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solvent or with the nucleophilic bromide leading to 3 and 5.
The rearrangement to form the cyclopropylidenemethyl
bromide (6) occurs in the solvent separated ion pair 7. The
addition of the excess of tetraethylammonium bromide made
the special salt effect possible and the cation 7 had enough
time to rearrange and capture the more nucleophilic bromide.
This result is in agreement with our earlier work in the sol-
volysis reactions of other substituted cyclopropylidenemethyl
bromides and homopropargyl sulfonates.? 5 and 6 are stable
under the conditions of solvolysis (75 °C). To bring them to
solvolysis, higher temperatures than 75 °C are required.®

The next higher homologue of 1, cyclopenten-1-yl nonaflate
and also cyclopenten-1-yl triflate, were recovered practically
unchanged even after heating them in an ampule with abso-
lute TFE containing triethylamine as buffer at 100 °C for 10
days. Apparently, cyclopenten-1-yl nonaflate and triflate do
not solvolyze with formation of a vinyl cation in TFE, but with
an oxygen-sulfur cleavage in the more nucleophilic ethanol/
water system.®
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Prostaglandins. An Efficient Synthesis of
a 2-Alkyl-4-hydroxyecyclopentenone

Summary: The preparation of a 2-alkyl-4-hydroxycyclo-
pentenone precursor to PGE; is described. This construction
is technically simple to achieve and proceeds in good overall
yield.

Sir: Hydroxycyclopentenones of type 1 have been shown to
be among the most useful of prostaglandin intermediates.! We
outline here a method for synthesis of 1, an intermediate
leading to PGE; and derivatives thereof.

Our construction of 1 arose from the following retro-syn-
thetic consideration which ultimately led to the ketone enolate
2 and the enolonium ion 3.2 Efficacy with this scheme has been
achieved using the ketene thioacetal monoxide 4, an experi-
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mentally viable equivalent form of enolonium ion 3.3

The synthesis of 1 (R = CHj or ¢-Bu) starts with the ketone
ester 5 (R = CHj or ¢t-Bu) which was conveniently prepared
in the following manner. Lithium tert-butyl acetate (1 equiv,
1 M in THF, —78 °C)* was treated with 1,5-dibromopentane
(2 equiv) followed immediately by hexamethylphosphoramide
(HMPA, 2 equiv). After the mixture was stirred for 10 min at
—78 °C, the temperature of the reaction was raised to 0 °C
over 2 h and then quenched with saturated ammonium chlo-
ride solution. Standard workup followed by distillation from
calcium metal gave the bromo ester 6 (X = Br, bp 80 °C at 0.15
Torr) in 65% yield. This material was converted into the cor-
responding iodide 6 (X = I, bp 65 °C at 5 X 10~ Torr) in 97%
yield using standard methods.® Reaction of 6 (X =1, 0.9 equiv)
with the lithium imine salt 76 (1 equiv, 1 M in THF) at —78
°C for 10 h followed by hydrolysis with a mixture of sodium
acetate, acetic acid, and water at 25 °C for 45 min gave the
ketone ester 5 (R = ¢-Bu) in 86% distilled yield (bp 85 °C at

Br(CH,);Br + LiCH,CO,t-Bu — X(CH,)CO,-t+-Bu
6

CsHuN=C(CH3)CHLi(SCH3)l
7

0 sCH,
(CH,)%CO.R
5

5 X 1074 Torr). Treatment of this material with thionyl
chloride in THF/CH30H solution (1:1) afforded the ketone
ester 5 (R = CHg, bp 65 °C at 5 X 10~ Torr) in essentially
quantitative yield.

The conversion of 5 into the hydroxycyclopentenone 1 was
accomplished by the three-step reaction sequence outlined
below. Compound 5 (R = CH3, 1 equiv) was added toa 1 M
solution of tert-butyl alcohol containing potassium tert-
butoxide (0.1 equiv). After the mixture was stirred for 10 min
at 25 °C, the ketene thicacetal monoxide 4 (1.06 equiv) was
added and the resulting mixture stirred for 1 h at 25 °C.
Workup with saturated ammonium chloride solution gave the
adduct 8 (R = CHj) in quantitative crude yield.” Without
purification, 8 (1 equiv) was treated with 48% HBF, (0.025
equiv) dissolved in acetonitrile (0.76 M with respect to 8) at
21-22 °C for 2 h. The reaction mixture was quenched at 0 °C
with saturated sodium bicarbonate and the resultant keto
aldehyde 9 (R = CHj) was isolated, again in essentially
quantitative yield.” The crude keto aldehyde was then cyclized
into the hydroxycyclopentenone 1 (R = CHj3) using a phase-
transfer technique.® Thus, compound 9 (1 equiv) dissolved in
benzene (1 X 10~2 M) was treated with a mixture of saturated



176 J. Org. Chem., Vol. 42, No. 1, 1977

0 SCH,
(CH,),CO,R 0 SCH,
5 (CH,)CO.R
- T ocus
3
CHS\_~
CH,08
CH0S o5
4
0
O SCH,
(CH,)COR (CH,)sCO,R
OHC HO
9 1
Y 0
/e
HO HO
10 11
R = CH; or ¢t-Bu

lithium hydroxide (2 equiv) and Adogen 464 (1 equiv)® at 40
°C for 20 min. Evaporation of the benzene solution gave a
colorless oil which on vaccum filtration through silica gel
followed by crystallization from ether/petroleum ether af-
forded pure 1 (R = CHjs, mp 45.5-47.5 °C)10 in 55% overall
yield from 5.1! The identical reaction sequence gives an overall
yield of 50% for 1 where R = ¢-Bu (oil). In addition, the hy-
droxycyclopentenones 10 and 11 have been prepared by this
method in overall yields of 70 and 50%, respectively.

We intend to prepare other hydroxycyclopentenones re-
lated to 1 using this technically simple reaction sequence.
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The Reaction of 7-Chloronorbornadiene

with Thallium Cyclopentadienide.

A Convenient One-Step Synthesis of
Hexahydro-3,4,7-methenocyclopental a Jpentalene!

Summary: The thermally promoted reaction of thallium cy-
clopentadienide with 7-chloronorbornadiene provides a
convenient, single-stage, preparative route to the title hy-
drocarbon (1) accompanied by minor amounts of dihydro-
as-indacenes 7-9.

Sir: The novel C15Hys hydrocarbon, hexahydro-3,4,7-meth-
enocyclopenta[a]pentalene (1),2 may be formally considered
to derive from the combination of two cyclopentadienyl
(CsHj;) residues with acetylene (CoHo) or alternatively from
the coupling of 7-norbornadienyl (C;H~) and cyclopentadienyl
(CsHs5) residues as depicted in Scheme 1. Critical to the success

Scheme I
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of either pathway is the rapid intramolecular [4 + 2] cy-
cloaddition of the intermediate 7-(5-cyclopentadienyl)nor-
bornadiene (2).

In practice the synthetic feasibility of path a has been
demonstrated recently by Paquette2 and Hedaya® and their
co-workers employing a reactive acetylenic dienophile. Thus,
the reaction of preformed 9,10-dihydrofulvalene (3) with di-
methyl acetylenedicarboxylate afforded the 1:1 cycloadducts
4 and 5 in 23.2 and 16.8% yield, respectively. By a sequence

4 5
R=C0O,Me

of reduction, hydrolysis, and oxidative decarboxylation the
minor adduct 5 was subsequently converted? to the parent
diene 1 in an overall yield of 7.3%.% In an effort to expedite the
synthesis of 1 for further synthetic and mechanistic studies



