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Methods to Construct Chiral Sulfoximines

Imidation of Chiral Sulfoxides

, Phl(OAc),
R” R MeOH or MeCN, rt R YR
SM up to 96% yield
/ ®
Ph—I Ph—I]—
Phl=0O
Phl(OAc), + NHj; T» T»
HOA H Phl
¢ © 20, ®
/ Ph—I=N:
| Ph—I ® | — -
A B
SM SM
Ph
Phl(OAc), @
-
R\““ ‘RI Work up R\““ ‘Rl

Zenzola, M.; Doran, R.; Degennaro, L.; Luisi, R.; Bull, J. A. Angew. Chem. Int. Ed. 2016, 55, 7203
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Methods to Construct Chiral Sulfoximines

Oxidation of Chiral Sulfilimines

Q Rh{(S)-nta}y (3 mol%) s*
TS PhI(OCOt-Bu), (1.4 eq) I 1) m-CPBA, K,CO3, DCM
_S_ +p-Tol™y 2 > .S > S8
R= R N (CI,CH),/MeOH, -35°C R" R’ 2) Mg, MeOH, ))) R™YR
Ts up to 97% yield
S* up to 96% de
o;"”";o .
~N— 4 S
g+ Rh—Rh I
Phl(OCOt-Bu), — Phi=NS* RV "R
t-BUCOzH
( )
OYRh
o ||
N OfRh
o) Phl
) T R
O Rh{(S)-nta}, L e,
. J Rh—Rh=NS§*

Collet, F.; Dodd, R. H.; Dauban, P. Org. Lett. 2008, 10, 5473
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Methods to Construct Chiral Sulfoximines

S-Alkylation & S-Arylation

NaH, pivalic anhydride> R'X, NaH, 15-crown-5>
R” THF R” dioxane !
R’ "Rl
Modification of the steric and R = Me, Et, "Bu, ‘Bu, p-tolyl
electronic properties of V atom R'= Alkyl only
Cul (10 mol%), (Ar)ArlX CF3CO,H, DCM, 1t
Bu” Cy,NMe, DMSO, 4 AMS, 60°C g @ ",  or KO'Bu, DMF, 80 °C  ,
PG = pivaloyl
—Ar Cu'X Ar,IX
| m
[¢] ' H
iCu(OTf) (10 mol%), (Ar)Ar 1X . Y | —CuAr Arcux, |
Pr,NEt, DMSO, 4 AMS, 60 °C A" 5 )I( ;
M

Aota, Y.; Kano, T.; Maruoka, K. Angew. Chem. Int. Ed. 2019, 58, 17661
Aota, Y.; Kano, T.; Maruoka, K. J. Am. Chem. Soc. 2019, 141, 19263
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Methods to Construct Chiral Sulfoximines

Annulation of Sulfoximines

0 R
(o) 0] \\S/
A\N
SN+ EWG _ [CP*RN(MeCN)SJ[(SbFe),] (2 mol%)
R NaOAc, DCE, 100 °C o _
N R’
2
SM1 SM2 Tm EWG
[Cp*Rh(MeCN);][(SbFg),]
lNaOAc
HOAc H* SM1
[Cp*Rh(OAC)MeCN]* .
H
R
RY o)

S
| O
Rh —L> ™ |
/Rh\
AcO Cp*

Cheng, Y.; Bolm, C. Angew. Chem. Int. Ed. 2015, 54, 12349




Methods to Construct Chiral Sulfoximines

Desymmetrization of Sulfoximines

R
o) 0 EWG_~ EWG._~
N ® ®
\\\\““S + )H(EWG Conditions A or B Q + S
R > 2 \
O A A
N

Conditions A (R major)

Conditions B (S major)

N—R
N— A: [Rh] (2.5 mol%), AgNTf, (20 mol%), 2-methoxybenzoic acid, MeOH

S AN o " 26 -
6 RI” )\‘Jﬂ; B: [Rh] (2.5 mol%), AgNTf, (20 mol%), 2,6-dimethoxybenzonic acid, TCE

(R)-[Rh] (R = OMe)

Shen, B.; Wan, B.; Li, X. Angew. Chem. Int. Ed. 2018, 57, 15534
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Methods to Construct Chiral Sulfoximines

Kinetic Resolution of Sulfoximines

R O
O ’*.S//
% . )k”/EWG [Rh] (3 mol%), acid (10 mol%) @ . Q
S R’ . S,
R Ar MeOH, 40 °C — " R” i
N2 s up to 200
R = alkyl EWG
— —_ 2+ §
| N 2 [SbFgl
| N=0OMe : o
N— : Bn
= : v—
7| : co
: H
l/ J— OM?\J’R|h\N 5 0 2
— 7 N\ :
I : . .
Me Me : chiral acid
Me :

Brauns, M.; Cramer, N. Angew. Chem. Int. Ed. 2019, 58, 8902
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Methods to Construct Chiral Sulfoximines

Ru-Catalyzed Desymmetrization of Sulfoximines

o)
N\ AW 4
\S..,,,,, + Q ﬁ/ [(p-cymene)RuCl,], (2.5 mol%), L12 (10 moI%)> S
R)I\és\ AgSbFg (20 mol%), DCE, 35 °C
7 R

Ru-Catalyzed Kinetic Resolution of Sulfoximines

O R
\ A

o)
\N
SN O ﬁ/ [(p-cymene)RuClyl, (2 mol%), L13 (7.5 mol%) _ S . Sy
o NS AgSbFg (15 mol%), TCE/'BUOH, 50 °C
Zph

Zhou, T.; Qian, P.-F.; Shi, B.-F. J. Am. Chem. Soc. 2021, 143, 6810




Methods to Construct Chiral Sulfoximines
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E ‘ CO,H l ‘ CO,H : |
0 0 : _Ru
i : O\\ //N\ (o)
O‘ N/Pr O‘ N/Cy E S." Hm S8
i | : 7 N
I .
Pr Cy : éj @ R1/ \R2
L12 L13

Ru-Catalyzed Desymmetrization of Sulfoximines

Ar
4

. O ﬁ/ [(p-cymene)RuCl,], (2.5 mol%), L12 (10 mol%)
R)]\%S\ AgSbFg (20 mol%), DCE, 35 °C o
7 R
Ru-Catalyzed Kinetic Resolution of Sulfoximines
R + O ﬁ/ [(p-cymene)RuCl,], (2 mol%), L13 (7.5 mol%) . . g
Ph S AgSbFg (15 mol%), TCE/'BuOH, 50 °C
7 Ph

Zhou, T.; Qian, P.-F.; Shi, B.-F. J. Am. Chem. Soc. 2021, 143, 6810
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Methods to Construct Chiral Sulfoximines

Kinetic Resolution

o\ X NHC (5 mol%), DBU, 4 AMS
S T H T oxidant (0.6 eq), THF, .60 °C
R” "R >
s up tp 101
Pr Pr
O/\KN\ ® _ YN\ ® .
N 'Pr or N Pr
#YNJ ll/l,,". |/N\//
Bn Pr BF, Bu Pr BF,

0]

=
o )k/D . O\\S
S.,,, , R\\““ \Rl
R"  O,N

2

Bu 'Bu
oo
Bu Bu

oxidant

Dong, S.; Frings, M.; Bolm, C. J. Am. Chem. Soc. 2016, 138, 2166
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Methods to Construct Chiral Sulfoximines

NO, 0 Q
N 0 7
H N\
S,
R R’ O,N
%
NHC* .
Bu Bu -NHC R/s\R'
X =0
NO, OH t t
Bu Bu
WNHc* *
Kinetic Resolution

NO, 0
0\\ . X y NHC (5 mol%), DBU, 4 A MS; o\
PN oxidant (0.6 eq), THF, -60 °C 5

R R R( e
s up tp 101
iPr u
0 N ®
N

iPr © |/ iPr S

Bn BF, Bu BF, u

Pr, ‘Bu ‘B
/\f . | YN\GD .
By B

oxidant

Dong, S.; Frings, M.; Bolm, C. J. Am. Chem. Soc. 2016, 138, 2166
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Methods to Construct Chiral Sulfoximines

Methods to Construct Chiral Sulfoximines
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Enantioselective Sulfur Alkylation of Sulfenamides

Rl R" RII
N2 [Rh(I]* cat. [O] R'
" >>nhcosu T L e — 20
u ] " W
R R R” SNCO'Bu R™ SNCO'Bu

First Example of Sulfenamide S-Alkylation and Catalytic Enantioselective S-Alkylation

Methods to Construct Chiral Sulfoximines
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Enantioselective Sulfur Alkylation of Sulfenamides

Racemic S-Alkylation Scope

R_ _R'
. , )N]i Rhy(OAc) (1mol%) |
e t = R
NHCO'B , S
Ph . R” R DCM Ph” N(H)CO'BU
1a 2(2.0eq) (rac)-3

o
MeO,C.__CO,Me .O ( \/’ CO,Me
Sl e o

S N S
Ph” “NHCO'Bu Ph/ NHCO'Bu Ph/ SNCOBuU Ph/ SNCOBBuU Ph” “NHCO'Bu

3a, 80% 3b, 73% 3i, 82% 3j, 96% 3e, 99%
CcO,Me EtO— P CO,Et NC._ _CO,Et CO,Et Me CO,Et
GJY Y T [ T
h” “NHCO!Bu Ph/ SNHCO'Bu Ph” “NHCO®Bu Ph” SNCOBu Ph~ SNCO'Bu
3f, 85% 39, 99% 3h, 98% 31, 80% 3m, 78%
Me><Me oH - N
Ph.__CO,Me
Y : 1gscale
o o S 1 10q di
g & Pr” SNCOBU : 1 eq. diazo
Ph” “NHCOBu / “NHCOBu Ph” SNCO'Bu 3n. 919 :
n H
3c, 74% 3d, 78% 3k, 88% . P )
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Enantioselective Sulfur Alkylation of Sulfenamides

Optimization of Enantioselective Reaction Conditions

N, Rha(L), (1 " Ph CO,Me
s - b (fmol%) Y7
Ph Ph CO,Me DCM, rt,1h Ph’s
1a 2n (1.5€eq) 3n
Ad tBu
) Q> o
T N\ N N
. SO,Ar
O Rh O o)
Rh,(L),4 L = S-DOSP
Ar = p-CoHp5CeH, L = S-PTAD L= S-PTTL
97% yield, 46:54 er 99% yield, 87:13 er 99% yield, 88:12 er
Ad t Ph Ph
0 >—§ O Bu> g % %,
cl N N
o (=
’ 8
Cl
L = S-TCPTAD L =S-NTTL L = R-p-Br-TPCP L = R-p-Ph-TPCP
97% yield, 56:44 er 98% yield, 92:8 er 98% yield, 94:6 er 93% yield, 96:4 er
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Enantioselective Sulfur Alkylation of Sulfenamides

Optimization of Enantioselective Reaction Conditions :

. N> Rh,(L)s (1 mol%) PhYcozme
Ph” Ph)]\COZMe solvent, T " PH
1a 2n (1.5 eq) 3n :
: L=R-p-Ph-TPCP
Entry Solvent Conc. (M) T Yield (%) Er (%)
1 DCM 0.2 rt 93 96:4
2 PhCI 0.2 rt 96 88:12
3 CHCI,4 0.2 rt 48 89:11
4 DCE 0.2 rt 99 96:4
5 DCE 0.05 rt 99 96.5:3.5
6 DCE 0.2 0°Cfor5h 98 96:4
7 DCE 0.2 50 °C for 5 min 91 96:4
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Enantioselective Sulfur Alkylation of Sulfenamides

Enantioselective S-Alkylation Scope

co,
N, o o \(
s . )]\ Rhy(R-p-Ph-TPCP), (1 mol%) |
R R'” “CO,R" DCE, rt, 1h R
1 2(1.5eq) 3
para-Substituents
Ph c02|v|e Ph COzMe Ph COzMe Ph C02Me
3n, 97%, 97:3 er 30, 99%, 96.5:3.5 er 3p, 99%, 97.5:2.5 er 39, 96%, 96:4 er
meta-Substituents ortho-Substituents
Ph COzMe Ph COZMe

COzMe C02M9

@S @ L

3r, 99%, 97:3 er 3t, 98%, 98:2 er 3u, 98%, 94:6 er 3w, 90%, 85:15 er




Enantioselective Sulfur Alkylation of Sulfenamides

Enantioselective S-Alkylation Scope

N R' CO,R"
2 Rhy(R-p-Ph-TPCP), (1 mol%) \(
R PN DCE, rt, 1 h g S
Rl COZR" 5 5 R/
1 2(1.5€eq) 3
Condensed Rings Aromatic Heterocycles

Ph\r002Me O PhYCOZMe PhYCOZMe PhYCOZMe

S S |\s S
PA! \S

3s, 90%, 97.5:2.5 er 3v, 97%, 92:8 er 3x, 94%, 94:6 er 3y, 86%, 96:4 er
Alkyl Group
Ph CO,Me
Ph CO,Me Ph CO,Me Ph CO,Me Y
Y Y Y s oh.__cogMe
S S S Y
N \/\/S
o) BocN \n/

O
3z, 82%, 92:8 er?® 3aa, 66%, 92:8 er? 3ab, 91%, 93:7 er®P 3ac, 69%, 90:10 er@:° 3ad, 71%, 62:38 er@P
440 °C. b2 h. ©2 mol% catalyst

26



Enantioselective Sulfur Alkylation of Sulfenamides

Enantioselective S-Alkylation Scope

" R' CO,R"
2 Rh,(R-p-Ph-TPCP), (1 mol% \f
-5 * )J\ 2 DCE 1)4h( o S
R R “NCO,R" CE, nt, R
1 2 (1.5eq) 3
G 3ae, G = CF3, 99%, 96:4 er 3aj, G=1,93%, 95:5 er
3af, G = Me, 93%, 95.5:4.5 er 3an, G = NO,, 80%, 95:5 er®
CO;Me 3ag, G = OMe, 94%, 91:9 er 3a0, G = CN, 94%, 95.5:4.5 er
S 3ah, G =Cl, 94%, 95:5 er 3ap, G = CO,Me, 99%, 94:6 er
Ph* 3ai, G = Br, 95%, 96.5:3.5 er 3aq, G = Bu, 93%, 95.5:4.5 er
Q\KCOZMe ~\KC02Me (IKCOZMe @YCOZMe
3ak, 99%, 96.5:3.5 er 3al, 98%, 97:3 er 3am, 96%, 86:14 erd 3ar, 99%, 93:7 er®
Ph Ph
N\ COZMG \,)kotBu W)ko/\CCI?’
S S
S v v
3as, 97%, 89:11 er® 3at, 98%, 92:8 er® 3au, 97%, 93:7 er

b2 h. 912 h. €20 h.
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Enantioselective Sulfur Alkylation of Sulfenamides

Gram-Scale Reaction at 0.1 mol% Catalyst Loading

Ph CO,Me
N>
Rhy(R-p-Ph-TPCP), (0.1 mol%) Y
ph” PN T DCE i sh > -5
Ph”” >CO,Me 1t Ph
1a,1.00g 2n (1.1 eq) 3n, 1.64 g, 96%, 96:4 er
Stereospecific Oxidation to Sulfoximine
C02M9
Ph\rcoﬂ‘"e RUCls (1.0 mol%), NalO, oh
> (0]
H,O/MeCN, rt, 1 h Y
S
Ph” Ph*
3n, 96:4 er 4, 88%, 96:4 er
Derivatizations of Enantioenriched Sulfoximine
Ph—™\ _0O - 1 M NaOH
PR MeOH, 50 °C,2h |
CO-,Me Me COZMG
5, 99% 2 N ,
Ph aHMDS, Mel Ph
0 > 20
z THF, 0°C, 48 h o
T Ph
Ph/\ 40 2 M NaOH | 4 7,76%, 7:1dr
- -
Ph" MeOH, 60 °C, 24 h

6, 93%




Enantioselective Sulfur Alkylation of Sulfenamides

Application to Stereoselective Agrochemical Syntheses

F
\)I\ 0
- «"
) Zn, Pdy(dba)s, X-Phos N
EtsN, MsCl p-ABSA, DBU B F CO,Me
N,
(S)-8 (S)-9, 81% (S)-10, 85% (2 steps)
(R)-8 (R)-9, 85% (R)-10, 68% (2 steps)
( )\
F
0
\ *
s N
p-tol” 1) RuCls, NalO,
COMe 5 NaoH, MeOH F
Rh,(R-p-Ph- TPCP)4 a0H,
3) LiAIH, 20
(S,R)-11, 93%, 96:4 dr (S,5)-13, 64% (3 steps)
(R,R)-12, 97%, 94:6 dr (R,5)-14, 60% (3 steps)
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Enantioselective Sulfur Alkylation of Sulfenamides

Ph_ _CO,Me Ph_ _CO,Me
taut. Y Rh,L,
S S

PH” " SNCO'Bu PH”> “NHCO'BuU N>

Ph C02M9
/S\
Ph NHCOBu
o COzMe
MeOzC N=N @

J=Rn,L, o/ “RhsL,

Ph
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Summary

( )
N R' Rll R'l
. , )‘i RA(IN]* cat. \( [O] R'~< o
7~ 3 “S/
R R| Rll R(S R\“
\§ J

First Example of Sulfenamide S-alkylation and Catalytic Enantioselective S-alkylation

\@' Unprecedented sulfur alkylation

\@' Readily available starting materials

\@' Readily diversified to high-value sulfoximines
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Writing Strategies

O The First Paragraph

v Sulfoximines, the monoaza analogues of sulfones, have

The importance of : : - :
P attracted considerable attention as privileged functional

sulfoximines _ . :
groups in medicinal chemistry.

v' Sulfoximines are now established pharmacophores in

Limitation of accessing medicinal chemistry, but their stereocontrolled synthesis

chiral sulfoximines : - . :
can be challenging and limits wider implementation.

v' With this challenge in mind, we focused on a new
The necessity to develop  approach for the asymmetric synthesis of sulfoximines
new approach by enantioselective sulfur alkylation of readily available

sulfenamide inputs followed by sulfilimine oxidation.
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Writing Strategies
|

O The Last Paragraph

v In summary, we have reported the catalytic enantioselective

Summary | o |
synthesis of sulfilimines by an unprecedented sulfur alkylation
of the work

of readily accessible sulfenamides.

v' This transformation is compatible with a range of reaction

Advantages of _ . . . :
inputs, and the products are readily diversified to high-value

the current approach o
sulfoximines.

v" We anticipate that the reported method will serve as a platform
Outlook

of this work

for the further discovery and development of medicinally

relevant sulfoximine-containing compounds.
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Representative Examples

v' The coupling was sluggish (adj. EiErY, BEERY, PEERY; HRERIERY) in

the absence of any acid additive.

v Although the electronic effect of the acid is also convoluted (adj. EZ%#9;
ZEREAY; hEZEAY), there is no direct correlation of this effect with the

enantioselectivity of the reaction.

v' Drawing motivation from (M...HRiEEYRE) the elegant studies by Davies
et al. and others on the development of donor—acceptor diazocompounds
for Rh(Il)-catalyzed enantioselective transformations such as C-H func-

tionalization and cyclopropanation.
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