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that it was dependent on the conformation of the
asymmetric center. The concepts derived from
this work have been applied, with success, to the
correlation of configuration.* These studies in-
volved addition reactions to a carbonyl function
which was located adjacent to or near an asymmetric
center. Asymmetric syntheses by the addition
to an olefinic moiety in both catalytic® and non-
catalytic® reactions also have been observed.

We wish to report that the addition of diphenyl-
diazomethane to (—)-menthyl acrylate (I, R =
H) and (—)-menthyl methacrylate (I, R = CHjy)
results in partial asymmetric synthesis.

When 1.48 g. (0.0076 mole) of diphenyldiazo-
methane was added slowly to 1.61 g. (0.0076
mole) of (—)-menthyl acrylate’ an exothermic
reaction accompanied by immediate decolorization
and evolution of nitrogen occurred. In order to
avoid any possibility of the resolution of the dia-
stereoisomers that are formed, isolation of products
at this point was avoided. The reaction mixture
was saponified by refluxing with a solution of 0.85
g. of potassium hydroxide in 60 ml of ethylene
glycol for 52 hours to assure completeness.® The
reaction mixture was diluted with water and ex-
tracted 4-5 times with ether. The residue from
the ether extract showed less than 0,19, of carbonyl
absorption at 1720 cm.~'. The aqueous fraction
was acidified with hydrochloric acid and yielded
1.08 g. (609;) of 2,2-diphenylcyclopropanecar-
boxylic acid (II, R = H), m.p. 163-164.5°, whose
infrared spectrum was identical in all respects with
an authentic sample? and which had a rotation of
[a@]**D —4.7° (CHCl;). This corresponds to 2.29,
of asymmetric synthesis.

The above procedure was repeated using (—)-
menthyl methacrylate”01' (I, R = CHj) which
after complete saponification yielded 1-methyl-
2,2-diphenylcyclopropanecarboxylic acid (II, R
= CH,;) in 749, yield, m.p. 176~180.5°, whose in-
frared spectrum was identical with that of an
authentic sample.!? The rotation of [a]*D +3.7°
(CHCI;) corresponds to 109 asymmietric synthesis.

It has been demonstrated that the addition of
diazoalkanes to olefins proceeds in a stereospecific
manner.'* The resulting A’-pyrazolines in turn
decompose stereospecifically.!®* The asymmetric
synthesis can be visualized as proceeding by an
attack of the diazoalkane predominantly in the
direction indicated by the arrow in Fig. 1 to yield
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ITI in excess, which decomposes to yield a pre-
dominance of ITA. An alternative is the formation
of a zwitterion intermediate IV which can collapse
directly to product rather than proceed through
III. ‘That this reaction proceeds via a diphenyl-
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methylene (carbene) addition'* has been ruled out
provisionally in this case!® on the observation
that the copper-catalyzed addition of diphenyl-
diazomethane to (—)-menthyl acrylate yielded
totally inactive product.

On the basis of Prelog’s* correlation we have as-
signed the p-configurations to (—)-IIA (R = H)
and to (+)-IIA (R = CH;). The detailed mecha-
nism of the addition of various diazoalkanes to
olefins and its application to the establishment
of absolute configuration of other cyclopropane-
carboxylic acids is currently under investigation.
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F. J. ImpastatO

ENZYMATIC SYNTHESIS OF CARNOSINE FROM
B-ALANYL ADENYLATE AND HISTIDINE
Sir:

Previous studies have provided evidence for
enzymatic formation of amino acyl adenylates'?;
however, proof that such anhydrides are inter-

(1) M. Karasek, P. Castelfranco, P. R. Krishnaswamy and A.
Meister, THIS JoURNAL, 80, 2335 (1958).

(2) H. S. Kingdon, L. T. Webster and E. W. Davie, Proc. Nat,
Acad. Sci. (U.S.), 44, 757 (1958).
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mediates in biological peptide bond synthesis is
lacking. We report here enzyme-catalyzed syn-
thesis of carnosine (8-alanyl-L-histidine) from g-
alanyl adenylate and histidine. Carnosine syn-
thesis from G-alanine and r-histidine was observed
in the presence of ATP, Mg* ™ and soluble enzynie
preparations obtained from chicken and rabbit
skeletal muscle,® by extraction of the muscle with

TaBLE |
C(-)_
Carnosine
Lxp. Reactwon mixtiaes® te.p.m.)¢
1 CH-g-Alaniue + L-histidine + ATP" 13,100
2 B-Alauniue + ATP + C4.pr-listidine” 12,900
3 B-Alanyl-adenylate” 4+ C4-pr-histi- 13,800
dine
4 8-Alanyl-adenylate + C'-pL-histidine® 2,730
©« Composition of reaction mixtures; Exp. 1. B-alanine-

1-C! (250,000 c.p.m., 0.08 micromole), L-histidine (3 miecro-
moles), ATP (2.5 micromeoles), MgCly (3 micromoles), KC1
(100 micromoles), sodium phiosphate buffer (67 micromoles)
and enzyvme (10 mg.); pH 7.4 final volume, 1 ml.; incubated
for 20 min. at 37°, Exp. 2-4. B-alanine (3 micronicles),
ATP (2.5 micromoles), g-alanyl adenylate (3.8 micromoles),
pL-histidine-2-C!* (0.8 niicromole), 416,000 c.p.m.); ncc
MgCl: or KCI1 was added in exp. 3 and 4: otlier conditions
were as i1 exp. 1. No caruosine was forimed wlien any one
of these componeuts, MgCly, or enzyiie was omitted, or
wlien guanosine triphosphate, cytidine triphosphate, uridine
tripliosphate, or inosine triphospliate was used at equivalent
concentrations in place of ATP. Substitution of equimmolar
concentrations of CoCly or MnCl; for MgCly gave less than
25%. of the reported activity. ¢ No carnosine was formed
wlienn  g-alanyl-adenylate was lydrolvzed prior to use.
% Enzyme was oniitted or heated at 100° for 10 min. prior
touse. ¢ Separated by ascending paper chromatograply on
Whatman No. 3 paper and a solveut consisting of ethanol,
acetic acid, H.O (75:5:20); otlier solveuts, e.g., butanol,
formic acid, H.O (75:15:10), plientol, H,O (80:20; saturated
witlt HCl), gave similar results.

a solution containing 0.65 3 NaCl and 0.04 M
KHCO;, and then fractionation with ethanol at
—5 to —10°, Formation of C'¢-carnosine from
Ci-B-alanine or C!*histidine was demonstrated
by paper chromatography in several solvents;
the Cl'i-carnosine was eluted and hydrolyzed with
hydrochloric acid or carnosinase* to yield the
Cldprecursors. No carnosine was formed when
histidine, §-alanine, Mg*+, ATP, or enzyme were
separately omitted. Substitution of equivalent
quantities of D-histidine® for L-histidine gave less
than 39, of the radioactivity in the carnosine area,
while a compound with the properties of anserine
(B-alanyl-1-methyl-v-histidine) was formed when
histidine was replaced by 1-methylhistidine. Addi-
tion of KCl was required for optimum activity with
certain enzyme fractions; added coenzyme A
(0.002 A7) did not affect the rate of synthesis.
Addition of pyrophosphatase (5() micrograms per
ml.)® increased synthesis by about 259.

When pg-alanyl adenylate, synthesized as pre-
viously described,” was added to the reaction mix-
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ture in place of ATP, Mg*+, KCl, and B-alanine,
considerable synthesis of carnosine was observed
(Table I). Under these conditions some radio-
activity appeared in the carnosine area in the
absence of enzyme. Enzymatic formation of
carnosine was not observed in experiments with
B-alanyl phosphate. The results suggest that
carnosine synthesis involves activation of g-
alanine to yield B-alanyl adenylate, and reaction
of this anhydride with histidine to form carnosine.
Mg=~* ions appear to be required only for acti-
vation. In analogy with tryptophanyl adenylate,!
B-alanyl adenylate may be tightly bound to enzyme,
and therefore studies with relatively large amounts
of purified enzyme may be required for isolation
of enzymatically-formed B-alanyl adenylate.?
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AMPEROMETRIC DETERMINATION OF FLUORIDE
AT A ROTATED ALUMINUM ELECTRODE
Sir:

From 99.9949; pure aluminum wire (116 inch
diameter) a rotated electrode (600 r.p.m.) has been
constructed of about 0.15 cm.? surface area.
After each set of measurements it was ‘‘cleaned”
in a 0.01 M ethylenediaminetetraacetate buffer of
pH 3. All experiments were carried out at 23°.
In nitric acid solutions of pH 2 or less and acetate
buffers of pH 3 to 5.5 the electrode is highly po-
larized. Anodic depolarization occurs at about
+0.6 volt and cathodic depolarization at —1.4
volt (vs. S.C.E.). Perchlorates and halides exert
an anodically depolarizing effect at about —0.0
volt, but they do not depolarize cathodically.

In acid medium the zero current potential is ill-
defined and extremely poorly reproducible. Fluo-
ride in acid medium depolarizes the electrode
ancdically, it causes the potential to become
extremely negative., Current—potential curves in
the presence of fluoride are of a composite nature.
In the absence of oxygen anodic limiting currents
are found at —0).75 volt which are proportional to
the fluoride concentration in a range between 10—
and 3 X 10-* 1/, In the amperometric determi-
nation of fluoride in an oxygen-free acetate buffer
of pH 3.5 use is made of the *‘standard addition”
method which makes the accuracy independent of
the reproducibility of the surface conditions of the
electrode. Alkali perchlorates, nitrates, chlorides,
sulfates and 0.002 3 calcium do not interfere.
Phosphate decreases the proportionality factor
between limiting current and concentration but
does not interfere. The results of the amperometric
method have been tested in Minneapolis city water
and eight natural waters and good agreement
with results obtained by classical methods has been
obtained. Baker and Morrison'® determined micro-
gram quantities of fluoride by spontaneous elec-

(1) B. B. Baker and J. D. Morrwon, 4dnal. Chem ., 27, 1306 (1435).



