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2,5-Disubstituted tetrahydrofurans (THF) have structural fea-

tures commonly encountered in such natural products as polyether

antibioticg and acetogenirswhich possess a variety of important
and potent biological activities. Therefore, the preparation of such
THF skeletons has attracted particular attention from many
synthetic organic chemists. Among them, hydroxy-directed
oxidative cyclizations of acyclic bishomoallylic alcohols promoted
by metal oxo species are one of the most efficient synthetic
methods of producing 2,5-disubstituted tetrahydrofurans. Re-
cently, oxidation reactions employing rhenium in a high oxidation
staté have been intensely studied in organic synthésésthis
context, Kennedyand McDonald have pioneered diastereose-

lective methods for construction of these THF skeletons by means

of syn oxidative cyclizatiorfsof bishomoallylic alcohols by
rhenium(VI11) oxide? though the applicable substrates were limited
to primary and secondary alcohdfs.The origin of high diaste-
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1 X = (CHy),CH=CMe, 2 (endo.exo = ~2:1)
additive temp time product (yield)

2,6-lutidine rt 3h 2 (trace) + 3 (18%)
2,6-lutidine 0°C 3h 2 (11%) + 3 (34%)
2,6-lutidine  -78 °C 4h no reaction
2,6-lutidine —45°C  10h  2(7.1%) + 1 (75%)

— —45°C 8h 2(76%) | ,,
(CF;C0),0 —45°C 15h 2(66%) |-

First, we attempted to find the reaction conditions compatible
with tertiary alcohols using (GEO;)ReQ;-2CH;CN!? as rheni-
um(VIl) oxide in the presence or absence of some additives in
CH.CI, at various temperatures (Scheme 2). Although treatment

reoselectivity in the reaction has been explained by steric of 1 \ith Re(VII) oxide in the presence of 2,6-lutidine, reported
(nonbonding) interaction in an alkoxyrhenium intermediati as a standard additie,at room temperature or OC afforded
this paper, we describe the new reaction conditions applicable 0syn oxidative cyclization produ albeit in very low yields, the
bishomoallylic tertiary alcohols and report conventional steric major product was dehydration compowith contrast to primary

interaction and an unexpected but efficient chelation effext
the cause of excellent diastereoselectivities (Scheme 1).
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Table 1. Trans Selective Cyclizations of Tertiary Alcohalsand

5 by Re(VIl) Oxidet )
R [(OH | Et i OH
\_H N

— W~ X
’><O_H\4_<( Re(VI)  yans 6 P
R X X
— R Et
X;\s—( QL;‘H'OH \?[c}f'_éOH
_ N N g
X = (CH2)2CH=CMe, trans 8 cis
entry substrate product (% yield)  ratio (trans:cis)
1 4(R=Me 6 (76
2 5(R=Me 8(71
3 4(R=Et 6+ 7(59 4:1
4 5(R=Et 8+ 9(64 4:1
5 4(R=i-Pr 6 (63 >99:1¢
6 5(R=i-Pr 8(44 >99:1°

aSubstratest or 5 were treated with (CF£0,)ReO:2CH,CN (4
equiv) in CHCI; in the presence of activated molecular sieves (MS)
4A (300 wt %) at—45 °C for 8 h under N atmosphere? Isolated yields.
¢ Ratios were determined B NMR integration of the mixture? As
a mixture of 4:1.2 Cis isomer could not be detected Hy NMR.

Table 2. Cis Selective Cyclizations of Tertiary Alcohos-9 by
Re(VIl) Oxide and TFAR

cis
~~

Re(VII)

6 7
8 9

TFAA

entry substrate product (% yield)  ratio (cis:trans)
1 6 (R=Me 10(71 >99:1
2 8 (R= Me 12(88 >99:1
3 6(R=Et)+ 7d 10+ 11 (79 >99:1
4 8(R=Et)+ 9 12+ 13(71 >99:1
5 6 (R=i-Pr 10(71) >99:1
6 8(R=i-Pr 12+ 14 (70F 2:1

a Substrates6—9 were treated with (CIE£O,)ReG;:2CH;CN (4
equiv) and TFAA (4 equiv) in CkCl; in the presence of activated MS
4A (300 wt %) at—45 °C for 4—8 h under N atmosphere? Isolated
yields. ¢ Trans isomer could not be detected Y NMR except for
entry 6.9 As a mixture of 4:1¢As a mixture of 2:1.

product with modest diastereoselectivity of trans=id:1 (entries
3 and 4). When R=i-Pr, complete trans selectivity (trans:eis
>99:1) was observed (entries 5 and'®).

Monocyclized compound8—9 shown in Table 1 were further
subjected to the second syn oxidative cyclization promoted by
Re(VIl) oxide in the presence of TFAA (Table 2). In this case,
the addition of TFAA was essential to induce the reac¢ficlue
to no reaction at-45 °C and a complex mixture at elevated
temperatures without TFAA.Surprisingly, all of the products
10-13'¢ except for that in entry 6, were only cis isomers in
contrast to those in Table 1 (entries—5)!! This is the first
explicit case of cis selectively controlled cyclizations promoted
by Re(VII) oxide, while secondary alcohols with a THF ring
neighboring the hydroxyl group merely exhibit the usual trans

(15) (a) All new compounds in this paper were satisfactorily characterized
by H and'*C NMR, IR, MS, and HRMS spectra. (b) The stereochemistry of
the product$ and8 (R = Me, i-Pr) was determined as follows. That @&s(R
= Me) was identical with the net anti oxidative cyclization product from V(V)-
catalyzed epoxidation 06 (R = Me) followed by acid-catalyzed epoxide
opening, and (R = Me) with that from4 (R = Me). Predictably6 (R =
i-Pr) was identical with the minor trans isomer (major cis:minor trar&5:

1) from V(V)-catalyzed monocyclization & (R = i-Pr) and8 (R = i-Pr)
with the minor trans isomer (major cis:minor trass5.4:1) from4 (R =
i-Pr). We thank the referee for suggesting this experiment on the V(V)-
catalyzed monocyclization ¢f and5 (R = i-Pr).

(16) (a) The relative stereochemistry between the 2- and 5-positions in the
THF ring-containing product§—13was determined by the presence of NOEs
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Figure 1. Steric control models for trans selective cyclizations.

Figure 2. Chelation control models for cis selective cyclizations.

selectivity?1%11 Only the diastereoselectivity 8f(R = i-Pr) was
low with the cis isomer predominating (entry 6).

These critical results might be rationalized as follows. The
formation of trans tetrahydrofurans from rhenium(VIl)-promoted
oxidative cyclizations in Table 1 is consistent with a chairlike
conformation of the alkoxyrhenium intermediatein which the
alkene and sterically large group, Rare pseudoequatorially
positioned (Figure 1)7 As exemplified by theA-values (kcal/
mol) of the substituents RMe = 1.70 < Et = 1.75< i-Pr=
2.15){8 the lower trans selectivity in R= Et than in R = i-Pr
may be attributed to deficiency in the steric bulkiness ofilR
the conformeB required for the exellent diastereoselectivity.

On the other hand, a reversal of the diastereoselectivity (i.e.,
cis selectivity) in the second Re(VIl)-promoted oxidative cycliza-
tions must be apparently relevant to the THF ring neighboring
the hydroxyl group in the substrates, irrespective of the vicinal
relative configuration (Table 2). The intramolecular coordination
of the THF ring to rheniudl could form alkoxyrhenium
intermediateC andD from 6, 7 and8, 9, respectively (Figure
2). Considering the [3 2] mechanisif in that chelation model,
the least strained approach of the alkene toward the Re oxo moiety
appears to be similar to that shown in Figure 2 (i.e., methyl and
the olefinic hydrogen are cis). Because trans selectivity is
observed in secondary alcohols even if the substrates have the
neighboring THF ring;1%1ta tertiary property in the alcoholic
substrates might play an important role in forming the rigid cyclic
coordinative intermediates such @sandD (cf., gemdimethyl
effec£?). Although the reason for lowering the cis selectivity in
entry 6 of Table 2 is not clear at presed{R = i-Pr) appears to
have difficulty in forming such a rigid chelation structure.

In summary, we have achieved steric interaction controlled trans
and chelation-controlled cis highly diastereoselective cyclizations
of bishomoallylic tertiary alcohols promoted by rhenium(VIl)
oxide. Clarification of the more detailed reaction mechanisms
and application of this reaction to natural products synthesis are
in progress.
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