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The Selective Hydrogenation of Unsaturated Esters to Unsaturated Alcohols

By JoHN SAUER AND HOMER ADKINS

The hydrogenation of the double bond in such

a compound as ethyl oleate is readily accom-
plished at room temperatures and atmospheric
pressures of hydrogen over nickel, platinum or
palladium catalysts. In order to bring about
satisfactorily the hydrogenation of a carbalkoxy
to a carbinol group temperatures in excess of
200° and pressures of the order of 100 atmos-
pheres are required. In other words the alkene
linkage reacts with hydrogen under conditions
which are as mild as are used in any catalytic
hydrogenation, while the carbalkoxy group re-
quires drastic conditions. However, it seemed
worth while to attempt the selective hydrogena-
tion of the carbalkoxy groups with certain of
the metallic oxides which are relatively inactive
in the catalysis of the hydrogenation of alkene
linkages.} :

There are recorded in Table I the results ob-
tained with six such catalysts containing zinc or
copper combined with chromium, vanadium or
molybdenum. Ethyl or butyl oleates were used
in testing the catalysts. The butyl ester is very
much to be preferred for this purpose since the
ethyl esters boil at so nearly the same tempera-
ture as the alcohols that it is difficult to separate
the ester from the alcohols.

It may be seen from the data in the table
that copper-molybdenum oxide induced the
hydrogenation of the double bond with the forma-

(1) Lazier and Vaughen, THis JournaL, 58, 3719 (1931); &4,
3080 (1932). )

tion of ethyl stearate, while copper—chromium
oxide caused the addition of three moles of hydro-
gen with the formation of octadecanol. Zinc—
chromium oxide was, however, relatively inac-
tive toward the alkene linkage and reasonably
active toward the carbalkoxy group so that the
unsaturated alcohol Cy;H3CH.OH was obtained
in yields of over 60%. An unsaturated alcohol
CyHyCH,OH was obtained in similar yield from
butyl erucate. Zinc-vanadium oxide and zinc-
molybdenum oxide were similar but inferior to
zine—chromium -oxide for the production of the
unsaturated alcohol. :

Thus it is seen to be feasible to prepare un-
saturated alcohols by the hydrogenation of cer-
tain unsaturated esters. However, the process
is not- very satisfactory from a preparational
standpoint. A very high ratio of catalyst to
ester must be used. It is probable that one part
of catalyst should be used for two parts of ester.
The temperature required for adequate reaction
is quite high (300°) and even so seven to eleven
hours were required for relatively complete reac-
tions. These factors have made it impossible to
obtain yields higher than 68%, of the unsaturated
alcohol and in the case of the ester of undecen-10-
oic acid, the yield was only 379,. The unsatu-
rated alcohol produced by this process is always
accompanied by small amounts of saturated alco-
hol which it appears cannot be readily separated
from the unsaturated alcohol by fractionation.
The process apparently is not applicable to esters
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TABLE 1
HYDROGENATION OF UNSATURATED ESTERS
Temp., Time Moles H:
Ester G. G. Catalyst °C. hrs. per moleester % yield of products
Bu oleate 86 50 Zn—-Cr-O 300 11 1.86 65 octadecenol®
Bu oleate 129 71 Zn—-Cr-0 283 11 .. 63 octadecenol
Bu oleate 65 32 Zn—Cr-O 282 8 1.87 46 octadecenol
- 34 octadecenyl oleate
Bu erucate 5 25 Zn—Cr-0 295 7 1.82 68  ducosenol®
Bu undecen-10-oate 43 21 Zn—Cr—O 293 11 1.63 37 undecenol’
Bu oleate 65 6.5 Cu-Cr-O 250 .. 2.97 86 octadecanol
Et oleate 65 20 Zn—-V-0 300 5 1.15 55 octadecenyl oleate
Et oleate 65 20 Zn-Mo-O 280 4 67 octadecenol and Et oleate
Et oleate 65 7.5 Cu-Mo-0 250 4 1.32 70 Et stearate
Et oleate 65 7.5 Cu-V-0 275 5 2.20 8-10 octadecanol-1
63 octadecyl stearate
Et oleate 65 20 Zn—Cr-O 300 5 1.30 50-60 octadecenol®

¢ B. p. 158° (2 mm.), n%p 1.4605, after refractionation 1.4579.
mm.), n1%p 1.4500, after refractionation 1.4473, phenylurethan m. p. 54-55°.

® B.p.196° (3 nm.), m. p. 34-35°. ° B.p. 133° (16
4 Contained small amount of Et oleate.

TaBLE 11

ANALYSIS OF ESTERS

Mol. wt.

Carbon, % Hydrogen, %

Name of compd. Formula Caled. Found B.p, °C. Mm. n%p Caled. Found Caled. Found
n-Butyl erucate CuHaCO.C.Hy 394 395 211212 1 1.4538 79.13 79.06 12.73 12.95
Octadecyl stearate Cy;HgCO.CisHg; 536 539 M. p. 62° 80.52 80.55 13.51 13.71
n-Butyl undecen-

10-oate CuHCO.CH, 240 240 116 2 1.4391 74.93 74.97 11.74 12.15
Octadecenyl oleate Cy;7HgCO,CisHs® 532 539 272 1 1.4618

® Meyer and Liihdemann, Helv. Chim. Acta, 18, 307 (1935).

such as butyl penten-4-oate and ethyl cinnamate
which have their double bond near the carbalkoxy
group.

The catalysts were prepared by the same
general process? previously used. The details
for preparing zinc-chromium oxide are as follows:
250 g. of ammonium dichromate (1.0 M) was
dissolved in 600 cc. of water and concd. am-
monium hydroxide added until the liquid changed
from orange to yellow (400 cc. of concd. am-
monjum hydroxide). To this solution was added
379 g. (2.0 M) of zinc nitrate dissolved in 800
cc. of water. The yellow precipitate (333 g.)
was filtered, washed and dried overnight in an
oven at 85°. The dried precipitate was decom-
posed in four portions, washed in 5%, acetic acid
for several minutes, filtered and dried overnight
in an oven at 85°. The final yield of a brown
colored catalyst was 220 g.

The oleates were prepared by the alcoholysis of
olive 0il.* Butyl erucate was similarly prepared
from rapeseed oil. Butyl undecen-10-oate was

(2) Lazier, U. S. Patent 1,746,783 (1930);
Adkins, THIS JOURNAL, §4, 1138 (1932).

(3) E. E. Reid, “‘Org. Syntheses,”” John Wiley and Sons,
New York City, Vol. XV, 1935, p. 51.

Connor, Folkers and

prepared from the acid (b. p. 141-143° at 13
mm.)* according to a standard method.® The
hydrogenations were carried out at 200 at-
mospheres by the standard method.® The prod-
ucts were separated by fractionation. The alco-
hols were shown to be ester free and the yields are
based upon iodine numbers for the unsaturated
alcohols. The samples of octadecenol,” duco-
senol,” and undecenol® referred to in Table I
contained 13, 3 and 99, respectively, of the
corresponding saturated alcohols. The octa-
decenol and ducosenol were also characterized
by hydrogenation to octadecanol and ducosanol,
m. p. 57-58° and 69°, respectively.

Summary

It has been shown that butyl oleate or butyl
erucate may be hydrogenated over zinc—chromium

(4) Kraft, Ber., 10, 2034 (1877).

(5) “Organic Syntheses,” Coil. Vol. I, John Wiley and Sons,
New York City, 1932, p. 256.

(6) Folkers and Adkins, THIS JOURNAL, 54, 1145 (1932). ’

(7) Willstatter and Mayer, Ber., 41, 1478 (1908); Willstétter,
Mayer and Hiini, Ann., 8378, 101 (1911).

(8) Bouveault and Blanc, Bull. soc. chim., [3] 81, 1210 (1904);
Chuit, Boelsing, Hausser and Malet, Helv. Chim. Acta, 9, 1074
(1926).
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oxide at 300° to give the corresponding un-
saturated alcohol octadecenol or ducosenol in
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yields of above 609,.

MapisoN, WISCONSIN RECEIVED NOVEMBER 9, 1936

[CoNTRIBUTION FROM THE LABORATORY OF PHYSIOLOGICAL CHEMISTRY, THE OHIO STATE UNIVERSITY]

Studies on the Chemistry of the Fatty Acids. I.

The Purification of Linoleic Acid

by Crystallization Methods!

By J. B. BROWN AND GEORGE G. STONER

On account of the recently discovered nutri-
tional significance of linoleic acid, C;sH30,, in-
terest in its chemistry has increased greatly during
the past few years. The acid occurs naturally in
large amounts in the semi-drying oils, especially
such oils as cottonseed, corn, soy bean and
wheat germ. Despite several investigations on
the subject there is still some question whether
the acid occurs in these oils as a single geometric
isomer or whether it occurs along with one or more
of the other three possible forms. (We are con-
sidering here only the 9-10, 12-13, octadecadienoic
acids although the possibility of other dienoic
acids is not precluded.) One reason for this un-
certainty is the fact that so far only one method
has been available for preparing the pure acid,
namely, that of Rollett.? In this method the
mixed fatty acids of an oil are brominated in cold
ether, the petroleum ether—insoluble bromides are
isolated and purified and the linoleic acid is re-
generated by heating with zinc dust. The prod-
" uct is satisfactory and is designated as o-linoleic
acid.

Preparation of the acid by Rollett’s method is
unsatisfactory from the standpoint of yield,
since in the bromination process considerable
amounts of material are converted into petroleum
ether-soluble isomeric bromides which are lost,
and from the standpoint of chemical identity,
since there is the question of alteration of the acid
during bromination and debromination.

The object of the present work was to prepare
linoleic acid by direct crystallization methods
which did not involve bromination. As raw
materials we have employed the fatty acids of re-
fined - cottonseed and corn oils containing ap-
proximately 50%, of linoleic acid, the other acids
present being principally palmitic and oleic.

(1) Presented at the September, 1936, meeting of the American
Chemical Society.
(2) A. Rollett, Z. physiol. Chem., 62, 410 (1909).

Crystallization of cottonseed fatty acids from
methyl alcohol, 959, ethyl alcohol, petroleum
ether and acetone at —20° gave separations of
saturated and unsaturated acids with an effi-
ciency approaching that of the widely used lead
soap—ether method. Fractional -crystallization
of cottonseed and corn oil fatty acids from ace-
tone gave linoleic acid preparations 80-939, pure.
The chief obstacle to the isolation of purer speci-
mens is the fact that in attempting to obtain the
more soluble constituent in every case, the prod-
uct was always contaminated with oleic acid in
proportion to the ratio of the solubility of linoleic
acid to oleic acid under the experimental condi-
tions. Crystallization of fatty acid mixtures at
low temperatures constitutes a valuable method
for the separation of these acids.

A large number of soap separations were tried.
Of these, crystallization of the lithium soaps of
cottonseed oil fatty acids from =-butanol at
—20° gave 819, linoleic acid in the filtrate.

Experimental

Materials.—The sources of the fatty acids used in this
work were commercial refined cottonseed and corn oils.

The following analytical data were obtained on these
oils.

Cottonseed Corn
Original oil
Saponification no. 194.5 194.0
Todine no.* 112.0 129.9
Fatty acids
Mean mol. wt. 276 282.9
Todine no. 119 133.8

¢ All iodine numbers determined by the Wijs method.

Typical analyses of these oils have shown the following
fatty acid composition.

Cottonseed® Corn?
Linoleic 45-50 39.1
Oleic 25-30 43.4
Miyristic Small amount ..
Palmitic 19.8 7.3



4 J. B. BROWN AND GEORGE G. STONER
Stearic Small amount 3.8
Arachidic Small amount 0.4
Lignoceric . .2

¢ T. P. Hilditch and J. Priestman, Analyst, 56, 358
(1931). ® Q. S. Jamieson and W. F. Baughman, Tars
JOURNAL, 43, 2696 (1921).

The fatty acids were prepared by saponification and
acidification. They were distilled at low pressure. Lin-
olenic acid was shown to be absent by the hexabromide
test.

Special Equipment.—Through the courtesy of Dr. F. A,
Hartman of the Physiology Department we had the use
of a room maintained at —20 to —25°. This room was
equipped with suction for rapid filtration. For work at
temperatures lower than —20° we used the following ap-
paratus. A 200 X 200 mm. specimen jar was boxed and
surrounded by rock wool insulation, with a glass plate as
a cover. A circular disk was cut from this plate so that
when in place it would fit loosely over a 2-liter Erlenmeyer
flask, which was set in the jar on a wire tripod to raise it off
the bottom. The flask was equipped with a good stirrer
and a low temperature thermometer. The jar was parti-
ally filled with alcohol. Dry ice was added to the alcohol
as needed. By this arrangement temperatures as low as
—50 to —60° could be obtained in twenty to thirty min-
utes, and as low as —75° in a little longer time, This
apparatus was used in the laboratory but all low tempera-
ture filtrations were carried out by suction in the —20°
room in apparatus cooled to that temperature. Prac-
tically all of our crystallization mixtures filtered rapidly,
so that there was very little ‘“warming’” effect before the
filtration was complete. )

Separation of the Saturated and Unsaturated Acids.—
Four hundred and fifty grams of the cottonseed oil acids
was dissolved in 4000 cc. of acetone in a 4-liter Erlenmeyer
flask and allowed to stand at —20° overnight. They were
filtered by suction on a large Biichner funnel previously
cooled to —20° and were washed with cold acetone.
Acetone was removed from both crystals and filtrate by
warming under reduced pressure. The unsaturated acids
were distilled before analysis; yield 140 g. of saturated
acids and 300 g. of unsaturated acids. The analytical
data on these preparations as well as on a number of others
prepared under various experimental conditions are given
in Table 1.
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The best separations were from 109, solutions in acetone
and in methyl alcohol at —20°. Petroleum ether and ethyl
alcohol were almost as efficient. Separation from solutions
of higher than 109, concentration was rendered less com-
plete due to the bulk of the precipitate, which makes
filtration and washing more difficult. For best results
the initial concentration of saturated acids in the acetone
solution should not exceed 2.5 to 3.0%. The separation in
acetone and methyl alcohol is at least as efficient as the
standard lead soap—ethef procedure. This is borne out by
the fact that lead soaps of the unsaturated acids which
were prepared by the acetone method were completely
soluble in ether at room temperature, and precipitated no
insoluble soaps even at ice box temperature. Further
work is in progress, studying the possibility of this method
as a substitute for the lead soap—ether procedure.

Assuming the unsaturated acids in experiment 4 to be
a mixture of oleic and linoleic acids, and calculating from
the iodine number, the mixture contains 709% linoleic
acid.

Crystallization of the Unsaturated Fatty Acids of Cotton-
seed Oil from Organic Solvents at Low Temperatures.—
The unsaturated fatty acids, prepared by the —20° treat-
ment in acetone and containing 709 linoleic acid, were
crystallized at various temperatures and concentrations
from several organic solvents. From a 109, solution in
toluene at —70° the acids in the filtrate contained 76%,
linoleic acid; from the same concentration in ether the
crystals contained 53% and the acids of the filtrate 73%,
linoleic acid. A 109% solution in acetone crystallized at
—50° gave crystals of 499% and a filtrate containing 82%
linoleic; at —60 and at —70° the separation was less satis-
factory, the acids of the filtrate being 78 and 76% linoleic,
respectively. A 1%, solution in acetone crystallized at
—65° gave 79% linoleic acid in the filtrate. Of these data
the —50° crystallization in acetone is the most promising.
This favorable result is no doubt due in part to removal of
further traces of saturated acids which remained unavoid-
ably in the unsaturated acids and in part to the crystalliza-
tion of an oleic acid rich fraction. .

Fractional Crystallization of the Unsaturated Acids.—
In order to study further crystallization in certain solvents
at various low temperatures, the unsaturated acids of
cottonseed oil were fractionally crystallized from methyl
alcohol, acetone, ethyl alcohol and 769, acetone. The solu-
tion was cooled to a given temperature with fairly rapid

TaBLE I
SEPARATION OF SATURATED AND UNSATURATED ACIDS

Concn.

of acids, Temp.,
Expt. Solvent £./100 cc, °C.

1 Acetone 12 0
2 Acetone 18 —20
3 Acetone 12 —20
4 Acetone 10 —20
5 Petroleum ether 10 —20
6 Alcohol (95%) 10 —20
7 Methyl alcohol 12 0
8 Methyl alcohol 12 —20
9 Methyl alcohol 10 —20

Satd. fatty acids Unsatd. acids

(Not distilled) (Distilled)
Iod. Mean od. ean
no. mol. wt. no. mol. wt;
None ceee ..
Not determined 153.4 279
33.0 263 154.9 280
7.2 258 153.7 280
5.6 267 151.5 ..
12.6 264 152.5 ..
4.1 263 140.2 280
3.4 ... 149.2° 280*
5.8 260 154.4° 282

‘@ Saponified before analysis to remove any esters which might have been formed.
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TasLE 1T
FRACTIONAL CRYSTALLIZATION OF THE UNSATURATED Acips OF COTTONSEED O1L
Conen. % Iodine % .
Solvents in solvents, % Temp., °C. total wt. number linoleic
Methyl alcohol 10 Ppt. —50 25 134.8 50
Ppt. —55 16 159.2 74
Ppt. —60 28 157.7 75
Ppt. —65 15 168.2* 86
Filtrate —65 16 156.5 73
Acetone 13 Ppt. —45 29 128.0 42
Ppt. —50 16 155.0 72
Ppt. —55 26 159.0 76
Ppt. —60 9 167.8° 85
Filtrate —60 20 153.4 70
Alcohol 10 Ppt. —50 44 151.6 68
Ppt. —60 26 160.6 78
Ppt. —70 13 161.8 79
Filtrate —70 17 149.6 65
Acetone 76%, by volume 7 Ppt. —40 29 111.0° 23
Ppt. —70 46 160.0° 77
Filtrate —70 25 163.3 81

% These specimens were distilled before the iodine number was determined.

stirring. It was filtered rapidly in the —20° room; the
filtrate was then cooled further, this process being repeated,
as shown in Table II.

The precipitate from methyl alcohol at —65°, <. e., that
portion of the total acids which came down by cooling a
solution, saturated at —60, to —65° contained 86%
linoleic acid; that precipitated at —60° from acetone con-
tained 859, of the desired product. These represent the
best products we have been able to obtain from cotton-
seed oil, but they constitute too small a part of the total
acids to be of great value. It should be noted especially
that in each instance maximum removal of unwanted
acids (product of low iodine number) occurred in the first
crop of crystals. .

In order to take advantage of this fact the following
procedure was carried out. Two thousand grams of re-
fined cottonseed oil was saponified and converted into
fatty acids. Four hundred and fifty grams of these acids
was placed in a 4-liter Erlenmeyer flask and the flask filled
with acetone. After standing overnight at —20°, the con-
tents of the flask were filtered with suction. Four such
lots were run (1800 g.), the total filtrate being 12 liters.
In batches of 2 liters this filtrate was cooled to —40°,
which was slightly below the point of initial appearance of
crystals. The crystals were filtered off; the resulting
filtrate from the entire lot contained 1010 g. of acids with
an iodine number of 160 (77% linoleic acid).

Fractional Crystallization of the Unsaturated Methyl
Esters from Methyl Alcohol.—Methyl esters (iodine num-
ber 152) were prepared from the unsaturated acids pre-
viously described. These esters were fractionally crys-
stallized from a 129, solution in methyl alcohol, successive
crops of crystals being removed at —45, —65 and —75°.
The iodine numbers of the esters of these products and of
the esters in the filtrate were 56.7, 142.3, 156.1 and 147 4,
respectively, the yields, calculated as percentage total
weight of ester used, were 2, 58, 32 and 8, respectively.
The crystals at —75° contained approximately 82%, methyl
linoleate. Undoubtedly this procedure offers possibilities,
but, so far, we have not studied it further.

Fractional Crystallization of Corn Oil Fatty Acids.—
The unsaturated fatty acids of corn oil were prepared
by the —20° acetone procedure; these were fractionally
crystallized from this solvent under a variety of conditions.
The details and results are shown in Table ITI.

‘We have succeeded here in obtaining satisfactory yields of
linoleic acid 85, 86 and 889, pure, and less satisfactory yields
of the acid 89 and 93% pure. It is possible then to prepare
the acid by these latter procedures in sufficient purity for
most chemical studies. We hope to have available shortly
data comparing the acid which has been purified in this man-
ner with a-linoleic acid prepared by Rollett’s procedure,

Attempts to Purify Linoleic Acid by Crystallization of
the Soaps of the Fatty Acids of Cottonseed Oil.—Several

TaABLE IIT
CRYSTALLIZATION OF CorN O1L FATTY AcCIDS®
Wt. acids Mean Tod. %
Description used. g. Vol Yield, g. mol. wt. no. linoleic
Filtrate at —55° 360 4000 78 167.1 85
—55 to —70° fraction of unsatd. acids® 320 4000 40 ... 171.3 89
Acids, —45 to —70° 150 2000 95 279.6 168.5 86
Acids, —50 to —70° 150 2000 75 279.3 170.2 88
Filtrate (—70°) cooled to —80°; crystals rejected 1700 15 281.3 174.6 93

¢ Todine no. of corn oil unsatd. acids, 156 (72.5% linoleic). ° The —55 to —70° fraction was crystallized from 1 liter

of acetone at —75°. Data above are on the crystals.
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TaBLE IV
FRACTIONAL CRYSTALLIZATION OF LITHIUM AND POTASSIUM SOAPS
Temp., % Tod. o
Soap Solvent °C. total wt. no. linoleic
Lithium Butyl alcohol Ppt. 30 3 ce.
Ppt. 0 41 82.4 ..
Ppt. —20 41 144.0 60
Filtrate —20 15 164.5 82
Potassium Ethyl alcohol Ppt. 30 1 -
Ppt. 0 34 49.2 o
Ppt. —20 26 134.8 49
Filtrate —20 39 157.8 74.3
of the more useful methods of fatty acid separation involve Summary

differences of soap solubility. Early in this work we were
hopeful of finding some suitable soaps of oleic and linoleic
acids which would exhibit wide enough difference in solu-
bility to be useful in their separation. Only a few of our
more promising results will be reported here. Starting
with cottonseed oil fatty acids, crystallization of the
potassium soaps from a 109, solution in absolute alcohol
at 0° gave 457, insoluble soaps and 55%, soluble soaps,
containing 68% linoleic acid. The lithium soaps, prepared
by neutralizing a solution of the acids in alcohol with
lithium hydroxide, removing the alcohol and water under
reduced pressure and taking up the soaps in butyl alcohol,
were fractionally crystallized from that solvent; also the
potassium soaps from absolute alcohol with the results in
TableIV.

When the fact is considered that we began here with a
mixture of cottonseed oil fatty acids, it is clear that either
of the separations in Table IV has possibilities. In the
former case, a comparatively small amount of the acids
comes out as 829, linoleic, while in the latter a much larger
portion came out 749, linoleic acid.

1. The saturated and unsaturated fatty acids
of cottonseed and corn oils may be separated con-
veniently by crystallization of the mixed acids
from a 109}, solution in acetone at —20°.

2. Linoleic acid preparations containing up to
939, of the acid were obtained by fractional crys-
tallization of the unsaturated acids (and methyl
esters) of these oils from acetone and methyl
alcohol at low temperatures.

3. Fractional crystallization of the lithium
soaps from z-butyl alcohol and of the potassium
soaps from absolute alcohol may also be used in
obtaining linoleic acid concentrates.

4. Crystallization of unsaturated fatty acids
from appropriate solvents at low temperatures is
a useful procedure for their separation, '

Corumsus, OHIO RECEIVED OCTOBER 3, 1936

[CONTRIBUTION FROM THE LABORATORY OF PHYSIOLOGICAL CHEMISTRY, THE OHIO STATE UNIVERSITY]

Studies on the Chemistry of the Fatty Acids.

II. The Preparation of Pure Oleic

Acid by a Simplified Method"

By J. B. BRowN AND G. Y. SHINOWARA

Although oleic acid (czs-9,10-octadecenoic) is
perhaps the most common of the naturally occur-
ring fatty acids, the pure acid is still one of the
rare chemicals. The reason for this state of
affairs is that oleic acid always occurs in fats and
oils associated with saturated acids and usually
with varying amounts of linoleic acid and other
acids of higher unsaturation. The methods for
separating these impurities are only semi-quanti-
tative so that purification of oleic acid is extremely
tedious. Olive oil is usually employed as a
source of the acid. The saturated acids, mostly
palmitic, are removed by the lead soap separation

(1) Presented at the Pittsburgh Meeting of the American Chemi-
cal Society, September, 1936,

in alcohol or ether; the unsaturated acids are
then converted into barium soaps which are re-
peatedly crystallized from moist benzene to re-
move linoleic acids.

Excellent reviews of work previous to 1925 are
given by Lewkowitsch? and by Lapworth, Pearson
and Mottram.?

These investigators prepared the pure acid by a
procedure which included the lead salt treatment,
distillation, barium soap crystallization and
finally distillation. Holde and Gorgas* claimed

(2) J.Lewkowitsch, “Technology of Oils, Fats and Waxes,” Mac-
millan and Co., Ltd., London, Vol. I, 1921, p. 182.

(3) A. Lapworth, L. K, Pearson and E. N. Mottram, Biochem. J.,
19, 7 (1925). )

(4) D. Holde and A. Gorgas, Z. angew. Chem., 89, 1443 (1926),
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the preparation of a pure product through reduc-
tion of dibromostearic acid. Bertram® prepared
99.5%, oleic acid by use of the Twitchell® lead
salt-alcohol procedure, formation of the silver
salt and crystallization of the acid three times
from acetone. Raymond” modified the Bertram
method by eliminating the use of a silver salt, and
crystallizing the acid from cold alcohol in a special
apparatus. Shelton® likewise used the Twitchell
separation and in addition crystallized the bar-
ium or lithium salts and distilled the methyl esters
of the resulting product. '

All procedures so far used that have resulted in
satisfactory products have been tedious and have
employed a combination of methods to attain the
desired results. As a result of experience gained
in the course of the preceding work?® it seemed
likely that we could obtain oleic acid of a high
degree of purity by direct crystallization of the
acids of olive oil from acetone. Our method in
brief involves removal of the saturated acids by
the —20° acetone precipitation, crystallization of
the resultant unsaturated acids from acetone at
—60° four or more times, followed by a partial
crystallization of the resultant product from ace-
tone at —35° to remove small amounts of palmitic
acid not taken out by the original treatment at
—20°. Three preparations are described and
compared with other preparations reported in the
literature. The multifarious operations of pre-
viously reported methods are replaced by seven or
more crystallizations from the same solvent. No
soap preparations are involved after the original
saponification.

Experimental Part

Equipment.—For low temperature work we had avail-
able the special equipment described previously, namely,
a room in which a temperature of —20 to —25° was main-
tained and a well insulated dry ice-alcohol apparatus de-
signed to accommodate a 2-liter Erlenmeyer flask. All
filtrations were carried out by suction in the —20° room.

Procedures.—(1) One kilogram of olive oil (iodine num-
ber 85.5; saponification number, 190.1) was saponified
and the soaps converted into fatty acids (iodine number
84.5). Two hundred and twenty-five grams of the acids
was dissolved in 3450 cc. of c. P. acetone in a 4-liter flask
snd allowed to stand in the cold room overnight. The
precipitate was removed by suction on a large Biichner
funnel. The filtrate (3000 cc.) was cooled to —60° with

(5) S. H. Bertram, Rec. trav. chim., 48, 397 (1927).

(6) E. Twitchell, J. Ind. Eng. Chem., 13, 806 (1921).

(7) E. Raymond, Chimie et Industrie, Feb., 523 (1929).

(8) J. H. Shelton, J. Soc. Chem. Ind., 50T, 131 (1931).

(9) J. B. Brown and G. G. Stomer, THIS JOURNAL,
(1936).
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continuous stirring. After filtering, the precipitate was
allowed to melt and was made up to 2000 cc. with acetone,
and again brought to —60° and filtered. After two more
crystallizations at this temperature, the final precipitate
was melted and made up to 1250 cc. with acetone and
cooled slowly with stirring to the point of first appearance
of crystals, about —85°. These, consisting of some oleic
acid and any saturated acids which may have escaped the
first crystallization, were filtered off in the cold room. The
acetone was removed from the filtrate by warming under
reduced pressure. The residual product was distilled at
15 mm. pressure in an entire glass apparatus. It was
water-white and odorless; yield 90 g. Other constants are
in Table I.
TasLE I

ANALYsIS OF OLEIC ACID PREPARATIONS IN COMPARISON
WITH THOSE REPORTED IN THE LITERATURE

M.é;., Mean Iodine Purity,
°C. mol. wt. number n0 %
Calced. e 282.3 89.93 e
Specimen (1) 13.0 282.2 90.03 1.4585
Specimen (2) 13.0 282.4 89.63 .1.4586
Specimen (3) 13.0 282.5 90.04 1.4585
Bertram 13.2 1.4582 99.5
Shelton 13-14 282.5 90.6 1.4610

(2) Four hundred and fifty grams of the mixed acids,
as above, was treated as before, except that six —60°
crystallizations, instead of four, were made; yield 135 g.

(8) The —60° filtrates from the two preceding experi-
ments were combined; the acetone was removed. Two
hundred and fifty grams of these acids was made up to
1500 cc. in acetone and crystallized four times at —60°;
crystals were washed each time with 200 cc. of acetone
cooled to —70°; yield 74 g.

All three of these preparations were practically constant
boiling. The boiling point of No. 2 oleic acid was deter-
mined accurately at several pressures, using a micro-gage
with the following results.

B.p., °C.

Pressure Obsd. Corr.
15 228-229 234-235
10 219-220 225-226

5 209-210 215-216
1.2 194-195 200-201

Criteria of Purity.—We have employed the following
criteria of purity, actual data being given in Table I.
(1) Mean molecular weight: The principal saturated acid
of olive oil is palmitic. Five per cent. contamination with
this acid would lower this value 1.4 points. No appreci-
able lowering was observed. (2) Iodine number: Method
used, Wijs thirty minutes. Palmitic and linoleic acids
must be present in equal amounts to maintain the theo-
retical value. (3) Melting point: Specimens, frozen in a
special tube and held overnight. All three preparations
melted sharply at 13°. Difference between softening and
melting point was less than 0.1°, (4) Oxidation products:
Dihydroxystearic acids were prepared from each product
by the method of Lapworth and Mottram;!® yield, 95—

- 96%; molecular weight 315.6-316.0 (caled. 316.3).

The data are summarized in Table I.

(10) A. Lapworth and E. N. Mottram, J. Chem. Soc., 1628
(1925).



8 Louis A. Pinck anp Gumpo E. HILBERT

Summary

1. A simplified procedure for preparing oleic
acid of high purity is described.
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2. The constants of three specimens of oleic
acid, prepared by slight modifications of the pro-
cedure, are described.
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A Method for the Synthesis of Phenanthridine Derivatives by an Application of the
Stieglitz Rearrangement

By Louls A. Pinck AND Guipo E. HILBERT

The rearrangements of hypothetical interme-
Ry
diates %&}C——N: resulting from appropriate
3
treatment of tertiary methyl nitrogen substituted
ds of the t %’\CN<X here Ry, R
compounds of the type Re—>C— where Ry,

P TPe ROy here Ru Ko
and R; usually have been aromatic groups and
Cl H

71_N< 72
Cl OH

—N(N3),3 etc.,* have been studied extensively by
Stieglitz and co-workers.> When R; is aliphatic in
nature and R, and Rj are aromatic, it was noted
that either Ry or R; rather than R; migrated to

X H
where —N: < may be —N < ,1—N
2'4 Br

Fig. 1.—Structural formula of fluorene.

the nitrogen atom and largely on the basis of this
fact it has been suggested® that the migration of
the most electronegative group attached to the
carbon atom would in general be favored. The
rearrangement of intermediates formed from ter-
tiary methyl nitrogen derivatives, where two of
the groups attached to the tertiary carbon atom
are linked together, as for example in a 9-substi-
tuted 9-fluotylchloroamitie (II), has not pre-

(1) Vosburgh, Turs JournaL, 88, 2081 (1916).

(2) Stieglitz and Leech, ibid., 86, 272 (1914).

(3) Senior, ibid., 88, 2718 (1916).

(4) Stieglitz and Stagner, ibid., 88, 2046 (1916); Stieglitz and
Senior, ibéd., 88, 2727 (1916); Guthmann and Stieglitz, J. Org.
Chem., 1, 31 (1936).

(5) For a review, which also includes unpublished results, see
Porter, ‘‘Molecular Rearra ts,”” Chemical Catalog Co., Inc.,
New York, 1928, pp. 30-33.

viously been studied. Here the situation is more
complicated, since the possible influence that the
five-membered ring might have on the rearrange-
ment must be considered in addition to the elec-
tronegativities of the radicals. From the general
results of recent x-ray and electron diffraction
studies® fluorene would be expected to have the
configuration shown in Fig. 1.7 In order that the
C-C distances be those shown in the figure the
normal valence angle from the benzene ring must
be distorted approximately 12 to 13°. Since the
linkages attached to the benzene ring are known
to be quite rigid the five-membered ring in fluo-
rene, because of the considerable distortion of the
normal valence angles, must be appreciably
strained. Theoretically a 9-substituted fluoryl
nitrogen (IIT) can be stabilized by undergoing two
possible types of rearrangement: (1) opening of

T2
c< — <®:§c< <c1 —

(1) (11)
N N §
o — ‘ ) o C—NR
—R
/
(I1I) ) V)
(6) Robertson, Chem. Rev., 16, 417 (1935); Hendricks, ibid., 7,

341 (1930).

(7) Stitart “Molekiilstruktur,” Verlag von Julius Springer, Ber-
fin, 1934, p. 76, has interpreted the results obtained in an x-ray
examination of fluorene by Hengstenbetg and Martk, Z. Krist., T0,
283 (1929), as favoring a planar configuration of the molecule. Since
this manuscript was written, additional articles on the configuration
of fluorene have appeared. Cook and Iball, Chemistry and Indusiry,
55, 467 (1936), on the basis of crystatlographic data consider it to
be a non-planar molecule, whereas dipole moment measurements
by Hughes, LeFevre and LeFevre, ibid., 66, 545 and 561 (1936),
suggest that fluorene is a flat molecule.
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the ring with subsequent reformation to give a
phenanthridine derivative (IV) or (2) migration
of R to form an imide (V). As will be shown be-
low even when R is more electronegative than the
phenylene radical the rearrangement involves
primarily the formation of (IV). Thus it follows
that the strained condition of the five-membered
ring is an important factor, if not the most im-
portant one, in directing the course of the rear-
rangement. _

In order that the electronegativities of R in (I)
be widely different, both 9-aryl- and 9-alkyl-
9-fluorylamines were investigated. Examples
chosen as being representative of the two types
were the 9-phenyl- (VI), 9-(a-naphthyl) (VII)
and 9-methyl-9-fluorylamines (VIII). Although
the first two were prepared smoothly by treat-
ing the corresponding 9-chloro compounds with
ammonia, considerable trouble was encountered
in preparing the 9-methyl derivative. A solu-
tion of ammonia in toluene gave with 9-bromo-9-
methylfluorene, a mixture of amines, consisting of
(VIII), an isomer, probably 9-fluorylmethylamine,
and a secondary amine, as well as an appreciable
amount of polymerized biphenyleneethylene.?
The difficulty in this case is to be attributed to
the relatively labile hydrogen of the neighboring
methyl group. It is of interest that a number of
these amine hydrochlorides are soluble in benzene
and chloroform and that practically all have an
anesthetic action on the tongue.?

Interaction of hypochlorous acid with alcoholic
solutions of (VI), (VII) and (VIII) gave the corre-
sponding chloroamines. The hydrogen and chlo-
rine atoms attached to the nitrogen were most
conveniently removed by treating the chloro-
amine in anhydrous pyridine with sodium methyl-
ate at room temperature. Of some significance
in possibly offering a clue as to the nature of the
intermediate formed in the reaction may be the
color changes exhibited by the reaction mixture.
During the degradation of 9-phenyl- and 9-(a-
naphthyl)-9-fluorylchloroamine a red color de-
veloped in the solution and persisted for a short
time; however, in the case of the 9-methyl analog
the color remained over a period of twelve hours.
The rearrangement products formed from 9-
methyl-, 9-phenyl- and 9-(a-naphthyl)-9-fluoryl-
chloroamine are 9-methyl-, 9-phenyl- and 9-(a-

(8) Wieland, Reindel and Ferrer, Ber., 55, 3313 (1922).

(9) Nakamura, Sci. Papers Inst. Phys. Chem. Research (Tokyo),
14, 184 (1930), reported the local anesthetic action of 9-fluorylamine
hydrochloride.
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naphthyl)-phenanthridine, respectively. Inevery
case the yield was excellent. The structures.of 9-
methyl- and 9-phenylphenanthridine were es-
tablished by comparison of these compounds with
authentic specimens prepared from acetyl- and
benzoyl-o-xenylamine according to the method of
Morgan. and Walls.!® If the formation of the
rearranged compound had been controlled only
by a shift of the most electronegative group at-
tached to the tertiary carbon atom, the predicted!!
products from 9-methyl-, 9-phenyl- and 9-(«-
naphthyl)-9-fluorylchloroamine would have been
9-methylphenanthridine, 9-phenyliminofluorene
(V where R. = C¢H;) and 9-(a-naphthyl)-imino-
fluorene (V where R = CjoHy). Actually, imino
compounds, which could have been easily detected
even if formed in minor amounts, were found to be
absent.

In order to find if other compounds of the type
CeH, CroHy

C‘ieH4 C N X could be converted into deriva-
Y

tives of phenanthridine an investigation of the
thermal decomposition of 9-(a-naphthyl)-9-fluoryl-
azide was carried out. 9-(a-Naphthyl)-9-fluoryl-
hydrazine (IX) was prepared by the interaction of
9-(a-naphthyl)-9-chlorofluorene with hydrazine.
The reaction was not smooth and owing to its
lability the hydrazine derivative was difficult to
obtain in the pure state. Nitrous acid with (IX)
gave the azide. This when heated to 190-200°
evolved nitrogen and formed 9-(a-naphthyl)-
phenanthridine in good yield. Because of the
difficulty encountered in dealing with (IX), the
phenanthridine derivatives are much more con-
veniently prepared by way of the chloroamines.

The compounds to which the Stieglitz rear-
rangement has been applied in the past ‘yield
imides as the end-products of the reaction. Since
these are much more easily prepared by other
methods the rearrangement was chiefly of theoreti-
cal interest. In view of the present work it ap-
pears that this rearrangement may also assume
considerable practical importance as a method
for converting suitable five-membered cyclic com-
pounds to six-membered nitrogen rings.

We are grateful to Mrs. M. S. Sherman for
carrying out the analyses recorded in the experi-
mental work. ‘

(10) ‘Morgan and Walls, J. Chem. Soc., 2447 (1931).

(11) From a comparison of the reactivities of diphenylmethyl with
biphenylenemethyl derivatives or of triphenylmethyl with phenyl-
fluoryl derivatives, the phenyl group would be expected to be more
electronegative than the phenylene radical.
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Experimental

9-Phenyl-9-fluorylamine, its Derivatives and its Conversion
to 9-Phenylphenanthridine

9-Phenyl-9-fluorylamine.—A mixture of 10 g. of 9-
phenyl-9-chlorofluorene and about 15 cc. of liquid am-
monia was heated in a sealed tube at 60° for several hours.!?
An oil separated and upon evaporation of the ammonia a
sirupy residue remained. Owing to its marked sluggish-
ness in crystallizing, the amine was purified only with
difficulty by numerous crystallizations from either pe-
troleum ether or 75%, ethyl alcohol. It separated as color-
less prisms melting at 82°13 and was very soluble in most
organic solvents.

Amnal. Calced. for CigH;sN: C, 88.67; H, 5.88; N, 5.45.
Found: C, 88.85; H, 6.15; N, 5.47.

9-Phenyl-9-fluorylamine was not hydrolyzed when
heated at 100° for one hour with 209, hydrochloric acid,
whereas under similar conditions triphenylmethylamine
yielded an appreciable amount of the carbinol. The
amine was also recovered unchanged after treatment with
a solution of potassium permanganate in purified acetone
in the presence of anhydrous sodium sulfate!4 for several
days at room temperature. The stability of 9-phenyl-9-
fluorylamine toward oxidizing agents is further shown by
its recovery after refluxing for two hours an alcoholic
solution to which had been added bromine and sodium
ethylate.1®

The hydrochloride was prepared by passing dry hydro-
gen chloride into a benzene solution of the amine; it
crystallized from dilute hydrochloric acid as microscopic
prisms melting at 310° with decomposition.

Anal. Caled. for CHN-HCl: C, 77.66; H, 5.49;
N, 4.88. Found: C, 78.00; H, 5.32; N, 4.93.

The acetyl derivative was secured in the usual manner
and crystallized from alcohol as microscopic prisms,
m. p. 232°,

Amnal. Calced. for CoHiNO: C, 84.24; H, 5.72; N, 4.68.
Found: C, 83.79; H, 5.92; N, 4.65.

The monobromoamine was prepared according to the
method of Vosburgh.! The amounts of reagents used
were 2.60 g. of 9-phenyl-9-fluorylamine, 1.62 g. of bromine,
and 3.22 cc. of an aqueous solution containing 0.41 g. of

(12) 9-Phenyl-9-chlorofluorene is much less reactive toward am-
monia than triphenylmethyl chloride. Considerable heat was
generated when the latter was treated with liquid ammonia at room
temperature. Upon slow cooling beautiful crystals of triphenyl-
methylamine separated; from the interaction between 10 g. of tri-
phenylmethyl chloride and 15 cc. of liquid ammonia 9.3 g. of the
amine was isolated. Triphenylmethylamine was recovered un-
changed after being subjected to a solution of ammonium chloride in
ammonia for several days at room temperature. Evidently the equi-
librium is shifted to a remarkable extent by an appreciable tempera-
ture change as Kraus and Rosen, THIS JOURNAL, 47, 2739 (1925),
reported that at the temperature of liquid ammonia: (1) triphenyl-
methyl chloride was ammonolyzed to the amine only to a slight
extent and (2) the amine was converted to triphenylmethy! chloride
by ammonium chloride.

(13) All melting points are corrected.

(14) Goldschmidt and Beuschel [Axzn., 447, 197 (1926)] used
similar conditions in dehydrogenating 9-fluorylamine to 9-imino-
fluorene.

(15) These conditions were used by Hellerman and Sanders,
THIS JOURNAL, 49, 1745 (1927), to dehydrogenate diphenylmethyl-
amine.
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sodium hydroxide. The chloroform solution was con-
centrated and the sirupy residue dissolved in 30 cc. of
warm, low-boiling ligroin. Upon cooling a pale yellow
microcrystalline material separated; yield 1.60 g. After
recrystallization it melted at 105° (dec.).

Anal. Caled. for CxHNBr: Br, 23.78, Found: Br,
24.09.18

The monochloroamine was prepared by using a method
similar to that of Hellerman and Sanders.!” A solution -
of 2.72 g. of 9-phenyl-9-fluorylamine hydrochloride in 75
cc. of 959 ethyl alcohol!® was treated at 0° with 10 cc.
of cold 0.926 NV potassium hypochlorite. Minute colorless
crystals immediately precipitated. The reaction mixture
was shaken in an ice-bath for thirty minutes and cold
water added to ensure complete precipitation. The color-
less solid was collected, washed with cold water and dried
in vacuo over phosphorus pentoxide; yield, practically
quantitative. The monochloroamine separates from hex-
ane as colorless prisms; m. p. 102°.

Anal. Caled. for CH(NCl: C, 78.20; H, 4.84; N,
4.80; Cl, 12.16. Found: C, 77.68; H, 4.84; N, 4.58;
Cl, 12.21.

The dichloroamine was synthesized by passing an
excess of chlorine into an alcoholic solution of 9-phenyl-9-
fluorylamine. It was obtained in good yield and after
crystallizing from ligroin melted at 150° (dec.). This ma-
terial is unusually stable and may be kept for several years
without any apparent alteration.

Anal. Caled. for C,yHNCL: C, 69.94; H, 4.02; N,
4.30; Cl, 21.75. Found: C, 70.09; H, 443; N, 4.35; Cl,
20.33.

Di-(9-phenyl-9-fluoryl)-amine was obtained as a by-
product in the following experiment. Forty grams of
9-phenyl-9-chlorofluorene and a large excess of dry am-
monia were heated in a steel bomb at 180° for four Lours.
The reaction product, after evaporation of the ammonia,
was triturated with 100 cc. of alcohol'® and the residue
extracted with toluene. The hot toluene filtrate was
treated with an equal volume of hot alcohol and on cooling
the secondary amine separated. Several crystallizations
from a solution of alcohol and toluene gave 3 g. of glisten-
ing, elongated, hexagonal plates, m. p. 230°.

Anal. Caled. for CpsHyN: C, 91.71; H, 5.47; N, 2.82.

' Found: C, 91.89; H, 5.62; N, 2.90.

Conversion of 9-Phenyl-9-fluorylchloroamine to 9-
Phenylphenanthridine.—A solution of 2 g. of the chloro-
amine in 20 cc. of anhydrous pyridine?® was treated with

(16) The compounds containing active halogen were analyzed by
titrating in chloroformic solution against a standardized solution of
sodium thiosulfate in the presence of hydriodic acid.

(17) Hellerman and Sanders, THIS JOURNAL, 49, 1745 (1927),
and private communications from Dr. Hellerman which have facili-
tated the work immensely.

(18) Water is usually used as the medium for the preparation of
the monochlotoamines. However, when water was used in the
above halogenation, the reaction product was always contaminated
with some ufichanged amine. The use of alcohol, in which the
amine hydrochloride was appreciably soluble, overcame this diffi-
culty.

(19) From the alcoholic extract after suitable manipulation, 24.5
g. of pure 9-phenyl-9-fluorylamine hydrochloride was obtained.

(20) Absolute alecohol as a solvent resulted in the formation
of the amine.
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an excess of dry sodium methylate.?2 Considerable heat
was generated and the solution developed a light red color
which persisted for several minutes.and then changed to
a straw yellow. After standing overnight the pyridine
was distilled from the reaction mixture under diminished
pressure, the residue triturated with dry ether and the
resulting extract treated with dry hydrogen chloride in
order to precipitate the base as the salt. The hydrochloride
was exceedingly soluble in water and crystallized as straw
colored needles containing water of crystallization; m. p.
95-100° and 226°.22 9-Phenylphenanthridine was re-
generated from the salt and crystallized from petroleum
ether; colorless glistening plates, m. p. 107-108°.

Anal. - Caled. for C;gHisN: C, 89.38; H, 5.13; N, 5.49.
Found: C, 89.53; H, 5.36; N (Dumas), 5.48.

Comparison of its properties with those of a specimen
synthesized according to the method of Morgan and Walls!?
showed them to be identical; a melting point of the mixture
was not depressed.

9-(a-Naphthyl)-phenanthridine

9-(a~Naphthyl)-9-fluorylamine was prepared by heating
9-(@-naphthyl)-9-chlorofluorene (36 g.)23 with dry ammonia
in a steel bomb at 80° for forty hours. The ammonia was
evaporated and the amine separated from the residue by
dissolving in boiling. benzene. After decolorizing with
charcoal and numerous recrystallizations from solutions
of benzene and alcohol, the amine melted at 186°; colorless
prisms; yield 13.4 g.

Anal. Caled. for CpHiN: C, 89.86; H, 5.58; N, 4.56.
Found: C, 89.92; H, 5.66; N, 4.52.

The hydrochloride was soluble in benzene; m. p.
271° (dec.).

Amnal. Caled. for CyeHi:N-HCI:
3.9.

The chloroamine was obtained in a practically quanti-
tative yield and separated from a solution of benzene and
hexane as beautiful colorless prisms; m. p. 133-135°
(dec.). ’ ] .

Anal. Caled. for CysHyNCl: C, 80.80; H, 4.72; N,
4.10; Cl, 10.38. Found: C, 81.11; H, 5.03; N, 3.91; Cl,
10.00. , ,

9-(a-Naphthyl)-phenanthridine was prepared from 9-
(a-naphthyl)-9-fluorylchloroamine (1.5 g.) in the same
manner as that described for the phenyl analog. The

N, 4.1. Found: N,

(21) 9-Phenylphenanthridine ‘was also prepared by treating 9-

phenyl-9-fluorylbromoamine in ether with freshly precipitated silver
oxide [Willstatter and Miiller, Ber., 41, 2580 (1908)] in the presence
of preheated sodium sulfate. Under these conditions the reaction,
probably because some amine is regenerated, was not as smooth as
the above, since numerous recrystallizations  were required to
purify the phenanthridine derivative. .

(22) Pictet and Hubert [ibid., 29, 1182 (1896)] reported it to melt
at 95-96 and 220°,

(28) In working  up 9-a-naphthyl-9-fluorenol prepared by a
Grignard reaction [Wanscheidt and Moldavski, ibid., 68, 1362
(1930) ] it was noticed that the unchanged fluorenone combined with
the fluorenol derivative to form a relatively stable deep yellow crys-
talline molecular compound melting at 109-110°. This view re-
garding the nature of the product was confirmed by preparing it from
an alcoholic solution containing equimolal amounts of fluorenone
and 9-(a-naphthyl)-9-fluorenol. Schlenk and Herzenstein, Ann.,
372, 27 (1910), reported the formation of a similar type of compound
between fluorenone and 9-p-diphenyl-9-fluorenol.
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reaction mixture in this case was not as highly colored.
After removal of the volatile matter, the phenanthridine
derivative was extracted with ether. It crystallized
from petroleum ether in clusters of irregularly shaped
colorless crystals; yield 1.1 g.; m. p. 123.5°.

Amnal. Caled. for C3Hi:N: C, 90.45; H, 4.96; N, 4.59.
Found: C, 90.37; H, 5.08; N (Dumas), 4.59.

The hydrochloride crystallized from boiling water as
cream colored needles with water of crystallization melting

at 120-125°; the anhydrous product melted at 224°
(dec.).
Anal. Caled. for CuHiN-HCl: C, 80.80; H, 4.72;

N, 4.10. Found: C, 80.97; H,5.10; N, 3.99.

The picrate was prepared in and recrystallized from
alcohol; yellow prisms; m. p. 251°.

Anal. Caled. for CyH;:N,O;: C, 65.15;
Found: C, 65.43; H, 3.58.

H, 3.40.

9-Methyl-9-fluorylamine and 9-Methylphenanthridine

Interaction of 9-Methyl-9-bromofluorene = with Am-
monia.—A solution of 37 g. of 9-methyl-9-bromo-
fluorene? in 30 cc. of dry toluene and 30 g. of liquid am-
monia was heated in a steel bomb at 75° for twenty hours.
After removing -the ammonia, the insoluble fraction was
collected, thoroughly washed with 150 cc. of toluene, and
identified as the polymeric form of biphenyleneethylene;
wt. 6.9 g.; m. p. 270°.8

Anal. Caled. for (CiuHy),: C, 94.34; H, 5.66. Found:
C, 93.94; H, 5.84.

The filtrate and washings were combined and acidified
with an alcoholic solution of hydrogen chloride. On
heating, the slight precipitate that formed dissolved and
the hot solution was concentrated at reduced pressure.
Fractionation of the resulting residue was effected by ex-
traction with water; further manipulation of the aqueous
insoluble portion (A) is described below. The aqueous
extract was concentrated to about 75 cc. and treated with
an equal volume of hydrochloric acid. Upon cooling the
hot solution a mixture of colorless crystalline amine
hydrochlorides (9.5 g.) separated. Efforts to resolve the
mixture into its components by repeated crystallization
from water failed. Advantage was taken of the differen-
tial solubility of the two amine hydrochlorides in chloro-
form; 9-methyl-9-fluorylamine hydrochloride was quite
soluble in contrast to the other amine hydrochloride which
was practically insoluble. To the chloroformic extract
of the mixture was added benzene; beautiful needles
separated; m. p. 266° (dec.).

Anal. Calcd. for CuH3N-HCl: C, 72.55; H, 6.09;
N, 6.05. Found: C, 72.62; H, 6.12; N, 5.83.

This salt was decomposed in the usual manner to liberate
the free base. 9-Methyl-9-fluorylamine was recrystallized
from ligroin and separated as colorless needles melting at
96°.

Anal. Caled. for C4,HsN: C, 86.11; H, 6.71; N, 7.18.
Found: C, 86.19; H, 6.80; N, 7.22.

On interacting with nitrous acid, 9-methyl-9-fluorenol
was formed in good yield; m. p. and mixed m. p. 176°.

The chloroformic insoluble hydrochloride (ce. 1.0 g.)
was crystallized from dilute hydrochloric acid; irregular
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shaped crystals with marked twinning in the form of
crosses; m. p. 294° (dec.).

Anal. Caled. for CyHuN-HCl: C, 72.55; H, 6.09;
N, 6.05. Found: C, 72.79; H, 6.24; N, 5.96.

The free base, which is considered to be 9-fluoryl-
methylamine, was prepared from the salt and crystallized
from ether as colorless needles melting at 99-100°; when
mixed with 9-methyl-9-fluorylamine the melting point
was depressed considerably. There was insufficient ma-
terial for further purification and for analysis.

The aqueous insoluble fraction (A) was triturated with
benzene and from this benzene extract there was recovered
0.9 g. of a colorless crystalline hydrochloride; m. p. 263—
265° (dec.). Treatment of the salt with liquid ammonia
gave the free base, which was recrystallized from a solu-
tion of 209, benzene and 809, alcohol; colorless prisms;
m. p. 166°.

Amnal. Caled. for CysHN: C, 90.04; H, 6.21; N, 3.75.
Found: C, 90.19; H, 6.44; N, 3.67.

This analysis agrees with that required for a disubsti-
tuted amine. “Of the nhumber of secondary amines possible,
that which seems to agree best with the facts is di-(9-
methyl-9-fluoryl)-amine. Thus the peculiar solubility of
the salt in benzene suggests that in this solvent it is
present in the dissociated form and that the base is there-
fore a weak one (as compared, for example, to di-(9-fluoryl-
methyl)-amine which would be expected to be much more
strongly basic).2* The above suggested structure for the
secondary amine is in accord with the expectation that it
would be formed from the amine present in largest amounts
in the reaction mixture.

- 9 - Methylphenanthridine.—9 - Methyl - 9 - fluorylchloro-

amine was prepared from the hydrochloride (2.1 g.) of 9-
methyl-9-fluorylamine. It was isolated as a sirup and gave
a strong test for active halogen. Owing to its lability and
to the difficulty in purifying it, the product in this crude
form was subjected to the rearrangement conditions.
When the pyridine solution of the chloramine was treated
with sodium methylate a deep reddish-purple color de-
veloped and persisted until the reaction mixture was
worked up. After twelve hours the pyridine was removed
under diminished pressure, and the residue extracted with
petroleum ether. The extract was concentrated and the
material remaining dissolved in alcohol. Addition of
hydrogen chloride precipitated the hydrochloride of 9-
methylphenanthridine; yield 1.3 g., m. p. 287°. This
was converted to the free base, which was purified by sub-
limation iz vacuo; m. p. 83°. The melting point was not
depressed when the material was mixed with a specimen
prepared from acetyl-o-xenylamine.1?

Anal. Calced. for C;;HuN: C, 87.00; H, 5.74; N, 7.28.
Found: C, 86.93; H, 5.76; N, 7.13.

The picrate was prepared and crystallized from a solu-
tion of nitrobenzene and alcohol as yellow prisms; m. p.
250° (dec.).?s

(24) In this connection it is pertinent to call attention to solu-
bility of 9-methyl-9-fluorylamine hydrochloride in chloroform, as
compared to the insolubility of the supposed 9-fluorylmethylamine
hydrochloride.

(25) Pictet and Hubert, Ber., 29, 1182 (1896), reported it to de-
compose at 233°.
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Conversion of 9-(a-Naphthyl)-9-fluorylazide to 9~(a-
Naphthyl)-phenanthridine

9-(a-Naphthyl)-9-fluorylhydrazine.—Much trouble was
met in attempting to prepare this type of compound. In
preliminary experiments it was apparent that 9-phenyl-9-
fluorylhydrazine has less favorable properties than the
9-(a-naphthyl) analog and the investigation was there-
fore directed toward the preparation of the latter. Owing
to the unstable nature of the free base, which we were
unsuccessful in preparing, the work was limited to the
preparation and purification of the hydrochloride. Of the
numerous experiments carried out the following directions
for preparing and purifying the hydrochloride gave the best
results; even in this case the salt was not quite analytically
pure.

To a cooled, vigorously agitated mixture of 7 cc. of 1009,
hydrazine hydrate (a large excess in order to minimize the
formation of the hydrazo compound) and 75 cc. of aceto-
nitrile was gradually added, over a period of several hours,
13 g. of 9-(a-naphthyl)-9-chlorofluorene. Considerable
heat was generated and after standing overnight in the
ice chest the two liquid layers of the reaction mixture were
separated. The solvent was removed from the upper one
by distillation at room temperature under diminished
pressure. The resulting residue after triturating with water
was practically colorless and had an amorphous appear-
ance; m. p. 98° with dec. and previous sintering. Con-
version to the hydrochloride was effected in the manner
described by Wieland?¢; yield 10g. Repeated recrystalliza-
tions from solutions of toluene and chloroform and from
solutions of alcohol and ether gave colorless prisms melting
at 217° (dec.).

Anal. Caled. for CpHiNHCl: C, 76.96; H, 5.34;
HCIl, 10.17. Found: C, 76.02; H, 5.93; HCI (by titra-
tion), 9.43. i

9-(a-Naphthyl)-9-fluorylazide was prepared in the
usual manner by treating a slightly acidified aqueous al-
coholic solution of the above hydrazine hydrochloride
with an aqueous solution of sodium nitrite. The azide
separated and was recrystallized from hexane and from
75% alcohol. It crystallized as long needles. The product
was desolvated by heating in the molten state under di-
minished pressure; even under these conditions the
process was an extremely slow one; m. p. 133°.

Anal. Caled. for Cp3H;5N3s: C, 82.85; H, 4.54; N, 12.65.
Found: C, 82.89; H, 4.72; N, 12.23.

9-(a-Naphthyl)-phenanthridine.—The azide (0.2 g.)
was decomposed by heating at 194° for ten minutes. The
reaction product was extracted with boiling dilute hydro-
chloric acid. Upon cooling the acidic extract deposited
0.15 g. of an almost colorless hydrochloride. This was re-
crystallized from water and after drying at 100° melted at
224° (dec.). The free base was prepared from the hydro-
chloride and crystallized from hexane; m. p. 124°. The
melting point of a mixture of this material with 9-(a-
naphthyl)-phenanthridine prepared in a previous section
was not depressed.

Summary

The Stieglitz rearrangement has been utilized
(26) Wieland, Ber., 48, 3025 (1909).
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to develop a new and practical method for the
preparation of nitrogen ring compounds of the
phenanthridine type. 9-Methyl-, 9-phenyl- and
9-(a@-naphthyl)-9-fluorylchloroamine have been
converted to 9-methyl-; 9-phenyl- and 9-(o-
naphthyl)-phenanthridine. That this method is
not restricted to the halogenoamines is indicated
by the thermal conversion of 9-(a:naphthyl)-9-
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fluorylazide to 9-(a-naphthyl)-phenanthridine.
The primary factor in directing the course of the
rearrangement of the intermediate free radical
seems to be the highly strained conditiod of the
five-membered ring in biphenylenemethylene,
rather than the electronegativities of the radicals
attached to the tertiary carbon atom.

WassiNGgTON ,D. C. RECEIVED OCTOBER 16, 1936

[CoNTRIBUTION FROM THE GATES AND CRELLIN LABORATORIES OF CHEMISTRY, CALIFORNIA INSTITUTE OF TECHNOLOGY,
No. 572]

The Adjacent Charge Rule and the Structure of Methyl Azide, Methyl Nitrate, and
Fluorine Nitrate

By Linus PAuLING AND L. O. BROCKWAY

With the recognition of the fact that in many
cases the normal state of a molecule cannot be
represented satisfactorily by a single valence-
bond structure of the Lewis type but can be ap-
proximated by a combination of several such struc-
tures (among which it is said to resonate) there
arose the problem of determining for each resonat-
ing molecule the magnitudes of the contributions
of various reasonable structures. Information
regarding these magnitudes is being obtained in
many ways, such as from the interpretation of
experimental values of interatomic distances,
force constants, electric dipole moments, etc.,
and some progress is being made in the formula-
tion of empirical rules expressing this information
in a succinct form. Four years ago it was pointed
out! that the observed moment of inertia of ni-
trous oxide corresponds to resonance between the
structures . N—N—0 : and ;N=N_0:, the third
N—-—I:IE(; , making no
appreciable contribution, whereas the closely
similat molecule carbon dioxide resonates among
all three analogous structures; and in explanation
of this unexpected fact the suggestion was ad-
vanced that, in general, structures in which ad-
jacent atoms have electrical charges of the same
sign are much less important than other structures,
the diminution in importance resulting from the
inerease in coulomb energy corresponding to the
adjacent charges. This adjacent charge rule was
reported also to apply to the methyl azide mole-
cule.?  We have now reinvestigated methyl

(1) L. Pauling, Proc. Nat. Acad. Sci., 18, 498 (1932).
(2) L. O. Brockway and L. Pauling, ibid., 19, 860 (1933).

reasonable structure,

azide by electron diffraction and have similarly
studied methyl nitrate and fluorine nitrate. The
configurations found for all of these substances
are those predicted on the basis of the rule.
Methyl Azide.—In our earlier investigation
of methyl azide? it was concluded that the mole-
cules contain a linear azide group with dimen-
sions correspondmg to resonance between the

structures /N—N‘“N and /N"N—N The
H;C H,C

photographs used in this work were very light,
showing only one measurable apparent maxi-
mum and one minimum. With improved tech-
nique we have now obtained photographs of methyl
azide showing five well-defined apparent maxima,
the interpretation of which has led to the verifica-
tion and refinement of the earlier results. The

TasLE I
MeTaYL AZIDE

s, s, caled. for model C-N for model
Max. Min. I obsd. H-120° I-120° H-120°,A.1-120°A.
1 5 6.17 6.15 6.28 1.465 1.496
2 2 8.32 8.26 8.36 1.460 1.477
3 10.20 9.70 10.15 1.397 1.461
3 3 11.49 11.49 11.77 1.470 1.507
4 12.75 12.47 12.70 1.437 1.464
4 1 13.81 13.68 13.66 1.455 1.454
5 15.54 15.20 15.38 1.438 1.455
5 1 16.77 17.13 17.40 1.500 1.524
Average C-N = 1.453 1.480
© N-N’ =1.246 1.229
N’-N” = 1.087 1.107

Averaged results: C-N = 1.47 <0.02A.

N-N’ = 1.24 =0.02 A.

~N” = 1.10 = 0.02 A.

Angle C-N-N = 120 = 5°
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sample of methyl azide used was part of that pre-
pared for the first investigation by Dr. G. W.
Wheland. The photographs were taken with a
film distance of about 10 cm. and electron wave
lengths of about 0.06 A.

Fig. 1.—Radial distribution curves for methyl
azide, methyl nitrate, and fluorine nitrate.

The measured s values and estimated intensi-
ties, averaged for sixteen photographs, given in
Table I lead to the radial distribution curve shown
in Fig. 1, with principal peaks at 1.22, 2.34, and
3.33 A. These correspond closely with C-N =
147 A. (the sum of the single-bond covalent
radii), N-N = 1.24 and 1.10 A., and the C-N-N
angle = 120°, the peak at 1.22 A. representing the

AN\

2.34 -

unresolved distances 1.10, 1.24, and 1.47 A.
This correspondence was verified in the usual
way by the comparison of the photographs with
calculated intensity curves. In Fig. 2 there are
shown curves for models containing a linear azide
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group,? defined by the following values of the dis-
tances N-N’ and N’~-N", respectively: E, 1.10,
1.10; F, 1.26, 1.26; G, 1.26, 1.16; H, 1.26, 1.10;
I, 1.22, 1.10; the angle a having the value 180°
for E and 125° for F and G, and the values shown
for H and I. The C-N distance was assumed to
be 1.47 A., the C-H distances 1.06 A., and the
carbon angles were assumed to be tetrahedral.
All interactions were considered, with one orienta-
tion of the methyl group.

%\/ N

R

~_ //\-/\ //'\/‘;"5°

/ \/\/m/v\/ H-150°

/ \\_, L~ T~ /__/.\)_«:135"

k\/V“\/ﬂ'”’

\ NS

NS

\/ \—/_\/\/ H~1I5"

NS

\V/NEaiBi
A~

\ M NZaN P g

RNVANT

| | f 1
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S —.
Fig. 2.—Theoretical intensity curves for methyl azide.

It is seen that all of the curves show pronounced
disagreement with the photographs except H-
120° and I-120° and their immediate neighbors.
For these curves the qualitative and quantita-
tive comparisons are satisfactory. The agree-
ment for the second, third, and fourth peaks is
somewhat better for the 120° curves than for the
115 or 125° curves, and we accept for the nitrogen
bond angle the value 120 = 5°, which is at the
lower edge of the range of values 135 = 15°

(8) The new photographs, like the old ones, are incompatible with
a cyclic configuration.
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previously reported. The quantitative compari-
son (Table I) leads to the interatomic distances
C-N = 147 = 0.02 A, N-N’ = 1.24 = 0.02 A,
and N'-N” = 1.10 = 0.02 A. This final con-
figuration of the model is identical with that
indicated by the radial distribution curve.
These results are in good accord with the
assumption that the molecule resonates between
=

the two electronic structures  N=N=N: anq
H,C

-, ¥

A
H;C
tially the double-bond value and the N’-N”
distance the triple-bond value.* The value 120°
for the nitrogen bond angle, intermediate between
those expected for a single and a double bond
(125° 16’) and for two single bonds (109° 28'),
is also not unreasonable.

Methyl Nitrate.—Methyl nitrate was pre-
pared from methyl alcohol, nitric acid, and
urea nitrate by Mr. Willard McRary under
the direction of Professor H. J. Lucas. The
product was washed repeatedly with water and
dried, and then was redistilled three times.

The photographs show six well-defined and
nearly uniformly separated rings, with s values
and estimated intensities as given in Table II.

=N *, the N-N’ distance having essen-

TABLE II
METHYL NITRATE
s, caled.

for model s, caled,

Max. Min. 1 s, obsd. 11-105° s, obsd.
1 1 3.50 3.23 (0.923)
2 4.67 4.17 (0.893)

2 5 6.34 6.34 1.000
3 7.92 7.98 1.008

3 3 9.44 9.40 0.996
4 10.69 10.50 .982

4 2 11.93 11.60 .973
5 13.50 13.18 .976

5 1 14.87 15.20 1.022
6 16.21 16.50 1.018

6 1 17.71 17.68 .998
Average 0.997

Results (model 11-105°): N-O = 1.26,1.26,

1.36 A.
0-C  =1.434.

Angle N-O-C = 105 = 5°

The six-term radial distribution function (Fig.
1) has a broad peak at about 1.24 A., a sharper
peak at 2.21 A., and another at 3.32 A. These
are compatible with the models discussed below,
but provide no basis for choice among them.

' (4) L. Pauling, L. O. Brockway and J. Y. Beach, THIS JOURNAL,
87, 2705 (1935),
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The number of parameters determining the
structure of the molecule is so great that it was
not possible to carry out a thorough investigation
involving their independent variation. We have
accordingly contented ourselves with the attempt
to decide between the two most reasonable struc-
tures. The first, representing resonance among
the three structures A, B, and C, leads to the pre-

10+ .. ,CHs 0 + .. CHs
":'(')>N_9/ : :O>N~9/
T T

Ot
s
C

dicted dimensions shown below, all three N-O
bonds having approximately the double bond

c
\26 e
1.26 ,*>1.43
———0

1200 [

/.26
o)

distance. The methyl group is restricted to the
plane of the nitrate group by the double-bond
character of the N-OCH; bond. For « a value
of about 120 or 125° would be expected; curves
calculated for 120, 125, and 130° are shown in
Fig. 3. The second reasonable structure, repre-
senting resonance between A and B only, cor-
responds to essentially the double-bond distance
for two of the N-O bonds and the single-bond

1.26 CHy
o

¢
o !
125° 16 N———-——l 36

(o)

I

1.26
II

distance for the third. Steric effects probably
tend to keep the methyl group out of the plane
of the nitrate group. The curves of Fig. 3 are
calculated on this assumption; - we have found
that they are changed only slightly by the as-
sumption of free rotation of the OCH; group
about the N-O bond. For « a value close to
the tetrahedral value 109° 28’ is expected; curves
for « = 100, 105, 110, and 115° are shown.

All of the curves show rough agreement with
the photographs; the curves for model I are,
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however, all inferior to curve II-105° in regard to
the observation of six well-shaped and nearly
uniformly spaced rings. Curve II-105° is in
nearly complete agreement with the experimental
data, the greatest quantitative discrepancy, 3%,
being shown by the fourth maximum (see Table
II). We accordingly accept model II with a =
105° as supported by the electron diffraction data.
The quantitative comparison verifies the inter-
atomic distance values N-O = 1.36 A. (for the
oxygen atom with methyl attached), N-O =
1.26 A. (for the other oxygen atoms), and O-C
= 1.43 A. to about = 0.05 A., the N-O-C bond
angle being given the value 105 = 5°. This
configuration is compatible with the radial dis-
tribution curve (Fig. 1).
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Fig. 38.—Intensity curves for methyl nitrate.
Fluorine Nitrate.—Fluorine nitrate, NOsF,

was first prepared by G. H. Cady® in 1934 by
bubbling fluorine through dilute nitric acid. At
the suggestion of Professor W. A. Noyes, we under-
took the electron diffraction investigation of the
vapor in order to determine where the fluorine
atom is attached and what effect it has on the
nature of the bonds in the NO;s group. Professor
(5) G. H, Cady, TuIs JournaL, 86, 2635 (1934).

Linus PAULING AND L. O. BROCKWAY
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D. M. Yost and Mr. A. Beerbower of these Labo-
ratories® prepared samples of fluorine nitrate by
Cady’s method (using the original apparatus of
Dr. Cady), and also by another method, consist-
ing in passing fluorine over solid potassium ni-
trate, and kindly provided us with some of the
substance for the electron diffraction work. The
vapor of the substance at about 300 mm. pressure
was held in a one-liter glass flask connected to the
electron diffraction apparatus through an ordi-
nary stopcock. The photographs obtained from
the first sample showed four rings. An attempt
to prepare heavier photographs from another
sample was made unsuccessful by the explosion of
the substance at the instant of making the first
exposure. It was previously thought that fluorine
nitrate gas was stable at room temperature, and
the cause of the explosion is still unknown.

The s values and the visually estimated in-
tensities for the four rings observed in the photo-
graphs are given in Table IV. The radial dis-
tribution function (Fig. 1) shows maxima at 1.27
and 2.29 A., the second being about twice as
large as the first.

NO5F

<

=S S (€

B8-125°

VA

f

B-IO®

\_c—tos“—w
\E—IOS"—[SS

\—105’—&0
\_c—no"—w

\c/—no“—tss

1 L L
0 5 10 15
S —.

Fig. 4.—Intensity curves for fluorine nitrate.
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The molecular models upon which the theoret-
ical intensity curves of Fig. 4 are based have been
chosen to distinguish between the three most
probable configurations of fluorine nitrate. The

(6) D. M. Yost and A. Beerhower, ibid., 57, 781 (1935).



Jan., 1937

first, suggested to us by Professor W. A. Noyes,
involves a tetrahedral arrangement of the fluo-
rine and oxygen atoms around the nitrogen atom,
in which the bond angles are all 109° 28’ and
the ratio of the N-F to the N-O distances is
0.985; the corresponding curve is marked A.
The other two models are similar to those con-
sidered above for methyl nitrate. In the second
(B) the double bond in the NO; groups is assumed
to resonate equally among the three N-O bonds
and the fluorine atom lies in the plane of the
other atoms, with the interatomic distances as
shown in Table III. In the third (C) the reso-

TasLe II1
MobELS FOR NO;F

Model NO NF NO’ OF <ONO <NO'F
A 1.40 1.38 109° 28’
B-125° 1.26 1.26 1.34 120° 125°
B-110° 1.26 1.26 1.34 120° 110°
C-105°-1.41 1.26 1.36 1.41 125° 105°
C-105°-1.35 1.26 1.36 1.35 125° 105°
C-105°-1.30 1.26 1.36 1.30 125° 105°
C-110°-1.41 1.26 1.36 1.41 125° 110°
C-110°-1.35 1.26 1.36 1.35 125° 110°

nance of the double bond does not involve the oxy-
gen atom to which the fluorine is attached (O’)
but is restricted to the other two positions; with
this structure the molecule is no longer coplanar
but instead the NO'F plane is perpendicular to
the NO; plane.

The models for complete resonance, B, are
eliminated because in the corresponding curves
the third and fourth maxima are not well resolved
from each other, as they are in the photographs.
The remaining six curves are more satisfactory
in this respect, the relative heights of the third
and fourth maxima showing better agreement with
the photographs for the curves A, C-105°-1.41,
and C-105°-1.35 than for the other three.

TaBLE IV

FLUORINE NITRATE
s, caled./s, obsd.

s, caled.
s, C-105° C-105° C-105°- C-105°-
Max. Min., I obsd. -1.41 -1.35 1.41 1.35
1 2 3.56 2.95 2.97 (0.829) (0.834)
2 4.84 3.87 3.97 (0.800) (0.821)
2 5 6.16 6.20 6.29 1.021 1.021
3 7.66 7.89 8.04 1.030 1.050
3 2 8.8 9.3¢ 9.46 1.052 1.065
4 10.36 10.36 10.41 1.000 1.005
4 1 11.45 11.46 11.52 1.001 1.006
Average 1.021 1.029
N-O1.286 A. 1.296 A.
N-O’ 1.389 1.400
O-F 1.440 1.390
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Model A cannot be eliminated definitely by the
photographs; there are, however, some points
which make this model improbable. From the
curve for this model the first minimum would be
expected to be at least as well pronounced as-the
second minimum, whereas on the photographs the
first minimum is not very well defined. That the
qualitative appearance of the photographs sup-
ports model C rather than model A is further
shown by the fact that the photographs resemble
those of methyl nitrate more closely than those of
carbon tetrafluoride. Some evidence is also
provided by the radial distribution curve (Fig. 1),
the first peak being displaced by 0.15 A. from the
position expected for it for model A. For these
reasons and the additional reason that it is diffi-
cult to correlate the tetrahedral configuration
with an electronic structure involving only com-
pleted octets, we consider model A not to be
satisfactory.”

The curves C-105°-1.41 and C-105°-1.35 ate
in reasonably good qualitative and quantitative
agreement with the photographs, the discrepancies
shown by the first maximum and second minimum
being no larger than usual for inner rings. The
quantitative comparison (Table IV) leads to the
average interatomic distances N-O = 1.29 A.,
N-O’ (with fluorine attached) = 1.39 A., and
O'-F = 1.42 A., with probable errors of about
= 0.05 A. The bond angles are O-N-O = 125
= 5° and N-O’-F = 105 = 5°. This configura-
tion is compatible with the radial distribution
curve (Fig. 1).

The Adjacent Charge Rule.—There are thus
now known four substances (nitrous oxide,
methyl azide, methyl nitrate, and fluorine ni-
trate) with configurations supporting the ad-
jacent charge rule. That this rule is reasonable
can be seen from the following argument. In
general a valence-bond structure involving two
charged atoms with opposite signs may cor-
respond to about the same energy value as a
structure involving uncharged atoms, the differ-
ence between the ionization energy of one atom
and the electron affinity of the other being
approximately compensated by the coulomb en-
ergy of the charges. For example, the coulomb
interaction of the charges + ¢ and — e 2.30 A.
apart stabilizes the structures :_C')}—(:EOJ:r and

:550—'{)_: for carbon dioxide by 6.3 e. v., which

(7) Quantitative comparison for this model leads to the inter-
atomic distances N-O = 1.42 4., N-F = 1.40 A,
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is roughly equal to the estimated energy required
to remove an electron from one bound oxygen
atom and attach it to another; it is accordingly
not unreasonable that these two structures con-
tribute about equally with the = structure
:0=C=0: to the normal state of the molecule.
For nitrous oxide the two structures ;N—N=O0 :
and ;N=N—0" have nearly equal covalent bond
energies and coulomb energies and would be ex-
pected to make about equal contributions. The
structure T.'nj——f\kr_=_6 :, however, with adjacent
positive charges adding a large positive quantity
to the energy of the molecule, corresponds to a
higher energy value than the other two structures,
and accordingly makes no significant contribution
to the normal state of the molecule.

The principal application of the adjacent charge
rule is to the compounds of nitrogen. In many
compounds a nitrogen atom forms four covalent
bonds and has a positive charge; the adjacent
charge rule then prevents resonance to structures
in which an atom attached to this nitrogen atom
also has a positive charge. The covalent azides
and nitrates are the principal substances of this
type. It is interesting to note that the adjacent
charge rule provides an explanation of the large
differences in stability shown by covalent and
ionic azides and nitrates. Covalent azides and
nitrates are restricted by the rule to resonance
between two important structures, whereas the
ions resonate among three structures. The reso-
nance energy® for two structures is about 1 e. v.
and for three structures about 2 e. v.; hence
ionic azides and nitrates are more stable than
the covalent substances by about 25,000 cal. per
mole. We accordingly understand why the alkali
and alkaline earth azides® can be exploded only
at high temperatures whereas the heavy metal
azides, chlorazide, cyanuric triazide, and other
covalent azides are extremely explosive. Sim-
ilarly the ionic nitrates are relatively stable,
whereas the covalent nitrates (methyl nitrate,
-nitroglycerine, etc.) are exploded easily. It may
be pointed out that the covalent nitrates are more
closely related to nitro compounds than to the
nitrate ion from the resonance point of view,
in that in covalent nitrates, as in nitro compounds,
the double bond resonates between two oxygen

(8) L. Pauling and J. Sherman, J. Chem. Phys., 1, 606 (1933).

(9) The alkali azides are known to be ionic: S. B. Hendricks and
L. Pauling, THIS JOURNAL, 47, 2904 (1925); L. K. Frevel, ibid., 58,
779 (1936).
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molecules, whereas in the nitrate ion it resonates
among three.

The destabilizing effect of the adjacent charge
rule shown in covalent nitrates does not occur in
the analogous compounds containing carbon as
the central atom, such as carbonates, urea, guani-
dine, etc., since the quadricovalent carbon atom
is neutral.

The question as to whether or not hydrazoic
acid and nitric acid are more closely related to the
corresponding covalent compounds than.to the
ions could be answered by determining the con-
figurations of the acids. From general information
we would predict that the H-N and H-O bonds
are essentially covalent (with perhaps about one-
third ionic character) and that the N3 and NO;
groups in the acids have the same structures as
in methyl azide and nitrates. This prediction is
supported by the instability of the acids.

The adjacent charge rule permits resonance
of nitrogen pentoxide among the four structures
of type A, but excludes the four structures of
type B (as well as the structure with two double

O+ .. + 401 O N

NN s NN

b A b b B
bonds to the central oxygen atom). *We accord-
ingly predict for the molecule a configuration in
which the two interatomic distances N-O’ (O’
being the central oxygen atom) have about the
single-bond value 1.36 A. and the four distances
N-O have about the double-bond value 1.26 A.,
each NO; group being coplanar, with the angles
ONO equal to about 125° and NO'N to about
110°; the relative orientation of the two NOs

planes is uncertain, since the single N-O’ bonds
permit free rotation.0

: O
The symmetrical configuration O>N—-N<z is

5
0:

usually assumed for nitrogen tetroxide.!! How-
ever, the only reasonable electronic structures
involving completed octets which can be written
for this configuration are the four of the type

By 0
SN
T NG

(10) L. R. Maxwell, V. M. Mosley and L. S. Deming, J. Chem.
Phys., 2, 331 (1934), report the values N-O = 1,18 A. and N-O’
= 1.3-1.4 A, on the basis of electron diffraction data, in agreement
with our structure.

(11) S. B. Hendricks, Z. Physik, 70, 699 (1931); G. B. B. M. Suth-
erland, Proc. Roy. Soc. (London), A141, 342, 535 (1933); Maxwell,
Mosley and Deming, ref. 10; L. Harris and G. W, King, J. Chem.
Phys., 2, 51 (1934).

wlﬁch are incompatible with
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the adjacent charge rule. We accordingly be-
lieve that nitrogen tetroxide has not this con-
figuration but instead the unsymmetrical con-
figuration corresponding to resonance between
the two structures of type \{‘I~Q—§<6T.

The adjacent charge rule provides some in-
formation regarding the nature of the bonds in
the oxygen acids of heavier atoms. It has be-
come customary, following Lewis, to assign to
the silicate ion and related groups structures

(0]

such as :—:0:—-%——?.5-:, the octet rule being con-
:9:

sidered to hold for the heavier atoms as well as for

the first-row atoms. The discovery of Brockway

:Cl:
and Wall®? that structures such as ::C_'1-|S~i=él+:

:Cl:
are important for silicon tetrachloride and other
halides of non-first-row atoms suggests that cor-
responding structures might be important for the
oxygen compounds also. Strong support for this
idea is provided by the observed interatomic dis-
tances in crystals, as determined by W. L. Bragg,
Zachariasen, and others, which are approximately
equal to the sums of double-bond radii (Table
V), indicating strong resonance to structures in-

TaABLE V

INTERATOMIC DIsTaNcES M~-O IN IonNs MOy
SiOs=, POS-, SO~ CIOi~,
A A A A.
1.60 1.53 1.50 1.48
1.83 1.76 1.70 1.65
1.656 1.58 1.53 1.48
volving double bonds.}® Dithionic acid, HaS:Os,
and hypophosphoric acid, H,P;Os are stable
substances, resisting oxidation even by dichro-
mate.’ This stability would not be expected

Observed values
Sums of single-bond radii
Sums of double-bond radii

e e
for the completed octet structures :0—5——=5—0:
SIS
:07 :0° '
and —O—?——I:;'—-—O_, which run counter to the
:0: :0:

(12) L. O. Brockway and F. T. Wall, Tuis JournaL, 56, 2373
(1934).

(13) The observed decrease below the double-bond values may
possibly be due to some triple bond formation.

(14) P. Nylén and O. Stelling, Z. anorg. allgem. Chem., 212, 169
(1933).
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adjacent charge rule; the rule instead requires
us to accept as the important structures for these
substances those in which a sulfur atom forms
two double bonds and a phosphorus atom one

double bond, such as
6 [ O- b : O :
o bt oo = .ol | P
:O=El§———?——0 : ) :O=?——*—-S—-—9 :  ete., and
0 : O : : O : O :
0: :0:
- PR —. Il -
O—«I"—-——‘P——O , o-lr—hiP—o ete
_O :0: O : :0 :
0: :0%
ool |2+ .om
For Cl,0¢ structures such as :O=Cl———(‘il—(.). :,
O: :0:

etc., are allowed by the adjacent charge rule.
We consider it probable that the dissociation of
this substance is due not to its instability (weak-
ness of the CI-Cl bond) but instead to the un-
usual stability of the odd molecule ClO; through
three-electron bond formation, as in the other odd
molecules NOg, NO, ClO,, etc. It is possible that
ClyO¢ has an unsymmetrical configuration, O;Cl-
0-ClOs, analogous to that which we have sug-
gested for NyO,; however, chlorine, unlike nitro-
gen, has more than four orbitals in its outer shell
and hence the adjacent charge rule doesnot elimi-
nate the symmetrical configuration, which we con-
sider to be the more likely one because of analogy
with the dithionate and hypophosphate ions.

We wish to thank Dr. G. H. Cady for lending
us his apparatus, Professor Don M. Yost and
Mr. A. Beerbower for preparing the fluorine
nitrate used in this work, Mr. K. S. Palmer for
assisting in the preparation of the electron diffrac-
tion photographs, and Dr. Sidney Weinbaum
and Mrs. M. Lassettre for assisting in their
interpretation.

Summary

The investigation of methyl azide, methyl
nitrate, and fluorine nitrate by electron diffrac-
tion is shown to lead to configurations of the
molecules corresponding in each case to reso-
nance between two important valence-bond struc-
tures. The unimportance of a third otherwise
reasonable structure for these molecules as well
as for nitrous oxide is ascribed to instability due
to the presence of electric charges of the same sign
on adjacent atoms. It is shown that the differ-
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ences in chemical properties of covalent and
ionic azides and nitrates can be correlated with
differences in structure. The use of the adjacent
charge rule is illustrated by its application in the
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discussion of the structures of nitrogen pentoxide,
nitrogen tetroxide, and the oxygen acids of heavier
atoms.
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The Reaction between Osmium Tetroxide and Hydrobromic Acid. II. Rate Study

By H. DARWIN KIRSCHMAN AND WiLLIAM R. CROWELL!

In a previous article on a study of the equilib-
rium between osmium tetroxide, hydrogen ion
and bromide ion at 100°, it was suggested that at
low acid and high bromine concentrations the
reaction might be of the type?
0sOs 4+ H* + 5/;Br~ —= Os(OH)O;~Br + !/;Br;~ - (1)
The purpose of the present work was to carry out
a study of the rate of the reaction between osmium
tetroxide, hydrogen ion and bromide ion with a
view of learning more of its nature and to deter-
mine, if possible, the validity of certain assump-
tions made in the earlier investigation.

The general plan of the work consisted of the
analysis for bromine of the contents of the re-
action tubes at various time intervals in experi-
ments conducted in a manner similar to that em-
ployed in the equilibrium problem. From the
results obtained an attempt was made to deter-
mine the order of the reaction with respect to

octavalent osmium, hydrogen ion and bromide

ion.

The general form of the rate expression can be

stated as

_ d(OdSO4) = B(Osg)® (H*)b (Br-)o () ()P (f)°
t fa

In the present instance & = kK where k& is the
specific reaction rate constant and K the equilib-
rium constant of the intermediate complex.
f1, f2, f3 and fi are the activity coefficients of octa-
valent osmium, hydrogen ion, bromide ion and
the intermediate complex, respectively.

In the first series of experiments, the initial
concentration of all the reacting constituents was
kept constant except that of the osmium, which
was changed about twofold. A second series of
runs was made at different concentrations of
hydrobromic acid but at a fixed initial concentra-

(1) The authors were assisted in the experimental work by Messrs.
Glen Seaborg and Robert Brinton, students in the Chemistry De-
partment at the University of California at Los Angeles.

(2) Kirschman and Crowell, THIS JOoUrRNAL, 55, 488 (1933).

tion of osmium. A third series of runs was made
at approximately constant ionic strength and at
the same initial concentration of octavalent os-
mium. Some of these runs were carried out at
different concentrations of bromide ion but at a
fixed concentration of hydrogenion. Inother runs
the bromide ion concentration remained constant
while the hydrogen ion concentration was changed.
The purpose of the experiments at constant jonic
strength was to determine the orders with respect
to hydrogen and bromide ion, and to see if the sum
of these orders was approximately equal to the
order with respect to hydrobromic acid found in
the second series of runs. Finally, using the rate
data thus obtained, a series of rate constants was
calculated.

Experimental

The apparatus was that employed in the equi-
librium experiments.? The potassium hydroxide
solution of osmium tetroxide was prepared as de-
scribed in our previous article on the determina-
tion of octavalent osmium.®? The hydrobromic
acid was prepared from red phosphorus and
bromine by the well known method. The middle
fraction of the distillate was redistilled until a
water white product was obtained.

The - experimental procedure was essentially
the same as that used in the equilibrium experi-
ments with one modification in the case of the
solutions 1.2 and 1.6 M in hydrobromic acid.
In these solutions there was a tendency for the
bromine formed to react with the reduced os-
mium when the tubes were broken in the chilled
water in the titration beaker. To overcome this
difficulty, sufficient hydrobromic acid was added
to the water in the titration beaker to make the
acid concentration after the addition of the con-
tents of the reaction tube about 0.1 N.

(3) Crowell and Kirschman, ibid., 51, 175 (1929).
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TaBLE I
CONCENTRATION OF REDUCED OsMIuM AT VARIOUS TiME INTERVALS AT 100°
In moles per 1000 grams of water X 103

Concn. in moles per 1000 g.

of water Reaction time in hours-
Runs OsO«x102 HBr KBr KCl 1/24 1/12 1/6 1/4 1/3 1/2 1 2 4 8 24
1 4.30 1.24 0.210 0.355 0.670 1.05 1.61 2.04 2.31
2 4.28 1.66 479 1.12 1.92 2.28 2.48 2.59 2.61
3 4.36 2.10 0.840 1.68 2.24 2.66 2.70 2.62 2.72
4 4.34 2.55 0.806 1.88 2.67 3.08 3.31 3.38
5 2.04 2.55 . .408 0.816 1.10 1.59 1.69 1.69
6 4.48 3.50 1.76 3.54 4.32 4.32
7 2.07 3.50 0.880 1.80 2.01 2.01

‘ Runs at Approximately Constant Ionic Strength

8 4.15 1.31 2.18 ... 0.95 1.90 2.64 2.90 2.90
9 4.15 1.31 1.31 0.88 0.33 0.91 1.8¢ 2.34 2.84 3.06
10 4.15 1.31 2.18 .43 .93 2.04 2.68 3.01
11 4.15 1.7 .. 1.75 .66 ... 1.88 2.79 2.93 3.06 3.18
12 4.15 1.75 1.75 .. 1.39 2.80 3.22 3.35 3.37
13 4.15 2.62 .. 0.8 .8 1.96 3.53 3.83
14 4.15 2.62 0.88 2.54 4.00 4.00

Results of the Rate Experiments

Table I shows results of rate experiments at
100°. All concentrations of reduced osmium are
expressed in moles per 1000 g. of water. Runs
1-7 inclusive are at different concentrations of
octavalent osmium and of hydrobromic -acid,
while runs 8-14 inclusive are at the same osmium
concentration and approximately at the same ionic
strength as the hydrobromic acid run at 3.50 M.
In order to keep the solutions at the same ionic
strength for different concentrations of hydrogen
ion and bromide ion, potassium bromide and
potassium chloride were used in addition to the
hydrobromic acid. While these salts, particularly
potassium chloride, may influence the nature of
the reduced osmium complexes, they should not
affect markedly the initial rates.

The initial rates were obtained by plotting the
data in Table I and obtaining the slopes of the
curves by well-known graphical methods. The
values for the individual runs are shown in column
2 of Table II. The order of the reaction 7, with
respect to any reactant was calculated from the
expression

" = Log rate ratio
™ 7 Log activity ratio

By comparing run 4 with run 5, and run 6 with
run 7, the effect of doubling the osmium concen-
tration in a fixed concentration of hydrobromic
acid was determined. The average of the two
values of #og0, was 0.98.

In runs 1, 2, 3, 4 and 6 the concentration of
osmium was approximately the same while the

concentration of acid was changed in steps from
1.24 to 3.50 M. The runs compared were 1 and
2,1and 3, 1 and 4, 1 and 6, 2 and 3, 2 and 4,
and 2 and 6, 3 and 4, 3 and 6, and 4 an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>