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Abrtrmi-Tbc rknochemktr) of the Mhium.liquid ammonia reduction of ?.ldimrthyl4hydroxy_2iyclopcnlenon 
is dkurud it\ a fum+on of Ihc acidity of ~hc proton donor II is shown thar the contigur~ion of the resulting 2.3. 
dimclhyl. I .Q~dihydrox!c)clopntc~ is dckrmincd h) competing intra- and interrrwkculsr prc~onation. 

The lithium-liquid ammonia-alcohol reduction of 2.3- 

disuhstitutcd - 4 - hydroxy - ? . cyclopcntenonez 
(analogues of 1 with functionaliced side chains) is an 
important step in our prostaglandin synthcsis.‘“’ In prcvi- 

ous papers the stereochemistry and contigurrtional ac- 
signmcnt of the resulting ?.3 - dialkyl - I.4 - cyclopcn- 

tanedids was described,‘-’ it was noted that the 

stereochemical ou~comc of the reduction depended on the 
reaction parameters. In order to elucidate the reaction 
mechanism, the influence of the acidity of the proton 

source and IO a lesser extent the effect of concentration 
were investigated on model compound 1. 

As can be seen in Table I the reduction of 2.3 - dimethyl 

- 4 - hydroxy - 2 - cyclopcntem 1 predominantly yields 
IWO diastcreoisomcrs with trans 2a or cis b methyl 
suhstituents. The mechanism of the reduction can be 

subdivided into three protonation steps (Scheme I). The 
stereochemical outcome of the first and third steps (for 

both >9S% tr-ans OH-CH,, the yield of 2c being arbitrarily 
divided) is in accordance with existing views on protona- 
tion of epimcric carbanions (/3 Position) in the reduction 

of enones and epimcric dianions in the reduction of cyclic 
ketones.” 

The second protonation is tuhjcct to the acidity of the 
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proton donor (see TaMe I) which clearly determines the 

ratio of the diastereoisomers t and b. One could 
rational& the formation of t and 2b by invoking an 
equilibratiocl of the saturated ketone before further reduc- 
tion (third step). Tbat this does not recur is proven by the 

experiments given in Scheme 2. Treatment of both the 

pure ?,3dimethylcyclopcntanones 3a and 341” with 
lithium phendate as base in liquid ammonia leads to the 
equilibrium mixture 3a:3b in a ratio of 85:15. On the 
other hand reduction of Jb with lithium-liquid ammonia- 
phenol yields as the sole product (Ci analysis) the alcohol 
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Sb. These facts prove that reduction is much faster than 
equilibration. which should have taken place through 
cnolatc anion formation. 

In order to evaluate the role of the hydroxyl function in 
1 as a potential proton source. the reduction of 2.3- 
dirncthykyclopcntenone 4 was studied umkr identical 
conditions with the same set of proton donors (Table 2). 
Comparison of the reduction of I and 4 shows that the 
presence of the hydroxyl function has an influence. not 
only on the stereochemical outcome, but also on the total 
yield of complete reduction products (saturated alcohol). 
For compound 1 a reversal of the ratio’s of reduction 
products 2a + 2c (1 r/r CH, trans) and b (1 % CHI cis) 
was observed. 0n the other hand the ratio of reduction 
products of 4, the diastereoisomeric alcohols Sa - k (X ‘7r 
CH, trans) and Sb (1% CH) cis) was practically constant. 
the more stable isomer Sr was formed preferentially. 

The results can bc explained as a function of the pK, 
value of the proton donor. The pK* scale in liquid 
ammonia differs largely from that in water,” xletonc has a 
pKA value in the range of that of ethanol and is more 
acidic than t-butanol. Indeed t-butanol is frequently added 
as proton source for reduction to the saturated ketone 
stage since the second protonation step is then very slow. 
However further reduction. although in lower yield. is 
sometimes observed. This is also the case for the reduc- 
tion of 4 (yield of alcohols 31%) with t-butanol as proton 
source. which is probably due to the fact that an enolate 
anion of a a.a-disubstituted ketone is a stronger base than 
the acetone enolate anion. The high yield conversion of 1 
to the saturated alcohols (30. b. c) in the presence of 
t-btanol shows that the 4-hydroxyl group serves as a 

The stereochemical outcome of the reduction of 1 is 
determined by competition between intro- and inter- 
molecular protonation. With the more acidic proton 
donors intermolecular reaction occurs. It is generally 
accepted that the relative stabilities of transition states for 
the product determing protonation of epimerisable car- 
banions usually reflects qualitatively the relative 
stabilities of the products’ (Scheme 3). With less acidic 
external proton sources the competing intramolecular 
protonation becomes effective. It is obvious that this 
results in cis configuration of the methyl groups, because 
of the stereochemical outcome (OH-CHI trans. Scheme 
I) of the first reduction step. 

” 
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Additional proof of the occurrence of internal l,3- 
protonation was obtained by the reduction of 1 with 
methanol as proton donor under dilute conditions 
(IO-’ mol I-‘), the relative ratio of Uiastcrcoisomcrs was b 
3!%. 2% 62% and 2c 3%. Comparison with the result 
(M&H) in Tahle I for substrate concentration 
IO-’ mol. I-’ is clearly demonstrative. 

The results provide substantial evidence for the pres- 
ence in I of the Chydroxyl group as such and not as an 
anion. However it is not ckar why expulsion of the 
hgdroxyl group does not compete with the first protona- 
tion step. as it is known that allylic hydroxyl groups are 
cleaved under these reaction conditions.” Analogous 
stercochcmical results are obtained for homologucs of 1 
with functionaliscd side chains attached through a 
methylene unit on the cyclopcntenonc ring, the total 
yields are however in the range of 0%. Further invcstiga- 
tionc arc in progress proton source 
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