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INTRODUCTION

<xt3ansivs chomlcal reszarch has had as 1ts objsct the
elucidation of ths structural reiationship of sompounds to
their -hysiolo~-ical activity. Numasrous investizations have
bsen directed toward the preparation of comnounds structure
ally related to naturally occurring active substances, with
the a'm of finiinz sonme rslationship betwsesn chemical
structurs and blological activity. Such studiss have, in
a few casss, ledl to ths synthesis of important new drugs.
Compounds which embody tha followinz features in thelir
stractures,

A-H-(C)n-ﬁ=

where A represents an aryl group, and M is a heteroatom or

heterogroup, have been the keen object of these investi-

gations since Einhorn'll historic synthesis of “Novoocain®,
Based on the results of many investigations, an ime

portant prediction was made by Pyman2

s Who generalised the
relationship for compounds of this general structure with
respect to their physiological aotions. Following this,
Lorgrong gave the detalled structural requirements of a
ocompound which should possess local anesthetic properties.
Because of the similarity in chemiocsal structure of the

organic sulfides to the ethers, the pharmaceutical usefulness



of certain aryl ethers which contain a tertiary amino
group, and the reported lower toxicity of the thiophene

5. the investigation

nucleus compared to that of benzene*?
herein reported was undertaken to synthesize a series of
mixed tertiary amino thienyl alkyl sulfides. These compounds

can be represented by the general formula:s

in the present study, a systematioc attempt was made
to vary the length of the polymethylene chaln, attached
between the thienyl group and the amino nitrogen, from
two to five carbon atoms. The terminal amino groups in
the compounds prepared were piperidine and morpholine,

Compounds of t his type can ne regarded as potential
local anegthetlics, However, only laboratory and clinical
tests, whioch have not been conducted, as a part of the
present work, will determine the usefulness of such

compounds,



HISTORICAL

Part 1

6

Local anesthetics, sccording to Chen and Scott™, are
drugs which block pain impulses at the periphery, while
general anesthetics produce anesthesia by blocking pain
sensation in the brain accompanied by loss of consciousness,

Attempts to produce local anesthesia have been known
for a great many years, The earliest of these employed the
use of manual pressure, A serious objection to this practice
1s that it often resulted in permanent paralysis or anemia,

A later development depasnded on spraying the area to
be anesthesized with easily volatilized organic liquids
which freeze the skin by rapid evaporation. However, a
painful perloed of initiation usually preceeds complete
anestheslia and serious damage to tha frozen area was
often objeotionable &in this procedure.

The use of local snesthetics in medicine began in
1884, with Karl Kollor'|7 use of cocalne in opthamologiocal
practice and surgery. Serious objections to the alkaloid
are its toxicity and habit forming oroperties., Also it is
unstable to the action of microorganisms and purification
by heat results in ciemical decomposition,

Following Willstattor'ns charascterization of cocaine
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at the beginning of the twentieth century, a large number
of compounds structurally relatsd to cocaine were prepared
and studied to determine what structural features of the
cocaine molecule are responsible for its activity., Thess
investigations led the way for Elnhornt st dlscovery of
noveocaine, an axzellent local ansathatic of much lower
soxicity thaa cocalins,

Until recsntly most comrounds noassising local ansse
thetio activity weras structurally rolated to cocalne or
novocaine, A thoroush review of tis fleld, up to 1930,

18 given >y Hirsshfelder and Bietar.g

Recently, howaver, cormpounds related only sli htly
or not at all to ®yman's basio s*ructure have been renorted
a8 local snesthetlics, These inclnude certaln sterocls, arilno
alocohols, n-hexvl amins and phenylathyl alcohel, This
indicates a nesd for a revision of Pyman's hynothesl's,

Lofgronlo

propossd a schome which accounted for the
local anssthetic property of a larger number of compounds,.
Aococording to this schems the structures of local anese
thetics should contaln the followin;; three unitss
Lipophillic centsreeIntermediate chalne-Hydrophillic center
Lofgren believes that the followins ere desirable
factors in active eompounds:
First, the lipophillic center should bs aromatioc,
Seaondly, the intermediate chain snould consist of a

hydrooarbon residus joined to the aromatic group through an

ester, amide, ether oxygen, amino nitrozen, or kstoniec



carbonyl linkage.

Next, the hydropnillic end should counsist of a tertiary
or secondary amino group.

Finally, it is important to achisve a bslance between
the lipophillic and hydrophillic centers. There 1s given
no definition as to the meaning of tne term "balance™ nor

are the factors governing this "bslance" explained,

Part 11

At the present time no information 1s available on
the physlolo;ical and pharmacological effects of tertiary
anmine derivatives of mixed 3ethienyl alkyl sulfides.
However, some work has been cdone regsrding the same effects
in the phenyl analogs and a good deal more information has
been reportsd on the ether analogs of the phanyl'compounds.

A review of the feasible methods available for the
synthesls of tertliary amine derivatives of mixed thienyl
alkyl sulfidos as well as the intermediates used in thelr:
preparation will bs discussed to indicete why the methods
used in the pressnt investigetion wers chosen,

There were avallable two mathods or variations of
these by which the molecule could be econstructed. These

are shown in the two sequences of reactions:

SNa 3(cH OH
@ + C1(CHy) O —b »‘IS ll (¢2)n 50C14
' S(CH,).C1
" ‘l 2'n
S ,



e

Vil T

r‘

¢ 1



S(CH cl S{CH NR
E:jg'( 2) + 2 HFR, — [[fjr'( 2)a"R2 +
S AT

Raﬂﬁ'ﬂcl

S0cl
RNH + C1(CHp),0H — R,N(CH,) OH ——'3"32";1032’:;"1
B

S NS

Considerably more information was avallable
describing the former of these methods,

Marvolll

reported that the reactions between sodium
phenoxide and l,2«dichloroethane or 1l,3-dibromopropane

gave 5556 percent and 84-85 percent ylelds respectively
of the «=chloroalkyl phenyl ethers, but there was no
evidence that the reastion would be applicable to the more
reactive sodium salt of 3-thiophenethiol. A better yield
of the (echloroethyl phenyl ether is obtained by the use
of pechloroesthylep=toluene sulfonate as a chloroalkylating
agent for soé}um phenoxide as initlielly employed by Clemo

and Perkinl?,

il '-':\ I
a@sozcx + ClCHRCHZ0L ——» Acn@oaocnzcnacl

. + HC1
| Qoa + cn3©sozoczizcn2c1
g
K __ > ocuacHa01 + 033® 30,4,

4

-‘
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The @3echloroethyl phenyl ether was obtained in a
76 percent yield by StoinkOpf13 on passing gaseous hydrogen
ehloride into a heated mixture of phenol, sodium hydroxide
and ethylene chlorohydrin in aleohollsc solution,

EtOH '
@on + NaOH 4 ClCH,CU,0H — = OCH 5CH,C1

+ NaCl
Leder and Stocklinlh reported the production of
p=chloroethyl phenyl sulfide in good yield by passing
ethylens gas into an anhydrous carbon tetrachloride solution
of phenylsulfenyl chloride, .

LD s cupon, —— Z_> son,n,m

The condensation of ethylene oxide with thiophenol
in the presence of activated charcoal is reported to yield

Kl

@ =hydroxyethyl phenyl -ulrido.ls
©‘.33» . Q}:‘g’cnz SCH,CH,0H

Fuson and Koohnok016 prepered Aemethyle $-hydroxy-
ethyl phenyl sulfide by the Meerweln, Ponndorf, Verly
reduction of thiophenyl acetones, obtalned by the reaction
of sodium thiophenolate with chloroacetone,

0 aa 0 . AL(oR),
o » " 3 ’
@ SNa + ClCH,GCH, — scnaccn3 D
OH
7 '
{ > scuycH
[}

CH3



They also obtained the isomeric of~methyle $<hydroxy«
ethyl phenyl sulfide by treating thiophenol with allyl
alcohol in the presence of sulfur as a catalyst.

: CH,
N,
SH + CHZ-OH-CHBOH — — > SCH~CH,0H

Renshow and co-workersll prepared dialkylaminomethyl
alkyl sulfides in good yields by the reaction of mercaptans

and secondary amines with formaldehyde, but ti:is method

has not been applied to aromatic or heterocyclic merocaptans.

0
(1)

Bennett and Borryla, in a method similar to Stein-
kopf’l%? successfully prepared (3-hydroxyothy1 phenyl sulfide
by the addition of ethylene chlorohydrin to a sodium thio-
phenolate solution, They further reported that distillation
of the product relult;d in an unsaturated compound.

However, Kirnorl9

of Aehydroxyethyl phenyl sulfide, Bennet 20 reported

was unable to confirm this instability

the resction of the acetates of the longer chained chloroe
hydrins with sodium thiophenolate to yleld Qe-agetoxy alkyl
phenyl sulfides which were hydrolyszed and easily oonverted
to the <~=chloro compounds by means of thionyl chloride,
One method employed in the present investigation was
analogous to that suggested by Povollz2 and developed by
Kirnor23; for the preparation of (-hydroxylethyl and
Y =hydroxy-n-propyl phenyl sulfides, It involved the



reastion of the sodium salt of the mercaptan with a chloroe
hydrin at reflux temperature and gave excellant ylelds of
the intermediates, cJehydroxyalkyle3ethienyl sulfides,

used in this work,

Brooks2lt reported the preparation of a number of
derivatives of 3-thiophenethiol and among these was the
synthesis of (-hydroxyethyl 3~thienyl sulfide which was
prepared by the interaction of 3-thiophenethiol with ethylene
chlorohydrin in the presence of aqueous potassium hydroxide.
No information was given concerning the experimental
eonditions of this preparation.

A seocond general method of synthesis was based on the
preparation of the dialkylamino aloohols, their eonversion
to the corresponding shlorocompound and then treatment of
the latter with the sodium salt of the mercaptan.

Bram 33.3;?5 reported a satisfactory method for the
synthesis of the dialkylamino alocohols by the reaction of
piperidine with ethylens chlorohydrin in acetone,

0
CH.,GCH
((w J + clompoHpon  —d—3— ( ?cazcxzon

Clinton et #12% employed a similar method, obtaining
95 percent yields, using ethyl alcohol as a solvent and a
small quantity of socdium iodide. The latter reagent served
the purpose of shortening the reaction time by exchange of
iodine for the chlorine atom in the chlorohydrin,

A successful conversion of @d-hydroxyethyl morpholine
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into the correaponding chloro ecompound was accomplished by
Mason and Block?! who used thionyl chloride in anhydrous
ohloroform. 3y careful control of the temperature @echloro-

ethyl morpholine hydrochloride is obtained in a good yileld.

0 * NCH,CH,OH 4 S0Cl, ——=3+ O #NCHoCHoCl 4 SO
wy 272 2 N 2
HC1

An elegant synthesis of {echloropropyl morpholine
is reported by Adams and Clarkza, which involved the inter-
action of morpholine and trimethylene chlorobromide ina
absolute benzens, ylelding the desired product and the
hydrobromide of morpholine in stoichiomstrio quantities.

C.H
Z{ENH + Br(032)301 —é—é+ ‘ M H(CH2)301 + @NH-HBr



DISCUSSION

After consideration of the several methods avallable
for the synthesis of N,Ne-dialkylaminoalkyl 3-thienyl
sulfide hydrochleridea the procedure, used initially in
the present investigation, 1s shown in the following

sequence of reactions,

Nal
@ RoNH + C1(Cip),0H Ston RoN(CH»),0H 4 RoNH*HCL

R N(CH,),02 + SOC1, oA, R,N(CHp) ,C1 + SO,
HC1

MaOH

Rziéiﬁz)nm + USH — Us(cz—zz)nrma 4+ NaCl

This method had the advantages of ready availability
of reagents, excellent ylelds, few side-resctions and easy
purification of the product.

The preparation of the N(o =hydroxyalkyl) morpholines
and piperidines was carried out by refluxing a stirred
mixture of the secondary smine and chleorohydrin in absolute
ethanol to which a small quantity of sodium $o0dide had been
added., The latter accelerated the reaction by replacing
the organic chlorine with iodine. The molar ratio of
reasctints employed was two of amine to one of chlorvhydrin,
and the reaction time was 23 to 2 hours., The precipitate
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of secondary amine hydrochloride, proportional to the
smount of product, ssparated during the reastion., 1In
é;noral, piveridine, due to its greater basicity, reactsed
somewhat more ranidly than did morpholine., The ylalds
obtained varied between 63 and 86 percent. The <hydroxy
compounds were obtained as colorless liquids by vacuum
distillation,

The N(& «chloroalkyl) plperidines and morpholines were
obtained fron thes corresponding e«hydroxy compounds by
means of ths Darzens rsaction using dry chloroform as a
solvent. Ylelds ranging froum 50 to 95 percent were obtained
by treatin- the N(o ~hydroxyalkyl) amines with a 25 percent
exoess of thionyl chloride under conditions which prevented
any sudden reaction temperature rise during the addition
of thionyl chlorlids. The reaction was completed by ree
fluxing at the boiling point of chlorcform for an additional
hour, durinz whickh the reaction mixture generally became
dark red in color and the hydrochloride salt of the product
orystalliszed from the reastion msdium. It was found that
yields were considerably improved by sweeping a current of
dry air across the reaction surface to remove sulfur dioxide
which seemsd to cause greater coloraticn in the reastion
mixture,

Five of the o (dlalkylamino)alkyl chloridss have not
been previously reportsd and some of thelr physical propertles
are recorded in Table 1,

The tertlary amine derivatives of the mixed 3ethienyl



13

61°9

0£°9 £1°9 UrACI A a N.nozco.mmoo TLuB=U~0U T TOYAIOH= D
2.0 2ronnd T

€9°9 hs°9 wWil=- o021t Tono= s 1£3nqeu=-cuTOYCION=C
8- 210505 Thl .

16°9 65°9 S°TgT= 081 ToX0~ 'HED TLygeou Toycaou & =1Ly o= P
€2 2 12,01

©*9 61°9 oNT-5*9€ T L Fo] G ) Tduw-u-outpiredid= 5
66°9 2 110

$6°9 Lol 602=5°.02 1or“TaY | TLuyeoutpjaedid g =TLAQ o= )
prmioy ‘PiOTED epTIOoTUooIpPLAY ©pJIeTHD
ue’ou) Ju qusoded 0o °*d'm v INwIOS tpunocuwo)

f———————— ——— ———— ———

70 TS OTIOOYIEH GAIN0THD IANIV=(ONINVIAYIVII=N‘N)= >

T 37dVYd



1

alkyl sulfides were obtained from the N(<cJechloroalkyl)
amines by treatment of the latter with an excess of 3-thio-
phenethlol dissolved in aqueous sodium hydroxide solution.
The reaztion mixture was refluxed for one to two hours
during which the product ssparated as a heavy yellowish
oil, This was separated and the reaction mixture extracted
three times with ether. The combined oil and ether extracts
were dried over anhydrous sodium sulfate., Addition of dry
hydrogen ciiloride to thoe coolsd etasr sclution converted
the amines to tholr salts wilch, in certaln instances,
separated as a yellowlsh olle Crystallization was {nduced
only after allowing the oil to set at room temperature

for some time with occasional scratohing of the walls of
the vessel. Isopropyl alcohol was suitable for recrystalle
ization of some of the products. In others, a mixture of
equal parts of 1sopropyl alcohol and bengene, to which a
small quantity of etaer was adided while the benzene-alcohol
mixture was still hot, served moras adequately,

Altojetiner, ten new N,Nedialkylaminoalkyl 3-thienyl
sulflde hydrochloridss which have not previously been re-
ported wers praparad and some of thair properties are
summarized in Table 2,

In one case it was possible to prepare the echloroe
alkyl amine in excellent yield by a sgimple direct procedure
indicated in the following equation,

Cele
2 RyNH 4 Br(CHp)3C1 —> RoN(CH) 3C1 + RoNHeHBr
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This reaction was found applicable only in the case
of the trimsthylans chlorobromide slince by using elther
ethylens or prupzlense chlorobromida the product had the
propertlises of a quaternary ammoninm salt and waa probavly

an eotiiyl im1onluwn hallde,

C/H "'/OBZ -
2 RNH 4 3r(Clp)pcd  ~88y RN éﬂz C1” + R NHeHBF

This difficulty was not encountered when the trimethylene
derivative was employed and this may be attributed to the
much greater dirficulty involved in the formation of
agetidenium coupounds. The method employed involved the
interaction of trimethylene chlorobromide and the secondary
amine in approximately a one to two mole ratio. The
reaction was carrled out in dry bsnzene and upon raisiﬁg
the temperature an exothenmnic reaction took place sausing
the mixture to reflux for avout one-half hour without the
application of Leate. The rsastion was completed by
heating at reflux temperaturs for an additional three hours,
The greater rsactivity of an alkyl bromide compared to
that of a chloride resulted in almost exclusive formation
of ths N{Dechloroalkyl) amine,

In an effort to improve the yields of the final pros
duot and to shorten the tlme required for their preparation
a sesond goneral method of synthesls was studled, and 1s

indiocated in the following sories of resactiona,.
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sH NaOy S(CH,) OH
U + CL(CH,) OH —— . @'
<.

S(CL»),CH N(CH,) S(CH»),,C1 + SO.
h El 2'n + S0C1, ¢ 32, h \; &'n “
S

S
S(CHo)pC1 CcH S(CH,) NR
Il II' 2intt . 2 RoNH 56, ‘[ \l 2’m72 , RoNHHCL
3 3

While this mesthod could be sarried out in a shorter
period of time, there were several objections to it. The
final product cont@ined an impurity which was very difficult
to remove, and caused considerable difficulty in the
erystallization eof the hydroochlorides., It was further
found that the Darzens reaction, involved in the second
step, resulted in charring and poor yields. As noted
above, this method was economical of time since the
e=ghloroalkyl 3-thienyl sulfide could be reacted with
various secondary amines in the last step permitting the
preparation of a variety of finsl compounds,

The first step of the reaction fcllowed closely the
proocedure of Kirner and Bolmosa3, who prepared phenyl derie
vatives, and was found to be applicable to the derivatives
of thiophens., The procedure involved the careful addition
of a slight excess of the polymethylene chlorohydrin to an
aqueous 20 pereent sodium hydroxide solution of 3-thiophen-
thiol. The reaction mixture was refluxed for an hour in

whieh time the &-hydroxyalkyl 3-thienyl sulfide separated as
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an 0il. The purified product was obtained, in ylelds of
85 to 95 percent, as a straw colored oil by vacuum dise
tillation,

Three & e=hydroxyalkyle3j-thienyl sulfides, two of which
have not been reported, were prepared and some data on their
physical properties is ro&orded in Table 3. These aloohols
were further characterized by the preparation of their
p-phenylazo benzoatea, Some information soncerning the
properties of these derivatives is reported in Table 5,

Replacsment of the hydroxyl group in the o«hydroxy-
alkyl 3-thienyl sulfides by chlorine was sucocessfully
carried out dy treatment of the aloohols with a half molar
excess of purified thionyl chloride dissolved in dimethyl
aniline. The tempersture of the reaction was kept at 0° C
during the addition of thionyl chloride by means of an ice
bath, This was followed by heating for a half hour at
reflux temperature, to complete the reaction, following
the procedure developed by Bennett and Borryla for the
preparation of e-chloroalkyl phenyl sulfides. The =
chloroalkyl 3«thienyl sulfide separated from the resction
medium as a tbick oil, After extraction with ether, drying
and renmoval of the ether, the product was obtained, in low
yields as a straw colored oil, by vacuum distillation. The
yield was not substantially increased by reverse addition
of the reagents,

One ¢D-chloroa1kyi-3-thieny1 sulfide, not previously
reported, was prepared by this msthod and some of its physical
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properties ars reported in Table l.

The N,N~dialkyleminoalkyl 3-thienyl sulfides were
prepared by reacting the <J-ghloroalkyl 3-thienyl sulfides
with twice the molar quantity of secondary amine in dry
bensene, ALt the end of about four hours of heating at
reflux, the reaction mixture, which then contained the
insoluble hydreochloride salt of the excess secondary amine,
was cooled sand made basic, The excess secondary amine was
completely removed from this mixture by steam distillation
as shown by the application of the Simon's color tost2?
to the distillate, Acidification of the distillation
residue and extraction with ether removed any unreacted
echloroalkyl 3-thienyl sulfide. Following this, the
aqueous solution was again made basic whereupon the ter=-
tiary amine separated as an oll which was taken up in ether
and dried, Dry hydrogen chloride was passed slowly into
the ghereal solution to yleld the hydrochloride of the
product as a heavy oil whioch was diffiocult to obtain 4n a
crystalline form. Isopropyl alcohol or a mixture of iso-
propyl alcohol, benzene and ether was used as a solvent
for recrystallization of the amine salts,

The direct preparation of the o -chloroalkyl 3-thienyl
sulfide by the interaction of appropriate polymethylene
shlerobromides and 3«thiophensethiol was also studied with

the aim of elimination of the Darzent's reaction.

SH NaOH S(CH»),,Cl
|‘ ‘l e CI(Cﬂa)nBP —p | | 2'n 4+ NaBr
. S . .
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However, ylelds were not good and mixtures of products
were obtained from which 1t was difficult to isolate pure
products., This reaction depended upon the greater reactivity
of the bromine in a polymethylene chlorobromide. The proe
cedure involved the careful addition of an aqueous solution
of sodium 3-thiophenethiolate to a stirred and refluxed
mixture of polymethylene chlorobromide and water, The
product was isolated by extraction with ether, drying, and
distillation under vaouum.

One &echloroalkyl sulfide was prepared for the first
time by this method and some of its properties are reported
in Table L.

A study of the methods of preparation employed reveals
that the first general method is most applicable to the
synthesis of the desired series of compounds. The ylelds
are, in general, better, isolation is simpler, the purity
of the products is more satisfactory, and fewer side-
reactions are involved in the synthesis.

O0f the polymethylene chlorohydrins used for the
preparations Just described, ethylene chlorohydrin, pro=-
phylene chlorohydrin, trimethylene chlorohydrin, and penta=-
methylene chlorohydrin were available,

Tetramethylene chlorohydrin was prepared by treating
tetrahydrofuran with gaseous hydirogen chloride according to
the method desoribed by Starr and Hixson.>°

CHp=CHy

\ } 4+ HCl —— ClCH20H20H2CH208
CH, CHp

N O/
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Contrary to the report of Starr and Hixson3°. who reported
that only five hours of passing hydrogen chloride into the
reaction mixture were required to rsach a constant tempere
ature of 105° C, 1t was found that twentyefour hours were
necessary hefors a constant temperature of 103° C was
attained,

The tstrahydrofuran was heated to its boiling point,
then a slow stream of hydrogen chloride was passed into it,
As the reaction procssded the temperature of the reaction
mixture ross, indicating an increase in the high-boiling
product. When the temperature of the refluxing solution
remained constant the constituents of the reaction were
separated by fractional distillation at & pressure less
than 15 mm, since at a higher pressure the tetramethylene
chlorohydrin was dehydrohalogenated to give tetrahydrofuran.

distill fﬂa"‘fﬁz
1CH,.CH..CH. 0 >
N/
0

The possible side reactions whioch could be asoribed to
the low yields have been roparted.Bl



CHEEMICAL REAGEXTS

-
.3Thiophono:ﬁd(App. 50%) Courtesy of Soconye-Vacuum, purified
by extraction with sodium hydroxide solution, neutrale
ization of the aqueous portion with hydrochloric acid
and vacuum distillation, be.p., 64° 0/{7 mm,
Piperidins « Practical grade, Eastman Kodak Co,
Morpholine « Technical grade, Matheson Co,
Ethylens chlorohydrin < White label, Esastman Kodak Co.
Propylene chlorohydrin « White label, Eastman Kodak Co.
Trimethylene chlorohydrin « Practical grade, Matheson Co.
Ethylene chlorobromide < Practical grade, Matheson Co,
Trimethylene ohlorobromide = Practical grade, Matheson Co,
Pentamethylene chlorohydrin « Obtained as student preparation,
Tetrahydrofuran « Courtesy of E, I. DuPont de Nemours Co.
Thionyl chloride « C, P. grade, purified by distillation
from quinoline followed by distillation from boiled
linssed oil.

Ethanol = C, P, grade, absolute, dried by distillation from
magnesium powder,

Chloroform « C, P, grade, absolute, Merck & Co.
Bengzene « C, P, grade, dried by distillation from sodium,
Ether « C, 2, grade, absolute, dried in contaet with sodium,

2=Morpholino=ethanol « Courtesy of Carbide and Carbon
Chemlcals Co,

Isopropyl alcohol « C, P, grade, absolute,

Hydrogen chloride = Anhydrous gas, obtalned in a pressure
cylinder from Matheson Co.



EXPERIMENTAL

« (¥,N=Dislkylamino)alkyl Alcohols

@-Piperidinvethyl alconol .CHZ‘CQ?
CHp /NCHZCHZOH
\

CH,=CHp

In a 500 ml three-necked flask fitted with a stirrer
and reflux condenser was placed {C g (1.0 mole) of ethylene
shlorohydrin, 166 g (2,0 moles) of piperidine and 7.5 g
of sodium iodide dissolved in 225 ml of absolute ethanol,
The stirred mixture was heated moderataly with an elsstric
mentel, Within e&n hour, precipitation of piperidine
hydrochloride cormmenced, Reaction was continued for 24
hours, at ths end of which tims there was no further
precipitaticn, indicating completeness of reaction. After
allowing the reaction mixture to cool to room temperature,
it was treated with a solution contalning 200 ml of absolute
ethanol and 22 g of disselved sodium metal. The precipitate
of inorganic salta was filtered and washed witan three 50 ml
portions of dry ethyl ether., The cormbined filtrate and
washings were dietilled until a tempsrature of 110° 0 was
reached in the eclumn head to remove ether, alcohol, snd
unreacted ninerlidine., At thls pcint the remaining inorganio
salts were removed by filtration and washed with ether which
was combined with the filtrate, Followinz removal of the
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ether on a stzam bath, the resicdue was vacuum distilled
in & column 30 cm in height, 12 mm in diameter pecked with
1/8" glass helices, to yield 109 g (C.845 moles, 8L4.5%
yield) of a claar oily liquid heving an unpleasant ocor
sand boilins at 90=92° C/16-17 mm. A small amount of
unreacted cilorohydrin was obtained in the forsrun., The

reportad beciling pcocint of the procduct is 89-91° ¢/20 mm.32

o{=Mothiyl= B=niperidinoethyl alcohol

/CHZ'CSZ

CHp K=CH,,=CioH
\ / ]
CH2=CHp €3

Using the apparatus and procedure descri.ed above,
94 g (1.0 mole) of propylens chlorohydrin and 166 g (2.0
moles) of piperidine were dissolved in 225 ml of absolute
ethanol containing 7.5 g of sodium iodide. The stirred
mixture was heated under reflux for 24 hours and then cooled,
After neutralization, filtration, and distillation as pre-
viously desoribed, the crude oil was fractioned giving
112 g (0.785 moles, 78.5% yleld) of a clear product boiling
at 6365° C/4~5 mm, The reported boiling point is 194° 0.33

Y =Piperidinoen-propyl alcohol
CH,=CH
¢ 2 \2 e
c}\iz /H CHZ...AZC:IZOH
CHp=CH,
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The apparatus and procedure employed here wers the
same &8 in the previous preparations. This compound was
prepared by refluxing for 24 hours a stirred mixture of
166 g (2.0 moles) of piperidine, 94 g (1.0 mole) of tri-
methylene chlorohydrin and 7.5 g of sodium lodide in 200 ml
of absolute ethanol as a solvent., PFollowing the separation
procedure used in the former preparations, the crude product
was fractioned, ylelding 117 g (0.82 moles, 82% yield) of a
pure producs which boiled in the range 83=86° ¢/8+9 mm.

Its reported boiling point 1s 93.5-95° c/9 mm.26

o=Piperidino-n«butyl alcohol

CHa-CHZ
/ \ .
Using the same general procedure dlscussed above,

70 g (0.65 mole) of tetramethylene chlorohydrin, 108 g
(1.3 moles) of piperidine and 6 g of sodium i1odide dissolved
in 150 ml of absolute ethanol were heated under reflux
with stirring for 22 hours. Practionation of the erude product
yielded 78 g (0.495 moles, 76% yield) of the pure product
which distilled at 114-116° C/6 mm. The reported boiling
peint for this eompound 1s 142-11)° c/15 mm.sh



28

€ =Piperidinoen-amyl alcohol

CHz=CHp
CI'{Z /NCH 2CH,CHCH 5CH ZOH
CHp=CH,

Followinz the same technique as that used in the
foregoing experiments, the interaction of 25 g (0.205 mole)
of pentamethylene chlorohydrin, 33.8 g (0.40 mole) of
piperidine, and 3 g of sodium 1odide dissolved in 100 ml
of absolute ethanol, gave, after purification and fraotion-
ation, 22.5 g (0.128 moles, 64% yleld) of a clear colorless
l1iquid product. The boiling point at a pressure of 10 mm
was 134135° C. The literature value for the boiling point

of the compound is 163-165° ¢/15 mm.3u

ol =Methyle 3 morpholinoethyl alecohol

CHo=CH
7 2TN2
(o} NCHZCHOH
\ 7/
By reacting 57 g (0.5 mole) of propylene shlerohydrin,

87 g8 (1.0 mole) of morpholine and 4 g of sodium ifodide in
125 ml of absolute ethyl alcohol, there was obtained,
acoording to the previously described procedure, 62 g
(Oel43 moles, 864 yleld) of a colorless liquid which dis-
tilled at 96-97° 0/12 mm. The reported boiling point of
this substance is 81-82° ¢/5 mm.BS
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2 =Morpholino=nebutyl aloohol

CH2=CHy
¥CH,CH,CH,CH,0H
0, HCH,Ci5CH, 0l
CHz-Cﬂz

The same procedure and apparatus was used as 1n the
preparations described earlier. By stirring end maintaining
at reflux temperature, a mixture of 70 g (0.55 mole) of
tetramethylene chlorohydrin, 111 g (1.3 moles) of morpkoline
and 6 g of sodium 1odide in 150 ml of dry ethanol, there
resulted, after purification and fractionation, 82 g
(0,514 moles, 79% yleld) of a pure liquid product distilling
at 131-133° /7 mm. The boiling point given in the
literature is 116-117° ¢/5 mm.35

€ =Morpholino-n-amyl alcohol

/CHZ-Oga
0\ /NCHchZCHZCHZCH20H
CHZ-CHZ

By a similar procedure, involving the interaction of
25 g (04205 mole) of pentamethylene chlorohydrin, 34 g
(Oel4 mole) of morpholine, and 3 z of sodium lodide in 100
ml of absolute ethanol, there was obtalned after purification
and fractionation 22 g (0,126 moles, 63% yield) of a
1iquid product boiling at 151-151.5° G/11 mm, The reported

boiling point 1is 133-13&9 c/s mm.BS
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¢ «N,N=Dialkylanino)alkyl Chloride Hydrochlorides
@-Piperidinoethyl chloride hydrochloride

/CHZ'CEZ
Q?Z /NCHZCHZCI‘HCI
CHa-CHz

In a 500 ml threes-necked flask fitted with a stirrer,
reflux condenser, and dropping funnel were placed 65 g
(0.5 mole) of Q@=piperidinosthyl alcohol. Provision was
made to draw a slow stream of dry air through the reaction
flask, To the reaction flask was added a solution of 72 g
(0.6 mole) of purified thionyl chloride dissolved in 100 ml
of dry ohloroform at a rate sulficient to maintain the
resction temperaturs between 50 and 55° C, Following the
addition of the thionyl chloride solution, which required
two hours, the reaction mixture was heated on a steam bath
at reflux teﬁporaturo for a half hour, Upon cooling teo
room temperature, a orystalline solid separated from the
reaction mixture, This was ocollected on a filter and
washed with dry ether. Ths combined ether washings and
filtrata was evaporated to one~third of its original volume
and on cooling & second crop of crystals was obtained, The
two quantities of crystalline material were comvined and
recorystallized from 250 ml of absolute ethanol, using 5 g
of Norit A, to remove colored materisl., The crystals,
after washing with ether and drying, weighed 60 g (0,33

moles, 66% yleld) and had a melting point of 206.5-208° C.
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The reported melting point of this material is 208° 0.36

« =Methyled piperidinoethyl chloride hydrochloride

CHp=CH,
/ \
\

The reaction of 71 g (0.5 mola) of g=methylefe-pipere
1dinoethyl alcohol with 89 g (0,75 mole) of thionyl ohloride
dissolved in 100 ml of dry chloroform, following the pre-
viously described procedure, resulted in the formation of
a slightly yellow orystalline product, After recrystalls
{zation from 150 ml of absolute ethanol, there was obtained
52 g (0.265 moles, 53% yield) eof colorless orystals whioh
melted at 207,.,5+209° C. Analysis of the compound for
nitrogen gave the following results:

Cale'ds for CgHy-NCl,t N, T+07. Founi: N, 6.953 6499,

d =Piperidinoen~propyl chloride hydrochloride

,CH2=CH
Csz /KCHZCHacHZCI'EGI
CHp=CHy
Following the procedure employed in previous prepare

ation, 70 g (0.5 mole) of {epiperidino-n~propyl alcohol
were treated with a solution of 75 g (0.65 mole) of thionyl
chloride dissolved in 75 ml of dry chloroform. The sli:htly
brown orude product was treated as in the foregoing prepare

ations, and after recrystallization from 180 ml of dry
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ethanol, 60 g (0,305 moles, 61% yleld) of a white ory-
stalline product melting at 218+219,5° ¢ was . obtained.
Its reported meltlng point is 220° .37

J=Piperidino-nebutyl chleride hydrochleride

,CHip=CH,

CH, NCHaCHaCHz(}Hch sHCl
\“ /
CH?_"CHZ

The same gensral procedurs as previously described
was 6mployed, using 15,7 g8 (0,10 mole) of Jepiperidinoce
n-butyl alcohol and 15 g (0.125 mole) of thionyl chloride
dissolved in 50 ml of dry chloroform. Reoryastallization
of the crude product from a mixture of equal parts of
ethanol andether reaulted in 16 g (0,094 moles, 93.5%
yield) of a white crystalline product. The melting point
was 160.5-161.5° C, and the reported literature value i»s
1620 ¢,

€ =Piperidino~n-anyl chloride hydrochloride
/CHZ'Q§2
CHz-CHZ

Adding, during a one hour period, 13.1 g (0O.11 mols)
of thionyl chloride dissolved in 25 ml of dry chloroform
to 15 g (0,088 mole) of € ~piperidino-ne-amyl alcohol in
25 ml of the same solvent and heating this reaction mixture
at reflux for an edditionsal hell hour resulted in 17.5 g
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of a orude yellow orystalline product, After recrystalle
{zation from a mixture of equal volumes of benzene and
ethanol, there was obtained 16 g (0,071 moles, 80,4%
yield) of a pure orystalline material melting at 133,5-
140° C, Analysis of the compound for nitrogen gave the
following datas

Cale'd. for CyoHpNCl,t N, 6,19, Found: N, 64213 6433

@=Morpholinoethyl chloride hydrochloride
0/032 ceicﬂocmzcl *HOL
\CH2-C§2 i

The reaction of 64 g (05 mole) of (B=-morpholinocethyl
aloohol with 72 g (0,605 mole) of thionyl chloride using
100 ml of dry chloroform as a solvent over a one hour period
resulted in the precipitation of the product as the hydroe
chloride, By means of the previously described separation
procedure and recrystallization from isopropyl aleohol,
there was obtained 67.5 g (0.395 moles, 79% yleld) of a
white orystalline product which melted at 186-187.5° ¢,
The melting point glven in the litersture for this sube
stance 1s 182.182,5° c 27

o *Methyle g emorpholinoethyl chloride hydrochloride

Cilp=CHy
0 N-CHZ-CH-GI *HC1
\ /7 - ’

Treatment of 35 g (0424 mole) of e =methyle 3 =norphoe
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linoethyl alcohol with 36 g (0.3 mole) of thionyl chloride
in 100 ml of dry chloroform according to the previously
discussed procsdure resulted in the formation of the crude
yollow product, Reorystallization from dry ethanol gave
36 g (0.19 molss, 79% yleld) of a white orystalline solid
meltinz at 180-181.5° Ce A nitrojen analysis of the come
pound resulted in the following datas

Celec'd, for 07315N0012: N, 6.99. Found: N, 6.91; 7.18.

J=Morpholino=n=-butyl chloride hydrochloride

CHa‘CHa
4 \
0\ , NCI’iaCHzChchaCl .HCI
CHZ.CHZ

Addition from a droppinz funnel of 31 g (0,26 mole)

of thionyl chloride dissolved in 25 ml of dry chloroform

to LO g (0,225 mole) of Jemorpholino-ne-butyl aleochol
dissolved in 25 ml of the same solvent during a period of
one hour followed by 30 minutes of heaiing at reflux
temperature gave a slightly colored reaction mixture.

After the usual isolation procedure and recrystallization
from a mixture of equai parts of benzene and ethanol, there
resulted 47 g (0,22 moles, 97% yield) of a white cryatalline
solid whose meclting point is 120-121° ¢, Analysis of ihe
compound for nitrogen resulted in the followliny information:

Caletd, for 08H17N0612: Ny, 6454 Found: N, 6,633 6.61,
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& *Morpholino=n-anyl chloride hydrochloride

,CHZ'Q¥2
0 NCapCHaC0HCH,CHRCL +1CL
CHZ-CHZ
The reaction of 15 g (0.087 mole) of € emorpholinoe
neamyl alcoiol with 13,1 g (0.1l mole) of thionyl ohloride
dissolved in 50 ml of absolute chloroform resulted in a
practically colorless reaction mixture, After separation
of the crude product and purification by recrystallization
from an 1sopropyl aleoholebenzene mixture of equal parts,
there was obtalned 19 g (0,083 moles, 95.5% yleld) of the
pure crystalline product which melted at 122.5~124° C,
A nitrosen analysis gave the following informations
Cale'd. for CgflygNOCly: N, 6.13, Founds N, 6,303 6.19,

J =liorpholinoenepropyl chloride hydrochloride
,CHZ-C§2
0 NCHZCHZCHECIOHCI
NCHp=CH,

Into a dry thres-necked 500 ml flask fitted with a
reflux condenser, dropping funnel and stirrer was placed
60 g (0.38 mole) of trimethylene chlorobromide dissolved
in 150 ml of dry benzene, To this solution 50 g (0.6 mole)
of morphecline was added with stirring, After the addition
of the morpholine was completed the reaction mixture was
heated gently until an exothermlic reaction took place which
caused the solution to reflux for about a half hour without

the application of heat. Morpholine hydrobromide had begun
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to precipitate almost immediately and after a further half
hour of heatinz at reflux temperature the reactlion appearsed
to bes complets as indicated by no further salt formation,
The crystalline morpholine hydrobromida.was removed by
filtration eni washed thorouzhly with dry etner. The

ether washin:s wars combined with the benzene solution and
then were axtracted witia 3N hydrochloric acids The aqueous
acid extract was mads baslc with 19N sodium hydroxide and
the oll layer which ssparated was removed 1ln a separatory
funnel., The agusous layer was extracted once with ether,
The combined ethar extract and oll were dried over anhydrous
sodium sulfate, Gaseous nydrogen chloride was passed

slowly into the chilled ether solution to form the insoluble
amine hydrochloride which was filtered and washed with dry
ether. After recrystallization from isopropyl alcohol

45 g (0.22 moles, 737 yield) of a white crystalline material
was obtained which melted at 162,5-164° C. The free base,
obtained by making basic an agqueous solution of the amine
salt and extraction with ether, bolled at 101+102° C/20 mm,
The reported boiling point is 113-115° ¢/25 mm 23

@ (N,NeDislkylamino)alkyle3~Thienyl Sulfide Hydrochloridss

Be?iperidinoethyle3=thienyl sulfide hydrochloride
LHo=CHp

| SCACHoN ~CHpeHCL
[ ﬁ; ' CHp=CH,

Into a dry three-necksd 500 ml flask equipped with
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stirrer, rsflux condenssr and dropping funnel was poured

33 g (0e25 mole) of 3Jethiophivnethlcl dissolved in a solution
contalning 30 g of sodium hydroxide in 100 ml of water.

To thls was added from a dropping funnel 28 g (0,15 mole)

of epiperidinoethyl chloride Lyirochloride dissolved in
100 ml of watere The stirred reaction mixture was maintained
at reflux tenperature during the addition of the salt solutlon
wiicn required an hour. Reactlion was continued for an
additlonal hour and a half, et the end of which a yellowlish
oll had separated, This wes removsd and the aqueous layer
was extracted three times with 100 ml portions of ether,

The combined eiher extracts and oil was washed with a §
percent sodlum hydroxide solution and then with water to
remove any unreacted 3ethiopiienethicl, After drying with
anhydrous sodium sulfete, the ether solution, while being
kept cold, was treated with & gentle stresm of dry hydrogsn
chloride until there was no further precipitation of amine
hydrochlorids, Difficulties were frequently encountered in
filterinz the sticly white hydrochleride, These were best
overcome by using just sufficient hydro;sn chloride for
completing the precipltation. The bulky precipitate was
eollected on a Buchner funnel and the filtrats tested with
hydrogen chloride gas for corplete removal of emine. The
erude hydrochloride was dissolved in 100 ml of hot, dry
1sopropyl alcohol and decolorized with Norit. Two recrye
stallizations from isopropyl alconol and a final washing
with dry ether followed by drying gave 29 g (0.124 moles,
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83% yleld) of a white orystalline product which melted at
149.5-150,5° C, Analysis of the compound for nitrogen
- and sulfide sulfur gave the followling resultss

Calotd. for 0y3H,gN3,011 Ny 5.313 8, 12.15. Founds
N, 5,383 5.27. 8, 12.263 12.l11.

ol =Methyled =piperidinoethyl=3-thienyl sulfide hydrochloride
SHa=CHa
o 3 2=CHa
Following the same procedure as described above, 33 g
(0425 mole) of 3ethiophenethiol dissolved in a solution
eontaining 30 g of sodium hydroxide in 100 ml of water
were treated with 20 g (0,10 mole) of «(~methyle@epiper-
idinocethyl chloride hydrochloride dissolved in 100 ml eof
water. The addition of the latter reactant required an
hour and was followed by a half hour of heating, with good
stirring, at reflux temperature. The product was purified
in the previously deseribed manner, The hydrochloride was
recrystallised from dry isopropyl alcohol giving 20 g
(0.083 moles, 83% yleld) of a orystalline salt which melted
at 172-173.5° Co The snalysis of the eompound for nitrogen
and sulfide sulfur gave the following results:
Calo'd, for Cy H,oNS,Clt N, 5.043 S, 11,54, Found:
N, 5.013 5.16. S, 11,763 11.81.
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Y =Piperidinoen-propyl=3-thienyl sulfide hydrochloride
CH,=CH,

N
- SCHpCHoCHoN ' CH,*HCL
CHp=CH,
s

The procedure was the same as that employed in the
previous preparations. A quantity of 4O g (0.2 mole) of
J=piperidino-n-propyl chloride hydrochloride in 100 ml of
water was added to a wellestirred solution, at its reflux
temperature, of 66 g (0.50 mole) of 3=thiophenethiol dis~
solved in 100 ml of water containing 4O g of sodium hye
droxide, Two hours were required for the reaction to bdbe
completed., After the usual operations, the orude hydro-
chloride was recrystalliged from absolute ethanol, The
pure orystalline product weighed 45 g (0.162 moles, 81%
yield) and had a melting point of 120-121% C. The analysis
of the compound for nitrozen and sulfide sulfur resulted
in the following datat |

Caletd. for CypHpoNSpClt N, 5.043 8, 11.54. Founds

N, 5.093 5.17. S, 11,363 11.67.

O =Piperidinoen<butyle3=thienyl sulfide hydrochloride

,°H2"°§g
| OHa-CHp
S
Interaction of 13.2 g (0.10 mole) of 3=thiophenethiol
dissolved in a solution of 10 g of sodium hydroxide in 30 ml
of water with 19 g (0.05 mole) of ) epiperidinoenebutyl

chloride hydrochloride in 30 ml of water resulted in the
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separation of an oily product after heating for an hour
and a half at reflux temperaturs, After the usual purie
fication procedure the hydrochloride salt of the product
was reorystallized twice from a mixture of equal parts of
ethanol and benzene to yleld 13 g (0,045 moles, 89% yield)
of a pure orystalline product melting at 131-133° Ce
Analysis of the compound for nitrogen and sulfide sulfur
gave the following data;
Calo'd. for Cy3HpoN3,Cli N, 4.893 S, 10,98. Found:

N, he723 4468. S, 10,613 10.72.

£ <Piperidinoeneamyl«3«thienyl sulfide hydrochloride
CH2=CHp

GH G ,0H o OF pCHoN CH,eECL
| CH.,=CH
< 2=CH,

Employing 12 g (0.053 mole) of & «piperidino-neamyl
ohloride hydrochloride in 50 ml of water and 7 g (0.06
mole) of 3ethiophenethiol dissolved in a solution cone
taining 6 g of sodium hydroxide in 50 ml of water and
following the previous procedure, there was obtained, after
recrystallization from an isopropyl alcohol and benzene
mixture of equal parts, 15 g (0.048 moles, 93% yleld) of
a orystalline produst. The observed melting point was
89.5+91,5° C. Analysis for nitrogen and sulfide sulfur
gave the following datas

Caletd, for 01h32h§32013 N, L4.58; 8, 10,48, Pounds
N, L4523 4.68. S, 10,543 10,67



B=Morpholinoethyle3-thienyl sulfide hydrechloride
CHa=CH,

SCH.,CH ~0*HCL
R
< 2=CH,

Using 11 g (0,083 mole) of 3-thiophenethlol dissolved
in a solution of 10 g of sodium hydroxide in 50 ml of water
and treating 1t with 10.5 g (0.056 mole) of emorpholinoe
ethyl chloride hydrochloride in 25 ml of water, there was
obtained an insolubls oil after twe hours of heating at
reflux temperature, After separation and conversion to
its hydroohloride salt, it was recrystallized from isopropyl
aloohol, The crystalline product weighed 1l.5 g (0.043
moles, 77.5% yleld) and gave an observed melting point of
109-110,5° Co The following data was obtained by analysis
for nitrogen and sulfide sulfurg

Celotds for Gy H, NS,0C1: K, 5.27; 8, 12,06, Found:

N, 5.203 5e31e S, 11,963 11,81,

o =MethylefBenorpholinoethyle3=-thienyl sulfide hydrochloride

,CH2=CHp
T S-CE2=CHa"K JO°HC1
CH CHy=CHy
3

The additioa of 18 g (0.15 mole) ef 3=thiophenethiol
dissolved in a solution eontaining 10 g of sodium hydroxide
and 25 ml of water, to 14 g (0,070 mole) of olemethyle3e
morpholinoethyl chloride hydrochloride dissolved in 25 ml
of water resulted in the formation of an insoluble olly
layer after an hour and a half of heating and stirring at
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reflux temperature, Using the same isolation procedure
and recrystallizing from a one to one isopropyl alcohole
benzene mixture containing a amall amount of ether gave
15 g (0,054 moles, 77% yield) of a pure product melting
at 95-94° ¢, Analysis for nitrogen and sulfide sulfur
gave the following results;

Cale'd, for cllnlansaoc1z N, 5.003 S, 11.46. Found:
K, 4913 S.13. S, 11,623 11,70,

¥ «Morpholinoenepropyle3=-thienyl sulfide hydrochloride
/032‘°§2

[ SCHCHROHRN ,CeHC1
GHZ-CHZ

To 14 g (0.07 mole) of Jemorpholino-nepropyl chloride
hydrochloride dissolved in 25 ml of water was added 18 g
(0,15 mole) of 3-thiophenethiol in 25 ml of 10N sodium
hydrox!de. After the reaction was carried out as described
above, a yellow oll separated, This, after separation,
purification and recrystallization from 1sopropyl aloohol,
gave 16.5 g (0,060 moles, 85% yield) of the hydroshloride
salt which melted at 157-158.5° C, Analysis for nitrogen
and sulfide sulfur gave the following results:

Caletd, for 0yH,gNS,001: N, 5.003 S, 1l.46. Found:

Ny 4e923 5.09. 3, 11,653 11479

2 =Morpholinoen-butyle3-thienyl sulfide hydrochloride
/CH2~CHp

The quantity, 7 g (0,06 mols) of 3-thiophenethiol was



L3

dissolved in a solution containing 6 g of sodium hydroxide
dlssolved in 50 ml of water. To this, by means of a dropping
funnel, was added a solutlion of 8 g (0,037 mole) of Jemore
pholinoen-butyl chloride hydrochloride in 50 ml of water,
Purification and recrystallization from isepropyl alcchol
gave 9,5 g (0,034 moles, 92% yleld) of erystalline hydroe
chloride having a melting point of 148-149° C., Analysis
for nitrozen and sulfide sulfur resulted in the following
analytical datas

Caletd, for Cj HooNS,0C1t N, L7738 S, 10498, Found:
N, L4.883 4.92. S, 11,195 1l.16.

& “Morpholino=n-amyle3-thienyl sulfide hydrochloride

fHa=CHy

SCH‘?CHZCHZCHZCHZQ /0 *HCl
e

The interaction of 12 g (0,052 mole) of & =morpho=
linoeneamyl chloride hydrochloride in 50 ml of water and
7 g (0,05 mole) of 3=-thiophenethiol dissolved in a solution
of 6 g.of sodium hydroxide and 50 ml of water, produced
an insoluble oil in a reaction period of one hour, Following
the usual separation procedure and recrystallization of the
product from a denzeneeisopropyl alcohol mixture of equal
parts, gave 14 g (0.045 moles, 87.5% yield) of a erystalline
hydrochloride which melted at 135-136,5° C, Analysis for
nitmgen and sulfide sulfur gave the following datas

Cale'd. for Cy4H,5NS;0C13 N, 4.553 8, 10.41, Found:
Ny 4eS13 Le69s 8, 20,233 10464,



¢>duorpholino-n-butyl-3-th1onyl sulfide hydrochloride

CHz-Cﬂz
WS-CH 2CH ZCH ZCH ZN g *HC1

N3
In order to test the second general msthod of syn-
thesis, 7 g (0,034 mole) of Jechloro=-n~butyle3=thienyl
sulfide and 6 g (0,070 mole) of morpholine were added to
50 ml of dry benzene and allowed to stand with occasional
shaking for a one-=half hour period. Following this the
solution was heated at its reflux temperature for four
hours, at the end of which no additional formation of
morpholine hydrochloride was observed., After cooling to
room temperature, the resction was made basisc and steam
distilled until the Simon's test for secondary amines
indicated the complete removal of excess morpholine. The
solution remaining in the distillation flask was made acidic
with 4N hydrochlorie acid and extracted twice with ether
to remove unreacted Je-chloro=nebutyle3-thienyl sulfide.
On neutralization with LN sodium hydroxide a brownish oil
separated which was extracted twice with ether and dried
over anhydrous sodium sulfate. Dry hydrogen chloride was
slowly passed into the chilled ether solution to form the
hydrochloride, which separated as a clear oil., Consider=
able difficulty was experienced in orystallizing the proe
duct and was accomplished only by seeding the oil with a
orystal of the compound prepared previously by the first
goeneral method, After reorystallization from isopropyl



45

aloohol, there was obtained 1,0 g (0,0035 moles, 10.5%
yield) of a crystalline product melting at 146.5-148° @,
There was no depression in melting point when a sample

of this product was mixed with a sample of the subatance
prepared in the previously deseribed manner. Analysis for
nitrogzen gave the following datag

Calec'd, for 012320N520c1l N, 477+ Pound: N, L5653 451,

pePiperidinoethyle3«thienyl sulfide hydrochloride
ICHa-cgz

~SCH,CH,N CH.,*HO1
I 27 . -ch. 2
[$J 2=CH,

According to the method employed in the previous
preparation, 14 g (0,079 mole) of @echloroethyle3=thienyl
sulfide and 12 g (0.,1l4 mole) of piperidine were added to
100 ml of dry bengene and allowed to stand for a half hour
followed by heating at the reflux temperature of the solution
for five hours at the end of which there was no further
separation of piperidine hydrochloride., After the usual
separation procedure the hydrochloride was obtained as a
clear oil which could be orystallized only by seeding with
& orystal of the compound proﬁared by the first method,

The solld product was reorystallized once from dry isopropyl
aloohol by seeding the hot solution with a few crystals of
the material. The yield of crystalline material obtained
was §} g (0,015 moles, 19€ yleld)s The substance melted at
148«150° C and gave no depression in melting point when
mixed with a sample of the same scompound pr epared previouslye.
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Analysis for nitrogen gave the followlng results:
Calo'd, for 011E18N8201: N, 5.31, Pounds N, 5.213 5.19.

o eHydroxyalkyle3-thienyl Sulfides

)-Hydroxy-n—buty1-3-thionyl sulfide

In a 500 nml threeenecksd flask fitted with a stirrer
and reflux condenser was placed 87 g (0,75 mole) of 3e=thioe
phenethiol dissolved in a asolution prepared from 35 g of
sodium hydroxide and 150 ml of water., To this stirred
solution was added dropwise, over a half hour period, 65 g
(0,60 mole) of tetramethylene chlorohydrin, Immediately
after the addition of the chlorohydrin was completed the
reaction mixture was heated to ita reflux temperature for
an hour and then allowed to cool to room temperature, at
which point a yellow oil separated, The olly layer was
separated in a separatory funnel and the aqueous fraction
extracted twice with ether. The combined ether extracts
and o1l were washed twice with water and dried over anhydrous
sodium sulfate followed by removal of the ether by dis-
8illation. The o0il was vacuum distllled using the column
previously described and resulted in 96 g (0.51 moles,

85% yleld) of a clear slightly yellow liquid product. A
fow ml of unreacted chlorochydrin were obtalned in the
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fore-run. The product boiled at 13&-135° C/1.5 mm,
Anslysis for sulfide sulfur gave the following results:
Caletd. for OgH,,S,0: S, 16.49. Found: S, 16.02; 16.42.

p—Hothno p-hwlroxy.thyl-}-thi enyl sulfide

8-CHp=CH-CH
1,4 '

Employing the previously desoribed preocedure, 58 g
(0,50 mole) of 3-thiophenethiol dissolved in 30 g of
sodium hydroxide and 150 ml of water was reacted with 57 g
(0.60 mole) of propylene chlorohydrin, After the afore
mentioned separation the liquid product was distilled in
vacuo to yleld 70 g (0.485 moles, 97% yield) of olear
yollowish oil boiling at 116° 6/5 mm. Analysis for sulfide
sulfur gave the following results:

Cale'd, for 673108203 S, 18.40. Pounds S, 18.263 18.81,

A seoond preparation gave a yield which was 85 pereent
of the theoretical and the product distilled at 111° ¢/ mm,

@A-BEydroxyethyl-3=thienyl sulfide

USCHZCHZOH

By the interaction of 35 g (0.30 mole) of 3-thiophene-
thiol dissolved in a solution of 15 g of sodium hydroxide
and 150 ml of water with 28 g (0.35 mole) of ethylene
chlorohydrin a yellow oily layer was obtained after a

reaction period of one hour. Separation and vacuum dis-
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tillation gave 0.5 g (0.25 moles, 84% yleld) distilling
at 1164117° C/2 m. Only the boiling point, 125° C/1 mm,
is given in some unpublished work.au Analysis of the
eompound for sulfide sulfur gave the following results;
Calo'd. for C¢HgS,01 S, 20.02. Found: S, 19.763 20.23.

¢ =Chlorealkylel-thienyl Sulfides

d=Chloro-ne~butyle3-thienyl sulfide

The quantity, S4 g (0.45 mole) of thionyl chloride
was added dropwise to a solution of 68 g (0.36 mole) of
J-hydroxy-nebutyle3-thienyl sulfide dissolved in 35 g of

pyridine. The reaction was ocarried out in an ipparatun
sonsisting of a threes-necked flask fitted with a stirrer,
dropping funnel, and reflux condenser. Provision was made
to allow a stream of dry air to be drawn across the
surface of the reaction mixture., Stirring was maintained
during the addition of the thionyl ehloride and at various
time intervals the reaction flask was immersed in an ice
bath to control the exothermic reaction. Addition of the
thionyl chloride required an hour after which the reaction
mixture was allowed to 600l to room temperature. The
erude, brown, olly product was washed twice with water,

dissolved in 200 ml of ether and dried over anhydrous
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sodium sulfate, After removal of the ether by distillation,
the o1l was distilled under vacuum to give 17 g (0.086
moles, 24% yleld) of greenish yellow oil boiling at
131° ¢/1.5 mm, Analysis of the product for sulfide sulfur
gave the following resultss
Cale'd, for CgHyyS,Clt 8, 15.51. Founds 8, 15,783 15.92.
A second preparation employing reversed addition of
the reagents resulted in a 29 percent yleld of product
whioh distilled at 135° /2.5 mm,

& =Chloroethyl«3-thienyl sulfide

USCHacﬂzcl

The quantity, 50 g (O.43 mole) of 3-thiophenethiol
was dissolved in a solution of 18 g of sodium hydroxide
and 200 ml of water. The resulting solution was poured
into a 1000 ml rl@lk fitted with a reflux condenser,
stirrer and dropping funnel. The stirred mixture was
heated to reflux temperature and 73 g (0,50 mole) of
ethylene chlorobromide was added slowly over a period of
& half hour, The reaction was allowed to continue anm .
additional hour after the addition of ethylene chloro-
bromide was eomplete., Upon ocooling to room temperature,
& heavy yellow 01l separated and this was collested with
the aid of a separatory funnel., The aqueous layer was

extraocted with a 100 ml portion of ether which was added
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to the oil. The resulting ether solution was washed with
water followed by drying over anhydrous sodium sulfate.
The ether was removed by distillation and the yellow oil
remaining was fractionated under vacuum using the previously
described cclumn. There was a few ml of forerun followsd
by 55 g (0.31 moles, 72% yield) of a slightly yellow, clear
o1l which boiled at 123° ¢/8 mm. Analysis for sulfide
sulfur gave the following datat

Calc'd, for C6H782613 S, 17.53. Found: 8, 18,383 17.71,

Tetramethylene Chlorohydrin

A 1000 ml flask was equipped with a reflux condenser,
thermometer, and gas diffusion tube extending to the bottom
of the flask. The quantity, 40O g (6.45 moles) of tetra-
hydrofuran were added to the flask and heated to its
reflux temperature (64° C) using an electrioc mantel. The
introduction of gaseous hydrogen chloride being commenced
at this point, The reaction was continued for 18 hours
in which time the reaction temperature hed risen to 103° Ce
Excess hydrogen chloride was removed from the reaction
mixture with a water aspirator and the product was dried
by the addition of anhydrous sodium sulfide, A small
quantity, S g, of copper powder was added to the solution
to prevent peroxide formation. The reaction mixture was
distilled under vacuum producing 195 g of unreacted tetra-

hydrofuran as a forerun, followed b; 158 g (3.29 moles,
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51% yleld) which distilled at 70-71° C/7 mm. Starr and
HixaonBo revorted a S4=57 percent yleld of product boiling
et 870 C/IO TiMe



ANALYSIS

Determination of Nitrogen

The analytiocal method used was that of Redemann3?
which employed the Kjeldahl method on a semimicro scale.
Using,n micro-K jeldahl distilling apparatus, a mixture
coﬁg;ining 20«60 mg of sample, 0.1 g quantity eof equal
parts of merocuric oxide and potassium sulfate in the ratio
of 8 to 100, and 5 ml of concentrated sulfuric asid, was
digested until a clear, colorless solution resulted., After
cooling the digested mixture was diluted with 15 ml of 50
percent aqueous sodium hydroxide. The receiving flask
oonsisted of a 200 ml conical flask containing e known
amount of standard hydroohloric acid. After [0-50 ml
of distillate was collected, a few drops of methylene
bluee-methyl red indicator were added and the solution was

titrated with standard sodium hydroxide,

Detsrmination of Sulfide

Following the procedure of Siggia and Edsborguo. a
sample containing about 0,002 mole of alkyl sulfide was
weighed directly into a 250 ml conical flask and dissolved
in 4O ml of acetioc acides To this solution was added about
10 ml of distilled water followed by 3 ml of concentrated
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hydrochloric acid, The solution was titrated with 0.1N
bromate-bromids solution until the first yellow color due
to excess bromine was vislible, A blank was run on theo

solvents to corrsct for the amount of exeess bromine

needed to detect the endpoint,
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SUMMARY

Two o=plperidinoalkyl chloride hydrochlorides and
three © =morpholinoalkyl chloride hydrochlorides were
prepared for the first time and some of their physical
properties ars reported,

Two © ehydroxyalkyle3«thienyl sulfides with two and
four carbon atoms in the alkyl chain were preparsd
for the first time and some of their physical
properties were determined. The pe~phenyl azobenzoate
derivatives of these were synthesized and their
melting points are reported,

Two &echloroalkyle3=thienyl sulfides having two and
four carbons in the alkyl chain were prepared for the
first time and some of their physical properties were
determined,

Ten «(N,N-dialkylamino)alkyle3=-thienyl sulfide hydro=
chlorides were synthesised for the first time and some

of their properties were investigated,
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wWilliam H. Houff

As a study cof sulfur containing compounds of pharmae-
cological intersst, some «w¢N,N-dlalkylaninojalkyle3=thienyl
sulfide hydrochlorides were prepared because of the
interesting activity as local anesthetics possessed by the
corresponding phenyl analogs and because of the reported
lower toxicity of the thiophene nucleus when incorporated
into such compounds as compared with that of benzene,

These compounds may be represented by the general formula,

US(CHZ)!IN::.HQ

where -Nfg is a morpholino or piperidino group and "n"

varies from two to five,

The first general method of synthesis involved the

following sequence of reastions:

EtOH

2RoNH + Cl(CHZ)nOH —_— R2N(CH2)an + R NH°*HEC1l

2

CHC1 .
R,N(CH,) OH + soc12—J-p_ RZN(CHZ)nC]. HCl + 80,

NaCH

USH + Cl(CHz)nNRz‘HCI —_— US(CHZ)nNRZ 4+ NaCl

The first intermediates, «¢N,N-dialkylaminoj alcohols,
were prepared by refluxing the proper sescondary amine and
ehlorohydrin in absolute ethanol,

The synthesis of the ®¢N,N-dialkylaminojalkyl chloride
hydrochlorides involved ths careful addition of thionyl
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chleride to a chloroform solution of the @)¢N,N-dialkyl-
amino} aloohol. Five compounds which had not been pre-
viously reported were prepared and some of their physical
properties were determined,

The Ww¢N,N=dialkylamino}alkyle3=-thienyl sulfide hydro-
chlorides were prepared by the interaction of the proper
W ¢N,N=dialkylaminojalkyl chloride with 3-thiophenethiol in
aqueous sodium hydroxide solution. The products were
isclated and characterized as the hydrochloride salts.
Altocether, ten «¢N,N~dialkylaminojalkyl-3-thienyl sulfide
hydrochlorides were prepared and some of their physical

properties are reported,

In an effort to improve the ylelds of the final product
and to shorten the time required for their preparation a
second general method of synthesis was studied, and is

indicated in the followingz series of reactions:

NaOH
USH + CL(CH,) 0H —» Us(cnz)noa 4 NaCl + H,0
CeH5N(CH4)

+ 805 + CgHgN(CH3),°HCL

@Swna)ﬂm + 2RoNH ———— Us(cnz)nnnz + R,NHeHC1
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As represented by the first equation, 3-thiophenethiol
was reacted with the appropriate chlorohydrin iln aqueous
sodium hydroxide to yield the <&ehydroxyalkyl-3-thienyl
sulfide, Three &=hydroxyalkyle3-thienyl sulfides were
prepared which had not been previously reported and some
of thelir physical properties were determined.

The =-hydroxyalkyle3e-thienyl sulfides were converted
to the e«)=chloroalkyl-3-thienyl sulfides by the addition
of thionyl chloride employing dimethyl aniline as solvent,
fwo @ echloroalkyle-3-thienyl sulfides whioh were not pre-
viously reported in the literature were synthesized and
some of thelr properties were investigated,

By reacting the & echloroalkyl-=3-thienyl sulfide
witnh the appropriate secondary amine, the ¢ ¢N,N-dialkyle~
eminojalkyle3«thienyl sulfide was obtained and isolated as
the hydrochleride., Two such comnounds were prepared in
this manner and were found to be identicel with those pre-
pared by the first general method,

A study of the methods of preparation employed revealed
that the first general method was most applicable to the
synthesis of the desired series of compounds, The ylields
were, in general, better, isolation was simpler, the purity
of the products was more satisfactory and fewer side-

reactions were involved in the synthesis,

No information concerning the pharmacological properties
of the «¢N,N=dialkylaminojalkyle3-thienyl sulfide hydro=
chlorides is given since this work deals only with the

synthesis of these compounds,

i
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