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1811 iodine was first isolated by B. Courtois
1813 J. L. Gay Lussac names it iodine

1886 Willgerodt prepared the first polyvalent
organic iodine PhICI,

1914 Willgerodt publishes Die Organischen
Verbingungen mit Mehrwertigen Jod

1980-1990 commercialisation of
lodosylbenzene, Dess-Martin periodinane
and [Bis(acetyloxy)iodo]benzene




3 parts:
lodine central atom
Carbon ligand
Apical ligands




X =F, Cl, Br, N3, OC(O)R,
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.
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X = OSO4R,
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Koser, G. F. Grampoloff, A. V.
Wettach, R. H. 1932
1977

CN Tyrra, W.
FSC"'\CN Naumann, D.
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Wittig, R. et coll.
1949
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Alcohol and phenol oxydation by
Diacetyliodobenzene (DIB)



Diacyloxy iodobenze

 Diacetoxy iodobenzene (DI B):
— Alternative names: lodobenzene

diacetate, (Diacetoxyiodo)benzene, 0O

lodosobenzene diacetate, PIA, PIDA )J\
— CAS: 3240-34-4 O
—  Price: Sigma-Aldrich 25 g / 63.90 €, o

Acros Organics 25 g / 62.20 € ©/ %\ = Phl(OAc),
_  Mdting point: 161-165 °C O

— Aspect: white powder
— Risks: Harmful, irritant

 Big(trifluoacetyloxy)iodobenzene (BTI):

— CAS: 2712-78-9 O
— Price Sigma_—AIdrich 259 /135.00 €, OJ\CF
Acros Organics 50 g / 131.50 € i 3
—  Maélting poi'nt: 121-125 °C ©/'\o - PhI(OCOCF),
— Aspect: white powder 2\
— Risks: Irritant O CFs




 Preparation:
— Oxydation of iodoarenes in the presence of a carboxylic acid (1)

0
0 X
| AO/OH 1.3 eq i\o
: i ,25°C, 4h : /go
OH

92%
Koser G. F. et al., Molecules, 2005, 217-225

— Ligand exchange of the readily available DIB (2)

0 0
)ko R)ko
| RCO,H R
O - O
/&O R/&O
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Reactivity towards alcohols

« Examples:

e

OH

P

OH

OH

ol

G. Piancatelli et al.,
J. Org. Chem., 1997,
6974-6977

TEMPO (0.1 eq.)
DIB (1.1 eq.)

DCM (1 M), rt,
2.5h,

TEMPO (0.1 eq.)
DIB (1.1 eq.)

DCM (1 M), rt,
0.1 h,

TEMPO (0.1 eq.)
DIB (1.1 eq.)

DCM (1 M), rt,
1.5 h,

TEMPO (0.1 eq.)
DIB (1.1 eq.)

DCM (1 M), rt,
8h,

TEMPO (0.1 eq.)
DIB (1.1 eq.)

DCM (1 M), rt,
8 h,
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Reactivity towards alcohols

e Suggested mechanism:

(?AC
R PN
)\ Ph”™ “OAc
R' OH
AcOH



Reactivity towards alcohols

« Advantages:
— Selective method
— Very mild reagent
— Easy purification

* Reaction scope:
— Primary > secondary alcohol
— No double bond isomerisation
— Compatible with various oxydation-sensitive
functionnalities
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Reactivity towards alcohols

* Primary alcohols can also be converted to esters and lactones

OH 1, (10 mol%)
DIB (1.1 eq.)

Y

9.8

MeCN, rt, 2h
97%

I, (10 mol%)

DIB (1.1 eq.
oH ( q.)

OH
MeCN, rt, 3h
83%

I, (10 mol%)
DIB (1.1 eq.)
OH -~ o
MeOH, rt, 5h
82%

Karade, N. N., Synlett 2005, 2039-2042 15
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HO
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Reactivity towards alcohols

TEMPO (0.2 eq.)
DIB (3.2 eq.)

DCM (0.2 M), rt, 3.5 h
95%

C. J. Forsyth et al., Tetrahedron Lett. 2003, 57-59

TEMPO (0.2 eq
O>O DIB (5 eq.)
g DCM, rt, 5 h, 94% @

Hale, K. J., Org. Lett. 2007, 1267-1270
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 Examples:

OH O
Phl(OAc),
0 MeOH, 45 mn, —0 0
~ 0 °C, 99% /

Pelter, A. et al., J. Chem. Soc., Perkin Trans. 11993, 1891-1896

\<>/ PhI(OCOCFs), \Q/
Water/MeCN

0°C,67%

Taylor, R. J. K. et al., J. Chem. Soc., Perkin Trans. 11994, 2047-2048

OH o)
PhI(OCOCF,),

MeCN, 15 mn, )
20 °C, 86%

HO™ O

Tamura Y. et al,, J. Org. Chem. 1987, 3927-3930

o 0 OH O

N
/S\NM© PhI(OAC),
H TFA, 10 mn, "0
rt, 60% A

Ciufolini, M. A. et al., Chem. Eur. J. 2010, 13262-13270
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Reactivity towards phenols
rtho-substitu
* Regioselectivity
— Requires a group stabilizing | OH ~_ O
ey : o)
Wheland’s intermediate o) PhIOAC), O
MeOH, rt

R R

R = H, Alk, C(O)Alk, C(O)OAIK,

Cl, Br, F, CN

* Nucleophile:

Solvent
Organoiodine ligand
Intramolecular moiety

Nucleophile added to the reaction
mixture

L phioag N
C)2
pel ey
MeCN, rt
NuH = AcOH, F, CI, OH, RO, RC(O)O, F5CC(O)OH
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OH

OH

Rac

OH

NO,
CO,Me

O O

OH  pIFA(1.1eq) g °

MeCN, rt, 98%

Wood, J. et al., Org. Lett. 2002, 493-496

o
O O’N+
»—Co,Me
PIFA (1.1 eq.) P(OMe);
DCM, rt, 35% 0 DCM, 95%
~

Pettus, T. R. R. et al., Org. Lett. 2007, 3229-3232
OH

OH ©
Cl 0] OH DIB (1.1 eq.)
CF3;CH,OH
@) COzMe 0°C,1h COzMe
| 40%
Snider, B. B. et al., Org. Lett. 2011, 4224-4227
0]
OH

PIFA (1.1 eq.)
MeCN, 45 mn, DCM, 95%
rt, 35%

Wood, J. et al., Tetrahedron 2003, 8855-8858

0 N
@K}cogwe
0

H2, Pd/IC -
T
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Reactivity toward:

 Much more examples in the litterature:

Diels-Alder
dienophile

OH &‘ 0 /\ Addition to the carbonyle
R Nﬁ
Michael addition

product is a prochiral highly functionnalizable molecule
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OH o)
PIFA, Py.(HF),

DCM, rt,
30 mn, 66%

Jouannetaud, M.-P. et al., Tetrahedron Lett. 1994, 2541-2544

o OH 0

Phi(OAc),
® (]
MeCN or DCM DIB

rt R MeCN/H,O
R 0°C. 30 rn OH
43%

Glover, S. A. et al., J. Am. Chem. Soc. 2004, 7748-7749

R = Alkyle, Aryle, CAlk, NC(O)Alk
Nu = HO, F, Cl, RO, RC(O)C,

RC(O)NH, RNHO
OH 0
PIFA,
MeCN
TFA, rt, 10mn O 0)
o 86% )\N
H o—
O\

Ciufolini, M. A. et al., J. Org. Chem. 2008, 4299-4301
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2activity towe phenc

rbon-carbon bond 1at

Pyridine, 0

0] H H
N PIFA N
O‘ MeCN, rt, 30 mn O‘
42 %
0]
OH © ‘

Kita, Y. et al., Tetrahedron Lett., 1989, 1119-1120
OH 0

PIFA ‘ OMe

-40 °C, 5mn O OMe

N 54%
N
o/§ [1
0 OMe O’QO
MeO g
S

TMS ™

Kita, Y. et al., J. Org. Chem., 1996, 5857-5864

OH
DMAP,

CUSO4’5H20
DIB

N EtOH, 0 °C, 70 mn

Zhang, H. et al., Chem. Comm., 2011, 4923-4925




O + NS PIFA MeO ‘O
MeO DCM, 20 °C, 10 mn

OH 69%

Quideau, S. et al., Org. Lett. 1999, 1651-1654

OH O

DIB

K TFE, -10 °C,
O - TMS 10 mn, 68%
&7/ %o
(0] o\)

Nicolaou, K. C. et al., Angew. Chem. Int. Ed., 2007, 3942-3945
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@

HFIP 2 mn,

R'=H, Me
R?= Alkyle, Allyle, Vinyle, Aryle

Canesi, S. etal., Org. Lett. 2009, 4756-4759

OH 'e) Ot=
Furane, Y/
DIB
TFE
R L —J
R= Alkyl

Canesi, S. et al., Tetrahedon 2010, 5893-5901

Rac
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atalysis

[(OCOCF3),
/©/1 mol%
O

m-CPBA (1.5 eq.)

TFA (50 eq.)

DCM, rt, 2 h

71% O
CO5H
O

I(OAC),
/©/5 mol% o)
OH
m-CPBA (1.5 eq.)
O TFA (1 eq.) N
DCM, rt, 2 h Q
0,
E CO,H 79%

Kita, Y. et al., Angew. Chem. Int. Ed., 2005, 6193

OH

@)
O

26




OH \)OH DIB (1 eq.), NaHCO;
o,
Eé/ K TFE, -35 °C
>95:5
HO_ = 0—\ HO »
MeMgBr 3 /o> TSOH.H,0 0 ¢
THF, -78 °C Acetone
o)
54% over 2 steps 56%

(+)-biscarvacrol

Quideau, S. et al., Angew. Chem. Int. Ed. 2008, 3552-3555
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(R)-1 (R)-2

N

CHCl3, 0 °C, 2 h, 64% yield, 70% ee
CH,Cl,, 0 °C, 2 h, 65% yield, 59% ee

0]

(R)-2 (0.15 eq.)
OH OH m-CPBA

e
DCM, 0 °C, 3h

68% yield, 65% ee

28

Kita, Y. et al., Angew. Chem. Int. Ed. 2008, 3787-3790




o

OH

0 [ 0
MsHNJ\E/O\©/O\‘)LNHMs
(R,R)-2

cl al
1 oo @
o 0 05,0 0
OH MSHN)KE/O\@/O% NHMs
(R, R)-1

o

(R)-2 (0.15 eq.)
oH OH m-CPBA 20

I v (L
DCM, 0 °C, 3h

82% yield, 85% ee

Ishihara, K. et al., Angew. Chem. Int. Ed. 2010, 2175-2177

Cl

Cl
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eactivity towards pheno
ANnde ation/Diels-Al 2action
Shortcoming: some product dimerise by Diels-Alder reactions
OMe
TMS OMe DIB TMS OMe o
MeOH MeO
OH o OMfrec oMS
/“\COZMe
74%
MeOZC
T™S OMe
ﬁOMe
o)
Liao, C. C. et al., Synlett 2002, 1520
oH Allylic alcohol ? o~ OMe
Br OMe PIFA Br OMe o_/Br
rt, 30 mn, 58% /
COzMe CO,Me COsMe
Danishefsky, S. J. et al., Org. Lett. 2006, 5693-5695 30




00

\//
SN _PhI(OAc), _
H TFA. 10mn,

rt, 60%

OH O

DIB @ /j
02 B ——— —
S\NH TFA, rt 3 _do
| " ONTIR2
N \_J

N o
5

o\

Toluene
addition
Heat
39%

Ciufolini, M. A. et al., Chem. Eur. J. 2010, 13262-13270
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Reactivity towards phenol ethers

0O OMe
R3 PIFA R1 R3 R1 R3
HFIP/TFE Rs R, N
R Nu R\\

R = alkyl, alkoxy, halogen, etc...
Nu = external or internal nucleophilic group
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Reactivity towards phenol ethers

N
S PIFA

MeO O BF 4. Et,0
MeO O DCM, rt, 83%
OMe

OMe

Dominguez, E., Tetrahedron Lett. 1999, 3479

R
MeO PIFA, MeO !
R, MesSiOTf MeO
R N~ Rs TFE/MeOH, 0 °C, R SN SR
R 30 mn, 62-94% 4 3
5 R5

R1, Rz, R3 = H, Me

Rs, R4 = H, OMe
N
N3 PIFA, |
S Me;SiOTf
N TFE/MeOH, 0 °C, MeO N
MeO R 1h, 47-61% o)
OMe
R= Ts, Cbz, Ac, Bz R'=Ts, Cbz, H

Kita, Y. et al., J. Chem. Soc., Chem. Commun., 1999, 143



Moriarty oxydation
O

A glimpse of ¢ & e
KOH )S/ )S/ Depending on
ph)J\/ Ph or Ph the work-up
. . MeOH OH OH
lodine (l1I) t,2h
h . t Frye, S. V. etal., J. Am. Chem. Soc., 1992, 1778-1784
MeO PhlO (2.2 eq.), MeO
BuyNI (0.3 eq)
N N
MeO H,O,1t,2h,96%  MeO
)
Lee, S.-S. et al.,, Helv. Chim. Acta 2002, 1069-1078
PhI(OH)OTs,
95% MeOH, rt, ©/\g/
20 mn, 84%
Koser, G. F. et al., Tetrahedron Lett. 2004, 6159
1) LDA (1.2 eq.) 1) P,0
CICO,Me (3.0 eq.) 20
DIB (2.3 eq.) 205 s MeSO3H, rt
KOH(3.0eq)  E&O,-787°C.79% 94%
2) KOH
o MeOH 2)DIB (2.0 eq.) ",
-5 °C, 40% MeOE! 0. 1t I, (1.5 eq.), AIBN g
° benzene, reflux
92% Rac
34

Moriarty, R. M. et al., J. Med. Chem., 1998, 468



To go further...

(?TS

- More to know: ©/I\OH
Rest of DIB chemistry

lodosylbenzene (PhlO)
Koser's reagent (PhI(OH)OTSs)

Togni's Reagent ©/'\\o

- Challenges:
Chirality
Mechanism understanding
More reactivity still to be discovered
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HO
r

PhlO

PhIO (2.2 eq.)

HO
1@ S

Ochiai, M. et al., Chem. Pharm. Bull. 2004, 1143-1144

H,0, 12h, rt
74%

PhlO

' - Phl
- H,0

s 1A
Ei@ - Phl oH

work-up

36
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Thanks for your kind
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