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the separation and detection of a number of re-
lated compounds. This method’® was found to give
better resolution of these compounds than conven-
tional paper chromatography. The spots are very
well-defined and there is no ‘‘trailing.” The tech-
nique is especially advantageous in biochemical
work since the presence of extraneous material ap-
pears to have little or no effect on the resolution of
the compounds. Color reactions based on the
presence of functional groups were employed for
the localization of the fluorene and biphenyl deriva-
tives. General color tests which involve the meth-
vlene carbon of the fluorene ring system?-* were
not sufficiently sensitive for the detection of micro-
gram quantities.

Procedure and Results

In the present work a Precision lonograph (Precision Sci-
entific Co.) was used. The following procedure was em-
ployed. The solutions containing the compounds are ap-
plied to circular areas (diameter 1.0 cm.) located at the
geometric centers of paper strips (Whatman No. 1) which are
47 cm. long and 3.7 cm. wide. The solvent is then evapo-
rated with the aid of an infrared lamp or a hot air blower.
Since the compounds are concentrated in a smaller area
than in the usual technique in which the solutions are spread
across the entire width of the paperls the sensitivity is in-
creased. In addition, retention of the compounds, which
to a slight extent always occurs at the point of application,
is minimized by this modification. Twenty per cent. acetic
acid (v./v.) was found to be the most satisfactory electro-
lyte for these compounds. It is allowed to travel along the
paper by capillary action until the electrolyte fronts meet
at the areas of application (about 2 hours), at which time
the current is turned on. A potential gradient of 13.1
volts/cm. length was used by applying 6850 volts across the
paper. Runs of 4 to 6 hours are usually sufficient for ade-
quate separation of the compounds. The temperature is
maintained at 23 == 0.5° by circulating water from a con-
stant temperature bath. The papers are dried in air prior
to spraying with the color reagents.

Table I shows the mobilities (cm./sec. per volt/cm.) of
pure compounds, Under the experimental conditions these
compounds migrate toward the cathode. The distance
traveled is measured from the center. of the area of applica-
tion to the leading edge of the developed spot. Colors are
obtained by sprayving the papers with a solution of 100 mg.
of p-dimethylaminobenzaldehyde in 50 ml. of ethanol
acidified with 1.0 ml. of concentrated hydrochloric acid.t
Alternatively, phenolamines and diamines may be located
by exposing the paper to chlorine vapors. These com-
pounds give dark brown or dark green spots. The diamino
compounds appear on the developed papers as narrow,
symmetrical bands. The bands are curved with the con-
vexity directed toward the cathode. The other compounds
appear as round or elliptical spots after color development.

Neither 2-acetylaminofluorene nor 2-hydroxy-7-acetyl-
aminofluorene give colors with these reagents. The phe-
nolic derivative (2-hydroxy-7-acetylaminofluorene) is de-
tected by using 100 ml. of a saturated solution of sulfanilic
acid in 509 ethanol to which 1.0 ml. of concentrated hvdro-
chloric acid is added. The solution is diazotized with 30
ml, of a 0.7% solution of sodium nitrite and the diazotized
mixture is applied to the paper. The paper is dried and the
color is developed by spraying with a 19 solution of sodium
hydroxide.® All color reagents should be freshly prepared.
The mobility of 2-acetylaminofluorene for which a color test
is not yet available was determined with the aid of radio-

(1a) For a general review of paper electrophoresis and its applica-
tions, see H. J. McDonald, J. Chem. Educ., 29, 428 (1952).

(2) M. V. Ionescu, Bul. soc. Stiinte Cluj, 2, 280 (1925); C. A., 19,
2285 (1925).

(3) G. B. Bachman and S. Polansky, J. Org. Chem., 18, 1690
(1951).

(4) E. Sawicki, Anal. Chem., 24, 1204 (1952).

(5) J. Tabone, D. Robert and J. Troestler, Bull. soc. chim. biol., 30,
547 (1548).

(6) B. N. Ames and H, K. Mitchell, Tais JourNar, 74, 252 (1952).
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TaABLE [

MoBILITIES OF FLUORENE AND BIPHENYL DERIVATIVES IN
209, AceTICc AcIp AT 23°

Mobil- Lower

ity limit

. 108, of de-
cm./sec./ tection,

Compound volt/cm, Color HLE.
2,7-Diaminofluorene 6.02 Bright red® 1-2
2-Aminofluorene 4.58  Bright yellow? 0.5-1
2-Monomethylaminofluorese 4.34 Pale yellow® 5-6
2-Amino-7-hydroxyfluorene 4.05 Orange yellow® 0.5-1
2-Amino-7-chlorofluorene 4.00 Bright yellow® 1-2
2-Amino-7-acetylaminofiuorene 3.61 Yellow orange® 1-2
2-Acetylaminofluorene 0.00 .......... 4

2-Hydroxy-7-acetylaminofiuorene 0.00  Purple® 2-3
Benzidine (4,4’-diaminobiphenyl) 5.86  Orange? 1-2
4-Amino-4’-pydroxybiphenyl 4.36  Bright yellow® 1-2

¢ Obtained with p-dimethylaminobenzaldehyde as dec-
scribed in the text. ? See text for method of detection.
¢ Obtained with diazotized sulfanilic acid as described in
the text.

active 2-acetylaminofluorene labeled in the 9-position with
carbon 14. The radioactivity was located on the paper
with a windowless scanner.” Both 2-acetylaminofluorene
and 2-hydroxy-7-acetylaminofluorene are isoelectric under
the experimental conditions and do not move. They may
be further characterized on the same paper by chromatog-
raphy as follows. After completion of the electrophoretic
run the paper is cut at a distance 2.5 cm. from the area of
application toward the cathode. The segment containing
the spot of application is then chromatographed by the as-
cending technique and the compounds are detected as de-
scribed above. R values for 2-acetylaminofluorene and 2-
hvdroxy-7-acetylaminofluorene in butanol saturated with 3
M ammonium hydroxide are 0.90 and 0.88. R; values for
the same compounds developed with the aqueous layer,
obtained by shaking 8 parts of butanol and 1.5 parts of
ethanol with 12 parts of water, are 0.22 and 0.21, respec-
tively.

When the method is applied to tissue extracts it is the
practice to add the compounds under study to aliquots of
control extracts and to run the ‘‘marked’’ samples and the
unknown simultaneously. The results of these experiments
will be reported elsewhere.

(7) H. L. Demorest and R. Baskin, to be published.
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Structures of the 4a-Methyl-1,2,3,4,42,9,10,10a-
octahydro-8-phenanthrols

By W. B, RENFROW AND ANTOINETTE RENFROW
RECEIVED JANUARY 4, 1954

The configurations of the alicyclic rings in both
of the racemic 4a-methyl-8-methoxy-1,2,3,4,4a,-
9,10,10a-octahydro-2-phenanthrones (I) and in
three of the four possible racemic 2-methoxy-4a-
methyl- 1,2,3,4,4a,9,10,10a - octahydro - 8 - phenan-
throls (I1I) have been established.! Furthermore,
the orientation of the alicyclic rings has been
found! to determine the configuration of products
obtained by catalytic hydrogenation of III. Only
the isomer with the alicyclic rings trans (I1IIa) pro-
duces a hydrogenation product with the ‘“‘natural”
configuration at the 4b-position.

In order to simplify studies of methods for syn-
thesizing compounds related to the steroids, we

(1) W. B. Renfrow and J. W. Cornforth, TB1s JoURNAL, 76, 1347
(1953).
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have characterized the 4a-methyl-1,2,3,4,42,9,10,-
10a-octahydro-8-phenanthrols (II). We have pre-
pared these compounds by Huang-Minlon reduc-
tion? and demethylation of the methoxy ketones Ia
(trans) and Ib (cis), and also by cleavage of the
ether groups in the methoxyphenanthrols IIla
(trans), I1Ib (cis) and IIlc (efs) with excess hydro-
bromic acid followed by dehalogenation® with Ra-
ney nickel alloy. The former method is more sat-
isfactory because treatment of III with excess,
concentrated hydrobromic acid leads to consider-
able resinification. The isomer IIa was obtained
from both Ia and IIla and must have the frans
arrangement of the alicyclic rings. The isomer IIb
was obtained from Ib, IIIb and IIIc and must have
the ¢zs configuration.

The phenylurethans were found to be good deriv-
atives for further characterizing IIa and IIb, and
also good derivatives for I1Ia, ITIb and IIIc.

Experimental

Method A.—The methoxy ketone (Ia or Ib, 340 mg.),
potassium hydroxide (270 mg.), 95% hydrazine (0.2 ml.)
and diethylene glycol (2 ml.) were heated and stirred until
homnogeneous. A short air condenser was attached and the
solution heated under nitrogen at 175~185° for 90 min., then
at 195° for 2 hours. An additional 250 mg. of potassium
hydroxide was added and the temperature maintained at
225° for 5 hours. The reaction mixture was diluted with
water and acidified. The resulting brown solid was col-
lected on a filter and purified by distillation at about 1 mm,
followed by crystallization from ligroin; vield 70-75%.

dl-4a-Methyl-1,2,3,4,4a,9,10,10ax-octahydro-8-phenan-
throl (IIa), clear, irregular plates, m.p. 114°. Aual.
Caled. for CisHgO: C, 83.29; H, 9.32. Found: C, 83.23;
H, 9.32.

The phenylurethan was prepared by heating the phenan-
throl (60 mg.) with dry pyridiue (2 drops) and phenyl iso-
cvanate (4 drops) at 90° for 1 hour. Pyvridine and excess
phenyl isocyanate were removed by distillation at reduced
pressure and the residue crystallized from ligroin; small,
well-formed needles, m.p. 126-127°. Amal. Caled. for
CoH0.N: C, 78.77; H, 7.51. Found: C, 78.51; H, 7.41.

di-4a-Methyl-1,2,3,4,4a,9,10,10a8-octahydro-8-phenan-
throl (IIb), irregular fragments, m.p. 99-100°. Anal.
Caled. for CisHO: C, 83.29; H, 9.32. Found: C, 83.12;
H, 9.21.

The phenylurethan, clear, irregular fragments, m.p. 147—
148°. Anal. Caled. for szHzaOzN: C, 7877, H, 7.51.
Found: C, 78.47; H, 7.51.

Method B.—The methoxyphenanthrol (IIIa, IIIb or
IIIc, 500 mg.) and 489 hydrobromic acid (3 ml.) were
warmed to about 100° and acetic anhydride (50 drops)
added cautiously. Sufficient acetic acid was added to pro-
duce a homogeneous solution and the mixture heated at
110° for 2 hours. Excess hydrobromic and acetic acids

(2) Huang-Minlon, THIs JOURNAL, 68, 2488 (1946).
(3) E. Schwenk, D. Papa, B. Whitman and H. Ginsberg, J. Org.
Chem., 9, 1 (1944),
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was distilled at reduced pressure, the residue washed with
water and taken up in 109, sodium hydroxide. The alka-
line solution was heated in a boiling water-bath and treated
with Raney nickel alloy (1.5 g.). The nickel was filtered
off, washed with alcoholic alkali and the filtrate acidified.
The precipitated phenanthrol was extracted with ether,
washed, distilled at about 1 mm. and crystallized from
ligroin; yield 10-209,. The product obtained from IIla
was identical with the material obtained by method A from
Ia, and the product from both IIIb and IIlc was identical
with that from Ib.

The melting range of an intimate mixture of ITa and IIb
was 87-96°.

The phenylurethan of dl-2a-methoxy-4a-methyl-1,2,3,4,-
4a,9,10,10aa-octahvdro-8-phenanthrol (IIIa), fine needles,
m.p. 160-161°. Anal. Caled. for CyuHguO3N: C, 75.60;
H, 7.45. Found: C, 75.51; H, 7.55.

The phenylurethan of d/-28-methoxy-4a-methyl-1,2,3,4,-

4a,9,10,10aB8-octahydro-8-phenanthrol (IIIb), very finc
needles from benzene-ligroin, m.p. 190-192°. Anal.
Caled. for CgiHyO3;N: C, 75.60; H, 7.45. Found: C,

75.63; H, 7.72.

The phenylurethan of dl-2«-methoxy-4a-methyl-1,2,3,4,-
4a,9,10,10aB-octahydro-8-phenanthrol (IIIb), fine needles,
m.p. 179-180°. Anal. Caled. for CyupHyuO;N: C, 75.60;
H, 7.45. Found: C, 75.40; H, 7.38.
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7-Alkyl Derivatives of 2-Aminofluorene!

By EUGENE SAWICKI
RECEIVED DECEMBER 16, 1953

4-Methylaminoazobenzene? and 2-aminofluo-
rened are carcinogens. A methyl group in the ex-
tended para position of 4-methylaminoazobenzene
causes a marked decrease in carcinogenic activity+
while an ethyl group in the analogous position
causes a slight increase in activity® as compared to
4-methylaminoazobenzene.

Assuming that approximately the same forces
are operative as in the azo dyes one could expect 7-
methyl-2-aminofluorene to be, at the most, weakly
carcinogenic, while the 7-ethyl analog could be
strongly carcinogenic. On the other hand, any
differences in activity among the analogous deriva-
tives of the diverse groups of carcinogens would
signify an important difference in chemical or physi-
cal reactivity at that level.

The nitration of 2-methyl- and 2-ethylfluorene
gave a mononitro-7-methylfluorene and a mononi-
tro-7-ethylfluorene whose almost identical ultravio-
let spectra are very similar to that of 2-nitrofluo-
rene, Table I. Comparison of the absorption spec-
tra of the derived acetylamino-7-methylfluorene
and acetylamino-7-ethylfluorene with 1-, 2- and 4-
acetylaminofluorene®” in Table I shows a definite

(1) The investigation was supported by research grant C-1308 from
the National Cancer Institutes of the National Institutes of Health,
U. S. Public Health Service.

(2) J. A. Miller and C. A, Baumann, Cancer Research, b, 227 (1945).

(3) F. Bielschowsky, Brit. J. Expt. Pathol., 28, 1 (1944); H. Morris,
C. Dubnik, T. Dunn and J. Johnson, Cancer Research, T, 730 (1047);
A. Lacassagne, N. Buu-Hoi, R. Royer, G. Rudali and F, Zajdela,
Compt. rend. soc. biol., 142, 481 (1948).

(4) K. Sugiura, Cancer Research, 8, 141 (1948).
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