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Abebet-The stereoselectivity of the a-alkylation of chiral fl-hydroxy ester is discussed. The 
configuration of the alkylated product was proved chemically (Scheme 2). A one pot aldol-alkylation 
reaction was developed leading stereoselectively to racemic (S*,S*)-a-alkyl-jbhydroxy ester (Scheme 3,4). 
Baker’s yeast r&u&ion of 2-alkyl-3-keto ester led to valuable chiral(2R.+S,3S)-intermediates, which were 
convert& via the corresponding dianion to compounds with a chiral quatcmary C atom (Scheme 4). 
Synthetic applications of the above findings are shown in the synthesis of various chiral compounds 
(Scheme 8 and 9). 

Recently we briefiy communicated on the high stereo- 
selectivity of the a-alkylation of dianions derived 
from fl-hydroxy ester.‘? A large number of chiral 
fl-hydroxy esters are available in usually high optical 
purity by simple reduction of the corresponding 
p-keto ester with (fermenting) baker’s yeast (Saccha- 
romyces cereoisioe ) . ‘)’ Through the combination of 
these two findings one has a new access to a great 
variety of chiral compounds. To demonstrate this is 
the aim of this paper. 

(S)-Ethyl-3-hydroxybutyrate ((S)-l)44s is acces- 
sible in 50-&o/, chemical yield by reduction of ethyl 
acetoacetate. The microbiological reduction furnishes 
(S)-1 with an enantiomeric excess (e-e.) between 70 
and 97%.89 

For the formation of the dianion, (S)-1 was 
quickly added neat or in concentrated solution 
(THF) to two equivalents of LDA at - 50”, normally 
at such a rate, that the temperature rose to -20” or 
even to 0”. In this manner the formation of the 
dianion is complete in minutes. The alkylating agent 
was normally added as a 1: 2 to 1: 4 (w/v) solution in 
HMFTA between -50” and 0” (Scheme 1). Through 
the use of methyl iodide, ally1 bromide and benzyl 
bromide we isolated (2S,3S>2 in 67x, (2S,3S)-3 in 
75% and (2S,3S)-4 in 82% yield. The chemical purity, 
i.e. the diastereoselectivity of the alkylation, as shown 
with GLC is in the range of 95: 5 (19 : 1). For GLC- 
comparison racemic samples of the diastereomeric 
mixtures (cu 6:4) were prepared by sodium boron- 
hydride reduction of Zmethyl, 2-allyl- and -2- 
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6)-l R=CH3 (2$38)-2 

R=allyl(25,3S)-3 

R = benzyl(25,35)-4 

Scheme 1. 

l&e also Ref. 2. 

benzylacetoacetate, 13, 14 and 15 respectively (see 
also Scheme 5). The optical purity of the respective 
alkylation products is only dependent on that of the 
starting material, which was 70% for (2S,3S)-2 and 
(2S,3S)-3, but 85% for (2S,3S)-4.‘” 

The major problem concerned the rigorous proof 
of the stereochemistry of the products. Although 
‘H-NMR especially J(2,3)- gave good indication for 
the (2S,3S>stereochemistry”**2 in the case of 2 
(J(2,3) = 7.3 Hz in our main alkylation product and 
-4 Hz in the side product), with 3 and 4 assignment 
was ambiguous. J(2,3) is 5.15 Hz in (2S,3S)-3 and 
4.78 Hz in (2R,3S)-3 and it is 4.4 Hz in both di- 
astereomers of 4. Because of that we decided to prove 
the stereochemistry chemically and at the same time 
demonstrate a further useful preparative consequence 
of the stereoselectivity of the alkylation (Scheme 2). 

(2S,3S)-4 was hydrolyzed in over 85% yield to 
(2S,3S)-S with KOH in water ethanol at room tem- 
perature without any epimerization on c(2). The 
crystalline product was further converted without 
recrystallization to the /&la&one (3S,4S)-6 by treat- 
ing it with TosCl in pyridine (82%). J(3,4) in 
(3S,3S)-6 was found to be 4.4 Hz, which according to 
the literature”**’ was indicative for the trans geome- 
try. More conclusive was the pyrolysis’3*” of 6, which 
furnished trans4phenyl-2-butene (8) in 84% yield 
and over 98% chemical purity. 

On the other hand treatment of (2S,3S)-S 
dimethylformamide 

$F-DM A) 
dimethyl acefall5.16 

in chloroform at 60” yielded after 
careful work-up &4phenyl-2-butene (7) in 87% 
yield and 97% chemical purity. The mechanism of the 
above decarboxylativedehydration has been 
elucidatedi as a stereocontrolled anti-elimination, in 
our case going through a zwitterion a. 

The combined results of the pyrolysis of the 
/.?-lactone 6 to trans4phenyl-2-butene on the one 
hand and the decarboxylativedehydration of 5 to 
cis4phenyl-2-butene on the other hand” un- 
ambiguously proved the stereochemistry of S and 
consequently that of 4 as being (2S,3S). Based on the 
results the steric course of alkylation can superficially 
be depicted as in 9. 

The alkylation thus yields a Z-product by a ik- 
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(3S,4!9-5 (2S.35)-6 
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-1xX 

Scheme 2. 

9 

mechanism.‘* This was already put forward by Kraus 
et a1.19 for their case of dianion oxidation. The 
schematic picture 9 will only show that the reason for 
this case of “acylic stereoselection” is a rigid cyclic 
structure due to the chelation of a Li cation through 
the two O-anions.*’ This allows a stereoselection with 
a AAG: of 1.4-l .5 kcal/mol (at -20”). 

It is notable that the enantiomeric compounds, i.e. 
(2R,3R)-2,3 and 4 are also accessible by starting with 
ethyl (R)-3-hydroxybutyrate, The latter is available 
either by depolymerization of poly-(R)-3- 
hydroxybutyrate or by microbiological reduction of 
ethyl acetoacetate by Geotrichum ~andidum.~ Indeed 
Pfander et ~1.~ prepared (R)- and (S)-Lavandulol by 
using methyl (R)- and (S)-3-hydroxybutyrate for the 
key alkylation step with 3-methyl-2-butenyl bromide. 

In the course of the chemical deduction of the 
stereochemistry of (2S,3S)-4 (Scheme 2) it was simul- 
taneously shown, that the stereoselectivity in the 
alkylation step is also the prerequisite for the prepa- 
ration of pure geometric isomers of olefins (see Ref. 
13). Obviously, if the olefins are the desired end 

products, one does not need chirai educts and is 
satisfied with the even more easily available 
#i-hydroxy ester.“*” 

With this in mind, we thought that the primary 
intermediate of an aldol reaction, the monoanion of 
a /I-hydroxy ester could be used in situ for a stereo- 
selective alkylation, by adding another equivalent of 
LDA to form a dianion. The one-pot aldol-alkylation 
reaction would proceed through three anionic 
species+b+c+d as shown in Scheme 3. 

The above idea was carried out with good results 
(Scheme 4). First (S*,S+k2 was synthesized by suc- 
cessive addition of one equivalent of LDA, ace- 
taldehyde, again one equivalent of LDA and finally 
of methyl iodide to ethyl acetate. (S+,S*)-2 could be 
isolated in 72% yield, the only impurity found was 5% 
of (R*,S*).2. In an analogous sequence of reactions 
(S*,S*)-10 was prepared in 80% yield. Assignment of 
the stereochemistry of (S*,S*>lO is mainly based on 
analogy, beside J(2,3) of cu 6 Hz, which is quite large 
in this serie~.‘~ The diastereoselectivity in this case 
amounted to cu 93: 7. in the next example ethyl 
propionate was taken as a starting material aiming 
for a quatemary C atom (vi& infra). When the 
reaction was quenched with water after the aldol 
reaction, only a ca 1: 1 mixture of (S*,S*)- and 
(R+,S*)-2 was isolated, showing a complete lack of 
stereoselectivity. 

Treatment of the intermediate monoanion with one 
equiv LDA and then with Me1 furnished (S*,S*)-11 

1 uqw. 
CH&CKEt 

-ii%--+ 
&&cm} R-CHO 

b 

R 

Scheme 3. 
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Scheme 4. 

in low yield (30%) but in high selectivity (N 96:4) 
(vide in&z). In the last example of Scheme 4 first ethyl 
acetate was reacted with methacrolein and then 
through the dianion the intermediate was methylated 
to (S*,S*)-12 in high yield (72%) and the usual 
selectivity of cu 95: 5. In (S*,S*)-12 J(2,3) is 8 Hz. 
This compound is an interesting one in so far as it is 
set up for hydroboration.” 

It is well known that hydride reduction of ethyl 
2-alkylacetates, i.e. of 12, 13 and 14, leads to a nearly 
1: 1 mixture of the two racemic diasteromers, though 
with Zn(BH,), a selectivity in favour of the 
(2R*,3S*)-isomer was observed in certain cases.26 
Now that we had access to the (S,S)-isomers (see 
above, Scheme 1) in 95% chemical and 70% (2 and 3) 
or 85% (4) optical yield it was of interest to learn, 
which-if any-are the products of yeast reduction of 
the racemic and enolizable compounds 13,14 and 15. 
The only precedents in literature for yeast reduction 
of this type of compounds, where two chiral 
centers could result, are the cyclic analogues, 
ethyl 2-oxo-cyclohexanecarboxylate4’ and ethyl 
2-oxocyclopentanecarboxylate,4 which yielded ethyl 
(1 R,2S)-2-hydroxycyclohexancarboxylate and -cy- 
clopentanecarboxylate, respectively, in good chem- 
ical and optical yield.27 

Baker’s yeast reduction of 13’,28V29 (Scheme 5) 
yielded a 1: 3 mixture of (2S,3S)-2 and (2R,3S(-2 in 
65% yield. The two isomers were not separated in this 
case. Comparison with the alkylation product 
(2S,3S)-2 (Scheme 1) made a sound analysis of the ‘H 
NMR spectrum of the mixture possible (Experi- 
mental). For the assignment of the absolute 
configuration of the two isomers there is good cir- 
cumstantial evidence as will be seen later (Scheme 6). 
It is important to state here, though also based on 
later evidence, that the optical purity on C(3) of the 
mixture is nearly 100%. That means that it is substan- 

0 
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9H 

&,COOEt 
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R=CH3 13 
R=allyl 14 
R=benzyll5 

(25,3S)-2 I:3 (2R,3S)-2 
(ZS,3S)-3 3:l (2R,3S)-3 
(2S,3S)-4 2:i (2R,3S)-4 

Scheme 5. 

tially higher than the one usually achieved at the 
preparation of (.S)-1.4,8,9 

Analogous reduction of 14 gave a ca 3: 1 mixture 
of (2S,35’)-3 and (2R,3S)-3, respectively. The two 
isomers were separated in this case by means of 
preparative GLC. The main product of the reduction 
was identical with the alkylation product in Scheme 
I except for the higher [cr],22-value, which was 
+ 14.5” in this case, as compared to 9.7” (N 70% e.e.) 
in the other. This means that (2S,3S)-2 prepared 
through direct reduction of 14 is nearly 100% e.e. The 
side product with [a]oz2 = + 5.8 must be (2R,3S)-3; 
‘H NMR shows that it is a (2R*,3S*)-isomer of 3 and 
evidence based on the results in Scheme 6 shows that 
it is not (2S,3R)-3. 

The third baker’s yeast reduction of a 
2_alkylacetoacetate, that of 15, gave only a 22% yield 
of a 2: 1 mixture of (2S,3S)-4 and (2R,3S)-4, besides 
45% of the educt. 29 Preparative GLC separation 
furnished optically pure (2S,3S)-4 with 
[alo22 = - 35.85” in good agreement with 
[alo** = - 30.7” of the alkylation product (Scheme l), 
which is supposed to be of -85% optical purity 
(Experimental). The side product, to which we assign 
the (2R,3S) absolute configuration in analogy to the 
above examples, had [alo** = + 35.4” but also 7% of 
(2&3S)-4 as an impurity. This corrects the rotatory 
power of (2R,3S)-4 to[a]oz2 = + 40.8”. 

The above described baker’s yeast reductions are 
seemingly substrate nonenantiospecific and hi.ghly 
product enantiospecific.30 

Having succeeded to reduce 13 and 14 to 
(2RS,3S)-2 and (2RS,3S)-3 respectively in good 
chemical and concerning C(3) in very high optical 
yield, two things were gained at the same time. Firstly 
for the preparation of a chiral quaternary C atom 
through a dianion alkylation one alkyl group is 
already introduced, the stereochemistry at C(2) being 
of no importance. Secondly the optical purity of the 
directing chiral moiety is nearly 100% compared to 
70-85x in S-(l). These considerations are demon- 
strated in Scheme 6. 

Allylation of (2RS,3S)-2 gave (2S,3S)-11 in 57% 
yield. The diastereoselectivity of this alkylation was 
94:6. On the other hand (2RS,3S)-3 could be methyl- 
ated in 56% yield with a selectivity of 96 : 4, which was 
improved to 98: 2 through chromatography. Both 
yields were higher than described before’ by the use 
of lithiumcyclohexylisopropylamide instead of 
LDA.” (2&3S)-11 was oxidized in 81% yield to 
(S)-16 with [alo’* = - 27.05” (e.e. N 91%) and simi- 
larly (2R,3S)-11 to (R)-16 with [aIn** = f28.5” 
(e.e. - 96%). The optical purity of (S)- and (R)-16 
can directly be seen by the use of chiral shift reagent 
(Eu(hfc),) as the acetyl group splits up in two singlets 
in the ratio of -96:4 for (S)-16 and of N 98: 2 for 
(R)-16 respectively. This proves the nearly 100% e.e. 
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Scheme 6. 

of C(3) in the yeast reduction products of 13 and 14, 
as the only “optical pollution” was brought in 
through the 5% and 2% failure in the dia- 
stereoselectivity of the alkylation. It also proves the 
absolute configuration of (2R,3+2 and (2R,3S)-3 
for which we had no authentic materials from the 
alkylation reactions (Scheme 1) and which could have 
had the (2S,3R)-configuration. 

Interestingly, reduction of rat-16 with baker’s 
yeast is an educt- and product-eaantioselective 
reaction’ (Scheme 7). The enzymatic reduction fur- 
nished (2S,3S)-11 in 20% yield and virtually 1000/o 
chemical and optical purity. The other product of the 
reaction was the optically slightly enriched (R)-16 
with [a]n= = + 8.1” (e.e. 27.5x).).” Finally oxidation 
of this sample of (2S,3S)-11 ([atr>” = + 7.8”) yielded 
(S)-16 in optically pure form ([abD = - 29.6”). 

The above described (Scheme 6) straightforward 
sequence of reactions for the preparation of a qua- 
ternary chiral C atom in a molecule with two or more 
functional groups seemed interesting enough for fur- 
ther evaluation. 

In Scheme 8 an application is shown?* where an 
electrophile with a masked CO group (Wichterle’s 
rcagentJ3) was used in the alkylation of (2RS,3S>2. 
(S,S)-17 was isolated in 53% yield. The stereo- 
selectivity in this step is difficult to be seen, because 
of the additional E/Z-isomers in the side chain. But 
it must have been in the range of -93:7, as optishift 
experiments with (S)-19 revealed an optical purity for 

(2S, 359-11 

1 
NGW, 

(SF10 (100% e.e.) 

Scheme 7. 

that compound of co 85%. (S,S)-17 was oxidized 
with sodium bichromate in high yield (87%) to (Q-18 
([a]o” = - 27.8”), . w~c~tro~~tha~~~t~ (7;; 
Hg(OCO@,), 
(faln’2 = - 8.3”) wz isolated in 60% yield, beside 
small amounts of already cyclized product (S)-21 and 
of one, which is probably 22 (see Ref. 34). As 
mentioned already optishift experiments with (S)-19 
were successful. The singlets at 2.16 and 2.14 ppm 
splitted into two singlets each upon treatment with 
Eu(hfc)3 in CDCl, (400 MHz) in a ratio of CQ 93: 7. 
The next problem was to achieve a regioselective 
aldol condensation to (S)-20 and to (S)-21. Ter- 
ashima et a1.35 studied a similar problem with 
3-acetyl-3-methyl-2,6heptadione and found that the 
acid catalyzed reaction led to type-U) products in 
nonpolar solvents and to type-21 products in polar 
solvents. Kreiser et ol.% successfully cyclized rat 19 
either to rat 20 or to rat 21 with high regioselectivity. 
We succeeded in regiospecifically transforming (Sk19 
into (S)-20 in nearly quantitative yield by using 
pyrrolidine-acetic acid in ether.” Optishift experi- 
ments with (S)-Xl confirmed the measurements with 
(S)-19, the triplet at 1.28ppm splitting up into two 
triplets in a ratio of cu 94:6. On the other hand 
treatment of (S)-19 in toluene at reflux with catalytic 
amounts of TosOH furnished a 4: 1 mixture of (St21 
and (Q-20. 

As a last example the synthesis of a chiral cy- 
clobutanone and of a chiral oxetane, respectively, 
shall be described. Chiral cyclobutanones are scarce 
in the literature. One interesting new method is the 
optical resolution of certain rat cyclobutanones3’ 
( + )(R) and ( - )(S)-2-methylcyclobutanone have 
been prepared only recently with 64% and 62% e.e., 
respectively.~ We were interested in chiral cy- 
clobutanones because of our work on the optical 
induction in the course of the [2 + 2]-cycloaddition of 
chiral ketones39 and also in connection with the 
so-called homo-Favorskii rearrangement.39*a 

Alkylation of (2RS,3S)-2 with crotyl bromide 

(+) (2RS,3S)-2 c 

(-1 (S,S)-17 (-1 (SF18 

Scheme 8. 
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( - 80% E, N 20% 2) yielded (s,s)-23 in 60% yield and 
the usual -95: 5 diastereoselectivity (GLC, ‘H 
NMR). Reduction with LiAlH, to (2&3S>24 and 
protection of the primary alcohol function by 
dimethyl-t-butylsilyl chloride gave (2R,3S j25 in 72% 
yield ([a]*= = + 1.18”). Oxidation to (R)-26 and 
deprotection furnished (RF27 ([ah” = + 16.6”), 
which was converted into the tosylate (R)-28 
([a]o’* = + 2.04”; ~30% 0veral.I yield from 
(2RS,3S)-2). Optishift experiments with (R)-26 
showed a co 94: 6 ratio of two singlets for the acetyl 
group originally at 2.13 ppm, indicating a h 88% e.e. 
for the compounds in Scheme 9. 

Treatment of (R)-28 with potassium t-butylate in 
t-BuOH (conf. Ref. 41) furnished a cu 3 :4 mixture of 
(S)-29 and (R)-30 in 77% yield. The products were 
easily separated on a sihca gel column, (R)-30 being 
eluted first. (S)-29 displayed a characteristic band in 
the IR at 1780 cm-‘, [alo” = - 103” and an intensive 
CD-band with dc: (360 nm) = 1.56, which also 
confirms the absolute configuration (see Ref. 38). 
(W-W I&” = + 76.3”, showed no CD, obviously it 
is too far in the UV. The exomethylene protons 
appear in the NMR spectrum at 4.43 and 4.39 ppm 
with 3 w 5.5 Hz, the ring protons next to the oxygen 
at 4.02 and 3.68 ppm with J * 4 Hz.‘~ 

ExPEzRtn4ENTA.L 
The [aj-values were measured, if not otherwise stated, in 

CHCI, on a Perkin-Elmer 141 Polarimeter. NMR spectra 
were obtained on a Bruker WH360 or 400 or a Varia 
XL-RIO-12 Spectrometer in CDCl,, Shifts are reported as 
ppm relative to TMS. For GLC a C. Erba Fractovap D 
(FID) was used with different 3m packed columns. 

Abbreviations: m = multiplet; s = singlet; d = doublet; 
d x m = doublet of multiple& 

Ethyl (2S,3S)-3-hydroxy-2-melhyt-butyrate (2S,3S)-2. To 
the soln of 44.4 g (0.44 mole) diisopropylamine in 100 ml 
anhyd THF 275 ml of a 1.6 M soln of MeLi in ether were 
added at O-10”. The soln of lithium diisopropylamide was 
cooled to -50” and 26.4g (0.2 mole) of ethyl 
(3S)-3-hydroxybutyrate (Ia]D22 (CHCl, c = 0.95) = 30.5”, 
e-e. -70%) was added within 10 mm, keeping the temp 
between - 50” and - 20”. To the dianion the soln of 42.6 g 
Mel in 50 ml HMPTA was added, the temp of which rose 
to 0”. After stirring 10min the mixture was poured on ice 
water and extracted with ether. The ether phase was dried 

C)H 

on &SO, and evaporated. The product was distilled at 
77-78” and 1Omm Hg, giving 19.8 g (67.8%) (2S,3S)-2. 
GLC (XE-60) showed a selectivity of 95.5% (25,3S)-2 to 
4.5% (2R,3S>2. [aID= (c = 1.3) = + 19.1”. NMR 
(360 MHz): S 4.17 (q, -OCH,-), 3.92-3.83 (d x q, after 
adding DrO J(2,3) = 7.35 Hz; H-C(3)), 2.71 (d, OH), 2.5-2.4 
(d x q, J(53) = 7.35 Hz; H-C(2)), 1.28 (t, g&H,-), 1.22 
and 1.19 (d-e) ppm. (Found: C, 57.34; H, 9.92. Calc for 
C,H,,O, (146.19): C, 57.51; H, 9.65%). 

&/ry/ (z’j,3St2-alryr-3-hyclroxyburyrate ((2S,3S)-3). To 
0.1 mole of LDA in 30 ml THF and 70 ml ether at - 50” 
5.5 g (41.5 mmole) of ethyl (.S)-3-hydroxybutyrate (la JDz 
(CHC!,, c = 0.95) = 30.5”. e.e. w 70%) was added in one 
dash letting the temp rise to 0”. The mixture was stirred at 
this temp for 2 mm and then 5.4 g (45 mmole) ally1 bromide 
in 20 ml HMPTA was added quickly. The temp rose to 25’ 
and after the addition in 12 min to 38”. After f hr it was back 
to room temp and the reaction was worked up with water, 
2NH$O, and ether. The crude product (7.1 g) was chro- 
matographed on silica gel with hexane ether (1: 1) furnishing 
5.4 g (75.5%) of a 95 : 5 mixture (GLC, XE-60) of (25,35)-3 
and (2R,3S)-3. B.p. 85” at 1Omm Hg. (a]Dzz 
(c = 1.1) = + 9.7”; e.e. -7o”/,, compared to the optically 
pure isomer. NMR (360 MHz) was identical with the opti- 
cally pure compound isolated with prep. GLC (uide ittfru). 

Ethyl (2S,3S)-2-benzy~-3-hy&oxybutyrate (2S,3!9-4). 
Analogously to the methylation ethyl (3S)-3- 
hydroxybutyrate (Ia]t-,zz (c = 1.41) = + 33.58”; e.e. n* 85yJ 
was benxylated in 82.2% yield with a selectivity of 97: 3. B.p. 
102-103” at 0.15 mm; [aIn= (c = 1.3) = - 30.7”; e.e. * 85%. 
NMR (100 MHz): 6 7.35-7.15 (5 aromatic protons), 4.1 (q, 
-O-CH& 4.0-3.75 (after addition of D20, d x q, 
J(2.3) = 4.4 Hz) H-C(3)), 3.05-2.9 (m, -CHr-AT), 2.8-2.55 
(m, H-C(2)), 1.26 (d, 3H-C(4)), 1.15 0, -CH2g3) ppm. 
(Found: C, 69.w. H, 8.31. Calc. for C,,H,,O, (222.28): C, 
70.24; H, 8.16x.) 

(2S,3S)-2-Benzyl-3-hydroxy-bufyric acid ((2S,3S)-5). 15 g 
(2S,35’)-4 (67 mmole) was stirred at room temp in the soln 
of 16.8 g KOH in 150 ml water-EtOH (1: 1) for 2 hr. Work 
up yielded 11.2 g of (2S,3S>S with a m.p. 123.5-125”. [air>= 
(c = 1.18) = - 26”; e.e. r 85%. NMR (360 MHz): S 
7.34-7.20 (m, 5 aromatic protons), 3.45-3.38 (m, H-C(3)), 
3.05-2.96 (m, CH+r), 2.76-2.7 (m, H-C(2)), 1.31 (d, 
3H-C(4)) ppm, very broad OH-signal between 2.6 and 
1.5 ppm. (Found: C, 67.90; H, 7.17. Calc for C,,H,,Ox 
(194.23): C, 68.02; H, 7.270/,.) 

(3S,4S)-3-Benzyf4mef~yl-2-oxef~~ (a). 3.88 g 
(20 mmole) (2S,3S)-5 was dissolved in 100 ml pyridine. At 
- 5O-O” 11.4 g (60 mmole) tosylchloride was added and the 
mixture was set aside overnight in the refrigerator (3”). The 
following morning the reddish-brown soln was poured on 

(+) (2RS,3S)-2 __I* 
T(= ?lZt& la-_ 

(+) (S, SF23 R=H, (-) (2S,3R)-24 
R = t-u, (Cii&Si, 

(+) f2S, 3R)-25 

t 
/ 

(+I (RHO 

R=H, (+f (R)-27 
R =Tos, (+) (R)-28 

Scheme 9. 
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ice and worked up with 2NH,SG,, sat NaHCO,aq and 
ether. The crude product (3.4 g) was distilled at 95-100” and 
0.03mm (Kugelrohr) to give 2.9g (SF/,) of 6. [o]Dp 
(c = 1.7) = -t 21.4”. CD (acetonitrile): de: (218 nm) = + 3.7. 
IR (film): 1820 cm-‘. NMR (360 MHz): 6 7.36-7.16 (m, 5 
aromatic H), 4.5-4.43 (d x q, J(3,4) = 4.2 Hz, H-C(4)), 
3.51-3.45 (m, H-C(3)), 3.2-3.0 (ABX pattern of -CH,- Ar), 
1.45 (d, C&C(4)) ppm. (Found: C, 74.87; H, 6.74, C&z. 
for C,,Hu02 (176.22): C, 74.98; H, 6.86x.) 

cis4Phenyl-2-burene (7). 7.7 g (2S,3S)-5 (40 mmolc) was 
suspended in lOOmI CHCI, and to this suspension 22.48 
(0.19 mole) dimcthylformamide dimethyl acetal was added. 
The clear sobt was heated at reflux for 6Omin. The CHCl, 
was distilled off through a Vigreux column, the residue was 
taken up in pentane and washed with water. Finally the 
crude product (6 g) was chromatographed on silica gel with 
pentane. Pentane was distilled off through a column and the 
product was distilled at 75” and 10 mm Hg (Kugelrohr): 
4.6g (87%) of 7. GLC showed cu 3% of 8 as the only 
impurity. 

trans-4-P&vryl-2-butene (8). 1.76 g (10 mmole) 6 was 
heated neat at 150-160”. 8 was continuously distilled off. 
Yield: 1.1 g (84.6%) 8. GLC (XF 1155) and NMR showed 
no traces of &4phenyl-2-butene (7). 

one-pot aid&a~ty~atioa ma&am. (S*,SW 8.8 g 
(0.1 mole) EtOAc was added to 100 ml of 2N LDA-soln 
(ether-THF N t : 1) at -60“. The temp rose to -30’. The 
mixture was cooled to - 50” again and 4.5 g (0.1 mole) 
aoetaldehyde was added within 5min. The temp rose to 
- 15”. After cooling to - 50” again 1.1 equiv LDA was 

added as a lN soln in THF-ether not allowing the temp to 
rise above -20”. After the addition was complete 10 ml Mei 
in 25 ml HMFTA was quickly added at -20” allowing the 
temp to rise to 35”. It was stirred for another 1Omio and 
then worked up with ZNH,SO, and ether. The crude yield 
was 15 g. Distillation (Kugelrohr) at 80-85” and 1Omm Hg 
furnished 106g (72.5%) of the product. GLC showed a 
diastereoselectivity of 95: 5, NMR was identical with that of 
(2S3Sf2. 

Ethyl (S*,S*)-2-uflyZ-3-hydroxy-rl-hexenoate ((S*,S)-10. 
Exactly analogously to the preparation of (S*,S*)-2, 
(S’S*)-10 was prepared in 80% yield out of EtOAc, 
crotonaldehyde and ally1 bromide. A 0.1 mole experiment 
yielded 16g of the title compound; b.p.lOO-105” at 
0.07mm Hg. GLC on different packed columns did not 
reveal any impurity. NMR (360 MHz) only showed a co 7% 
impurity as a t(CH,CH,O), which could belong to the 
(R*,S*)-isomer. NMR (36OMHz): 6 S&5,18 (m, H-C(4), 
H-C(5)), 5.5-5.43 (m, H-C@‘)), 5.1 t-5.0 (m, 2H-C(3‘)), 
4.21-4.12 (m, -G-CH,-, H-C(3)), 2.56-2.50 (after addition 
of D,O d x t, J(2,3) w 6 Hz, H-C(Z)), 2.39-2.3 (m, 
2H-C( l’)), 1.71 (d x m, 3H-C(6)), I .26 (t, CH,-CH,-) ppm. 
(Found: C, 66.45; H, 9.34. Calc. for C,,H,,O, (198.26): C, 
66.64; H, 9.15x.) 

Ethyl (S*,S*) - 2 - ailyt.2 - methyl,3 - hydtoxybutyrace 
((S*,S*)_ll). Analogously to the preparation of (S*,S*)-2, 
(S*,S*)-11 was prepared out of ethyl propionate, ace- 
taldehyde and ally1 bromide. A 0.1 mole experiment yielded 
12 g of crude product (theory 18.6 g), which was chro- 
matographed on silica gel with hexane ether (1: 1). First 5 g 
of impurities were eluted, then 5.6g (30%) of the product. 
B.P. (Kugelrohr): 55-60” at 0.15 mm Hg. GLC (XE-60) 
comparison with (2R,3S)-11 showed that the selectivity of 
the alkylation was 94:6. NMR (360 MHz) was identical 
with that of (2S,3S)-il (vi& infra). 

Ethyf (S*,S*) - 2,4 - dimethyl - 3 - hydruxy - 4 - hexenoate 
((S*,S*)-12). Analogously to the above examples 0.1 mole 
EtOAc was first reacted with methacrolein, the intermediate 
converted to the dianion and alkylated with MeI. Work up 
yielded 15 g of crude oil, which was distilled at 65-68” and 
0.05 mm Hg to give 11.2g (65%) of (S*,S*)-12. NMR 
(400 MHz): 6 4.99-4.97 and 4.95-4.93 (m-s, two vinyl 
protons), 4.22-4.13 (m, -O-CH,-, H-C(3)), 4.14 (after 
addition of D*O, d, J(3,2)a8 Hz; H-C(3)), 2.73 (d, 

J c~ 5 Hz, OH), 2.66 (d x q, J(2.3) x J(Z,CH, * 8 Hz; 
H-C(2)), 1.74 (broad s, CH&(4)), 1.28 (t, CH,- CHs-), 
1.12 (d, CH&(2))) ppm. (Found: C, 62.49; H, 9.51. Gdc for 
C&Or (172.22): C, 62.76; H, 9.36%). 

Rainclion of kaba&utal tiyi retoiawes by baker’s 
yeaat. Reduction of ethyl 2-methylacetoacetate (13) to ethyl 
(2Rs,3S~2-nrethyl-3-hy~oxy~ty~ure ((2R.S,3S)-2). 100 g 
baker’s yeast (sacchmomyces cerevisiae, KIipfel AG, CH- 
Rheinfelden) and 150 g of saccharose were mixed in 1: 1 of 
tapwater in a 1.51 3-necked round bottom flask, After f hr 
log of 13 was added to the f’ermenting broth and the 
mixture was stirred for 24 hr. At this point 50 g of sugar was 
added and stirring was continued for another 24 hr. After 
addition of 50 g Hy8ow the mixture was filtered through a 
sintered glass funnel (G3), the filtrate was extracted with 
ether. This is sometimes a lengthy procedure because of 
emulsions. Extraction was repeated at least four times. The 
ether phase was dried over Na$O, and the solvent was 
distilled off through a Vigreux cohunn. After chro- 
matography on silica gel with pentantither (1: 1) 5.5 g of 
a mixture of products was isolated, besides 1 g (10%) of 
edUCt. 

The mixture consisted of 75% of (2R,3S)-2 and 25% 
(2S,3S)_2 (GLC, NMR). The ratio varied slightly, possibly 
because of some discrimination during the work up of the 
emulsion. [ah,= (c = 1.0) = 9.1”. NMR (400 MHz): S 
4.21-4.15 (2q N 1:3,-O-C%,-), 4.1-4.04 (m, H-C(3) of 
(2R,2S&Z), 3.92-3.83 (m, H-C(3) of (2S,3S>2), 2,73-2.67 
(OH of(25’,3.!+2), 2.63-2.56 (OH of (2R,3S)-2), 2.5 (d x q, 
H-C(2) of (2J?,3S)-2, J(2,3) * 4 Hz), 2.44 (d x q, H-C(2) of 
(2S,3S)_2, J(2,3) = 7.3 Hz), 1.28 (t, s&H,), 1.2 (d, CH3- 
of (23,3S>2, I.195 and 1.19 (2d, Me-groups of (2R,2S)-2 
ppm. 

Eledvction of ethyl 2-aNyiuceroacerate (14) to ethyl 
(2RS,3S)-2-&yi-%hydroxybrrryrute ((2RS,3S)-3). 10 g 14 
was reduced with baker’s yeast as described above. The 
crude product (14 g) was flashchromatographed on silica 
gel with hexane-ether (8: 2) to yield 0.7 g (7%) of the starting 
material and 8.4g (84%) of a mixture consisting of 75% 
(2S,3S)-3 and 25% (2R,3S)-3. B.p. 85” at 10 mm Hg. [ab” 
(c = 1.04) = + 12.5”. 

(Found: C, 62.55; H, 9.42. Calc for GH,,O, (172.22): C, 
62.77; H, 9.36x.) 

The above mixture was separated with preparative GLC 
(Carbowax). The (2S,3S)-isomer was eluted first. 

Ethyl (2!&3S)-2-ortyt-3-hy&oxybutyrate ((2S,3!+3). [a]~~ 
(c = 0.38) = + 14.5”; e.e. - 1Wk. NMR (36OMHz): 6 
5.81-5.7 (m, 1 vinyl proton), 5.13-5.01 (m, --cHa, 4.18 (q, 
-O-CH,-), 3.93 (after addition of -0 d x q, 
J(2,F5.15Hx, H-C(3)), 2.51 (d, J(OH, 3)=7Hz, OH), 
2.5-2.39 (m, H-C(2) and 2H-C( I’)), 1.27 (t. -OCH,g,), 
1.24 (d, 3H-c(4)) ppm. 

Et&y1 (2r/3S)-2-llrryl-3-htyrute ((2R,35)_3). 
[#ID2 (c = 0.34) = -t 5.83”; e.e. w lOOo/,. NMR (360 MHz): 
6 5.85-5.75 (m, 1 vinyl proton), 5.15-5.0 (m, =CH& 4.18 (q. 
-CiCH,-), 4.06-3.98 (after addition of 40 d x q, 
J(2.3) = 4.78 Hz, H-C(3)), 2.55-2.35 (m, H-C(2) and 
ZH-(C’)), 1.28 (t, CH&H&, 1.22 (d, 3H-C(4)) ppm. 

Reducrion of etw 2-benrylacetoucefate (15) to ethyl 
(2RS,3S)-2-benzy1-3-hydroxybutyrute ((28,3S)-4). 10 g of 15 
was reduced with baker’s yeast in the same manner as 
described above. After work up the crude product mixture 
(7.8 g) was chromatographed on silica gel with hexane ether 
(1: 1). After elution of 4.5 g (45%) of educt, 2.2 g (22%) of 
a 65:35 mixture of (2S,3S)-4 and (2R,3S)-4 was isolated. 
The main product corresponded to (25,3S)-4. Preparative 
GLC was used to separate the two diastereomers. (2S,3SH: 
[o]pp (CHCI,, c = 0.75) = - 35.85”; e.e. *Y 100%. no isomer 
detectable in GLC, none either in the NMR with 
lanthanidc-shift reagents (Eu(hfc),). The NMR was identi- 
cal to the one already described for the alkylation product. 
(2R,3S)4: [alp= (c = 0.93) = + 35.46” GLC shows 7”/, of 
(2S,3S)-4 as an impurity. This corrects [a)Du to +40.8”. 
NMR (360 MHz): 6 7.3-7.15 (m, 5 aromatic H), 4. I-4.0 (m, 
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a!,, and H-C(3)), 3.01-2.95 (m, -CH,-Ar), 2.76-2.72 
(m, J(2,3) = 4.4 Hz, H-C(Z)), 2.48 (broaTs, OH), 1.27 (d, 
3H-C(4)), 1.09 (1, g&H,-) ppm. 

Erhyf (2R,3S) - 2 - allyI - 2 - merhyt - 3 - hydboxyburyrare 
((ZR,3S)-11. At -50” 3.44g (20mmole) of the above de- 
scribed mixture of (2RS,3S)-3 in 2Oml THF was added to 
40 mmole of lithium cyclohexylisopropylamide in 5Oml 
THF. The temp was allowed to reach - 20” (cc 15 mm). At 
this point 3 g (22 mmole) of Me1 dissolved in 5 ml HMPTA 
was added quickly and the temp rose to + 10”. Stirring was 
continued for 15 min. The mixture was pouted on sat 
NH&lag and extracted with ether. The crude yield 
amounted to 3.5 g: GLC (XF 1155, 3 m) showed an educt- 
product ratio of co I :4, the products having been formed 
with a stereoselectivity of ca 9s: 5. Flash chromatography 
on silica gel with hexane-ether (6: 4) furnished a main 
fraction of 2.1 g (56%) of the title compound (isomer ratio 
slightly enriched to 98: 2) and a second fraction of 1.3 g 
contaminated with the educt. The main fraction was dis- 
tilled (Kugelrohr): B.p. 55-60” at 0.15 mm Hg. [ab” 
(c = 0.65) = + 14.6”. NMR ( + DzO, 100 MHz): 6 6.0-5.6 
(1 vinyl proton), 5.2-5.0 (=CH& 4.18 (q, G-CH,-), 3.92 (q, 
H-C(3)), 2.7-2.1 (ABX-p&m of -CC&H=), 1.27 (t, 
O-CH,-CH,) 1.16 (d, 3H-C(4)), 1.15 (s, C&-C(Z)) ppm. 
(Found:c 64.2; H, 9.87. Calc for C,&-I,,O, (186.25): C, 
64.49; H, 9.74x.) 

Erhyi (2S,3S) - 2 - allyi - 2 - merhyl - 3 - hydroxyhtryrure 
((2S,3S)_11). To the soin of 6Ommole of lithium cy- 
clohexylisopropylamide in SO ml THF, 4.4 g (30 mmole) of 
the above described mixture of (2RS,3S)-2 in 20ml THF 
was added at -So”. In the course of the addition (co 15 min) 
the temp rose to - 20”. Then 4.0 g (33 mmole) ally1 bromide 
solved in 10 ml HMFTA was added quickly, the temp rising 
to + 10-I 5”. The mixture was worked up with ZNH,SO, and 
pentane furnishing a crude yield of 4.8 g of a c11 I : 3 mixture 
of educt and product. The latter was formed with a stereo- 
selectivity of about 94:6. Flashchromatography on silica 
gel with hexane-ether (6:4) furnished the title compound as 
the main fraction 3.2g (5%) with a ratio of co 95% 
(2S,3S)-11 and 5% (2R,3S)-11. B.p. (Kugelrohr): 55-60” at 
0.15 mm Hg. (a]nu (c = 0.63) = + 7.6”. NMR (100 MHz}: 6 
5.9S-5.5s (1 vinyl proton), 5.2-4.95 (=CH& 4.2 (q, 
-OCH,-), 3.98 (d x q, D,O-rq, H-C(3)), 2.71 (d, OH), 
2.62:1 S (ABX-pattern of -CH,-CH=), 1.28 (t, 
-O-CH,CC&), 1.16 (d, 3H-C(4)), ITn (s, CH,-C(Z)) ppm. 
(Found: C, 63.31; H, 9.89. Calc for C,,H,,O, (186.25): C, 
64.49; H, 9.74x.) 

Erhyl (R)-2-acyl-2-merhyl4penrenoate ((R)-16). To 
230 mg (1.24 mmole) (2R,3S)-11 dissolved in 2 ml ether the 
soln of 370 mg of sodium bichromate and 345 mg of cone 
H,SO, in 1 ml H,O was slowly added at maximum 3”. After 
10 min of additional stirring the mixture was worked up and 
220 mg of a slightly brownish oil was isolated. Chro- 
matography on silica gel with hexane-ether (1: 1) yielded 
182mg (82%) of the ketone beside 3Smg of educt. 

(Kugelrohr): 5S-60”, 
(“;t 1.17)= +28.5”, e.e. 

0.02 mm Hg. [a]D2” 
-%%_ IR (film): 1740, 

1717 cm- ‘. NMR (100 MHz): 6 5.9-5.5 (m, 1 vinyl proton), 
5.22-5.0 (m, =CH& 4.2 (q, G-CH,-), 2.8-2.35 (M, ABX- 
pattern of 2Ha)), 2.15 (s, CHFG-), 1.32 (s, CHr-C(Z)), 
I .26 (t, CH,-CH,-) ppm. (FGd: C, 65.28; H, 8.86. Calc --- 
for C,,H,,O, (184.24): C, 65.19; H, 8.75x.) 

Erhyl (S)-2-acyI-2-merhyl4penrenoare ((S)-16). Anal- 
ogous oxidation of (2S,3S)-11 yielded in 81% yield (S)_16. 
[alo” (c = 0.9) = - 27.05” (e.e. N 91%). 

Baker’s ye& reduction of rat ethyl 2-acyl- 
2merhyl4penrenoare (rut 16). 5 g (27 rnmole) racemic 16, 
50 g baker’s yeast, 75 g saccharose in 500 ml tapwater was 
stirred for 42 hr. Work up yielded 3.5 g of a yellowish oil. 
Chromatography on siiica gel with hexane-ether (1:l) 
yielded after distillation (Kugelrohr) at 55” (0.05 mm Hg) 
1.9g (38%) (R)-16, with [a]# (c = 0.96) = + 8.1” 
(e.e. + 27.5%) and l.Og (20%) of (2&3.S)-11, [ufDp (CHCI,, 
c = 1.0) = + 7.84”. 

Oxidation of this sample of (2$,3S)-11 in analogy to the 
above described experiments furnished in 80% yield opti- 
cally pure (S)-16 with [alou (c = 0.83) = - 29.6”. Optishift 
with Eu(hfc),: rat 16 gave a good separation of the acetyl 
group, which could not be observed in this sample. 

Ethyl (2s) - 5 - chioro - 2((S) - I - hydioxyerhyl) - 2 - 
merhyZ - 4 - hexemure ((S,S) - 17). 8.8 g (60 mole) of 
(2R5‘;3S)-2 was added to 0.12mole of lithium cy- 
clohexylisopropylamide in 100 ml THF and 75 ml ether at 
- 60”. The temp rose to - 30”. At this temp 14 g (65 mmole) 
of E,Z-1 -iod&-chloro-2-butene dissolved in 30 ml 
HMPTA was added quickly at which the temp rose to + lOa, 
After stirring for 15 min at 10” the mixture was worked up 
with 2NHrS0, and ether. The crude product (IS g) was 
distilled at 100” and 0.05 mm Hg to give 9.8 g of distillate, 
which was chromatographed on silica gel with hexane-ether 
(1: 1). After 1.7 g of nonpolar material 7.5 g (53%) of 
E,Z-(S,S)-1’7 was etuted. B.P. 80” at 0.03mm Hg (Ku- 
geirohr). [a)D” (c = 1.35) = 0.81”. NMR (36OMHz): b 
5.37-5.32 and 5.4-5.35 (each a t x q, N 1:4, H-C(4)), 
4.234.16 (q, -OCH,-), 3.93-3.86 and 3.84-3.78 (after 
addition of D,O each a q, ~4: I, H-C(l’)), 2.73 and 2.65 
(2d, OH), 2.6-2.39 (AB-pattern of 2H-C(3)), 2.1 and 2.06 
(sharp multiplets, 3H-C(6)), 1.29 (1, CH,-CIi,-O), 1.16 (d, 
3H-C(2’)), 1.14 (s, CH,-C(Z)) ppm. 

Erhyl (S)-2-aceryl-5-cMoro-2-merhyl4hexenoare t(S)-18). 
4 g (17 mmole) of (S,S>17 was oxidimd as described for (S) 
and (R)-16 to give after chromatography (silica gel, 
hexane-ether (I : 1)) 3.Sg (87.5%) (S)-18. [ajon 
(c = 1.2) = - 27-86”. Both GLC and NMR showed the 
E/Z-isomers. NMR (36OMHz): only the main isomer: d 
5.33 (q x t, H-C(4)), 4.2 (q, -O-CCz-), 2.72 (d x q, 
2H-C(3)), 2.16 (s, 3H-C(2’)), 2.09 (sharp m, 3H-C(6)), 1.35 
(s, CH,-C(2)), 1.26 (t, CH,-CH,-) ppm. 

Erhyl (S)-2-aceryf-2-iii%yi-S-oxohexumare ((Q-19). 3.2 g 
(14 mmole) (Q-18 was added to the soln of 8.3 g (20 mmole) 
of mercury trifluoroacetate in SOml nitromethane. The 
mixture was stirred for 45 hr at ambient temp and then 
poured into 2OOml IV/, HCl. It was extracted three times 
with ether. The crude product (3.8 g) was distilled at 
100-I 10” and O.OSmm Hg (Kugelrohr) to give 2.6g of 
material. This was chromatographed on silica gel with 
hexane-ether (1: 1) giving the following fractions: 0.3 g 
educt and unidentified materials, 350 mg of a 4: 1 mixture of 
(S>21 and probably 22 and 1.8g (60”/,) of (S)-19. 
B.p. (Kugelrohr) 80-85” at 0.05 mm Hg. [a]nt2 
(c = 1.3) = - 8.32”. NMR (360 MHz): 5 4.234.16 (m, 
-O-CC,), 2.45-2.39 (m, 2H-C(4)), 2.16 (s, CH,-), 2.14 (s, 
CH,-), 2.15-2.10 (m, 2H-C(3)), 1.34 (s, CH,-C(Z)), 1.27 (1. 
CH,-CH& ppm. 

Optishift with this material showed an enantiomeric 
ratio of co 93:7 by means of splitting up the singlets at 
2.16 and 2.14ppm. (Found: C, 61.73; H, 8.35. Caic for 
C,,HuO, (214.26): C, 61.66, H, 8.74x.) 

Ethyl (S) - I,2 - dimethyl - 4 - 0x0 - 2 - cycfohexene - 
1 - carboxyture ((S) - 20). 107 mg (0.5 mmole) (!+19. 30 mg 
pyrrolidine and 28 mg AcGH was stirred in 5 ml ether for 
20hr at ambient temp. Work up with water and ether 
furnished in virtually quantitative yield 95 mg (S>20. The 
isomer (S>21 could not be detected in GLC or NMR. B.p. 
(Kugelrohr: 90-95” at 0.05 mm Hg. [aIn= (c = 1. IS) = 
- 106.5*; [aInn (benzene, c = 1.32) = - 116.29 IR (f&n): 
1728, 1677 cm- ‘. NMR (360 MHz): 6 5.92 (q, H-C(3)), 4.2 
(q. -Jr), 2.53-2.38 (m, 3H), 1.96 (d, J N 1.6H2, 
CH,-C(Z)), 2.0-1.9 (m, IH), 1.43 (s, CH,-C(l)), 1.28 (t. 
CH&H,-) ppm. 
Optishift experiments with Eu(hfc), confirmed the mea- 
surements with (Q-19, as the t at 1.28 ppm separated into 
two triplets in a ratio of about 94:6. (Found: C, 67.08; H, 
8.40. Calc for C,,Hi603 (196.25): C, 67.32; H, 8.2rJ/,.) 

Erhyi (S) - I,4 - dimethyl - 2 - 0x0 - 3 - cy&hexene - 
1 - curboxyfure ((S) - 21). 200 mg (0.93 mmole) (.S>19 and 
20 mg TosOH in lOm1 toluene were heated to reflux for 
25 min. Then the mixture was washed with NaHCO,, dried 



1276 G. FI&ER et al. 

and the toluene evaporated. The crude product (222mg) 
was a ca 4: 1 mixture of (S)-21 and (S)-20, which were 
separated by chromatography on silica gel with 
hexane-ether (3: 7). First 134 mg (S)-21 was eluted, then 
35 mg of 1: 2 mixture of (S)-21 and (S)-20 and finally 
31 mg pure (S)-20. The pure fractions were distilled in 
Kugelrohr yielding 1lOmg (48.5%) ((S)-21 and 26mg 
(11%) (S)-20. (S)-21: [a]r)22 (c = 1.5) = + 55.3”; [a]DZ 
(benzene. c = 1.0) = +44.1”. IR (CHCI,): 1725, 
i655 cm”. NMR 660 MHz): S 5.9 (m, i-l-C(3)), 4.15 (q, 
&s,-), 2.51-2.38 (m, 2H), 2.3-2.2 (m, lH), 1.95 (sharp 
m, CH,-C(4)), 1.91-1.83 (m, IH), 1.47 (s, CH,-C(l)), 1.23 
(t, CH,-CH,-) ppm. Double resonance experiments re- _. __ 
veal=; small coupling between CH,-C(4) and CH,(5) of 
ca I Hz and also between H-C(3) and CH,(5). (Found: C. 
67.42; H, 8.25. Calc for C,,H,& (196.2$ ‘C,- 67.32; Hi 
8.22x.) 

Ethyl (2S)-2((S)-l-hydro.xyethyl)-2-me~hyhyl-4-hexenoate 
((S,S)-23). 2Y.3 g (0.2 mole) (2RS,3S)-2 was alkylated in 
analogy to the preparation of (2S,3S)-11 with crotyl 
bromide. The crude material (40g) was distilled and the 
fraction boiling at 80-85” and 0.1 mm Hg (27g) was 
purified on silica gel with hexane-ether (1: 1) to give 25 g 
of an oil, which after distillation in Kugelrohr at 70-75” 
and 0.05 mm Hg furnished 24 g (60%) of (S,S)-23. It was 
estimated from the GLC and NMR spectra that this 
material consisted of ca 80% E-(&S)-23 and ca 20% 
Z-(S,S)-23. The stereoselecitivity was 95: 5. [a]~~~ 
(c = 1.1) = + 5.9”. NMR (400 MHz) of the main isomer: 
5.53-5.28 (m, H-C(4), H-C(5), J(4,5) = 15 Hz), 4.214.14 
cm. -O-CH,-I 3.9-3.82 (after addition of D,O CI. 
kiC-1’)),2.jj (broad d, ‘OH), 2.38-2.19 (AB-pattern 
of 2H-C(3)), 1.661.64 (m. 3H-C(6)), 1.28 (t. s&H,), 

1.14 (d CH -&) 1.1 (s, CH -C(2)). (Found: C 65.68. H, 
9.94. da%& CI,H,O, (19832): C, 65.97; H, 4.94x.j 

(2S,3R) - 3 - Hydroxymethyl - 3 - methyl - 5 - hepten- 
2 - 01((2S,3R)-24). 2.8 g (73 mmole) LiAIH, was suspended 
in 50 ml ether and 15 g (75 mmole) (S,S)-23 in 50 ml ether 
was added dropwise between 20-30”. After reduction was 
completed the mixture was worked up with water and ether 
furnishing 9.9 g (83%) (2S,*R)-24 with a b.p. of 8590” at 
0.05 mm He. laln22 cc = 1.6) = - 1.69”. NMR (400 MHz\ 
of the mai~isb&, E-(2&3k)-24: 6 5.53-5.41 (k, H-C(Si 
H-C(6)), 3.78 (q after D,O addition, H-C(2)), 3.66 and 
3.48 (AB-q of 2HC(l’)), 3.0-2.8 (two broad signals 
2 x OH), 2.11-2.07 (m, 2H-C(4)), 1.7-1.66 (m, 3H-C(7)), 
1.19 (d, 3H-C(l)), 0.77 (s, CH,C(3)) ppm. (Found: C, 
68.05; H, 11.52. Calc for C,H,,O, (158.24): C, 68.31; H, 
11.47X.) 

(2S,3R) - 3((t - Butyldimethylsilyloxy)methyl) - 3 - methyl- 
5 - hepten - 2 - 01((2S,3R)-25). A soln of 6.7 g (45 mmole) 
of t-butyldimethylchlorosilane in 50ml DMF was added 
dropwise to a soln of 7.1 g (44.8mmole) (2S,3R)-24 and 
6.1 g (90 mmole) imidazole in 150 ml DMF at ambient 
temp.43 After 1 hr the mixture was poured into water and 
extracted with ether. Distillation (Kugelrohr) at 75” and 
0.05 mm Hg gave 10.8 g (87.1%) (2$3R)-25 as a colourless 
oil. [a]D22 (c = 2.0) = + 1.18”. NMR (400 MHz) of the main 
E-isomer: 6 5.5-5.38 (m, 2H), 3.69 (q after D,O addition, 
H-C(2)), 3.59 and 3.48 (AB-pattern of 2H-C(1’)), 2.13-2.0 
(m, 2H-C(4)), 1.58-1.55 (m, 3H-C(7)), 1.15 (d, 3H-C(1)), 
0.9 (s, 9H), 0.75 (s, CH,-C(3)), 0.08 (s, 6H) ppm. (Found: 
C, 65.94; H, 11.93. Calc for C,,H,,O,Si (272.51): C, 66.11; 
H, 11.84x.) 

(R) - 3 - ((t - Butyldimerhylsilyloxy)methyl) - 3 - methyl- 
5 - hepten - 2 - one ((R)-26). -10.2 g (37 mmole) (2X3@-25 
were oxidized in analogy to the procedure described.” The 
reaction yielded after distillation (Kugelrohr) 65”, 
0.05 mm Hi, 8.0 g (8O%j (R)-26. [alDu (c = 2.2) = - 0.77”. 
NMR (400 MHz) of the main isomer: 6 5.5-5.42 (m, IH), 
5.32-5.i3 (m, lGj, 3.64 and 3.52 (AB-pattern of iH-(C’)), 
2.33-2.36 and 2:13-2.07.(m, 2H-C(4)), 2.13 (s, 3H-C(1)), 

1.66-1.63 (m, 3H-C(7)), 1.07 (s, CH,-C(3)), 0.87 (s, 9H), 
0.03 (s, 6H ppm. Upon treatment with Eu(hfc), the signal 
at 2.13 ppm splitted up in two s at a ratio of ca 94: 6. 
(Found: C, 66.46; H, 11.28. Calc for C,,H,O,Si (270.49): C, 
66.61; H, 11.18x.) 

(R) - 3 - (Hydroxymethyl) - 3 - methyl - 5 - hepten - 2 - 
one ((R)-27). 7.45g (27Smmole) (R)-26 and 14.17 g 
(45mmole) dry tetrabutylammonium fluoride in 100ml 
THF were stirred for 2 hr at ambient temp. After work up 
with water and ether the oil was distilled (Kugelrohr 85” and 
10mmHg) to give 4.0 g (93%) (R)-27.[a],22 
(c = 2.9) = + 16.6”. NMR (400 MHz): 6 5.57-5.48 (m, lH), 
j.38-5.i9 (m, IH), 3.69 ani 3.46 (A&q of 2H--C(i’)), 2.33 
(broad. s. OH). 2.3-2.18 (m. 2H-C(41h 2.15 (s. 3H-Cll~). 
i.68-I.‘64 (shr& m, 3H>(7)), 1.1‘4’6, CH&3)) pii: 
(Found: C, 68.85; H, 10.46. Calc for C&O2 (156.23): C, 
69.19, H, 10.32x.) 

(R) - 2 - Acelyl - 2 - methyl - 4 - hexenyl p - tolu- 
enesurfonate ((R)-28). 3.5 g (22 mmole) (R)-27 and 4.5 g 
(24 mmole) tosyl chloride in 30 ml pyridine were standing at 
5” for 48 hr. After work up and flash-chromatography on 
silica gel (hexaneether 1: 1) 6.1 g (89%) (R)-28 was isolated 
as a colourless oil. [a]D22 (c = 1.67) = + 2.04”. NMR 
(400 MHz): 6 7.78 and 7.36 (m, 4H), 5.45-5.36 (m. IH), 
5.13-5.04 (m, lH), 4.05 (AB-q, J(gem) _ 10 Hz, 2HC(l)), 
2.45 (s, &I,-arom.), 2.28-2.13 (LB-m, 2H-C(3)), 2.09 (s, - 
CH,-CO-). 1.58-I .55 cd x m. 3H-C(6)). 1.14 (s. CH,-C(Z)) 
pp& (Foind: C, 62.G; H, 7.i8; S, 9.$?.‘Calc fb; C,,H,@.$ 
(310.41): C, 61.91; H, 7.14; S, 10.33x.) 

(R) - 3 - (2 - Butenyl) - 3 - methyl- -2 - methyleneoxetane 
((R)-30) and (S) - 2 - (2 - butenyl) - 2 - methylcyclobutanone 
((S) - 29). 2.4 g (7.7 mmole) (R)-28 was stirred in the soln of 
8 ml 1 Mt-BuOK in t-BuOH and 16 ml THF for 10 min at 
ambient temp. After work up the crude oil (0.95 g) was 
chromatographed on silica gel with pentane-ether (9: 1). 
The first fraction gave after distillation (Kugelrohr u 80 
at 150 mm Hg) 460mg (43%) (R)-30. [aID” 
(c = 1.5)= +76.3”. IR (film): 1690, 966crr-‘. NMR 
(400 MHz) of the main E-isomer: 6 5.58-5.42 (m, 2H), 4.43 
and 4.39 (two d, J m 5.5 Hz, =CH,), 4.02 and 3.68 (two d, 
J(gem) _ 4 Hz, 2H-C(4)), 2.362.2 (AB-m, J(gem) - 14 Hz, 
2H-C(l’)), 1.71-1.67 (d x m, 3H-C(4’)), 1.31 (s, CH,-C(3)). 
(Found: C, 78.02; H, 10.45. Calc for C$,4O (138.21): C, 
78.21; H, 10.21x.) The second fraction yielded afte! dis- 
tillation (Kugelrohr, N 80” at 150 mm Hg) 360 tig (34%) 
(S)-29. IalD22 (c = 1.5) = - 103.7” AC (EPA): 
(306) = - 1.56. IR (film): 1780,968 cm - ‘. NMR (400 MHz) 
of the main E-isomer: S 5.56-5.34 (m, 2H), 3.03-2.88 (m, 
2H-C(4)), 2.27-2.1 (AB-m of 2H-C(1’)), 2.0-1.9 (m, 
H-C(3)), 1.74-1.65 (m, H/-C(3)), superimposed 1.7-1.65 
(d x m, 3H-C(4’)), 1.16 (s, CH,-C(2)). (Found: C, 78.19; H, 
10.27. Calc for C&-I,4O (138.21): C, 78.21; H, 10.21x.) 
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