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Recent Advances in Asymmetric Functionalization of Olefins
Induced by Chiral Hypervalent lodine Reagents

Zhang, Huaiyuan™*“? Wirth, Thomas™”
(“ School of Applied Chemical Engineering, Lanzhou Petrochemical Polytechnic, Lanzhou 730060)
(® School of Chemistry, Cardiff University, Cardiff, CF10 3AT)

Abstract The functionalization of olefins induced by chiral hypervalent iodine reagents is a basic method for obtaining enan-
tiomerically enriched chiral molecules and biologically active natural products. It is one of the new and promising fields in
asymmetric synthesis. Throughout the past 20 years development in this area, on the one hand, stereoselective functionaliza-
tions of alkenes such as disulfonyloxylation, diacetoxylation, dihalogenation, diamination, hydroxylation-sulfonyloxylation
and halogenation-alkylation and carbonylation have been successfully achieved with chiral hypervalent iodine reagents
through intermolecular reactions, in which various functionalized products were enantioselectively obtained. On the other
hand, many of hetero-cyclic compounds such as y-butyrolactones, chromans, isochromans, oxazolidinones, piperidines, pyr-
rolidines and aziridines can be synthesized by intramolecular oxidative lactonization, etherification, amidation, arylation and
other reactions, in which hypervalent iodine reagents can provide efficient methods for the synthesis of chiral heterocyclic
compounds. In addition, various functionalization reactions of olefins mediated by chiral hypervalent iodine reagents can af-
ford target compounds with excellent yield and enantioselectivity. Thus, this methodology has also been used in the total syn-
thesis of natural products. The functionalization of olefins induced by chiral hypervalent iodine reagents and their applications
in the total synthesis of natural products are reviewed.

Keywords chiral hypervalent iodine reagents; olefins; functionalization; asymmetric synthesis
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L, ANV TAEAIRIE SN S T LT
(45 R, SR, 7 AR BR ) A SR b A7 7E AR K T Bk
fil, HRR A, 5 RMEELHLL, THL/N Tk
RISTARIS BB A, BRI, JT R R L 7 7
HEIASKI R AL T R ARz —. A B
AL 2 AT T R AR B, TR O R B Y A R
fEH, BT 5ERELELMLEL, HREAME AT
BECL g FHAE. TR, RBLAMHER. FRBEARLF
R MErm s AR SE. DI, m i i Re s DA
5 A% 2 < Ja A AL AR R) L 2 b HL S v O ROCR SEBL TR 2
“*ﬁ%”%% R A2 Eh T A e A G AT DA e
B EA KT FRAAL B-BH BRI ) A Bt Ak
%D%%ﬂ:m\ WIS o-AXFRE REELS M2k
A A P TR A o R 23 05 A A1) B A o R e e o A1,
i, TR TARRE R . W a e E
HERMZ —, BRETERIRmEZ AL ENS
W, 5 S I AR R AN KT AR B REIAIAL, RT BRI I e 2
H R R B2 T 7. ARSOIIE 20 R TE
e AT T O e AR B BERIAL SR, M2y 1a]
HREMIL . 707 W B BERIL S T i e RIR P A i
J AR L =5 T EAT £33

1 FUHSHBRRTFSNERS FEEERK
R B

Wirth AU s FARIE T F im0 Lk S 1
I3 F I IR WO B DU BRI L. MR F =M
WAL & 1 A0 2 F 2K 203 5a B e L e i rh, 3591
15 3 XU L S AL 774 6a FI AL A 3L 1074 Ta (Eq.
1~2). 1EiZRMH, SR EUE 2] T BRI ok FEE,
{RZ T 1 W A K RRAUE Be A K R FFRE T 8 i A2
ik, ZREH D AAE R o- B B8 B TR 206
Sa [PRUEEE AL N, TR T F 1 =LA
3UTRT UM RRE SRR, 5 1AL, BRSRALEAE
ORI = T OB O B BV, SRS EIE 65%1 ee
{H.

2004 4E, Zhdankin U2 1 i R RS R(L)-V-
TR ZER IR, =R A R T AT ik
79, BEJEVEHE KL T3 O 8 Al AL 11 ASKT
FREA B H(Bq. 3~4), MEFF=FFM 1 01 1 dr
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SR 5iHtR
T
Chiral hypervalent gre
XN reagents OTs ]
CHQC'Q, -10 or ( )
5a -30°C 6a

1: 21% ee; 3: 53% ee; 4. 65% ee

OH
N P ~ OTs
— )
CH,Cl,, 0 °C
5a 7a: not reported yield, 17% ee

152 p-HACE S IR R AR WO TR S, i
fe e ST A FFIER) p-TCIR IR IR 1 & AR it T4 2%
JiiE.

= Bn E=’>n
—- : o—1-0_ _~
BzHN/kﬂ/o ' O\HANHBZ BzHN/'\[( \H/\NHBZ

9a 9b
9a (3.0 equiv.) 3)
Ph4PI, PhCI, CH,CI, NHBz
8 reflux

10: 79% yield, dr = 1:1

O 9b (3.0 equiv.)
O| Ph4P1, CH,Cl,, reflux

1

Ej/ J\rNHBz @

12: 86% yield, dr 1:1

Lupton FARZH "L Birman 294 & F
PERERE I (1) AN AL AP 13, FTHER 20 5b 1
KRGS SL R, LL 82% 1 7= 2645 2 H bR =4, 181 2
LR FEEA IR, 53] 3% ee {H(Eq. 5), 1E&E
X RN PR il FE R SR AT AR AR, %&ﬁ?éﬁfmee
. AERERRE, 56 IR @ S &4
13 %4t Py=HBr 17

X 13 (1.2 equiv.)
Py -HBr (2.4 equiv.)
5b CH,Cl,, 0°C
Py = pyridine

Br

14: 82% yield, 3% ee
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2011 4E, Fujita BRAAIIE A T FHE =i
AW 15 A1 16, T AXTFRE Prévost il Woodward M.
(Scheme 1). IRAAFKI MM, FHE 2w
IR AL AR ) 1,3- AR IRBHES T ik 20 REDLR
R ee [HEEW AN OBLEEER syn-18 B
anti-18 721, A7 FHACK ) = 9 2 BUR B = il &4
16 $R4L 7 BRI LAREREVE. FlB S, K OMtHEEK
AR, BERTAERY R AR, AEERL S Ak, %45
AT A AE 20 TEANIR] SO SRR T B RS IE FER
B CBRATIERE 4001 Sn2 HUARAS BH B - AR T R,
KA Bt BUARAR A AR (1) 2-47 45 2048 B IR+ 1) 45
2015 4F, iZ R s P R B g I AN

AcO—I—OAc AcO—I—0Ac
(j R fjl
15 16
Ar/\/\ OR

17

15 or 16 (1.0 equiv.) | ACOH or TMSOAc, CH,Cl,

BF3 OEt, -80to -40°C orr.t.
pyridinelAczo l
OAc OAc

A T0R Ar/k/\OR

OAc OAc
syn-18: 40% ~ 63% yield anti-18: 47% ~ 70% yield
88% ~ 96% ee, 5 examples 84% ~ 96% ee, 4 examples

OAc

oo T o

150r16 (1.0 equiv.)  |®) A0 _
BF ;- OEt, (S)-19: 35% ~ 76% yield

O 11% ~ 92% 5 |
AN TACOH or TMSOAG, CH,Cl, o~ 92% 6, S examples
5 -80to -40 °C or r.t. OAc
OAc
Ar
(R)-19: 50% ~ 82% yield
1% ~ 85% ee, 5 examples
OAc /<2
R AcOH 40 o H0
-~ ege
Ar” Y Sx2 at 4-position Ar“"k( attack to 2-position
OAc R
anti-18 or (R)-19 20
OAc
—_— H R
— AT
OAc

syn-18 or (S)-19
B 1 FHmNL A 15 516 7 S AT FR Prévost fil

Woodward J
Scheme 1 Asymmetric Prévost and Woodward reactions in-
duced by chiral hypervalent iodine compound 15 or 16
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STFRI) Prévost A1 Woodward v, PLHHZE] ee fH LA
VR A R T BUR ) 1,3- SRR, 2018 4E, %/
IOV SIS TR (1 v A TR ) P T 248 20 S i %
WU S A N, BUAS R AT 7= A ee {H.

[F4E, Mufiiz HAHPURE 7 F =Mtk &9 21
N TR CIGAKT R L4k [ B.(Eq. 6). TEE AR
W NP SRR o A IR 21 AT R, LR
UFHIP2 R AN ee BT 2K LA HIASKT R U ER AL S,
BB ZE 20852540 &1 5 Y50 T BE A0 A 7 FR) ST
i 22, JBLEYIERPE 2. MEF B T e ) 44
23 FINY PImESs o a4k 26 S NATLER, DASRRE S o B fS
) w0 B B (Scheme 2). 2013 4, iR R4 PYE KT
AT HEFHEE NS YT T 12K S0 X R B
el S 8L, ANSEZREUS T BRI %A ee {H.

AcO—1—0OAc
MeO,C._ O (e}

ST

21 (1.2 equiv.)

COQMe

N HNMs, (2.4 equiv.)
2 CH,Cly, 0°C
5 Ms = methanesulfonyl
NMSZ
RN |'_'|“//NMSZ 18 examples 6)
L 44% ~ 75% yield
22 74% ~ 95% ee
?Ac
Ar*—i (/OAc
/ N)MSZ Ar*\T/OAC Ar*—|
Ar/\ —_— 7‘\ — >—\
N Ar NMs
5 Ar 23 NMs, 24 2
ivHOAc
NMs +
NM32 ( 2 Ar*—I|
A’ NMs, Ar |\N/|) Al A7 NN
S2
22 26 25

BR 2 FUHENIULEY 21 FREEE 5 A TR
b S S E

Scheme 2 Mechanism of asymmetric double amidation of ole-
fins 5 induced by chiral hypervalent iodine compound 21

Wirth BT 2013 454008 7 AR FHE =0
WAL 015 T a - AR R IE AL A4 1 %o il 28 43 1 &
HER B, DAHEE R RUFHI =AM ee (HARK 1A a-75
AL YI(Bq. 7). 1E#EH Lewis iR TMSOTS H T4
WF MR M R 28, W T3R5 B AT Rt B A
KEE. JKY) 27 J7 AR HUREE 1 23 A0 47 FELAT B 7 RA8E
POREA VA Pz GRS vk e G S S AL I 7 N et
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HL i (A1 A SRR ) B A AR v R e B, (H L7 R A
i, AIREAE HHTRAY SR DG VE TS 9530 & S IR AL EH
LN/ VAN EE S SR 1S e

o 28 (1.5 equiv.)
J\/\ TMSOTf (3.0 equiv.) O OCH,CF;
R Al CH,Cl/CF5CH,0H RMOCHZCFg ")
27 (V:v=1:1) Ar
-40°C, then -15°C  29: 8% ~ 92% yield
52% ~ 97% ee
13 examples

O  AcO—I—-0OAc ©O

o} O

MesHN Y NHMes

Mes = 2,4,6-trimethylphenyl
28

2016 4F, Wirth BEHHRE T 55— FrEm
WAL & 055 T D IR XS BR B HE S SL(Eq. 8). Z M.
o, HEEE 30 FHESMIUEAY) 21 AT MeOH £
TsOH £ . CH,CL M1 TFE VRS AT [ B, DL
(7= ee (HRAT o- 5 FALMIERIRAL G 31, ]
ANATERER ) TSOH FIAF FH 2 38 ik Bl A 2 e LS AL -1t =
Witk &, NN Btbat 30 5 21 k&
o H D0 AR R ag b T A4 32, BEJRAE R EERI/ER R R
AETFRAE R TR 33, B2 8 B e s I R AR I R
B F 05 MR 1,2-95 B R, A E WY 31
(Scheme 3).

21 (1.2 equiv.), MeOH
1 TsOH- H,0 (1.2 equiv.)

R
= 2
j/\R CH,CI,/TFE (V:V = 10:1)

(0]
N ®)
Ar

A
;o 78°C
31: 8% ~ 90% yield
17% ~ 92% ee, 26 examples
(I)Ac
Arc—]| .
| X 4 Ar N
A, R OAc K X A
%___8 2 > Aru“,( .‘\\\R2 —»  Aru., .‘\\\RZ
R'" H R' ) H R'oneH
OMe
30 MeoH 2 33
R1
AD%;{Z (6]
A 2
— MeQ [T — RVU\;/R X = OTf/OH/OAc
a7 Ar
31

B3 FrESNUULEY 21 155 0 30 BT FRE HE R
AL

Scheme 3 Mechanism of asymmetric rearrangement of olefins
30 induced by chiral hypervalent iodine compound 21

TR B e B A s O R, Wirth TR
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AP A 21 AT T SO, KSR CF,
RGP =M R A, AT L A&
36, KR E T =M INSE R RE S, Rk, ZIRE
AP A T S e T = ik &9 37
VR i F 2R IE BRI 12 35 BUEEHE SR 43 Al Ak
36 F1 37 AT RRE SRR, AT#EBUR T Mk 91%1) ee
fH, R RIE R, VA 50%; JEETF=REEN 74%,
{EXT WL RN 50% ee (Eq. 9).

O AcO—I-0OAc O MeO 1(0AC)
c
MeO)K:/o O\‘)kOMe ’
z wQ N=—
)

CF; (o}
36 37
36 or 37 (1.2 equiv.) 0
Ph TsOH -H,0, MeOH
Ph CH,CI,/TFE Iéh
35 (V:v=10:1) 38
-78°C

36: 50% yield, 91% ee; 37: 74% yield, 50% ee

ZEPURE R AR POHRE T YR (L)- IR 1 T4 5
ALY 40 7 Selectfluor 4L, JEAL AR T M s (A fist
R, PSR 39, TsOH-H,0 Al R°OH K&
R TP e R SR A AL EE HE SO, DR AF (1 R R AR F5 1
MWOEREEAER T o-J7 R EY) 41, RPRY)E
R Z(Eq. 10). fE#EMRAERESISLIR 4R, AR E
Se I Y 39 S5AHIMN IEE R°OH 7E TsOH-H,0 1£
TR, AR G, B IL R Wirth 32 H HLER
HEAT EHEPR 2] H AR 4.

40 (20 mol% )
Selectfluor® (1.5 equiv.)
TsOH-H,0 (0.5 equiv.)

R30H, CH4CN, r.t.

. 5
OR 58% ~ 78% yield (10)
5 84% ~ 92% ee
R 20 examples

CO,Me

ot

AMBER I & e R A 057 BT R s HE I B, AR
IR R R AR BT, 2016 4F, Silva R4 24 5E
TFHEEMIE S T IR 42 BT ok v E HE
SE, A O AR B SR B S A 45 (Scheme 4).
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VB3 B ook T 1L 07 S WAL Y 43 72 1) S K R
(m-CPBAE S 77 AR R A AR ) 26 AF T, T
A AT E =L &Y 44, BEJSRRY) 42 IO
Horr, fE B SR G — Re 9 7R i 2
TIRBL, BL RGP 2 AR kB AR B H AR 45.
TR SE R NI y: B o, B AR i 1k =4
44 S5IERY) 42 KRN, TRk 46, FifA 32 F
FE SR AL BE A b AR 47, 56 A AT K2R
AR H NS E B Stk 48, B JE RAEREER T
13 49, HEREIR IR B K O7 1 (TR AS 2 v [ A
50, fJEfE S0 T BRI SRAZRESON B R E BR

45.
(0} | (0]
EtO)KE/ O(j/oj)koa
m-CPBA (2.0 equiv.)

43
(+)-CSA (2.0 equiv.) \30 min (+)-CSA =
VL HO5S 0

TFE/CH,CI, (V:V = 1:40)
camphorsulfonic acid
(I)H
Ar—|
CSA
X 44 X
R—u— - R——
= MeOH (50.0 equiv.) =
o 0
42 CHoClo, -78°C 45 38% ~ 75% yield,
34% ~ 78% ee, 10 examples

Meo\/OMe

M

S L 44 3 _MeOH

A=

R4 FIEITRMED) 43 F5-FHG RS 42 FIA X R EHE SN
L

Scheme 4 Reaction and mechanism of asymmetric rearrange-
ment of olefins 42 induced by chiral aryl iodide 43
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2016 4, Legault W28 F] I F44 55 H k) 52
R SEEL T s AR 51 FARKERR ALK AR (Eq. 11).
1E 52 ARG F T, a-F AR LM 51 5eLL 53%[1 ™
RN 27%M ee (EFEALR NN WARAEN o- 5 ARER 53. 1E#
P S SN B R A A B m R AL A 54
5IRY 51 KA R IS s al A 55, B 5 7EK
fIVE R PR3 2 a4 56, 4523 & A E TR B %
Jo SN2 FRAZEBUAE s 27 W) o- FAREH 53 (Scheme 5).

(a) 52 (1.5 equiv.)
cl m-CPBA (1.5 equiv.) o

TsOH - H,0 (1.5 equiv.)
N CHClg, rt. > )
(b) 51, H,0, CH4CN, r.t. Cl

53: 53% yield, 27% ee

?
|—Ar* Ar*
| Art *_OTs |
)CI\//‘ OTs 84 o_G'LR S ot
Ph

R ‘\ —_— \J
Ph Pi R
H2055 56
51 A
O @AI-0Ts
Ph _/ R
Cl g 53

BX5 FrEo7Emey) 521
AL
Scheme 5 Mechanism of oxidative hydrolysis of haloalkene 51
induced by chiral aryl iodide 52

Muiiiz $RARZH P2 -1 55 B e 58 piit A1
KOIGRLED S KR LBEASA SN (Eq. 12), %5
BACHIR R SR i RN 26 AF T, BLR ST
77 2N ee (HA ALK B AR 1. B, iR L8R
TR R s T B AL, AR TERE I 1%
m-CPBA, RAEJEM A XA, 27 Ry
JEANBGIE T Fujita TR AALRIE F A K2 2B SR AL
R PRI XS AT, UESE T LA B A A
WA 59 LG NH A6 T = UE 7 B 2 B4
A AMAAER 7 7 NS, W REE LR e T, B
A e AN FR 75 3 g

A, Mudiz B RZH DO]L*‘Jﬂ?UﬁE??xj(E’] 1-& Wk
HE57 ST 60, RLTIHSCIL TR ZARAT AN 5 A
FRX LI S M(Eq. 13), 1E# % Selectfluor {F
AR E LA AR, fHEH] 20 mol% T4 77 HEMifL )
XF T B P AR, S ARH AU, (H2, HAXSR

FASHINIE KAV VS BINE=R /N 13
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i-Pr i-Pr.
(0] | )
HJ\:/O o\‘)kH
i-Pr = i-Pr

58 (10 mol%)
TfOH (5 mol%), CH3CO3H (2.0 equiv.)

R;\ A AcOH, r.t.

N then Ac,0 (2.5 equiv.), py (2.5 equiv.)

5 DMAP (0.25 equiv.), CH,Cly, r.t.
OAc
0] 0]

AN OAc AN HO——GH—N""
R—— 12

_ 041‘\/0 (0] o (12)

19: 52% ~ 93% yield
63% ~ 94% ee
24 examples 59

Ar= 2,6-(/-Pr)2C6H3

0 I 0
1Ad )l\:/o i oj)koj -Ad
)

60 (20 mol%

Rf XX Selectfluor® (2.5 equiv.)
A TMSOTF (1.2 equiv.)
5 AcOH, r.t., then Ac,O

OAc

\: OAc ‘

19: 55% ~ 92% yield,
62% ~ 88% ee, 17 examples

W FRESITHIEL T 58, ee fHfx = R AEL 2] 88%. Ub4h, #2
BE AR A R AR R B AT AE P IR AT E T %R
N7, HUPE T SABLI S Rt L.

2016 £, Gilmour AP HRIE T — M St a1
TR T, R R ERER T FHEE NS SRR
FREA(Eq. 14). 1EHEM 62 FAELLF. Selectfluor A%
7). HFPy R0, SCHL T MK 61 A1 64 AN FRIR
T BE, PARREE (77 20 ee (15 BIFH R AL =4, R
B IR SN AG B AR AR R, ER T BT E Rk
R RV AN K BRI S LR U, TCBETT R T — %8 id
7. EAERNE, fEEY 64 5 M, BT

62 (20 mol%)
Selectfluor® (1.5 equiv.)

amine/HF (1:5.0), DCE, r.t.

NO,
@/O\/\
61
NO, F 14
O\A\/F

63: 54% vyield, 22% ee

AR HRTER 65 R AR T IR AR, ROk PR AR
R IME S 66 (Scheme 6).

2016 £E, Jacobsen AL PR IE T4 ST e
P 1,2- AL (g, 15), =4, %/MAPYRS: T
SN 3E TE I, VR DA EEBERATAEY) 67 SNIRA).
OHF Py IR, 7EF-1H75 HLM4LY) 68 F1 m-CPBA Jifif
FEAE I =N AE R, DA RN B A B b=
YA 69 M R 70, Horb s R i A
RIS, TEHLERYH 5] NBUT BBz, DA s 40
B2 5, @b sl N AR AN [F NP RE . T
KRNI REE N T %N, IR TS 175 A ee
1H.

O |
BnO)J\/O © OBn

as

68 (20 mol% )
9HF-Py (5.6 equiv.)

m-CPBA (1.3 equiv.), CH,Cly, 4 °C

o)
Ar/\)kNHt-Bu
R

67
EFQ Ar R
‘ Fo S NHE-B
ArA{)LNHt-Bu + \%\m t-Bu (15)
R F O
69: 40% ~ 84% yield, 70

77% ~ 98% ee, 9 examples
4G EIR(Bq. 1545, Jacobsen BREZH X 4k
TE TR TR W B SR AL OB (Bq. 16)PY., 18 1%

62 (20 mol%)

Selectfluor® (1.5 equiv.)

/@/O\/\
Br

64

HFPy (1:5.0), DCE, r.t.

/©/\OJ\
Br F

66: 30% vyield, 41% ee

BR 6 FIEI7RMULY) 62 i T KA 64 HIAN PRI S

Scheme 6 Asymmetric fluorination-cyclization of alkene 64 induced by chiral aryl iodide 62

70 http:/sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2021, 41, 65~79



Chinese Journal of Organic Chemistry

REVIEW

N, R 68 (20 mol% )
R'<— m-CPBA (1.1 ~ 1.3 equiv.)
= % 3 .
R 9HF-Py (11.1equiv.)
CH2C|2
72: 28% ~ 93% yield
60% ~ 97% ee, 32 examples (16)

SN, PR T B H S T . AR R R B
AT a8 S RN 50 28 1) 2 R B A 1) T A e R 2
A STAR TG, AR T 5 HAT RS P 72, I R R
EHERTE, SRERRR R LA R UF P22 F ee H
R EAR A, RPERTETZ. AR B LER T
Ft, AEF VI RTE S BIURT ) i A 21 WD s A J 1) 1)
& 73 H, BUE S F-n BEAE ELAE FH JILE ROV SR IX 2
WK AR T EEAE F (Scheme 7), — 5T, — H A E
74, HATE S 57 BOY LR T — RORE E
(44 76, 76 75580 25 T ISR 3 BUR R A FF 3R AR il 447
Y72, U7, I ELEEE R, Rl N-BUT BRI

VAR, IR 74 BT DR AR VRV S B TR
I‘Eﬂfztx 75, BEJG, FEFRES T SRR ESUT A AR I 1
Y169, X LA AR FIR(Eq. 15) = B 4h

H Muiiiz R4 PO A2 B 5 F i = iR )

F—H--F Ar*\r_

./ _COX F kX
C o
m E ¢ —L.
R A 70 X =NHtBu

74

stereospecific | X =OMe, R=H
phenonium Ar*l
ion formation

E

SEIR T 2R I BIAS KRS A S N 2 5, 1R
T 2017 F@ETEAE10~20 mol%)H 75 LML) 77
Fl m-CPBA JEALAE sl i, 78 FH R RUT K/ /S 9
74 1% (MTBE/HFIP) B FF 35 A0 T 2 Bk / = 9 2. 18 (MTBE/
TFE) IR -G, DAOSUH I W i A R, R ks
BRI CERIE 5 LS~ ee
AL UL G 22 (Eq. 17)P%, 52 BB 5 M L,
ZEA R EEINE R B, fEERE TEAA
FA) EH B B i 48 23 N e U IR R £ 81 1 e AL
B, 81 1E 57— R [l 91 55 1 (M BU R R AT I Bl e 4%
724 22 (Scheme 8). 2019 4, Sunoj ML POHRIE T 1% %
I Bz bR BR R (DFT)THEE, HE—PAESE T RS IHL
HH, AEF TR H HFIP 0N BE % 520 M 2088 =+ I A R,
BB A AR T WSS E IR, [FIR, THEAS
FRAL T A b T MR IR AT B 1A R P AR I ST AR
PR,

2019 4, Wirth AP 5 o- TS 25T 144
HI R LT 82 FH TR 2.0 Sa 1% LI FEPE A 2 BE 4R
FA RN (Eq. 18), fE# L 82 fE T Tl
TMSOAc 1ER ZBHAIEALIR, 15 = FALTN ZBE 1k
T L 65%[1) 77 245 2 X 2R AL =, SR S B FRT XS
MLE B, (ORTF 22%01) ee {H, RIS VI ZEM 48
) TP v I AR D T2 S BT (R AN FR 15 5 MR AN

F—H---F-H_+_t E-0
EH\N/t.‘Bu

A,

N
FoH-F 4 /\COX  regioselective
O H fluoride addition Y
COX

76

72

B 7 FHEITEMULY) 68 U5 T AR 73 BIAKI FRIUGAL S SRR

Scheme 7 The mechanism of asymmetric difluorination of alkenes 73 induced by chiral aryl iodide 68

i-Pr< )k/o j)L ~I-Pr
1P = -Pr

NMs
(10 ~ 20 mol%) s 2
™ R2
AN HNM32 (2.5 equiv.) AN
R'— R an
F m-CPBA (2.0 equiv.), MTBE/HFIP = NMs;
5 _E O ~ 0
or MTBE/TFE, -5 °C or -20 °C 22: 33% ~ 87% yield
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91% ~ 98% ee, 32 examples
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R
A
5
MszN—!—NMs2 "
A %\—!—NMSQ
- + 78 7/’ Ar*
m-CBA + 2H,0 Ms,N Ar
79
m-CPBA + )
2 NHMs, Ms,N, R
Ar—I : “—
77 Ar /I—NMs2
Ar*
e
\S//O
MsR* iO Ms;N R
¥ —— y
A R NMs, Ar NMs,
81 22
B 8 FHEIFHEMULY) 77 F R IHRE S AN FRUBEIZ Ik

SRR
Scheme 8 Mechanism of the asymmetric double amidation of
alkenes 5 induced by chiral aryl iodide 77

o

OAc
OAc
(18)

82 (1.25 equiv.)
BF3 Et,0, TMSOACc

5a CH,CI,/AcOH, -78 °Ctor.t. 19a: 65% yield
22% ee
OMe
OMe 1(OAG),
82

2 FUHESHRATIFSNEES FRAEERK
R

2003 4, Wirth BAHPMRIE 7 F MmO et vy
I F IR B RE L 7. BRI FE=
LAY 84, L 56%HIF=2H 4% ee (AL T 4-
REE-A- IR 83 NStk N, 1HEINERLEY) 85
(Eq. 19). {EMERMRE, RNMPRMKRE T EH, /4
N RIX R T T v A AR 5 1) 9 2 e A L B
[Pk 86 FTEL, & FIRER 2T 87 #5 AT HE & I M. 1 Hh H] 4
(Scheme 9).

Fujita B8P Mitsunobu [z 5 A B i 44k
SN, AR & T RS LAY 15 AN 89, [l
JEVEE G H T H50E 88 AN TR Y & Wk e JE= A4 S B
(Eq. 20). BF;*OEt, [P BESE B A H B & s B I 4L
K, ORI, (EREERY ORI T Y 91 AR, &t
H,"*O A ke A MR i 5056, 454 DFT i
B, EFRE T RN TTRENLEE: B, Mk S
W R AESR IR, BB S 701 P I S i A I AR A
B 1,3-ZRE R R B 1 Ak 92, B = 18 75 Kt

72 http:/sioc-journal.cn/
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SR SR
Ph
JJ\/\ 84 (1.6 equiv.) 0
Yy 0
Ph COH ~ CH,Clprt. . ACO o} (19)
83 - 85: 56% yield
: 4% ee
OMe
I/OAC
\
Et  OAc
84
Ar (/OAc )
N Al [ Ac v Ph
o 2 o |— 0
o ~ o AcO™ " o)
86 87 85

B9 FHERMNMIULEY) 84 F 5 1R IE 83 A FR A BEIL
5B

Scheme 9 Asymmetric lactonization of alkene 83 induced by
chiral hypervalent iodine compound 84

il I 150r89(1.2equiv) RZ/,-QO
RWO)LW ' “> R'COO +

BF3°OEt, (1.3 equiv.) RS

(ZIE)-88 CH,Cly, H,0,-78°C  90: 16% ~ 73% yield
0% ~ 64% ee, 5 examples
o 0 AcO—I—0Ac
O._CO,t-Bu
R3\)J\/\ O)LR1 @/ T 2 (20)
91 89

ARG AR ) B8 5 FH/K AR A 31 DU SR B =40, % P S 7
rh B 44 92 7R W] R AR 1,2-9H Br AR R 2420 91 (Scheme 10).

1 4 71(OAC)R*
o~\<R RS

3 0 O
R* (O R:ﬁ% [ R*.. )J\
ES 0 +l0 ny 1
S { Lo w
H,0: JR1

R3 RZ R R2
(Z/E)-88 92 90
BN 10 FrEm B EY 15 2K 89 7 S HAKE 88 (A X Fk
ULERURL B A

Scheme 10 Asymmetric tetrahydrofuranylation of alkenes 88
induced by chiral hypervalent iodine compound 15 or 89

2010 4F, Fujita URAZERE 1 =it 15, 16 5
21 FHF40-J B2 R G 93 1) 816 A R A S i, 1A
R A7 28 A BRIE R SRS T endo- TG 94 (Eq. 21).
PEZ AR BNV . Bk, T m sk sn A ke
4 Si THIN BT S B 1~ rh ] 44 95, B JS, HAERAZIR
FURIRESCT RATTI, b a4k 96, $#%E KA 705N
(K] Sn2 JNL, AERSLARIEFENER] H AR %) 94 (Scheme
11). JaoR, ZURBALRZ 5128 2 R WAL & AR
W) R S -1 - A s,
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OAc
©f\/R 15, 16 or 21 (1.4 equiv.) R o
: o)
CoMe ACOH, BFyOER,
CH,Cly, -80 to 40 °C

93 o
94: 57% ~ 84% yield
75% ~ 97% ee, 4 examples

X

| Nu™Y S
Ar 1 Nu H (AI\ .
o A
AT ’ ©\/;D/R
Nu™ = "OAc R ,

X =0H, OAc, OBF3

AR 11 FrEmENBLAEY 15, 16 5021 BS1ERE 93 A
X PR A BB SR
Scheme 11 Asymmetric oxylactonization of alkenes 93 induced
by chiral hypervalent iodine compound 15, 16 or 21

2011 4, CEHREAPIRIHET C MR Tk
RZEZEM I =M i &4 98, Db SE I 1 I TR 2 2
FHREE 97 HIANMREIIA NS RNE, A=Y R
AT 99, HALRRYESCAE N K2 P R BEBUM T 3A,
LA 60%I1177 2 F1 16% 1) ee fH A RVEMELERAL G4 100
(Scheme 12).

Q 98 (1.5 equiv.)
L —

o]
H, N/Z<o
Ph/ﬂ\/
H
99

™
Ph"""07 "NH; 4 AMS, CH,Cly, rt.
97
. O
p-TsOH, r.t. H, HN/Z(O =0
™ Ph
MeOH Megj\/ =0
100: 60% yield g g
=>99:1 dr, 16% ee 98
B 12 FHEEN LAY 98 i SR 97 FIASTRRIAL-

JH Ak B
Scheme 12 Asymmetric amination-cyclization of alkene 97
induced by chiral hypervalent iodine compound 98

2012 4, Wirth B HRE 7 F w0 o515
ST N-BURIRS M55 A X TR 77 N A A i B4k = B
(Eq. 22), et 5 ANF M MUk i i ik, 2wk 28
Wl 128 A A R TR, 107V DAL T 1 = 2 R o
LEMBH ee HAM T IAEMLEY 102. KN,
TMSOTSF TsNH, AT BB [ 7= 26 Ak 1 22 DG B
B 546, BT E AR A R 2, RS RN
IR R, A5 OB AT T R gt Ak, Tk
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' CH,CL/EL,O (V@ V=1 : 3)HIR & N iE 7,
RN AN, &R N-BURIEER 8 I N A ik
TR K B = 4.

R' R2R2 NR3
28 (1.2 equiv.) RZB@\//«O 22)
HN_ _NHR® TMSOTf, TsNH, R?2 g
hig CH,Cl,/Et,0 R
101 © (ViV=13)  102: 30% ~ 80% yield

0% ~ 96% ee, 5 examples

2013 4£, Nevado WEHAHMHRIE T FIrEm Mk &
) 104 55 S0 M IE 103 0 Bl age B8 14 e Ak - TR 1
HE(Eq. 23), PLRIFIIF= R EE] ee HIR1G 3-FIRNE
KA 105, S FRRELS G, Y0 ee 1
FEI90%LL . AR, ﬁ}iﬁiﬁiaﬁéx% endo-3%
Pk, Beah, FrEm MUK 104 5 S0 M
106 (1% A~ 3L S S AT BT 7-endo-175 K LA R
ZIRPEEE 107, BN 5 mol%H[2-PicAuNTH, ] F SR i3t
MR AE(Eq. 24). VBB T R [R 4% 61 S2 56 sk iE 52
WY P 4 P R ) S SRR, 32 HP TR AR 358 1 RS %
HEBUR IR 3 R SRR E R =4

2 2 1R R?
R R
R! , 104(25 equiv.) . NR3 23)
NHR® ——
R P Tolunene, r.t.
F

105: 63% ~ 90% yield
61% ~ 88% ee, 15 examples

o) F—I—F o}
t—BuO)k/O\é/o\‘)kOt-Bu
104
R! R{
2 104 (2.5 equiv. 2 B
RP(\/NiR 104 (25 equiv,) ROF 4
N [2-PicAuNTf,] (5 mol%) N

CH20|2, r.t. 'I?Z
107: 46% ~ 64% yield
61% ~ 77% ee, 6 examples

106

Pic = 2-pyridinecarboxylato

2014 4F, Wirth BWEHS B &% 7T =0
MACEY) 109, FH T 50 9 38 I A s i 7 2k — S R R
AT 108 HIEAMNEIAL B, & RS BB L5H 110
(Egs. 25~26). fE#& e H 109 A =Ml 7 7 55tk me &1
AL, X T RO ) o g FEE A EEEA,
Ik, 109 55 1 5 s PR S T e 0 7R ik — 2 BN 45 )
M E A G A R N AT 7= 2 A ee {H. BEJ,
{EE R MEAEQ0 mol%) )T = Miltb® 109 [T
& 111 Ak 2B ) NaBOs»4H,0 R E 109 #E47 &N,
CAZRABA 1) 7= 2643 B 724, AE NI ee {EFHAIK.
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R'R" y
N. _N ; -X
Sy- ' Vp2 109 (1.1 equiv.) R? N~
xR 1 N-R? (25)
R3 TMSOTf (1.5 equiv.) R 8
108 CH3CN, -48 °C Rs
X: 80 110: 68% ~ 75% yield
X C=NR OMe 90% ~ 94% ee, 6 examples
‘ X
Nz
AcC “OAc
109
Ph PhH H .
~x NS 111 (20 mol% -X
b X" ~Cbz_111 (20 mol%) Ph><:\L/N—Cbz(26)
; NaBOj 4H,0 Ph L
R 108 AcOH (3.0 equiv.) Rs
CH4CN, rt.
X: 80z X: C=NR SN T 140: 45% ~ 72% yield
OMe 76% ~ 86% ee, 4 examples
‘ X
| Nz
111

2015 4E, Moran TR O 8 T R L AT AR
114 X FREA I SOV (Eqs. 27~28). fEH G T
Fr=MBGR A TR 112 M o3, R E H A
Selectfluor &AL T JR AL A 3 H) F M S i) T4
Wil 114 [PSEACIML, B2 LL 86% M™% A 64%MH] ee
EARE B AR 15, 1EE ¥ B — 5544 CHCN/
MeOH (V@ V=1 : 2)IIRAEFINS, DAL= R A pl
F AL =4 116. %5700 AT B -6 T 1 1) S W na i,
RN B BEVE AR,

O | o
\N)K:/O O\HLN/
(I |
112
o} | (0]
ipr, o o _iPr
N N
i-Pr = i-Pr
113

Ph
(0]
)L /\J 112 (10 mol%) N” "0
Ph H Selectfluor® (2.0 equiv.) kA\/OH @7)
14 TFA (2.0 equiv) 115: 86% yield
CH3CN, r.t. 64% ee
o Ph
P | 113 (10 mol%) N)\O 28)
Ph H Selectfluor® (2.0 equiv.) k/*K/OMe
114 TFA (2.0 equiv.), r.t.

116: 99% vyield

CHaCN/MeOH (V:V = 1:2) 50% oo

74 http:/sioc-journal.cn/
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2016 4F, Wirth BWEHYHRIE T F =Mk 59
118 75 T B e XS AR IR B A - e 264k [ B (Eq. 29).
TEF @R X, 5 NFE=MHEKT 5L, K C-X R
PIF =N e ) 118 BA s AERA IR AR, f
EF=2I1 ee HIEE] 79%. RNATE N [FSEAZHEBCR P24
i e 44, B J5 20t BBy BN Sn2  1E MU B R
- BA =1, 05 A e UG 107 e I = B 0 IR Y e i
BT ZI 1, KR8 TG #H AR BRI Ik 1.

O AcO—I-OAc O

eto” ~° © OEt
H 118 (1.2 equiv.) Is
J/\/Ti PhSNa (1.1 equiv.) ,—]/\N)_JSPh (29)
NN CHyClp, 20°C -
17 119: 40% ~ 68% yield,

25% ~ 79% ee, 7 examples

[F4E, Fujita BREEZHIHRIE T 99508 5 1 PO il ide 35
PEEA T FAL R B (Eq. 30). EFHEE ML &4 15.21
5 89 MIFESF T, 1B UURTS /=S F0 46 2R 55 1)
SR BEVE SRS = IR 120, 38 X AN [ Tk Pk 41 1)
e, BUT HE 3R L (TBS) A o2 A B AR 1R 771
RLIHLELA: B 5G, BF;*OEt, ik T = 1 itk 57,
PR R UE B T A 122, R SRR 120 K
A e IR T AR 123, Bl JE R AT A SRR
IR 2 A 124, 105 3 BB R AR BURAE
B EAR 125, B 405 F AR AR B H AR =4 121 (Scheme
13). fE& IS DFT THAUESE T IR ek 2 [ Fe e 4
BT A AR 124 (R

oTBS 15,21 0r 89 H., o)
(1.2 equiv.) R X i 30
X ——— R~
R BFyOEt, L~ (30)
= CH,Cl,, -80 °C
120 121: 17% ~ 88% yield

61% ~ 93% ee, 15 examples

2017 4, Fujita WA Z 715 e 254 Wi
HIBE AT E ) 126 1 (Scheme 14). 1F& A T =it
AW 15 80127 5 TR 126 FIST Mk BE AT
SAL RN, R AEE S 5 T IS RE, R
T T e 2% DA P 258 (1 7 S5 R B A0 G0 %o Pl i 8 P 75 381 55
B 1) 128.

Jacobsen MRAIZPILIMEALE (10 mol%) 3 T[] %
TR AT A BRI A BRT AR 130 A AL . L
m-CPBA Nk 2E S HIEAH] . UL HF Py {E A2 5
TE, SEIL T AR-IR R OR R ERRTAEY) 129 [N IIE R
PSR- BB, PARTS (7= A ee {H AR 4-5 57
IR BRSAL S 131 (Eq. 31). VEE N SERZPERIRASE
FL PR SRR A S AT NREAT T A, T X Ak B A
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JSS TCER A, T 0 A B L G ER  EE

SiR .._SiR
e 3 s 3
0 OAc ‘0

|
Ar—1 " 122

AcOBF3

121

AR 13 FrHESMBLEY 15, 21 52 89 S 120 1)
ANKIRR T HA S NI

Scheme 13 Mechanism of asymmetric arylation of alkenes 120
induced by chiral hypervalent iodine compound 15, 21 or 89

o. R (RCO),0 or
g 15 or 127 (2.0 equiv.) RCOCI
0]
X BF 3:OEt, (4.0 equiv.)
HF - Py or TMSOTf (4.0 equiv.)
. (o]
126 CH,Cl,, -80 °C :
OCOR

o5

128: 37% ~ 59% yield 127
69% ~ 89% ee, 2 examples
B 14 TS RUL S 15 58 127 17 SR 126 A
R TS5 S R B

Scheme 14 The asymmetric oxidative arylation of alkenes 126
induced by chiral hypervalent iodine compound 15 or127

0] | ]
BnOJ\:/o O\HkOBn
O E
Me )

AcO—I—0Ac
OCOR J\: .0

QN0 130 (10 mol%
AN R m-CPBA (1.2 equiv.), OHF - Py
129 (2.8 equiv.), CH,Cly, -50 °C
0
o
R~ , (31)
R
F

131: 35% ~ 86% yield,
30% ~ 96% ee, 25 examples
2018 4F, Jacobsen PR ZH P S ¥ 074 i 5 A A
Bt H ORI BE AT AR 132 XUBEE ) AL — i B A0 S B
(Eq. 32), [Al—HEA 1A 5 AT SRR ) A Xof Bl R0 i
FEVE AL - SSE. S NEALER AR 9 T4 v 0 oS
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RUBEE PR 535 BN RS AE B R TR0 134, Bt 5 R A2 3 25 1 1)
SEARZ I AE AR T A 135, R TR HR B R 2SR I
KA T Sn2 BEBUE B E bR syn-p- AR E SR
%t 133 (Scheme 15). 1EE ¥ B P2 AT AN & Fi1k
EW, SRTAT A FE I AR R LR SME ek, 3R B il
BENBRIIREG Y 133 L EERS Ak, 8
TR AT LA S 3 AN IR L ) 1,3- T 9R-2-
FEZRAL B anti-B-5ARMENS Be LI 1,2-58 340 74,

68 (10 mol%)

R'—\ NHTs m-CPBA (1.1 equiv.)
T 9HF: Py (10.0 ~ 15.0 equiv.)
132 CH,Cl,, -30 °C
F
AN _ 44% ~ 93% vyield
] 2
R—./ N 61% ~97% ee (32)
! 14 examples
133 Ts P

F—H--F Ar*

[+ E (T*Ar*

I-F
A gl CRER _NHTS
| P ! _
134 135
E
Ar :
_ IR =
! _ ’T‘
Ts
133

B 15 TS EMULY 68 53 MM KR 132 FIA X FRHIL-
Jie BEAY, = R HE
Scheme 15 Mechanism of asymmetric fluorination-amination
of alkenes 132 induced by chiral aryl iodide 68

2016 4, Masson LR F 1) 2 — AT AR 428
FA R v A LT A 138 1 m-CPBA J 7 A ;e T 1 v it
A, AR FEIRIR 136 507 FhilR 137 K4 1 AN
B, CARTEZ 7= F MR R AR T5 ) ee EHIKTFHH
JSL PR IR AR L N TS 139 (Eq. 33). TR EVERR A2, TEARIA
fR S RE AT, K 5 A R A A R — R R R — %
Pt ] LA F5 (00T e 3 P A R il 9t S5k AV I 141 (Eq.
34).

3 FUESHMRATSESNEEERANRNEE
RARFMEERPRINA

2010 4E, Fujita BR@ZH“SRE 7 A F 0% = s
B RS T A R AT TR AR PR I T
(Scheme 16). fE# 1 Jeidid IG5 142 FUGILONIR
143 1) Suzuki 52 BB SL, BL 74% 077 342 B O
fTEY) 144, BFETESNBULEY 15 NIESF T, &
PR Aot o A DU I TR SR B A - N BRAG SOBE, DL 73%
HI7= 2 95%T1] ee fHAE M Xyris pterygoblephara 4y
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R o
Q 0./ 138(1.0equiv) R
W -l Oeav) L 4 o, @3
n OH " , /" "OH m-CPBA (4.0 equiv.) 7 N\ Ar
Ar -
R R Et,0, TFE, rt. o
136 0

139: 23% ~ 76% yield
58% ~ 84% ee

137
(0] | (e}
MeSHN)k/O@/O\‘)kNHMes
138

8 examples
o 1
. o. R 138 (1.0 equiv.)

" OH + ~PL ;
R R 1/ OH m-CPBA (4.0 equiv.)
136 140 Et,O, TFE, rt.

R O
Rﬁo o R (34)
( = \\P/
oy \R1
141

51% ~ 88% yield, 70% ~ 93% ee, 5 examples

/\/\/\/
MeO [ (HO).B 143
\CQ(OMe Pd(OAc),, PhsP, K,CO4
) H,0, DME, 90 °C
142
MeO X 15 (1.25 equiv.), BF5 OEt,
OMe AcOH, CH,Cl,, -80 to -40°C
0
144: 74% yield
OAc
MeO
o]
o]

145: 73% yield, 95% ee

B 16 KA 145 1045l

Scheme 16 Total synthesis of the natural product 145
B, RIVE A S R B R R AR =1 145.

2013 4E, Fujita W25 SR A T4 = R
SR AR T E ST A BT NN A ELEE Micro-
dochium bolleyi F Exserohilum rostratum 43 &5 4 B A Pt
BT PE R R AR P2 (128)-F1(12R)-hydroxymonocerins. 1E
S LL R AR AT B IR (R)-146, B 5 5 I A
B S AT B EE (R,S)-147/(R,R)-147  HFEXS Wi 7 Fag ¢
WRaEW, B R, mhat e 853
(R,S)-148 FI(R,R)-148, i J5 55484 — e & AE WA A
KL, AZGEEES 2-Fdk-6-1-3,4- — F AR R
I & A Suzuki 52 B, BE 5 7EBR BRI Hh A 4 LI 4R
T R AT AEYD(R,S)-149 FI(R,R)-149, )5, &
m-CPBA STV FEMALY) 150, 507 A Al e ik

76 http:/sioc-journal.cn/
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FF T T AL A TS b SN B 21 R KR, 133
H b5 7= #0(128)-F1(12R)-hydroxymonocerins 151 (Scheme
17), 3T s i BLTE 4 A oS B0 I P A B

2014 4, Fujita WA 15 15 o585 B0 F
P S, AT BRAR)-4-¥2 KLk 2% i 16 & (156a) A1l
(3R,4R)-4- 5 J5:-6- FF 42 3ok 8 5l 14 25 (156b)°7). 1 3% LA
e 153 R, TEFHERINI 1S5S T R A DR
Ik, LA 3 ee HARIF IR 4 154 (Scheme
18). BJi, & Pd L FIA C—H 2B E Ik, LAk
75 (72 3R A R 155, B K IR U i AN 2L S S K AR,
DAL 45 F9 ST 30 R S5 0 % Bl B 6 P 45 21 AR 4
156. AR RS, BURSEHIMEI Aoy R, =4
FRIIE IV i S0V 7E HEFR (0 Peri i 5 AE Pd AR B0 [X e ¢
MM C—H ZBEEIEA R, AT T s 0 )
B RHEAIL I PE R I B J ST Rk b

4 ZRERE

Y 20 R F S LGRS T KR AR
Re AL | B, BT 40 N F I Ao 7 N B RE AL A 77
T, 382 (8] 1) 5 A A ST T U (1) XUTiEE o 4
ey WABEAEIE . Wil B . BRI -2 A
Al it fe b S A S, ARSI R T &
FhE BE BRI =4, 5 )2 FAT SRR i S A ik e
KA, Fe ee fH T R7IE 98%, A AN K FR XA
R R EEA RO . T8I 5 N B E A N R AL TEAL
Ml s 77 AL SE IR, AP BRIESREHA R T - T IR
IR, T OTREN ., BEMEGERE . DREE . MR LE . AR
WIS PRI &, TR S & b it
THBER, FolRAMRRIL S FER, geig5]
AN E BRI, Wire s b P Be A B it & 91 [H)
i, 5IANTHEIET, HIH ee [HATLLEITA 96%. FHEEM
WOATR S 205 SR R AR &R E Re ML, SREE T RS
PRI MOE RV, A O T RIS
B, Al T O O T A R A S B A TV,
ENIIHA T A& hydroxymonocerins 555 T (O A
RIRT=H).

F M= U 1 R A E B E A ) B 2
RIS R BLAA & 4 0 70 AL B A AEVDNE T R AR =&
HE AR IEA TR, WEANIREG M —A 58 HEf
RS R8s 2 — . SR AE S5 SR BT T AT SR AR AE ORI
Boll: (DB I AAFRFHEAEE, wihFrE. i
PE B FE, Berha s 1B B A iR, PR e
NS T B B IS FR 5 808, Rl 2 08 e F
PEMIGIN, ATRES IR ESCE F IS SR 1. Q% F
PE AN LS S R BB E BE AL Y L, bk 2
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(a) catecholborane, r.t.
N ()
OTBS OTBS

TBSCI, imidazole Pd(OAc),, PhsP, Ko,CO3
//\./\CHO MeMgl _ . DMF, r.t. (R,S)-148, 50% yield _DME/H,0, reflux
~ oBs EtO, r:t &TBs OH then SiO; (c) Ac,0, py
column separation P
R)-146 - - : —_ -
(R) (R,S)-147/(R,R)-147 (1:1) 7" &tes OTBS
(R,R)-148, 21% yield
X oTBS MeO OMe
. (1)
OTBS
S 150 (10 mol%)
m-CPBA (1.5 equiv.), TFA, CH,Cl,, 0 °C 151, 23% vyield
(R,S)-149, 19% vyield (2) K,COs (12S)-Hydroxymonocerin
XN OTBS
L 0 OH
.OTBS
R —

(R,R)-149, 10% yield

151, 20% yield
(12R)-Hydroxymonocerin

B 17  (128)F1(12R)-Hydroxymonocerins W45 1%
Scheme 17 Total synthesis of (12S5)- and (12R)-Hydroxymonocerins

15 (1.0 equw
BF;* Et,0, -80 °C

O

153
162a:R=H 153a: R = H, 63% yield, 85% ee
162b: R = OMe 153b: R = OMe, 59% yield, 91% ee

154a: R = H, 71% yield
154b: R = OMe, 69% yield

154

155a: R = H, 86% yleld, 90% ee
155b: R = OMe, 76% yield, 90% ee

B 18  (3RAR)-4-FAIEME 5 I P 3 156a FI(3R,4R)-4-F2Hk-6- F AU I i 3 il 74 3% 156b 14
Scheme 18 Synthesis of (3R,4R)-4-Hydroxymellein 156a and (3R,4R)-4-Hydroxy-6-methoxymellein 156b

. BRA. L. =R, S DTSR
WA S B RE RIS &, e R & ey RE AL ) T
P T Q)M IR Timﬁ%%Am¢mV% e
EHHY, 7EFVE RO LS TR A PR BRI T %
¢'ﬂﬁ%%%ﬂ%ﬁ%%ﬁ&ﬁm%%?imﬁ%%
EEET, AR E TR B AL & T
SR ﬁ&%?imﬁWMQAﬁ 25 TH IR T AT
TRORE A A], A AR kA, S 7 e T A
P AR A BEIL ORI 3 e FR e
AE LY i T ik I P 55 7 T 5 ZEAN Wi R R AN i,
FE AP E ARSI TT, 2w R T4k
L & @%F%%ﬁfﬁ%ﬁ%l%&&,ﬁ%
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