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SYNTHESIS OF «-AMINO-
METHYLENECYCLOPROPANEPROPIONIC
ACID (HYPOGLYCIN A)
Sir:

We wish to report on the synthesis of Hypo-
glycin A, a natural product obtained from the un-
ripe fruit of Blighia sapida.! This interesting ma-
terial, which exhibits marked hypoglycemic proper-
ties, was first assumed to possess a polypeptide
structure.’.? However, recent work has shown the
compound to be a new amino acid, «-amino-
methylenecyclopropanepropionic acid (VI).? We
have now succeeded in synthesizing racemic VI
and have shown it to be identical with the natural
material.

The synthetic route which was finally successful
is shown below
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Treatment of 2-bromiopropene with ethyl diazo-
acetate in the presence of a copper-bronze catalyst
resulted in a 17-20%, yield of ethyl 2-bromo-2-
methyleyclopropanecarboxylate (I), obtained as a
mixture of the cis and frans forins, b.p. 71-86° (11
min.); #%p 1.4653-1.4666. Anal. Caled. for
C:H.,BrO;: C, 40.59; H, 5.36; Br, 38.59. TFound:
C, 40.88; H, 5.14; Br, 38.42. Although the bromo-
ester I was inert to boiling 2,4,6-collidine, it reacted
with sodium hydride in refluxing ether containing
a few drops of ethanol* to form a 609 yield of ethyl
methylenecyclopropanecarboxylate (II), b.p. 152—
154°; n%p 1.4447. Anal. Caled. for C;HyOz: C,
66.64; H, 7.99; O, 25.37. Found: C, 66.68; H,
8.11; O, 25.45. Compound II was also obtained
by treatment of allene with ethyl diazoacetate.
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This unsaturated ester II could not be prepared by
the treatment of I with sodium ethoxide in ethanol,
due to the predominant formation of the ether,
ethyl 2-ethoxy-2-methylcyclopropanecarboxylate.’
The ester II was reduced readily in 759, yield to
methylenecyclopropanemethanol (III), b.p. 138~
139°; u¥%Dp 1.4644. Amnal. Caled. for C;HzO: C,
71.41; H, 9.59; O, 19.00. Found: C, 71.40; H,
9.86; O, 18.95. The infrared spectrum of this
alcohol exhibited bands at 5.73 and 11.26 u, which
are considered typical of methylenecyclopropane.®
Conversion of compound III in 2,4,6-collidine’ to
the tosylate IV proceeded in 639, yield (crude).
This tosylate IV was used to alkylate sodio diethy!l
formamidomalonate in N,N-dimethylformamide
and the crude reaction product was hydrolyzed and
decarboxylated. The crude amino acid was puri-
fied by chromatography over powdered cellulose,
using n-butanol saturated with water as the eluent.
a-Amino-methylenecyclopropanepropionic acid
(VI) was thus obtained as colorless leaflets from
water—acetone; darkens above 200° and does not
melt to 300°. Amnal. Caled. for CG;HuNO,: C,
59.54; H, 7.85; N, 9.92. Found: C, 59.73; H,
7.78; N, 9.92. Although VI is capable of existing
as two diastereoisomers, only one form could be
isolated from the reaction. This material was
shown to be identical with natural Hypoglycin A
by paper chromatography, electrophoresis and
infrared spectra.
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THE SIZE AND SHAPE OF BOVINE SERUM ALBUMIN
AS A FUNCTION OF pH, DETERMINED BY SMALL-
ANGLE SCATTERING OF X-RAYS

Sir:

The size and shape of bovine serum albumin
molecule at different pH has been studied recently
in several laboratories by viscosity, diffusion, sedi-
mentation and light scattering experiments.! Since
the interpretation of the observed data is still in-
complete,? we have tried to collect some new infor-
mation by small-angle X-ray scattering techniques.

The protein was supplied by Armour Labora-
tories. Its molecular weight is 66,400!; the sample
we used contains a small amount (8% by weight) of
a heavier impurity.!

The X-ray diffraction experiments were carried
out with strictly monochromatic radiation (Cu
Kea;, as obtained with a bent quartz monochro-
mator), tn vacuo. The protein solution was kept in
a small, vacuum tight, Plexiglas cell, provided with
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thin mica windows. The optics of the camera was
of the “infinite slit” type:® in interpreting the ex-
perimental results we performed the necessary
corrections. Experimental and mathematical de-
tails will be given elsewhere.

Granted some assumptions (that are likely to
hold true for serum albumin),® small-angle X-ray
diffraction experiments can provide the values of
the volume (V) and of the ratio external surface/
volume (S/V), of one molecule, besides the length
of the radius of gyration (Ry).? To eliminate inter-
particle scattering effects V and R, values have to
be extrapolated to zero concentration; .S/ V is fairly
independent of concentratiomn.

The protein was dissolved in saline water (0.15 M
NaCl). The pH was adjusted by adding some
diluted HCI to the solution, and was checked before
and after the X-ray diffraction experiment (the
maximum shift was 0.15 pH unit). The experi-
ments were carried out at pH values ranging from
5.6 to 3.5, where all the physico-chemical properties
of the protein undergo reversible changes, and the
molecular weight is constant.!

In a preliminary stage it was observed that the
experimental parameters undergo continuous
changes as a function of pH. A complete determi-
nation of R, Vand S/V was then undertaken at pH
5.1 and 3.6. The experimental values of Ry, VV and
S/V, extrapolated to zero concentration, are re-
ported in Table I. The major effect of decreasing
pH from 5.1 to 3.6 seems to be to lower the volume
by as much as 309%.

TABLE I
S (A1
pH R (A) VA V( )
5.1 31.5 130,000 0.160
3.6 30.5 90,000 0.200

This result should be compared to previous work.
In the same conditions the ‘‘hydrodynamic volume”
of the molecule increases by lowering the pH: one
of us! obtained ¥ = 171,000 A.*at pH 5.3 and V =
262,000 A.? at pH 3.48, by viscosity, diffusion and
sedimentation experiments.

These two sets of results are not necessarily in-
compatible, since X-ray and hydrodynamic tech-
niques are not concerned exactly with the same
“particle.” The “X-ray particle” is the region of
the solution where the electron density is higher
than in the solvent; the “hydrodynamic particle”
is likely to be bulkier since it includes the shell of
solvent that the inolecule drags along in its move-
ment. So, if for instance some segments of the
peptide chains unfolded at acidic pH, and took
a random configuration (reversible denaturation),
the “hydrodynamic volume” would become larger,
while the “X-ray volume” would decrease, since
the electron density of the solvent around one mole-
cule would be hardly raised by the presence of a
few random polypeptide chains.

This explanation is only tentative. We intend

(38) A. Guinier and G. Fournet, '’Small-angle Scattering of X-Rays,"”
John Wiley and Sons, New York, N. Y., 1955,
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to compare X-ray and hydrodynamic results in
more detail elsewhere.
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THE FORMATION OF A HELICAL COMPLEX
BETWEEN POLYINOSINIC ACID AND
POLYCYTIDYLIC ACID

Sir:

The polyribonucleotides are a series of enzymati-
cally produced polymers which have the same ribose-
phosphate backborne as ribonucleic acid.’ Previous
work has shown that polyadenylic acid and poly-
uridylic acid can combine to form a two-stranded
helical complex with a structure similar to that of
deoxyribonucleic acid.? Evidence now has been
obtained which demonstrates that polyinosinic
acid (poly I) and polyeytidylic acid (poly C) can
also react together to form a helical complex.

The ultraviolet absorption spectra of poly I and
poly C and a 1:1 mixture of the polymers (Fig. 1)
clearly indicate that some interaction takes place.
To determine the stoichiometry of the reaction, the
optical density has been measured at 235 mu fgr a
series of mixtures containing varying proportions
of poly I and poly C, while keeping the total
nucleotide concentration constant. The resulting
curve is composed of two straight lines which inter-
sect sharply at a 1:1 mole ratio, thereby demon-
strating the formation of a strong 1:1 complex.
Ultracentrifuge studies at low concentrations using
ultraviolet absorption measurements show that the
sedimentation coefficient of the complex (S =
13.9) is considerably greater than that of the sepa-
rate polymers (poly I, Sy = 7.4; poly C, S =
5.5). These results all apply to solutions contain-
ing 0.1 M NaCl and 0.01 M sodium cacodylate
buffer at pH 6.7.

The reaction is controlled by the amount of elec-
trolyte that is present. No reaction takes place at
very low concentrations (e.g. < 10~* M NaCl,
without buffer at pH 6.5). In the presence of 0.01
M sodium cacodylate at pH 6.7, the reaction pro-
ceeds very slowly, taking about two hours to reach
completion, while in 0.1 M NaCl, equilibrium is
reached within a few minutes. At high salt con-
centrations (e.g., 1 M NaCl, 0.01 M sodium cacody-
late at pH 6.7) no reaction takes place.

Fibers can be drawn from concentrated solutions
of the 1:1 mixture and these yield a moderately
well oriented X-ray diffraction pattern which is
characteristic of a helix. This diffraction pattern
is unlike that of the complex formed between poly-
adenylic acid and polyuridylic acid and in many
respects resembles that of natural ribonucleic acid.?
The layer line spacing is near 28 A. There is a
strong second layer line and two strong reflections
on or near the meridion at 3.3 and 3.9 A.

There are a number of possible two (or four)
stranded configurations for this helical complex in
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