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Tricoordinate, I(111), and pentacoordinate, 1(V), polyvalent iodine compounds have been known for
over a century. In the last twenty years, new polyvalent iodine reagents have been introduced
along with synthetic methodologies, based on these and derived reagents, that play an ever
increasing role in contemporary organic chemistry. In this Perspective, an overview of these
developments is provided with emphasis on the chemistry and uses of aryl-, alkenyl-, and
alkynyliodonium salts in preparative and synthetic organic chemistry. It is hoped that this brief
overview, along with recent more comprehensive reviews of the field, will stimulate further
developments and applications of this useful class of compounds across a broad spectrum of organic

chemistry.

lodine, element 53, was first isolated from the ash of
seaweed in 1811 and has an important role in inorganic,
organic, and biochemistry. Its name reflects the lustrous,
deep purple color of resublimed crystalline iodine and
derives from the Greek term for “violet-colored.” lodine
is an essential trace element for humans and plays an
important role in many biological organisms. Pure Kl was
used as early as 1819 to treat goiter, an enlargement of
the thyroid gland. The thyroid gland produces thyroxine,
a hormone essential for metabolism regulation.

lodine is most commonly found in organoiodine com-
pounds in the monovalent form with an oxidation state
of —1. It generally forms relatively weak bonds with
carbon, with a bond disassociation energy of about 55
kcal/mol for a typical C—I bond, and plays an important
role in organic reactions and synthesis. However, as a
consequence of being the largest, least electronegative,
and most polarizable of the common halogens, iodine also
forms stable, polycoordinate, high-valent compounds,
usually as I(I1l) and I(V) species. In fact, the first
polyvalent organic iodine compound, PhICI;, has been
known for over a century since first prepared by the
German chemist Willgerodt in 1886, just 75 years after
the discovery of iodine itself.

In this Perspective, based in part on a George A. Olah
Hydrocarbon or Petroleum Chemistry Award address,*
the focus will be on the increasing uses of polyvalent
organoiodine reagents in organic chemistry in the last
two decades, 2726 with emphasis on aryl-, alkenyl-, and
alkynyliodonium chemistry?” along with metal-catalyzed
cross coupling as well as some miscellaneous reactions.
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The increasing importance and significance of multiva-
lent organoiodine compounds may be attributed to factors
such as the following: (1) They are readily made from
relatively inexpensive commercial precursors such as
PhICI,, PhI(OAc),, and PhI(OH)OTs; they tend to be
selective in their reactions and generally can be used
under mild reaction conditions (common solvents at or
near room temperature). (2) lodine(l111) reagents resemble
the reactivity characteristics of Hg(l1), TI(111), and Pb(1V)
cognates without the toxic and environmental problems
associated with these heavy metal species. (3) The mode
of reaction of I(I11) compounds, such as ligand exchange,
reductive elimination, etc., show similarities with transi-
tion-metal species, especially the Ni-triad metals. As a
consequence, much of the previous, well-developed chem-
istry of Hg(I1), TI(I11), and Pb(IV) as well as some of the
more recent, rich chemistry of the Pt- and Pd-metal
systems may be carried out with the less expensive, less
toxic, readily available, polyvalent iodine congeners.
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Hence, it is evident that these analogies, albeit clearly
limited, open up new vistas and unique opportunities for
polyvalent iodine reagents in organic chemistry. Because
this Perspective is largely based upon an award address,
it will emphasize our own ongoing contributions to the
field with but selective recent examples from the work
of many others, as summarized in the reviews cited.?~%’

1. Aryliodonium Salts

Aryliodonium salts are among the oldest, most com-
mon, stable and best investigated polyvalent iodine
compounds.?1%2324 Diaryliodonium tosylates®® 3, tri-
flates? 6, and fluorosulfonates® 9 are readily made from
Koser’s reagent, 1, or CF3SO31=0 and FSO31=0, respec-
tively, as shown in Scheme 1. Aryliodonium salts can be
used to directly arylate not only 1,3-dicarbonyl com-
pounds such as Meldurm’s acid®! but also cyclic ketones
such as cyclopentanone through cyclooctanone.®? Diaryl-
iodonium salts readily undergo various efficient metal-
catalyzed cross-coupling reactions such as Suzuki-,33
Stille-,** and Heck-type® couplings. They are particularly
efficient and useful reagents for the Pd/Cu-catalyzed
arylation of enynes and electron-deficient alkynes.36:37
Diaryliodonium salts also undergo alkoxycarbonyl-
ations.®® Bis(heteroaryl)iodonium salts such as 12 have
also been prepared in good yields3®4° as shown in eq 1 of
Scheme 2, but their chemistry has not been explored. In
contrast, the bispyridyliodonium triflates* 13 and 17
have been employed in the self-assembly of hybrid
molecular squares* 15 (Scheme 2, eq 2) as well as chiral
molecular squares* 18 (Scheme 2, eq 3).

An interesting aryliodonium species is the macrocy-
clic®44 tetraaryltetraiodonium compound 19 that served
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as the inspiration in the subsequent self-assembly of a
wide range of metallacyclic polygons*> and polyhedra.*®

Finally, recently Kitamura and co-workers*’8 have
prepared 20 and 22 that serve as premier precursors for
the essentially quantitative generation of benzyne, 21,
and 2,3-didehydronaphthalene, 23, respectively (eq 4).

ol

BuyNF, CH,Cl,

SiMeg
©E+ i rt.
IPh OSO,CF3

20
(4)
SiMe; BugNF, CH,Cl, |
+ - r.t.
IPh OSO,CF;
22 23

2. Alkenyliodonium Salts

Although a few alkenyliodonium salts have been
known for many years, it has only been in the last two
decades that these compounds have become readily



available and their chemistry developed. Ochiai and co-
workers* were the first to report a general entry into
alkenyliodonium salts 25 via alkenylsilanes 24 as shown
in eq 5. A general, simple procedure® for the stereo-

.-
PhIO, Et;0BF,
CHyCly, 25°C

24 25

+ -
R1R2C=CR3(SiMe3) R1 RQC=CR3(|Ph)BF4 ( 5 )

specific synthesis of alkenyliodonium salts, with retention
of olefin geometry, involves the use of phenyl(cyano)-
iodonium triflate 27 as an iodonium-transfer reagent (eq
6). This procedure also works for the preparation of the

+ -
R1 /SnBu3 + - R1 /lPh OSOch3
c=¢C + PhICNOSO,CFy —= C=C, (6)
R, H R, H

26 27 28

parent vinyliodonium triflate, H,C=CHI*Ph~OSO,CF;.5!
Similarly, the reaction of vinylboronic acids 29 or esters
with Phl(OAc), yields alkenyliodonium salts with reten-
tion of olefin configuration (eq 7).5?

Ry H Ry H
o= 1. PhI(OACc),, BF3/Et,0, CH,Cl, c=c, . (1)
R, B(OH), 2. NaBF,, H,0 R, IPhBF,

29 30

In a similar manner, vinylzirconium derivatives 31
afford alkenyliodonium salts 32 (eq 8)* in a stereospecific
manner. A variety of functionalized alkenyliodonium

R H 1. PhIOAC), THF, it R H .
c=C 2. NaBF,, H,0 £=C (8)
H ZrCp,Cl

31 32

salts can be obtained by the addition of hypervalent
iodine reagents to alkynes.>* 64 Treatment of terminal
alkynes with 33 affords the interesting difunctional
E-alkenyliodonium triflate 34 (eq 9).57~5°

CH,Cly, 0°- 25°C

RC=CH + PhIO / CF3SO3H

33
(9)
P
R IPhOSO,CF,
/C:C\
FiC0,80 H
34

In contrast, (2)-f-substituted alkenyliodonium salts 36
are obtained by a nucleophilic addition of halides to
alkynyliodonium salts 35 (eq 10).6566
RC=CIPhBF, + L AcOH, 0°- 25°C
35

X /JIrPh BF, (10)
c=C
R H
36: X=F, Cl, Br

Alkenyl(phenyl)iodonium salts are highly reactive with
nucleophiles due to the superior leaving ability of the
iodonium moiety. The most reactive commonly employed
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leaving group is the triflate CF3SO3, which is ~108 times
more reactive than halides.®” However, the loss of neutral
Phl from an iodonium salt is comparable to the loss of
N, from a diazonium salt. In fact, recent data® estab-
lishes that the PhI* moiety is a million times better
leaving group than a triflate, or about 10'? times better
as a leaving group than halides. As a consequence,
alkenyliodonium salts have been used in solvolysis
reactions®°-75 to gain new insights into vinyl cation?677
chemistry.

Alkenyliodonium salts undergo reaction with a wide
variety of nucleophiles,’”® % generally with retention of
configuration. Ligand coupling and Sy2 addition—elimi-
nation like mechanisms have been invoked”*? to account
for these observations.®!

Due to the superior leaving ability of the PhI* moiety,
alkenyliodonium salts are excellent electrophilic partners
in a variety of metal-catalyzed cross-coupling reactions.
Moriarty and co-workers®? demonstrated the stereo-
specific Pd(OAc),-catalyzed cross coupling of various
alkenyliodonium salts with vinyl ketones, CH,=CHCHO
and CH,=CHCO,CHg;. We established the stereospecific
Stille coupling of alkenyliodonium triflates with alkynyl-
stannanes.®® Alkenyliodonium salts have been cross-
coupled with the aid of transition-metal catalysts with
allylic alcohols,®** organoboron compounds,® organostan-
nanes,®® and Grignard reagents® as well as uracyl
nucleosides® and benzylic organozinc reagents.*

In collaboration with Zefirov, we have shown!® that
iodonium salts preferentially and selectively couple with
alkynes in the presence of a triflate in the same molecule,
37, to give conjugated enynes, 38, stereospecifically (eq
11).

.-
R;  IPh OSO,CF
t=¢ 23 HocR PdCI,(PPhs),, Cul
\ + = _ =
FsC0,S0  H 2 K,CO3, DMF/H,0,
37 30-40°C

R, (11)

FsCO,S0 H
38

Similarly, bis-iodonium salts 39 can be cross coupled
with alkynylstannanes to give!* bicyclic enediynes 40 (eq
12). A similar coupling reaction was recently used to
make unique dinuclear complexes with a photochromic
bridge.1%?

X +
Aijh ) 5SO.CE RC=CSnBuj3, DMF, r.t.
. 2¥r3 cat. Bn(PPh3),PdCl,, Cul
39: X=0, CH,
X (12)
e
—
AN
A\

40:X=0,CH, R

Primary vinyliodonium salts 41 may be used'® to
generate alkylidenecarbenes!®*—1%¢ 42 (eq 13). Relative
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reactivity studies'®” with substituted styrenes (eq 13) and
cis/trans olefins established that, analogous!®®~11 to the
triflate, (CH3),C=CHOSO,CF;-generated alkylidenecar-
bene, the iodonium derived species is the free carbene,
rather than a carbenoid,%4-1% and it is formed and reacts
in the singlet state.%’

HaC H+ ) Eéf; COIZC [ (CH3)20=C:] XCgH4CH=CH,
HsC  IPhBF,
41 42
(13)
XCgHg4 CH
CHs

Analogous to the generation of benzyne from 20 (eq
4), Kitamura and co-workers*'? recently generated and
trapped the highly strained bicyclic alkyne, 45, from
iodonium salt 44 (eq 14).

; SiMes BugNF,
CHLCl,, 0°C

4

e

Alkynyliodonium salts are the most recent members
of the family of polyvalent organic iodine compounds.
Although there were early attempts?” to prepare such
species, the first stable, fully characterized alkynyliodo-
nium salts were tosylates, 46, prepared by Koser and co-
workers!3114 from terminal alkynes and 1 (eq 15).

+ -
IPh OSO,CF

44
(14)

4

3. Alkynyliodonium Salts

+ -
RC=CH + PhI(OH)OTs RC=CIPh OTs (15)
1 46

It is now recognized that non-nucleophilic counterions,
such as various sulfonates or tetrafluoroborate, are
required in order to stabilize alkynyliodonium salts. In
the last two decades, a number of general approaches to
diverse alkynyliodonium salts have emerged; most in-
volve the reaction of a terminal alkyne or its lithiated,
stannylated, or silylated derivative with such A3-iodane
reagents as PhI(OH)OTs, different Lewis acid complexes
of Ph1O or PhI(CN)OSO,CF;. Over the years, improve-
ments in Koser’s original synthesis of alkynyliodonium
tosylates (eq 15) were developed,'511¢ and these improve-
ments led to the preparation of numerous new alkyl-
iodonium salts, including those with long alkyl chain?
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and chiral**® alkynyl ligands affording liquid—crystalline
systems. Most recently, with minor modifications, this
procedure has been adopted for the synthesis of solid
support, polymer anchored alkynyliodonium tosylates.1®

A number of important procedures have been devel-
oped for the preparation of alkynyliodonium salts based
upon iodosylbenzene, PhlO. lodosylbenzene is a yellow-
ish, amorphous powder, easily prepared by the hydrolysis
of commercial Phl(OAc), with aqueous NaOH.*?° Interac-
tion of BF; complex 47 of PhlO with alkynylsilanes,
followed by treatment with aqueous NaBF, or NaOTs,
affords the respective alkynyliodonium salts (eq 16) in
good yields,121-124

1. CH,Cl, or CHCl3
2. NaBF4 or NaOTs, H,O

PhiO eBF; + RC=CSiMes
a7

(16)
RC=CIPh BF,/OTs

Interaction of PhIO with triflic anhydride affords
Zefirov's reagent 48, which can be used in situ to react
with alkynylsilanes or stannanes to afford the corre-
sponding alkynyliodonium triflates 49 in good yields (eq
17).1%5 This procedure was used to also prepare the parent
ethynyl(phenyl)iodonium triflate HC=CI"Ph"OSO,CF;
whose X-ray structure was also determined.'? Variations
of these procedures were recently reported, including the
use of alkynylboronates as precursors.'?:128 All of the
above methods are, however, limited essentially to the
formation of only S-alkyl- or -aryl-substituted alkynyl-
iodonium salts as most functional groups do not tolerate
reagents 1, 47, 48 and the reaction conditions employed.

CH,Cl,

+ o+ -
2 PhlO + (CF3802),0 ~oec - | Phi-O-IPh 20S0,CF3

48 (17)

RC=CSiMey/SnBus . _ b o0 o
Se=holVlesonBus | = ,CF3

49

The most general, versatile, and convenient method of
preparing a wide range of alkynyliodonium salts involves
PhI(CN)OSO,CF; 50 as an iodonium transfer reagent.
This stable microcrystalline reagent is conveniently
prepared from commercial precursors (eq 18).12%130

CH,Cl,

PhIO + Me;SIOSO,CF,
-30° to -5°C

(18)

. 0SO,CFy
PhI(OSiMe)0S 0,CF, | MESSIN_ o 1= on

50

Ligand exchange between a wide range of alkynylstan-
nanes and 50 under mild conditions readily affords a
great variety of alkynyliodonium triflates in good yields
as summarized in Scheme 3. Diverse S-functionalized
alkynylstannanes®! 51 provide a range of g-functional-
ized alkynyliodonium triflates 52.132133 Diynylstannanes
53 afford diynyliodonium triflates 54.1%* Novel bis-iodo-
nium acetylenes 56 and 58 are formed from 55 and 57,
respectively.'3%136 Conjugated, 59, and unconjugated, 61,
bis-alkynes yield the respective bis(alkynyliodonium)salts
60 and 62,137 and the tris-alkynyliodonium species 64 is
obtained from 63.138



SCHEME 3

CH,Cl,, -42°C

+ -
RC=CSnBu; + PhI(CN)OTf RC=CIPh OSO,CF;

51 50 52

R = H, Me, n-Bu, 1-cyclohexenyl, MeOCH,, CICH,, BrCH,, CN, ClI,
MeC(OH)Ph, Ts, t-BuC(O), PhC(Q), MeOC(O), Me,NC(0O)
1-adamantyl-C(QO), 2-furyl-C(O), 2-thienyl-C(O), cyclopropyl-C(O),

/N
CN—C(C’)) { N—C(O') GN—C(O)' 0 N-c©)

50, CH,Cly, .
RC=C-C=CSnBuj — oo~ RC=C-C=CiPh OSO,CF,
53: R = Me, n-Bu, t-Bu, Ph, Me;Si 54

CHzclz,
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BuzSnC=CSnBuz *+ 2 PhI(CN)OTf

+ + -
PhIC=CIPh 2 OSO,CF;3

55 50 56
50, CH,Cly, + )
Me;SnC=C-C=CSnMes 222272, phic=C-C=CiPh 2 0S0,CF;
57 40°C 58
50, CH2C|2, + +
BusSnC=C C=CSPBu; ———=» PhIC=C c=ciph
-78°Ctort. -
n N 2 0S0,CF,
59:n=12 60

Bu3SnCEC<CH2>CECSnBu3
n

50, CH,Cl,,
-78°Ctor.t.

+ +
PhICEC(CHz C=CIPh
N 20S0,CF,

61:n=245 62
+
C=CSnBus C=CIPh
50, CH,Cl,, 3 OSO,CF;
-78°Ctor.t.
+ _C Ce
.C Cs z N
Bu,SnC* SCSnBuy PhiC CIPh
63 64

Feldman and co-workers have recently used 50 and
this methodology for the high-yield (80—90%) preparation
of alkynyliodonium tosylamides!3?14 as well as in the
formation of substituted dihydrofurans and cyclopenta-
nannelated tetrahydrofurans from the appropriate func-
tionalized alkynyliodonium salts.141142

A number of heterocyclic alkynyliodonium species 65—
67 have also been reported, but their chemistry has not
be extensively explored to date.143-148

_ RC=C—|—S(0)2
I/C_CR RC=C—I-0O CFs 0
eI a:
o] CHj
65 66 67

The vast majority of known alkynyl(aryl)iodonium salts
are stable, generally white, microcrystalline solids that
are insoluble in water and nonpolar organic solvents and
moderately soluble in acetonitrile and other polar organic
solvents.?’” Several have been fully characterized by
X-ray, and all are easily characterized by IR and NMR.
In the IR spectrum, the triple-bond absorption occurs

between 2120 and 2190 cm™%, and in the 33C NMR
spectrum the a-acetylenic carbon is generally found
between 10 and 40 ppm (upfield from the normal
acetylene signal due to the heavy atom effect of the
iodine), and the j-carbons generally are found between
110 and 120 ppm (downfield from the normal acetylene
signals due to resonance with the Phl* moiety). X-ray
data confirm the expected pseudotrigonal bipyramidal or
T-shaped geometry for these species.?”

Alkynyliodonium salts are very useful reagents, for
they serve as electrophilic acetylene equivalents, a
reversal from the usual nucleophilic reactivity of acetyl-
ides. Due to the aforementioned superior leaving ability
of the Phl™ moiety, alkynyliodonium salts readily react
with a large variety of nucleophiles to afford functional-
ized alkynes. Likewise, due to the strong inductive
electron-withdrawing nature of the Phl* group, (0, = 1.24
for Phi* vs o, = 0.39 for iodine itself),**° alkynyliodonium
salts readily undergo Michael-type conjugate addition
reactions as well as Diels—Alder and 1,3-dipolar cyclo-
additions.

A wide range of 1,3-dicarbonyl compounds can be
directly alkynylated with alkynyliodonium salts.47:150-153
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However, simple ketones or aldehydes or their enolates SCHEME 5
cannot be alkyr_lylated as the enola_tes, analogous to other i . Nu ., +  Nu IPhX
hard nucleophiles such as alkoxides, decompose alky- Nu + RC=CIPhX — C=C—IPhX| ——
nyliodonium salts. R o1 R H
Alkynyliodonium salts, like their aryl and alkenyl 84
analogues, can be efficiently coupled with a range of J
organometallic species. Interaction with vinylcopper Nu Nu
reagents'™ is stereospecific as is the reaction with c=C 1.5-CH o=c. | —O—~  Re=CcNu
organozirconium complexes!®5~157 with retention of olefin R insertion R
geometry resulting in conjugated enynes. Dialkynyl 82 83
85

cuprates lead to conjugated diynes, including unsym-
metrical diynes.’>® Alkynylcubane has been made via
cross-coupling of iodocubane with an alkynyliodonium
triflate.’>® Alkynyliodonium salts undergo alkoxycarbo-
nylation in the presence of CO, in methanol or ethanol
in the presence of catalytic Pd(OAc), and Et3N to give
RC=CCO;R! in good yields.1®°

Reactions of various alkynyliodonium salts with N, O,
S, P, Se, Te, and As nucleophiles are summarized in
Scheme 4. Specifically, reaction with lithiumamides
affords aminoalkynes!6*=163 68, including interesting
push—pull alkynes.’®* Reaction with tosylate, benzoate,
and diethyl phosphate salts provides the hitherto un-
known alkynyl tosylates!!116.165166 g9 alkynyl ben-
zoates'®7168 70, and alkynyl phosphate6”.1%° esters 71.
These alkynyl compounds combine two of the simplest
most common functional groups in organic chemistry,
namely the triple bond and esters, into a single molecular
entity.’° Moreover, the alkynylbenzoates 70 are potent
serine protease inhibitors,'”* whereas the alkynyl phos-
phates 71 are both serine protease!’? and bacterial
phosphotriesterase!’*~17> inhibitors.1"°

3002 J. Org. Chem., Vol. 68, No. 8, 2003

Interaction with various sulfur nucleophiles provides
ready access to alkynyl thiocyanates'’® 72, alkynyl sul-
fones'’”178 73, alkynyl thiotosylates!™ 74, and alkynyl
phosphorodithionates!®® 75. Phosphorus nucleophiles af-
ford alkynylphosphonium salts!37181 76 as well as alky-
nylphosphonates®®? 77. Acetylenic selenides 78 and tel-
lurides 79 are obtained via reaction with NaSeAr and
NaTeAr, respectively.'8 Likewise, PhsAs gives alkynyl-
(triphenyl)arsonium salts 80.184

All available evidence indicates that the mecha-
nism?22327 of these reactions involves a conjugate addition
of the nucleophile to the electron-deficient S-carbon to
form an iodonium ylide 81 (Scheme 5). Loss of iodoben-
zene forms the alkylidenecarbene 82, which rearranges
via migration of either R or the nucleophile to provide
the final product 83. Among the evidence for this mech-
anism is that in the presence of acid, ylide 81 can be
trapped to give stable alkenyliodonium salts 84. More-
over, if either the alkyl group or the Nu on the $-carbon
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TABLE 1. Substituted Cyclopentenones and y-Lactams via the Reaction of NaO,SC¢H,CHj3 with -Keto and

p-Amidoiodonium Triflates

Starting Iodonium
Salt

Product

Starting Iodonium
Salt

Product

< T bt
C§CIPh OTf

s
=N=
2 o

o) 2 5
Cs o, = SAr
SCIPh OTF oo
o]
+ SAr
0
o
Q Q
e AT
SCIPh OTF o}
o ? 5
1
Ce. T - ﬁﬁAr
SCIPh OTF 0
o o
. 2
SCIPh OTF R
o
o o}
Co b = 2
SCIPh OTY EQ'.)A’

0o 0o

HsC NJ\C + HsC N\b—('s?/\

3= S, ~ 30— r
(-:H3 CIPh OTf / i

o}

NJ\C\U )
Q CIPh OTf N §Ar
o

005
o) 0
X N (IS?A
st =
O Csclpn o1 I d

o) o)
(\NJ\C N (IS?A
SAL A r
o CIPh OTf (\ )/ b
o
o o)

J\ N SAr
O‘ Csclen o1 J o

of 82 has a 1,5-C—H bond, the carbene can insert
and provide a cyclopentene or five-membered heterocycle
85.

In fact, the formation of carbene 82 from alkynyliodo-
nium salts via ylide 81, and its subsequent 1,5-C—H
insertion, has been exploited in synthesis. By reacting
p-keto and p-amidoethynyliodonium triflates with
NaO,-SAr we have shown that cyclopentenones and
y-lactams readily form in moderate to good yields as
summarized in Table 1.%5 Feldman and Mares-
kal®6~18 have used this tandem Michael-addition/
carbene-insertion procedure to prepare highly substi-
tuted dihydropyrrole derivatives via appropriate alky-
nyliodonium salts. Likewise, polycyclic alkaloids have
been prepared using this approach.'4%18 Wipf and
Venkatraman®®® have used the tandem Michael addi-
tion cyclization approach, via the addition of thio-
amides to alkynyliodonium salts, as a simple means
to various thiazoles. The stereoselective synthesis of
1-acetyl-2-aminomethylcyclopropanes has been report-
ed®®! based upon the addition of tosylallylamine an-
ions and alkynyliodonium salts. Substituted benzo-

furans?®219 as well as furopyridine derivatives'®* have
been prepared via this methodology, along with 2-mer-
captothiazoles.%

p-Functionalized alkynyliodonium salts 52 readily
undergo Diels—Alder cycloadditions with symmetrical-
dienes to afford cyclodducts 86 and 87 in good yields
(eq19)'32 Diels—Alder reaction of 52 with unsymmetri-

+ - + -
RC=CIPh OSO,CF; + © — &/IPhOSOZC%
52 R
86
+ -
HC_~ HsC IPh OSO,CF3
w0 KX
HSC H3C

R
87

(19)

cally substituted dienes results in a mixture of two
regioisomeric cyclohexadienes: low regioselectivity is
observed in the case of 2-substituted dienes but better
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SCHEME 6
c
g
+o- PhsPe. . G
RC=CIPh OTf + él, \(F:,Sh PhéT/'YLCSh (23)
N otfrhs
93:M=1Ir 95: M= Ir
94: M = Rh 96: M = Rh
2+
PPh PhsP
oc PPhs P co
phic=c-c=ciph 20Tf + 1Py O o MeCN—Ir-C=C-C=C-Ir-NCMe |  (24)
CI” “PPh, Phyp C! 1 ppn,
%8 93 97 20Tf
2+
. . oc FPhs PhsP co
Phic=C c=CiPh + 93/94 —~= MeCN—Ilr\—C(IEEC CE((:DI—/Ilr—NCMe (25)
N 20T PhsP n ~ PPhs
60 o 20Tf
PhP 3
_ kglele]
C=CIPh G=c-IrNCMe
cl
+ .C Ce * oc FPhs PhsP co
Ph CIPh MeCN=Ir-C* *GIrNGMe
64  30Tf Phyp C! Cl" pph, 3 0Tf
99
~==
|
' Re
Re_ ON" | "PPh,
ON" L*PPhy ¢
I +  Megsic=clphOTf —— ¢ (27)
|
c 101 g
c .
T 100
L
i (':5 102
SiM83
[CH(C=N)CO)siEttN” + RC=CIPhX ——= (CO)sCrC=N-C=CR (28)

103

regioselectivity is found with 1-substituted dienes.®®
Likewise, Diels—Alder cycloaddition of 56 with furan or
cyclopentadiene affords 39 in good yields (eq 20).1%

+ + - =
PhIC=CIPh 2 OSO,CF; + QX —

56 X: CHa, O

X +
, iPh
{,  20s0,CF,

39 IPh

(20)

As alkynyliodonium salts are good 1,3-dipolarophiles,
various [3 + 2] cycloadditions have also been investi-
gated. Reaction of nitrile oxides 89 gives cycloadducts 90
as sole products in good yields (eq 21).2°7 Similar reactions

O _Ar
N
. -
Ar' IPh OTs
90

+ -
ArC=CIPh OTs + ArC=NO —
88 89

(21)
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with diazocarbonyl compounds afford pyrazolyliodonium
salts and methyl and phenyl azides give triazolyliodo-
nium salts, albeit in low yields,'%® whereas ethyl diazo-
acetate 91 provides regioisomeric pyrazoles 92 in moder-
ate yields (eq 22).1%°

+ -
RC=CIPh OSO,CF; + —

N,CHCO,Et

91
(22)

+ -
R IPhOSO,CFs

HN.\@>co,Et

92

Finally, alkynyliodonium salts readily react with vari-
ous organometallic nucleophiles to give diverse alkynyl-
metal complexes (Scheme 6, eqs 23—28). Reaction of
alkynyliodonium salts with Vaska'’s complex 93 or its Rh
analogue 94 give the hexacoordinate o-alkynyl complexes
95 and 96, respectively.?°© A similar reaction of 58, 60,



and 64 leads to rigid-rod di- and trimetallic o-acetylide
complexes 97—99 (Scheme 6, eqs 24—26).1%201 These
reactions amount to the direct alkynylation of organo-
metallic nucleophiles with alkynyliodonium salts, and the
product complexes 95, 96, and 97—99 are of potential
interest in NLO as organic conductors and other materi-
als applications. In contrast, reaction of 101 or 103 with
alkynyliodonium salts results in the alkynylation of a
ligand, rather than the metal itself, to provide complexes
102202 and 104,°% respectively (eqs 27 and 28). Reaction
of the m-ethylene-Pt(0) complex 105 with alkynyliodo-
nium triflates can lead to either the o-alkynyl plati-
num(Il) complex 106 or the novel 53-propargyl/allenyl
complex 107, depending both on the nature of R and the
exact reaction conditions (eq 29).2%4

TfO. PPh Me_Cq
+ - PhgP._ _CH, 3 “YATXCR
= -t ¢ — LA + 29
RC=CIPhOTf + b b-PUH,, PhsP” C, H (29)

Pt
CR PhsP™ "PPhs| -
105 OTf
106
107

4. Miscellaneous Reagents and Reactions

There are a large number of polyvalent iodine reagents
known.?=27 Several have become of special interest to
organic chemists recently. Perhaps the most useful and
widely used polyvalent organoiodine compound is the
Dess—Martin reagent 108. This stable, commercially
available (Sigma-Aldrich) pentavalent periodinane has
emerged as the reagent of choice for the oxidation of
primary and secondary alcohols to aldehydes and ke-
tones, respectively. The convenience of use, high chemo-
selectivity, and mild reaction conditions (neutral pH,
room temperature, common solvents) have made this
reagent especially useful for the oxidation of substrates
containing sensitive functional groups. Due to its func-
tional group tolerance, convenience of use, and unique,
selective oxidizing properties, the Dess—Martin reagent
is widely employed in complex natural product synthesis.
Its synthetic applications have been highlighted in two
recent overviews.205206

108

The unique oxidizing properties of 108 in key oxidation
steps in the total synthesis of several natural products
is best illustrated by such recent examples as the
synthesis of CP-molecules,??”~214 cyclotheonamide B,?'°
(£)-deoxypreussomerin A,2'¢ racemic brevioxime,?'” eryth-
romycin B,?8 (+)-discodermolide,?® (+)-cephalostatin
7,220 (+)-cephalostatin 12,2?° (+)-ritterazine K,?? 3-O-
galloyl-(2R,3R)-epicatechin-4,8-[3-O-galloyl-(2R,3R)-epi-
catechin],??* fredericamycin A,??? indolizidine alkaloids
(—)-205A, (—)-207A, and (—)-235B,2% 1,19-aza-1,19-des-
oxyavermectin B,??* angucytcline antibiotics,??® tricyclic
B-lactam antibiotics,?*®® and the platelet aggregation-
inhibiting y-lactam P1-09.2%

These are but the most recent and significant examples
of the many continuing uses of the Dess—Martin perio-
dinane 108 since its discovery and report by Dess and
Martin.?®
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Another interesting, related class of hypervalent or-
ganoiodine compounds is o-iodosyl- 109 and o-iodylben-
zoic acids 110 and their respective anions 111 and 112.
These and derived molecules are powerful nucleophiles
and their phosphorolytic reactivity is of considerable
current interest for the degradation and potential decon-
tamination of toxic organophosphorus compounds.??®

o o] 0 0
| N | ,\\O
Hd Hdo 'OI 0
109 110 111 12

There is considerable data in the literature?32¢ on the
biological activity of polyvalent iodine compounds. Of
particular recent interest is the antimicrobial activity of
various iodonium salts. For example, a variety of iodo-
nium salts are potent sequestering agents?® for PQQ 113,
a pyrroloquinoline quinone and organic cofactor, of
importance in diverse redox cycling processes, particu-
larly in dehydrogenases and mitochondrial complex 1.

CO,H
HO.C HN—
X
»
HO,C” N o]
o}
13

Finally, an elegant, recent example of the use and
importance of polyvalent iodine in synthetic organic
chemistry is the synthesis of pareitropone 120, a potent
anticancer tropoloisoquinoline alkaloid, by Feldman and
Cutarelli,?®! as summarized in Scheme 7. Functionaliza-
tion of the known oxazoline 114 provided 115, which was
converted to the iodonium salt 116, that upon treatment
with the base LiN(SiMej3), gave the alkylidenecarbene
intermediate 117 via a Michael-type addition to the
pB-acetylenic carbon and loss of Phl. Addition of the
carbene to an aromatic C=C followed by ring expansion
afforded 118 that upon treatment with KF on Al,O3; and
spontaneous air oxidation provided the desired pare-
itropone product 120 in good overall yield.?3!

5. Summary and Conclusions

It is evident from this Perspective and brief overview
that polyvalent organoiodine compounds play an impor-
tant role in organic chemistry. The last two decades have
seen the introduction of new polyvalent iodine reagents
and their ever increasing use in synthetic transforma-
tions, natural product synthesis, and biochemical pro-
cesses. Major advances have been made in the uses of
various iodonium salts such as their increasing employ-
ment in cross coupling reactions. Perhaps the single most
useful and widely employed polyvalent organoiodine
reagent is the pentavalent Dess—Martin periodinane 108.
Alkynyliodonium salts have become useful, as illustrated
by their numerous synthetic applications described herein.

I hope that this Perspective, by highlighting the ready
availability and the many beneficial properties and
advantages of polyvalent organoiodine species will stimu-
late their further use in organic chemistry. | anticipate
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SCHEME 7
OTIPS
H,CO O O
HyCO :Ny _ snBu, _(PhICN)OTS
= Heo 7 CHCly, 40°C
HaCO O
HaCO NHTs
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15
oTIPS
O LINTMS,
""" BuE 20C
H5CO. O 4 ’
HaCO NHTs
116 17

Air

(o-Tips o
RS

K—F
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N~ S H5CO Ny

HaCO
(J O
HsCO HyCO
118
19
o

HsCO 7

120

that the next score of years will see an even greater surge
of interest and activity in the use of this class of
compounds than over the past 20 years, a time that may
be considered a renaissance in polyvalent iodine chem-
istry, since their discovery nearly 120 years ago.
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