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by previously published procedures.!:* Physical constants
and analytical data of new compounds are reported in Table
I. The infrared spectra were determined in Nujol mulls
using a Perkin-Elmer, model 21, spectrophotometer witl
sodium chloride optics.
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The Preparation of 3-Amino-2-acetylaminofluorene
and 2-Amino-7-benzoylaminofluorene!

By HELMuT R. GUTMANN AND STUART W, FENTON
RECEIVED MARCH 7, 1055

For studies of the metabolism of the carcinogen
2-aminofluorene and related derivatives in progress
in this Laboratory 3-amino-2-acetylaminofluorene
and 2-amino-7-benzoylaminofluorene were desired.
While there is no record for the synthesis of 2-am-
ino-7-benzoylaminofluorene in the literature, the
synthesis of 3-amino-2-acetylaminofluorene has
been reported by Hayashi and Nakayama? by
reduction of 3-nitro-2-acetylaminofluorene with
stannous chloride to yield a product which melted
at 194.5-195.5°. No data ou the composition of
their product were given. Attempts to prepare 3-
amino-2-acetylaniinofluorene by chemical reduc-
tion, either by the method of Hayashi aud Naka-
vama’ or with iron powder and glacial acetic acid,
resulted in products which melted indefinitely
starting at 130~140° and which could not be purified
satisfactorily. Pure 3-amino-2-acetylaminofluo-
rene, m.p. 225-227°,% was obtained by catalytic hy-
drogenation of 3-nitro-2-acetylaminofluorene.? The
identity of the compound was established by ele-
mental analysis and infrared spectrum. Treat-
ment of the amine in cold, dilute sulfuric acid with
sodium nitrite gave 1-N-acetyl-9H-fluorenol3,2]-
triazole. Formation of a triazole under similar
conditions has been reported in the benzene series
with ¢-aminoacetanilide.?

2-Amino-7-benzoylaminofluorene was obtained
by reduction, with zinc dust and ethanol, of 2
nitro-7-benzoylaminofluorene.  The latter com-
pound was prepared by treating 2-amino-7-nitro-
fluorene®® with benzoyl chloride. Diazotization of
the amine followed by hydrolysis in dilute sulfuric
acid gave only small amounts of 2-hydroxy-7-ben-
zoylaminofluorene. This derivative was prepared
in good yield and purity by benzoylation of the hy-
drochloride of 2-hydroxy-7-aminofluorene.”

Experimental
3-Amino-2-acetylaminofluorene.—2.70 g. of 3-uitro-2-
acetylaminofluorene (0.01 mole), m.p. 201-202°,2 N 10.4%,,
(theory 10.4%), and 400 ing. of platinum oxide were sts-

(1) Supported by a grant from the American Cancer Society on
recommendation of the Committee on Growth, National Research
Councit.

(2) M. Hayashi and A. Nakayama, J. Soc. Chem. Ind. Japan
{Suppl.], 86, 127B (1933).

(3) All melting points are uncorrected.

{4) F. Bell and J. Kenyon, J. Chem. Soc., 954 (1928).

(5) 0. Diels, Ber., 85, 3285 (1802).

(6) F. E. Cislak and C. S. Hamilton, TH1s JoURNAL, B3, 746-740
(1931).

{7) Prepared according to a persgnal communication from Dr.
johu H. Weisburger, Nutionul Caucer [ustitute, National lustitutes ol
Health
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peuded in 70 wl. of glacial acetic acid and hydrogenated® at
27° and 2.7 atmospheres. Hydrogen uptake was complete
after 10 minutes, the observed pressure drop (2.6 1b./in.%)
being close to the expected pressure drop (2.81b./in.?). The
reaction mixture was filtered and tle catalyst waslied with
glacial acetic acid. The filtrate was cooled in an ice-bath
and rendered alkaline. The gray precipitate was collected,
washed free of alkali with distilled water and dried in air.
There was obtained 1.2 g. of material, m.p, 204-205°. Re-
crystallization of the product from 95% ethanol (75 ml./
g.) gave 0.73 g. of 3-amino-2-acetylaminofluorene, m.p.
225-227° dec. Recrystallization of the product from beu-
zene yielded long, colorless needles, m.p. 225-227° dec.
The compound was soluble iu dilute sulfuric and hvdrochloric
acid and in glacial acetic acid, but only very slightly soluble
in diethyl ether. Hayashi and Nakayama? state that their
product was readily soluble in diethyl! ether.

Anal. Caled. for CiHN.0: C, 75.6;
11.8. Found: C, 75.6; H, 6.17; XN, 11.8.

The infrared spectrum was determined using a Perkiu -
Elmer model 21 spectrometer fitted with a sodium chloride
prism. The sample was prepared as a potassium bromide
pellet. The following prominent absorption maxima were
observed in the region 4000-1300 cm.: 3400, 3320, 3260,
3020, 2920, 2840, 1650, 1620, 1585, 1530, 1490, 1470,
1455, 1435, 1405, 1370, 1310 cm. .

1-N-Acetyl-9H-fluoreno(3,2]triazole.—0.78 g. of 3-
amino-2-acetylaminofluorene (0.0033 niole) was dissolved
in 80 ml. of 1.6 M sulfuric acid with slight warming on the
steam-bath. The solution was filtered and the filter rinsed
with 40 ml. of 1.6 3 sulfuric acid. The solution was cooled
to 10-15° in an ice-bath and 0.24 g. of sodium uitrite (0.0034
mole) in 10 ml. of distilled water was added dropwise to the
rapidly stirred solution over a period of 0.5 hour. After
addition of a few drops of the sodium nitrite solution the re-
action mixture turned a purplish-red color and a white
material precipitated. After additiou of the sodiuin ni-
trite solution liad beeu completed the suspension was stirred
an additional 15 minutes. Excess nitrous acid was de-
stroyed by addition of solid urea and the suspension stirred
at room temperature 30 minutes longer. The precipitatc
was collected aud waslied free of acid with distilled water.
After drving at reduced pressure over calcium chloride it
weiglied 0.47 g., m.p. 210-214°, The compound was re-
crystallized from cthanol to give long needles, m.p. 217-218°.
Recrystallization from benzyl alcohol gave a product melt-
g at 219-220°. Furtlier recrystallization from glaciul
acetic acid did not change the melting point. The com-
pound was reuadily soluble in ether or benzene.

dnal. Culed. for CH, N;0: C, 72.8; H, 4.45; N,
16.9. Fouud: C, 72.0; H, 4.95; N, 16.7 (Dumas).

Nitrogen determinations by the micro Kjeldahl procedure?
using digestion times of 2 or & hours gave a value of 5.767
(4 determinations).

2-Nitro-7-benzoylaminofluorene.—4.3 g. of 2-amino-7-
nitrofluorene’ (0.013 mole), m.p. 2290-232°, was dissolved in
40 nil. of hot pyridine, diluted with 250 ml. of hot benzeiic
and treated dropwise with 2.2 ml. (0.019 mole) of benzoyl
chloride in 20 ml. of benzene. The solution, heated and
stirred vigorously during the addition, turned deep-orange
aud a yellow precipitate began to form. After the addition,
heating and stirring were continued for 4 hours. The mix-
ture was allowed to stand overnight at 4°, and the precipi-
tate was collected, washed with 10 ml. of cold benzene, then
twice with cold 9597 ethanol. There was obtained 5.7 g.of a
vellow, fluffy material, nmi.p. 283-285° dec., 909, yield.
Recrystallization of 0.2 g. of the compound from glacial
acetic acid gave a product melting from 282-286° dec.

Anal. Caled. for ConHNzOsZ C, 7.’;7, 11, 4.27,‘ N.
8.49. Found: C, 72.7; H, 4.29; N, 8.50.

2-Amino-7-benzoylaminofluorene.—4.0 g. (0.012 mniole)
of 2-nitro-7-benzoylaminofluorene, m.p. 282-286°, wax
ground in a mortar with 15 g. of zinc dust, and then heated
under reflux with stirring with 220 ml. of 959, ethanol,
1.0 g. of calcium chloride in 10 ml. of distilled water and a
trace of CuSO,5H:0. After 2 hours 5.0 g. of zinc dust and
50 ml. of 959, ethanol were added and heating and stirring

H, 53.92; X\,

/8) R. Adams and V. Voorhees, “Orgaunic Syntheses,” Coll. Vol. I,
jolin Wiley and Sons, luc., New York, N. Y., 1943, p. 61

YL Miller and | A Houghtou, J. Bl Chew |, 169, 373 (1945
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continued for 7 hours. The boiling reaction mixture was

o =t o =)
filtered through a heated funnel into 1.5 liters of distilled E: N - % - T
water. The zinc sludge was extracted twice with 50 ml. of g‘; = - = — -
boiling 95% ethanol and the extract adﬁieéi to ;he ﬁltrate(i 'v‘.si'é
The white precipitate was collected, washed with water an 38 . A2 a
dried in air. There was obtained 3.1 g. m.p. 232-233° dec., .j:"u‘z "‘ff ; e i f i i
869, vield. Recrystallization of 0.64 g. of the compound EN C Y NEEEVAVA-RVAVA
with 100 ml. ethanol (Norit A added) gave 0.37 g. of mate- é-“—;
rial melting at 232-234° dec. S . - o e
Anal. Caled. for CyuH;NoO: C, 80.0; H, 5.37; X, 2 ¢ 3% . EB&AES
9.83. Found: C, 80.1; H, 5.50; N, 9.10. ZZas & - — D - — —
2-Hydroxy-7-benzoylaminofluorene from 2-Amino-7-ben- 5325
zoylaminofluorene.—1.04 g. of 3-amino-7-benzoylamino- T - S S
fluorene (0.0035 mole), m.p. 230-232°, was dissolved in %M = ! Sz
150 ml. of boiling glacial acetic acid. Ten ml. of concen- B NV A 7
trated sulfuric acid and 40 ml. of distilled water was added
and the suspension cooled in an ice-bath at 10°. The
material was diazotized over a period of 0.25 hour by the CRNSSezgERES
dropwise addition of 0.25 g. (0.0036 mole) of sodium nitrite F g T ARNNANAF T
in 10 ml. of distilled water to the rapidly stirred suspension. g C4
The resulting dark-brown solution, which did not contain CESE e
any excess nitrous acid as judged by a negative starch- > Qg SR8 %E
iodide test, was added dropwise over a period of 1 hour to - SIINRIETISG
500 ml. of a vigorously boiling and stirred solution of 0.2 A
sulfuric acid. The resulting suspension was cooled to 15— T mro e o~
20° in an ice-bath. The precipitate was collected and E NG o= o8~
dried at reduced pressure over calcium chloride. The S - ==
light tan material weighed 0.92 g. and melted at 242-247° .
dec.; 0.41 g. of the product was suspended in 50 ml. of 5% T S~ = oo
potassium hvdroxide solution, Norit A was added and the 3: NIE oD i
suspension warmed on a water-bath to 75° for 5 minutes. -
The mixture was filtered, the filtrate cooled in an ice-bath = -
and acidified with concentrated hydrochloric acid. The =5E e wes wo
precipitate was collected and washed with water, and after a3s [T == 8§88
drving at reduced pressure over calcium chloride there was &S
obtained 0.10 g. of a gray material melting at 253-256° dec. S8 < - o =
Recrystallization of the compound from glacial acetic acid iR oo eden Lasad
gave 0.05 g. which melted at 254-256° dec. The compound °0 A& =425 'QaqQ
gave a positive spot test with diazotized sulfanilic acid in-
dicating the presence of a hydroxyl group. A negative spot e i e D R R
test was obtained with p-dimethylaminobenzaldehyde in- SE e 0w ey e~
dicating the absence of a diazotizable amino group.1 i RRRIILRIGRR
Anal. Caled. for CoH;sNO: C, 79.7; H, 5.02; N, 4.65. ©
Found: C, 79.4; H, 4.95; N, 4.62. %-c' R I R -
2-Hydroxy-7-benzoylaminofiuorene from 2-Hydroxy-7- ZE F o0 O NT T L
aminofiuorene.’—2.0 g. (0.0086 mole) of the hydrochloride S RSBIRSEERER
of 2-hydroxy-7-aminofluorene was dissolved with stirring
in 40.0 ml. of pyridine and 1.0 ml. of benzoyl chloride e I~
(0.0087 mole) was added to the solution. The reaction mix- B NS w0 o
ture was boiled for 5 minutes under reflux and then cooled Sy FlEenEEZTEg L
in an ice-bath; 100 ml. of distilled water was added which = & =
caused formation of a white precipitate. The ice-cold sus-
pension was acidified with concentrated hydrochloric acid MIBC O s % s
and allowed to stand overnight at 4°. The precipitate then Te, XXDBIEE BN 0AX
was collected and washed with 130 ml. of boiling distilled -é.c%
water followed by 150 ml. of cold distilled water. After RS
drying at reduced pressure over calcium chloride there was R RACR<AOR<OR
obtained 2.21 g. of a white, crystalline product, m.p. 254— . o e -
256° dec., 869 yield. A mixture melting point with the QLAQYQUUQOQYQQ
authentic sample of 2-hydroxy-7-benzoylaminofluorene gave Z ZZZLZZ Z :ZN 4
a melting point of 254-256° dec. f f f m*' EN :‘-* m*- f E‘.N f
( (10) J. H. Peters and H. R. Gutmann, THIs JoUurNaL, T6, 2267 (5 d 6 d 6 Cj 6 S CS. CS.
1954).
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It has been reported that when a stream of hy- J, G
. . " . ’ e T =
drogen chloride or hydrogen bromide is passed into Kmm oo SSo0



