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preciable losses were encountered, and the following chro-
matographic purification was developed for small quantities
of valuable material: the crude xanthopterin was digested
with hot hydrochloric acid (1 N), and the bulk of the ‘‘red
precipitate’’ was eliminated by filtration of the cooled di-
gest. Partially purified xanthopterin (67 mg.) was recov-
ered from the filtrate, dissolved in ammonium hydroxide
(1 N, 50 ml.) and put on a 12 X 100 mm. column of ‘‘Do-
wex-1"’ anion exchanger (chloride-form, 300 mesh). The
solvent was displaced with water and the column eluted with
ammonium chloride (0.02 &). The xanthopterin appeared
on the column as a yellow band which showed intense green-
ish-yellow fluorescence in ultraviolet light. Samples of the
eluate were taken intermittently and adjusted to pH 11 with
sodium hydroxide for measurements of absorption in the
ultraviolet region. These were made at 390, 3452 and 300
my and the eluate was collected when the ratio of the optical
densities at 390 and 345 mu was 3.0 and that at 390 and 300
mu was at least 11.  Approximately 3 liters of eluate, satis-
fying these criteria, yielded 41 mg. of xanthopterin. The
homogeneity of this specimen was demonstrated by the
appearance of a single yellow-fluorescing band on a paper
chromatogram with an aqueous 2,4-lutidine solvent. The
following values for the molecular extinction coefficients
were calculated for anhydrous xanthopterin; they agree
closely with those of O’Dell, ef al.1%: 6.75 X 103 at 390 mu,
2.09 X 10% at 345 myu, 0.61 X 10% at 300 my, 17.3 X 103 at
255 my, and 4.12 X 108 at 220 mu.

(12) The “red precipitate” shows a maximum of light absorption
at 345 mpy in sodium hydroxide solution at pH 11,

(13) B. L. O’Dell, J. M. Vandenbelt, E. S. Bloom and J. J. Pfiffner,
THIS JOURNAL, 69, 250 (1947).

DEPARTMENT OF PHARMACOLOGY
ScHOooL OF MEDICINE
WESTERN RESERVE UNIVERSITY

CLEVELAND, OHIO RECEIVED Avugust 16, 1951

Synthesis of Some Purines and Pyrimidines
Labeled in the 2-Position with C4?

By LEONARD L. BENNETT, JR.

REcEIvED DECEMBER 14, 1951

Isotopically labeled purines and pyrimidines are
currently of much interest in biological tracer
studies. The present note is concerned with the
synthesis of guanine, 2,6-diaminopurine, uracil and
thymine, each labeled in the 2-position with C4,
The procedures employed were modifications of
known Syntheses, which in several instances re-
sulted in somewhat improved methods.

The starting material for each synthesis was
barium cyanamide, which was prepared from
isotopic barium carbonate as described by Zbarsky
and Fischer? and by Marsh, Lane and Salley.?
Because of its simplicity and high yield, this method
was preferred to the alternate method of Murray
and Ronzio.* Guanidine hydrochloride, used for
the synthesis of guanine and diaminopurine, was
prepared from barium cyanamide?® in 75-849,
yield from barium carbonate, a yield considerably
higher than those previously reported®® for this
method.

For the synthesis of thiouracil, ethyl g8,3-di-

(1) This work was performed under Contract AT-(40-1)-278 with
the Isotopes Division, United States Atomic Energy Commission.

(2) S. H. Zbarsky and L. Fischer, Can. J. Research, 2TB, 81 (1949).

(3) N. H. Marsh, L. C. Lane and D. J. Salley in M. Calvin, C.
Heidelberger, J. C. Reid, B. M. Tolbert and P. F. Yankwich, *‘Iso-
topic Carbon,’”’ John Wiley and Sons, Inc,, New York, N. Y., 1949, p.
158,

(4) A. Murray, III, aud A. R. Ronzio, Turs Jour~ayr, T1, 2245
(1949).
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ethoxypropionate’ was condensed with isotopic
thiourea (prepared from barium cyanamide?); in
our hands this has given better results than the
original procedure of Wheeler and Liddle’ which
involves the use of the sodium salt of ethyl formyl-
acetate, since shown to be only about 409, pure.?
Similarly ethyl «-methyl-j,3-diethoxypropionate®
was found to give better results in the synthesis of
thiothymine than the sodium salt of formylpropio-
nate.

These procedures have been used for the syn-
thesis of products of high specific activity. The
purity of the final products was checked by ultra-
violet absorption spectra and by filter paper
chromatograms and autoradiograms of the filter
paper strips. By these criteria, guanine, uracil
and thymine were shown to be homogeneous.
Diaminopurine contained a trace of guanine, which
was detectable only on the autoradiogram of a
sample of high specific activity.

The over-all yields from barium carbonate were
guanine, 40-509%,, 2,6-diaminopurine, 15-209,
uracil 32409, and thymine 20-287%.

Experimental

Barium Cyanamide and Guanidine.»3—These conver-
sions, carried out essentially by the procedure of Marsh,
Lane and Salley,3 are described i1 detail to include certain
observations on the reaction not hitherto recorded.

Barium carbonate (2.6 g., 0.013 mole, 30 mc.), in a fused
silica boat, was placed in a Vycor combustion tube. To one
end of the tube was attached a bubble counter and to the
other, two gas washing bottles in series, containing 109, so-
dium hvdroxide solution. A thermocouple well, extending
to the boat, was attached to one end of the tube. Ammonia
gas was passed through the tube while it was heated at 820
= 15°. During the heating, water condensed in the cooler
part of the tube and the contents of the boat contracted and
hardened. A small amount of a radiocactive gas, formed
during the reaction and not absorbed by the alkali traps, was
vented through the hood. After four hours, heating was
discontinued and the tube was allowed to cool in a stream of
ammonia, The change in weight of the boat and contents
was almost the theoretical. Barium carbonate, precipitated
from the alkali traps, accounted for 0.35 mc. (1.17% of the
initial activity) of C'4, The contents of the boat were
transferred to a 250-ml. centrifuge tube and ground together
with 3.2 g. (0.04 mole) of ammonium nitrate. The tube
was attached to a gas washing bottle containing dilute so-
dium hydroxide after which the mixture was heated at 165°
for 20 minutes while the gases evolved were passed through
the alkali trap (to remove any active carbon dioxide result-
ing from unchanged barium carbonate). The tube was re-
moved from the lieating bath and flushed with nitrogen
through the alkali trap and finally reheated at 165° for 10
minutes while the melt was stirred with a glass rod. The
reaction mixture was cooled and 200 ml. of warm 1.8%
aqueous ammonium picrate was added, while the solution
was stirred vigorously. The picrate, after being allowed to
crystallize overnight, was washed by centrifugation twice
with 20-ml. portions of 0.89, aqueous ammonium picrate
and twice with 20-ml. portions of water and finally dried
in vacuo over phosphorus pentoxide. The solid was then
suspended in ether and dry hydrogen chloride was bubbled
in while the suspension was agitated with a magnetic stirrer.
When the ether was saturated with hydrogen chloride, the
suspension was allowed to settle, after which the supernatant
was removed with a filter stick. The precipitated guani-
dine hydrochloride was washed twice with ethereal hydro-
gen chloride and dissolved in water; the solution was

(5) E. Dyer and T. B. Johnson, ¢bid., 66, 222 (1934).

(6) C. W. Bills and A. R. Ronzio, ibid., T2, 5510 (1950).

(7) H. L. Wheeler and L. M. Liddle, Am. Chem, J., 40, 547 (1908).

(8) S. M. McElvain and R. L. Clarke, THIS JoURNAL, 69, 2657
(1947).

{9) N. C. Deno, ibid., 69,2233 (1047).
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filtered and the filtrate evaporated to dryness in a tared
flask to be used in the next step. The guanidine hydro-
chloride weighed 0.96 g. (76.3% from barium carbonate).
If the hydrochloride was yellow, indicating contamination
with picrate, it was decolorized by passing the aqueous solu-
tion through a short column (ca. 1 cm. X 1 cm.?) of Dowex-1
anion exchange resin (200-400 mesh). From the combined
picrate filtrate and washings, 1.8 mc. (69, of the initial ac-
tivity) of guanidine picrate was recovered by washing out
with inactive guanidine picrate.

The guanidine hydrochloride was used without further
purification for the synthesis of guanine and diamino-
purine.

2,4,5-Triamino-6-hydroxypyrimidine-2-C!¢ and Guanine-
2-C14,—The first of these was prepared essentially by the
procedure of Cain, Mallette and Taylor.!® The yield was
not lowered when the reduction was carried out without
isolation of 2,4-diamino-5-nitroso-6-hydroxypyrimidine.
The final product was isolated in 67-749, yield as the sulfate
(C{HN;;0:-H:S04-H:0). This was used without further
purification for the synthesis of guanine by the method of
Traube!! using 98-1009%, instead of 909, formic acid. The
product was isolated as the sulfate ((C;H;N5O)s-HaSO;-
2H,0); yield 859, after one crystallization. The product
was usually pure at this stage, but could be recrystallized
from 2 N sulfuric acid with 85~909, recovery.

The product of an inactive run was analyzed after being
driegi over phosphorus pentoxide i# vacuo (1 mm.) at 140-
160°.

Anal. Caled. for (CsHsN;0).-H.SO,: C, 30.0; H, 3.02.
Found: C, 29.6, 29.7; H, 3.06, 3.22.

The ultraviolet absorption spectrum of the radioactive
sample at pH 6.5 had maxima at 246 mu (e 12,050), and at
275 mu (e 9,330) in essential agreement with that reported
by Cavalieri, et al.!? An ascending filter paper chromato-
gram, run on Whatman No. 1 paper in a medium consisting
of n-butanol (4 parts), diethylene glycol (1 part), and water
(1 part) in an ammonia atmosphere!? showed only one spot
when scanned in ultraviolet light; the Ry value was 0.21,
the same as that of an authentic sample of guanine run
concurrently, An autoradiogram of the filter paper strip
showed only one radiocactive-spot, coinciding with the spot
visible in ultraviolet light.

2,4,5,6-Tetraminopyrimidine-2-C!¢ and 2,6-Diaminopu-
rine-2-C!¢,—Tetraminopyrimidine, prepared from guani-
dine-C!4 and malononitrile,!4 was isolated as the sulfate
(30-45% yield from guanidine), which was converted to di-
aminopurine sulfate by the procedure of Bendich, Tinker
and Brownl®; yield 65-859, after two crystallizations from
2 N sulfuric acid.

Anal. Caled. for (CsHeN)-H:S04-H.0: C, 28.8; H,
3.87. Found: C,29.3; H, 3.67.

The ultraviolet absorption spectrum at pH 6.5 had max-
ima at 247 mp (e 10,000) and at 280 mu (e 11,500), in essen-
tial agreement with that reported by Cavalieri, et al.12 A
filter paper chromatogram, made as described for guanine,
gave only one spot, visible in ultraviolet light, which had the
same Ry value (0.33) as an authentic diaminopurine sample.
However, the autoradiogram of the filter paper strip showed
a second spot with an R; value the same as that of guanine;
the second spot was faint and was observed only with a
sample of high specific activity (11 uc./mg.).

Thiouracil-2-C'4 and Uracil-2-C1¢.—The methods de-
scribed are modifications of the procedures of Wheeler and
Liddle.” Thiourea-C¢% was used as the crude product (m.p.
160-165°).

A sodium ethylate solution, prepared from 0.7 g. of so-
dium and 35 ml. of dry alcohol, was added to a flask con-
taining 1.35 g. of crude isotopic thiourea (about 859, pure)
and 4.2 g. of ethyl 8,B8-diethoxypropionate. The solution
was refluxed for four hours after which alcohol was removed

(10) C.X. Cain, M. F. Mallette and E. C. Taylor, Jr., sbid., 68, 1996
(19486).

(11) 'W. Traube, Ber., 33, 1371 (1900).

(12) L. F. Cavalieri, A. Bendich, J. F. Tinker and G. B. Brown,
THIS JOURNAL, 70, 3875 (1948).

(13) E. Vischer and E. Chargaff, J. Biol. Chem., 176, 703 (1948).

(14) M. F. Mallette, E. C. Taylor, Jr., and C. K. Cain, THic JoURr-
NAL, 69, 1814 (1947),

(15) A. Bendich, J. F. Tinker and G. B. Brown, ¢bid., 70, 3109
(1948).
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in a stream of nitrogen. The residue was dissolved in cold
water and thiouracil was precipitated by the addition of cold
509 acetic acid. The crude thiouracil weighed 1.1 g. (55%
from barium carbonate; 40-559%, yield on other runs). No
difference in yield was noted when ethyl 8,p-diethoxypro-
pionate was prepared from ethyl bromoacetate and ethyl
orthoformate, in which case it contains a considerable
amount of ethyl g-ethoxyacrylate.?

For analysis the product of an active run was recrystal-
lized twice from water and dried é» vacuo over phosphorus
pentoxide.

Anal.
24.6.

The ultraviolet absorption spectrum at pH 6.5 had a maxi-
mum at 274 mu (e 13,500); at pH 11.0 the maxima were at
259 mu (e 10,200) and at 312 mu (e 7,160) in substantial
agreement with the spectra reported by Elion, Ide and
Hitchings.16

A sample of crude radioactive thiouracil was converted
to uracil (73%, yield) by the procedure of Wheeler and Liddle”
and the product recrystallized once from water. The
ultraviolet absorption spectrum at pH 6.2 had a maximum
at 262 mu (e 8,320) in essential agreement with reported
values.!n18 A filter paper chromatogram and autoradio-
gram (made as described for guanine) showed only one spot;
the R; value was 0.54, the same as that of an authentic
sample of uracil.

Thiothymine-2-C!4 and Thymine-2-C!¢.—These were pre-
pared from thiourea-C!4 and ethyl a-methyl-8,8-diethoxy-
propionate® by the same general procedures used for thioura-
cil and uracil; yields: crude thiothymine, 40-509; thy-
mine, 43-559, from crude thiothymine,

For analysis, products of inactive runs of thiothymine and
thymine were recrystallized from water and dried over phos-
phorus pentoxide 1% vacuo.

Anal. Caled. for CG;H;N0S: S, 22.6. Found: S, 22.1,
22.5. Caled. for C:HN:O:: N, 22,2, Found: N, 22.1,
22.2.

The ultraviolet absorption spectrum of thiothymine at pH
6.5 had a maximum at 277 mu (e 15,200); that of thymine at
pH 6.5 a maxima at 264 mu (e 7,640), in essential agreement
with reported values.1®1®# A chromatogram and autoradio-
gram (made as described for guanine) of the active thymine
sample showed only one spot with a R value of 0.74, the
same as that of an authentic thymine sample run concur-
rently.

Caled. for C;H N,OS: S, 25.0. Found: S, 24.6,

(16) G. B. Elion, W. 8. Ide and G. H. Hitchings, ibid., 68, 2137
(1948).

(17) F. F. Heyroth and J. R. Loofbourow, bid., 56, 1728 (1934).

(18) M. M. Stimson, #bid., T1, 1470 (1949).
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Synthesis of S®-Labeled Sulfanilic Acid!?

By J. S. INGrRAHAM3

Sulfanilic acid labeled with S has been prepared
by Pressman, et al.,* by heating in vacuum a mix-
ture of H,S%%0, with a large excess of aniline, but
the yields were low and variable (20 to 409%) and
the product contained 119, ortho and 49, meta
isomers. Consistently high yields of pure sul-
fanilic acid have been obtained by allowing pure
aniline acid sulfate to exchange with carrier-free

(1) Aided by a grant from the Dr. Wallace C. and Clara A. Abbott
Memorijal fund of the University of Chicago and by a research grant
from the Eli Lilly Company, Indianapolis, Indiana,

(2) Taken in part from a dissertation submitted to the Division of
"Biological Sciences of the University of Chicago, August, 1950.

(3) Public Health Service Research Fellow of the National Heart In-
stitute, March through August, 1950,

(4) D. Pressman, H. N. Eisen, M, Siegel, P. J. Fitzgerald and A.
Sitverstein, J, Immunol., 68, 559 (1950).



