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gated by the substitution of this analog for DPN or
triphosphopyridine nucleotide (TPN) in the specific
assay systems for the following pyridine nucleotide-
requiring oxidative enzymes’: alcohol dehydrogen-
ase (DPN), a-keto-glutaric dehydrogenase (DPXN),
malic dehydrogenase (DPN), 8-hydroxy-acyl CoA
dehydrogenase (DPN), isocitric dehydrogenase
(TPN) and malic enzyme (TPN). D-INAH-N is
not reduced in these reactions. Furthermore, the
reduction by their specific dehydrogenases of either
DPN or TPN is not inhibited by D-INAH-N. The
oxidation of DPNH by the specific DPN-cyto-
chrome ¢ reductase’ of pig heart muscle is not inhib-
ited by D-INAH-N. These several pyridine nu-
cleotide-requiring dehydrogenases were tested in
order to obtain as broad a picture as possible of
the potential inhibiting nature of this analog.

This anomalous behavior may be interpreted
as evidence that DPN is normally reduced by the
addition of a proton to the 4-position of the pyridine
ring; this position is apparently unavailable in D-
INAH-N where the pyridine ring is substituted in
the para position. This confirms the recent report
by Pullman, et al.,® who investigated the stereospec-
ificity of DPN reduction. These workers con-
cluded from isotope experiments that DPN was
reduced iu the para position of the pyridine ring.
The antituberculous action of INAH may accord-
ingly be due to tle intracellular formation of an in-
active pvridine nucleotide analog with a concomi-
tant reduction in cellular oxidative metabolism.

(7) Generously supplied by Drs. H. R. Mahler, D. R, Sanadi and 8.
Wakil, Enzyme Institute, University of Wisconsin.

(8) M. E. Pullman, A, San Pietro and S. P. Colowick, J. Biol.
Chem., 208, 129 (1954).
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URIDINE- AND INOSINE-TRIPHOSPHATES AS PHOS-
PHATE DONORS FOR PHOSPHOHEXOKINASE!

Sir:

The widespread natural occurrence of the 5'-
triphospliates of uridine?—® (UTP), inosine® (ITP)
and other nucleosides raises the question of whether
they participate directly in phosphorylating reac-
tions®’ in addition to their possible role in nucleic
acid synthesis.

Kleinzeller® reported ITP to be inactive in the
phosphorylation of fructose-6-phosphate with mus-
cle extract as the enzyme source, but Muntz® re-
ported this nucleotide to be half as active as
ATP when a partially purified phosphofructokinase
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from brain was employed. The slow rate of glucose
phosphorylation by UTP and ITP may, according
to Berg and Joklik,* result from enzymatic trans-
phosphorvlation between these respective nucleo-
tides and ADP, followed by utilization of the
formed ATP for the hexokinase reaction. This
raises the question whether other cases, where ITP
has been found active as a phosphate donor, might
have involved a similar transphosphorylation to
adenine nucleotide.

A direct utilization of both ITP and UTP for the
phosphorylation of fructose-6-phosphate to fruc-
tose-1,6-diphosphate has been found to be catalyzed
by a highly purified phosphofructokinase (Table I).

TABLE I

PHOSPHORYLATION OF FRUCTOSE-6-PHOSPHATE BY VARIOUS
NUCLEGSIDE 5'-TRIPHOSPHATES

The reaction mixture contained 2 umoles of fructose-fi-
phosphate, 1 pmole of diphosphopyridine nucleotide, 20
upmoles of cysteine, 10 umoles of arsenate, 300 upg. of triose-
phosphate dehvdrogenase, 100 ug. of aldolase, 100 umoles of
tris-(hydroxymethyl)-aminomethane HCl bufler (pH 8.3),
nuicleotides as indicated and MgCl; at a molar concentration
equal to that of the nucleotides. Final volume 3.0 ml
The reaction was initiated by addition of 0.2 ug. of phospho-
fructokinase. The rate of DPN reduction is zero without
added nucleotide or without any of the other reaction con-
stituents save cysteine and arsenate. Stock solutions of
all enzymes (kept in ammonium sulfate solutions) were
diluted with 0.59 serum albumin in 0.01 A tris-buffer.
ATP and UTP were chromatographed samples from Pabst;
ITP obtained from Sigma Chemical Co.

Prof., Herman M. Kalckar kindly supplied a sample of
highly purified UTP known to contain less than 0.01% of
ATP. It gave similar results.

——A log Io/I at 340 mu per minute——

Phosphate donor Minutes
(zmoles) 1st 2nd 3rd 4th 5th

ATP, 6 0.035 0.040 0.045 0.047 0.048
UTP, 4.3 .033 .037 .043 043 .044
UTP, 0.1 .027 026 032 .026 .028
UTP, 0.1 + ADP,

0.44 .023 .026 .031 L0300 .031
ITP, 3.9 .025 .040 .041 .041 041
ITP, 0.1° .010 012 .010 .010 .010

¢ Purified by the method of Cohn and Carter.1!

The enzyme was extracted from homogenized
muscle of magnesium-anesthetized!? rabbits with
0.03 M KOH?Y and was purified by fractionation
with alcohol and with ammonium sulfate. The
procedure results in a 200-fold purification of the
enzyme from the original extract. At this stage of
purity 100,000 g. of enzyme phosphorylates about
10,400 moles of fructose-6-phosphate per minute
at 26°. It is free from detectable myokinase, tri-
osephosphate isomerase, aldolase, triosephosphate
dehydrogenase, a-glycerophosphate dehydrogenase
and phosphohexoisomerase. The activity is de-
termined by the rate of reduction of diphosphopy-
ridine nucleotide in a system!# containing recrystal-
lized aldolase® and triosephosphate dehydrogen-
ase,’® DPN, fructose-6-phosphate, Mg+** and a
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phosphate donor such as adenosinetriphosphate.

With the purified phosphohexokinase, K values
for the various nucleotides have been determined
as follows: ATP, 3 X 10—® M, ITP,7 X 10— M,
and UTP, 3.3 X 10~% M. The maximum velocity
is only slightly greater with ATP than with the
other nucleotides. ADP does not enhance the
rate of phosphorylation in the presence of UTP,
These results make it highly unlikely that nucleo-
side diphosphokinase!® and ADP participate in the
phosphorylation of fructose-6-phosphate by UTP or
ITP with the purified muscle phosphohexokinase.
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ALKALOIDS OF RAUWOLFIA SERPENTINA BENTH.
III.' RESCINNAMINE, A NEW HYPOTENSIVE AND
SEDATIVE PRINCIPLE

Sir:

The interest in Rauwolfia therapy for the treat-
ment of hypertension has prompted extensive chem-
ical investigations? of the Indian plant Rauwolfia
serpenting Benth in a search for its physiologically
active principles. Recently the isolation and struc-
tural elucidation of reserpine, an alkaloid possessing
pronounced sedative and hypotensive activity, has
been reported.?

Extensive pharmacological* and clinical* com-
parison between reserpine and an alkaloidal ex-
tract® of Rauwolfia serpentina indicated, however,
that reserpine could not account for all of the hypo-
tensive and sedative activity of this fraction. Asa
result of further chemical studies we now wish to
report on another highly active alkaloid, rescin-
namine, the 3,4,5-trimethoxycinnamic acid ester of
methyl reserpate.

The isolation of rescinnamine from its natural
source was effected by subjecting the benzene solu-
ble portion of the alkaloidal extract,’ after removal
of reserpine by crystallization from methanol, to
chromatographic separation on acid washed alu-
mina. An amorphous fraction was obtained which
readily crystallized from benzene yielding rescin-
namine as fine needles, m.p. 238-239° (vac.),
[a]**D —97 = 2 (¢ 1.0, in CHCly). Analytical data
indicated the empirical formula CgHgOoN,: Caled.
C, 66.23; H, 6.67; N, 4.41; OCH;, 29.34; mol.
wt., 634.71. Found: C, 66.24; H, 6.62; N, 4.45;
OCH,;, 28.81; equiv. wt., 636%; pKi,6.4.5

On basic hydrolysis with 0.75 N sodium hydrox-
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ide in methanol-water, rescinnamine yielded 3,4,-
5-trimethoxycinnamic acid and reserpic acid. The
3,4,5-trimethoxycinnamic acid (m.p. 126.5-127°)
gave no depression of melting point on admixture
with an authentic sample. The infrared spectra
and ultraviolet spectra were identical. Caled. for
C12H1405: C, 6050, H, 592, OCHa, 39.08.
Found: C, 60.46; H, 5.95; OCH,, 38.947; methyl
ester, m.p. 96.5-97°.%

Reserpic acid, isolated as its hydrochloride, was
identified by comparison of its hydrochloride and
methyl ester derivatives with authentic samples
prepared from reserpine,

The infrared spectrum (nujol) of rescinnamine is
similar to that of reserpine in the region of the
shorter wave lengths (2.5-7 ) with the exception
of a more intense band at 6.19 x, which may be at-
tributed to the conjugated double bond of 3,4,5-tri-
methoxycinnamic acid. The ultraviolet spectrum
showed A2S  (log € : 229 mu (4.73), 302 mp

max

(4.39); A (log €): 258 mu (3.88). The band at
302 my is a summation of the «,8-disubstituted 6-
methoxyindole and 3,4,5-trimethoxycinnamate
chromophores.

Pharmacological tests on rescinnamine show it to
have hypotensive, bradycardic and sedative activ-
ity similar to that of reserpine. More complete
data on these evaluations will be published else-
where by Dr. G. E. Cronheim.

{7) Microanalyses by Dr. Adalbert Elek.
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A VAPOR-PHASE FREE RADICAL ADDITION-ELIMI-
NATION: REPLACEMENT OF ACETYL BY METHYL!
Sir:

We have obtained substantial evidence for a va-
por-phase free radical ‘‘addition-elimination reac-
tion,” (1) in which a methyl radical adds to the
olefinic double bond of trans-methyl propenyl ke-
tone and an acetyl radical is eliminated. At tem-
peratures above 120° the acetyl radical formed in
(1) rapidly dissociates and the following over-all
chain sequence is believed to occur

0
| H
CH, + CH,—C—C=%—CH; —

CH,CH=CHCH, + CH,CO (1)
CH,CO —> CH,; + CO (2)

The results of the following experiments can
best be explained by assuming the existence of this
new type of radical process.?

A. Photolyses of trans-Methyl Propenyl Ke-
tone at 2380 A.—2-Butene was found to be the
major hydrocarbon product from all direct photol-
yses of trams-methyl propenyl ketone at 2380 A.
and various temperatures, pressures and intensities.
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