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Recent Advances in the Application of in-situ Generated
Hypervalent lodine Reagents in Organic Synthesis

Yang, Liu“ Xu, Guohe*

Ma, Jingjun™*

Yang, Qian” Feng, An* Cui, Jinggang”

(“ College of Science & Technoloy, Agricultural University of Hebei Bohai Campus, Huanghua, Hebei 061100)
(* College of Veterinary Medicine, Hebei Agricultural University, Baoding, Hebei 071001)

Abstract Based on the atomic economy, mild performance and environment friendly, the in-situ generation of hypervalent
iodine reagents has been vastly applied in many significant oxidative reactions and asymmetric catalysis. In this paper, the
progress of in-situ generated hypervalent iodine reagents is systematically reviewed, including conception and mechanisms.
According to the different reaction types, the application of in-situ generated hapervalent iodine reagent in organic synthesis
reaction is summarized, including trivalent iodine reagent, pentavalent iodine reagent and chiral hypervalent iodine reagent.
The problem of in-situ generated hapervalent iodine researches is analyzed, and the future development of in-situ hapervalent

iodine is prospected.

Keywords in-situ generation; hypervalent iodine reagent; organic synthesis
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PR 81 25 b S B0 1 e A B 7 BN A i A,
WA IR 2 —. BEERF AR, AT A B )
AR B T BRI B BT A DL AL, T B
AT AR AEER AP, TR A Rl e M B R S S A S R
15 F A A = IR I CRICA £ — 1) 15 S o 1) B ) R A
L, R AT AR s A B A B s B — Fh &
PR N H RS PR AR B | AR RSA | At 3 A
R AL, SRR 7 T A ) S 8 R R (mCP-
BA). W EAME(H,0,)5 L E A UL S N-ARTE H
fZ(NBS)., IR A M E & th(Oxone)ZE. HANH T R
ArA B I B L, S RS AY DA R 3 4 R iR A7 A ik
= A, A LR T S M R E A LA R R
HRE R, R R AR e i R ) A Rl T R R

1 RECE S IE

T SR AR AL R AL AN B N R S
MR, AR m NI E S S RN, SRE OB BUHE AR
L, it OGN BB A AL B A N R A
AR TR AR = A B s I IO [, DA 29 3l x5 kgt
TR R 33X P K I i A 70 T 2 v B ) LB AT
AR

5 FE AR Ry L 70 S A R e A7 B L R O P
1. W ARG S S E AT (mCPBA . Hy0, I 40
Tl TBHP. 14 2 AcOOH £5)5e Ak, & B 44
WM AR, J538 S5 RO JFR AL R B =
Y, T BRI PRI SO — 0 bl Ak, T SRR
PGSR TR, 534 R A ) R P e & ml 4%, e
AARHRmMCBA). 7K. BT EE. L%, 1EMEILEIIT
WA FHIEAR R b, IR PSR AL AR AT

Substrate

Oxidation

Idoine(lll) reagent Cat. lodine(l)
Ar-ILL' Arl

Oxidation

Environment-friendly
Byproducts: ‘BuOH,
mCBA, AcOH, etc.

Oxidant: TBHP,
mCPBA, AcOOH, etc.

Bl 1 55U E N R AT R AL A = M UL & s =
Figure 1 Aryl iodide as a procatalyst in-situ generation of hy-
pervalent iodine(III) reagent
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53 S B = A0 e BN B R (R, RN S AR 1L 2
RN A R R N OCE D IR, R N AT AL 7
JRASE AR R v A B L EE o B 2. i 4 Ak ) (mCPBA,
H,0,, TBHP %)k {4k & £ (Nal, KI, BugNI, Bu,PI
AN N IE— e E =M s iao 5 10;5), 5K
1 SRR, FE S5 AR N IR 22 4T i )l
F;:%[IO].

%

Hypo)iodites (+1 or +3)
M'O—I=0),
(n=0,1)

W

Environment-friendly Oxidant:

Byproducts: ‘BuOH, TBHP, mCPBA, H,0,, etc.
mCBA, H,0, etc.

Cat. lodine
M*I" (M = Na, K, R4N, R4P)

B2 BERAR g H A S AL AR B I AL A s R
Figure 2 Jodide salts as precatalysts in-situ generation of hy-
pervalent iodine reagent

2 RO =N E S BB

21 FEBMAFMEAEETIRAER=NRESKP
HI N A

3 4 R T A A e = A B ) ) e 1 0 B S B
PRI R FH B 7 AR IR A SR e, ooy
FEMARFNE N REAFITE MG IR SN 8 L. g
T 5 HE MO A, AN A S B ) A AR (o
mCPBA, AcOOH, H,0,, TBHP %) A7 4 i = iftfE A
WLE B L.
2.1.1 mCPBA 1§ # 8MF R4z & R =M sk H HLb
R 8 R

(i) Ui R R (mCPBA) & — Rl SR IR, v
S T A LA A SR 3 R A A
¥4k A liE(Baeyer-Villiger k). Mk 44k (Prilezhaev
) AR ek ot ik O T K A A0 O R IR St Bk o F2 R T
(Rubottom % 1b)%5. [Kl mCPBA SFEALPEL#, 7 BIRR
Bh, BRARUCR, BT PATEJE AL AR o NS FE R AN B R T
A ERL, TR A AT mCPBA Kb & 1 i 7)
AR, J5FAENEMNT S5 R S A R R
IX S 7 H AT A R S8R R R 2R AR 22 i Oxone. H,0, 4%,
Al mCPBA AfttEom, x5 abeE, proAHEZ. H
5& mCPBA {EAFH i #2 o Bk St 4, By ik & A AR A
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LU L mCPBA AEALFIE A A Rl = ﬁrﬁﬂﬂ S x5
PRI AR IER S5 7 7 Jse 7 254 ] 2 Ay
zwﬁﬁommﬁ@ﬁmémﬁﬁﬁﬁimzmw
g, EPLL 0.1 equiv. (B R/E A AL, 2.0 equiv.
mCPBA {ERNEAT, BEERAEEL, B EW 11 o
fr 5N B IEAE R AR A 2 (Bq. 1). fER N2
H mCPBA KR Ak B (R S Ak B = 1 T S R T
(PIDA), PIDA % 5 1 () a f1 584k, A= RIS 3E— 25
PRGN =M. %R MR SR A N AT, P
25 (43%~63%), NI TEFAK GBI 20 h). 7E 2007
4E, Togo 1B 78 R IR A A8 i I A6 4, F R
Tl PR 5 A S T [ A T LA S B R 2BAk &0 3 1) =X R 5
PEaE 1k, Pk 85% HLE [AI46%°N 5 h (Bq. 2). [H
A2 1 2 [ BATE SR B JE Al X SR S 5 1) a- FR R
TP SR AT T AL, AR, @ “— ik, IR
AL AR B = AN R B SR AR, i S 00 B 2R ) R s
1k (Scheme 1). =) a- F 2R R W 2 26722 () & AT A,

AIDAH T 2 2 M5 Z0 I S, e e, KT s
&,
Phl (10 mol%), mCPBA (2.0 equiv.) o)

1J\/R2 H20 (5.0 equiv.), BF3Et,O (3.0 equiv.) R1JJ\’/R2 )
R AcOH, 25 ~30°C,20~48h OAc

43% ~ 63% 2
R' ="CaHyz, "C4Hg, "CsH11, Ph, 4-FCaHy,
4-CIC4Hy, 4-BrCqHy, 4-ICgH, efc.
R2 = H, Me, Et, "C5H7, "C4Hg, CO,Et

le) Phl, mCPBA (1.1 equiv.) O

TsOH"H,0O (1.1 equiv.)
ACN, 5 h @
0, OTs
3 85% 4
R1
1 OH 30 mol% Phl, KBr ( cat)
R\[ mCPBA (2.1 equiv.) 2:0 TSOH. 50 oC R2
R2 ACN, r.t. R2 114% ~79%
5 OTs
R = alkyl, aryl 6
R2=H, aryl

B 1 mCPBA 1E A R AL L B = Bl S BRI o fir
BRI
Scheme 1 mCPBA as an oxidant in situ to generate iodine(I1I)
reagents-mediated oxidative functionalization at a positions of
carbonyls

JR AL A B = A WA T R I 2 25 05 KAk I B2
BOIEFA GV EE Fikz —, 1 TF“H%%%HF’WIE%
(B 2Rk 3. 2005 4, Kita 2EPHRGE 1 R A B =4 it
AT T ey A AW 7 A 28— ST I I B R 2 PR A
G 8 WIS L. %7 VE RIS T R A AR Bl A A
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T2 25 o5 A4k, B I SE I ) L 72 o6 AR 0, I
ECRATIAE] 91% (Eq. 3). AL AE =M A S0 %5
FAGIE W] DL it s b B i A4 2. 2007 4F, Kita PR
AMIPL 0.1 equiv.i) 4- ISR AT, 1.5 equiv.ff
mCPBA 7E % 564 R BB R AL &4 9 F A TE L,
C—N B, BT N-TESEANIERZ 10 (Eq. 4).

oH 9 1 i 2
R! R2 Phl (5 mol%), mCPBA (1.5 equiv.) R R
CF3COOH (1.0 equiv.)
CH2C|2 r.t., 2h R3 (3)
CooH 66% ~ 91% 0o
R3
4 R* o
7 R 8

R"=H, Me, Br; R? = H, Me, Br; R®* = H, Me; R* = H, Me
R3, R*= =CH—CH=CH-CH= (R® and R* are linked to
«, 3 carbons of the carboxyl group to form an aromatic ring)

OMe o
Rl R!
4-MeCgHyl (10 mol%)
mCPBA (1.5 equiv.)
4
R~ NHX  CF.CH,OH.rt o N “)
( 53% ~ 86% (
n 0 B o
9 10

X = N-phthalimide, OMe; n=0, 1,2, 3
R'=H, Me, Ac; R?=H, Me

JEA A R = AN A 5 AR A S ST ASEEI C(sp”)—
H A1 C(sp’)—H MRSk, HF7F 5. 2015 4E, Shi if
A SR IR, A FHIAR 55 AT mCPBA 414576 iR AN
ZA N R TR AT DASE T YR C—H(sp®) S .
2 R R B (M06-2X) TR B, NI R
TR A I A B T RS BH S TR R RT C—H
TEAL/C—N B84 A RS, iZ 5 E W - Nk 13 &
FTEERTFE(Eq. 5). 2017 4, Xue /NI 58 & BLAEFEAL,
BIAEAEATF] mCPBA JEALE R =N ST, 5
HERIE LAY 14 2B T 2T C(sph)—N HEFIEEE,
PR AERE R 15 B 2L, Z RN G, &K IHR
M, BRSSP EIHAT, SErmE L 98%, HIAEE
i 24k G —Fp E B = o B, HAE IR 25
o} sl H ) 4 N T 1) 4% — R A 259 S 1 T 6 4T (Bq.

6).
o o]
N N/OMe N
R1—: H 12 (20 mol%) R1:— N-OMe (5)
Z R®  mCPBA (1.5 equiv. ) =
HFIP, r.t., 15 min 5 R®
11 R 56% ~ 95% R

R' = H, 4-OMe, F, CI, COOMe, 5-Me 13

R? = cyclohexyl, Me; R® = H, Me
|

12
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Phl (10 mol%)
NHOMe ,,cPBA (1.0 equiv.)

HFIP, air,rt, 1h
73% ~ 98%

14 R 15 R?
R' = 2-F, 2-Ph, 2-CHj, 2-NO,, 2-OMe, 1-F, 1-Cl, 1-Br, 1-OMe, etc.
R? = 3-Me, 3-CF3, 3-CO,Me, 3-F, etc.

2013 4F, Kita BRAEH" S — VRl 7 R A AE R =
WA T 19 50T 18] 95 SR B A AE SRR S By 1T 78 R B
TR B R A 16 TEMALT 2,2- Rl A4 10 571
mCPBA 1EF T, FRFMMEME 7 A& PN
C—C BEBAERBERBIL G 17, FERIE 54%~99%
Z [E(Eq. 7).

NHMs 2,2-diiodobiphenyl (5 mol%) NHMs

mCPBA (1.5 equiv.) Ar
O o
16 Br Br

TFE/DCM (V:V =2:1),rt,3h
17

54% ~ 99%
ArH = 1,24 5-Me,CgH,, 1-/Bu-4-MeCgH,, 1,4-Pr,CeHy, toluene,
naphthalene, 1-MeO-4-MeCgH,, etc.

mCPBA 1E AT E AL A e = A, A AT LLA
F C—C, C—O0 1 C—N BRI ZE, 0] AN T35 8
HESOBE. FLZE 2010 4E, Miyamoto [A1BASE4RIE 1 1
AL B (1) PhI AL T mCPBA JEAL A B M A 3 1)
ERSEARPL RN HHRERN HBF, W7, 15& M
RS FER. BIUR . 7K e A R DY E A7 Y = p it
PhI' (H,0),0HBF, , #RJ51E S AL R I e R 1,
2iT#, AWM RN=C=0, % CO, MM, =K
#=i(Eq. 8).

Phl (5 mol%), mCPBA (1.2 equiv.)

o HBF, (1.2 equiv.), CHyClo/H,0 (V:V = 95:5)
)J\ r.t., Ar,48 h 8
R” >NH 63% ~ 95% RNH,  (©)

18 2 o~ 997 19

R = PhCHj, 4-MeOCgH,CH,, 4-MeCgH4CH,, 4-CICgH4CH,
4-CF3CgH4CH,, PhCH,CH,, CgHy3, TSNH (CHy)g, NO,(CHy)s
Br(CH,)s, cyclopentyl, cyclohexyl, 1-adamantyl, etc.

2.1.2 AcOOH 7 # AARF] R Az & i = a2 F LG

A% A4 2
5 LR (ACOOH) & —Mid S 4k, “Eif i T

ARV R, FEALAE OB i FAE I R BRI  J

EALRE VKT mCPBA, {HAE SR AL A s s il s 2 o 47

fEH AR, W THT C—C, C—0 M C—N H#HH

& BT EMARE, WRERT 45%EEm#HA )

BEYE, FTLL AcOOH ARetBTRfigfE, HZ 51 RM N

Pl EEAN e .

2011 4E, Antonchick /NHPYLARALY) 21 A fEAGF,

M CRRIVEAT, 1 2-FFIOE 20 KB T NI
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IRE N, M T C—N B %87 =5 R kT,
B AIA 98%, S A I — BT V5 (Eq. 9).
2013 4E, KGRI S P RIE T ALK . i R R R
FIMEAC R AR R, il N-ZR -2 ML nE 21k &9
23 HEATEAL, SERC C(sp?)—N IR, 1% N s e
KA 99%, AEMH T2 MERER], AR IR A
B AR IS RE T — Mo %12 (Eq. 10).

—\ R?
\ 7
21 (10 mol%) o
— AcOOH (2.0 equiv.) ©
S ) —NHAc HFIP/CH,Cl,
R rt,8~16h
20 46% ~ 98%

R'=H, 3-Cl, 3-F, 3-Bu, 3,4-F,, 3,4-Cl,
R2=H, 3'-Cl, 4-F, 4'-Cl, 4, 4'- C, etc.

(|
21

PhI (10 mol%)

R1ﬁj /@RzAcOOH(LOS equiv) 1 2 TP
WS- HFIP, 25°C, 15h \/N@(m)
H 39% ~ 99% =Xo
23 24
R' = H, 2-CHy, 2-F, 2-NO,, 4-CH,, 4-OMe
4-F, 4-Cl, 4-Br, 4-1, 4-NO,, 4-Bu
R? = H, 3-F, 3-Cl, 3-CHy, 4-CHa, 4-CF3, 6-CHs

fE 2014 4F, Martin BBAIPHRIE T ARS8 &0
T, BURBUZSVE AT, 58 2B A A R A A K
S BN F Y sp® B sp’C—H B AIFRER 2 1] AR IR S .
EERINET C—0 B, ST T WERLR R,
HAAFIRAN, AL G2 (Egs. 11, 12).

4-MeC4Hgl (20 mol%)
COOH  AcOOH (1.1 ~ 4.4 equiv.) X
R~ HFIP, r.t., 12 h R

= Xy (1)

40% ~ 99%

25 2 26

R' =H, 5-NO,, 4-CF3, 4-AcO, 3-Me, 4,5-(MeO),, efc.
R2 = H, 4-Me, 2-CO,Me, 4-CO,Me, 4-F, 3,4-(MeO),, etc.

4-BrCqH,l (20 mol%) 0

xCO02H  AcOOH (4.0 equiv.) R A 0
R; 0, e
@[N HFIP, 40 °C, 12h Ay 12)
Q 41% ~ 97%
o o "

n

27 28
R =H, 4-Cl, 4-Me, 4-CO,H, 5-F, 5-Cl, 5-Br, 5-; n=1~2

JEALA B AN T ) C—O BEARIBE SR [RI R T A
AR R L. 2017 4F, Pkt R4 > HoE T
FERIZR - S SR AL 5 1 T RIS S SR A0 150 29 1At
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OB, 1% e NAE %3 TR HFIP HhigkdT. &id %k
ZJG, B 72%~95% MR 245 3 — F 41 )5 B R R 25 1k
EW 31, G AR BRI AL IR R AL A Y T T
AR AR 2 40 (Eq. 13).

Phl (20 mol%)

JOL 0. o AcOOH (1.0 equiv.)
RN ), m SO HFIP.rt 1h air
H NJR R 20 72% ~ 95%
29
Ox //O
0 o R
R1JLH/<I| - (13)
Nv
31

R' = Ph, 3-MeCgH,, 2,4-Cl,CgH3, cyclohexyl, pyridyl, etc.
R? = H, 2-Me
R3 = CgHs, Me, CF3, naphthyl

2.1.3 NBS 454 BAK JRAZ &£ s Z 2R 12 ALE AR
& 5

N-IRARHE A BE I e (NBS) — B T A b = i B
FH LA 2% FIN A R B BA KSR AL OB, 7E S A 2B
R RN SN, NBS AMY AT AR A E AL AIE 7] UAE A
RIS, 1 H S e S t, LRIERK,
W24, HETSCHERIRIE NBS 25 JF AL AR B
SN2 AR A S B B HE SR RIRAR OB, TE 2006 4F,
Braddock RAUHPRIE T LAAE A B IR AR A HL
AT, NBS 1E A%, SCHL 7 E R R ER I AR A
Befb . BEJE Gulder BREZH P HRIE T — %41 NBS
YRR E AL A B =N B T 1 — R B RO

2012 4F, Gulder AW 58 K I, H P07 ik
AW 32 75 NBS FIEALFTI SR B AT AE Y 33 HILH
TERF, 58 TR A B, 338 HAR=Y) 3,3- 23
RIS 34, F=HAE 59%~94% 2 (0. ZIHE
751 CV & T 2T R8T a4 o) 7 2 e S o e
(Eq. 14).

R4
3 33 (10 mol%), NBS (2.4 equiv.)
@\R fRs NH,CI (10 mol%) S\ s
[ DCM, rt,3~24h R o
R N0 o~ e (14)
R2 o~ 9470 Br(— N
32 & VAR

R! 34

R'" = 4-MeO, 4-Me, 4-Bu, 2-Me, 4-TBSO, CHCO, efc.
R? = Me, Bn; R® = Me, CH,CH,OTBS; R* R®=H, Me
)

©/U\N/\COQH
H

33

NBS SEMHIAXAT UL T C—C SE RIS,

32 http:/sioc-journal.cn/
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i FLE A LU B HE S B . 2015 4F, Gulder 541!
HRIE TR A B A B T R R R A 35 RAE
HEHRN, B3] T — RN a,0- " HUAR-a-FRFE R R ALK
&9 36 (Eq. 15). M EZEE FHEAT, P& mik
98%, I HIERHFHRINFELT, HS-4E8—K
FHAEY. EE MR, ZIREM 'H NMR, “C
NMR F1 ESI-MS #i#2 2] 7 =M 37, EsE 7 A4 i
“Mk &S5 T R, R M HLEE A Scheme 2
B, 3 A SRR AN 7] S5 B (1 4 s v e A 2 )
AR T 3R S,

4 O p4 RS
Q  RY33(10 mol%), NBS (1.1 equiv.) g2 RGN
RZ\NMRS HFIP, r.t., 5 ~ 240 min \H 7o B
A R 67% ~ 98% R® O (19
RS0 o=
R1
35 36

R' = Ph, IBu; R = Me, Ph, 1-naphthyl, 2-MeOCgHy, Bn, PhCHMe, 'Pr
R® = Me, Ph, Bn; R* = H, Me; R® = H, Me

ST IRIE, 2016 4E, iZIRAPTH Eq. 14
ARE AR A ATIRN AR, X —Hakhl] & 7 2 2R
RETHEW I IERAT TIRAWIBEFL. O Rk 25 1k
G 45 AT NBS AL IR 33 fEH Rk
AR E R L, 152 B AR I i A4 46(BP
Scheme 2 F1/=4), T )G MK CsF, ¥ N#A EAAS 2]
B-WIIERIA G Rk 47, B e EBRME TFAER FIT3F
BB — RY 7 2 FIRATEY) 48, %7 1EF R A A2 A%
E TSRS, RRIIHL S T — RPN, A B- B
B E ) e 7 2 ARGV R E AR T B %
(Scheme 3).

Gulder WA 285} JFA7 AL i = M il 5 110 [X 4 a2k
Pk B A B B AT TR A, O N- T FE 4R
ZRIED B 50 1 AL, NBS 5i# KBr-Oxone 414 1F
RNEMFIRAB R, K — RIGREEEE 49 ik
H AR &Y 51, BRI ok KA &R
. HE— R AR, EMFRRBFMGT, SRR
M4 AT KCl-Oxone B, R DASEIIL BRI B H5 J (R X0
AR, PP S F(Eq. 16).

2.1.4  He BALK RAZ & R M s ALE AR T 8

AR TR A A I U A RIE R 2 F, B
) mCPBA, AcOOH fINBS 4, 73 SCHRHRIE T NaBOse
H,O. Selectfluor (1-5 ! 2E-4-9-1,4-FE &4 —FF[2.2.2]
S BEXU(TY SR ) £h) A K. Oxone(RE AR FR EVER 5 & #h) 2%
#Hur LMERENA S S RBL, 2556 C—C 1 C—O0
B AR, 17 H. Oxone 25 JE A7 A i s il o] DL
BERE R G 5e i 2 AN, H=F 5.

Chin. J. Org. Chem. 2020, 40, 28~39



Chinese Journal of Organic Chemistry

REVIEW

NBS

succinimide
Br—I—0O
SN CoLR!
o 37
Me.
I
Ph/gO Me
38
l-Br'
ol b
Me\ +BrH Me.

B2 NBS EREMR AL A = A B 3 i HE SR

Scheme 2 NBS as an oxidant in sifu to generate iodine(I1I) reagents-mediated rearrangement reaction

(10 mol%), NBS (1.1 equiv.)

2
CsF (7.0 equiv.) RO R
Jt( 30 mol% TEBACI aq. NH,CI HNX
R1{ THF/DCM (V:V = 1:1), reflux R3 COZ:"
TFA, THF/DCM (V:V = 1:1), reflux 8OCOR

48% ~ 71%

l bromination/ 1 ring-opening

rearrangement
o R? 0]
R%N R cyclization N
1 —_— ‘_J[
H OCOR R¢  TNOCOR!
R Br R®
46 47

R' = Ph, neopentyl; R2= Me, Ph, Bn, Pr, etc.
R®= Me, Ph, Bn, Et, n-Hex, efc.; R*=H, Me

ER 3 NBS {ENEFRA AR =M F 1) R 2 ERK
BT & R

Scheme 3 NBS as an oxidant in situ to generate iodine(II)
reagents-mediated synthesis of isoflavin derivatives

50 (10 mol%), NBS (2.2 equiv.) Br

NH,CI (1 drop) _R?
- R (16)

2. R?
RIS o omo
» DCM, r.t., 63% ~ 98% 51 Br
R" = "CgHy3, "C4Hg, Et, Ph, CO,Me, efc.
R? = H, CH,0H, NO,, CO,Me, COMe, Me, Et, etc.
I O
"Bu
N
H

50

Chin. J. Org. Chem. 2020, 40, 28~39

© 2020 Chinese Chemical Society & SIOC, CAS

2.2 FeHlEAEL sk A B RRERAE ot R R LA RS 1 A
EERPHIA

— L0 LA R B R I (R R T AR B S R
R A TR LE B R R AR s A O, A 56 STk A L
W LA B = A B e ) A S R DL, 1SS OB R )
fll b DU T FEmA kA% (TBAT). KI Al Nal, iX Seffitsh7F )z
NGB E A — I 10T B E =M 10, JREBE
J5 2 5 A AR RON. TR ) SR T R R S T R
L, FE RS 5 RN ER 1).

2011 4, Ishihara PREERZHPHRIE T 401 1 F14> 1]
ML o-Br A S B, (A TBAT 1E AL, 4
A AT TE B T B A2 7 N B A SR B2
WS IR A A AT LU AR IROBE,  HURON SRR AN,
FERE G, I IE 99% (Bgs. 17, 18).

2011 4, TR iR CMRoE 7 — R A A
R AN A T 1 C—N AR L. SR Bk e 56 5 B-
Mg ek 1,3- i 57 fEMELEN TBAT Al SRUT i
(TBHPYEF N L, AERL T — R IR H[1,2-a] b IE
58 (Eq. 19).

[FJ4F, BH0E P2 o0 U T S b A o A1
SAER PR R F R A A s i, DLARIR iz 59 AR
FE 60 fEURHA IR R 61. HE —IRHZ, RN
HFEE KA ESI-MS A E] T b E AR = i [BuyN] -
[10,], XN MHLERSEAE 7 0I5 ) SL IR UEHR. %R B
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R SR

% 1 NaBO;*H,O0, selectfluor, oxone 1F N5 EAL A il = 1) il

FEA LA IR R

Table 1 Application of NaBOs*H,0, selectfluor, oxone as oxidant in situ to generate trivalent iodine in organic synthesis
FFs JE AL fEAL 7 | FEHES
CO,H Os_0 R?
1129 «T NaBO;*H,0 PhI 57%~97%
\_RZ R1 |
Ar
? A
5[30] Ar )LN(/\)H\/ Selectfluor 2-MeOC;sH,I '(\‘\-)/_O& 30%~83%
H
" \—OH
OH OH
o= T
3061 S NF Oxone 4-(OMe)CgH,I 40%~90%
N P
L Lre i G R?
Sy - R X
O O
412 A, Oxone PhI R\HJ\OMe 70%~98%
TBAI (10 mol%) o K 4(Bq. 21). BhJE, 2015 SE5K O IR PR A 2H BT
(0] (0] o, i >
J~ K 30% 02 (1.5 equiv) )X\Cfo apy 8T Nal-mCPBA 41 R s i SRR 1 A
EtOAc, r.t. R
RO Hon B f 162 ) a- e EIEAL IR . ﬁ&ﬂm%%%ywamNﬂ
53
n=1or2 A mCPBA AL AR AL B A4 o~ 56 /5 2% 1)

R = Ph, 1-Naphthyl, 2-FCgH,, 2-MeOCgHy, 2-Py, Me, etc.

TBAI (10 mol%)

R1\i°+ roo,TBHP (1.1~ 20 equiv,) 0
w0 EOAcrt R1J\(OC°R +BUOH (18)
54 30% ~ 92% R2
55

R = Me, Ph, 4-FCgHy, 3,4-Cl,CgHg, 4-MeCgHy; R? = Me, Pr, etc.

©¢N i
R
S N\/Q (19)

o

TBAI (10 mol%)
BF;- Et,0 (0.2 equiv.)
TBHP (2.0 equiv.)

MeCN, 80 °C, 9 ~48 h R3
18% ~ 83% 58

R"=H, 5-Me, 4-Me, 3-Me, 5-Cl, 4-Cl; R? = Ph, 4-EtCgH,,
3-MeOCgH,, 4-CICgH,4, "Pr, Me;

R3 = Et, Me

ANt IR AN I

56 57

TSR, HME—EI =2 7K (Eq. 20).

Rl

CHOpL0, (1.5 equiv) O~

o) N\
N A TBAI (10 mol%) N\ L 20)
T > _I_ l'.t., EtOH H |
NHz 2 37% ~ 96% N
59 60 61 R?

R' = 4-Me, 4-NO,, etc.; R? = 4-Cl, 4-NO,, 4-OMe, 4-OH, etc.

Togo MR LA HRIE T MR AL I
IPREE o 1A
FRAHPOPE Y KT 80 1, AT AR B iR 52
34
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A F AL F RS A% AR AR B B 4724 65 (Eq. 22).

o Kl or I, (10 mol%), mCPBA (1.5 equiv.)
J\/RszOH (1.3 equiv.), MeCN, 50 °C, 16 ~ 20 h

30% ~ 81%

0]

R? 21

OTs
63

R!
62

R1 Ph, 4- MeCGH4 4- BTCGH4 4- ClCeH4 4- N02C6H4 Et

R?=H, Me

Nal (20 mol%), mCPBA (2.5 equiv.) 0
NsOH (1.5 equiv.)

MeCN:MeOH (V:V =4:1),80°C, 24 h
42% ~ 94%

Ph, 4-MeCgH,4, 3-MeCgHy, 4-BrCgH,, 4-CICgH4, 3-CICeH,

4-FCgH,4 3-FCgHy, 2-thienyl, etc.

R? = Me, Et, Ph

2018 4F, Reiher 1 Muniz P8 B 55 2 B, WEEE
Reliictb &4 66 ] #E )G A i it 5 N RAES T
W BR- R EE R AL B, TR RIS Mg 2RI &Y 67. 1%

O
oA

R1

B DL FRL S E R A AR, S8R T Hofmann-Loffler %
M(Eq. 23).
R1
Rz/_< I, (15 mol%), mCPBA (2.2 equiv.) ;
/—/\ H visible light, ACN/BUOH, 25 °C, 12 h I/\S_R 23)
TsHN &g 54% ~ 99% -
67 '°

R'=H, Ph, Bn, OMe, C,Hs
R2 = H, cyclohexyl, 2,2-(CH3),

Chin. J. Org. Chem. 2020, 40, 28~39
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3 REERENBIRFIES RPN

JERASE A il AN IR 7 5 R A7 A B — A Bl 2 2 A,
B b 2 0 A R AR SR F R, ol S A T A
JGH S SR P IR DX 3 5 LR T Ak 7
ANIRLL A AR R T A BBROKCE 433 FH A1 FR R S HLAiT 2B
YRR, WAL G 2B L B AR IBX (2-Altt
FEKHR)E#H PhlO,, J5& S5 A M <N (HLHE I
Scheme 4, PAEEAAL NPRIEAL A A, RN A HLLE
KR P AN =, AT R AL A B AN BT B
FYER A, KR4 T RES S AR .

HO_ O

\I/
©:\<\O OH
Oxone » /%H
2
or 0 "
| |
@E Oxone o
COOH % R' R2
YH H,0
0 o, 0
M \
R‘I R2 [e]
O

B 4 AR T AL S 1 S s R
Scheme 4  [n-situ formation of hypervalent iodine(V) reagent

2005 4, Vinod R RS T IR AL A AL
Bl 3 BRI S S 2 B A B ) 2-BICR FR R A
AT Oxone MH#AE] 70 CHRLH AR LA IBX, BE
J1E IBX HEAMERT, AEE 68 HAL XTI 69,
W E PR ATIA 97% (Eq. 24). 2006 4, Giannis i fiZH "
RIE TR SR, s Bz A TR 5 71 MeCN/H,O
V:ov=2:1), FHkain 7 EAER BuNHSO, /EAHH
R, 1 — RFUTEE 70 LL 72%~93% 11 7= 54K,
NHREE 71 [FIR, 2SN AP R RERA NS, ANAT
HE— B HANIR(Eq. 25).

2-1CgH4CO5H (20 ~ 40 mol%) 0
R“N0oH Oxone (0.8 ~ 2.8 equiv.) R on (24)
MeCN/H,0 (V:V = 2:1)
68 6 h,70°C 69
74% ~ 97%
R ="C7Hys5, "C1oHz21, CHy=CH(CHy)3, Ph(CHy),
PhCH,0(CH,)3, 4-NO,CgHy, etc.
2-1CgH,CO,H (10 mol%)
| N OH Oxone (1.0 equiv.), 0
> "Bu,NHSO, (5 ~ 10 mol%) SNPOH o)
R 70 MeCN/H,O (V:V = 4:1) |//
4~7h,70°C R 71

72% ~ 93%
R =H, 3-F, 4-NO,

2009 4F, Ishihara ¥ R0 2H VAR 58 % B0, 20T DLEE 2-

Chin. J. Org. Chem. 2020, 40, 28~39

© 2020 Chinese Chemical Society & SIOC, CAS

MORTRIR(IBS) 5 Oxone JFA7 A2 B AU B A3 F 484K
RCEA K B2, A, FRCEE 72 EARLSE T, i E
Oxone ] A0 BLAH B PRI R 73, 722 155 (Bq. 26). [A]
1E, ZAREHYI Y ARIE T IBS Al Oxone AL SR, L
THEEE 74 FALEHERUAER 75 (Eq. 27).

2-1C4H,4SOsNa (5 mol%)
OH Oxone (2.0 equiv.) o]

MeNO,, 70°C, 6 ~24 h
(26)
R! R3 R! R3

61% ~ 88%
R2 R2

72 73
R'=H, Me; R? = H, OTBDBS, Ph, Me, etc.; R® = H, Me

2 5-Me-2—IC6HSSO3Na (5 mol%)
R Oi Oxone (1.0 equiv.) R? O
R’ R? Bu,NHSO, (10 mol% 1J\/lL 5 20
74 4 4 ( mol °) R R
K2COj3 (0.5 equiv.), E1OAC, 60°C 4

50% ~ 83%
R"="Bu, Ph; R? = Me, Ph; R® = Me, 'Pr, Ph

2009 4E, Yusubov ML HRIE T LMEALE Y PhI,
RuCl; PA ST Oxone JEAL A B FLAN L PRIO, 1) 7514
S N4 & H1, Phl Al Oxone #4642 5% PhIO, FifiJ5 PhIO 7&
RuCl; fEH TR A B R BF=4: PhIO,. J Wi H 4% K
AT LA S A R B B SR R, 7 R (80% LA ).
HARERIE, SR PSR DL IR 2 75 A AL o fir
) C—H B2 [RIFE v] LA A N B HE(Eq. 28).

Phl (5 mol%), Oxone (6.1 equiv.)
RuClj (0.16 mol%), 0]

Ph)J\/ (28)

80% 77

b~ MeCNH,O (V:V = 1:1)

76

4 FRIEmFHESNHMIRTIESRPINR

DTS, T2, R 25 R i
0700 20 T U S LA 2 T MR 12 T LA
FYE IR, AR AL S e 2 i R eh 2 T b
RO AR, Tl AR L R S L I R
F SBR[ SRR 12307
B B AN I T B R B A )
EALRT VE R BAL S, T 2 5 AR A B
R, 7T LA B R A A, ELE A
BB RO 7 2 5 T b, 1k R R 5 R AR,
{2 A T 1 R A ST P T R e T A e
41 BE%EBRFHEESHBRTIZE Csp’)—H EEEK
R Rz Rz F

C(sp’)—H BT REIAL R — Ik o A B S
R, B A A TV B BT LA SR BRI o
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A7 S T H B R AL B RE IR B, I B =R
—FHEED

2007 4F, Wirth BREEHMR0E T A AE P m i
WA T R WOE B PE A OB, 12 B2 LL 0.1 equiv. 1)
BUARTFPEMR 79 V5 AEF, 3 equiv. m-CPBA {E A%
17, 7RSI N T B A1 78 1) o L AS KRR
PR L S . 1% R B 200 1, R A ST AR R
AN (24%~28%), HIEiZ 13N C(sp’)—H B AEFITL
AN FRAME A R RLER AL T B AL LA (Bq. 29). Bl f5 AE Mgk
RIS HRGE T 7R R a-BUC-4-FRS 81 (1 C-2 A7 B 5|
F2 I Bl IR IR IR OB, SEIL T C2-rSEAR AL
1k, B ee [HIEE] 69%, {H 1% NAT) 75 $2 ) B 5
FIR I 2 (Eq. 30).

79 (10 mol%), p-TsOH-H,0 (3.0 equiv.) O

o) : )
T e mCPBA (3.0 equiv.) R1ﬂ\rR 29)
R ACN, r.t., 60 h dre

78 66% ~ 86% OMe

80
R'= Ph, 3-CF3CgHy4 Me 24% ~ 28% ee

R? = Me, Et, "CsHy1 |

Et 79

82 (10 mol%)

O O mCPBA (1.8 equiv.) O O
ArSOzH (1.1 equiv. *
A Mg 2rsosnremn I
R2 TFA (3.0 equiv.), CHCI3 R? X
81 -20°C,24~48h 83
X =ArSO;, OH
1 3
R2 = Me, Et, Ph, etc. 4% ~ 69% e
R“ = Me, etc.

o) I o)
R® = Me, Et, Bn, efc.
EtZNJY o\ﬁjoj)\ NEt,
82

2018 4, Rueping i M4 3738 T 258U S .
e p-FAEESAL A4 84 AT LAE JRAL A B s A LA
FH IR IE o 67 1AL, 52T 86 (Eq. 31), ee
A 91.5%.

0 0

, 85 (10mol%) COOR?
__ COOR®  mCPBA (1.5 equiv.) =
: - = 31)
( TEA'5HF (5.0 equiv.) (
R_7 g4 CHCly, rt. R g6

yield 35% % 83% ~91.5% ee
R = 2-Br; 3-Cl, Br, F, CF3, Me; 4-Cl, Br, OMe. etc.

(0] | O
_0O o} (0] D-menthyl
menthyl-D \[HJ\/ \Hko/ v
O =
85

42 FRSERFESNHENSFHESTHURN
%77 MO 8 By B 1 57 R 2 5 A R KL A,
LA R IR %, A, 5 T 3R

36 http://sioc-journal.cn/
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. W A S SR &R SIS M TR 2
Bl ansEAl . . BUR. B RS ON, o R AR
AT BRI T BB DT ML 2 LU R A S, iz R
BT R A R E B A R S e 1 4%
B SRIZARTNE BT 2 2 05 A S N A5 .

& Harned UMM TER I, FHEMUCTT 2T
DA AE 731 (B S8 AR ARG SN2 (R X9, 322 S8 AT RAASE Py
FEY 87 EHNMAAMIT I TINFREE, 334
IR C BT AN 89, 7= F RN ik 5 M v &
% S AR R T 2R A S P 53 N R HRER
16 M (Eq. 32).

OH MCPBA (2.2 equiv.), 88 (10 mol%) ; o
R1 ACN/H,0 (V:V = 9:1)
0~25°C,05~16h 32)
R? 21% ~ 79% R T on (
R® 89
87 6% ~ 60% ee
R'=H, Me, Cl, Br, TMS, TBS, TIPS; R?= H, Me, OMe; R® = Me, 'Pr

O O

MesHN’g_\}\\NHMes
| o, fo

88

Ji 57 A2 S T R O AL ) £ FH R 8 S I SR AL B )
B 5 KAk, 35S e AR IR RO T Bk R, XSS RN
LR Z R ARED 2 2007 4F, Kita 1R ZH "% 4
BAE B A T = U e AR, SEBL T R
ZEMRI S TS k. BEG, iz T F
7. A FHARRLEUAC A — Bl 97 FE S 92 1 ufAk
A, 1 mCPBA [ A FH R B AL 28 s a4k = A it 91,
JEE W ERIZE S 90 E A AIRIMALEY) 93, Z X NAE
0 CTHHT, MBuEEENE REF, ee (HF]IE 92% (Eq. 33).
1E Kita PR BT 5t Fefit |-, 2010 4F Ishihara i A5 2H PO

OH 91,92
CPBA (1.3 iv.
O ZCOZH m (1.3 equiv.)
X/ 0°C,8~12h
R CHCIj3 or CHCls/hexane (V:V = 1:1)
90 52% ~ 96%

R = 3-Ph, 4-Br, 4-Bn, 4-OMe,
5-OBn, 5-N3, 6-Ph, 7-Me

Et catalyst

L regeneration

92 (5 ~ 15 mol%)
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TR, fFH—Fh C2 Bl BRI T 05 e ldk &4 95 1
AT, [FIRE T CASEELE R 22 5 /0 4k, I H ee 1R
W, 1E 83%~90%2 [f](Eq. 34). fir, Kita {54 HF
FORIN 2,2-FH: 8.8-MZEATAEN 97 W LUME ALl
A, B AR BT S AN, SR T 25T 96 IR ERL
o7, FLX iRk P8 B UF(Bq. 35).

OH 0
95 (15 mol%)
X
QQ/%COZH mCPBA (1.3 equiv.)
“Sx1 CHCIg or CHCI3/CH3NO, (V:V = 2:1) (34)
94 0°C,5~18h R1
60% ~ 65% 93

R' = 4-Me, 4-Cl, 4-Ph, 4-COPh, 83% ~ 90% ee

4-OMe, 6-OMe, 3-OMe, etc.

R2 = CONHMes I
RZ O o. _R?
~ Y
Me \©/ Me
95
0,
OH 97 (55 mol%) ' o 0
wet. mCPBA (2.0 equiv.) o)
X" 2CO,H CHCI3, -40 °C, within 2 h XX
_ | * (35)
/\R 42% ~ 86% NV
96 93

R= 3-OH, 4-Cl, 4-Et, 4-OMe, 5-Br, 5-N3, 5-OBn, 6-N3 59% ~ 76% ee

97

2015 4F, ZEPFEIREAPRE T B4 —F A T
PERZIRAL AR5, LA Ishihara VRS ) FAE 55
B 95 VRN, 72N AR b JRALAE BT
ET L, KRR R NSO R - ZE R LA AR 98 HEAT
Etk, M C—C #, 1FRMERIN=Y) 99, %75
PR, KB, (R EAEGR T —30 C TR
V(Eq. 36).

3
E 95 (15 mol%) R2
mCPBA (1.3 equiv.) O\\:/N/

0 X
HO | /—R3 TFE (50 equiv.) o
‘ H,0 (10 equiv.), CHaNO, N 36)
R -30°C,5~74d -
O 42% ~ 80%
R1

98

99
80% ~ 92% ee
R'=H, Br; R? = Me, Et, Ph; R® = H, 3,5-Me,, 4-Me, 4-OMe, efc.

43 BENERFUESHBENSHEXTERK
2014 4, Wirth iRZHP DL FEREE 101 15 Atk
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T, B SR AR T A RS S B Ty R S P 3 4 I 2R AT
A0 100 FASXS RRAUIE AL S R, 159 31— R 51T PR
A 102, FRERK 45%~T2%, i ee [E ML 86%. i%
LS 53 PR A I SR A A T e A i 25 1 — JH (Bq.
37).

Cb
NaBOs'4H,0 (5.0 equiv.) /%

No__No 101 (20 mol%) :
X Chz . N 37)
] AcOH (3.0 equiv.) "'R1
R 100 ACN,25°C,5h  Ph

R'=H Me Ph:X=50, 45%~72% " 02
OMe 72% ~ 86% ee
| X
| N
101

FEAE R A PR 8 T R A A T T A R
FIN S B — R 5 H BRGNS, NN- R BE 7 ik
FIRRL 103 75 C2 Fx AR FHERUR J7 & 104 fE1L AL
TERF, WSS C—H 4, KA T I C—C R
AREE R B, DA & K L FICR RV =) ee EAF 3]
A X ek B I IR A 105, B ee (HTTIA
90% (Eq. 38). 2016 4F, 2= KA M H] Gong MR
LA A TR 5542 104, DL mCPBA N84 FH —
FHI) 5-(N-FRIEF[L)-3,5- FRIEIRIR L EESEIRY 106 A~
SRR B T B RIS A 107, 1% A SR T
HEAT, BeRHSER E, X ROEFEPELF(Bq. 39). X BRIRES
SEIRFRH, AZAKTIRIGEINL SRS AT 102 B e R 1
ST AT BB BEE PR ARV B, Ao B A T I I 2 ke -1 1)
KEPIR.

7R
o0 =

N
\R "
— o}

104 (15 mol%)
AcOOH (4.0 equiv.)

- .
TFA (2.0 equiv.)
CH3N02, rt,16h

1
R/ N , 42%~80% N
R 105
103 26% ~ 90% ee

R'=H, 5-Me; R?= H, 5-Ph, 5-Cl, 5-F, 5-CO,Me, 5-OMe, 5-Me
R3 = Me, Bn, etc.; R* = Me, Bn, etc.

QOZME

MeOZC o} | (@]
CNJ\E/O o\‘)LD
Me Me
104

2018 4F, Jacobsen Z500V% A I R AL &) 108
FEFIE =i 109 A4 mCPBA fEFHT, SHERES
TR ] R AR E ARG A B B-TMENE 110, 12 S 75 EELE
Rl FRET, FeR s, (E ARG RS S (Eq. 40).
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ik S R

R1
N\ /
) 104 (0.2 equiv.)
R“—N mCPBA (2.5 equiv.)
3 o CF3;CO,H (4.0 equiv.)
CH3CN/TFE
o

RO yield 46% ~ 77%
106 74% ~ 90% ee

R'=H, 3-Me, 3-OMe, 3-COF3, 3-F, 3-Cl, 3-Br, 5-Me
R2 = Me, Et, 'Pr, ‘Bu, Bn
R® = Me, Et, 'Pr, "Bu

mCPBA (1.1 equiv.), 109 (10 mol%) £

R . - i
N \Py9HF(10.0 15.0 equiv. HF) Rm(40)
— DCM, -30°C, 18 h 7 N

NHTs 44% ~ 93% 10 Ts
108 61% ~ 97% ee
R = 2-CF3, 3-NO,, 3-OTf, 3-Br, 4-CF3, 4-SO,Me, 4-NO,, 4-CN, 4-OTf efc.
I
BnO,C._.O O._CO,Bn

: T

Bn Bn

CO,Me
109

5 ZitHRE

AT A ol v A A e A SR 1 — N8 M 20 5
FIR T V2 A SR IE G, Jrt LR S IR A7 A4
e T T A REAL A2 SN R F T R R AN TS, 2
LA AL AL I AR, T, T A AE 2595 Ak
PR S LA ANTE TR AR AL 25 25l 8L S 2 R .

LS A il SRS R P A A 2 £ 57 R U A s 2 T AL
FEAC AR S e i, XA T v Ak
FESHATREN, W7 R T2t WAL
7RIS A R R 40 22 DR LI, BT I R R,
KA, Al Bt IR, 1207 B ORE T s
A, XFFaatfe s, S ZNHAT c—C,
C—N, C—O0 BULL TSI E . (BRRAE
J s BTSSR THT I AR 22 B (1) R 23 B A2 1l s o
FE A A AT, iAW 5 A, W S
R L PRI A T E R TAEE 2 — B, Q)
R REANS Rk, HB 2 BB 7 N A, JEH A T
AL SRS R, B TRIRNAT TR 5 A, TT R XA
TR NG, (3) S ALGe U B B, A7 A= i ey 47 Al
IR N SR i ] R, AE DU Te3h, B0, 2 e A AN
RIARZIMEE DR RE R, PRI EH ORI &
JRIT A S AN R A 59, SE KRR SR A 2R R
FE AN i) 555 PR 2

B e U AL 2 T S SR AN AL 2 AN A R,
A e SR AL A S e A AT A 3 I AR R AR TR
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