Accepted Manuscript

Enantioselective B-hydroxy thioesters formation via decarboxylative aldol reactions
of malonic acid half thioesters with aldehydes promoted by chloramphenicol derived
sulfonamides

Yafeng Wang, Guanxin Huang, Sha Hu, Kaijun Jin, Yan Wu, Fener Chen

PII: S0040-4020(17)30567-7
DOI: 10.1016/j.tet.2017.05.066
Reference: TET 28732

To appearin:  Tetrahedron

Received Date: 31 March 2017
Revised Date: 15 May 2017
Accepted Date: 19 May 2017

Please cite this article as: Wang Y, Huang G, Hu S, Jin K, Wu Y, Chen F, Enantioselective 5-hydroxy
thioesters formation via decarboxylative aldol reactions of malonic acid half thioesters with aldehydes
promoted by chloramphenicol derived sulfonamides, Tetrahedron (2017), doi: 10.1016/j.tet.2017.05.066.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.tet.2017.05.066

Graphical Abstract
To create your abstract, type over the instructinriee template box below.
Fonts or abstract dimensions should not be chaogallered.

Enantioselective f-Hydroxy thioesters Formation via Leave this area blank for abstract info.
Decarboxylative Aldol Reactions of Malonic Acid Hal
Thioesters with Aldehydes Promoted by Chloramphenido
derived Sulfonamides

Yafeng Wang, Guanxin Huang, Sha Hu, Kaijun Jin, Van* and Fener Chen*
#Department of Chemistry, Fudan University, 220 Hem&oad, Shanghai 200433, People’s Republic ofa&Chin
PEngineering Center of Catalysis and Synthesis fural Molecules at Fudan University

SO,
NH

OTr
NO3
(0] —<—7 OH O =

S OH 4R
A cat (50 mol%) a2
R @)‘\H + R2+©/ \g/\g/ VTSR THFE6.1 0°C @)\/U\S
17 Ri
= =




Tetrahedron

journal homepage: www.elsevier.com

Enantioselectiv-Hydroxy thioesters Formation via Decarboxylativielé\
Reactions of Malonic Acid Half Thioesters with Aldgles Promoted by
Chloramphenicol derived Sulfonamidfés

Yafeng Wang, Guanxin Huang, Sha Hu, Kaijun Jim Y@u* and Fener Chen*

@ Department of Chemistry, Fudan University, 220 #amRoad, Shanghai 200433, People’s Republic af«Chi
P Engineering Center of Catalysis and Synthesis firal Molecules at Fudan University

ARTICLE INFO ABSTRACT

Article history A highly enantioselective synthesis of chifahydroxy thioesters that uses a decarboxyl:
Received aldol reaction of malonic acid half thioesters aidehydes catalyzed by a chloramphetr
Received in revised form base-derived bifunctional organocatalyst is rembriEne resulting chirgb-hydroxy thioestel
Accepted were obtained in high yields (up to 82%) with gdodexcellent enantioselectivities (up to €
Available online ee). The synthetic application of the methodologyllustrated by the asymmetric synthesi

the selective serotonin reuptake inhibitor dapoeeti
Keywords

Chloramphenicol base-sulfonamides catalysts

Aldol reaction

Asymmetric catalysis

Chiral g-hydroxy thioesters

1. Introduction

Chiral g-hydroxy thioestef8 are important synthetic building OH.: OH
blocks in many pharmaceuticals and natural produettuding : )
erythromycin (), oxytetracycline %), triamcinolone diacetate ~_ .
(3), tephrosin 4), atorvastating) and fluoxetine ). In the past

two decades, tremendous efforts have been devotetheto o)
construction of this class gfhydroxy thioester motifs using a
highly enantioselective catalytic approach. Fornegke, Ikariya

and co-workerd reported work on the asymmetric synthesis of -
S-hydroxy thioesters using an asymmetric Mukaiyanidola
reaction catalyzed by a BINOL-Ti complex. Subsediyent
Shaif! and Coz#! and their co-workers independently
investigated a direct aldol reaction with malonicidahalf
thioesters (MAHTS) using a chiral Cu/bis(oxazolima}alyst to
give the correspondings-hydroxy thioesters; this method
required the use of metal catalysts. Recently, &8fhdisclosed

a metal-free decarboxylative addition reaction oAHTs with
isatins for the synthesis gthydroxy thioesters that is catalyzedo
by cinchona-derived squaramide. Most importantlyemtising 3 Triameinlone

cinchona-based bifunctional thioureas or sulfonawidas diacetate 4 Tephrosin
catalysts, the groups of Sdfigand Wennemefs obtained -

hydroxy thioesters with up to 96% and 99% ee, respdy. OH OH

Despite considerable progress, however, the inabiitysand 0 MKV\/COOH CFs
high cost of the catalysts used in these protdawmiss their use 7N

in industrial applications. The ultimate goal ofvdmping a QNH — ©

practical and highly effective catalytic system egms elusive O : NH
forthe construction of chirgs-hydroxy thioester scaffolds using O ©M

the asymmetric decarboxylative aldol reaction.

5 Atorvastatin 6 Fluoxetine
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Figure 1. Pharmaceuticals and natural products derived ffemydroxy
thioesters.

Chloramphenicol base is a byproduct of chloramptani
production and an important chiral scaffold. Mamytogeneous
catalysts based on this structural motif have beported and
used in a wide variety of efficient enantioselectaed non-
enantioselective asymmetric reactions. These mactiave been
applied to many pharmaceuticals and natural predumtiuding
the asymmetric ring opening of prochiral cyclic gdfides,
asymmetric transfer hydrogenation/dynamic kinegisotution of
a-aminog-ketoesters, and catalytic enantioselective al@alc+

Tetrahedron

esters from MAHTs and aldehydes using our chirabretmh-
phenicol derived sulfonamide catalysts in a decaylative aldol
reaction.

2. Results/Discussion

We commenced our evaluation of the catalytic abitf
chiral chloramphenicol derived sulfonamide catal{€ta-10g,

Table 1. Asymmetric decarboxylative aldol reaction betw®AHT 8a and
aldehyde 7a catalyzed by various chloramphenicol derived hifiomal
catalysts

tions of a,f-unsaturated aldehydes with diketenes (Scheme 1).

Continuing our work! on the development of organocatalysts
and their applications in asymmetric synthesis, @in report
the highly efficient enantioselective synthesigdifydroxy thio-

a) asymmetric alcoholysisl'02: 106, 10¢, 10d, 10e]
o o
R4
o . R,
5 0

1= OMe, Ry= OH.
b) asymmetric intramolecular Michael Addition“oi]

Catalyst AorBorE or F
MeOH or BnSH, r.t.

up to 97% yield, 95% ee
R4= SBn, R= OMe.
up to 92% yield, 85% ee

o]
= Catalyst B
PhB(OH),,
H202,NayCOs,r.t.

up to 96% yield
91% ee

c) asymmetric transfer hydrogenation/dynamic kinetic resolutionl09: 101

OH
COOEt COOEt
NHBoc ©/\‘/HBOC
up to 92% yield
d) asymmetric Aldol addition“oﬂ

96% de
w Catalyst D

Catalyst [}

RuCl,, HCOONa,
Tween 20, r.t.

Oi-Pr

up to 72% yield

79% ee
Ti(O-i-Pr)s, -40°C 80% ee

asymmetnc intermolecular Michael addltlon

O e e

up to 98% yield
This work) asymmetric decarboxylative Aldol addition

Catalyst E

toluene, r.t.

95% ee

OH CatalystF
PhCHO + MTBEITHF 9:1
up to 82% yield
94% ee
FaC~CF3 QR1 RinRe FACo L CFs
m ,@’\”OTBS
NH ON - HN 5
Y OR Q ©/\” OR,
OQNW Rs  FsC N "CFy OoN Ri
X=S (A
><=o((B)) © ) )

Scheme 1Various asymmetric reactions catalyzed by our emfgrhenicol
derived catalysts

OH O
Catalyst (30 mol%) A)k
S OH R
~ —_— P
PRCHO + RN TymBEtHR-or P s
0O O 0°c,
Ta 8a 9a
R=4-MePh
— / -
CF; 10a Ry= N Ry, = OTr
CF3
10b Ry= N<:| R, = OTr
S0,
10c R,= N N R, = OTY
10d Rq= N<:| Ry=F
10e Ry= - <:| R,=OH

CF;

O,N

OTr
CF3

ON CFs
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7-9) and temperature (entries 10-11). MTBE/THF Y9vas the

i ield® (o b] (g
Enty Catalyst Time (@) Yield™¢6) i best solvent system among those that we screenedcathlyst
1 10a 5 42 74 loading had a marked effect on the reaction, with 0%
organocatalyst giving the best balance in termisafted yields
2 10b 8 53 74 and ee values. The reaction temperature had a d=vabie
3 10¢ 8 20 51 impact on the reaction rate, isolated yield andage. The aldol

reaction proceeded slowly in very low yield and eimnt
4 10d 5 25 62 selectivity when it was carried out all0°C (entry 11). When
the temperature was increased {@@ntry 8), the reaction gave a

5 10e 5 60 65 76% yield with 88% ee. A slight acceleration in tleagation rate

6 10f 6 85 65 and ee value was observed in the presence of 4 Acuolate
sieves (entry 13, Table 2). We therefore decideditothe aldol

7 109 8 78 86 reaction at 8C with 50 mol% of the catalyst and 4 A molecular
sieves in MTBE/THF (9:1).

8 11 6 80 5

A series ofg-hydroxy thioesters was obtained from a variety

9 12 6 & 1 of aldehydes and MAHTSs with the aim of extending tbepg of

10 13 6 95 2 the methodology under the optimized conditions. Aeva in
Scheme 2, we found that electron-rich thioesgarand9b give

11 14 6 78 7 high yields (80%, 73%) and excellent ee values (99%%).

Electron-deficient thioesters afforded products wéth values
lower than 84%. In general, electron-donating groapsthe
ortho, para or meta positions of the phenyl ringhef aldehydes
(9f-k) enable the decarboxylative aldol reaction tocpeal
effectively in high yield (70%-76%) and excellenta@tiomeric
excess(90%-94% ee). The enantiomeric excess desredsen
strongly electron-withdrawing groups, such pitro and p-
cyano groups, are attached to the phenyl rindhefaldehyde.
In addition, weakly electron-withdrawing groups arkeitated on
the phenyl ring of the aldehyde under the optimizedditions,
providing desired producBo-q with 88%-90% ee. The electron-

[a]Yield of isolated product. [b] Determined by HEL

11-14 by using thioesteBa and aldehyd&a as model substrates
for the decarboxylative aldol reaction. In the prese of organo-
catalysts 10a10g, 11-14 and using MTBE/THF=9:1 as the
solvent, desired produ@a was obtained in good to excellent
yields and poor to high ee values (Table 1, entrié4). In terms
of both isolated yield and ee, the best result wasioed with
catalystl0g

With this preliminary result in hand, we investied further

parameters that may affect the efficiency of thassformation, W  omoma J\/j
. . . . . O) H* RZO/ T MTBE/THF=0.1,0°C r j)\/m

including solvent (entries 1-6, Table 2), catalgsiding (entries

e F

Table 2. Optimization of the reaction conditions w Q Q/ o 9 @/
X s
OH o Lj/\)‘\ w

_S OH /:\)k R 9a, 80%, 90% ee 9b, 73%, 90% ee 9c, 74%, 72% ee
PhCHO + R W — s o o L Jij/
V/

7a 8a 9a
R=4-MePh 9d 72%, 81% ee 9e, 68%, 84% ee 9f, 73%, 92% ee
OH o /©/ oH o oH O
/@M w °\©/\)J\
S S ©/ S
Entry Solvent Catalyst T  Time Yield E&
|oadin (OC) (d) al (0/ ) (fy) 99, 72%, 94% ee 9h, 72%, 92% ee 9i, 76%, 90% ee
9 0 0 ?H Q /©/ OH O fY X OH O v
(%) s R LT O
e S
1 MTBE/THF(9:1) 30 0 8 78 86 ©/\/
2 MTBE 30 0 8 80 80 9j, 70%, 92% ee 9K, 70%, 90% ee 91, 70%, 90% ee
3 THF 30 0 8 83 72 @( oH o oH o J@(
4 AcOEt 30 0 8 72 86 w W J\j/\)ks
=
5 DCM 30 0 8 10 54 F
9m, 76%, 74% ee 9n, 82%, 70% ee 90, 72%, 90% ee
6 acetone 30 0 8 74 82
OH o OH O
7 MTBE/THF(9:1) 20 0 13 56 82 A L j /@/\)k @ @(\ASQ
8 MTBE/THF(9:1) 50 0 8 76 88 Q -
9 MTBE/THF(9:1) 70 0 7 80 80 9p, 73%, 90% ee 9q, 76%, 88% ee 9r, 70%, 70% ee
10 MTBE/THF(9:1) 50 15 4 82 84 . @ O
T,
11 MTBE/THF(9:1) 50 -10 15 47 55 s
12 MTBE/THF(9:1) 58 15 3 85 80 05, 80%. 86% o6
13 MTBE/THF(9:1) 50 0 6 80 90 Scheme 2. Substrate scope fohydroxy thioesters. Reaction conditions:
14 MTBE/THF(9:1) 46 0 7 68 88 Aldehyde (0.2 mmol), catalyst (10 g. 0.1 mmol), 4ndlecular sieves (0.1 g)

[a] Yield of isolated product. [b] Determined by HP. [c] cat (%) + 4 A and MAHT (1 mmol) in MTBE/THF (9:1, 1 mL) at® .
molecular sieves.



Ar
Ar [oNY]
\\S//O \\,S;O
! El N, R1
N 0 )
TrO N@ ? R TrO N. (;i
H

RS

Tetrahedron

and activates the aldehyde. Intermediadteis converted to
complexll as a result of the orientation determined by tireet
hydrogen-bonds. Thg-hydroxy thioester product is generated
from 9', which results from the decarboxylation of intediate

II. Importantly, only CQ is generated as a byproduct in this
decarboxylative aldol reaction.

We demonstrate the value of our methodology byyaagr
out the asymmetric synthesis of (+)-dapoxetine, etective
serotonin reuptake inhibitor, from primary alkyl bstrates in
very few steps. The reduction of chigahydroxy thioestei9a
with LiBH,4, which was prepared in situ from KBHand
anhydrous LiCl in THF at 70, provided (R)-1-phenylpropane-
1,3-diol 15 in 85% yield. The 1,3-diol smoothly w@mdient
hydroxyl tosylation with TsCl to form (R)-3-hydrox3phenyl-
propyl-4-methylbenzenesulfonal®, which then successfully
underwent nucleophilic substitution with 1-naphthal the
presence of KCO; to afford (R)-3-(naphthalen-1-yloxy)-1-
pheny Ipropan-1-ol(7) in excellent yield. The (S)-3-(naphthalen-
1-yloxy)-1-phenylpropan-1-aminkg) was formed by electro-
philic substitution, azidated, and reduced of thenesylated
derivative 7). Finally, (+)-dapoxetind9 was generated in 68%
yield by refluxing with aqueous formaldehyde solati@and

Figure 2. Plausible mechanism for the decarboxylative aldok,mic acid for 10 h (Scheme 3).

reaction

withdrawingp-bromo group at the 2-positon of the aldehyde ha
the biggest influence on the aldol reaction, amtitte very low
enantioselectivities (70% ee). The reaction of fihtkaldehyde
afforded product9l in high vyield (70%) with excellent
enantioselectivity (90% ee).

Considering the mechanism reported previously bg th
groups of Sond and Wennemef$, we propose the mechanism
shown in Figure 2. The tertiary amine of the chigshenicol
base forms two hydrogen-bonds with the MAHTSs becadtises o
basicity. The sulfonamide group acts as a hydrdgerd donor

OH
KBH,, LiCl . OH _TsCl, EtaN_
THF ©/\/\ DCM,24h
85% 93%
%a 15
90% ee OH
OH 1-naphthol, 0
~ acetone,K,CO3
©M OTs reflux, 12h OO
95%
16 17
>99% ee

&y

1) MsCl, EtzN, DMAP, DCM
2) NaN;, DMF
3)NaBH,, ethane-1,2-dithiol
MeOH, i-PrOH, THF
52%

HCHO.HCOOH
H,0

68%

18
92% ee
\N/
©/‘\/\o“
19
92% ee

(S)-Dapoxetine

Scheme 3Asymmetric synthesis of (+)-dapoxetih@

03. Conclusion

In summary, chiral bifunctional chloramphenicol igded
sulfonamide organocataly$0g displayed high catalytic activity
in the asymmetric aldol reaction of MAHTs with aldebgd
Various p-hydroxy thioesters were obtained in high yields and
excellent enantioselectivities under mild conditiomhe reaction
was successfully applied to the construction ofdigs in the
synthesis of (+)-dapoxetine without loss of enesdlectivity.
Further investigations aimed at exploring the scafethis
methodology are currently in progress in our lalmra

4. Experimental section

Unless otherwise specified, all reagents and solvesre
obtained from commercial sources and used withouthéu
purification. MTBE was distilled from calcium hyded THF
was distilled from sodium—benzophenott¢.(400 MHz) and“C
(100 MHz) NMR were recorded on a Bruker Avance 400
spectrometer using TMS or CDGis internal standards. Optical
rotations were measured by a JASCO P1020 digital ipudéer.
EI-MS were recorded on an Agilent 6890N/5975 spectteme
and ESI-MS were recorded on a Waters Micromass Quattr
Micro spectrometer. HRMS were recorded on a Bruker
micrOTOF spectrometer.HPLC analysis were performed wit
Daicel Chiralpak AD-H column (25 cm x 4.6 mm xuBn) and
Chiralpak OD-H column (25 cm x 4.6 mm x /6n). The
enantiomericratios, expressed as % ee, were detdmiy
HPLC analysis as specified in the individual expeital
descriptions and verified using the appropriatemsic mixtures.

General procedure for preparation of chloramphenicd
derived bifunnctional organocatalysts.

All the chloramphenicol derived bifunnctional orgaatalysts
10a-10g 11-14 were prepared by known procedife The
characterization results of new cataly&df and 10g were as
below.

N-((1R,2R)-1-(4-nitrophenyl)-2-(pyrrolidin-1-yl)-@rityloxy) p-
ropyl)-naphthalene-1-sulfonamid&Qf).

Yellow solid, mp 98-10%C. *HNMR (400 MHz, CDCJ): 5 =8.00
(s, 1H), 7.84 (dd, J = 7.5, 6.0 Hz, 2H), 7.75 — {H46H), 7.19



— 7.05 (m, 18H), 4.21 (d, J = 9.1 Hz, 1H), 3.10 (dd,1D.4, 5.3
Hz, 1H), 2.98 (d, J = 8.3 Hz, 2H), 2.56 (d, J = 18.54#), 1.70
(d, J = 6.4 Hz, 4H)**C NMR (100 MHz, CDCJ): 5= 146.94 ,
146.60 , 143.04 , 136.34 , 134.53 , 131.70 , 129.129.00 ,
128.90 , 128.76 , 128.43 , 127.84 , 127.71 , 127.637.17 ,
123.08 , 122.32 , 87.60 , 63.82 , 59.02 , 58.43.56, 48.19 ,
23.65 , 18.42 . HRMS (ESI) calcd forH3N;0sS [M + HJ
698.2683 , found 698.2701.

2,4,6-triisopropyl-N-((1R,2S)-1-(4-nitrophenyl)-H&riphen-yl-
2-(pyrrolidin-1-yl)pentyl)benzenesulfonamid®d).

Light yellow solid, mp 93-9%. 'HNMR (400 MHz, CDC)):

8= 7.81 (d, J = 8.3 Hz, 2H), 7.18 (s, 17H), 6.98 (s, 87 (s,
1H), 4.53 (d, J = 9.4 Hz, 1H), 3.99 (dt, J = 13.1,1625 2H), 3.23
(dd, J = 9.7, 4.6 Hz, 1H), 3.04 (dd, J = 17.5, 7.424%), 2.83 (d,
J = 6.1 Hz, 3H), 2.69 (d, J = 6.7 Hz, 2H), 1.76 (d, 2.Z Hz,
4H), 1.25 (d, J = 6.6 Hz, 6H), 1.19 (d, J = 6.8 Hz, 6H)0 (d, J
= 6.6 Hz, 6H)-*CNMR (100 MHz, CDCJ): = 152.95, 149.79,
147.18, 146.94, 143.13, 133.65, 128.93, 128.49,7R2727.18,
123.17, 122.89, 87.62, 64.08, 59.26, 57.49, 4834615, 29.61,
29.09, 25.07, 24.60, 23.85, 23.67, 23.57. HRMS (ESkd for
CuHssN3OsS [M + H]" 774.3943, found 774.3943.

General procedure for preparation of malonic acid falf
thioesters (MATHS).

MAHTs 20a 20b, 20¢ 20d, 20e were prepared by known
procedur8”. The characterization results o20a, 20b, 20g
20d, 20ewere as below.

3-ox0-3-(p-tolylthio)propanoic aci@Qa).

'HNMR (400 MHz, CDCJ): & =10.27 (s, 1H), 7.34 (d, J = 7.8
Hz, 2H), 7.25 (d, J= 7.8 Hz, 2H), 3.71 (s, 2H), 2.39 (s
3H).®CNMR (100 MHz, CDGJ): 5 =190.25 , 171.30 , 140.36 ,
134.36 , 130.19 , 122.93 , 48.18 , 21.29 .HRMS (ESkd for
CiH1005S [M + HJ' 211.0423, found 211.0423.

3-((4-methoxyphenyl)thio)-3-oxopropanoic a&iatf).

'HNMR (400 MHz, CDCJ): 3= 9.69 (s, 1H), 7.27 (d, J = 8.5 Hz,
2H), 6.87 (d, J = 8.5 Hz, 2H), 3.73 (s, 3H), 3.61 (4.2

3-((4-fluorophenyl)thio)-3-oxopropanoic ack{lc).

'HNMR (400 MHz, CDCJ): 5 =10.68 (s, 1H), 7.42 (dd, J = 8.3,
5.4 Hz, 2H), 7.13 (t, J = 8.5 Hz, 2H), 3.72 (s, 2H).

3-((2-chlorophenyl)thio)-3-oxopropanoic aciid).

'HNMR (400 MHz, CDCJ): 8= 12.95 (dd, J = 4.0, 1.8 Hz, 1H),
7.65 (dd, J = 19.9, 7.7 Hz, 2H), 7.54 (t, J = 7.7 H4), 7.46 (t, J
= 7.5 Hz, 1H), 3.87 (s, 2H)°C NMR (100 MHz, CDCJ): =
188.81, 168.89 , 167.54 , 138.00 , 137.76 , 132.330.67 ,
128.48 , 126.80 , 49.66 . HRMS (ESI) calcd fgHEZIO,S [M +
Na]" 252.9697, found 252.9697.

3-((4-chlorophenyl)thio)-3-oxopropanoic aciiE).

'HNMR (400 MHz, CDCJ): § =13.05-12.73 (m, 1H), 7.60 (s,
2H), 7.50 (s, 2H), 3.85 (s, 2H).

General procedure for catalytic aldol reaction

The procedure was used for all the substrates. Btirdng
solution of MAHT 8, Lmmol), catalystl0g, 774mg, 0.1mmol)
and 4A molecular sieve (0.1g) in anhydrous MTBE/TSEL,
1ml), aldehyde¥, 0.2mmol) was added af® and stirred for 8
days. The g-hydroxy thioester §) was achieved by flash
chromatography (Petroleum Ether/EtOAc = 10:1 to 4:1)

5
(R)-S-p-tolyl 3-hydroxy-3-phenylpropanethio&es(

White solid, mp 85-87C. [o]°20 = + 18.24 (c 0.104, CHgJI
'HNMR (400 MHz, CDCJ): & =7.37 — 7.19 (m, 9H), 5.18 (dd,
J=8.9, 3.6 Hz, 1H), 3.04 (qd, J = 16.0, 6.2 Hz, 2x86 (s, 3H).
®CNMR (100 MHz, CDCJ): & =197.82 , 142.15 , 139.99 ,
134.40, 130.09, 128.55, 127.87 ,125.63 , 1234870 , 51.94

, 21.30 .HRMS (ESI) calcd for ;6H:40,S [M + H]" 207.0944,
found 273.0955. ee &a : 90%, determined by HPLC analysis,
Daicel, Chiralpak AD-H column (25 cm x 4.6 mm xuB), n-
hexane/isopropanol = 95/5, 1 mL/min, 216 nm, 2&xdmajor)

= 24.682 min, ¢ (minor) = 28.651 min.

(R)-S-p-tolyl 3-hydroxy-3-phenylpropanethio&ts(

White solid, mp 126-130°Ca]°20 = + 18.24 (c 0.104, CHE)L
Ref”. [¢]°20 = + 15.4 (c 0.10, CHEIl *HNMR (400 MHz,
CDCly): 6 =7.43 — 7.28 (m, 7H), 6.95 (d, J = 8.8 Hz, 2H), 5.21
(dd, J = 8.8, 3.6 Hz, 1H), 3.83 (s, 3H), 3.06 (qd,1B:0, 6.2 Hz,
2H). ee of9b : 90%, determined by HPLC analysis, Daicel,
Chiralpak AD-H column (25 cm x 4.6 mm x pm), n-
hexane/isopropanol = 95/5, 1 mL/min, 216 nm, 2&xqmajor)

= 32.859 min, & (minor) = 37.942 min.

(R)-S-(4-fluorophenyl) 3-hydroxy-3-phenylpropaneté Oc).

White solid, mp 96-%%. [¢]°20 = + 14.00 (c 0.10, CHg)I
Ref™. [o]°20 = + 17.8 (c 0.10, CHEIl *HNMR (400 MHz,
CDCly):8= 7.44 — 7.27 (m 7H), 7.12 (t, J = 8.6 Hz, 2H), 5.22
(dd, J = 9.0, 3.5 Hz, 1H), 3.08 (ddd, J = 19.5, 16.9,Hz, 2H).
ee of9c: 72%, determined by HPLC analysis, Daicel, Chidalpa
AD-H column (25 cm x 4.6 mm x pm), n-hexane/isopropanol
= 95/5, 1 mL/min, 216 nm, 26°Cg {major) = 17.445 min,gt
(minor) = 19.392 min.

(R)-S-(2-chlorophenyl) 3-hydroxy-3-phenylpropanesdite Od).

[o]P20 = +22.92 (c 0.288, CHg! '"HNMR (400 MHz, CDC)):
8= 7.52 (t, J = 8.2 Hz, 2H), 7.36 (dd, J = 16.1, 8.5 H), 5.24
d, J 8.5 Hz, 1H), 3.11 (ddd, J 18.5, 159, 58 H
2H).®CNMR (100 MHz, CDCJ): § =195.12 , 142.02 , 138.50 ,
136.99 , 131.35, 130.28 , 128.59 , 127.95 , 127.335.66 ,
70.68 , 52.14 .HRMS (ESI) calcd for,88,5,ClO,S [M + H]
315.0213, found 315.0217. ee9xf : 81%, determined by HPLC
analysis, Daicel, Chiralpak AD-H column (25 cm x 4.60m 5
um), n-hexane/isopropanol = 97/3, 1 mL/min, 216 B0°C, &
(major) = 42.497 mingt(minor) = 45.272 min.

(R)-S-(4-chlorophenyl) 3-hydroxy-3-phenylpropanetié Oec).

[«]P20 = +18.18 (c 0.242, CHg! "HNMR (400 MHz, CDC)):

8 =7.37 (dt, J = 14.6, 9.2 Hz, 9H), 5.22 (dd, J = 8.9,Hz, 1H),
3.08 (ddd, J =19.2, 15.9, 6.1 Hz, 2H). e®ef 84%, determined
by HPLC analysis, Daicel, Chiralpak AD-H column (25 &m.6
mm x 5um), n-hexane/isopropanol = 98/2, 1 mL/min, 216 nm,
30°C, k (major) = 35.706 mingt(minor) = 41.740 min.

(R)-S-p-tolyl 3-hydroxy-3-(3-methoxyphenyl)propaitette ©f).

White solid, mp 51-5%. [¢]°20 = + 22.03 (c 0.236, CHgI
"HNMR (400 MHz, CDC)): § =7.28 (dt, J = 12.7, 8.1 Hz, 5H),
6.99 — 6.83 (m, 3H), 5.20 (dd, J = 8.9, 3.6 Hz, 1HB33s, 3H),
3.07 (qd, J = 15.9, 6.3 Hz, 2H), 2.40 (s, 3 NMR (100 MHz,
CDCly): 8= 197.70 , 159.76 , 143.85 , 139.93 , 134.36 ,030.
129.55, 123.48,117.85, 113.46,111.01, 7577 ,51.91 ,
21.26 . HRMS (ESI) calcd for @H,50;S [M + H]" 303.1049,
found 303.1063. ee ¢ff : 92%, determined by HPLC analysis,
Daicel, Chiralpak AD-H column (25 cm x 4.6 mm xuf), n-
hexane/isopropanol = 90/10, 1 mL/min, 216 nm, 3@z@najor)
=17.508 min, & (minor) = 20.737 min.
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(R)-S-p-tolyl 3-hydroxy-3-(p-tolyl)propanethioa®gj.

White solid, mp 89-9C. [¢]°20 = + 10.83 (c 0.24, CHI
'HNMR (400 MHz, CDCJ): 8 =7.34 — 7.24 (m, 6H), 7.20 (d, J =
7.9 Hz, 2H), 5.20 (dd, J = 9.0, 3.5 Hz, 1H), 3.07 (dHd, 19.5,
15.9, 6.3 Hz, 2H), 2.41 (s, 3H), 2.38 (s, 3#).NMR (100 MHz,
CDCly): 8 =197.79 , 139.94 , 139.22 , 137.58 , 134.40 ,dA0.
129.21 , 125.58 , 123.55, 70.58 , 51.97 , 21.29.08 .HRMS
(ESI) calcd for GH150,S [M + H]" 287.1100, found 287.1100.
ee of9g: 94%, determined by HPLC analysis, Daicel, Chiralpa
AD-H column (25 cm x 4.6 mm x pm), n-hexane/isopropanol
= 90/10, 1 mL/min, 216 nm, 30°G; {major) = 12.425 mingt
(minor) = 13.713 min.

(R)-S-p-tolyl 3-hydroxy-3-(o-tolyl)propanethioa2gj.

White solid, mp 43-4%. [o]°20 = + 27.78 (c 0.180, CHgJI
'HNMR (400 MHz, CDCJ): 6= 7.47 (d, J = 7.4 Hz, 1H), 7.29 —
7.09 (m, 7H), 5.39 (dd, J = 8.9, 3.2 Hz, 1H), 3.0687m, 2H),
2.35 (s, 3H), 2.31 (s, 3HJCNMR (100 MHz, CDCJ)): 8= 198.09

, 140.22, 140.09 , 134.48 , 134.19 , 130.54 , 830.127.72 ,
126.49 , 125.30 , 123.57 , 67.46 , 50.82 , 21.38.02 . HRMS
(ESI) calcd for GH1g0,S [M + H]" 287.1100, found 287.1100.
ee of9h : 92%, determined by HPLC analysis, Daicel, Chiralpa
AD-H column (25 cm x 4.6 mm x pm), n-hexane/isopropanol
= 90/10, 1 mL/min, 216 nm, 30°G; {major) = 10.774 mingt
(minor) =12.807 min.

(R)-S-p-tolyl 3-hydroxy-3-(3-phenoxyphenyl)propaictei).

White solid, mp 60-6C. [¢]°20 = + 13.14 (c 0.236, CHgI
'HNMR (400 MHz, CDC}): 6= 7.41 — 7.22 (m, 7H), 7.10 (dt, J =
21.1, 7.5 Hz, 5H), 6.96 (dd, J = 8.1, 1.9 Hz, 1H), §d® J =
8.5, 3.8 Hz, 1H), 3.06 (qd, J = 16.0, 6.2 Hz, 2H), 2(40
3H).*CNMR (100 MHz,CDC)): & =197.73 , 157.50 , 156.95 ,
144.25 |, 140.01 , 134.38 , 130.09 , 129.88 , 129.123.39 ,
123.34,120.37,118.92,118.11 , 116.06 , 703677 , 21.29 .
HRMS (ESI) caled for §H»,0:S [M + H]" 365.1206, found

365.1206. ee dBi : 90%, determined by HPLC analysis, Daicel,

Chiralpak AD-H column (25 cm x 4.6 mm x pm), n-
hexane/isopropanol = 90/10, 1 mL/min, 216 nm, 3@z@najor)
=15.302 min, £ (minor) = 18.69 min.

(R)-S-p-tolyl
(9).

White solid, mp 74-7%. [¢]°20 = + 9.37 (c 0.128, CHg)I
"HNMR (400 MHz, CDC}): 6 =7.39 (d, J = 8.3 Hz, 2H), 7.33 —
7.27 (m, 4H), 7.24 (d, J = 8.1 Hz, 2H), 5.19 (dd, 9.k 3.3 Hz,
1H), 3.07 (ddd, J = 19.4, 16.0, 6.3 Hz, 2H), 2.338K), 1.32 (s,
9H).®CNMR (100 MHz, CDCJ): 6= 197.91 , 150.95 , 140.00 ,
139.16,134.44 ,130.11, 125.51 , 125.43 , 123AB55 , 51.92

, 34.54 , 31.32 , 21.33 .HRMS (ESI) calcd fot5,0,S [M +
H]* 329.1570, found 329.1584. ee ®jf : 92%, determined by
HPLC analysis, Daicel, Chiralpak AD-H column (25 crm4 %
mm x 5um), n-hexane/isopropanol =
30°C, k (major) = 9.242 mingt(minor) = 10.837 min.

(R)-S-p-tolyl 3-hydroxy-3-(4-methoxyphenyl)propaitette ©k).

White solid, mp 89-9C. [«]°20 = + 5.24 (c 0.102, CHCI3).
'HNMR (400 MHz, CDCJ): 8= 7.35 — 7.23 (m, 6H), 6.91 (d, J =
8.6 Hz, 2H), 5.17 (dd, J = 8.9, 3.5 Hz, 1H), 3.82 (8), 38.06
(ddd, J = 19.4, 15.9, 6.3 Hz, 2H), 2.40 (s, 3I@NMR (100
MHz, CDCk): 4 =197.74 , 159.24 , 139.93 , 134.38 , 130.06
126.93 , 123.54 , 113.91, 70.34 , 55.23 , 51.96.28 .HRMS
(ESI) calcd for GH50;S  [M + HJ" 303.1049, found 303.1043.
ee of9k : 90%, determined by HPLC analysis, Daicel, Chiralpa
AD-H column (25 cm x 4.6 mm x pm), n-hexane/isopropanol

3-(4-(tert-butyl)phenyl)-3-hydroxypanethioate

Tetrahedron

= 90/10, 1 mL/min, 216 nm, 30°CG; {major) = 18.684 min gt
(minor) =21.201 min.

(R)-S-p-tolyl 3-hydroxy-3-(naphthalen-1-yl)propdmiette Ql).

White solid, mp 122-12€. [¢]°20 = + 8.93 (c 0.168, CHg)!
'"MNMR (400 MHz, CDC}): 6= 7.87 (d, J = 7.8 Hz, 4H), 7.57 —
7.46 (m, 3H), 7.29 (dd, J = 28.6, 7.9 Hz, 4H), 5.40, @= 8.8,
3.6 Hz, 1H), 3.17 (qd, J 16.0, 6.2 Hz, 2H), 2.41 (s,
3H).®CNMR (100 MHz, CDC)): $ 197.70 , 139.92 , 139.53 ,
134.35, 133.18 , 132.96 , 130.04 , 128.34 , 127.937.61 ,
126.17 , 125.94 , 124.45 , 123.57 , 123.45 , 778200, 76.68 ,
70.76 , 51.86 , 21.25 .HRMS (ESI) calcd fostf0,S [M +
NH,]" 340.1366, found 340.1366. ee3f: 90%, determined by
HPLC analysis, Daicel, Chiralpak AD-H column (25 crm4 %
mm x 5um), n-hexane/isopropanol = 90/10, 1 mL/min, 216 nm,
30°C, k (major) = 17.873 mingt(minor) = 22.399 min.

(R)-S-p-tolyl 3-(4-cyanophenyl)-3-hydroxypropaneéte Om).

White solid, mp 122-12€. [¢]°20 = + 15.84 (c 0.284, CHgI
'HNMR (400 MHz, CDCJ): 8= 7.66 (d, J = 8.2 Hz, 2H), 7.50 (d,
J = 8.2 Hz, 2H), 7.27 (g, J = 8.3 Hz, 4H), 5.33 — §rA0 1H),
3.11 — 2.98 (m, 2H), 2.40 (s, 3HJCNMR (100 MHz, CDCJ)): &
=197.59 , 147.37 , 140.25, 134.32 , 132.35 , 130.126.35 ,
123.00 , 111.56 ,69.89 , 51.38 , 21.29 .HRMS (Ealzd for
Ci7H1sNO,S [M + H]" 298.0896, found 298.0896. ee @in :
74%, determined by HPLC analysis, Daicel, Chiralpak-l®D
column (25 cm x 4.6 mm x @m), n-hexanel/isopropanol =
90/10, 1 mL/min, 216 nm, 30°Cg {minor) = 11.343 min, gt
(major) = 13.651 min.

(R)-S-p-tolyl 3-hydroxy-3-(4-nitrophenyl)propanethie On).

White solid, mp 113-1€. [¢]°20 = + 16.01 (c 0.606, CHgJ!
'HNMR (400 MHz, DMS0)3 =8.20 (d, J = 8.5 Hz, 2H), 7.67 (d,
J =8.5Hz, 2H), 7.26 (s, 4H), 5.97 (d, J = 4.8 Hz, B)9 (dd, J
=12.1, 5.4 Hz, 1H), 3.10 — 2.96 (m, 2H), 2.33 (s, 3BNMR
(100 MHz, DMSO0):5 194.28 , 151.92 , 146.56 , 139.27 , 134.13
,129.87 ,127.02, 123.84,123.23 , 68.58 , 52269 . HRMS
(ESI) calcd for GgH1sNO,S [M + H]" 318.0795, found 318.0803.
ee of9n : 70%, determined by HPLC analysis, Daicel, Chiralpa
OD-H column (25 cm x 4.6 mm x jam), n-hexane/isopropanol
= 90/10, 1 mL/min, 216 nm, 30°C; {minor) = 33.757 min,gt
(major) = 41.5 min.

(R)-S-p-tolyl 3-(4-fluorophenyl)-3-hydroxypropanietite Qo).

White solid, mp 107-10€. [¢]°20 = + 9.09 (c 0.154, CHg)!
'HNMR (400 MHz, CDCJ): 8= 7.40 — 7.22 (m, 6H), 7.06 (t, J =
8.7 Hz, 2H), 5.19 (dd, J = 8.7, 3.7 Hz, 1H), 3.05 (4d,16.0, 6.3
Hz, 2H), 2.40 (s, 3H*CNMR (100 MHz, CDC)): 5 =197.85 ,
140.16 , 138.04 , 138.01 , 134.46 , 130.21 , 127.3P7.4,
123.43 , 115.57 , 115.36 , 70.17 , 51.98 , 21.BIRMS (ESI)
caled for GgHisFO,S[M + H]™ 291.0850, found 291.0850. ee of

90/10, 1 mL/min, 216 nm 90 : 90%, determined by HPLC analysis, Daicel, Chiralp®-

'H column (25 cm x 4.6 mm x Bm), n-hexanefisopropanol =
95/5, 1 mL/min, 216 nm, 30°Cg t(major) = 23.314 min,gt
(minor) = 26.357 min.

(R)-S-p-tolyl 3-(4-chlorophenyl)-3-hydroxyproparietite Op).

White solid, mp 128-13C. [¢]°20 = + 12.28 (c 0.228, CHg!
'HNMR (400 MHz, DMSO0):8 =7.40 (s, 4H), 7.26 (s, 4H), 5.73
(d, J = 4.6 Hz, 1H), 5.10 — 4.98 (m, 1H), 3.04 — 282 2H),
2.34 (s, 3H)’CNMR (100 MHz, DMSO):5= 194.47, 143.17 ,
139.20, 134.12 , 131.57 , 129.84 , 127.97 , 127.633.95 ,
68.72 , 52.42 , 20.70 .HRMS (ESI) calcd foelfysCIO,S[M +
H]* 307.0554, found 307.0554. ee @i : 90%, determined by



HPLC analysis, Daicel, Chiralpak AD-H column (25 crm%6
mm x 5um), n-hexane/isopropanol = 95/5, 1 mL/min, 216 nm
30°C, k (major) = 23.989 mingt(minor) = 27.243 min.

(R)-S-p-tolyl 3-(4-bromophenyl)-3-hydroxypropane#t@®@q).
White solid, mp 144-14%. [¢]°20 = + 12.78 (c 0.352, CHg!

'HNMR (400 MHz, DMSO0):5 =7.59-7.15 (m, 8H), 5.73 (s, 1H),
5.03 (s, 1H), 2.98 (s, 2H), 2.33 (s, 3¥INMR (100 MHz,
DMSO): 4 =194.45 , 143.59 , 139.19 , 134.12 , 130.89 ,84£9.
128.01 , 123.94 , 120.08 , 68.76 , 52.38 , 20.ARMS (ESI)
caled for GgH1sBrO,S [M + NH,]" 368.0314, found 368.0312. ee
of 9q : 88%, determined by HPLC analysis, Daicel, Chiralpa
OD-H column (25 cm x 4.6 mm x jam), n-hexane/isopropanol
= 90/10, 1 mL/min, 216 nm, 30°C; {minor) = 17.811 min,gt
(major) = 20.363 min.

(R)-S-p-tolyl 3-(2-bromophenyl)-3-hydroxypropane#t@@r).

White solid, mp 110-1Z. [¢]°20 = + 61.90 (c 0.126, CHgJ!
"HNMR (400 MHz, CDCY)): & =7.59 (dd, J = 37.2, 7.8 Hz, 2H),
7.40 — 7.13 (m, 6H), 5.52 (d, J = 9.2 Hz, 1H), 3.2I®3m, 2H),
2.91 (dd, J = 16.1, 9.4 Hz, 1H), 2.40 (s, 3FNMR (100 MHz,
CDCly): 8 =198.04 , 141.02 , 140.02 , 134.41 , 132.64 ,UBO.
129.13 , 127.80 , 127.33 , 123.38 , 121.27 , 69.49.95 ,
21.30 . HRMS (ESI) calcd for ;@4;:BrO,S [M + NH,]"
368.0314, found 368.0320. ee¥f: 70%, determined by HPLC
analysis, Daicel, Chiralpak OD-H column (25 cm x 4@ m 5
um), n-hexane/isopropanol = 90/10, 1 mL/min, 216 86fC, &
(minor) = 10.593 mingt(major) = 12.079 min.

(R)-S-p-tolyl 3-(3-bromophenyl)-3-hydroxypropanesi@s).

White solid, mp 84-8%. [¢]°20 = + 15.71 (c 0.49, CHg)I
"HNMR (400 MHz, CDCJ): 8= 7.56 (s, 1H), 7.44 (d, J = 7.7 Hz,
1H), 7.33 — 7.21 (m, 6H), 5.17 (dd, J = 8.3, 4.0 H%), B.13 (s,
1H), 3.10 — 2.97 (m, 2H), 2.40 (s, 3HENMR (100 MHz,
CDCly): 8 =197.69 , 144.44 , 140.08 , 134.37 , 130.87 ,1B0.
128.78 , 124.23 , 123.24 , 122.64 , 69.94 , 51.&1.29 .
HRMS (ESI) calcd for GH;sBrO,S [M + NH,]* 368.0314, found
368.0305. ee dds: 86%, determined by HPLC analysis, Daicel,
Chiralpak OD-H column (25 cm x 4.6 mm x j@m), n-
hexane/isopropanol = 90/10, 1 mL/min, 216 nm, 3@3@minor)
=16.301 min, & (major) = 24.209 min.

General procedure for preparation of (+)-dapoxetine
(R)-1-phenylpropane-1,3-didlf).

A mixture of KBH, (3.24g, 60mmol) and LiCl (2.54g, 60mmol)
was stirred in boiling anhydrous THF undep For 2h. The
reaction mixture was cooled to room temperature,asdlution
of 9a (5.44g, 20mmol) in THF was added dropwise 4 dver 1
h. Striing was continued at room temperature foadditioal 3h.
Then water was added and stirred for 1h, extractéu BCM,
the combined organic phase was washed with wateid dhiih
N&SQO, and evaporated in vacuo.
purified by flash chromatography (Petroleum Ethebigc =
10:1 to 4:1) to givel(s, 2.58g, 85%) as a colorless oit] 120 =

+ 62.42 (c 0.564, CHGL Ref'™. [¢]°20 = + 59.1 (c 1.00,
CHCL). '"HNMR (400 MHz, CDCJ): 6 =7.39 — 7.22 (m 5H),
4.84 (dd, J = 8.5, 4.0 Hz 1H), 3.85 (s, 2H), 3.78 — 3.62 (m,
2H), 1.98 — 1.77 (m, 2H).

(R)-3-hydroxy-3-phenylpropyl 4-methylbenzenesuliis).

To a stirring solution o5 (1.58g, 10mmol) in DCM at @C was
added triethylamine (2.1g, 20mmol) and a solutidntasyl
chloride (2.18g, 11mmol) in DCM. The reaction miduwas

The crude product wa!

7
allowed to stried at r.t. for 24h. It was then ectea with ethyl

,acetate, washed with brine (20 mL), dried with,8, and

evaporated in vacuo. The crude product was purliigdlash
chromatography (Petroleum Ether/EtOAc = 10:1 to 4td give
(16, 2.95g, 93%) as a colorless oik]{20 = + 17.60 (c 1,
CHCL). Ref'™. [¢]°24 = + 12.2 (c 5.53, CHEQI'HNMR (400
MHz, CDCk): 8 =7.77 (d, J = 8.2 Hz, 2H), 7.35 — 7.23 (m, 7H),
4.78 (t, J = 6.7 Hz, 1H), 4.27 (dt, 3 = 9.9, 6.7 H2),14.08 — 4.01
(m, 1H), 2.44 (s, 3H), 2.01 (dd, J = 12.7, 6.1 Hz, 2H).

(R)-3-(naphthalen-1-yloxy)-1-phenylpropan-1-br),

A mixture of 16 (2.95g, 9.6mmol), 1-naphthol(1.53g, 10.6mmol)
and KCGO; (4.00g, 28.9mmol) in acetone was refluxed for 5h.
The reaction mixture was cooled to room temperatanel
acetone was evaporated. Then water (20 mL) was aduedd a
extracted with ethyl acetate (20 mL x 3), washed \hitime,
dried with NaSQO, and evaporated in vacuo. The crude product
was purified by flash chromatography (Petroleum EEt©AC =
10:1to 4:1) to givd7 as a white solid (2.55g, 95%) .

The optical purity ofl7 was further increased to 99% ee by
twice recrystallization from dichloromethane and exdne.
[a]°20 = -24.9 (c 1, CHG). Ref". [¢]°20 = -30.5 (c 0.5,
CHCl,)."HNMR (400 MHz, CDC}):5 =8.34 — 8.26 (m, 1H), 7.89
— 7.80 (m, 1H), 7.58 — 7.29 (m, 9H), 6.82 (d, J = MZ% 1H),
5.13 (dd, J = 7.8, 5.2 Hz, 1H), 4.34 (dd, J = 13.7,Hz, 1H),
4.18 (dd, J =11.4, 6.8 Hz, 1H), 2.55 (s, 1H), 2.£729 (m, 2H).
ee of 17 : >99%, determined by HPLC analysis, Daicel,
Chiralpak OD-H column (25 cm x 4.6 mm x j@m), n-
hexane/isopropanol = 92/8, 1 mL/min, 210 nm, 3Gxdmajor)

= 15.42min.

(S)-3-(naphthalen-1-yloxy)-1-phenylpropan-1-amib®) (

To a solution of alcohol 17 (1 g, 3.6 mmol) in DCM(mL) was
added triethylamine (0.91 g, 9 mol) and DMAP (4-dimy&t
aminopyridine, 0.01g, 0.08mmolxt 0 °C. Methanesulfonyl
chloride (1.03 g, 9 mmol) was added dropwise to #wction
mixture at 0°C over 20 min. The mixture was stirred at®for
0.5 h. The reaction mixture was washed with saturki@dCQO;
aqueous (3 x 5 mL), dired over }$0, and concentrated under
reduced pressure to give orange oil. The crudeystogtas used
in the next step without any further purificatiorhelorange oil
was dissolved in DMF (10 mL), sodium azide (0.48.8,rmmol)
was added to the reaction mixture in batches at room
temperature. The reaction mixture was stirred 8€50r 16 h. 5
mL H,O was added to quench the reaction, and the mixtase w
extracted with CHCI, (20 mL). The organic phase was washed
by H,O (5 x 10 mL), brine, dried over B8O, and concentrated
under reduced pressure to give orange oil. Theecpudduct was
used in the next step without any further purificatiThe residue
was dissolved in the mixture of MeOH/i-PrOH/THF 3:5:& (1
mL). To the solution was added triethylamine (0g37.2
mmol) at room temperature, followed by (0.03g, 0.86&1) 1,3-
propanedithiol. The reaction mixture was cooled f€0(1.36 g,
36 mol) sodium borohydride was added to the reacticxture at
0°C in batches. After addition, the reaction mixtures\gtirred at
0 °C for 2 h. The reaction mixture was quenched by wéitér
mL), the solvent was removed under reduced pressthe.
residue was dissolved by GEl, (30 mL), the organic phase was
washed with HO (3 x 10 mL), brine, dried over N&O, and
concentrated under reduced pressure to give yelldbwThe
crude product was purified by flash chromatographsingi
PE/EA 2:1 to give 18 as colorless oil (0.52 g, yi&R¥6).[a ]°20

+ 53.46 (c 1.62, CHGL Ref'. [«]°22 = 8.2 (c 0.3,
CHCL)."HNMR (400 MHz, CDCJ): 6= 8.27 (d, J = 4.7 Hz,
1H), 7.79 (s, 1H), 7.37 (ddd, J = 42.9, 29.5, 4.5%4), 6.72 (d,
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J = 6.7 Hz, 1H), 4.32 (s, 1H), 4.19 (s, 1H), 4.07 &), 2.27
(dd, J=17.9, 5.8 Hz, 2H).

ee of18: 92%, determined by HPLC analysis, Daicel, Chiralpa
OD-H column (25 cm x 4.6 mm x jam), n-hexane/isopropanol

= 80/20 with 0.1% EN, 0.8 mL/min, 254 nm, 35°Cg {minor) = 10.

13.589 min, ¢ (major) = 17.649min.

11.

(+)-dapoxetinel9).

A mixture of 18 (0.5g, 1.8mmol), 37%-40% formaldebyd
aqueous solution (0.59ml, 7.2mmol) and formic a€idb5ml,
14.4mmol) was refluxed for 12h. The reaction mixtwes
cooled to room temperature and adjusted to pH 8t WiN
NaOH solution. Then extracted with DCM (10 mX 3),
dried with NaSQ, and evaporated in vacuo. The crude product
was purified by flash chromatography (PetroleumeE&EtOAC
=10:1to 4:1 ? to give (19, 0.38g, 68%)a [°20 = + 69.2 (c 1,
CHCL). Ref"™@. [a 1”20 = + 65.9 (¢ 1.00, CHg)I *HNMR (400
MHz, CDCk): 6=8.00 (d, J = 7.2 Hz, 1H), 7.8% 7.48 (m,
3H), 7.15-7.37 (m, 5H), 6.89 (ddd, J = 25.2, 12.8, Mz, 3H),
4.81 - 4.50 (m, 1H), 4.06 (dd, J = 4.5, 3.3 Hz, 1H), 3.27)(d
6.8 Hz, 2H), 2.69-2.22 (m, 1H), 1.58 (s, 6H).

ee of19: 92%, determined by HPLC analysis, Daicel, Chiralpa
OD-H column (25 cm x 4.6 mm x jam), n-hexane/isopropanol
= 99/1 with 0.1% EN, 1 mL/min, 254 nm, 35°Cgt(minor) =
7.968 min, § (major) = 8.758min.
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