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INTRODUCTION



An extensive amount of work has been done on the elucidation of
the structural relationship of organic compounds to their physiologi=-
cal and pharmacological properties during the first half of this

century. A compound which has the following features in its structure,
7/
A=M=(C) a2

where A represents an aryl group, and where ! is a heteroatom, has
been a keen object of these investigations since the historical syn-
theses of "Novocaine"™ by Einhorn.l Novocaine, an important locel
anaesthetic of more advantageous physiological action than that of the
natural anesthetic "Cocaine", was the famous ancestor of compounds of
similar structure. Since the beginning of these investigations an in-
tensive effort has been directed toward the discovery of the types of
chemical structures which are responsible for given physiological
activities.

As a result of this common goal of many investigators, an impor-
tant prediction was made by Pyman,2 who generalized the relationship
for compounds of the above general structure with respect to their
physiological actions. Later Lb’fgren3 proposed the deta?led structural
requirements of a compound which would possess local anesthetic
properties.

Because of the similarity in the chemical structure of sulfides
and of ethers, and because of the usefulness of the latter when they

also contain a tertiary amine group, the investigation reported in
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this thesis was undertaken for the purpose of synthesizing a similar
group of mixed tertiary amino phenyl alkyl sulfides. These are repre-
sented by the general formulas

R
-S«(CHy )n-N\
R

A second aim of the present investigation can be ascribed to a study
of the effect of the length and branching of the alkyl chain on the
physiological activities of these compounds. Thus & systematic
attempt was made to vary from two to six carbon atoms the length of
the alkyl chain which is attached between the arylthio radical and a
few dif ferent types of secondary amino groups. In other words, the
arylthio radical was kept a constant part of the molecule and the
chain length as well as the end secondary amine groups were variables,
From the results obtained in such an investigetion, one should
be able to draw some comparison between the ether and sulfide analogs
with respect to their chemical and physiological properties. Further,
one might expect that the slight differences between the sulfides and
ethers in their chemical properties may possibly manifest themselves
in important differences in their physiological behaviors. However,
it is clear that only the clinical tests, which have not yet been con-

ducted, can establish the true value of their physiological usefulness.
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HISTORICAL



Very little work has been reported on the investigation of the
physiological and pharmacological effects produced by tertiary amine
derivatives of mixed phenyl alkyl sulfides, although a great deal more
work has been done regarding the same effects of their ether analogs.

Considering the fact that many of these ethers have been found to
be useful for their local anesthetic, antihistaminic, sympathomimetic,
and antimalarial properties, an expectation of usefulness for the sul=-
fide analogs seemed reasonable because of the close similarity in the
structures of the ethers and sulfides. In accordance with the anesthesio-
phoric principle relating to the structural constituents among the veast
ma jority of local anesthetics, as proposed by LS‘fgren,3 the tertiary
amines of mixed phenyl alkyl sulfides of the general structure,
CGHSS-(CHZ)n-N(R)2 could also be classified under the category of
Lofgren's general formula for local anesthetics. He suggested that
the intermediate chain should consist of a hydrocarbon residue joined
to the aromatic structure through either an ester or an amide linkage,
which served to increase the physiological activity. The ester or
amide linkege might also be replaced by the amine nitrogen, the ketonic
carbonyl, or the ether oxygen.

The replacement of the ether oxygem by a sulfur atom would be
expected to give rise to properties very similar to those possessed
by the ethers. One of the very few cases of an investigation of the
physiological actions of tertiary amine derivatives of mixed phenyl

alkyl sulfides was carried out by Buchél and Tchonbar.4 Their work
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reported a comparison of @ -diethylaminoethyl phenyl sulfide (I) and
e -diethylaminoethyl o=-tolyl sulfide (II) with @ -diethylaminoethyl
phenyl ether (III) and @-diethylaminoethyl o-tolyl ether (IV).

(1) CgHgS<CH,CHy+N(CoHg)p (I1) 0-CHzCgH4S+CHaCHg *N(CoHg)g

(I11) CgHg0+CH,CHy*¥(CoHp)g (I7) 0-CH3zCgH,0CHyCH, *N(CoHg )y
They reported all of the above compounds were hypotensive, adrenolytic,
and slightly antihistaminic,_but that none showed any local anesthetic
action. They also found that the sulfur compounds were slightly less
potent than the oxygen compounds in the administretion of the lethal
intravenous dose in mice.

5

In other investigations carried out by Kohler,” it was reported

that @ -ethyleminoethyl phenyl sulfide (V) and @ -ethylaminoethyl
o-tolyl sulfide (VI) had no protective action against the acute pul-
monary edema produced by a one-milligram dosage of adrenalin hydro-
chloride in the intrevenous injection of & three~kilogram rabbit.
However, @ -dimethylaminoethyl phenyl ether (VII) and bis ( @ -o-

toloxyethyl)methylamine (VIII) were found to be quite effective.
(V) CSH5$-CHZCH2-N:i ] (V1) CH306H4S°CHZCH2-N:i ]
256 275
‘H
” (virz) (CH306H40-CH20H2)2-NCH3
However, in none of the limited investigations reported in the litera-

(vir) CGHso-CHZCHZ-N(CH3)

ture were sufficient compounds containing sulfur prepared to allow a
complete physiologicael study to be made.
This work deals with the preparation of some tertiary amine de-

rivatives of mixed phenyl alkyl sulfides, and is confined to their



chemistry and does not include any of the physiological studies,
which will be reported elsewhere.

The historical review of the possible methods aveilable for the
synthesis of tertiary amine derivetives of mixed phenyl a’kyl sulfides
as well as of the intermediates used in their preparation, &-hydroxy-
alkyl phenyl sulfides and & -chloroalkyl phenyl sulfides, will be dis=-
cussed in order to indicate why the methods employed in the present
investization were selected,

The reactions between sodium phenoxide end ethylenedichloride or
1,3-dibromopropane were reported by Yarvel® to yield 55-56%, and
84-85% of the corresponding ¢ =-chloroalkyl phenyl ethers respectively,
but there was no assurance that this reaction can be applied to thio-
phenolate and the same dihalides. The use of @=-chloroethyl-p-toluene-
sulfonate as a chloroalkylating agent for sodiim phenoxide was initially
employed by Clemo and Perkin’ and gave a better yield of @=-chloro-
ethyl phenyl ether than in the previous method.*

CHzCgHyS05C1 ¢ CLCH,CHpOH——> CHyCAH, +S0,0CH,CH,CL 4 HCL

CeHOE + CHzCqH,*S0,0CH,CH,C1 N80 | ¢ 1 04 CH,CH,CL +

5 2

CH3 'SOSN
Another method was used by Steinkopf8 to prepare @-chloroethyl

phenyl ether in a 76% yield. This consisted of passing gaseous

*An unpublished investigation by Dr. R. D. Schuetz on the
reaction between sodiuimthiophenolate and g.chloroethyl-p-
toluenesulfonate gave a fair yield of ,@ =-dithiophenyl-
ethane, besides a rather poor yield of @-chloroethyl
phenyl sulfide.



hydrogen chloride into & mixture of phenol, sodiumhydroxide and ethylene:
chlorohydrin in alcoholic solution heated on & steam bath.
HC1
CgHgOH ¢ NaOH ¢ C1(CH, ), OB CglgO* CH,CH,C1 4 NaCl
Alcohol

Although no extensive investigation hes been carried out, olefins
have been utilized to prepare @ =chloroalkyl phenyl sulfides from sul=-
fenylchlorides Lecher and Stdcklin® passed ethylene into a carbon-

tetrachloride solution of phenylsulfenyl chloride under anhydrous

conditions and obtained @=-chloroethyl phenyl sulfide in a good yield.

C6H5301 + CHy = CHy ——>C6H58°CH2CH201

e =hydroxyethyl phenyl sulfide was also obtainedlo by condensing

ethylene oxide with thiophenol in the presence of active charcoal.

s orr . C .
CeligSE # CHy=CHy —— CgH S CH, CHy OH
\/
0
- . 11
Similar reactions were reported for epoxides and phenol in the

presence of alcoholic sodlumhydroxide, using a seeled-tube technique,

NaCH
CGH5OH + R—CH-CH2 _— CGHSO'CHZCHOH
\ 7/ Alcohol i
0 R

but there was no assurance of its applicability using thiophenol,

Fuson and Koehneke12

prepared e =hydroxypropyl phenyl sulfide by
the reaction between sodium thiophenolate and chloroacetone, giving
rise to thiophenylacetone which was then reduced by the eerwein-

Ponndorfl® method.
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cz-:3
Al(O(CHS)ZCH)S |
SNa ¢ CICHZS-ChS—> CHgS-Ci (",;CHS —s csﬁss.cnzcao.r{

0 0

CSH5

They also prepared @-hydroxyisopropyl phenyl sulfide by the sulfur-

catalyzed reaction between thiophenol and ally alcohol. This latter
S

0 ———— CGH5S-CHCH

|
Cig

CsHssH + CrIz:CHCz{ OH

2 2

with
compound rearranged, when treated/thionyl caloride or hydrogenchloride

to replace the hydroxyl group by chlorine, to give @ =chloropropyl

phenyl sulfide instead of the expected @ -chloroisopropyl phenyl

sulfide.
SOCl2
CGH5S-CHCH20H _—_— C6H53-CH2CHCI
| or HC1
CH3 CH3

Ranshawl4 and co-workers reported that & -dialkylaminomethyl alkyl
sulfides my be obtained in good yields by the reaction of mercaptans
and secondary amines with formaldehyde, but an extension of this re-

action to thiophenol has not been reported.

RSH ¢ HCHO ¢ HNR2 RSCHZNR.Z + H20

An interesting synthesis of @ -diethylaminoethyl 2,4-dinitrophenyl
sulfide and of ¥ -diethyleminopropyl 2,4-dinitrophenyl sulfide was
carried out by Gilmanl5 and co-workers in the reactions between
@ -diethylaminoethyl and g -diethylaminopropyl mercaptans with 2,4-di-

nitrochlorobenzene. The @ -and ¥ -diethylaminomercaptans were prepared

T



in two different ways. The @ -diethylaminoethylmercaptan has been

16 and from

propared from ethylene sulfide and lithiumdiethylamids,
the interaction of g =diethylaminoethyl chloride with sodiumhydrosul-
fide. The later reaction also yields bis( @-diethylaminoethyl)

sulfide.

(CoHp)aNeCH,CHpSH ¢ C1CgH3(NO0p), ——— (CpHg)aN-CHpCHp *SCgH, (N0, ),

(CyHg)pNeCHaCHpCHSH # C1CgH;(NO, )y ——— (CoHg)oNe CHy CHy CHy #SCH7 (N0, ),

(CoHg)pNLL + Y — (CyHg), N+ CHyCH,SLA 4—87+(C2H5)2N-CHZCH28H

(CoHg ) NCH,CH,CL ¢ NaSH —— (CpHg)N*CH,CH,SH + (EtpN-CHyCHy),S

The ¥ -diethylaminopropylmercaptan was prepared in a 55% yield by the
reaction of ¥ =diethylaminopropyl chloride with sodium hydrosulfide,
using essentially the same procedure as was used for the preparation
of the lower homolog. It also gave ¥ =diethylaminopropyl 2,4-dinitro-
phenyl sulfide by reaction with 2,4-dinitrochlorobenzene a&s shown in
the above equations.

The first attempt to prepare @ -hydroxyethyl phenyl sulfide was
made by Bennet and Ben':'y17 by adding ethylane.chlorohydrin to a sodium
thiophenolate solution. However, they did not succeed in isolating
the pure product and reported its transformation into an unsaturated
compound on distillation. However, this unstability to heat wms not
confirmed by Kirner,18 SteinkOpi‘B and his co-workers, as previously

named, prepared @-hydroxyethyl phenyl sulfide in a similar manner,
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but made no attempt to isolate it, The method employed in the present
work was analogous to that suggested by Powelll® for the preparation
of the aoxygen analogs and followed the procedure of Kirnerl® which was

18 prepared two

based essentially upon Powell's method. Kirner
® -hydroxyalkyl phenyl sulfides, namely @ -hydroxyethyl and Y -hydroxy-
propyl phenyl sulfides. This method gave a smooth reaction with
sodiumthiophenolate and the corresponding chlorohydrins giving good
yields of B80-90% of the theoretical in a one hour period at reflux
temperatures.
NaOH
CeHgSH # C1(CHp)pOH ———= C H S=(CHjy )00

Preparation of the first member of the homologous series of
W =chloroalkyl phenyl sulfides was first carried out by Steinkopf and
his co-workers® in their synthesis of @-chloroethyl phenyl sulfide by
passing hydrogem:chloride into the crude @ =hydroxyethyl phenyl sulfide
to obtain a fair yield of the corresponding chloride. Bennet and
Berry17 obtained both the @=-chloroethyl and ¥ =-chloropropyl compounds

by the application of the Darzens'zo

reaction to the corresponding
hydroxy compounds.

The amination of the omega~haloren atom has been reported in the
case of @ =bromoethyl @ -naphthyl ether to occur in alcoholic ammonia
in a closed system at 100° C. by Koelle.?l Clemo and Perkin” obtained
a better yleld of dimethylaminoethyl naphthyl ether using a sealed tube
technique and a sixteen-hour period of reaction at 120-140° ¢, Exten-
sion of this reaction to the ®-chloroalkyl phenyl sulfides seemed

possible,



DISCUSSION



After a careful consideration of the various methods which have
been used for the preparation of a few of the simoler & -hydroxy and
® =chloroalkyl phenyl sulfides, as well as those used in the synthesis
of the tertiaryamine derivatives of mixed naphthyl alkyl ethers, the
following procedure was decided upon for use in the present investiga-
tionss

NaOH
CggSH ¢ C1(CHy) OH ——— CgHgS+(CHy) OH + NaCl + H,0

CeHgS*(CHy ) (OH # SOCl, s CgHcS*(CHy ), CL + SO, + HCQI
CHz

<

CeHgS*(CHp)nCl ¢ RoNH ——— CgH5S+(CH, ), -NRy

The @ -hydroxyalkyl phenyl sulfides with two to six carbon atoms in
the alkyl chain, including one with a branched alkyl chain of threse
carbon atoms, were prepared by the interaction of thiophenol with the
correspond ing polymethylane chlorchydrins in aqueous sodiumhydroxidse,
following the procedure developed by Kirnerl® The reactions were car-
ried out smoothly using all reagents in stochiometric quantities and
were completed in a period of two-thirds of an hour to an hour and a
half at a temperature of B0 to 100° C. In general yields of 80-90%
were obtained. The & =hydroxyalkyl phenyl sulfide with a branched
chain was prepared from propylene chlorohydrin., The distillation of

the ®-hydroxy compounds generally required high temperature and high

vacuum. For the ®=-hydroxyhexjyd phenyl sulfide, & waxy solid at room

=10-



temperature, a short fractionating column with a resistance heater on
the side arm was necessary. The properties of the ®=-hydroxyalkyl
phenyl sulfides which are new are summarized in Table I.

The @ -hydroxyalkyl phenyl sulfides were further characterized by
preparation of their 3,5-dinitrobenzoates and p-nitrobenzoates. The
properties of those derivatives which have not beon previously re-
ported have bsen listed in Tables II and III.

The & =chloroalkyl phenyl sulfides were obtained from the corres-
podding w =hydroxyalkyl phenyl sulfides by means of the Darzenszo
reaction using pyridine as the solvent. Yields of approximately 50 to 90
percent were obtained by treating the w-~hydroxyalkyl phenyl sulfides
with a 25% excess of thionyl chloride under carefully controlled con-
ditions in order to prevent a sudden rise of the reaction temperature
during the addition of the thionyl chloride. This was done by using a
cold water bath around the reaction flask., The temperature used to
complete the reactions after the addition of the thionyl chloride
ranged from 50 to 90° C. At higher temperatures considerable tarring
was apt to occur., The end of the reaction was determined by observing
the formation of the pyridine hydrochloride in an amount approximately
equivalent to the alcohol used. Generally the end of the reaction was
reached in about one to one and a half hours in which time the color
of the reaction mixture became light brown. The properties of the
w =chloroalkyl phenyl sulfides which have been prepered for the first

time are listed in Table IV.
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The tertiary amine derivatives of the mixed pheny alkyl sulfides
were obtained from the w -chloroalkyl phenyl sulfides by treatment
with a two-molar excess of the corresponding secondary amines which
were piperidine, morpholine, dimethylamine, or diethylamine, in toluene
as the solvent. The reaction conditions varied widely with respect to
time and temperature, depending on the nature of the secondary amine
and the reactivity of the particular « -chloroalkyl phenyl sulfide
usede The reaction periods ranged from one to nine hours and the
reaction temperatures varied from 70 to 130° C. The reactions were
considered complete when no more secondary amine salt formed. Rather
large differences in the reactivities of the different members of the
homologues series of w =chloroalkyl phenyl sulfides was qualitatively
observed. Although no attempts were made to obtain any quantitative
determination of the reactivity of the chlorine atom in the « =chloro-
alkyl phenyl sulfides prepared in this work, it was found that the
reactivity of the chlorine in the first three members of the homo=-
logous series of w =chloroalkyl phenyl sulfides was in general agree-
ment with Kirner's!® results on such activity,

Upon the completion of the reactions the free amines were iso=-
lated by the following method. To the reaction mixture was added
water to dissolve the salt formed, followed by sodiumidroxide until
the solutions became alkaline, then the mixture was distilled with
steam until the distillate gave a negative Simon's color test for a
secondary amine.?8 The steam distillation removed the excess secondary

amine and the toluene from the reaction mixture. The remaining
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aqueous mixture of oil was treated with hydrochloric acid to convert
the oily tertiary amine into a soluble salt. Extraction with ether

at this point removed any unused w-chloroalkyl phenyl sulfide. In
all cases, there was no appreciable amount of unused =-chloroalkyl
phenyl sulfide. The mixtures were them made alkaline again, whereupon
an oil layer formed which was separated and latser the oil was combined
with the benzene extracts of the aqueous layers. After drying over
anhydrous sodiun sulfate,the benzene was removed on a steam bath and
the remaining free amine was taken up in dry ether into which hydrogenr
chloride gas was passed to precipitate the amine hydrochloride. The
crude amine hydrochlorides were recrystallized from a variety of sol-
vents due to their different solubility. In general isopropyl elcohol,
benzene, and 1l,4-dioxane were found suitable for the recrystallization
of the w -piperidyl and « -morpholylalkyl phenyl sulfide hydrochlorides,
while only 1l,4-dioxane was suitéd for the w =dimethyl and w =-diethyl-
aminoalkyl phenyl sulfides.

In addition to the reaction conditions previously discussed, the
sealed tube technique was applied for the interaction of dimethyl and
diethylamine with the corresponding ® -chloroalkyl phenyl sulfides.

In the reactions involving dimethylamine 1,4-dioxane was used &s a sol-
vent since it was expedient to employ the amine in a 257 aqueous
solution.

In general, it may be said that there are a variety of influencing
factors in the amination reaction. Among these factors are the re-
activity of the chlorine atom in the ® -chloroalkyl phenyl sulfides

and the basicity of the secondary amines.

-]17=



The overall yields of the morpholine derivatives were in general
lower then those of the piperidine derivaties, presumably because of
the different basicities of the two secondary emines.

Altopether, fourteen new tertiary amine derivatives of mixed
phenyl 21kyl sulfides which have not previously been reported were pre-
pered and some of their properties are summarized in Table V.

Of the polymethylene chlorohydrins used for the preparations of
the ®-hydroxyalkyl phenyl sulfides in this investigation, ethylene
chlorohydrin, trimethylene chlorchydrin and propylene chlorohydrin
were readily available.

Tetramethylene chlorohydrin was prepared by treating tetrahydro-

furan with gaseous hydrogenchloride according to the method employed

by Starr and Hixson,%2 who obtained & yield of 54=57% of the theorsti-
cals

CH, ~CH,,

= + HCl —— = HO<CH,CH,CH,CH,+C1

2 HiptH, Ly
CH, CH
N
0

Contrary to the report of Starr and Hixson,22 who reported it required
only five hours of passing hydrogen chloride gas into the reaction
flask to reach a constant reaction temperature of 105° C., it was
found to take & period of thirteen hours before the reaction mixture
reached a constant temperature at which point no more higl; boiling
products were formed.

The tetrahydrofuran was first heated to its boiling point (64-65°

C.) on & water bath, then a slow streem of hydrogan chloride was passed

18-
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into it. The temperature of the bath and the flow of hydrogenchloride
were adjusted in a marner to maintain a constant rate of reflux. As
the reaction proceeded the temperature of the reaction mixture rose,
indicating en increase in the high-boiling products., The temperature
of the flask was raised very slowly so as to keep the unused low-
boiling tetrahydrofuren in comtact with the hydrogenchloride. At the
end of thirteem hours, the temperature remined practically constant
at 90-91° C. The yield obtained from the distillation of the reaction
mixture was rather low, 26% of the theoretical, The possible side re-
actions which could be ascribed to the low yields have been reported.23
It was found that tetramethylene chlorohydrin reacted with hydroger
chloride in the liquid phase under pressure and at a temperature of

110° C. to give bis(4=-chlorobutyl)ether.

CH,~CH
2=42
P HC1 |
CHy CHy + BCl — Cl~(CH2)4OH — Cl-(CH2)4°O°(CH2)4-C1
\/
0

It has also been revorted that the cleavage of tetrahydrofuren to

form the corresponding dihalides could be eff ected with hydrogen iodide,
hydrogabromide, end hydrogenchloride.24s2% For example 1,4-dichloro-
butene was readily prepared by passing a mixture of tetrahydrofuran
and hydrogm chloride under pressure through a reactor maintained at
180° C., and with a proper choice of reaction concentration and re-
cycling of by-products, substantially quantitative yields of 1,4-di-

chlorobutane were obtained.26
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HyC  CH # 2HC1 ———= C1+(CH,)4+Cl + H,O0

2

The preparation of pentamethylene chlorohydrin was accomplished
by the method which »arvel and Calvery26 used for the synthesis of
trimethylene chlorohydrin. This involved the interaction of the cor-
responding glycol and gaseous hydrogenchloride.

HO*CHoCHgCHpCHoCHg «OH ¢ HC1 —— HO*CHpCH,CHpCHgCHyeCl 4 Hy0
The method was based upon the quick distillation of a small quantity
of the glycol by means of a repid stream of gaseous hydrogenchloride.
Because of the higher boiling point of the product prepared here the
distillation could not be carried out as repidly as in the case of
trimethylene chlorohydrin, ceusing difficulties in obteining & good
yield. The final yield after fractionation of the distillate was 47%
of the theoretical. The product obtained was still impure and»caused
the low yield in the preparation of the @ =hydroxyamyl phenyl sulfide.

Hexamethylene chlorohydrin was prepared satisfactorily according
to the method of “aller and Vanc.2’ The procedure was different from
that used in the preparation of pentamethylene.chlorohydrin. It
eliminated the procedure of immediate distillation of the product as
it formed. This was done by replacing the downward condenser with a
reflux condenser and the reaction was completed in a single operation
in place of the multiple operations on small batches of the glycol as

in the case of the pentamethylene glycol.

21



HO*(CH,)g*OH & HCl ———— HO*(CHy)geCl + Hy0

The procedure was based upon the saturation by hydrogenchloride of
the corresponding glycol at relatively low temperature over & desig-
nated period of time according to Miller's data. He esteblished the
empirical relationships between the amount of glycol used, temperature
of the reaction, period and rate of treatment with hydrogen chloride,
yield of 1,6-dichlorohexane, 1,6-hexamethylene chlorohydrin, recovery
of unreacted glycol, and the ratio of the chlorohydrin to the di-
chloride, The optimum reaction conditions for obtaining a high ratio
of chlorohydrin to dichloride and a low recovery of the unreacted
glycol were selected on the basis of Miller's27 work. The reaction
temperature actually used was 88-94° C, and the period of treetment
with gaseous hydrogen chlofide was three hours. Upon fractionation
the crude reaction mixture a 51% yield of the pure 1,6-hexamethylene
chlorohydrin was obteined, while Miller reported & 43.6% yield of the

chlorohydrin,

=22
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@-Hydroxyethyl Phenyl Sulfide

In a 300 ml, three-necked round-bottom flask fitted with a
stirrer, a dropping funnel, and & reflux condenser was placed 22 g.
(0.2 moles) of thiophenol dissolved in 72 ml. of 10% aqueous sodium
hydroxide. To this solution with stirring was added dropwise 20 g.
(0.25 moles), of ethylene chlorohydrin over a period of a quarter
hour, Immediately after the addition of the chlorohydrin was com-
pleted an exthothermic reaction set in., Moderate heating was applied
to the reaction flask by means of an electric mantle, whereupon a
sudden cloudiness was observed in the reaction mixture. The reaction
wes kept at reflux for an hour to ensure completeness, in which time
a clear oily layer separated. At this point heating was discontinued
and the flask and its contents were allowed to cool to room tempera-
ture. The oily layer was separated by means of a separatory fummel,
and the aqueous fraction was extracted twice with ether. The o0il
combined with the ether extract was washed twice with water and then
dried over anhydrous sociumsulfate, followed by removal of the ether
on a steam bath. The o0il was vacuum-distilled using & column 30 cm,
in height and 12 mm, in diameter packed with 1/8" glass helices. The
37 go of crude oil gave a few ml, of forerun and then & clear oil
which had no unpleasant odor. The yield of the product was 24.7 g.,
80.2% of the theoretical. Its physical properties were, n%o = 1,5900,
B. P. £8=97° C./1 mm. Reported values are n%o = 1.5917, B. P, 115-
116° C./2 mm.1® During the distillation about 4 g. of thiophenol were
recovered from the dry-ice trap together with small amount of unreacted

chlorohydrin.
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¥ =-Hydroxypropyl Phenyl Sulfide

Using the same apparatus a&s was described above, 69 g. (0.73
moles) of trimethylene chlorohydrin were added dropwise to 66 g. (0.6
moles) of thiophenol dissolved in 140 ml. of 15% aqueous sodium
hydroxide over a period of a quarter hour. The reaction mixture was
then refluxed one hour with moderate heating and stirring. A clear,
oily layer separated at this point and the reaction was stopped.
After the separation, extraction, washing, and drying as was done in
the preceeding preparation, the reaction mixture gave 120 g. of a
crude oily product. This o0il on fractionation gave 92 g. or 91.8% of
the theoretical of the desired ¥ =hydroxypropyl phenyl sulfide which
boiled at 133-135° C./1.5-3 mm. The refractive index of this material

was, n%o = 1.,5793. The reported properties of this compound are

n20

=7 = 1.5€13, B. P. 154-135° C./2 mm,18

@ -Hydroxypropyl Phenyl Sulfide
The same procedure and apparatus was used as in the previous
preparations. To 22 g. (0.2 moles) of thiophenol dissolved in 72 ml,
of 10% aqueous sodiumhydroxide were added dropwise 22 g. (0.23 moles)
of propyleme chlorohydrin over a period of a 15 minutes with stirring.
After refluxing one hour, 40 g. of the crude product were obtained at
the end of the same procedure used in the previous preparations. The
crude was fractionated to give a pure product weighing 30.7 g., 91% of
the theoretical, which boiled at 95-100° C,/0.5-1 mm. The refractive

index of the product was, ngo = 1.5718. The reported values for these
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properties are, n%O = 1,5705, B. P, 7€° C./2 mm.12 A second prepara-
tion of this compound gave similar results; a 917% yield, B. P. £84-101°

C./3.5mm and n%o = 1,5750.

8 -Hydroxybutyl Phenyl Sulfide

Using the same technique as that used in the foregoirg experi-
ments, the interaction of 33 g. (0.3 moles) of thiophenol dissolved in
68 ml. of 15% aqueous sodium hydroxide and 33.5 g. (0.31 moles) of
tetramethylene chlorohydrin gave 63 g. of a crude oil in a one~hour re-
action period under reflux. The fractionation of the crude product
yielded 48 g., B8% of the theoretical, of the pure product which dis-
tilled at 119-122°C./3-4mm, Its refractive index was, n%o =1,5723,
Analysis for sulphur of the product gave the following results,

Subs. 0.06479; BaSC4 0.04680; 8% Calc'd. 9.69; S% Found 9.92.

€ -Hydroxyamyl Phenyl Sulfide

Following the same general procedure discussed above, the inter-
action of 33 g. (0.3 moles) of thiophenol dissolved in 45 ml. of 25%
aqueous sodiim hydroxide with 37.6 g. (0.31 moles) of 1,5-pentamethylene
chlorohydrin gave 60 g. of a crude oil after two hours at reflux tempera-
ture. The fractionation of the crude producf gave 49 g., 83.4% of
the theoretical, of the pure product which boiled at 155-156°C./1-2mm.
The refractive index measured immediately after the distillation and
before solidification was, n%o = 1.5610. The sulfur analysis for the

product was as follows:

Sub. 0.12783; BaSO, 0.14975; S#% Calc'd. 16.35; SZ Found 16,09
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@ =Hydroxyhexyl Phenyl Sulfide

By a similar procedure involving the interaction of 20 g (0.177
moles) of thiophenol dissolved in 30 ml, of 19% aqueous sodium
hydroxide solution with 24.4 g. (0.]8 moles) of 1,6-hexamethylene
chlorohydrin there was obtained 31 g. of a crude o0il in an 90-minute
period at reflux temperature. Fractionation of the crude product
yielded 24.7 g., 65.8% of the theoretical, of the pure product which
distilled at 152-156°C./b.5mm. It was necessary in the distillation
of this compound to use a shorter fractionating column, 20 cm. in
height and 12 mm. diameter, and the side arm of the distilling flask
was heated by & Ni-Cr electric heating element to prevent the solidi-
fication of the product in the side arm during the distillation. The
refractive index measured right after the distillation and before the
product solidified was, n%o = 1.,5483., The sulfur analysis for this
waxy compound showed the following results:

Subs., 0.11860; BaSO4 0.12739; S% Calc'd. 15.28; S% Found 14,76

-26=



8°99 L*¥2 06 0¢ 8T1°0 2°L 8T°0 02 8T°0  ¥°¥2 eue TAyjeursxey
[Ad:! 6% 021 g% $2°0 gT  £°0 22 18°0  9°L8 eus [Ayjeusiued
88 8% 09 89 2°0 2t ¢°0 e 18°0 g°gg eueTAyjeusrgey
16 231 09 09¢ 0°T oF 0°T 011 90°1 o1t eueAdoad
16 L*08 09 2L 2°0 8 20 22 £2°0 22 eueAdoad
8°16 26 03 0T  9°0 ¥2  9°0 99 eL°0 69 eue [AYyjeuty
2°08 L°v2 37 2L 2°0 8 2°0 22 g2°0 02 eue TAy3e
*100y3 % 3 Uy o Tw saTou *3d seTou *3 se jou *3
PIe®1X potred Jejspm HO®N Toueydoty] sutapAyoaoTyn
xny joy 84UB3080Y

SAALIINS TANEHd TAAXTVAXONAAH= (2 ¥HL ¥O0d QEANIVIHO SCTIIX QNV SNOIJLIANOD NOILOVEY

IA 3T4VL

-2 T



¥ -Chloropropyl Phenyl Sulfide

To 56 g. (0.51 moles) of § =hydroxyvropyl phenyl sulfide dissolved
in 40.3 g. (0.51 moles) of anhydrous pyridine contained in a dry three-
necked ground-glass flask fitted with reflux condenser, stirrer, and
dropping funnel was added with stirring 76 g. (0.€4 moles), a 25%
excess of the theoretical, of thionylchioride. The latter reagent was
added dropwise at such a rate that no sudden temperature rise took
place in the reaction mixture. The temperature of the reaction mixture
was conveniently read by dipping a long=-stemmed thermometer through
the condenser. The reaction was completed in a period of an hour and
a half. The reaction temperature should be kept below 90° C, After
cooling to room temperature, the reaction mixture was washed with
water to remove the excess thionyl chloride and the pyridine hydro-
chloride formeds The brownish, oily organic layer was separated by
means of a separatory funnel and the aqueous layer was extracted re-
peatedly with small portions of ether. The combined oil and ether
extract was again washed with water and dried over anhydrous sodium
sulfate., After removal of the ether the crude product weighed 93 g.
Fractionation of the crude product using the column previously des-
cribed gave an oily product boiling at 102-103°C,./2-3mm, The product
weighed 90.8 g., 96% of the theoretical, and was slightly yellowish
in color. Its refractive index weas, n%o = 1,56742., The reported value

is nio = 1.5722,18
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@ -Chloroethyl Phenyl Sulfide

Using the above technicue the interaction of 20 g. (0.13 moles)
of @-hydroxyethyl phenyl sulfide, dissolved in 10.3 g. (0.13 moles)
of pyridine, with 18 g. (0,16 moles) of thion:l chloride gave 20 g. of
a crude oil in a one-hour period of reaction at a temperature of
80-120° c.

The subsequent distillation of the crude product gave 12.5 g.,
55% of the theoretical, of the pure product which distilled at 99-113°
c./4-6mm. The refractive index of the material was ngo = 1,5828;

reported value n%o = 1.5838,18

@ =Chloropropyl Phenyl Sulfide

The reaction of 148 g. (0.88 moles) of @-hydroxypropyl phenyl
sulfide, dissolfed in 70 g. (0.88 moles) of anhydrous pyridine, and
130 go (1.1 moles) of thioml chloride gave 160 g. of a crude oil in
a one-hour period at a temperature ranging from 50 to 90° C., follow-
ing the same procédure as was used in the previous preparations. A
rapid tendency toward tarring was characteristic of this reaction.
Fractional distillation gave 146 g., 90% of the theoretical, of the
pure product which boiled at 80-80.5°C./lmm. The refractive index of
the product was, ngo = 1.5635, The reported values are, B. P, 83-86°

C./0.1-0.2mm, , n20 = 1.5680,12

Q ~Chlorobutyl Phenyl Sulfide
Following the same procedure as in the previous preparations,

23.7 go (0413 moles) of §=hydroxybutyl phenyl sulfide dissolved in a

=2 Ve



slight excess of anhydrous pyridine were treated with 18 g. (0.16
moles) of thionyl chloride. The reaction mixture was keot, with stir-
ring, at a temperature between 50 to 80° C. for one and a half hours.
The emount of crude product obtained amounted to 25.5 g. On distilla-
tion, 16.5 g., 66% of the theoretical, of a pure product were obtained
which boiled at 123°C./2mm. The refractive index of this material was,
n%o = 1.5670 and the results of analysis for sulfur were as followss

Subs. 0.09534; BaSO, 0.11352; S% Calc'd. 15.99; S% Found 16.35

€ -Chloroamyl Phenyl Sulfide

Using 45 g. (0.23 moles) of € ~hydroxyamyl phenyl sulfide dis=-
gsolved in 18 g, (0.23 moles) of pyridine and adding 29 g. (0.25 moles)
of thiomyl chloride, there was obtained 35 g. of a crude oil after a
two and a half hour period of reaction at a temperature of 50 to 65° C.
There was obtained by distillation 25.5 g., 71% of the theoretical,
of the pure product which boiled at 127-137°C./1mm. The refractive
index of this viscous product was, nZDO = 1,5600 and the analysis for
sulfur was as follows:

Sub. 0,13151; BaS0, 0.155€5; 8% Calc'd. 14.95; S% Found 16.25

W=Chlorohexyl Phenyl Sulfide
The same general procedure as previously described was employed,
using 62 g. (0.32 moles) of the corresponding « -hydroxyalkyl phenyl
sulfide dissolved in 25.3 g. (0.32 moles) of anhydrous pyridine and
47.2 g. (0.4 moles) of thionmyl chloride. This gave rise to 52 g. of &

crude oil at a reaction temperature of 60-8B0°C. during a one-=hour



reaction periode The fractionation of the crude product gave 44 g.,
4637 of the theoretical, of a pure viscous liouid which distilled at
144-147° C./1mm. About 25 g. of a tarry residue remained after the
distillation due to some decomposition. The refractive index of the
product was n%o = 1.,5490 and the analysis for sulfur were as are in-

dicated below:

Subs. 0,13166; PRaSC, 0.13522; S% Calc'd. 14.03; S;i Found 14.10
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@-Piperidylethyl Phenyl Sulfide Hydrochloride

. CHp=CH
C6H58 . Ch2 CHZ-N\CH2 -CHg‘Chz *HC1

Into a dry three-necked 300 ml. ground-glass flask fitted with
stirrer, reflux condenser and dropping fumnel was poured a solution
of 27.5 g. (0.32 moles) of piperidine dissolved in 25 ml. dried
toluene. To this was added 18.5 g. (0.107 moles) of @ =-chloroethyl
phenyl sulfide dissolved in 25 ml. of dry toluene from a dropping
funnel. The reaction mixture was stirred and allowed to proceed to
completion. This was determined by the separation of sufficient
piperidine hydrochloride salt, which required one and a half hours at
a reflux temperature of 100° C. The initial separation of the salt
started at the end of 30 minutes of reflux. After refluxing an hour
and a half, there was no appreciable increase in the amount of the
salt at which point the reaction was discontimied. After cooling to
room temperature, 60 ml, of water were added to dissolve the salt
formed. The reaction mixture was then made alkaline by adding a solu-
tion of 4.28 g. (0.107 moles) of sodimn hydroxide dissolved in a small
amount of water which caused the separation‘ of a yellow oily layer.
The mixture was steam distilled to remove the excess piperidine and
toluene. From time to time the Simon's color test for secondary a.mines28
was applied to the distillate. Upon the complete removal of all the
secondary emine and toluene, which required 70 minutes, the reaction

mixture, while still warm, was treated with 10.4 rril. of concentrated

-33m



hydrochloric acid and agitated. The oily product became soluble in
the acid media. The solution was then extracted with ether to remove
any unreacted @ -chloroethyl phenyl sulfide. Following this 5.2 g.
(0.13 moles) of sodun hydroxide were added to obtain the free amine

as an oily layer., The total volume of the mixture was then about 400
ml. The oil layer was separated and the aqueous layer was extracted
with benzene until no cloudiness was visible. The combined benzene
extract and oil were washed with water and dried over anhydrous sodium
sulfate., Removal of the benzene was hastened by bubbling eir through
the solution on a steambath. The fish-odored oily free amine weighing
13 g., 50% of the theoretical, was taken up in 400 ml. of dry ether.

A gentle stream of hydrogenchloride ras was passed through a small
nozzle into the ether solution, kept cold, until no more precipitate
formed. Difficulties were frequently encountered in filtering off the
sticky hydrochloride. These were best overcome by pessing just emough
hydrogen chloride gas for complete precipitation. The bulky hydro=-

" chloride in ether was kept cold over night to help its crystallization.
The salt was filtered on a Buchner funnel and the filtrate was tested
with hydrofexrchloride gas for complete removal of amine., The crude
hydrochloride weighing 13.8 g., 50% of the theoretical, was dissolved
in 100 ml, of hot, dry isopropyl alcohol and decolorized twice with
Norite. Overheating of the solution was avoided since the hydro-
chloride w&s apt to decompose giving rise to a brown color in the solu=-
tion. Two recrystallizations from isopropy alecohol and a final waéhing

with a small amount of ether followed by drying gave 6.8 g. of a pure
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product which crystallized in needles and melted at 185-186° C.
Analysis of the compound for nitrogen and sulfur gave the following
resultss

N7% Calc'd. 5.44; M) Found 5.55, 5.44

Subs. 0.08992; PaS0, 0.082093; S7 Cale'd. 12.45; S/ Found 12.36,12.25
0.0E8852 0.07895

¥ ~-Piperidvlpropyl Phenyl Sulfide Hydrochloride

CHy=CH,

C .H.S+C,CH,CHN Sei, +HCl
55 CdptH, b
® 2\ ¢itp-0j

Using the same apparatus and technique as described above 18 g,
(0.1 moles) of ¥=-chloropropyl phenyl sulfide dissolved in 25 ml. of
toluene were added to & solution of 25.5 g. (0.3 moles) of piperidine
dissolved in 15 ml. of toluene. The reaction was slower in this case
and requirel one hour of refluxing before the piperidine hydrochloride
started to separate. After similar treatment with water and alkali as
in the preceding preparation, the reaction mixture was steem distilled
until it gave a negative Simon's test. This was followed by acidifica-
tion, benzens extraction, and finally isolation of the free amine in
an alkaline solution, After separation of the o0il and extraction of
the aqueocus layer with benzene followed by the removal of the benzense,
the free amine was dissolved in 500 ml. of dry ether. Treatment of
the ether solution with hydropen chloride gas gave 30 g. of a crude
salt which was decolorized and recrystallizel from isopropyl alcohol

three times yielding 10.6 g., 39/ of the theoretical, of the pure
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crystalline compound. The product melted at 149-150° C. and the
analyses of the compound for nitrogen and sulfur gave the following
results:

N% Cale'd 5.163 Y2 Found 5.15, 5.05

Subs. 0.07259; BaS0, 0.06355; S% Calc'd. 11.81; S’ Found 12.03
@ =Piveridylpropyl Phenyl Sulfide Hydrochloride

CHy=CH,
SeCH, CH=V SCHo *HC1
5 2 \ s 02

| CH, =CHy

CHg

CeH

Following the same procedure as before, a solution of 28 g. (0.15
moles) of @-chloropropyl phenyl sulfide in 30 ml. of toluene was
added to 38.2 g. (0.45 moles) of piperidine dissolved in 30 ml. of dry
toluene. The separation of piperidine hydrochloride required an hour
and a half at a reflux temperature of 100° C. The reaction was con-
tinued for seven hours, after which no more salt aﬁpeared to form,
After the usual treatment of the reaction mixture, there was obtained
36 go, 907% of the theoretical, of the free amine which was comverted
into 45 ge. of the crude hydrochloride by the usual method. The product
was recrystallized from benzene four times giving 8.5 g. of the pure
crystalline salt which melted 128-129° C. The analyses of the compound
for nitrogen and sulfur gave the following results:

N% Cale'de 5.15; Y% Found 5.17, 5.12

Subs. 0.05613; BaSO, 0.04598; S% Calc'd. 11.81; $% Found 11.25, 11.50
0.07313 0.05122
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@ -“Yorpholylethyl Phenyl Sulfide Hydrochloride

Jojst -CHg )
CSHss-CHZCﬂ -g ) J,O-hCI
Ciy=Clig
The procedure was the same as in the previous presparations.
Using 18.5 g. (0.107 moles) of @=-chloroethyl phenyl suliide and 26.1
ge (043 moles) of morpholine in 30 g. of toluene as a solvent, the
salt separation failed to start after seven hours of heating at 80° C.
However, morpholine hydrochloride started to separate on raising the
reaction temperature to 120° C, after one and a half hours of additional
heating,. There was obtained by the usual treatment of the reaction
mixture 19 g. of the crude hydrochloride, 68.6% of the theoretical,
The product was recrystallized from 1,4-dioxane twice giving rise to
9 g. of a pure crystalline hydrochloride salt which melted at 123-
125° C. The analyses of the product gave the following results:
N% Calc'd. 5.39; N Found 5.38, 5.14

Subs. 0.05813; BaS04 0.05235 ; S% Cale'd. 12.35; S% Found 12.36, 12,04
0.05853 0.05127

¥ -Torpholylpropyl Phenyl Sulfide Hydrochloride
LHy=CH
C6HSS‘CﬁZCH2CH2-Q ) "O-HCI
CHy =CH
By using 20.5 g. (0.11 moles) of ¥ =chloropropyl phenyl sulfide
and 26.1 g. (0.3 moles) of morpholine in 20 ml. of toluene as a solvent,
the morpholine hydrochloride salt separation took place after 20 minutes

refluxing at 120° C. and the reaction was completed in two and a

-37-



half hours., After the usual manioulations, 50 g. of the crude
tertiary amine hydrochloride which corresponded to 1004 of the theorsti-
cal were obtained. Since most alcohols commonly available were poor
solvents for the product, recrvstallization was carried out by saturat-
ing hot benzene with the salt and decanting the benzene solution and
allowing it to cool. The material obtained from the benzene extractions
was recrystallizel from 1l,4-dioxane. The pure crystalline material ob=-
tained from three recrystallizations using 1,4-dioxane weighed 14.4 g.,
44,8% of the theoretical, and melted at 142-143° C, The analysis for
nitrogen and sulfur are indicated below.

N Cale'd. 5.12; N#Z Found 5,10, 5.40

Subs. 0.08127; 8&304 0.06783; S:g Calc'do 11.7?4; SG/{J Found 11.47, 11.58
0.07859 0.06626

@ =Ylorpholylpropyl Phenyl Sulfide Hydrochloride
CHz  CH,-CH,
C,H:S+CH,CH - N *0HC1
6 5 2 \ 4
CHy=Cilp
Interaction of 32.45 g. (0.174 moles) of @ -chloropropyl phenyl
sulfide and 40 g. (0.45 moles) of morpholine dissolved in 30 g. of
toluene gave moroholine hydrochloride salt separation after a period
of five hours refluxing at 125° C. and the reaction was completed with
an additional seven hours at the same temperature. After the usual
treatment of the reaction mixture, 24 g., 55% of the theoretical, of
the crude hydrochloride wers ohtained. On two recrystallizations from

1,4-dioxans, 9.9 g., 20.8% of the theoretical, of a pure crystalline
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salt with a melting point of 146-148° C. was obtained. The analyses
for nitrogen and sulfur of the compound gave the following resultis:
N% Calec'd. 5.12; NJ7 Found 5.07, 5.18

Subs. 0.08787; BaS0, 0.07253; S% Cale'd. 11,723 S% Found 11,33, 11,34
0,08590 0.07086

S -Piperidylbutyl Phenyl Sulfide Hydrochloride
LHo=CHy
CGHSS-CHZCHZCHZCHZ-Q ) ;CH2°HCI
CHZ-CHZ
Employing 14 g. (0.07 moles) of § =chlorobutyl phenyl sulfide,
18 go (0.21 moles) of piperidine, and 20 ml. of toluene as a solvent,
produced the first piperidine hydrochloride salt separation after ten
minutes of reaction at 80° C. The total period required for the com-
pletion of the reaction was only one hour at the same temperature.
The hydrochloride obtained through the usual procedure was dissolved
directly in 1l,4-dioxane and on further recrystallizations gave 6.7 g.,
34% of the theoretical, of the pure crystalline product which melted
at 137-138° C. The analyses for nitrogen and sulfur in the compound
gave the following datas
N7 Calc'de 4.903 N% Found 4.97, 4.83

Subs. 0.08891; RasSO, 0.07139; S Calc'd. 11.23; S Found 11,03, 11.05
0.07269 0.05848
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8 -"forpholylbutyl Phenyl Sulfide Hydrochloride

CH,=CH

L 42
CSHSS~Cd2CHZCd2CH2-Q

2

/

CHy~CHy

0°*HC1

Reacting together 18 g. (0.09 moles) of § =chlorobutyl phenyl
sulfide and 23.5 g. (0.27 moles) of morpholine in 20 ml. of toluene
as a solvent caused an initial salt separation after an hour and a
quarter at a reaction temperature of 78° C. The reaction was completed
after an additional twenty-four period at the same temperature. By the
usual procedures, 10 g., 38.7% of the theoretical, of a crude hydro-
chloride were obtained., Three recrystallizations of the product from
l,4-dioxane yielded 3.7 g. of the pure, crystalline product which
melted at 113-114° C. The analyses for nitrogen and sulfur for the
tompound gave ﬁhe following data.

N5 Calc'd. 4.87; N Found 4.83; 5.00

Subs. 0.05783; BaSO, 0.04676; S7% Calc'd. 11.15; S Found 11.10, 11.05

0.06815 0.05483

€ -Piperidylamyl Phenyl Sulfide Hydrochloride

CSHSS'CHZCHZCHZCH2CH2-Q -;CHz'HCI
CHy =CHy
From the reaction of 8 g. (0.037 moles) of € -chloroamyl phenyl
sulfide and 8.6 g. (0.111 moles) of piperidine in 15 ml. of tolueme as
a solvent there resulted a poor yield of the corresponding tertiary

amine at a reaction temperature of 70° C. The time required to the

initial separation of piperidine hydrochloride wms one hour and



reaquired an additional hour and a half for completion of the reaction.
The crude hydrochloride obtained by the subsequent treatment was re-
crystallized twice from 1,4-dioxane, giving rise to 1.0 g., 88% of
the theoretical, of the final product which melted at 118-122° C,
Analytical data are as follows:

N% Calc'd. 4.67; N% Found 5.24, 5.33

Subs. 0.02407; BaSO, 0.01768; 8% Cale'd. 10.70; S% Found 10.10
€ -Yorpholylamyl Phenyl Sulfide Hydrochloride

[CHa=CHy
CGHSS'CHZCHZCHZCHZCHZ-Q ;O'HCI
CHg=CHy
Treatment of 8 g. (0.037 moles) of € =-chloroamyl phenyl sulfide

with 8.8 g. (0.111 moles) of morpholine in 15 ml. of toluene as &
solvent produced initial separation of morpholine hydrochloride salt
after one hour of reaction, and the reaction was completed’in an addi-
tional half hour. A yield of 2.1 g., 15.2% of the theoretical, of the
pure hydrochloride was Bbtained after several crystallizations from
1,4-dioxane. It melted at 117-119° C. and analyzed to give the follow=
ing resultss

N% Cale'de 4.54; N% Found 4.67, 4.77

Subs. 0.06103; BaS0y 0.04758; S% Calc'd. 10.63; S75 Found 10.70, 10,67
0.03277 0.02545
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W -Piperidylhexyl Phenyl Sulfide Hydrochloride

,CHz"‘CH
C gf S «Clip Cifip Clip CHip CHp Cifg =N _CHy*HC1

From 18 g. (0.079 moles) of « =chlorohexyl phenyl sulfide, 20.2
ge (0.24 moles) of piperidine, and 10 ml. of toluene at a reaction
tempesrature of 100° C. there was obtained the initial salt separation
in two and a half hours and the reaction was completed in an hour of
additional heating. The 15 g., 57% of the theoretical, of crude hydro-
chloride gave B.25 g. of pure crystalline salt after several recrystal-
lizations from l,4-dioxane. The product had a melting point of
119-121° C. and was analyzed to give the following results:

N% Calc'd. 4.47; N% Found 4.66, 4.66

Subs. 0.06980; BaS0, 0.04993; S% Calc'd. 10.22; S Found 9.83, 9.96

0.07534 0.05463

W =Morpholylhexyl Phenyl Sulfide Hydrochloride

CHgS » CH, CHy CHp CHy CHy CHy =N J0+HC1
CHy-CH,

Interaction of 24 g. (0.11 moles) of W =-chlorohexyl phenyl sulfide
and 28 g. (0.33 moles) of morpholine in 15 ml. of toluene as a solvent
gave the first salt separation in three and a half hours of reaction
at 110° C. The reaction was completed in an additional three hours.
The 23 g. of crude hydrochloride, after a few recrystallizations from

1l,4-dioxane, gave 15.6 g., 41% of the theoretical, of a white, waxy



material which melted at 112-124° C., The analyses of this compound
showed the following results.
N% Calc'd. 4.44; N% Found 4.31, 4.52
Subs. 0.06033; BaSO, 0.04261; S% Calc'd. 10.16; S% Found 9.71, 9.83
0.08012 0.05734
¥ -Diethylaminopropyl Phenyl Sulfide Hydrochloride

CgH S+ CHy CHy CHy =N (CaHg ) +HC1

The reaction was carried out in a heavy walled Pyrex sealed tube
heated in an electric oven. A solution of 25 g. (0.134 moles) of
¥ =chloropropyl phenyl sulfide and 18 g. (0.253 moles) of dimethylamine
in 20 ml. of toluene.as a solvent was placed in the tube, after which
it was sealed. Heating was slowly applied over a period of 22 hours
reaching a final temperature of 130° C. The tube was allowed to cool
over night without removing it from the oven. Procedure thereafter was
identical to those used in the preceding preparations. The 25 g., 81%
of the theoretical, of the free amine gave 25 g. of crude hydrochloride,
which by subsequent crystallizations from 1,4-dioxane yielded 1.35 g.
of a pure compound. The product melted at 131-132° C. The analyses
of the product resulted in the following data:

N Cale'd. 5.463 N7 Found 6.13, 6.26

Subs. 0,05076; 3aS0, 0.04731; 87 Calc'd. 12.36; S Found 12,80, 13,07
0.05514 0.056246
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@ =Dimethylaminoethyl Phenyl Sulfide Hydrochloride
CSH5$-CH2CH2N°(CH3)2°HC1

Using the same sealed-tube method, 16 g. (0.1 molss) of @=-chloro=-
ethyl phenyl sulfide, 52 g. of a 257 aqueous solution of dimethylamine
(equijalent to 13 g. or 0.29 moles), and 135 ml, of 1l,4-dioxane as a
solveﬁt, there was obtained 7 g. of & pure hydrochloride after a 15
hour reaction period at 140-150° C. By similar manipulations as were
applied in the previous preparations, a yield corresponding to 407 of
the theoretical was obtained. The hydrochloride salt thus obtained
melted at 114-115° C. The analyses for nitrogen and sulfur for the
compound gave the following results:

N% Calc'd. 6.44; N% Found 6.26, 6.55

Subs. 0.11102; BaSO4 0.11918; S7% Cale'd 14.74; S% Found 14.74, 14.88
0.08396 0.,09099
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Tetramethylene Chlorohydrin

A 500 ml, three-neclked flask was fitted with a reflux condenser,
& thermometer reaching to the bottom of the flask, and a bent-glass
tube arrangsed to introduce gaseous hydrogen chloride near the bottom of
the flask., A safety trap was placed in the line carrying the hydrogen
chloride from the cylinder to the gas delivery tube of the flask. An
exit tube from the upver end of the reflux condenser was connected to
a perpendicular 150 ml. distilling flask which was placed in an ice-
salt bath to trap any material entrained by the hydropenchloride. In
the reaction flask, 100 g. (1.33 moles) of tetrahydrofuran were intro-
duced and treated for thirteen hours with gaseous hydrogenchloride at
e temperature of 64-65° C. At the end of this time the temperature of
the reaction mixture had reached a constant temperature of 90-91° .
From the above operation there resulted 87 g. of brownish oil in the
reaction flask plus 10 g. of a clear liquid obtained from the trap.
Excess hydrogenchloride in the oil was removed on the steam-bath with
an air aspirator. After drying over anhydrous sodiumcarbonate, the
product was first fractionated using a short Vigreux columm to obtain
43.4 g. of a material boiling at 72-76°C./10mm. This material was re-
fractionated, employing a columm 20 cm. in height and packed with glass
helices. This gave 38.5 g., 26% of the theoretical of product which
boiled at 71-73° C./Bmm, Its refractive index was n2’ = 1.4516. The
reported physical constants for this compound are n%o = 1.4502; B. P.
87°C./'10mm.29 Starr and Hixon,22 whose procedure was used in the

above preparation reported & yield of 54-57%.
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Pentamethylene Chlorohydrin

The apparatus used in this preparation consisted of a 200 ml, two=-
necked flask fitted with a dropping funnel, thermometer, a gas delivery
tube reaching to the bottom of the flask, and an exit tube leading to
a condenser set for downward distillation. The condenser was connected
to a suction flask which acted as a receiver. To help prsvent losses
due to entrainment the suction flask was connected to a reflux condenser
through the side arm of the flask. Unreacted gas issuing from the top
of the reflux condenser was led to a gas-absorption trap. About 20 to
30 ml, of 1,5-pentamethylene glycol were run into the reaction flask
from the dropping funnel and heated to 170-175° C, by means of an oil
bath. A vigorous stream of hydrogenchloride gas was passed through
the glycol, whereupon a reddish distillate consisting of water, the
chlorohydrin, and unchanged glycol began to collect in the receiver.
As soon as the glycol was nearly consumed, another 30 ml. of the glycol
were added to the reaction flask., Operating in this manner, 250 ml. of
glycol gave 180 ml, of distillate and a residue of 70 ml. of an undis-
tillable material, The distillate was heated oﬁ steam bath with a
slight suction to remove excess hydrogenchloride, followed by drying
over anhydrous sodium carbonate. Fractionation of the product thus
obtained gave 72.8 g., 46.8% of the theoretical, of a pure product
which boiled at 52°C./13mm., and 65°C./16mm. The refractive index of
the mterial was, n20 < 1.4532, The reported properties of this

D
compound are; B. P. 103°C./Bmm., ngo = 1,4518.29
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Hexamethylene Chlorohydrin

The apparatus consisted of a 300 ml. three-necked flask fitted
with a stirrer, thermometer, reflux condenser, and a gas delivery tube
reaching to the bottom of the flask. An exit tube from the top of the
reflux condenser led to a gas absorbtion trap to remove the unreacted
hydrogen chloride. The glycol, 45 g. (0.38 moles), was heated at 89° c.
and a stream of hydrogenchloride was passed into the glycol. The re-
action was continued until the glycol became saturated with hydrogen
chloride gas, which required 77 minutes. The temperature of the glycol
was kept between £8 and 94° C. The reaction conditions used here were
those determined by Miller.?7 The viscous, yellowish reaction mixture
was heated on a steam~bath to remove hydrogen.chloride and then dried
over anhydrous potassium carbonate. The chlorohydrin was obtained by
collecting the fraction boiling at 96-1059C,/9-10mm. It had a refractive
ind ex of n%o w 1,4552, The reported value is n20 = 1,4557.27 The yield

D
obtained in this reaction was 26.5 g., 51.2% of the theoretical.

The 3,5-Dinitrobenzoates and p-Nitrobenzoates of the
o =Hydroxyalkyl Phenyl Sulfides

Following the method used by Schriner and Fuson,%0 one ml. of the
u)-hydfoxyalkyl phenyl sulfide was dissolved in 3 ml., of dry pyridine
and treated with one gram of the corresponding benzoyl chloride. After
the initial reaction had subsided, the mixture was heated gently with
shaking until a clear solution resulted. It was then poured into 10
ml, of water with stirring. This caused an oil to separate and on
cooling the o0il solidified. The solid was recrystallized from a suit-

able solvent.
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Determination of Nitrogen -

The procedure applied in this work was that of Clark3l which
employed the Kjeldahl method on a semimicro scale. Using a ground-
glass micro-Kjeldahl distilling apparatus, a mixture of 40-100 mg. of
sample, 0.1 g. of a mixture of mercuric oxide and potassium sulfate in
a ratio of 8 to 100, and 3 ml, of concantrated sulfuric acid was di-
gested over a six-hour period. After cooling the digestion mixture,
it was diluted wita 10 ml., of water and stenn distilled after adding
10-12 ml. (407) acueous sodium hrdroxide solution. The receiver con-
tained 6 ml. of 4% boric acid and two drops of a 0.1% ethanolic solu-
tion of methyl red with about a one-half drop of methylene blue as an
indicator. The distillation was coutinued until 50 ml. of distillate
had been collected. The receiving flask was then lowered until the
lower tip of the condenser was Jjust above the content of the receiver
and the distillation was continued until 2-3 ml, more of distillate had
collected so as to wash off the inner surface of the condensing tube.
The rate of distillation must be adjusted so that no mechanical carry-
ing over of the distilling mixture into the receiver occurs. The
temperature of the receiver must be kept below 40° C. The ammonia
received in the boric acid solution was titrated with a standard hydro-
chloric acid solution using a microburet. The end point was easily
determined by comparison with a reference solution. A blank due to

reagents must also be determined and subtracted from the buret reading.
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Determination of Sulfur
A semimicro determination of sulphur was carried out gravimetric-
ally using the Parr bomb fusion method of Lincoln, Carney, and Wagner.sz
The organic sulfur compound in an amount corresponding to 20-100 mg.
of barium sulfate was fused with a mixture of 0.2 g. of powdered potas-

sium perchlorate, 0.15 g. of sucrose, and 4 g. of granular sodium

peroxide. The sulfur was determined as barium sulfate.
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SUMMARY



4.

The thrae «w =hydroxyallyl phenyl sulfides with four, five, and
six carion atoms in the alk-l chain were prevared for the first

time and some of their vroverties were determined.

The 3,5-dinitro“enzoate derivatives of the w =hydroxzvalkyl pnenyl
sulfides with two, three, four, five and six carbon in the allyl
chain were prepared for the first time and some of their proverties
were determined, In addition the p-nitrobenzoestes of the ahove

© =hydroxyvellz:l phenl sulfides with ths exception @<hrdroxyorovyl

oinenvl sulfide were also prepared &s new compound and some of their

properties were determined.

The following w-=haloalkyl phenrl sulfides were prepared as new
compourds and some of their properties were determined: §-chloro-

butyrl; €=-chloroaml, and  =chlorohex:1,

Fourteen tertiary amine derivatives of mixed phenylallzyl sulfide
hydrochlorides were synthesized for the first time and some of

their properties were investipgated,
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