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ABSTRACT

Chiral a-thioacyl malonates and their equivalents are potentially valuable intermediates
for the synthesis of natural products and pharmaceut&alfioacyl malonate itself an

be easily modified tehiral mercaptoglycerol&nercaptopropang,2-diol) or a-thioacyl
esters according to the emical conversionof two esters.There have beemany
synthetic approa@sto construct sulfubearingquaternarychiral carbon center, mostly

by direct sulfaMichael addition However, sulfenylation has shomgas in preparing
substrates and modifying functional groups

Recently, our research teameported a new synthetic method for chirala-
dialkylmalonates in high chemical yiekthd enantioselectivitipy phasdransfer catalytic
(PTC) desymmetrization of nmates in the presence of chiral quaternary ammonium
salts, and succshully proved its usefulness kpplications to the synthesis of various
chiral building blocks bearing quaternary carbon cerfterexpand the research scope,
we designe@ novel synthdc method for constructing sulfdrearing chiral carbon center
by asymmetric alkylation ad-acylthiomalonate via PTC reaction.

Enantioselective alkylation otert-butyl diphenylmethyl a-acetylthianalonate was
accomplished under phatgansfer catalysis ni the presence of S§)-3,4,5
trifluorophenytNAS bromide as PTC catalyst afford the corresponding-acetylthica-
alkylmalonatesn high chemical (up to ®%) and optical yields (up to 9% ee) which

could be readily converted to versatile chiral interiaes

Key words : Enantioselective synthesssacetylthica-alkylmalonate, phasgansfer

catalysis

Student ID: 20121603
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INTRODUCTION

1. General characeristics of malonate compounds

Malonates are one of the méghdamentaktarting materialin organicsynthesis for €C

bond formatiod! Thesecontainadjacent dicarbonydroup with two este located in the

b-positions. Malonates which haveo estersu b st i t u e fpdosiionsare abte hoe b

have tiral U carbon Ma |l oni ¢ esteros U hydrogens are ad
thereforethe acidity of U-proton (pk, value =13) is appropriate to be deprotonatby

weak base This means thd}proton of malontes can be easily substituted to other

functional groups including € bond formationAlso, the dicarbonyl compoundsve

considerable synthetic valubecause the ester groups canrhedified to various other

functional groupsEnolate of malolonic estas readily formed and converted to various

chemical moieties via several modificatio(fSigurel).

o O

1. Representative atlification ofchiral malonate

7



Theseoptically active deniatives of chiral malonatesan beimportart building blocksin

the synthesis of biologically active pharmaceuticals and natural producte &hiral
UUdialkylmalonates are especially resistant to racemization under normal reaction
conditions it can be used in the synthesis of chiral compouwnitisout loss or miss of
chirality of quaternary carbon centers. Tdieo r e |, a c hi edialkytn@lonatési r a |

has been regarded quitechallengingn asymmetric synthetic fields.

2. Phasetransfer catalysis

2-1. Phasetransfer catalysis

Phasdrander catalysis(PTC) is a synthetic methtitht escalates reaction rate under
heterogeneous condition by using a chemical subgzatedyst)that utilizes molecular

or ionic transfer from a phase to another phase. Commonly, the reaction $ystem
composed D two phases; mganic phase containing an acidic compound and an
electrophile, and an aqueous of solid phase of inorganic base such as alkaline metal (Na,
K, Cs) hydroxide or carbonate. The key reactive intermediate in this type of reaction is
the oniumcarbanion species, mostly onidemolate complex or oniwmitronate complex,
which reacts with the electrophile in the organic phase to affediesired compound.
Without this catalyssubstrate complex, the reaction does not procBldsedransfer
catalyss that are mostly used are onium (ammonium, phoshonium, and sometimes
arsonium) salts or complexing agents (crown ethers, polyethers, polyols, etc) that may
mask and solulilize inorganic cations, and replatiglocation.

There aremany advantages thahasetransfer catalysis a very useful tool for many

organic syntheses:



- Mild reaction conditions

- Inexpensive reagents and solvents

- Simple experimental procedures

- Environmentally friendly reagents and solvents

- Largescale preparation

- High-yield processes

The use of chiral phageansfer catalysis to introduce chirality is sigrantly different
from ordinary chiral transition metal complexef®r example, metaree asymmetric
organocatalysis is extremely valuable for pharmaceutical processes becansaated

the need to remove toxic trace metals

2-2. Mechanism ofchiral phasetransfer catalysis

The mechanism of asymmetmihasetransfer catalysis consists of 3 steps as follows:
(Figure 2)[

step l)interfacial deprotonation of nucleophile(NuH) bydnoxide base(MOH)

step 2)subsequent iomxchange of the anion with the catalyst generatépophilic
chiral ammonium enolatevhich goes into organic phase

step 3)chiral enolate salteacts with electrophile(alkyl halide) to afford the asymmetric

monalkylation product with regeneration of the catalyst.



EX = MX
Nu. A

\\/N+
\
. R
‘OH
X /
N+
\
Xy R
| OH
N =~
-E* NuH ™M*
Nu-E Nu™ Organic
||||n|||nn|||||||||nn|||n|||n||mnMﬂnnnnmnn |nte|"phase
Aqueous
MOH H,O

Figure 2. General mechanism of asymmetric phtasasfer catalysis

2-3. Phasetransfer catalyst

Chiral phasédransfer catalyts are divided into two type€inchonaderived catalysts and
non Cinchonaderived catalystgFigure 3).! Cinchona alkaloid in inexpensive chiral
source that used for parent bodycbiral catalyst frequently. Alkylation of amine moiety

deliversquaternarnammoniumcenterthat can coordinate witenolate of substrate

10



Cinchonaderived catalysts

O'Donnell, M. J. JACS 1989, 111, 2353

Lygo, B. TL 1997, 38, 8595 (R = H)
Corey, E. J. JACS 1997, 114, 12424
(R = allyl)

N* N
.I/OKDT)O
nH
Jew, S. S. C C. 2001, 1244 (n = 1) Jew, S. -s. OL. 2002, 4, 4245

Park, H. G. Angew. Chem. Int. Ed. Park, H. -g. OL. 2005, 7, 1129.
2002, 41, 3036 (n = 2)

= A

Non Cinchonaderived catalysts

ssaige AV
Br N

o 0 \—Ph-p-OCH,

o .llliNrPh-p-OCH3

O R O gr / \—Ph-p-OCH,

Maruoka, K
JACS 1999, 121, 6519 (R = B-napthyl) Shibasaki, M. TL 2002, 43, 9539
JACS 2003, 125, 5139 (R = 3,4,5-F3-Ph))

Figure 3. Cinchonaderived and nokinchonaderived phas¢ransfer catalysts
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3. Asymmetric alkylation via phasetransfer catalysis

3-1. The first efficient chiral phase-transfer catalysis

In 1984, Merck group reported first enantioselective alkylation under cinchdedved
phasetransfer catalytic conditiodd In this report, methylation of 6d@ichloro-5-
methoxy2-phenytl-indanone is performed in high yield and enantioselectivity (95%,92%

ee) (schemé).

cl o cl o

Cl Cl
O’ O PTC(10mol%), CHsCl _.CH,
H3CO 50% aq. NaOH, toluene, 20°C, 18 h HsCO @

95%, 92%ee

PTC = = "

Schemel. The firstasynmetric phaséransfer catalytic alkylation

3-2. The first chiral phase-transfer catalysis of nalonate

Our laboratory successfully applied enantioselective ptrassfer catalytic alkylatioto
malonate substrate;diphenyl 3tert-butyl 2-methylmalonateand successfully obtaid

alkylatedproduct2 in excellent yield and high enantioselectii§cheme). ¥

12



o 0 )< PTC a (5mol%), RX )<
‘ OMO 0°C, 50% KOH, toluene ‘ 0)%0

up to 95%, 97%ee

PTC a=

Scheme2. The first phaséransfer catalytic alkylatioof malonate

3-3. Previous approaches to construct Sbearing chiral carbon

center

In many pharmaceutical and natural products, the sh#aring moieties can be
privileged structures. Chiral sulfubearing compounds have a variety of utilities in
numerous areas, such afficient ligands, organocatalysts, and chiral auxiliaries and
reagents.

To attain these challenging chiral sultontaining compoundsnany protocols have
been addressédl In 2005, Jagensen and sworkers introduced a highly enantioselective
organocatalytid}sulfenylation(Scheme3). ! To expand the substrate scope, in 2009,
Zhu group introduced prolinol derivativeatalyst andused N-(arylthio)phthalimides as

sulfenylating reagen{Schemes). @

13



o O

O O N=\  (DHQD),PYR (10 mol%)
, OR1 + S/N\?N > ,')J\KJ\OR‘I
' ! \ 2
' toluene \ SR

’

up to 95%, 89%ee

(DHQD),PYR =

Scheme3. Enantioselective dienylation of cyclich-keto estergl)

o O
A 0,
COOR r\S_N Catalyst (10 mol A;)‘ COOR
* OGN
)n Hexane, r.t. )n

up to 89%, 97%ee

Ar
Catalyst = O—&Ar

N
H OH

Schemed. Enantioselective sulfenylation of cycli-kbto esters (2)

However, tlose approach anmefficient for expanding a scope slbstrate. Unlikely to
malonate substrate, the substrate used in those approach cannot be modified to another
functional groupbecause of the cyclic moietin methodologial aspect, astriction to
smalklscale process by tloatalyst makemappropriate fompplyingto industrial process.

Inspired by recent studies of our research teand i r eatkylatiod) of malonates via
phasetransfer catalytic (PTC) reactiphdecidal to attempt anew synthetic method of

synthesizing h i raeylthio-Ualkyl malonate.

14



RESULTS AND DISCUSSION

1. Substrate design and preparation for PTC alkylation

As mentioned in the introductipour research teameported the first enantioselective
synthetic method for the constructiamf a quaternary carbon center wflonates via
phasetransfer catalyticU-alkylation As descripted malonates areone of the most
fundamental chiral building blocks. Over several prelimirsagrcHor the best substrat
high enantioselectivities (up to 97% ¢were obtained with malonatdsat havinga tert-
butyl anda diphenyl methyl group irhe each ester group’! To synthesizel i v e r-s e
di al ky | mapbsiionaof sulssirate thalonates was substituted wikil, aaryl,

halogen groups, and underwent P3ubstitution with various alkyl halides (ScheB)e

Ph O (6] Ph O (6]
5 mol% )\ )%k
2 > Ph (6] > Ot-B
Ph™ 0 OtBU 509 KOH (5 eq.), R (5 eq.) u
X toluene, 0 °C X R
X =CHs, Ph, F up to 97% ee

Schemeés.Enant i os e |-akgldationwfenaleh@t€sulistrates

15



As mentioned in Schem&and4, directsulfenyation of b-ketoestes wasreported by
Jagensen and Zhu grouprhis synthetic method showed high stereoselectivity and
chemical yield. However, this method difficult to apply because each of various

substrates for sudfylation should beythesized respectily.

Given that phastransfer catalysis makes it easigr synthesize a variety of chiral
malonateproducts proved by u r previ ous -dalkymammates,ha nemn U, U
synt heti c ap faaylthialdaikylmalenate @ phdsetransfer catalysisvas
designed For the promisingesult tert-butyl groyp and diphenyl methyl group atch
ester groupwvere adoptedThe esseml part of this substrt epositith of malonate
needed to be substituted with abyb group as a protection of thigroup (Figire 4).

Wi t h -a &y Is o Uy malkylatiomvia@haseértdnsfer catalysis was supposed to be

perf or me d -atyloxytfraikyimalosate with a quaternary carbon center.

Ph O O

PN

0~ X Tot-Bu
ROCS R

Ph

Figure 4. Design of novel acetylthiomalonaassubstratdor PTC alkylation

U-Acylthiomalonate substrate was prepared from commercially avatkipleutyl
hydrogen malonate3in severalteps described in Schei®and?. First, carboxylate of
tert-butyl hydrogen malonates underwent substitutuih diphenyl methyl group in
basic and warm condition.-Bromosuccinimideand Magnesium perchlorateas used to
providemonosubstituted*bromomalonaté at low temperaturen the last step,

substitution was performed wigfotassium acglthioateand sdium benzthioate to

16



furnish t he -&8&ythonsaulbosnt ar thenzesdihidnaldhate, respectively
(Schemes). In case oftbenzoylthiomalonateBenzothioateeagent was nen

commercially available, so benzothioate was preparsiturby salt exsange obenzoic

thio acid To select the optimal substrate between these two substrates, PTC alkylation of

them was conducted subsequently.

Ph
0O O Ph” Br Ph O O NBS
HOJ\/U\Ot-Bu TEA, MeCN Ph)\oJ\/U\Ot-Bu Mg(CIO4),, MeCN
80 °C, overnight 18h, 0 °C
3 4
80% 79%
0O ©o i Ph O O
Ph
Me)J\S'K" PS
Ph” YO Ot-Bu - Ph7 O Ot-Bu
Br DMF, 2 h, r.t. S\H/Me
56% O
5 1

Schemeb. Synthesis of}acetyltiomalonate

0}
Ph)J\SH

NaOH
DMF, r.t. 1h

)OJ\
Phoo)< o )P\hook
o © DMF, r.t, 24 h Ph © ©
S\n/
(6]

Ph
49%
5 2

Scheme7.Sy nt h e-benzmythimmalokhte
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2. Enantioseéctive phasetransfer catalyst reaction of a-

acetylthiomalonate

2-1. Optimization of PTC reaction ofa-acetylthiomalonate

Before searching for the best condition for PTC alkylation, two prepared
acylthiomalonates were compared under the same circumstance to determine which

compound idettersubstrate for PTC alkylation.

PhO O Ph O O
cat. 6 (5mol%), Benzyl bromide(5 eq.
Ph)\OM oeen (5mol%), Benzy Gea) I

O/U>%J\Ot-8u
\H/Me 50% CsOH (5eq), toluene (0.3M) Me\n/s Bn
o)

20 ©°
20°C, 24 h o

1 1a
99 % 95 %ee

Ph O O cat. 6 (5mol%), Benzyl bromide(5 eq.) Ph 0 0

*
Ph)\OMOt-Bu Ph)\0)1><u\0t-8u
S Ph 50% CsOH (5eq), toluene (0.3M) Ph S Bn
hig -20°C, 24 h e
o (0]
2 2a

99 % 90 %ee

Scheme8. Comparisorof acylthiomalonates for PTC alkylation

18



Phasdransfer catalyst, base and smit condition was referred from our research
t eambs pr e \5j38,4,5triflsotophenytNAS jbronjide as a catalyst (0.5mol%),
50% CsOH as a base (5eq), toluene (0.3M) is the optimized reaction canSlitlzsirate
seems vulnerable under room teargture, so the screening is conducted urRZI&C.
After PTC benylation at-20°C temperature a-acylthiomalonatel showed a higher

enantioselectivitfSchemer?), and determined taproper PTC substrate.

Optimization of phasé&ransfer catalyst proceeded the next step. Reaction condition
except for the catalyst was set up as the former one, and four catalysts were employed

respectively with substratiefor comparison.

Ph O O Pho O O

)\ Catalyst 6-9 (5 mol%), BnBr )\
*
Ph oJ\/U\Ot-Bu Ph OJ><U\01-BU

SAc

50% CsOH (5eq), Toluene (0.3 M)
-20°C, 12~36 h

%
‘ X
N~ cl OH
6 7 8 9
99 % 95 %ee 92 % 13 %ee 51 % 4 %ee 74 % 2 %ee

Schemed. Catalystcomparisorfor PTC alkylation

Likely to the previous researchoth the highestnantiosedctivity and chemical yield
wereobtainedwhile usingcatalyst6, and other three catalgsn-butyl substituted (S,S)
maruoka?, Cinchoninederived catalys%, Cinchonidine derived8 showedsignificantly

lower yieldsand enantioselectivitfSchemes).

19



Table 1.Optimization of base, solvent, reaction temperature

Ph O O . Ph O O
)\ (S,S)-6 (5 mol%), Benzyl bromide(5 eq.) )\
Ph” O Ot-Bu Ph” 07 X NOtBu
SAG base (5 eq.), solvent AcS Bn
2 2a
entry base T (°C) solvent Time (h) Yield (%) ee (%)
1 50% KOH 0 toluene 18 97 89
2 50% CsOH 0 toluene 18 95 92
3 KOH(s) -20 toluene 24 90 89
4 CsOH(s) -20 toluene 18 91 91
5 K2COs -20 toluene No reaction
6 50% CsOH -20 CHCl, Decomposition
cyclopentyl
7 50% CsOH 0 12 88 87
methyl ether
8 50% CsOH -20 toluene 24 99 95
9 50% CsOH -40 toluene 24 93 92

20



As shown in &ble 1, optimizationexperimentof the rest conditions (baseplvent,
reaction temperature) succeedé€tve kinds of base were chosen according to our past
research result; 50% Potassium hydroxide, 50% Cesidrokide as an aqueous base
(entry1,2) and their solid form bagentry 3,4)and Potassium bicarbonate (entry\®jth
solid form basgsubstrate was likely to be demposed, which resulted in much lower
chemical yield and enantioselectivithan PTCbenzlation with aqueousase With
potassium bicarbonate, no reaction occurfi® Cesium hydroxide showed the best

result andvas selected agptimized base.

It turned out that solvents for PTC betation haveinfluenceon chemical yield and
enantioselectity after solvent screenin@ntry 2, 67). Under dichloromethane solvent,
substrate was decompose@yclopentyl methyl ether showed poor vyield and

enantioselectivityPreferable chemical and optical yields were observed with toluene.

As substrate is vakrable under room temperature, the reaction a8 has many
byproducts, and result in poor enantioselectiviBegarding reaction temperature
screening (entry 2,-8), both chemical yield and enantioselectivity has improved as the

temperature decread until-20°C, but lowered back unde40°C.

The screening data under varied reaction condifaigogetherthe optimized reaction
condition wasdetermined. titurned oti that 50% Cesium hydroxide as base, toluene as
solvent, §,9-3,4,5trifluoropheryl-NAS bromide as catalyst and-20°C reaction

temperaturés the best environmeiffior PTC alkylation ofa-acetylthianalonate.

21



2-2. Enantioselective PTC alkylation with various alkyl halides

To investigate its scopePTC alkylation to substratel with various electrophiles
performed ader the optimized conditiorAs shown in @ble 2, 9 kinds of electrophiles
were examined The bestchemical yield andenanioselectivity was observed hile
benzylatingthe U-protonof substrée (99% yield, 9% ee, entry 4)allylation (95% yield,
8% ee, entry2) followed. PTC alkylation with chain allmtic electrophile such as
iodohexane was likely to be decomposiat resulted in poor yieldilkylation with allyl
bromideand 3bromo 2methyl propene showed moderate ereadiectivity(entry 23).
PTC alkylaton of electrophiles that possem®matic rings were expected to shbetter
enantioselectivity, butthe resul was not much satisfactory tour expectation.
Electiophiles with aromatic ringshaving para-substituted electron @nating group
showedlessoptical yieldsthanthe benzylated produgentry 56). Also, it seems that
electronwithdrawing group(Fluorine) in aromatic ringhas insignificantinfluence on
enantioselectivity (entry 8)Alkylation with 2-(bromomethy)Naphthalene showelbw

enantioselectivity (entry)9

22



Table 2.Enantioselective PTC alkylation afacetylthionalonate

Ph 0 (8,5)-6 (5 mol%), RX (5 eq.) j'\h 6 o
Ph O)H/U\Ot-Bu 50% CsOH (5 eq.), toluene Ph™ O Ot-Bu
SAc -20°C 12-36 h AcS R
2a-h
entry RX Time (h) Yield (%) ee (%)
1 NN 12 60 80
2 BT 36 90 89
3 %Br 12 03 87
Br
4 g 18 99 95
Br
5 ﬁ 24 89 87
Br
6 g 36 99 86
t-Bu
MeO
7 OAE“ 24 95 79
Br
8 g 24 08 81
F
Br

9 36 97 73

23



3. Application o f -acatylthio-a-alkylmalonates

Under the optimized condition, PTC alkylatiovith various electrophileperformed
successfully. In case of thebealkyla t e-atetylihionalonatesits functional groups are
readily hydrolysable without loss of chiralily carbon center. Once hydrolyzed, various
functional groups can be substituted or added. Acetylthio group can be easily converted to
thiol group, and byconsecutive process, it can be oxidized to sulfide, sulfoxide, sulfone

and so or{Figureb).

Ph O O

Ph” 07 X ~Ot-Bu
R'OSS R

g

o
HZN/%J\OH
HS R

Ph O O
Ph)\o X Tot-Bu
R'0,S R

Figure 5. Modification of chiralJ-acetylthieU-alkylmalonats

Therefore,as Ualkyla t e -dcetylhianalondes are convenient sulfdsearing chiral
moieties, it can be usefulbuilding blocks in the synthesis of biologically active
pharmaceuticals and natural produc&udy on conversiorand application ofU-

acetylthioU-alkylmalonats is inprocess.
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CONCLUSION

A new asymmetric synthietc me t h o d -alkyta t peratetgplihionalonaies for the
construction of asulfurbearing quaternarycarbon center vighasetransfer catalytic
alkylation has been develope@lhydrolysable substrates was designed and utilized on the
optimization precess for obtaining more etmelective results. Finally we figured out
enant i os alkyton of dighenyimethyltert-b u t yatetyltbionalonates uret
phasetransfer catalytic conditions in theresence of §,9-3,4,5trifluorophenytNAS
bromide ((S,9-6) af or ded t he caocetylthsdagkydnmatbriatesin high
chemical (up to 99%) and optical yields (up9%& ee), which areeadily modifiedto

versatile chiral intermediates.

Ph O 0]
M F F 5 mol% )\ *
] >  ph (o) > Ot-B
Ph™ ~O OFBU 509 CsOH (5 eq.), R (5 eq.) ’
SAc toluene, -20 °C AcS R

up to 99%, 95% ee

9 samples

Scheme 10Enantioselective PTC alkylation of nowghcetylthiomalonate substrate

Our newdevelopedtatalytic system provides an attractive synthetic methodeieatile
chiral building blocks which could be readily converted tohical target molecules

involving sulfur-bearingquaternarycarbon centers.
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EXPERIMENTAL SECTION

General Methods

1.1. Solvents and Reagents

All reagents bought from commercial sources were unpurified. Orgaiiengs were
concentrated under reduced pressure using a Bichi rotary evaporatortheAs
commercially available KOH was a pellet type, solid KOH should be grinded to the
powder form for successful reaction and high enantiopurity. 50% v/w aqueous CsOH was
used as a stock solution. Phdsmnsfer catalys6 (Wako) was purchased from the

commercial source.

26



1.2. Chromatography and HPLC

TLC analyses were performed usidgrck precoated TLC plate (silica gel 60 &0.25

mm). Flash column chromatography was carried out using E. Merck Kieselgel 60
(230~400 mesh)instrument (Hitachi, £2130) and software (Hitachi, Version LaChrom
890880007) were used as HPLC. The enantiomenicess (ee) of the products was

determined by HPL@sing 4.6 mn¥ 250 mm Daicel Chiralpak AD.

1.3. Spectral data

Infrared (IR) spectra were recorded on a JASCO FBOBE and PerkitElmer 1710 FT
spectrometer. Nuclear magnetic resonantd¢-NMR and *C-NMR) spectra were
measured on JEOL JN#MA 300 [300MHz (*H) , 75 MHz {3C)] spectrometer, JEOL
JNM-GSX 400 [400 MHz {H), 100 MHz ¢3C)] spectrometer, and Bruker AMX 500

[125 MHz ¢3C)] using CHC-d or CHOH-d as solvents, and were reported in ppm
relative to CHQ ( G 7CH204H) ,( Ufor 3H-NBAR and relative to the central CHCI

(0 7THQ@B) (U rdsénancesfolFC-NMR. Coupling constantsl)in *H-NMR,
BBC-NMR are in Hz. Highresolution mass spectra (HRMS) were measured on a JEOL
JMS 700 or JEOL JMS 66d). Melting points were measured ofé&hi B-540 melting

point apparatus and were not corrected. Optical rotations were measured on a JASCO

polarimeter P2000 series or a JASCO DI®O0O digital polarimeter.
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2. a-acylthio-a-alkylmalonates

2.1. Preparationo f -acgithiomalonate substrate

Ph
o o Ph)\Br )P\h 0O o NBS
HOJ\/U\Ot-Bu TEA, MeCN Ph OJ\/U\Ot-Bu Mg(ClO,),, MeCN
80 °C, overnight 18h, 0 °C
3 4
80% 79%
i o o©o
Ph O O Ph
Me)J\S'K" PS
Ph” SO Ot-Bu Ph” O Ot-Bu
Br DMF, 2 h, r.t. S\H/Me
56% 0
5 1

o}
Ph)J\SH

NaOH
DMF, r.t. 1h

o
Ph O (@] )< Ph S'Na* j’\h (@) (0] J<
. I

OMO DMF, r.t, 24 h Ph o ©
N
(6]

Ph

49%
5 2
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Synthesis of benzhydryl tertbutyl malonate (4)

Triethylamine(5.44 mL, 39 mmol) was added to a solution of

Ph O O
tert-butyl hydrogen malonate (4.62 mL, 30 mrh ) and U

Ph™ "O Ot-Bu
Bromodiphenyl methane (9.64 g, 39 mnm acetonitrile (60 mL). At 8 €, reaction

mixture was stirred for 22 h. Then reaction mixture was evaporated and diluted with ethyl

acetate (600 mL). Organic layer was washed with saturatpeeoussolution of

ammonium chloride (200 mL) and brine (200 mL), dried over anhydrous MdiB€red,

and concentrateth vacuo The residue was purified by column chromatography (silica

gel, hexane:EtOAc = 40:1~10:1) to afford7.83 g, 80% vyield) as pale yellow biH-

NMR (300 MHz,CDC{) &4 7.36~7.19 (m, 10H), 6.96 (s, 1F
ppm ;B°C-NMR (125 MHz, CDC}) U 165.32, 164.88, 139.41, 12
81.40, 77.24, 42.77, 27.41 ppm ; IR (KBr) 3033, 2979, 1730, 1496, 1454, 1393, 1369,

1329, 1259, 1144, 1081, 29836, 748, 699, 647 cm; HRMS (ESI) : calcd for

[C2o0H2204Na]™ : 349.1410, found : 349.1422.

Sy nt h e shrosnonmlbnate substrateq5)

Ph O O A solution of4 (750 mg, 2.298 mmolin dry MeCN (23 mL)

Ph)\O)J\HJ\Ot—Bu was added to théN-bromosuccinimide (2.757 mmol) and

Br Magnesium perchloratg154 mg, 0.689 mmol) at 0CThe

reaction mixture was stirred for 2Bours After solvent was removed on a rotary

evaporator, the mixture was diluted wtOAc (400 mL)andwashed withbrine (100

mL). The organic layers were dried with M@k, and concentrateid vacuo The residue

was purified by column chromatography (silica gel, hexane:EtOAc = 40:1~30a39s

obtained as colorless if36 mg, 79% vyield)'*H-NMR (300 MHz, CDC}) U 7. 35~7. 27
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(m, 10H), 6.94 (s, 1H), 4.48 (s, 1H), 1.36 (s, 9H) ppC:NMR (125 MHz, CDC§) U
163.77, 162.90, 138.91, 138.89, 128.52, 128.48, 128.28, 128.17, 127.29, 127.04, 84.40,
79.26, 44.24, 27.47 ppniR (KBr) 2981, 1740, 1496, 1455, 1370, 129256, 1139, 989,

848, 748, 699 crh; HRMS (ClI) : calcd for [GoH20FO4]*: 403.0545, found : 403.0545.

Sy nt h e sdceaylthioihalonate substrate(1)

Ph O O Potassium acetylthite (127 mg, 1.11 mmol) was added to a
Ph oMopBu stirred solution ob (300mg, 0.740 mmol)r dry DMF (10nL),
SAc

and Argon gas was substitutedhe reation mixture was
stirred for 2hours After solvent was removed on a rotary evaporator, the mixture was
diluted with EtOAc (300 mL)andwashed withbrine (80 mL).The organic layers were
dried with MgSQ, and concentratedn vacuo After purification by column
chromatography (silica gel, hexane:EtOAc5:1), 1 was obtained asrown oil (186 mg,

56% yield).*H-NMR (300 MHz, CDCY) U -724(r8, 40H), 6.9 (s, 1H), 5.07 (s, 1H),
237 (s, H), 1.33 (s, 9H) ppm °C-NMR (75 MHz, CDC}) 165.16 164.25 13916,
128.46, 128.0, 127.8, 82.13 77.71, 77.31, 77.00, 76.68, 51.@9.85,27.82ppm ;IR
(KBr) 2979.48, 1729.83, 1495.5385.03, 1393.32, 1369.21, 1259.29, 1142.62, 991.23,
835.99, 771.39, 699.07, 647.60r.
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Sy nt h e shersoylihib mabbnate substrate(2)

Sodium hydroxide was added to stirred solution of Benzoic

ph)\OMOt_BU thio acid(72 ¢L, 0.62 mmol) in dry DMF (1ml)and Argongas

was substituted. After stirring for an hour, the mixtuvas

added to a stirred solution 6f(200 mg, 0.49 mmol) in dry DMF (BL). The readbn
mixture was stirred for &ours. After solvent was removed on a rotary evaporator, the
mixture was dilutedvith EtOAc (0 mL) andwashed withbrine (8 mL). The organic
layers were dried with MgSQand concentrateith vacua After purification by column
chromatography (silica gel, hexane:EtOAc = 102jyas obtained abrown oil (112.3
mg, 49.56 yield).'H-NMR (300 MHz, CDC§) i 8~7.8B (m, 2H), 7.627.56 (m, 1H),
7.47-7.42 (m 2H), 7.367.21(m, 10H), 6.9 (s, 1H), 5.31(s, 1H) 1.35(s, 9H)ppm ;13C-
NMR (75 MHz, CDC}) U .56l 86826, 164.35,139.64,135.68,128.73 128.4,
128.08§ 127.49 127.14,83.86, 78.85,77.71, 77.31, 77.00, 76.681.6Q 27.59ppm; IR
(KBr) 2979, 1729, 1495, 1455, 13936D, 1259, 1143, 992, 835, 771, 699, 647
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2.2. General procedure for asymmetric phaséransfer catalytic

alkylation
j\h o o (S,5)-6 (5 mol%), RX (5 eq.) Ph O O
Ph OMOFBU 50% CsOH (5 eq.), toluene Ph OJ><U\OFB“
SAc 20°C AcS R

1 12-36 h 1a-i

Alkyl halides (0.25mmol) was added to a solution Bfacetylthionalonate substrates
(0.05 mmoland §9-3,4,5trifluorophenytNAS bromide 6, 2.3 mg, 0.0025nmol) in
toluene (0.66 mL). At the degjnated temperature, 50% CsOH.88 L.0.25mmol) was
added to the reaction mixtures and stirred for designated time. EYELALREL was
used for low temperature stirring and the stirring rate was 7. The reaction mixtures was
diluted withEtOAc (10 mL), washed with brine ¥3 mL), dried over anhydrous Mg$0
filtered, and concentratéd vacuo The residue was purified by column chromatography

(silica gel,hexane:EtOAc = 10:1) to afford alkylated malonates.
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1-Benzhydryl 3tert-butyl 2-acetylthic2-hexylmalonate 1a)

Ph O O Following the general procedure, reaction was started from
Ph o)%ot_gu 1 (20 mg, 0.05 mmol) usingpdohexand37¢ L0.25 mmol).
AcS (CH2)5CH3

After 12 hours,1la was dtained ascolorlessoil (14.5 mg,

60% yield). HPLC analysis (Chiralpak AB, hexane:zropanol = 85:15, flow rate = 1.0

mL/ min, 23 AC, @& = 25B870hmi mnoed6e mh F%bee;t i me =
IH-NMR (300 MHz, CDC}) U -729 (th,610H), 6.94 (s, 1H), 3.2823 (t, 3HI=7.25

Hz), 2.1 (s, 3H), 1.28 (s, 9H), 12415 (m, 8H), 0.8®.75 (m, 3H) ppm °C-NMR (75

MHz,CDCk) U0 194. 90, 166. 77, 139. 24, 128. 00, 126.
3051, 28.77, 27.82, 23.13, 14.16 ppnrR; (KBr) 2929, 1730, 1455, 1369, 1219, 1149,

772, 69 ; [a]2% = +7.81(c 1, CHCE).

1-Benzhydryl 3tert-butyl 2-acetylthio2-allylmalonate {b)

Ph O O Following the general procedure, reaction was started from
Ph” O . otBul (20 mg,0.05mmol) using allyl bromide (26 ¢ LQ.25mmol).
AcS . .
¢ . After 36 hours,1b was obtained asolorlessoil (19.8 mg, 9%

yield). HPLC analysis (Chiralpak A, hexane:Zropanol = 85:15, flow rate = 1.0

mL/ mi n, 23 AcC, & = 25 8.238mm) minord@.66& mih, 5% ee ;t i me =
'H-NMR (300 MHz, CDC¥) 71827.24 (m, 10H), 6.9(s, 1H), B3-5.64(m, 1H), 5.05

4.9 (m, 2H), 3.07-3.04 (m, 2H), 2.18 (m, 3H), 125 (s, 9H)ppm ;*C-NMR (75 MHz,

CDClk) U .23l %29, 13937, 131.97, 128.39 127.95 127.25, 11%9, 839, 78.56,

77.23, 7699, 6573 33.99, 29.97,2751 ppm ;IR (KBr) 2976, 1730, 1496, 1455, 1393,

1368, 1240, 1145, 1001, 919, 844, 759, 699,@47;[a]*> = -3.81(c 1, CHCE).
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1-Benzhydryl 3tert-butyl 2-acetythio-2-(2-methylallyl)malonate 1c)

Ph O

Ph O

O

Ot-Bu

Following the general procedure, reaction was started from

(20 mg, 0.05 mmol) using-Bromo2-me t hy |

propene

AcS : :
¢ 0.25 mmol) After 12 hours,1c was obtained asolorlessoil

(21 mg, 92.5% yield). HPLC analysis (€iipak AD-H, hexane:zropanol = 85:15, flow

rate = 1.0 mL/ min, 23 AC, %7®B=min2nGndr7.610n)

min, 5@ ee ;'H-NMR (300 MHz, CDC})  727-7.21 (m, 10H), 6.8®, 1H), 4.67-
4.61(d, 2H), 3.573.51(m, 2H), 2.56-2.54 (m, 3H), 1.66(s, 3H),1.30 (s, 9H) ppm; 1C-
NMR (75 MHz, CDCY) U 371 $6877, 141.55, 139.71, 128.45, 127.96, 127.23,
112.32, 81.92, 77.55, 77.32, 77.00, 76.68, 51.56, 36.47, 27.76, @24 IR (KBr)
2978 1731, 1496, 1455, 393, 1369, 1248, 1145, 99897, 844, 759, 699, 64%n ;

[a]2% = -2.44 (c 1, CHC).

1-Benzhydryl 3tert-butyl 2-acetylthic2-benzymalonatg(1d)

Following the general procedure, reaction was started ftom

Ph O O
Ph)\o ' ot-Bu| (20 mg, 0.05 mmol) usingenzyl bromidg29 £ L Q.25 mmol)
AoS After 18 hours, 1d was obtained as whitgolid (24.3 mg, 9%
yield). HPLC analysis (Chiralpak ABI, hexane:Zoropanol =
85: 15, flow rate =254nm)retemtioh timhenz,maj(ir.ZBBrrﬂnC,

minor 12.763min, 80% ee :*H-NMR (300 MHz, CDC{) 7.377.28 (m, 10H)7.21-7.11
(m, 3H), 7.037.00 (M, 2H), 6.94 (s, 1H),3.72-3.61 (m, 2H), 2.21 (s, 3H), 1.24 (s, 9H)
ppm ;BC-NMR (75 MHz, CDC})  186.32, 16623, 13924, 135.38, 12846, 12830,

128.15, 12791, 12765, 12723, 127.14, 84.04,78.75, 7725, 77.00, 7674, 67.30,39.2,
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29.98, 2747 ppm; IR (KBr) 2978, 1730, 1496, 1455, 1369, 1219, 1142, 1001, 772, 698

cnt?; [a]®% =-17.98(c 1, CHCE) ; m.p. =73C.

1-Benzhydryl 3tert-butyl 2-acetylthio2-(4-methybenz/l)malonate(1€)

Ph O O

PN

(@) Ot-Bu
AcS

Ph

Following the general procedure, reaction was saftem 1
(20 mg, 0.05 mmol) using-methylbenzyl bromid€46.2 mg,
0.25 mmol) After 24 hours, 1le was obtained as whitsolid

(22.4 mg, 8% yield). HPLC analysis (Chirphk AD-H,

hexane:Zpropanol =90:10, flow rate = 1.

254 nm) retention time = majd2.380min, minor14.540min, 49.6% ee ;*H-NMR (300

MHz, CDCE) 7i327.01 (m, 14), 6.85 (s, 1H), 3.6B8.62(t, 2H J=7.68Hz), 3.20:3.12

(m, 3H), 2.28 (s, 3H), 1.29s, 9H) ppm ;**C-NMR (75 MHz, CDC{)

139.66, 136.04134.72, 129.10, 128.72, 128,328.33, 127.95, 127.83, 127,327.4,

82.01, 77.54,7.32, 77.D, 77.00, 76.68, 54.99, 34.22, 27.74, 21pp@; IR (KBr) 2928,

2356, 1742, 1448, 1340, 1219, 1154, 94,8772, 694, 64¢m* ;[a]*p = -65.71 (c 1,

CHCL) ; m.p. =120C .
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1-Benzhydryl 3tert-butyl 2-acetylthic2-(4-tert-butyibenz/l)malonate(1f)

Following the general procedure, reaction was started ftom
Ph™ Y0~ < “otBul (20 mg, 0.05 mmol) using-tert-buthylbenzyl bomide (56.71
¢ LQ.25 mmol) After 36 hours,1f was obtained agale yellow
oil (27.04 mg, 99% vyield). HPLC analysis (Chiralpak AR,

hexane:Zoropanol =90:10, flow rate = 1.0 mL/ min

254 nm) retention time = majd@.373 min, minor 9.217 min, 46% ee ;*H-NMR (300
MHz, CDCk) 6786.36 (m, 15H), 3.18.14 (t, 2HJ=7.89 Hz), 2.74.64 (m, 3H),
0.77-0.74(m, 18H)ppm ;*C-NMR (75 MHz, CDC}) 16:8.33 149.36 139.66 130.01

128.51 128.38, 127.92, 127.63, 127.28, 12718 15.27, 124.92, 81.98, 77.88 7759,

77.20, 77.00, 76.680.35,54.78, 38.47, 34.08,31.32, 27.7Pppm; IR (KBr) 2964, 1730,
1514, 1496, 1455, 1393, 1367, 1231, 1143, 1002, 843, 77tn699a]*%s = -56.72(c 1,
CHCL).

1-Benzhydryl 3tert-butyl 2-acetylthic2-(3-mettoxybenz/l)malonat (19)

Ph O O Following the general procedure, reaction was started from
P YN0 < “otBu | (20 mg, 0.05 mmol) usingmethoxyenzyl bromidg35 € I,
AoS 0.25 mmol) After 24 hours,1g was obtained asolorlessoil/
oMo (24.7 mg, 95% vyield). HPLC analysis (Chiralpak AH,
hexane:Zpropanol =90:10, flow rate = 1.0 mL/ min, 23 AcC, N

major 10.587min, minor17.463min, 79% ee ;'H-NMR (300 MHz, CDC}) 7i837.10
(m, 13H), 6.936.69 (m, M), 380-3.64 (m, 3H), 3.383.37 (m, 3H),3.183.15 (m, H),
1.39 (s, 9H)ppm ;*C-NMR (75 MHz, CDC}) U 22116692, 139.6, 128.47 128.41,
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128.02, 127.88 127.20, 7732, 7721, 76.68 5479, 43.3Q 34.67, 27.84pm : IR (KBr)
2934, 2321, 1726, 1601, 1490, 1455, 1369, 1263, 1218, 1154, 1044, 840, 772, 698, 649
cnt; [a]®% =-77.94(c 1, CHCE).

1-Benzhydryl 3tert-butyl 2-acetylthic2-(4-fluorobenz/l)malonate(1h)

Ph O O Following the general prodere, reaction was started froin

A

0~ < “otsu| (20 mg, 0.05 mmol) using-fluorobenzyl bromide(30.6¢ L ,
AcS

Ph
0.25 mmol) After 24 hours, 1h was obtained asvhite sdid
(24.9 mg, 98% vyield). HPLC analysis (Chiralpak AH,

F hexane:2propanol =90:10, flow rate = 1.0 mL/min,2 AC, & =

254 nm) retention time major 14.463min, minor17.923min, 50% ee; *H-NMR (300

MHz, CDCk) 7287.0 (m, 12H), 6.8%.77 (m, 3H), 3.6B.55 (t, 2HJ= 7.86Hz), 3.12

3.04(m, 3H), 1.26 (s, 9Hppm ;°C-NMR (75 MHz, CDC}) U 168. 0847, 167 . 40,
130.42, 130.34, 128.45, 128.01, 127.95, 127.30, 127.11, 115.32, 115.11, 82.22, 77.65,

77.32, 77.20, 77.00, 76.68, 54.94, 33.82, 27.74 ppn(KBr) 2978 2310,1730,1602,

1509, 1455, 1369, 1221, 1142, 1002, 844, BE®cm* ;[a]*’p = -69.94(c 1, CHCL) ;

m.p. =90.8C .
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1-Benzhydryl 3tert-butyl 2-acetylthic2-(naphthalend-ylmethyl)malonate(1i)

Ph O O Following the general procedure, reaction was started from

PN

o y ot-Bu | (20 mg, 0.05 mmol) using-(bromomethyl) naphthalen®5.2
AcS

Ph
mg, 0.25 mmol) After 36 hours, 1i was obtained asolorless

OO oil (26.2 mg, 97% vyield). HPLC analysis (Chiralpak AH,
hexane:2propanol =90:10, flow rate = 1.0 mL/ min, 23 AcC,

major 15.170min, minor 24.443min, 20% ee; H-NMR (300 MHz, CDC}) .84
7.07 (m, 17H), 6.86 (s, 1H), 3.8877 (t, 2HJ= 7.68Hz), 3.48.33(m, 3H), 1.30 (s, 9H)
ppm ; ¥C-NMR (75 MHz, CDC}) 68.231 16756, 13957, 130.44, 136.33, 133.464
132.32 128.39, 1286, 128.12 12797, 12781, 12763, 127.56, 127.48, 127.43, 127.30,
127.13, 127.01, 126.75, 126.55, 126.46, 125.94, 1252496,87765, 77.32, 77.20, 77.00,
76.68, 5482, 3480, 34.01 27.83 ppm; IR (KBr) 2978 2364, 17291600, 1495, 1455,
1368 1340, 1219, 1142, 1002, 843117, 772699cm? ;[a]?%p =-27.21(c 1, CHAs3).
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