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Abstract: Alcohols are converted to their corresponding 2-tetrahy-
drofuranyl ethers using (diacetoxyiodo)benzene in THF. Reactions
are carried out under reflux, or, more effectively, under microwave
irradiation. Yields up to 81% are reported without the use of chlori-
nated solvents.
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For anumber of years, we have been interested in the syn-
thesis and reactions of hypervalent iodine reagents.! Re-
cently, in an investigation of the cyclization of
hydroxyalkene 1 using hypervalent iodine compounds, a
fortuitous observation led us to discover afurther use for
iodine(l11) reagents. Thus, reaction of diol 1, with (diace-
toxyiodo)benzene at 40 °C, in THF—CH,CI, gave asingle
product in 61% yield. NMR and mass spectral analysisin-
dicated this compound to be the bis- THF-ether adduct 2
(Scheme 1).
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Schemel Reaction of 3-hexen-1,6-diol with PhI(OAc),

Subsequent investigations into the generality, and optimi-
zations of this discovery are presented herein.

A survey of theliterature showsawide variety of methods
for the formation of 2-tetrahydrofuranyl ethers that spans
five decades.? Recent methods center on the use of one
electron oxidants, such as peroxodisulfates,?" cerium(IV)
reagents,® CrCl,,? or most recently peroxy-A3-iodanes,>™
to activate tetrahydrofuran. Recent work by Ochiai has
demonstrated that 1-tert-butylperoxy-1,2-benziodoxol-3-
1H-one, aone or coupled with carbon tetrachloride, can
yield tetrahydrofuranylated alcohols.?™

Many of these methods share asignificant disadvantage as
well; the requirement of carbon tetrachloride or similar
perhal omethane to propagate the reaction or to serve as a
chlorine sourcein thein situ formation of 2-chlorotetrahy-
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drofuran, the reactive speciesin these tetrahydrofuranyla-
tions of acohols. As carbon tetrachloride and
bromotrichloromethane are almost completely banned
from use, even in research, these sometimes superior reac-
tionswill be inaccessiblein the near future.

loding(I11) compounds have been known for some time to
be excellent oxidants, and reagents for radical reactions.®
There has been little discussion of there potential as re-
agents for the formation of protecting groups.
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Scheme2 Tetrahydrofuranylation of alcohols using Phl(OAc),

2-Tetrahydrofuranyl ethers 4a-h (Scheme?2) can be
prepared in reasonable yields by the reaction of one equiv-
alent of (diacetoxy)iodobenzene, acohol 3a-h, and
tetrahydrofuran as reagent and solvent at el evated temper-
atures. Thus, heating THF solutions of the desired a cohol
and (diacetoxy)iodobenzenein asea ed tube at 80 °C gave
modest yields of the desired 2-tetrahydrofuranylated
product. Although we never detected bis-tetrahydrofuran
as aside product, aradical reaction mechanism cannot be
completely excluded.?™ The formation of the tetrahydro-
furanyl cation by oxidation with Phl(OAc), ismost likely
to be the key step in this reaction. Marked increases in
yield in some cases could be obtained by the use of a
microwave reactor. Even better yields could be obtained,
in some cases, by irradiating a solution of the three com-
ponents with microwaves under simultaneous cooling
conditions® for 1-3 hours. In all cases, reaction timeswere
greatly reduced using microwaveirradiation over conven-
tional heating. Simple aliphatic primary alcohols like de-
canol and octanol gave good to excellent yields (Table 1,
entries 1, 2) with only atrace of acohol oxidation to the
corresponding aldehydes. Aliphatic secondary acohols
(Table 1, entry 5) gave still moderate yields with no evi-
dence of oxidation. Benzyl alcohols (Table 1, entry 4)
gave good yields, but suffered from increased oxidation to
the corresponding benzaldehyde (up to 20%). Tertiary al-
cohols proved unreactive under both thermal and micro-
wave conditions. Forcing conditions (higher microwave
power and/or higher temperatures) resulted in decomposi-
tion and gave a variety of elimination products. Yields of
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Tablel Reactionsunder Thermal and Microwave Conditions
Concentration 2.0 M, yield of Concentration 0.8 M yield of
THF-ether 4a—h (reaction time) THF-ether, 4a—h (reaction time)
Entry Substrates Thermal® Microwave Thermal? Microwave
1 n-Octanol, 3a 60% (24 h) 63% (1 h) 68% (60 h) 68% (0.5 h)
2 n-Decanol, 3b 56% (72 h) 81% (1 h) 61% (24 h) 61% (1 h)
3 ©/\/OH 56% (92 h) 34% (4 h) 55% (92 h) 38% (2.5 h)
3c
4° ©/\OH 52% (96 h) 76% (1 h) 50% (24 h) 63%(1.5 h)
3d
5 : OH 69% (72 h) 52% (3 h) 55% (24 h) 59% (3 h)
3e
6¢ OH Mixture (24 h) 10% (3 h) 35% (92 h) 39% (2.5 h)
3f
7 : OH Polymer + 3g (15 h) Polymer (1 h) Polymer (1 h)
3g
8 /\OH 4% (96 h) 7% (3 h)
3h
27% PhCHO + 3i

NH»

Y

w

aThermal conditions: 2.0 mmol each of iodine reagent and acohol, with THF in a sealed microwave tube at 75-90 °C, for alotted time (in

parentheses).

b Microwave conditions: 2.0 mmol each of iodine reagent and al cohol, with THF in a sealed microwave tube in microwave reactor set to 100 °C
(100 W) with air cooling (actual temperature 83-87 °C), for allotted time (in parentheses).

¢15-20% Benzaldehyde was isolated as well.
4 15% K etone was isolated.

reactions with cinnamyl or propargyl alcohol were too
low to be of practical use. Starting material and oxidation
products were recovered.

The effect of concentration on the tetrahydrofuranylation
was also investigated. An increase in concentration (de-
crease in equivalents of THF) in the reactions gave mixed
results. In some cases higher yields of the tetrahydrofura-
nylated products were observed (Table 1, entries 2, 4, 5),
especially evident in the microwave reactions.

The reaction of phenol gave an insoluble polymer upon
reaction with the iodine(l11) reagent, presumably via an
oxidation and self-condensation of the phenalic ring. The
work of Kita® has shown that phenolic coupling with hy-
pervalent iodine reagents is a powerful tool in organic
synthesis.

Benzylamine as the nucleophile was attempted under mi-
crowave conditions. Witulski reported the reaction of pro-
pargylic amines with aryl iodonium salts in THF gave
good yields of the tetrahydrofuranylated amine product.®
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Likewise, Varvoglis had reported that the corresponding
thermal reaction of aliphatic amines with Phl(OAc), gave
amixture of products.” The microwave reaction was per-
formed with THF and benzaldehyde was obtained in a
27% yield. Nicolaou and coworkers observed similar ox-
idative behavior using IBX, an iodine(V) reagent,? and
Moriarty showed that secondary amines could be oxidized
to the corresponding imines.®

Reaction of THF and n-octanol were also performed using
other iodine(l11) reagents under the optimized microwave
and thermal conditions. Both hydroxy(tosyloxy)iodoben-
zene and bis(trifluoroacetoxy)iodobenzene failed to give
appreciable yields (<15%) of the tetrahydrofuranylated
alcohol, but rather gave either starting material or an in-
tractable mixture of degradation—oxidation products.

Aninvestigation was carried out into the scope of thesere-
action conditions by reacting Phl(OAc), and decanol in
the presence of a number of other ethers, using the opti-
mized microwave and thermal methods as shown in
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Table2 Reaction of Ethers with Phl(OAc), and Decanol under Microwave and Thermal Conditions®

Entry  Ether Product(s) Yield (%) microwave conditions®  Yield (%) thermal conditions®
1 AN CHO <10 -
5 6
2 o o._ _O 10 8
SENG A
(¢ (¢)
7 8
3 O Q o 10(17)+6(3) 38
o (¢) O)I\CHg
9 10
4 o} 0 n-CioHz1 O, n-CyoHaz1 0, 12 (23), 13 (11)
[ > [ }o’ + >—o/ 11 recovered
o o H
5 o OH OAc 6 (40)° 14 (13), 15 (3), 16 (6), 17 (3),
©/<] ©)\/0Ac ©)\/OH + Polymers
6+ +
14 15

On-CloHZl

OH
©)\/OH-C10H21 ©)\/OH
+
16 17

14

aWith air cooling (100 W, actual temperature 83-87 °C), for 4 h.

b Thermal conditions: 2.0 mmol each of Phl(OAc), and alcohol, with cyclic ether in a sealed microwave tube at 75-90 °C, for 24 h.
¢ When CH,CI, was used as a co-solvent, under microwave conditions, a2:1 mixture of 14 and 15 wasisolated in 88% yield.

Table 2. Reaction of decanol and Phl(OAc), with diethyl
ether gave only oxidation of decanol, and no acetal prod-
uct. Reaction of 1,4-dioxane under microwave conditions
gave only 10% of the desired acetal (Table 2, entry 2),
whilethermal reaction conditions gave only 8%. Reaction
of tetrahydropyran under identical reaction conditions
(microwave and thermal) gave 17% and 38%, respective-
ly, of the tetrahydropyrany! acetate 10 along with a small
amount (3%) of decanal (Table 2, entry 3). Of equal inter-
est was the reaction of 1,3-dioxolane under these reaction
conditions. It was hoped that oxidation of the formyl me-
thylene and reaction with the alcohol would access the
orthoester. While microwave reaction gave only starting
material, the thermal reaction gave two major products;
the desired orthoester 12 and formyl decanoate 13
(Table 2, entry 4) in low yields.

Finally, reaction of styrene oxide under microwave condi-
tions (Table 2, entry 5) gave large quantities of unreacted
Phl(OAc), and oxidation of decanol. The corresponding
thermal reaction gave amixture of six compounds, 14-17,
resulting from epoxide opening by either acetate or de-
canol, in low yield and two others that appear to be poly-
meric in nature. For solubility reasons, and for
comparison, we performed the microwave reaction with
dichloromethane as a co-sol vent, and we obtained an 88%
yield of the acetylated alcohols, 14 and 15, asa 2:1 mix-
ture.

In summary, we haverevealed anew procedure for the tet-
rahydrofuranylation of simple alcohols using Phi(OAc),,

and THF as both solvent and reagent. Significant rate en-
hancements can be seen, in some cases, when the reac-
tions are carried out in a microwave reactor.
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(10) Microwave Tetrahydrofuranylation. Phl(OAc), (644 mg,

2.0mmol), THF (2.50 mL) and decanol (0.38 mL, 2.0 mmol)
were placed in amicrowave tube, with amagnetic stirrer and
sedled. Thetubewasplaced inaCEM Discovery Microwave
reactor and heated (at 100 W) to 100 °C over 5 min, then
maintained at 100 °C for 1 h. Following a 30 min cool time,
the tube was removed and the contents purified directly by
flash chromatography, using 8:1 petroleum ether—Et,0. The
required fractions were concentrated under reduced pressure
to afford aclear, colorlessliquid (369 mg, 81%). *H NMR
(400 MHz, CDCl5): 8 =0.79 (t, 3H), 1.10-1.30 (m, 14 H),
1.47 (pent., 2 H), 1.65-1.97 (m, 4 H), 3.28, 3.57, 3.79, 5.03.
13C NMR (100MHz, CDCl,): § = 14.4, 23.0, 23.9, 26.56,
29.62, 29.68, 29.8, 29.9, 30.1, 32.3, 32.7, 67.0, 67.6, 104.0.
MS (El, 70 eV): m/z (%) = 227 (5) [M —H"], 211 (7), 141
(72), 71 (100), 57 (9), 43 (28), 41 (30).

Thermal Tetrahydrofuranylation. Phl(OAc), (322 mg,
1.0mmol), THF (1.25 mL) and decanol (0.19 mL, 1.0 mmol)
were placed in amicrowave tube, with amagnetic stirrer and
sealed. The tube was placed in an oil bath at 85 °C, for 24 h.
The THF was removed under reduced pressure, and the
product purified by flash chromatography, using 8:1
petroleum ether—Et,O (145 mg, 61%).
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