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Recent Advances in Organic Electrochemical Synthesis and
Application of Hypervalent lodine Reagents

Zhang, Huaiyuan™ Tang, Rongping Shi, Xingli Xie, Lin Wu, Jiawei
(Gansu Province Collaborative Innovation Center of Petrochemical Engineering Application Technology,
College of Applied Chemical Engineering, Lanzhou Petrochemical Polytechnic, Lanzhou 730060)

Abstract Anodic oxidation of aryl iodine compouds is a green and efficient method for the synthesis of hypervalent iodine
reagents. This method replaces chemical reagents with electric current, avoiding the use of expensive and handle difficult
oxidants such as m-CPBA, H,0,, oxone, selectfluor efc. Electrochemically generated hypervalent iodine reagents can not only
promote fluorination, oxidative cyclization, but also be successfully applied in the total synthesis of natural products. In
addition, recyclable aryl iodine mediator can be used to indirect anodic fluorination and easily separated from products. The
organic electrochemical synthesis of hypervalent iodine reagents and their applications in various chemical transformations are

reviewed.
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A1 Hoffmann!" 438 7 75 75 A7 1E T 75 S0 A oAk 2 P
WAk, —H AT O EmEE. (EE R T (1a)
(18 FL AL A4, B 1a IR T 0.5 mol/L = S BRELIN 2. 1%
W, 1.6 V (vs. Ag/AgHHIFAM FHET AR, AL
A7%I P2 RIS H) 4IRS T (3a), R Z 77k
LA 32%F0 56% M= EA R T 05 e 3b A 3¢
(Eq. 1).

Pt anode, 1.6 V
MeCN L|CIO4
3a:R'=H,R?=1,47%

_ 2 -
1a: R11 H 2a R2 I 3b: R'=R2=H, 32%
1b: R'=CH; 2b:R“=H 3c:R' =Me, R2=H, 56%

. Clo,

|
oA,
R2

3

HT2RAE 1.9 V DUNARES AL, Rk, =7 5L
Eh 3 T R SRR T 75 A 1 AL KB S 5 97 )% 2 B
RAMHREE. 1975 4F, Wendt /NHUSIOHX — K REHAT T
RN TE, FEEEH oA B S S ALEE, A4 B Ak
ERB) 1T FRAFAE N A AE & Bl R T - f BH
WeaE Ak, 25 BRI SN AR Bl 4-BR 2R FE B TR T (Sa) Al —
ARIEEEFRTL(Sb) 7= 2 J L AHSE, BOTE S Mtk bk A=
LS N A e B . AR, BRMEAL N IR EE b, ik
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D30, PIARESR AR I P SE I 4 AR, B A R
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5595 18 R AR BE AL RE, Tl i 7 B A A e E e R
FHES i [alfA, kTS5 28 & AEAREE, HLFELT Scheme 1
Fis.
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Scheme 1 Mechanism of the anodic oxidation of iodobenzene
and arene coupling
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55 ALY A T R TR I, s n T H A A,
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B TG RERER . 2 9 FERIURD 95 % b A A T 3 [T
BE BT DA 7 B ib S R AL B, AT 32 5 05 B i)
M, WA RT R ARF AT, BN, K 4-F g
MR (1) FI K K 2e) FE I 0N 2% LIRET AT 5%
P& 1) 2% F AR T B (Bq. 3), DA 42%)77 453 4.4'-
TR ORI 6.

AcOH i+ I
0, 0,
+ © (2% Ac;0, 5% HySO4) @/\Q @)
2¢,-H eo OMe

OMe OMe then KI 6a

1c 2c 42%

Wirth PO I B AL S0 0 4 i s o R T — el
T B 05 B R sl A 2 725, TR BLES B A
FIRLRR AL A, FAR — NS 250 um ERIR AR T N
W96 F BT VA O R RIORN O R SR A 1) £ I /B R T/
FRER AR AV, TS 22(80 ul/min)il i s W 4% ) 2k
BHOVEN, 7ETEE A 30 mA FHM, RMNEHRE, K
SRR E %W%ﬁﬁ%%%wﬁ¢ PR O FE L A
SULHENTH, BIZ A, L 18%~T2% M= R A/ T
FH) )5 Bt Eh 8 (Scheme 2).
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B 2 WSk oy R

Scheme 2 Synthesis of diaryliodonium salts in flow
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PIHALZE A B, 77922 DAL B D U o R U, o
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SCEREERATEE, R R RN 1994 4F,
Fuchigami 25V 70 T 55 S ML (0 B AL 22 AL, 45
K, WORTE EGN-3HF f27E T BHR R, AReAE i —
I, TR T BEE 9. S MUCERAE 4-HI LR
I, [RIRE A AR BT I — SRR (7=, T 2 T
T HIEEY 10, (BRI, H 4R
VENJRAIS, P29 4-Hs 2k 3R (11d) 7E A b 72 Hh o
HITTE AT H R 1 B o AR LA glifh, FRERIAE] 53%,
X TR R A M R, B 4R SRR
Ad)EFRIEAL(2.3 V vs. SCE) R4 AELL; &5
P TR 4-FF SRR (1e) AT AYE BRI FELAZ (1.9
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(1) i85 M4 22 9F HANRE 43 25 414k (Scheme 3).
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<> products
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CH4CN IFy
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1a:R=H dvidedcell | 49F/mol ., .
1b: R=CHj3 11c
1c: R=0CH;
1d: R =NO, 2.3V vs. SCE

O,N

2
11d (53%)

4.4 F/mol

BR 3 #EATAYHE EGN-3HF 7246 N B Rl B Ak 421k
Scheme 3 Direct anodic oxidation of iodobenzene derivatives
in Et;N-3HF
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IINGE T, SR RE 88 MR AT, (HBA AR B — Uit
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AL A9 12 A1 13 ] DL — AR AR 4 1) 1] 422 PE AR Ak,
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) 4- U EETICRIN, ol B8 =™ A ORRAN ) 15
(Scheme 5).
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1c: R=0CH; 1"
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BR 4 FE TS 58057 HEM R A
Scheme 4 Indirect anodic oxidation of aryl iodine mediated by
chloride ions
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Scheme 5 Mechanism of difluorination of dithioketals
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&, BT IR RSP E AL (1.5 V vs. Ag/Ag ) LR,
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(Eq. 4). SRR, o MiA S HURIED p-Hi e 240 S 1)
S AR R, 3 A R L (17a~
17d); o DA EGBUREER p- —FiZE b S AL Bt
B, BT A RS PR 2 A0 B AR SR AL IR
v, Btk &9 16f, B 17 LL 50%I0) 7= Z A4 B g AL
Y 17E Ak, LN 6% 2 AE i o SR AL I P2 4).
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3

J\)J\ R R3 4)
F R?

Mosu PrMOEt Phu Et

17a: 79°/o yleld 17b: 72% yleld

o o o o o o
OFEt Mosu Ph)J\(U\Ph
F F F

17d: 70% yield 17e: 56% yield 17f: 50% vyield

o o o o
Et)%Pr Et%
F F

179: 67% yield  17h: 60% yield

17c: 72% yield
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R A 20, SfE, TESRAZAAGR B BT A Sa2 3R
AR H FRP2) 21 (Scheme 6).
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Scheme 6 Mechanism for the fluorocyclization of N-allyl-
carboxamides
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1 c
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AcO SPh 2 (®)
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Scheme 7 Indirect anodic fluorination of organosulfur com-
pounds
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Scheme 8 Mechanism of indirect anodic fluorination mediated
by polystyrene-supported iodobenzene
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Figure 1 Use of 31 for indirect anodic fluorination
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fN F
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S” EWG
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x{ >ﬁ x{ >—<
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34 35
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B 9 2- W f A D7 D 0 432 B B
Scheme 9 Indirect anodic fluorination of 2-pyrimidylsulfides
and benzylic positions
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Anode: Glassy carbon
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Current: 0.3 mA/cm?

Supporting salt: 0.5 mol/L LiClIO4

B2 e s abt s 36
Figure 2 Electrochemical generation of the hypervalent iodine
reagent 36

55 AL B A AL A R 36, A, HiEH
FEYRUA D EACIEIA b, SR 75 SIS T B
TR BEAFAE N BAMG « BT 224 D BF AR 1 TG b FE Fe A A v,
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SRRSO FAR R AT AR, B 4-THERRIR, H
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10)[30@1].

| F3C/\O\I/O/\CF3
-y anodic oxidation
R _— X
=z TFE | o
0.05 mol/L LiCIO, X
1 R
HO (j/\g
14 examples
up to 97% yield

B 10 BERATAY 1 BRI R 36 HEATE 14 ik
Scheme 10 Anodic oxidation of iodobenzenes 1 and use of 36
in phenolic oxidation
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=W 40; SR, MEUCEE R OUAtr 7R a0 R AU
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LR 5 SR, A =2 F S R AT Jie A T T I, A R R 4R
FEXI LR FHET A P M E R TR Y 43 2 T AR

=4 44(LL R 6.5 © 1); 4 FHAR B AR e b T 4B AL N,
UL 82%I1 7= 2 AR il — IR IR =4 46 (Scheme 11).
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N och, oxidation OCHs N—OCH, o
R R
OCH, 0o K OCH,
39 40 41
R=H R=Cl R=Br
Direct anodic oxidation 67%  45% 50%

[Bis(trifluoroacetoxy)iodo]benzene quant. 67% 75%

Electrogenerated 36a quant. 94% 89%

\-OCHs 0 Q
electrogenerated 36a N_OCH3+ HsCO—N
H3;CO
OCH; H,CO 44
42 43
e}
(0]
N _OCH;
H N
electrogenerated 36a _ TOCH;
H;CO
45 46
B 11 HREEBE AL AT A 42 F0 45 1AL

Scheme 11 Oxidation of the methoxyamide derivatives 42 and
45

NIRF AL IR PRI P2 2R, Nishiyama B0 ik
JERT A 2R A b AR B AL A CL, OAc, Br, CN HUAR,
SE R, ON BRI WL & AR T AR\, A 17%11)
PRSP 51d, Cl, OAc, Br BUR B ) &% A&
WO, e R AR R 2R A 50, S BiHLER
W, Scheme 12. 1E& SR EEIZATA YK A OCH; #eff
BnO F AcO, R LA S =264 B 50, T fa 28 Ak 1
B EY).

3 A R R 2 A B P A BT T R T L T
DY S % T 8 R A i D020, B AR B
FTAEY) 52 J0Id AL A B =M iR 36a A ALIR
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Makaluvamine [¥] 5 25 (8] {4 o- ] 54 (Scheme 13)P%.
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Scheme 12 Mechanism of the cyclization and rearrangement of
compound 47
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Scheme 13 Synthesis of the a-diketone 54 and the stucture of
tetrahydropyrroloiminoquinone alkaloids
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g IV ATAEY) 56a A1 56b. L 56b NG REL, 4
=B R, KL 28%A1 35% [ KRS B K ARFE )
CPC-1 1 Debromofrustaminol B (Eq. 6)™7.

NH RO
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H N" % Ac
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R'0 56b: R = Ac, 38%
NH cn,
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RO ARIEARTEY) 57 WAT{E AL & B = it
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NHAc
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g DO
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N IR —5E HIRE I, B, 24 RS T A ]
i, SN RERSITRIEAT, 24 R A A 3 ] o R AR S A
61f), =Wk zE, SRS, BRI
SRS IS N SR AN K. AR T 0B B 35 F A7 BEL G 72 2R
N dr {8 —E PRI, a0, 4RI AL B K 1)
R (611), H dr EEk 90 10, HEF=FREEK, (X
H 45%, RSN SLARALBH /N IE T LR (615), EAR
FERBEIER] 60%, {HAE dr [HIRMK, KA 64 36.
Phl (25 mol%)

TFA (0.9 mol/L)
LiCIO, (0.8 mol/L)

(0]
. o) R1\
R X
07 | 9
| o N R ®
AN = R2 TFE, Pt electrodes, 6 °C

60 2.0 F/mol, 7.5 mA/cm? O._CF3

61
O (@] (@]
F
O\/CF3 O\/CF3 O\/CF3

61a: 59% yieid

61b: 58% yieid

o) o o)
Ph H
O._CFs O._CF3 O._CF3

61d: 57% yieid
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61e: 45% yieid

[e) (@]
O._CF; O._CFs

61h: 54% yieid

61f: trace yieid
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0 o 0
F
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F
o) F o
Bn
FiC O FsC._O
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2016 4, Francke /NP HR5E 7 — i AL AT [l 15
IRFH B — il = AR R A R, IR SE B T
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