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CHAPTER I

Introduction

This thesis deals with the application of 1,1-dimethoxypropene (1a)
in the synthesis of various types of y- and §-lactones. 1,1-Dimethoxy~
propene is an electron-rich alkene and a representative member of the
class of ketene acetals, R1R2C=C(0Me)2. All syntheses studied in thas
thesis have in common that (la) is used in a cycloaddition with an
a- or B-oxygenated carbonyl compound. In this way (la) functions as
a propionate equivalent which is introduced under neutral or mildly
acadic conditions. The chemistry of (la-1c¢) (Figure 1) and other
ketene acetals has been studied in our department for more than ten
years, and recently the results obtained have been reviewed'. Yet, in
order to offer good 1insight into the present work the more important
features of ketene acetal chemistry in general and of (la) in particular
are summarized here, before the objectives of the present study are

outlined.

Figure 1 Figure 2

RIRC=C{OMe);

(1alR'=H ,R2=Me ~ R e DR
c=¢ e f—¢

{1b) R'=R2=Me 7N ~

(1c) R'=R2=0Me

Ketene acetals (1) belong to the electron-rich olefins in which
the electron-density of the double bond i1s increased by one or more
electron-donating substituents (¢.g. -OR, ~-NRjp). In the case of
an enol ether this can be represented by the canonical structures,
1llustrated in Faigure 2, which show that the electron-density ais
highest on the B-carbon atom. In orbital terms the HOMO's of ketene
acetals have high energies and the largest HOMO coefficient is on
the B-carbon atom with respect to the electron-donating substituent.
The nucleophilicity of ketene acetals is between that of enol ethers

and enamines.



Synthesis of ketene acetals

The detailed study of the chemistry of ketene acetals followed
on McElvain's general preparation in 1936 of the compounds H,C=C(OR),
by elimination of HX from the corresponding a-halogenated acetals?
HZXC—CH(OR)Z. During the following 15 years, the chemistry of these
compounds was studied mainly by McElvain and coworkers®. our labora-
tory became interested in the chemistry of ketene acetals after we
had developed large scale syntheses for tetramethoxyethene (1c)“
(Scheme 1) and for ketene acetals (la) and (1b)*® (Scheme 2). Recently

Scheme 1
OMe
/OMe NgH | MeO_  _-OMe
H-C—0CgH4—p-Ct —— c —_ c=C
\ | MeO” ~0Me
OMe OMe
Scheme 2
H2C=CR'-CH(OMe); KNHJ’;,NH’ MeR'C=C(OMe );

R'=H,Me

van der Gen et al.® published a general synthesis of ketene acetals
in which the dialkoxymethylene group was introduced vZig a phosphine
oxide reagent in a Horner-Emmons reaction.

In general, ketene acetals are very sensitive to moisture and

traces of acid. They tend to polymerize at room temperature.

Scope of (2+2)-cycloadditions with ketene acetals

Ketene acetals react with a variety of electrophiles and eno-
phlles7. The research in our laboratory 1S centred on cycloaddition
reactions® of these compounds, 1n particular (2+2)-cycloadditions.

Ketene acetals react with electron-poor alkenes and carbonyl
compounds via (2+2)-cycloaddition reactions to cyclobutanes (Scheme

3) and oxetanes (Scheme 4), respectively. The reactivity of ketene



acetals 1n such (2+2)-cycloadditions with electron-poor alkenes

18 dependent both on the substituents R' and R? of the ketene
acetal and the number of electron-withdrawing groups (X) of the
olefin. (la) Reacts at elevated temperatures with alkenes having
at least one electron-withdrawing substituent (e.g. x! = CN, COOMe)
at the double bond whereas (lc) reacts only with electron-poor

alkenes having two electron-withdrawing substituents®.

Scheme 3
R OR
N _ ~O0R RY _ X R2 OR
2 C=C___+ €=C__, — 1
R SOR HO X R X
H x2
Scheme 4
. X
RNoo o ® R{c o pr I
= * =l —_——
RY T NOR x- R'— OR
R? OR

ooms et al.'’ have found that carbonyl compounds require at least
one electron-withdrawing group at the carbonyl function in order
to yield 2,2-dialkoxyoxetanes in the reaction with ketene acetals
(Scheme 4).

A major break through came when it was found that in the presence
of ZnCl, all kinds of aldehydes and even several ketones can be
converted in this way 5 with a variety of ketene acetals. In the
presence of this catalyst the polymerisation of ketene acetals is
relatively slow. A systematic examination of several Lewis acids
showed that two aluminium catalysts, Z.e. A1C120R11 and AlCl,Et, in
some cases gave similar results as ZnCl2 when the reactions were
performed at low temperature (-78°C). BFB—etherate, AlCl3 and TiCly
appeared too harsh in most cases , resulting in polymerisation of
the ketene acetals!Z?,

The use of the Lewis acid ZnCl, strongly extends the scope of
the reactions of ketene acetals and electron-poor alkenes. With

2ZnCl, catalysis simple electron-poor alkenes having only one elec-



tron-withdrawing group (7.e. xt = COOMe, x? = H, Scheme 3) can be

readily converted into cyclobutane derivatives!?

Mechanistic aspects

The mechanism and stereochemistry of the (2+2)-cycloaddition
reactions of ketene acetals have recently been studied in the cyclo-
butane formation of dicyanostyrenesl“. This study showed that the
generally accepted mechanism for polar, thermal (2+2)-cycloadditions,
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in which a cisoid dipolar intermediate is an essential feature

(Scheme 5), has to be refined for the reactions of ketene acetals.

Scheme 5
D [ D] D
:::// 8 D
it
» A J—— I',
—/ 6- 9 A
[A A

It appeared that the F.M.O. theoryls can explain the obtained results
adequately. According to this theory two limiting geometries of

addend approach are possible in the reaction of electron-rich alkenes
with electron-poor compounds having the higher LUMO coefficient on

the B-carbon atom (Figure 3). The 1sD + 1R approach is preferred

by ketene acetals having a much larger HOMO coefficient on C(B)

than on C(a) (e.g. (la)). The 2sP + 1sh approach becomes more probable

Figure 3
OMe MeQ OMe
\\\\‘\ %z, Gl
w, | NOMe Me0?” 4%, NoMme
‘_ i/,
NC (a) {b) NC“ECN
150, 154 gsD+ 1sA



when the difference between the HOMO coefficients becomes smaller.
In this case (e.g. (1c)) the developing charges at the dipolar
ends arise rather close together and subsequent rotation and ring
closure to the cyclobutane i1s much faster than other reactions

of the dipolar intermediate. The energy profile must have a rather
broad and flat maximum, so that a dipolar intermediate, if occur-
ring, should be a short-lived species. In the 1sP + 152 approach,
the unsymmetrically substituted cycloaddends start their inter-
action in a trans arrangement17. The developing charges are far
apart and have to rotate around the primary formed C-C bond into
a cisoid gauche conformation for completion of the cyclobutane
formation.

Conclusively, 1t can be stated that both the stereochemical
outcome of the cyclobutane formation and the stabilities of the
obtained cyclobutanes are determined by the m-electron distribution
of the ketene acetals used; most stable cyclobutanes are obtained
from (1c), having a symmetrical m-electron distrabution and a high
HOMO energy.

It 1s to be expected that the reactions of ketene acetals with
carbonyl compounds also proceed via dipolar intermediates. Generally,
the reaction of (la) with aldehydes leads to mixtures of cig and
trans oxetanes, and on the basis of prelimnary experiments (e.g.
with benzaldehyde) 1t was expected that ¢7s oxetanes are the main
products when the reactions are performed under kinetic conditions
and that trans oxetanes are obtained in excess under thermodynamic

conditions.

Synthetic aspects

Thas thesis deals only with the reaction of ketene acetals and
carbonyl compounds. Therefore, the synthetic aspects of the cyclo-
butane formation will not be discussed here; an overview of these

aspects 1s presented in reference 1.



At first, the use of the 2,2-dialkoxyoxetanes was restricted
to hydrolysis and methanolysis. Since oxetanes are reactive cyclic
orthoesters, reactions with water or alcohols are easily accomplished
(Scheme 6). They yleld B-hydroxyesters and B-hydroxyorthoesters

in which the stereochemistry of the oxetane formation is maintained.

Scheme 6

Ry H
RJ:"_‘;‘ q
R

2 OMe MeOH

Ry OMe R3R4C(OH)-CRjR2—C(OMe);

R3R4C(OH)—CRyR2 —COOMe + Me OH

The use of weak Lewis acids as ZnCl2 or AIC1,OR results in a high
chemical selectivity in the conversion of carbonyl compounds with
ketene acetals. Aldehydes are selectively converted in the presence
of ketones and other functions, which might react in the presence
of aclds (e.g. an epoxy function), are not affected. This principle
was nicely demonstrated by Bakker et al. who investigated the
reactions of ketene acetals with a,Bf-unsaturated aldehydeslg.

A priori three different cycloproducts are possible (Scheme 7)

Scheme 7
H
RE_/ R?
~ L .
& oxetane
— OMe
OMe
220—0°
. s ‘ Rl 0 OMe
R\ ~0Me R ~R ZnCl 50° 0
_c=c + o L=c N 1 pyran
A2 OMe H _¢=0 R zR
m R3 -20° rs R
(1a)R =H,R = Me aR%- Ré=RS=H RS R
(1c)R'=R2 = OMe b R’ RSz H,Ré= Me 4 oR?
¢ R*:- R% H,R%zMe . cyclobutane
3 i o5 R OMe
dR’= ME,R = R°zH 2
R OMe

e R% R4zH,R%-Ph



and competition between the various routes was observed. Generally,

however, the formation of the different products could be controlled.

Outline of this investigation

The high chemical selectivity of the 2,2-dialkoxyoxetane synthesis
and the ease of the conversion of these oxetanes into the corresponding
B-hydroxyesters was the motive to start an investigation into the
synthesis of y- and §-lactones. The presence of a protected hydroxy
function in the starting aldehyde or ketone might enable the synthesis
of various types of lactones after hydrolysis of the oxetane and de-
protection of the hydroxy function (Scheme 8); protection of the
hydroxy function is necessary, since, as already argumented, ketene

acetals react with alcohols (v.Z.).

Scheme 8
o g
R?—CH~(CH),—C—R?
'5 0—X OH Me R2
R a,b 2 | 1 c.d
. — R —CH—((IZH)n-(II—(l:—COOHe —_—— Me
1 R RIA Rs/( Hin R!
R'MeC=C(OMe); HO R?
e
R'=H
R RA_- 00
a) Cat., b)H30", c) Deprotection of O—X
+*
dIH", e} Dehydratation RSEH Me
R

In order to test this concept we planned reactions of several types
of protected hydroxy aldehydes and -ketones with 1,1-dimethoxy-
propene (la).

Ketene acetal (l1a) can be considered as an equivalent of the
enolate of propionic acid methyl ester. Recently, a lot of research
has been done on the subject of stereoselective aldol reactions?®
with, among other synthons, propionate equivalents. Since a lot of

natural products can be considered as constructed from propionate



equivalents (polypropionates)zn, there is a large interest in
reactions of all sorts of propionate equivalents. As shown in
Scheme 8 the use of (l1a) would result in lactone rings having a
methyl group in the a-position; this is often encountered in

21 22 presented a method

naturally occurring lactones® . As Grieco
to convert such a-methyl groups into an c-methylene function, the
use of (la) might give access to naturally occurring a-methylene
lactones. The use of (la) has additional advantages: it is
easily available on large scale (eq. 100 ml) and it has a high
reactivity.

In the present work the (2+2)-cycloaddition of (la) with various
types of aldehydes and ketones, leading to 2,2-dimethoxyoxetanes,
is the key-reaction of all the lactone syntheses. Therefore, first
the stereochemical outcome of the oxetane formation and the effect
of a-substituents in aldehydes on the stereochemistry of these
reactions were examined, as has been described in chapter 2.
Chapter 3 deals with the reaction of a-acyloxyaldehydes and -ketones
with (la) and with the conversion of the resulting products to
2,2-dimethoxy-4-hydroxy-3-methyltetrahydrofurans, 4-hydroxy-3-
methyl-y-butyrolactones and 2-~butenolides. In chapter 4 the syntheses
of 4-hydroxy-6-lactones and 5,6-dihydropyrones from B-oxygenated
aldehydes are described. Chapter 5 extends the concept to reactions
of (la) with a,B-oxygenated ketones, viz. epoxyketones. These reac-
tions are aggravated to the synthesis of possible precursors of
eudesmanolides. Chapter 6 describes the efforts to synthesize
bis-y-lactones from (la) and the bis-aldehyde glyoxal, 1,2-diketones
or ketoaldehydes in which one carbonyl group is masked or protected.

A summary concludes this thesis.
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CHAPTER II

Stereochemistry of the Reaction of

1,1-Dimethoxypropene with Aldehydes

Introduction

In previous papersl'“ we have demonstrated the synthetic utility
of cycloadditions between ketene acetals (R1R2C=C(0Me)2 (1) and
carbonyl compounds R’R*CO (2). In the presence of a Lewis acid (e.g.
ZnC12) a variety of carbonyl compounds can be converted in this way
into 2,2-dimethoxyoxetanes (3) under mild conditions. These cyclo-

adducts can easily be hydrolysed into B-hydroxyesters'

lactones?r?

(4) , or into
(e.g. y-butyrolactones) when a suitably protected hydroxy
group is present in R} (Scheme 1).

Scheme 1

R'RIC=C(0OMe),

R‘
Ma;R'=H R%*Me , | . HO R
. _inCl_z’ R _C‘_—10| L R— c1— cX—cozMe
R2— ¢ —0Me |
RPRéCO [, | Ré  R2
R OMe
{2)a;R3=Ph, R%=H (3) {4)a,R'=R4=H,R%=Me, R%:=Ph
b,R3=Ef,R‘=H b,R1=R‘:H,R2:HQ, R3=E"
¢,R%=Pr! Ré=H ¢, R'=R%zH ,R%=Me, R3=Pr!
d;R%=HexC,R4=H d,R'=RzH ,RZzMe, RI zHext
e, R%:=ButR4:H e,R'=R*:H ,R2=Me,R? =Byt
£ .RI=CCly, R4=H f.R1zR%zH, R2=Me, R3=CCl,

The chemical selectivity of the cycloadditions is rather high.
Aldehydes can be converted selectively in the presence of other
carbonyl compounds, olefinic double bonds, or substituents which

are sensitive to nucleophilic attack. With a,B-unsaturated aldehydes

These results have been published in J. Chem. Soc. Perkin I, 1985,
561.
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an oxetane is in most cases the primary product when the reaction
is performed at low temperatures.

The stereoselectivity of the cycloadditions is apparent in
reactions of unsymmetrically substituted carbonyl compounds (e.g.
aldehydes) with ketene acetals in which R' and R? are different,
e.g. 1,1-dimethoxypropene (la). In previous studies on these reac-
tions, of the two possible ¢is-trans isomers of the oxetane one
was favoured as the main product. We supposed that the ¢is oxetane
would always be formed in excess, because it arises via the more
favourable transoid approach of the reactants leading to the anti
conformation (Figure). Further experiments showed, however, that

the stereochemistry of the reactions depends

,OMe on the reaction conditions used. Therefore,
H~, E
MeJ £OMe the stereochemical course of the reactions
(Catl 0 ;»' of (la) with several aldehydes has now been
a

studied under different conditions.

Reactions of 1,1-Dimethoxypropene (la) with Benzaldehyde (2a)

In the cycloadditions with benzaldehyde the cig:trans ratio in
the product mixture can easily be determined from the 1H n.m.r.
spectrum in which the 4-H absorptions are well separated (6

5.27, 6
H(trans)
(la) (5.0 mmol) in diisopropyl ether (15 ml) were treated at -78°C

H(cis)
4.65). Equimolar solutions of benzaldehyde (2a) and

with such an amount of AlCl,Et or Alclzobornyls that 20% conversion
had been reached in 2 min. At that time the reaction was stopped by
the addition of triethylamine (TEA) and the product ratio was
determined: cis:trans 80:20 with AlCl,Obornyl, 70:30 with AlCl,Et.
A similar experiment, using ZnCl2 as the catalyst, was performed
at -15°C, because the reaction rate decreases substantially below
-20°C with this less acidic catalyst7. The c¢is:trans ratio in this
experiment was 85:15. Apparently, the nature of the catalyst has
no important influence on the product ratio.
It appeared, however, that the e¢ig:trans ratio in these experi-
ments 1s reduced when the product yield is increased by prolonga-

tion of the reaction time. Table 1 gives cis:trans ratios and

12



percentages of conversion after several time intervals for the
reaction of equimolar amounts (5.0 mmol) of benzaldehyde (2a)
and (la) at -78°C in the presence of 1 mol% of A1C12Et. Ultimately

the product ratio is completely reversed.

Table 1: cis-trans Ratios and percentages of conversion as a func-
tion of time for the reaction of benzaldehyde (2a) and
1,1-dimethoxypropene (la) at -78°C in diisopropyl ether,
using AlCl,Et as catalyst.

Time (min) 0.5 5 20 60 120
cig:trangs Ratio 80:20 65:35 60:40 45:55 30:70
Conversion (%) 40 50 60 70 70

The results suggest that the ¢is oxetane 1s the kinetically and
the trans oxetane the thermodynamically determined product. The
latter can be expected to be the main product under circumstances
which enable the catalyst to effect strong equilibration of the
cis and trans oxetane.

Indeed, treatment of equimolar amounts of benzaldehyde (2a) and
(1a) (5 mmol) dissolved in 1 ml of the polar solvent acetonaitrile,
at room temperature, for 2 h with a saturated solution of 2ZnCl,
gave again a large excess of the trans oxetane over the cis oxetane
(overall yield 75%, cis:trans ratio 1:4).

Preparation of the ¢Zs oxetane in high yield is apparently not
possible. Even at low temperature (-78°C, using RA1C1,Et) and in a
non-polar solvent the initially large ¢i8:trans ratio is already
reduced after relatively short reaction times, before the reaction

has been completed.

Reactions of 1,1-dimethozypropene (1a) with other aldehydes R°cHO
In order to establish a possible influence of the residue R

in the aldehyde on the ctg:trans ratio, oxetane formation was in-

vestigated wath a series of aldehydes (2b-f). The reactions were

performed: (¢) under thermodynamic conditions: equimolar (2.5 M)

solution of the reactants in acetonitrile, ZnCl2 as the catalyst,

2 h at room temperature; (Zi) under ‘kinetic' conditions: an equi-

molar (0.3 M) solution of the reactants in diisopropyl ether, AlCl,Et
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as the catalyst, 15 min at -35°C. Because of the lower reactivity
of some of the aldehydes in comparison with benzaldehyde (2a),
standardization of the circumstances at lower temperature was not
possible. In both cases the reactions were stopped by the addition
of TEA.

In some cases (aldehydes without a proton at C-a) determination
of the e¢i8:trans ratio could be based on the difference between
the doublets of the 4-H proton“ in the 1§ n.m.r. spectrum of the

cig:trans mixture (Jcis ca. 8 Bz, J ca. 6 Hz). With the other

aldehydes these signals cannot easiiiagz assigned to the individual
isomers either because of further splitting by protons in R® or
because the 3~-H and 4-H absorptions are hidden under other resonances.

Since separation of the isomers by distillation would change
the cis:trans ratio, and separation by chromatography leads to
hydrolysed products, the product mixture was then subjected to
methanolysis at -78°C and the resulting acyclic orthoesters were
hydrolysed at room temperature with dilute hydrochloric acid into
B-hydroxyesters R°CH(OH)CH(Me)CO,Me (4; R' = R* = H, R® = Me). In
this way the ¢ig oxetane gives an erythro, the trans oxetane a
threo B-hydroxyester. Determination of the erythro:threo ratio from
g n.m.r. spectra can be based on the 2-H or 3-H signal because
of the large difference between the 2-H-3-H coupling constants®
(J 7-8 Hz for threo, 2-~3 Hz for erythro compounds); the 2-H signal often
appears as a quintet for threo compounds and as a double quartet
for erythro compounds. The erythro:threo ratios in the B-hydroxy-
esters can also be determined by separation of the isomers by
h.p.l.c. In those cases where cis:trans as well as erythro:threo
ratios could be determined, agreement between the results showed
that the hydrolytic procedure did not alter the product ratio
seriously.

The results of these experiments are given in Table 2. Product
ratios of cycloadditions with benzaldehyde (2a) have been included

for comparison.
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TASLE 2 Product ratios of reactions between aldehydes (2) and 1,l-dimethoxypropena (la) under different conditioms

Thermodynamie conditlens 'Kinetic’ conditions
cig trans cig:trans
Ratio of erythro:threc Ratio Yield of Ratio of arythro:threo Ratio Yield of
T of B-hy y estars y y ester of B-hy Yy esters B-hy Y ester
(3) e — O] (3) _ [O)
Aldenyde (1B-tMR) ('B-NMR) (HPLC) ) (E~mR) (1B-1wm) (BPLC) (D]
(2a) PhCED 20 80 20180 15 85 70 60 40 60,40 65.35 60
(2b) BrawO 45 S5 70 50150 65
(2¢) pricEo 5.95 65 45:55 60
(2d) Rax’cBoO 5:95 5.95 595 70 50.50 50150 70
(2e) Bu®cmo 5:95 5195 5:95 50 50:50 45:55 40-60 50
(2£) CClyCHD 25:75 25.75 25 75 80 25.75 25:75 25.75 50

Table 2 reveals that under equilibrating conditions the
oxetane is always the main product. With most aldehydes the cyclo-
addition provides a useful procedure for the stereoselective prepara-
tion of threc B-hydroxyesters in good yields. A low stereoselectivity
1s only found in the cycloaddition of EtCHO (2b). Because of the
absence of branching at C-a the difference in thermodynamic stability
of the ¢is and trans oxetane must be relatively small.

The e¢i8:trans ratio, obtained with chloral (2f), is notable
because for the bulky residue CClj we expect an extreme preference
for the trans isomer on equilibration. Moreover, the ratio is equal
to that found under 'kinetic' conditions. It appeared that the same
product ratio (30:70) was obtained on treating chloral (2f) and (la)
in acetonitrile for 2 h without the addition of a catalyst. Besides,
the ratio did not alter when the mixture was left at room temperature
for a longer period. On the other hand heating of this mixture (with
or without a catalyst) to 70°C for 2 h gave the trans oxetane as
the sole product. Apparently, equilibration of the oxetane of chloral
(2f) and (la) proceeds very slowly, so that even in a polar solvent
at room temperature the product ratio after long reaction times is
mainly kinetically determined.

Under 'kinetic' conditions high stereoselectivity cannot easily
be realised with most of the aldehydes. This can be ascribed to
increasing equilibration during the progress of the reaction in
those cycloadditions in which the kinetically and thermodynamically
determined products are different, as was demonstrated in the ex-

periments with benzaldehyde (2a). This is not always the case,
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however; the kinetically determined cycloadduct of chloral (2f) and
(la) appeared to be the more stable adduct. Therefore, in some
cases the low stereoselectivity under kinetic conditions may be due
to a small difference between the rate constants for the formation
of the c¢is and trans adduct. In the next section 1t is argued that
this can be expected i1in cycloadditions of aldehydes having large

residues R°.

Mechanistic aspects

It is generally accepted1 that the oxetane formation from electron-
donating ketene acetals and electron-accepting carbonyl compounds
proceeds in two steps vig a dipolar intermediate. In cycloadditions
of ketene acetals like 1,1-dimethoxypropene (l1a), in which the HOMO
coefficient on C-fB 1s much larger than on C-a, the preferred geometry
of addend approach is according to FMO theory9 as indicated an the
Figure. The transoid approach of the reactants leads to a dipolar
intermediate in which the charges are far apartlo, and the oxetane
formation requires, in a second step, rotation around the primary
formed C-C bond to a cisoid gauche conformation.

The transoid approach of the unsymmetrically substituted alkene
dimethoxypropene and an aldehyde will lead to two intermediates A

and B (Scheme 2). Because of less crowding, stereoisomer A, having

Scheme 2: Newman projections of dipolar intermediates A and B.
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R? and Me 1n an anti relationship, will be of lower energy. There-
fore, the ¢7s oxetane resulting from A will be the kinetically
determined product, when the formation of the intermediate is rate
determaning.

Bond rotation in the second step, leading to a cisoad gauche
conformation, 1s possible in two directions. Starting from A both
rotations are accompanied with an increase of crowding. With B,
however, rotation into B" 1leads to release of crowding. The forma-
tion of a trans oxetane from B will, therefore, be easier than
the conversion of A into a e¢t8 oxetane. In those cases ain which
the second step is rate determining the trans adduct may even
become the kinetically determined product. The occurrence of the
transition state of the overall reaction in the second step 1is
more probable when R 1s a large group. So the formation of the
trans oxetane as the main product for R? = CCl3 under circumstances
1n which the cycloaddition 1s not reversible can be explained.

The low stereoselectivity of the cycloadditions of aldehydes in
which R® is a secondary or tertiary alkyl residue might also be

due to a dependence of the product ratio on both reaction steps.
The stereochemistry of product formation in the related reactions
of ketene acetals with dicyanostyrene has previously been explained

in a similar wayll.
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Ezperimental

General methods

M.p.s are uncorrected. '8 n.m.r. spectra were recorded on a Bruker
90 Mz spectrometer in CDCl3 solution with SiMe, as internal reference.
All OH resonances could be exchanged with DZO' Mass spectra were
obtained with a VG 7070E mass spectrometer., Preparative h.p.l.c. was
performed on a Miniprep IC Jobin Yvon apparatus using Merck silica
gel 60H as stationary phase. Acetonitrile and diilsopropyl ether were
stored over Caﬂz. Ether refers to diethylether. 1,1-Dimethoxypropene
(la) was prepared as described in the literature®. AIC1,Et was
commercially available as a 25% standard solution in hexane (Alfa
products) and was diluted with ether, previously dried over LiAlHy,
to a 0.3 M ether-hexane solution before use. AlCl,;Obornyl was pre-

pared as described in the literature®.

Preparation of B-hydrozyesters, RCH(OH)CH(Me)COgMe from aldehydes
RCHO and (1a) via the corresponding ozetanes

(a) Experiments under 'kinetic' eonditions, gemeral procedure

To a vigorously stirred mixture of the aldehyde (5 mmol) and
1,1-dimethoxypropene (1a) (0.56 g, 5.5 mmol) in diisopropyl ether
(15 ml) was added AlClet (1 ml of a 0.3 M solution) at the tempera-
ture indicated in the text. After 15 min the reaction was terminated
by the addition of triethylamine (0.5 ml) and the reaction mixture
was allowed to come to room temperature. After evaporation of the
solvent n-pentane (ca. 30 ml) was added until a light precipitate
was formed. The precipitate was filtered off. Evaporation of the
solvent gave the crude oxetane.

u

To obtain the B-hydroxyesters (4; R! = R® = A, rR?

= Me) the

crude oxetane was dissolved in diisopropyl ether (15 ml) and stirred
and cooled to -78°C. A mixture of methanol (0.48 g, 15 mmol) and
toluene-p-sulphonic acid monohydrate (pinpoant, caq. 15 mg) was added.
The reaction mixture was kept at -78°C for 1 h, and then allowed

to come to room temperature. To the stirred mixture was added hydro-

chloric acid (10 ml of a 1 M solution) and the mixture was stirred
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for 1 h. After addition of brine (25 ml) the diisopropyl ether layer
was separated and the aqueous layer was extracted with ether (3 x

25 ml). The combined ethereal extracts were dried (Mgso4) and the
solvent was evaporated to give the B-hydroxyester as a faint yellow
oll. Preparative h.p.l.c. using chloroform-acetonitrile (99:1)
yielded the pure diastereoisomers.

In the case of chloral (2f) the aldehyde (5.0 mmol) was dissolved
in diisopropyl ether (15 ml) and the solution was cooled to -35°C.
1,1-Dimethoxypropene (la) (0.56 g, 5.5 mmol) was dissolved in di-
isopropyl ether (1 ml) and the solution was added to the cooled
solution of the aldehyde without a catalyst. Work-up was performed
as described above.

(b) Ezperiments under thermodynamic condittons, general procedure

To a stirred mixture of the aldehyde (5.0 mmol) and 1,i-dimethoxy-
propene (la) (0.56 g, 5.5 mmol) in acetonitrile (1 ml) was added
ZnCl, (1 ml of a saturated solution in acetonitrile) at room tempera-
ture; in some cases immediate cooling with an ice-bath was necessary.
After the addition of ZnClp the mixture was left for 2 h whilst
being vigorously stirred. Triethylamine (0.5 ml) was then added and
the solvent was evaporated off. n-Pentane (ca. 30 ml) was added
until a light precipitate was formed; the precipitate was filtered
off. Evaporation of the solvent gave the crude oxetane. To obtain
the B-hydroxyesters the same procedure as previously described was
followed. In the case of chloral (2f) again no catalyst was used;
a solution of the aldehyde (5.0 mmol) in acetonitrile (1 ml) was
mixed at room temperature with a solution of 1,1-dimethoxypropene
(1a) (0.56 g, 5.5 mmol) in acetonitrile (1 ml) and worked up as
described above.

All B-hydroxyesters were characterized by 1g n.m.r., mass
spectroscopy, and C,H-analyses, or by comparison with literature

data. The following esters were prepared.
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Methyl 3-hydroxzy-2-methyl-3-phenylpropanoate (4a), threo: m.p.
49-50°C (1it.’: 52°C) (Found: C, 68.1; H, 7.25%; M'+1, 195.1028.
calc. for 01131403: C, 68.02; H, 7.27%; M+1, 195,1021); m/z 195
(M+1, 16%), 194 (M, 6), 177 (M-OH, 100), 163 (M-OMe, 7), 121 (75);
GB: see supplementary material cited in ref. 13. erythro: GH (CDC13)
1.12 (3H, 4, J 7 Bz, Me), 2.78 (1B, dq, J 7 and 3 Hz, 2-H), 2.94
(1H, br.s, OH), 3.66 (3H, s, OMe), 5.08 (1H, 4, J 3 Hz, 3-H), 7.30

(5H, br.s, Ph).

Methyl 3-hydrozy-2-methylpentanoate (4b), diastereomeric mixture:

(Found : M++1, 147.1016. calc. for C7H1403: M+1, 147.1021); m/z 147
(M+1, 100%), 129 (M-OH, 100), 115 (M-OMe, 50); GH (cbcly) 0.97 (3m,
br.t, J 7 Hz, 5-H,), 1.18 and 1.21 (3H, 24, J 7 Hz, Me), 1.30-1.78
(24, m, 4-Hy), 2.46 (1H, s, OH), 2.36-2.70 (18, m, 2-H), 3.43-3.90

(1H, m, 3-H), 3.70 (3H, s, OMe).

Methyl 3-hydroxy-2,4—-dimethylpentanoate (4c), threo: (Found: M+,
161.1168. calc. for CBH1603: M+1, 161.1178); m/z 161 (M+1, 15%),

147 (24), 143 (M-0H, B82), 129 (M-OMe, 100), 127 (25), 111 (M-CO,Me,

2
13); GH see supplementary material cited in ref. 13.

Methyl 3-cyclohexyl-3-hydroxy-2-methylpropanoate (4d), threo: (Found:
C, 65.76; B, 10.15%; M++1, 201.1494. calc. for C11H2003: Cc, 65.97; H,
10,07%; M+1, 201.1491); m/z 201 (M+1, 100%), 200 (M, 1), 184 (50),
183 (M-0H, 100), 169 (M-OMe, 15), 151 (47); GH see supplementary
material cited in ref. 13. Erythro: 6H (CDC13) 0.71-2.18 (11H, m,
Eexc), 1.16 (3H, 4, J 7 Hz, Me), 2.44 (1H, br.s, OH), 2.68 (1H, dg,
J 7 and 3.3 Hz, 2-H), 3.64 (1H, dd, J 7.6 and 3.3 Hz, 3-H), 3.69

(3E, s, OMe).

Methyl 3-hydroxzy-2,4,4-trimethylpentanoate (4e), threo: (Found:

M++1, 175.1339. calc. for C9H1803: M+1, 175.1334; m/z 175 (M+1,

100%), 175 (M, 1), 159 (M-Me, 40), 157 (M-OH, 100), 155 (16), 145
(15), 143 (M-OMe, 50); GH see supplementary material cited in ref.
13. We found, however, a smaller value for the 2-H-3-H coupling
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constant: J 2 Hz*. Erythro: GB (cbcly) 0.95 (98, s, But), 1.23 (38,
d, J 7 B2, Me), 2.22 (1H, br.s, OH), 2.75 (1H, dq, J 7 Hz and 4.5 Bz*,

2-H), 3.68 (3H, s, OMe); 3-H resonance hidden under ester resonance.

Methyl 4,4,4-trichloro-3-hydroxy-2-methylbutanoate (4f), threo:
m.p. 81-91°C. (Found: C, 30.75; B, 3.8%; M'+1, 234.9692. C_H,Cl,0
requires C, 30.60; H, 3.85%; M+1, 234.9696); m/z 235 (M+1, 48%),
203 (M-OMe, 24), 201 (37), 177 (100), 117 (M—CC13, 30); GH (CDCl4)
1.47 (38, 4, J 7 Hz, Me), 3.31 (1H, dq, J 7 and 2 Hz*, 2-H), 3.73
(3H, s, OMe), 4.06 (1H, 4, J 2 Hz, 3-H), 5.39 (1H, s, OH).
Erythro: GH (CDC13) 1.40 (3H, 4, J 7 Hz, Me), 3.31 (1H, dq, J 7
and 5 Hz2*, 2-H), 3.23 (1H, br.s, OH), 3.73 (3H, s, OMe), 4.66 (1H,
d, J 5 Hz, 3-H).

*These observed values for the erythro and threo coupling constants are
a notable example in which the threo coupling constant is smaller than
that of the erythro due to the presence of bulky tertiary groups (see
ref. 9b).
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CHAPTER III

A Simple and General Method for the Preparation of
4-Bydroxy-y-Butyrolactones and 2-Butenolides from
1,1-Dimethoxypropene and a-Acyloxy Aldehydes and Ketones

Introduction

In a previous paper1 we reported that aldehydes and ketones react
with ketene acetals under very mild conditions in the presence of ZnCl2
to yield 2,2-dimethoxyoxetanes (Scheme 1). The reaction shows rela-
tively large solvent effects, is strongly influenced by the electronic
properties of the residues R?,R" at the carbonyl group and is thought
to proceed via a dipolar intermediate., Hydrolysis or alcoholysis2 of
the 2,2-dimethoxyoxetanes under acidic conditions delivers B-hydroxy-

esters or B-hydroxyorthoesters (Scheme 1).

Scheme 1

Ré
R'R2C=C(OMe); . | R3R4C(OH)—CR'R? —COOMe
* L R —iz—lT H’
3
RPR“CO R— | _2? —OHe RRC(OH) —CR'R?— C{OMe);
R' OMe

The formation of B-hydroxyesters and B-hydroxyorthoesters suggests a
possible route to cyclic orthoesters and lactones by ring enlargement
of the oxetanes when the acid treatment is applied to oxetanes having
a hydroxy group in one of the side chains (Scheme 2). The reaction
sequence of Scheme 2 thus would provide an attractive route to e.g.
2,2-dimethoxy-tetrahydrofurans or -pyrans in the case of n = Qor 1,
respectively. We now present our results of applying this method for
n= 0.

Major parts of these results have been published in Recl. Trav. Chim.
Pays-Bas, 1981, 100, 355.
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Scheme 2

—C—oH
(Cle)n
. H* OMe H30
Ra_‘lz I — (c S — (C'@:E
2
R—T—c—one Y
R' OMe

Since ketene acetals react rapidly with alcohols the hydroxy groups
in the starting aldehydes or ketones have to be protected by groups which
can be removed without hydrolysis of the orthoester function. Since
orthoesters are stable to base,we used as starting materials the readily
accessible a-acyloxy carbonyl compounds* (2) from which the protecting
group can be removed by basic hydrolysis3 (Scheme 3). In all experiments
1,1-dimethoxypropene (1) was used as the ketene acetal since y-butyro-
lactones having a 3-methyl group are both important constituents of
sesquiterpene lactones® and important precursors of (naturally occurring)

2-methy1ene-Y-butyrolactones“’6.

Scheme 3
|
MeHC=C(OMe), R'-C-0-CO-R R'—C—0OH
i ZnCl; R0 KOH R34-0
. 35° Me OMe Me OMe
R'R2C(00CR)-CO—R? H OMe . H OMe
@ o) H10 (4)
AorlH’
a)R'=R?=Me,R?=H,R=Me
b) R' =Me,R?=Ph,RI=H,R=Me R’
c) R'=R?=H,R¥sCH;,R=H o*
d)R', R?= (CHz)¢ » RZ=H,R=H 93 '0 0
e) R'=R?=Me,R?=H,R=CHCI, OMe
H OMe
(6) (5

*a-Acetoxy aldehydes have been used recently in a related basic method for
the synthesis of 4-hydroxy- and 4-acetoxy-y-butyrolactones out of
methyl 2-(phenylthio) propionate“ .

24



Synthetic aspects

The a-acetoxyaldehydes (2a) and (2b) were prepared as described3
from the corresponding enol acetates which were epoxidized and re-
arranged under the influence of acid. Reaction of (1) with (2a) and
(2b) in acetonitrile at 35°C and under ZnCl2 catalysis proceeded well.
The corresponding oxetanes (3a) and (3b) (Scheme 3) could be isolated
in moderate yields after neutralisation of the catalyst with triethyl-
amine (TEA) and subsequent distillation; these compounds could be
identified by the characteristic position (6H 2.5-2.9 ppm) of their

3-H signals in the t

H n.m.r. spectra. It 1s known that cycloadditions
of ketones with (1) proceed more slowly than the reactions of aldechydes
with (1) and that the reaction can be accelerated by the introduction
of electron-withdrawing substituents on the position next to the
carbonyl groupl!. Therefore, we used stronger electron-withdrawing
groups for the hydroxyl protection in the reactions of a-hydroxy-
ketones, viz. the formyl group7 in ketones (2c) and (2d) and the di-
chloroacetyl group in the ketone (2e). However, 3-hydroxy-3-methyl-
2-butanone did not even react when we used the trifluoro acetyl residue
as the protective group. The use of these protecting groups having a
rather high leaving ability increased the risk of elimination of the
protective group on heating the reaction mixture. Since the liberated
acids (e.g. BCOOB and CHC12COOB) catalyze the polymerization of (1)
we kept the reaction temperature during oxetane formation as low as
possible (Z.e. below 35°C for (1) and (2e)). In this way we could
synthesize oxetanes (3c)-(3e) in moderate to good yields. Unfortunately,
(3d) and (3e) could not be purified by distillation, but the crude
products were sufficiently pure to use them for further reaction.
Deprotection of the hydroxy function was executed in a two phase
system using ether and 40% aqueous potassium hydroxide. The resulting
compounds (4) are very labile and were not purified, but directly re-
arranged to Z,2-dimethoxyfurans. This can be done either by heating the
a-hydroxyoxetanes (4a)-(4e) in the presence of a base (e.g. t-BuOK) or
by treatment with an acid (e.g. ZnClz) at room temperature. The latter
method is favoured since it delivers less side products. The conversion
of (3) into (4) and (4) into (5) is always accompanied by some loss
of cyclic products (10-30%) since the cycloaddition is partly reversed

under the applied reaction circumstances. This leads to polymerization
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of (1). The compounds (5) could not easily be separated from these side
products since the thermal instability of (5) prevents its purification
on a good fractionating column. Attempts to purify (5) with m.p.l.c.
resulted in complete conversion into y-butyrolactones (6). Hence,
compounds (5) were purified by a quick bulb to bulb distillation
affording these compounds in a purity of ea. 90% according to % n.o.r.
The 3-methylbutyrolactones (6) could be obtained by mild acidic hydro-
lysis of the a-hydroxyoxetanes (4) or the 2,2-dimethoxyfurans (5). The
conversion of (3) into (6) can be performed as a one-pot synthesis by
neutralizing the potassium hydroxide solution and subsequently acid-
ifying with HC1 (10%) to pH < 3,

Stereochemical aspects

The preparation of y-butyrolactones (6) from the aldehydes (2a) and
(2b) proceeds with high stereoselectivity. The IH n.m.r. spectra of
the intermediate oxetanes ((3a) and (3b), (4a) and (4b)) show
one sharp doublet for the 3-Me group. Oxetane (3a) shows a doublet for
the 4-H signal at GH 3.82 with a coupling constant of 6 Hz. This value
for J points to a trans oxetane structure®. Since either (2a) reacted
with (1) under thermodynamic conditions (viz. 8 h at 30°C in acetonitrile
with 2nCl, catalysis) and the C(Me),0Ac group is very bulky, this finding
is in full agreement with the proposed mechanism for oxetane formation®.
Consequently, (4a) also has a trans oxetane structure and (5a) and (6a)
thus have likely a ¢7s relationship for the 3-Me group with respect to
the 4-hydroxy group as is demonstrated in Scheme 4.

The value of the 3-H-4-H coupling constant in (5a) is 5 Hz and
5.6 Hz in (6a). These values do not allow to decide between a c¢is and
a trans orientation. In the literature® configurations of y-lactones
were generally determined on the basis of a value of 2-4 Hz for vicinal
trans oriented protons and a value of ca. 9 Hz for cis oriented protons.
The measured value 5.6 Hz for (6a) is just in between these values. Very
recently Font et al.'® made an extensive conformational study of di-
and trisubstituted y-lactones. From an analysis of the calculated and
measured coupling constants in these compounds, they concluded that the
rule Jeis > Jtrans can only be applied in combination with some other
evidence, such as e€.g. chemical proof. In several of the products studied

they showed that Jeis < Jtrans.
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Scheme 4

MeHC=C(OMe),
m

+ Me OMe
MeC.00CMe)R?~CHO ——» A
OMe
{2a,b)
(|:Me(0c0Me) (3a,b)
a) R2 = Me R?
b) RZ=Ph l
HO Me 40 HO Me OMe Me OMe
«— «—— H
Me R? Me R? Me—(l:-OH
(6a,b) {53,b) R (4ab)

The compounds (3b) and (4b) also show a value of 6 Hz for 1~ 3-H-4-H
coupling constant, which points to a trans structure®. Rearran jcment of
(4b) to (5b) was expected to give a 1:1 diastereomeric mixture of the
c¢is 3-methyl-4-hydroxyfurans due to the presence of a chiral centre at
C-5. Indeed, 1in the 1H n.m.xr. spectrum of (5b) the existence cf two dia-
stereomers was demonstrated by the very broad signal for the phenyl
group and by the two signals for the 4-H at GH 3.93 and 4.10 ppm. Yet,
hydrolysis of (4b) to the butyrolactone (6b) delivered only onc dia-
stereomer with regard to C-4 and C-5 as the g n.m.r. spectrum showed
only one doublet for the 4-H signal. Hence, hydrolysis of the oxetane
(4b) to the butyrolactone (6b) had proceeded with equilibration at
C-5. Equilibration at C-5 1s likely due to the formation of the
stable!! carbocations (7a,b) (Fig. 1). If rearrangement of (4b) into

(5b) proceeds before further hydrolysis to

flﬂEE%af (6b) equilibration may take place via (7a)
| 490 which may be formed during hydrolysis of ortho-
HE//E._—_}C\?OR ester (Sh). On the other hand, (7b) may be formed
|{\Z Me by prctonation of (6b) under the acidic reaction
H Ciph conditions. In both cations (7a,b) the carbonyl
(7) a) R=Me function may attack the flat carbocation from
b) R=H either site and consequently (7) will cyclize
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to the most stable lactone in which the phenyl group is in a pseudo
equatorial position. Thus, the configuration of (6b) is likely as

1E n.m.r. spectrum of (6b) shows that the

indicated in Fig. 2. The
proton at C-4 is more downfield in (6b) than in (6a) (ASg 0.45). This
points to a deshielding effect of the phenyl group and suggests a
trans position of this group relative to 4-H, in accordance with

the proposed structure for (éb).

Figure 2
Me

Me
(6b) (6d)

The stereochemical control of the oxetane formation from (1) and the
ketones (2c-2e) is less pronounced than in the reaction of (1) with
aldehydes (2a) and (2b). This appears clearly from the occurrence of
double doublets for the 3-Me groups in the products (3c-3e), (4c-4e)
and (5c-5e). Besides, in the case of (5¢) small amounts of both dia-
stereomers could be obtained in pure form by a separation via distilla-
tion. Apparently the steric demands of the different alkyl residues in
the ketones (2c-2e) do not cause a large preference for the formation of
a single oxetane. The ratio between the isomers in the compounds (3c-3e)-
(5c-5e) varies from 1.5:1 (5c) to 3:1 (4d) as determined by g n.m.r.,
and there is no equilibration to the more stable isomers under the
applied reaction conditions. .

Stereochemical control seems to be best during reaction of (1) with
the cyclic ketone (2d). From this ketone one diastereomer (64) (Figure 2)
could be obtained in pure form via repeated crystallizations in an
overall yield of 40% based on (2d). On the other hand (6¢) and (6e)
were obtained as mixtures of diastereomers.

The configuration of (6d) can be deduced both from its 1H n.m.r.
spectrum and the mechanism of the formation of the intermediate oxetane
(3d). It is very likely that in (3d) the ketene acetal moiety is in
an equatorial position with respect to the cyclohexane ring. Further-

more, in the more stable oxetane the 3-Me group of the oxetane ring
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is probably in a trarns position with respect to the a-formoxy substituted
alkyl chain, Z.e. the main isomer of (3d) is likely a trans oxetane. The

position of the a-formoxy group is uncertain, but it is known that in

the related a-acetoxy cyclohexanones the acetoxy group is exclusively in
an equatorial positionlz. In combination with the just mentioned supposi-
tions this would imply that (6d) has a trans diequatorial-fused lactone

ring. This is confirmed by the 1

H n.m.r. spectrum of (6d). The O-lactonic
methine proton of (6d) 1is seen as a multiplet centered at GH 3.92*, These
signals reflect the X-part of an ABX spectrum and from this multiplet it
can be measured!’ that Jax + Jpx is 15.6 Bz. Since the sum of an axial-
equatorial and an equatorial-equatorial coupling constant is at most 14
Hz, this indicates that the lactonic methine proton is in an axial posi-
tion. In combination with the equatorial position of the ketene acetal
moiety this points to a trans diequatorial-fused lactone ring; likely

(6d) has the configuration as depicted in Fig. 2.

Scheme 5

HO R g R
R? R? H,S04 R2

M 0 ——;:——’ 0

e
\ N\
H \0 Me \0
(6) (8}

The butyrolactones (6a) and (6c-e) were converted into 2-(5H)-furanones
(8) by treatment with concentrated sulfuric acid at 0°C. Since dehydra-
tion under these conditions probably proceeds vig a pure E, mechanism
the dehydratijion proceeds equally well with the pure butyrolactones
{6a) and (6d) as with the mixture of diastereomers (6¢c) and (6e). There-
fore, the simple procedure, described in this paper, seems to be a
promising method for the preparation of a variety of 2-butenolides?®

occurring in nature (Scheme 5).

*Danishefsky and coworkers!" noticed that in a set of seven isomeric eis-
and trans-fused lactones structurally related to (6d), the configuration
of the ring junction could be determined on the basis of the chemical
shift of the oxygen-bound lactonic methine proton. So, in the case of
a cig-fused y-lactone ring this proton absorbs in the region &y 4.6~5.0,
while that of the trans series absorbs in the region 6g 3.8-4.1 ppm.
Since we measured a multiplet centered at g 3.92 ppm this finding might
support the proposed structure for (6d).
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Experimental

General methods - !H n.m.r. spectra were recorded on a Varian T-60
spectrometer in CDCl3 or CCly solution with SiMey as internal reference.
Mass spectra were obtained using a double focussing Varian SMi-B mass
spectrometer. Melting and boiling points are uncorrected. Distillations
were performed using a vacuum jacketed 25 x 1.5 cm Vigreux column or a
Bichi Kugelrohrofen. Products which could be purified by distillation
or crystallization gave satisfactory elemental analyses (C + 0.4, H + 0.2).
3-Hydroxy-2-butanone and 3-hydroxy-3-methyl-2-butanone were commercially
available (Aldrich) and were dried over molecular sieves 4 % before use.
2-Bydroxycyclohexanone1°, 1-acetoxy-z—methylpropene17, 1-acetoxy~-2-phenyl-
propene17 and 1,1—dimethoxypropene1 were prepared according to literature

methods.

Synthesis of etarting materials (2a-2e)

2-Acetoxy aldehydes (2a) and (2b)

1-Acetoxy-2-methylpropene was treated with m-chloroperbenzoic acid as

18, The resulting

described for the synthesis of 2-acetoxyketones
2-acetoxy-3,3~dimethyloxirane, b.p. 65-70°C/15 mmHg (yield 80%) was
maintained at 90°C for 2 h in the presence of ZnCl, (1 mols) giving (2a).
A similar oxidation of 1l-acetoxy-2-phenylpropene at room temperature

gave (2b) in one step. The aldehydes (2a,b) were used without purification.

2-Formyloxy ketones (2c) and (2d)

The corresponding a-hydroxyketones were formylated with a formic acid-
acetic anhydride mixture as described for the formylation of alcohols’.
In this way (2¢), b.p. 62°C/15 mmHg, yield 75%, and (2d), b.p. 110°C/
15 mmAg, yield 60%, were obtained.

3~(Dichloroacetoxy)-2-butanone

3-Hydroxy-2-butanone was acylated with dichloroacetyl chloride in the
presence of Et3jN according to a standard method for the acylation of
alcohols ; b.p. 68°C/0.5 mmHg, yield 65%.
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Synthesis of 2,2-dimethoxy-3-methylozetanes (3a-3e), general method

ZnCly; (2 ml of a saturated solution in acetonitrile) was added to a
stirred solution of an a-acetoxy carbonyl compound (50 mmol) and 1,1-
dimethoxypropene (1) (7 g, 70 mmol).The mixture was maintained at 30°C
for several hours; 8 h for (2a) and (2b), 24 h for (2c) and (2e), and

40 h for (2d). n-Pentane (50 ml) and TEA (5 g) were added and the
mixture was stirred vigorously until a light precipitate was formed.

The precipitate was removed by filtration and the filtrate concentrated
in vacuo to yield the crude product. Crude (3a-3c) were distilled to
give the pure products which had satisfactory elemental analyses; (3b)
could be crystallized from hexane. The oxetanes (3d4) and (3e) could

not be purified by distillation because of their thermal instability.
According to their 13 n.m.r. spectra they were present in the concentrated
reaction mixture for at least 80% and were converted into (4d) and (4e)
without purification. Yields, boiling points and spectraldata are given
in Table I.

Synthesis of 2,2-dimethoxy-3-methylozetanes (4a-4e), general procedure

Each of the products (3a-3e) obtained as described, was added dropwise
to a mixture of KOH (50 ml of a 40% aqueous solution) and diethylether
(70 ml). The mixture was stirred vigorously for 2 h at room temperature
and the ethereal layer was separated. The agueous layer was extracted
with ether (2 x 25 ml) and the combined ethereal layers were dried
(Na,CO5 and CaHp). The solvent was evaporated to yield the crude products.
Attempts to purify the productsby distillation gave (4a), (4b) and (44)
contaminated with 10-40% of the corresponding (5). The oxetanes (4c)
and (4e) have not been distilled and were used without purification in
the next step. Ylelds, boiling points and spectral data are given in
Table I.

Synthesis of 2,2-dimethoxy-3-methyl-tetrahydrofurans (5a-5e), general
methods

for 5 h; in the case of (4d) 24 h. Distillation at reduced pressure
delivered (5a-5e) in purities of ca. 90% according to their 18 n.m.r.

spectra. Attempts to purify (5a-5e) with m.p.l.c. lead to decomposition
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of the products under formation of 3-methyl-y-butyrolactones (6).
solution in acetonitrile) for 20 min at room temperature. t-BuOK (2 g)
was added and the mixture was distilled under reduced pressure.
Methods A and B gave equal yields, calculated on the basis of the
starting aldehyde. Yields, boiling points and spectral data are given
in Table II.

and (3d) were hydrolysed with KOH (75 ml of a 10% aqueous solution)
for 4 h. Work up as described for (4a-4e) delivered the tetrahydro-
furans (5c) and (5d).

Synthesis of 3-methyl-y—-butyrolactones (6a-6e)

Ethereal extracts obtained in the preparation of (4a-4e) were concen-
trated to 50 ml, and hydrochloric acid (20 ml of an 0.5 M solution) was
added. The resulting two-phase mixture was stirred vigorously for 2 h
at room temperature. The ethereal layer was separated and the agqueous
layer was extracted with dichloromethane (2 x 50 ml). The combined
organic layers were dried (Naj;SO4) and the solvents were evaporated. The
crude products were distilled Zn vacuo or crystallized from hexane-
ethyl acetate to yield the pure products. All products had satisfactory
elemental analyses (C, H). Yields were calculated based on the starting
aldehyde. Yields, physical constants and spectral data are given in
Table II.

Synthesis of 3-methyl-(5H)-dihydro-2-furanones (Ba), (Bc-8e)

A 3-methyl-y-butyrolactone (6) (30 mmol) was added dropwise to sulfuric
acid (50 ml of a 96% solution) at 0°C under vigorously stirring. After
stirring for 1 h the mixture was poured on ice (250 g). The resulting
mixture was extracted with CH;Cl; (3 x 25 ml). The combined organic
layers were dried (NaySO4), concentrated and distilled. In the case of
(6a) extraction with CH;Cl, was executed after neutralization of the
aqueous layer with NaHCO3. Yields, spectral data and physical constants
of the obtained butenolides are given in Table III.
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Table I: Yield, physical constants and spectral data for oxetanes (3) and (4).

Compound

Molecular
formula

B.p.
(°C/umHg)

M.p. (°C)
(solvent)

Peak Match,
Found; Calc.

Yield
(%)

lH n.m.x. (CDCl3) GH (ppm)

3a

C11H200%

49-51/0.1

201.0970;
201.0998
(M-OCH3)

45

1.10 (38, 4, J 7 Hz, 3-Me), 1.38 (38, s,
COAc(ﬂg)z) , 1.41 (3mH, s, COAc(Me)z),
1.90 (3H, s, OCOMe), 2.83 (1R, dq, J 7
and 6 Hz, 3-H), 3.25 and 3.29 (6H, 2s,
OMe), 3.83 (1H, 4, J 6 Hz, 4-H).

3b

C16H2205

115-120/0.12

97-98
(hexane)

294.1456;
294.1467

44

0.83 (3H, 4, J 7 Hz, 3-Me), 1.90 (341, s,
OCoMe), 2.10 (3H, s, C(OAc) (Ph)Me), 3.10
(1H, dq, J 7 and 6 Hz, 3-H, signal partly
hidden under OMe signals), 3.23 and 3.28
(éH, 2s, OMe), 3.83 (1H, 4, J 6 Hz, 4-H).

P

CoH1605

54/0.1

204.1085;
204.1076

85

1.03 and 1.07 (3H, 4, J 7 Hz, 3-Me),
1.23 and 1.40 (3H, s, 4-Me, isomer ratio
2:3), 2.57-3.00 (iH, m, 3-H), 3.20 (6H,
br.s, OMe), 4.06 and 4.15 (2H, br.s and
S, 9520COH), 8.00 (1H, br.s, OCOH).

4a

Cofl1 g0

55/0.5

1.00 and 1.12 (6H, 2s, C(OH)Mej), 1.09
(3u, 4, J 7 Hz, 3-Me), 2.50 (1H, br.s,
OH), 2.60-3.10 (1H, m, 3-H), 3.13 and
3.20 (6H, 2s, OMe).

4b

C14H20%

(from a mixture with 5b): 0.63 (3H, 4,

J 7 Bz, 3-Me), 1.50 (3H, s, C(OH) (Ph)Me),
3.13 and 3.23 (6H, 2s, OMe), 3.83 (1H, 4,
J 6 Hz, 4-H).

a4P

Cy11H2004

100/0.42

1.00 and 1.17 (3H, 2d, J 7 Hz, 3-Me),
0.87-2.00 (8H, m, (5-8)-H), 2.25 (1H,
br.s,0H), 2.35-2.83 (1B, m, 3-H) 3.15 and
3.16 (6H, 2s, OMe), 3.27-3.60 (1H, m,
9~H)

aKugelrohr distillation

bDiastereomeric mixture
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Table II: Yields, physical data and spectral data for furans (5) and y-lactones (6).

Compound  Molecular

formula

B.p.
(°C/mmHg)

M.p. (°C)
(solvent)

Peak Match;
Found;Calc.

Yield

(%)

'8 n.m.r. (cpcly) 8y (ppm)

Sa CgH1g04

55/0.23

173.1155;
173.1178
(M-OH)

50¢

0.97 (3H, 4, J 7 Bz, 3-Me), 1.21 (6H, s,
5-Me), 2.13-2.60 (2H, m, 3-H, OH), 3.20
(6H, s, OMe), 3.50 (1H, d, J 5 Hz, 4-H).

Sb C1432004

140/0.42

252.1380;
252.1361

45°

1.08 (38, 4, J 7 Hz, 3-Me), 1.53 (3H,
br.s, 5-Me), 2.00-2.53 (14, m, 3-H),
2.70 and 2.82 (1H, br.s, oB), 3.37 and
3.40 (6H, 2s, OMe), 3.93 and 4.10 (1H,
2d, J 6 Hz, 4-H), 7.10-7.50 (5H, m, Ph).

5¢ CgH1604

78/15 (trans)
85-90/15 (cis)

65

transg: 0.93 (3H, 4, J 7 Hz, 3-Me), 1.17
(3H, s, 4-Me), 2.00 (1H, g, J 7 Rz, 3-H),
2,75 (1H, br.s, OH), 3.20 and 3.27 (6H,
28, OMe), 3.73 (2H, br.s, 5H).

etsd: 0.90 (38, 4, J 7 Hz, 3-Me), 1.17
(3H, s, 4-Me), 2.17 (1H, g, J 7 Hz, 3-H),
3.20 and 3.23 (6H, 2s, OMe), 3.33 (1H,
br.s, OH), 3.67 (2H, br.s, 5-H).

>d €11850%

50/0.28

216.1394,
216.1361

60°

0.83-1.10 (11H, m, 3-Me, (4-7)-H),
2,00-2.30 (1H, m, 3-H), 3.20 and 3.25
(6H, 2s, OMe), 3.60 (1H, br.s, OH), 3.83
(14, br.q, J 7 Hz, 7a-H).

Se C9H1304

72/0.2

60°

1.07 (34, 4, J 7 Hz, 3 or 5-Me), 1.20-
2.40 (8H, m, 3 or S5-Me, 4-Me, 3-H, OH),
3.30 and 3.37 (6H, 28, OMe), 3.37-3.80
(1#, m, 5-H).
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Table II (continued)

Compound Molecular B.p. M.p. (°C) Peak Match, Yield 18 n.m.r. (CDCly) 6y (ppm)
formula (°C/mmHg) (solvent) Found;Calc. (%)
6a C4H; 504 140/0.22 144.0773; 60° 1.25 (38, 4, J 7 Hz, 3-Me), 1.37 and
144.0786 1.47 (6H, 2s, 5-Me), 2.67-3.20 (1H, m,

3-H), 3.05 (1H, br.s, OH), 4.05 (1H, 4,
J 5.6 Hz, 4-H).

6b C12514O3 96-98 206.0913; 55¢ 1.23 (34, 4, J 7 Hz, 3-Me), 1.75 (3H, s,
(hexane-ethyl 206.0943 5-Me), 2.33-2.83 (1H, m, 3-H), 3.50 (1H,
acetate) br.s, OH), 4.50 (1H, 4, J 6 Hz, 4-H),
7.36 (5H, br.s, Ph).
6cP CgHy 03 90/0.2 130.0644; 40°  1.16 and 1.18 (3H, 4, J 7 Hz, 3-Me),
130.0630 1.30 and 1.40 (3H, s, 4-Me, ratio 2:13),
2.37 and 2.67 (1B, q, J 7 Hz, 3-H), 3.30
and 3.70 (1H€, br.s, OH), 3.97-4.40 (2H,
m, 5-H).
6d CoHy 403 150/0.22 124-125 170.0940; 40  1.17 (38, 4, J 7 Hz, 3-Me), 1.30-2.20
(hexane-ethyl 170.0943 (88, m, Hex®-H), 2.33 (1H, br.s, OH),
acetate) 2.50 (14, q, J 7 Hz, 3-H), 3.84-4.08
(1H, m, 7aH).
6eP CyH 503  120-130/0.2 144.0773 60°  1.00-1.43 (9H, m, 3,4,5-Me), 2.50 and
144.0786 2.73 (1H, 2q, J 7 Hz, 3-H), 3.40 and
3.67 (1H, br.s, OH), 4.10-4.50 (1H, m,
5-B).

aKugelrohr distillation. bMixture of diastereomers. cBased on the amount of (2) used.

dThe 3-8 quartet is 0.17 ppm downfield compared to the stereoisomer which points to a ¢is position of this proton
and the neighbouring OH group.
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Table III: Yields, physical constants and spectral data for butenolides (8).

Compound Molecular B.p. M.p. (°C) Peak match, Yield g n.m.r. (cDCly) GH (ppm)
formula (°C/mmHg) (solvent) Found;Calc. (%)
8a C4H; 02 90-95/152 50-54 126.0686; 50 1.43 (6H, s, 5-Me), 1.87 (3H, d,
(hexane-diiso- 126.0681 J 2 Hz, 3-Me), 7.00-7.10 (iH, m,
propyl ether) 4-H) .
8c CgHgO, 108/15 29-32/32-35 112.0526; 75 1.80 (3H, br.s (with fine splitting),
(1it.'%: 75-85/0.1) (hexane) 112.0524 4-Me), 2.00 (3H, d, J 1 Hz, 3-Me),
4.60 (2H, br.s (with fine splitting),
5-Me) .
8d CgHy 50, 130/0.23 152.0835; 70 1.80 (3H, d, J 1 Hz, 3-Me), 1.00-3.00
(1it.2°: 65-68/0.05) 152.0837 (8H, m, (CHy),-H), 4.33-4.73 (1H, m,
CHZ-C (C) (H)-0CO) .
8e C7H; 0, 48/0.28 126.0702; 60 1.37 (34, 4, J 7 Hz, 5-Me), 1.73
(1it.?': 60-80/1) 126.0681 (38, 4, J 1 Bz, 4-Me), 1.97 (3H, 4,

J 1 Hz, 3-Me), 4.60-4.90 (1H, m, 5-H).

aKugelrohr distillation bbased on (6)
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CHAPTER 1IV

A Simple ‘'One-Pot' Synthesis
of 4-Hydroxy-6-Lactones and 5,6-Dihydro-2-Pyrones
from 1,1-Dimethoxypropene and B-Oxyaldehydes

Introduction

6-Lactones are versatile, synthetic intermediates and are widely
spread in nature; whereas y-lactones occur preferentially in plants,
s-lactones are mainly found in animal products!. Some §-lactones
are significant in insect behaviour? and recently there has been
a lot of synthetic effort concerning the synthesis of these phero-
mones’” %, However, general synthetic routes to 6-lactones are rela-
tively scarce. Besides most syntheses that have been published
use strongly basic conditions and yield 5,6—dihydro-2-pyronese-9.
A relatively mild, basic method was presented by Giese et al.lo,
who used radical C-C bond formation as the critical step. Paterson
et al.' used the Lewis acid-catalyzed reaction of ketene bis-tri-
methylsilyl acetals with a-chloro thioethers as the key reaction.
HBowever, the products of the latter procedure were also transformed
into 5,6-dihydro-2-pyrones in order to reduce the number of diastereo-
meric products.

In previous work®? we showed that hydroxy-substituted y-lactones
can easily be obtained out of ketene acetals (1) and a-oxygenated

aldehydes or -ketones (Scheme 1, n = 0, X = Ac). In order to extend

Scheme 1
o g
R2=CH—(CH),=C—R?
" 0-Xx OH Me R2
RS ah ] Lo ¢,d
— RZ—CH—((liH)n—C—(;.—COOMe L1 Y y

. I
RS RR RS
R'MeC=C(OMe); HO R?

a) 2nCly, b) B30*, c) OH™ or H3O* Ri_0
d) H30*, e) H,S0, (96%) 0°C
RQ};H Me



this strategy we undertook an investigation into the synthetic applica-
tions of reactions between B-oxygenated carbonyl compounds and (1).
These would give access to 4-hydroxy-6-lactone derivatives. Elimina-
tion of the 4-hydroxy function might then allow the synthesis of sub-
stituted S,6-dihydro-2-pyrones (Scheme 1, n = 1).

We now present a mild, acidic route to 4-hydroxy-3-methyl-§-lactones
and their corresponding 5,6-dihydro-2-pyrones based on readily available

B-oxygenated aldehydes and ketene acetals!?.

Synthesis of B-oxygenated aldehydes

In the first instance we concentrated on the synthesis of B-hydroxy-
aldehydes since we expected B-hydroxyketones lacking an activating

substituent on the a-position to be unreactivel?,

R-Hydroxyaldehydes
are very labile compounds and dehydration to the corresponding
a,B~unsaturated aldehydes 1s a severe problem. Thus, most synthetic
routes provide B-hydroxyaldehydes in a protected form. The protec-
tion of the hydroxy group 1s, however, necessary 1in any case 1n order
to avoird a competing reaction of the free hydroxy group w_th (1).
Two methods are known to us which deliver directly protected compounds
1n a one-step synthesas.

Tsumara et al.!" described the synthesis of 3-acetoxypropanal
(2) from propenal, acetic acid and barium acetate vZaz a Michael addi-
tion reaction. Reaction of propenal under the described conditions
delivered (2) in an overall yield of 43% after careful distillation.
A further study of the method showed that instead of barium acetate
sodium acetate could be used as well. Besides the formoxy- and propion-
oxy-analogues of (2) could be prepared in about the sane yield, using
formic acid and propionic acid, respectively. This method enabled us
to synthesize (3) and the B-acetoxyketone (4) as well, 1n yields of 5
and 50-54%, respectively. 2-Methyl-propenal was, however, entirely
unreactive under these conditions. The low yield in the case of (3)
and the nonreactivity of the methyl-substituted propenal are possibly
due to a greater stability of the double bonds 1in these compounds,

containing a disubstituted instead of a monosubstituted double bond.
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0—CoMe 0Site
R'MeC=C(OMe), Rz—CH—CHz—ﬁ -R3 @—CH—?H—CHO
(M a,R'=H 0 Et
b; R'=Me (2) R%R%:H (s)
(3) R%Me, R3=H
(¢) R%=H ,R3-Me

Yamamoto and coworkers!'® described a synthesis of B-silyloxy-
ketones from benzaldehyde or substituted benzaldehydes. Although
the soope of this reaction is limited with respect to the starting
aldehydes, it is still an attractive method as it delivers the
products in a single step out of easy avallable silylenolethers of
ketones. We tried this route starting with benzaldehyde and a silyl-
enolether of an aldehyde. Thus, benzaldehyde and the silylenolether
of butyraldehyde in acetonitrile were pressurized in the presence

of ZnCl, to 12 kbar for 96 h at 50°C. In this way a reaction mixture

was obtiined containing ca. 75% of the B-silyloxyaldehyde (5). Bulb
to bulb distillation afforded (5) in a yield of 30-35% based on
benzaldehyde as a 1:1 diastereomeric mixture. Attempts to synthesize
an analogue of (5) using cinnamic aldehyde as the starting compound
failed.

Although both direct methods are easy to perform and probably
can still be optimized there are drawbacks. The method of Tsumara
has a very small scope and the method of Yamamoto leads to 1:1
diastereomeric mixtures. Hence, the known, direct syntheses appear
to be rather limited. Therefore, we investigated some other methods.

In the literature four more laborious methods of potentially
broader scope for the synthesis of (protected) B-hydroxyaldehydes
have been published. First, there is the imine anion route as

originally conceived by Wittig and coworkers®®

. Second, there is an
approach based on the chemistry of thiazolines as pursued by Meyers
et al.’. However, in our hands both these methods failed as a
convenlent synthesis of B-hydroxyaldehydes when we used simple
aldehydes as starting compoundsls. The third method for the synthesis

of B-oxygenated aldehydes is based on the selective reduction of
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suitable, protected f-hydroxyesters as for instance demonstrated
by Corey et al.}®. The fourth method is based on 1i,3-dithiane
chemistry as developed by Masamune and coworkers??.

We have concentrated on the third method since stereoselective
methods for the synthesis of B-hydroxyesters have recently been

described by us and others?!:22

. A prior:i, the use of these com-
pounds implies the synthesis of 8-lactones with defined stereo-
chemistry at the 5- and 6-position. Thus, threo B-hydroxyesters
(6-8) were chosen as the starting compounds. After reduction these
esters deliver aldehydes with an a-branched side-chain. On account
of previous results 1t could be expected that reaction with a ketene
acetal should deliver a threo configuration around the 3- and 4-
position of the product after hydroly51522. Hence, §-lactones with
entirely defined stereochemistry might be synthesized.

The pure threo compound (6) was 1solated by crystallization from

23

petroleum ether (b.p. 40-60°C) after it had been synthesized as

a 3:1 threo-erythro mixture®?. Compounds (7) and (8) were obtained

22 and were used without further

as 19:1 threo-erythro mixtures
purification. The hydroxy function was protected as an acetal with
ethyl vinylether according to the method of Tufariello?" and this
functionality appeared to be perfectly stable under the applied

reaction conditions.

0—x 0—C(Me)OEt
R’—CH—CH—COOMe R—CH—CH—R*
i i
Me Me
(6) R%=Ph ,X=H (12)R%Ph ,Ré-CH,OH
(7) R%=Hex® X=H (13) R% Hex*, R*CH,0H
(8) R%:Prl , X=H (14) R%=Pr! |, R“CH,O0H
(9) R2B=Ph , X=CH(Me)OEt (15) R%=Ph , R%=CHO
(10) R%=Hex®, X =CH(Me)OEt (16) R%= Hex®, R*=CHO
(1) R%Pri , X=CH(Me)OEt (1) R%Pr , R4CHO
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Reduction of the ester function in (9) was performed with diiso-
butylaluminium hydride (DIBAH) in methylene chloride at -78°C according
to the protocol of Keck et al.?s3, However, the product was a
mixture containing both the starting material and the corresponding
alcohol'?; only a few percents of the desired aldehyde* were present.

: c
Scolastico and coworkers?$

showed that reduction of an ester to the
alcohol using LiAlH, followed by a Collins oxidation to afford the
aldehyde delivers even slightly better yields than selective reduc-
tion of the ester with DIBAH at -90°C. Hence, we decided to circum-
vent the DIBAH reduction.
Reduction of (9-11) with LiAlH4 in ether proceeded straightforward

and delivered the alcohols (12-14) in good yields. Oxidation of the
alcohols to aldehydes (15-17) was tested with alcohol (12) both by

26

a modification of the Collins oxidation and by the dimethylsulf-

oxide (DMSO)-oxalyl chloride oxidation according to swern?’. Both
methods delivered the desired aldehyde (15) but since the Swern
oxidation is easier to perform and gives slightly better yields
we further used this oxidation. Viz this method aldehydes (15-17)

were obtained in good yield.

Synthesis of 4-Hydroxy-8-lactones and §5,6-dihydro-2-pyrones

The protected aldehydes thus obtained were converted with the
ketene acetals (la) and (1b) into 4-hydroxylactones and 5,6-di-
hydropyrones as depicted in Scheme 1. A survey of the results has
been given in Table 1.

A test reaction of (2) with (la) under ZnCl2 catalysis and in
acetonitrile at room temperature gave instead of the expected
products rapid dimerisation of (la). Probably ZnCl, catalyses
the elimination of acetic acid out of (2), and (la) dimerizes

readily under the influence of proton acids. However, using AlCl,0-

*Careful investigation of the literature indicated that reduction of

an ester with DIBAH 1s a delicate reaction, for which various solvents,
e.g. hexane, toluene, methylene chloride and various reaction tempera-
tures, e.g. -78°C, -90°C, -100°C are used; see reference 25.
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Table 1

R0 R, 00

ox R"II;:" RSIIME
R¥CH—CH(R®)—CHO | Ketene Acetal OH

R? RS X ROR RS vield] RY RO Yeeld
20 H H A (1a) (20H H H 50 {22H H 30
(3} Me H Ac (1a) (25 Me H 28
(5 Ph Et SiMe, (1a) 27 Ph Bt 70°
(15) Ph Me CHMeOE{  (1a) (28) H Ph Me 61°
(15) Ph Me CHMeOEt (1b) (31) Me Ph Me 12°
(16) Hex® Me CHMeOEY  (1a) 29 H Hext Me 40°
(7 Pr' Me CHMeOEH (1a) (30) H Prl Me &4
(35 Me H CHMeOEt (1) (37 Me H 38

a) yield in % based on the aldehyde b) diastereomeric mixture
c) one diastereomer

bornylZB and dichloromethane at low temperature, (2) could be con-
verted in a product which, when isolated at room temperature in the
presence of the catalyst, appeared to be the 2,2-dimethoxytetrahydro-
pyran (19). The 1H n.m.r. spectrum of the crude product showed no
signals in the region 2.5-2.9 ppm, which 1s the characteristic inter-
val of the 3-H signals in 2,2-dlalkoxyoxetaneslh. The formation of
(19) may be explained by a shift of the acetoxy group, as already
noticed in the reactions of analogous cl-acetoxyaldeh)(des2ac

(Scheme 2). However, hydrolysis of the crude reaction product

at -10°C in a two-phase system dichloromethane-water delivered in
good yield (20) as a 8:1 threo-erythro mixture, indicating that the
oxetane (18) 1s the initially formed product. Although (20) could be
obtained analytically pure in a small amount vZg bulb to bulb

distillation, purification of (20) is rather tricky since elimination
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Scheme 2 OMe

0—COMe O0—C—0Me

CHp—CHy—C-—C—H

H Me
] 0
Me
0—COMe

s

0—COMe 0" ‘C—O0Me

T CHp—CH—C—C—H
H Me
1l' OMe

0" MeCO—0 *C—OMe

CH;—CH:—(I:—(; —H

H Me

of acetic acid and subsequent dehydration during distillation is a

substantial problem. Consequently, in a repeated experiment we

pursued the reaction route with the crude product (85-90%).

Saponification of the acetoxy protective group and the methyl-

ester of (20) with 30% KOH proceeded without considerable elimination

of the acetoxy group and careful acidification with 30% sulphuric

acid to pH < 2 delivered the 4-hydroxy-8§-lactone (21) i1n a yield of

75-80%. Besides a few percents of the 5,6-dihydropyrone (22) could

H
|
MeCO-0—-CH;—-CH2—-C-0
Me OMe

(18) H OMe

0~COMe OH
R?—CH—CH, —C ~CH—COOMe
[y |
R Me
(20) REZR%:H
(23) R%=Me R%:H

OMe
Me
Me
(19) OAc
RA_O~0 RZ\EOIO
Me Me
OH
(21) R%:H (22)RZH
(26)R%:Me (28)R%Me
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be detected in the crude reaction mixture.

Reaction of (3) with (la) under the same conditions as used in
the reaction of (2) gave (23) 1n good yield. Since the crude product
was sufficiently pure (ca. 90%), the deprotection was carried out
without previous purification. After acidification (30% sulphuric
acid) a mixture containing (24) and (25) i1n approximately a 1:1
ratio was isolated. Unfortunately, (24) could not be obtained
completely free from (25). Hence, we converted the product mixture
into (25) via dehydration. Dehydration of both (21) and the mixture
of (24) and (25) was accomplished by reaction in concentrated sulphuric
acid at 0°C. Work-up and subsequent bulb to bulb distillation afforded
both (22) and (25) in a yield of 55-60%.

As expected reaction of (4) with (la) did not proceed at all;

(4) appeared to be inert during reflux with (la) in acetonitrile
and under ZnCl2 catalysis.

Reaction of the diastereomeric mixture (5) with (la) and subsequent
hydrolysis of (22) gave a complex mixture of §-lactones (26). Because
of the presence of much diastereomers, dehydration was executed
directly. Using a Dean-Stark apparatus and benzene and toluene-p-
sulphonic acid, the 5,6-dihydropyrone (27) was 1isolated as a 1:1

diastereomeric mixture in a yield of 60% based on (5).

)
< -

o
4 (=]
n
m™m R
—'% zg
= 4 o
n

OH
(26) (27
0 0
. Me
M Me el Me
OH OH
{28) R'=Ph (31)
{29) R'=Hex®
(300 R'=Pp!
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Reaction of the pure threo aldehyde (15) and the almost (95%)
pure threo aldehydes (16) and (17) with (la) in acetonitrile under
ZnCl2 catalysis and at room temperature delivered the corresponding
2,2-dimethoxyoxetanes. These compounds were not isolated but directly
hydrolyzed22 to the 4-hydroxy-6§-lactones using THF and hydrochloric
acid (18%) (Scheme 1, n =1, R = H, RS = Me). In this way (15)
and (16) gave a 4:1 diastereomeric mixture of &-lactones; crystalliza-
tion of the lactones from hexane-ethyl acetate in the case of (16)
afforded the major diastereomer (29) in pure form in a moderate
yield. The product of (15), lactone (28), was obtained as a solid
4:1 mixture with its C-3-C-4 erythro isomer. The depicted structures
(28) and (29) represent the major isomers of the synthesized 4-hydroxy-
lactones; this assignment is based on the stereochemistry observed

in the formation of oxetanes?®

. For the same reason aldehyde (17)

was expected to give the analogous lactone (30) as the main dia-
stereomer after reaction with (la) and subsequent hydrolysis. However,
now the isomer ratio was 3:1 and (30) was purified by m.p.l.c. We

did not isolate any products originating from the erythro isomers

of (16) and (17). When (15) was reacted with (1b) in acetonitrile

at 50°C and under ZnCl, catalysis (31) could be 1solated after
hydrolysis and crystallization, but now in low yield; the low yield
of (31) compared to (28) is likely due to the lower reactivity of

(1b) with regard to (la).

Synthestis of a chiral 5,6~dihydro—-2-pyrone

Eventually we tested the synthesis of optically active 5,6-dihy-
dro-2-pyrones starting with a chiral B-hydroxyester. Seebach and
coworkers?® recently described an enantioselective preparation of
S (+)-B-hydroxyesters from the corresponding B-ketoesters by yeast
reduction., We followed this method using the ketobutyrate (32).
Yeast reduction delivered the optically active alcohol (33) as
described 1n a yield of 61% and with an e.e. of 84% ([a]s° + 36.6
(c = 4.5, CHC13)). Protection with ethyl vinylether and subsequent

reduction with LiAlH, delivered the protected diol (34) in good
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Me—C—CH,—COOEt Me—éH—CH;—COOEf MrEH—CHz—R‘
S(s) St
(32) (33) (34) R%=CH 0H
(35) R*=CHO
Meon,, ’ 0 o) Me 0
Me M\[:6;Ii:e
OH S{+)
(36) 37)

yield. Oxidation of (34) with DMSO and oxalyl chloride proceeded well
and gave the aldehyde (35) 1n a yield of 75% based on (33). Reaction
of (35) with (la) in acetonitrile at room temperature and under 2nCl,
catalysis was complete within half an hour. We did not isolate the
product of this reaction, but directly carried out a hydrolysais

using THF and hydrochloric acid (18%) in order to isolate the
4-hydroxylactone (36). Dehydration of {36) to the desired (37) was
tried without purification of (36). We used diisopropyl ether and
toluene-p-sulphonic acid in a Dean-Stark apparatus for this puxpose“.
This procedure delivered a crude product containing ca. 50% (37).

It was 1solated in a moderate yield after an m.p.l.c. purification
using cyclohexane-ethyl acetate (3:1). The specific rotation [u]éo
was +160° (CHClB, c = 0.81); the 1H n.m.r. spectrum of (37) showed
an e.e. of B0-B5% 1n the presence of an optically active shift
reagent (Eu(hfc)j3). Although the method needs optimization the
synthesis of (37) shows that the presented route has a good poten-
tial and that the chirality present in the starting B-hydroxyester
1s maintained in the formation of a 5,6-dihydro-2-pyrone (37).
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Experimental

General methods

lg n.o.r. spectra were recorded on a Varian T60 60 Mz, a Hitachi
Perkin Elmer R-24B 60 Mz or a Bruker WH90 90 Mz spectrometer using
CCly or CDCl, with SiMe4 as internal reference. Mass spectra were
measured with a Varian SM1-B double focussing mass spectrometer
or with a VG 7070E mass spectrometer. Elemental analyses were per-
formed by Mr. P. van Galen (Microanalytical Department of our
University). All other general methods were identical with those

described previously”b'22

. Compounds (7-9) were synthesized as
reportedzz. The silylenolether of butyraldehyde was prepared as
described by House et al.®', b.p. 42-54°C/70 mmHg (1it.3!: 52-62°c/

75 mmHg) .

3-Acetoxypropanal (2)

A mixture of propenal (56 g, 1.0 mole), glacial acetic acid (120 g,
2.0 mol) and sodium acetate (8.2 g, 0.1 mol) is stirred at room
temperature for 16 h. Then the excess of acetic acid 1is largely
evaporated in vacuo. The remaining o1l 1s treated with ether (100
ml) and the precipitate (sodium acetate) 1is filtered off. After
the filtrate has been concentrated invacuo the remaining oil is
distilled at low pressure using an oil pump to yield (2) (50.2 g,
43%), b.p. 35-40°C/0.5 mmHg; 6 (CCl,) 1.98 (3H, s, OCOMe), 2.67
(2B, d.tr, J 6 and 1.5 Hz, 2-H), 4.22 (2H, tr, J 6 Hz, 3-H), 9.60
(1H, tr, J 1.5 Hz, 1-H).

3-Acetoxybutanal (3)

A mixture of 2-butenal (70 g, 1.0 mole), glacial acetic acid (120 g,
2.0 mol) and sodium acetate (8.2 g, 0.1 mol) 1is stirred at 50°C

for 72 h. After cooling to room temperature the reaction mixture

1s treated as described for (2) to yleld (3) (6.5 g, 5%), b.p.
45-50°C/0.4 mmHg; GE (ccl,) 1.30 (38, 4, J 6 Hz, 4-H), 1.95 (38, s,
OCOMe), 2.56 (2H, d.tr, J 6 and 1.5 Hz, 2-H), 5.20 (1H, br.sextet,
J 6 Az, 3-H), 9.52 (1H, tr, J 1.5 Hz, 1-H).
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2-Ethyl-3-pheny l-3-trimethylsilyloxypropan—1-al (5)

ZnCl2 (0.5 ml of a saturated solution in acetonitrile) was added

to a mixture of benzaldehyde (1.90 g, 18 mmol) and 1-trimethyl-
silyloxy~1-butene (3.20 g, 22 mmol) in acetonitrile (1.5 ml). The
mixture was placed in a 7.5 ml teflon ampoule and acetonitrile

(a few drops) was added to fill the ampoule completely. The closed
ampoule was placed in a one wall piston-in-cylinder high-pressure
apparatus32 and was pressurized at 12 kbar and 50°C for 96 h. After
depressurising and cooling to room temperature triethylamine (TEA)
(0.5 ml) was added and the solvent was evaporated. n-~Pentane (ca.
40 ml) was added until a light precipitate was formed. The precipi-
tate was filtered off. Evaporation of the solvent delivered the
crude product. Bulb to bulb distillation afforded a (1:1) diastereo-
meric mxture of (5) (1.55 g, 34%), b.p. 95-105°C/0.6 mmHg; (Found:
M++1, 251.1115; C14H220251 requires M+1, 251.1108); m/z 251 (M+1,
12%), 235 (M-Me, 16), 205 (18), 180 (22), 179 (M-CH(Et)CHO, 100),
177 (18), 161 (M-0S1Me,, 20). 85 (CcDCly) 0.04 (9H, br.s, OSiMej),
0.84 and 0.87 (3H, 2 tr, J 9 Hz, Me), 1.16-2.00 (2H, m, -CH,-Me),
2.36-2.67 (1H, m, 2-H), 4.86 and 5.04 (1H, 24, J 7 and 5 Hz, 3-H),
7.32 (5H, br.s, Ph), 9.65 and 9.69 (1H, 24, J 3 and 4 Hz, 1-H).

Synthesis of alcohols (12-14), general procedure

Ethyl vinylether (30 ml) and a B-hydroxyester (40 mmol) were mixed
and cooled to 0°C. Trifluoroacetic acid (1 ml) was carefully added
under vigorous stirraing. The mixture was stirred at 0°C for 2 h
and then left at 5°C for 16 h. Then TEA (7 ml) was added and the
excess ethyl vinylether was evaporated. Diisopropyl ether {100 ml)
was added and the mixture was washed with water (2 x 30 ml) and
brine (30 ml). The combined aqueous layers were extracted with
diisopropyl ether (25 ml) and the combined ethereal layers were
dried (Nazso4). After evaporation of the solvent crude products
were isolated with purities >92% according to G.C. The crude
products were solved in dry ether (40 ml) and dropped into a sus-
pension of LiAlH,; (1.6 g, 42 mmol) in dry ether (200 ml) at room
temperature. After the addition was complete the mixture was re-

fluxed for 4 h and allowed to come to room temperature. Then the
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excess LiAlH4 was destroyed carefully by addition of water (ca.

3 ml) and potassium hydroxide (ca. 4 ml of a 15% solution). The
resulting suspension was filtered and the remaining salts were washed
with ether (2 x 15 ml). The combined filtrates were dried (Nazso4)
and the solvent was evaporated to yield the crude products. Distilla-
tion on a short vigreux column (10 x 1 cm) or bulb to bulb distilla-

tion afforded the pure products as (1:1) diastereomeric mixtures.
In this way were prepared:

3-(1-Ethoxyethoxy)-2-methy l-3-phenylpropan-1-ol (12) (7.2 g, 76%),
b.p. 100-110°C/0.4 mmHg; (Found: M++l, 239.1652. C1452203
M+1, 239.1647); mw/z (CI) 239 (M+1, 1%), 221 (M-OH, 2), 193 (M-EtOH,
3), 149 (M-OCH(Me)OEt, 40), 131 (M-OCH(Me)OEt, _HZO' 22), 73
(C(Me)OEt+, 100) ; vmax (CHC13) 3600-3300 (OH), 3140-2860 (C-H),
1510-1370 (c-H), 1170-1010 cm_1 (C-0) ; GH (CDC13) 0.71 and 0.73
(38, 2d, J 7 Hz, 2-Me), 0.93 and 1.22 (3H, 2tr, J 7 Hz, OCHy-Me),
1.24 and 1.31 (3H, 24, J 7 Hz, OCH(Me)OEt), 1.78 (1H, br.s, OH),

1.76-2.31 (1H, m, 2-H), 2.99-3.98 (4H, m, OCH

requires

2—Me, 3-0), 4.22 and
4.45 (18, 24, J 9 Hz, 1-H), 4.44 and 4.58 (1H, 2q9, J 5 Hz, OCH(Me)OEt),
7.31 (SH, br.s, Ph),

3-Cyelohexyl-3-(1-~ethoxyethoxy)-2-methylpropan-i-ol (13) (7.0 g,
72%), b.p. 120-130°C/0.5 mmHg; (Found: M'-OEt, 199.1699. C 50530,
requires 199.1698); m/z (CI) 245 (M+1, 1%), 199 (M-OEt, 74), 155
(M-OCH (Me)OEt, 100), 153 (18), 137 (30); vmax (CHC13) 3600-3300
(OH) , 3020-2860 (C-H), 1480-1380 (c-H), 1170-970 Cm-1 (C-0}; GE
(CDbCljy) 0.84-2.09 (21H, m, c-Hex-H, 2-H, 2-~-Me, OCH(ES)OCHz-Me),
2.59 (18, br.tr, J 6 Hz, OH), 3.20-4.03 (5H, m, 1-B, 3-H, OCH
4.60 and 4.72 (1H, 29, J 6 Hz, OCH(Me)OEt).

2'Me) ’

2,4-Dimethyl-3—(1-ethoxyethoxy)-pentan-1-ol (14) (5.95 g, 73%),

b.p. 65-68°C/0.5 mmHg; (Found: M++18, 222.2084. C“H24O3 requires

M+18, 222.2069); m/z (CI, NH,) 222 (M+18, 6%), 176 (72), 159 (M-OEt,
81), 150 (100), 133 (32); v __  (NaCl) 3610-3160 (OH), 3000-2780
-1 (C-0); 6

(C-H), 1450 (c-H), 1380 (C-H), 1180-990 cm (CDC13)
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0.73-1.39 (15H, m, 2,4-Me, 5-H, CH(EE)OCBz'EE)' 1.56-2.09 (2H, m,
2-d, 4-H), 2.49 (1H, br.s, OH), 3.21-3.73 (5H, m, 1-H, 3-H, OEEZ-Me),
4.62 and 4.73 (1H, 2q, J 5 Hz, OCH(Me)).

Synthesis of aldehydes (15-17), general procedure

Aldehydes (15-17) were prepared as described by Swern et al.?’,
using DMSO and oxalyl chloride in dichloromethane; the procedure
was executed on a 20 mmole scale.

In this way were prepared:

3=(1=-Ethoxyethoxy)-2-methyl-3-phenylpropan—-1-al (15) (4.1 g, B6%),
b.p. 100-110°C/0.5 mmHg; m/z (CI) 221 (M-Me, 2), 191 (M-OEt, 9),
147 (M-OCH(Me)OEt, 59), 135 (16), 119 (27), 73 (100); Voax (CHC13)
3100-2810 (c-H), 1730 (Co), 1500-1370 (C-H), 1170-1000 em~! (c-0);
GH (CDCl4) 0.86 and 0.87 (3H, 24, J 7 Hz, 2-Me), 0.91 and 1.19 (3H,
2tr, J 7 Hz, OCH3-Me), 1.23 and 1.25 (3H, 24, J 7 Hz, OCH(Me)),
2.56-3.64 (3H, m, 2-H, oggz—ue), 4.39-4.84 (24, m, 1-H, OCH(Me)),
7.31 (5H, br.s, Ph), 9.83 (1H, 4, J 3 Hz, CHO).

3-Cyclohexyl~3=-(1-ethoxyethoxy)2-methylpropan-1-al (16) (3.95 g,
81%), b.p. 100-110°Cc/0.3 mmHg; (Found: M+—0Et, 197.1537. C12H2102
requires 197.1542); m/z (CI, NHy) 260 (M+18, 4%), 216 (11), 215
(20), 214 (44), 198 (13), 197 (M-OEt, 100), 196 (15), 188 (11), 170
(18), 153 (M-OCH(Me)OEt, 31), 73 (20); vmax (CHC13) 3010-2810 (C-B),
1725 (cO), 1450 (C-H), 1200-1070 cm™! (C-0) ; GH (CDC13) 0.82-2.07
(208, m, c-Hex-H, 2-Me, OCH(Me)OCH,-Me), 2.44-2.84 (1H, m, 2-H),
3.33-3.76 (3H, m, 1-H, OCH,-Me), 4.51-4.82 (1H, m, OCH(Me)), 9.76
(18, 4, J 2 Hz, CHO).

Methyl S-acetoxy-3-hydroxy-2-methylpentencate (20)

AlCl,0bornyl (1.0 ml of a 0.55 M solution in ether) was added to

a stirred mixture of (2) (4.65 g, 40 mmol) and (ia) 4.45 g, 44 mmol)
in dry dichloromethane (15 ml) at -78°C. After 30 min the mixture
was allowed to warm up to -10°C, and water (15 ml) was added. This
mixture was stirred vigorously for 1 h at -10°C and then allowed

to come to room temperature. The dichloromethane layer was separated
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and the aqueous layer was extracted with dichloromethane (3 x 20 ml).
The combined dichloromethane layers were dried (Na2504) and the
solvent was evaporated to yield a crude mixture containing ca. 90%
(20) . Bulb to bulb distillation, using a container and receivers
previously treated with base (TEA), afforded (20) as an 8:1 dia-
stereomeric mixture (6.9 g, 84%), b.p. 90-100°C/0.5 mmHg; (Found:

C, 52.84; R, 7.91; C9H1605 requires C, 52.93; H, 7.90%); vmax (CC14)
3660-3220 (OH), 3010-2840 (C-H), 1750-1710 (CO), 1450 and 1380

(c-m), 1235 aw”! (c-0); 6
2-Me), 1.73 (2H, d.tr, J 6 and 6 Hz, 4-H), 2.05 (3H, s, OCOMe),
2.30-2.77 (1H, m, 2-H), 2.83 (iH, br.s, OH), 3.67 (3H, br.s, COOMe),
3.95 (1R, d.tr, J 6 and 4 Hz, 3-H), 4.18 (2H, br.tr, J 6 Hz, 5-H).

(CC14) (major isomer) 1.20 (3H, 4, J 7 Hz,

4-Hydroxy-3-methyl-~tetrahydro-2-pyrone (21)

(20) (4.1 g, 20 mmol) Was added to a vaigorously stirred solution

of KOH (15 ml of a 30% solution). The mixture was stirred at room
temperature for 16 h and than carefully acidified to pH < 1 with
sulphuric acid (ca. 14 ml of a 30% solution), whereas the temperature
of the reaction mixture was not allowed to rise above 30°C. The
water was almost completely evaporated and the resulting mixture

was extracted with dichloromethane (5 x 30 ml). The combined di-

chloromethane layers were dried (Na SO4) and the solvent was evapo-

2
rated. Bulb to bulb distillation of the crude product afforded (21)
as an B:1 diastereomeric mixture (1.56 g, 60%), b.p. 120-130°C/
0.3 mmAg; m/z (EI) 130 (M+, 54%), 112 (M-BH,0, 65), 102 (M-CO, 14),
74 (M-C3H40, 25), 71 (M-COy-Me, 100); Vpax (CHC13) 3600 (om),
3650-3250 (OH), 3010-2850 (C-H), 1730 (co), 1400 (c-H), 1280~1080

cm-1 (C-0); GH (CDC13) 1.30 and 1.36 (3H, 2d, J 7 Hz, 3-Me), 1.58-2.71
(38, m, 5-H, 3-H), 3.49 (1H, br.s, OH), 3.71-3.94 (1H, m, 4-H),

4.09-4.64 (2H, m, 6-H).

3=Methyl-5, 6-dihydro-2-pyrone (22)

(21) (1.3 g, 10 mmol) Was added dropwise to concentrated sulphuric
acid (5.0 g) at 0°C. The mixture turns into dark brown within 10
min. After stirring for 45 min the mixture was poured on ice (50 g)

and carefully neutralized with sodium hydrogen carbonate (8.5 g).
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Dichloromethane (20 ml) was added and the organic layer was separated.
The aqueous layer was extracted with dichloromethane (2 x 20 ml). The
combined dichloromethane layers were dried (Na2504) and the solvent
was evaporated. Bulb to bulb distillation affords (22) (0.71 g,

56%), b.p. 42-44°C/2 mmHg; m/z (EI) 112 (M, 100%), 97 (M-Me, 5),

84 (M-CO, 18B), 68 (M-CO,, 11); o ax (cc1,) 3040-2880 (C-H), 1730

(CO), 1470-1360 (C-H), 1130 cm! (c-0); GH (cpcly) 1.91 (3H, q,

J 2 Hz, 3-Me), 2.21-2.61 (2H, m, 5-H), 4.35 (2H, tr, J 6 Hz, 6-H),
6.61 (1H, m, 4-H).

3,6~Dimethyl-5,6-dihydro-2-pyrone (25)

AlCl,0bornyl (0.5 ml of a 0.55 M solution in ether) was added to
a stirred mixture of (3) (2.0 g, 15.4 mmol) and (la) (1.75 g, 17
mmol) in dichloromethane (5 ml) at -78°C. The mixture was stirred
for 30 min and then treated as described for (20). After work-up
the product was directly saponified, cyclized and dehydrated as
described for (21) and (22), respectively, without purification
of the intermediate products. After final work-up the crude product
(750 mg) was purified by bulb to bulb distillation to yield (25)
(610 mg, 28%), b.p. 75-90°C/0.6 mmAg (lit.": 55-60°C/0.2 mmHg,
m.p. 31-33°C); (Pound: C, 65.86; H, 8.09. calc. for C7H1002:

C, 66.65; H, 7.99%); m/z (EI) 126 (M+, 85%), 111 (M-Me, 10), 82
(M-co,, 100), 54 (25); VDax (CC1,) 3010-2810 (C-E), 1720 (CO),
1380-1330 (C=C), 1250 and 1120 eu~! (c-0); GH (CDC13) 1.41 (3H, 4,
J 6 Hz, 6-Me), 1.91 (3H, q, J 1.8 Bz, 3-Me), 2.20-2.40 (2H, m,
5-H), 4.52 (1H, br.sextet, J 6 Hz, 6-H), 6.47-6.64 (1H, m, 4-H).

5-Ethy l~3-methyl-6-pheny 1-5,6-dihydro-2-pyrone (27)

2nCl, (0.5 ml of a saturated solution in acetonitrile) was added
to a stirred mixture of (5) (1.15 g, 4.6 mmol) and (la) (1.65 g,
16 mmol) in acetonitrile (5 ml) at room temperature. The mixture
was stirred for 2 h and the work-up was performed as previously

described??. Toluene (100 ml) and toluene-p-sulphuric acid (ca.

100 mg) were added to the crude product and the mixture was re-

fluxed for 16 h in a Dean-Stark apparatus. After cooling the

mixture was extracted with water (2 x 25 ml) and brine (25 ml).
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The combined aqueous layers were extracted with toluene (25 ml)
and the combined organic layers were dried (Nazso4). Evaporation
of the solvent yielded a crude product (1.4 g). M.p.l.c. of a part
of the crude product (500 mg) using silica gel and hexane-diiso-
propyl ether (5:3) afforded an 1:1 diastereomeric mixture of (27)
(250 mg); this corresponded to a yield of 70%, b.p. 125-145°C/

0.4 mmAg; (Found: M'+1, 217.1231. €, 4160
m/z (CI) 217 (M+1, 100%), 199 (M-17, 24), 171 (M-45, 13), 139 (M-Ph,
16), 110 (M-Ph, -Et, 30); ¥ nax (cCl,) 3100-2840 (c-H), 1725 (cO),
1610-1480 (C-H), 1280-1200 cm~1 (c-0); Sy (cpCly) 0.68-1.53 (5H,

m, Et), 1.99 (34, q, J 1.5 Hz, Me), 2.27-2.82 (1H, m, 5-H), 5.09
and 5.58 (1H, 2d, J 10 and 4 Hz, 6-H), 6.56 and 6.87 (1H, 2dq,

J 2.5 and 1.5 Hz, J 6 and 1.5 Hz, 4-H), 7.36 (5H, br.s, Ph).

requires M+1, 217.1228);

Synthesis of 4-hydroxy-3-methyl-é-lactones (28-30)

2nCl, (0.5 ml of a saturated solution in acetonitrile) was added
to a stirred mixture of the appropriate aldehyde (15-17) (2

mmol) and (la) (310 mg, 3 mmol) in acetonitrile (1 ml) at room
temperature. The mixture was stirred for 1 h and TEA (0.5 ml) and
THF (15 ml) were added. The mixture was cooled to -78°C and a solu-
tion of toluene-p-sulphonic acid (15 mg) in MeOH (1.5 ml) was added.
The mixture was kept at -78°C for 0.5 h and allowed to warm up to
room temperature. Hydrochloric acid (10 ml of a 18.5% solution)

was added and the mixture was stirred for 36 h. Then brine (20 ml)
was added and the ethereal layer was separated. The aqueous layer
was extracted with ether (4 x 25 ml). The combined ethereal layers
were washed with brine (25 ml), dried (Na2504) and the solvent

was evaporated. The resulting faint yellow oils in the case of

(28) and (29) contained a 4:1 diastereomeric mixture of §-lactones
according to capillary G.C. Crystallization from hexane-diisopropyl
ether-ethyl acetate afforded the major dilastereomer in the case of
(29) in pure form. In the case of (30) the resulting oil contained
a 3:1 daistereomeric mixture of §-lactones and the major isomer

was purified vZa m.p.l.c. using silica gel and c-hexane-ethyl

acetate (3:1).
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In this way were prepared:

3, 5-Dimethyl-4-hydroxy-6-phenyl-3,4,5, 6—tetrahydro-2-pyrone (28),
4:1 diastereomeric mixture (270 mg, 61%), m.p. 134-137°C (hexane-
ethyl acetate); (Found: C, 70.52; H, 7.28%; M', 220.1097. €, 38,603
requires C, 70.89; H, 7.32%; M, 220.1099); m/z (EI) 220 (M, 2%),
118 (16), 117 (12), 107 (Ph-CHOH, 100); vmax (CHC13) 3600 (OH),
3620-3300 (OH), 3110-2860 (Cc-H), 1735 (co), 1470 (c-H), 1370 em™!
(C-H) ; GH (CDC13) 0.92 and 0.97 (3H, 24, J 7 Hz, 5-Me), 1.36 and
1.41 (3H, 24, J 7 Bz, 3-Me), 1.59 (1H, br.s, OH), 1.93-2.32 (1H,
m, 5-H), 2.68-3.02 (1H, m, 3-H), 3.86 (1H, dd, J 5 and 4 Hz, 4-H),

4.74 and 5.27 (1H, 24, J 11 HZz, 6-H), 7.36 (5H, br.s, Ph).

3,6=Dimethyl-6-cyclohexyl-4-hydroxy-3,4, 5,6-tetrahydro-2-pyrone (29)
(182 mg, 40%), m.p. 124-126°C (hexane-ethyl acetate); (Found: C,
+
68.66; H, 9.75%; M +1, 227.1648. C13H2203
9.80%; M+1, 228.1647); w/z (CI) 227 (M+1, 23%), 209 (M-OH, 13),
¢ 2 .

191 (12), 1S3 (M—C3H402, 100), 143 (M-Hex , 13), 135 (20); vmax
(CHC13) 3640-3300 (OH), 3020-2860 (C-H), 1740 (CO), 1450 (C-H),
1400-1370 (c-H), 1260-1180 cm_1 (C-0) ; GE (CDC13) 1.06 (3H, 4,
J 7 Hz, 5-Me), 1.27 (3H, 4, J 7 Hz, 3-Me), 0.97-2.20 (12H, m,
Hex®-H, 5-H), 1.58 (1H, br.s, OH), 2.69 (1H, dgq, J 7 and 4 Hz,

3-H), 3.62-3.78 (2H, m, 4-H and 6-H).

requires C, 68.99; H,

3, 5-Dimethyl-6-(a-methyl)ethyl-4~-hydroxy-3,4,5, 6~-tetrahydro-2-
pyrone (30) (165 mg, 44%), m.p. 67-69°C (hexane-ethyl acetate);
(Found: C, 64.33; H, 9.69%; M++1, 187.1330. C10H1803 requires

C, 64.49 H, 9.74%; M+1, 187.1334); m/z (CI) 187 (M+1, 24%), 169
(M-OH, 12), 143 (M—Pri, 8), 126 (M-OH, -Pri, 15), 113 (M-Pri,

-2Me, 100){ 69 (15); GH (cDbCly) 0.97 and 1.06 and 1.09 (9RH, 34,

J 7 Bz, Pr’ and 5-Me), 1.29 (38, d, J 7 Hz, 3-Me), 1.56 (iH, br.s,
OH), 1.74-2.13 (2B, m, a-H, 5-H), 2.69 (1H, dq, J 7 and 2 Hz, 3-H),
3.64-3.82 (2H, m, 4-H, 6-H).
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4-Hydroxy-6-pheny1-3, 3, S-trimethy1-3,4, 5, 6~tetrahydro-2-pyrone (31)
ZnCl2 (0.5 ml of a saturated solution in acetonitrile) was added

to a stirred mixture of (15) (475 mg, 2 mmol) and (1b) (465 mg,

4 mpol) in acetonitrile (2 ml), and the mixture was heated at 50°C
for 16 h. TEA (0.5 ml) was added and the temperature was allowed

to come to room temperature. Then the mixture was treated as described
for (30-32). The crude product was crystallized using hexane-diiso-
propyl ether-ethyl acetate to yield (31) (55 mg, 12%), m.p. 152-154°C
(hexane-ethyl acetate). (Found: C, 71.87; H, 7.80%; M++1, 235.1332.
c14H1803 requires C, 71.77; H, 7.74%; M+1, 235.1334); m/z 235 (M+1,
6%), 217 (M-oH, 7), 171 (M-3Me, -H,0, 16), 145 (13), 139 (M-Ph,

-H,0, 25), 119 (78), 118 (22), 117 (100); nax (CACl,4) 3700 (OR),
3600 (OH), 3580-3360 (OH), 3140-2860 (C-H), 1725 (co), 1530 (C-H),
1430 (C-H), 1280-1160 cm | (C-0); 65 (CDCly) 0.93 (3, d, J 6 Hz,
5-Me), 1.40 and 1.46 (6H, 2s, 3-Me), 1.83 (1H, br.d, J 5 Hz, OH),
2.04-2.38 (1H, m, 5-H), 3.61 (1H, dd4, J 11 and 5 Hz, 4-H), 4.74

(14, 4, J 11 Hz, 6-H), 7.36 (5H, br.s, Ph).

5(+)-3,6-Dimethyl-5, 6-dihydro-2-pyrone (37)

Pyrone (37) was synthesized from 3-hydroxybutyrate (33) which was
prepared by yeast reduction of the corresponding B-ketobutyrate
(32) as described by Seebach et aZ.ao, yield 61%, b.p. 74-76°C/
15 mmHg, [u];1 + 36.6° (CECly, ¢ = 4.1) (1it.?%: b.p. 71-73°c/
12 mifig, [a]2® + 37.2° (cACl,, ¢ = 1.3).

Alcohol (34) and aldehyde (35) were synthesized as described for
(12) and (15). The products were distilled and identified on the
basis of their !H n.m.r. spectra; 3-(Il-ethoxyethoxy)-butan-1-ol
(34), yield 86%, b.p. 96-100°C/15 mmHg; GH (cpCly) 1.09-1.37 (9H,
m, 4-H, OCH(Me)OCHy-Me), 1.58-1.83 (2H, m, 2-H), 2.29 and 2.96
(1H, br.tr, J 6 Hz, OH), 3.31-4.16 (5H, m, 1-H, 3-H, Qggz-Me),
4.69 and 4.73 (1H, 29, J 5 Hz, OCHOEt);
3~(1-ethoxyethoxy)-butan-1-al (35), yield 82%, b.p. 95-105°C/14
mmHg ; GH (cpCl,y) 1.09-1.37 (94, m, 4-H, OCH(ﬂg)OCHZ—Eg), 2.49-
2.69 (2H, m, 2-H), 3.32-3.78 (2H, m, OCH,-Me), 4.24 (1H, br.septet,
Me-CH-CH,), 4.77 (1H, br.qg, OCH(Me)OEt).
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Aldehyde (35) was reacted with (la) as described for (15). The
crude product was refluxed with diisopropyl ether (50 ml) and
toluene-p-sulphuric acid (100 mg) in a Dean-Stark apparatus for

16 h. After cooling to room temperature the diisopropyl ether
solution was washed with brine (3 x 20 ml) and dried (Na2504).
After evaporation of the solvent the crude product (500 mg, pre-
pared from 5 mmol of (35)) was purified by m.p.l.c. using silica
gel and c-hexane-ethyl acetate (3:1) to yield (37) as an colorless
oil (240 mg, 38%), [a]gl + 160° (CHCl,, ¢ = 0.8). An 18 n.m.r.
spectrum in the presence of Eu(hfc)3 showed an e.e. of 80-85%
(6-Me signal) indicating that the chirality was maintained during
the reaction sequence. ly n.m.r. mass and i.r. spectra were ident-
ical with those of (25).
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CHAPTER V

The use of 1,1-Dimethoxypropene
as Propionate Equivalent in the Synthesils of some

Eudesmanolide Precursors from a,B-Epoxyketones

Introduction

In a preceding paper we showed that 1,1-dimethoxypropene (la) is a
very useful synthon for the preparation of a-methyl-B8-hydroxy-y-(1-
hydroxyalkyl)-y-lactones via the corresponding 2,2-dialkoxyoxetanes

(Scheme 1)1°2.

Scheme 1
OH
. 1 0 RCH N
Ré[ﬁ pe  icat Rz\fl\l || me _Ha0° R;’sz r
R RJO R RJ L+0Me o RL Me

The method provides a very mild, acidic route to this type of y-lactones
starting from readily available compounds. In order to extend the scope
of this reaction and to judge the versatility of this lactone syn-

thesis we decided to test it in the preparation of sesquiterpene lactones.
As a first objective we chose the synthesis of some simple eudesmanolide

precursors of type I and II (Scheme 2).

Scheme 2
Me Me Me
- @ il
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M M
E OH e E 0 A e
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«OH = oH < OH
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Eudesmanolides have been the subject of previous synthetic studies.
Some well explored routes to eudesmane sesquiterpene lactones involve
the construction of the decaline part, followed by attachment of the
lactone ringa. We planned to follow the same strategy using an epoxy-
ketone as the decaline part and (1) for the annelation of the lactone
ring. A muldly basic apwroach vig this route was pursued by Weyerstahl
et al." who used the epoxyketones (6) or (7) as the decaline part, and
a Horner-Emmons reaction to introduce the side chain for the construc-

tion of the y-lactone ring. Unfortunately, the reaction product

0 Me
OR
MeHC=C7
~
OR 0
1
(1a) R« Me (2) R 3)1R=n
{1b) R« Et (4) R=Me
0 Me
0
1
(5) R
[BJR=H
{9) R =Me

consisted for some 60% of the undesired E-ester which 1is unable to
cyclize, Besides, subsequent hydrogenation appeared to be rather diffi-
cult; only homogeneous catalysis using tris-(triphenylphosphine)-rhodium
chloride (TTRC) delivered a 5:2 mixture of the saturated a- and B-epoxy-
esters, (21a) and (21B) (Scheme 3), 1n good yield.

We felt that the use of ketene acetal chemistry might deliver an
acidic alternative for the introduction of the y-lactone moiety. The
hydroxy groups present might be further used for the introduction of
double bonds®. We now report our efforts to synthesize eudesmanolide

precursors of type I and II from (1) and (6) or (7).
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Scheme 3
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Reactions of (1) with epoxyketones (5-9)

Epoxyketones (5), (6) and (7) are easily available through a base-

catalyzed epoxidation of the corresponding enones (2-4)%-¢

with hydro-
gen peroxlde7. In the case of (3) and (4) the epoxidation yields a
mxture of a ¢is- and a trans-epoxyketone in which the ¢is-isomer pre-

dominates’’®

. The ¢ts-trans 1somers can be separated by crystalliza-
tion from petroleum ether.

A priori, reaction of (1) with an epoxyketone may give a mixture
of four ' epoxyoxetanes ', as a consequence of either a- or B-attack
of (1), and the formation of ¢Zs- and trans-oxetanes. Regarding the
two conformations of the model compound (5) which have the lowest

energy5 (Figure 1), attack by (1) should be equally possible from

Figure 1

a b

Figure 1: Lowest, energy half-chair
conformations® of (5).
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either site (a and f) with nearly equal rate; consequently we expected
a low selectivity. In the case of epoxyketones (6) and (7) the cis-
decaline structure will probably introduce such steric requirements
that the reaction with (1) will proceed with higher selectivity.
Epoxyketones (8) and (9) having a rather flat trans-decaline structure
are not expected to react very selectively.

Introductory experiments with epoxyketone (6) 1indicated that (6) is
less reactive than (5); under the conditions previously described (Z.e.
at low temperature, in dichloromethane, under AlClZOR-catalysis and
using 1.1 equivalent of (la)) (6) showed only a low degree of conversion
(30-40%). Hence, conditions were changed. Better conversions were obtained
at room temperature using a fourfold excess of (1a), ZnC12-catalysis and
acetonitrile as the solvent.

Under these conditions reaction of (la) with the model compound (5)
gave a mixture of diastereomeric oxetanes. Subsequent methanolysis and

hydrolysis in a one-pot procedure10

afforded a mixture of only two dia-
stereomeric epoxyesters in a ratio of about 1:1 according to the g n.m.r.
spectrum; capillary G.C. gave only one broad signal. Thus the reaction

of (5) with (la) was more selective than expected. The isolated epoxy-

0 OH
0 0
\OH
5
£
£ M e
" COOMe OH
Me

(1 (12

esters have tentatively been assigned the structures (10) and (11).
As the oxetane formation is reversible under the acidic conditions we
suppose that both epoxyesters are derived from an oxetane having the
ketene acetal moiety in an equatorial position relative to the six-
membered ring. We anticipated a low threo vs erythro selectivity as
molecular models* of (5) showed that in the cyclohexane ring steric

hindrance at both sides of the carbonyl group is about the same (Fig. 1).

*Orbit molecular building system, cochranes of Oxford, Fairspear House,
Leafield, Oxford, U.K. Available via Aldrich.
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Reaction of (6) under the improved conditions gave a mixture of
oxetanes 1in good yield (conversion 85%). The compounds were relatively
stable and could be isolated as a mixture; hydrolysis vig the ‘'one-pot

procedure' furnished a mixture of the four possible epoxyesters (13-16).

Me
wOH
1 COOMe
E ] %
R Q "Me
erythro
13)R=H (14) R=H
{17)R= Me (18) R=Me
Me Me
Me
“\\\éﬂH ‘\\\\‘ér‘ Me
Y COOMe COOMe
H H HO
i 07 HO i 0
threo erythro
{1S)R=H (16)R=H
{19)R= Me {20)R = Me
Me
HO o
(22) 0

The ratio of the epoxyesters in this case could be determined by
capillary G.c.'! and appeared 14:7:1:1. Medium pressure column chromato-
graphy (m.p.l.c.) using silica gel and a chloroform-hexane mixture
afforded the two main diastereomers in pure form, and a mixture of the
two minor diastereomers as a third fraction. Fortunately, the less
abundant of the main diastereomers, crystallized; its configuration

12

(14) was established by X-ray analysis (Figure 2). It was now

secured that (14) had arisen from an equatorial B-attack of (1la).
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Figure 2: X-ray structure of (14);
® = oxygen

On the basis of the X-ray analysis we assumed that the main product has
the configuration (13). Lateron this was confirmed independently (v.<.).
The threo:erythro ratio (2:1) could equally be anticipated on account
of the results obtained in the reaction of (5) with (la). Molecular
models show that in the more rigid (6) the larger steric hindrance

is at the epoxy site of the carbonyl group. This favoures the forma-
tion of a trans-oxetane and thus of a threo ester (13). It is note-~
worthy that the cis-configuration of the Cp-alkyl substituent relative
to the angular methyl group in the main products (13) and (14) is a

structural feature of the naturally occurring eudesmanolides®?

. Attempts
to increase the excess of (13) with regard to diastereomers (14-16)
failed; the use of diethylketene acetal (1b) gave essentially the same
yields and isomer distribution of the resulting ethyl esters. High
pressure conditions (12 kbar, 18 h) gave after work up also a 2:1 dia-
stereomeric mixture of the esters (13) and (14).

The trans-epoxyketone (8) showed the same reactivity as (6), but
it reacted less stereoselective with (la); as expected it gave a
smaller ratio of equatorial- versus axial-attack as appeared from
capillary G.c.!'. For that reason we concentrated our further studies
on the use of (6) and (7).

Reaction of (7) with (1a) under the standard conditions furnished
in good yield a mixture of three epoxyesters in a ratio of 12:6:111,
which probably have configurations (17-19), respectively. We suppose
that the ester (20), which should arise from a-attack of (1la) under

formation of a ¢is-oxetane was not formed. This may be due to a steric
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interaction of the C(8)-Me group with the Me-group at the imaginary
cis-oxetane as shown by molecular models. M.p.l.é: with a diisopropyl
ether-hexane mixture afforded the pure diastereomers (17) and (18),
and a mixture of (19) and (18).

Lactonization of the acquired epoxyesters may occur vig two routes:
1. Acid hydrolysis of the epoxy group will afford a trans-diol which
1s capable of raing closure to either a y- or a G-dlhydroxylactone“b;
however, we demonstrated previously that y-lactones are formed ex-
clusively when 20% formic acid 1s used. i7. Rearrangement of the epoxy
function to an allylic alcohol moiety and subsequent lactonization will
deliver a mono-hydroxylactone (Scheme 2). This second route has the
theoretical advantage of reducing the number of possible products
whereas the double bond in the product can be used for further func-
tionalization. Both methods were tested.

Acid hydrolysis of the mixture of esters (10) and (11) was performed
according to the method previously described using 20% HCOOH!. It
delivered a mixture of only two diastereomeric dihydroxy-y-lactones.
Repeated crystallization from hexane-ethyl acetate provided one dia-
stereomer (12) of unknown configuration in pure form. The shift of the
oxygen-bound lactonic methine proton in (12) (8g 4.08 ppm) supports*
the ¢is-orientation of the y-lactone ring since this proton absorbs
in the same region (GH 3.90-4.18 ppm) as the analogous protons of the
related ¢is-fused lactones (25), (26), (29) and (30) (v.Z.). This
result strongly contrasts with the outcome of the hydrolysis of the
epoxyesters (10) and (11) according to the method of Weyerstahl
et al.". These authors used dilute sulfuric acid in acetone; applica-
tion of this procedure to several Y,d-epoxyesters“b gave a mixture of
Y- and é-lactones. Hydrolysis of (10) and (11) wath 1 M sto4 in
acetone furnished a mixture of several products as indicated by the
1H n.m.r. spectrum. Efforts to analyze this maxture with the aid of

capillary G.C. were not successful; apart from a small signal of about

*We realize, however, that this shift correspondence can only be applied
to structurally closely related compounds. Small changes in the surround-
1ng of the lactonic methine proton can cause a considerable change in
shift, see also Chapter II1I.
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5% of the dihydroxylactones we had isolated before, there was found
only one broad signal. I.r. spectra of the reaction mixture showed by
far the largest CO absorptions between 1710-1745 co ! 1ndicating that

a y-lactone was scarcely present.

Synthesis of type I lactones

With the experiences just mentioned, hydrolysis of compounds (13-19)
was attempted according to the formic acid method. However, hydrolysis
of the crude mixture of (13-16) under these conditions did not proceed
at all. Addition of THF (15%) did not accelerate the conversion. There-
fore we tried the method of Weyerstahl et al." since these authors
showed that the analogous epoxyester (21), synthesized as depicted in
Scheme 3, 1s converted into monohydroxylactone (22) under the influence
of H2504 1n acetone at room temperature. Hydrolysis of the crude mixture
of (13-16) under these conditions gave after crystallization from

chloroform-hexane in a total yield of 55-60% the monohydroxylactones

(24) erythro

Me
nll\IOH
wtt Me
HO
o]
0
(25} threo (26) erythro

(23) and (24) as a 2:1 threo-erythro mixture, and the dihydroxylactones
(25) and (26) likewise as a 2:1 threo-erythro mixture. M.p.l.c. of this
mixture using silica gel and diisopropyl ether-hexane gave the pure

dirastereomers (23), (24) and (25), and a mixture of (26) with (25).
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As expected products originating from the epoxyesters (15) and (16)
were not found. It was not possible to assign a ¢i8- or a trans-
decaline structure to (25) and (26) on the basis of g n.m.r. spectros-
copy due to the intermediate positions of the resonances of the angular
Me-group at 1.07 and 1.08 ppm, respectivelylh. X-ray analysis of (25)12,
however, confirmed not only a trans-decaline structure and a cis-lactone
configuration but also the B-attack of (la) on (6) and the threo-

configuration of the intermediate (13) (Figure 3).

Figure 3: X-ray structure of (25); & = oxygen.

The outcome of the hydrolysis of epoxyesters (13-16) strongly
contrasts with the results obtained by Weyerstahl et aql. for the
analogous compound (21(::)"a (see Scheme 3). These authors got a cis-
decaline from (21). The formation of (23-26) cannot be explained by
anchimeric assistance of the tertiary hydroxy function since this
would deliver (27) having a ¢is-decaline structure vig the intermediate
epoxide (28) 15, The different results may be due to a different mechanism
for the epoxide hydroly51516. Lactone (22) 1s probably formed via an
SNo-type reaction of water at the less-hindered la—p051t10n17, followed
by attack of the ester carbonyl group at the same carbon, resulting an
a cis-decaline structure and a e1s-lactone ring. Due to the presence
of the vicinal a-OH function in (13-16) epoxide opening vig an SNz-type

reaction with water is apparently not possible.
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Thus the epoxide ring will be opened via an SNl-type reaction which
leads to both the monohydroxylactones (23) and (24) and the dihydroxy
lactones (25) and (26). Although it cannot be excluded that the hydro-
lysis in the case of the formation of (25) and (26) proceeds vig an
SN,-type reaction at C-8a (for numbering see (13), (17)) of the epoxy-
esters, this pathway is very unlikely, as it concerns attack at a
tertiary carbon atom. Besides Weyerstahl et al. did not isolate any
lactone with a trans-decaline structure after hydrolysis of (21).
Increase of the acid concentration to 3 M did not influence the product
distribution although hydrolysis was now complete within 4 h; a further
increase to 6 M led to substantial loss of product. Hydrolysis with

1M HyS04 in refluxing dimethoxyethane“ led to destruction of both

products and starting esters under formation of a black, tarry material.
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Hydrolysis of the mixture of epoxyesters (17-19) under the standard
conditions (1 M H,S0,) did not proceed at all; after 48 h the starting
compounds could be regained almost guantitatively. When the epoxy-
esters were treated with 6 M sto4 1n acetone the dihydroxylactones
(29) and (30) were obtained in ca. 30% yield. The monohydroxylactones
(31) could not be detected, but two other products were 1solated in cdq.
20% yield. The use of stronger acidic conditions raised the yield of
the latter products substantially, as will be described further on.
The structures (32) and (33) have been assigned tentatively to them on
the basis of spectroscopic and analytical data. Since these compounds
have not been described in the literature we compared their spectros-
copic data with those of compound (34)13, which bears a strong resem-
blance to the supposed structures. Compound (34) shows a resonance
at 6 4.55 ppm for the H(8) signal in the 9 n.o.r. spectrum. The
corresponding hydrogen atoms in (32) and (33) show §-values 4.76 and
4.80 ppm. The higher values may be due to a deshielding effect of
the side chain ester function. On the basis of the crystallographic
data of (34) we calculated'® a trans-diequatorial J~coupling of 4.5 Hz
for the H(8) signal, which matches nicely with the observed values
{5 Hz) in the !H n.m.r. spectrum of (32) and (33). Compounds (32)
and (33) are apparently formed via an SN1 opening of the epoxide

followed by a rearrangement of the intermediate carbonium ion (Scheme 4).

Scheme 4

Me Me
H.
WOH '?- WOH
COOMe ° COOMe
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Synthesis of lactones of type II

Rearrangement of the epoxide function to an allylic alcohol can

proceed both via basic and acidic routes!®

. The strongly basic route
using lithaum d].ethylamldez0 was not our first choice as we expected
to get a retrp reaction; later on this was confirmed by Carda et al.2?,
who reported destruction of material i1n a related case. In an alternative
procedure the epoxide can be opened by acidic and/or nucleophilic
reagents to afford and adduct which after addition of an amine-base
gives an allylic alcohol.

Simple acid-catalyzed rearrangement was examined first. Indeed reac-
tion of crude (13-16) with trafluoroacetic acid (TFA) in dry THF at
0°C and subsequent pouring out into water gave ca. 20% (23) and (24),
according to G.C. and G.C./M.S. lLowering of the reaction temperature
to -78°C did not improve the result. Treatment of the esters (17-19)
with TFA/THF gave a mixture of the compounds (32) and (33) in good
yield (65-70%). Reaction of (13-16) with BF3—etherate22 in benzene at
0°C resulted i1n a complex reaction mixture with complete disappearance
of the starting material.

Then we tried to convert the epoxide ring into a chlorohydrin using
the Lewis acids SnCl, and T1C1423. Treatment of (13-16) wath SnCl,
Cl, at -78°C. It afforded neither the

2772
desired chlorohydrins nor allylic alcohols but a mixture of three,

and TiCl, was performed in CH

rearranged products which were not further characterized. The modifi-
cation of Spawn et aZ.Z“, who added DBU, did not lead to spectacular

improvement, but G.C./M.S. showed the presence of 4 isomeric

Me e

\OH
COOMe Ny—Me

X
"X, Me a0

(35)
Xy=Cl,Xz=0H
Xy =OH,X3=Cl

chlorohydrins (35) in small amounts. The procedure of Caron and

Sharpless?® was not tried out, since the position of the tertiary
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hydroxy function is mainly trang with regard to the epoxy function.

26

Eventually the method of Noyori“® was tested (Scheme 5).

Scheme 5
(]
::f'l(::hfdlne “‘OTMS
t;luene oTf COOMe
-178° R OTMS Me
KT
Me Me
THF
-— oTMS
et OH N HCL
Me COOMe
R 0 R Me

TMSI0Tt = trifluoromethanesul fonate

Submitting the crude esters (13-16) to an excess of trimethylsilyl-
trifluoromethane sulfonate and 2,6-lutidine delivered almost quanti-
tatively the expected products. Subsequent hydrolysis waith 1 M HCl
in THF afforded after m.p.l.c. a 2:1 mixture of (23) and (24) in a
good overall yield of 50-52% based on (6). The epoxyesters (17-19)
were submitted to the same reaction conditions; GC/MS showed the
presence of 34% (36) after work up, and after two recrystallizations
90 mg of an analytical sample of (36) were obtained. Since (36) is
not the primary product of the elimination of the trifluoromethane
sulfonic acid group, a secondary reaction must have taken place.
This may be either a carbonium lon rearrangement during a pure E4
elimination, or a double bond migration under the influence of the
acid or during work up on silica gel.

In a preliminary experiment we tested whether lactones (23-26)
could be dehydrated to (37). According to the method of Godfrey and
Schultz!® we used methane sulfonic acid and phosphorous pentoxide
for this purpose but treatment of a mixture of lactones (23-26) with
these reagents resulted in complete decomposition of the starting

material.
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Conelusions

In a previous study we have shown that epoxyketones are easily
converted with 1,1-dimethoxypropene into the corresponding y,S-
epoxy-B-hydroxyesters via a mild acidic one-pot reaction. This study
has shown that this reaction 1s equally applicable to decaline type
epoxyketones. Cyclization of the used model compounds furnishes various
lactones which likely all have a cis-fused lactone ring. In the case
of the decaline structures the lactone ring i1s also ¢is oriented with
regard to the angular methyl group which i1s generally present in
eudesmanolides. The presence of a trans-fused lactone ring in the
majority of the eudesmanolides 1s a drawback of the method in the
synthesis of this type of compounds. However, when necessary inversion
of configuration of the 9b-hydroxyl function 1s probably possible by

several general methods?”.
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Ezperimental

General methods

M.p.'s are uncorrected. 1

H n.m.r. spectra were recorded on a Bruker
WH-90 90 Mz spectrometer in CDCl3 solution with SiMe, as internal
reference. All OH-resonances could be exchanged with D,0 or CD30D. I.r.
spectra were measured with a Perkin-Elmer spectrophotometer model 397.
Mass spectra were obtained with a VG 7070E mass spectrometer. Capillary
GC was performed on a Hewlett Packard 5790A apparatus equipped with

a 25 m x 0.31 mm cross-linked methyl silicone column using a Hewlett
Packard 3390A 1integrator, or on a Dani 3800 apparatus (GC/MS) egquapped
with a Chrompack 25 m x 0.32 mm CpS11-5CB column. Preparative m.p.l.c.
was executed on a miniprep L.C. Jobin Yvon apparatus using Merck silica
gel 60H as the stationary phase.

Acetonitrile and diisopropyl ether were stored over CaH,. Dry diethyl
ether and tetrahydrofuran were obtained by distilling from sodium
benzophenone ketyl, whereas dichloromethane was distilled over CaHj,.
Ether refers to diethyl ether. Compounds (1) and (3-9) were prepared
according to literature procedures (v.Z.). Compound (2) 1s commercially
available.

Preparation of epoxyesters (10)-(11) and (13)-(19), general method
chl2 (0.5 ml of a saturated solution in acetonitrile) was added
to a vaigorously stirred mixture of the epoxyketone (2.5 mmol) in
acetonitrile (0.5 ml) and 1,1-dimethoxypropene (la) (1.01 g, 10 mmol)
at room temperature, and stirring was continued for 1.5 h. Triethyl-
amine (TEA) (0.5 ml) was added, followed by diisopropyl ether (30 ml),
and the mixture was cooled to -78°C. Then a solution of toluene-p-
sulfonic acid monohydrate (eq. 15 mg) i1n methanol (1.5 ml) was added;
the reaction mixture was kept at -78°C for 0.5 h, and was then allowed
to come to room temperature. Hydrochloric acid (20 ml of a 0.1 M solu-
tion) was added to the stirred mixture, and stirring was continued for
2 h. After the addition of braine (25 ml) the diisopropyl ether layer
was separated and the aqueous layer was extracted with ether (2 x 25 ml).
The combined ethereal extracts were dried (Na2504) and the solvent
was evaporated to yield a crude mixture containing 85-90% epoxyesters.
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Bulb to bulb distillation afforded the diastereomeric mixtures, yield
55-60%. M.p.l.c. using hexane-chloroform (65-35) for compounds (13-186)
or diisopropyl ether-hexane (90:10) for compounds (17-19) delivered

the more abundant diastereomers in pure form in total ylelds of 50-55%.

2a-hydroxy-7-ozabicyclo (4. 1.0|-heptane-28-(2 '-methyl)-acetic acid
methyl ester, (1:1) diastereomeric mixture (10, 11). B.p. 140-150°C/
0.5 mmHg. (Found: C, 59.9; H, 8.1%; M', 200.1046; Calc. for €, of160
Cc, 59.98; H, 8.05%; M, 200.1049); m/z (EI) 200 (M, 169 (M-OCH3), 151
(M-OCH4, -H20). Vmax (CHCl3): 3600-3800 (OH), 3050-2850 (Cc-BH), 1715
(CooMe), 1220-1150 cm~1 (c-0); 6H 1.22 and 1.38 (3H, 24, J 7 Hz, 2'-Me),
1.17-1.66 (4H, m, (3-4)-H), 1.60 (1H, br.s, OH), 1.74-2.00 (2H, m, 5-H),
2.78 (1H, br.q, J 7 Hz, 2'-H), 2.98 and 3.06 (1H, 24, J 8 Hz, 1-H),
3.19-3.33 (1H, m, 6-H), 3.71 and 3.74 (3H, 2s, COOMe).

threo (laa,2a,4aB)~2-hydroxy~4a-methyl-la,2,4,4a,5,6,7,8-octahydro~-3H-
naphth-[1, 8a-b)~oxirene-28~(2 '~methyl)-acetic acid methyl ester (13).
B.p. 125-140°C/0.3 mmMg. (Found: C, 66.97; H, 9.34%; M++1, 269.1746;
C15H2404 requires C, 67.14; H, 9.01%; M+1, 269.1753); m/z (CI) 269
(M+1, 91%), 268 (M, 2), 251 (M-OH, 100), 237 (M—OCH3, 5), 233 (20),
219 (M-H,O, -OCH3, 30); vpax (CHC14) = 3680 (OH), 3690-3360 (OH),
3080-2870 (c-H), 1710 (CoOMe), 1300-1180 cm-1 (C-0); SH 1.07 (38, s,
4a-Me), 1.23 (3H, 4, J 7 Hz, 2'-Me), 0.84-2.19 (12H, m, (3-4)-H,
(5-8)-H), 2.84 (1H, br.s, la-H), 2.85 (1H, q, J 7 Hz, 2'-H), 3.76

(34, s, COOMe), 3.98 (1H, br.s, OH).

erythro (laa,2a,4aB)-2-hydroxy—-4a-methyl-la,2,4,4a,5,6,7,8-0ctahydro-
3H—naphth—[1,8a—b]—ozirene—ZB—(Z’-methyl)-acetic acid methyl ester (14).
B.p. 125-140°C/0.3 mmHg; m.p. 74-76°C (hexane). GH 1.06 (3H, s, 4a-Me),
1.37 (34, 4, J 7 Bz, 2'-Me), 0.86-2.20 (12H, m, (3-4)-H, (5-8)-H),

2.82 (1H, br.s, la-Rm), 2.87 (1H, q, J 7 Hz, 2'-H), 3.71 (3H, s, COOMe),
3.91 (1H, br.s, OH).
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(laa,2B,4aB)-2-hydroxy-4a-methyl-la,2,4,4a,5,6,7,8-octahydro-3H-
naphth-[1, 8a-b] ~oxirene-2a—(2 '-methyl)-acetic acid methyl ester (15-16),
(2:1) diastereomeric mixture, b.p. 125-140°C/0.3 mmHAg. &y 1.09 (38,
br.s., 4a-Me), 1.30 and 1.33 (3H, 24, J 7 Hz, 2'-Me), 0.82-2.27 (128,

m, (3-4)-H, (5-8)-H), 2.80 and 2.82 (1H, 2q, J 7 Hz, 2'-H), 2.89 and
3.01 (1H, 2 br.s, OH), 3.06 and 3.19 (1H, 2 br.s, la-H), 3.72 (3H,

br.s, COOMe).

threo (laa,20,4aB,8a)-4a,8~dimethyl-2-hydroxy-la,2,4,4a,5,6,7,8-octahydro-
3H-naphth-|1,8a-b]-orirene-28-(2'-methyl)-acetic acid methyl ester (17).
B.p. 125-140°C/0.3 mmHg. (Found: C, 67.87; H, 9.60; C,gHyg04 requires

C, 68.06; H, 9.28%); m/z (CI) 283 (M++1, 1%), 282 (M, 2), 265 (M-OH,

24), 263 (B), 251 (M—OCHB, 8), 247 (26), 234 (15), 233 (M-HZO-OCH3,

100), 205 (19); vpax (CHClB) 3600-3400 (OH), 3020-2850 (Cc-H), 1710
(COOMe) , 1300-1180 cm—l (C-0); GH 0.67 (3H, d, J 7 Hz, B-Me), 1.06

(38, s, 4a-Me), 1.22 (3H, 4, J 7 Hz, 2'-Me), 0.90-2.29 (11H, m, (3-4)-H,
(5-8)-H), 2.87 (iH, q, J 7 Hz, 2'-H), 3.00 (1H, br.s, la-H), 3.75 (3H,

s, COOMe).

erythro (laa,2a,4aB,8a)-4a,8-dimethyl-2-hydrory-1la,2,4,4a,5,6,7,8-
octahydro-3H-naphth[1, 8a-b]~oxirene-28-(2 '-methyl)-acetic acid methyl
ester (18). B.p. 125-140°C/0.3 mmHg, m.p. 85-87°C (hexane-diisopropyl
ether). &y 0.72 (3®, 4, J 7 Hz, 8-Me), 1.06 (3H, s, 4a-Me), 1.38 (3H,
d, J 7 Bz, 2'-Me), 1.54 (1H, br.s, OH), 0.86-2.29 (11H, m, (3-4)-H,
(5-8)-R1), 2.89 (1H, q, J 7 Hz, 2'-H), 3.02 (1H, br.s, la-~-H), 3.71
(3H, s, COOMe).

threo (laa,2B,4aB,8a)-4a,8-dimethyl-2-hydrory-la,2,4,4a,5,6,7,8-0octa-
hydro-3H-naphth-[1,8a-b)-oxirene-2a~(2'-methyl)-acetic acid methyl
ester (19). 8g (from a 2:1 mixture with (17)) 0.72 (3R, 4, J 7 Hz,
8-Me), 1.09 (3H, s, 4a-Me), 1.29 (3H, 4, J 7 Hz, 2'-Me), 1.56 (1H,
br.s, OH), 2.82 (1H, q, J 7 Hz, 2'~H), 3.40 (1H, br.s, la-gH), 3.70
(3H, s, COOMe).
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Hydrolysis of epoxyesters (10) and (11)

Hydrolysis was performed according to the method previously described!.
A crude mixture of (10) and (11) (1.8 g) was converted into a dia-
stereomeric mixture of dihydroxylactones (12) (1.4 g, 80%). After re-
peated crystallization from hexane-ethyl acetate one diastereomer was
obtained in pure form (270 mg, 15%). The configuration of this isomer (12a)
could not be established by X-ray analysis because 1t was not possible

to obtain single crystals.

3a, 7-dihydrozy-3-methyl-3a,4,5,6, 7, 7a-hexahydro-benzo-b) -furan~(3H)-
2-on (12a).M.p. 123-124°C (hexane-ethyl acetate). (Found: C, 58.1;

H, 7.69; Calc. for CgH,,0,: C, 58.05; H, 7.58%). m/z (EI) 186 (M),
168 (M-H20), 150 (M-2H,0); Vmax (CEC13) 3640-3250 (OH), 3080-2880
(C-H), 1780 (co), 1270-1030 em~! (C-0); GH 1.17 (34, 4, J 7 Hz, 3-Me),
1.31-2,00 (6H, m, (4-6)-H), 1.57 (1H, br.s, OH), 2.70 (1H, br.s, OH),
2.78 (1H, q, J 7 Bz, 3-H), 4.08 (1H, 4, J 3 Hz, 7a-H), 4.22-4.40 (1H,
m, 7-H).

Hydrolysis of epoxyesters (13-16)

Hydrolysis was performed according to the method of Weyerstahl
et al.*. In a typical experiment a crude mixture of (13-16) (720 mg,
obtained from 400 mg of (6)) was dissolved in acetone p.a. (4.0 ml)
and under continuous stirring sulfuric acid (0.5 ml of a 1.0 M solu-
tion) was added. Stirring was continued for 18 h at room temperature.
Then diisopropyl ether (30 ml) and brine (30 ml) were added. The
ethereal layer was separated and the aqueous layer extracted with
ether (2 x 25 ml). The combined ethereal extracts were dried (Na2504)
and the solvent was evaporated. Crystallization from chloroform-hexane
at -20°C afforded a solid mixture (450 mg) consisting of (23) (22%),
24 (12%), 25 (43%) and (26) (22%), as determined by capillary ccll.
Chromatography (m.p.l.c.} of the crude reaction mixture using diiso-
propyl ether-hexane (9:1) delivered the pure diastereomers (23), (24),
(25) and a mixture of (26) and (25).
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threo (3aa,5aB,9ba)-3,5a-dimethyl-3a-hydrory-3a,4,5,5a,6,7,8,9b-
octahydronaphtho - (1, 2-b]-furan~2-(3H)-on {(23). M.p. 114-116°C
(hexane-diisopropyl ether). (Found: C, 70.72; H, B.48; C;4H,q03
requires C, 71.16; H, 8.53%). m/z (CI) 237 (M++1, 11%), 236 (M, 2),
219 (M-OH, 100), 191 (M-OH, -CO, 19), 163 (15); V.. (CHC13) 3610~
3240 (OH), 3550 (OH), 3030-2820 (C-H), 1770 (y-lactone), 1660 (C=C),
1310-1170 em™! (C~0); 6y 1.12 (3R, s, 5a-Me), 1.29 (3H, d, J 7 Hz,
3-Me), 1.67 (1H, br.s, OH), 1.02-2.44 (10H, m, (4-5)~-H, (6-8)-H),
2.56 (14, g, J 7 Hz, 3-H), 4.42 (1H, br.s, 9b-H), 5.96 (1H, br.tr,
J 3.5 Hz, 9-H).

erythro (3aa,aB,9bo)-3, 5a-dimethyl-3a-hydrozy-3a,4,5,5a,6,7,8,9b-
octahydronaphtho = [1,2-b]-furan-2-(34)-on (24). M.p. 120-121°C (hexane-
diisopropyl ether). GH 1.10 (3H, s, 5a-Me), 1.20 (3H, 4, J 7 Hz, 3-Me),
1.67 (18, br.s, OH), 1.00-2.31 (10H, m, (4-5)-H, (6-8)-H), 2.76 (1H,

q, J 7 Hz, 3-H), 4.31 (iH, br.s, 9b-H), 5.96 (1H, br.tr, J 3.5 Hz, 9-H).

threo (3aa,5aB,9aa,9ba)-3a,9a-dihydroxy-3, Sa-dimethyl-3a,4,5,5a,6,7,8,9,9a,9b-
decahydronaphtho-[1,2-b] -furan-2-(3H)-on (25). M.p. 151-153°C (diiso-

propyl ether-hexane). (Found: C, 66.0; H, B.75%; M++1 255.1592;

C14H2204 requires C, 66.12; H, 8.75%; M+l 255.1596); m/z (CI) 255

(M+1, 4%), 237 (M-OH, 38), 220 (M-20H, 15), 219 (M-H,0, -OH, 100},

191 (M-H0, -OH, -CO, 13); Vpax (CHC1l3) 3640-3200 (OH), 3010-2820

(C-H), 1760 (y-lactone), 1250-1110 cm'1 (C~0); GH 1.07 (3H, s, S5a-Me),

1.27 (3R, 4, J 7 Hz, 3-Me), 1.54 (14, br.s, OH), 0.92-2.20 (12H, m,

(4-5)~-H, (6-9)-H), 2.48 (1H, q, J 7 Hz, 3-H), 3.34 (1H, br.s, OH),

3.90 (1H, s, 9b-H).

erythro (3aa,SaB,9aa,9Iba)-3a,9a-dihydroxy~3,5a-dimethyl-3a,4,5,%,6,7,8,9,
9a, Sb~decahydronaphtho-[1,2-b) -furan-2-(3H)-on (26). 6y (from a 1:1 mixture
with (25)) 1.08 (3H, s, Sa-Me), 1.28 (3H, 4, J 7 Hz, 3-Me), 2.56 (1H,

q, J 7 Bz, 3-H), 3.93 (1H, s, 9b-H).
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Hydrolysis of epoxyesters (17-19)

Hydrolysis was performed according to the described method for (13-16),
except that 6 M sulphuric acid was used. In thais way a one-pot experi-
ment afforded 475 mg (out of 300 mg of (7)) of a crude product con-
taining 23% of (32) and (33), and 46% of (29) and (30).

threo (3aa,5aB,9a,9aa,9ba)-3a,9a-dihydroxy-3, Sa, 9~trimethyl-3a,4,5,5a,6,
7,8, 9,9, 9b-decahydronaphtho-(1,2-b|-furan-2-(3H)-on (29). M.p. 147-151°C
(diisopropyl ether-hexane). (Found: C, 66.87; H, 8.98%; M++1 269.1748;
CygHy40,4 requires C, 67.14; H, 9.01%; M+1 269.1753); v .. (KBr) 3620-
3280 (OH), 3010-2820 (C-H), 1755 (y-lactone), 1250-1110 cm™! (C-0);

8y 0.93 (3H, 4, J 7 Hz, 9-Me), 1.08 (3H, s, 5a~-Me), 1.29 (3H, 4, J 7 Rz,
3-Me)}, 0.73-2.31 (11H, m, (4-5)-H, (6-9)-H), 1.56 (1H, br.s, OH), 2.49
(18, q, J 7 Hz, 3-RH), 3.22 (1H, br.s, OH), 4.18 (lH, s, 9b-H).

erythro (3aa,b5aB,9a,9a0,9ba)=-3a,a-dihydroxy=-3, 5a,9-trimethyl-3a,4,5,5a,6
7,8,9,9a,9b~decahydronaphtho-|1,2-b] -furan-2-(3H)-on (30). M.p. (of a

2:1 mixture with (29)) 156-166°C (diisopropyl ether-hexane). GH (from

a 2:1 mixture with (29)) 0.92 (3H, 4, J 7 Bz, 9-Me), 1.05 (3H, s, 5a-Me),
1.20 (3H, 4, J 7 Hz, 3-Me), 1.58 (1H, br.s, OH), 2.79 (1H, q, J 7 Hz,
3-H), 3.46 (1H, br.s, OH), 4.04 (1H, s, 9b-H).

threo (18,4aB,7B,88,8aB)~1,4a-dimethyl-8-hydrozy-perhydro-1, 7-epoxy—
naphthalene-7-(2'-methyl)-acetic acid methylester (32). M.p. 116-119°C
(di11sopropyl ether-hexane). (Found: C, 68.11; H, 9.31; C16H2694
requires C, 68.06; H, 9.28%); m/z (CI) 283 (M++1, 33%), 282 (M, 6),
267 (M—CH3, 20), 265 (M-0H, 66), 251 (M-OCH3, 10), 249 (M-CH3, -A,y0,
12), 247 (28), 233 (M_HZO’ —OCH3, 100) ; Vnax (CHC14) 3620 (OH), 36B80-
3410 (oH), 3010-2840 (C-H), 1730-1700 (CO), 1450 (C-H), 1280-1120 cm~1
(C-0); BH 1.15 (3H, s, 1-Me or 4a-Me), 1.22 (3H, s, 1-Me or 4a-Me),
1.30 (34, 4, J 7 Hz, 2'-Me), 1.09-2.02 (11H, m, (2-4)-BH, (5-6)-H,
8a-H), 2.82 (1H, q, J 7 Hz, 2'-H), 3.72 (3H, s, COOMe), 3.88 (1H,
br.s, OH), 4.76 (1H, 4, J 5 Hz, 8-H).
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erythro (18,4aB,78,88,8aB)-1,4a~dimethyl-8-hydroxy-perhydro-1, 7-epoxy—
naphthalene-7-(2'-methyl)-acetic acid methyl ester (33). M.p. 114-117°C
(hexane-diisopropyl ether). GH 1.14 (3H, s, 1-Me or 4a-Me), 1.17 (3H,
s, 1-Me or 4a-Me), 1.26 (3, 4, J 7 gz, 2'-Me), 1.05-2.11 (11H, m,
(2-4)-8, (5-6)-H, 8a-H), 2.56 (1H, br.s, OH), 2.72 (1H, q, J 7 Hz,
2'-Me), 3.71 (3H, s, COOMe), 4.80 (1H, d, J 5 Hz, 8-H).

Reactions with trimethylsilyl trifluoromethane sulfonate; preparation
of (23), (24) and (36)

The reactions were performed according to the method of Noyorlzs,
with the omission of DBU, however.

To a stirred mixture of toluene p.a. (10 ml) and 2,6-lutidine (2 ml),
cooled to 0°C and under an atmosphere of nitrogen, TMS10Tf (2 ml, 10.3
mnol) was added. The resulting mixture was cooled to -78°C and crude
epoxyester (450 mg, ca. 1.5 mmol) 1in toluene p.a. (5 ml) was added in
5 min. The mixture was stirred for 4 h at -78°C and then allowed to
come to room temperature. Stirring was continued for another 64 h

and work up was performed as described in reference 26. The products
were dissolved in THF (35 ml) and 1 M hydrochloric acid (25 ml) was
added. After stirring for 4 h brine (25 ml) and diisopropyl ether (35
ml) were added and the organic layer was separated off. The aqueous layer
was extracted with diisopropyl ether (2 x 25 ml) and the combined
ethereal extracts were dried (Na2504). Evaporation of the solvent
delivered the crude products.

In the case of the epoxyesters (13)-(16) m.p.l.c. of the crude
product, using diisopropyl ether-hexane (9:1), afforded a 2:1 mixture
of (23) and (24) (220 mg, 62%). In the case of the epoxyesters (17-19)
the crude product was purified by distillation under reduced pressure
using a Bdchi Kugelrohr oven. The fraction collected at 125-165°C/

0.9 mmRg was crystallized using diisopropyl ether-hexane yielding
90 mg (20%) of (36). Recrystallization from diisopropyl ether-hexane
afforded 70 mg of an analytically pure sample.
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(3aa, 5aB, 9awa, 9ba)-3a-hydroxy-3, 5a, 9-trimethyl-3a, 4,5, 5a,6,7,9a,9b-octa-
hydronaphtho- |1, 2-b) - furan-2-(3H)-on (36). M.p. 148-151°C (diisopropyl
ether-hexane). (Found: C, 71.98; H, 8.90%; M++1, 251.1646; C1532203
requires C, 71.97; H, 8.86%; M+1 251.1647); m/z (CI) 252 (M+2, 15%),
251 (M+1, 90), 233 (M-OH, 100), 205 (M-OH, -CO, 22), 177 (M-CO,, -2Me,
69) ; Viax (KBr) 3610-3280 (OH), 3590 (OH), 3060-2820 (C-H), 1765
(y-lactone), 1270-1150 cm™! (C-0); GH 0.92 (3H, s, 5a-Me), 1.00-1.97
(74, m, (4-5)-H, 6-H, 9a-H), 1.19 (3B, 4, J 7 Hz, 3-Me), 1.57 (1H,
br.s, OH), 1.81 (3H, br.s, 9-Me), 1.97-2.30 (2H, m, 7-H), 2.76 (1H,

q, J 7 Hz, 3-H), 4.21 (18, 4, J 9 Hz, 9b-H), 5.36-5.48 (1H, m, 8-H).

Reaction with TFA; preparation of (23), (24), (32) and (33)

To a vigorously stirred mixture of TFA (10 ml) and THBF (5 ml), cooled
to 0°C, the crude epoxyester (450 mg, ca. 1.5 mmol) in THF (5 ml) was
added in 10 min. The color of the reaction mixture turned into dark
blue and stirring was continued for 1.5 h at 0°C. The reaction mixture
was then poured into a mixture of brine (50 ml) and crushed ice (100 g)
and the resulting mixture was stirred for 0.5 h. Diisopropyl ether (35 ml)
was added and the organic layer was separated. The aqueous layer was
extracted with diisopropyl ether (2 x 25 ml). The combined ethereal
layers were washed with brine to neutral and dried (Na,504), and the
solvent was evaporated. M.p.l.c. using silica gel and diisopropyl
ether-hexane (9:1) afforded the pure products. In this way a mixture
of (23) and (24) (30 mg, 6%), and a mixture of (32) and (33) (140 mg,
38%) were obtained.
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CHAPTER VI

Introduction

Within the class of bis-y-lactones (bislactones) various types
(2-5) can be distinguished. For several of them, e.g. the avenacio-

lides (3), the canadensolides (4) and the lignanolides (5) synthetic

routes have been published 1in the literature'™?. Bislactones of type

(2), occurring in only two classes of natural products, viz. the

“ (6) and glucaric acid derivatives® like

pulvinic acid anhydrides
(7), have attracted much less attention uptil now. The rather simple

representative D-glucaric acid 1,4-3,6-bislactone (2, Rl = R2 = R3 =

7

RO = H, r% = R® = OH) 1s well lnvestlgateds. Weyerstahl and coworkers
published the synthesis of (8); Elvadge et al.? as well as Janda et
al.® that of (9). A general procedure for the prepration of (2) has
not been described, however. It may be noted that all bislactones
mentioned here, are ¢is compounds; to our knowledge the corresponding
N\tzc/OMe
R oMe
(1)

1a) R'=Me RZ:=H

(1b) Rz R? = OMe
fic) R' = RZ =Me
R o]
0 R
(5)
0 ) o o 0 0
0 R'CO—COR ‘
mirn ©XO QO
(13b) R'=R%= Me

{13c) R'.R%- Ph
LENO) (13) (14) (15)



trans compounds, probably highly strained, have not been described
in the literature.

During a systematic study of the reactions of ketene acetals (1)
with a variety of 1,2-diketones!® we discovered a potential, simple
and general route to bislactones of type (2). A priori, 1,2-diketones
may yield three different types of cycloaddition products, viz.
oxetanes (10), bisoxetanes (11) and dihydrodioxins (12) (Scheme 1).

It was shown that bisoxetanes (11) are obtained in the ZnCl,-catalyzed
reaction of (la) or (1b) with glyoxal (13a) and in the ZnCl,-catalyzed
reaction of (la) with phenanthrenequinone (14) or acenaphthenequinone

(15). Hydrolysis of (11, R1 = Me, R2 =3 =r? = H) obtained from the

Scheme 1
MeO
MeO—+—0
R! r&3 (10)
R? R O
MeO
( MeO—+——0
R3-€0-CO-Ré —1) | Ré R
Rl | R2
22 ||a3 I (1)
O—ﬁ—OMe
OMe
R' OMe
R’-)-—Ji-om
o] 0 (12)
R QLI

reaction of (13a) with (l1a) gave apart from a diastereomeric mixture
of monolactones in the moderate yield of about 30% a bislactone. As
the hydrolysis conditions were very mild we suppose that the bis-
lactone has the eis structure (17) as a consequence of the presence
of two trans oxetanes in (11). In the monolactone (16a) the hydroxy
function and the propionic acid moiety probably show a trans relation.

A retrosynthetic analysis of the target molecule (2) yields two
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Meiwr

C
1sa) R‘:Me, RZ:H

{1sb) R'=R2=0Me

complementary and related approaches for the synthesis of such compounds.

(Z) Starting from either glyoxal or a suitable 1,2-diketone reaction
with 2 equivalents of (1) under Lewils acid catalysias might yield
a bisoxetane; subsequent hydrolysis should yield symmetrically
substituted bislactones (2) (R3 = RS, R4 = R6). The route 1s
restricted to dicarbonyl compounds which cannot enolize, since
enols add readily to (1) under formation of orthoesters.

(Z7) The use of a precursor of a 1,2-diketone or a-ketoaldehyde in
which one of the carbonyl functions 1s protected or masked might
enable to introduce two different ketene acetal moieties and

may be applied in the synthesis of bislactones (2) in which R3

4 5

and R” are not identical with R° and R®. In this chapter we will

discuss the results of a study of both these routes.

Stereochemical aspects

The stereochemical aspects of the reaction of (la) and glyoxal
(13a) leading to the lactone (16a) and the bislactone (17) have been
outlined in Scheme 2. Apparently, two factors determine the configura-
tion of the products. First, during oxetane formation a trans oxetane
or a mixture of a ¢is and a trans oxetane can be formed. This deter-
mines only the relative configuration at C-4 and C-8 (for numbering
see formula (2)) of the bislactone and at C-3 and C-a (for numbering
see formula (16)) of the lactone, and by that the number of diastereo-
mers and their ratio. Secondly, during the addition of the second

ketene acetal residue attack of the free carbonyl group may occur
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from two different sides with respect to the ketene acetal moiety
which is already present (e¢.g. A > A or A3 in Scheme 2). This deter-

mines whether a mono- or a bislactone ((16) or (17)) will be formed.

Scheme 2
Me e
oMe Me oMe
H . OMe
9 e
gl Me (1a)
-— —
] Re St T
e M ' 4 o] ©
weQ A £ we0
we0 0
A e
Me H Me
Ho~ \)—coom \ B Ho~. Y‘—cooue
Me0OC—1 " “oH HO "~ y—coome
Me H H Me
Os, Me
Me ¢
" ¢ Me
HOQ A—C=0 =0
\(T/ ° ‘mono’ ‘bis’ d
Me00C lactone lactone M
Me "
Cat
{ ]
Me OH -0\ OMe
meooc— L _on N ial S 1 tia) Re
N Me 21 H00 2) Hy0'
H Mo HH
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Under conditions which do not imply chelation-control! the primary
formed mono-oxetane will have the preferential conformation A, due
to electrostatic repulsion of the oxygen atoms. Attack of the second
ketene acetal residue can be described by the Felkin modelll 12,
Approach of (l1a) from the less-hindered Re-face leads to Al and
after hydrolysis to Az, in which only one lactone ring can be closed
under the mild acidic conditions (+ (16a))*. Attack of (la) on A at
the more-hindered Si-side yields A3, and after hydrolysis A4, which
will readily close to a bislactone.

Under chelation-controlled conditions!?’??

, the primary formed
oxetane will likely adopt the conformation B due to the a-chelation
of the Lewis acid catalyst used. Chelation of the catalyst with the
carbonyl function and one of the methoxy oxygen atoms is rather
unlikely since the formation of a 7-membered ring is rather un-
favoured. As depicted in Scheme 2 attack of (1a) on B from the less-

! to the bislactone

hindered Si-face leads now vig the intermediate B
(2) (R! = R2 = 3 = RS = B, R% = R® = Me), whereas attack from the
more-hindered Re-face now leads to the monolactone (16a).

The same reasoning holds for reactions of (1) with OH-protected
a-hydroxyaldehydes or -ketones, which proceed via conformation C
('Felkin' conditions) or conformation D (chelation-controlled condi-

tions (Figure 1).

Figure 1
Cat.
o H g o b @
X—0, , R' 5 X 0\ :1iR2
P_J<Z00Me COOMe
0 HH
C D

*Closure of two lactone rings in Az should lead to a highly strained
trans bislactone. When possible this should need anyhow extreme,
and forcing reaction conditions.
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In conclusion, it can be stated that for routes to ¢iS bislactones
(2), either fromnon-cyclic 1,2~diketones or from protected a-hydroxy-
aldehydes or -ketones, chelation-controlled reaction conditions are
necessary during the introduction of the second ketene acetal moiety.
The formation of chelates is delicately influenced by factors as size
and coordination sphere of the Lewis acid, the solvent and the reac-

tion temperaturell.

Synthestis of the monolactones (16), (20-23), and the bislactone (17)

from (1) and glyoxal (13a)

In a previous paperlo it was demonstrated that non-cyclic 1,2-
diketones other than (13a), e.g. (13b,c), yield only oxetanes (10)
(Scheme 1) in the reaction with (1), even when ZnCl, is useqd as a
catalyst. Only in one case an a-ketoaldehyde, having R3 = H, r4 = Me
(Scheme 1) could be converted into a bisoxetane (11) in reaction
with an excess of (la) and in the presence of chl2 as a catalyst.
Therefore we concentrated in our study on the reaction of (13a)
with (1). Glyoxal (13a) was prepared according to the method of
RBarries and Temme!" by heating the anhydrous polymer with P,0g. The
greenish-yellow glyoxal was directly introduced into a cooled
(-30-40°C) solution of an excess of (la) in an appropriate solvent
via a wide and short connector. This led to immediate decolouration.
Repeated experiments showed that dry THF is the solvent most suited;
the rate of polymerization of (13a) in this solvent is definitely
lower than in the formerly used acetonitrile. In dichloromethane,
the solvent most-suited for reactions under chelation-controlled

conditions!?

, roughly the same rate of polymerization was observed
as in acetonitrile. Since (la) and (13a) react already without a
Lewis acid catalyst the stereochemical outcome of the reaction cannot
well be influenced. Addition of a Lewis acid (e.g. ZnCl, or MgBr,)
resulted only in faster polymerization of (13a). Hydrolysis of both
the bisoxetanes obtained via reaction in THF and via reaction in
CHzclz gave 25-30% bislactone (17), just like the outcome of the

reaction in acetonitrile. Product (17) is supposed to be formed from
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a bis~-trans oxetane having conformation A3, The accompanying mono-
lactones (16a) in both cases were isolated in cag. 50% yield and as
a mixture of isomers.

The reaction of an excess of (1b) with (13a) appeared rather
slow; the greenish-yellow colour of the reaction mixture remained
for ca. 2% h. After decolouration the lH n.m.r. spectrum of the crude
reaction mixture showed that the glyoxal signal had disappeared but
another aldehyde signal (a doublet at 8y ea. 9.5 ppm) had appeareq,
indicating that the oxetane (18) had been formed. The oxetane appeared
to be rather stable; it could even be purified to ca. 90% by rapid
bulb to bulb distillation.

OMe
0 <OMe
OMe MeO I Me
9 —ome | Me
OMe MeQ
OHC < oMe Meg” 0

(10) s)

Addition of 2nCl,; to the colourless reaction mixture gave in gocod
yield the bisoxetane (19) which could be purified by crystallization.
The product (19) could be synthesized directly by introducing (13a)
into a THF solution containing an excess of (1b) in the presence of
ZnCl,. Hydrolysis of (19) gave no bislactone but only the monolactone
(16b) in good yield.

The unexpected stability of (18) gave an unforseen opportunity
to test the synthesis of bislactones from (13a) and two different
ketene acetals (1). It was uncertain whether the Lewis acids used
were capable of complexation with the oxetane ring and the aldehyde
function in an intermediate like (18). However, there are examples
in which one of the chelating groups is part of a three-membered
ring (e.g. an epoxide or aziridine) or a five-membered ring (e.g.
y1t

a tetrahydrofuran . When no chelation takes place a complex mixture

of monolactones is to be expected (Scheme 3).

91



Scheme 3

MeO OMe
N
Me00C—© o
H R?
H o
OMe OMe OMe
MeO OMe MeO CQOOMe
H-1+—0 Hy,0® H——OH
—
H4—o0 H——OH
R OMe R'—{- COOMe
RI OMe Rr?

Reaction of (18) with (la) was tried with the Lewis acids ZnClj; and
MgBrzls, other catalysts (e.g. AlCl,Et and AlCl,0bornyl) appeared too
harsh resulting in polymerization of (13a) formed in the retroreaction
of (18). Acetonitrile or dichloromethane were used as the solvent and
the reaction temperature was varied from 0°C to -40°C. Unfortunately,
the freshly prepared MgBr, catalyst appeared rather unreactive as it
gave only substantial conversion at temperatures higher than 0°C.

In all cases the product (yield 70-80%) after hydrolysis was a ca.

4:5 mixture according to capillary GC. The IH n.m.r. spectrum of the
mixture showed that a bislactone was not present and that a mixture

of monolactones had been formed. However, the g n.m.r. spectrum did
not allow to decide whether a mixture of two lactones (20) and (21)
had been formed or a mixture of diastereomers of one of them, different

at the centre bearing the Me-group.

0 0
Me 0 OMe
OMe
MeO | Y Me P
MeO OH OH
COOMe COOMe
(20)

(21)
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0 OMe Me
OMe Me
M kY MeO 1Y
Me OH MeO OH
COOMe COOMe
{22) (23)

Reaction of (18) with (1b) under zZnCly catalysis in dichloromethane
at 0°C gave after hydrolysis the monolactone (16b); MgBry was not
active enough to catalyze the reaction of (18) with (1b) and (1c)
(v.%Z.), probably due to the much lower reactivity of (1b) and (ic)
with respect to (1la).

Reaction of (18) with (ic) under ZnCl, catalysis at 20°C in di-
chloromethane resulted in the formation of a 3:1 mixture of mono-
lactones according to capillary GC and the lg n.o.r. spectrum of the
product mixture. The lactones were assigned the structures (22) and
(23), since the IH n.m.r. spectrum showed three singlets for the Me-
groups present in a ratio of 6:1:1, indicating that the lactone (22),
having the -C(Me)j-group in the side chain, is probably in excess.

The experiments described above demonstrate that at least under
the conditions used chelation does not play an important role in
controlling the oxetane formation. Formation of bisoxetanes vig

conformation A3

is apparently not possible with disubstituted ketene
acetals according to the stereochemistry outlined in Scheme 2. This
can be ascribed to crowding of the substituents in the 3-position of

these oxetanes.

Synthesis of bislactones (25) and (27) from (la) and cisoid 1,2-di-
ketones (14) and (15)

In a previous paper, it was already shown that fixed cisoid diaryl-
1,2-diketones (e.g. (14)) are more reactive towards ketene acetals
than their corresponding acyclic analogues (e.g. (13¢))'°. In order

to check the stereochemical control in the oxetane formation from
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1,2-diketones having the carbonyl function in a fixed cisoid position
we reinvestigated the reaction of (la) with phenanthrenequinone (14)
and acenaphthenequinone (15). We expected that the attack of the
second ketene acetal in these flat diketones should always be on the
side opposite to the already present oxetane ring. Consequently,
hydrolysis of the bisoxetane should deliver the corresponding bis-
lactones in high yield.

Reaction of (la) with (14) under the conditions previously described
gave the bisoxetane (24) in good yield. The la n.m.r. spectrum of the
product showed only one doublet at §p 1.40 ppm for the Me-resonances,
pointing to a single diastereomer. Hydrolysis of (24) with hydro-
chloric acid in THF gave a bislactone in high yield. Again, we isolated
only one diastereomer and assigned configuration (25) to it, as this
configuration arises from (24) having the most stable trans configura-

tion for the oxetane rings.
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In the same way (15) was converted into (26) via a similar reaction
sequence and then after hydrolysis into a 9:1 mixture of two dia-
stereomeric bislactones in an overall yield of 45%. The major isomer
of the two bislactones was assigned configuration (27) vig a

similar reasoning as given for (25).

Synthesis of the bislactones (40) from a 1,2-dicarbonyl compound in

which one of the carbonyl groups is protected or masked

In order to judge the usefulness of a route in which one carbonyl
group is protected we chose the commercially available protected
pyruvaldehyde (28) as the starting compound. Reaction of (28) with (1a)
in acetonitrile and under 2nCl, catalysis resulted via a one~-pot
reaction'® in a good overall yield of the corresponding B-hydroxy-
ester (29) as a 2:1 diastereomeric mixture. Deprotection of the
carbonyl function using dilute acid, in order to get the a-hydroxy-
aldehyde, proved to be a very tricky procedure. Various acidic con—
ditions led either to the starting material or to a complex mixture
of products in which at most ca. 25% of the desired aldehyde (30)
was present. Therefore, we changed to a route in which the second

carbonyl group can be introduced under mild acidic or neutral con-

ditions.
q H ?H
CH;—!:—CH(OMe)z CH3—C—CH(OMel, CHg—tI:—CHO
(28) CHICH3) ) CHICHy)
COOMe COOMe  (30)

In this route the starting compound is an a,B-unsaturated carbonyl

compound*. As a varilety of such compounds is readily available this

*In the reactions of a,Bf-unsaturated compounds with (1) there is always
a risk of a competing (4+2) cycloaddition reaction. In general, the
(4+2) cycloaddition occurs at higher temperatures and requires stronger
Lewis acids as catalysts, see C.G. Bakker, J.W. Scheeren and R.J.F.
Nivard, Reel. Trav. Chim. Pays-Bas, 1981, 100, 13.
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choice for the parent compound garantees a wide applicability of the
procedure. The olefinic double bond in the compounds is used as a
masked carbonyl function, which is liberated by ozonolysis at a suit-
able step of the procedure. The ozonolysis, a rather mild technique,
is the key reaction in the procedure. In Scheme 4 the route 1s out-
lined starting with crotonaldehyde, a simple, masked glyoxal equiv-

alent.

Scheme 4

H
OH-protection
CHy—CH=CH—cHo  Wlal/Cat CH;-CH=CH—EH—CH—CO0Me Zi-protecon,
21Hy0 i
CHs3
0-x o -X
3
Hy—CH=CH—CH—CH—COOMe ——— = OHC—CH—CH—COOMe
CHs | MeOH/-78 |
CH3 CH3
0
]
1)11a)/Cat. 2IH,0" Q Me Me
+
3)deprotection 4&IH* Y
Me (40} Me OH
COOMe
0

Crotonaldehyde reacts regioselective with (1a); in THF at -78°C and
in the presence of Alclzobornyl18 in diethylether as a catalyst the
expected oxetane was formed. Addition of an excess of methanol and
subsequent hydrolysis of the intermediate orthoester gave the
B-hydroxyester (31) in good yield (70-76%) as a 2:1 threo-erythro
mixture. This low temperature method gives somewhat better yields
than the method previously described using ZnCl, and acetonitrile

at 10°c!®, The hydroxy group in the B-hydroxyester had to be protected
to prevent reaction of the OH-group in a latter stage; the protection
is also useful because it avoids dimerisation. In our first experi-
ments we used the acetoxy group for the OR-protection. The function
is stable during ozonolysis and its presence or absence can easily

be recognized by 1H n.m.r..
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The hydroxyester (31) was quantitatively acylated using acetic
acid anhydride and dimethylaminopyridine (DMAP) according to the
method of Steglich“. Ozonolysis of the resulting product (32) in
methanol at -78°C gave, after reduction with dimethylsulfide (DMS)
and subsequent distillation, the protected (33) in good yield
(70-75%). Reaction of (33) with (la) in acetonitrile as the solvent

and under chl2 catalysis gave after hydrolysis of the intermediate

oxetane the crude monolactone (34). However, direct saponification

of this crude product in dioxane with sodium hydroxide delivered

after acidification to pH 3 neither the hydroxylactone (16a) nor

the bislactone (40), but the butenolide (35) as a consequence of

elimination of the acetoxy group. Change of the solvent from dioxane-

water to dioxane-methanol led to the corresponding methylester (36).

-X
CHa—CH=CH-CH-?H—CO0Mc
CH3
3)X=H
(32)X=Ac
{37)X=CH{Me)OEL
{38)X=THP
(411X= CH,Ph

Me

X
OHC—CH—CH—COOMe
Ha

(3)X=Ac

{39) X=CH(Me}OEt
(62)X=THP

(43 X= CH,Ph

Me
Me OAc Me
COOMe COOR
(34) {35) R=H
(3) R=Me

At first sight the quick elimination of the acetoxy group seemed to

be advantageous; it reduced the number of diastereomeric products,
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and according to tle %illwin rules??! a compound like (35) should be
capable of ring-clo-ure g a 5-.& =-trig react:on and might be con-
verted completely 1n this way into the bislactone (40). Unfortunately,
(35) appeared to be extremely unreactive. Ring-closure to (40) could
neither be attained by acid activation of the double bond (conc.
sulphuric ac1d®s?, trifluorocacetic acid, mercury (I)oxide in acetone-
sulphuric acid), nor vig bromo- or iodolactonization®?, nor via epoxida-
tion of the double bond (hydrogen peroxide/NaOH, sodium hypochlorite

in pyrldlne23

, m—CPBA 1n refluxing CEC13). In all these attempts (35)
was regained quantitatively.

So, introduction of another protective group (X) in (31) was
necessary. We chose the ethoxyethyl group (CH(Me)OEt, see (37)) which
appeared more easy to handle than the THP group (see (38)) in the
further reaction sequence. Compound (37) was obtained in good yield
according to the method of Tufariello?®. Ozonolysis of (37) delavered
the aldehyde (39) 1in a yield of 5B8% after distillation.

Reaction of (39) with (la) both i1n acetonitrile and in dichloro-
methane under ZnCl, catalysls at 0°C resulted in a diastereomeric
mixture of lactones (16a). However, reaction of (39) with (la) under
MgBr2 catalysis at room temperature both i1n acetonitrile and dichloro-~
methane gave in Tow yield (ea. 17%) a mixture of mainly three of the
four possible dic.-tereomeric bislactones (40) according to capillary
GC and !H n.m.r. Capillary G.C. also showed that one of these isomers
was possibly identical with the isomer (17) obtained from (la) and
\13a). The reaction of (39) with (1a) could not be performed at lower
temperature due to the low activating power of the MgBr, catalyst.

A low temperature (-78°C) experiment with (39) and (la) using AlCl,0-
bornyl as the catalyst resulted in the formation of monolactones
(16a) . The results demonstrate that the Lewis acid MgBr, 1s most apt
for a-complexatlonlS, but that 1t 1s not very active as a catalyst.
Therefore, 1t has to be used at relatively high temperatures. As a

consequence the yield of bislactones is low.
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Coneluston

Further studies have to reveal whether the yield can be increased
by the use of another protective group, having better chelating power
and not introducing an additional chiral centre. In this respect the
benzyl group (compounds (41) and (42)) seems promising as it is
especially suited for reactions under chelation-controlled conditions'®.
Furthermore, the use of MgBr, in equimolar amounts may enable a
lowering of the reaction temperature; this may result in a better
stereoselectivity and a higher yield of bislactones. These reactions

are currently under investigation.
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Experimental

General methods

M.p.s are uncorrected. 1H n.m.r. spectra were recorded on a Varian
T60, Varian EM-390, or a Hitachi Perkin-Elmer R-24B spectrometer in
CDCl, solution with SiMe, as internal reference. All OH-resonances
could be exchanged with D,0 or CD30D. Mass spectra were obtained with
a Varian SM1-B double focussing mass spectrometer, or with a VG 7070E
mass spectrometer. IR spectra were measured with a Perkin-Elmer
spectrophotometer model 397. Ozone was produced with a Fischer Ozone-
generator. MgBr, was freshly prepared according to the protocol of

26

Brandsma“®. All other general methods were identical with those

described in previous chapters.

Preparation of the lactones (16a) and the bislactone (17)

Thoroughly dried glyoxal polymer (2.5 g) was mixed with P,0g
(12.5 g) and depolymerized as described'*. The resulting green-yellow
glyoxal (13a) was condensed in a cooled (-40°C) flask containing a
vigorously stirred solution of (la) (ea. 1.5 g) in THF (20 ml). After
the production of glyoxal had stopped the cooling bath was removed
and the THF solution was allowed to come to room temperature. The
polymeric side products were filtered off and the colourless solution
was cooled to -10°C. Hydrochloric acid (2 ml of a 10% solution) was
added and the mixture was stirred vigorously for 2 h at -10°C. The
mixture was allowed to come to room temperature, and brine (10 ml)
and CHyCl; (40 ml) were added. The aqueous layer was separated and the
organic layer was dried (Na,SO,4). After evaporation of the solvents
a crude mixture of products (ca. 1.3 g) was obtained which contained
25-30% (17) and 40-50% (16a). Crystallization from THF, diisopropyl
ether and hexane afforded pure (17) (325-290 mg). Bulb to bulb distilla-
tion of the residue afforded (16a) (520-650 mgq).
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cis 4,8-Dimethyl-2,6-dioxabicyclo[3. 3.0] octane~3, 7-dione (17), m.p.
139-141°C (diisopropyl ether-hexane); (Found: C, 56.13; H, 6.01. Calc.
for CBHIOO4: C, 56.47; H, 5.92%); m/z (EI) 170 (M*, 100%), 126 (M-COZ,
28), 104 (10), 97 (14), 85 (41); ¥ max (KBr) 3000-2850 (C-H), 1785
(y-lactone), 1160 cm ' (C-0); §_ 1.37 (6H, d, J 7 Bz, 4-Me, B-Me),

2.60-3.12 (2H, m, 4-H, 8-H), 4.83-5.05 (2B, m, 1-H, 5-H).

4~Hydroxy~3-methyl-5~(a-methylacetic acid methyl ester)-tetrahydrofuran-
2-on (16a), b.p. 180-190°C/0.5 mmHg; vmax (CEC13) 3450 (OH), 3000-2860
(C-H), 1790 (y-lactone), 1735 (COoOMe), 1160-1080 cm-1 (C-0); GH 1.20-
1.42 (6B, m, 3-Me, a-Me), 2.45-3.10 (2H, m, CH(Me)), 3.20-3.50 (1H,

br.s, oH), 3.70 (3H, s, COOMe), 3.82-4.55 (2H, m, 4-H, 5-H).

Preparation of 2-formyl-3,3,4,4-tetramethoxyoxetane (18)

Compound (18) was prepared according to the protocol for (16a) and
(17) using (1b) (2.0 g) instead of (la). After the cooling bath had
been removed, the mixture was stirred at room temperature until the
yellow colour had disappeared (eca. 2.5 h). Triethylamine (TEA) (0.5
ml) was added and the polymeric side products were filtered off.
Evaporation of the solvent and subsequent bulb to bulb distillation
afforded (18) with a purity of ca. 90% (600 mg), b.p. 180-190°C/0.5
mmAg ; GH 3.28-3.43 (12H, m, OMe), 4.50 (1H, 4, J 2 Hz, 2-H), 9.57
(1H, 4, J 2 Hz, CHO).

Synthesie of lactones (16b), (20)-(23) from (18) and (la), (1b) and
(1c), general procedure.

chl2 (0.25 ml of a saturated solution in acetonitrile) was added to
a stirred mixture of (18) (1.2 g, 5.8 mmol) and (1) (2 eq.) in
acetonitrile (5 ml) at 0°C or -40°C (for (la) only). The mixture was
stirred vigorously (2 h for (la), 16 h for (1b) and 24 h for (lc)).
Then THF (30 ml) was added and the mixture was cooled to -10°C. HCl
{2 ml of a 10% solution) was added and stirring was continued at -10°C
for 2 h. The mixture was allowed to come to room temperature, and
brine (10 ml) and dichloromethane (40 ml) were added. The aqueous
layer was separated off and the organic layer was dried (NastA).

101



Evaporation of the solvents afforded the crude products. Bulb to bulb
distillation afforded product mixtures free from polymeric and other
side products. For all reactions the same product mixtures were isolated,
when dichloromethane instead of acetonitrile was used as the solvent.

In this way were obtained:

Compounds (20) and (21) from (18) and (la), 4:5 mixture (900 mg, 62%),
b.p. 180-200°C/0.8 mmHg; (Found: M'-OMe, 217.0711. C4f 104 Tequires
217.0712); m/z (CI) 218 (10%), 217 (M-OMe, 100), 185 (M-OMe, ~MeOH,

18), 119 (12); v___ (CACl3) 3550 (OH), 3040-2900 (C-H), 1795 (y-lactone),
1735 (COOMe), 1460 (C-H), 1280 (C-0), 1180-1160 cm ' (C-0); §, 1.30

(38, br.d, J 5 Hz, Me), 2.80 and 2.88 (1H, 2dq, J 5 and 1.5 Hz,
-CH(Me)), 3.45 (éH, br.s, OMe), 3.65 (1H, br.s, OH), 3.72 (3H, s,

€OOMe) , 4.10-4.53 (2H, m, —CH(OH) and -CHO-CO-).

Compound (16b) from (18) and (1b)

Crystallization of the crude product from diisopropyl ether afforded
pure (16b) (750 mg, 44%), m.p. 90-92°C (CCl,-n-pentane); (Found:

C, 44.94; H, 6.11. CIIHIBOQ requires C, 44.90; H, 6.17%); m/z (EI)
263 (M-OMe, 100%), 235 (M-COOMe, 37), 203 (M-COOMe, -MeOH, 62), 133
(17); Voax (KBr) 3600-3450 (OR), 3050-2850 (C-H), 1800 (y-lactone),
1730 (COOMe), 1450 (C-H), 1200-1030 cm_1 (C-0); 6y 2.82 (1R, 4, J &
Hz, OH), 3.40-3.48 (12H, 4s, OMe), 3.77 (3H, s, COOMe), 4.33 (1H, 4,
J 5 Hz, 5-H), 4.46-4.68 (1H, m, 4-H).

(3:1) Mizture of (22) and (23) from (18) and (lc), (800 mg, 52%),
b.p. 150-160°C/0.5 mmHg; (Found: M++1, 263.1136. 01131907
263.1131); m/z (CI) 263 (M+1, 1%), 231 (M-OMe, 100), 203 (M-COOMe,
24), 199 (16), 171 (27), 133 (53), 119 (88); Y nax (CACl3) 3550 (OH),
3600-3250 (oH), 3060-2880 (C-H), 1810-1780 (y-lactone), 1745-1710
(CooMe), 1470-1430 (c-H), 1275 (Cc-0), 1180-1030 <:m_1 (C-0); SH 1.17,
1.25 and 1.28 (6H, 3s, (signal ratio 1:1:6), Me), 2.72 and 2.99 (1R,
br.d, J 6 Hz, OH), 3.35-3.47 (6H, 4s, OMe), 3.67 and 3.77 (3B, 2s

(signal ratio 3:1), COOMe), 4.07-4.77 (2H, m, 4-H, S-H).

requires
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Preparation of bisoxetane (19)

Compound (19) could be synthesized using the procedure for (16a).

After addition of ZnCl, the mixture was stirred for 16 h. The solvent
was evaporated and the resulting solid product was recrystallized

twice from tetrachloromethane-hexane, yield 88%, m.p. 161-164°C (lit.ln:
163-165°C) . Spectral data were identical with those described'’.

Preparation of cis phenanthro(4,5~i] -4, 8-dimethyl-2,6-dioxabicyclo

(3. 3. 0)octane-3, 7-dione (25)

ZnCl2 (0.5 ml of a saturated solution in acetonitrile) was added to

a mixture of phenanthrenequinone (14) (2.1 g, 10 mmol) and (1a) (3.03 g,
30 mmol). The mixture was refluxed for 4.5 h. After cooling to room
temperature THF (30 ml) was added and the mixture was cooled to -10°C.
HC1 (2 ml of a 10% solution) was added and the mixture was stirred

for 2 h. Brine (10 ml) and CH2c12 (40 ml) were added and the agqueous
layer was separated off. The organic layer was dried (Na2504) and the
solvent was evaporated to give the crude product. Crystallization

from dichloromethane—ccl4 afforded (25), (2.75 g, 85%), m.p. 185-187°C
(CH,C1,-CCl,); (Found: C, 74.88; H, 4.97. C2051604 requires C, 74.99;
H, 5.03%); m/z (EI) 320 (M+, 81%), 248 (M'-CH(Me)COO, 100), 2.09 (42);
Vpax (KBr) 3100~2980 (C-B), 1785 (y-lactone), 1180 cm_l (C-0) ; GH 1.40
(6H, 4, J 7 Hz, Me), 2.81 (2H, q, J 7 Hz, -CEMe), 7.27-7.94 (BH, m,

phenanthrene-H) .

Preparation of cis acenaphtheno[1,2-{]-4,8-dimethyl-2,6-diozabicyclo
[3. 3. 0] octane-3, 7-dione (27)

ZnCl, (0.5 ml of a saturated solution in acetonitrile) was added to

a mixture of acenaphthenequinone (1.82 g, 10 mmol) and (la) (3.03 g,

30 mmol) in acetonitrile (20 ml). The mixture was refluxed for 4 h.
After cooling to room temperature TEA (1 ml) was added and the solvent
was evaporated. THF (40 ml) was added and work-up as described for

(25) yielded a crude product. Crystallization from diisopropyl ether
gave a mixture (1.5 g) of two diastereomeric bislactones and a mono-
ester. After repeated crystallization (27) could be obtained completely

free from the mono ester. (27), (9:1 diastereomeric mixture) (1.1 g,
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37%), m.p. 176-181°C (diisopropyl ether—CClq); (Found: C, 73.46; H,
4.76. C,gH. 0, requires C, 73.46; H, 4.80%); w/z (EI) 294 (1, 62%),
221 (M-C3H5°2’ 48), 210 (70), 209 (49), 194 (100), 165 (93), 154 (77),
126 (Clg?G' 85); Vhax (KBr) 3090-2930 (Cc-H), 1790 (y-lactone), 1220-
1150 cm (C-0); GH 1.00 and 1.57 (6H, 24, J 7 Hz, Me), 2.82, 2.86
and 3.33 (2H, 3q, J 7 Hz, CH(Me)), 7.45-8.00 (6H, m, acenaphthene-H).
Careful recrystallization of this 9:1 diastereomeric mixture from di-
isopropyl ether-hexane-dichloromethane afforded a small amount of the
major isomer in pure form; m.p. 190-194°C; (Found: C, 72.9; H, 4.80.
CIBHI4O4 requires C, 73.46; H, 4.80%); 6E 1.56 (6H, 4, J 7 Hz, Me),
2.86 (2H, q, J 7 Bz, CH(Me)), 7.48-7.97 (6H, m, acenaphthene~H).

The spectral data of the mono ester were identical with those given
by Bakker et al.!®.

Synthesis of methyl 1,3-dimethyl-4,4-dimethoxy—-3-hydrozybutanoate (29)
zncl2 (0.5 ml of a saturated solution in acetonitrile) was added to

a mixture of freshly distilled pyruvaldehyde dimethylacetal (2.51 g,
25 mmol) and (la) (3.03 g, 30 mmol) in acetonitrile (15 ml). The
mixture was stirred at 30°C for 16 h. After addition of TEA (0.5 ml)
the solvent was evaporated and THF (30 ml) was added. The mixture

was cooled to -10°C and hydrochloric acid (5 ml of a 1 M solution)

was added. The mixture was stirred for 2 h, dichloromethane (40 ml)
was added, and the agueous layer was separated off. The organic layer
was dried (NaZSOA) and the solvent was evaporated. Distillation afforded
(29) as a 2:1 diastereomeric mixture (4.1 g, 78%), b.p. 66°C/0.8 mmHg;
GH 1.12-1.28 (6H, m, 2-Me, 3-Me), 2.55-2.83 (1H, m, 2-H), 2.92 (1B,
br.s, OH), 3.45 and 3.52 (6H, 2s, OMe), 3.67 (3H, s, COOMe), 4.02
and 4.15 (1H, 2s (signal ratio 1:2), 4-H).

Synthestis of methyl 3-hydroxy-2-methyl-4~hexenoate (31)

A mixture of 2-butenal (7 g, 0.1 mol) and (la) (12.5 g, 123 mmol)
in THF (50 ml) was cooled to -78°C and AlCl,Obornyl (2 ml of a 0.55
M solution in ether) was added under vigorous stirring. The mixture
was stirred for 6 h and after 3 h additional AlClzobornyl (1 ml)
was added. MeOH (6.4 g, 0.2 mol) was added and the mixture was
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allowed to come to room temperature. Sulphuric acid (10 ml of a 0.75
M solution) was added and the mixture was stirred for 30 min at room
temperature. CHZCl2 (75 ml) and brine (20 ml) were added and the
organic layer was separated off. The aqueous layer was extracted with
CH,Cl, (25 ml) and the combined organic layers were dried (Na2504).
Evaporation of the solvent and subsequent distillation afforded (31)
as a 2:1 diastereomeric mixture (11.5 g, 72%), b.p. 54°C/0.5 mmHg
(1it.}%: 98-100°c/15 mnHg) ; 8g 1.12 and 1.17 (38, 24, J 7 Hz, 2-Me),
1.71 (3H, 4, J 6 Hz, 6-H), 1.92 (1H, br.s, OH), 2.32-2.54 (1H, m,
2-H), 3.70 (3H, s, COOMe), 3.95- 4.38 (1H, m, 3-H), 5.25-5.93 (2H,
m, 4-H, 5-H).

Synthesis of protected B-hydroxyesters (32), (37) and (38)

Methyl 3-acetoxy-2-methyl-4~hexenoate (32)

Compound (32) was prepared according to the method of Steglichzo,
yield 92%, b.p. 65-70°C/0.4 mmHg; GE 1.11 and 1.16 (3H, 24, J 7 EHz,
2~Me), 1.71 (3H, &, J 6 Hz, 6-H), 2,00 and 2.04 (3H, 2s, OAc), 2.70
(1H, br.q, J 7 Hz, 2-H), 3.67 (3H, s, COOMe), 5.23-6.04 (3H, m, 3-H,
4-H, 5-H).

Methyl 3-(1-ethoxyethoxy)-2-methyl-4-hexenoate (37)

Compound (37) was prepared according to the protocol of Tufarielloz“,
yield 84%, b.p. 75°C/0.5 mmAg; GB 0.97-1.32 (9H, m, 2-Me, CH(Me)OCH
1.62-1.768 (3H, m, 6-H), 2.33-2.83 (1R, m, 2-H), 3.13-4.25 (3H, m,
OCH,-Me, 3-H), 3.63 (3H, br.s, COOMe), 4.45-4.80 (1H, m, OCH(Me)),

2
4.97-5.75 (2H, m, 4-B and 5-H).

Z‘Me) '

Methyl 2-methyl-3-tetrahydropyranyloxy-4-hexenoate (38)

Compound (38) was prepared according to the method of Olah?® using
acidic DOWEX W-50 as the ion exchange resin, yield 77%, b.p. 95-104°C/
02. mmHAg; (Found: C, 64.21; H, 8.99. Cy 38,70, requires C, 64.44; H,
9.15%); m/z (CI) 243 (M'+1, 16%), 159 (M-CcHgO, 63), 142 (17), 141
(M—-OTEP, 100), B85 (100); 6 1.04 and 1.08, 1.24 and 1.27 (3H, 44,

J 7 Bz, 2-Me), 1.42-1.83 (6H, m, 3'-5'-H), 2.42-2.80 (1H, m, 2-H),
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3.31-3.91 (2H, m, 6'-H), 3.64-3.72 (3H, 4s, COOMe), 3.99-4.31 (1H, m,
3-8), 4.60-4.79 (1H, m, 2'-H), 4.97-5.97 (2H, m, 4-H, 5-H).

Synthestis of aldehydes (33), (39), and (42), general procedure

TBA (3 ml) was added to a stirred solution of the appropriate
methyl hexenoate (30 mmol) in MeOH (150 ml). The mixture was cooled
to -78°C. A stream of ozonised oxygen (2.5 g 04 per h) was passed
through the solution, until a blue colour persisted (ca. 0.6 h). The
solution was then flushed with N2 for 5 min to remove the excess of
ozone. Dimethylsulfide (2.5 ml) was added dropwise to the solution
and the mixture was stirred for another 30 min at -78°C. After the
solution had come to room temperature the MeOH was largely evaporated.
Water (100 ml) and dichloromethane (50 ml) were added and the agqueous
layer was separated. The organic layer was washed with water (3 x 25 ml)
in order to remove all dimethylsulfoxide. The combined agueous layers
were extracted with dichloromethane (35 ml) and this dichloromethane
layer was extracted with water (35 ml). The combined organic layers
were dried (Na2504) and the solvents were evaporated. Distillation
afforded the pure products. In this way were prepared:

Methyl 3-acetoxy-2-methyl-4-oxobutanoate (33), (4.1 g, 72%), b.p.

58-60°C/0.5 mmHg; m/z (CI) 189 (M++1, 100%), 157 (M-OMe, 100), 129
(H—C253023, 25), 43 (36); GH 1.18 and 1.23 (3H, 24, J 7 Hz, 2-Me),
2.13 (3R, br.s, OAc), 2.75-3.37 (i1H, m, 2-H), 3.63 (3H, s, COOMe),

4.97 and 5.15 (18, 24, J 5 Bz, 3-H), 9.45 (1H, br.s, CHO).

Methyl 3-(1-ethoxyethoxy)-2-methyl-4-oxo-butancate (39), (3.8 g, 58%),
b.p. 95-100°C/0.8 mmHg; 6H 1.05-1.38 (94, m, 2-Me, CH(Me)OCH,-Me),
2.70-3.08 (1B, m, 2-H), 3.48 (2H, br.q (signal partially hidden under

COOMe signal), J 4 Hz, OCH, -Me), 3.65 (3H, s, COOMe), 3.66-3.90 (signal

2
partially hidden under COOMe signal) and 4.02-4.28 (1H, 2m, 3-H),

4.55-4.90 (1H, m, OCH-(Me)OEt), 9.53-9.67 (iH, m, CHO).
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Methyl 2-methyl-4-oxo-3-tetrahydropyranyloxybutanoate (42), (4.25 g,
61%), b.p. 90-92°C/0.5 mmHAg; GH 1.16-1.32 (3H, m, 2-Me), 1.40-1.90 (6H,
m, 3'-5'-H), 2.76-3.19 (1H, m, 2-H), 3.31-4.03 (2B, m, 6'-H), 3.69 (3H,
br.s, COOMe), 4.17-4.60 (1H, m, 3-H), 4.68-4.79 and 4.87-4.99 (1H, 2m,
2'-B), 9.67 (1R, br.s (with fine splitting), CHO).

Synthesie of (35) from (33) and (la)

chl2 (1 ml of a saturated soluticon in acetonitrile) was added to a
mixture of (33) (2.82 g, 15 mmol) and (ia) (2.05 g, 20 mmol) in
acetonitrile (10 ml). The mixture was stirred for 3 h at room tempera-
ture. Then TEA (1 ml) and THF (30 ml) were added. The mixture was
cooled to -10°C and sulphuric acid (10 ml of a 0.75 M solution) was
added. After stirring at -10°C for 2 h dichloromethane (40 ml) was
added and the organic layer was separated. The aqueous layer was ex-
tracted with dichloromethane (25 ml) and the organic layers were
combined. The solvents were evaporated and dioxane (30 ml) and water
(5 ml) were added. Sodium hydroxide (10 ml of a 2 M solution) was
added and the mixture was stirred again for 16 h at room temperature.
The mixture was then extracted with chloroform (50 ml) and hydrochloric
acid (a 6 M solution) was added until the pH was ca. 2. Chloroform

(50 ml) was added and the organic layer was separated off. The aqueous
layer was extracted with chloroform (2 x 20 ml) and the combined
organic layers were dried (Na,;SO4). Evaporation of the solvent de-
livered (35) with a purity of ca. 95%; it was used without further
purification.

m/z (CI) 171 (M+1, 100%), 153 (M-OH, 46), 125 (M-COOH, 34), 97

(M-CH (Me)COOH, 23); GH 1.15 and 1.27 (3H, 24, J 6 Hz, 2'=Me), 1.93
(3H, br.s, Me), 2.53-3.15 (1H, m, 2'-H), 4.98-5.30 (1H, m, 5-H), 7.13
(1H, br.s (with fine splitting), 4-H), 9.30 (1H, br.s, COOH).

Synthesis of cis 4,8-dimethyl-2,6-diozabicyclo[3.3.0]octane-3, 7-dione
(40) (mizture of diastereomers) from (39) and (la)

MgBr2 (0.5 ml of a saturated solution in acetonitrile) was added to

a mixture of (39) (0.5 g, 2.3 mmol) and (1a) (0.4 g, 3.96 mmol) in
dichloromethane (5 ml) at 25°C. The mixture was stirred for 3 h, then
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cooled to -78°C and finally MeOH (2 ml) was added. The mixture was
stirred at -78°C for 30 min and then allowed to come to room temperature.
The solvents were evaporated and THF (30 ml) and 32504 (5 ml of an 0.5 M
solution) were added. The mixture was stirred again for 1 h and dichloro-
methane (40 ml) and brine (10 ml) were added. The organic layer was
separated off and the aqueous layer was extracted with dichloromethane
(15 ml). The combined organic layers were dried (Na2504) and the solvent
was evaporated. Crystallization of the products with diisopropyl ether
afforded (40) (mixture of 3 diastereomers) (70 mg, 17%), m.p. 85-98°C
(diisopropyl ether-hexane) ; vmax (CHC13) 3020-2800 (c-H), 1810-1780
(y-lactone), 1450 and 1390 (C-H), 1190-1070 cm_1 (C-0); GH 1.37 (eH,

d, J 5 Hz, 3-Me), 2.70-3.12 (2H, m, 3-H and 6-H), 4.73 and 4.82 (0.37H,
2d, J 3 and 4 Hz, FH, 5-H), 4.93-5.22 (0.63H, m, 1-H, 5-H).
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SUMMARY

This thesis deals waith the application of the ketene acetal 1,1-
dimethoxypropene (la) (Fig. 1) in the synthesas

Fagure 1 of various types of y- and §-lactones. In the
introductory chapter the more important synthetic
R'R%C = C(OMe);

and mechanistic aspects of (2+2) cycloadditions
(1a)R'=H ,RZ=Me

(1) R'zR%=Me
{1c) R'=RZ=0Me

of ketene acetals (1) in general, and in particular
of (la), are discussed. A variety of aldehydes

and ketones can be converted with (1) under 2ZnCl,
catalysis into 2,2-dimethoxyoxetanes., These can
easily be hydrolyzed to the corresponding B-hydroxyesters. When a
protected hydroxy function is present in the starting aldehyde or

ketone reaction with (la) and subsequent hydrolysis enables after
deprotection to synthesize various types of hydroxylactones.

This reaction sequence 1s the common theme of the various chapters

of the thesis (Scheme 1).

Scheme 1
0—X 0
2_ . L3
Ré=CH—(CH),—C—R
I 0-X OH Me R2 0
Rs a,b 2 | [ c.d
— & R?—CH—(CH),—C—C—COOMe —t—w» Me
+ | [ {CHn .
RS RA R R
R'MeC=C(OMe); HO R?
e
R'=H
RA_-0-_.0
a) Cat, H)H30%, c) Deprotection of O—X Y
d)H*, e) Dehydratation R;}ZH)n Me

The stereochemical outcome of the (2+2) cycloaddition of (la) with
the starting aldehyde or ketone determines the overall stereochemistry

of the lactone synthesis. Therefore, the reactions of (la) with several



aldehydes, R-CHO, have been examined and the results have been pres-
ented in chapter 2. It is shown (Scheme 2) that oxetane formation

occurs via a dipolar intermediate and that the reaction is reversible

in the presence of the catalysts used. The influence of the reaction

Scheme 2
§QMG #‘QMe
H ”’I/, Ie R-CHO H,,”"v ]
= e = L™
()
(cat)’’o~"WR (cat)®0”” ¥H

!

MeHC=C(OMe),

qu OMe
H; I:oue Me Me
H, trans cis H‘k
}—o )
R R

thermodynamic product

" kinetic” product

conditions and of the size of the group R on the stereochemistry

have been discussed. It appears that under 'kinetic' conditions the

cts:trans ratio of the oxetanes is not only determined by the most

favourable transoid approach of the cycloaddends, but also by the

rotation of the dipolar intermediate to a ciscoid gauche conforma-
Figure 2
MeO< -OMe Me O+ -OMe MeO~,
(cm'o\ji\(n’ slow RK{J/\H W YO’(Cut )
H Me H T Me

T H Me

H O°(Cat) R}

A A A
MeO OMe MeO OMe MeO OMe

R OTCat)  slow H R3 fast H
\r Y Q \( Y {Cat)” 0\( Y

T Me H T Me H Me

H O7(Cat) R3

g B p?
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tion (Figure 2). Under thermodynamic conditions the most stable
trans oxetane is formed in excess. When the side-chain R of the
aldehyde 1s branched at C-a cis.trang ratios of 5:95 can be obtained.
Since the stereochemistry of the oxetanes is maintained during
hydrolysis this allows the stereoselective preparation of threo

B-hydroxyesters in good yields and with high selectivity.

Scheme 3
R?2 R’
|
MeHC=C(OMe); R'-C-0-CO-R —c OH
1) ZnCly R3 0
+ 35° Me OMe OMe
R'R2C(00CR)-CO—R? H OMe . H OMe
V) 31 H30 (&)
AoiH’
a) R1=R2=MQ,R3=H,R=MQ

b) R' =Me,R?=Ph,R¥:2H,R=Me

¢) R'=R?zH,R¥=CH;,R=H 0*
d)R',R*= (CH2)¢» R?=H,R=H 10
e) R'=R%=Me,R?=H,R=CHCl, OMe

H OMe
(6} (S)

In chapter 3 the preparation of 2,2-dimethoxy-4-hydroxy-3-methyl-
tetrahydrofurans and 4-hydroxy-3-methyl-y-butyrolactones from (la)
and a-acyloxyaldehydes and -ketones has been described (Scheme 3).
a-Acyloxyaldehydes react with (la) in the presence of ZnCl; to yield
4- (a-acyloxy)alkyl-2,2-dimethoxy-3-methyloxetanes. For the analogous
conversion of a-acyloxyketones stronger electron-withdrawing acyl
groups are necessary. Hydrolysis of the acyloxy groups with potassium
hydroxide yields the corresponding hydroxy compounds which rearrange
under neutral or weakly acidic conditions to 2,2-dimethoxytetrahydro-
furans. Mild acidic hydrolysis of the latter compounds affords the
Y-butyrolactones which can be dehydrated to 3-methyl-2-(5H)-furanones

in moderate to good overall yields (Scheme 4).
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Scheme 4

HO R g R ,
R? R? H,50, R
" 0 = 0
e N

H Qb Me \0

6) (8

Chapter 4 deals with the use of (la) in the synthesis of ¢-lactones
from hydroxy-protected B-hydroxyaldehydes (Scheme 1, n = 1). These
protected B-hydroxyaldehydes are synthesized vig various methods.
B-Acetoxy- and B-silyloxyaldehydes are synthesized in one step, via
the addition of acetic acid to an a,B-unsaturated aldehyde, and vig
the reaction of a silyl enolether with benzaldehyde under high
pressure, respectively. These methods have, however, a restraicted
scope. The reduction of a protected B-hydroxyester to a protected
B-hydroxyaldehyde is a more general route to B-oxygenated aldehydes.
Using protected threo B-hydroxyesters as a starting material, pro-
tected B-hydroxyaldehydes (Scheme 1, n = 1, X = CH(Me)OEt) of de-
fined stereochemistry are prepared in good yields. Reaction of the
prepared aldehydes with (la), subsequent hydrolysis of the formed
oxetane, deprotection of the hydroxy function and lactonization deliver
4-hydroxy-3-methyl-6-lactones in moderate to good yields via a 'one-
pot' procedure. When B-oxyaldehydes of defined stereochemistry are
used, 6-lactones with defined chemistry are isolated. Dehydration
of the obtained 4-hydroxylactones with concentrated sulphuric acid

delivers 5,6-dirhydropyrones. The results are presented in Table 1.
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Table 1

rRA_-0

2
AL

ox

RZC'H—CH(R"’)—CHO Ketene Acetal OH

RZ RS X ROR RS vied| R? RS Yield
20 N H A (1a) (Z0H H H S0 [22H H 30
B3) Me H Ac (1a) 23 Me H 28
() Ph Et SiMe, (1a) @ Ph &t 70°
(15) Ph Me CHMeCEr‘ (1a) 260 A Ph Me 61°
(15) Ph Me CHMeOEY  (1b) (3 Me Ph Me 12°
(16) Hex® Me CHMeOEt  (1a) (29) H Hext Me 40°
(70 Pr! Me CHMeOEH  (1a) (300 H Pl Me &4
(35) Me H CHMeOEH  (1a) (37 Me H 38

a) yield in % based on the aldehyde

c) one diastereomer

b) diastereomeric mixture

The synthesis of some precursors for the preparation of eudesmanolides

of type I and type II (Scheme 5) is presented in chapter 5. Two deca-

Scheme 5

Me
0
0
Me
OH <
0 COOMe
Me

Me
WOH
Me
R o
0
Type Il U
Me
OH
COOMe
R OH Me



line-type epoxyketones {(Scheme 6, R = H or Me) have been chosen as
starting material. These ketones are easily converted into Y,6-epoxy-
B-hydroxyesters via reaction with (la) and subsequent hydrolysis

of the oxetanes. Both epoxyketones deliver epoxyesters in which the
introduced ketene acetal moiety is mainly in an equatorial position
with respect to the decaline structure. Hydrolysis of these epoxy-

esters occurs in one case (R = H) via reaction with 1 M Hy504 in

Scheme 6
Me
Me
<--OH
} ~~COOMe
1 ZnCl, RO M‘e
: . 163%, R=H) (28%,R=H)
R © 1H,0 (64%, R=Me} {30%.R Me)
*
MeHC=C(OMe), Me Me
, N ScooMe "LCOOMe
o OH I o OH
R %, ReH) R (3% R=H)
(&%=t} (= Retel

TOTAL YIELD 60-65%

acetone and delivers a mixture of two monohydroxy- and two dihydroxy-

lactones (Scheme 7). In the other case (R = Me) hydrolysis requires

Scheme 7
. --OH
Me ---Me
oH MeCOMe o (65%) 0 (22%)
Me Me
0 CO0Me
Me
--OH .--OH
Mo --Me
0 (22%) 0 M%)

TOTAL YIELD 80-85%
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6 M H,S0, 1in acetone and yields a mixture of two dihydroxylactones
and two 1,7-epoxynaphthalene derivatives (Scheme 8). Furthermore,

Scheme 8

YIELD (A+B)30% ,(C120%

reaction with trafluoroacetic acid (Scheme %) and with trimethylsilyl-
trifluoromethanesulfonate (TMS10Tf) (Scheme 10 and 11) have been
carried out. The latter reaction gives in one case (Scheme 10) easy

access to a valuable eudesmanolide precursor in good overall yield.

Scheme 9

Me Me
OH --OH
C00Me 3]
0 Me 0 \0
TFA/THF YIELD 17-20%
-78°C

COOMe

YIELD 65-70%
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Scheme 10

e Me
on  oTHsore/ &, e o
$ cooMe  2H0° Me
Me 0

YIELD 55-70%

Scheme 11

on oTMsiort/ 7w
COOMe  gH40"

Me Me

YIELD 30-35%

Attempts to synthesize bis-y-lactones (bislactones) (Fig. 3) from

(1) and various types of a-dicarbonyl compounds

R4— 0 R4 OH

R1+—0 H0 RLL-OH 4° RJ—*/O H®
—_——— —_— 0 —» 0
HO R
R4 R2

Figure 3 or analogues of them are described in chapter 6.
0 Only the more stable cis-fused bislactones are
R obtained via these routes. a-Dicarbonyl compounds
R R':‘ can be converted with (la) into bisoxetanes and
g5 \ hydrolysis of these compounds gives either a bis-
lactone, or a 'monolactone’, or a mixture of both
o compounds (Scheme 12).
Scheme 12
R'  OMe R!
OMe RZ}-coome

CR'RZCOOMe

OMe RZ{ cooMe
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Reaction of (la) with the most simple a-dicarbonyl compound, glyoxal,
affords a mixture containing cg. 25% bislactone and ca. 50% mono-
lactones. Stereochemical analysis shows that the formation of bis-
lactones demands that the two carbonyl compounds are in a cisoid
position. This can be arranged by either the use of a Lewis acid
which complexes with both carbonyl groups (chelation) or by the use
of a-dicarbonyl compounds in which these carbonyl groups are already
in such a position. Only the latter route delivers bislactones as
main products; both phenanthrenequinone and acenaphthenequinone have

been converted with (la) into their corresponding bislactones (Fig. 4).

Figure 4

Another way to bislactones starts with dicarbonyl compounds, in
which one carbonyl group is protected or masked. For this route too
chelation controlled reaction conditions are necessary. In a first
attempt, the oxetane synthesized from glyoxal and (1b) (Fig. 5) has

been used, but reaction of this oxetane could
Figure 5 not be achieved under chelation controlled con-~
ditions. Then, a strategy using crotonaldehyde

0 OMe as the starting compound was followed (Scheme
f:OMe 13). Crotonaldehyde can be regarded as a masked
OHC <:0Me glyoxal analogue, since ozonolysis of the double

OMe
bond yields a second carbonyl function. Vig

this route a few 3-hydroxy-4-oxo-butanoates
have been synthesized, which after reaction with (1a) and subsequent
hydrolysis might give a bislactone. Indeed, using MgBrj as the catalyst
and ethyl vinylether as the protecting agent this has been achieved,
and a mixture of diastereomeric bislactones has been isolated in a

yield of ca 17%.



Scheme 13

H
CHy—CH=CH—CHo  JWal/Cat CHg—CH=CH-EH—CH—CO0Me
21Hy0 i
CHj
P 0 §x
CHy=CH=CH—CH—CH—COOMe ————» OHC—CH—CH—COOMe
i MeOH [-78 i
CHy CHjy
0
i 2
101a)/Cat 2)H,0° 0 Me Me
+
3ldeprotection 4)H* 3
Me Me OH
| COOMe
0

OH-protection
——

Further study will concentrate on the use of protective groups

having a stronger chelating power and not introducing an additional

centre (e.g. the benzyl group). Currently, these reactions are
under investigation.
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SAMENVATTING

Deze dissertatie beschrijft de toepassing van het keteenacetaal
1,1-dimethoxypropeen (la) (Fig. 1) in de synthese van diverse y- en
§-lactonen. In hoofdstuk 1 worden de belangrijkste

Figuur 1 synthetische en mechanistische aspecten van (2+2)
cycloadditie reacties van keteenacetalen (1) in
R1RZC=C(°H°)2 het algemeen, en van (la) in het bijzonder, toege-
{1a)R'=H ,R2=Me licht. Onder invloed van 2ZnCl, als katalysator
(1b) R'=R2=Me kan een groot aantal aldehyden en ketonen met (1)
{1c¢) R'=R%:OMe reageren tot 2,2-dimethoxyoxetanen en deze oxetanen

kunnen gemakkelijk gehydrolyseerd worden tot
B-hydroxyesters (Schema 1). Indien in de uitgangs-
verbindingen een beschermde hydroxyfunctie aanwezig is, dan biedt
reactie met (la), gevolgd door hydrolyse van het gevormde oxetaan
en ontscherming van de hydroxygroep, de mogelijkheid tot de synthese
van diverse typen hydroxylactonen. Deze serie reacties ligt ten grond-
slag aan elk der opeenvolgende hoofdstukken en vormt zodoende het

thema van deze dissertatie.

Schema 1
0—X 0
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RZ~CH—({CH);—C—R
I 0—X OH Me R2 0
RS ab 3 | 11 od
. - = R —CH-(tI:H),,—c—c—coone Ld . Me
RS RYR S Sp
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De stereochemie van deze lactonsynthese wordt bepaald door de
(2+2) cycloadditie van (la) met het betreffende aldehyde of keton.
Daarom is de stereochemie van de reactie van (la) met diverse alde-
hyden, R-CHO, nader bestudeerd, en de resultaten zijn gepresenteerd
in hoofdstuk 2. Het blijkt dat de vorming van het oxetaan verloopt
via een dipolair intermediair (Schema 2) en dat de reactie rever-
sibel is onder invloed van de gebruikte katalysator. Zowel de in-
vloed van de reactiecondities als van de grootte van de groep R
z1jn bestudeerd. Onder 'kinetische' conditles blijkt de cis:trans
ratio van de gevormde oxetanen niet alleen bepaald te worden door
de meest gunstige nadering van de reactanten, maar ook door rotatie
van het dipolair intermediair tot de cisoid gauche conformatie
(Figuur 2). Onder thermodynamische omstandigheden wordt het meest
stabiele trans oxetaan in overmaat gevormd. Indien de zijketen R
van het aldehyde vertakt is op C-a dan zijn eis:trans verhoudingen
van 5:95 mogelijk. Aangezien de stereochemie van de oxetanen behou-
den blijft tijdens de hydrolyse van de verbindingen is de stereo-
selectieve bereiding van threo B-hydroxyester in goede opbrengsten
en met hoge selectiviteit mogelijk.

Schema 2

gMe
H &

m, » R—CHO .
SN -
(Cat) o] R MeHC=C(OMe), (Cat) 0
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Figuur 2
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g' B B?

In hoofdstuk 3 wordt de bereiding van 2,2-dimethoxy-4-hydroxy-3-
methyl-tetrahydrofuranen en 4-hydroxy-3-methyl-y-butyrolactonen be-
schreven, uitgaande van (l1a) en a-acyloxyaldehyden en -ketonen (Sche—
ma 3). a-Acyloxyaldehyden reageren met (la) onder invloed van ZnCl,
tot 4-(a-acyloxy)alkyl-2,2-dimethoxy-3-methyloxetanen. Voor de over-

eenkomstige omzetting van a-acyloxyketonen blijken sterkere electronen-

Schema 3
IRZ ?2
MeHC=C(OMe); R'-C-0-CO-R R'~C-o0H
m Znct, R0 KOH R0
. 35° Me OMe Me OMe
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a)R'=R?=Me,R?=H,R=Me 1
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d)R',R%= (CH;)4 > R2=H,R=H R3 10 < gaX 10
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16) (s}
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zulgende acyloxy groepen nodig. Verzeping van de acyloxy groepen met
kaliumhydroxide levert de corresponderende hydroxyverbindingen en
deze kunnen onder neutrale of mild-zure omstandigheden omleggen tot
2,2-dimethoxytetrahydrofuranen (5). Mild-zure hydrolyse van deze
laatste verbindingen levert y-butyrolactonen (6), welke in redelijke
tot goede opbrengsten gedehydrateerd kunnen worden tot 3-methyl-2-

(5H)-furanonen (Schema 4).

Schema 4
HO R’ gt R
3 2
R R? H,504 R
M 0 '——;;—-—> 0
e
QX
H \\o Me \0
(6) (8)

De synthese van §-lactonen uitgaande van hydroxyl-beschermde
B-hydroxyaldehyden en (la) wordt besproken in hoofdstuk 4 (Schema 1,
n = 1). De beschermde B-hydroxyaldehyden worden via een aantal metho-
den gesynthetiseerd. B-Acetoxy- en f-silyloxyaldehyden worden in
één stap gemaakt door, respectievelijk, de additie van azijnzuur
aan een a,B-onverzadigd aldehyde, en de hoge-druk reactie van een
silylenolether met benzaldehyde. Deze directe methoden hebben echter
een beperkte scope. De reductie van een beschermde B-hydroxyester
tot een beschermd B-hydroxyaldehyde is een algemenere route naar
B-oxyaldehyden. Indien gestart wordt met beschermde threo B-hydroxy-
esters dan kunnen beschermde R-hydroxyaldehyden (Schema i1, n = 1,

X = CH(Me)OEt) met een gedefinieerde stereochemie (threo) gesynthe-
tiseerd worden. Reactie van de gesynthetiseerde aldehyden met (1a)

en achtereenvolgens hydrolyse van het gevormde oxetaan, ontscherming
van de hydroxyfunctie en lactonisering, levert 4-hydroxy-3-methyl-
§-lactonen in redelijke tot goede opbrengsten via een eenpots synthese
Indien B-oxyaldehyden met gedefinleerde stereochemie worden gebruikt,
dan worden ook 6-lactonen met geheel gedefinieerde stereochemie ge-
isoleerd. Dehydratatie van de verkregen 4-hydroxylactonen met gecon-
centreerd zwavelzuur levert 5,6-dihydro-2-pyronen. Een overzicht van

de resultaten geeft Tabel 1.
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Tabel 1

R0 RA, 0.0
ox R"IIZT’ RSIIHQ
RICH—CH(R)—CHO | Ketene Acetal OH
RZ R® X ROR RS vied| R? R® Yeeld
2 H H A (1a) 21')H H H S0 [22H H 30
(3 Me H Ac (1a] 25 Me H 28
(5) Ph Et SiMe, (1a) @7 Ph €+ 70°
(15) Ph Me CHMeOEH  (1a) (28 H Ph Me 61°
(15) Ph Me CHMeOEY  (1b) (M Me Ph Me 12°
(16) Hex® Me CHMeOE{  (1a) (29) H Hext Me 40"
(17) Pr' Me CHMeOE  (1a) (300 H P Me &
(35) Me H CHMeOE  (1a) (31 Me H 38

a) yield in % based on the aldehyde b) diastereomeric mixture
c) one diastereomer

De synthese van enkele precursors voor de bereiding van eudes-

manolides van het type I en het type II (Schema 5) wordt beschreven

Schema 5

Me Me
wOH
o 0 Me
R R 0
0
WOH = OH
i OH COOMe COO0Me
R OH Me OH Me
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in hoofdstuk 5. Twee epoxyketonen (R = H of Me) van het decaline
type zijn als uitgangsstof gebruikt (Schema 6). Deze ketonen worden
op eenvoudige wijze omgezet in y,8-epoxy-B-hydroxyesters, via reac-
tie met (l1a) en directe hydrolyse van de gevormde oxetanen. In beide
epoxyesters komt de geintroduceerde keteenacetaal eenheid hoofdzake-
lijk in een equatoriale positie met betrekking tot de decaline ring.
Hydrolyse van deze epoxyesters gebeurt in het ene geval (R = H) via

Schema 6
<--OH <--OH
[~~~ T
v zncl, J COOMe H,e COOMe
: ., (63%, R=H) {28%,ReH)
R g 21H,0 164% R=Me) Me 130%.R el
MeHC:c(OMe)2 P’e Me
N ScooMe "Lcoone
} OH OH
RO 16%,R=H) RO (3% ReH)
(8% ReHal (— .RaMe)

TOTAL YIELD 60-65%

reactie met 1 M H7SO4 in aceton en levert een mengsel van twee mono-

hydroxy- en twee dihydroxylactonen (Schema 7). In het andere geval

Schema 7

OH
0 COOMe

--OH .--OH
~=maMe -Me

(22%) 0 {11%)

TOTAL YIELD.80-85%
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(R = Me) verloopt de hydrolyse slechts bij sterkere zuurconcentraties

(6 M H,S04 in aceton) en levert een mengsel van twee dihydroxylactonen
en twee 1,7-epoxynaftaleen derivaten (Schema 8). Bovendien zijn reac-

ties met trifluoroazijnzuur (Schema 9) en met trimethylsilyltrifluoro-
methaansul fonaat (TMSiOTf) (Schema 10 en 11) uitgevoerd. Deze laatste

reactie geeft in één geval (Schema 10) op eenvoudige wijze toegang

tot een eudesmanolide precursor in goede overall opbrengst.

Schema 8

Me

OH

MeCOM
8 CO0Me ¢ Me Me
Me Me
YIELD (A+B)30%, (C)20%
Schema 9
Me
OH
CO0Me
Me 0
TFA/THF YIELD 17-20%
——l
-78°C

COOMe

YIELD 65-70%



Schema 10

o oTHsion/ & e
—_— .
cooMe  uHy0* Me
Me 0
YIELD 55-70%

Schema 11

o gMsiore/ &Y 7ee
C00Me  2H30°

Me Me

YIELD 30-35%

Pogingen tot synthese van bis-y-lactonen (bislactonen) (Figuur 3)
uit (1) en verschillende typen a-dicarbonylver-
Figuur 3 bindingen en analoga hiervan zijn beschreven in
hoofdstuk 6. Alleen de stabiele cis-verknoopte
bislactonen worden via deze route gesynthetiseerd
en geisoleerd. a-Dicarbonylverbindingen kunnen
met (la) omgezet worden in bisoxetanen en hydro-
lyse van deze verbindingen levert een bislacton,

een 'monolacton' of een mengsel van deze twee

verbindingen (Schema 12).

Schema 12
, R' OMe . R!
R OMe R COOMe
CR'RZCOOMe
L 3 ° 3 0 ®
R R OH R
. o) H,0 ; H o -H o
R*~4——0 R OH HO /!
Ré 2
R2 OMe R%|- coOMe R
R' OMe R
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Reactie van (la) met de meest eenvoudige dicarbonylverbinding,
glyoxaal, levert een mengsel dat ca. 25% bislacton en ca. 50% mono-
lactonen bevat. Stereochemische analyse van de synthese van de bis-
lactonen laat zien, dat in een dicarbonylverbinding de twee carbonyl-
groepen zich in een cisoide positie dienen te bevinden om bislacton-
vorming mogelijk te maken. Dit kan beinvloed worden door het gebruik
van een Lewiszuur dat met beide carbonylgroepen complexeert (chela-
tie) of door het gebruik van a-dicarbonylverbindingen, waarin de
carbonylgroepen reeds in zo'n positie zitten. BAlleen deze laatste
route levert bislactonen als hoofdproducten. Zowel phenanthreenchinon
als acenaphtheenchinon zijn met (la) omgezet in hun respectievelijke

bislactonen (Figuur 4).

Figuur 4

Een andere mogelijkheid tot de synthese van bislactonen is het
gebruik van dicarbonylverbindingen die in é&én carbonylfunctie be~
schermd of gemaskeerd zijn. Ook voor deze route zijn chelatie-gecontro-
leerde reactlecondities nodig. Als eerste is het oxetaan gesyntheti-
seerd uit glyoxaal en (1b) (Figuur 5), maar reactie van dit oxetaan

kan niet bewerkstelligd worden onder chelatie-

Figuur 5 gecontroleerde condities. Vervolgens is een
O————<:0Me strategie uitgaande van crotonaldehyde onder-
OMe zocht. Crotonaldehyde kan beschouwd worden als
OHC <:8z: een gemaskeerd glyoxaal analogon, aangezien ozono-

lyse van de dubbele binding een tweede carbonyl-
functie oplevert. Via deze route (Schema 13) zijn
enkele 3-hydroxy-4-oxobutanoaatesters gesynthetiseerd welke na reactie

met (la) en hydrolyse een bislacton kunnen opleveren. Indien MgBr2

129



als katalysator wordt gebruikt en ethylvinylether om de hydroxygroep
te beschermen, dan kan in een opbrengst van ca., 17% een mengsel van

diastereomere bislactonen verkregen worden.
Schema 13

OH

CH3—CH=CH—CHO 2::‘::"0;,“» cu;—cH=CH—&H-tl:H-cooue OH-protection,
3
CHy

0—X ?—x

|
CH3—CH=CH—CH—CH—COOMe 3—_» OHC—CH—CH—COOMe
i MeOH[-78 |
CHy CHj

0
i 9
11a)/Cat 2)H,0" Q Me Me
+
3ldeprotection 4)H® Y
Me Me OH
0

COOMe

Het onderzoek aan deze reacties duurt nog voort en concentreert
zich op beschermgroepen die geen extra asymmetrisch centrum intro-

duceren en sterkere chelatiserende eigenschappen hebben (bijv. de

benzylgroep).
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