible synthetic approaches for synthesis of (2)45

Intra-molecular Michael addtion
-aldol condensation

. Inter-molecular Michael addtion
-intra molecualr aldol condensation

()-2.33 2.75 (+)-2.45

Approach(a) was firstly attemped. The retresynthetic analysis of+)-2.45 via inter
molecular Michael addition approach is depictedsateme 2.3. D-ring in (+)-2.45 could be
synthesized viaan intramolecularaldol condensation reaction from compoud/7. E-ring
would be connected with fused A, B, C rings the inemolecular Michael additiorirom
compound-)-2.33and enon.75
Scheme2.32: Retro-synthetic analysis of (+J2.45 in approach (a)

Intramolecualr aldol condensation

c . Intermolecular Michael addition
for D-ring construction

| v

2.77

()-2.33 2.75

Compound2.75 was prepared from isoprene and diethylamine avigeported 3-step
synthesis™ % Firstly, isoprene reacted with diethylamine and catatimuntof n-butyllithium
to give N,N;diethylgeranylamin®.78, and the following oxidation of amine was accomplished
by hydrogen peroxide to giviae correspondingy-oxide intermediate, andyclization reaction
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of N-oxide was carried out to form the desiredonocyclic enone2.75 in moderate yield
(Scheme 2.3).
Scheme2.33: Synthesis of compound 2.75

(1), H20,, Os_Me
(2), HySO4, H,0;
Me cat. n-Butyllithium; ol e (3 NaOH, ;0.
o o+ Me/\HAMe : : > N Ny Me ’ ' >
75% yield Ce 45% yield,
three steps
Isoprene Diethylamine 2.78 2.75

With compound2.75in hand, the synthesis dft)-2.45was tried.The basic idea was to
use the enolate which derived frof¥)-2.33 as the Michael donor to attack the endh@&5
(Scheme 2.3).

Scheme2.34 : Designed Michael Addition of 2.75 with {)-2.33

()-2.33 2.79 2.77

Initially, enolate derived from compouritl)-2.34 was used as the Michael donor. With
the phenylsulfide attached, the pKa afH of the ketone is lowered to 16; also, this
phenylsulfide groups an electroiwithdrawing group which couldtabilizethe formed enolate
to enhance the rate of desired Michael additearction However, &er refluxing in THF with
2.75and sodium methoxide for 24 hours, no desired product but only the starting reateral
detected (Scheme BB The reason might be the strong stefiectsfrom the B-ring and C8-
methyl group The B-ring blocks the enone approaity from the bottonface of (+)-2.34 and
the C8-methyl groupprevens the enone aligning with the enolate from tbp. As the result, the
desiredMichael additiorreaction canot proceed
Scheme2.35: Michael addition of (+)-2.34 with 2.75

~S~ph
O, Me
o MeONa, THF, reflux, 24 hours
{ + » No reaction
(+)-2.34 2.75

To reduce the steric hindrancenolatedirectly derived fromketone(-)-2.33was used as
Michael donor to attack enorx75 With sodium methoxide as bas& reactionoccurredeven
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the mixture was heated to reflux or to P20(in a sealed tubé) methanofor 24 hours Then,a
stronger base, sodiutbutoxide, was employetbr this reaction. However, after stirring
refluxed THF for 24 hours, ketorfe-2.33stayed unreacted. EnoBer5disappearedanda new
compound wasletectedoy TLC. After isolation, the new compouri80is determined as the
selfRobinson annulatioproduct of2.75(Scheme 2.6).

Scheme2.36 : Michael Addition of 2.75 with (-)-2.33 with MeONa andt-BuONa

08
@

(-)-2.33
t-BuONa, THF, reflux, 24 hours + MeONa, MeOH, reflux, 24 hours

Oz Me

2.75

()2.33 +

-
-

» No reaction

In the attempted reactions, the enol2{® was generateth-situ. pKa of a-H of ketone
is around 25 and pKa d¢iydroxyl in alcohol of around @; so, the enolat2.79 is highly reactive
towards alcohoand easily protcetedfrom the hydroxyl grougo give back the ketongcheme
2.37). Therefore, the real concentration of enolateery low, and, considering that ench&5
was not that reactive as vinyl ketones, the desired Michddition would proceedextremely
slow. Meanwhile, fom the reaction outcome of thduONa reactionjt could be tell that the
base ha a greater chance to deprotonate &kl of enone to give seRRobinson annulation
product. It is understandable. Although both thél of enone2.75 and ketong-)-2.33 have
similar pKa, the enon&.75s a-H has less steribindrancethan the ketong-)-2.33 which

makes the attack by the base much easier.
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Scheme2.37 : Generation of two enolates with alkoxide

</O ,/Iil

(-)-2.33

2.75
Since the reactions witim-situ generated enloatdsy alkoxideswere all unsuccessful,
other pathwaywereto usepureenolate forthe Michael addition.The desired enolate could be
readily obtained by treating ketortg-2.33 with LDA. To this enolate in THF was added the
enone2.75 Unfortunately at-78 °C, 25°C and 7°C, no desired Michaeldditionoccurred and
all the starting material were recovered (Schem8&)2.3
Scheme2.38: Michael addition with LDA -generated enolate

‘00 o LDA, THF " o 2.75
O —>» | O | (€]
</o L H </O - H

(-)-2.33 2.78 2.77

Mukaiyamatype Michael additioffl was also examined for the synthesis2df7. The
advantage othis reaction waghat the Lewis aci@ chelation with enone could increase its
activity as Michael acceptor to promote the Mieladdition The silyl enol ethe(-)-2.81 was
readily prepared with ketor{e)-2.33in quantitative yield.

Scheme2.39: Synthesis of {)-2.81

0 o LDA, TMSCI,THF
O
Q ‘ f 98 %
Oo/-H

(-)-2.33 (-)-2.81

Initially, this type of Michael addition was tried widweak Lewis acid: lithium ion. The
1,4-addition reaction of silyl enoétherto a , -unsaturated ketone in thmedum of lithium

perchlorateand nitromethane (LPNM) was reported (Schen#)Z® The aithors stated that
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Lewis acidity of lithium ionincreasesn nitromethandecause oits poor coordination with the
solvent.With large excessedcidity-increasedithium ion, theMichael additionis catalyzed to
give the 1,4addition product.

Scheme2.40 : Michael addition of silyl enol etherto a , -Umsaturated ketone in LPNM?®

o
O

OTMS o
5M LPNM, rt
+ Me >
74 % Me

Me
Me

2.82 2.83 2.84
However, the application of this reaction for the synthesi®.@f did not give any
positive result. Afteprolongheating, enokilyl ether decomposed to give batle ketone(-)-
2.33 and2.75wasalsorecovered.
Scheme2.41: Application of LPNM condition to synthesize 277

OTMS 5 M, LPNM, 2.75, 60 °C, 24 hours

(-)-2.81 2.77
Stronger Lewis acidBF; etheratewas usedo try on this reactiomas well However, this
reaction also failedand only providedthe hydrolyzed product (-)-2.33 and unreacte®.75
(Scheme 22).
Scheme2.42 : Mukaiyama-type Michael addition for synthesis of 2.77

2.75, BFj.ether

AV AR
K>

(-)-2.81 2.77

Enamine chemistf) was alscattemped for synthesi of 2.77 (Scheme 2.3). However,

the preparation of enamire85 turned out to be difficult. In the presence ok 4nolecularsieve
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and catalyticamountof PTSA, ketong-)-2.33 and pyrrolidineremianed unchange mefluxed
toluene for 24 hours

Scheme2.43: Michael addition for synthesis of 2.77 with enamine 2.85

2.77

To sum up, all attempts on the intermolecular Michael addition strategies did not give
any positiveresults The reason might be the strong steric hindranceshwiiere given by the
C8-methyl groupand Bring of (-)-2.33and gemdimethyl groups oR.75 C8-Methyl group of
enolate2.79 blocks the enon&.75approaching from the top side. When en@ri& approacks
the enolate from its bottom, tligring of (-)-2.33 blocks the two reactants talign in the right
positionn meanwhile, the gerdimethyl groups on the enoi2e75 alsoincrease thelifficulty for
the enolate approach and alignm@figure 2.B).

Figure 2.13: Steric hindrance from 8-methyl group of enolate 2.79 and gerdimethyl
groups of 2.75

H H

H
H%>%<H
Approach fromtop H 4 >— .
o
T
H H
Me T~
Me L‘? H H
Me © H
@ Wy
Approach from bottom ¢

The other possible reason for the failures of intermolecular Michael addition strategies
was the competition reaction: adidsereaction. The enolate would aa$ the base instead of
nucleophile to deprotonate tlaeH of enone, which could destruct both the Michael donor and

acceptorand slow down the desired Michael addition (Schemé)2.4
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Scheme2.44 : Acid base reaction between the enolate and enone

(@) Me
) L,
of L) —~ o hit
+ L +
</ -H - </ ";/I:I o
2.79 2.75

()-2.33

One way to overcome the strong steric effect igatthroughtheintramoleculamapproach
to furnish the construction of pentacyclic structuvhich is the above mentioned approéish

The retresynthetic analysis of compour{d)-2.45 via the approachb) is depicted in
Scheme 2.8. Similar as the intermolecular Michael addition approachind of (+)-2.45 could
be built up via an intramolecd aldol condensation reaction from compouhd7; however, the
E-ring would be constructed via tlirramoleculaMichael additionfrom enoneketone(-)-2.76
which would be synthesized fror)-2.33 and ketonealdehyde2.46 via intermolecularaldol
condensation.

Scheme2.45: Retro-synthetic analysis of £)-2.45 in approach (b)

Intramolecular Michael addition
for E-ring construction;

[

(+)-2.45 2.77

%ﬁ\/l Aldol condensation OMe Me o}

Me ° w
[ > H met

(-)-2.76 2.46 (-)-2.33
The synthesis of+)-2.45via approachb) started from the preparation of novel ketone
aldehyde2.46 The retresynthetic analysis of ketone aldehy2id6is depicted infScheme 2.8.
The aldehydefunctionality in 2.46 could be derived from the olefim compound2.86 via
oxidative cleavagereacton. Olefin ketone2.86 would be prepared from methyl vinyl ketone
with dialkyl cuprous reagent vial,4-addition. The dialkyl cuprous reagent would be prepared
from the Grignard reagent of bromi@e87. Bromide2.87 could be derived from aldehyd@:89

via few stepghroughfunctional group interonversions
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Scheme2.46 : Retro-synthetic analysis of 2.46
O Me_ Me O Olefin oxidative cleavage e Me o Michael additi e Me\ cu
WS SA~ A >/\M)M&§\)LM8 :lc == Ion> </M%C + A M

o)
2
2.46 2.86 Methyl vinyl ketone

Grignard reagent

Me_ Me

H FGI Me_ Me FGI Me_ Me
=
/\)T)f  —— MOH  C— M/Br
2.89 2.88 2.87

Aldehyde 2.89 was synthesized from a known procedimeexcellent yield (Scheme
2.47).%° This synthesis used allyl alcohol and isobutryaldehyde as the starting maféhials.
reaction went through a hemiacetal formatthydratiorClaisen rearrangement sequence to
give desired aldehydz89
Scheme2.47 : Synthesis of 2.8

Me O cat. PTSA, mesitylene, Dean-Stark reflux H
Me 90% yield o
Allyl alcohol Isobutyraldehyde 2.89

The olefin aldehyd@.89was readily reduced by sodium borohydride in methanol and 5%
ag. ®diumhydroxide mixtureo give olefin alcohoR.88with quantitativeyield. Bromination of
2.88firstly tried with triphenylphosphine and tetrabromomethane. The reaction went smoothly to
give desired bromid@.87 however, the purification athe product turned out to be flicult.
Byproduct bomoform whichwas formed in the reaction has similar boiling point and polarity as
the product and could not IseparatedHence, the alternative bromination method wii&zed.

Olefin bromide2.87 was successfully preparedth bromine and triphenylphosphine in DMF
ard purified by distillatiorin moderatdsolationyield (Scheme 2.48}*
Scheme2.48: Synthesis of 2.87

Me_ Me

/\)QWH NaBH,, 5% NaOH aq. MeOH Me_ Me PPhs, Br,, DMF Me_ Me
= 4 - 3 Bra, o
o ] - MOH ] - MBr
90% yield 65% yield
2.89 2.88 2.87

With the bromide2.87 in hand, the next step was to prepare the atgreagent. The
first attempt was to useBuLi to generate therganolithium reagen2.90 for synthesizing

cuprate compound® Bromide 2.87 was treated with-BuLi and the reactiomvas monitoredby
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'H NMR. After prolong time stirring in THF at variouemperaturesthe bromidestill stayed
unchanged.

Scheme2.49: Attempt on preparation of lithium reagent from bromide 2.87

Me_ Me .
t-BuLi, THF Me Me Ve M _
AN x> N T R > MCU Li
2
2.87 290

Since the cumte reagent can also be prepared from Grignard reagent, theupack
strategyis to make thecorresponohg Grignard reagent from bromide.87. However, the
ordinary method for the Grignard reagent formation did not workhis case. With iodine or
dibromoethae, the reactiowasnotinitiated.

All the failures of the reactionige on thehigh stability ofbromide2.87 which maybe
given by the gendimethyl groups Thesegemdimethyl groups in2.87 shieldsthe bromide
against thepproach of thenetal(Figure2.14).

Figure 2.14: Steric effect from the gemdimethyl group

L™
Br
Me'

Me

To solve this problem, one of the possitiiethodswas to use the activatedagnesiunt
to preparghe Grignard reagenf procedure was published by Bonnemannethl in 1983 for
preparing the activated magnesitinMagnesiumwas stirred with catalytic amount of
anthracene and 0.1 eq. of methyl iodide in THF for 14 hours to ighly active magnesium
(Scheme Z&0). The process might stawith the formation of methyhagnesium iodide which
could clean the surface of the metal. Thertheacene could form the complex with magnesium
and THF. This is an equilibrium process, and tmnple< could decompose to giveee
magnesiumatom and anthracen€his regenerated magnesiustisolvatea in the solvent (THF)
and highly reactive. Therefore, aff@olong time stirring, metal turningaresmaller in sizelan

before, andnagnesiunfimudd appeares at the bottom of the flask.

85



Scheme2.50: Catalytic cycle for the formation of activated magnesiurt

THF
THR |/
Mg,—THF

With the activatedmagnesium Grignard reagent of bromid2.87 was prepared
successfully. The Grignard reagent was introduced to cuprous iodide dimethylsulfide cdmplex
to give the dialkyl cumtereagent.The 1,4addition of methyl vinyl ketone was furnished with
this organocuprate reagent to give desired pra2l@&(Scheme &1).

Scheme2.51: Synthesis of 2.86

1. Mg, cat. anthracene, Mel, THF;
Me Me 2. Cul.MeSMe, methyl vinyl ketone, ether Me. Me O

Msr > MA)LMG

5% ~ 35% yield
2.87 2.86

However, the reaction yietdvaried from 5% - 35% when reaction scalesaried The
reason was explore#or the differenqualiiesof magnesium turningst was found thatnethyl
iodide wassometimeseeded more than 0.1 eq. to initiate the formation of magnesiting*
generated methyl Grignard reagent remained in the reaction mixture and reacted with cuprous
iodideto givedimethylcuprate which woul&lsoundego al,4-addition to methyl vinyl ketone
as well(Scheme 2.3).
Scheme2.52: Formation of the byproduct 2.91

Cul.MeSMe Methyl vinyl ketone o
Mel + Mg ——» MeMgl ———— (CH3)RCul > Me/\)LMe
2.91

Replacement of methyl iodide with dibromoethane solved this problem. Dibromoethane
had the same function as methyl iodide and reacted with magnesium gasthytlemeand
magnesium bromide which would not affect thébsequenteaction. The reaction yieldbecame
repeatble at 486 (Scheme 23).
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Scheme2.53: Revised procedure for synthesis of 2.86

1. Mg, cat. anthracene, dibromoethane, THF;
Me Me 2. Cul.MeSMe, methyl vinyl ketone, ether Me. Me O
Br

Y
\gi
z

7z .
40% vyield
2.87 2.86
Transformation from olefin keton286to ketone aldehyd2.46 wasinitially carried out
by using ozone oxidation conditierHowever, this reaction did not give any desired product but
only decomposed compounds. The alternative condition was the osmium tetraoxideg@sO
sodium periodate (Nal olefin oxidative cleavagereacton.** OsQ, could oxidize olefin into
1,2-diol, andthe diolis cleavedand oxidizedoy NalQ, to give desired aldehyde ketoR&l6

Scheme2.54 : Synthesis of 2.46

(0]
W cat. 0sO,4, NalO,, dioxane, H,O H Me_ Me
“ Me > OM/\)LMQ

56% yield
2.86 2.46

\

The synthesis of-)-2.76 was continued with both starting materials ready in kand
Mukaiyamaaldol reactior® was carriedout with enolsilyl ether(-)-2.81 and aldehyde ketone
2.46in DCM with BFRsether as the Lewis agiind alcohoR.92 was obtained as a mixture of
diastereomersSince two carbonyl groups existed in compo@uig 2.0 eq. of Bk.ether was
required to finish theeaction;otherwise, the yield of reaction would driuphalf (Scheme 25).
Scheme2.55: Synthesis of 2.92

(o] Il
e . OOTMS 2.0 eq. BFy.ether, DCM, -78°C
(@] Me B >
&o ~ H 95% vyield

2.46 (-)-2.81 . 2.92

Treatment oR.92with methylsulfonyl chloride (MsCl) and triethylamine direthyl ether
gave the corrosponding mesylate. Elimination of the mesylate with 1,8
diazabicyto[5.4.0Junde€e7-ene (DBU)generated the desired enone ketGh.76in good yield
(Scheme 2.6).
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Scheme2.56: Synthesis of {)-2.76

1. MsCl, Et3N, ether, 25°C
2. DBU, toluene, DCM

75% yield, two steps

()-2.76
The geometry of the enone {)-2.76 was confirmed byH NMR, NOESY and Xray

analysisto be the Egeometry

Figure 2.15: A single crystalstructure of (-)-2.76

~ 7
_h_ R 3¢ /
Y"i?l —Zf S—\FH A A
N 75 : |' & \,/\'(
/\—-\:-:- \

Interestingly only the E-isomer of enone was formed in teéminationreaction.The
reason might be the strong stehindrancebetween the carbonyl and rgaedimethyl groups in
theZ-isomermade it difficult toform (Figure 2.5).

Figure 2.16: Steric hindrance between carbonybnd gemdimethyl in (Z)-isomer of 2.76

Z-isomer

Since the enone was successfully prepared, cstructionsfor D,E-rings were
continued The idea was to useebase to generate the desired end2a®3 andthe enolate€2.93

would undergo intramolecular Michael addition to the enone to givé In the presence &
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catalytic amount of base, intramoleculatdol condensation 0f2.77 proceededto give
pentacyclic compoungi)-2.45

Scheme2.57: Designed annulation for D, Ering synthesis

Base

(-)-2.76 2.93 2.77

Base

Y

Dehydration

(+)-2.45

Compound(-)-2.76 was head with sodium ethoxidein high-diluted concentration
(0.005 M)in ethanol for 14 hours to generate two new compouvitls different polaritiesin
TLC. The results ofH NMR and masspectraindicated that both of themre the annulation
products of compoun@)-2.76having different stereochemistry at C13, C17 and.C18
Scheme2.58: Annulation reaction of (-)-2.76

EtONa, EtOH, 60 °C

\j

C =0.005M

(-)-2.94 (40% yield), less polar (+)-2.45 (30% yield), more polar

To explain the observation of this reaction and determine the structures of the obtained
products were quite challenging.

This domino Michel additiomldol condensation reaction ¢f)-2.76 could generatehree
new stereaenters which were atarbori3, 17 and 1&ositions hence,a total numberof 8
possibleisomers could be formedhut the reaction only gave two of them. Therpretatiorfor
this reaction outcome needed to be explorésl mentioned inScheme 2,2 D-ring could be

cyclized only when th€13-H is in axial and this may worlthe same in the designed domino
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reaction. If this hydrogen was egguatorialand the largesubstitutionstayed in axial, there will
be great steribindrance against tHé8-methyl group. Undethermalynamic condition, th€13-
H would stay inthe axial positionto give more stable conformatidhFor C18-H, it is the least
acidic proton among the three, and the conformatiddl&H cannot be changedoe Eringis
cyclized C17-H is the mostacidic proton in the final product and coulte epimerized easilyn
ethanolin the presence afodium ethoxideand,underthermalynamic conditios, C17-H would
stay in the conformation which made the whole systémd lowest coiormatioral energy
Therefore, for one possible conformationGif8-H, C17-H would only stay in one conformation
which gives the lowest conformatiail energy of the whole structurdo sum up, under the
reaction conditiog, C13-H has to stayd in axial tofurnish the annulation of fing; C18-H in
the annulatiorproducs couldstay in axial or equatoriaihe conformationof C17-H relieson the
conformation ofC18-H. Hence, only two isomers wegeneratedinder the reaction conditions.
Thenext issue was to determine the exact structures of the obtained isomers. Assuming
most ofthe fused six member rings were in chair conformation to maintain the lowest efergy
the systemtwo structures could be constructed and showigare 2.I7. One isomer had 13
H(a), 17#H(a) and 18H(e) conformation, and the other had-H@), 17H(e) and 18 (a). In
myriceric acid A, the 18 is in axial positionhence, only one isomer [43(a), 17#H(e) and 18
(a)] is useful for the continued synthesis of rogric acid A.

Figure 2.17: Possible structures of obtained annulation products

H H H H
()M
: </
H
H o O o

Structure 1 Structure 2
To assig the structures of each isomeas alsodifficult. NMR methods, such atH
NMR, COSY, NOESY do notwork on this case because the peak 6H1L8 merged with other
proton® signals.Luckily, single crysta of the more polar isomewxere obtained.A successful
X-ray analysis was carried out and gave the crydtatctureof the nore polar isomerHigure
2.18).
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Figure 2.18: Crystal structure of more polar (+)-2.45 from X-ray analysisshowing it to be

the desired isomer

\
\
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The structure of+)-2.45 which is same as the propossttucture2 in Figure 2.7 is
confirmed as the desired produeind the structure 1 should belong to less polar comp@End
2.94 the undesired isomer

Since the structures of the obtained prodasall assigned, the detailed mechanisms of
the formatims of these productxe investigated to explain the preference of the formation of
undesired(-)-2.94 When thea-H of sidechain ketonas abstractedtwo types of enolateZ-
andE- enolatescould be formedz-enolate wouldprefer toapproactthe enone from itb-face
(top) becausef the less steric hindrance gove undesired duct(-)-2.94; while theE-enolate
has difficulty in approacing from theb-face because of the steric hindrance between the methyl
group of the enolate an@8-methyl group on the ®@ng. Therefore,E-enolate could only
approach the enone froits a-face (bottom side) to give desired pentacyclic produgR.45
For the methyl ketone i(t)-2.76 theZ-enolate waslightly favoredto be formediecauset has
less sterichindrancecomparing withE-enolate; hence, more undesired annulation protuct

formed.
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Scheme2.59: Detailed mechanisms for the formations of-)-2.94 and(+)-2.45

Cd

NaOEt,
EtOH
50°C
approach from
p-face (top)
H 3 "
H“C’H t i H
0. =11~ o}
Y | . <,, , ! |
o o a—Na ©
Z-enolate undesired
(-)-2.94
H H
o] oH

E-enolate H desired
approach from (+)-2.45
a-face (bottom)

In summary, attempts on the construction of pentacyclic compdui@.45 via
intermolecular Michael addition strategies were not successtulovercome the problem,
ketone aldehyd@.46was prepared and usedsyntheszethe desired compoun(d)-2.76 asthe
starting material for the intramolecular Michael addiaddol condensation reactiowhich
finally gave the desired pentacyclic compoufide mechanism of this reaction wasestigated

as well

2.6 Functionalization of Dring
In this section, th@rogresson thefunctionalizationof D-ring in compound+)-2.45 to
finish the total synthesis of myriceric acid A is introduced and discySsbeéme 2.6]

Scheme2.60: Functionalization of D-ring to finish total synthesis of myriceric acid A

2.14 (+)-2.45
The strategy for the transformation the compo@d2.45 into final target compound

2.14 is rationallydesigned Firstly, advantages afising compound+)-2.45to prepare target
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molecule2.14 are fully explored.The enone moietyin compound(+)-2.45 activates all the
necessary position tfacilitate the introductions of required functional groups. As &l of
enone, C17-H is the mostlyactivatedto introduce carboxylic group via enolate (kinetic)
chemistry C13-H is theg-H of enonewhich could be functionalized to furnishe formatim of
olefin double bondy either enolate chemistry or allyl system chemjsifichael addition on
this enone moiety could accomplish the ifiateon of thehydroxyl methylene groupat Cl4via
few steps.Secondly, e sequencef installationsof the functional groups consideredSince
the C17-H is the most acidic proton and could be selectikdprotonatedthe irstallation of
carboxylic group should be given thérst priority. Functionalizationof C13-H requires the
existence of enone; so, the second priority should be given to the manipula@ir3-bif to
alkene Michael addition of enone could be given thed priority. A few steps offunctional
group interconversionvould give the desired compoudl4 To sum up, the designed reaction
sequenceés depicted irBcheme X1.

Scheme2.61: Designed reaction sequence for preparing compound 2.14

——————————— »
2.96
;;;;;;;;;; > e 214
R; =H or alkyl;
R, = Br, or OH;
2.97 2.98 R3 = CH,OH or CH,OH equivalent.

Following the proposed strategy, tG&7-carboxylic group was firstlintroduced
Mander and Sethieported a method fdheregio-selective synthesis ob-ketoester from
lithium enolate by using alkyl cyanoformafe.

Scheme2.62 : Regioselective synthesis dif-ketoester from lithium enolate®

o] O O
fj LDA, methyl cyanoformate, HMPA, THF O’Me
96% yield
2.99 2.100
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The undesired pentacyclic compour@2.94was frstly used for the model study.DA
was used as the base to deprotonated atti¢ of the enone in compoung)-2.94 and
hexamethylphosphoramidgiMPA) was added to increase the activity of enolatechelaing
with lithium. Ethyl cyanoformate was finally introduced to give the compof{#)el.101 in
moderate yieldScheme A3).

Scheme2.63: Model study of the synthesis ob-ketoester with ¢)-2.94

LDA, ethyl cyanoformate, HMPA, THF

Y

45% yield

(-)-2.94 (+)-2.101
The exact structure of compoufi)-2.101was confirmed byH NMR, **C NMR andX-
ray analysisof its single crysta{Figure 2.D).
Figure 2.19: Crystal structure of (+)-2.101from X -ray analysis
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The X-ray analysisresult of (+)-2.101 confirmedour postulation about the structure of

0129)

compound(-)-2.94 the conformation o€13-H is in axial and the conformation GfL8H is in
equatorial The conformation of£17-H in (-)-2.94 could not be determined since it was- no
longer exist in(+)-2.10% howeverthe real conformation a€17-H in (-)-2.94is not important
because its destroyedn the deprotonation stegventually

In compound(-)-2.101, the C17-ethyl ester group stays axial whichis the cis-
conformation of theC18-H. This conformation indicasghat he ethyl cyanoformate approaches
the enolate from the less hindered side which in this structure is the sameGid=+adn other

words, via this reaction, the confmation of formed ethyl ester deperwh the conformation of
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C18-H. Therefore, if theC18-H is pointing up, the ester would also pointing wipich is the
desired conformation af17-ester group.

Since this reaction condition worked well in the model stwdynpound(+)-2.45 was
then treated with LDA, HMPA and ethyl cyanoformate under this condition in Hdlever,
the reaction outcome wamexpectedBefore quenching the reaction with WE, TLC showed
no (+)-2.45left but a new less polar spot; however, after the work up, (8Hg.45was detected
on the TLC (Scheme 2%

Scheme2.64 : Synthesis ofb-ketoester with (+)}2.45 in THF

LDA, ethyl cyanoformate, HMPA, THF

> No desired product isolated

(+)-2.45

The unsuccessful application of cyanoformate in synthesiskaftoesterfrom a steric
hindered enolatevas also repoed byMander and Sethin 1990% It was mentioned that -O
alkylationis favored to give undesired enol carbonate egbten THFis usedas solvent for this
type of reaction This enol carbonate estes not stable and readilyydrolyzedunder acidic
condition. The solution for this probleia to use diethyl ether instead of THF as the solvent for
the reaction (Scheme 56

Scheme2.65 : Synthesis ofb-ketoester with methyl cyanoformate in ether and THE’

© o

o}
o)ko’M
LDA, methyl cyanoformate, HMPA, THF @;} H*, H,0 ij‘i)
- )
68% yield
H H
2.105

2.102 o 0.,
LDA, methyl cyanoformate, HMPA, diethyl ether €
59% yield
H

2.104

The reason might be the reactivitifferences of the cyanoformate in different solvent
Comparing with diethyl ether, THF is a better coordinasialyentbecaus®f its cyclic structure,
and cyanoformate is mor@solvate® in THF, which made it aiharded electrophile(Figure
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2.20). When enolateorientsin a hinderedenvironment the fihard electrophile s a better
chance to attacthe oxygen becauseiga fhard nucleophile and easy to approachwell

Figure 2.20: More fisolvated cyanoformate in THF

Although the exact reason of the failed synthesis of debilestoesteiis not confirmed
as the formation of enol carbonate, thésvisedprocedurewas tried. Compound(+)-2.45 was
then treated with LDA, HMPA and ethyl cyanoformate in diethyl etRertunately, he desired
compound-)-2.106 was obtained in a good yield (Scheme6?.6
Scheme2.66: Synthesis ofb-ketoester ¢)-2.106

LDA, ethyl cyanoformate, HMPA,
diethyl ehter, -78 °C

Y

65% yield

(+)-2.45 (-)-2.106
The formation of b-ketoester in(-)-2.106 was confirmed byH NMR, **C NMR, and
mass spectrumslowever, the exact stereochemistry is still not clear. Comp@#106is oil,
therefore the single crystal could not be obtained fomyanalysis. Considering the formate
would approaclirom the less hindered side of the enolate, it is highly possible that the eter in
)-2.106is in cis position of C18H which is the desired conformation.
The functionalization of-)-2.1( is carried out however, because of the time limit, there

is sill no progress been made.

2.7 Conclusion
The total synthesis of myriceric acid A was continweth a revisedsyntheticstrategy

The traditional method for synthesizing the tricyclic compound could not affonttiemqmare
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product; therefore, a new method was developed to sseteotively generate the tricyclic
compound. The new method startedth the TBS protected byclic compound-)-2.53anda-
trimethylsilylvinyl ethyl ketame via a reductiveMichael additionsilyl hydrolyzationaldol
condensation reaction sequence to give thatenpure tricyclic compound+)-2.72in a good
yield. After protection of carbonyl group, deprotection of TBS group and oxidation of the
alcohol, tricyclic intermediatg)-2.33was synthegied.

With the enantiepure tricyclic intermediate ready, the synthesis of pentacyclic
intermediatenvas explored.Initial attempts on the intermolecular Michael addition strategy were
not successfubecaus®f the steric effect. The intramolecular reastiwas designed and used as
the alternativemethod.Ketone aldehyd@.46was synthesized over five steps aadipkd to the
tricyclic compound(-)-2.81 via Mukaiyama type ofldol condensatiorreaction.The desired
enoneketone was prepared for the designed intramolecular Michael additiohcondensation
reaction. The desired pentacyclic compoyhi2.45was prepare@ventuallyvia the protocol
and the structure was confirmed byra§ analysis.

Functionalizatiorof the obtained pentacyclintermediatevas started with installation of
the 17carboxylicgroup After severalattempts, the successful procedure degelopedand the
desired pentacyclic carboxyl ester vamthesizedn a good yieldFurther functionalization of

the pentacyclistructurewill be pursued

2.7 Experimental Section

General procedure: Melting points weremeasued on Thomas Hoover capillary
melting point apparatus. Nuclear magnetic resonance spectra were obtained at 400 fHz for
and 100 MHz for*C in deuteriochloroformand reportedin ppm unless otherwise indicated.
Solvents and some reagentsvere dried over CaH, (DCM, pyridine, E{N, DMF,
diisopropyamine trimethylsilyl chloridg, sodium/benzophenone (THF, ethemagnesium
(MeOH, EtOH) and lithiumaluminumhydride (toluene, benzene) and distilled under argon. All
other reagents were obtained frammmercialsources and used without furtheurification

Reactions were performed under agron unless otherwise indicated.
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2-Methyl-1,3-cyclohexandione

Me

Mel, 5 N NaOH ag.
(0] O
OUO 65°C _ W\i:/[/

84% yield

1,3-Cyclohexandionel(5.0g, 0.13 mol) was dissolved ilNSNaOH aqueous solution (26
mL, 0.13 mol). The resulted rdatown solutionwas cooled to @ over anice-water bath. Tat
at ®C was added iodomethane (37.0 g, 0.26 mol) slowly. This mixture was hediCtovh
vigorous stirringfor 24 hours and coolet 25°C. The white solid was collected by filtration,
powdeized and washed with 300 maf hexane and 50 mbf cold water to give white solid as
the desiregproduct(13.44 g, 84 %ield) which wassufficiently pure used in the followingtep.
This is acommercialavailablechemical. ThéH NMR is provided heiia for referenceand the
chemical shifts are identical that of reported® '"H NMR (DMSO-d6) Ui 10.28 (bs, 1H, enel
OH), 2.28 (m, 4H), 1.81 (m, 2H), 1.53 (s, 38H53).

2-(1-Bromoethyl)2-ethyt1,3-dioxolane(2.47) ***°
1. Ethylene glycol, cata. PTSA,

Hexane Br
MeAnAMe 2. Bromine - Me%Me
© 35% yield , two steps /

3-Pentanone
2.47

3-Pentanone (86.0 g, 1.0 mol), ethylene glycol (70.0 g, 1.1 mol) and PTSA (20 mg, 0.12
mmol) in 100 mL hexane were heated to reflux vibsanStark toremovewater for 48 hours.
To the resulhg light brown color solution was added 500 naf ethylene glycol. This mixture
was cooled to 3%, and bromine (140 g, 0.75 mol) was added dropwisely via a dropping funnel
to maintain the reaction temperature below’@0The stiring continued for 15 miatesafter the
addition ofbromine, and the reaction mixtuveas directly extracted with hexanes (200r8).
NaCOs (20.0 g)was added to the combined hexane extract, stirred with fonidQtes and
filtrated off. The heane was removedver rotavapor, and th@roductwas distilled under
vacuum (1~2 torr., b.p.: 4953 °C) to givea colorless liquid 48 g (35 vield).'H NMR i 4.16
(q,J=6.8 Hz, 1H, BrGH), 4.09i 4.03 (m, 4H), 1.99 (m, 1H), 1.79 (m, 1H), 1.68Jd; 6.8 Hz,
3H),0.92 (t,J= 7.6 Hz, 3H).
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2-Ethyl-2-vinyl-1,3-dioxolane(2.49.%°
Br
NaOH, MeOH = M
Me)o>€Me > /O?_/(O\ €
\J/ 90% yield
2.47 2.48

Compound.47(48.0 g, 0.23 mol) was mixed with sodium hydroxide (32.2 g, 0.8 mol) in
70 mL MeOH under argon. This mixture was heated to reflux for 24 hours. To the cooled
reaction mixture was added 150 mbf water and extracted with ether (200 »2). The
combined orgaic layer was washed with water (200 ®2), brine anddired over MgSQ@ The
ether wasemovedunder vacuum to giv@6.1 g ofdesiredproduct2.48(90% vield).*H NMR U
5.73 (ddJ=17.2, 10.4 Hz, 1H), 5.36 (dd,= 16, 1.6 Hz, 1H), 5.17 (dd,= 10.8, 1.6 Hz, 1H),
3.971 3.87 (m, 4H), 1.73 (q] = 7.2 Hz, 2H), 0.93 () = 7.2 Hz, 3H).

Ethyl vinyl ketone**

cata. PTSA, H,O
7o Me s e
90% yield o

2.48 Ethyl vinyl ketone
Compound2.48(26.1 g, 0.20 mol), PTSA (0.2 g, 0.01 mmol) was stirred in 30 mL water
at 25°C under argon for 10 hours. The organic layer agsaratedind dried over NSO, to
give 15.2 g of pure Byl vinyl ketone (99 yield). This is acommercialavailablechemical. The
'H NMR is provided here for referenead is identical to that of theomnercial mateiral *H
NMR Ui 6.36 (dd,J = 16.8, 10.4Hz, 1H), 6.23 (ddJ = 16.8, 1.2 Hz, 1H), 5.82 (dd,= 10.4, 1.2
Hz, 1H), 2.62 (q) = 6.8 Hz, 2H), 1.11 () = 6.8 Hz, 3H).

(-)-(4aR,5R}5-(tert-butyldimethylsilyloxy}1,4adimethyt4,4a,5,6,7,8
hexahydronaphthaler2(3H)-one [(-)-2.53. (JL-11-057)

Me TBSCI, imidazole, DMF
o 90% yield 5

(-)-2.29 (-)-2.53
To (-)-2.29(400 mg, 2.06 mmolandimidazole (272 mg, 4.0 mmol) in 15 mL dry DMF

under argon at 28C was added TBSCI (467 mg, 3.1 mmol) at once. Then this mixture was

stirred overnight. The reaction mixture was diluted with 50 mL agsQlldnd extracted with
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ethyl acetate (50 n#t3). The combined organic layer was washed with water, brine, dried over
MgSQO.. Ethyl acetate wasoncentrateaff by rotavapor, the residue was loaded on silica gel
columnwhich was eluted firstly with 200 mL hexane and 150 mL the mixture of hexane and
ether (5:1) taecover {)-2.29 (105 mg) andive (-)-2.53 (430 mg, 90% \eld, calculated based

on recovered-)-2.29 as colorless oil(-)-2.53 became a white solid after stored in the fridge
overnight.[a] 2= -106°, (¢ =0.345 gin 100 mLchloroform);*H-NMR: i 3.35 (dd,J = 10.8, 5.6

Hz, 1H), 2.65 (dJ) = 14.8 Hz, 1H), 2.2 - 2.38 (m, 2H), 2.09- 2.00 (m, 2H), 1.8-1.81 (m, 1H),

1.77 (s, 3H), 1.7- 1.62 (m, 3H), 1.5 - 1.24 (m, 1H), 1.4 (s, 3H), 0.90 (s 9H), 04(d, J = 7.2

Hz, 6H); *C-NMR (CDCk) Ui 199.4, 161.5, 129.9, 79.224, 34.2, 33.9, 30.7, 27.3, 26(2
carbors, t-Bu), 22.9, 18.3, 16.2, 11.53.7,-4.7.

Vinyl bromide

Br KOH, EtOH, 60 °C
> .\
Br 48% yield Br

1,2-dibromoethane Vinyl bromide

KOH (90 g, 1.5 mol), 600nL Ethanol vere added to a threeeck flask whichwas
equipped withdistillation apparatugLong Vigreux column(30 cm), distillation head, long
condense(circulating icecold water), distillation adaptor and collection flaskich was cooled
by dry-ice]. To this mixturewas added 1;8ibromoethanel(00 mL, 1.2 mdlover 1 hour viaa
syringepump at 40C under argonVinylbromide was distilled out (b.p. = £&) at 60°C under
argon. The crude product was redistilled over Ca®@ive dry vinyl bromidé1 g (48% vyield).
Obtained vinyl bromide should stor-a@8°C all the time.

Vinyl trimethylsilane
Mg, THF, TMSCI
=\B > =
' 75% yield ™S

Vinyl bromide Vinyl trimethyl silane

To a mixture of magnesiuni@ g, 0.42 mol, from Strem Chemical Cpand catalytic
amount of iodine iMB00 mL THF was slowly added vinyl bromide (3f) 0.28 mol). Reaction
wasinitiated by adding about 1 mL of vinyl bromide and heated to refflypheat gunAfter the

initiation, the rest of bromide was cannulated into the reaction slowly to maintain a gentle reflux
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of THF. After the adding of vinyl bromide, the mixture was stirred af@%or 20 mins and
heated to reflux for 2 hours to result a brown color solution. filxéure was cooled to 25C,
and distilled TMSCI 80 g, 0.28mol) in 30 mL THF was added slowly. The mixture was stirred
for 2 hours at 25C, and the product was diregtlistilled out from the reactiomixture as the
azeotrope of THF. This clear distillate was washed with wsseeraltimes to get rid of THF,
and the residue was driemer NaoSO, to give vinytrimethylsilane 21 g, 7%% vyield) asa
colorless liquid.This is a commercialavailablechemical. The'H NMR is provided here for
referenceand the chemical shifts are identicattatof reportedf? *H-NMR: 11 6.16 (dd,J = 20,

16 Hz, 1H), 5.93 (dd] = 16, 4 Hz, 1H), 5.68 (dd} = 20, 4 Hz, 1H), 0.08 (s, 9H).

a-Trimethylsilyl vinyl bromide(2.70.%

1. Br,, pentane Br

=\ 2. Diethylamine :<
T™S >
66% yield, two steps ™S
Vinyl trimethyl silane 2.70

To a stirred solution of vinyltrimethgilane (36 g, 0.36 mol), af8°C, in 50 mL pentane
was added bromine (57.6 g, 0.36 mol) dropwisely under argon. The resulted orange color
mixture was stirred af78 °C for 1 hour diluted with water and extracted with ether (150%8).
The combined organic layer was washed with agpSp (to removeany excess amount of
broming, ag. NaHCGQ, andbring and dried over MgS§ Thediethyl ether was concentrated by
rotavapor with a cool water bath(<40 °C) to give dibromide product. To this dibromide
compound was added diethylamine (5®d2 mol) at 25C, and thismixturewas stirred for 14
hours. The resulted white diethylamine salt was filtrated off. To the clear filtrate was added
additional amount ofliethylamine (26 g, 0.36 molYhereactionwas kept stirring for 10 hours
andmonitored by NMR Whenno dibromide compound wa®técted, e diethylamine salt was
filtrate off, and the clear solution was diluted with 300 mL ether. This solution was gently
washed with 1 N HCI several times until the pH is neutral, water, brine raed a/er MgSQ.
The ether was distilled out at 1 atm to give crude product. Distillation of this crude p(tduct
atm, b.p.: 165C) finally gave pure2.70(42 g, 66%yield) as colorless liquidH-NMR: U 6.28
(d,J=1.6 Hz,1H), 6.19(d, J = 1.6Hz, 1H),0.02 (s, 9H) “*C-NMR 139.2,129.6,-2.2 (3 carbos,
MesSi).
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2-(Trimethylsilyl)pent1-en-3-ol (2.71).%2

Br Mg, propyl aldehyde ™S
THF
™S > Me
86% yield OH
2.70 2.71

To a mixture of magnesium (1.4 g, 56 mmol) in 50 mL dry THF was a@dedL of
1,2-dibromoethane, and the mixture was heategtiox for 3 minutes. Bomide2.70(5.0 g, 28
mmol) was addeddropwisely. The reaction was initiated by heating with heat gun, and the
bromide was slowly added into the mixture it to maintain a@lgeaflux. The mixture was stirred
at 25°C for 30 minutesheated to reflux for 1.5 houesdthen cooled te10 °C. Distilled propyl
aldehyde (2.4 g, 42 mmol) in 10 mL THF was added slowly. Reaction mixture was warmed to 25
°C after the addition, stircefor 2 hous and quenched by aq. NEI. Theproductwas extracted
out with ether(60 mLx3). Combined organic layer was washed with water, brine, dried over
MgSQO.. Ether was distilled off at 1 atm, and the crude product was purified on silica gel column
by using a mixture of hexane and ether (4:1)ehentto give 2.71 (3.89 g, 86%yield) as
colorlessliquid. *H-NMR: 11 5.77 (s, 1H), 5.42 (s, 1H), 4.20(t, J = 6.0 Hz, 1H), 1.667 1.48 (m,
3H, merged with a broaddH), 0.91 (t,J = 7.2 Hz, 3H), 0.13 (s, 9H)°*C-NMR 156.3, 124.2,

77.9, 30.2, 10.30.4(3 carbois, MesSi).

a-Trimethylsilyl vinyl ethyl ketone

T™MS T™MS
PDC
Me — > Me
OH 65% yield o
271 a-trimethylsiyl vinyl

ethyl ketone
To the mixture of PDC (7.7g, 36 mmol) in 50 mL DCM was ada€ttimethylsilyl)
pentl-en3-ol (2.71) (3.8 g, 24 mmol) in 50 mlof DCM slowly at 0°C. The mixture was
warmed up to 25C and stirred for 14 hours. The resulted brown solid was filtratetthaffigha
short silica gel pad, and the silica gel was washed with 20 mL DCM. The comb@Mdnas
distilled off at 1 atm, and the crugeoductwas purified on silica gel column with a mixture of

ether and hexane (1:4) was eluent to give desired prodt809261 % yield) as yellow liquid.
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'H-NMR: 116.45(d, J = 1.6 Hz,1H), 6.09(d, J = 1.6 Hz,1H), 2.66(q, J = 7.2 Hz, 2H), 1.08(t, J
= 7.2 Hz 3H), 0.16 (s, 9H);*C-NMR 207.2, 154.1, 135.1, 31.8, 8:3,2(3 carbos, MesSi).

(+)-(4aR,8R,8aRgB-(tert-Butyldimethylsilyloxy}1,4a,8atrimethyl-
4,4a,4b,5,6,7,8,8a,9,1@ecahydrophenanthres2(3H)-one [(+)-2.72](JL-12-059)

1. Li, lig. NH3, t-BuOH, -35 °C,
2. a-Trimethylsilyl vinyl ethyl ketone,
M
QISD\OTBS 3. 6% KOH, MeOH, reflux OTBS
o] > o
58% yield, 4 steps Me
(-)-2.53 (+)-2.72

To liquid NH; (40 mL) at-78 °C was added lithium (56 mg, 8.1 mmol). After stigifor
30 mirutes at this temperaturea solution of (4aR,5R)5-(t-butyldimethylsilyloxy)1,4a
dimethyt4,4a,5,6,7,&hexahydronaphthale?(3H)-one[(-)-2.53 (1.0 g, 3.2 mmglandt-butanol
(179 mg, 2.56 mmdlin 10 mL dry ether was injected. Then this mixture was refluxe85iC
for 2 hours. A few drops of isoprene (freshly distilled over sodium) were injected to cixench
excessamount of lithium.Liquid NH; was evaporated off at room temperature, aedrésidue
was connected to théigh vacuumat 40C for 10 mirutes. The resulting white residue was
dissolved in 40 mL dry ethegain cooled to-78°C and protected from light by coverimgth a
black cloth a-Trimethylsilylvinyl ethyl ketong(0.75g, 4.8mmol) in 10 mL dry ether waadcded
into this mixture over 30 murtes by syringe pump. The reaction mixture was warmed upQdo
°C andallow thetemperaturggraduallywarmed up te-10 °C over 2 hourswith stirring. NH4CI
ag. was added intohis mixture,and extracted with ethyl acetat@®0 mLx3). The combined
organic layer wasvashed with waterandconcentrateaff underreduced pressur@ he residue
was dissolved with 100 mL metharenhd20 mL 6% KOHag., and this mixture was heated to
reflux for 2hours. Acetic acid was added meutralizeexcess amount of bgsend the methanol
was evaporated under rotary evaporatorThe residue was diluted with aq. IMH, extracted
with ethyl acetat¢60 mLx3). Combined organic layer wagashed with water, brine, ied over
MgSQO.. The crude product was purifidgry column chromatography using a mixture of hexane
and diethylether(3:1) to give desired produ680 mg 68% yield) as colorless oila].;= +45.2,
(c = 0.25 in chloroform)*H-NMR: (CDCh) 1 3.06 (dd,J = 11.2, 4.8 Hz, 1H), 2.67 (d1,=11.6,
3.2 Hz, 1H), 2.8 2.31 (m, 2H), 2.23 (td, J = 12.8, 2.8 Hz, 1H), 2D- 1.97 (m, 2H), 179 (s,
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3H), 1.78i 1.75 (m, 1H), 1.59 1.11 (m, 6H), 1.15 (s, 3H), 1.11i 1.02 (m, 2H), 1.05 (s, 3H),
0.89 (s, 9H), 0.02 (d = 1.6 Hz, 6H);"*C-NMR (CDCl) i1 1992, 164.6, 128.4, 81.1, 55.6, 40.0,
39.4, 38.2, 36.5, 33.5, 31.1, 2G3lcarbonst-Bu), 246, 24.5, 206, 186, 18.3, 12.5, 11.33.7,-
4.6.

(+)-(4aR,8R,8aRB-(tert-Butyldimethylsilyloxy}1,1,4a,8atetramethyt
decahydrophenanthret2(1H,3H,4bH)one[(+)-2.73](JL-12-087)

‘00 OTBS Li, NHz, THF, Mel
(0]

65% yield

Me
(+)-2.72 (+)-2.73

To liquid NHs (20 mL) at-78 °C was added lithium (30 mg, 4.3 mmol). After stirring for
30 mirutes at this temperaturét)-2.72(400 mg, 1.1 mmglin 2 mL dry THF wasadded slowly.
Then tle mixture was refluxed a35 °C for 2 hours and cooled t@8 °C degreeDry THF (35
mL) wasinjectedand the mixture was stirred at8 °C for 10 mirutes. Methyl iodide (1.4 mL,
22 mmol, 20 eq.) waadded into the bottompart of the reactiorby a long needle. After stirring
at-78°C for 30 minutes, another batch of methyl iodide (1.4 mL, 22 mmol, 20 eq.hevbd.
This mixture was allowed to warm uprmom temperature slowlyver 14 hours andiluted with
NH4CI aq, andextracted with ethyl acetad0 mLx3). The combined organic layer waashed
with water, brineanddried over MgS@ The organic layerwas concentrated angurified by
column chromatogphy using a mixture of hexane and dietktther (10:1) to give desired
product 5 mg (65% yield) of (+)-2.73as colorless solida].;= +8.2°, (c = 0.25 in chloroform);
'H-NMR: (CDCk) 11 3.06 (dd,J = 11.2, 4.8 Hz, 1H), 861 2.38(m, 2H), 1.% - 1.90 (m, 2H),
1.78- 1.69 (m, 1H), 1.55 1.17 (m, 1H), 1.8 (s, 3H), 1.@ (s, 3H), 0.94 (s, 3H), 0.90 (s, 3H),
0.89 (s, 9H), 0.03 (6H)}*C-NMR (CDCl) 112182, 81.5, 56.7, 55.4, 47.7, 40.39.6, 3%, 37.0,
34.4, 31.3, 26.8, 26(B carbonst-Bu), 24.8, 21.3, 20.7, 16,18.3, 16.4, 13.23.7,-4.5.

104



(-)-(4a'R,8'R,8a'R}1',1',4a’',8a-8-t-Butyldimethylsilyoxytetramethyldodecahydro
1'H-spirg[1,3]dioxolane2,2-phenanthrerj(-)-2.74].
Ethylene glycol,

otes PTSA,benzene
»

95% yield

(+)-2.73 (1)-2.74

(4eR 8R,8aR)-8-(tert-Butyldimethylsilyloxy) 1,1,4a,8aetramethyl dodecahydro
phenanthren2 (1H)-one (+)-2.73 (2.0 g, 5.25 mmol), PTSA (50 mg, 0.3 mmol) and ethylene
glycol (3.25 g, 52 mmol) were refled in benzenwith a DeanStarkapparatuso removewater
for 2 hous. Thesolution was cooled to room temperature, diluted with ag. Nag/G@d
extracted with ethef50 mLx3). The combined organic layer wasshed with watetbrine,and
dried over MgSQ@ The crude product was purifidry column chromatography using a mixture
of hexane anethyl acetat€5:1) to give desiregproduct 21 g (95% vyield) asa colorless solid.
[a]o7= - 49°, (c = 023 in chloroform);*H-NMR: 1 3.971 3.87 (m, 4H), 3.8 (dd,J = 11.2, 4.8
Hz, 1H),1.881 1.76 (m, 2H), 1.B1 1.65(m, 1H), 1.® (ddd,J =13.2, 7.2, 3.6 Hz, 1H}.521
1.32 (m, 6H), 1.29 1.10 (m, 5H), 1.04i 0.95 (m,1H), 0.8 (s, 3H), 0.87 (s, 12 H), 0.86 (s, 3H),
0.84 (s, 3H), 0.00 (s, 6H) *C-NMR Ui 113.6, 81.7, 689, 65.07 57.2, 54.042.4, 40.4 40.3
37.3,37.1, 34, 27.1, 2& (3 carbonst-Bu), 24.8, 23.1, 2@, 20.1, 18.4, 18.3, 16.4, B3-3.7,-
4.6.

(-)-(4a'R,8'R,8a'R}1',1',4a’',8a- Tetramethyldodecahydrd'H-spiro[[1,3]dioxolane
2,2'-phenanthren]-8'-ol [(-)-2.32](JL-14-044)

TBAF

()-2.74 ()-2.32

27 mL of 1.0 M tetrabutylamnium fluoride in THkas diluted with 20 mL dry THF.
This solution was pedried by R  molecular sieves and tansferred ito tert
butyldimethyl((4a'R,8'R,8a'R}',1',4a’,8atetramethyldodecahyd-1'H-spiro[[1,3] dioxolane -
2,2~ phenanthrened-yloxy)silane [(-)-2.74 (2.0 g, 4.6 mmol) in 30 mL dry THR.he esuling
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solution was stirred at 6% under argon for 14 hours, diluted with MH aq, and extracted
with ethyl acetate (50 mi3). Thecombined organic layer was washed with water, brine, dried
over MgSQ, andconcentrateaff under vacuum, and the crugeoductwas purified on silica
gel column witha mixture of ether and hexane (1:1) as eluent to gi/g f pure(+)-2.32(95%
yield) as white solid[a]s= - 45°, (c = 01 in chloroform lit 2% [a].s= - 44°, ¢ = 0.1, 98 %eeH
NMR 03.997 3.86 (m, 4 H), 3.13 @, J=11.4,8.4,4.1 Hz, 1 H), 1.90 1.74 (m,2 H), 1.731

1.08 (m, 15 H), 0.93 (s, 3 H), 0.88 (s, 6 H), 0.85 (s, 3 HJG-NMR (CDCI3)li ppm 113.5, 81.4,
651, 568, 538, 424, 398, 39.4, 37.2, 3D, 30.4, 27.126.1,248, 232, 20.2, 20.1, 18, 165,
13.3.

(-)-(4a's,8a'R}1',1',4a',8a-Tetramethyldecahydrd 'H-spiro[[1,3]dioxolane2,2'-
phenanthren]-8'(3'H) -one[(-)-2.33].(JL-14-045)

IBX o
</ -
95% yield 0/
(-)-2.32 (-)-2.33
To the (-)-2.32 (240 mg, 0.75 mmol) in 5 mL DMSO was added IBX (208 mg, 0.89
mmol) at 25°C under argon. This solution was stirred for 14 hours. The white participate was
filtrated off. The filtrate was diluted with ag. NaHCg) and extracted with ether (60 nx3).

Combined organic layer was washed with water, brine, and dried over MgBizoncentrated
under vacuum, and the crude product was purified on silica gel column with a mixture of hexane,
DCM, ether (5:3:1) as eluent to gi2€0 mg of purd-)-2.33(95% vyield) as white solid.a]s= -

27°, (c = 027 in chloroform 100%eelit.**: [a].s= - 26°, ¢ = 0.14, 98 %ee 'H NMR Ui 3.981

3.86 (M, 4 H), 2.54 (td] = 14.0, 6.9 Hz, 1 H), 2.18 (dm, 1 H),087 2.01 (m, 1 H), 1.82 (td] =

13.9, 4.0 Hz, 1 H), 1.761.35 (m, 10 H), 1.26 (dd,= 12.3, 2.1 Hz, 1 H), 1.18 (dd= 11.8, 3.0

Hz, 1 H), 1.14 (s, 3 H), 0.98 (s, 3 H), 0.94 (s, 3 H), 0.84 (s, 3°8)NMR 11215.9 1132, 65.1,

65.1, 57.6, 53.2, 48, 42.4, 383, 379, 37.1, 341, 270, 26.4, 231, 203, 20.07, 20.04, 18, 168.

106



N, N, -diethylgeranylaming2.78).%°

Me S
cata. n-Butyllithium; M
o+ Me/\H/\Me Y > N Ny Me
75% yield Me
Isoprene Diethylamine 2.78

Isoprene waslistilled over sodium; and diettaynine was distilled over Catbefore use.

To a dry sealed tube was added isoprene (20 mL, 0.20 mol) and diethylammbeQ®4
mol) at 0°C under argon. To this solutiomas added 1.6 M-BuLi (2.5 mL) to result a light
yellow color solution. The tube was capped tightly and heated 8€ @2 hours The eaction
mixture was cooled to C, and 15 mL of water was added to quench the reaction. The mixture
was extracted by ér (20 mix2), and the combined organic layer was dried over Mg3te
ether was concentratechder vacuum, and the crude product was purified by vacuum distillation
(b.p: 907 95°C, 3 torr.) to give pure amine 5.65 g (75% vyield) as colorles§-bNMR Ui 5.24 (t,
J=6.8 Hz, 1H), 09 (s, 1H), 3.8 (dd,J=7.2, 1.2 Hz, 2H), 29(q,J= 6.0 Hz, 4H), 2.8(d,J=
3.2 Hz,4H), 1.717 1.60 (m, 9H), 1.0L (t, J= 6.0 Hz, 6H).

1-(4,4-dimethylcyclohexi-enyl)ethanong2.75)%°

(1), HyO5.
(2), H,SOy4, H,0;

(3). NaOH, H.0.
/\b\)\ﬁ\N/\Me 2 -

45 % yield,
three steps

Me

2.78 275

A 50 % of hydrogen peroxide aqueous solution was added to comgoitd..05 g, 5
mmol) in 10 mL methanol at Z&. This solution was stirred for 48 hours. Then R8mg) was
added to the reaction solution and stirredZdhours todestroythe excess amount of hydrogen
peroxide.Removal ofthe methanol to give desirddroxide. The N-oxide residuewas diluted
with 500 mL HO. To this diluted solution was added 10 mL of 50 %@, and the mixture
was heated to 10T for 24 hours and cooled to°C with ice bathTo the resulted light brown
solution was added 10 g of NaOH in 20 mL water. This mixture was heated € 100 24
hours and cooled to Z&. The excess amount of NaOH weaitralizedwith 10 % HCI, and the

product was extracted with ether (100 x3). The combined organic layer washed with water,
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brine dried over MgS(@ and distilled at latmto remove etherand the crude product was
purified on silica gel column with a mixture of lae and ether (1:1) as eluent to ¢34 mg
of pure2.75 (45 % vyield) ascolorless oil withpleasanbrdor. *H NMR 11 6.82 (m, 1H), 2.31 (s,
3H,-CHg), 2.1 2.24(m, 2H), 2.1 2.03(m, 2H), 1.41 (tJ = 4.8 Hz, 2H), 0.8 (s, 6H).

(-)-Trimethyl((4a'R,8a'R}1',1',4a',8a-tetramethyt3',4',4a',4b',5',6',8a',9',10',10a*
decahydrel'H-spiro[[1,3]dioxolane2,2'-phenanthrene}8'-yloxy)silane[(-)-2.81].

LDA, TMSCI, THF
>

98 %

(-)-2.33 (-)-2.81

Trimethylsilyl chloride (TMSCI) was distilled twice ove€aH,, and to the distilled
TMSCI was added distilled g (volume ratio: TMSCI : BN = 7 : 1). Themixture was
centrifugedfor 2 minutes, and thelearsupernatanivas used for the reaction.

To thesolutionof diisopropylamine (0.05 mL, 0.35 mmol) in 1.5 mL dry THF was added
1.6 M n-BuLi (0.21 mL, 0.33 mmol) at78 °C under argon. Theolutionwas stirred for 30
minutes andtransfeed into compound-)-2.33 (100 mg, 0.33 mmol) in 2 mL THF a8 °C
under argn. The mixture was warmed up to @5, stirred for 2 hours and cooled-&#8 °C. To it
was added TMSCI (0.136 mL, 1 mmol), and the mixture stirre@&EC for 30 minutes. The
reaction was diluted with 5% aqueous J)HH solution, extracted with eth€20 mLx3). The
combined organic layer washed with water, brine and dried N&30,. The combined ther
was distilled under vacuum, and the crude product achasmatographedn silica gel column
with a mixture of hexane, DCMndether (5:3:1) as eluent to give 110 mg of pl)ye.81(98 %
yield) as white solid[a],s= - 32°, (c = 055in chloroform);*H NMR Ui 4.507 4.87 (m, 1H), 3.98
i 3.87 (m, 4H), 2.67 1.78 (m, 4H), 1.677 1.11 (m, 10H), 1.0 (s, 3H), 0.93 (s, 3H), 0.88 (s,3H),
0.83 (s, 3H), 0.15 (s, 9H}*C-NMR i 159.0, 113.6,100.Q 65.1(2 carbons, acetalp5.9, 538,
425, 39.6, 37.1(2 carbons, gerdimethyl) 36.9, 27.1, 24.9, 23.1, 20.20.0 18.5, 17.9, 16,
0.6 (3 carbonsTMS).
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2,2-Dimethylpent4-enal (2.89).

M Q cat. PTSA, mesitylene, Dean-Stark reflux Me MeH
/\/OH + G%H . /A){H/
Me 90% yield o
Allyl alcohol Isobutyraldehyde 2.89

Allyl alcohol (21.7g, 0.375 mol), isobutyraldehyde (40.5 g, 0.56 mol) a@nd
toluenesulfonic acid(0.125&.5 mmo) in mesitylene (70 mL)was heated2#0 °C by heating
mentalfor 48 hours wittDeanStark apparatusnd a long Vigreux column (30 cm). The product
was distilled at 1 atm to give 40 §0(% yield) as colorless liquid. (The produets distilled out
as the azeotrope aifesitylene whicltan be separated at next 3téd NMR 1 9.50 (s, 1H), 5.77
i 5.67 (m, 1H), 5.11 5.06 (m, 2H), 2.23 (d] = 7.6 Hz, 2H), 1.07 (s, 6H).

2,2-Dimethylpent4-en-1-ol (2.88).

Me_ Me
/\)QWH NaBH,, 5% NaOH agq. MeOH Me_ Me
= 4
o ] > MOH
90% yield
2.89 2.88

The sodium borohydrel (4.8 g, 0.132 mol) in 60 mL 0.2 MlaOH ag. solution was
addedslowly in to a solution ofaldehyde2.89 (40 g, 0.35 molinMeOH (400 mL) over 30
minutes. It was stirred at 28C for 10 lours The MeOH was distilled offandthe residue was
diluted with NH,CI aq, extracted with ethe(100 mLx3). The combined organic layer was
washed with water, brinenddried over MgSQ@ The ether wasemowed under reduced pressure,
and the residue was purified by column chromatography with pure hexane and the mixture of
hexane ether (1:1) to give pure produtcalorless 0il38 g, 90% yield); *H NMR 1 5.9471 5.82
(m, 1H), 5.07 5.04 (m, 2H), 3.34 (s, 2H), 2.03 (@= 8.0 Hz, 2H), 0.89 (s, 6H).

5-Bromo-4,4-dimethylpent1-ene(2.87)"

Me_ Me PPhs, Bry, DMF Me_ Me
>

MOH MBI’
65% yield

2.88 2.87
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Bromine (7.7 g, 48.8 mmol) was addedriphenylphsophine (12 g, 45.9mmol) in 30 mL
DMF (dried over 3A molecular sievge andthe mixture was stirred for 30 mites. To it, a
solution ofalcohol 2.88 (5.0 g, 43.8 mmol) in 30 mL DMF was added slowly. The resulting
black solution was heated t8°C for 2 hours, cooled to 2% and diluted witi70 mL water.
The mixture was extracted with penta(@ mLx10), and the combined organic layer was
washed with water, brin@anddried with MgSQ. The pentane was distilled off at 1 atm, and the
product was distilled from this residue at f8xo give acolorless liquid with pleasant odor $4.
g, 65 % yield)."H NMR 1i5.83i 5.72 (m, 1H), 5.12 5.07 (m, 2H), 3.28 (s, 2H), 2.11 @= 7.4
Hz, 2H),1.02 (s, 6H).

6,6-Dimethylnon-8-en-2-one (2.86).

1. Mg, cat. anthracene, dibromoethane, THF;

Me. Me 2. Cul.MeSMe, methyl vinyl ketone, ether Me_ Me Q
MBI’ ) > MMe
40% yield
2.87 2.86

[Activation of magnesiumif the magnesium is not new purchasiéghould be activiated
by the following procedurethe metalwas washedvith 1 N HCI several times until ahiny
surfaceappearedthen waskd with distilled water several times t@moveexcess acid; the
washed magnesium could be transferred into a Hirsh fumilout filtering papey and wash
with water, THF and dried undehigh vacuum for 1 hour with heating to gieetiviated
magnesiur

To amixture of magnesium (7.0 g, 227 mmol), anthracene (1.0 g, 5.6 mmol) in 100 mL
of dry THFunder argorwas added,,2-dibromoethane (0.5 mL, 5.7 mmol), and this mixture was
heated to ridux with heat gun for 5 miates. After cooling to 25°C, themixture stirredfor 14
hours to give greenrange color mixture (a green color normally showed up after stirring for 1
hour).

To this greerorange mixture was added bromide7 (8.0 g, 45.5 mmip to form the
Grignard reagent. Firstly, about 1 g of bromide was added into the mixture, the mixture was
heated up to reflux with heat gun. The rest of bromide was injected slowly to maintain a gentle
reflux of the THF. The mixture was stirred at 25 for 30 mirutes afterthe additionof the

bromide heated to reflux for 2 houend cooled to 28C to give a black color solution
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To a three neck flaskquippedwith low temperature thermometerere added cuprous
iodide dimethyl sulfide complex (CtMe,S)* (5.75 g, 27.8 mmol), 15 mL dimethlsulfidand
20 mL of dry ether under argonThe mixture was cooled t&0 °C, and the prepared Grignard
reagent was cannulated into this mixture slowly to maintain the temperature -86l18&. The
mixture was stired for 40 minutes to let temperatuigeto -20°C. This mixture was cooled to
40 °C, and methyl vinyl ketone (1.4 g, 26.1 mmol) in 3 mL ether was added. The mixture stirred
for 2 hours toallow thetemperature raise tb0 °C. To it, 200 mL mixture ofNH,CI aq. and
NH4OH ag. (4:1) was added into the reaction, and the mixture stirred for 1 minute. The crude
productwas extracted with ether (50 md4). The @mbined organic layer was washed with 10 %
agueous NKEIOH two times, water, brine and dried over MgSQhe ether and THF was
distilled out at 1 atm.and the residue was purified by columsing amixture of hexane ether
(15:1) as eluento give pure product asyellow oil (1.6 g, 40% yield); ‘H NMR chromatogaphy
with 05.841 5.73 (m, 1H), 5.A 7 4.94 (m, 2H), 2.8 (t, J= 7.6 Hz, 2H), 2.2 (s, 3H), 1.9 (d, J
= 7.6 Hz, 2H), 1.58 1.49(m, 2H), 1.B7 1.12 (m, 2H), 0.% (s, 6H);"*C NMR 1 209.4, 135.8,
116.9, 6.5, 44.7, 41.5, 33.3, 30.1, 2{A carbons, gendimethyl), 18.7.

3,3-Dimethy}7-oxooctanal(2.46).

o
W cat. 0sOy, NalO,, dioxane, H,0 H Me. Me @

e
56% yield
2.86 2.46

Caution: OsQ, is extremely toxic!

To compound.86(1.0 g, 6.0 mmol) in 30 mL dioxane and 6 mkHwas added OsO
(12 mg, 0.06 mmol) at 28C. The mixture was stirred for 40 minutes to give a dark brown
solution. To this solution, sodium perioddate (2.5 g, 12 mma$ added slowly over 20 minutes.
The mixture was stirred at 2& for 4 hours, diluted with wategnd extracted withether (40
mLx4). The combined organic layer washed with water, banddried over MgSQ@ Ether and
most of the dioxane were distilled off at 1 atemdthe crude product wagsurified by column
chromatography with the mixture of hexane ether (1:1) to give product agellow oil (0.52g,
56% yield). 'H NMR 119.83 (t, J = 3.2 Hz, 1H), 2.2 (t, J = 6.8 Hz, 2H), 2.2 (d, J = 3.2 Hz, 2H),
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2.13 (s, 3H), 1.617 1.53 (m, 2H), 1.32i 1.27 (m, 2H), 1.® (s, 6H);"*C NMR U 2089, 2038,
54.8,44.2,42.2, 33.7, 3)27.6(2 carbons, gendimethyl), 18.5

(-)-(4a's,8a'R,E}7'-(3,3-dimethyl7-oxooctylidene)l',1',4a',8a"-
Tetramethyldecahydrd'H-spiro[[1,3]dioxolane2,2-phenanthren}8'(3'H) -one|(-)-
2.76].

1. BF3.ether, DCM, 95% yield,
2. MsCl, Et3N, ether
o G oTMS H me. Me O 3. DBU, toluene, DCM, 75% two steps
</O Fl + OM/\)LMe >
()-2.81 2.46 ()-2.76

To asolution of compoung)-2.81(0.50g, 1.1 mmol) and ketone aldehy®2&6(0.23g,
1.3 mmol) in 25 mL distilled DCM at78 °C under argon was added B#ther (0.34 mL, 2.7
mmol). This mixture stirred a8 °C for 2 hours and stored in dige for 10 hours. To ifat-78

°C) was added 5 misaturatecaqueous NaHC®solutionto quench the reaction. The mixture

was diluted with watemndextracted with ethyl acetate (30 x). The combined organic layer

was washed with water, brinanddried over MgSQ@ Ethyl acetate was evapted off under

vacuum, and the residue waslumn chromatographesh the silica gel column to recover the

compound-)-2.33(30 mg 9% revovery and getesiredaldol product2.92[430 mg, 92 %yield,
calculated based on the recovery of ketoh.33.
To asolutionof compound2.92(430 mg, 0.91 mmol) and ¢ (1.3 mL, 8.1 mmol) in 30

mL distilled ether was added MsCI (342mg, 3 mmol) &COunder argon. The mixture was

stirred for 14 hoursquenchedwith 5 % aqueous NI, and extracted with ethyl acate (30
mLx3). The combined organic layer was washed with 10 % aqueous Nak\@@r, brine,
dried over NgSQy4, and concentratednder vacuum. The residue waissolvedin 20 mL ofa
mixture of DCM andoluene (1:1). To it was added DBU (276 mg, 1.82 mrabR5°C. This

mixture was stirred for 15 hours, diluted with aqueous,GlHand extracted with ethyl acetate

(30 mLx3). The combined organic layer washed with water, benddried over MgSQ@ Ethyl
acetate was evaporated off under vacuum, the crude productpwédsged by column
chromatographysing amixture of hexaneDCM andether £:3:1) as eluento give pure product
as a white solid (0.35 g, 83% yield, two steps [a]xs= - 32.5, (c = 0385in chloroform);*H
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NMR 11639 (t, J = 9.6 Hz, 1H), 3.9 i 3.85 (m, 4H), 2.77 (d,) =15.6, 5.6Hz, 1H),2.39 (t,J =

7.6 Hz, 2H),2.13 (s, 3H), 2.2 1.62 (m,9H), 1.587 1.16 (m, 10H), 1.5 (s, 3H), 0.8 (s, 3H),
0.93 (s, 3H), 089 (s, 6H), 0.8 (s, 3H);"*C NMR 1 209.4, 208.0, 137.1, 135.2, 1132carbons,
acetal) 6512, 65.11, 54.2, 53.1, 4B, 44.6, 42.4, 41.7, 39.9, 38.0, 3639,9, 34.4, 30.2, 273,

2719, 27.0, 26.8, 23.1, 20.1, 19.1, 18.7, 18.3, 16.7.

(+)-(6a'R,8a'R,12a'S,12b'R,14b'R4",4',6a',11',11', 14b*Hexamethyi4’, 4a', 5', 6', 6a’,
8a', 9, 10", 11',12',12a',12b',13',14',14a',14bhexadecahydrel 'H -
spiro[[1,3]dioxolane2,3-picen}8'(2'H) -one[(+)-2.45]; (-)-
(6a'R,8a'S,12a'R,12b'R,14b'R#',4',6a',11',11',14b*hexamethyi
4'4a'\5',6'6a',8a',9',10',11',12',12a',12b',13',14',14a’', 14idiexadecahydrel 'H -spiro
[[1,3]dioxolane-2,3-picen}8'(2'H) -one[(-)-2.4].

EtONa, EtOH, 60 °C

C =0.005M

(-)-2.94 (40% yield), less polar (+)-2.45 (30% yield), more polar

A solution of sodim methoxide was prepared as followeadiam (11mg, 0.46 mmol)
was added into 5 mL distilled ethanol atZ5under argon. The mixture was stirred until all the
metal dissolved.

To compound(-)-2.76 (110 mg, 0.23 mmol) in 40 mL distilled ethapnabovesodium
ethoxide solutiorwas cannulatedThis mixture was stirred at 3& under argon for 14 hours. 1
Drop of acetic acid was added into the yellow solution to quench the excess amount of base.
Ethanol was evaporated off undeacuum;the residue was diluted with watemd extracted
with ethyl acetate (30 mi3). The combined organic layer washed with water, brine, dried over
MgSQ,, concentratednder vacuumThe crude product wasurified by column chromatography
using amixture of h&cane DCM andether 7.5:3:1) as eluento give pure(-)-2.45(35 mg, 30 %
yield) aswhite solidand(-)-2.94 (45 mg, 40 %) as white solid(-)-2.94 (Less polar compound,
undesired product)fa]zs= -34.0 (c = 015in chloroform);*H NMR 10 5.81 (d,J = 2.0 Hz, 1H),
3.9871 3.87 (m, 4H), 2.37 2.25(m, 1H), 2.7 i 2.09 (m 1H), 2.2 (ddd,J = 15.6, 8.4, 4.4 Hz,

113



1H), 1.8 7 157 (m, 5H), 1.527 1.29 (m, 9H), 1.26 1.09 (m, 6H), 1.09 (s, 3H), 0.9 (s, 3H),

0.93 (s, 6H), 0.8 (s, 6H);*C NMR 1 202.9,174.7, 119.5, 113.2 carbons, acetalp5.1, 56.7,
53.3,48.5,44.4, 42, 41.2, 41.1, 40.5, 38.8, 38.1, 37.9, 37.0, 33.4, 32.8, 30.6, 27.1, 24.8, 23.1,
23.0, 215, 20.4, 201, 18.7, 16.6)(+)-2.45 (More polar compound, desired produdg],s= +
222.5°, (c = 019 in chloroform);*H NMR U0 5.75 (s, 1H),4.027 3.84 (m, 4H), 2.3 (ddd,J =
13.2,9.2, 4.4 Hz, 1H), 2.0 1.61 (m, 6 H), 1.58 1.17 (m, 12 H), 1.14 0.98 (m, 4H), 1.3 (s,

3H), 0.94 (s, 9H), 0.87 (s, 3H), 048(s, 3H);*C NMR U 2027, 176.6,118.1, 113l (2 carbons,
acetal) 6508, 65.0259.7, 537, 44.0, 432, 423, 41.9, 39.3, 38.388.35, 37.9, 37.1, 36.7, 33.5,
306, 280, 270, 242, 231, 22.0, 20.7, 2@, 186, 162; the single srystal was grown from a

mixture of diethyl ether and hexane (1:1) forag analysis.

(+)-(6a'R,8a'S,12a'R,12b'R,14b'RIEthyl 4',4',6a',11',11',14b*hexamethyi8'-oxo-
2'4'4a'\5',6', 6a', 8',8a',9',10',11',12',12a',12b',13',14',14a’, 14k ctadecahydrel'H-
spiro[[1,3]dioxolane2,3-picene}8a’-carboxylate[(+)-2.101].

LDA, ethyl cyanoformate, HMPA, THF

Y

45% yield

(-)-2.94 (+)-2.101

[LDA was prepared followed the same procedurd-pf.81 and titrated before using.
The procedure for the titration is: to the solution ohdipylacetic acid (9.3 g3 0.043 mmol) in
1 mL dry THF pr ether for(-)-2.109. When a light yellow was shown and last for 10 seconds,
the titration was stopped, the volume of LDA solution was recorded and used to calculate the
concentration.]

To (-)-2.94(173 mg, 0.38 mmol) in 2 mL THF was added freshly made LDA (0.57mmol)
in 1 mL THF. The mixture was stirred at8 °C for 1 hour. To it, HMPA (102 mg, 0.57 mmol)
was injected, and the mixture was stirred7 °C for 15 minutes, andtleyl cyanoformate (75
mg, 0.76 mmol) was adde@he mixture was stirred a78 °C for 30 minutes, diluted with aq.
NH4CI solution, and extracted with ethyl acetate (20x3). The combined organic layer was

washed with water, brine, dried over MgS@&thyl acetate was evapordteff under vacuum,
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andthe crude product wasurified by column chromatographsing amixture of hexaneDCM
andether 7.5:3:1) as eluento give90 mg (45 % yield) opure(+)-2.101as white solid[a],s= +
91.2, (c = 0425 in chloroform); *H NMR 1 5.79 (s, 1H), 4.16 4.06 (m, 2H), 3.95 3.84 (m,
4H), 2.54 (dd,) = 12.8, 4.4 Hz, 1H), 2.34 (ddd= 13.6, 7.2, 3.2 Hz, 1HP.15 (dd,J = 13.6, 3.6

Hz, 1H), 1.92 (dJ = 12.0 Hz, 1H), 1.80 (td] = 13.6, 3.2 Hz, 2H), 1.71 1.57 (m,5H), 1.51i

1.28 (m,6H), 1.24 (t,J = 7.6 Hz, 3H), 1.18 1.10 (m, 5H), 1.08 (s, 3H), 0.98 (s, 3H). 0.94 (s,
3H), 0.92 (s, 3H), 0.85 (s, 3H), 0.83 (s, 3ME NMR U 197.2, 174.6, 172.3, 117.8, 113.2 (2
carbons, acetal), 65.2, 61.4, 58.6, 55.6, 53.6, 43.6, 424,41.4, 39.5, 38.3, 38.1, 37.1, 34.96,
34.95, 32.9, 30.6, 27.5, 27.1, 24.6, 23.20221.3, 20.2, 18.7, 16.4, 14.3; the single srystal was

grown from a mixture of diethyl ether and hexane (1:1) foa)analysis.

(-)-(6a'R,8a'R,12a'S,12b'R,14b'Rethyl 4',4',6a',11',11',14b-hexamethyi8'-oxo-
2'4'4a'\5',6', 6a', 8, 8a',9',10,11',12',12a',12b',13',14',14a',14bbctadecahydrel 'H -
spiro[[1,3] dioxolane- 2, 3'- picene}8a'-carboxylate[(-)-2.105].

LDA, ethyl cyanoformate, HMPA,
diethyl ehter, -78 °C

65% yield

(+)-2.45 (-)-2.106 (assumed structure)

To (+)-2.45 (40 mg, 0.088 mmol) in 1 mL distilled diethyl ether was added freshly
prepared_DA (0.12mmol) in 1 mL diethyl ether. The mixture was stirred7&°C for 1 hour.
To it, HMPA (24 mg, 0.12 mmol) waadced, and the mixture was stirred a8 °C for 15
minutes. Ethyl cyanoformate (18 mg, 0.17 mmol) was added. The mixture was stiT8d@t
for 30 minutes, diluted with aq. NBI solution, and extracted with ethyl acetate (10<@i). The
combined organicayer was washed with water, brirgddried over MgSQ@ Ethyl acetate was
evaporated off under vacuum, the crude product puaied by column chromatography with
the mixture of hexaneDCM andether 6:3:1) to give30 mg (65 % yield) opure (-)-2.106 as
white solid.[a]2= -62.8, (c = 020in chloroform); *H NMR i 5.88 (d,J = 2.4 Hz, 1H), 4.16
4.05 (m, 2H), 3.96 3.86 (m, 4H), 2.89 2.82 (m, 1H)2.59 (dt,J = 14.0, 4.4 Hz, 1H), 2.35 (dt,
J=13.2,2.8 Hz, 1H), 1.901.78 (m, 2H), 1.74 1.60 (m, 4H), 1.50 1.40 (m, 5H), 1.33 1.23
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(m, 8H), 1.19 (t) = 7.6 Hz, 3H), 1.05 (s, 3H), 0.93 (s, 6H), 0.91 (s, 3H), 0.85 (s, BEINMR

0 197.1, 173.3, 172.4, 120.4, 113.4 (2 carbons, acetal), 65.2, 61.4, 58.3, 57.0, 53.2, 42.4, 42.3,
38.7, 38.2, 37.9, 37.1, 36.1, 35.6, 34.7, 33.4, 31.0, 30.4, 27.13, 27.05, 24.8, 23.8, 23.0, 20.5, 20.0,
18.6, 16.8, 14.4.
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Appendix A - Chaper 1'H NMR and **C NMR
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[C:\NMR _nuts_2008\DAT Al$sw-5-109frac6 fid
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[C:\NMR _nuts_2008\DAT A\Ssw-5-109dpcarbon fid
Std Carbon experiment
lApr 22 2014
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5td proton;blank line

Jaug 22 2010
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F1 = 399.942596 MHz

F2 = 100.574530 MHz
swi=" 6397.95 Hz

AT1= 200 sec

[Hz per P1sD = 0.39 Hz
sw2= 1.00Hz

Hz per Pt 2ndD = 1,00 Hz
o1 = 2400.2253 Hz

02 = 05000 Hz

8.412

8.403

7.362
7.342
7.332
7.322
7.306
7.261

"

7.232
7.214

© N~
<4 N
e
NN~

7.113
7.086
7.079
7.059
7.033
7.028
6.945
6.939
6.928
6.589
6.573
6.565
6.536
6.529

526
770

475

6
5.
5

S

N

3.879
3.839
3.724
3.686

o<
© 10
N~
o o

/

\

3/00

2.752
2.736
2.733
2.728
2718
2.702

= — 2673

2615

/3,05

N

1.723
1712
1.643
1.636
618
601
579

1
1
1

1.251

PP)

133




[C:\NMR _nuts_2008\DATA\Sr-18-13c.fid
std Carbon experiment

Apr 17 2014

JUSER:

[SOLVENT: cdci3

=opul
8.050 usec
2,000 sec

Pulse length =
Recycle delay =
INA = 14956
Solvent = cdel3
FID PTS1d = 31413
pTs1d = 32768

F1 = 100.575584 MHz
F2 = 399.942200 MHz

swi= 2415459 Hz
JAT1= 1.30sec

Hz per Pt 1D = 0.74 Hz
jsw2= 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 10559.6436 Hz

02 = -0.5000 Hz

LB1 =

173.661

159.837

A P O

151.026

145.198
144.231

142.889

il

134.056
132.737

—__— —132385

131.923
130.230

128.544

125.421
125.289
124.622
122.783
120.070
118.406
118.223
112.227

/

112.190
93.711

AL bl

150

77.555

76.925
56.899
39.863
35.700
23.326

100

50 PP

134



[CNMR nuts_20081DAT ASiyi-3-008.fid
td proton:blank line 3
han 21 2011

User:

SOLVENT: cdol3

= 2pul

Pulse length = 4.900 usec
Recycle delay = 1.000 sec
INA = 4

Solvent = cdcl3

FiD PTS10 = 13102

[PTS1d = 16384

F1 = 399.720584 MHz

F2 = 100.520966 MHz

swi = 6395.40 H

AT1= 2,05 sec

IHz per Pt 1stD = 0.39 Hz
S

Hz per Pt 2ndD = 1.00 Hz
o1 = 2398.4280 Hz

02 = 05000 Hz

@
=)
=

8.949
8.570
8.559

\

7.626

o
I
©
~

©
®
@
~

7.285
7.276

RN
T NN
NN
~NON

o
©
N
~

7.070
6.918
6.893
6.590

N4

b

6.586
581
577

6
6

FsC 0 Me

Me/O

/

\

2.667

2.015

1.534

PP
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[C:\WMR _nuts_2008\DATA\Sjy1-3-048-13C i
std proton;blank line

ban 21 2011

JUSER:

[SOLVENT: cdci3

=<2pul
Pulse length = 8650 usec
[Recycle delay = 1.000 sec
INA = 6900

Solvent = cdci3

FID PTS1d = 31375

PTs1d = 32768

F1 = 100.522011 MHz

F2 = 399.729187 MHz
ISW1 = 24125.45 Hz

JAT1= 130 sec

[Hz per Pt1sD = 0.74 Hz
sw2 = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 105536523 Hz

02 = -0.5000 Hz

177.588

159.042
156.866

154.024

149.826
148.479

144.977

134.912

130.356

— 125426

124.071

————118.789

115.559

112.819

105.106

77.541

76.903

56.752

23.239

136




[C:\NMR _nuts_2008\DATAISIN_I_59.fid
[Std Proton parameters

bl 10 2013

JUSER:

[SOLVENT: CDCI3

=<2pul
Pulse length = 6.650 usec
[Recycle delay = 1.000 sec
INA = 16

Solvent = CDCI3

FID PTS1d = 12783

PTs1d = 16384

F1 = 399.962158 MHz

F2 = 100.579445 MHz
swi = 6397.95 Hz

JaT1= 2.00sec

[Hz per Pt 1stD = 0.39 Hz
sw2 = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 24005188 Hz

02 = -0.5000 Hz

8.455
8.444

FsC O Me

HO. N

—

N
NH,
1.19

158

b,

2,551
2272
1.433
1.256

137




[C:\NMR_nuts_2008\DATAISjyl-13-PQ3713C-2.fid
5td Carbon experiment

oct 19 2013

user:

[SOLVENT: cdci3

= 2pul

pulse length = 8.050 usec
Recycle delay = 1.000 sec
NA = 21936

Solvent = cdcl3

FiD PTS1d = 31413

pTs1d = 32768

F1 = 100.580498 MHz

F2 = 399.961731 MHz
swi = 24154.50 Hz
AT1= 130 sec

Hz per Pt 1stD = 0.74 Hz
sw2= 1.00Hz

Hz per Pt 2ndD = 1.00 Hz
o1 = 10560.7607 Hz

02 = 05000 Hz

159.100

0 AT o m T A A

147.768
145.378
141.728
134.779
133.269
132.639
130.909
125.221
125.126
124.474
124.239
119.548
118.207

T T T 144.264

i .4..n.LJ|Iu|.I T e
150

112.416
100.454

HO.

/

\

NH,

1.19

100

0
0
0
~
~

76.917
76.837

Al |

Wil

|.i|..|.|
50

22721

U

A A

Lt

PP

138



C:\NMR_nuts_2008\DATA\$PQ38.fid
std Proton parameters

Oct 21 2013

UserR

[SOLVENT: dmso

= 2pul

Pulse length = 6.650 usec

Recycle delay = 3.000 sec

INA = 64

Solvent = dmso

IFID PTS1d = 12783
PTS1d = 16384

[F1 = 399.964050 MHz
[F2 = 100.579926 MHz
Sw1= 6397.95 Hz

JAT1= 2.00 sec

Hz per Pt 14D = 0.39 Hz
[sw2 = 1.00 Hz

[Hz per Pt 2ndD = 1.00 Hz
01 = 2406.7664 Hz

02 = -0.5000 Hz
LB1= 000 Hz
ud 200.94
B=76.98
C= 0.00

NSO NN
55388
RARRR
NRNNN

=)
o
N
N

7.176
7.031
6.991
6.977
6.963
6.948
6.752
6.732
6.378

~
o
]
~

— 9.652
8.378
8.367

o 7187

HO

Y

\

HN

10

139

4.356
4.341
2.508
2.500




[C:\NMR _nuts_2008\DATAISPQ-38-13C fid
5td Carbon experiment

oct 21 2013

UsER:

[SOLVENT: dmso

=2pul

[Pulse length = 8.050 usec
Recycle delay = 1.000 sec
INA = 21616

Solvent = dmso

FiD PTS1d = 31413

pTs1d = 32768

F1 = 100.580971 MHz

F2 = 399.963623 MHz
swi = 24154.50 Hz
AT1= 130 sec

Hz per Pt 1stD = 0.74 Hz
sw2= 1.00Hz

Hz per Pt 2ndD = 1.00 Hz
o1 = 10550.8418 Hz

02 = 05000 Hz

160.109

157.118

149.451

144.430
144.372

141.293

131.654
131.376
133.641

131.083
130.870
130.474
130.093

==

)
<
o
@
N
~

o
)
0.
)
N
~

I
©
<
0
N
~

©
-3
0
<
~
—

©
~
N
[
N
~

<
o
<
o
=
=

<
)
o
@
~
“

®
o
@
o)
]
—

it

]
=]
N
o
~
~

97.168

Y

\

HN

67.694

46.716
40.831
40.625
40.413

39.995
39.790
39.577

25.878

23.078

T
150

100

140




C:NMIR_nuts_2008AT AISjy1-7-045.id

5td Proton paramelers

ar122012 S

JUSER:

[SOLVENT: cdci3 ‘
=2pu

Pulse length = 6.

Recycle delay =

INA = 4

Solvent = cdci3 ‘

FID PTS1d = 12783

PTs1d = 16384

F1 = 399.962158 MHz

F2 = 100579445 Mz

[sw1 = 6397.95 Hz

JAT1= 2.00 sec

[Hz per Pt1sD= 0.39 Hz

sw2= 1.00Hz

Hz per Pt2ndD = 1.00 Hz

01 = 2400.9084 Hz

02 = 0.5000 Hz

50 usec
000 sec

8.362

N

7.396
7.379
7.375
7.812
7.359
7.355
7.338
7.260
6.952

© oo
Yoo
00
© oo

6.912
6.907
6.905
890
885
869
865

6
6
6
6

817

6

6.811

6.805
6.792
6.786
6.781

NHAc

121

3.941

2.217

1578

141



[C:\NMR _nuts_2008\DATAI$YL-7-045-13C fid
5td Carbon experiment
Mar 12 2012

user:

[SOLVENT: cdci3

= 2pul

pulse length = 8.050 usec
Recycle delay = 1.000 sec
INA = 3032

Solvent = cdcl3

FiD PTS1d = 31413

pTs1d = 32768

F1 = 100.580498 MHz

F2 = 399.961731 MHz
swi = 24154.50 Hz
AT1= 130 sec

Hz per Pt 1stD = 0.74 Hz
sw2= 1.00Hz

Hz per Pt 2ndD = 1.00 Hz
o1 = 10558.5488 Hz

02 = 05000 Hz

LB1= 000 Hz

TP A= 1747
B=299.94
C= 0.00

st/ LAl L s

169.200
164.956
162.442

Lt bl i

156.285
156.248
152.972

145.715
131.173
131.122
131.078

AR 0 it
150

NodonroN

R338h53R

GBI HORN N

BBNNG TN N

95493939

F O
O
Me”
NHAc
1.21

g O A e

100

77.555
77.240
76.925
56.658

25.784

il Tl R G,

PP

142



C:\NMR_nuts_2008\DATA\San.fid
[Std Proton parameters

Mar 20 2012

USER

[SOLVENT: cdel3

= 2pul

Pulse length = 6.650 usec
Recycle delay = 1.000 sec
INA = 32

Solvent = cdcl3

FID PTS1d = 12783

PTs1d = 16384

F1 = 399.962158 MHz

F2 = 100.579445 MHz
swi = 6397.95 Hz

AT1= 2,00 sec

[Hz per Pt 1sD = 0.39 Hz
sw2 = 1.00 Hz

Hz per Pt 2ndD = 1,00 Hz
01 = 24005181 Hz

02 = -0.5000 Hz

10.468

0.89

— 8.249

— 7.799

7.453
7.432

7.413
7.268
7.260
7.249
7.120
7.117
7.098
7.096

Me

3.966

2.185

1578

PP

143




[C:\NMR_nuts_2008\DATAISan-13.fid
Std Carbon experiment
Mar 20 2012

USER:

[SOLVENT: cdcl3

=2pul

Pulse length = 8.050 usec
Recycle delay = 1.000 sec
INA = 23428

Solvent = cdcl3

FID PTS1d = 31413

PTs1d = 32768

F1 = 100.580498 MHz

F2 = 399.961731 MHz
2415459 Hz

1.30 sec

[Hz per Pt1sD = 0.74 Hz
sw2 = 1.00 Hz

Hz per Pt 2ndD = 1,00 Hz
01 = 10559.8691 Hz

169.184

_————154.678

T TT———154.356

145.384

—————131.362

130.424

125.755

120.419

109.204
109.182
108.471
77.568
76.938
56.664
25.754

NHAc

150

100 50 PP

144



[C:\NMIR_nuts_2008\DAT A\Sjy1-7-051 fid
IStd Proton parameters

Mar 13 2012

UsER

[SOLVENT: cdci3

= 2pul

Pulse length = 6.650 usec
[Recycle delay = 1.000 sec
A = 32

Solvent = cdcl3

FiD PTS1d = 12783

PTs1d = 16384

F1 = 399.962158 MHz

F2 = 100.579445 Mz
swi =" 6397.95 Hz

JAT1= 2.00 sec

[Hz per Pt1sD = 0.39 Hz
ISW2 = 1.00 Hz

[Hz per Pt 2ndD = 1.00 Hz
o1 = 2400.1274 Hz

7.677
7.394
7.377
7.373
7.357
7.352
7.336
7.260
7.258
6.963
6.956
6.943
6.936
6.921
6.915
6.886
6.880
6.866
6.860
6.827
6.822
6.816
6.804
6.797
6.792
6.129
5.966

SN

——— 3.878

NH,

—— 1562

-0.004
-0.006

PP

145




pulse length = 7.800 usec
Recycle delay = 1.000 sec
INA = 556

Solvent = cdci3

FID PTS1d = 31375

pTs1d = 32768

F1 = 100.520370 MHz

[F2 = 399.722687 MHz

jswi 24125.45 Hz
JAT1= 1.30 sec

Hz perPt1sD = 0.74 Hz
jsw2 = 1.00 Hz

[Hz per Pt 2ndD = 1.00 Hz
01 = 10546.8574 Hz
02 = -0.5000 Hz

LB1= 000 Hz

TP A= 141
B= 15891
C= 0.00

o ——142.158

T TT———141.799

112226
= 112021

NH,

108182
=———107.992

T T TT——105.992

77555

IC:\NMR_nuts_2008\DATA\$JYL-7-651-13Cid o~ m © o N oo (=} o o
] FE T gy 3 gz ]
td proton;blankline ~ @ =@ a3 o Q& ~ R )
14 2012 i g ges E Ex E K
ot g g 883 g 8 EE! S
JSOLVENT: cdcl3
= 2pul

146




[C:\NMR _nuts_2008\DAT A\Sjy1-7-064.fid T NhLNOCdONT YN o <

S ®od00YNOO®R IS >
Std Proton parameters © SYYTMANNAAOO S @
iar 21 2012 NONNRN NNNRN o )
JUSER:

[SOLVENT: cdcl3

=<2pul
Pulse length = 6.650 usec
Recycle delay = 3.000 sec
INA = 16

Solvent = cdci3

FID PTS1d = 12783

PTs1d = 16384

F1 = 399.962158 MHz

F2 = 100.579445 MHz
swi = 6397.95 Hz

JaT1= 2.00sec

[Hz per Pt 1stD = 0.39 Hz
sw2 = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 2401.2991 Hz
-0.5000 Hz

N

___—— 7260

_ 7

V

NH,
NO,

1.24

PP

147



[C:\NMR _nuts_2008\DAT A\Sjy1-7-064-13C.fid
std Carbon experiment

Mar 21 2012

JUSER:

[SOLVENT: cdci3

=<2pul
Pulse length = 8.050 usec
[Recycle delay = 1.000 sec
INA = 824

Solvent = cdcl3

FID PTS1d = 31413
IPTS1d = 32768

[F1 = 100.580498 MHz
[F2 = 399.961731 MHz

[Sw 24154.59 Hz
JAT1= 1.30sec

Hz per Pt 1sD = 0.74 Hz
sw2= 1.00Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 10556.3379 Hz
02 = -0.5000 Hz

———155.713

154.672

—_—142.109

141.933

130.374

125.602

120.787

107.952

104.558

77.555
77.240
76.925

56.643

148




[C:\NMR _nuts_2008\DAT A\8jy1-7-055.fid
std proton;blank line

Mar 15 2012

UsER

[SOLVENT: cdci3

= 2pul

Pulse length = 6.400 usec
[Recycle delay = 1.000 sec
A = 4

Solvent = cdcl3

FiD PTS1d = 13102

PTs1d = 16384

F1 = 399.723083 MHz

F2 = 100.519333 MHz
[swi = 6395.40 Hz

JAT1= 2.05sec

[Hz per Pt1sD = 0.39 Hz
ISW2 = 1.00 Hz

[Hz per Pt 2ndD = 1.00 Hz
01 = 2410.3040 Hz

_____—— 8769
- —— 8758

[08s

—— 7.889

7.282

7.276
7.245

—_—— 7.224

6.805
6.797

r
"190

6.781
— 6.777

6.761

6.757

6.592

6.567

6.565

6.530

O Me
X
—
N
NO,
1.25

310

2.741
2.738

.00

—— 1.690

PP

149




C:\NMR_nuts_2008\DATA\$jyl-7-055-C13.fid =« O on N Od © < o @© M od 0N N ©
N 9 3b ® ob 4 ©® b 00 4ad Do a
Std proton;blank line S © =9 ® I~ o o o QX oo @ 0 © ®
Mar 15 2012 n N 0o o o o © [e}e) 0w “00o
© © v, [ < < o ®m M N N <40
User: ERE 933 3 3 3 83 a3 e g

[SOLVENT: cdcl3

= 2pul
Pulse length = 7.800 usec
Recycle delay = 1.000 sec
INA = 1064

Solvent = cdcl3

FID PTS1d = 31375

PTs1d = 32768

F1 = 100.520370 MHz

F2 = 309.722687 MHz
S 24125.45 Hz

JAT1= 130 sec

[Hz per Pt1sD= 074 Hz
sw2= 1.00Hz

Hz per Pt2ndD = 1.00 Hz
01 = 10550.5391 Hz

02 = 05000 Hz

LB1 =

bl S A i o el At
180 160 140

P g S A
120

109.604
103.428
103.179

L e

100

O Me
X
—
N
NO,

1.25

80

77.555
77.240
76.918

57.330

il \ PN
60

23.354

bl 00 st il 0 R
40

b bt L
20

150




[C:\NMR_nuts_2008\DAT A\Siyi-7-065.fid
Std Proton parameters

Apr 29 2014

USER:

[SOLVENT: cdel3

=<2pul
Pulse length = 6.650 usec
Recycle delay = 2.000 sec
INA = 32

Solvent = cdcl3

FID PTS1d = 12783
PTS1d = 16384

F1 = 399.942657 MHz
[F2 = 100.574539 MHz
Sw1= 6397.95 Hz
JAT1= 2.00 sec

Hz per Pt 19D = 0.39 Hz
jsw2 = 1.00 Hz

[Hz per Pt 2ndD = 1.00 Hz
01 = 24355234 Hz

_____—— 8763

T T—— 8752

“0.69

7.872

7.316
7.294
7.276
7.260

= 7.232

7.222

= —— 7073

7.055
7.036
6.797
6.777

2.746

1.569

151




[C:\NMR _nuts_2008\DAT A\Sjy1-7-065-13C.fid
std Carbon experiment

Mar 22 2012

JUSER:

[SOLVENT: cdci3

=opul
8.050 usec
1,000 sec

Pulse length =
Recycle delay =
INA = 844
Solvent = cdcl3
FID PTS1d = 31413
pTs1d = 32768

F1 = 100.580498 MHz
F2 = 399.961731 MHz
S 24154.59 Hz
JAT1= 1.30 sec

Hz per Pt 1D = 0.74 Hz
sw2=  1.00Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 10554.8633 Hz
02 =

-0.5000 Hz

158.000

150.817

148.501

146.441
144.235

140.782

136.363

o ——130.389

129.986

__——125734

—_— ———— 122678

120.691

112.115

O
Me”

NO,

1.26

/

\

77.563
77.240
76.925

57.361

23.439

150

100

50

152




[C:\NMR_nuts_2008\DAT A\Syi-7-056.fid
Std Proton parameters
Mar 17 2012

JUSER:
[SOLVENT: cdci3
= 2pul
pulse length = 6.650 usec
Recycle delay = 3.000 sec
s A

Solvent = cdl3

FID PTS1d = 12783
Prsid - 16384

[F1 = 399.962158 MHz
2 = 100579445 Mz
Swi = 6397.95 Hz
JaT1= 200 ¢

iz per Pt 15D = 0.3 Hz
sw2= 100k

Hz per Pt2ndD = 1.00 Hz F O Me
01 = 2401.2991 Hz

02 = 05000 Hz O

786

8.446
7.260
7.213
7.193
7.175
7.155
7.076
7.066
6.

6.692
6.686
6.671

)
©
Q
©

8.457
6.651
6.645
6.619
6.613
6.598
6.592
6.500
6.494
6.490
6.473
6.467
6.462
2.627

po9 100

130
0/08-047/01
77

153



[C:\NMR _nuts_2008\DAT A\Sjy1-7-056-13C.fid
5td Carbon experiment
Mar 17 2012

user:

[SOLVENT: cdci3

=2pul

[Pulse length = 8.050 usec
Recycle delay = 1.000 sec
NA = 34896

Solvent = cdci3

FiD PTS1d = 31413

pTs1d = 32768

F1 = 100.580498 MHz

F2 = 399.961731 MHz
swi = 24154.50 Hz
AT1= 130 sec

Hz per Pt 1stD = 0.74 Hz
sw2= 1.00Hz

Hz per Pt 2ndD = 1.00 Hz
o1 = 10557.0742 Hz

02 = 05000 Hz

——————165.147

_————162.713

161.203
161.093
157.758

150.656

145.561

T TT————142.930

133.944

130.491
130.396

—_————— 127,559

125023

T 124679

110.957
110.928
108.458
108.245

98.013

_——102982
= ———102733

77.555
77.240
76.917

56.716

23.248

T
150

100

PP

154



3.790
2.644
2.642

IC:\NMR_nuts_2008\DATA\$jyl-7-066.fid
std proton;blank line

IMar 23 2012

user

[SOLVENT: cdcl3

= 2pul

Pulse length = 6.400 usec

Recycle delay = 1.000 sec

INA = 16

7.259
7.240
7.237
= 7.219
7.057
———— 7.047
= 6.973
6.957
6.936
6.799
6.796
6.791
6.776

8.451
8.441

Solvent = cdci3
FID PTS1d = 13102

pTs1d = 16384

F1 = 399.723083 MHz (0] Me
F2 = 100519333 MHz o

sw1 = 6395.40 Hz Me” X
JAT1= 2.05 sec

Hz per Pt 1D = 0.39 Hz _
sw2= 1.00H: N
Hz per Pt2ndD = 1.00 Hz

o1 = 2402.3003 Hz

02 = -0.5000 Hz NH2

LB1= 000 He

00

A1.56

155



[C:\NMR_nuts_2008\DAT A\Sjy1-7-066-13C.fid
std proton;blank line

Mar 23 2012

JUSER:

[SOLVENT: cdci3

=<2pul
Pulse length = 7.800 usec
[Recycle delay = 1.000 sec
INA = 424

Solvent = cdcl3

FID PTS1d = 31375
IPTS1d = 32768

F1 = 100.520370 MHz
[F2 = 399.722687 MHz
[Sw 24125.45 Hz
JAT1= 1.30sec

Hz per Pt 1sD = 0.74 Hz
sw2= 1.00Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 10549.0664 Hz
02 = -0.5000 Hz

159.643

150.765

145.476
143.256
143.212

134.107

129.653
127.998
124.928

124.855

121.412

+14.988
98.322

77.555
77.240
76.925

56.758

23.311

T
100

156




IC:\NMR_nuts_2008\DATA\$jyl-7-095 fid
std Proton parameters

JApr 25 2012

user:

[SOLVENT: cdcl3

= <2pul

Pulse length = 6.650 usec

Recycle delay = 1.000 sec

INA = 16

Solvent = cdci3

FID PTS1d = 12783

PTs1d = 16384

F1 = 399.962158 MHz Me
F2 = 100.579445 MHz

6397.95 Hz

2.00 sec

Hz per Pt 1stD = 0.39 Hz NHZ
jsw2 = 1.00 Hz

Hz per Pt2ndD = 1.00 Hz NO,

01 = 2400.1274 Hz

7.549

7.541

7.087

— 7.079

7.064

7.057
6713
— 6.749

3.796

— 7.260

1.29

PP

157



C:\NMR_nuts_2008\DATA\$jyl-7-096-crude.fid E g
Std Proton parameters [N
|Apr 26 2012 @ ©
USER:
[SOLVENT: cdcl3

= 2pul

pulse length = 6.650 usec
Recycle delay = 1.000 sec
INA = 32

Solvent = cdcl3

FiD PTS1d = 12783

pTs1d = 16384

F1 = 399.962158 MHz

[F2 = 100.579445 MHz
swi=" 6397.95 Hz

JaT1= 2,00 sec

[Hz per Pt 1D = 0.39 Hz
sw2= 1.00Hz

Hz per Pt 2ndD = 1.00 Hz
o1 = 2400.1274 Hz

7.667
—— 7.660

7.396
= 7.389
7.330
7.322
7.259

Me

2.707
2.704

1575

10

158




[C:\NMR _nuts_2008\DAT A\8jy1-7-096-13C.fid
std Carbon experiment

lapr 25 2014

JUSER:

[SOLVENT: cdci3

=<2pul
Pulse length = 8.050 usec
Recycle delay = 2.000 sec
INA = 16752

Solvent = cdcl3

FID PTS1d = 31413

PTS1d = 32768

F1 = 100.575584 MHz

F2 = 399.942200 MHz
SW1= 24154.50 Hz

AT1= 1.30 sec

Hz per Pt1sD = 0.74 Hz
sw2 = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 10559.3271 Hz

156.234

149.908

143.355

135.461

130.330

123.835

115.566

106.323
77.552

_O
Me N

NO,

1.30

RSO

76.922

56.368

19.321

150

100

159




IC:\NMR_nuts_2008\DATA\$jyl-7-097 fid
Std Proton parameters

Apr 26 2012

user

JSOLVENT: cdcl3

= 2pul

Pulse length = 6.650 usec

Recycle delay = 1.000 sec

A = 16

Solvent = cdcl3

IFID PTS1d = 12783
PTS1d = 16384

F1 = 399.962158 MHz
[F2 = 100.579445 MHz
S 6397.95 Hz
JAT1= 2.00 sec

[Hz per Pt 1D = 0.39 Hz
jsw2= 1.00 Hz

[Hz per Pt 2ndD = 1.00 Hz
01 = 2400.5181 Hz

_____——— 8476

T ——— 8465

— 7.260
—_— 7.171

7.159

~
~
in
©

T ——— 6551

——— 5.020

Me
ple

Me N

NH,

131

2.595
2.593

PP

160




[C:\NMR_nuts_2008\DATA\$jyl-7-097-13C.fid
std Carbon experiment
|Apr 26 2012

user:

[SOLVENT: cdcl3

= 2pul

[Pulse length = 8.050 usec
Recycle delay = 1.000 sec
INA = 512

Solvent = cdcl3

FID PTS1d = 31413

PTS1d = 32768

F1 = 100.580498 MHz

F2 = 399.961731 MHz
swi = 24154.50 Hz
JAT1= 1.30sec

[Hz per Pt1sD= 0.74 Hz
sw2= 1.00H

Hz per Pt2ndD = 1.00 Hz
o1 = 10556.3379 Hz

02 = 05000 Hz

LB1= 000 Hz

TP A=-299.53
B= 21094
C= 0.00

158.741

150

o ———145.737

T ————144.990

143.091

135.021

129.839

122.780

Me

o el b i AL A ol b R i G L sl

101.209

NH,

131

100

91.453

Me

hut (o uabhe U bt L HM;. ALl

55.324

19.356

O g A e e e o

50

PP

161




[C:\NMR_nuts_2008\DATA\Sjyl-7-062.fid
td proton;blankline
Mar 23 2012

user
[SOLVENT: cdci3
= 2pul
Pulse length = 6.400 usec
Recycle delay = 1.000 sec
I = 16 ‘ H

Solvent = cdcl3
FID PTS1d = 13102
PTs1d = 16384
F1 = 399.723083 MHz
F2 = 100.519333 MHz
swi = 6395.40 Hz
AT1= 205 %c F O Me
[Hz per Pt 1sD = 0.39 Hz o
sw2 = 1.00 Hz ! AN
IHz per Pt2ndD = 1.00 Hz Me’
01 = 2404.8389 Hz _
02 = -0.5000 Hz
N

7.846
7.838
7.832
7.824
7.703
7.698
7.690
7.261
3.917
3.839

~
©
=
~

7.169

o~
< %
Q9
N~

7.033
6.678

@
I}
«©
©

6.652
6.639
6.632
6.613
6.608

6.591
6.587
6.520
6.492
6.487
6.487
6.466
6.448

a ~ o~
e oS ~
~ N @
~ ~ ©

8.367
8.357

1.33

77 i

91 f; o1 /1 06 o/sioge)

2.600
2.194

162



[C:\NMR_nuts_2008\DATA\$jyl-7-062-13C.fid
std proton;blank line

IMar 23 2012

user:

[SOLVENT: cdcl3

=2pul

[Pulse length = 7.800 usec
Recycle delay = 1.000 sec
NA = 25096

Solvent = cdcl3

FID PTS1d = 31375

PTS1d = 32768

F1 = 100.520370 MHz

[F2 = 399.722687 MHz
24125.45 Hz

1.30 sec

Hz per Pt1sD= 0.74 Hz
sw2= 1.00Hz

Hz per Pt2ndD = 1.00 Hz
01 = 10553.4844 Hz

168.712

165.269

o ———162.764

161.379
161.189

151.124

144934

144311

T —————142.788

134.188

132.268

130.459
130.356

123.463

110.995
110.966
108.358
108.146
103.003
102.747

-n
: —_—

O

<

(9]

1.33

93.063

77.562

77.240
76.925
56.890
41.214
36.240
28.167
23.267

T
150

100

50 0 PP

163



C:\NMR_nuts_2008\DATA\$jyl-7-067.fid
Std Proton parameters
|Apr 13 2012

~
USER:
[SOLVENT: cdci3
=2pul
pulse length = 6.650 usec
Recycle delay = 1.000 sec
I = 20
Solvent = cdci3

FiD PTS10 = 12783

Prsid = 16384

F1 = 399.962158 MHz

2 = 100579445 MHz

swi = 6307.95 He

AT1= 2,00 sec O Me
iz per PL1sSD= 039 Hz o

S

Hz per Pt2ndD = 1,00 Hz Me” N
o1 = 24005181 Hz

02 = 05000 Hz =

260
252

o
®

8.362
8.352
7.847
7.839
7.834
7.827
7.713
7.704
7.699
7.692
7.213
7.029
7.018
6.965
6.947
6.926
6.785
6.764
6.493
6.479
6.461
3.932
3.916
3.899
3.827
3.441
3.425
2.612

7
7

1.34

i

2.225
2.208
2.157
1.646
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[C:\NMR _nuts_2008\DAT A\Sjy1-7-067-13C.fid
std Carbon experiment

Apr 13 2012

JUSER:

[SOLVENT: cdci3

= 2pul
Pulse length = 8.050 usec
Recycle delay = 1.000 sec
INA = 25128

Solvent = cdcl3

FID PTS1d = 31413

PTs1d = 32768

F1 = 100.580498 MHz

F2 = 399.961731 MHz
S 24154.59 Hz

JAT1= 130 sec

[Hz per Pt1sD= 074 Hz
sw2= 1.00Hz

Hz per Pt2ndD = 1.00 Hz
01 = 10557.0742 Hz

02 = -0.5000 Hz

168.709

159.789

151.198

144902

T TT———143.069

134178

~  ————133.958
T ————132.258
—_—————129.634

126460

124789

123.455

T TT——121.322

115.025

93.373

1.34

77.555

76.917

56.966
56.951

41.243

36.244

28.218

23.351

150

100

T
0PP)

165




IC:\NMR_nuts_2008\DATA\$jyl-7-098.fid
std Proton parameters

JApr 30 2012

user

[SOLVENT: cdcl3

= 2pul

Pulse length = 6.650 usec

Recycle delay = 1.000 sec

INA = 16

8.405

_ 8305

Solvent = cdcl3

IFID PTS1d = 12783
PTS1d = 16384

[F1 = 399.962158 MHz
[F2 = 100.579445 MHz
Sw1= 6397.95 Hz

JAT1= 2.00 sec

Hz per Pt 14D = 0.39 Hz
[sw2 = 1.00 Hz

[Hz per Pt 2ndD = 1.00 Hz
01 = 2400.9084 Hz

02 = -0.5000 Hz
LB1= 000 Hz

ONWONW DN m o
29883988838%
R ERERN
NNNNRNNRNNNR~

. ——7.260

3.904

__—— 3801

1.35

3.874
3.857

3.387

___~——13370

3.354
3.338

2575
2573

2.166

2149

2.132
2.098

1.608

166



[C:\NMR _nuts_2008\DATAI$YL-7-098-13C.fid
std Carbon experiment

lapr 30 2012

JUSER:

[SOLVENT: cdci3

= pul
Pulse length = 8.050 usec
Recycle delay = 1.000 sec
INA = 15744

Solvent = cdcl3

FID PTS1d = 31413

PTs1d = 32768

F1 = 100.580498 MHz

F2 = 399.961731 MHz
S 24154.59 Hz

JAT1= 130 sec

[Hz per Pt1sD= 074 Hz
sw2= 1.00Hz

Hz per Pt2ndD = 1.00 Hz
01 = 10558.5488 Hz

02 = 05000 Hz

AN I P A

168.680

159.320

150

146.324

— ———144301

142.820

A e

—————135.058

134.142

8 38 g g
N S @ ® o
o o o o © @
a4 98 ® s
Me
Me/O N
Pz
N
(©)
HN
N
(0]
1.35
.mm‘...ulu.lnunhldh N B e

77.555

n o [v) <
& B [
@ < o o
S w8 s o
© 8 S 3
N o S

0

28.086
19.473

Mkl s
0 PP
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C:NMR_nuts 2008\DATAS)YI-7-075.6id @
Std Proton parameters R0
lapr 11 2012 ©©

user:
[SOLVENT: cdci3

= 2pul
Pulse length = 6.650 usec
[Recycle delay = 1.000 sec
A = 16
Solvent = cdcl3

FID PTS1d = 12783

PTS1d = 16384

F1 = 399.962158 MHz
F2 = 100.579445 MHz
swi = 6397.95 Hz
JAT1= 2.00 sec

[Hz per Pt 1stD = 0.39 Hz
sw2 = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 24005181 Hz

675

N

7.260
7.258
7.202
7.182
7.164
7.144

055

7

<
<
S
~

6.

§970.96

@
©
> © © ©

©

655
6.649

—Z~ — 6634

6.

= 6628

6.615
6.609
6.593
6.587
6.491
6.483

1
0/9893
/1 s

6.477
6.461
6.450
6.391

1.11

3.421

C T——— 3404

3.437

3.023
3.006

C T——— 2088

2.672

— —— 2606

2.052

2.035

= 2019

2.001
1.984

168



[C:\NMR _nuts_2008\DAT A\Sjy1-7-075-13C.fid

® o [ © o~ = < ~NN~N MmO o - wgn~ n o o n n
& N 3 8 8o IYm DLOB ©d o o/ @ a3 3 @
5td Carbon experiment IR S & I® 338 2ama 0~ ] oR & ® R 3 I
lapr 11 2012 0o = ® SO O Cow®w o © N © 49 o o
© © n ®m Mo o N =00 o o o ~ ~ [ < < hd o~
user: =] B G99 4934 2433 33
[SOLVENT: cdci3

=2pul
pulse length = 8.050 usec
Recycle delay = 1.000 sec
INA = 20416

Solvent = cdcl3

FiD PTS1d = 31413

PTS1d = 32768

F2 = 399.961731 MHz

jswi 24154.59 Hz

JAT1= 1.30 sec

Hz perPt1sD = 0.74 Hz F 0o M

144924
142901
126049

F1 = 100.580498 MHz

swe = 1.00Hz e

Hz per Pt 2ndD = 1.00 Hz O

o1 = 10557.8125 H =

02 = 0.5000 Hz Me N

LB1= 000 Hz

TP A= 20.16 =
B= 25866 N
c= 000

1.11

1 o oo e e A Ah.ﬂu,...m.. s b LRl uthnunuouumm.m e e o A e Y hJAi.lLu b

150 100 50

169



[C:\NMR_nuts_2008\DAT A\Sjyi-7-084.fid
Std Proton parameters

Apr 17 2012

UsER:

[SOLVENT: cdel3

= 2pul
Pulse length = 6.650 usec
Recycle delay = 1.000 sec
A = 32

Solvent = cdcl3

FID PTS1d = 12783

PTs1d = 16384

F1 = 399.962158 MHz

F2 = 100.579445 Mz
sw1 = 6397.95 Hz

JAT1= 2.00 sec

[Hz per Pt1sD= 039 Hz
sw2= 1.00Hz

Hz per Pt2ndD = 1.00 Hz
01 = 2400.1274 Hz

02 = 05000 Hz

8.337

_ 832

.98

4.360

O Me
O
Me” A
~
N
HN
NH,

1.13

3.438
3.423

3.407

3.121
3.104
3.087

2.594

2.147

170




[C:\WMR _nuts_2008\DAT A\Sjy1-7-084-13C.fid
Std Carbon experiment

lApr 17 2012

user:

[SOLVENT: cdci3

= 2pul

Pulse length = 8.050 usec
[Recycle delay = 1.000 sec
NA = 16976

Solvent = cdcl3

FiD PTS1d = 31413

PTs1d = 32768

F1 = 100.580498 MHz

F2 = 399.961731 MHz
w1 = 24154.59 Hz
JAT1= 1.30sec

[Hz per Pt1sD= 0.74 Hz
ISW2 = 1.00 Hz

[Hz per Pt 2ndD = 1.00 Hz
o1 = 10557.8125 Hz

159.730

151.257

144916

143.370

133.907

129.663

126.731

125.016
124.789
121.373

115.003

93.835

77.563
240
76.925

57.032

41.214

39.315

30.058

23.380

150

100

PP

171




[C:\NMR_nuts_2008\DAT A\Sjy1-7-103 fid
IStd Proton parameters
May 12012
JUSER:
[SOLVENT: cdci3
= 2pul
Pulse length = 6.650 usec
Recycle delay = 1.000 sec
INA = 16
Solvent = cdcl3
FID PTS1d = 12783 O
PTs1d = 16384 Me”
F1 = 399.962158 MHz
F2 = 100.579445 Mz
sw1 = 6397.95 Hz N
JAT1= 2.00 sec
[Hz per Pt1sD= 039 Hz HN
sw2= 1.00Hz
Hz per Pt2ndD = 1.00 Hz
01 = 2400.5181 Hz
02 = 05000 Hz

7.260
7.163
7.152
6.418
6.412
6.311
6.305
6.253
3.358
3.342
3.324
2915
2.897
2.880
2.580
1.946
1.929
1.912
1.895
1.877

8414
T T 8403
<
@

/

\

1.15

172



2.642

[c:NMR_nuts_20081DAT Al sw-3-63dp.fith v OO MMULDAOONMOMONONDODD 40 T ® ~
NS S PR UOrRN0000RaRO0IINROO 0N ®
Std Proton parameters D NNANHGdH900QN00000Q0CQEQ0LN T I <
un 24 2013 o NRRNNNRNNNGEGGG66666G6G6666G6C <
user:
[SOLVENT: cdci3
= 2pul
Pulse length = 6.650 usec
Recycle delay = 1.000 sec
s .
Solvent = cdcl3
FID PTS1d = 12783
pTs1d = 16384
F1 = 399.962158 MHz
F2 = 100579445 MHz
[sw1 = 6397.95 Hz
AT1= 200 sec
Hz per Pt 1D = 0.39 Hz
sw2=  1.00Hz
Hz per Pt 2ndD = 1.00 Hz F (0] Me
o1 = 2400.9084 Hz o
-
Me >
_
N
HN
OH
1
- - - T - - - T - - - T
8 6 4

173



[C:\NMR_nuts_2008\DATA\Ssw-3-63dpcarbon.fid
Std Proton parameters

bun 24 2013

UsER:

[SOLVENT: cdel3

=opul
8.050 usec
1,000 sec

Pulse length =
Recycle delay =
A = 5000
Solvent = cdcl3
FID PTS1d = 31413
pTs1d = 32768

F1 = 100.580498 MHz
F2 = 399.961731 MHz
S 24154.59 Hz
JAT1= 1.30 sec

Hz per Pt 1D = 0.74 Hz
sw2=  1.00Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 10559.2305 Hz
02 =

-0.5000 Hz

165.190
162.757
161.261

161.159

155.449

151.176

144967

143.406

133.672

130.652

130.498

130.395
129.362
126.357
125.177

124.708

758

111.015
110.986
108.443
108.230

103048

- ————102.769

93.922

Me”

HN

/

\

56.811

47.795

30.519

23.350

T
150

T
100

174




[C:\NMR_nuts_2008\DATA\$sw-3-73DPcorrect.fid
[Std Proton parameters
oun 26 2013

user:

[SOLVENT: cdci3

Experiment = 2pul

Pulse length = 6,650 usec

Recycle delay = 1.000 sec

A = 64 H H
Solvent = cdci3

FiD PTs1d= 12783

PTs1d = 16384 O Me
[F1 = 399.962158 MHz O
F2 = 100579445 MHz Me”
sw1 = 6397.95 Hz

JAT1= 2.00 sec

Hz per Pt 1D = 0.39 Hz N
sw2= 1.00H:

Hz per Pt2ndD = 1.00 Hz HN

01 = 2400.5181 Hz

02 = 0.5000 Hz

LB1= 000 He
P A= 9678
B= 100.06
c= 0.00

220
075
526

8.408
8.398
7.295
7.274
7.260
7.241
7

7

6.975
6.956
6.938
6.800
6.779
6

6.064
4.438
2.656

@ o ®
O N @
NN O
~

/

\

OH

1.14

.91
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[C:\NMR_nuts_2008\DAT A\$sw-3-73-dpcarbon-13.fid

std Carbon experiment
bun 26 2013

JUSER:

[SOLVENT: cdci3

= 2pul
Pulse length = 8.050 usec
Recycle delay = 1.000 sec
NA = 20768

Solvent = cdcl3

FID PTS1d = 31413

PTs1d = 32768

F1 = 100.580498 MHz

F2 = 399.961731 MHz

159.767

155.435

151.286

144931

144.000

143.744

133.812

130689

129.685
129.392

126.826
125.038
124.994
121.432

115.736
115.062

94.319
94.304

_—

77563

77.240
76.925

56.936

56.914
47.847

23.446

swi = 24154.59 Hz
JAT1= 1.30 sec o
Hz per Pt 1D = 0.74 Hz - X
sw2=  1.00Hz Me
Hz per Pt 2ndD = 1.00 Hz pZ
o1 = 10550.2861 Hz N
02 = 0.5000 Hz
HNE
OH
1.14
T T T T T T T T T T
150 100 50 PP
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IC:\NMR_nuts_2008\DATA\$PQ-36.fid
td Proton parameters

INov 11 2013

user:

[SOLVENT: cdcl3

= 2pul

[Pulse length = 6.650 usec

Recycle delay = 1.000 sec

N 3

Solvent = cdcl3

FID PTS1d = 12783

PTS1d = 16384

[F1 = 399.962158 MHz

F2 = 100579445 MHz
6397.95 Hz

2.00 sec

Hz per Pt 1D = 0.39 Hz

jsw2= 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz

01 = 2400.1274 Hz

8.429

8418

o

102

7.260

7.223
7.199
7.189
6.763

= 7243
— 6743

UL i

hanhi

95

6.462
6.455

—  ——— 6.422

6.342

6.338

HN

4.380

4368

/

\

ol
i

.897

2.606

177




[C:\NMR_nuts_2008\DATAISYL-14-096-13C2.fid
td Carbon experiment

Japr 26 2014

user:

[SOLVENT: cdci3

= 2pul

pulse length = 8.050 usec

Recycle delay = 2.000 sec

Na = 7560

Solvent = cdci3

FID PTS1d = 31413

pTs1d = 32768

F1 = 100575584 MHz

F2 = 399.942200 MHz Me
sw1 = 2415450 He

AT1= 1,30 sec _0O.
IHz per Pt1stD = 0.74 Hz Me
sw2=  1.00Hz

Hz per Pt2ndD = 1.00 Hz N
01 = 10559.6436 Hz

02 = 0.5000 Hz HN

lB1= 000 Hz

1P A=57.19

155.336
146.261
134.841
129.834
129.314
122.958
115.643

97.163

89.342

77.555

———————144.238

159.412

———————— 143366
_——130750

/

\

e i S Rl i Al wls IILmI.M.IAull.lhLlh.ﬁnﬂLdn&NIlth.huh‘llhﬂl.ll.llm.J o A
150 100

76.917

55.433
47.523

e

19.537

50

PP
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AppendiX B-Chaper 2°"H NMR and ““C NMR i

=<2pul
Pulse length = 6.650 usec
Recycle delay = 1.000 sec
A = 32

Solvent =
FID PTS1
PTS1d = 16384

F1 = 399.944519 MHz
F2 = 100.575020 MHz
sw1 = 6398.00 Hz

T——— 2278
___——— 1535

2201

AT1= 2.00 sec
IHz per Pt 1D = 0.39 Hz
sw2= 1.00Hz

JHz per Pt 2ndD = 1.00 Hz
01 = 24055459 Hz

o2 = 05000 H
61= 000 He Me
Irp A=-190.04

B= 91.66
C= 000 0) 0]

2-Methyl-1,3-cyclohexandione
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£\ Thesis\NIR-whole dats\NMR_nut_20081DATAISSH-1-011-second-gistil stion fid NWROD T OOn 00 S -owmoo oot + 0o

= R e e &= O Do Do -]
Std Proton paremeters o~ ~-r--oooooeoo coaao (SRS EEE
Fer 8 2014 [ o o oW [ e coco

= — 1958
S
= 1799

usER:
SOLVENT: cdcl3

s2pul
Pulse length = 6.650 usec
Recycle delsy = 1.000 sec
s = 18
Solvent = cddl3

FID PTS1d = 12783
PTS1d = 16384

F1 = 392.942598 MHz
F2 = 100574538 MHz

SW 3397.95 Hz

|AT1= 200sec

Hz per Pt 1stD= 0.39Hz
sw2=  1.00Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 2403.5842 Hz

02 = 05000 Hz Br

Me Me

2.47
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698°E
988°E
GRE'E
ZEEE
LBEE
EDG'E
LEG'E
EFEE
BFEE
ZGEE
GLE'E
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[C:\NMR _nuts_2008\DATAI$JYL-13-tworingTBS-13C.fid
[Std Proton parameters
INov 13 2013
JUSER:
[SOLVENT: cdci3
iment = 2pul
Pulse length = 6.650 usec
Recycle delay = 1.000 sec
INA = 24
Solvent = cdcl3
FID PTS1d = 12783
PTs1d = 16384
F1 = 399.962158 MHz
F2 = 100.579445 MHz

S
JaT1

6397.95 Hz
2.00 sec

Hz per Pt 1sD = 0.39 Hz

jsw2 =

1.00 Hz

Hz per Pt 2ndD = 1.00 Hz

01 =
o2 =
LB1 =
TP

24005181 Hz
-0.5000 Hz
00 Hz
=-192.24

B= 4511
C= 0.00

Me

3.373
3.358
3.358
3.358

v

OTBS

(-)-2.53

/1.00

3.347
3.333
2.666

2.086
001

2
1.762
716
1617

1

1816
1.765

2.422

2383

)

0
®
@
“

2629

1.364
1.242
1.140

______—— 0048
T T 0.030

9'51

PP
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C.\NMR7r|u\sﬁZOO&é\)ﬂata\ﬁVL-l&lwoNnglb913C~new,|Id
Std Carbon experinent

Novi32013

USER: Il
ISOLVENT: cdcl3
lExperiment = 2pul

Pulse length = 8.450 usec
[Recycle delay = 1{000 sec
INA = 14536

jSolvent = cdcl3

FID PTS1d = 3141

PTS1d = 32768

F1 = 100.580498 MHz

[F2 = 399.961731 MHz
swi = 2415459 Hz
JAT1= 1.30 sec

Hz per Pt 1sD = 0.74 Hz
sw2= 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 10560.0234 Hz

161.504

129.890

Me

(-)-2.53

02 = -0.5000 Hz
LB1= 000 Hz
TP A=-120.04
B= 234.16
C= 000
T T T
200

T
150

OTBS

79.168

= —_——77.240

76.917

P Ty ey

50

42.724

30.703

___——34214
T T———33.877

ol

27.294

6.056

22.897

18.271
16.212

11.506

-3.689
-4.664

PP
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E:\ThesiNMR-whole datalNMR_nuts_2008\DATA\$SK-1-026.fid
Std Proton parameters

Mar 52014

JUSER:

[SOLVENT: cdci3
= pul
pulse length = 6.650 usec
Recycle delay = 3.000 sec
A = 16
Solvent = cdci3

FID PTS1d = 12783
PTS1d = 16384

F1 = 399.942596 MHz
JF2 = 100.574539 MHz
swi= 6397.95 Hz

JAT1= 2.00 sec

[Hz per Pt1sD = 0.39 Hz
[SW2 = 1.00 Hz

Hz per Pt2ndD = 1.00 Hz
01 = 2403.5942 Hz

02 = -0.5000 Hz

6.212
6.176
6.162

T T TT——— 6126

5.951
—_—— 5,941

= —— 5914

/103

5.904

___——5702

— ——— 5.692

sion

5.651

5.641

/092

3.753

ZOTMS

1.859

THF

PP
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[E:\ThesisNMR-whole data\NMR_nuts_2008\DATA\$jyl-14-022-secdisfid
td Proton parameters

Mar 17 2014

JUSER:

JSOLVENT: cdcl3

Pulse length
Recycle delay = 1.000 sec
INA = 16

Solvent = cdcl3

FID PTS1d = 12783

PTs1d = 16384

F1 = 399.942596 MHz

F2 = 100.574539 MHz
Swi = 6397.95 Hz

JAT1= 2.00sec

[Hz per Pt 1D = 0.39 Hz
sw2 = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 2403.9846 Hz

02 = -0.5000 Hz

6.288
—— 6.19%

Br

T™MS

2.70

0.207

LB1= 000 Hz
ud 175.36
B= 63.98
C= 0.00
T T T T T T T T
8 7
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[E:\ThesisiNMR-whole data\NMR_nuts_2008\DATAIS]yl-14-0
Std Carbon experiment

er 17 2014

usER:

SOLVENT: cdcl3

= s2pul

Pulse length = £.050 usec
Recycle delay = 1.000 sec
A = 2988

Solvent = cdcl3

FID PT31d = 31413

PTS1d = 32768

F1 = 100.575584 MHz

F2 = 399.942200 MHz
SW1 = 24154.55 Hz

JaT1 = 130sec

Hz per Pt 1stD = 0.74 Hz
sw2= 100z

Hz per Pt 2ndD = 1.00 Hz
01 = 10859.3271 Hz

02 = 0.5000 He

139.214

129 506

Br

TMS

2.70

-2.186

e

PP

187




IC:\NMR_nuts_2008\DATA\$jyl-allyl TMSalcohol fid
td Proton parameters

IMar 20 2014

UseR

[SOLVENT: cdci3

= 2pul

pulse length = 6.650 usec

Recycle delay = 4.000 sec

INA = 16

Solvent = cdcl3
FID PTS1d = 12783
PTs1d = 16384

F1 = 399.942596 MHz
F2 = 100.574539 MHz
ISwi = 6397.95 Hz

AT1= 2,00 sec

[Hz per Pt 1sD = 0.39 Hz
sw2= 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 2403.9846 Hz

5.768

5.419

0.94

TMS

Me
OH

2.71

1.663
1.587

0.129

188




[C:\NMR_nuts_20081DATAISjyi-14-allyI TMSalcool-13C.fid
5td Carbon experiment
Mar 20 2014
JUSER:
[SOLVENT: cdci3
iment = 2pul
Pulse length = 8.050 usec
Recycle delay = 1.000 sec
INA = 980
Solvent = cdcl3
FID PTS1d = 31413
pTs1d = 32768
F1 = 100.575584 MHz
F2 = 399.942200 MHz
S 24154.59 Hz
JAT1= 1.30sec
[Hz per Pt1sD= 0.74 Hz
sw2= 1.00H
Hz per Pt2ndD = 1.00 Hz
01 = 10559.3271 Hz
02 = -0.5000 Hz
LB1=0.00 Hz
TP A=-1350
B = 20953
c= 000

155.333

124.187

T™MS

OH

2.71

Me

77897

77.237
76.922

30.228

10.253

-0.361

PP

1




1383

Pulse length = 6.650 usec
Recycle delay = 3.000 sec
A = 32

Solvent = cdci3

FID PTS1d = 12783

PTS1d = 16384

F1 = 399.962158 MHz

F2 = 100.579445 MHz
swi= 6397.95 Hz
JAT1= 2.00 sec

[Hz per Pt1sD = 0.39 Hz
sw2= 1.00H

Hz per Pt2ndD = 1.00 Hz
01 = 2405.2988 Hz

02 = -0.5000 Hz

LB1=0.00 Hz

/P A=-22552

[CNMR nuts_20081DAT AYSjy1-12-056.id ) @ ey

= o a0

std Proton parameters g 3 2

lrug 72013 © © o

user | | HH
S0LVENT: cdl3

- | | HH

a-Trimethylsilyl vinyl ethyl ketone

e

DCM

——— 0.155

190



C: \NMR7nu\572008\da(a\$§<~1<087~2cc-13c fid
[Std Carbon experiment
Mar 14 2014

207.2

user:
[SOLVENT: cdcl3
Experiment = s2pul

pulse length = 8.050 usec
Recycle delay = 1.000 sec
A = 372

Solvent = cdci3

FID PTS1d = 31413

PTs1d = 32768

F1 = 100.575584 MHz

F2 = 399.942200 MHz
swi = 24154.50 H
JaT1= 130 sec

[Hz per Pt1sD= 0.74 Hz
sw2= 1.00Hz

Hz per Pt 2ndD = 1.00 Hz
o1 = 10550.6436 Hz

02 = -0.5000 Hz

LB1= 000 Hz

TP A= -3.65
B= 22325
C= 0.00

154.105

135.075

T™MS

O

Me

72.893

a-Trimethylsilyl vinyl ethyl ketone

31.822

8.277

200

150

100

PP
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[E:\ThesisINMR-whole data\NMR_nuts_2008\DATA\$jyl-12-028-fr1. fid
Std Proton parameters
ul 12 2013

USER:
[SOLVENT: cdcl3
lExperiment = 2pul
Pulse length = 6.650 usec
[Recycle delay = 2.000 sec
INA = 16
Solvent = cdcl3
FID PTS1d = 12783
PTS1d = 16384
F1 = 399.962158 MHz
[F2 = 100.579445 MHz
S 6398.00 Hz
JAT1= 2.00 sec
Hz per Pt 1D = 0.39 Hz
jsw2 = 1.00 Hz
IHz per Pt 2ndD = 1.00 Hz
01 = 2404.5137 Hz
02 = -0.5000 Hz
LB1= 000 Hz
TP A= 102.25

B = 90.09

C= 0.00

3.081
3.069
=———— 3.053
3.041

OTBS

Me

(+)-2.72

Ao

2.695
2.687
——_ —— 2678

2.657

1.394
1.332

———— 0.992

——————— 0.906

0.880

0.016
0.012

PP
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std Carbon experiment
Jaug 14 2013

JUSER:

[SOLVENT: cdci3

= 2pul

pulse length = 8.050 usec
Recycle delay = 1.000 sec
A = 972

Solvent = cdcl3

FID PTS1d = 31413

PTs1d = 32768

[F1 = 100.580498 MHz

F2 = 399.961731 Mz
[SW1 = 24154.59 Hz
JAT1= 130 sec

Hz per Pt 1stD = 0.74 Hz
sw2= 1.00Hz

Hz per Pt2ndD = 1.00 Hz
o1 = 10550.2861 Hz

02 = 05000 Hz
LB1=0.00 Hz

TP A=-124.78

[C:\NMR_nuts_2008\data\$JYL-12-062-13C.

199.18%

164.568

Ll L, IhmJIL

100 i ol

150

128.388

OTBS

Me

(+)-2.72

100

81.103
77.563
77.240
76.925

.m.dju. ol b Ll

55.632

Ll dgiuaiihL L
50

39.997
39.359

T ————38.223

33.539
- ———31.069
26.092
26.056
24,648
24516
18.279
12.539

T T ——36515
11286

il (el IJ‘I- e

-3.711
-4.576

il Ll

0 PP
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[C:\NMR _nuts_2008\data\siyl-12-087 fid
IStd Proton parameters
sep 52013

usEr:
[SOLVENT: cdcl3
Experiment = s2pul

pulse length = 6.650 usec
Recycle delay = 3.000 sec
A = 32

Solvent = cdci3

FID PTS1d = 12783

PTs1d = 16384

F1 = 399.962158 MHz

[F2 = 100.579445 MHz
swi=" 6397.95 Hz
JaT1= 2,00 sec

[Hz per Pt1sD= 0.39 Hz
sw2= 1.00Hz

Hz per Pt 2ndD = 1.00 Hz
o1 = 24005181 Hz

02 = -0.5000 Hz

LB1= 000 Hz

TP A=-105.01

B= 7927

C= 0.00

7.260

3.085
3.074
3.058
3.046
2.473
2.440
2.556
2371

(+)-2.73

1.956
1.945
1.938
1.923
1.912

1.904
1.769
1.694
1.556
1.539
1.352

T TT——— 1282

1.169
1.083
1.038
0937

0.897

0.882

0.875

0.017

PP
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[C:\NMR_nugs_2008\datal$MA-3-13C.fid
3
std Carborrgxperiment

USER:

<2pul

Pulse length = 8.050 usec
[Recycle delpy = 1.000 sec
INA = 171

Solvent = ddci3

FID PTS1d = 31413

PTS1d = 32768

F1 = 100.580498 MHz

F2 = 399.961731 MHz
SWi = 24154.50 Hz

JAT1= 130 sec

[Hz per Pt1stD = 0.74 Hz
sw2 = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 10560.7607 Hz

02 = -0.5000 Hz

OTBS

(+)-2.73

81.535

77555

= ———77.240

76.925

56672

———————55.456

47.664

40.371

————39.601

39.455

34.368

31319

26.818

6.114
24751

19554

18.315

T TT——13.243

-3.681

— ——-4532

T
100

PP
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[C:\WMR _nuts_2008\data\siyl-13-023 fid
[Std Proton parameters
INov 13 2013

USER:
[SOLVENT: cdel3
Experiment = 2pul

Pulse length = 6.650 usec
Recycle delay = 1.000 sec
INA = 32

Solvent = cdcl3

FID PTS1d = 12783

PTS1d = 16384

F1 = 399.962158 MHz

F2 = 100.579445 MHz
swi = 6397.95 Hz
AT1= 2,00 sec

[Hz per Pt1sD = 0.39 Hz
sw2 = 1.00 Hz

Hz per Pt2ndD = 1,00 Hz
01 = 24005181 Hz

02 = -0.5000 Hz
LB1= 000 Hz
TP A=-208.31
B= 67.63
C= 0.00

— 7.260

3.070
3.031

___— —— 3059

——— 3.958
——— 3.873

= 3.042

OTBS

591

0.948
0.926
0.864
0.857
0.851

0.843
-0.006

196



[C:\NMR_nuts_2008\data\$JYL-13-023-13C.fid
[Std Carbon experiment
Nov 13 2013

UsER
[SOLVENT: cdcl3
Experiment = s2pul

Pulse length = 8.050 usec
Recycle delay = 1.000 sec
INA = 5748

Solvent = cdcl3

IFID PTS1d = 31413
PTS1d = 32768

F1 = 100.580498 MHz
[F2 = 399.961731 MHz

jSwi 24154.59 Hz
JAT1= 130 sec

Hz perPt1sD = 0.74 Hz
jsw2 = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 10560.7607 Hz
02 = -0.5000 Hz

113.596

OTBS

81.697

77.555
77.240
76.917

65.087
65.072

57.178

53.990

42.445
40.422
40.305

37.263
37.094

31.392

27.111
26.151
24817
23.146
20.272
20.126
18.396
18.330
16.439
13.551

-3.711
-4.561

150

100

197




3.157
3.147
3.136
3.136
3.118
3.108
1570
1.545

[C:\NMR _nuts_2008\DAT A\Sjy1-12-096 fid
[Std Proton parameters
sep 18 2013
USER
[SOLVENT: cdci3
= 2pul
pulse length = 6.650 usec
Recycle delay = 3.000 sec
A = 32
Solvent = cdcl3
FiD PTS1d = 12783
PTS1d = 16384
F1 = 399.962158 MHz
F2 = 100579445 MHz
swi= 6397.95 Hz
JAT1= 2.00 sec
[Hz per Pt1sD= 039 Hz
sw2= 1.00Hz
Hz per Pt2ndD = 1.00 Hz
01 = 2404.1270 Hz
02 = -0.5000 Hz
LB1= 000 Hz
TP A=-186.36
B= 66.19
c= 000

—— 1.084

<
<
L
<]

——— 1920

. 1s68
—————— 0801
T —— 0857

1729
1587

o
o
@
[

4.00

198



[C:\NMR_nuts_2008\DATA\$jyl-13-030-13c.fid
[Std Carbon experiment
Nov 17 2013

113.470

user:
[SOLVENT: cdcl3
Experiment = s2pul

Pulse length = 8.050 usec
Recycle delay = 1.000 sec
INA = 15888

Solvent = cdcl3

IFID PTS1d = 31413
PTS1d = 32768

F1 = 100.580498 MHz
[F2 = 399.961731 MHz

[Sw 2415459 Hz
JAT1= 1.30sec

Hz perPt1sD = 0.74 Hz
jsw2 = 1.00 Hz

[Hz per Pt 2ndD = 1.00 Hz
01 = 10559.8418 Hz
02 =

-0.5000 Hz

OH

81.372

77553

—_——77.238

76.916

65.093
65.063

56.832

53.834

42.421

39.394
37.188
37.034

30.393

27080

24757
23.115
20.197
20.087

T T 16.444

13.278

150 100

50

PP
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[C:\NMIR_nuts_2008\DATAISjy1-13-037 fid
IStd Proton parameters

INov 19 2013

JUSER:

[SOLVENT: cdci3

= 2pul

pulse length = 6.650 usec
Recycle delay = 3.000 sec
INA = 32

Solvent = cdcl3

[FID PTS1d = 12783
PTs1d = 16384

F1 = 399.962158 MHz

F2 = 100.579445 MHz

jswi 6397.95 Hz
JAT1= 2.00 sec

Hz per Pt 1siD = 0.39 Hz
jsw2 = 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 2403.7366 Hz

-0.5000 Hz
00 Hz
202.08
B=59.14
C= 0.00

94 302

l
f12 423 ¥26 ),

200



C:\NMIR_nuts_2908\DAT AISjy1-13-037-13cfid
5td Carbon exgriment
Nov 18 2013 S

user N
[SOLVENT: cdc|3

= sppul

Pulse length = | 8.050 usec
Recycle delay 1,000 sec
INA = 13596

Solvent = cdel

FiD PTS1d = 31413

pTs1d = 32768

F1 = 100.580498 MHz

F2 = 399.961731 MHz
Sl 24154.59 Hz
JAT1= 130 sec

[Hz per Pt1sD= 0.74 Hz
sw2= 1.00Hz

Hz per Pt2ndD = 1.00 Hz
01 = 10559.8418 Hz

02 = -0.5000 Hz

LB1= 000 Hz

[rP A=-85.28
B = 206.81
C= 0.00

77.583
77.458
77.407
77.260

©
~
|
o
-—<
b

A S o
150 100

O Wwwo N, o ©o ©
LB 3HY S & g
Q@ oo e <4 o
~© O oWy ~ o (]
NRERES 5 b 9

OO o Ll...L...L..J...A.L...J...mI..u il i Ll

50

42.407

_——38214

37.906
37.085
34.608

26.420

23.093
20.241

20.029
19.948
17.998
16.760

@

0

PP
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[C:NMR _nuts_2008\data\siyl-distallization-residue.fid
std proton;blank line

Mar 13 2011

JUSER:

[SOLVENT: cdci3

= pul

Pulse length = 4.900 usec
[Recycle delay = 2.000 sec
A = 20

solvent = cdci3

FiD PTS1d = 13102

pTs1d = 16384

F1 = 399.729584 MHz

F2 = 100520966 MHz
jSw 6395.40 Hz

AT1= 205 sec

Hz per Pt 1stD = 0.39 Hz
[sw2= 1.00Hz

Hz per Pt 2ndD = 1.00 Hz
o1 = 24107415 Hz

7.260

sl NO MMM n bl N o~ =]
38 I3Q8R 3 3 §3 98 8
NS Sc99g 0 = oo RR o
P fEG®® o & dd dd o

X a
\N Me

(-)-2.78

PP
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[C:\NMR _nuts_2008\DATA\Sjy1-13-116.fid
IStd Proton parameters

Feb 18 2014

JUSER:

[SOLVENT: cdci3

= 2pul

pulse length = 6.650 usec
Recycle delay = 1.000 sec
A = 32

Solvent = cdcl3

FID PTS1d = 12783

PTs1d = 16384

F1 = 399.942596 MHz

F2 = 100574539 Mz
S 6397.95 Hz

JAT1= 2.00 sec

[Hz per Pt 1stD = 0.39 Hz
sw2= 1.00Hz

Hz per Pt2ndD = 1.00 Hz
o1 = 2403.9846 Hz

02 = -0.5000 Hz

/085

3.973

3.858

OTMS

2.051

1.806

1.677

1.165

1.054

0.159

0 PP
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[C:\NMR _nuts_2008\DATAI$YL-13-116-13C fid
std Carbon experiment
Feb 18 2014

JUSER:

[SOLVENT: cdci3

= 2pul

pulse length = 8.050 usec
Recycle delay = 1.000 sec
A = 1804

Solvent = cdcl3

FID PTS1d = 31413

PTs1d = 32768

F1 = 100.575584 MHz

F2 = 399.942200 MHz
S 24154.59 Hz

JAT1= 130 sec

[Hz per Pt 1stD = 0.74 Hz
sw2= 1.00Hz

Hz per Pt2ndD = 1.00 Hz
01 = 10559.3271 Hz

02 = 0.5000 Hz

158.961

113.580

99.975

OTMS

(-)-2.81

77.552
77.237
76.914

65.076

55.928
53.766

42.462

39.633

27.098
24,907
23.074

_—————20.926

—<——18.500

17.906
16.689

0.636

150

100

204



[Std Proton parameters
Nov302013 @
JUSER:
[SOLVENT: cdci3
= 2pul
pulse length = 6.650 usec
Recycle delay = 31000 sec
INA = 32
Solvent = cdci3
[FID PTS1d = 12783
PTs1d = 16384
F1 = 399.962158 MHz
[F2 = 100.579445 MHz
swi= 6397.95 Hz
JAT1= 2.00 sec
[Hz per Pt1sD = 0.39 Hz
ISW2 = 1.00 Hz
[Hz per Pt 2ndD = 1.00 Hz
o1 = 2399.7554 Hz
02 = -0.5000 Hz

1 Hz
TP A= 12597
B=89.23
c= 000

(0.94

C:NMIR_nuts_2008AT AISALdehyde.id

Mesitylene

—— 5.060
2.241
1.070

—— 5.116

Mesitylene

p00
|

Mesitylene

205



3.338

[C:\NMIR_nuts_2008\DATAISjy1-6-071.fid
Std Proton parameters
Dec 13 2011
user:
[SOLVENT: cdci3
= 2pul
Pulse length = 6.650 usec
Recycle delay = 1.000 sec
A = 32
Solvent = cdci3
FiD PTS1d = 12783
pTs1d = 16384
F1 = 399.962158 MHz
F2 = 100.579445 MHz
swi=" 6397.95 Hz
JAT1= 2,00 sec
[Hz per Pt1sD = 0.39 Hz
sw2 = 1.00 Hz
Hz per Pt2ndD = 1.00 Hz
01 = 2404.9080 Hz

-0.5000 Hz
Me_ Me

2041
— ——— 2023

Mesitylene

176

Mesitylene

PP
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[C:\NMR_nuts_2008\DATAISjy1-7-033.fid
IStd Proton parameters

Feb 28 2012

JUSER:

[SOLVENT: cdci3

= 2pul

pulse length = 6.650 usec
Recycle delay = 1.000 sec
INA = 32

Solvent = cdcl3

[FID PTS1d = 12783
PTs1d = 16384

F1 = 399.962158 MHz

[F2 = 100.579445 MHz
swi= 6397.95 Hz
JAT1= 2.00 sec

[Hz per Pt1sD = 0.39 Hz
ISwW2 = 1.00 Hz

[Hz per Pt 2ndD = 1.00 Hz
o1 = 24045176 Hz

02 = -0.5000 Hz

LB1= 0.00 Hz
[TP A=-226.09
B= 5759
C= 0.00

— 5.833

— 5727

— 5.127
—— 5.073

.76
|

Me_ Me

MBI’

2.87

3.284

/1.88

1.024

PP
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[C:\NMR_nuts_2008\data\$jyl-7-035.fid
Std Proton parameters
Mar 12012

USER:

[SOLVENT: cdel3
Experiment = 2pul

Pulse length = 6.650 usec
[Recycle delay = 3.000 sec
NA = 4

Solvent = cdcl3

FiD PTS1d = 12783

PTs1d = 16384

F1 = 399.962158 MHz

F2 = 100.579445 MHz
swi = 6397.95 Hz

AT1= 2,00 sec

[Hz per PisD = 0.39 Hz
sw2 = 1.00 Hz

Hz per Pt2ndD = 1.00 Hz
01 = 24005181 Hz

02 = -0.5000 Hz

— 7.260

LB1=0.00 Hz
[TP A= 130.30
B= 65.92
C= 0.00

——— 5.836
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[Std Carbon experiment
Mar 12012

b
3
USER: «
[SOLVENT: cdel3
Experiment = 2pul
Pulse length = 8.050 usec
Recycle delay = 1.000 sgc
INA = 216
Solvent = cdcl3
FID PTS1d = 31413
PTS1d = 32768
F1 = 100.580498 MHz
F2 = 399.961731 MHz
ISW1 = 24154.50 Hz
AT1= 1.30 sec
[Hz per Pt 1sD = 0.74 Hz
sw2 = 1.00 Hz
Hz per Pt 2ndD = 1.00 Hz
01 = 10550.8418 Hz
02 = -0.5000 Hz

C:NMR_nuts_2008IDAT AW)yi-7-035-13C.fid
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[C:\WMR _nuts_2008\data\$jyl-13-115.fid
IStd Proton parameters

Feb 17 2014

user:
[SOLVENT: cdcl3
Experiment = 2pul

pulse length = 6.650 usec
Recycle delay = 1.000 sec
INA = 20

Solvent = cdcl3
[FIDPTS1d = 12783
PTS1d = 16384

F1 = 399.942596 MHz
F2 = 100.574539 MHz
JSW1 = 6397.95 Hz
JAT1= 2.00 sec

Hz per Pt 1sD = 0.39 Hz
jsw2 = 1.00 Hz

[Hz per Pt 2ndD = 1.00 Hz
01 = 2399.9854 Hz
02 = -0.5000 Hz

LB1= 000 Hz
TP A=-21361
B= 12311
C= 0.00

9.832
7.260

dioxane

2.276
2.269

2133

—_— 2417
165

— 1529

1315
——— 1272
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[Std Carbon experiment &) N
Feb 17 2014 g g
USER: N ~
[SOLVENT: cdcl3

=2pul

Pulse length = 8.050 use
Recycle delay = 1.000 se
A = 17268

Solvent = cdci3

FiD PTS1d = 31413

PTs1d = 32768

F1 = 100.575584 MHz
F2 = 399.942200 MHz

S 24154.59 Hz
JAT1= 1.30 sec

Hz per Pt 1sD = 0.74 Hz
sw2= 1.00 Hz

Hz per Pt 2ndD = 1.00 Hz
01 = 10560.3809 Hz
-0.5000 Hz

3Cfid
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[Std Proton parameters <00 9o QNNN TO0 o0 @ wlin v 4000 ®®
iy 22 2012 66 o R Nana dad N e g “dcoco
JUSER:
[SOLVENT: cdcl3

= 2pul
Pulse length = 6.650 usec
Recycle delay = 3.000 sec
INA = 16
Solvent = cdcl3
[FIDPTS1d = 12783
PTS1d = 16384
F1 = 399.962158 MHz
[F2 = 100.579445 MHz
[Sw 6397.95 Hz
JAT1= 2.00 sec
Hz per Pt 1stD = 0.39 Hz
jsw2 = 1.00 Hz
Hz per Pt 2ndD = 1.00 Hz
01 = 2399.7371 Hz
(-)-2.76
B59
Zo1 ’
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