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Reaction of 3-phenylpropanol with an activated iodosylbenzene
of BF 3—Et,0 afforded directly the 6-chromanyl(phenyl)-
chroman and its regioselective phenyl-  A%-iodanation.
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—18-crown-6 complex [PhI(OH)BF ,—18C6] in dichloromethane in the presence
A3-iodane —18C6 complex through tandem oxidative intramolecular cyclization yielding

Diaryl-A%-iodanes are versatile arylation agents in organic
synthesis. Because of their highly electron-deficient nature
and the hyperleaving group ability of ari#-iodanyl groups,
they serve as highly activated species of aryl halides in
nucleophilic aromatic substitution reactions and undergo
transfer of the aryl group to a variety of organic substrates

including carbon, nitrogen, phosphorus, and group 16 ele-

alkenes, terminal alkynes, organoboranes, silanes, and stan-
nanes 2-(Trimethylsilyl)-phenyli3-iodanes serve as useful
progenitors for the quantitative generation of benzyhes.
Chromium(ll)-mediated reactivity umpolung of diaryi-1
iodanes was recently developedrurthermore, some di-
aryliodanes are effective catalysts for the cationic and/or the
free radical polymerizations and have found many practical

ment-centered nucleophiles under mild conditions. They are applications as photoinitiators for polymerizatiéns.

also viable alternatives to aryl halides for copper- and

palladium-catalyzed cross-coupling reactions with amines,

T Tokushima University.

* Rigaku Corporation.
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Diaryl-A%-iodanes are prepared by the reaction of arenes
with iodosyl-, (diacyloxyiodo)arenes, or their derivatives in
the presence of an acid catalydise of the activated arene
with a silyl, stannyl, or boryl group makes it possible to
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S.-H. Tetrahedron Lett1999,40, 3573. (d) Kang, S.-K.; Yamaguchi, T.;
Kim, T.-H.; Ho, P.-S.J. Org. Chem1996,61, 9082.
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synthesize diaryliodanes in an exclusively regioselective ||| GTGTNGNGEGEGEGEEEE

manner under mild conditiorisDouble ligand exchange on
iodine(lll) of inorganicA®-iodanes such as (QBQ;, OIOTH,
(RCOysl, and (NCHOTf with arylsilanes and stannanes
directly affords diaryliodane% 3-Chlorovinyl- and -(tri-
flyloxy)vinyl-A 2-iodanes also undergo ligand exchange on
iodine(lll) by the reaction with aryllithiums, yielding di-
aryliodanes.We report herein a direct synthesis of 6-chro-
manyl(phenyl)-#-iodanes from 3-phenylpropanols by the
reaction with aryli3-iodanes, which involves the oxidative
intramolecular cyclization yielding chromans, followed by
their regioselective phenyiR-iodanation. Interestingly, an
intermediate spirocyclohexadiebdavors the 1,2-shift of a
carbon—carbon bond over that of a carbaxygen bond.

Recently, we reported a synthesis of a protonated iodo-
sylbenzene monometl8-crown-6 complex as crystals, in
which intermolecular hypervalent I(IH)O interactions play
an essential role in the complexattérand dramatically
increase the stability of the highly labile hydroxy(phenyl)-
A3-iodane PhI(OH)BE!' The complex1 serves as an
efficient oxidant for a broad range of functional groups such
as olefins, alkynes, enones, silyl enol ethers, sulfides, and
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this reaction, formation of 3-phenylpropanal was found to
be a minor process with less than 2% vyield.

Use of 3 equiv ofA%-iodane complexl in refluxing
dichloromethane afforded the 2:1 comp&x-18C6 in 37%
yield (Table 1, entry 2). A good yield of the product was

Table 1. Direct Synthesis of 6-Chromanyl(phenyB-ibdane3
from Alcohol 22

phenols under mild conditions, especially in water as a
solvent. Very interestingly, exposure of 3-phenyl-1-propanol
(2) to the hydroxyA3-iodane complexl (1.2 equiv) in
dichloromethane at room temperature resulted in the oxida-
tive intramolecular cyclization yielding chroman, followed
by the phenyl-#iodanation of the aromatic ring, with
formation of 6-[phenyl(tetrafluoroboratdf-iodanyljchroman

(3) as a 2:1 complex with 18-crown-6 (18C6) albeit in a
low yield (13%) (Scheme 133 Aryl-A3-iodanes undergo
oxidation of alcohols to carbonyl compountlspwever, in

(7) () Koser, G. F.; Wettach, R. H.; Smith, C.B.0rg. Chem1980,

45, 1544. (b) Ochiai, M.; Toyonari, M.; Nagaoka, T.; Chen, D.-W.; Kida,
M. Tetrahedron Lett1997,38, 6709. (c) Pike, V. W.; Butt, F.; Shah, A;;
Widdowson, D. AJ. Chem. Soc., Perkin Trans.1D99, 245.

(8) (a) Beringer, F. M.; Falk, R. A.; Karniol, M.; Lillien, I.; Masullo,
G.; Mausner, M.; Sommer, B. Am. Chem. S0d.959,81, 342. (b) Stang,

P. J.; Zhdankin, V. V.; Tykwinski, RTetrahedron Lett1991,32, 7497.
(c) Tyrra, W.; Butler, H.; Naumann, Q1. Fluorine Chem1993,60, 79.
(d) Hossain, M. D.; Ikegami, Y.; Kitamura, T. Org. Chem2006, 71,
9903.
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Stang, P. J.; Chen, KI. Am. Chem. S0d.995,117, 1667. (c) Aggarwal,

V. K.; Olofsson, B.Angew. Chem., Int. EQ005,44, 5516. (d) Kitamura,
T.; Kotani, M.; Fujiwara, Y.Tetrahedron Lett1996,37, 3721.

(20) (a) Ochiai, M.; Suefuji, T.; Miyamoto, K.; Tada, N.; Goto, S.; Shiro,
M.; Sakamoto, S.; Yamaguchi, K. Am. Chem. So2003,125, 769. (b)
Ochiai, M.; Miyamoto, K.; Suefuji, T.; Sakamoto, S.; Yamaguchi, K.; Shiro,
M. Angew. Chem., Int. ER003,42, 2191. (c) Ochiai, M.; Miyamoto, K.;
Suefuji, T.; Shiro, M.; Sakamoto, S.; Yamaguchi, Retrahedron2003,

59, 10153.

(11) (a) Ochiai, M.; Miyamoto, K.; Shiro, M.; Ozawa, T.; Yamaguchi,
K. J. Am. Chem. SoQ003,125, 13006. (b) Ochiai, M.; Miyamoto, K.;
Yokota, Y.; Suefuji, T.; Shiro, MAngew. Chem., Int. E@005,44, 75. (c)
Ochiai, M. Coord. Chem. Re:2006,250, 2771.

(12) For radical cyclizations of 3-phenylpropanols to 6-iodochromans
by the reaction with (diacetoxyiodo)benzene and molecular iodine under
irradiation with a tungsten lamp, see: (a) Muraki, T.; Togo, H.; Yokoyama,
M. Tetrahedron Lett1996,37, 2441. (b) Togo, H.; Muraki, T.; Hoshina,
Y.; Yamaguchi, K.; Yokoyama, MJ. Chem. Soc., Perkin Trans.1B97,
787.

(13) For cyclizations of 3-(alkoxyphenyl)propanols to chromans by the
reaction with [bis(trifluoroacetoxy)iodo]benzene and montmorillonite K10,
which involve the intermediacy of aromatic cation radicals via single-
electron transfer, see: Hamamoto, H.; Hata, K.; Nambu, H.; Shiozaki, Y.;
Tohma, H.; Kita, Y.Tetrahedron Lett2004,45, 2293.

1996

additive temp time yield

entry iodane (equiv) °C) (h) (%)

1 1 25 24 23¢

2 1 40 23 37¢

3 1 81 5 41¢

4 1 BF3—Et20 (3) 40 7 51 (63)%¢

5 PhIO Tf,NH (3) 40 7 38

6 PhIO HBF4s—Me20 (3) 25 5 (41)

7 PhIO BF3—Et20 (3) 40 3 61

a Unless otherwise noted, reactions were carried out usir§) Bequiv
of A3-iodanes in dichloromethane under Arisolated yields. Parentheses
are'H NMR yields. ¢ Yields of the 2:1 comple8,—18C6.9 In MeCN. ¢
Diaryl-A%-iodane4 (20%) was obtained.

obtained by using a Lewis acid additive, BFEt,O, which
probably increases the reactivity btiodane complex via

the coordination to the oxygen atom of the hydroxy group
(entry 4). In this reaction, simplés3-iodanation of the
aromatic ring in2 competes with the oxidative cyclization
and afforded the byproduct diarjf-iodane4 in 20% vyield.
Instead of the crown ether compléxuse of iodosylbenzene
in the presence of BFEt,0 (3 equiv) increased the yield
of 3to 61% (entry 7).

Figure 1 illustrates solid-state structures of the 2:1 complex
3,—18C6, in which two independent molecular complexes
A and B existt* In each complex A or B, chromanyl(phenyl)-
A3-iodanyl groups protrude face of the 18C6, providing a
perching type of host—guest relationship. The 2:1 complex
A adopts a distorted trigonal bipyramidal geometry about
the iodines with a phenyl group and an oxygen O5 occupying
apical positions and with a chromanyl group and two oxygens

(14) Crystallographic data for the 2:1 comp@x-18C6: G2Hs,B,Fsl2Os,
M = 1112.28,T = 123 K, orthorhombic, space group Fdd2 (No. 48%
18.7743(3) Ab = 29.9639(6) Ac = 31.9847(8) AV = 17993.0(6) &,
Z=16,D.=1.642 g cm3, u(Mo Ka) = 14.819 cnrt. 10 291 reflections
were collected; 10 291 were unique. R10.0270 [ > 20(1)], wR2 = 0.0580
[I > 3a(l)]. Crystallographic data have been deposited with the Cambridge
Crystallographic Data Centre as supplementary publication number CCDC-
635734. These data can be obtained free of charge via www.ccdc.cam.ac.uk/
data_request/cif.
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Figure 1. ORTEP structures of the 2:1 complax-18C6 (thermal intervention of a spirocyclohexadienyl cati®mproduced by
i”ip'sﬂtdst r?lrawn atl theBSOS(,%I pr?bdal_)iltity |?Ve|)- |a_eftt, the sz%plexd a stepwise initial elimination of the phenjf-iodanyl group

; right, the complex B. Selected interatomic distances an i i ili i
s (3111 GE 2 00 167 £08R 2 Cob 200y, WPSIERG Goup sl Shoui be consiered
12—C28 2.087(2); C+11—C7 95.04(10); C2212—C28 95.85(10). » PN : :
Symmetry operations? —X + 1/2, =Y 4+ 1/2 — 1,Z; 2 —X + hydroxy-£-iodanel would take place regioselectively at C6
1/2,-Y + 1/2,Z. yielding 6-chromanyl(phenyl}®-iodane3. Use of BR—EtO
(3 equiv) as an additive (entry 4) probably decreases the rate
of intramolecular cyclization of a hydroxy group yielding
O3Y and O4 in equatorial sites. On the other hand, the spirocyclohexa-1,4-dieng, because of the decreased nu-
complex B shows a distorted pentagonal planar coordinationcleophilicity of the hydroxy group by the coordination of
around the iodines, in which each iodine atom contacts with the Lewis acid to the oxygen atom. Therefore, in the presence
the three adjacent oxygen atoms of 18C6, O7, 08, arff O8 of the external BE—Et0, the direct aromatization yielding
for 12. The 12:--05, 12--O7, and 12--O8 distances (3.242-  the diarylA3-iodane4 will compete with the tandem oxidative
(4), 2.9669(19), and 2.9227(18) A) are shorter than the van cyclization andi3-iodanation of 3-phenyl-1-propand)to
der Waals distance (3.50 Aj,and all of the C+I1::-O5, a significant extent.

C22-12--07, and C28-12---CB triads are near-linear 1 2_Migration of spiro-1,4-dienBwith ring expansion was
(164.51(8), 165.70(8), and 171.31{P)Therefore, these close  eyaluated by the reaction of deuterated 3-phenylpropkhol
contacts are indicative of the hypervalent secondary interac-yith 88 and 58% deuterium contents at the ortho and
tions, in which each oxygen atom donates an electron pair penzylic positions, being prepared from dichlorocinnamic
into the I—Co* orbital.*? acid 10 (Scheme 3). Deuterium contents in the cyclization
Scheme 2 illustrates a reaction pathway leading to the proquct3-d obtained were determined B NMR to be
formation of 6-chromanyl-tiodane3. Nucleophilic attack 1204 at C5 and 78% at C8. These results clearly indicate a
of 3-phenyl-1-propanol (2) at the para position to the preference for the 1,2-shift of a carbecarbon bond in
positively charged iodine(lll) ofi*-iodane1, followed by spirocyclohexadien&-d yielding chroman8-da over that
internal cyclization via nucleophilic attack of the intra- 5 4 carbor-oxygen bond affording-db in a ratio of 87:
molecular hydroxy group, will produce the spiro-1,4-cyclo- 13 gapility differences between carbocatiénand 7 will
hexadiené. On the other hand, instead of the intramolecular pe reflected in the transition states for these 1,2-migrations
cyclization, simple aromatization through deprotonation gives ¢ 5
the diaryl-£-iodane 4 regioselectively. A 1,2-shift of a
carbor-carbon bond irb (path a) with reductive elimination
of iodobenzene, evoked by the excellent nucleofugality of
the phenyl-#-iodanyl group which shows a leaving group
ability about 16 times greater than triflate,produces
chroman (8). An alternative 1,2-shift of a carbeoxygen
bond in5 (path b) will also afford chroman (8). In addition
to these concerted ring-expanding rearrangement$, of

In fact, 1-oxaspiro[4,5]deca-6,9-dien-8-one (12) exclu-
sively undergoes the acid-catalyzed dienepbenol re-
arrangement through a carbecarbon bond migration and
affords 6-methoxychromarig) after methylation with Mel/
NaOH (Scheme 4%

Recent molecular orbital calculations of transition-state
energies for the ring expansion of the spirocyclohexadienyl

(15) (a) Bondi, A.J. Phys. Chem1964,68, 441. (b) Rowland, R. S.; (16) Goosen, A.; Marais, C. F.; McCleland, C. W.; Rinaldi, FICChem.
Taylor, R.J. Phys. Chem1996,100, 7384. Soc., Perkin Trans. 2995, 1227.
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8) (58)

(8 (58) {(12)
D DD D D

D

5
O B8
D

(78)
3d

|-BFa
N
Ph
O
D

3-da

a o
C[\\)LOH

10

1) MeOH/H*

2) Hy/Pd

3) LiAIH,

4) PdCl,
NaBD,

PhIO (3 equiv)

BF3-Et,0 (3 equiv) BFy
-

.
I\

Ph

CH,Clp, 40 °C, 5h
yield 54%

D
D
8-da
go
Y
PhI(1ITY M 8]

5d

1,2-C:1,2-0=87:13

o] i - BF
o)
db

Dgap 3

a Parentheses are % deuterium contents. Some benzylic deute-

riums were omitted for clarity.

cation9 at ab initio (MP2/6-31G*) and density functional
(B3LYP/6-31G*) levels show that migration of the carbon
carbon bond is favored by 24 kJ mélover that of the

carbon—oxygen bon#, which is in good agreement with
our experimental results.

Scheme 4
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The last step of the tandem oxidative cyclization dfd
iodanation of phenylpropand, i.e., introduction of the
hypervalent phenyi3-iodanyl group to chromars8j at C6,
was found to occur regioselectively as shown in Scheme 5.
Both nitration of chroman§g) with 60% nitric acid® and
radical iodination with acetyl hypoioditéhave been shown
to take place similarly at C6 and afford 6-nitro- and
6-iodochromans regioselectively.

(2-Methylphenyl)propanol4 undergoes the tandem cy-
clization andi3-iodanation by the reaction with iodosylben-
zene and BEFEtLO and afforded a 77:23 mixture of

(17) McCleland, C. W.; Ruggiero, G. D.; Williams, I. H. Chem. Soc.,
Perkin Trans. 22002, 204.
(18) Selective 1,2-migration of a carbon—oxygen bond over that of a

carbon—carbon bond was proposed in some spirocyclohexadienes. See re

13.

(19) Brancaccio, G.; Lettieri, G.; Viterbo, R. Heterocycl. Chenl973
10, 623.

(20) Lancer, K. M.; Wiegand, G. Hl. Org. Chem1976,41, 3360.
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Scheme 5
0

PhIO (2 equiv)
BF5-Et,0 (2 equiv)
8

CH5Cly, 25°C, 5 h
yield 58%

8-methyl- 15 and 5-methyl-6-chromanyli-iodanel6 in a
moderate yield (Scheme 6). The structure of thi¥dedanes

Scheme 6
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was determined by the conversion to the corresponding
iodides17 and 18, through ligand exchange on iodine(lll)
with Kl and the subsequent thermal nucleophilic aromatic
substitutior?® Predominant formation of the 8-methyl-6-
chromanylA3-iodanel5is compatible with a facile 1,2-shift

of a carbor-carbon bond in spirocyclohexadieb@yielding
8-methylchroman (20).

In conclusion, both hydroxy3-iodane-18-crown-6 com-
plex 1 [PhI(OH)BF,—18C6] and iodosylbenzene in the
presence of BFELO serve as useful agents for tandem
oxidative cyclization and3-iodanation of 3-phenylpropanols,
which directly produces 6-chromanyl(phenyP-odanes
with high regioselectivity.
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