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trisiloxane,® simultaneously appeared in the water-cooled
condenser. However, no other cyclopolysiloxanes were
noted in the course of these distillations.

Acknowledgment.—The author is greatly in-
debted to Dr. Earl W. Balis of this Laboratory
for the carbon, hydrogen and silicon analyses
reported here.

(6) Hyde and DeLong, Tmis JourNaL, 68, 1194 (1941).
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Summary

The following mn-butoxy silicon compounds
have been prepared: dimethyl-n-butoxychloro-
silane, dimethyldi-n-butoxysilane, methyltri-n-
butoxysilane, tetramethyl-1,3-di-n-butoxydisilox-
ane and hexamethyl-1,5-di-n-butoxytrisiloxane.

ScHENECTADY, N. Y. RECEIVED SEPTEMBER 8, 1945

NOTES

Preparation of Salts of 2-Phenylethene-1-sul-
fonic Acid!

By F. G. BoroweLL, C. M. Sutgr,? J. M. HOLBERT AND
C. S. RONDESTVEDT

In connection with some other work it became
necessary to prepare salts of 2-phenylethene-1-
sulfonic acid in appreciable quantity. Salts of
this acid have previously been obtained by the re-
action of ammonium sulfamate with styrene® and
by the reaction of sodium bisulfite with styrene in
the presence of oxygen.* The yields are not good
by either of these procedures. It has now been
found that the reaction of dioxane sulfotrioxide®
with styrene can be used to obtain good yields of
2-phenylethene-1-sulfonic acid.

The sodium, calcium and barium salts of the
acid were isolated on addition of water and the
appropriate metallic carbonate or hydroxide to
the original sulfonation mixture. The salts were
identified by conversion to 2-phenylethene-1-
sulfonyl chloride,®-¢ 2-phenylethene-1-sulfonam-
ide®* and to the p-chlorobenzylthiouronium salt.®
In addition the anilide, S-benzylthiouronium salt
and p-toluidine salt were prepared.

A water-insoluble compound, CisH;60,S, was
obtained as a by-product in this sulfonation. Pre-
liminary observations indicate that this material
is a sultone.

Experimental

Sodium 2-Phenylethene-1-sulfonate.—To a stirred
suspension of dioxane sulfotrioxide® prepared by distilla-
tion of 160 g. (2 moles) of sulfur trioxide into a cooled mix-
ture of 175 ml. of dry dioxane and 175 ml. of dry ethylene
chloride, was added dropwise 257 ml. (2.2 moles) of sty-
rene. The addition required two hours, the flask being
cooled by an ice-bath during that time. The mixture was

(1) This investigation was supported by a grant from the Abbott
Fund of Northwestern University.

(2) Present address: Winthrop Chemical Company, Rensselaer,
N. Y.

(3) Qinlico and Fleischner, A5 accad. Linces, 1, 1050 (1938).

(4) Kharasch, May and Mayo, J. Org. Chem., 8, 175 (1938);
Kharasch, Schenk and Mayo, Tuis JourNaL, 61, 3092 (1939).

(5) Bordwell, Suter and Webber, sbsd.. 67, 827 (1945), and ref.
cited therein.

(6) Suter and Milne, sbsd.. 65, 582 (1943).

allowed to stand overnight, heated on the steam-bath for
thirty minutes, and then poured into 700 ml. of water.
After standing, the layers were separated. Evaporation
of the ethylene chloride layer yielded 52 g. of colorless
water-insoluble material, m. p. 142-145°. After several
crystallizations from acetone-water and from alcohol the
substance melted at 152-153°. The yield of crude ma-
terial was 99, based on sulfur trioxide. A qualitative an-
alysis for the elements showed the presence of sulfur.

Anal. Caled. for C;H;40,8: C, 66.66; H, 5.55; mol.
wt., 288. Found: C, 66.52, 66.47;, H, 5.70, 5.70; mol.
wt., 278 (Rast method?).

The aqueous layer was neutralized with sodium hy-
droxide, and the following crops of crystals collected: (1)
from 1350 ml., 40 g.; (2) from 500 ml., 158 g.; (3) from
350 ml., 46 g.; (4) residue, 125 g. The calcium and
barium salts are much less soluble. Crops 1, 2 and 3 were
practically pure sodium 2-phenylethene-1-sulfonate since
they gave S-benzylthiouronium 2-phenylethene-1-sulfon-
ate in yields and purity comparable to that from an
authentic sample of this compound. The yield from these
crops was 244 g. (609 based on sulfur trioxide). The
residue contained sodium 2-phenylethene-1-sulfonate,
sodium sulfate and probably sodium 2-hydroxy-2-phenyl-
ethane-1-sulfonate. -

The p-chlorobenzylthiouronium salt of 2-phenylethene-
l-sulfonic acid after several crystallizations from dilute
alcohol melted at 203-204° (Suter and Milne®* report
199°).

Anal.
N, 6.94.

The S-benzylthiouronium salt was crystallized from
dilute alcohol to a constant m. p., 166-167°.

. Anal. Caled. for CieHi7O3N2S:: N, 8.00. Found: N,
.50.

The p-toluidine salt was crystallized from water contain.
ing a drop of acetic acid to a constant m. p., 208-209°.

Anal. Caled. for C;HpyO;NS: neut. equiv.,
Found: neut. equiv., 289.

2-Phenylethene-1-sulfonanilide was prepared and crys-
tallized to a constant m. p., 114-114.5°.

Anal. Caled. for Ci H30;SN: N, 540. Found: N,
5.22.

2-Phenylethene-1-sulfonyl chloride* was readily pre-
pared from crops 1, 2 and 3 (but not from the residue) by
heating the dried salt on the steam-bath with an equimolar
quantity of phosphorus pentachloride for six hours, and
after removal of the phosphorus oxychloride under
vacuum, pulverizing the resultant mass under ice-water.
The yield of crude material, m. p. 86-89°, was practically

Caled. for C;eH;;O3N:CIS:: N, 7.28. Found:

291,

(7) Fuson and Shriner, '*Identification of Organic Compounds,’
John Wiley and Sons, Inc., New York, N. Y., 1940, pp. 122.
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quantitative. Crystallization of the material from carbon
disulfide or hexane gave a purer product, m. p. 89-89.5°,
but considerable loss was entailed.
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The Preparation of i-Butylamine by the Low-
Pressure Hydrogenation of 2,2-Dimethylethyl-
enimine!

By KeNNETH N. CAMPBELL, ARMIGER H. SOMMERS AND
BArRBARA K. CAMPBELL

We recently needed large amounts of ¢-butyl-
amine, and developed a method for preparing it by
the hydrogenation of 2,2-dimethylethylenimine.
While our paper was being cleared by O. S. R. D.,
a Note by Karabinos and Serijan? appeared, in
which the high-pressure hydrogenation of the
imine to f-butylamine is described. We should
like to point out that the hydrogenation can be
carried out satisfactorily at low pressures, by the
following procedure:

A citrate of magnesia bottle, wound for electrical heat-
ing, was charged with 100 ml. of pure dioxane, 35.5 g. of
freshly-distilled 2,2-dimethylethylenimine and 9 g. of
Raney nickel. The bottle was attached to a Parr low-
pressure hydrogenation apparatus and flushed several
times with hydrogen to remove air. Hydrogenation was
carried out at 60° and an initial pressure of 60 Ib. /sq. in.;
absorption was quantitative and complete in two hours.
The solutions from two such runs were combined and dis-
tilled through a 10-15 plate Fenske-Whitmore column to
give 58 g. of {-butylamine, b. p. 44.0-44.5°, »%p 1.3770.
The amine yielded an a-naphthylthiourea, m. p. 153-154°,
and a benzoyl derivative, m. p. 134-135°.

(1) The work described in this paper was done under a contract,
recommended by the Committee on Medical Research, between the
Office of Scientific Research and Development and the University of
Notre Dame.

(2) Karabinos and Serijan, THis JoURNAL, 67, 1856 (1945).
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Bromine Analogs of DDT!
By STANLEY J. CRISTOL AND H. L. HALLER

In connection with entomological and pharma-
cological work on the insecticide DDT [1-tri-
chloro-2,2-bis-(p-chlorophenyl)-ethane], it was
necessary to prepare certain bromine-containing
analogs of DDT. Of the three relatively siinple
analogs, that from chloral and bromobenzene and
those from bromal with chlorobenzene or bromo-
benzene, the first, 1-trichloro-2,2-bis-(p-bromo-
phenyl)-ethane, has already been described.? The
preparation of the other two, 1-tribromo-2,2-
bis-(p-chlorophenyl)-ethane (I) and 1-tribromo-
2,2-bis-(p-bromophenyl)-ethane (II), has now
been effected, although in poor yield, by the sul-

(1) The work described in this paper was carried out under a
transfer of funds, recommended by the Committee on Medical Re-
search, from the Office of Scientific Research and Development to the
Bureau of Entomology and Plant Quarantine.

(2) Zeidler, Ber., 7, 1180 (1874).
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furic acid-catalyzed condensation of bromal with
the appropriate halobenzene.

Compound I is fairly stable, can be recrystal-
lized from 95%, ethanol, and when pure melts at
146—147° On the other hand, II is very unstable.

tallization of the pure compound, m. p.
173—174° from ethanol or from benzene-ligroin
gave a mixture which melted at about 140° with
decomposition. Purification of II was effected
by tedious recrystallization from Skellysolve B
(petroleum ether, b. p. 60-70°). I and II both
eliminate the elements of hydrogen bromide in
ethanolic alkali to produce the corresponding
olefins. The position of the ring halogen atoms
was shown by oxidation of the olefins to the
p,p’-dihalobenzophenones. Dinitro derivatives of
I and II were also prepared.

1-Tribremo-2,2-big-(p—chlorophenyl)-ethane (I).—To a
well-stirred mixture of 100 g. (0.36 mole) of bromal and
320 g. (5.7 moles) of chlorobenzene cooled in an ice-bath,
560 g. of 100% sulfuric acid was added dropwise over a
period of one hour. The temperature of the mixture was
kept below 6° during the addition, and the resulting mix-
ture was stirred in an ice-bath for twenty-four hours. The
product mixture was poured onto ice and water, and the
organic fraction was extracted with ether. The ethereal
solution was washed with water and dilute sodium bicar-
bonate solution, and then dried over anhydrous sodium
sulfate. The ether and excess chlorobenzene (about 60%,
was recovered) were removed under reduced pressure.
The residual oil was from Skellysolve B, giving
42 g. (24%) of crude I. The product was recrystalhzed
from 95% ethanol, and when pure melted at 146-147°
(cor.). About 70% recovery was obtained in the re-
crystallization.

A.Ml Caled. for CuH.ClzBl'z!
Found: C, 34.68; H, 1.85.

Use of stronger or weaker acid, increase in temperature
and modlﬁcatlons in reaction time for the condensation
resulted either in poorer or unaffected yields of product.
Use of acetic acid as solvent for the condensation resulted
in the formation of an almost quantitative yield of the di-
acetate of bromal hydrate,? m. p. 77-77.8°, rather than the
desired product I.

Anal. Caled. for CéH;OBr;: Br, 62.6; mol. wt., 383.
Found: Br, 61.8; mol. wt. (in benzene), 360.

1,1-Dibromo-2,2-bis-(p-chlorophenyl)-ethylene was ob-
tained by heating at reflux for one hour a solution of 1.0 g.
of T and 0.6 g. of potassium hydroxide in 40 ml. of 95%
ethanol. The reaction mixture was poured into ice
water; the product oiled out, but rapidly crystallized.
The solid was separated by filtration and was recrystal-
lized from 95% ethanol. It melted at 104-105° (cor.).
The yield was not determined as a portion of the prepara-
tion was lost.

Anal. Caled. for CuH.CI,Br,
Found: C, 41.23; H,

A solution of 125 mg of the olefin in 5 ml. of glacial
acetic acid was heated to reflux and 125 mg. of chromic
anhydride was added through the condenser. Refluxing
was continued for one hour. Bromine vapors were evolved
during the first fifteen minutes. The product mixture was
cooled and then poured into water; the oil which precipi-
tated solidified rapidly and was filtered and dried. The
yield of almost pure p,p -dlchlorobenzophenone was 68
mg. (88%), and the product, after recrystallization, melted

at 146—147‘I (cor.). The melting point was not depressed
upon admixture with known p,p'-dichlorobenzophenone.

Dinitro Derivative of I.—A mixture of 500 mg. of T and
5 ml. of fummg nitric acid was warmed in a water-bath at

C, 34.46; H, 1.86.

C, 41.32; H, 1.98,

(3) Gabutti, Gass. chim. jtal., 30, 11, 191 (1900).
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50° for one hour. The reaction mixture was cooled and
poured onto ice; the resulting solid was filtered, washed,
and dried. The product was recrystallized from acetone—
ethanol and melted at 181.5-183.5° (cor.).

Anal. Caled. for C;H,CLBrsN:O,: C, 29.09; H, 1.22.
Found: C, 29.32 H, 1.23.

1-Tribromo~2,2-bis-($-bromophenyl)-ethane (II).—This
compound was prepared in the same manner as I, with
substitution of 330 g. of bromobenzene for the chloroben-
zene. Three layers were formed in the ether extraction,
the center layer containing about 110 g. of crude bromo-
benzenesulfonic acid. The ethex and excess bromobenzene
(210 g.) were removed under reduced pressure and the
residual oil was crystallized from Skellysolve B. The
yield of crude solid, m. p. 136-160°, was 34.5 g. (16.5%).
Several recrystallizations from Skellysolve B gave about
half of this material as pure compound melting at 173-
174° (cor.) and crystallizing as rhombs or needles.

Amnal. Caled. for C,HyBrs: C, 29.15; H, 1.57. Found:
C, 29.19; H, 1.76.

The compound was quite unstable; ethanolic solutions
became acidic rapidly, and crystallization from ethanol or
from benzene-ligroin resulted in products decomposing
at 140-150°.

1,1-Dibromo-2,2-bis-(p-bromophenyl)-ethylene was pre-
pared by the treatment of II with ethanolic potassium
hydroxide (as given above for I) in 76%, yield. The prod-
uct recrystallized from 959, ethanol was obtained as pale-
yellow, prismatic needles melting at 121.8-122.7° (cor.).

Anal. Caled. for C;HsBr,: C, 33.91; H, 1.63. Found:
C, 33.49; H, 1.36.

A hundred and ten mg. of the olefin was oxidized in 80%
yield with chromic anhydride, as described above, to
p,p’-dibromobenzophenone, m. p. 174-175° (cor.) after
recrystallization from 95% ethanol, and the melting point
was not depressed when the sample was mixed with an
authentic sample prepared by the oxidation of bis-(p-
bromophenyl)-methane according to Goldthwaite.4

Dinitro Derivative of I.—To 5 ml. of fuming nitric acid
cooled in an ice-bath 500 mg. of IT was gradually added.
After one hour in the ice-bath and one hour at room tem-
perature, the reaction mixture was poured onto ice. The
precipitate was filtered, washed and dried. After recrys-
tallization from acetone—ethanol, the product melted at
203-205° (cor.).

Anal. Caled. for CuH7BI’5N:OAZ C, 25.22; H, 1.06.
Found: C, 25.53; H, 1.09.

(4) Goldthwaite, Am. Chem. J., 80, 445 (1903).
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Observations on the Equilibrium between cis-
and trans-Stilbene

By D. C. DowNING AND GEORGE F WRIGHT

The thermal equilibrium between ¢is- and
trans-stilbene has been reported as 92-949, trans
at 340°,! as 969, trans at 214°,2 and 939, trans
at 25°3 In order to test this apparent inde-
pendence with respect to temperature we applied
the method of methoxymercuration* to a sample
of trans-stilbene isomerized at 330-340° and found

(1) G. B. Kistigkowsky and W. Smith, Trrs JournaL, 56, 638
(1934).

(2) T. W. Taylor and A. R. Murray, J. Chem. Soc., 2078 (1938).

(8) C.C.Price and M. Meister, THIS JOURNAL, 61, 1595 (1939).

(4) (a) G. F. Wright, sbid., §7, 1993 (1935). (b) W. H. Brown
and G. F. Wright, ibid., 62, 1991 (1940). (c) A. M. Birks and
G. F. Wright, sbid., 62, 2412 (1940).
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(Fig. 1) that the rate of mercury consumption
gersus time was identical (curve A) with that
shown by pure stilbene (curve B), whereas a
92:8 trans-cis mixture and an 8:92 frams-cis mix-
ture consumed mercury according to curves C
and D, respectively. These data indicate that
the melting point lowering observed by Kisti-
akowsky and Smith was not owing to the presence
of 87, cts-stilbene.

D

Ml. 0.1 N KXCNS per 1 ml. aliquot.

30
Time, sec. X 103
Fig. 1.—Mercury consumption by cis-lrans mixtures vs.
time.

10 50

The methoxymercuration was carried out
without a catalyst* in order to accentuate the dif-
ference in reaction rate between cis and frans iso-
mers. The slight solubility of frans-stilbene in the
reaction medium also exaggerated this difference.

We were unable to test the 93:7 equilibrium re-
ported at 25° because we could not repeat the
catalytic isomerization of Price and Meister with
boron trifluoride in carbon tetrachloride or as its
etherate. In our hands no isomerization occurred
with either cis- or trans-stilbene, nor did benzoyl
peroxide or peracetic acid act as a co-catalyst,.

It would appear that the isomerizing action
of boron trifluoride is not so simple as Price and
Meister supposed it to be. We are continuing
to search either for a co-catalyst in their system
or for an inhibitor in our own.

Experimental

Thermal Isomerization of irans-Stilbene.—A bomb
tube, 10 X 150 mm., containing 1.80 g. (0.01 mole) of
irans-stilbene was heated for eight hours at 330-340°.
The gas was turned off and the tube was dropped from the
‘ directly into ice and water. The organic material
was taken up in chloroform, washed with ferrous sulfate,
dried with magnesium sulfate, and the solvent evaporated
under 15 mm. The residue softened at 95° and melted
completely at 109°.

Analysis for Mercury.—The procedure reported previ-
ously(%) was adapted to a semimicro procedure employing
one-tenth of the former quantities. Methoxymercuration
was carried out at 35° in a fresh 0.2 M mercuric acetate
solution freed from mercurous salt by centrifugation. The
1-ml. aliquots, diluted into aqueotis potassium nitrate, were
extracted five times with chloroform before titration with
thiocyanate using ferric sulfate indicator.

Methoxymercuration.—When a 0.2 M solution of
trans-stilbene is stirred or shaken in catalyst-free methanol
suspension, also 0.2 M in mercuric acetate, the mercury is
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consumed according to curve B (Fig. 1), and a 6%, yield
of 1-methoxy-2-chloromercuri-1,2-diphenylethane (¢rans
isomer modification) is obtained upon dilution into aqueous
sodium chloride after two days. Hydrobenzoin dimethyl
ether and mercurous acetate also are produced.

cis-Stilbene under the same conditions reacts rapidly
to give more than a 70% yield of the diastereoisomeric
methoxymercurial in less than one day Since neither
{rans-stilbene nor the impurities arising from its thermal
isomerization are very soluble in methanol, the ready solu-
bility of cis-stilbene in this medium mdlca.tes that its
presence ought easily be detected in mixtures after, say,
two thousand seconds’ reaction time.

Preparation of cis-Stilbene.—Most of our cis-stilbene
was prepared directly by Bourguel’s method® and was puri-
fied readily. by distillation. Occasionally & mixture of
diphenylethane with c¢is- and ¢rams-stilbene was obtained
because of over-active catalyst or prolonged hydrogena-
tion time. We have been successful in separation of these
disagreeable mlxtures by trea.tmg them with an excess of
methanolic mercuric acetate in absence of peroxide.
Crystallization of the product from ethanol yields the pure
1-chloromercuri-2-methoxy-1 2-d1phenylethane corre-
spondmg to cis-stilbene. Regeneratlon of this geometric
isomer from the mercurial is tncky Reduction with hy-
drazine hydrate, sodium stannite or formic acid precipi-
tates some mercury, but the remainder is evidently present
as the non-isolable RyHg compound. Reduction with
sodium thiosulfate is better but does not reliably decom-
pose the intermediate halogen-free mercurial to the ethyl-
ene. Reaction of the diastereoisomer from cis-stilbene with
ethyl Grignard reagent causes complete isomerization to
trans-stilbene. A cis-stilbene which is over 909, pure
(n1% 1.6234) can, however, be obtained by shaking the
diastereoisomer from cis-stilbene with concentrated hy-
drochioric acid and ether at 25° until no more mercury is
freed. Distillation under 10 mm. yields the pure isomer.
This demonstrates for the first time that the geometric
isomer from which a diastereoisomeric methoxychloro-
mercurial is prepared can be regenerated without conver-
sion to an equilibrium mixture of geometric isomers.

Isomerization of cis and ¢rgms-Stilbenes with Boron
Trifluoride.—When 1.80 g. (0.01 mole) of cis-stilbene in
8 cc. of purified® carbon tetrachloride was treated with 450
cc. of boron trifluoride over fifty min., no precipitate was
formed. The solution was washed with aqueous solutions
of sodium carbonate and ferrous sulfate, and, after drying
with potassium carbonate, was evaporated under 25 mm.
to leave unchanged cis-stilbene, (n!¥p 1.6225). Identical
results were obtained when 1 X 10~4 mole of either benzoyl
peroxide or peracetic acid was added to the original mixture.

A solution of 1.80 g. irans-stilbene in 15 ml. of boron
trifluoride etherate plus 25 ml. peroxide-free anhydrous
ether was aged for five days, then washed with aqueous
sodium carbonate, ferrous sulfate and water, dried with
magnesium sulfate and evaporated under 30 mm. pressure.
The residue was shaken with 0.01 mole of 0.2 M methano-
lic mercuric acetate over a three day period during which
aliquots were withdrawn. Finally 1.6 g. of mercurous ace-
tate was filtered off and the filtrate added to 2%, aqueous
sodium chloride. The 1.25 g. portion which precipitated
was crystallized from ethanol to melt at 134-136°. This
was identified as almost pure hydrobenzoin dimethyl
ether. No mercurial could be isolated, although previ-
ous experience (ref. 4 c, page 2418) has shown that it
is easily separable from the ether by crystallization from
ethanol and petroleum ether (b. p. 60-70°). This experi-
ment was repeated except that the diluent ether was re-
placed by an equal volume of absolute ethanol. The re-
covered stilbene in this case contained peroxide and there-
fore reacted fairly rapidly when shaken with methanolic
mercuric acetate. The rate was not followed analytically
since undissolved frans-stilbene was present. After three
days, 0.05 g. of mercurous acetate was filtered off and the

(5) M. Bourguel, Bull. soc. chim., [4] 48, 1067 (1929).
'(8) Fieser and Fieser, ‘'Experiments in Organic Chemistry,”
D. C. Heath and Company, Boston, 1935, p. 308.
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filtrate drowned in 29, sodium chloride. The product,
1.05 g., melted at 129° after crystallization from a quantity
of ethanol just sufficient to remove the frams-stilbene. A
second crystallization raised this melting point to 130°.

Identity with the 1-chloromercuri-2-methoxy-1,2-di-
phenylethane (m. p. 130-131°), obtaingble from frans-
stilbene was established by mixed melting point.

UNIVERSITY OF TORONTO

TORONTO, ONTARIO RECEIVED JuLy 13, 1945

Hexachlorobenzene from Phthalic Anhydride
By M. N. DvOrNIKOFF, D. G. SHEBTs AND F. B, ZIBNTY

On prolonged chlorination of phthalic anhydride
at 170-265° in the presence of ferric chloride! a
weight increase greater than that corresponding
to the formation of the tetrachloro derivative is
observed, and finally the weight decreases again,
while carbon dioxide and phosgene (identified as
diphenylurea) are being evolved. The final prod-
uct, obtained in 959, yield, is hexachlorobenzene.

The formation of hexachlorobenzene from
unsym-tetrachlorophthaloyl chloride by chlorina-
tion at 300° has been recorded in the literature.?
The conversion of tetrachlorophthalic anhydride
into hexachlorobenzene by exhaustive chlorination
is analogous also to the production of decachloro-
biphenyl by chlorination of o-nitrobiphenyl at
high temperature in the presence of ferric chlo-
ride.? Each of the reactions mentioned involves
replacement of functional groups by chlorine.

Experimental

An agitated mixture of 148 g. (1 mole) of phthalic an-
hydride and 2.2 g. of anhydrous ferric chloride was chlo-
rinated starting at 170°, gradually increasing the tempera-
ture to 265° during ninety hours, and maintaining that
maximum temperature for an additional fifty hours. Then
3 g. of calcium oxide was added and the product was dis-
tilled, yielding 272 g. (95%) of slightly yellow solid, b. p.
248-255° (160 mm.) and m. p. 214-224°. On crystalliza-
tion from chloroform, 799, of hexachlorobenzene, m. p.
226-227.5°, was obtained; mixed m. p. with an authentic
sample of hexachlorobenzene, 226-227°. All melting
points are corrected.

(1) Dvornikoff, U. S. Patent 2,028,383 (January 21, 1936).
(2) Kirpal and Kunze, Ber., 68, 2103 (1029).
(3) Jenkins, U. S. Patent 2,354,813 (August 1, 1944).
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Stability of DDT and Related Compounds
By ELMER E. FLECK AND H. L. HALLER

The action of catalysts such as iron, chromium,
anhydrous ferric and aluminum chlorides in elimi-
nating hydrogen chloride from DDT (1-tri-
chloro-2,2-bis-(p-chlorophenyl)-ethane has been
demonstrated.1 Likewise the role of certain
solvents in inhibiting this catalytic decomposition
has been shown.? Nevertheless, the idea is
widely held that pure DDT is less stable toward
heat than is the technical grade.

(1) Fleck and Haller, THxs JoUrNAL, 66, 2095 (1044).
(2) Fleck and Haller, Ind. Eng. Chem., 87, 403 (1945).
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To test this point we have hea,ted DDT at 115-120° in
the apparatus previously described.! A technical grade of
DDT (setting point 91.4°%) evolved but 0.02 mole of
hydrogen chloride during a four-hour heating period in a

U-tube carefully cleaned with nitric and hydrochloric
acids followed by water, acetone, and alcohol and then
dried in an oven at 110°.

The same lot of technical DDT was then recrystallized
twice from alcohol. The alcoholic solution was filtered
hot during the first recrystallization. The product was
air-dried and was handled with stainless steel spatulas.
Although the melting point of this material was 108-109°,
it Jost 0.45 mole of hydrogen chloride when heated as above.

A sample of this twice-recrystallized DDT was then
dissolved in ether and shaken repeatedly with saturated
sodium bicarbonate solution and then with water. The
ether was distilled and the residue was dissolved in hot
alcohol, the solution filtered hot and the crystals which
separated on cooling were collected on a Buchner funnel
with the aid of a nickel spatula and then dried in vacuum at
room temperature. This material melted at 108-109°
and lost no hydrogen chloride when heated as above at
115-120° for four hours.

These experiments are viewed as indicating how
readily small traces of catalytic material may be
picked up by air-drying and by handling with
iron or stainless-steel equipment, and how this
may lead to the assumption that DDT is not so
stable in the pure form as in the crude state.
While it is probable that catalytic materials may
exist in the technical grade, other impurities such
as polymers of chloral and 2-trichloro-1-p-chloro-
phenylethanol (I) inhibit their action to a certain
extent. When these inhibitors are removed
without taking safeguards against removal of
catalytic substances, an apparent instability of
DDT is produced.

Thus when 1 part of pure DDT and 2 parts of I were
heated together as above for one hour, no hydrogen chlo-
ride was evolved. The addition of 0.01%, of anhydrous
ferric chloride caused the evolution of 0.8 mole of hydrogen
chloride during a one-hour heating period, while the heat-
ing of I alone with anhydrous ferric chloride produced 0.6
mole. This amount of catalyst completely eliminated 1
mole of hydrogen chloride from pure DDT alone during
the course of fifteen minutes heating.

In connection with the study of the catalytic elimination
of hydrogen chloride from DDT, several of the isomers
and related compounds were tested by the procedure de-
scribed above. Thus 1,1-dichloro-2-(o-chlorophenyl)-2-
(p—ch.lorophenyl)—ethylene, m. p. 77-78°, and 1,1-dichloro-
2,2-bis-(p-bromophenyl)-ethylene, m. p. 123—124 were
prepaf by heating the corresponding trichloroethane

derivative with 0.01%, of anhydrous ferric chloride as out-

lined above. The melting points of these compounds were
not lowered when mixed with authentic material prepared
by hydrolysis of the corresponding trichloroethanes with
alcoholic caustic.4¥

Under similar conditions, anhydrous ferric chloride
eliminated 0.95 mole of hydrogen chloride from 1-tri-
chloro-2-(p-chlorophenyl)-2-(m-chlorophenyl)-ethane. The
residue remained an oil, which did not crystallize.4

UNITED STATES DEPARTMENT OF AGRICULTURE
AGRICULTURAL RESEARCH ADMINISTRATION

BUREAU OF ENTOMOLOGY AND PLANT QUARANTINE
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(3) Fleck and Preston, Socp and Sanst. Chemscals, [5] 81, 111
(1945).

(4) Haller, Bartlett, Drake, Newman, Cristol, Eaker, Hayes,
Kilmer, Magerlein, Miiller, Schneider and Wheatley, THIS JOURNAL,
67, 1501 (1945).

(8) Zeidler, Ber., 7T, 1181 (1874).
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Rearrangement in the Condensation of o-
Bromodimethylanilinemiv:iith Lithium Diethyl-
amide

By HeNrY GiLmAN, ROBERT H. KYLE AND ROBERT A.
BRNKESER

It was reported recently! that lithium dialkyl-
amides underwent reaction, in ether solution,
with halogen ortho to an ether linkage to give a
rearrangement product in which the dialkylamino
group is meta to the oxygen group.
0-BrCLLOCH, 4 LiN(CaHjy)s —>

m-(CeH):NCH,OCH; + LiBr

This type of rearrangement appears to be rather
broad in scope, for we have observed that it takes
place with o-bromodimethylaniline.

o-BrCHN(CH,); -+ LiN(CsHy)s —>
m-(CeHy)sNCeH,N(CH;): + LiBr

An authentic specimen of the m-N,N-dimethyl-
N’,N’.diethylphenylenediamine was prepared in
very satisfactory yield by the following reactions
which appear to be of general applicability for the
complete alkylation of amines under relatively
mild conditions.

1) C i
1-(CHL)sNCUHN H, ]

—
(2) CH, I

In view of the marked similarity in rearrange-
ment reactions of lithium dialkylamides in ether
and alkali amides in liquid ammonia,!.? it appears
reasonable to expect some rearrangement of
o-halodialkylamines to m-aminodialkylamines by
reaction with alkali amides in liquid ammonia.

Experimental
¢-Bromodimethylaniline and Lithium Diethylamide.—
The lithium diethylamide was prepared by the slow addi-
tion in a nitrogen atmosphere ‘of 0.17 mole of methyl-
lithium in 64 cc. ether to 0.2 mole of diethylamine in 150
cc. of ether. To the pale, creamy colored mixture which
gave & negative color test I,? was added 0.17 mole of o-
bromodimethylaniline and the mixture soon assumed a
reddish color. After stirring and refluxing for twenty-four
hours, the deep red colored mixture was hydrolyzed by
water. Fractional distillation of the dried ether extracts
gave 7.3 g. (22%) of recovered o-bromodimethylaniline
and 2.5 g. distilling at 95~100° (0.5 mm.) and 6.8 g. dis-
tilling at 100-102° (0.5 mm.). The last two cuts cor-
respond to & crude yield of 28.5%, or, allowing for the re-

covered o-bromodimethylaniline, 37%,.

A monopicrate prepared from the third fraction and less
than one equivalent of picric acid, was orange-red in color
and melted at 124.5-125.5° after erystalhzaﬂon from 959,
ethanol.

Anal. Caled. for CiHyOyN;: N, 16.66. Found: N,
16.0, 15.7, 16.0.

The dipicrate prepared from the third fraction and
slightly more than two equivalents of picric acid crystal-
11‘267‘3 from 95% ethanol as yellow prisms melting at 146-

Anal. Caled. for CaHauNegOu:
17.1 and 16.95.

(1) Gilman, Crounse, Massie, Benkeser and Spatz, THIS JOURNAL,
67, 2108 (1945). See also Bergstrom and Fernelius, Chem. Rey., 30,
437 (1937), sud Horning and Bergstrom, Tmis Jourwar, 67, 2110
(1945).

(2) Gilman and Avakian. sdid., 87, 349 (1945). Gilman and Nobis
sbid., 67, 1479 (1945).

(3) Gilman and Schulze, sbid. 47, 2002 (1945),

m- (CH;):NC;HAN(CZHI)!

N, 17.2. Found: N,
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The dipicrate (m. p., 146-147°) showed no depression of
m. p. in a mixed m. p. determination with the dipicrate
of m-N,N-dimethyl- N ,N’-diethylphenylenediamine pre-
pared by the ethylation of m-N,N-dimethylaminoaniline.

The orange-red plates of the mono-picrate when treated
in 959, ethanol with additional picric acid gave the yellow
prisms of the dipicrate (m. p., 145-146°).

In a check experiment the crude initial yield of m-N,N-
dimethyl-N’,N’-diethylphenylenediamine was 249%,; b.
p., 102-104° (0.3 mm.), »*p 1.5632; 4%, 0.982; MR
calcd., 63.55; found, 63.7. The picrates of this compound
melted at the same points as the picrates prepared from
the other experiment.

Ethylation of m-N,N-Dimethylaminoaniline.—To a
solution of 5 g. (0.087 mole) of m-dimethylaminoaniline in
15 cc. of ether was added in an atmosphere of dry nitrogen,
0.04 mole of niethyllithium in 25 cc. of ether. After
stirring and refluxing for sixteen hours, 6.25 g. (0.04 mole)
of ethyl iodide in 10 cc. of ether was added over a fifteen-
minute period, and the mixture was then refluxed for one
hour. Then 0.05 mole of methyllithium in 30 cc. of ether
was added over a period of twenty minutes. The mixture
was refluxed for twenty minutes and a heavy tan pre-
cipitate formed. Then in succession, by related proce-
dures, there was added 7.8 g. (0.05 mole) of ethyl iodide in
15 cc. of ether; 0.02 mole of methyllithium in 12 cc. of
ether; and 3.1 g. (0.02 mole) of ethyl iodide in 15 cc. of
ether. Subsequent to hydrolysis by water, and drying of
the ether extracts, there was obtained 5 g. (71%) of m-
N,N-dimethyl-N’,N’-diethylphenylenediamine.

The authors are grateful to Dr. J. B. Dickey for
some m-nitrodimethylaniline, and they wish to
acknowledge the help of Dr. L. A. Woods for the
dialkylation procedure using methyllithium and

an organic halide.
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The Synthesis of d/l-Methionine
By DaLE GoLpsMITH AND Max TISHLER

Recently, Albertson and Tullar reported a syn-
thesis of dl-methionine from acetamidocyano-
acetic ester and 2-methylmercaptoethyl chloride.!
We should like to record a similar synthesis of
dl-methionine consisting of alkylating diethyl
acetamidomalonate with the 2-methylmercapto-
ethyl chloride and of subjecting the resulting
compound to hydrolysis and decarboxylation.
Our synthesis is an extension of the newly de-
veloped route to the a-amino acids from diethyl
acetamidomalonic ester.? The direct yield of
pure dl-methionine from the above mentioned
reagents is 609, using t-butyl alcohol as the sol-
vent for the alkylation step and omitting the iso-
lation of the intermediate diethyl acetamido-(2-
methylinercaptoethyl)-malonate.  Alkylation in
absolute ethanol is almost as satisfactory so far as
the yield (569, over-all) is concerned, but the
purification of the crude methionine is more diffi-
cult. Alkylation in isopropyl alcohol is definitely
less satisfactory, and alkylation in either dioxane
or xylene leads to poor yields and tarry by-
products.

(1) Albertson and Tuller, THiS JOURNAL, 67, 502 (1945).
(2) Albertson and Archer, ibid., 67, 308 (1945); Snyder, Shekleton
and Lewis, sbid.. 67, 310 (1945).
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Experimental

Diethyl Acetamido-(2-methylmercaptoethyl)-malonate.
—To 1200 cc. of freshly distilled ¢-butyl alcohol was added
14.8 g. of sodium strips and the mixture, protected from
air, was refluxed and stirred until the sodium was entirely
dissolved. Diethyl acetamidomalonate, 130 g., was added
to the warm stirred solution in a few minutes time followed
by 82 g. of 2-methylmercaptoethyl chloride. The mixture
was stirred and boiled under reflux for six hours, at which
time it was neutral to litmus. The completed reaction
mixture was concentrated to dryness under reduced
pressure and the residue was extracted well with absolute
ethanol. The combined extracts and washings were dis-
tilled to dryness under reduced pressure and the crude
residue (171 g.) was ready for hydrolysis and decarboxyla-
tion to dl-methionine.

The condensation product can be isolated in a pure form
by recrystallizing the residue from a mixture of ether and
petroleum ether. After recrystallization, the product
melts at 50-52°,

Anal. Caled. for CsHyOsNS: C, 49.47; H, 7.27; N,
481. Found: C, 49.51; H, 7.31; N, 4.66.

dl-Methionine.—A mixture of the crude diethyl acet-
amido-(2-methylmercaptoethyl)-malonate (above residue),
478 cc. of water and 122 cc. of concentrated hydrochloric
acid was boiled under reflux for six hours during which
time the ester dissolved. At this time an additional
quantity of dilute hydrochioric acid (478 cc. of water and
122 cc. of conc. hydrochloric acid) was added and the mix-
ture was boiled three hours longer. The mixture was con-
centrated to dryness under reduced pressure; about 150
cc. water was added to the residue and the concentration
was repeated. The residue was dissolved in about 800 cc.
of absolute ethanol and clarified with a small amount of
charcoal. To the resulting solution was added 125 cc. of
pyridine and after twenty-four hours storage at 5° the

product was collected; wt. 59.3 g. (66.4%, yield).

The crude product was purified by dissolving in 450 cc.
of water, clarifying the solution. with. charcoal, concen-
trating the filtrate to 350 cc. and allowing the resulting
solution to crystallize. After four hours an equal volume
of ethanol was added and the mixture was stored at 0~5° for
twelve hours. The weight of pure dl-methionine was 54.1
g.; yield 60.5%.

Anal. Caled. for CsHuNO:S: N,
9.46.

Wheun the £-butyl alcohol in the alkylation step was re-
placed by 280 cc: of absolute ethanol, the yield of crude
dl-methionine was 639, and of pure product 56%,.

RESEARCH LABORATORIES
MEeRrck anp Co., INC.
Raaway, N. J.

9.39. Found: N,
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The Quantum Yield in the Photo-reaction
between Methyl Iodide and Nitric Oxide

By T. IREDALE AND E. R. McCARTNEY

Because of its continuous absorption spectrum,
and because the products of its photodecomposi-
tion are mainly iodine, methane, with small
amounts of other hydrocarbons, methyl iodide is
presumed to dissociate by light absorption in the
near ultraviolet into CH; + I. The quantum
yield is very low because of the high probabilities
of the reverse reactions CH; + I = CH,I and
CH; + I, = CH;I 4+ I. These matters are fully
discussed in recent textbooks and papers.!.%.3.4

(1) Noyes and Leighton, ''Photochemistry of Gases,” p. 334.

(2) Spence and Wild, Proc. Leeds Phkji. Lit. Soc. Scs., 8, 141 (1936).

(3) Iredale and Stephan, Trans. Faraday Soc., 38, 800 (1937).
(4) Iredale, ibid., 36, 458 (1939).
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In the last communication* was described how
the quantum yield may be increased by the addi-
tion of NO to the photodecomposing CH,I, the
NO reacting with the CH; radical and so pre-
venting the reverse reactions. The quantum
yield (1.6) was obtained by comparing the velocity
of photodecomposition with that of the photo-
oxidation of CH,I studied by Bates and Spence,®
where they obtained a quantum yield of about two.
With nitric oxide a kinetic equation was obtained
which seemed to account for the results pretty
well, except that the quantum yield, 1.6, was too
large, and should actually have been about unity.
This discrepancy was too great to be accounted for
by experimental errors. Blaedel, Ogg and
Leighton® have recently comsidered these dis-
crepancies, and have indicated that the quantum
yield of Bates and Spence should be 1.0 instead
of 2.3, when account is taken of the temperature
coefficient of the chloroacetic acid actinometer
which Bates and Spence used.

The present writers have now carried out a
more direct measurement of the quantum yield
of the process CH;I + NO + h» = I + CH,;NO.

Apparatus and Procedure.—The photochemi-
cal set-up was similar to that previously de-
scribed. The reaction cell was of clear quartz,
about 4 cm. in diameter, and 7 cm. long, and
connected to the rest of the glass apparatus by a
quartz-glass seal. The nearest greased tap was
80 cm. from the cell. The source of radiation was
a Hanovia mercury arc (medium pressure).
Great difficulty was experienced in getting suffi-
cient intensity of the 2537 A. resonance radiation,
even with the cooled arc. Filters were used to
isolate the whole region 2500-2700 A.,” which
gave more readable results. This, however, in-
volved the use of an awverage or weighted mean
quantum, which we obtained by using the radia-
tion in the uranyl oxalate actinometer described
by Leighton and Forbes?; the quantum yield of
the decomposition being 0.6 in this region. The
Moll large surface thermopile which was used in
conjunction with a Moll galvanometer, was cali-
brated with the aid of a Hefner lamp as previously

TasLe I
Teniperature, 15~20° C. Mean galvanometer deflec-

tions corresponding to absorbed light: « 0.2-0.6 cm.
Thiosulfate titrations: «~ 0.2-2 cc.
Pressure, mm. Time of irradia- Quantum
CHal (o] tion, min. yield
78.5 20.5 1158 0.5

105.0 52.0 1367 .84
109 85.0 931 1.2
119 87 3324 0.91
122 90 1101 1.1
102 95 4184 1.14
122 100 48 1.2
101 154 917 0.9

(5) Bates and Spence, Trans. Faraday Soc., 27, 468 (1931).

(8) Blaedel, Ogg and Leighton, THiS JOURNAL, 64, 2500 (1942).
(7) Bowen, J. Chem. Soc., 76 (1935).

(8) Leighton and Forbes, THis JOURNAL, 82, 3139 (1930).
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described.® One centimeter deflection on the
galvanometer scale corresponded to 1.014 X 10—
cal./sec. The diameter of the light beam was
adjusted so that the whole area of it (x sq. cm.)
fell on the thermopile elements. Corrections were
applied for the non-uniformity of the beam, and for
relection at the rear window of the photo-cell.

Results and Discussion.—The results are shown
in Table I.

When the pressure of the NO is > 50 mum., the
quantum yield reaches a value «~ 1. The varia-
tions (0.9 — 1.2) are some indication of the order
of accuracy of the experimental results.*® They
permit, however, of the eaglier interpretation of
the photo-reaction being adopted, namely

CH,I —> CH; + I Y]
CH; + NO —»> CH;NO @
I+I—>1s 3)

Only when the NO pressure is low, do the back
reactions CH; + I = CHyjIl + Iand CH; 4+ I =
CH;,lI begin to lower the quantum yield. Blaedel,
Ogg and Leighton® consider that the second of
these reactions (recombination) is negligible com-
pared with the first. The present measurements,
of course, give no indication of this, but West!!
has shown that addition of carbon dioxide raises
the quantum yield of the photodecomposition of
methyl iodide presumably because of the more
ready recombination of iodine atoms by three
body collisions with the carbon dioxide and also,
perhaps, the more ready recombination of methyl
radicals to give ethane. This matter has, as yet,
not been explored very fully. The iodine formed
was frozen out, and titrated with approx. 0.005 N
sodium thiosulfate. The other product of the
reaction CH,NO, or its decomposition product,
was not identifiable.

No reaction occurred between methyl iodide
and nitric oxide at room temperature in the dark.

(9) Gibson and Iredale, Trans. Farad. Soc., 3%, 571 (1936).

(10) The re-adjusted value (0.8) of the previous quantum yield
(1.8) obtained* by comparison with Bates and Spence’s results,b points
to a rather inaccurate extrapolation,

(11) West and Schlessinger, THIS JoURNAL, 60, 961 (1838).
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A Dimorphic Form of d-Catechin
By O. KELLER AND L. BERGER

Extraction of wafer washed gum gambir with
acetone (one part) and ether (nine parts) accord-
ing to Freudenberg,! or with acetone (ten parts),
yields d-catechin, m. p. 174.5-175.5° cor.;
[a] ®ss +16.3°; [a]®p +15.3° C = 5% in
509, acetone in agreement with Freudenberg and
Purrmann? who report m. p. 174-175%;, [eajums
+17.1°; C = 9%, in 509, acetone for d-catechin.

We now find that extraction of unwashed gum

(1) Freudenberg, Ber., 64, 1204 (1921).
(2) Freudenberg and Purrmann, Ann., 437, 277 (1924).
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gambir by either of the above methods or by the
original method of Perkin and Voshitake® using
hot ethyl acetate gives a catechin of m. p. 210-
213° cor.; [a]®p 414.7°; C = 59, in 509, ace-
tone. The tetramethyl ether and the penta-
acetyl ester of this high-melting catechin, however,
correspond exactly with those reported by Freud-
enberg and Purrmann prepared from d-catechin,
m. p. 174-175°.2 The rotation and the properties
of the derivatives indicate that the catechin thus
obtained is chiefly d-catechin. Its high melting
point indicates that it is either a dimorphic form
of d-catechin or a mixture of d-catechin with
small amounts of dl-catechin (m. p. 212-214°) or
dl-epicatechin (m. p. 224-226°). Perkin and
Yoshitake® obtained a so-called ‘‘acacatechin”
from acacia or Bengal catechin which melted at
204-205°, and which on careful fractional crys-
tallization by Freudenberg and Purrmann proved
to consist chiefly of / and dl-catechin with small
amounts of / and dl-epicatechin. However, re-
crystallization of the high melting catechin from
ten to twelve volumes of hot water gives, in almost
quantitative yield, the low melting d-catechin,
m. p. 174-175°, indicating that it is a dimorphic
form.

Freudenberg notes that d-catechin crystallizes
with four molecules of water and melts at 93-95°.
The anhydrous product melts at 174-175°. We
have found that many samples of d-catechin
melting at 174-175° and also 210-213° contain
water of crystallization (0.1 to 1 mole) depending
upon the method of crystallization and the dura-
tion and type of drying.

(3) Perkin and Yoshitake, J. Chem. Soc., 81, 1162 (1902).
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6/-Methoxy-8-oximino-3-propylrubatoxanone
By C. F. KogLscH

The experiments described in the present paper
were carried out as models for part of a projected
synthesis of quinine. Key substances in the
series of reactious used! are formulated in the
accompanying chart. It is indicated that con-
densation of VI with ethyl quminate yielded VII,
but this compound could not be purified. When
the condensation product was boiled with hydro-
chloric acid, it was converted into a crystalline
substance which appears to be the dihydro-
chloride of VIII, a compound whose reduction
should yield interesting results. The research,
however, was interrupted in 1942, before the re-
duction could be studied, and in view of the recent
synthesis of quinine in another laboratory,? no
further work on the subject is contemplated.

(1) Cf., Koelsch, THrs JourNAL, 68, 2458, 2460 (1943); 66, 1611

(1944).
(2) Woodward and Doering, 5bsd., 66, 849 (1944); 6T, 860 (1945).
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Experimental

4,4-Dicarbethoxy-3-methoxymethyl-At-heptenonitrile
(I) —To a solution of 46 g. of sodium in 550 ml. of dry
alcohol were added 320 g. of ethyl malonate and 190 g. of
v-methoxycrotononitrile. The mixture was heated under
reflux for ninety minutes, then treated with 25 g. of sodium
iodide (dried at 300°) and 160 g. of allyl chloride. Heating
was continued for an additional ninety minutes,? then
most of the alcohol was removed, and water and ether were
added. Fractional distillation gave 407 g. (70%), b. p.
192-195° at 19 mm.

Anal. Caled. for C;HuNOs: C, 60.6; H,7.7. Found:
C,60.7; H, 7.8.

4-Methoxymethyl-3-propylpiperidone-2 (III).—When a
solution of 420 g. of II in 100 ml. of alcohol was reduced
with hydrogen at 2200 1b. and 150° using Raney nickel,
the calculated amount of hydrogen was absorbed in three
and one-half hours. The sirupy product, freed of alcohol,
was boiled and stirred for twenty hours with 180 g. of
potassium hydroxide in 3500 ml. of water, and the un-
saponified part (65 g.) was then removed with ether. The
aqueous solution was distilled. to about 750 ml., acidified
strongly with sulfuric acid, filtered from potassium sulfate,
and extracted with five 100-ml. portions of ether. The
product, a thick sirup (188 g.) was heated at 185°, giving
158 g. of crude lactam; an additional 22 g. was obtained
by distilling the extracted aqueous solution to dryness,
combining the residue with the potassium sulfate, and
extracting the whole with alcohol. Several fractionations
of the crude lactam gave 95 g., b. p. 175-180° at 6 mm.

(3) Orienting experiments indicated that the alkylation was
nearly complete after seventy minutes of boiling. When allyl chloride
was used without sodium iodide, the alkylation required eight hours.
When allyl bromide was used, the reaction mixture required external
cooling, and the reaction was complete after less than fifteen minutes.
Approximately the same yield of alkylation product was obtained
in each of these experiments.
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This contained III, as shown by its behavior on reduction,
but it gave poor analytical figures for this substance.

Anal. Caled. for C,eHpNO;: C, 64.8; H, 10.3. Found:
C, 60.6; H, 9.3.

4-Methoxymethyl-3-propylpiperidine (IV).—The reduc-
tion of 100 g. of I1I with 100 g. of sodium in one liter of dry
butyl alcohol gave 43 g. of basic material and 37 g. of
neutral material. The latter, a viscous oil with a lard-like
odor, represented the impurities in the III used, and gave
no definite fraction on distillation, b. p. 140-220° at 8 mm.
Distillation of the basic material gave 23 g. of crude
piperidine, b. p. 120-135° at 27 mm. This was further
purified and possibly. separated from a stereoisomer by
crystallization of its picrate, yellow needles, m. p. 112-
116°, from benzene. After it had been regenerated from
the picrate, I'V formed a colorless hygroscopic oil (12.6 g.)
b. p. 118-122° at 26 mm. It was analyzed as its picrolon-
ate, yellow needles from benzene, m. p. 184-185°,

Anal. Caled. for C,eHgNO + CoHsN,O;s: C, 55.2; H,
6.7. Found: C, 55.2; H, 6.4.

A solution of 12.5 g. of IV in 125 g. of 519, hydrobromic
acid was boiled for six hours. The excess hydrobromic acid
was then removed at 100° under reduced pressure, leaving
22 g. of 4-bromomethyl-3-propylpiperidine hydrobromide,
a pale brown sirup.

Anal. Caled. for CoH;gBrsN: Br, 53.2. Found: Br:
53.2

When a portion of the hydrobromide was steam distilled
from excess dilute sodium hydroxide, it vielded 3-propyl-1
azabicyclo{2,2,1 heptane, an oil with a sweet fishy odor;
the picrate formed bright yellow prisms from dilute alcohol,
m. p. 129-130°.

Anal. Caled. for C;.Hl-,N + CdLN;Or: C, 49.0; H-
5.5. Found: C,49.2; H, 5.6

The picrolonate formed pale yellow-brown prisms from
alcohol, m. p. 204-205°.

Anal. Caled. for C'HHN + CmHaN;OsZ
6.2. Found: C, 57.4; H, 6.6.

1-Nitroso-3-propylpiperidine-4-propionic Acid (V).—A
solution of 21.5 g. of 4-bromomethyl-3-propylpiperidine
hydrobromide in 25 ml. of water containing a few drops of
hydrobromic acid was treated with 6 g. of sodium nitrite,
warmed to 70°, and then cooled. The oily nitroso com-
pound was taken up in ether, washed with dilute sodium
carbonate, and dried by heating at 100° and 20 mm.;
yield 16.6 g. This crude product was added to a solution
of 1.6 g. of sodium and 12 g. of ethyl malonate in 20 ml. of
alcohol, and the mixture was boiled for one hour. The
product (22.2 g.) was boiled for one hour with 7.5 g. of
sodium hydroxide in 50 ml. of water, unsaponified ma-
terial (6.5 g.) was removed with ether, and the solution was
acidified and extracted with ether. The resulting 1-
nitroso-3-propyl-4-piperidylmethylmalonic acid was a
yellow glass (11.8 g.) that could not be obtained crystalline
even after it had been purified through its calcium salt,
difficultly soluble colorless crystals from water.

Anal. Caled. for C;pHsN,04Ca + 1.5 H;O: Ca, 11.9;
H,0, 8.0. Found: Ca, 11.6; H,0, 8.0.

When 9.7 g. of the malonic acid was heated at 150° until
frothing stopped, and then cooled, there was obtained 7.9
g. of crysta.llme V. The product separated from dilute
acetic acid in the form of colorless plates, m. p. 106°.

Anal. Caled. for CyH3N:O;: C, 57.9; H, 8.8. Found:
C, 568.2; H, 9.0.

A solution of 1 g. of V in 3 ml. of concentrated hydro-
chloric acid was treated with 0.75 g. of cuprous chloride,
and after no more nitric oxide was evolved, the mixture
was distilled to dryness under reduced pressure and then
dissolved in water. Copper was removed with hydrogen
sulfide, hydrochloric acid with excess silver oxide, and the
resulting easily soluble silver salt was freed of silver with
hydrogen sulfide. This gave 3-propylpiperidine-4-propi-
onic acid, colorless crystals from a mixture of alcohol and
ether that were easily soluble in water; it became brown

C, 56.6; H,
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angosinte:ed at 244° and melted with effervescence at
247°,

Anal. Caled. for CnHyuNO;:
C, 66.5; H, 10.1.

Methyl 1-nitroso-3-propylpiperidine-4-propionate (VI),
b. p. 195-197° at 7 mm., was a yellow oil with a furfural-
like odor. It was obtamed in quantitative yield by the
action of diazomethane on the acid, and when a portion of
theddistilled ester was saponified, it gave back the parent
acid.

Aﬂdl. Calcd. for CquzNgO;!
C, 59.5; H, 9.1,

Condensation with Ethyl Quininate.—To a suspension
of sodium ethoxide from 1 g. of powdered sodium in 25 ml.
of ether was added 5.6 g. of ethyl quininate! and 5.5 g. of
VI. The mixture was heated at 40° in a closed vessel for
twenty-four hours, and then allowed to stand at room
temperature for two days. It was extracted with dilute
sodium hydroxide and then with dilute hydrochloric acid.
The material left in the ether was VI (1.9 g.); that re-
moved by hydrochloric acid was ethyl quininate (0.8 g.).
The sodium hydroxide extract was acidified with hydro-
chloric acid, then made slightly basic with sodium carbon-
ate, quininic acid (3.5 g.) dissolving. The pale brown oil
(VII, 3.6 g.) remaining gave a deep red color with alcoholic
ferric chloride, but no crystalline salt could be obtained
from it. It was boiled for one hour with 5 ml. of hydro-
chloric acid in 10 ml. of water (carbon dioxide evolution),
the solution was cooled, and the crystalline product was
removed and washed with dilute hydrochloric acid. Pre-
cipitated from 959% alcohol with ether, the resulting
dihydrochloride of VIII formed bulky fine white needles
that changed on standing under the mother liquor for one
hour into dense pale yellow micro needles (1.25 g.). The
salt decomposed above 245°; it gave neither a ferric
chloride reaction nor a Liebermann test.®

Anal. Caled. for C3H#N;0; + 2HCl: C, 57.0; H,
6.5; N,9.5. Found: C, 57.3; H,6.3; N,10.1.

A solution of 0.75 g. of the ditydrochloride in water was
brought to pH 8.5 with sodium carbonate. The resulting
white precipitate, apparently a carbonate, was nearly in-
soluble in water but easily soluble in dilute sodium hydrox-
ide. It was removed and dissolved in 8 ml. of hot 3%,
acetic acid. Cooling this solution gave the monoacetate
of VIII, which after recrystallization from water formed
white needles (0.6 g.) that darkened slightly at 185°, sin-
te rfd a} 195° and melted with blackening and gas evolution
at 198°.

Anal. Caled. for CuHyN;03 + C:H(O;:
7.2. Found: C, 64.5; H, 7.2.

The author thanks Dr. 8. T. Rolfson for several of the
analyses reported in this paper.

C, 66.3; H, 10.5. Found:

C, 59.9; H, 9.3. Found:

C, 64.4; H,
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(4) 2-Chloroquininic acid, prepared by the method of Thielepape
and Fulde [Ber., 73, 1432 (1939)], was converted into quininic acid
nearly quantitatively when its solution in aqueous sodium hydroxide
was shaken with Raney nickel and hydrogen at 35 1b. and 25° for
twenty-four hours, The ester was obtained in 869 yield using
alcohol and sulfuric acid [¢f. Cohen and King, Proc. Roy. Soc.
(London), B128, 49 (1938)1.

() The general properties of VIII were very similar to those de-
scribed for 6-methoxy-8-oximino-3-vinylrubatozanone [v. Miller,
Rohde and Fussenegger, Ber., 88, 3234 (1900); Rohde and Schwab,
sbid., 88, 315 (1905)] except that the latter substance was reported
to give a Liebermann test. Several other a-diketone monoximes in-
vestigated by the present author have been found to give no Lieber-
mann test, and a negative test has been reported in a similar instance
by Harries and Groschuff [Ann., 417, 185 (1918)]. It therefore
appears that the positive test obtained by Rohde and co-workeras may
have been caused by the presence of a small amount of N-nitroso
compound in the substance they were investigating.
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A Synthesis of 8,5'-Dipropyladipic Acid
By C. F. KOELscH

Part of the program referred to in the preceding
note! was to establish the configuration of a syn-
thetic homolog of hydroquinine by relating the
substance to a 3,4-dipropylpiperidine. The syn-
thesis of the latter compound and the determina-
tion of its configuration were to follow a route
similar to the one used for 3,4-diethylpiperidine.?
The program has been abandoned short of com-
pletion, but some of the reactions studied are of
general interest and are being published. Those
described in the present paper, indicated in the
sequence of formulas (I-VIII), outline a synthesis
of B,8’-dipropyladipic acid by a method which
may prove of value for preparing other, similarly
substituted, adipic acids.

CH;CHzCH ClH7 /OR
CH,
R CoHr R
I,R=H IV, R + R’ = CCl,
11, R = COCH,CH; V,R+R’=CO
III, R = CH,CH.CH; VILR=R’=H
cH,
CiHin A~ /OH CH—CH  COOH
CsH—CH COOH
CzH-l‘ \OH CHz/
VII VIII
Experimental

Dihydrosafrole (I), b. p. 114° at 19 mm., was obtained
in quantitative yield of shaking ¢so-safrole (400 g.) with
Raney nickel and hydrogen at 100 atm. for five minutes.
The hydrogenation was slightly exothermic, but it stopped
when one equivalent of hydrogen had been taken up.

1,2-Methylenedioxy-4-propionyl-5-propylbenzene (II).—
The action of propionic acid, propionic anhydride or pro-
pionyl chloride on dihydrosafrole alone or in the presence
of sulfuric acid, zinc chloride, aluminum chloride or stannic
chloride under varied conditions gave none or only traces
of the desired compound. The procedure finally used was
developed through many experiments, and its details
must be rather carefully adhered to.

A mixture of 164 g. of dihydrosafrole, 100 g. of propionyl
chloride, 50 ml. of phosphorus oxychloride and 100 ml. of
toluene was boiled for fifty to fifty-five minutes, then
poured into water and stirred until all of the acid chlorides
were decomposed. The organic layer was washed with
dilute sodium hydroxide and distilled at 26 mm., giving 92
g., b. p. 80-155°; 79 g., b. p. 165-205°; and 14 g. of resi-
due. The lower fraction was mainly dihydrosafrole and
could be used as such in a later propylation. Three.
hundred and six grams of the fraction b. p. 155-205°, from
several acylations, was dissolved in 300 ml. of ligroin
(30-60°) and cooled to —10°. The resulting crystals were
pressed well and washed with cold ligroin, giving 160 g. of
nearly pure II. A portion redistilled (b. p. 184-186° at 24
mm.) and recrystallized from ligroin, formed thick color-
less plates, m. p. 51-52°.

Anal. Caled. for Ci3H1603: C, 70.9; H, 7.3. Found:
C,712; H,7.3.

The oily chlorinated material remaining in the mother
liquor, 124 g., b. p. 140-200° at 24 mm., was not investi-
gated.

(1) Koelsch, THIS JouxNAL, 88, 146 (1946).
(2) Koelsch and Stratton, ibsd., 66, 1881 (1944).
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A mixture of 2.2 g. of II, 5 ml. of alcohol, 1.4 g. of butyl
nitrite and 0.5 ml. of hydrochloric acid was allowed to
stand for twenty-four hours, and then poured into ether
and water. Dilute sodium hydroxide removed 1,2-methyl-
enedioxy-4-(a-oximinopropionyl)-5-propylbenzene (1.9 g.),
pale yellow needles from ether-ligrom, m. p. 99—101°.

Anal. Calced. for CsHisNO,: C, 63.7; H, 6.1. Found:
C, 63.2; H,6.5.

When 0.7 g. of the oximino compound was stirred for
fifteen minutes with a mixture of 5 ml. of hydrochloric
acid, 5 ml. of acetic acid and 0.4 ml. of formalin, it vielded
the corresponding diketone, a bright vellow oil. With
excess hydrogen peroxide and alcoholic sodium hydroxide
this gave o-propylpiperonylic acid, colorless flat needles
(0.1 g.) from 30%, acetic acid, m. p. 139-141°, The same
acid was obtained directly from the oximino compound in
poor yield with alkaline permanganate, and in 309, yield
with hot acetic anhydride.

Anal. Caled. for CyH1,04: C, 63.5; H, 5.8. Found:
C, 63.7; H, 5.8.

o-Propylpiperonylamide, from the acid with thionyl
chloride and then ammonia, formed fine white needles
from benzene, m. p. 179°.

Anal. Calced. for C;1H;3sNO;: C, 63.8; H,6.3. Found:
C,63.7; H,6.1.

1,2-Methylenedioxy-4,5-dipropylbenzene (III), a color-
less almost odorless oil, b. p. 158-160° at 23 mm., m. p.
25°, was obtained in 75-809%, yield by boiling 100 g. of II
and 10 g. of resorcinol for eight hours with 240 g. of amal-
gamated zinc and 250 ml. of water, 750 ml. of hydrochloric
acid being added in portions.

Anal. Caled. for Ci3HisOs: C, 75.7; H, 8.7. Found:
C,75.9; H, 88.

The methylenedioxy group in III was opened by the
method of Fittig and Remsen.3

1,2-Dichloromethylenedioxy-4,5-dipropylbenzene (IV),
colorless crystals that fume in moist air, b. p. 184-187° at
23 mm., m. p. 34-35°, was obtained in 79-847%, yield by
heating 88 g. of ITI with 190 g. of phosphorus pentachlo-
ride for one-half hour at 110-120°, and then for one hour
at 150-160°. The reaction was carried out in a 500-ml.
Claisen flask, phosphorus trichloride distilling as it was
formed.

Anal.
25.7.

4,5-Dipropylpyrocatechol carbonate (V), colorless plates
from alcohol, m. p. 70-73 °, was obtained in 99%, yield when
93 g. of IV was stirred with 200 ml. of water for one hour
while the mixture was cooled so that its temperature re-
mained at 55~60°.

Anal. Caled. for C;3H;60;: C, 70.9; H, 7.3. Found:
C,71.3; H, 7.3.

4,5-Dipropylpyrocatechol (VI).—A suspension of 73 g. of
V in 75 ml ofp alcohol was treated with 30 g. of sodium
hydroxide in 200 ml. of oxygen-free water, boiled for thirty
minutes under nitrogen, and then acidified with acetic
acid. The product was separated using ether, washed
with dilute sodium carbonate, and then distilled, giving
49 g. (76%), b. p. 184-187° at 15 mm. The substance
crystallized when it was cooled, but it was too soluble to be
recrystallized; m. p. ca. 43°. Its alkaline solution rapidly
became green-blue, then brown when it was exposed to air.
With ferric chloride, the phenol gave a deep green color,
changing to purple with sodium hydroxide. It caused
only slight erythema when applied to the skin.

Anal. Caled. for CpHisOs: C, 74.2; H, 9.3. Found:
C, 74.0; H, 9.0.

The lead salt formed as a white gelatinous precipitate
that dried to a horny mass, when a solution of VI in meth-
anol was treated with lead acetate. Two different prepa-
rations were analyzed.

Caled. for Ci3HeCl:O2: Cl, 25.8. Found: Cl,

(3) Pittig and Remsen, Ann., 189, 148 (1871); cf. Pauly, Ber.,
40, 3006, 3488 (1907); Barger, J. Chem. Soc., 98, 563, 2085 (1908);
Delange, Bull. soc. chim., [4] 8, 509 (1908).
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Anal. Caled. for C2HygO:Pb: Pb, 51.8. Found: Pb,
50.8, 53.2.

When 3.4 g. of VI in 5 ml. of acetic acid was treated with
9 g. of bromine in 10 ml. of acetic acid, it was converted
into 3 6-d1bromo—4,5-dxpropyl-o—qumone, deep red prisms
4.2 g) from acetic acid, m. p. 144-146

Anal. Caled. for CsHy Br:Os: C, 41. 1 H, 4.0. Found:
C, 41.0; H, 4.2,

The quinone gave no pure product when it was treated
with aqueous sodium hydroxide or with alkaline hydrogen
peroxide. When it was warmed with zinc dust in acetic
acid, it was rapidly and quantitatively reduced to 3,6~
dibromo-4 5-d1propylpyrocatechol fine white needles from
acetic acid, m. p. 83-84°.

Anal. Calcd. for CuHuBl’zOz.
C,41.0; H, 4.9.

4,5-Dipropylcyclohexanediol-1,2 (VII).—Experiments on
the hydrogenation of VI with Raney nickel and hydrogen
at 200 atm. and 175° were carried out before the promot-
ing effect of alkali on similar reactions had been dis-
covered,! and the results were erratic. Even in the best
experiment, involving 43 g. of VI with freshly prepared
catalyst, hydrogen absorption stopped after five hours,
and there was obtained a mixture (43 g.) of VI and VII,
b. p. 170-183° at 14 mm. Nothing was extracted from
this mixture by aqueous alkali, and it was completely ex-
tracted from ligroin by Claisen alkali. Separation of 25
g. of the mixture was effected by treatment with alcoholic
lead acetate, which precipitated the VI as its lead salt,
removed by centrifuging. There was obtained 13 g. of
V11, a colorless viscous oil, b. p. 170-173° at 13 mm.

Anal. Caled. for C;;HO:: C, 72.0; H, 12.0. Found:
C,719; H, 11.7.

8,8'-Dipropyladipic Acid (VIII) —A solution of 6.2 g. of
VII in 20 ml. of acetic acid was kept at 25-30° by cooling
while 6.4 g. of chromic anhydride in 5 ml. of water and 15
ml. of acetic acid was added in small portions. The mix-
ture was allowed to stand at room temperature for eight
hours, and then distilled to a sirup under reduced pressure.
This was taken up in ether, washed w1th dilute sulfuric
acid and then with sodium carbonate, giving 1.35 g. of
neutral material and 3.45 g. of crude acidic product.
Crystallization of the latter from ligroin gave 3.3 g., m. p.
86-91°, and distillation of this at 15 mm. followed by
crystalhzatlon from dilute acetic acid gave 2.65 g. of VIII,
colorless needles, m. p. 94-95°.

Anal. Caled. for CipH3:04:
C, 62.3; H,9.7.

No attempt to resolve VIII was made, but it may be
noted that the formation of a ¢is-form of VII (and there-
fore a meso-form of VIII) is not certain because of the
drastic conditions used for hydrogenating VI.

The author thanks Dr. S. T. Rolfson for most of the
analyses reported in this paper.

C,40.9; H, 4.6. Found:

C, 62.6; H, 9.5. Found:

(4) Ungnade and McLaren, THis JoURNAL, 66, 118 (1944);

Ungnade and Nightingale, sbid., 66, 1218 (1944).
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A New Synthesis of 7,8-Diaminoquinoline
By FRED LINSKER AND RALPH L. EVANS

Although 7,8-diaminoquinoline has been pre-
pared previously! by coupling diazotized aniline
with 7-aminoquinoline and reduction of the
resulting azo-dye, we found it advisable to look
for another procedure when large amounts of the

(1) Renshaw, Friedman and Gajewski, THIs Journar, 81, 3322
(1939).
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diamine were needed. The following process was
developed and it has been found to give satis-
factory results.

When 7-nitroquinoline, obtained in a Skraup
reaction from m-nitroaniline, was reduced by iron
and 509, acetic acid, it gave an almost quantitative
yield of 7-aminoquinoline. The latter was treated
with toluenesulfonyl chloride in pyridine solution
and the tosyl compound was nitrated below 70°.
A nearly theoretical yield of the crude 7-tosyl-
amino-8-nitroquinoline was obtained, and this
was hydrolyzed by means of warm sulfuric acid.
The resulting nitroamine was then reduced in the
usual way with stannous chloride and hydro-
chloric acid. The yield of diaminoquinoline was
649, of the theoretical.

Experimental

7-Nitroquinoline.—Knueppel’s procedure! was used.
The compound melted without recrystallization at 128-
130° (lit.2 130°); yield 149, (lit.? 6%,).

7-Aminoquinoline.—One hundred and twenty-nine
grams of 7-nitroquinoline was dissolved in 645 cc. of glacial
acetic acid and 645 cc. of water was added while the solu-
tion was warmed to 60°. Maintaining the temperature
at 60~70° 103 g. of powdered iron was added in small
portions to the well-stirred reaction mixture. When the
reduction was complete, the mixture was cooled to room
temperature and made alkaline by adding solid sodium
carbonate in small portions with external coolmg and
stirring. After some standing, the precipitate was
filtered, washed with water, and dried over calcium chlo-
ride in a desiccator. The dried powdered precipitate was
extracted by refluxing with two liters of ether for two hours
and repeating this process three times with fresh portions
of solvent. The combined ether extracts were then dried
with sodium sulfate and evaporated to dryness. Eighty-
eight grams of fairly pure 7-aminoquinoline was obtained;
m. p. 91-93° (lit.4 93.5-94°).

7-Tosylammoqumolme —Thirty-five grams of 7-amino-
quinoline was dissolved in 250 cc. of dry pyridine and to the
cold solution 45 g. of p- toluene-sulfonyl chloride was slowly
added. The reaction mixture was heated for thirty min-
utes in a boiling water-bath under a reflux condenser, then
cooled and poured into two liters of water. The precipi-
tate was allowed to settle at 0°, filtered, washed with water
and dried over calcium chloride; yleld 47.5g. The com-
pound crystallized from ethyl alcohol in colorless prisms;
m. p. 184-185°,

Anal. Caled. for CuHuNzOzS C, 64.43;
Found: C, 64.57; H, 4

7-Tosylammo-8—mtroqumolme —Seventeen grams of 7-
tosylaminoquinoline was stirred slowly into 51 g. of con-
centrated nitric acid and the solution was maintained at
60-70° for two hours. After cooling, the solution was
poured over 340 g. of ice. The mixture was kept in the
refrigerator overnight, and the precipitated nitro com-
pound was then filtered, washed with water, and dried in a
desiccator; yield 24 g. The product was recrystallized,
first from ethanol and then from 65% methyl alcohol. It
formed colorless needles, m. p. 180°,

Anal. Caled. for CuHuNaOAS C, 5598; H, 3.79.
Found: C, 55.93; H, 3.9

7-Ammo-8-mtroqumolme —Twenty-four grams of crude
7-tosylamino-8-nitroquinoline was stirred in small portions
into 120 cc. of concentrated sulfuric acid. The solution
was heated for one hour in a boiling water-bath, cooled to
room temperature, and poured onto 700 g. of ice. An
excess of ammonium hydroxide was added with stirring and

H, 4.70.

(2) Knueppel, Ber., 29, 706 (1896).
(3) Kochanska and Bobranski, sbid., 69, 1807 (1936).
(4)yHamer, J. Chem. Soc., 1436 (1921).
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external cooling and, after standing at 0°® overnight, the
precipitated base was filtered and washed with a little
dilute ammonia, yield 8.3 g. Recrystallized from absolute
ethyl alcohol, the compound melted at 194°.%
7,8-Diaminoquinoline.—A solution of 45 g. of stannous
chloride dihydrate in 65 cc. of concentrated hydrochloric
acid was added slowly to a suspension of 7 g. of 7-amino-8-
nitroquinoline in 150 cc. of 4 N hydrochloric acid. The
mixture was heated on a steam-bath until all dissolved
and for one hour thereafter. The solution was cooled in
the refrigerator overnight, the tin double salt was then
removed by filtration and washed with a little concen-
trated hydrochloric acid. It was dissolved in 350 cc. of N
hydrochloric acid with gentle warming, and hydrogen
sulfide was passed through the solution until the precipi-
tation of the tin sulfides was complete. The precipitate
was filtered and the tin-free solution was evaporated on a
water bath to dryness. Five and five-tenths grams of

fairly pure dihydrochloride was thus obtained. Addition-

of alkali to thc aqueous solution of the salt precipitated
the free base, which was then recrystallized from boiling
water, yielding the monohydrate as light yellow needles,
m. p. 94-97° {lit.! 95-97°).

(8) Fourneau, ef al., Ann. Inst. Pasteur, 44, 718 (1930). These
authors prepared the same compound by heating 7-chloro-8-nitro-
quinoline with ammonia in a sealed tube to 160° and found the base
to melt at 194°,
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Identification of the Alcohol Components of
Simple Esters

By W. B. RENFROW AND ALAN CHANEY

In an attempt to devise a more satisfactory
method for preparation of solid derivatives of the
alcohol components of simple esters,! we have
investigated the interchange reaction between 3,5-
dinitrobenzoic acid and a number of esters.

3 N
R—C—O—R' + —OH — 2
NO,
o NO: o
L L
R—C—OH + —O0—R

NO,

Preliminary experiments with n-butyl acetate?
demonstrated that a catalyst was necessary.
Sulfuric acid was a good catalyst for the inter-
change and p-toluenesulfonic acid monohydrate
was fairly good. The following compounds were
found to have little or no catalytic action: sulf-
amic acid, aluminum chloride, anhydrous hydro-
gen chloride, acetic anhydride, 859, phosphoric
acid, phosphorus pentoxide and pyridine.

With sulfuric acid as a catalyst, the 3,5-di-
nitrobenzoates of the alcohol components of the

(1) The usual method of identification involves saponification
and isolation of the alcohol. For example, see: Shriner and Fuson,
"Identification of Organic Compounds,” John Wiley and Soms,
New York, N. Y., 1940, p, 152.

(2) The course of the reaction was followed in preliminary experi-
ments by isolation of unreacted 3,5-dinitrobenzoic acid.
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following esters were prepared: ethyl formate,
methyl acetate, ethyl acetate, n-propyl acetate,
isopropyl acetate, n-butyl acetate, isobutyl ace-
tate, s-butyl acetate, isoamyl acetate, ethylene
glycol diacetate, B-phenylethyl acetate, ethyl
monochloroacetate, ethyl trichloroacetate, methyl
propionate, n-propyl propionate, n-octyl propio-
nate, n-dodecyl propionate, ethyl butyrate, ethyl
trimethylacetate, #-butyl valerate, n-amyl valer-
ate, ethyl a,a-dibutylacetate, ethyl laurate, ethyl
lactate, ethyl acetoacetate, diethyl carbonate, di-
methyl oxalate, diethyl oxalate, diethyl malonate,
diethyl adipate, dibutyl tartrate, methyl benzoate,
ethyl benzoate, methyl salicylate, ethyl salicylate,
ethyl benzoylacetate, diethyl phthalate and di-
butyl phthalate.

Derivatives could not be obtained from the fol-
lowing esters: vinyl acetate, f-butyl acetate,
cholesteryl acetate, n-octadecyl propionate, di-
glycol laurate, ethyl stearate, n-butyl stearate,
phenyl acetate, benzyl acetate, guaiacol acetate,
methyl cinnamate, ethyl cinnamate, ethyl anisate,
diethyl sulfate and ethyl p-aminobenzoate.

The method is apparently not applicable to
esters that will react readily with concentrated
sulfuric acid or that have molecular weights in

excess of about two-hundred-fifty.
Experimental

Sulfuric acid (2 drops) was completely dissolved in the
ester (2 ml.) and 3,5-dinitrobenzoic acid (1.5 g.) added.
If the boiling point of the ester was below 150°, the mix-
ture was refluxed gently, but if the ester boiled above 150°
the mixture was heated in an oil-bath (frequent stirring at
first) at approximately 150°. The reaction time was
usually thirty minutes, but if the 3,5-dinitrobenzoic acid
failed to dissolve within fifteen minutes the mixture was
heated for one hour.

The reaction product was cooled, dissolved in ether (25
ml.) and thoroughly extracted with 5%, sodium carbonate
solution (25 ml.). The ether solution was washed with
water and the ether removed by evaporation or distilla-
tion. The product remaining (usually an oil) was dis-
solved in about 5 ml. of hot ethanol. Crystallization of
the 3,5-dinitrobenzoates was induced by cautious addition
of water, cooling and stirring. Vields of purified 3,5-di-
nitrobenzoates ranged from 0.2 g. in the favorable cases
to 0.1 g. in the less favorable cases.
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p~-Bromobenzyl Bromide
By M. WEI1ZMANN AND S. PATAI

For experiments in the stilbene series, we
needed considerable quantities of p-bromobenzyl
bromide. Schramm’s! claim that bromination of
p-bromotoluene in sunlight at ordinary tempera-
ture gives the desired product in almost quanti-
tative yield, could not be substantiated. The
yield we obtained under these conditions was
14-159%, in accordance with Hantzsch and
Schultze.? The other method to which reference

(1) Schramm, Ber., 17, 2022 (1884).
(2) Hantzach and Schultze, ibid., 29, 2252 (1896).
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is made in the literature? is the bromo-methyla-
tion of bromobenzene.

A yield of 66% of a pure product is obtained
when the photo-bromination is carried out under
similar conditions (but with less bromine) as
described for the preparation of p-bromobenzal
bromide.* One hundred and two grams (0.60
mole) p-bromotoluene, in a three-necked Pyrex
flask, mounted with a mercury-sealed stirrer, a
dropping funnel and a reflux condenser with gas-
trap, is heated in an oil-bath at 120° (bath
temperature) and exposed to the light of a 100-
watt lamp. With constant agitation, 102 g. of
bromine (0.64 mole) is added during thiee hours,
and the stirring is continued for another thirty
minutes. By this time, the evolution of hydro-
gen bromide has come to a standstill. The prod-
uct solidifies, upon standing, to a brownish
crystalline mass and is filtered by suction from
the adhering oil and washed three times with 30
cc. of ethyl alcohol. The yield is 80 g. From
the mother liquor, upon cooling with an ice-salt
mixture, a second crystallizate (18-20 g.) is ob-
tained. The yield is 669,; m. p. of both crops
61° sharp without further recrystallization. The
product was identical with one prepared accord-
ing to Schramm,! and gave the correct analysis.
Calcd. for C;HeBr,: Br, 64.0. Found: Br, 63.7.

(3) Stephen, Short and Gladding, J. Chem. Soc., 117, 524 (1920).

(4) '"Organic Syntheses,” Vol. XVII, p. 20.
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Adduct of Anthracene with cis-Aconitic
Anhydride

BY JESSE WERNER AND PAUL NAWIASKY

In connection with a research program being
carried out in this Laboratory, it was found neces-
sary to prepare the Diels—Alder adduct of anthra-
cene with cis-aconitic anhydride. Malachowski,
et al.,! have investigated the chemistry of the so-
called cis and trans forms of aconitic anhydride
and found decided differences in chemical be-
havior. The ¢ts anhydride has quinonoidal prop-
erties since it adds to dimethylaniline and hydro-
quinone, whereas the trans does not.2 From this
and other evidence, they deduced that the two
anhydrides are structural rather than geometrical
isomers. The structure which they arrived at for
the cts form is (I). That for the trans form is
(11), with a probable equilibrium existing between
the keto and enol forms. Schénberg and Ismail?
have found that the cis anhydride gives a red color
with triphenyl phosphine, whereas the trans form
gives no color at all, thus providing further evi-
dence that the cis isomer possesses quinonoidal
properties, whereas the trans does not. The cis

(1) Malachowski, Giedroyé and Jerzmanowska, Ber., 61, 2525
(1928).

(2) Cf. Norton, Chem. Rev., 31, 468 (1942).

(3) Schonberg and. Ismail. J. Chem. Soc.. 1374 (1940).
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structure is that of a substituted maleic anhydride.
Pfeiffer and Bottler* regard maleic anhydride as

the quinone of furan, and as such it shows many of
the reactions attributed to the quinone structure.

)
on?/o\%o 0=?/ \C|=O
HC——=C—CH,—COOH H CH
’ *NeLEoon
I 11

On refluxing with anthracene in xylene, the cis
form was found to react very rapidly and in good
yield in the Diels—-Alder condensation. However,
the cis form is rather difficult to obtain in a pure
state, in contrast to the frans form. Since the
trans form is slowly converted to the cis on melt-
ing or keeping in solution above its melting point,
it was of interest to determine the relative dieno-
philic reactivities of the non-quinonoidal trans
form and the quinonoidal ¢is form by refluxing
the trans form with anthracene in xylene. The
reaction in this case was quite slow, but the prod-
uct obtained was identical with that from the cis
isomer. This indicates that the mechanism in-
volved a slow conversion of the frans to the cis
form and a subsequent condensation of the cis
isomer with anthracene.

It is of interest to note that both forms of
aconitic anhydride contain the dienophilic C=C—
C==0 grouping. However, the dienophilic re-
activities of the two are quite different, the
quinonoidal nature of the ¢is form evidently en-
hancing its dienophilic properties.

Procedure.—Six grams of anthracene (Eastman Kodak
Company) and 5.2 g. of either cts or trans aconitic an-
hydride (prepared according to Malachowski, ef ¢l.,! and
melting at 72-73° and 135-136°, respectively) were mixed
with 50 cc. of xylene. With the c7s isomer the mixture
was heated rapidly to reflux for one-half hour; with the
trans isomer the mixture was heated to reflux during one
hour and refluxed for four hours. In both cases the mix-
ture was allowed to crystallize at room temperature over-
night, after which the crystals were filtered off, washed
with 100 cc. of xylene and dried on the steam-bath. The
yield of pale yellow plates was 7.0 g. (63%) with the cis
and 6.7 g. (60%) with the irans. Two recrystallizations
from ethyl acetate gave pure white crystals, m. p. 262-
263° (dec.) in each case.

Anal. Caled. for CeH10s: C, 71.85; H,4.22. Found:
(for cis), C, 71.72; H, 4.28; for trans, C, 71.60; H, 4.37.

Mixtures of the two adducts showed no change in melt-
ing point.
(4) Pfeiffer and Béttler, Ber., 81, 1819 (1918).
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2-(4-Homosulfanilamido)-quinoxaline

By FrANK J. WoLr, RusseLL M. WiLsON, JR., AND Max
TISHLER

Owing to the recent interest in marfanil,! the
preparation of the corresponding homosulfanila-
(1) J. Klarer. Kiin. Wochschr., 30, 1250 (1941).
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mido derivative of sulfaquinoxaline,? [2-(4-
homosulfanilamido)-quinoxaline], was carried out.

/ L/N H

) s em
This compound was synthesized by condensing
N*-phthaloyl-4-homosulfanilyl chloride® with 2-
aminoquinoxaline? and liydrolyzing the resulting
product.

The pharmacological activity of the product was
kindly tested by D. Smith and O. Graessle of the
Merck Institute. It was found to possess no bac-
teriostatic activity against E. cols, S. aureus, Cl.
Welchit and D. pneumoniae Types I and II in
vilro at concentrations in which marfanil was
effective and did not prevent deaths due to D.
pneumoniae Type I in the mouse when ad-
ministered subcutaneously or intravenously in
doses at which marfanil was slightly active.

Acknowledgment.—The authors are indebted
to Dr. R. T. Major for his kind encourage-
ment and advice.

Experimental
2-(N+-Phthaloyl-4-homosulfanilamido)-quinoxaline.—A
solution of 43.0 g. of N*-phthaloyl-4-homosulfanilyl chlo-
ride and 16.8 g. of 2-aminoquinoxaline in 100 ml. of dry

(2) Weijlard, Tishler and Erickson, Tmrs JournaL, 66, 1957

(1944).
(3) Bergeim and Braker, sbid., 66, 1450 (1944).

COMMUNICATIONS TO THE EDITOR

Vol. 68

pyridine was heated on the steam-bath for two hours and
then poured into water. The separated gummy material
was taken up in 2.5 N sodium hydroxide, treated with
Norite and filtered. The product was precipitated by
acidification with glacial acetic acid, filtered and dried.
Tl;f <):tude product weighed 24.7 g., m. p. 235~239° (48%,
yield).

A sample for analysis was recrystallized from glacial
acetic acid, m. p. 246-247° Calcd. for CyHeN.O4:t
N, 12.61. Found: N, 12.90.

2-(4-Homosulfanilamido)-quinoxaline.—The hydrolysis
of 26.7 g. of crude 2-(N*-phthaloyl-4-homosulfanilamido)-
quinoxaline to 2-(4-homosulfanilamido)-quinoxaline was
carried out by heating with 8 ml. of hydrazine hydrate
(85% in water) in 400 ml. of absolute ethanol for four
hours. The solution was then cooled and the resulting
precipitate filtered. This precipitate was taken up in 400
ml. of H,O and 100 ml. of 2.5 N hydrochloric acid and
heated on the steam-bath for one and a half hours. At
the end of this time the solution was filtered. The filtrate
was made alkaline with 309, sodium hydroxide, treated
with Norite, filtered and acidified with glacial acetic acid.
After concentrating the solution to dryness iz vacuo, the
residue (8 g.) was dissolved in 6 N ammonium hydroxide,
treated with Norite and filtered. The filtrate was boiled
until turbid. On cooling, light brown crystals separated;
weight 4.8 g., m. p. 228° (259, yield).

A sample for analysis was recrystallized from glacial
acetic acid, m. p. 230°. Caled. for C;sHuNO:S: C,
?&731}7, H, 449; N, 17.83. Found: C, 57.55; H, 4.32;

, 17.85.

(4) Microanalyses were kindly performed by R. H. Boos, J. H.
McGregor and E. J. Thornton.
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PENICILLIN YIELDS FROM NEW MOLD STRAINS
Sir:

Following ultraviolet irradiation of spores from
a monoconidial isolate of the well-known strain
X-1612 of Penicillium chrysogenum, a promising
new strain, Wis. Q176, was obtained in June,
1945. This has consistently surpassed its parent
in penicillin production, usually by a considerable
margin.

In shake flask tests, 779 of the single spore
lines from Q176 likewise exceeded X-1612 in
yield. The best of these lines was Q176AS8;
76% of the single spore lines from this culture also
outperforined X-1612, two of them giving yields
somewhat greater than any flask yields reported in
this communication. Strains Q176 and Q176A8
have also been tested in shake flasks by the Depart-
ment of Agricultural Bacteriology and a similar
increase in yield over X-1612 was obtained.

Table I summarizes results obtained on strains
Q176 and Q176A8 in both shake flasks and tanks.
The shake flasks were 500-ml. Erlenmeyer flasks
with 100 ml. of a medium containing per liter

40 g. of lactose, 20 g. of corn steep liquor solids,
3 g. of NaNO;, 0.5 g. of KH,PO,, and 0.25 g. of
MgSO,7H;0. They were incubated in a shaker

at 23°. The tank fermentations were made at
23° with 55 gallons of medium in 80-gallon tanks,
TABLE 1
PENICILLIN YIELDS ON VARIOUS CULTURES
X-1612 Q176 Q176A8
Expt. units/ml.¢ units/ml, units/ml.
Shake Flask Fermentations
1 67 212 v
2 78 115 215
3 94 125 178
4 107 - 129
5 120 155 205
Tank Fermentations
1* 367° . 337
2 427 728
3 501 920

@ S. aureus cup assay. ° A different lot of corn steep
liquor was used for each of the tank experiments. ¢ Each
tank yield figure is the mean yield of duplicate tanks
which differed in yield by from 4 to 18%,.



