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Abstract—The direct aromatic carbon-oxygen bond-formation reaction was described and the novel and simple synthetic method
for chroman derivatives involving aromatic cation radical intermediates was developed using the hypervalent iodine(III) reagent,

phenyliodine(III) bis(trifluoroacetate) (PIFA).
© 2004 Elsevier Ltd. All rights reserved.

The aromatic carbon—-oxygen bond-forming reaction is
an important strategy for the synthesis of oxygen hetero-
cycles.'” Much attention has been focused on the con-
struction of chroman skeletons,* which are common
structures in many pharmaceutically and agriculturally
important compounds.>® The construction of the aro-
matic carbon—oxygen bond can be achieved through two
approaches: approach A and approach B. Approach A,
a two-step synthesis involving a metal-mediated/cata-
lyzed coupling reaction, is the general and predominant
approach to date and several methods for this purpose
were developed. Although some efficient syntheses have
been reported using the palladium-catalyzed reaction,?
these approaches still require the insertion steps of the
functional group. In contrast to approach A, approach
B, a direct aromatic carbon-oxygen bond-formation
reaction using unfunctionalized aromatics, should be a
potentially attractive means to assemble chroman skele-
tons, however, only a few facile approaches are known’*
(Scheme 1).

Over the past several years, hypervalent iodine(III) rea-
gents have received much attention due to their low
toxicity, ready availability, easy handling, and reactivi-
ties similar to those of heavy metal reagents.” As a
continuation of our research on the use of hypervalent
iodine(IIl) reagents in organic synthesis, the direct
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Approach A: Two-step synthesis

Insertion of X ; | OH [metal catalyst]
H X
= | OH (X=Br, I, OTf etc.) = ]
A A
R R Chroman

| Approach B Direct conversion

Scheme 1. Aromatic C-O bond-forming reaction.

nucleophilic substitution of electron-rich phenol ethers
involving aromatic cation-radical intermediates was
originally reported by us'® and has been extensively
applied for the novel synthesis of important aromatic
substrates such as biaryls,''"!> spirodienones,'?> quinone
imines,!* or sulfur-containing heterocycles.'* In this
communication, we focused on the oxygen as a nucleo-
phile and achieved the novel synthesis of chroman
derivatives using phenyliodine(III) bis(trifluoroacetate)
(PIFA).

Earlier, the intramolecular aromatic carbon—oxygen
bond-formation reaction via the aromatic cation radical
intermediate was reported using the heavy metal
reagent, thallium(III) trifluoroacetate, by McKillop
(Table 1, entry 1).” However, the yields of the coupling
step were low (21-30%). Alternatively, other heavy
metal reagent-mediated coupling reaction also did not
afford practical routes to chroman derivatives (entries 2
and 3). Moreover, heavy metal reagents are highly toxic
and must be handled with great care. In order to develop
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Table 1. Intramolecular oxidative cyclization of 1a

Meo@/\/\oH [0] Meom

MeO MeO (0]
1a 2a

Yield (%)

Entry Conditions

1? TLO;, BF;-Et,0, CF;CO,H, 21
(CF5CO0),0, CH,Cl,
2 RUOZ, BF}'Etzo, CF3C02H, Nr¢

(CF5CO0),0, CH,Cl,

3 VOF;, CF;CO,H, (CF;CO0),0, CH,Cl, Nr¢

4 PIFA, BF;-Et,0, CH,Cl, 28

5 PIFA, H3[PW,,04], CH;CN 20

6 PIFA, (CF;),CHOH 40

7 PIFA, MK-10, (CF;),CHOH 55
4Ref. 9.

®Isolated yield.
°Nr: not recorded.

a versatile route to the chroman derivatives via the
aromatic cation radical pathway, the reactivity of the
PIFA-mediated cyclization of 3-(3,4-dimethoxyphen-
ylpropanol (1a) was studied under various reaction
conditions. When the reaction was carried out in the
presence of acid additives, low yields were observed
(entries 4-5). On the other hand, a notable extension of
the reaction yield was exerted in poorly nucleophilic
polar solvents such as 1,1,1,3,3,3-hexafluoro-2-propanol
((CF;3),CHOH) (entry 6) and the further addition of
solid acid additives such as MK-10 caused improvement
in the yield (entry 7).

Similarly, reactions of other open precursors (1) with
PIFA were investigated in (CF;),CHOH with added
MK-10 and the results are shown in Table 2. The
chroman derivatives (2) were produced in moderate
yields (entries 1-8), while the approach for the cumaran
derivative was unsuccessful and some dimer type prod-
ucts were obtained (entry 9). The reactivity of the methyl

Table 2. PIFA-mediated synthesis of chroman derivatives

R R*

ether derivative was similar to that of the hydroxy ones
(entry 2). However, other protecting derivatives (e.g., O-
silyl, O-acetyl, O-alkyl) were given the chromans in low
yield.

A plausible reaction mechanism leading to 2a is envis-
aged as shown in Scheme 2. The radical cation A is
initially formed by the reaction of the electron-rich
aromatic ring with PIFA as mentioned in our previous
study.!® Two plausible routes are then assumed: direct
coupling (route a) or coupling to intermediate B fol-
lowed by rearrangement (route b). The spirodienone-
type compounds (3) were also detected as a side product
(29-32%) when the reaction was carried out using PIFA/
H;3[PW,04]."° Moreover, compound 3 was converted
into the corresponding chroman derivatives (2') under
(CF;),CHOH including MK-10, while deterioration of
the conversion was observed in the absence of MK-10.
Although a direct coupling pathway (route a) cannot be
rejected, the isolation of 3 and the formation of 2e-g in
Table 2 indicated the coupling reaction predominantly
proceeds via route b.

A typical experimental procedure is as follows: To a
stirred solution of the open-chain precursor (1) in
(CF;),CHOH was added MK-10 (500 mg/mmol) and
PIFA (1.05equiv) at 0°C. Stirring was continued for
0.5-4h at 0°C to rt. The solution was then filtered and

\ MeO.
route a —H*
ey )]
-&,—H MeO Wo
PIFA MeO OH MK-10
1a —~ oo ::_// ’ (CF3),CHOH
A P
| (route b) MeO R
B e ©
MeO™ 7J o

B 3

Scheme 2. Possible reaction forming mechanism for 2a.

R2
R2 PIFA, MK-10 )n
» OR in (CF3),CHOH R?
in 1
. (CF3)2 R 0O k4
1 2
Entry Substrate R! R? R? R* R n Product Yield (%)*
1 la OMe OMe H H H 1 2a 55
2 1b OMe OMe H H Me 1 2a 57
3 1c OMe OMe Me H H 1 2¢ 49
4 1d OMe OMe Me Me H 1 2d 52
5 le OMe H H H H 1 2e 43
6 1f OMe H Me H H 1 2f 45
7 1g OMe H Me Me H 1 2g 46
8 1h OCH,0 H H H 1 2h 57
9 1i OMe OMe H H H 0 2i (Trace)

#Yield of isolated products.
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concentrated in vacuo. Purification of the residue by
column chromatography on silica gel gave the corre-
sponding chroman derivatives (2).’

In conclusion, we have developed a novel and direct
synthetic method for chroman derivatives via the cation
radical pathway using hypervalent iodine reagent. The
simplicity of the reaction protocol'® employing unfunc-
tionalized aromatics in mild reaction systems may find
many advantages for its application to the synthesis of
various types of chroman derivatives. Detailed studies
along these lines are now in progress.
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Heteropoly acids contain water of hydration, which would
assist in the formation of spirodienone-type compounds.'?
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