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. AESTRACT

The present investication was underteken to determine whether
and in wh;t manner a two step synthesis involving the Friedel-Craft
Reaction of 2,4-d151tr0phenyisﬁI}eﬁyl chloride with an aromatic nucleus
followed by basic cleavajge of the resulting sulfide to obtain aryl
mercaptans could be oxéended t; heterocvclic compéQnds, particularly
to the preparation of thiophene and thianaphthene thiols, The reaction

sequence can be illustrated by the following equations, using thiophene

as a specific example,

NO, NO2
L] - a2, I s @ w. ¢ Kl
$ 7 AN/ 2

O
CH
g3

NOp ‘ T o NO,
|| |l 1o KOH-MeOH . l[ ﬂsu .
s s-@ V2w - g N0y

The thiols, 2-thiophenethiol, Semethyl-2-thiophenethiol,

2,5~dimethyl-3-thiophenethiol, and 2-methyl-3-thianaphthenethiol were
prepared and isolated as their mercuric or mercuric chloride salts.
Two mercaptans, 2-thiophenethiol, and S-methyl=2-thiopherethiol, were
prepared and isolated as pure hoterocyclic mercaptans,

The thiol derivatives, 2-piperidinoethyl-2-thienyl sulfide

hydrochloride and 3=-methyl=2-thienyl methyl sulfide were prepared



the o

of he

proge

\er

{n

the ¢

g

o N
H \

K i ==
P TN
= _ st

L./
1T
i
+ N
2T
)
. . - H
“» g e
—
p f/
R
(g N K \\.
N /K - ’
.
M ~
|
- i
‘e
==\
. \
| | -y
| 4 [ \
(s M
‘ /
Ui Lo
el R
N W
[



without Isolating the intermediate mercaptars to show the utility of
the synthetic seguernce of reactions in the preparation of derivatives
of heterocj;clic mrrcaptans,

The heterocvclic mercaptan, 2-thianephthenethiol was also
prapared by a resction in which propylene sulfide was desulfurized by
interaction with 2-thianaphthyllithium, This is the first example of
the extension of this method, which was originally developed with

sromatic compounds, to prapare heterocvelic mercaptans.

vi



prachuC
HisTCR IC
NXLS3L
PR [

Prepa

Atie-
¢

P!‘Opa
Prepa

p"Pa
Atte:-‘



TABLE OF CONTENTS

- Page

I“"'TROD(}C].IL‘N...O'..'.Q.O.......O......O.‘...Q.'O....0....0...........

HISTORICALOO..C....OO......o....‘.0..;0-...oo....'.o....l........".

DIbCUSSIONQ‘..Q..oo-oooo'oooooobooo-..0.0.0.-0000.000000000000000.00

EXPFR‘uENTAL...‘O000000..000..‘00..0.0.0..0;.0.....;‘00....0..0.....

Preparation
Preparstion

Preparation

Preparation
Prop;totion
Preparation
Prepsration
Proéofltion
Probaration

Prcparation

of Bis (2,4-dinitrophenyl) Disulfildecescevescsvccasee

of 2,4=-Dinitrophenylsulfenyl’ Cthfid.ooooocoooooooooo

- L » rwa .. . [ B B L I B .

of 2-*hiophonca1dohyde...............................
of 2=V ethylthiophono....................;....;.:.;...
of 2.5.Dilothylthioph0000oooooooooooooc;ooooo.oooooo.
of 2-Methylthianaphthan@esscececcccsevcssscsccscssece
of Propylene Sulfidessecececesscevecsvscoroseveseescce
of 2,4-mnii&éﬁééyx-z-thienyx'mmde...............
of S-Mcthy1-2-thionyl (2,4-dinitr0pheny1) Sulfid0....

of 3-”0thy1-2-thieny1 (2,4—d1n1tropheny1) Sulfido....

..................

sul“d...........0........QO.....0.00.0...0....0.00.000...0.00

Attempted Preparation of 2,%=Dichloro=3-thienyl=2,4-dinitro-

phenyl Sulfid@cseccccscscssscscccocscecrsscscsceccscsscccssssne

Preparation

Preparation

of Thllnlphthyl-2,4—dinitrOphenyl Sulfid@ecessescsses

of 2-Methyl-3=thianaphthyl-2,4=-dinitrophenyl

SUlfid.oooooooooooooooooooooooooooooooooooooooooooo-oooooooooo

Preparation
Preparation

of 2-Thioph0n0th101.....o.o..........................

of S-Mcthyl-2-thiophonethiol.........................

Attempted Preparation of 2,5-Nimethyl=3-thiophenethioleecscccsecs

vii

13
13
14
16
17
18

19

21
24

26
27

28

30

32

35



THE

i . 2

-
.

.t
.
. N
“re

e i
N .
B IR

R N

e
LN
. N
" .
. e 2 i

B
P
PN
-
Y
. i
. . - v
et wa « .
""""" . PP
. e s
B
. '
IR RN R R
. . a
.
P T I
. . N .

-

D N

PECICRRICNE AP ¥

ML OF G

Prepars

Attep!

I Atemp!
Prepar

—— S Prepir
Prepar

> S e Prepa:
Chl

Prepa:

2ecov

Prepe

Co Prepa
ch

Prep:

Ty N :

: . Pre;:
) ) 9.".’4,\,“'
N 1

N ¥R
~ s mebi .

. M i



TABLE OF CONTENTS « Continued Page
Prepsration of 2-Thianaphthenethioleeeseccsscccossscscccccocsoess 36
Attempted Preparation of 2-ftethyl-3-thianaphthenethiol.eeeescees 38
Attempted Preparation of 2,2%=Dithienyl Disulfide.eesvrecccecesee 39
Preparation of 2=Thienyl Mercury Mercaptideeiececcesscssssccsccee 40
Preparation of 2-Thiophenemercaptomercuric Chloridesseccccescccee 41
Preparation of 3-lethyl=2-thiopheremercaptomercuric Chloride.... 42

Preparation of 2,3-Dimethyl-3=thiophenemercaptomercuric

Chloridececssccccccscscsssccoscsscscnsssccscecccccossccsssscce 43

Preparation of 2=-Methyl=3=thisnaphthyl Mercury Mercaptid@ecsesess 44

Recovery of 2-Thiophenethiol from 2-Thiophenemercaptomercuric

Chlorido...-.ooo...o...-............................-........ 45

Pr.paraticn of 3—Mtthy1-2~thienyl FethYI Sulfideceseescosccscses 46

Preparation of 2-Thienyl-2-piperidinoethyl Sulfide Hydro=-

chlorid.'....O..0...0........l..............O..O.l.".’...'.. 47

Preparation of 2=-Thienyl (2,4-d1nitropheny1) Disulfid@esesceeess 49

Preparation of 2,4=-Dinitrophenyl Sulfide Derivatives of Thiols.. 49

SU:MRY.....................‘....0‘..'....0.......Q................ 52

REFEREHCES..'..........0'.0........0‘.....0.....0....0.0......l.... 53

viii



A
.

o
. .
Poa e

c e
e .
v

Al

PR .
.ae -
vy e -

.

DI ]

Lo

L 2L B

L N

\
&
[N
L

PR
- »
g
LI

i
v

.

o
.

s
LI
TR
...
- e

I I SRR

.

'R
O]
By

PR
AN .
N

ce o aae

v es et

s
'

0

. S st
. Cone e,
. B, -
. . -
Ly
. X -
L. a
1 ~
S L
’
cetr T
‘e -
ey
ca20a’ -
ploae o

WSLE

[l

Il

Y



LIST OF TABLES
TABLE Page
I Thi;ny1-2,4-91nitrophenyl SulfideSesseescsscccsseccccesscssess O
II Thianaphthyl=2,4=Dinitrophenyl SulfideSeeceecessssecccccassess B

III Mercury Derivatives of Thi°1'oooou.oooo.ooooo;oo.ooooooooooooo 11

ix



co

§2



INTRODUCT ION

The present study was undertaken to determine the feasibility
of preparing thiophene and thianaphthene thiols via preparation and
subsequent basic hydrolysis of thienyl and thianaphthyl (2,4-dinitrophenyl)
sulfides. This sequence of reactions was reported to give good yields
of easily purified products when epplied to the synthesis of a series of
thiophenols (17). The intermediate sulfides were prepared by reaction
of the sulfur heterocyclics with 2,4-dinitrophenylsulfenyl chloride
under Friedel-Crafts acylation conditions.

Previously reported methods for the preparation of thiophene
and thianaphthene thiols usuallly had rather limited applicability and
did not, in general, give good ylelds. 1t was hoped that a more general
method, giving better yields of pure products could be developed, It
was found convenient to isolate most of the thiols prepared in the

course of this investigation as their mercur& or mercuric chloride

salts,
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HISTORICAL

Relatively few thiophene and thianaphthene thiols have been
reported in the literature, At present, six thiophenethiols and six
thianaphthenethiols a2re known, The general methods used in obtaining
these heterocyclic mercaptans can be best 1llustrated by several
specific syntheses, Schuetz‘and Houff (7) prepared 2-thiophenethiol
by the zinc dust-sulfuric acid reduction of 2=-thiophenesulfonyl chloride,

The latter materizl was obtalned by the chlorosulfonation of thiophene.

| lso Cl Zn }'20 |I ||SH
H2304

S
Challenger and Parrison (18) prepared 2 ethyl-3-thiophenethiol

by reducing thieno-3,2-b-thiophene with metallic sodium in alcohol,

Na
ﬂ alcoFoI’ [: :]02H5
N

Destructive distillation in vacuo of the tarry materiel produced

—/

during the commercial production of thiophene from the dehydrogenation
and cyclization of butane with sulfur at 1100° F, produces 3-thiophenethiol
(19) in yields of 30-40%,

Fawcett (20) prepared 2,5-dimethyl-3-thiopherethiol by the lithium

aluminum hydride reduction of 2,5-dimethyl-3-thiophenesulfonyl chloride.
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S0,C1 SH

LiAIH,
uac[l ']cn3 ether HAC [l '] CHiy

S S
This same investigator also prepared 5-(1'-cyclohexenyl)=2-
thiophenethiol by the lithium aluminum hydride reduction of the

corresponding disulfide,

@.O S- x_tA 1, O.U -

S
Caeser and Branton (19) prepared 3-thiophenethiol by adding

sulfur to 3-thienylmagnesium fodide.

I ' Mgl
|' ll + Ng _0"_3.19 l' ll
S ether S
Mgl kgl
I 1 s — i || H' N
0 s 5

Heyd (21) prepared 2-thianaphthenethiol by adding sulfur to
2-thianaphthyllithium and acidifying the resulting lithium salt of

2-thianaphthenethiol,

S H*
@Li —_—> @tlu —> @tjs”
S S S

Keyd (21) also obtazined the isomeric 3-thianaphthenethiol by
treating 3=-thianaphthylmagnesium bromide with sulfur followed by

acid hydrolysis,
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Kharasch (17) has recently introduced a new and somewhat novel
method for the synthesis of aryl mercaptans involving basic cleavage
of aryl=2, 4=dinitrophenyl sulfides, ' This procedure can be illustrated

by the following equations.

XO

<8

e ALCL + HC1
as? T (s T
H3

- NO, l. KOH, ¥eOH @m\ @"Oz

-~ +

| | . 2. k' -

The present investigation dealt with the feasibility of developing

2 similar reaction sequence for the prepsration of thiophene and thianaphe
thene thiols,

Bordwell (22) has reported a rather unique reaction of orcano-
lithium compounds with thiiranes in which the sulfur is abstracted from

cyclic sulfides to yleld lithium salts of mercaptans.

C4H9 i C!-"scifgﬂiz —> C4Y95L1  + CHaCH=CHy

+
Catigslt —H—>  CyrgsH
This desulfurization was successfully used to prepare

2-thianaphthenethiol in the present study,
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DISCUSSICH

The necessary thienyl and thianaphthyl 2, 4-~dinitrophenyl sul=
fides were prepared by the interaction of 2, 4=dinitrophenyl-sulfenyl
chloride with the heterocyclic nucleus in ethylene chloride as a reaction
media at its reflux temperature, using anhydrocus stannic chloride as a
catalysts This resction is {llustrated by the following equations,

using thiophene as a specific example,

NO2
l I scl SnCI [I 5 1‘ S~ NO, + KCl
(CH201)2

An excess of the heterocyclic compound was employed to réduce its
loss through the formation of polymeric materials In tre case of 2,
5-dichlorothiopherie, only a yellow material, which appeared to be poly-
meric, could be isolated., With alkylthiophenes, the sulfide ylelds
ranged from 63% in the case of 3-methylthicphene to 92¥ {n the case of
2, %=dimethylthiophene, Alkyl substitution, which left an open alpha
position, activated the heterocyclic nucleus toward polymerization to a
greater degree than toward substitution. The thienyl-2, 4-din1trobhenyl
sulfides, two of which are prepared here for the first time, and some
of thelir properties are surmarized in Table I,

The thiasnaphthenes were less susceptible to polymerization by
the stannic chloride catalyst than the thiophenes, The thisnaphthenes,
on reaction with 2, 4=dinitrophenylesulfenyl chloride, took on just a

slight dark coloration and only a small amount of tarry material was
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formed. The product obtained from thianaphthene melted over a wide
temperature range indicating it to be a mixture of the 2- and 3- sub-
stituted isomeric sulfides, The thianaphthyl=2, 4-dinitrophenyl sulfides
and some of thelr properties are given in Table II.

In addition to stannic chloride, two other catalysts were inves~
tigated during the development of preparative methods for obtaining the
asbove mentioned sulfi&es. It was found that even when small amounts of
snhydrous sluminum chloride were employed at temperatures as low as -250,
tar formation was excessive and very low yields of the products were
isolated. An attempt to employ anhydrous ferric chloride resulted in
extreme tar formation and identifiable product could not be {solated,
Anhydrous stannic chloride was found to be ineffective ss a catalyst at
temperatures below th? boiling point of ethylene chloride,

The heterocyclic -2, {-dinitrophenyl sulfides could be cleaved
by methanolic potassium hydroxide, or sodium methoxide in methanol (1).
Since sodium methoxide offered no particular advantages and required
additional effoft in #ts preparation, methanolic potassium hydroxide was

used throughout most of the work described here.

._ OCHg
N :
[—] 1. KoH in CHzOM o E—/|| | . ©h02
7
s G- 02 2. e 5 SH
NO2

The sulfides were easily cleaved in approximately ten minutes at
the reflux temperature of methanol, The reaction time was kept as short
as possible since the initially formed mercaptide ion was found to decom-

pose during the remainder of the cleavace reaction and during the
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subsecuent solvent removal operation. The cleavage step in the experi-
mental procedure was carried out in g nitrogen atmosphere and the
solvent was removed by vacuum distillation with minimum heating to
minimize decomposition and side reactions, The crude thiols also suf=-
fered considerable decomposition during their vacuum distillation,

Fmploying a reaction period of an hour at the reflux temperature
of methanol and removing the major part of the methanol solvent at
atmospheric pressure, resulted in a 17¥ yleld of 2-thiophenethiol,

Bis (2-tiiienyl) disulfide was isolated as & byproduct from the crude

2, 4-dinitroanisole, the latter being recovered by filtration of the
reaction mixture following the basic cleavage of the sulfide, and slso
from the distillation residue remaining after the purification of the
mercaptan, Under similar experimental conditions, 5-methyl-2ethiophene
ethiol was isolated in only a T¥ yield, and 2,%=dimethyl=3=thiophenethiol
could not be isolated. In ths latter case, however, 8 9C% ylield of bis
(2,5~dimethyl=3-thienyl) disulfide was fsolated from the crude 2,4-di-
nitroanisole which was removed by filtration of the reaction mixture
following the basic cleavage qf the sulfide. When the basic cleavace
reaction period was reduced to twenty minbt;s and the solvent was
removed by vacuum distillation with minimum heating, the yield of
2-thiophenethiol isolated was increased to 4874,

The apparent decomposition of the thiols occurring during their
preparation and §solation suggested that the mildest experimental condi-
tiont possible should be used during the basic clesvage of the intere
mediate sulfides snd that the thiols be isolated as mercuric or mercuric

chloride salts, ¥hen the heterocyclic-2,4-dinitrophenyl sulfides were
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10

cleaved by methanolic potassium hydroxide, using short reaction periods,
and the methanol solvent was removed by vacuum distillation with minimum
heating, the yields of thiols, isolated as mercuric salts, ranged from
194 for 2,5-dimethyl-3-thiophenethiol to 75% for 2-thiophenethiol. The
previously undescribed mercury salts and some of their properties are
summarized in Table III,

The {solation of satisfactory ylelds of the mercury derivatives
of the thiols indicated that‘the synthetic route used in their preparation
would be useful in obtaining thiol derivatives if the potassium mercap~
tides were used directly as obtained from the reaction mixture, 3uch a
procedure would avold losses by decomposition during isoletion and purie
fication of the thiols,.

Derivativas of two of the heterocyclic thiols were thus prepared by
treating the glkaline aqueous solution of the potassium mercaptide directly
with tﬁa sppropriate slkyl halide after removal of the 2,4-dinitroanisole
byproducte A 71% yield of 2-piperidircethyle2-thienyl sulfide hydrochloride

was obtained by this experimental procecure.

|I ls‘x‘ «  CICHZCHQN, ) E— ‘E' sjs' G!2CI~?2—I€, )
S
o1 /
' |sg.y Ce'n — ) . ¥Cl
2712

The preparation of a second derivative, 3-methyl-2-thienyl methyl

sulfide (32Y yleld), presented the possibility of either of two i{somers or
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a mixture of isomers being formed, The 2,3-isomer was expected over

the 2,4-1somer,

MO, e
| . ©3C1 Cly ) 1
O,N E— -S-@r:o NO
S 2 S Noz 2 2 S 2
| NO,
Cle KOU | 2, el le KCH | 2. Mel

ll s llma 4, ‘l ; | sci,

The sulfide obtained in the first step melted sharply et 1206120.50. o
indicating that s single i{somer had been obtiined. An infrared speetrum
of the methyl sulfide ebtained in the second step was compared with
published speetrs (23) eof other 2,3~substituted thiophenes snd this
definitely indicated that the 2,3=substituted product had been obtained,
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EXPERIMENTAL

Preparation of Bis (2,4-dinitrophenyl) Disulfide

o S - S.Onoz

10,  ON

This compound was prepared using a procedure described for
the preparation of bis (o-ni;rophenyl) disulfide (24),

In @ 3 1, round bottom flask fitted with a reflux condenser
were placed 360 g. (1.9 molet) of crystallino sodium sulfido and
1.5 1. of ethanol., The reaction flask was heated on a steam bath
until the sulfide completely dissolvod. Then tho quantlty 48 o,
(1.5 go atoms) of powdered sulfur were adied to the hot sulfide solue
tion and heating was continued until the sulfur dilsolved forming a
reddish colored solution of sodium disulfide., A soiution containing
404 g, (2.0 moles) of 2,4-dinitrochlorob§nzeno dissolved 16 the minimum
amount of alcohol was prepared iﬁ i % 1, three neck flaskchuippod with
8 stirrer and a reflux condenser. The aodium disulfide solution was
added slowly to the 2,4—dinitrochloiobenzeno iolution through.a funnel
placed in the top of tho reflux condenoer. The reaction mixture was
then stirred and heated on 8 steam bath, gently at first, and then at
its reflux temperature for two hours, After cooling, tho reaction
mixturc‘was vacyum filtered, The mixture of organic disulfide and
sodium chloride uﬁs transferred to 8 2 1, beaker and well stirred
with 800 ml, of water to remove sodium chloride. The disulfide was

recovered by vacuum filtration and washed on the filter with 100-150 ml,
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of alcohol to remove 2,4=-dinitrochlorobenzene, A 320 g, quantity
(80% yield) of the disulfide, decomposino above 240°, was obtained,

Literature value, 4, 240-220° (5),

Preparation of 2,4=Dinitrophenylsulfenyl Chloride

‘102

sCl
O2k

A suspension of 40 g, (0,10 mole) of bis (2,4~dinitrophenyl)
disulfide in 500 ml, of ethylene bromide was prepared in a 1 1, three
neck flask equipped with s stirrer, reflux condenser, thermometer, and

chlorine gas inlet tube., A crystal of iodine was added to the stirred

14

suspension which was then heated to a temperature of 122-126%, A stream

of chlorine gas, dried by bubbling it through sulfuric acid, was passed
into the hot reaction ﬁixturc until & clear dark red colored solution
resulted, which required about ten hours. The solution was cooled and
filtered, using celite, to remove some insoluble materisl. The major
part of the solvent was removed by vacuum distillation, keeping the
temperature below 80° to prevent decomposition of the product. The
product crystallized sfter prolonged cooling in an ice bath of the
residual syrupy liquid, A 387 yield of yellow colored crystalline pro-
duct was isolated by filtration, Following a single recrystallization
from carbon tetrachloride the product melted at 96-970. Literature
value, m. pe 97° (5). Several additional preparations of this sulfenyl
chloride, employing the procedure described sbove on s larger scale,

resulted in yields falling in the range of 50 to 60%,
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Two additional preparations of 2,4=dinitrophenylsulfenyl

chloride were made, employing anhydrous aluminum chloride as the
catalyst., In a typiceal prepératioﬁ, 8 slurry composed of 55 g.
(0,138 mole) of bis (2,4-dinitrophenyl) disulfide and 140 ml. of dry
eothylene chloride was prepared in a 300 ml, three neck flask equipped
with a stirrer and a distillation head. The slurry was stirred while
40 ml, of solvent was distilled, the distillation head was removed and
the flask was protected with a drying tube while it cooled to room
tempersture. Cne gram of freshly sublimed aluminum chloride was added
to the flask and chlorine gas, dried by bubbling it through goncentrated
sulfuric acid, wes passed into the stirred slurry for three and a half
hours. . The dark red colored resction mixture was filtered through
celite to remove some dark colored insoluble matarials - The filtrate
was thoroughly mixed with 200 ml of anhydrous ethyl ether and set aside,
in & refrigerator, over night, . The dark red colored crystalline material
which separated was isolated by filtration to obtain a 36X yield of 8
crude product which retained a slight red coloration after recrystalliza-
tion from carbon tetrachloride, using norite. -

~ Saveral attenpts were made to prepare 2,4-dinitrophenylsulfenyl
chloride u;ing fuming sulfuric acid ss a catalyst, instead of anhydrous
sluminum chloride, in the above desoribed experimental procedure, The
reaction was reported to be complete in one hour by Kharasch, Buess,
and Gleason (6)s In this investigation, however, no sppreciable evidence
of reaction could be noted after periods of chlorination as long as

eleven hours,
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Prepsration of 2<Thicphenealdehyde

s
ks/ c“o

To a mixture of 84 g, (1.0 mole) of thiophene and 92 g.

(1,28 moles) of dimethylformamide, which was cooled and stirred in a

1 1. flask fitted with a reflux condenser, was slowly added, 192 g,
(1.24 moles) of phosphorus oxychloride. The resction flask was heated
gently on a steam bath until the evolution of gas subsided and then at
full steam flow for an hour end a half, The dark red colored reaction
mixture was cooled in an ice beth and poured onto 1000 g, of cracked
ice, with vigorous stirring, The aqueous mixture was psrtislly neutrale
i2ed with s conCentrated tolution of sodium hydroxide and the neutrali-
zation was completed by adding samall portions of s0lid sodium carbongte.
The red colored oil which sepsrated was extrscted into ether and the
aquecus phase was washed twice with ethexrs The combined ether extracts
were washed with water, dried in eontact with anhydrous sodius sulfate,
and the ether was rvemoved on s steam bath, The residusl red colored
0i] was vacuum distilled to obtain en B85% yleld, 94.6 9. (0,85 mole) of
_a eolorless product boiling at 32-53°/2-3 mm, A beiling point of
44-45%/1.1 ma 18 reported for 2-thiophenesldehyde (12)e An additional
preparation, using the experimentsl procedure described above, oOn a

two mole scale gave an 84X yield of the heterocyclic aldehyde,
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Preparation of 2-lethylthiophene

L

A 3 1. three neck flask fitted with a thermometer ard a
stirrer, and arranced for distillation, was charged with 94,6 g,
(0.8% nolei ofiz-thiophenealdehyde. 168 ml, of hydrazine hydrate
(85%), and 672 ml, of ethylene élycol as a solvent, The stirred
reaction nixturé was kept in the témperature range of 130;160° for
forty five minutes while water and excess hydrazine were femovad by
distillation, A small amount of‘yaterAinioluble'méterial was eepar-
sted from the distillete and returned to the flask, The reaction
mixture was cooled below 60°; an officiegt reflux condenser was sub-
stituted for the distillation head, and.a 168 g, (5.0 moles) quantity
of potassium hydroxlde wa; ;ddod to the flaske The stirred alkeoline
mixture was again héatod. A vigorous reaction wes initiated when the
temperature of the reaction mixture reachéd 90-1000. When the initial
reaétion had sublidéd t'»s mixture was heated at its reflux temperature
for an additional hour and the product was isolated by distillation,
The distillate was extracted with ether and the ether layer was washed
with dilute hydrochloric acid snd dried in éontact with anhydrous cale
cium chloride. The drying agent was iemoved by filtration end the
ether was removed 5y distillation, Fractionation of the residual liquid
from metallic sodium resulted fn an 80% yield of a colorless product
boiling at 109-110°, The reported boiling point of 2-methylthiophene
is 112-112° (13)e An additional preparation of this material, using

the experimental procedure described above, resulted in an 82X yleld



of the &

I
tondense
quantity
of 2,5=h
Qar ity
phesphor
PR
flave, 1
to mains
Mactio:
hour af:
by digt
became
W sog
Mth on
Yeld o

B 13



13

of the alkylthiophene,

Preparation of 2,5-Dimethylthiophene

H;;C[ S ]I C}Ya

In 8 3 1. three neck flask equipped with a stirrer, feflux
condenser, and a dropping funnol,rwas placed a 250 ge (1.12 mol=s)
quantity of phosphorus pontasulfido. A 300 g. (2.63 moles) quantity
of 2,5hexanedione was placed in tho dropping funnel snd a sufficient
quan*ity of it was added to the reaction flask to slurry the stirred
phosphorus pentasuifido. After the cyclization reaction had been
initiated by heating the reaction mixture mildly with a bunsen burner
flame, the remaining 2,5=hexanedione was aﬂdod at a rate sufficient
to maintain the reaction mixture at its reflux temperature. The
reaction mixture was stirred at thii tempefatufe for an add;tional
hour after adding all the 2,5-hexanedione, The product was isolated
by dioillling it from the otirre& foac£ion mixture uﬁtil the resicue
became very viscoul.- The crude préduct was oxtractcd with 80 ml, of
3 N sodium hydroxide and wasghed uiih water. After drying it in contact
with anhydrous magnosium sulfato 1t was rodistillod to isolate a 71%
yield of a colorloss product boiling at 131-133%, 1iterature value,

b.p. 134-135° (14),
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Preparation of 2eiethylthianaphthene

CHB

A three liter three neck flask fitted with a stirrer, dropping
funnel, nitrogen §{nlet tub&, and a8 thermometer was charged with 400 ml,
of anhydrous ether and 25 g. (3.6 molesj of 1lithium metal chips, The
resction flask was cooled to «10° in a dry ice-isopropanol bath and a
solution of 247 q. (1.8 moles) of redistilled n-butyl bromide dissolved
in 250 ml, of dry ether was added during an hour, The reaction mixture
was ‘tirred for two hours followino the adiition of the bromide and
then filtered under nitrogen through glass wool diroctly into a pre-
chilled three liter flask, The filterod solution of n-butyl 1ithium
was cooled to =10° and a tolution of 215 go (1e6 moles) of thianaphthene
dlssolved in 200 ml, of dry ether was added during s forty five minute
period., The reaction mixture was stirred for an additional hour at a
temperature between -59 and -10°, following the cddition of the thias-
naphthene, A solution containing 279 g. (1. moles) of methyl-p-toluene-
sulfonate dissolved in 150 ml, of dry other was thon added to the thia-
naphthyl lithium solution during a one hour periods The reaction mix-
ture was stirred for an additional hour, then allowed to warm to room
temperature and pouréd onto 2000 g, of cgushod ice. The ether layer was
separated, washed with water, and dried in contact with anhydroui calcium
chloride, The ether was removed on a steam bath and the residual syrupy

liquid was fractionated at reduced pressure in an 80 cm, jacketed
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vigreaux column, The fraction which boiled at 74-76/2m., and melted
at 51-52%after distillation, eorresponded to an 845 yield of 2-methyl-
thisnaphthene., Literature values, b, p. 73-74?/2mm. (9)s m. pe 51,5-52°
(10),
Preparation of Propylene Sulfide
C”acb;?*’z

A 1 1. three neck flask fitted with a stirrer and & thermometer
was charged with 80 g. (1,0 mole) of thiourea, 350 ml. of water, and
30 ml, of concentrated sulfurie acid. The stirred solution was cooled,
in an ice bath, to a temperature of 0-5° and 38 ge (1.0 mole) of proe
pylene oxide was added to it during two hours, The cooled resction
mixture was stirred for ten minutes and sllowed to warm to room tempera-
ture. The temperature of the reaction mixture was kept below 25° and
s solution containing 106 g. (1.0 mole) of sodium carbonate dissolved
in 300 ml. of water was added to it during a& half hour. The oily product
which separated was extracted into pentane and the aqueous phase was
washed twice with additional quantities of pentane. The combined
pentane extracts were dried in contact with snhydrous calcium sulfate
and the pentane was removed by distillation, The residusl liquid was
distilled to obtain a 60t yleld of a colorless product boliling at 72-73°,
The boiling point of propylene sulfide 1s reported to be 72-75° (15).
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Preparation of 2,4-Dinitrophenyl-2-thienyl Sulfide
N

aw
S

A 500 ml, three neck flask equipped with a stirrer and reflux
condenser was charged with 325 ml, of dry ethylene chloride, 12 g,
(0,051 mole) of 2,4-dinitrophenylsulfenyl chloride, 40 g. (0,154 mole)
of anhydrous stannic chloride and 36 mls (0.45 mole) of thiophene,

The reaction mixture was stirred af its reflux temperature for two
hours, during which the evolution of hydrogen chloride had become quite
slow, The dark colored solution w;s cooled to room temperature and

30 ml, of e?hanol was added to it. The reaction solution was extracted
with two 100 ml, pdrtions o% éilute hydrochioric acld.> The oréanic
layer was separated.and concentrated by an gir stream on a steam bath
until a viscous black residue rgmaibed. This solidified on the addition
of 200 ml, of ethanol, The crystaliine mass wag brokeﬁ up and boiled
in the ethanol which was then decanted from it through a filter; The
residue was boiled in 130 ml, of siditional ethanol which dissolved all
but a sall amount of a black powdery material, The combinod‘othanol
extracts were treated with Norite A and evaporated to isolate 12,9 g.
(0,047 mole, 89% yield) of the crude sulfide melting at 118-118,5%°,
Literature value, m.p. 119° (1),

Two additibnal preparstions of 2,4=dinitrophenyl-2-thienyl sulfide
on & slightly smaller scale resulted in yields of 774 and 83X, In three
additional pfeparations on an apprﬁximately 0.23 mole scale the yields

decreased to 71, 54%, end 60%, due to the formetion of large smounts of
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tarry material which complicated isolation of the product.

While carrying cut the above preparation it wes noted that
although the reaction mixture began to darken imrediately on additlon
of the stannic chloride catalyst, the evolution of hydrogen chloride
did not become eppreciable unti) the reaction mixture reached a tempera-
ture of approximately 7% Further, the reaction mixture darkened
considerably during the removal of the golvont;on_g steam bath, These
observations prompted changes in the experimental prchdure which resulted
in consideradbly less tar formation an@ improved ylelds of the product.

In a typical modifled preparation, s ] 1. three ncgk,fllsk,.
equipped with a stirrer and a reflux condenser was charged with 400 ml.
of ethylene chloride, 20 g (0.0t mole) of 2,4=dinitrophenylsulfenyl
chloride, and 13.4 g, (0.16 mole) of thiophene. After heating the .
stirred reaction solution to a tempersture of 65-70%, 63,5 go (0,24 mole)
of anhydrous stannic chloride was added during five minutes and the
resction mixture was then stirred at its reflux temperature for an
additional hour and a half, The stirred reaction mixture was cooled to
room temperature, 25 ml, of ethanol was added to it, and it was extracted
with two 200 wl. portions of dilute hydrochloric acid, The organic layer
was separated, filtered, aqd_tropsfer:od to a 1 1. flask and the solvent
was removed by vacuum distillation on a water bath at 70°. ‘Thg gray
residue was boiled in 400 ml, of ethanol ard the solution was decanted
from the undissolved solid.. The residue was boiled in 150 ml. of eddi-
tions) ethanol and the solution was filtered to remove some insoluble

gray powmder. The ethanol extracts were treated separately with Norite
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and cooled to precipitate the product, which wss collected on a filter,
The product which erystallized from the first ethanol extraction of the
crude product was slightly brown in color while the crystalline material
obtained from the second extraction had a bricht yellow color, The
combined ethanol filtrates were treated acain with Norite and concen-
trated to yleld an additional quantity of the crystalline product, The
total yleld of product, melting at 118,5-119°, was 17.4 g. (734 yleld).
A second preparation employing the same experimental procedure on a
0,106 mole scale resulted in an 80% y{eld of product,

Severel attempts were made to prepare 2,4=dinitrophenyle2-thienyl
sulfide using aluminum chloride as the catalyst, In a typical experiment,
a 500 ml, thre.: neck flask equipped with a stirrer and a thermometer was
chargad with 100 ml, of dry ethylene chloride, 42 g, (0,05 mole) of
thiophene, and 9,4 ¢. (0.04 mole) of 2,4-dinitrophenylsulfenyl chloride,
The reaction mixture was stirred at -10°, in an ice salt bath, and 12 g,
of anhydrous aluminum chloride was added during s period of twenty min-
utes. The reaction mixture turned red in color and became very viscous
and gqummy, After a 510 minute period of stirring, 20 ml, of absolute
ethanol was carefully added to the reaction mixture and it was then
extracted with two 100 ml, portioﬁn of dilute hydrochloric acid. The
organicllayer was separated and concentrated to a volume of approximately
35 ml. by heating it under reduced pressure. The ¥esidual liquid was
poured into 100 ml, of petroleum ether (b.p. 60-900). The mixture was
boiled on a stesm bath and the petroleum ether solution was decanted

from a layer of tarry meterial wrich had separated, The tarry material
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was extracted with a second portion of boiling petroleum ether,
Concentration and cooling of the combined petroleum ether extrscts
resulted in the precipitation of a very small amount of & yellow
crystalline matsrial melting at 1160, after a single recrystallization
from ethanol., Additional preparations using as small a quantity as 5 g.
of anhydrous aluminum chloride catalyst and a reaction temperature in
the range =29 to 2° gavn sizilar results,

A single preparation was cerried out, using this same general
experimental procadura, with anhydrous ferric chloride as the catalyst,
Tar formation was excessive in this case and no product could be isolated,

An attempt was made to employ 8 g. of anhydrous stannic chloride
as 8 catalyst, usino e reaction temperature of 0-3° in the above described
experimental procedure, but this also resulted in failure to obtsln any

of the desired product,

Preparation of 3-!athyl-2=-thienyl (2,4-d1n1trophenyl) Sulfide

)»102
HaC [, :”-8' i)
SN

A solution containing 25 g. (0.106 mole) of 2,4=dinitrophonyl=
sulfenyl chloride and 19.6 g. (0,20 mole) of 2-methylthiophene dissolved
in 400 ml, of ethylene chloride was prepared in s 1 1, three neck.flask
equipped with a stirrer and a reflux condenser, This stirred solution
was heated to a temperature of 70-75° and 79 ge. of anhydrous stannic
chloride were added to it during a five minute period, The reaction

mixture was then kept at its reflux temperature for an additional hour,






After cooling to room tempersture, 25 ml, of ethanol was added to the
reaction mixture and it was extracted with two 200 ml. portions of
dilute hydrochloric acids The odor of hydrogen sulfide was detected
during the oxtractions. The orqanic layer was soparated and the solvent
was romovod under vacuun in a distillation flask on a water bath at €5°,
The brown residual solid was boiled in 250 ml, of 2=-propanol and the
clear red colored ooiution was docanted from an insoluble gummy residue,
The 2-propanol oxtract. on cooiing, bocano cloudy immediately and :
quantity of a dark red colored oil oeparated. This ofl failed to
complotoly dissolvo on adding on adiitionai 50 ml. of 2-propanoi and
boiling the solution. Tho 2-propanoi solution was docanted from tho |
insoluble rosiduo, which was discarded. The qu mny rosiduo frOm the
roaction mixture was oxtracted with an odditionai 150 ml. of boiiing
2-pr0panoi, but only 2 small portion dissoivod. The combined 2vpr0pan01
oxtrocto were treated with horito snd set asido in o refrigerator. A thin
lqyer of light brown colorod crystailino matorial precipitated and then

<

[ quantity of yeilow colored crystais formed. Tho cryotailine matorial

I

wao colloctod on a filter and wash“d uith othanol to isolato a 65%

> 1 AT SR )

yiold of o crudo product molting at 99-101 . A oinglo rocryotallization
. A

fron othonol raisod tho molting point to 102-103 o Elomontai onaiyoio
gave the following rosulto. Caic'd. for 311”8N2°432' C, 44, 58; H, 2.72;
S, 21, 64, Foundt ©, 44.60; H, 2. 96. s, 21.70. ' |

At

In tuo odditionai proporationo of thio compound in which the
‘?l’u

stannic chiorido catolytt was addod at room temporoturo, prior to heating

the rooction mixturﬂ ot its roflux terporaturo, tho yields decreasod to
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443 and 48%, One additional preperation in which a reaction temperature
of 55=60° was used instoad of the reflux temperature of the reaction

mixture resulted in a 427 yield of the desired product,

Preperation of 3-Methyl-2=-thienyl-2,4=dinitrophenyl Sulfide

cH 3 NQ2

A stirred solution containing 20 g. (0.085 mole) of 2,4-dinitro-
phenylsulfenyl chloride and 15,7 g. (0.15 mole) of 3-methylthiophene
dissolved in 350 ml, of othyl;do chloride was heafod to a temperature
of 75° in a 500 ml. three neck flask equipped with 8 stirrer and reflux
condenser, A 63.5 g. (0.24 mole) quantity of anhydrous stannic chloride
was added to the reaction mixture during a fivo minute period, after
which it was kept at {ts reflux tempersture for an additional hour, The
dark colored, stirred reiction mixture was cooled in a water bath,
diluted with 30 ml, of eghanol, and extracteq with two 150 ml, portions
of dilute hydrochloric acid., The organic layer was separated and the .
solvent removed by vacuum &istillation on a.;atof bath at‘a temperature
of 63° o Tho dark colorod rosidual 0il was extracted by boiling it in
250 ml. of isopropanol ond decanting the alcohol solution from the tarry
residue, A quantity of a dark colorod oil separated as thc alcohol
solution‘cooled slightly. The solution was_boiled on a steam bath and
decanted, through s filter, from the undi;sélved material, Cooling
during filtration causod additional quantities of dark colorod oil and

some crystall!ne materiai to colloct on the filter, Tho filtrate was
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treated with llorite and set aside in 2 refriserator. The reaction
residue and the fluted filter paper were boiled i{n a mixture of 200 ml,
of ligroin (b.p. 60-90°) and 15 ml, of isopropanol, The solution was
decanted from the undissolved tarry residue, treated with Norite, and
set sside in s refriqerator, The yellow colored crystals which separ-
sted from both solutions were recovered by filtration to yield 13.9 g.
(63%) of a crude product, After two recrystallizations from isopropanol
(Norite A) the mo;ting point of the product was 120-120,5°, Elemental
analysis of the material cave the following results, Calc'd, for
Cy1HgN20432; Cy 44,583 H, 2,723 8, 21.64, Pounds C, 44.84; M, 2,89

5, 21,78,

Preparation of 2,5-Nimethyl=3-thienyl (2,4=-dinitrophenyl) Sulfide

O
H3C~ l I '3 ?302
S

A well stirred solution containing 20 g. (0,085 mole) of
2,4~dinitrophenylsulfenyl chloride and 19 gs (Oel7 mole) of 2,5~-dimethyl-
thiophene dissolved in 400 ml, of ethylene chloride was heated to a
temperat#ro of 70o in a 1 1. three ncék flask ;quippad with a itlrrer
and 8 reflux condenser, The quantity, 63,5 g. (0.24 mole) of anhydrous
stannic chloride was added to the solution during a five minute period
and the reaction mixture was kept at its reflux temperature for an
edditional hour. Hydrogen chloride was evolved rapidly at the initisl
stages of the reaction, The dark colored reaction mixture was stirred

and cooled in a water bath and 20 ml, of ethanol was added to it,
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followed by an extraction with two 200 mls portions of dilute hydro-
chloric acids The organic layer was separated and the solvent was
removed by vecuum distillation in a water bath at a temperature of 65°,
The residual solid was extracted with 200 ml. of boiling 2-propanol

and the extract was treated with Norite and filtered. The remaining
yellow product was dissolved in boiling 2-propanol and the alechol
solution wag filtered to remove s small amount of insoluble matter.

The combined 2-propanol solutions were set aside in a refrigerator.

and the erystalline product which separated was isolated by filtration,
The yield was 24.4 g. (92Y) of yellow colored crystals which melted at
11%=115.5%. Fawcett (2) reported s melting point of 104.5-105° for
this compound, Elemental analysis cave the following results:

Cale'd. for CygHioNo04So8 €, 46,44 H, 3,253 S, 20,66 Found:s C, 45,67}
Hy 3.463 §, 20,54,

.xn a second preparation of this sulfide the stannic chloride
catalyst was added at room temperature, prior to heating the reaction
mixture at its reflux tempsrature, and the solvent was removed at
atmospheric pressure, The yleld, in this case, decreased to 74%,

Attempted Preparation of 2,%Dichloro-3-thienyl=2,4-dinitrophenyl
Sulfide =

O
CI‘,‘ : l-cx Noz
s P

A 500 ml, three neck flask equipped with a stirrer and reflux

condenser was charged with 250 ml, of ethylene chloride, 10 g. (0,043 mole)
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of 2,4-dinitrophenylsulfenyl chloride, 15 ml. of 2,5=dichlorothiophene,
and 33 g, of anhydrous stannic chloride. The reaction mixture was
stirred at {ts reflux temperature for three and a half hours., Hydrogen
chloride was slowly evolved throughout the reaction period. The stirred
reaction mixture was cooled to room temperature and 235 ml, of ethanol was
added to it., The dark colored reaction solution wes then extracted with
three 100 ml, portions of dilute hydrochloric acid, The solvent was
removed from the organic layer by heating it in an air stresm on 8 steam
bath,y The dark colored residue was boiled in 130 ni. of ethanol and

the ethanol solution was decanted through a filter, The residue wzs
extracted with a second portion of boiling ethanol, but only a small
smount of the material dissolved. A yolloﬁ colored powdery material,
which decomposed sbove 120°. without melting, wes isolated on treating
the combined ethanol extracts with charcoal and chilling the solution

in an ice bath, Apparently, the only product obtained in the above
reaction was 8 polymeric material, 'The desired sulfi&e is reported to
be a crystalline solid melting at 136.5-137° (16).

~

Prepsration of Thianaphthyl=2,4=dinitrophenyl Sulfide

L)

A stirred solution containing 10 g, (0,043 mole) of 2,4~dinitro-
phenylsulfenyl chloride and 8 g, (0.06 mole) of thianaphthene dissolved

in 250 ml. of ethylene chloride was heated to a temperature of 70° in a

500 ml, three neck flask equipped with a stirrer and & reflux condenser,
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A 33 go (0413 mole) quantity of anhydrous stannic chloride catalyst was
added, during a five minute period, te the reaction mixture which was then
stirred at its reflux temperature for an hour, The reaction mixture wes
cooled to room temperasture, in a water bath, and 15 ml, of ethanol was
added to it, The mixture was then extracted with two 100 ml. portions of
dilute hydrochloric acid. The organic layer wass seperated and the solvent
was removed.by vacuum distilletion on a water bath at a temperature of
63°s The yellow colored solid residue was dissolved in hot benzene and
the solution was filtered to remove a smell smount of insoluble matter,
The filtrate was diluted with an equal volume of isopropanol, treated

with Yorite, and saet aside to cool in a refrigerator. -The yellow colored
crystalline material wi.ich separated was collected on a filter and
recrystallized from isopropanol containing a small amount of benzene,.

A 58% yleld of product, melting in the temperature range 146-1520, was
obtained.s DBased on this melting point range, thg product was judged to

be 8 mixture of the 2 and 3 substituted isomers. The literature values
are: 2-thianaphtiyle=2,d4-dinftrophenyl sulfido,‘n.p..159-160° (3)3

3-thienaphthyle2,4-dinitrophenyl sulfide, m.p. 163-1640 (21).

Preparation of 2-Fethy1-3-ihianaphthyl-2,4—d1n1trophehy1 Sulfide
'-s. @ }'1’02
la RO,

A 500 ml, three neck flask eg'ipped with a stirrer and reflux

condenser was charced with 300 ml. of ethylene chloride, 10 g, (0.043 mole)
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of 2,4-dinitrophenylsulfenyl chloride, 8 g. (0.C54 mole) of
2-methylthianaphthene, and 33 g. (0.13 mole) of anhydrous stannic

- chloride., The reaction mixturolndc“ctirred vigorously at its reflux
temperature for an hour, Hydroqen'chlorlde was rapidly evolved during

the first half of the resction period and the mixture took on s light

yollow-brown coloration, Aftor coolinq the reaction mixturo to room
terporature. 13 ml. of ethanol was added to it and it was oxtraCted

with two 100 ml. portions of dilute hydrochloric acid. The oroanic
{ )
layer was coparated and the solvont romovod by vacuum dlctillation on

g

a water bath at 2 temperaturc of 70° The yellow colorod residual

* LS L

s011d was dissolved in a boilinq 2:1 cthanolodioxanc mixturc, filtored,

v

and cot acido 1n 'y refrigerator. The crystallino msterial which
separated was colloctpd on a filter. Tho !iltrato was concentrated to
lpproximately one fourth its volumo and troated with horite. Vater

.- e

wac cdded to tho hot solution until 8 yellow crystallino colid began

to ceparate, ct which point tho n;;turo was set asido in a refrigerator
to proclpitato an additional quantity of the crystallino product.

A combined yield of 754 of product. molting at 176 ' uas obtainad.

Heyd (4) rcported . melting point of 179-1ex° for this culfido. Two
cdditional preparations of this compound cave yields of 73% and 56%

rospoctivoly.
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Preparation of 2-Thiophenethiol

-

To a solution of sodium methoxide prepared by allowing 5 g.
(0.22 g. atom) of sodium metal to react with 500 ml., of metharol was
added 29 g, (0.1 mole) of 2-thienyl-2,4-dinitrophenyl sulfide. The
stirred suspension was continmuously flushed with nitrégen and held
et its reflux temperature for a half hour. ‘Approximately 260 ml, of
methanol was then distillo; from the reaction mixture. The residual
liquid was poured onto cracked ice and the flask was rinsed with
sufficient water'to brin§ the final volume to approximately 800 ml,
The resulting aqueous suspension was stirred for s few minutes and
filtered to remove s quantity of s red solid. The dark red coiorod
f11trate was acldified with 1s1 sulfuric acid and steam distilled
until 400 ml, of distillate had been collected, .Tho licht yellow
colored distillate was extraﬁied witﬁ.tﬁg 50 mi. portions of o£her.
The combined ether extracti wero"dried in contact with anhydrous
sodium sulfate, filtered to ;emove the drying agent, and concentrated
by distillation on a steam bath, The concentrated solution was trans-
ferred to ; 50 ml, flask, using a small smount of ether, and the ether
was removed by distillation, The residual red colored oll was vacuum
distilled to isolate a 14% yield bf a light yellow colored oll boiling
at 53—54?/4-5 mm, Houff and Schuetz report s boiling point of 54%/5 rm.

for 2-thiophenethiol(7).






A 2,4=dinitrophenyl sulfide derivative of the product wes
prepared and found to melt at 119° after s single recrystallization
from ethanol, literature value, m.p. 119° (1).

Two additional praoparations of 2-thiophenethiol, employing the
above experimental procedure, resulted in yields of 14% and 17%
respectively,

Small emounts of 2,2'=dithienyl disulfide were isolated from the
fnitial distillation residue and from the red colored precipitate
isolated after pouring the residue from the basic tleavage onto ice.

The distillation residue was thoroughly washed with warm water and
recrystallized from aqueous ethanol to {solete a light yellow colored
crystalline material melting at 57°, Challenger, Miller, and Gibson (8)
reported a melting point of 5° for 2,2'=dithienyl disulfide.  The red
colored precipitate was recrystsllized from methenol, using charcoal,

The yellow colored crystalline material melted at 88° and was assumed to
be 2,4=dinitroanisole. A melting point of 67-88° is reported (11) for
2,4=~dinitroanisole, - An sdditional quantity of this meterial was isolated
by adding ethanol to the filtrete, and concentrating it on a stesm bath,
Isopropyl aloohol was edded to the filtrate and it was again concentrated
and get aside in a refrigﬂrator. A small quantitv of yellow colored
crystalline matorial separated from solution. This melted at 42-44°% and
was passumed to be impure 2,2'-d1th1enyl disulfide,

Several modifications of“thc'éﬁperimental procedure described
above offectod a considerable 1nCreaso in the yield of 2-th10phenethiol

obtainasble, In the modiflod proceduro, 8 solution conteining 6 g.
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(0el2 mole) of potassium hydroxide dissolved in 300 ml. of methanol

was prepared by warmino the compononts in a 500 ml, three heck flask
while stirrina the alkali methoxide solution with a stream of nitrogen,
A reflux condenser was attached to the flask and 17 g, (C.0%5 mole) of
2-thienyl=2,4-dinitrophenyl sulfide were added to the reaction mixture,
which was then heated at its reflux temperature for twenty minutes in

a8 nitrogen atmosphere, The major share of the solvent was removed by
vacuum distillation on a water bath at 30-35°. Care was necessary to
prevent severa bumning during the later stages of solvent removal, The
residue was poured onto cracked ice and the flagk was rinsed with
suffici~nt water to bring tha final volume to 400 ml, The aqueous
suspension was stirred unti] thoroughly chilled and then filtered to
ramove a light orangs colored solld, which was washad with water, The
filtrate was acidified with concentrated hydrochloric acid, The aqueous
phase was extracted with three portions of ether, which were combined
and dried in contagt with snhydrous calcium chloride, and the ether
was removed by distillation on a steam bathe The residual dark red
colored oil was vacuum distilled to obtain & 45% yield of a light

yellow colored oil boiling at 30-32°/1-2 mm,

Preparation of Y5=iethyle2=thiophenethiol
HsC I v I GH

To a solution of sodium methoxide prepared by allowinc 4.6 g.

(0.21 g. 8tom) of sodium metal to react with 500 ml, of methanol in a







one 1liter three neck flask equipped with a stirrer and a distilling head
was added 32 a, (0,103 mole) of 2,4~dinitrophenyl~3-mathyl~2-thionyl
sulfide, The stirred reeaction mix*ure was hea*ed at its reflux tomperae-
ture until the sulfide disappeared and tiien 250 ml, of methanol was
removad by distillation. The dark red colored sol:tlion was poured onto
ice and the flask was rinsed with sufficiont water to bring the volume
to €00 ml. The aqeous susponsion was stirred until thoroughly chilled
and filtered to remova s quantity of a red colored solid, The filtrate
wzs acidified with 111 concontrated sulfuric acid ard extracted with two
35 ml, portions of ether, The combined ether extracts were dried in
contact with anhydrous majnesium sulfate, filterasd, snd the ether
ramoved by distillatinn on a steam bath, Thoe residual red colored oil
wes vacuun distilled to {solate a 7 yield of a straw colored oil boiling
at 50-53°/3 mn,

A 2,4~dinitrophenyl sulfide derivative was prepared, It melted
at 103-103.5 as obtzined directly from tha reaction nixture., Two crys-
tallizations from ethanol raised its melting pnint to 1050. Flemental
analysls gave the following results, Calc'd for C, W 1.0 G, C, 44,583

11 827472
Hy 2,723 S, 2164, Founds C, 44,603 H, 2,953 S, 21,70,

Attempted Preparation of 2,5«NDimethyl-3-thiophernethiol
(Isolation of 2,5=Dimethyle3=thienyl Disulfide)

A 3H
3'!3C' [, S ]I-Cfb

To a solution composed of 11.2 g. (0.2 mole) of potassium hydroxide

dissolved in 500 ml, of methanol contained in a 1 1, three neck flask




36

fitted with a stirrer, distillation head, and a nitrogen inlet tube,
were added 30,6 g, (0.1 mole) of 2,5~dimethyle3=thienyle2,4-dinitrophenyl
sulfide, The stirred reaction mixture was heated under a nitrogen
stmosphere until 300 ml, of methanol had been removed by distillation.
The dark red colored residue was poured onto cracked ice and the flask
was rinsed with sufficient water to bring the volume of the mixture to
800 ml, An insoluble residue remained in the reaction flask, The
aqueous suspension was stirred in sn ice bath until thoroughly chilled
and filtered through celite to remove 8 red colored gummy solid, The
filtrate was acidified with concentrated hydrechloric acid but no
material, solid or 0il, separated from solution snd only a fsint odor

of mercaptan was detected, The red colored gummy precipitate was
extracted thoroughly with hot aquecus base to remove 2,4-dinitroanisole.
The slkalil insoluble residue was equivalent to an 89% recovery of
2,%=dimethyle3=thienyl disulfide, After recrystallization from aqueous
ethanol the light yellow colored disulfide melted at 58,5-59°, FElemental
snalysis gave the following results. Calc'd for CyoH14341 Cs 50.31

Hy, 4,933 S, 44,77, Founds C, 50,29y H, 5,073 S, 44,77,

Preparétion 6f 2-Thianaphthenethiol

h
S

A 500 ml, three neck flask fitted with a stirrer, dropping funnel,
nitrogen inlet tube, and a thermometer, was charged with 120 ml. of dry

ether and 6.4 g. (0,90 g. atom) of 1ithium metal chips. The reaction
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flask was cooled to -10° in a dry ice-isopropanol bath and 8 solution
of 60 g (0,44 mole) of redistilled n-butyl bromide dissolvad in 60 ml,
of dry ether was added during s half hour., The reaction mixture was
stirred for an additional hour following the addition of the bromide
and then filtered under nitrogen through glass wool directly into a
precooled 500 ml, flaske The filtered solution of nebutyl lithium

was cooled to =10° and a solution of 48 g, (0,36 mole) of thianaphthene
dissolved in 25 ml, of ether was added during a fifteen minute period.
The reaction mixture was stirred for an additional half hour at s
temperature between «5° and «10° and then it was allowed to warm to
room temperature, A solution containing 15 g, (0.22 mole) of
propylene sulfide dissolvc&‘in 40 ml, of dry ether was then added to
the thianaphthyl lithium solution during a fifteen minute period. o
increase in temperature was noted during the addition of the propylene
sulfide. The reaction mixture was stirred at its reflux temperature
for one hour, during which the color changed from blue through green
to light yellows After being set aside overnicht the reaction mixture
was poured into an equal volume of ice water. The aqueous layer was
separated and the ether layer was extracted twice with 2 N potassium
hydroxides The combined aqueous extracts were acidified with concentrated
hydrochloric acid. A quantity of yellow colored oil separated, This
was separated snd the aqueous layer was extracted three times with
pentane, The combined pentane extracts were dried in contact with
anhydrous calcium sulfate and the pentane was removed by distillation

to isolate 13 g, (36% yield) of a yellow colored oil. An attempt to
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purify the product by vacuum distillation was discontinued when the
material began to darken at a still head temperature of 160°/ 2 mm.

A 2,4-dinitrophenyl sulfide of the mercsptan was prepared and
it melted at 159° after recrystallization from a 111 methanol dioxane
mixture, Heyd (3) reports a melting point of 159-160° for this
derivative of 2-thianasphthenethiol, Calculated for C;,Y;04%,So1

C, 50.59; ¥, 2,433 S, 19,30, Founds C, 50,62y H, 2.513 S, 19.46,
Attempted Prepsration of 2-Methyl-3-thianaphthenethiol

SH

CHy

To a solution containing 7.8 g (0,14 mole) of potassium
hydroxide dissolved in 370 ml, of a 131 methanpl-dioxano mixture
contained in a8 500 ml., three neck flask wis adaed 25 go (6.072 mole)
of 2-methyl-3-thianaphthyl=2,4~dinitrophenyl sulfide, A stream of
nitrogen was led into the reaction mixiuro and 1t was heated at its
reflux temperatura for fifteen minutes. The major part of the solvent
was removed by vacuum distillation, The residue was poured onto cracked
fce and the flask was rinsed with sufficient water to bring the final
volume of the mixture to approximately 400 ml. The agueous suspension
was stirred until tho;oughly chilled and filtered to remove a quantity
of a red colored solid, A red colored solld precipitated from the
filtrate on acidification with concentrated hydrochloric acid. This

was extracted into ether and the aqueous phase was washed twice with
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ether, The combined ether extracts were dried in contact with anhydrous
calcium chloride and the ether wss removed by vacuum distillation,

Vacuum distillation of the residue ylelded 4.3 g. of red oll, distilling
in the range 12=175°/2 mm., which solidifind as an orange colored solid.
This material melted in the range 90-100°. A considerable quantity of

a8 dark colored residue remained in the distillation flask., An attempt
was made to prezpare a8 2,4=-dinitrophenyl sulfide derivetive but the product
obtalned softened at 143% and melted above 153° even after recrystalliza=
tion from methenol, A part of the product was found to be insoluble in
ethanol or aqueous base during the sttempted derivative preparation, The
insoluble material melted at 153-154° lfger it was washed with water and
alcohol and drieds It was assumed to be the disulfide of the desired
thiol,

Attempted Preparation of 2,2'-Dithienyl Disulfide

..

A one liter three neck flask equipped with s stirrer, distillation
head, and an air inlet tube was charged w}th a solution containing 17.0 g.
(0.3 mole) of potassium hydroxide dissolved in 525 ml..of mcfhanol, and
42,5 g. (0.15 mole) of 2-thieny1-2,4-d1nitrophenyl sulfido. The reaction
mixture was distilled, whilo flushing the system with a stream of air,
until 390 ml, of methanol had been collected, The stirred reaction

mixture was cooled in a water bath and 250 ml, of ether was added to {t,
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A quantity of a brown colored precipitate which formed was removed by
filtration, The flltrate was extracted with two portions of cold

water and the organic layer was séparated and eveporated on & steam

bathe The dark red colored acueous extracts were discarded, The residue
was dissolved in hot ethanol and the solution was ecidified with
concentreted hydrochloric acid, Treatment of the solution twice with
Norite failed to remove its dark red coloration, A dark ;ed colored

oil s;parated on cooling the ethanol solution in & refriéerator bvernight

and it was discerded,

Preparation of 2-Thienyl Mercury Mercaptide

, D]-S N

2

To a warm solution containing 1.6 g. (0,014 mole) of 2~thiophenethiol
dissolved in 75 mle of ethanol was added a solution containing 2.1 g.
(0.0065 mole) of mercuric acetate dissolved in 20 ml. of ethanol.

A yellow colored solid precipitated irmediately. The mixture was stirred
and set asidq in a ;efrigerator. The product was isolated by filtration
and washed with alcohols A yleld of 79% of a yellow colored solid in the
form of needles, which melted at 126°.after 8 single recrystallization
from ethanol, was obtained. Elenental analysis gasve the following results,.
Calc'd. for CgHeSqHas C, 22.293 H, 1,403 Mg, 46.53, Founds C,22,424

H, 1.583 Hg, 46,18,
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Preparation of 2-Thiophenemercaptomercuric Chloride

“ . II -3tigol
S

A solution containing 4.8 g, (0,086 mole) of potassium hydroxide
dissolved in 250 ml, of methanol was prepared by warming the gomponents
in a 500 ml, threa neck flask wh}lc stirring the methanol with a stream
of nitrogen, A reflux condenser was attached to the flask and 12 g.
(0,043 mole) of 2-thienyl=2,4~dinitrophenyl sulfide were added to the
potessium methoxide solution., The resulting suspension was heated,
under nitrogen, at its reflux temperature for eight minutes aftexr the
sulfide had dissolved and the reaction mixture had taken on a dark .
coloration, The meajor part of the alcohol solvent was yremoved by vacuum
distillation on s water bath at a temperature of 30~35°. The residue
was washed from the reaction flask, onto crushed ice, with sufficient
wster to give & final volume of spproximately 400 ml, The resulting
agueous suspension was stirred until thorouchly c¢hilled and s yellow
solored solid was removed by filtration, The filtrate was acidified
with eoncentrated hydrochloric acid and then extracted three times with
other. The combined ether extracts were concentrasted on a steam bath
with simultaneous sdditicn of 150 ml. of methanol, in portions, to
¢hange solvents, A solution containing 16,3 ge (0,06 mole) of mercuric
¢hloride dissolved in 50 ml., of methanol was added to the stirred
methanel solution of the thioles A precipitate formed imwediately and

the suspension was set aside in & refrigerator, A 75% yield of product
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was isolated by filtration., After a single recrystallizaticn from a 1l:l
ethanol-ethyl acetate mixture the product was light yellow in color and
decomposed at 173-174°. Clemental anelysis gave the following results,
Calculated for C4H382C1Hg| C, 13,703 H, 0,863 !'g, 57.11s Found:s C, 14,003

K, 1.52¢ Hg, 57,16

Preparation of 3=kethyl=2-thiophenemercaptomercuric Chloride

Hsc-ﬂ . ﬂ-SHgCl

A solution containing 4.9 g. (0,0875 mole) of potassium hydroxide
dissolved in 230 ml, of methanol was prepared by warming the base and
the alcohol in & 500 ml, three neck flask while stirring the solution
with a stream of nitrogen gas. A réfldx condenser was attached to the
flask and 13 g. (0,044 mole) of S-methyl-2-thienyl-2,4=dinitrophenyl
sulfide were added to the alkali methoxide solution. The reaction
mixture was heated, under nitrﬁgen, at its reflux temperature for twelve
minutes,s The major part of the solvent was removed by vacuum distillation
on a8 water bath at s temperature of 30-350. The residue wis poured onto
cracked ice and the flask was rinsed with sufficient water to bring the
final volume of the mixture t; spproximately 300 ml. The aqueous
suspension was stirred until thoroughly chilled and filtered to remove
a quantity of orange colored iolid, which was washed with water, The
filtrate was acidifieg with concentrated hydrochloric acid and extracted

three times with ether., The combined ether extracts were concantrated
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on a steam bath with simultaneous additlon of 130 ml. of metharnol,

in portions, to change solvents. A solution containing 15,3 g.

(0,06 mole) of mercuric chloride dissolved in 50 nl, of methanol was

added to the stirred solution of the mercaptans A bulky precipitate
formed and the suspension was set aside in a refrigrrator. A 47%

yield of the product was isoclated by filtration of the chilled solution,
After 8 single recrystallization from ethyl acetate-ecetone the licht
yellow colorad product decomposed at 156=157° on slow heating.

Elemental analysis gave the following results., Calculated for C5H552C1Hg:
Cy 16,445 H, 1,363 Hg, 54,92, Founds C, 16,603 H, 1,633 Hg, 54,74,

Prepsration of 2,5-Uimethyl-3-thiophenemercaptomercuric
Chloride

SHgCl
HqC~ ﬂ: ][CH3
]

Employing the experimental procedures previously described for
the synthesis of thiophenemercaptomercuric chlorides, 12 g. (0.039 mole)
of 2,5~dimethyl=3-thienyl=2,4=dinitrophenyl sulfide was cleaved in a
solution containing 4.8 g. (0.086 mole) of potassium hydroxide dissolved
in 250 ml, of methanol. A solution containing 14.4 g (0.053 mole) of
mercuric chloride dissolved in 35 ml, of methanol was added to the
methanol solution of the mercaptan to precipitate the product. A 19%
yield of a light yellow-gray colored product, which decomposed at 175-176°

after a single recrystallization from a l:l ethyl acetate-ethanol mixture,

was obtained. Elemental analysis gave the following results. Calculated
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for C6H7SCIZ‘29! C. 19.00' H. 1086; ”g' 52.89. ?Oundl C. 19.23;

H. 2911; Hg’ 530111

Preparation of 2-tethyl=3-thianaphthyl Mercury Mercaptide

To a solution prepared from 2.8 g. (0.05 mole) of potessium
hydroxide and 150 ml. of 1i1 methanol-dioxane, which was contained
in a 500 ml, three neck flask fitted with a reflux condenser end a
nitrogen gas inlet tube, was added 8,9 gs (0,026 mole) of 2-methyl=3-
thianaphthyl=(2,4=din{ tropheryl) sulfide. The reéction mixture was
heated at its reflux temperature for fifteen minutes, while & stream
of nitrogen flushed the systems The major part of the solvent was
removed by vacuum distillation on a water bath et a temperature of 35°,
The residue was flushed from the reaction flask, ento ice, with
sufficient water to bring the final volume of the mixture to approxi-
mately 400 ml, The squecus suspension was stirred until thoroughly
chilled and filtered to remove an orange solid, which was washed with
water. . The filtrate was acidified with cencentrated hydrochloric scid
and extracted three times with ether, The combined ether extracts were
concentrated on 8 steam bath with simultaneous addition of 125 xml, of
methanol, in portions, to chasnge solvents, A solution containing 3.5 g.
of mercuric chloride dissolved in 30 ml, of methanol was added, with

stirring, to the warm solution of the merceptan, The mercaptide
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precipltated immediatelys the suspension was set aside in a refrigerator
to cool, and the product was collected on a filter., A 587 yleld of a
light gray colored product, wnich melted with decomposition at 214-216°
after 8 single recrystallization from a lil ethanoleethyl ascetate mixture,
was obtained, Elemental analysis gave the following resultss Calc'd for
CiaMyaS4Hias Cy 33,665 My 2,525 Mg, 35,88, Founds C, 37.833 H, 2.35

Hg, 395.89,

Recovery of 2-Thiophenethiol from 2-Thiophenemercaptomercuric
Chloride

U-sz!gm S U ~SH

A 2 g. quantity of 2-thiophenemercaptomercuric chloride and 15 ml.
of concentrated hydrochloric acid were shaken together in a 100 ml,
separatory funnel for a few minut;s. The slurry was extracted with a
portion of pentane, the latter being decanted from the aneous iayer.
An additional 3’m1. of coﬁcentrated hydrochloric acid was added and the
mixture was shakeniﬁith a second portion of pentane, which was decanted
and combined with ihe initisl,penfane oxtr#ct. The aqueous phase was
2gain extracted with pentare, Tﬁe combined pentane extracts were washed
with a small portion of water and added.to a solution of 1.1 g. (0.0C5 mole)
of 2,4-dinfitrocnloroberzene diisolved in 20 ml, of alcoﬁol. The mixture
was warmed on a steam bath until most of the pentane had evaporated,
The remaining solution was made alkaline by the addition of a concentrated

solution of potassium hydroxide to the heated solution, The alkaline
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solution took on a dark colcration and a preclpitate formed after a

few minutes of heating, The mixture was extracted with & portion of
aqueous base to remove any 2,4-dinitrophenol. The alkall insoluble
residue was acidified with concentrated hydrochloric acid and diszolved
in hot $sopropancl, The large yellow colored needles which precipitated
on coolirg the solution melted at 119-1200, and represented a 31%
recovery of 2=thiophenethiols Literature value, m.p. of 2-thianyle

2,4=dinitrophenyl sulfide, 119=119.5° (1).

Preparation of 3=Methvl=2=-thienyl Methyl Sulfide

Ctig
[’ - ]l «SCH
g 3

A solution containing 6,1 g, (0,11 mole) of potassium hydroxide
dissolved in 255 ml., of methanol was prepared by warming the base and
alcohol in a 500 ml. three neck flask while stirring the solﬁtion with
a stream of nitrﬁgen. A reflux éondenser was attached to the flask and
15,9 g. (0,054 mole) of 3-methyle2=thienyl~2,4~dinitrophenyl sulfide
were added to the alksll methoxide solution, The reaction mixture was
heated at its reflux témperature, und;r [ nitfogen atmosphere, for
twelve minutes., The major part of the sol;en£ Qas removed by vacuum
distillation on a water bath at a temperature of 30-350. The residue
was poured onto cracked ice and the flask was rinsed with sufficient
water to bring the final volume of the mixture to spproximately 300 ml,

The aquecus suspension was stirred until thorouqghly chilled and filtered
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to remove an orance colored insoluble material, The latter was washed
with water and the filtrate was transferred to a 500 ml, three neck

flask equipped with a stirrer, reflux condenser, and & dropping funnel,
The gsolution was warmed with an electric mantle and 6.1 g, (0,043 mole)
of methyl lodide were s4ded during a half hour, The rezction mixture
was stirred st its reflux temperature for an additional three and a

half hours. A red colored oil which separated on cooling the reaction
mixture was extracted into ether and the aqueous layer wes separated

and extracte? twice with ether, The combined ether extracts were washed
with squeous sodfum hydroxide followed by three washinos with cold water,
The ether solutinon was dried in contact with anhydrous calcium chloride
and the ether removed by distillation, The residual oil was fractionated
at reduced pressure to isolate s 32% yield of s licht yellow colored oil
boiling at 67-68°/6 mm, Elemental analysis of the product gave the
following results, Calc'd for C M. S,1 C, 49,95; M, 5,593 S, 44,46,
Founds C, 30,093 ¥, 5,783 S, 44,63,

Preparstion of 2=Thienyl=2-piperidinoethyl Sulfide
Hydrochloride

[, s ]vl S=CHCHoy=N -+ HCI

A solution composed of 5.6 g (0.l mole) of potassium hydroxide
dissolved in 273 ml. of methanol was prepered by warming the base and
the alcohol in a 500 ml, three neck flask while stirring the methanol

with a stream of nitrogen. A 14 g. (0,05 mole) quantity of 2-thienyl-
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2,4=dini trophenyl sulfide was added to the alkel!l methoxide solution

and the resulting mixture was heated, under nitrogen, at its reflux
temperature for a ten minute pericd, The major part of the solvent

was removed by vacuum distillation on a water bath at a temperature of
30-350. The residue was poured onto ice and tho flask was rinsed with
sufficient water to bring the final volume of the mixture to approxi-
mately 300 ml, The aqueous suspension was stirred until thoroughly
chilled and filtered to remove 8 quantity 6f orange colored solid, The
filtrate was transferred to a 5C0O ml.‘three neck flask fitted with a
stirrer, reflux condenser, and a dropping funnel, To the stirred,
refluxing filtrate wes addéd, during a half thr‘beriod, a'colution of
%55 go (0.03 mole) of 2-piperidincethyl chloride‘hydrocéloridé dissolved
in 20 ml, of water, The reaction mixture w;s stirred at its reflux
temperature for an additional two hours followiﬁ; the addition of the
hydrochloride, A brown colored oil, which ;eparated on cooling the
reaction mixture, was extracted.into ether and the aqueous layer was
washed twice with ether, The combined ether extracts were washed once
with aqueous sodium hydroxide and twice with cold water, After drying

in contact with anhydrous magnesium sulfate the ether solution of the
amine was cooled in ice water and tréated with a gentle stream of hydrogen
chloride gase The precipitate was collected on a filter and the filtrate
was again treated with hydrogan chloride to completely remove the amine,
An excess of hydrogen chloriae caused the product to become quite
intractable, A 71% yieid, 8.6 go (0,021 mole), of a slichtly red colored

crude product was obtained., After recrystallization from isopropanol,
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o
using charcoal, the white crystalline product melted at 150=-150,5 ,
A melting point of 145—145.50 has been previously reported for this
compound (7). Calc'd. for Cp YehS,Cls €y 50.073 ¥, 6.875 S, 24,30,

Founds C, 49,983 4, 6.65; S, 24.12,

Preparation of 2-Thienyl (2,4-dinitrophenyl) Disulfide

e}
[, ]I -S'S‘-Q ?.’32
S

To a solution containing 1 9, (0,0043 mole) of 2,4=dinitrophanyl
sulfenyl chloride dissolved in 10 ml, of carbon tetrachloride was added
1 go (0,0036 mole) of authentic 2-thiophenethiol, The reaction mixture
was heated on a steam bath for ten minutes and the solvent was then
removed in an air stream. The residue was recrystallized from ethanol
(Norite) twice to obtain a yellow colored crystalline disulfide melting
at 57°. The sbove procedure was repeated using a sample of 8 regearch
preparation of 2-thiophenethiols The resulting derivaetive melted at
56.5-570. and the mixed melting point of the two samples was 57°o

Preparation of 2,4-Dinitrophenyl Sulfide Derivetives
of Thiols

A, 2-thienyl (2,4-dinitrophenyl) sulfide

grgX
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An ethanolic solution of the sodiun salt of 2-thiophenethiol was
prepared by treating 1.5 g, (0.013 mole) of the mercaptan, dissolved in
40 ml. of ethanol, with 0,52 g (0.C13 mole) of sodium hydroxide, The
stirred solution was heated on a steam bath and a solution containing
2,63 go (0,013 mole) of 2,4=dinitrochlorobenze~e dissolved in 10 ml, of
ethanol was added to ite The stirred reaction mixture was heated on a
stean bath for an additional ten minutes, filtered hot, and set aside to
cool at room temperature. .The yellow crystalline sulfide which separated
melted at 119° after » single recrystallization from ethanol, Literature

value, m.p. 119° (1),

Be Semethyle2-thienyl (2,4=dinitrophenyl) sulfide

X0
A2
S

To a solution containing 0.9 g, (0,0C69 mole) of S-methyle2-
thiophenethiol dissolved in 20 ml, of methanol was added 1 ml., (20 drops)
of 5H sodium hydroxide., The alkaline solution was stirred on a steam
bath and a solution containing 1.2 g. (0.0059 mole) of 2,4-dinitrochloro=-

benzene dissolved in 15 ml, of methanol was added to it, The stirred

reaction mixture was heated for an additional twenty minutes and set aside,

at room temperature, overnight., The yellow crystslline sulfide which
separated melted at 105° after being recrystallized twice from ethanol,
Elemental analysis cave the following results, Calc'd. for C11Hg' 204521
Cy 44,583 H, 2,723 N, 9.453 S, 21.64, Founds C, 44,603 H, 2,963 N, 9,573

S, 21,70,
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Ce 2-thianaphthyl (2,4=-dinitrophenyl) sulfide

This derivative of 2-thianaphtﬁon;thiol was pfepared employing
the exporimenfal procedﬁre described above in the preparation of
2-thienyl (2,4—dinl£r0phonyl) sulfide. After recrystallization from a
1:1 methanol~dioxane mixture the yellow ¢olored powdary sulfide melted
at 159°, Litersture value, m.pe 159-160° (3)e Elemental analysis
gave the following results, Calc'd. for C14H8H20452:’~C, 50,593

Hy 2,433 S, 19,30, Found: C, 30,623 Hy 2.51’ S, 19,46,
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SULLARY

A two step synthesis involving the Friedel-Craft reaction of
2,4=dinitrophenylsulfenyl chloride with a heterocyclic nucleus
followed by basic cleavace of the resulting sulfide was adapted

to the synthesis of thiophene and thianaphthene thiols,

The previously unreported 5-methyl=2-thiophenethiol was prepared

and characterized,

The previously unreported 3-methyl=2-thienyl methyl sulfide

was prepared and characterized,

Two thiol derivatives, 5=-methyl=2-thienyl«=2,4-dinitrophenyl
sulfide and 3-methyl-2-thienyl-2,4-dinitrophenyl sulfide, were

prepared for the first time and chsracterized,

Five previously unreported mercury mercaptide and mercapto-

mercuric chloride derivatives were prepared and characterized,

The mercaptan, 2-thianaphthenethiol, was prepared by a method

not previously repoitod for the synthesis of this compound.
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