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ester. The formates are considerably more ac-
tive than the acetates and from then on the de-
crease in activity is much smaller as the length
of acid increases. In this series the exception to
the above statement is methyl n-butyrate.

It is interesting to note that esters having a
total of five carbons have higher equilibrium con-
stants. Methyl n-butyrate and n-butyl formate
have constants much higher than would be ex-
pected. #-Propyl acetate does not vary as much
but even here the constant is the same as the
preceding ester instead of decreasing. The one
exception to this observation is #-butyl acetate,
which is even higher than #n-propyl acetate. No
equilibrium constant has been run for ethyl pro-
pionate.

Hatch and Adkins® in their displacement series
for alcoholysis observed that the values decreased
until the normal amyl group was reached. A
marked increase was then noticed which gradually
decreased in going up the series, but all values
were higher than those preceding the normal amyl
group. They rationalized these anomalies by the
assumption that the effect of a methyl or methyl-

(6) Hatch and Adkins, THIS JOURNAL, 59, 1694 (1937).
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ene group may be transferred directly as well as
through the chain. By stereochemical considera-
tions the methyl group of the amyl group should
be close to the oxygen and act directly.

This explanation might be used for the above
anomalies but it is difficult to see why n-amyl
formate should have a smaller constant than #-
butyl formate. If the activation is due to both
ends of the ester being close together, then the
observation that it occurs only in esters having
five carbons would be logical. This, however, does
not explain why »-butyl acetate should have a
large constant.

Summary

The equilibrium constants for the reaction of
several alkyl formates and alkyl acetates with
stearic acid have been determined. Increasing
the length of the alkyl group of the ester de-
creases the value of the comstant. However,
when the total number of carbons in the ester
reaches five, higher values are obtained. Second-
ary and branched-chain alkyl esters give lower
values than the normal alkyl esters.

LexiNeTON, Kv. RECEIVED FEBRUARY 14, 1940
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Optical Constants of Benzamide, its Homologs, and Some Aliphatic Amides®

By M. L. WiLLARD AND CHARLES MARESH?

Two homologous series of organic amides,
namely, an aromatic series based on benzamide
and an aliphatic series based on acetamide, were
studied optically by means of the petrographic
microscope and the Fedorow universal stage as
modified by R. C. Emmons.

Materials.—The derivatives and reagents used in this
study were obtained from the Eastman Kodak Company.
Acetamide was recrystallized from 95%, alcohol. Propion-
amide and butyramide were used as obtained. #-Valeram-
ide was recrystallized from fusion giving flat plates suit-
able for optical study. Isovaleramide was prepared from
isovaleryl chloride and concentrated ammonia solution
and purified by sublimation.

Benzamide, ¢-, m-, and p-toluamides were prepared
by the hydrogen peroxide hydrolysis? of the corresponding

(1) Abstracted from a thesis submitted by C. Maresh to The
Graduate School of The Pennsyivania State College in partial ful-
fillment of the requirements for the degree of Doctor of Philosophy.

Presented before the Division of Microchemistry at the 97th meet-

ing of the American Chemical! Society, Baltimore, Md.

(2) Present address: Calco Chemical Division, The American
Cyanamid Company, Bound Brook, New Jersey.

(3) C. R. Noller, **Organic Syntheses,” Vol. 13, 1933, p. 94.

nitriles. o-Ethylbenzamide, p-ethylbenzamide, and 1,3-
dimethylbenzamide-2 were prepared from the correspond-
ing amines, using the method of Clarke and Read* in the
preparation of the nitriles followed by the hydrolysis to the
amides. The dimethyl compound, however, required re-
fluxing for seventy-two hours with a saturated alcoholic po-
tassium hydroxide solution for the hydrolysis to the amide.

The melting point of p-ethylbenzamide (see Table I)
was found to be different from that reported in the litera-
ture. Upon hydrolysis, the acid was obtained melting
at 112-113.5°. The amide was likewise prepared from
the acid by treating with thiony! chloride followed by treat-
ment with concentrated ammonia solution. The amide
so obtained melted at 162.9-164.4°.

The amides, p-propylbenzamide, p-n-butylbenzamide,
and p-isobutylbenzamide were prepared from bromo-
benzene and the corresponding bromides (obtained from
the alcohols) by means of the Wurtz-Fittig synthesis.
The alkyl benzenes were nitrated and reduced according
to the method of R. R. Read and D. B. Mullinf The

(4) H. T. Clarke and R. R. Read, ‘‘Organic Syntheses,”” Vol. 4,
1925, p. 69.

(5) R.R.Read and D. B. Mullin, THIS JOURNAL, §0, 1763 (1928);

D. B. Mullin, Thesis ““The Disinfectant Power of Phenols,” U. of
Vermont, 1924,
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TABLE I
ANALYSES AND PHYSICAL AND OPTICAL PROPERTIES OF AMIDES
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¢ Melting points determined by usual capillary tube
method with thermometer calibrated against Bureau of
Standards’ thermometers. The == indicates the range,
as: 127.1 = 0.5 126.6-127.6°. b (ne). °© 1464 =
0.005, Universal Stage. 4144 = 0.01, Universal Stage.
¢ 1.45 = 0.01, Universal Stage. 7 1.47 = 0.01, Universal
Stage. 9 Cryst. from H,O. * Universal Stage. * Caled.
from 2V. ¢ Cryst. from petroleum ether. * Indices.
'XAc =ca.8° ™XAc=40°. ™Elongatedto 8. °Mica-
like plates crystallized from 509, ethyl alcohol; rect. plates
from water. ? Prisms from xylene-Canada balsam.
¢ Melatopes.

amines were then diazotized, the nitriles prepared, and
the amides formed by the hydrogen peroxide hydrolysis.

The Wurtz—Fittig synthesis was not successful in the
preparation of s-butylbenzamide, and Eastman Kodak Co.
s-butylbenzene was the starting material in the prepara-
tion of secondary butyl benzamide. The melting points
from water and petroleum ether differed, and there is a
possibility that the optical activity of the secondary butyl
group is the explanation. The product from water was
studied.

In nitrating, the position of the nitro group was in all
cases checked by the preparation of the corresponding
nitrobenzoic acid. The amides, p-propylbenzamide, p-
butylbenzamide, p-isobutylbenzamide, and p-s-butyl-
benzamide, have not been reported in the literature.

The fractionations of the intermediates in the prepara-
tion of the aromatic amides were carried out with two col-
umns packed with glass helices of the total condensing
variable take-off type with electrically heated jackets 40
and 64 cm. long.

Apparatus and Technique..—A Spencer 35 petrographic
microscope was used in all of the work except that involv-
ing the universal stage. In addition to the usual acces-
sories, the microscope was fitted with a 1.8-mm. oil im-
mersion (N. A. = 1.25) objective used in conjunction with
an aplanatic wide angle condenser (N. A. 1.40). A
removable ocular micrometer in a Spencer 8x ocular
was calibrated with both the 4-mm. and 1.8-mm. objectives
for optic axial angle measurement against standardized
mineral thin sections. As illustrated by W. M. D.
Bryant,® the use of an oil immersion objective permits
the measurement of the entire range of acute axial angles
as well as smaller obtuse axial angles.

A Bausch and Lomb modified Fedorow universal stage
was fitted on a Bausch and Lomb LC petrographic micro-
scope for the measurement of optic axial angles and in-
dices of refraction beyond the limit of the index oils as
well as 7, in the case of the platy aliphatic amides.
The universal stage was fitted with three pairs of hemi-
spheres of refractive indices, 1.649, 1.559, and 1.516.

The indices of the liquids beyond the limit of the Abbé
refractometer were determined by the method of minimum
deviation using a constant temperature hollow prism?
in conjunction with a single circle reflecting goniometer
made by the R. Fuess Company. Monochromatic light
was furnished by an 85-watt high intensity Westinghouse
mercury vapor lamp Type H-3 along with suitable Corning
filters (A = 5461 A.).

(6) W. M. D. Bryant, THis JourNatL, 60, 1394 (1938).

(7) M. S. Buerger, Am. Mineral., 18, 325 (1933),
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The principal refractive indices, e, B8, and ¥ at 25°
+3° for A = 5461 A. were determined by the immersion
method with axial illumination using interference figures
in selecting the correct orientation for a given index.?

The optical study involved the examination of the crys-
tals obtained from various solvents and from xylene-
Canada balsam. In some cases crushed material was
mixed with powdered glass preparatory to the examination.
The determination of the optic axial angles by means of
the universal stage was done on preparations made up in
Canada balsam.

The universal stage was used in the determination of 7,
in the case of benzamide and #, in the case of the platy
aliphatic amides using the methods worked out by R. C.
Emmons.® In the determination of the optic axial angles,
the graphical method of T. A. Dodge!® was used.

Optical Data.—Although metastable forms
were encountered in this research, no attempt
was made to determine their optical constants.
2V values were (a) obtained from melatope dis-
tances, (b) measured on the universal stage, and
(c) calculated from the indices of refraction.
The accuracy of the 2V values is given by the
agreement of the values obtained by the three
methods. The indices of refraction are given with.
an accuracy of = 0.003 except where indicated.

Table I gives the data for the aliphatic amides.
All of the aliphatic amides listed have been meas-
ured crystallographically, but only acetamide
in its stable and metastable forms has been
studied optically. The values recorded for the
stable modification!! (n, = 1.46, n, = 1.54) are
not entirely in accordance with those reported
here. The stable form of acetamide is trigonal
unijaxial giving short prismatic needles from alco-
hol and does not fit in with the remainder of the
series. The amides from propionamide through
isovaleramide crystallize out in mica-like flakes
which make it difficult to measure the lowest index.

E. Kahrs!? states that the amides show good
cleavage parallel to the front pinacoid (100), and
the obtuse bisectrix is perpendicular to the promi-
nent face of the crystals in the case of propion-
amide and butyramide, and leaning slightly toward
(101) in the case of the two valeramides.

The first value for #, given has been calculated
from 2V values. The birefringence being small
gives good results for the calculated index. The
values given in footnotes are index values ob-
tained on the universal stage by the method of

(8) K. E. Buck, ‘“Outline for Examining Crystals,” Bull. Am.
Ceram. Soc., 16, 61 (1937).

(9) R. C. Emmons, Am. Mineral., 14, 441 (1929).

(10) T. A. Dodge, ibid., 19, 62 (1934).

(11) *“International Critical Tables,” Vol. I, p. 180.

(12) E. Kahrs, Z. Kryst. Mineral,, 40, 475 (1905).
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R. C. Emmons.’
where noted.

In Table I are given the data for the aromatic
amides studied. Only benzamide has been meas-
ured crystallographically. According to Groth!?
benzamide forms monoclinic prismatic crystals,
B = 90° 38’; the acute bisectrix forms an angle
of 40° with the ¢ axis; and 2H = 100° 15’ (red),
2H = 102° 10’ (violet).

The plates obtained from water give beautifully
centered optic axis figures which are practically
straight. Twinning is prominent on this face.
Rapid cooling during crystallization causes the
formation of the metastable triclinic needles
having 2V = 44°.

o-Toluamide from water gives tablets exhibiting
oblique extinction, good cleavage, and off-centered
By, figures. m-Toluamide from water crystallizes
as monoclinic prisms with a maximum extinction
angle of ca. 43°. They are elongated parallel to
the ¢ axis. The material used for optical deter-
minations was fused beneath a cover glass, then
crushed, and mixed with powdered glass. p-
Toluamide from water crystallizes on the micro-
scope slide as monoclinic square plates showing
very good rectangular cleavage. Careful re-
crystallization from water gives momnoclinic crys-
tals elongated parallel to v. o-Ethylbenzamide
gives crystals showing both parallel and oblique
extinction. From the melt a metastable form
giving a well centered Bx, figure rapidly reverts
to the stable monoclinic form. p-Ethylbenzamide
from water forms monoclinic tablets giving good
Bxy figures and parallel extinction. p-Propyl-
benzamide from water shows very prominent
cleavage parallel to the plane of the optic axes.
p-n-Butylbenzamide from xylene-Canada balsam
forms monoclinic prisms elongated parallel to the
c axis. From water the prominent face is parallel
to the plane of the optic axes with an extinction
angle of 40°. p-Isobutyl benzamide from xylene-
Canada balsam forms monoclinic prisms elongated
parallel to the c axis. From water small plates
representing sections parallel to the plane of the
optic axes with an extinction angle of ca. 37° and
with v-shaped cavities running in from the two
ends are formed. The interference figure usually
obtained for p-s-butylbenzamide is that of the
optic axis section, not centered, however. Al-
though  2-cyano-1,3-dimethylbenzene crystals

They are good to =0.01 except

(13) P. Groth, ‘“‘Chemische Krystallographie,” Vol. 1V, Leipzig,
1917, p. 523.
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show only parallel extinction, they are monoclinic.
The monoclinic needles are elongated parallel
to the ¢ axis and give perfectly centered Bx,
figures. 1,3-Dimethylbenzamide-2 from water
forms needle-like plates giving Bx, figures, and
elongated parallel to .

In Fig. 1 are given the optic axial angles of the
aromatic and aliphatic amides. The aromatic
amides plotted are para-substituted homologs of
benzamide, and the abscissa gives the length of
the carbon chain in the para position. In the
case of the aliphatic amides the abscissa gives the
length of the carbon chain attached to the
—CONH; group.
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Fig. 1.—Optic axial angles: full lines represent 2V
values of aromatic amides as a function of the carbon
chain in the para position; dotted lines represent 2V
values of aliphatic amides as function of the carbon chain

The 2V value of acetamide has been omitted.
Whereas the 2V values of the aliphatic amides
vary in a regular manner, there is noted a fluctua-
tion in the case of the aromatic para-substituted
amides. The one with the odd number of carbon
atoms in the aliphatic chain has a 2V value lower
than the homolog containing the even number
of carbon atoms. From the compounds investi-
gated it appears that the evens and odds vary in
a regular manner.

According to Miiller and Shearer'* the natural
saturated alcohols have a zigzag structure while
the carbon atoms in the natural saturated ali-
phatic acids have the alternate structure. It
appears that the same two types of structure are
present in the aromatic and aliphatic amides.
Possibly the benzene ring is the cause of the
alternate structure.

(14) A. Mdller and G. Shearer, J. Chem. Soc., 123, 3156 (1923).
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In Fig. 2 are plotted the refractive indices
of the para-substituted normal aromatic amides
as a function of the carbon content. As can be
seen from the curves, there is a step-like decrease
in the birefringence with an increase of the carbon
chain which is what would be expected. The sub-
stance takes on an aliphatic character as the
aliphatic chain is increased, a low birefringence
being associated with the aliphatic amides and a
higher birefringence with the aromatic amides.
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Fig. 2.—Refractive indices of benzamide and its para-
substituted homologs: from top to bottom the lines
represent #., ng and ng; the length of the carbon chain
in the para position is plotted as the abscissa.

Refractive indices.

It is noted from the figure that it is #n, which
causes the fluctuation of the 21 values.
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Summary

1. A homologous series of aromatic acid amides
based on benzamide was prepared. Four of these
have not been reported in the literature and an-
other was reported incorrectly.

2. The optical data including the principal
refractive indices, 2V values, optical character,
crystal system, etc., was worked out for the aro-
matic amides as well as for a homologous series of
amides based on acetamide.

3. The applicability of petrographic methods
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including the use of the universal stage was shown.
4. Some attempt was made to explain the data

REACTION OF BORON FLUORIDE WITH ALUMINUM CHLORIDE

in terms of structure and chemical constitution.
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The Reaction of Boron Fluoride with Aluminum Chloride or Bromide

By E. LEe GAMBLE, PauL GILMONT AND JOHN F. STIFF

Discussion

The comparative lack of volatility of aluminum
fluoride (melting point 1040°) with respect to the
other halides of aluminum may be taken advan-
tage of for the preparation of various volatile
halides. For example, this paper describes the
preparation of boron chloride and of boron bro-
mide by the action of boron fluoride on the corre-
sponding aluminum halide.

BF; 4+ AlX; = AlF; + BX;

The ease with which the reactants are obtainable

and the differences in volatility make this a simple
means of preparation. It is possible that mixed
fluorohalides of aluminum are intermediate prod-
ucts of this reaction, but they have not been
isolated in a state of purity. The action of boron
fluoride on aluminum iodide has produced small
amounts of boron iodide but as yet the yields
have been quite low. The development of this
preparation is to be continued. Boron chloride
or bromide is also produced when potassium
fluoborate is heated with aluminum chloride or
bromide but the yields obtained are not as satis-
factory as when boron fluoride is used.

No fluorochlorides or fluorobromides of boron
have ever been reported, nor have any been
detected in this investigation. To determine
whether the known fluorochlorides of silicon’
could be prepared by this type of reaction, sodium
fluosilicate was heated with aluminum chloride,
the volatile products obtained ptoved to be only
silicon tetrachloride and tetrafluoride, containing
none of the fluorochlorosilanes.

The conversion of volatile fluorides into chlo-
rides or bromides by means of aluminum chloride
or bromide should prove to be somewhat general.
From one point of view, the results of this reaction
may be looked upon as the reverse of those of the
Svwarts reaction for the production of fluorides

(1) W. C. Schumb and E, L. Gamble, TuIs JoURNAL, 84, 3943
(1982); H. S. Booth and C, F. Swinehart, ibid., 87, 1333 (1838).

or mixed fluorohalides by means of antimony
fluoride.?

Many of the methods described in the literature
for the preparation of the boron halides have
been repeated in this Laboratory.? It is felt that
the preparation of boron bromide from boron
fluoride and aluminum bromide is a simpler
method than any hitherto described. Also, the
preparation of boron chloride by this method
may prove convenient.

Experimental

Reagents.—Potassium fluoborate was prepared by dis-
solving boric acid in 489, hydrofluoric acid and adding
potassium carbonate. The product was recrystallized
from hot water and dried at 110°.¢ Boron fluoride was
prepared by the action of hot concentrated sulfuric acid
on a mixture of potassium fluoborate and boric oxide.®
The aluminum bromide was prepared by slowly adding
bromine to an excess of aluminum, in an ordinary distilling
flask cooled by water.

Reactions with Boron Fluoride.—The flask in which the
reactions were carried on was dumbbell-like in appearance
and was constructed by sealing a 1-liter round-bottomed
flask to the bottom of a half-liter distilling flask by means
ot 25 cm. of 30-mm. tubing. The tube for the introduction
of the boron fluoride passed through a one-hole cork stop-
per in the distilling flask and extended to the middle of
the larger flask. The smaller flask served as a condenser
to prevent large quantities of the aluminum halide from
distilling over with the product. A weighed quantity of
aluminum chloride was poured into the reaction flask,
or aluminum bromide was distilled in from the flask in
which it was prepared, and its weight determined by dif-
ference. The boron fluoride generator was connected
to the reaction flask by means of a small bubbler contain-
ing concentrated sulfuric acid. The rate of flow of the
boron fluoride was comparatively rapid, about thirty
minutes for 2 moles of gas. After the apparatus was swept
out with boron fluoride, the large flask containing the

(2) F. Swarts, Acad. roy. de Belgique, 24, 309 and 474 (1892);
Bull. soc, chim., [4] 35, 1557 (1924). .

(3) An effort was made to see whether, in the preparation of boron
trichloride [BCls] by relatively low temperature reactions, some
B:Cle was not formed at the same time. Careful distillation of the
reaction products produced only pegative results.

(4) *‘Inorganic Syntheses,” Vol, I, McGraw-Hill Book Co., Inc,
New VYork, N. Y., 1939, p. 24.

(5) Ref. 4, p. 23,



