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Progress on Biological Activity Study and Enantioselective
Synthesis of Sulfoxides

Zhu, Haimeng” Wang, Chao™? Zong, Lili**
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(* Institute of Advanced Synthesis, Nanjing Tech University, Nanjing 211816)

Abstract Sulfoxide compounds bearing unique sulfinyl group have attracted extensive attentions due to their important
application in asymmetric organic synthesis and medicinal chemistry. The utility of chiral sulfoxides as versatile auxiliaries,
ligands, and catalysts and synthons has been well demonstrated. Furthermore, the sulfinyl moiety can act as a pharmaceutical
core, a bioisosteric replacement of the carbonyl moiety or a modifier in drug design and drug development. In this review, their
biological activities with esomeprazole, ajoene, sulforaphane, sulforaphene, cenicriviroc, arbidol sulfoxide, armodafinil and so
on are exemplified. And their mechanisms of action are illustrated briefly. Since the sulfur chirality is different from carbon
stereogenic center, much effort has been devoted to the preparation of chiral sulfoxides. Herein the advances in asymmetric
synthesis of sulfoxide during the past decade are presented. The direct asymmetric oxidation of prochiral sulfides with cheap
iron-complex catalyst, polyoxometalates, organocatalyst, biocatalyst and electrocatalyst is discussed. Moreover, the
complementary strategy based on sulfenate anions and miscellaneous strategies emerged recently are described. Additionally,
our recent research works in the construction of chiral sulfoxide are also mentioned.

Keywords bioactive sulfoxide; sulfoxide drug; asymmetric synthesis; sulfoxidation; sulfenate anion; polyoxometalates
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Figure 1 Structure and application of sulfoxides
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W25, ReA RO iR YT IR B BR Jr Wbk 2 1M 51 K (R AH
K, Bl Bt + i Etm A E 88 R
(Gastroesophageal reflux disease, GERD). 122 HiM 2
T S Tl R 1R 53 - 22 #0177 (Proton. pump inhibi-
tor, PPT) B35 H7 1 9 [R)(S)-FA—0f A4 (] 2), gty rh &
A PRI K I R RN 22 BRI B - 48 DA K — ANk iR 1%
oy, EEAMNIF e A B 3 o e LA B R 1R AR )R FH B R B
IEIE . o B3R M AT 25 A AB I AR, A4S
B 7 — &5 PPI 3254, 5l B AT WP I IEIE 1 4L 2
Z$i M (Tenatoprazol, 11). & &R FHIEEFLFH M (Pan-
toprazole, 12)F12% %2847 M:(Lansoprazole, 13). 7 Ul m
(Rabeprazole, 14). &ML 138 57 ¥ (Tlaprazole, 15)
PALIEAH N-BUAR R % 2 1 31 K 7 B2 P (Leminoprazole,
16)%.

RL_X_N 0 R3
\L/T[ \>—SI! e Proton-Pump Inhibitors
NS N~ N )R (PPIs)
H Y

9 Omeprazole: X =CH, Y =N, R' = R® = OMe, I* = R* = Me;
10 Esomeprazole: (S)-Omeprazole;

11 Tenatoprazole: X =N, Y =N, R' = R® = OMe, " = R* = Me;
12 Pantoprazole: X = CH, Y = N, R" = OCF,H, =” = R® = OCHpg,
R4 H; 13 Lansoprazole: X=CH, Y =N, R'=R*=H, 7" = Me,

= OCH,CF3; 14 Rabeprazole: X = CH, Y =N, R' = R“- H,
= Me, R® = O(CH,);0Me; 15 llaprazole: X = CH, Y =N, R" =
1H-pyrrol, 2° = Me, R® = OMe, R* = H; 16 Leminoprazole: X =
CH,Y=CNMeBu,R'= R = R®=R*= H

Bl 2 AR TR i A4 =X

Figure 2 Structures of sulfoxides-type proton pump inhibitors
EARERERE, DL EFR R 2535 51 8 T/
Iy AL ] DIRER R0 AG], IR
BRI Fe A P v DLd e — B 5 4 A T B A
F 3 WA HE 5T TR BB B 1 (H K -ATPase) R A2 L4
454 (Scheme 1), fHIGSTE 5§ B 40 Wb B SCBEAE F (1)
AR R AR L E T ae, AR LE T BRI &

Iy, BETT AR IR TT 8 BR 7 WA R I AR SS B R Th 3L
AN, BRI, ERPME13 R HATEY SRS
SR IR 25 BRE 55 i 22 1R AT PRI 1) Tau P42 J 41 4 4
4 (Neurofibrillary tangles, NFTs), HA K& AEINES
F1(ICs0: 107 8~10"10 mol/L)201 [K|, ['$F]-2% & H Mk Ky
HATHEMERNIER TR IFENNERZBRHEAR
(P051tr0n emission tomography, PET)HIWETE B PR i
A, A BT I I R R I RS W AR HEIR T

1.2 PR

B RGR R DIRESH g, 75 8 ST AR R
MRZLMRRAPE AR, JLrh BFRZ IR (Alliin, 17)REFE AR
AR E HIFR R (Allicin), 2 J5 wf 38 1L BHE R R A] DA
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iz A6 T BOS L 7 BT AR IS 18 F LS A i &
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Scheme 2 Biosynthetic route to ajoene
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Scheme 3 Synthetic route to ajoene and its analogues
1.3 Z PMREMCHEETNELEY
1.3.1 ¥ | #i# (Sulforaphane)

5 N 2% (Sulforaphane, 26) M FRSEAR T &, HALE
YN 1-FB R -4- T 5L VY 5L T k(Scheme 4a), B
PRI B RE A B RIR L, IR TAEVE 218
e, B, b7 Ra®y MNEHFeREy . 4
WSR2 fa, T 405 i BE T i RE 8 15 i
A AL 7K TR AR A7 AE T 098 A 1 B3 1 (Glucoraphanin,
25), KARF=YI 24 Lossen FHE N 15 255 Mg
R ] AR A A R A .

TESNIE R I R, & MR el E e R
A AT IR UM 5 A7 Nrf2 (Nuclear factor
E2-related factor 2)5 5 4L 2 A LHF HO-1 (Hemeoxy-
genase-1)JE A1 FRIL, LRY IE % 40 il o 52 S8 A0 LI 0
4, JEA R PR R AEIE . eAh, B MR
AT DLd@ s HA 2 R AR LS, RIEHDUR . PUE. e
RyEERH, FHEA DRz 2. EHE RS, &
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Scheme 4 Biosynthesis of Sulforaphane and Sulforaphene

IR 2R B8 2 02 L B s, 5 mT DSBS b At K -2
4§ CSE (Cystathionine y-lyase) 1tk f-4rlF CBS
(Cystathionine B-synthase) 44 L& £7 7K 77 HaS A gk
T 164 i of 97 5250, A BBl A B R R T R A b 42 08
AT PRSI (R 4R Bhia T 7B,

132 FXikE

& MNFCGEREHEFEMESEEFOEH T —T
Z 9, BT HI 3Kk & (Sulforaphene, X FR Sativin BY
Raphanin, 29) A REMPUEIGE. KRR EE MRER
FA RPN, P ZEAE T &6 — DA
FURUEE, I 1) 4554 9 (E)-4- S it SRR i - 1 - PR 266 I e 7k
F)-1-T J#i(Scheme 4b). ANHIFINEER =42, HKE T2
N R4EA 6% GRS (Glucoraphasatin Synthase 1)£5 [
[ K62, s GRS BEAEAL Glucoerucin 24 FILER
I A] 15 3] Glucoraphasatin 27, < Ji& 40 B 27 T B AL
(R 7K AR S SR AS SRR 3R 29 (Scheme 4b).

Yang PRI B3NS SRR 2 S AT AN BP0 S R
177 RG0HTT. AT IR, SRR 2 0 Gy A X I 4E R ]
¥ CRM1 (Chromosomal region maintenance 1)f]/N>F
FiPtil, M CRMI & H m RIS S Z MR KRS K E
YK, KRR STH RRAREENL, ©nr @t
G, AT CRM1 EAZA NS R AR
Cys528 HI%i2e, dEmif CRM1 & A MIhRE. Filhn, 3¢
A Z Al il I CRM1 FIRIE, 75 FE 40 bk Rk
A JE RIS AR T, BE TR FEDUMOR IR AL [RIRE, 3K
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i = A M &g . AFLIRE DL AT HepG2
S e T 1) 1

IEAh, Yang A DLSEAE 20 A, did BPE LS R
Bt TFEANUSET B ik . 2580 M 25403 )1 25 s
5, RILHATHEN(E)-4- 75 TR 2 -1-(3,5- (=3
3 )R I AR E)-1- T 4%(34, Scheme 5)XF CRM1 #E55
M AE 1 13 30 £, b, 3,5- (= /U 3 3%
HReAI AL T AN ARSI ER 1, Rm T 34 5
CRMI1 #L 45 & 11, 34 E8 CRMI (UfEH7, AT LAE
RL AT RIEA S NF-xB 15 545 580 Nrf2 4i fa B 134
RIS Ny 9%, 1E1RYT 450 97 T BA T R (1 B FH A1
%[34]'

EA—HRAE, Liu RIS DU S ) 32 %
PERR T WIHEEER K 2.1 35 N s, LA R T (B)-3.4-—
PRI 2R FE AP T AK, 36 (Scheme 6), %R T
PrEE A AN 2 98 5E A F DL A ey 1) I i o e 36 55 12,
RN Z R AR R. ik — b2
B, R AR R, MATES LW, ST —
RINE)-3,4-— LA K OIGHE IR LW Can 37~
38), I M 4 AR TR A A YAIE B T L 2Bk 25
BRI PZ 98 REE PO,

1.4 Cenicriviroc R E{TE4

Cenicriviroc (39a, P 3)s&—Fi#Em{EH T CCR2
CCRS Z AR EEPUFI, HARKH Takeda A F &
SERR T HLIGIR 1T B 7T, FEERHAERIT HIV i

Chin. J. Org. Chem. 2021, 41, 3431~3447
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Scheme 6 Vinyl sulfoxide compounds
S UL ARG 1 I 07 1 28 55 7 T A 2 . CCR2/
CCR5 Y3t )& Tt A 1% #4(C—C chemokine recep-
tor), A& A ILAE — LB [ 4H I 2R 1 0 A 40 i R T B
PR AR 1, A A N Sm 4 A A XA — A C Im
JERE X, Mo N i XIS a4 & )5, C bR
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G EABEBIEEAI N T B 557 T, MRaINES
YRS, BRI, CCR2 Fl CCRS 2442 25wt R i —
R FEEL S, HAEPUF Cenicriviroc A LA TEME, 6L
fig @Rt B HIV 95 8 3F N N A7 32 40 P 3t v e B4t
HIV E s H O RAEDFIH E . X Cenicriviroc i3
TEERE, Bl 5] NFRERIE F1PN1E 3 39b(F 3), @it
AN B RN BRAR N 2R8NS 78, RILEA R A7
252k 075 254 HE R AN B2 AP O 1, AT NG
I7 AP R VAR 07 O I R 254, 53 Ah, $TJF Ceni-
criviroc Z5 A4 H 42 B IZR IR RO, AT LA E— R 5
A&V 40a~40b(/& 3), % CCR2 F1 CCRS Z A4 A FE
HA BENIEDUER.

"BuO
\\\
(0]

39b: R' = COOH

:.33[}
N
H

39a: R! = H, Cenicriviroc g

O"Bu 40a:R2=H
40b: R? = CH;

! e
Weu X

B 3 Cenicriviroc S EA74Y)
Figure 3 Cenicriviroc and its derivatives

1.5 PAEEZ/REVLEMLTESD

2020 4 8 H, H K PARZ M 7 CH AL el R0 il
RCIT T ZORATHE )R , H BT b 2 /K (Arbidol,
41)H(E 4)5E BT B 2R T T m fE R R
A FEE A ) B RS, BT 2 R — MR R
TEHUR LG, BEWE AP B AT N AT 32 40 R Y R
&, F A TR E SRR ER, TR T
T AR T H ROIR BGEIR 9 75 51 A A Gy, JCHZ Al
4,

BEAh, BEFEEEE, BT HL 2 R BSEARATAEY) 42~ 43 fE
W 3] 2 BT 9% B (Hepatitis B virus, HBV)fJ DNA &
Hi|l42-431 ERAT LY 22 SR AR EL, B SR 11 4 7 14 AT B
FEHIPT HBV WhPE(42: 1Cs50=3.6 pg/mL; 43: 1C5p=22.5
ug/mL). [FIFE, LB 44 14T A P #(Hepatitis C virus,
HCV) G A5 B 7 WA SEM4, B FL 1 FE9% 2 (Chi-
kungunya virus, CHIKV)E&Zs e —F LU IO A& 3B 1A
B Gu, ImR B R R 2 RORTi9&
JHEEREIR. Filosa UREAUS-4SUGE BT LY 22 /R aEAT T A5 H0H0
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Figure 4 Arbidol and its sulfoxide analogues

W, KRIILEIATAEY) 45~46 HA RIFHI4T CHIKV 7%
PE. Pk, 45~46 IE AT AL EPI R T 5L HERR
TR 25T KRR 2 .
1.6 MEIEIER

B 3534 3E JE (Armodafinil, 47a)/& — Fh i BE (i 33 771
(Bl 5), BT 1998 4, ] TIRITEREE. 0Bt T
I AR P52 1 DA A PH 26 M B AR W R B A RE 55, I HLRB RS 3 i
NN m LR, (E LR D) 1 F AL 1o AN 3 2 147,
AR, a2 — PR g B M 2 % P 1 EA ) 7
(Atypical dopamine reuptake inhibitor, ADRI), 24§%{4E &
] B8 & % B % #5124 H (Dopamine transporter, DAT)8,
BRI I ) S Ak e S s A DAT 1S,
BEL 1 A7 7 T 9% A 1) [0 1) 22 B2 Jie 49 [l S & 5 fi 17 #0482 T
S, AT N SR fid 5 AR A o 4n i 2 AR, HL
A5l 2 W A AN, o R P AN A1)

FEikdEfe 2 MME S DAT H45EAL RAHE
HE, JEHEATENR T 5 2 Bk & A m NS
¥4 % (Inward-facing conformation) 4% 4481, Ty m = [X 5 fii
) 45 6 22 T Jf i i B 1 1) 1) SR TR S (Outward-open
conformation)*?). Z¢ [ Frik, FifBiikdE e 1) 253 2= 4E A
MLt B 2 X ) F 0] R 5] DRI SR a5 77, nl/ENiRTT
AT DAL/ 2R T S DA R o o 22 AR AT 1 e R
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Figure 5 Armodafinil and its derivatives
INFIRE TP TE 2459

N T k2B T R AT N R TR TR w2 A 5
251, PARISLIATEJE e S A1), Newma BREEZH ORI
Lubec B2 5152153 H 511 T H AU 48~51( 5), IF
A AR BR AR B T ERAL T SR A IR T DR R I
FEOOLAE. ST ERTAE Y 51 X
DAT H A 5 BE R 19 40 il ¥ 1 (ICso = 0.65 £ 0.07
pmoleL ™ )R iy I B, & M 58 77 Ll f] 520k 5
Je s 10 5 LA B teak, BTSAIE B IATAEY) 47b RefigiE
T F ) S B T IE K23 R A IA B I AT
LR YA RN 2T AE A3, 2 TR AR T 0 RS E 2540
1.7 HeTWE U EREDESE

#F MR (Sulindac, 52)(F 6)2& —FhelE 1A PT K 41
SR, HAUIREREMAERE. — BN, &
Al LB I HIA R AR COX-1/2 KT 46 R AEAM
KIETHIR G R, MR IEPTRAEH. 53542 H K
Hl % T ME R i AZD6738155 [y e i b fE] 44, T
AZD6738 ;& —Fi BA CUIRIETER ATR BEEHIHIFR, v
PRI AE B B R, HAT AZD6738 Lk AR V1T
BIG, TEJRDAE R T AU B A 7 7 ) R A BT ¢, Oxisuran
S4UCSTVRE —Fh e i), 7R304 R kB B A hE e
RS R HE— AR ARAE .

A RS U A S S5(B] 6)P8 & —
BN )R 5 RS -3B (Glycogen Synthase Kinase-3p,
GSK-3B)#il 5, 1Cso {43114 34 F1 20 nmoleL ™. /MR
RIGR I, & HA R UT % v 57 b i 1 A 254X 5 77 2%
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Figure 6 Sulindac and other bioactive sulfoxides
AL, REWSAMH SR /K 22 B AH SS A Tau 2 H AR
R 1. Fipronil S6P°'RENS I BT -2 5 T HR LA
AR PR T lE R R R P Ik 2 R4, 2 —
ol o AR A S R e ) K. ZD3638
(57)[0-61 2 iy B S ] R A 1) — b AR 22 ML FORS 41 5 ik a2k
251, 2 Bl DD, ZAEFIMIER 5-HT, ZAEHHA
FEPUE R, IR T RS A0 2O SRS A vh B W LE
fH.

i | JUEFT B (Helicobacter pylori, Hp)/B4L 215 & 1H
AT A1 B e B 1 2R K. A& 58(1& 7)le2n]
Vel T TIEAT 1 3 2 2% UGO8 R J AR 77, O A
1= R TT $58 2 (therapeutic index) FIAR A A/ B AR
BEIE, A Bh TS HUAR S A A 502 2 TR B PR
RP 73163 (59)L63-0512 — Ry S 14 (1) IRk B i bl AL JIH [T 12
Pk 3L 57 F2 i (A cyl-CoA:cholesterol acyltransferase, ACAT)
IR, BERSBEAC ACAT FRIE AR FE g P i
I P P ) 25, RISz 1 AR B IR £ A s, i
Wee I L R b L T e P A B2 R R 4% B L i 4 FH . OPC-
29030 (60)07EE g i ik L 1k il /N Y 12- TR AR AT
Fofr 2 0 B B A ] 12-F2 5 — Ak DU A% R (12-Hydro-
xyeicosatetraenoic acid, 12-HETE)f;r=4:, 1fi 12-HETE
R BERE SR DA K PR EE A RIA B R AR, Bt
OPC-29030 (60) 5.4 il M/ MECKE B AO1E I, 2R T AN
T AR A B TR A — € R A

L5- R AR 2R EY) 61(& 7)SSTaffE Jy il
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Figure 7 Bioactive heteroaromatic and cyclic sulfoxides
IR Z AR, AR T IERAREEE, a7 IR
BV HILE DA K 7 L A4 40 g 3 3 7K e S5 5 095 A 6 TS AE 1R L
FIE. EA LAY YM-38336 (62)U7002 1 42 i ik -2
(Neurokinin-2, NK2)SZAK 455171, 727697 5 NK2 24k
AR oA — € B PRSI AR, e A SR T
FR R, 62 REANH SCUE R T iR ZE. A
FEIY FFENERAL G 630712 B MM BS54 24 W] IEAE AT
KRR LR 254, & TR 9T WPIRIE B iE AN idE A
J IR B R BRI B JAE T U2,

2 TRAUASMHTFRE

W8 & T VAR AY & P 7 5 90380 R 35 1 AR A R Bk
FEL IS AN FR A P SRS SR G BT A s
RARIAT TR . A T R H R IR I AR K
TR AR TR & B 7%, [RIB H4148 T REf8 Rk
Tli-& 1 HIT ST T4 21 1 22 28 36 I (10) DL R B 5234 5E Jé
(47a)25 T 1E W AR 25 VI I K 22

HRFHEIWIAA Y & vl I8 W 2] 1926 4F,
Phillips %5735R FH (+)-1% i i R A A T PE9R 20 7714 th ik
PR FAS B FIE M AR, 1962 4F Andersen "% @
T TR Tk, DAE S R B A B 2R Al A
T2 -(—)-7E 1n7 5 (64a) N 5Bl (Scheme  7a), 54% FGi 7 Ek
A WU R AR U B, 8T S—C SR A3 3
HA mxtmd #E 0 F K. 1984 4, Kagan P8
ZHUS7OF Modena ¥R ZHU713 7%t Sharpless 4846
Ti(O'Pr)4/(R,R)- W5 41 TR £ I (70) fiE fb & R AT X R

Th|enopyr|m|d|ne oxide
anti-inflammatory agent
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(Scheme 7b), 2 i& FH TRk AXTFR A, T
LR RS 5 PR it T HoRSCHE, RIRIFE T F1%4
B4 AWt V, Mn, Fe, Cu, Zr, Mo, W, Os, Al Z5)fi# 1k 4
iR RIEI R . MR TRIE A 2% REH4EE
SCHR[78-81], RIRIRA PR, 7EMiA——F%5.

a) Anderson method via diastereochemically pure sulfinates 64

O 2 ther or THF  Q
&+, RZMgx e Xy, .
SR 7 x= .l —78°C R*OH

R1 + O RY $- “R2 Il

then work up 66

o Re %fm

67a 67b
(-)-menthol diacetone-D-glucose )-quinine

b) Kagan and Moderna methods of asymmetrlc sulfoxidation

TBHP
/©/ (2.0 equw +\ ﬁ
)-DET

Kagan: Ti(O'Pr);:(R,R)-DET:H,0 = 1:2:1, CH,Cl,, 93% ee
Modena: Ti(O'Pr),:(R,R)-DET = 1:4, CHCI,CHCl,, 88% ee

B3 7 Anderson i£H1 Kagan-Modern 2] & T4 WK

Scheme 7 Anderson method and Kagan-Moderna method

LR — AR NRR, THEIR G i Sz i
7 RFHREE 8), MBI FIER 277 5
FEBH, 2R TR R TR, BRI
HHEALTRIR R AN G OB SRS . ARG EA L+ A
IR S B B ) 5 R MR SR 31, B B <2
JEERES S AT 2 &R EIREL . AL 2T
AT AR F R ROBREE A PR, BL&
20 e URTEATRR B 5 1 F 1] A PR e A e A 25 SRS

(Sulfenate anion intermediate]

Resolution

AT

(Guicaton) = :

(= (Sunate)

Chiral sulfoxide

Desymmetrization Deracemization

B8 FHIHINE T

Figure 8 Synthetic approaches to chiral sulfoxides

21 BRFEMENLENLEF

S HAt I e AR L, SRR iliﬁﬁﬂﬁﬁﬁﬁ’]%ﬁi
AR, L Hy0p JRAGH, 5 B EEA XS
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PR A BT PEER, & —
ES

CoARIER B, 2hEh5 Ko 74183, NN-— Z AN
A& 750841, Salan 761851, MRIBR 77080 45 T 14 L A4 25 A 1710 B )
AN, SR T R AT {463 1 (Scheme 8). il 4,
Feng IR DL Fe(OTH); 5 N,N- R AR 75 FE %
SAINE NS 5 W R AL 7R, B VS HaO,, WAL —
Rk S 1 AN R 484k S 92 (Scheme  8b), HH fig
R A PELE, F=Px B Bk &L 456 i IR 3L IR 1
A A -AT WA 771k, AEEERVT T AT 8 1 S M HLER,
YIEHEN = B E Fe"-OOH FL &Yl e 1%k R P HIE
HEAL AL TR PE YT, ELSEIR T B35k 3EJE 47a 1 504%
TR ] %, Bi] ST FE JE A 1) 24 BR AR FHE 3 S AT
RAEDDIE e O P2 K, LA F3EA

22 ZEREMRRELEMER

B T AN -TE SRS G NI, 24
J& % IR £ (Polyoxometalates, POMs) & — i B HI%
AT, 2 & )8 AR BB B 7 — M il 2 7 (V, Nb,
Ta, Cr, Mo, W S5) 1% J5E1-(Si, P, S &) 44— & 1) =3 ]
HEA I U TR AT e, HeAE i B ZREE. 1]
(A0 A N aE I i I DA RS B i <582 N K R ALl S i
—el_ﬂ.'f’t[w 92];@&}"‘

wh, ZE&BERENE TS5 TS

&miﬁ%¥ﬁﬁ%ﬂ;7uﬁ NRRA AR B EV/ S
SEIRAS G FRAEA S AL S B SRR, kAR 2 — A2 el
JE T L T 7T A A2 A B R % 1) 2 IBE ) ST A i
2011 4, Nlate ] PAP-2H4 45 2% 2 12 HsPW 12040 55T
(S)-1-ZK LI I BOIR TV = e R B, 133 1 F 14
JRZ IR =% 78 (Scheme 9a). ZIALFITE A IE LR
ik S0 S B X R BN 13% ee, fEHTEIL— R
T R RAEAHE R F 1 = R fE NS BCAAR I RT BE. 2016
MF, Tan VR H RN T & A B IR i A ik
XUAZ BH 1R — T M QU &5 7 X AL 7] 79 #4445 1
(Scheme 9b)7, Hffy s T F- M XUATAE Pl BH & 1 17E i
ik AN KPR S S H ) g A PR ok B e . 38
Tt = RS A SR AN AL A, 530 SR FH BH R B AN A R AR A
NEJRARE, £ H0p 564 TRI THIZIATEJE 47a
MS)- =R P 13 1) FMA Bi(Schemes 9¢c~9d). X1
Ak 2R AR 1 F- P B BE B AR B FHERCAA, N
F VU & R A AR RS TR RS, RO AR IR,
HEEMNA T RS20 Tk A=
23 BN FRAUEKER

A Shi FIEREAEALTOFN B-FARIAE -8 3 T 1AL
PO —HE, FIEBERRA LN 2> T ALt AT LA T

i “CRIFRER” AIMEALAR
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a)
Iron catalyst i ~ iv (x mol%) Il
R1/S\R2 1/3"'11:
35% aq. H,0, (yequiv) R\ )
solvent, T, t R
71 72

) Ag_\ i
—N OH 6 10 examples
+ 1=
Li o R" = aryl
' OH | R=Me, Et Bn

36% ~ 78% yield

| Ligand 74  additive o 0
(@mol%) (1 mol%) PR 2 830 8
Fe(acac)

(2 mol%)

x =2, solvent: CH,Clp, y=1.2, T=20°C,t=16h

-

VanV

N?IN

/Fe\
()9 ()
atetals

Cat. 76
x =1, solvent: H,0, y=1.5; T=20°C; t=3h

ER 8

ii)

12 examples

R' = aryl, alkyl
R? = Me, Et
76% ~ 99% vyield
81% ~ 96% ee

b)

o) Q}- o}
PhYS\)J\NHZ i PhY§\)I\NH2
Ph 73 Ph 472

ent-75b, MTBE, 35 °C, 1.004 g, 92% yield, 87% ee

ii)

G

+

+
NGO 31 examples
0~\N o- 4 O R =ary, alky;
\H’ L— \ 2 _ ;
A H Ar R = alkyl, benzyl, allyl, amide

36% ~ 78% yield
Ligand 75 (12 mol%) 23% ~ 96% ee

Fe(OTf)3 (10 mol%)

75a: Ar = 2,6-Pry-4-(1-adamantyl)CgH,
75b: Ar = 2,6-Et,-4-MeCgH,

x =10, solvent: THF, y=6, T=25°C,t=4~48h

7 examples

R'= aryl; R? = Me
77% ~ 96% yield
76% ~ 87% ee

Cat. 77
x =1, solvent: andryous MeOH, y=1.2, T= -20°C,t=1h

R A AL IR TR AN PR AU S M

Scheme 8 Iron-catalyzed asymmetric sulfoxidation

Pk AN PR S B, T PEBE IR 2 — 2R B BRI 1 (1)
Bronsted FRIEALF], H 7T W IFI54 Bronsted B 1AL
(R T LR IR SN Lewis BPE A7 i (5% S5~ _E R 3
R, MR R Re A ML), AT RER AL
PLELGD R FPEmE R A E IS Ho0,, [RI F
FAAST BHL 2557 A At 42 o Bk Tk JEC A P 3 80 1, AT LA
R BRI P (Scheme  10). 40, 2012 4F Wang PR
ZHOTIFN List PRATZHOS 73 0K FH FVERERR 84 AT 1419 1.
J e TR 85, SIIW 1N Oy Jk /A Ak e - e B TR M I
PACL JZ (R)- &7 FRIER (52) I 1 2806 &, U2 78 T 1 i iR
85 MEILIRRTT, RIS AR MR PEVEA L T & B A A A
R HIILE R

HEr, B 7T FHE. R FUEATEY LT
WERR, REBEIE A T BBk A FR AL A WL/ N7 AL 7
FZIE 1. 2020 4F, Tang BREZH TS 2% 5 3 AL fEAL
& M AR (AR AT % 58 3 (Scheme  10), it T — P45
BRI T DY SR E R R 86, o HL IV FH £ ok Pk AN ot
PR B, RS R A BEAF 25 A S5 IR0 e 64
(60% ee), {H NI —BFF K 2 A LN AL 3
A7 g
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24 EPEUEHER

ARk, BEE R, WS B2 AREDE.
Pt 7 [ S AL ST AL U R, AR AR RS
TERERE, AMIAMERT UL IR A RES . SOSEY, H
Z A CABIERG, A s E A . EREPEARY)
YO, RS R0 T A S A R T K
TEAE DDA B B B A 0 BRI S R, AR AL 77 1Y)
FECRIFOFEA Y A AN i AR RUOOL {3 dn,
Xu B R R AR R B AL A S B R AR
%, MBI R B AN IR P S RASAL A ER R
In%#E AcCHMOwy (L55Y/P497S), 1E 4w B fh 2%
(TR, ek 55 B8 5 o7 P 1 Tk JE 477 88 X B4 VE i
YIREERTIA 15 mmoleL ™!, 7E 6 h LA 97% [F7= R 3K
TG A(S)- B RIE10) 1O, (S)- B S 4y e HAT AR AT 4
il B B WA RN TT B 5z AR, AL T 22w
L (Scheme 1). AcCCHMO 4k )z Btk 7 BA i 145 1%
H BRI, PL ST 8% RSBl TR R R
ME(10) ) F13R A 74 (Scheme 11)102, Hi 14/ NADPH 7]
2 i F IR AN SR NAS LT AR, AT 0o, BIF=HMX
N COx #l HoO, B4k ERIL T RUF Sk Tl AL HT 5

3439

http://sioc-journal.cn/



BH=E SFiR5HRE
a) (0] b) o
I O \
R’ Q_W—u 3 s 2
LUL% O~ W=0, SW—__0 2_ |09 Qo
N~h R AN CIEAINY [Mol™= d-Mo-0-M5-0
Ph H X)\\ IO/OO/YIV\OI V(///C/ o\ oy VW
\ - \
)\N O=W-\- 4 9/ ON=0 R? R?
o) s O\ EZ0Gy W Ph, ./ N—_.Ph
@ 7 | O, 18 S|
S0 \O N
L OH ) TN PR N P
WI™ Ph i g2 [Mo” Ry
R'" = 4-C("Pr),OH-CgH
s I R? = 3.5BU-CaHaCH,
’ [W]3- (R,R)-79-[MO]
c) o . =
(RR)-79 (0.25 mol%) NH; 90
%\rs\/g%Me Na,MoO, *2H,0 (2.5 mol%) (10.0 equiv.) Ph._ _S.
: NH
Ph 35% aq. Hy03 (1.05 equiv.) MeOH (2 mol/L) j;+ 2
80 KHSO4 (0.5 equiv.) rt, 24 h
5 mmol "Bu,0 (0.05 mol/L), r.t., 8 h 47a,1.19¢
86% yield, 91% ee
d) _
FaC—\ (8.S)-79 (2 mol%) N Q.- OCH,CF;
©EN o) Ag,WO, (2 mol%) \>—+S'\_?i§
Vams = N
N>_ \_2j/> 35% agq. H,0, (1.05 equiv.) H N—7
H N J NH,4H,PO, (0.1 equiv.) ]
81 CO(OCH3),, 5 °C, 48 h (S)-13 81% vyield, 90% ee
B9 £ &8 A A BRI X FR AL SR
Scheme 9 Asymmetric sulfoxidation catalyzed by polyoxometalates
- ) 25 BUFEUELER
S i H=X - » . NN —
/©/ ™ Conditions £Sym: H’o/) :;-l e A EEOR, PUs. . BAHE T
- CH 0 s g e s
ON 7 2 o NQ g ¥ B, R MEAFGERITIISUE, H AT AL T YRR
2! N N
Sonditons JEBRERUON105). LLE 1976 4F, Miller SARALIIRBT L 1

a) cat. 84 (10 mol%), 50 wt% H,0, (1.50 equiv.), CHClj, -40 °C,
144 h, 42% yield, 66% ee, 83

b) cat. 85 (2 mol%), 35 wt% H,0, (1.05 equiv.), MgSOy,, cyclohe-
xane, r.t., 2 h, 95% yield, 99% ee, ena-83

c) cat. 86 (10 mol%), 30 wt% H,0, (1.20 equiv.), MgSO,, CF3CH,-
OH, -30 °C, 24 h, 92% yield, 60% ee, ena-83

R= 2,4,6-Et306H2
85
Imidodiphosphoric acid

Phosphoric acid
J§ i
N7 ONY H,02 NJ\N“'
o o ena-83 82 0] ¢}
(¢] H,O HO OOH
86 87
Alloxan Alloxan hydroperoxide

B 10 A YN TR AOTREE AR S

Scheme 10 Organocatalyst for asymmetric sulfoxidation
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LA Bl 2 TP AZ A F AR A 5 R AE A S R i S A
N e ) (Scheme 12a). FLHIBRE MR T: £ 58
HIRTE Rl A AR N R AR B, A S, 5
(S)- 7 A Ji g s B A= s T8k J¥2 (Scheme  12b). K% 14
A8 Fe A P T o) R DR R P L Ik ) S A R B, T
X 90a 117 1L 90%, {EER it B A5 2.5%.

o ey HLA R T T MR 0T 7 i R AR E 1, 1984
4F, Nonaka PRREZHOTNG 5 A g v B LA BREAS 1 ) 0 P
IR N BN L-S R 1 = ORISR, S8 )5 T
1530 7 IR ML A SR L- S50 R L2 T T AS 1 B LR
(Scheme 12c¢). K A b AR T — F 71 55 J for L et Tk 33
ITAXTRREA, A 90b =47 it it & {8 ik
93%, WA 45%. BEAE AL A E AR TR G
AW TE R, 5 BT R SR AR AN
o T Pk S A L T 00 A 1) K S 2.
2.6 RIABIFAESFIRME

TELEMIMR R rp, & BB 00 20 S AT R T
FRAEE B, 2 AR WA RS2 S A B T ) B S W I o
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\_2} AcCHMOyq <;)
>—< s

NADPH

600 g BstFDH o
o, o

2

NADP*
Esomeprazole
12h,390¢g

H 0 Na* 57.8% yield, 99.9% ee

AcCHMO\s: Acinetobacter calcoaceticus Cyclohexanone Monooxygenase mutation variant 6
BstFDH: Burkholderia stabilis 15516 Formate Dehydrogenase

B 11 A AN T ik A 7 (S)- B S

Scheme 11 Pilot-scale biocatalytic sulfoxidation for (S)-omerprazole

a) Electrochemical asymmetric sulfoxidation

~Ss dified anode A, B ?
Ar R moairied anode A, A _S.
8 "Bu,NBF, I
MeCN/H,0, 0°C 90

Ar = CgHs, 4-CH3CgHa; R = CHa, (CH3),CH, CH3CH,CH,CH,
(CH3)2CHCHy, (CH3)3C, (CH3)sCH

A, U =18V vs Ag/AgNO3; B, U = 2.0 V vs Ag/AgCl

90a Ar =4-CH3CgH,, R = CH3, 90% yield, 2.5% ee
90b Ar = CgHs, R = (CH3)3C, 45% vyield, 93% ee

b) Covalently modified graphite anode SOl
oMe
0, chiral Ph/\r
160 °C OYOH SOCl, OYCI amine OY NH
36h —= 24 h 24 h

Graphite

c) Polypyrrole- and poly(L-valine)-coated Pt anode %
N

0 PN S
(_7 \ / N,
g 2/ dipping
O.

2N polymenzatlon ~gj O poly(L-valine) .~ S ~
| |
(0} o
Pt anode B

B 12 BRI B X AR A R R

Scheme 12 Electrochemical asymmetric sulfoxidation
AR F o, JRALAE B R B 2 1 5 o raatRl &
AR S—C B2, T A ke G ML ARAL & P BT SR
HL7E 2004 4, O'Donnell FI Schwan!' T3 [ 18 T Y fifi 5
BE T HIEE ) S )48 J7 5 AR S 1. Scheme 13 M2 1
JUR ] FH 3 JR A o] 6 R BB B 128 1 o ) 2 F0) R A4k &
Y1 91~95U01SID) Ky G b5 LR A I B 51 HL I 96~
QQI116-118]

2005 4F, Perrio URATZEITRLAMHE TE IR B-X FF 2K fig
Pk B R F R 9 &, SR n-BuLi DAL TFPERCAE(—)-
J& NG 100, HEILHRAEZER)IE Michael JHR S AL
A RGRETR A B, Al ST B R N, 3R45 T
HA 29% ee fHMZREEFILTA. 7£ 2007 4, Poli A
Madec @I MR = (MR 2T ER) — 4 [Pda(dba)s]
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5 Josiphos FCf& 101 EALFIMA R, TEGRPESRAF T, L
TR B & T KR 55 5k vy, 28] T AR
FE o A4 T B R IE R 103 (80% ee) (Schemes 14, i).

FE IR b, 2018 4, Zhang WM —Fh
T f) -4 NP ARG A B LR 102 (Scheme 14a, ii), #KHE
98 T Pda(dba)s AR R P RPEHVER, AR T B
(R)-FPARIR 52 TEN 1 116 NFE AL &4, BB

HB A T A T B (86%~99% ee), B BIE T 1%
S B S . Walsh SR NSHBFFJE T — R4 5% 5%

W AH S BRI FE A, ldn, SR FH A e 2-( = H 2 F R
P k) 2L WA AT A& 92 DL K I T 2 S AL A (1) — SR Ak
[Pd(allyl)Cl], 5 Josiphos FCik 101 fE{LiA R 2
CsF {3 (19 22 s BB A A BB R [ 251, 78 LR
FIHIZ6AE T (40 °C), SEHL T 5B I AN FR 75 JE 40 A4
FAb SSE, TR S FAR TR ) IR 5 128 e 22 JRAR
J#i)% 96b (Scheme 14b). L4, 2018 4F, Bolm BRHIZH !0
KA CuBr, A1 2,2"- IR g T A DA S ot 48000 2K FHRR L T I
(BzOOt-Bu) & L7, XFFAL Cop—H BT TS,
-5 JE AT AR ) R TR B B AR KA B AN, 77 3 =ik
88%, A& Bt — I R T BRAN 4 fh Ak 7 44 3 B A
TFHEWIE AL T 344,

BT S B AL FME R, Perrio AR K 478
O AW B ST AR AL RS AR AR 105 B T R
Rz H JE I VR B S e Ak, 1931 T B
ST WA B IR =0 (58% ee) (Scheme 15a)!111:120],
2014 4, Tan BRI T —Fh BA B3N “ 5
HERENMEL” I EeAR LR EEAT] 106 (Scheme 15b),
TE B 6 A R b A 43 0l RS TR TR S - R
E A A A e Je 5 LRI, RO ey 17 S L R 6o Bk
EFEME(71%~99% ee) MRYIVEH. 4K, Bolm,
Waser Fl Zhang V@A AHZE K S T ok ¥ 4 @ 1 77 =
5 (I S SAK & (Scheme  13), S FH — 75 Bl g 5 7%
HeAb 7 981117122154 3L F Ethynyl benziodoxolone (EBX)
PRI BRI AR QOISR I Ji A7 AR B 1 X il R 9 25 1 v
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& R2==X
1/8-\/\EWG 96 R? = aryl, heteroaryl, allyl, alkenyl, benzyl, alkyl;
91 X =Br, |, OAc
0 EWG = CO,t-Bu,
g & CO2Me, SO,Ph
RI7ONTHS %@ /\©
92 .
R P
0 P
I PdL, g 9 . 1 o-
R1/..\/\ 1 1,3" é“""
93 YQ\' ‘LR / RI"Y \Rs
@ b
0 o, RS = aryl
I IS4
R1/-S Q X = OTf, BF,4 O—|=—=—=—R5
- L0 o
RIS
95 99
R' = aryl, heteroaryl, benzyl, alkyl R5 = aryl, heteroaryl, alkenyl, benzyl, alkyl, alkynyl
B 13 & BRI & TE T
Scheme 13  Approaches to sulfenate anion towards sulfoxide synthesis
(a) ~ X COxt-Bu HI
B feese oo } 0 1
BS Ot-Bu o /s‘\ Ot-Bu T -
1 — 1 s +
R \)ﬁr R \/Y e S\.
RZ
91a | L 96a
d2)3 ii) Pdo(bda)
 Pdo® - i) Pdy 3
) 702.80°C Ligand 101
vigand 110 °C
?_
S,.\\'.
JORON
11 HsC CFs
116 (R)-Sulindac 52 examples (R)-103
examples 77% yield, 93% ee 98% yield, 80% ee
H Pt-B
: N -k i
O = O
== PPh,  S—=tBu
Ligand 100 Ligand 101 o
(-)-Sparteine Josiphos O,P-Ligand 102
() : F 0 1 R3 [Pd(allyl)Cll,
ngand 101
/S4Q/\ ) e Lod| ~_R*
RO ) RSN Br)\/ T awc

Z + (CHs)sSiF

ER 14 Pd LKA TS

96b 88% vyield, 85% ee (R)-104

SEAL AN AL S B

Scheme 14 Arylation/alkenylation of sulfenate anion catalyzed by Pd complex catalysts

(AR, mRchi 7 B 2 L &1, N
B IR A T A S SR R B e T AR A

g BRTIR, 18 FH IR 91 & 1 v TR A4 S s, am o Ay
#C—S B, RSy, moN BOE B HAS B)
W, H B R & A e B e 2 M U S
B, IZIRRESEXT Anderson V2 AIAR Bk A AL TE I B AN 7T,
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3) o H 105 (5 mol%) Q-S Q-S/
0, ~ N
R1/§\)\SO Ph * RZ—X 30 wt?% aq. NaOH T Me ang " Me
2 PhMe/CH,Cl, (V:V = 8:2)
o ° OMe
0°Cor25°C
91b 96¢ S (R)-107 (R)-108

96% yield, 58% ee 34% yield, 47% ee
19 examples, 18% ~ 58% ee

106
Pentanidinium

b 5 106 (1 mol%) Q,Sf st' on
I 67 wt% aq. CsOH S - S
1/8\)\ + RZ=—X et | *Me  gng | i
RI7 COMe CPME, -70 °C \ \
91e o X =Cl,Br, | (R)-109 (R)-110
65% vyield, 77% ee 87% yield, 92% ee
38 examples, 71% ~ 99% ee

B 15 AR AL A T R bE LA S M

Scheme 15 Alkylation of sulfenate anion catalyzed by phase-transfer catalysis

J&Y, RABEIRBN 122477« BB 12247« FAT3)

a) Miscellaneous strategies for chiral sulfoxide synthesis

JIEARIr « FRERRAL DL J 2 4 T8 Tié A4 55 5 1% (Scheme Q0 . 0 -
16a), 7] BAKA T 1L TE A, RPSSRE F S O A

_ “ e, = USSR R R2 R R IR .

B 1R BRI F A S B B k2 Oxidative kinetic resolution ,\a) L) Desymmetrization
=, FEFPERGHE T, SN eI A4 b B e N AU
2 R SR AT, TR 7 SR 2 1 3 7 5 . @ RUTR D RN TRTR
5#(Schemes 16b, 1), Bt 7rB 2415 21—/ 0 mfAk, H RVQ{IH: + R1/g_7: 9)\ ORedUCtive kinetic resolution
PEERANEIE 50%. FAPEIEIE B s=kolkn, 2 HINTF A 1

arallel Kinetic resolution R1/ N L

PEARALFIRN B ) 2055 e T B 4L
Gao IRRELHIPILLTHEINHAL I 111 SEEAD AL
AL, LU0 HAALA], UG RILE F R A7 | 00
DA, LS e SRR R, SR EULEh 124 4 Ve > ksorks > ke "3 @
F7 ISR T e B TR 69 DL B ST Standard kinetic resolution OO Q
EIBN 113 (Scheme 17a), M IR A S| 7w gk, HA O O PSP S
— S IR SR IR R S, FLIE P A 9 e A 3 I R Q 2 e o0
M. 25, Gao MRALTFLLHSHsH 2 M I AL 2 Q Y e e © @@
P SEBRB I R FR AL, 7T AT B B 4 2 RE Tk Q Q Q og®
TR0, Misek S BTAL02S Yang VLR 411295% i 25 Ple+Pls

Deracemization

b) From racemic or non-chiral substrates to chiral compounds

R S R B (MsrA) % R A A [inSe > Ssor s o S 29
(DmsABC)E N AT, R 7R FERE(DTT)E ik L Bl OOO
JEF, FEIRANSGAE N IEFME IR R (S)- AN 115 AR O O Sgor Ss
(s>100), 18Ik JF 5 J1 535 7 KIS 1S B (R)-TEHL 115 Q Q chiral . Q
(Schemes 17b, i). fHIF—IEHZE, Misek BRAZHIZR Q = ) Q9

reagent  Desymmetrization o O
ot v ot R e e O g O Q

KR, EAMIAICAZIET 114 (R IIREaefy oRers
SN AN, FEEENBIE RS SRR T A, s L

15 90%I 7= R IRAF 4 HI(R)-JEAK 115 (Scheme 17b, B 16 HAbHeng

ii). Scheme 16 Miscellaneous strategies
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(a) Oxidative kinetic resolution
(e}
I Mn(OTf), (1.0 mol%) \\ //
©/S\ Ligand 111 (1.0 mol%) FAN
49% H,0, (0.9 equw

(£)-69 112 (0.2 equiv.) 113
CHyCl, 050, 0°C 559, yleld, 98% ee 67% yield

(hetero)aromatic sulfoxides: 35 examples,
17% ~ 40% vyield, 77% ~ 100% ee

Oy _OH

o, <9
0=3 10
NH HN
1M1
~N N=
SB” 112 114
SBu 1-adamantanecarboxylic oxaziridine
acid (aca)
(b) Reductive klnetlc resolution
o
©/\/S\
©/\+;115 ii) ©/(R\:15 116

Oxidation |

(i) MsrA (0.1 mol%), 50 mmol/L PBS, pH 7.5, DTT (4 equiv.), 37 °C, 5 h
(i) MsrA (0.1 mol%) whole E. coli cells, buffer/decane, 114, 37 °C, 24 h
aromatic sulfoxides: 12 examples, 52% ~ 90% vyield, 97% ~ 99% ee

DTT = Dithiothreitol; PBS = phosphate-buffered saline

ER 17 312355 R
Scheme 17 Kinetic resolution of racemic sulfoxide
FXFRA S PLAE S T 4 TN RY), @t e
TR 73+ I RR A, 304 78 TP O A R 57

AR (Schemes 16b, iv). “FAT 3l 7724 43 S M 2 F1|
PR A S5 B A LA R () 1) e I 33 56 ) LA AN [R] s LA 55
HRR R, 25 H 5 23 BS I S B ) (Schemes 16, ii). 2018
4F, Wang G PTHRIE T 3T R FE0E AT 30
J1EAR 5 SRR (1) PA(I)HE Ak 55 R TF M AR ER S M 9 Jie TE
BRI AKI R Cop—H Hi Sk 2 B (Scheme 18a), K753 T 1
SIS IR B (S 99% ee), A TVEIEARA & BT T
TFoH g, fEbIEAE I, 2020 4F, Wang B ZH1281
KIE T (DAL RS TR Copr—H B %Ak [ B (Scheme
18b), Jlid C—N MR R, DL R IR (86%) 3k T
HA E et BEH(98% ee)HIAN, IESE T LRI
WS ANSPAT B J1 4R o SRS R SE R, R HFEE TR
BRBC AR ) 2540 1 2.

ZHMHTRAARIRTE — 8 R B AF T, TEFERAMNE e
TRA Y — ot e S R R , BE A 3G N o — Ffoxsy ke
PRER, T A1 905 I A 3% Ak D B — S Ak 1) o AR
(Schemes 16b, iii). ZAT, KPR B BEEAH R, <X
PLIX — i FE T 5 477 2% B AE) 732 B WA 75 T Bk
fi%. 2019 4F, Bach BRI PHRIE TIE R WK T, F
T = E ARG 127 fE4=366 nm LI 1 43T K
Pk Ji B R E R, 128 13843 25 A g Ak (Scheme 19), 7=
HN 98%, MTMLT RN 55%, HA(S)-128 55T
127 MEBER TR, BAERMERERBENREAS T

a) Pd”-catalyzed enantioselective Cg,>—H olefination of diaryl sulfoxide

Pd(OAc),
‘/ \‘ _ Ligand 119
118 Ag,CO3, HFIP
17 100°C, 72 h
1.0 equiv.

1.0 equiv.
R= COzMe, COgEt, C02 BU,
COgiBU, COZCy, COan,

CO,(3-CF3)CgH,, PO(OE),, CoHs
AcHN™ "CO.H  HFIP = Hexafluoroisopropanol

119

o/,
S
+
‘ (2
R
120 121
Ar'=Ar% x=1.0 Ar'z Ar% x =20
26 examples 15 examples
31% ~ 72% yield 18% ~ 49% yield

70% ~ 99% ee 70% ~ 99% ee

b) Ir'l-catalyzed enantioselective Cgy2—H activation/amindation of dibenzyl sulfoxide

i - [Cp"BUIrCl3l;
" 7,0 Ligand 124
+ | \F —_— >
Nog O AgBF,, DCE
rt., 24 h
122 123
1.0 equiv. 1.1 equiv

O,COOH

Me Me

Ir }\
Cl7 §
Clj (6] Bu
2 124

[Cp™®BUIrCly), =

o & R R o ,
4 —o >/
S OS\ >’O S
125 126
R = aryl, alkenyl, alkyl
Ar' = Ar2 Ar' = Ar?
35 examples 6 examples
37% ~ 86% yield 70% ~ 87% yield
80% ~ 97% ee 90% ~ 98% ee

BR 18 EXFFRATAT5) J1 22955

Scheme 18 Desymmetrization and parallel kinetic resolution
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Scheme 19 Photochemical deracemization
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