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This stuuy ceals with an investigation of the heratofore unbnown
thianaphthenethiols, and the synthesis from them of thianaphthyl allsy
sulfides having a tertiary amino group on tie ter-.inal carbon of the

alkyl crain., This study was unazrtaiien for the purposz of extanding tie

ko
%]

work praviously con2 in the field of synthetic local anssthistics con-
taining th2 taio ether linkasze (1,2,3). Thes2 compounds can be repre-

sentad by the general forrula,

The thianaphthensthiols, 2-thianaphthenethiol, 3-methyl-2-thia-
napnthenethiol, 3,5-cimethyltihianaphtnanstniol, and 3,7-cimethyltnia-
naphtnen=sthiol, were prevarec by the metalation of tihe appropriate
thianaphtnens derivative with n-buiyl litsium, and subssquent reaction
with powdered sulfur., The general reaction scheme is illustrated for

the preparation of 2-tnianaphtiienethiol,
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The mercaptan 3-thianaphithenethiol was synt.izsized by erplcying a
_ N ; 7

Grignara reaction startins with 2-iodotliianaphthens,

I K= ' el
etaer

w

i , I
E:U S ShieT

The preparation of thiols by tiie reduction of sulfonyl chlorides
witn 1ithium aluminum hycoricas was Zound inapplicabls to thianapnthene
as a syntihwetic approaci cue to tiae sensitivity of the lattzr towards
chlorosulfonic acid.

The preparation of tiz tertiary aminoélkyl talanaphitiayl sulfides

can bz represented by the gensral equation,

T yaou
+ Cl-{ cn?)n_;( hatd 2
SH 1 S-(CHz)n-N\

The tertiary amino alkyl chlorice hycrociulorices, @=-cimeunylamino-
ethyl, @ -diethylaminoethyl, ¥ -dinethivlamino-n-propyl, & -ncthyl- @-ci-
methylaminostiyl, @ -moroholinosthyl, ¥ -morninolino-n-vropyl, @ -piverdino-
ethyl, Y -pipsrdino-n-propyl, @ -thiomorpnolinoethvl, and ¥ -thio-
morpholino-n-propyl cnloride nydrochlorides, ware used in tie present

investijation,
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VIRRUDUCTION

Thianaphtiiene was first prepared by Cattermann and Lockhart in the
year 1893 (L). Since that time many investigations dzaling with thia-
naphtiiene have been recorded in the chemical literaturz. Howsver, there
are numerous problems dealing witn this material yet to be solved. lost

of the studies in thianaphtnene chemistry have been on the hydroxy-

thianaphtiienes and quinones as tnesz materials are essential intermadiates

in tne synthesis of the commercially important thioindigo dyes. Cther
aerivatives of thianaphthenz have not reczived nearly the attention
given tne hydroxy compounds, and as a consequence many phases of thia-
naphthene chemistry are still in nsed of study.

One such phase that nhas received only tie most limited amount of
work is tnat of the suliur aerivatives of thianapnthens, No suliides,
sulfoxides, sulfones or tuiols have bzsen reported, and only a iew random
cases of sulfonation have been puvlished in tie chemical literature.

The main objzctives of tiids study were to investigate possible
nethods of obtaining tnianaphthenetiniols, and to tihen erploy tne thiocls
in the synthesis of compounds which should have potential use as local

anesthetics.






RISTCRICAL

There are two general groups of drugs used Ifor the procuction of
local anesthesia., To the first group belong such suvstances as etiyl
cnloride which caus2s anesthesia by refrigeration. The second grouv of
drugs comprises substances which produce a seslective paralvsis of
Senstry Nerves,

The second group may be divided intc two classes, Into the first
fall substances almost insoluble in water and which are therefore used
as dusting nowders or in the form of ointments. An example of this

1

class is ethyl p-amino benzoate or benzocaine. The members of the

»

1

second class are soluble in water. The best known exarple of this clzss

[¢]

is procaine hydrochloride or 2-diethylamino et:iyl p-amino benzoate
hycrochloride.

The use of local anesthietics in medicine daves back to tne last
two decades cf the nineteentn century wnen cocaine was introduced by
Karl Koller (5) as an anestnetic for the eye. However, the fact that
a large nunber of people siiow a dangerously high degree of addiction o
cocaine has been one of the main reasons for seeking substitutes for
cocaine as a local anssthetic.,

The science of synthetic local anesthetics dates from tne discevery

of Zihhorn (&) that esters of p-aminobenzoic acid produces suriace

anesthesia. Since that time numerous investigations have been directed



voward the proparation of compounds having the genseral features inci-

cated in the formula,

”~
A-11=(3) =N

Here A represents an aryl group, and M is a h2tercatom or haizropgroup.
These features are considerad to be responsidble for tne local anesthstic
properiies of cocaine,

Until recent years, most of the comnounds praparzad showin:s activivy
as local anestnetics were related to cocaine or novocaina, Studiss made
in the past few ye=ars nave siouwn tralt compounds possassins wicely
cifferent structures also poss2ss anesthetic activity. These incluce
anino alcchols, sterols, and etaers containing a tertiary arino group.

Vore recently, Schustz (1,2,7) and Campaisne (8) hava investigated
the activity of various organic sulfur compounds possessing a tertiary

anino group. A group of phenyl sulfides was prepared having tnz follow-

ing structure (1),

where n varied from two to six and R was equivalznt to piperdino,
morpholino, dietnylamino and dimetnylanmino. All of thes2 cormpounds were

found to possess anesthetic activity in the range of procainz,
Due to the chenical similarity of benzene and thiophene, Campaigne

and LeSuer (8) prepared a scries of esters having the following structure,

COo-(CHp) ,=R-HC1



wners n variad from two to threc and R was eguivalent to morpholino,
aimsthylamino, diethylamino, di-n-propylamino, ana di-n-butyla-iino,
Cnly tne Y -di-n-butyl-n-propyl cerivative showsd any anssthetic activity.
The toxicity of these compounds is similar to the p-aminobenzoates.

Houlf and Schuetz (7) stuaied the propertics of somz derivatives

of 2-thenoic acid.,

COp=(Ciip)y=tHC1

wn2r:s n was elther two or three and R was piperdino or morpholino.
These compounds were comparable to procaine in wheal tests in zuinea
pirs and possessed low toxicity. Later stucizs by thess same workers

were carried out on derivatives of 3-thiophenetniol (2),

S-(Cily)p=-1-HC1

fizre, n varied in these compouncs from two to five and X was piperdino
or morpnolino, Pharmacological tesus indicated a hish activity.
An interasting group of compounds was prepared by Burcows and

Reid (9) havins the tertiary amine group in the form of a thiomorpholino

rine,
COp=(CHp ) =il 3S 10

with n equal to two or thrze., The n-propyl derivative was found to be

about as eifactive as procainz, but less toxic.



.

Burtner and Lehmann (10) prepared a derivative of dibenzothiophensz

of the feollowlng structure

I I — JCZ Gl 2 u;lz, (uz )2':IC1

It shcwed a wz2ak anestvilietic action in th2 rabbit cornsa tost.

Since both the benzene and thiophene nuclei have been incorporated
scparately in numerous compounds studizd ovar recent years as local
anesthetics, it was thougit that the preparation of derivatives contain-
ing thas2 fsatures combined in a single molsculs, as is [fournd in thia-
napntizsne, would bz of interest.

Thianaphthens is the na e currently used for the ring system (I)

by Cheical Abstracts. Th2 alternate nurbering syste: (I1) is found

occasionally in early literaturs., Prior to 1337, the na-e

=

-
(o

I II
benzothiophene, wnich was first used by the original Gerran worker

was erployed by Chenical Abstracts, and the British Absvtracts still use

this form,

Detailed descripiions of tiie Cnenistry of thianaph
found in books by Steinkopf (11), and Fukushima (12). Rz2cently, an
xcellent coveraze by Hartough and l.eisel (13) has been publishad,

which contains the wajority of refersnces throush the first half of 192,
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The first cerivative of thianaphthene, lL-hydroxythianaphthens,
was prepared in 1855 by Biedermann (1h) fro~ tnioph:ne-2-alceiyaz and
sodiunm succinate. Thnis reaction is sinilar to that used to prepare

o -naphthol from benzaldzhydz.
i

L. 0
-G .
Cq/’t' d . Acetia i
- 2 \ K3 ~
l + )C- Anhydrloe<; CO, + ' |
Cli, H HO,C

=~ C-0H
|
0

Thianaphth2ne was obtained synthetically before it was isolated
from natural sources. Gattermann and Lockhart (L) first prepared it by
heating at its reflux temperature an alkaline alcoholic solution of

o-rercapto- @ -ciilorostyrene.

KCH + HCl

It was not until 1902 that Boes (15) was able to isolate thia-
naphthene from coal tar. He s2parated it from the naphthalenz fraction
by means of its picrats darivative.

Thianaphthzenz can b2 producad by the dehyvdrozenation cf etihvl-
bznzzne (146) and suvbsaquant reaction of tne styrene witih hycrogen suliiae,
or rrom slyrene and hydrogzn sulficz (17).

Friedlandzr (10) prespared thianaphtiene by the oxidation of

o-rmercaptocinnamic acid with potassium ferricyanids.



CHO CH=CHCC,H CiA=CHCCH

——
\ \ [JH
I\*OZ \02 qu

CH=CIICO,H
SH

synthesis of thianaphthene widely used is <the reduction of

3-nydroxytihianapnthene by mzans of zinc cust (1%).

'

CCH CCLII COLH
Hy > SH T SCH,C0,H

|

CH CH
o -Cu — e

There has been no systenatic study of th2 halogeznation of tiia-

1
13

naphthenc. Komppa (2C) was the first to chleorinate thianaprthene. Ie

5

obtainad a dichlorotnianapnthzne, presumably the 2,3-derivative.
Schlesinger (21) cbtained 3-chlorothianaphtiene in lcw yi=ld by the

chlorinaticn of ti:lonavhtihene in carbon testrachloride as a solvent.

-

Trne perchloro derivative of thianaphthene, 2,3,L,5,6,7-hexachlerothia-

naphthene, was prepared by Barger (22) as indicated in the cquation,

Cl
Cl Cl
SCC1,,50,01
CHCIi Br o > Cl Cl
Br 270
Cl

b)

Sromination of thianaphthene yields a variety of proaucts depending

.
|

upon the reaction conditions. Iifono, di, tri, and tetrabromo cerivativces
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are known. A monobromo derivative, 3-bromothianapnthene was prepared

by treating tnianaphthene witi bromine in chloroform as a solvent at
a temperature of 30°C. (20). A 2-bromothianaphthcne results Irom the
interaction of 2-thianapnthyllithium witnh bromine in ether solution
(23).

Only three iodo derivatives are reported in the chemical literature.
The 2-iodotinianapntizne results from the treatment, in an etiher solution,
of 2-thianaphthylliti:ium with iodine (24). Tie 3-iodo-cerivative
results Irom the treatmsnt of thianapnuiiens with iocine and mercuric
oxice (24). 2,3-ciiodothianaphiiene nas been preparsd by treating
2,3-thianaphtlienedimercurichloride with icdine in carbon tetracnloride

).

ietalation of thianaphthene with sodamiqe in liquid amwonia (206),

(2

\n

or with n-butyl lithiwn in etier (27) occurs in tne two positicn. That
metalation occurs in the two positicn has been veriiiec by tne fact

that the methylihianapatliene obtainza from the reaction o thianapnthyl-
lithium with methyl p-toluenesulionate, and the 2-methylthianapnthene

prepared by loth and Kiss (28) b; the fcllowing uncquivocal syntiizsis

are identical.

0
0t
C0.H COLH /C0211 OCCH,,
+ CH.CIHCOH ——> _Ac0 |
St Br NS—CH-CH > CH.
Zn-lig
HCAc



\O

The alkylthianaphthenes are formed by either a ring closure re-
action or the direct alkylation of the thianaphthene nucleus. The

compound 2-metiiylthianaphtiene is obtained from the rzaction cf 2-thia-

(8]

naphthenyllithiiun with methyl p-toluenesulficnate (23). It has also
been preparad in low yield by the vapor prase dehydregenation of o-n-
propylbanzenethiol (29). The alkyl derivative, 3-methylinianaphthene, was

obtained by Werner (20) by the dehycration of phenyl acetonyl sulfide.

Cii,
0 _ POy l + 150
I s

S=CIi,CCH,

The alkylthianaphthens, 3-t-butyliiianaphthens, recently reported
by Corson (31 was prepared by tie reaction of thilanaphtiiene witn
) Yy X

isobutylens,

H,P0,
+ Cl,C=Ciip — |

S . S
CHy

C(Ciiy),

Tne structure of this derivative of thianaphtiicne was established by
cdesulfurization with Raney nickel.

The use of Raney niciiel as a desulfurizing agent has found popular
use in thne structure prool of several trnianapnthene compouncs. Table I
lists the compounds that have been subjzcted to sucn a rcacticn.

A very limited amount of work has been done on the suliur deriva-
tives of thianaphtihene. o thiocls, suliides, sulfoxices, or sulfonss
have as yet been recorded in the chemical literature. Korppa (20)

treated thianaphtbene with 755 sulfuric acid and obtained a
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TA'LS T
RAIZY NICKZL RZDUCTICH OF THIANAPHT!ZLL CCrPCUNDS
Compound Reduced Products reference
Thianapnthene girylbenzene 32

3-Hycroxytnianapatnene
2-Thianaphthene carvoxylic acid
3-Thianapntnene carboxylic acid
3=-t-Buityltinianepnthene

L-Hydroxytnianaputizn

(@)

£ihiylbenzene

CelIgCl(CH,)C(CH,) 5

o-ztnylphenol,
o-zthylinicpienol

32
33

—
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menothianaphthenesulfonic acid, isolated as its sodiunm salt. Ie also

reported thiat some disulfonic acid was formed during the rcaction.
However, he reported no structure stucdy on any of thess conpounds.
Only one thianaphthene derivative containing a sulfonic acid group

in the benzene ring has been reported. Fieser (35) preovared it by the

following scquence of reactions,

NO
HO O=
*
N

NCH

NH,
HO HO
s” = 2 47 SO.N
SOBH : 3l a



- e




12

DISCUSSION

The preparation of 3-thianaphthenethiol was accomplished by the

reaction of 3-thianaphthenemagnesium iodide with powdered sulfur.

v 1, Calls 7 I F
i >
2
W
SH ] e
. Hz0 :

The iodo derivative was used in the Grignard reaction in preference

MgI

to the 3-bromothianaphthene since it is more reactive towards magnesium.
However, with both 3-iodo and 3-bromothianaphthene an appreciable amount
of unreacted magnesium was always present at the conclusion of the
Grignard reaction. The use of 3-bromothianaphthene in the Grignard
.reactitm requires the presence of a simple alkyl halide to promote the
reaction. The yield of 3-thianaphthenethiol was not particularly good,
in any of the several experiments carried out for its preparation.
A yield of thirty percent was never attained; the maximum being about
twenty-six percent. The mercaptan, 3-thianaphthenethiol is a yellow
colored liquid possessing a characteristic mercaptan like odor.

The elemental analyses of the liquid thicls prepared in this study
were carried out on their respective 2,L-dinitrophenyl sulfides since

the thiols were observed to be quite unstable. It was found that the



’_’
)

bas=z soluble thicl obtained immediately following its vacuum cistilla-
tion soon exnibited some degree of insolubility in alkaline soluticn,
even when kept in a refrigerator in a tightly closed contairer. For
this reascn, the irfrared spacira of the thiols were recorded on a
sample obtained immediately aiter distillaticn and which had been
checked for complete solubility in an alkaline solution.
The infrared absorption spectrum of 3-tnianaphithenethicl is shown
in Figure I, Inspection of tne curve reveals the sulinydryl band near
L p; the strong, selective band for thianaphthene at 9.5 p; and the wide
band at 13 p indicativz cf moncsubstitution in tne three position.
A band in the 7.95 p - 8.1% p region usually iaentifieé suliur in a tive
membered ring. The strong band at 3.25 p is chnaracterisiic of tne carbon
hydrogen stretching vibration., Figure IL shows the infrared absorpticn
spectrum of 3-(2,.-dinitrophenyl) thianapnthylsulficde in carbon disulfide.
The streng band at 7.5 p is characteristic of the aromatic nitro group.
2-Methyl-3-thianaphthenethiol was prepared irom the previously
unknown 2-methyl-3-iocothianaphthene by tne following sequence of

“reactions.

Va 1 o Ygl
| e

\ / Ha mohner CHa

S
S
sS4 Seigl
q1,0

- —a

CH, Chi,
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The ihiol was characterized by the preparation of its 2,4-dinitropnenyl-

sulfide derivative. The infrared spsctrum of this derivative in carbon
aisulfiae is shown in Figure TI17.

The necessary intermediatse, 2-methyl-3—iodothianaghthene, was
prepared by the direct iodination of 2-methylthianapithenz. The position
of halogcnation was established by the carbonaticn cof the Grignard
reagent 2-metnylthlanaphthens-3-ragnesiun icdide to the known 2-methyl-
3-thianaphtiene carboxylic acid (36).

The heretofore unknown 3-thianaphthcnethiols prcpared in the course
of this investigation and their 2,l-dinitrophenyl sulfide derivatives
are rcported in Table IT.

The previcusly unknown 2-tnianapnthenethiols preparcd curing tnis
study and their 2,L-dinitrophenyl sulfide derivatives are listed in
Table III. All of these netrocyclic mercaptans were prepared from the
appropriate thianaphthenes by means of a metalaticn reaction. The

several reactiion steps used in the synthesis of these compounds can be

presented as follows,

S e ether
+ n=-C,H L1 —_—> .
4lio Li

H,0
SH

The metalation of thianapnthene with n-butyl lithium has been described

by Shirley (23). The 2-thianaphthenetniol is a white crystalline, low
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melting solid, whereas, the other 2-thiol corpounds are all liquids

)
ci

e

room temperature, They are all scnsitive to air oxidation.

The inirared spectrum of 2-tiiianapntasnetaiol in carbon tetra-
cnloride is shown in Figure IV,

Tne position of mstalation of 3-metiylilianaphtiene was estavlisihec
as tlie two position by carbonating a small quantity of t..2 metalation
reaction mixture witih solid carbon dioxice. Tihe m2liin: point of th

acid obtained iollowing hydrolysis of +tie procuct was the sams as trat

~—’
.

reported for 3-methyl-2-thianaptitinene carboxylic acid by Gaertner (37

Tne infrarad spectrum of 3-methyl-2-trnianapatiienetiicl in carbon
tetrachloride is sihown in Figure V.

The pesition of metalation of the dialifyitnianaphtn2nes is presumesd
to also occur as is usual in the two position.

The 3-alkylthianap:iitlienss used for tie preparation of tuz 3-alkyl
2-thianapht.ienetiiols were prepared by a ring closure reaction using
phosphorous pentoxide witn the appropriate acetonyl pnenyl suliides.
Tne method of Werner (30) tor the synbhesis of allkyltidanapntiienes was
successfully extended to acetonyl-p-tolyl and acetonyl-o-tolyl sulfides.
The extension of this synthetic metnod to p-metioxy and o-methoxy
phenyl acetonyl sulfides was not successial. The ring closure reacticn
as always acconpanizad by extrem2 darkening of the rezaction nmixtare
and apparent decomposition.

The tnianaphinene derivative obtained by the ring closure of

3

acetonyl-o-tolyl sulfide was a previously un:nown diallfyltaianapninensz.
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The structure for this compound was establisied by its desulfurization

with Raney nickel,

n1r
ur;s

Ki oy
' l — CH,
CHLOH

CH.

The expected cesulfurization product, m-cymene, was identilisd by its
boiling point, rzfractive index, and a comparison of its infrarcd
spectrum with that of an aulhentic sample, of m-cymene kindly supplied
by the National Bureau of Standards. The curves shown in Figure VI
snows the infrared absorption spectrum of the corpound obtained by
desulfurization and also the curve of the authientic m-cymene.

In addition to the Grignard and metalation synthesis of thia-
naphthensthiols, another route to their preparation was desirable since
the former two methods would be limit=d in thneir useiulnzss to obtain
derivatives of the thianaphthenethiols in casss whare a reactive group
was already presenl in the thianapnthene nucleus prior to the intro-
duction of the mercapto group. A well known syntliesis of thiols is by
the reduction of the corresponding sulfonyl ci:lorice, In the aromatic
series, the sulfonyl chlorides are readily obtaired by treating the
aromatic compound with chlorosulfonic acid. Tnis sequence of reaction
for tiie introduction of the mercaplo group into heterocyclic compounds
has been recently applied to thiophene dsrivatives by X. J. Faucett
(Ph. D. Thesis, Michigan State University).

The initial studies on the chlorcsulfonaticn of thianaphthene com-

pounds were carried out on the parent compound. It became evident
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after a few erperiments tlat this reaction wen applizd tc thianaph-
thene was quite sensitive to both temperature and the quantities of
reagents. The chlorosulicnation reaction mixture usually became very
dark colored after a small amount of thianapati.cne had been added to
it. It was apparent aiter removing tne sclvent laycr that very little
tnianapntisne was being converted directly to itls sullcnyl ciiloride
aerivative. A rcasoneble possibility scemed to be trhat a thianapihthene
sulfonic acid was actuaily the procuct being formed ana of couise

would be expected to be found in tie water layer. The aqguecous layer
was necutralized first witih barium carbonate, Iiltered, and the filirate
trecated with sodium carbonate, filtered to remove the precipitated
barium carbonate, and cvaporated to dryness., Tie resulting solid
residue was treated with phosphorous pentachloride witih the intention
of converting the scdium sulfonate to the sulfenyl citloride. Thnis
procedure yielded a dark oil which wes very diificult to cdistill even
at very low pressures due o its‘rapid taernal decomposition., led
of the crude oil with lithium alwninum hycride was not successiul
because of excessive fuming and snerking auring the course of tne re-
action wiich necessitated stopping tie experiment. Howsver, during one
of the distillations on the crude oil, a small amount of distillate

was obtained. Tihis material analyzed correctly for a monosulfonyl
chloride, formed a sulfonamide and has an inirared spectrum s.owing two
strong banés at 8.54 p and 7.25 p. Schrieber (38) noted that benzene
sulfonyl chloride exhibited two strong bands at 8.L2 u and 7.L6 p.

4

However, very little spectral data has been raperied on thc ovganic
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sulfonyl chlorides as a class of compounds.

is distilled sulfonyl chloride was reduced

lithium aluminum hydride and the resulting

2,h-d

1itrophenyl sulfide. The inirared sp

carbon disulfide is shown in Figure VII.

this derivative wi

from known samples of 2-

enethiol showed no d

pression

with the 3-substituted derivative and an appreciable depression with

e 2-substituted derivative. These results indi

he sulfon-

ation of thianaphthene occurred as expected in the three position of

the thianaphthene nucleus. This conclusion is furtr

r supported by a

comparison of the infrared curves (Figures I and VII) of the 2,l-di-

nitrophenyl sulfide derivative of 3-thianaphthenethiol, the latter
material having been prepared by an independent syntnesis already
discussed., These curves are seen to be icentical.

Several chlorosulfonations of tr hene were carried out at

osition

occurring curing

of thianaphthene
reaction and recovery of the

. : -0 Bt 5
conducted at a temperature of -15C. yielded a

present, but which gave an el

iental analysis close to il
naphthyl sulfone, and the product had an infrared curve in chloroform

with maxima at 7.56, 8.7C, and 8.85 p. Schrieber (38) proposed t

ranges 8.62-8.92 and 7.L2-7.69 p, for the characterization of normal

sulfones.
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The chlorosulfonation of S-metnylthianaputiiens with an sxcoss ol

chlorosulfonic acic zave a product wiiich had the correct elaimesntal
analysis for a disulrionyl chilorice darivative of 3-methylthianaphtnens,
Tne infrared spectrum of tais compound in carbon tetracnloride sliows
strong peaks at 7,20 and 8,50 nu, It also formed an amide having the
correct elemental analysis for a disulionamice of 3-methylilhianapntizne.

The position of one of the sulfonyl ciloride groups in the tiis-
napnthene ring is very probably in the two position. Tie location of
the second group in the benzene portion of the thianaphthene nucleus
was not determined.

The chlorésulfonation ol 2-methylthianaphthene yielded a variety
of products aepending upon tne experimental concitions of the reaction.
In an exporiment carried out by acdding tiie 2-methylthianaphtienz to the
chlorosulfonic acid yielaed a product which analysed very closely for
a disulfonyl chlorice derivative of 2-metinyltinianaphtnene. This 1atter
corpound formed an aride waich gave a very good analysis for a di-
sulfonamide of 2-methylthianaphtnens and the product had an infrared
absorption curve witih strong absorptions maxima at 7.19 anc 8.L7 n.

Other chlorosulfonation experiments on 2-netnylthianaphtnene
yieldad products winich zave elemental analysis that were mt in agres-
ment with either mono or disubstitution, altiiougn the analytical
results approached the values for aisubstitution more than for a mono-
substituted product. A single chlorosulfonation reaction on 2-metihyl-
tnianaphtliene conducted at room tawperature resulled only in extreie

deconposition ana tar lormation.



sy erploying tne technique of reverse additicn of reoapents, that

is, by adding the chlorosulfonic acid to the aliyl thianaplitiienz com-
pound, it was possilLle to octain a mornosunstituved product fromn
2-rmizthylthianapnthene, The product gave the correct analysis ior a

mono=-sulionyl chloride and a monosulionamide of 2-methylihianaphthena.

To estazlish tnat substitution occurred in tn

. »

thres pesition o

(0]
[N

the thianaphthene nucleus during the cnlorosulfonation of 2-metnyltnia-
napnthene the product of the rzaction was reduczad by means of lithium
aluminum hydride to its corresponding mercapitan and tiie latier was tnen

N

converted to its 2,4-dinitrophenyl sulfide derivative., This sulfide

was then compared witii the 2,L4-dinitrophienyl sulfide of 2-methyl-3-ihia-

naprthenetliol whose structure has been estavlished by an unequivocal

synthesis developed in the course of this investigation and previously

discussea. These reactions establisihing tne position of substitution
L1

in tne cilorosulfonation of 2-metvhylihianapntliene are siiovn in ti.e

following sequences of reactions.

10,
I, I g St
7= (00, (0, O
Cii, o, i
> s\\\\\ KU,
s< N,
O
- 50,61 ] /
7 i T | |D cL KO,
q Ci, o, N






A mixed meliing point of sawmnles of tnz 2,:-ainitrophonyl suliidcs
preparea by boti ssquinces ol reactlon snowsa no acpression in melting
point. The infrared absorplion spsctrwm in carbon disuliice of the
2,u-dinitrophenyl sullide obbteinad from the chlorcsulicnatsd procduct

2-metnyltldanapathenz is shown in IFisurs VIIT, A compariscn of tho
infrared absorpiion curve witn tias infrared avsorption curve of 2-methyl-
thianapntiyl-3-(2,h-dinitrophenyl) sullide shown in Firurz ILT reveals
tae identity of trnose two compounds.

An examination of tue results obitaincd Ivom tiie ch:lorosuli‘cnation

< .

naicatas that the natare oi the

l._h

rzactions ol various tnianaphtiencs
product, its purity ana yield in such rezactions is very depencent on
tne experimental concitions. The thianaphiiiene nucleus is quite sznsitiva
towards crlorosulionic acid. many oi the rcactions of tiianaphticen=
and its simple aliyl cerivatives were accompaniac by tar lornaticn with
th2 resultant developnent ol eicessive guantities of carv colerad
materiel in vthe rsaction solution., Chilorosulionaticn aoes not appear
to be practical as a synthetic method in tne thianaphthene scries for

arivativos needed as intermadiatzes in

o

obtaining the sulfonyl chlorides
the prevaration of thianapiituenztniols,

The@W-(i1,li=-Dialkylanine) 11yl thianaphithyl sulfides were preparced
by the interaction of a basic solution of the apprepriate thiol with
an agusous solution of a tertiary amino alkyl chloriue hvdrocalorice.

No partvicular difficuliy was cxpericnced witn this reaction, eicent in

o0 A

a few cas2s during the proecipitation of the sulfidz hycrochloride salt.

The product would separate irom the reacticn solution as an oil wiici
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Halothiananhthenes

3-Iodothiianaphthene

In a two-liter three necked flask fitted with a stirrer, rellux
condensar and dropving funnel was placed 7CO ml. (7.8 moles) of benzene
and 225 g. (1.8 moles) of thianaphtnene. The2 stirrcd mixiure was
heated to 50°C. by means of an electric mantel and 270 g. (1.00 moles)
of yellow mercuric oxide and 330 g. (1l.4.% moles) of iodins wes added
alternalely in small portions. The reaction mixture was stirred for
two hours follcwing the addition of reagents. Thne solution was allowad
to cool to rcom temperature and tien riltered to remcve the insoluble
mercuric iodide. Tae dark red filtrate was treated with tarce 100 rl,
portions of saturated sodium thiosulfate sclution to dzstroy unrzactad
iodine. The benzene solution was still dark following tihils treatment.
However, a golden yellow colored solution was obtained by use of acti-
vated alurina. The benzene was ramoved by distillation at atmospneric
pressure and the residue was distilled at recduced pressure to yield
12, g. (0.6 moles, 35.) of a light yellow oil whici: boiled at
116-11500./2 mn, The reported boiling point for 3-iodotiianaphthene is

120-121°C./1.6 mm. (2L).
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3=Bromo-2-metliylthianapntiicne

~

Trhis compcund was preparsd using tne metnod emplojyec by Gaertnar
for tn2 bromination of 3-metiylitiianaphthene (37).

In a ©00 ml, three necked flask fitted with a stirrer, reilux con-
denser and dropping funncl was placed 14.6 g. (0.1 mole) of 2-metigyl-

il

thianapatnene dissclivecd in 0 ml. of carbon tetraculorice, Th2 reaction
vesszl was placed in an ice bath and cooled to BOC. To tiiis solution
was added over a period of an hour, 1& g. (0.1 mole) of bromine con-
tained in 25 ml. of carbon tetracnloride, Whnen the addition of tne
bromine solution was complete tns reaction mixture was heated to ;OOC.
and the carbon tetrachiloride removed with a water aspirator. The
resicdue oobtained was stirred overnignt at 6-°C., with 200 ml. of 1C,.
potassiwn hydroxide solutvion, Tne organic layer was separated and the
aqueous layer extiracted with 2> ml. of carbon tetrachloride. The
organic layer was combined with the carbon tetrachloride exiract,
washed with distilled water and dried over calcium cnlorice. lemoval
of the solvent and vacuum cistillation of the resicdue gave 15.2 g.
(C.067 moles, O7,2) of a pale yellow colored liquid having a boiling
point of 12;—12&00./h m.

Calc'd. for Cgi,S3r: C, u759; H, 3.113 3r, 3¢.10.

Found: C, L7.803 I, 3.2L3 Dr, 35.45.
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Attempted Preparation of a Griyrnard Heagent from 3-iroue-2-retiylitiia-
naphtiene

In an eigant inch test tube fitted with a condenser was placad

[&]

0.24

m

. (0.01 meles) of magnesium turnings and  ml. of anrydrous ether.

To this mixture was added 2.3 g. (C.01 moles) or 3-bromo-2-motiyltlia-

¥

napatiiene dissolved in 15 ml, of dry etaer. The reaction mixture was

heatad at its reflux termorature but the reaction could not be

initiated, The 272ition of a drop of metiyl Focdide produced only a
e . \

momeat > retluxing ol the reaction mixture, 7 - - Uiy vr- Jlzoon-

tinuesa,
3=Iodo=2-matlyylihianaphtiaense

I

l l i3
C-ls

Thie method =zmploven by 7. >~tner for the lodination of thianapiithens
was used in the synthesis of this matzrial (24).
Tn a £00 rl. *hrez necked flask fittad with a stirrer, reflux con-

-
fa)

densar and thermometer was placcd 1ir.S g. (0.1 =olss) of 2-methvlthia-
napiithens and 1CC ml., of benzene., Th2 solution was heavad to 60°C. and
15.2 g. (0.07 mol=3) of yellow mercuric oxice and 25.4 g. (0.1 molas)
of iodine wers added alternately in small portions. Tnz red reaction
solution was stirred for four hours at AC°C. after the addition of
reagents was complete, The reaction mixturs was cool~d and filterzd to

remove the mercuric iodide. The filtrate was treated with 100 ml. of a

saturabed sodium thiosulfate solution, wasied with distilled water and






dried over calcium chloride. 3Removal of the benz2ns and distillation

of the residue gave 15.2 g. (C.C59 moles, 5%,5) of a yellow colored

0iling point of 127-125°C./2 mn.

o2

liquid havingz a

b

Calc'd. fer CgH,ST: C, 39.43; H, 2.07; I, LS.

1]

9

Acetonvl Phenyvl Sulfides

Acetonyl phenyl sulfide

In a onz liter three necked rlask fitied with a stirrsr, reflux
concenser, and dropping funnel was placed LO g. (1.0 moles) of sodium
hydroxics dissolved in 100 ml. of cistilled water. The sodium nydroxias
solution was cooled to ZSOC. and 110 g. (1.0 mcles) of thiophenol was
quickly added., To the alkaline thiophencl solution, 92 g. (1.0 moles)
of chloroacctone was then added over a half hour period, during which
time the rsaction temperature was maintained in the range of 20-2500.
Tae reaction mixture was stirred for an hour after the addition of the
chloroacaton2 was complete. Tne reaction proauct was talen up in 200
ml. of ether, washed witn 100 ml. of water, and thon drizd over calcium
chloride. Following the removal of the ether on a stzam bath, the
residue was vacuum distilled to yield 13L g. (0.0l moles, £17) of a

e s 0 ; _ i
clear y2llow liquid boiling at 139-14G°C./15 mm. The reportad boiling

point of acetonyl phenyl sulfide is 14,2°C./17 mm. (30).



e

Acetonyl-o-tolyl sulfids

This compound was preparad by utilizing the sxperimental procecursz

described above feor acetonyl phonyl sulfide, The amounts of the
several reagents usad were, 22 g. (0.95 moles) of sodium hydroxicde dis-
solvaed in 50 ml. of distilled water, 62.1 gz. (0.° molzss) of o-tolusns-
thiol and LH.3 g. (0.5 moles) of chloroacetone. Vacuun ¢istillaticn of

thz cruds product gave 67.9 g. (U.57 molas, 752) of a pala y2llow

D oae e s . R . R ~ 0 -
colored liquid having a boiling point of 164L-155°C./15 ron.

-

The 2,L-cdinitrophnenylhydrazone of this ketosulfids was preparad

. . . . L . S . -0
ter reerystallization freom z2thanol it meltea at 113-11:

and af C.

Calc'd. for CogH,404N,S: C, 53.32; E, L.18; S, 8.90.

Found: C, 53.09; H, L..48; S, 8.51.

L]

Acatonyl-p-tclyl sulflice

ck

This compound was prepared following the expasrimental procedura

W

sis of acztonyl pnenyl sulfide. The

)

previously describad for the synth

quantities of reagents usad wara, 22 g. (0.55 mol2s) of sodium hydroxids

v

dissolved in £0 ml., of water, ¢2.1 g. (0.5 moles) of p-tolusnzthiol
3 (&) b

and ;5.3 g. (0.5 moles) of chloroacstonz, The yield obtained was

67.2 g. (0,37 moles, 7u.5s) of a pale yellow liquid which boilad at

o s s i s PO
150-1%2"C./17 mm. The reported boiling point of this sulfide is

150-151°C./15 mm. (39).



Acztonyl-p-methoxyplienyl sulfice

-C-Cil,-5 OCH,

This compound was prepared in the same experimental mannzr as
described above for acetonyl phenyl sulfide. The quantities of reagents
used were, 20 g. (C.5 molzs) of scdium hydroxide dissolvad in 200 ml.
of distilled water, 70.1 g. (0.5 moles) of p-methoxytniophaonol and 16.3
g. (0.5 moles) of chloroacztone., Vacuum distillation of the crude
prodauct after isolation from thz recaction mixture, as previously
describad, yielded 73.8 g. (0.38 noles, 73%) of a pals yellow colorad
liquid having a boiling point of 154-154°C./2 rm.

Thne 2,L4-dinitroph=nylhydrazons prepared from this k2tonic sulfide
melted at 119-12000. following recrystallization from elnanol.

7
./

rno

(@9}

Calc'd. for Cygh,0siigS: C, 51.053 H, 4.29; S,

Found: C, 51.033 H, 4.36; S, §.36.

Alkvlthianapnthenes

2-liethylihianaphthene

In a three liter three neckea flask fitted witnh a stirrer, dreopoing

funnel, nitrogen gas inlet tube, thermometer and calcium chloride

Ve

drying tubes was placed 25 g. (3.5 moles) of lithium chips contained in

3
(

4C0 ml. of anhydrous ether. The reaction vesse2l was coolad to -10°C.



in a dry ice-isopropyl alcohol bath and tuen a solution of 2L7 g. (1.8

mole) of radistilled n-buiyl bromide dissolved in 25C ml. of dry =tier
was aadad slowly over a pericd of an hour. The solution was stirred
for two hours aiter completing tne addition of the bromide. Thne re-
action solution was tnen filtered uncer a nitrogen atmospiers througn
glass wool into a tiree-liter ilask which nac been previously cnilled.

‘ : " . . o s . 0,
To tiue filtered solution of n-cutyl lithiwa, precooled to -1C C., was

added, during a period of turee quarters of an hour, 2141.46 g. (1.6 moles)

e

of tlianapntnhene dissolvea in 2C0 ml, of annydrecus etrer., The reaction

mixture was thien stirred an additional hour at a reacticn tenmperature
kept between -10°C. and -5°C. To this solution was then addad 279 g.
(1.5 mole) of methyl p-toluenesulfonate dissolved in 150 ml. of annydrous
ethier over a pesriod cof an hour, alter which the reaction mixture was
stirred for an acdcitional hour. Th2 dry ice batih was removaed and the
stirred reacticn soluticn was allowzc to warn to room terpercaturz., It
was then poured onto 20C0 g. of crushed ice. Th2 pale ycllow colorad
etner laysr was separatea, washed witii water and tren drisd over calcium
thoride. Removal of tne etier on a steam batn yielced a white solid
wiich on recrystallization from dilute ethanol gave 113 g. (C.76 mole,

~

e o C . . .. o —nO .
51%) of a pure waits sclid having a melting point of 50-227C. The
[

. . o s . o, ; : o
reported melting point of tiis compounc is 21.5-52°C. (23). Tue boiling

. R . ; . L - O :
point of the purified compound was observed to be 73-TL C./2 mn. The

(o)

literature reports no boiling point fer Z-methyltnianaphthense.



TAemepitiens

CH-

Tn 2 ZCO 1ml, three necked {lask fitted wilh a stirrer, roflux
condensar and dronping funnel, was placed 22 g. (C.1F mole) of phcs-
pnorous ventexide. ITn the dromming funnel was placed Gh.2 z. (0,29 mole)
of acetonyl phenyl sulfice, Apnroximately a quarter of the sulfide wus
added initially and then the reaction mixture was cautiously hzsated

with a Bunsczn burner to initiate th2 s»ontaneous reaction. This occurrad

2

when the reaction mixture had reached a terpzrature of abouu 1G°C. The
axothernic reaction caused the temnerature to rise to about EOCOC. and
resulted in the reaction mixture becoming very carv in color., Alter
allowing the reaction terperature to fall to l?OOC., the balence of the
suliide was acded dropwisc, aliter whica the rzaction mixture was stirred
and heated at 140-1£0°C. for an additional thres quariers of an hour,
Tr.e dark colored reaction mixture was cooled to room temperature and

200 ml, of wnter added. The reaction mixture was then extracved witn
three 1C0 ml. porticns of etihier. The corbinec extracts ware washad

with water and dried over calcium chloride. The etnher was removed on

a steam bath and tre residual oil distilled uncoer recuced pressure to
yield 3h.5 g. (C.23 mole, 6G7) of a pale yellow liguid wiich hed a beil-
ins point of 75.706°C./2 mm. The roperted boiling point for 3-nethyl-

thianaphthene is 63- 72 2./C.3 . (30).



Dimethyl thianaphthene

This compound was p ri-

mental procedure previou ynthesis of

iethylthia- 1

The reagents used 5 15 g. (0.11 mole) of orous
32 g. (0.18 mole) of acetony 71 sulfide, Distillation L

was prepared and after

A picrate of this thian:

recrystallization from ethanol

same as that reported

1thianap!

by following the

P

paration of

experimental me

which have alr The following quan

e and 68 g. (0.38

acetonyl-o-tolyl sulfide. of the impure product gave
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133-136°C./14-15 mm.

Calc'd. for CyoiHy09: C, ThL.Cos H, 6.865 S, 19.77.

Found: C, 74.2C3 H, 6.70; S, 12.65.

A picrate prepared from tie 3,7-dimeli;yliiianapntihiene had a melt-
ing point of llh-llSoC. after recrystallization from 9= ethiancl,

Calc'd. for CyH.O,N..CioH.0S¢ C, L9.11; H, 3.37; S, 8.20C.

Found: C, L%.21; H, 3.28; S, £.31.

Desulfurization of 3,7-cimetinylti:ianapntiene with laney-nickel

The methed of Blicke and Shieets (32) was used in this desulfuri-
zation reaction. A 9§ g. (0.C31 mole) quantity of 3,7-cimet.yylihia-
napntiene dissclved in 250 ml. of methanol was refluxed Ior turee
lours with 25 g. of Raney-nickel, prepared accorcing to iwozingo's
procecure (41). The cooled reaction mixture was filtered and the
catalyst washed with metnanol. Tne [iltrate and wasniings were diluted
with 1.5 liters of distilled watsr and extractzad with three 100 ml.
portions of chloroform wnich were combined and dried ovar calcium
chlorice. Zemoval of tie chloroform by distillation yiszldad L.D g.

3 mole) of a colorless liquid having the ocor of p-cywucn2. The

—~
o
.
W

cn . : s - -0 N .
boiling pcint of tie product was 170-173C. at aunospiieric pressure,
and its refractive index was, nSS = 1.4912, Tne physical constants,

. . . L s . o,
for m-cymene, reported in the literature are, boiling point,.175-175 C.,

mn

nﬁ’ = 1.4922 (L2).






- 2thyl-G-mcthoxyitihilonaphtnegne

o

In a 500 ml, tores neckea flasi Iittaed with a stirror, condenser
and dropoing funnel, was placad 20 g. (U.18 wicle) of plhosphorous
pantoxiuz. In the dropping funnel was placed 73 g. (0.37 mole) of
acetonyl=-p-methoxypnenyl sulfide., A small amount, approximately filteen

,

grams of 1llie sulfide, was acded to the reaclicn flaslk and th2 reacticn

nixture hcatea cantiously with 2 Bunsen burnor. When i

ct
O]

.
]
]
e
(W
2]
]
ct
¥
L8]
D

i3 2a,0 . . . © s ..
reach2d 1167C., the rzaction mixture started to fume and the reaction

became sponitanzous. T2 burnar was removad and resaction temparatur

M

rosz to 1°C°C. The balance cof tih2 sulfide wes tien added ¢ropuwiss over

.

during which time the rezaction rd:turs bacarme black

job)
®
o
s
=
o
F
go]
J
=
ed).
O
«

in ccler., OStirring was continued for an adcitional half hour lezping

fal

. , .0, .
the reaction te»xe"auvr“ betwenn 15C° C. and 1507C. Tn= viscous solu-

tion was cooled and 10C rl., of water adcded aftzsr wich it w2s cxtractod

1

witn 3-1C0 ml. porticns of ctuhwer. Some difficulty was cncountered in

ShBals)
s lal's

etnher

[oF

distinguishing between the water and ctner lagrors, The ¢

o}

1

cxtracts were dricda cvar calcium clilorice, :lomoval of tie ciizr cn a
steam bath yicldad only a small arount ol a dari colered oil. Vacuum

zave £ z. (C.020 mcle, §,)) ol pale y=llow

(&)

cistillation of tixls matcrial
colored liquid having a boiling point of 130-132°C./5 ma.

The picrate of this product was prepared and had a melting point

~ .00 - . oA e
of 105-106"C, after being recrystallized from 95,5 etianol.



P § . R LR O 5
; pre g g c 4 5 @
5 )
E 3. 4P 5 -
. 7 @ . @ 5 8 £
[ ; : ; 3 f o <o
— 5 a .
. 5 g 3 > 5 = :
o al ) > ¢ s
= > g 1% . s ]
o ) X 1 < 3§ g ] &
% | c >
] v g v :
5 < - n W
. 8 e s c
: 8 " > =1 ¢ S b
6 B : 5 b B ]




1
b y
X . . . . .



A
4

Wwas immersed in an isopropyl alcohol-ary ice bath to lowsr the tempara-
ture of the reaction mixture to -10°C. The remaindsr of tie n—buiyl
bromide soluiion was aaded over a period of an hour, aiter wiich tne
reaction solution was stirrec for an additional hour and a half'. The
n-outyl lithium sclution was filtered througn glass wool into a 00 ml.

tree necked flask witich had been swept out with nitrogen and chillec

in an ice bath. The filtered n-butyl lithium solution wcs cooled to

=
o
e
<
=}
[{)

dry ether was added over a period of itwenty minutes after wi
reaction mixture was stirred for an additional hour and a half at -10°C.
The quantity, 6.7 g. (C.21 g-atom), of powcered sulfur was acded in
small portions from a 50 ml. Zrlenmeyer flask whnich was connectad to

the reaction vesscl tlirougn a picece of wide rubber tubing. A slipnt
rise in temperature was noted during tne aadition ol the sulfur. The
cooling batn was removed and the reaction mixture allowec to warm to
room terperature after which it was heated at its rellux terperature

for an hour., Tie reaction vessel was coclad in an ice bath and hyaroly-
sis of the reaction mixture was carried out with 200 ml. of 2K nycro-

chloric acid. Tie yellow colored ether layer was separabted and exitractec
with two 75 ml. portions of 155 potassium hydroxide solution. The
combined alkaline extracts were cooled in an ice bath and acicified to
Congo fed wita 2N hydrochloric acid. An oil separated wihicn solidified
arter a short period of stirring. The solid was filizsred under a

stream of nitrogen, wesied with distilled water anc dried in a vacuun

N

desiccator. A small portion of tiue dried product was recrystallized



from isopropyl alcohol.

during recryste

Crally05.

c'd.

] : i :
' A & i




was  allowsd to procesc at its reflux terparature for four hours, at the

end of which time, C.74 g. (C.C23 g-atom) of sulfur wes addad to the

g
rzaction miziture, Tnz reaction solution wes kont at its r=lluw: tompera-
ture for an additional irree hours, cooled and then hycdrolrzed with 50
L, oi 31! cf hycrochleric acid. The yellow colored =2tior sclution was
scparated and extracted with two 20 ml. porticns of 10,5 potassium -
nydroxide scluticn. The coribined allzaline extracts wore coolazd and

acidified with 3% hydrochloric acia. Th2 resuliing acicilied soluticn

was tnen extracted with two 25 ml, portions of sther which wore then

compined, wasicd with woter, and dried over calcium cillorice., .lemevel

of the ether fave avout a zam of a dark colcrad solid having a mercaptan

1ilze odor,

A 2,i=dinitrophonylsulfide derivative was prapared from this mer-

captan and recrystallized Ifrcm meiionol. Its obszrved mzlting point was
"o 2 O
179-181"C.

Calc'd. for Cyoli;aCalinSs: C, 52,013 H, 2.51; i, C.Co.

Found: C, 51.%3; I, 3.CX; U, ¢.17.

3-i"cthyl-2-thianaraitisnathiol

In a 500 ml. tihres nzcled flasls fitted as described for the prep-

W

aration of 2-thianapntiiznethiol, was placed 4.9 g. (C.45 mola) ol

litidium cidps and 100 ml, of antydrous ethoer. Ta2 reaclion voesszsl w



placed in a dry ice-isopropyl alcoi:0l bath to maintain tie terperatur:

anvrorinateiy al -1500. A solution containinz 41.1 z. (0.3 mole) of
redisciiled n-butyl bromide dissolved in 6C ml. of dry ether was added
dropwise over a period of an hour. The reaction mixturs was then stirred
for an additional two hours, after wiich, it was filterasd threoush glass
wool into a 500-ml. three n=cked 1lask, To the n-butyl lithiwa solution
was adced 29.5 g. (0.2 mols) of J-methylthianaphinene dissolvad in =C

ml, of dry sther, over a period of an hour. The resulting sclution we
stirrsd for an additional hour, and the 6.7 g. (0.21 g-atom) of suliur

was added at a rave sufflicient to maintain the reaction temperature

RS : o ~ " s . - . .
between -1,7°C, and -10°C. After adding the sulfur the ary ice-isopropyl

alcohol bati: was removed and thne reaction mixture was heated at its
reflux temperature for an hour. Subsequantly, it was cooled in an icz
batn and hydrolyzed with 100 ml., of cold I hydrochloric acid. The
yellow colored ether layer was scparated and extractca with two 100 ml.,
portions ol cold 1Y, potassiwa hydroxide solution. The comdinced alxaline

extracts ware cocolad in an ice bath anc acilaiiizd to Congo Zed papsr

s\

with 3N nhydrocnleric acid. The cdark unplzasant smelling oil which

separatzad was extractea with two 75 nl. portions of etazsr. The combined

ether extracts were wasned witnh cold wabter and dried for about a halfl

b}

an hour over calcium chloridz. The ether was removad with a waver
aspirator and the residual oil distilled under reducec pressure Lo ylelo
0 A

1.5 g. (0.03 mole, LGjJ) of yellow oil boiling at 115-113 C./2 rm.

A 2,h-dinitropnenyl svliide preparad from the mercapban melted at

0 -

2156-2187C. after recrystallization irom methanol.






Calc'd.

Found:

n-bu °C
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and 1§ ml. of dry ether. grams (0,008 m

thenemonosulfonyl chloride dissolved in 75 ml, of dry ether was added

gradually over a period of an hour. The reaction solution refluxed

vigorously with each addition of acid chloride. Tha reaction was allowe

to proceed at its reflux temperature for three hours. e reaction solu-

tion was cooled and hydrolyzed first then with 1N

ydrochloric

acid. e resulting mixture was wool and after

separating the ether layer it was wl. portions of

10% sodium hydroxide. The combined basic extracts were cooled and

acidified with 3N hydrochloric acid. acidified solution was extracted

with two 25 ml. portions of ether which were combined, dried over calcium

er which the ether was removed wi

chloride, af a water aspirator. The
residue consisted of 0.6 g. of a tan colored solid.

A 2,L4-dinitrophenylsulfide derivative was prepared from this product
and had a melting point of 181-183°C. aiter recrystallization from
methanol.

Calctd. for Cyglyo0,kin

Found: GC, 51.85; H, 2.90;
A mixed melting point with the 2,l-dinitrophenylsuliide prepared,

1thianaphtnene was 179-161°C.

as described apbove, from 3-iodo-2-meth

Reduction of Thianaphtihenemonosulfonyl chloride
In a 150 ml. single necked flask fitted with a condenser, was
placed 0.7 g. (0.018 mole) of lithium aluminum hydride containcd in 10

ml. of dry ether. To this solution was added over a period of a half



hour, 1.4 g. (0.006mole) of thianaphthenemonosulfonyl chlcride dissolved
in 30 ml. of dry ether. The reaction mixture was heated at its reflux
temperature for three hours and then treated experimentally as described
above for the reduction of 2-methylthianaphthenemonosulfonyl chloride.
Removal of the ether after drying yielded a few tenths of a gram of
dark oil having a mercaptan like odor.

A 2,li-dinitrophenylsulfide derivative was prepared and recrystallized
from methanol. Its melting point was 160-162°C.

Cale'd. for C,4Hg04S,% CA, 50.503 H,-2.L433 N, 8.L43.

Found: C, 50.393 H, 2.57; N, 8.20.

A mixed melting point of this derivative with the 2,L-dinitrophenyl-

sulfide prepared from 3-thianaphthenethiol was 162-161°C. A mixed melt-
ing point of this derivative with the 2,L-dinitrophenylsulfide prepared

from 2-thianaphthenethiol was 130-110°C,

3-Methyl-2-thianaphthene carboxylic acid

CH,
(]

A small aliquot of the solution containing 3-methyl-2-thianaphthene
lithium, prepared during the synthesis of 3-methyl-2-thianaphthenethiol,
was carbonated by means of dry ice and the white solid obtained after
recrystallization from acetic acid melted at 211-243°C. The reported

melting point of this acid is 213-2u4°C. (37).

PSS



lethyl-3-Thianapnthene Carboxylic Acid

coon

C!

In a 50 ml. round bottom flask fitted with a condenser, was pla

0.24 g. (0.C1 g-atom) of magnesium chips and 5 ml. of anhydrous ether.,

To this mixture was added 2.7 g. (0.0l mole) of 3-iodo-2-methylthia-

naphthene

ssolved in 20 ml, of dry ether. After a few mi

wtes of

initial heating at its reflux erature the reaction mixture continued

to reflux spontaneously. The reaction was allowsd to proceed at its

reflux temperature for two hours and then ti

yellow brown reaction

solution was poured onto crushed dry ice. The reaction product was

vacuum sublimation. The observed melting point

4 s q On
ported ing point is 195 C. (36).

(0.003 mole, 31%).
Cale'd. for C,oHg0z8: C, 62.L7; H, L.20.

Found: C

, 62,213 H, L.LO.

action of Thiaanaphth h Chlerosulfonic Acid

Method A
In a 500 ml. three necked flask fitted with a stirrer, condenser

and dropping funnel was placed 35 g. tilled chloro-

sulfonic acid and 25 ml, of chloroforr

in an ice bath and 28 g. (0.2 mole) of thiana






of chloroform was added dropwise over a period of an I

1t

acdition of the ne solution was sul

ature i seaine 10°C sre was
t ceeding 10°C, There was an

reaction ter

tion of hydrogen chloriae

ene solution had b

When tne addition of tne thianapt

100 ml. of distilled water was added to the reaction mixture. The chloro-

The aquzous r was neutralized with barium carbonate

tnianaphthene.

and the precipitate of barium sulfate was removed by filtration. The

al

rate was treated with sodium carbonate until the

resulting

The barium carbonate was

tation of the barium carbonate was complete.

removed by filtration and tl

iual solid was dried over t in an oven at

on a hot plate.

t yellow solid was 35 g.

205 g : P s
110°C. The weig] the dry, 1li

il

The dry solid was finely ground, and co d with 35 g. (0.17

mole) of phosphorous pentachloride in a 500 ml. three necked flask

1 reac

ted with a condenser, st

5 g 4 ST T o N Lo AO
mixture was immersed in an oil bath at 100°C.

ed to a dark red solution si

solid reaction ture liqui

in ‘the oil batn.

being place

phosphorous oxychloride fermed during the reaction

G r e 2 a o,
by distillation. Its observed boiling point was 103-104°C.

s PY N 1.7 3 = 20~
point of this material is 105.3°C.

and the reported (LS) boilin,



Tne cooled residue was extracted with 75

tract was dried over calcium chlorid

pirator to yield 3

e yellow oil was placed in a small distillat

fractionated under reduced pressure.

difficult to distill due to excessive foaming and decomposi

addition of a small amount of Dow antifoam agent did not recuce the

foaming. Considarable charring of th

@

distillation. However, a small amount, 5 (0.021 mole, 103) of

distillate, which soli cooling, was obtained having a boiling

point of lLO-lASOC./Z . 2llow solid was treated with

PRI MY o ,.0 <3 : B it Ao
Norite in ligroin (30 -60" ) and the product obtaine

on crystallization

from the latter solvent was white solid hav:

ing point of
3 ,0
85-86"C.

Calc'd. for CgH0,S,Cl: C, L1.29; H, 2.17; Cl, 15.24; S, 27.56.

)

Found: C, ul 2.1L4;5 C1, 005 S, 27

A sulfonamide derivative was prepared from t}

e sulfonyl chloride

by adding a small amount of it to a beaker containing liquid ammonia.

The liquid armonia was allowed to evaporate at room temperature, and

the residual solid was washed witn distilled water. e product was




61

Method B

To a solution containing 13.5 g. (0.1 mole) of

dissolved in 500 ml. of chloroform and precooled to -3'(005., was add

23.3 g. (0.2 mole) of redistilled cnlorosulfonic acid ccntained in
50 ml. of chloroform, over a period of two hours. The purple colored

solution was poured onto crushed after the addition of

the acid chloride was complete. The chloroform layer was separated,

wasned first with 75 ml. of 10% sodium carbonate solution and

with 100 ml. of water. After drying the neutralized reaction

with calcium chlor; he chlor

form was removed by distill:

ion,

yielding 11 g. (0.082 mole) of a dark oil. The oil had a boiling poi

b2 0 At
of 60-62°C./2 mm. and solidified in thc rec

ved during distillation.

It had an odor resembling thianaphthene and formed a picrate which

melted at 146-148%C. ne reported (Li6) melting point for the picrate

ene is 1,8-149%C.

of thianapt

1ianaphthene with Chlorosulfonic

Reaction of 2-letn

ethod A

In a 500 ml. three necked flask fitted with a stirrer, dropping

funnel and calcium chloride drying tube, was placed 11 g. (0.07L mole)

of 2-methyltnianaphthene dissolved in 50 ml. of carbon tetrachlori

The solution was cooled to 0°C. in an ice salt bath and 17.3 g. (0.148

mole) of redistilled chlorosulfonic acid was added over a pe
forty-five minutes. There was considerable decomposition and darkening

of the reaction mixture during tie addition of the acid chloride.






and the sulfonyl chloride obtained in method A was 115-116°C. indicating

the two compounds to be identical.

Method C
To a solution containing 11 g. (0.07L2 mole) of 2-methylthianaphthene

: et T, e ’ 5 u0r RO s B
dissolved in 75 ml. of chloroform and cooled to 0 C., was added 26 g.

(0.223 mole) of redistilled chlorosulfonic acid over a period of an hour.

he resulting reaction mixture was stirred for an additional hour and

then poured onto 500 g. of crushed ice. The chloroform layer was

h two 75 nl.

separated and the aqueous layer extracted w

chloroform. The combined extracts were washed with three 50 ml. portions

of ice-cold water, dried over calcium chloride, and then combined with

the original chloroform layer. Removal of the chloroform with a water

aspirator left an impure solid product which was recrystallized from

ligroin to yield 3 g. (0.012 mole, 16.4%) of a crystalline, white solid
having a melting point of llS—]_"L()OC. A mixed melting point of this

. 3 7 Shas e SEAD b i o 2_797°
material with the product obtained in Method A was 115-117 C.

Method D

To 94 g. (0.8 mole) of redistilled chlorosulfonic acid at 10°C. was

added over a period of two hours, 30 g. (0.2 mole) of 2-m

thene dissolved in 25 ml. of chloroform. The reaction mixture was

§ 3 i oty 5 N 0Ly . 2 tas
stirred for a period of four hours at O to 10°C. and then for an addi-

it was

tional two hours at room terperature at the end of which t

poured onto 1C00 g. of crushed ice. The aqueous solution was extracted

with two 100 ml. portions of chloroform. The combined extracts were



two 50 ml. portions of cold water dried over calcium chloride

and combined with the original chnloroform layer. Removal of the chloro-

form yielded a small amount of a dark oil which solidified on being set

aside at room temperature for several hours.

it had

been recrystallized fron dilute et

anol, melted at 120-122°C,

Calc'd. for monosulfonation, CgH,
Cl, 1h.37.

Calct'd. for disulfo:
Cl, 20.5h.

C, 31.30; H, 1.75;

Found: C, 31.86; H, 2.2

c1, 18.93

A sulfonamide derivative was prepared from this product and concen-

trated armoniwn

Tne melting point of amide after

recrystallization from dilute

ethanol was 265-267 C.

Calc'd. for monosulfonami
N, 6.16.

Calc'd. for disulfonamide, Cg
N, 9.1

The resulting
salt mixture was finely ground in a morter and then stirred vigorously
for eighteen hours with 500 ml. of boiling methanol to extract the

sodium salt of any sulfonic a

Tresel solution was f
22

tered to

nove undissolved solid and tl

metnancl was removed b, distillation.

2 sxsiand pan by g . R 3 0% ot
The solid obtained weig] 21 g. after drying in an oven at 110°C. for

three hours.






The preswnza sodium sulronate ovlained as descrivad apove was

z. (0,17 mele) of phospnorous panitecnloride., Aiter

=

coribined witii 35
stirring ti:ie solid mixture a Zew minutes it liquiiisd to a cark red
solutlon. This solution was stirred for four hours at lOOOC., ccoleq,
and extracted wita two TS ml. portions of benzene. The corbina2d beonzene
exiracts were washed witn thres 25 rl. pertions cf cold water, and th
¢ried over calecium chlorida., XRemoval of tne benzens yislded 1y ¢. of

a dark rad oil. Atiempted vacuum disvillation of a small portion of

tiiis 0il only resulted in extensive decorposition. When a small quantity
ol the oil was treated wita concentratad armonium hyaroxide, it gzave a
caummy material whicn could not b2 puriiied,

The remaincer of thz oil was allowcd to react with 1ithiuwm alurdnua
nydrice using the fellowing experimental procecure. To 6 g. (0.16 mole)
of lithium aluwminwn hydriae dissolvea in 75 ml, of anaycrous cihzr,
uncer a nitrogen atnosphere, was added over a period of an hcur to 10
g. of tiie oil contained in 25 rd. of dry ctier. As each drop ol the
ethier solution came in contact witn tie hydride solution, lerge quanti-

ties of wihite fumes were evolved. Solid material was deposited cn tue

occurred

walls of tiue reaction vessel, on tie suriace oi wWillch sparking
during thz reaction., Tals experiment was discontinuzd when the spariing

~

becan2 more frequant as the resaction proceedad.

(€

metnod !

m

To a solution containing 11 (G.C74 molz) of 2-metnyl-thia-

o
e

L L o e . . . . ~ O,
naphiticne in 50 ml. of cliloroiori and ka2pt at room tamerature (2. C.)

was addad 17.2 g. (C.118 mole) of redistilled chlorosulionic acid



dissolved in 50 ml. of chloroform. As the addition of the acid chlori

ture. In

proceeded, a black tarry material formed in the reaction mi

a short time the entire reaction solution was converted to a black,

gunmy like substanca. The reaction was discontinued

Hethod F

To 25 (0.21 mole) of redistilled chlorosulfonic acid precooled

o S E L s, 2 2
to -15°C., was added over a period of forty-five minutes, 14.8 g. (0.1

mole) of 2

janaphthene dissolved in 35 ml. of chloroform. The

thyl

reaction solution tock on a dark brown color almost at once. The re-

2 =t ~70n 0 St i § s
action temperature varied between -17°C. and -15"C. during the addition

ene. Large quantities ydrogen chloride

f the 2-methylthianaphtl

were evolved durin ne reaction. The dark reaction solution was poured

L)

onto 500 g. of ice immediately a.

2-methylthianaphthene. The chlorofo

The combined

aqueous layer extracted twice with 50 ml. of c

chloroform extracts were washed with ml. of cold water, dried over

magnesium sulfate and comoined with the original chloroform layer.

The chloroform was removed w

a water aspirator, yielding a yellow

minutes,

cture of

mperature.

at room

i of

equal volumes of ethanol and

161-163°C. and weigied 6 g. (0.C167 mol
positive sulfur test and a negative halog

sodium fusion of the material.



B




Founc

)0 ml. three necked flask

ng funnel, was placed 93 g. (0.8 mole) of

d to 10°C.

sulfonic acid. e acid was cool

hianaphthene was added over a pe:

almost bl ring the reaction, and cop

hydrogen chloride were evolved. Sti

; was continued for fifteen

minutes after the addition of the ethylthianaphthene was completed.

The reaction

ture was

n poured onto 100

solution was extracted with two 100 . portions of chloroform. T

ined extracts were dried over calcium chlor

oroform yielded only a trace of a dark

solution was ne

with barium carbonate, filtere

to remove th filtrate treated wi

, and th
sodium carbonate until the precipitation of barium carbonatl

The solution was

solid residue was dried at 110°C. for four hours. The dri

weighing L3 g., was combine

g

chloride contained in a 500

condenser and i er, and stirr

3 100 . P 3 h
and was heated at 100°C. for an hour and a hal

was cooled and poured onto 100 g. of ice.

aqueous solution was

extracted with two ml. portions of benzene and xtracts were




68

e washad benzene

benzene was removed with a water aspirator.

7.5 g. (0.022 mole, 22%), was

crystall:

prior t.

atment with Norite., The purifie

of 107-109°C.

Calec'd. for monosulionation, CgH,0,5,C1 C, 43.61; H, 2.66;
Cl, 14.37.

Calc'd. for disulfonation, Cgi
Cl, 20.54.

C, 31.30; H, 1.75;

Found: C, 31.45; H, 1.95; Cl, 20.22.

A sulfonamide de:

ivative was prepared from the sulfonyl chlorice

by boiling a small quantity of it with conc iroxide

for five minutes and then evaporating the reaction mixture to drymess.

crude product was th cold wa

from boil:

n

ting point of

Calc'd.

‘or monosulfonamide, CoHgO
6.16.

Calctc.,

loride




In a 500 ml. tnree nacked ilask [itted with a siirrsr, reflux

condenser, and dropping funnel were vlaced, 05 g. (C.5 mole) or
Q-piperidinoethyl alconcl., A slow sircam of cry air was drawvm tiroush
tne apparatus during th2 reaction. ‘1o the reaction vasszl was adazd a

solution of 72 ¢

=

. (0.6 mole) of redistilled thionyl chloride dissolvad
in 100 nl. of dry chloroiorm at a rate sufficient to maintain tie

caction temperature between 50 and 5503. The solutiocn was neatad at
its refiux temperatures Ior a nalf hour ifollowing the acdition of tne
thionyl chloride solutilon, wiich required iwo hours. The recaction solu-
tion was coolcd and tihe solid collected by riltiration, wasnzd witno colé
ether and cried in a vacuum aesiccator., .lecrystallization from apsclute
etianol gave &0 g. (C.22 mole, 64y) of a product having a meliing point
o

. o . . o ae . . ,cO
of 205-2087C., T2 reportod melting point for this material is 2CCL7C,

(L7).

}{:Piperdino-n—propyl chiloride hydrochloride

T I I r M
< }\J-Cligcz \I 2 l.JLu

The method of Adams and Waltmore was employed in tii2 preparation
of this material (LE).

In a two liter three neckad flask fitted witin a stiirrer and rellu:
condenser, wzs placed 142 g. (0.9 mole) of trimetiylene chlorobromide,

. faal)

400 rl. of dry benzene, and 119 g. (l.L moles) of pipericine. Ths

solution was stirred intermittently ior a half hour, auring wiica time

the reaction solution bepan to reilwc. After tune relluwring of tas






eaction solution had terminated, external

at was applied to k

at its reflux temperature for three hours. The reaction solution was

cooled and ti

e piperc

ne robromide was removed by filtration and

with dry ether. The ether washings were combined with the benzene

wast

sHlution and

ml. portions of 3N ircchloric

acid. de basic with 10N sodium hydroxide

and the oil which separat

d with three 100 ml. portions

agnesium sulfate and

resulting ipitate

was recovered by filtration and dried in a vacuum desiccator. The crude

product on r ystallization m absolute ethanol yielded

mole, 50%) of white solid melting at 21 7-21;°c. The reported melting

point for this salt is 220°C. (49).

irochloride

Q-A'.om.v.clinocu‘.;,‘l chloride

Oy 1-CHLCHLCL.HCL

To 52.5 g. (0.4 mole) of @- 1 alcohol dissolved in

orpholinoe

ml, of chloroform was added over a period of an hour, 60 (0.5

mole) of redistilled thionyl chloride dissolved in 75 ml. of chlorofor

the addition of the

1e product separated from solution during

ture was stirred for fifteen minutes after

chloride, The reaction mi:

te and then filtered.

the addition of the thionyl chloride was comple

r and dried

1e crude product was washed with dry eth n a vacuum

ide t from absolute

desiccator. Recrystallization of the cx
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-3

gave 36,7 g. (0.21 nmole, 52.) of a wiite solid naving a n=ltin;: point
l o =0 me Kl ] :
of 179-151"C. The reported melting point for tiis corpound is 152-162.:

,ﬂ+@rpholino— -propyl ciiloride hycrocrlorids

N=-CH,CH 0,01 .HC

Ou

In a itnrez liter Laee noched flask fittad wicn a reulw: condanser,
dropping iunnel and suvirrer was placed 300 g. (3.4l noles) ol morpholine,
350 g. (2.29 neles) of trimethylens chlorovrenide and $LU rl, of dr

(2 M

banzene, The reaction mixture wes allowea teo stand at room tormeraturs

for an hour witn occasional svirrin:g, Tie verperature ci T2 reaction
mizture wzs raiszd to iils rellux temperatur2 and Lien U2 hcat wes
reomoved, arter wiilchi ©he reaciion mixiure reiluxea srventansously ifor
about a nalf nour, ternal n=at was ajain arplied anc t.2 reaction
mizture was kent at its reilux temperature for tirez hours, coolzc, and
tue insoluble rorpnoline hydrobroxide removed by Iiluration and wasie
ner. The etner waskin s were combinad with the benzcne
Tiltrate and the resulting solution was extracted with four 200 ml,
portions oi >l hycrociiioric acia. Tne compined acia e<iracis ware macs
basic with 1CN¥ socium hycroxids resuiting in the scperavion of an oily
layer. The aqueous layer was extracted wita 100 rl. of ectaer., The
combined ether axbract ana oil were driod cver anhydrcus socium sullat:

Gascous hyarogen chloride was passeda slowly into trne cuilllsc etisr

soluticn to form the insoluble amine hycrecllorices whica was Iilteored






and washed with dry ether. After recrystallization from isopropyl

ite crystalline

alcohol, 275 g. (1.37

135, OUs) of a w

obtained which melted at l&)—loZoC. The report

i melting point for

this substance is 163-170°C. (L8).

/CHACI 0

ree necked flask fitted with stirrer, reflux

condenser and tk

rmometer was placed 296 g. (3.7 moles) of ethylene

chlorohydrin and 1200 ml. distilled water. To this solution was

added 493 g. (2.05 moles) of sodium sulfides over a period of forty-five

minutes. Tne temperature of the reaction mixture was maintained at

hour after the addition of

By %0 2530 2
about 30°C., whi

the sulfide was comple The reaction solution was then hecated to

() G e e - g {on it
90°C. on the steam bata for forty-iive minutes, cooled, and neutralized
to tumeric paper by adding concentrated nycrociloric acid dropwise.

The water in tlie reaction mixture was removed by vacuum distillation and

extracte

the resi . portions of hot absolute

ethanol. The combined yellow colored alcolicl extracts were returned to

the three liter flask and the ethanol luced pressure.

2 g e A 5 &1, 25879 gorh
residual oil had a boiling point of 154-156"C./9 mm. and wei

199 g. (1.63 moles, 85:). The reported boilin

point of e-thicdl-

glycol is 164-166°C./20 rm. (51).




Po 25 g..(0:21 mole) of e—tm’.od‘ lycel disscolved in 100 ml. of

was added L2 g. (C.16 mole) of redistilled phosphorous

tribromide over a period of an hour. The tarpcrature of the rezaction

$ O 4 b i 5 g
solution was kept at about 10 C. by means of an ice bath during tihe

addition of the bromide, After the addition of phosphorous tribromide

was completed, the ice bath was removed and the reaction solution was

stirred 1t hours. Ti lation

chloroform was reroved by dis

and the residue poured inlo water. The product was extracted with ether

he ether solution was

and the latter was dried over calcium chlori

ste ct

concentrated on i bath, cooled in an ice bath and tne pro

wnich crystallized in white needles was removed by filtration, wasned

1 cold etr

wi r, and dri in a vacuum desiccator. The yield was 38 g.

ALk Lo s g oa G
(0.15 mole, Th.5%) and it melted at 31-33"C. The reported meliting point

A i sat alOR 3
of this dibromide is 32-3L C. (52).

Q-Ti riomorpholinoethyl alcohol hycrochloride

In a two liter three necked tted with a stirrer, reflux

le) of ?,Q’-GJ.-

bromedietiyl sulfide and $00 ml. of chlorcform. To this solution was

(0.61

condenser and dropping funnel was placed 200







added rapidly, g. (2.42 moles) of mono

anolamine.

mixture was neated

stirred on tne st

hours. After cool

and

pitatad ethanol
amine hydrobromide extracted with two 75 ml. portions of chloroform.

The combined chloroform extracts and original chloroform filtrate were

chilled and tre

“rogen chlor

he hydroc

product was filtered, washed with a n1l portion of dry ether and

ied in a vacuum desiccator

fecrystallization of the product from

N

)

o

absolute ethanol gave 93 g. (0.51 mole, 6 f a white crystalline
solid having a melting point of 159-16100. The reported melting point

of this salt is 162-163°C. (9).

e Thiomorpholinoethyl chloride hydrochloride
B N-CH,CH,CL. HCL

A suspension of 1l g. (0.076 mole) of e-thiomorpholi.noch 1

N o iss s 7 oA 3 O~
alcohol hydrochloride in 75 ml. of chloroform was heated to LOC. on a

steam batn. To i solution, was added 9.5 g. (0.08 mole) of

redistilled thionyl chloride dissolved in 15 ml. of chloroform at such

. i . hel O~
a rate as to keep the reaction temperature below 55 °C.

" Y o, e Ak ' 1543 &
mixture was ueated at 55 °C., for a half hour after the addition of

thionyl caloride was corplet After cooling, the solid was removed by

filtration and washed with cold, dry ether. The crude product was

treated with Norite in isopropyl alcohol, filtered, and allowed to

crystallize from the isopropyl alcohol. The yield of pure product was



5

6 g. (0.03 mole, i0%) and it melted at 203-204°C. The reported melting

1is subst,

point of ti

Y Thiomorpholino-n-propyl cihlori

b CH.CL MG
,CH,CL L HCL

romodi

A mixture of 137 g 55 mole) of ?,e'-c“ yl sulfide,

560 ml. of chloroform and 124.k g. (1.66 moles) of ¥ -propanolamine was

heated at its reflux temperature on a steam bath for eight hours. The

steam bath was removed and the reaction mixture was stirred overnight

ed in the reaction

The hydrobromide of the amino alcohol which had for:

. The chloroform

lorofor

ltration and washed with

was removed by
solutions were combined and then the chloroform was removed by distilla-
tion, yielding 81.6 g. of a yellow colored oil. To this crude x thio-

morpholino-n-propyl alcohol (9) dissolved in 1CO ml. of chloroform at

room temperature, was added 63 g. (0.53 mole) of redistilled thion

iod of an hour.

chloride dissolved in 50 ml. of chloroform over a p

The dark reaction solution was heated at its reflux temperature for a

mpletad.

had

en co:

half hour after the addition of the thionyl chlori

ater was

The reaction mixture was cooled and 150 ml., of distilled

tract was made basic

added to extract the hydrochloride.

with 20% sodium hydroxide and the yellow colored oil which separated was

N cold water and

extracted wi

The ether solution was chilled and then

dried over calcium chlor



1L




(&

The ether extracts and oil were combined and washed first with a 10%
sodium hydroxide solution and then with three 25 ml, portions of cold
water. After drying the ether solution of the product with anhydrous
magnesium sulfate it was cooled in an ice bath and treated with a
gentle stream of dry hycrogen chloride until there was no further
precipitation of amine hydrochloride. The2 use of excess hydrogen
chloride was carefully avoided as it usually resulted in the formation
of a very sticky product or a product which separated from the etner
solution as an oil. The white precipitated product was collected on
a Buchner funnel and washed with a small quantity of dry ether.
Recrystallization of the hydrochloride from isopropyl alcohol gave 8
g. (0.029 mole, 89%) of a white crystalline product which melted at
164-165°C.

Calc'd. for CypHyNS,Cl: C, 52.63; H, 5.89; S, 23.L2.

Found: C, 52.89; H, 6.02; S, 23.31.
@-(Diethylamino) ethyl-2-thianaphthyl sulfide hydrochloride

CoHs

| | s—cngcnzN:: " . HCL
CaHg
Following essentially the same experimental procedure as described
above, 8.3 g. (0.05 mole) of 2-thianaphthenethiol was dissolved in a
solution containing 7.2 g. (0.18 mole) of sodium hydroxide contained
in 30 ml. of distilled water. To this solution heated to its reflux
temperature was added 6.9 g. (0.CL mols) of @ -diethylaminoethyl

chloride hydrochloride dissolved in 30 ml. of water. The addition of



isolated as pres

chlor:

iously

salt from isopropyl alconol gave 6.5

a white solid which melted at 183-183°C

Calctd. for C,
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@ -Piperdinoethyl-2-thianaphthyl sulfide hydrochloride

I | SCH,CH,N, > .KC1

0.15 mole) of sodium hydroxide in 75 ml. of

To a solution of 6

distilled water, was added 8.3 g. (0.05 mole) of 2-thianaphthenethiol.

This solution was brought to its reflux temperature and 8.3 g. (0.CLS

mole) of @ -piperdinoethyl chloride hydrochloride dissolved in 40 ml.

of distilled water was added over a period of a half hour. reaction

solution was kept at its reflux temperature for six hours after
the desired amine salt was isolated as previously described. Recrystal-
lization of the product from absolute ethanol gave 10.5 g. (0.033 mole,
74.5%) of a white solid which melted at 220-222%.

Cale'd. for C,gH;0NS;Cl: C, 57.39; H, 6.42; S, 20.L3.

Found: G, 57.57; H, 6.53; S, 20.L6.

¥ -Piperdino-n-propyl-2-thianaphthyl sulfide hydrochloride

| ] SCH CH ,CH,N ) .HCL

The experimental procedure used in this preparation was the same
as that already described. The quantity, eight grams (0.0L8 mole) of
2-thianaphthenethiol was dissolved in a solution made from 6 g. (0.15
mole) of sodium hydroxide and 75 ml. of distilled water. This alkaline
solution of the mercaptan was brought to its reflux temperature and
8 g. (0.04 mole) of Y -piperdino-n-propyl chloride hydrochloride dis-

solved in 30 ml. of water was added over a thirty minute period.



<3
)

The resulting reaction solution was kept at its reflux temperature for
three hours and the product was then isolated as previously described.
Recrystallization of the product from isopropyl alcohol gave 6.5 g.

- . 24 P s : 3 £ a0n
5%) of a white solid which melted at 1L6-148°C.

Calc'd. for C,gH,oNSpCl: C, 58.60; H, 6.765 S, 19.5¢

Found: C, 58.50; H, 6.71; S, 19.L1.

@-Thiomorpholinocethyl-2-thianaphthyl sulfide hydrochloride

S. HCl

A 6 g. (0.036 mole) quantity of 2-thianaphthenethiol was dissolved
in a solution prepared from 6 g. (0.15 mole) of sodium hydroxide and

75 ml., of distilled water. To this alkaline solution of t}

sodium

salt of 2-thianaphthenethiol was added 6.7 g. (0.033 mole) of @-thio-
morpholinoethyl chloride hydrochloride dissolved in LO ml. of distilled
water, over a half hour period. Heating this reaction mixture at its
reflux temperature for five hours resulted in the formation of the
free amine as an oil., This was isclated and convertecd to its hydro-
chloride following the experimental procedures already discussed.
Recrystallization of the product from isopropyl alcohol gave 7 g.

ch melted at 1171-1;/303.

(0.021 mole, 64%) of a white solid

Calc'd. for C,4H;aNS,Cl: C, 50.665 H, 5.L7; S, 28.98.

Found: €, 50.755 H, 5
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¥ -Thiomorpholino-n-propyl-2-thianaphthyl sulfide hydrochloride

I I SCH,CH,CH,N S.HCL

The previously described experimental procecure was used for the
preparation of this material. An 8 g. (0.048 mole) quantity of 2-thia-
naphthenethiol was dissolved in a solution prepared from 6 g. (0.15
mole) of sodium hydroxide and 75 ml. of distilled water., This alkaline
solution was brought to its reflux temperature and 8.6 g. (0.0l mole)
of ¥ -thiomorpholino-n-propyl chloride hydrochloride contained in 50
ml. of distilled water was added over a period of a half hour. The
reaction solution was maintained at its reflux temperature for two
hours after which the product was isolated by methods previously
described. Recrystallization of the amine hydrochloride salt from iso-
propyl alcohol gave 9.2 g. (0.027 mole, 77%) of a pure product which
melted at 123-124°C,

Cale'd, for CygHpoNS;Cl: G, 52.07; H, 5.83; S. 27.80.

Found: ' C, 51.893 H, 5.62; S, 27.5Ll.
@ -Dimethylaminoethyl-3-methyl-2-thianaphthyl sulfide hydrochloride

CH,
CH,
|| scnzcnzx< JHCL
CH,
This compound was prepared accorcing to the previously described

experimental procecure by combining 8.2 g. (0.0L5S mole) of 3-methyl-2-

thianaphthenathiol and 6 g. (0.15 mole) of sodium hydroxide dissolved









r tre

rochloride







sodium hydroxide and 75 ml. of water, a second solution prepared from

6.3 g. (0.04 mole) of dimethylaminoisopropyl chlori

e hydrochloride and
LO ml. of water. The resulting reaction solution was kept at its
reflux temperature for a period of four hours. Recrystallization of

the crude hydrochloride product from isopropyl alcohol gave 8.9 g.

.7

(0.03 mole, 74%) of a white solid which melted at 172-17.°C.

Calc'd, for C,4HaoNS,Cl: C, 55.70; H, 6.685 S, 21.2).

Found: GC, 123 H, 6.88; s, 20.

@-Iiorpholinoeth;yl-'j-mcthyl-?-thianapht‘:\yl sulfide hydrochloride

CH,

SCH,CH,NY %0.HC
Ners/

The experimental procedure used in this synthesis was the same as
previously described. The mercaptan 8.2 g. (0.0L5 mole), was dissolved
in a solution of 6 g. (0.15 mole) of sodium hydroxide contained in 75

ml. of water. The alkaline solution was h=ated to its reflux te;

ara-

ture and 7.4 g. (0.04 mole) of @ -morpholinocthyl chloride hydrochloride
dissolved in 4O ml, of water was added over a thir‘ty—minutn period after

which the reaction solution was kept at its reflux temperature for four

hours. Following the isolation procedure used above, the crude hydro-
chloride was obtained and following recrystallization from isopropyl
alcohol gave 5.5 g. (0.017 mole, j2%)) of a white solid which melted at
200-202°C.

Cale'd. for CygH,oONS,Cl: C, Sh.6l; H, 6.11; S, 19.LL.

Found: C, 5L.48; H, 6.39; S, 19.72.









temperature for three and a half hours and the product isolated in the
manner described earlier. The crude hydrochloride product was recrystal-

lized from isopropyl alcohol after prior treatment of its alcoholic

solution with Norite. The yield of the procuct was 9.3 g. (0.C27 mole,

N . . = 0-140°%0
), and its observed melting point was 160-162°C.

+ G, 59.71; H,

Calc'd. for CypHp,l

Found: C, 59.L9; H, 7.05; S, 18.%6.

hiomorpholinoethy

1-3-methyl-2-thianaphthyl sulfide hydrochloride

A solution containing 3 g. (O. molz) of sodium hydroxide in

50 ml. of water was prepared and to it was added 2.7 g. (0.015 mole) of

3-methyl-2-thianaphthenethiol. A solution prepared from 3 g. (0.015
mole) of @ -thiomorpholinoetiyyl chloride hydrochloride in 30 ml. of
water was added over a half hour period. The resulting reaction solu-
tion was heated at its reflux temperature for three and a half hours

and then

product was isolated as previously described. Recrystal-
lization of the crude hydrochloride product from isopropyl alcohol

d 2.5 g. (0.

S mole, 513) of a white solid which had a melting

point of 206-208°C.
Cale'd. for CogHaolNS,Cl: G, 52.07; H, 5.83; S, 27.80.

Found: C, 51.87; H, 6.02; S, 28.05.
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-Thiomorpholino-n-propyl-3-metiyl-2-thianaphthy

3

SCH,CH,CH

This compound was prepared by adding

g. (0.045 mole) of 3-methyl-2-thianaphthene

sodium hydroxide and 75 ml. of water, a second solution prepared by

dissolving 8.6 g. (0.04 molz) of ¥ -thiomorpholino-n-propyl chloride

to a solution containi

g 8.2

iol, 6 g. (0.15 mole) of

hydrochloride in L0 ml. of water. The resulting reaction mixture was

k

the same procedure described above, the crude hy

isolated and recrystallized from isopropyl alcohol to yie
nole, 62%) of a material melting at 126-128°C.
Cale'd. for C,gH,oNS;Cl: C, 53.385 H, 6.155 S, 26.72.

Found: C, 53.52; H, 6.30; S, 26.Ll.

@ -Dimethylaminoethyl-3-thianaphthyl sulfide hydrochloride.

_Cily
SCH CH N “HCL
I | gy \Cr
3
s

Following the previously described experimental procedure,

)

quantity, 4 g. (0.02L

t at its reflux temperature for four and a half hours. Following

e

ion containing 2.L g. (0.06 mole) of sodium hydroxicde dissolved in

ml. of water. The alkaline solution was heated to its reflux temperature

and 2.9 g. (0.02 mole) of @ -dimett

contained in 30 ml. of wa d over a half hour period.

ochloride product was

9 g. (0.025

to a sclu-







The reaction mixture was heated at its reflux temperature for three

hours, cooled and the product isolated as alre:

lization of the crude hydrochloride product from isopropyl alcohol

following prior treatment of its alcoholic solution with Nori

L g. (0.015 mole, 73%) of

Calc'd, for C,,H,gNS

Found: C, 52.73; H, 6.01; S, 23.11.

@ =Morpholinoethyl-3-thianaphthyl sulfide hydrochloride

SCH,CHN 0+HC1

This hydrochloride salt was synthesized by adding to a solution

containing L g. (0.024 mole) of 3-thianaphthenethiol, 2.4 g. (0.06 mole)

of sodium hydroxide and 50 ml. of water a sscond solution prepared from

3.3 g. (0.018 mole) of @ -morpholinoc chloride hydrochlorids dis-

solved in 25 ml, of water. The resulting reaction solution was kept

at its reflux termperature for a three hour period at the end of which

it was cooled and the product isolated by thz procedure already described.
The crude hydrochloride product was recrystallized from isopropyl

alcohol after first treating its alcoholic solution with lNorite, to give

1204
ub C.

2.1 g. (0.0066 mole, 37%) of a white solid which melted at 145-1
Calc'd. for Gy H,40NS,Cly C, 53.23; H, 5.7L; S, 20.30.

Found: C, 53.45; H, 5. S, 20.05.
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