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Abstract—Fluorinated five- to seven-membered cyclic ethers were stereoselectively synthesized from four- to six-membered cyclic
ethers having an iodoalkyl substituent by fluorinative ring-expansion reaction using p-iodotoluene difluoride. © 2003 Elsevier

Science Ltd. All rights reserved.

Considerable efforts have been expended towards the
stereoselective synthesis of fluorinated cyclic ethers
because their derivatives such as fluoro sugars have
been used in probing biochemical mechanisms and
fluoro nucleosides are expected as anti-HIV agents.'
The fluorinated cyclic ethers had been synthesized by
the cyclization of fluoro alcohols® or fluorination of
cyclic ethers.> However, these methods involve the
problems of stercoselectivity or require a multi-step
process. We wish to report here a new methodology for
the synthesis of fluorinated cyclic ethers, which includes
fluorinative ring-expansion reaction using p-iodo-
toluene difluoride (1).* The starting cyclic ether 2a can
be prepared by iodocyclization of 1-decen-5-ol as a
mixture of stereoisomers,” and was used for the reac-
tion with 1 in the presence of Et;N-5HF.® The reaction
was completed in 1 h at room temperature and a
ring-enlarged fluorinated cyclic ether 3a was obtained
as a mixture of two stereoisomers. The stereochemistry
of each isomer could be determined from 'H NMR. A
large coupling value (J=39.4 Hz) between F and H-6 in
the minor product indicates that the fluorine occupies
an axial position and the minor isomer has cis stereo-
chemistry.®® In order to confirm the stereoselectivity of
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the reaction, the major isomer of 2a, its sterochemistry
was identified to be frans,'® was separated and applied
to the reaction with 1. From trans-2a, only trans-3a
was selectively obtained and, therefore, the reaction
was shown to proceed stereoselectively (Eq. (1)).!2
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This selectivity can be explained by the following mech-
anism: the oxidation of 2a with 1 gives an unstable
hypervalent iodine intermediate (4a), which decomposes
quickly to provide the oxonium ion (5a). A fluoride ion
attacks 5a through an S\2 manner to give trans-3a
stereoselectively (Scheme 1).13

Various fluorinated six-membered cyclic ethers (3a-h)
were prepared from the five-membered starting materi-
als (2a-h) as shown in Table 1 (entries 1-8). The
fluorinative ring-expansion reaction from four to five
(entries 9-11)'* and from six to seven (entry 12) also
took place.
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Table 1. Fluorinative ring-expansion reaction of cyclic ethers using 1
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a) Stereochemistry was determined from coupling constant in NMR and NOESY. b) Isolated

yield based on 2 used. c) A single isomer.
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reaction is sluggish. As for the role of Et;N-SHF, see
Ref. 7.
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cis-3a: '"H NMR (400 MHz) § 4.58 (1H-5, d, Jp ;=48.6
Hz), 4.12 (1H-6eq, dd, Jyr=13.2 Hz, Jy geqn-6ax=13.2
Hz), 3.56 (1H-6ax, dd, Jyy r=39.4 Hz, Jy gax 11.60q=13.2
Hz), 3.29 (1H-2, brs), 2.17-2.09 (1H, m), 1.80-1.28 (11H,
m), 0.89 (3H, t, J=7.0 Hz).
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The stereochemistry of each isomer of 2a was determined
from the chemical shift of their "TH NMR spectra. The
signals of H-2 and H-5 of the trans-isomer appear at
lower fields than that of cis-isomers in 2,5-disubstituted
tetrahydrofurans.!!
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To a CH,Cl, solution (2 ml) of trans-2a (282 mg, 1
mmol) in a Teflon™ vessel was added a mixture of
Et;N-5SHF (2 ml) and 1 (333 mg, 1.3 mmol) at room
temperature and the reaction mixture was stirred at room
temperature for 1 h. (CAUTION: Although Et;N-5HF is
less corrosive than HF itself, it is recommended to use
rubber gloves.) Then the reaction mixture was poured
into water (3 ml) and the separated aqueous layer was
extracted three times with CH,Cl, (3 ml). The combined
organic layer was washed with aqueous Na,S,05,
aqueous NaHCO;, and then brine. The organic layer was
dried over MgSO, and concentrated under vacuum.
Purification by column chromatography (silica gel/hex-
ane—cther) gave trans-3a in 70% vyield: IR (neat) 2933,
2858, 1101, 1039 cm™'; '"H NMR (400 MHz, CDCl;)
4.634.43 (1H-5, dm, Jr;=48.8 Hz), 4.11-4.07 (1H-2,
m), 3.30-3.19 (2H, m), 2.26-2.18 (1H, m), 1.83-1.77 (1H,
m), 1.68-1.28 (10H, m), 0.88 (3H, t, J=6.9 Hz); °F
NMR (376 MHz, CDCl;) —188.02 to —187.83 (1F, m);
HRMS calcd for C,,H,;,OF: 174.1420, Found: 174.1409.
As for the ring-enlargement reaction of cyclic ethers
through the oxonium ion as 5a, see: (a) Bartlett, P. A.;
Ting, P. C. J. Org. Chem. 1986, 51, 2230-2240; (b)
Nakata, T.; Nomura, S.; Matsukura, H. Tetrahedron
Lett. 1996, 37, 213-216; (c) Hori, N.; Nagasawa, K.;
Shimizu, T.; Nakata, T. Tetrahedron Lett. 1999, 40,
2145-2148.

Stereochemistry of 3i and 3j was determined from NOE
spectra. NOE was observed between H-2 and Me group
on a ring in 3j. Stereochemistry of 3k was determined
from the comparison of its "H NMR with that of 3j.
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