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Abstract

In the industry, 80% of products were producedatalysts, and most of the catalysts are
tiny particles with sizes less than 25 nm. In the first project (discussed in Chapter 1 and Chapter
2), we selected two types of bimetallic nanocatalysts (Pd/Au and Cu/Au) for our stiniemals
are to use theamocatalysts (Pd/Au and Cu/Au nanoclusters) to produce products with opposite
stereochemistry. A pair of chiral substituted poigyl-N-pyrrolidones (CSPVP) were designed
and synthesized for the stabilization of nanocatalyst colloids (in water or difoethginide) to
synthesize products with opposite stereochemistry using different oxidants such asketyilary
hydrogen peroxide (TBHP) or hydrogen peroxide. We first studied the nanocatalyst colloid using
achiral polyvinyl-N-pyrrolidones (PVP) to explernew catalytic reactions. Phthalan, indene,
norbornene and their derivatives were applied to these nanocatalysts using 30% hydrogen peroxide
or TBHP as oxidant. Results suggest that Cu/Au tends to activate sp3 carbons, and these carbons
areconreciedto benzene ring or oxygen, while Pd/Au exhibits catalytic potential to oxidize sp2
carbons. Chapter 1 focuses on the syntheses of chiral polymers and the corresponding colloidal
nanocatalysts. In the following chapter, a series of substrates were treatetamottatalyst
colloids in different ingredients. Some of these substrates were treated with CSPVP supported
colloid, and results remain to be carefully studied. In the second project (discussed in Chapter 3),
two tricyclic pyrones were synthesized forthe e st i gati on of Al zhei mer 0:
We also attempted to synthesize a novel tricyclic pyrone to avoid the formation of two

stereoisomers by the insertion of an alkene.
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Abstract

In the industry, 80% of products were producedatalysts, and most of the catalysts are
tiny particles with sizes less than 25 nm. In the first project (discussed in Chapter 1 and Chapter
2), we selected two types of bimetallic nanocatalysts (Pd/Au and Cu/Au) for our stiniemals
are to use theamocatalysts (Pd/Au and Cu/Au nanoclusters) to produce products with opposite
stereochemistry. A pair of chiral substituted poigyl-N-pyrrolidones (CSPVP) were designed
and synthesized for the stabilization of nanocatalyst colloids (in water or difoethginide) to
synthesize products with opposite stereochemistry using different oxidants such asketyilary
hydrogen peroxide (TBHP) or hydrogen peroxide. We first studied the nanocatalyst colloid using
achiral polyvinyl-N-pyrrolidones (PVP) to explernew catalytic reactions. Phthalan, indene,
norbornene and their derivatives were applied to these nanocatalysts using 30% hydrogen peroxide
or TBHP as oxidant. Results suggest that Cu/Au tends to activate sp3 carbons, and these carbons
areconreciedto benzene ring or oxygen, while Pd/Au exhibits catalytic potential to oxidize sp2
carbons. Chapter 1 focuses on the syntheses of chiral polymers and the corresponding colloidal
nanocatalysts. In the following chapter, a series of substrates were treatetamottatalyst
colloids in different ingredients. Some of these substrates were treated with CSPVP supported
colloid, and results remain to be carefully studied. In the second project (discussed in Chapter 3),
two tricyclic pyrones were synthesized forthe e st i gati on of Al zhei mer 0:
We also attempted to synthesize a novel tricyclic pyrone to avoid the formation of two

stereoisomers by the insertion of an alkene.
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Chapter1-Synt hesi s and Characterizat:i

Polyvinylpyrrolidones and Bi me

1.1. Introduction and Background

In the las$ decadesheterogeneous catalysts have been applied in many critical industrial
procedures to accelerate reaction with low cost, high conversion and product sefeétivity
industry, moe than 80% of chemical products wereducedoy catalyst$ 3In 2019, the global
catalyst market size was valued at USD 33.9 billion and was expected to grow in an annual growth
rate of 4.4% from 2020 to 20ZMost industrial catalysts exist as small nanoparticles with their
sizes less than 25 nim high ratios of surface/volurfr@. Themethods oprepaing nanocatalysts
can be divided into two classes, the T@pwn and BottorrlJp methods(seeFigure 1). It has
beenwidely accepted thatanoparticles (NPs) at tih@ver end of the nanoscale (composed of less
than ~100 atoms) are often referred to as nanoclusters .EN&s)obvious different optical
properties in NCs and NPs with larger size can be obsévedAu colloidal nanopaicles with
sizes larger than 5 nranintensive red colacan be observed by a naked &ye

Prior to our report? ligandsor polymersare necessary to prevent the aggregation of NPs
or NCs In somecases, these stabilizetigandsor polymerg are considered unfavorable fbetr
application in catalytic reactiod$. The catalytic activity of stabilized NCs or NPgan be
jeopardized by: (1). The deactivation of the metal surface caused by functional groups of polymers;

(2). The blocking of reagents access caused by steric hindrahte.
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Figure 1. Methods to prepare nanocatalysts.

It is widely accepted that the formation process of nanocatalyts include two stages of
nucleation and growtH.For the nucleatiorpts of initial cores of NCs are formed rapidly and the
number of atomic particncreags®® 8In this stage, the structure of these initial cores (or nuclei)
are influenced by the type of polymer, reducing ability of the reducing reagent and the temperature.
The growthstage refers the growth process of nanoclusters from its initial cores. In this stage, the
initial cores (or nuclei) begin to decrease with the diffusion of small nuclei to the surface of larger

nuclei. This process is much slower than nucleation tothirdinal NCs and NPS: 1’ Also, the



size and connections between metals and polymers can be affected by the length of polymers.
2017, Alexander and his coworkesisnulatedthe ratiosof metatpolymerbonded monomersgto

total monomerslisingpolymers in different length3.hepolymers with lengths ramgg from 220

units to 1540 units exhibgiercentagesf metatbonded monomer units/total monomer units from
52% to 16% respectively® In 2013, Kamil and his coworkers reported their research on the
influenceof polymer lengthon the size of nanoparticldsy preparing a series of Acplloidal
nanoparticles with different PEGs ramgfrom the M, of 2k to 48k to givehecorresponding Au

nanoparticle sizes ranigg from 15 nm to 175 nnfby transmission electron microscopy)

1.2.Preparation of Chiral Substituted Poly-N-vinylpyrrolidones (CSPVP)

and Bimetallic Nanccatalysts

In 2016, Hua and his coworkers publishtbeir studies onchiral substituted pohN-
vinylpyrrolidone (CSPVP) stabilized bimetallic naradalystswith good enantioselectivit in
various oxidation reactio$ The design and synthesis of CSPVP are two starting points to obtain
nanocatalystandto establish chiral pckets and reactive sites for catalytic reactibmsrder to
catalyze substrates with opposite enantioselectivities, a pair of CSPVP with opposite
stereochemistry were designed by Harad | participated in the syntheses of these chiral polymers

and thepreparation of corresponding NCs.



1.2.1. Synthesis dfhe Precursor for P-1-R

In order tosynthesizé>-1-R (seeScheme J}, the inexpensive and commercially available
D-isoascorbic acigl) wasselected as th&tartingmaterial for the multstep synthesis of tHe-1-
R. D-isoascorbic acidl) was treated with hydrogen peroxide to cleave the dolobiel and
potassium carbonate to hydrolyze the este2°C for 12 h. Then, active charcoal was added into
the solution wih the temperature increased to°8and stirred for 30 min to quench unreacted
hydrogen peroxidéelhe reaction mixture was filtered through Celite, and the filtrate was acidified
with HCI (6 N) to pH ~ 1. The filtrate was concentrated to dryness, diluigdethyl acetate,
heated to reflux. The organic layer containing desired product was sealed and crystalized at a fridge
to obtainD-erythronolactong2) in a yield of 699 2 After that, D-erythronolactone Z) was
treatedwith distilled acetone under the catalysis of concentrated sulfuric acid, and stirred for 12 h
at 25°C to givethe acetonid€3) in a yield of 799 22The acetonid¢3) wasconverted to azido
acid (4) in a yield of 64%by treaing it with sodium azide imN,N-dimethylformamide (DMF) at
120°C for 12 h?! After that, he azideacid (4) was reduced by Pd/C under hydrogen atmosphere
(30 psi) in methanol at3°C for 12 h. The reaction mixture was filtered, concentrated to dryness,
washed with ethyl ether to give amino adil iq a yield of 98% as dry powdetsThe collected
dry powders were then sublimated slowly under vacuum-(0.2 mm Hg) at 130C to furnish
the cyclized amide produ¢8) in a yield of 75%* The collecteddctam(6) wastreated withn-
butyl vinyl ether and a cataly<t, 7-diphenyt1,10-phenanthroline palladium b{grifluoroacetate)
[(DPP)Pd(OCOCH?2]% at 75°C for 3 h tofurnishthe N-vinylpyrrolidone(7) as the precursor for

P-1-R in a yield of 77%.



o X

HO, 9
1) Hy0,, Na,CO4 \ Acetone -7 NaN;
2) Charcoal, HCI OjQ conc. Hy,SO4 O;O DMF 110 °C
69% yield 79% yield 0 64% yield
1 2 3
Q Q><9 . Q9 QXQ
IL Pd/C = 3 Sublimation /A/j n-Butyl vinyl ether \
N3 Methanol IL > ;O
O ™on 2 oo o 07Ngy N2 759, vield 07 Oy (DPP)PA(OCOCF3), 07N
98% yleld H 77% yield
S
4 5 6 7
Schemel. Synthesis of the precursor of PL-R.
1.2.2. Synthesis athe Precursor for P-1-S
< < <
HQ  OH OO 1. NaBH,4 Q7 Swern Oxidation Q7
HO_ _ conc. H,SO,  HO_ 2. HCI, NalO, % vi
07 TN sy vield 07 M 5w yield HO™ ~o 50% yield 0~ o
8 1"
N NS N
NNy ﬂ _PdC Sublimation J\—S vinyl acetate J\—S
DMF 110°C 0 Methanol NH . o) 0
51% yield 0% yield  OH  O4%yield N puliey NK
| failed to conduct ~
12 13 14 this step 15

Scheme2. Synthesis of the precursor of F1-S.

The oppositestereocisomeric polymevas alsadesignedseeScheme 2to compare their
difference in catalytienanti®electivity. The synthesis of its precursaas startedby treatng D-
ribose an inexpensiveand commercially available matdriavith acetone and a catalytic amount
of concentrate sulfuric acid at 238C (stirred for 12 hjo afford acetonide(9) in a yield of 63%?

Acetonide (9), a mixture ofa and b anomers in the ratio of 3.8:as redu@d by sodium



borohydrideat 25°C for 3 h. After that, the unreacted sodium borohydride (NaBlds quenched

by acidifying the reaction solution to pH~5 with 1N HCI. Then, tbéuced intermediate was
oxidatively cleavedby sodium periodate for 5 h at 26 to yieldlactol (10) in a yield of 83%*

After that, Swern oxidation was used to convert la(t6) to lactone(11) in a yield of 56%°
Lactone(11) wasthentreated with sodium azide and distilled DMF at P@0for 12 h to azido

acid (12) in a yield of 519! The dried azido acidl@) was reduced with Pd/C under hydrogen
pressure (30 psi) in methanol at Z5 for 12 h to afford amino acidl®) in a yield of 93%.
Subsequent subhation using a sublimator under vacuum (0.05 mm Hg) and heat’C)30as
conducted to furnish the cyclized amidd)(as crystals in a yield of 94%hesublimated crystals

(14) were first mixed with vinyl acetate,a catalytic amount ofodium palladiumchloride
(NaPdCl), potassium carbonate in a glove box (sensitive to oxygen and #afé. eaction
mixture was then heated to 30 for 12 h under argon and failedgooducevinyl amide(15) as

the major produatiue to the presence of water, which may convert vinyl amide to imide under the
catalysis oNaPdCk. Then, DrFan(apost doct or al fellow in Huads
catalystof (DPP)Pd(OCOCH? for this vinylation by mixingerystalsof 14, n-butyl vinyl ether

at 75°C (open to airto produce vinyl amidef 15 (75% to 80% yield)The reactions tolerated

to the presence of water and. air



< >
o 0 [o o) . .
J\—S NaNj;, DMF, 120 °C ﬂ Reaction mixture
N o
o) o) 3 1. Coolto0°C
© OH 2. Quenched with cold aqueous acid pH~5

(o}
(e}
Q
(]
Q
(e]

Reaction mixture

—~ _ -
o o N Q2K N 07X N3 Extracted with EA for three times
n
(?<o O>(o Aqueous layer Combined organic layer 1
R - 1. Acidified to pH~2
[¢) 2. Extracted with EA for three times
(o e o] \N}\/
N3
~— Aqueous layer Combined organic layer 2
[oNe] HO OH
ﬂ Workup ﬂ
",
0oy In acidic condition 0 op e Combined organic layer 1 Combined organic layer 2
(?(O O>(O
Workup B
E) + N
@a— o 7%

— —
AN A\,
o O ol

65% yield

Scheme3. Discussion of azidelisplacement reaction.

In the synthesis of azido carboxylic aggkeScheme 3, the workupprocesss the key
point toimprovethe yield. There are two carbons (the carbonya@@C5 adjacent to the oxygen)
can be attacked by nucleophilic azide ioogive an acetyl azido or an azido carboxylic acid
respectively. The azido carboxylic acid is more thermodynamically stabla¢ke&riazido due to
the resonancstablizationof carboxylatdon is more stable than alkoxide idi®? h is required to
convertmost lactone to carboxylic acid. In order to extract the azido carboxylic acid from the
agueous layeit is necessary toonvert most carboxylic acid from CO® COOH (pKa = 5py
acidifying the reaction mixturégo pH ~ 3 However,the acetonideean behydrolyzedto the
correspondingdiol in acidic conditions Hence a low temperature isieededto decease the

hydrolysis of acetonid® improve the isolateyield of azido carboxylic acid



1.3. Synthesis oBubstituted Chiral N-vinylpyrrolidones (CSPVPs)from the

Corresponding Vinyl Lactams

Synthesis of Copolymers Synthesis of chiral substituted polymers (CSPVP)
s % X XX
—\ AIBN (1 mol %), viny! ) o . AIBN (2 mol %), ethyl acetate @pe er
ot acetate (2.0 eq.), acetone of;'k’_) A [\ COP-1-R (1 weight % ) LN )
N 65 °C 1o 75 °C, sealing tube N o 07y 0=y~ 07y
/ ' Ly \ \ 65 °C to 75 °C, sealing tube 1
' L . , ) X
92% yield Tl T m e 98% yield .T—/I\\// —
7 COP-1-R 7 P-1-R
Qe AIBN (1 mol %), vinyl g7 o 0 0>(O O><O
acetate (2.0 eq.), acetone J\ Q v/ AIBN (2 mol %), ethyl acetate, / \_(
o= o= ,J\ g COP-1-§ (1 weight %) ) A
N 65 °C 1o 75 °C, sealing tube N o 0%y 0= 0=~
P " S NS G ) 85 °C to 75 °C, sealing tube " N
70% yield il [ -
vi ( Tal Tm # 88% yield '("L — I\/Tnm
15 COP-1-5 15 P15

Schemed. Syntheses of copolymers and polymers.

The synthetic routes for copolymé&rsind polymers from corresponding precursors are
showedin Scheme 4 Copolymers are used as a type of superficant during the poiation to
produce large polymers. A significant decrease-Gf®6s si ze (vi scosity)
polymerization process was conducted in the absence oflcRFhe reaction solution faZOP-

1-R was prepared bydissolving the vinyl lactam7], vinyl acetate (2.0 eq.and 1 mol % of
azobisisobutyronitrile (AIBN) in a@istilled and argomlegasedsolution ofacetonen a sealable
tube under a nitrogen atmosphégmve box), whichs then sealed gapping witha Teflonscrew

cap containing defron Oring. Thetightly sealed tube was transferred to a hood and heated to 65
°C to 75°C for 24 h to furnislCOP-1-R in a yield of 92%The preparation of the reaction solution

of COP-1-S was prepared by mixing vinyl lactarhg), vinyl acetate (2.0 eq.and 1 mol % of
azobisisobutyronitrile (AIBN) andistilled and argofdegasedacetone in an aforementioned seal

tube in a dry box under nitrogen atmosphere to get rid of the influence from water and air. The



reaction solution was transferred out to a hddee reaction mixture was then heated to about 70
°C for 24 h to furnishCOP-1-Sin a yield of 70%

The reaction solution to synthesRe€l-R was prepared by dissolving the vinyl lactaf (
1 weight % ofCOP-1-R and 2 mol % ofzobisisobutyronitrile (AIBN) in distilled and argon
degased solution of ethyl acetate (prepared in a dry box). The prepared solution was then
transferred out to a hood and heated to abof8€7#0r 16 h to affordP-1-R in a yield of 98%. The
solution b synthesizé>-1-S was obtained by mixing the vinyl lactarh5], 1 weight % ofCOP-
1-Sand 2 mol % of azobisisobutyronitrile (AIBN) addstilled and argomdegasedethyl acetate
in a seal tube (operated in a dry box). The sealed tube was then movedot ant heated to
about 70°C for 24 h to affordP-1-S in a yield of 88%.The polymerizatiorprocedureusually
finished in 24 h with an obvious increase of viscosity of the reaction solutiose Tésced
mixtureswereworked up identically bylissoling corresponding reaction mixtuie chloroform
To asolution of pentaneghechloroformwas added inlropwise with vigorous stirring. Thehite
precipitates were then collected and dried under vacuum to give white powders as the desired
copolymer.In this sction, Dr.Fan completedhe synthess of 12 to 15 and the synthes of 1S

polymers.



1.4. Preparation of Pd/Au and Cu/Au Nanocatalysts

H,0

3 Na-PdCl + 1 + 0.11 PVP
,PdCl, HAuCl4e3H,0 NaBH4(5.0 eq.)

Pd/Au (3:1)-PVP in H,0

H,0 .
3cucl  + 1 + 0.1 PVP 2 Cu/Au (3:1)-PVP in HyO
u HAUC|4.3H20 NaBH4(50 eq) U/AU ( ) In Ay
3Na,PdCl,  + 1 HAUCLe3H,O0 + 0.1 PVP DMF_____ bg/Au (3:1)-PVP in DMF
47002 NaBH,4(5.0 eq.)
DMF . _ .
3 CuCl + 1 HAuCl3H,0 + 0.1 PVP Cu/Au (3:1)-PVP in DMF

NaBH,4(5.0 eq.)

Schemeb. Synthesis of nanocatalyst colloid.

To prepare a 21.9 mL (10 mM) nanocatalyst colloid (Seeeme %, a solution was
prepared by mixing 83 m.2 mmol, 0.11 eq9f 40k PVP, 21.67 mg (0.055 mmol, 1.0 eq.) of
HAuCls-3H20, 16.2 mg (0.164 mmol, 3.0 eq.) of Cu@r 48.1mg (0.164 mmol, 3.0 eqof
NaPdCl] in 30 mL deionized watglor DMF). To it,10.3 mg (0.273 mmol, 5.0 eq.) of NaBH
was added at 8C and stirredfor 2 hoursat 25°C, saved in fridge focatalyticreactions?® The

concentration of the catalyst was calculated by following equations:

Mo |HAuCLﬂ3H20 *mo ICucl
V.

solution

o= moINaz:}m+ MOL.q ox

solution

The total mol ofthe catalyic colloid is calculated by adding the mol of two types of
metallic ions The total mol is then divided by the volume of solution (deionized water or DMF).

In thispreparationthe total mol of two metallic ions is HAuWEBH2O (0.055 mmol) + CuCl (0.164
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mmol) = 0.219 mmolThe concentrationf the colloidis calculated by dividing the total mol of
metallic ions with the volume of deionized wat2t ©OmL) to give following concentratiarD.219
mmol/21.9mL = 10 mM. The concentration®f catalyticcolloid can beadjusted by the volume

of thesolution.

1.5. Characterization of Poly-N-vinylpyrrolidones

Undoubtedly,tiis necessary to measure the molecular weights of the synthesized polymers
to understand and optimize the design of polyswported nanocatalysts. First, Ubbelohde
Viscometemwas applied to masurehe viscosities of various lengths of polymers synthesized by
using different amounts of radical initiatéiBN in the plymerization process.After that,
Zhaoyang Ren (a Ph.D. student in our lab) measurecthtibecular weights obur synthesized

chiral polymers by using high resolution mass spectra (HRMS).

1.5.1. Studies of Intrinsic Viscosities of Different Lengths of B-R using Different

Amounts of AIBN by Ubbelohde Viscometer

B0 Q0 Q ., Bu®

uu

O ¢ — B OM
Buo Q B0 Q@

Scheme6. The equations of weight average molecular (Mw) weighdnd number average
molecular weight (Mn).

Weight average molecular weight ()1 and number average molecular weight,Xre

important properties to describe weight distributions of polymers. The equations to describe Mw

11



and Mn are showed Bcheme 6For newly synthesized polymerseith(absoluteweightaverage
molecular weight (M) is usually measured Isfatic (multiangle)light scattering (SLS or MALS)
apparatug® The instrument for the measurement of (absolute) Weigerage molecular (W is
not connected to an HPLC as a high concentration of sample solution is required to ensure the
accuracy of weight average molecularMAn HPLC with an SLS or DLS detector is mainly
used to measure the distribution of weighierage molecular (M . The pol ymer 6s
number average molecular weight{N& usually measured anosmometer (no standard sample
neededf® Then, polymers with known molecular weights are used as standards to measure the
relationship between their molecular weights and viscosities. However, the SLS apparatus is not
available to us, and chiral suibsted polyvinyl-N-pyrrolidones, synthesized from our laboratory,
have not been reported previously and their molecular weights are unknown, which is difficult to
find a suitable and available gel permeation chromatography (GPC) column for our newrpolyme
(give the same retention time fer1-R prepared by different concentrations of AIBN). Hence, we
used an Ubbelohde viscometer to study relative correlations betweesnttbof their molecular
weightsand theamounts of AIBN in thig polymerization ractions, whictwould allow us to study
the relative sizes of synthetic polymensd future optimization ofthe preparation o€olloidal
nanaatalysts.

In order to measure the intrinsic viscosity from a specific type of polymers, a series of
p o | ysudlaidé (in methanol)n different concentrations were prepared at 6 mg/mL, 5 mg/mL,
4 mg/mL, 3 mg/mL, 2 mg/mL and acontgamplel 0 mg/ mL) . The coordinat
reduced viscosities and AIBN concentrations is plottefignire 2, while the coordination df-
1-R is plotted inFigure 3. The specific viscosities of each colloid were measured by the

f or mul as3 (Bt)/to, avith t, heingthe time span of the colloid surface passing the two

12



tick-mark rings of a Ubbelohde visoeter, andotis the timespanfrom the controlsample(0
mg/mL). The intrinsic viscosity of the specific type of polymers was calculated by extrapolation
([ d] s/c, t is expressed in mg/meY).The intrinsic viscosities from different types of
polymers synthesized with 0.1 mol %, 0.2 mol %, and 0.4 mol % of AIBN were measured, and
their correlation between AIBN concentrations and intrinsic viscosities was graphddgisee

4). Results indicated the higher concentration of AIBN applied in the polymerization, the shorter

the polymer length.

Plot of reduced viscosity and colloid concentrations form

various PVP
65
60
........... Py
[ JURR S
: . [ I
f . .........................
< I N e el
o 50 ..........................
S R
R
: [ ]
-]
Q a0
E
- 35
Q
© 3
25
20
0.0015 0.002 0.0025 0.003 0.0035 0.004 0.0045 0.005 0.0055 0006 e

Colloid concentrations

® PVP0.1% AIBN PVP 0.2% AIBN PVP 0.4% AIBN
we==ee=e- Linear (PVP 0.1% AIBN) Linear (PVP 0.1% AIBN) Linear (PVP 0.1% AIBN)

Figure 2. Correlation of reduced viscosities from different PVPs (synthesized witt
different amounts of AIBN) in different concentrations.
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Plot of reduced viscosity and colloid concentrations form

various P-1-R
65

60

55

50

Reduced viscosity

45

40
0.0015 0.002 0.0025 0.003 0.0035 0.004 0.0045 0.005 0.0055 0.006 0.0065

Colloid concentrations

P-1-R 0.1% AIBN P-1-R 0.2% AIBN P-1-R 0.4% AIBN
Linear (P-1-R 0.1% AIBN) Linear (P-1-R 0.2% AIBN) Linear (P-1-R 0.4% AIBN)

Figure 3. Correlation of reduced viscosities from different P1-R (synthesized with
different amounts of AIBN) in different concentrations.

To measure the intrinsic viscosities of three types of PVPs prepared in different
concentrations of AIBN (1 mol %, 2 mol % and 4 mol %), three sets of solutions were prepared in
the concentrations d® mg/mL, 5 mg/mL, 4 mg/mL, 3 mg/mL, 2 mg/mL, O mg/mL. he
correlations between colloidal concentrations and reduced viscosities are pl&iigaréen2. For
PVPs prepared in different concentrations of AIBN, a higher concentration of AIBN tends to give
a set of smaller value of reduced viscosities. For afsB® solutions prepared in a specific
concentration of AIBN, higher colloidal concentrations tend to afford larger value of reduced
viscosities. By extrapolating, tHeVP prepared in different AIBN concentrations of 1 mol %, 2
mol % and 4 mol % afford inhsic viscosities of 41.67 dL/g, 34.04 dL/g, 26.42 dL/g respectively.

In Figure 3, a same trend can be found. The measured intrinsic viscosite$-Bf prepared in

AIBN concentrations of 1 mol %, 2 mol % and 4 mol % are 49.90 dL/g, 44.44 dL/g, 404.6 dL/

14



respectively. Then, the correlations between intrinsic viscosities and AIBN concentrations are
plotted inFigure 4. The value of intrinsic viscosity is proportional to the logarithm value of
molecular weight, which means that a larger value of intrivisimosity gives a larger (or longer)
linear polymer. Based on that relationship, the two lindSigare 4 exhibit that a shorter linear
polymer will be obtained if a higher concentration of AIBN is involved in the polymerization
procedure.

PVPsandP-1-R with different lengths were prepared by using 0.1 mol %, 0.2 mol %, and
0.4 mol % of AIBN. The three types & 1-R were applied in the preparation wanaatalyst
colloids. The colloid prepared-1-R in 0.4 mol % AIBN is lesstablethan its 0.2% countegpt
when a@etonitrile was used to solubilizbe substrate and polymers in subsequent oxidation
reactions. This is in agreement with the previous statetingtthe shorter polymers tend to contact
more withnanaatalyss and contact less with watedith the addition of acetonitrile as a kind of
hydrogenbond breakerthe hydrogen bonds between polymers and vikgereased dramatically
leading to a substantial decrease of solubilftpolymers The longer polymer lengths with more
connectiongo waterby hydrogen bonds are still soluble in the mixed solvent system, and even
their solubility was impaired by acetonitrileor the short polymer colloids with less connections
to water through hydrogen bonds, it tends to have a lower solubility than theolgngep colloids
in acetonitrilewater solutionln addition, the solubility oP-1-R preparedvith 0.1 mol %AIBN
has a low solubility in water, which is difficult to prepare a concentrated colloidal solution as high
as 10 mMnanoclusters in watefhe resilts suggested thalhe P-1-R preparedwith 0.2 mol %

AIBN is theoptimalselectionfor thepreparation of colloidal nanocatalysts.
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Plot of intrinsic viscosity and AIBN concentrations form
various Polymers
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Figure 4. Correlation of intrinsic viscosity and different PVP (synthesized from
different amounts of AIBN) in different concentrations.

1.7. Conclusion

In this section, characterization of polymers was conducted. According to the intrinsic
viscosity results obtained by using an Ubbelohde viscometer, the higher the concentraliiv, of A
theshorterthe polymer length. In the watacetonitrile system, CSPVP synthesized with 0.2 mol %
of AIBN provides theoptimallength of polymer for th@repaation ofconcentrateshanoatalyst

colloid in water/acetonitrile solution.
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1.8. General Information

Characterizations:

NMR spectra: All NMRspectrawere obtainedfrom Varian (400 MHz fotH NMR and
100 MHz for'3C), Buruker Avance Neo (400 MHz féd NMR and 100 MHz fot3C), andBruker
WB (600 MHz for'H NMR and 150 MHz fot*C) located athe Chemistry and Biochemistry
Building (CBC 128), Kansas State University. The solutions for NMR (GDIMSO-d6, and
D20) were purchased from Fisher, Inc. or VWR.

Mass spectra: Mass spectra (fogh-resolution) data werebtainedrom aWaters LCMS
located in the aforementioned CBC building. The higéolution mass spectra were obtained from
an LCT Premier time of flight mass spectrometer (Waters, Inc.).

Optical rotation: Alloptical rotationrmeasurementaerecarried outfrom a PerkirRElmer
241 polarimeter in our Laboratory (CBC 412).

Viscosity: All viscosity data were measured by a Ubbelohde viscometer (d@3=8007m).

Reagents:

All reagents were purchased from Fisher, Inc. or VWR, Inc.

All distilled or dried solvents over approgte reagents were refed to fiPurification of

Laboratory Chemicats™
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1.9. Syntheses

(3R,4R)-Dihydro-3,4-dihydroxy-2(3H)-furanone (2) (The preparation was followed by a

reported method)?%(from tzb-1-84)

To a cold solution of 17.6 g (100 mmdDrisoascorbic acidl), 21.2 g (200 mmolpf
sodium carbonate, 20.5 mL (200 mmof)30% hydrogen peroxide in 500 mL deionized water,
the reaction mixture was stirred at 42 for 12 h. After the solution was cooled to room
temperature, 8 g activated charcoal was added and stirred°at 80 30 minto quench the
unreacted hydrogen peroxide. The reaction mixture was filtered through Celite while hot. The
filtrate was then acidified with HCI (6 N) to pH ~ 1, concentrated on a rotary evaporator, vacuumed
using an oil pump to give a dry solid (18 g).eTtrude product (containing inorganic NaCl salt)
was then diluted with 200 mL of ethyl acetate, heated to reflux for 30 minutes, and the mixture
was filtered while hot. The hot filtrate with the desired product was saved. The solid was recovered
and mixedwith 200 mL of ethyl acetate, heated to reflux, and filtered. This process was repeated
for 3 times in total. The combined organic solution was sealed witkfiparacooled in a fridge
for 12 h. Crystallized white solids were collected by filtration teed@.1 g (69% yield) of the titled
compound2: M.p. 9798 °C; [a]p?? = -73.2(c 0.5, H.0); 'H NMR (400 MHz,D:0):ti 5. 75 (dd,

J=17.2,3.2 Hz, 1 H, OH), 5.34 (s, 1 H, OH), 4i38.34 (m, 1 H), 4.26 (di] = 10, 3.2 Hz, 1 H),
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4.247 4.19 (m, 1 H), 4.03 (dd] = 10, 3.2 Hz 1 H)33C NMR (400 MHz,D,0): 4 177 .1, 72.

70.1, 69.0MS (ESI, MeOH): m/z = 141.4 ([M + N&).

2,3-O-Isopropylidene-D-erythronolactone (3) (The preparation was followed by a reported

method) ?%(from tzb-4-27)

X

O

o
O

W\
Ly

To a solution of 10 g (84 mmol) of R#R)-dihydro-3,4-dihydroxy-2(3H)-furanone 2) in
250 mL distilled acetone, 0.45 mL (245 mg, 2.5 mmom@ % equivalence) of concentrated
sulfuric acid was added dropwise. The reaction solution was stirred at room temperature for 12 h,
added with 2 g (23.8 mmol) sodium bicarbonate and stirred at room temperature for 2 h, diluted
with 50 mL water and extraad with 200 mL diethyl ether for three times. The collected organic
layer was then dried over sodium sulfate, filtered through Celite, evaporated with a rotary
evaporator followed by vacuum to yield 16 g of-B}3sopropylideneD-erythronolactone3) as
awhite solid (79% yield): M.p. 6B8°C; [a]p?2=-114.6(c 1.5, acetong 'H NMR U 400 MHz,
CDChL):ti 4 . 8)56,@Hz) 1 H), 4.72 (d = 6 Hz, 1 H), 4.48 (d]) = 11 Hz, 1 H), 4.41 (dd]
=11, 4 Hz, 1 H), 1.42 (s, 3H), 1.34 (s, 3L NMR i 100 MHz, CDCh):ti 174.8, 113. 9,
74.8, 70.5, 26.9, 25.84S (ESI, MeOH): m/z = 181.3 ([M + Na), 95.6.The spectradata is in

agreementvith the previously reported data
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(2R,3R)-4-Azido-4-deoxy-2,3-O-isopropylidene-D-erythronic acid (4) (The preparation was

followed by a reported method)?* (from tzb-3-59)

O><O
oﬂ N3

OH

To a flamedried and argn-purged flask, 1 g (6.3 mmol) of 2@-isopropylideneD-
erythronolactoned), 1.44 g (22.15 mmol) of sodium azideere added, and the flask was dried
under vacuum and replaced with argon for three times. After that, 5 mL of distiled DMF was
added, the reaction mixture was then heated td@2ind stirred for 12 hours. Then, the reaction
mixture was allowed to codb 25 °C, filtered through Celite. The filtrate was diluted with
dichloromethane: methanol (10:1) and 100 mL diethyl ether to precipitatpat@nimpurities.

The mixture was then filtered through Celite and washed with 50 mL ethyl acetate. The filtrate
was evaporated and concentrated to give 1.6 g of crude products. It was diluted with 20 mL water
(pH~7) and 100 mL DCM, and the water layer was extracted with 50 mL DCM twice. The
combined organic layer was saved separately. While the aqueous layer \WesldoigH ~ 2 and
extracted with 100 mL DCM for three times to give the corresponding organic solution. The two
extracts (extracted from the acidic and neutral conditions) were dried over anhydrous sodium
sulfate, concentrated to dryness separately.llijirtae organic layer from the neutral aqueous
layer gave 220 mg lacton8)(while the organic layer from the acidic aqueous layer furnished 810
mg (64% yield) desired product)(*H NMR U 400 MHz, CDC$): i 91. 9902bs, 1 H, OH),

4.67 (dJ=7.2 H, 1 H), 4.60 4.56 (m, 1 H), 3.60 (dd}= 13.2, 3.2 Hz, 1 H), 3.40 (dd= 13.2,
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6 Hz, 1H),1.63(s,3H),1.42(s,3M)CNMR U 400 MHz,CDC}):t 172. 2, 112.2, 7
52.0, 27.1, 26.2MS (ESI, MeOH): m/z = 224.1 ([M + N4}, 143.6, 85.6The spectral data is in

agreementvith the previously reported data

(2R,3R)-4-Amino-4-deoxy-2,3-O-isopropylidene-D-erythronic acid (5) (The preparation was

followed by a reported method)?* (from tzb-3-61)

To a hydrogenation bottle, 530 mg of (2.6 mmolR,@R)-4-azido4-deoxy2,3-O-
isopropylideneD-erythronic acid4) and 25 mg (2 weight %) of 5% Pd/C were mixed in 10 mL
methanol. The bottle was attached to a hydrogenation apparatus, purged with hydrogen at 30 psi
pressure and shook for 12 h. The mixture viesnftfiltered through Celite, washed with 20 mL
methanol. The filtrate was collected and concentrated on a rotary evaporator to give 500 mg of
light yellow powder. The light powder was then washed with 20 mL diethyl ether, and the washed
solid was vacuumetb dryness to obtain 442 mg (98% yield) of desired prode)cag awhite
solid. '1H NMR (400 MHz,DMSO-d6). ii 4 . 397.2(Hd, 1 H), 4.31 4.24 (m, 1 H), 2.76 (t,

J=8Hz, 2H),1.39 (s, 3H),1.23 (s, 3MBC NMR i 400 MHz,O):ti 174. 09, 111.07
72.45, 40.58, 26.50, 24.2MS (ESI, MeOH): m/z = 176.1 ([M + H}, 198.1 ([M + Na}). The

spectral data is in agreen with the previously reported data
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(-)-(3aR,6aR)-Tetrahydro-2,2-dimethyl-4H-1,3-dioxolo[4,5-c]pyrrol -4-one (6) (The

preparation was followed by a reported method¥*(from tzb-3-77)

4

O O

- ~

o)
H

To a sublimator, 1.33 g (7.55 mmai (2R,3R)-4-aminc-4-deoxy-2,3-O-isopropylidene
D-erythronic acid %) was transferred into the bottom of the sublimator carefully. The sublimator
was vacuumed slowly to a pressure of 0015 mm Hg. After that, the sublator was heated to
130°C slowly until there was no more whiselid formed in the wall of the sublimator. Then, the
apparatus was cooled to room temperature and the vacuum was released. The powder and crystals
on the wall and cold finger were collectedgive 900 mg (75% yield) of desired produgit (M.p.
148149°C; [a]p??>=-60.3 (c0.78, MeOH)'H NMR U 400 MHz,CDC¥: i 6. 31 (bs, 1
4.79 (t,J=5.9 Hz, 1 H), 4.58 (d] = 5.9 Hz, 1 H), 3.59 (dd] = 11.5, 4.8 Hz, 1 H), 3.49 (d,=
11.5 Hz 1H), 1.49 (s, 3H), 1.39 (s, 3HC NMR & 100 MHz, CDC}): i 174 . 4, 114. 3,
74.9,45.9, 27.0, 25.84S (ESI, MeOH): m/z = 158.4 ([M + H). The spectral data is in agreemh

with the previously reported data

(-)-(3aR,6aR)-5-Ethenyl-tetrahydro-2,2-dimethyl-4H-1,3-dioxolo[4,5-c]pyrrol -4-one (7) (The

preparation was followed by a reported metho®® (from tzb-3-77)
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To a solution of 50 mL distilled-butyl vinyl ether, 900 mg (5.7 mmol) amid® @nd 180
mg (0.28 mmol) of 4/diphenytl,10phenanthroline palladium bis(trifluoroacetate)
(DPP)Pd(OCOCH,?® were added. After stirred at 70 to 8D for 3 hours, the reaction mixture
was cooled to room temperature, washiti 10 mL water twice, and the combined organic layer
was dried over anhydrous sodium sulfate, evaporated to dryness, purified on a silica gel column,
eluted with hexane: acetone = 10:1 to yield 810 mg (77% vyield) of desired prodiligt. 81-82
°C; [a]p? = -20.1 (c1.0, CHCL); *H NMR i 400 MHz, CDC#): i 7 . 0J5 1Q.0d @2, Hz, 1
H, CH=), 4.82 4.79 (m, 1 H), 4.70 (d = 6.4 Hz, 1 H), 4.53 (d] = 9.2 Hz, 1 H, =CHJ), 4.48 (d,
J=16 Hz, 1 H, =CHj), 3.65 (ddJ = 10, 1.5 Hz, 1 H), 3.64 (dd,= 10, 4 Hz, 1 H), 1.39 (s, 3 H),
1.35 (s, 3H)3C NMR @i 100 MHz, CDC#):i 169. 4, 129.2, 113.0, 96.
25.9 MS (ESI, MeOH): m/z = 184.0 ([M + H). HRMS-ESI: m/z [M + H calculated for

CoH14NO3s": 184.0974 found: 184.0952.

Poly(3R,4R-3,4-dimethyl-N-vinylpyrrolidinone -co-vinyl acetate) [P(DVR-co-VAc)] (COP-1-

R) (The preparation was followed by a reported method}’ (from tzbh-4-44)
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To a screwsealing tube, a solution 80 mg (0.437mmol) of driedN-vinylpyrrolidinone
(7), 0.718mg @.37mmol) of driedazobisisobutyronitrile (AIBN), an80.5n1 (0.873mmol) of
dried and degassed vinyl acetatddi@ mL of dried and degassed acetone were prepared in the
nitrogenmaintained glove box. After the tube was capped with a Teflon cap with a Tefiog,O
the tibe was transferred to a hood and stirred &tCZ7€or 24 h. The reaction mixture was then
allowed to cool to 2% and diluted with chloroform. The prepared solution was added dropwise
into a vigorously stirring solution of pentane. The white precipitate eadiected by filtration,
washed with pentane, and dried under vacuum tolgideng (92% yield) of copolymeCOP-1-
R as white solids!H NMR U 400 MHz, CDC}): U 41. 440 (m, 3 H), 3.60 3.00 (m, 3 H),
2.13 (s, 3H), 2.10 1.20 (m, 10H)3C NMR & 100 MHz, CDC#): i 1 7 269.8 (m), 112.0

(s), 77.23, 72.3, 471042.0 (m), 37.0 32.0 (m), 27.3, 25.4, 21.2.

Poly[(3aR,6aR)-2,2-dimethyl-5-vinyl-dihydro-3aH-[1,3]dioxolo[4,5c]pyrrol -4(5H)-one] (P

1-R) (from tzb-4-63)
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To a screwsealing tube, a solution of4h g (245 mmol) of vinyl lactam7, 45 mg of
copolymerCOP-1-R, 0.81 mg (4.9mmol) of AIBN in 1 mL of degassed ethyl acetate was prepared
in a glove boxmaintainedvith nitrogen After the tube was capped with a Teflon cap with a Teflon
O-ring, the tube was then transferred to a hood and stirred @ & 16 h. After the reaction
mixture was cooled to 2%, the reaction mixture was diluted with chloroform. The solution was
thenadded dropwise to a solution of pentane with white solid precipitated. The white solid was
then collected and dried under vacuum to givel @.498% vyield) of chiral polymerR-1-R) as
white powdes: *H NMR 0 400 MHz, CDC#): G 41. 4848 (bs, 2 HCHO), 3.8i 3.0 (m, 3 H,
CHN, CHN), 1.807 1.2 (m, 8 H, CH, 2 CH3);13C NMR U 100 MHz, CDC}): i 171. 6 ( m)
112.1 (bs, GC-0), 78.0 (bs, €0), 72.4 (bs, €0), 47.0i 43.0 (m, CHN and C#N), 36.5i 31.0

(m, CHp), 27.4 (bs), 25.4 (bs).

D-2,3-0-(1-Methylethylidene)-ribofuranose (9) (The preparation was followed by a reported

methody? (from tzb-1-31)

>
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o
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To a round bottom flask, were added 15 g (0.1 molpweibose(8), 30 g (0.2 mol) of
copper sulfate, 100 mL distilled acetone. The reaction mixture was stirre?@tf@612 h with
the color changed from light blue to darker blue. Then, the reaction mixture was filtered through
Celite and washed with 200 mL acetonéeTiltrate was dried over anhydrous sodium sulfate,
evaporated to dryness to obtain 12 g (63% yield) desired prodaiesdightyellow oil: *H NMR
(400 MHz, CDC#): i 5 . 926.0(Hd, 1H), 5.41 (d] = 5.4 Hz, 1H), 4.81 (d] = 5.9 Hz, 1H),
4.58 (d J=5.9 Hz, 1H), 4.39 (br s, 1H), 4.20 (br s, 1H), 3.71 (br s, 2H), 1.49 (s, 3H), 1.33 (s, 3H);
13C NMR (100 MHz,CDC#): . 112. 2, 102. 7, 8 7. 6The speéctralidata 8 1 . 6,

is in agreerant with the previously reported data

(3aS,4S,6a5)-2,2-Dimethyl-tetrahydrofuro[3,4 -d][1,3]dioxol-4-ol (10) (The preparation was

followed by a reported method$* (from tzb-1-28)

~

O O

HO 0O

To a round bottom flask over an ice bath, were added 18 g (95 mmol) of al@pRHQ
mL deionized water and 100 mL ethanol. To the solution, 5.3 g (140 mmol) of sodium borohydride
in 46 mL water was added dropwise and stirred for 3 h 4C2%\fter the reaction mixture was
acidified to pH~5 with 1 N HCI, a slurry mixture of 24 d.@mmol) of sodium metaperiodate and

80 mL water was added into the flask over 5 min. The reaction mixture was then left to stir for 5
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h, filtered and rinsed with ethanol. The filtrate was concentrated to 75 mL, extracted with 100 mL

ethyl acetate for theetimes. The combined organic layer was then dried over sodium sulfate,
filtered through Celite, concentrated to dryness to furnish 15.2 g (83% yield) desired product of
10as lightyellow oil: *H NMR (400 MHz, CDC#): i 5. 4 3 {Hy4.87 (dd)=6,G.6 Hz,

1H, C3H), 4.61 (dJ = 6 Hz, 1H, C2H), 4.11 (dd,J = 10.4, 3.6 Hz, 1H, G#), 4.06 (dJ=10.4

Hz, 1H, C4H), 2.80i 2.70 (bs, 1H, OH), 1.48 (s, 3H), 1.33 (s, 3HE NMR (100 MHz, CDC}):

iU 112. 385.1,800,I72.(8 26.2, 24.&;b anomers (3.8:1H NMR (400 MHz, CDC}): U

5.001 4.90 (m, 1H, C4H), 4.76 (dd,J = 6, 3.6 Hz, 1H, CH), 4.49 (dJ = 6 Hz, 1H, C2H), 3.95

(d,J=10.4 Hz, 1H, C4H), 3.55 (ddJ = 10.4, 3 Hz, 1H, C4), 1.801 1.60 (bs 1H, OH), 1.55

(s, 3H), 1.38 (s, 3H}3C NMR (100 MHz,CDC#):ti 113. 4, 97.4, 79Thé, 78. :

spectral data is in agreent with the previously reported data

(3aS,6a5)-2,2-Dimethyl-dihydrofuro[3,4 -d][1,3]dioxol-4(3aH)-one (11) (The preparation

was followed by a reported method® (from tzb-3-41)

o O
O?Z?
To a round bottom flask containing 2 g (3 A) of molecular sieves, it was dried under
vacuum and replaced with argar three times. After the flask was cooled td°258.9 mL (9.75

g, 125 mmol) of dried dimethyl sulfoxide in 25 mL dichloromethane was added under argon. Then,

the solution was cooled over a dog acetone bath @8 °C followed by the addition of 5.3 Im
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(7.87g, 62.5 mmol) dried oxalyl chloride in 25 mL dichloromethane dropwise. After the solution
was stirred for 15 min, 5 g (31.25 mmol) of dried lactd)(in dichloromethane was added and
stirred at-78 °C for 2 hours. Then, 27 mL (187.5 mmol) of thglamine was added, and the
temperature was allowed to increase t8Q%and stirred for another 2 hours. The reaction mixture
was diluted with 100 mL water, acidified with 1 N HCI to pH~3, extracted with 150 mL
dichloromethane for three times. The combireganic layer was then dried over anhydrous
sodium sulfate, filtered through a thin layer of silica gel, washed with dichloromethane,
concentrated to dryness to yield 2.8 g (56% yield) desired prodiittasf a white waxy solidH

NMR (400 MHz, CDC#): i 4 . 8J% 6,4 i) 1H), 4.76 (d] = 6 Hz, 1H), 4.47 (d) = 11 Hz,

1H), 4.42 (ddJ = 11, 4 Hz, 1H), 1.50 (s, 3H), 1.41 (s, 3H¢ NMR (100 MHz, CDC}):ti 17 4. 1,
114.1, 75.5, 74.6, 70.2, 26.8, 25The spectral data is in agreemwith the prgiously reported

dat&>.
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Chapter2-Ox i ddakeiact i ons Catalyzed by

Nanocl usters

2.1. Introduction and Background

In our previous workiHua designed a series of different CSP&tPported nanocatalysts
with different substituents at C5 onto the pyrrolidinone ringhich exhibied excellent
enantioselectivitiesin catalytic reactionS. For the purposeof prepaing two colloidal
nanocatalysts witloppositeenantioselectivitiesHua designed a pair of chiral polymers with
opposite stereochemistiyescribedin Chapter 1 The nanocatalysts prepared bystipair of
CSPVPs areexpectedto dsplay opposite enantioselectivities in catalytic reactioBgefore
exploiing the enanotioselectivities of CSP\#apported colloidal nanocatalysts, we first studied a
series of oxidative reactions using substrates sugihtémlan, norbornene, indene, indamel
their derivativesdy usingdifferentPVP-supported bimetallic colloidal nanocatalysts (Pd/Au and
Cu/Au) and different oxidants (TBHP, HO.) in two types ofsolution system (DMF and
H20/CHsCN) to uncover the chemiteeactivity.

Before discussing oxidative results, a brief introductibout the colloidal nanocatalysts,
oxidants and substratessdiscusgd. In 1989, Haruta firstly reported his discovery that aerobic CO
can be catalyzed by Au NCs at low temperatuvesich influenced academia and industry
significantly3* After that, lots of research were conducted to explore the applications of noble NCs
in C-C bond coupling?® aerobic alcohol oxidatio?f, asymmetric oxidation of secoad
alcohols®” For GH functionalization, the @ activation is the ratdetermining step in the NCs

catalyzed procedure due to the higii®ond energy (about 98 kcal/mol). Generally, the electrons
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are involved in the catalytic process eHctivation through a single electron transfer mechanism.
Due to that property, meta NCs are allowed to activate-8 bond as an active cataly$tin
2011, Tsukuda proposed a mechanism to explain the activation aerobic oxygen in catalytic
oxidation using PVP capped Au NCs as catalysts. The oxygen is absorbed and activated to form
peroxelike species to activate thel bond by taking the proton oif: °Then, the substrate is
converted to keton®.

To facilitate thediscussion ofhe catalytic oxidatiof C-H bond | would like to propose
a mechanism to explaour experimental resultsased on following studies: In the oxidation
catalyzed by PVRapped Au NCs and the electrons flew from anionic Au on NCs irthe
LUMO ('*) of oxygen, generating superoxo or peroxo type speties; For bimetallic
nanoclusters Au and Pd are miscible in any propoffierhich means small amount of Au atoms
still exist on the Pdlich surface; 3Cu/Auand Pd/Awcolloidal nanocatalysts were prepanedhe
ratio of 3:1,andthe electronegativitie€EN) of Cu, Pd, Au, C and O are 1.90, 2.20, 2.54, 2.55,
3.44 respectively*® Based on previous statemertise catalytic reaction may be facilitated by

increasing the electredensity of oxygen onto oxidants (TBHP oz®4).
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2.2. Syntheses of Substrates

o

1. 2-diethylamino-ethanol, nBuLi (1.6 M in
S ' COOH
hexane), hexane, -15 °C, 30 min. PA/C. Methanol COOH
2. Phthalan, -15 °C to -78 °C, THF, 20 min. o} O‘ H, (30 psi) @

3. isopropyl bromide in THF, -

24 78 °C to 25 °C, 30 min. 25 39
OH COOHQH COOH
nBuLi (2.5 M in hexane), hexane, 1 N HCI, reflux, 2 h.
0°C to reflux, CO,, 90 min. O‘
32 33 34

1. nBuLi (1.6 M in hexane), diethyl

ether, -78 °C, 3 h. O‘ Pd/C, diethyl ether
2. Methyl iodie, -78 °C to 25 H, (30 psi)
°C, 3h.

o

29 30 38
%{/0 THF, LAH, 8 h. JA% Dried pyridine, p-TsOH, J@ Pd/C, diethyl ether %
OH o
CH,CI,,12 h, 25 °C. i
g 0 2500 oH 212 o Hs (30 psi) o
42 43 44 43

Scheme7. Syntheses of substrates faratalytic reactions.

In Scheme 7the syntheses for substrates are displayed. To obtain isopropyl ph&jan (
2-diethylaminoeethanol was mixed with-butyllithium (1.6 M in hexane) in hexane. The reaction
mixture was stirred atl5 °C for 30 min. Thenphthalan(24) was added and stirred for 20 min.
After the reaction mixture was cooled 168°C, THF was added followed by the addition of
isopropyl bromide. The reaction mixture was allowed to warm up f€28d stirred for 15 min
to yield isopropyl pthalan @5) in a yield of 729" The substrate of indeatcarboxylic acid 34)
was synthesized fromihdanol @2) by treating it withn-BuLi (2.5 M in hexane) at 8C. Then,
the reaction mixture was heated to reflux and bubbled with aerobiéo€®h to yield compound
33in a yield of 26%. The carboxylic acid 88 was dissolved with 1 N HCI. The reaction mixture

was then heated to reflux for 2h to eliminate the alcohol to oleBd iof a yield of 72%. To obtain
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indane4-carboxylic acid 89), a hydrogenation bottle containing-indene3-carboxylic acid, 5%

Pd/C, methanol was shook for 12 h under hydrogen atreosph give indan&-carboxylic acid

in a yield of 91%. dmethytindene 80) was prepared by treating inde8)with n-BuLi (1.6 M

in hexane) at78 °C for 3 h. Then the reaction mixture was added with methyl iodide and stirred
for 3 h, and the temperature was allowed to warm up to room temperature to afford the desired
product30in a yield of 46%" The compound was then transferred into hydrogenation bottle and
mixed with 5% Pd/C and methanol. The hydrogenation bottle was then attached onto a
hydrogenation apparatus, purged witldingen in a pressure of 30 psi, shook for 12 h &C2®

give I-methylindane in a yield of 95%. The norbornene substraté4 afid45 were synthesized

from carbic anhydride4@) by reduced it with lithium aluminium hydride (LAH) in THF at 25

for 8 hto furnish diol43in a yield of 43%. The dicd3 was then mixed with pyridine in GBI

to give alkoxide ions. To the reaction mixtupetoluene sulfonic acid was added slowly over 12

h to yield the cyclized produd# in a yield of 60%'° To a hydrogenation bottle, compou#d,

diethyl ether, Pd/C was added. A hydrogenation was conducted in this bottle by shaking it at 25

°C for 12 h to afford compoungb in a yield of 95%.
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2.3. Oxidation of Derivatives of Phthalan

Tablel. Results of catalytic oxidations of phthalan and its derivative.

Entry | Substrates Catalyst Oxidant °C/h Product recovered

1 None H>0,,10eq.|{25°C /24 h

24
0O

o]
CD Cu/Au - 40k PVP, ( E;l\ffo 0
: 5% mol (20 mM) | H202, 10eq. | 25°C/24 h 26 %

24 z

58% yield

o]

Cu/Au - 40k PVP, o o
3 © | 590 mol (20 mmy | 1202 10 €a-| 25°C /45 h Cd

27 28 O

25 .
24% yield 20% yield

In thissection phthalan(24) andits derivative(25) were selectedndtreatedwith different
colloidal nanocatalysts (Pd/ABRVP or Cu/AuPVP) and different oxidants (8. or TBHP) (see
Table 1). Firstly, an oxidatve reactiorwas set up by dissolvinqghthalan(24) and10 equivalences
of 30% H20- (in H20) in a solution ofH20/CH:CN without nanoatalyst Thereaction exhibited
no progresat 25°C for 24 h. Once the catalyst (Cu/ARNVP) wasaddel, the conversiofrom
phthalanto isobenzylfuranong27) in the catalytic reactiomcreased to 58%ithin 24 h. The
results suggested thie Cu/Au nanocatalys an indispensable reagdotactivate the €4 bond
of phthalanin this catalytic oxidationDuring this oxidation no intermediate, such as lactol or
peroxide was found or isolatedndicaing the oxidation fromntermediatel@ctol or peroxidé to

lactoneof 27 is faster than thexidation fromstarting materiabf 24 to theintermediate
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In order tostudy the regioselectivitpf C-H bonds in tertiary and secondary carlsn
isopropyl phthalar(25) was synthesizéi and treatedwith HO. under thecatalysis of Cu/Au
nanocatalystgn HoO/CHz:CN solution systemiThe oxidative reaction was finished in 45 h at 25
°C to furnishlactoneof 27 andisopropyl phthalanonef 28 as oxidative products with yields of
24% and 20%respectivelyResults indicated that there is no significant diffeesin activating
C-H bondsconnecting taertiary and secondary types ofirbon adjacent to aromatic ring and

oxygenin this oxidative reaction.
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2.4. Oxidation of Indene and their Derivatives

Table2. Results of catalytic oxidations of indene andigsivatives.

Entry | Substrates Catalyst Oxidant °C/h Product recovered
‘ Pd/Au-40kPVP
1 in H,O (10 mM) | TBHP, 1.5eq. |80°C /48 h Decomposed B}
29 1% mol
O‘ Cu/Au-40kPVP
2 in HQO (10mM) H202, 1.5eq. |80°C /48 h Decomposed _
29 0.5% mol
O‘ Pd/Au-40kPVP OQ
3 in DMF (10mM) | TBHP, 1.5eq.|25°C/12h 31 B
30 1% mOI 100% conversion
(Based on NMR)
O‘ Pd/Au-40kPVP OQ
4 in H,O (25 mM) | TBHP, 1.5eq. |25°C/12h 85%
1% mol 5o 3
30 5% conversion
(Based on NMR)
COOH
Pd/Au-40kPVP
5 O‘ in DMF (25 mM) TBHP, 1.5 eq.|25°C/12h Decomposed
1% mol
34
COOH
COOH
Pd/Au-40kPVP Q
6 O‘ in H,O (25 mM) | TBHP, 1.5 eq. | 25 °C / 24 h )
1% mol 34a
34 100% conversion
(Based on NMR)
COOH 0
Cu/Au-40kPVP
7 O‘ in H,O (10 mM) | H,0,, 2.0 eq. | 50 °C /16 h OH
1% mol 38
34 45% vield
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Thepreviousoxidation resultsuggested thahe GH bondadjacent tabenzene ring and
anoxygenatomcan be easily activatexhd oxidized to a laone In order to investigate oxidative
result(s) of a spcarbon adjacent tabenzeneing, we selectedndene(29) andits derivativesof
30 and 34 for the studies (se@able 2). To begin with,a pair ofoxidative reactions were set up
with indene as the substrate to compare the oxidative differerficen Cu/Au and Pd/Au
nanocatalystdndene PVP-supported Cu/Adin H20) andl.5 equiv 0f30% HO. were dissolved
in H2O/CHsCN. For the second reactiangdene PVP-supportedPdAu (in H20) and1.5 equiv of
70% TBHP were dissolved inB/CH:CN. There was no oxidative progress for the pair of

reactionswith temperature went up until théggan to decompose80°C, which may be caused

by the formation o€ complex or allyl complex.

In the next stage, another pair of reactions were set up asingthylindene(30) as
substrate. In this batche substrate waseatedwith Pd/Au colloidal nancatalystsin different
solutiors to compare the oxidative differencesHsO and DMF. The pair of reaction mixtuse
were prepared by dissolving substra@e TBHP (70%in water)in different solutions oH>0 and
DMF. The two reaction mixtusawere left to stir at 2% for 12 h with conversion rates of 100%
and 15% in DMF andH»0O, respectively Results demonstratetiatthe olefin migraion reaction
proceeded fasten DMF than inwater solutionin this reactionno oxidative product was fouh
Thereforethe necessitpf oxidants to this migrating reactias uncertainl proposeda plausible
mechanism for the migrain reaction inrScheme8. The tertiary carboihydrogen bond isserted
by a metal atom, and the metHll is migrated byt h eallyl’'mechanism t@ive 3-methylindene

(32). The different conversion rates in DMF afgD may be caused lipatthe metal atom in the
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water solution has a high@ossibility to chelate with a proton rather than participatinga

migration reaction.

CDy L YMH — O
5 &S

Scheme8 Proposed mechanism for the migration of dmethy-indene.

In order to study the $parbon oxidatninfluenced by carboxylic acid in the benzene ring,
three oxidative reactions were set up in different conditions udthopdene4-carboxylic acid
(34) as the substrate. A pair of oxidative reactiorere set up by dissolving substr8i 1.5 eq.
TBHP (70% in water) andPd/Au-PVP nanocatalysté solutions of DMFor water. For the pair
of reactions, the substrate decompaseldMF solution while the substraten thewater ®lution
gave themigrated1H-indene7-carboxylic acid(34a) at a conversion rate of 10Q%or these
results, | proposed a plausible mechantsnexplainthe differences in different solutions and
substrates§cheme9). Compaing with the complex ofl-methylindeng30) and metallic atom,
its 1H-indene4-carboxylic aail (34) counterparts is more electrophilic caused byetkistence of
carboxylic acidgroupas an electromwithdrawing group, which gives tHgH-indene4-carboxylic
acid(34) complex a lower LUMO energy level. For thid-indene4-carboxylic acid34) comple
in water solution, the abundant protons tend to chelate with the metallic atoms, which gives less
metatoxidant complex than DMF solution. In the DMF solution, the number of rogtdant
complex increases. The facilitated medgidant complexes are nenucleophilic and tend to give
a higher HOMO energy level. The decreased LUMO energy level caused by carboxylic acid and

the increased HOMO energy level lead to a low energy barrier, which allows the oxidation of
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metalsubstrate progress at Z5. The oxdized substrates tend to experience further oxidation due
to the further decreased LUMO energy lesalisedy theremoval of the electrorich olefin and
the introduction of oxygen as an electwithdrawing group. Therefore, th&H-indene4-
carboxylic aa (34) tends to be decomposed in DMF solution and migrated in water solution,
while 1-methylindeng34) tends to be migrated in both DMF and water solution due to a higher

LUMO energy level from the metalubstrate complex.

H
G 0,

H
b

COOH COOH COOH
‘ M water
e (D
H
¢OOH COOH
M DMF
‘ MH water soluble
H products

Schemel. Proposed mechanism for the migration of indend-carboxylic acid
and explanations for different resuls.

The decomposition of carboxylic acB# suggestghat the potentialto oxidize the sp
carbonundercertainreactionconditions. Therefor@noxidative reaction was set up for carboxylic
acid34 using Cu/AuPVP colloid and30%hydrogen peroxide in viar solutionat 50°C for 60 h.

In this oxidative reactiorgnoxidation of the olefin wasbservedy degradhg thecarboxylic acid
in the benzene ring. | proposed a mechari@mhe formation o{35). In Scheme 10the AuCu-

O-O complex is inserted into the-®bond. Then, the olefin is oxidized by the peroxide complex
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to produce the corresponding diol with one oxygen chelated withiCAucomplex. A
rearrangement takes place to insert@u complex between the carlyd and the benzene ring
followed by a release of carbon dioxide as gas. The rhetatene bond is hydrolyzed by®ito

finish the decarboxylation process. After that, carbon adjacent to the benzene ring and an oxygen

atom is oxidized to a ketone as theided product.

0.0 7BM 0-./07BM
— 0 20
O‘ \_OH OH OH
%0\ HOH M-OH
0= —BM_ M‘o
0 -CO; O

BM: Cu-Au

SchemelO. Proposed mechanism for the oxidation of-thdene-4-carboxylic acid.

In this section, a series of oxidative reactions of indene and its derivatives were investigated.
The results suggested thifie electrorrich s carboncannotbe easily oxidized due tthe
nucleophilicity of these alkenyl substratésorder to introduce oxygen into this moiety in water,

Cu/Au can be used to enhance the electron conductivitytifesubstrate to oxidant.
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2.5. Oxidation of Indane and Indene and their Derivatives

Table3. Results of catalytic oxidations of indane and its derivatives.

Entry| Substrates Catalyst Oxidant °C/h Product recovered
o]
Cu/Au-40kPVP
1 in H,O (10 mM) | H,O,,1.5eq. | 50°C/72h _
- 0.5% mol 41
8 % conversion
o]
Cu/Au-1R 0
2 ©:> in H;0 (10 mM) | Hy0y, 1.5 ¢q. |20 C/ 72D CE& )
. 2% mol to25°C/15h »
6 % to 35% conversion
Cu/Au-40kPVP '
3 in Hy0 (10 mM) | Hy0,,2.0€q. | 50°C/48h | (nsegensivity .
1% mol
38
Pd/Au-40kPVP CQ
4 in H,O (10 mM) | TBHP, 1.5eq.| 50°C/72h boH _
" 1% mol O
10% conversion
(Based on NMR)
Pd/Au-40kPVP @
5 in DMF (25 mM) | TBHP, 1.5eq.| 50°C/24h 20 %
1% mol a0 OOH
38
14% yield
o]
COOH
Pd/Au-40kPVP
6 in DMF (25 mM) | TBHP, 1.5eq.| 50°C/20h _
1% mol 41
39 30% conversion
from NMR
COOH O
Pd/Au-40kPVP
7 in H,O (25 mM) | TBHP, 1.5eq.| 50°C/20h 45 %
1% mol al
39 40% yield
o)
COOH Cu/Au-
40kPVP
8 in H,O (25 H,0,,1.5eq. | 50°C/20h _
mM) 41
39 1% mol 16% conversion

(Based on NMR)
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In this sectionindane 87) and its derivative88 and 39 were selected as substrates to
investigae theoxidativereaction of spcarbon adjacent to a benzene rirsingnanocatalystésee
Table J). Initially, indane(37) was treated with an oxidative system prepared by dissoBo#g
H>0. and Cu/AuPVP nanocatalystsn a water solution. Theeaction progressl slowy (7%
conversion) at 50C in 72 h In order to studyhe effects fronpH on this oxidative reaction, an
oxidative reactionwas set up in the same conditions as the previous one with extra potassium
carbonate adde@ignificant pragress was then detected at°®€5n 15 h with a conversion rate of
35%. The results suggested the oxidative reaction prefers basic conditions

For the purpose of investigating differences of tertiary and secondary carbons adjacent to
a benzene ring inhee oxidative reactionsa couple of different oxidative reactions were
conducted using-inethylindang(38) as the substrate in different oxidative conditions. For the
agueous batch, onlg 10% conversion rate was observed, while the DMF batch converted
appoximate 50%of starting materials toreoxidative producttObased othe NMR data. However,
only 14% yield was obtained after column chromatography, which may be caused by the
decomposition of the peroxidi). The mechanism of oxidizing-hethytindane(38) to product
40is described irscheme 1. In schemell, the Xmethyindane (38) and TBHP are connected by
bimetallic atoms to form an electron transfer chain, which decrease the electron density of the
substrate but increase the electron density obxiant. After that, a radical reaction takes place
to convertl-methyindane (38) to 1-methytl-indanol as the intermediate. Then, the alcohol
undergoes a radical reaction to cleave tHd © give the peroxidd0 rapidly due to the €Hsis

not electrordeficient enough to get cleaved.
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Schemell Catalytic oxidation of 1-methylindane.

With an electronwithdrawing group connecting #otertiary carbon,ridanyl-1-carboxylic
acid (39) was selected as the substrate to study the oxidatimome of the tertiary carbon in
different reactionconditions. In these reactions, the Pd/Au nanocatalyst using TBHP exhibited
better catalytic activity than Cu/Au nanocataysts usin@.Hand the Pd/A in water solution
displayed a stronger oxidative activity than its DMF counterpartSchemel12, theindanyl-1-
carboxylic acid39) and TBHP are chelated with the bimetallic atoms to form an electron transfer
chain to decrease the electron densityhef $ubstrate and increase the electron density of the
oxidant. Then, a radical reaction takes place to activate-théahd as the & bond is weakened
by the decreased electron density. The cleavetiiond is then oxidized to a lactol. In the next
stage the carboxylic acid undergoes a radical reaction to cleave B®@Q@H bond, which is
weakened by its electreafeficiency, to release the carboxylic group as G&s. The substrate is

then oxidized to a diol and converted to the indar{d@eimmediately.
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Schemel2. Catalytic oxidation of indane-1-carboxylic acid.

Differ from previous substrates, thedanyl-1-carboxylic acid39) is an acid. In the DMF
solution,compound39 may supply their protons to oxidantghich decreases the nuclophilicity
of oxidants In the water solution, a slightly higher conversion rate etservedthis difference
can be explained by the dilution of protons from the substratiegpnotic soluton (H-O/CHsCN).

In Scheme 131 compared the oxidative results (second oxidation step) framthylindane, 4
indanecarboxylic acid angso-propylphthalan. Due to their electroleficiency of the & bonds,
different oxidative products were obtained. B methytl-indanol, the reactive carbon is only
attached to an oxygen atom. It is not elecieficient enough to cleave the@Hs bond even
under the facilitation of the bimetallic electrgransfer chain. In terms of the reactive carbor-in 1
methyl1-indanecarboxylic acid, the @€ OO0OH bond is weakened by the carboxylic group as an
electronwithdrawing group. Therefore, the reaction happens &C5For the phthalan one, the
reactive carbon is attached to two oxygen, which makes it more elelgforent than another
two intermediates. Hence, tiwo-propykphthalanol can be oxidized to lactone at°25In this

section, we studied series of catalytic oxidation @fie C-C or GH bond adjacent to a benzene
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ring. The results suggested that the etaetieficiency decides the possibility to cleavage thé C

bond. Moreover, pH value plays an important iolécilitatingthe oxidants.

Not electron-deficient enought to cleavage the C-C bond Electron-deficient enought to cleavage the C-C bond
; HOOC \EQ
HOOC
Kee %@
e
Schemel3. Cleavage of CC bond is decided by the electromeficiency of these
carbons.

OH

8

o]

O
O-0OH o]
o]
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2.6. Oxidation of Derivatives of Norbornene 44 and Norbornane 45

In our continuing study of other oxidative reactions using BMWpported nanocatalysts,

norbornend&4and norbornané5with rigid rings wereselected to explore mocatalyticreactions

(Table 4). For norbornend4, an oxidatve reactiorwasset upusing Cu/Au-PVP nanocatalysts

and 30% HO:zin water solution at 2& to producdactd 46 and lactme 48 in low yields of 6%

and 8% respectivelypecomposition of productsas also found in this reaction.

Table4. Results of catalytic oxidations for Norbornene derivatives.

Entry | Substrates Catalyst Oxidant °C/h Product recovered
7 7
/1 i Cu/Au - 40k PVP, %‘OH 4%,0 ,
1 2.5% mol (4 mMy | 1202 15€d. | 25°C/72h | | 10 %
u O 46 8
6% yield 8% yield
0
Za Pd/Au - 40k PVP, TBHP, o
2 \ 2% mol (1.6mM) | 12eq. |25 C/144h 0 3 i 16%
(0] 50 51 0
44 24% yield 9% vield
Cu/Au - 40k PVP, OH o} o
3 é \ 2.5% mol (25 mM) | TBHP: 1:5 €0 50°C/12h %’ LA@‘ 13 %
o a7 © w9 O
45 53% yield 16% yield
Cu/Au - 40k PVP, OH o]
4 /é \ 2.5% mol (9 mM) | 1202 15€d. | 25°C/ 16 h %’ [%; ;
o 47 © 9 ©
4 7% yield 7% yield
Pd/Au - 40k PVP, %‘OH %o
3 \ 2.5% mol (25 mM) | | BHE 1.5€4.| 50°C /12 h o =0 o S0
0
45 31% conversion 3% conversion
Based on NMR Based on NMR
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Then, norbornened4 wastreated with another type ofkidative condition usinged/Au
PVP nanocatalystsnd TBHP in HbO/CH:CN solutionat 25°C. It took about 6 days to convert a
portion ofstarting materialt4 to dimer50 and epoxideb1 with isolated yield of 24% and 9%,
respectively | proposed a mechanism to explain the formatmindimer 50 and epoxidesl in
Scheme 14 Differ from previous oxidations, the oxidation of olefin is conducted by palladium,
which is usually chelated with electroich double bond. The activated peroxidetal complex
undergoes a radical reaction torfoa fourmember ring. Then, the palladium can chelate with
another olefin to introduce another olefitiinto this fourmember ring to produce a sixember
ring. A reductive elimination happens to furnish dint€r as the desired product. At low
temperaturgthe fourmember ring intermediate is allowed to survive long enough to meet another
olefin 44 to form the dimer50. As the temperature increases, the fm@mber ring has an
increasing possibility to experience a reductive elimination to produce thaepdbefore the

presence of another olefill.

0 Reductive elimination % @
R

Pdl/
(e}

\
o 4 o
Pd” 9 '/O
1 Pd
0] ‘ o
N 9
fe) Reductive elimination Pd 7
?
R

0 (0]

Schemel4. Proposed mechanism for the formation of dimer and epoxide.
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After that, rorbornanel5wastreated withdifferentnarocatalystsand different oxidants in
H>O/CHsCN solution.In these oxidative reactions €k tends to give a lover yield of oxidative
products in the catalysis of Cu/ARNMP nanocatalysts. Under the oxidation of 1.5 equivalences of
70% TBHP in water, Cu/Auanocatalysts exhibited relatively better oxidative results thain

Pd/Au counterparts by producing lacd and lacton&l9in yields 0f53% and16%.

(0]
~o
| | Major
Diffcult to progress due
to the limit of pocket size — |HO e
(0]
o 0
O H-O: )
\ , Minor

(0] o
6 Mo 1
! ! ! N Minor
Potential to over-oxidized o
- '|20 - >
y OH
/'D—(of ogH o7 O 0o
E : Minor Major

Schemels. Different oxidative results using different oxidants.
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In this section, low separating yields were obtained on€® ttas involved as the oxidant,
while its TBHPcounterpartsend to give higher yields with cleaner reactions. The results can be
explained by the size of reaction pockets covering reaction(Sitlesme 15. The caeinsertion of
oxidant and substrate is necessary for oxidative reactions. The endo hydrogen atom is less
accessible for the radical produced by TBHP, but it is accessible for the radical produeéd.by H
Due to the small size ¢1.0., a substrate may be surrounded by seuds@ molecules which
areready to oxidize norbornene or norbornane to the dicarboxylicaacitie major product.
failed to separate the dicarboxylic acid by column, butrthes spetrd data showed the existence

of the dicarboxylic acid.

2.7. Conclusion

In this chapterseveral substratesere selectedo investigate the catalytic properties
PVP-supported bimetallic nanocatalyg®d/Au or Cu/Au) with different oxidants (TBHM@
H20.). The results suggest that we can optimize these oxidative reactionghiedoilowing
aspects: 1. For the oxidants, TBHP is more nucleophilic th&» Bl the tertiary carbon is an
electrondonating group. Also, the deprotonation for oxidantsjsortant as the complex of metal
oxidant prefers basic conditions in synergistic catalysis. In terms of the substrates, their
nucleophilicity is usually affected bytheir electrordeficiency and rigidity; 2. Comparing the
different results in TBHP and >, the TBHP tends to give a cleaner reaction tha@.Hand
even TBHP is a stronger oxidant thapCt 3. It seems that the size distributiontié pocket
covering the reaction sites is maintiepends orthe bulkiness of polymers. Therefore, the

dimerizaton reactiomeedss daysto furnish the desired product with a yield of 24%order to
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expand the application of our oxidation system, we also introduced DMRFyag ofsolution to

conduct reactions favaproticsolutions.

2.8. SyntheticProcedures

1,3-Dihydro-1-isopropyl-2-benzofuran (25) (The preparation was followed by a reported

method) 4 (from tzb-3-147)

To a flamedried and argompurged flask, 1.59 mL (12 mmol) ofdlethylamineethanol
and 12 mL of distilled hexane were added, and the flask was cool#8%G. To it, 15 mL (24
mmol) of n-butyllithium (1.6 M in hexane) was injected gmise and the solution was stirred for
30 min at-15°C. During that time, the color of the solution changed to orange. Then, a solution
of 480 mg (4 mmol) of phthalgi24) in 2 mL of dried hexane was added via syringe. The reaction
mixture was stirred fa20 min with the color of the reaction solution changed to dark red gradually.
After the flask was cooled t@8°C, 16 mL of distilled THF was added dropwise followed by the
addition of a solution of 1.878 mL (20 mmol) isopropyl bromide in 2 mL THF. Thetian
mixture was warmed to 2& and stirred for 15 min. The reaction mixture was diluted 26timL

water, extracted with 20 mL diethyl ether for three times. The combined organic layer was dried
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over anhydrous sodium sulfate, filtered through Celiacentrated on a rotary evaporator to give
900 mg of crude product. The crude product was purified on a silica gel column and eluted with a
mixture of pentane: diethyl ether (40:1) to obtain 465 mg (72% yield) of desired pA&hgbil.

IH NMR (400 MHz,CDChL): i 7-7.1Z {im, 4 H, AfHs), 5.14i 5.09 (m, 3 H, CHO and CHO),

2.07 (dJ=3.2, 6.8 Hz, 1 H, CH), 1.06 (d= 7.2 Hz, 3 H, CH), 0.81 (dJ = 6.8 Hz, 3 H, CH);

13C NMR (100 MHz, CDC$): 4 140. 9, 139. 9, 127. 3, 127. 0, 12
16.2. MS (ESI, MeOH): m/z = 162.8 ([M + H]. The spectral data is in agreement with the

previously reported datd

1-Methyl-(1H)-indene (30) (The preparation was followed by a reported methodf (from

tzb-4-124)

)

To a solution containing 6 g (51.8 mmol) of ind¢@8) and 40 mL distilled diethyl ether,
32.4 mL (51.8 mmol) of-butyllithium (1.6 M in hexane) was added dropwéae 78 °C and
stirred for 3 h. fien,12.8 mL (207 mmol) methyl iode was addedarefully, andthe reaction
solution was left to stir for 3 tith the temperature was allowed to increase t8Q5After that,
the reaction solution was quenched vdthmL aqueous ammonium chloride and extracted with
40 mL diethyl ether fothree times. The combined organic layer was then awed anhydrous

sodium sulfate andconcentratedover a rotary evaporator to remoweost solution The
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concentratedolutionwas distilled at 89C underareduced pressur®.05 mm Hg by connecting

to an oil pump, and the middle fraction was collected to obtain 3.2 g pueti8/I1-indene 80)

as colorless oil in a 46% yieltH NMR (400 MHz, CDC}) : U J¥5.4443, 2 H)d7.38 (d,
J=7.2Hz, 1 H), 7.28 (d]= 7.2 Hz, 1 H), 7.23 (ddd,= 7.2, 7.2, 1.2 Hz, 1 H), 6.81 (ddi= 6.4,

1.2 Hz, 1 H), 6.51 (dd] = 6.4, 2.0 Hz, 1 H), 3.52 (m, 1 H), 1.35 (t= 7.6 Hz, 3 H, CH); 13C

NMR (150 MHz, CDC}) : u 149. 22, 143. 95, 141. 4M,45143 0. 17,
16.04 MS (ESI, CH3CN/H20): m/z =131.16([M + H] ™). The spectral data is in agreement with

the previously reported déta

2,3-Dihydro-3-hydroxy-(1H)-indene-4-carboxylic acid (33) (The preparation was followed

by a reported method)*® (from tzb-4-149)

COOHQ

To a flamedried and argompurged threaeck round bottom flask equipped with a
condenser and glass tube connected to a gaseous of carbon dioxide, 1.5 g (11.2 mmol)}-dried 1
indanol(32) in 10 mL freshly distilled hexane was added and cooled®@. 0o it, a solution of
9.84 mL (24.6 mmolp-butyllithium (2.5 M in hexane) was added dropwise ovarid with the
color of the solution changed to dark red and white solids precipitated out. After the reaction
mixture was heated to reflux, carbon dioxide gas was introduced into the reaction mixture through

the glass tube and the mixture was stirred fom@®while CQ gas was added. Then, the mixture
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was cooled to 28C and filtered to collect the white solid containing the desired product. The
collected solid was dissolved in 10 mL 1 N aqueous hydrochloride acid. The aqueous solution was
extracted with gethyl ether three times. The combined organic layer was dried over sodium sulfate,
concentrated to dryness, loaded onto a silica gel column, and eluted with a gradient mixture of
pentane and diethyl ether to give 513 mg (26% yield) desired pradast alight-yellow solid.

IH NMR (400 MHz, CDC}) : U 7= 5M%z, @ H), 7.38 (d] = 7.2 Hz, 1 H), 7.28 (d] =

7.2 Hz, 1 H), 7.23 (ddd] = 7.2, 7.2, 1.2 Hz, 1 H), 6.81 (ddi= 6.4, 1.2 Hz, 1 H), 6.51 (dd,=

6.4, 2.0 Hz, 1 H), 3.52 (m, 1 H), 1.35 (t= 7.6 Hz, 3 H, CH); 13C NMR (150 MHz, CDC}) :
149.22, 143.95, 141.40, 130.17, 126.42, 124.78, 122.65, 121.04, 45.14, WS0LESI,
CH3CN/H20): m/z =179.158([M + H]*). The spectral data is in agreemauith the previously

reported datgpage 212 in the cited papé?).

1H-Indene-4-carboxylic acid (34) (The preparation wasfollowed by a reported method)*°

(from tzb-4-139)

COOH

W

To a round bottom flask equipped witltendenser, were added 2.5 mL of THF, 100 mg
(0.56 mmol) of 2,adihydro-3-hydroxy-1H-indene4-carboxylic acid33) and a solution of 2.8 mL
(2.8 mmol) of 1 N aqueous hydrochloride acid. Then, the solution was heated to reflux and stirred

for 2 h. The reaobin solution was cooled to 2& and extracted with 15 mL dichloromethane for
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three times. The combined organic layer was dried over sodium sulfate and concentrated to dryness
to obtain 65 mg (72 % yield) desired prod84t‘*H NMR (600 MHz, CDC$) :  (d, 8= 7(B8

Hz, 1 H), 7.77 (dJ = 5.4 Hz, 1 H, =CH), 7.71 (d,= 7.8 Hz, 1 H), 7.33 (dd}= 7.8, 7.8 Hz, 1 H),

6.82 (td,J = 5.4, 1.8 Hz, 1 H, =CH), 3.48 (brd= 1.8 Hz, 2 H)23C NMR (150 MHz, CDC}) : U
172.88, 146.65, 145.01, 137.50, 132.77, 129.00, 128.51, 124.39, 121.79, 38.87. MS (ESI, MeOH):

m/z = 161.2 ([M + HJ). (No reported data available)

1-Methylindane (35) (from tzb-4-126)

To a hydrogenation bottle, were added 680 mg (5.23 mmokthylindeneg(30), 50 mg
5% Pd/C and 10 mL of diethyl ether. The hydrogenation bottle was attached to a hydrogenation
apparatus, and the bottle was purged with hydrogen gas. The reaction mixture was then shaken
under 30 psi of hydrogen for 12 h, removedhirthe hydrogenator, filtered over Celite, washed
with diethyl ether. The filtrate was concentrated to dryness on a rotary evaporator and then under
vacuum at OC to give 650 mg (95 % yield) otrhethylindang35) as colorless oitH NMR (600
MHz, CDCk): i 7-.74%(m, 4 H), 3.22 (m, 1 H), 2.93 (m, 1 H), 2.88 (m, 1 H), 2.32 (m, 1 H),
1.63 (m, 1 H), 1.31 (d] = 6.6 Hz, 3 H)33C NMR (150 MHz, CDC4$) : U 148. 79, 143.
(2 C), 124.38, 123.22, 39.46, 34.81, 31.50, 19\ (ESI, CH:CN/H20): m/z =133.694([M +

H]"). The spectral data is in agreement with the previously reported’data
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Indane-1-carboxylic acid (39) (from tzb-4-119)

COOH

To a hydrogenation bottle, were added 670 mg (4.19 mrbipdene3-carboxylic acid,
70 mg of 5% Pd/C and 30 mL diethyl ether. Then, the hydrogenation bottle was attached to a
hydrogenation apparatus,dathe bottle was purged with hydrogen gas under a pressure of 30 psi.
The reaction mixture was then shaken under 30 psi of hydrogen for 12 h, filtered through Celite,
washed with diethyl ether. The filtrate was concentrated to dryness on a rotary evapaiaiiain
610 mg (91 % yield) of desired prodi&9as a colorless oitH NMR (600 MHz,CDC%) : U 7. 46
(d,J=7.8 Hz, 1 H), 7.207.30 (m, 3 H), 4.11 (dd} = 8.4, 6.0 Hz, 1 H), 3.15 (ddd, J = 14.4, 8.4,
6.0 Hz, 1 H), 2.96 (ddd, J = 14.4, 8.4, 6.0 HH), 2.48 (m, 1 H), 2.39 (m, 1 HRC NMR (150
MHz, CDCbh) : d 180. 46, 144. 19, 140. 03, 127 ,MB1, 126
(ESI, CHsCN/H20): m/z =163.125([M + H]"). The spectral data is in agreement with the

previously reported dafd.

Bicyclo[2.2.1]hept5-ene2,3-diol,(1R,2R,3S,4S) (43) (from tzb-3-116)
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OH
OH

To a solution of 40 g (244 mmol) of carbic anhydrid2) jn 100 mL dried THF cooled by
an icebath, 18.5 g (30 mmol) of lithium aluminum hydride was added slowly and carefully. The
reaction was allowed to warm up to Z5and stirred for 8 h. After that, the reaction was quenched
with 40 mL 15% aqueous sodiuhydroxide, diluted with 100 mL. The aqueous layer was
extracted with ethyl acetate for three times, dried with sodium sulfate, filtered through Celite,
concentrated to dryness on a rotary evaporator. The crude was the loaded to a silica gel to yield 16
g (43% yield) desired produdt3 as white wax'H NMR (600 MHz, CDC}) : ud 6J=0.8 (dd,
Hz, 2 H), 4.17 (brs, 2 H, OH), 3.63 (dd, J = 10.8, 4.2 Hz, 2 H), 3.36 (dd, J = 10.8, 10.8 Hz, 2 H),
2.80 (ddJ = 1.8 Hz, 2 H), 2.53 (m, 2 H) , 1.40 (dii= 10.2, 7.8Hz, 2 H);13C NMR (150 MHz,
CDCk) : U4 134.81 (2 C), 63.43 ( 2 TBespecthldat®igin ( 2 C)

agreement with the previously reported data.

Endo-4-oxatricyclo[5.2.1.¢-9-8-decene (44) (The preparation was followed by a reported

method) 6 (from tzb-3-87)
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To a flamedried and argompurged threaneck flask equipped with a separate funnel, were
added 15 g (11.03 mmol) of diok43), 3.5 mL of dried pyridine, and 7.5 mL of distilled
dichloromethane. To it, a mixture of 1.89 g (9.93 mnmwtpluene sulfonyl chloride in dried
dichloromethanevas added from a separatory funnel dropwise over 12 h. The reautiture
was then washed with 10 mL water twice, dried over sodium sulfate, and concentrated to dryness
on a rotary evaporator. The concentrated crude product was then loaded onto a silica gel column
to yield 800 mg (60 % yield) of desired prodddtas awhite solid.*H NMR (400 MHz, CDC}):

O 6.23 (s, I1B5HM 2HCH)),3.463dd$=38.8, 2 Hz, 2 H, CkD), 2.94i 2.85

(m, 4 H, CHC= and C16Hs), 1.55 (dJ =8 Hz, 1 H, C1€H), 1.46 (dJ= 8 Hz, 1 H, C1eH); 1°C

NMR (100 MHz, CDC}): 4 135.0 (2C), 70.0 (2C),MSHBESI, 6 ( 1C)
MeOH): m/z (%)= 137.19 (M + H 100).The spectral data is in agreement with the previously

reported daté.

Endo-4-oxatricyclo[5.2.1.¢-9-decane (45) (from tzb4-107)

To a hydrogenation bottle, were added 200 mg (1.47 mmol) of norba#@®n20 mg of
5% Pd/C and 10 mL of diethyl ether. The hydrogenation bottle was attached onto a hydrogenation
apparatus, and the bottle was purged with hydrogen gas under a pressure of 30 psi. The reaction

mixture was then shaken under 30 psi of hydrogen for 12 h, filtered through Celite, and the solids
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were washed with diethyl ether. The filtrate was concentratedytess on a rotary evaporator.

The crude was vacuum &t@© to obtain 160 mg of desired prod#5) (95 % yield) as a colorless

oil. 1H NMR (400 MHz,CDC#$) : & 3. 88 ( d, 20) 3.40i 385 (6, 2HHzGHO)2 H, C|
2.551 2.49 (m, 2 H), 2.21 2.18 (m, 2 H), 1.60 1.43 (m, 4 H), 1.32 1.26 (m, 2 H)3C NMR

(100 MHz,CDC#) : G 68. 9, 45MI(ESI,MEQHS m/z (86P= 189,22 13 H, ;

100).The spectral data is in agreement with the previouslyrtegpaaté®.
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2.7. Catalytic Oxidations

Preparation of 40k PVP capped Cu/Au or Pd/Au colloid (from tzbh3-131)

To a solutionof 83.5 mg (2.2nmol, 0.11 eq.) 40k PVP, 21.67 mg (0.055 mmol, 1.0 eq.)
of HAuCls-3H20, 16.2 mg (0.164 mmol, 3.0 eq.) of CuCl in 30 mL deionized water, 10.3 mg
(0.273 mmol, 5.0 eq.) of NaBHivas added at C. Then, the reaction mixture was left to stir for
2 hours, saveith fridge for reactions. The concentration of the catalyst was calculated by following

eqguations:

Mo |HAuCLﬂ3H20 *mo I(:ucl
\

solution

MOkarac, T MOk
V.

solution

c=

c=

The total mole amountf catalysts is calculated by adding the mole amounts of two types
of metallic ions. The total mole amount is then divided by the volume of solution (deionized water
or DMF). In this batch, the total mole amount of two metallic ions is HAGELO (0.055mmol)

+ CuCl (0.164 mmol) = 0.219 mmol. Then, the concentration is calculated by dividing the total
mole amount of metallic ions with the volume of deionized water (30 mL): 0.219 mmol/ 30 mL =
7.3 mM Different concentrations in rest catalytic reactiongenvadjusted by the volume of

solution.

Oxidation of phthalan (24) without catalyst (from tzb-3-144)
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H,0, (10 eq.), CHsCN
O >  No reaction
25°C, 24 h

A reaction mixture containing 50 mg (0.415 mmufiphthalan(24), 0.47 mL(4.15 mmol)
of 30% hydrogen peroxide in water, 1 mL water, and 0.5 mL aitgte, was stirred for 24 h at

25°C. No product was found and only starting material was observed by NMR.

Oxidation of phthalan (24) with Cu/Au- 40kPVP (in H20) and Hx02 to 1(3H)-

Isobenzofuranone (27) (from tzbh3-141)

5% mol Cu/Au-40kPVP in H,0 (20 mM)
: o O
H,0, (10 eq.),CH3CN, 24 h, 25 °C

58% yield 26% recovered

To areaction mixtureontaining2.1 mL (20 mM 0.042 mmolpf Cu/Au-40kPVP (in HO)
colloid, 100 mg (0.83 mmobf phthalan(24) was added, 1 mL acetonitrile was added to dissolve
insoluble substrates followed by the addition of 0.94 mL (8.3 mofd@0% hydrogen peroxide
as he oxidant.The reactiormixture wasleft to stir for 24 h, diluted with 5 mL wateextracted
with 10 mL diethyl ether for three times. The collected organic layer wasairsatium sulfate,
concentratedo drynessver a rotary evaporatoloaded to ailica gel column tabtain13.5 mg
(14% recovery) phthalaf24) and 60 mg (58% yield) 1EB-isobenzofuranon@7 as the major
product’H NMR (600 MHz, CDC}) : U J=7®85z, { H),7.71 (dd= 7.8, 7.8 Hz, 1 H),

7.56 (dd,J = 7.8, 7.8 Hz, 1 H), 7.52 (d,= 7.8 Hz, 1 H), 5.35 (s, 2 H}3C NMR (150 MHz,
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CDChk) : 0o 171. 14, 146. 54, 13 4,60.88MS (E3I9OMeOH):m/z1 25 . 8¢

= 135.8 ([M + H]). The spectral data is in agmaent with the previously reported ddta

Oxidation of 1,3-dihydro-1-isopropyl-2-benzofuran (25) with Cu/Au 40kPVP (in H20) and
H202 to 1(3H)-isobenzofuranone (27) and 3sopropyl-1(3H)-isobenzofuranone(28) (from

tzb-3-149)

5% mol Cu/Au-40kPVP in H,0 (20 mM)
H,0, (10 eq.),CH5CN, 24 h, 25 °C
o)
22% vield ~ 22% vyield

To areaction mixtureontainingl.5 mL (20 mM 0.03 mmol)of Cu/Au-40kPVP (in HO)
colloid, 100 mg (0.62 mmobf 1,3-dihydro-1-isopropyt2-benzofurar(25), 4 mL acetonitrile was
added to dissolvimsoluble substratdhen,0.7mL (6.2 mmol)of 30% hydrogen peroxida water
was addedAfter the reaction was stirred for 24 h at°®5 thereaction mixturevas diluted with
5 mL water extracted with 10 mL diethyl ether for three times. The collected organic layer was
dried on sodum sulfate, evaporated to drynessger a rotary evaporatoiwhich was loaded to a
silica gel column and eluted with hexane and diethyl ethebtain20 mg (22% yieldpf 1(3H)-
isobenzofuranone27 and 22 mg (22% yield) -Bopropytl(3H)-isobenzofuranone(28).
Compound28: *H NMR (600 MHz, CDCY) : U J=19.4Hz(1dH), 7.68 (dd,= 11.4, 11.4
Hz, 1 H), 7.54 (ddJ = 11.4, 11.4 Hz, 1 H), 7.46 (d,= 11.4 Hz, 1 H), 5.35 (dl = 5.4 Hz, 1 H),
2.30 (qqd,) = 10.8, 10.8, 5.4 Hz, 1 H), 1.14 (@ 10.8 Hz, 1 H), 0.81 (d = 10.8 Hz, 1 H)3C

NMR (150MHz,CDC$) : 0 170.86, 148.88, 133.86, 129.06,
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18.71, 15.64MS (ESI, MeOH): m/z = 177.9 ([M + H]. The sgctral data is in agreement with

the previously reported data

Oxidation of (1H)-indene (29) with Pd/Au 40kPVP (in H20) and TBHP to decompose (from

tzb-4-117)

O‘ 1% mol Pd/Au-40kPVP in HQO (10mM) Almost no reaction at 50 OC
tert-BUOOH (1.5 eq.), CH4CN, 25 °C to 80 °C  Slowly decomposed at 80 °C

To areaction mixturecontaining0.86 mL (10 mM 0.0086 mmol)f Pd/Au-40kPVP (in
H20) colloid, 100 mg (0.86 mmolpf 1H-indene(29), 2.0 mL acetonitrile was added dissolve
insoluble substrate followed by the addition of 0.163 mL (1.27 mmol) TBHP (70% in water). After
the reaction was stirred for 2 d at %D, no progressvas detected from NMR spectiBhen, the
temperature was increased to°80and stirred for 2 tb give a material, which NMR indicated a

mixture of unidentifiable productslo furtherstudywascarried oufor this reaction

Oxidation of (1H)-indene (29) with Cu/Au 40kPVP (in H20) and H202 to decompose (from

tzb-4-121)

0.5% mol Cu/Au-40kPVP in Hy0 (10mM) o
‘ H,0, (1.5 eq.), CHsCN, 25°C to 80 °C ~ Slowly decomposed at 80 °C

To areaction mixturecontaining0.86 mL (10 mM 0.0086 mmol)f Cu/Au-40kPVP (in

H20) colloid, 100 mg (0.86 mmol) @)-indene(29), 2.0 mL acetonitrile was added to dissolve

61



insoluble substrate®llowed by the additiorof 0.142 mL (1.29 mmolpf 30% HO; in water
After the reaction was stirred for 2 d at®f) no progreswas observed from NMR spectiehen,
the temperature was increased t@@@nd stirred for 2 tb give a material, which NMR indicated

a mixture of unidentifiable productso furtherstudywascarried oufor this reaction

Oxidation of 1-methyl-(1H)-indene (30) with Pd/Au 40kPVP (in DMF) and TBHP to 3

methyl-(1H)-indene (31) (from tzb4-135)

O‘ 1% mol Pd/Au-40kPVP in DMF (10mM) O’

o
tert-BuOOH (1.5 eq.), 12 h, 25 °C 100% conversion

(Based on NMR)

To asolutionof 0.32 mL (25 mM 0.008 mmobf Pd/Aun-40kPVP (in DMF)colloid, 100
mg (0.8 mmol) imethyk(1H)-indene(30), 0.154 mL (1.2 mmol) 70% TBHiRA waterwas added.
After the reaction was stirred for 12 h atZ5 all the Xmethyt(1H)-indene(30) was converted
to 3-methyk(1H)-indene31 (Based otH NMR). 'H NMR (400 MHz, CDC}) : o JF=728 ( d,
Hz, 1 H), 7.37 (dJ=7.2 Hz, 1 H), 7.34 (ddl= 7.2, 7.2 Hz, 1 H), 7.23 (ddd= 7.2, 7.2, 1.6 Hz,
1 H), 6.23 (dJ=1.6 Hz, 1 H), 3.35 (dd} = 2.0, 2.0 Hz, 2 H), 2.20 (dd,= 4.0, 2.4 Hz, 3 H)}3C
NMR (100 MHz, CDC#); MS (ESI,CHsCN/H20): m/z =131.107(M+H]").: U 146. 12, 14
139.94, 128.75, 126.04, 124.44, 123.95, 118.83, 37.67, 13.05. These datagre=mentvith

thedata from theiterature®®
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Oxidation of 1-methyl-(1H)-indene (30) with Pd/Au 40kPVP (in H20) and TBHP to 3-

methyl-(1H)-indene (31) (from tzb4-136)

1% mol Pd/Au-40kPVP in H,O (10mM)

tert-BuOOH (1.5 eq.), 12 h, CH3CN, 25 °C 15% conversion
(Based on NMR)

To areaction mixturecontaining0.32 mL (25 mM 0.008 mmol)of Pd/Au-40kPVP (in
H20) colloid, 100 mg (0.8 mmolpf 1-methyt1H-indene(30), 1.28 mL acetonitrile was added to
dissolve the insoluble startingaterialfollowed by the addition 00.154 mL (1.2 mmolpf 70%
TBHP in water After the reaction was stirred for 12 h at%®5 about 15% of the-tnethyt1H-

indene(30) was converted t8-methyk(1H)-indene(31) based omNMR spectra(Indicated by*H

NMR)

Oxidation of (1H)-indene-4-carboxylic acid (34) with Pd/Au- 40kPVP (in DMF) and TBHP

to decompose (from tzb4-131,134,140)

COOH

1% mol Pd/Au-40kPVP in DMF (25 mM)
O‘ > Decomposed
tert-BuOOH (1.5 eq.), 24 h, 25 °C

To areaction mixture containing.125 mL (25 mM0.003 mmol) of Pd/A#0kPVP (in

DMF) colloid, 50 mg (0.3 mmol) H-indene4-carboxylic acid34), 0.06 mL (0.47 mmoldf 70%
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TBHP in waterwas added as the oxidant. After the reaction was stirred for 24 h°at, 26

identifiablematerialcan beobserved fromtH NMR spectra

Oxidation of (1H)-indene-4-carboxylic acid (34) with Pd/Au- 40kPVP (in H20) and TBHP to

(34a) (from tzb-4-141)

COOH COOH

' 1% mol Pd/Au-40kPVP in DMF (25 mM)

tert-BuOOH (1.5 eq.), 24 h, 25 °C

100% conversion
(Based on NMR)

To areaction mixturecontaining0.125 mL (25 mM0.003 mmol)of Pd/Au-40kPVP (in
DMF) colloid, 50 mg (0.3 mmolpf 1H-indene4-carboxylic acid(34), 1.28 mL acetonitrile was
added to dissolve the insoluble starting matdolddwed by the addition 08.06 mL (0.47 mmol)

of 70% TBHP. After the reaction was stirred for 24 h at@Bzall the H-indene4-carboxylic acid

(34) was converted toH-indene7-carboxylic acid34a). *H NMR (400 MHz,CDC}) : U 8.

J=8.0Hz, 1 H), 7.59 (dd=1.6, 1.6 Hz, 1 H), 7.50 (d,= 8.0 Hz, 1 H), 7.37 (dd] = 8.0, 8.0
Hz, 1 H), 7.28 (m, 1 H), 3.58 (d= 0.8 Hz, 2 H). No reported dat available in Scifinden April

2022

Oxidation of (1H)-indene-4-carboxylic acid (34) with Cu/Au- 40kPVP (in H20) and H202to

2-hydroxyl-1-indanone (35) (from tzb4-146)
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COOH
'I 1% mol Cu/Au-40kPVP in H,O (10 mM) ©:1§7OH

H,0, (2.0 eq.), 16 h, 50 °C 45% yield

To areaction mixture containing.625 mL (1 mM 0.00625 mmolpf Cu/Au-40kPVP (in
H20) colloid, 100 mg (0.625 mmobf 1H-indene4-carboxylic acid34), 1.28 mL acetonitrile was
added to dissolve the insoluble starting matéoiddwed by the addition d.142 mL (1.25 mmol)
of 30% HO- in water After the reaction was stirred for 12 h at“&Q) the reaction mixture was
diluted with 5 mL water and extracted with 10 mL diethyl ether for three times. The collected
organic layer was driesh sodium sulfateconcentratetb drynes®verarotary evaprator, loaded
to a silica gel column téurnishabout 45 mg (45% yield)-BydroxylF1-indanong(35). *H NMR
(400 MHz, CDC#) : U J=7%Hz, ( H),7.66 (dddy2=7.6, 7.6 HzJ13= 1.2, 1 H), 7.49
(d,J=7.6 Hz, 1 H), 7.44 (ddl = 7.6, 7.6 Hz1 H), 4.56 (ddJ = 8.0, 5.2 Hz, 1 H), 3.61 (dd,=
16.4, 8.0 Hz, 1 H), 3.04 (dd= 16.4, 5.2 Hz, 3H}}C NMR (100 MHz,CDC}) : U 206. 30,
147.93, 135.90, 128.08, 126.84, 124.48, 74.33, 3MBH(ESI, MeOH): m/z = 148.9 ([M + H.

These dta arein agreementvith thedata from thditerature®’

Oxidation of indane (37) with Cu/Au- 40kPVP (in H20) and Hz202 to 1-indanone (41) (from

tzb-4-120)

(0]
0.5% mol Cu/Au-40kPVP in H,O (10mM) @é
5 ™ 8% conversion
H,0, (1.5 eq.), CH3CN, 72 h, 50 °C (Based on NMR)
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To areaction mixtureontainingd.4 mL (10 mM 0.004 mmolpf Cu/Au-40kPVP (in HO)
colloid, 100 mg (0.86 mmolf indane(37), 2.0 mL acetonitrile was added to dissaisoluble
substrate followed by the additiaf 0.146 mL (1.29 mmol) 30% 8, in wateras the oxidant.
After the reaction was stirred for 3 d at %D there was onlg small portion of indan€37) was
converted to dndanone(41) (6% conversion)'H NMR (400 MHz, CDC$) : 0 3= 8&09
Hz, 1 H), 7.61 (ddJ = 8.0, 8.0 Hz, 1 H), 7.50 (d,= 7.2, 8.0 Hz, 1 H), 7.39 (dd,= 8.0, 8.0 Hz,

1 H), 2.21 (ddJ=6.0, 6.0 Hz, 2 H), 2.72 (m, 2 HJFC NMR (100 MHz,CDC#$) : & 207 . 2
137.10, 134.64, 127.31, 126.72, 123.76, 36.282MS (ESI, MeOH): m/z = 133.1 ([M + Hi).

The spectral data is in agreement with the previously reporte®.data

Oxidation of indane (37) with Cu/Au 1R (in H20) and H202 in basic condition to indanone

(41) (from tzb-4-122)

O

0.5% mol Cu/Au-40kPVP in H,0 (10mM) @d
®E> H20; (1.5 eq.), CH3CN, 35% conversion
K,CO3, DMF, 15 h, 25 °C (Based on NMR)

To areaction mixturecontaining0.4 mL (10 mM 0.004 mmol)of Cu/Au-1R (in HO)
colloid, 100 mg (0.86 mmolpf indane(37), 2.0 mL acetonitrile was added to dissolve insoluble
substrates, followed by the addition of 0.146 mL (1.29 mof@P% HO. in wateras the oxidant.
After the reaction was stirred for 3 d at %D, there was only a small portion of indg3&) was

conveated to tindanone(4l) (6% conversion)Then thereaction mixturevascooled to 25°C,
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added witl20 mg (0.145 mmoBf potassium carbonagad stirred for 15 houssith its conversion

rateincreased from 6% to 35%. (Indicated by NMR)

Oxidation of 1-methyl-indane (38) with Cu/Au- 40kPVP (in H20) and Hx02to (41) X

indanone (from tzb-4-128)

O
@Q 1% mol Cu/Au-40kPVP in H,O (10 mM) @é
H,0, (2.0 eq.), 48 h, CH3CN, 50 °C 8% conversion

(Based on NMR)

To areaction mixture containin@.8 mL (10 mM 0.008 mmolpf Cu/Au-40kPVP (in HO)
colloid, 100 mg (0.8 mmolpf 1-methylindang38), 0.181 mL (1.6 mmol) 30% 4. in waterwas
added. After the reaction was stirred for 48 h atGQapproximateB% of starting materig38)

was converted to-indanong41).(Indicated by*H NMR)

Oxidation of 1-methyl-indane (38) with Pd/Au- 40kPVP (in H20) and TBHP to 1-methyl-

indanyl hydrogen peroxide (40) (from tzb4-129)

-

1% mol Pd/Au-40kPVP in H,O (10 mM) OOH
tert-BuOOH (1.5 eq.), 72 h, 50 °C 10% conversion
(Based on NMR)
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To areaction mixture containin@.8 mL (10 mM 0.008 mmolof Pd/Au-40kPVP (in HO)
colloid, 100 mg (0.8 mmolpf 1-methylindang(38), 0.154 mL (1.2 mmol) 70% TBHR water
was added as the oxidant. After the reactioxturewas stirred for 72 h at 5C, around10% of
starting material was converted tenfethykindanyl hydrogen peroxidét0). (Indicated by'H

NMR)

Oxidation of 1-methyl-indane (38) with Pd/Au 40kPVP (in DMF) and TBHP to 1-methyl-

indanyl hydrogen peroxide (40) (from tzb4-133)

1% mol Pd/Au-40kPVP in DMF (25 mM) @ N
tert-BUOOH (1.5 eq.), 24 h, 50 °C OOH

14% vyield 20% recovery

To areaction mixture containin@.2 mL (25 mM 0.008 mmolf Pd/Aun-40kPVP (in DMF)
colloid, 100 mg (0.8 mmolpf 1-methylindang(38), 0.154 mL (1.2 mmol) 70% TBHR water
was added. After the reaction was stirred for 24 h &C5@he reaction mixture was diluted with
5 mL water and extracted with 10 mL diethyl ether for three times. The collected organic layer
was driedon sodium sulfategoncentratedo drynesson arotary evaporatoioaded to a silica gel
column toobtainabout 21 mg (14% yield)-finethylindanel-hydrogenperoxid€40). *H NMR
(400 MHz, CDC}) : U J=7£&Hz, {H),,7.34 7.26 (m, 3 H)3.05(m, 1 H),2.80(m, 1 H),
251(m, 1H), 215(m, 1 H), 1.68(s, 3H). 13C NMR (100 MHz, CDC}) : 145117 143.18129.01,
126.47 125.1Q 12381, 92.99 36.40, 29.95, 22.61No reported data available in Scifindar

April 2022 (The data was compared witimiethykindan1-ol)>°
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Oxidation of indane-1-carboxylic acid (39) with Pd/Au+ 40kPVP (in DMF) and TBHP to 1-

indanone (41) (from tzb4-142)

o]
COOH
@S 1% mol Pd/Au-40kPVP in DMF (25 mM)
tert-BuOOH (1.5 eq.), 20 h, 50 °C 30% conversion

(Based on NMR)

To areaction mixture containing.13 mL (25 mM 0.003 mmol) of Pd/At#tOkPVP (in
DMF) colloid, 50 mg (0.3 mmol) indar&-carboxylic acid39), 0.06 mL (0.47 mmol) 70% TBHP
in waterwas added. After the reaction was stirred for 20 h &C58round30% of carbaylic acid

(39) was converted to-indanong41). (Indicated by*H NMR)

Oxidation of indane-1-carboxylic acid (39) with Pd/Au 40kPVP (in H20) and TBHP to 1-

indanone (41) (from tzb4-143)

COOH 0 COOH

1% mol Pd/Au-40kPVP in H,O (25 mM) @é @6
+
tert-BUOOH (1.5 eq.), CH;CN, 20 h, 50 °C

40% yield  45% recovery

To areaction mixture containing.13 mL (25 mM 0.003 mmol)of Pd/Au40kPVP (in
H20) colloid, 50 mg (0.3 mmolpf indanel-carboxylic acid39), 0.26 mL acetonitrile was added
to dissolve the substratéhen,0.06 mL (0.47 mmolpf 70% TBHPin waterwas added as the
oxidant. After the reactiomixturewas stirred for 20 h at 5IC, the reaction mixture was diluted

with 5 mL water and extracted with 10 mL diethyl ether for three times. The collected organic
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layer was driedver sodium sulfateconcentatedto drynesson a rotary evaporatgrioaded to a

silica gel column tambtainabout 20 mg starting materig89) (45% recovery) and 15 mg (40%

yield) l-indanong41). 'H NMR (400 MHz, CDC$) : U0 J=8D Bz, 1H),,7.61 (dd = 8.0,

8.0 Hz, 1 H),7.50 (d,J = 7.2, 8.0 Hz, 1 H), 7.39 (dd,= 8.0, 8.0 Hz, 1 H), 2.21 (dd,= 6.0, 6.0

Hz, 2 H), 2.72 (m, 2 H}*C NMR (100 MHz,CDC}) : &4 207.20, 155.21, 137
126.72, 123.76, 36.24, 25.84S (ESI, MeOH): m/z = 133.1 ([M + HJ. The ectral data is in

agreement with the previously reported data

Oxidation of indane-1-carboxylic acid (39) with Cu/Au- 40kPVP (in H20) and H20:2 to 1-

indanone (41) (from tzb4-145)

O

COOH
@S 1% mol Cu/Au-40kPVP in H,0 (25 mM)

H,0, (1.5 eq.), CH5CN, 20 h, 50 °C

16% conversion
(Based on NMR)

To areaction mixture containing.13 mL (25 mM 0.003 mmol)of Pd/Au-40kPVP (in
H20) colloid, 50 mg (0.3 mmolpf indanel-carboxylic acid39), 0.26 mL acetonitrile was added
to dissolve the substratafter that 0.05 mL (0.47 mmoldf 30% HO: in waterwas added as the
oxidant. After the reaction was stirred for 20 h atG016% of carboxylic acig39) was converted

to I-indanong41).
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Oxidation of endo4-oxatricyclo[5.2.1.¢°9-8-decene (44) withCu/Au- 40kPVP (in H20) and
H202 to 3-exohydroxy-endo4-oxatricyclo[5.2.1.G°¢]-8-decene (46) and -®xo-endo4-

oxatricyclo[5.2.1.¢-9-8-decene (48) (from tzb3-137)

Z% 2.5% mol Cu/Au-40kPVP in H,O (4 mM) %‘OH . Z%\fo " Z%
o H,0, (1.5 eq.), CH3CN, 36 h, 25 °C O o O
8% yield 7% yield 10% recovered

To areaction mixture containing.5 mL (4 mM 0.03 mmol)of Cu/Au-40kPVP (in HO)
colloid, 150 mg (1.1 mmol) endé-oxatricyclo[5.2.1.6%-8-decend44), 10.0 mL acetonitrile was
added to dissolve all the insoluble substfatl®ewed by the addition of 1.875 mL (16.5 mmof)

30% HO: in wateras the oxidant. After the reactionixture was stirred for 3 d at 2%, the
reaction mixture was diluted with 5 mL water and extracted with 10 mL diethyl ether for three
times. The collected organic layer was dioedodium sulfategoncentratetb drynes®n a rotary
evaporatorloaded to a §ca gel column tmbtainabout 15 mg (10% recovery) starting material
44and 10 mg (8% yield}-exahydroxy-ende4-oxatricyclo[5.2.1.8%-8-decenet6 and 9 mg (7%
yield) 3-oxo-ende4-oxatricyclo[5.2.1.8%-8-deceng48).

Compound46. 'H NMR (400 MHz, CDC4) : U 6J=13.6 2.8 Hizdl,H, =CH), 6.09
(dd,J = 5.6, 2.8 Hz, 1 H, =CH), 4.99 (d,= 2.4 Hz, 1 H, OCHO), 3.97 (dd,= 9, 7.6 Hz, 1 H,
CHO), 3.46 (ddJ = 9, 2 Hz, 1 H, CHO), 3.05 2.82 (m, 4 H), 2.64 (s, 1 H, OH), 1.45 (t= 8
Hz, 1 H, C16H), 1.36 (d,J = 8 Hz, 1 H, C1€H); 13C NMR (100 MHz, CDC}) : U 134 . 7
134.4 (C=), 100.4 (€-0), 69.3 (GO), 55.5, 51.9, 46.0, 45.8, 44)4S (ESI, MeOH): m/z (%)

=153.10 (M + H, 100). The spectral data is in agreement with the jmesly reported data
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Compound48: *H NMR (400 MHz, CDC}) : Ui 6@6 (81,2H, CH=CH), 4.31 (dd,
=10, 88 Hz, 1 H, CHO), 3.82 (dd,= 10, 3.2 Hz, 1 H, CHO), 3.383.34 (m, 1 H), 3.28 (dd} =
9.2, 4.4 Hz, 1 H), 3.16 3.08 (m, 2H), 1.67 (d] = 8.4 Hz, 1 H, C1H), 1.49 (dJ= 8.4 Hz, 1 H,
C10H).3C NMR (100 MHz,CDC#) : & 178. 1 ( C=O(Ls), 7A3@0),H61.9( C=) ,
47.6, 46.2, 45.8, 40.3/4S (ESI, MeOH): m/z (%) = 151.18 (M +'80). The spectral data is in

agreement with the previously reported &ata

Oxidation of endo4-oxatricyclo[5.2.1.¢°5]-8-decene (44) with Pd/Ad 40kPVP (in H20) and
TBHP to dodecahydra1,4:6,3dimethanodibenzofurano[2,3b:7,8-b']bisoxolane (50) and 4

oxa-tricyclo[5.2.1.0}-8,9-exo-epoxydecane (51) (fromzb-3-86)

0}
; 2% mol Pd/Au-40kPVP in H,O (1.6 mM) . (o} ;
) + +

o) tert-BUOOH (1.2 eq.), CH5CN, 148 h, 25 °C

24% yield 9% yield 16% recovered

To areaction mixture containing.4 mL (1.6 mM0.01 mmol)of Pd/Au40kPVP (in HO)
colloid, 70 mg (0.515 mmolpf ende4-oxatricyclo[5.2.1.8%-8-deceng44), 12 mL acetonitrile
was added to dissolve thestinsoluble substrate followed by the addition of 0.08 mL (0.618 mmol)
of 70% TBHPIn wateras the oxidant. After the reaction was stirred for 6 d &2%he reaction
mixture was diluted with 5 mL water and extracted with 10 mL diethyl ether for tinnes.tiThe
collected organic layer was dried sodium sulfate, concentrated to dryness, loaded to a silica gel
column to obtain about 11 mg (16% recovery) starting materiéd)), 18 mg (24% vyield)
dodecahydrdl,4:6,9dimethanodibenzofurano[2/87,8 b']bisaxolane (50) and6 mg (9% vyield)

4-Oxatricyclo[5.2.1.0}8,9-excepoxydecanésl).
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Compounds0: *H NMR (400 MHz, CDC$) : U 4= 6245z, @ d,,CHO), 3.90 (dd,
J=17.2,9.6 Hz, 4 H, C¥D), 3.32 (ddd,) = 17.2, 10, 6.8 Hz, 4 H, G#), 2.55i 2.41(m, 4 H),
2.25 (d,J = 4.8 Hz, 2 H), 2.16 2.06 (m, 4 H), 1.60 (d] = 12.4 Hz, 2 H), 1.26 (df = 12.4, 2 Hz,
2 H);l3C NMR (100 MHz,CDC§) : & 84.8 (2C, CHO), 68.8 (2C,
(2C), 47.1 (2C), 46.2 (2C), 44.6 (2C), 43.7 (2C), 32@); MS (ESI, MeOH): m/z (%) = 289.117
(M + H+, 30), 311.177 (M+Na+, 100HRMS-ESI: m/z [M + H]+ calcd for C18H2503+:
289.1798, found: 289.1801.

Compoundbl: 'H NMR (400 MHz, CDC#) : U 3B=10.5Hz,(2 #,CHD), 3.44 (dd,
J=10.4, 6.8 Hz, 2 HCH20), 3.27 (s, 2H, 2 x CHD), 2.73i 2.65 (m, 2 H), 2.58 2.51 (m, 2 H),
1.46 (d,J = 10 Hz, 1 H), 0.84 (d] = 10 Hz, 1 H)33C NMR (100 MHz,CDC}) : o = 68. 2 ( 2
0), 49.5 (2C, @0 epoxide), 46.2 (2C), 39.8 (2C), 29.6 (1LKB (ESI, MeOH): m/z (%) 452.899

(M + H+; 50).The spectral data is in agreement with the previously reportetf.data

Oxidation of endo4-Oxatricyclo[5.2.1.07-8-decane (45) with Cu/Au 40kPVP (in H20) and
TBHP to 3-exo-hydroxy-endo4-oxatricyclo[5.2.1.¢-9-8-decane (47) and 3xo-endo4-

oxatricyclo[5.2.1.%-9-8-decane (49) (fromtzb-5-20)

% 2.5% mol Cu/Au-40kPVP in H,0 (25 mM) /%‘ /%\f L%

o tert-BUOOH (1.5 eq.), CHsCN, 12 h, 50 °C

53% vyield 16% yield 13% yield

To areaction mixture containin@.8 mL (25 mM 0.02 mmol)of Cu/Au-40kPVP (in HO)
colloid, 100 mg (0.73 mmokf endoe4-oxatricyclo[5.2.1.6-8-decang45), 0.4 mL acetonitrile

was added to dissolve thestinsoluble substrate followday the addition of 0.15 mL (1.18 mmol)
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70% TBHPin wateras the oxidant. After the reaction was stirred for 12 h &C5@he reaction
mixture was diluted with 5 mL water and extracted with 10 mL diethyl ether for three times. The
collected organic layexas driedon sodium sulfategoncentratedb dryness, loaded to a silica gel
column toobtainabout 13 mg (13% recovery) starting mate¢#t), 59 mg (53% yieldB-exo
hydroxy-ende4-oxatricyclo[5.2.1.85-8-decane(47) and 19 mg (16% yield) -Bxo-endce4-
oxatricyclo[5.2.1.6-8-decang49).

Compound47: *"H NMR (400 MHz,CDC}) : U 5.37 (s, 1=%6,200CHO) ,
Hz, 1 H, CHO), 3.87 (ddJ = 9.6, 7.2 Hz, 1 H, CkD), 3.65i 3.40 (bs, 1 H, OH), 2.662.59 (m,
1 H), 2.48i 2.44 (m, 1 H), 2.37 2.34 (m, 1 H), 2.20 2.17 (m, 1 H), 1.50 1.25 (m, 6 H)13C
NMR (100 MHz, CDCY) : u -29) 66.8 (CO), 53.1, 44.2, 42.0, 40.3, 39.1, 23.6, 22.5;
MS (ESI, MeOH): m/z (%) = 155.20 (M + H+; 40yhe spectral data is in agreement with the
previously reported d&fta

Compound49; *H NMR (400 MHz, CDC}): i 4 . 3J& 10( &l4Hz, 1 H, CkD), 4.25
(dd,J = 10, 3.2 Hz, 1 H, CkD), 2.99 (dd,J = 11.6, 5.6 Hz, 1 H, CHC=0), 2.922.84 (m, 1 H),
2.697 2.64 (m, 1 H), 2.38 2.34 (m, 1 H), 1.60 1.46 (m, 6 H)23C NMR (100 MHz, CDC}) : U
178.8 (C=0), 68.4 (M), 46.8, 42.0, 41.9, 40.4, 39.9, 25.5, 2M& (ESI, MeOH): m/z (%) =

153.17 (M + H+; 70)The spectral data is in agreement with the previously reporte?f.data

Oxidation of endo4-oxatricyclo[5.2.1.¢-9-8-decane (45) with Cu/Au 40kPVP (in H20) and

H202 to 3-exohydroxy-endo4-oxatricyclo[5.2.1.6°%-8-decane (47) and 3xo-endo4-

oxatricyclo[5.2.1.¢-9-8-decane (49) (from tzk5-41)
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% 2.5% mol Cu/Au-40kPVP in H,0 (9 mM) /%‘OH . ;%\fo

5 H,0, (15.0 eq.), CH4CN, 16 h, 25 °C o o
7% yield 7% yield

To areaction mixture containing mL (9 mM, 0.054 mmol)f Cu/Au-40k PVP (in BO)
colloid, 150 mg (1.08 mmolpf ende4-oxatricyclo[5.2.1.89-8-decane(44), 3 mL acetonitrile
was added to dissoltkerestinsoluble substrate, followed by the addition of 1.83 mL (16.2 mmol)
of 30% HO:> in wateras the oxidant. After the reaction was stirred for 16 h &2%he reaction
mixture was diluted with 5 mL water and extracted with 10 mL diethyl ether for three times. The
combined organic layer was dried over sodium sulfate, evaporateyresdy loaded to a silica
gel column tofurnish about 11 mg (7% yield}-exohydroxy-endoe4-oxatricyclo[5.2.1.89-8-

decand47) and 12 mg (7% yield)-8xo-ende4-oxatricyclo[5.2.1.6%-8-decang49).

Oxidation of endo4-oxatricyclo[5.2.1.¢"%-8-decane (45) with Pd/Au 40kPVP (in H20) and
TBHP to 3-exc-hydroxy-endo4-oxatricyclo[5.2.1.3-9-8-decane (47) and xo-endo4-

oxatricyclo[5.2.1.¢"9-8-decane (49) (from tzb5-15)

Z% 2.5% mol Pd/Au-40kPVP in H,0 (25 mM) L%‘OH + ;%\fo
0

o tert-BuOOH (1.5 eq.), CHsCN, 12 h, 50 °C o

31% conversion 3% conversion
(according to NMR)  (according to NMR)

To areaction mixture containing.6 mL (25 mM 0.04 mmol)of Pd/Au-40kPVP(in H20)
colloid, 200 mg (1.58 mmolkpF ende4-oxatricyclo[5.2.1.8%-8-decang45), 0.8 mL acetonitrile

was added to dissolve insoluble substrate followed by the addition of 0.3 mL (2.37 mmol) 70%
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TBHP in wateras the oxidantAfter the reaction was stirred for 12 h at %) about 31% of the

substratevasconverted t@-exchydroxy-ende4-oxatricyclo[5.2.1.8%-8-decang47).

Oxidation of enda4-oxatricyclo[5.2.1.02,6}8-decane (45) with Pd/Ad 40kPVP (in H20) and

H202 (from tzb-5-16)

% 2.5% mol Pd/Au-40kPVP in H,0 (25 mM) %‘OH

o}
o) H,0, (2.0 eq.), CH4CN, 12 h, 50 °C 1.4% conversion

(according to NMR)

To areaction mixture containind.8 mL (25 mM 0.02 mmol)of Pd/Auw-40kPVP (in HO)
colloid, 100 mg (0.79 mmokf endoe4-oxatricyclo[5.2.1.6-8-decang45), 0.4 mL acetonitrile
was added to dissolve insoluble substraidowed by the addition of 0.18 mL (1.58 mmol) 30%
H202 in water as the oxidant. After the reaction was stirred for 12 h atG0Ono reaction

progres®n was observed from NMR spect(indicated by*H NMR)
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Chapter3-Synt hesi Pypf ediei Rytcent i al Dr

Al zheil mer s Di seases

3.1. Introduction and Background

About 6.2 million Americans aged 65 and older are living with dementia caused by
Al z h e idisease GAD) in 2021A 72% of them are age 75 or older. The number of patients
withAl z h e idisease graws rapidly. The estimated number of individualsAidtimay grow
to 12.7 million by 2050AD and other dementias are heavy burdens for both families and the
nation, which cost $355 billion in 2024nd the cost may increase to $ ttillion (in 2021 dollars)
by 2050% Currently, four types of drugs, including Donep®ziGalantaming®, Rivastigminé&’
and Memantin®, have been approved by FDA to treat cognitive symptoms. Howbeeg, is no
drug approved by FDA exhibiiehepotential to cease the progressio\df, FDA hasauthorized
the marketing of Aduhelm from Biogen last Jutf&Even Aduhelm showed its potential to reduce
deposition ob-amyloid peptide, there was still no persuasive eviddeogonstratings treatment
of AD."

At present several hypothesgsncluding A’ tau? 73 excitotoxc’™ 75 etc., were
propcsed to explain the mechanism of AD pathogen&<is Among these hypotheses, the-A
amyloid hypothesis is th@ostdeveloped oné] andeven no persuasivevidence thathere isa
strong correlation betweenbAdeposition and neuratrophy and cognitive impairmentas
found’®. A brief introduction to the formation oAmyloid Precursor ProteiiAPP) has been

involved inFigure 5. APP is a kinl of transnembraneproteinwith its gene located at No. 21
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chromosomé® For APP, itsectodomain catve hydrolyzed bya-secretas@nd b-secretaselts
interdomain can be hydrolyzed ly#0-secretasegd2-secretasé® The ectodomain cut bp-
secretase is atersoluble and can beleared andransferredrom brainwithout deposition, while
the ectodomain cut bg-secretase withhe interdomain cut bygl0-secretase ogl2-secretase
produce peptides with 40 and 42 units respectively, which are insolublegn Wa¢ peptide with

42 units of amin@cids islesssoluble and toxic than the peptide with 40 ufit§?

Y40 <—— PSEN1

Transcription and Translation Ectodomain
N terminal

C terminal

APP gene

APP protein y42 <—— PSEN2

No. 21st Chromosome

o B m 740742 WWN”O
i

EVKMDAEFRHDSGYEVHHQKLVFFAEDVGSN KfSIIGLMVGGVVIA TVIVITLVM LEKQ

a B v40v42

EVKMDAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIATVIVITLVMLKKQ

: B 1 42
5 17 40 5

P3 LVFFAEDVGSNKGAIIGLMVGGVVIA! Soluble in water
i 16 | 26 i
DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGWV:! | Insoluble in water
b — 40 -
i 5 5 Vi‘z
DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA! More Insoluble in water
- ; 42 >

Figure 5. The formation of Ab peptide.
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The watefinsoluble peptides with 40 and 42 urefsamino acids can be deposi{@sainly
Abaso) and polymerized to dimer, oligomer and fibrilvhich cannotbe cleared fronthe brain
directly® The full pathological mechanism of AD is unclear, but several studies suggested that
the accumulation of thelAdepositdblocks the communication between neurons and indtioe
apoptosis of neurofs 8 The second theory involves tau protein (§égure 6). Tau protein
stabilizzs microtukules of the neuronin AD, it is hyperphosphorylated and thdetachedrom
the microtulnles, which causes the disassegntdf microtukules and the aggregation of
hyperphosphorylatethu protein. The accumulatéal proteinsarethen tangled and deposited to

neurofibrillary tangles (NTs) causinginapoptosis of neurorns: 3

I \\\ s \
N Fibrilla
Blocking the communications Apoptosis of neurons

between neurons

Tau Protein

%_/\( Excessive phosphorylation

Microtube stabilized
by Tau Protein

The dissociation of Tau Protein

-]
£ »
The aggregation of % ?
Tau Protein @ % ®
The diassembling of Microtube I-] The dimerization of detached o 2 @ % ®
Tau Protein s %
ﬁ =) —_— ®

Water soluble dimer .
Water insoluble

neurofibrillary tangles

Figure 6. The formation of NFTs.
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3.2. A ProposedM echanism tofor the amelioration of Alzheimeré Disease

Currently, there are lots of therapeutic strategeemtainingN-Methyl-D-aspartic acid
(NMDA) receptor (NMDAR) antagonisfft, antramyloid agent§® inhibitors to tau
hyperphosphorylatiofY, etc., werereported In our prevous work, TP70 exhibitedthe excellent
potential to protect MC65 cell line against its apoptosis induced by the depositiob of A
oligomers® which mayalso reduce the formation of neurofibrillary tangles (NET$en and his
coworkers published their studies and found thattppocampalongterm potentiation (LTP)
can be activated by cholecystokinin (CCK) with the NMDAR blocked by NMDAR ittifls. In
Huaks previous workTP70 exhibited its potential tenhance the LTP of the hippocamphbat
the exact mechsm is uncertaifi® Cherés worké® may supply an explanation to the mechanism
of improvementhe LTPfrom TP70, even no evidence can be provided-igure 7, three possible
therapeutic mechanisms faiP70 were proposed and described. As a type of moiety easy to
penetrating blood brain barrier and available to oral intake, the TP70 may degrade amyloid plaques
to monomers and clear the monomers with the assistai¢&/0fwith an obvious decrease obA
level.®° For the tau strategy, the levellmfamyloidinduced hyperphosphorylation of tau protein
may be decreasédwhich prevents the apoptosis of neurons. In terms of the ARIferapeutic
strategy, the NMDARJependent LTP can be activated by the release of CCK controlled by
NMDAR.® Therefoe, it is possible that the TP-NIMDAR complex may enhance the release of

CCK and then enhance the NMDARpendent LTP.
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The therapeutic strategy for the AB peptide by dissovling Amyloid plaques:

AN s WV A
S With the assistance _ ...~ With the assistance
e of TP70 e of TP70 Clearance
Amyloid plaques Monomer
The therapeutic strategy for the Tau protein:
% ®
%%
Without the assistance g er

from Af-amyloid

Water insoluble
neurofibrillary tangles

The therapeutic strategy for excitotoxicity as NMDAR antagonist:

2+ 2+
Ca™ Glutamate Ca TP70
lecoccscel Bococceee) TR — ini Long-term
MDAR WNMDAR SO Cholecystokinin ——— Potentiation
Excessive influx of Ca®* Blocking the influx of Ca2*

Figure 7. Proposed possible therapeutic mechanisms for TP70.
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3.3. Synthess of Tricyclic Pyrones

0s_O
CHO |
o. 0O L-proline N

] EtOAc - |. BHze THF, 25 °C, 12 h
+ —_— >

N Reflux, 2 d Il 30% H,0,, 0.3% NaOH

OH yield: 75% yield: 79%
62 63 52

Et;N, CH,Cly,
Methanesulfonyl chloride

Adenine

0°Cto25°C,4h
yield: 70%

N,N-dimethylacetamide,
reflux, 12 h.

yield: 16%

Schemel6. Synthesis for CP2.

In Scheme 8, tricycle pyione52was derived fronaonepot reactiorby heating a mixture
of compound62 and 63 and L-proline in ethyl acetate to reflux for 30 lwhich couples
perillaldehyde and-ydroxy-6-methyt2H-Pyran2-one to furnish tricycle pyine 52 with the L-
prolineas a ligand to affortticycle pyione 52in a yield of 75%2 Then, the olefirb2was treated
with boranetetrahydrofuranBHsTHF) complex in THF solution to givean alkylborang as an
intermediate, followed by the addition of hydrogen peroxide to conakgtlboranesto
alkylborates. To the reaction solution, sodium hydroxide was added to furnish @6dhdlhe
hydroxyl groupin the alcoholb2 was then converted to mesyl&éin 70% yield>® As a good
leavinggroup, the mesylate4 was substituted by adenine in 8N2 reaction to furnisEP2in a

yield of 16%>
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65L‘;
N>y 8
‘\

3 ng
H,N )
N7 N

L 2
S

Nu1

As a nucl

H,N H,N ) HoN" H2N+)
NN N —))J\/[ N
|\\N\ N> 1\ > 1\\\ > 1\ >
H
HoN ':'2N+ N HN' HoN
S A U N E3 S A
Nu2 Nu3 Nu4 Nu5

Schemel?7. Different nucleophilic status of the Adenine.

eophilic reagent, adenine exists in five different nucleophilic stafsses

Scheme 7). For the SN2 reaction at high temperature and aprotic solutidimetthylacetamide

(DMA), Nu4 should be the mostucleophilicstatus. Due to the existence of these resonances,

only a low yield ofthedesired product was obtained.

|. BH3eTHF, THF, 10 h,
-20°C to 25 °C

Il. HoNSO30H Step1: 3 A molecular sieve
reflux, 10 h Methanol, 10 h, 25 °C
yield: 16%

Step 2: AcOH, NaBH3, MeOH

2h,25°C

yield: 38%

Schemel8. Synthesis for TP101.
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In Scheme 8, TP101 was synthesized byreating tricycle pyone 52 with BHs-THF
complex followed by the addition of hydroxylamine sulfonic acid to give the abtime a 40%
yield 2 After that, the amin&6 was condensedvith a 56a and carefully reduced by sodium

cyanobordydride to furnisifTP101as the desired product in a yield of 38%6.

/E P o ™ R R
H= — /‘\/‘Els—THF — )\/\B/\THF —
R

H-B-THF LN
v HN.. O
O\S//
6/ “OH
LR < P 4 TP
e ) | >
AR H 1
H + K?\S//\ R OH
& OH

Schemel9. Proposed mechanism for amination.

In the amination step, thdedin 52 was treated with BEITHF to give the borane complex.
Then, the reaction mixture was transferred to a dried flask containM@&:H and reflux for
10 h with only 16% yield obtained. The low yield miag causedby the existence of water. In
orderto enhance the reaction yield, molecular sieves could be a good choice to trap the water in
this reaction. IrSchemel9, a mechanisrwas proposetb explain this reactioff. The BHsTTHF
first chelate with the olefin followed by a oxidative insertion. Then, an SN2 reaction happens to
give a boranemine complex bydisplacingthe THF ligand. After that, a rearrangement is
conducted to for a-@®l bond with GB bond separated by the nitrogénbase is then involved to

attack the borane to start the amine away to produce the primary amine as the desired product.

84



Benzoquinone, AcOH,
diethyl malonate,

palladium acetate. MeOH, K,CO43, 1 h, 0°C

75 °C for 2 h,
47 °C for 24 h.
yield: 44%

yield: 70%

OH
HoN

Et3N, CH,ClI,
12 h,25°C
9 N,N-dimethylacetamide,
HsC—-S8-Cl CH,Cly, reflux, 12 h.
)
yield: 68%

Scheme20. Synthesis for TP109.

In order to eliminate thsteresgeniccenter, which produces twhastereomersn TP101
by avoiding theoxidation of the alkene€function of TP101, Hua designeénalogTP109 The
synthetic strategy has been displaye&aiheme B. To obtain it, the tricyclic pyane (52) was
mixed benzoquinone, diethyl malonate and palladium acetate to give 468jatéth the olefin
intact. Then, the acetate groupthe acetatg58) was hydrolyzed with the existence of methanol
and potassium carbonate to furnish alcofa®) in a yied of 75%. Then, the alcoh@9) was
treated withthe methanesulfonythloride, EtN to furnish mesylat¢60) in a yield of 68%
However,| failed to synthesiz& P109at the last stepA postdoctoral fellow{Dr. Deepak Kumar
Bar ange) i n Hsasacéessfullyayhtoesizad dIinyothér saynthetic strategies, and
it has been submitted for biological eval

CA.
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34. Conclusion

In this chapter, a series of small molecules with potential bioae8vito inhibit
Alzheimer's diseases have been synthesized. In order to eliminatgtetie@genic center
producing two diastereomers, a novel small molet&@&09was designetly Dr. Hua However,
| failed to synthesize the target moleculertinately the TP109wassuccessfully synthesized by

ot her postdoctoral fellows in Huaodés | aborator

3.5. Representative Syntheses

(5aS,79)-7-1soprepenyt3-methyl-1H,7H-5a,6,8,9tetrahydro -1-oxopyrano[4,3
b][1]benzopyran (52) (The preparation was followed by a reported metho& (from tzb-2-

29)

A reaction mixturevas prepared by mixing0 g (147 mmol) of hydroxypyrong62), 7.3
g (63.5 mmol) of Eproline, 25.9 g (147 mmol) of perillaldehy(®3) and 1000mL ethyl acetate
The mixture washenheated to reflux for 30,Hiltered through Celite while hot to remove the

proling concentrated to 200 mhn arotary evaporatoiThe concentrated solution was sealed and
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transferred tahefridge for crystallizationat 0°C to obtain28.4 g (75% yield) light yellow solid

as desired produé2. 'H NMR (400 MHZ,CDCls): i 18(s, 1 H), 5.4 (s, 1 H), 510(t,J=5.2

Hz, 1 H),4.75(d, 2 H), 2.49(d, 1 H), 2.21(s, 3 H, CH3), 221 - 2.00(m, 3 H), 1.78- 1.75(m, 5

H), 1.32(m,1H); ® CNMRU 163. 4, 162. 6, 161. 7, 147. 9, 132
43.6, 40.0, 32.5, 32.1, 20.9, 20085 m/z = 259 ([M + HY). Thespectral data is in agreement with

the previously reported data

(5aS,79)-7-[(1R) and (19)-2-hydroxy-1-methylethyl)-3-methyl-1H,7H-5a,6,8,9tetrahydro-1-
oxopyrano[4,3b][1]benzopyran (53)(The preparation was followed by a reported method}

(from tzb-2-31)

To a cold solution of 20 g (77.52 mmol) of compouwslin 400 mL of THF, 54.26 mL
(54.26 mmol) of BBATHF complex (1.0 M in THF)pvenamise addeo
bath After the solutionwasstirred at 0°C for 2 h and 2%C for 12 h, 80 mL 00.5% NaOH
agueous solution and 60 naif 30% HO: in waterwere added at 0 € sequentially. The reaction
mixture waghenstirredfor 2 h diluted with 300 mL ethyl acetate, washed with aqueous solutions
of NaHCQ and brine, driedn sodium sulfate, conceamatted to drynesen a rotary evaporator,

loaded to a silica gel column, eluted with a gradient mixture of hexane and ethyl acetdaseno
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17.0 g (79% yield) of alcoh&3 as thedesired productH NMR (400 MHZ,CDCL): i 6. 08 ( s,
1 H, C4H), 5.71 (s, H, C10H), 5.07 (tJ = 5.2 Hz, 1 H, C5&), 3.62i 3.52 (m, 2 H, CHO),

2.46 (m,1 H), 2.19 (s, 3 H, Me), 2.13..99 (m, 2 H), 1.73 1.51 (m, 3 H), 1.19 1.12 (m, 2 H),

0.92 (dJ=7 Hz, 3 H, Me)3C NMR (CDCl) (two diaster e@®d339d,) U0 16
109.0, 100.0, 97.4, 79.7, 79.6, 65.6, 39.9, 39.8, 39.4, 37.2, 37.1, 36.9, 32.4, 32.3, 31.1, 30.4, 28.5,
20.1, 13.2 (Me for a diastereomer), 13.1 (Me for another diasterechherspectral data is in

agreement with the previously reported &ata

(5aS,79)-7-[(1R) and (1S)-2-Hydroxy -1-methylethyl]- 3-methyl-1H,7H-5a,6,8,9 tetrahydro-
1-oxopyrano[4,3b][1]benzopyran (54) (The preparation was followed by a reported

method)®® (from tzb-2-33)

To a flamedried and argoipurged round bottom flaskyere addindl7 g (62.0 mmolpf
alcohol 53, 400 mL of freshly distilled dichloromethane, 32.4 mL (232.56 mmobljlistilled
triethylanine. After thereaction mixture was cooldgd 0°C, 9.06 mL (116.28 mmol) of methane
sulfonyl chloride was added dropwise. The solution was stirred fat23°C, quenched with an
agueous solution of sodium carbonate, extracted with dichloromethane for three times. The

combined organic layer was washed with brine, doledodium sulfate, concentrated to dryness
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overa rotary evaporator, loaded to a silica gel colugiuted with a gradient mixture of hexane

and ethyl acetate twbtain15.41 g (70% yield) of mesyla&! as a mixture of two diastereomers.

IH NMR (400 MHZ,CDChL):ti 6. 08 (H, 5.711(s, HH, C1®#¥, 5.06 (m, 1 H, CHO),

4.187 4.08 (m, 2 H, CHD), 3.03 (s, 3 H, M), 2.49 (dJ = 2.8 Hz, 1 H), 2.19 (s, 3 H, Me), 2.14

i 1.11 (m, 7 H), 0.98 (d]=6.8 Hz, 3H, Me) ®CNMR (CDCk) & 163.2, 162. 4,
109.6, 105.2, 99.8, 79.2, 79.1, 72.3, 38.9, 37.5, 37.4, 37.3, 37.2, 36.9, 32.2038.28.6, 20.2,

13.3 (Me for a diastereomer), 13.2 (Me for another diastereohfer spectral data is in agreement

with the previously reported d&ta

(5aS,79)-7-[(1R) and (1S)- 2-(N3-adenyl}1-methylethyl]-3-methyl-1H,7H-5a,6,8,9tetra
hydro-1-oxopyrano[4,3b][1]benzopyran (CP2)(The preparation was followed by a reported

method)®® (from tzb-2-34)

To a round bottom flask equipped with a condensere addingl5.41 g (43.5 mmolpf
mesylate54, 5.9 g of adenine (43.5 mmalinderargon.After 240 mL freshly distilled N,N
dimethylacetamide (DMA) was addedarthe flask, the reaction mixtuveas left tostir at 170
180°C for 8 h cooled to 25°C, concentratedo dryness on a rotary evaporator connectingrno

oil pump. The concentrated crude was loaded to a silica gel column, eluted with a gradient mixture
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of dichloromethane, ethyl acetate and methanol to afford 2@B2ajn a 16% yield!H NMR

(400 MHZ,CDCl): . 8. 07 ( s, C8 H of 2s de,nGHofeadlenine;72. 98 ar
diastereomers), 6.10 (s, 1 H, C10H), 5.72 and 5.71 (2s, 1 H, C4H), 5.02 (m, 1-H),@53z0 (dd,

J=14,7 Hz, 1 H, CHN), 4.08 (2dd= 14, 8 Hz, 1 H, CHN; 2 diastereomers), 2.46 (m, 2 H), 2.20

and 2.19 (2s, 3 H, Me; 2 diastemers), 2.10 1.22 (a series of m, 6H), 0.91 (b5 47.0 Hz, 3H,
Me);®CNMR( CDCI 3) (2 diastereomers) U 163.2 and
142.3, 131.7 and 131.6, 121.0, 199.8, 99.7, 97.3, 79.0, 78.8, 54.5 and 54.4, 38.9, 38.0,and 3
37.1and 36.9, 36.1, 32.0 and 31.9, 30.7, 27.6, 20.1, 13.3 an@i8 shectral data is in agreement

with the previously reported d&ta

(5aS,79)-7-[(1R) and (1S)-2-Amino-1-methylethyl)-3-methyl-1H,7H-5a,6,8,9tetrahydro-1-
oxopyrano[4,3b][1]benzopyran (56)(The preparation was followed by a reported methodp

(from tzb-2-134)

To a flamedried and argospurged flask, 10 g (39 mmadf dried tricyclc pyrone52 and
300 mLof freshly distilledTHF were addedinder argon. After the solution was cooled20°C,
24 mL (24 mmol, 0.6 eq.) 1 N BIAHF complex in THF was added dropwise over 5 min. Then,

the reaction mixture was stirred for 1a#25°C. The lightyellow reaction mixture was transfed
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via a cannula to a-8eck round bottom flask equipped with a condenser containing dried 6.8 g (60
mmol, 1.5 eq.pf hydroxylamine sulfonic acid under argon. Then, the reaction mixture was heated
to reflux under argon and stirred for 10diluted with100 mL ethyl acetateextracted with 100

mL 2 M aqueous solution of hydrochloride acid for three times. The combined aqueous layer was
washed with 300 mL ethyl acetate, cooled t8C) basified to pH~1dy using15% aqueous
solution of sodiunhydroxide, extracted with 100 mL ethyl acetatece. The combined organic

layer was then washed with 100 mL brine, dried over sodium sulfate, filtered through Celite,
concentratean a rotary evaporator tafford 3.15 g (30% vyield) desired produsé as alight

yellow powderwithout further purification’H NMR (400 MHZ,CDCl): d 6.07 (s, 1 H, C4H),

5.71 (s, 1 H, C10H), 5.07 (m, 1 H, C5aH), 2.73 (m, 1 H, 2 isomer, CHN), 2.58 (m, 1 H, 2 isomers,
CHN), 2.46 (d,) =13 Hz, 1H), 2.19 (s, 3 H, Me2,15 1.10 (m 7 H), 0.91 (dJ= 7 Hz, 3 H, Me)

13C NMR d 163.4, 162.7, 161.7, 132.9, 109.3, 100.0, 97.5, 79.8 and 79.7 (2 isomers), 66.0, 46.0
and 45.9 (2 isomers), 40.9, 39.1, 38.5 and 38.4 (2 isomers), 37.1, 32.6 and 32.4 (2 isomers), 31.3,
31.2, 28.6, 20.3, 15, 14.3.HRMS calcd for G7H22NO3 (M+1) 276.1601, found 276.161The

spectral data is in agreement with the previously reporte®data

(58S,7S)-3-Methyl-7-{(1R) and (15)-1-[(3-fluoro-4-hydroxy)benzylamino]propan-2-yl}-

1H,7H-54a,6,8,9tetrahydro -1-oxopyrano[4,3b][1]benzopyran (TP101)(The preparation was

followed by a reported methody* (from tzb-2-135)
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To flamedried and argoipurged flask, 3.15 g (11.54 mmaj dried amineb6, 1.615 g
(11.54 mmol, 0.9 eq.pf dried 4hydroxy-3-fluorobenzaldehydend 2.5 g of activated 3 A
molecular sieves were added under argon. To it, 60 mL dried methanol was added and stirred for
10 h at 25°C under argon. After that, 0.7 ndf glacial acetic acid was added followed by the
addition of 2.2 g (34.79 mmol, 2.5 e@i sodum cyanoborohydride in portions. The reaction
mixture was left to stir for 2 h to reduce the imine to a secondary amine as the desired product.
Then, the reaction mixture was filterddough Celite diluted with 100 mL aqueous solution of
ammonium hydroxle, extracted with 50 mL dichloromethane for four times. The combined
organic layer was washed with 100 mL brine, doedr sodium sulfate, filtered through Celite,
concentrated to drynesm a rotary evaporator. The dry crude was then loaded to a silica gel
column (deactivated with ammonium hydroxide), eluted with a mixture solution of
dichloromethane and methanol in a raifdl5:1 to furnish 1.75 g (38% yieldP101 *H NMR
(400 MHZ,CDCl): U 6 . 9J& 11(6d1d6,Hz, 1 H), 6.946.84 (m, 2 H), 6.07 (s, 1 H), 5.71 (s,
1 H), 5.10i 4.99 (m, 1 H), 3.67 (s, 2 H), 2.66.59 (m, 1 H), 2.51 2.41 (m, 2 H), 2.19 (s, 3 H),
2087 1.92 (m, 2 H), 1.73 1.44 (m, 4 H), 1.30 1.06 (m, 1 H), 0.92 and 0.91 (21 6.8 Hz, 3
H, CHs of two diastereomers)®*C NMR U 163 . 52, 163. 49, 162. 8, 16
143.7,132.9,124.8,118.4,116.1, 115.9, 109.4, 100.0, 97.6/897853.5, 53.2, 53.1, 39.3, 38.9,

38.8, 37.5, 37.4, 36.9, 32.5, 32.4, 31.1, 28.5, 20.3, 14.8, & (electrospray ionization) m/z
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400.1 (M+H+), 276.2, 147.4, 139.BIRMS calcd for C23H27NO4F+(M+H+) 400.1924, found

400.1924 (100%)The spectral datis in agreement with the previously reported #ata

(5aS,79)-7-[(3-acetoxy-1-propen-2-yl)]-3-methyl-1H,7H-5a,6,8,9tetrahyro - 1-
oxopyranol[4,3-b][1]benzopyran (58) (The preparation was followed by a reported

method)®® (from tzb-2-30)

To a flamedried and argompurged flask, 200 mg (0.79) tricyclic pyrobe, 17 mg (78
mol) of palladium acetate, 0.25 g (2.3 mmol) of benzoquinone, and 25 mg (0.16 mmol) of diethyl
malonate wee added and purged with argdi. it, 5 mL of dried acetic acisvas added anldeated
to 75°C for 2 h and 47C for 24 h.The reaction mixture was cooled to 25, filtered through
Celite, washed with agqueous sodium bicarbonate, water, and brine,odrigatlium sulfate,
filtered through Celitegconcentrated to drynees a rotary evaporator, loaded to silica gel column,
eluted with a mixture of hexane: ethyl acetate (1: 15) to furnish 0.11 g (44% yield) desired product
58. 1H NMR (400 MHZ,CDCL): d 6.12 (s, 1 H), 5.73 (s, 1 H), 5.12 (s, 1 H, ={;15.10- 5.09
(m, 1 H, CHO), 5.02 (s, 1 H, =GM 4.58 (s, 2 H, CkDAC), 2.51 (dtJ = 14, 4 Hz, 1 H), 2.28
2.24 (m, 2 H), 2.20 (s, 3 H, Me), 2.11 (s, 3 H,sCH), 2.11 ~ 2.05 (m, 1 H), 1.931.89 (m, 1H),

1.77 (ddJ=12, 11 Hz, 1 H), 1.361.31 (m, 1 H} 3C NMR d 170.9, 163.4, 162.7, 161.9, 146.4,
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131.8, 112.9, 110.0, 99.9, 97.5, 79.2, 66.1, 40.0, 39.5, 32.4, 32.3, 21.2 HRM\S calcd for

C18H2105 (M+H™) 317.1389, found 317.1396.

(5aS,79)-7-[(3-Hydroxy -1-propen-2-yl)] -3-methyl-1H,7H-5a,6,8,9tetrahyro - 1-

oxopyrano[4,3b][1]benzopyran (59) from tzb-2-147)

To a cold solution of 0.62 g (1.9 mmol) acetoxy tricyclic pyr68e 15 mL of methanol,
0.54 g (3.9 mmol) of potassium carbonate was added and stirré€do01 h. To it, a solution
of 1 N hydrochloric acid was added to neutralize the-@;extraced with dichloromethane for
three times. The combined organic layer was washed with agueous ammonium chloride, water,
brine, driedon sodium sulfate, concentrated to drynesera rotary evaporator, loaded to silica
gel column, eluted with a gradient mixé of hexane: ether to furnish 0.37 g (70% vyield) desired
product59. 'H NMR (400 MHZ,CDCl): d6.12 (s, 1 H), 5.73 (s, 1 H), 5.1%.12 (m, 1 H, CHO),
5.11 (s, 1 H, =Ch), 4.94 (s, 1 H, =Cb), 4.15 (d,J = 7 Hz, 2 H, CHO), 2.51 (dtJ = 14, 4 Hz, 1
H), 2.34- 2.23 (m, 2 H), 2.20 (s, 3 H, Me), 2.18 ~ 2.08 (m, 1 H), 1.9383 (m, 1 H), 1.77 (d]
=12 Hz, 1 H), 1.40 1.28 (m, 1 H) 3C NMR d 163.5, 162.7, 161.7, 151.4, 132.2, 109.5, 109.4,
99.9, 97.4, 79.3, 64.9, 40.2, 38.9, 32.£(220.2;HRMS calcd for GeH1904 (M+H™) 275.1283,

found 275.1305.

94



(5aS,79)-7-[(3-methanesulfonyloxy1-propen-2-yl)] -3-methyl-1H,7H-5a,6,8,9tetrahyro - 1-
oxopyranol[4,3-b][1]benzopyran (60) (The preparation was followed by a reported

method)®? (from tzb-3-20)

N,

o O

To a flamedried and argoipurged flaskwere adéd 873 mg (3.19 mmol) of TP alcohol
59, 548 mg (4.78 mmolpf methane sulfonyl chloridd..33 mL (9.56 mmol) of triethylamine in
20 mL dichloromethaneAfter the reaction mixture wastirred for 2 h at 28C under argona
solution of 365 mg (3.2 mmol)of methane sulfonyl chloridand 0.89 mL (6.4 mmol) of
triethylamine in 10 mL dichloromethane were added stirred for 12 h at 2& under argon. The
solution was then diluted with 30 mbf dichloromethane, washed with aqueous sodium
bicarbonate, water, brine, drieh sodium sulfatefiltered through Celite, concentratedver a
rotary evaporator to dryness. The concentrargdesswas Iaded to a silica gel column, eluted
with a gradient mixture of hexane, diethyl ether and ethyl acetatiet&in 768 mg (68% vyield)
desired produdi0. H NMR (400 MHZ,CDCl): d6.10 (s, 1 H), 5.71 (s, 1 H), 5.26 (s, 1 H, =%H
5.14 (s, 1 H, =Ch), 5.11 (ddJ= 12, 5 Hz, 1 H, CHO), 4.70 (s, 2 H, @B}, 3.03 (s, 3 H, £Hs),
2.51 (dt,d = 14, 3 Hz, 1 H), 2.372.20 (m, 2 H), 2.19 (s, 3 H, Me), 2.15 ~ 2.03 (m, 1 H), 1.95

1.89(m, 1 H), 1.77 (ddJ = 12, 11 Hz, 1 H), 1.32 (qd,= 13, 4 Hz, 1 H} 13C NMR d 163.4,

95



162.6, 161.9, 144.8, 131.5, 116.1, 110.1, 99.9, 97.5, 78.9, 71.5, 39.8, 38.7, 38.1, 32.2, 32.1, 20.3;

HRMS calcd for G7H2106S (M+H") 353.1059, found 353.1044.
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"H NMR of Compound 6 (in CDClj)
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