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Abstract: Di-, tri-, and tetrasubstituted $-lactones are accessible in a one-step procedure by a Refor-
matsky reaction of phenyl a-bromoalkanoates with ketones or aldehydes at a sacrificial indium anode.
With indium powder comparable results are obtained. The yield of B-lactones is significantly lower, if
zinc is used instead of indium.

INTRODUCTION

The Reformatsky reaction of carbonyl compounds with alkyl a-bromoalkanoates and activated zinc has
become one of the most often applied methods for the preparation of alkyl B-hydroxyalkanoates.2 Magnesium,3
cadmium,* nickel,5 cerium,® manganese,? or indium8 can be used instead of zinc without significant influence
on the general outcome of the reaction. Recently, however, it has been demonstrated that a,or,B,B-tetrasubsti-
tuted B-lactones are formed in acceptable yields instead of the expected ethyl B-hydroxyalkanoates, when keto-
nes and ethyl a-bromoisobutyrate were subjected to an electrochemically supported Reformatsky reaction with
a sacrificial indium or zinc anode.’ This B-lactone formation is not restricted to the electrochemical generation
of the Reformatsky reagent. Also under the condition of the classical Reformatsky reaction these tetrasubsti-
tuted B-lactones are formed, when indium or zinc powder are used in a polar solvent, such as N,N-dimethyl-
formamide.! A systematic investigation of this reaction revealed that it is limited to the formation of oo, B,B-
tetrasubstituted B-lactones. If the ketone is replaced by an aldehyde or the ethyl o-bromoisobutyrate by an
unbranched ethyl o-bromoalkanoate, only ethyl B-hydroxyalkanoates are obtained. According to Scheme 2 the
B-lactone formation is explained by the assumption that the intermediately formed O-metalated B-hydroxy-
alkanoate S (OEt instead of OPh) eliminates a metal alkoxide and cyclizes to the four-membered ring. This ring
closure seems to be strongly dependent on the gem-dialkyl effect!®!1 and to occur only if all four hydrogen
atoms of the cyclizing carbon chain are substituted by alkyl groups. In connection with our interest in the syn-
thesis of less substituted B-lactones the question arose, whether a better leaving group in the O-metalated B-
hydroxyalkanoate could compensate the diminished gem-dialkyl effect in the reaction of aldehydes with
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branched or unbranched o-bromoalkanoates. Here we report on the results with phenoxy instead of ethoxy as

leaving group.
RESULTS AND DISCUSSION

When the phenyl ester 1a was reacted in DMF with acetone 4a and indium powder the tetrasubstituted
B-lactone 6aa was obtained in a yield of 62% (Table 1, entry 1). This orientating experiment revealed that the
replacement of the ethyl ester by the phenyl ester caused indeed a reasonable improvement of the P-lactone
formation. In earlier experiments with the corresponding ethyl ester only 11% of this B-lactone have been
obtained.! This encouraged us to use phenoxy as leaving group in attempts to prepare trisubstituted f-lactones
from phenyl a-bromoisobutyrate (1a) and aldehydes or from the o-unbranched phenyl o-bromoalkanoates
1b—e and the ketones 4a—d by a Reformatsky reaction with indium. The experiments were performed
electrochemically at a sacrificial indium anode (method A) or under classical conditions with indium powder
(method B). The details are given in the experimental part.
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The reaction of the unbranched phenyl o-bromoalkanoates 1b—d with the ketones 4b—d afforded by both
methods the corresponding o, ,B-trisubstituted lactones 6 in isolated yields of 50-80% (entries 3-5, 7-9,
11-13). The B-branched phenyl ester le, however, gave only unsatisfying yields of the B-lactones 6e with both
methods (entries 15-17). There was only one exception. Method A allowed to obtain 6ed from cyclohexanone
4d in a yield of 56% (entry 17).

The o,0.,B-trisubstituted B-lactone 6ae could be obtained from the o-branched phenyl ester la and
pivalaldehyde (4e) in a yield of 45% according to method A and 59% according to method B (entry 2). o,B-
Disubstituted 3-lactones from the c-unbranched phenyl esters 1b—e and the aldehyde de, however, were acces-
sible by both methods only in low yields (entries 6, 10, 14, 18).

The yields obtained by the electrochemically supported Reformatsky reaction (method A) and the Refor-
matsky reaction with indium powder (method B) were in almost all cases of the same order. For the electro-
chemically supported Reformatsky reaction the addition of indium(III) chloride to the reaction mixture had a
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beneficial influence on the B-lactone formation. With a sacrificial zinc anode or with zinc powder the yields of
B-lactones were in all cases significantly lower compared with those of indium.
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Table 1. Synthesis of B-Lactones 6 via Electrochemically Supported or Classical Reformatsky Reaction of
Phenyl a-Bromoalkanoates 1 and Carbonyl Compounds 4 with Indium

indium anode  indium powder
entry f-lactone R! R2 R3 R4 method A method B
6 yieldof 6 (%)  yield of 6 (%)

1 6aa Me Me Me Me 20 62

2 6ae Me Me +tBu H 45 59

3 6bb H Me Et Et 75 81

4 6bc H Me Pr Pr 73 67

5 6bd H Me —(CHp)5— 79 77

6 6be H Me -Bu H 12 16

7 6¢cb H Et Et Et 72 51

8 6cc H Et Pr Pr 70 65

9 6cd H Et ~(CHp)5~ 84 76
_____ 10 6ce H Et t-Bu H 20 18
11 6db H Bu  Et Et 52 63
12 6dc H Bu Pr Pr 50 59
13 6dd H Bu —~CHp)5— 78 78
14 6de H Bu -Bu H 22 15
15 6eb H i-Pr Et Et 4 11
16 bec H i-Pr Pr Pr 0 0
17 6ed H i-Pr  —~(CHp)5- 56 10
18 6ee H i-Pr t-Bu H 27 37
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The results compiled in Table 1 clearly reveal that the concept to use phenyl a-bromoalkanoates instead of the
corresponding ethyl esters in order to get lower substituted B-lactones could be successfully applied to the syn-
thesis of o,B,B-trisubstituted B-lactones from ketones and straight-chain phenyl a-bromoalkanoates as well as
to the synthesis of oo, B-trisubstituted B-lactones from aldehydes and a-branched phenyl o-bromoalkanoates.
The phenyl B-hydroxyalkanoates 7 are formed in these cases only as by-products, which could be removed by
flash chromatography. From the reactions of these straight-chain phenyl o-bromoalkanoates with aldehydes
only the reactions with pivalaldehyde (4e) are included in Table 1. The o,B-disubstituted [B-lactones thus
obtained were frans-configurated as could be derived from their TH NMR spectra. According to the literature
the coupling constants J; , of the protons at C-3 and C-4 of cis- and trans-2-oxetanones are 6.5 and 4.5 Hz,
re:spectiv:ely.12 The reactions with other aliphatic aldehydes, such as 2-methylpropanal or pentanal, afforded the
corresponding ¢,B-disubstituted B-lactones also in a yield of only 10%. In all cases, where aldehydes were
applied, the main products were the corresponding 1,3-dioxan-4-ones 813

In conclusion it has been shown that phenyl esters of a-bromoalkanoic acids generally react with ketones
or aldehydes and indium in an electrochemically supported Reformatsky reaction as well as under classical
Reformatsky conditions to afford trisubstituted B-lactones in good yields in a one-step procedure. The forma-
tion of B-lactones instead of B-hydroxyalkanoates in the very intensively exploited Reformatsky reaction is
attributed to the use of phenyl instead of alkyl esters. It can be assumed that the application of other activated
esters may broaden the scope of this B-lactone synthesis, which already now can well compete in many cases
with the known methods. 1314

EXPERIMENTAL

All electrosyntheses were performed without a diaphragm under dry argon in a thermostatable beaker
with a diameter of 4 cm and a height of 8 cm, equipped with a four-necked cover and a magnetic stirrer bar. A
commercial dc voltage source (NTN 700M-350) was applied. The amount of electricity was measured with an
electronic coulometer. A nickel net (4 x 4 cm) was used as cathode. An indium rod (Alfa) of a diameter of 0.5
cm served as sacrificial anode. DMF and THF, dried over molecular sieves, were purchased from Fluka. The
other chemicals were purchased from Merck and used without further purification. Indium powder (200
micron) with a purity of 99.99% was supplied from Heraeus.

1H NMR spectra were determined at 80 MHz on a Tesla BS 587 A spectrometer in CDCl3 with tetra-
methylsilane as internal standard (8ppg = 0). J-values are given in Hz. 13C NMR spectra were measured at 75
MHz on a Varian Gemini 300 instrument in CDCl; with hexamethyldisiloxane as internal standard (Syyps =
1.92). IR spectra were recorded on a Specord 75 (Carl Zeiss, Jena).

General Procedure for the Synthesis of the Phenyl a-Bromoalkanoates 1

The corresponding 2-bromoalkanoyl bromide (100 mmol) was refluxed for 5 h in a solution of phenol (9.4 g,
100 mmol) in toluene (60 mL) and concentrated sulfuric acid (0.25 mL). After cooling the mixture was worked
up by washing with water (2 x 50 mL), ice-cold aqueous NaOH (3%, 2 x 30 mL), water (4 x 30 mL), drying
with Na;SOy, and removal of the solvent by distillation under reduced pressure. The residue was purified by
kugelrohr distillation. According to this procedure the following phenyl esters 1 have been obtained.
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Phenyl 2-Bromo-2-methylpropanoate (la).15 Yield 19.3 g (79%); Colourless liquid, b.p. 190° C/1500
pa; 8 1.99 [6 H, s, (CH3)>CH], 7.03-7.36 (5 H, m, Hypor ); 8¢ 30.5 [(CH3),Cl, 55.4 (C-2), 1209, 126.0,
129.4, and 150.7 (Cypom ), 170.0 (C-1).

Phenyl 2-Bromopropanoate (lb).ls’16 Yield 20.6 g (90%); Colourless liquid, b.p. 190 °C/1700 pa; oy
1.88 (3H,d, J7,3-H3),4.52 (1 H, q,J 7, 2-H), 7.04-7.38 (5 H, m, Hy;on, ); 8¢ 21.4 (C-3), 39.6 (C-2), 121.0,
126.2, 129.5, and 150.4 (Cyom ), 168.7 (C-1).

Phenyl 2-Bromobutanoate (1c).' Yield 20.6 g (84%); Colourless liquid, b.p. 70 °C/1 pa; 8y 1.05 (3 H,
t,J 7, 4-Hz), 1.97-2.22 2 H, m, 3-Hy), 4.30 (1 H, t, J 7, 2-H), 7.03-7.36 (5 H, m, Hyor ); 8¢ 11.9 (C-4),
28.2(C-3),47.2(C-2), 121.0, 126.2, 129.5, and 150.4 (Cy10p,.), 168.2 (C-1).

Phenyl 2-Bromohexanoate (1d). Yield 22.3 g (82%); Colourless liquid, b.p. 225 °C/1800 pa (Found:
C, 53.15; H, 5.6. C1oH,50,Br requires C, 53.2; H, 5.6); 8,3 0.87 (3 H, t, J 7, 6-H3), 1.26-1.58 (4 H, m, 4-H,
and 5-Hp), 1.95-2.26 (2 H, m, 3-H,), 4.36 (1 H, t, J 7, 2-H), 7.02-7.41 (5 H, m, Hyo ); 8¢ 13.8 (C-6), 22.0 ,
29.4, and 34.4 (CHj)s3, 45.6 (C-2), 121.0, 126.2, 129.4, and 150.4 (C,om ), 168.3 (C-1).

Phenyl 2-Bromo-3-methylbutanoate (le).15 Yield 19.8 g (77%); Colourless liquid, b.p. 220 °C/1700
pa; 8y 1.08 B H, d,J 7, 3-CHy), 1.12 (3 H, d, J 7, 4-Hy), 2.25-2.39 (1 H, m, 3-H), 4.16 (1 H, d, J 8, 2-H),
7.02-7.36 (5 H, m, Hypor ); 8¢ 19.9 and 20.0 (C-4 and 3-CH3), 32.3 (C-3), 54.0 (C-2), 121.1, 126.2, 129.5,
and 150.4 (Cyom ), 167.9 (C-1).

General Procedure for the Synthesis of the B-Lactones 6 by an Electrochemically Supported Reformatsky
Reaction at a Sacrificial Indium Anode

In the above described cell equipped with an indium anode, a solution of the carbonyl compound 4 (5 mmol),
the a-bromo ester 1 (15 mmol), tetrabutylammonium bromide (322 mg, 1 mmol), and anhydrous indium(III)
chloride (663 mg, 3 mmol) in DMF/THF (1 : 2, 15 mL) was electrolyzed at a temperature of 50 °C, an external
voltage of 20-30 V and a current lower than 100 mA. If pivalaldehyde (4e) was used as carbonyl compound,
the aldehyde was added dropwise within 2 h during the electrolysis. The course of the reaction was monitored
by TLC. When 900 As were passed, the electrolysis was stopped and the reaction mixture was stirred for an
additional 1 h. Then the reaction mixture was poured onto a mixture of aqueous HCl (3%, 50 mL) and ice (25
) and extracted with ethyl acetate (5 x 20 mL). The further workup by washing with water (2 x 10 mL), ice-
cold aqueous NaOH (3%, 2 x 15 mL), and water (4 x 10 mL), drying with Na;SOy, and removal of the solvent
by distillation under reduced pressure afforded a crude product which was purified by flash chromatography on
silica gel 60 with hexane/ethyl acetate (10 : 1) as eluent. The isolated yields of the B-lactones 6 are given in
Table 1.

General Procedure for the Synthesis of the B-Lactones 6 by a Reformatsky Reaction with Indium Powder

Indium powder (574 mg, 5 mg atom) and some crystals of iodine were added to a solution of an ¢-bromo ester
1 (6 mmol) and a carbonyl compound 4 (5 mmol) in dry DMF (5 mL). If the exothermic reaction did not start
spontaneously, the mixture was gently warmed to 60 °C. If pivalaldehyde (4e) was used as carbonyl compound,
the aldehyde was added dropwise during 5 min after the start of the reaction. Thereafter stirring was continued
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for an additional 2 h without external heating. Then the reaction mixture was poured onto a mixture of aqueous
HCI (3%, 50 mL) and ice (25 g) and extracted with ethyl acetate (5 x 20 mL). The further workup by washing
with water (2 x 10 mL), ice-cold NaOH (3%, 2 x 15 mL), water (4 x 10 mL), drying with NaySO,, and
removal of the solvent by distillation under reduced pressure afforded a crude product which was purified by
flash chromatography on silica gel 60 with hexane/ethyl acetate (10 : 1) as eluent. The isolated yields of the -
lactones 6 are given in Table 1. The following B-lactones 6 have been prepared according to the foregoing
described general procedures.

3,3,4,4-Tetramethyl-2-oxetanone (6aa).” Colourless crystals, m.p. 129-130 °C, vp,, 1805 cm™! (B-
lactone); 8y 1.25 [6 H, s, C(CH3),], 1.45 [6 H, s, C(CH3),]; 8¢ 19.3 and 24.0 (4 x CH3), 54.6 (C-3), 83.8 (C-
4), 176.1 (C-2).

(+)-4-tert-Butyl-3,3-dimethyl-2-oxetanone (6ae). Colourless crystals, m.p. 33-35 °C (Found: C, 69.2;
H, 10.0. CgH,605 requires C, 69.2; H, 10.3); V. 1821 cm™! (B-lactone); 83 0.99 [9 H, s, C(CH3)5], 1.33 (3
H, s, 3-CH3), 1.37 (3 H, 5, 3-CH3), 3.88 (1 H, s, 4-H); 8¢ 17.7, and 25.6 (2 x CH3), 25.9 [(4-CH3)5Cl, 33.6
[4-C(CH3)s], 53.4 (C-3), 90.4 (C-4), 175.6 (C-2).

(*)-4,4-Diethyl-3-methyl-2-oxetanone (6bb). Colourless oil (Found: C, 67.3; H, 9.65. CgH;40,
requires C, 67.6; H, 9.9); vy, 1818 cm™! (B-lactone); & 0.84-0.96 (6 H, m, 4-CH,CH3), 1.21 (3 H, d, J 8,
3-CHy), 1.64-1.96 (4 H, m, 4-CH,CHy), 3.26 (1 H, q, J 8, 3-H); 8¢ 7.6, 8.0, and 8.7 (3 x CH3), 24.6 and
29.2 (2 x CHp), 51.4 (C-3), 84.9 (C-4), 172.6 (C-2).

(+)-3-Methyl-4,4-dipropyl-2-oxetanone (6bc). Colourless oil (Found: C, 67.3; H, 10.6. C;oH;30,
requires C, 70.55; H, 10.7); Vs 1816 cm™ (B-lactone); 8y 0.87-0.95 (6 H, m, 4-CH,CH,CH3), 1.20 (3 H,
d, /=8, 3-CHj3), 1.25-1.95 (8 H, m, 4-CH,CH,CHj3), 3.25 (1 H, q, J 8, 3-H); 8¢ 8.7 (3-CH3), 14.2 and 14.4
(2x CH3), 16.7, 17.4, 34.4, and 39.3 (2 x CH,CH,), 52.1 (C-3), 84.1 (C-4), 172.6 (C-2).

(£)-3-Methyl-1-oxaspiro[3.5]nonan-2-one (6bd).13 Colourless solid, m.p. 25 °C; v, 1816 cm™! (B-
lactone); &y 1.22 (3 H, d, J 8, 3-CHg), 1.31-1.98 [10 H, m, (CHy)s], 3.15 (1 H, g, J 8, 3-H), 3¢ 8.4 (3-CH3),
22.5,23.1,249,31.1,and 37.1 (5 x CH,), 52.5 (C-3), 82.1 (C-4), 172.6 (C-2).

(¥)-trans-4-tert-Butyl-3-methyl-2-oxetanone (6be). Colourless oil (Found: C, 67.4; H, 9.8. CgH140,
requires C, 67.6; H, 9.9); vy, 1823 cm™! (B-lactone); 831 0.93 [9 H, s, 4-C(CH3)3], 1.31 (3 H,d, J 7, 3-CHjy),
3.21-3.34 (1 H, m, 3-H), 3.83 (1 H, d, J 4, 4-H); 8¢ 13.1 (3-CHy), 24.3 [4-(CH3)5C), 32.8 [4-C(CH3)3), 45.6
(C-3), 86.6 (C-4), 172.0 (C-2).

(*)-3,4,4-Triethyl-2-oxetanone (6¢b). Colourless oil (Found: C, 68.9; H, 10.1. CyoH1609: C, 69.2; H,
10.3); Viax 1805 cm™! (B-lactone); 8y 0.83-1.03 (9 H, m, 3 x CH3CHy), 1.53-2.04 (6 H, m, 3 x CH;CH,),
3.04 (1 H,1,J 8, 3-H); 3¢ 7.4, 8.1, and 12.5 (3 x CH3), 17.9, 24.6, and 29.4 (3 x CHy), 58.7 (C-3), 84.9 (C-
4), 171.8 (C-2).

(£)-3-Ethyl-4,4-dipropyl-2-oxetanone (6cc). Colourless oil (Found: C, 71.6; H, 11.05. C{1Hyy0,
requires C, 71.7; H, 10.9).; vy,ax 1816 cm™! (B-lactone); 8y 0.87-1.98 (19 H, m, Hyjipn.), 3.04 (1H, t, J 8, 3-
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H); 3¢ 12.5, 14.3, and 14.4 (3 x CHy), 16.5, 17.5, 17.7, 34.2, and 39.3 (5 x CHp), 59.2 (C-3), 84.2 (C-4),
172.2 (C-2).

(£)-3-Ethyl-1-oxaspiro[3.5]nonan-2-one (6cd). Colourless oil (Found: C, 71.6; H, 9.9. C{yHc0;
requires C, 71.4; H, 9.6.; i,y 1810 cmn™! (B-lactone); 8 1.00 3 H, t,J 7, 3-CH,CH3), 1.26-1.83 (12 H, m,
Hajip)» 2.93 (1 H, t, J 8, 3-H); 8¢ 12.3 (3-CH3CHy), 17.5 (3-CH3CHy), 22.2, 22.9, 24.9, 31.1, and 374
[(CHp)sl, 59.7 (C-3), 82.1 (C-4), 172.1 (C-2).

(f)-trans-4-tert-Butyl-3-ethyl-2-oxetanone (6¢ce). Colourless oil (Found: C, 69.1; H, 10.1. CgHy40;
requires C, 69.2; H, 10.3;; v ., 1820 cm™ (B-lactone); 8y 0.93 [9 H, s, C(CH3)3], 0.98 3 H, t, J 7,
CH3CHp), 1.56-1.87 (2 H, m, CH3CH,), 3.13-3.22 (1 H, m, 3-H), 3.89 (1 H, d, J 4, 4-H); 8¢ 11.4 (3-
CH3CH)y), 21.6 (3-CH3CHy), 24.4 [4-(CH3)3C], 32.7 [4-C(CHy)3], 52.3 (C-3), 84.7 (C-4), 171.5 (C-2).

(£)-3-Butyl-4,4-diethyl-2-oxetanone (6db). Colourless oil (Found: C, 71.7; H, 10.95. C;1Hyq0,
requires C, 71.7; H, 10.9); vy, 1820 cm™! (B-lactone); 8 0.82-1.04 (9 H, m, 3 x CH3), 1.25-2.03 (10 H, m,
Haliph.)’ 3.11 (1 H,1,J 8, 3-H); 8¢ 7.4, 8.2, and 13.8 (3 x CHjy), 22.5, 24.1, 24.5, 29.3, and 30.0 (5 x CHy),
56.9 (C-3), 85.0 (C-4), 172.2 (C-2).

(2)-3-Butyl-4,4-dipropyl-2-oxetanone (6dc).18 Colourless 0il; vy, 1815 em™}; 87 0.83-0.95 (9 H, m,
3 x CHjy), 1.13-1.97 (14 H, m, Hajipn.)» 3.10 (1 H, t, J 8, 3-H); 8¢ 13.8, 14.3, and 14.4 (3 x CHy), 16.5, 17.5,
22.5,24.0, 30.0, 34.3, and 39.3 (7 x CH,), 57.6 (C-3), 84.2 (C-4), 172.3 (C-2).

(+)-3-Butyl-1-oxaspiro[3.5]nonan-2-one (6dd). Colourless solid, m.p. 19 °C (Found: C, 73.6; H, 10.2.
Ci2oHy0, requires C, 73.4; H, 10.3); Vi, 1816 cm™! (B-lactone); 8y 0.85 (3 H, t, J 7, CHy), 1.21-1.84 (16
H, m, Haliph,)’ 3.00 (1 H, t, J 8, 3-H); 3¢ 13.8 (CH3), 22.2, 22.5, 22.9, 23.7, 25.0, 29.9, 31.2, and 37.4 (8 X
CHy), 58.2 (C-3), 82.0 (C-9), 172.2 (C-2).

(*)-trans-4-tert-Butyl-3-butyl-2-oxetanone (6de). Colourless oil (Found: C, 71.4; H, 10.8. C;1H0,
requires C, 71.7; H, 10.9); vyax 1824 cm™! (B-lactone); 8y 0.85 (3 H, t, J 7, CH3CHy), 0.92 [9 H, s,
C(CH3)3], 1.19-1.45 (4 H, m, CH3CH,CHy), 1.51-1.75 (2 H, m, C3H,CH,), 3.16-3.25 (1 H, m, 3-H), 3.87
(1 H,d, /4, 4-H); 3 13.7 (CH3), 22.4 (CHy), 24.4 [4-(CH3);C], 28.2 and 29.1 (2 x CHy), 32.7 [4-C(CH3)3],
50.9 (C-3), 85.1 (C-4), 171.7 (C-2).

(*)-4,4-Diethyl-3-isopropyl-2-oxetanone (6eb). Colourless oil (Found: C, 70.3; H, 10.3. C;gH;30;
requires C, 70.55; H, 10.7); vipay 1815 cm™1; 815 0.83-1.12 (12 H, m, 4 x CHs), 1.49-2.19 (5 H, m, Haliph.)»
2.79 (1 H, d, J 12, 3-H); 8¢ 7.2 and 8.4 (2 x CHy), 20.4 [(CH3),CH], 22.5 [CH(CH3),], 24.3 (CHy), 24.7
[(CH3),CHJ, 29.2 (CHy), 64.0 (C-3), 85.3 (C-4), 171.4 4(C-2).

(*)-3-Isopropyl-1-oxaspiro[3.5]nonan-2-one (6ed). Colourless crystals, m.p. 45-47 °C (Found: C,
72.6; H, 10.1. Cy;H g0, requires C, 72.5; H, 9.95); Vpax 1817 em™! (B-lactone); 3y 087 3 H, d, J 6,
CH3CH), 1.07 3 H, d, J 6, CH;CH), 1.49-1.87 (10 H, m, Hajipn.)» 2.00-2.16 [1 H, m, (CH3),CH], 2.67 (1
H, d, J 11, 3-H); ¢ 20.2 [(CH3),CH], 21.7 (CHy), 22.2 [3-CH(CHj3),], 22.6 (CH,), 24.4 [(CH3),CH], 25.1,
31.2, and 37.6 (3 x CH,), 65.6 (C-3), 82.4 (C-9), 171.4 (C-2).
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(*)-trans-4-tert-Butyl-3-isopropyl-2-oxetanone (6ee). Colourless oil (Found: C, 70.4; H, 10.3.

CioH1g0; requires C, 70.55; H, 10.7); Vpax 1820 cm™! (B-lactone); 8y 0.87-1.05 (15 H, m, 5 x CHy),
1.90-2.04 [1 H, m, (CHCH3),], 2.97-3.03 (1 H, m, 3-H), 3.93 (1 H, d, J 4, 4-H); 8¢ 19.9 and 20.6 [3-
(CH3),CH], 24.6 [4-(CH3)3Cl, 27.9 [3-CH(CH3),], 32.7 [4-C(CHj3)31, 57.7 (C-3), 83.0 (C-4), 171.0 (C-2).
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