Accepted Manuscript

Efficient asymmetric synthesis of aryl difluoromethyl sulfoxides and their use to
access enantiopure a-difluoromethyl alcohols

Chloé Batisse, Maria F. Céspedes Davila, Marco Castello, Amélia Messara, Bertrand
Vivet, Gilbert Marciniak, Armen Panossian, Gilles Hanquet, Frédéric R. Leroux

PII: S0040-4020(19)30449-1
DOI: https://doi.org/10.1016/j.tet.2019.04.037
Reference: TET 30282

To appearin:  Tetrahedron

Received Date: 16 October 2018
Revised Date: 10 April 2019
Accepted Date: 15 April 2019

Please cite this article as: Batisse Chloé, Céspedes Davila MF, Castello M, Messara Amé, Vivet

B, Marciniak G, Panossian A, Hanquet G, Leroux FrééR, Efficient asymmetric synthesis of aryl
difluoromethyl sulfoxides and their use to access enantiopure a-difluoromethyl alcohols, Tetrahedron
(2019), doi: https://doi.org/10.1016/j.tet.2019.04.037.

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.


https://doi.org/10.1016/j.tet.2019.04.037
https://doi.org/10.1016/j.tet.2019.04.037

Enantioselective

Ar/S\CFzR oxidation o
\ T
Low e.e. Ar"S\CHFz

9 O
S ~ )L /
/@ N” "0 ~ BrCF,COOEt
Reformatsky-type

Bn reactions
Up to 97% e.e.

OH

)

HF,C
Access to highly enantioenriched
difluoromethylated alcohols



Graphical Abstract

To create your abstract, type over the instructinribe template box below.

Fonts or abstract dimensions should not be chaogallered.

Efficient asymmetric synthesis of aryl difluoromettyl
sulfoxides and their use to access enantiopuse
difluoromethyl alcohols

Hanquet and Frédéric R. Lerouix
Enantioselective

Ar/S\CFZR oxidation

Low e.e.
.C.) o
s. /
/@ N "0~ BrCF,COOEt
) Reformatsky-type
Bn reactions
Up to 97% e.e.

i

Leave this area blank for abstract info.

Chloé Batisse, Maria F. Céspedes Davila, Marco Castefietlia Messara, Bertrand Vivet, Gilbert Marcinidkmen Panossian, Gilles

——= HF,C RBZ

OH

Access to highly enantioenriched
difluoromethylated alcohols




Tetrahedron

journal homepage: www.elsevier.com

Efficient asymmetric synthesis of aryl difluoromgtlsulfoxides and their use to
access enantiopuesedifluoromethyl alcohols

Chloé Batissé, Maria F. Céspedes Davitsf, Marco Castelld, Amélia Messard, Bertrand Vivef,
Gilbert Marciniak®, Armen Panossiah Gilles Hanquet ""and Frédéric R. Lerouk
#Université de Strasbourg, Université de Haute-Adsd@NRS, UMR 7042-LIMA, ECPM, 25 Rue BecqueredlsBturg 67087, France.

P Universita degli Studi di Basilicata, Dipartimentd Scienze, Via Nazario Sauro, 85, 85100, Poteltely,
¢ Sanofi Aventis R&D, 16 rue d’Ankara, 67080 Strasgo

ARTICLE INFO ABSTRACT

Article history The -CHR moiety has shown a growing interest in pharmaceutand agrochemic
Received applicationsover the last few years. Its introduction is therefa current research topic
Received in revised form organic chemistsSeveral groups have reported the synthesis foddmethylated compount
Accepted However, the more challenging enantioselectiveothiction of the difluorontlyl group ha
Available online been scarcely described yet. We recently develepedw strategybased on the use of

enantiopure difluoromethyl sulfoxide used as chimadl traceless auxiliary, for tlsynthesis ¢
highly enantioenriched-difluoromethyl alcohol§. The first method developed in daboraton
aims to access highly stereoenriclhaddifluoro-B-hydroxysulfoxides through the condensa
of the enantiopure difluoromethyl sulfoxide on aamil derivatives. It is noteworthy that hig
diastereo- and enantioenricheg-difluoro-p-hydroxysulfoxides can also be accessed afte
diastereoselective reduction of highly enantiodret,a-difluoro-p-ketosulfoxidesFinally, the
expected difluoromethyl-substituted alcohols can dieained after removal ofhe chira
auxiliary with complete retention of stereoenriciminat carbon.
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1. Introduction molecules bearing this CHFmoiety? This is for instance the
) ) ) ] ] case for the synthesis of highly enantioenrichatifluoromethyl
Nowadays, fluorine plays an increasingly importanie i 5jconols. They can be accessed through bio- anehorgetallic
various areas of our daily lives. The improved ptejs chemical  eqyctions ofo,o-difluoro ketones, pallado-catalyzed reductive
and biological properties of drugs or agrochemidaéring  cqyplind or enantioselective difluoromethylations involving
fluorinated moieties have indeed been widely stud@®W ,aked CHE anion surrogates in presence of different chiral
highlighted over the past few yearsConsequently, the quaternary ammonium salts for instafit€. Recently, we also

development of new methodologies for the introductiof  yenorted a new enantioselective method to access thailding
fluorinated substituents — F, GOCR, SCh, C,FH,, etc. —has  p|gcks®

become an important subject of research for orgah&mists.
Moreover, their stereoselective introduction is revenore 2. Results and discussion

challenging. e
2.1.Description of the strategy
Recently, several groups focused their efforts de t

introduction of the CHF moiety. This fluorinated group, in As outlined above and in contrast to enantioselectiv
addition to impacting the acidity, metabolic stépjllipophilicity fluorination or even trifluoromethylation, the emiaselective
or even conformational preference of biologicallgtige  introduction of a difluoromethyl group is in itsfamcy. In our
compounds, is also known to be a good hydrogen Hondr and ~ willingness to contribute to the development of new
a bioisostere of hydroxy, thiol and amide grofipshese methodologies to access highly enantioenriaheifluoromethyl
outstanding properties led chemists to developraéveethods alcohols, it was chosen to use enantiopure aryuatifimethyl
for its non-stereoselective introductidrin contrast, a limited sulfoxides, their non-fluorinated analogues beingown as
aumber-of examples describe the enantioselectinthegis of  excellent chiral inductors employed in the syntbesii a huge
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number of optically pure compounds.This kind of
difluoromethyl group attached to an electron-withdrey
substituent can be readily deprotonated and trapjitbca variety
of electrophiles, such as aldehydes and ketoneer Aéparation
of the diastereomers of thgo-difluoro-B-hydroxysulfoxides and
removal of the chiral auxiliary, this strategy al® to access
highly enantioenriched-difluoromethyl alcohols (Scheme ).

The presence of a sulfanyl, sulfinyl or sulfonybgp in o
position of a carbanion is known to stabilize thigonic species.
This effect has therefore been widely explored aistudsed
over the last decades. It has been rationalizeddiffgrent
hypotheses, such as the possibility of back-donatiothe lone
pair of electrons of the carbanion into the vachotbitals of the
sulfur derivative’® polarizability of sulfut' or more recently,
negative hyperconjugation® ¢ 2

Moreover, in the case of fluorinated carbanionseirth
substitution with softening groups im position, such as
arylsulfonyl or arylsulfinyl groups, is also a uskefpproach to

alleviate the negative fluorine effect and enhantte
e . 3
nucleophilicity of the RCF species:
Hanquet, Leroux et al., Chem. Comm. 2018
Q STEP 1 Q j)k
@\CHFQ Deprotonation S\CF2®®M R R2
STEP 2
Addition to
9 o 9 Q the carbonyl
@%Bz derivative
FFR R'=H, Me
STEP 3 R? = Ar, HetAr, Alk.
Separation of the diastereomers
and desulfinylation
QH oH Obtention of
FHC L R? E HC/kRz highly enantioenriched
R! 2 R! difluoromethylated alcohols

Scheme 1Access to highly enantioenricheetifluoromethyl alcohols — Using
sulfoxides as chiral and traceless auxiliaries

This kind of strategy involving a difluoromethyldte
arylsulfonyl group has been extensively studiedigh, Prakash
and Hu, amongst othets.However, the chemistry using an
arylsulfinyl group has been rarely explored yetr Fstance, the
same scientists successfully achieved non-steesise
nucleophilic  (phenylsulfinyl) difluoromethylation fo both
enolizable and non-enolizable aldehydes and ketdiyessing
racemic difluoromethyl phenyl sulfoxide as fluododhating
agent'® Unfortunately, even if they managed to synthesize
difluoro  B-hydroxysulfoxides with good vyields, the
diastereomeric excesses associated were low (diasterie

ratios ranging between 49:51 and 33:67). This work was

considered as the starting point of our project.

In our case, the use of an enantiopure difluorogheth
sulfoxide was required to access highly enantiobedc,a-
difluoro-B-hydroxysulfoxides and a-difluoromethyl alcohols
(Scheme 1§. This strategy will be discussed in detail in this
paper. We will first present the numerous trials thiare carried
out in the aim of synthesizing an enantiopure diffiloromethyl
sulfoxide. Then, several experiments run in ordezvaluate and
improve the diastereoselectivity of the additiontleé sulfoxide
anion to carbonyl derivatives will be discussed. Avngay to
access diastereopurga-difluoro-B-hydroxysulfoxides, inspired
by the well-known diastereoselective reduction of -non
fluorinated p-ketosulfoxides, will be highlightetf. And finally,
the different strategies that have been employerktaove the
chiral auxiliary will be presented.

Tetrahedron

2.2 The quest for an enantiopure aryl difluoromesuifoxide

This investigation started focusing on the synthesia highly
enantiopure aryl difluoromethyl sulfoxide. To thesb of our
knowledge, only two groups managed to obtain thisd kirf
sulfoxide. Such compound had first been serendipijo
obtained as a degradation product by Bravo and ctes® in
their attempts to synthesize enantiopusemonofluorog-
ketosulfoxides (Scheme %) .Shortly after this work, the access
to an enantiopure aryl difluoromethyl sulfoxide wstadied by
the group of Yagupolskii’ They managed to synthesize highly
enantioenriched optically activp-chlorophenyl difluoromethyl
sulfoxide Rg)-4b with 98% e.e. Unfortunately, the strategy
consisted in a multi-step process involving a dmeaolution of
an arylsulfinyldifluoroacetic acid and the use dfficult-to-
handle intermediates. It was therefore decided garch for
another efficient method to generate highly enamitched aryl
difluoromethyl sulfoxides.

Bravo et al.
Q
S

0] O

= paidery

Ss) 2a (Ss)-3a

o
g Acidic work up
/@v o "

Ph

(Re)1a Selectfluor®

optically pure

Cl Cl

(Rs)-5b (Rs)-4b

98% e.e.
Scheme 2Two existing strategies to access highly enantiokeda-

difluoromethyl alcohols

Different enantioselective sulfoxidations of proehisulfides
usually employed to access enantiopure non-flutgtha
sulfoxides were first tested (Scheme 3). Oxidationetbfyl p-
chlorophenylthiodifluoroacetatéb, by using either the modified
Sharpless reagéfitor different oxidizing systems composed of
iron or vanadium complexes with Schiff bageand9” or, as a
start, achiral salen$0 and11,?* as ligands, were unfortunately
unsuccessful, even after several days of reactidhe
simultaneous presence of the ester group and offiwesine
atoms might be responsible for the low reactivitytted sulfide,
rendering it more electron deficient and less pitonige oxidized.

H,0, or NalO4 or HslOg
Fe(acac); or FeClz, 8 or 9

CHCl,

+-BUOOH
Ti(OiPr)s, (R,R)-DET, H,0

CH,CI,
>Clp 0 o
>%ko/\ H202 VO(acac),, 8 S%o/\
Cl 3 C 7

Hy0,, 10 or 11

CH,Cl,

R

+VO(acac), : 11

OHN

Scheme 3Attempts of enantioselective sulfoxidations



It was therefore decided to test those conditions ttom
corresponding difluoromethyl sulfidel2b obtained through
decarboxylation of compourtéb (Scheme 4). This species is less
electron-deficient and sterically less hinderechtbampoundb
due to the absence of the ester group and shonkkqaently be
more reactive towards oxidation.

/©/S‘CHF2 [
Cl

S.__COEt
JORY
FF

a 6b 12b

LiCI (2 equiv.), HoO (2 equiv.)

NMP
200 °C (MW), 30 min
69%

o
g 0\\3/,0 Ti(OiPr), (1 equiv.), (R,R)-DET (2 equiv.),
/@” “CHF, /@/ “CHF, TBHP (1.1 equiv.), H,0 (1 equiv.)
+
cl cl CH,Cl,
4b 13b 20 °C, 9 days

33%, 24% e.e. 59%

VO(acac), (1 mol%), 9 (2 mol%)
H20, (1,15 equiv.)

4b +
18%, 5% e.e.

13b
Traces

CH,Cl,
20 °C, 7 days

Oxaziridine 14 (1 equiv.)
TFA (1.2 equiv.)

4b

91%, 26% e.e. HFIP

20 °C, 7 days
Scheme 4Preparation of a less electron-deficient sulfide attempts for its
enantioselective sulfoxidation

The expected sulfoxide could indeed be obtainedutyn
oxidation using Kagan's conditions involving the difeed
Sharpless reagentS¢heme YW° However, after a rapid
optimization, only 24% of enantiomeric excess wataioled at
best for compound4b. Moreover, large amounts of the
corresponding sulfon&3b were obtained due to overoxidation of
sulfoxide 4b and nine days of reaction were required (Se
supplementary data for optimization table). The wethe
oxidizing system composed of Schiff ba8e VO(acac) and
H,O, on sulfide 12b also led to a small conversion into the
expected sulfoxide after one week of reaction atnroo
temperature §cheme Y'* Unfortunately, difluoromethyl
sulfoxide 4b was obtained with only 5% e.&inally, Davis’
camphorsulfonyl oxaziridind4 was tested as a stoichiometric
chiral oxygen-transfer agent on sulfiizb (Scheme 45° After a
rapid optimization (See supplementary data forid@faunning
the reaction in HFIP as solvent gave positive tesaffordingdb
with 91% conversion and 24% e.e. after seven daysadftion.
Due to the long reaction times required and to thes |
enantiomeric excesses and conversions obtainedoBt oases,
such methods were set aside for the benefit of ctinetegies.

A diastereoselective pathway was then attempteddesache
desired enantiopure aryl difluoromethyl sulfoxitte (Scheme 5).
For this purpose, it was decided to introduce (-jyhel as a
chiral auxiliary. The synthesis of enantiopure rhght(4-
chlorophenyl)thio)-2,2-difluoroacetate15b was performed
through transesterification of sulfinyl acet&db. We believed
that the oxidation of this prochiral sulfide withrjmelic acid and

3
sulfoxide4b after saponification of diastereopuréb followed
by a decarboxylation step, or even by a direct Khnap
dealkoxycarbonylation-type reactfron 16b.

0 (-)-menthol o
S K
/©/ %0/\ DMAP /@/S%o
FF FF
Toluene
Cl
6b 111C, 20 h c 15b

60%

HslOg + FeCls-6H,0 MeCN, 45 T, 90 min

or HslOg + 18 Resp. 85% and 87%
e 9 9
S S K
%J\OH NaOH o
cl FF EtOH cl FF
17b 40C,17h 16b
Insoluble 91% 50:50
: Diastereomers
Decarboxylation i could not be separated
\
o}
1"
S.
c ab

Scheme 5Attempts to access highly enantioenriched sulfedialby using L-
menthol as a chiral auxiliary

After these unfruitful trials, it was decided to pemh
Reformatsky-type reactions using ethyl bromodifasmetate and
enantiopure (-)-menthylS-p-toluenesulfinatel9 in presence of
zinc, previously activated with HCI (Scheme®8No conversion
was obtained even by activating menthyl sulfind@ with
diethyl- or dimethylaluminium chloride in presencé silver
acetate. Honda’s meth@dnvolving a solution of diethylzinc in
presence of Wilkinson’s catalyst was also triedunfortunately,
the starting material was again totally recoveredalfy, indium

Seads were tested but no conversion was obtained.

BrCF,CO,Et
Zn or ZnEty/RhP(Ph3)3Cl or In

o o
S%O/\
F F
) 7a
Scheme 6Attempts to synthesize enantiopure sulfoxidéy performing
Reformatsky-type reactions on enantiopure (-)-mgr(®)-p-toluenesulfinatd 9

Q
S, o

(Additives tested with Zn
1

9 Et,AICI or MeoAICI + AgOAC,

As chiral sulfinyloxazolidinones have been describasl
hundred times more reactive than menthyl sulfina@®
compound Rs,R)-20 was tested as starting material for those
Reformatsky-type reactions (Table 1). To our ddligind as
previously shown by our grodpthe reaction using zinc activated
with HCI gave access to ethy,a-difluoro-(p-tolylsulfinyl)-
acetate $)-7a with a good yield and an enantiomeric excess of
up to 97% (Entry 1). The Honda-Reformatsky reacticsing
diethylzinc and Wilkinson’s catalyst also allowed tas obtain
(S5)-7a with slightly lower yield and enantiomeric excesss(r.
65% and 86% e.e., Entry 2). Unfortunately, reactidth indium
only gave low conversion (< 9%, Entry 3). This réattwas
optimized and highly enantioenriched sulfinyl atet#s)-7a

FeCLH,O could be selective due to the presence of thalchir WasS obtained with good yield by using diethylzinc i
menthyl group andlor afford a mixture of separablec@t@lyst (79% yield and 90% e.e., Entry 4). In thay, the pre-

diastereomers. It was also envisaged to use ifen samplexl8
in presence of periodic acid as a chiral oxidizggnt. However,
not only the sulfoxidation was not diastereoselectin both
attempts, certainly due to the distance betweesuHige and the
chiral auxiliary in the first case, but it was alsppossible to
separate the diastereomersléb by usual purification methods.
Otherwise, it could have been possible to get theecxp

activation of zinc powder is not necessary. Finabynd as
previously describefi highly enantioenriched difluoromethpt
tolyl sulfoxide &)-4a was obtained after decarboxylation of
enantioenriched sulfinylester S§-7a, followed by
recrystallisation from diethyl ether.
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Previous work - Hu, Prakash et al.

o] ) O OH
Table 1. Synthesis of highly enantioenriched sulfoxid&)4a by performing é\CHF . i t-BuOK (2 equiv.) gﬁRz €
. . . . 2 .
Reformatsky-type reactions on enantiopure sulfixgimlidinoné (Rs,R)-20 R OR? DMF £ F R
-30 °C, 30 min )
4c up to 99% yield
Hanquet, Leroux et al., Chem. Comm. 2018 1 equiv. 2 equiv. R R2 = H, Alk, Ar up to 33:67

o 0 o o
'S BrCF,COoEt 4 Starting conditions for this study
/@ NFO Hee o Q O OH

- .
FF 1 o +BUOK (2 equiv.) I

Bn THF, T, t Se)7 S~cHF s R? (Eq.2
(RsR)-20 (Ser-7a /©/ 2+ M THF /©/ SR Ea?)
LiCl (2 equiv.) ° i

=0

1 equiv. 2equiv. R1 R2=
CHF2 NMP, 100 °C, 15 min q q R', R® =H, Alk, Ar, HetAr
83%, up to 97% e.e.

-30 °C, 40 min
H,0 (2 equiv.) 4a

(Ss)-4a /©/S>g\© S%@\ S%@\
Entry BrCF,COEt  Metal T t Yield of e.e.of FF [ j FF £ F N

(equiv.) (equiv.) “°C) (h) 7a (%) 7a (%) 21a-1 21a-2 21a-3
> 99%, 41:59 90%, 39:61 99% 47:53
1 2.4 Zn (2.4) 66 41 72 97 9 oH OMe H oH
2 3.0 ZnEF 20 1 6E 86 /@/S /@
(2.0) 20 4 N
21a-4 21a-5
2 20 In (2.0) 66 48 < 3 90%, 47:53 > 99%, 43:57
0 oH O OH 0 oH
4 3.0 ZnEg 20 4 7S 90 s _ sm sm
(2.0) /©/ FF SN | /©/ FF Ly /©/ FF Ly
23 mol% of Wilkinson’s catalyst were added to teaation mixture 2 The 21a-6 21a-7 21a-8
63%, 44:56 > 99%, 38:62 85%, 42:58

reaction was tested on the achiral non-substitstdfinyloxazolidinone —

. . HO, O HO
Conversions were determined 5 NMR spectroscopy. % W@
2.2.Evaluation of the diastereoselectivity of the sgsib of FF /©/ F

a,0-difluoro-g-hydroxysulfoxides under different conditions 21a-10
Converswn 48% 46:54 88%, 50:50
Once an efficient pathway to access to enantiopure Scheme 7First screening of different carbonyl derivatives

difluoromethyl sulfoxide $5)-4a was found, further efforts were
focused on its deprotonation, followed by its additto different
carbonyl derivatives. In contrast to the group of &hd Prakash
(Eq. 1,Scheme )7*° it was decided to use THF, a safer and eco- Entry  Additive Conversion  d.r.
friendlier solvent than DMFFirst, a quick screening of several of 4a (%) 21a-5
alkyl, aryl and even heteroaryl aldehydes and letonas 1 _ 10C 4357
successfullperformed. Yields were mostly high, but as expected ) BE..OF 0
from the work of Hu and Prakasthe diastereoselectivities were vOEL )
still low (yields up to > 99%, d.r. up to 38:62,.E3) Scheme). 3 Sc(OTf) 0 -
A study to improve this diastereoselectivityd therefore to be 4 Ticl, 47 4456
5
6

Table 2. Attempts to improve the diastereomeric rati®ba-5by using different
reagents (carbonyl derivative = 1-naphthaldehyde)

carried out.This was a challenge, since precedents in litematur
on non-fluorinated analogues showed that he t
diastereoselectivity of the addition of non-flu@iad sulfoxides
on C.a.rbonyl derivatives is generally Very poor, wat the 2 Conversions and d.r. were determined ByNMR spectroscopy 2See
conditions used, the nature of the sulfoxide stmstits or the experimental part for details.

chelating metal employed”*°

ZnCl, 10C 4357
(+)-2,3,11,12-(CGH)+-18-C-6 3t 44:56

Different aryl sulfoxide derivatives were then testedsee if
Nevertheless, starting from our previous resultse thsome improved diastereoselectivites could be oleser
investigation began with the addition of differergagents, (Scheme 8). Five different sulfoxides were synttessiaccording
among which chelating or complexing agents for imsta into  to the procedure that was developed in our groupe (se
the reaction mixture (Eq. 2, Scheme 7, Table 2).odunhately,  experimental section for their synthedis)Slightly better
using BR.OE%, or Sc(OTf) did not give any conversion (Entries djastereomeric ratios were observed when the pHahgil, p-
2 and 3). It was possible to get the desied-difluoro-B-  tolyl 21a-1 and 1-naphthyRle-1 derivatives were used (resp.

hydroxysulfoxides with TiCl or ZnCL (Entries 4 and 5). 37:63, 40:60 and 40:60) in comparison to phehloro 21b-1and
However, the diastereoselectivities obtained werewsak those  p-methoxy21d-1 derivatives (resp. 45:55 and 43:57).

observed without chelating agent (Entry 1). A crowheet
(2,3,11,12-tetracarboxylate-substituted 18-crowitiry 6) able 9

to complex the potassium cation coming from thergaaic /©/ m /©/ m
base’' was also tested. This complexation would generate an 21241 21b-1

almost ‘naked anion’, more nucleophilic than th@+womplexed >99%, 40:60 90%, 45:55

species? This increased reactivity might have had an imperct o o o oH O o oH
the reaction rate as well as on the organizatiotheftransition S>(\© S>(\© ‘/S>(\©
state, and therefore on the diastereoselectivityfottimately, ©/ FF Me0/©/ FF O FF
when using this macrocycle, the conversion was low te 21c 21d-1 2le-

A . ! > 99%, 37:63 90%, 43:57 >99%, 40:60
diastereomeric ratio was unchanged.



Scheme 8Attempts to improve the diastereoselectivity bgrmting the aromatic
ring of the sulfoxide (Base:sulfoxide:electrophil@:1:2)

This investigation continued with the screening dfedent
bases in order to evaluate their impact on thetetiesselectivity
of the synthesis af,a-difluoro-$-hydroxysulfoxides (Table 3).

21a-1

Table 3.Results obtained for the screening of differersielsa

CHFQ K@

Base (2 equiv.)
Addltlve (1 equiv.)

Solvent

1 equ|v 1 equiv.
Entr Base Solvent T T Conversior® d.r.
Y (2equiv. CC) () (%) 21a-P
1 DMF -30 2 100 54:46
t-BuOK
2 THF -30 0.5 100 41:59
3 DMF -30 1 10C 53:47
KHMDS
4 THF -30 1 9€ 40:60
-30 24
5 DMF 90 (45) -
KHMDS 20 72
+ 18-C-6 -30 24
6 THF 100 (traces) -
20 72
-30 3
7 , DMF 45 (37) 45:55
LIHMDS 20 12
8 THF -30 3 98(92) 38:62
-30 24
9 ) DMF 33(18) 60:40
LIHMDS 20 72
+12-C-4 -30 24
10 THF 80(69) 36:64
20 72
-78 2
11 NaH THF 20 1 100 59:41
12 DMF -30 2 100 98:2
P4t'BUC
13 THF -30 2 100 84:16

2 Conversions were determined B NMR spectroscopy; iritalics, the
percentage of sulfoxidéa converted, inbold, the conversion int@la-1—
b Diastereomeric ratios were determined"#NMR spectroscopy “Pit-Bu

stands for [(MeN)sP=N};P=N-+tBu and was used as a commercially available

solution in hexane.

By using potassiuntert-butoxide the conversion into the
desireda,a-difluoro-B-hydroxysulfoxide was high in either DMF
or THF after 40 minutes of reaction at —30 °C (Estrl and 2).
Unfortunately, the observed diastereoselectivitiesrewéw
(41:59 in THF and 54:46 in DMF). The same kind afules were
observed with KHMDS after one hour at —30 °C (53:4DMF
vs. 40:60 in THF, Entries 3 and 4). KHMDS was also tesited
presence of 18-crown-6 (18-C-6), to generate a mocéophilic
carbanion such as in Table 2, but unfortunatdlrafeveral days
of reaction a lot of side-products were obtainedr{Es 5 and 6).
Reactions using LIHMDS as a base were then carriedaodt
monitored by TLC. Almost full conversion was obtairiedrHF
(Entry 8), but the reaction reached only 45% cosieerin DMF
(Entry 7). Concerning the diastereomeric ratiosytivere similar
to the ones that were usually obtained (45:55 in D8IB8:62 in
THF). By using 12-crown-4 (12-C-4) to complex théhilim
cation, conversions were less interesting and thetelieomeric
excesses still low (Entries 9 and 10). A trial edrout in THF
with 2 equivalents of sodium hydride showed full cersion but
poor diastereoselectivity (Entry 11). Finally, amsl described in

5

our recent papérSchwesinger’s superbasef-Bu was tested

and gave good results (Entries 12 and 13). In Ilsa8es, total
conversions ofla were observed and diastereomeric excesses up
to 96% were reached in DMF (Entry 12).

This base had been involved in the deprotonation of
fluoroform™ and difluoro(phenylsulfanyl)methafieto generate
stabilized ‘naked’ carbanions with increased redgtitowards
electrophiles. In our case, and in contrast torothéons such as
Li*, K" or M¢?*, having the non-coordinating counteriongtjP
Bu/H]" was thought to increase the nucleophilicity ofahén of
difluoromethyl p-tolyl sulfoxide 4a, thus generating an earlier
transition state for the attack on the carbonylivd¢ives. The
attack of the sulfoxide carbanion being fastenéé, ¢arbonyl
derivatives would keep a close-to-planar G-gpometry in the
transition state, rather than a generally more rieavaC-sp-like
tetrahedral geometry. In this way, by using-Bu, a more
efficient relay of the chirality from the sulfoxid® the o,0-
difluoro-B-hydroxysulfoxide was first expected.

As explained in our previous wofksome problems of
reproducibility were encountered for the reactiomfgrened in
DMF (d.r. varying between 55:45 and 99:1, Entry 1blgad).
This would mainly be due to the formation of aggtegdn the
reaction mixture, probably coming from the non-riigity of
hexane —solvent in which,PBu is commercially available— and
DMF, or by the fact that the superbase is not selibDMF>®

A screening of different solvents was performed (€ad).
Practically, hexane from the commercially availadddution was
removed under vacuum from the desired amount,BBR. The
superbase was then solubilized in the desired splgetvent A,
at —30 °C. This solution was then added dropwise dh&
mixture composed of sulfoxidéa and benzaldehyde, previously
dissolved in solvent B at —30 °C. In each casecthmersions of
4a were excellent (Entries 2 to 7). The highest raticere
nevertheless observed when THF was involved as rsolke
(Entry 5), solvent B (Entry 2) or both of them (Bn7). The best
reproducible diastereomeric ratio being obtainednvbrey THF
was used (Entry 7), this combination was therefomseh for the
following experiments of this study.

Table 4. Screening of different solvents to evaluate thempact on the
diastereoselectivity and reproducibility of theatan

9 OH
“CHF, + © P4t-Bu (2 equiv. / Solvent A) S
Q AT
Solvent B 21a-1
1 equw 1 equiv. -30°C,2h

Entr Solvent A Solvent B Conversion of dr.

Y 4 (%) 21a-P
1° Hexané DMF 100F 55:45 to 99:1
2 Hexané THF 100 84:16
3 DMF' DMF? 100 61:39
4 Et,0' DMF 100 56:44
5 THF DMF >9F 93:7
6 Et,0' ELO >99 60:40
7 THF THF >9¢ >08:2

2 Conversions were determined ¥ NMR spectroscopy 2 Diastereomeric
ratios were determined BF NMR spectroscopy “Results taken from ref. 8
— 9 Pit-Bu was used as a commercially available solutiorhéxane -°
Presence af-monofluorof-ketosulfoxide in small quantities was observed —
f Hexane from the commercially available solutionRatBu was removed
under reduced pressure and the superbase was ligellibin the desired
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solvent at —30 °C £P.t-Bu not being soluble in DMF, the reaction mixture Figure 2. Evolution of the diastereomeric excess over time déferent

was poured onto the superbase suspension in DMF.

A F NMR monitoring of the conversion of sulfoxidie over
time was conducted with 1 and 2 equivalents of swgserb
(Figure 1). These two trials were expected to prouidermation
on the quantity of superbase required and on thetiom time
needed to achieve full conversion. A total conversivas
observed after 5 minutes in both cases. The d&mtegric
excesses were also measured 6nNMR spectra after 5, 15, 45
and 120 minutes. Interestingly, the NMR spectra yses
showed increasing diastereoselectivities over tiniéhen 2
equivalents were used, after 5 minutes, the diastezac excess
was low (24%). However, a perfect diastereoselectiwgs
observed after 2 hours of stirring at —30 °C. Whea equivalent
was used, the diastereoselectivity was much lower afteours
(52%).
120
99

100
80
60

40 52

Diastereomeric excess (%)

20 o8 30
18

0 20 40 60 80
Time (min)

100 120 140
Figure 1. Evolution of the d.e. over time for 1 equivalentugb curve) or 2

equivalents (pink curve) of;£Bu (°F NMR study)

The evolution of the diastereomeric ratio was thielied at
different temperatures in the reaction4# with benzaldehyde,

yielding 21a-1 (Figure 2). It was observed that with higher

reaction temperatures, perfect diastereoseleetvifd.r. > 99:1)
were obtained faster (after 15 minutes at 20 °Cadtet 2 hours
at 0 °C and —30 °C). However, it was also noticed &hat given
time, the highest the temperature, the highestgtrentity of a
side product (Figure 3). For instance, by carrnongthe reaction
at 20 °C for 15 minutes or at —30 °C for 2 hoursyfect
diastereoselectivities were obtained in both cabesvever, at
20 °C after 15 minutes, 12% of side product hadeapgd, while
only 5% were measured after 2 hours for the reaa#ried out
at —30 °C. It was therefore concluded that it isferable to
perform the reaction at low temperature (—30 °Gyioimize the
amount of side product (ca.5%), even if the reacttime
required to get full diastereoselectivity is long@rhours). This
side product was isolated and characterized asafiesponding
a-monofluorof-ketosulfoxide22a-1(see Table 5).

120

100

80

60

40

Diastereomeric excess (%)

20

0 20 40 60 80
Time {min)
—8—30°C —8—0°C —@—20°C

100

120 140

temperatures for 2 equivalents af-Bu (°F NMR study)

Side product a-monofluoro
B-ketosulfoxide (%)
1]
i

10
. =il I I
0 | | = N
5 15 a5 120

Time (min)
H-30°C HO°C W20°C

Figure 3. Evolution of the percentage of side produ2®a formed over time at
different temperatures for 2 equivalents gfBu (*°F NMR study)

It is noteworthy that under these optimized condgiothe
corresponding non-fluorinateg3-hydroxysulfoxide 23a was
obtained with low diastereoselectivity (Scheme 9)sBuggests
that the two fluorine atoms play an important rofe the
stereoselectivity of the reaction, for instanceaffgcting the pKa
of the neighbouring protons.

9 O| 9 OH
/©/S‘CH3 . K@ P4t-Bu (2 equiv. / THF) /©/S\/§\©
THF
i ) -30C, 2h 23a
1 equiv. 1 equiv. 100% conversion, 45:55 d.r.

No side product

Scheme 9Access t@-hydroxysulfoxide23awith low diastereoselectivity

A screening of different carbonyl derivatives wasthar
performed employing these optimized conditions (&ab).
Several observations already led us to assume that
mechanism of the reaction would involve a kinegisalution®
The first equivalent of the superbase was suspedted
deprotonate the difluoromethyl sulfoxide, genemtirthe
corresponding carbanion that will further react wviith aldehyde.
To explain the good diastereoselectivities obtainesbme cases,
we then assumed that, due to the acidifying effécthe two
fluorine atoms, the second equivalent qf-Bu would abstract
the proton inn position of the deprotonated alcohol and that only
one of the two diastereomers of the newly generated
difluoro-B-hydroxysulfoxide 21 would undergo this process,
leading to fluoride elimination. After work up, thigould afford
the corresponding-monofluorog-ketosulfoxide22 along with
the remaining untouched diastereomer of the-difluoro-B-
hydroxysulfoxide21.2

This mechanism can be supported by several obsmmgat
First, the diastereomeric ratio has been shown tdvevover
time (Figures 1 and 2), which is in agreement with plotential
preferential consumption of one diastereomer witiare to the
other. In other words, the enrichment could effesdi be
explained by the attack undergone by only one oé th
diastereomeric deprotonated,a-difluoro-p-hydroxysulfoxides.
As observed during the screening of different caybon
derivatives (Table 5), when diastereomeric ratias largely in
favor of one diastereomer, yields remain moderateries 1 and
9 for instance). In the case of excellent diastesbsrtivities, one
diastereomer is assumed to be converted into thresponding
a-monofluorof-ketosulfoxide. The vyields are therefore
obviously dependent on the initial proportion oé tantouched
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diastereomer ofu,a-difluoro-p-hydroxysulfoxide obtained first = always equal to 0); (4).r= Jgx Of DmaJ is always inferior tal},.
with low diastereoselectivities. Second, the diastgekectivities = Jax Of Dmin.” On the other hand;F NMR clearly shows that
reached starting with ketones are low (Entries 1@ Bh). This  the reversed stereoselectivity is obtained wiBuOK as the base
corroborates with the lack of protarto oxygen on the generated (see ESI). These trends, especially the clearlipleisone for
carbinol, which prevents any stereoenrichment byassumed Av,g, are reminiscent of those observed in the caskeoparent
deprotonation/fluoride  elimination mechanism. Lashigh  non-fluorinated p-hydroxysulfoxide’™" for which the anti
stereoselectivities were observed whettB was used as the diastereomer (with regard to the oxygens of theogide and of
base, but not with LIHMDS, KHMDS ot-BuOK, which is  the alcohol) has always a largsv,z than thesyn diastereomer.
consistent with the higher basicity of the phosphaziperbase. Accordingly, the method involving the phosphazenpesbase
would be producing thanti isomer as major product, i.e. the
(S5, diastereomer when starting from tt&){sulfoxide. In fact,
this information is infirmed by a crystallographitructure
0 PLtBU o (Figure 4) obtained for thanti diastereomer ofRla-1 (vide

o
/©/5\CHF . JOL 2equ|v )in THF 2 %%RZ infra), whose Av,s corresponds to the one of the minor
2 1 . . .
THF ;

Table 5. Screening of different carbonyl derivatives byngsit-Bu

Hanquet, Leroux et al., Chem. Commun. 2018

diastereomer obtained in the superbase methodthkr avords,

ey lemi. -30T3h 21a 22a the major isomer obtained with thetBu superbase is thgyn
e " R'zH,Me diastereomer. This suggests that, in terms of NM#e, two
R? = Ar, HetAr, Ak diastereomers behave differently in presence absence of the
_ two fluorines atoms, leading to a reversal of the XBgystem
. , 21a Side patterns.
Entry R R ] ,  Product
Yield—d.r>  22a (%) 2.3.Diastereoselective reduction efx-difluoro--ketosulfoxides
12 Phenyl H 2la-l 22a-1 Solladié and coworkers developed a useful strateggctess
53%-99:1 20 highly enantioenriched non-fluorinated alcohols gBrforming
21a-5 22a-5 the diastereoselective reduction of enantioffisketosulfoxides
2 1-Naphthyl H 00% -56:44 1 in presence of DIBAL-H or by using a combination BIB
1811 2811 H/ZnCl,, followed by removal of the chiral auxiliary by
3 2-Naphthyl H a a desulfinylation with Raney nickef*®
33%-73:27 3 i ) ) )
21a12 92812 With the aim of developing new procedures to syrilees
4 2-Pyridinyl H a a highly enantioenrichedr-difluoromethyl alcohols, the former
32%-88:12 8 methodology was applied t@,0-difluoro-B-ketosulfoxides %)-
o 21a-6 22a-6 3a-1,6,16(Scheme 10). These compounds were accessed through
> 3-Pyridinyl H 77%-69:31 2 oxidation of the previously synthesizeds,a-difluoro-
21a7 928.7 hydroxysulfoxides %)-21a-1,6,16 with PDC or DMP.
6 2-Thiophenyl H a a Enantiopurea,a-di_ﬂuoro-[}-ketosuIfoxides %)- 3a-1,6,16w<_are
62%-70:30 3 then reduced with DIBAL-H and allowed us to obtain the
) 21a-13 22a-13 expected a,a-difluoro-B-hydroxysulfoxides $%,9-21a-1,6,16
! 3-Thiophenyl H 5006 -5545 0 with high diastereoselectivity (93:7 to 98:2) andexcellent e.e.
(96—98%) of the major diastereont&t.
8 2-Fury H 21a-8 22a-8
96% -57:43 0 o o

1 II
\\'S% 1 %J\ 1
9 a-Funy y 21a-14 22a-14 /@ i S /@ R

31% - 98:2 21 NaHCO3 (4 equiv.)
< CH,Cl, 25°C, 3 h

21a-10 22a-10 (Ss)21a-1  R'=Ph (Ss)-3a-1  quant.
10 -(CHy)-Phenyl Methyl (Ss)-212-6  R'=3-Py (Ss)-3a-6  87%
89%-60:40 O (Ss)-21a-16 R'=4-An (Sg)-3a-16  89%
11 Phenyl Methyl -0 22a:9
enyl ethyl ) DIBAL-H (1.1 equiv.)
57%-56:44 0 o THF, -78 °C for 15 min
12 4-Methoxyphenyl H 2la-1o 22a-16 Sy zzrctorsn
-Methoxyphen
ypheny 73%-7921 4 P
anti
2 Reaction was carried out for 2 hour8Biastereomeric ratios were determined (Ss,S)-21a-1  77%, 98:2d.r., 96% e.e.

(Ss,S)-21a-6  39%, 93:7 d.r., 96% e.e.
(Ss,S)-21a-16  29%, 93:7 d.r., 98% e.e.

Scheme 10Diastereoselective reduction oé.a-difluoro-B-ketosulfoxides %s)-
21a-1,6,16using DIBAL-H

by F NMR spectroscopy &The percentages ofmonofluorog-ketosulfoxide
22a were measured by’F NMR spectroscopy and confirmed B NMR
spectroscopy.

Interestingly, concerning the relative configuratiof the a,a-
difluoro-B-hydroxysulfoxide 21a it appears that for most
compounds21a the same trends are observed in term$of
NMR signals, where typical data is obtained for thexA® AB
systems. Indeed, whentfBu is used as the base, (1) the major
diastereomer produced () always shows a much largavg
than the minor diastereomer {f); (2) Jer = Jag Of Dpy iS This strategy represents an efficient pathway toessdo
always (slightly) inferior taJer= Jag Of Dyin; (3) Ju.p = Jax Of highly enantioenriched a,a-difluoro-p-hydroxysulfoxides of
Dmsj is always superior tdy.r = Jax Of Dpin (Which is almost

A X-ray crystallographic structure of the crystaltizenajor
diastereomer g;,S)-21a-1 was obtained and confirmed that the
product of the diastereoselective reduction isahg isomer, as
observed in the diastereoselective reduction offharinatedp-
ketosulfoxides (Figure 4§> '



8 Tetrahedron

opposite relative configuration anddifluoromethyl alcohols Na/Hg gave good vyields but were nevertheless poorly
and it is a good alternative to the one previodsiscribed. reproducible’’® The same conclusions were made in the case of
the desulfonylation by using 15 equivalents of negium in an

Major diastereomers with DIBAL-H
: acetate buffef*®

Starting with
non-fluorinated ketosulfoxide

Starting with
difluoromethylated ketosulfoxide

OH O OH

OH

O OH 0.0 i
n Il m-CPBA N0 Mg(0) (30 equiv.)
e oyl Dl X
e FF ChaCly FF MeOH HF,C” ~Ph
(Ss.S)-21a-1 25°C, 24 h (S)-24a-1 20°C,16h (S)-25-1
(RS,R)-23a (SS,S)-Zla-l 97:3d.r, 97% e.e. quant., 94% e.e. 66%, 95% e.e.
PMHS (3 equiy.)
(Ss,S)-21a-1 t-BuOK (3 equiv.) (S)-25-1
93:7 d.r.,, 96% e.e. THF, 20 °C, 48 1 52%, 88% e.e.
Q OH Mg(0) (30 equiv.) PMHS (3 equiv.)
.S X I (cat.) O +BuOK (3 equiv.)
/© £ F l Degradation
z MeOH, 20 °C, 16 h THF, 20 °C, 48 h
(Ss,S)-212-6
93:7 d.r.,, 96% e.e.
Figure 4. X-ray crystallographic structure aof,a-difluoro3-hydroxysulfoxide
. . . 9 OH Mg(0) (30 equiv.) OH
(S,9-21a-1comparable to the corresponding non-fluoringtéd/droxysulfoxide . s>('“\ I (cat.) HF;C/'\\“/\\\
(Rs,R)-23a obtained through reduction @tketosulfoxide with DIBAL-H. Both [ :] FF L ome MeOH, 20 °C, 16 h ‘*\)\orvle
have anti relative configuration. CCDC 1871933 contains #wgpplementary (Se.5)-21a-16 (5)-25-16

93:7d.r,98% e.e.
Scheme 12Access to highly enantioenriched:-difluoromethylated alcoholsS|-
25-1,16by desulfonylation or desulfinylation

crystallographic data for this paper. These datgpanvided free of charge by The 64%, 86% e.e.

Cambridge Crystallographic Data Centre.

. . ] Eventually, the expected highly enantioenricheda-
2.4.Removal of the chiral auxiliary to access highly dgifluoromethylated alcohols S(-25 could be nevertheless
enantioenriched-difluoromethyl alcohols obtained by three different routes (Scheme 12)stFiafter
oxidation of a 97:3 d.r. sample &(9-21a-1to sulfone §)-24a-

1, the latter was desulfonylated by means of magnesiunings
with catalytic iodine in methanol, yieldin@){25-1 with perfect
retention of the stereoenrichment at carbon ah@lthe process
(i.e. from 97:3 d.r. to 95% e.e.). Second, a didsdulfinylation
of (59-21a-1 could be carried out by means of
poly(methylhydrosiloxane) in the presence @fBuOK**
following a strategy by Miduraet al,**” modified by using
PMHS instead of triphenylsilane. Again, perfect méten of
configuration at carbon was obtained (from 93:710.88% e.e.).
Third, the direct desulfinylation could also befpemed with the
magnesium method, as shown with the stereoretentive

Different approaches, among which single electronsfiex
desulfinylations and well known desulfonylations, ttHzave
already been successfully used for the removalulfingl or
sulfonyl moieties on non-fluorinate@thydroxysulfoxides or-
hydroxysulfones have been tested on the previossiyhesized
fluorinated analogues (Scheme 11).

Difluoromethylated alcohol Difluoromethylated alcohol

Na/Hg
Mg Na/Hg Mg NaPO,H,
AcOH or Al/Hg AcOH up to > 99%
AcONa
OH

m-CPBA
(1.5 equiv.)

transformation of $,5)-21a-16into (§)-25-16 (from 93:7 d.r. to
86% e.e.). On the other hand, the 3-pyridinyl-sibstd
compound $;,9-21a-6 only led to degradation under the two

o. o OH
SN
Ar
F /©/ F F
la 25T, 24h 24a

-PrMgCl.LICI Quantitative

yield
MeMgBr Raney BusSnH Raney
MLl Ni AIBN Ni
t-BuLi, !
n-BuLi Ar = Ph, 3-furyl.

PhLi

NaPO,H, AcONa conversion
(o]
g
/@/ %Ar
F CH,Cl,
2

sets of reaction conditions, with generation of nious
unidentified byproducts.

Conclusions

After this study, we managed to address the issu¢hef
synthesis of a highly enantioenriched aryl difluorshyl
sulfoxide and to find a strategy to accessoata-difluoro-p-
hydroxysulfoxides with high diastereoselectivitigébe latter can

Unfortunately, Raney nickel gave no conversion oé th also be synthesized through diastereoselectivectieduof the
sulfinyl derivatives nor of the sulfonyl od&® *" As we  corresponding o,0-difluoro-B-ketosulfoxides. Highly
noticed that the reaction involving arenesulfingetate 7b in enantioenrichedy,a-difluoromethylated alcohols can finally be
presence of organomagnesium (MeMgBriBrMgCI.LICl) or  obtained by desulfonylation of the correspondingdifluoro-B-
organolithiated reagents (MeLi) gave access tacthieesponding  hydroxysulfones, or simple desulfinylation of higtdiastereo-
alkyl aryl sulfoxide by departure of ethyl diflu@cetate anion, it and enantio-enriched,a-difluoro-p-hydroxysulfoxides by using
was decided to assess such bases in the desulbnylat o,o- iodine-activated magnesium or PMHBUOK. Notably, the
difluoro-B-hydroxysulfoxide21a Sadly, the chiral auxiliary was stereoenrichment at the carbinol carbon atom isfepiy
not removed in presence of these reagents. Simafarts were preserved during the whole process.
observed with PhLi ortert-BuLi for instance. Reactions of
desulfinylation or desulfonylation involving freshlprepared
Al/Hg amalgam were not successful on either sulfingbhol
21aor sulfonyl alcohoR4awhile those carried out in presence of

Difluoromethylated alcohol Difluoromethylated alcohol

Scheme 11Attempts carried out to remove the chiral auxyliar

3. Experimental section

4.0. General experimental methods and equipment
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Starting materials, if commercially available, wenerchased resulting organic phase was dried over anhydroususod
from standard suppliers (Sigma-Aldrich, FluorocheABCR, sulfate, filtered and concentrated under reducedsure.

Acros, Alfa Aesar or Apollo scientific) and used as hsuc . .

provided that adequate cfnecks by NMR) analysis hadirowed _Ethyl 2,2-difluoro-2-p-tolylthio)acetate6a and ethyl 2,2-

the claimed purity. When needed, solvents were igdriind difluoro-2-(4-chlorophenylthio)aceta&b were described in our
) ’ byprevious papérand in theliterature®

dried following standard procedures. THF was dried
distillation over sodium/benzophenone prior to u3eluene, Ethyl 2,2-difluoro-2-(phenylthio)acetaée
when used anhydrous, was either dried over 4 A malesigves
previously activated overnight at 300 °C under wewwr dried
by distillation over sodium. Anhydrous DMF purchasedm
Sigma Aldrich was used as received. Air- and moistseesitive
materials were stored and handled under an atmaspli@rgon.
Reactions were carried out under an atmospheregoharhen 747 (t,J = 7.3 Hz, 1H), 7'43'7':;’97 (m, 2H), 4.25 = 7.2 Hz,
needed. Reactions were monitored by using thin-laye?H)' 1.26 (t,J = 7.1 Hz, 3H). "F NMR (376, MHz, QDCJ)
chromatography with precoated silica on aluminunisf¢d.25 9 (PPM) —82.2 (s, 2F)These data are consistent with those
mm, Merck silica-gel (6045J). Flash column chromatography airéady reported in the literatufe.

was performed on VWR silica gel (40-63m) using the Ethyl 2,2-difluoro-2-((4-methoxyphenyl)thio)acetdie

indicated solvents, the solvent systems being atdit in v/v. . . .

When needed, demetalled silica was used. It was reeday The reaction mixture was stirred for 43 hours_ _at"@o T_he
adding an aqueous solution of 2M HCI in silica foltd by crude was purified by chromatography on silica gethw
several washings with wat¥r Butyllithium (1.6 M in hexanes, ~Cyclohexane/AcOEt (100/0 to 95/5). Light-yellow oiz% yield.
Aldrich) was used as a solution in hexanes and iteaatration ~H NMR (400 MHz, CDCJ) 4 (ppm) 7.53 (dJ = 8.8 Hz, 2H),
was determined following the Wittig-Harborth doubleation  6-91 (d.,J = 8.8 Hz, 2H)1,94.26 (@) = 7.2 Hz, 2H), 3.82 (s, 3H),
method ((total base) - (residual base after reactigth 1,2- 1.28 (t.J = 7.2 Hz, 3H)."F NMR (376 MHz, CD()) 4 (ppm) —
dibromoethane)}® Spectroscopic NMR and MS data were 83.2 (s, 2F). These data are consistent with thiosady reported

obtained using chromatographically homogeneous emnjd N the literature?”

The reaction mixture was stirred for 21 hours at’@0 The
crude was purified by chromatography on silica gdathw
cyclohexane/AcOEt (100/0 to 95/5). Light-yellow 0ib% yield.
'H NMR (400 MHz, CDCJ) ¢ (ppm) 7.62 (d,J = 7.0 Hz, 2H),

NMR (400 or 500 MH2z),F NMR (376 or 471 MHz) and'C Ethyl 2,2-difluoro-2-(naphthalen-1-ylthio)acet#ie
NMR (101 or 126 MHz) spectra were recorded in CDGHh
Bruker Avance Il HD 400 and 500 MHz instruments The reaction mixture was stirred for 24 hours at@0The crude

respectively. Chemical shifts are reported in paes million ~ Mixture was not purified. Orange oil. 88% yieltd NMR (400
(ppm) and are referred to partially deuterated riitom @['H] ~ MHz, CDCk) ¢ (ppm) 8.55 (dJ = 8.6 Hz, 1H), 8.03-7.85 (m,
= 7.26 ppm and3[*°C] = 77.16 ppm). Multiplicites were 3H), 7.64 (dddJ = 1.3 Hz, 6.8 Hz, 8.4 Hz, 1H), 7.56 (ddb=
abbreviated as br s (broad singlet), s (singletddublet), t 1.2 Hz, 6.8 Hz, 8.1 Hz, 1H), 7.50 (ddi= 7.3 Hz, 8.2 Hz, 1H),
(triplet), q (quartet), m (multiplet), td (tripleaf doublets), dd  4.05 (9,J = 7.2 Hz, 2H), 1.07 (t) = 7.2 Hz, 3H).”F NMR
(doublet of doublets) and their corresponding corations. (376 MHz, CDCY) 6 (ppm) —82.2 (s, 2Ff°C NMR (126 MHz,
Coupling constantd were given in Hz. Spectra were processedCDCl) J (ppm) 161.7 (tJ = 32.7 Hz), 138.0, 135.9, 134.3,
with the program NMR notebook (Version 2.80, NMRted. | 132.1, 128.6, 127.6, 126.8, 126.1, 125.7, 122.30.21At,
spectra were recorded on a Perkin Elmer UATR TwoJ = 288.1 Hz), 63.6, 13.6. IR (cm") 3058, 2985, 2927, 2855,
spectrometer coupled to a diamond window ATR. Onlynieee 1763, 1504, 1371, 1290, 1124, 1099, 1015, 984, 885, 800,
representative frequencies are reported ift.@pecific rotations 772, 721LHRMS (ESI) calcd for @H;3F,0,S: 283.0599, found:
[o]p were determined at 20 °C on an Anton Paar MCP 20@83.0619.

polarimeter. The concentration (c) is indicatedd@cagram per
liter (dag/L). Chiral HPLC analyses were performed an
Shimadzu Prominence chromatograph. High-resolutioassm
spectra (HRMS) were recorded with a Bruker MicroTOFssna  Procedure A- Oxidation by using periodic acid and FeCl
analyser under ESI in positive ionization mode déte
(measurement accurasyl5 ppm) by the analytical facility at the
Université de Strasbourg. The X-ray crystallograps$tizicture
analysis was performed by the radio-crystallogragadality at
the Université de Strasbourg. The analysis was caaig on a
Nonius Kappa-CCD diffractometer equipped with an Oxford

arZOS%SIS?B Al)lqmd bl device, using Mo-i radiation reach full conversion. After full copversion was obéal, tlje
) ) reaction was slowly quenched with a saturated solutédn
4.1. General procedure for the obtention of racemije- N&S,0;. The aqueous phase was extracted several times with
difluoro-g-sulfanylacetatea-e CH,Cl,. The combined organic layers were washed with water
and with a saturated solution of NaCl, dried overyanbus
sodium sulfate and concentrated under reducedypeess

4.2. General procedures for the obtention of racemic
difluoro--sulfinylacetatega-e

The corresponding sulfidé (1 equiv.) and Fegl(3 mol%)
were dissolved in acetonitrile (3.7x1Mol/L). After 10 minutes
of stirring, periodic acid (1 equiv.) was added ke tmixture
which was mechanically stirred at 25 °C. If necessang after
controlling the conversion b4 NMR, periodic acid was added
to the reaction mixture according to the proposisaquired to

A solution of the corresponding thiophenol (1 equiv.
dissolved in anhydrous DMF (2.3 mol/L) was cannulate
dropwise onto a suspension of sodium hydride (608petsion
in mineral oil; 1.1 equiv.) in anhydrous DMF (3 mgl/at 0 °C
under argon. Ethyl bromodifluoroacetate (1 equiwas then
syringed dropwise into the previous solution. Theacti®n To a solution of trifluoroperoxyacetic acid (TFPAA) 0 °C
mixture was heated at 40 °C for the desired timen ttooled to (1 equiv., freshly prepared by mixing 1 equiv. ¢4 30% wiw
0 °C, quenched with water and extracted three timéh w in water, with 1 equiv. of trifluoroacetic acid (TFA} 0 °C) was
CH,Cl,. The combined organic layers were washed with larg@dded dropwise sulfide6 (1 equiv.) dissolved in TFA
amounts of water and with a saturated solution of Nd@e (0.6 mol/L). The solution was warmed to 25 °C andedi at this

Procedure B — Oxidation by wusing freshly prepared
trifluoroperoxyacetic acid
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temperature for one day. The reaction mixture wasfathyy
poured onto a saturated solution of NaHCThe aqueous phase
was extracted three times with AcOEt. The combined ricga
phases were washed with water and with a saturatedosohft
NaCl, dried over anhydrous sodium sulfate and conateu

under reduced pressure.

Compoundga,b were synthesized followingrocedure Aand
were described in our previous papand in the literatur&®*

Ethyl 2,2-difluoro-2-(phenylsulfinyl)acetai&

Following procedure A the reaction mixture was stirred for
16 hours at 25 °C. The crude was purified by chrogratphy on
demetalated silica gel with cyclohexane/AcOEt (100/8Q/20).
Yellow oil. 96% yield.'"H NMR (400 MHz, CDCJ) § (ppm) 7.73
(d, J = 7.6 Hz, 2H), 7.67-55 (m, 3H), 4.25 @= 7.2 Hz, 2H),
1.26 (t,J = 7.2 Hz, 3H)."*F NMR (376 MHz, CDCJ) 6 (ppm)
-110.2 (AB system]ag = 227.5 Hz Avsg = 810.6 Hz, 2F). These
data are consistent with those already reportedeiterature’™

Ethyl 2,2-difluoro-2-((4-methoxyphenyl)sulfinyl)azge 7d

Following procedure A the reaction mixture was stirred for
2 days at 25 °C. The crude was clean enough no¢ foubfied.
Yellow oil. Quantitative yield."H NMR (400 MHz, CDCJ)
d (ppm) 7.65 (dJ = 8.8 Hz, 2H), 7.06 (d] = 8.9 Hz, 2H), 4.30
(9d,J = 1.3 Hz, 7.2 Hz, 2H), 3.87 (s, 3H), 1.28Jt= 7.2 Hz,
3H). F NMR (376 MHz, CDG)) § (ppm) -111.0 (AB system,

Tetrahedron

times with AcOEt. The combined organic layers werestveal
three times with ice-cold water and with a cold sdadaolution
of NaCl, dried over anhydrous sodium sulfate, fédterand
concentrated under reduced pressure.

Compoundgta,b were synthesized followingrocedure Cand
were described in our previous papemd/or in the literaturg?

((Difluoromethyl)sulfinyl)benzendc

Following procedure C the reaction mixture was stirred for
24 hours at 110 °C. The crude was purified by chtography
on silica gel with cyclohexane/AcOEt (100/0 to 80/2@)hite
solid. 43% vyield'H NMR (500 MHz, CDCJ) ¢ (ppm) 7.71 (d,
J= 7.3 Hz, 2H), 7.63-7.55 (n8H), 6.04 (t,J = 53.3 Hz, 1H).
F NMR (376 MHz, CDG) ¢ (ppm) —119.2 (ABX system,
‘]AB = ‘]F-F: 261.6 HZJAX = ‘]BX = ‘]H-F =55.2 HZ,AVAB =97.3 HZ,
2F). These data are consistent with those alregztyrtesd in the
literature™®

1-((Difluoromethyl)sulfinyl)-4-methoxybenzeri

Following procedure C the reaction mixture was stirred for
15 hours at 110 °C. The crude was purified by chtography
on silica gel with cyclohexane/AcOEt (100/0 to 80/2@)hite
solid. 68% vyield'H NMR (400 MHz, CDCJ) ¢ (ppm) 7.64 (d,
J= 8.8 Hz, 2H), 7.07 (dJ=8.9 Hz, 2H), 6.00 (tJ = 55.5 Hz,
1H), 3.86 (s, 3H)**F NMR (376 MHz, CDCJ) 5 (ppm) —119.7
(ABX System,JAB = ‘]F-F = 261.6 HZ»‘]AX = ‘]BX = ‘]H-F =552 HZ,

Jag = 227.5 Hz Avpg = 749.7 Hz, 2F). These data are consistent\vag = 73.7 Hz, 2F)**C NMR (126 MHz, CDG)) 5 (ppm) 163.4,

with those already reported in the literattife.
Ethyl 2,2-difluoro-2-(naphthalen-1-ylsulfinyl)acét e

Following procedure B the reaction mixture was stirred for
1 day at 20 °C. The crude was clean enough not toubiéed.
Brown oil. 98% yield'H NMR (400 MHz, CDCJ) J (ppm) 8.20
(d,J = 7.3 Hz, 1H), 8.13 (d] = 7.8 Hz, 1H), 8.07 (d] = 8.2 Hz,
1H), 7.96-7.88 (m, 1H), 7.67 @ = 7.8 Hz, 1H), 7.59 (m, 2H),
4.05 (qd,J = 2.0 Hz, 7.1 Hz, 2H), 1.10 ( = 7.2 Hz, 3H).
F NMR (376 MHz, CDGJ)) J (ppm) -108.6 (AB system,
Jag = 221.4 Hz,Avag = 498.7 Hz, 2F).*C NMR (126 MHz,
CDCly) & (ppm) 159.4 (t,J = 28.2 Hz), 133.7, 133.5, 132.1,
130.6, 128.9, 127.9, 127.1, 126.2, 125.3, 122.28.9.1(t,
J=304.2 Hz), 64.1, 13.6. IR (cm™) 3060, 2925, 2855, 1758,
1506, 1371, 1300, 1161, 1142, 1127, 1082, 1011, 966, 855,
802, 769, 711. HRMS (ESI) calcd for8;,FKO5S: 337.0107,
found: 337.0103.

4.3. General
difluoromethyl sulfoxideda-e

Procedure G- Under thermal conditions

The corresponding sulfinylacetat€l1 equiv.), LiCl (2 equiv.)
and HO (2 equiv.) were dissolved in DMSO (1.2x16ol/L).
The reaction mixture was stirred at 110 °C for tlsikd time,
cooled to room temperature and then poured ontoedle water.
The aqueous layer was saturated with NaCl and theactsd
three times with AcOEt. The combined organic layersewe
washed with water, dried over anhydrous sodium sullfétered
and concentrated under reduced pressure.

Procedure D- Under microwave irradiations

To a suspension of LiCl (2 equiv.)) and sulfinylatet
7 (1 equiv.) in NMP (5.9 x 18mol/L) was added D (2 equiv.).
The reaction mixture was heated to 100 °C under awiave
irradiation for 15 minutes. The dark brown reactinixture was
cooled to room temperature. An aqueous solutiorHCI was
added to the mixture. The aqueous layer was extraitteee

procedures for the obtention of racemic

127.5, 127.1, 120.8 (f] = 288.4 Hz), 115.1, 55.5. IR (cm?)
3371, 3029, 2974, 2955, 1592, 1572, 1468, 1455814311,
1341, 1310, 1281, 1255, 1175, 1100, 1083, 10373,19%0, 841,
821, 797, 779.

1-((Difluoromethyl)sulfinyl)naphthalenée

Following procedure D the reaction mixture was stirred for
15 minutes at 100 °C under microwave irradiatiornise Trude
was purified by chromatography on silica gel with
cyclohexane/AcOEt (100/0 to 70/30). White solid. 6i#ld.

'H NMR (400 MHz, CDC)) ¢ (ppm) 8.18 (dJ = 7.2 Hz, 1H),
8.14-8.01 (m, 2H), 7.99-7.91 (m, 1H), 7.68Jt= 7.7 Hz, 1H),
7.65-7.56 (m, 2H), 6.20 (f] = 55.0 Hz)."F NMR (376 MHz,
CDCly) ¢ (ppm) —116.8 (ABX systemJys = Jrr = 258.2 Hz,
Iax = Jex = Jur = 55.9 Hz,Avag = 749.7 Hz, 2F)C NMR
(126 MHz, CDC})) ¢ (ppm) 133.6, 133.2, 132.7, 130.3, 129.1,
128.1, 127.2, 125.5, 125.2, 124.1, 121.9, 121.7 $t290.8 Hz).

IR v (cm') 3059, 2976, 2926, 1505, 1262, 1143, 10,91, 1064,
1053, 1024, 802, 767, 690. HRMS (ESI) calcd foiHgF,0OS:
227.0337, found: 227.0339.

4.4, Access to sulfid2b
(4-Chlorophenyl)(difluoromethyl)sulfant2b

To a suspension of LiCl (2 equiv., 32.8 mg, 750 Prand
ethyl 2-(4-chlorophenylthio)-2,2-difluoroacetagb (1 equiv.,
100 mg, 375 pmol) in 3 mL of NMP was addegOH2 equiv.,
13.5 pL, 0.75 mmol). The reaction mixture was heatie200°C
under microwave irradiations for 30 minutes, codte@5 °C and
quenched with a solution of 1M HCI. It was then exeddhree
times with AcOEt. The combined organic layers werestvea
with water and a with a saturated solution of NaCledirover
anhydrous sodium sulfate, filtered and concentratedier
reduced pressure. The crude was purified by chragrepby on
silica gel with pentane. 69% yieftH NMR (400 MHz, CDCJ)) &
(ppm) 7.52 (dJ = 8.4 Hz, 2H), 7.37 (d] = 8.4 Hz, 2H), 6.81 (t,
J = 56.7 Hz, 1H)*F NMR (376 MHz, CDGJ)) 5 (ppm) —91.7 (d,



J = 56.5 Hz, 2F). These data are consistent with tldsady
reported in the literature.

4.5. Attempts of enantioselective oxidation on dealfRb

See supplementary data for
procedures and optimization.

1-Chloro-4-((difluoromethyl)sulfonyl)benzerisb

'H NMR (400 MHz, CDC)) 6 (ppm) 7.93 (d,) = 8.6 Hz, 2H),
7.64 (d,J = 8.5 Hz, 2H), 6.19 (t) = 53.4 Hz, 1H).*F NMR
(376 MHz, CDC})) § (ppm) —121.3 (dJ = 53.1 Hz, 2F). These
data are consistent with those already reportelditerature’?

4.6. Attempted oxidations of L-menthyl sulfanylaestat

(1R,2S5R)-5-methyl-2-(propan-2-yl)cyclohexyl  2-[(4-chloro
phenyl)sulfanyl]-2,2-difluoroacetatibb

To a solution of ethyl 2-(4-chlorophenylthio)-2,&kdoro

11
16.2, 16.1. IRv (cm™) 2957, 2922, 2872, 1772, 1751, 1576,
1476, 1457, 1392, 1370, 1294, 1169, 1132, 10963,10868,
1013, 978, 944, 905, 825, 744, 712. HRMS (ESI) cafod
C1gH23CIF,KO,S: 431.0656, found: 431.0635.

more - detalls - conceming ; 4_chiorophenyl)sulfinyl]-2,2-difluoroacetic ati7b

To a solution of sulfinylesterl6b (1 equiv., 87.4 mg,
223 umol) in 0.5 mL of EtOH was added NaOH (1 equiv.,
8.9 mg, 223 umol). The reaction mixture was heatetDaC for
17 hours and then cooled to room temperature. Bthawas
removed under reduced pressure. The residue wasligsgived
in a minimum amount of water (1 mL) and acidified&tC until
pH = 1 by using an aqueous solution of 2M HCI. Thaeays
phase was saturated with NaCl and extracted four tiwits
THF. The organic layer was dried over anhydrous wsudi
sulfate, filtered and concentrated under reducesgure. 91%
yield. White solid."H NMR (400 MHz, THFédg) J (ppm) 9.46-
8.33 (brs, 1H), 7.75 (d,= 8.4 Hz, 2H), 7.62 (d] = 8.5 Hz, 2H).

acetate6b (1 equiv., 1 g, 3.75 mmol) in 8 mL of anhydrous % NMR (376 MHz, THFédg) § (ppm)—111.9 (AB systemlag =

toluene were added L-menthol (5 equiv., 2.93 g, 18r8ol),
DMAP (2.6 equiv., 1.19 g, 9.75 mmol) and 4 A molecsimves
(500 mg). The reaction mixture was then heated urefkrx for
24 hours, then cooled to 25 °C and filtered. THeafe was
concentrated under reduced pressure. The crude wvdieg by
chromatography on silica gel witithexane/CHCI, (80/20) and
15b was obtained as a transparent oil. 60% yi#tldNMR (400
MHz, CDCk) 6 (ppm) 7.55 (dJ=7.6 Hz, 2H), 7.37 (d) = 7.6
Hz, 2H), 4.77 (td) = 4.4 Hz, 11.1 Hz, 1H), 1.93 (d= 12.0 Hz,
1H), 1.81 (quin, = 7.0 Hz, 1H), 1.70 (d] = 12.2 Hz, 2H), 1.47
(t, J = 11.6 Hz, 2H), 1.13-0.94 (m, 2H), 0.91 (dd; 7.2 Hz, 9.3
Hz, 6H), 0.89-0.81 (m, 1H), 0.75 (d,= 6.8 Hz, 3H)!*F NMR
(376 MHz, CDC}) 6 (ppm) —81.5 (AB systemlyg = Jr.r = 215.9
Hz, Avag = 118.8 Hz, 2F)-°C NMR (126 MHz, CDCJ) § (ppm)

161.2 (t,J =31.9 Hz), 137.9, 137.4, 129.7, 123.5, 119.9 (dd,

J=228.3 Hz), 78.8, 46.9, 40.3, 34.1, 31.5, 26.35232.0, 20.8,

16.3. IRv (cm') 2957, 2928, 2872, 1760, 1575, 1477, 1456,

1390, 1371, 1291, 1283, 1111, 1092, 1006, 980, 983, 845,
823, 747, 724,701. HRMS (ESI) calcd for,g8,CIF,0,S
(MNa"): 399.0968, found (MN2: 399.0966. §]p>° = —36.2 °
(c 0.1, EtOH).

(1R,2S,5R)-5-Methyl-2-(propan-2-yl)cyclohexyl 2-[(4-chloro
phenyl)sulfinyl]-2,2-difluoroacetat&6b

Jer = 224.8 Hz,Avpag = 717.0 Hz, 2F)*C NMR (101 MHz,
THF-dg) & (ppm) 161.0 (t,J = 27.0 Hz), 139.6, 137.0, 130.1,
128.5, 119.2 (tJ = 302.5 Hz). IRv (cm™) 3096, 2919, 2851,
2646, 2508, 1768, 1572, 1478, 1426, 1395, 1275511139,
1114, 1079, 1035,1010, 947, 887, 827, 772, 745, HRAVIS
(ESI) calcd for GHsCIF,NaO;S: 276.9508, found: 276.9484.

4.7. Access to highly enantioenriched difluoromeftwblyl
sulfoxideda

For more details concerning its synthesis and apalyNMR,
chiral HPLC, IR, HRMS, etc.), see our previous paper.

4.8. Access tan,o-difluoro-g-hydroxysulfoxides — Starting
conditions

Procedure E- Prakash and Hu’s optimized conditions

In a vial under argon were dissolved difluorometpstblyl
sulfoxide 4a (1 equiv., 50 mg, 263 umol) and the carbonyl
derivative (2 equiv., 526 pmol) in 1 mL of freskdistilled THF.
The mixture was stirred at —30 °C for 5 minutes aBsiumtert-
butoxide (2 equiv., 60 mg, 526 pmol), previouslyubdised in
1 mL of freshly distilled THF, was added dropwise ttoe
previous solution. The reaction mixture was stiraéd-30 °C for
40 minutes, then quenched with water at —30 °C. The@us

Sulfanylester 15b (1 equiv., 100 mg, 265 pmol) and layer was extracted three times with@tThe combined organic
FeCL6H,0 or 18 (resp. 3 or 5 mol%) were dissolved in 0.7 mL layers were washed with a saturated solution of@tdnd with a

of MeCN and stirred at 25 °C for 5 minutes. To totution was

saturated solution of NaCl, dried over anhydrouswsodsulfate,

added HIOg (1.43 equiv., 88.3 mg, 379 umol). The reaction wadiltered and concentrated under reduced pressure.

then heated at 45 °C for 90 minutes., then quenchitd an
aqueous saturated solution of 8#; and extracted four times

with CH,Cl,. The combined organic layers were dried over

anhydrous sodium sulfate, filtered and concentratedier
reduced pressure. The crude mixture was clean enuoigto be
purified. 87% yield. Transparent otH NMR (400 MHz, CDCJ)
1:1 mixture of two diastereomets(ppm) 7.68 (dJ = 8.3 Hz,
2H), 7.56 (dJ = 8.5 Hz, 2H), 4.81 (qdl = 4.5 Hz, 11.0 Hz, 1H),
1.95 (d,J = 11.7 Hz, 0.5H), 1.87 (d] = 12.2 Hz, 0.5H), 1.84-
1.75 (m, 1H), 1.75-1.65 (m, 2H), 1.53-1.41 (m, 2H)910.97
(m, 2H), 0.95-0.85 (m, 7H), 0.75 (@~ 7.0 Hz, 1.5H), 0.72 (d
= 7.0 Hz, 1.5H)F NMR (376 MHz, CDG)) First diastereomer
J (ppm) —109.8 (AB system]yg = 227.5 Hz,Avpg = 1268 Hz,
1F); Second diastereome¥ (ppm) —109.4 (AB systemus =
228.9 Hz Avg = 829 Hz, 1F)*C NMR (126 MHz, CDGJ) Two
diastereomerg (ppm) 159.2 (ddJ = 26.8 Hz, 29.1 Hz), 159.1 (t,
J=27.8 Hz), 140.0, 139.9, 134.7, 129.9, 129.8,8,21717.9 (dd,
J=302.5 Hz, 305.6 Hz), 117.8 &= 304.3 Hz), 79.8, 79.8, 46.7,
40.4, 40.4, 34.0, 33.9, 31.6, 26.2, 26.0, 23.43,232.0, 20.7,

Compounds 2la-1,5-16 were synthesized following
procedure Eand were described in our previous paper.

2,2-Difluoro-1--tolyl)-2-(p-tolylsulfinyl)ethan-1-ol21a-2

The crude was purified by chromatography on siliebvgth
cyclohexane/AcOEt (100/0 to 50/50). 90% vyieftH NMR
(400 MHz, CDC{) Two diastereomersé (ppm) 7.60 (d,
J=7.5Hz, 2H), 7.40 (d] = 8.0 Hz, 0.8H), 7.38-7.32 (m, 3.2H),
7.20 (d,J = 8.0 Hz, 0.8H), 7.17 (d] = 8.0 Hz, 1.2H), 5.39 (dd,
J= 3.1 Hz, 22.8 Hz, 0.6H), 5.30 (ddd,= 2.8 Hz, 3.7 Hz,
10.3 Hz, 0.4H), 4.79 (d] = 5.3 Hz, 0.6H), 3.92 (d] = 3.8 Hz,
0.4H), 2.43 (s, 1.2H), 2.42 (s, 1.8H), 2.36 (s, 1.2HRB4 (s,
1.8H)."F NMR (376 MHz, CDG)) First diastereomep (ppm)
-115.0 (ABX SyStemJAB = ‘]F-F =218.0 HZJAX = ‘]H-F =10.2 HZ,
15.0 Hz, Avpg=3498 Hz, 0.6F); Second
diastereomer 6 (ppm) -114.1 (ABX system, Jxg=J:.
= 224.8 Hz,Jox = Jur = 22.5 Hz,Avpp = 2288 Hz, 0.4F)"°C
NMR (126 MHz, CDC})) Two diastereomerg (ppm) 143.6,

Jx =dur =
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143.5, 139.4, 139.0, 132.8 (@,= 3.2 Hz), 132.2 (dJ=3.2  of argon. Titanium(IV) chloride (2 equiv., 35 pL18umol) was
Hz), 131.9, 131.5 (dJ = 1.8 Hz), 130.0, 129.9, 129.3, 129.1, then added to the reaction mixture. It became dack The
128.1, 127.9, 126.5, 124.7 (d#él= 297.0 Hz, 305.2 Hz), 124.0 reaction was stirred at —20 °C for 35 minutes. It \yasnched
(dd,J = 293.8 Hz, 309.3 Hz), 73.0 @,= 21.8 Hz), 70.4 (dd] = with water and the aqueous phase was extracted threg with
19.5 Hz, 29.1 Hz), 21.7, 21.7, 21.4, 21.3,Rm*") 3325, 2923, Et,0. The combined organic layers were washed with aatatlir
2855, 1597, 1515, 1494, 1449, 1181, 1112, 10851,10815, solution of NHCI, dried over anhydrous sodium sulfate, filtered
975, 835, 810, 780, 747, 703. HRMS (ESI) calcd forand concentrated under reduced pressure.
Cy6H17F0,S: 311.0912, found: 311.0901. Procedure G- Use of ZnGi

1-(4-Bromophenyl)-2,2-difluoro-2pttolylsulfinyl)ethan-1-ol

21-a3 Pre-drying of zinc(ll) chloride — Zngl(2 equiv., 71.7 mg,

526 pumol), a highly hygroscopic compound, was presip

The crude was purified by chromatography on siliebvgth dried using the following method: in a Schlenk tulznc
cyclohexane/AcOEt (100/0 to 50/50). 99% vyieftH NMR dichloride was heated to 140 °C under vacuum. Afteoirs of
(400 MHz, CDC}) Two diastereomerg$ (ppm) 7.62-7.64 (m, stirring under such conditions, the tube was codledoom
4H), 7.51 (dJ= 8.4 Hz, 2H), 7.48 (d] = 8.5 Hz, 2H), 7.42-7.30 temperature and 1 mL of freshly distilled THF wasled under
(m, 8H), 5.47-5.29 (m, 2H), 5.26 (d,= 5.1 Hz, 1H), 4.25 (d, an atmosphere of argon. The mixture was stirredl uotal
J=3.0 Hz, 1H), 2.44 (s, 3H), 2.43 (s, 3% NMR (376 MHz,  dissolution of ZnGl.
CDCl;) First diastereomerod (ppm) —-114.5 (ABX system,
‘]AB: ‘]F-F: 219.3 HZ,JAX = ‘]H-F =8.9 HZ,JBX = ‘]H-F =15.0 HZ,
Avag = 4081 Hz, 0.5F);Second diastereomed (ppm) -114.1
(ABX SyStem,JAB = ‘]F-F = 224.8 HZ,JBX = ‘]H-F = 23.2 HZ,
Avps = 2318 Hz, 0.5F)."°C NMR (126 MHz, CDC) Two
diastereomers (ppm) 144.0, 143.8, 133.9, 133.3, 133.3, 132.3
132.3, 131.8, 131.6, 130.1, 129.9, 129.6, 126.5,5,2.24.3 (dd,
J =297.0 Hz, 304.7 Hz), 123.8, 123.4, 123.1 (#id, 293.4 Hz,
312.0 Hz), 73.0 (tJ = 22.3 Hz), 70.2 (dd] = 20 Hz, 28.6 Hz),
21.8, 21.7. IRv (cm") 3309, 2921, 1595, 1489, 1403, 1192,
1111, 1084, 1042, 1012, 979, 847, 809, 771, 703. BRHESI)
calcd for GsH14BrF,0,S: 374.9860, found: 374.9853.

Difluoromethyl p-tolyl sulfoxide 4a (1 equiv., 50 mg, 263
pmol) and 1-naphthaldehyde (2 equiv., 71.4 pL, pa®l) were
introduced in another Schlenk tube. The mixture eaded to —
30 °C and a solution of potassiutert-butoxide (2 equiv.,
60.2 mg, 526 pmol) dissolved in 1.5 mL of freshistitled THF
was added dropwise, under an atmosphere of argorre@lsdon
mixture turned dark yellow/orange. The freshly pregasolution
of ZnCl, in THF was then cannulated onto this mixture, which
became immediately light-yellow. The reaction wasresti at —
30 °C for 35 minutes. It was quenched with water ahnel t
aqueous phase was extracted three times wit®.EThe
combined organic layers were washed with a saturatiedion

1-(2,3-Dimethoxyphenyl)-2,2-difluoro-33 of NH,CI, dried over anhydrous sodium sulfate, filterend a
tolylsulfinyl)ethan-1-ol21a-4 concentrated under reduced pressure.
The crude was purified by chromatography on silieavgth Procedure H— Use of a tetra-substituted 18-crown-6 crown

cyclohexane/AcOEt (100/0 to 50/50). 99% vyieftH NMR ether
(400 MHz, CDC}) Two diastereomersé (ppm) 7.68 (d,
J=28.1Hz, 1H), 7.63 (d) = 8.2 Hz, 1.1H), 7.39-7.30 (m, 2H),
7.11 (d,J = 7.9 Hz, 0.54H), 7.07-7.01 (m, 1H), 6.98 (d,
J=7.4 Hz, 0.46H), 6.93-6.86 (m, 1H), 5.79 (dd; 6.0 Hz, 24.6
Hz, 0.54H), 5.36 (dtJ = 6.1 Hz, 19.5 Hz, 0.46H), 4.98 (d,
J=6.6 Hz, 0.54H), 4.63 (d] = 6.6 Hz, 0.46H), 3.85 (s, 1.4H),
3.83 (s, 1.4H), 3.81 (s, 1.6H), 3.77 (s, 1.6H), 2421(4H), 2.41
(s, 1.6H). ' NMR (376 MHz, CDGJ) First diastereomer
J (ppm) —114.7 (ABX systemlpg = Jer = 217.3 Hz,Jpx = Jn.
E= 6.1 HZ,JBX = ‘]H-F =19.8 HZ,AVAB = 3764 HZ, 0.46F)Sec0nd
diastereomep (ppm) —114.2 (ABX systendag =Jr.r = 223.4 Hz,
Jox = Jur = 24.5 Hz,Avag = 2481 Hz, 0.54F)°C NMR (126
MHz, CDCkL) Two diastereomeré (ppm) 152.5, 152.4, 147.9,
147.8, 143.6, 143.4, 133.6 (@= 3.2 Hz), 133.0 (dJ = 2.3 Hz),
130.0, 129.9, 127.7, 127.2, 126.6, 126.5, 124.7Jdd297.0 Hz, 4.9.2. Varying the aromatic ring of the sulfoxide

306.1 Hz), 124.5 (dd) = 297.0 Hz, 305.2 Hz), 124.2, 124.1, .

1213, 121.2, 113.5, 113.3, 70.1 (dd: 20.9 Hz, 25.0 Hz), 67.1  Frocedure E was used to accessa,a-difluoro--
(dd,J = 19.5 Hz, 28.6 Hz), 61.3, 61.1, 55.9, 55.9, 211772IRy  nydroxysulfoxide1b-1to 21e-1

(cm?) 3333, 2941, 1589, 1483, 1432, 1266, 1224,1171611  2_((4-Chlorophenyl)sulfinyl)-2,2-difluoro-1-phenyfean-1-ol
1086, 1050, 1005, 977, 898, 810,774, 751, 722. HRESI) 21p-1

caled for G;H;oF,0,S: 357.0967, found: 357.0970. - o
The crude was purified by chromatography on siliebvgth
4.9. Optimization attempts for the diastereoselediv@ess to  cyclohexane/AcOEt (100/0 to 80/20). 90% yieftH NMR

a,a-difluoro-g-hydroxysulfoxides (500 MHz, CDC}) Two diastereomerss (ppm) 7.61 (d,
J=8.1Hz, 2H), 7.53-7.49 (m, 4H), 7.43-7.33 (m, 3H¥55(d,
J = 23.0 Hz, 0.5H), 5.33-5.19 (m, 1H), 4.41 (s, 0.5f5.NMR
Procedure F- Use of TiC| (471 MHz, CDC)) First diastereomers (ppm) —114.2 (ABX
systemJag = Jrr=217.3 Hz,Jax = Jur = 10.9 Hz, Joyx = Jur
=14.3 Hz Avpg = 2764 Hz, 0.48F)Second diastereomeér(ppm)
—113.9 (ABX system)ag = Jr.p = 222.1 Hz Jgx = Jy.r = 22.5 Hz,
Avag = 2018 Hz, 0.52F)."C NMR (101 MHz, CDGC) Two
diastereomers (ppm) 139.3, 139.2, 134.6, 134.5 {d5 2.6 Hz),

Difluoromethyl p-tolyl sulfoxide 4a (1 equiv.,, 30 mg,
158 pmol), 1-naphthaldehyde (2 equiv., 45.1 pL, Bib%ol) and
crown ether (+)-(R3R11R 12R)-1,4,7,10,13,16-
Hexaoxacyclooctadecane-2,3,11,12-tetracarboxylic d aci
(20 mol%, 7.1 mg, 15.8 umol) were dissolved in 1 afilfreshly
distilled THF. The mixture was cooled to —30 °C gudassium
tert-butoxide (2 equiv., 35.4 mg, 315 pmol) dissolvedLi5 mL
of freshly distilled THF was added dropwise. The tiesc
mixture was stirred at —30 °C for 35 minutes. It vganched
with water and the aqueous phase was extracted threg with
Et,O. The combined organic layers were washed with aatatlir
solution of NHCI, dried over anhydrous sodium sulfate, filtered
and concentrated under reduced pressure.

4.9.1. Addition of chelating agents

To a solution of difluoromethyp-tolyl sulfoxide4a (1 equiv.,
30 mg, 158 umol) and 1-naphthaldehyde (2 equivl 4%, 315
pmol) in 1 mL of freshly distilled THF at —30 °C waslded
potassiuntert-butoxide (2 equiv., 36.1 mg, 315 pmol) previously
dissolved in 1 mL of freshly distilled THF, under atmosphere
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134.2 (d,J = 2.2 Hz), 133.8, 129.6, 129.6, 129.5, 129.2, 128.7 4.9.3. Screening of different bases

128.5, 128.1, 127.9, 127.9, 127.9, 127.1, 125.2J¢d300.0 Hz,
306.6 Hz), 124.3 (dd] = 295.5 Hz, 309.2 Hz), 72.9 (= 22.0
Hz), 70.1 (dd,J=19.4 Hz, 29.3 Hz). IR (cm?) 3325, 2920,
2851, 1576, 1494, 1476, 1456, 1393, 1191, 111031099,
1046, 1011, 973, 821, 800, 743, 726, 697. HRMS (E&lbd for
C1H1,CIF,0,S: 317.0209, found: 317.0192.

2,2-Difluoro-1-phenyl-2-(phenylsulfinyl)ethan-1-2lc-1

The crude was purified by chromatography on siliebvgth
cyclohexane/AcOEt (100/0 to 50/50). Quantitative vyield
'"H NMR (400 MHz, CDCJ) Two diastereomers (ppm) 7.77-
7.70 (m, 2H), 7.64-7.50 (m, 3.8H), 7.49-7.44 (m, 1,2H}3-
7.34 (m, 3H), 5.48-5.35 (m, 1H), 4.40 (b= 5.3 Hz, 0.6H), 3.69
(d, J = 3.9 Hz, 0.4H)."F NMR (376 MHz, CDGJ) First
diastereomer 6 (ppm) -114.2 (ABX system, Jxg=J:.
F=219.3 Hz,Jax = Jur = 8.9 Hz, Jkx = Jyr = 15.7 Hz,
Avag = 3961 Hz, 0.36F)Second diastereomef (ppm) —113.5
(ABX System, ‘]AB = ‘]F-F: 224.8 HZ, ‘]BX = ‘]H-F =225 HZ,
Avag = 2495 Hz, 0.64F). These data are consistent witlsetho
already reported in the literatute.

2,2-Difluoro-2-((4-methoxyphenyl)sulfinyl)-1-phenyten-1-
ol 21d-1

The crude was purified by chromatography on siliebvgth
cyclohexane/AcOEt (100/0 to 50/50). 90% yielH NMR
(500 MHz, CDC{) Two diastereomersé (ppm) 7.65 (d,
J=7.8 Hz, 2H), 7.53-7.45 (m, 2H), 7.41-7.33 (m, 3HP677.01
(m, 2H), 5.44 (dd,J=1.4Hz, 22.6 Hz, 0.55H), 5.32 (dd,
J=9.6 Hz, 15.3 Hz, 0.45H), 3.86 (s, 1.45H), 3.85 (&5H).
F NMR (471 MHz, CDG)) First diastereomep (ppm) —115.2
(ABX SyStem,JAB=JF_F = 219.3 HZ,JAX = ‘]H-F = 95 HZ,
Jax = -k 15.6 Hz, Avag=4746 Hz, 0.45F); Second
diastereomer 6 (ppm) -114.4 (ABX system, Jag=J:

F = 224.5 Hz Jgx = Jue = 22.5 Hz,Avpg = 2486 Hz, 0.55F)°C
NMR (126 MHz, CDC)) Two diastereomer$ (ppm) 163.5,
163.5, 134.9, 134.5 (d = 1.4 Hz), 129.5, 129.1, 128.6, 128.6,
128.6, 128.4, 128.2, 128.1, 126.6 {d= 3.2 Hz), 126.0 (d) =
2.3 Hz), 124.5 (dd) = 296.6 Hz, 304.7 Hz), 123.6 (dil= 292.9
Hz, 309.7 Hz), 114.9, 114.9, 73.4 {t= 22.3 Hz), 70.6 (dd] =
20.0 Hz, 29.1 Hz), 55.7, 55.7. IR (cm™) 3324, 2921, 2817,
1594, 1577, 1496, 1456, 1443, 1308, 1258, 11758,11087,
1062, 1027, 978, 831, 798, 729, 699. HRMS (ESI) ccdtr
CysH14FNaGOsS: 335.0524, found: 335.0519.

2,2-Difluoro-2-(naphthalen-1-ylsulfinyl)-1-phenyleth-1-ol
2le-1

The crude was purified by chromatography on siliebvgth
cyclohexane/AcOEt (100/0 to 50/50). Quantitative vyield
'H NMR (400 MHz, CDCJ) Two diastereomeré (ppm) 8.21 (d,
J=6.5 Hz, 1H), 8.13 (dJ = 4.3 Hz, 0.6H), 8.04 (tJ = 7.8 Hz,
1H), 7.97 (dJ = 7.1 Hz, 0.4H), 7.94-7.88 (m, 1H), 7.70-7.63 (m,
1H), 7.59-7.58 (m, 4H), 7.43-7.31 (m, 3H), 5.61J¢ 19.3 Hz,
0.6H), 5.44 (ddJ = 9.5 Hz, 13.3 Hz, 0.4H), 5.28 (br s, 0.6H),
4.33 (br s, 0.4H)°F NMR (471 MHz, CDCJ) First diastereomer
0 (ppm) -112.0 (ABX system,Jsg=215.9 Hz, Jgx =Ju.
F=14.3 Hz Avpg = 4236 Hz, 0.4F)Second diastereomér(ppm)
—111.9 (AB systemJas=220.7 Hz,Avpg = 1588 Hz, 0.6F).
¥C NMR (126 MHz, CDCJ) Two diastereomers (ppm) 134.8,
134.4, 133.6, 133.5, 133.2, 133.1, 132.3, 131.2.9,3129.5,
129.1, 128.8, 128.7 128.6, 128.4, 128.2, 128.0,.712¥27.6,
127.1, 126.9, 126.8, 126.6, 126.5, 125.5, 125.2.6,2122.5,
73.7 (t,J = 22.3 Hz), 70.7 (dd] = 19.1 Hz, 28.2 Hz). IR (cm™)
3339, 3063, 2927, 1505, 1455, 1193, 1115, 10649,1973, 800,
769, 729, 698. HRMS (ESI) calcd for;dH15F,0,S: 333.0755,
found: 333.0748.

Procedure - Use of KHMDS/crown ether 18-crown-6

Pre-drying of crown ether 18-crown-6 — Each time itswa
used, crown ether 18-crown-6 was previously driedwdts
solubilized in anhydrous toluene and the potetitéades of water
were removed by evaporation of the toluene/water teze®
under reduced pressure. This procedure was repeateztal
times and the solid obtained was maintained undeuua
overnight. It is also possible to recrystalliz&@m acetonitrile.

In a reaction tube under argon were dissolved difloethyl
p-tolyl sulfoxide4a (1 equiv., 30 mg, 158 pmmol), benzaldehyde
(1 equiv., 16.3 pL, 158 umol) and, when requiredwer ether
18-crown-6 (1 equiv., 41.7 mg, 158 pmol) in 2 mLtted desired
anhydrous solvent. The mixture was stirred at —30 fo6€
10 minutes. A solution of KHMDS (2 equiv., 0.5 M inluene,
631 pL, 315 pmol) was then added dropwise to theiquev
solution at —30 °C. The reaction was stirred at timperature
for the desired time, possibly followed by a perafdstirring at
room temperature, depending on the result of thé Tantrol. It
was quenched with water and the aqueous phase wastedtra
three times with EO. The combined organic layers were washed
with a saturated solution of N8I, dried over anhydrous sodium
sulfate, filtered and concentrated under reducedsure.

Procedure J- Use of LIHMDS/crown ether 12-crown-4

In a reaction tube under argon were dissolved diflonzthyl
p-tolyl sulfoxide 4a (1 equiv., 30 mg, 158 umol), benzaldehyde
(1 equiv., 16.3 pL, 158 umol) and, when requiredctiivn-4
(1 equiv., 27.8 mg, 158 umol) in 1 mL of the chosamydrous
solvent. The mixture was stirred at —30 °C for 1@utgs. In the
meanwhile, to a solution of distilled HMDS (2 equi67 pL,
315 pumol) in 1.5 mL of the chosen anhydrous soh&nt78 °C
was added dropwisebutyllithium (2 equiv., 1.54 M in hexanes,
205 pL, 315 pmol). This solution was stirred at =30for
20 minutes. The mixture was added dropwise to theiqus
solution. The reaction mixture was stirred at —30 fo€ the
desired time, possibly followed by a period of stigrat room
temperature, depending on the result of the TLCrobrit was
guenched with water and the aqueous phase was edttacte
times with E4O. The combined organic layers were washed with
a saturated solution of NBI, dried over anhydrous sodium
sulfate, filtered and concentrated under reducedsure.

Procedure K- Use of NaH

In a reaction tube under argon were dissolved diflonzthyl
p-tolyl sulfoxide 4a (1 equiv., 50 mg, 260 pmol) and
benzaldehyde (1 equiv., 50 pL, 260 pmol) in frestistilled
THF. After some minutes of stirring at —78 °C, NaHe@uiv.,
21 mg, 530 pmol, 60% dispersion in oil) was addedigowise.
The solution turned yellow then orange. This solutims stirred
at this temperature for 2 h and was then allowed fovta room
temperature. It was stirred at this temperature ¥oh. The
reaction mixture was quenched with a saturated isolubf
NH,CI. The aqueous layer was extracted three times Ry,
The combined organic layers were washed with brineddver
anhydrous sodium sulfate, filtered and concentratedier
reduced pressure.

Procedure L-1- Use of R-Bu
Non-reproducible results

In a reaction tube under argon were dissolved diflothyl
p-tolyl sulfoxide 4a (1 equiv.,, 15mg, 78.9umol) and
benzaldehyde (1 equiv., 8.18, 78.9 umol) in 1 mL of the
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appropriate anhydrous solventt-Bu (0.8 M solution in
hexane, 2 equiv., 197 uL, 158 pumol) was added drapteithis
solution cooled to —30 °C. The reaction mixture waged at —
30 °C for 2 hours, then quenched with water at @isperature.
The aqueous layer was extracted three times wit.EThe
combined organic layers were washed with a saturatiedion
of NaCl, dried over anhydrous sodium sulfate, fédterand
concentrated under reduced pressure.

Procedure L-2- Use of R-Bu
Reproducible results

Hexane was removed under vacuum from 1@7of the
commercially available solution of,PBu superbase (0.8 M in
hexane, 2 equiv., 194L, 158 umol). The solid obtained was
dissolved in 0.7 mL of freshly distilled THF (or @her solvent
for tests) previously cooled to -30 °C. To a solutiof
difluoromethylp-tolyl sulfoxide4a (1 equiv., 15 mg, 78.Amol)
and carbonyl derivative (1 equiv., 78@ol) dissolved in
1.8 mL of freshly distilled THF (or another solveior tests) at
—30 °C was added dropwise the previous solution,6BR in
THF (or another solvent for tests). The reactiorxtore was
stirred at —30 °C for 2 hours, then quenched withewat this
temperature. The aqueous layer was extracted thmess twith
Et,O. The combined organic layers were washed with aagatilir
solution of NaCl, dried over anhydrous sodium selfdiitered
and concentrated under reduced pressure.

4.10. Study with P-Bu

4.10.1. Evolution of the d.r. depending on thecttiometry in
P,t-Bu

Procedure L-2was used, varying the stoichiometry igt-Bu
(1 or 2 equiv.). After 5, 15, 45 and 120 minute® L of the
reaction mixture were sampled and directly quencivitt a

Tetrahedron

stirred at room temperature for 48 h,@tand water were added
to the reaction mixture, which was then filtered. Tdgueous
phase was extracted three times with,OEt The combined
organic layers were washed with a saturated solufoNaCl,
dried over anhydrous sodium sulfate, filtered aodcentrated
under reduced pressure.

(9-2,2-Difluoro-1-phenyl-24-toluenesulfinyl)ethan-1-one
(S)-3a-1

The crude was purified by chromatography on siliebvgth
cyclohexane/AcOEt (100/0 to 50/50). Quantitative vyield
'H NMR (500 MHz, CDCJ)) 6 (ppm) 8.01 (ddJ = 1.1 Hz, 8.6
Hz, 2H), 7.67 (ttJ = 1.2 Hz, 7.5 Hz, 1H), 7.56-7.48 (m, 4H),
7.31 (d,J = 7.9 Hz, 2H), 2.42 (s, 3H)’F NMR (471 MHz,
CDCl;) -103.7 (AB system, Japg = Jep= 237.7 Hz,
Avps = 1223.8 Hz, 2F)*C NMR (126 MHz, CDG)) ¢ (ppm)
185.5 (t,J = 22.7 Hz), 144.1, 135.3, 132.8, 132.5, 130.7, 2.30.
129.0, 126.4, 21.8. IR (Cth 2924, 1694, 1597, 1493, 1450,
1274, 1142, 1090, 1067, 974, 810. HRMS (ESI) calod f
Cy5H13F0,S: 295.0598, found: 295.0584.

(9-2,2-Difluoro-1-(4-methoxyphenyl)-2pftoluenesulfinyl)-
ethan-1-one%)-3a-16

The crude was purified by chromatography on siliebvgth
cyclohexane/AcOEt (100/0 to 80/20). 89% yield.NMR (500
MHz, CDCk) ¢ (ppm) 8.02 (dJ = 8.8 Hz, 2H), 7.53 (d) = 8.0
Hz, 2H), 7.30 (dJ = 8.0 Hz, 2H), 6.96 (d] = 8.8 Hz, 2H), 3.90
(s, 3H), 2.42 (s, 3H)"*F NMR (471 MHz, CDGJ)) -104.9 (AB
system,Jas = Je.r = 235.8 Hz,Avag = 1385 Hz, 2F)*C NMR
(126 MHz, CDC}) § (ppm) 183.3, 165.4, 143.9, 133.4, 132.9,
130.1, 126.3, 114.2, 55.8, 21.8. IR (jm2924, 1694, 1597,
1493, 1450, 1274, 1142, 1090, 1067, 974, 810. HRESI)(
calcd for GsH1F,0,S: 295.0598, found: 295.0584. IR (&n
1684, 1598, 1269, 1147, 603. HRMS (ESI) calcd for

saturated solution of N)€I. The aqueous layer was extracted CigH14F,0sSK: 363.0263, found: 363.0253.

with Et,O and'*F NMR analyses of the different crude mixtures
th

were carried out to determine the conversions and
diastereomeric ratios.

4.10.2. Evolution of the d.r. and of the percentaeside-
product22adepending on the temperature

Procedure N- Use of DMP as oxidizing agent

DMP (1.2 equiv., 685 mg, 0.50 mL, 1.61 mmol) was aldbe
a solution of ...(1 equiv., 400 mg, 1.35 mmd}la-6 and
NaHCQ; (4 equiv., 452.1 mg, 5.38 mmol) in 8 mL of anhydsou
CH,Cl, at 25 °C. The mixture was stirred for 30 min. A saiten

Procedure L-2was also used, varying the temperature (-solution of NaHCQ@ was added to the reaction mixture. The

30 °C, 0 °C or 20 °C).
4.10.3. Synthesis gfhydroxysulfoxid@3a

The synthesis op-hydroxysulfoxide23a was carried out by
using procedure L-2 Methyl p-tolyl sulfoxide was employed
instead of difluoromethyp-tolyl sulfoxide4a.

4.10.4. Screening of different carbonyl derivatives

Procedure L-2was used for the screening of different

carbonyl derivatives. This study and the analysesesponding
to the a,a-difluoro-B-hydroxysulfoxides synthesized is available
in the corpus and electronic supporting informatioh our
previous papet.

4.11. Diastereoselective
ketosulfoxides @3a—c

reduction  ofz,a-difluoro-g-

4.11.1. General procedures to access to enantiopyse
difluoro-p-ketosulfoxides @53a-1,6,16

Procedure M- Use of PDC as oxidizing agent

4A molecular sieves and PDC (1.5 equiv.) were added to
solution of 2,2-difluoro-1-aryl-2g-tolylsulfinyl)ethan-1-ol21a-1
or 21a-16in anhydrous CKCl,. The resulting suspension was

aqueous phase was extracted three times wit®.EThe
combined organic layers were washed with a saturatiedion
of NaCl, dried over anhydrous sodium sulfate, fédterand
concentrated under reduced pressure. The crude wvdieg by
chromatography on silica gel with cyclohexane/AcQEIO/0 to
30/70). 83% yield.

(9-2,2-Difluoro-1-(3-pyridinyl)-2-p-toluenesulfinyl)-ethan-
1-one &)-3a-6

The crude was purified by chromatography on denestall
silica gel with cyclohexane/AcOEt (100/0 to 20/80)%8yield.
'H NMR (500 MHz, CDC)) § (ppm) 9.12 (dd) = 2.3, 1.0 Hz,
1H), 8.84 (ddJ = 4.9, 1.7 Hz, 1H), 8.31 (dq, = 9.0, 1.9 Hz,
1H), 7.55 — 7.49 (m, 2H), 7.45 (dddi= 8.1, 4.8, 0.9 Hz, 1H),
7.36 — 7.30 (m, 2H), 2.42 (s, 3HJF NMR (471 MHz, CDG)) §
(ppm) —104.3 (AB systemilpg = Jr.r = 238.4 Hz Avpg = 1907,6
Hz, 2F)"*C NMR (126 MHz, CDGCJ) & (ppm) 185.1 (tJ = 24.6
Hz), 154.9, 151.5, 144.4, 138.0, 132.3, 130.3, 12928.6,
126.1, 123.6, 21.8. IR (cf), 2924, 1699, 1585, 1140, 1089, 810,
700, 515. HRMS (ESI) calcd for,6H,,F,0,SNNa: 318.0371,
found: 318.0360.

IR (cm') 1699, 1585, 1140, 1089, 810, 700, 515. HRMS
(ESI) calcd for GH1,F,0O,SNNa: 318.0371, found: 318.0360.



4.11.2. General procedure to access to highly diasteand
enantioenriched a,a-difluoro--hydroxysulfoxides g¥)21a-
1,6,16by reduction with DIBAL-H

A solution of DIBAL-H (1.1 equiv., 1 M in THF,) was aed
to a solution of enantioenriche8){2,2-difluoro-1-(het)aryl-2-
toluenesulfinyl)ethan-1-onesg)-3a (1 equiv.) in freshly distilled
THF (ca. 5 mL /mmol) under argon at —78°C. The Itasy
mixture was stirred at —78°C for 15 minutes. It waantallowed
to warm to 22 °C and stirred at this temperature3fbopurs. The
mixture was cooled to 0 °C and diluted with,@&t Water was
slowly added, followed by a 1M solution of NaOH. The laup
bath was removed, and the mixture was stirred fomiiutes at
22 °C. The aqueous phase was extracted three tintlesEe0O.
The combined organic layers were washed with a satlirat
solution of NaCl, dried over anhydrous sodium selfdiitered
and concentrated under reduced pressure.

(9-2,2-Difluoro-1-phenyl-2-(§)-p-tolylsulfinyl)ethan-1-ol
(5%,9-21a-1

The crude was purified by chromatography on silieavgth
cyclohexane/AcOEt (100/0 to 50/50). 77% yield. 98:2, 6%
e.e.One diastereomeiH NMR (500 MHz, CDCJ) 6 (ppm) 7.62
(d,J=7.9 Hz, 2H), 7.49-7.45 (m, 2H), 7.39-7.34 (m, 5HA2S
(ddd,J = 1.4 Hz, 5.0 Hz, 22.6 Hz, 1H), 4.67 (M= 5.5 Hz, 1H),
2.43 (s, 3H)°F NMR (471 MHz, CDG)) § (ppm) —114.7 (ABX
SyStem, ‘]AB = ‘]F—F = 2254 HZ, ‘]BX = ‘]H-F = 225 HZ,
Avpg = 2417 Hz, 2F)."®C NMR (126 MHz, CDCJ)) 6 (ppm)
143.6, 134.7, 132.3, 130.1, 129.2, 128.5, 128.6,5,2.24.4 (dd,
J = 297.5 Hz, 305.6 Hz), 70.9 (dd,= 20.0 Hz, 28.6 Hz), 21.7.
The diastereomeric ratio and the enantiomeric exc#sthe
product were determined by HPLC using a Chiracetdimn
(n-hexanefPrOH= 80/20, flow rate 0.5 mL/mir, =205 nm,
1=9.4 min, 10.8 min, 20.0 min, 23.6 minjhsd] = +125.07
(20 °C, 0.895 g/100 mL, CH@I IR (cm') 3225, 2924, 1494,
1456, 1112, 1086, 1042, 809, 729, 698.

(9-2,2-Difluoro-1-(3-pyridinyl)-2-(§)-p-tolylsulfinyl)ethan-
1-ol (%,9-21a-6

The crude was purified by chromatography on silieavgth
cyclohexane/AcOEt (100/0 to 30/70). 39% yield. 9317, 6%
e.e."H NMR (500 MHz, CDC}) 5 (ppm) 8.66 (s, 2H), 7.89 (d,
= 6.8 Hz, 1H), 7.60 (d] = 7.7 Hz, 2H), 7.35 (d] = 7.7 Hz, 3H),
5.51 (d,J = 22.9 Hz, 1H), 2.41 (s, 3H}’F NMR (376 MHz,
CDCly) 6 (ppm) —114.4 (ABX systendag = Jr.r = 225.4 Hz Jax
= Jur = 23.2 Hz,Avag = 2245 Hz, 2F).*C NMR (101 MHz,
CDCly) 6 (ppm) 149.9, 148.9, 143.8, 136.2, 132.0J(¢,3.7 Hz),
131.5, 130.1, 126.6, 123.7, 68.4 (dd= 29.4, 19.6 Hz), 21.7.
The diastereomeric ratio and the enantiomeric exc#sthe
product were determined by chiral HPLC using a Cleird€
column f-hexangtPrOH = 80/20, flow rate: 0.5 mL/mirk, =
207 nm,t=20.6 min; 23.6 min; 49.1 min and 59.5 min.).
IR (cm*) 3056, 1699, 1585, 1420, 1280, 1140, 1065, 810, 70
515. HRMS (ESI) calcd for £H;,F,NaNG,S: 318.0371, found:
318.0360.

(9-2,2-Difluoro-1-(4-anisyl)-2-&)-p-tolylsulfinyl)ethan-1-ol
(S5,9-21a-16

The crude was purified by chromatography on silieavgth
cyclohexane/AcOEt (100/0 to 50/50). 29% yield. 93:i7, 8%
e.e.'TH NMR (500 MHz, CDCJ) & (ppm) 7.60 (dJ = 7.8 Hz,
1H), 7.39 (dJ = 8.2 Hz, 1H), 7.35 (d] = 7.7 Hz, 1H), 6.89 (d]
= 8.3 Hz, 1H), 5.37 (dJ = 22.6 Hz, 1H), 3.79 (s, 2H), 2.43 (s,
2H). "*F NMR (471 MHz, CDG)) 6 (ppm) —114,0 (ABX system,
‘]AB = ‘]F-F = 224.2 HZ!‘]BX = ‘]H-F =223 HZ,AVAB: 3035.4 HZ,
2F). °C NMR (126 MHz, CDGCJ)) & (ppm) 160.30, 143.51,
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132.32, 130.00, 129.58, 129.25, 126.79, 126.52.90130.39
(dd, J = 28.9, 19.4 Hz), 55.39, 21.70. The diastereomeiio
and the enantiomeric excess of the product werardeted by
chiral HPLC using a Chiracel IC columm-fexandgtPrOH =
80/20, flow rate: 0.5 mL/minyA = 204 nm,z = 13,0 min; 15,5
min ; 31,7 min and 41,7 min.). IR (CJI)13326, 1611, 1513, 1250,
1085, 1034, 975, 789, 522. HRMS (ESI) calcd for
Cy6H16FKO3S: 365.0420, found: 365.0432.

4.12. Removal of the chiral auxiliary

4.12.1. Access to enantiopuseu-difluoro-g-hydroxysulfone
(S)24a-1

(9-2,2-Difluoro-1-phenyl-2-tosylethan-1-dbf-24a-1

To a solution of 2,2-difluoro-1-phenyl-2-tolylsulfinyl) ethan-
1-ol (&,9-21a-1 (1 equiv., 3.3 mg, 11..umol) in 0.2 mL of
anhydrous CKCI, was addedn-CPBA (78% of active oxygen,
1.5 equiv., 3.74 mg, 16gmol) at 25 °C. The solution was stirred
at this temperature for 24 hours. The reaction wesghed with

a saturated solution of B80;. The aqueous phase was extracted
three times with CKCl,. The combined organic phases were
washed with a saturated solution of NaHG®Dd with a saturated
solution of NaCl, dried over anhydrous sodium selfdiitered
and concentrated under reduced pressure. The prodact was
purified by chromatography on silica gel using
cyclohexane/AcOEt (100/0 to 80/20). Quantitative yie9d%
e.e. White solid'H NMR (400 MHz, CDCJ) J (ppm) 7.88 (d,)

= 8.3 Hz, 2H), 7.51-7.45 (m, 2H), 7.41 (b 8.1 Hz, 2H), 7.40-
7.36 (m, 3H), 5.56 (dd} = 21.3 Hz, 2.1 Hz, 1H), 3.44-3.17 (br s,
1H), 2.48 (s, 3H)**F NMR (376 MHz, CDCJ) 5 (ppm) —111.9
(ABX systemJpg = Jpr=237.1 HzJgy = Jyr = 21.1 HZ Avpg =
5850 Hz, 2F)."®C NMR (126 MHz, CDG) § (ppm) 147.4,
133.8, 130.9, 130.3, 129.7, 129.7, 128.7, 128.8,212dd,J =
288.8 Hz, 298.4 Hz), 71.5 (dd,= 20.0 Hz, 26.3 Hz), 22.TThe
enantiomeric excess of the product was determinedHinal
HPLC using a Chiracel IC columm-fbexanetfPrOH = 80/20,
flow rate: 0.5 mL/min\ =220 nm,r = 17.8 min and 20.1 min).
See our previous paper.

4.12.2. Access to a highly enantioenriclhegdifluoromethyl
alcohol by desulfonylation

(9-2,2-Difluoro-1-phenylethan-1-o5-25-1

Magnesium turnings (30 equiv., 68.26 mg, 2.59 mmae
previously placed under vacuum. 0.3 mL of methaaod a
minimal amount of iodine were added to the mediurhe T
mixture was cooled to 0 °C. A solution d®)-Q,2-difluoro-1-
phenyl-2-tosylethan-1-ol $-24a-1 (1 equiv.,, 27 mg,
0.086 mmol) in 0.7 mL of methanol was added. Thectiea
mixture was allowed to warm to 20 °C and stirred ds th
temperature for 16 h. The reaction was quenchedangidturated
solution of ammonium chloride. The aqueous phase wa
extracted three times with . The combined organic layers
were washed with a saturated solution of NaCl, driedr ov
anhydrous sodium sulfate, filtered and concentratexier
reduced pressure. The crude was purified by chragrepby on
silica gel with cyclohexane/AcOEt (100/0 to 70/30)%&§ield.
95% e.e’H NMR (400 MHz, CDC}) 6 (ppm) 7.46-7.35 (m, 5H),
5.77 (td,J = 4.8 Hz, 55.9 Hz, 1H), 4.84 (td= 4.6 Hz, 10.1 Hz,
1H), 2.43 (br s, 1H)"°F NMR (376 MHz, CDG)) ¢ (ppm) —
127.2 (ABX systemJag = Jr.r = 284.1 Hz Jax = Jyr = 55.9 Hz,
Jex = Jur = 9.5 Hz,Avpag = 278.5 Hz, 1F) and -128.0 (ABX
system,Jag = Jrp = 284.1 HzJpx = 4r = 55.9 HZ,Jgx = Jur =
10.9 Hz,Avpg = 278.8 Hz, 1F). The enantiomeric excess of the
product was determined by chiral HPLC using a ChirdCe
column @-hexaneétPrOH = 95/5, flow rate: 0.5 mL/min, = 207
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nm, T =10.7 min and 11.7 min). These data are congisten

with those already reported in the literattfte.

4.12.3. Access to highly enantioenriched-difluoromethyl
alcohols by desulfinylation with Mg(0) or PMHS/t-BuOK

(9-2,2-Difluoro-1-phenylethan-1-ol §-25-1 by PMHSt-
BuOK-mediated desulfinylation

To a stirred solution of 2,2-difluoro-1-phenyl-g-olyl
sulfinyl)ethan-1-ol $§,9-21a-1 (1 equiv., 50 mag,
169 pmol) and-BuOK (3 equiv., 56.8 mg, 506 pmol) in freshly
distiled THF was added dropwise PMHS (3 equiv., 137 p
506 pmol). The mixture was stirred at 20 °C for 4i8 la sealed
tube, then quenched with a solution of KOH in @Hnethanol
(2:1, V/V) mixture and left under stirring for 2 hh& aqueous
phase was extracted three times with,OEt The combined
organic phases were washed with a saturated solutidatHCO;,
and with a saturated solution of NaCl, dried overyanbus
sodium sulfate, filtered over Celfteand activated charcoal and
concentrated under reduced pressure. The crude wvdieg by
chromatography on silica gel with cyclohexane/AcQEIO/0 to
70/30). 52% vyield. 88% e.e.

(9-2,2-Difluoro-1-(4-anisyl)-ethan-1-ol§{-25-16 by Mg(0)-
mediated desulfinylation

The same procedure as for the desulfonylationSp24a-1
was used ong;,9-21a-16 The crude product was purified by
chromatography on silica gel using with cyclohexAc@Et
(100/0 to 60/40) as eluent. 64% yield. 86% &&NMR (500
MHz, CDCk) ¢ (ppm) 7.34 (dJ= 8.7 Hz, 2H), 6.93 (dJ= 8.7
Hz, 2H), 5.74 (tdJ = 5.1 Hz, 56.3 Hz, 1H), 4.77 (td= 4.7 Hz,
10.3 Hz, 1H), 3.81 (s, 3H}’F NMR (376 MHz, CDGJ)) 5 (ppm)
—127.5 (app. ddJ = 56.2,J = 9.5 Hz, 2F)*C NMR (126 MHz,
CDCly) 6 (ppm) 160.3, 131.8, 130.0, 129.7, 129.6, 128.6,9,17
116.0, 114.3, 114.0, 113.9, 73.4 (@,=26 Hz), 55.5, 29.8.

IR (cmi') 3414, 2924, 1515, 1250, 1068, 832, 552. HRMS (ESI)

caled for GHgF,0,: 187.0576, found: 187.0591uskg = +13.40
(20 °C, 0.7 g/100 mL, CHg). The enantiomeric excess of the
product was determined by chiral HPLC using a ChirdCe
column @-hexanetPrOH = 98/2, flow rate: 0.5 mL/min, = 224
nm,t = 27.2 min and 30.7 min).
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