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PART I:
INTRODUCTION

Sulfonium Compounds

In 1864 von Oefele discovered a new type of or-
ganic sulfur compound, containing s tetravalent sulfur atom.

1

The neamne he originally gave to these compounds, which he

called "sulfinbasen™, wes later changed to sulfonium beases,

to indicate thelr resenblance to the orgsnic ammonium bases.
Oefele (1) found that diethyl sulfide would resct

by s

with ethyl iodide, on warming in presence of wabter, to give

<.

triethylsulfonium iodide, sccording to the following equa-

tion.,
Etol + EtT — Et381

The work that followed Cefele!s discovery showed
that this reaction 1s not as simple as it would appear,
Not only wasg 1t found that, as the moleculer welgnt of the
reactants incresses, the reaction proceeds much more slowly
or not at all (2), bﬁt elso that in some cases the compounds
that should logically be vproduced couvld not be isolated.
For example, Cahours (%) attempbted to nalke dibenzylmethyl-
sulfonium iodide from the intersction of dibenzyl sulfide
and methyl iodide, but wss able to obtaln only trimethyl-

»

sulfoniuvm lodide. Schdller (4) carried out the same
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reaction at a lower temperature and succeeded in obtaining
benzyldimethylsulfonium ilodide, but he also was unable to
isolate any dibenzylmethylsulfonium iodide.

In 1937, Rey end Levine (5) proposed a new mechan-
ism for the sulfonium reaction, thereby offering a satisfac-
tory explanation for the general formetion of trimethyl or
triethylsulfonium lodide in the intefaction of higher alkyl
sulfides with methyl or ethyl lodide. It was shown that
ﬁhere is a temporary formation of the desired sulfonium

compound,
R,8 4+ Mel === RySlel

2y

followed by the establishment ol a series of equilibria,

in the course of which other sulfides are produced. These
then can react further with the alkyl halide, the ultimate

product of these equilibria being the sulfonium salt con-

taining the simplest alkyl radical.

R,Sitel 7= Rsue <4 BRI
RMeS <4 NeT e RMeoST
RlfeoST == MeoS 4 RI

MeoS 4 Mel e MezSI

This mechanism has been qguite recently borne out

- N L . , . .
by the work of Muller and Schubtz (6)., These authors, in an
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)

investigation of polymembered cyeclic rings, prepared tetra-
decamethylene sulfide., The sulfilde was analysed with methyl
iodide, producing trimethylsullfonium iodide and 1,l4-~diiodo=-

tetradecans as follows:

(CHg) 145 L5 (CHy)q148.Mel —2llely MeoST + (CHg)14Is

Thus & sulfonium compound of a cyclic sulfide was
firast obtained, followed by the bresking of the ring, with
the formation of trimethylsulfonium iodide.

A similar reaction nhad been reported in 1934 by
Becker end Teuning (7), who found that, in the interaction
of methyl lodide with 3,3-dimethylthiocyclobutane, the ring
was broken. The product obtained weas 3~-iodo-2,2-dimethyl-~

propytdimethylsulfonium lodide,

Mg - e
lfeC—CH,, o0 — GHo, I‘i@e I\I/Le
N MeT ‘ I eI ICH —~ (IJ—CHZ.RMG
{50 —38 HoC—3Slle ’
2 2 \ Me T
I
showing that the equilibrium had not proceeded to the forma-

tion of trimebhylsulfonium iodide because the molar ratio
used was 0.01 mole of the thio ether to 0,022 mole of methyl
iodide, or approximately 1 : 2. Had the ration been 1 : 3,

as in the example previously cited, the formation of tri-
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methylsulfonium lodide could have been expected.
The dlffivulties encountered by Scholler and

Cahours in thelr attewpts to prevare mixed sulfonium com-

pounds were oObviabed by Hilditeh and Smiles (8) in 1907, by
the use of wercuric icdide, Ly means of whiclhi they obltained

dibenzylmethylsulfonium iodide. Smiles (9) had found, ear-
lier, that the sddition of nercuric iodide to a mixture of
an alkyl sulfide snd en alkyl lodide hastened the formation

apperently

i
2
N
[¢]
N
O
L
[
o
O

of the sulfonivs iodide. The mercur]

v addition compound

o

ith the sulfilde, forming

reacts first w
—~ I’f oy QL oHr«AI
st -F IQIZ —y LZS gly
which then reacts with the 1odide
R_8.1pT 4 &I e} R_8.HgI,

to form the mercuric lodide double salt. The seemingly cat-~
alytic effect of The mercuric halide may be simnly a result

of the fact that 1ts prese: stabllizes the sulfonium com-

[
|
e}
[

pound, meking 1ts redissociatlon less likely to occur. That

even these mercuric double

the recent work of Haas and
reaction of alkyl disulfides with benzyl iodide in the pres-

ence of mercuric lodide. Following the mechanlism proposed

=
o

by Steinkopf imller (11) for the reaction of alkyl di-

e workers postulate that

o4

sulfides with alkyl halldes, thes
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the following reactions occur:

1) R-S-8-R 4 Hzl, + Crflyl  —— R= 8 -~5=- R.HgI,

2) Hi;§;~3—-RH@12 _— CrllnSR.HgIy 4 RSI

C’7H’7 I

3)  CyHy.8.RHgT, + ¢TI —> (gpH,) RSI.Hel,

b 7 RS,

4) RSI +f CH,, T — CH.RS. I,

5) CHnRS.T5 4 Hel, —_— CrHnR8.HgIs 4 Iy
6) CWHVSLHWI + 07 7* — (CVHV)?RSI HwIp

Hass and Dougherty here used the old method of
writing the formulae for the double salts. Since Cavel and
Sugden (12) and Ray and Adhikari (13) have found that they

diss oc'dfe into the sulfoniuvm ion and the mercury triilodide

ion, RSS + ﬁng these salts are ﬂ@ﬂerhlly written
| RySHET;.

Most of the work th

Q'J

't followed Oefele's discovery
of sulfonium compounds was limited to the iodides. In gen-
eral, any other derivabtives »nrepared were converted to the
jodide or else isolated es double salts with wmeballic salts

The failure of alkyl halides to react with sulfides in
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which the sulfur is directly bound to an aromatic nucleus
led to the belief that such compounds could not exist., In
1905, however, Fehrmann and Duttenhofer (14) opened the way
to the nroduction of numerous aromatic sulfonium compounds
by thelr discovery that sromatic sulfides did react with al-.

kyl sulfates to form sulfoniuwn sulfates.
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PART ITI:

DISCUSSION

N

It is possible that an eguilibrium simller to the

halide equilibrium (5) exists for the sulfonium sulfates.
If such an equilibrium exlsts, the interaction of a complex

-

sulfide with methyl sulfeate ﬂ*ould 1timetely lead to the
production of trimethylsulfonium sulfate. Nevertheless, al-
though, many cases can be cited as evidence fom the halide .
equi]ibriuwap searchh of the literature revealed not a sin-
ple suggestion that such en ecuilibrium exists for the sul-
fonium sulfates.

#

This lack of evideunce in the case of the sulfalbes

might be partlelly exnlained by the fact that, 1T trimethyl-

sulfoniun sulfete wes produced in these resctlons, 1t was
probably present in only smell amounbts, and since, wnlike

o

the iodicde

t 18 extremely soluble and hygroscopic, 1t

Lty
i

o
7

might well have escaped detcection.

The purpose of the nresent investigation 1s to
determine 1if suech an equilibrivm does in fact exist.
Trimethylsulfoniuve sulfate is not frenuently re-

at reference to tri-

)5

1=
et
D
i
5
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¢
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novrs (16

o

who described trinethylsulfoanlum and mentioned

that the pase gives well-defined crystelline sslts on re-

action with scids. It is possgible that he »nrepsred the sul-
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w

fate, but he wv no. snecilic referen
rylsulfonivm sulfate

be called a well=def sl
Cahnours obtalned the sulic
Oefele (1) had

nIreVL

the

ously nrepared correspond~

ing triethylsulfoniuve hydroxide, from which he obtained the
chloride, the sulfate, and the oxalsate by neutraligzation.

He gtated that the salts were readily formed, but extrewely
hygrosconic, and bevord that seid no more about thew.
In 1885, Dehn (17) claimed to have prepared bis-

trietiylsuwlfonium sulfate

sulfate. He de

in water, difficultly

ogcoplc when o

hygr NUTC.

. oy A
8 R

e

possibility th the

The next
Cruti-T

wasg made Dy

to have

fate frow the decouwmoszitio
40
i j —
Lx;‘egoo S"O

. HoO —s

The triwethylsulfonivm me

3

-
J

guescent and soluble in wa

salt
[N R

from the ng chlorid

le

geribed the selt as readily solu-

50 in strong alcohol, end little

ity
6]

anclyses were given and there

double

=3

e o
Y oD

[
fonium sulfate
881. These aii-
glauvlfonium methylsul-

the dithionate:

7 of

sulfete proved to be deli-

ter and alcohol. Consequently it
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<o}

oroduction of tr

of & solution of th

and by tne precipitation of

LNOL?VlSHTIOHluﬂ

filtrate.

. In 1927, Rﬁy snd Rey (19) nrevared a gseries of
salts of triethylsulfoniuvm sulfate, obtained only in solu-
tion, and sulfates of wmetals in the copper-magnesium group.

These

Vi el

.:i

moleculas of vstallization,

in the analyses melke the exact amount

Thne sane

workers

lar series the following yesr from a g
gulfoniuvm sulfate, and althougzh these

-

contained 10 or 11

bt sore varlstions
of water of crystal-

NN

(20) obteined = sgimi-
olution of trimetiyl~
salts were found to

be less hyzrosconic, thelr solubility and sonewhat indefi-
nite composition were suech as to male of dovbtful wvalue
for the isoletion of trimethylsvifonium sulfeate fror a solu-

e oy
other subatances.

tion

(IOINRIE

Ray stabsd, in 1927, (19) that
sulfuates heve not vet been isolated”, the first

sulfonivy sulfete weag isolated ag ecarly asgs in 1910, Ian
thet end Sjosted (21) prepered tribenzylsul~

foniunm sulfate during the electrolytic

sulfide in concentrated sulfuric scid
acid, The mechanism for the reaction

follows:

ion of benzyl

olacisl acetic

(a8 A

was posbulated as
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oxidaetion of the sulfide to the sulfinic acid

ation

and further reaction of the benzyl slcohol produced
Cwilbh benzyl sulfide and sulfuric scld, to glve tribenzyl-
sulfoniuw sulfetes

5 4+ CnllyOH 4 Hy80, ===y (Crln)=SS0,4H 4+ H50

Fichter and Sidstedt also prepsred this sulfate
J breg

5

from benzyl sulfide, benzyl alcohol, eznd sulfuric acid, in

a

-

glaciael acetlic acid and from trivbenzylsulfoniuvm chloride

2

ferric chloride, by first rewmoving the iron with ammonium
hydroxide, filtering, and treeting the iron-free solution
with saturalted swwonium sulfate soluti@n and excess sulfuric
acid.

Sti1l earlier, in 1907, Zincke and Glahn (22)

claimed the preparation of a sulfonium sulfete of anhydro-

gulfuric acid in alcoholic or

They deseribed the sslt as colourless

was deconposed

by wabter, but no further data
such asg ellbing polnt or anelyses were gilvei.

In 1908, Swmiles and Hilditeh (23) had prepared
S-gﬂenety1~5, S1=dinitropnenazotnionium sulphate from

di-p-nitrodiphenylamine sulfoxide and phenetole in concen-
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trated sulfuric acid, The salt, formed in salwost theoretical
yield, was bluish qreén, bright green after drying on a por-
ous plate in o vacuum, end dark blue after drying at 1000,
Trne salt was not analysed but converted to the bhase, from
kWhjCh other derivatives were prepared. Kehrrann, Lisvermann,
and Frunkine (24) obtained the same cormound as light straw-

vyellow prisms and clalied that Smiles had isolated impure

materials Theze inves

de with

)
O1LO=car

alkyl sulfates end concluded that the compounds formed were

5_4
P

nium compounds (a) since they acted as salts of strong

bases. Te congidered the tw 7o other possible structures

(b-and ¢) es unlikely.

~ 7/ ~
c=S C-S-R X gos-
WH, NEo X XHH

JAV]
=
o

a) b) ‘ c)

Libermann (26), 1n 1934 prepared o0,0',0''=tpi=
hydroxytritolyvlsulfonium chloride fron the action of

thionyl chloride on orthocresol,
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and treated it with alcoholic sodium cyanide to obtain the
free base. He prepared o,0!,0!!-trihydroxytritolylsulfonium

sulfate from this base and sulfuric acid and declared that

it weas identicel with the supposed sulfate of a triaryl-

orthosulfurous acid of Richter (27). The latter had ob-

o tained the compound in question by the reaction of a neutral

aryl sulfite with concentreted sulfuric acid. The reaction
probably takes place as follows:

Q
i

Cglls -0-S -0-CgHs+ HoS0y — g CgHs0-3-0-CaHs+Ho0 4 802

o==0o

0
"

2 CgHgOH 4= 805 - ——— (p-HOCHy)pS0 4 H0

B F550
(p-THOGgH,) 980 4 CgH.0H 228y (1 H0GH,)5850,H 4+ Ha0

In 1939, Lutiinghaus and Hauschild (28) ojtained
a,heutral salt, p,p',p!''=trihydroxytriphenylsulfonivm sulfate,
by treating the corresponding sulfonium chloride with 5%
'Sulfuric acid in acetic acid solution.

Bost and Schultze (29), in 1942, made a series of
sulfoaium sulfates from diallyl-p-phenylphenacylsulfonium
ﬁromides with silver sulfate. The purpose of the research

was to determine whether p-phenylphenacylbromide was a
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- 13 -
suiteble reagent for the identification of e2lkyl svlfides
and the resvlts were very satisfactory. Tols adds
readily to the sulfides as showsn in the accompanying egua-

R 0 0 R
" B [ !
S -+ C6H5-66140 = CHoBr == (CgHg-Cgly ~C~CHy-5-Br

/

log)
u
T

H
o

In this series, the authors prensred the Disul-

fates o

Py

the diethyl, dipropyl, dibutyl, methylethyl, methyl-
propyl, and methylbutyl couwpounds. The dimethyl compound

glone gave a normal sulfate,

o n

Thet the preparation of these cormpounds 1z not a

matter of purely academlc interest is i1llugbtreted Ly the

’.1

nurber of patents that have been Talien out during the last

);

seven years for the use of sulfonium sulfetes and methyl-

2
o
faard
s
pars
D
o
L
-
ot
!‘_J:
633
(¢
{..._.Y
jAv]
o
s
i
i
o
D
[}
[©)]
o

b -
»
5

value as webtting,

L N3 gy i e > pans 4 e sy -
foaming, and emulsilying ;5 cleansing, dispersing, and
stripping agentss dis and fungilcides; and agents

Rt

to improve the Tastnesz of dyecs. Dyes

ot
o

of phthselocyaniry

I
o
4!
=
o}
o
3
~
o
[
=
0]
ok
ot
5
F]
4
=t

sullfate. There that, with the mystbery

stic

[E QY < TN
DeClLiy

naracterl:

%

92

of the product, or else do not divulge the method of pre-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



paration of the cowmpounds obtalned., Conseguently, I have
restricted wysell to such natenbs sz contelin direct mention
of the use of either the sulfoniuvm o 1fete or wmethyl sul-
fete., 4 1list of these can be found in table I (page 15).

Tt 48 1lnteresting

to note that the sulfonium sul-

fates that have Deen isolated up to this time have most
generally been prensred Dy the net 1?241 ion of the sul-
foniun basge, or by the Ilntersction of & sulfonium halide
with,silﬁer sulfate In the nuuerous ceses in which an or-
ganic sulfide wes Qauéed to resct with methyl sulfate, the
gsulfonium compouvnd was elther isolated as such, when this
was feasible, or else converted to a double selt with some

£
f

The earliest ilsolation o

g sulfonivm methylsnl-
fate wes sccomplished in 1909, by Auwers and Lrndt (47),
wiio dsolated dimethyl-p-cresylsulfoniuvm methylsullate from

The

and
chloroflori. Auwers and Arndt stated thet it weas sbable in
water «nd, recrystallized from absolute alcohol by precipite-
tion with ether, melted at 9709, The methyl-sulfate obtained
from the intersetion of p-tolylethyl sulfide and diunethyl
sulfate was an oil which, on disgtillation, gsve p-tolyl~-

methyl sulfide. It is interesting to note here also that
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the sulfonium compound obtained in the reaction, on distil-
lation, dissocilated with the formation of a different sul-

fide.

Me

p-CHzCglig~SEL + Meg30y ~——p p~CH 3C6H4~SB13 —P p-CH,SC6H4:SMe

[}
S T
UO 51:6

The mechanism of Ray and Levine (5) can also be
applied here, to explain the formation of p-tolylmethyl
sulfide.

| The next sulifonium methylsulfate was‘reported in
1921. In that year, Brand snd Stallmann (48) reacted
o-nitrophenylmethyl suliide with dimethyl sulfate and ob-
tained o-nitrophenyldimethylsulfonium methylsulfate as col-
ourless, stout crystels, decomposing at 155-7°, The com-
pound yellowed on long standing and Brand and Stallma@n re-
marked that the decomposition probsbly gave the original
sulfide.

In 1923, Brand end Grobel (4 ) obtained o,o0!=-azo-

J..

faad

phenyldimethylsulfonium methylsulfate in almost quantitative

vield Trom o,o0!'-azophenylmethyl sulfide and dimethylsullste.

M
MzOSOS -SBSOMO
Me ™, j me 9
Nz==N '
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The crystals that formed were yellow to orange and melted
to a red liquid at 189°, The corresponding azoxy compound
Whickvturned red at 161-2° and\m@lted at 167~9O, with the
evolution of a gas (bath, 1500), was found to be decounposed
by water |

The following year, Brand and Stallmann (50)
Co y 5

s

igo-
lated another sulfonium methylsulfate from a reaction ve-
tween o-methylmeroapto-triphenylme hane and dimethylsulfate.
The salt when recrystsllized from alcohol melted at 163°,

Me

Me
5 M.Soso;"’lc
TR e TR o
' H

A rather remarkable resction was reported in 1932
by Thomson end Stevens (51). It was previously known that
if certalpn organic ammonium bromides were trested with alla-
1i, a molecular rearrengement occurred (52)(53). For ex-
ample, 1f phenacylbenzyldimebhylamponium bromide is treated
with alkell,® ~benzyl-w-dimethylaminoacetophenone is pro-

Juced as follows:

O v ¢er; O"
CgHg-C- CHy -N——Br ———>  Cglig- C - CH - T leg
R ’ —

Evidently hydrogen bromide splits off and the ben-~

&
o
i}
i)
o
o,
[N

cal shifts to the carbon atom that has lost one
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hydrogen atom. Thomson and Stevens were curious to see
whether bthe ssame reaction wounld take place with a sulfonium
conpound, so they treated phenacylbenzwlmeuﬂylsulfoﬁium
bromide with alkeli and obtained w.bensyl-w-methylthiol-
acetophenone, showing that an anslogous reaction had taken
place.

(9 Ife O
. ; 1 e ¥ o o
OgTr -CH, =5-Br s el » C~Gi-5-1e

1
07w 2

1

CrH ~ . _
7 CH,

divethylsulfate, Tre o0ily suvlfoniwm salt obtained was re-

duced with zinc dust and sulfuric acld, and the sulfonium

group had been transferred frow the

sulfur atom to the adjscent carbon atom.

P

guite mossible that trimethylsvlionium sulfate may hsve been.
produced, but there is no evidence to support such an asswmp-
tion.

From the preceding description of the various sul-

]

'3

fonium sulfates and webthylsullfetes 1t can De seen thalb, in
the lformation of sulfon-
iuw suvlfates other then thal expected, no one has yet re-

Fe Ty P

e igoletlon of any other than the normel products.

In our investigation, we nhave attempted to dis-

7

cover whebher some evidence could be found for the existence
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of an equilibriwn similar to that of the sulfonium halides.
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PART III:

Procedure:

Before attempting to see whether trim@tbylsuifonie
um sulfeate might be produced in the interaction of an or-
ganic sulfide other than methyl sulfide with dimethyl sul-
fate, it was necessary to find some satisfactory means of
and identifying it.

Several attempts were made to convert trimethyle-.
sulfonium sulfate to the picrate. Although the plersate can
be readily formed frow sulfonium halides with sodium pic-

rate, difficulties were encountered when trimethylsulfonium

}_h

sulfate was treated with sodiwm pilcerate or with ¢ acid.

o]
fto

o

Addition of organic or inorgenic bases to neutralize the

3

-

sulfuric acid resulted in the preferential precipitation of

the pilcrates of the bases and in contamination of the small
l

vantities of sulfonium plerste isolalbed. The formation of

-
i

two different picrates, the normal picrate, and a low-nelt-

1wt anelysed for the normal onicrate with two

£y

moles of pleric acid, further discouraged the use of this

‘reagent.
There remalned two possibilities: (a) the con-

o

version of the sulfate to the corresponding iodide, and

(v) the formation of some double salt. The former method
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would resuvlt In the establishment of the halide equilibriun,
and would prove nothing about & nossible sulfate equili=-

brium. Consequently, the only choice lay in.the selection

of th 1% convenilently and satisfac-

o]

metallic salt which nig
torily be used for the isolation of trimethylsulfonium sul-
fate.
The isolation of sulfonium salts has been most
commonly achleved by orecipitation as double salts with
latinun and nercury salt legs often with ssalts of gold,
silver, copper, bismutih, cadmiuwm, wagneslum, zinc, arsenic,

antimony, manganese, iron, lead, and tin (54).

The mercuric gslts, which seem to have been mwore
widely used than sny, are Tormed in such a wide variety of
ratios (55) that it was deemed wiser to select some other
precipitant.

An ebtenpt to prevere & bismuth lodide double

1

galt, from solutions of Trhe sulfonivm sulfste and vnotassium

ismuti sreilodide, gave a compound that couwld be recrys-

t
Ticvlty (56). Blattler (57) had pre-

compound I obtained decowposed sharply at 2200 when heated

sterial was contaminat-

)
O
=
=
{n
O
(,3
3- 2
o
}._J
oD
T
-
;
-
)
k3
2
.
U]
3

rapidly; =so
PR . ' N . - i . -
ed with inorganic material., Blattler also prepared a dou-

°

ble salt of bismuth bromide with trimethylsulfonium bromide
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and found thet it conbalned one mole of bismuth bromids Lo

the sulfonium bromide. The iodide she had ob-
tained was in.a 1 : 1 ratio, Wabturally, ste prepared the

anslogous cnloride of the sgulfoniuvm chlorid but here also

[©)
“©

she probably nhad an lwpure compound. She gove no melbing

point and her analyticel resulits were so inconeclus

o

shie dld not even assign a formulae to the

1
e
o
}._J
ot
L ]

»

In 1917 Vanino and Mussgnug (58) had prepsred a

double salt of trivethyignlfonivm iodide with bisruth
chlori The salt had a definite melting point and could

be reasdily recr““tnll”zod from dilute Lydrociloric acid,

In the hope that I might ob selt of the sul-
fonium sulfete wi
sulfonivm sulfate solution with bismuth chloride. The com-
pound that I obteined, on recrystallization from dilu

hydrochiloric acid, was 1in the form of wl

crystals, decomnosing &t 245° with ebullition. It was

shown by analysesz for carbon, nydrogen, bismuth, sulliur,

and chlorine, to comsist of tiree moleculeg of The sullonium

chloride to two molecules of Disvwthn chloride,

S'M@gSCl. 2 Biol%. The mpound wes ocbtalined by mix-
L. . -
ing equiroler guentities of solutions of trimetlyigullfonium

chloride and bisuymtnh crhloride. When an excess of bismuth

chloride was used, a comnou nelting ot 10 was obtbained,

N PO R S - Ty g e e .. A= . 1 K e 3 E » .
An analysis for aulfuvr indicated thet thrhe s21f was a 1 ¢ 1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



1t
[}
—
3
*

compound, lMe.S5C1l.RI1

Thus the only biswutbti: chloride salts referred to

in the literature were the one prepaped~by‘}-at ler and
- i -
thet of Vaninc and Jérpensen (59) prepsred a

ever, no analytical debtalls were glven.
pered taree visputh lodide galts of Triethylsulfonium lodide,

but gave no melting noint for any of them. Since one of

nen wosn cla

to be & 1 ¢ 1 comwpound, BE SI1.B1I., and

[y

the 1 ¢ 1 compound T

e
T
=3
9]

decomnosed at 2189,

pogsible that Iraut had obtained impure compounds. Kraut

j )

foiod

1ad obtained EY . ST.BIiI, frow equimolar quanti of the

Iy

two selts. Using an excesy of bthe sulfonium lodide and

tetraiodide, ne obtained a compound con-

1 iddide to btwo noles of

1

t
—
i
12

bismeth lodide, 3E5t;31.2B17,. Ten this szlt was recrystal-
lized from the mother liquor or from alcohol, its cowposi-
tion chenged to 2EbLSI.3BLI If an excess of bismuth io-
dide weas used for the precipitation, Hraubt claimed that a
sallt of ©tie following composition, ?,uSS OB lIS.QHZO, wa.s

obtained.

5 the bilsmuth compounds do not

7

o
@
[

It can be
provide an escape from the pitfalls nrovided by the mercury

salts. I rather suspect thet, when the other metallic dou-
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‘.

ble saltzs heve been investigated ag thoroughly, they may all
be found to for:m compounds in a number of dlffervent ratilos.

It was proposed to study the

recctlon of benzyl

o
!

sulfide with dimethyl sulfaete Lo see if any evidence of a
could be found. Benzyl sulficde was selected

N

semi-aliphatic character, and naertly because

ferentiation

r‘*)

oh molecular weizht should facilitate di:
of the products.

prepared & coumpound that could serve as a

means

pounds whose formation would be possible in thils reaction.
It occurred to me that T could, perheps, prepare a series

of bismutlh chloride double salts vy sterting with sulfonium

-

sulfaetes of known composition. By comparing my products

o

witl the members of this series, T might thus arrive at some

ar

valid conclusions as to their compogsition.
Fichter snd Sjostedt (21) had made tribenzylsul-

fonium sulfate by reacting benzyl sulfide, benzyl alcohol,

and gulfuric acid in glacial scetic sclid solution, I. I

reasoned that, starting with benzyl sulfide and methyl al-

cohol, T should be able to make dibenzylmethylsulfonium

giwilar manner, I hoped to isolate ben-

gulfete, IT. In

-
o
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1
ay}
o2l

i

yldimethylsulfoniuvm sulfate, TIIL, and, on treating these

T -

gelts with bismuth chloride, to obtain identifiable double

a

]sulf0133m.su1fute ac-

cording to e method of Filchier and Sj8stedt. The compound
obtained from the interaction of benzyl sullfide, nzyl ale

174%° and enslysed correctly for sulfur. Fichter and
stedt give 1709-175° (dependent upon the rate of heat-

B Pl

ing) for the melting vpoint of btribenzylsulfonium sulfate

atbtemnt to prepare benzgyldimethylsulfonium sul-

A

P
53

A
fate by the same method g&vé an 0ily product. Consequently,
the oil was redissolved in glacisl acetic acid snd trested

with Dlsmutn cnloride, The crystals thaet were obtained, af-

s

ter purification, melted at 138°-1400 (devending uvon the
rate of heating). Angdlyses for carbomn, hydrOgen, bigmuth,
and sulfur indicated that tle normal vnroduct, (CEB)ZCWHWSSOQi

had Deen forned snd converted by the bisrubth chloride intbo

a compound of

ct
@
1
tdo
o
o3
Q
O
=

sposition: 2(CHz) oCrnHySCL. B0k,

Next I wanted to prepare a biswutbth chloride salt

4 - 3o
I

of dibenzylmetinylsulfonium sulfsbe as enother reference com=
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pound,
benzyl
tions,
to be,

but

o
A

However, the product resulting frowm the reaction of
gulficde with methyl alcolwl, under similar condi=-
was a solid On purification, this compound proved

not the

W

nroducet exnected scecording to equation IT
o & 8 2

compound melting at 174°9, and identical with the tri-

5]

benzyl fonium sulfate produced in the reaction between
benzyl sulfide snd benzyl alcohol. Obviously, a rearrange-
ment had occurred here,

This rearrangement can be explained if we assume
that the theoreticsl sulfonium sulfete is first produced.
This sulfste then can dissociate to give the original reac-

(CrHy) oS + CHZOH 4 HoS0, = (CnpHy) oCHZzSS04H + Ho0
tants or to vroduce benzylmethyl sulfide and benzyl hydro-

(

gensulfate.

zyl su
quite
Wit

sul fOl’llbw

Reproduced with permission

jolo)

wlith unreacted methyl I

Crfy)pCHzS804H == CyHnSCHz 4 * CyHpS04H

The latter can now comxbine with unreacted ben-
1fide, to form trivenzylsulfonium sulfate. It 1s also

TTr ]
67!‘17;»)04?{ —-—-——m—.::‘\

(CrHr) 35504H

gsicle that the benzyluethyl might combine

1

hydrogensulfate to give benzyldimethyl-

a

sulfate. An attempt was made to olete

A
w3

.{-Jje bis""

CVEVSCHS + CH5504H e\

= Crtly
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~muth chloride salt that might be expected here from the fil-
trate. The white, granular precipitete that formed melted
v at 45-60°, with ebullition at 80-90°, It was soluble in

Carbitol, but came down as a gum from this solvent, as well
ag from all the other solvents tried. Vhile it seems possi-
ble that the bensz yldimethylsulfonium ion was actually present
in the mixture, it was not possible, in this case, to isolate
it in the forwm of a pure salt.,

Having isolated a well-defined bismuth chloride
salt from the interaction of methyl sulfide, benzyl &lcohol,
andvsulfuric ecid in glacisl acetic acid, an attempt was made
to see if sany rearrangement occurred in the reaction between
benzyl sulfide and dimethyl sulfate. The sulfide was dls-
solved in benzene, dimethyl sulfate added, and the mixture
refluxed on the water bath for seversl deys. Then water was
added and the refluxing continued for énothor dey. After
separation of the mixture, the aqueous layer was treated
witih bismuth chloride. The white precinitete thalt formed,
when filtered off, was Tound to be gummy in nature. It
could not be recrysﬁallized from dilute hydrochloric acid as
it retained its gummy character in this medium,., Since it
seesmed to e insoluble in most of the avallable solvents,

| T

.

the material was extracted, {first, with benzene, then with
alcohol, and finally with acetone. During the treatment with

acetone the compound became decently crystalline and fin-
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1y melted at 110-111° and decomposed at about 140°,

e
ct

Another unsuccessful atterpt was made to recrystallize
from dilute hydrocihloric acid., It dissolved guite readily
in Carbitol, On the addition of acetone, a cloudiness de-
veloped, and white needles sepoerated out on otﬂld‘ﬂﬁ. On
further purification by the saﬁe method, the compound final-
1y melted at 140° and decomposed abt 1459, It was analysed

routh and for sulfur and the values obtained agreed

s
[0}

for b
well with those wrequired by the formula

5( CHS) o ;r7 w/uc_] +2R1 015

The composition of this salt 1ndlc Les that a re-
arrangenent must have occurred here also. The following
equations would 1llustrate the possible formation of a mono=-

benzyldimethylsulfonium salt in this reaction:

I. (Coly)sS 4 (CHz) 550, »  (CnTy ) 5CHzS504CHg

T ‘[" ;’(‘ \J"" N I N [
I1I. C_ H_SCH 4+ (fﬁv)asoé === (Ol (CH,) 5580,0H,

The nroduct of equation IIT, on addition of water,
would be hydrolysed, forming the corresponding sulfonium
sulfate. With bismuth chloride, the compound

could be produced.
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A question arises here., Why does the monobenzyl-
dimethylsulfonium salt not dissoclate further? Theoretical-
ly, the reactions shown Dy equations IV and V could take

place and, 1f they occurred, trimethylsulfonium sulfate

IV.  Cnply(CHz)oSS804CHs —meeed  (CHzg) oS 4 CyHnS04CHS3

Ve (OHg)oS 4 (CHg) oS0, mmmm  (CHp) 3S8040H3

should be produced. It is possible that, under the condi-

Fa

tions of

the experiment, the benzyldimethylsulfonium methyl-

s

sulfate is stable and that, 1f the mixture had ben subjected

3

to more strenuous treatment, the other equilibria might
pave been established. The same question arises in the re-
action between methyl sulfide, benzyl alcohol, and sulfuric
 acid, in whichh the normal product had been obtained. Since
methyl sulfide is so volatile, the mixture had been allowed
th no heating. It would be interesting to see

whether, on neating, the followling theoretical equilibria

might not be established.

I. (CHz)gS 4 OpHyO0H 4 HpS04 ———  (0Hz)20717S30,H + HoO

| A
II. (CHgz)oOpHySS04H = CHzSCryly + Clz804%

o TIT. CHL?)SC»7H7 +CY7H,70H. +*~ 1‘12304 = \}CHS(Cr/Hv)ZSSOéH +Hgo
IV. CHg(Cynll,)5S580,H == (Crlly) oS 4 CHzSO4H

Ve (Crlin) oS+ CofOl 4 HoS0, === (Cnfly)2SS04H 4 Ho0

1]
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Thus tribengylsulfonium sulfate might eventually
e produced and the methyl hydrogens UchLe formed could re-
act with the mot*y gulfide present, gilving trimethylsulfon-

ium sulfate,

VI. (Cu%)gs + OCHZS80,H ey (CHg) 58504

Thnat only the normal product was isolated in thi
case may then also have been the result of conditions that

were too mild to produce & reavrangement.
In addition, there is the
one sulfonium compound in several different ratlos with The

bismuth chloride; and, 17 there 1is more than one sulfonium

compound present, it is not difficult to ilmagine thet a still
more confusing series of mixtures may e formed. For in-

gstence, T am certsin that Tthe compound obtained in the reac-

isolation of the final compound from Carbitol and acetone,
xture of 3(CHg)oCrllySCL+2BiClx and sowme other salt,

possibly the 2 : 1 compound, of whose composition I cannot

yveb e certain.

Since there was evidence that a rearrangement had
occurred in the Interaction of Denzyl sulfide and dimethyl

sulfate in benzene, I thought it would be interesting to see

"

what products might be obtained if the sswe reaction were

carrlied out in glacial scetic scid solution. In order to

0o
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favour the formation of tribenzylsulfonium sulfeate, as shown

in the following equation,
2( CY7H.Y7 ) 25 + ( C}?Ig);gsoé . Y ( CV7H)7 ) 3330461’15 + Cr7 ..... ry SCF T'5

two moles of Denzyl sulfide and one wole of dimethyl sulfate
were heabted to 700 in glsciul acetic acid. The product iso-

lated from this reaction wes nroved to be trivenzylsulfonium

CD
C]
t-ts
.
g
o]

sulfate by a mixed m point eand sulfur analysis. So

the rearrangement took place here alsc. Attempts to prepare

}_.J
o
(€23
i
-
o
@]
o
=y
}.Jo
!._!
ot
=
o
o
o)

‘a bismuth chloride gave a gumny solid
thaet T found it impossible to crystallize.
It seemed logicel that some other sulfide should be

—

reacted with dimethyl sulfete or with methyl alcohol and sul-
furic acid, to see whether evidence of rearrangeisent could
be noted, Consequently n-butyl svlfide, methyl alcohol, and

sulfuric acld were mixed in gleacial acetic solution and al-

F
T
H

lowed tTo s “or some tiwe., The only product that was iso-

(C4iig) o8 + CHzOH + M0y emmmma  (C4Hg) 203550 174 H0

lated was & normel compound, a3 the bismuth chloride salt,
It cr;fuziilzed as flat, almost transparent plates, melting
at 164° and carbon, hydrogen and sulfur analyses indicated
that it had the composition 3(Cy IQ)QCWSuC *2P1Clgz. The
material thet precinpiteted Tirast melted at a litile over

180%. On recrystallization from dilute hydrochloric acid a
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A

compound melting at 91° was obtained. This, on further re-

crystallization, gave the salt melting at 164°, so I suspect
that the waterisl melting at 91°© was a 1 : 1 compound ofv the

sulfonivum chloride with bismuth chloride. There 1is conmpara-

tively little dats on double salts to perwlt such a conclu=-

gion, but the mercuric lodide double sgalts of trimethylsul-

fonium lodide show that the 1 : 1 compound has a lower melt-

ing point then those containing other »roportions of sul-

“ e =

foniuy iodide 2nd mercuric lodide (55) and the cadmium iodide

1so the 1 : 1 compound

2

salts show the same relation (61).
of trimethylsulfonium chloride with bismuth chloride, which
I obtained by treating trimethylsulfonium sulfate with ex-
cess biswuth chloride, melted at 121°, whereas the 3 : 2
compound decomposed at 2459,

The reactions thet were carried out and the pro-

duects obtained are surmmarized in table TII, It 3s cleasr that

rearrangements occurred when benzyl sulfide was reacted with

o -

both dimethyl sulfate and mefthyl hydrogensulfete. These re-
arrangements may be explained by a mechani that postulates
the intermediate formation of the expectsed sulfonium sulfeate,
followed by dissociation and recombination until the most
stable products are formed. In this cass, 1t would ssem that
tribenzylsulfeonium sulfate and benzyldimethylsulfonium sulfate

4 3

are more stzble than the intermediate dibenzvimethylsulfonium

sgulfate,
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Reasction

butyl sulfide
and methyl-
hydrogen sulfate

benzyl sulfide
and dimethyl
gsulfate

benzyl sulfide
and dimethyl
sulfate

benzyl zsulfide,
methenol . and
sulfuric acid

methyl sulfide,
benzyl alcohol
and sulfuric acid

- 33

T 4A4BLE

Solvent
glaclal
acetic
acid

benzene

glaclial
acetic
acid

glacial
acetic
acld

glaclal
acetic
acid

IT

Products
Isolated

Rear-
rangement

3(CyHg) 5CHZSCL.2B1C1
5CnHy(CHz) 5SCL+2B1C1,
(Crly) z880,H

(C,H )5350 H

T 4

BCVHV(CHS)BSCI-BiClB
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PART IV.

Experimental

A. Trimethylsulfonium salts

1. T

“5

iethylsulfonium sullate was pr red by mixing 6.7

T

SPaTnS
'{';)P HITG

{0.053 mole) of dimethyl svlfete and 4.4 grams (0.071 mole)
of methyl sulfide in a glasd-stoppered Hrlenmeyer. The mix-
ture wag cooled in an ice bath, as the resction was quite
vigorous. The trimethylsulfoniuvm mel ﬂYlgUliﬁtP that formed
g01idified very rapidly and wes found to be extremely de-
liquescent., It wes converted to tri metﬁJlSUW foniuvum sulfate
by the addition of 10 ml. of wateryamd 2 clear solubtion was
obtained.

e) Reaction with an eguimolar cuantity of bismuth

chloride.

To 71 ml. of & solution of trimethylsulfonium
sulfste (0,02 mole) wes added 61.4 ml. (0.02 mole) of normal
bismuth chloride. The mixture was stirred during the addi-
tion and a swall amount of white precinitate formed. This
wes Ciltered off and dried, zfter which it was found to melt
above 2709, so it was probebly an inorganic bismuth saltb.

clistening white

<3

On evanoration of the filtrate, besutiful

prisms seperated out. 4Lfter recrystallization from dilute
hydrochloric acld, the compound decomnosed at 2450, with

ebullition. Analysesz for carbon, hydrogen, suliur, bismth,
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n

[$1]
1

and chlorine showed that it wes 5M93801'231015.
) ated Ea] [Sie R | .
Anal, Calculated for CQHQVMSBlgclg.

¢, 11,15; H, 2.79; S, 9.92; Bi, 43.,17; Cl, 32,97
Found: C, 11.2 ; H, 2.37; $,10.15; Bi, 43.45; Cl, 32.75

11.4 2.51 9.90

s

$32449

%  inalysed by the laboratory of Carl Tiedke

b) Reaction with excess biswmth chloride.

To a solution containing 2.55 grams (0.015
mole) of trimethylsulfonium sulfete in 51 ml. of solution
was added 58,9 ml. (0.02 mole) of N bisrmuth chloride., The
precipitete that formed was filtered off and the materiel
did not melt below 260°, Evaporation of the filtrate gave
white crystals that melted at 121-3° and that anelysed for
MezSC1-BiCly,

Anal: Cslculated for 05H9S81014: S, 7.48

Tound: Sy, TeR4

2. Trimethylsulfonium chloride was prepared by treating tri-

methylsulfonium iodide with wmolist silver oxide and neubtral-

izing the solution of trimethylsulfonium hydroxide with
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hydrochloric acid To prepare 0.1 nole of trimethylsul~
fonium chloride, 21.5 greaws (0,15 mole) of methyl iodide
and 9.3 grams (0,15 mole) of methyl sulfide were mixed in a
stoppered flask and cooled in an ice bath. The sulfonium
iodide crystallized almost immedietely., After recrystal-
ligation from water, it decomposed between 202° and 2190,
depending on the rate of heating.

The silver oxide was prepared by mixing 17 grams

(0.1 mole) of silver nitrate with a slight excess of sodium

hydroxide (4.5 grams). The supernatant liquid was decanted

.Th@n the nrecipitate wes added slowly and with stirring to
a solution containing 20.5 grams (0.1 mole) of trimethyl-
sulfonium iodide in 150 ml. of water. The precipitate of
éilVQ? iodide was filbered off and the solution neutralized
with hydrocinloric acid.

a) Reaction with an equimolar quantity of bismuth

chloride.
The solution of trimethylsulfonium chloride
just described was trested with 100 ml. (0.1 mole) of

M

syuth ehloride, by allowing the bismuth chloride to

i

31T D
drop slowly into the sulfonium chloride solution. The
precipitate that Tormwed was filtered off, and the filtrate

evaporated. A compound thet was identicel with the salt ob-

tained Crom trimethylsulfonium sull end bilsruth chloride
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was obtained. It melted at 245° with ebullition, and pro-
duced no depression of the melting point when mixed with the

compound mentiloned above.

B. Be y?squonJum compounds

1. Preparation of benzyl sulfide. The sulfide was prepared

by the method of iner, Struck, and Jorison (62). A solu-

tion of sodium sulfide, containing 140 grams (1.8 moles) of
the sulfide in 400 ml. of water, was prepsred by saturating
half of a solution of 140 gr&ms of sodium hydroxide with
hydrogen sulfide and Tthen mixing 1t with the other half,
This solution was added slowly to a solution of 464 grams
(3.7 moles) of benzyl chloride in 1200 ml, of alcohol. The
mixture wes stirred on ﬁhe steam bath for 34 hours and then
allowed to cool. Large crystals of the sulfide deposited

on cooling. The liquid wass filtered off and extracted with

ether., The ether laver was then distilled; the agueous

layer rejected, After removal of the ether, the residue ’
was distilled under s vascuum and the solid obtained was

pressed dry. Tt melted at 47°, The large crystals that
had forwed in the reaction vessel were ground up and thor-
oughly washed with water before drying, ¥.P. 45°,  pure

benzyl sulfide melts at 499, 7Dotal yield, 244.8 grams of
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erude benzyl sulfide, Tre —ocrystallization of benzyl sul-
Pide frow 70% alcohol was found 4o be so time-consuwming and
unnecessary that the sulflde was used without further puri-
fication.

2, Tribenzylsulfonium sulfate

P —

a) From benzyl sulfide, benzyl alcohol, and sul=-

N » . P . - 3 .1
furic acid. The method of Fichter snd Sjostedt (21)

used. To 10,7 grams (0.05 mole) of benzyl sulfide in 150
ml. of glacial acetic ccid and 10 wml. of concentrated sul-
furic acid was added 5.4 grams'(0.0ﬁ mole) of benzyl alcohol
and the wmixture was allowed bo stand Tor two hours at 70°

on the water bath. The glacial acetic acid was then dis-
tilled off under a vacuum, care beling talken not to ralse

tha Tenperature of Lthe waber bath above 80°, The residue

in the flask appeared xu 1- On treatment with weter, a
precipitate was obtained almost immediately. It was fil-

-

tered of ', extracted with ether to remove unreacted benzyl

sulfide, and recrystallized from water containing a 1little
1ilute sulfuric acid. The pure product welghed 9
melted at 174°,
‘ : alculated 7 C. Y
Anal G cula Tor O;, 228204 Dy 15,92
Found: 3, 16,15, 16,17

£ 2

b) Frowm benzyl sulfide, methyl alcohol, and sul-

furic acid. & solution of 13.1 grams (0,06 mole) of benzyl
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sulfide in 180 ml. of glacial acetic acid and 10 ml. of con-
centrated sulfuric acid was reacted with 2.5 ml. (0.06 mole)
of absolute methyl alcohol. The mixture was warmed to 70°
on the waver bath Tor two hours. After the glaclal acetic
acid was renoved by distillation under a vacuum, the resi-
dual liquid comsisted of two layers. Vhen an attenpt was
made to separate these, the upper layer solidified in the
separatory funnel and proved to be unrsacted benzyl sulfide.
The lower laoyer gave a white precipitate on treastment with
water., After exbtraction of The precipitate with ether, it
was recrystallized from water containing dilute sulfuric
acid. It melted at 174° and a mixed melting point with the
salt obtained in 2 a) showed no depression. Consequently,
here also tribenzylsulfoniunm sulfate was produced.

c) From benzyl sulfide and dimethyl sulfate in

glaciel sacetic acid. The tribenzylsulfonium sulfate was

7 21.4 grams (0.1 mole)

[aw

produced, in this case, by dissolvirn

1

in 200 ml. of glacial aceflc ecid and adding 6.7% grams

{0.05 mole) of dimethyl sulfate. The mixbture was heated on
the water bath for three hours and fhen the glacial acetic
acid was distilled off under a vacuum. When the residual
liguid was poured into water, a crystalline meterial and an
olil were 6btained. When the o0il had solidified, the solid

material wsgs filltered off and after extraction of unreacted
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benzyl sulfide with ether, it was recrystallized from water
containing dilute sulfuric acid. It melted at 173° (here
also the melting point depends upon the rate of heating and
Fichter and gjdstedt (21) give 170°-1750), and caused no
lowering of the melting point when mixed with the tribenzyl-

sulfonium sulfate obteained in 2 a).

Anal: Calculated for 021H225204: S, 15.92

Found: S, 16,03

3. Bis-benzyldimethylsulfonivm chloride « bismuth chloride

was prepared from a solution of the corresponding sulfonium
sulfate on addition of bismuth chloride as follows; a solu-

tion of 3.7 grams (0,08 mole) of methyl sulfide in 150 ml.,

acid was reacted with 6.5 grams (0.06 mole) of benzyl alco-
hol. The mixture was allowed to stand at room temperature
for twelve days. The glaciel acetic acid was then distilled
of I and the residue treated with water. An o0il formed, so
glacial acetic acid was added to réﬂissolve the oily sulfon-
ium sulfate and then bismuth chloride was added until no
further precipitate was obtained. The crystals that Lformed
melted over a Ffairly wide range, sbout 89° to 130°, put on
recrystallization from dilute hydrochloric acid a compound

melting at 138° to 140°, depending upon the rate of heating,
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wag obtained. This msterial, on analysis, proved to be

20737(CH5)QSC7'31015.
Anal: Calculated for CygHogSoBillg;
c, 3l.2; H, 3.8; S, 9.25; Bi, 30.18
Found:s Cy, 31.063H, 3.43;3, 2.00; Bi, 30.54

4, Tris-benzyldimethylsulfonivm chloride pis-bismuth chloride.

This salt was obtained in the following manner. Benzene

was used to dissolve 21.4 grams (0.1 mole) of benzyl sul-
fide and 12,6 grams (0.1 mole) of dimethyl sulfate was add-
ed., The mixture was heated on the water bath for 14 hours
and then 100 ml, of water was added and the heating contin-
ued for another seven~hour period. At the end of that time,
the benzene layer was darkish brown, while the acueous lay-
er was colourless, The two layers were separated and the
benzene layer allowed to evaporate. Very large crystals -of
benzyl sulfide were obtained after some time. The aqueous
layer was treated with bismuth chloride by slowly adding it
and 100 ml. of 3N bismuth chloride (0.1 mole) simulbtaneously
to 100 ml, of 3N hydrochloric acid., The cloudiness that
developed repeatedly was cleared by the addition of a total
of 300 ml. of 6N hydrochloric acid., A small amount of gummy
precipitate formed, which was discarded., The filtrate, on

evaporation gave a white precipitate. This was filtered
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off and dried. It could not be recrystallized from dilute

hydrochloric acid, so it was extracted with benzene, alcohol,

{ds

and acetone, It becsme crystalline during the treatment

with acetone, but still could not be recrystallized from
dilute hydrochloric acid. It was found to be gquite soluble
in Carbitol and could be precipitated from this reagent
with acetone. The needles that formed, after further puri-
fication in the sawe manner, melted at 140° and decomposed
at 145°., 4Analyses for bismth and sulfur showed that 1t
was 50y, (CHz) 5501 2BiCly and that no rearrangement had oc-

curred.

Anal: Celculated for 627H5955812019:

S, 8.,03; Bi, 34.94

Found: S, 7.98; Bi, 35.2

C. Butylsulfonium compounds

1. Tris-dibutylmethylsulfoniuvm chloride*bis-bismuth chloride.

To a solution containing 29.2 graws (0.2 mole) of butyl sul-
fide in 150 ml, of glaciel acetic acid and 20 ml. of concen-
trated sulfuric acid was added 4 ml. (0.1 mole) of absoiute
methyl alcohol. The solution became cloudy and heat was

evolved. After warming for an hour on the water bath, the

gsolution had turned a deep reddish brown. It was allowed
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"to stand for about two and 2 half months. Then the glacial
acetic acid weas distilled off under a vacuum. Nothing crys-
talline could be obtained by treating the reddish-brown res-
duval liguid with water. Since the solublon was not clear

but contained oilly droplets, it was extracted with ether be-
fore the treatment with bismuth chloride. Xvaporation of
the ether gave a reddish-brown oil that was not further in-
vestigated.,

The clear aqueous solution and 100 ml, (0.1 mole)

£ 3N bismuth chloride were dropped into 100 ml. of 3N

hydrochloric acid. The solution was filtered to remove oily
droplets and allowed to stand over night. By the next day,
crystals had Tormed. These were filtered off and found to
melt at 150°-152°, After onme recrystallization from dilute
‘hydrocbloric acid, it melted at 153°-154°, and was probsbly
2(CyHg) pCHzSC1*B1Clz;s but insufficient material was obtained
for analyses. The filtrate, on evaporation, gave crystals
that melted at 919, On recrystallization from dilute hydro-

chloric acid, however, the melting point rose to 1630-165°

v

ebullition). After another recrystallization the compound

melted with ebullition at 164°, Analyses proved that it

Anal: Calculated for 027H6585512C19:
C, 26.56; H, 5.16; S, 7.87
Found: C, 26.62; H, 5.06; 38, 7.74
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D. Analytical Details
Having had some difficulties in the analyses of
these bilsmuth chloride double salts of sulfonium chlorides,

I should 1like to make the following observations.

1. The sulfur analyses, whether done according to
the Parr bomb or the Carius procedure, were among'the most
reliable, The bismuth evidently does not interfere in any
way with the precipitation of the sulfate ion as barium sul-
Tate. When the Parr bomb was used, 2 grams of a 2 : 1
potassium nitrate‘— sugar mixture was added to a .2 to .3
grem sample to accelerate the combustion. Otherwise, the

regular procedures were followed.

2. No difficulties were experienced with the car-
bon-hydrogen determinations. The only possible difficulty
here would arise 1f the welghing tube were of insufficlently
wide bore to permit passage of the cowbustlon products when

the bismuth oxide is formed (63)(64).

2. The chloride analysiz required removal of the
bismutih present. Attemplts to remove the bismuth as the hy-
droxide were unsuccessful, as the precipitation of bismuth

hydroxide by ammonium hydroxide is incomplete unless an ex-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



cess of ammonium chloride is added (65).

Attempts to remove the Dismuth as the carbonste by
firsttreating the acild solution with sodium carbonate, fil-
tering off the bismubth basic carbonate, dissolving it in
nitric acid, and reprecipitating 1t with ammonium carbonaﬁe,
gave poor results. Almost no precipltate of silver.bhloride
was obtalned after acldification of the filtrate, indicating
that the greaster part of the chloride had precipitated with
the bismuth as the oxychloride., Consequently the bismuth
values were also incorrect.

The chloride in the trimethylsulfonium compound
was deterwmined after removal of the bisruth by fusion of the
compound with & potassium nitrate - potassium carbonate mix-
ture., Detalls of this bismuth determination will be given
later, This method, however, could not be used for compounds
bontaining a higher percent of carbon, as the chloride was
volatilized at the temperature necessary for the decomposi-
tion of the organic matter. Consequently, it was considered
sufficient to base the composition of these compounds upon

£
)

analyses for carbon, hydrogen, sulfur, and bismuth.

4, Bismuth enalyses were attempted by numerous
methods, only one of which proved to be satisfactory. Pre-
cipitation as the oxychloride can be used only for compounds

containing not more than 5 milligrams of bismuth per sam-
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ple‘(GG). Precivitation as hydrated bismuth oxide with am-
moniuﬁ.hydroxlde is unsatisfactory as the precinitation can
produce the oxychloride, thus giving’inaccuréte results.

Analyses using Cupferron did not give satisfactory
results, although the method given by Prodinger (67) was
followed. Tre method that BlEttler (57) used in analysing
her double salts was also found to give inaccurate results.
Hillebrand and Lundell (66) claim that bismuth cannot be
precivitated as the carbonate Irom solutions contalning an-
fons with which the bismuth can form insoluble basic salts.
This naturally includes solutions containing chloride,

“bromide, or sulfate lons,

The only method that was Tound to give accurate

results was the method of de lybttenaere (68), who used it

cr
o
&
S
=

e
o]
[
[

winine ilodobismuthate. Five hundred milligrams

Y

of the substance 1s mixed with four grams of a pobtassium

" nitrate - pobassium carbonate (anhydrous) mizture (1 : 2).
Alter mixing with a dry stirring rod, 10 wml. of water is
added 1ittle by 1little while stirring. The mikture is heat-
ed to dryness on the water bath and then heated cautiously
to destroy organic matter., I found that when the cooled
melt was orange in color low results for bismuth were ob-

tained. Ieating until tue cooled 7”oduc‘c was yellow in

.3.

color gave accurate results. The benzylsulfonium compounds

were heated to between 450° and 5000 in a muffle furnace,
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whereas the trimethylsulfonium salts could be hested at a
lowar temperabture, When the residue 1s pure yellow, it is
taken up in warm water and washed by decantation through an
ash-free filter until the washings are absolutely neutral.
The filter is ignited, a few drops of concentrated nitric
acid added to oxidize any bismuth veduced by carbon from the
filter, heated agein, and the hismubth weighed as 81205: It
was found that the original ignition with the fusicn mix-
ture could not be carried out in a porcelain evaporating
dish, as the porcelain surface was eroded by the fusion mix-

ture. 4 platinuw evaporeting dish can be used satisfac-

torily.
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PART V

SUMMARY

The reaction of organic sulfides with organic sul-
fates was investigated to determine whether eny evidence
could be found for a rearrengenent similar to those which
are known to occur in the formstion of gulfonium halides.
Such resrrangements were found to occur in three cases:
1) in the rezction of henzyl sulfide with methyl hydrogen
sulfate; 2) in the interac ctbion of benzyl s Jf;de and di-
metnyl sulfate in benzene; and 3) in the reaction betweén

glacial acetic acid.

)
o

n

Ga

benzyl sulfide and dimetinyl sulfcate

In the first cese, tribenzylsulfonium sulfate was obtained

instead of the divengylusthylsulioniuvum sulfsete normally ex-

pected; in the second, a double salt of benzyldimethylsul-
fonium chloride was produced, and no dibvenzylmethyl com-
pound was isolsted; rnd in the third case, the tribenzyl
compound was also Lormed instead of the dibenzylmethyl sul-~
foniun salt.

The mechanism proposed for the formatlon of sul-

fonium halides by Ray and Levine (5) has been extended to

ed

the aulfonlum sulfates. The theoreticel sulfonium salt is
formed temporarily, but dissociastes in different weys. The
hew sulfides and sulfates produced then recombine to form
the most stable sulfoniuvm sulfetes. The mechanism is moét

simply illustrated by the following general equations:
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RZS + 3304H

RSCHz + CHzS04H

U

et

DS 3
Pt

RoCHzS50 40

RSCHz + RSOyxH

The fellowing new compounds were prepared during

this investigation:

Compqund

5(CHz) zSC12BiCly
2CnHry( CHz) 5501 +BiCls

3CrHy (CHz) 58CL-2B1C1

3(Cglg) oCHzSC1-2BiCl g

Melting Point

1210
2456( dec. )
140°(dec, )

145°(dec.)

i

[0

i
o]

Cojour and Form

white crystals
white, glistening
prisms

white plates

white needles

flat white plates
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