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AbU/,,cr. The resule, olxsmed in the base-catalyzed intr~oleoalat cycliza~ of enola~ dedved from 
~me ~ v e  4,5-, 5,6-, and 63-epoxy ketones and of the correspcmding alkenes e~e discussed. The 
LHMDS/Sc(OTf)3 l~Otocol on epoxy ketones appears to be a valuable tool for the stereoselecl/ve 
obtahmwnt ottbe con, wlmnding cyclic T-hydroxy ketcmes (T-I-IKs). © 1999 Elsevier Science Ltd. All rights reserved. 

A variety of s t a b ~  carbanlons have been widely used for the in;ramolecular ring-upenlng 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. 1 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 intermolecnlar addition of lithium enolates of ketones to 1,2-epoxides has turned 

out to be an efficient mute to substituted y-hydroxy ketones (T-HKs), an interesting class of 1,4- 

difunctionalized compounds.2, 3 When Sc(OTf)3 was used as the metal salt in anhydrous toluene, good yields 

of the C-alkylated reaction products were obtained, no trace of the corresponding O-alkylated products bein 8 

observed. Unfortunately in that case, the diastereoselectivity was poor, because the reaction was under 

thermodynamic controL4 

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- (ga), 

5,6- (10a) and 63-epoxy-l-pbenyl-1-alkanone ( l la)  and the corresponding wbranched derivatives (epoxides 

9-11b), in view of the possible straightforward obtainment of cyclic V-HKs. The same subslrates were 

subjected also to other previously described cyclization procedures, and results were compared with those 

obtained by our original protocol: the t-BuOK/BuOH protocol (procedure B, Table) on the epoxy ketones 9- 

l la ,b ,  5a'c and the NBS/KOH/DMSO protocol (procedure C, Table) on the corresponding keto alkenes 6- 
8a,b. 6 

Acetopbenone (la) and pmpiophenone (lb) were transformed into the corresponding NjV-dimethyl 

hydrazones (DMH) 2a and 2b 7 which were deprotonated with LDA and alkylated with the appropriate, 

commercially available, a-,J5-, or T-bmmo-l-alkene to give the corresponding alkenes DMH 3-$a,b. 8 

Depro l~on  with acidic Amberlyst resin in acetone afforded the enones 6-Sa,b which were tranffcxmed into 

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All fights reserved. 
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the corresponding epoxy ketones 9-Ua,b by the NBS/H20/THF protocol followed by base-catalyzed 
cycli~fion (aqueous NaOl-l) of the imp'mediate crude mixture of ~ n s  bromohyddm (Scheme 1). 9 

The cyclizaflon of epoxy kemnes 9a,b and enones ~ , b  by means of all the examined procedures 
(procedures A, B and C, respectively, Table) afforded only the cyclopropane c/s derivative 12a,b (a 
C-alkylaflon product, Scheme 2) (entries 1-6, Table), no trace of trans diastere~somer 13a,b, ~ of any 
regioisomedc products (attack on the less substituu~d oxirane carbon of ga, b) or opening products derived 

from an O-alkylafion process being found in the crude reaction mixture. The exclusive formation ot 

T-HK 12a,b in this reaction can easily be justified on the basis of a highly favored Markovnikov- 

Scheme 2 
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Table. Intramoleeular Cyelization of Epoxy Ketones 9.11a,b and Enones 64a ,b  (a, 

R=ll; b, R=Me). 

entry compound reagentsa t T product compomtion b yield ¢ 
(h) ('C) (%) ~t 

R ~  x''y I ~ ~ C H a O H  
e, x-y R / / '  
9, x-y - ~ 0  ¢~)1~=;h 

1 9a A d 2 0 12a (>99) 94 
2 9a B 3 80 12a (>99) 79 
3 6a C 16 r.t. 12a (>99) 35 

4 9b A d 3 0 12b (>98) 86 
5 9b B 3 80 complex mixture 
6 6b C 16 r.t. 9b (>95) 93 

I ~ " ~ x "  Y R Pn,~O~CH=O H Ph R ~ . ~  0 0 H 
7, x-y - ~  R ' v  

10, x-y - ,~) (.t)14a,b ~)lk,b 

7 10a A d 18 r.t. complex mixture 
8 10a B 3 80 14a (77) + lSa (23) 84 
9 10a Be 3 80 14a (60) + 15a (40) 78 

10 7a C 16 r.t. 10a (96) 60 

11 10b A d 16 r.t. complex mixtme 
12 10b B 3 80 14b (83) + lSb (17) 75 
13 To C 16 r.t. 14b (74) + lb'b (26) 73 

14 
15 
16 
17 

18 
19 
20 

O 

R : ,,OH 

II, x-y- 
11, x-y - ~0 ~)18a,b ~)19e,b (.t)~b 

U a  A d 3 0 18a (84) + 19a (12) + 20a (4) 
U a  B 3 80 18a (73) + 20a (27) 
U a  B • 3 80 18a (67) + 20a (23) 
8a C 16 r.t. 18a (7) + l l a  (75) + h (18) 

l i b  A ~ 16 r.t. 18b (80) + 19b (20) 
l i b  B 3 80 18b (75) + 19b (25) 

8b C 16 r.t. 18b (87) + 19b (13) 

98 
78 
62 
5 

92 
75 
65 
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a Procedure A: LHMDS/Sc((YIT)3 (20% mol)/anhydrous toluene (ref.4); Procedure It: t-BuOK/t-BuOH 
(ref.5a-c); Procedure C: NBS/DMSO-H20/KOH (ref.6). b Determined by 1H NMR and GC examlns_~on of 
the crude reaction ImxlucL ¢ Yields based on weight, GC and IH NMR examination of the isolated crude 
reaction p~c, dact. d 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% yield) of 
the corresponding cyclizafion products obtained also in the absence of the catalyst. • Anhydrous benzene 
was used as the solvent. 

type 3-e.xo cyclization mode, 10 in which the efficient coordination of the enolate and oxirane oxygens through 

the metal (Li +, K+f-M+), as shown in structure 21 (Scheme 3), 11 precludes any possibility of the formation of 

the trans diastereoisomer 13a,b. The trana ¥-HKs 13a,b can be obtained only by epimerization of the 

corresponding c/a dj#stereoisomers 12a,b in TFA.6 On the other hand, trans y-HKs 13a,b can be converted 

to the corresponding c/s diastereoisomers 12a,b by treatment under typical cyclization conditions (HIMDS, 

toluene) or other basic conditions (MeONa/MeOH) indicating that the base-catalyzed cyclization of epoxy 

ketones 9a,b to the corresponding T-HKs 12a,b is under thermodynamic control.4, ]2 

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 turned out to be unexpectedly inefficient leading only to complex reaction 

mixtures, both the t-BuOK/t-BuOH (or benzene) protocol on epoxy ketones 10a,b and the NBS/DMSO/KOH 

protocol on enone 7b (with 7a, epoxide 10a was the only reaction product) 6 afforded only O-alkylated 

products, the hydroxy enol ethers (HEEs) 14a,b and 15a,b (Schemes 2 and 3), no wace of any pmsible 

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 he attributed in the case of 16 to the reasonably 

low stability of the corresponding four-membered transition state (TS) 13 and, in the case of the anti- 

Marlmvnikov-type '?-HK 17, to the consistent strain of the corresponding five-membered "IS, as shown by an 

examination of the molecular models. It appears that the LHMDS/Sc(OTf) 3 protocol is exclusively effective for 

a C-alkylation process; when this is not possible for any reasons (steric and/or s ~ n i c ) ,  no reaction 

occurs by the O-alkylafion pathway. On the contrary, under appropriate conditions (t-BuOK/t-BuOH), the O- 

alkylation process appears to be largely favored in this case, because of the involvement of unstrained lfix- 

(leading to HEEs 14a,b) or seven-membered "IS (leading to HEEs ISa,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 cyclizafion reactions of the 6,7-epoxy ketones l la ,  b (procedures A and B) and of enones ga,b 

(procedure C, Table) afforded mixlmes of both the anti-Marlmvnikov- (the cyclohexane c/s derivatives Iga,b) 

and Markovnlkov-type regioisomers (the cyclopentane trans derivatives 19a,b), with some amounts, in the 

case of l la ,  of the Markovnikov-type trans diastereoisomer 20a (Schemes 2 and 3, and entries 14-20, Table). 

On the whole, the LHMDS/Sc(OT03 protocol (procedure A) appears to be superi(x 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 t- 

BuOK/t-BuOH protocol (procedure B), a complete regioselectivity was observed (compound 1911 was not 

formed), but the stereoselectivity was poor (cis 18a : t runs 20a = 73:27); the NBS/DMSO/KOH Ixotocol 
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Scheme 3 

R :. A, B or C ,, + 

R (C , -a l~ )  H/k"%H Ph 

(:l:)ga,b 21a,b 

. c 

R 22a,b 
(+)10a,b 

i : h ~ V ~ , ~  O A, B or C ,,, 
R (C-alkylalk~) 

(+)11a,b 

I a  series, R,,H I 
b sedes, R=MeJ 

R••,•pCH:L43 H 

R"" 
(+)12a,b 

R ~ O y C H = O H  

R" v + 

(:l:)14a,b 

R l : h / " ~ O  H 

(+)151,b 

_ ~equatorial 

23a,b (six-membered "IS) 
pseucJoaxial 

)seudoaxial 
24a,b (five-membered TS) 

H H 

~ ~l u equatorial 
258 (six-membered TS) 

(+ ) l k ,b  

(:l:)lh,b 

. R ~ .  ''OH 

(±12oe 

(procedure C), practically inefficient in the unbranched enone 8a, gave, in rite branched enone m ,  results 

similar to those obtained by means of the other procedures. On the reasonable assumption that the most 

favorable "IS for these cycfizafion reactions are those in which the double bond of the enollae and the oxinme 

C-C bond of the molecule can adopt a staggered ant/conformation, 4 the two regioismneri¢ ~-HKs 11k~b and 

19a,b arise from a reactivity of the enolate by its $i or Re face, respectively, as shown in Scheme 3 [enolate 

(Z) of the (R)-stereoisomer shown]. 11 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 'IS 24a,b, which, moreover, makes it possible for the nucleoplfilic attack to occur at the less 
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hindered lrimary carbon of the oxirane ring.14 As for the small amount of the trans isomer 20a l~esent in the 

crude reaction product from epoxy ketone l la ,  this seems to arise from a reactivity of the Re face of the 
cm~sponding enolate through the less stable gauche "IS shown in structure 25a (Scheme 3). 7-I-1I~ ~ and 

19a turned out to be stable under the basic experimental conditions (LHMDS, toluene), indicaling that the 
cycl/zatiou reaction is, in this case, under kinetic control4,16 

In conclusion, the LHMDS/Sc(OTO3 protocol can be efficiently applied to different types of epoxy 
ketones for the synthesis, through an intramolecular cycllzation process, of cyclic ?--HKs (C-alkylatiou 

products), not easily obtainable by means of otb.~" 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 t-BuOK/BuOH l~3cedure affords only 
products (cyclic HEEs) deriving from an O-alkylation process, which can be of some interest in organic 
synthesis. 

Structures and Configurations 

The structure and configurations of all the cyclic compounds (¥-hydmxy ketones 12.13a,b and l$- 

20a,b and hydroxy enol ethers 14-15a,b) were firmly established by accurate exeminafion of their 1H NMR 
spectra with appropriate double resonance experiments (in the case of 14b and lb'b, also the corresponding 

acetates 14b-Ac and lSb-Ac were examined), and by considerations based on the reaction mechlnilnl 

on the reasonable slructure of the "IS involved in each case (Scheme 3). 

Experimental 

Melting points were determined on a Kofler apparatus and are uncorrected. IH and 13C NMR ~actra 
were determined with a Bruker AC 200 spectrometer on CDCI3 solution using teu~,nethylsilane as the internal 
standard. All reactions were followed by TIC on Alugrem SIL G/UV254 silica gel sheets (Machery-Nagel) 
with detection by UV. Silica gel 60 (Machery-Nage1230-400 mesh) was used for flash chromatography. THF, 
toluene and hexane were distilled from sodium/benmphenone ketyl under a nilrogen almosphe~e tmmetJ_;stP=ly 
prior to use. 

Acetophenone and propiophenone N,N.dimethyihydrazones (DMIts) 2a and 2b 
Following a previously described procedure, 7 a solution of acetophenone (12 g, 0.1 mol) in absolute ethanol 
(25 ml) was treated with non-symmelric 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 Hquid, b.p. 58-62°C (0.4 mm Hg) [lit.17 b.p. 55-56°(2 (0.15 mmHg)]: 1H NMR 8 7.70-7.73 (m, 2H), 7.33- 
7.73 (In, 3H), 2.6 (s, 6I-1), 2.35 (s, 3H). Anal. Calcd for CIOHI4N2: C, 74.03; H, 8.70; N, 17.27. Fo, m~_" 
C, 74.21; H, 8.51; N, 17.44. 

The same reaction carried out on propiophenone afforded pure N,N-dlmethylhydmzoue (DMI-I) 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)]: IH NMR 8 7.65-7.70 (m, 
2I-I), 7.30-7.40 (m, 3H), 2.90 (q, 2H, J= 12.0 Hz), 2.60 (s, 6H), 1.1 (t, 3H, J= 12.0 Hz).I3C NMR 8 
170.15, 138.32, 129.83, 128.96, 127.66, 48.56, 22.40, 12.55. Anal Caled for CI1HI6N2: C, 74.96; H, 
9.15; N, 15.89. Found: C, 74.71; H, 9.35; N, 15.70. 
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Alkme N,N-dlmethylhydrazones 3-$a,b 
The following procedure/s rypica/. 8 A solution of 2a (1.50 g, 9.0 retool) in anhydrous ~ (I0 ml) was 

dmpwise at 0°C under niurogen to a stined solution of IDA [10.0 mmol from diisopmpyl am/he (1.4 
ml) and 1.6 M Bul..i (6.3 ml)] in anhydrous ~ (15 ml), and the resulting reaction mlxtture was sthted for 2h 
at the same temperature. A solution of aUyl bromide (1.21 g, I0.0 retool) in anhydrous TI-IF (L0 ml) was 
added and the reaction mixture was left to wren to r.t. and theo stirred at this tompermure for 2h. The reaction 
mixture was diluted with saturated aqueous NH4CI and Et20 and stirred for 2 h at r.t. Bxlnwtion with ether 
and evaporation of the washed (saturated aqueous NH4CI and NaCI) ether extntcts afforded a crude product 
conslsling of l.phenyl.4-pen~n-l-one DMH (3a) 18a (1.60 8, 88% yield) practically pure as an oil, which was 
used in the next step without any further purification: IR (neat) 1640, 1594 cm-1; IH NMR § 7.69-7.78 (m, 
2H), 5.82-6.02 (m, IH), 5.05-5.16 (m, 2H), 3.06-3.14 (m, 2H), 2.66 (s, 614), 2.25-2.36 (in, 2H). 13C 
NMR § 169.32, 138.48, 137.95, 129.85, 128.96, 127.63, 115.60, 48.04, 31.70, 28.42. Anal. Caled for 
C13HIsN2 : C, 77.18; H, 8.97; N, 13.85. Found: C, 77.40;, H, 9.15; N, 13.64. 
1.Phenyl.2.methyl-4-pemen.l-one DMH (3b) (from 2b and aUyl bromide, 86% yield), oil: 18b IR (neat) 1640, 
1594 cm-l; IH NMR 8 7.21-7A3 (m, 5I-I), 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 (sextet, 1H, J= 7.3 Hz), 2.53 (61-I, s), 2.02-2.40 (m, 21t), 1.20 (d, 31"!, J= 7.1 Hz). 
13C NMR 8 175.43, 138.61, 137.05, 128.98, 128.61, 128.53, 116.92, 48.56, 39.26, 34.95, 18.81. Anal. 
Calcd for C14H20N2: C, 77.73; H, 9.32; N, 12.95. Found: C, 77.50;, H, 9.02; N, 12.79. 
l.Phenyl.5-hexen-l.one DMH (4a) (from 2a and 4-bromc~-l-butene, 92% yield), oil:Sb IR (neat) 1640, 1594 
cm-l; 1H NMR 8 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, 61-I), 2.04-2.14 (m, 21-I), 1.45-1.60 (m, 2H). t3C NMR 8 169.11, 138.56, 129.78, 
128.92, 127.56, 115.72, 48.41, 34.37, 28.69, 27.01. Anal. Calcd for CI4H20N2: C, 77.73; H, 9.32; N, 
12.95. Found: C, 77.94; H, 9.04; N, 13.17. 
l.Phenyl.2.methyl-5-hexen.l.one DMH (4b) (from 2b and 4-bromo-l-butene, 93% yield), oi1:$b,18¢ 1R 
(neat) 1640, 1594 cm-1; 1H NMR 8 7.25-7.46 (m, 5H), 5.79 (ddt, 1H, J= 16.9, 10.4 and 6.6 Hz), 4.88- 
5.06 (m, 2H), 3.78 (sextet, 1H, J= 7.2 Hz), 2.52 (s, 6H), 1.90-2.20 (m, 2H), 1.35-1.72 (m, 21-1), 1.20 (d, 
3H J= 7.2 Hz). 13C NMR 8 175.69, 138.92, 138.66, 129.00, 128.64, 128.44, 115.33, 48.53, 34.84, 
34.28, 32.62, 22.40, 19.10. Anal. Calcd for CI5H22N2: C, 78.21; H, 9.62; N, 12.16. Found: C, 78.50;, H, 
9.48; N, 12.37. 
1-Phenyl-6.hepten-l.one DMH ($a) (from 2a and 5-bromo-l-pentene, 83% yield), oil:lSd IR(neat) 1640, 
1594 era-l; IH NMR § 7.58-7.65 (m, 21-1), 7.24-7.39 (in, 3H), 5.65-5.85 (m, IH), 4.87-5.10 (m, 2ED, 
2.85-2.93 (m, 2H), 2.54 (s, 6H), 1.92-2.17 (m, 4H). Anal. Calcd for CIsH22N2: C, 78.21; H, 9.62; N, 
12.16. Found: C, 78.41; H, 9.37; N, 12.01. 
l-Phenyl.2-methyl-6-hepten-l-one DMH ($b) (from 2b and 5-bromo-l-pentene, 80% yield), off: 1Be IR 
(neat) 1640, 1594 cm-l; IH NMR 8 7.25-7A3 (m, 5H), 5.75 (ddt, 1H, Jffi 16.9, 10.4 and 6.6 I-Iz), 4.85- 
5.07 (m, 21-I), 3.78 (sextet, 1H, J= 7.0 Hz), 2.52 (s, 6H), 2.10-1.97 (in, 2H), 1.30-1.60 (in, 2H), 1.18 (d, 
3H, Jffi 7.2 Hz). 13C NMR 8 175.91, 139.25, 138.66, 128.96, 128.61, 128.47, 115.15, 48.53, 47.93, 
35.05, 34.44, 34.30, 27.74, 19.23. Anal. Calcd for CI6H24N2: C, 78.64; H, 9.83; N, 11.46. Found: C, 
78.87; H, 9.74; N, 11.66. 

Synthesis of enones 6-Sa,b 
The following procedure is typical. A solution of enone DMH 3a (3.0 g, 14.8 retool) in acetone (50 ml) was 
uea~! with Amberlyst 15® (3.0 8) and the resulting suspension was stirred at r.t. for 18 h, then diluted with 
ether. Evalxntion 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 l.phenyl.4-penten-l.one (6a) (2.01 g, 85% yield), as an oU:Sb IR (neat) 1687 cm-l; IH NMR 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, ys  7.1 I-Iz), 2.44-2.60 (in, 
21-1). 13(2 NMR 8 199.92, 137.88, 137.48, 133.58, 129.16, 128.59, 115.85, 38.28, 28.72. AnaL C..alcd for 
CIIHI20: C, 82.46; H, 7.55. Found: C, 82,59; H, 7.31. 
l-Phenyl.2-raethyl-,l-penten-l-one (6b) (fl'om 3b, 87% yield), off:6,19a IR (neat) 1687 cm'l; 1H NMR § 7.88- 
8.00 (m, 2H), 7.38-7.62 (m, 31-I), 5.79 (ddt, IH, Jffi 17.0, 10.1 and 7.0 Hz), 4.93-5.10 (m, 2H), 3.54 
(sextet, IH, J= 6.8 l-lz), 2.56 (ddt, 1H, Jffi 14.3, 7.0 and 1.2 l-Iz), 2.20 (tit, 1H, J~* 14.3 and 7.0 1-1z), 1.21 
(d, 3H, J= 6.9 H z). 13C NMR 8 204.37, 137.18, 136.55, 133.66, 129.39, 129.02, 117.50, 41.15, 38.36, 
17.77. Anal. Calcd for CI2HI40: C, 82.72; H, 8.1. Found: C, 82.53; H, 8.29. 
1-Phenyl-5-hexen-l-one (711) (from 4a, 89% yield), oil: 8b,18e,19b IR (neat) 1687 cm-l; IH NMR 8 7.92-7.98 
(m, 2H), 7.39-7.58 (m, 3H), 5.72-5.92 (m, 1H), 4.95-5.09 (m, 2H), 2.96 (t, 2H, Jffi 7.3 Hz), 2.10-2.21 (m, 
21-I), 1.77-1.91 (m, 2H). AnaL Calcd for C12H140: C, 82.72; H, 8.10. Found: C, 82.40;, H, 7.94. 
l.Phenyl.2-methyi.$-hexen-l-one (7b) (from 4b, 85% yield), oil:8b, 18c IR (neat) 1687 cm-l; IH NMR 8 
7.95 (dd, 2H, J~ 8.2 and 1.3 Hz), 7.38-7.60 (m, 3H), 5.79 (ddt, 1H, Yffi 16.9, 10.4 and 6.6 Hz), 4.92-5.06 
(In, 2H), 3.51 (sextet, IH, Jffi 6.9 Hz), 1.85-2.20 (m, 31-I), 1.54 (ddd, 1H, Jffi 13.7, 6.9 and 5.7 Hz), 1.20 
(d, 3H, J= 6.9 Hz). 13(2 NMR 8 204.90, 138.72, 137.26, 133.49, 129.24, 128.87, 115.79, 40.32, 33.21, 
32.10, 17.92. Anal. Calcd for C13H160: C, 82.94; H, 8.57. Found: C, 82.77; H, 8.24. 
1-Phenyl-6-hepten-l-one (Sa) (from Sa, 91% yield), Oil:18e.19b IR (neat) 1687 cm-l; IH NMR 8 7.92-7.98 
(m, 214), 7.39-7.58 (m, 3H), 5.71-5.91 (m, 1H), 4.91-4.97 (m, 1H), 2.96 (t, 214, Jffi 7.1 Hz), 2.02-2.16 (m, 
2H), 1.68-1.83 (m, 214), 1.39-1.55 (m, 21-1). Anal. Calcd for C13H160: C, 82.94; H, 8.57. Found: C, 83.15; 
H, 8.68. 
1-Phenyl-2-methyl-6-heptcn-l-one (Sb) (from b'b, 85% yield), oil: 18c IR (neat) 1687 cm-l; IH NMR 8 7.96 
(dd, 2H, Yffi 8.2 and 1.3 Hz), 7.62-7.40 OH, m), 5.77 (ddt, IH, Yffi 16.9, 10.4 and 6.6 Hz), 4.88-5.06 (m, 
21-I), 3.48 (sextet, 1H, J=6.7 Hz), 1.96-2.17 (m, 2H), 1.70-1.92 (m, 1H), 1.20 (d, 3H, Yffi 6.8 Hz). 13C 
NMR 8: 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: (2, 83.12; H, 8.97. Found: C, 83.35; H, 9.17. 

Synthesis of Epoxy Ketones 9-11a,b 
Thefollowin& procedure is typical. A solution of enone 6a (1.60 g, 10.0 mmol) in 3:1 THF/I-I20 (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 reselling reaction 
mixture was stirred for 1 h at r.t. Dilution with saturated aqueous NaCL extraction with ether and evatmmtion 
of the washed (saturated aqueous NaCI) ether extracts afforded a crude reaction product consisting of 
practically pure 9a 0.62 g) which was purified by flash chromatography. F..,lution with a 6:4 mixture of hexane 
and AcOEt afforded pure 1 -phenyl-4,5-epoxypentan-1 -one (9a) (1.45 g, 82% yield), as an oil. ~ IR (neat) 1687 
¢m-1; 1H NMR 8 7.94-8.00 (m, 2H), 7.41-7.60 (m, 3H), 3.14 (t, 2H, Jffi 7.1 Hz), 3.01-3.10 (m, 1H), 2.78 
(t, 1H, Jffi 4.4 Hz), 2.53 (dd, 1H, Jffi 4.9 and 2.6 Hz), 2.08-2.25 (m, 114), 1.81 (sextet, 1H, Jffi 6.9 Hz). 13C 
NMR 8 200.04, 137.21, 133.90, 129.27, 128.99, 128.68, 52.45, 48.18, 35.16, 27.30. AnaL Calcd far 
C11H1202: C, 74.98; H, 6.86. Found: C, 75.21; H, 6.52. 
l.Phenyl.2-methyl-4,5.epoxypentan-l-one (9b) (from 6b, 77% yield), 6 oil as a 75:25 mixture of two 
diastereoisomers (A and B): IR (neat) 1687 cm -I. Diastereoisomer A : IH NMR 8 7.90-8.03 (m, 2H), 7.39- 
7.65 (m, 3H), 2.83-2.98 (m, IH), 2.71 (dd, 1H, J= 5.0 and 4.2 Hz), 2.50 (dd, 1H, Y= 5.0 and 2.7 Hz), 
2.27 (_,9~__~ 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, I s  7.0 
Hz). 13C NMR 8 203.99, 136.82, 133.72, 129.30, 128.92, 51.34, 47.91, 38.92, 36.90, 19.17. 
Diastereoisomer B : IH NMR 8 7.90-8.03 (m, 2H), 7.39-7.65 (m, 3H), 2.98-3.12 (m, 1I-1), 2.77 (dd, 1H, JB 
4.9 and 4.1 Hz), 2.46 (dd, 1H, Jffi 4.9 and 2.6 l-Iz), 2.02 (ddd, 1H, Jffi 14.3, 6.1 and 4.6 Hz), 1.77 (_,9~__. 
1H, Jffi 14.3, 7.8 and 4.7 Hz), 1.30 (d, 3H, Jffi 7.2 Hz). 13C NMR 8 203.99, 136.82, 133.72, 129.30, 



P. Crotti et al. /Tetrahedron 55 (1999) 5853-5866 5861 

128.92, 50.93, 48.21, 38.46, 36.43, 17.67. Anal. Calcd for C12H1402: C, 75.76; H, 7.42. Found: C, 
75.68, H, 7.14. 
1-Phenyl-5,6-epoxykexan-l-one (lea) (from 7a, 81% yield), oil. "6 ]R (neat) 1687 cm-l; IH NMR 8 7.94- 
7.98 (in, 2H), 7.41-7.60 (m, 314), 3.06 (t, 2H, J= 7.0 Hz), 2.92-2.99 (m, 1I-I), 2.76 (t, 1H, J -  4.7 ltz), 
2.49 (old, IH, Jffi 5.0 8nd 2.7 Hz), 1.93 (quintet, 21-1, J= 7.3 Hz), 1.51-1.78 (m, 2H). 13C NMR 8 200.42, 
137.53, 133.67, 129.24, 128.64, 52.74, 47A8, 38.58, 32.53, 21.30. Anal. Calcti for C12I-I1402: C, 75.76; 
H, 7.42. Found: C, 75.91, H, 7.29. 
l.Phenyl.2.methyl.5~5.epoxyhexan-l-one (lOb) (from 7b, 79% yield), oil: IR (neat) 1687 cm-l; IH NMR 8 
7.96 (dd, 2H, J= 8.2 and 1.6 Hz), 7.40-7.62 (m, 3H), 3.56 (sextet, 1H, J= 6.6 Hz), 2.84-2.98 (m, liD, 
2.72 (dr, 1H, J= 4.5 and 1.1 Hz), 2.40-2.48 (m, liD, 1.88-2.10 (m, l t0,  1.36-1.76 (m, 3ID, L22 (d, 3H, 
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 Caled for C13H1602: 
C, 76.44; H, 7.90. Found: C, 76.25; H, 7.69. 
l-Phenyl-6,7-elXtZykeptan-l-one ( l la)  (from 8a, 78% yield), a solid, m.p. 27-28°C: IR (Nujol) 1687 an' l ;  
1H NMR 8 7.93-7.98 (m, 2H), 7A1-7.60 (m, 3H), 3.00 (t, 2H, Jffi 7.3 Hz), 2.88-2.96 (m, IH), 2.75 (dd, 
1H, J= 4.0 and 0.9 Hz), 2.49 (dd, 1H, Jffi 5.0 and 2.8 Hz), 1.71-1.86 (In, 2ID, 1.52-1.65 (m, 414). 13C 
N'MR 8 200.77, 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, 105, 84, 77, 51. Anal. Calcd for C13H1602: C, 76.44; H, 7.90. Found: C, 76.40; H, 
7.68. 
l-Phenyl.2-methyl-6,7-epoxyheptan-l-one (lib) (from 81), 75% yield), oil: IR (neat) 1687 cm-l; 1H NMR § 
7.98 (dd, 2H, Jffi 8.2 and 1.3 Hz), 7.42-7.64 (m, 3ID, 3.50 (sextet, 1H, Jffi 6.6 Hz), 2.82-2.94 (m, 1H), 
2.73 (t, 1H, Y= 4.5 Hz), 2.44 (dt, 1H, Y= 5.6 and 2.6 Hz), 1.75-2.00 (m, 1H), 1.37-1.68 (m, 5ID, 1.21 (d, 
3H, Jffi 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- 
33.92, 33.23-33.11, 24.60-24.40, 18.08. MS: 218, 187, 161, 147, 134, 115, 105, 91, 77, 51. Anal. Caled 
for C14H1802: C, 77.03; H, 8.31. Found: C, 77.34; H, 8.50. 

Cyclizstion Reaction of Epoxy Ketones 9-Ua,b by the LHMDS/Sc(OTf)3 P ro toco l  
(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 addeddmpwise at 0°C to a stined 1.0 M LHMDS inhexane (Akkich) (1.2ml). After lh ~th-~kqi 
at the wne  temperatore, Sc(OTf)3 (0.098 g, 20% mol) wm added and ~ prolonged for 18 h at room 
temperatme. Dilution with ~turated aqueous NH4C1 and ether, end evalmmion of the washed (saturated 
aqueous NattC03 and NaCl) afford~ a crude product (0.165 g) mostly consisting of y-HK 1 ~  which was 
purified by flash chmmatogr~hy. Elution with a 7:3 mixture of hexane and AcOEt afforded pure cis.2. 
benmyl-l-cycloprtpanemeOtanol (I2a) (0.13 g, 74% yield), as an oil: 6 IR (neat) 1671 c~n-1; IR (CCi4) 3631, 
3531 (weak) and 3483 cm-I (weak); 1H NMR 8 7.97-8.02 (m, 2H), 7.40-7.59 (m, 3H), 3.88 (dd, IH, J= 
11.8 and 5.0 Hz), 3.51 (dd, 1H, J= 11.6 and 6.9 Hz), 2.66 (m, 11-I), 1.89 (m, liD, 1.45 (in, liD, 1.05 (m, 
liD. 13C NMR 8 200.34, 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 CIIH1202: C, 74.98; H, 6.86. Found: C, 75.19; H, 6.74. 

The crude reaction product (0.164 g) from epoxy ketone 91) was purified by flash chromatognt~y (It 
7:3 mixture of hexane and AcOEt was used as the elunnt) to give pure c-2-benzoyl.2.methyi-r-l. 
cyclopropanemetkanoi (12b) (0.15 g, 79% yield), as an oil: IR (neat) 1674 cm-1; IR (CC!4) 3630, 3620 
(shoulder) 8nd 3531 cm-I (weak); IH NMR § 7.82-7.86 (m, 2ID, 7.31-7.44 (In, 3ID, 3.96 (dd, IH, Jffi 11.7 
and 4.9 fig), 3.56 (old, IH, J=ll .7 and 8.5 Hz), 1.48-1.69 (m, 2I-I), 1.42 (s, 3I-I), 0.49-0.54 (m, IH). 13C 
NMR 8 204.57, 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 C121"!1402: 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 l la  c o n s i ~  of a mixture of T-HKs 18a, 19a 
and 20a (1H NMR, see Table) was subjected to flash chromatography. Elution with a 7:3 mixlme of hexane 
and AcOEt afforded pure T-HK 18a (0.17 g, 83% yield) and 19a (0.020 g, 10% yield). 
cis-3-Benmyi-l-cyclohexanol (18a), 20 a solid m.p. 90-91°(2 (tit.20b m.p. 89-91°C): IR (Nujol) 1677 eta-l; 
111 (CC14) 3620 and 3446 cm-1 (broad); IH NMR 8 7.83-7.88 (m, 2ID, 7.35-7.53 (m, 3ID, 3.62-3.77 (m, 
liD, 3.24-3.35 (m, liD, 1.68-2.15 (m, 5H), 1.10-1.52 (m, 3ID. 13C NMR 8 203.14, 136.58, 133.66, 
129.30, 128.93, 70.55, 44.60, 38.28, 35.74, 29.12, 24.02. MS: 204, 186, 146, 133, 121, 105, 84, 77. 
Anal. Calcd for C13H1602: C, 76.44; H, 7.90. Found: C, 76.59, H, 7.81. 
trans-2.Ben:oyl-l-cyclopentanemethanol (19a), oil: IR (neat) 1676 cm-1; IR (CCI4) 3639 cm-l; IH NMR 8 
7.92-7.97 (2H, m), 7.38-7.55 (3H, m), 3.38-3.70 (3H, m), 2.62-2.73 (1H, m), 1.32-2.10 (61/, m). 13C 
NMR 8 203.15, 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. Calcd for C13H1602: C, 76.44; H, 7.90. Found: C, 76.25, H, 8.15. 

The crude reaction woduct (0.202 g) from epoxy ketone llb, consisting of a mixture of y-HKs IMb and 
19b (1H l q ~ )  was subjected to flash chromatography. Elution with a 7.5:1:1.5 mixture of hexane, AcOEt 
and NEt3 afforded pure 18b (0.092 g, 42% yield) and 19b (0.028 8, 13% yield). 
c-3.Benzoyl.J-methyl-r.l.cyclohexanol (18b), oil: IR (neat) 1676 cm-1; IR (CC14) 3620 (shoulder), 3602 and 
3467 cm "1 (weak); 1H NMR 8 7.64 (dd, 21-I, J= 7.8 and 1.7 Hz), 7.25-7.50 (m, 3ID, 3.84-4.00 (In, liD, 
1.30-Z00 (m, 8ID, 1.35 (s, 3ID. 13C N'MR 8 210.31, 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 C14H1802: C, 
77.03; H, 8.31. Found: C, 77.25; H, 8.01. 
t-2-Benzoyl-2.methyl-r-l-ciclopentanemethanol (19b), oil: IR (neat) 1674 cm'l; IR (CC14) 3616 and 3471 
cm -1 (broad); IH NMR 8 7.82 (dd, 2H, J= 8.0 and 1.7 Hz), 7.20-7.59 (m, 3ID, 3.70 (dd, IH, J -  10.9 and 
5.2 Hz), 3.57 (dd, 1H, J= 10.8 and 9.3 Hz), 2.63-2.83 (m, liD, 2.12-2.32 (In, 1H), 1.93-2.12 (m, liD, 
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 C14H1802: C, 77.03; H, 8.31. Found: C, 77.40; H, 8.12. 

Cyclization Reaction of the Epoxy Ketones 9-11a,b by the t . B u O K I t . B u O H  Protocol 
(Procedure B, Table) 
Generalprocedure. A solution of the epoxy ketone (I.0 mmol) in anhydrous t-BuOH (I0 ml) was Irealed with 
t-BuOK (0.45 g, 4.0 mmol) and the resulting reaction mixture was stirred at 80°C for 3 h. After cooling, 
dilution with saturated aqueous NaCI, extraction with ether and evaporation of the washed (satmated aqueous 
NaCI) ether exlracts afforded a crude reaction product which was analyzed by IH IqMR to give the results 
shown in the Table. 

The crude reaction product (0.16 g) from epoxy ketone l l a  was subjected to preparative TIC (a 6:4 
mixture of petroleum ether and AcOEt was used as the einant). Extraction of the two most intense bands (the 
faster moving band contained I k )  afforded pure Iga (0.I0 g, 49% yield) and trans-3-benzoyl.l. 
cyclohexanol (20a) (0.030 g, 15% yield), as an oil: IR (neat) 1674 cm-t; ]R (CC14) 3625 and 3540 cm -I 
(weak); IH NMR 8 7.95-7.99 (m, 2ID, 7.43-7.60 (m, 3ID, 4.25-427 (m, IH), 3.75-3.86 (m, liD, 1.38- 
2.06 (m, 8H). 13C NMR 8 204.50, 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. Calcd for C13H1602: C, 76.44; H, 7.90. Fotmd: C, 
76.12; H, 7.66. 

The crude reaction product (0.16 g) from epoxy ketone lh was subjected to pmpm'ative TLC (a 7.5: I: 
1.5 mixture of petroleum ether, AcOEt and ~ was used as the eluant). Extraction of the two most/nteme 
bands (the faster moving band contained 14s) 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 (in, 
3H), 5.65 (t, 1H, J= 5.6 Hz), 4.06-4.15 (m, 3H), 1.88-2.06 (m, 4H). 13C IN-MR 8 158.51, 137.15, 128.87, 
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128,58, 125.39, 108.59, 77.06, 71.69, 34.04, 21.70. MS: 190, 159, 133, 120, 105, 77, 51. AnaL Celcd for 
C12H1402: C, 75.76; H, 7.42. Found: C, 75.49;, H, 7.54. 
7-Phenyl-J4ty~xy-23,4,S-tetrahydrooxepln (lSa), oil: IH NMR 8 7.51-7.56 (m, 2H), 7.27-734 (m, 31-I), 
5.34 (t, IH, J= 3.3 Hz), 4,07 (ddd, IH, J= 6.3, 3.6, and 3.1 Hz), 3.71-3.88 (m, 2H), 1.70-1.27 (m, 414). 
13C NMR 8 151.74, 137.15, 128.81, 128.56, 125.09, 108.59, 76.97, 66.27, 24.21, 21.33. MS: 190, 159, 
133, 120, 105, 77, 51. Anal. Calnd for C12H1402: C, 75.76; H, 7.42. Found: C, 75.84; H, 7.37. 

The crude reaction product (0.153 8) from epoxide 10b was subjected to TIC (a 7.5: 1:1.5 mixture of 
peueieum ether, AcOEt and NEt3 was used as the eluant). Exn~don of the two most interne bends (the faster 
moving band contained 14b) afforded pure 14b (0.086 8, 42% yield) end lSb (0.030 8, 15% yield) 
6-Phenyl.5-meOtyl-2-hydroxymethyl-J,4-dihydro.2H-pyran (14b), oil: IH NMR 8 7.18-7.42 (m, 5H), 3,97 
(octet, IH, J= 3A Hz), 3.73 (dd, 1I-I, J-- 11.7 and 3.4 Hz), 3.65 (dd, 1H, J= 11.7 and 6.8 llz), 1.98-Z30 
(m, 2H), 1.66-1.90 (m, 2H), 1.70 (s, 3H). 13C INMR 8 147.09, 137.16, 129.56, 128.45, 128,27, 106.32, 
76.60, 66.15, 27.80, 24.94, 19.56. MS: 204, 189, 173, 147, 134, 129, 105, 91, 77. AnaL Calcd for 
C13H1602: C, 76.44; H, 7.90. Found: C, 76.40; H, 7.61. Acetate (14b-Ae), oil: IR (neat) 1740 era-l; IH 
N'MR § 7.20-7.54 (In, 5H), 4.03-4.34 (m, 3H), 1.66-2.35 (In, 4H), 2.10 (s, 3H), 1.71 (s, 3H). 13C NMR 8 
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 
Caled for C15H1803: C, 75.15; H, 7.37. Found: C, 75.29;, H, 7.48. 
7.phenyl-6-methyl.J-hydroxy.23,4,5-tetrahydrooxepin (1Sb), oil: IH NMR 8 7.17-7.44 (In, 51-I), 3.90-4.20 
(m, 3H), 2.47 (ddd, 1H, JffilS.5, 9.2 and 2.2 Hz), 2.14 (ddd, 1H, J= 15.7, 9.4 and 2.1 I-lz), 1,88-2,06 (m, 
1H), 1.65-1.88 (m, 1H), 1.78 (s, 3H). t3C NMR 8 153.81, 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 
C13H1602: C, 76.44; H, 7.90. Found: C, 76.20; H, 8.10. Acetate (lSb-Ae), oil: IR (neat) 1740 cm-l; IH 
N'MR 8 7.19-7.40 (m, 5H), 5.03-5.19 (m, 1H), 4.24 (dd, 1H, Jffi 12.7 and 3.5 Hz), 4.13 (dd, IH, J= 12.7 
and 3.9 Hz), 2.46 (ddd, 1H, Jffi 16.4, 7.7 and 3.1 I-Iz), 2.27 (dd, 1H, Jffi 8.4 and 3.9 Hz), 1.94-2.20 (m, 
2H), 2.09 (s, 3H), 1.76 (s, 3H). 13C NMR 8 173.23, 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 C15H1803: 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 solvent, to give the results shown in the Table. 

Cyclization Reaction of Enones 6.Sa,b by the NBS/DMSO/KOH Protocol (Procedure C, 
Table) 
General procedltre. Following a previously-described procedure,6 a solution of the enol~ (1.0 mmol) in 
DMSO containing 1% water (5.0 ml) was treated at 0°C with NBS (0.196 8, 1.1 mmol). After 5 mln sdrrin8, 
solid KOH (0.25 g, 5.5 mmol) was added and the resulting reaction mixture was stirred for 15 h at the 
temperature. The usual work-up afforded a crude reaction product which was analyzed by IH NMR to give the 
results shown in the Table. 6 

Isomerlzatlon Reactlon of y-HKs 12a,b In TFA 
The foUowln8 proceduv~ is typical, Following a pm~y described imx~clure,6 a solution of y-HK cls 12a 
(0.090 g, 0.51 retool) in 0.5 M TFA in CH2C12 (6.0 ml) was stirred at r.t. for 18h. Dilution with CH2C12 and 
evapcnfion of the washed (saturated aqueous NaHCO3) organic solution afforded a crude product (0.075 g) 
consisting of practically pure Irans diastereoisomer 13a, which was purified by TIC (a 7".3 mixture of 
petroleum ether and AcOEt was used as the eluant). Exlraction of the most intense band afforded pure mmz-2- 
benzoyl-l-cyclopropanemethanol (13a) (0.053 g, 59% yield), as an oil: 6 IR (neat) 1670 cm'l; IH lqMR 8 
7.90-8.05 (m, 21-1), 7.46-7.65 (m, 3H), 4.53 (dd, IH, J= 11.6 and 6.3 Hz), 4.26 (dd, IH, J= 11.5 and 8.1 
Hz), 2.78 (dr, 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 C11H1202: C, 74.98; H, 6.86. Found: C, 75.17; 
H, 7.05. 

The same treatment on 7-HK 12b (0.050 g) afforded pure t -2-benzoyi-2-methyi-r- l .  
cycloprolmMs~thanol (13b) (0.025 g, 50% yield), as an oil: IR (neat) 1672 cm'l; IR (CCq4) 3631, 3620 cm-I 
(shoulder); IH N-MR 87.87-7.92 (m, 2H), 7.40-7.59 (m, 3H), 4.85 (dd, 1H, J= 11.8 and 5.1 Hz), 4.26 (¢kl, 
1H, J= 11.8 and 9.6 Hz), 1.75-1.86 (m, 2H), 1.49 (s, 3H), 0.70-0.74 (m, IH). 13C NMR 8 202.31, 
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. Calcd f ~  C121-I1402: C, 75.76; H, 7.42. Found: C, 75.63; H, 7.12. 

Treatment of ~-HKs 12-13s,b and 18-19a,b with LHMDS in Anhydrous Toluene 
Generalprocedure. The V-I-IK (0.2 mmol) in anhydrous toluene (0.3 ml) was treated at 0*(2 with IM LHMDS 
in bexane ( 0.3 ml) and the resulting reaction mixture was stirred for 2 h at the same temperatate. The usual 
work-up afforded a crude reaction product which was analyzed by IH IqMR. Under these condilions, while 
lrans 7-HKs 13a and 13b were completely epimer/zed to the corresponding c/s d~ttereoiso~f 12a and 12b, 
7-HKs 188 and 19a turned out to be completely stable. 
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