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move the catalyst and the filtrate was poured into 50 ml. of a
10% HCI solution, with stirring. The precipitated hydro-
chloride of dicyclohexylamine was filtered onto a Biichner
funnel and washed several times with 25-ml. portions of dis-
tilled water. The material from the Biichner funnel was re-
moved and placed into 100 ml. of a 159, solution of NaOH,
with stirring, This mixture was cooled and extracted with
four 50-ml. portions of ethyl ether. After flash-distilling the
ethyl ether, the fraction boiling from 256-257° at atmos-
pheric pressure was collected. Infrared spectrograms of the
radioactive material compared to that of a freshly distilled
sample of dicyclohexylamine (b.p. 256-257°) at-atmospheric
pressure) established the identity of the synthesized material
and also that it was of a high degree of purity.

SYNTHESIS OF DICYCLOHEXYLAMMONIUM-1-1'-C14 NITRITE
(Reference 2)

The dicyclohexylamine-1-1’-C*4 (1.00 g.) was added to 8
ml. of distilled water containing 0.2 ml. of 85% phosphoric
acid, and 0.40 g. of sodium nitrite was added at 0°, with
stirring. The dicyclohexylammonium-1-1-C¢ nitrite pre-
cipitated and was filtered onto a Biichner funnel, washed
with a 2-ml. portion of eold water, and dried. The material
was placed into twice its weight of cold water, and the mix-
ture was stirred. The purified dicyeclohexylammonium-1-
1’-C14 nitrite then was filtered onto a Biichner funnel,
washed with a 2-ml. portion of cold water, and dried.

The synthesized material had an activity of 62 micro-
curies. Thus the radiochemical yield of dicyclohexylam-
monium-1-1’-C* nitrite was 31%,. The material had a melt-
ing point of 153.0-154.5° with decomposition. (Literature®
m.p. 154.5°.)
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(2) U. 8. Patent 2,544,245 assigned to Shell Development
Company (Preparation of dicyclohexylammonium nitrite).

(3) Dicyclohexylammonium Nitrite, A. Wachter, T. Skei,
and N. Stillman, Shell Development Company, presented at
the symposium on Industrial Use of Corrosion Inhibitors,
March 1951, Conference, New York National Association of
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2.N-Alkylaminopyrimidine
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It has been previously reported that 2-amino-
pyrimidine methiodide warmed with an ethanolic or

(1) Present address: Jackson Laboratory, Organic Chemi-
cals Department, E. 1. du Pont de Nemours & Co., Deep-
water, New Jersey.
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aqueous solution of sodium hydroxide yields 2-N-
methylaminopyrimidine.2?® Treatment of the meth-
iodide with a cold aqueous solution of sodium hy-
droxide has been reported to give 1-methyl-2-imino-
pyrimidine.? Prior to this recent disclosure, it was
desirable to determine the alkylation products when
2-aminopyrimidine was treated with ethyl or n-
butyl iodide. Our results indicate that the major
product in both cases is the 2-N-alkylaminopyrimi-
dine and that the 1-N-alkyl products, if formed, are
very unstable in dilute sodium hydroxide in the
cold. These eompounds were synthesized by (A) re-
action of 2-chloropyrimidine with ethyl or n-butyl-
amine for comparison purposes and (B) reaction of
2-aminopyrimidine with ethyl or n-buty! iodide fol-
lowed by neutralization with cold aqueous sodium
hydroxide.

EXPERIMENTAL*

2-Chloropyrimidine. The compound was prepared from 2-
aminopyrimidine® as described by Overberger, Kogon, and
Minin,® m.p. 64-65°.

Preparation of 2-N-ethylaminopyrimidine. Method A.
From 2-chloropyrimidine and ethylamine. A solution of 11.4 g.
(0.1 mole) of 2-chloropyrimidine, 9.5 g. (0.21 mole) of ethyl-
amine, and 50 ml. of absolute alcohol was refluxed for 4
hours. The solution was cooled in an ice-bath for one hour.
The ethylamine hydrochloride that precipitated was filtered
and washed with ether, 7.33 g. (95.5%), m.p. 107-108°. The
filtrate was evaporated on a steam-bath and the residue was
recrystallized from petroleum ether (b.p. 30-60°), yield
11.0 g. (89.6%), m.p. 50-51°.

Anal. Cale’d for GeHsN3: C, 58.5; H, 7.3; N, 34.1. Found:
C, 58.7; H, 7.6; N, 34.5.

The picrate was prepared by adding an excess of a satu-
rated solution of ethereal picric acid to an ethereal solution
of the free base. A yellow crystalline solid precipitated which
was recrystallized from ethyl aleohol, m.p. 160-161°.

Anal. Cale’d for C1oH12N¢O¢: N, 23.8. Found: N, 23.6.

Method B. From 2-aminopyrimidine and ethyl todide. A
mixture of 9.4 g. (0.1 mole) of 2-aminopyrimidine, 31.2 g.
(0.2 mole) of ethyl iodide, and 75 ml. of absolute alcohol
was refluxed for 24 hours. The resulting solution was con-
centrated to half the volume and was chilled in an ice-bath
for one hour. The iodide (I) that precipitated was filtered
and washed thoroughly with ether, 21.5 g. (86.0%). Com-
pound I was recrystallized from ethyl alcohol yielding 21.0
g. (84.09%,) of a white crystalline solid, m.p. 154-155°.

Anal. Calc’d for CeHyoIN;: C, 28.7; H, 4.0; N, 16.8. Found:
C, 28.4; H, 3.9; N, 16.8.

The free base was obtained by the addition of sufficient
cold (10°) aqueous sodium hydroxide solution to neutralize a
cold (10°) aqueous solution of compound I. The aqueous
solution was extracted with three 25-ml. portions of ether,
and the ether then was dried over sodium sulfate for 24 hours.
After the removal of the drying agent, the solvent was re-
moved on a steam-bath and the residue was reerystallized
from petroleum ether (b.p. 30-60°). The product, 8.5 g.

(2) Overberger and Kogon, J. 4m. Chem. Soc., 76, 1065
(1954).

(3) Brown, Hoerger, and Mason, J. Chem. Soc., 4035
(1955).

(4) All melting points are uncorrected.

(5) A sample of 2-aminopyrimidine was generously con-
tributed by the American Cyanamid Company.

{6) Overberger, Kogon, and Minin, Org. Syntheses, 35,
35 (1955).
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(85%), melted at 50~51°. A mixture melting point with a
sample of 2-N-ethylaminopyrimidine prepared by procedure
A gave no depression, m.p. 50-51°. The picrate prepared
from ethereal picric acid and recrystallized from ethyl alcohol
melted at 160-161°. A mixture melting point with the pic-
rate prepared from procedure A gave no depression, m.p.
159-160°.

Preparation of 2-N-ethylaminopyrimidine picrate from 1.
To 2.5 g. (0.01 mole) of I dissolved in 5 ml. of ethyl alcohol
was added an excess of ethereal picric acid. A yellow crystal-
line solid precipitated immediately. The picrate was filtered
and recrystallized from ethyl alcohol, 8.17 g. 90.0%), m.p.
160-161°. A mixture melting point with 2-N-ethylamino-
pyrimidine picrate, m.p. 160-161°, prepared from proce-
dure 4 gave no depression, m.p. 160-161°.

Preparation of 2-N-n-butylaminopyrimidine. This com-
pound was prepared by procedure 4 and B given for 2-N-
ethylaminopyrimidine.. The iodide (II) recrystallized from
ethyl alecohol was obtained in 55.0%, yield and melted at
144-146°.

Anal. Cale’d for CsHi IN;: C, 34.4; H, 5.0; N, 15.1.
Found: C, 34.1; H, 5.2; N, 15.0.

The free base was obtained from II in 879, yield, b.p.
75-80° (2 mm.), n% 1.5328, and by the reaction of 2-chloro-
pyrimidine with n-butylamine in 69.0% yield, b.p. 76-78°
(2 mm.), n?% 1.5330.

Anal. Cale’d for CsHysNs: C, 63.5; H, 8.6; N, 27.8. Found:
C, 63.4; H, 8.4; N, 27.5.

The picrate prepared from the free base and 11 respectively
was recrystallized from ethyl alecohol and melted at 126-127°,
(128-129°).7

Mapisox, WIscoNsSIN

(7) Behnisch and Mietzsch, German Patent 889,445,
September 10, 1953 (Chem. Absir., 48, 12813%). The picrate
was prepared from the condensation product of propargyl-
aldehyde with n-butylguanidine sulfate.

N-Substituted 1-, 2-, and 4-Aminofluorene
Derivatives!

EvGENE Sawicki? AND BaArBara CHASTAINS
Received March 29, 1956

The procedure for the preparation of 1-amino-
fluorene usually involves 6 steps starting with fluo-
ranthene.4® In attempting to prepare a large quan-
tity of 1-aminofluorene for cancer research studies it
was found that the reduction of 1-fluorenonecar-
boxylic acid to 1-fluorenecarboxylic acid was the
weak link in the synthesis. In our hands difficult-to-
purify mixtures and unsatisfactory yields resulted

(1) This investigation was supported by research grant
(C-1066 from the National Cancer Institute of the National
Institutes of Health, U.S. Public Health Service.

(2) New Address: Robert A. Taft Sanitary Engineering
Center, 4676 Columbia Parkway, Cincinnati 26, Ohio.

(3) Taken in part from a thesis to be presented by
Barbara Chastain in partial fulfillment of the requirements
for the M.S, Degree.

(4) Bergmann and Orchin, J. Am. Chem. Soc., 71, 1111
(1949).

(5) Weisburger and Weisburger, J. Org. Chem., 18, 861
(1953).
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when attempts were made to prepare large quanti-
ties of 1-fluorenecarboxylic acid by hydrazine,*
sodium amalgam,® or zinec amalgam reduction.’
Dissatisfaction with the reduction procedure has
also been expressed by Gutmann and Albrecht.®
Ring-reduced by-products were obtained in the
sodium amalgam reduction and 3-hydroxy-1,2-di-
azofluoranthene® was isolated from the hydrazine
reduction procedure.

A simplified 5-step preparation resulting in higher
vields of 1-aminofluorene has been developed. This
method depends on carrying out the reduction at a
later stage in the synthesis. As each step has been
repeated at least 8 times, the procedure is believed
to be reliable. Essentially the sequence consists of
fluoranthene — 1-(9-fluorenone)carbonyl azide —
1-acetylamino-9-fluorenone — 1l-aminofluorene.

The effect of N-acy! groups on the biological prop-
erties of biologically important amines is worthy
of more intensive study since 2-trifluoroacetylamino
fluorene has been reported to be much more carcino-
genic' to Buffalo rats than is the well-known 2-
acetylaminofluorene.!112 For this reason N-substi-
tuted fluoroacetyl, difluoroacetyl, trifluoroacetyl,
and perfluoropropionyl derivatives of the carcino-
genic 2-aminofluorene!l!® ag well as of the 1- and 4-
isomers were prepared. Included in Table I are
other acyl derivatives and Schiff bases. 4-Amino-
fluorene was prepared by a six step procedure start-
ing from phenanthrene, 4

EXPERIMENTALD

1-(9-Fluorenone)carbonyl azide. Reaction between 1-(9-
fluorenone)carbonyl chloride, m.p. 130-131°, dissolved in
acetone and sodium azide in water solution gave a 909, yield
of erude product, dec. 86°. Lit. m.p. 90-91°.16 Recrystalliza-
tion from heptane gave a 629 yield of yellow needles, m.p.
148-150°. The infrared spectrum in chloroform had a very
strong band at 4.88 u which is apparently due to the azido
group.

1-Acetylamino-9-fluorenone. A solution of 2.49 g. of dry 1-
(9-fluorenone)carbonyl azide, m.p. 142-146°, in 33 ml. of
acetic anhydride was refluxed for 4 hours and allowed to

(6) Fieser and Seligman, J. Am. Chem. Soc., 57, 2174
(1935).

(7) Forrest and Tucker, J. Chem. Soc., 1140 (1948).

(8) Gutmann and Albrecht, J. Am. Chem. Soc., 77, 175
(1955).

(9) Campbell and Stafford, J. Chem. Soc., 299 (1952).

(10) Morris, J. Natl. Cancer Inst., 15, 1535 (1955).

(11) Wilson, DeEds, and Cox, Cancer Research, 1, 595
(1941).

(12) Hartwell, Survey of Compounds Which Have Been
Tested for Carcinogenic Activity, Fed. Sec. Agency, Washing-
ton, 1951.

(13) Morris, Dubnik, and Johnson, J. Natl. Cancer Inst.,
10, 1201 (1950).

(1) Sawicki, Ray, and Glocklin, J. Org. Chem., 21, 243
(1956).

(15) Melting points are uncorrected. Analyses are by
Peninsular ChemResearch, Inc., Gainesville, Florida.

(16) Cook and Moffatt, J. Chem. Soc., 1160 (1950).



