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support, crystals with m.p. 151-153° were isolated from the
reaction mixture, which contained 69.49%, of bromine and
could have been the bromination product of the acrylic
amide, CF:Br-CHBr-CONHBr, 69.89, bromine. Per-
fluorobutyramide, C;F;CONH., gave a 77% yield of a crude
compound boiling up to 25°, a 219, recovery of free acid and
199, of NH,CI; this crude compound was, at the time,
zéssumed to be C;F;NCO, but according to reference 2 it is
3F7Br.

The Schmidt-Curtius Reaction.—The relation between
the two reactions is known,? and we found it best to use a
combination of both, 7.e., form the azide in the absence of
an inorganic acid, separate it, then rearrange it in the pres-
ence of a mineral acid. This procedure avoids the forma-
tion of ammonium salts from an excess of NalN; and from
decomposing HNj; free HN; reacts very slowly with fluorin-
ated acids and is preferentially decomposed in the presence
of an inorganic acid.

The acyl halide (0.1 mole) was heated with NaN; (0.12
mole) in 100 ml. of dry benzene for 24 hours at 55-65°.
After cooling, crystalline NaCl and NaNj; excess was filtered
off. The filtrate was treated with 10 ml. of concentrated
sulfuric acid added dropwise at 55-65°, then refluxed about
cight hours until no more gas was evolved. After pouring
over ice and decanting the benzene, the aqueous layer was
made alkaline and the amines so liberated were distilled
into 6 N HCI, from which their hydrochloride was obtained
by evaporation. The benzene layer was examined for re-
covery of any isocyanate, and the aqueous layer for recovery
of any organic acid.

CFa(CHz)zCOCl gave 81% CFa(CHz)zNHz'HCI; CFa-
CH,COCI gave 259, CF;CH.NH,-HCI, which is ten times
the yield of the Hofmann degradation; C;F,COCl gave, in
addition to the expected 759, of isocyanate,® a 109, yield
of C;FsCONHa;, m. p. 95°, no depression with an authentic
sample, which is the amide of the next lower acid.

Dissociation.—The measurements were made by titration
of 0.004 N solutions of amine with 0.056 N HCI, by means of
a model H, glass electrode Beckman pH meter. The cal-
culations were conventional.l0
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which the labile methyl group of methionine might
serve as a source of these carbon atoms has been
studied only to a limited extent, in spite of the sug-
gested metabolic relationship between formic acid
and methionine.* Brown has indicated that meth-
ionine was rather ineffective as a thymine precursor
in the rat,® but no experimental data were provided.
Sime and Johnson have recently demonstrated®
that in the bird the methionine methyl group was
readily converted to uric acid carbons 2 and 8.

The experiments to be described were performed
to obtain further information on the use of methio-
nine for the synthesis of various nucleic acid compo-
nents. It was also thought desirable to obtain data
which would provide a comparison of the relative
utilization of formic acid and the methyl group of
methionine for these processes. To attain these
ends a study was made of the incorporation under
comparable conditions of sodium formate-C'* and
methionine-methyl-C'* into the nitrogenous bases
of the deoxyribonucleic acid (DNA) of the rat.

As is illustrated in Table I, appreciable amounts
of isotopic carbon appeared in the adenine, guanine
and thymine of the rat DNA after injection of either
labeled formate or methionine. No localization of
the radioactivity in the purines was attempted. In
each case, however, the methyl group of the thy-
mine was converted to iodoform’ which appeared
to contain most of the isotopic carbon of the origi-
nal thymine. Accurate measuremment of the activ-
ity of the iodoform was not possible in an internal
flow counter because of a quenching action of this

PrvsicAL CONSTANTS AND ANALYSES

B.p. or m.p.

°C. Mm.
CF,CH,COC1 70.3 745
CF;CH,CH,COClI 103 745
CF;CH,CONH, M. 108.8
CF;CH,CH,CONH; M. 136.4
CF;CH,CH,NH, 67.8 744
Hydrochloride M. 222-225
CF;CH,;NH,! 36 744
Hydrochloride Sublimes

(9) M. S. Newman and H. L. Gildenhorn, THis JourNar, 70, 317
(1948).

(10) 8. Glasstone, "Introduction to FElectrochemistry,” D. Van
Nostrand Co., Inc., New York, N. Y., 1942, pp. 322-325.

(11) H. Gilman and R. G. Jones, THIS JOURNAL, 68, 1458 (1943).

DEPARTMENT OF CHEMISTRY
THE OHIO STATE UNIVERSITY
CorLuvMmBus 10, OHIO

The Synthesis of Purines and Thymine from
Methionine in the Rat!

By R. L. HErrRMANN, J. L. FAIRLEY AXD R. U. BYERRUM
RECEIVED NOVEMBER 27, 1954

Formic acid has been shown to serve as a biologi-
cal precursor of carbons 2 and 8 of the purines? and
of the methyl group of thymine.® The degree to

(1) This work was supported in part under contract no. AT (11-1}-
289 with the Atomic Energy Commission and in part under an All-
College Research grant of Michigan State College.

(2) J.C. Sonne, J. M. Buchanan and A. M. Delluva, J. Biol. Chem.,
173, 69 (1948).

(3) J. R. Totter, E. Volkin and C. E. Carter, THis Journar, 78,
1521 (1951).

—

Analyses. %

nto ¢, °C, dts Found Caled.
.3382 29.5 1.422 Cl,24.1 24.2
.3610 24 1.361 ClL22.1 22.1
F, 43.8 44 .8
N, 9.9 9.9

3332 30 1.162
Cl,23.7 23.7

295 30 1.245
Cl1,26.3 26.2

compound on the counting rate, nor was sufficient
material available for measurements with an end-
window counter.

Previous work with formie acid has demonstrated
that almost all of the observed activity of the pu-
rines would be found in carbons 2 and 8,2 and that
the activity of the thymine molecule would be
found in the methyl group.? It has been assumed
that the distribution of activity resulting with meth-
ionine as the precursor is similar to that obtained
with formate. The low level of radioactivity found
in the cytosine in all cases lends considerable sup-
port to this assumption. Certainly no non-specific
precursor derived from the methionine contributed
appreciable amounts of isotopic carbon to the syn-
thesis of the various compounds.

(4) P. Berg, J. Biol. Chem., 206, 145 (1953).

(5) G. B. Brown, ''Phosphorus Metabolism,” Vol. III, W. D.
McElroy and B. Glass, eds., Johns Hopkins Press, Baltimore, Md.,
1952, p. 387.

(6) J. T. Sime and B. C. Johnson, Paper No. 49, Division of Bio-
logical Chemistry, American Chemical Society, New York City Meet-
ing, 1954,

(7) D. Elwyn and D. B. Sprinson, J. Biol. Chem., 207, 469 (1954),
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TaABLE 1

INCORPORATION OF ForMmICc Acip-Cl4 AND METHIONINE-METHYL-C!¢ 1nTO RAT DNA COMPONENTS

Expt. Adenine,

Precursor no. c.p.m./uM diln.%

Formic acid-C4 1 10700 106
2 13100 86

Av, 11900 96

Methionine-methyl-C14 3 380 777
4 290 1020

Av, 335 898

e Dilution =

If the dilution of the isotope observed in each
case is taken as a measure of the utilization of the
two precursors, it can be seen that in the present
work formate was used for purine synthesis to about
ten times the extent to which the methyl group of
methionine was used. On the other hand, when
these two compounds are compared with respect to
incorporation into thymine, formate was used to
only twice the extent of methionine.

The obvious conclusion must be that methionine
was used for thymine synthesis by some route not
involving free formic acid. This is in agreement
with the work of Elwyn and Sprinson” who have
demonstrated that the B-carbon of serine is con-
verted readily to the methyl group of thymine by a
mechanism allowing the retention of both hydrogen
atoms originally bound to this carbon. It can be
calculated from the data of these workers that the
incorporation of isotopic carbon from the B-car-
bon of serine into adenine was about 1.5 times the
incorporation into thymine. In the present work
with methionine about 1.4 times as much activity
appeared in adenine as compared to thymine. With
formate, on the other hand, a ratio of about 5 to 1
was obtained, a result similar to that found by Tot-
ter, et al.?

From the similarity of the data for the methyl
group of methionine and the B-carbon of serine it
would seem likely that both compounds may first
be converted to a common intermediate which then
may act either as a source of a formyl compound
for purine synthesis or as a source of the methyl
group of thymine. This common intermediate may
be a hydroxymethyl derivative of a sulfhydryl
compound* or, perhaps more likely, of tetrahydro-
folic acid.®®

While it is possible to consider that methionine
might donate an intact methyl group directly to a
thymine precursor, such a transmethylation reac-
tion, if it occurs at all, cannot be the major route of
thymine synthesis. The greater utilization of form-
ate as compared with the methyl group of methio-
nine is not compatible with the possibility that
formate incorporation takes place through methio-
nine as an intermediate.

The present results indicate that the methyl
group of methionine, in addition to formate and the
B-carbon of serine, can serve as a precursor of the
ureide carbons of the purines and of the methyl
group of thymine, presumably after conversion to
“active one-carbon units” at the oxidation levels of

(8) R. L. Kislivk and W. Sakami, THIS JOURNAL, 76, 1456 (1954).
(9) G. R. Greenberg, ibid., 76, 1458 (1954).

Compound isolated

Guanine, Thymine, Cytosine,
c.p.m./uM diln.® c.p.m./uM diln.® c.p.m./pM
9000 126 1300 870 <100
10300 110 3000 378 <100
9650 118 2150 624
310 952 220 1340 <10
430 687 260 1140 <10
370 819 240 1240

specific activity of precursor/specific activity of compound isolated.

formate and of formaldehyde. It is difficult to
determine the extent to which each of these and pos-
sibly other compounds actually contribute to the
production of these active units under normal
conditions. It must be remembered that the sizes
of the metabolic pools of the various precursors are
unknown and that quite possibly they are of dif-
ferent magnitudes. A comparison of the amounts
of isotopic carbon found in a given product after
use of different labelled precursors must therefore
be a dubious measure of the importance of each
compound in the normal synthetic processes leading
to the compound studied.

Subject to these reservations, it would appear
from the present results that the methyl group of
methionine is a relatively minor source of the ureide
carbons of the purines of rat DNA. The data for
thymine, however, indicate that the role of methio-
nine as a source of the methyl group of the pyrimi-
dine may approach the importance previously as-
signed to formate for this process.

Experimental

Materials.—Male albino rats weighing about 160 g. were
injected intraperitoneally with one ml. of a water solution
containing 0.1 me. of the particular radioactive compound.
To achieve this amount of isotopic carbon, 20 mg. was re-
quired for the methionine-methyl-C! and 2.61 mg. for the
sodium formate-C!4, The methionine was prepared by the
method of du Vigneaud, Dyer and Harmon. The sodium
formate was a commercial sample. One rat was used in
each experiment. Two complete experiments were carried
out separately with each compound as an aid in determining
the reproducibility of the data.

DNA Isolation.—The rats were killed by decapitation 24
hours after injection. The viscera were removed at once,
homogenized in a Waring Blendor and extracted with eth-
anol and an ether-ethanol (1:3) mixture. The polynucleo-
tides were removed from the residual material by extraction
with 109, NaCl and were precipitated as sodium salts by
the addition of 2.5 volumes of ethanol. The DNA was iso-
lated from the mixed sodium nucleates by the method of
Hammarsten.!!

Isolation of Purine and Pyrimidine Bases.—The DNA
was heated with 7.5 N HClOq at 100° for one hour, liberating
the nitrogenous bases. Most of the perchlorate ion was
precipitated by the addition of KOH until the pH was about
10. The precipitate of KCIO, was removed by centrifuga-
tion and the alkaline solution was chromatographed on
Dowex-1 by the procedure of Cohn,!? using ammonium for-
mate buffers as eluting agents. The purines and cytosine
fractions were rechromatographed on Dowex-50 using HCl
as the eluting agent by a method similar to that of Cohn .12

Isotope Measurement.—Aliquots of each chromato-
graphic fraction of each base were placed in platinum dishes

(10) V. du Vigneaud, H. M. Dyer and J. Harmon, J. Biol. Chem.,
101, 719 (1933).
(11) E. Hammarsten, Acta Med. Scand., Suppl., 196, 634 (1947),
(12) W. E. Cohn, THu1s Journar, 72, 1471 (1950).
(13) W, E. Cohn, Science, 109, 377 (1949),
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aud the solvent was removed by evaporation. The ac-
tivity was measured in a Tracerlab internal flow Geiger
counter. As the concentration of nitrogenous base in each
aliquot was known from optical density measurements,
specific activity could be calculated.

Purity Criteria.—The fractions of each base were found
to be satisfactorily pure as judged from the ratio of the opti-
cal densities at two selected wave lengths and by the ratio
of radioactivity to optical density.
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Chemical Studies with 11-Oxygenated Steroids.
V. 3¢,203-Dihydroxypregnan-11-one 11-Ethylene
Ketal!

By BARNEY J. MAGERLEIN AND RoBERT H. LevVIN
RECEIVED NOVEMBER 18, 1954

It is well established that the 1l-keto function
frequently found in steroids fails to react with the
usual carbonyl reagents.? Catalytic or chemical
reduction to the 11-hydroxyl function*? and par-
ticipation in the Wolff-Kishner reduction* are
the only recorded reactions of the 11-keto moiety.

Various investigators have reported the selec-
tive preparation of cyclic ketals at other positions
in the molecule leaving the 11-keto function in-
tact.* It was found in these laboratories that pro-
longed boiling of 3«,208-dihydroxypregnan-11-one
with ethylene glycol in benzene solution in the
presence of p-toluenesulfonic acid gave the 11-
ketal in 509, yield. This compound shows strong
hydroxyl absorption and complete lack of car-
bonyl absorption in its infrared absorption spec-
trum. Acidic hydrolysis gave 859, yield of the
starting 3¢,208-dihydroxypregnan-11-one which
was identified by mixed melting point and infrared
data.

Acknowledgment.—The authors are indebted to
Dr. J. L. Johnson and Mrs. G. S. Fonken for infra-
red absorption studies and to W. A. Struck and
associates for microanalyses and optical rotations.

Experimental®

3«,208-Dihydroxypregnan-11-one 11-Ethylene Ketal.—
A mixture of 4.0 g. of 3«,208-dihydroxypregnan-11-one,” 12
ml. of ethylene glycol, 100 mg. of p-toluenesulfonic acid
monohydrate and 150 ml. of benzene was stirred and heated
under reflux for 72 hours. The water formed in the reaction
was codistilled with the benzene and removed in a water

(1) Preceding paper this series, B. J. Magerlein, D. A. Lyttle and
R. H. Levin, Abstracts of Papers, 125th Meeting American Chemical
Society, Kansas City, Missouri, March 24 to April 1, 1954, p. 21N,

(2) L. F. Fieser and M. Fieser, ”"Natural Products Related to Phen-
anthrene,” 3rd Edition, Reinhold Publishing Corp., New York, N. Y,
1949, pp. 409-410.

(3) L. H. Sarett, M. Feurer and K. Folkers, THiS JOURNAL, T8,
1777 (1951); N. L. Wendler, Huang-Minlon and M. Tishler, ébéd.,
73, 3818 (1951); H. Heyman and L. F. Fieser, ¢b¢d., T3, 5252 (1951);
H. L. Herzog, M. A. Jevnik and E. B. Hershberg, bid., 75, 269 (1953);
F. Sondheimer, Q. Mancera, G. Rosenkranz and C. Djerassi, ¢béd., T8,
1282 (1953).

(4) R. B, Moffett and J. H. Hunter, $b:d., 73, 1973 (1951).

(3) R. Antonucci, S. Bernstein, M. Heller, R. Lenhard, R, Littell
and J. H. Williams, J. Org. Chem., 18, 70 (1953); G. Rosenkranz, J.
Pataki and C. Djerassi, +bid., 17, 290 (1953); E. P. Oliveto, T. Clay-
ton and E. B. Hershberg, Tuis JourNAL, T8, 486 (1953); R. H. Levin,
B. J. Magerlein, A. V. McIntosh, Jr., A. R. Hanze, G. S. Fonken, J. L.
Thompson, A. M. Searcy, M. A. Scheri and E. S. Gutsell, ibid., T8,
502 (1953).

(8) Melting points are uncorrected.

(7) L. H. Sarett, THIS JOURNAL, 70, 1690 (1948).
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trap. The cooled solution was filtered to give, after wash-
ing with methylene dichloride, 2.27 g. (50.29, vield) of
crystals, m.p. 250-255°. The benzene-ethylene glycol
solution, after washing with water and concentrating, gave
an additional 1.51 g. of crystals, m.p. 208-216°. The 2.27
g. of ketal was recrystallized from methanol to give 1.58 g.,
m.p. 257-259°. The infrared absorption spectrum of this
material showed no carbonyl absorption in the 6 u region.

Anal. Caled. for C23HyiO4: C, 72.97; H, 10.12. Found:
C, 72.92, 73.00; H, 10.24, 10.22.

Hydrolysis of 3«,208-Dihydroxypregnan-11-one 11-Ethyl-
ene Ketal.—A solution of 200 mg. of tlie 11-ketal in 20 ml.
of acetone and 2 ml. of water containing 2 drops of concen-
trated sulfuric acid was heated under reflux for 2 hours.
The acetone was distilled under vacuum, water added and
the product filtered. It weighed 150 mg. (84.69, yield),
m.p. 231-235°. After recrystallization from benzene-
methanol there was obtained 130 mg., m.p. 235-237°.
This material gave no melting point depression with 3a,-
208-dihydroxypregnan-11-one. Itsinfrared absorption spec-
trum was identical with the starting ketone.
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Deuterium-Hydrogen Exchange in the para Posi-
tion of Phenyl Alkyl Ethers!

By W. M. LAUER axD J. T. Day?
RECEIVED APRIL 29, 1954

The influence of groups in the aromatic nucleus
on chemical reactivity at a particular position has
been the subject of many experimental and theo-
retical studies. The present study constitutes an
investigation of the rates of deuterium-hydrogen
exchange occurring in the ortho and the para posi-
tions of anisole and in the para positions of phene-
tole, phenyl n-propvl ether and phenyl isopropyl
ether. These exchange reactions were conducted in
acid solution at a temperature of 100°.

The deuterium labeled aromatic ethers were pre-
pared from the corresponding bromo ethers by first
converting these compounds to their lithium deriv-
atives and then replacing the metal by deuterium
with heavy water. These labeled aromatic ethers
after dilution with unlabeled material were dis-
solved in glacial acetic acid containing sulfuric acid
and the time required for one-half of the deuterium
to be replaced by hydrogen was determined. The
labeled aromatic ethers, held at constant tempera-
ture for definite time intervals, were isolated from
solution by treatment with aqueous sodium hy-
droxide. These samples were then burned in a
stream of oxygen and the water of combustion, after
purification, was analyzed for deuterium. This
analysis was accomplished by the falling drop pro-
cedure.?

The half-life of deuterium in the case of para-
labeled anisole at 100° in a solution containing the
aromatic ether (0.01 mole), glacial acetic acid (0.05
mole) and sulfuric acid (0.001 mole) was found to
be 39 minutes (¢ = 3.0 X 10* sec.”™"), and the
half-life of deuterium in the case of ortho-labeled
anisole under similar conditions was found to be
75 minutes (¢ = 1.5 X 10—*sec.™!). A comparison
of the exchange rates of o-deuteroanisole with the

(1) From the Ph.D. Thesis of John T. Day, September, 1951.

(2) Abbott Laboratories Fellow, 19501951,

(3) 1. Kirshenbaum, " Physical Properties and Analysis of Heavy
Water,”” McGraw--Hill Bock Co., Inc., New York, N, Y,, 1951,



