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INTRODUCTION




It has long been known that the alkyl hypochlorites
react with organic compounds, chlorinating them, saturating
them, or oxidizing them, as the case may be. However, up
to 1923, when Chattawayl discovered the stable tertiary
hypochlorites, not much systematie resesrch had been done
on the subject, chilefly because of the great instability of
the primary and secondary hypochlorites. With the discovery
of the tertlary hypochlorites, and especially that of ter-
tiary butyl hypochlorite, the organic chemist was presented
with a new reagent which has shown great promise, more par=-
ticularly so now that tertiary butyl alecohol is available
in commercial quantities at low cost whereas it was formerly
a laboratory curiosity, being made from acetone by the
Grignard reaction.

The primary function of tertiary butyl hypochlorite is
that of a chlorinating agent, being used in this respect as a
substitute for free chlorine, and reacting apparently in simple
metathesis., 1Its advantages over free chlor;ne for this purpose
are obvious. It 1s easily and rapidly made in the pure state
from the inexpensive materials tertiary butyl alcohol, sodi-
um hypochlorite solution, and glacial acetic acid. It 1s
a liquld and therefore easy to weigh or measure out and
handle. Although it has an obnoxious odor, it is not nec=-
essary to work under the hood if the reagent is kept reason-

ably well covered. In running the reactions that are sub-
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sequently described it was contained in a gradﬁated
dropping funnel with the glass stopper fitted in loose-
ly. Although it decomposes rapidly in bright sunlight,
it is stable for months if kept in the dark. In the
diffused daylight of the laboratory it is stable enough
to carry out any ordinary reaction without taking pre-
cautions to protect it from the light,

Tertiary butyl hypochlorite reascts also as an ox-
idizing agent. With organic compounds this is particular=-
1y true with the primary and secondary alcohols, which
can form intermediste primary and secondary hypochlorites,
which in turn spontaneously lose hydrogen chloride, yleld-
ing respectively aldehydes and ketones. In general, with
the aliphatic alcohols the reaction 1s so viclent that no
well characterized products can be 1lsolated. In the course
of this work, however, cyclohexanol was smoothly converted
to cyclohexanone by this method. Inorganic compounds are
easily oxidized by tertiary butyl hypochlorite, an example
being the liberation of the halogens from the concentrated
halogen acids.

Practically all the work done on tertiary butyl hypo-
chlorite, with the exception of that of Chattaway's? has
been performed in this laboratory under the direction of
Professor Norris. This previous work will be mentioned

under the review of the literature. The problem originated
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here when Professor Norris discovered that tertiary butyl
hypochlorite could be made by the interaection of tertiery
butyl aleohol, sodium hypochlorite solution, and glacial
acetic acid. This method has the advantage over'Chattaway'sS
in that it 1s not necessary to use free chlorine, and thus
the chlorination of an organic compound can be carried out
without the use of gaseous chlorine either in the prepara-
tion of the reagent or in the reaction itself.

The work accomplished in the present research may be

divided into the following five departments.

l. Complete literature review of the alkyl hypo-
chlorites.,

2, Improvement of the method of preparation of
tertliary butyl hypochlorite and the perfection
of a method for its analysis.

3. An exect density determination of tertiary
butyl hypochlorite.

4, A study of the stability of tertiary butyl
hypochlorite slone and in various solvents under
various conditlons,

5. A study of the reactions of tertiary butyl
hypochlorite with some organic compounds.

For the sake of brevity, tertiary butyl hypochlorite

willl hereinafter be referred to in this research simply as

the "reagent'.
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REVIEW OF

THE LITERATURE




The first reference to organic compounds of hypochlo-
rous ascid is by Schmidt and Goldberg4 in 1879 who observed
that when bleaching powder reacts on absolute ethyl alcohol,
and the mixture distilled, s greenish yellow oil comes over,
which under the influence of light or heat decomposes ex-
plosively, giving off vapors of hydrochloric acid and hypo-
chlorous acid. They did not succeed in isolating it, but
gaid they thought it was the ethyl ester of hypochlorous
acid, which was in all probability correct.

In 1881 Goldberg,° incidental with en attempt to im-
prove the yield of chloroform in the reaction of bleaching
powder on ethyl alcohol, studied the action of bleaching
powder on methyl alcohol and on iso-amyl alcohol, and ob-
tained products which were no doubt the corresponding hypo-
chlorites, but he did not isolate or identify them. It is
interesting in this connection to note that this investigator
stated that in the reaction with methyl alcohol he obtained
an unstable gas, because it was later found that methyl hypo-

chlorite is a gas.,

The eredit for the discovery of the alkyl hypochlorites
goes to Sandmeyer,6 who in 1885 prepared, analyzed, and char-
acterized ethyl hypochlorite. He prepared it by the reaction
of hypochlorous acid on ethyl alcohol. 1ts physical prop-
erties are described completely. He reacted it with ammon-

la, and a few organic compounds such as phenol and aniline
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and stated that it cihlorinates and oxidizes them almost
explosively. He also found that it liberates the hal-
ogens from the halogen acids. He analyzed 1t by titrating
with thiosulfate the iodine liberated by its action on
acidified potassium ilodide.

In 1886 Sandmeyerv prepared ethyl and methyl hypo-
chlorites by passing chlorine into a cooled alkaline solu-
tion ot the alconol, He described the properiies of the
methyl compound, which is a gas, and is even more unstable
than the ethyl compound. The latter was reacted with carbon
dioxide, ethylene, amylene, acetylene, fumaric acid ethyl
esiver, and sulfur dloxide.

~In 1895 Nef,8 in his classie research on the divalency
of the carbon atom in the isocyanides, reacted ethyl hypo-
chlorite on potassium cyanide and on ethyl isocyanide and
found that 1t added to the divalent carbon atom, itself
splitting at the chlorine atom.

Willcox9 in 1904 states that ethyl hypochlorite chlori-
nates sodium phenolate and sodium aceto-acetic ester, and
that it reacts with diethylamine and trimethylethylene to
form chorodiethylamine and chloroisosmylene respectively.

Gutmann10 in 1917 oxidized sodium arsenite to sodium
arsenate with ethyl hypochlorite and also brought about the

following reaction:
Et0C1+KCN+KSHHECNS+KC1+EtOH

(5)



In 1923 Chattaway and Backeberg11 prepared normal propyl,
isopropyl, primary, secondary, and tertiary butyl, and terti-
ary emyl hypochlorites. The secondary and tertiary hypochlor-
ites were new compounds. He attempted also to prepare benzyl
hypochlorite, but it decomposed into benzaldehyde and hydrogen
chloride as fast as it was formed. He completely describes the
physlcal and chemical properties of these compounds. The tertl-
ary compounds he found were much more stable than either the
primery or secondary, but the secondary are even more unstable
than the primary. He studied thelr decomposition products and

found that they decompose according to the following reactions:

1. R-CH5-001 >  R-CHO 4 HCL
2, Ro=CH-0C1 > Rp=C<0 + HC1
3+ Rg=C-0C1 s> R9=0=0 + RC1

where R 1s an alkyl radical which may be the same or different
in a compound containing more than one of them. These hypo-
chorites were prepared by Sandmeyer's method. The tertlary
butyl hypochlorite he describes as follows. It is a pale
yellow, mobile liquid with a characteristic odor, and violent-
ly attacks the eyes and mucous membranes. It is very stable,
and if protected from bright light may be kept for months at
ordinary temperature with little or no decomposition. It boils
at 79.6° and has the density .9585 at 18/4% When exposed to
bright sunlight it decomposes quietly but with consideralbe
evolution of heat, methyl chloride and acetone being the chief

primary decomposition products.
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Chattaway aend Backeberg in 1924 identifled ethyl hypo-
chlorite as the first intermedieste product in the classie
reaction of chlorine on ethyl alcohol, and by means of a
complex series of reactions explein the ultimate formation
of chloral slcoholate.

Taylor, Mac Mullin, and Gammall® in 1925 used the re-
action of lime on ethyl hypochlorite to prepare pure calcium
hypochlorite, and incidentally during their resesarch studied
other hypochlorites. They prepared normel propyl, isopropyl,
isobutyl, secondary butyl, tertiary butyl, isoamyl, secondary
amyl, and tertiary amyl hypochlorites. They stated that a
solution of ethyl hypochlorite in carbon tetrachloride reacts
with phenol, aniline, methylaniline, sodium picrate, and
similar easily oxidized substances. The stabllity of the esters
was studied by allowing their carbon tetrachloride solutions to
stand at ordinary temperature in diffused daylight and analyz-
ing for available chlorine from time to time.

In 1925 also Goldschmidt, Endres, and Dirschl4 studied
the action of ethyl hypochlorite in solution on various or-
ganic compounds. They state that the addition of ethyl hypo-
chlorite to double bonds may take place directly, or mey be
preceded by a splitting of the ester into ethyl alcohol and
hypochlorous acid, and the latter add. This last statement is
is hard to understand, inasmuch as their reactions were carried

out in an anhydrous medium. With amylene, cyélohexene, and
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indene they obtained the chlorhydrins. With phenyl acetylene
they obtained only dichloromethylphenyl ketone. Toward arom-
atlec unsaturations -the ester 1s very sluggish. Benzene nor
anisole would not resct. With phenol and hydroquinene, hqw-
ever, they obtained ortho and para chlorophenol and 2,3 di-
chlorohydroquinone respectively. With ethylamine, ethyl di-
chloramine was formed smoothly. From acetaldehyde the pro-
duets were chloracetaldehyde and its acetals, and from acetone,
monochloracetone. Benzaldehyde gave benzoyl chloride. They
also ran stabllity tests on ethyl hypochlorite and identified
the products of decomposition, namely, chlorine, hydrogen
chloride, water, ethyl acetate, and acetaldehyde.

15

Durand and Naves studied the asction of ethyl hypochlor-

ite in the two following reactions:

‘1. MgXR +CLOEt ~——3 MgXOEt + RCl

2. MgXRoN + OTOEt —$ RoNC1 + MgXOBt

According to the first reaction, using phenyl magnesium bromide
and the ester they obtained chlorobenzene in 85-90% yield. The
ethoxy magnesium bromide was also identified., According to the
second reaction, using magnesio bromaniline from the reaction
of ethyl magnesium bromide and aniline, they obtained phenyl
chloramine, which resrranged at once into ortho and para chlor-
aniline. These authors also state that they prepared ethyl
hypochlorite as a colorless liquid. This seems doubtful be-
cause all other literature references to it describe it as

being yellow.
(8)



Durand and Navesl® in & later article give considerable
evidence in the form of reactions to show that the chlorine
in hypochlorous acid and in ethyl hypochlorite is positive.

He also studied the action of the ester with the halogen
acids, and from these facts and others give a series of re-
sctions accounting for all the decomposition products of it.
The end products in this decomposition are similar to those
obtained in the reaction of chlorine on ethyl alcohol.

Jackson'” in 1926 added methyl hypochlorite and methyl
hypobromite to unsaturated substances by forming the esters
in a mixture of carbon tetrachloride and methyl alcohol, in
whlch the unsaturated substances were dissolved. 1In this
way he added the esters to cinammic acid, benzalacetophenonse,
and stilbene, obtaining in every case the halogen-methoxy
compound.

Jackson and Pasuitl® studied the addition of ethyl and
tertiary butyl hypochlorites to certain unsaturated compounds.
Working in alcohol solution they obtained « chloro (Jethoxy
proprionic acid in 6§ yleld by the sction of chlorine on
cinammic acid. 1In tertiary butyl alcohol solution a 14% yield
of o chloro 63tertiary butoxy phenyl proprionic acid was obtain-
ed., The first reaction would not go in carbon tetrachloride
solution. Tertiary butyl hypochlorite could not be added to
benzalacetophenone in the above mamner. The double bond was
saturated instead with a molecule of chlorine. This article is

Interesting because it shows that in some cases at least, tert-
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isry butyl hypochlorite can be added directly to unsaturated
systems.

Bixbylg attempted to make pure caleium hypochlorite from
tertliary butyl hypochlorite and lime, but the attempt was not
wholly successful, |

In 1930 Hantzsch®O postulated that in the decomposition
of tribrombenzenediazonium chloride to tribrombenzene by
meens of alcohol ethyl hypochlorite is an intermediste product

vhich 1s the source of the aldehyde obtained at the same time.

Br
4 froH ——> + % ’/Z—Mi/]
8y By Br

Gr

Br
Aﬁd/

/,_A-Nci]-—————-> CH-CHO+ K

Clark,?l in 1931 studied the sction of tertiary butyl
hypochlorite on various classes of organic compounds. Reactions
were carried out with phenols, amines, alcohols, aldehydes,
esters, ethers, hydrocsrbons, halogen derivatives, acids, and
nitriles. He clalms to have chlorinated or oxidiged many of
these in good ylelds.

Bloomf'leld and Farmer<2 studied the influence of the
carboxyl group on the asddition of hypochlorous acid and of

| (10)



ethyl hypochlorite to unsaturated fatty acids. With crotonic
acld and ethyl hypochlorite they obtained a mere trace of
addition product. With sorbic acid they obtained a small
yield of addition product. But with 2-hexenoic acid the

following reaction took place with 92% yileld of the lsctone:

CH,~CH-CH=CH-CH ~Coot + E2oc (%)) —s

- - — - -— =2
C/é L’As CH-CHC/ C/;f? C

0

In 1932 also an article appeared by Birckenbach and
Goubeau25 in which was described for the first time the use
of an alkyl hypoiodite as an iodinating agent, incidental to
the main subject of the article. The reaction of silver
perchlorate, iodine, and alcohols yields the esters of hypo-
iodous acidg, which the authors state decompose at ordinary
temperature with precipitation of iodine, but which are
stable at -80. The existence of the esters was proved by
carrying out their preparation at -80 in the presence of an
unsaturated compound. Thus with cyclohexene the following re-

action took place in 90% yield:

Ha <gz
-
o X B eseock,
o e,
¥z cH-I
# CH <
c\"/ e
¥, é
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They explain the precipitation of lodine on warming up the
solution of methyl hypolodite to room temperature by a

series of reactions which add up as follows:

Z0
5 CH-0F —> pc”  + Ch-on+1T,
NoCH

If the methyl hypolodite could be prepafed st low temperature
by some method which does not include the use of silver per-
chlorate, 1t would seem to open up great possibilities of
synthesis of iodinated compounds since ordinarily these have
to be made by indirect methods.

(12)



EXPERIMENTAL PART




A. SUMMARY AND CONCLUSIONS

The results of the experimental work done during the
course of this research may be summed up and conclusions
drawvn from them as follows.

An improved method of preparation of the reagent has
been developed which gives a 75% yileld of the pure material.
In a large number of preparations of the reagent this method
gave consistent results, that is, the reagent so prepared
was always pure.

A method of analysis of the reagent has been perfected
after a great many attempts, and easily gives check results
to within .2%. The method involves weighing out the sample
In sealed wafer tubing, this being necessary on account of
the great volatility of the reagent.

An accurate density determination of the pure reagent
has been made, using a 15 c.c. pycnometer, and the result
checks very closely that found in the literature.

A number of studies of the rate of decomposition of the
reagent alone and in solvents have been carried out under
various conditions of light and temperature. The general
conclusions to be drawn from these studies are the following;

(1) The reagent itself is stable enough in diffused day-
light so that any ordinary reaction cen be carried out with-
out the necessity of taking speclial precautions to protect it

(13)



from the light.

(2) The effect of artificial light, even when only one
foot away from either the reagent itself or its carbon tetra-
chloride solution, is only slightly greater than that of
diffused daylight; so that special precautions do not have
to be observed against it in running ordinary reactions.

(3) Carbon tetrachloride, on account of 1its stabilizing
effect on the reagent and the reagent's inertness toward it,
is an excellent reaction medium, and this need not bve the
C.P. material, for the so-called technical "purified" is
equally as satisfactory.

(4) Chloroform, especially the U.S.P. variety, is not
sultable as a reactlion medium because the reagent reacts
first with the alcohol in it and then with the chloroform 1it-
self,

(5) Glacial acetic acid is a reaction medium in which the
reagent 1s perfectly stable.

(6) The reagent itself, when kept in the dark was found
to be 97;5% pure after standing two and a half months, and
from this it was concluded that it can be kept pure indefinite-
ly if completely excluded from the light. The decrease in
purity in two and a half months was probably due to the fact
that the reagent was exposed to the light for a few seconds
every time a sample was removed for analysis.

(7) The rate of decomposition of the reagent in carbon

tetrachloride is so rapid at the bolling point of the solution

(14)



that 1f a resction 1s to be carried out in the solution sat
this temperature, it must be practically instantaneous, the
reagent being added dropwise.

The summarized results of these decomposition studies
may best be obtalned from the plots, which follow in their
proper place. |

Lastly, a number of reactions of the reagent with varlous
organic compounds have been run under various conditions of
solvent, temperature, and proportion of reactants. This work
comprises the mein portion of the research, and the general
conclusions to be drawn from it are as follows.

' (1) The'reagent is a good chlorinating agent for certaln
organic compounds, and those reasctions which proceed with good
yields are suitable for methods of preparation of the products.

(2) The reasgent reacts as an oxidizing agent 1in at least
one case, cyclohexanol being converted to cyclohexanone smooth-
1y and with good yield,

(3) It was found that with alcohols, with which the re-
agent reascts to form an intermediate hypochlorite, which sub-
sequently decomposes into an aldehyde or ketone and hydrogen
chloride, it was necessary to use water as an acceptor for
the latter.

(4) In one reaction at least, that with /2 phenylethyl
alcohol, it was found that the reaction medium definitely
oriented the course of the resction,in this case carbon tetra-

chloride or chloroform giving totally different products than

(15)



dilute acetic acid.

(5) Carbon tetrachloride 1s the best solvent to use as
reaction medium in those reactions that proceed rapidly.

(6) Glacial acetic acid is the best solvent to use for
those reactions which proceed sluggishly, because 1t exerts
a marked catalytic effect.

(7) In at leasst one reaction, that with anthranilic acid,
it was found that carrying out the reaction at very low temper-
ature greatly increased the yleld.

(8) In those reactions which are chlorinations pure and
simple, the products obtained in all cases are the same as those
that would result if free chlorine were used.

The summarized results from which these conclusions are
drawn are best presented in the form of a table, which is

immediately subjoined.

(16)



Reactant Molal Ratio Temp., Solvent Product and Yield

Reagent/Reactant
(1)Anthracene 1:1 20° CHCl, 9,10 Dichloroanthra-
v cene, very small

(2) " 2:1 20° CCl, 9,10 Dichloroanthra=-
cene, 55%

(3) " 2:1 20° HAc 9,10 Dichloroanthra-
cene, 65%

(4) n 1:2 20° HAc 9 Chloroanthracene,
12.8%

Note: 1In this last reaction 9,10 dichloroanthracene was

also obtained, but it was not isolated.

(L)Anthranilic 131 20° CHCl; 5 Chloroanthranilie
acld ‘acid, 44.1%
3,5 Dichloroanthranilic
acid, 10.5%

(2) " 2:1 20 CHCl, 3,5 Dichloroanthranilic
acid, 49.2%
(3) " 1:1 ~178" CHCl:z CCl, 5 Chloroanthranilic
acid, 43.5%
(4) u 2:1 ~78" CHClz+CCl, 3,5 Dichloroanthranilic
acid, 72.5%
(1)Benzaldehyde 1:1 20° ccl, Benzoyl chloride,
(2) L 142581 20°  ©Cl, Benzoyl chloride,
57.5%
() " 1:1 20° CCl,  Benzoyl chloride,
67.5%
Cyclohexanol 1:1 20" CClg#Hp0 Cyclohexanone, 57.5%
Ethyl Acetate 1:1 Refluxing Various No definite products
Furane 1:1 Various Various No definite products

(17)



Reactant Molal Ratio

Temp. Solvent

Product and Yield

Reagent/Reactant

(1)Heptane(pract). 1:1.2

(2)Heptane(C.P.)

(1)Phenol

(2) "

() "

(4) "

(s) "

(1)@ ~Phenylethyl
alcohol

(2) | "

(3) | n

(4) n

1:1

Refluxing CCl,

Refluxing CCl,

20° CHC15
20° CCl,
20°  CHOly
0° CHC1,
40°  CHCl,

Various CHClgz

10° to 25’03013

Variable None

Sec¢. Chloroheptanes,
16.1%

1 Chloroheptane, 3.6%
Polychloroheptanes,
large

Sec. Chloroheptanes,
25+4%
1 Chloroheptane, 9.1%

Polychloroheptanes,

medium ' '

o-Chlorophenol, 46.1%
p- " 36,4%
O=- .',, 57 .3%
p" " 29 ] O%
Q= " 50 . '7%
p" " 38 [} 5%
o- " 49 .0%
p" " 42 . 2%
O=- " 52 . 1%
p- " 39.1%

Tar and unchanged re-
actant

/A3-Phenylethyl Aphenyl
acetate, 37.8%
Unchanged reactant

3-Phenylethyl G- phenyl

acetate, 19.2%
Unchanged reactant

Various Varlous (~Phenylethyl Aphenyl

acetate, 49.8%
Unchanged reactant,
72.5%

Note: the ylelds in this last reaction are the average of

five separate runs.
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Reactant Molal Ratio Tempe Solvent Product and Yield
Reagent/Reactant
(5)8-Phenylethyl 131 20° Dil. HAc /3, (p=-Chlorophenyl)
alcohol ethyl alcohol, 39.3%
Salicylic scid 1:1 20° CHCl1z 5-Chlorosalicyliec

(19)
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B. METHOD OF PREPARATION OF THE REAGENT

For the benefit of future workers, a few remarks concern-
ing the sodium hypochlorite solution will first be inserted
here. |

Since the sodium hypochlorite solution used varies in
percentage avallable chlorine from about 74 down to zero, it
must first be analyzed. This solution when first bought, will
analyze about 7% chlorine as sodium hypochlorite, which corre-
sponds to about 15% "available chlorine" by the commercial
definition. The pure reagent can be prepared from sodium
hypochlorite solution of chlorine strength varying from 7% to
24, but 1t is impracticel to use solution weaker than 2% be-
cause of the inconvenience of the large amount of water pres-
ent., In the preparation of tertiary butyl hypochlorite sub-
sequently described a considerable excess of acetic acid is
used in order to neutralize the alkali in the sodlum hypo-
chlorite. The method of analysis. of the latter is as foilows.

15 c.c. of distilled water is placed in a 150 c.c.glass
stoppered Erienmeyer flask and weighed accurately. About
2 c.c., of the sodium hypochlorite solution are quickly pilpetted
into it, the stopper replaced, and the flask weighed again. To
the flask are added 10 c.c. of a KI solution containing 3 grams
of KI per 10 c.c., and 10 c.c. of glécial acetic acid, in that
order. The.liberafed lodine is at once titrated with .1 normal
thiosulfate, using starch as an indicatore. 5 c.c. of concentrat-
ed hydrochlorlic acid may be substituted for the acetie acid if
desired. The equivalent weight of chlorine here 1is §§%g§5

(20)



It should be noted here that this method of analysis
glves results that are slightly high due to the chlorate in
the sodium hypochlorite. For a very exact determination of
hypochlorite chlorine the sodium arsenite method should be
used. However, in this research the iodometric method was
found to be satisfactory.

After considerable experimenting the method of prepara-
tion of tertiary butyl hypochlorite which was finally adopted
1s as follows.

A certain amount, say 500 grams, of sodium hypoechlorite
solution of previously determined chlorine strength is weighed
out in a besker and cooled in an ice bath. In another beaker
are welghed out together the theoretical amount of tertisary
butyl aleohol and the theoretical amount of glacial acetic
acid plus a 50% excess. Both beakers are cooled to below 10°.
Then they are poured into a separatory funnel and shaken gent-
ly. The crude reagent rises to the top as an oil. The water
layer is drawn off and the crude reagent is shaken three times
with an equal volume of a sodium bicarbonate solution of con-
centration 10 grams to 300 c.c. of water., The reagent is then
dried over anhydrous potassium carbonate, filtered through a
previously dried Gooch crucible, and stored in the dark in a
glass stoppered flask until ready for use.

The preparation is carried out in diffused light under the
hood and gives about 75% yield of product enalyzing over 99%

pure.

(21)



C. METHOD OF ANALYSIS OF THE REAGENT

After many futile attempts to get good check results,
the followling method of analysis of the reagent was adopted.

A plece of clean wafer tubing abouﬁ 6 inches long sealed
at one end is weighed accurately. By means of a thin pipette
about .3 gram of sample 1s dropped in, care being taken not
to.get any on the sides of the tube. The lower end is cooled
in ice water and the upper end sealed off guickly in a small
flame. The two parts are then weighed again and the welght
of sample obtained by difference, The sealed tube is care-
fully placed in a 250 c.c. glass stoppered Erlenmeyer flask
containing 15 c.c. of glacial acetic acid and 15 c.c. of KI
solution of concentration 3 grams KI per 10 c.c. The stopper
is replaced in the flask and'theilatter shaken to break the
wafer tubing. The hypochlorite 1mmediately liverates lodine
from the iodide, and 1s titrated with .1ln thiosulfate, using
starch as an indilecator.

This method in many analyses gave results which checked
easily within .2%.

(22)



D. DETERMINATION OF DENSITY OF THE REAGENT AT 18/4

A determination of density was made on a sample of pure
tertiary butyl hypochorite made by the method above, to com-
pare wilith the result obtained by Chattaway and Backeberg‘?4
and thus serve also as a check on the method of analysis out-
lined above. A pycnometer of about 15 c.c. capacity was used.

The data snd calculations follow.

#1 at 26° #2 at 23.5°

Wgt. pycnometer empty 24,8015 grams 22,8617 grams

" " plus water 39,3967 " 39,4086 "

] i ] ter-
tiary butyl hypochlorite 38.6400 " 38,7030 "
Wgt. water 14,5952 " 14,6069 "

" tertiary butyl hypo-
chlorite 13.8385 " 13,9013 "
Density of water (from
tables¥ «9968 « 9974
15;9012:%3'8585=:.0251 grams, change of wgt. of tertiary butyl

hypochlorite per degree,

Calculations for determination at 26°

15.83854{;0251% (26-1@]::14.0395, wgt. of tertiary butyl hypo-
chlorite at 18°

__:§§E§-14 64,

. o 14,0393
14.64

at 18/4°

wgt. of water at T

79585, density of tertiary butyl hypochlorite
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Calculation for determination at 23.5°

15.9013+[.0251X423.5-183: 14.0394, wgt. of tertiary butyl
hypochlorite at 18°

14.6069 _ o
““75571'14'64’ wgt. of water at 4

;t.1é74°%%%g%22=.9585, density of tertiary butyl hypochlorite
. The density reported by Chattaway and Backeberg was
9583 at 18/4%

The two results obtained here are necessarily dependent
one on the other, but the density was determined from each

set of data separately simply as a check on the calculations.
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E. STUDY OF THE RATE OF DECOMPOSITION OF THE REAGENT ALONE
AND TN VARIOUS SOLVENTS

These studies were undertaken to find out the most suit-
able solvents to use as reactlion medla; to f£find out whether
it was necessary to protect the reagent from the light during
its preparation and while running reactions; to ascertaln the
stability of the reagent at elevated temperatures because it
was necessary to earry out some reactions above room tempera-
ture; and in general to gather information which would enable
us to handle the reagent more intelligently.

The tests on the reagent itself were carried out simply
by allowing it to stend in a glass stoppered flask under the
specified conditions, and analyzing a sample from time to
time.

The tests on the reagent in the various solutions were
carried out by allowing them to stand in glass stoppered
bottles under the specified conditions, pipetting out a 25 c.c.
sample from time to time into a mixture of 15 c.c. of glaclal
acetic acid and 15 c.c, of the KI solution, and titrating the
libgrated lodine with .1n thlosulfate. The solutions were
of spproximately 1% strength.

Thé tests with both the reagent alone at its boiling point
and its solutions at their boiling polints were done in an appara-
tué of the following description., A round bottomed flask of

1 liter capaclity was fitted to a special removable neck about
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6 inches long by means of a ground joint. Sealed into the

side of this neck was a tube leading almost to the bottom of
the flask, and vhich protruded horizontally from the neck

sbout 4 inches, being closzed off by a stopcock. To this neck
was attached a long reflux condenser by means of anotuner ground
joint., An atomligzer bulb waa attached to the top of the con-
denser through a calcium chloride tube. With this apparatus

a sample could be removed for analysis without disturbing the
course of the decomposition, by simply pfessing the atomigzer
bulb and opening the stopcocke

In the tests 12 inches away from a 40 watt lamp this
lamp was tné only source of illuminetion since they were done
in a cupboard otherwise dark. The temperature'at no time ex-
ceeded 30, so the decomposition was due to the light ana not
the heat,

The tests run in diffused daylight were kept in the dark
overnight to stop the decompositioﬁ. The time plotted was the
actual time exposed to diffused daylight. This procedure was
Justified by the fact that smooth curves were obtained and by
experiment. By anslysis it was found tnat elther the reagent
or its solutions partly decomposed were stable in the dark.
This is true of course only for those long time tests that had
to be run over a period of days.

The alcohol-free chloroform used in some of these tests
was prepared from U.S.P. chloroform by extracting with three

separate portions of water, drying over calcium chloride, and
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distilling through a column.

The results of all these tests have been plotted. The
plots of the‘tests using the reagent alone have time as
abscissae and percentage chlorine as ordinates. The plots
of the tests of the reagent in solution have time as ab-
gcissae and grams of_chlorine per liter a8 ordinates.

In the tabulated data following, 21l chlorine anslyses
of the reagent itself are the means of two check determina-
tions, each of wh;ch was within .2% of the other practicsally
without exception,

In the analyses of the solutions check determinationg
were not madé in each case because 1t was found not to be
necessary, the samples belng taken with a 25 c.c. pipette.

The tabulated data and the plots immedistely follow,
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Rate of Decomposltion of Reagent alone, at Room Tempersture

In the dark In diffused daylight
Time in hours #Clo Time in Hours %Cls
0 32457 0 32457
20 32.82 1.5 32.37
50 32449 8.5 31.11
o4 32.64 14.5 29.88
169 32412 21.5 29,07
241 3l.34 3545 26.28
310 31.19 5545  23.58
380 31e23 80.5 18.18
110.5 14.24
134 11.32
170 8.25
240 3.913
320 1.650
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Rate of Decomposition of Reagent in U.S.P., Chloroform, at
Room Temperature, in the Dark

Time in hours Grms.Clper liter
0 34326
1 2,755
2e5 03445
345 «1739
4.5 «06113
5.5 0
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Rate of Decomposition of Reagent in Alcohol-free Chloroform,

at Room Temperaturse

In the dark

Time in hours

Gms.Cl oper liter Time in hours

0

1
2.5
5.5
28
47
71
9645
123.5

194

34380
5.388
3.389
3415
5333
3724
» 3288
. «2986
«2821
2219

In diffused daylight

(30)

0
2
58
4.5
5.5
6.5

Gms.Cl,per liter

36123
34147
2.956
2.747
2.542
24520

When sample was then left

overnight in the dark the

value had fallen to 1l.150
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Rate of Decomposition of Reagent in Carbon Tetrachloride,
at Room Temperature

C.P.CCl,in the dark C.PeCClyin diffused daylight

Time in hours Gms.Clgoper liter Time in hours Gms.Clgoper liter

0 3.392 0 2,944
19 3.394 2 24939
47 3.398 5.5 2,935
95 3,394 10 2,927

118 34393 22 2.919

137 3.319(?) 36 2.901

161 3.380 65 2.873

213.5 34385 172 2.629

274.5 3.383 243.5 2.424

"Purified" CCl, in diffused daylight

Time in hours Gms «Cloper liter
0 3,033
3 "
6 1
14 "
27 34021
41 2.975
59 2,953
128 2.786
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Rate of Decomposition of Reagent alome, 12 inches from a
40 watt Lamp, at Room Temperature

Time in hours %Clg
0 32442
2 32.04
4 31.6%7
6 30.58
9 29.9%7
13 28,73
20 27.26
35 20.49
58 a 0
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Rate of Decomposition of Reagent in "purified" Carbon
Tetrachloride 12 inches from a 40 watt Lamp, at Room
Temperature

Time in hours Gms.Clg per liter
0 34163
2 3.156
4 34149
6 3.161
9 3,151

13 3.146
20 3.143
58 34109
8645 3,058
132 2.972
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Rate of Decomposition of Reagent alone at its Boiling Point,
iIn Diffused Daylight

Time in minutes %Clo
0 32436

1 32435

11 32.21

31 31,71

61 - 51,53

124 30458
564 10,46
410 6.82
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Rate of Decomposition of Reagent in Carbon Tetrachloride,
at the Bolling Point of the Solutiom, in Diffused Daylight

"Purified" CCl, C.P. CCl,

Time in minutes Gms.Cly per L Time in minutes Gms.Clp per L

0 3.206 0 3.082
5 2,565 5 3.040
15 1.481 15 2.114
30 .8089 30 7573
45 .3527 45 3631
60 .2114 60 2258
135 .04305 120 .1005
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Rate of Decomposition of Reagent in C.P. Glacial Acetic
Acid In Diffused Daylight &t Room Tempersture

With I, Without I

Time in hours Gms.Cls per L Time in hours Gms.Cl, per L

0 2.990 0 2.849
1 2.968 1 24849
2 2.905 2. 2.856
3.5 2.882 3.5 2.846
5 2.849 5 2,847
8 2.803 8 2.836
8 2,730 8 2.833
12 2.661 12 2.808
15 2.598 15 2,796
15 2,362 15 2,789

Note: the difference between the two resdings et 8 end
at 15 hours represents the drop in chlorine value upon stand-

ing overnight in the dark.
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Fe REACTIONS OF THE REAGENT WITH VARIOUS ORGANIC COMPOUNDS

The reactions in genersl were run at 20°in a 1 liter
3=necked flask through the middle opening of which was a
motor stirrer passing through a bearing made of a piece of
glass tubing in a cork stopper. Through the second neck was
a thermometer graduated in tenths of degrees, set in a cork,
and through the third neck was a graduated dropping funnel of
60 c.c. capacity, set in a cork. Thus the flask was open to
the atmosphere, no mercury seal being necessary. This appar-
atus will be hereinafter referred to simply as the'reaction
flask"”. 1In running certain of the reactions special apparatus
was used and thelr descriptions will be included under that
of the reactions themselves.

In general the reactions were carried out by dissolving
or suspending the reactant in the solvent in the reaction
flask, and adding the reagent dropwise from the funnel, stir-
Ing all the time, and keeping the temperature constant by
application of an ice bath if necessary,

No more introductory remarks will be made here becsuse a
complete description of experimental procedure, along with
some discussion, will be found under the speciflc reactions,

which immedliately follow.
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Reaction with Anthracene (1).

35.6 grams (1/5 mol) of Eastmen "pure" anthracene, M. P.
210°uncorr. were suspended in 200 c.c. of U.S.P. chloroform,
and 22.6 c.c. of reagent (1/5 mol) sdded 1 c.c. per minute,
keeping the temperature at 20° and stirring continuously.

There was no apprecisble temperature rise until after all the
reagent had been added, when there was a slight heat effect

as the reaction got started. The material in the flask turned
a deeper yellow as the reaction proceeded. At the end of 3
hours the reaction seemed to be over. A large part of the
material had gone into solution. Stirring was stopped and

the mixture allowed to stand overnight.

The next morning the reaction mixture was filtered on a
Buchner funnel, whereupon 4.4 grams of a material M. P. 163-
202°was obtained. This was crystallized from chloroform and
gave elongated, hexagonal, almost colorless, plate~like crys-
tals M. P. 211-212. This was evidently anthracene, because
both 9 chloroanthracene and 9-10 dichloroanthracene occur as
yellow needles.

The deep orange colored chloroform filtrate was distilled
to dryness on a water bath. Hydrogen chloride came over with
the first‘portion of the distillate, as shown by its fuming in
moist air., The residue obtained in this distillation melted
at 83-148, It was extracted with hot alcohol to try to separ-
ate the 9 chloroanthragene from the 9,10 dichloroanthracense,

since the latter is much more insoluble in alcochol than the
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former. The extract was allowed to cool whereuﬁon a crys-
talline materlal separated out. This was filtered off and
melted 82%105% Recrystallized from slcohol it melted 88-100%
Recrystalllized again it melted 99-105. Bellstein gives the
melting point of the 9 chloro compound as 103, and that of

the 9,10 dichloro compound as 209% Apparently there was
present here a small amount of the 9,10 dichloro compound mix-
ed with a large amount of the 9-chloro compound, and since

the former is more insoluble than the latter in all the
common solvents they are very difficult to separate.

The material left over from the extraction with hot al-
cohol was recrystallized several times from hot chloroform,
whereupon a small amount, .1 gram, of yellow crystalline ma-
terial in fine needles was obtalned, M. P. 209:210: which was
taken to be 9,10 dichloroanthracene.
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Reactlion with Anthracene (2).

The pure anthracene used in this and the following
reactions was made from the crude 85% materisl, M.P.204=-
207: by erystallizing twice from furfural. The residual
furfural was washed out of the anthracene with carbon
tetrachldride by heating it to boiling with an insuffi-
clent amount to dissolve it, then filtefing when cool,
and washing again with carbon tetrachloride on the filter,
The anthracene so prepared was colored light yellow and
melted ;;t 21222135

17.8 grams (.1 mol) of this purified anthracene were
suspended in 200 c.c. of "purified" carbon tetrachloride
in the reaction flask and a few crystals of iodine added
as a catalyst. The iodine dissolved in the solution, im-
parting to it a red color. The flask was cooled to 0%
With constant stirring 11.3 c.c. (.1 mol) of the reagent
were added during the course of an hour. No reaction
seemed to be taking place at 0°even after 3 hours. The
solution was stlll colored red by the iodine. The flask
was a}lowe@ﬁto come to room temperature and a few iron
filings added to see if the reaction would start. After
stirring for another hour at room temperature there was
still no change. The flask was put in an ice bath and
allowed to stand overnight. The next morning there were
needle~-like orange yellow crystals present and the solu-
tion was yellow instead of red. Some reagent was still

present as shown by testing with iodo-starch pasper. Since
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the reaction now seemed to be progressing it was decided to
add another .l mol of reagent with the object of getting
all 9,10 dichloroanthracene. This was done in the course
of % hour, keeping the temperature at 20° The reaction

was smooth and not very vigorous. There was some evolu=-
tion of heat. As the reaction proceeded the suspended
material increased in amount. At the end Qf 8 3 hour from
the time of adding the last of the reagent, lodo-starch
paper gave no test for hypochlorite, and the solution again
became red from the iodine.

The suspended material, fine yellow needles, was fil-
tered off on a Buchner funnel and melted 1972057 It was
crystallized from a mixture of 3 parts benzene and 2 parts
acetic acid and gave 10 grams of fine yellow needles M.P.
206%209.5. The product, when on the filter, was washed
with acetic acid, then with water. This causedthe filtrate
to separate into 2 layers end precipitated some more product.
This wasfiltered off and gave a second erop. The two layers
of the filtrate were separated and the water layer extracted
twice wilth carbon tétrachloride and added to the organic
layer. Thils benzene solution was evaporated almost to dry-
ness and the filtered off product crystallized from the
benzene-acetic acld mixture, yielding a third crop.

The carbon tetrachloride filtrate from the original
reaction mixture was evaporated to dryness and crystallized

twice from the benzene-acetic acid mixture, giving a fourth
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crop, making a total yleld of 13.6 grams of 9,10 dichloro-
anthracene, corresponding to 55% of theory.

Remarks., A small scale experiment showed that this re-
action proceeds almost at once if the carbon tetrachloride
is first saturated with dry hydrogen chloride, and using
iodine alone as a catalyst. This is due to the iodine
chloride, which is formed by the action of free chlorine
and iodine, the free chlorine being first formed by the
action of the féégent and the hydrogen chloride.

Another small scale reaction showed that the dichloreo
product alone is produced even at 0’ when hydrogen chlorilde
and iodine are used. Thus if the mono chloro product, 9
chloroanthracene, is wanted, the use of catalysts should be
avolded. The i1odine seems to have a definite catalytie
effect on both the rate of the reaction and the products

formed.
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Reaction with Anthracene (3).

Small scale experiments showed that thls reaction
proceeds much more rapldly in glacial acetic acid than in
either chloroform or carbon tetrachloride, and the reaction
seemed to be fairly complete, so 1t was declded t¢ rYin a
regular reactlon using acetic acid as the solvent.

4.45 grams («025 mol) of anthracéne were weighed
out into a 100 c.c. graduate. 50 c.c. of glacial acetic
acld were added, and the graduate placed in a l-liter
beakef full of water at 20% Tﬁe mixture was stirred by
motor, and 5.6 c.c. (405 mol) of reagent added slowly dur-
ing the course of an hour from an offset separastory funnel,
keeping the temperature of the water bath at20” by adding
ice when necessary. The reaction started sbout 25 minutes
after the first portion of reagent was added, and proceeded
smoothly andwith development of 1little heat for 50 minutes,
after which time there was no hypochlorite present in the
mixture, as shown by testing with a potassium iodide-acetic
acid solution. As the reaction proceeded, fine yellow needles
came out, so that it was necessary to add more solvent to
keep the mixture fluld enough to stir. |

After standing overnight the mixture was filtered off.
The fine yellow needles melted at 160-192: Crystallization
from a mixture of equal parts of benzene and acetlc acid
yielded the first crop, 3.5 grams, of 9,10 dichloroanthracene.
The mother liquor from this was evaporated almost to dryness,

filtered, and the solid material crystalliged twlce from the

(43)



benzene-acetic acid mixture, giving .5 gram more product,
making a total yield of 9,10 dichloroanthracene of 65% of
theory.

The original acetic acid filtraste was evaporated al-
most to dryness but gave only a very small amount of very
impure product, which was dlscarded.

Remark. The objéct of running this reaction in a grad-
nate was to make it easier to follow the course of the re-
action by noting the volume of the undissolved material
from time to time, but since the reaction started much more

quickly than was expected, this was unnecessary.
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Reaction with Anthracene (4).

In this reaction a 100% excess of anthracene was used in
order to favor the formation of 9-chloroanthracene if possible.

44,5 grams (% mol) of anthracene were weighed out into
the reaction flask and 300 c.c. of glacial acetlc acid add-
ed. The mixture was cooled to 20°and 14.2 c.c. (1/8 mol)
of reagent added dropwise during the course of an hour, stir-
ring continuously, and keeping the temperature constant by
applying an ice bath from time to time., The reaction start-
ed after 25 minutes and was complete after 1% hours from the
start. It was smooth and developed 1little heat. The amount
of suspended materiel increased as the reaction proceeded.

When the reactlion was over the suspended material was
filtered off, and the 9-chloroanthracene thrown out of the
yellow acetic acid filtrate by adding about 2 volumes of
water, Thilis was heated to coagulate the product. After cool-
ing it wes filtered off and washed with water. The crude
product was then extracted with about 15 c.c. of cold ether
three times, the materlal insoluble in ether being removed
by filtration., The eﬁher extract was evaporated to dryness.,
Then the picrate was made by pouring together a hot satur-
ated alcoholic solution of the product and a hot saturated

alcoholic solution of an excess of pieric acid. On cooling
slowly, the picrate separated in brillient red needles.
These were filtered off and melted up to 1362137+ They were

decomposed by suspending in alcohol and passing ammonia gas
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through the solution. The mixture was then poured into about

3 volumes of water, thls operation preciplitating the product

and dlssolving the ammonium picrate. The product was filter-

ed off and washed thoroughly with water. It was erystallized
three times from aleohol and yielded the first crop of 9-chloro-
anthracene M.P. 1022104’ in glistening small light yellow needles.

The picrate mother llguor and that from the crystaliiza-
tions were worked up by evaporating down and repurifying through
the picrate when necessary.

In all a yleld of 3.4 grams of 9-chloroanthracene was ob-
tained, being 12.8% of the theoretical.

Remarks. A small sample of the 9-chloroanthracene highly
purified melted sharply at 105%

The crude product was converted to the plerate as a means
of purification because this was the only method found of sep-
arating it from the small amount of relatively insoluble 9,10
dichloroanthracenes

An attempt was made to convert a small amount of the prod-
uct to anthranol or anthrone by refluxing it for 3 hours with
concentrated alcoholic caustic soda, but the 9-chlorosnthracene
was recovered absolutely unchanged. The chlorine atom in it
seems therefore to be aromatic in character.

The other product of the reaction was 9,10 dichloro-
anthracene, but it was not isolated.

The picrate of 9=-chloroanthracene cannot be crystalllzed
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from alcohol without decomposition, but can be crystellized
satisfactorily from a pieric acild solution of alcohol,

Because of the great difficulty of purifylng S-chloro-
anthracene otherwlise than by means of its plerate it was
thought that perhaps it underwent disproportionation to an-
thracene and 9,10 dichloroanthracene. Thls was found not to
be true becsuse a small sample of the pure material after re-
fluxing for 3 hours in alecohol solution was recovered unchang-

ed,
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Reaction with Anthranilic Acid (1)

34.3 grems, (% mol) of anthranilic acid, M.P. 145,
were suspended in 250 c.c. of chloroform in the resction
flask and 28 c.c. (% mol) of reagent were added dropwise
with continuous stirring during the course of % hour, the
temperature being kept at 20° by aepplying an ice bath when
necessarye. The reaction was vigorouse. The amount of sus-
pended meterial increased as the reaction proceeded. It
was necessery to add more solvent in order to keep the mlx-
ture fluid enough to stir efflclently. Tﬁe solution was deep
red at the end of the reaction. It was flltered on a Buchner
funnel and the precipitate washed with chloroform. When dry
the white cake was tinged with red and weighed 20.8 grams.,

In previous experiments it was found that dilute hydro-
chloric acid (15 c.c. of concentrated hydrochloric acid to
85 c.ce Of water) at the boiling temperature would completely
dissolve 5 chloroanthranilic acid, and leave the 3,5 dichloro
acid undissolved. Therefore this method of separation was
used in the following. _

The first erop was‘heated to bolling w;th 300 c.co of the
dilute hydrochloric scid, cooled to sbout 30, and filtered on
e Buchner fumnel. The insoluble materlial was again heated with
about 200 c.c. of the dilute acid, cooled to 305 and filtered.
It was crystallized from 50% alcohol, ylelding .9 gram of fine

brown needles, M.P. 225-226, This was the first crop of the
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diohlor acid.

The dilute hydrochloric acid filtrate was neutralized
with strong sodium hydroxide solution, whereupon a volumin-
ous precipitate of the 5 chloro acid came out. This was
filtered off on a Buchner funnel, washed with water, and
crystallized from 50% alcohol, 14.0 grams of light brown
needles M.P. 206°were obtained. Partial evaporation of the
mother liquor, filtration, and crystallization from 50% al-
cohol yielded 2.2 grams more 5 chloro acid.

The original chloroform filtrate was distilled to re-
move the solvent, and the dark red residue heated to boiling
with 300 c.c. and agein with 200 c.c. of the dilute hydro-
chloric acid. The insoluble material was érystallized twice
from 50% alcohol, but did not show any purification as shown
by its melting point, 170-180. It was again heated with an
excess of dilute hydrochloric acid to mske sure all the mono-
chloro product had been removed, but when crystallized from
50% alcohol it still showed the same range of melting point.
It now welghed 4.8 grams. It was sublimed in vecuum, giving
4.4 grams of nearly white sublimete, which on two crystalliza-
tions from 50% alecohol yielded 1.8 grams of fine white needles
M.Po 224:225: making a total yleld of 10.5% of dichloro acid.

The hydrochloric acid filtrate containing the hydrochlor-
ic acid soluble materlial from the residue left on distilling
the original c@loroform gsolution to dryness was neutralized

with strong sodium hydroxide solution, snd the precipitate
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erystallized twice from 50% aleohol. In this way 2.7 grams
more of monochloro acid were obtained, maeking a total yield
of 5 chloro~anthranilic acid of 18.9 grams, or 44.1% of theory.
The 5 chloro~anthranilic acld was ldentified by its melt-
ing point and by that of its methyl ester, which was prepared
in the regular way using dry hydrogen chloride as a catalyst.
The ester melted ai 69=704
The 3,5 dichloro-anthranilic acid was identified by its
- melting point and by that of the 3,5 dichloroacetyl anthranil
prepared from it by the method of Elion?5 which is as follows,
A weighed amount of dichloro acid is heated for 15 minutes
with five times its weight of acetic anhydride. It is cooled,

filtered, and recrystallized from alcochol, That prepared melt~
ed at 149-149.5.
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Resction with Anthranilic Acid (2).

17.1 grams (1/8 mol) of anthrenilic scid, M.P. 145,
were suspended in 250 c¢.c. of chloroform in the reaction
flask, and 28 c.c. (§ mol) of resgent added dropwise during
the course of 15 minutes, keeping temperature at 20, end stir-
ring continuéusly. At the end of the reaction the solid ma-
terial in the flask was more voluminous than at the start, and
solution was colored red.

The preclipitate was filtered off and washed with chloro-
form. When dry it weighed 12.7 grams. Thls was crystallized
fr&m 50% alecohol, yielding 9.1 grams of nearly white fine
needles, M.P. 22422257 The mother liquor from thlis was evap-
orsted down until a precipitate.began to form, then 1t was
allowed to cool, and filtered. The filtered off material was
washed twice with chloroform to remove the red dyestuff form-
ed during the reaction. This was done by heating with chloro-
form, allowing to cool, and filtering. The nearly colorless
material was crystallized twice from 50% alcohol, ylelding .7
gram more product.

The chloroform filtrate from the original reaction mix~
ture was distilled to dryness, whereupon a dark red materilal
was obtained. Thils was washed twilce with chloroform as de-~
seribed above, and crystallized twice from 50% alcohol, yleld-

ing 3.0 grams of fine grey needles, M.P. 2252226, Thus a total

yield of 12.8 grams of 3,5 dichloroanthranilic acld was obtain-

ed, corresponding to 49.2% of the theoretical. It was identi-
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fied by its melting point and by that of the 3,5 dichloro-
acetyl anthranil prepared from it by the method of El:I.cm?6

The derivative melted at 149-150+
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Reaction with Anthranilic Acid (3).

These next two reactions with anthranilic acid were run
at low temperature (=78) to see if the ylelds of products
could be increased.

The apparatus consisted of a large test tube to which
were attached through a 3-holed cork stopper (1) an offset
separatory funnel, (2) a calcium chloride tube, and (3) a
mercury seal hand stirrer; The stirrer was a stiff plece of
wire with a loop on the bottom and was worked up and down as
in a molecular weight apparatus. During the reactlon the test
tube was set into a Dewar flask containing dry ice and ether.

2.75 grems (.02 mol) of enthranilic acid M.P. 145; 5 c.c.
of carbon tetrachloride, and 20 c.c. of chloroform were placed
in the apparatus and the whole cooled down to ~78% 2425 c.cC.
(02 mol) of reagent were added dropwise during the course of
5 minutes. The reaction mixture was thoroughly stirred, and
allowed to stand overnight at the low temperature. The next
morning the reaction mixture was light reddish brown in color
and the amount of insoluble materisl seemed to be greater than
at the start.

The mixture.was filtered off and washed with chloroform.
The material on the filter when dry was light gray in color
and melted at 199-200° Its weight corresponded to about 70%
yield. It was crystallized twice from 50% aleohol, giving .7
gram of fine reddish brown needles, M.P. 204-205: The mother

liquors were worked up and ylelded .8 gram more product, the
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total yield of 5-chloroanthranilic acid corresponding to
43.5% of theory.

The oriliginal filtrate was evaporated to dryness and
erystallized from 50% alcohol. This yielded an amorphous
product. This was sublimed in vacuum at 4 mem. and 1504
The white sublimate was crystallized three times from 50%

alcohol, but gave no product of definite melting point.
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Resction with Anthranilic Acid (4).

Into the apparatus described in the previous reaction
2.75 grams (.02 mol) of anthranilic acid M.P. 145; 5 c.c.
of carbon tetracnloride, and 20 c.c. of chloroform were plac-
ed. The whole was cooled down to -78°and 4.5 c.c. (.04 mol)
of reagent added dropwise with constant stirring. Stirring
was continued for about an hour, and since no reaction seemed
to be taking place the reaction mixture was allowed to stand
overnight at the low temperature. The next morning the solu-
tion was colored red,

The crystalline suspended material was filtered off and
wasned with chloroform. The deep red filtrate was evaporated
to about 1/3 its volume, and the precipitated material filtered
off. This red material was washed with chloroform and added
to the first crop. The total quentity of erude product was
heated to boiling with 100 c.c. of dilute hydrochloriec acid
(15 parts of concentrated hydrochloriec acid to 85 parts of
water) eand after cooling to 30°was filtered. The insoluble
material was crystallized from 50% alcohol, giving a first
crop of nearly white véry fine needles, M.P. 226. A small
second crop was obtained by working up the mother liquore. The
total yield of 3,5 dichloroantnranilic acid was 3.0 grams or
72.5% of theory.

The hydrochloric ascid filtrate was neutralized with sod-
ium hydroxide solution, but only a trace of precipitate came

out, showing that practically no monochloro acid was present.
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Reaction with Benzaldehyde (1).

83 grams (% mol) of C.P. benzaldehyde were dissolved in
250 c.c. of carbon tetrachloride in the reacvion flask, and
cooled to 207 56 c.c. (% mol) of reagent were added dropwise
during tne course of 3/4 hour, stirring continuocusly and keep-
ing the temperature between 18°and 207 The reaction was
smooth, but developed considerable heat. After a total time
of 2 hours there was still some reagent present, but the re-
action seemed to be practically complete because at the end
of tnis time tnere was no more heat given off.

The clear light yellow solution was transferred to a
large separatory funnel and the theoretical amount of sod-
ium hypochlorite solution and tne theoretical amount of giacial
acetic acid plus a 50% excess were added to reconvert the re-
generated tertiary butyl alcohol to tertiary butyl hypochlor-
ite. The water layer was separated and the carbon tetrachlor-
ide layer transferred to a distilling f'lask. The mixture was
distilled until everything but the benzoyl chloride had come
over, Then the crude product was transferred to a smaller dis-
t11ling fiesk and the fraction 180-215" taken off. This weighed
49,5 grams, corresponding to 70.5% crude yleld of benzoyl chlor-
ide. It was redlstilled and the fraction 1901197°(practically
all at 19411953 welghed 42.5 grams, corresponding.to a yield of
benzoyl chloride of 60.5% of theory.

Remark. The reconversion of tne tertiary butyl alcohol

to hypochlorite after the reaction was over was simply a
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means of removing the alcohol from the benzoyl chloride,
with which 15 would react if heated to distillation temper-
ature, to give benzoic acid and tertiary butyl chloride.
The reagent itself reads not at all or only very slowly

with benzoyl chloride, even at elevated temperature.
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Reaction with Benzaldehyde (2).

In order to try to increase the yileld of benzoyl chloride
the reaction was repeated using a slight excess of reagent
and msking the refinements noted.

53 grems (% mol) of benzsldehyde were dissolved in 250
c.ce of carbon tetrachloride in the reaction flask and cooled
to 20: 70 c.c. (5/8 mol) of reagent were added dropwise dur-
ing the course of 3/4 hour, stirring continuously and keeping
the temperature between 18°and 20. After a total time of 2
hours the reaction seemed to be over because there was no
longer any heat effect.

The cleasr light yellow solution was transferred to a
large separatory funnel and the regenerated tertiary butyl
aleohol reconverted into hypochlorite as in the previous re-
action. The water layer was separated and extracted twice
with carbon tetrachloride. The combined organic layers were
dried over caleclum chloride and transferred to a distilling
flask, The mixture was distilled through a small column until
everything but the benzoyl chloride had come over. The crude
dark cecolored product was transferred to a smaller distilling
flask and the fraction 180-215 taken off, This weighed 49.8
grams., This was redistilled and the fraction 190i197°(practi-
cally 211 at 194-196) welghed 40.4 grams, corresponding to a
57.5% yield of benzoyl chloride. |

Remarks. No doubt better ylelds would have been obtailned

had the various distillations been carried out under vacuum
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because there was considerable residue left in the last two

distillations.
This supposedly improved method did not prove to be as

good as the original method without the refinements..
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Reaction with Benzaldehyde (3)

This third reaction was run to test the suggestion of
Professor Norris to the effect that the regenerated tertiary
butyl alcohol might be removed from the final reaction mix-
ture by simply extracting it with water, instead of recon-
verting to -hypochlorite.

53 grems (% mol) of benzaldehyde were dissolved in 250
c.co Of carbon tetrachloride in the reaction flask and cooled
to 20% 56 c.c., (3 mol) of reagent were added dropwise during
the course of 3/4 hour, keeping the temperature at 20°and stir-
ring continuously. The reaction was vigorous, but seemed to
be over after 1% hours because there was no longer any heat
developed,

The solution was transferred to a separatory funnel and
the regenerated tertiary butyl alcohol removed by extracting
three times with about equal volumes of c¢old water. The re-
action mixture was then transfefred to a distilling flask
and the distillation carried out until the temperature reached
about 1001. The residue was again tranéferred to a smaller
Claisen flask and the fraction 180-220 teken off. There was a
dark brown liquid residue boiling above 220" left, welghing 9.3
grams. The 180-220° fraction weighed 50,9 grams, This was re-
distilled end the fraction 1922106 taken as benzoyl chloride.
Most of 1t boiled at 1941195: It weighed 47.4 grams, which

corresponds to a 67.5% yield.
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Remark. This method proved to be the best of the three
from the standpoint both of improved yleld and simplicity of
operation.

Here again the yield might have been improved if the

variocus distillations had been carried out under wvacuum,
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Reaction with Cyclohexanol

A number of preliminary experiments showed that cyclo-
hexanol could not be reacted in the regular way with the re-
agent. When run in carbon tetrachloride solution the hydro-
gen chloride liberated reacted with the reagent, forming free
¢chlorine which in turn reacted with the small amount of cyclo-
hexanone formed and chlorinated 1t., When the reaction mix-
ture was distilled under vacuum, the cyclohexanol was recover-
ed in about 50% yleld snd the chlorinated cyclohexanones par-
tially decomposed. Enough of the latter were obbtained, how-
ever, to be identified, as shown by the formation of a blsul-
fite addition product after long shaking, and by the evolution
of hydrogen chloride on distillation, even under a vacuum of
17 m.m.

It was thought, therefore, that if an acceptor for the
hydrogen chloride were used, the cyclohexanone itself might
be isolated. The first materials that suggested themselves
woere the tertiary amines, It was found, however, that both
pyridine and dimethyl cyclohexylamine reacted very violently
with the reagent, giving resinous products. The next mater-
1al tried as an acceptor for the hydrogen chloride was water,
and this gave promise of better results.

In the first experiment the reaction was run in acetic
acid diluted with water so that all the materlals were pre-

sent in one phase. This reaction went very smoothly, but
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there was some evolution of chlorine, and difficulty was
encountered in separating the products because on distilla-
tion the cyclohexanone steam distilled over, and 1n addition
it 1s somewhat soluble in water. However, enough was isolat-
ed by salting out to identify it, so it seemed that the theory
of the acceptor was correct.

In the next experiment the reactlion was run in carbon
tetrachloride in the pfésence of a water solution of sodium
bilcarbonate, the amount of the iatter being in excess of that : -
needed to neutralize the ﬁydrogen chloride formed. But with
6 hours vigorous stirring there was absolutely no evidence of
of a reaction teking place. Only when stirring was stopped
and the two layers allowed to separste did the reaction start
in the carbon tetrachloride layer. But when the stirring
was started again the reaction stopped. It appeared that the
reagent would not react iIn an alkaline medium,

The final experiment was run in carbon tetrachloride in
the presence of a large smount of water, and this method prov-
ed successful. It is described in detall as follows.

50 grams (3 mol) of ﬁractical cyclohexanol were dissolved
in 250 c.c. of carbon tetrachloride in the reaction flask and
500 c.c. of water added. This was cooled to 207 and stirred
vigorously while 56 c.c. (¥ mol) of reagent were added drop-
wise during the course of 3/4 hour, maintaining the tempera-

ture at about 20¢ The stirring was vigorous enough so that the
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two layers were thoroughly mixed and had the appearance of an
emulsion. The reaction started after 5 minutes, and developed
considerable heat throughout. There was a very small amount
of chlorine evolved, as detected by its odor. Stirring was
continued for 15 minutes after the last addition of reagent.

When the reaction was over the carbon tetrachloride layer
was separated. The water layer was partially saturated with
ammonium sulfaete and eitracted with two separate portlions of
carbon tetrachloride. All the organic solutions were combined
and dried over calcium chloride. This was distilled until the
temperafure had'reached 90, The yellow residue was then dis-
tilled under a pressure of 17 mem. Three fractions were re-~
moved: (1) under 453 (2) 45-603 and (3) 60-65. There was &
brown liquid residue left whose welght was estiméted to be
about 10 grams. The second ffaction was by far the largest.
The boiling point of pure cyclohexsnone at 17 m.m. wasprevious-
ly determined in a separate experiment to be 554

The three fractions were redistilled at atmospheric
pressure and the fraction 152-158° taken to be cyclohexanone.
The bolling point of the pure materisl is recorded in the liter~
ature to be 155. There was a yellow residue left estimated to
welgh 5 grams.

The yield of cyclohexanone was 28.2 grams or 57.5% of
the theoreticsal.
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Reaction wlth Ethyl Acetate.

This reaction was carried out at refluxing temperatures
in chloroform, carbon tetrachloride, acetic acid, and with
no solvent, both with and without the catalysts iodine and
zine chloride. 1In every case there was obtained a small
amount of a clear colorless liquid boiling 115-155, un-
changed ethyl acetate, and tar. The 1liquld when fraction-
ated yielded three fractions about equal in amount: (1) 115+
1303 (2) 130-1403 (3) 140-155: The first fraction seemed to
be mostly e - chloro ethyl acetate but when decomposed with
hot water gave hydrogen chloride and acetaldehyde, but no
acetic acid as would be expected. The third fraction was
saponified with potassium hydroxide but no definite products
could be identified. The middle fraction was apparently a
mixture of the other two.

No further work was done wlth this reaction because it
was apparent that the reacted material was a complex mixture

of 1ll-defined and unstable products,
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Reaction with Purane.,

It is well known that the reaction of free chlorine
and furane yields no chlorofurane, but only resin, due to
the action of the liberated hydrogen chloride on the furane.
Since in the reaction of the reagent on furane no hydrogen
chloride would be expected 1f a chlorofurane were formed
by simple metathesis, it was thought that perhaps this
method of chlorination might prove to be successful. Such,
however, proved not to be the case, as is shown in the follow-
ing.

The furane required for this work was made by a method
suggested by Dr. Stevens of our Research Laboratory of Organ-
ic Chemistry. This method simply consisted of heating com-
mercial furoic acid in a round bottom flask iIn a sand bath
at about 2007 Connected to the neck of the flask through a
cork stopper was a glass tube about 20 m.m, in dlameter and
50 em. long. A smaller tube (7 m.m.) was connected to the
top of the larger one, and led into a suitable recelver kept
at a low temperature by means of a dry ice and ether bath.
The heating was so regulated that a steady stream of carbon
dioxide and gaseous furane passed through the apparatus into
the receiver, as was shown by the rate at which the carbon
dioxide bubbled through the liquid furane in the receiver.
About 1 bubble per second was a good rate. The wide tube
leading from the reaction flask was tapped or shaken lightly

from time to time to cause the sublimed furoilc acid to fall
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back into Ehe flask, to prevent stoppage of flow and possible
accidents. The furane was drled over sodium and distilled.
It all passed over at 31,5 giving a yleld of over 50% of
pure furane.

A set of small scale experiments was run using molal
quantities of furane and the reagent (lc.c. and 1.6 c.c.
respectively). The reactants were simply put together in
e test tube, together ﬁith the solvent if any, and observed.
The experiments are tabulated belowe
1. No solvent, at O} in diffused sunlight.

2. 2.6 c.cC. chlofoform as solvent, O, diffused sunlignt.

3. No solvent, 0O; diffused sunlight, in presence of anhydrous
potassium carbonate.

4, 2,6 c.ce. chloroform as solvent, 0, diffused sunlight in
presence of anhydrous potassium carbonate.

5. 2.6 c.ce chloroform as solvent, 25, diffused sunlight in
presence of anhydrous potassium carbonate.

6. No solvent, 25: diffused sunlight in presence of anhydrous
potassium carbonates

7. No solvent, 25, in the darke
8. 246 c.c. chloroform as solvent, 25: in tne dark.

#5 and #8 became warm almost immediately andreached tne
boiling point in about 10 minutes. They were cooled down to
room temperature. After 15 minutes they began to darken in
color and after 20 minutes they were so dark as to be opaque.

#6 and #7 began to heat up after 15 minutes and soon be-‘

came dark colored.
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The tests run at O’ were left in an ice bath all night
and the othefs were left at room temperature. Next morning
they werse all very dark colored. They were combined, extract-
ed twice with water, and distilled. After the solvent came
off the temperature rose rapidly to about 1007 No fraction
75-85 was obtained.

At this point it might be well to give some of the
properties of the chlorbfuranes. 2-Chlorofurane is a liquid
B. P. 77¢ 3-Chlorofurane is a liquid B. P. 797 They both
slowly resinify on standing, have a peculiar chloroform-like
odor, give a green color with strong aqueous hydrochloric
acid, are slightly soluble in water, sare purified by steam
distillation, and are prepared in excellent ylelds by de-
carboxylation of the corresponding chlorofurolc acids?q

A second set of small scale experiments was run as
foilows:

1. No solvent, 0, diffused daylight.

2. 2.6 ¢.c. chloroform as solvent, 05 diffused daylight.

3. No solvent, 0O dark.

4. 2.6 c.c. chloroform as solvent, O; dark.

5. No solvent, O, bright sunlight,

6. 2.6 c.cs chloroform as solvent, 05 bright sunlight.

#1 after about 13 hours suddenly boiled out of the test tube,
even in the ice bath, and what was left was dark colored.

#2 started to darken after 1% hours, and color continued to

deepen until it was very dark brown.
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#5 and #6 began to darken after 15 minutes and soon got so
dark as to be opaéue.

#3 and #4 stayed clear yellow for 3 hours. They were left
in the dark in the ice bath over night, but the next morn-
ing they were both very dark colored.

Al)l the tests from this second set of experiments were
combined and distilled. The chloroform came off first. Then
about 4-5 c.c. of liquid came over at 75-85. This was shaken
with water to remove tertiary butyl alcohol, and about 1 c.c.
of liquid was left. Thls was dried over calecium chloride,
and a Siwoloboff boiling point taken. It started to boil at
65°and continued to 80; with most vigorous boiling at 75-80.
Above 80°boiling slowed down almost to a stop, and the liquid
turned yellow and became viscouss.

The 1 c.ce of 1liquid on which the boiling polnt was
taken did not give a green color with hydrochloric acid, so
it was concluded that it was not chlorofurane.

From these small scale experiments it was evident that
the reagent had no adventage over free chlorine in the chlorin-

etion of furane.
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Reaction with Practical Heptane (1).

Eastman practicel heptane, B.P. 91196: wés used. It
was first shaken with two separate portions of concentrated
sulfuric acid to remove unsaturated compounds, washed with
water, then dilute potassium carbonste solution, and dried
over calcium chloride. The first sulfuric acld extract was
colored distinctly yellow, and the heptane after this treat-
ment smelled distinctlj sweeter, showing that the practical
heptane contained appreciable amounts of unsaturated com-
pounds.

120 grams (1.2 mols) of the practical heptane treated as
above were dlssolved in 300 c.c. of carbon tetrachloride 1in
the reaction flask, and 5 c.c. of reagent added at once.

To the resction flask were attached a reflux condenser and

a dropping funnel. The third neck of the flask was closed
with a cork. The mixture was heasted over an open flame until
it was refluxing gently. Within 10 minutes the yellow color

of the reagent had disappeared, showing that the reaction had
gotten under way. Keeping the mixture at a gentle reflux, the
remainder of the reagent (107 c.c.,) was added dropwise during
the course of about an hour. Throughout this time the mixture
remained colorless, showlng that the reagent reactéd {mmediate-~
ly. A slight heat of reaction made itself evident.

When the reaction was over the clear solution was distill-
ed at atmospheric pressure until a temperature of 90°had been

reached. At this time the solution started to become colored

(70)



greenish yellow.

The solution, smelling slightly of hydrogen chloride,
was then removed and sheken with water to extract the acid,
and dried over caleium chloride. o

It was then distilled under a pressure of 29 m.m. and the
following fractions teken off: (1) under 423 (2) 42-583 (3)
58165§v(4) 65-1007 There was a dark colored residue of about
2 grams. These were refractionsted at the same pressure.

At this point a more thorough search of the literature
revealed the fact that Sherr11128 had prepared the four
monochloro heptanes in the pure state and reported thelr

boiling points as follows:
l1-Chloroheptane, B.P. 6le4’ @ 27 m.m.

2- " " 46,0° @ 19.5 "
3= " " 48.,3°@z1 "
4~ " " 48,9°@21 "

From this information it was seen to be obviously im-
possible to separate the three secondary chloro heptanes by
fractionation, so it was decided to separate the products
into the following three divisions: (1) secondary chloro-
heptanes; (2) l-chloroheptane; (3) polychloro heptanes.

Accordingly another fractionation was run on the products,
yielding the following results under the conditions indicated.

(1) Secondary chloroheptanes, 44-53 @ 20 m.m., 21.6 grams,
or lé.l% of theory.

(2) l-chloroheptane, 58:650@ 27 m.m., 4.9 grams, or 3.6%
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of theory.
(3) Polychloro heptanes, above 65 @ 27 m.m., 33.9 grams.
_ There was a small fraction that came over under 44°@
20 m.ms which did not appear to be heptane itself, but was
probably a chlorination product of one of the 1ightef frae-
tions in the practical heptane, presumably a hexane or a

branched chsin heptane.
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Resction with C.P. Heptane (2).

100 grams (1 mol) of C.P. n-heptane were dissolved in
300 c.c. of carbon tetrachloride in the reaction flask and
5 c.c.of reagent added at once. The solution was heated to
gentle boiling under a reflux condenser. After about 10
minutes the solution was decolorized. Then the remainder of
the resgent (51 c.c.) was added dropwise during the course
of 1% hours; keeping fhe solution at a gentle reflux and reg-
ulating the rate of addition so that the solution was always
colorless. There was a very slight heat of peactlion.

At the end of the reaction the clear solution was removed
to a flask and distilled at atmospheric pressure until the
temperature had reached 95.

The solution, still water-white, was then distilled
under vaecuum in an ordinery Claisen flask, the excess hep=-
tane taken off, and after the second fractionation gave the
following fractions. .

(1) 44~55’@ 20 m.me, 12+3 grams.

(2) 59-65"@ 27 m.m., 16.5 grams.

(3) Over 65°@ 27 m.m., 10.7 grams.

These were redistilled in a Claisen flask having a tall
insulated side arm made into a Vigreux column, and yilelded
the following final fractions. ‘ o _

(1) Secondery chloroheptanes, 55=58 @ 27 m.m., 17.1 grams,
or 25.4% of theory. o o _ '

(2) 1-Chloroheptane, 60-63 @ 27 m.m., 6.1 grems, or 9.1%
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of theory.

(3) Polychloro heptanes, over 63" @ 27 mems,, 12.0 grams.
The first fraction was redistilled at 20 m.m. and all of it
boiled at 48-52; thus checking the boiling points given in
the literature for the secondery chloroheptanes.

Remarks. There was no evidence of hydrogen chloride
being given off at any time during the various distillations,
as was the case in the reaction with practlicel heptane.

All the products were sweet pleasant smelling clear water-

white liquids.
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Reaction with Phenol (1).

Several reactions were run altogether with'phehol in
an attempt to get a high yield of one monochloro product,
but it was found in every case that s mixture of ortho and
para chloro phenols was always formed, in about the same
ratio as would be expected with free chlorine. Temperature
apparently had 1little effeect on the orientation.

47 grams (1/2 mol) of C.P. phenol were dissolved in 250
c.c. Of chloroform in the reaction flask. The flask was cool-
ed to 20°and the contents stirred while 56 c.c. (%4 mol) of re-
agent were added 1 c.c. at a‘time during the course of an hour,
keeping the temperature at 202 The reactlion was vigorous, con-
siderable heat belng evolved. When the reaction was over the
light yellow solution was removed and the solvent distilled
off. The deep yellow o0lly residue was then distilled through
a fractionating column of suitaeble length, to which was attach-
ed an air condenser. Three fractions were obtained as follows.

(1) 170-211" (mostly up to 185), 29.6 grams, N20=1.5482.
This corresponds to 46.1% yield of ortho chlorophenol.

(2) 211-217" (mostly at 2152217), 25.4 grems, Ny= 1.5585.
This corresponds to 36.4% yleld of para chlorophenol.

(3) 3.3 grams of residue above 217.

Remarks. The physical constants of the monochloro phenols
are reported in the literature as follows.

Ortho chlorophenol, B.P. 17511761 Nzo=1.5473.

s D
Para chlorophenol, B.P. 217, Ny571.5579.
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These constants were determined in this and the follow-
ing reactions and used as a means of identification of the

products,
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Reaction with Phenol (2).

This reaction was run the same as the previous omne,
with the following differences. Carbon tetrachloride was
the solvent. The total time of addition of the feagent was
40 minutes. Stirring was continued for 10 minutes after
the addition of the last portion of reagént.

The solvent was removed rrom the light yellow solution
as before, and the déep yellow residue distilled through the
column, ylelding the following fractions.‘

(1) 170:2113 3648 grams, N26=1.5487, corresponding to
57e3% yield of ortho chlorophenol;

(2) 21f:217i 18.6 grams, Ngg 1.5583, corresponding to
29,0% yleld of para chlorophenol.

(3) Residue (small).
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Reaction with Phenol (3).

This reaction was an exact repetition of reaction (1)
and was run assa check on it. They checked very well, but
better ylelds were obtained in this one,

The fractions were as follows.

(1) 170%210, 32.8 grams, de=1.5492, corresponding to
50.7% yield of ortho chlorophenol.

(2) 210-217, 24.8 grams, N20=1.5580, corresponding to
3863% yleld of pars chlorophenol,

( (3) Residue (small).
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Reaction with Phenol (4).

This reaction was run like the others, except that the
tempersture was kept at 0: and the time of addition of the
reagent was 75 minutes. The reaction mixture was stirred
for 10 minutes after the last addition of reagent, and was
colored lignt yellow. The solvent, chloroform, was removed,
and the deep yellow residue distilled, glving tne following
fractions.

(1) 170-205, 31,7 grams, N26:1'5480’ corresponding to a
49,0% yield of ortho chlorophenol.

(2) 205=217; 27.3 grems, N26=1'5585’ corresponding to a
42,2% yield of para chlorophenol.

(3) Residue (small).
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Reaction with Phenol (5).

This reaction was run like the others, except that the
temperature was kept at 40; and the time of addition of the
reagent was 35 minutes. The solvent was chloroform. The
solution was colored pink at the end of tne reaction. The
fractions were as followse.

(1) 170-205; 33.7 grems, N26=1.5477, corresponding to a
52.1% yield or ortho chlorophenol.

D
(2) 205%217, 25.3 grams, N, =1,5588, corresponding to a

40
39.1% yleld of para chlorophenol.

(3) Residue (small).
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Reaction withlﬂ?~Phenyletnyl Alcohol.(1).

These various reactions with (@ -phenylethyl alcohol
were carried out in an attempt to prepare pnenyl acetalde~

hyde according to the equations

Z:;Tc&vc%-my CHs3 H CHe aw
+ w,>4 o) ——> > -0y

All éttempts to isolate phenyl acetaldehyde, however,
were unsuccessful, due probably to the polymerizling effect
of the hydrogen chloride on 1t. Even in the pure state
phenyl acetaldehyde 1s very prone to polymerization and on
distillation in vacuum yields three fractions, one being
the material itself and the other two being polymers.

In reaction (5), to be described later, even when water
was used as an acceptor for the hydrogen chloride the alde-
hyde was not formed. In this case the reaction pursued a
different course, the aromatic nucleus in the/<3-phenylethyl
alcohol being chlorinated instead.

| This and the ensuing numbered reactlons of the reagent
with4<3-phenylethyl alcohol are really collections of reactions,
but they seem to fall logically under the headinga indicated
in the tabulated summary on page 18.
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The description of reactions (1) now follow directly.

a. 61 grams (% mol) of /Zphenyl=-ethyl alcohol B. P.
2172218°were dissolved in 250 c.c. chloroform in the reaction
flask and cooled to 105 Keeping the temperature at 105 56 c.c.
(4 mol) of reagent were added with continuous stirring 2 c.c.
per minute until all had been sdded. There was no perceptible
temperature rise during the addition, and the solution was
yellow after it had all been added, as 1f the reagent simply
dissolved without reaction. Stirring was continued for 3
hours,.after which time hydrogen chloride began to come off.
The flask was left in an ice bath overnight. The next morning
the solution was colorless. It was stirred for § hour, and,
after the solvent had been evaporated off, was distilled. A
liquid of wide range of boiling point was obtained, the last
part boiling up to 2207 There was a considerable amount of
tar left in the distillation flask.

b. This reaction was run like (a), with the following
differences. At the end of 2 hours hydrogen chloride began
to come off with rise in temperature. The temperature was
kept between 25° and 32°for 1 hour until the solution became
colorless, It was stirred for an hour longer. After removal
of the solvent the liquid was distilled, but had no constant
boiling point. Hydrogen chloride was' given off during the dis-
tillation. Tar remained as a residue as before.

c. This reaction is similar to (a) and (b) except as foll-

ows. Hydrogen chloride began to come off after 1 hour and the
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temperature wes allowed to rise from 10°to 35-40° The sol=
ution was decolorized after hydrogen chloride had stopped
coming off., Stirring was continued until the totel time was
2% hours. The solvent was removed and the liquid distilled as
before, with the same result.

d. This reaction differed from (a), (b), and (c), only
as follows. The reagent was added in 5 minutes. There was
no temperature rise. The solution was stirred at 10° for 2
hours, when hydrogen chloride started to come off. Stirring
was continued for 3 hours longer, when the reaction seemed to
nave stopped, but the solution was still yellow. The temper-
ature was then allowed to rise to 223 during which time hydrogen
chloride came off slowly. When the temperature reached 22%the
solution decolorized and the reaction seemed to be over. It
was stirred 3 hour longer and let stand overnight. Upon remov-
al of the solvent, and distillation, no constant boiling liquid
was obtained, but a considerable fraction 215-220° came over,
and was apparently unchanged G3-phenylethyl alcohol. Tar was
left in the flask.
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Reaction with K7-Phenylethy1 Alcohol (2).

61 grams (% mol) of /J-phenylethyl alcohol (B. P. 2172
2183 were dissolved in 250 c.c. chloroform in the reaction
flask and cooled to 10¢ 56 c.c. (3 mol) of reagent were
added in 5 minutes. There was no temperature rise. The
solution was stirred for 2 hours at 10 until hydrogen chlor-
ide began to come off. Then the temperature was allowed to
rise to 20225: when more hydrogen chloride éame off and the
solution decolorized. It was stirred for % hour longer.

The solvent was distilled off on a water bath under
slightly diminished pressure, The residual liquid was tuen
distllled under vacuum and the following fractions obtained:

(1) 90°~ 104°and 9 m.m. =~-- 23.8 grams

(2) 2104’ - 112°" 8 "  ama 11,5 M
(3) 112°- 160°" 6 " --~ 2.4 n
(4) 160°= 176°" 6 " == 0.0 "
(5) 176°~ 185°" 7 " <-- 22,7 "

(6) Non volatile residue--- 4.7 "
Fractions (1) and (2) were combined and shaken for 5 minutes
with saturated sodium bisunlfite solution, but the non-aqueous
part did not decrease in volume, and no addition product separat-
ed from thne aqueous layer. The non-aqueous layer was separated
~and distilled at atmospheric pressure. Two fractions were ob-
tained; (1) 2052203 and (2) 2202230 The second was about
twice thne amount of tne first, There was also tar left in the

flask., The second fraction was shown to be 4J-phenylethyl alcohol
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by the melting point of its 3.5 dinitrobenzoate, M. P. 106<
1074

Fraction (5) from the original distillation seemed to be
K3~pheﬁylethyl(6;phenyl acetate, so it was refluxed for 2 hours
with 1 N alcoholic sodium hydroxide to saponify it. The phenyl
acetic acid was isolated and identified by its peculiar odor,
end melting point (76). The phenyl etnyl alcohol was isolated
and identified by tne melting point of the 3,5 dinitrobenzoate
prepared from it.

These ldentifications accounted for practically all of the
reaction products and showed that they are three in number; (1)
unchanged @-phenylethyl alcohol, (2)/3-phenyletnyl (Zphenyl

acetate, and (3) tar.
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Reaction with /3 -Phenylethyl Alcohol (3).

In this resction no solvent was used. 9.0 grams of
(/3 -phenylethyl alcohol and 8.4 c.c. of reagent (molecular
quentities) were placed in a 25U c.c. Erlenmeyer flask under
a reflux condenser and let stand at room temperature. After
about 5 minutes there was violent boiling due to the heat of
réaction, ana fumes of hydrogen chloride and reagent came out
througin the top of the condenser. When the reaction mixture
cooled down 1t was removed; washed with water (to remove
"hydrogen chloride), and sheken with echer. ‘he ether extract
was dried wath calcium chloride and the ethner distilled off
on tue watef bath. The faintly yellow colored residue was
distailled under a pressure of 1ll-12 m.me This yielded tinree
fraccions.

(1) 851105f--- 5.1 grams

(2) 105%180%-~ 1.0 "

(3) 180=190%-- 1,7 "

(4) Reslidue==~ 5 "
The fraction 85105°was redistilled at 12 m.m. and boiled over
the same range. This was again redistilled at 9 m.m. and gave
3.9 grams of a fraction 90-94. This was Z-phenylethyl alcohol
because a sample of the pure aleohol bolled at 93 under the same
conditions. Fraction (3) was apparently-/3-phenylethyléﬂ3-phenyl

acetates
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Reaction with /& -Phenylethyl Alcohol (4).

These experiments were undertaken because previous work
had indicated that the reagent was decomposing before reacting,
sinece large amounts of reactant were recovered in each case,

It is known that the reagent decomposes immediately in bright
sunlight, and siowly in diffused sunlight, so these experiments
were carried out In the dark. Where a solvent was used, carbon
. tetrachloride was chosen instead of chloroform.

8. 4 grams of /J.phenylethyl alcohol and 3.7 c.c., of reagent
(molegular quantities) were dissolved separately in 16.5 c.c.
and 20 c.c. of carbon tetrachloride respectivelj. The solutions
were cooled and then put together in an Erlenmeyer flask. The
flask was kept in an ice bath in the dark for § hours, then the
lce bath was refilled and the flask left overnight. The next
day the solution was still yellow and apparently no reaction
had tsken place. It was left in the ice bath all day, and
over another night. The next morning the solution was color-
less and smelled of hydrogen chloride. The solvent was remov-
ed under slight‘vacuum and the residue distilled at 10 m.m,

The following fractions were obtained.

(1) 95-125° (mostly 95-105) --- 3.1 grams

(2) 125%187( " 1B0-187)--- 2,1 "

(3) Small amount of brown resin. o

De 4‘grams of/?—phenylethyl alcohol and 3.7 c.c. of re-
agent were placed together in the Erlenmeyer flask (no solvent).

In the dark the solutlon was decolorigzed at the end of an hour.
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The fractlons were obtalned at 8=-10 meme

(1) 95-125 (mostly 952105) --- 3.1 grams

(2) Above 125° 2,0 "
Fraction (1) was redistilled st 10 mem. and boiled‘gﬁilos?
This was rgdistilled_again at atmospheric pressure, and boil-
ed 21512203 indicating it to be/g-phenylethyl alcohol., There-
fore a recovery of 77.5% of reactant was obtained.

c. This was a repetition of experiment (a). After dis-
"t1llation at 9 m.ms the fractions were:

(1) 95%125° (mostly 90%108) --- 2.5 grams

(2) 125%7187( " 1802187) --- 2.6 "

(3) Resinous residue

d. 4 grams of /J- phenylethyl alcohol and 7.4 c.c. of
reagent were dissolved separately in 16.5 c.c. and 20 c.c.
carbon tetrachlorlde respectively. These quantities corres-
pond to 1 mol of the alocohol and 2 mols of the reagent. The
two solutions were cooled and then put together in the Erlen-
meyer flask in an ice bath at 2:30 P.M. At 5 P.M. the ice
bath was repacked andzleft overnight. Next morning the solu-
tion smelled of hydrogen chioride, but was still yellow. It
was allowed to stand at room temperature until 11 A.M., at
which tlme 1t was colorless. The solvent was removed as usual,
the residue distilled at 9-10 m.m. The fractibns were as
follows: v

(1) 95-125" (mostly 95-105) =-- 3.0 grams

(2) 125-187( " 180%187) =-- 1.4 "
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(3) Resinous residue.
These figures indicate that the reagent decomposes more
rapidly than it reacts. _ _ o
e. 4 grams of’ﬁ3phenylethyl alcohol in 1645 c.c. Of
carbon tetrachloride and 3.7 c.c. of reagent in 20 c.c. of
carbon tetrachloride were cooled separgtely end put together
ig an Erlenmeyer flask in a bath at 107 It was let stend at
10°from 10 A.M. until 5 P.M. There was no apparent change.
After standing overnight at room temperature the solution
was colorless. The solvent was removed as usual and the
residue distilled at 9 m.me Fractions were as follows:
(1) 95-125° (mostly 952105) =-= 28 grams
(2) 180-182° 1.7 "
(3) Resinous residue
These five reactions of the fourth group were all carried
out in the dark, and the average recovery of /3-phenylethyl al-~
 cohol unchanged was 72.,5% The average yleld of /&-phenylethyl
/3-phenyl acetate was 49.8%. |
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Reaction with /3 ~-Phenylethyl Alcohol (5).

S8ince all previous attempts to make phenyl acetaldehyde
by this method had failed, 1t was decided to run the reaction
again in the presence of water as an acceptor for the hydrogen
chloride formed, this method having been successful in the
case of cyclohexanol.

In the first run the reactant was dissolved in carbon
tetrachloride and an excess of water added. This was stirred
vigorously while the reagent was added dropwlse. But whereas
in the case of cyclohexanol this method gave excellent results,
in this case there was sbsolutely no evidence of reaction even
after 6 hours! stirring.

Then it was decided to try to run the.reaction in dilute
acetié acid solution., This time a reaction took place immedi-
ately and is described in detall below.

24,4 grems (1/5 mol) of pure /J -phenylethyl alcohol, 100 c.c.
of glacisl acetic acld, and 206 c.c. of water were added to the
reaction flask and cooled to 20% The materisls were all present
in 1 phese. 22.4 c.c. (1/5 mol) of reagent were added dropwise
during the course of % hour, keeping the temperature at 20: and
stirring vigorously. The clear solution became opaque as the
reaction progressed. The heat effect was noticeable but slight.
After all the reagent ned been added the reaction was still go-
ing on, Jjudging by the'slight evolution of heat. The yellow
opaque solution was stirred % hour longer, when the resction

seemed to be over,
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The solution was then poured into adbout 500 ec.c, of
water, whereupon a yellow oll settled out. This was separ-
afed, dried over calcium chloride, and distilled at 16 m.m.

A very small amount of liquid came over up to 133, then at
133-135 1243 grams of a clear water-white oil came over.,
This boiled at 243-245 st atmospheric pressure with slight
decomposition,

It was evident from this boiling point that the compound
was neither /G -phenylethyl alcohol nor phenyl acetaldehyde.
Qualitative tests showed that it contained chlorine, was
soluble In concentrated sulfuric acid, and feacted with sod-
ium. Hot aqﬁeous and alcoholiec potassium hydroxide had no
‘action on 1t, even after 2 hours bolling. It was saturated
because it did not decolorize bromine in carbon tetrachloride
solution, Nessler's reagent gave a negative test.

It was tentatively concluded that the material was (-
(p-chlorophenyl) ethyl alcohol. This compound could not be
found in the literature, so its structure was proved as follows.

(1) Oxidation to p-chlorobenzolc acid.

(2) Chlorine analysis and molecular weight calculated there-
from.

(3) Quantitative acetylation.

The oxidation to p-chlorobenzoic acid was carried out by
heating about 2 grams of the materlal with an excess of nitric

acid, specific gravity l.2, for about an hour under refluxe The
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derivative was dissolved in sodium hydroxide solution, ex-
tracted with ether three times, and the sodium salt recon-
verted to the acid by adding a slight excess of dilute sul-
furic acid. The precipitated organic acld was filtered off,
washed with water, and crystallized twlce from dilute alcohol.
The fine vwhite needles melted at 234=234.57 A mixed melting
point with pure p=chlorobenzolec acid showed no depression.
The pure acid is reported to melt at 2B5=236 ¢

The chlorine analysis was carried out by the standard
Cariué method and gave the following results compared with
the theoretical, after correcting the analysis for glass in

the Gooch crucibles and chlorides in the distllled water.

Found Calculated for
o1 2 & cHymCHyod
22445%C1, 22.45%C1, 22.66% Cl2

The molecular weight calculated from the chlorine analysls

was as follows,

Found Cslculated for
1 2 Lt hioow
157,.8 157.8 156453

The quantitative acetylation was carried out according
to the method of Verley and Bglsingg9 and is as follows. A
mixture of 120 grams of azcetic anhydride and 880 grams of
pyridine is made. A definite volume of thls mixture (20 c.c.

in this case) is pipetted into a flask, an equal volume of

(92)



water added, and tltrated with 1 normal sodium hydroxide using
phenolphthalein as an indicators The figures obtained in this
blank titration are used in caleulating the results of the
acetylation itself, which is done as follows. Into a 200 c.c.
flask is weighed 1-2 gramsvof the alcohol, 20 c.c. of the acet-
ic anhydride-pyridine mlxture 1s added from a pipette, gnd the
solution heated on the water bath § hour. It is cooled, 20 c.c.
of water added, and titrated with 1 normal slhali, The differ-
ence between the smount of alkall needed for the blenk (about
50 c.c.) and the amount needed for the sample after acetyla-
tion represents the weight of acetle anhydride reacted, and
is specific for the alecohol used.

The calculated and theoretical amount of 1.225 normal al-

kall needed were as follows.

Founa Calculated for
1 2 C/Q CHy-CHy- Ok
54172 c.Co 5¢171 coCoe 5.214

From all this evidence it was concluded that the unknown
compound was/ﬁ—(p~chloropheny1) ethyl alcohol, which was ob-
tained in 39.3% yield. This yleld might have been considerably
higher if an air lesk had not been used in the vacuum distille-
tion. The alr seemed to have an oxidizing effect on the alco-
hol because there was a large amount of non-volatile solld

material left in the flask after the distillation was over.
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Reaction with Salicylic Acid.

34.5 grams (+ mol) of salicylic acid, M.P. 158°were sus=-
pended in 250 ¢.c, of chloroform in the reaction flask, and
cooled to 20: Keeping the temperature at 20jand constantly
stirring, 28.3 c.c. (3 mol) of reagent were added 1 c.c. per
minute. There was no appreclable temperature rise untll after
two-thirds of the reagent had been added. Then there was.notic-
ed a slight rise (1 - 2) after each addition. As the reaction
progressed more and more of the suspended material went into
solution, and at the end of 13 hours from the start the solu-
tion was clear, and remained clear for about an'hoﬁr, then
crystals begen to come out of solution. Stirring was continued
until the total time was 4 hours, after which time no more
crystals deposited.

The crystalline material was filtered off on a Buchner
funnel and washed with a 1little chloroform. The fliltrate was
distilled down to about 50 c.c., cooled, and the deposited
crystals again filtered off, The two crops of crystals were
crystallized twice from 50% alcohol, yielding 16.3 grams of
product M.P. 171-172:

The alcoholic mother liguors were evaporated down, the
precipitate filtered off, and crystallized twice from 50%
aleohol, yiel@ing 9.6 grams more product, M. P. 171-172%

The 50 c.c. of chloroform filtrate were_evaporated to
dryness, and crystallized three times from 50% alcohol, give-

ing 3.5 grams more product Me P. 17111723
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The total yield of 5-chlorosalicylic acid was 29.4
grams, or 68.2% of theoretical. It was identified by its
melting point (Bailstein gives values of its melting point
varying from 167.5°to 176) and by that of its methyl ester,
The value obtained for the ester was 47=48%7 Beilstein gives
48 The ester was prepared in the regular way by refluxing
some acld with methyl aleohol saturated with dry hydrogen
- chloride for about an hour, cooling, and crystallizing from
alcohol. An acetyl derivative was also prepared, but although
good crystals were obtained, they showed no constant melting
point, softening at 130, and being completely liquid at 148,
Three recrystallizations did not improve it. Apparently a

rearrangement or decomposition takes place,
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