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Abstract: The results obtained in the base-catalyzed intramolecular cyclization of enolates derived from
some representative 4,5-, 5,6-, and 6,7-cpoxy ketones and of the comresponding alkenes are discussed. The
LHMDS/Sc(OTf)3 protocol on epoxy ketones appears to be a valuable tool for the stereoselective
obtainment of the corresponding cyclic Y-hydroxy ketones (y-HKs). © 1999 Elsevier Science Ltd. All rights reserved,

A variety of stabilized carbanions have been widely used for the intramolecular ring-opening of 1,2-
epoxides. Most commonly these carbanions are stabilized by adjacent electron-withdrawing groups (EWGs)
such as cyano, sulfonyl, carbonyl or sulfur-containing groups.! When the EWG is a carbonyl, some ambiguity
may result from the presence of two nucleophilic sites (C and O) which may intramolecularly displace the
oxirane ring leading to the corresponding C- or O-alkylation products, respectively.

The metal salt-catalyzed intermolecular addition of lithium enolates of ketones to 1,2-epoxides has turned

out to be an efficient route to substituted y-hydroxy ketones (y-HKs), an interesting class of 1,4-
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of the C-alkylated reaction products were obtained, no trace of the corresponding O-alkylated products being
observed. Unfortunately in that case, the diastereoseiectivity was poor, because the reaction was under
thermodynamic control.4

In order to examine the intramolecular version of this reaction, we have now applied the
LHMDS/Sc(OTf)3 protocol (procedure A, Table) to some representative epoxy ketones, such as 4,5- (9a),
5,6- (10a) and 6,7-epoxy-1-phenyl-1-alkanone (11a) and the corresponding a-branched derivatives (epoxides
9-11b), in view of the possible straightforward obtainment of cyclic y-HKs. The same substrates were
subjected also to other previously described cyclization procedures, and results were compared with those
obtained by our original protocol: the +-BuOK/BuOH protocol (procedure B, Table) on the epoxy ketones 9-

11a,b,52< and the NBS/KOH/DMSO protocol (procedure C, Table) on the corresponding keto alkenes 6-

8a,b.6
Aceiophenone (1a) and propiophenone (1b) were ransformed into the corresponding N N-dimethy!l
_ - b JE TR T PP, - e A allee P | o osveemn v n
hydrazones (DMH) 2a and 2b7 which were deprotonated with LDA and alkylated with the appropriate,

commercially available, 0-,8-, or y-bromo-1-alkene to give the corresponding alkenes DMH 3-5a,b.8
Deprotection with acidic Amberlyst resin in acetone afforded the enones 6-8a,b which were transformed into
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Scheme 1
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i: (Me)2NNH_, AcOH, EtOH, reflux (40-45%) ; ii: LDA, CHz=CH-{CHg),Br (80-93%);
iii: Amberlyst, Me2CO (85-91%); iv: 1) NBS/THF/HZ0, 2) aqueous NaOH (75-81%)

the corresponding epoxy ketones 9-11a,b by the NBS/HyO/THF protocol followed by base-catalyzed

hromahudeing (Qoh no
cyclization (agqueous NaOH) of the intermediate crude mixture of trans bromohydrins {Scheme 1).9

The cyclization of epoxy ketones 9a,b and enones 6a,b by means of all the examined procedures
(procedures A, B and C, respectively, Table) afforded only the cyclopropane cis derivative 12a,b (a
C-alkylation product, Scheme 2) (entries 1-6, Table), no trace of rrans diasterecisomer 13a,b, or of any
regioisomeric products (attack on the less substituted oxirane carbon of 9a,b) or opening products derived
from an QO-alkylation process being found in the crude reaction mixture. The exclusive formation of
Y-HK 12a,b in this reaction can easily be justified on the basis of a highly favored Markovnikov-
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Table. Intramolecular Cyclization of Epoxy Ketones 9-11a,b and Enones 6-8a,b (a,
R=H; b, R=Me).

enty compound reagens@ t T product composition & yiekic
(h) O (%) %
Phi‘r/\i’y O ~ CH OH
R Fh)SA’ 2
6' x_y - /{ R 1L 110a
9, X-y = <6 \T jraayns
1 9a Ad 2 0 12a (>99) 94
2 9a B 3 80 12a (>99) 79
3 6a C 16 r.t. 12a (>99) 35
4 9b Ad 3 0 12b (>98) 86
5 9b B 3 80 complex mixture
6 6b C 16 r.t. 9b (>95) 93
%_Ii‘/\,my Ph__O._CH,OH Phy, O,
R . A R u)*ou
7y =N n
~ t+Yida h {+\1%a h
10 X-y = Q’ T jeea,n {(+)18a b
7 10a Ad 18 r.t. complex mixture
8 10a B 3 80 14a (77) + 15a (23) 84
9 10a B 3 80 ida (60) + i5a (40) 78
10 Ta C 16 r.t. 102 (96) 60
11 10b Ad 16 r.t complex mixture
12 10b B 3 80 14b (83) + 15b (17) 75
13 7> C 16 1.t 14b (74) + 15b (26) 73
(0]
R YT XY Y'Y
8 xy= & n R\_/ n
My =<3 )18ab ¢)19a,b (+)208
i4 iia Ad 3 0 i8a(84) + 1%a(i2) + 26a (4) 98
15 11a B 3 80 18a (73) + 202 (27) 78
16 11a B¢ 3 80 18a (67) + 20a (23) 62
17 8a C 16 r.t. 18a (7) +11a (75) + 8a (18) S
18 11b Ad 16 r.t. 18b (80) + 19b (20) 92
9 11b B 3 80 i8b (75) + 19 (25) 75
20 8b C 16 r.t 18b (87) + 19b (13) 65
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@ Procedure A: LHMDS/Sc(OTf)3 (20% mol)/anhydrous toluene (ref.4); Procedure B: +-BuOK/r-BuOH
(ref.5a-c); Procedure C: NBS/DMSO-H0/KOH (ref.6). ? Determined by {H NMR and GC examination of
the crude reaction product. € Yields based on weight, GC and 1H NMR examination of the isolated crude
reaction product. ¢ The corresponding uncatalyzed reactions did not proceed significantly even after a longer
reaction time (2 days). Only in the case of epoxy ketones 9a and 9b was a consistent amount (40% yieid) of
the corresponding cyclization producis obtained also in the absence of the catalyst. ¢ Anhydrous benzene

was used as the solvent.

type 3-exo cyclization mode,10 in which the efficient coordination of the enolate and oxirane oxygens through
the metal (Li*, K+=M?*), as shown in structure 21 (Scheme 3),11 precludes any possibility of the formation of
the trans diastereoisomer 13a,b. The trans y-HKs 13a,b can be obtained only by epimerization of the
corresponding cis diastereoisomers 12a,b in TFA.6 On the other hand, trans ¥-HKs 13a,b can be converted
to the corresponding cis diastereoisomers 12a,b by treatment under typical cyclization conditions (LHMDS,
toluene) or other basic conditions (MeONa/MeOH) indicating that the base-catalyzed cyclization of epoxy

ketones 9a,b to the corresponding v-HKs 12a.b is under thermodynamic control 4,12

A completely different result was obtained when the homolog 5,6-epoxy ketones 10a,b and enones
7a,b were subjected to the same cyclization protocols (entries 7-13, Table). In this case, while the
LHMDS/Sc{OTf)3 procedure tumed out to be unexpectedly inefficient leading only to complex reaction

w2 o~

mixtures, both the +-BuOK/#-BuOH (or benzene) protocol on epoxy ketones ida,b and the NBS/DMSO/KOH
protocol on enone 7b (with 7a, epoxide 10a was the only reaction product)® afforded only O-alkylated
products, the hydroxy enol ethers (HEEs) 14a,b and 15a,b (Schemes 2 and 3), no trace of any possible
product, such as 16 and 17, arising from a C-alkylation process, being present (Scheme 2). The complete
absence, under these conditions, of C-alkylation products can be attributed in the case of 16 to the reasonably
low stability of the corresponding four-membered transition state (TS)!3 and, in the case of the anti-
Markovnikov-type ¥-HK 17, o the consistent strain of the corresponding five-membered TS, as shown by an
examination of the molecular models. It appears that the LHMDS/Sc(OTf)3 protocol is exclusively effective for

1s (steric and/or stereoelectronic), no reaction

any reasor teric and/or stereoe:
tions

occurs by the O-alkylation pathway. On the ¢ ntraxy, under appropriate conditions (+-BuOK/-BuOH), the O-
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(leading to HEEs 14a,b) or seven-membered TS (ieading to HEEs 15a,b). The appreciable selectivity
observed towards the HEE 14 can be justified by the larger stability of a six- than a seven-membered TS.

The cyclization reactions of the 6,7-epoxy ketones 11a,b (procedures A and B) and of enones 8a,b
(procedure C, Table) afforded mixtures of both the anti-Markovnikov- (the cyclohexane cis derivatives 18a,b)
and Markovnikov-type regioisomers (the cyclopentane trans derivatives 19a,b), with some amounts, in the
case of 11a, of the Markovnikov-type rrans diastereoisomer 20a (Schemes 2 and 3, and entries 14-20, Table).
On the whole, the LHMDS/Sc(OTf)3 protocol (procedure A) appears to be superior to the other procedures,
showing in general a better overall yield, a more stereoselective result (cis 18a : trans 20a = 85:4), and a
satisfactory regiochemical result (only 12% of regioisomer 19a was present). At the same time, with the ¢-

BuOK/r-BuOH protocol (procedure B), a complete regioselectivity was observed (compound 19a was not
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Scheme 3
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(procedure C), practically inefficient in the unbranched enone 8a, gave, in the branched enone 8b, results
similar to those obtained by means of the other procedures. On the reasonable assumption that the most
favorable TS for these cyclization reactions are those in which the double bond of the enolate and the oxirane
C-C bond of the molecule can adopt a staggered ansi conformation,* the two regioisomeric y-HKs 18a,b and
19a,b arise from a reactivity of the enolate by its Si or Re face, respectively, as shown in Scheme 3 [enolate
(2) of the (R)-stereoisomer shown].1! In this framework, the larger amount of 18a,b obtained in all the
experiments may reasonably be attributed to the greater stability of the six-membered 23a,b over the five-

membered TS 24ab, which, moreover, makes it
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crude reaction product from epoxy ketone 11a, this seems to arise from a reactivity of the Re face of the

corresponding enolate through the less stable gauche TS shown in structure 25a (Scheme 3). ¥HKs 18a and
19a turned out to be stable under the basic experimental conditions (LHMDS, toluene), indicating that the
cyclization reaction is, in this case, under kinetic control.4:16

In conclusion, the LHMDS/Sc(OTf)3 protocol can be efficiently applied to different types of epoxy
ketones for the synthesis, through an intramolecular cyclization process, of cyclic ¥-HKs (C-alkylation
products), not easily obtainable by means of other synthetic procedures. The method appears to be competitive
with other procedures previously described: the operating conditions are decidedly mild and the yields quite
good. When this protocol completely fails, the use of the alternative 1-BuOK/BuOH procedure affords only

products (cyclic HEEs) dprlvmu from an O-alkvlation nrocess, which can be of some interest in organic
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Structures and Configurations

The structure and configurations of all the cyclic compounds (y-hydroxy ketones 12-13a,b and 18-
20a,b and hydroxy enol ethers 14-15a,b) were firmly established by accurate examination of their 1H NMR
spectra with appropriate double resonance experiments (in the case of 14b and 15b, also the corresponding
acetates 14b-Ac and 15b-Ac¢ were examined), and by considerations based on the reaction mechanism and
on the reasonable structure of the TS involved in each case (Scheme 3).

Melting points were determined on a Kofler apparatus and are uncorrected. !H and 13C NMR spectra

were determined with a Bruker AC 200 spectrometer on CDCl5 solution using tetramethylsilane as the internal
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tandard. All reactions were followed bv TLC on Alugram SIL. G/UUV, ggl hP.P (Mac}mrv-Naopl\

followed by TLC on Alugram SIL G/UV3s4 sili 1 sheets (Macherv-Nagel)

[

with detection by UV. Silica gel 60 (Machery-Nagel 230-400 mesh) was used fo

toluene and hexane were distilled from sodium/benzophenone ketyl under a nitrogen atmosphere immediat:ly
prior to use.

Acetophenone and propiophenone N,N-dimethylhydrazones (DMHs) 2a and 2b

Following a previously described procedure,’ a solution of acetophenone (12 g, 0.1 mol) in absolute ethanol
(25 ml) was treated with non-symmetric N,N-dimethylhydrazine (18 g, 0.3 mol) and glacial CH3COOH (1
ml), and the reaction mixture was refluxed for 29 h. After cooling, evaporation of the organic solvent afforded
a crude liquid product which was distilled to give pure N,N-dimethylhydrazone (DMH) 2a (7.2 g, 40% yield),
a liquid, b.p. 58-62°C (0.4 mm Hg) [lit.}7 b.p. 55-56°C (0.15 mmHg)]: 1H NMR § 7.70-7.73 (m, 2H), 7.33-
7.73 (m, 3H), 2.6 (s, 6H), 2.35 (s, 3H). Anal. Calcd for C;gH14N2: C, 74.03; H, 8.70; N, 17.27. Found:
C, 74.21; H, 8.51; N, 17.44.

The same reaction carried out on propiophenone afforded pure N,N-dimethylhydrazone (DMH) 2b (8 g,
45% yield), a liquid, b.p. 69-71°C (0.9 mm Hg) [lit.17 b.p. 45-46°C (0.1 mmHg)]: 1H NMR & 7.65-7.70 (m,
2H), 7.30-7.40 (m, 3H), 2.90 (q, 2H, J= 12.0 Hz), 2.60 (s, 6H), 1.1 (1, 3H, J= 12.0 Hz).13C NMR 3§
170.15, 138.32, 129.83, 128.96, 127.66, 48.56, 22.40, 12.55. Anal. Calcd for C11H16N2: C, 74.96; H,

9.15; N, 15.89. Found: C, 74.71; H, 9.35; N, 15.70.
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Alkene N,N-dimethylhydrazones 3-5a,b

The following procedure is typical.8 A solution of 2a (1.50 g, 9.0 mmol) in anhydrous THF (10 ml) was
added dropwise at 0°C under nitrogen to a stirred solution of LDA [10.0 mmol from diisopropyl amine (1.4
ml) and 1.6 M BulLi (6.3 ml)] in anhydrous THF (15 ml), and the resulting reaction mixture was stirred for2h
at the same temperature. A solution of ailyi bromide (1.21 g, 10.0 mmoi) in anhydrous THF (1.0 mi) was
added and the reaction mixiure was left to warm to r.t. and then stirred at this iemperature for Zh. The reaction
mixture was diluted with saturated aqueous NH4Cl and Et70 and stirred for 2 h at r.t. Extraction with ether
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Ci2H1eN- : C. 77.18: H. 897 N. 13.85. Found: C. 77.40: H. 9.15: N. 13.64
Ci3HigN2 : C, 77.18; H, 897; N, 13,85, Found: C, 77.40; H, 9.15; N, 13.64.
1-Phenyl-2-methyl4-penten-1-one DMH (3b) (from 2b and allyl bromide, 86% vield), 0il: 180 IR (neat) 1640,

1594 cm-!; 1H NMR § 7.21-7.43 (m, SH), 5.75 (ddt, 1H, J= 16.9, 10.2 and 6.7 Hz), 5.00-5.10 (m, 2H),
4.90-5.00 (m, 1H), 3.84 (sexet, 1H, J= 7.3 Hz), 2.53 (6H, s), 2.02-2.40 (m, 2H), 1.20 (d, 3H, J= 7.1 Hz).
13C NMR § 175.43, 138.61, 137.05, 128.98, 128.61, 128.53, 116.92, 48.56, 39.26, 34.95, 18.81. Anal.
Calcd for C14HoN2: C, 77.73; H, 9.32; N, 12.95. Found: C, 77.50; H, 9.02; N, 12.79.
1-Phenyl-5-hexen-1-one DMH (4a) (from 2a and 4-bromo-1-butene, 92% yield), 0il:80 IR (neat) 1640, 1594
cm-l; lHNMR § 7.60-7.65 (m, 2H), 7.24-7.58 (m, 3H), 5.67-5.88 (m, 1H), 4.93-5.05 (m, 2H), 2.84-
2.92 (m, 2H), 2.54 (s, 6H), 2.04-2.14 (m, 2H), 1.45-1.60 (m, 2H). !13C NMR & 169.11, 138.56, 129.78,
128.92, 127.56, 115.72, 48.41, 34.37, 28.69, 27.01. Anal. Calcd for C14H2oN27: C, 77.73; H, 9.32; N,
12.95. Found: C, 77.94; H, 9.04; N, 13.17.

1-Phenyl-2-methyl-5-hexen-1-one DMH (4b) (from 2b and 4-bromo-1-butene, 93% yield), o0il:8b.18¢ IR
(neat) 1640, 1594 cm-!; 1H NMR § 7.25-7.46 (m, 5H), 5.79 (ddt, 1H, J= 16.9, 10.4 and 6.6 Hz), 4.88-
5.06 (m, 2H), 3.78 (sextet, 1H, J= 7.2 Hz), 2.52 (s, 6H), 1.90-2.20 (m, 2H), 1.35-1.72 (m, 2H), 1.20 (d,
3H J= 7.2 Hz). 13C NMR & 175.69, 138.92, 138.66, 129.00, 128.64, 128.44, 115.33, 48.53, 34.84,
34.28, 32.62, 22.40, 19.10. Anal. Calcd for C1sH2oN3: C, 78.21; H, 9.62; N, 12.16. Found: C, 78.50; H,
9.48; N, 12.37.

1-Phenyl-6-hepten-1-one DMH (5a) (from 2a and 5-bromo-1-pentene, 83% yield), 0il:18d IR(neat) 1640,
1594 cm-l; 1H NMR 8 7.58-7.65 (m, 2H), 7.24-7.39 (m, 3H), 5.65-5.85 (m, 1H), 4.87-5.10 (m, 2H),
2.85-2.93 (m, 2H), 2.54 (s, 6H), 1.92-2.17 (m, 4H). Anal. Calcd for C;sH22N3: C, 78.21; H, 9.62; N,

12.16. Found: C, 78.41; H, 9.37; N, 12.01.

I N -
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I-Phenyi-2-methyi-6- nepren-: -one DMH (
(neat) 1640, 1594 cml; 1H NMR § 7.25-7.4

3 (m, 5H), 5.75 (ddt, 1H, J= 16.9, 10.4 and 6.6 Hz), 4.85-
Nt f. ALIY 2 MO Jo o _a_a 1LY T "TN YT\ NEN f. LIT\ N 1N 1 O £ ALTY 1 AN 1 £N fine ATIY 1 1D 74
S.U7 (m, 2n), 3.78 (sextet, in, /= 7.U nz), 2.5z (8, o0n), 2.1U-1.77 {m, zi1j, 1.5U-1.00 (i, <11j, 1.106 (q,
AIT T__ T Y LY.L 11 wn4D £ 17€ 01 120 7% 120 ££ 170 O£ 170 £1 170 477 11£ 1& 40 €2 A7 02
3, J= 1.2 AL} T IN O 1i/5.71, 137.25, 130.00, 1£0.70, 140.01, 1£0.47, 1iJ.1J, #0.J3, %#/.53,
35.08, 34.44, 34.30, 27.74, 19.23, Anal. Calcd for C16H24N7: C, 78.64; H, 9.83; N, 11.46. Found: C,
20 Q7. LI QT4-N 11 &£
i10.0F, K1, 7.1%, i\, LL1.U0.

y

The fo. Ilowmg procedure is typical. A solution of enone DMH 3a (3.0 g, 14.8 mmol) in acetone (50 ml) was
eated with Amberlyst 15® (3.0 g) and the resulting suspension was stirred at r.t. for 18 h, then diluted with

ether. Evaporation of the filtered organic solution afforded an oily product consisting of practically pure 6a

(2.24 g) which was purified by flash chromatography. Elution with a 65:35 mixture of hexane and AcOEt

afforded pure I -phenyl-4-penten-1-one (6a) (2.01 g, 85% yield), as an oil: :8b IR (neat) 1687 cm-!; THNMR 8
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7.94-7.98 (m, 2H), 7.41-7.59 (m, 3H), 5.88 (m, 1H), 5.05 (m, 2H), 3.07 (t, 2H, J= 7.1 Hz), 2.44-2.60 (m,
2H). 13C NMR § 199.92, 137.88, 137.48, 133.58, 129.16, 128.59, 115.85, 38.28, 28.72. Anal. Calcd for
C11H120: C, 82.46; H, 7.55. Found: C, 82,59; H, 7.31.

I-Phenyi-2-methyi-4-penten-I-one (6b) (irom 3b, 87% yield), 0ii:519 IR (neat) 1687 cm-1; 1H NMR & 7.88-
8.00 (m, 2ZH), 7.38-7.62 (m, 3H), 5.79 (ddt, 1H, J= 17.0, 10.1 and 7.0 Hz), 4.93-5.10 (m, 2H), 3.54
______ =% N gL 7 1.3, 1LY T 1A 71N .. 1117\ N"AN 73, 117 ) 8 14" .. 3™ N YT\ T e
(sextet, 1H, J= 6.8 Hz), 2.56 (ddt, 1H, /= 14.3,7.0 and 1.2 nzj, 2.2u {di, 1n,J= 14,5 and /.v nij, 1.£1
(d, 3H, J= 6.9 Hz). 13C NMR 3§ .37, 137.18, 136.55, 133.66, 129.39, 129.02, 117.50, 41.15, 38.36,
177 17 Amnl NMalad faw £ LI, .M Y G779 1T Q@ 1 DErannd. M D E€2. LT O YD
171.717. Alial. \.aivil Ui blel]‘u. Ny 0L 74y 11, O.1. I'UUINI. U,y 04L.JT, L1, O0.&7F.

] . Phonul € havan_1_smnae (Ta) (from Aa Q00 viald) i1.8b.18e.19bh TD /naant) 1427 ~wm-1. 117 NTAID R 7 0)_ 7 Q0
45 BCRY-T“ICATHRTL UG \ 1& ] \11U1ll ¥Ry, U7 /U jlﬁlu}, Uil,. * v AN LvaAl) AVOT Wikl y 11 LVIVAIN O [ . 747 1.70
{m JHY 7707 &8 (v I § 710K fm 1THY 408,800 fm M) 206+ 2T T 72 H») 3 10991 {mn
\E8ky Ldhfy Fod T T oaf T \RRly JARJy oJel de™oleTdo \RMiy LBA)Jy TWed I VT \Bldy Lkl ]y Lo T VU \Uy bdBy == 1.7 B2&jJy doe AV dinedek Bl
2H), 1.77-1.91 (m, 2H). Anal. Calcd for C12H140: C, 82.72; H, 8.10. Found: C, 82.40; H, 7.94
1-Phenyl-2-methyl-S-hexen-1-one (7b) (from 4b, 85% yield), 0il:8b.18¢ IR (neat) 1687 ¢cm-1; 1H NMR §
7.95 (dd, 2H, J= 8.2 and 1.3 Hz), 7.38-7.60 (m, 3H), 5.79 (ddt, 1H, J= 16.9, 10.4 and 6.6 Hz), 4.92-5.06

(m, 2H), 3.51 (sextet, 1H, J= 6.9 Hz), 1.85-2.20 (m, 3H), 1.54 (ddd, 1H, J= 13.7, 6.9 and 5.7 Hz), 1.20
(d, 3H, J= 6.9 Hz). 13C NMR § 204.90, 138.72, 137.26, 133.49, 129.24, 128.87, 115.79, 40.32, 33.21,
32.10, 17.92. Anal. Calcd for C;3H;60: C, 82.94; H, 8.57. Found: C, 82.77; H, 8.24.
1-Phenyl-6-hepten-1-one (8a) (from 5a, 91% yield), oil:18¢190 IR (neat) 1687 cm!; 'THNMR & 7.92-7.98
(m, 2H), 7.39-7.58 (m, 3H), 5.71-5.91 (m, 1H), 4.91-4.97 (m, 1H), 2.96 (t, 2H, J= 7.1 Hz), 2.02-2.16 (m,
2H), 1.68-1.83 (m, 2H), 1.39-1.55 (m, 2H). Anal. Calcd for C13H160: C, 82.94; H, 8.57. Found: C, 83.15;
H, 8.68.

1-Phenyl-2-methyl-6-hepten-1-one (8b) (from 5b, 85% yield), oil:18¢ IR (neat) 1687 cm-1; 1H NMR & 7.96
(dd, 2H, J= 8.2 and 1.3 Hz), 7.62-7.40 (3H, m), 5.77 (ddt, 1H, J= 16.9, 10.4 and 6.6 Hz), 4.88-5.06 (m,
2H), 3.48 (sextet, 1H, J=6.7 Hz), 1.96-2.17 (m, 2H), 1.70-1.92 (m, 1H), 1.20 (d, 3H, J= 6.8 Hz). 13C
NMR §: 205.04, 139.15, 137.31, 133.51, 129.27, 128.90, 115.30, 41.08, 34.45, 33.78, 27.32, 17.96.
Anal. Calcd for C14H180: C, 83.12; H, 8.97. Found: C, 83.35; H, 9.17.

Synthesis of Epoxy Ketones 9-11a,b

The following procedure is typical. A solution of enone 6a (1.60 g, 10.0 mmol) in 3:1 THF/H20 (60 ml) was
treated with NBS (1.95 g, 11.0 mmol) and the reaction mixture was left in the dark for 24 h at r.t. Aqueous
2.5 N NaOH (4.5 ml) was added dropwise in the presence of phenolphthalein and the resuiting reaction
mixture was stirred for 1 h at r.t. Dilution with saturated aqueous NaCl, extraction with ether and evaporation
of the washed (saturated aqueous NaCl) ether extracts afforded a crude reaction product consisting of

_ st o~ JE, - AL _

practically pure 9a (1.62 g) which was purified by flash chromatography. Elution with a 6:4 mixture of hexane

awd A MY _oC._ 3. P e - e\ 1 AL _—— e fmnma) 1L£0

and AcOEt afforded pure I -phenyi-4,5-epoxypentan-1-one (9a) (1.45 g, 82% yield), as an 0il:° 6 IR (neat) 1687

cm-l; 1H NMR 3 7.94-8.00 (m, 2H), 7.41-7.60 (m, 3H), 3.14 (t, 2H, J= 7.1 Hz), 3.01-3.10 (m, 1H), 2.78
T. o ] *.

(t. 1H. J= 4.4 Hz). 2.53 (3d, 1H. J= 4.9 and 2.6 Hz). 2.08-2.25 (m, 1H), 1.81 (sextet, 1H. J= 6.9 Hz) l‘{n
(L LI, J= 4.9 1), .02 U4, 101, /= 9.5 4l 4.0 118), £.U0~&.Ld (Il 111}, L.01 AWK, 111, /= U.7 51d).
ANRMD S 272NN NA 17771 122QN 127097 127200 172 A% &2 A8 AR 12 28 16 772N Anal MNalr~d frr
AWAVAIN U LUV NATTy L J [ deldy IJJ.I\I, Ad T ﬁl, AUl 7y LD VUDy J&TTIy TTULLU0y JJe Ay &l IV L ARBERE SN ANR
O3 Hiar- C 74 08- H & 86 Found: C. 7521 652

\Jllllllv‘- vy I Tal\Uy ll, WelIWe & WWAINE: Wy [ Jekvdy Ahy Vi bwe

1-Phenyl-2-methyl-4,5-epoxypentan-1-one (9b) (from 6b, 77% yield),6 oil as a 75:25 mixture of two
diastereoisomers (A and B): IR (neat) 1687 cm-l, Diasterecisomer A : 'H NMR § 7.90-8.03 (m, 2H), 7.39-
7.65 (m, 3H), 2.83-2.98 (m, 1H), 2.71 (dd, 1H, J= 5.0 and 4.2 Hz), 2.50 (dd, 1H, J= 5.0 and 2.7 Hz),
2.27 (ddd, 1H, J= 14.0, 8.7 and 4.1 Hz), 1.51 (ddd, 1H, J= 14.0, 7.4 and 5.1 Hz), 1.26 (d, 3H, J= 7.0

Hz). 13C NMR & 203.99, 136 82, 133.72, 129.30, 128.92, 51.34, 47.91, 38.92, 36.90, 19.17.
Diastereoisomer B : 1TH NMR & 7.90-8.03 (m, 2H), 7.39-7.65 (m, 3H), 2.98-3.12 (m, 1H), 2.77 (d4, 1H, J=
49 and 4.1 Hz), 2.46 (dd, 1H, J= 4.9 and 2.6 Hz), 2.02 (ddd, 1H, J= 14.3, 6.1 and 4.6 Hz), 1.77 (ddd,
1H, J= 14.3, 7.8 and 4.7 Hz), 1.30 (d, 3H, J= 7.2 Hz). 13C NMR 3§ 203.99, 136.82, 133.72, 129.30,
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128.92, 50.93, 48.21, 38.46, 36.43, 17.67. Anal. Calcd for C12H1407: C, 75.76; H, 7.42. Found: C,
75.68, H, 7.14. *

1-Phenyl-5,6-epoxyhexan-1-one (10a) (from 7a, 81% yield), 0il:6 IR (neat) 1687 cm-1; 1H NMR § 7.94-
7.98 (m, ZH), 7.41-7.60 (m, 3H), 3.06 (1, 2H, J= 7.0 Hz), 2.92-2.99 (m, iH), 2.76 (t, iH, j= 4.7 Hz),
2.49 (dd, 1H, J= 5.0 and 2.7 Hz), 1.93 (quintet, 2H, J= 7.3 Hz), 1.51-1.78 (m, 2 ') 13C NMR 8 200.42,
127 £ 1723 LT 17D N4 10 £ 4 L "1 A A" A0 120 £O AN LY A1 AN A a1 SNt Fal -EJ‘I
137.53, 133.67, 125.24, 128.64, 52.74, 47.48, 38.58, 32.53, 21.30. Anal, Calcd for C)2H1409: C, 75.76;
H, 7.42. Found: C, 75.91, H, 7.29.

] DLoasess] P wanshio] € £ amneubhavne T nss fTORY 7frrnes Th TO0 ialA\ il TD Ffwaans) 1L£077 —._......-l !I‘J’ ATAAD 8
L~r ncnyra*nwua,t’.nu-qmjnml =& =UnRC \( AU ) 11Ul 1uy 1770 y Cill), VLl. LU\ \1K-3L) 1007 L » Il INIVEN ©
708 (A4 2H Jw 2D and 1 E§ Ha\ TANT () fm AHY Q8K (covxtat TH J- A& H2) 27924 708 (,m 1L
To7°V0 \MAdy BBy F = Urde GARS AoV LALJy 1.TUT10UL \By JARJy 4tV \DUALICL L1k 7% U.U K54 )y &0 L. 70 \illy, iI1kj,
272 (dt 1H. J=4.5 and 1.1 Hz). 2.40-2.48 (m. 1TH). 188-2.10 (m. 1H). 1.36-176 (m 3H) 122 (4 IH
dve § b \\BVy EAXy W Toal WEIG Aed ABMJy M TU e TU \Uily L83y AUUTL A \Bily 1AKJy Ae/NF Ao TNF \dARy JEBJy Zedude \\By Jidy
J= 6.8 Hz). 13C NMR § 204.60, 137.05, 133.65, 129.34, 128.90, 52.89-52.75, 47.64-47.49, 40.85-40.68,
31.03-30.65, 30.46-30.14, 18.60-18.10. MS: 204, 173, 159, 133, 105, 77, 51. Anal. Calcd for C13H;1502

1-Phenyl-6.7-epoxyheptan-1-one ( lla) (from 8a, 78% yield), a solid, m.p. 27-28°C: IR (Nujol) 1687 cm-!;

'H NMR & 7.93-7.98 (m, 2H), 7.41-7.60 (m, 3H), 3.00 (t, 2H, J= 7.3 Hz), 2.88-2.96 (m, 1H), 2.75 (dd,
1H, J= 4.0 and 0.9 Hz), 2.49 (dd, 1H, J= 5.0 and 2.8 Hz), 1.71-1.86 (m, 2H), 1.52-1.65 (m, 4H). 13C
NMR 6 200.77, 137.62, 133.65, 129.25, 128.69, 52.80, 47.75, 39.02, 33.00, 26.38, 24.67. MS: 204, 186,
173, 146, 133, 120, 1085, 84, 77, 51. Anal. Calcd for C13H1602: C, 76.44; H, 7.90. Found: C, 76.40; H,
7.68.

1-Phenyl-2-methyl-6,7-epoxyheptan-1-one (11b) (from 8b, 75% yield), oil: IR (neat) 1687 cm-!; 1H NMR &
7.98 (dd, 2H, J= 8.2 and 1.3 Hz), 7.42-7.64 (m, 3H), 3.50 (sextet, 1H, J= 6.6 Hz), 2.82-2.94 (m, 1H),
2.73 (t, 1H, J= 4.5 Hz), 2.44 (dt, 1H, J= 5.6 and 2.6 Hz), 1.75-2.00 (m, 1H), 1.37-1.68 (m, SH), 1.21 (d,
3H, J= 6.8 Hz). 13C NMR § 204.79, 137.16, 133.55, 129.28, 128.84, 52.75-52.66, 47.67, 41.09, 33.97-
3392, 33.23-33.11, 24.60-24.40, 18.08. MS: 218, 187, 161, 147, 134, 115, 108, 91, 77, 51. Anal. Calcd
for C14H802: C, 77.03; H, 8.31. Found: C, 77.34; H, 8.50.

Cyclization Reaction of Epoxy Ketones 9-11a,b by the LHMDS/Sc(OTf)3 Protocol
(Procedure A, Table)

The following procedure is typical. A solution of epoxy ketone 9a (0.17 g, 1.0 mmol) in anhydrous toluene
(3.0 ml) was added dropwise at 0°C to a stirred 1.0 M LHMDS in hexane (Aldrich) (1.2 ml). After 1h stirring
at the same temperature, Sc(OTf)3 (0.098 g, 20% mol) was added and stirring proionged for i8 h at room
temperature. Dilution with saturated aqueous NH4Cl and ether, and evaporation of the washed (saturated

......... NI EX YN el ATl 0B o meeeele e B s ) 1LE o\ e mmale: e alon il na TTL A& L. L -
AlUCUOUS Ivanu.uU3 aiid 1val) aroraea a crua UUUCL \V.100 ¥) mo uy COnsis! g TIA Lia winln was
..... nebier TIlaatine wrrdebhh o 742 cmmivérien Af hawnma ool AN L Pledad wecirn =000 Y
puuuw U’ ua:su bmmlmwlapuy LIUUULL WILL & /7.0 HHAWIC Ul TICAAIN &Il MAUUIEL HHUSU puxl: [ A LV
) AP sl e a s mes puns mdle naend TV N 1Y e “VAD «23nldA) 0o on A:‘gém Lunmns\ 164771 @n—-l TD Y.\ 2421
U(:MU]“I ‘L_y(..uq}luymmumlmt (1&a) \UV. 10 B’ . y CiU), ad all V1L™ AR (KAL) 1071 Wil 7y AR (WL ig ) ouo),
3531 (weak) and 3483 cm"! (weak); 'H NMR 8 7.97-8.02 (m, 2H), 7.40-7.59 (m, 3H), 3.88 (dd, 1H, J=
119....A<nu..\ 281444 1TH I= 11 6and EQHa) 266 m THY 120 (m 1HY 1 4€ 7m 1HY 1 N8 {m
A+U SBLINS JNT l‘.‘}' o an’ A \w' lll’ T ALY G UL llb}’ de o+ NINT \lll, lll’, L.OF \l(l‘ llll’ AV \ul‘ lll" AN \II.’
1H), 13C NMR § 200.34, 133,51, 133.40, 129.15, 128.73, 65.04, 28.29, 23.35, 16.34, MS: 176, 158,

145, 129, 120, 105, 91, 77, 76, Anal. Calcd for C11H1207: C, 74.98; H, 6 86, Found: C, 75.19; H, §.74,

The crude reaction product (0.164 g) from epoxy ketone 9b was purified by flash chromatography (a
7:3 mixture of hexane and AcOEt was used as the eluant) to give pure c-2-benzoyl-2-methyl-1-1-
cyclopropanemethanol (12b) (0.15 g, 79% yield), as an oil: IR (neat) 1674 cm-1; IR (CCls) 3630, 3620
(shoulder) and 3531 cm1 (weak); 1H NMR § 7.82-7.86 (m, 2H), 7.31-7.44 (m, 3H), 3.96 (dd, 1H, J= 11.7
and 4.9 Hz), 3.56 (dd, 1H, J=11.7 and 8.5 Hz), 1.48-1.69 (m, 2H), 1.42 (s, 3H), 0.49-0.54 (m, 1H). 13C
NMR & 204.57, 137.71, 132.66, 129.37, 128.93, 62.89, 30.13, 27.48, 18.40, 17.09. MS: 190, 172, 159,
144, 129, 115, 105, 91, 77. Anal. Calcd for C;2H1402: C, 75.76; H, 7.42. Found: C, 75.77, H, 7.44.
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The crude reaction product (0.20 g) from epoxy ketone 11a consisting of a mixtwre of +HKs 18a, 19a
and 20a (1H NMR, see Table) was subjected to flash chromatography. Elution with a 7:3 mixture of hexane
and AcOE: afforded pure y-HK 18a (0.17 g, 83% yield) and 19a (0.020 g, 10% yield).

cis-3-Benzoyi-I-cyciohexanoi (18a),2® a solid m.p. 90-91°C (iit.2%5 m.p. 89-91°C): IR (Nujol) 1677 cm™};
IR (CCly) 3620 and 3446 cm! (broad); !H NMR & 7.83-7.88 (m, 2H), 7.35-7.53 (m, 3H), 3.62-3.77 (m,
1TTY ke | 1 LZO N 1€ (- -4 & Ry 1 1N 1 M £ ATLTIN |1ﬁ AaTLITY © ﬂl\‘! 1‘ 1’]‘ Iﬂ 1M £
1H), 3.24-3.35 (m, 1H), 1.68-2.15 (m, 5H), 1.10-1.52 {(m, or1). *JC NMK 0 ZUJ 150.78, 133.00,
129.30, 128.93, 70.55, 44.60, 38.28, 35.74, 29.12, 24.02. MS: 204, 186, 146, 133, 121 108, 84, 77
Avial Nalrnd foae (Y nLX AN £ "IK AA. 1T T ON Eannd. Y I 80 LI 71 Q1
Adldl. WAlAL U V316V vy 1O, X, 1.oU, TULIAL U, 10,07, 11, 1,01,
trans-2-Benzoyl-1-cyclopentanemethano! (19a), oil: IR (neat) 1676 cm-1; IR (CCly) 3639 cm-!; 1TH NMR §
7092797 (2H. m). 7.38-7.65 (3H. m). 338370 (3H. m) 262272 (1H m) 1122 10 (EH m) 13

- 2 4 \MwEXy B5EJy FofUT Foadel \ TRy ML)y Jed Ui \U \JiAy Rl)y &VaTde i \(AALy Mify A JaTd.lV ULy K1) ~
NMR & 203.15, 137.59, 133.51, 129.14, 66.60, 50.57, 45.38, 32.34, 25.63, 25.76. MS: 204, 187, 146,
133, 118, 105, 77, 55. Anal. Caled for C13H1609: C, 76.44; H, 7.90. Found: C, 76.25, H, 8.15.

The crude reaction product (0.202 g) from epoxy ketone 11b, consisting of a mixture of »HKg 18b and

19b ( IH NMR) was subjected to flash chromatography. Elution with a 7.5:1:1.5 mixture of hexane, AcOEt

and NE13 afforded pure 18b (0.092 g, 42% yield) and 19b (0.028 g, 13% yield).
c-3-Benzoyl-3-methyl-1-1-cyclohexanol (18b), oil: IR (neat) 1676 cm-!; IR (CCly) 3620 (shoulder), 3602 and
3467 cm-1 (weak); 'H NMR 8 7.64 (dd, 2H, J= 7.8 and 1.7 Hz), 7.25-7.50 (m, 3H), 3.84-4.00 (m, 1H),
1.30-2.00 (m, 8H), 1.35 (s, 3H). 13C NMR & 210.31, 139.41, 131.30, 128.64, 67.40, 48.88, 43.42, 35.02,
35.85, 24.68, 19.80. MS: 218, 201, 147, 123, 105, 96, 95, 81, 77, 67. Anal. Calcd for C14H302: C,
77.03; H, 8.31. Found: C, 77.25; H, 8.01.

t-2-Benzoyi-2-methyl-r-1-ciclopentanemethanol (19b), oil: IR (neat) 1674 cm-1; IR (CCly) 3616 and 3471
cm-1 (broad); 1H NMR & 7.82 (dd, 2H, J= 8.0 and 1.7 Hz), 7.20-7.59 (m, 3H), 3.70 (dd, 1H, J= 10.9 and
5.2 Hz), 3.57 (dd, 1H, J= 10.8 and 9.3 Hz), 2.63-2.83 (m, 1H), 2.12-2.32 (m, 1H), 1.93-2.12 (m, 1H),
1.52-1.93 (m, 2H), 1.35 (s, 3H), 1.20-1.47 (m, 1H). MS: 218, 190; 159, 147, 129, 105, 95, 77. Anal.
Calcd for C14H1809: C, 77.03; H, 8.31. Found: C, 77.40; H, 8.12.

Cyclization Reaction of the Epoxy Ketones 9-11a,b by the #-BuOK/f-BuOH Protocol
(Procedure B, Table)

General procedure. A solution of the epoxy ketone (1.0 mmol) in anhydrous ~BuOH (10 mI) was treated with
t-BuOK (0.45 g, 4.0 mmol) and the resuiting reaction mixture was stirred at 80°C for 3 h. After cooling,
dilution with saturated aqueous NaCl, extraction with ether and evaporation of the washed (saturated aqueous

NaCl) ether extracts afforded a crude reaction product which was analyzed by !H NMR to give the results
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mixture of peamieum ether and AcOE!t was used as the eluant). Extracton of the two most intense bands (ihe

) .

cunlnhavnnnl (I0a o 18% vield) ac an ail' IR (neat) 1674 cm-1- TR (1) 16785 and 2840 om-1
JLsUTsCAlsiss (e Ny Res ST JAVAWJy @O WL WAA. 248N \JIVALS AU TT Wil Ty SR Wi SULS WERA STV Wil
(weak) 1H NMR & 7.95-7 {m 2H) 7.43-7.60 (m.  3H) 4.25-427 (m. 1H). 1.75-3 86 (m_1H) 1 38.
(weak); ‘H NMR 0 7.93-1.99 (m, 2ZH), 7.45-/.60 (m, 311), 4.25-427 (m, 1H), 3.7)-3.80 (m, 1), 1.56
2.06 (m, 8H). 13C NMR 3§ 204.50, 136.79, 133.52, 129.28, 129.04, 66.87, 40.30, 36.10, 33.35, 29.56,
20.38. MS: 204, 186, 146, 133, 105, 84, 77, 51. Anal. Caled for C;3H;602: C, 76.44; H, 7.90. Found: C,
76.12; H, 7.66

The crude reaction product (0.16 g) from epoxy ketone 10a was subjected to preparative TLC (a 7.5: 1:
1.5 mixture of petroleum ether, AcOEt and NEt3 was used as the eluant). Extraction of the two most intense
bands (the faster moving band contained 14a) afforded pure 14a (0.085 g, 45% yield) and 15a (0.025 g,
13% yield).
6-Phenyl-2-hydroxymethyl-3 4-dihydro-2H-pyran (14a), oil: 1H NMR 8 7.51-7.55 (m, 2H), 7.25-7.36 (m,
3H), 5.65 (t, 1H, J= 5.6 Hz), 4.06-4.15 (m, 3H), 1.88-2.06 (m, 4H). 13C NMR & 158.51, 137.15, 128.87,
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1.70. MS: 190, 159, 133, 120, 108, 77, 51. Anal. Calcd for
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6.60, 66.15, 27.80, 24.94, 19.56. MS: 204, 189, 173, 147, 134, 129, 105, 91, 77. Anal. Calcd for
C13H16072: C, 76.44; H, 7.90. Found: C, 76.40; H, 7.61. Acetate (14b-Ac), oil: IR (neat) 1740 cm-1; 1H
NMR & 7.20-7.54 (m, SH), 4.03-4.34 (m, 3H), 1.66-2.35 (m, 4H), 2.10 (s, 3H), 1.71 (s, 3H). 13C NMR &
171.67, 147.12, 137.02, 129.57, 128.43, 128.28, 106.09, 73.64, 66.88, 27.51, 25.37, 21.56, 19.63. Anal.
Calcd for C15H1303: C, 75.15; H, 7.37. Found: C, 75.29; H, 7.48.
7-phenyl-6-methyl-3-hydroxy-2,3,4,5-tetrahydrooxepin (15b), oil: 1H NMR 8 7.17-7.44 (m, SH), 3.90-4.20
(m, 3H), 2.47 (ddd, 1H, J=15.5, 9.2 and 2.2 Hz), 2.14 (ddd, 1H, J= 15.7, 9.4 and 2.1 Hz), 1.88-2.06 (m,
1H), 1.65-1.88 (m, 1H), 1.78 (s, 3H). 13C NMR & 153.81, 138.00, 129.23, 128.44, 128.18, 120.35,
77.44, 71.43, 32.91, 29.22, 21.68. MS: 204, 189, 171, 147, 134, 115, 105, 91, 77. Anal. Calcd for
Ci13H16072: C, 76.44; H, 7.90. Found: C, 76.20; H, 8.10. Acetate (15b-Ac), oil: IR (neat) 1740 cm-!; 1H
NMR & 7.19-7.40 (m, SH), 5.03-5.19 (m, 1H), 4.24 (dd, 14, J= 12,7 and 3.5 Hz), 4.13 (dd, 1H, J= 12.7
and 3.9 Hz), 2.46 (ddd, 1H, J= 16.4, 7.7 and 3.1 Hz), 2.27 (dd, 1H, J= 8.4 and 3.9 Hz), 1.94-2.20 (m,
2H), 2.09 (s, 3H), 1.76 (s, 3H). 13C NMR § 173.23, 154.05, 137.95, 129.46, 128.46, 128.30, 118.27,
75.03, 74.15, 29.88, 29.40, 21.96, 21.62. Anal. Calcd for C15H;3013: C, 75.15; H, 7.37. Found: C, 75.01;
H, 7.59.

In some cases, the above-described procedure was repeated under the same operating conditions using
anhydrous benzene as the soivent, to give the resuits shown in the Tabie.

2

$
72}
< &
£ &
E
-

anls s MIK » € € evevanl) rran addad a
U DWIEL (Ul 3, J.0 HILIHUL Was dulutu all
a

temperature. The usual work-up afforde
raculte chown in the 'T‘gbk'ﬁ

W TULLG FASS VY EL A2 SAKW A

o
[¢]
g
&
a
g
§.
he]
s
5
g
£
&
g
g
5
3
&

Isomerization Reaction of y-HKs 12a,b in TFA

The following procedure is typical. Following a partially described procedure,® a solution of v-HK cis 12a
(0.090 g, 0.51 mmol) in 0.5 M TFA in CH2Cl; (6.0 ml) was stirred at r.t. for 18h. Dilution with CH2Cl3 and
evaporation of the washed (saturated aqueous NaHCO3) organic solution afforded a crude product (0.075 g)
consisting of practically pure trans diastereoisomer 13a, which was purified by TLC (a 7:3 mixture of
petroleum ether and AcOEt was used as the eluant). Extraction of the most intense band afforded pure trans-2-
benzoyl-1-cyclopropanemethanol (13a) (0.053 g, 59% yield), as an 0il:6 IR (neat) 1670 cm-l; 1H NMR &
7.90-8.05 (m, 2H), 7.46-7.65 (m, 3H), 4.53 (dd, 1H, J= 11.6 and 6.3 Hz), 4.26 (dd, 1H, /= 11.5 and 8.1
Hz), 2.78 (dt, 1H, J= 8.3 and 4.8 Hz), 1.98-2.11 (m, 1H), 1.63 (dt, 1H, J= 8.4 and 4.6 Hz), 1.10-1.20 (m,
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1H). MS: 176, 158, 145, 120, 105, 77, 51. Anal. Calcd for Cy1H;202: C, 74.98; H, 6.86. Found: C, 75.17;

cyclopropanemethanol (13b) (0. 625 g, 50% yiel ), as an oil: IR (neat) 1672 cm~:; IR (CC 14) 3631, 5026 cm-i
(shoulder); 'H NMR & 7.87-7.92 (m, 2H), 7.40-7.59 (m, 3H), 4.85 (dd, iH, J= 11.8 and 5.1 Hz), 4.26 (dd,
1H, J= 11.8 and 9.6 Hz), 1.75-1.86 (m, 2H), 1.49 (s, 3H), 0.70-0.74 (m, 1H). !3C NMR & 202.31,
137.15, 133.15, 129.37, 129.13, 68.85, 30.34, 22.66, 18.14, 17.32. MS: 190, 172, 159, 129, 105, 77, 51.
Anal. Caled for C12H1402: C, 75.76; H, 7.42. Found: C, 75.63; H, 7.12.

Treatment of v-HKs 12-13a.h and 18-192,b with LHMDS in Anhydrous Toluene

General procedure. The ¥-HK (0.2 mmol) in anhydrous toluene (0.3 ml) was treated at 0°C with IM LHMDS
in hexane ( 0.3 ml) and the resulting reaction mixture was stirred for 2 h at the same temperature. The usual
work-up afforded a crude reaction product which was _alyzed by 1H NMR. Under these conditions, while

trans *HKs 13a and 13b were completely epimerized to corresponding cis diastercoisomer 12a and 12b,

vHKs 18a and 19a turned out to be completely stable.
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It has to be stressed that, in the present study, four-membered cyclic y~HKs were never formed in these

reactiong dently of the type of the starting epoxy ketones and reaction conditions used.
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