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INTRODUCTION

Since primary amines have been shown, in this laboratory (1),

tb react readily with carbon bisulfide, iodine and pyridine to form

thiocarbanilides in conformity with the following reaction mechanism

-scheme:

| 2RNH, + €Sz —> (RNH)2CS + HpS (a)
HoS + Ip —> 2HI+ S (v)
2HI t+ 20gHgN —2CgHsN.HI (o)

]2 (a), (b), (c). 2RNH,+ CSp+ I + 2CgHgN —>
(RNH)5CS + S + 2C5H5N.HI (a)
the idea occurred that a simple aliphatic ester such as ethyl formate

might display similar behavior to form thiocoarbonic acid esters thus:

2HCOOC2H5 + €85 —> (CO0C2H5) oS + HaS (a)
HpS+ Iy ——> 2HIt S (b)
2HI + 20gHEN ———> 20gHgN.HI (o)

.

é(a), (v), (o), 2HCOOCyHg + CBy+ I + 2CgHsN —

(COOC2H5)2CS + S 4+ 205H5N.HI (B)

When ethyl formate in carbon bisulfide solution with
molecular quantities of iodine and pyridine, as noted in the above

equation (B) were heated together for sewveral hours, a reaction
- ooourred with copious evolution of hydrogen sulfide, but no organio
. #ulfur compound was found when the reaotion mixture was evaporated

;kto dryness.
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It was then declded to substitute merouric oxide for the
 pyridine. This modification, it was hoped, would also eliminate
hydrogen sulfide formed in the oourse of the reaction by the formation
éf mercuric sulfide. Trials were made using ethyl formate in carbon
‘bisulfide. Mercurie sulfide was preoipitated and from the reasction
mixtures upon evaporation white orystalline compounds containing
mersury and sulfur were obtained.
The analyses and properties of the white compounds

~obtiained from methyl and ethyl formates gave evidence that they were

/,S - % - OR

mefoury alkyl thiocarbonates of the general formula IHg 0
‘ S - % - OR -
0

R represents & methyl or ethyl group.

Similar investigations of the reactlion of methyl and ethyl
aoetates also gave white orystalline produsts. The structure tenta-
tively given for the products from the reactions of the simple acetates

S - C CHgR

.. may be represented by the formula Hg\ 0 » mercury salts of

S - C - CHpR
0

thioacids.
The present study deals first with original methods for the
“kpreparation of merocury salts of thioacids herewith obtained by the
‘yinteraotion of four esters - methyl and ethyl formates, methyl and
‘, §thy1 acetates - with mercuric oxide in carbon bisulfide solution, and
 ~.‘éeaond, with investigations essential to establishing the struoturgl_%
k‘ffermulas of the compounds so formed. This study also embodies accounts
6f the improved methods developed for the quantitative estimation of

mercury in oarben compounds.
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THEORETICAL

The preliminary experiments noted in the introduction indicated
_that methyl and ethyl fofmatas on interaction in carbon bisulfide solution
with;merauric oxide gave mercury alkyl thiocarbonates of the general
formula Hg(SCOOR)g. Before recording the experimental procedure of
preparation, enalyses and determination of struotural formulas of these
ocompounds, the following reaction meohanism scheme is proposed to
,e:ﬁpiain their syntheses.
’ It is assumed that the first reaction oceurring is the com-
’ibinatien of carbon Wisulfide with the ester according to equation (a):

082+ECOOR—-—-—-§HS-C-0—OR
¥ (a)

The basic merourio oxide then reacts with the acidie addition oompound,

a hydrosulfide, according to equation (b):

Hg0 288 - C - € - OR —> Hz0 + Hg(SCSCOOR),  (b)
I
s 0

~:;Euring the course of the reaotion the red mercurio oxide rapidly turns
’ hlack due to formation of merecuric sulfide. This would presumably
entail the substitution of oxygen for sulfur in the compound formed in
aéuation (b), according to the following equation (o):
Hg(8-CS-COOR)g + 2Hg0 —> Hg(S-CO-COOR), + 2HgS (e)
,lﬁ may be parenthetically noted that this substitubtion of oxygen for

sulfur is quite conceiveble in view of tThe parallel substitution

- reported by Debus (2), BRR—IEr—Iak—t1880), between ethyl xanthgte

fjhnd a1eoho1io potassium hydroxide wherein the radiocals =C=S becomes
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. '2620 with the formation of KHS thma:

00285 L %C2Hg

s=¢{ + 2K —> 0=0] +  KSH +CoHgOH
SCoHg » SK

Furthermore, during the course of the reaokion ocarbon monoxide
was evolved. (Ibs identifiocation is éubsequently desoribed in +the
ez?erimental part). The liberation of carbon monoxide may be represented
by the decomposition of the compound noted in equation (o), assumed te

be the following equation, (d).

L /0 0
S-c -~ ¢” ~or /s-c”- OR
Hg\ : — Hg + 200 (a)
S-C = C=-0OR $-C¢ — OR
i Tl 1
0 0 0

whioch completes the synthesis of the mercury alkyl thiocarbonates.
The summation of the above equations (a), (b), (o), and (&)

‘gives the following final equation:
| 'Z(a), (b), (o), (d)s ZHCOOR + 20Sp + 3Hg0 —Hg(SCOOR), + 200 + 2HgS +HpO

A reaction mechanism scheme similar to the above for the reactions
of the esters of formio acid is proposed for the reactions of esters of
aéétio asid. It is tentatively assumed that the compounds formed from
""b/hefin'berao'bion of mercuric oxide with ethyl and methyl amocetates in

kifearbon bisulfide solution are also mercury salts of thicaocids synthesized
) . : in acecordance with the following reaction mechanism scheme.
It is assumed that the first reaction ocourring is the com-

'~.hination of the ester with oarbon bisulfide according to the analagous
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: ,féqkation (a):
€S, + HCHaCOO0R —> HS - G - CHp - C - OR | (at)
X 1
S _ 0

iygfhasio merouric oxide then reacts with the acidic addition compound
acoording to equation (b'): | | |
HgO + 2HS - ¢ - CHpCOOR — Hg(S - ¢S - CHCO0R)g + H2@0 (1)
| s
As in the formafe reactions, the mercuric oxide rapidly blackens due to

the formation of merouriec sulfide as notved in equation (of):

Hg(S - €S - CHpCOOR), + 2Hg0 —> Hg(S - CO - CHpCOOR)p + 2HgS (ot)

Differing from the reactions of the formates which evolved
carbon monoxide (equation d), the acetates liberated carbon dioxide.
This resction may be represented by the deocomposition of the product noted

in equation (o') in conformity with equation (4?):

S - ¢ - CH2iCOO}R S - C - CHpR
, H / 6 RN / v
8 o —> Hg\ 0 + 2C0 (ar)
‘ § - ¢ - CH2/COO'R S- ¢ - CHgR »
0 ;

f!high completes the synthesis of the mercury thioacid salt.
The summation of the equations (at), (bt), (c?) and (d') gives

. ‘*he following final equation:

(a?)s (b?), (o'), (d')s 2CHZCOOR + 2CSy + 3HgO0 ~—> Hg(SCOCHR)p +
2HgS + 200+ H2QO,
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HISTORICAL

Proecisely the same type of investigation as the present one
has not been recorded in the olassical literature. Compounds analogous
‘té_mereury alkyl thiocarbonate and meroury thioacld salts have been
reported. This seotion will be devoted to a review of the methods
used in preparing these analogs.

Debus (2) was the first to report the preparation of metal

OR
alkyl thiocarbonates of the type 0=C< where R represents an alkyl
‘ SM

radioal and M a metal. He prepared the pobassium derivative by

treatment of ethyl zanthate with alooholic potassium hydroxide as noted

/OC plit

in equation (a):
+ 2KOH ——> 0=¢ + C2HS50H + KSH (a)

S'::C’/OCZH5 N

N 86oHs SK

That the thiolcarbonate was the product formed and not its isomer,

’,002H5

ok

prepared the same compound by the interaction of ocarbonyl sulfide with

: the thioncarbonate, S=¢C s was confirmed by Bender (3), who

[al¢6holic potassium’hydroxide according to equation (b):

_002Hg
COS + KOH + CpHgOH —> 0 = C{ + Hz0 (v)
‘ SK
' ,,The product noted in equétion (b) will interact with ethyl bromide to
o form the ethyl derivative according to equation (¢):

| A 2Hs /0C2H5
0=0C_ + C2HgBr —> 0=0¢] + EBr (o)
' SK SCoHs
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(4)
Solemon produced the compound noted in equation (o) by
: intérae%ing sodium mercaptide with ethyl chlorcarbonate according to

equation (d):

OC oHs ' 0C2Hs
e /
0=0_ + NaSCpHly —>» 0=C_ + NaCl
' cl SC2 Hs

It mey be noted that the essential reaction in equation (a)
is an exchange of & ocarbonyl sulfur atom for a oarbonyl oxygen atom by
a metellic hydroxide. Two mecheanisms have been suggested for this
‘exchange of sulfur for oxygen. Solomon (5) postulates first a
hydrolysis of the xenthate mocording to equation (e):

0C2HS

/

s=¢ + Hp0 —> COS +C2H50H + CgH5SH
“N5CoHg

. A reaction then ocours with the alecoholic potassium hydroxide as in
the followlng equation (f):

/m2H5
COS + KOH + CgHs0H — 0=C_ +  Hpo
- Wallach (6) expleins the exchenge of sulfur for oxygen by the formation
 of an sddition product followed by hydrolysis according to the

: following squations:

CoHSO _0e2Hs
C2H500S2C2Hs + Co2H50H + KOH —

SC2Hs

/c\ + Hp0 — 0=0_ + CoH50H + CoHpSH (h)
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’ Debus (2) in attempting to prepare the mercury derivative
’bf‘the ethyl thiocarbonate trested the potassium salt with an aqueous
marauric chloride solution noting the formation of a white precipitaﬁé
ﬁhich dissolved in an excess of mercuricvchloride. Bender (3) re-

‘,peated this experiment and noted only that the white precipitate
acquired a superficial yellow coating upon standinge No other proper-
,fiés wore reported.

| The corresponding compound prepasred in the present investi-
,gat;on iz soluble in a mercuric chloride solution and likewise acquires
~thé:yellow célor after a few minﬁtas exposure to air,

Bender (3) prepared the copper, zine, lead and silver salts
' of thiocarbonic acids by treating the potassium ethyl thiocarbonate
with the metallic acetates,
Delépine (7) prepared the corresponding methyl esters through
the intersoction of musbtard oils with alcohols according to the following

equations:

CHzNCS + CHzO0H —> CHZNHCSOCM

_8CHz
CH3NHCSOCH3 + KOH + CHzI —2 CHzN = ¢ + KI + Hp0 (a)
\OCHg
CHz— N=¢ { + HI + Hp0 —> CHgN.HI + 0= (b)
OCH3 H SCHg

; Turning now to & consideration of the thio fatty acids, it may
: ; , ,
© be noted that Kekule (8) was the first to prepare a thioscid by the

 >"interaotion of scetic acid with phosphorus pentasulfide:
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' BCHzCOOH + PgS5 —> 5CH3 C-SH + Pg0g
. \

' Vesselmann and Jaquemin (9) prepared the ethyl ester by interacting
aoetyl ohloride and potessium mercaptide:
“CH3¢ - Cl+ KSCoH —> CH3C - SCpHs T KC1
: | :

The only mercury salt reported is that of thioacetic aocid,
prepared by Ulrieh (10), This salt was obteined by %reating the
potessium thiocacetate with merouric chloride.

. 20HsC 0 S K + Hgllp — (CHzCOS)zHg + 2KC1
‘ The meroury salt forms as a white precipitate whioch soon darkens due
to the formation of mercuric sulfide,

Roscoe and Scherlemmer (11) gtate that the copper and silver
~salts have not been prepsred in a pure state. No later reference was
found for these last nemed salts.

Weigert (12) prepared thiopropienic acid by the intersetion
of the Grignard reagent with carbon oxysulfide according to the

following equationss:
| CoHgMgBr + C0S — CpHs- o2 SMgBr
‘fhe free acid wes obtained by treatmeht of the product with dilute
~acid as shown in the following equation:
C2H5CZ.8-SMghr + HBr —> C2H50 29~ SH + MgBry
| . The methods of preparation and the properties of the metal salts were

: not found iin the literature.
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EXPERIMENTAL PROCEDURE

The apparatus used in investigating the interactions of
methyl and ethyl esters with carbon bisulfide and mercuric oxide may
be’elaésified under two divisions: (a) equipment for stirring, and
(b) equipment for adsorption of geses evolved during the course of the
reaotions. Part(b) will be described under the individual runs, which

~ealled for varistions,

Throughout the entire course of the work the same type of
reaction vessel and stirring davi?e were utilized. A one liter round
bottom three meck flask served adequately as a reaction vessel. A

‘glass stirring rod aoctivated by a L/BéVH.P. motor extended through &
kmobeury seal into the middle neck of the flask. A spiral reflux con-
densér was fitted to the second neck by & rubber stopper. 1In order to
sweep out the system with nitrogen, the third neck was fitted with a
rubber stoﬁper through which extended a short piece of glass tubing
eﬁuipped with a stopcock. All stoppers were sealed with dg,Kg%insky
.qgmént and connections between glass tubing were made with thick~
”ﬁnlled gum rubber tubing. |
: Identioal systems were always set up in duplicate.
A. ETHYL PORMATE
~ (a) Bxperimental procedure.
Inasmuch as the ethyl formate reaction was intensively studied
‘ £irst and sinoe experience gained from its investigation conditioned the
‘/ nature of the subsequent setups, work with this ester will now be

oonsidered.
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Twelve duplicate runs were made with the ester with the purpose
first to increase yields of the mercury ethyl thiocarbonate and second to
find an efficient method for the estimation of ocarbon monoxide evolved
during the course of the resction.

Eastman's ethyl formete was fractionated by means of a four
bulb Ghlinsky column. Only the fraction bolling between 53.5 degrees
%0 B4.5 degrees C was used in the experimental runs. Mallinckrodt's
sarbon bisulfide was likewise distilled, the freotion boiling between

46 degrees to 47 degrees C being used. Kahlbaum's reprecipitated
mereouric oxide was used for a microseopic examination of same revealed
hmmogéneity and uniférm particle size.

Two moles of the ester and 200 c.0. (3.3 moles) of carbon

, biéulfide was measured into the reaction flask and the stirrer
aotivated. One half mole of merouric oxide was slowly poured through
the thiﬁ&lnﬁek of the flask which was then closed by the stopper and

_stopoocke A flame under the water bath was regulated to give a fairly

~vigorous but oconstant rate of refluxing. Whenever it was necessary

%o interrupt the stirring and refluxing, the system was swept out by a

. stream of nitrogen for fifteen minutes, The total time for refluxing
and stirring varied from ten to fifty~six hours.

At first the cburse of the reaction could be followed by a

. gradual darkening as blaock mercuric sulfide formed. This darkening
“@éually appesred after a quarter of an hour, and in two to three hours
yﬁhé solid phase was completely black. Small portions of the solid
 fimre removed from time to time, orushed and microscopically examined

for the red mercuric oxidee
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At the conélusion of a run as determined by no further
evoluhion of gas, the contents of the reaction flasks were filtered
through two sheets of fine filter paper on a Blichner funnel and the
bléok residue on the filter was thoroughly washed with carbon bi-
sﬁlfide. The filtrates were yellow and had a somewhat fluorescent

| hue., The filtrate and washings were again filtered into a 500 cc.
distilling flask, eveporated down to approximately 100 c.0., then
poured into & orystallizing dish, which was placed in a dessiocator,
and the remainder of the liquid evaporated at room temperature under
reduced pressure. Yellowish white orystalline plates formed.

The orystalline product was then dissolved in 95% ethyl
aloohol, the solution filtered and poured into a liter of cold water
with stirring. Glistening white plates, insoluble in water, were
immediately precipitated. They were filtered on a Bfichner, washed

- with water without delay and dried in a desicoator over calocium
chloride. Exposure to moist air for even a short time caused the
orystéls to show a dark superficial layer of what is probably mercuric
sulfide. The crystalling compound was readily soluble in methyl and

_ ethyl aloohols, ether, chloroform, and carbon bisulfide.
| Melting points were determined with calibrated short stem

~'thermometers, using a concentrated sulfurioc acid bath in & Thiele

- melting point tube. The compound obtained by the ethyl formate re-
aoction melted after repeated orystallizations at 64.5 degrees to 65

:'f?degrees.
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(b) Quantitetive estimetion of mercury in the mercury ethyl thiocarbonate

Qualitative analyses showed the presence of mercury and sulfur in
the orystalline compound, assumed to be mercury ethyl thiooarbonate formed
~ao§erding to the reactions proposed in the theoretical part.

The first diffioculty was in effecting complete solution of the
samples for analysis. Modifications of a composite of standard methods,
hereinafter noted, were found to be necessary. The usual procedures for
effeoting solution of organic mercury compounds involving the use of con-
centrated acids and oxidizing agents, left a gummy layer on the surface
éf the solution, and henoe were abandoned.

It was however found that 6 N sodium hydréxide solution de-
composed the sample for analysis with the precipation of red mercurie
‘gulfide, Then the addition of freshly prepared ammonium sulfide disg=-
solved the residual mercuric sulfide completely according to the
following equation (14)

HgS + NagS — Hg(SNa)sy
This method of solution was adopbed in allyanalyses for the estimation
of mercury in the meroury thiocarbonates.

The subsequent procedure, following the ocomplete solution of
tha sample as desoribed above, necessitates the complete precipitation
-and weighing of meroury as mercurioc sulfide., The precipitation may be

L achmp;ished by the addition of ammonium nitrste as deseribed by
k“i ;Treadwe11 and Hall (M) Greor—280) and Whitmore (15), involving the
;$ readtion:

Hg{SNe)y + 2NH,NOz —> HgS + (NH.),S + 2NaNog

7

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



wlde

Approximately 0.2 gram samples for analysis were acouratel&
weighed into 400 c.c. beakers and dissolved by the addition of 10 %o
15 ce0s of freshly prepared 6 N sodium hydroxide solution followed by
15 to 20 c.0. of freshly prepered smmonium sulfide solutions. The
conbents of the beakers were heated and stirred until solwtion was
oomplete, The solutions were then diluted to 200 c.c. with water and
| 5 grams of ammonium nitrate for each O.1 gram of sample were added.
Mercuric sulfide precipitated at once. To insure complete precipitation
and‘to facilitate subsequent filtration, the conbtents of the beskers
were held at a temperature just under boiling for at least 8 hours.
'Whter was added as needed to maintain a volume of 200 c.c. As suggested
by Whitmore (loc.oit.) the beakers were then allowed to remain un-
 disturbed for at least 12 hours prior to filtration through a weighed -
Goooh orucible which contained a heavy mat of asbestos. The precipitates
wore washed repeatedly with hot water to which had been added 1 o.c. of
6 N nitrio acid per 100 ce.c. of water, The precipitate then did not
run through the asbestos mat. After a final washing with cold water
‘,énd'athyl aleohol, the cruoibles were first dried by suotion and then
| ,iﬁ‘an oven at 110 degrees C. From the weight of mercuric sulfide found,
the percentage of merocury in the thiocarbonic ester was calculated.
It may be noted that Whitmore (15)by use of & Garius tube
. for dissolving the sample then neutralizing the resulting aocid solution
| with sodium biocarbonate and precipitating merourie‘sulfide by one
,»;phécipitation with ammonium sulfide reports "almost no free sulfur,"
;;éther authors (14,16) report the frequent ocourrence of the contaminandy

' :sulfur,and suggest its removal by extraction with boiling ocarbon bisulfide,
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It is signifiocant that free sulfur was not present when the
method desoribed above was useds This was evident when the mercuriec
| sulfide was dissolved by hydriodic aoid solution and the crucible re-

~weighed acoording to the latest method of Coley and Burford (17),

= No free sulfur was found in the crdcible.

(e) Queantitative determmination of sulfur in the mercury ethyl
"~ thiocarbonate

The use of the Parr peroxide bomb for this determination
proved to be the most convenient methods A search of the literature
upon this determination provided a wealth of data (18, 19, 20).

The following method was adopted as most sultable.
| Approximately O.5 gram samples were weighed into ‘the bomb,
followed by fhe addition of 12 grams of sodium peroxide. After
vigorous shaking of the mixture the bomb was fired in the usual
o manner, cooled, the contents removed by washing thoroughly with water,
‘andkthen acidified with hydrochloric acid. Iron from the bomb was
reduced by the addition of aluminum powder as suggestadg by Allen and
x :Bishop (21) and mercury was thereby displaced from solution at ‘the
TSﬁme times The contents of the beaker were then filtered into a one
iiter beakér, diluted to 800 c.c. and barium sulfate preocipitated by
‘the drop-wise addition of a 5% barium chloride solution. Filtration
v‘mas not atbempbed until the beaker and contents had stood at least 12
k €~hours. Filtration, drying and weighing of the barium sulfate were
TOarried out in the usual menner and the percentage of sulfur in the
;mércury ethyl thiocarbonate caloculated from the weight of barium sulfate

\faund.
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(4) Quantitative debtermination of mercury in the mercurioc sulfide-
mercuric oxide resotion residue.

The method of the éstimation of the mercury in the black re-'
aobion residues which were apparently mixtures of merouric sulfide and
oxide necessitated a different procedure for effeoting solution of the
samples for analysis. Approximetely 0.5 gram samples were accurately
weighed into beakers and 10 c.ce of concentrated nitric aocid followed
by 5 c.0, of concentrated hydroshloric acid were added. The contents
of the beskers were heated and stirred until reaction had ceased.

Then 1 to 2 ce.ces of bromine were added. Tﬁe samples dissolved rapidly
and completely. The solutions were then gently heated until the excess
'brémine had evaporated and water was added to inorease the volumes to
200 ¢s0. The solutions were gently boiled until colorless, then almost -
neutralized with sodium carbonate. Addition of ammonium sulfide
precipitated mercuric sulfide which was filtered and weighed in Gooch
cﬁuoibles. The percentages of mercury in the reaction residues were

-~then oalculated from the weight of mercuric sulfide found.

(e) Quantitative determination of sulfur in the reaction residues

The samples for analyses were dissolved exactly as desoribed
unéer the mercury estimetion. The acid solution was then carefully
neutralized with sodium carbonate and again made acid with hydro-
ohlorioc acid. Barium sulfate was preoipitated as described in the de-

 ’tbrmination of sulfur in the thiocarbonate and the percentage of sulfur
"iQVthe reaction residue caloulasted from the weight of barium sulfate

found.
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(£) Estimation of carbon monoxide evolved in ethyl formete reactions

It was deemed advisable, if possible, to éstimate quantitatively

id
igggivgd during the course of the reaction of ethyl formate with

merouric oxide and oarbon bisulfide. The oheoking of suoh determinations

the,ccfbgg

would serve to measure the extent of the ocourrence of the reaction pro-
posed for the formation of the mercury thiocarbonic esters represented by

the proposed equation:

~ 208p + 2HCOOC2H5 + 3HgO —> Hg(SCOOCpH5)s2 + 2HgS + 200 + Hy0

The method of Nioloux‘(zz) was used. The procedure, in
essence, consists in the reduction of iodine pentoxide by carbon monoxide
at‘izo degrees to 150 degrees C as noted in the following equation:
500 t Iz —> foogt I
The standard determination involves the estimation of the iedine liberated.
- In this work, however, the loss in weight of the iodine pentoxide was used
to measure the quantity of carbon monoxide formed,
The removal of interfering vapors of carbon bisulfide, ethyl
formate and the gas, hydrogen sulfide, which was also liberated, eon-
stituted a serious problem. The formation of hydrogen sulfide may be

dué*ﬁo;some assumed secondary reaction, probably involving the following

.changes:
HC - OCpHs + CSg — HS- C - C = OC2Hs (8)
i 1] W
0 S o0

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



=18

)t

 HS, -G -C - OCoHs ¢ - C - 0CaHs
.} \ I\ Iy n
B s © /l
- | };}’ B ] —— S Q0 + st (b)
L S
IH)S - C - C - OCpHs N\¢ - ¢ - 0C2Hs
- (R nooM
s o S 0

(a),(b)s  2HCOOCZH5 + 20Sp —> HpS + (CSCO0C2H5)2S

That the reasction probably does ooccur and that the compound
noted in (b) is unstable, is indicated by the formation of hydrogen
,sulfide when pyridine was used instead of mercurice oxide but no other
compound was found as noted in the introduotory section.

The most sabtisfactory method for eliminating reducing gases
other than carbon monoxide has been developed by C. R. Hoover (23) who
passed a mixture of gases through sctivated cocoanut charcoal, All re-
duoing gases except carbon monoxide were absorbed.

In this investigation, cocoanut charcoal in lumps the size
of peas was reactivated by heating in a flask while suction was applied.

The method of adsorption of the gases finally decided upon
was as followgld: +the gases were conducted from the top of the reflux
kcandenser through a 10 centimeter U tube filled with oaleium ohloride,
then ihrough charcoal in two 25 centimeter U tubes and finally through

¥ icdine pentoxide mixed with glass wool in 10 centimeter U tubes suspended
 in an oil bath mainteined at a temperature of 140 degrees to 150 degrees C.
ffﬁiank‘runs using ali reagents except merocuric oxide and emulating the
,,samsféonditions of refluxing and stirring geve no indication of liberated

“iodine.
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The tubes containing the iodine pentoxide were fitted with
glass stoppers which were sealed with Plaster of Paris end sodium
éilicate. The tubes were weighed before and after a resction, the

kdeerease in welght representing the amount of iodine pentoxide decom~
-posed by oarbon monoxide liberated in the reaction. At the end of a
run the iodine wes swept out by a stream of nitrogen, the tubes then
- removed and wiped free of oil. The weight of the carbon monoxide was
then oaleulated from the equation:
I, 0g + 50 —> 5CO2+ Ia
The hearing of the ocarbon monoxide determination on the

reaction is discussed in a l&ter section.

(G) Molecular weight determination: mercury ethyl thiocarbonate

As a check on the proposéd constitution of the product it was
decided to oryoscopically determine the molecular weight. Benzene, in
whiech the compound is very soluble, was used as the solvent.

Approximately 0.5 gram samples were dissolved in 13 to 16 grams
of benzene and the lowering of the freezing point noted as outlined in

 the standard prooedurs of Deniels, Mathews and Williams (24), The
moleéular weight of mercury ethyl thioecarbonate was then ocaloulated.

The data and caloulations are embodied in the following table.
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Meroury ethyl
thioecarbonate
B

10,4988

0.6068

0,7104

TABLE I
Freezing
Point
Benzene Lowering
Se Degrees C
17.300 «367
16,665 «446
16,099 0543

Moleoular
welght

found

402.3
418.0

4l16.1

412.1 Av.

Moleoular

weight

caloulated
410,7
410.7

410.7

The moleoular weight of merocury ethyl thiooarbonate is 410.7.

The average of the molecular weight determinations made is 412.1, an

acceptable experimental error of less than 1% deviation from the

theoretical.

The following summary of the analytical data upon the mercury

and sulfur determinations establishes the empirical composition of the

meroury ethyl thiocarbonate.

TABLE II

Mercury: meroury ethyl thiocearbonate

Meroury ethyl
~thiocarbonate
Ze

0.3104
0.2547
0.1844
0.1627
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HgS
found
~Be

0.1735
0.1420
0.1038

0.0925

Hg
found

%

48.18

438,08
48,45
49,04

48.44  Av,
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TABLE IIX

Sulfur: mersury ethyl thioéarbonate

Heroury ethyl Ba804 8 ]

thiocarbonate found found theory
& Be % Z__
0.8713 0.9814 15.45 15.59
0.3167 0.3614 15463 15,59
0.4212 0.4744 15,44 15.59
- 0,8102 0.9183 15.53 15,59

15.51 A"N

The percentages of mercur'y’and sulfur found are praetically
identical with the calculated percenizges of mercury snd sulfur in
meroury ethyl thioccarbonate and accordingly confirm the formula for
seme as developed through the equations in the reaction mechanism

-scheme proposed for its synthesis.

(h) Reaotion of meroury ethyl thiocarbonate with ammonie

Granting the compound to be an ethyl ester, its reaetion with

- emmonia would be expected to yield an amide in conformity with the

following equation (a):

5 - o {00y it 8 - ¢F
Hg o ] —_— Hg_\ 4+ 2C2H50H (8)
s - ¢ —locpHs ~ Hwmp §-¢ —NHy
I} - - |
o 0

Since treatment of this compound with ammonia gave an
: ‘Lj’@?undant precipitation of mercuric sulfide,its formation may be repre-

£l sented by equation (b) in which e thioemide is also formed.
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8 =¢” —wHp _C” —NHp
Hg > HgS + 8 (v)
N§-C —DNH ¢ —NHp
1} ]
0 0

Further reaction of the thicamide compound with ammonie would

yield emmonium sulfide and urea according to equation (c):

0
”
C” - NH2 NHp

,s< 4+ 4NHg; —> (NHg)pS + 2 ¢"=0 (o)
¢ ~—NHp \Nﬁg

I
0

The summation of equations (a), (b), and (o) follows:

| 2 (a), (b),(c). Hg(SCOOCoHs) + 6NHz —> 2CoH50H + HgS + 2C0(NHp)2+ (NH4)ZS (c)

The experimental confirmation of the reaction as reported in the
above derived summetion equation was accomplished as follows.
Two semples of the thiocarbonate were suspended in water satu-
| ratéd with semmonie. The conteiner was stoppered and vigorously shaken.
The suspension turned yellow after a few minutes, then black after a few
hours. Aftef standing for several days with occasional sheking, brilliant
“red erystals had formed and tge supernatant liquid had become perfectly
clear. The orystalline product was filtered off and weighed. Part of the
filtrate was evaporated to dryness leaving a white product which was re-
orystallized from alcohol. A subsequent melting point and biuret test
o ooen the product indiceted urea. The red orystals, wpon analysis, proved
"ﬁﬁybe the red modification of mercuric sulfide. Ethyl alcohol was de~-
tectbed in the filtrate by the iodoform test. When another portion of the

"fil'hra'be was boiled, hydrogen sulfide, evidently due to the decomposition

e foammonium sulfide, was detected.
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The data obtained is summarized in the following table.

TABLE IV

Merouric sulfide: interé%ion of mercury ethyl thiococarbonate with ammonis

Mercury ethyl Hgs HgS
thiococsrbonate found theory
£o Ee Lo
1.4899 0.8477 0.8439
1.7790 - 1.0163 1.0080

The weights of the mercuric sulfide obtained agree closely
with the weights calculated and, in conjunction with the qualitative
; deteotion of urea, ebthyl alcohol end ammonium sulfide confirm the
reé’quion mechanism scheme as summarized in equation G. Furthermore
this resotion substantisted the structure of the compound as developed
in tha reaction mechanism scheme proposed for the synthesis of mercury

ethyl thioccarbonate.

(1) Observations upon the formation of carbon monoxide

Unfortunately the quantity of carbon monoxide calculated from
th5 weight of iodine pentoxide decomposed as previously described did
néﬁ“éheek the weight of mercury ethyl thioccarbonate obtained in the
: samé réaction a8 based upon the proposed equation
ZHCOOCzHS + 2082+ 3Hg0 —> Hg(SCO0C2HS)2 + 2C0 + 2HgS + Hp0
' 1fjvhiah requires that the mercury ethyl thioccarbonate and the earbon
“ mggexide formed should be in the ratio of 1:2 respectively. It is
bhtyéééibls that the charcoal used to absorb hydrogen sulfide, carbon bi-
";.#ﬁlfide and ethyl formate present in the gas stream, also absorbed some

-qarbon monoxide thus giving rise to low results. Aloohol~water solutions
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'f }éné aniline, substituted for the charcosl, proved ineffective as
absorbing agents.
The theoretioal quentity of mercury ethyl thiocarbonate formed
in the course of the reaction was calculafed from the wéight of oarhon‘
monoxide equivalent to the iodine pentoxide decomposed. The following

table summarizes the data obtained.

TABLE V

Carbon monoxide: mercury ethyl thiocarbonate

Weight I505 co Hg(SCO0C2HS) 2 Hg (SC00C2HS )2

de@omposed caloulated found oaloulated
Be ge ‘ -4 €0
'0.388 0.213 5.3 1.56
0.323 0.178 4,7 1.31
0«256 0.141 2.3 1,03
0:218 0,120 2.0 0.88

8ince the yields of mersury ethyl thiocarbonete are much in
excess of the yields of carbon monoxide, in terms of the proposed re-
' éction, it is evident that the quentity of ocarbon momoxide found is not
é&ﬂfieient to oconfirm the’oacurrence of ‘the proposed reaction
. qﬁéntitativaly. The detection of carbon monoxide evolved during the

~..oourse of the reaction verifies only qualitatively the resotion mechanism

;,Seheme proposed for the synthesis of mercury ethyl thiocarbonate.
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B. Methyl Formete

(a) Experimental procedure:

The study of the interaction of methyl formate with mercuric
oxide and carbon bisulfide followed exactly the procedure desoribed in -
Part A, Two moles of Eastman's methyl formete (boiling point 31.5 to

,Sz;degrees C) were refluxed and stirred with 0.5 mole of mercuric oxide
and 200 c.c. (8.3 moles) of carbon bisulfide. Darkening of the
mérouric oxide, due to the formation of black mercuric sulfide, was
noted after 4 hours, and after 25 hours the solid phase was completely
bléok —no particles of mercuric oxide being revealed by microscopioe
examination.

Upon completion of & run, as determined by no further evolution
of gas, the mixture was filbered and the filtrate evaporated to 100 ce.c.
Yellow white orystals were thus obtained which,after repeated crystal-
lizetions, formed white glistening plates melting at 93 to 93.5 degrees

C. The erystalline compound, like the ethyl homolog, was readily
soluble in methyl and ethyl alcohols, ether, chloroform, and oarbon
biaulfide. Exposure to moist air caused the erystals to show a dark
’sﬁperficial layer, apparently mercuric sulfide.
£ Four duplicate runs were made with the purpose first %o
estimete oarbon monoxide formed in the course of the reaction and second

to increase yields of the mercury methyl thiocarbonate.

(b) Summery of analytical data upon mercury methyl thicosrbonate:
mercury and -sulfur.

The following summary of the analytical data upon meroury

f and‘su1fur determinations obtained in the same menner as desoribed in
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. Part A, establishes the empirical composition of the mercury methyl

thiocarbonate.
TABLE VI
Meroury: mercury methyl thiccarbonate
Mercury methyl HgS Hg Hg
. ‘thicearbonate found foun theory
g —Be 2 _Z%__
0.3186 0.1938 52447 52446
0,1959 0.1195 52.61 52.46
52.54 Av,
TABLE VII

Sulfur: mercury methyl thioccarbonate

. Mereury methyl BaSO, s S
thiocarbonate found found theory
£ —Be % %
0.2629 0.3212 16,75 16.74
0.2667 043254 16.73 16.74
16,74 Av.

The percentages of mercury and sulfur found are practically
‘yigantical with the calculated percentages of mercury and sulfur in
ﬁéféury methyl thiocarbonate and sccordingly confirm the formula for
seme as developed through the equations in the reaction mechanism

- scheme proposed for its synthesis.

(o) Reaction of mercury methyl thicocarbonate with ammonia.

The same procedure was followed in the study of the interaotion
‘ _¢fVmercury methyl carbonate with emmonis as desoribed in experimental

;paft A. Weighed samples ofthe compound were suspended in water saturated
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fl~ﬁith‘ammonia. After three days the red mercuric sulfide which hed
'(precipitated was filtered off and weighed. Methyl aloohol, urea and
ammonium sulfide were detected in the filtrate.

The resction is represented by the following equation:

Hg(‘o’COOCHs)g + 6NH3 —3 2CHZOH + HgS + 2(NHp)200 + (NHg)2S

The date obtained is summarized in the following bable.

TABLE VIII

Mercuric sulfide: interaction of mercury methyl thio-
carbonate with ammonise.

Mercury methyl HgS HgS

thiocarbonate found theory
— Be B b
1,0188 0.6188 0.6179

0.6676 0.4051 0.4050

The weights of merocuric sulfide obtained are practically

"ideﬁtioal with the weights calculated and, in conjunetion with the

qualitative detection of urea, methyl aleohol and emmonium sulfide
confirm the reaction as summarized in the above equation. Furthermore
‘fthishreaction substantiates the struoture of the compound as developed
' in the reasction mechanism socheme proposed for the synthesis of merocury

methyl thiocarbonate.

(d) Observations upon the formation of oarbon monoxide.

An attempt to quantitatively detefmine oarbon monoxide formed
during the‘oourse of the reaction of methyl formate with mercuric oxide
’ﬁandioarbon bisulfide gave anomalous results similar teo those noted in
[;pgrffA with ethyl formate., The theoretical quantity of mercury methyl

thiocarbonate formed in the course of the resction was caloulated from
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, ;;#he'weight of the oarbon monoxide formed in accordance with the

: "following equation. ’
'2HCOOCH3 + 20Sg + B3HgO —2 Hg(SCOOCH3)2 + 2C0 + 2HgS + Hpo

The following teble summarizes the data obtained.

TABLE IX
Weight Io05 co Hg(8C00CHz) o Hg(SCOOCHz )9
~decomposed caloulated found caloculated
s 6. g 2
«700 04386 2.5 2.64
+328 0.181 2.0 1.24

The ylelds of mercury methyl thiocarbonate do not agree closely
enongh with the yields of ocarbon monoxide in terms of the proposed re-
aétion Yo confirm the ocourrence of the reasction gquantitatively. They
approach the theoretical values, however, and thus they qualitatively
check the reaction and verify the reaction mechanism soheme proposed for

‘the synthesis of meroury methyl thiocarbonate.
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. 0. Ethyl Acetate
~(a) Experimental Procedure

The study of the interaction of ethyl acetate with merocuric
oxide and carbon bisulfide followed essentially the procedurse descriﬁed
in part A except that a gas absorbing train for the purpose of col-
leoting oarbon dioxide formed in the course of the reasotion wes in-
oluded in the set-up. Two moles of Eastman's ethyl acetate (boiling

~point 76 to 77 degrees C) were refluxed and stirred with 0.5 mole of
merouric oxide and 200 c.0. (3.3 moles) of carbon bisulfide,
Darkening of the mercuric oxide was noted after four hours and after

V SO‘hoﬁrs no particles of mercuric oxide were reveasled by mieroscopiec
examination.

Upon completion of a run the black reaction residue was
filtered off and the filtrate evaporated to 100 c.0. A finely divided
‘brown solid and a yellow oil appeared when the filtrate was further
evaporated at room temperature. After standing for several hours the
oil'partly crystallized forming light brown leaflets and a oongider—

 able quantity of an oily gum. The orystals were dissolved by the
faddition of aleohol and separated from the gum by filtration.

f Lédition of water to the filtrate reprecipitated the brown white
qrysﬁals which, after several crystallizations, were found to melt

at - 6l.1 ~ 61l.4 degrees C.

~ (b) Quantitative estimation of mercury and sulfur
Extremely low yields of the product, tentatively assumed to be
- meroury thiobutyrate in accordence with the reaction mechanism scheme

 pfbposed in the theoretioal seotion, limited the number of analyses in
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Efff#he;procedure for the quantitative estimetion of meroury and sulfur.
i hysﬁmmary of the data obtained in the same manner as desuvribed in

part A is embodied in the following tables.

TABLE X

Mercury: mercury thiobutyrate

Mbroury © Hgs Heg Hg
thiobutyrate found found theory
: g. ‘ E. EQ ’ SC
042009 0.1150 49,38 49.32
0.2033 0.1159 49,17 49.32
49,28 Av.
TABLE XI
Meroury BaSOy, S 8
thiobutyrate found found theory
042815 0.2998 14,60 15.73
0.2283 0.2446 14,69 15.73
14,65 Av,.

The percentages of mercury found are practically identical
‘wi#h the percentages of mercury in mercury thiobutyrate. The per-
‘oéﬁﬁages of sulfur found, however, do not check closely enough the
paﬁcentage of sulfur in mercury thiobutyrate. Due to low ylelds of

- %he product and the lack of time to determine the conditions

" nedessary to increase the yields, further analyses were not made.
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(o) Observations upon the formation of carbon dioxide

Since carbon dioxide was formed in the course of thekreéction
it was deemed advisable to guantitatively determine if possible the
amount,of this gas produced. Cheoking of these determinations would
serve to measure the oceurrence of the reaction proposed for the
‘formation of mercury thiobutyrate as represented by the proposed
‘equation:

1 - 20Sp + 2CHZCOOC2H5 + 3HgO — Hg(SCOC3HT), + 2HgS +2002 + Ha0.
Theifollowing procedure was followed.
’ Vapors of carbon bisulfide and ethyl acetate were first
remeved by conduoting the gas stream throggh a Milliken gas washing
bottle containing 200 co. of & 60% by volume alcohol in water
solution. It was experimentally determined that this solution dis-
solved 30 o.c. of oarbon bisulfide and 20 c.c. of ethyl formate.
Carbon dioxide is reported to be much less soluble in an aqueous
alodhoi'solution thaen in either pure aleohol oFf water. (25)
Hydrogen sulfide formed in the course of the reaction may be

aoccounted for by some assumed secondary reaction possibly involving

  §@§»£011owing ohanges:

- CHzCOOC2Hs + Sz —> HS -~ ¢ - CH2000C2Hs5 (a)
\
S
JES, - C - CH2CO0C2H5 C CHCO0C2Hs
LS —> H» +8 S (b)
ll_ﬁ"s - © - CHpC00CHg C -CHCO0C,Hs
- ( {
S S

e i(g),(b). 2CHzCO0C2H5 + 2CS g —> HpS + S(CSCH2C00CoH5)2
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The seoond product in squation (b) above is probably unstable
as was discussed in the introductory section.
The hydrogen sulfide was removed by passing the gas mixture
‘. Bhrough an aqueous solufion of silver nitrate (50 grams of AgNO3 per
",liter) acidified with nitrie acid, sccording to the'method of
',?efiilon (26) . The gas was then passed through calscium chloride
saturated with carbon dioxide and finally through Linter bottles filled
wifthscarite which absorbed the carbon dioxide. The Ascarite bottles
were weighed before and after reaction, the difference in weightis
‘ representing the asmount of carbon dloxide ahsorbed.
The theoretical guantity of mercury thiobutyrate formed in
- the course of the reaction was caloulated from the weight of carbon
dioxide produced in accordance with the equation proposed for their
syntheses,

The following table summarizes the data obtained.

TABLE XIT
Carbon Meroury
i Meroury
~dioxide thiobubyrate thiobutyrate
Lfound found caloulated
i g' g : oarbon dioxide
S
0,156 1.2 0472
0,153 1.2 0471
- 0.177 2.8 0482

0,166 245 0,77
The actual ylields of the product tentatively assumed to be
}imqraury thiobutyrate, do not check the yields of carbon dioxide in terms

‘?ff&ffthe proposed reacthon. The qualitative detection of carbon dioxide
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 however indicates the plausibility of the assumption but further
investigations must be made to confirm the proposed reaction mechanism
sohame for the synthesis of mercury thiobutyrate.

D. Methyl Acetate
(a) Experimental Procedure

In every respect the study of the interaction of methyl
acebate with mercuric oxide and carbon bisulfide followed the procedure
desoribed in part C. Two moles of methyl acetate (boiling point 56 %o
k57[degrees C) were refluxed and stirred with 0.5 mole of mercuric oxide
and 200 cece. (3.3 mole) of carbon bisulfide. Darkening of the mercuric
oxidé was noted in less than 1 hour and after 17 hours the reaction
rasidué had formed a hard brown ceke which was broken up before
stirring was resumed., The residue soon hardened again and it was deemed
advisable to stop the reaction and filter off the residue. The cloudy
brown filtrate upon evaporation yielded a brown dil which was partly
soluble in alcohol. The residue dissolved in chloroform but did not
orystallize upon evaporation of the solvent. White orystals were
obtained when the alooholic solution was diluted with water.

The yield was less than 1 gram. After a seocond orystallization
~%the product was found to melt at 89 to 90 degrees C. Time was available

 for only one other run and the yislds obtained were also very small,

(b) Quantitative estimation of mercury and sulfur

The quantitative estimations of mercury and sulfur in the
H ,produot, tentatively assumed to be mercury thiopropionate formed in
aeéordance with the reaction mechanism scheme proposed for its synthesis

in the theoretical section, were carried out as desoribed in part A.

The data obtained is summerized in the following tables.
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- Meroury
“thiopropionate

Be

0.1241

041442

 Meroury
thiopropionate
N 1

0.0627

10,0913

TABLE XIII

HgS
found

-5
0.0757

0.,0870

TABIE XIV

BaS04
found

—fe
0.0765

041090

Hg
found

%

52,60
52.02

52,31 Av,

S
found

%
16.73
16,36

16.55 Av.

w34

Hg
theory

52.97

52497

theory

16.90

16490

The percentages of mercury and sulfur found are in olose

agreement with the theoretical percentages of these elements in

_meroury thiopropionate. Iow yields of the product made it imperative

to use small samples for the analyses and this may account for the

. slightly lower results obtained.

(c) Observations upon the formation of carbon dioxide

The procedure described in part C for the collection of

~oarbon dioxide was followed in an attempt to obtain quantitative con-

firmation of the proposed reaction mechenism scheme for the formation

:~ Q§ffmeroury thiopropionate as represented by the following equation:

 20Sp + 20HZCOOCHS + 3Hg0 —Hg(SC0CzHE)2 + 2HgS + 2005 + Hz0

ﬂ;Tﬁé;theoretical guantity of meroury thiopropionate was caloulated from
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ifths weight of carbon dioxide produced in accordance with the above

 equation. The following table embodies the data obtained.

TABLE XV
: Meroury thio-
Carbon Meroury propionate
dioxide thiopropionate caloulated
found found carbon dioxide
s; Lo Lo
302 0.37 1.29
168 0.22 0.73

The actual ylelds of the product, tentatively assumed-to
be mercury thiopropionate, do not quantitetively check the amounts of
carbon dioxide found. The qualitetive deteotion of carbon dioxide,
however, does indicate the possibility of the ocourrence of the
proposed reaction mechanism scheme for the synthesis of meroury thio-

: propionate. The low yields of meroury thiopropionate signifies the
oeéurrence of other reactions, the nature of whioh eall for further

extended study.
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SUMMARY OF YIELDS

A. Mercury ethyl thiocarbonate

Yield

found Theory

—
15 22
16 23
12 18
17 25
11 16
13 13

B. Meroury methyl tjiiocarbonate

3.2
2.1
4.0

443

C. Mercury thiobutyrate

1.5
240
2.8
243

D. Mercury thiopropionate
0.4
0.2
1.2
1.2
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5.0
3e2
6.3

6.8

244
3¢2
4,1
3e4

0.6

0.3
1.9

1.9
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GENERAL SUMMARY AND CONCLUSIONS

l. The interaction of mercuric oxide with methyl and ethyl
formates in carbon bisulfide solution have led to original syntheses
of two compounds: mercury ethyl thiocarbonate and mercury methyl
thiocarbonate. The former has been prepsred previously by an entirely
different methods The latter is not recorded in the literature,

2+ A reaction mechanism scheme has been proposed to account

r‘kfor the formation of these compounds.

3, Study of the reactions of each of these compounds with
aqueous ammonia has given products which (a) permit the writing of an
éqﬁation involved for the reaction with ammonia, (b) afford proof for

~ the structural formula proposed for these compounds and, (o) confirm
quantitatively the equation for the interaction with ammonia.
4, The interaction of mercuric oxide with methyl and ethyl
acetates in carbon bisulfide solution gave low yields of compounds
quite analogous in composition to the mercury thiocarbonatesnoted in (1),
their formation being‘acoounted for by parallel equations for the
' ”reactions involved.
5. Modifications of and marked improvements on the quantitative
estimation of mercury in organic compounds have been developed and applied.
6. Extents of the occurrence of the proposed reactions were in
‘no ease sufficient to establish complete stoichiometrical ratios bebtween
the interacting substences and the yiélds of the products formed.

7. It has been found that mercury thiocarbonates are apparently
formed when mercuric acetate reacts with these simple esters in carbon

bisulfide solution. This observation suggests further researches pertinent

%o the character of these reactions.
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