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These results show conclusively that no important interference with
the nitric-acid-ferrous-iron reaction is interposed by the organic matter
present, and the method appears sufficiently promising to permit its use
in the general estimation of aliphatic nitrate esters by those laboratories
which do not have a nitrometer conveniently at hand.

It will be noted that the method gave low results with glycerine tri-
nitrate, while with the mannite hexanitrate the results correspond closely
with the calculated results. Glycerine trinitrate has an appreciable vapor
tension” at 100° and part of this loss, at least, may have been due to the
vaporization of the ester in steam before it was completely hydrolyzed.
11 so, this error could probably be eliminated by introducing the sample
iito a cold reaction mixture, followed by the gradual elevation of the re-
action temperature. To insure absence of oxidation it would of course
he necessary to replace the air by an inert gas.

Titration of the residual ferrous iron with potassium permanganate
is impossible when the mixture contains nitro compounds which develop
interfering colors, notably trinitrotoluene. Though not investigated,
this difficulty may apparently be diminished or possibly completely
overcome by estimating the ferric iron througl reduction by hydrogen
iodide in acid solution, sitce the color change, from starch blue to the acid
ferrous iron, should not be seriously affected by the vellow-to-red shades
imparted by the interfering nitro compound.

Summary
Aliphatic nitrate esters may be estimated in the presence of certain nitro
aromatic compounds by reduction with ferrous sulfate in excess, followed
by titration of the unoxidized ferrous salt. A procedure sufficiently
promising to permit its general use is described, together with suggestions
for further experiments.
WasmINeTON, D, C.
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‘'he 1,4-dihalogen derivatives of butane are reagents that would he
used meore frequently in the organic laboratory if they were available.
Several methods for their preparation have appeared in the literature but
all are difficult to carry out. Probably the best method heretofore developed
is that of J. von Braun for the preparation of tetramethylene bromide by
splitting benzoyl pyrrolidine with phosphorus pentabromide.! This

¥ Marshall, “Explosives,” P. Blakiston’s Sons and Co., 1917, p. 735.
! yvon Braun, Ber., 39, 4119-25 (19086).
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metliod, however, involves 7 reactions, some of which do not give satis-
factory yields.

A series of reactions has been developed so that tetramethylene bromide
can now be obtained much more readily than by the older methods. Sev-
eral steps are similar to those used by von Braun but these have been
somewhat improved and some of the more difficult steps have been avoided.

C¢HsO NaCN
Br(CHz)aBr ——--——) CsH O(CHz)sBr'—‘“———) CsHsO(CH2)3CN
C.H;OH Na HBr
e CaH O(CHz)sC DQCQI‘I —— CsHsO(CHz)sCHzOH —
H.SO, C.H;;OH
Br(CH2)4Br.

In this series of reactions the yields are good in almost every step.
The first 3 reactions give yields of 80 to 959 of the theoretical amount.
The reduction of the ester to the alcohol gives a yield of 62 to 68%,. The
last reaction gives only a 40 to 459 yield of tetramethylene bromide
but there is also formed phenoxybutyl bromide in 40 to 459, vields.
This latter compound is a useful reagent, but if only tetramethylene bro-
‘mide is desired, the phenoxybutyl bromide may be split down by further
treatment with hydrobromic acid. The splitting of phenoxybutyl alco-
hol with hydriodic acid has also been studied, but the yields of the corre-
sponding iodides are 1o better than those of the bromides obtained with
hydrobromic acid.

The most interesting reaction of this series is the reduction of ethyl
phenoxybutyrate to phenoxybutyl alcohol. The best method for the
reduction of esters is that devised by Levene and Allen.? In applying this
method several facts have been learned that are very useful in carrying
out the reaction. It is not necessary to use the special apparatus which
has been described by the original workers, as very satisfactory results may
be obtained by using a 3-neck flask fitted with a reflux condenser, dropping
funnel and mechanical stirrer, The main precaution that must be observed
if good yields are to be obtained, is the use of alcohol that is free from
water. If the ordinary absolute alcohol dried over quicklime is used in
the reduction, the yield of phenoxybutyl alcohol is 40 to 459,. When, how-
ever, this grade of alcohol is treated with a small amount of sodium and
then distilled under conditions that exclude moisture, a very high grade of
absolute alcohol is obtained. Using this latter grade of alcohol insures
a 62 to 689, yield.

The alcohols which were prepared by Levene and Allen could be isolated
by distillation of the reaction mixture with steam. With the higher-
boiling alcohols this method is not practical. The best method of iso-
lating these latter alcohols is to remove the ethyl alcohol and toluene from
a steam-bath and then, after treating the residue with water, to extract
the high-boiling alcohol with ether.

2 T.evene and Allen, J. Biol. Chem., 27, (a) 435, (b) 443 (19186); (c) 33, 509 (1918).



DIHALOGEN DERIVATIVES OF BUTANE 2647

This method of reduction has also been applied to the esters of caprylic,
lauric and myristic acids, and the corresponding alcohols have been ob-
tained in yields of 65 to 75%. Cyanides are also easily reduced to pri-
mary amines in the same way; thus, phenoxypropyl cyanide gives a yield
of 80 to 879, of phenoxybutyl amine, which is much better than can be ob-
tained by the ordinary method of carrying out a sodium alcohol reduction.

Experimental Part

Phenoxypropyl Bromide.—A mixture of 2 liters of water, 1 kg. of trimethylene
bromide and 370 g. of phenol is heated to boiling under a reflux condenser and stirred
with a mechanical stirrer. To the boiling solution is added over a period of 1 hour a
solution of 150 g. of sodium hydroxide in 500 cc. of water.

‘The mixture is stirred and heated for 4 to 5 hours longer in order to complete the
reaction, The water layer is separated and discarded. The lower layer consisting of
unchanged trimethylene bromide, phenoxypropyl bromide and diphenoxypropane
is distilled under reduced pressure. ‘The material boiling below 136° at 20 mm. is almost
pure trimethylene bromide and weighs 340 to 380 g. The fraction boiling at 136~142°
at 20 mm. is pure phenoxypropyl bromide and weighs 560 to 600 g. (an 84-85%, yield,
based on the trimethylene bromide actually used). On cooling to a low temperature the
product crystallizes and melts at 7-8°. ‘The high-boiling residue left in the distilling
flask is diphenoxypropane (50 to 75 g.). i

The reaction has previously been carried out in alcoholic solution.? The large
excess of trimethylene bromide is quite necessary in order to avoid the formation of large
quantitites of diphenoxypropane.

Phenoxypropyl Cyanide.—This preparation is carried out in essentially the same
manner that has been described in the literature.# A mixture of 1 kg. of phenoxy-
propyl bromide, 325 g. of sodium cyanide, 325 cc. of water and 500 g. of 95% alcohol is
refluxed on a steam cone for 15 to 20 hours. The solution is then cooled and treated with
800 cc. of benzene. The water layer is separated and extracted once with a little
benzene (100 cc.). The combined benzene extracts are distilled from a steam-bath
until the solvent is removed. The residue is distilled under reduced pressure. The
yield is 675 to 725 g. (90-969,) of phenoxypropyl cyanide boiling at 162~166° at 22 mm.
As it cools the product crystallizes to a white solid melting at 41-42°, Melting points of
42° and 46° are given in the literature.®

Ethyl Phenoxybutyrate.—The preparation of this ester by the action of alcoholic
sulfuric acid on phenoxypropyl cyanide has been mentioned in the literature® but no
details are given., A mixture of 625 g. of 959, ethyl alcohol, 300 g. of conec. sulfuric
acid (sp. gr. 1.84) and 500 g. of phenoxypropyl cyanide is refluxed for about 7 hours.
The flask is cooled and ammonium sulfate separates. The liquid portion is drained
into a separatory funnel and the lower portion is drawn off and added to the ammonium
sulfate,. ‘The upper layer is nearly pure ester. Water is added to dissolve the am-
monium sulfate and the aqueous solution is extracted with a little benzene. The ben-
zene extract is added to the main portion of the ester and this solution is washed with a
solution of sodium carbonate to remove any acids that may be present. The ester is
then distilled under reduced pressure. ‘The yield is 4935 to 516 g. (75-80%) of a product
boiling at 160-165° at 25 mm.

3 Ber., (a) 24, 2632 (1891); (b) 26, 2987 (1893); (c) Ref. 1, p. 4120.
¢ Ibid., (a) 24, 2640 (1891); (b) Ref. 1, p. 4121.

5 Ref. 4a; 1bid., 42, 2047 (1909).

¢ Turs JOURNAL, 42, 652 (1920).
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Phenoxybutyl Alcohol.—This compound has been prepared by the action of sodium
nitrite on phenoxybutyl amine oxalate,” but no physical constants have been recorded.
1t is easily obtained by the reduc:ion of etliyl phenoxybutyrate with sodium and absolute
(100%%) alcohol in toluene according to the general method of Levene and Allen.™

A 3-neck 3-liter round-bottom flask is fitted with a mechanical stirrer, dropping
fuimel and a reflux condenser. ’'I'lie condenser should be 2 meters long and should have
aninner tube 2.5 cin. in diameter. It is best counected to one of the necks of the reaction
flask by means of a heavy piece of rubber tubing. The upper end of the condenser is
protected with a calcium chloride tube., The stirrer should reach nearly to the bottom
of the flask so that tlie stirring is very efficient.

In the flask are placed 110 g. of sodium and 250 cc. of toluene previously dried over
sodium. ‘The flask is lieated in an oil-bath until the sodium is melted and the stirrer is
started. When the sodium is broken up into very small particles and well emulsified
i the toluene, the oil-batl is removed and the flask is allowed to cool until the sodium
has solidified. Vigorous stirring must be maintained to prevent the formation of large
lumps. A solutiont of 100 g. of ethyl phenoxybutyrate in 150 cc. of absolute (100¢,)
alcohol is run in througl the dropping funnel as rapidly as the condenser can take care of
tlie vapors that arc produced. This addition usually requires 3 to 4 minutes. Five
liundred ce. of absolute (100%7) alcoliol is then added as rapidly as possible, usually
during 12 to 15 minutes, ’The reaaction is allowed to proceed for about 15 minutes after
the last of the alcoliol has been added until all of the sodium is used up. Then about
310 ce. of water is added to decompose tlie sodium ethylate, The oil-batli is again
adjusted to the flask and tlie solution is boiled for about 30 mirtutes to insure the hydrol-
ysis of any unreduced ester. Tle flask is then fitted with a distilling head and the ethyvl
aleohol-tolutenc mixture is distilled from tlie steam-bath until the alcohol is completely
removed. 'The niaterial remaining in the flask is treated with 500 cc. of water. The
lower water layer is separated and extracted once with ether. The upper layer is treated
with 200 cc. of water and 200 cc. of ether. The etlier layer is separated and the water
layer again extracted with ether. The combined ether extract is washed with 100 cc. of
water. ‘Tle ether aud any tolucne and water are then distilled under ordinary pressure
and the plienoxybutyl alcohol 15 distilled under reduced pressure. The yield is 50 to
54 g. (62-689;) of a product boiling at 162-164° at 19 mm.; 1?7, 1.320. Occasional
vields of 759, have been obtained but tlie usual yields are somewhat less. As stated
inn tlie general discussion1, the ethyl alcohol used in the reduction must be free from
water, Density determinations on the dry distillate used in these experiments showed
tle product to be 1007 etliyl aleohol. ‘The apparatus must of course be dry in order
to obtain good results.

An ice-bath should be available for cooling during tlie reduction as the reaction may
become too violent if too much alcohol is added at once. If the reaction does becotme
violent it may be cliecked by stoppiug the stirrer and cooling the flask in the ice-bath.

The phenoxybutyl alcohol was analyzed by thie Parr total carbou method.

Analysis.  Subs., 0.4470; 731.0 cc. of CO: (32.5°, 739.5 mn1.). Cale. for CisHyOs:
C, 72.24. Found: 72.22.

As a characteristic solid derivative the p-nitrobenzoic acid ester was prepared by
treating a little phenoxybutyl alcohol with p-nitrobenzoyl chloride. The ester after
2 crystallizations from alcohol mielted sharply at 91°.

Analyses. Subs., 0.1368: CO,; 0.3224; H;0, 0.0652. Cale. for Ci;Hy1:OsN: C,
$64.73; H, 5.43. Found: C, 64.27; H, 5.34.

N-Octyl Alcohol.—This compound is easily obtained by reducing 75 g. of ethvl
caprylate with 85 g. of soditim, 200 cc. of toluente and 550 cc. of absolute alcohol in the

7 Ber., 42, 548 (1909).
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manner described before. The yield is 37 to 41 g. (67-759,) of octyl alcohol boiling
at 103-105° at 16 mm.

Lauryl Alcohol.—Lauric ester was reduced by Levene and Allen$, but no details
are given, They say the yield is less than 609. By reducing 100 g. of ethyl laurate
with 85 g. of sodium, 200 cc. of toluene and 600 cc. of absolute alcohol, there is obtained
03 to 37 g. (65-709,) of lauryl alcohol boiling at 143-146° at 18 mm. In working up the
reaction mixture care must be taken to avoid emulsions when the water layer containing
sodium hydroxide and sodium laurate (soap) is extracted with ether. If the residue
after distilling the alcohol-toluene mixture is treated witli 500 cc. of kot water and the
aqueous layer separated, most of the soapy sodium laurate is retnoved in this solution
and the remaining material may be worked up as usual.

Myristyl Alcohol.—This compound is obtaiuned in 53 to 63 g. yields (63-75%,)
when 100 g. of ethyl myristate is reduced with 85 g. of sodium, 200 cc. of toluene and
600 cc. of absolute alcohol. The myristyl alcohol boils at 170-173° under 20 mm.
pressure and melts at 39-39.5°, This agrees with the melting point recorded in the
literature,®

Phenoxybutyl Amine.—The compound has been prepared by the reduction of
phenoxypropyl cyanide with sodium and aleohol in the ordinary way.!® By reducing
100 g. of phenoxypropyl cyanide with 100 g. of sodium, 250 cc. of toluene and 650 cc. of
absolute alcohol, and purifying the reduction product by dissolving in hydrochloric
acid and reprecipitating with alkali, there is obtained 82 to 90 g. (80~87%,) of phenoxy-
butyl amine boiling at 146~148° under 17 mm. pressure.

The Action of Hydrobromic Acid on Phenoxybutyl Alcohol.—Phenoxybutyl alcohol
is converted into a mixture of plienoxybutyl bromide and tetramethylene bromide when
it is heated with hydrobromic acid containing a little sulfuric acid. A mixture of 36 g.
of phenoxybutyl alcohol with 115 cc. of hydrobromic acid (sp. gr. 1.48) and 25 cc. of
sulfuric acid (sp. gr. 1.84) is gently warmed for about an hour and then refluxed vigor-
ously for about 8 hours. The reaction mixture is then cooled and diluted with 100 cc.
of water, A mixture of tetramethylene bromide and phenoxybutyl bromide separates
at the bottom and is drawn off, The water laver is washed once with benzene. The
benzene extract is added to the main portion of the mixed bromides and the solution is
extracted with 109, sodhim hydroxide solution to remove the phenol. The henzene
solution is dried over calcitim chloride and distilled under reduced pressure. The solvent
comes off first, then tetramethylene bromide boiling at 81-85° at 18 mm. and finally
phenoxybutyl bromide boiling at 153-156° at 18 mm. Tlie intermediate fractions are
uegligible if a short column is used and care is taken to avoid superheating during the
distillationn. ‘The vield is 18 to 20 g. (40-437) of tetramethylene bromide and 19to 20 g.
133-409%) of phenoxybutyl bromide.

The pliysical properties of the tetrainethylene bromide thus obtained agree with
those recorded in the literature, Phenoxybutyl bromide has not been previously de-
scribed.  As it cools, it solidifies to a white solid. After crystallizing from alechol, it
melts sharply at 41°.

Analysis.  Subs., 0.5211: 26.44 cc. of 0.0811 N AgNO; Cale. for CiHy;OBr:
Br, 34.89. Found: 34.54.

The yield of tetramethylene bromide cannot be greatly increased by heating the re-
action mixture for a longer time. ‘The yield is lowered if the sulfuric acid is not present.
When fuming hydrobromic acid (sp. gr. 1.57) is1ised, the yield of tetrametliylene bromide
is increased to 45-479.

8 Ref. 2b, p. 445.
¢ Ber., 16, 1720 (1883).
0 Ihid., 24, 3231 (1891); Ref. 1, p. 4121.
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‘The reaction was carried out in sealed tubes at 150° without increasing the yield.
When higher temperatures were tried excessive decomposition took place.

The Action of Hydrobromic Acid on Phenoxybutyl Bromide.—By refluxing 46
g. of phenoxybutyl bromide with 1C0 cc. of hydrobromic acid (sp. gr. 1.48) for @ hours
and working up the reaction mixture as described before, there is obtained 12 g. (20%,)
of tetramethylene bromide. Thirtv-two g. of phenoxybutyl bromide is recovered.

Phenoxybutyl Bromide.—If only phenoxybutyl bromide is desired it may be ob-
tained best by treating phenoxybutyl alcohol with phosphorous tribromide. Thirty-
three g. of phosphorus tribromide is added in portions to 52 g. of phenoxybutyl alcohol.
The mixture is cooled in ice during the reaction. After all of the phosphorus tribromide
has been added, the mixture is allowed to stand a few hours and is then warmed on the
steam-bath. The reaction mixture is poured into water and the phenoxybutyl bromide
is taken up in a little benzene. The solution is dried over a little calcium chloride and
distilled under reduced pressure. ‘The yield is 50 g. (709) of a product boiling at 153~
156° at 18 mm. :

The Action of Hydriodic Acid on Phenoxybutyl Alcohol.—A mixture of 38 g. of
phenoxybutyl alcohol and 120 cc. of constant-boiling hydriodic acid (sp. gr. 1.70)
is refluxed vigorously for 12 hours. The product is then worked up as described under
the treatment with hydrobromic acid. From the reaction mixture 18.5 g. (269,) of
tetramethylene iodide boiling at 147-152° at 26 mm. and 43 g. (67%,) of phenoxybutyl
iodide boiling at 165~172° at 19 mni. are obtained. The latter compound solidified to
a product melting at 42-42.5°, ‘The literature gives the melting point as 43-44°.11

The Action of Hydriodic Acid on Phenoxybutyl Iodide!?—By refluxing 43 g. of
phenoxybutyl iodide with 60 cc. of hydriodic acid (sp. gr. 1.70) for 7 hours and working
up the reaction mixture in the usual way there is obtained 34 g. (70%,) of tetramethylene
iodide. Twelve g. of phenoxybuty! iodide is recovered.

Summary

1. An improved method of preparation for the 1,4-dihalogen derivatives
of butane has been developed which makes these substances more readily
available for research work.

2. The method of Levene and Allen for reducing esters to alcohols has
been somewhat improved so that yields of 62-75 9, of the theoretical amount

of alcohol can be obtained from the higher esters.
UrBANA, ILLINOIS

1 Ber., 39, 4361 (1906).
12 Ref. 11, p. 4362.



