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Abstract-Novei rearrangements of hydroxycyclo~ntenone derivatives I and 24 to 7,9,11 and 31,33,35 are 
reported. The stereochemistry ofthe rearrangement is interpreted as the result ofsynchronousenolate induced 
[1.5]-sigmatropic rearrangement and stepwise addition~limination process. Preparation of the various 
substrates and structural elucidation of new products are also described. 

DURING the last decade, the 4hydroxy-Z-cyclo- 
pentenones have been one of the most popular 
synthetic objects for organic chemists, since they are 
important intermediates in the preparation of natural 
products such as prostaglandins and the alcohol 
moieties of the pyrethrum esters.1-3 While there are 
many methods of preparing the title compounds, 
relatively few investigations of their chemical 
transformations can be found in the literature. As part 
of our general program concerning the synthetic 
potential of cyclopentenones, we have systematically 
studied their reactions with nucleophilic reagents. 

Recently, in connection with the synthesis of 13- 
thiaprostanoids we had investigated and described 
novel rearrangements ofrlhydroxy-2-cyclopentenones 
(Scheme Q4 The triethylamine catalysed reaction 
between cyclopentenone la and mercaptan 2a afforded 
a mixture of thiaprostaglandi~ 3a, thioether 7a and 
enol thioether 9a. Mainly, on the bases of chiroptieal 
properties of the products, for the formations of 
thioethers (7s and 9a) we proposed an enolate induced 
[ 1.5]-sigmatropic shift on the corresponding dehyd- 
ration product (4), followed by [ 1.5]-hydrogen shift (6a 
+ 9a). Blockage of the OH function of cyclopentenone 
by a t-butyldimethylsilyl group prevented dehydration 
(3b ---) 4a) and only thiaprostaglandin derivative (3b) 
was isolated in good yield, 

It seemed reasonable to expect that processes 
analogous to the above rearrangements might be 
induced on the hydroxycyclopentenones with alkoxide 
nucleophil= too. If so, that would be the first example 
for a concerted sigmatropic rearrangement involving 
an alkoxide migrating group, because to date, 
according to our best knowledge the migration of 
alkoxide group in thermal reaction has not been 
reported. 

The reaction between hydroxycyclopentenone la 
and sodium methoxide was carried out at 0” in 
methanol, using 1.0 equiv of methoxide. In contrast to 
the discussed reactions of S compounds, this reaction 
was rather fast, and gave a mixture of four products Ib, 

9b, 1 lb and a trimer in the ratio 45 : 5 : 20: 30 (overall 
yield 77%). The structures of these new compounds 
were established by elemental analysis and ‘I-I-NMR 
spectroscopy (Experimental). Chemical support for the 
structural assignment was also obtained by treatment 
of the enol ethers 9b and 1 lb with acid ; the hydrolysis 
afforded the corresponding cyclopen tene- 1,3-dione 
derivative (12 and 13, respectively). 

At this stage of research we thought that a similar 
mechanism could be applied to explain the reaction of 
cyclopentenone la with alkoxide as with S- 
nucleophiles. The first step of this proposed mechanism 
involves the nucleophilic l&addition of methoxide 
anion on the enone moiety of cyclopentenone giving 
an unstable alkoxycyclopentanone 3b (X = H). By 
analogy with the earlier cases, we expected that this 
addition reaction would occur preferentially on the /$- 
side of cyclopentenone to secure the all trans- 
arrangements of the substituents. Base-catalysed 
dehydration of the cyclopentenone 3b produces a 
cyclopentenone 4b, which was subsequently converted 
into the corresponding anion Sb. This intermediate can 
either undergo a [ 1 .SJ-sigmatropic methoxy shift or a 
[l-S)-sigmatropic H-shift to give two of the observed 
products {7b and 11 b, respectively). The third product 
9b can be formed from the intermediate anion 6b by 
[I .5 J-sigmatropic H-shift. 

This mechanism is in fact an extension of that 
proposed earlier for the thiolate ion induced re- 
arrangements of hydroxycyclopentenone. Formation 
of enol ether lib also substantiated the intermediacy 
of the postulated cyclopentenonc 4b. 

In order to gain more information about the 
mechanism further examinations were undertaken, In 
this case, the blockage of the OH group did not prevent 
the rearrangement. The reaction ofsilyl ethers 1 band lc 
with sodium methoxide afforded cyclopentenones 7b, 
9b and 1 lbin excellent yield. It seems likely that the first 
step of this reaction was also the nucleophilic addition 
of methoxide anion, which was followed by the 
elimination of silyloxy substituent (lb or lc --) 4b), 
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~reviuu~ removaf of the prut~t~n~ grip r;ain be ruled 
out, for it was found that the recovered alcohat from 
some incomplete reactian existed as its silyf ether (lb or 
1~). Since tgie reaction pr&ed withaut the formation 
oftrimer side prcrduti and the product distributian was 
essentially the same as in the case of unprotected 
cyclopentenone (Is), for further inv~ti~ati~ns we used 
the silyt ethers. 

The corresponding tetrahydr~pyrany~ ether Id and 
acetate fe also underwent rea~~n~ement with 
rneth~nu~~~ slMtium methuxide to give the ab~~ve 
rearranged products (?b,9b and t lb). 

The reaction turned out to be very sensitive ta the 
ccsnditions. Thus~ the solvent, the temperature and the 
time influenced the yield and the product ~ornp~s~ti~n 

~~~sidera~~y. Essentiatly* methanut wan the only 
suitable solvent. In ather primary or secondary 
alcohlols trans~te~~cation and incorpuratian of the 
correspunding tikoxide did occur, producing a rn~e 
compfex mixture ofpxxbts. In tertiary alcohol and in 
aprotic solvents (e.g. t-BuOH, THF, DMF) profound 
tendency of dimerixation and trimerization was 
observed (set: Iate@ 

The relative amount of these compuunds 7,9 and 11 
was a function sf the temperature and oft he time(Tabla 
1). At iuwer temperature, after ab shorter time the major 
product was ~ku~y~y~lu~ntenune 7, and aniy traw 
amounts of enot ethers 9 arnd 11 were isutated. At 
elevated tem~rature ccrnsiderable amounts of the enal 
et her t 1 was farmed, especially when the temperature of 
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Table 1. Rearrangements of cyclopentenones under various conditions 

Starting 
material Base 

Amount 
of base 
(equiv.) Solvent 

Product composition 
lmol %) 

Temp. Reaction Yield 
( It YC) time (hr) 7 9 11 % 

lb CH,ONa 1 CH,OH 0 
lb CH,ONa 1 CHJOH 20 
lb CH,ONa 2 CHJOH 20 
lb CH,ONa 0.2 CH30H 20 
lb CH,ONa 1 CH,OH 40 
lb CH,ONa 1 CHJOH 20 
lc CH,ONa 1. CHjOH 0 
Iii CH,CH,ONa 1.2 CH,CH,OH 0 
lg CH,CH,ONa 1.2 CH,CH@H 20 

0.5 
2 
2 
2 
2 

48 

A5 
2’ 

95 trace 
64 6 
65 7 
65 6 
47 10 
12 58 
92 2 
93 2 
62 5 

5 
30 
28 
29 
43 
30 
6 

3: 

65 
72 
74 
62 
68 
65 
78 
68 
71 

the reaction was allowed to rise to 40”. Under this 
condition the reaction gave 7 and 11 in approximately 
equal amounts. Using longer times, the amount of enol 
ether 9 increased and after 2 days all the 
alkoxycyclopentenone 7 was transformed into 9. 
Furthermore, we could completely convert the isolated 
alkoxycyclopentenone 7 into enol ether 9 by sodium 
alkoxide. 

The reaction was not sensitive to the amount of the 
catalyst. Using 0.2-2 equivalents of sodium methoxide 
the product composition did not change significantly. 
The use of lower amounts of base resulted in longer 
times and in incomplete transformation of the starting 
material. 

Attention was next turned to the stereochemical 
outcome of the rearrangement. Two of the rearrange- 
ment products, alkoxycyclopentenone 7 and enol ether 
9, have chiral centers. As was anticipated, the enol ether 
9 was racemic. The [lS]-hydrogen shift in the 
rearrangement of intermediate 6 had produced an 
achiral enolate 8, on which the protonation was a 
random process. 

(P 

03P(CH~~~-COOH I 
Q 

c 
Nat-i, RISO 

14 

In the formation of alkoxycyclopentenone 7, we 
expected that the initial addition would occur 
preferentially from the less-hindered p-face and then 
the resultant alkoxycyclopentenone 3 broke down to 
cyclopentenone 4. A concerted [ l.SJ-sigmatropic 
rearrangement with suprafacial stereochemistry on the 
corresponding enolate anion 5 would cause the 
retention of configuration, which means the inversion 
of the chiral center of the starting material I (R + s). In 
contrast with this expectation, the isolated alkoxy- 
cyclopentenones 7 were mixtures of enantiomers (4R 
and 4S), e.g. in the course of the reaction raeemization 
or/and inversion of configuration had taken place. 

The above results indicated that the mechanism for 
the alkoxide catalysed rearrangement is more 
complicated than we postulated earlier. In order to gain 
greater insight into the stereochemieal aspects of the 
process we planned a more detailed examination of the 
reactions of hydroxycyclopentenones with nucleo- 
philes. Two series of optically active compounds were 
therefore synthesized, as illustrated in Schemes 2 and 3, 
involving the 4(Rj=hydroxy-2cyclopentenone deriva- 
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Scheme 2. 
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Scheme 3, 

tives (I) and derivatives having q~configuration (24). 
For the syntheses of these compounds as well as the 

corresponding protected analogues we ~ZXK! essentially 
the same procedure that was published earlier for the 
preparations of prostaglandin-E, synthon (1a).9 Thus, 
the 4(R)-hydroxycyclopentenones (la-i) were pre- 
pared from the optically active olefin-lactol 14. 
Condensation of the lactol with the ylide generated 
from 4-~rboxybutyltriphenylphosphonium iodide 
provided the cyclopentenol I%, which was converted 
to the corresponding ester (15b, c) by esterification with 
the appropriate alcohol. Epoxidation of 15 with t-butyl 
hydropetoxide and vanadyl acetylacetonate yielded 
the epoxyalcohol 16, which was oxidized to the epoxy 
ketone 17 utilizing pyridinium dichromate in DMF, 
Treatment of the latter with triethylamine, followed by 
rearrangement of the resultant cyclopentenone 18 on 
alumina, afforded optically pure 4(Rbhydroxycyclo- 
pentenone derivative 1. 

In a similar way, starting from the enantiomeric 
lactoll9 we obtained the q~hydroxycyclo~ntenone 
24a (Scheme 3). In analogous fashion, the pyrethroid 
alcohol 24~ was also synthesized from the lactol 19, 
Condensation of this lactol with the Wittig reagent 
derived from propylt~phenylphosphonium bromide 
and dimsyl sodium provided the cyclopentenol 2Ob, 
which was oxidized with t-butyl hydroperoxide and 
vanadyl acetylacetonate. The resulting epoxyalcohol 
21b was oxidized with pyridinium dichromate and the 
epoxyketone 22b so produced was treated with 

triethylamine. The rearrangement of the product 23b 
yielded hydroxycyclopentcnone 24~. 

Intermediate 2Ob was used for the preparation of 24f, 
which incorporated a saturated side chain. Catalytic 
reduction of 20b over Pd catalyst, followed by 
sequential oxidation of the resulting cyclopentenone 
2Oc with t-butyl hydroperoxide and pyridinium 
dichromategave the epoxyketone 22c. Treatment of the 
latter with ethereal triethylamine afforded the 
cyclopentenone 23c, which was converted into the 
desired hydroxycyclopentenone 24f by rearrangement 
on alumina. 

The trityloxy derivatives 24b were prepared from the 
optically active lactone 2!!(Scheme 4). Reduction of this 
lactone with LiAlH4 afforded cyclopentenol26, which 
was tritylated and the resulting trityl ether 206 was 
converted onto the desired hydroxycyclopentenone 
24b with the above procedures via intermediates 21& 
22d and 236. 

The rearrangement of hydroxycyclopentenone 24 
was carried out under a variety of reaction conditions 
(Table 2), in each case by the addition of the 
hydroxycyclopentenone to an alcoholic solution of the 
base at the appropriate temperature. The structures of 
the products (31,33 and 35, Scheme 5) were assigned 
from their spectral data. The enantiomeric com- 
position of the product 7 and 31 was established by 
comparing their optical rotation with that of the 
corresponding hydroxycyclopentenone (1 and 24 : X 
= H, respectively). Since no chiroptical data of 4- 
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Scheme 4. 

alkoxycyclopentenones were available, there was no 
direct way to assess the stereospecificity of the 
rearrangement. t OJ * Thus, we had to rely on the careful 
comparison of the trend of the sign and magnitude of 
the optical rotation of hydroxycyclopentenone and 
their O-protected derivatives. The optical rotations of 
the hydroxycyclopentenones and their derivatives were 
close to each other and of the same sign. The OMe 
group is rather similar in size to the OH group and 
therefore we have assumed that the optically pure 4- 
alkoxycyclopentenone would have the same sign and 
magnitude of rotation as its OH-anaiogues, and so we 
used the optical rotation value of hydroxycyclo- 
pentenones in our calculations. Although this 
assumption is not strictly correct, the error introduced 
by it is rather minor. 

As expected, almost identical product composition 
(318, 33a and 35a) and an inverse enantiomeric ratio 
was obtained in the rearrangement of 24b as from the 
reaction of prostaglandin synthon (Table 2). 

The reaction of the pyrethroid alcohol 24~ with 
alkoxide gave the alkoxycyclopentenone 3tb in 
excellent yield. In this case, the enol ethers 33b and 35b 
were formed in only trace amounts. Noteworthy was 
the fact that the stereochemistry of the process (24d 
--) 31 b) was highly dependent upon the temperature. At 
lower temperature (- 20”) we got partial inversion of 
configuration and retention of configuration pre- 
dominated at ambient temperature. 

A similar ratio ofisomers (316,33d and 35d) had been 

obtained in the rearrangement of the saturated 
analogue 24g. Furthermore, an exclusive formation of 
alkoxycyclopentenone 31d was achieved at lower 
temperature+ The process (24g -+ 31d) proceeded with 
high inversion of configuration at C-4. 

By contrast, the trityl ether 24i having the bulky side 
chain gave essentially the same product composition 
and enantiomeric ratio of the alkoxycyclopentenone 
product 31e, as we have observed in the cases of 
prostaglandin synthons. All attempts to isolate the 
benzyloxy migration product as a result of the reaction 
of ester li with sodium benzylate in benzyl alcohol 
failed. 

Likewise, no trace of migration product was 
observed when hydroxycyciopentenone (1 or 24) was 
exposed to lithium diisopropylamide or potassium t- 
butoxide. From the reaction of hydroxycyclo- 
pentenone lb with one equivalent of lithium 
diisopropyl~ide we isolated in a moderate yield (3 1%) 
the dimer 37b, identified by the usual techniques 
(Experimental). Probably, this highly basic and poorly 
nucleophilic reagent partially converted the substrate 
into the corresponding enolate anion 36b, which then 
initiated a nucleophilic l&addition across the enone 
system of lb. An identical result was obtained from the 
reaction of 24g with lithium diisopropylamide, leading 
to dimer 42~ in 42.5% yield. 

A more complicated picture emerged from the 
reaction of hydroxycyclopentenone 1 b with potassium 
t-butoxide in t-butanol. Here, a complex mixture of 

Table 2. Selectivity of the base catalysed rearrangements of hydroxycyclo~ntenone derivatives (1 and 24) at various reaction 
temperaturest 

Substrate 

Configuration 
of the 

substrate Product1 

Enantiomeric 
composition (%),fj 

Reaction temperature {“C) 

-20(12) OI3) 

Configuration of 
major enantiomer, 
(Reaction time, hr) 

20 (1) 4W) 

lb 

1C 

24b 

1% 

24d 

24d 

24% 

24i 

MeONa 
(M&H) 
MeONa 
(MeOH) 
NeONa 
(M&HI 
EtONa 
(EtOH) 
MeONa 
(M&H) 
EtONa 
(EtOH) 
MeONa 
(M&H) 
MeONa 

(M&H) 

7b 

7b 

31a 

7c 

31b 

31e 

31d 

31e 

- W-26, R 80-20, R 82-18, R 

- - 78-22, R - 

- 72-28, S 75-25, s - 

- - 80-20, R - 

65-35, R 52-48, S 66-34, S 73-27, S 

- - 64-36, S 70-30, S 

76-24, R 70-30, R 64-36, R - 

- 68-32, S 53-47, S - 

t The reactions were carried out with a molar ratio of substrate-base-solvent of 1: I: f 5, at the appropriate temperature. 
$ A mixture of R- and S-isomers. 
4 Average of two or more runs. Estimation errors of If: loo/,. 



Q 0 
R2UH, B- * XUH 6’ 

24 * * ,-* c -+ 

products had been furm& and only the major 
cons&vent was isolated, The structure of this 
eumpoinnd showed great rScmbfance tu that of tr Saner 
isulated earlier from the reaction of hydtoxycyclu- 
pentensne fia with methuxide. Therefore, we turn back 
to the structure ebidatian of this compsund. 

The mass spectrum of tfris campaund with a 
mofecu’tar ion M + 687 (C&H &I1 o) showed that it was 
a trimer uf the starting hyd~uxy~y~lu~nt~nun~ (4011) 
formed with the fusfs of two water mulecufes (Scheme 5). 
The IR absorptians were indicative of thlree enont: 
systems(l715,1710and 17~~rn-*)andan~H~uup 
(342&m - I)* The l H-NMR smtrtrm reve&d that two 

uf the threeokfinic prutuns c&he, thrm rnctkct&s aft&e 
starting material had been replaced by two new ofefinic 
prutuns. These appeared as twu one-pruton rn~~t~p~e~ 
at S 5.94 and 7.35, which were very characteristic: of the 
vicina1 prutons uf 2q&@entenanes. The spectrum 
included a signat at S 4.25 attributabXe to a methine 
attached to uxygen and a signal at S 5.35 indicating the 
presence; of six uiefinic gratuns in the side chains of the 
muXs=cule. There was afsu a sign& at Ss 7.2 suggesting the 
presence of a &hydrugen on une of the enune systems of 
the mole&e. 

It is likely that the first stage of the trimtrizatiun is the 
formation of the dimer 3% which could nut be isoIated ; 
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Scheme 7. 

subsequently a l+addition reaction of this dimer with 
the enolate anion 36a gives the intermediate 38a which 
may undergo base-catalysed dehydration to produce 
3!?a. Base-catalysed enolization on the p-ring of the 
trimer 39a followed by [LSJ-hydrogen shift, and 
elimination of water give rise to 4Oa. 

The product of the reaction of 1 b with t-butoxide was 
the silyloxy derivative of the above trimer (48a). For the 
formation of this compound (bob) we suggest a similar 
sequence of reactions (Scheme 6). 

Similar results were obtained starting from 
substrates 24d and 24e. Here, in addition to the major 
product 45 observed previously, roughly an equal 
proportion of another trimer 46 was obtained and 
identified through its spectroscopic properties. The 
proposed pathways for the formation of these 
compounds are shown in Scheme 7. 

The formation of the trimers can be explained by the 
nature of t-butoxide base. By comparison with 
methoxide or ethoxide, t-butoxide anion is slightly 
more basic and less nucleophilic. Consequently, the 
addition of the bulky t-butoxide to hydroxycyclo- 
pentenone must be necessarily slower than that 
observed with methoxide, and may not compete with 
the dimerization or trimerization processes. 

R’ OH 
0 

Gb-e 1 

4 

’ - -C02R’ 

R’O’ OR’ 

e- . 

63-46 X 

a SiKH3f2-t-Bu 

b SIBU3 

It is more difficult to explain the stereochemistry of 
the formation of thealkoxycyclopentenone 7 and 311. At 
first glance, our result seems to contradict the proposed 
mechanism, since the stereochemistry of the rearrange- 
ment depended strongly upon the temperature. The 
most plausible explanation is that a totally synchron- 
ous mechanism, as indicated in Schemes 8 and 9, in 
which the addition of further alkoxide anion on the 
intermediate 4or 28 and then the elimination of the first 
OR2 group from intermediate 44 or 47 takes place, is 
also operative. This stepwise ionic reaction proceeds 
with the retention of the configuration of the chiral 
center (C-4). 

In the cases of pyrethroid alcohols 246, e and 24g, the 
inversion of configuration was observed at lower 
temperature, indicating that along with the concerted 
[ 1 .S)-sigmatropic shift the addition+limination mec- 
hanism had been operating only to a slight extent. Here, 
the decreased formation of enol ethers 35b-d also 
suggest a fast alkoxy migration on the cyclopentenone 
intermediates 2&d. 

On the other hand, with the prostaglandin synthons 
lb, c and 24b and trityl ether 24i, we got mainly 
retention of configuration showing the significant 
involvement ofthe addition-elimination pathway. This 

-R&OH 
0 

m C02R4 

46 

Scheme 8. 

ent -7 - 
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rn~~h~~i~rn is dominant in tht: r~~~~~g~rn~~~ of bs& 
groups of substrates at higher temperature, 

Finally, the reaction of the S-substituted hydroxy- 
cyefopentenune I8 and 23, or their siiytuxy derivatives 
with alkoxide gave also the rearrangement pruduc=ts (7, 
9, 11 and 3‘1, 33, 35 respectively). The mechanism of 
these reactions is probably similar to thuse described 
above. For instance, nucleophific additiun of meth- 
oxide on the enone moiety of X8 give rise to 
hydroxy~y~~u~ntenun~ 27 (Rz = H, X = CH3) which 
then undergues dehydratiu~ to produce afkoxycydo- 
pentenone 7b. Further addition reaction ufmethuxide 
anion with the latter yields di~kuxy~yc~u~ntanone 
27~ (X = CH,), which may produce the key 
intermediate (Da) of the discussed rearrangement by 
the elimination of methanol, Another competitive 
reaction may be the base-catalysed isomerization uf 18 
intu t. 

The question may arise that if the initial I,~addition 
of alkoxide anion on the enone moiety of cyclu~ 
~entenone did not CFcGur ex&sivefy trans to the grumps 
at C-2 and C-4, then the rearrangement of the aii-cis 
side product (C-3 epimers of 3) wuuld lead to the 
opposite enantiomers of 7. Thus the R : S ratios would 
partly reflect the stereu~hemistry of the l&-addition 
reaction, We are *&so inclined to favuur the trans- 
addition pathway in this case, fur all of the conjugate 
addition reactions of 2,~isubs~tuted-2-cycfo- 
pentenunes so far described excfusivefy fed tu ~rans- 
~~~~-t~substitut~.cyclo~ntanon~. However, the 
titernate mechanism cannot be entirely excluded 
because we have nu direct evidence for the 
stereochemistry of intermediate 3. 

In summary, all the experimental observations 
indicated above appear to be consistent with these two 
alternative mechanisms. The factors determining the 
ratio of their involvement in the rearrangement of 
hydruxy~y~~u~ntenune and the observed different 
behaviuur of the pros~~andin synthuns and 
pyrethroid alcohols are presently under investigation. 

IR spectra were obtained with a Spectromam 2ooO 
Spectrometer, NMR spectra m~u~ment$ wert carried out 
using a JEQL-FX-IQO NMR Spectrometer. All signals are 
expressed as S-values ppm downfield from TMS usecf. as an 
inter& standard. Following abbre~ations are used : sing&t 
(s), doublet fdb triplet (t)* quartet (q), multipk @I)~ broad (br). 

MS rrwtsuremtnts were taken on a JEOL 0 1 SG-2 double 
focusing mass spectrometer of Mattauch-Herzog geometry 
equipped with an EI ian sources The structure of the main 
fragments of the spectra were justified by measuring the 
m&stable ions. Metnstabfe peaks were determined from 
fragmentations in the 1st FFR, i.e. the region between the 
source slit and the electric mtor, All signals were recctrded by 
scanning the accelerating voltage. An initial amlsrating 
voltage of 5 kV was used. Samples were introduced into the 
mass spectrometer by a direct inlet probe. The following ion 

sours: conditions were used : electron energy 75 eV, eiectron 
current 200 pA, ion accelerating voltage 10 kV. 

HPLC chromatographic analyses were performed on a Du 
Punt 830 instrument equipped with UV detector, Stationary 
phase : straight phase Chrumsil 1U m (silica gel ; 2s cm x 4.6 
mm) or reverse phase Chromsil C- 18 10 m (25 cm x 4.6 mm), 
eluents CW:,C&, n-hexane, MeOH-H,O 4: 1, respectively. 
Optical a&iv&y was determined 011 a Schmidt-Haensch 
polarimeter. 

The silica gel used was obtained from Merck and that used 
for thin Iayer ~hromato~aphy was the grade PFz$*, whilst 
that used for column ~hrumatu~aphy was KieseIgel60. All 
solvents were dried over activated molecufar sieves, and most 
reactions were carried out under argon, 

f-)-Etixyf~7-(5-ar-hy~~uxy-2-c~~~o~~rm-aa*y~]-Y~- 
heptem&e (I!%) 

A mixture of II!.% (15.0 g,, 0.07 mol),* EtOH (6.6 g, 0.14 molf 
and 0.5 g ofp-toluenesuIfunicar;id hydrate in 300ml of benzene 
was heated for 8 hr in a Dean-Stark apparatus. After cooling, 
anhyd K&Q wm added and the resulting mixture was 
filtered. Evaporation of the solvent afiisrded an oil, which was 
chromatography with hexane-EtOAc (4: 1) to g,ive 14.0 g 
(827$ of 1% as an oil. TLC (CMCl,-acetone 7 : 3) R, = 0.72. 
[aJks -47.8” (c = 2.24, MeOH). IR (film) : 3400 (OH), 1740 
(C=O), 1460,1380,13CQ 124Q 1140, 1084 103Ocm”‘. ‘HI 
NMR fGCf& S 1.25 {3H, t, J = 7 Hz, CH& 1.75 (2H, xnc, eHzt 
C,), l.P-2.75f9H,m,4C)f,,C~,6,,C,,C,,C,.,C,~),4.14f2H, 
q, J = 7 I-Iz, CH,--0), 4.4 flH, me, CH-O), 5.5 (2H, mc, 
CH=CH,C5_& 5.68(2H, mc, bxs, CH=CH,Cz~_3’). MS : M + 
23g~?),*~e22~~32)~ 192(15X, 174(17), 164[7), 155(23), 154{22), 
146ft3), l%(5), 132~45),127(13), 119(27,), lU9(69), 105(22),91 
(SO), 88 (23), 83 (62), 81 (lOO), 67 (76), 55 {?O), 43 {77), 41 (53). 

C--)-EthylC7-(S-a-hydrccry,~3-6-epox~~~~~oprtfitc~g~~~~ 
5@+kptennoclte (Ifib) 

To a stirred soln af 15b (15.6 g, 0.066 mol) and 0.2 g ef 
vanadyl aetyfacetonate in dfy benzene (150 ml) was added 
dropwise t-butyl hydru~ruxide (14_g5 g* &I65 mol) and the 
resulting sofn was refluxed for 4 hr. After mling, &he mixture 
was filtered from the ppt, the solvent evaporated and the 
residue was chrumatographed with tw;nz~e-EtUAc (7 : 3) to 
give 10.3 g (62%) of 16b as an oil. TLC (benzene-EtUAc 3 : 2) 
R, = 0.64. [alis - 13.2” fc = 1.06, MeOH). 

IR (film) : 3450 (OH), 1730 (C=O), 145O,1420,1380,13 lU, 
1230,1170,1145,1100,1074 1035cm”. ~H~~MR~~~l~):~ 
I-22 (3H, t, 3 = 7 Hz, CH,), 1.75 [22H, mc, CH,, C,), 1.9-2.55 
(9H, m, 4CH2, CH,C?, C,, CT, Cd*, C,+), 3*55 (2H, dd, J = 4 I-Ix 
and 1.5 Hz, 2CH-Q C2,_-3,}, 3.9 (lH, m, CH-Q, G,), 4.08 
f2H, q+ 1 = 6 Hz, CHz-U), 5,rt8 f2H, nnc, CH=CH). MS : M + 
254 (2), m& 236 (g), 209 f 14), 19 1 {9)s 182 (61,154 f66), 145 13 X), 
135 (31), 125 (33), 109 (Qo), 82 (70), 81 (X00), 67 (53), 55 (36). 

f-)-Ethytt7-(2,3-a-apoxy-S,uxu-eye~u~~O-a~y~]-~~- 
hepte?llMrar (1%) 

To a stirred soln of pyridinium dichromate (77.5 g, 0.206 
mol)ind~DMF~l~mI)w~add~asol~of~~~i~5~~*~52 
mof) in dry DMF f30 ml) and the resulting mixture was stir& 
for3hratroomtemp,~emixturew~~ur~intowater(l:l) 
and extracted with ether@ x ZOO ml). The ethereal extract was 
washed with brine, dried and the solvent removed under 
reduced pressure to give frtt (1 I.9 g, 96%) as a yellatish oil. 
TLC {bentenc_EtOAc 3 : 2) R, = 0.82. [a];* - 58” fc = 1, 
MeOH). 
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R-(+)-Ethyl7-(3-~y~~~~y-5-crxo-i+cyctop~enttr~y9-YZ)- 
~pf~~~~ (lr) 

To a stirred win uf ISS (5.3 g, U&2 moi) in Et,0 (50 ma) was 
added water f2+25 mi) and afutina fS0g; ~~~~~~~ grade IX, 
neutrd) ztnd the rtsultiing mixture ~8s tefi to sogurd at room 
temp far 4II hr.. The mixture was transferred anto a short 
column arrd therx efut& with CH2@f2, The soln was dti& and 
the solvent remwed under re$uced pressure togivf: 2.4 &(45x) 
of lf 8s a ychovrlsh oil. TLG (benzene-EtOAc 3 : 2) R, = U,42. 
[%I;5 + I I0 (c = 1, MeUH). 

~R~~m~:335U~UH~ 574Q 2715fC--a), 163U@=Cj, l46U> 
t43U, 1385, 132U, 1 WU, 1 I%, llU0, 1035 cm-“. ‘H-NMR 
JCDC13):6f.22(3H,t,J = 7Hz,CH,X 1.65(2H,mc,CH,,Clt), 
1.9-2.65 I;dH, m, 3CH2, C8 C&:, cW), 2.88 (2H, rn~ CH2, C,), 
4.87 (2H, q3 J = 7 Hz, CHz--U), 4.88 (IH, mc+ CH-U], 5.4 
~2H,mc,~H~H~,7_16~lH,m~~~~~.MS:M* 252(< 11, 
~~~234~lU~,~7~4~~ 189(8), f6U(26), I46[19), 133(15), 132(13), 
119(23), 117(13), 107(17’& tU5~14;),91f41),8lf234,79(4~),77 
f36), 67 @I+, 55 f38),53 f32), 43 f@Q, 41 f88), 39 (63), 29 ( f OO). 

~-Euf~~~~~~~y~~~~yf et& dtttioative (lg). This material was 
prepared in &9x yield by standard procedure. TLC (hcxane- 
EtOAc 7 : 3). R, = 8.57. [G&$’ + 15” (c = 1, MeOH). 

XR@m): 1735,17lSQ=U), 163UQC==Q 146Q m345$ 128UV 
X24& 1170,114Q WU> 103U,loO, 960,890,83O, 770 cm- ‘+ 
*)I-NMR (CDC&) : 6 0.12 f6W, sV SiQCH,)j, U-9 f9H, s* 
C(CH&& 1.24 (JH, t, J = 7 Hz; CcrHs), 1.72 (2H, mc, CH,, C,x, 
l-9-2.7 J6H, mc, 3CHz, Czt C,, C,& t .9 (ZH, mc, CH*, C,), 4, i 
(2H, q, 3 = 7 Hz, CH,-Q, 4.86 (1 H, mc, CH-Q), 5.48 [2H, 
mc, CM=0I), 7-04 (1 H, mc, c==0@ MS : M - 366 f2)* B%/@ 
32f{l l), 389 {88X 263 ft9A 234 (13X 189 (47jb17f (lI)r 147 (S), 
f43(IJ), 129(f3), 119(18),91 t23),79(12),75If00),73(~),55 
(151. 

(-)-tfetrzyfga-isrr-~~~~~x)t-2-c~c~~~~len-a-y~~-YZ)- 
k?ptenW&? (We) 

Thk campound was prepared, in 54% yitM, as d&b& far 
gZ% from the rewtiun erP Il!& =d tmuyl &&d. The oily 
pmduct had R, = U-77 (CHCf,-acetone 7 : 3). [G&~ - 3 1 (c 
= X.03, Me0H). 

JR (film): 335U (OH), 1735 (C=NI), 1500,1460,1384 X36& 
1300~ 1234 I14U,lU70, I@#, 102Ucm” r. ‘H-NMR(CDCi3):S 
15-2.8 f1 IH, m, 5cH2, CH, CzA* CT, Ct8, C,& 4.5 flH, mcr, 
CH---0), 5.1 (ZH, s, CH,--O), 5.4 (ZH, mc, CHXH, Cs_& 
5.7 (2W, br s, GH--LH, CaP_s#), 7.45 (5H, br s, aromatic 
prstons). MS: M * ~ba),mle2232(5f,25C,~dA2~fl X), 191 f5U), 
173(X5), f45ff3& f31(36), t29112)t x27(12X 119(6), ll7(lt), 
XU8(25), ZU7(26),91 (l~~s:,isa),79f51),77(35),67f28A65t22!), 
55 (3s). 

f-)-Eeryyff7mfSa~~ydr~xy~2,3*rx-epoxycyc~upenr-a-y9]- 
S(Z) - kptemuate (Me) 

This eompaund wffs prcparad from 1% {x5,6 g, 0,052 mut) 
and t-butyl hydr~~r~x~de~l4.~5 grU.t6S m0)using the above 
method. The oily product (9‘65 g, 59%) had R, = 0.62 
fbenzenc_EtUAc 3 : 2). f&f&’ - 1UF @ = U.96, McBH& 

XR (film): 345O(UH), 1?25@=Q, f500, X46@ 1440, X42U, 
1320, 1240, XX8U, lls0, Ill& fU70, 1050 cm-‘x, IHI-NMR 
(CBc”I,): S 1.8 (2H, mc, GH2$ e,b 1.9-2.55 (9H, m, 4CHz, CH, 
C$t C,, G C.$r C,& 3.58 (2H, daJ = 3 Hz, 2CH-0, GZr_& 
3.9 (f H, mc, GH-U, C,.), 4-7 (1 H, m, 0Hh 5.12 f2H, s., 
GHg-U), 5.62 (2H, mc, GH=CH), 7.43 (SH, br s, aromatic 
pnxons)- MS : M + 316 f < I), P&+ 225 (21,207 (14]% 161@), 147 
(7h 143f7& 13316)s 129(X1), lt9(#3), 1~~23~~ lU7~2~~~9~ @IQ, 
79 (85),77 f6t ), 65 (73). 

(-)!-srenZylf4-f~,J-a-t,~xy-5-uxt,-cyc~~~~d-r-3”1)3-~2)- 
~~~~~~~~~ @%!) 

This compound was sknikrly prepared, in 75% yie& from 
the reaction of Idc and pyridinium dichromate, w d&bed 
for 1%. ft had R, = U-85 (benzene-EtOAc 3 : 21” f&s - 45.6” 
(c = 1, Mee)H), 

JR ffihn): 175U, 1738 (C==O), I500,146U, 1334 I306,1245, 
12arS,l14U, 1085, lU2U cm-‘, ‘H-NMR (CDCI,): S 1.7 (2H, 
rn% CHz, C,), W-2.7 (9H, m, KHz, CH, Ct, ic, CT1 C,,, C,& 
3.75 (2H, br s, 2CH-Uh 5.2 (221, s, CH2-UA 5.52 (2H, mc, 
CH=CH), 7+4 (SW, s, aromatic protons). MS : M 4 314(J), m/e 
2~6{lU~,223~63)+216~11~,2~5(39A 187(22), 177(29), 16?(12), 
163(28X 159[5Q, X49(31), i43(31), l43(ll)ll35(26), 133(li4), 
138 (19j, 122 (61X dl7@Q, XU7{55), tU5(52),91~1~~*79~9~A77 
(65), 67 f44), 65 (53), 55 (Qrtr, 

~R-f-)-B~~y~7-(5-h~uxy-2-~~~-3-c~c~o~~~~- 
1 - y9 - yz) - Jiqamato (1&) 

This compound was similarly prepared, in 96% yield, from 
the reacticm of 17~: and Et& as described for 1%; it had jR, 
= U54 (benz;ene-E-tQAc 3 : 2). [eoJ;s - 39.3” (c = f, &&OH). 

IR (film) : 3300@H), 1730, f. 705 (C=O), 1650 (C==C)( 1584 
f~~l460,~391f,l34Q,131U,f235),ll40,I11U,lUx,cm-“.1H- 
NMR {CDcft,): d 1.75 (2H, m, CHr% G& 1.9-2.55 (“JH, m, 
3CH2, CH, Cz, Cq, CT, C, .I, 2.88 f2H, d, f = 4 Hz, CHt, C,), 
3.25 (1 H, br s, ex~haqpd by D,Q OH), 5.02 Q2H, 4 CH=--U), 
5.42 (2H, mc, CH+ZH), 6.17 jlH, dd, J = 6 Hz and 2 Hz, 
CH=C, C,.), 7.3 (5H,, s, aromatic protons), 7.52 f 1 H, dd, J = 6 
Hz and 2 Hz, *CH, G,& MS : M + 314 f3), m,k 236 (211,223 
(36),205(~~~ 187(5U), 177(15), 163(8), 159(5U), 145(46), 135(6), 
133fl l), 131(2U), 123f24],122(25), 117(33), 187(46), iUSf69), 
98 (25),9f flO@, 86 f42), 79 {53), 77 (81), 73 {35),55 (55). 

R-C+)tse7tzurs-f3-z-~-~~u- ~-c~c~~~~~-~~- 
~~t~~~t~ fltr) 

This compound wm isolated, in 6t&$ yield, as d=cribed fur 
If by the rearrangement of I&. TLC(benzene-EtOAc3 : 2) R, 
ip=. 851 [f~-j$% 123°C~ = 1.05, MeOH). 

~~~~~~~ 34110&H), 1730,~71~~~~~ tfiJU(C=Q 1500, 
146U, 1425, 1390, 1350, 1250, If40, 1030 cm-‘, ‘H-NMR 
[CDCl&S 1.7(2H,m,CH,,Cj), 1.9-2.6(6H,m,3CH,,C3,C4, 
G,),2.912H,mc,CH~,C7)t4.8fSM, mc,CH-CI), S.OZ(ZH, brs, 
CH,--Of,5~47(2H,m~CH~H),7~07flH,mc,~H),7.25 
(SH, br s, aromatic protons). MS : M + 3 I4 f2), B@ 297 (4h 236 
q22S,223(3),21)5(25),187121),f7?IXOAf63(7),159I54~,156(19), 
145(31), 139/17), 135(6), 133[93,13f (IE), l19(IQ, ff7(15), lU8 
(1 l)t 107 (1% 91 (lU@, 79 (29), 77 f25,55 f25). 

t-~~ty~t~y~~~y~ iether derivative (Ii). This matwiarl wm 
prepared in ZIP!! yield by standard procedure TLC (hexane- 
Et,U 7:3). a, == U,54. [a];%- 14.6’ {c = 1.2, M&W). 

1;R@m): 1735~1715(C-U), t630(C==Q 15UU, %46UF142Q 
138U, 135U, 1230,1245,1140,1070,1U35,1iUW~ 960,895,834 
778 cm-‘. ‘H-NMR (CDCI,): 6 0.12 [6H, s, Si(CH,),j, 0.92 
[9H, s, IcycH,),], t-75 (2H, mc, CHl, C,), W-2.7 (6H, m, 
3CHz, Czr C+ C&j, 289 {ZH, m, CHl, C,), 4Si (XH, mc, 
CH--0), S-U8 (2H, s, @H 1-O), 5.45 (2H, mc, -C&&==CH), 6.98 
f t H, mc, C==XZH)t 7.26 (SW, s, aromatic protons), MS : M ’ 4218 
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lUSUcm-‘. MS: M+ 194(62),m/e X80(43), 165(48), 151(3S), 
139 (SO), 137 (271% 127 (25),12S (58X t 11 fM?)* 

~~~~~~~ 3!!k. TLC (CH2Cla) 19, = O.tS. IR (#m): 1695 
@ZQ), I620 (C=C), 146O, 144Q1380~ a36U, 125O,l2UU+ 1140, 
xu7u, 1030 em - ‘. ’ M-NMR (ClXl,) : S 0.95 (3H, t, J = 6 Hz, 
CH,&& f,25(3H,t,J = 6 Hz&H& 2~O~2”7(6H,m, 3CH,), 
4.2 (2H, qd J = 6 Hz, 0--CH& 5.35 (2H, m, CH=CH). M5 : 
M * 194 (62)* m/e 180 (43), 165 (48), 151(3S), 139 (5U), 137 (27), 
123 (25),12S (58}* 111 (XUO). 

Sitylether~(l.Og~3,Smmul)wasaddedtu~~tirredsol~of 
NaUMe, prepared from 0.082 g (3.5 mmol) of Na and dry 
MeUH (5 ml), at 209 The deep red soln wa~i~ left at room temp 
for 3.5 hr and then filtered through a short column. The solvent 
WJW evaporated in WX.W and the residue was chromatow 
graphed (sifi~ gel, &nsn~~~tune 1U: 1) to give 316 @.SO g, 
78~$ as a cfew uit, and 33d (O.Oi g, i.$“Q as pale yellow oil, 

CQ~~tWl31rt. TLC* (benzen&-acetot‘@ 10: 1) R, =1 u.72, 
HPLC (RP): Rr = 4.8 min. [a];’ - 3.75” (c = I, M&H). IR 
(film): 27fU(CQ, 163S(C=C), 1460~14fQ 1384 1355,1250, 
X190? llUO,lU6S, lUOOcm-‘. ‘H-NMR(~~~~):~U.87(3H~t, 
J = 6 Hz, GH& 1,32 (6H, m, 3CHz, C$__,,$ 2.05-2.7 (4H, 
2CH2* Cs2 Ct .f, 3.38 j3H, s, RICH,), 4.45 ( t W, m, C%-U~~ 9. f 4 
(lH,m,==CH). MS: M’ 1~2(1~~~~~~ 167(10), lS3(4U), i5U 
(33F, 139(16~137(17),125(36),111(42~,95(56~,75(61),67(41)~ 

~~~~~~~ 3%. TLC (benzene-acetone 10: 1) R, = 0.3% 
HPLC (RF): R, ‘c= 4.4 min. IR (@m): 169U (C=0), 16UO 
(G=C), 14&* l435,136U, l290,124U, x 19O, ll60,112U, llUS* 
lUUUcm-i. ~H-NMR(CCl*):~O.9(3H,~~ = dHz,CH,), 1.3 
(8H, m, 4CH2( Cz._J, 2.15-2.6 (3H, m, 6Hz, CH, Cg, C,), 3+78 
(3H, s, UCH& S-1 (1 H, br a, =GH). M5 : M + 182 f9)% m/e 166 
[S), r37jfIf, 125(21X 112(1~~,97(9~ 69(7j. 

Silyl~thtr~~(l,Ug~3~Smmol)w~add~toacuol~(-2U~$ 
stirred sofn of NaOMe (0.19 g, 3.5 mmol) in dry MeUH (5 ml) 
and the resultant soln was kept at - 20” for 3 hr. The mixture 
was fittered through a short silia gel column, the s&vent wils 
evaporated trt um and the residue was ~hrumatug~ph~ 
(silioa gel, ~nirane-acetorme 10 : 1) to give 31d (U.S7 & 89+5% 
[GI$’ + 7” (c = 1, M@H) a mixture of R and S isumers, ratio 
76: 24* 

4 - Mekxy m 2 = (2 - Wiryluxy - eticryr) - 2 - ~y~~~~e~~ (%a), 
( *) - 3 * metfroxy - s - (2 * frityzoxy - etzhyl) - 2 - C~~~~~~ 
(X%$ #z& 3 - ??%?t&uxy - 2 - (2 - triryrasc)t - e&y@ - 2 * 
~y~~o~~~~~~ (X%) 

Silyl ether Z4i (U.8 g, 1.6 mmol) was added to a stirred soln of 
Na~Me,prep~r~ from Na(U.U37g, 1.6mmol~anddr~M~H 
(S ml), at 2U”, The re~fting red soln was stirred at 25” for 6 hr 
and then filtered through a short c&mn. After removal of the 
solvent, the residue wa~~hromatograph~ (silica gel, benzene- 
acetonelO: l~to~ve3l~(U_32~S~~)~anoil,~(O.#~6%~ 
%ts a pale yellow oil, and 35e f&22 g, 34%) as a solid. 

caimpcnrnd 31tt. TLC fhenzenc-acetone 10: 1) R, = u.75, 
HPLC (RF’): R, = 9.6 min. [a]&’ +O.sQ (c = 1, MeUH), a 
mixture of R and S enaRtiumers+ r&is 53 : 47. IR (film): 3U4U* 
f7fU {CO) 164U Q@=C), 1593. rsaa, t46U, f4f0, f3SS, 124U, 
1210, I WU, 1160,1090., lU4U, 1UUOcm” %. ~H-NMR~~~~~~:~ 
2.2-2.7(4H,m, 2CHz,cs,C,.), 3.22(2H, t,.J = 6 Hz,CH2--Q, 
3.34 (3H, s, CKZH& 4.45 (lH, m, CH--CQ, 7.3 (ZdH, m, 
atromatic protons, - -CH),MS:M* 398(~l~,m~~259(11),243 
(lU0)~ 165(51), 155(81j, 139(61), 1231153, lU5(36~,9~(17~ 79 
f 14)* 77 (28). 

~u~~~#~ 3& TLC (benzene-aeetc fU: f) R, = 0.5, 
HPLC (RPJ: R, = 7.6 min. IR [film) : 3W& 169U (CO), 1590 
(C’==C), l!@O,l485,146U, 136U,13UU, 124&118U, 116U,lU!JO, 
lU4U,lOOOcm-‘, ‘H-NMR(CD~~~~~ 1.3(2H,brs,CHz&), 
2,2-2.8 (3H, m, CH,, CH, Co, C,), 3.22 (2W, t, J = 6 Hz, 
eHz-U>, 3.78 (3H, s, UCH,), 5.25 f 1 H, hr s, =CH, C,), 7.3 
(16H,m,aromaticprotons,=CW). MS : M * 398f < l), m/e 243 
(32X 165 (3f), 1 S4 ( fb0), t 39 (381, X 23 (9)+ 95 (3), 79 (S), 77 ( 12]+ 

Gospel 35e, Op. : 163-169”. TLC (benzeneacetone 
10: 1) R, = 0.4. HPLC (RP): R, = 8.4 min. IR fKBr): 306Q, 
16gS (CU)$1615 (G--t], f5UU, f&&J l36U, 1270, X25@ 122U* 
1160~112U~ lU6O~lWU~ fUlUcm- 1+ ‘H-NMR (CDCI,): di PA- 
2.7 (6H, m, 3CHz, C,, Cs, C&, 3,2 (ZH, a, 3 = 6 Hz, CHz-O), 
3.86 (3H, s, OCH& 7.4 (1 SH, m, arumatic protons). MS : M + 
39~~<~~,~/~243~~~, 165(44), lSS(lOO), 139(18), lU5(9),9S 
t4),79 (6), 77 (14)+ 

Tu a stirred soIn of NaUMe (U-54 g, 10 mm&) in dry M&H 
(5~~w~add~ 18(Rf == CH,) 1, f2 & S mmol). The resultant 
soln wasstirred at room tempfor 1 brand thenfiitered through 
a short silica gel column. Evaporation of the solvent in wcw 
afforded a yellow liquid, which w~chrom~to~aph~ to yield 
7b f&46 g, 3&T”/‘, %L mixture of R and S ~nantiorn~r~* ratio 
6U: 4U),9b (U&S g 6.7%) and f tb (0.32 g, 26,9”J,), 

Retaxim @S,S - f-k) = ~g~~~ [7 - fS - &inwy - 2 w 6~0 - 3 - 
cyc&~@~yfj-j - S(Z) - ~~WBUB&Z (X%W., R’ = CHJ) wit& 
s0dium ~~~x~ 

To a stirred soln of NaUMe (0.54 g, Wmmol) in dry MeUH 
(S ml) was added 231s (X. 12 g, 5 mmof). After stirring for I hr at 
ruom temp, the mixture was filtered through a shurt silica gel 
column. The solvent was removed in OWW, yielding an 0% 
which was ~h~~rn~to~aph~ (bensn5EtUAc 3 : 2) tr, aEc~d 
7b (0.4g5 g, 4&7x, a mixture of R and S enantiumers, ratio 
43 : 57), 9b (U.12 g, l@A) and lib (U.3 g, 25,2%). 

The reaction of the t-butyldimethylsilyl ether of 23b with 
NaUMe (2 equiv) at room temp (2 hr) yielded 7b (42of,X 9b 
f$2%] and I fb fl47$, and at 0” (2 hr) aiaurded 7% (54xh 9b 
(2.8%) and I lb (5.7”J,), 

R?W&n of z$H - )-4-irydraxy-r~zf~~~~~y~~2~y~~~ 
pentencrne (23b) with sodium m&uxid~ 

Toasti~~solnofNaUMe(O.32~6mmoi}indryM~H(3 
ml) was added 23b (1 gI 6 mmo)). The r-&ion was stirred at 
room temp for 0.5 hr and then filter& through 8 short column, 
Evaporation of the solvent in vaewrtaff’rded 3f b(U.75 g, 69.4oJ, 
mixture of R and S enantiomer5, ratia 44 : 56). 

~~~~~~~~~~~~ u~~~~y~ ~~3-~~~u~~~~~~~- ~*~~~~~~~~@~~~ 
5(Z)-kptcmontt? (‘?b) 

To a stirred aoln of NaUMe(U.24 g, 4.3 mmol) in dry M&H 
(lUml~w~add~~(U.63~2.5mmul~~dthe~lnw~~ti~~ 
at room temp for 72 hr. The mixture was fiftered through B 
short siiica get column, the solvent was evaporated in um 
and the oily residue w~chrum~tograph~ to afford 9b(O.32 g, 
53.8%). 

Isomeriztrtiun of 4-~fhoxy-2-[2(z)-pen y&2_cyci#~?WW~ 
(31 bl 

To a cooled (U*) sofn of NaUMe. (0.7 g, 0.013 mot) in dray 
MeUH (20 ml) was added 3lb (O-9 g UAlO5 m&j, md the 
resulting soln wzu~ stirred at room temp for 48 hr. The mixture 
was filtered through a short Cgitsmn, the sal~nt wzs 
evaporated &z UWUO, and the r&due was chrumatogr~ph~ 
with CHIClz to give 33b (OS4 g, WA). 

~su~~~za~~~~ sf~mc?t~xy-2-p~y~a2~~~~u~~ge~~~~ (3rd) 
To a suln of NaBMe (U.24 g, 4,3 mrnol) in dry M&H (5 ml) 

was add& 316 (U.2 & 1.. 1 mmu&, and the resulting red saln was 
stirred at room temp for 72 hr. The mixture was filtered 
through a short silia gel mfumn, the solvent was evaporated 
in @amu_ and the residue was ~hromato~aph~ with benzene- 
acetone (10 : 1) to f$iQe 33d (0.13 8,62x). 
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stirred at room temp for 96 hr. The work up and 
chromatography as ative gave 33e (0.15 & 75%). 

To a coofed sofn of d~isoprupyl~ne (cr, l2 & l.2 mmulf in 
dry THFf3 ml) was added n-BuLi (0.7 mf, 1.3 mmol l.9 M soln 
in n-hexant). After the reaction was stirred at 0” for 30 min, the 
mixture was cooled to - 78” and a soln of lb(0.35 g, 1 mmol) in 
dry THF (3 ml) was slowly added, and the resulting soln was 
maintained at - 78” for 2 hr. The mixture was quenched with 
water f3 ml), extracted with CHsCl, (4 x l0 mt), washed with 
water, dried and then wncentrated in U~MLO. The oily residue 
was separated by ~hr~matu~aphy ~hex~~~~tone 7 : 3) to 
yield 0.11 g(31.4Q of 17b as a yellow oil. XR (fiXan): l735,1715 
(GO), 164O(C==C), 1470,1445,136O,l250,1 l60,1070,9~,830, 
780 cm- I. * H-NMR (CC&) : 6 O.l[6H, s, (CH&%j, 0.15 [6H, 
s,(CH~)2Sij,0.94~9H,s,fCHJ)JC~,0.96~9H,s,(CH3)3Cj, 1.65 
{4H, m, ZCH,, C,), l&2.? (l5H, m, 6CH2, 3CH, C31r C,, CT+ 
C,,C,,C,.,~& 3.0(2H,m,CH,, C,), 3.7(3H,s,UCH,), 3.78 
f3H, s, OCH,), 4.55 Q X H, m, CH-Q, C,,), 4.9 (XH, m, CH-0, 
C,.$), 5.5 (4H, m, CH=CH), 7.05 (IH, m, *CH). MS: M’ 
7U4(< l},m/~64?(3)~M-(CH,),Cf,557fi2},424(3},295~10), 
263(3),220(3), 189(7), 161(3}, 147(3), 133(4), 119(4),75(1~), 
73 (17). 

To a co&d f - 20”) soln uf dii~prupylam~n~ (O-l2 g, l.2 
mmoi) in dry THFj5 ml) was added n-Bulti (0.7 ml, 1.3 mmo!, 
1.9 M soln in n-hexane). After being stirred at 0” for U)min, the 
mixture was cooled to - 78” and a sofn of 24g (0.28 g, 1 mmot) 
in dry THF (3 ml) was added, and the resulting soln was kept at 
- 78’ for 2 hr. The mixture was: quenched with water (3 ml), 
extracted with CH,C& (4 x l0 ml), warjhed with water, dried 
and then concentrated &t ~~uu. The oily residue was purified 
by ~hrumat~~aphy {hexam+acetone 5 : I) to yield 4%~ @.l2 & 
42,5~~),~aye1lowo~l~~R~~1m): l73U, 17lO(CU)~l64UfC=C)~ 
1450, 1380, 1370, 1255, llO0, 1070, la34 940,910,840,780 
cm-‘. *H-NMR(~~l~):~~.O5[i2H,m,~~H~)~Si~,O.85[24H, 
m, 2CH,, (CH3fJC)* l.4 (IdH, m, 8CH& 2.3 (5H, m, 3CH, 
CH2), 4.4 (lH, mc, CH-Q, 5.1 (lH, mc, CH-O), 6.95 (IH, 
mc,C=CH)+ MS; M4 564jc I),mle503(12f,43619),433jbO), 
376 f57), 325 (3). 323 f3), 294 {2), 267 13), 225 (2U)+ l91(22), l69 
f29)* 75 (lOO), 73 (37). 

To a stirred cooled (V’) soln of t-B&K (0.2’7 g, 2.8 mmol) in 
dry t-BuOH (5 ml) was added f b (1 .O g, 2.8 mmol) and the soln 
was stirred at 0” for 10 hr. The mixture was filtered through a 
short c&mm, evaporated and then the residue was taken up in 
CH$&. The soln w%ts washed with water, dried and then 
evaporated in f~cuo to give an oify residue, which was 
separated by chromato~aphy (benzene-EtOAc 5 : 0.4) 
yielding 4Ob {O.l9 g, 25,?%) as a yellow oil. TLC (benzene- 
EtQAc 5 :0,4) R, = 0.45. IR (film): 1735, 1710, 1700 (CD), 
1635,1630(C=O), 1460,1440,1380,136& 1250,122O,ll80, 
l l60, l l30, l lOO,lO50, l020 cm-‘. ‘H-NMR @Xl,): 6 QOS 
~6H,brs,2Si-CH,),0.85 [9H, brqC(CH,),], 1.9~27(26H,m, 
l lCH2, QGH), 2.85 (4H, m, 2CH,, C,), 3.6 (9H, br s, 3UCH& 
4.45 (l H, m, U-CH), 5.4 f6H, m, 3CH=CH), 6.05 (1 H, nr, 
CH-), 7.05 (IH, m, =CH), 7.4 (lH, m, =CH). 

Trime&zation of cy~l~p~~e~~~ (dso and 46a) 
TCY a stirred soln of t-St&X (0.8 & 7 mmol) in dry t-BuOH 

f lQ ml) was added 24d (1 .I & 3.9 mmof) and the resulting soln 
was stirred at room temp for 3 hr. The mixture was 
concentrated in WWY and the residue war t&m up in CH,& 
f2U ml). The sotn was washed with water and dried, 
Evaporation gave an oil which was purified by column 
chromatography (silica gel, CH&l,) to provide 4% (0.25 g, 
27%) as a pale yellow oil, and 46a(O.22 g, 2YA) as a yellow ail. 

Commund 450. TLC (benzen+EtQAc 3: 1) R, = Q.6. IR 
(film): l725,1700 (CO), l635 fC=Q lm, l4lO,l380,1360, 
l24Q 12009 ll5U,lU6& lOQQcm-‘. ‘H-NMR fC~,): S OS08 
fl2H, m, 4CH3, Si-CH& Q85 f27H, m, 2QCH&, 3CH& 

l.~2.65(14H,~5~H~,~H),2.8(4H~m,2CH~,C~~),4.3tlH~ 
m, CH-O), 4.75 (IH, m, CH-O), 5.25 (6H, m, 3CH=CH), 
6+85(lH,m,=CH). MS: M * 708~~),~~693~2)~651(27), 574 
(S2h 5l9 (20& 429 (S), 280 @l), 75 (50), 73 (lO0). 

Cabs #. TLC (benzene--EtUAc 3 : 1) R, = 0.45, IR 
(film) : 1730, f 700 fCU), l625 fC=C), l46O,l44U, t 38O,l36U, 
lJOO,l240,ll00,l060,~~-‘.‘H-NMR(CCI,):60.05~6H, 
s, 2Si-CHJ), 0.9 f l8H, m, Si(CH & 3CH33, 1.6-2.6 (14H, m, 
~H~,2CH),2.85~6H,m~3CH~,C~~),4.7~lH,m,CH~),S.35 
j6H,m,3CH=CH),7.O(lH,m,=CH).MS:M* 576(< l),m/o 
535 (3)s 52 l(4)* 5201 lU), 5 l9 (25), 371(4)+ 223 (4), 173 (3), 129 (7)s 
lO5(5~9l~l3),79flO~77(ll),75fl~~73f30),69(l2),5f(l8)~ 

I*rimerizatiurx ~f~y~~~~nt~n~~ Ne (4% Ilvuf 46b) 
Cyclopentenane 24e (1 .O g, 2.8 mmol) was cunverted to its 

trimers 4!% (0.26 g, 33%) and 46b (0.14 ;&I 25%) with t-B&K 
(0.5 g) as described above. 

~u~~#u~ 45b. TLC fbenzne_EtQAc 3: 1) R, = 0.55, iR 
{film): 1740_ l7U5 (CO), 163UfC==rc), l46Q l4lU,l38O,l35O, 
X290,118@, lU~O~880~-~. MS: M+ 876~ul)~~~~6~~78)~ 
~~l7)~~~6l),3~~~~ l59~~),l43~7~), lU3~l~~87~59)* 
6l f63), 57 (95). 

Compound 46b. TLC {benzen~EtOAc 3: 1) R, = 0.42. IR 
(film): l74O,l705 (CO), 162O(C=C), 1460,1410,1380,1350, 
1290,1090,1070,1040,880 cm- ‘. MS: M +. 660 (16), m/e 603 
(64),444(13), l73@8), l59(59), ll7(66), 103(lOU),75(32),61 
(82). 

Methyl 7-f~5-d~~xa-t-cycEopenty~YZf-~pt~~~t~ fl3) 
Methoxycyclopentenone Ilb (O-25 & 1 mmol) was 

hydrolysed in a mixture of MeOH-H,&HCl (2 : l :O, I, 3 
mt) at room temp (3 hr). Usual work-up followed by 
chromatography gave 13 (0.15 g, 63%).l 7 

~~r~~~ 7-Q&&oxo- t-c~~~~~~teny~~z~~~pt~~~~ (IZ) 
Methoxy~y~lo~nt~non~ 9tr was hydroiysed as described 

above to afford 12 in 62% yield fa mixture of keto and en01 
forms). Found : C, 65.38 ; H, 7.42. CI JHxsOQ, requires : C, 
65.57 ; H, 7.56%. fR (film): 3300 {OH), 1725,170O (CO), 1610 
(c=C)s 1460% 1440V l360,1235,1160,1130,1080,1015 cm- I. 
‘H-NMR (Cct,): S X,7 f2H, m, CHz, C& 1.95-2.6 (9H, m, 
4CHz, CH), 3-2 ilH, m, cxchangable with l&U, OH), 3.55 
f3H, s, OCH& 5.35 (3H, m, CH=CH, =CH). MS : M * 238 
(12),mfe206f8), 178f5), X64[8), 149(X2), 122flI), llU~20),~ 
(18), 76 (35), 58 f38), 54 (72), 49 (lO0). 
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Compound 7b was previously obtained as a side product of 
the deavage of the isopropylidene derivative of 2[6- 
methoxycarbonyl-2(Z)-hexenyl- 3,4 - dihydroxycyclopen- 
tanone ; L, Gruber, 1. T&n&k&i, E. Major and G. Kovacs, 
Tetrahedron Mt. 3729 (1974). Recently, we have repeated 
this preparation and found the product to be a 3 : 2 mixture 
of R- and S-enantiomcrs. 
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of these compounds by chirdl shift reagents. But, the spectra 
were not sufficiently well resolved to allow quantification of 
the results. 
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