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GENERAL INTRODUCTION

The ultimate aim of the present research was to clarify

~ *the structure of cellulose xanthates~:=C-O-C-SNa ~ with par-

ticular reference to the positions of the xanthate groups

within the glucose units. Sorne attempts have been made in

recent years to solve this problem by substitutlng the unstable

xanthate groups by the much more stable methyl groups, using

diazomethane, and by studying the structure of the resultlng

methylcelluloses. Although the effect of diazomethane on

cellulose xanthate has not been examlned in the present re-

search, similar reactions wlth two simple xanthates have been

shown to lead to the formation of the xanthate methyl esters~
S, ë?C-O- -SCH3 ~ rather than to substitution of the xanthate by

the methyl ether group. Since the reaction of diazomethane

with cellulose xanthate has to be discarded in structural

studies, it becomes necessary to find some more reliable

method of investigation. Unsuccessful attempts have also

been made to bring about this sarne substitution by the action

of Raney nickel on the simple xanthate methyl esters.

The major part of the present work was to collect data

concerning the suitability of cellulose xanthate methyl ester

for structural studies. The original plan was to rnethylate

the remaining hydroxyl groups in the xanthate methyl ester~

then to de-xanthate to a methylcellulose with free hydroxyl

groups in the positions originally occupied by xanthate

groups. The methylcellulose could then be examined, both

directly and after degradation~ and the original xanthate
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distribution inferred from the results. To test the feasibil

lty of this plan, and to learn more of the properties of the

xanthate methyl ester group in general, a series of preliminary

experin~nts was carried out on the simple xanthate esters,

chiefly on the new crystalline O-octadecyl S-methyl xanthate

and O-hexadecyl S-methyl xanthate. The instability of xanthate

esters to alkali, to silver salts, and to thallous ethylate

showed that the original plan was not feasible, as methylation

of the hydroxyl groups in cellulose xanthate methyl ester

would be impossible by any of the usual methods without de

xanthation occurring. A subsequent de-xanthation step, by the

same token, could probably be accomplished easily.

Attempts were then made to degrade the cellulose xanthate

methyl ester itself, in view of the somewhat surprising sta

bility of the xanthate ester group to acid, which was briefly

reported in the literature and was confirmed by a variety of

experiments on the metbyl esters of simple xanthates. Although

the drastic conditions of degradation of the cellulose to a

mixture of glucose methylxanthates always caused a considerable

loss of sulfur, sorne of the hydrolysates were examined by

paper chromatography and by other means. The interesting paper

chromatograms can not be interpreted fUlly until the glucose

analogues are known.

It seemed probable that a more stable xanthate derivative

would have to be used if fully satisfactory degradations to

glucose derivatives were to be attained. The search for a
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suitable new derlvative was beyond the scope or the present

research, which was limited to the methyl ester, but some

exploratory work was carried out with the simple xanthates.

Of the oxidants tried, bromine, periodate, and hydrogen per

oxide, the last named produced crystalline derivatives from

hexadecyl and octadecyl methyl xanthates. These new deriva

t1ves proved stable to mineraI acid although their structures

were not elucidated.



HISTORICAL INTRODUCTION

Xanthate Methyl Esters of SimPle Alcohols

Standard textbooks explain that there are theoretically

two dithiocarbonic acids, a dithiol (1) and a thionthiol (II)

ac id:

o

"HS-C-SR

r

These structures, which are tautomeric, represent acids

which are not known free, probably because of great insta-

bility. Simple dithio acids of the type RCSSH are known,

but are extremely unstable.

Salta, esters, and other derivatives of both dithio-

carbonic acids are weIl known. For example, esters of these

acids may be prepared by the reaction of phosgene or thio-

phosgene with an alcohol or mercaptan.

o
Il

CI-C-Cl

o
RSH "

---:>;:;.- RS-C-SR (1)

s S s
Il ROH Il RSH 1/

Cl-C-Cl ---:>7 RO-C-Cl ---:::>:=. RO-C-SR (2 )

Compounds of the type RO.CS.SM, which are salts of the

O-alkyl derivatives of (II), are commonly known as xanthates,

or xanthogenates, and are most frequently prepared by the
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action of carbon disulfide on alkoxides.

RONa ott· CS2 --~>~ RO.CS.SNa

The name xanthate is derived from the Greek (xanthos, yellow)

and refers to the color of the yellow cuprous salts. Sodium

and potassium xanthates are nearly colorless when pure, al-

though they often have a yellow color owing to the presence

of sodium trlthiocarbonate. Because of the O-alkyl gr oup ,

a xanthate is an ester as weIl as a salt. HOwever, the term

"xantha te ester", as herein uae d , refers to a xanthate in

whioh the me tal has bee n replaced by an addi.tional alkyl
/group, and hence is really a double ester, i.e., RO,CS.SR •

In the present work, the prefixes 0- and S- are frequently

used, in order to avold amblguity. Although by no means

universal JI this wasthe pr-ao tics of Bulmer a.nd Mann (1) in

their series of papers on xanthates and dithiocarbonates.

The more :formaI International Union of Chemistry nome ne La-

ture is not used in thls work, as Its general unwieldiness

in the case of xanthates Is unsulted to a report where names

are frequently r-epe a te d , For example., the ester

C2HSO,CS.SCaHs Is herein nalœd O-ethyl S-ethyl xanthate

rather than ethyl ethoxymethanethlonothiolate,

Although esters of both aclds (1) and (II) MaY properly

be termed dithlocarbonates z., this J~e~igpat ioIL ls _Qr obably _

better restricted to derivatives of (I), thus distingulsh-

ing them from the xanthates, which are derivatlves of (II).

The dithiocarbonates, in this restricted sense, are qulte
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distinct from the xanthate esters, but can sometimes be made

by heating the corresponding xanthate ester, as described

1ater. Usually quite different methods of preparation are

used for the two types of compounds; whereas xanthate esters

are almost always made by methylation of the corresponding

xanthate salta, the dithiooarbonates result from the

aotion of phosgene on sodium alkyl sulfides (2) or from the

hydrolysis of alkyl thiocyanates (3).

S
1/

RO-C-SNa + CH31

/C1
O=C", + 2NaSR

Cl

2RSCN + 3H6H

S

"----~>~ RO-C-SCH3 ~. NaI

/SR
+ 2NaCl:> O=C,

SR

SR
;> O::C/ + C02 + 2NH3

'SR

(4 )

(5 )

They are readily d Lat Lngu Lshe d from the xanthate esters by

phenylhydrazine (l, 4) whlch glves substltuted thiourethanes

wlth the latter but does not affect dlthiocarbonates under

the conditions used.

S
Il /

--~>~ RO-C-NH.NH.C 6H5 + RSH

Several of the simple xanthate salts are used commer-

clally as flotation and wetting agents, but the xanthate
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esters have no commercial importance. They are sometimea of

value as intermediates Ln organic synthetic work, for exampLe

in the Chugaev dehydration of an alcohol, to be mentioned

later.

The xanthates were discovered by Zeise (5) in 1822 and

are frequently encountered in the early literature. The

esters are more stable than the salta, and are therefore

usually chosen for experimental work. 1~ny references to the

esters (eg. 6, 7,8) are contained in the early literature.

For exampl.e , in 1850 Debus (6) showed .that O-ethyl S-ethyl

xanthate is readily prepared from potassium ethyl xanthate

and ethyl chloride. The simple xanthate esters are usually

high-boiling liquida, insoluble in water, and possesa a garlic

like odon , On1y a few auch c ompounds have been reported as

crysta11ine. Table l is a 11st of those which are methyl

estera.

In nearly aIl cases, xanthate methyl esters are pre

pared by methylation of the corresponding sodium or potassium

salta, uBually with methyl iodide. Often, however, the salt

is not isolated prior to methylatlon. A less common method

of preparation ls indicated by equation (2) (page 1).

The xanthate Bal t may be prepared by any one of a t

least three distinct methods, of which there are many modifi

cations. A oommon method, used, for example, by Chugaev (19)

in his olassic researches on the xanthates involves the

prior formation of the sodium or potassium alcoholate from



TABLE r

Crystalline S-Methyl Xanthates

S-Methyl Xanthate ~ing Point Reference

O-Benzyl 29 0 C. (9 )

O-l-Menthyl 39 0 C. (10)

0-1-Bornyl 56-57 0 C. (11)

O-d-Bornyl 56-57 0 C. (12 )

O-Pivalyl 40-41 0 c. (13 )

0-2,2,6, 6-Te trame thyl-
60-65 0 (13 )cyclohexyl c.

O-Hexahydrobenzyl 16.50> C.(a) (14 )

0-cis-2-Phenylcyclohexyl 49-50 0 C. (18 )

5

(a) Both Chemica1 Abstracts (15) and
British Chemical Abstracts (16)
incorrectly record the meIting point
as 165 0 C., omitting the decimal
point. Tt is correct1y ~lven in
Chemisches Zentralblatt l17) as
16.5° C. The original paper was not
readi1y avai1able.
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the corresponding alcohol by use of metal1ic sodium or

potasslum, followed by treatment wlth carbon disulfide,

usually in the presence of a solve nt, which ls often merely

an excess of the alcohol. This method ls inconvenient, and

slightly hazardous.

A second method of preparing xanthate salts is a one

step process using the appropriate alcohol, solid sodium

hydroxide or potassium hydroxide, carbon disulfide, and

often anadditional solvent. The isolation of the inter

mediate alcoholate ls thus avoided. It is assumed that the

alcoholate i8 formed, nevertheless, in a reversible reaction:

ROH + NaOH <'" ".. RONa + H20 (8)

The alcoholate reacts at once wlth carbon dlsulfide, and

thus the equllibrlum i3 shifted until the alcohol ls aIl con

sumed. This method ls not only more convenient, but ls

reported to give better yields (20). Moreover, it was the

earliest method, since caustlc soda or caustic potash was

used in the xanthate preparations of Zeise (5) and other

early workera. Dubsky (21) used thls method to prepare the

xanthates of several alcohols. The one-step process, long

neglected, has been used in several more recent researches,

including those of Whitmore (20), Vogel (22), and Bulmer and

Mann (1).

In xanthatlons, trithiocarbonates are also formed in

considerable amounts, giving the crude xanthates a yellow or

orange c ol.or ,
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6NaOH + 3CS2

It ia often a matter of considerable difficulty to prepare a

xanthate in a pure state, both because of the trithiocarbon-

ate Impurlty and becauae of the Inherent Instability of the

xanthate group. The best method of purification seems to be

that of DeWitt and Roper (23), who employed repeated precipi-

tation from acetone solution by large amounts of benzene and

petroleum ether. Another way of getting rid of trithiocar-

bonate ia to decompose it with a weak acid, such as carbonic

acid, which does not affect the xanthate salt.

A method of preparing xanthates in which decomposition

of trithiocarbonate by carbon dioxide plays an Integral part

is that devised by Lieser (24) for the preparation of xan-

thates of sugars and water-soluble alcohols in ge ner a l . Its

distinctive features are the use of aqueous barium hydroxide

solution, and the subsequent use of carbon dioxide to serve

the double purpose of destroying trithiocarbonate and of pre-

c ipitating excess barium hydroxlde as the carbonate.

BaCS3 + CÛ2 + H20 > BaC03~ + CS2 +. H2S (10 )

Ba(OH)2 + CO2 > BaC03 t .... H2 0 (11)

It was impossible to prepare sugar xanthates by the older

rœbhods .

The mec hanism of simple xancha t ion was shown by Makolkin

(25) to be:

S
Il

---->7 RO-C-SNa + H20 (12 )
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This mechanism, the expected one, was proved by followlng the

reaction with 018-e nr i c he d sodium hydroxide.

Tt ls surprising that the methyl xanthates of a large

number of relatively simple alcohols have never been reported

in the literature. For example, those of hexadecyl (cetyl)

alcohol and octadecyl (stearyl) aloohol, which have been pre

pared by the present worker, apparently have never been~re=

viously reported. The corresponding xanthate salts, however,

have been mentioned. Potassium cetyI xanthate was made many

years ago by de la Provostaye and Desains (26), using pow

dered potassium hydroxide and a solution of cetyI alcohol in

carbon disulfide, and again by Hermans (27) who dissolved

potass ium hydroxide ln mol ten cetyl alc ohol and treated the

solid obtalned on 00011ng with carbon disulf1.de. CetyI xari

thate ls interesting in that its concentrated aqueous solu

tion at hlgher temperatures is an anisotropie llquid (27, 28).

The sole reference to an octadecyl xanthate salt appears to

be in a patent of Graves (29) where it 15 mentioned together

with several others as oeing of possible Usé as a rubber vul

canlzation accelerator, or as a flotation or wetting agent.

A procedure ia given for the preparation of such salts.

The behavior of xanthate esters on heating depends some-

_V'lha~~3he~ature_ 01' ---±ha _pa:Eticular----e s-te-r-.-- [,hose-de-r ived- - - - - - -

from primary alcohols are usually cansidered to be relatively

stable to distillation (e.g., 20), but those fram other

alcohols often decompose ta unsaturated hydrocarbons when
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heated alone or with solvents. This, the Chugaev method

(la, 19) for preparing such hydrocarbons, has been used

extensive1y in the terpene series, for example in the pre-

paration of menthene from menthol:

s- - - - - /1- - - - - - - - - -
-o-C-SCH3 :> ~ +- CH3SE + COS (13)

Many studies of this r eac t Lon have been made, among the more

recent and interesting of which are those of MOAlpine (30),

Whitmore (20), Bu1mer and Mann (1), and Alexander and Mudrak

(18). Evidence now suggests that there is a preferentia1

e11mination of cis-~-hydrogen atoms, and that quasi six

membered rings are involved, owing to hydrogen bonding of

the suli'ur (18).

Sometimes even the xar.thates of primary a1coho1s behave

in a similar manner; Namentkin and Kursanov (9), for example,

showed that 0-benzy1 S-methy1 xanthate gave stllbene:

(14 )

In this case, a Chugaev decomposltion Is not possible.

Bu1mer and l~nn (1) studled the sti1bene formation [rom
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substituted benzyl xanthates in considerable detail. It Is

obvious, then, that distillation or extensive heating of

these esters should in genera1 be avoided, although vacuum

distillation can often be used wlth caution.

A second reactlon caused by heating xanthate esters Is

transformation ta an isomeric dithlocarbonate:

s 0
Il 1 Il 1

RO-C-SR --->~ RS-C-SR

Apparently this reaction oeeurs ooly ln certain cases,

(15)

whlch are not yet clearly defined in the literature. An

informative paper is that of Laakso (13), who observed

such transformations of the methyl, ethyl, propyl, and lso-

propyl xanthate esters of 2,2,6,6-tetramethyleyclohexanol,

of methyl fenchyl xanthate (III), and of methyl pivalyl xan

thate (IV), but found little evidence of transformation in

the case of methyl l-methylcyclohexyl xarrtha te ,

III

iH3

CH3-C-CH3 S
1 1/

H-C-O-C-SCH
1 3

CH3-C-CH3
1
CH3

IV

These are aIl xanthate esters of secondary alcohols. The

thorough studles of Bulmer and Mann (1) show that certain
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substituted dibenzyl xanthates are incapable of transforma

tion to dithiocarbonates, while others change quite readlly.

Although the reason la not clear, isomerization readi1y

ooours when the para substituents of the two benzyl groups

are identieal, but in other cases substituted sti1benes

resu1t.

It is obvious that in cases where the isomerization

ooeurs, the alcohol can be transformed to its corresponding

thiol by xanthate ester formation , isomerization, and

hydrolysia. Indeed, hydrolysia to the thiol has sometimes

been used as a chemical proof that isomerization has occurred,

as in the work of Laakso (13). This isomerization was used

by Freudenberg and Wolf (31) to prepare 3-thioglucose, start

lng from diacetone glucose.

The course of theae reactions is often somewhat comp1i

cated by the fact that both xanthates and dithlocarbonates

often exlst ln "parent" and "stable" ror-me, whose nature la

as yet undecided. The only difference 3eem3 to be that of

thermal stabillty, and there appeara to be sufficient evl

denoe that it ls not rnerely a matter of a trace impurity

oatalyzing the decomposition of the "par-e rrt" r or-m, but that

a more fundamental factor ia LnvoLved , Th:l.s question 18

discussed in the papers of MCAlplne (30), and Bulmer and

Mann (1). Sorne writers, notably Laakso (13), have oonfuaed

the matter by referr ing to "parent" and Il stable" forros when

they mean xanthate and dithiocarbonate, but Bulmer and ~~nn
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have clearly s hown that t he se changes are distinct from the

isomerization of xanthate to dithiocarbonate.

There are several early references to the hydrolyais of

these esters, most of which do not clearly state experimental

conditions. O-Ethyl S-ethyl xanthate was shown by Schmitt

and Glutz (3) to be decomposed on he a t Lng with water to 160 0 C.

in a sealed tube, giving carbon dioxide, hydrogen sulfide,

ethanol, and ethanethiol. The action of alcoholic alkali was

shown by Schmitt and Glutz (3) (cf. also 32) to give a thiol

and a salt of an alkyl monothiocarbonic acid.

(16)

Alcoholates give thiols, alcohols, and salts of alkyl mono

thiocarbonic acids (e.g., 32, 33).

S
Il

RO-C-SR' + KORH+ H20

o

"--->~ ROH + R~Ir + Rb-c-SK (17 )

The mechanism of such reactions was said by Salomon (32) to

be:

1
----~>~ COS + ROH + RSH (18 )
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OR"
COS * KORd ~>~ O=C~

"SIC

Thus, the salt of the alkyl thiooarbonic ac~d origir-ated in

the addition of a100holate to the oarbon oxysulfide produoed

in the first reaction. Wallaoh (33), howeve r , gave quite a

different explanation:

/1
/OR RO...... /OR

S C....... KOR" <,C.......
= 'SR' + ----"""':>~ KS/ 'SR'

(20 )

i6
-->~ ":-c=0 + ROH + Rf3H

Kg/
(21 )

Quantitative experimental results appear to be laoking to oon

firm or deny this v Lew ,

In more recent years, several workers have mentioned

hydrolysis of these esters. In sorne cases, there seems to be

surprising stability to aqueous alkali. McAlpine (30) has

mentioned that prolonged boiling with 40% aqueous potassium

hydroxide had no effect on O-menthyl S-methyl xanthate, but

conoentrated alooholio potassium hydroxide caused complete

hydrolysis in 12 to 18 hours, giving pure menthol. Similar

treatment of O-menthyl S-ber-zyl xanthate gave oomplete

hydrolysis in six hours. With both oompounds, alooholic

barium hydroxide gave on1y partial hydro1ysis, sorne of the

ester changing to the "more stable" forme Bornyl methyl xan

thate was also unaffected by aqueous potassium hydr ox ide , in
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contrast to isobornyl methyl xanthate which Chugaev (19) had

shown to be easily hydrolYzed. Lieser (34) reported the

ready decomposition of a methyl xanthate of ~-methylgluco

side on treatment with dilute alkali, but surprising stability

on heating with dilute hydrochloric acid and on heating alone

to 140 0 C.

Very early references reported no reaction of xanthate

esters with aqueous arnmonia at ordinary temperatures

(e.g., 35), but Debus (35), Schmitt (3), and others mentioned

decomposition with alcoholic ammonia (conditions unstated) to

mercaptans and thiourethanes:

(22 )

Salomon (36) obtained ethanol, ethanethiol, and ammonium

thiocyanate by heating the ester with aqueous ammonia to

120-140 0 C. in a sealed tube:

Recent workers, e.g. Laakso (13), have also prepared xantha

mides (thiourethanes) by the reaction of alcoholic ammonia

with xanthate esters.

The fact is weIl known that salts of silver, mercury,

cadmium, and other metals can often be used to remove sulfur

from certain organic compounds. Particularly in the field of

sugar chemistry there are many :1nteresting references to
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such reactions (e.g., 37, 38, 39, 40) which have been used te

prepare aldehydo derivatives, gl yc of ur a nos i de s , and thiogluco

furanosides. Lieser (34) used silver carbonate or mercuric

acetate to decompose a methyl xanthate of a-methylglucoside

and similar compounds. The xanthate residue is easily split

off, leaving a 50% yield of a-methylglucoside. In some of

these reactions the sulfur atoms may be removed progressively

and intermediate compounds may be iso1ated. This appears te

be a reasonable method of removing a xanthate residue without

disturbing other groups attached to the sugar residue, and is

the basis for some similar reactions to be described in a

later section.

In recent years, Raney nickel has been used extensively

for desulfurization of many types of compounds, the sulfur

atom being replaced by hydrogen atoma. Such a reaction was

first carried out by Bougault, Cattelain, and Chabrier (41)

and 1ater the method was developed extensively by Mozingo

(42), Wolfrom (43), and ethers. Recent reviews of this

method are available (44, 45). Apparent1y the only referenoe

to its use wlth xanthate esters ls in the sugar field, where

Fletcher (46) prepared sugar alcohol anhydrides from S-glyco

syl xanthates. There is no mention of what happened to the

xanthate residue in this reaction. It has recently been

reported by Baddiley (47) that certain dithioesters are

desulfurized in this way to g i ve hydrocarbons. For example:



s<)-Cff:l-
g-SCH3 Raney Ni;;.

An analagous reaction ofaxanthate

16

<.>-Cff:lCH3 + CH4 (24)

ester might be expected

to g i ve a methyl ether, but such a reaction has not been

reported:

RO. csss" ------:>~ ROCH3 + RH (25 )

There seems to have been no deliberate attempt to oxidize

a xanthate ester and to isolate the product. However,

Delépine (48) observed that simple xanthate esters are often

spontaneously oxidized in the air at ordinary te mperatures

with the evolution of light and fumes, but the nature of the

oxidation products was not mentioned. Lowmolecular weight

xanthate esters are weIl known to be chemlluminescent in air

(49). It has been reported (50) that O-mcthyl S-methyl xan-

thate absorbs oxygen qulckly in aqueous ammonia, the sulfur

appearlng as a mixture of several Inorganic acids, incIudlng

sulfuric, sulfurous, and thiosulfuric. O-Ethyl S-ethyl xan-

thate also absorbs oxygen in aqueous ammonia solution to

give O-ethyl S-ethy1 thiocarbonate.

The oxidation of xanthate salts, in contrast to the

esters, ls weIl known, and is not reviewed here.

Cellulose Xanthate and its MethZ1 Ester

The forr~tion of cellulose xanthate trom alkali cellu-

10se and carbon disulfide was discovered by Cross, Bevan,

and Beadle (51) in 1892, and is considered to be ana10gous
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to the formation of the simpler xanthates known much earller.

Cell.-OH.NaOH + CS2

S
/1

----->~ Cell.-O-C-SNa ~ . fl20 (26)

There may not be a strict analogy, however, since alkali

cellulose may not have the simple alcoholate structure. Tt

ls generally accepted that the sodium hydroxide in alkali

cellulose is bound to the hydroxyl groups in sorne way,

possibly in the form of a definlte compound, but a review of

the structure of alkall cellulose is beyond the scope of the

present work.

A vast literature on cellulose xanthate has grown up,

much of which ls concerned with the technical aspects of its

industrial manufacture. This subject is thoroughly discussed

in the cornmon text books of cellulose chemistry (e. g., 52,

53, 54) and is not reviewed here. As often pointed out ,

interest in cellulose xanthate itself has been subordinate

to interest in t he properties of viscose, the alkali solution

of the crude xanthate, from which cellulose ls regenerated

in the manufacture of rayon and cellophane. Recent work on

the more academic aspects of the reaction wlll be brlefly

reviewed insofar as they are related to the present research.

These problems, still s omewhat unae t t Led , LncLude the extent

of the heterogeneity of the reaction under the usual condi-

tions, and related questions regarding the distribution of the

xanthate groups. The distribution of t!~ groups within the
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individual glucose units has attracted muoh attention recently

and was a more particular interest of the present research.

Industrially, the process of preparing cellulose xanthate

invo1ves the treatment of pressed and shredded a1ka1i cellu

lose with carbon disu1fide in revolving vesse1s, after which

the crude orange-co1ored xanthate crumbs are disso1ved in

di1ute caustic soda to g i ve the viscous solution known as vis

cose. Details may be found in several textbooks, of which

those by Heuser (52) and Ott (53) are particu1ar1y valuab1e.

Examination of the viscose revea1s a degree of substitution

of the order of 0.5, i.e. one xanthate for about two glucose

uni t.s , After an li agingU or ur ipening" of the vise ose, an

essential step, it has desirab1e characteristics for spinning.

Ripening appears to be a rather complicated process invo1ving

considerable de-xanthation (55, 56) together with change in

col10idal properties. A review of the fairly extensive work

on the rlpening process is beyond the scope of this work.

The spun filaments are led into an acid bath, i n which cellu

lose is regenerated. The viscose solution ia also a raw

material for the manufacture of cellophane.

Laboratory methods of preparing cellulose xanthate are

found in the usua1 text books (e.g., 52, 53, 57, 58), and ln

many papers (e. g., 55, 59, 60, 61). They are essentially

small-sca1e modifications of the industria1 procedure. The

different methods vary to some extent in the proportion of

carbon disu1fide used, the temperature and the strictness of
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its control, and the time of reaction. The extent of pressing

of the alkali cellulose prior to xanthation also varies, the

"pressed weight ratios" varying from three to four. The con

centration of the sodium hydroxide solution used for solution

of the xanthate crumbs also varies somewhat, but is usually

such that the sodium hydroxide content of the resulting ~olu

tion is between 4% and 9% and the cellulose content is about

7%. From one-quarter to one-third of the carbon disulfide

used is consumed in side reactions (62, 63) which lead to

sodium trithiocarbonate, sodium carbonate, and sodium sulfide.

In laboratory preparations, the ripening step may or may not

be included, depending on the purpose of the particular

research. When information regarding the chemical structure

of the original xanthate is desired, ripening must be omitted

or made very brief, because of the fundamental changes which

occur. De-xanthation, probably preferentially from particu

lar positions, and ester interchange may change the pattern

of group distribution completely. A ripened xanthate would

be expected to show a much more uniform structure, both with

regard to xantl~te group distribution among the chains and

glucose units, and also within the glucose units. In the

first respect at least, this expectation is realized, as

shown by Chen, Montonna, and Grove (55), and diseussed in

detail below. One simple piece of evidence that ester inter

change must oceur is the fact that cellulose can be dispersed

in viscose under conditions where it cannot be dispersed in
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sodium hydroxide alone (64). The effect of ripening on group

distribution is stressed here because it seems to have been

disregarded in some researches reported in the literature.

Conclusions regarding the structure of any cellulose xanthate

depend on the history of preparation, particularly the extent

of ripening.

In many academic researches, a pure cellulose xanthate in

solid form is required. The phenomena observed during the

ripening of viscose and the fact that s o.lLd cellulose xanthates

lose their water solubility on standing for some time (61, 62)

show that these xanthates are not stable, and the problem of

isolating and purifying them is therefore difficult. Most

methods of purification involve precipitation from viscose

solution by methanol, ethanol, or acetone, although salting

out with sodium or ammonium chloride has also been used

(52, p. 312). Washing with methanol, ethanol, or acetone

removes the orange-colored sodium trithiocarbonate and other

impurities, although sorne excess sodium hydroxide always

remains in the product (see p. 21), and maY be largely

removed by a weak acid.

Another method of obtaining a relatively pure cellulose

xanthate was first used by Lieser (62). The xanthate is kept

fibrous throughout the e ntire procedure, and the preparation

of a viso ose solution is avo Lded , The cr ude xanthate crumbs

are repeatedly washed with alcohol - Lieser himself used

methanol - to remove aIl trithiocarbonate, sulfide, and most

alkali, leaving a nearly colorless product, but one whioh
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contains a little excess alkali.

Although the present research is concerned with only the

usual heterogeneous xanthation of cellulose, homogeneous con-

ditions are obtained when a quaternary ammonium base Is used

as a solvent for the cellulose, in whlch case the trixanthate

Is readlly prepared. This method apparently orlginated wlth

Lleser (65).

After washlng cellulose xanthate with aloohol, the

sodium oontent is invariably higher (60, 62, 66, 67) than

that required by the formula Cell.-O-CSSNa, and the excess Is

probably present as sodium hydroxide. Cross and Bevan (51)

ascribe to the xanthate, isolated by precipitation by alcohol,

formula CV). ethers (e s g , , 68) assume the extra sodium to be

present as a cellulosate, formula (VI), and still others,

e.g., Rassow and Aehnelt (67), have considered the extra

sodium hydroxide to be attached to the C=S group, which ls

unllkely.

S
II

NaS-C-OC 6H90S·NaOH

V

S
Il

NaS-C-OC6HS030Na

VI

Fink, Stahn, and Matthes (66) have subjected viscose to

ultrafiltration, and found that the greater part of the

sodium hydroxlde passed into the filtrate. The retained

part amounted ta only one-fifth mole per glucose unit, in

contrast ta the one mole as formulated by Cross and Bevan.
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It has often been stated that the excess caustlc soda

may be merely adsorbed on the cellulose or xanthate group,

and that stolchiometric relationships are incidental. There

i8 evidence both to support and to deny this view. Heuser

and Schuster (60) present figures to show that, with increas-

ing alkali content of the viscose, the xanthates obtalned by

precipitation with alcohol show an inoreasing sodium hydroxide

content. In more recent years, Staudinger and Zapf (61)

cLaLmed that the sodium hydrox Lde must be bound chemically as

1it cannot be removed by reveral washings. Moreover, they

found that for a large number of cellulose xanthates of widely
!

varying degrees of 8Ubst~tution, the excess sodium hydroxide

amounted to about one-ha~f mole per xanthate group. These

experiments were done on xanthates prepared essentially by

Lieser's method, in which the xanthate crumbs are washed with

alcohol until free of trithiocarbonate. However, they further

purified these xanthates by solution to viscose, and precipi-

tation with alcohol, and found that the approximate ratio of

about one-half mole excess sodium hydroxide per xanthate

group still held, even though the degree of substitution had

dropped considerably.

In what appears to be the most recent work in this con-

washed xanthates of degree of substitution 0.5 to 0.75, the

relative excess of sodium hydroxide was fairly constant, the

sodium content averaging 142% of theory. However, with
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ethanol-washed xanthates, the sodium content dropped ~rom

169% to 113% o~ the ory as the degree of substitution increased

from 0.5 to 0.75. Lauer concluded that the excess alkali is

chemically bound, the equillbrium being determlned by the

solvent used for washing. The sum o~ the substltutions (per

glucose unit) of xanthate and alkali was 0.71 for methanol

washed products, and 0.80 to 0.84 for ethanol-washed ones.

The removal of excess alkali by treatment wlth a weak

acid ls said not to affect the xanthate group to any appre

ciable extent. Heuser (60) acidified the viscose with

dilute acetic acid and immediately precipitated an alkali

free xanthate with sodium chloride solution. Other workers

steeped their alcohol-precipitated xanthates in acidic solu

tions, Chen and his collaborators (55), for example, using a

5% or 10% solution of acetic acid in absolute methanol at

0 0 C. for a short time. These treatments, if brief and at

low temperatures, appear to decompose the xanthate group

only slightly. The alkali-containing and alkali-rree cellu

lose xan t ha te s have been called ualkali cellulose xan t ha te "

and "ne ubr-aâ cellulose xanthate" (e .g., 55), but this nomen

clature seems confusing. An alkali-free cellulose xanthate

in aqueous solution still reacts slightly alkaline, indicat

ing a slight dissociation (52).

Staudinger (61) was apparently less successful than

others in removing excess caustic sOda. For this purpose, he

precipltated the xanthate with a mixture of alcohol and a
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weak acid, such as acetic acid, phenol, or acetoacetic ester.

He lost about three-quarters of the xanthate groups and still

had an excess of sodium hydroxide corresponding to about one

half mole per xanthate group. However, he did not mention the

earlier and divergent result of Heuser, but stated that "the

excess of sodium hydroxide cannot be removed by weak acids,

a sign of the firm binding of sodium hydroxide in cellulose

xarrtha tie!", The possibility of excess caustic soda is the

chief reason why the degree of substitution of a cellulose

xanthate is determined from the sulfur-ce11ulose ratio and

not from the sulfur content a1one.

Lieser (62) claimed methanol to be more efficient than

ethanol in washing the crude cellulose xar-thate, reporting

that the latter would not remove aIl lmpunities even after

an hourI s washlng. He recognlzed the slow hydrolysis caused

by methanol, however, but managed to wash his products fast

enough to presume that this effect was negligible. As Lieser

used cotton thread to prepare his xantha te s , this wa.shing wasa

apParently not too difficult. However, when cotton linters

are used, or when a higher level of xanthation is obtained,

the product may be so ge l a. t i nous or the lumps so large that

washing with methanol may be so time-consuming as to be

impractica1. It is now recognized (see be10w) that methanol

washing may result in a considerable loss of xanthate groups.

Staudinger (61, 70) used Lieser 1s method in much of his

work on xanthates, but preferred ethanol for washlng. He
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pointed out that ethanol leads less easily to ester inter

change, and that highly xanthated, de graded products are more

difficultly soluble in ethanol than in cold methanol. His

ethanol-washed products contained a higher percentage of sul

fur than those washed with methanol. Lauer (69, 71) also

used ethanol in his recent work, although otherwise his method

of xanthate preparation resembled Lieser's. He stated (69)

that the xanthate residues of more highly xanthated products

are partly decomposed by methanol. The degree of substitution

of his xanthates, originally as high as 0.77, was reduced to

0.5 to 0.6 by washing with methanol, but not with ethanol.

This observation may explain why Lieser's xanthates always had

a degree of substitution of about 0.5.

The sarne disadvantages are probably operative when xan

thates are precipitated from viscose solution by means of

methanol. However, rnethanol precipitations and purifications

are undeniably far more convenient than those with ethanol.

1\fethanol precipitates are very light colored ge l a t i nous lumps

which filter very easily after the ge l a t i on stage ha s passed

(see later), while ethanol precipitates are often yellow,

sticky, gummy masses, cf. Staudinger (61), which are extremely

difficult to wash, and which soon harden to brittle lumps.

Methanol i8 still often used for precipitation, for example

by Chen and his collaborators (55).

The heterogeneous nature of the xanthation reaction has

been weIl reviewed by Timell (72). Lieser (73), Lauer (69, 71)
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and others (e.g., 74, 75) regard heterogeneous xanthation

unde r the usual conditions to be a m:l.cellar-heterogeneous

reaction, i.e. one affecting only the amorphous regions and

micellar surfaces of cellulose. Many others, including

Staudinger (70), Hermans (54, p. 328 ff.), .a nd Heuser

(52, p. 307 ff.), c on s Lder' the reaction to become more or

less permutoid as it proceeds, the m:l.celles being penetrated

quite early. As early as 1940, Staudinger (61) considered

the enteriog groups to be distributed accordlng to the laws

of probability, not ooly in xanthates but in aIl cellulose

derivatives. There is evidence supporting both points of

view, and agreement has not been reached.

Lieser (73) believed that the production of a degree of

substitution always of the order of 0.5 indicated the mlceIIar

heterogeneous type of reaction, since about half the glucose

units were considered to be in the amorphous reglon or

micellar surfaces (cf. 76). Tt has been shown, however, that

much higher degrees of substitution can be obtained, even

under heterogeneous conditions. Lauer (69) sets the limit at

0.75 to 0.8, but 1.1 (77) and even 1.5 (63) have been reported

when a great excess of carbon disulfide was used. Henee the

value 0.5 can have Iittle significance in deciding this ques

tion. The fact that Lieser and others eonsistently obtained

values of this order was said by Bredée (78), a strong critic

of Lieser, to be sirr~ly because nearly aIl thealkali provided

had been consumed by this time. Another explanation is

implied in Lauer's recent work (69), which apparently shows



27

that washing with methanol removes more highly xanthated pro

ducts to a great extent (see p. 25). Lauer's researches also

appe ar to show, however, that this value may indeed be signi

ficant (see later), as it appears to correspond to the maximum

number of mono-xanthated glucose units.

Another argument which Lieser (73, 79) considered to

support his view may be briefly aummar Lz ed , As d î.s c us se d in

detail later, he presumably substituted methoxyl groups for

xanthate groups by means of diazomethane, and subjected the

resulting methylcellulose to acetolysis. The yield of cello

blose octaacetate, 21-24%, was about half that obtained in a.

model acetolysis on cellulose itself. He considered that

this relatively large yield ind:lcated that large numbers of

adjacent gl uc ose units had not been xanthated, and that these

units were in the interior of the micelles. It is now clear

that even if the material .had been uniformly attacked, and

group distribution had followed the laws of chance, up to

32% of cellobiose octaacetate could have been obtained (80).

Moreover, Lieser detected no monomethylcellobiose acetate or

dimethylcellobiose acetate, and no conclusions Can be drawn

from this experiment. Lauer (71), nevertheless, recently

r e ac he d the s ame conclusion from sim:i.lar experiments. He

pointed out that a 108s of methoxyl groups during acetolysis

under Lieser's co nditions, perhaps accounted for the high

yield of cellobiose octaacetate, but even when he used a

method which avoids this loss he still obtained high yields.

He came to the cautiou8 conclusion that the crystalline
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regions of the fibre are untouched by carbon disulfide. This

conclusion may not be justified from his experiments. Also,

the total hydrolysis of methylcelluloses obtained from xan

thates by diazomethane produced about a 50% yield of unmethy

lated glucose, eve n when the de gree of substitution of the

xanthate was as high as 0.8. Additional xanthate groups must

have entered glucose units which were already xanthated. As

mentioned in a later section, the only other products isolated

in such hydrolyses were 2-methylglucose and 2,3-dimethylglucose,

which, together with gl uc ose , accounted for practically aIl of

the material hydrolyzed. He considered these results afforded

clear evidence that the crystalline domains are not xanthated.

This argun~nt, as weIl as that of the acetolysis experiment,

depends on the validity of the assumption that xanthate groups

were precisely replaced by n~thoxyl groups in the diazomethane

reaction, about which there may be some doubt.

Fink, Stahn, and Y~tthes (66) fractionally precipitated

the diethylacetamide of cellulose xanthate of degree of sub

stitution (D. S.) 0.5 and found that fractions of varying

degrees of polymerization (D. P.) had about the same D. S.

More reoently, however, Scherer and Phillips (59) fraction

ally precipitated the same derivative, D. S. 0.6 to 0.7,

from a chlorohydrin solvent by means of water, and showed the

D. S. of the fractions to vary from 0.576 to 1.12. This

definite heterogeneity was assumed to be caused by the slow

penetration of carbon disulfide into t~ alkali cellulose,
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probably because of the relative insolubl1ity of carbon dlsul

fide in sodium hydroxide solution. Similar results were

recently found by Chen, Montonna, and Grove (55) who fraction

ated both freshly prepared and ripened viscose solutions by

me ans of sodium chl.or f.de solution. A freshly pr-epar-ed viscose

of average D. S. 0.57 gave three fractions with D. S. 0.494,

0.525, and 0.636. Another freshly prepared viscose, D. S.

0.427, gave four fractions varying from D. S. 0.379 to 0.474.

They stated that the most reasonable exp1anation WaS that

"the cellulose c haIns are xan tha te d to widely different degrees

of substitution. The cellulose chains on the outside of the

fibre may be xanthated ta a higher degree of substitution and

the lnner part of the fibre may have a lower sulfur content.

The results of fractionation show that xanthation has the

characteristics of a topochemical-macroheterogeneous reaction".

Their fractionations of ripened viscoses showed, as expected,

that ripening had made the distribution much more uniform

(cf. p. 19). For example, a viscose ripened for four days,

of an average D. S. 0.563 before ripe ning, gave six fractions

varying only over the narrow range of D. S. 0.301 to 0.333.

The drop in degree of substitution seems to indicate that

uniformity ia obtained at the expense of de-xanthation, with

little re-xanthation of free hydroxy1 groups.

The question of heterogeneity of xanthation under the

usual conditions has also been considered i n the light of

many X-ray studies, which have recently been reviewed by
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Timel1 (72, p. 194). A1though the results or dirferent

workers are somewhat contradictory, it appears that in the

case of the relatlvely short reaction times of the large scale

process, the crystallites are not completely changed (56).

With long reactior: times, or or: viscose ripening, X-ray inter

ference of the origi~al crystallites is no longer seen, thus

supporting other evidence that under these conditions distri

bution becomes more uniforme

The distribution of the xanthate groups within the glu

cose units la of more particu1ar jnterest to the prese nt

revlew. There have be e n three important researches which

have examined this problem by direct experimental me ans , t hose

of L1eser (73, 79), Lauer (71), and Chen, Montonna, and Grove

(55). In addition to these, there is a less valuable ear1ier

paper by Lauer and his collaborators (81), ln which 1t is

stated that the 2-posltion is first xanthated, followed by the

6-position in the same glucose unit. His evidence for this

was indirect and doubtful, being based on the analogous re

action with ethylene oxide Instead of carbon dlsulfide. Much

earlter, Rassow (82) had suggested that the 6-position was pre

ferred, but gave no experimental evidence ror this assumption.

The first three of these researches depe nd on the validity

of Lieser' s (79) claim~haLmethylaiioLw~th_dtaz_Qmathane------

quantitatively and selectively replaces the xanthate gr oups of

a cellulose xanthate by methoxyl groups. In most cases where

diazomethane is used, it is produced by the action of alkali
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on nitrosomethylurea or nLt.r-os ome t hyLur-e tihane, being subse

quently led into the reaction mixture.

In the present case, however, the nitrosomethylurethane i8

used as such, being added in huge excess to a stirred suspen-

sion of xanthate in absolute methanol or ethanol at a low tem-

perature. The slow hydrolysis of the xanthate was said by

Lieser (79) to provide the necessary alkali. For the substitu-

tion to be of any value, it i8 necessary that aIl xanthate

groups be replaced in precisely the sarne positions by methoxyl

groups, and that no free hydroxyl groups be methylated. It

has been shown by Reeves and Thompson (83) that moist cellulOse

is ltself rnethylated considerably by d1azomethane, but that

bone-dry samples react only very slightly. Lieser, Lauer, and

Chen and his collaborators aIl cla.im t a have examined the

validity of the xanthate substitution, at least as far as thls

could be determined by simple experiments. Lieser (79)

obtained a methoxyl content of less than 1% in cotton cellu-

lose allowed to react with nitrosomethylurethane under condi-

tions identical with the de-xanthation, except that small

arnounts of rnethanolic potassium hydroxide were added ta the

reaction mixture. With cellulose xanthate, he was able to

obtain the theoretical methoxyl content in the product only by
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us Lng rather strict conditions, for instance an excess of the

urethane in the order of 65 times the theoretical amount, and

a r-eac t Lon time of at least five hours. Smaller amounts,

shorter reaction times, or higher temperatures gave unsatis

factory results. Moreover, it i5 clear that Lieser used xan

thates containing excess sodium hydroxide. Chen, Montonna,

and Grove (55) later showed that with these ttalkali xantiha te a",

the resulting methoxyl content was much higher than theoreti

cal when the temperature of reaction was 20 0 C. rather than

2_4 0 C., and even at the lower temperature was not particularly

satisfactory. This observation contrasted somewhat with the

claim for the "neutral xanthate".

Chen, Montonna, and Grove (55) apparently made the most

elaborate tests of the validity of the reaction, but they do

not appear to be extensive enough to justify a definite con~

cLus Lon . They did show, however, that the reactlon was not

valid with "alkali xanthates", i.e. those containing excess

caustic sOda. Under the conditions used in the de-xanthation

with diazomethane, alkali cellulose, even when washed to

apparent neutrality by means of methanol, ga ve methoxyl con

tents of the order of 4% to 5%, and cellulose itself 0.3%

. to 0.4%. It is obvious, then, why xanthates with excess

caustic soda yield products with more methoxyl groups than

those corresponding to the original xanthate gr oups . On the

other hand , in the Case of the "neut r al, xanthates", in which

excess caustic soda had been re moved by steeping in ac idic
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solutions, Chen and his collaborators claimed that the substi-

tution was valide Their evidence is presented in its entlrety

in Table II.

TABLE II

Methylations of Cellulose Xanthate with Diazomethane
Reported by Chen, Montonna, and Grove (55)

Maximum
D. S. of Reaction Per Cent Methoxyl
Cellulose Temperature
Xanthate ( 0 C. ) Found Calculated

0.543 2-4 3.26 9.94

0.566 5 7.43 10.33

0.499 20 10.30 9.16

0.591 5-8 10.96 10.77

In addition, Chen showed that acid-washed alkali cellu

lose was not attacked by nitrosomethylurethane, hence "the

methoxyl groups can on1y be introduced through the replace

ment of the xanthate groups". On1y the results of the fourth

experiment in Table II could be considered as at aIl satlsfac

tory, however, and the only other sat1afactory reault reported

was that of the sample of metby1cellulose which he used for

structural analysis. On this evidence, he claimed the va11dity

of the substitution, and stated tbat "this result confirms

thoae of Lieser", who clearly used only xanthates with an

excess of sodium hydroxide. Apparently neither Lisser nor

Chen examined the sulfur contents of their products as an
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indication of complete substitution. Lauer (71) also recently

claimed to have confirmed the view that free hydroxyl groups

in cellulose are not attacked by diazomethane under the

experimental conditions, although his own data are not given.

It Ls also not apparent from his report whether he uaed

"alkali xanthates" or "neutral xan t hate s!", but it seems proba

ble that he used the former, as Lieser did.

The results of these workers will now be considered sepa

rately. In each case, t~e methylcellulose resulting from the

nitrosomethylurethane reaction was structura1ly examined, and

the results used to infer the group distribution in the

original xanthate. Chen found a nearly uniform distribution,

and Lieser and Lauer both decided that xanthation was confined

to the 2-position in the first stage of the reaction. To

infer that this marked disagreement might be e~tirely due to

the inva1idity of the diazomethane substitution would be

unjust, however, as Chen began with tian equilibrated viscose

solution" (although his xanthate seems to have been precipi

tated soon after the forrMtion of the viscose), while Lauer

apparently began with a xanthate prepared by Lieser1s method,

in which the formation of viscose is avoided. As Lauer's

experimental details are very meagre, this point is not

entirely c Le ar ,

Lieser (79) hydrolyzed the methylcellulose with sulfuric

acid, obtaining a mixture of glucose and 2-methylglucose, and

drew the conclusion that the xanthate groups were in the
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2-position. The methylglucose was not crystalline, but was

established as the 2-derivative by me ans of a crystalline

phenylhydrazone which was identical with that of a supposedly

authentic sample of 2-methylglucose. He could not obtain an

osazone from his methylglucose, and none would be expected

from the 2-derivative. The yields of methylglucose and of

hydrazone were not stated, but are presumed to be small, and

there seems to be no reason why derivatives other than the

2-derivative could not have bee n present also.

Lieser, together with various collaborators (24, 34,

84-87), dLd a considerable amounb of work on augar xantiha be s

which correlates rather closely with his researches on cellu

lose xanthate (62, 65, 73, 79, 88). Althou gh thls work will

not be reviewed here, the monoxanthate which ia readily pre

pared from a-me thylglucos ide by the barium hydroxide method

(see p. 7) was considered by him to be the 2-derivative,

largely by analogy with his results for cellulose xanthate,

as his additional evidence was not conclusive. It might be

expected that a sugar would xanthate most readily in the

6-position, Le. on the primary hydroxyl group. However,

Lieser (24, 85, 86) pointed out the exceptional behavior of

the 2-position in many reactions, and also showed that secon

dary hydroxyl gr oups in sugars are capable of xanbhat Lon by

preparing a xanthate of 1,6-anhydroglucose. Furthermore, he

Was unable to introduce more than one xanthate gr oup into

a sugar molecule by tlw usual methods (24, 84). Lieser (88)
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later abandoned his view that cellulose xanthate is substituted

entirely in the 2-position, and now favors a more random

dis tr ibutlon.

Laue r ' s (71) recent work will now be aummar Lz ed , He com

pletely hydrolyzed the methylcellulose and fractionated the

resulting gl uc os i de s by distillation at 0.01 mm. Vlhen the

degree of substitution of the origlnal xanthate was not over

0.55, he obtained glucose and 2-methylglucose exclusively,

accounting for 92-94% of the original material, although he

searched for the 3- and 6-derivatives. When the degree of

substitution was in the range 0.55 to 0.8, the upper limit

obtained by ordinary heterogeneous xanthation, the only addi

tional product was 2,3-dimethylglucose, as shown by a large

number of experiments. His conclusion supported Lieser' s

early view that, up to D. S. 0.5, only the 2-position is xan

tr~ted. Xanthation beyond this, according to Lauer, leads to

substitution in the 3-position of glucose residues which are

already xanthated, even though about half the gl uc ose units

remain unxanthated. Lauer implied that Lieser did not obtaln

any of the 2,3-derivative because methanol-washing destroyed

this unit readily, whereas he used ethanol for washing (cf.

p. 25). Lauer's research on the acetolytic decomposltion of

the methylcellulose has already been reviewed, and also

supports Lleser's conclusions. Thus, according to Lauer,

even up to D. S. 0.8, about half the gl ucose units remain

unxanthated, presumably those in the interior of the micelles.

The results obtained by Chen, Montonna, and Grove (55)
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indicate a nearly random distribution which would be impossible

if Lauer's work were correct, assuming that eac h started with

similar materials, although this point is not completely clear

from the literature. ChenTs somewhat elaborate scheme of analyz

ing the methylcellulose will not be considered in great detail,

as it ls a combination of methods which are now well known and

accepted as valide In brief, he determined glycol groups by

__ _ _ _ _ _ _l1e~iQdata _oxidation~-----fI'-ee-g-lueose-i-n- -t-he- -hydro-ly_sa-te- by-rer=- - - - - 

mentation, and the relative amounts of mono-, di-, and tri-

substituted products by an attempted fractional distillation

of the methylglucosldes formed from the hydrolysate after removal

of glucose. Free hydroxyl groups in position 6 were determined

by the tosylation-iodination method carried out on the methyl

cellulose; bhose in position 2 by an oxidation of the hydroly

aate with lead tetraacetate; since the ci3-l,2 glycol groups

react much faster than the trans-2,3 or 3,4 groups, the rate

curve was extrapolated to obtain the desired value. To deter

mine free hydroxyl groups in position 3 he subjected the

methylglucosldes obtalned by methanolysis of the methylcellu

lose to a periodate oxidation; the resulting number of glycol

groups determined in this way is greater than the number in

the original methylcellulose by an amount corresponding to

3,4 glycol groups, and a simple subtraction gives the number of

- - - - - - -nydroxyr groups in the 3-position. In a xanthate of D. S.

0.721, Chen found the proportions of xanthate groups at

positions 2, 3, and 6 to be 0.270, 0.208, and 0.243 respectively,

per glucose unit. The amount of free glucose was 0.279. In
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agreement with Lauer, on the other hand, he found no dixanthaœ

or trixanthate, unless a slight trace of dixanthate could be

assumed from the results of the fractional distillation.

It may be noted that the i~itial gr oup distribution in

the cellulose xanthate may weIl depend on the distribution of

sodium hydroxide among the hydroxyl gr oups in the alkali

cellulose used, provided, of course, that alkali cellulose

can be considered a definite compound with the sodium hydrox

ide associated with particular hydroxyl groups. Although

not universally accepted, Lauer clearly supports this view,

and has done much recent work (89) on alkali cellulose which

is of relevance to cellulose xanthate. A detailed discussion

of the nature of alkali cellulose, however, is beyond the

scope of the present review.

The methyl ester of cellulose xanthate has received

little attention in the literature. Lieser (62) attempted to

prepare it in connection with his effort to find a reasonably

stable derivative. He had little success, as there appeared

to be considerable de-xanthation under the conditions which

he use d , The "mos t favora.ble" result was obtained by treat ing

an ethanolic suspension of the sodium xanthate with a solution

of methyl iodide in 8 0% alcohol, but the product had only

about two-thirds of the theoretical amount of sulfur, and

only about one-quarter of the theoretical amount of methyl

thio groups. His method of estimating this group was

probably at fault, as discussed later.

The only other original reference ta the methyl ester
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appears to be that in Lilienfeld's patent (90) on the

alkylation of cellulose xanthate. He prepared such esters

by adding dimethyl sulfate or methyl iodide directly to the

viscose solution. The products were said to be suitable for

the manufacture of films, threads, coatings, etc., but the

analytical data were not sufficient to show whether or not

they were the esters desired.
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RESULTS A1~ DISCUSSION

Xanthate Methyl Esters of Simple Alcohols

1. Preparation of the Esters

Only a few xanthate methyl esters are both known and crys

talline (see p. 5), and of these the benzyl, hexahydrobenzyl,

and menthyl esters were prepared for study. In addition, the

octadecyl (stearyl) and hexadecyl (cetyI) esters were prepared,

both of which are new compounds.

Originally it was thought that O-hexahydrobenzyl S-methyl

xanthate would be an ideal model compound, but its melting

point was discovered to be far lower than that incorrect1y

reported in the abstract literature (see p. 5). Aleksandro

vich (14) prepared sodium hexahydrobenzy1 xanthate from cyclo

hexylcarbinol, carbon disulfide, and sodium in ether, and then

methylated the salt to obta in the methyl ester. Chiefly

because the original paper was unavai1ab1e, but also as a

matter of interest, the salt was prepared in the present

research starting with sodium hydroxide inatead of free sOdium,

apparently for the first tlme, and then methylated with methyl

iodide. The procedure was a modification of that used by

Whitmore (20) for aimilar compounds. In aIl, five small runs

were carried out, with slightly varying procedures, but yields

of the pure methyl ester were only about 30%, probably because

of the difficulties enoountered in the isolation and purifi

oation of the solid, which melted below room temperature

(16.5° C.). Tt was quite probable, as with other preparat ions
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reported here, that additional research would produce better

yields, but this attempt was not thought to be justified on

the present occasion.

O-Benzyl 3-methyl xanthate, first made by Namentkin and

Kursanov (9), was originally prepared mere1y as a model for

the hexahydrobenzyl analogue, but proved more useful for sub

sequent studies, although its aromaticity made it unsuitable

in some cases. As with aIl xanthate preparations in the

present research, the sodium hydroxide method WaS used, thus

avoiding the use of sodium or potassium metal. Of five small

runs, the third probably represented the closest approach to

optimum conditions, as a yield of 70% was obtained. In this

run, the intermediate xanthate salt was not iso1ated prior

to methylation. The greatest difficulty with such low-melting

esters was experienced in producing well-formed crystals while

at the same time avoiding large losses of product. To avoid

the formation of oils which solidified to amorphous solids, a

large excess of ethanol-water was usually needed for crystalli

zation. Often two or three successive crops of relatively

pure crystals were obtained by step-wise concentrating the

solution and cooling very slowly. The benzyl ester (m.p. 29° C.)

was obtained as a pure solid muc h more ea.sily than the hexahydro

benzy1 ester (m.p. 16.5° C.) as might be expected from the

higher melting point.

The menthy1 analogue was also prepared by the one-step

process using sodium hydroxide, apparently for the first time
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by this method, as Chugaev (10) and, still earlier, Bamberger

(91) had used elementary sodium or potassium to prepare the

corresponding xanthate salt. However, yields of the purified

methyl ester were not over 30%, although the low recovery was

doubtless partly because of less than optimum reaction condi

tions. A greater factor seemed to be the relatively large loss

during purification. This ester was an example of one derived

from a secondary alcohol.

The synthe ses of the new octadecyl and hexadecyl esters

were carried out to determine how large a simple straight

chain alcohol had to be in order to form a solid xanthate

methyl ester. It was found that the hexadecyl ester melted at

28-28.5 0 C. and the octadecyl ester at 38-39 0 C. The prepara

tion of the octadecyl compound was first attempted after con

siderable experience had been gained in analogous cases, yet

new problems were encountered, partly owing to solution diffi

culties and partly because of a somewhat sluggish reaction.

In ten experiments, aIl by the sodium hydroxide method, the

yields varied considerably, the best being 90% crude and 60%

when relatively pure. In one case the crude intermediate

xanthate salt was isolated prior to methylation in an attempt

to eliminate traces of octadecanol from the final ester,

observed in several experiments. Little success was achieved

in this respect, and it was possible that the octadecanol

resulted from partial hydrolysis of the ester rather than

from incomplete reaction. I~ the f!rst eight runs ether was
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used as the reaction medium, but in the two final ones an

excess of carbon disulfide was the sole solvent. The latter

method gave better yields, and also partially avoided the

solution difficulties encountered in the earlier runs. Some

times there was a tendency to gel formation, possibly because

of traces of water. It was rather difficult, as in the case

of the other esters, to recrystallize the low-melting product

without considerable loss. The octadecyl ester was used for

most of the subsequent studies on the xanthate ester group,

since it was prepared quite easily from a relatlvely inexpen

sive alcohol. The intermediate sodium octadecyl xanthate,

incidentally, appeared to be a good emulsifying agent and

detergent, its aqueous solution having a soapy feel. This

property, which might be expected from the chemical structure,

probably had little commercial application because of the

instabllity of the salt and its slightly unpleasant odor after

standing for some time. Its use as a wetting agent has been

suggested in the patent literature (see p. 8).

The first four preparations of the new O-hexadecyl

S-methyl xanthate used ether as the reaction medium, and of

these only the fourth was successful. In this run, the inter

mediate xanthate salt was isolated prior to methylation. Two

additional runs, however, in which an excess of carbon disul

fide was the sole solvent, were successful, and ln nelther was

the lntermedlate salt isolated. Many years ago, de la

Provostaye and Desaina (26) used essentially the same method
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for the preparation of potassium cetyI xanthate. The relative1y

low melting point of the xanthate ester (28-28.5 0 C.) made

recrystallization somewhat difficult, but no rea1 trouble was

encountered. In the final run, the yie1d was practically 100%

crude, and 80% when re1atlvely pure.

Two other new xanthate methyl esters were perhaps prepared

in a crude conditior., the O-octy1 and 0-cyc1ohexy1propy1 com

pounds. Purification difficu1ties were encountered and this

work was not fo1lowed up, sinee by this time the octadecy1

ester had been recognized as satisfactory for the subsequent

studies. The first of the above two compounds was clearly a

1iquid at room temperature, whi1e the second might be expected

to be a very 10w-me1ting s01id, as it was the second higher

homologue of O-hexahydrobenzyl S-methyl xanthate of me1ting

point 16.5 0 c.

2. The Reaction of Xanthate Salts with Diazomethane

As pointed out earlier, the action of diazomethane

(actually nitrosomethylurethane and alka1i) on cellulose xan

thate was assumed by Lieser (79) and 1ater by Lauer (71) and

by Chen, Montonna, and Grove (55) to substitute methy1 groups

for entire xanthate groups. The effect of nitro8omethy1

urethane on two simple xanthate salts was therefore examined

briefIy. Sodium octadecyl xanthate was treated under condi

tions similar to those used by the ear1ier workers in the case

of cellulose xanthate, except that a five-fald instead of a
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65-fold excess of the urethane was used. Apparently no

de-xanthation occurred, and a good yield of octadecyl methyl

xanthate was obtained. In spite of attempts at purification,

the starting xanthate salt was possibly no better than 85%

pure, yet a crude yield of 89.3% (calculated on the assumption

of a pure starting material) of xanthate methyl ester was

obtained. This was apparently the first time that diazomethane

had been allowed to react with a simple xanthate, and there

seen~d to be no previous report of a simple sodium salt being

methylated by this means , A sim:Uar substitution of sodium

by methyl groups must, however, have occurred when Chen and

his collabora tors (55) treated alkali cellulose wI t h nitroso

methylurethane and obtained a product containing 4-5% of

methoxyl groups. Diazomethane was probably the actual methyla

ting agent becausethe solution became yellow as the nitroso

methylurethane was added.

Potassium benzyl xanthate also gave be nzyl methyl xanthaœ

with nitrosomethylurethane, although the yield was small,

probably because of a poor rrethod of isolating the product and

because the starting r~terial was somewhat impure. Additional

experin~nts would in aIl probability make it possible to

obtain a better yield.

The present results seem to destroy the assumptions under

lying previous attempts to locate the xanthate gr oups in cellu

lose xanthate. During the action of nitrosomethylurethane and

alkali, some xanthate groups were probably removed and sorne

converted to methyl ester and a random methylation of the
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cellulose occurred. None of the published data on this

reaction included sulrur analyses of the products, which might

have indicated whether or not the de-xanthation was complete.

The methylation or the simple xanthates strongly suggests that

the use of nitrosomethylurethane can lead to no valid conclu

sion about the distribution of xanthate groups in cellulose

xanthate.

3. Some Reactions of Simple Xanthate Esters

Attempts were made to determine the saponification

equivalents of the methyl esters by the usual method, assum

lng that both the O-alkyl and S-methyl groups would be

cleaved when the reaction was complete. If this assumption

were valid, the value of the "saponification number " after

various less drastic conditions of alkalinity would be an indi-

cation or the stability of the compound to alkali.

Experirœnts were carried out with aIl rive of the xanthate

methyl esters prepared, although the mOst extensive work was

done with the octadecyl ester. As shown in the Experimental

Section, saponification, ir continued long enough, gave numbers

reasonably close to the expected values in aIl cases, although

the phenolphthalein end points were not always distinct. In

sorne cases, however, the results were surprisingly good and

corresponded closely to the following reaction:

/OR /ONa
S=C + 2NaOH -- - --7) S=C..... + ROH + RSH

'SRI .....ONa
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However , the reaction might not have been as simple as this ,

as the literature contained rererences (3 , 6 , 32, 33) to the

rormation of alkyl thiocarbonates when alcoholic alkali was

used. This occurrence was unlikely here , as thiocarbonates

too would be hydrolyzed ir saponification went to completion.

Ir sodium thiocarbonate was formed , as indicated in the

equation, its extensive hydrolysis might be connected with the

somewbat indistinct end points. Regardless or these questions ,

the fact was established that a reasonably good "saponifica

tion equivalent tt could be determîned, and that its value pro

vided an index of stability toward various alkaline treatments.

The most careful saponifications of octadecyl methyl xan

thate with approximately IN alcoholic sodium hydroxide solu

tion containing 10% or water indicated that an hour of heating

under reflux was needed for corr~lete reaction. Thirty minutes

produced about 90% cleavage , and 15 minutes about 75%. Two

days at room temperature also gave about 75% cleavage. Approxi

mately the sarne figures were obtained when only O.lN caustic

soda was used. Mixtures or ester and a1coholic alkali kept

ror a week at room temperature gave anow~lous results , j.ndica

ting that sorne other reaction had also occurred. Experiments

with esters other than the octadecyl w~re not so extensive,

but, in general, heating for one hour under reflux appeared to

cause complete hydrolysis.

Although methyl mercaptan reacts readily with sodium

hydroxide, there seemed to be no interference from this cause.
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Apparently aIl the mercaptan was expelled from the boiling solu

tion, as its odor could be detected at the top of the condenser

throughout these reactions, which were therefore conducted in

a fume hood.

In another experiment, boiling 25% aqueous, as opposed to

alcoholic, sodium hydroxide did not appreclably hydrolyze the

octadecyl ester, even after two hours; the ester remained

insoluble, and was recovered in over 95% yield. The insolu

bility in water was clearly the cause of the relative stabillty

ln this case.

The general behavior of the xanthate methyl ester group

in alkali, however, clearly indicated that any projected

methylation of cellulose xanthate methyl ester would not be

successful if alkaline solutions were used, as in the usual

Haworth (92) method with dlmethyl sulfate. It Is weIl known,

of course, that alkali solutions of cellulose xanthate itself

(viscose) undergo extensive changes on standing, chiefly owing

to de-xanthation (see p. 18).

On the other hand, the octadecylester was stable to

aqueous-alcoholic ammonia when the solution was allowed to

stand for several days at room temperature, and in pyridine

solution was only very slightly affected under the same condi

tions. Heating with pyridine, however, eaused extensive

deeomposition.

The octadecyl ester showed surprising stabillty to hydro

chlorie acid, although Lieser (34) and MeAlpine (30) had

earlier observed this behavior with other xanthate esters
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(Bee p. 13). AqueouB 6N acid had no measurable effect on the

ester, even on heating under reflux for three hours. Heating

for an hour under reflux with IN aqueous-alcoholic hydro

chlorie acid was also ineffeetive, although the ester was

sOluble in this reagent. The effect of 43% hydrochlorie aeid

at 0 0 C. for 24 hours was also examined, but again the

unchanged ester was recovered in high yield. Neither heating

under reflux with 3% hydrochloric acid in absolute methanol

nor in a sealed tube at l20 œ C. with the same reagent for

three days c ause d any appr-e c iable de oompos â t âon, However,

six days with this reagent in a Bealed tube at a temperature

eventually reaehing 160 0 C. decomposed the ester extensiveIy.

This stability toward acid suggested that the cellulose

analogue might be de graded by 43% hydrochloric aeid, for

example, to glucose derivatives without de-xanthation oceur

ring. This expectation was only partially fulfilled, as the

analogy with cellulose was not as close as had been hoped.

A few exper ime nts on the ac tion of heavy metal sal ts

were carried out, although aIl were on a small seale and

were intended to be merely preliminary in nature. A test with

silver nitrate at room temperature led to ineonelusive results,

perhaps because ni trJ.c ac id was pr oduc e d in the reac tion.

Lieser (34), however, used silver nitrate to decompose at

least one xanthate ester. When the ester was heated in

aleoholic solution under reflux with silver oxide for at

least an hour, a rather drastic treatment, de-xanthation
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to octadecanol occurred, although a considerable amount of

lower melting material was also produced. Silver carbonate

gave a similar result, producing octadecanol when heated

under reflux with an alcoholic solution of the ester. On the

other hand, an ether sol~tion of the ester stood in contact

with silver carbonate for a day at room temperature, with only

a slight suggestion of decomposit:i.on. A small qualitative

test with mercurie acetate was inconclusive, and a test with

cadmium carbonate appeared to show that the ester was

unchanged on standing with the salt at room temperature for

two weeks.

Although these experiments were not extensive, it appeared

that the silver salts at least (except those of strong acids)

were good de-xanthating agents. The chief disadvantage, per

haps due to the somewhat àrastic conditions used, seemed to be

the difficult separation of the octadecanol in pure form from

the erude reaction product.

If the xanthate ester group were stable to thallous

ethylate, it might be possible to methylate the hydroxyl groups

in a cellulose xanthate methyl ester by a thallation followed

by treatment with methyl halide or sulfate (93). Even with

rigorous exclusion of water, however, a thallous ethylate

solution in benzene reacted readily with octadecyl methyl

xanthate at room temperature, giving octadecanol and a black

precipitate of a sulfide, or sulfides, of thallium. A few

hours, however, seemed to be necessary for complete reaction.
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It had been thought that the covalent nature of thallous

ethylate might prevent the de-xanthation which occurred with

other heavy metal salts, but such was not the case.

By analogy with the reaction of Raney nickel on dithio

esters, octadecyl methyl xanthate might be expected to pro

duce octadecyl methyl ether (see p. 16), a known compound of

melting point 30-31° C. This expectation was not realized,

although seven experiments were carried out under varying

conditions. In aIl cases a considerable yield of octadecanol

was obtained in addition to generally smaller amounts of a

low melting material (28-33° C.) which was not the desired

ether, and also sorne of the starting ester when very mi1d

reaction conditions were used. The first three experiments,

in which an ethanolic solution of the ester ·wa s heated under

reflux with the nickel for four hours, gave a product which

was about two-thirds octadecano1 and one-third lower melting

materia1. Standing for four hours at room temperature gave

roughly 40% octadecanol and 60% low melting materia1, indica

ting that milder conditions gave a larger amount of the lower

melting fraction, which might be an intermediate compound.

However, about the same proportions were obtained when the

reaction mixture stood for 1.5 hours at gO C. Still milder

conditions were used in a final experiment when a solution of

the ester in dioxane (used to avoid the 80lubility diffi

culties experienced with ethanol at the lower temperature)

stood for 10 minutes at gO C. In this case, however, about
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three-fifths of the recovered product was the original ester,

and the remainder consisted of roughly equal amounts of octa

decanol and the lower melting material. It was hoped that

very mild reaction conditions might eliminate octadecanol from

the product, but this was not the case.

Although the fractional recrystallization of the product

from pentane was not completely aatisfactory, and no better

method of separation was found, there was no trouble in

obtaining pure octadecanol, which was identified as the phenyl

m~ethane. In several cases, the low-melting fraction was

repeatedly "crystallized" from methanol or from pentane,

always giving a white waxy s ol Ld of melting po ânt s auch as

29.5-30 0 C., 29-31 0 C., 28-30 0 C., and 29.5-31.5 0 C. Several

experiments suggested that this waa not a chemical individual,

but perhaps a mixture of by-products. Analyses showed only

about 2.2% of sulfur and 3.5% methoxyl groups, and the latter

value decreased to 2.6% after additlonal ltcrystallizationll of

the product. The methoxyl values suggested that a small

amount of octadecyl methyl ether might indeed have been

present, but additional work would be necessary to confirm

this supposition. In any case, a simple transformation to the

methyl ether did not occur. If it had occurred, and if the

reaction could have been extended to cellulose, a valid alter

native to Lieser's diazomethane substitution might have been

developed. On the other hand, with the simple esters at

least, this reaction provided another method of de-xanthation
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and one which occurred under neutral conditions.

A sample of the octadecyl ester was recovered nearly

quantitatively from an acetylating mixture of acetic anhydride

and zinc chloride, after standing at room temperature for 24

hours. This simple test confirmed the results of Lieser (34)

who acetylated a xanthate methyl ester of a-methylglucoside

without disturbing the xanthate group, and then de-xanthated

the product _with silver salts. In the case of cellulose, the

resulting acetate could not be used for degradation studies

because the acetyl groups would not be stable, but might be

examined in other ways.

In order to study the action of heat on the octadecyl

ester, a five gram sample was gradually heated to 180-190° C.,

whereupon the temperature suddenlyincreased to about 290 0 C.

An isomeric change possibly occurred, such as Laakso (13)

observed with other xanthate esters (see p. 101, which

behaved similarly when heated. An examination of the product

for the unknown S-octadecyl S-methyl dithiocarbonate was not

undertaken, however, as it could have no application to the

cellulose xanthate problem. Such an isomerization might be

of value in work on sugar xanthates, where known thio sugars

might be prepared from xanthate esters of unknown structure.

Freudenberg (31) showed that a sugar xanthate could behave

in this way.
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4. Oxidation and Reduction of Xanthate Metbyl Esters

A solution of octadecyl methyl xanthate in glacial acetic

acid, when allowed to stand for three days with 30% hydrogen

peroxide in excess, produced a new compound of the formula

CZOH4004SZ in a crude yield of 77%. This oxidation was sugges

ted by the fact that sulfones are readily prepared from thio

ethers by similar means, as described in standard textbooks

(e.g., 94). Crystallization from ethanol gave relatively pure

white flakes in about 48% yield, although at least two further

crystallizations from pentane or petroleum ether were necessary

to obtain a strictly pure product. The formula C20H4004SZ

differed from that of the original ester (C20H400S2) only in

that three more oxygen atoms were present. Saponification in

hot aqueous alkali led to octadecanol, and therefore the

O-octadecyl group was still present, and the compound was

probably still an ester. When the saponification mixture was

first heated, the solution turned yellow, and the material

floating on the surface remained solid throughout most of the

reaction time of several hours, and therefor.e could not be

either the C20H4004S2 compound (m.p. 66.2-67° C.) or octa

decanol (m.p. 60°). It ls known that the ::C=S group in thio

ketones may readily change to ~C:O with liberation of hydrogen

sulfide by heating with alkaline solutions (95), and it was

possible that some similar intermediate compound formed here

prior to complete saponification in the present case. HYdrogen

sulfide was certainly liberated, as a strong test for sulfide
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ion was obtiaLned from the resulting yellow solution. It

appeared that at least one sulfur atom of the xanthate ester

had remained in the reduced state in spite of the treatment

with hydrogen peroxide, although a complete elucidation of

structure was not attempted. An analogous oxidation of hexa

decyl methyl xanthate gave the compound ClSH3604S2 of melting

point 56-57 0 C.

Although. thls oxidation might be expected to be general

for the xanthate esters, unsatisfactory results were obtained

in the case of benzyl methyl xanthate in a preliminary experi

rrent. A considerable portion of the product was benzyl alcohol,

and white, sulfur-containing needles of mvp , 125 0 C., plus a

yellow liquid distilling at 275-300 0 C. were also obtained. If

applied to cellulose xanthate esters, it seemed possible that

the hydrogen peroxide would cause other oxidations i n the

cellulose chains, thus interfering with the results. The sta

bility toward acid hydrolysis, however, might be reasonably

good, as a sample of the new octadecyl derivative was boiled in

a test tube with concentrated hydrochloric acid for ten minutes,

and was recovered unchanged.

Some unsuccessful attempts were made to determine methyl

thio groups quantitatively by titrating acidified solutions of

octadecyl methyl xanthate with a bromlde-bromate solution.

These attempts were modifications of a method used by Siggia

and Edsberg (96) for thioethers, in wh:1.ch the thloether was

oxidized te a sulfoxide. Wlth the xanthate esters, however,
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both sulfur atoms w~re clearly oxidized weIl beyond the sulf

oxide stage, apparently to an indefinite extent depending on

conditions, and the end point was not distinct.

In another experiment, an aqueous-alcoholic solution of

the octadecyl ester was readlly oxidized by liquid bromlne,

and the crude solid mixture obtained by dilution with water

conslsted largely of a white waxy compound of m.p. 61.6-62.6° C.

which did not contain sulfur or halogen and therefore differed

from the product obtained in the oxldations with hydrogen per-

oxlde. The new compound was not stearaldehyde, whose melting

i t i 63 •5 ° C. ( 97 ) b blpo n was g ven as or, more pro a y, as 38° C.

(98). Nelther was it stearic acid, since it failed to dissolve

in warm 5% sodium hydroxide, although it became yellow.

As in many of the other experiments, oxldation of octa-

decyl methyl xanthate with periodate was attempted not so much

to prepare a new compound as to determine whether the xanthate

ester group was stable to the reagent. If so, then a periodate

oxidation of the cellulose analogue might provide a measure of

the unsubstltuted glycol groups and hence sorne indication of

the xanthate group distribution. Sodium me taper iodate or tri

sodium paraperlodate couldnot be convenlently used ln thla

experiment, as they were not appreciably soluble in the non-

- - - - - - - - a.'lQe oJ.l s_mE:td l a x e_qu i r edJ or ~olution_o~ the ester. Treatment

of an ethanol1c solution of the ester with paraperiodic acld,

H5 I 06, produced free iOdine and a small yield of a white waxy

solid of m.p. 33-34° C., which was unidentified. It would be
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expec ted, therefore, that the xantha te ester group would be

similarly attacked in the cellulose derivative, and later

experiments showed this to be the case.

Several attempts were made to devise a method of analysis

for the methylthio group (-SCH3) in xanthate metby1 esters by

cleavage with hydriodic acid. Both the Viebock (99, 100) and

the Kirpal-Bühn (101, 102, 103, 104) methods and their modifi

cations for methoxy1 determination were found to be unsuitable.

The former involved the absorption of the methy1 iodide in a

bromine solution, destruction of excess bromine with farmic

ac Ld, reaction with potassium Lodl de , and titration of the

resultins iodine with standard sodium thiosu1fate. Many modi

fications of this method have appeared in the literature, and

the Tappi Standard Method T-209 M-34 (105) is also essentia11y

the Viebock method. As shown in the Experirrental Section, the

1ack of success was probab1y caused by the difficulty of cleav

ing the methy1thio group rather than to any 10ss of methy1 mer

captan. Although it is often stated that the Viebock method

is suitable for sulfur-containing compounds, this presumab1y

does not refer to the case where sulfur replaces the oxygen

in the methoxy1 group itse1f. The anly essential difference

in the Kirpal-Bühn method and its several modifications is that

the methy1 iodide ls absorbed in pyridine, whieh la subsequent1y

evaporated to dryness, and the pyridine methiodide dissolved

in water and titrated with si1ver nitrate. Gravimetrie proce

dures are used in son~ mOdifications of this method. The e1aim
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la made that thla method ls also sultable for sulfur-contalnlrg

compounds, since mercaptan and hydrogen sulfide are not

absorbed in pyridine.

There was some indication from the present experiments

that a very long time of reaction with boiling hydriodic acid,

perr~ps three days or longer, might effect complete cleavage,

but the reaction was not exhaustively examined. Tt was possible

that Lacourt's method (106) might be made to work. This method

involved cleavage at a somewhat higher te mperature (180-190° C.)

and was stated to have been practically quantitative for several

thioethers and for two dithioesters.

Lieser apparently used the Ki.rpal-Bühn me t hcd in aLl, his

researches on xanthates, although details were not g i ve n , for

both methoxyl and methylthio determinations. The only definite

reference to methylthio analyses ln his papers, however, was in

connection with his supposed cellulose xanthate methyl ester

(62), where he stated that he used the Kirpal-Bühn method, and

where the methylthio content turned out to be only about one

quarter of the expected value. He blamed this low result on

side reactions during the methylation, and seemingly did not

question the suitability of the analytical me nhod , Strangely

enough, in a later paper (34), b~ determined methoxyl groups

in a xanthate methyl ester of O-methylglucoside and in other

similar compounds by the Kirpal-Bühn method, and apparently

the methylthio ether content of the compound did not interfere

et aIl. This result in itself would indicate that methylthio
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groups c ould not be determined in this way, in spi te of his

own earlier attempts with cellulose xanthate methyl ester.

Difficulties in devising a suitable analytical method for

the methylthio group are probably not insurmountable, although

an exhaustive investigation was considered to be outside the

scope of the present project. It might be possible to liberate

methanethiol from the xanthate ester nearly quantitatively by

alkaline hydrolysis, and to absorb the mercaptan in a suitable

reagent, perhaps silver nitrate or cadmium chloride solution

(c r, 107).

Cellulose Xanthate Methyl Ester

Sixteen preparations of cellulose xanthate were carried

out, and of these, five fbllowed Lieser's method (62) (see

p. 20) in which the xanthate is kept fibrous throughout the

entire procedure and the preparation of a viscose solution is

avoided. The other runs were by the more common procedure of

preparing a viscose solution and precipitating the xanthate

with methanol. The method was similer to that of Chen,

Montonna, and Grove (55), although it also resembled other

reported procedures. Details were varied s omewhat from run to

run in the hope of obtaining a better product. In the Experi

me nt a l Section, these variations are tabulated, although no

new results of a general nature were forthcoming.

It was realized, of course, that the use of methanol to

precipitate the xanthate was attended by certain disadvantages
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(cf. p. 24) which included the possibility that the more highly

xanthated materia1 might stay in solution and that the xanthate

group might decompose in methanol more rapidly than in some

other liquida. Indee d , s ome incidental experlments confirmed

these possibllities. Solutions from which methanol cou1d pro

duce no further precipitate gave slight additional precipltates

when ethanol was added. Furthermore, a low degree of substitu

tion in some products was doubt1ess partly due to excessive

contact with methanol during precipitation, filtration, and

washing. A pure product precipitated by methanol was far more

convenient to prepare than oneprecipitated by ethanol, pro

ducts from which were often gumnw and difficult to handle. In

the present research, whose primary purpose was to investigate

possible methods of determining the distribution of xanthate

groups, the exact nature of the cellulose xanthate was not very

important, and a loss of a few of the more labile groups could

be tolerated. The disadvantage of precipitating cellulose xan

thate from methano1 shou1d be kept in mind, however, when quan

titative data are to be interpreted in terms of the original

group distribution. This might be considered another objection

to sorne of' Chen t s work (55) in which methano1 was use d ,

On1y in the last two runs were degrees of substitution

obtained (0.43 and 0.42) in pure products which approached that

expected (about 0.5) for a heterogeneous xanthation, in spite

of the use of a somewhat higher proportion of carbon disulfide

thar. customary. In these runs, lower temperatures were used
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during preoipitation and purification, and the time of oontaot

with metbanol was reduoed as much as possible. Moreover, the

primary xanthate was dissolved iD a 6% caustio soda solution

instead of a 4%, as the ooncentration giving maximum stability

was reported to be about 7% by Lieser (62) and 8-9% by Heuser

(60). In addition, the time of xanthation and the amount of

carbon disulfide were increased somewhat, and in one oase the

alkali cellulose was not pressed as free as usual of exoess

alkall. This factor had no effect in this case, although

Lauer (69) showed that greater degrees of pressing produced

lower degrees of xanthatlon.

Steeping the sodium cellulose xanthate for a short time in

dilute solutions of acetic aoid in absolute methanol did not

appear ta be completely effeotive in removing aIl exoess caus-

tic soda, to judge by sodium analyses, and tbe degree of sub

stitution was also decreased to sorne extent by this treatment.

The slightly excessive sodium to sulfur ratio in. the products

might have been due to traces of sodium aoetate not oompletely

removed by washing, rather than to incomplete neutralization.

In aIl cases, the degree of substitution (D. S.) was cal

culated by the usual method, depending on the sulfur to cellu

lose ratio. With one xanthate group per glucose residue, this

ratio was 0.395.

Sulfur
o Cellulose =

Therefore the D. S. could be calculated by dividing the deter

mined sulfur to cellulose ratio by the factor 0.395. The
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sulrur analysis alone did not give a reliable result, as vary

ing amounts or excess caustic soda might be present.

Another method of determining the D. S. was developed by

Fink, Stahn, and ~~tthes (66). Primarily for use with viscose

solutions, it was not used in the present work. In this

method, the viscose was treated wlth diethylchloroacetamide,

and the resulting diethylacetamide derivative was analyzed for

nitrogen, the D. S. being calculated directly from this analy

sis. They expressed their results in terms of the number of

xanthate groups per 100 glucose units, the so-called l'gamma

number l', which ls often encountered in the 11terature. Some

wrlters clearly restrlcted this term to the results of this

particular method, but others used it more generally to éxpress

the degree of xanthation regardless of how it was determined.

In the present work, the total sulfur was sometimes deter

mined by the Carius procedure (108), and sometimes by a hypo

bromite oxidatlon of viscose, followed by addition of barium

chloride and the usual gravimetric estimation of sulfate ion.

This method was credited to Delachanal and Mermet (109) in a

paper by Barthélemy and Williams (110), but to Lindemann and

Motten (Ill) by Heuser (60), and was briefly described in

Dorée's textbook (112). Another method ror the determination

of sulfur in viscose was described by Barthélemy and Williams

(110) and converted aIl sulfur to zinc sulfide by a treatment

with sodium zincate solution, then titrated the sulfide iodo-

metrically. This method was also tried, but gave results

which were usual1y much too high. Both the zincate and
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hypobromite methods are usually applied to crude viscose solu

tions, and not to pure dry xanthates, which must first be

re-dissolved in alkali. In the present work, the hypobromite

method was nearly as satisfactory as the Car ius, except for

sorne products of very low D. S. which did not completely dis

solve in the sOdium hydroxide solution. When purified products

were examined by any of these methods, the figure for total

sulfur might be taken as representing xanthate sulfure Various

other sulfur ~e thods are available, and are mentioned in the

books of Heuser (52), Ott (53), and others, but are not dis-

c us se d he r e ,

As polnted out earlier, t he r e is no decisive evidence that

either Lieser or Lilienfeld really prepared the methyl ester of

cellulose xanthate in a pure condition. It presented no diffi

culties, however, and presumably pure products were obtained.

Undried samples of cellulose xanthate were methylated immediately

after preparation, while in a swollen condition, the xanthate

being allowed to stand in ether suspension with an excess of

methyl lodide for several days. The resulting white powders

were washed with methanol, then ether, and dr Led , The methyl

ester was insoluble in water, but slowly soluble in dilute

aqueous alkali with some dec omposition, giving a clear vlscous

solution. Although it could not be satlsfactorily analyzed

for the methylthio gr oup , its sulfur analyses agreed closely

with the expected value and sodium analyses showed only trace

amounts. The D. S. was calculated directly from the sulfur



64

analysis and agreed quite weIl wlth that of the original sodium

xanthate. For example, two xanthates of D. S. 0.43 and 0.42

gave esters of D. S. 0.45 and 0.37 respectively.

As expected from the parallel experiment with octadecyl

metl~l xanthate, the xanthate ester gr oup was not stable to the

periodate ion in aqueous solution, over two moles per glucose

residue being consumed within four days. The theoretlcal amount

was less than one mole. This result made it impossible to

determlne the distribution of unsubstituted glycol groups by

selective ox l.da t Lon with periodate, as described for other

cellulose derivatives on several occasions (e.g., 113, 114, 115,

72) •

When the cellulose xanthate methyl ester «e.e degr aded with

43% hydrochloric acid at 0 0 C., as described for cellulose by

Willstatter (116), it soon became apparent that de-xanthation

was occurring, in spite of the stability of the simple xanthaœ

methyl esters under similar conditions. A deep coloration,

gradually lncreasing to nearly black, accompanied de-xanthation,

as the color was not observed in control runs with cellulose

itself. After isolation and drying of the products, varying

proportions of the original sulfur content had been lost,

about 37 % in the best experiment and 90% in the worst.

- - - - - - - - - - -A-ser le S-Qi' -l â-I'-uns -under- --BornewhaL iLarY),I.'l&-cQr:d i t ions

ls described i~ detail in the Experimental Section. Tt was

round that concentrated hydrochloric acid (37%) at room tem

perature for a few hours was as satisfactory as the 43% acid
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at 0 0 C. for longer periods. As de-xanthation was presumably

not as extensive in more dilute acidic solutions, the general

principle was to dilute to sorne extent as soon as this could

be done without precipitation occurring, and again later, at

intervals. Of course, degradation was also slowed down in

the more dilute solutions, but it was necessary to compromise

in this respect. In the best run, the ester stood in 37%

acid at r-oom temperature for five hours, then in approximately

18.5% acid for six days, and finally i n approximately 9.2%

ac id for about four day s , When the degradation was apparently

complete, the solution was neutralized and the product sepa

rated. In sorne of the earlier r un s , attempts were made to

test for completeness of degradation in the diluted solutions

by measuring the optical rotation at intervals until constant.

This met hod proved unsatisfactory because the observed value

was very small in the diluted solutions (less t han a de gree),

and because of the turbidity which developed and was probably

caused by free sulfur. In later runs, attempts were made ta

judge the end of the reaction by the constancy of the copper

reducing value, as determined by the Shaffer-Hartmann-Somogyi

method. Although not very satisfactory, probably because of

interference of the xanthate group with the copper reagent,

t his method provided a gu i de to the completeness of reaction.

It see me d probable that ln most, if not al L, of the se hydrolyses

the ester was not co mpletely de gr ade d ta glucose xanthate

methyl esters.
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It was also necessary to avoid de-xanthation during the

lsolation or the product. In two early runs , barium carbonate

was used for neutralization, followed by evaporation to dry

ness, extraction with ethanol, and evaporation of the extract

to obtain a solid residue, which was taken up ln water and

passed through ion-exchange columns to remove traces of lnor

ganle material, and again evaporated to dryness. A neutrali

zation with silver carbonate was not employed, as de-xanthation

would occur with this reagent. This behavior, which would be

expected i'rom the results or tests on the simple xanthate

esters, was confirmed by treating a small sample of a solu

tion of the hydrolysate (obtained by the barium carbonate

method) wlth silver carbonate, which turned black almost

immediately. A more convenient method, used in later runs,

was to neutralize with basic lead carbonate and remove most of

the lead chloride by filtration, then to remove the remaining

lead by treatment with hydrogen sulfide, and the last traces

by ion-exchange. A test on a small sample had shown the xan

thate ester groups to be stable to basic lead carbonate at

room temperature. A dtsadvantage of both methods, however, was

the probable loss oi' a considerable amount oi' product by

adsorption on the inorganic precipitates. Examples of these

procedures are given in the Experimental Section, and the

results of aIl the runs are tabulated.

Another degradation was carried out with methanolic

hydrochloric ac id under pressure. About 87.5;& of the original
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sulfur content was lost after the xanthate ester had been

heated in a sealed tube with a 3% solution of hydrochloric

acid in absolute methanol for three days at 1200 C., then for

two days at 140 0 C. and for about 33 hours at 160 0 C. Although

three days at 120 0 C. was sufficient for similar degradations

of many cellulose derivatives (57), not aIl of the xanthate

ester dissolved under these conditions.

It thus appeared unlikely that the ester could be degraded

to the glucose stage without substantial de-xanthation occurring.

Several known xanthate derivatives, including the diethylacet

amide derivative,would probably survive the conditions of degra

dation no better than the methyl ester. The search for a

suitable new derivative was beyond the scope of the present

work, although some exploratory work was done with the simple

xanthates as reported earlier. Recourse might have to be made

to methods of examlnation not involving acid degradation. For

example, considerable information might be obtained from a

study of the structure of the cellulose acetate formed by the

acetylation of cellulose xanthate methyl ester, followed by

de-xanthation. Lieser (34) was able to acetylate glucose xan

thate esters ~lthout de-xanthatlon occurring, and octadecyl

methyl xantr~te is also stable to acetylating conditions, as

reported earlier.

Although much sulfur had been lost, three of the most

promising products of aold degradation of cellulose xanthate

methyl ester were examined by paper chromàtography. In aIl
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cases there were heavy glucose spots, in accord with the fact

that degradation, if complete, would yield over 50% of glucose.

In addition, there were always spots whlch had moved only

very s11ghtly from the starting 11ne, and were clearly those of

unhydrolyzed ma tel"1al, theref6re degrada t Lon had not been c om

pIete. Most interesting, however, were the spots which might

have been due to xanthate methyl esters of glucose. With two

of the products examined, there were four such spots, of

average RF values 0.196, 0.390, 0.574, and 0.752, the first

pair being very faint and the last two somewhat stronger. The

third product gave similar results, except that the falnt spot

at RF 0.390 had apparently resolved into two close spots in the

same area. The thl"ee possible monoxanthate esters of glucose

which could result from a degradation are the 2, 3 and 6 deriva

tives and could account for only three of the four or more

spots obtained. Perhaps the first faint spot was due to a

dixanthate ester of glucose, or, more 11kely, to a monoxanthate

ester of ce110biose. Mr. A. Sanyal of these laboratories pro

vided a solution for examination which was thought to contaln

glucose-3-methy1xanthate, prepared by synthesis. The only

redueing spot obtained from thls solution did not correspond

to any of the spots from the hydrolysates. A possible conclu

sion was that the hydrolysate did not contain any of the 3

derivative, which would support Lauer t s recent work (71). A

future extension of this chromatographie investigation would

involve separations of larger amounts of the hydrolysates



69

on a powdered cellulose column, from which the individual con

stituents could be separately eluted and examined.

In the meantime, an attempt to estimate glucose in the pro

ducts of three hydrolyses was made by determining the copper

reducing value before and after fermentation. The results

showed 13%, 7%, and 9% of glucose, whereas the value should be

at least 55% in all cases, if degradation had been co~plete.

The fermentations appeared to proceed satisfactorily, but the

xanthate ester group obviously interfered with the determina

tion of reducing value. An alternative conclusion was that

degradation had been very much less than assumed, but this was

unlikely, or at least not an important enough factor to cause

the observed result. A somewhat more satisfactory determina

tion was made on one hydrolytic product by a different method.

The glucose was separated from the other constituents by paper

chromatography, and was extracted from the paper with water.

Copper reducing values on the resulting solutions showed an

average of 21.6% glucose, much greater than the 7% obtained

for this produc t by the first me t hod , but still muc h less than

would have been obtained if degradation had been complete.
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EXPERIMENTAL SECTION

Reagent gr ade ohemioals were use d in a'l L cases.

Absolute ethano1, methanol, and ether were prepared by

sta~dard methods described by Fieser (117).

Melting points were uncorrected.

References to analytical procedures are g i ve n in the

appropriate places in the texte

Xanthate Methyl Esters of Simple Alcohols

1. Preparation

O-Banzyl S-Methyl Xanthate

The two methods used in the five preparations of this

ester are i1lustrated by Runs No. l and No. 3, which are

reported be l ow .

Run No. 1:- In this run, the xanthate salt was isolated

and purified, then methylated in an ethano1ic medium. Benzy1

alcohol, 0.36 mole (39.0 g., 37.1 ml.), and potassium hydroxide

pellets, 0.30 mole (16.8 g.), were mixed in a 500 ml. flask

fitted with condenser and mercury-sea1ed stirrer. Heating

under reflux caused aIl the potassium hydroxide to g o into

solution, but after cooling ta room temperature the greater

part oame out a gain as a white flaky suspension. Then 0.45

mole (34.2 g., 27 ml.) of carbon disulfide was added in portions

over a 20-minute period, giving an immediate reaction. Next

day the voluminous precipitate was recovered on a filter,

washed by thorough agitation with ether, and again recovered.
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A small amount of orange-colored oil, immiscible in ether, was

not examined. The crude salt was dissolved in hot ethanol, the

solution filtered (a green-gray residue was discarded), cooled

in an ice bath, and treated with dry ether to complete the

precipitation. This me t hod of pur:i.fication was frequently

reported in the literature (e.g., 118). After recovery and

drying in a vacuum de s Lo oa t or , the yield was 46.7 g. (67.5%)

of pale yellow xanthate, which Was positively identified as

such by the molybdate method (119). This test was made by

adding 5 mg. of the sample to two drops of a solution contain

ing about 1 mg. of ammo nium mol ybda t e . When four drops of 2N

hydrochloric acid were added, the red-blue color of the com

plex (ROCSSH)2.Mo03 developed. The xanthate salt was purified

by solution in hot acetone, followed by filtration and repreci

pitation in a voluminous white form by dilution with dry ether.

This product appeared reasonably stable, although a sample

became slightly yellow after standing for a long time. During

the purification by acetone, complete solution was not effected

even by a large excess of the bolling solvent. DeWltt and Roper

(23) made the sarne observation with another xanthate, but dis

carded the acetone-insoluble portion without examination. In

the present case, the pale yellow residue partly turned red

when heated strongly, and was largely inorganic.

A 0.03 mole sample (5.76 g.) of the purified salt was

warmed under gentle reflux with 6 ml. of absolute ethanol and

0.03 mole (4.26 g., 1.87 ml.) of methyl iodide for three hours.
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Reaction was Immediate, with liberation of heat and of an un

pleasant odor from the top of the condenser, perhaps because

a slight saponification of the newly forlœd ester was libera

ting traces of methanethiol. Two volumes of water were added

to dissolve the precipitated potassium iodide. The lower layer

of crude xanthate ester, a yellow oil, was removed, dried with

anhydrous calcium sulfate, filtered, and subjected to dimin

ished pressure for SOlre time. Gooling with solid carbon

dioxide caused solidification, and trituration with cold

ethanol made itpossible to recover the solid on a small fil

ter cooled by solid carbon dioxide. After drying in a desicca

tor kept in a cold room, 0.5 g. (25%) of crystals remained, of

m.p. 27-28° G.

Another sample of the purified xanthate salt was further

purified by the method of DeWitt and Roper (23), which included

solution in hot acetone, filtration, slow dilution with a large

excess of benzene, filtration, solution in warm acetone, dilu

tion with petroleum ether, filtration, washing with petroleum

ether, and drying. Even after the final filtration, the pre

cipitate became slightly yellow, particularly at the edges, on

standing, but became nearly white again after two or three days

in a vacuum desiccator containing sulfuric acid and actlvated

charcoal. The salt was saved for later experlments.

Run No. 3:- In this run, which was more satisfactory, the

Intermediate salt was not isolated, and ether was the reactlon

medium for both steps. The method was adapted from that used

by Whitmore (20) for the preparation of isoamyl metbyl xanthate.



73

Benzyl alcohol, 0.25 mole (27 g., 25.7 ml.), and 0.25 mole

(10.1 g.) of sodium hydroxide pellets were mixed in a 500 ml.

round-bottomed flask fitted with a condenser and mercury

sealed stirrer. The hydroxide was completely dissolved by

heating and stirring, and although much separated again on

cooling, a reasonably good dispersion resulted. Then 150 ml.

of ether and 12.5 ml. of carbon tetrachloride were added,

followed by 0.25 mole (19.0 g., 15.0 ml.) of carbon disulfide

over a 15-minute period, with continued stirring. Near1y

25 ml. of additional carbon disulfide was later gradually

added in an attempt to cause complete reaction of the alkali,

which otherwise might have c auae d partial saponification of

the ester, as evidenced by the mercaptan odor. However, the

solution was still blue to litmus, a reaction which might be

expected of a crude xanthate solution, although a pure sample

of xanthate salt was neutral.

Methyl lodide, 0.27 mole (38.4 g., 16.84 ml.), was added

in three portions over 15 minutes and the mixture was gently

heated under reflux for six hours with intermittent stirring.

The reaction occurred readily, and at the beginning liberated

enough heat to cause refluxing. There was no odor of mercap

tan from the condenser. The ester was isolated as in Run No. 1.

After being seeded, and kept overnight in the refrigerator, the

product solidified and appeared purer than in earlier runs.

Recrystallization from 30 ml. of ethanol, with filtering in the

cold room and washing with ice-cold ethanol, produced white
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crystals which were dried over calcium chloride ln a desicca

tor kept in a cold room. Weight 41.5 g. (70%); m.p. 28.5

29.5° c. (recorded 29°) (9). Two additional crystallizations

from ethanol-water gave better formed needles of m.p. 29-29.5°

C. It was found that the best crystals were obtained by using

a rather large excess of ethanol-water and very slow cooling,

taking two or three successive crops to avoid large losses of

material. In this way, the intermediate formation of an ail

was avoided. Another technique, although not as satisfactory,

was to use a sm~aller amount of solvent and to cool very quickly

in a bath conta i ning solid carbon dioxide, a procedure which

gave very small white crystals with no interrnediate oil forma

tion.

O-Hexahydrobenzyl S-Methyl Xanthate

For early preparations, the necessary hexahydrobenzyl

alcohol was obtained by the method given inl~rganic Syntheses"

(120), using a Grignard reagent of cyclohexyl chloride and for

maldehyde. The cyclohexyl chloride was prepared by heating

cyclohexanol with concentrated hydrochloric acld under reflux

(121). The hexahydrobenzyl alcohol for later runs was obtained

from the Eastman Kodak Company.

As essentially the sarne method was used in the five runs

of the xanthate ester, Run No. 3 alone ].s presented in detail.

Tt Was largely modelled on Run No. 3 of the correspondlng

benzyl ester, in which the ir-termediate xanthate salt was not

isolated. In one run, however, the salt was isolated (58% yield)
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and purified, although this prooedure had no advantage over the

other me t hod .

Run No. 3:- Pulverized sodiuô hyo.roxide, 0.1 mole (4.0 g.),

hexahydrobenzyl aloohol, 0.1 mole (11.4 g.), 60 ml. of ether,

and 5 ml. of carbon tetrachlorlde were stirred together in a

250 ml. flask fitted with a meroury-sealed stirrer and reflux

condenser. After 0.5 hour, 0.1 mole (7.61 g., 6.02 ml.) of

carbon disu1fio.e was ado.ed dropwise over la minutes, with con-

t i.nuous stirring. A1though the solution be c ame ye l.Low , a pre

oipitate did not form immediate1y, and the reaction appeared

more sluggish than with benzy1 a100ho1. After standing over

night, a small prec ipitate had f'or-me d , The mixture was stirred

for two hours longer, and 6 ml. of additional carbon disulf1de

was addeo. in portions over that time • . The amount of precipitate

increased considerably. Then 0.11 mole (15.85 g., 6.87 ml.) of

methy1 ioo.1de was addeo. over a five-minute periode The heat of

reaction was notioeable after a minute or two, and a1though in

10 minutes reaotion appeared to be largely complete, the mixture

was warmed and stirred for some tin~ longer. After about one

hour, the precipitate (pr-e sumab'l.y sodium LodLde ) was adhering

together in one large piece, a phenomenon not observed in the

corresponding benzy1 preparation. After another hour, an

additional l ml. of methyl iod1de was added, and stirring and

warmlng continued for a total of four hours.

After the mixture had stood for two hours, the sodium

iodio.e was dissolved by the addition of 50 ml. of water, the
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layers were separated, and the washed ether layer was dried

over anhydrous cale Lum su'l ï'a te for two days, fil tered, and

concentrated under reduced pressu~e. The residue was a yellow

oranee liquid, obviously i mpure, whieh did not solidify on

standlng in the refrigerator for several days. Distillation

at 20 mm. pressure, possibly an inadvisable procedure because

of possible decomposition or Laome r Lz a t Lon, gave a consider-

- - - - - - - - - ao r e-f or e--::r un , but most came over as a pale yellow llquld at

l58-165~ c. It was easily solidified i n a bath contalnl~g

s o'l td carbon dioxide, and was kept i n the refrigerator over

night. A few ml. of ethanol was added, and the crystals were

recovered on a bed of solid carbon dioxide ln a small Büchner

funnel kept in the c old room (8° C.). After be Lng washed wi th

very cold ethanol, the white crystals were dried over anhydr ous

calcium chloride in a desiccator in the cold r oom, Weight

5.5 e- (27%).

This yield could probably have been increased sllghtly by

taking an additional crop of crystals. The product was again

crystallized from ethanol-water, us Lng c o'Ld r oom techniques.

M.p. 16-16.5 0 C. Sulfur a nalyses by the semimicro Carius pro

cedure gave slightly low resu1ts, probab1y indioating that the

sample was hot yet completely free of solvent. Calculated for

~9Jh6~~-=-~_31. 3ill6. _ F_olJnd =-~_3D--90,- 3-00-52 ,- -âO-. 94%.- - - - - - - - - - - -

O-Menth:yl S-Methyl Xanthate

The method of preparing this ester was essentially the

same as with the prima.ryalcohols, although xarthation occurred
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somewhat less readily. The following procedure was typical of

the three preparations carried out.

Menthol, 0.2 mole (31.2 g.), and pulverized sodium hydrox

ide, 0.2 mole (8.1 g.l, were stirred in 120 ml. of dry ether

c ontained Ln a 250 ml. flask fi tted wi th a me r cur-y e se aLed

stirrer and reflux condenser; then 0.4 mole (30.4 g., 24 ml.)

of carbon disulfide was added with rapid stirring, which was

continued for two hours at a gentle reflux temperature. The

yellow precipitate still seemed to be increaslng in amount

after thls time, and the mixture was allowed to stand overnlght,

then was warmed again and stirred intermittently for five hours.

The following day, the addition of 0.2 mole (28.39 g., 12.44 ~~.)

of methyl iodide gave an immediate although rather slow reaction.

The mixture was warmed under reflux for a total of' 10 hours, and

allowed to stand for several days, during which time, at inter

vals, an additlonal 0.4 mole of methyl iodide was added. After

removal of the potassium iodide by filtration, and evaporation

of the filtrate under reduced pressure, the crude liquid product

weighed 41.4 g . or 84,%, if considered to be entirely the ester.

Crystals were obtained by the addition of 50 ml. of absolute

ethanol, cooling drastically, seeding, recovery in the cold

room, and washing with cold ethanal. Three additional crops of

crystals resulted from alternate concentration and cooling,

with seeding, to give a total of 15.6 g. (31.7%) of not entirely

pure ester. As usual, the chief difficulty was the recrystalli

zatlon of the low-meltlng solid without a large 10ss. Another

recrystallization from ethanol, using absorbent carbon, slow
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cooling, c ol.d room filtration, and dry:l.ng, gave three success

ive or op s of well-formed white needles of ms p , 38.5-39 0 C., Ln

agreement with the recorded value (la) of 39 0 C.

O-Octadecyl S-Methyl Xanthate

Of the ten runs carried out, Run No. 7 was typical of the

early runs in which ether was the reaction medium, and Run No.

9 was one of the two in which excess carbon disulride Was used

instead of ether. Sorne details of Run No. 8 are also presented

below, as it was one of two runs in which the intermediate xan

thate salt was isolated and examined. Run No. 6 had shown that

isolation of the i ntermediate salt did not prevent the final

cr ude ester f'r om containing oc tiade c anoâ as an impurity.

Run No. 7:- Pulverized sodium hydroxide, 0.2 mole (8.0 g.),

was added to 400 ml. or dry ether i n a l litre three-necked

flask, fitted with merc ury-sealed stirrer and reflux condenser,

and stirred to get a good suspension. Then 0.2 mole (54.1 g.)

of octadecanol, which had been recrystallized from petroleum

ether, was added in portions, with warming, to g i ve a suspension,

complete solution of the octadeeanol not taking place even with

the laree arnount of ether present. After s t and Lng ror about 20

hours, in the vain hope of effecting rurther solution, the

entire mixture had formed a solid cake, which was broken up by

adding 300 ml. of additional ether and stirring for sorne time.

Then 0.4 mole (24. 08 ml.) (twice the the ore tieal quanti ty) of

reagent grade carbon disulfide was added, with continuous

stirring. Immediately the thick suspension largely disappeared,
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the solution became lncreasingly yellow, and a ye1lowprecipi

tate of xanthate salt gr adual l y formed. Intermittent stirring

and gentle warming were continued for six hours, and the mix

ture was allowed to stand overnight after the addition of a

further 0.4 mol e of carbon disulfide. Then 0.22 mole

(13.74 ml.) of methyl iodide was added, and warming and inter

mittent stirrir.g were c on t î.nue d for eight hours. After stand-

- - - - - - - - - Tng f or a day and a half, the white precipitate of sodium

iodide was removed by filtration', the ether was distilled, and

the final trace of solvent was evaporated under reduced

pressure to Leave 58.6 'g . (81.7%) of anoily semi-solid yellow

residue.

This product was crystallized from about 75 ml •. of ethanol,

which was cooled s1ow1y to get 14.2 g. of good crystals melting

at 38-39° C. ~ conce ntra.tion of the liquors, a second crop of

21.5 g. was obtained (m.p. 38-39° C.) and similarly a third

crop of 4.2 g. (m.p. 37-38° C.). An attempt to produce a

fourth crop in the same way yielded3.5 g. of a material melt

ing at 54-55° C., probably largely octadecanol. However, much

later, the mother llquor slowly deposited another 0.7 g. of

m.p. 38-38.5° C. The total yield of quite pure ester was

40.6 g. (56.5%). Analytical data are given under Run No. 9.

__ Run No._9_:~ _In- a- 500-ml-.-tbree--Beck-ed-fl-ask,---r:ttteâ-w ith-a- - - -

mercury-sealed Hershberg stirrer and condenser with a calcium

chloride tube, 0.15 mole (40.5 g.) of octadecanol was dlssolved

in 250 ml. of carbon disulfide wlth stirring. Several hours
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were needed for complete solution at room temperature. Then

0.15 mole (6.0 g.) of pulverized sodium hydroxide was added

with stirrj.ng. Slight yellowing and the formation of a pre

cipitate occurred almost immediately, and the heat of reaction

was considerable. The mixture was allowed to stand for aday,

after whic h time a heavy pale yellow precipitate of xanthate

salt had formed. With stirring, 0.30 mol e (18.68 ml.) of

methyl iodide was added, with no apparent immediate effect.

An hour later, a further 18.68 ml. of methyl iodide was added,

and the mixture warmed very ge nt l y for a short time, then

allowed to stand for two days. Reaction was apparently com

plete, resulting in a ye1low solution over ~ white precipitate

of sodium iodide.

Additiot: of an equa1 volume of ether pr omo t e d a far better

settling of the precipitate, which was then removed by filtra

tion and washed with ether. The fi1trate and washings were

concentrated near1y to dryness under reduced pressure at room

temperature, and the residue dried in a vacuum desiccator.

Weight 48.1 g . (89.1% crude yield) of pale yellow solid of m.p.

37.5-38° C., although a portion did not melt until 52° C.,

apparently because of contamination with octadecanol. The pro

duct was crystallized from 300 ml. of ethanol, taking four

successive crops. The first, 22.1 g. of white flakes, me1ted

at 37.5-38.5° C. A.second crop, 10.0 g . of finer flakes,

me1 t e d at 36-37° C., although it did not completely oLear until

52-53·C. The third and fcurth crops of 5.6 g . and 3.0 g.

respectively were large1y the starting octadecanol. The first
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and second crops represented a 59.5% yie1d.

A samp1e of the purest material was recrystal1ized three

more times from ethanol, fir,al1y melting at 38-39 0 C. It was

dried in a vacuum desiccator, and analyzed for carbon, hydro

gen (122), and sulfur (Carius) (108). Ca1cu1ated for

C20H400S2: C 66.60; H Il.18; S 17.77%; mol. wt. 360. Found:

C 66.49, 66.44, 66.54; H Il.00, 10.89, Il.00; S 17.91, 17.70,

~ -------17~5-;-r7---:-48.%; mol.wt: -(Rast) (122): 388, 352, 340, 378, 378,

342. Close estimates of mo1ecu1ar weight were a1so obtained

from the saponification numbers, reported in a later section,

which were multiplied by two.

Run No. 8:- Fo11ow ing a procedure ne ar1y identica1 with

that of Run No . 7, the xarrthate salt was prepared from 0.08

mole (21.64 g.) of octadecanol. The salt was removed from its

ether suspension by filtration, and dried in the open air over

night ta s i ve a crude yield of 27.3 g. (92.6%) of pale yellow
,

crysta1s. The product Was purified by the DeWitt and Roper

method (23) (see pp. 7, 72), but about 2 g. did not dissolve

in the acetone. The final white salt was dried in a vacuum

desiccator over phosphorus pentoxide, activated charcoa1, and

paraffin wax. After three days, the white pr oduc t we ighed

19.1 g. (64.75% yie1d). Calculated for C19H370S2Na: S 17.40%.

Found: S 15.42% (Bromine me t hod ) , 15.04% (Carius methoql.__

In the bromine method, frequently used for the analysis of vis

cose (cf. p. 62), the salt was dissolved in 4% sodium hydroxide

(although it gave a very turbid solution), treated with excess
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bromine and warmed, acidified with hydrochloric acid, warmed ta

remove exoess bromine, and finally treated with barium c hlor Lde

according ta the usual gravimetric procedure.

Since the xanthate salt, although white, was still obviously

impure, it was crystallized from ethanol, although this solvent

had given unsatisfactory results in Run No. 6. Warming to

effect solution caused continuaI decompasition, as the clear

solution rapidly became turbide After a final filtration, the

solution was rapidly cooled in the refrigerator and the result

iog crystals removed by suction. These crystals were recrys

tallized at once by dissolving ln excess acetone, filtering, and

precipitating by adding about 10 volumes of pentane. After

standing overnight, the white crysta1s were removed and dried

in a vacuum desiccator. Calcu1ated for C19H370S2Na: S 17.40;

Na 6.24%. Found: S 14.8, 14.9, 15.1% (Carius method); Na 4.74,

5.15%. The amount of sodium was determined by ashing samples

with sulfuric acid and weighing as sodium sulfate (60). The

analyses indicated a purity of 80 to 87%, assuming the impurity

to contain neither sodium nor sulfure

The xanthate groups were estimated by titration with

Lod ï ne , The me t.hod of Whitmore and Lieber (118) was mcdLfLed

in several trial experiments, because the present salt was not

completely soluble in water as the simpler xanthates were.

Heating to aid solution caused sorne decomposition, as evidenced

by the oücr of merc ap tan , The mo s t sat isfac tory me thod was to

dissolve the salt in a mixture of acetone and water at room
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temperature, and ta titrate with standard iOdine solution,

using a s mall layer of ether or carbon tetrachloride to re-

ve a.L the Lod lne at the end point, as the blue color of starch-

iodine did not appear in the presence of acetone. In one

titration, for example, 0.2426 g . of xanthat~ salt required

5.41 ml. of 0.104N Lod Lne solution. Therefore the "lodine

equivalent", according to Vlfhi t mor e and Lieber (118), or mg .

-------o f - i od i ne per g. of xanthate, was

5.41 x mg. iodine per ml. =
wt , of sample

5.41 X 13.20 _
0.2426 - 294.3

Since the t he or e t i ca l figure was 344.3, the purity was 85%.

Another titratlon showed 88%. These values agreed with the

80-87% purity found by analyses for sulfur and sOdium. It

could be safely concluded that a considerable a mount of impur-

ity, perhaps octadecanol, was present in the salt. However,

a sample was rea"dlly methylated with methyl iodide to g i ve the

xanthate ester, and similar material was use d for the experi-

me n t s with d Laz ome bhane reported later.

O-Hexadecyl S-Methyl Xanthate

This ester was prepared by the same me t hod s use d for the

octadecyl analogue. Either ether or carbon disulfide could be

uae d for the react ion me d i um, and t he f'o l.Low Lng procedure ia

an example of the latter method. In a 500 ml. three-necked

flask, fitted with mercury-sealed stirrer and condenser, 0.15

mole (36.3 g.) of hexade canoL, previously recrystallized from

petroleum ether, was dissolved in 200 ml. of reagent gr ade
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carbon disulfide. The hexadecanol dissolved readily, in con

trast t6 octadecanol. Then 0.15 mole (6.0 g.) of pulverized

sodium hydroxide was quickly added, and washed down with 50 ml.

of additional carbon disu1fide. There appeared ta be some

reaction almost immediately and a considerable heat of reaction.

In about 10 minutes, a heavy pale yel10w gel had formed, in

spite of continuous stirring. After standing overnight, 0.30

mole (42.58 g., 18.68 ml.) of methyl iodide was added in por

tions, with stirring. There was no apparent change after an

hour. Two hours later, an additional 0.30 mole of methyl

iodide was added. Continuous stirring did not completely

break up the gel. After an o t hee day, howeve r , the ge l had dis

appeared and the mixture eonsisted of a pale yellow liquid

over a white precipitate of sodium iodide, which was eas11y

made to settle by the addition of an equal volume of ether.

After filtration, the solution was evaporated under reduced

pressure, and the result1ng yellow 'l1quid dried in a vacuum

desiccator. Weight 50.2 g. (100.5~ erude yield). After stand

ing in the cold room for sorne time, this liquid solidified to a

pale yellow solid of m.p. 24-25° C.

The product was twice crystallized from a large exeess of

ethanol, e ac h time taking three or four successive cr-ops , The

yield of relatively pure white crystals was 40.0 g. (80%). A

third crystallization from a great excess of ethanol gave

27.2 g. as a first crop, of rn.p. 28-28.5° C. A smal1 sample

of this crop was again erys tall ized from e t.hanol , and dr Le d
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over phosphorus pentoxide in a vacuum desiccator in the cold

room. Calculated for C18H360S2: C 64.82; H 10.91; S 19.28%.

Pound: C 64.70, 64.60, 64.94; H 10.59, 10.86, Il.02; S 19.97,

19.11%.

Attempted Preparation of O-Octyl S-Methyl Xanthate

This preparation followed the same procedure as Run No. 3

of the benzyl analogue, starting with 0.1 mole (13.02 g.,

15.8 ml.) of octyI alcohol.There was difficulty with emul

sions when separa t Lng the final ether layer. The ether was

dried overnight with calcium sulfate and, after filtration,

was evaporated under reduced pressure, to leave a yel10w

liquid which could not be induced to sOlidify, eve n after

cooling with solid carbon dioxide. The 1ater preparation of

trlli hexadecyl ester as a very low-melting solid indicated

that the octyI compound would be expected to be a liquide The

011 was purified by distillation at 20 mm. pressure, possibly

an inadvisable procedure. A fairly large fore-run of colorless

l1quld was obtained at 55-70° C., but mos t came over as a pale

ye110w oil at 175-190 0 C. There was a considerable red-brown

residue. The yellow 011 could be sOlidified in a bath con

taining solid carbon dioxide, but liquefied on warming to the

temperature of the refrige rator. There was no change on stand

ing for two years. The oi1 was not definitely characterized,

but was probably the desired ester.
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Attempted Preparation of O-(3-Cyclohexylpropyl)
S-Methyl Xanthate

A small run, starting with 0.01 mole (1.42 g.) of

3-cyclohexylpropanol-l waa carried out by a procedure similar

to that used with hexahydrobenzyl alcohol. Reaction occurred

readily, and the final liquid product was separated exactly as

the octyl analogue, except that the distillation was omitted.

The yellow oil could be solidified by drastic cooling, but

liquefied in the refrigerator. An equal volume of ethanol was

added, and from the solution crystals could be obtained by

drastic cooling. These crystals dissolved, however, when

warmed up to 0 0 C. in the refrigerator. Although this work

was discontinued, the crystalline product could probably be

obtained rather easily and would probably melt near room tem-

perature.

Miscellaneous Experimenta on Hexadecyl Alcohol

A peculiar behavior noted in the preparations of both the

hexadecyl and octadecyl esters was that even very large

amounts of ether would not dissolve the hexadecyl or octadecyl

alcohol i n the presence of powdered sodium hydroxide. Several

test tube experiments were made on this phenomenon, but it

remained unexplained.

Hexadecanol, 0.5 g . , completely dissolved in a few

seconds in 1.5 ml. of dry ether. These proportions did not

result in c omplete solution in a xanthate rune Another 0.5 ml.

of dry ether was added, and a very amall amount of pulverized
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sodium hydroxide. After a minute or two, with occasional shak-

ing, the amount of precipitate was much greater than could be

accounted for by the sodium hydroxide alone, and was light and

voluminous, probably hexadecanol.

When the procedure was reversed, and a sIDall amount of

pulverized sOdium hydroxide was added to 2.5 ml. of dry ether,

the precipitate remained unchanged and settled weIl, even

after several minutes' shaking. Then 0.5 g. of hexadecanol

Was added, and about two minutes later the white voluminous

precipitate appeared as before, and soon the tube contents had

completely gelled.

When 0.5 ml. of carbon disulfide was added to each of

these tubes, the contents thinned almost immediately, and the

precipitate largely dissolved. Powdered potassium hydroxide

had the sarne effect as sodium hydroxide in similar experiments.

In another experiment, 0.5 g. of hexadecanol was dissolved

in 2.5 ml. of carbon disulfide, and a little powdered sodium

hydroxide was added. After about two minutes, yellowing of the

solution began and a heavy gelatlnous precipitate, probably

xanthate, began to appear. A few minutes later, the tube con

tents had completely gelled. Dilution with about three volumes

of ether gave an easily fiIterabIe precipitate.

2. The Reaction of Xanthate Salts with Diazomethane

The Reaction of Nitrosomethylurethane wlth
Sodium Octadecyl Xanthate

For this and the succeeding experiment, the yellow-red

nitrosomethylurethane was prepared by the action of nitrous
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acld on ethyl N-methy1 carbamate, followlng the method glven

ln ItOrganlc Syntheses" (123). The ethy1 N-methyl carbamate

origlnated from methylamine and et~Tl chloroformate, as des

cr Lbed ln "0r ganic Synthe se Sil (124).

A clear solution of 1.0 g. (0.0027 mole) of sodium octa

decyl xanthate in 100 ml. of absolute methanol was placed in

a 500 ml. three-necked flask, fitted with mechanical stirrer,

thermometer, and dropping funnel. The xanthate salt was that

prepared in Run No. 8 (see p. 81) and was not completely pure,

although the best available after several attempted purlfica

tians. A solution of 1.58 ml . (1.79 g., 0.0135 mole) of

nitrosomethylurethane in about 20 ml. of absolute methanol was

added dropwise over about 20 minutes to the stirred xanthate

solution, which was kept at 3_5 0 C. by means of an ice-water

bath. After about five minutes a white foamy precipitate had

begun to appear on the surface of the solution, and increased

in amount until the nitrosomethylurethane was aIl added. The

mixture was stirred for 20 minutes longer, then allowed ta

stand for about two hours, after which tlme the temperature

had risen ta ISo C. The white solid was recovered by filtra

tion on a Büchner funnel, washed with absolute methanol, and

dried over phosphorus pentoxide in a vacuum desiccator. A

second crop was obtained by evaporation of the filtrate at

room temperature and reduced pressure to about 20 ml., filtra

tion, washing with cold methanol, and drying. The filtrate

from this operat ion was diluted with water to 250 ml., and

filtered to remove a very small amount of yellow solid, whlch
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was also dried. Fraction I weighed 0.5025 g., m.p. 36-38.5° C.,

and fraction 2, 0.3650 g., m.p. 36-38° C., although a trace

did not melt below 100° C. Fraction 3, 0.0075 g., was yellow,

and did not melt below 200° C., although there was a slight

softening from 50° C. to about 100~ C. Considering only the

first two crops, the crude yield of octadecylmethyl xanthate

(as it was 1ater shown to be) was 0.8675 g. (89.3%), calcu1a-

-------t e d- on -tlie assumptîonof a pure starting material.

The product was twice recrystaI1ized fram an excess of

ethanol, after removing traces of a nan-filterable turbidity

by two treatments with absorbent carbon, and the resulting

fine needles were dried in a desiccator. A second crop was

obtained by evaporation ta a sma1ler volume, and cool ing. The

first fraction, 0.30 g., melted at 37-38° C., the second,

0.15 g., at 36.6-37° C. The yield of relatlvely pure ester

was 0.45 g. (46%, caIcu1ated on a pure startlng material),

and a mixed m.p. with an authentic samp1e of pure octadecyl

methy1 xanthate was not depressed. Analysis for sulfur (Carius)

confirmed the identity of the product as octadecyl methyl xen

thate. Ca1cu1ated for C20H400S2: S 17.8%. Found: S 17.6,

17.9%.

The Reaction of Nitrosomethylurethane with
Potassium Benzyl Xanthate

The potassium benzyl xanthate had been stored for about a

year in a desiccator, but was purified before use by the DeWitt

and Roper method (23), and dried in a vacuum desiccator over

phosphorus pentoxide, activated charcoal, and pro'affin wax.
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Calcula ted for C8H7032K: 328.84%;" iodine equ i valent"

(according to Whitmore and Lieber, see p. 82) 570.8.

Pound e 3 37.31, 37.40% (br-onrlne me t hod , cf. p. 81); "iodine

equivalent" 722.5, 726.2, 735.9. 3ulfur and iodine values of

26.6 to 29.5% over the calculated values indicated a large

amount of decomposition. The nature of the impurity was un

known, although it could not have been the corresponding

dixanthide, which did not react with iodine.

Following the same procedure as with sodium octadecyl

xanthate, 2.31 ml . (2.61 g., 0.0225 mole) of nitrosomethyl

urethane in about 25 ml. of absolute methanol was allowed to

react w:ith 1.0 g . (0.0045 mole) of the above potassium benzyl

xanthate dissolved in 100 ml. of absolute methanol. No solid

product appeared at the surface, as in the case of the octa

decyl compound. This d:i..fference might reasonably be expected,

since benzyl methyl xanthate appeared to be more soluble in

methanol than did the octadecyl ester. About 400 ml. of

water was gradually added to the 125 ml. of solution in an

attempt to precipitate the xanthate ester. A fine emulsion

appeared, and the droplets resisted several attempts at crys

tallizatlon. Resort was made to extractions with ether, and

after evaporation of the ether (and me t hano'l ) in' the extract,

under reduced pressure, a small amount of yellow oil was

obtained. This oil was dissolved in warm ethanol, the solu

tion filtered, and cooled in the refrigerator. When seeded

with a crystal of benzyl methyl xanthate, white crystals
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were obtained in small amount, and were removed by filtration

and dried over calcium chlor:lde ln a desiccator at a 10'011 tem

perature. A small second crop was obtained by concentration,

oooling, and seedlng of the mother liquor. Total yield:

0.077 s- (8.65%). :M.p. 28-28.5° C. (r-ec or-de d 29° Ct) (9).

The low yield might have bean caused by a poor metpod of iso

lation, as weIl as by the i mpurity of the original salt.

3. Some Reactions of Xanthate Me t hy l Esters

Saponifioation of O-Benzyl S-1~thyl Xanthate

Most of the saponifications were by a method adapted from

a standard determination described by Shriner and Fuson (125).

In a typical experirrent (Table III, Run 1), a 0.2877 g. sample

of the ester was he a be d w1.th 10 ml. of 1.191N sodium hydroxlde

solution i n 90% ethano1 for one hour under reflux, and required

38.85 ml. of 0.225N hydrochloric acid for titration. The

titrations had indistinct end points, as the red calor of

phenolphthalein developed agaln gradua11y, yet sorne of the

saponification numbers approached the theoretlca1 value of 99

qulte 010se1y. In aIl cases, a white precipitate or at least

a turbidity was observed soon after the beginning of reaction

and persisted throughout the titration.

The following saponification on a larger scale was for the

purpose of recovering the benzyl alcohol. A sample of 5.963 g.

of thé ester was heated under reflux for 1.5 hr. with 75 ml. of

1.191N sodium hydroxide in 90% ethanol, after which the solid
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(possib1y sodium thiocarbona.te) was removed, and the fi1trate

distilled ta leave a yel10w oil, which wa.s extra.cted with

ether, the extract dried over potassium carbonate, fi1tered,

the ether evaporated, and the residue distil1ed. Most eame

over at 198-199 0 C. (une onr , ) (r-ec orde d b .p , fol" benzyl ale 0

uei , 205 0 C.). ViTt. of pr oduc t 2.1627 s- (67%). The pheny1-

urethane,
o .

m. p . 77 C., was prepared from a sma11 samp1e of the

pr-oduc t , (Rec or-ded mvp , for t he phenylurethane, 78 0 C.) (126).

TABLE III

Conditions

Saponification of O-Banzyl S-Methyl Xanthate(a)

Saponifie a tion
NumberReagent

10 ml. of 1.191N NaOH
in 90 % EtOH

l hr. at reflux 91

100

84

15 ~~. of O.BOON KOH
in EtOH

1.5 br. at room temp., 101
then 15 min. a t reflux

" 102

2 days at room tempo 102

6 hr s . at reflux 73

(a) Sample weights 0.2 ta 0.3 g.
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Saponifiea t ion of O-Hexahydrobenzyl S-Me thyl Xantha te

Two approximately 0.5 g. samples of the ester were heated

ur.de r reflux with 15 ml. of O.SOON potassium hydr-ox îde in

ethanol, giving saponification equivalents of 95 and 116,

wherea.s the ealeulated value was 102. 'IWo samples, 0.3008 g.

and 0.4703 g . were heated unde r r-ef'Lux for one hour with 5 ml.

and la ml. respec tively of 1.191N sodium hydroxide in 90%

ethanol, g i v i ng values of 104 and 93. The seco nd of these

mi x t ur e s , after standing for several months after the titrat ion,

required a large amount of additional aeid to neutralize the

solution, indieating a lIsa.ponifictüion number-J", unde r t he ae

unusuaI c tr-c uma t anc e s , of 206. In these c.aae s s.Lso , end points

were indistinct because of the redevelopment of color.

Saponification of O-M8nthyl S-1~thyl Xanthate

A 0.2065 g. sample of ester was heated under reflux for

one hour, perhaps not long enough, with 5 ml. of 1.173N sodium

hydroxide in 90% ethanol, g i v :l. ng a llsaponlf'icatior:. equivalent"

of 96, whereas the calculated value was 123. The end point

was indistinct, and, af'ter standing for two weeks after the

titration, additional acid brought the value to 124. This

correct result was probably merely coincidental, as longer

standingwould probably have made it still higher. In two

additional saponifications, 76% and 63% of somewha t crude men

thol were recovered from the reaction mixtures by a method

similar to that used for benzyl alèohol.
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Saponification of O-Hexadecyl S-Methyl Xanthate

A 0.1144 g. sanwle was heated under reflux for 0.75 hours,

and allowed to sta~d for 1.5 hours, with 5 ml . of 0. 800 N

potassium hydroxide i n ethanol, g iv l~g a Ilsaponification

equivalent tl of 195, whereas the cs.Lc uLate d value was 166. The

Great disparity was perhaps caused chiefly by the use of too

small a sample of the h1gh moLec ular wei ght ester, as only a

small quan t Lty was available when this early experiment was

done. Mor e over , this early sample was probably not completely

pure.

Saponification of O-Oc tadecyl S-Methyl Xanthate

Table IV gives the results of a series of saponi.fications

carried out on 0.19-0.32 g. samples of the ester, using freshly

prepared alkali solutions and restandardized hydrochloric acid

for the tltrations. In experiment (1) for example, a 0.1920 g.

sanwle of the ester was heated for an hour under reflux with

5 ml. of 1.191N sodium hydroxide in 90% ethanol, and required

21.64 ml. of O.225N hydrochloric acid for titration. The

expected value of 180 was r e ac he d qulte oLoseLy with one

~our's heating, but only partial hydrolysis occurred in 30

minutes. The end points with phenolphthalein were reasonably

distinct.

It was not definitely known why s o muc h sodium hydroxide

appeared to be consumed in Runs No . 10 and No. 17. Perl~ps

there was reaction with liberated methanethiol, which mi ght

not have been driven off as thoroughly as in runs carried out
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TABLE IV

Saponifications of Octa.decyl Methyl Xanthate(a)

Reagent (b)
"Saponification Per Cent

Conditions Nurnber-" Cleavage

5 ml. of IN NaOH

(1) 1 br. at reflux 177. 101.8
(2 ) 1 br • " 182. 99.0
(3 ) 15 min. n 262. 68.8

10 ml. of IN NaOH

(4 ) 1 br. at reflux 180.5 99.7
(5 ) 30 mf.n , " 194.7 92.5
(6) 30 min. " 201.6 89.3
(7 ) 15 min. n 244.3 73.7
(8 ) 1 br. at room tempo 903. 19.9
(9) 48 brs . " 228.1 78.9

(10) 1 week n 111.4 161.

50 ml. of O.lN NaOH

(11) 1 br. at reflux 181.5 99.2
(12 ) 1 br. n 182.7 98.5
(13) 30 min. " 195.4 92.1
(14 ) 15 min. " 261.9 68.7
(15) 1 br. at room tempe 4417. 4.1
(16) 48 hr s , " 240.1 75.0
(17) 1 week " 102 .7 175.

(a) Sample weights 0.19-0.32 g.

(b) The precise normalities of the sodium hydroxide
solutions in 90% ethanol were 1.191 in Runs 1-3,
1.163 in Runs 4-10, 0.0871 in Runs Il and 13,
0.0952 in Runs 12 and 14, 0.1076 in Runs 15 a.nd
17, and 0.1012 in Run 16. In aIl cases the
effective normality during saponification was
slightly less, as a little ethanol was used to
rinse the neck of the flask.
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at reflux temperature.

The white pree ipi ta te whieh persisted throughout the

titration was reeovered from' Runs No . l and No. 2, recrystall-

ized, and shown by its m.p. to be octadecanol. In an addi-

tional saponification to check the recovery of octadecanol,

a sample was heated under reflux for one hour , the mixture

was evaporated to dryness, extracted with boiling abso1ute

ether for 30 minutes, and fina11y evaporated to a white solide

Weight 0.1678 g. (97%), m.p. 55-57° C. The pheny1urethane

of octadecanol was prepared from the product, and me1t e d at

79.5-80° C. (r-ec or-ded mvp , 79.5°) (127). In still another

saponification, a 96.48% recovery of octadecanol was obtained

by the same me t hod , In this .c a se , the produo t was recrys-

tallized from petroleum ether, using absorbent carbon, to

g i ve 0.169 g. (72.1%) of pure white flakes.

Stabj,lity of the Octadecyl Ester in
Aqueous 25 % Sodium Hydroxide

A samp1e of the ester was heated under reflux for two

hours with 30 ml. of 25 % aqueous sodium hydroxide. The ester

was insoluble in the aqueous solution and hydrolysis was very

slight. Towards the end, the mi xt ur e became slightly yellow

and there was a slight odor of mercaptan from the condenser.

The ester was recovered, with correct m.p., in about 99%

yield by extraction three times with ether and evaporation of

the extract to dryness. The stability in aqueous alkali

agreed wi th the work of McAlpine (30) on the me nthyl analogue.
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Stability of the Octadecyl Ester to Aqueous
Alcoholic Ammonia

A solution approximately IN in ammonia was prepared by

diluting 10 ml. of approximately 15 N aque ous ammon La to

150 ml. with eth~nol. A 0 . 28 9 g . sample of the octadecyl

ester was mi xe d with 15 ml. of this solution, and allowed

to stand open ta the air at room te mperature, with occasional

stirrirg, for nearly a week, when the liquid had completely

evaporated. The ester did not go into solution appreciably

at any time, and over 99% recovery was effected in the usual

manner.

Stability of the Octadecyl Ester to Pyridine

A sample, 0.3085 g., of the ester was heated under

reflux with 10 ml. of analytical reagent pyridine for one

hour, then 30 ml. of dry ether was added after cooling, and

the next day a small arnount of a dark gum (soluble in benzene)

was removed. The very dark filtrate was completely decolor

ized by two treatments with absorbent carbon. After evapora-

tion at roorn temperature, the small amount of residua1 amor-

phous white solid me1ted at 43-48° C. after crystallization

from ethano1. This substance was probably not octadecanol,

of rn.p. 60° C., and was not examined further. It was obvious

that the ester was decomposed in boiling pyridine.

In another experiment, 0.2937 g. of the ester was

disso1ved i n 15 ml. of pyridine and al10wed to stand at room

temperature for a wee k , After the first day, a slight yel1oV/-

ing of the solution was observed, but never any extensive
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darkening. The pyridine was removed by evaporation under

reduced pressure at room temperature, the product taken up

in ether, filtered to ge t rid of a considerable turbidity, and

slowlyevaporated. Weight of crude product, 0.2712 g.,

recrystallized from ethanol to g i ve 0.221 g . of m.p. 36.5

37.5 0 C. (M.p. of authentic ester, 38-39 0 C.) Under these

conditions, the ester was, for the most part, uncrmnged.

Stabi1ity of the Octadecy1 Ester in
Aqueous 6N Hydroch1oric Acid

A smal1 sample of the ester was heated under reflux with

25 ml. of 0.225N aque ous hydroch1or:lc ao Ld for 20 minutes.

As no obvious change occurred, sufficient strong hydrooh1orio

acid was added to br:i.ng the concentrat1.on to approxirnately 6N.

After three hours under reflux the ester still floated on the

surface as an oil, and Was recovered nearly quantitative1y,

with the correct rn.p. Hydrolysis was therefore inappreciable.

Stabil:i. ty of the Oc tadecy1 Es ter in
IN Aqueous-Alcoholic Hydrochlorlc Acid

With cooling, 2 ml. of 12N aqueous hydrochloric acid was

diluted to 24 ml. with ethanol, and a s mall sample of the

ester was heated under reflux for one hour wlth 15 ml. of thls

solution, in which it became soluble. No odor of mercaptan

Was observed. The mixture was evaporated under reduced pressure,

the residue taken up in ether, fi1tered, and evaporated. The

weight of dried product showed a 97% recovery of slight1y

impure ester. Part of this y1e1d was recrystal1ized to g i ve

a purer ester of m.p. 37-38 0 C.
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Stability of Octadecyl ~e thyl Xanthate in
43% Hydrochloric Acid at 0° c.

Concentrated hydrochloric ac i d was saturated at 0
0 c.

with hydrochloric acid ga s , and titration of a weighed sample,

using special techniques to avoid 10ss of acid, showed 43.27 %

of hydroge n c hloride.

A sample of the xanthate ester, 0.3007 g . , was added to

25 ml. of the 43% acid at 0° in a 100 ml. glass-stoppered

flask, and kept for 24 hours in the refrigerator at 0° C. The

ester remained undissolved, in spite of vigorous s hakin~ on

several occasions. The mi x t ur e was finally diluted with an

equal volume of water, was extracted three times with ether,

and the extract allowed to evaporate at room te nwerature.

After drying in a desiocator, the solid residue weighed

0.3082 g . (102 % reoovery, crude). Recrystallization from

ethanol gave three crops whoae total weight was 0.2353 g .

(78.5%). Each melted at 37-37.5 0 C., and was the reasonably

pure ester.

In an earlier less satisfactory similar experiment, the

mixture was diluted as before and most of t he water and acid

were removed by simple distillation. The solid residue in the

flask weighed 0.0984 g. and the solid which distilled with the

steam, 0.0879 g., after drying. Each fraction was separately

crystallized from ethanol, each time taking two crops. 1~lt-

ing points showed all these to be nearly pure octadecyl me t hyl

xanthate, recovered in a total crude y i e l d of 61%. It was

later confirmed in separate experiments that both octadecanol
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and octadecyl methyl xanthate were slightly volatile in steam,

the ester apparently more so than the alcohol.

Stability or Octadecyl Methyl Xanthate when Heated in a
Sealed Tube with 3% Methanollc Hydrogen Chlorlde

Hydrogen chloride gas was passed into absolute methanol

until the gain in weight indicated that the desired concen

tration had been reached. Analysis showed 3.22% hydrogen

c h'I or Lde ,

(a) In a preliminary experiment, a samp1e or 0.3061 g. or

the ester was warmed under gentle reflux with 50 ml. of the

reagent, this amount being necessary to dissolve the ester.

'l'he top of the condenser was fitted w:i.th a calcium chloride

tube. After 30 mlnutes, with the calcium chloride tube moment-

arily r-e moved , a trace of mercaptan oould be dete c ted, both by

odor and by the ye110w coloration imparted to 1ead acetate

paper. After heating for 72 hours, the odor was still present.

The mixture was then c ooLed , the crys baLs which separa bed were

removed by filtration, washed with aosolute methanol, and

dried in a vacuum deslccator. A seoond orop was obtained from

the filtrate by ooncentration and coo1ing. Both crops me1ted

at 38-38.5~ C. and represented a recovery of over 90% of the

original ester. In a duplicate experiment the recovery was

(b) In a sealed tube experiment, 0.1 g. of the ester and

10 ml., of 3.2% hydrogen c hl.or â.de in methanol were he a bed in a

tube of approximately 20 ml. capacity in the sma1l furnace
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used for Carius tubes. After three days at 120 0 C., the tube

was cooled and opened. A slight gas pressure and odor of

mercaptan j.ndicated that sorne decomposition had oc c ur r e d ,

Most of the s oLtd pr oduot had crystallized.:Nhen being trans

ferred to a flask, the supersaturated solution suddenly

evolved a considerable amount of g a s , causing sorne 10S8 of

s ol Ld material at the same time. The mixtu.re was c oo l.e d and

filtered, and the r-e su l t Lng crystals drled in a vacuum desicc

ator. Weight 0.0335 g . , m.p. 36-36.6 0 C. A second crop of

0.0050 g. was obtained by dilution with water. The total

yield of 0.0385 g. was only a 38.5 ;t recovery, but the melting

point showed that no considerable amount of octadecanol was

present.

(c) In ano t ne r sealed tube experiment, 0.2 g. of ester

and 10 DU. of the acid reagent were heated at 125 0 C. for

three days as before, then the still c oLor-Le s s solution was

heated at 140 0 C. for two days, and finally at 160 0 C. for

33 hours. These thles c or re sponded to those u se d wLbh a

cellulose .xari t habe rne t hy l ester run carrled out at the saIne

time. On cooling and opening, much of the contents was

ag a Ln lost because of vigorous g a s evolution. The remainder

was dl1uted with water, c oo Le d , filtel~ed, and the resulting

solid dried and crystallized from pentane, to melt at 59-60 0 C.

(recorded for octadecanol, 60 0 C.). Tt was clear that the

ester had decomposed under these conditions.
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Action of Silver Nitrate on Octadecyl
lYTethyl Xanthate

A solution of 0.00125 mole (0.4518 g . ) of the ester in

10 Iul. of ether was added to a mixture of about 2.0 g. of

powdered silver ni t r a t e and ether. A whi t e pr e c i p i t a t e

appe are d at once, wh Le h slowly darke ned after about two hours,

gr adual l y be c omâng black. After a t and l.ng for a week, the

pree ipitate was removed a nd~he ~the~ ~vg.por a~e d,,---- ~he_ 3Le_tght _ - - - 

of t he cr ude pr oduc t , 0.3989 g . of yellow ail, was more than

c ould oe acoounted for oy octadecanol al one . An odor of

ni t rie ac id was also noticeaole. The cruùe oil was warmed

wi th a li ttle wate r , whic h then t ur-ne d li t mus paper red.

Addition of l ml. of 5% sodium hydroxide, followed oy ether

extractions and evaporation of the ether, aga in gave a yellow

liquid which largely solidified on cooling, and weighed

0.2966 g. after drying in a vacuum desiccator. After repeated

crystallizations from ethanol, the product remained a white

gum, me Lt l.ng at 29-32° C. The product was neither octadecanol

nor the starting ester, but was not examined further.

Action of Silver Oxide on Octadecyl Methyl Xanthate

A 0.002 mole (0.7207 g . ) sample of the ester in 20 ml.

of absolute ethanol, i n a 100 ml . flask, was treated with

0.02 mol e (4.64 g . , a large exc e s s ) of silver ox l.de , in

portions, at room temperature. The mixture was then heated

under ge nt l e reflux for two hours, during which time a slight

mirror formed on the walls of the flask, probably indicating
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that a certain amount of oxidation had occurred. The product

was filtered through sintered glass, and the residue on the

filter washe d w I t h ethanol. The residue liberated hydrogen

sulfide when treated with hydrochloric ao Ld , The colorless

filtrate was concentrated under reduced pressure to a nearly

white 301id, which was dissolved in ether and the solution

filtered to re move a sr~11 amount of brown solid, again evap

orated to dryness, and dried in a vacuum desiccator. The

weight of 0.6278 g. was slightIy more than could be accounted

for by octadecanol alone. After recrystallization from

ethanol, the m.p. was 37-42°, and a second recrystallization,

followed by drying, gave a m.p. of 47-51° C. The obviously

impure product gave no test for sulfur when the product of

sodiu~ fusion was tested with sodium nltroprusside solution.

Moreover, a small sample gave no mercaptan odor when bolled

with alcoholic sodium hydroxide, as did an authentic sample

01' the xanthate ester. A recrystallization from petroleum

et:'~r gave waxy leaflets of rn.p. 52-55° C. From a sample of

this,the phenylurethane of octadecanol was prepared, m.p.

78-79° C. (recorded 79.5° C.) (127), although the amount was

too small to calculate a satisfactory yield. Octadecanol Was

at Ieast a major constituent of the product.

In a second experlment, a 0.01 mole (3.60 g.) sample of

octade cyl me th'Jrl xan tha te was dis solve d in 125 ml. of abso

lute ethanol in a three-necked 250 ml. flask, fitted with a

reflux condenser and glycerol-sealed stirrer. In portions,
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0.05 mole (11.59 g . ) of silver oxide was added to the mixture

at just over room temperature, to keep the ester in solution.

An hour under ge n t l e reflux caused the formation of a slight

mi r r or . The product wa s v LsoLa t e d as beI'ore , and aga î.n the

weight of 3.1 g. was slightly more than could be accounted for

by octadecanol alone. Recrystallization from low-boiling

petroleum ether, 20 ml., gave well-formed leaflets, 0.92 g.

(34% yield, if considered aIl octadecanol) of m.p. 57-58° C.

after washing with petroleum ether and drying. A sma11 second

crop was obtalned by concentration and coo1ing. The first

crop was again crystallized from petroleum ether, to g i ve a

0.7475 g. fraction of m.p. 57.5-60° C., and the filtrate was

used to dissolve crop 2 for a further crysta1lization, which

gave a 0.1080 g. fraction of m.p. 54.5-56.5° C. From the fi1

trate there was obtained a third crop of 0.1146 g., m.p.

48-52.5° C., and a fourth crop, very waxy, of 0.3602 g. and

m.p. 35-38° C. Evaporation of the final filtrate gave a very

10w-me1ting solid residue of 0.2357 g. The total weight of

product was 1.5660 g.

From 0.7 g. (about 0.0026 mole) of crop No. l, 0.797 g.

(79% yield) of t he phenylurethane of octadecanol was prepared,

melting at 78.5-79° C. (re c or-ded 79.5° C.) (127), pr ov Lng that

crop No. 1, at least, was predominantly octadecanol.

Crops No. 2 and No. 3 were again recrystallized from

petroleum ether, giving 0.0762 g. of mvp , 56.5-580> C. and

0.0382 g. of m.p. 55.5-57° respective1y. Therefore at least

0.8619 g. (31.9%) of octadecano1 was obtained. Probably more
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satisfactory purification would show a higher yield.

The yellow waxy r e s Ldue (0.2357 g.) was "crystallized"

from methanol-ether ta g i ve a soft waxy white solid of rn.p.

33-34 ° C., '111 th sorne prelirninary s of'tie n Lng , This s o'Ll.d «e»

similar in appe ar anc e and melting point to the Los -meLt Lng

material from the Raney nickel experiments (see below), but

was not examined further.

Ac tion of Si.lver Carbonate on Oc tadecyl Me thyl Xanthate

The procedure was nearly identical with the second silver

oxide run, and slight mirror formation '11as similarly observed.

From 0. 01 mole (3.60 g.) of t he xanthate ester there were finally

obtained, by recrystalllzatlon from petroleum ether, a first

fractIon of 0.3450 g., m. p . 56-69.5° C., a second of 0.2888 g . ,

m.p. 35-40° C., a low-meltlng waxy pale yel10w third fraction

of 0.2790 g . , a nd a slmi1ar residue of 0.1521 g. The yield of

pure octadecanol was lower than in the silver oxide run,

possib1y owing to losses during treatment with absorbent car

bon. The yellow r esidue was "crystallized" from methanol-ether

to give a white waxy 8011d of mv p , 33-35° C., as in the silver

oxide rune

In another test tube experiment, a solution of a small

sample of the ester in ether '11as treated with a little silver

carbonate. There was no darkening after standing for several

hours at room temperature, and after a day there was only a

very slight darkening. The salt obviously caused only very

slight de-xanthation a t room temperature.
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Stability of the Octadecyl Ester to Mercuric Acetate

Two grams of mercuric acetate was dissolved in 50 ml. of

ethanol by heating~ and the filtered solution was added to a

solution of 0.3969 g. (0.0011 mole) of the octadecyl ester in

15 ml. of ethanol. The mj~ture was shaken and allowed to stand.

At once a heavy white precipitate formed. After nine days~

this precipitate was recovered on a filter, and the filtrate

was evaporated to a small volume at room temperature. Sorne

mor-e solid aepar a t e d , and the r-ema în Lng liquid was ac id to

litmus (probably acetic acid). The evaporation was continued

over a steam bath, but this treatrnent was apparently too drastic,

as a yellow solid began to separate (unidentified, but not

elementary sulfur). After cooling the flask, the entire mix

ture solidified and was taken up in ether. The clear, filtered

ether solution was then evaporated, but this procedure had

hardly begun when yellow solid again began to separate on the

sides of the tube. The evaporation was halted, and next day

the liquid was decanted, and finally evaporated to give a

near1y white solid, 0.3 g., after drying, rn.p. 32.5-37° C.,

with a trace not rnelting even at 60° C. Crystallization from

ethanol, with a treatment with absorbent carbon, 1eft the

rn.p. at 34-35° C., with slight sOftening beginning at 32° C.

The substance was not identified, but it might have been

largely the original ester.
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Stability of the Octadecy1 Ester to Cadmium Carbonate

In a small qualitative test, an ether solution of the

ester was treated wi t h cadmium carbonate at room temperature.

The white solid in the tube wes probably only cadmium carbonate,

as no yellow cadmium sulfide was observed, even after two

we e ka , After filtration, the filtrate was evaporated to a

white solid of m.p. 38-38.5° C. The ester was therefore recov-

ered unchanged.

Action of Thallous Ethylate on Octadecy1
~ thyl Xan tha te

The normality of a solution of thallous ethylate in ben-

zene, kindly provided by Dr. D. F. Manchester, was determined

as 0.096, 0.094N by pipetting a known volume into a mixture of

methanol and standard hydrochloric acid, the excess of which

was titrated with standard sodium hydroxide (cf. 93).

In a prelimlnary test tube experiment, a little ester was

added to a few ml. of the thallous ethylate solution. Within

a few minutes, there was a heavy black precipitate, probably

of the blue-black thallous sulfide, TI 2S, or the black thallic

sulfide, T12S3.

In the first quantitative experiment, 0.000848 mole

(0.3054 g.) of the ester was added to 25 ml. of the cold

(5-10° C.) thallous ethylate solution. Within a few seconds,

the solution became yellow and turbid, and after a few minutes

was deep brown. After 70 minute s , when the mixture was bl ac k,

50 ml. of 0.0987N hydroc llloric acid, followed by about 20 ml.

of me thanol, was added to r eac t with any remaining t ha I Lous
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ethylate. The e xc e s s acid was then titrated with O.11l9N

sodium hydroxide, using phenolphthalein as indicator. Tt was

calculated that 0.000629 moles of thallous ethylate had

reacted with the 0.000848 moles of ester. As at least two,

and perhaps four, moles of thallous ethylate would be expected

to react w1th each mol e of ester, tl~ reaction was far from

comple te.

In a second experiment, 0.000831 mole (0.2993 g.) of the

xanthate ester was dissolved in 25 ml. of t he thallous ethylate

solution and allowed to stand for 12 hours in the dark. The

black mixture was the n treated as in the first experiment.

TitratioL was difficult and somewhat inaccurate, because of

turbidity and sorne liberation of hydrogen sulfide. Tt appeared

that 0.001625 mol e o f thallous ethylate had reacted with the

0.000831 mole of ester. If two moles of the ethylate were

equivalent to one of ester, the n the reaction was nearly quan

titative (97.8%). A control experiment, similar in a TL res

pects to this one, but without the ester, showe d that no

thallous ethylate was used up.

A third experiment was done for the purpose of isolatlng

the reaction product. This time 0.00169 mole (0.6076 g.) of

ester was allowed to stand for 12 hour s, in the dark, in 50 ml.

of t he thallous ethylate solution. The mixture was filtered

on COarse sintered gl a s s , a nd the preclpitate was washed with

ether. When treated with a drop of dilute hydrochloric acid,

the precipitate gave a vigorous evblution of hydrogen sulfide,
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and was probably a sulfide of thallium. The filtrate was clear

and nearly c oLorLes s , but ac qu Lre d a white turbidity on stand-

ing a few minutes. Evaporation under reduced pressure gave a

dirty yellow solid, which was taken up in ether a nd filtered to

give a clear solution. After evaporatian of the ether, the

resulting solid was dried in a desiccator. The crude product,

0.6404 g. (106%), dirty-white and with an unpleasant odor, was

recrystallized from an excess of pentane to g i ve white 1eaf1ets

hav ing t he appearance of octadecanol and melting at 56-57.5° C.

(recorded for octadecanol, 60° C.). The phenylurethane melted

at 78-78.5°0 (recorded for the phenylurethane of oc t ade c anoI ,

79.5 0 C.) (127).

Experimenta with Raney Nickel

The Raney nickel was prepared according to a standard

method (128) whièh gave the "W-2" ca tia.Lys t , The pr oduc t was

carefully washed free of alkali, and was kept under absolute

ethanol, as it was strongly pyrophoric.

As a preliminary experiment t o ga i n practice in hand1ing

the reagent, its action on diphenylthiourea was examined. The
,

formation of N,N-diphenylfor mamidine by this me t hod is men -

tioned in the 1iterature (129), although the procedure was some-

what Les s drastic than use d here.

s

~ ~NH-~-NH~ ~

In the present case, 5 g. (0.0218 mole) of diphenylthiourea
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in 20 ml. of ethyl acetate and about 20 g. of Raney nickel,

wet with ethanol, were he a t e d together under gentle reflux for

four hours. Evolution of hydrogen ga s began immediately on

mixing the reagents. No hydrogen sulfide was detected, but a

little later an od or- resembling that of formaldehyde was ob-

se r-ved , The s t Ll.L pyrophoric nickel was removed by filtration

on COarse sintered gl a s s , and a slnall sample of it liberated

hydrogen sulfide when treated w:ith dilute hydrochloric acid.

The filtrate was evaporated under reduced pressure to a

slightly yellow s~lid, which was recrystal1ized from ethanol-

'Na ter, using a treatment with absorbent carbon. When dry, the

pr oduc t (white nee d'l.es ) weighed 0.5 g. (about 12 7b) , of mvp ,

o (' 0 )138-138.5 C. recorded for N,N-diphenyl~ormarnidine,136 C.

The low yield was probably caused by the drastic reaction con-

d l t â ons , pe r hap s aLs o to adsorption on the nickel or carbon.

Action of Raney Nickel on Octadecyl Metlwl Xanthate

In connection wlth t he I'ol Low Ing experiments it be c ame

necessary ta find a good solvent for the crystal1ization and

rec overy of oc tadec an o'L, As s hown in Table V, low-boiI1ne;

petroleum ether appeared to be rnost satisfactory, in spite of

the fàirly large solubility of oc tiade c ano'l in this solvent, and

therefore subsequent crystallizations of octadecanol were done
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TABLE V

Crystallizati9n of Octadec anol(a)

Approximate
Solubility in

Solvent mg. Fer rrJ..

Fe troleum ether 30-50 0 C. 12.5

Be nze ne 38.5

Acetone 22

Ethanol 17

Methanol 7

Ethano1-water, 3:1 2

Nature of Crystals
Obtained on Slow
Cooling

Well-formed leaf1ets

Good

Good

Sma11, poorly formed

Sma11, poor l y formed

Sma11, good only from
conc entrated solution

(a) Procedure ace or- dLng to Cheronis and Entr Lkl.n (130).

Of the seve n experiments carried out with Raney nickel

under slightly varying conditions, thre e are reported below

in sorne detail as representative.

Run No. 3:- A 0.02 mole (7.2 g . ) sample of the ester was

mixed with about 40-50 g . of Raney nickel, wet with ethanol,

ln a 250 ml. t'La a k , toge ther wi th e nou gh abs oLut e ethanol to

bring the volume to 150 ml. The mix t ur e was he ated for four

hours under reflux. For at least an hour an unidentified

unpleasant oder was observe d a t the top of t he condenser.

This odor was not that of hydr-oge n sulfide, but lead acetate

paper was turned a bright yellow, probably owing to mercaptan.

The separation of a white solid during filtration through
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sintered glas s, an d as the alcohol coole d, was prevented by the

addition of a small amount of· ether. The r-es t dual n Lo keL;

still pyr ophor Lc , wa s kept wet with solvent at aIl tirnes, and

was twice washed with slightly warm ethanol to prevent excess

ive adsorptior of produc t;. l;everthe le s s , a cons iderable

a mount probably rew~ined adsorbed. The nickel residue was

finally destroyed by r i t r i c acid.

The filtrate, f'r orn which a white ao l Ld was beginning to

separate, was distilled from a steam bath to re rnove ether and

ethanol. The crude residue was dried, dissolved in ether and

the s oLut ion fil tered to remove a trace of ni e kel; the solu-

tion was again evaporated to dryness, and the residue dried in

a vacuum desiccator, to a weight of 5.4. g. (98.7%, if this

amount were entirely octadecanol). Recrystalllzation from

petroleum ether, including a de c o'l or-Lzï. ng treatment wi th absor

bent carbon, yielded a first crop of 2.096 g., ms p , 53-55.5 0 C.,

a second crop of 0.133 g . , rn.p. 37-45 0 C., a third crop of

0.118 g . , rn.p. 33-37 0 C., and a fourth crop of 0.010 g . , rn.p.

33-35 0 C. Evaporation of the f inal filtrate gave a solid resi

due of 1.968 g., rn.p. 28.5-30 0 C. The total recovery of 4.325 g.

was only an 8 0% recovery of the crude pr oduc t , al though manLpu

lative losses were seemingly not large. If cr op No . 1 were con

sidered octadecanol, lt woulc1 be a 39 % yie1d. This fraction was

again crysta11ized to give two crops of rnateria1. The first of

these, 1.5916 g., rn.p. 57.5-59 0 C., was reasonably pure octa-

de oano'l and represented a 29.5% yie1d from the ester. The

second crop of 0.1847 g . me l t ed at 53-54 0 c.
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The 1.968 g . of low-me1ting ne s Ldue (mvp , 28.5-30° C.)

was Itcrysta111zeà" from me thanol-ether to g i ve a- first f'r ac t Lon

of 0.7423 g., rn.p. 28-30~ C.~ a second of 0.3328 g . , rn.p.

28-30.5° C., and a third of 0.1139 g . , m.p. 28-30.5° C. The

thre e crops were aIl white and had crystalli~e structures, al

though not we Ll, formed. A sample of t he fir st frac tion was

tested qualitatively for the methoxyl gr oup by the Tobie (131)

technique, which was essentially a test tube modification of

the Zeisel reaction, the liberated rœthyl iodide fina11y form

ing the colored mercuric iodide. This sensitive test was

definitely positlve whereas blanks were negative. Quantitative

methoxyl e s tn.ma t Lons were then carried out by the us ua.L me t hod ,

Calculated for octadecyl methyl etr~r, ClSH37ûCH3: -QCH3 10.91%.

Found: 3.46, 4.04%. It was clear that only a fraction of the

material was the ether. The r-erua Lnder of the first fractlon

was again "cr y stallizeà" from methanol-ether, and dried in a

desiccator for a week, after which it melted at 29.5-31.5° C.

Found: -OCH3 2.63, 2.60%. Similar low-r.~lting material fram

1ater runs contained a small amount of sulfur (see below).

Run No. 5:- A 0.01 mole (3.6 g.) sample of the octadecyl

ester and 20 to 30 g . of Raney nickel, wet with ethanol, were

mixed in a 500 ml. flask, an d enough ethanol was added to

g i ve a total volume of about 300 ml . This amount of ethanol

was necessary to dissolve the ester without he a t Lng , After

standing for fo ur hours, the n Lc ke L was r e move d as be ror-e , and

the fil trate and washings were c oneen tra ted a t a low tempera.

ture and reduced pressure to near drYDess, and the residue
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dried in a vacuum desiccator, to g i ve 1.8358 g . of a white

waxy s ol.Ld me l tlrg at 42-47° C. Recrystallization from 40 ml.

of pentane gave a first crop of 0.3807 g . of white flakes,

m.p. 58-59° C., a second crop of 0.1513 g. of white flakes,

mvp , 57.5-59° C., a third or op, 0.0743 g., of sma11 white flakes,

m.p. 48.5-52° C., and a residue on evaporation of 0.9370 g.,

m.p. 29-31.5° C. About 60% of the total of 1.5433 g. was low

melting material, while nearly aIl the remainder was octa-

de c anol .

Run No. 7:- A 0.01 mole (3.6 g.) sample of the ester was

mixed at 9° to 10° C. with 20 to 30 g. of Raney nickel, wet

with dioxane, and dioxane added to g i ve a total volurr~ of

about 250 ml. The mixture s t ood in a flask, with frequent

ahak ï.ng , for la minutes, the stopper be Lng Loosene d frequently,

as a slight pr-e asure was bullt up . After the nickel was

removed by filtration and washed with dioxane, most of the

solvent was removed by vacuum distillation and the residue

was dried in a desiccator. The dioxane clung tenaciously,

and several days of con t t.nuou s e vac ua t f.on were necessary to

remove it. The semi-solid residue of about 2 g . was recrys

tallized from pentane, with cooling in the cold room, to g i ve

a first crop of 0.200 g . , m.p. 49-57° C., and a negligible

second crop of 0.007 g. The residue after evaporation and

drying weighed 1.3530 g . , and was semi-solid at room tempera

ture (27-28° C.). Recrystallization of the first crop from

pentane gave 0.0900 g. of flakes melting at 57.5-58.5° C.,

obviously octadecanol, as a first crop. The low-meltlng
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residue was recrystallized from ethanol to give a first crop

of 0.6140 g., m.p. 34-36° C., and a second crop of 0.1730 g.,

mvp , 29-29.8 0 C. This f:i.r st crop was aga Ln crysta11ized from

ethano1 to glve 0.4865 g. of mvp , 36-37.5 0 C., probably the

or1.ginal ester, as heat i ng a sample with alcoholic sodium

hydroxide liberated a mercaptan, detected by its odor and by

the ye LLow ool or it gave to lead acetate pape r , Of the recov-

ered material, then, approximately one-fifth was octadecanol,

one-fifth was low-me1ting material, and three-fifths was the

original ester.

The low-melting material from runs 4, 5, 6, and 7 was com

bined and twice "crysta11ized" from me thanol, giving a white

waxy solid of m.p. 29.5-30° C., which gave a heavy test for sul

fur, using the sodium fusion technique followed by sodium nitro

prusside solution. A sample was again "crystalllzed" from

methanol, giv1.ng a m.p. of 29.6-29.8° C. This pr-oduc b gave a

negative isatin test for a mercaptan (132) and did not dissolve

in 5% sodium hydroxide, eVen on heating. A sodium hydroxide

fusion test for oxidized su1fur (13~) was doubtful, probably

negatlve. Analysis for sulfur (Carius) on another sample of

the same mat e r i a l showed 2.1, 2.4, 2.3%. The product was

probably a mixture.

Stab 111ty of Oc tade cyl Me t hyL Xantha te
under Acetylatlng Conditions

In a small test tube, 0.5 g. of the ester was mixed with

2.5 g. of ace tic anhydride and 0.025 g. of anhydrous zinc
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chloride. The mi x t ur e was shaken thoroughly~ stoppered~ and

allowed to stand for 24 hours. The ester had not dissolved.

The Mi x t ur e was poured onto ice~ but no solid appeared other

than the original e s te r , wh::i.ch was removed by f iltration,

washed with water, and dried in a vacuum desiccator. Weight

0.4836 g. (96.7% recovery), mvp , 37.5-38.5° C.

Action of Heat on Octadecyl Methy1 Xanthate

Five grams of the ester was heated in a sma11 pear

shaped Claisen flask~ using a sand bath and a small free

flame. A thermometer inserted directly into the ester showed

that the latter melted to a pale yellbw liquid at 38° C. The

temperature was slowly increased to 180-190 0 C., when a vigor

oUs reaction occ urred and the t e nwerature went up to about

290 0 C. Although hea.ting up to 315 0 C. was continued for a

short time, only a. few drops of distillate were obtained, but

the odor of mercaptan was pronounced. After cooling to room

temperature, the pr oduc t i n the distilling flask consisted of

a white solid and a pale yellow 11quid, in about equal amounts.

Both dissolved in ether, but a detailed examination was not

c arr ied ou t •



117

4. Oxldation and Reduction of Xanthate Wethyl Esters

Oxidation of Octadecyl Methyl Xanthate
wlth Hydrogen Peroxide

The procedure g i ve n below (Run No . 3) was representative

of the four experlments carried out.

Seve n gr a ms (0.01944 mole) of the xanthate ester was

dissolved in 900 ml. of g l ac 1al ace tic acid, an amount

necessary to prevent precipitation of the ester when the hydro

gen peroxide was added. Then Il.34 rù . of 30% hydrogen perox-

ide (12.46 g., containing approximately 3.76 g. of H2 02,

0.1167 mole) was added aIl at once, and mixed weIl with the

solution. There was no immediate apparent effect, but after

1.5 hours the clear solution had begun to precipitate a white

solide After three days at room temperature, the mixture was

diluted with an equal volume of water, which increased the

. volun~ of precipitate. After standing for a few hours in the

cold room, the solid was removed by filtration under suction.

Filtration was slow, as the somewhat waxy s o'l Ld partially

clogged the paper, which had ta be replaced two or three

times. The white solid was dried in a vacuum desiccator.

Crude yield, 6.0996 g . , calculated as 76.9%. M. p . 49-52.5 0 C.

This product was recrystallized from ethanol to give

3.7746 g . (47.5 %) of relatively pure product, in two craps.

The first crop (3.1803 g.) was then recrystallized twice

fro m penta~e to g i ve a pure product of m.p. 66-66.2 0 C.

(2.2395 g., 33.5 ;;;') and four times mor e to g i ve a mvp , of

66.2-67 0 C. which could not be increased. The white flakes
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eave a copious test for sulfur, using the sodium fusion tech

nique and both lead acetate and sodium nitroprusside solutions.

The sodium hydroxide fusion test for oxidized sulfur (133),

which depended on the co10r change of nickelous hydroxide

caused by liberated su1fur dioxide, appeared to be positive,

a1though somewhat doubtfu1 as even a blank gave a slight posi

tive reau1t. Found: C 58.62, 58.59; H 10.11, 9.80, 9.71;

S 15.51, 15.69, 15.55, 15.53,%; Mol . wt. (Ras t ) 395, 420, 420,

426. Calcu1ated for C20H4004S2: C 58.78; H 9. 87; S 15.69%;

rlfol. wt , 408.

Examination of the Oxidation Product C20H4004S2

In an atte mpt to saponify the compound, 1. 0 g. was heated

with 30 w~. of 25,% sodium hydroxide under reflux for about

seve n hours, when there appeared to be no further change. The

solid first melted, then partly solidified again and t ur ned

y e L'low , Finally the s oLu t l.on was yellow, and the subs tance

floating on the surface had again 1iquefied. There was a

slight unpleasant odor from the top of the condenser. The

oily liquid was t hen steam-dist:tlled although it was only

sliGhtly volatile. The distillate was fi1tered, and the white

waxy solid was dried and ide ntified as octadecano1 by its m.p.,

59.5-61.5° C., and that of it s pheny1urethane, m. p . 78.5-80° C.

(recorded 79.5° C.) (127). The r-es tdue in the disti11ing

f1ask was fi1tered, a nd a sma1l sanwle of the resulting c1ear

ye1low solution gave a heavy black precipitate with lead

acetate solution. Therefore there was 1iberation of hydrogen
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sulfide during the saponification~ and at l east one sulfur

atom of the co mpo und C20H4004S2 was still in the reduced

state. Acidification of another s arnp Le pr oduc e d a strong

odor of hydrogen su.l r i de , 'I'ea t Lng for sulfate with barium

chloride~ af t e r acidification~ s ave a ne gative result.

A sample of the compound C2 0H4 004S2' when boiled for 10

minutes wit:l concentrated hydr oc hl or Lc ac Ld, me l t e d but d l.d

not dissolve. There was no apparent decomposition • . The

compound was recovered by cooling and f i l t r a t t on , to me l t at

66-67 0 C., with slisht soften lng at 63 0 C.

Anot he i- s mal1 sample, when war me d briefly wi t ::l 5% sodium

hydroxide, melted bu t d i d r ot bur n yellow, as with t he mor e

concentrated alkali. On c oo'l.l.ng , the sample s ol LdLf îe d ta a

white waxy solld.

Oxidation of Hexadecyl ~~ thyl Xanthate
with Hydrogen Peroxide

Following the procedure use d with the octadecyl ester,

0.04 mole (13.28 g . ) of hexadecyl methyl xanthate in l SOOml.

of glacial acetlc acid was treated with 24.5 ml. of 30% hydro

ge n peroxide (27.2 g. of solution, containing approximately

S.16 g . H202' 0.24 mole) and a.L'l owed ta stand for three days ,

Tt was nearly a day before a precipitate be gan to for m, i n oon-

trast to the oc t adecy I reaction. An equal volume of water was

added, and the mixture allowed to stand in the cold room. The

solid was re moved by filtr ation and dried in a vacuum desicca-

tOI' over sodium hydroxide and phosphorus pentoxide. Weight
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recrystallized once from ethanol, and four times from pentane

to raise the m.p. to 56-57° C. Found: C 56.99, 56.89;

H 9.57, 9.65; S 16.96, 16.73%. Calculated for ClSH3604S2:

G 56. S0; H 9.54; S 16.S5%. The sulfur analyses were by

Waters' method (134) which involved oxidation to sulfuric

acid by nitric acid and bromine.

Oxidation of Benzvl riIethvl Xanthate wi th
Hydr ogen Pe r oxLde ~ v

Guided by the results of a preliminary experiment,

which showe d that the he a t of oxidation was considerable, the

reac tion was carried out in muc h more dilute solution than

first used, in order to correspond more closely to the oeta-

deeyl and hexadecyl oxidatlons. In aIl. Erlenmeyer flask,

12 g. (0.0606 mole) of the benzyl ester, freshly recrystall-

ized from. ethanol, was dissolved in 500 ml. o f glacial ao e t Lc

acid and 75 ml. of water, and 37.2 ml. of 30% hydrogen per-

oxide (containing 0.3636 mole H2 02 ) was added, with precaution

ary (but unnecessary) cooling in an iee bath. A day later,

there was a heavy turbidity in the solution and a small sedi-

ment which had the appearance of sulfure After three days at

room temperature, the mixture was filtered to .si ve a clear

solution. Dilution of a small sanple with two volumes of

water produced a slight turbidity but no precipitate, and

this projec be d lœ thod of isolation was avoided. Neutraliza

tion of the ace tic acid with 50% sodium hydroxide gave a

great mass of crystals (needles) which dissolved on addition
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of water. The mixture contained a considerable turbidity

caused by oil droplets, and had a pleasant odor resembling

that of benzaldehyde. The mixture was extracted three times

with ether, the extract was dried with Drlerite, and the ether

was removed by distillation.

The residue of a few ml. was distilled at atmospheric

pressure, and five fractions were collected. The third and

largest boiled at 200-210° C., a small fourth fraction at

210-230° C., and a fifth (230-300° C.) solidified on cooling.

About half did not distil below 300°, and solidified in the

distilllng flask on cooling. This half had an odor resembling

that of benzaldehyde, in spite of lts high boiling point

(benzaldehyde b.p. 179° C.). Fraction No. 5 and the residue

were oombined, extraoted with low-boiling petroleum ether,

whioh took out the oolor and the odor, and left a white solid

(0.4 g.). The solid was recrystallized from water to give

colorless needles of rn.p. 125° C., whioh did not dissolve in

5% sodium hydroxide, did not form an anilide, and was there

fore not benzoio acid (mvp , 121 0 C.). The needles gave a

definite but falnt test for sulfur, using the sodium fusion

technique and sodium nitroprusslde solution.

The liquid fractions were combined and redistilled, giv

ing 0.5 ml. boiling below 200° C., 2.5 ml. at 200-212° C.

(recorded 205° C. for benzyl alcohol), and a dark still-residue

of about 0.5 ml. The phenylurethane of benzyl alcohol was

prepared from the main fraction, and melted at 77-77.5° C.
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(rec orde d 78 0 C.). Evaporat ion of th3 pe troleum ether extrac t

gave a residue of about l ml. of yellow 1iquid, having an odor

simi1ar to that of benzaldehyde. The residue distilled at

275-300° C., but the yellow 1iquid disti11ate did not give a

bisulflte test, and was not examined further.

Oxidatlon of Octadecyl Methyl Xanthate with Bromine

As mentioned earlier, the first experiments of this

nature were attempts to determine the methylthio group by a

titration with potassium bromate-potassium bromide solution

(96). Weighed samples of the ester were dissolved with diffi

cultY in glacial acetic acid, a little water was added, and

the mixtures were titrated with standard bromate-bromide solu

tion to a yellow end point. The end points were very indis tinc"t,

and high values indicated that both sulfur atoms were probably

involved in the reaction. Moreover, the xanthate ester contin

ually precipitated from the solutionsduring titration, thus

making it less available for rapid reaction. Experiments

using warm acetic acid on1y partia11y overcame the difficu1ty,

and titration values were still higher. Attempts using ethanol

as the solvent, both hot and at room temperature, also gave

unreasonably high values and very vague end points, and the

reaction was abandoned as a method of determinlng the methyl

thl0 group.

With the purpose of isolating the product, 1 g. of the

ester was dissolved in 80 ml. of glacial ace tic acid, and the

warm solution was treated with 20 ml. of concentrated
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hydrochloric acid and 50 ml. of approximately O.IN potassium

bromate-potassium bromide solution. Another 50 ml. of acetic

acid was added to help prevent the reprecipltation of the

ester. The yellow color of liberated bromlne was slow to

disappear at room temperature, but faded rapidly on warming.

Finally 300 ml. of the bromate-bromide solution had been added

before the yellow color was permanent. The oil floating on the

surface solidified on coollng the solution, and was removed by

filtration. A very small second crop was obtained by more

drastic coollng, but remained liquid at room temperature.

After drying, the first cropwelghed 0.5903 g. and was a waxy

solid melting only slightly above room temperature. Recrys

tallization from an excess of ethanol gave 0.2070 g. of a white

solid of m.p. 58-60° C., which was then twice crystallized

from petroleum ether to give a rn.p. of 62-63° C.

Two sirnilar experiments used liquid brornine as the oxid

izing agent. Eight grams (0.02224 mole) of the octadecyl

ester was dissolved in 600 ml. of ethanol and 50 ml. of water;

the solution was warmed, and bromine wes added in small por

tions. After 7 ml. had been readily taken up, the reaction

slowed down. A total of 10 ml. was added, and the red solu

tion allowed to stand. An hour later, an additional 2 ml. was

added, as the solution was slowly decolorizing and a precipi

tate was beginning to form. Sixteen hours later the orange

solution was warmed to drive off the excess bromine and to

dissolve the precipitate. After being cautiously diluted with
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1.5 volumes of warm water, and allowed to cool very slowly to

about 10 0 C., a white waxy solid, most of which had solidified

from an oil, was removed by filtration and crystallized from

ethanol to give 6.3 g. Three crystaIIizations from pentane

and two more from ethanol gave a 'm.p. of 61.6-52.6 0 C.,

unchanged by two further crystallizations from pentane. This

product gave negative tests for sulfur and halogens, did not

dissolve in 5% sOdium hydroxide, but turned bright yellow on

warming and the color remained after cooling. Warming with

25% sodium hydroxide aIso caused yellowing. An aldehyde test

with dinitrophenylhydrazine solution was negative. The pro

duct was not examined further.

Oxidation of Octadecyl Methyl Xanthate with Periodate

Several preliminary test tube experiments showed that

solubility difficu1ties would be the biggest prob1em in this

oxidation. In one experiment, 0.5 g. of the ester did not

react with 0.89 g. of sodium metaperiodate in about 9 ml. of

water, on standing overnight, but mereIy floated on the surface.

Although the xanthate ester dissolved readi1y in dioxane, 70 ml.

of this solvent was insufficient to keep the above quantities

disso1ved in 12 ml. of water, and after three days 83% of the

xanthate ester was recovered, m.p. 35-37.5 0 C.

Solubi1ity difficulties were overcome by using ethano1ic

solutions of the ester and of paraperiodic acid (H5I05) instead

of sodium metaperiodate (NaI04). A solution of 1.9015 g. of

paraperiodic acid (0.00834 mole) in 40 ml. of ethanol was
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mixed in a stoppered f'La.ak with a solution of l g. (0.0028

mole) of the ester in 100 ml. of etlmnol. A deep red color

soon developed in the solution, which after a week was diluted

with 750 ml. of water. A silky precipitate mixed with what

appeared to be crystals of iodine formed. The precipitated

mixture was removed by filtration and allowed to dry in the

open air. After two days, practically aIl of the iodine had

sublimed, leaving 0.3385 g. of dirty-white material which was

crystallized from ethanol-water. The product melted at

33-33.6 0 C. and was still not pure white. Another recrystalli-

zation from ethanol-water gave a white waxy solid of rn.p.

33-34 0 C., which Was not examined further.

The Stability of Xanthate Methyl Esters
wi~h aydriodic Acid

, Theae experlments were attempts to determine the metbyl

thio (-SCH3) group by slight modifications of the standard

methoxyl methods, which were mentioned earlier.

Cl) Check of theusual Viebock method on vanilline

Calcd. for C8Ha03: -OCH3 20.39%. Found: -OCH3 19.93, 20.11%.

(2) Check of the Kirpal-Bühn methoxyl me tihod , with

silver nitrate titration, on vanilline Calcd. for C8Hs03:

-OCH3 20.39%. Found: -OCH3 20.40, 21.30%.

(3) Attempted methylthio determinatlon, by the Vlebock

method, on octadecyl methyl xanthate, heatlng for 1.5 hours.

Calcd. for C20H400~: -SCH3 13.08%. Found: -SCH3 0.13,

1.15%.
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(4) Repeti tion of (3)" heating for 2.5 hours.

Calod. for C20H400S2: -SCE3 13.08%. Found: -SCH3 0.512,

0.628%.

(5) Attempted methylthio determination" by the Vieb60k

method, on benzyl methyl xanthate, heating for one hour.

Ca1cd. for CgH100S2: -SCH3 23.7%. Found: -SCH3 1.35, 2.34%.

(6) Attempted methylthio determination, by the Kirpal

Bühn me t hod , on benzy1 methy1 xanthate, heating for four hours.

Ca1cd. for C9H100~: -SCH323.7%. Found: -SCH3 2.7, 1.94%.

(7) Attempted methylthio determination, by the Kirpa1-

Bühn method, on ootadeoyl methyl xanthate, heating for five

hours. Calcd. for C20H400S2: -SCH3 13.08%. Found: -SCH3 2.14,

2.42%.

Cellulose Xanthate Methy1 Ester

1. Preparation of Cellulose Xanthate

The ootton linters used were from a lot obtained from the

Hercules Powder Co. in 1948, and were identified as Cook No.

05708, reported to have visoosity 440 sec. in 2.5 g. concentra

tion, a soda soluble content of less than 2%, an ash content of

0.03, and a oolor of 0.2. These linters were extracted for 24

hours in a Soxlùet extraotor wlth 2":1 benzene-ethanol, air-drled

for a day, then drled in a vaouum deslooator over phosphorus

pentoxlde for over a week, until a sample had reaohed a oonstant

welght. There was no essentia1 reason why thoroughly dry cellu

lose needed to be used in xanthate preparations, and it was
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dried on1y in the first three runs, where attempts were made

to duplicata Liaser's procedure exact1y.

The 18% solution of sodium hydroxide for mercerization

was made by dilution wlth freshly distilled water of 50% solu

tion from which the settled carbonate impurity had been

removed by filtration through sintered glass. Dilutions were

carried out until hydrometer readings indicated a density

corresponding to an 18% solution. Both 50% and 18% solutions

were stored in paraffin-lined bottles.

Two representative procedures for the preparation of

cellulose xanthate are given below.

Run No. 3:- A 0.7660 g. sample of dry cellulose was

placed in a SIDall weighlng bottle of about 30 ml. capacity

with a ground glass stopper. This weight was chosen, follow

lng Lieser (62), as the resultlng xanthate should weigh

1.00 g. according to his assumptlons, whlch were not necessarily

correct. The sampIs was steeped ln 25 ml. of 18% sodium hydrOx

ide for two hours at room temperature (19 0 C.), then recovered

on sintered glass, pressed as dry as possible, and finally

pressed betwee n clean sheets of fi1ter paper. The mercerized

sample was picked apart with tweezers into very small pieces

over a period of 45 minutes and transferred to another SIDall

weighing bottle of the sarne size. Carbon disulfide, 0.56 ml.,

was added aIl at once, and the stoppered bottle was allowed

to stand for 14.75 hours at 15 0 C. (Lieser usually kept his

samples for 15 hours at 11-13° C., although he often varied
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these conditions.) The slightly shrlvelled rosss, uniformly

orange in color, was shaken in the same bottle with success

ive 25-30 ml. volumes of absolute methanol to dissolve impur

ities, chiefly sodium trithiocarbonate, each time filtering

on coarse sintered glass. Eieht washings over a 45-minute

period were needed before a completely col~rless filtrate was

obtained, leaving a very pale yellow cellulose xanthate. Fil

tration was slow after three or four such washings, a pheno

menon also observed by Lieser. In the present work the xan

thate consisted of srnall somewhat gelatinous pieces, whose .

centres were only slowly penetrated by methanol, and remained

orange until nearly the last washing.

The product was then exchanged into absolute ether several

times, flnally transferred to a small cylindrical weighing

glass; and air, dried over sulfuric acid and then phosphorus

pentoxide, was passed over the sample for 9.5 hours until it

reached a practically constant weight of 1.0073 g. By this

time, the loss over an hour was less than a milligram.

(Lieser usually dried his products for about three hours to a

weight "constant" to the nearest centigram.) The dried pro-

duct had a slightly unpleasant odor when first removed from

the container. Sulfur and sodium were determined by the

bromine method (see p. 62) and by ashing with sulfuric acid

as described by Heuser (60), respectively. Found: S Il.7%;

Na 8.47% (Mole ratio 1:1.005, by colncidence almost exactly

half the theoretical ratio for an alkali-free xanthate).

Lieser reported14.8% as the average sulfur content of ten
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preparations which were washed with methanol for 20-30 minutes,

and 12.2% for a preparation washed for one hour. He reported

a so~ium content of 7.42%, on the average.

Run No. 16:- Mercerization of 16.0 g. of air-dried de

waxed cotton linters was oarried out in a beaker with 400 ml.

of 18% oarbonate-free sodium hydroxide. After two hours at

room temperature, the linters were reoovered on a coarse

sintered glass fil ter. The alkali oellulose was pressed on

the filter, then between fil ter papers, in about four portions,

until its weight was reduoed to 68.5 g., representing a

"pressed weight ratio" of 4.25 (deliberately kept higher than

in other runs). After being oarefully picked apart into small

pieoes, the material was tlaged" in a stoppered bottle for 65

hours. Then 16 ml. of reagent grade oarbon disulfide was

added, and the stoppered bottle was placed on rollera for five

hours, at the end of which time the material was oolored orange

and adhered completely to the sides of the bottle. The xanthate

was then dissolved in 216 ml. of 6% sodium hydroxide, which was

precooled to 00 C., and added to the bottle. About 2.25 hours

on the rollers, with frequent shaking, were necessary to effect

complete solution. The viscose was poured into a 4 1. beaker,

and 3 1. of methanol, precooled to 0 0 C., was added fairly

rapidly, in portions, wi th C ontinuous stirring. The temperature

rose to 14 0 C. dur:lng the first five minutes of mix1.ng, but only

very slowly after that. About 30 minutes later, the viscosity

began to increase, and 45 minutes after mixing the solution was
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extremely viscous, but stirring was continued. The temperature

was now 16° C. After about 20 minutes, the mixture had again

thinned and a preclpitate was beglnning to sett1e. This preci

pitate was allowed to form for another 30 minutes before fil

tration, in order to prevent excessive clogging of the filter,

and was recovered on two large, coarse sintered glass fllters

used simultaneously to shorten the time of filtration (about

40 minutes). Sorne clogglng dld oceur, and the filters were

removed and c1eaned with water, then w~.th methanol, half-way

through the filtration. The produc t was washed once on the

filter, with a total of 400 ml. of absolute methanol which

had been cooled to 0° C., and was then steeped at 0° C. in

1 1. of 5% acet:lc acid in abaoLute Methanol for 20 minutes,

with occasional stirring and breaking up of any lumps with a

glass rode Durlng this treatn~nt the product turned very pale

yellow, and hydrogen sulfide was liberated by the decomposi

tien of by-products. The cellulose xanthate was then recovered

on a cOarse glass filter and was washed several times wlth cold

absolute methanol, until the washings showed no acid reaction

to moist litmus paper. After thorough solvent-exchange into

dry ether, the weight of the ether-wet product was 116 g.

Seven grams was dried for analysis in a vacuum deslccator over

phosphorus pentoxlde, paraffin wax, and charcoal, and the re

mainder was methylated immediately. The dried portion finally

welghed 1.4075 g., and, on a proportionate basis, the total

dry yield would be 23.32 g.
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Of the 16 preparations noted in Tables VI and VII, Runs

No. 1 to No. 3 fo11owed Lieser's method (62) (see p. 20) a1

Most exact1y, Runs Nos. 8, Il, and 13 were essentially by

Lieser's method, and the remainder of the runs fo1lowed the

more usua1 procedure of preclpitating the xanthate from a vis

cose solution.

The dried products were analyzed for su1fur by the Carius

and bromine methods a1ready mentloned (see p. 62), for sodium

by ashing with su1furio acid and weighing as sodium sulfate

as described by Heuser (60), and for cellulose by precipita

tion from viscose with dilute hydroch10ric acid and drying at

105°: C., as described by Heuser (60).

The excess caustic soda in the product from Run No. 14

was also estimated by dissolving weighed samp1es (0.4726 g.

and 0.4742 g.) in 100 ml. of water, a1l~ling to stand for

about 12 hours, and titrating with 0.0979N acetic acid, using

phenolphthalein as indicator (cf. a procedure in Heuser's

book, ref. 52). Duplicate titrations of 1.15 ml. showed that

there was 0.002587 g. of SOdium as sodium hydroxide in eaoh

sample, i.e., 0.55% of the weight of the samp1e. From Table

VII the difference between percentages of sodium calculated

and found was 0.54. Attempts to determine total sodium by

titration with hydrochloric acid, using methyl red as indlcator,

were not very satisfactory owingto indistinct color changes

and a slow reaction at room temperature. Other attempts using

a measured excess of standard hydrochloric acid, and back

titrating wlth standard sodium hydroxide, gave somewhat more



TABLE VI

Prooedural Details of

Vol. of
Wt. "Pressed Aging NaOH Ooncen-
of weight time of Vol. Temp. solution tration

lin- ratio" of alkali of Time of of for v1s- of
ters a1ka11 cellu- CS2 xantha- xantha- c ose for- NaOH

Run uaed cellu- lose used tion tion mation used
No. (g , ) 108e (hours) (ml. ) (hours) (°0.) (ml. ) (%)

1 0.766 - 0.25 0.56 15.25 15.5 _(a) -
2 0.766 - 0.25 0.56 18.75 15.5 -(a) -
3 0.766 - 0.75 0.56 14.75 15 - (a) -
4 16 3.62 92 12(b) 4 23.5 173 4

5 8 3.75 72 6 4 22.5 87(d) 4

6 16 3.56 43 12 4 23 175(d) 4

7 8 3.52 69 6 4 22-23 87(d) 4

8 8 3.52 58 6 5 23-24 _(a,g) -
9 8 3.58 65 6 4 24-25 87 4

10 8 3.75 63 6 3.75 26 90(d) 4

Il 8 3.50 65 6 2 26 _(a) -
12 8 3.70 59 6 4 25 100 4

13 8 3.60 61 6 4 25 _(a) -
14 8 3.57 67 6 4 26 120 4

15 8 3.65 60 8 5 25 10a(d) 6

16 16 4.25 65 16 5 25 216(k) 6

For footnotes, see p. 134.
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Time from
addition Complete or Time of Volume
or NaOH Vol. or incomplete steeping in of
to pptn. :rœtbanol washing be- 5% ROAc in 5% ROAc

Run of xantha.te for pptn. fore acid metbanol uaed
No. (hours) (ml. ) treatment (min. ) (ml. )

- - - - - - - - - - - - - - - - -

- - - - -

1 - - - - -
2 - - - - -
3 - - - - -
4 ca. 5 l200(c) Complete 330 190

5 ca. 5 1200 Complete 30 150

6 5 2000(e) Complete 30 300

7 2.25 1000(f) - - -
8 - - - - -
9 1.5 1200 Complete 20 100

10 2 1200 Complete 20 150

Il - - Complete 20-25 100

12 1.5 1250(h) Incomplete 20 300

13 - - Incomp1ete 150( i) 500(i)

14 1.5 1500 Incomp1ete 20(1) 500(1)

15 1.75 1500 at 10· Incomplete 20 500

16 2.25 3000 at 10· In~o!l1pl~t~_ _ _ _ 2Q __ _ lDOO - -
- - - - - - - - - - - - - - -



134

TABLE VI (Contlnued)

Footnotes:

(a) Runs Nos. 1, 2, 3, 8, 11, and 13 were by Lieser's method
in which a viscose solution was not prepared.

(b) This proportion was used by Chen (55) in much of his work.

(c) Run 4 was the only one in which the product was centrl
fuged instead of filtered. Consldering the volumes
involved, filtration was more convenient.

(d) In Runa Nos. 5, 6, 7, 10, and 15, about 20 to 40 ml. of
water was also needed in order to prevent the viscose
from becoming inconveniently thick.

(e) Run No. 6 gelled during precipitation. In spite of a some
what lumpy product, the run was continued, but washing waa
difficult and the final product was too dark in color.

(r) In Run No. 7, ethanol was used for precipitation instead
of methanol. The xanthate came down immediately in nearly
unmanageable gummy masses, which could not be washed satis
factorily, even after extensive trituration with ethanol
in a mortar. After sorne time, the product hardened to
brittle lumps.

(g) In Run No. 8, the somewhat gelatinous crude xanthate crumbs
were washed with ethanol instead of methanol. The product
consisted of gummy hard lumps, too yellow in color. TWo
reprecipitations from viscose solutions, again with ethanol,
gave a nearly white product, but the D. S. was then probably
too low.

(h) In Run No. 12, an attempt was made to carry out the precipi
tation at _5° C. with methanol. No preclpitate appeared,
however, until the temperaturehad slowly risen to ca. 15° C.

(i) In Runa NOs. 13 and 14, a 10% instead of 5% acid solution
was used.

(j) Chen (55) used an amount as high as this ln sorne of his
tractionation work.

(k) The sodium hydroxide solution was cooled to O· C. before
addition to the xanthate crumbs. There was probably no
great advantage in this procedure.
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TABLE VII

Analyses of Cellulose Xanthates(a)

Before or % % % %
Run after % Sulfur Sulfur Sodium
No. ac Ld Cellulose (Carius (bromine D. S. Sodium oaLo d,

treatment mebhod ) me bhod ) found (from %S)

2 8.80 8.79 3.16
3 Il.7 8.47 4.20
4 After 89.1 . 3.56 0.10 2.03 1.28
5 Before 9.08(b) 0.885 0.30 1.02 0.32
5 After 14.52(b) 1.17(C) 0.20 0.58 0.42
6 After 73.1 10.39 0.36 3.67 3.73
9 Before 80.4 5.71 0.18 6.16 2.05
9 After 86.3 5.05 0.15 3.86 1.81

10 Before 81.6 6.08 0.19 3.58 2.18
10 After 89.7 4.27 0.12 2.08 1.53
Il After 84.6 7.15 0.22 3.98 2.58
12 After 72.8 Il.21 Il.09 0.39 4.93 4.02
13 After 78.3 7.75 8.11 0.25 3.41 2.80
14 After 76.3 10.23 10.99 0.34 4.20 3.66
15 After 72.1 12.23 0.43 5.08 4.39
16 After 71.6 Il.92 0.42 5.20 4.28

(a) Most figures are averages of two or more concordant
analyses.

(b) The analyses of product No. 5 were done on ether-wet
samples, as merely the relative amounts of cellulose
and sulfur were desired. This was not a very satis
factory procedure, however.

(c) In this case the sulfur was determined by the zincate
method (see p. 62), which in several other cases gave
values much too high.
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satisfactory results, but still not good.

In order to discover how completely methanol precipitated

the xanthate and the best conditions for rapid 'f i l t r a t i on , a

series of experiments were carried out on the methanolic mother

liquors from runs 9 and 10. These experiments were in agree

ment with one another, and are typified by the following tests

done on the filtrate from run 10. A 50 ml. sample was mixed

with 50 ml. of ethanol,a second 50 ml. sample with 50 ml. of

additional methanol, and a third sample, 100 ml., remained

untreated. After the three mixtures had stood for 24 hours, a

noticeable amount of white filterable precipitate had settled

trom the first sample, a very slight trace of brown precipitate

from the second, and a very slight trace of light colored pre

cipitate had appeared in the third. Thus the original precip~

tation of xanthate with Methanol had been practically as com

plete as it would be with this liquid, but ethanol would produce

a noticeable further precipitate.

2. Preparation of Cellulose Xanthate Methyl Ester

The procedure given below ia typical of the five experi

ments carried out. Since dried cellulose xanthates could not be

readily methylated, a fact confirmed in a small-scale experiment,

they were methylated in the ether-wet state saon after prepara

tion. The weight of xanthate uaed was estlmated from the dry

weight of a small sample.

A suspension of cellulose xanthate in absolute ether,

enough to give a total volume of 10-15 ml. for each gram of
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xanthate used, was treated with an approximately 20-fold

excess of metbyl iodide -(e.g., 21 ml. for 7 g. of xanthate ln

Run No. 4) and allowed to stand in a glass-stoppered flask for

several days in a dark place, with occasional swirling. In

the first run, gentle heating under reflux was carried out for

48 hours, but the other runs were entlrely at room temperature.

About three or four days after mixing, the suspended material

had become pure white in color, but was allowed to stand for

at least two days longer. The mlxture was filtered on coarse

sintered glass, and the white solid washed with absolute

me thanol several tlmes, .b otrh on the fil ter and by soakâng 1t

in a beaker, until a sample of the washings showed no test for

iodide ion when diluted with water and tested with silver

nltrate solutlon. After two or three additional washlngs, the

product was exchanged into absolute ether, and finally dried

to constant welght ln a vacuum desiccator, ta give a weight

about equal te that estimated for the orlginal xanthate salt.

The resulting white powder was analyzed for sulfur by the

Carius lœthed, as the bromine method was unsatisfactory for

the ester. Sodium analyses showed only trace amounts. The

degree of substitution was calculated on the assumption that

the product was free of sodium hydroxide and other impurities,

using the relationship given below, whlch was developed by a

method largely adapted from that used for other cellulOse

esters by Fordyce, Genung, and Pile (135).
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Let S = Wt. %of su1fur,

M= Wt. %of xanthate methy1 ester group,

and N = degree of substitution.

The formula for a cellulose xanthate methyl ester may be

represented as

. /C~CH3 (N)

(C6It,0S)- H (3-N)

"'H
The unit mo1ecu1ar weight for a xanthate methy1 ester is there-

fore C6H70S + CS2CH3 (N) + (3-N)H

=159.12 + 91.16 N + 3.02 - 1.01 N

=162.14 + 90.15 N

Then M - 9116 N 9116 N
- UnIt mol. wt. - 162.14 + 90.15 N

The wt. %of xanthate methy1 ester group

Solving for N,

i.e.

N - 162.14 M 1.799 M
- 9116 - 90.15 M::: 101.12 - M

M =91.16 S : 1.422 S
. 64.12 .

Therefore, N= 1.799 (1.422 S) _ 1.799 S
101.12 - 1.422 S - 71.11 - S

The white xanthate ester did not dissolve in water, but

disso1ved slow1y in 4% sodium hydroxide, with some decomposition

as evidenced by oder and slight ye110w Ing , to give a c1ear vis

cous solution.
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Table VIII shows sorne of the details of the five prepara

tions, and the analyses of the products.

TABLE VIII

Preparation of Cellulose Xanthate Methyl Ester

Analysis of ProductRun
No.

Run No.
of

cellulose
xanthate

used

D.S.
of

xanthate

Approx.
wt. of
xanthate

used
(g', )

Time
of

standing
(days)

Na
%

S
% D.S.

l 9 0.15 4 7(a) 0.5 4.51 0.12

2 10 0.12 2 5(b) 0.3 3.83 0.10

3 Il 0.22 4 9.5 _ (c )

4 15 0.43 7 6 0.2 14.25 0.45

5 16 0.42 22 10 12.21 0.37

(a) Inc1uding two days of gentle heating under reflux.

(b) In Run No. 2, no additional ether was used for sus
pension of the ether-wet xanthate. Instead, about
an 80-fo1d excess of methy1 iodide was used.

(0) In Run No. 4, the produot was not analyzed as the
D. S. would obviously be lower than that desired.
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3. Oxidation of Cellulose Xanthate Methy1 Ester
w:Ï-th Per10date

The method was adapted from one used by Time11 (72) on

cellulose 1tself. The trisodium paraperiodate was 0.06425M,

and was buffered to pH 4.0 with acetic acid. Ten 100 mg.

samp1es of the ester (product of Run No. 4) were kept ln Erlen

meyer flasks in a dark place with 50.00 ml. of periodate solu

tion ln e ac h , A b1ank was also prepared. ' The s Ldea of the

flasks were washed down weIl with a little water, and the

flaska were swirled occasionally. At various tlmes after mlxing,

a sample was filtered on aintered glass, and the solid washed

weIl with water. The combined filtrate and washings were neu

tralized with sodium bicarbonate, treated with 6 ml. of 10%

potassium iodide, and tltrated with 0.07l5M sodium arsenlte.

The results are shown in Table IX.

TABLE IX

Oxidations of Cellulose Xantbate Methyl Ester
wlth Perlodate

1.70

1.83

1.99

2.12

2.29

Time of testing Titration
(days after mixlng) (ml. of arseni te)

1 33.07, 33.40

2 32.30, 32.25

3 31.02, 31.38

4 30.30

8 29.10

Moles of periodate
consumed per glucose

unit
(average)
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As an example of the calculations, a titration after 24

hours was 33.07 ml. of standard arsenî.te solution, which con-

tained 0.0715 X 0.03307 = 0.002365 moles of arsenitej there-

fore 0.002365 moles of periodate must have remained in the

solution after reaction with the xanthate ester. Since the

50 ml. of periodate solution origlnally used contained

0.05 X 0.06425 = 0.003212 moles, 0.003212 - 0.002365 =

0.000847 moles were consumed by the 100 mg. sample of xanthate

ester. The ester from Run No. 4 had a D. S. of 0.45, and using

the r-e La t t onshIp de ve Loped ear1ier (see p. 138) its unit aver

age molecular weight was 162.14 + (90.15 X 0.45) = 202.71, and

the number of glucose units ln 100 mg. was ~~.7l = 0.000493.

Therefore the number of moles of periodate consumed per glucose

i 0.000847un t Was 0.000493 = 1.72.

The results showed that the xanthate group was not stable

to the periodate ion.

4. Degradations of Cellulose Xanthate Methyl Ester

To illustrate the different procedures used, detailed

reports of four representatlve degradatlons are given below.

Run No. 1:- A 0.5 g. sample of the methyl ester (product

of Run No. 1) and 50 ml. of 43% hydrochloric acid contained in

a 100 ml. stoppered flask, were kept in the refrigerator at

O· C. The ester first changed to a pink guro, but within eight

hours, with occasional stirring with a glass rod, yielded a

clear orange solution. The flask was 1eft at O· C. for a
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total of 24 hours and then, unstoppered, at room te mperature for

about four hours, d uring which time the contents turned deep red

but still remained clear. Two more days in the cold room (about

10° C.) gave a black solution, probably indicating extensive

de-xanthation since a control run on cellulose itself was only

pale .ye l l ow by this time. Dilution with two volumes of water

made the solution red. After being kept at room temperature

for a week, the solution was treated with absorbent carbon and

on the next day was filtered. The clear colorless filtrate was

neutralized with barium carbonate. Most of the water was

removed by distillation a t ca. 60 mm. pressure and the resul ting

solid was dried in a vacuum desiccator.

The crude product was extracted with 300 ml. of boiling

absolute ethanol for an hour. The extract was evaporated at

room temperature and reduced pressure to near dryness, and the

solid residue was taken up in 200 ml. of disti11ed water. Fil

tration removed a slight turbidity, and the filtrate was passed

through separa te columns of Amberlite IR-120 cation exchange

resin and Amberlite IR-4B anion exchange resin at approximately

8-10 ml. per minute. The final effluent and rinse water were

disti11ed at 5-10 mm. and a temperature not over 50° C. to a

volume of about 20 ml., at which point the evaporation was

interrupted by another treatment with absorbent carbon. After

the syrup had been dried to constant weight in a vacuum

desiccator, the resu1ting slightly sticky yel10w solld was found

to contain only 0.7% of sulfur (Carius), therefore about 85% of

the original sulfur content of the ester had been lost.
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Run No. 8:- A l g. sample of the ester (product of Run No.

4) was allowed to stand with 50 ml. of concentrated hydrochloric

acid (37%) for five hours at room ~emperature. The solution

had become red at the end of two hours and purple after three

hours, but remained clear. At the end of three hours, a l ml.

samp1e was diluted with 1 ml. of water, but a precipitate was

obtained. After five hours, a similar dilution of a 1 ml.

samp1e gave a clear solution. The entire solution was then

di1uted with an equal volume of water. After six days, a

little absorbent carbon was added to the slightly turbid,

orange solution, and filtration 1eft a olear fi1trate of a very

faint pink co1or. This solution was di1uted with an equa1 vol

ume of water (total dilution now 3:1) and a slight turbidity was

removed on the seventh day with absorbent carbon.

The optical rotation of the clear co10rless 1iquid, in a

4 dm. tube, at 20° C., was 0.40°, and 30 hours 1ater was 0.36°.

This rotation was considered to be constant within the limita

of observation, but the values were too low to provide a sure

indicatior. of the completeness of the degradation. Between the

two readings, a slight turbidity developed, perhaps caused by

free sulfur, and a slight unpleasant odor was present. The

solution was freed of hydrochloric acid with basic lead carbon

ate fo11owed by hydrogen sulfide, and after being neutralized

with sodium bicarbonate was pasaed through columns of Amberlite

IR-12ü and IR-4B resins as in the former runs.

The residual brittle ye1low solid weighed 0.6189 g., or
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64.5%, considering that samples had been removed. The sulfur

content of 8.8, 8.8, 9.0% (average 8.9%) showed that 37.8% of

the original sulfur content of the ester (14.3%) had been lost.

Run No. 12:- A 0.75 g. sample of the ester (product of

Run No. 5) was allowed to stand in 38 ml. of concentrated

hydrochloric acid (37%) at room temperature for four hours.

Solution was oomplete in about 30 minutes, with the help of

stirring, but at the end of four hours the colorless olear

solution had beoome purple. The depth of oolor in these

experiments might be a measure of the extent of de-xanthation.

The solution was then diluted with an equal volume of waterj

no preoipitate was formed, and five hours later the solution

seemed to be no more deeply oolored than when first diluted.

The copper reduoing value was then determined by the Shaffer

Hartman-Somogyi method, a 1 ml. sample being diluted with

25 ml. of water, and 5 ml. of thia taken for the test. The

reagent and method were as described by Browne and Zerban (136),

who referred to the original paper of Shaffer and Somogyl (137),

except that the heating time was increased from 15 to 30 minutes,

as the mixture was still changing in appearance at the end of

the first mentioned t:t.me. The thiosul:f'ate titration values

averaged 8.0 ml., 8.7 ml" and 7.8 ml. after 0, 12, and 24

hours, respectlvely. After isolation as ln Run No. 8, the

brittle yellow solid had a sulfur oontent of 6.77, 6.78%, there

fore 44.5% of the original sulfur of the ester had been lost.
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Run No. 13:- The purpose of this experiment was to exam

ine the constancy of the Shaffer-Hartman-Somogyi copper

reducing value over an extended time, using a solution which

was undlluted, except for the dilution of each sample immedi

ately before the determination.

A 0.75 g. sample of the ester was allowed to stand in

38 ml. of 37% hydrochloric acid, and copper reducing values

were taken at various times after mâxi.ng , In e ao h case, a

1 ml. sample was diluted with 50 ml. of water, and 5 ml. of

this was taken for the determination. The results (Table X)

could not be transformed into absolute weights of glucose be

cause an entirely valid calibration was not possible in this

case. The xanthate ester groups had an unknown effect, and

glucose xanthate esters were not available for comparison.

These values showed a slow increase over a longer period

of time than used in the other runs, and hence the assumption

that they were constant in these runs might not have been the

case. The last few readings in particular were rather erratic,

and perhaps not re11able. Over the first three or four hours

the value seemed nearly constant, yet a considerable change

must have taken place in the solution over this period, judging

by the appearance of the solution on dilution for each test.

Tt was difficult trom these results to judge Just when the

hydrolysis should be considered complete, and of course this

decision was somewhat arbitrary in Most experiments. Tt was

necessary to compromise to sorne extent, as long hydrolyses
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Determination of Copper ReducirigVa1ue
during Degradation of Cellulose Xanthate Methyl Ester

with 37% Hydrochloric Acid

146

Thiosulfate
titration

Time of sampling Appearance of solution (ml.
Deter- (hr s , arter after dilution with difference

mination mixing) 50 ml. of water trom b l.ank )

1 1 cons idera.ble ppte 6.52

2 1.5 cons iderable ppte 6.48

3 2 slight ppte 6.07

4 2.5 very slight ppte 6.90

5 3 turbidity 6.90

6 3.5 very slight turbidity 6.95

7 7 clear 7.30

8 24 clear 9.83

9 44 very slight turbidi ty 9.30

10 72 (3 days) slight ppt., and very 10.20
dark solution

Il 120 (5 days) ppte even before dilu- 8.13
tion, solution very dark

12 168 (7 days) ppte even before dilu- 9.42
tion, solution very da.rk
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were accompanied by an excessive loss of sulfure Certainly at

least four or five hours in the undiluted 37% acid would

appear to be necessary.

Table XI summarized aIl the experiments carried out; no

conditions could be found that avoided a loss of about 40% at

least of the xanthate groups during the degradations.

Degradation of Cellulose Xanthate Methyl Ester
wi th Methanolic Hydrogen Chloride

A 0.4 g. sample of the ester was heated in a sealed tube

of about 20 ml. capacity with 10 ml. of 3.2% hydrochloric

acid ln absolute methanol, or with proportions near1y ldentlcal

to those reported for similar experiments on other cellulose

derivatives (57). After being kept in a Carius furnace for

three days at 125 0 C., there was still undisso1ved material

present and the solution was pale brown in color. After two

more days at 140·, the solid had still not completely

dissolved, and the solution had a deeper color. Finally,

after 33 hours at 160 0 C. there was no more undissolved

material, but the solution was nearly black in color. The

tube was allowed to cool, and opened. Soon after, a sudden

liberation of gas ejected about half the contents, and a

yield could not be calculated. The remainder was decolorized

with absorbent carbon, filtered to give a pale ye1low solu

tion from which hydrochloric acid was removed with basic

lead carbonate and bydrogen sulfide. The solution, now

includlng much wash water, was pae sed through c oLumna of



TABLE XI

Degradations of Cellulose Xanthate Methy1 Ester
i

- .-
Xanthate ester

used HC1 used
Time and temperature

Run Pro- 43% be ror-e dilution
No. duct or Vol.

No. % s (g.) 37% (ml. )

1 1 4.51 0.5 43 50 24 hr s. a t 0 ° ~ 4 hr s . at 20°,
24 hr s . at 10°

2 1 4.51 1.0 43 50 17.5 hrs. at 0°

3 1 4.51 1.0 37 50 17.75 hrs. at 20°

4 2 3.83 1.0 37 50 14.5 hr s , at 0°

5 4 14.25 1.0 37 50 14.5 hr s , at 0 0

6 4 14.25 1.0 43 50 14.5 hr s , at 0°

7 4 14.25 1.0 37 50 72 hr s , at 0 0

8 4 14.25 1 1.0 37 50 5 nr s . at 20°

9 4 14.25 1.0 43 50 33 hrs. at 0°

10 5 12.21 0.75 37 38 5 hr s . at 20 0

Il 5 12.21 0.75 37 38 5 hr s , at 20°

12 5 12.21 0.75 37 38 4 hr s , at 20°

13 5 12.21 0.75 37 38 _ (d)

For footnotes, Bee p. 150.



with 43% or 37% Hydrochloric Acid

149

Method %of
of orig-

judging %S inal
Further conditions of complete- Reagent in S

hydrolysis ness of for dried con-
degrada- neutral- pro- tent

tion ization duct lost

2:1 dilution for 8 days at ca. 20° none Ibarium 0.7 85
carbonate

10:1 dilution for 5 hrs. at ca. 20°, none Il 0.5 89
then heated under reflux 30 min.

9:1 dilution for 5.5 days at ca. 20° rotation basic 0.7 85
lead
carbonate

9:1 dilution at 0° for a few hrs .(13.) - - - -
4 ml. water added, 3.5 day s a taO (b ) - - - -
25 ml. water added, 3.5 days at 0°, rotation basic 7.75 45.5
5 ml. water added, 2 days at 0°, 1.5 lead
days at ca. 20°, 20 ml. water added, carbonate
2 days at ca. 20°, then total 3:1
dilution for 4 days at ca. 20°

7 ml. water added, 2 days at 0°, rotation " 6.82 52.5
1 day at ca. 20°, 1:1 dilution for 4
days at ca. 20°, 3:1 dilution for
3 days at ca. 200

l:l dilution for 6 da:x-s, 3:1 for rota.tion 11 8.85 37.8
4 days, 13.11 at ca. 20

40 ml. water added, 12 hr. at 20° rotation li 6.94 51.5
la ml. water .added (total i u ),
4.5 days at ca. 20°, 3:1 dilution
for 4 days at ca. 20°

1:1 dilution for 3 days, 3:1 for 30 copper li 4.36 64.3
hrs. aIl at ca. 20° red. No.

1:1 dilution for 3 da:x-~~ 3:1 for oa , " - - -
8 days, aIl a.t ca. 20 c)

1:1 dilution for 30 hrs. at 013.. 20° " basic 6.78 45
lead
carbonate

- " - - -
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TABLE XI (Continued)

Footnotea:

(a) Precipitate 800n formed, and run was abandoned.

(b) Run abandoned becauae of a alight precipitate.

Cc) Product not worked up as it would obvioualy
have a still lower aulfur content than Run No. 10.

Cd) This run was described in detail in the accompany
ing text, and was carried out solely to examine
the copper reducing value at varlous times.
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ion-exchange resins as before, then concentrated, decolorized,

and taken to dryness as in the other runs. Drying to constant

weight in a vacuum desiccator gave a smal1 amount of a yel10w

sticky seml-solid syrup of 1.53% sulfur content (Carlus).

Therefore 87.5% of the original sulfur content of the ester

had been Los t ,

5. Examination of the Products of Degradation
by Paper Chromatography

Aqueous solutions of the solid products obtained by the

degradation of the cellulose xanthate methyl esters with con

centrated hydrochloric acid were spotted on strips of Whatman

#1 filter paper (about 18" x 3") and were examined by the

methods of descending paper chromatography, which have been

weIl described and discussed in the literature (e.g., 138, 139,

140, 141). In each case, the upper end of the strip was sup-

ported by a glass rod in a small rectangular metal tray con

taining the butanol-rich phase from an equilibrated butanol

water mixture, the whole being enclosed in a large cylindrical

glass tank which was kept in a place weIl protected from drafts

and temperature changes. The water-rich phase of the butanol-

water mixture was placed in a shallow vessel at the bottom of

the tank. The spotted strip of paper was put in place and

equilibrated for sorne time (often several hours) before the

butanol was introduced into the upper tray. Initial spotting

was with a 0.1 ml. pipette calibrated to the nearest 0.001 ml.,

and in each case enough solution was put on each spot to
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contain 0.5 to 1.0 mg. of solid in the qualitative work, or

the amount indicated later for the qUantitative work. Each

drop was dried by an electric dryer before another was added.

From 12 to 23 hours were required for the butanol to descend

near1y to the bottom of the paper, the time depending partly

on the particular tank used for the experiment.

The paper was removed, the solvent front marked with pen

cil, the paper dried, sprayed with an aqueous solution of

aniline phthalate, and dried in an oven at 105 0 C. for at

least 15 minutes. The brown spots developed soon after drying

began, and the RF values were calculated (Rp = the distance

of the centre of the spot from the starting 1ine divided by

the distance of the solvent front from the startirig line).

Several qualitative experiments, some in duplicate, were

carried out on the products frOID degradations Nos. 7, 8, and

12 (Table XIII. In a11 cases, there was a very faint spot not

far advanced from the starting line, probably representing

incompletely degraded material, and also a very faint spot on

the startlng line itself. In a11 cases, a heavy glucose

spot, identified by running a paraI1el chromatogram of pure

glucose, showed that hydrolysis had been at 1east fair1y com

plete. In addition, products Nos. 7 and 8 showed four spots

with well-separated RF values, as indicated in the table,

averaging 0.196, 0.390, 0.574, and 0.752 in different chromato

grams. The flrst two of these were faint and the Iast two

somewhat heav âer , With produc t No. 12 the second of these



TABLE XII

RF Values of Spots Obtained from Producta of Degradation(a)

Sheet
Sheet l Sheet 2 3 Sheet 4 Sheet 5

Pro- Mixture
ducts of
7 & 8 product
after 8 and

Pro- Pro- fer- Pr-o-s .3- Pro- 3- 3-
Strength ducts Glu- Pro- duct Glu- menta- duct deriva- duct deriva- deriva-
of spot 7 & 8 c ose duct 8 12 c ose tion 8 tive 8 tive tive

( ?) ( ?)

Very
?faint .034 .035 .035 .025 .023 .023

Strong .125 .125 .135 .135 .135 .108 .078 .078

Faint .193 .238 .238 .196 .191 .163 .163

Faint .375 .422 .400 .410 .370 .375 .375
.445

Stronger .550 .630 .630 .615 .548 .526 .526

.683 .657 .657

Stronger .722 .780 .780 .795 .730 .734 .734

(a) Solvent system butano1-water.

.-..
c.n
~
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spots appeared to be split into two distinct spots of similar

RF values, 0.40 and 0.45, while the other spots had the same

relative positions as in products Nos. 7 and 8. Although

RF values for the individual spots varied sllghtly from paper

to paper, this behavior is consldered normal.

A solution was provided by Mr. A. Sanyal of these labor-

atoraties, which was thought to contain glucose-3-methylxanthate,

prepared by synthesis. This solution was chromatographed in a

parallel experiment with product No. 8, as shown in the table,

but gave a spot not identical with any of the others. The non

identity was confirmed by chromatographing a mixture of pro

duct No. 8 and the presumed 3-derivative, and again the spots

showed up separately.

6. Estimation of Gluoose in the
Products of HYdrolysis

(a) As only SIDall amounts of the degradation products

Nos. 7, 8, and 12 were available, 40 mg. samples were dissolved

in water, made up to 100 ml. in volumetrie flasks, and 5 ml.

samples were taken for the Shaffer-Hartman-Somogyi determina

tions. The method was modified as mentioned earlier (p. 144),

and gave titration values shown ln Table XIII, Column 2. After

fermentation of duplicate samples (see below), these determina

tions were repeated, using amounts for each test that would

correspond to 2 mg. of the original solid, as before (Column 3).

Differences from the former values were therefore 2.08, 1.00,

and 1.36 ml. of the standard thiosulfate, respectively, and



TABLE XIII

Attempted Esttmation of' Gluc ose in the Hydrolysa te s

HydrO- Bef'or-e t'erme nta tion, Af'ter f'ermentation, Glucose
J.ysatE:)J~) ml. thiosulfate(b) ml. thlosulfate(c) ~(d)

- - -- - - - - - - ~- -- -

7 6.75, 5.85 - av. 6.30 4.22, 4.22 - av. 4.22 13

8 5.15, 6.27 - av. 5.71 4.82, 4.60 - av. 4.71 7

12 4.55, 6.57 - av. 5.56 3.90, 4.49 - av. 4.20 9

(a) Hydrolyzed cellulose methyl xanthate.

(b) Volume of' standard sodium thlosulfate required for 5 ml. allquots.

(0) Volume requlred f'or 5 ml. aliquots af'ter adjustment to original
concentration of 0.04%.

(d) Column 3 minus Column 2, reduction as glucose %of original
hydrolysate.

1-'
C11
C11
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reference to the Shaffer-Hartman-Somogyi calibration plot

showed that these differences corresponded to 0.26, 0.14, and

0.18 mg. of glucose respectively, i.e., to 13, 7, and 9% of

glucose in the original samples. As the Shaffer-Hartman

Somogyi reagent could only be calibrated in terms of pure glu

cose, the results might be expected to he unreliable, as xan

thate ester groups appeared to exert an influence upon the

estimation.

The fermentations were carried out by dissolving a

100 mg. sample in 25 ml. of water, adjusting the solution to

about pH 4.5 with O.IN acetic acid, and adding a few drops of

a yeast suspension made up from 2 g. of Fleischmann's dry

yeast, 0.2 g. of ammonium acetate, 0.2 g. of potassium

dihydrogen phosphate, and 15 ml. of water (14a). The samples

stood at 35° C. for 72 hours. Similar mixtures were examined

by paper chromatography after 48 hours, and fermentation was

then complete, as shown by the disappearance of the glucose

spot. The solutions for analysis were filtered through Super

Celon a Büchner funnel, and the filtrate and washings made

up to 250 ml., and 5 ml. aliquots taken for the Shaffer

Hartman-Somogyi estimations.

(b) A somewhat more satisfactory glucose analysis was

carried out by extracting the glucose spots from quantitative

papez- chromatograms (e.g., 143).

Three strips of paper were e ao h spotted with two 1.0 mg.

quantities of product No. 8 and with a third spot for
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indicator purposes, not so carefully measured. After removal

from the tank and drying, the three indicator strips were eut

off and developed as usual. Since the location of the spots

was now accurately known, these areas were eut out of the

unsprayed strips, giving three pieces of paper each having

the glucose from 2 mg. of the original solide Each piece of

paper was separately extracted with 10 ml. of water in a

micro-Soxhlet extractor for one hour, which was a sufficient

time, as a dried extracted paper showed no glucose after spray

ing and developing. In each case the extraction was inter

rupted when the extract had a volume of 2-3 ml. After adding

1-2 ml. of water used for rinsing, the volume was made up to

5 ml., if necessary, and the reducing value deterrnined on the

entire solution. Two l'bla.nks u were carried out by the same

procedure, including the extraction of blank pieces of paper

of the same ar-ea , The two "blanksu had titration values

(differences between titration and the usual blank) of 0.17

and 0.13 ml. of the standard thiosulfate .solution. Taking

0.15 ml. as the average value, this "blank" was subtrac ted

from each of the three reducing values determlned, giving

3.69, 3.51, and 3.64 ml. for the corrected titrations. These

values corresponded to 0.440, 0.420, and 0.435 mg. of glucose

respectively. An average of 0.432 mg. of glucose. in 2 mg. of

the original solid corresponded to 21.6~ glucose in product

NO. 8, in c ontrast to 7% determined for the same produc t in

the flrst rnethod attempted.
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SUMMARY

Two new crystalline xanthate methyl esters were prepared,

those of octadecyl (stearyl) and hexadecyl (cetyI) alcohols,

by a one-step xanthation invo1ving reaction of carbon disul

fide, sodium hydroxide, and the alcohol, followed by methyla

tion wi.th methyl Lodî.de , Three previously known xanthate

methyl esters were also prepared, those of benzyl and hexa

hydrobenzyl alcohols and of menthol, by the same ge ner a l

method. This was apparently the first time that the Iast two

of these, at least, have been prepared by the sodium hydroxide

me t hod ,

The stabi1ity of the xanthate methyl ester group in

various reactions was examined in a variety of experiments on

the five esters available, but chiefly on the new octadecyl

methyl xanthate. These esters were saponified by one hour's

boiling in IN or O.IN aqueous-alcoholic alkali and reasonably

good saponification numbers were obtained. Boiling 25%

aqueous sodium hydroxide did not appreciably saponify the

octadecyl ester, however. On the other hand, the octadecyl

ester was quite stable to hydrochloric acid under several

drastic treatments, i ncl udi ng three hours' heating under

reflux with 6N acid, an hour's heating under reflux with IN

aqueous-alcoholic acid, 24 hours' standing with 43% acid at

0 0 C., and even heating with 3% methanolic hydrochloric acid

at 120 0 C. in a sea1ed tube for three days. The last mentioned

reagent decomposed it extensively during several days' heating
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in a sea1ed tube at a temperature finally reaching 160 0 c.

The o.ctadecyl ester was stable to aqueous-alcoholic

ammonia at room temperature, and reasonably stable to pyridine

at room temperature but not to pyridine at elevated tempera

tures. Silver carbonate and silver oxide, when heated under

reflux with an alcoholic solution of octadecyl methyl xanthate,

caused ready de-xanthation to octadecanol, although an ether

solution of the octadecyl ester was not de-xanthated by silver

carbonate at room temperature. Tests with silver nitrate and

mercuric acetate were somewhat inconclusive, and a test with

cadmium carbonate showed no de-xanthation at room temperature.

Thallous ethylate dissolved in benzene easily de-xanthated

octadecyl methyl xanthate to octadecanol, even at room temper

ature. Raney nickel, even at temperatures as low as 10 0 C.,

also readlly decomposed it, glvlng octadecanol and low-melting

material which was not identified. The octadecyl ester was

stable under acetylating conditions but decomposed exotherr~lly

when heated to 180-190° C. The metby1thio group in these

esters was only very slowly cleaved by boiling hydriodic acid

solution, in contrast to the methoxyl group, and could not be

estimated in this way.

Oxidatlon of octadecyl and hexadecyl methyl xanthates

with hydrogen peroxide gave the crystalline compounds

C20fl4004S2 and CIBH3604S2 respectlvely. The structures of

these compounds were not Investigated in detai1, although the
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O-alkyl groups still remained, and at least one sulfur atom in

the molecule appeared to be still unoxidized. An analogous

compound was not obtained from the corresponding benzyl ester,

but two unidentified products resulted in small amounts from

the oxidation. Oxidation of the octadecyl ester with bromine

and with periodate did not give the compound obtained with

peroxide, but different unidentified waxy solids, sulfur-free

in the first case.

On treatment with nitrosomethylurethane at a low tempera

ture, xanthate salts of octadecyl and benzyl alcohols gave the

xanthate methyl esters, wj-th no de-xanthation as occurred in a

similar reaction of cellulose xanthate.

Cellulose xanthate was prepared by the usual procedures,

and met hylated with methyl iodide to give the xanthate lnethyl

ester. This ester was de graded by 43% hydrochloric acid at

0 0 C. a nd by 37% acid at room temperature. In aIl cases, an

excessive amount of de -xanthation occurred simultaneously,

making the product unsatisfactory for any subsequent quanti

tative work which would lead to information regarding "gr oup

distribution in the original xanthate. Methanolic hyo~o

chloric acid also gave much undesirable desulfurization in a

sealed tube reaction with the ester.

Glucose estimations on a representative product of

de gradation with 37% hydrochloric acid indicated that the

scission of the glycosidic bonds might not have been complete.

Attempts to measure the completeness of the degradation by
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o~tical rotation and by the copper reducing value were not

satisfactory.

Examination of three representative products of degrada

tion by means of paper chromatography showed at least four

urlidentlfied spots for each product, in addition to those

caused by glucose and by incompletely degraded material.

There was an indication, but no definite proof, that none of

these spots was that of glucose-3-methylxanthate.
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CLAIMS TO ORIGIRAL RESEARCH

1. Two new crystalline xanthate methyl esters were prepared,

those of octadecyl and hexadecyl alcohols. Their melting

points were 38-39 0 C. and 28-28.5 0 C. respectively.

2. The xanthate methyl esters of hexahydrobenzyl aLcoho L

and menthol were prepared apparently for the first time by

the method in which sodium hydroxide was used instead of

elementary sodium.

3. A series of experiments on the xanthate methyl esters,

chiefly the new octadecyl methyl xanthate, provided much

information regarding the stability and reactions of these

cor~ounds. Their behav ior with Raney nickel, thallous

ethylate, and oxidizing agents was entirely new work, while

the experiments with acid, alkali, ammonia, pyridine, acetic

an~ydride, heavy metal salts, and simple heating, generally

confirm and extend the fragmentary reports concerning the

behavior of compounds of this type. AlI these reactions

were tried for the first time with the new, crystalline

ootadecyl ester.

4. Octadecyl methyl xanthate and hexadecyl methyl xanthate

were oxidized by hydrogen peroxide to the crystalline com

pounds C20H4004S2 and C18H360432 respectively, the structures

of which were not investlgated in detail.

5. The action of nitrosomethylurethane on two xanthate salts
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gave the corresponding methyl esters. This was apparently the

rirst time this reagent had been used on a simple xanthate

salt, although with cellulose xanthate de-xanthation occurred.

This observation demolished the theoretical bas I e hitherto

used to locate the xanthate groups in the macromolecules or

cellulose.

6. Cellulose xanthate methyl ester was prepared without

reasonable doubt ror the rirst time, in a pure condition.

7. Periodate oxidations of cellulose xanthate methyl ester

showed this method to be unsatisfactory for structural studies,

owing to interference by the xanthate ester group.

8. Degradations of the cellulose ester with 43% hydrochloric

acid at 0 0 C., with 37% acid at room temperature, and with

3% methanolic hydrochloric acid, aIl were accompanied by

de-xanthation to the extent of 37% or more.

9. Paper chromatography of the products of acid de grada

tion showed a number of interesting spots, which could not be

identified because the possible xanthate methyl esters of

glucose have not been prepared for chromatography in parallel

experiments.
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