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Diaryliodonium salts are versatile reagents in organic synthesis
and serve as highly activated species of aryl halides in nucleophilic
aromatic substitutions at the ipso positidngneir high reactivity
is probably due to the excellent nucleofugality of the aryliodonio
group, which shows a leaving group ability about fithes greater
than that of triflat€. Simple unactivated aromatic halides tend to
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their derivatives. These chiral diaryliodonium salts allow asym-
metric a-phenylation of cycligs-keto esters.

Among the most general methods for the regioselective
synthesis of organoiodonium salts is Lewis acid-catalyzed group
14 metal-iodine(lll) exchangé? Attempts at Si-I(l1l) exchange
of racemic 2-(diacetoxyiodo)-1;binaphthyl ()% with phenyl-
trimethylsilane in the presence of BEt,O, however, did not
result in formation of the desired 1;hinaphthyl-2-yl(phenyl)-
iodonium tetrafluoroborate?f but, instead, gave a cyclic five-
membered iodolium sal, presumably produced via the more
facile intramolecular cyclization at the C{2osition!! Tetraphen-
ylgermane also afforde@; however, use of the more reactive
organostannane dramatically changed the reaction course and
resulted in SrrI(Ill) exchange under mild conditions. Treatment
of (9-(+)-1 with tetraphenylstannane (1 equiv) in the presence
of BFs—ELO (2 equiv) in dichloromethane at room temperature
for 18 h in nitrogen afforded the chiral diaryliodonium s&§-(
(—)-2 as colorless prisms (mp 23€; [a]*p —47.3 (c 0.91,
acetone);=98% ee)? in 76% yield. TinA*-iodane exchange of
(9-2-(diacetoxyiodo)-2methyl-1,1-binaphthyl, prepared from
(9-2-bromo-2-methyl-1,1-binaphthyt* via bromine-iodine ex-
change, followed by sodium perborate oxidation in acetic acid,
afforded the §-2'-methylbinaphthylyliodonium salé (82%).

be nonreactive in bimolecular displacement reactions and, coN-gimilarly, (9-2'-benzylsi3-iodane5 was prepared from the known
sequently, fail to react with metal enolates under standard (9-2'-benzyl-2-bromo-1,tbinaphthylis Reaction ofC, chiral (R)-
experimental conditiond? however, it has been well established 2,2-bis(diacetoxyiodo)-1/dbinaphthytewith tetraphenylstannane
that diaryliodonium salts undergo transfer of one of the aryl groups (2 equiv) gave the bisiodonium salR¥(—)-6 (hygroscopic

to enolate anions under mild conditions to give te@rylated
carbonyl compounds.

Although some chiral onium reagents such as sulfonium,
ammonium, phosphonium, and arsonium salts are employed in
asymmetric synthesfsto date there have been no reports of the
synthesis of optically active diaryliodonium salts or of their use
in asymmetric synthesis> We report herein, for the first time,
the synthesis and characterization of the chiral diaryliodonium
salts, 1,1-binaphthyl-2-yl(phenyl)iodonium tetrafluoroborates and
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colorless powder; mp 22%C; [a]®, —234.6 (c 0.55, acetone))
as a 1:1 inclusion complex with diethyl ether in 90% vyield.
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Both the structure and the absolute configurationSp((-)-2
were unambiguously established by single-crystal X-ray analysis.
The PLUTO representation of Figure 1, which includes the
counteranion (BF) of another molecule, exhibits an essentially
square-planar arrangement with four bonds to iodireCj(1),
I—-C(21), -F(1), and +F(2)].1® Notably, the phenyl ring and
one of the naphthylyl rings are almost parallel, with a dihedral
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Figure 1. PLUTO representation of the iodonium sal§-(—)-2 with
an extra BE~ anion from the second molecule.

angle of 16.0, similar to the shifted, stacked structure of a
benzene dimeY’

Exposure of the potassium enolate of 2-(methoxycarbonyl)-1-

indanone 7a) (generated by the reaction withBuOK) to the
chiral diaryliodonium salt -2 (t-BuOH at room temperature,
20 h) gave selectively the-phenylated indanorain 65% yield.
No formation ofO-phenyl derivative was observed. This reaction

is highly regioselective in the sense that there is no evidence for

transfer of the binaphthylyl group &to the cyclics-keto ester
7a. This selectivity is in marked contrast to the reported ortho
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Table 1. Asymmetric Phenylation of thg-Keto Ester7a with
A3-lodanes

entry iodane solvent T/°C  8a %yiel®d %ee
1 2 t-BuOH 25 65 37
2 2 t-BuOH 70 69 38
3 2 t-BUOH-THF  —78 15 40
4 2 t-BuOH 25 71 37
5 2 t-BuOH 25 63 40
6 4 t-BuOH 25 68 34
7 5 t-BuOH 25 30 53
8 5 THF 25 63 44
9 6 t-BuOH 30 51 37

a|solated yields? 2 equiv of PRC=CH, was used¢ 1.1 equiv of
18-crown-6 was used.
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demonstration of asymmetric arylation of metal enolates that does
not rely on a transition metal catalyst. The results are summarized

steric effects that the unsymmetrical diaryliodonium salts experi- in Table 1. Changing the reaction temperature fre8 to 70
ence: nucleophilic ipso substitutions occur preferentially at the °C and the solvents frotiBuOH to THF, DMF, dichloromethane,

aryl groups with sterically demanding ortho substituents, so as Or methanol showed negligible effects on the degree of asym-

to provide maximum relief of the steric straihThe chiral §-
2-iodo-1,1-binaphthyl was easily recovered in higher than 80%
yields, without loss of optical purity, and reused.

The degree of asymmetric induction&# (37% ee), determined
by '"H NMR (400 MHz) analysis in the presence of the chiral
shift reagent Eu(hfg) is only moderate, but it is the first
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metric induction (33-40% ee). A similar level of ee was obtained
in the reaction with 2methyl-13-iodane §-4; however, the
sterically more demanding-benzylA3-iodane §-5 resulted in

a higher asymmetric induction up to 53% ee (entry 7). Bisiodo-
nium salt R)-6 gave thea-phenylated indanon8a in 37% ee
(entry 9). The absolute configuration of the major enantiomer in
these reactions was determined toRéy single-crystal X-ray
analysis of the dithioacetal derivati@s, obtained by repeated
fractional recrystallization. The degree of chiral induction achieved
by using several chirgl-keto estergb—f and §-2 is comparable

to that of methyl estera: 11-47% de.

Thus, in the present study, not only do we demonstratesthe
first synthesis of chiral diaryliodonium salts, via B€atalyzed
tin-13-iodane exchange, but also, even though asymmetric syn-
theses using chiralf-organoiodanes were very limited, we were
able to achieve direct asymmetdephenylation of enolate anions
derived from cyclicf-keto esters by the reaction with binaph-
thylyl(phenyl)iodonium salts.

Supporting Information Available: Experimental procedures for the
synthesis, characterization, and reaction of diaryliodonium salts; X-ray
structural information onS)-2 and §)-9a (PDF). This material is available
free of charge via the Internet at http://pubs.acs.org.
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