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storage of the lyophilized peptide in vacuo at + 4  ~ for 
several months produces faint traces of a decomposit ion 
product which is detectable by HPLC. 
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Stereospecific reduction of geraniol to (R)-(+)-citronellol by Saccharomyces cerevisiae 
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Summary. (R)-(+)-citronellol ,  a useful Cl0 chiral synthon for natural terpenoid products, can be obtained in enantiomeri-  
cally pure form and satisfactory yield by yeast reduction of geraniol. 

Although it is well recognized that yeasts are capable of 
reducing stereospecifically cinnamyl alcohols to the corre- 
sponding dihydroderivative 1, to our knowledge no analo- 
gous transformation has been reported for aliphatic allylic 
alcohols. We report here a simple route which allows 
(R)-(+)-citronellol  (2) to be prepared in enantiomerically 
pure form 2 and satisfactory yield from geraniol (1), an 
achiral readily-available starting material, via microbiologi- 
cal (Saccharomyces eerevisiae) reduction. 
A highly dense suspension of resting cells of  S. cerevisiae 3 
was incubated with geraniol ( la ,  100 rag) and shaken at 
27 ~ for 24 h. The ether extract of  the fermentation 
medium and the acetone extract of centrifuged cells were 
evaporated at room temperature under  vacuum and chro- 
matographed on preparative silica gel (TLC; benzene: 
ethyl acetate 8:2) to give (R)-(+)-ei tronellol  (2) (yield 
25%) 4 ( N ~ = + 4 . 8 7  ~ (MeOH);  lit. +4.97 ~ (MeOH) 5", 
+2.32 ~ to +2.7  ~ (from Java citronella oil) sb, +4.17 ~162 
+5.26 ) pure by N M R  and GLC-MS (FFAP 10%, 
T =  160 ~ 
Taking into account that, in the case of citronellol, optical 
rotation cannot be used as a criteria for enantiomeric purity 
(see above [a]o data and Valentine et a17), citronellol from 
yeast reduction was examined by lH-NMR-spectrum in the 
presence of a chiral lanthanide shift reagent. In the NMR-  
spectrum (CDC13) , registered in the presence of Eu(tfe)3 
(molar ra t io= 1 : 1), only a doublet  due to 3-methyl group 
was observed, thus indicating that this material was essen- 
tially enantiomerically homogeneous 7. As a further confir- 
mation, mixtures of commercial (S) - ( - ) -c i t rone l lo l  and 
(R)-(+)-citronellol,  derived from fermentation, showed 2 

well resolved (1 Hz) doublets, that at higher fields being 
assignable to the (R)-(+ )-isomer. 
Geranial  ( lb )  was found to give (R)-(+)-ci tronellol ,  as 
expected ~, whilst nerol (4a) and neraI (4b), reduced in 
analogous way, afforded a mixture of the 2 enantiomers of 
(2). The enantiomeric ratio, determined by N M R  as de- 
scribed, was (R) : (S )=  6:4. This result is consistent with a 
partial cis-trans isomerisation of neral (4b) which appear to 
be an obligatory intermediate in the microbiological con- 
version of nerol into citronellol 1. 
These findings, together with the ready availability of the 
diastereomerically pure geraniol ( l a )  appear to be of 
relevant synthetic value. (R)-(+)-ci t ronel lol  (2) and its 6,7- 
dihydroderivative (3) 8 are known as key intermediates in 
the synthesis of important  natural  products (e.g. a-toco- 
pherol 9 and 1-menthol 1~ and optically active 7-methyl-e- 
caprolactone I ~ 
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lb R=CHO 
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AMP deaminase, 5'-nucleotidase and adenosine deaminase in rat myocardial tissue in myocardial infarction and 
hypothermia 
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Summary. AMP deaminase, 5'-nucleotidase and adenosine deaminase have been estimated in skeletal muscle and 
myocardial tissue in normal rats and in rats subjected to experimental myocardial infarction or hypothermia. A difference 
in the enzyme distribution was found between the right and left ventricles in the normal rat. A decrease in the activity of 5'- 
nucleotidase and an increase in the activity of adenosine deaminase were observed in infarcted myocardial tissue. The 
activity of all 3 enzymes was found to be depressed in the myocardium in rats subjected to hypothermia. These results are 
discussed in relation to adenosine production and its beneficial effects. 

Within the last few years a considerable amount of evi- 
dence has accumulated for a hormonal role for adenosine 2. 
Adenosine has been implicated in a number of biological 
processes such as inhibition of cell proliferation 3, immuno 
suppression 4 and hormone liberation 5. Adenosine has been 
shown to produce local vasodilatation 6. This particular 
function has been exploited in the treatment of ischaemic 
heart disease by using drugs which maintain the adenosine 
levels in the tissues 7. The immediate precursor of adenosine 
in the tissues is adenylic acid which is most quickly derived 
from the breakdown of ATP, though it is also synthesized 
de novo from simple metabolites. The production of aden- 
osine from AMP in the tissues depends upon the relative 
activities of AMP deaminase and 5'-nucleotidase. While the 
former enzyme makes AMP unavailable for the production 
of adenosine, and AMP is diverted into the purine nucleo- 
tide cycle s , the latter enzyme is specifically concerned with 
the production of adenosine. The preservation of the aden- 
osine so liberated depends upon a number of factors, one 
of which is the activity of adenosine deaminase. In this 
paper we describe the activities of AMP deaminase, 5'- 
nucleotidase and adenosine deaminase in rat myocardium 
under 2 experimental conditions, namely myocardial in- 
farction and hypothermia; the former requires more adeno- 
sine to maintain blood circulation in the tissue deprived of 
a blood supply, and the latter requires less adenosine due to 
depressed metabolic function and consequent low blood 
circulation. These enzymes have also been estimated in 
normal rat skeletal muscle tissue for purposes of compari- 
son. 
Materials and methods. Albino rats of the local strain were 
used for the experiments. Rats of both sexes were randomly 
used; they were killed by decapitation and exsanguinated, 
and the heart and a piece of skeletal muscle (gastrocne- 
mius) were quickly removed and placed in ice-cold saline; 
they were then washed in the same solution to remove all 

traces of blood and a 10% homogenate of each tissue was 
prepared in 0.25 M sucrose using a Potter-Elvehjem type of 
homogenizer. 
AMP deaminase activity was estimated by the method of 
Ogasawara et al. 9. The assay mixture comprised 0.5 ml of 
20 mM phosphate buffer, pH 7.0, 0.1 ml of 150 mM sodium 
chloride solution, 0.1 ml of 0.05% bovine serum albumin, 
0.1 ml of 15 mM AMP solution and 0.1 ml of 10% tissue 
homogenate. Incubation was at 37~ for 10 min. The 
ammonia liberated was estimated by Berthelot's method. 
The intensity of the indophenol-blue color developed was 
measured in a Spectronic-20 spectrophotometer at 640 nm 
against water. The activity of the enzyme was expressed as 
gmoles of ammonia liberated per h per g wet weight of 
tissue using ammonia standards processed in a like manner. 
5'-Nucleotidase activity was determined by the method of 

10 Buniatian as described by Sadasivudu et al. , The assay 
mixture consisted of 0.2 ml of 0.2 M Tris-HC1 buffer, 
pH 7.5, 0.1 ml of 0.12 M magnesium sulphate solution, 
0.5 ml of 0.01 M AMP solution, 0.2 ml of 10% tissue 
homogenate and 0.5 ml of distilled water. This was incubat- 
ed at 37 ~ for 2 h. The reaction was terminated by the 
addition of 1.5 ml of 10% TCA solution and inorganic 
phosphate liberated was determined in a 1 ml aliquot of the 
supernatant. The activity of the enzyme was calculated 
using phosphate standards and expressed as ~tmoles of Pi 
liberated per h per g wet weight of the tissue. 
Adenosine deaminase activity was estimated by the method 
of Martinek n. The substrate solution comprised 0.5 ml of 
0.675 mM adenosine in 0.2 M phosphate buffer pH 7.05. 
To this 0.05 ml of 5% tissue homogenate was added, and 
incubated at 37 ~ for 1 h. A control tube was simul- 
taneously prepared for each sample by adding phenol color 
reagent to the substrate prior to the addition of the tissue 
homogenate. At the end of 1 h the reaction was stopped by 
adding 2.5 ml of phenol color reagent (liquefied phenol 


