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INTRAMOLECULAR RING CLOSURE OF o,B-EPOXY SULFOXIDES WITH HYDROXYL GROUP:
A NOVEL SYNTHESIS OF 2-ACYL CYCLIC ETHERS AND 3-KETO CYCLIC ETHERSl)
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Summary Exo-trigonal-type intramolecular ring closure of the a,B-epoxy
sulfoxides with hydroxyl group gave 2-acyl cyclic ethers (5, 6, and 13 member-
ed rings) in good yields. In contrast to this, endo-trigonal-type ring

closure of the o,B-epoxy sulfoxides was rather difficult.

Recently, cyclic ethers have received much attention regarding synthetic
organic chemistry. They are found in many natural products having remarkable

2)

biological activity, such as polyether ionophor antibiotics. Many methods
for a synthesis of cyclic ethers have already been reported;3) however, much
more new methods have been desired concerning this area of chemistry.

We have reported a new synthetic method for the preparation of a-substi-
tuted carbonyl compounds from carbonyl compounds with carbon homologation

4)

through o,B-epoxy sulfoxides. In the continuation of our studies on the
novel synthetic methods through o,B-epoxy sulfoxides, here we report a new
method for the synthesis of 2-acyl cyclic ethers (3; X=0) and 3-keto cyclic

ethers (4; X=0) as shown in Scheme 1.
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In previous papers,4) we reported that the B-position of o,Bf-epoxy sulf-
oxides was quite reactive toward many kinds of nucleophiles, such as selenolate,
thiolates, and amines, giving 0-substituted carbonyl compounds in very good
yields. With these results in hand, it was anticipated that the intramolecular

version of this reactions were quite promising to construct heterocyclic com-
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pounds having ketone group. At first, we selected oxygen (hydroxyl group) as
a nucleophile (X=oxygen in 1 and 2) because the products, cyclic ethers having
ketone group, are very useful in synthetic organic chemistry as mentioned above.
Intermolecular reaction of the o,B-epoxy sulfoxides with alcohols did not work
well;4d) however, intramolecular reactions were thought to be possible because
usually the rate of the intramolecular reaction was much faster than that of
intermolecular reaction.

a,B-Epoxy sulfoxides (1 or 2; X=0, C):THP) were quite easily prepared from
carbonyl compounds and l-chloroalkyl phenyl sulfoxides in nearly gquantitative
yields as shown in Scheme 1. The a,B-epoxy sulfoxide (lb; Table 1, entry 4;
0.7 mmol in 6 ml of EtOH) was heated in refluxing ethanol in the presence of
0.2 equivalents of pyridinium p-toluenesulfonate (PPTS) to give deprotected
alcohol very quickly. Then cyclization of this intermediate alcohol took
place slowly with liberation of phenylsulfenic acid to give 2-acyl tetrahydro-
pyran (3b) in 86% yield after 6 h heating. The reaction time was shortned to
2.5 h by using refluxing l-propanol. In this reaction PPTS was found to be
essential; by heating the isolated intermediate alcohol in refluxing l-propanol
without PPTS, completely no reaction occured. It is worthy of note that in
this reaction no trace of the coupling product from lb and the alcohol used as
the solvent was produced. This fact means that high dilution conditions (in
fear of the intermolecular reaction) are not necessary.

The representative examples of the preparation of 2-acyl cyclic ethers

from the o,B8-epoxy sulfoxides are listed in Table 1. The product (5) in
entry 1 was thought to come from the normal product, epoxy

ketone (6), and l-propanol. Though the yield is moderate p o

so far, the result in entry 7 implies that this method is h

useful for the preparation of 2-acyl cyclic ethers having (0]
large ring. 6

Table 2 shows the results of the ring closure from the
a,B-epoxy sulfoxides (2). The ao,B8-epoxy sulfoxide (2a) quickly gave the
intermediate alcohol upon heating in refluxing ethanol with PPTS; however, this
alcohol was quite inert under these conditions. Prolonged heating of this
reaction mixture resulted in a complex mixture. This result is in consistent
with the Baldwin rule,s) which indicates that the 5-endo-trigonal ring closureG)
is disfavorable process. 2b gave the desired tetrahydropyran derivative (4b)
in moderate yield; however, compared to the results in Table 1, entry 4, the
reaction rate of this 6-endo-trigonal ring closure was rater slow. It is

noteworthy that 2b only gave 4b, not 7 (via generally preferring 5-exo-trigonal

ring closure). This result is in consistent with our finding that the B-
position of a,B-epoxy sulfoxides is much more reactive than the a-position.
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Preparation of 2-acyl cyclic ethers from a,B-epoxy sulfoxides (1; X=O,C>=THP)

Entry o,B-Epoxy sulfoxide (1) Conditionsa) Product Yieldb)
R1 R2 n 2
Ph O~
1 PhCH2 H 1 1a n-PrOH 5 h 5 70
OH
O
Ph (o)
2 PhCH2 H 3 EtOH (50 °C) 90
30 min
O
O
3 O— H 3 EtOH 1h 83
(0]
Ph
4 PhCH,, H 4 1b EtOH 6 h 3b 86
n-PrOH 2.5 h 85
O
) Ph (0) <)
5 PhCH2 H 4 n-PrOH 4.5 h 81
O
(0
6 H 4 n-PrOH 5 h 85
O
Ph
7 PhCH2 H 11 n-PrOH 2 d 52

a) Unless otherwise noted the reaction was carried out in refluxing solvent.

b) Isolated yield after silica gel column chromatography.

d) THPO(CH3)CH(CH2)3CHO was used as the carbonyl compound.

¢} Single isomer.

Entry 3 shows that the ring closure giving 7-membered cyclic ether is rather

difficult.

More details of this reaction and the application of this reaction for the

preparation of nitrogen and sulfur containing heterocyclic compounds (3, 4;

X=N or S) are under active investigation in these laboratories.



2606

Table 2
Preparation of 3-keto cyclic ethers from
o,B-epoxy sulfoxides (2; X=O,C)=THP,R=Ph)

Entry a,B-Epoxy sulfoxide (2) Conditionsa) Product vielaP)
n %
1 2 2a EtOH 2 4 __.°) -
(o)
Ph
2 3 2b EtoH 17 h ab 60
n-PrOH 4 h 9 57
O
Ph
3 4 2C n-PrOH 34 o) 4C 11

a) All reactions were carried out in refluxing solvent. b) Isolated
yield after silica gel column chromatography. c) A complex mixture.
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