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The regiochemical outcome of the ring-opening of epoxides trans epoxides 2 and 4) or predominant (from cis epoxides
1 and 3) ring-opening products. However, under chelatingbearing remote polar functionalities has been established in

the case of carbocyclic (1 and 2) and the corresponding conditions, and only in the case of the cis epoxides 1 and 3,
a consistent increase in C-2 selectivity is unexpectedlyfuranosidic (3 and 4) title epoxides. Under standard

conditions, the regioisomeric C-1 products are the sole (from observed.

Introduction

Recently developed effective procedures for obtaining
chiral epoxides with outstanding enantiomeric excesses[1]

have greatly extended the use of these heterocycles for the
simultaneous construction of two adjacent stereodefined 7, [6] which was directly alkylated using the BnBr/NaH pro-
chiral centres, as a consequence of their ability to react with tocol to give a corresponding mixture of the benzylated
a large variety of nucleophiles in a completely anti stereose- epoxides cis 1 and trans 2. [6a] Simple filtration through a
lective fashion. [2] However, in many cases, the regiochemis- silica gel column yielded pure cis epoxide 1. When m-CPBA
try of this reaction is unfortunately random, thus detracting oxidation was performed on the benzylated olefin 8, the
from the excellent stereochemical results. For this reason, obtained 34:66 mixture of epoxides cis 1 and trans 2 could
extensive studies on aliphatic and cycloaliphatic oxirane be separated by flash chromatography. A similar stereo-
systems have been carried out aimed at finding procedures chemical result (epoxide cis 1/epoxide trans 2 5 25:75) was
that offer improved regiochemical control in nucleophilic also obtained upon base-catalyzed cyclization of the 67:33
ring-opening reactions. In this respect, the use of an O-het- mixture of bromohydrins 9 and 10 obtained from the reac-
erofunctionality (an ether or acetal group) in an allylic or tion of olefin 8 with NBS in aqueous THF. Bromohydrins
homoallylic relationship to the oxirane ring has been found 9 and 10 were the only addition products of this reaction,
to give satisfactory results. [3]

the regioisomeric trans 11 and 12 being completely absent
As an extension of previous studies on the regiochemical in the crude product mixture. In fact, 11 and 12 could only

behavior of epoxides derived from five-membered cyclic be obtained by reaction of epoxides 1 and 2, respectively,
systems, [4] we have now synthesized and studied the carbo- with HBr in CHCl3 (Scheme 1 and Tables 1 and 2). [7]

cyclic epoxides cis 1 and trans 2, as well as the correspond- The approximately 2:1 ratio of the stereoisomeric bromo-
ing furanosidic derivatives cis 3 and trans 4. In each of the hydrins 9 and 10 generated in the reaction of 8 with NBS
epoxides 124, the O-heterofunctionality [ether func- in THF/H2O can be expected to reflect a similar selectivity
tionality (OBzl) in 1 and 2, or an acetal in 3 and 4] is in an in the formation of the corresponding bromonium ions 15
allylic relationship to the oxirane ring. and 16, which results from a favorable interaction between

the electrophile and the O-heterofunctionality, as illustrated
Results in structure 13 (Scheme 2). Bromonium ions 15 and 16 are

then attacked by the nucleophile (H2O) in a completely re-The m-CPBA oxidation of the unsaturated alcohol 5, ob-
tained by DIBAL-H reduction of 2-cyclopenten-1-one, [5] gioselective manner at C(1) to give bromohydrins 9 and 10,

respectively (Scheme 2).afforded a 98:2 mixture of epoxy alcohols cis 6 and trans
Epoxides 3 and 4 were prepared as shown in Scheme 3.

[e] For part XII, see ref.[3a]. The reaction of 2,3-dihydrofuran with PhSeCl in the pres-
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Scheme 1

Table 1. Regioselectivity of the ring-opening reactions of the cis epoxides 1 and 3 under standard and chelating conditions

entry epoxide reagents solvent reaction time and C-1 product C-2 product yield (%)
temperature

1 1 HBr CHCl3 10 min (r.t.) 11 86 10 14 94
2 1 MeOH/H2SO4 MeOH 30 min (r.t.) 21 93 22 7 96
3 1 MeOH/LiClO4 10  MeOH 24 h (80°C) 95 5 88
4 1 NaN3/NH4Cl MeOH/H2O 18 h (80°C) 23 93 24 7 95
5 1 NaN3/LiClO4 2.5  MeCN 18 h (80°C) 89 11 89
6 1 NHEt2 EtOH 3 days (80°C) 25 87 26 13 94
7 1 NHEt2/LiClO4 5  MeCN 18 h (80°C) 70 30 90
8 1 PhSH/NEt3 MeOH 18 h (r.t.) 27 80 28 20 95
9 1 PhSH/LiClO4 2.5  MeCN 18 h (80°C) 62 38 93
10 1 LiAlH4 pentane 2 h (r.t.) 29 55 30 45 97
11 1 LiAlH4/crown pentane 18 h (r.t.) 70 30 40[a]

12 3 NaN3/NH4Cl MeOH/H2O 60 h (80°C) 31 84 32 16 96
13 3 NaN3/LiClO4 2.5  MeCN 18 h (80°C) 73 27 92
14 3 NHEt2 EtOH 3 days (80°C) 33 85 34 15 94
15 3 NHEt2/LiClO4 5  MeCN 18 h (80°C) 71 29 89
16 3 PhSH/NEt3 MeOH 18 h (r.t.) 35 80 36 20 96
17 3 PhSH/LiClO4 2.5  MeCN 18 h (80°C) 42 58 90
18 3 LiAlH4 pentane 2 h (r.t.) 37 35 38 65 95
19 3 LiAlH4/crown pentane 18 h (r.t.) 84 16 50[b]

[a] 60% of starting epoxide was still present. 2 [b] 50% starting epoxide was still present.

Table 2. Regioselectivity of the ring-opening reactions of the trans epoxides 2 and 4 under standard and chelating conditions

entry epoxide reagents solvent reaction time and C-1 product C-2 product yield (%)
temperature

1 2 HBr CHCl3 10 min (r.t.) 12 >99 9 <1 90
2 2 MeOH/H2SO4 MeOH 30 min (r.t.) 39 >99 48 <1 94
3 2 MeOH/LiClO4 10  MeOH 24 h (80°C) >99 <1 85
4 2 NaN3/NH4Cl MeOH/H2O 18 h (80°C) 40 >99 49 <1 91
5 2 NaN3/LiClO4 2.5  MeCN 18 h (80°C) >99 <1 89
6 2 NHEt2 EtOH 3 days (80°C) 41 >99 50 <1 88
7 2 NHEt2/LiClO4 5  MeCN 18 h (80°C) >99 <1 85
8 2 PhSH/NEt3 MeOH 18 h (r.t.) 42 >99 51 <1 92
9 2 PhSH/LiClO4 2.5  MeCN 18 h (80°C) >99 <1 91
10 2 LiAlH4 pentane 2 h (r.t.) 43 >99 52 <1 96
11 4 NaN3/NH4Cl MeOH/H2O 60 h (80°C) 44 >99 53 <1 94
12 4 NaN3/LiClO4 2.5  MeCN 18 h (80°C) >99 <1 89
13 4 NHEt2 EtOH 3 days (80°C) 45 >99 54 <1 90
14 4 NHEt2/LiClO4 5  MeCN 18 h (80°C) >99 <1 86
15 4 PhSH/NEt3 MeOH 18 h (r.t.) 46 >99 55 <1 95
16 4 PhSH/LiClO4 2.5  MeCN 18 h (80°C) >99 <1 87
17 4 LiAlH4 pentane 2 h (r.t.) 47 >99 56 <1 95
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Scheme 2 cies). [13] The relative amounts of the two regioisomeric

products (C-1 and C-2 products, Scheme 4 and Tables 1 and
2) obtained in each case were determined by GC and/or by
accurate 1H-NMR examination of the crude reaction prod-
ucts by integration of the easily discernible signals of the
H1, H2, and/or H3 protons of both regioisomers (when pres-
ent). In the case of epoxides 1 and 2, acetylation of the
crude reaction mixtures made it possible to determine the
relative amounts of the two regioisomers more accurately.

Scheme 4

ence of benzyl alcohol afforded the trans selenide 17. [8] Oxi-
dation of 17 with H2O2 followed by syn-elimination in the
presence of pyridine[9] afforded olefin 18. While the reaction
of 18 with m-CPBA afforded a complex, synthetically use-
less mixture, the use of peroxybenzimidic acid (PBIA) (pre-
pared in situ from benzonitrile and H2O2)[10] afforded a
21:79 mixture of the two diastereoisomeric epoxides cis 3
and trans 4, which could be separated by flash chromatog-
raphy. [11] A complementary stereochemical result favoring
the cis epoxide 3 (epoxide cis 3/epoxide trans 4 5 76:24)
was achieved upon base-catalyzed cyclization (aqueous
NaOH) of the crude mixture of bromohydrins 19 and 20,
obtained from the reaction of olefin 18 with NBS in THF/
H2O (Scheme 3). [12]

Scheme 3

Discussion

The regioselectivity observed in the ring-opening reac-
tions of both the cis epoxides 1 and 3 is strongly influenced
by the reaction conditions and by the type of nucleophile
(Table 1). The consistent (80293%) C-1 selectivity observed
in the ring-opening reactions carried out under standard
conditions can be fully rationalized in terms of a preferen-
tial attack of the nucleophile at the oxirane C(1) carbon,
which is less influenced by the unfavorable electron-with-
drawing inductive effect of the nearby ether (OBzl group,
epoxide 1) or acetal functionality (epoxide 3) (Scheme 5).Epoxides 124 were subjected to ring-opening reactions

with some representative nucleophiles (MeOH, NHEt2, In this respect, it is somewhat surprising that these reactions
are not completely C-1 regioselective. Evidently, some unfa-N3

2, PhSH, H2), both under standard non-chelating con-
ditions (reactions carried out with or without classic H-acid vorable factors are associated with the ring-opening process

at C(1), such as an increase in steric repulsion between thecatalysis), and under chelating conditions (reactions carried
out in the presence of a metal salt or other metallic spe- former oxirane oxygen and the vicinal OBzl group, as tenta-
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tively shown in structure 61 (X 5 CH2, O, Scheme 5). These under chelating conditions, a balance is struck between the

electronic [favoring nucleophilic attack at C(1)] and stereo-unfavorable factors lead to attack at the less electronically
favored C(2) oxirane position, particularly with the strong- electronic factors [favoring nucleophilic attack at C(2)]. This

accounts for the observed regiochemical results, which areest nucleophiles (NHEt2 and PhSH, Table 1).
When the same reactions were repeated in the presence of characterized overall by an unusual increase in C-2 selec-

tivity (Table 1). [4] [14] Consistent with this rationalization isa metal ion (chelating conditions) in a polar aprotic solvent
(MeCN), an increase in C-2 selectivity was observed in the fact that with both the epoxides 1 and 3, higher C-2

selectivity under chelating conditions is observed whenmost cases, [13] whereas on the basis of previous results
obtained with structurally similar substrates, strong nucleophiles, such as PhSH or H2 (from LiAlH4)

(entries 9, 10, 17, and 18, Table 1) are used, because of their[3a] [3b] [3c] [3d] [3e] [3f] [3g] [3h] an increase in C-1 selectivity might
have been expected. This means that the nucleophilic attack lower sensitivity to the electronic effects of substituents.

Analogous behaviour has been observed in similar cyclo-at the oxirane C(2) carbon of the chelated bidentate struc-
ture 58 (X 5 CH2, O, Scheme 5), which is hypothesized as hexane- and tetrahydropyran-derived oxirane sys-

tems. [3a] [3b] [3c] [3d] [3e] [3f] [3g] It is notable that in the case of thean intermediate of the ring-opening process under chelating
conditions, is somewhat favored under these conditions, as LiAlH4 reduction of 1 and 3, which gives the highest C-2

selectivity, the use of a crown ether (standard conditions)[13]a consequence of the stereoelectronic effects connected with
the ring-opening process of such chelated struc- markedly increases the C-1 selectivity (entries 10, 11, 18,

and 19, Table 1). [15]tures. [3a] [3b] [3c] [3d] [3e] [3f] [3g] Actually, a detailed examination
of the chelated bidentate structure 58 (X 5 CH2, O) indi- The results obtained with the trans epoxides 2 and 4

showed an interesting, from a synthetic point of view, com-cates that nucleophilic attack on the oxirane carbon C(1),
which is favored by the inductive effect of the substituent, plete C-1 selectivity which turned out to be totally insensi-

tive to the conditions of the ring-opening (Table 2). In thisleads to a reasonably stable five-membered ring
2C(2)2C(3)2O2M2O2 (structure 59, X 5 CH2, O), al- respect, the regiochemical behavior of the trans epoxides

2 and 4, which is completely determined by the inductivethough the bonds and lone pairs may be eclipsed. On the
other hand, nucleophilic attack at C(2) of 58 (X 5 CH2, electron-withdrawing effect of the substituent, is in agree-

ment with previous results obtained for other trans oxiraneO), even though it is disfavored by the inductive electron-
withdrawing effect of the substituent, leads to a chair-like systems.[3a] [3b] [3c] [3d] [3e] [3f] [3g]

In conclusion, the metal salt (LiClO4) promoted ring-six-membered ring 2C(1)2C(2)2C(3)2O2M2O2 (struc-
ture 60, X 5 CH2, O), in which the bonds and lone pairs opening of functionalized 1,2-epoxides appears to be a use-

ful tool for controlling the regioselectivity of the process. Inare staggered. This makes the oxirane C(2) carbon of 58,
and hence that of 1 and 3, more reactive under chelating the present case of cis epoxides 1 and 3, this simple method-

ology makes it possible to obtain some of the correspond-conditions than under standard ones. As a consequence,

Scheme 5
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ing C-2 products, which would otherwise be difficult to syn- The conformational equilibria of the epoxides 1 and 2

were determined by examination of the signal of the protonthesize. This could be of some interest, particularly in the
case of epoxide 3 (which is also the more C-2 selective un- H3, α to the OBzl group, in the 1H-NMR spectra of these

compounds. The larger coupling constant in 1 (J 5 7.4 Hz)der chelating conditions), considering the close similarity of
this epoxide and its ring-opened products to natural glyco- and the smaller value in 2 (J 5 5.4 Hz) indicate that this

proton is pseudoaxial in the former and pseudoequatorialfuranosides and related compounds.
in the latter. Thus, both 1 and 2 preferentially adopt the

Structures, Configurations, and Conformations boat conformations 1a and 2a (Scheme 5). [17] [18]

The relative structures of the regioisomeric pairs of C-1The structures and relative configurations of epoxides cis
and C-2 products obtained from the ring-opening reactions1 and trans 2 were unequivocally established by their
of epoxides cis 1 and 3, as well as of the C-1 products ob-method of preparation, on the basis of the known het-
tained from trans epoxides 2 and 4, were unequivocally as-eroatom-directed peracid epoxidation. [6d] As for epoxides 3
signed on the basis of the usual considerations, as in pre-and 4, their relative configuration was determined only by
vious examples.[3a-f] [4]examination of the IR spectra in dilute CCl4 solution of the

As previously observed for other related cyclopentane de-alcohols (37 and 38 from 3, and 47 from 4) obtained upon
rivatives, [4] the IR spectra in dilute CCl4 solution of the C-their reduction with LiAlH4. Both alcohols 37 and 38 show
1 and C-2 products from the cis epoxides 1 and 3 (bromohy-the presence of a band characteristic of an OH···O interac-
drins 10211 and compounds 21238), the C-1 productstion: at ν̃ 5 3570 cm21 (1,2-OH···O) in 37 and at ν̃ 5 3551
from the trans epoxides 2 and 4 (bromohydrin 12 and com-cm21 (1,3-OH···O) in 38 (Table 3). In contrast, alcohol 47
pounds 39247), and the C-2 product from the trans epoxideshows the presence of an intense band at ν̃ 5 3624 cm21,
2 (bromohydrin 9) (Scheme 4) show three characteristic pat-characteristic of a free (non-bonded) OH group (Table
terns, which, on the basis of appropriate considerations, can3). [4] [16] Bearing in mind that following the reduction of an
be correlated to three of the four possible 1,2-trans relation-epoxide, the configuration of the alcohol(s) obtained corre-
ships (Scheme 6 and Table 3): [4] [16] [20]sponds to that of the starting epoxide, on the basis of these

results we can assign the cis configuration to epoxide 3 and (a) C-1 products from cis epoxides 1 and 3: The presence
of an intense band at ν̃ 5 355323572 cm21 due to a cisthe trans configuration to the diastereoisomeric epoxide 4.

Table 3. Spectroscopic data for bromohydrins 9212 and compounds 21247[a]

compd. 1H NMR δ IR (CCl4) (OH stretching), cm21

H1 (W1/2,Hz)[b-d] H2 (W1/2,Hz)[b-d] H3 (W1/2,Hz)[e] 1,3-OH...O 1,2-OH...O free OH

9 [f] 4.50 (18.0)[b][g] [f] 2 2 3616
10 4.30 (17.0)[d][g] [f] [f] 3543[n] 2 3610
11 [f] [f] [f] 2 3553[o] 2
12 3.78 (19.6)[b][h] 4.23 (17.4)[d][i] 3.93 (21.8)[j] 2 2 3610[o]

21 [f] 3.68 (13.3)[d][g] [f] 2 3552 2
23 [f] [f] [f] 2 3560 2
24 [f] [f] 3.96 (14.0)[g] 3543[n] 2 3622[n]

25 3.01 (21.2)[c][h] 3.94 (12.8)[d][i] 3.83 (14.8)[j] 2 3558 2
26 [f] 3.04 (12.8)[c][j] [f] 3545[n] 2 3616[n]

27 3.58 (19.1)[c][g] [f] [f] 2 3560 2
28 4.09 (17.7)[d][g] 3.59 (9.0)[c][i] 3.90 (13.3)[g] 3543[n] 2 3616[n]

29 2 4.09 (14.1)[d][g] 3.81 (17.6)[h] 2 3572 2
30 4.26 (17.2)[d][g] 2 4.09 (13.8)[h] 3549[n] 2 3624[p]

31 3.64 (16.6)[c][j] 3.93 (14.3)[d][g] 5.05 (J 5 4.4)[k] 2 3564 2
32 [f] [f] 5.04[l] 3547 2 3626[p]

33 3.31 (21.0)[c][j] 3.77 (16.0)[d][j] 5.05 (J 5 4.7)[k] 2 3566 2
34 4.28 (14.6)[d][h] 3.26 (8.3)[c][j] 5.07 (J 5 1.5)[k] 3549[n] 2 3622[n]

35 3.64 (14.2)[c][j] 4.11 (14.2)[d][g] 5.13 (J 5 4.5)[k] 2 3562 2
36 4.24 (21.7)[d][g] 3.75[c][l] 5.16[l] 3543 2 3616[p]

37 2 4.25 (17.8)[d][g] 5.02 (J 5 4.4)[k] 2 3570 2
38 4.35 (17.7)[d][g] 2 5.27 (J 5 4.3)[k] 3551[o] 2 2
39 3.74 (21.2)[c][h] 3.99 (19.1)[d][j] 3.54 (21.2)[h] 2 2 3614
40 3.61 (17.5)[c][g] 3.97 (14.0)[d][i] 3.79 (17.5)[g] 2 2 3618
41 2.95 (18.5)[c][g] 3.92 (14.8)[d][j] 3.77 (14.8)[g] 2 2 3610[n]

42 3.26 (17.4)[c][m] 3.97 (15.2)[d][j] 3.83 (15.8)[g] 2 2 3614
43 2 4.16 (17.5)[d][g] 3.76 (17.5)[g] 2 2 3624
44 [f] 4.24 (5.1)[d][g] 4.99[l] 2 3591[p] 3622
45 3.26 (22.0)[c][h] 4.19 (7.6)[d][j] 4.96 (J 5 1.1)[k] 2 2 3616
46 3.55 (13.8)[c][h] 4.25 (9.5)[d][g] 5.03[l] 2 3593[p] 3620[n]

47 4.21 (8.5)[d][j] 4.92[l] 2 3599[p] 3624[n]

[a] Compound 22 (Scheme 4), which is produced in insignificant amounts in the methanolysis reactions of epoxide 1, is not included.
Compounds 48256 (Scheme 4) are not obtained in the ring-opening reactions of epoxides 2 and 4. 2 [b] CHBr. 2 [c] CHY. 2 [d] CHOH.
2 [e] CHOBzl (Schemes 1 and 5). 2 [f] The signal overlaps with other signals. 2 [g] Multiplet. 2 [h] Doublet of doublet of doublets. 2
[i] Triplet. 2 [j] Doublet of doublets. 2 [k] Doublet. 2 [l] Singlet. 2 [m] Quartet. 2 [n] Strong band. 2 [o] Broad band. 2 [p] Weak band.
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Scheme 6

2-Cyclopenten-1-ol (5): A 1  DIBAL-H solution in hexane (601,2-interaction between the two adjacent groups (OH and
ml) was added dropwise at 025°C to a stirred solution of 2-cyclo-OBzl), possible in both conformations A and B.
penten-1-one (4.10 g, 50.0 mmol) in anhydrous benzene (75 ml).(b) C-2 products from cis epoxides 1 and 3: The presence
After stirring for 2 h, MeOH was added at the same temperature.of an intense band at ν̃ 5 354323551 cm21 attributable to
Concentration of the filtered organic solution afforded a crudea cis 1,3-OH···O interaction, possible only in conformation
liquid product (4.0 g) essentially consisting of alcohol 5, which was

C with the relevant groups (OH and OBzl) in a 1,3-di- directly utilized in the next step without further purification.[5]

pseudoaxial relationship. A band at ν̃ 5 361023626 cm21,
characteristic of a free OH, is also present, indicating a 3-(Benzyloxy)cyclopentene (8): A solution of alcohol 5 (0.84 g,

10.0 mmol) in anhydrous THF (10 ml) was added to a stirred sus-minor contribution from conformer D with the OH and
pension of NaH (0.60 g of an 80% dispersion in mineral oil, 20.0OBzl groups in a 1,3-dipseudoequatorial relationship.
mmol) in anhydrous THF (20 ml) containing benzyl bromide (1.2(c) C-1 products from trans epoxides 2 and 4, and C-2
ml, 10.5 mmol) and the resulting mixture was stirred at 50°C forproducts from trans epoxide 2 (bromohydrin 9 is the sole
18 h. After cooling, dilution with diethyl ether, and addition ofrepresentative of this class of compounds): The presence of
water (caution!), concentration of the washed (saturated aqueous

a single band at ν̃ 5 361423624 cm21, attributable to a NaHCO3) organic phase afforded a crude liquid product (1.48 g),
free OH group. In these compounds, the 1,2- or 1,3-trans which was filtered through a short silica gel column. Elution with
relationship between the OH and the OBzl groups does not petroleum ether afforded pure olefin 8 (1.23 g, 71% yield) as a
allow any type of interaction (i.e. hydrogen bond) in either liquid. 2 1H NMR (CDCl3): δ 5 7.2727.37 (m, 5 H), 5.98 (m, 2

H), 4.69 (m, 1 H), 4.55 (ABdd, 2 H, J 5 11.7 Hz), 1.7922.62 (m,of the two possible conformations E or F (C-1 products) and
4 H). 2 C12H14O (174.2): calcd. C 82.71, H 8.09; found C 82.60,G or H (C-2 products). In fact, an additional weak band at
H 8.15.ν̃ 5 359123599 cm21 is observed in some C-1 products de-

rived from epoxide 4 (compounds 44, 46 and 47, Table 3),
Oxidation of Olefin 8 with m-CPBA: A solution of olefin 8 (0.35

due to a 1,2-OH···O interaction between the OH group and g, 2.0 mmol) in CH2Cl2 (15 ml) was treated at 0°C with 55% m-
the endocyclic oxygen, which is only possible in confor- CPBA (0.75 g, 2.4 mmol) and the resulting mixture was stirred at
mation F, as shown in Scheme 6.[20]

this temperature for 3 h. Dilution with further CH2Cl2 and concen-
tration of the washed (10% aqueous Na2S2O3, saturated aqueousFinancial support from the Consiglio Nazionale delle Ricerche
NaHCO3, 5% aqueous NaOH, and saturated aqueous NaCl) or-(CNR) and the Ministero della Università e della Ricerca Scien-
ganic phase afforded a crude product (0.35 g) consisting of a 34:66tifica e Tecnologica (MURST), Roma, is gratefully acknowledged.
mixture of epoxides 1 and 2 (GC), which was subjected to flash
chromatography. Elution with an 85:15 mixture of hexane andExperimental Section
AcOEt afforded pure epoxides cis 1 (0.10 g) and trans 2 (0.21 g).

General Methods: For general experimental details and pro-
cedures see ref. [3a]. 1H- and 13C-NMR spectra of CDCl3 solutions rel-(1R,2R,3S)-3-(Benzyloxy)-1,2-epoxycyclopentane (1): Liquid.

2 1H NMR (CDCl3): δ 5 7.1827.33 (m, 5 H), 4.56 (s, 2 H), 3.97were recorded at 200 and 50 MHz, respectively, with a Bruker AC
200 spectrometer. GC analyses were performed on a Perkin-Elmer (ddd, 1 H, J 5 7.4 and 0.9 Hz), 3.39 (m, 2 H), 1.9822.08 (m, 1

H), 1.6921.79 (m, 1 H), 1.3121.60 (m, 2 H). 2 13C NMR (CDCl3):8420 apparatus (FI detector) with a 30 m 3 0.25 mm (i.d.) 3 0.25
µm (film thickness) DB-WAX fused silica capillary column. In all δ 5 138.79, 130.34, 128.94, 128.34, 128.26, 127.57, 72.12, 56.82,

55.78, 26.00, 24.14. 2 C12H14O2 (190.2): calcd. C 75.76, H 7.41;cases, the injector and detector temperatures were 250°C and a 2
ml/min nitrogen flow rate was employed. found C 75.80, H 7.21.
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rel-(1R,2R,3R)-3-(Benzyloxy)-1,2-epoxycyclopentane (2): Liquid. which was subjected to preparative TLC using a 75:25 mixture of

hexane and AcOEt as eluent. Extraction of the two most intense2 1H NMR (CDCl3): δ 5 7.1827.29 (m, 5 H), 4.44 and 4.53
(ABdd, 2 H, J 5 11.8 Hz), 4.02 (d, 1 H, J 5 5.4 Hz), 3.45 (dd, 2 bands (the faster moving band contained 11) afforded pure 10

(0.018 g) and rel-(1R,2R,5R)-2-(benzyloxy)-5-bromo-1-cyclopenta-H, J 5 9.5 and 2.4 Hz), 1.6321.90 (m, 3 H), 1.4221.43 (m, 1 H).
2 13C NMR (CDCl3): δ 5 138.74, 129.01, 128.31, 128.26, 79.34, nol (11) (0.12 g) as a liquid. 2 IR (CCl4), see Table 3. 2 1H NMR

(CDCl3): δ 5 7.2527.40 (m, 5 H), 4.50 and 4.60 (ABdd, 2 H, J 572.05, 57.70, 26.78, 25.88. 2 C12H14O2 (190.2): calcd. C 75.76, H
7.41; found C 75.65, H 7.09. 11.5 Hz), 4.1324.19 (m, 3 H), 2.6022.43 (m, 1 H), 2.0622.23 (m,

1 H), 2.0221.71 (m, 2 H); see also Table 3. 2 13C NMR (CDCl3):Reaction of Olefin 8 with NBS in THF/H2O: A solution of olefin
δ 5 138.1, 129.2, 128.7, 128.4, 79.7, 79.1, 72.5, 54.3, 32.3, 28.2. 28 (0.35 g, 2.0 mmol) in a 3:1 THF/H2O mixture (16 ml) was treated
C12H15BrO2 (271.2): calcd. C 53.15, H 5.57; found C 53.01, H 5.28.with NBS (0.41 g, 2.3 mmol) and the mixture was stirred at room
Acetate: Liquid. 2 1H NMR (CDCl3): δ 5 7.2427.39 (m, 5 H),temperature for 2 h. Dilution with diethyl ether and concentration
5.17 (t, 1 H, J 5 5.1 Hz), 4.49 (s, 2 H), 4.1924.35 (m, 2 H),of the washed (10% aqueous Na2S2O3 and saturated aqueous
2.4222.61 (m, 1 H), 2.11 (s, 3 H), 1.7722.23 (m, 3 H). 2NaCl) organic phase afforded a crude liquid product (0.96 g) con-
C14H17BrO3 (313.2): calcd. C 53.69, H 5.47; found C 53.81, H 5.77.sisting of a 67:33 mixture of bromohydrins 9 and 10, which was

The crude reaction product (0.185 g) from the epoxide trans 2,subjected to flash chromatography. Elution with an 85:15 mixture
consisting of bromohydrin 12, was filtered through a silica gel col-of hexane and AcOEt afforded pure bromohydrins 9 (0.59 g) and
umn. Elution with an 8:2 mixture of hexane and AcOEt afforded10 (0.23 g).
pure rel-(1R,2S,5R)-2-(benzyloxy)-5-bromo-1-cyclopentanol (12)

rel-(1R,2S,3R)-3-(Benzyloxy)-2-bromo-1-cyclopentanol (9):
(0.13 g) as a liquid. 2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3):

Solid, m.p. 60.5261.5°C. 2 IR (CCl4), see Table 3. 2 1H NMR
δ 5 7.2427.38 (m, 5 H), 4.59 (s, 2 H), 4.23 (t, 1 H, J 5 6.2 Hz),

(CDCl3): δ 5 7.2427.42 (m, 5 H), 4.52 and 4.63 (ABdd, 2 H, J 5
3.93 (dd, 1 H, J 5 16.2 and 7.5 Hz), 3.78 (ddd, 1 H, J 5 7.9 and

11.8 Hz), 4.4624.54 (m, 1 H), 4.0124.14 (m, 2 H), 2.2622.39 (m,
5.9 Hz), 1.7622.36 (m, 4 H); see also Table 3. 2 13C NMR

1 H), 1.8022.15 (m, 2 H), 1.4421.70 (m, 1 H); see also Table 3. 2
(CDCl3): δ 5 138.6, 129.1, 128.4, 85.4, 83.2, 72.2, 53.3, 32.3, 29.0.13C NMR (CDCl3): δ 5 138.5, 129.0, 128.5, 128.4, 79.4, 78.8, 72.4,
2 C12H15BrO2 (271.2): calcd. C 53.15, H 5.57; found C 53.49, H

60.2, 29.4, 27.8. 2 C12H15BrO2 (271.2): calcd. C 53.15, H 5.57;
5.73. Acetate: Liquid. 2 1H NMR (CDCl3): δ 5 7.2527.35 (m, 5

found C 53.39, H 5.71.
H), 5.41 (dd, 1 H, J 5 4.0 and 2.7 Hz), 4.52 and 4.64 (ABdd, 2 H,

rel-(1R,2S,3S)-3-(Benzyloxy)-2-bromo-1-cyclopentanol (10): J 5 11.9 Hz), 4.06 (ddd, 1 H, J 5 10.6, 6.2 and 3.8 Hz), 3.84 (td,
Liquid. 2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5 1 H, J 5 5.8 and 2.7 Hz), 2.1622.31 (m, 2 H), 2.07 (s, 3 H),
7.2627.40 (m, 5 H), 4.56 and 4.64 (ABdd, 2 H, J 5 11.7 Hz), 1.9622.10 (m, 2 H). 2 C14H17BrO3 (313.2): calcd. C 53.69, H 5.47;
4.3724.22 (m, 1 H), 4.1124.21 (m, 2 H), 2.1222.31 (m, 2 H), found C 53.70, H 5.81.
1.8022.10 (m, 2 H); see also Table 3. 2 C12H15BrO2 (271.2): calcd.

trans-2-(Benzyloxy)-3-(phenylselenyl)tetrahydrofuran (17): Fol-
C 53.15, H 5.57; found C 53.10, H 5.26. Acetate: Liquid. 2 1H

lowing a previously described procedure, [8] treatment of a solution
NMR (CDCl3): δ 5 7.2627.45 (m, 5 H), 5.1925.23 (m, 1 H), 4.56

of PhSeCl (2.10 g, 11.0 mmol) in anhydrous THF (50 ml) with 2,3-
and 4.65 (ABdd, 2 H, J 5 12.0 Hz), 4.1324.15 (m, 2 H), 2.0422.31

dihydrofuran (0.70 g, 10.0 mmol) and a mixture of benzyl alcohol
(m, 2 H), 2.07 (s, 3 H), 1.6421.94 (m, 2 H). 2 C14H17BrO3 (313.2):

(1.83 g, 17.0 mmol) and NEt3 (1.51 g, 15.0 mmol) afforded a crude
calcd. C 53.69, H 5.47; found C 53.42, H 5.34.

liquid product (2.8 g) consisting of crude selenide 17 (1H NMR),
Base-Catalyzed Cyclization of the Mixture of Bromohydrins 9 and which was purified by filtration through a silica gel column. Elution

10: A solution of the aforementioned 67:33 crude mixture of with a 95:5 mixture of petroleum ether and AcOEt afforded pure
bromohydrins 9 and 10 (0.56 g, 2.0 mmol) in anhydrous benzene 17 (2.5 g, 76% yield) as a liquid. 2 1H NMR (CDCl3): δ 5
(40 ml) was treated with tBuOK (2 3 0.25 g, 2 3 2.0 mmol) and 7.4627.55 (m, 2 H), 7.1927.36 (m, 8 H), 5.23 (s, 1 H), 4.43 and
the mixture was stirred for 2 h at room temperature. Concentration 4.67 (ABdd, 2 H, J 5 11.8 Hz), 3.9424.17 (m, 2 H), 3.77 (ddd, 1
of the filtered organic solution afforded a crude liquid product H, J 5 7.7, 4.3 and 0.8 Hz), 2.4522.62 (m, 1 H), 1.8422.00 (m,
(0.36 g) consisting of a 25:75 mixture of epoxides 1 and 2 (GC). 1 H).

Epoxide cis 1: A solution of olefin 5 (0.504 g, 6.0 mmol) in 2-(Benzyloxy)-2,5-dihydrofuran (18): A solution of selenide 17
CH2Cl2 (45 ml) was treated at 0°C with 55% m-CPBA (2.06 g, 6.6 (0.30 g, 0.90 mmol) in CH2Cl2 (4.0 ml) and pyridine (0.3 ml) was
mmol) and the reaction mixture was stirred at this temperature for treated at 0°C with 16% aqueous H2O2 (0.7 ml) and the mixture
1 h. Standard work-up afforded a crude liquid product (0.40 g, was stirred at this temperature for 12 h. Dilution with CH2Cl2 and
67% yield) consisting of a 98:2 mixture of epoxy alcohols 6 and 7 concentration of the washed (saturated aqueous NaHCO3 and
(GC),[6] which, without further purification, was added to a sus- NaCl) organic solution afforded a liquid product (0.21 g), which
pension of NaH (0.24 g of an 80% dispersion in mineral oil, 8.0 was filtered through a silica gel column. Elution with a 95:5 mix-
mmol) in anhydrous THF (12 ml) containing benzyl bromide (0.48 ture of petroleum ether and AcOEt afforded pure olefin 18 (0.12
ml, 4.0 mmol). The usual work-up afforded a crude liquid product g, 76% yield) as a liquid. 2 1H NMR (CDCl3): δ 5 7.2427.44 (m,
(0.68 g) consisting of a 98:2 mixture of epoxides 1 and 2 (GC), 5 H), 6.2526.30 (m, 1 H), 5.9525.98 (m, 1 H), 5.8125.87 (m, 1 H,
which was filtered through a silica gel column. Elution with petro- W1/2 5 10.1 Hz), 4.57 and 4.75 (ABdd, 2 H, J 5 11.8 Hz),
leum ether afforded the pure epoxide cis 1 (0.54 g). 4.7124.82 (m, 1 H), 4.5524.69 (m, 1 H). 2 C11H12O2 (176.2):

calcd. C 74.97, H 6.86; found C 74.76, H 7.05.Reaction of Epoxides 1 and 2 with HBr/CHCl3: The following
procedure is typical. A solution of the epoxide cis 1 (0.177 g, 0.93 Oxidation of Olefin 18 with Peroxybenzimidic Acid: Following a

previously described procedure, [10] to a vigorously stirred suspen-mmol) in CHCl3 (10 ml) was treated with 48% aqueous HBr (3 ml)
and the reaction mixture was stirred at room temperature for 30 sion of K2CO3 (0.142 g) in MeOH (3.0 ml) containing olefin 18

(1.0 g, 5.7 mmol) and benzonitrile (0.88 g, 8.5 mmol) at 15220°C,min. Concentration of the washed (saturated aqueous NaHCO3

and NaCl) organic phase afforded a crude product (0.210 g) con- 35% aqueous H2O2 (1.40 ml, 14.2 mmol) was added dropwise. The
reaction mixture was stirred at this temperature for 1 h, then atsisting of an 86:14 mixture of bromohydrins 11 and 10 (1H NMR),
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40°C for 30 min. A small amount of Pd/C was added at this tem- 1.6321.80 (m, 2 H); see also Table 3. 2 13C NMR (CDCl3): δ 5

138.9, 129.0, 128.4, 128.3, 85.7, 83.9, 82.8, 72.1, 57.7, 27.1, 26.6. 2perature in order to destroy the excess H2O2. Dilution with CHCl3
and concentration of the washed (saturated aqueous NaCl) organic C13H18O3 (222.3): calcd. C 70.24, H 8.16; found C 70.31, H 8.44.

Acetate: Liquid. 2 1H NMR (CDCl3): δ 5 7.2327.34 (m, 5 H),solution afforded a crude product, which was repeatedly extracted
with petroleum ether. Evaporation of the combined organic ex- 5.15 (t, 1 H, J 5 2.7 Hz), 4.55 and 4.62 (ABdd, 2 H, J 5 12.2 Hz),

3.81 (ddd, 1 H, J 5 5.4 and 3.1 Hz), 3.66 (m, 1 H), 3.36 (s, 3 H),tracts afforded a crude liquid product (1.16 g) consisting of a 21:79
mixture of epoxides cis 3 and trans 4 (1H NMR), which was sub- 2.06 (s, 3 H), 1.8821.90 (m, 4 H). 2 C15H20O4 (264.3): calcd. C

68.16, H 7.62; found C 68.42, H 7.35.jected to flash chromatography. Elution with an 8:2 mixture of hex-
ane and AcOEt afforded pure epoxides cis 3 (0.097 g) and trans 4 Methanolysis of Epoxides 1 and 2 in the Presence of LiClO4 2
(0.72 g). General Procedure: The epoxide (0.25 mmol) was added to a 17 

LiClO4 solution in anhydrous MeOH (1.0 ml) and the reaction ,-Benzyl-2,3-dehydro-α-erythrofuranoside (3): Liquid. 2 1H
NMR (CDCl3): δ 5 7.1427.47 (m, 5 H), 5.08 (s, 1 H), 4.57 and mixture was stirred at 80°C for 24 h. Dilution with diethyl ether

and concentration of the washed (saturated aqueous NaCl) organic4.81 (ABdd, 2 H, J 5 12.0 Hz), 3.70 and 4.15 (ABdd, 2 H, J 5

10.8 Hz), 3.72 and 4.17 (ABdd, 2 H, J 5 10.8 Hz), 3.64 (s, 2 H). solution afforded a crude product, which was analyzed by GC and
1H-NMR spectroscopy (Tables 1 and 2).2 13C NMR (CDCl3): δ 5 138.12, 129.09, 128.70, 128.51, 101.22,

71.40, 67.62, 56.56, 55.38. 2 C11H12O3 (192.2): calcd. C 68.73, H Azidolysis of Epoxides 124 with NaN3/NH4Cl: The following
6.29; found C 68.59, H 6.35. procedure is typical. A solution of epoxide 1 (0.19 g, 1.0 mmol) in

8:1 MeOH/H2O (10 ml) was treated with NaN3 (0.325 g, 5.0 mmol) ,-Benzyl-2,3-dehydro-β-erythrofuranoside (4): Liquid. 2 1H
NMR (CDCl3): δ 5 7.2427.41 (m, 5 H), 5.15 (s, 1 H), 4.54 and and NH4Cl (0.123 g, 2.3 mmol) and the reaction mixture was

stirred at 80°C for 18 h. Dilution with diethyl ether and concen-4.77 (ABdd, 2 H, J 5 11.5 Hz), 3.85 and 4.02 (ABdd, 2 H, J 5

10.5 Hz), 3.74 (dd, 2 H, J 5 6.8 and 2.9 Hz). 2 13C NMR (CDCl3): tration of the washed (saturated aqueous NaHCO3 and NaCl) or-
ganic solution afforded a crude liquid product (0.271 g) consistingδ 5 138.14, 129.03, 128.86, 128.55, 128.39, 127.89, 100.85, 70.21,

66.46, 56.67, 53.85. 2 C11H12O3 (192.2): calcd. C 68.73, H 6.29; of a 93:7 mixture of azido alcohols 23 and 24 (GC), which was
subjected to preparative TLC using a 2:1 mixture of petroleumfound C 68.61, H 6.54.
ether and diethyl ether as eluent. Extraction of the two most intenseReaction of Olefin 18 with NBS in THF/H2O, Followed by Treat-
bands (the faster moving band contained 23) afforded pure azidoment with Aqueous NaOH: A solution of olefin 18 (0.176 g, 1.0
alcohols 23 (0.15 g) and 24 (0.010 g).mmol) in 3:1 THF/H2O (10 ml) was treated with NBS (0.196 g, 1.1

mmol) and the mixture was left for 15 min in the dark at room rel-(1R,2S,5S)-2-Azido-5-(benzyloxy)-1-cyclopentanol (23):
Liquid. 2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5temperature. A few drops of an ethanolic solution of phenol-

phthalein were added and the mixture was titrated with aqueous 1 7.2527.40 (m, 5 H), 4.48 and 4.60 (ABdd, 2 H, J 5 11.9 Hz),
3.7924.04 (m, 3 H), 1.6722.24 (m, 3 H), 1.4521.62 (m, 1 H); see NaOH. Dilution with water, extraction with diethyl ether, and

concentration of the washed (saturated aqueous NaCl) ethereal ex- also Table 3. 2 13C NMR (CDCl3): δ 5 138.2, 129.1, 128.6, 128.4,
79.2, 72.2, 66.9, 27.1, 26.6, 24.2. 2 C12H15N3O2 (233.3): calcd. Ctracts afforded a crude liquid product (0.15 g) consisting of a 76:24

mixture of epoxides cis 3 and trans 4 (GC), which was separated 61.79, H 6.48, N 18.00; found C 61.54, H 6.28, N 18.15. Acetate:
Liquid. 2 1H NMR (CDCl3): δ 5 7.2427.37 (m, 5 H), 4.83 (dd,by flash chromatography as described above.
1 H, J 5 7.0 and 4.7 Hz), 4.47 and 4.50 (ABdd, 2 H, J 5 11.9 Hz),Acid Methanolysis of Epoxides 1 and 2: The following procedure
4.0524.16 (m, 2 H), 2.1022.29 (m, 1 H), 2.12 (s, 3 H), 1.7422.07is typical. A solution of the epoxide cis 1 (0.095 g, 0.50 mmol) in
(m, 2 H), 1.4621.58 (m, 1 H). 2 C14H17N3O3 (275.3): calcd. Ca 0.2  H2SO4 solution in anhydrous MeOH (10 ml) was stirred
61.08, H 6.22, N 15.25; found C 61.39, H 6.51, N 15.60.at room temperature for 30 min. Dilution with saturated aqueous

NaHCO3, extraction with diethyl ether, and concentration of the rel-(1R,2S,3S)-2-Azido-3-(benzyloxy)-1-cyclopentanol (24):
Liquid. 2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5washed (saturated aqueous NaCl) ethereal extracts afforded a

crude liquid product (0.10 g) consisting of a 93:7 mixture of meth- 7.2527.40 (m, 5 H), 4.55 (s, 2 H), 3.9024.03 (m, 1 H), 3.4323.86
(m, 2 H), 1.9222.10 (m, 2 H), 1.2521.90 (m, 2 H). 2 13C NMRoxy alcohols 21 and 22 (GC), which was subjected to preparative

TLC using a 9:1 mixture of hexane and AcOEt as eluent. Extrac- (CDCl3): δ 5 138.3, 129.1, 128.5, 128.4, 82.6, 76.0, 73.2, 72.2, 66.0,
62.6, 30.8, 28.0. 2 C12H15N3O2 (233.3): C 61.79, H 6.48, N 18.00;tion of the most intense band afforded pure rel-(1R,2S,5S)-2-

(benzyloxy)-5-methoxy-1-cyclopentanol (21) (0.070 g) as a liquid. found C 61.59, H 6.77, N 18.21.
2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5 7.2627.34 (m, The crude reaction product (0.106 g) from the epoxide trans 2
5 H), 4.50 and 4.60 (ABdd, 2 H, J 5 11.6 Hz), 4.1324.92 (m, 2 (0.50 mmol) was found to consist of essentially pure rel-
H), 3.6523.72 (m, 1 H, W1/2 5 13.3 Hz), 3.36 (s, 3 H), 1.6722.22 (1R,2R,5S)-2-azido-5-(benzyloxy)-1-cyclopentanol (40) as a liquid.
(m, 3 H), 1.4121.50 (m, 1 H); see also Table 3. 2 C13H18O3 (222.3): 2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5 7.2427.46 (m,
calcd. C 70.24, H 8.16; found C 70.42, H 8.01. Acetate: Liquid. 2 5 H), 4.55 and 4.57 (ABdd, 2 H, J 5 12.0 Hz), 3.97 (t, 1 H, J 5
1H NMR (CDCl3): δ 5 7.2627.36 (m, 5 H), 5.0025.04 (m, 1 H), 6.6 Hz), 3.7223.85 (m, 1 H), 3.5623.67 (m, 1 H), 1.9222.10 (m, 2
4.99 (s, 2 H), 4.07 (q, 1 H, J 5 6.0 Hz), 3.7723.89 (m, 1 H), 3.35 H), 1.6621.88 (m, 2 H); see also Table 3. 2 13C NMR (CDCl3):
(s, 3 H), 2.10 (s, 3 H), 1.7622.16 (m, 4 H). 2 C15H20O4 (264.3): δ 5 138.7, 129.2, 128.4, 83.8, 72.4, 66.0, 64.7, 27.4, 26.6. 2
calcd. C 68.16, H 7.62; found C 68.33, H 7.29. C12H15N3O2 (233.3): calcd. C 61.79, H 6.48, N 18.00; found C

61.89, H 6.51, N 17.94. Acetate: Liquid. 2 1H NMR (CDCl3): δ 5The crude reaction product from the epoxide trans 2 was found
to consist of practically pure rel-(1R,2R,5S)-2-(benzyloxy)-5-meth- 7.2527.35 (m, 5 H), 5.11 (t, 1 H, J 5 3.7 Hz), 4.54 and 4.58 (ABdd,

2 H, J 5 12.0 Hz), 3.8323.89 (m, 1 H), 3.7423.80 (m, 1 H), 2.07oxy-1-cyclopentanol (39) (0.105 g) as a liquid. 2 IR (CCl4), see
Table 3. 2 1H NMR (CDCl3): δ 5 7.2227.37 (m, 5 H), 4.54 and (s, 3 H), 1.8522.01 (m, 4 H). 2 13C NMR (CDCl3): δ 5 170.6,

138.6, 129.0, 128.3, 83.1, 82.7, 71.8, 65.8, 29.7, 28.7, 21.7. 24.58 (ABdd, 2 H, J 5 11.8 Hz), 3.99 (dd, 1 H, J 5 12.4 and 6.2
Hz), 3.74 (ddd, 1 H, J 5 12.6, 6.4 and 2.5 Hz), 3.54 (ddd, 1 H, C14H17N3O3 (275.3): calcd. C 61.08, H 6.22, N 15.25; found C

61.32, H 6.00, N 15.06.J 5 12.2, 6.3 and 2.5 Hz), 3.36 (s, 3 H), 1.8322.03 (m, 2 H),
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The crude reaction product (0.112 g) from the epoxide cis 3 (0.50 rel-(1R,2S,5S)-2-(Benzyloxy)-5-(N,N-diethylamino)-1-cyclo-

pentanol (25): Liquid. 2 IR (CCl4), see Table 3. 2 1H NMRmmol), consisting of an 84:16 mixture of azido alcohols 31 and 32
(GC), was subjected to preparative TLC using an 8:2 mixture of (CDCl3): δ 5 7.2227.35 (m, 5 H), 4.53 and 4.60 (ABdd, 2 H, J 5

11.8 Hz), 3.94 (t, 1 H, J 5 5.6 Hz), 3.83 (dd, 1 H, J 5 5.6 Hz),petroleum ether and diethyl ether as eluent. Extraction of the two
most intense bands (the faster moving band contained 31) afforded 3.01 (ddd, 1 H, J 5 8.3 and 5.6 Hz), 2.68 (q, 4 H, J 5 7.1 Hz),

1.8122.01 (m, 2 H), 1.6321.79 (m, 1 H), 1.3421.50 (m, 1 H), 1.03pure azido alcohols 31 (0.070 g) and 32 (0.012 g).
(t, 6 H, J 5 7.1 Hz); see also Table 3. 2 C16H25NO2 (263.4): calcd.

 ,-Benzyl-3-deoxy-3-(β-azido)-α-erythrofuranoside (31): C 72.96, H 9.56, N 5.31; found C 73.09, H 9.87, N 5.20. Acetate:
Liquid. 2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5 Liquid. 2 1H NMR (CDCl3): δ 5 7.2227.36 (m, 5 H), 5.15 (t, 1
7.2327.35 (m, 5 H), 5.05 (d, 1 H, J 5 4.4 Hz), 4.50 and 4.75 H, J 5 5.8 Hz), 4.49 (s, 2 H), 3.95 (q, 1 H, J 5 5.7 Hz), 3.40 (td,
(ABdd, 2 H, J 5 11.6 Hz), 4.0724.15 (m, 2 H), 3.8923.97 (m, 1 1 H, J 5 8.0 and 6.5 Hz), 2.62 (q, 4 H, J 5 7.1 Hz), 2.08 (s, 3 H),
H), 3.64 (dd, 1 H, J 5 4.5 Hz); see also Table 3. 2 C11H13N3O3 1.6622.04 (m, 3 H), 1.4021.58 (m, 1 H), 1.04 (t, 6 H, J 5 7.1 Hz).
(235.2): calcd. C 56.16, H 5.57, N 17.85; found C 56.38, H 5.24, N

2 C18H27NO3 (305.4): calcd. C 70.78, H 8.91, N 4.58; found C
17.62. Acetate: Liquid. 2 1H NMR (CDCl3): δ 5 7.2327.39 (m, 70.49, H 9.10, N 4.91.
5 H), 5.34 (d, 1 H, J 5 4.3 Hz), 4.83 (dd, 1 H, J 5 6.3 and 4.4

rel-(1R,2S,3S)-3-(Benzyloxy)-2-(N,N-diethylamino)-1-cyclo-Hz), 4.48 and 4.73 (ABdd, 2 H, J 5 11.9 Hz), 4.34 (ddd, 1 H, J 5
pentanol (26): Liquid. 2 IR (CCl4), see Table 3. 2 1H NMR7.6 and 5.2 Hz), 4.21 (dd, 1 H, J 5 9.2 and 7.7 Hz), 3.71 (dd, 1 H,
(CDCl3): δ 5 7.2627.34 (m, 5 H), 4.42 and 4.55 (ABdd, 2 H, J 5J 5 9.2 and 4.9 Hz), 2.11 (s, 3 H). 2 C13H15N3O4 (277.3): calcd.
11.8 Hz), 3.8723.97 (m, 2 H), 3.04 (dd, 1 H, J 5 7.1 and 6.0 Hz),C 56.31, H 5.45, N 15.14; found C 56.11, H 5.82, N 15.33.
2.5522.74 (m, 4 H), 1.7121.90 (m, 4 H), 1.08 (t, 6 H, J 5 7.1 Hz);

 ,-Benzyl-2-deoxy-2-(β-azido)-α-erythrofuranoside (32): see also Table 3. 2 C16H25NO2 (263.4): calcd. C 72.96, H 9.56, N
Liquid. 2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5 5.31; found C 72.98, H 9.40, N 5.42.
7.1827.33 (m, 5 H), 5.04 (s, 1 H), 4.46 and 4.70 (ABdd, 2 H, J 5

The crude reaction product (0.115 g) from the epoxide trans 211.6 Hz), 4.1824.25 (m, 2 H), 3.8623.92 (m, 2 H); see also Table
was found to consist of essentially pure rel-(1R,2R,5S)-2-3. 2 C11H13N3O3 (235.2): C 56.16, H 5.57, N 17.85; found C 56.31,
(benzyloxy)-5-(N,N-diethylamino)-1-cyclopentanol (41) as a liquid.H 5.84, N 18.07. Acetate: Liquid. 2 1H NMR (CDCl3): δ 5
2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5 7.2527.38 (m,7.2627.38 (m, 5 H), 5.06 (ddd, 1 H, J 5 5.1 and 2.1 Hz), 5.04 (s,
5 H), 4.59 and 4.60 (ABdd, 2 H, J 5 11.7 Hz), 3.92 (dd, 1 H, J 51 H), 4.51 and 4.78 (ABdd, 2 H, J 5 11.8 Hz), 4.38 (dd, 1 H, J 5
8.3 and 5.7 Hz), 3.7423.80 (m, 1 H), 2.9022.99 (m, 1 H),10.0 and 6.8 Hz), 4.02 (s, 1 H), 3.90 (dd, 1 H, J 5 10.0 and 5.1
2.4522.86 (m, 2 H), 1.9121.96 (m, 1 H), 1.6221.73 (m, 3 H), 1.04Hz), 2.10 (s, 3 H). 2 C13H15N3O4 (277.3): C 56.31, H 5.45, N 15.14;
(t, 6 H, J 5 7.1 Hz); see also Table 3. 2 13C NMR (CDCl3): δ 5found C 56.46, H 5.70, N 14.89.
139.2, 129.0, 128.4, 128.1, 83.8, 79.4, 71.8, 67.4, 44.6, 27.6, 21.7,

The crude reaction product (0.110 g) from the epoxide trans 4 14.0. 2 C16H25NO2 (263.4): C 72.96, H 9.56, N 5.31; found C
(0.50 mmol) was found to consist of essentially pure  ,-benzyl-3- 72.65, H 9.38, N 5.54.
deoxy-3-(β-azido)-β-erythrofuranoside (44) as a liquid. 2 IR

The crude reaction product (0.124 g) from the epoxide cis 3,(CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5 7.2527.36 (m, 5 H),
consisting of an 85:15 mixture (GC) of amino alcohols 33 and 34,4.99 (s, 1 H), 4.49 and 4.74 (ABdd, 2 H, J 5 11.9 Hz), 4.29 (ddd,
was subjected to preparative TLC using a 3:1:1 mixture of hexane,1 H, J 5 12.0 and 2.3 Hz), 4.2024.28 (m, 1 H), 3.9123.83 (m, 2
CHCl3, and NEt3 as eluent. Extraction of the two most intenseH); see also Table 3. 2 C11H13N3O3 (235.2): calcd. C 56.16, H 5.57,
bands (the faster moving band contained 33) afforded pure aminoN 17.85; found C 56.01, H 5.19, N 17.44. Acetate: Liquid. 2 1H
alcohols 33 (0.078 g) and 34 (0.013 g).NMR (CDCl3): δ 5 7.2627.35 (m, 5 H), 5.10 (d, 1 H, J 5 1.6

Hz), 5.09 (s, 1 H), 4.53 and 4.75 (ABdd, 2 H, J 5 12.2 Hz), 4.32  , -Benzyl-3-deoxy-3-(β-N,N-diethylamino)-α-erythrofuranoside
(dd, 1 H, J 5 8.8 and 7.2 Hz), 3.96 (ddd, 1 H, J 5 6.0 and 1.5 (33): Liquid. 2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5
Hz), 3.83 (dd, 1 H, J 5 9.1 and 5.9 Hz), 2.09 (s, 3 H). 2 7.2627.41 (m, 5 H), 5.05 (d, 1 H, J 5 4.7 Hz), 4.55 and 4.81
C13H15N3O4 (277.3): calcd. C 56.31, H 5.45, N 15.14; found C (ABdd, 2 H, J 5 11.7 Hz), 4.0824.17 (m, 2 H), 3.77 (dd, 1 H, J 5
56.09, H 5.37, N 15.45. 9.1 and 6.2 Hz), 3.31 (dd, 1 H, J 5 14.4 and 6.6 Hz), 2.5322.80

(m, 4 H), 1.04 (t, 6 H, J 5 7.1 Hz); see also Table 3. 2 13C NMRAzidolysis of Epoxides 124 with NaN3/LiClO4 in MeCN 2 Gen-
(CDCl3): δ 5 137.9, 129.1, 128.7, 128.6, 101.6, 75.8, 70.1, 69.7,eral Procedure: A solution of the epoxide (0.50 mmol) in anhydrous
66.4, 44.6, 12.3. 2 C15H23NO3 (265.4): calcd. C 67.89, H 8.73, NMeCN (2.0 ml) was treated with NaN3 (0.040 g, 0.61 mmol) and
5.27; found C 67.61, H 8.49, N 5.34.LiClO4 (0.53 g, 5.0 mmol) and the reaction mixture was stirred at

80°C for 18 h. Standard work-up afforded a crude product, which  , -Benzyl-2-deoxy-2-(β-N,N-diethylamino)-α-erythrofuranoside
was analyzed by GC and 1H-NMR spectroscopy, giving the results (34): Liquid. 2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5
shown in Tables 1 and 2. 7.2627.35 (m, 5 H), 5.07 (d, 1 H, J 5 1.5 Hz), 4.48 and 4.76

(ABdd, 2 H, J 5 11.8 Hz), 4.28 (ddd, 1 H, J 5 6.4 and 4.0 Hz),
Aminolysis of Epoxides 124 with NHEt2/EtOH: The following

4.15 (dd, 1 H, J 5 9.1 and 6.7 Hz), 3.83 (dd, 1 H, J 5 9.1 and 6.3
procedure is typical. A solution of the epoxide cis 1 (0.095 g, 0.50

Hz), 3.26 (dd, 1 H, J 5 3.8 and 1.6 Hz), 2.4722.69 (m, 4 H), 1.05
mmol) in anhydrous EtOH (0.6 ml) was treated with NHEt2 (0.091

(t, 6 H, J 5 7.1 Hz); see also Table 3. 2 13C NMR (CDCl3): δ 5
g, 1.25 mmol) and the reaction mixture was stirred at 80°C for 3

138.2, 129.0, 128.5, 128.3, 104.3, 75.7, 73.9, 73.1, 69.7, 45.1, 12.9.
days. Dilution with diethyl ether and concentration of the washed

2 C15H23NO3 (265.4): C 67.89, H 8.73, N 5.27; found C 67.71, H
(saturated aqueous NaCl) organic solution afforded a crude reac-

8.95, N 5.01.
tion product (0.123 g) consisting of an 87:13 mixture of amino
alcohols 25 and 26 (GC), which was subjected to preparative TLC The crude reaction product (0.119 g) from the epoxide trans 4

was found to consist of essentially pure  ,-benzyl-3-deoxy-3-(β-using a 3:1:1 mixture of hexane, CHCl3, and NEt3 as eluent. Ex-
traction of the two most intense bands afforded pure amino al- N,N-diethylamino)-β-erythrofuranoside (45) as a liquid. 2 IR

(CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5 7.2027.41 (m, 5 H),cohols 25 (0.082 g) and 26 (0.011 g).
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4.96 (d, 1 H, J 5 1.1 Hz), 4.46 and 4.73 (ABdd, 2 H, J 5 11.8 (ABdd, 2 H, J 5 11.7 Hz), 4.38 (dd, 1 H, J 5 9.1 and 7.9 Hz),

4.0524.18 (m, 1 H), 3.82 (dd, 1 H, J 5 9.3 and 6.2 Hz), 3.64 (dd,Hz), 4.19 (dd, 1 H, J 5 4.5 and 1.0 Hz), 4.08 (t, 1 H, J 5 8.4 Hz),
2.82 (t, 1 H, J 5 8.7 Hz), 3.26 (ddd, 1 H, J 5 12.3, 8.2 and 4.6 1 H, J 5 13.6 and 6.6 Hz); see also Table 3. 2 13C NMR (CDCl3):

δ 5 137.6, 134.7, 132.0, 129.7, 129.2, 128.7, 127.8, 101.0, 77.8, 71.7,Hz), 2.62 (q, 4 H, J 5 7.2 Hz), 1.02 (t, 6 H, J 5 7.1 Hz); see also
Table 3. 2 13C NMR (CDCl3): δ 5 138.3, 129.0, 128.6, 128.3, 70.3, 51.2. 2 C17H18O3S (302.4): calcd. C 67.52, H 5.99; found C

67.70, H 6.25.108.9, 80.1, 70.4, 69.4, 68.5, 45.0, 12.53. 2 C15H23NO3 (265.4):
calcd. C 67.89, H 8.73, N 5.27; found C 67.70, H 9.04, N 5.57.  ,-Benzyl-2-deoxy-2-(β-phenylthio)-α-erythrofuranoside (36):

Liquid. 2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5Aminolysis of Epoxides 124 with NHEt2/LiClO4 in MeCN 2
7.1927.40 (m, 10 H), 5.16 (s, 1 H), 4.50 and 4.77 (ABdd, 2 H, J 5General Procedure: A solution of the epoxide (0.37 mmol) in anhy-
11.7 Hz), 4.38 (dd, 1 H, J 5 9.7 and 5.0 Hz), 4.1624.25 (m, 1 H),drous MeCN (1.5 ml) was treated with NHEt2 (0.38 ml, 3.7 mmol)
4.03 (dd, 1 H, J 5 9.8 and 1.9 Hz), 3.75 (s, 1 H); see also Table 3.and LiClO4 (0.795 g, 7.5 mmol) and the reaction mixture was
2 13C NMR (CDCl3): δ 5 137.6, 134.4, 131.1, 129.9, 129.2, 128.6,stirred at 80°C for 18 h. Standard work-up afforded a crude reac-
127.8, 106.8, 76.5, 76.2, 70.1, 57.9. 2 C17H18O3S (302.4): C 67.52,tion product, which was analyzed by GC and 1H-NMR spec-
H 5.99; found C 67.46, H 5.67.troscopy, giving the results shown in Tables 1 and 2.

The crude reaction product (0.143 g) from the trans epoxide 4Ring-Opening of Epoxides 124 with PhSH/NEt3: The following
was found to consist of essentially pure  ,-benzyl-3-deoxy-3-(β-procedure is typical. A solution of the epoxide cis 1 (0.095 g, 0.50
phenylthio)-β-erythrofuranoside (46) as a solid, m.p. 63264°C. 2mmol) in MeOH (0.5 ml) was treated with PhSH (0.17 g, 1.5 mmol)
IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5 7.1627.41 (m,and NEt3 (0.202 g, 2.0 mmol) and the reaction mixture was stirred
10 H), 5.03 (s, 1 H), 4.46 and 4.73 (ABdd, 2 H, J 5 11.9 Hz), 4.37at room temperature for 18 h. Dilution with diethyl ether and con-
(t, 1 H, J 5 8.4 Hz), 4.2024.29 (m, 1 H), 3.86 (t, 1 H, J 5 8.6centration of the washed (saturated aqueous NaHCO3 and NaCl)
Hz), 3.55 (ddd, 1 H, J 5 8.0 and 4.0 Hz); see also Table 3. 2 13Corganic solution afforded a crude product (0.142 g) consisting of
NMR (CDCl3): δ 5 138.7, 136.0, 131.5, 130.1, 129.3, 128.8, 128.7,an 80:20 (1H NMR) mixture of hydroxy thioethers 27 and 28,
127.9, 108.7, 83.3, 72.8, 69.9, 52.6. 2 C17H18O3S (302.4): C 67.52,which was subjected to preparative TLC using a 9:1 mixture of
H 5.99; found C 67.88, H 6.34.petroleum ether and AcOEt as eluent. Extraction of the two most

intense bands (the faster moving band contained 27) afforded pure Ring-Opening of Epoxides 124 with PhSH/LiClO4 in MeCN 2
hydroxy thioethers 27 (0.080 g) and 28 (0.020 g). General Procedure: A solution of the epoxide (0.3 mmol) in anhy-

drous MeCN (0.6 ml) was treated with PhSH (0.048 ml, 0.45 mmol)rel-(1R,2R,5R)-2-(Benzyloxy)-5-(phenylthio)-1-cyclopentanol
and LiClO4 (0.16 g, 1.5 mmol) and the reaction mixture was stirred(27): Liquid. 2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5
at 80°C for 18 h. Standard work-up afforded a crude reaction prod-7.1627.42 (m, 10 H), 4.53 and 4.58 (ABdd, 2 H, J 5 11.6 Hz),
uct, which was analyzed by 1H-NMR spectroscopy, giving the re-3.9724.10 (m, 2 H), 3.5323.62 (m, 1 H), 2.2722.45 (m, 1 H),
sults shown in Tables 1 and 2.1.9222.06 (m, 1 H), 1.7421.88 (m, 1 H), 1.4921.62 (m, 1 H); see

also Table 3. 2 13C NMR (CDCl3): δ 5 138.3, 136.3, 130.7, 129.5, Reaction of Epoxides 124 with LiAlH4: The following procedure
is typical. A solution of epoxide cis 1 (0.114 g, 0.60 mmol) in anhy-129.2, 128.6, 128.4, 127.0, 80.4, 72.4, 50.7, 28.5, 28.3. 2 C18H20O2S

(300.4): calcd. C 71.96, H, 6.71; found C 71.72, H 7.01. drous pentane (4.0 ml) was added dropwise to a stirred suspension
of LiAlH4 (0.15 g) in anhydrous pentane (10 ml) and the mixturerel-(1R,2S,3S)-3-(Benzyloxy)-2-(phenylthio)-1-cyclopentanol
was stirred at room temperature for 2 h. Standard work-up af-(28): Liquid. 2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5
forded a crude reaction product (0.11 g) consisting of a 55:45 mix-7.1727.51 (m, 10 H), 4.47 (s, 2 H), 4.0224.15 (m, 1 H), 3.8823.92
ture (GC) of alcohols 29 and 30, which was subjected to preparative(m, 1 H), 3.59 (t, 1 H, J 5 3.0 Hz), 1.5922.10 (m, 4 H); see also
TLC using a 9:1 mixture of petroleum ether and AcOEt as eluent.Table 3. 2 C18H20O2S (300.4): C 71.96, H 6.71; found C 72.15,
Extraction of the two most intense bands (the faster moving bandH 6.98.
contained 29) afforded pure alcohols 29 (0.050 g) and 30 (0.038 g).

The crude reaction product (0.138 g) from the epoxide trans 2
rel-(1R,2S)-2-(Benzyloxy)-1-cyclopentanol (29): Liquid. 2 IR

was subjected to preparative TLC using an 8:2 mixture of petro-
(CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5 7.2527.36 (m, 5 H),

leum ether and diethyl ether as eluent. Extraction of the most in-
4.50 and 4.58 (ABdd, 2 H, J 5 11.7 Hz), 4.0224.15 (m, 1 H), 3.81

tense band afforded pure rel-(1R,2S,5R)-2-(benzyloxy)-5-
(ddd, 1 H, J 5 6.4 and 4.3 Hz), 1.6621.87 (m, 5 H), 1.4321.57

(phenylthio)-1-cyclopentanol (42) as a liquid (0.095 g). 2 IR (CCl4),
(m, 1 H); see also Table 3. 2 13C NMR (CDCl3): δ 5 138.8, 129.1,

see Table 3. 2 1H NMR (CDCl3): δ 5 7.4127.46 (m, 2 H),
128.4, 128.3, 82.0, 72.8, 72.1, 31.7, 28.5, 20.3. 2 C12H16O2 (192.3):

7.1827.40 (m, 8 H), 4.57 (s, 2 H), 3.97 (dd, 1 H, J 5 7.7 and 5.7
calcd. C 74.96, H 8.32; found C 74.71, H 8.20. Acetate: Liquid. 2

Hz), 3.7823.87 (m, 1 H), 3.26 (q, 1 H, J 5 8.0 Hz), 1.9222.36 (m, 1H NMR (CDCl3): δ 5 7.2527.34 (m, 5 H), 5.1425.20 (m, 1 H),
2 H), 1.6621.87 (m, 2 H); see also Table 3. 2 13C NMR (CDCl3):

4.52 and 4.60 (ABdd, 2 H, J 5 11.9 Hz), 3.86 (ddd, 1 H, J 5 6.9
δ 5 138.9, 135.1, 132.4, 129.6, 129.0, 128.4, 128.3, 127.7, 84.9, 83.0,

and 4.2 Hz), 2.09 (s, 3 H), 1.7422.00 (m, 5 H), 1.5021.70 (m, 1
72.2, 52.2, 29.1, 28.5. 2 C18H20O2S (300.4): calcd. C 71.96, H 6.71;

H). 2 C14H18O3 (234.3): C 71.76, H 7.74; found C 71.49, H 8.05.
found C 71.84, H 6.88.

rel-(1R,3S)-3-(Benzyloxy)-1-cyclopentanol (30): Liquid. 2 IR
The crude reaction product (0.144 g) from the epoxide cis 3, (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5 7.2227.34 (m, 5 H),

consisting of an 80:20 mixture of hydroxy thioethers 35 and 36 4.49 (s, 2 H), 4.1824.35 (m, 1 H), 4.09 (ddd, 1 H, J 5 5.0 and 2.2
(GC), was subjected to preparative TLC using a 9:1 mixture of Hz), 1.6922.16 (m, 6 H); see also Table 3. 2 13C NMR (CDCl3):
petroleum ether and AcOEt as eluent. Extraction of the two most δ 5 138.9, 129.0, 128.2, 81.2, 74.0, 71.3, 42.0, 34.6, 30.7. 2
intense bands (the faster moving band contained 35) afforded pure C12H16O2 (192.3): calcd. C 74.96, H 8.32; found C 78.24, H 8.05.
hydroxy thioethers 35 (0.086 g) and 36 (0.021 g). Acetate: Liquid. 2 1H NMR (CDCl3): δ 5 7.2527.40 (m, 5 H),

5.0525.11 (m, 1 H), 4.49 (s, 2 H), 3.9624.01 (m, 1 H), 2.2022.35 ,-Benzyl-3-deoxy-3-(β-phenylthio)-α-erythrofuranoside (35):
Liquid. 2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5 (m, 1 H), 2.03 (s, 3 H), 1.7721.95 (m, 5 H). 2 C14H18O3 (234.3):

calcd. C 71.76, H 7.74; found C 71.97, H 7.91.7.2327.46 (m, 10 H), 5.13 (d, 1 H, J 5 4.5 Hz), 4.58 and 4.83
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lier, K. B. Sharpless, J. Org. Chem. 1988, 53, 518525187. 2 [3j]

The crude reaction product (0.11 g) obtained from the epoxide
M. Caron, K. B. Sharpless, J. Org. Chem. 1985, 50, 155721560.trans 2 was found to consist of essentially pure rel-(1R,2R)-2-
2 [3k] J. M. Chong, K. B. Sharpless, J. Org. Chem. 1985, 50,

(benzyloxy)-1-cyclopentanol (43) as a liquid. 2 IR (CCl4), see Table 156021563. 2 [3l] C. H. Behrens, K. B. Sharpless, J. Org. Chem.
1985, 50, 569625704.3. 2 1H NMR (CDCl3): δ 5 7.2627.35 (m, 5 H), 4.51 and 4.57

[4] M. Colombini, P. Crotti, V. Di Bussolo, L. Favero, C. Gardelli,(ABdd, 2 H, J 5 11.8 Hz), 4.1124.21 (m, 1 H), 3.7223.80 (m, 1
F. Macchia, M. Pineschi, Tetrahedron 1995, 51, 808928112.H), 1.9122.08 (m, 2 H), 1.4521.79 (m, 4 H); see also Table 3. 2 [5] K. E. Wilson, R. T. Seidner, S. Masamune, J. Chem. Soc., Chem.13C NMR (CDCl3): δ 5 139.2, 129.1, 128.3, 128.2, 87.2, 78.1, 72.1, Commun. 1970, 2132214.

32.7, 30.0, 21.1. 2 C12H16O2 (192.3): calcd. C 74.96, H 8.32; found [6] [6a] I. B. Campbell, E. W. Collington, H. Finch, P. Hallett, R.
Hayes, P. Lumley, K. Mills, C. J. Wallis, B. P. White, Bioorg.C 74.81, H 8.10.
Med. Chem. Lett. 1991, 1, 6892694. 2 [6b] T. Itoh, K. Jitsu-

The crude reaction product (0.11 g) from the epoxide cis 3, con- kowa, K. Kaneda, S. Terarishi, J. Am. Chem. Soc. 1979, 101,
1592169. 2 [6c] R. Steyn, H. Z. Sable, Tetrahedron 1969, 25,sisting of a 35:65 mixture of the two alcohols 37 and 38, was sub-
357923597. 2 [6d] A. H. Hoveyda, D. A. Evans, G. C. Fu,jected to preparative TLC using a 9:1 mixture of petroleum ether Chem. Rev. 1993, 93, 130721370, and references therein.

and AcOEt as eluent. Extraction of the two most intense bands [7] All the structures depicted in the formulas and in Schemes 126
(the faster moving band contained 37) afforded pure alcohols 37 represent one enantiomeric series of the racemic mixtures used

in this study.(0.031 g) and 38 (0.058 g).
[8] A. P. Kozikowski, K. L. Sorgi, R. J. Schmiesing, J. Chem. Soc.,

 ,-Benzyl-3-deoxy-α-erythrofuranoside (37): Liquid. 2 IR Chem. Commun. 1980, 4772479.
[9] H. J. Reich, Acc. Chem. Res. 1979, 12, 22230.(CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5 7.2627.38 (m, 5 H),
[10] C. H. Gagnieu, A. U. Grouiller, J. Chem. Soc., Perkin Trans. 15.02 (d, 1 H, J 5 4.4 Hz), 4.58 and 4.84 (ABdd, 2 H, J 5 11.8 1982, 100921011.

Hz), 4.1524.35 (m, 1 H), 4.06 (ddd, 1 H, J 5 8.6 and 5.2 Hz), 3.87 [11] The result obtained with PBIA is in agreement with a preferen-
(q, 1 H, J 5 7.5 Hz), 2.1422.30 (m, 1 H), 1.8021.98 (m, 1 H); see tial attack of the electrophile on the face of olefin 18 opposite

to the OBzl substituent, as observed in the case of 8.also Table 3. 2 C11H14O3 (194.2): calcd. C 68.02, H 7.26; found C
[12] Due to their instability, the bromohydrins (presumably 19 and68.14, H 7.35.

20) formed in the reaction of olefin 18 with NBS in THF/H2O
(Scheme 3) were not separated, but were directly cyclized (aque- ,-Benzyl-2-deoxy-α-erythrofuranoside (38): Liquid: IR (CCl4),
ous 1  NaOH) to the corresponding mixture of epoxides 3 andsee Table 3. 2 1H NMR (CDCl3): δ 5 7.2627.37 (m, 5 H), 5.27
4. The consistent syn selectivity observed in the NBS,THF-

(d, 1 H, J 5 4.3 Hz), 4.50 and 4.78 (ABdd, 2 H, J 5 11.8 Hz), H2O/NaOH protocol on olefin 18 points to a preferential reac-
4.2724.42 (m, 1 H), 4.06 (m, 2 H), 1.9622.19 (m, 2 H); see also tivity of the intermediate bromonium ion 62 as a consequence

of a favorable interaction (hydrogen bond) of the nucleophileTable 3. 2 C11H14O3 (194.2): C 68.02, H 7.26; found C 68.37, H
(H2O) with both the exocyclic and the endocyclic oxygens of7.59.
the acetal functionality, as tentatively shown (see below).

The crude reaction product (0.11 g) from the epoxide trans 4 was
found to consist of  ,-benzyl-3-deoxy-β-erythrofuranoside (47) as
a liquid. 2 IR (CCl4), see Table 3. 2 1H NMR (CDCl3): δ 5

7.1827.30 (m, 5 H), 4.92 (s, 1 H), 4.39 and 4.63 (ABdd, 2 H, J 5

11.7 Hz), 4.21 (dd, 1 H, J 5 5.6 and 1.3 Hz), 4.05 (dd, 1 H, J 5

15.9 and 8.0 Hz), 3.92 (ddd, 1 H, J 5 13.6, 9.1 and 4.6 Hz), [13] The classic LiAlH4 reduction should be regarded as being car-
ried out under chelating conditions, due to the presence of the2.1422.32 (m, 1 H), 1.6921.82 (m, 1 H); see also Table 3. 2
Li1 cation of the reagent. The same reaction carried out in theC11H14O3 (194.2): calcd. C 68.02, H 7.26; found C 67.88, H 7.01. presence of a crown ether (12-crown-4) should however be con-
sidered as operating under non-chelating conditions, due to theReaction of cis Epoxides 1 and 3 with LiAlH4 in the Presence of
sequestering ability of the crown ether specific for Li1.12-Crown-4: The following procedure is typical. A suspension of [14] Epoxide 3 appears to be more sensitive than 1 to the opening

LiAlH4 (0.040 g, 1.0 mmol) in anhydrous pentane (6 ml) was chelating conditions. This could be due to the presence of the
treated with 12-crown-4 (0.194 g, 1.1 mmol) and the mixture was two oxygens of the acetal functionality which increase the chel-

ating ability of 3 with respect to 1, where only one oxygen (thestirred at room temperature for 15 h. Epoxide 1 (0.057 g, 0.3 mmol)
exocyclic ether oxygen) is present.in anhydrous pentane (2 ml) was then added and the mixture was [15] The behaviour of the cyclopentane- and 2,5-dihydrofuran-de-

stirred at room temperature for 18 h. Standard work-up afforded rived epoxides 1 and 3 (this work) is similar to the one observed
a crude reaction product, which was analyzed by GC and 1H-NMR with the corresponding cyclohexane- and 5,6-dihydro-2H-py-

ran-derived epoxides, previously studied.[3b]spectroscopy, giving the results shown in Table 1.
[16] [16a] M. Tichy, in Advances in Organic Chemistry, Methods and
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