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the same manner as was VI above, light-yellow prisms
from methanol, m. p. 283-284°, vyield 55%. Anal.
Caled. for C;;HppN,: C, 82.56; H, 4.59; N, 12.83.
Found: C, 82.21, 82.14; H, 5.98, 5.89; N, 12.57. In
this case the ring closure yielded pure (V) directly so that
no dehydrogenation was necessary. The isomeric 11H-
pyrido[8,4-ajcarbazole (IV)! melts at 280-282° but when
it was mixed with (V) there was a thirty-degree depression
of melting point.

10H-Pyrido{3,4-blcarbazole (I).—This was prepared
from N-formyl-3-8-aminoethylcarbazole (N-formyl-IX)
in the same manner as was VI above, light-yellow needles
from methanol or acetone, m. p. 270-271°, yield 12%.
Anal. Caled. for CiHyNe: C, 82.56; H, 4.59; N,
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12.83. Found: C, 83.00, 82.92; H, 4.50, 4.49; N, 12.57.
The pyridocarbazole (II)! obtained from 7-hydrazino-
isoquinoline melts at 249-250°.

Summary

Three new pyridocarbazoles, namely, 6H-
pyrido(4,3-b)-, 10H-pyrido(3,4-b)- and 7TH-pyrido-
[3,4,-c]carbazole have been synthesized by the
ring closure of the N-formyl derivatives of 2-, 3-
and 4-fB-aminoethylcarbazole, respectively.
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Sulfur Analogs of g-Carbolines

By WERNER HERZ

The presence of the B-carboline nucleus in a
number of alkaloids, particularly those of Peganum
harmala and yohimbé bark, has led to the develop-
ment of several methods for the synthesis of
B-carbolines.! The isosteric relationship between
-NH~- and sulfur groups demonstrated, for ex-
ample, in the amino acid series® suggested the
application of these methods to the synthesis of
compounds of possible physiological interest in
which the indole moiety of B-carboline (I) is
replaced by a thianaphthene nucleus (II)
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In this communication the preparatlon of two
such compounds, 1-methyl- (III) and 1-phenyl-
thianaphtheno(2,3-C)-pyridine (IV) is reported.
IIT is the sulfur analog of the alkaloid harman
and suitable variation of the starting materials
might be expected to yield analogs of other
indole alkaloids.

The accompanying diagram illustrates the
method of synthesis which represents an adapta-
tion of the scheme employed by Spéth and
Lederer? in the synthesis of harman and harma-
line. Lithium aluminum hydride reduction* of
3-cyanomethylthianaphthene® gave $8-3-thianaph-
thylethylamine in 30-359, yield. The acetyl
(V) and benzoyl (VI) derivatives of this base were
cyclized smoothly wiaz the Bischler—Napieralski
reaction,® using the method recommended by
Whaley and Hartung.” The resulting 1-substi-

(1) Henry, “The Plant Alkaloids,” J. A, Churchill Ltd., London,
4th edition, 1949, p. 485, e? seq.

(2) Herz, Dittmer and Cristol, THIS JOURNAL, 70, 504 (1948).

(3) Spath and Lederer, Ber., 68, 120 (1930).

(4) Nystrom and Brown, THIS JOURNAL, 70, 3738 (1948).

(5) Avakian, Moss and Martin, ébid., 70, 3075 (1948); Blicke and
Sheets, ibid., 70, 3768 (1948).

(6) Bischler and Napieralski, Ber., 26, 1903 (1893).
(7) Whaley and Hartung, J. Org. Chem., 14, 650 (1949).
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tuted 3,4-dihydrothianaphtheno-(2,3-C)-pyridines
were converted to the desired aromatic com-
pounds by dehydrogenation with palladium
black.?

For comparison with reported spectra of g-
carbolines® the ultraviolet absorption curves of
compounds III, IV, VII and VIII are reproduced
in Figs. 2 and 3. As expected, the increase in
conjugation brought about by dehydrogenation
results in displacement of the curves toward

(8) Kharasch, Stanger, Bloodgood and Legault, Science, 88, 36

(1936); Pruckner and Witkop, Ann., 584, 127 (1944); Raymond-
Hamet, Compt. rend., 221, 387 (1945).
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Fig. 2.—Ultraviolet absorption spectra in 95% ethanol:
1, compound 11I; 2, compound VII.
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Fig. 8.~-Ultraviolet absorption spectra iu 95% ethanol:
1, compound 1V; 2, compound VIILI.

longer wave lengths, with the band near 310
myu heing considérably reduced in intensity.
This displacement also seems to have caused the
appearance of another high intensity band,
formerly beyond instrument range, at shorter
wave lengths.
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Experimental

3-3-Thianaphthylethylamine.—Fourteen grams of 3-
cyanomethylthianaphthene purified by recrystallization
from benzene-petroleum ether was dissolved in 300 ml. of
absolute ether and added dropwise to a solution of 4 g. of
lithium aluminum hydride in 300 ml. of anhydrous ether.
Stirring was continued for fifteen minutes after addition
was complete; then water was added cautiously to decom-
pose the reagent. The mixture was treated with 200 ml.
of 259, sodium potassium tartrate solution; the ether
layer was separated and the aqueous layer was extracted
with two 100-ml. portions of ether.

The combined ether layers were extracted with three
50-ml. portions of 59, hydrochloric acid. Considerable
cloudiness, possibly due to the formation of an insoluble
hydrochloride, was noted in the acid extract. The acid
solution was made strongly basic with sodium hydroxide
solution and the red oil which separated was extracted with
three 100-ml. portions of ether. The combined ether ex-
tracts were washed with water and dried over sodium sul-
fate. Fractionation at reduced pressure yielded 4.5 g.
(329) of a basic liquid, b. p. 125° at 1 mm.

Anal® Caled. for CpH;NS: N, 7.90;
Found: N, 7.89; S, 18.12.

The amine was protected from the atmosphere or used
immediately since it rapidly absorbed carbon dioxide.
The picrate, prepared in the usual manner,’® melted at
176.5~177°(dec.). Analysis showed that it contained two
molecules of picric acid.

Anal. Caled., for CuHuN:OuS: N, 15.43.
N, 15.11.

Removal of solvent from the ether layers freed from
amine by extraction with hydrochloric acid yielded vari-
able amounts of a neutral substance, b. p. 135° at 3-4
mm., presumably 1-(3-thianaphthyl)-2-hydroxyethane.
Tests established the presence of a primary hydroxyl
group. The alcohol did not yield a picrate.

Anal. Caled. for CioH;00S: C, 67.36; H, 5.64; S,
17.98. Found: C, 67.44; H, 5.62; S, 17.67.

1ts phenylurethan melted at 105-108°.

Anal. Caled. for CyHiNO:S: C, 68.65; H, 5.08; N,
4.71. Found: C,68.17; H, 4.85; N, 4.53.

N-Acetyl-3-3-thianaphthylethylamine.—One and four-
tenths grams of the amine was treated with 18 ml. of 209,
sodium hydroxide solution and then portionwise with 5
ml. of acetic anhydride, accompanied by shaking and cool-
ing. The product gradually solidified on standing and
chilling. It was filtered and freed from water by boiling
with benzene. Dilution with petroleum ether and cool-
ing yielded 1.4 g. of crude product. Another recrystalli-
zation from henzene-ligroin gave shiny white needles,
m. p. 68°.

Anal. Caled. for CuHpNOS: C, 65.71;
N, 6.39. Tound: C,65.10; H, 6.17; N, 6.28,

N-Benzoyl-3-3-thianaphthylethylamine.—To a mixture
of 0.4 g. of the amine and 0.5 ml, of benzoy! chloride was
added gradually with shaking and cooling 3.5 ml. of 20%
sodium hydroxide solution. An oil separated and solidi-
fied on keeping in the refrigerator overnight. It was

S, 18.08.

Found:

H, 5.97;

(9) Analyses by Clark Microanalytical Laboratory, Urbana,
Illinois,

(10) Shriner and Fuson, ‘“I'he Systematic Ideatification of Organic
Compounds,” John Wiley & Sons, Inc.,, New York, N. V., 1948,
third edition, p. 180.
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taken up in 15 ml. of ethanol, treated with charcoal, fil-
tered, diluted with water until barely cloudy at 40°, re-
heated and allowed to cool. The yield of white needles
was 0.45 g. Another crystallization from ethanol-water
gave material melting at 93°.
Anal. Caled. for CyH;NOS: C, 72.56; H, 5.37; N,
4.98. Found: C, 72.73; H, 5.49; N, 5.04.
1-Methyl-3,4-dihydrothianaphtheno(2,3-C)pyridine.—
One and two-tenths grams of V was refluxed with 2.4 g. of
phosphorus pentoxide and 2.4 g. of phosphorus oxychlo-
ride in anhydrous xylene for one hour. The cold mixture
was decomposed with ice. The aqueous layer was sepa-
rated, washed with benzene, made basic with concen-
trated sodium hydroxide solution and extracted with three
25-ml. portions of benzene. The combined benzene ex-
tracts were dried over sodium sulfate and concentrated at
reduced pressure. The residual red sirup solidified on
stirring with a little petroleum ether and was taken up in
100 ml. of that solvent. The solution was decolorized
with charcoal, filtered and concentrated to 15 ml. on chill-
ing; 0.6 g. of white product separated. Another re-
crystallization gave crystals melting at 73.5°, soluble in
dilute acid with yellow color, insoluble in base.

Anal. Caled. for CpH,NS: C, 71.59; H, 56.51; N,
6.96. Found: C, 71.66; H, 5.54; N, 6.86.

Addition of picric acid solution to a solution of the prod-
uct in ethanol immediately precipitated the picrate. After
recrystallization from a large volume of ethanol it decom-
posed at 227-228° when the capillary was immersed at a
temperature of 220°.

Anal. Caled. for CisHuNO/S: N, 13.02.
N, 12.61.

1-Phenyl-3,4-dihydrothianaphtheno(2,3- C)pyridine.—
Cyclization of 1 g. of the benzoyl derivative in the same
manner yielded 0.65 g. of crude product. The white
needles melted at 64° after recrystallization from petro-
leum ether.

Anal. Caled. for CyH;3NS: C, 77.54; H, 4.98; N,
5.32. Found: C, 77.70; H, 4.79; N, 5.35.

The picrate decomposed at 196-198°,

Found:

UreA CoMPLEXES OF FATTY ACIDS

5001

Anal.
N, 1.02.
1-Methylthianaphtheno(2,3-C)pyridine.—~QOne gram of
the dihydro compound was heated with 1 g. of palladium
black in a small test-tube at 190-200° for thirty minutes.
The cold mixture was extracted thoroughly with acetone,
the acetone was treated with charcoal, filtered and evapo-
rated to dryness at reduced pressure. The residue was
taken up in 50 ml. of low-boiling petroleum ether, decolor-
ized with charcoal and concentrated to 5 ml. On chilling,
0.4 g. of white crystals, m. p. 109°, was obtained. Sub-
llincl)ation at 100° (0.5 mm.) yielded a product melting at
10°.
Anal. Caled. for CpHgNS: C, 72.32; H, 4.56; N,
7.03. Found: C, 72.65; H, 4.51; N, 6.82.
The picrate, recrystallized from a large volume of eth-
anol, decomposed at 262°.
Amnal. Caled. for C13H12N407S: N, 13.08.
N, 12.89.
1-Phenylthianaphtheno(2,3-C)pyridine.—Dehydro-
genation of 1.35 g. of VIII was carried out in the manner
described above. The acetone extract was treated with
charcoal and concentrated to 15 ml. On cooling 0.52 g.
of slightly-colored crystals separated. Concentration of
the filtrate to 5 ml. and addition of a few drops of water
yielded an additional 0.21 g. The product melted at
152.5° after recrystallization from acetone.
Anal. Caled. for CyHiNS: C, 78.09; H, 4.24; N,
5.37. Found: C, 78.41; H, 4.33; N, 5.41.
The picrate was recrystallized from ethanol, m. p. 208~
209° (dec.).
f%nal. Caled. for C3HuuN,O:S: N, 11.38. Found: N,
11.73.

Caled. for CuHeN:S: N, 11.37. Found:

Found:

Summary

The synthesis of l-methyl- and I-phenyl-
thianaphtheno(2,3-C)pyridine is reported. The
former is the sulfur analog of harman.
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Separation and Stabilization of Fatty Acids by Urea Complexes!

By HERMAN ScCHLENK AND RaLpu T. HoLMAN

After Bengen® had discovered the phenomenon
of urea complex formation with normal aliphatic
compounds in 1940, further research was carried
on in the Oppau laboratory of the former I. G.
Farbenindustrie A. G. The results of their de-
tailed investigations of the structure and forma-
tion of the complexes, steric limitations, and
energy relationships appeared in 1949.%* Since
the release of the Technical Oil Mission reports,’
considerable interest has been aroused in this
country. Attention was called to urea complexes
by the group at Standard Oil Laboratories in

(1) Supported in part by a contract between the Office of Naval
Research and the Texas A. and M. Research Foundation. Pre-
sented at the 117th A. C. S. meeting, Houston, Texas, March, 1950

(2) F. Bengen, German patent application (March 18, 1940).

(3) F. Bengen and W. Schienk, Jr., Experientic, B, 200 (1949).

(4) W. Schienk, Jr., Annalern, 868, 204 (1949),

(5) Technical Oil Mission Reel 6, frames 263-270 in Germaun, Reel
143, pages 185-189 in Euglish (Copies and transtatious of ref. 2).

1949.57 Recently the principal results of Schlenk
were confirmed®® and separations based upon
urea complexes have been achieved in pilot plant
scale,1?

The earlier reports indicated that normal
compounds ‘could be separated from branched
compounds. Such separations are based upon
differences in miolecular shape, and it seemed
likely that unsaturation might cause sufficient
change in the shape of normal compounds to

(6) W. J. Zimmerschied, R. A. Dinerstein, A. W, Weitkamp and
R. F. Marschner, THIs JOURNAL, T1, 2947 (1949).

(7) W.J. Zimmerschied, R. A. Dinerstein, A, W. Weitkamp and
R. Marschner, Ind. Eng. Chem., 42, 1300 (1950).

(8) O. Redlich, C. M. Gable, A. K. Dunlop and R. W. Millar, Ta1s
JOoURNAL, 73, 4153 (1950).

(9) H. A. Newey, E. C. Shokal, A. C. Mueller, T. F, Bradley and
L. C. Fetterly, Abst. 117th ACS Meeting, Detroit, April 1950, p. 5-M.

(10) W. A. Bailey, Jr., R. A. Bannerot, L. C. Fetterly a'nd A G.
Smith, Abst. 117th ACS Meeting, Houston, March 1950, p. 12-N.



