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quant i ta t ively the relative reactivities of various 
classes of olefins toward methyl radical additions. 
The respective relative rate constants of the addi
tion, frequently referred to as methyl affinities, are 
determined as ratios h/ki, where the subscripts 
refer to the two reactions 

CH8 + isooctane -
CH3 + olefin 

CH4 + isooctyl radical (1) 
" CH3.olefin radical (2) 

I t is the purpose of this communication to report 
our studies of reactivities of various dienes using the 
technique mentioned in the preceding paragraph. 
We were particularly interested in determining 
quant i ta t ively the differences in reactivities of 
cumulated, conjugated, and isolated dienes. The 
results of our studies appear in Tables I and I I . 

Diene investigated 

Cumulated dienes 
Allene 
Butadiene-1,2 

Conjugated dienes 
Butadiene 
Isoprene 

T A B L E H 
E2 - E1, 

kcal./mole 

- 2 . 6 
- 1 . 9 

- 3 . 0 
- 3 . 9 

A1ZAx 

0.41 
0.87 

25 
6.9 

Inspection of these tables leads to the following 
conclusions: 

A. The isolated dienes exhibit reactivities which 
are approximately twice as high as the reactivities 
of the corresponding olefins. Thus the h/ki for 
propylene a t 65° was found to be4 22 while for 
hexadiene it is 68 (i.e., 50% more than expected); 
the kz/ki for isobutene was found to be4 36, while for 
2,5-dimethylhexadiene-l,5 it is twice as high, 77. 

B. The reactivities of cumulated dienes are 
surprisingly low, lower even than the reactivities 
of simple mono-olefins. Inspection of Table I I 
suggests t ha t the low frequency factor is the main 
reason for such a behavior. I t is probable t ha t the 
addition of methyl radicals to a cumulated diene 
takes place on the middle carbon atom. This point 
will be investigated further. 

C. As expected the reactivities of conjugated 
dienes are very high, obviously due to substantial 
lowering of the activation energy of the addition 
process. I t appears tha t the resonance energy of 
the allyl radical formed in the process decreases the 
activation energy of the addition by 2-2.5 kcal . / 
mole as compared with simple olefins such as ethyl
ene, propylene, etc. The reactivity of butadiene is 
slightly higher (even if we take into account the stati
cal factor of 2) than tha t of styrene. The kz/ki for 
styrene at 65° was found to be3 792 as compared with 
1000 which is one half of kz/ki for butadiene. The 
presence of methyl groups in positions 2 or 3 slightly 
enhances the reactivity, probably due to hyperconju-
gation effect which is comparable to t ha t observed in 
a-methylstyrene.3 On the other hand, substi tuents 
introduced in positions 1 and 4 exhibit a blocking 
effect. The case of 1,1,4,4-tetramethylbutadiene-
1,3 (2,5-dimethylhexadiene-2,4) is particularly illu
minating. 

Iu conclusion we wish to thank the National 

Science Foundation for the support of this in
vestigation. 
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ON THE FORMATION OF A PHOSPHORYLATED 
DERIVATIVE OF MEVALONIC ACID 

Sir: 

Since the first report by Tavormina, et al.,1 

t ha t MVA 2 is an efficient precursor of cholesterol, 
it has been shown tha t (1) MVA is incorporated 
into squalene without prior breakdown to ace ta t e 3 - 5 

and t ha t (2) ATP , M n + + and a reduced pyridine 
nucleotide are required by a soluble yeast extract 
for the conversion of MVA to squalene.6 This 
yeast extract has been subsequently separated into 
two fractions A and B, bo th of which are required 
for this conversion.7 Evidence is now presented 
tha t fraction A catalyzes the formation of a phos-
phorylated derivative of MVA. 

T A B L E I 

FORMATION OF N E W COMPOUND FROM MVA 

0.5 ml. of enzyme fraction A, 116 7 of MVA (55 C P M / 7 ) , 
7 Mmoles of ATP, 1 ,umole of Mn + + , 100 Mmoles of fluoride 
and 55 Mmoles of tris-(hydroxymethyl)-aminomethane buffer 
of pH 7.4 were incubated in a total volume of 1.1 ml. 0.2 
ml. aliquots were pipetted at indicated time intervals and 
inactivated by heating for two minutes in boiling water. 
Length of incubation (minutes) 0 15 30 60 

CPM in new compound 35 156 313 571 
y of MVA in new compound 0.6 2 .9 5.7 10.4 

T A B L E II 
FORMATION OF N E W COMPOUND WITH LIMITING AMOUNTS 

OF MVA 
0.8 ml. of fraction A, approximately 100 7 of MVA (180 

C P M / 7 ) , 10M moles of ATP, 1 /xmole of M n + + , 140 Mmoles 
of fluoride and 70 Mmoles of tris-(hydroxymethyl)-ammo-
methane buffer of pH 7.4 were incubated in a total volume of 
1.4 ml.; 0.1 ml. aliquots were pipetted at indicated time 
intervals, heat inactivated and chromatographed. The 
slow decline in the recovery of the new compound is due to 
its further transformation into an as yet unidentified product. 
Length of incubation (minutes) 0 30 60 120 180 

CPM in new compound 38 750 723 613 591 
CPM in recovered MVA 1322 661 696 700 675 

1-C14 or 2-C14-labeled MVA was incubated with 
A T P , Mn++j fluoride and enzyme fraction A. 
Aliquots were withdrawn a t various t ime intervals, 
heat inactivated and chromatographed on What
man Number 2 paper with w-butanol-formic acid-
water (77:10:13 by volume). The paper was cut 
into one-inch strips and eluted with water. The 
eluates were evaporated on a s team-bath and 
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counted with a windowless flow counter. As shown 
in Table I, a new radioactive spot appeared which 
has a very low R/ value (0.1) and separates cleanly 
from MVA (Rt 0.7). Since this compound is 
formed from both 1-C14 and 2-C "-labeled MVA, 
it must still contain the carboxyl group of MVA. 
When incubations were carried out with limiting 
amounts of 2-C14-MVA, half of the MVA added 
was recovered even after prolonged incubation 
(Table II). When the remaining MVA was eluted 
and re-incubated with the complete yeast system6 

no squalene was formed, thus indicating that only 
one of the two enantiomorphs of MVA was con
verted into the new intermediate. When the 
eluted intermediate was incubated with the com
plete system, efficient conversion to squalene was 
obtained. 

Examination of a chromatogram with a short 
wave length Mineralight revealed that the radio
active zone was free of nucleotides. The com
pound was thus separated from the nucleotides 
which remained at the origin but not from inorganic 
phosphate which has the same Rf value. The 
presence of phosphorus was established by the 
use of P32-labeled ATP.8 Two samples of the 
compound, one containing C14 and the other 
P32, were isolated by chromatography and re-
chromatographed with methanol-ammonia-water.9 

(8) The P3s-labeled ATP was kindly prepared by Dr. Alvah H. 
Phillips by oxidative phosphorylation with rat liver mitochondria. 

(9) R. S. Bandurski and B. Axelrod, / . Biol. Ckem., 193, 405 (1951). 

Light Vegetation and Chlorophyll. By J. TERRIEN, G. 
TRUFFAUT and J. CARLES. Translated by MADGE E. 
THOMPSON. Philosophical Library, Inc., 15 East 40th 
Street, New York 16, N. Y. 1957. 228 pp. 12.5 X 19 
cm. Price, $6.00. 

This book is divided into two sections, the first based on 
"Lumiere et Vegetation" by Terrien and Truffaut, the 
second on "L'Energie Chlorophyllienne" by Carles. The 
first section contains a thorough description of solar radia
tion, natural light fields and light absorption by leaves, and 
following this, eight chapters concerning the various effects 
of light on plants, including photosynthesis, phototropism 
and photoperiodism. The second section, by Carles, is an 
essay on photosynthesis which is in part a duplication of 
some of the material in the first section. 

The authors "have tried to give the reader an idea of what 
is known of the relationship between light and vegetation," 
and in this they have succeeded fairly well. The introduc
tory chapters are complete and contain quite a bit of useful 
reference material, and the chapter entitled "Photosynthesis 
and Photography" is a good, elementary description of 
electron conduction in crystals, a subject which is currently 
of great interest in the field of photosynthesis. 

On the other hand, since the range of topics covered is 
very broad, the treatment is necessarily too sketchy in some 
places, particularly in the chapters on photoperiodism and 
phototropism. Furthermore, the style is diffuse, the trans
lation is rough in places and there are a number of errors 
and omissions. 

The major criticism of this book, however, is that it is 
badly out of date. This is largely due to the fact that the 
two original works on which it is based are six and four years 
old, respectively, and evidently were not rewritten before 

The C "-labeled sample gave a single spot with an 
Ri value of 0.75. The P32-labeled sample gave two 
spots, one corresponding to inorganic phosphate, 
and the other to the new compound. Comparison 
of its electrophoretic behavior with that of ATP 
and ADP10 indicated that the compound is a mono-
phosphorylated derivative of MVA. The chroma
tographic behavior of this compound was not 
changed by heating for 10 minutes at 100° with 1 N 
HCl or NaOH. The stability of the phosphate 
shows that it is not a carboxyl phosphate. The 
exact location of the phosphate, whether it is on 
C3 or C5, has not been ascertained. 
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being combined in this edition. Chiefly for this reason, 
the book will be of limited value to the research worker in 
the field, or to the chemist who is interested in a short au
thoritative monograph. 
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Amino Acid Handbook. Methods and Results of Protein 
Analysis. By RICHARD J. BLOCK, Ph.D., Boyce Thomp
son Institute for Plant Research, Inc., Yonkers, New 
York, and Department of Biochemistry, New York 
Medical College, New York, with the cooperation of 
Kathryn W. Weiss, A.B., The Borden Company, Yonkers, 
New York. Charles C Thomas, 301-327 East Lawrence 
Avenue, Springfield, Illinois, 1956. xiii + 386 pp. 
16 X 23.5 cm. Price, $10.50. 

1. This monograph has a twofold objective of describing 
"tried and proven examples of the three most widely used 
methods of amino acid analysis, i.e., by microorganisms, by 
column chromatography and by paper chromatography," 
in sufficient detail "without the need of recourse to the origi
nal l i terature," and to tabulate " the amino acid composition 
of proteins, biologically active polypeptides and foods." 

2. The first objective is set forth in 167 pages, followed 
by a short chapter on Protein and Amino Acid Consumption 
in the United States and concluded with a 66 page bibliog
raphy, listing approximately 1200 or more references. The 
reviewer feels that the first objective, though laudable is 
ambitious almost beyond attainment, for it is probably true 
that the clearest exposition of a method is usually to be found 
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