
4148 

Table I. First-Order Rate Constants at 200° and Activation 
Parameters of the Thermal Reactions of the 5-Acetyl-5-methyl-
bicyclo[2.1.0] pentanes 1 and 2 in Benzene 

Reaction 

l - > 2 
2 ^ 1 
1 -+3 
2 -*3 

k," sec-1 

(9.30 ± 0.22) X 10-2 

(2.42 + 0.15) X 10-2 

(1.96 ± 0.22) X 10-3 

<2.96 X 10-7 

AHtb 
kcal/mol 

33.4 + 0.8 
33.9 ± 0.9 
22.2 + 2.2 

A5+,&eu 

-1 .5 ± 1.7 
-3 .0 ±2.0 

-33 .0 ±4.7 

"Ca.- 0.16 /!/solutions of 1 in sealed glass tubes; VPC analysis on a 
Carbowax K1540 capillary column at 120° of five samples at each of 
ten time intervals. For ki3 see also footnote 6. The rate constants re
mained the same within experimental error when ~3% pyridine was 
added to a solution of 1 at 200°. b Activation parameters calculated 
from rate data at 160, 180, 200, and 220°. Errors are standard devi
ations, and the correlation coefficients are 0.998 (1 -> 2), 0.997 (2 
->1), and 0.996(1-+3). 

of the acetyl group.3 We now report that the rearrangement 
to 3 occurs specifically from the ewrfo-acetylbicyclopentane 
(1) and that this process and the endo-exo interconversion 1 
?=* 2 do not involve a common intermediate. 

O 

* 1 3 \ ^*23 

3 

The thermolyses of ketones 1 and 2 were carried out in 
benzene solution at 160, 180, 200, and 220°, compound 3 
remaining unchanged under these conditions.4 Best-fit rate 
constants were then calculated using programs designed to 
handle up to four components linked by equilibria,5 and 
these data and associated activation parameters are shown 
in Table I. 

Our kinetic results provide a clear mechanistic differen
tiation of the two fundamental thermal isomerization pro
cesses observed in 5-acetylbicyclo[2.1.0]pentanes. The 
order in rate constants, k\i > £21 > &13 and £23 ~ 0,6 and 
the significant gap in activation entropies between the stere-
omutations 1 «=* 2 and the rearrangement 1 —• 3 strictly 
preclude that the two types of reaction involve a common 
intermediate.7 

The unusually large negative entropy of activation for 1 
—»• 3 indicates that the rearrangement proceeds through a 
highly ordered transition state and is suggestive of a con
certed electrocyclic process involving the four electrons of 
the internal cyclopropane and the C(5)-acetyl bonds. Disro-
tatory opening of the former bond would selectively permit 
the ewdo-acetyl substituent of 1 to transfer by forming a 
transom of appropriate Mobius topology.8,9 

A cyclopentane 1,3-biradical path constitutes one possi
ble mechanism for the endo-exo interconversion 1 <=t 2 , " 
and indeed cleavage of the central bond has been demon
strated experimentally for 5-benzoyloxybicyclo[2.1.0]pen
tanes.12 However, such ir-donating substituents on C-5 
lower the isomerization barrier10,13 by enhancing the anti-
bonding character in the central bond,14 and therefore both 
an analogous path and the alternative cleavage of an exter
nal cyclopropane bond15 remain possible for the endo-exo 
stereomutation of 1 and 2. Work with 5-acetyl-l,5-dimeth-
ylbicyclo[2.1.0]pentane to clarify this question is in prog
ress. 
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Molecular Basis for Prostaglandin Potency. 
I. The Case for Biological Significance of Media 
Dependent Conformational Changes 

Sir: 

We have for some time been intrigued by the problem of 
deciphering the stereostructural requirements for pharma
cological action1 of the classical prostaglandins, PGE's and 
PGF's.2 Unlike most natural substances of such extraordi
nary potency the prostaglandins do not present a spatially 
well-defined skeleton for the contemplation and manipula
tion of the student of structure-activity relationships 
(SAR), rather an a priori floppy array in which the several 
chiral centers can adopt very different relative spatial orien
tations.3 As a result of reviewing the SAR data in the open 
literature,4 we have proposed, as a working hypothesis, that 
the ready attainment of a conformation (designated the 
hairpin4,5) in which the two side chains are closely and spe
cifically aligned5 is a feature of those E- and F-type prosta
glandins showing high potency in stimulating contraction of 
smooth musculature.9 We now present evidence that 
PGF20; and the related primary alcohol display media-de
pendent changes in the CD spectrum in the olefinic span 
(185-220 nm) which are best rationalized as the result of 
side-chain alignment in protic media and further that less 
potent diastereomers do not display these features. 
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Figure 1. CD spectra of prostaglandins and model compounds. All energy spans, 185-225 nm, are linear in wavelength. Solvent is 95% EtOH unless 
indicated otherwise. 

rather the result of through-space coupling13 of transitions 
due to the otherwise isolated olefinic bonds (see Figure lb). 
In accord with this origin,14 the couplet amplitude increases 
on 1:1 dilution with aqueous buffer (pH 4, Ae2io = +1.03, 
Aei97 = —9.6) but decreases in n-butyl alcohol (Ae2io

 = 

+0.62, A«i9s = -3 .1) and acetonitrile (At2IO = +0.50, 
AQOO = -1 .28) . Two other potent F-type prostaglandin an
alogs12 show similar couplets with comparable media 
changes (see Table I below). In accord with its significant 
biological activity (10-50% of PGF2a),4 1 l-epi-PGF2cv 
(which shows no couplet in EtOH) shows a developing cou
plet in aqueous media (evidenced by a growing negative CD 
band at ca. 195 nm, see Figure 3, supplementary material). 
Epimerization at either C-9 or C-15 results in loss of 99% of 
the F-type activity. PGF2/3 (9-epi-PGF2a) shows a positive 
trending CD as expected based on the models for the indi
vidual olefin chromophores and displays within experimen
tal error, no media or pH effects.15 As expected (based on 
model IHb and 15-epi-PGF i a), 15-epi-PGF2a shows a neg
ative band at 195 nm. On increasing the water content of 
the media the amplitude of the band decreases rather than 
becoming more negative as in all of the active prostaglan
dins examined. 

Several possible explanations for the unusual media-de
pendent CD of PGF2a and its active analogs could be con
structed which did not implicate side-chain alignment. For 
one, the degree of association might change with the water 
content of the media, particularly at acid pH. For this rea
son we have examined the CD of PGF2O: at widely differing 
concentrations. Neither CD band showed any notable con
centration dependence (9-5000 Mg/ml) at constant solvent 
composition.16 Plots of Ae2io VS. concentration in various 
media appear as Figure 4 in the supplementary material. To 
eliminate the possibility that the carboxyl chromophore17 is 
involved, we have examined the CD spectrum of the pri
mary alcohol analog of PGF2« (IIIe, Figure Ic) in ethanol-

R CH2OH 

R CH2OH 15-epimer 

R - ClJ-CH CH(CH2 I3CO2H, PGFj, , 

R t rans-CH CHICH?),CO-,H, 5- t rans- PGF2,i 

R cjs-CH CHtCH2J3CO2H, PG F2 , i -alcohol 

HL a — e 

Recent studies, delineating the effects of local dissymme
try in inducing CD Cotton effects in the olefin transitions,10 

have put us in position to experimentally verify certain fea
tures of this conformational model. The local geometry (II) 
about the A13 '14 bond in the hairpin conformation (shown 
for PGFia , I) predicts a positive low energy band due to the 
chiral disposition of the allyl C-O bond.10a In the case of 
PG Fi a, which contains only this chromophore, this is ob
served (Figure la) . Epimeric model compounds HIa and 
IHb 1 ' and 15-epi-PGFia also display consistent CD spectra 
(Figure la) : the sense of the Cotton effect being determined 
by the absolute configuration at C-15; suggesting that the 
full a side chain is not essential for establishing this stereo-
structural feature. 

However, clear support for close spatial proximity of the 
two side chains came from studies of the bis unsaturated se
ries. The CD spectrum of PGF2C* (HIc) in 95% ethanol 
(Ae2I0 = +0.73, AcI96 = -4 .8 ) , in contrast to those of the 
less potent diastereomers, 1 l-epi-PGF2a' ' and PGF2/?," is 
not the additive sum of the CD spectra of PGFia (Aei9i = 
+4.2) and 13,14-dihydro-PGF2a12 (Ae2OS = -0 .10 ±0.10, 
Aei9o = +2.5!, see Figure 2, supplementary material) but 

water mixtures.18 The Cotton effect amplitudes are summa
rized in Table I. The alcohol displays, in detail, the same 
changes observed for PGF2C*. In the case of the alcohol a 
pleasing demonstration of the importance of solvent struc
ture in restricting conformational freedom was possible. 
The alcohol remains dissolved when a concentrated /j-butyl 
alcohol solution is diluted with 50 volumes of pentane; the 
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Table I 

Ae, 

95% EtOH 25-45% EtOH 0-9% EtOH 
A e , *e, A e , *e , 

PGF2Cj(IIIc) +0.73 -5.1 +1.03 -9.6<* +1.9 -IA" 
15(S)-IS-Ue 
-PGF2C +0.64 -4.6 +1.15 -6.3 +1.35 -5.5 

16,16-Me2-
PGF2a +0.75 -2.6 +0.9 -5.65 +1.25 -4.55 

PGF2a-al-
cohol 
(IHe) +0.52 -3.4 +0.7 -8.2a +1.06 -5.6" 

15-epi-PGF2 
a +0.08 -5.3 +0.25 -3.4 

ll-epi-PGF2 
Q +2 >+5.5a +2 +1.6 

PGF2/3 +1.6 +9" +1.7 +8.2 
Typical 

error ±0.Q3 ±0.4 ±0.06 ±0.8 ±0.10 ±0.9 
a Errors two-three times those indicated apply due to either low 

optic anisotropy or high noise levels for these samples. 

resulting solution displays only a single positive CD band 
(Figure Ic) as expected for the contribution of isolated ole-
finic bonds. 

Although these spectroscopic studies cannot delineate the 
detailed conformations of the side chains out beyond C-16 
and C-4, they do establish a correlation between biological 
potency and increasing olefin transition coupling due to 
side-chain alignment in polar protic media. Chemical and 
pharmacological tests of the hairpin model, to supplement 
this spectroscopic study, are in progress. 
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