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Discussion

It is apparent that the 3,5-substituted nucleo-
sides are less effective as antimetabolites than are
the nucleosides in which only one of these structural
changes exists. For example, 3-methyluridine or
5-chlorouridine have an inhibition index of approxi-
mately 0.5 when cytidine provides the pyrimidine
requirement. When both structural changes are
made on the same molecule, 3-methyl-5-chlorouri-
dine, the inhibition index against cytidine is in-
creased by a factor of about 3. A similar increase
in the inhibition index obtained with the doubly
substituted nucleosides is observed whether uridine,
cytidine, or uracil provide the pyrimidine require-
ment, It is of interest to note that a methyl group
in the 3-position of uridine decreases the activity of
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the antimetabolite whether the substituent on the
5-carbon is nucleophilic or electrophilic.

The results agree with the observation of Woolley
and Pringle!® who have demonstrated that as the
structural difference between metabolite and ana-
log increases, the degree of inhibition usually de
creases. However, over the range of substrate
concentration tested, the doubly substituted nu-
cleosides retain their ability to inhibit in a compe-
titive manner.

(10) D. W. Woolley and A. Pringle, J. Biol. Chem., 194, 729 (1952).
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IONIC INHIBITION OF GROWTH IN LACTOBACILLUS
LEICHMANNII 313 AND ITS REVERSAL WITH
VITAMIN B

Sir:

Vitamin By, as a growth factor for Lactobacillus
Leichmannii 313, can be replaced by thymidine! or
other desoxyribosides.? It has been suggested?
that vitamin B;; might function as a catalyst
(coenzyme) in the formation of desoxyribosides.
The experimental data presented here seem to offer
some indirect evidence for the existence of a vita-
min Bys-enzyme.

We found that slightly hypertonic concentra-
tions of various inorganic salts inhibit the growth of
L. Leichmannit 313, in a basal medium* supple-
mented with just sufficient (0.1 my per 5 ml.)
vitamin By, to allow full growth (in the absence of
the salts). This inhibition can be reversed with an
added excess of vitamin B;;. When the salt con-
centration is increased, the vitamin B;, requirement
sharply increases. Through a narrow salt concen-
tration range, which we will term the ‘‘reversible
range”’ (e.g., in the case of NaCl from 1.1 to 1.7%,),
the inhibition can be fully reversed by increasing
the vitamin B,; level from the initial 0.1 m+y up to
about 25 m~y (per 5 ml.); above this range, only
partial reversal can be obtained during a standard,
16 hour, incubation period. Thymidine, through-

(1) W. Shive, J. M. Ravel and R, E, Eakin, THis JournaL, 70,
2614 (1948),

(2) E. Kitay, W. S. McNutt and E. E. Snell, J. Biol. Chem., 177,
993 (1949).

(3) E. Kitay, W. S. McNutt and E. E. Snell, J. Bact., 59, 727
(1950).

(4) Per 100 ml.: acid-hydrolyzed casein, 0.5 g.; L-cysteine hydro-
chloride, 10 mg.; bDL-tryptophan, 20 mg.; L-asparagine, 10 mg.;
prL-alanine, 20 mg.; adenine sulfate, 1 mg.; guanine hydrochloride,
1 mg.; uracil, 1 mg.; xanthine, 1 mg.; thiamin hydrochloride, 100 ;
pyridoxine, 200 v; pyridoxamine, 60 y; pyridoxal, 60 v; calcium
pantothenate, 100 v; niacin, 200 y; PABA, 20 v; biotin, 0.2 v;
folic acid, 0.4 y; riboflavin, 100 v; ascorbic acid, 0.2 g.; dextrose,

2.0 g.; tween 80, 100 mg.; salts A, 1 ml.; salts B, 1 ml.; sodium
acetate, 0.5 g. Incubation, 16 hours at 37°. Five ml. in each tube.

out the ‘‘reversible range” supports full growth at
slightly increasing (5~10 ¥ per 5 ml.) levels; above
the ‘‘reversible range,” the maximum growth re-
sponse obtained with thymidine is the same as with
excess vitamin By, (see Table I).

TABLE 1
Concentration (Bl’)l/e Thymi-
Salt % Mo ub max,° dined
None 0.025° 1.8
NaCl 1.4 0.239 0.239 1.0
1.5 .256 256 1.5 2.0
1.7 .201 201 6.0 2.5
1.9 .325 325 (25.0¢ (2.5
KC1 1.62 .217 217 0.50 1.8
1.88 252 252 1.58 1.8
2.13 .285 285 7.5 2.0
2.37 .318 318 (25) (2.2
NH.CI 1.2 .224 224 0.45
1.4 .262 262 2.30 2.5
1.6 .299 299 5.0
1.8 .336 .336 (20
K:S0, 1.6 .002 276 0.12 1.8
1.8 .103 309 0.40 1.8
2.0 115 .365  0.60
2.3 .132 406 1.20
2.6 .149 447 5.0
2.9 .166 .498 (15
MgCly-- 1.0 .049 J1906 0.14
6H,0 1.2 .059 .236  0.30
1.4 .069 273 1.15
CaCly 0.8 .073 202 3.8
1.2 .109 .436  (25)
% Gram moles per liter. ° Ionic strength, u = 1/,Zc0?,

where ¢ = gram ions per liter; v = valence, for each ion.
°m+y per 5 ml.; amount of additional (in excess of 0.1)
vitamin B, needed for half maximum growth. 4y per §
ml.; required for half maximum growth in vitamin Bjs-free
media. (We are indebted to Dr. W. Shive for a small
sample of this substance.) ° my per 5 ml. basal medium
(vitamin B, standard curve). / Salt concentration above
“reversible range’’; only partial growth ebtained.
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Table I gives the amounts of vitamin By re-
quired for half maximum growth at various salt
concentrations. The logarithm of the vitamin By,
requirement appears to be a linear function of the ionic
strength of the salt solutions

log (Bi2)t/s max. = & + b/p

This equation seems to apply well within the
“‘reversible range’” and the values of the constants
e and b, respectively, are not too far apart for most
of the salts examined.

It is possible to arrive theoretically to a similar
functional relationship between (Bis)i/, max. and
p from simple kinetic equations, if we make two
basic assumptions: first, vitamin B, combines
with a protein apoenzyme (Ea) to give the enzyme
By:Ea:By;; + Ea & BypEa; second, the available
concentration of Ea is controlled by the ionic
strength of the salt solutions in accordance with
Cohn’s ‘‘salting-out” equation for proteins.®$
These two assumptions allow the derivation of a
theoretical equation which has the same form as the
experimental formula. The derivation itself, to-
gether with a critical appraisal of such interpreta-
tion of our data, will be presented elsewhere.

(5) E. J. Cohn, Physiol. Resv., B, 349 (1935); Ann. Rev. Biochem., 4,

93 (1935).
(6) M. Ingram, Proc. Roy. Soc., Ser. B, 134, 181 (1951).
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RECEIVED MARCH 18, 1953

ASCORBIC ACID DEFICIENCY AND CHOLESTEROL
S SYNTHESIS!
4

In continuing studies of chemical changes char-
acteristic of or regulated by ascorbic acid*?® and
related metabolites,* we have recently observed a
relationship to steroid metabolism that is of con-
siderable interest. Although 1-Cl4labeled ascor-
bic acid is not appreciably incorporated into choles-
terol, the vitamin does exert a marked effect upon
the conversion of acetate-1-C!* to cholesterol and
other steroids in guinea pigs. Preliminary find-
ings showed that severely scorbutic guinea pigs,
compared with normal animals fed ad lb., incor-
porated 6 times as much C!¢ from acetate-1-Cl4
into cholesterol isolated from adrenals.

Guinea pigs of comparable age (10-12 weeks)
and size (350—400 g.), on a vitamin C- and choles-
terol-free chow diet showed the following values
(3 animals per group) for specific activities in puri-
fied adrenal and liver cholesterol, respectively, four
hours after receiving the last of three intraperi-
toneal injections of labeled sodium acetate (1 mg.,
2.68 X 107 c.p.m./mg. each at 9 hour intervals):
normal, fed ad lib., 100 and 80; mild scurvy (15-20
days depletion), 170 and 75 (pair-fed controls, 150
and 80); severe scurvy (21-28 days depletion),
600 and 145 (pair-fed controls, 195 and 905).

(1) This work was supported in part by grants from the Nutrition
Poundation, Inc., and the Division of Research Grants, U. 8. Public
Health Service,

(2) L. L. Salomton, J. J. Burns and C. G. King, THrs JoUurRNAL, T4,
5161 (1952).

(3) J. J. Burns, H, B, Burch and C. G. King, J. Bsol, Chem., 191,
501 (1951).

(4) Hugh H, Horowitz and C, G. King, /bd., 200, 125 (1953).
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Initial cholesterol fractions showed the presence
of small quantities of similar C!*-labeled compo-
nents but there was only a slight change in activity
of the cholesterol after purification by precipitation
of the digitonide, dibromination® and recrystalliza-
tion. The observed changes in C!4 content were
not accompanied by comparable changes in total
cholesterol present in the tissues® but they were
sufficient to indicate changes in the C'*-content of
other sterols.

(5) E. Schwenk and N, T. Werthessen, Arch. Biochem. Biophys.,

40, 334 (1952).
(6), K. Guggenheim and R. E. Olson, J. Nutrition, 48, 345 (1952).

R. R. BECKER

H. B. BurcH

L. L. SaromoN

T. A. VENKITASUBRAMANIAN
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ENZYMATIC PHOSPHORYLATION OF NUCLEOSIDES
BY PHOSPHATE TRANSFER
Sir:

We have found a phosphatase preparation, ob-
tained by the fractionation with ammonium sulfate
of Merck malt diastase, which is able to phosphory-
late ribose and desoxyribose nucleosides in the pres-
ence of sodium phenylphosphate. The reaction, is
dependent on the concentrations of both nucleo-
side and phenylphosphate. The pH activity
curves for transphosphorylation and dephosphory-
lation have the same shape, with an optimum
around pH 5.2. Both reactions are partially in-
hibited by inorganic phosphate to the same extent.

The organic phosphates formed were separated
by paper chromatography with aqueous isobutyric
acid buffered with ammonium: isobutyrate as the
solvent.! Their Rp values were identical with
those of the corresponding nucleotides.

In a large-scale experiment, 166 g moles of ribo-
cytidine was incubated, in a total volume. of 4 ml.,
with 800 u moles of phenylphosphate and 8 mg. of
enzyme in 0.1 M acetate buffer of pH 5 for 87
hours at 30°. At this stage, 80%, of the phosphate
donor were split and 17 u moles of cytidylic acid
(10.29, of the nucleoside) were formed. The cyti-
dylic acid fraction, isolated by ion-exchange chro-
matography,? contained equimolar quantities of
organic phosphorus and of nucleoside (determined
spectrophotometrically) and was completely de-
phosphorylated by the 5-nucleotidase of rattle-
snake venom which, under the conditions used,
failed to attack commercial cytidylic acid consist-
ing, presumably, of a mixture of the 2’- and 3'-
nucleotides. This evidence tends to indicate that
the 5’-nucleotide had been produced.

All nucleosides tested could thus be phosphory-
lated. Preliminary results, listed in Table I,
apparently show that, under identical conditions,
desoxyribonucleosides® are phosphorylated with
greater ease than the corresponding ribosides.

(1) B. Magasanik, E, Vischer, R. Doniger, D, Elson and E. Char-
gaff, J. Biol. Chem., 186, 37 (1950).

(2) W. E. Cohn and E. Volkin, Nature, 187, 483 (1951),

(3) Uracil desoxyriboside was obtained through the courtesy of
Prof. A. R, Todd.



April 20, 1953

TaBLE 1
PHOSPHORYLATION OF NUCLEOSIDES BY MALT ENZYME

The solutions containing, per ml. of 0.1 M acetate buffer
of pH B, 40 p moles of nucleoside, 200 p moles of phenyl-
phosphate and 2 mg. of enzyme were incubated at 30° for
30 hours, when about 55% of the phosphorus has become
inorganic
Extent of phosphorylation, as %

Nitrogenous of nucleoside

constituent Riboside Desoxyriboside
Hypoxanthine 5.0 8.9
Uracil 7.7 9.9
Cytosine 7.6 13
Thymine 9.4

The transphosphorylation system described here
seems to be the first instance of a general enzymatic
reaction leading to the formation of nucleotides
from nucleosides. In some of its characteristics it
resembles the transfer reactions studied by Axelrod?
and Green and Meyerhof .5

This work was supported by research grants
from the National Institutes of Health, U. S.
Public Health Service, and the Rockefeller Foun-
dation. One of us (G.B.) was aided by a Pre-
doctorate Research Fellowship from the U. S.
Public Health Serv.ce.

(4) B. Axelrod, J, Biol. Chem., 172, 1 (1948).
(5) H. Green and O. Meyerhof, ibid., 197, 347 (1952),
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TRANSALDOLASE: THE FORMATION OF FRUCTOSE-
6-PHOSPHATE FROM SEDOHEPTULOSE-
5 7-PHOSPHATE
e

Previous reports!—2 have described the formation
of ribulose-5-phosphate and sedoheptulose-7-phos-
phate as intermediates in the oxidation of hexose-
monophosphate. This pathway is now established
as a cyclic process by the finding that sedoheptu-
lose-7-phosphate is converted to fructose-6-phos-
phate. Preparations from liver and yeast have
been obtained which catalyze this reaction, but
only in the presence of a source of triose phosphate
(Table I). With a purified preparation from
brewer’s yeast the reaction is stoichiometric with
respect to either sedoheptulose-7-phosphate or tri-
ose phosphate. The reaction mechanism has been
clarified by the use of C!-triose phosphate.
Hexosemonophosphate produced from unlabeled
sedoheptulose-7-phosphate and uniformly labeled
triose phosphate (derived.from fructose diphos-
phate) had a specific activity of 53,000 c.p.m. per
micromole compared with 58,000 c.p.m. per micro-
mole for the triose phosphate, indicating that three
carbon atoms of the hexosemonophosphate were
derived from triose phosphate. Degradation of
the glucose obtained by hydrolysis of the hexose-
monophosphate showed the label to be present

(1) B. L. Horecker and P, Z. Smyrniotis, J. Biol. Chem., 198, 383
(1951).

(2) J. E. Seegmiller and B. L. Horecker, bid.. 194, 261 (1952),

(3) B. L. Horecker and P, Z. Smyrniotis, THis JoUurNaAL, T4, 2123
(1952).
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only in carbon atoms 4, 5 and 6; carbon atoms
1, 2 and 3 which contained no radioactivity must
have come from sedoheptulose-7-phosphate.t It
is concluded from these results that the reaction
mechanism involves a transfer of the dihydroxy-
acetone group from sedoheptulose-7-phosphate to
glyceraldehyde-3-phosphate to form fructose-6-
phosphate and erythrose-4-phosphate.

CH:OH
C=0 }--m- A CH,OH
HOéH =0
HCOH + | —> HC=O + HO(J.‘H
HéOH HC=0 HCIOH HéOH
HéOH HCOH HC|OH HéOH
éHzopo,H2 éHzOPOng C|H20P03H2 émopo,H,

Since this enzyme catalyzes a transfer of aldol link-
ages, rather than their hydrolytic cleavage, it will
be referred to as transaldolase.

The formation of fructose-6-phosphate as the
initial reaction product is confirmed by the restilts
in Table I, since little glucose-6-phosphate is formed
in the absence of hexose phosphate isomerase.

TABLE 1

THE FORMATION OF GLUCOSE-6-PHOSPHATE FROM SEDO-
HEPTULOSE-7-PHOSPHATE

The complete system contained 3.1 X 10~* M sedoheptu-
lose-7-phosphate, 3.3 X 104 M fructose diphosphate,
2.5 X 10~% M triphosphopyridine nucleotide (TPN), 5.6
ug. of purified yeast transaldolase, 83 ug. of aldolase, 110
ug. of glucose-6-phosphate dehydrogenase and 340 micro-
grams of hexose phosphate isomerase, in 0.04 M triethanol-
amine buffer, pH 7.6. The total volume was 1.10 ml. and
the temperature was 25°, The production of glucose-6-
phosphate was followed spectrophotometrically by measur-
ing the reduction of TPN in the presence of glucose-6-
phosphate dehydrogenase. Hexose phosphate isomerase
was a crude rabbit muscle ammonium sulfate fraction; all
other enzymes were purified preparations.

Glucose-

B-phosphate

System produced$
Complete system 4.7
Sedoheptulose-7-phosphate omitted .0
Hexosediphosphate omitted .0
Hexose phosphate isomerase omitted .4
Transaldolase omitted .4

¢ Millimicromoles per minute.

Preliminary evidence for a tetrose ester in the
reaction mixture has been obtained with paper
chromatography following hydrolysis with potato
phosphatase. The chromatogram was developed
with a 70-30 acetone—water mixture and sprayed
with aniline phthalate. A fluorescent spot was
observed with Rt = 0.65, identical with authentic
erythrose.® However, since this solvent does not
separate the aldo- and keto-tetroses, the nature of
the tetrose remains to be determined.

The transfer of aldol linkages from one sugar to
another, like the transfer of the ketol groups previ-

(4) We are indebted to Dr, M, Gibbs of the Brookhaven National
Laboratory for the degradation of the labeled glucose.

(5) Kindly furnished by Dr. H. S. Isbell of the National Bureau of
Standards,
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ously reported,®” provides a new mechanism for the
bielogical transformation of sugars. - The formation
of glucose from galactose® or ribose phosphate from
xylose® may occur by such transfer or exchange
reactions.

(6) B. L. Horecker and P. Z, Smyrniotis, Turs Journar, 76, 1009
(1953).

(7) E. Racker, G, dela Haba and I. G. Leder, ibid., 75, 1010 (1953).

(8) R. H. Caputto, L. F. Leloir, C, E. Cardini and A. C. Paladini,
J. Biol. Chem., 184, 333 (1950).

(9) J. O. Lampen, in W, D. McElroy and B. Glass, "Phosphorus
Metabolism,”’ Vol. II, The Johns Hopkins Press, Baltimore, Md.,
1952, p. 375.
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B. L. HORECKER
P. 7. SMYRNIOTIS

THE ENZYMATIC SYNTHESIS OF
N-ACETYLIMIDAZOLE
Sir:

Extracts of Clostridium kluyveri oxidize butyrate
to acetyl phosphate (acetyl-P) and acetate in
orthophosphate buffer! and to acetoacetate in the
absence of orthophosphate (Pi).? In the presence
of imidazole (Pi absent) a labile acetyl compound
is formed. This compound has been tentatively
identified as N-acetylimidazole (AcI) on the basis
of comparative studies with the synthetic com-
pound.® AcIl and the enzymatic product are
readily hydrolyzed at pH 7.0 (30°), but in aqueous
solution they react preferentially with amino acids,
alcohols, Pi and sulfhydryl compounds to give the
corresponding acetyl derivatives and with neu-
tral hydroxylamine to give acethydroxamic acid.

The acetylation of Pi (reaction 1) is of particular
interest since it establishes the energy-rich nature
of Acl.

Acl 4+ Pi __>‘ acetyl-P + Imidazole (1)

Equimolar amounts of Acl and Pi (0.1 M, pH 7.0)
react to give a 509, yield of acetyl-P (20 min.,
30°). The free energy of hydrolysis of Acl is
therefore at least as great as that of acetyl-P
(d.e., 12,000-15,000 cal.®).

Advantage has been taken of the strong absorp-
tion band of Acl at 235-255 mu to demonstrate
reversibility of reaction 1. Thus an increase in
optical density at 245 mu is observed when acetyl-P
is incubated with imidazole (pH 7.0, 25°). The
non-enzymatic reaction does not occur readily at
low acetyl-P concentrations (0.01 J/); however,
in the presence of dialyzed extracts of C. kluyveri a
rapid enzymatic acetylation of imidazole occurs.
The enzymatic reaction may be followed spectro-
photometrically, as above, or indirectly by measur-
ing the decrease in acetyl-P when incubated with
imidazole in the presence of enzyme.

A partially purified imidazole acetylase (IA) ob-

(1) E. R, Stadtman and H. A. Barker, J. Biol. Chem., 180, 1095
(1949).

(2) E. P. Kennedy and H. A. Barker, ibid., 191, 419 (1951).

(3) J. K. Boyer, THIS JOURNAL, T4, 6274 (1952).
(4) F, Lipmann, Advances in Bnaymol,, 6, 231 (1046).
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tained by fractionation of the bacterial extracts
will not catalyze the acetylation of imidazole with
acetyl-P unless Coenzyme A (CoA) and phospho-
transacetylase (PTA)s are added (Table I).

TABLE 1

REQUIREMENTS FOR THE ENZYMATIC ACETYLATION OF
IMIDAZOLE

The complete system contained acetyl-P, 5 micromoles;
cysteine, 50 micromoles; imidazole, 100 micromoles;
triethanolamine-HC! buffer, 100 micromoles; CoA, 0.05
micromole; PTA, 9 units; IA, 1.5 mg. protein.. The final
volume was 0.5 ml. (pH 7.0). Samples were incubated at
30° for 20 min.

A Acetyl-P#
Complete system 2.6
Complete system — Imidazole 0
Complete system — CoA 0.7
Complete system — PTA .3
Complete system — IA .2
Complete system — CoA + PTA 0

2 Amounts in micromoles.

The requirements for CoA and PTA in addition to
IA suggest that the following reactions are involved.

PTA
Acetyl-P 4 CoA = Acetyl CoA + Pi (2)
1A

Acetyl-CoA + Imidazole === Acl + CoA (3)

. Non-enzymatic
Acl + Cysteine

Imidazole + N-acetylcysteine
(and/or 2-methyl-4-carboxythiazoline) (4)

Acetyl-P + cysteine —>~
N-acetylcysteine (thiazoline ?) (5)

Cysteine is used in the test system as the ultimate
acetyl acceptor since the N-acetylcysteine (or the
thiazoline derivative which may be formed by ring
closure) produced does not form a hydroxamic acid
under the conditions used.® Thus the reaction
can be followed by measuring the decrease in acetyl-
P by the hydroxamic acid method.” The rela-
tively slow direct non-enzymatic reaction between
acetyl CoA and cysteine® does not occur to a sig-
nificant extent under these experimental condi-
tions (pH 7.0, low CoA concentration). Substitu-
tion of glutathione for cysteine in the test system
leads to the accumulation of S-acetyl glutathione
which was identified as previously described.®

The enzymatic formation of Acl appears signifi-
cant for a theory of acetyl transfer at the high en-
ergy level in which imidazole may serve as a model
compound in reactions that normally involve a
naturally occurring imidazole derivative or related
compound (possibly a coenzyme). In terms of the
mechanism of enzyme -action it is suggested that
the imidazole moieties of the histidine components
of proteins may be implicated as acyl carriers in
acyl-transfer reactions.
NATIONAL HEART INSTITUTE
NATIONAL INSTITUTES OF HEALTH
PusrLic HEALTH SERVICE

FEDERAL SECURITY AGENCY E. R. StADTMAN
BETHESDA 14 MARYLAND F. H. WHITE, JRr.

RECEIVED FEBRUARY 26, 1953
(5) E. Stadtman, J, Biol. Chem., 196, 527 (1952).

(6) E. Stadtman, ibid., 196, 535 (1952).
(7) F. Lipmano and L, C. Tuttle, sbid., 188, 505 (1945).
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MIGRATION OF NITROGEN IN THE SCHMIDT
REACTION
Sir:

From a consideration of the mechanism pro-
posed for the isomerization of substituted 5-amino-
tetrazoles!? together with a study of the products
formed by the acid induced degradation of "5-sub-
stituted tetrazoles,® we have concluded that guanyl
azides can undergo a Curtius or Schmidt type
reaction.

s o7 e o +
RNH—C—N=N=N\ RNH—C|—§—NEN
NHR’ 1 NHR’ 11

—N,

+
I:RNH—-C|—-N jl
NHR'J III

B
[RNH—C==NNHR']+ [R’NH—C==NNHR ]+

Under the conditions used the carbodiimides hy-
drolyze to carbon dioxide, an amine and a hydra-
zine. The rearrangement of III involves an inter-
change in which the electrons are transported to
the electronically deficient nitrogen by a nitrogen
atom rather than a carbon atom. This has not
been previously observed and affords another
opportunity for studying the competitive migration
aptitudes of groups. The degradation of 5-hydra-
zinotetrazole? in concentrated hydrochloric acid at
170° is an example. Opening of the tetrazole ring?
yields a guanyl azide where R = NH,and R’ = H.
Since ammonia is absent in the products, the re-
arrangement must occur almost exclusively by
route A; 4.e., the amino group migrates in prefer-
ence to the hydrazino group. We have found that
5-phenylaminotetrazole (IV) degrades largely to
aniline and hydrazine (route A, where R = CgH;
and R’ = H): A solution of 0.5 g. of IV in 10 ml.
of 859, phosphoric acid was heated at 190-200°
for 2.5 hours, cooled, diluted with 10 ml. of watér,
refluxed for 1.5 hours, re-cooled, partially neu-
tralized, and treated with benzaldehyde. Benz-
alazine (0.51 g. 79%; m.p. 92-93°) was removed
and the solution was made alkaline. Benzalaniline
(0.38 g., 68%; m.p. 46-49°) was recovered.

The Schmidt reaction should be capable of ex-
tension to the ammonocarbonic acids® provided
that one of the contributing forms is a carbonium
ion. With guanidine the product should be amino-
guanidine and experimentally the latter has been
recovered in about 19, yield. Ten grams of so-
dium azide was added portionwise during 2 hours
to an agitated slurry of 10.8 g. of guanidine sul-
fate, 35 ml. of 969, sulfuric acid and 150 ml. of
benzene at 25-28°. The temperature was next

(1) W. G. Finnegan, R. A, Henry and E. Lieber, submitted to J.
Org. Chem.

(2) R. A, Henry, W. G. Finnegan and E, Lieber, accepted for
presentation at the 123 National Meeting of the American Chemical
Society, Los Angeles, California.

(3) F. R. Benson, Chem. Revs., $1, 55 (1947).

(4) J. Thiele and H. Ingle, Ann., 387, 233 (1895).

(5) E. C. Franklin, **Nitrogen System of Cempounds,’”’ Reinhold
Publ, Corp., New York; N, ¥,; 1935, p. 86.
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raised to and held at 40-50° for 4 hours. After
the benzene layer was decanted, the acid layer was
diluted with water, partially neutralized, shaken
with benzaldehyde, neutralized to pH 9, and cooled
to 5°. The hydrazone was removed, washed with
water, extracted with petroleum ether until free of
benzalazine, and converted to a picrate (0.3 g.,
19,) which alone and in admixture with an authen-
tic sample of benzalaminoguanidine picrate melted
at 252-254°. X-Ray powder patterns were identi-
cal. Under similar conditions hydrazine and guani-
dine sulfates do not react to give aminoguanidine.
This extension of the Schmidt reaction will be
fully explored.
CHEMISTRY DivisioN EUuGENE LIEBER

U. S. NavaL ORDNANCE TEsST STaTION RONALD A, HENRY
CHINA LAKE, CALIFORNIA WiLLiaM G. FINNEGAN
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THE CYCLIZATION OF S(%UALENE IN CHOLESTEROL
SYNTHESIS

Str:

The hypothesis that the triterpenoid hydrocar-
bon squalene is an intermediate in the biological
synthesis of cholesterol (1) has recently received
direct experimental support.®? It has further
been shown? that acetic acid, the principal carbon
source in cholesterol synthesis, is a precursor also
for squalene. The squalene hypothesis can be
harmonized with the hitherto known distribution
of acetate carbon in cholesterol* if one assumes
that (a) each isoprene unit of the hydrocarbon
contains 3 methyl and 2 carboxyl carbons of acetate,

arranged as shown: Z>x—o—x (o = acetate methyl,

x = acetate carboxyl); and (b) that in the trans-
formation to sterol, squalene cyclizes as suggested
by Robinson® (¢f. Fig. 1, A).
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A O = ACETATE METHYL. B
X = ACETATE CARBOXYL.
Fig. 1.

We now wish to propose the alternative mecha-
nism shown in Fig. 1 B, as a more likely one to be
involved in this transformation. Robinson’s
scheme provides for a conversion without rearrange-
ment of the carbon skeleton of squalene. In
mechanism B, on the other hand, one or more
methyl migrations is necessary at some stage for
the construction of the quaternary center at Cis.
As is clear from Fig. 1, cyclization of squalene ac-
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cording to scheme B, instead of A, will alter the
arrangement of acetaté carbons in cholesterol only
at the four following positions: Cy, Cs, Ciz and Cys.
Evidence for the origin of one of these crucial
carbon atoms is presented in this communication.
Epiandrosterone, obtained by degradation of la-
beled dihydrocholesterol,*® was oxidized under the
conditions used for C-methyl determination’ to
yield 1.7 moles of acetic acid (theory 2 moles).
The acetic acid, which is derived from the angular
methyl groups and the adjoining carbon atoms, was
analyzed for C!* and degraded for separate assay
of Cio + Cisand Cys + Cpp.  The table shows that
in cholesterol which had been synthesized biolog-
ically from methyl-labeled acetate, either C,o or
Cis, in addition to the angular methyl groups,
containts C%.  Since it is known from the work of

TABLE I
CHEMICAL DEGRADATION OF STEROID SYNTHESIZED FROM
METHYL-LABELED ACETATE C!¢, C.p.M*

All values calculated for a ratio of 10 methyl to 9 carboxyl
carbon atoms of acetate in epiandrosterone (¢f. H. N. Little
and K. Bloch, J. Biol. Chem., 183, 33 (1950).

Sche;ne Scheme

Products analyzed A B¢ Found

(1) Epiandrosterone e cee 100

(2) Acetic acid from (1) 95 143 135

(3) Carboxyl-C from (2) Cio + Cis 0 95 105

(4) Methyl-C from (2) Cis + Cu» 190 190 165
* As infinitely thick samples of BaCQ,. b Caled. A:

Cis, Cis derived biologically from acetate-methyl; Cio,
Cy; derived biologically from acetate-carboxyl. ¢ Caled. B:
Cis, Cis, Cis derived biologically from acetate-methyl;
Cyy derived biologically from acetate-carboxyl.

Cornforth, et al.,* that Cyois derived from an acetate
carboxyl, it can be concluded that the labeled car-
bon in the present case is Ci5.> Now if Cy; has its
origin in a methyl group of acetic acid cyclization
scheme A is untenable. Scheme B, which is con-
sistent with earlier as well as with the present new
isotopic data, provides also a particularly reason-
able basis for the biosynthesis of the triterpenoid
alcohol, lanosterol (II), whose remarkable re-
semblance to the sterols has recently been demon-
strated.’® Formation from squalene, accompanied
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(6) Isolated by Dr. Josef Wiirsch.

(7) R. Kuhn and F. L'Orsa, Z, angew. Chem., 44, 847 (1931).

(8) J. W. Cornforth; G. D. Hunter and G. Popjak, private communi-
cation.

(9) These arguments will not be valid in the very unlikely event that
the angular methy! carbon Cis shifts quantitatively to another position
during the coutse of the oxidation,

(10) W. Voser, M. V. Mljovic, H. Heuaser, Q. Jeger and L. Ruzicka,
Hely, Chim. Acta, 88, 2414 (1952),
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by a methyl shift, would rationalize the fact that
lanosterol is not constituted in accordance with the
isoprene rule.
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ENZYMATIC REDUCTION OF COMPOUND
E-21-ALDEHYDE TO COMPOUND E
Sir:

A*-Pregnene-17a-01-21-al-3,11,20-trione  (Com-
pound E-21-aldehyde) has been prepared from
At-pregnene-17¢,21-diol-3,11,20-trione (Compound
E) by Rogers, et al.,! who noted that the aldehyde
has approximately the same biological activity as
the parent hormone. We believe that the observed
activity of the aldehyde is due to its rapid reduc-
tion to Compound E ¢n wivo, and wish to report
the isolation of Compound E following the incu-
bation of the aldehyde in a simple cell-free in witro
system.

Six grams of rat liver acetone powder was ex-
tracted with 60 ml. of Kreb’s phosphosaline buffer
pH 7.4 for 30 min. at room temp. The suspension
was centrifuged, and the supernatant (48 ml.) added
to 57.8 mg. of the aldehyde hydrate? in 68 ml. of
the above buffer containing 100 mg. of dihydro-
diphosphopyridine nucleotide. After 30 min. at
38° (gas phase air) the incubate was diluted with
acetone, filtered, and the acetone removed in vacuo.
The aqueous residue was diluted with water and
extracted with ethyl acetate. After removal of the
solvent, the extract was chromatographed on mag-
nesium silicate Celite. Elution with ethyl acetate
gave a single crystalline fraction which after re-
crystallization from methanol weighed 22 mg. It
was identified as Compound E by its m.p. (218
220°, not depressed on admixture with authentic
Compound E), the observed absorption maxima in
sulfuric acid solution (280-285 mu, 340 mu and
410415 mu, corresponding to the published max-
ima for authentic Compound E,® the m.p. of the
acetate (242-244°%), and the analysis of the acetate
(Caled. for CysHgOs: C, 68.65; H, 7.46. Found:
C, 68.44; H, 7.20).

A detailed study of this enzymatic reduction in-
cluding efforts to effect its reversal will be pub-
lished at a later date
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ACHROMYCIN,! THE STRUCTURE OF THE
ANTIBIOTIC PUROMYCIN.? I
Str:

The new antibiotic, Puromycin, isolated from the
mold Streptomyces alboniger, has been found to be
active against certain bacteria and Trypanosomes.?

Puromycin, I, m.p. 175.5-177°, [a]®D — 11°
(ethanol), Amnal. Caled. for C22H29N705: C, 5604,
H, 6.20; N, 20.79. Found: C, 56.12; H, 6.48;
N, 21.12, is a diacidic base and readily forms a di-
hydrochloride or a monosulfate. Titration and
molecular weight data are in agreement with the
above empirical formula. Group analyses show
the presence of one amino group (Van Slyke), one
methoxyl group, two N-methyl groups and five
active hydrogens. A carbonyl group is indicated
by a band at 6.05 u in the infrared spectrum. This
band may be assigned to a carboxamide grouping.
The compound absorbs ultraviolet light with max-
ima in 0.1 N sodium hydroxide at 275 mu (E
20,300) and in 0.1 N hydrochloric acid at 267.5 mu
(E 19,500). On acid hydrolysis the ultraviolet
absorption maxima are shifted 5 to 10 millimicrons
to the longer wave length. Concomitantly, the
biological activity of the compound is destroyed.

On alcoholysis with ethanolic hydrogen chloride
I is cleaved into three fragments. One of these,
*I1, is an amphoteric compound that precipitates as
a dihydrochloride, m.p. 225-227° (dec.), from the
cleavage mixture. The free base melts at 257-
258°, Anal. Caled. for C/HgNs: C, 51.52; H,
5.56; N, 42.92; N-methyl, 9.21; mol. wt.,,
163.2. Found: C, 51.56; H, 5.76; N, 43.05;
N-methyl, 14.65; mol. wt. (Rast), 169. The
analytical data, the ultraviolet and infrared
spectra and the amphoteric nature of 1T suggest
a dimethylamino purine. Compound II was
identified as 6-dimethylaminopurine by com-
parison with an authentic sample.* :

The second fragment, compound III, was
identified as O-methyl-L-tyrosine by analysis and
by comparison of its melting point, rotation and
spectra with those of an authentic sample. The
compound was further characterized by representa-
tive derivatives.’ '

Compound IV, the third fragment, when iso-
lated as its hydrochloride melts at 158-158.5°
(dec.), [a]®D —24.6° (water), Anal. Caled. for
GH,NO,HCI: C, 32.35; H, 6.52; N, 7.55; Cl,
19.10; mol. wt., 185.6. Found: C, 32.57; H,

(1) American Cyanamid Company Trademark for Puromycin.

(2) Puromycin is the generic name for Achromycin,

(3) J. N. Porter, R. I. Hewitt, C. W. Hesseltine, G. Krupka, J. A.
Lowery, W. S. Wallace, N, Bohonos and J. H. Williams, A ntibiotics
and Chemotherapy, 3, 409 (1952).

(4) B. R. Baker, R. E, Schaub, J. P. Joseph and J. H. Williams,
to be published.

(5) L. Behr and H. T, Clark, TH1s JournaL, 54, 1630 (1932).

COMMUNICATIONS TO THE EDITOR

2025

6.72; N, 7.62; amino nitrogen (Van Slyke), 7.70;
Cl, 19.45; neut. equiv., 190.7. The characterizing
reactions of IV show a positive Fehling test, a posi-
tive Brady’s reaction, a negative ninhydrin test®
and the formation of furfural on deamination and
subsequent treatment with phosphoricacid. While
IV consumes 3.8 moles of periodic acid in three
hours, its N-acetyl derivative reacts with 2.0 moles
in the same period. The absence of a carbonyl
band in the infrared absorption spectrum of IV
(in nujol) and the above chemical and analytical
data permit the postulation of IV as a hemiacetal
form of a 3- or 4-aminopentose.

The formation of a triacetate of I and its subse-
quent partial deacetylation with alcoholic ammonia
to N-acetylpuromycin permits the postulation of
two free alcoholic groups in I. The free amino
group in I is placed in the O-methyltyrosine moiety
by the failure of I to consume periodic acid. This
failure to consume periodic acid by I also eliminates
a 4-aminopentose structure for compound IV.

The 3-aminopentose was identified as p-3-amino-
ribose by comparison of its infrared spectrum, melt-
ing point and rotation with a synthetic sample.’

A negative Brady’s test until after hydrolysis in-
dicates a glycosidic linkage in Puromycin. A
comparison of the ultraviolet absorption spectra
of I with those of 7- and 9-ethyl-6-dimethylamino-
purines® establishes this linkage to be at the 9 posi-
tion of the purine.

Partial structure V is proposed for Puromyecin, 1.

CH;—N—CH;
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Puromycin V

Structural features of I to be considered in a
future communication are: (1) the a- or B-linkage
of the glycoside and (2) the furanosidic or pyrano-
sidic nature of the sugar portion.
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(6) 2-Amino sugars give positive ninhydrin test.

(7) B. R. Baker, ¢t al., to be published.

(8) The ultraviolet absorption spectra, data for these purines
are: 6.dimethylamino-9-ethylpurine v *'3 N80 9775 (£ 18,300);
YRV ECL 970 (B 17.500);
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20 NaClogg (E 19,400), v\ NEC! 290 (E 23,300), see reference 4.

and 6-dimethylamino-7-ethylpurine



