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What is Hypervalency?

-Hypervalent Compounds contain a central atom bearing more than 8 valence electrons.

-The lodine hypervalent bonds involve a formal 3-center-4-electron bond with both ionic and covalent character.

-The Martin-Arduengo nomenclature system has traditionally been used to describe such compounds:

N-C-L = classification Examp|es With lodine
L
N = Number of Valence electrons ® - |
on the hypervalent atom ;e v e
/ L—I. L—1
C = Identity of Central Atom L= R II_ : Il_
L = Number of Ligands on the
Central Atom 8-1-1 8-1-2 10-1-3
Ph—I [PhI(CN)](‘BOTfe Phi(OAc),
-The first hypervalent iodine species, " n f
iodobenzene dichloride (10-1-3) was lodobenzene Stang Reagent Iodobecr:rz ﬁSFDlZl"acetate

prepared in 1886 by Willgerodt.

Wilgerodt. J. Prakt. Chem., 1886, 33, 155. L L L o
L\!G') L\!/L L\I/L
-IBX has been around since 1893! L~ | N It | N L/I\L
Hartmann,C.; Meyer, V. Chem. Ber., 1893, 26, 1727. L L L
10-1-4 12-1-5 14-1-6
-Diaryl lodonium Salts (8-1-2) were first "BX" Dess-Martin-Peridinane 2??
prepared by Hartmann and Meyer
in 1894.
Hartmann,C.; Meyer, V. Ber., 1894, 27, 504. Moriarty, R. M. J. Org. Chem., 2005, 70, 2893.

Bonding In Hypervalent lodine Compounds

-Hypervalent iodine compounds will arange themselves so that the least electronegative group occupies an
equatorial position. Both calculations and X-Ray structures support this fact.
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-The process of interconverting axial and equatorial ligands on hypervalent iodine is called pseudorotation ().
Little is known of the mechanism of this process.

-Additionally, the two substituents in 3-center-4-electron bond will be 180° apart, so as to occupy the same hybrid
orbital on the iodine atom.
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-This is one reason for the unusual geometries encountered with hypervalent iodine compounds.

Kiprof, P., Zhdankin, V. ARKIVOC, 2003, 6, 170.



Bonding In Hypervalent lodine Compounds

-In cases where the least electronegative group on iodine CANNOT occupy an equatorial position, intermolecular

bonding arises, forming aggregates.

electronegative \0
C O bond is broken
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-Additionally, some 8-1-2 compounds CANNOT have two electronegative groups to stabilize the hypervalent bond,

so they will spontaneously polymerize.
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-In the ground state, Oxo and Imido ligands on iodine situate themselves so that no lone pairs are 180° away from

the I-Oxo or I-imido bond.

Kiprof, P., Zhdankin, V. ARKIVOC, 2003, 6, 170.

Why IBX may have been Ignored for so Long

-Although IBX was discovered in 1893, little was done with it until the 1980's.

-Possible Reasons why :
Problem

4IBX is insoluble in just about everything!

¢There were few ways to make it

(a carcinogen)

(o] ¥ (o]
KBrO3
OH ——— (—B,o +Br,
H,S0O,4, A /I\O
HO <)

Greenbaum, F. R. Am. J. Pharm. 1936, 108, 17.

4IBX Goes BOOM!

Plumb, J. B.; Harper, D. J. J. Chem. Eng. News 1990, July 16, 3.

Solution
¢use DMSO as the solvent
Chaudari, S. Synlett 2000, 2, 278. and

Nicolaou, K. C.; Baran, P. S.; Zhong, Y.-L.
J. Am. Chem. Soc. 2001, 123, 3183.

¢Try Oxone in Water!
o] o]
Oxone
OH o o
®,
Hzo /l\
! 70°C to 5°C HO @0

Santagostino, M., et.al. J. Org. Chem. 1999, 64, 4537.

¢"Safe" IBX was developed

o) (o} (o]
OH OH
|Cee OO
SIBX : ©:/‘,</\ | E?)\
HO 0
©

49% 22% 29%
Chem. Abstr. 2002, 137, 109123.



A Use is Finally found for IBX

-Finally in 1983, Dess and Martin found a good use for IBX: Conversion to what became known as Dess-Martin
Periodinane (DMP), a powerful alcohol oxidant.

(o]
Ac,0, AcOH
o} —_—

@|'\ Warming |/\
Ho 2 /| oA
e AcO  Hac

IBX DMP

-DMP became a method of choice for oxidations of primary and secondary alcohols:

OH DMP o i
Ao == P
R H Solvent R H
E o/
OH 0 H
A e
R R' olven R R'
H i DMP

OH o]
R/k\R' o
H .
—_— |&Z—0Ac —
(/ DY

/ \\OAc -AcOH

OAc -AcOH

O>PH

R R'

-The reaction can be accelerated in the presence of protic acids, and is largely functional-group-tolerant.

IBX

A Comparison of IBX and DMP

IBX is highly functional-group tolerant, but DMP will oxidize sulfides and amines.

Alcohol oxidation by IBX is adversely affected by water: Rate o.[ H,O ] . IBX Alcohol oxidations
are both first-order in substrate and first-order in IBX: Rate o. [ Alc ] * [ IBX ]

If DMP and 1 equivalent of alcohol are mixed, quantitative ligand exchange occurs at iodine,
. In Both cases, the alcohol comes in anti to the

but with with IBX, the exchange is reverible,
benzoic acid carboxylate.

Path H H

DMP Path

OAc.
AcO,, I -
1 Y0Ac
[0}

HO OH

H H
—»

-2 AcOH

(o) Dess, B. D.; Martin, J. C. J. Org. Chem. 1983, 48, 4155.

In the presence of Diols, IBX forms a monodentate complex reversibly, But when diols are mixed with
DMP, a bidentate chelate forms, and the process is irreversible.

As a consequence of all these rules, IBX fails to cleave diols, while DMP succeeds in this reaction.

De Munari, S.; Frigerio, M.; Santagostino, M. J. Org. Chem. 1996, 61, 9272.



IBX does the Twist

-Once an alcohol has bound IBX, a series of events occur, leading to oxidation of the substrate:

Twisting
9.9 kcal / mol

Oxidation
Ligand Exchange 2.6 kcal / mol

7.2 kcal / mol (with H*)

-Twisting must occur so that the late-transitional hydroxyl group formed during the O=(
oxidation step ends up 180° away from the benzoic acid hydroxyl group. H

-Groups ortho to iodine on the phenyl ring are hypothesized to influence the rate of twisting.

Goddard, W. A., lll; and Su, J. T., unpublished results.

Diol and Amino-Alcohol Oxidation by IBX

-When diols are oxidized by IBX there can be a number or outcomes, none of which involve C-C bond scission.

o o)
HO OH IBX (1 equiv) R Excess IBX Jkn/R
/\l II\ —_— R —_— R
R R
OH
H H H
[0}
HO OH IBX (1 equiv) R .
— > R R Reaction Stops Here
R : R" OH
H R R'
-1,4 diols, when oxidized with IBX, will form lactols: (:)TIPS OH
Me Me
O = :
“OH :
OH : OH =1:(80%)
Me' (82%, one diast.) (88%, one diast.) (60%) =2:(78%)

-1,4 amino alcohols will condensce down to aminals when oxidized with IBX:

:

BnO NH, E/OH 1-1|§‘):I(Uiv BnO \N .~‘0H - Anthramycin analog.
; _— H 7-membered ring closure was

wo N o W N

imine was detected.

o (72%)
Corey, E. J.; Palani, A. Tetrahedron Lett. 1995, 36, 3485. (Lactol Synthesis)
Bose, D. S.; Srinivas, P.; Gurjar, M. K. Tetrahedron Lett., 1997, 38, 5839. (Aminal Synthesis)



a-Oxidation of Ketones

-Although PhIO is an insoluble polymeric solid, addition of MeOH and KOH forms a , reactive derivative:
E\I/ on MeO\I _OH
——
—» _— + H,0
MeOH

-When ketones are treated with this reagent, a-hydroxy dimethyl acetals are formed:
X=S, 0, orCH,

MeO OMe (o] MeO OMe

_PhiO.KOH OH )l\/\ PhIO, KOH
Ph N/\ —— > Ph N/\
" weon K/X MeOH OH K/X
OMe
o PhlO, KOH
_— oMe
MeOH

OH —>

——3» Cephalotaxine
——
@ &
PhlO, KOH
)ﬁl/ 3)5(\(»' Meo OMe
MeOH MeO OMe

Moriarty, R. M. J. Org. Chem. 2005, 70, 2893.

a-Oxidation of Ketones

-Mechanism is thought to begin with trapping of the ketone enolate with hypervalent iodide:

I—Ph \ MeO (o]

PhI(OMe)2 0 o
R' MeO
Rl
V )\/ -Meo © RJ\/ ©

! "
0 Me R (
I _n g
R ’/‘OMe
-Phl
-MeO© l

MeO}éﬂL H®
L

R Me0© R’

Me. @
MeO_ OMe |0 /
R

OH OH

Product

Moriarty, R. M. J. Org. Chem. 2005, 70, 2893.



a-Sulfonyloxylation of Enolates

-Silyl Enol Ethers can be used as electrophiles in Hypervalent lodine-mediated oxidations:

5 @ Ts0O
@ : TMS<¢ ) o
100 : /QAS )\ TMSOH __ RJ\
- H —_—
' R Aprotic Solvent HO—I -PhI OTs
: Ph
-A variety of different enolates can be used as starting materials.
O TsO o
PhI(OH)OTs PhI(OH)OTs
DC hexane o
OTMS (o] (PhiO),
PhI(OH)OMs MsO TBAF =
Z ~OMe —>DCM OMe otMs o o
o THF / DCM o

Ph Ph
Moriarty, R. M., et. al. Tetrahedron Lett. 1990, 31, 137.

Koser, G. F., et. al. J. Chem. Soc., Perkin Trans. 11994, 1375.

Aziridination Using Hypervalent lodine

-Using metal catalysts, and PhINTSs, nitrenes can be generated for oxidative heteroatom transfer:
Dauben, P.; Dodd, R. H. Synlett 2003, 11, 1571.
-Enantioselective Aziridination has been displayed.

Evans, D. A.; Faul, M. M.; Bilodeau, M. T.;
Anderson, B. A.; Barnes, D. M.
J. Am. Chem. Soc. 1993, 115, 5328.

Li, Z.; Conser, K. R.; Jacobsen, E. N.
J. Am. Chem. Soc. 1993, 115, 5326.

" : o o
11mol% He i 5mol% j><(
—N : | |
: N N—/
; Ph Ph
E o Ts\ o
(o] PhINTs E /\)]\ PhINTs /‘\";l)J\
—_— : S 5
= cu(oTf) NC i1 Ph OMe (c‘:a_u;sng/f)) Ph i OMe
NC (10mol%) >98%ee NTs ! Aanorel, 94% ee
DCM, -78°C (75% yield) ' ’ (63% yield)

-DuBois has shown that nitrenes can be made to perform C-H activation, giving varying ring sizes.

Ve PhI(OAc)z H 0 Me Ph:&ggdz H 0\\3,,0
: ' x N o9
T Anpe : L, PRmoa A
' -
(72%) : HoN (91%)

Espino, C. G.; Wehn, P. M.; Chow, J.; DuBois, J. J. Am. Chem. Soc. 2001, 123, 6935.



Selective o0-Oxidation of Phenols to Quinones

-IBX has been shown to oxidize certain phenols to o-quinones.

-Most of these reactions were done in NMR tubes, but the unstable products could be converted to more stable species.

o Selected Products Generated
IBX (1 equiv) o 0 o o
| (0} (o) (0}
TCHCLorOMF L OO
R
Et MeO
(reactions were usually run in the dark at 23°C) OMe
92% 85% 84%
Ac,0, K,CO5 OAc
0 Pd/C, H, OAc
_——
R DMF R OMe #Bu
96% 99% 33%
R =t+Buor OMe Yields up to 87% from the phenol (Yields based on conversion by 'H NMR in CDCl5)
o Hzo
S o
0\|('.B. ( OT\I
Mechanism: o H/ ™
X — o
L 5 it
R RF

Magdziak, D.; Rodriguez, A. A.; Van De Water, R. W.; Pettus, T. R. R. Org. Lett. 2002, 4, 285.

Substituent Effects in the Oxidation of Phenols

Hypervalent
Iodlne 0, R R

OR . 222
Solvent 0

-Chemists hypothesized that for some oxidants, a phenoxenium cation would be produced

OH LUMO Coefficients of the Phenoxenium lon
X PhI(OAc)z ﬁ Substituent c-2 c4 c-6
Rl// H 0.606
2-Me 0.535 0.409
AM1 Mulliken Charge Distributions 4-Me 0.618
Substituent | C-2 C-4 C-6 Oxygen 2-OMe 0.558 0.505 0.329
H 0.030 0213 0030 0.067 4-OMe 0.588
2-Me 0.143  0.184 _ o _
® Shenol has one oriho oy para substiuent,
2-OMe 0235 0.121 then ipso oxidation will be observed at
4-OMe 0.335 the position of that group.

4In practice, ipso oxidation is what occurs!

Pelter, A., et. al. J. Chem. Soc., Perkin Trans. 11999, 379



Another Phenol Oxidation Pathway

-In one case, Pettus reported an unusual product in one of his reactions:

OH IBX (o} Na,S,0,4 0 OH
—_— —_— =
DMF 51% overall
OH o

Single Diastereomer

DMF

Dimerization Transition State Ligands on lodine Omitted
for Clarity

Magdziak, D.; Rodriguez, A. A.; Van De Water, R. W.; Pettus, T. R. R. Org. Lett. 2002, 4, 285.

Application of Phenol Oxidations to
Natural Product Synthesis

(o)

z'OH

(0] Hypervalent OH
lodine

—

Diels-Alder

—_——> 2x

(+)-Aquaticol, from
Veronica anagallis-aquatica

Model Systems:

OH OH

I~
SIBX (1.1 equiv) Oy © Dimerize |
ittt bk _ Dimerize
THF, r.t. aqg. 1M NaOH e
(workup) OH 99%
0
o
1. suax THF, r.t. OH o
2. 1M NaOH | + Side Product
aq a
o
OH

39%

Quideau, S., et. al. ARKIVOC, 2003, 6, 170.



Further Chemistry with Oxidized Phenols

-Hypervalent iodine can form substrates that undergo intramolecular Michael additions

MeO, °A° MeO, 0Ac/A OMe
(0}
Phl(OAc)2 _TBAF OH
_»
DCM -78°C }
NO NH
|
o OTIPS o OTIPS | H _
Quideau, S., et. al. Tetrahedron, 2001, 57, 319.
OH fo) OH
OMe  Phi(OAc), OMe LDA, then B, OMe
+ then A.
™ (o CLp 0‘0
THF -78°C
CN
A B c
Mitchell, A. S.; Russell, R. A. Tetrahedron, 1997, 53, 4387.
-Mechanism:
0 ) ©
G, & <
<> OMe A OMe H OMe
o}
\/4 OMe _ O o} ‘ OMe __,, O@‘ OMe C
H
R CN R
oN A
-The oxidation of a phenol with hypervalent iodide can be followed up by an Intramolecular Diels-Alder reaction
OH
om Aﬁhul(flAczf | M\ Intramolecular
e coho (4 Diels-Al
Mt meooc_ i S tels-Alder __ meooc 0
0, == i/
DCM, (75%) — oMe OMe
COOMe o o

-This reaction was utilized in a total synthesis of (+)-Reserpine

1. Sml,, MeOH oT
MeOOC 0 3 Steps THF, (90%) s
i/ > MeO _— MeO
OMe /& OMe 2. TsCl, Pyr. /&
DCM, (90%
o Meo” No © (90%) Meo” No ©
H (0] OTs
-
mCPBA OTs DIBAL-H z MeO
> —_— 4,
DCM, (80%) MeO o hexanes " 2 Steps
/& o PhMe, -78°C . . H
MeO” X0 (76%)  meoOC" “OH _
(x)-Reserpine H
OMe .
MeOOC"

OMe

Chu, C. -S;; Liao, C. -C.; Rao, P. D. Chem. Commun. 1996, 1537. (Ar = 3,4,5-Trimethoxybenzoyl)

““OAr

10



Single Electron Transfer Oxidation of Anisoles

-Whereas unprotected phenols undergo oxidation at the most substituted position, presumably through a
phenoxenium cation, protected phenols are oxidized via a different mechanism:

fo) (0}
OMe Nucleophiles (=)
PIFA Nuc N or 0.8
Nucl hil 3
uc eop ile Ohc / 5

SR
CF3),CHOH
( 32 Carbon Nucleophiles*

R
R = OMe, Me, i-Pr, t-Bu, Br, Cl, CH,CO,Me, CH,CN, etc.

-This reaction is reported to work with p-substituted phenol ethers, but not with other substitution patterns.

CF3COOe (o}
M
OMe 0~ >CF, OMe
PIFA Ph—1@® Nuc © Nuc
—_—> SET e
—> R—<S>—0me -Ph
R OMe
R R
Charge-Transfer Radical Cation
Complex

-Using Huckel molecular orbital calculations, and EPR, support was found for a Single Electron Transfer (SET)
mechanism involving an aryl cation radical.

Kita, Y.; Takada, T.; Tohma, H. Pure & Appl. Chem. 1996, 68, 627.

Synthesis of a,§—Unsaturated Compounds

-It was found that IBX could oxidize both alcohols and carbonyl compounds to unsaturated deriviatives:

HO

1.1equiv.
IBX
DMSO
4.0 equiv )
IBX, 85°C 2.2equiv
Solvent IBX
(o) 55°C

® Nicolaou, K. C.; Zhong, Y. L.; Baran, P. S. J. Am. Chem. Soc. 2000, 122, 7596.

-Initially a polar mechanism was invoked to rationalize the desaturation steps.

B © 0,3 /:/ 3 /:/
0\. . Ph o\i
Ph Pl Ph pild
HO” I OH HO”IYOH —>
“bmso, 70c 0 ’ /e =,
(98%) Ph ) (&) H @
H 5O H

-Studies were later performed that pointed toward a Single-Electron-Transfer Mechanism.

Nicolaou, K. C.; Montagnon, T.; Baran, P. S. J. Am. Chem. Soc. 2002, 124, 2245.
11



Benzylic Oxidations with IBX

-It was reasoned that if SET pathways were happening in the desaturation reaction that they might be applicable in other
types of reactions:

SET

CH;  1gx(3 equlv)
12hrs, 85°C
Charge-Transfer

Origin of this oxygen Complex
could not be determined.

&2 «V? SO =

H (85%)

-Indeed, this type of reactivity proved possible for a number of different substrates; in some cases there were interesting

outcomes:
(o}
CH CH

OH 8 25 equiv o 8

IBX (3 equiv) o IBX .

+
J 8hrs, 80°C )

(88%) £Bu +Bu
(No radical cyclization of the allyl group!)

Nicolaou, K. C.; Montagnon, T.; Baran, P. S. J. Am. Chem. Soc. 2002, 124, 2245.

Radical Cyclizations Using IBX

-Once the SET mechanism had become better understood, it was applied to other types of substrates:

4.0 0 °
equiv ®
-H 5-exo-tri
(\k IBX /N@YH\k\ e m g
THE : DMSO Yy~
(10:1) 90°C .

-THF is a necessity for this reaction. Initially it had been tried in just DMSO, but failed.

-The is also mandatory. No reaction occurs without it. [o)
-The is also necessary. The reason for this is not completely understood yet. N
-Finally, the olefin must be in the y,5-position. Otherwise, there is no cyclization. ©/
-If a mixture of DMSO-dg and THF-djg are used, is incorporated in the methyl group. H

@/ds (_B/ds .
{3 7 o 7\
(o)

? Substrate ? |
.o —_— .o .o
o} Y6 o — @ ,\,oe
%
(o} (o] (o}
-Experiments run in plain DMSO and gave , but running the reaction in deuterated

DMSO with plain THF gave no deuterium incorporation.
Nicolaou, K. C., et. al. J. Am. Chem. Soc. 2002, 124, 2233.
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Subtrate Scope of the IBX-Anilide Cyclization

H ™
(YD == (Y

R

(vields 89-96%) (PMP = para-methoxyl phenyl)

g:g:: g aMg; FE,tt-Eul, 1 (vields 45-90%) ' Various R's (yields 30-88%)
para R:Et
H ;
H o H N
: IBX
N IBX N : N N\n/N — e N\( \—
| = i Y
s O 7\ + AF °Z g/~F
R R : (90% yield)
,';;erf;f:’r Br (vields 86-90%) !
: OTBDPS OTBDPS
E ‘\OMe ‘\OMe
IBX :
COMe ——> CO,Me ! o -
(o] N : o
7\ = //l\
NH R — : NH
A= X o 07 0 PMP
\ / PMP
Various R's '

The Radical Chemistry of lodine (lll)

-lodine (lll) Compounds such as PIFA have 2 modes of reactivity, the first being charge-separation.

TFA
TFA T o TFA i
Nuc-H
1 —_— 1 1
“TFA —— TFA e SNue or ©/
@ or
Arene
R
(Charge Separation) + H-TFA +TFA®

(lodine Substitution)  (Charge-Transfer)

-However, in the second mode, the lodine (lll) reagent itself may also undergo radical mediated decomposition before it
ever encounters any substrate, especially under thermal, photochemical, or radical-initiated conditions.

J :
07 “CH;, . ) OJ\CHs hv, A
1 hv, A, or In I .
i wAoTm G . — +2 HyC
©/ /CJ; o) -2C0,
TRN) Hsc’go

(Radical Fragmentation)

P}

o) -— (An Acyl Hypoiodite Molecule)

|
+2 |
©/ N

-Acyl Hypoiodite was recently observed by 'H NMR ( Courtneidge, J. L.; Lusztyk, J. Tetrahedron Lett. 1994, 35, 1003.)

Togo, H.; Katohgi, M. Synlett, 2001, 5, 565.

Nicolaou, K. C., et. al. J. Am. Chem. Soc. 2002, 124, 2233.
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Radical-Mediated Bond Formations

-The decomposition of carboxyl radicals with loss of CO, is better known as the Hunsdiecker Reaction.

-This reaction can be mediated by hypervalent iodine:

J\o -2 CO, oh -

o)
o] PhI(OAc), POCR  _pp|
—_— I, —> 2R
OOCR )’/

2
R OH -2 HOAc

-The Hunsdiecker Reaction has seen many synthetic applications

PhI(OAc),, I,

CCly, A, 1.5h
(94% yield)

>
o
c

T

Aco™’

HOOC  COOH
Phi(OAc),, |,
- (80% yield)
CCly, A, 1.5h

-The radical decarboxylation of alkyl carboxyls is roughly 10* times faster than the decarboxylation of aroyl groups.
Togo, H.; Katohgi, M. Synlett, 2001, 5, 565.

Generation of Alkoxyl Radicals

-If no carboxylate groups are available, but there are free alcohols, PIDA can form alkoxyl radicals in the presence

of I, and hv.
PhI(OAc), , I, [15]H
shift
c-Hex, 40°C
W-hv

(a 1,4-lodohydrin)

(+)-Epoxydictymene

Togo, H.; Katohgi, M. Synlett, 2001, 5, 565



Other Reactions of Alkoxyl Radicals

-If an alkoxyl radical has no d-hydrogens accessible for abstration, it will attempt to access other reactive groups:

PhI(OAc)2 o

—_—
DCM 0°C
Hg-hv, 30min

-In the event that no reactive groups are in the vicinity, g-scissions occur, provided that the forming radical is stable.

o A 0

o 0 .
HO PhI(OAc), , I, 5-Exo-Trig
e —_—
c-Hex,
W-hv
CHs CHs CH, CH,
(Stable 3° Radical)
n-BuzSnH
-Nonetheless, it is sometimes challenging to predict, a priori 3-Exo-Trig
what the product will be, especially when additives are present. l
o
-Allylic Radicals are also H
stable enough to be formed n-BuzSnH
by B-scission reactions of B —
alkoxyl radicals.
CHs CH, CH;
(50% vyield) (78% yield)

Togo, H.; Katohgi, M. Synlett, 2001, 5, 565.

The Hoffmann-Loffler-Freytag Reaction

-This reaction is analogous to the reactions of alkoxyl radicals, but involves nitrogen-centered radicals instead.

-Usually, an electron withdrawing group must be adjacent to the nitrogen radical for the reaction to be successful:

CgHy7 CgHy7

H PhI(OAc)z, I
e o-Hex A (64% yield)
o 70min

k HN——CN k N——CN

-The radicals formed in these reactions will obey many of the same rules that alkoxyl radicals do.

PhI(OAc)2 ,lo X _e©
 — —_— .
N o—Hex 40°C H® N (82% yield)
| W-hv
H J I

-As in the case of alkoxyl radicals, a 6-hydrogen abstraction occurs.

-2

Togo, H.; Katohgi, M. Synlett, 2001, 5, 565.



Radical Intermolecular C-C Bond Formations

-Heteroaromatic Bases can be alkylated:
CH;3
PIFA —_— =
@D — = L0
— X
Ad N
! <) -
o H TFA (62% yield)

'Coz)

-Such carbon-centered radicals can also undergo reductive addition to electron-poor olefins:

Oy _OH
PIFA q7

3 —_— o —_—
DCM, r.t. Z > s0,Ph
hy & SO,Ph SO,Ph

(93% yield)

-When an iodobenzene dioxalate is decomposed, two equivalents of CO, can be produced, but formation of the
is often slower. Thus, intermediates can be trapped, giving acylation products:

) \
| )\ Hg-hv SOzPh .
—— . :
f © DCM, 0-5°C : J\/ ~so,Ph

|
= 2 |
N Ph (67% yield)

Togo, H.; Katohgi, M. Synlett, 2001, 5, 565.

Non-Radical Pathways to C-C Bond Formation

-Hypervalent lodine has another mode of reactivity called

Me
Cl
Me Me
-ph| . -Mesl
| 7 —
1\
Cl
Major (Mesityl Eq : Ax=20:1) Minor

-For two ligands to couple on a hypervalent iodine center, one must be axial, and the other equatorial.

-Diaryl iodonium salts (a class of 10-1-3 reagents) are useful for ligand coupling:

Sz ey

(45%) (77%) (78%) (37%)

oTMS
PhI®FO I—Ph
-_—>|0
THF, -40°C to r.t.

-TMSF

-Phl Chen, K.;Koser, G. F. J. Org. Chem. 1991, 56, 5764.

-If the anionic group of an iodonium salt is a good enough leaving group, it can switch with a carbon ligand.

Moriarty, R. M. J. Org. Chem., 2005, 70, 2893.
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Coupling Reactions of Enolates

-The use of Hypervalent iodine can allow the synthesis of 1,4-Dicarbonyls

OTMS (o} OTMS o Ligand
PhIO -HBF, Ph Ph Coupling
_— |/ . R I/ .
-TMSOH N —— I\ >
R R -TMSF*BF; g o] -Phi
R = H, Me, CI, NO, BF, © R
R R R
0 o} o}
Ar
(o} (o} (o}
(~50% yield) (30-75% yield) (20-61% yield)

-Enolates can even be coupled to olefins:

. A
o Olefin nBu” X O TMS\/\ > _ <
Ph .
Ph)Li/: Olefin

&= _;,E!A Product
BF,©
n-Pr

(20%) (90%) (63%) (80%)

Caple, R., et. al. J. Org. Chem. 1989, 54, 2605.

Cyclopropanations with lodonium Salts

-When a monocarbonyl compound is treated with PhlO and base in MeOH, the outcome is usually a-oxidation, but
when a g-dicarbonyl is treated under the same conditions, an isolable iodonium ylid is generated.

)
MeO OMe
PhIO, KOH oH &(l PhIO, KOH
_— — > 0
MeOH 0 (o) MeOH @l ..-7e

Ph=I"]

lodonium Ylid

-Moriarty claims that the stability of these compounds relative to their monocarbonyl counterparts has to do with
the bonding of the enolate oxygen atom to iodine center.

-However, cyclopropanations are known to occur with malononitrile, which has no oxygen atom to impart this stability.

R’ N
R/\/R' + N\\\//N PhI(OAc)2 /\/ 2///N
\R'
R R
\/CN (24 -35% yields)

Phi(OAc), — B NC ‘R'
DCM : i
-HOAc (‘B I—Ph R I—Ph olefin geometry preserved
OAc 6 Ac

(Charge Transfer?)

Biland, A. S.; Altermann, S.; Wirth, T. ARKIVOC, 2003, 6, 164.

Moriarty, R. M. J. Org. Chem., 2005, 70, 2893.
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Cyclopropanations with lodonium Salts

-In a system developed by Moriarty, cyclopropanation is beleived to involve an iodonium ylid.

(o} (o}
(0} [0} o fo) °
OMe CuCl OMe Stereochemistry of the
ij:\)LOMe — > I —_—> R group is scrambled.
~Ph
> R | ® R
R

R =H, 76% Yield

R=H or Me R = Me, 81% Yield
(0}
/ —_— (0}
—_— —_—
- . aC.
o] o o)
(o} OMe MeO
MeO [0} (71% Yield) (90% Yield)

-When the reaction is run in the absence of copper, it works, but the yield is very poor.

-It is possible that the olefin is involved in charge transfer with the iodine, similar to what is seen in the malononitrle
cyclopropanations (previous slide).

-The copper may help catalyze single electron transfer processes.

-At no point in the reaction are any Wolff Rearrangement products observed.

Moriarty, R. M.; Prakash, O.; Vaid, R. K.; Zhao, L. J. Am. Chem. Soc. 1989, 111, 6443.
Moriarty, R. M. J. Org. Chem., 2005, 70, 2893.

Ring Contractions of lodonium Ylids

-Although Wolff Rearrangements are not seen under the conditions of cyclopropanation, they can arise under other
conditions:

0 0 2PIDA
— = ®
U O OH MeOH
HO
(-4 HOAc)
0 0

-2 COZ

Q‘C "

(7% Yield)

-This mode of reactivity has been utilized in the synthesis of cyclopentane diones.

Spyroudis, S.; Xanthopoulou, N. ARKIVOC, 2003, 6, 95.
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Vinyl lodonium Salts: Synthesis and Properties

-By using alkenyl stannanes of defined olefin geometry, one can prepare vinyl iodonium salts using the Stang Reagent.

(I)Tf
I
: : |
CN
R Sn(n-Bu); Stang Reagent
R

1109

R '—Q (n-Bu);SnCN
:_,® + (n-Bu);Sn

R'

-When certain vinyl iodonium salts are exposed to fragmentation conditions, a variety of products are formed:

(E and 2) (E and 2) (E and 2)
g 10O CDCl, Et Et TiO,  Et
E-lsomer —) —_— _ + >='17 + >=;r
Me  1—Ph 60°C Me  OTf O  Me Mé
(one olefin isomer) 3% 43% 54%
(E and 2) (E and 2) (E and 2)
me  TOO Et Et TiO Et
Z-lsomer >=\® — + — + =
Et I—Ph Me Tf TfO Me Me
(one olefin isomer) 38% 40% 23%

-These products demonstrate some of the reactivity characteristics of these compounds, and a number of mechanisms

have been postulated.

Hinkle, R. J.; Mikowski, A. M. ARKIVOC, 2003, 6, 201-212.

Proposed Mechanisms of Fragmentation

-4 mechanisms were originally proposed and tested with calculation and experiment:

Sy1 Pathway

-If this mechanism were opperational, we would expect
the same amount of nonmigration product from either
E or Z starting material.

-However, the Z starting material gives much more of this
resulting triflate product than the E material (38 to 3)

-Participation of this mechanism helps explain the
of Z and E ipso triflated products produced.

-If only the o* path were accessed, only inversion
products would be seen at the ipso position. We
observe as well.

L y H

Q)
|=——Ph
@
-This Mechanism has at least some support based on the
ratio of ipso triflate products observed

Me

-The Et group is sterically larger, and makes TfO attack
from the same side of the olefin challenging; migration
of the Et group is more facile.

Vinylidene Formation

TF0O©

B M <) -Phl
Y=o
Me |

—Ph

Et

-HOTf e

-Vinylidene formation could potentially explain the
formation of every product observed.

-Other types of Hypervalent lodine reactions are
believed to involve vinylidenes as intermediates.

Hinkle, R. J.; Mikowski, A. M. ARKIVOC, 2003, 6, 201-212.
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Alkynyl lodonium Salts

-Alkynyl lodonium Salts can also be used to prepare the reactive vinyldenes mentioned earlier.

(I)Tf
I ©
Sn(n-Bu); Q| TiQ !
. -HOTf
| | Stang Reagent Nutyy/ @ _— >=
R >
R +(n-Bu);SnCN
-The alkyne of an alkynyl iodonium salt is susceptible to nucleophilic attack. 0
(0} B [0} ]
04 0o o 0 NBOC
NBOC 1, phi(CN)OTf NBOC NBOGC
_—— iy —_— /
2. TolSO,Na 'H
| | ozls N
Ph—SO.
Sn(n-Bu); th_ lid 2
—  Vinylidene - (desired, 34%) (41%)
CHj;
HO, N
Br 4 ’
e >
=K
—_— =
/\ = NH
(o)

-The reactive vinylidene formed has found in application in total synthesis.
Feldman, K. S. ARKIVOC, 2003, 6, 179.

Alkynyl lodonium Salts

-Flash Vacuum Pyrolysis studies have indicated that 2 different products can be prepared from aryl vinylidenes:

b9 &

From FVP 72% from 28% from
C-H activation cyclopropylidenation
-A model system analogous to was tested, but favored the C-H activation over cyclopropylidenation.

Tso /&
NHTS NN \©\ 10% yield 1%
. % yiel
1. n-BuLi SO (10% yield) X N~ph

> H =

. J N
2 _— |oTheh \l/ ~Ph

) cyclopropyl-
A i i SO, 61
\ C-H activation idenation d

N\ N~Pph

(66% vyield)

Feldman, K. S. ARKIVOC, 2003, 6, 179.
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Alkynyl lodonium Salts

-Although model systems did not look promising, Feldman charged onward with the real system:
OTIPS OTIPS

1. HF
2. TsNH(FMOC)
y DEAD, PPh, PhI(CN)OTf

Sn(n-Bus) —_—
// 3. piperidine 4

MeO . MeO
O 4. n-BuLi, n-BuzSnCl O
MeO OTBS MeO NHTs

(55% overall)

OTIPS OTIPS OTIPS
O 110® O
LiHMDS
(—ID\Ph > H,CO ‘
MeO 3 O NH
MeO ! NHTs H,CO
| | L — 1. KF, Al,05
2. air
A to A to C (C-H)

Distances from Vinylidene
Carbon to Bond Centers 267 A 3.34 A

Feldman, K. S. ARKIVOC, 2003, 6, 179.

A Concise Synthesis of Angel Dust

Ph
PhI(OAc)2 P2°5
MeOH KOH COOH MsOH
-5°C OMe COOH
o

o Favorskii Ring Friedel-Crafts
Contraction

Phl OAC)z, |2
AlBN PhH

Hunsdiecker

Phencyclidine
PhI(OH)OTs
-or-

— —_—

CH,CN N
H2N IIPCPII

Hofmann Rearrangement

Ph

"When in doubt, think hypervalent iodine." -R. M. Moriarty

Moriarty, R. M. J. Org. Chem., 2005, 70, 2893.
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