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Sir:

We wish to describe a facile preparation of 6-(bromo-
methyl)-2,4-diaminopteridine hydrobromide (4) and its
conversion to the anticancer agent aminopterin (6, n = 0)
and homologs (6, n = 1, 2) in good yields and high purity.
This simple approach to 6-types represents a marked
improvement over methods used previously that give low
yields of products requiring purification by laborious
and tedious techniques (2).

The preparation of 4 has not heretofore been reported.
There have been several reports on the preparation of
folic acid from 2-amino-6-(halogenomethyl)-4-pteridinol
(3), but the approach apparently preferred in more recent
syntheses of folic acid and its analogs is that via 2-
acetamido-4-hydroxy-6-pteridinecarboxaldehyde (4). 7-
Methylaminopterin and 7-methylamethopterin were re-
cently prepared (5) from the corresponding 6-(bromo-
methyl)-substituted pteridine by methods similar to those
reported earlier for the preparation of 7-methylfolic acid
and 7,10-dimethylfolic acid (6). In those reports the
6-(bromomethyl)-7-methyl-substituted pteridines were de-
rived from 6,7-bis(bromomethyl)- precursors, which were
prepared by condensation of the appropriate pyrimidines
and dibromodiacetyl.
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Essential features of the preparation of 4 are as follows.
The material obtained directly from the condensation of
2,4.5,6-tetraaminopyrimidine (1) and 1,3-dihydroxyace-
tone according to a reported procedure (7) consisted
mainly of 2,4-diamino-6-pteridinemethanol (2) and 24-
diamino-6-methylpteridine (3) with 2 in dominance over
3 by a ratio of approximately 5:1. The relative amounts
were estimated from pmr spectral data in deuteriotri-
fluoroacetic acid; compound 2 gave signals at & 5.3
(6-CH,0-) and & 9.1 (7-H), and 3 at § 2.8 (6-CH;) and
5 8.8 (7-H). Treatment of a suspension of the crude
mixture of 2 and 3 in boiling ethanol with an equimolar
amount of 48% hydrobromic acid gave their hydrobro-
mides, and the greater solubility of 3-HBr in ethanol
allowed its nearly complete removal from the desired
2-HBr. The pmr spectrum of the product (typically
obtained in 39% yield) showed only 2-HBr and 3-HBr
with 2:HBr in dominance by 16-20:1, depending on the
extent of extraction with boiling ethanol. Treatment of
the 2-HBr thus prepared with triphenylphosphine dibro-
mide (8) (four molar equivalents, preformed in situ from
triphenylphosphine and bromine) in DMAC at 20-25°
for 1.5-2 hours led to 4, but pmr spectral data showed
the relative proportion of 4 (6 4.7, 6-CH, Br, in deuterio-
trifluoroacetic acid) to 3-HBr in each of three runs to be
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only slightly improved over that of 2-HBr to 3-HBr in the
starting material. The work-up procedure was as follows.
The reaction mixture was treated with ethanol, left in a
refrigerator overnight, and evaporated in vacuo (bath up
to 45°). The residue, a dark oil, gave a solid when stirred
with warm benzene. The liquid phase was then removed
by decantation, and the benzene-insoluble solid was dis-
solved in glacial acetic acid at 80°. The cooled solution
deposited an off-white crystalline solid, which was ulti-
mately freed of acetic acid by drying in vacuo (phosphorus
pentoxide) at 110° to give yellow, crystalline product in
60-65% yield (three runs). A sample of 4 (C,;H,BrNg-
HBr) that gave a satisfactory elemental analysis (C, H, Br,
and N) (9), although it still contained detectable 3-HBr
and was estimated to be of 95% purity, gave the following
uv spectral data: A max, nm (€ x 107?), 0.1 N hydro-
chloric acid, 249 (17.1), 339 (10.6), 353 (sh) (9.4); 0.L N
sodium hydroxide, 258 (22.1), 372 (7.2). The 4 obtained
in this manner proved to be suitable for the preparation of
6-types.

Treatment of N-(p-aminobenzoyl)glutamic acid (5, n =
0) and its homologs (5, n = 1, 2) (three molar equivalents)
with 4 in DMAC (20 hours at 20-250) gave 6(n=0,1, 2)
in respective yields of 68, 73, and 39%. Addition of
water to the reaction mixtures caused precipitation of the
products. Two of the 6-types (n = 0, 1) required no
purification other than thorough washing with water, and
6 (n = 2) was obtained pure following reprecipitation
from Norit-treated 0.1 N sodium hydroxide solution by
addition of an equivalent amount of hydrochloric acid.
Each of these products gave satisfactory elemental analyses
(C, H, N) (9) and migrated as single uv-absorbing spots on
thin-layer chromatograms. The spots from 6 (n = 1, 2)
had a thin, faintly fluorescent cap, and that from 6 (n = 0)
showed no fluorescence (10). Their pmr spectra were as
expected with no indication of the continued presence of
3. The uv spectrum of 6 (n = 0) agrees with that pre-
viously reported (2a, e).

Acknowledgment.

N<(p-Aminophenylacetyl)glutamic acid (5, n = 1) was
prepared by Mr. Jerry L. Frye by reduction of N-(p-nitro-
phenylacetyl)glutamic acid. N-(p-Aminohydrocinnamoyl)-

Vol. 11

glutamic acid (5, n = 2) was prepared by Mr. Jerry D. Rose
by the following sequence: p-nitrocinnamic acid —> acyl
chloride - N-acylated diethyl glutamate - N-acylated
glutamic acid > 5 (n = 2). Reduction steps in both
sequences were by catalytic hydrogenation (5% Pd on
charcoal) in water.

REFERENCES

(1) This investigation was supported by funds from the
Division of Cancer Treatment, National Cancer Institute, National
Institutes of Health, Department of Health, Education, and Wel-
fare, Contract Nos. NIH-NCI-C-73-3712 and NO1-CM-33712.

(2a) Cf. D. R. Seeger, D. B. Cosulich, J. M. Smith, Jr., and
M. E. Hultquist, J. Am. Chem. Soc., 71,1753 (1949); (b) D.B.
Cosulich, D. R. Seeger, M. J. Fahrenbach, K. H. Collings, B. Roth,
M. E. Hultquist, and J. M. Smith, Jr., ibid., 75, 4675 (1953); (c)
M. R. Heinrich, V. C. Dewey, and G. W. Kidder, ibid., 75, 5425
(1953); (d) E.P.Noble, Biochem. Prep., 8,20 (1961); (e) T. L.
Loo,J. Med. Chem., 8,139 (1965).

(3a) British Patent 624,394; Chem. Abstr., 44, 2574 (1950);
(b) D. I. Weisblat and B. J. Magerlein, U. S. Patent 2,562,223,
ibid., 46, 1596 (1952); (c) J. H. Boothe, U. S. Patent 2,584,538,
ibid., 46, 9623 (1952); (d) G. Carrara and V. D’Amato, U. S.
Patent 2,710,866, ibid., 50, 5779 (1956); (e) Z. V. Pushkareva
and L. V. Alekseeva, Zh, Obshch. Khim., 32,1058 (1962).

(4a) M. Sletzinger, D. Reinhold, J. Grier, M. Beachem, and M.
Tishler, J. Am. Chem. Soc., 77, 6365 (1955); (b) E.C. Roberts
and Y. F. Shealy, J. Med. Chem., 16, 697 (1973), and personal
communication.

(5) D. Farquhar, T. L. Loo, and S. Vadlamudi, J. Med. Chem.,
15,567 (1972).

(6) ]. H. Boothe, J. H. Mowat, C. W. Waller, R. B. Angier, J.
Semb, and A. L. Gazzola, J. Am. Chem. Soc., 74, 5407 (1952).

(7) C. M. Baugh and E. Shaw, J. Org. Chem., 29, 3610 (1964).

(8) Cf. G. A. Wiley, R. L. Hershkowitz, B. M. Rein, and B. C.
Chung, J. Am. Chem. Soc., 86,964 (1964).

(9) Satisfactory elemental analyses (£ 0.4%) were obtained on
designated compounds for the elements given in parentheses.
Results for 6 (n = 0) correspond to C19H¢Ng05:1.75H,0,
those for 6 (n = 1) to C39H422Ng05-H,0, and for 6 (n = 2) to
C2 1 H24N305 2H20

(10) Thinayer chromatograms were run on Bakerflex DEAE-
cellulose sheets using 0.5 M sodium chloride, 0.2 M in mercapto-
ethanol, in 0.005 M potassium phosphate buffer at pH 7.0. The
chromatograms exhibited characteristics like those of related com-
pounds as described by R. B. Angier and W. V. Curran [J. Am.
Chem. Soc., 81,2814 (1959)].



