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Abetrmt-Further examples of the synthetic utility of the technique of in silrr isoruerization and Diets- 
Al&r reaction of t,S-dihydroanisoIes iuz? presented. Some of the further chemistry of the products is 
detailed. The in sihr generation, and further reactions of 2,3dihydroanisoles by the pyrolysis of 2-methoxy- 
1,4dihydmbenzoic acids is described. This technique constitutes a route to artain cyclobexadienes 
otherwise difficult of access. The in situ isomerization add Diels-Alder reaction of 2,WihydrvanisoIes 
with acetylene dicarboxylic ester constitutes a convenient and efficient synthesis of substituted phtbalic 
acids. 

EARLIER communications’ have mentioned the technique of in situ isomerization of 
1.4dihydroaromatic compounds, and its use in the Diets-Alder synthesis; e.g. 

CH,=CH*CO,R 

150”:24hr 

OMe OMc 

(85%) (95X) 

Other examples of the successful use of this technique have recently appeared,2 
and the purpose of this paper is to present further modifications and examples, and 
to point out some apparent limitations. 

* To whom enquiries should be addressed. 
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Syntheses based on 2$dihydroanisole 
The general technique, as described,’ involved heating the 2,5dihydroanisole, 

with an excess of the dienophile, in a sealed tube for several hours. Thus, with methyl 
acrylate a mixture of the methyl esters of la and lb was obtained in good yield, the 
endo-isomer predominating (Table 1). Structures could be assigned on the basis 

TABLE 1. DISTRIBUTION OF PRODUCTS IN DIEM SYNI-HESS , AND THEIR sQuu_mtwTkoN 

Compound Percentage in dicne synthesis Percentage on equilibration 

la (Me ester) 30 35 
lb (Me ester) 70 65 

lc (Me ester) 46 
Id (Me ester) 54 

le 63 50 
If 37 50 

II3 25 
lb 7s 

2411 (Me ester) 
%b (Me ester) 

57 60 
43 40 

288 (Me c&r) M 
28b (Me ester) 50 

Wa (Me ester) 25 36 
Wb (Me ester) 75 64 

3h (Me ester) 56.5 
Bb (Me ester) 43.5 

of the inertness of the angular OMe function to aqueous acid, the known preference’ 
of l-substituted butadienes for Diels-Alder reaction leading to vicinal disubstituted 
cyclohexenes, and the ready interconversion of the two esters on base-catalysed 
equilibration. The e&-configuration was assigned to the more abundant isomer 
at equilibrium. This assignment was supported by the NMR signal associated with 
the ester OMe group which occurred at higher field than that of the exe-isomer 
(Table 2), the ester function being within the shielding cone of the double bond.‘” 

GLC analysis of the Diels-Alder reaction product revealed the presence of four 
minor components (total 10%) which were separated by preparative GLC. Their 
NMR spectra were not readily interpretable, but two of them contained no bridgehead 

OMe function. Oligomers of acrylic ester were probably present, and the possibility 
of an ‘ene’-reaction* between 2,Sdihydroanisole and acrylic ester, competitive with 
the isomerixation-Die&Alder sequence and leading to the esters 4 or 5 must also 
be considered.* This type of reaction did not occur to greater than 1.5% of the total. 
A third minor component (W 3%) had an NMR spectrum in accord with it being a 

l For an example of this type of reaction in a similar context, see ref. 25. 
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TABLE 2. PRINCIPAL NMR RESONANCES @pm; TMS INTERNAL STANDARD) 

Compound (solvent ; Olefinic 
if other than WI,) protons -0Me -CO,Me -Me Other 

la-methyl ester 6.25(m) 
lbmethyl ester 6.12(m) 
k-methyl ester 6.1(m) 
Id-methyl ester 6.1(m) 
1C 6.28(m) 
If 634(m) 
It3 6.27(m) 
lb 6.16(m) 
lb 6.20(m) 
tmethyl ester 
2e 
6 6.20(m) 
7 6.3qm) 
8 63qm) 
9andlO 

lla v3cl,) 4.87 

llb 

lh @yr.) 
12b @yr.) 
1% 6+6+(AB-X) 
13b 6.02-668(AB-X) 
13c 6+2-668(AB-X) 
1,3-Dimethoxy-2- 

muthyl-25 
dibydrohenxene 45qt) 

21 (CDW 4.77(d) ; 545(m) 
23a 
2% 

24a 

24b (CDch) 
24c Pa) 

Ma and 
26b (CDCI,) 

587-6.47(AB) 

3.36(s) 
3.3qs) 
3.13(s) 
3.16(s) 

3.40(s) 
3.40(s) 
335(s) 

3.34(s) 
3.23(s) 
3.1qs) 
3.15(s) 
3.33(s) 
3.42(s) 
3.32(s) 
3.1qs); 
3.18(s) 
3.49(s) ; 
351(s) 
342(s) ; 

35qs) 
3.32(s) 
2.95 
3.37(s) 
3.33(s) 
3.31(s) 

3.50(s) 
365(s) 

3.92(s) 

4.1qs) 

3.34(s) ; 
3.38(s) 

369(s) 
3.56(s) 
3-50(s) @99(s) 
3.39(s) 1.2qs) 

2.16(s)-COCHs 
2G5(s)-COCHs 
2.45(m)-allylic 

361(s) 

097(d) 
1.14(d) 
1.12(d) 
103(d); 
1Wd) 

2.13(s)-COCH, 

1.53(s) 

QW4 

1W) 
QW4 

1.15(d) 
1084(+CO,H 

1*75(mtCH,- 
2.7qm)-henxylic-CH,- 
4.62(s)-COCH,-CI 
6.70(s)-aromatic 
735(s)-aromatic 
66(s) . 
7.6~s)-aromanc 

7.8qskaromatic 
6%4(s~aromatic 
774(s)-aromatic 
98qs)-CO,H 

363(s) ; 
368(s) 

m = muhiplet ; s = singlet; d = doublet; AB-X = AB put of ABX -rum; t = tA@; AB = mrurn. 
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mixture of the structures (3). While not rigorously proven, it is possible to say that 
the minimum ratio of 2- to 3-carboxylates produced in this reaction is 25 : le.‘* 

Hydrogenation of the esters la and lb gave the saturated ester 211. 
A similar reaction sequence with methyl methacrylate led to the esters of lc and 

Id with little preference for the endo isomer. The NMR signals used in the assignment 
of structure are listed in Table 2. Hydrogenation of either ester gave the saturated 
ester 2b. 

LAH reduction of the esters of 1 and 2 gave the corresponding primary alcohols. 
The solvolytic behaviour of the tosylates has been studied and will be reported 
elsewhere. A brief report of part of this work has appeared.6 

With acrylonitrile, a high yield of the nitriles le and If was obtained; the exo- 
isomer predominating. Conllgurations were confirmed by hydrolysis to the known 
acids. They were separated by preparative GLC and individually reduced to the 
amines, either with LAH or lithium in liquid ammonia. In the latter case a minor 
product was also obtained,? the spectroscopic data for which suggested the struc- 
ture 1p. Reductive cleavage of the C-CN bond has been reported previously.’ The 
deamination of these primary amines has been studied, and will be reported elsewhere. 

With methyl vinyl ketone, a good yield of the ketones lg and lb, separable by 
preparative GLC was obtained. 2cl Reduction with LAH led, in the case of the errdo- 
isomer lh to a single alcohol, as judged by the single peak on GLC analysis over 
various stationary phases, and the single OMe signal of the NMR spectrum However, 
tosylate formation yielded a crystalline derivative, and a partially crystalline residue, 
which behaved somewhat differently on solvolysis. This suggests, but does not 
require, the presence of -10% of the epimeric alcohol, presumably having very 
similar physical properties. This conclusion is rendered less clear by the known 
presence of a small amount (- 3%) of one of the exealcohols as an impurity. 

Reduction of the exo-isomer (lg) gave two alcohols, in the ratio of 55 :45 as indi- 
cated by GLC analysis and integration of the OMe signals of the NMR spectra. 
These alcohols were readily separated by preparative GLC. The more abundant 
isomer was assigned the R-configuration$ (7) at the side-chain C atom on the follow- 
ing grounds : 

l It iq worth noting that no trace of adducts derived from 3,44ihydroanisok wert detected in this 
reaction. 

t The exe-nitrile (Ie) was more susceptibk to this type of cleavage (72% yield) than was the endo- 
isomer (@So/, yield). It is tempting to attribute this difference to greata relief d strain oo clawage of the 
exe-isoma probably via tbc solvated anion-radical (i) 

H 

H 2i CH,_$@ 

I 

C 

H 

i 

3 All tbc compounds discus& were r&c. The symbols R- and S- refer to those emuhomers illustrated, 
having the R-configuration at tbc bridgehead carbon bearing the methoxyl group 
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(i) The more ready elution on GLC was in accord with intramolecular H bonding 
between the OH and OMe groups. Figure 1 shows the non-bonded interactions 
which might be expected to prevent H-bonding in the isomer of S-configuration (8). 

(ii) The OMe signal in the NMR spectrum (Table 2) was at lower field than that 
of the epimeric alcohol. This observation was taken to support the idea of intra- 
molecular H-bonding” 

(iii) The solution IR spectrum revealed the presence of intramolecular H-bonding, 
that of the epimeric alcohol showing only intermolecular bonding, (Fig 2). 

R-Em ALCOHOL (2) S-EXO ALCOHOLt&, 

FIG. 2 

Hydrogenation of the two ketones lg and lh gave the saturated ketone 2c, LAH 
reduction of which furnished the two alcohols 9 and 10 in the ratio of 2:3, to which 
structures were assigned on the basis of arguments similar to those just outlined. 
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The acid-catalysed dehydrations of the alcohols 7-10 and solvolyses of their 
tosylates are entirely in accord with the configurations assigned. Further, on the basis 
of the solvolysis results, which will be reported elsewhere, it was possible to assign 
the R-configuration to the side-chain carbon atom of the en&-alcohol 6. 

OMe 

Q I x 40 y 

1 

OMe 

2 

OMe 

COIH 

3 

a:X=CO,H;Y=H g:X=COMe;Y =H r:X=CO,H;Y=H 
b:X=H;Y =CO,H b:X=H;Y=COMe b:X=COIH;Y = Me 
c:X=CO,H;Y=Me I: X = COMe;Y = Me c:X=COMe;Y=H 
d:X=Me;Y=CO,H j: X = Me;Y = COMe 
e:X=CN;Y =H k:X=Y=H 
f: X=H;Y=CN 

4 5 6 7 8 

OMe H 

9 10 

An attempt to synthesise the related ketones li and lj by use of isopropenyl methyl 
ketone, gave rise to a complex mixture of products. Preparative GLC, and NMR 
analysis revealed that the required ketones were present in only very minor amounts. 
Pre-equilibration of the dihydroanisole, followed by reaction with isopropenyl 
methyl ketone at lower temperatures gave slightly improved yields of the required 
ketones, but the method remained impractical. 

Syntheses based on 2,Sdihydroresorcinol dimethyl ether 
In connection with our investigations of the solvolytic reactions of OMe sub- 

stituted bicyclo[2.2.2]-octenyl tosylates, it became necessary to develop a con- 
venient synthesis of the ketones 13a-c. A reasonable starting point seemed to be the 
adduct of 4,5dihydroresorcinol dimethyl ether with maleic anhydride, lla 

Attempted in situ isomerixation and Die&Alder reaction of 2,Sdihydroanisole 
with maleic anhydride as dienophile proved to be unpromising in our hands, yielding 
only polymeric material. On the basis of this experience, our first attempts at syn- 
thesis of the adduct lla involved preequilibration of 2,5dihydroresorcinol dimethyl 
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ether and subsequent reaction with maleic anhydride. This gave, in modest yield, 
a product, the NMR of which (Table 2) was entirely in accord with structure lla 

Subsequently, it was discovered that in situ isomerixation and reaction with maleic 
anhydride of the 2,5dihydroresorcinol dimethyl ether could be achieved by simply 
refluxing the reagents together in benzene solution for 24 hr. Surprisingly, the addition 
of glass-wool to the reaction vessel brought about very rapid in situ equilibration 
and reaction at room temperature. In the case of 2-methyl2,5dihydroresorcinol 
dimethyl ether the reaction was less facile, extended refluxing in presence of glass- 
wool being required, when a good yield of the adduct llb was obtained. 

This difference in reactivity was taken to reflect the lowering in acidity produced 
by the Me substituent (probably -2 pK unitsg), the glass-wool functioning as a 
basic catalyst. However, subsequent work on the in situ isomerization and Diels- 
Alder reaction of 2,5dihydroresorcinol dimethyl ether with methyl acrylate has 
revealed that no reaction occurs below 150” in a sealed tube, under which conditions 
fair yields are obtained. i” It seems therefore that the low temperature in situ isomeriza- 
tion is also a function of the reactivity of the dienophile. Thus, in the examples 
quoted, the acidity of the methylene protons might be enhanced by complex forma- 
tion between the enol ether and the maleic anhydride. More recently we have learnt 
(personal communication from Professor A. J. Birch), that 2,5dihydroanisole 
reacts at room temperature with maleic anhydride to give the adduct derived from 
2,3dihydroanisole. This would appear to be in accord with the idea of base (glass- 
surface) catalysed equilibration of a preformed complex in the case of reaction with 
maleic anhydride, and similarly catalysed equilibration of the uncomplexed diene 
in the case of reaction with methyl acrylate and other less reactive dienophiles. 

Hydrolysis of lla to the ketodiacid 12a was best achieved by heating in aqueous 
glyme followed by removal of the solvents. By deferring purification to this stage, 
very high yields based on resorcinol dimethyl ether could be easily obtained. Oxida- 
tive decarboxylation using lead tetraacetate in pyridine gave the ketone 13a in fair 
yield.’ l 

11 
a:R=H 
b:R=Me 

OMe 
I 

CO,Mc 

CO,Me 

OMe 

12 
a:R=H 
b:R=Me 

OMe 

OMe 

X 

Y” 

@ 0 

13 
a:X=Y=H 
b:X=Me;Y=H 
c:X=H;Y=Me 

OMe 

X 

y” CD 
14 

a:X=Y=H 
b:X=Me;Y=H 
c:X=H;Y=Me 
d:X=Y=Me 

OMe 

CO,Me 

CO,Me 

16 18 



208 I. ALFARO~~ al. 

Hydrolysis of llb gave a ketodiacid, the Me doublet in the NMR spectrum of 
which indicated that it was a single epimer. The structure 12b, containing an exe- 
Me group was assigned on the basis of the following evidence. Gxidative decarboxyla- 
tion led to a single ketone, which on base-catalysed equilibration furnished a mixture 
of ketones, inseparable on GLC, the NMR spectrum of which indicated the presence 
of a new compound, present in excess (-65%) the Me doublet of which was shitted 
to higher field These results are in accord with the original ketone 13b and hence the 
ketodiacid 1% having an em-Me group, equilibration leading to the more stable 
en&methyl isomer 13c in which shielding of the Me group by the double bond is 
to be expected. They are also in accord with the NMR spectra and equilibration 
behaviour of the ketones 14~14d obtained by alkylation of bicyclo[2.2.2]oct-5- 
en-2-one.25 

The exclusive production of the exo_Me epimer 1% on hydrolysis of the adduct 
llb deserves comment. Presumably, in aqueous glyme, this proceeds via the un- 
catalysed hydrolysis of the anhydride grouping, followed by intramolecular pro- 
tonation of the enol-ether, either directly by the carboxyl group or through a water 
molecule as shown in Fig. 3. Intermolecular hydrolysis, by carboxyl or hydroxonium 
ion would be expected to lead to a mixture, probably with the e&-Me epimer 
predominating, because of the hindrance to approach to the en&face of the mole- 
cule; cf. hydrogenation of the acid Bb.” 

Syntheses using acetylene dicarboxylic ester 
An attempted synthesis of the tricyclic die&r 15 via in situ isomerixation and 

Diels-Alder reaction with acetylene dicarboxylic ester, of 6-methoxy-1,2,3,4,5,8- 
hexahydronaphthalene gave directly, and in high yield, the methoxytetralin di- 
carboxylic ester 16, presumably by thermal extrusion of ethylene from the initial 
adduct 15. Pre-equilibration of the methoxyhexalin, followed by Diels-Alder reaction 
with acetylene dicarboxylic ester at room temperature gave the tricyclic adduct 15. 
This compound readily lost ethylene at 140”. 

This sequence of reactions would seem to be a simple and valuable technique for 
introducing two carboxyl functions into a substituted anisole. Thus anisole itself, 
by reduction, in situ isomerization and reaction with acetylene dicarboxylic ester, 
may be converted into 3-methoxyphthalic ester 18 in an overall yield of ~85z.l~ 

Syntheses based on 1,4-dihydrobenzoic acids 
In connection with other synthetic work, it became necessary to have access to 
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adducts of the diene 19, isomeric with 20 obtained on Birch reduction and in situ 
isomerization of 6-methoxytetralin. r Our first essays in this area involved the 
attempted hydrolysis and decarboxylation of the l&dihydroacid 21 to the ketone 
25. It was hoped that enol-etherification would then furnish the required diene. In 
the event, the hydrolysis step gave only very poor yields of ketonic materials, either 
with the acid 21 or the simpler l&dihydro-2-methoxybenzoic acid 22, a result in 
keeping with previous experiments.‘3* 

The pyrolytic decarboxylation of acids such as 21 and 22 seemed a possible route 
to dienes of the type required since (a) the decarboxylation of By-unsaturated acids 

OMc OMe OMe 

i;“l 8 @“‘H f-j:OIH 

19 20 21 22 

occurs with migration of the double bond, (b) of the two isomeric dienes obtainable 
in this way, that required is the more stable, having a terminal OMe group and (c) 
the decarboxylation involves, in acyclic systems at least, proton transfer from the 
carboxyl group to the double-bond in the rate-determining step,‘* migration of 
the more nucleophilic (OMe-substituted) double bond would be expected. 

Pyrolysis of the acid 22, under a variety of conditions gave very poor yields of 
volatile materials, in which 2,3dihydroanisole and the cyclohexenones could be 
detected spectroscopically. Pyrolysis in a sealed tube, in presence of an excess of 
ethyl acrylate gave a modest yield (W/,) of the ethyl esters corresponding to la 
and lb. 1,4-Dihydro-benxoic acid gave a similarly modest yield of the epimeric 
bicyclo[2.2.2Joct-Sene-2carboxylates, while l&lihydro-m-toluic acid did not 
yield recognisable products. 

The application of this reaction sequence to the acid 21 required the development 
of a convenient preparation of the methoxytetralin carboxylic acid 24a The published 
route via Kolbe carboxylation of 6-hydroxytetralinr3 was not successful in our hands. 
Friedel-Crafts acetylation of dmethoxytetralin gave the ketone 23a in good yield, 

l Recent work on the in S&I enol-acetylation of cyclohex-2cnones, and Dick+-Alda reaction of the 
products” suggests that our proposed route might haw produced dienes (9 and (tr) in addition to the 
expected 1-methoxycyclohexa-l,Zdienes 

0 
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but conversion to the acid via haloform reaction proceeded in poor yield, and led 
to nuclear halogenated products ; e.g. Ub. 

OR OR 

COCH,X CO,H 

23 

a:X=H;R=Mc 
b:X=Cl;R=H 
c:X=Cl;R=Me 

OMe 

24 

a:X=H;R=Me 
b:X=Cl;R=Me 
c:x =R=H 

OMe 

a:X=CO,H;Y=H a:X=CO,H;Y=H l :X=CO,H;Y=H a:X=CO,H;Y=H 
b:X=H;Y=CO,H b:X=H;Y=COIH b:X=H;Y=CO,H b:X=H;Y=CO,H 

0 

0 
25 

OMe 

X 

I “Y 

& 

29 

24 

l :X=COIH;X=H 
b:X=H;Y =CO,H 

OMe 

d? 
X 

“Y 

H 

30 

The use of chloroacetyl chloride in the Friedel-Crafts reaction gave not the 
expected ketone 23c, but the demethylated product 23b in poor yield Good yields 
of this compound were obtained by using dhydroxytetralin as a substrate. 

The reaction sequence l 6 :- 

-COCH,CI = 
@ - _ (-,He 

-CO-CH,-N, , Cl - 

3 
-co; + 

$- 

3 

8 

Me-N\ / c’ 

proceeded in fair yield to the hydroxy acid 24c methylation of which with dimethyl 
sulphate in strongly alkaline solution* furnished the methoxy acid 24a together with 
the corresponding ester as a minor product Lithium in ammonia reduction of the 
acid gave the required 1,4dihydrobenxoic acid 21. The NMR spectrum was entirely 
in accord with this structure. 

Pyrolysis in the presence of methyl or ethyl acrylate led to the production of a 
mixture of esters in W/, yield. GLC analysis revealed the presence of two major 
components (esters of 269 and b) in the ratio of 3 : 1. Minor components, amounting 
to less than loO/, of the total, may have been the esters of the epimeric acids 27a and 
b, although their structures were not elucidated. 

l The conditions used were those developed by us for tbe one-step preparation of 0-methylpcdccarpic 
acid from podocarpic acid.” More recently, details da very similar process have appeared.‘s 
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The structures Ma and 26b for the major components of the hydrolysed ester 
mixture were established on the basis of the following evidence :- 

(a) The two Me esters were interconverted on treatment with potassium t-butoxide 
in t-butanol. The more abundant ester (see Table 1) was assumed to have the carbo- 
methoxyl function endo- with respect to the double bond; a conclusion supported 
by the NMR spectrum. 

(b) The vicinal relationship of the OMe, shown to be at the bridgehead by its 
inertness to acid, and the carboxyl function was assumed on the basis of the known 
specificity of the diene 20 in the Diels-Alder reaction with ethyl acrylate.‘” This 
assumption is borne out by the correlation with compounds of established structure 
mentioned below. 

(c) The NMR spectrum of the mixed Me esters showed signals tit 6 3.34 and 3.38 
ppm (-0Me; 3:1), at 6 3.63 and 368 ppm (CO,Me; 3 :l) and at -6 6.1 ppm as a 
complex multiplet integrating for two protons. This region could be interpreted as 
two AB spectra, partially superimposed, with JM = 9, and centred at 6 6.1 and 6 625 
ppm (331). This shift, due to the shielding of the vinyl protons by the ester function 
in %a is comparable to that observed in the vinyl region of the NMR spectra of 
the esters of 29.‘” 

(d) Hydrogenation of the Me ester of the more abundant acid 26a gave a product 
2IBa methyl ester, having the same retention time on GLC analysis as one of the 
products of hydrogenation of the known ester of 2%. Further the Me ester of struc- 
ture 28a obtained by the hydrogenation route, on equilibration under basic condition, 
gave an ester 28b having the same retention time as the product of hydrogenation 
of the methyl ester of the minor product 26b. The relationships referred to are illus- 
trated in the following reaction scheme. 

Methyl esters 

The various equilibration results are listed in Table 1. 
The production of predominantly the esters of the acids 26 rather than of the 

epimeric acids 27 in this Diels-Alder reaction, deserves comment. The equilibration 
data gathered together in Table 1 reveals that in the bicyclo[2.2.2]octJene-Zcar- 
boxylic esters, the endo-isomer is the stabler by a small factor (AG - 03-0.6 Kcals/ 
mole). It is reasonable to expect on this basis, that the ring system 31 would be less 
stable then the epimeric system 32 by a considerably larger factor, since effectively 
two alkyl groups are in the exe-environment and since in the cyclohexyl series, alkyl 
groups appear to be more sterically demanding than carbomethoxyl gro~ps.‘~ 
Since it is believed that the transition state geometries for some Diels-Alder reactions 
are well along the reaction coordinate towards product geometries,” then at least 
part of this free energy difference should be reflected in the activation free energies 
of the reactions leading to esters of the type 26 on the one hand 27 on the other. 
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Such considerations seem adequate to account for the observed specificity. A recent 
publication24 on the Diels-Alder reactions of 5-methylcyclopenta-1,3-diene, reveals 
a very similar stereospecificity. 

32 

EXPERIMENTAL 

GLC analyses were performed on a Pye 104 Model 34 lkme ionization gas chromatograph ova poly- 
ethylene glycol adipate as a stationary phase except where otherwise indicated. Other stationary phases 
used were polyethylene glycol succinate (PEGSX silicone gum rubber (SE 3@ and Apiexon L (APL). 
Preparative GLC was performal on an F & M Model 775 “Prepmaster”, using @75 in. diameter columns, 
8 ft and 16 A in length and a PEGA stationary phase Small scale preparative GLC was performed on a 
Pye 104 Model 34 GLC using a 9 A x 025 in. stainless steel column and a 10% F%GA stationary phase, 
and a Pye preparative modification unit 

l-Methoxybicyclo[2.2.2]oct-5-en-2-y1 curboxylic acids (la and lb) 
Crude 2,5dihydroanisok obtained by Li in ammonia reduction of anisole2* (235 g) was heated in a 

seakd tube with methyl acrylate (40 g) and hydrcquinom (@5 g) under N, at 150” for 30 hr. Unchanged 
acrylate was removed and the residue taken up in ether, washed with cold 2% NaOHaq, dried and evapora- 
ted. Distillation gave a colourkss liquid (28 g; 60%); b.p. W/o15 mm; v, 1725 cm-i. GLC analysis at 
140” revealed the presence of the Me esters of la (25*80/ and lb (61.8%) and minor components (36, 1.4, 
39 and 36% respectively) The eaters were readily separated by preparative GLC The NMR spectra 
of the pure esters are listed in Tabk 2 The minor component showed inter &a the following main features :* 

(A) Two or more partially overlapping quartets centred at -64.1 ppm (CO,CHsMe); several signals in 
the region 6 1.1-1.5 ppm (CO&H&H,); a complex signal centered at 6 6.2 ppm (oktinic protons) and a 
broad singlet at d 7.2 ppm (aromatic protons). 

(B) A complex multipkt at d 6.1 ppm (olefinic protons), a quartet at 6 643 ppm (COsCHsMe) and complex 
signals at 6 161.3 ppm. 

(C) A singkt at 6 3.3 ppm (OMe); two quartets at 6 41 and d 4.15 ppm; two triplets at 6 1.15 and 6 1.25 
ppm and a complex multiplet at d 42 ppm. The fourth minor component was not isolated. 

The two adducts were also readily separated by hydrolysis to the acids and column chromatography on 
silica gel using ether/light petroleum (1:4) as the eluent. The exe-isoTa (la) was eluted first. 

Exo-isomer la had m.p. 835-85”. (Found: C, 6599; H, 745. C,,H,,Os requires: C 6590; II, 7.70%). 
Endo-isomer lb had m.pt. 108-109”. (Found: C, 6616; I-I, 7.70. C,,H,,Os requires: C, 6590; H, 7.7004). 

Exe- Md endo-l-methoxybicyclo[2.2.2]oct-5-en-2-yl methands 
The exe-acid la, (2.42 g) was reduced with LAH (3 g) in ether. The product was obtained as a colourless 

oil (1.79 g; 80%). The tosykte had m.p. 35-36”. (Found: C, 6369; H, 6.63. Ci,HzaO$ requires C, 63.30: 
9 684%) 

The e&o-acid (3 g) was similarly reduced to the methand (1.5 g 54%) The tosykte had m.p. 54-55”. 
(Found: C, 63.38; H, 6.91; S, 990. C,,H,,O,S requires: C 63.30; H, 6.84; S, 994%) 

l The minor components were separatai from a reaction mixture obtained using ethyl acrylate. No 
change in the pattern of products was observed in changing from ethyl to methyl acrylatc 
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l-Methoxybicyclo[2.2.2]octan-2-yl carboxylic acfd (t) 
Hydrogenation of (la or b) in I&OH under atmospheric press, over a PtOz catalyst gave a single oily 

product; Y, 1725 cm-‘. Hydrolysis gave the acid, m.p. llW169 (Found: C, 65.88; H, 8.87. C,OH,,O, 
requires: C, 6519; H, 8.75%). 

1-Methoxybicyclo[2.2.2]octan-2-yl methanol 

The acid 2a (2.47 g) was reduced with LAH (O-62 g) in ether to the alcohd 1.86 g (82%). Tbc rosylate had 
mp. 68-699 (Found: C. 62.92; H, 751; S, 999. C,,HI,O,S requires: C, 62.96; H, 7.41; S, 988%). 

l-Methoxy-2-methyIbicyc&Q.2.2]oct-5-en-2-yI corboxylic acids (lc md la) 
2.5.DihydFoanisok (40 g), methyl metbacrylate (73 s) and hydroquinone (1.8 g) when reacted together 

as detailed above, yield a mixture of esters (36 g; 65%); b.p. 8@-1oo”pl mm; Y, 1725. The exo-carboxy- 
late was cluted first on GLC, the endo-isomer being present in excess (1.7: 1). Hydrolysis and chromato- 
graphy on silica gel gave the pure acids after crystallization from light petroleum cxo-ocid lc had m.p. 139”. 
(Found: C, 67.23; H, 8.24. C,,H,sO, requires: C, 67.40; H, 8.17%) The endo-acid Id has lap. 136”. 
(Found: C, 67.13; H, 8.26. C,,H,,03 requires: C, 67.40; I-I, 8.17%). 

I-Msthoxy-2-methyl bicyclo[2.2.2]0&5-ene-2-yl methmols 
The exe-acid lc (3.8 B) was reduced with LAH (1.2 g) in ether, to the alcohol (34 g; 90%). The tosylate had 

m.p. 80“. (Found: C, 64.53; H, 7.16; S, 9a. CIsHI*OIS requires: C, 64.3; H, 715; S, 9.52%) 
The endo-acid Id (4a s) was similarly reduced to the alcohol (3.2 g; 80%) The rosylate had m.p. 83”. 

(Found: C, 63.94; H, 719. C,sH,,O,S requires: C, 64.3; H, 7.15%) 

l-M~hoxy-2-methylbicycycIoC2.2.2]octan-2-y1 curboxylic ocki (tb) 
Tbc mixed acids lc and ld(3g) were hydrogenated in MeOH, under atmo press, over a 10% WC catalyst. 

The product, afta crystallization from light petroleum (2.76 g; 91%) had mp. 146”. (Found: C, 66.33; 
H, 9.48. C,,H,sO, requires: C, 6660; H, 9.100/,). 

I-Methoxy-2-methylbicyclo[2.2.2]octon-2-yl methwwl 
The acid zb (2.76 g) was reduced with LAH to the alcohol (24 g; 95%) The rosy/ate had m_p. 93”. (Found : 

C, 64.36; Y 817; S, 960. C,sH,,O,S requires: C, 649; H, 7.70; S, 947%). 

1-Methoxy-2-cymo-bicyclo[2.2.2$&5-ene.v (lc and If) 
2,5-Dihydroanisok (15 g), acrylonitrik (15 g) and hydroquinone (01 g) we= heated togetha in a sealed 

tube, under N2 to 120” for 60 hr. Tbe volatik materials were removal and the residue extracted thoroughly 
with ether, the extract being washed with 2% NaOHaq, dried and evaporated. Distillation gave 15.2 g 
of a colourkss oil; b.p. 50-110”/015 ml, GLC analysis of which showed it to bc a 960/, pure mixture of 
le and lf, the exe-isomer le predominating (Tabk 1). The isomers were scparatcd by preparative GLC. 

Equilibration using t-butoxide in t-butanol afforded a 1: 1 mixture of epimcrs. 
Hydrolysis using loO/, aqueous KOH afforded the acids le ami If. 

Reduction of l-methoxy-2-cyonobicyclo[2.2.2]oct-5-enes 
(a) The mixed nitriks (1 g) in dry ether (20 ml) were added to a suspension of LAH (14 g) in dry ether 

and the mixturn refluxed for 4 hr. The excess LAH was destroyed by addition of water and the soln filtered. 
The ather extrau was washed, dried and evaporatal to yield a mixture of the corresponding primary 
amines(0.09g; - 8%). The yield by this method could not be improved. 

(b) Compound If (2 g) in MeOH (10 ml) was added to liquid ammonia (MO ml) and Na (3 9) added in 
smaII pieces ovcx 1 hr. Evaporation of the ammonia followed by extraction with ether, washing with water, 
drying and evaporating gave the endo-l-merhoxyb&ycIo[2.2.2]uct-5-en-2y~ methylmine. (1.7 9) as a viscous 
oil; rosy! deriootiue, mp. 73-759 (Found: C, 63.85; Ii, 7.24; S, 1008 C,,H,,OJW requires: C, 63.54; 
y 7.u ; $9%X). 

After deamination, l-methoxybkyclo[222]oct-2-N (lk) was identified as an impurity (@5% of amine). 
The exe-nitrik was similarly reduced to give the exo-l-merhoxyb&yclo[2.2.2]~t-5-en-2-y1 methyl mine 

as a viscous oil. lk was idcntilied as an impurity after deamination (720/, of aminer 
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I-Methoxy-2-acetylbicycIo[2.2.2]oct-5-m (lg and lh)L 
2,5-Dihydroanisok (43 g) and freshly distilled methyl ketone (65 g), togetha with hydroquinonc (16 g) 

were heated in a sealed tube, under Nu for 39 hr at 160”. Removal of excess dienophik followed by distillation 
gave a mixture containing about WA of the required ketones; b.p. SWW/Wl mm, v, = 1715 cm-‘. 
Preparative GLC gave the adducts in better than 95% purity, the impurity in each case being the epimeric 
ketone. 

The exe-ketone lg was first eluted and had v, 1705 cm-‘. The NMR spectra are analysed in Table 2. 
The t&o-ketone 2b had v, 1705 cm-‘. 

l-Methoxy-2-acetylbicyclo[2.2.2]octane (2~) 
Hydrogenation of the mixed ketones lg and lh over a 10% PdC resulted in a complex mixture d products 

which was not investigated further. Hydrogenation of the A lb (@S gJ in MeOH gave a product containing 
two components in the ratio d 1: la5 as shown by GLC analysis. Preparative GLC produced the more 
rapidly eluted fraction as a colourless oil (0.2 gj. The NMR spectrum of which showed it to be the saturated 
ketone 2c; v, 1710 cm-‘. The second component had no OMe signal in the NMR spectrum, and had 
v, 1710 cm-‘. It was considered to be a produd of ring-opening and hydrogenation.‘c’ti) 

l-Methoxy-2-endo-(l-hydroxyethyl)bicyclo[2.2.2]oct-5-ene (6) 
Reduction of the endo- lb (5 g) with LAH gave 6; (4 g; 80%) as an oil. GLC analysis on PEGA, PEGS, 

and capillary GLC on PEGS showed only one component NMR analysis showed only a single OMe signal. 
The tosylate was obtained as an oil, which showed only a sir@ OMe signal. On standing at O”, crystals were 
deposited and separated The residue was a semicrystallinc oil which showed only a single OMe signal in the 
NMR spectrum. 

l-Methoxy-2-exo-(l-hydroxyethyl)bicyclo[2.2.2]oct-S-enes (7 and 8) 
The exo 2 (2.5 9) was reduced with LAH in ether to a mixture of7 anci 8 (2 g; So”/ in the ratio of 1: 1.7. 

Small samples of the pure alcohols wert separated by preparative GLC at 190”. The mixed tosylates and the 
pure tosylats were obtained, free from the parent alcohols as judgui by NMR analysis d the methoxyl 
region, but could not be induced to crystallise 

I-Methoxy-241-hydroxyethyf)bicyclo[2.2.2]ocrunes 9 and 10) 
The saturated ketone 2c (@2 gl was reduced to a mixture d 9 and 10 (0.15 g; 75%) in the ratio of 1: 1.6 

as shown by analysis of the OMe region of the NMR spectrum The low field OMe was assumed to be 
associated with the diastereoisoma capable of intramolecular H-bonding The alcohols were not separable 
on GLC. The mixed tosyhtes went obtained as a noncrystallizabk oil. 

l-Methoxybicyclo[2.2.2]oct-5-en-2-one (13a) 
1,3-Dimethoxy-2,Sdihydrobenzcne (26.7 g) was added dropwise to an ice-cooled, soln of maleic an- 

hydride (21.7 g) in dry benzene (500 ml) containing glass-wool The mixture was allowed to warm up and 
then relluxed for 45 min. Removal of the solvent yielded a semi-solid mass d the crude adduct lla which 
was not further purified before reaction. 

Crystallization from diethyl ether yielded the adduct as a pale yellow, microcrystalline solid; m.p. 126- 
128”. The IR spectrum showed bands at v, I850 and 1780 cm- *. The NMR spectrum (Table 2) was entirely 
in accord with the structure assigned. 

The crude adduct lla (55 g) was dissolved in a mixture of water and DME (4:l; 400 ml) and refluxed 
overnight. Tbe solvents were removed by means of a rotary evaporator to yield a viscous mass which on 
tritaration with acetone yielded the ketediacid lk (22.7 g). Recrystallization from acetone gave a white 
crystalline powder; m.p. 182-185.5”. The yield d this compound from resorcinol dimethyl ether, was 49%. 

The diacid 1% (8.12 g) was dissolved in dry pyridine (8 ml) and 0, was bubbled through the soln for 20 
mm Kecrystalhzed lead tetraacetate (242 g) was added, and the reaction vessel rapidly immersed in an oil 
bath at 67”. The mixture was maintained at this temp with vigorous agitation, for 7 min. After cooling, the 
mixture was poured into 2N HNOs and extracted with ether, the extracts being washed with NaHCOsaq 
and water. Removal of solvent gave 1% (1.759 g) as a colourless oil, which gave a single peak on GLC 
analysis. The IR spectrum showed peaks at 1604 and 1728 cm- ‘. The UV spectrum had d_, 280 nm e_ 
_ 250. The NME spectrum was in accord with the structure assigned (Tabk 2) 
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l-hferhoxy-3-merhyIbicycfo[2.22]oct-5-en-2-ones (13b md UC) 
2-Methyl-1Jdimethoxybenxene (8 g) in DME (50 ml) was added to liquid ammonia (1 l.j Li (15 g) in 

smaIl pieces, was added over 30 min and the mixture stirred for a further 2 hr. MeOH was added to destroy 
the colour, and then bti added and the ammonia allowed to evaporate Extraction with ether gave a 
product (7 g) containing 90% of 1,3dimethoxy-2-methyl-S5_dulydr~~ as indicated by GLC analysis. 
The NMR spe&um of the product (Tabk 2) was in accord with this structure 

The crude product was dissolved in dry benzene (50 ml) containing glass wool, and makic anhydride 
(6 9) added at room temp. After refluxing for 16 hr, the solvents were removed and the products dissolved in 
dry CCI,. Insoluble material was removed by filtration and tbe liltrate evaporated to give the crude adduct 
Ilb (10 gj The NMR spectrum (Tabk 2) was in accord with the proposed structure and indicated the pres- 
ence of makic anhydride (20%) and 2-methyl-1Jdimethoxybenxene (10%). 

The crude adduct was dissolved in DME : water (3 : 1; 600 ml) ad refluxed for 16 hr. The soln was evapora- 
ted to a small volume, and extracted with large quantities of ether. Evaporation gave a solid which was 
washed several times with light petroleum (b.p. 40-60”) to remove aromatic impurities and the resultant 
white solid recrystalhxed from acetone:water (1:l); m.p. 151-153”. This acid 1Zr (6 g) had a NMR 
spectntm indicating the presence of a singk isomer (Tabk 2j 

Lead tetraacetate oxidation of 1% (6 9) as above gave the ketone 13b (O-9 gj shown by NMR to be a single 
epima. 

Equilibrium of13b(@5 g) by refluxing with lo”/, NaOMe soln in MeOH (25 ml) for 30 min gave a mixture 
of 1% and lk (045 g) which could not be resolved by GLC analysis. The NMR spectrum (Table 2) indi- 
cated tbe presence of 55 % of the 3-e&methyl ketone (13~). 

Dimethyl 7-methoxpetralin-5,~icmboxylate (16) 
(a) CMethoxy-1,2,3,4,5,8-hexahydronaphthalene (6 8) was equilibrated with potassamide in liquid 

ammonia, and allowed to stand at 0” with dimethyl acetylene dicarboxylate (2.5 ml) for 12 hr. El&on with 
light petroleum from a short silica gel column gave first, 6-methoxytetralin, and then an oil (1.8 g) having 
VA 1730 cm- r. This material, believed to be 15, on warming to WY’, frothed and then solidifed on cooling 
The solid, on recrystallixation from petrol gave white needles of the aromatic diester 16; v, 1730 cm- 1 ; 
m.p. 98-99”. (Found: C, 648; H, 6.5. C,,H,,O, requires: C, 64.7; H, 6*5%j 

(b) CMethoxy-1,2,3,4,5,8-hexahydronaphthalene (6 g) was mixed with dimethylacetylene dicarboxylate 
(6 ml) and heated in a sealed tube, unda N,, at 150” for 2L1 hr. On removal of volatile materials, the residue 
was recrystallixed from petrol to give the aromatic diesta 16, mp. 98-99” (7 gj 

Hydrolysis of tbe die&r, followed by aciditTcation gave the corresponding anhydride 17, m.p 176178”; 
v, 1770 and 1830 cm-‘. (Found: C, 671; H, 5.4. C,sH120. requires: C, 67.2; H, 5.2%). 

1,4-Dihydro-2-methoxybenroic acid (22)” 
To a stirred soln of o-anisic acid (la g) in MeOH (13 ml) and DME (5 ml) was added liquid ammonia 

(20 ml), and Na (075 9) in small pieces over 3 min. Ammonium chloride (3.1 g) was added and the ammonia 
allowed to evaporate. The liquid was then cooled to - 5” and acidified with iced HCl (10%) to pH2. Extrac- 
tion with ether yielded an oil (1.12 g) which slowly crystallized when stored at 0” under N,. The NMR 
spectrum showed signals at 6 9.45 (CO, H); 5.75 (2 vinyl protons); 4.75 (1 vinyl proton); 3.5 (O-Me) and 
366 ppm (1 methinej 

l&Dibydrobenzoic acid 
Renxoic acid (10 g) was reduced by the method of Kuehne and LamberP to give a semicrystalline product, 

the NMR spectrum of which revealed the presence of -25% benxoic acid 

6-Metboxyterralin-7-carboxylic acid (Ua) 
(a) To a stirred mixture of 6-methoxytetralin (41.7 gj nitrobenxene (338 g) and acetyl chloride (464 g) at 0” 

was added AlCl, (82 9) in small portions ova 30 min. The sotn was stirred at 0” for 5 hr. allowed to stand 
at 5” for 48 hr. and then poured onto ice and cone HCl(l40 ml) added. TM nitrobenxene was removed by 
steam-distillation and the residue extracted with ether. The ethereal extract was washed with water and then 
boiled with animal charcoal for 2 hr, before evaporation. Tbe product was distilled to give 7-acetyI-6- 
met/roxyreholin 23a (37.3 g; 72%); b.p 110”/@75 mm; mp. (ex light petroleumj 4W, (Found: C, 7660; 
H, 8GO. C13HL602 requires: C, 7644; H, 7W/,j The 2,4dinitrophenyfhydraxone had m.p. 2089 (Found: 
C 596’7; H, 5.58; N. 1424. CIPH,,O,N, requires: C, 5937; H, 524; N, 14*58j 
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The ketone 23a (22.8 g) was dissolved in dioxan (30 ml) and 10% NaOClaq (40 ml) and NaOH (40 g) 
added. The mixture was stirred and heated under reflux for 12 hr. NaHSOsaq was added until the mixture 
no longer liberated I, from acid&d KI soht and the mixture ma& acid to Congo Red with WA H,SO,aq. 
Ether extraction, followed by separation of the acidii and non-acidic components gave starting material 
(12 g) and the required 24a (5 gj The acid had mp. 115-116” (Liti 1Wj An attempt to improve this 
reaction by using a much larger cxceas of hypochlorite soht gave an acid melting at 162-163” (ex CCIJ. 
NMR spectral analysis identified this compound as 5-chlop oknethoxytetralin-7-carboxylic acid ub. 
(Found: C, 5988; II, 554; Cl, 14.73. C,,Hr303Cl requires: C, 5986; II, 524; Cl, 14*79%j 

(b) 6-Hydroxytetralin (24 g) were dissolved in CS, (280 ml) and cooled to 0”. Chloracetyl chloride (24 ml) 
was added, and then powdered anhyd AICI, (100 g) was added with stirring during 40 min The mixture 
was maintained at 0” for 2 hr and then allowed to reads room temB and poured onto ice. The organic 
layer was separated, and the aqueous layer extracted with ether and the combined organic layem washed 
with NaHCO,aq and water. Evaporation yielded an orange solid which was q from CCl4 
as a pale yellow solid; (23b; 26 g; -7Vkj It had mp. lO>lW; v, (hexachlorobutudiene) 1645 (C=O) 
and 3100 (broad; bonded-OH); &, 273 mn (e, 12,600) and 348 mn (s-4329). 

The chlorokctone ub (5M g) was added to pyridine (5 ml) and heated under reflux, for 45 min. The brown 
mass was broken up, a hutha 2 ml pyridine added and reIluxing continued for 25 min. SoA NaOHaq 
(7 ml) was added and the mixture relluxed for 20 min, cooled and extracted with ether. The aqueous layer 
wasmadeacidtoCongoRadwithcom:HCZ~thccru&productfiltcradanddricdintheairandby 
distillation from it of benzene. Recrystalliration from chloroform gave the hydroxy-acid 24e (262 g; 63%) 
as white flaky crystals; m.p. 177-178”. 

The hydroxy acid 24e (13 g) was disolved in an NaOHaq (14 g in 120 ml), and MesSO, (28 ml) added 
at room temp. After 45 mitt under reflux a further 5 g of NaOH in 30 ml water, and MeSO* (18 ml) were 
added and refluxing continued. The mixture was cooled, and water added to dissolve the precipitated salts. 
Extraction with ether yielded the methyl ester of the methoxy-acid (Ua; 3-25 g; Wkj AcidiCcation of the 
aqueous layer, followed by extraction with ether gave the merhoxy-ackf (24a; 692 g; 5O%,); m.p. 115-116”. 

The methyl ester, on hydrolysis with methanoiic NaOHaq yielded the acid in 95% yield 

7-Methoxy-1,2,3.4,6,9-hexahydronaphthalene&arboxylic acid (21) 
To a stirred soln of 24a (1 g) in THF (20 ml) was added liquid ammonia (40 ml) and t-butanol (15 ml j 

Na (08 g) was added in small pieces over 15 min. Ammonium chloride (2.8 g) was added, and the ammonia 
allowed to evaporate for 2 hours. Ice water and salt were added to reduce the temp to -33 and the soln 
~asacidifiedwithl~~HCItopH2Themixtunwase~~~withCHCI~,andtheextradw~hedthoroughly 
with Na,C03 aq. The aqueous carbonate extracts were acidigcd with chillaJ lO%, HCI, and extracted with 
CHCI,. Evaporation yielded an oil which crystal&d on standing Recrystallization from ether/n-hexane 
gave the acid 21(09 g); m.p. 119-120”. The UV spe&um showed only very weak absorption at 243 nm, 
corresponding to less than 4% starting material. (Found: C, 6947; II, 7.76 C,rH,,O, requires: C, 6920; 
Y 773%j 

Attempted acid-catalysed hydrolysis sf 1,4dihydro-o-anisic acid (22) 
The dihydro acid (1 gj 50’% HCI (2 ml) and sufficient DME to elf& soht were mixed together and 

maintained at 60” for f hr. The mixture was poured into an excess Na3C03aq and extracted with ether to 
give after evaporation a liquid (O-5 g) having v, 3500, 1710 and 1680 cm-i. Treatment with Brady’s 
reagent gave. the 2.4dinitrophenylhydraxone of cydohex-2-enone; ap. 166”. in poor yield 

l-Methoxybicyclo[2.2.2]oct-5-en-2-carboxylic acids (la amf Ib)from l&dihydro-o-ani.+ acid 
CrystaRine l&dihydrosanisic acid (630 mgj ethyl acrylate (3 ml) and hydroquinont (90 me) were 

heated together, under N, to 200” in a sealed tube for 32 hr. The volatiks materials were removed and the 
residue distilled to give an oil (210 mgj GLC analysis of which showed it to contain the IIt ester of la 
and lb. Hydrolysis with cthanolic KOH followed by chromatography on silica gd yielded the acids, 
identical with authentic samples 

Pyrolysis and Dick-Alder reaction qf the hexalin-acid (21) 
The crystalline acid 21(460 mg), methyl acrylate (2 ml) and hydroquinone (30 mg) were heated under 

N, in a sealed tube for 36 hr at 2009 Removal of the volatile materials was followed by distillation to give 
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a colourless oil (340 mg). GLC analysis revealed the presence of two main components (26a and %b 
methyl esters). The NMR spectrum supported this structural assignment (Tabk 2). 

Hydrolysis with ethanolk KOH gave a mixture of the acids which was subjected to chromatography 
on silica gd Ether/light petroleum (l:S), duted first the exogcid 26b (30 mg); m.p. 122-123”. Further 
elutian gave samples increasing rich in the epimeric acid 26q the purest sampk obtained containing 
> SW% of this isomer as judged by GLC and NMR analysis of the metbyl esters, formed by reaction with 
diazomethane. 

Hydrogen&on of the unsaturated acids (%a and 26b) 
The acids, as their Me esters, were separately hydrogenated under atm press in MeOH, over Adams’ 

catalyst. The products were obtained as colour1es.s oils; v_ 1730 ca- *. The Me ester of 26a gave the 
Me ester of 28s in ~85% purity (GLC analysis). This was identical, on GLC analysis with one of the two 
products of hydrogenation of the Me ester of 29r The Me ester of 26L gave the Me ester of 2sb, exhibiting 
a single peak on GLC analysis inseparable from the product of epimcrization of 28a. 

Epimerizarion of the methyl esters 
The Me esters of 26, Zs. 29 and 38 wem epimerixed by the following procedure. 
The ester (20 mg) was dissolved in a sat soln of C-BuOK in z-BuOH (1 ml) in an ignition tube.‘The tube 

was chilled, flushed out with dry N, seakd and maintained at loo” for 48 hr. Solvent was removed in a 
rotary evaporator. the residue acidified and extracted with ether. Ester&cation with ethereal diaxomethane 
was followed by GLC analysis. 
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