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 The interest in sulfur-conteining orgenic compount
in recent years, WW&QMWMWMMGW
" logical properties, and partly because of thelr sigificance to
theoretical and practiesl organic chemistry,

Prior to the inception of the work embodied in this theeis, no

attempt had been made to study the metalation of a variety of sulfur
i Mamﬂ of the multivalent character of sulfur, there are
avm:a for study more types of compounds than is the case in the

e, seviess For instence, in addition to the sulfide and thiophenol
unterparts of the ethers and the phenols, there is a

types, the
variety of disulfides, sulfoxides, snd sulfones frop which to choosee
In this ion it was proposed to limit the types of compounds
studied to representative thiophenols, sulfides, disulfides, sulfoxides,
and sulfones,
The interest in the investigation lay chiefly in determining
positions involved in the various metalations., In a few sulfur come
mds metalations had been observed which were unusual in that the
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and White. In spite of a wery careful sesrch, no bengene or scdium
salfide could be isolabted from the sction of sodium on phenyl sulfide
deep red solution formed when the resction was

on mm o m air. Only thiophenol snd aniline were ldentified,
eriments with aliphatic sulfides gave no amines; the
sides, hydroesrbons, and sodamide:

Bp3 + Aa + NHy ~~ BNa + BH + HaliHy

The reactions of heavy metal salis with aliphatic sulfides have
been the subject of many investigations sinee 1853, when Loir (&} first
served this chemical transformation, Hercuric salts cobrdinate repidly
1ine solids, which are used frequently
a8 derivatives. A paper containing sn excellent bibliography is that
of Feragher, Morrell, snd Comsy (5). More recently, methods of deriva-
tizing alkyl phenyl sulfides have been studied by Ipatieff snd Friedman
{6). Since this class of compounds codrdinates very slowly or not at
all with mercuric chloride, other methods of derivatization were sought
ous chloride complexes (7), which form repidly

Eﬁir 93‘3 .

ey Ly 27Tk (1929).




and in good yleld, Apparently, mercuration of alkyl phenyl sulfides
does not occur under the conditions used to form colrdinstion compounds,
Poseibly this indlestes that cobrdination pr
The mmmﬁm of alkyl phenyl suifides has been little investi-
be made at present; becauss too

geedes mereuration,

gated, Brosd generalizetions camot
is have been studied, However, in the most extensive study
so far reported (8), the sulfur compounds appeared to mercursite less

readily and give lesss pure products than the corresponding oxygen com=

The behavior of thiophemol toward mercuric salts is very different
from that of phenol under corresponding conditions, At ordinary teme
peratures thiophenol gave a mercaptide, which on heating decomposed to _
yield mercury, diphenyl disulfide, mercuric sulfids, and phenyl sulfide,
Phenol scarcely formed a mercury-oxygen linksge at all. Instesd, the
mercury entered the ring {9). To avoid the interaction of mercuric salts
with the sulfhpdryl group, Sachs and Obt attempted to mercurate gwmethyle
ntobsnzeic acid. é%wy used a general method for mercurating

aromatic carboxylic seids, but were unable to isolate a definite
products In contrast, gemethoxyt
boiling water to give a parswsubstituted mercurisl (10),

Phenyl sulfide was also mercurated by Sachs and Oth, After

imenting with various conditions, they successfully obtained, by

Eg} Sachs and Ott, %aglﬁ,tra (1926).
(10) Lajoux, %ﬁ é&m m L?B 1, 279 (1915).
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hoating phenyl sulfide and mercuric acetate in amyl acetate at 150°, a
soluble erystelline substence, This was malnly di~ and triscetoxymer-
cury derivatives, i‘m which there was separated a 108 yleld of p~
werouriphenyl phenyl sulfide, Trestment with nitric acid gave

g-ai‘émayl phenyl sulfone, thus ss%ah&iahing that mercurstion had
taken place in the para position, '

A monochloromereury sompound was precipitated in the course of &
e of Zesthylmereaptothiophene, sodium acetate, and
mercuric chloride in aloohol (11). The position of the entering sube
stituent was not determined; but, owing to the ease with which thiophene
is substituted in the xpositions as compared to the @epositions,
capto~S-thienylmereuric chloride

there ecan be little doubt that 2eethylme:
ped in this reaction.
Hethyl=2~thienyl sulfide was metalsted in the same way to yield a
monomercarial, but the reaction time was shortened to two days. Again,
the chloromercury group was assumed to have entered the S~position.

iodide, but to a lesser extent (12)., It would be expected that the

s 49 g&ﬁ, 166 (1932).

{11; Steinkopf and Leonhardt, Am
: , 239, 1249 ( 21)0
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dlalkyl sulfides, selenides, and tellurides would catalyse the reaction
in aseending order of msgnitude, if the tendency of the centrel atom to
begome tetravalent and the stability of the resultant Tonium® compound
were essential factors in the m&%ﬁ.@«. Since the experimental ras*b#
are otherwise, Hepworth concluded that the ability to form compounds of
higher valency may be the initial csuse of the cstalysing setion, but
it can have only a very slight effect on the speed of the resction.

Double compounds containing alkyl sulfide and m%hy N8 g
imd’lde were formed, but not cbtained in a erystalline conditlon.

The sulfur compounds, ethyl meyl sulfide, pentamethylene sule
fide, and l,k-dithisn were wap&md with their oxygen analogues to
determine the relative catalyzing scbion on the formation of methyle
nagnesium iodide. The oxygen compounds were the move effective catalysts.
Structure was shown to have an important bearing on the promotion of
the reaction, since the open-ghained compounds had & greater asctivating
“effect than the cyclic eompounds. Of the eyelic ecompounds, those with
two cobrdinating elements had greater sctivity than those with but one

such element,

Allyl sulfide was, apparently, wmatiacked by ethyle or phenyl-
magnesinm bromide in boiling ethers During 2 thirty-minute reflux
period, 1,2«di-p-tolylmercaptoet
standard ethylmagnesium bromide solution {13). Refluxing with an

hylene destroyed scarcely any of a

(13) Gilmen and Peterson, J. Am. Chem. Sog., 48, 423 (1926).
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ethereal solution of phenylmagnesium bromide for fifteen hours clesved
allyl p-tolyl sulfide to a slight extent. Less cleavage occurred with
allyl phm& sulfide under corresp
of sulfides toward ﬁrignm reagents, under these mild eonditions, ia
further exemplified by the fact that the use of alipimﬁie sulfides as

nding conditions (14)s The wh&&:ﬁl&ty

a medium for Grignard reactions is the sabject of a French pmm {15}.

ﬁt mrciifzmzy temperatures phenyl sulfide was clesved to a very
glight extent by phenylsodium in bensene, Furthermore, splitting begen
only after the resctents weve hested for seversl hours at 70-80°. Twven
with an excess %}f phenyleodium, large smouwtts of phenyl sulfide were
recoversd {16}, Undoubbtedly, metalation occurred in these vesctions
tut went unobserved begause of failure to derivatise the metaletion
product. ‘- Bebb {17) found that phenylsodium in benzene metslated phenyl

sulfide to the extent of 56% in'f&rhmght hours at room temperature,

Derivetization with gaseous carbon dioxide gave og-phenylmerecaptobenzole
acide Vhen phenyl sulfide was refluxed with p-butyllithium in ether for
twenty hours, 308 of g-phenylmercaptobenzoic aeid was obtained subsequent

{14) :imxm?a, . Hep, Unpublished master's thesis, Towa State College
1929},
(15) French patent, 7Thi,545 {1933) &&-, ,1% 4210 (1933)7 .
51& Puchs and Breuer, Monstsh., 53,
17) Bebd, Ra Dey Doctors ﬁz.ssar%atim, Iam stat@ College (1938);
Gilman and Bebb, gZ_qr _@i g}g&t 5084, *&, 1.” (1@3‘?}&
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to sarbonation by powdered dry-ise, Some cleavage ocourred in this
reagtion, since the odor of thiophenol was noticed when the mixture was
acidified, However, the amount of mercaptan was too small to permit
isolation. Ho cleavege was noted when the resetion m was shorbened
to six hourss In this sa% the vield of nmebslation aecld decreased to
24#. An etheresl solution of phenylesleium lodide was refluxed with
phenyl sulfide for forby-eight hours, but no metelation products wers

isolated upon carbonation. The resulting acldiec materisl was eowelusively
‘benzoic aeids In addition, 968 of the starting materisl was recovered
from the neubtral fraction.

Phenyl ether, the oxygen anslogue of phenyl sulflde, was metalated
by pebutyllithim in ebher to the extent of 60F in twanty hours and 518

in six hours, as debermined by the yisld of gwphenoxybenzole seld

orresponding conditions g-butyllithium cleaved phenyl
selenide with the formation of phenyllithium and bublyl phenyl selenides
CgHlsBeCslls + p-CyHigld e CgHgll + 1-CyHgSeCell5
The formstion of ;&z&nymmim ie somewhet wrmsusl, One would
ombine with the more *negative” sslenium rather

than with the Jess %@ﬁ&tﬁ#@ earbons

(Cglis) 758 + BeGyHigh m CglgBeLL + 5-CyHgCeHs
| &Y CglgSeH

B o

This reastion sctually took place, as evidenced by the isolation of a



small quantity of selenophencl., No butylbsnzene was reported,
comtrast, the yield of phenyllithium was relatively large; 19% according
to the yleld of benzoie acid obtained subsequent to carbonation,
son of the products resulting from the setion of p-
butyllithium on phenyl ether, phenyl sulfide, and pheny]
indicates two divergent phenomens. Firet, the extent of metalation
fly as the cenbral element is changed from oxygen to

sulfur to selenium; the yields being 51%, 24%, and 0%, respectively,
under the same conditions, Secondly, the cleavage of the bridge linkage
increases from none at all with oxygen and only a trace with sulfur to
19% with selenium. |

Unlike mercuration, which attacked the para position of phenyl
sulfide, metalation with organoalkali compounds Involved the hydrogen
situsted ortho to the hetero element. This statenent is illustrative
of a generzl rule which has been developed from metslation studies of a
great variety of ethers, including sryl alkyl ethers, diaryl ethers,
and eyclic ebherss Thus, mercuration generally replaces the same hydro-
gen that is replaced in the ordinary nuclear substitution resctione such
bion, nitration, or sulfonation (18). On the other hand,
metalation with orgsnometallie compounds slmost invariably aets on the

hydrogen ertho to exygen, sulfur (19}, or nitrogen (20)« An wmsusl

i ; Dibensofuran i2 a noteble exception., Page 26 of this thesis,

19) Compare the metalation of dibensothiophene with phenylealeiom
iodides Page 32 of this thesis.

{20} Diphenylamine is metalated meta to the nitrogen; Gilman and Brown,

e 18T wﬂr; % W (1’%@)?
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metalation by g-butyllithium was observed with methyl phenyl sulfide.
This reaction proceeded quite wnlike the relsted anisole and, instead
of giving m ortho nucleay mtﬁaﬁim product, gave mlwiwly E
lateral metalstion product (21): |

G5Oty 4 r0fighi, i Cgfi5OCHZLL o Cgll55CHZ000F

. The metalation of ethyl ph
in an ortho nuclear substitution product (21), as is the case with the

anyl sulfide by p-butyllithium results

corresponding oxygen compound, phenetole.

ined alkyl phenyl sulfide has boen studied by Hoyt (22).
Fquinmolecular q&m&iﬁw of pebutyllithium and phenyl p~tetradecyl sﬁle«
fide were vefluxsd for ﬁray-m hours in ether solution. At the end

of this tine ti:e failure to obbain a Uichler's ketone color test

indicated the absence of metalating agent end the probable absence
of mﬁm M@m&. On carbonation, 5«1& ng. of benpoie acid were
isolated, and 64% of the starting material was recovered. |

,‘ %@n the same reaction was performed in petroleunm ether {b.p.
28-38%) at reflux temperature, 92.1% of phenyl p-tetradecyl sulfide was
recovered. The only acidic material found was & trace of valeric acid.

g g Gilmen and %@bﬁg L %u e 3@@&; 62 987 {l%ﬁ})
Hoyt, F. W., Doctoral Dissertation, Towa State College (1%@).



Grignard Resgents from Sulfurecontaining Orgenie Halldes

ether and its sulfur and selenium snalogues, Dilthey (23) found that the

ease of formation of the organomagnesiwm halides inoreased as the bridge

element was changed from oxygen to sulfur to selenium. This cbservation
ion Lo the general rule, inasmich as the oxygen
gants more readily snd in higher

appears to be an excep
vields than the corresponding sulfur compounds, For example, Brand

and his cowworkers {24) experienced eonsiderable diffieulty in prepering
mophenyl. methyl sulfide and from g-bromo-

Grignavd resgents from pobr

react with magnesium to give almest quentitative yields of the correse

ponding orgenometallic compounds (25). 2-Bromodibensethiophene reacts
very sluggishly with magnesium to yield only 178 of the corresponding

carboxylic acid on carbonstion (26); wheress 2-dibenzofurancarboxylic

acld is prepared by & similar reaction in 70% yields (27).

" Somewhat surprising is the velative inertness of Z~bromofuran

toward ordinary megnesium or toward magnesium activated with lodine. A

(22) Ditthe, 3. gracte Chen., 1%, 7L (1973) .

2h) Bra d LB m’ ..B.?Eﬂ &, 3(5?3 (}323»}3 de DEBKS

358 (1924)3 Brand and Stein, ibid., 108, 19 (1924).

'25) Zoellner, E. A., Doctoral Dissertatiom, Iowa State College (1933).

26) Jacoby, A. L., Doctoral Dissertation, Iows State College (1938);
Oilman end Jacoby, J. Org. Chem., 3, 108 (1938).

{27) Bywater, W, G., Doctorsl Dissertatiom, Iowa State College (1934).
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Hagnesium bad no action on these disulfides when refluxed in ether,
in bensene, or in xylene.
. Disulfides undergo z very
s (3).

pady scission by sodium in liguid

with the formaw

Dimlfides are cleaved by organomagnesium compounds
tion of a sulfide and a mercaptidet
HSSR + R¥HgY oo RERY + REMEY
Ethyl phenyl sulfide, O(-naphthyl phenyl sulfide, and ethyl isobutyl
sulfide have been prepare

d in this way (30).
Phenyllithiom snd triphenylmethylsodium resct with disulfides in a
to the selssion with Grignard reagents, The

memner entirely anslagous

reaction appears to be a very rapid one, 28 evidenced by the instante~
necus decolorisation of z red ether solution of triphenylmethylsodimm
when added dropwise to an ether solubion of diphenyl disulfide, As the
RSR* compounde are obtained in good ylelds, the reaction may be used for
preparative purposes,

Since phenyllithium hes been shown o metalate phenyl sulfide (17),
it 1s probable that g-pher
phenyllithium was reacted with diphenyl disulfide (31)., However, as

Inerecaptophenyllithivm wae formed when

{30} Wayte, Bull, soc. chim., /37, 25, 166 (1906).
66, 237 (1933).



has often been the case, metalstion was not obsmeyved through fallure
to use a "bagging reaction.?

Diphenyl diselenide was cleaved by phenyliithium and by p-methe
oxyphenyllithium to give phenyl selenide snd pemethoxyphenyl phenyl
selenide, |

Schénberg end his co-workers (32) have observed the effect of
ds on some thicacetals and related derivatives.

Cleavage of the carbone-sulfur bond wss the main reaction,

Reactions of Cyelic Sulfides

Thisnaphthene is the only thiophene derivative which has been
metalsted by sodium metsl (33, 34)s In a first sttempt (33) the
reactants were heated together at 114-120%, Under these drastic condi-
tions the thiophene rizzg was cleaved, very little ﬁhimﬂmm was
recovered, and most of the sulfur appeared es sodium sulfide. ' Under
milder conditions { 3&} the nucleus was apparently not cleaved, and
metalation was effected in yields, When thianaphthene, in ether
solution, was shaken with sodium sand, a red-colored solution formed in
four hours, Later a violet-red precipitate separated, After a few days

33) Welssgerber and Kruber, Ber., 53, 1551 (1920).

g %% Schiénberg, Kalteschmitt, and Schulben, Ber., 68, 245 (1933).
'3L) Schimberg, Peterson, and Ksltschmitt, Ber., 66, 233 {1933).



the preecipitate no longer inereased in sigze, end the reasction was
terminsted by cerbonation to yield 56% of 2-thianaphthenecarboxy
acide The high yield preciudes the possibility that the mebalating

compound produced by cleavage of the carbone

Sodamide in the sbsence of solvent does not cleave thianaphthene,
in marked contrast to the behavior of sodium under these conditlions.
The reaction began even at 50.50° with the evolution of amwonia and was
complete at 120°, Hydrolysis of the resuliing yellowish-brown powder
gave an almost complete recovery of th

ansphthenes Carbonation ylelded

cxy~ and 2, 3-dicarboxythisnaphthene, of which
approximately two-thirds was mono- and one~third xylie acid,
Sodium metal in an atmosphere of ammonia behaved similarly.

In & large batch, thisnaphthens {400 g.) wes metelated with finely
palverized sodamide in xylene. The reaction was allowed to proceed for
#ix hours with vigorous stirring, first st 100% and then at 145°% Care

bonation was effected at 100-110% for twelve hours. The acidie fraction
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was esterified and separated by fractional distillation inte 10.5%
ecarboxrylate and 7.8% dimethyl 2,3-thisnaphthene-

The mercuration of thiophene and its derivatives has bean studied
extensively since the discovery of this reaction by Volhard (35) in
1892, The parent compound and its alkyl and halogen derivatives are
motalated readily at room temperature with & mixture of merouric chloride
and sodium acetate in alcohol. Volberd, using this procedure, prepared
v derivatives of thiophene, ﬁu-mhhyl-»
thiophene, and B»ﬁ.sepmpylﬁmaphmm Only a monochloromerocu

y compound
was obtained from O(-methylthiophene. This fact indicetes that substi-

tution wnder these very mild conditions was oceurring preferentially in
the asctive alphs positions. Methyl 2-thienyl ketone was not mercurated
by this procedurs but formed a double compound with one moleeule of

mercuric chloride. Meta-directing groups appear to hinder mereuration,
since Steinkopf (%) rep
above conditions with 2-nitrothiophene, and the reaction with 2-thenoic

48 the failure to obtain mercuration under the

aeid proceeds very slowly. Phenyl thisnyl ketone {37) is not mercurated

€3§% ?th&”é; M& 2 .@3’ l% {}»%2)9
%) Steinkopf and Pauermeister, Ann., 403, 50.(1914); Steinkopf, Amm.,
ggz 31@}{191?); Steinkopf, Augestad-Jensen, and Donab, Ann., 430,

(37) Weitkamp and Hamilton, J. Am. Chem. Soc., 59, 2699 (1937).
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under thess mild conditicns. However, more drastic trestment gave a
MM&, & ginersy

rial, and & double compound, amais’ting of one
molecule of the monomercurial and one of the dimercurial.
urial was formed in alwost guantitative yleld when

benzothienone was refluxed with a mercurie chloride-mercuric acetate

mixbure in glacial aﬁe&i@ acld, Converzion to the known 2«iodgmSm
bengothienone proved that the chloromercury group had entered the
expected 2-position. /

Fusion of mercuric acetate with bengzothienone gave the double com~
pound, which was converted to the dimercurial by refluxing with excess
mercuric acetate in methyl “cellosolve" solution, Cloavage of the
end potassium bromide
gothlenone and located the acetoxyw
mwmamm&mwﬁmi

me was betramercursted in a few hours with a cold saturated

resulbant ém&@xmm gopponril with bromin

aqueous solution of mercuric acetate (38).

Bramothiophene was dimercurated (39) with mercuric acetate in
504 scetic aeld &t 50° to give the expected 2,5-diacetoxymercuri=J=
bromothiophene. In order to introduce a third acetoxymercury group into
the remsining P -position, the temperature of beiling glseial acetic
«  This illustrates the relative activity of the
od with those in the QBepositiona,

acld was necessary

536) Paolini and &ﬁbemazm,

29) Steinkepf, " 12 9&3};
his mﬁw‘%’

, itale, 45, II, 385 (1915).
This paper @Qﬂ;&iﬂs references to
engive :sﬁs:ﬁi% of the meroursation of thiophene,
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Thieno/3,2-b7 thiophene was monomercurated (40)

Thieno/3,2~b ] thiophens

by shaking overnight with 2 mercuric chloridewsodinm acetate mixtwm
The structurs of the resulting mrmrial was not elucldeted, However,
by analogy to the mercuration of thiophene, it is probable that the’
 chloremercury group entered the 2- (or 5-) position. That this 1s only
a probability ean be readily understood by referring to the mode of
mereuration of thianaphthene, which is substituted in the 3-position,
rather than in the 2= or ortho positiom {(41).

Thienothiophene has been separated from thianaphthene by fractional
mercuration (42).

The metalation of that highly resctive compound,

thianaphthene, has
been extensively studied. "One or more® mercuriscetates were obtalned
when tihisnaphthene was warmed with mereuric acetate in scetic acid or

alechol {,&3}: The eomposition of ons of these agreed with a moncecetoxy

mercury derivstive, Weissgerber and Kruber {33) studied the mercuration

‘Akl Sa& ;aagﬁ 26 of %h;ia them*
Challenger end ¥iller, J. % Soc., 1006 {1939).
14,3) Bezdzik, Friedlénder, snd Koeniger, Bers, 41, 227 (1907).




e )
&xﬁn

ene 3&_ a means of sepsrating it from the nsphthalene fraction

of coal tar. A coal tar fraction was mercurated, snd pure thlanaphthene
obtained on acldificstion of the resulting mercurial. Studies of this
type were also pursued by Challenger (42), who detected thlanaphthene in
shale oil by mercurablon.

None of these sariier workers (:%3, 43} determined the structures of
the mercury compounds, and the problem has been solved only recently
(42)+ Because of the ease with which thisnaphthene is substituted, it

was found very difficult to prepare a monomercurated product. A variety
of conditions yielded only disubstitubed derivatives. A monomercurisl
sined by treating thisnaphthene with mercuris acetate

in very dilute aleohol for two or three days, Propionyl chloride eon=
verted the monomercurial to an ebhyl kesto
~proplonylthisnaphthene, thus provin
tuted derivatives. In thiansphthense, therefore, mercwration corresponds

e identical with the knomn
g that the mercurisl was a 3-substi-

to bromination, nitrabion, and acylation.

. Mercurstion of dibensofuran {44} and Nesthylearbasole {45) with
mmm acebate resulted in the formation of the 4» and mﬁtmww
derivatives, respectively. gh, no mercurizl was isolated when
_mercuric acetate was sllowed to resct with dibengzethiophene in boiling
aleohel (26), However, the slow addition of mercurie acetate to a melt

of dibensothiophens at 140-145° did effect a resction as acetie acid

2%} Gilmen and Young, J. Am. Chem

Sog., 56, 115 (1934).
45) Gilman and Kirby, J. Org. o2 lé,{

hely 1, 19%) .



distilled Irom the mixture, Difficulty wae experienced in purlfyi

oduct, and as a result analysis showed 2 content of mercury which

was metalated by boiling alecholie mercurie acetate (46). Instead, the
solution turned sn intense wine-ved color, and mereury and mercurcus

acetate were precipitsted, However, N-methylphenothiazine
mono~derivative gave the di raweurial .

zine. Further mercuration of the

pounds were obtained by the ssme procedure.
The mercuration of methylene blue was the subject of an investigas
tion by Chalkley (47).

2O
(CHB)zN'QS \‘N(CHB)Q
Cl

Hethylene Blue
Inorganic salts of mercury exert a toxic effect on tubercle baeilli
but show weak penetration of the cellss It asppeared probable that the

{46) Finsi, Gags. Ghim. ital., 62, 175 (1932).
(a?g m&ﬁ* Am. Cheme gggéf’ 47, 2055 (1925).



penetrating sction could be increased by ning the inorganic ealt
with en orgsnic dye, such as methylene blue, which resdily stained the
mmim-s Farlier attempts to merourate methylene him had been unsug-
cessful, because complex formstiom lavgely mxyma&é the concentration

of mercuric ion. Only in the presence of a large excess of mercuric
One, belleved to be a blsmercurdal, was not isolated in a pure form

ause of the readiness with which it passed into a colloidsl condition.
wary derivative, whose structure was not

The obher was s monoscetoxyney

éﬁmﬁi Bomewhat betier y&.&ﬁzﬁ of & nonoaceboxXvmar

were obtained from the benzoyl derivative of methylene blue. Again,
the structure was not elucidabed.

The number of nuclei which have been metalated by means of the
Grignard reagent was recently extended to include thiophene (40).
carbonation, 9.1% of olthenoic seid with the complete sbsence of the

ne with excess ethylmagnesium bromide gave, on

Like thiophens, thieno /3,2-h Jthiophene (40) has been metelsted
with ethylmagnesiom bromide. The resction, carried out in dimethyle
aniline at 160-170°, followed by carbonation overnight, yielded 12% of
oxylic acid. The same acid resulted in 14% yield when amyl

gther was used as solvent. & dicarboxyliec acid was formed when the
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tion of the mixture gave 2-furolc acid and no thenoie scid (49). This
nt, indicates the greater aromsticity of furan as compared |
thiophene. On the other hand, when thiophene was reacted with 2efuryl
sodlum, 2-thenoic acid resulted on carbonstion of the mixture. Although
no 2~-furoic acid was detected in the latter reaction, it camot

malvdad *hi}a:& none was present. The wmethod of mixed melting points was
found to be {tmmliabii,a with & mixture of these two compounds, nor was
there availabile any method for quantitatively separsting 2-furois scid
from 2-thenoie acids In the two experiments, the yleld of Ewﬁmis; acid
from furan snd 2~-thiemylsodium was almost the same as the yleld of |
2-thenoic acid from thiophene and 2-furylsodium.

These workers also metalated 2~-methylthiophens with benzylsodium
ee After L4k hours at 60° there was isolated 21§ of Z-methyle
mation. This iz but snother nzumm«

in h
S-thenole acid subsequent to oay’
tion of the slow rete at which m&a;iatima proceed in aliphatie hydro
carbon solvents (17). Only s trace of 2-methylw5-furcic acid was
obtained when a mixturs of ethylsodiwm and 2-methylfuran was heated at
60° for ten hours,

Thiophene itself appeared to be more readily metalated by ethyle
sodium, since 0% of 2 -thenocic acid was obbtained following derivatiza=
tion of the metslation product with cavbon dioxide {350).

As with dibenzofursn, the metalation of dibenzothiophene with

EYEY b 2h g

(50) Schorigin, Beres 43, 1938 (1910)
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EETI compounds affects the L-position, This follows from e
somparison of suthentic f-methyldibensothiophens, prepared hy ring
closure, with the methyl derivative obteined from the metalation product
and dimethyl sulfate {@é}*

ene has been metslated hy & series of az*ganelitm

s, under comparable conditions (2%)+ The yields of k-dibenzo-
vaxylic acid, isolated m@@ﬁmt to carbonation, mede

mssibla the ayrangement of the werious R groaps in mﬁsr of decrsasing
effectivenese: gp~tmtyl, phenyl, X-naphthyl, end pemethoxypt

An investigstion of the effset of solvent on %é;a metalation of
hene has been mads by Bebb (17N, F‘;ar purposes of comparis
21l resctions were allowed o procesd for twenty hours with p-butyl~
lithium as the mebelating agent. 4t the end of the specified time, the
mixtures were carbonated and the yields of acid determineds Of the
various solvents tested, only pebutyl aﬁ%mr was found to be suitable
for metalations with n-butyllithium. In this solvent 61% of l~dibenszo-
thiophenecarboxylic acid wes obtained at room temparature and 90% of the
same product at 20% No metalation occurred in bengene st room

temperature or in dioxene at 40~45%, nor were any scldic products
isoleted from sinilar resctions st reflux temperstures in two fractions
of petrolenn ether (b.pe 30-35° and 60-68%), In only six hours at

emperature, g-amyleodiwm gave a 378 yleld of the h-acid vwhen the
solvent was petroleam ebher (b.ps 60-68%),

In this connection it is interesting to correlate the effects of
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solvents on halogen-metal, mebalsmetal, and hydrogen-metsl intercon-
versions {51). &s well as being an excellent solvent for metalations,
2 shown $o be an excellend solvent for halogene

On the other hend, petrolewn ether has

Ypsraions {52}*

beens shown to be & poor solvent for metalations {17) spd the least
active of & series of solvenis for the promotion of halogen-metal inber
ions (52). Similarly, no metal-metal interconvers:
Pidthive and tebrapbenyilead in petroleunm ether (b.p.

60-68%), In benzene, under the same conditions, a reaction ccourred
tut to sn extremely slight extent (53).

In a number of rmim (5L, 55, 56) phenylealeium iodide has been
sompounde in ite activity

shown to correspond to the phenyl alkeli
tawwd cortain functional groups. However, wnliks phenyllithiuwm, which
metalated didenzothiephens in the L=position, pheny loa. v
effected a substitution in the J-position (26). This constitubed the
metalated a

first reporbed case in which an organomebtallic compound

positlon meta to 2 hetere element in prefevence to an unhindered orthe

position, That the mebalation involved the 3eposition of dibengothiopheme
ures {57} First, the metalation aeid

, b3 mﬁwmvwaim and mm&m are gam

5& Kiﬂ:cy, B. Hey D ml'ﬂisﬁmaﬁ, iwa State College (1937).
55, %l?ﬁf% i‘}gix'by, Liﬁhtmmltaw, snd Young, Rec. trav. chim., 33,
%56) Gilmen and Bailie, e 4.0z, o, 2, % (1937).

57) Gilman, Jacoby, and Pacevits, ibid., 3, 120 (1938).
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was shown to be unlike the known Z- and 4-dibensothiophenecarboxylic
acids, Hence, 1t could be either z 1- or a 3-substituted compound,
1~B§;hmwthiaphm

hoxylie aﬁiﬁ was then mthmim and :s!mm to
differ from the mebalation scids Therefore, since three of the four
possible aecide had been prepared by known methods, the remaining one

mst have been the F-acld. Second, my deubt concerning the position of
the bromine stom’in the bromodibensothiophene from which the Wimacid®

was prepared, was removed by synthesising Bn-bmmdibmmmmmé “
Sedioxide snd showing that it was unlike the mlfone amﬁmd by oxidizing

Since the symmetrical phenoxsthiin (58) was metalated preferentially
ygen rether than ortho to sulfur, it might be expected that
dibenzofuran would metslate more rapidly then dibenzothiopheme. This
was actually found to be the cese, as determined by three different

procedures (59). In the first of these, one mole of p~butyllithium
wes refluxed with ane mole of dibenzofuran snd cne of dibengothiophene
in ether solution for six bhours, Pollowing earbonation, there was
isolated 398 of l~dibenzofurancarboxylate, which contained no sulfur,
ag shown by & sodium fusion test. In a check run, which was refluxed
twelve hours, 35% of sulfur-fres ~dibensofurancerboxylic acld was
founde Wnen o similar reaction mixture was carbonated after refluxing
anly two hm&m, & trace of hedibenzothicphenses: :

boxylie seld wes

ﬁ%} See page 35 of this thesis,
59 %m?, ?&; Bss, Willis, ond Stuckwisch, J. Am. ©
2606 (1940) .+




separated,

In the second method of establishing the gmaw rate at which
dibengofuran is metalated as compared to dibmmzothiophene, an ethereal
polution of 4ed bhiienyllithium was used to metalaste dibensofuran,
After a reflux period of six hours, there was isolated, subsequent
carbonation, sv pixture of 4=d sarboxylie scld and L-dibenzow

ecarboxylic acid. This mixture was oxidized, and the resulting

de was separated from the
nged h-dibenzofurancarboxylic seid by extraction with ether, the
sulfone being esse
Under duplicate conditions, it was shown that j~<iibensefuryllithium
did not metalate dibensothiophene, since the acidie product, isolsted
on carbonation, contained no sulfur snd is:% identified as l~dibensvow

| Third, separate metalations showed dibenmofuren to be metsalated

oriments, in which Necthylcerbasole was
mpared with dibensofuran snd with dibenwothiophene, demonstrated that
the relative ratss of metalation of these three compounds
1ithivm were as follows {60):

{60) Unpublished studies by Mr. C. 0. Stuckwisch,
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for there was isolated, after carbonation, & 90F yield of dibensothio-
phene,. Other products found were benzene and benzole acid,
similar reaction, in which phenylisopropylpotaseium was added
sund, ylelded some dibenzothiophene, together with

what appeared %o be a mixture of mono- and dicarboxydibenzothiophenss,

carboxylic sold would have been isolated,
The metalation of phenoxsthiin (59) has been investigated with a
ing the relative orienting effects of sulfur and

After refluxing for twenty-four hours with pebutyllithivm in ether,
sarboxylic seid. The meliting point of &1

Tanariatio xﬁt‘w& Btate @ellm (}-?3?32
3. Soce, 69, 2333 (19%).
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completed by converting the metalstion acld to the kmown fechloro~
f in 10-dioxide,

Inasmach as some wmeusl orientations huve been obtained in metalse
tions of sulfur campounds {(62), it wes not surprising that the seid
obtained on refluxing phenoxathiin with phenylesleiwa iodide in ether
solution, followed by carbonation, differed from the acid produced in a
similar reaction with p-tutyllithivm, Although the melting point of

ide sgreed with thet of the
mived melting point determination

enoxethiincarboxylic acid, 2
showed & depression. The compound may be the as yet unlnown l-seid, or

veactive (63) metalating agent than phenylealeium iodide, Regently a
dibasie acld was isolated (64) from s metalation of phenoxathiin with
ing to the usael procedurs (59) snd shown to be
a mixed meluing point dete:
 Treatment of geethylphenothiaszine with p-butyllithium for a
twenty hour reflux period yiclded, on earbonation, %.6% of a gummy

winstions

ééfé} Soe pages 17 end 32 of this thesis,

63) p-Butyllithium is considered to be more msztiw than phenylealeium
iodide because ﬁ.@ﬁr yields of metalation produsts are obtained with
eiﬁammﬁm, —m, mﬂ wxﬂ' amam

{64) Unpublished m;;; by Hr. Souren Aval
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treated with p~butyllithivm, gave mostly monometalation together with
a small asount of dimetalation, The oxygen compound, on the other hand,
gave only dime

more readily substituted.

alation under the same conditions and therefore nust be

Boactiong of Sulfoddes

A study was mede of the behavior of seversl sulfoxides towsrd
resgenta which would indicete the influence exerted by the sulfoxide
linkage on edjecent methylene groups (66). Benzyl phenyl sulfoxide,
dibenzyl sulfoxide, and bis{phenylsulfinyl)methene were tested. The
sulfouide groups apparently had no sctivating offect, since none of thesse
compounds rescted with sodium in cold benzene. The effect of sodium
on diphenyl sulfoxide wnder these comditions wes determined alae to
guard ageinst addition resctions. Rere agein, no reaction was
cbserved. A similar cbservation had been made somewhst eariier by
00 & resction took place between

Fuchs and Gross (67)« However, at 80-9
sodtun and diphenyl sulfoxide vhen the reactants were heated with

gene in a sealed tube. The resction was very slow, for sodium was
present even safter the mixturs had been kept for a year, Carbonation
gave phenyl sulfide (53%), = little recovered diphenyl sulfoxide,

E&a; Shriner, Struck, snd Jorison, J. } am. 500+, 52, 2060 {1930).

67) Fuchs and Groes, Ber., 63, 1009 .3.?36



p-telyl sulfoxide, under the same conditions, with eodium or

potassium, formed dark red partially soluble compounds.
this mixture, follewed by
solution, Anobher mixbure of this kind was kept for one year, fil-
tered, and then carbonated; but no carboxylic acid was obteined. Only
‘a trace of dimethyldibensothlophene was lsolated (68).

The formation of the above produsts was explained Ly essuming that
the colored substances were analogous to mebal ketyle, and that carbon

Piltration of

scomposition with water, gave & basic

dioxide shstracted oxygen and sodium to form sodium carbonate and
organie sulflides. The sodium was ovidently not attached to carbon,
since no carboxylic mﬁﬁ ware fmmﬁa. Clesvsge of the aulfides would
vield thiophenols, snd *E.h& abetraction of water from the mﬁfm&e
would lesd to cyclismation.

Sodamide was shown to convert diphenyl sulfoxide to dibenszo-
thiophens in a veaction first discovered by Schonberg (69). By s
study of the conditiona of this reaction, Courtot (70) and his co-workers
were able to increase the yield of dibensothiophene from 25% to 32¢,
In addition to dibenszothiophene, there was obtained in smaller a

zgmﬂ

(68) Emu@r, Eissarmm% Vienna (1929) «
{(m “Chalx, end msm;s, ‘Compt. rend., 194, 1660 (1932).
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Experinents of this type werse carried cut under the lumpression, since
shown to be false (66), that the sulfur-oxygen bond of a sulfoxide is
identloal with the carbon-oxygen bond of & ketone.

Ho appsrent resction occurred when methylmsgnesium iodide in
sther was refluxed with diphenyl sulfoxide, Accordingly, the ether
was replaced with toluene and the heating continued for twelve hours.
On hydrolysis, 44% of ths sulfoxide wes recovered togsther with 54.5%
A similar reduction occurred with phenylmsgnesium
bromide, but at a slower rate, since only 3% of phenyl sulfide was
obtained after fifteen hours in tolueme. Diiscamyl sulfide was
reduced to the extent of 70% by methylmagnesiuvm iodide under these
conditions; wheress bensyl phenyl sulfoxide gave only 43% reduction

agent. No cleavage products were noted in any of these

resctions.

To determine whether benzyl phenyl sulfoxide and trimethylene

sl foxide contained active hydrogen atoms, the two compounds were
heated with methylmagnesium iodide in anisole solution at 70% for one
hour. HNo gas was evolved mgr these conditions,

In contrast to the saturated sulfoxides, etyryl p-tolyl sulfoxide
was cleaved by an excess of ethylmagnesinm bromide at room tempersture
{73)+ The products isolated were ethyl p-tolyl sulfide and 1,l-~diphenyle
butadisne.

{73) Eohler fm Potter, J. Ame Chem. Sog., 57, 1320 (1935).
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| CgHgOGHO=CHGGH + Oyl ¢ BeMgSO0gR, Gy

*
cgighepr

s G 5SCgH) CH
The corresponding resebion with phenylusgnesium bromide geve biphenyl,
phenyl p-tolyl sulfide, and 1,i-diphenylbutadiene., In both resctions
the cleavage of the

tive formetion of the sulfide, because the Grignard reagents were without
action on styryl peto
In addition o the sbove prod

cts from the resction with phenyle

sium bromide, these investigstors isolated an oil which was
oxidiged and subsequently ldentified as @ 2 B 20 —triphenylethyl p-tolyl
sulfone, They were unable to account for the formation of this compound

mds were not formed from organomagnesium
halides and sulfoxides (72), it appoered possible that the more resctive
irolysis. This hope was not realized for the
rasmﬁim of aromatie sulfoxides with wgmaae&im compounds followed an

entirely different course {7.):

{74) Pachs and Breusr, Honatsh., 53, 438 (1929).




"é%g%ﬁs + gl CH Na
Soluble red "reaction product¥
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Possibly thia reaction proceeds through s primery seission of diphenyd
m;tmﬁ& by benzylsodium to form bengyl phenyl sulfoxide and phenyle
sodium, The phenylsodium produced in this way, as well as eny
sulfoxide, A measure of support is given to this mechenism by the fact
that phenylsodium in bensene does metalate benzyl phenyl sulfoxide.

In sddition to the mexpeched rearrangement, an wwmsusl solvent
effect was observed in the reaction of bensylsodium with diphenyl
sulfoxide. In bengens, very little benzyl phenyl sulfoxide was found
when the mixture wae hydrolyszed, and only 1-3% yields of §wcarboxy-
banzyl phenyl aulfm&a were obbained when the resetion was terminated
by cerbonation. On the other hend, the same resction in toluene gave
30-35% of bensyl phenyl sulfoxide on hydrolysis and 35-40% ylelds of

earboxybensyl phenyl sulfoxide on carbonation, The latter reaction
yielded, as an additional acidic product, an unstated cquantity of p-

benzylbengoic scid. The remarkable difference in yields brought about
by the two different solvents cammot be attributed to =& tempersture
effect since room temperature was maintained throughout.
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triphenylacetic acid.

4 similar reaction took place between diphanyl sulfexide and

95 10~dihydroanthracene«3,10-disodiun, but unlike the previous case,
no definite compound could be isolated. However, the sodium in the
reaction mlixture had evidently entered into a state of combination
which differed from that in the original anthrancene compound; because
the sodimm could not be removed entirsly by shsking with mercury,.

Almogt a1l the sodium can be removed from 9,10-dihydroanthracene~,10
m by the astion of mercury. A black greasy precipitate formed
sohydrylsodiun reacted with diphenyl sulfoxide (75). Large

and a trace of thiophenol were isoleted, Later this expe
vepested with a view to investigsting the mechanism of the reaction (76).

The reacktants were sheken for two days in ether solution. The solid
phase which formed during this period was identified as sodium benzene-
sulfenate, CgHS0Na. In addition, only triphenylmethane was found and
nylmethylsodivm was not 1ts precursor. The

reaction was belleved to ocour by a primary addition of diphenylmethyl~
sodium g the sulfur-oxygen linksge followed by a migration of the phenyl
group from sulfur to oxygen with a subsequeont cleavages
(CgHs) 20Hia + (Cglig) 50 ——3= [ g%m%%m%&
e h@wmwwam + CglgS0Na

M.mw Bergmann and Taohy Yy Beres 457 (1932},
76) Schénberg and mgwwﬁwg~ Mm.w .s 685 250 (1933).
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Reactions of Sulfones

‘f%Eﬁﬁﬁﬁgﬁ

The sulfone group activates to a conslderable extent the hydrogen
of an adjacent methylene group. Thue, hydrogen was slowly libersted
when sodium wee added to a bengene solution of benszyl g:‘mayi sulfone,
Dibenzyl sulfone and bis{phenylsulfomyl)methens behaved similarly (66,
77}» Diphenyl sulfone was cleaved by sodium metal in xylene at 140°
(78)«

2. Beagtions with inorganic compounds

The hydrogen of a methylene group may become very ascid when
adjacent to both a sulfons group and soms other asctivating &mg

age, or when adjacent to two or more sulfone groups. For example,
dibenzyl sulfone was slightly soluble in 10% sodium hydroxide solution,
ut insoluble in 10% sodium carbonate solution; whereas bis(phenylsule
fonylymethane dissolved in both of these solutions, Salt formation in
y with sodium and potassium

nds of this type ocours more readi

alkoxldes, Long years ago, Baumsnn snd his co-workers (79) examined the

eme, by 242 (1939)s

: Fromm, oo s 225 fgi Baumsnn and Cemps, Ber.,
,?}, fﬂ, 1874 {1890} s  Camps, 8, 233, 248 (1892); Laves, %’
25, 347 (1892); Bawmonn, Ber., 25, 2075 (1893); Lommits, Ber.,
g@? {1894); ?W, Bere, iﬁ, 2565 (1905).

g?’?} Shriner and Gresulee, J. O
78 sz'% and Vorster, Ber., 2
79} Baumann and Frosm, Ber

; i)

#
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hylene trisulfone and some of its derivatives.

tion of mebhylmagnes N

Piphenyl vsa}»ﬁm@ﬁ bmw}‘. phenyl sulfone and txdisethylene trisulfone
od, subsequent to hydrolysis, after long periods of
heating with methyinmagnesiun iodide in toluene or anisole solution (72}
¥rom thie expor

were largely recove:

menrt one would be led to believe that Orignerd resgents

do not add to, cleave, or reduce sulfones, However, ai:me suisole at
the bolling peint can be mebaleted nuclearly by ethylmagnesium bromide
{(80), it seems highly probsble that the move active hydrogen of the

methylens group of benzyl vhenyl sulfone would be mtfaﬁ.&tm also under

these conditions. As the reaction mixtures we
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materisls in esch éasé were recovered snd no metalstion was observed.
Hetalation of sulfones by methylmagnesium iodide has been demonstrated
by measuring the volume of methane liberated (1), Thus, @ ~phenylethyl
ptolyl sulfone snd Q,Q ~diphenylethyl p-tolyl sulfone liberated at
least one mole of methane when heated at 50-75° with methylmagnesium

iodide, Methane was evolved slowly at room temperature when methyl
b~tolyl sulfone wae trested with methylmagnesium iodide, In this
reastion p-tolylsulfonylmethylmagnesium fodide was formed. The Mgl
group msy be replaced by reagents typlcal for the carbon-magne
linkage (82). The failure of Gibson {83) to observe an evolution of
methane, when wmethyl phenyl sulfone was refluxed in sther with methyle
megnesium lodide, mey be attributed to the fact that the sulfone is
almost insoluble in the solvent employed,

The great activity of mﬁmué sulfones toward Grignard

became apparent when it wes showmn that ethylmagnesium bromide reacted

completely with o ,0 ~bis{pwtolyleulfonyl)ethylene on refluxing thirty

minutes {13}« The nature of the reaction product wes not determined, A
mplete study of orgsnomagnesium hilides with alphe beta unsaturated

sulfones has been made by Kohler (€1), On addition of benzaluethyl

phanyl sulfone to ;smmmm bromide, there was produced a yellow

intermediate which disappeared in on excess of the Grignard resgent. 4

81) Kohler and Potter, J. Cham. 1319 (1935).
g&z; Connor and Eiagla;,i;ég; ‘ % ! ?
#3) Gihson, i iy % m {19% *
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solorless magnesium compound was finslly obtained, which on hydrolysis
geve a saturated sulfone, f‘ﬂéﬁ },‘ HOH_SC

megnesium derivative behaved like the corresponding compounds

by adding o Grignard reagent to an slpha beta unsatursted ketone (84).
‘With bromine it formed an Xwbromosulfone and with aecid chlorides and
earbon dioxide, the corresponding ketones and carboxylic acid,

[ (0ghts) H0HB0,0,57Mghr + By . (Ogis) pOHORBTSO Loty

£ (0¥ 5) FHCHS0CrfiyMgPT + 005 —p (Cgf5) HCHOA(COOH) S0 Cofly

[ (Clig) SCHCHSO Loty / 00CL ~> (CgHg) 1CHCH( COR) S0,CnHey

The invéstigation of unsaturated sulfur compounds was extended to
include’ (} ~benzoyl-o{~benzenesulfonyletiylens (85). The main reastion

bromide was addition to the conjugated

l [onsunn]
%5865

Addition of the resgent to the carbonyl group also occurred to a slight
exbent,

(84) Kohler and co-workers, o She W667T (1932); 54, 690

1
(as) Sio) 2B 1013 (3‘%3) %z 31@.&@{(%:)55; 58, 1518 (19%).
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Inasmuch as each of the above unsaturated compounds

benzene ring, the formetion of the addition products may be due to m;
influenced by conjugation of the aromatic matmﬁim with @hatr of the
side chain. Thet this type of wissturation is nonessentisl has been
shown recently by the addition of methylmagnesium iodide to 1,l-bis-
(aﬁhﬁmlrmy&)gmpmﬁai with the fommetion of bis(ethylsulfonyl)=
isopropylmethane (86), [i07

(€5 4) SCHCH( 800k 5) 2

OH 4CH=C( 0,0 H5) 5 + CHJHgT e

Diphenyl sulfene formed a red air-sensitive solution when treated
with benzylsodium in toluene, On decolorization with dry hydrogen:

indicated the formila, CgH,S0,.CH(Cgly),, but no proof of structure
was presented {74). '

Bemgenesulfonyl Fluoride with Grignard R

Phenylmegnesium bromide and benzenesulfo
sulfone and & 1itdle biphenyl. Howewer, in sddition to ¢
wethyl phenyl sulfone, methylmagnesium iodide ylelded ancther produst

{86) Rothstein, J. Chem. Soe., 1565 (1940).
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which was ‘be}.:km to be bensenesulfonylme!
%ﬁg&%{m&,}(ﬁ&ﬁs} S00H. Later, this Yacid" was earmetly identified
(88) as bis(phenylsulfonyl)methsns, the acidie properties

the ﬁmmiﬁg effect of the two sulfone groups

on the methylens group
chenism of the formation of the disulfome has not

bean established, lt“is probalile that in the first resction methyl
phenyl sulfone is fam |
CgHyS0,F + OH Mgl = Cglig50,CH, + MgFI
A lstersl metalstion of methyl phenyl sulfone msy then take 'glaca‘,
to be followed by coupling of the metalation product with unchanged
bensenesulionyl fluoride, |
CgligS0,F + CgHi580,CHMET ——t- (CgligS0,) 0, + MgFI

28, 63 (1930).

(a8 o




perimental portion of this thesis
adhere alosely to the procedures described in sarlier metalation studies
from this lsborstory (17, 26}. However, as some differences inevitably
arise, s rather delailed description of method will be given here and
any deviations will be noted as they soour.

411 reactions involving orgenometalliec compound
in an atmosphere of nitrogen purified by passage
bottles of alkaline pyrogallel, two of concentreted sulfurie seid, snd
finally through a drying tower containing phosphorous pentoxide on glass
wool, 4 little sods lime was introduced before the phosphoreus pentoxide

to remove sny acid vapors from the sulfuric
al apparstus, consisting of a three-nec
Hopkins m«zm, and a dropping funnel, was cleened in an acid bath
and cevefully rinsed, first with tap water and finally with distilled

ced flask, a

riment was to be s&m@é, the reguirved gla
removed from the oven and connected direetly to the outlet from the
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nitrogen purifieation train, In this way the setting up end the flushing

of the apparatus wss accomplished simmltenecusly. Mercury~ or rubberw

sealed stirrers were used when agitation was neceassary. If no precipitate
formed in & reaction, refluxing was found to provide sufficient mixing,
and mechanlcal stirring was eliminated,

Grignard reagents were prepared, whenever listed, according to the
best conditione dederibed by Zoellner (25), Organclithium eompounds
epared according te the iiterature with particulsr atiention to
the latest contribution (89), which contains an excellent summary of

were p

previous work in this field, Other orgenometalliic compounds were less
frequently used, so their preparations will be described in detail as

of organcmetallie compounds, prepered from the reaction
of a halide ﬁwww & metal, usually require filtration, since excess
- metal is generally employed. In the first work w&éﬁ% in this thesis,
solutions of orgenolithium compounds were filtered by decantation
through & loose plug of %m wools As this type of filtration removes

only coarse pariicles, the filtrate always contains a considerable

quantity of finely divided black solid, which apparently consists of

lithium metal and lithium oxides and nitrides. Earlier workers studying
metalatdons apparently found no discordant resulis from the use of these
turbid solutions. PFarly in the course of this resesrch, however, it was

(89) Gilmsn, Langham, and Moore, J. fm. Chem. .m.n.mm: 62, 2327 (1940).
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hee rved that when turbid solutions of organolithium compounds
reacted with sulfides, more clesvage resulted than when the same resction
was carried out with an organclithium solution which had been filtered

~ perfectly clear. An exeellent methed for the filtration of solutiona

of orgenomstsllic compounds hes been described (89). This, however,
requires & special sppavetus and considersble stbention in its menipulam
ticn. It wae found more convenient to allow the solid pardicles to

settle, and then to force the clear supernatant liquid by means of
nitrogen pressure from one three-nscked flask to snother through a glass
tube containing a plug of glass wool. Obviously, &1l menipulations were
performed in an stmosphere of nitrogen. The soell loss entelled in thie
ortant, since mn excess of the metalsting

method of filtration i
 agent wae slways pmsw&»

~ Whenever fessible, the metalstion procedures of Bebb (17) were
followed in order that a wider correlation of dets might be made,
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next extracted with 10%.20% potassium hydroxide solution, Any thiophenols
were isolated from this basic agueouws extract exactly as in the manner
desoribed above for sarboxylic acids.

ing neutral fraction was dried over sodium sulfate, file
tered, the ether distilled, and the residue either distilled or
erystallized, depending on its state, I

Hetalation of Thiephenol

A solution of 11,0 g« (0,10 mole) of freshly distilled thiophamol
in 25 nl. of ether was vefluxed nineteen hours with a solution of
o-tutyllithium prepared from 54.8 g« (0.40 mole) of p~butyl bramide and
5.52 go (0.80 g. atom) of 1lithium in 400 ml. of ether, Carbonation was
effected by pouring on crushed sclid carbon dioxide. Acidification of

arbonate extract gave 0.45 g (2.94%) of g,g%~dlcs ydiphenyl
disulfide, melting at 280° or at 286° (90) after three crystallizations

Anals Caled. for Oy Hyn0;8-8 neut. equiv., 153, Found: neub.
oquiv., 154

Reaction with exsess diasomsthane ylelded the dimethyl ester;
TeDey 1281299, One crystellisation from ethanol raised the m. p. to
121-132° (91).

g?&; Gattermann, Ber., 32, 1151 (1899).
91) List and Stein, Ber., 31, 1&*:«:3 {1898) report a melting point of
130.5% and Gattermann, ref. 90, gives a melting point of 1349,



ks The3% of the thiophenol was recovered, the yield of acid based
on thiophenol reacted was 11.6%.
Metalation of Diphenyl Disulfide

A filbered solution of p-bubyllithiwm, prepared from 0.2 mole of
p-butyl bromide and 0.k g. atom of lithium in 200 ml. of ether, was
treated with 10,9 g. (0.05 mole) of diphenyl disulfide, The mixture

was vefluxed for twenty hours, carbomated by solid carbon dioxide, end
worked up in the customary menner to yield 0465 g (423%) of g,‘g’%
dicarboxydiphenyl disulfide melting over the range 235-245% (dec.)s
After several eryetsllizations from ethanol and from acetic acidewater
mixtures the pure white compound was obtained; m. pey F2-305%

Ansl. Csleds for Cy,My0,8,t neut. equive, 153 Founds neut.
equive, 156+

The methyl ester, prepared from the acid snd diazomethene,
melted at 131~132° after one erystallizstion from ethanol (91).

Distillation of the neutysl fraction gave 5.2 g (31.4%) of pe
butyl phonyl sulfide; b. pay 96-98° (4 mm.); 0™ L.5458 (92). The
residue was crystallized from ethenol to yield 1.95 ge or 17.9% of
diphenyl disulfide identified by a miwed melding point determinstion,

The yleld of metalation acid was 5.18% on the basis of diphenyl

{92) Ipstieff, Pines, and Friedmsn, J. Am. Chem. Soc., 60, 273 (1938).




Hetalation of Methyl Phenyl Sulfide

The methyl phenyl sulfide used in the following experiments was
prepared from thiophenol and dimethyl sulfate In aqueous sodium
hydroxide solution. The ylelds from four preparations, 75%, 64%, 67%,
and 798, did not equal the theoretieal yield obtained by Baker and
Moffitt (93) in a similar methylation, The boiling point in esch case

was 84-35° (18 mm.)s The last preparetion hed n?0+5 1,5876 in sgreement

= {94}« The other preparations hed

with the velue reported by Tabov
n%s5 1, 5830,

stion of metiyl phenyl sulfide by sodim

This experiment was performed in an attenpt to metalate methyl
phenyl sulfide with sodiwm in scoordsnces with the procedurs used to
metalote thisnaphthene {34). A mixbure of 12.4 g. (0.1 mole) of mebthyl
phenyl sulflde and 2.5 gy {C.11 g. atom) of sodium sand in 75 ml, of

diethyl sther was stirred for eighteen hours at room tempersture (25-289)
arbonation on dryeice, A faint Color Test I (95), obtained

after the resction had proceeded for only two hwours, indicated elther

g




metalation or cleavage. The reaction wes worked up in the usual way to
give 0,40 g. of phenylmercaptoscetic acid by vgﬁgwwﬁw and 0425 go of
the same acid by extrsction of the filtrate. The totel yield of acid
melting at 61-63% wes 3.87%, Identification was completed by o mixed
melting point determination (96). ;

By extraction with potassium hydroxide soluticon there was isolated
2.3 gu (0.9%) of thiophenol; b e, 84~85° (50 ma.); 2235 1.5850,
The recovered methyl phenyl sulfide gﬁﬁwa@ 1o 645 ge o0 52.4%. This
recovery, togelher with the yield of thiophemol, accounts Jor 73.3%
of the starting maberisle The yield of scid, therefore, on the hesls
of sulfide not recovered is L4.5%.

Yetalabion of methyl phenyl s

The procedure in this experiment differed from the foregoing one
in that benzene was employed as the solvent, and the reaction time was
incressed to twenty-four hours, The amounts of reactonts were the
same. When the reaction was worked up in the usual manner, only a trace
of acidic meterial was isolsted. It was nobt identified. Some cleavage
occurred, as evidenced by the odor of thiophenol, which was noted after
the potassium hydroxide extract was ascidified. in sttempt to derivatize
the thiophenol with 2,4=dinitrochlorchenzene was wsuccessfuls. Inasmuch
ag 87.5€ of the starting material was recovered, very little reaction

{96) Gabriel, Ber., 12, 1639 h,wmqu



The resctlon was carried cub wnder the conditions used tb prepare
‘ ymercuriphenyl methyl ether (97)« One-tenth mole of methyl
phenyl sulfide and 15,0 g, {0.05 mole) of mercurie scetste wers stivred

and heated on & abeam bath for nine end one-half hours, and then let
stand overnight., In the morning, the reaction mizture contained a
anol to give 6467 g of
psceboxynorcuriphenyl methyl sulfide; m. p., 1831840 yicld, 8.
The conctent melling point from sthenol was 184°.

fpsl. Calede for Oglyo0o8Hgs Hg, 52.40. Pounds Hg, 52.8L;
52475

The structurs of the scetoxyymercury derivative was nroved Ly ocone

white solld, which was erystallized from ot}

verding it to the corvesponding

bromomercury compound, which wae then

compared with an suthentic spocimen of pemethylmerespbophenylmer

bront de prepared from pemethylmercaptophenylmegnesium bronlde mnd
mwﬁﬁﬁ bromide, |

To & solution of 1 g {m:@? mole) of g»amm&;wniphﬁnﬁ
methyl sulfide was added a solution of 0432 g. (0.0027 mole) of potassium
bromide in 100 ml. of agueous ethanol, The finely-divided white solid
which saparated was allowed bo settle overnight, filtered, and washed

{97 Dimroth, Bexes 35 2867 (12},
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with water and ethanol before drying; weight, 0.93 gej yield, 85.5%.
The mereurial was purified by extraction with chloroform in a Soxhlet -
spparsius. By this method the pure
of white needles; m. ps, 268~269%; yield, 68.8%. The loss on pur £l oo

omplete mmatim, %w the process is slow, and
sufficient time may nob have been allowed,

Ten and elght-tenths grams (0.03 mols) of mercuric bromide were
added graduslly to the Grignard reagent from 6.09 g, (0.03 mole) of
pbromophenyl methyl sulfide and 7.9 g»(0+033 g. stom) of masgnesium
turnings in 40 ml, of ether, The mixbure ymed with 108
smmonium @&‘ﬁ;&ﬁ@ﬁ solution, after standing ’
solid which fommed was triturated twice with 10% ammonium
solution, and then washed successively with sther, $thamol, weter, and
ethanol before drying. The crude g:L was 8475 gx (T0a5%)s The come
pound was purified, as in the flrst preparetion, by extraction with
orm to yleld 6465 g. (55%)3 me p., 265-268°, For enalysis, the |

, watalllsed from m&mfm; Ha Puy 268-269%, A mixed

sompound was obbained In the form

und showed no depression.

Znal, Caled. for CofipSHghr: Hg, 49,68, Pound: Hg, 49.6ks

appeared likely that methyl phenyl sulfide could also be metalated
under similar conditionas



turnings end 0.12 mole of pebutyl bromide in 75 ml. of ethers Onew
tenth mole (67.2 rls of & 1.49 normal solution) wes pipetted into a

mometer in the liguid). While being heated the apparatus was contained
in a safeby glass enclosure, as Challenger and co-worke:

explosion in a similar resction (40). White fumes were formed, and a

gas was evolved. A white precipitate formed on the sides of the flask

with potassium hydrexide wolution there was separated 0.13 g« of an oil,
having the odor of thiophenol, but an abtempt to derivatize this with
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carbon diox ‘@. The scldic :t‘mmm vielded &.:’35 g; of wﬁkwimmpmw
benzois aeiﬂ, %hi.eh& after mrymmmﬁm from w&tﬁm wﬁgh@d 0.03 g«
{0.2%) and Ew&‘h&d at }.63*5«-16&;5“; The mixed melting point determination
of the acid was léinﬁv'&éﬁwﬁ .

Sixty~seven per cent of the mmg naterial was recovered,
Aocordingly, the yield of acid was 5.4%, based on methyl phenyl sulfide

with an m’ﬁ&amﬁia soesiner

The filtered solubion of methyllithiuwm prepared from 25 g. (0.176
mole) of mebhyl iodide and 2.42 ge (0.35 g. atom) of lithium in 150 ml,
of ether was treated with 1244 g« (0.1 mole) of methyl phenyl eulfide,

The mixdure was refiuxed for twenty hours, carbonated in the usual way,
and worked up in the customery manmer to glve 0,02 gv of phenylmercaptoe
acetis acid, ma puy 60+62°, slone or mized with an authentic 'specimen
{9%6). The yicld based on the starting material was 0,126, but the yield

based on the sulfide reacted was 1.48%, since 84% was recovered.

6. Metalstion of methyl phenyl sulfide by p-butyllithium in petroleum

To a solution containing 0,07 mole {by acid titration) of npw
butyllithiwa in 85 mle of petroleum ethor (bs p. 28-36°) was added



wé&,w

0,065 mole of methyl rhenyl sulfide, After a veflux period of twenty
hours, a 20 ml, alicquet was »
ususl mannews The aeid was obtained in the fom of a dark browmn oil,
which resisted attempte at solidification. The neutral frection wes

amoved, cavbonated, msi mﬁw&i un in the

lost beoause of & flask breskage, The remainder of the resction mixtuve
was boiled for forty~five hours befors it was carbonated by dry-ice.
Again, the aeid isclated wes an oil, which was not solidifieds Very
little metalation could have ocourred, however, sines 91.5% of the
originsl sulfide was recoversd. |

ywing to the slow rate of wetalation in petvoleun ether, it was

decided to repest the experi:

went and allow & longer time for the pesction
to take places p~Bubyllithium wss prepared in the ususl way (89 from
27 g» (0.2 mole) of nebutyl bromide and 2.76 g. (Ouh g. stom) of

lithium in 150 mle of petroleum ether {be py 28-38%), Following a

mﬁm@maé m‘z’%w hours, the mixture was filtered by means of a dry
asbestos filter under nitrogen vressures The resulting solution was
one nomal by acid titration and had a volwse of 90-95 nl, After the
addition of 12.4 g« (0.1 mole) of methyl phenyl sulfide in 10 nl, of
petroleum ether (be p. 28-38%), the mizture
varbonated by solid carbon dioxides The acidic material isclated in the
usual manmer welghed 1.02 g. and melbed st 53609
made to vecrystallize this a@m from petroleun ether (be pe 60-687)
portion did nob dissolve, The soluble meterial wes identified as

Bhen an atbempt was

acetic acldy me pe ond Me Ma Poy 60-62°; weighty O gej
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vield, 34588, The materisl which was inscluble in petroleun ether
melied at 190-195° after softening at 1849, After one recrystallizem
tion from ethanol and water, it melted between 200-230° {35 mg.).
Farther crystallizetions from benzens gave a constant melting point of

biearbonate selution, and econtained no sulfur as shown by a sodium

fusion, It has not been identified,
0:25 gv (2.27%) of thiophenol; be sy

ide solution, there was obtained
70-80° (50 mm.); n*>% 1,5822,
Trirty-four per cent of the starting msberial was aceounted for
phenyl. sulfide was recovered and 2,278 of thiow
phenol was isolated. This veises the yicld of phenylmercaptoscetie
acld to 5.4% on the basis of methyl phenyl sulf

The setalating spent was obbained in the customary manner from
272k go (042 mole) of pebutyl bromide and 2.76 gs {Ouh g. aton) of
lithium in 200 ml. of ether, The clear filtered solution was concene

$llation to a amall volumes After the addition of onoe
methyl phenyl sulfide, the ﬁaﬁi&l&ﬁm was continued to

renove the @mall guantity of diethyl ether remsining. The mixturs was
heated st 131509 ping this bime the contents of
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vessel momentarily. WNo test was made to determine whether all the sther

had been removed, bub in view of the high temperature tweﬁ later ;m t?sia
periment, it is probable that little, if any, free ether penatoeds

The heating was continued for fifteen mimutes, after which a vigorous

evolution of gas m and in a few mimites the m&:&:m aﬂiﬂiﬁe&

1@3&3.3 The hmitag way emﬁimmﬁ for ma-—}mlf hour mﬁl the
inside temperature reached 150°. Heating was discontinued, and the
oixbure was mmmww@mﬁﬁgmmm The solid
resction mixture was taken up in ether and carbonated by the wstw
procedure, By acidification of the bicarbanate extract there was obw
tained 3.25 go (19.4%) of phenylmercaptoacet:
61-63% (96). As an additional 0u3 g. of the same acid was isolated
from the filtrats, the total yleld was 3.55 g., or 21.2f. Less
cleavage occurred in this reaction, since only l.l1 gi; (108) of pure
thiophenol was isolated. From the neubral ;‘Z‘mﬂ%im; 9;5 g (52,28) of
the starbting material was pecovered. The yield of thlwmp’ﬁoam@
acid based on the unreacted methyl pheryl sulfide wes 51.28.

e acld; me Pe and T Ma Dy

Phenyllithium was prepared from 18.8 g (0,12 mole) of bromobengene
and 1.72 g» (0425 g atom) of lithium in 80 ml. of ether, After filtram
tion and addition of 12«4 g+ (Ol mole) of methyl phenyl sulfide, the
mixture was refluxed sixteen hours prior to carbonation by erushed solid
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Phenylealeium lodide was prepared from 61.2 g« {043 mole) of

lodobenzene snd 16 gu (0.4 ge atom) of calelum turnings in 200 ml, of
sthere ALL of the caleium was placed in a 500 ml. three-nscked flask,

~ in the ususl srrsngement of apparatus together with 252 of the iodobene
zene, 50 ml. of ether, and a crystal of lodine. The mixbure was then
refiuxed with a mieve bumer until the iodine color disappeared and

the peastion started, as e%émm& by the appearsnce of a red color.
The ronainder of the icdobenzens, in 50 ml, of ether, was added drope
wise with stirring. When the reaction beeame

vigorous, 100 ml. of ether
was added gqulckly by mia&ng the copndenser, After the addition of the

iodobengens, the mixture was ref

for one and one-half hours and
allowed %o stand mmigm in sn stmosphere of nitrogen, The solution
was filtered thmgx glass wool under nibtrogen pressure, and the msi.m
extracted with 250 ml. of ether in seversl portions {100). The red

. filtrate was concentrated to 250 ml. and treated with 1244 g» (Osl mole)
of methyl phenyl sulfide in 40 xd. of ether. The mixture was carbonated
by solid carben diaxide after refluxing fﬁﬂw@ﬁ hours. The only

~ acidic produet found was bensoic acid. From the neutral fraction there
(100) 4 similer preparation (0.1 mole of iodebenzens) geve, on carbonae

tion, 35.6% of benzoie aeids The extracted ma:%&tm was carbonated
separately, bub yielded smi%.y a trace of acidic material.




was recovered 9475 gep or 76.5% of the starticg material.

1l. Hetalabion of me
abeence of solvent

rl phenyl sulfide
at an elevated temperature and in the sbsence of solvent, it seemed

_ meh a8 ne-butylmagnesium bromide metalated met!

possible that phwylmlcﬁ.&m fodide would also bring sbout a substitution
under these conditions.

Phenylealeium lodide was prepared as in the preceding experim
but mly of ether were employeds The ether solution, afbter {iltrae

tion extraction, was concentrated by distillation until the inside

« Ons-tenth mole of nethyl phanyl sulfide was
added at this point and the dlstillation ctmtﬁxmﬁd until the ingide
temperature reached 150°, The distillation was sbopped and the mixture
refluxed at 150-160° for three and one-half hours prior to carbonation,
This was not very mms&fal, since %&m mixture wos o solid which was
inseluble in ethers The main products of the resction wers recovered
methyl phenyl sulfide ( ﬁ@gsﬁ and thiaphmﬁl {12.95%) 5 be pay BL=267
(50 mma)s 0237 1,5870,
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Belative Rates of Metalation of Methyl Phenyl Sulfide
and Hethyl Phenyl Bther

A eyclic ether, dibenszofuran, was metalated more rapidly by n-
butyliithium than s eyclic sulfide, dibenzothiophense, under corresponding
conditions {59). It appeared interssting to determine whether the same
relations would hold when an alkyl sryl ether was compsred with an alkyl
aryl sulfide.

p~Butyllithium was prepared from 274 ge (0.1 mole) of g-butyl
bromide and 2.76 g (Oskh g stom) of lithium in 200 ml, of ether, The
clear filtered solution was divided into two parts by means of & 100 ml,
pipette. To one portion was added 6.2 ge (0.05 mole) of methyl phenyl
sulfide; snd to the other portion was added 5.4 g. (0.05 mole) of
ires were refluxed five hours, them carbonsted and

anisole.
worked up in the customary marmer.

From the reaction with methyl phenyl sulfide there was obbained
3.16 g {37.6%) of phenylmercaptoscetic acid; m. Dy 61=63% Since
3642% of the sulfide was recovered, the yleld of acid was 59.4%, based

The reastion with anisole gave 32,48 of gemethoxybensole acid}
1.828 of 2,2t-dimethoxybenzophenone; and 32.68 of recovered snisole, In
.this case the total metalation (seid + ketone) was 50.5%, based on
snisole not recover

A repest experiment was refluzed for 4.5 hours. All other conditions




were the same.

The reaction with methyl phenyl sulfide yielded 39.7% of phenyl~
mercaptoagetic scid and 48.4% of recovered sulfide. The yleld, based
on methyl phenyl sulfide not recovered, was 77,08, |

From the Wbim with anisole, there was isolated 90,87 of
S-methoxybensole acid, 1.24% of 2,2%-dimel
of anisole, Here the total metalation was 60.3%, based on anisole not

hoxyb mzﬁhmma, and 1&70%

racovered.

Hetalation of Methyl Aryl Sulfides by p~Butyllithium

1. Mstelation of methyl petolyl sulfide

Uethyl p-tolyl sulfide was prepered in 85.5( yield from getolyl
mercaptan and dimethyl sulfate in aquecus potaseium hydroxide solution.
The preparation had the following phyaiﬁal propertiess b. p., 100-101°
(18 mm.)3 w8 1.5750 (101),

For the metalation, 13.8 g« (Ou1 mole) of the sulfide was added %o
the solution of pebutyllithium from 27.4 g. (0.2 mole) of pwbutyl bromide

and 2,78 go (Quh g+ atom) of lithium in 200 ml, of ether, After sixteen
hours at the boiling point, the mixture wes carbonabed in the usual way,
By means of the customary procedures there was isolated 6.94 g. (38.2%)

{1@3.) m@mﬂ and Aradt, &ﬁ; ﬁgg 5& (l@ﬂ?} reported n% 1.55he The
 yield is nob stated in thelr paper.



of p-tolylmereap Loacetic acidy me Py 93+94%. Identification was msde
by & mixed melting point determinstion with an authentie epecinmen (102).

Also, there wes recovered 51 of the starting meterialy be pey 100-1020
(18 mm.), which raises the yield of acid to 77.8% based on unrecoversd

methyl p-tolyl sulfides

2+ Metalation of pec

hloroph % m&ff}» mm

The sulfide was prepared in

p~chlorothiophenol, which in twrn, was prepared by reacting

sulfur with p-chlovophenylmegnesium bromide, The sulflide was difficult
to purify, and even after seversl dlstillations (b. p. 107-108°, 12 mm,)
the refractive index, n°> 1,.%52., was lower than that veported in the
literature; 0> 1.6023 (103). '

The metalating agent, obtained from 8,22 g. (0.06 mole) of pebutyl
bromide and Ou7h ge (012 g atom) of lithium in 40 ml. of ether, was
filtered perfoctly clesr and trested with 4.8 g. (003 mcle) of pe

chlovrophenyl methyl mzlﬁew in 2% pl. of ether. The resuliing solution

ame yellow, and after one-half hour at room temperature,
wag brown in color, The mlxture
one~half hour. At this time, Color Test I (95) was strongly positive,

was refluxed five hwé and kept for

ar, 2;:«_?9 {1909)» ’
: ﬁﬁ, Vib“ ?K,,_.& g.imw 208, 18 (1924) prepared the




-5~

and Color Test III {104) woes woukly positive. %’@Bmfg varbonation hy
erushed solid carbon dioxide, the mixture was worked up in the usual
nanner. On acidiffcation of the blearbonste extrast, a gumiy red solid
precipitated. This materisl was dried in cther solubion over sodiwm
sulfate, recovered fram the ether solution, and erysba}&im from
petrolenm a‘&ﬁer (1?« pe 6O 68%) to yield 0.35 ge (5.75%) of p~chlorow
phwymﬁfma@m acid, Two m@mtallimﬁma from the same solvent

gave the pure compound; m. p», 105% Identification was completed by
a wixed melting point determination with an suthentic specimen (105).

The sulfide {be pe 159~160°, 20 mm,) was prepared in 79% yield from
sodium p~dimethylaminophenyl mereaptide and methyl iodide in ligquid
ammonia (lﬁé}, The mercaptide was prepared by adding bis(p dinet
aminophenyl) disulfide to a solution of sodium in liguid amrenia,

The metalation was carried out by refluxing for nineteen héura a

mizture of 16.7 g. (0.1 mole) of the sulfide with a solution of pebulyle
lﬁnmm PiaBie R
(Ouk g. atom) of ithivm in 200 ml. of ether, The resetion was worked

1 from 27.4 g« (0.1 mole) of p-butyl bromide and 2.76 g.

up in the ususl way, afber carbonstion, to yield 2.65 g. of pedinethyle

'104) Gilman snd Yablunky, Chem. Soce 239 {1941},

gmsi Pt ediinder and Chosle, M 2 mf 1907)

106 ﬁmm and Jérg, Ber., 5@, 337k fm:@) previously prepared this
compound but by another method,
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inophenylmereaptossetic acld; m. p., 75-80% The agueous filtrate
was nm&:raiiaaﬁ, m;m*am to dryness, the salbts taken up in a small
volume of water, the mlnﬁm made barely acid with hydrochlorie aseid,
and MWM exhaustively with ether. In this wey an additional 2.07 g
of the acid was obtaineds m. p., 75-80% The total yield was 4.72 g»
or .azzu& The compound was purified by recrystallization from bensene
(e Pes 85-86°) and identified by & mixed melting point determination
with an asuthentic specimen prepared from chlorcacetic acid and sodium

ok Wﬁw}. mereaptids. |

foal, Caleds for Cyoly O MS: N, 6.63. Founds N, 6.66s

From the neutral fraction there was recovered 52.1f of the starting

material, which increases the yield of acid to 6.7% on the basis of
sulfide not recovered.
In a check experiment there was isclated 15428 of pe=dimethylaminoe

phenylmercaptoscebic acid, me pes 86~857, and 43.1% of the sterting

material was recovered. In this case the yleld of acid based on
unrecovered sulfide was 25.6%, A portien of this reaction mixture gave
& pogitive Color Test IlI. Wo purple color was observed when the
resobonte were mixed, bubk a2 yellow color was obtained on hydrolysis.
The positive best indicated only a

e of an aryllithiuwn eompound,
since no acid corresponding to it was obbsined, in splte of a2 careful
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obalation of mothyl OX(-nephthyl sulfide

‘The filtered solution of p-butyllithium, prepared
(0.1 mole) of pebutyl bromide and L.k ge (0.2 g, atom) of lithiwm in

85 ml, of ether, was treated with 8.7 g+ (0.05 mole) of methyl =
naphthyl sulfide {107}« The mixture immediately began to darken, and

after one-half hour had a deep brown color, Carbonation was effected

in the usual manner, afber a five-hour reflux period. The o(-naphthyle
acetic acld, &aﬂ,ﬁ%@d‘ by the cusbomary procsdures, welghed

3.85 go (35.4%); me pey 99-100°, Several recrystallizstions from

~ethanol-water and glaclal acetic acld-water mixbure

melting point of 101-102°., Identification was completed by & mixed

melting point determination with a specimen prepared from ol~thionaphthol

and chloroacetic acid, which also melted at 101-102° (108), |

3 gave & constant

5. Metelstion of metiyl B-naphthyl syl

The sulfide was preparsd in 40f yield from [-thionaphthol and
dimethyl sulfate in the usual way (109}, The properties of the prepara~
tion agreed with those reported. No yield wes given, however.

For the metalation, 6496 g« (0.04 mole) of methyl Bmgphtrhyl

El@ me prepared by Hr. Js L« Rendall,. : ;

108) German gﬂtmt; hll»,%?: iﬁ 218, ?&mxw; n; ?7!4 (1925) 37 The
melting point reported here is 111-1129,
(109} ?tggi}m, Goldstein, and Schlenker, Helve. Chim. Acta, 4, 342
k3 »




w T2 -

sulfide was added to 2 solution of p~butyllithium preps
{0.08 nole} of n-butyl bromide and 1,10 g. {0.16 g. atom) of lithium in
80 ml. of ether. After a twenty-hwur reflux period, thore was isclated

in the customsry wenner, subsequent to carbonation, 1.5 g. (17.28) of
907 One erystallisation

@ ~naphthylmercaptostetic acid melting at 285
from benzene geve 1.02 g. of long needles, melting at 91-92° slone or
mixzed with an authentle spe
The yield of pure scid was 11.7% «

4 substance (0,02 g.) melting in the vrenge 115-120%, and as yet

cimen of @enaphthylmercaptoscetie acid (110).

midentif{ied, was separated by extrection with sodiunm
tiona

The neubral fraction yielded 5.9 g. {8%) of the starting material
(e e 55~579) which was identified by oxidation to the corresponding
sulfones m. pes 142-143°%. On the basis of the sulfide not resovered

the yield of acid is increased to 43.2%.

Metalation of Alkyl Aryl Sulfides

s Metalation of ethyl phenyl silfide by g-butyllithium

! Bthyl ph ared in 94% yield from thiophenol and
diffsthyl sulfate in aqueous sodium hydroxide solution (111)s The yield
orted in this paper, The preparation had n®<*? 1,5650 whereas

eyl sulfide was prapa

was not re

gxm; Priedlinder and Woroshzow, fnn., 388, 14 (1912).
111) Pollsk, Deutscher, and Krauss, Honatsh., 48, 103 (1927).
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Taboury {94) found n?2+5 31,5662,

To the solution of p~bubtyllithiwm prepared from 2.8 g¢ (Ouh ge
atonm) of lithium and 274 g+ (042 mole) of p~butyl bromide in mls of
ether was added 13.8 ge (0.1 mole) of ethyl phenyl sulfide in 40 wl. of

ether. The mixburs was stirred snd vefluxed for fifteen hours prior

to carbonations There was then isolated 2.3 g+ (12.6%) of o~ethylmerw
captobenzoic acid, melting in the range 115~120°, After three crystale
lizations from ethanol and water, there was obtained lek ge (7.78) of
the pure acid, ma&’e;ing at 3.%«3,359 alone or mixed with an suthentie
soimen {112). Bxbraction of the acid filtrete gave 0.6 g. of scidie

materisl melting at 100° It was not jdentified, Distillation of the
neutral fraction yvielded 7.1 g« {51.5%) of unreacted starting material,
m 3’1@}&% Qf mﬁt&l&tim m@ﬁ x4 'f;z’&& b&ﬁi& Q}f unrstovyares gﬁhy&

phenyl sulfide was 26§ crude and 15.8% pure.
benzolc acid was formed by cleavege of the sulfide. The crude acid
melted between 105-110°% and welghed 2.70 g« (14:.7%). HRearystallization
from a mixturs of benzene and petroleum ether (b. p« 60-680) ylelded
1452 go (8u4%) of geethylmercaptobenzoic acidy m. pey 131-132%. After

riment was repeated in order to ascertain whether any

reerystallization from the same mixbture of solvents, the meliing point
ixed malbing point
135°, The ameous solution, from which the erude aeid had been

agroed with thet of the pure compound, 134w

precipitated, wes extracted with ethers The sthereal solution was
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dried, filvered, and distilled to yield 0u42 g« of orude benzolc seids
me ey 112-115% One recrystellization from petroleun ether (b. p. 60~
689), preceded by a treatment with "Worite," gave 0.27 ge} Me Dsy 120w
121% m. me pep 12-122°, Sinee 0.13 ge (me pe 118-119°) wes obbained
by sublimation of the filtrate, the total yield of benzoic acid was
3.26%, It is interesting to note that the acid which sublimed toward

the end of the process melbed at 102-110%, & mixture of equal parte of
benzoic and geethylmeresptobenzoic acids melted in the range 105-110°,

. Heecovery wes made to the extent of 59.4% of the sulfide used,
Accordingly, 62.7% of the starting msterisl is sccounted for since 3.26%
of benzole seid was formeds The yield of gwsthylmercaptobengoic scid
en the basis of ethyl phenyl sulfide not resected is 39.9% crude and

33@&% plare.s

A solubion of 250 ml. of phenyleslelwm ludide {prepared as on
pe T0) was trested with 13.8 g. (0.1 mole) of ethyl phenyl sulfide in
50 mls of ethers The reaction was terminated by mnring on dry-ice
after a sixty-hour reflux period. The crude aeid weighed 9.7 g. and
wae identified zs benzoic seid by a mixed melting point determinatiom,
following recrystallization; yield, 26,5% based on lodobansene employed.
The neutral fraction was distilled to give 8.4 g« or 61% of sthyl

phenyl mlﬁdm
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milligrams of an seld melting &b 154-155°, The melting point was not
raised by further crystallization from petroleum ether (b, p. 60-68°),
As yet, this compowsd has not been identified. "

No benzolc aeid wes found after a thorough
aqueous layer from which the original acid had been precipitated.

Instesd, o trace of o-lsopropylmevesptobmzois
' Pistillation of the neubral fraction resulted in a recovery of
65% of the original sulfide which raises the yleld of geisopropyle
mercaptobenzoic acid to 32.7% on the basis of sulfide nob recovered.
ent cerried out under the seme condibions and with

the same guontities gave 2.7 g. (13,8%) of crude aseid, melting range,
105-1149. One crystallizstion from petroleun ether (bs p. é&—ﬁ&a}
lmercaptobenzoie acid (11.0%)3 m. pay 116-117°,
ned 0,06 g, of
g~isopropylmercaptobenzoic acid, together with spproximstely 4 mg. of
the higher melting acid; m. pey 154-156°.

The recovery of the starting smaterial amounted $o 67.8%. In this

pyimercaptobenzolie scld baced on sulfide not

yislded pure geisopropy

By conecentration of the filtrate, there was obbal

recovered 12 34.2%, In addition, 1.25 g. of an oil, boiling at 172=
1740 (56 wmm.) was separater el portion. This fraction
is, as yet, mresolved.

5. Motalation of p-butyl phenyl sulfide by g-butyllithimn

The sulfide was prepared sccording to the vecent direstions of




Ipatieff and his cowworkers (92). The yleld end physical properties
agreed with the values reported. J

The metalating agent was propared from g~tutyl bromide (0.2 mole)
and lithimm (0.4 g« stom) in 200 wml. of ether, The filtration m
performed by pouring the solution through a porous plug of gla&a wool
into & clean ’&hrmma& flagk, previously swept with nitrogen. The
filtrate conbained no large pleces of lithium, but did contain some
black solids One-tenth mole of g-butyl phenyl sulfide in 25 ml. of
Lse during a ten-minmute perieds HNo heat developed.
and earbonated by solid carbon
éiams@ The resction mixture was worked up in the wmry manner
to yield, by acidification, 2.1 g (106) of o-(p-butylnercapto)benzotc
acid, melting over the range 85-90° Two rwmmllimtions from
petroleum sther (b, p. 60-68°) r%i%d the m&lting point to 9‘?-‘*93%
where 1t remained unaltered after reerystallization from sthanol.
Identification was msde by comparison with an suthentic specimen

ether was added dropw

The mixbture was refluxed ninecteen hours

prepared from methyl maaiiay}.atﬂe and pebutyl bromide (113)s Cone
centration af_ the p&wlm gther mmm gave 0.3 gs of acidie
material, melting at 75-77° or at 79~80% sfter recrystallization from
petroleun ether {b. p. 60-68%), The melting point was unchanged by
another erystallization from petroleun ether or by two crystallisations
identified,

from ethanolewster mixtures. This substance has not been
The aquecus filtrate, from which the g-(n-butylmercapto)benszoic
acid had been filtered, was extracted with ether to yield G5 gv of
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{10%) was recovered from this mt.iﬁa of the reaction mdxture.
| The famm m isclate my* ;;»m- mmm in the pwcmim
erdment m have m due i;@ the small miﬁﬁﬁ of rmtam.ﬁ

wgslam oy to t&m use of %ma short a mmimx times. Henee, a Z&arger
run was made, and i‘a&w reation time was extendod,

 wa msgma:&m @f 1.38 g« (D2 ga stom) of lithiwn in 50 ml. of
sther was added 16,6 g« (0.1 mole) of pebutyl phenyl sulfide in 25 ml,
of ether. A foint positive color test (95) was obbained after the
mixture hed been stirsed for seven hours at room temperature, but very
little a&w&xg@ in the sppearance of the mixture had occurred. However,
after thirty-six hours of siirring and refluxing, a heavy yellow pre-
cipitate was present in the yellew ether solution. A% this tine a
positive Color Test IIX (m&} was obbained, indiecsting the 9mm@e of
ion mixbure was worked up in the customary ma

evolved, and there wss precipll

r the yange W

fractions by extrastion with petroleum ether (b. p. 60-68°).
weighed 0403 g and decomposed at 170% On recrystal=
| lization from ethanol and water, it melted st 270° after darkening st
250%, This substance is a8 yot unidentified. The soluble portion was
&amm%@é?@‘ fractional erystallization into 1.3 g. (10.6%) of bensoie

seid and 0405 go {0.24%) of g~(y~butylmercapto)bensolc acids The letter




T

two acids were identifled by mixed melting point determinations. The
total yield of benzoic acid was 11.9%, sines 0.15 g. {1.3%) was obtained
by extraetion of the filtrate from the original precipitation. The
distinctive oders of pebutyl meveapten and valerie acid were not noticed
possibly because of the masking effect of the odor of thiophemol,
Acidification of the potassium hydroxide extract gave 2.25 g. {20.5%)
of thiophenol. Three grams (15.1) of the starting materisl was recove

The sulfide, prepared in 39% yisld from thiophenol and bromoeycloe
hexane in aleoholie potaseium hydroxide solubion, had by pe 138-139°
{8 xm.) snd n25 145558 (115). Gilman and Heck report n<> 1.5663. No
yield is glven in thelir papers

The filtered solution of p~butyllithimm, from 13.7 g (0.1 mole)
of p~butyl bromide and Le38 g. (0.2 g« atom) of lithium in 100 ml. of
ether, was refluxed for fmsmem hours with 9.6 g. {0.05 mole) of
eyelohexyl vhenyleulfide. The nixture was cerbonated and worked up in
the ususl way to yleld 11,48 of a monocarboxy cyclohexyl phenyl sulfide;
melting range, 75-809. Benzole acld (10 mg,) was also isclated. The
pare sulfur scid, obbeined by reerystallizetions from petrolemn ether
{be pa 60-689), melted abt S0-81

(115) Gilman and Heek, J. &m. Chem. Soc., 50, 2223 (1928).
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Anal, Caled. for Cygfig0o8t 8, 13.56. Founds 8, 13.70
The identification of this compound was not complsted, but it is

probably Wlshmlmmym mole acid.

From the neutrel fraction there was recovered 58.4% of the starting
material. As & result, the yield of suliur acid is incressed to 27.6%
ont the basis of unrecovered sulfide.

» A check a:qéerimmﬁ, which wea refluxed for twenty-two hours, yielded
8,5%¢ of the same sylfur acid and 60.5% of unreacted starting material.,
Here the yleld of sulfur acid is 21.6% calculated on the basis of sulfide

not recovered.

8, Metalation of ethyl Em&@,, thyl sulfide by n-butyllithium

The sulfide (116) was obtained from Bw’bhimaphtml snd disthyl
sulfate in 55% yleld; be pep, 170° (15 mma)s be pey 130°% (3 mm.).

To the filtered solution of gebubtyllithium prepared from 8.22 g
{0,06 mole) of p~batyl bromide, 0.83 g. (0,12 ge atom) of ﬁ‘bhiwg in
40 ml. of other,was added 5.6 ge (0.03 molc) of ethyl B =naphthyl
sulfide in 10 ml, of ether. The nmixbure, which rapidly developed a
brown eolor, was refluxed twenty hours and then carbonated by dry-ice,
The yellow acidic material, isolated by the customary procedures, melted
from 130° to 135" and welghed hhﬁ g« After one treatment with "Horite®

(116) Kraft end Schinherr, Ber., 22, 824 (1889) previously obtained
this compound by snother method.
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and two orystallizations from benzene, the melting point was 157-158°,

bt the yellow collor of the maberisl persisted. A further treatment with
"Horite," m:mm by recrystallization from an acetic acld-water mixture,
changed neither the nelting point nor the color. The mmﬁml squivalent
was 195, whereas the ?a}.tm ealeulated for ethyl mnmarbmnaphﬁm
sulfide is 232, This aﬁi&i@ mﬁs&wee was not identified, but from the
high melting point, it is probably an impure Becthylmercaptonaphthoic
acide | |

| Two and one-tenth grams (37.5%) of the starbing material was

regovered,

Attempted Preparation of p-Hethylmercaptovhenyliithium

The p-bromophenyl methyl sulfide wsed in the experiments was pre-
pared by brominating methyl phenyl sulfide (117), The compound ‘boiled
at 148-1499, (40 m} 3 103-3049, (4 mm,), and sﬁaited at 3?-»35@, aftar
Wmuiﬁatim from ethanol. ?%w yiem m& constants agreed with the
valm& given in the literature. \

The ;mrpa% of this «

erinet was to metalate g—bmaphml methyl
sulfide with Wmmmaﬁwmwiwn, a2 reoaction which mald
correspond to the metalation of p-bromoeniscle with p-anisyllithium
(18), |

To 0ak2 ge (0406 go atom) of lithium, cut in smaell pieces and

kl‘? ¥ Hove i‘ S 3 5 ?29 lg% »
(3] Lo ove, B, sel, souds zoxe Belgy [5], 2, 009 (0o o).
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suspended in 15 nl. of @fhmm was added dropwise with stirring, 6.09 g.
(003 mole) of pebromer

henyl methyl sulfide in 15 ml. of ether., ¥Ho
reaction vocurred, se shown by the feilure to obtain a Color Test I (95),
in spite of vigorous mm;g aned %ﬁmﬁng* in almost quantitative
recovery of the sbarting meterisl wss effected by filtering snd evapow
rating the ether. |

oriment was repested, afber the starting material had been

recrystallized from ethanolj bubt the result was the same,

Attemphed Metalation of p-Bromophenyl Methyl Sulfide

1. Attempted metalation of g-bromophenyl methyl sulfide by gebutyl-
The conditions of this wrﬁm&m&; correspond with those used to
prbromoanisole with p-butyllithium (118), To the filtered
solution of memm ;amgmeﬁ from 6485 g (0.05 mole) of pebutyl
bromide snd 0.70 g+ (0.1 g ﬁt%) of lithiws in 100 ml, of ether, was
mophenyl methyl. sulfide in
50 mle of ethers After fifteen mimutes, s 50 nl. sliguot was removed
and carbonated by pour
there was iﬁ@lﬁﬁ@ah% g« (28%) of penethylmercaptobenzoic acid; me e,

added rapldly 5.08 g« (0.025 malé} of pebr

ing on dry-iee, By means of the ususl procedures,

{119}« The remainder of the reaction mixture was refluxed
s. Before tﬁmm of the resction by carbonation,

for seventesn e

(119) Zincke and Jorg, Ber., 43, ks (1910).
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Color Test ITY (104) was poaitive (120). This portion of the resction
mixture gove only 6.1% of p-methylmercaptobensoic acide The neutral
fraction yielded 0.93 g« of an oily be p., 148-155° (40 mm.). From the
boiling point, this fraction was probably unreacbed
{18.3%)s 4 forerun of 0.67 g. was not identified,

starting material

2, Atbenptod metalation of gebromopheny

1 methyl sulfide by mebhyliithium

Methyllithium hss been shown to be a poor resgent for halogen-
metal interconversions (52), bat & somew

hat better reagent for hydrogene
rersions (121), Insemuch s some helogen-substituted

rybenvenes underwent -3, rather than % interconversion with
methyliithine {(121), it was hoped that & similer reaction would ooccur
with p-bromophenyl methyl sulfides

Hethyllithium was prepered from li4.2 g« (0.1 mole) of methyl iodide
and 1e38 go (042 g. atom} of lithium in 100 nl. of ether, The filtered
solution was concentrated and then treated with 10.2 g. (0.05 mole) of

o-bromophenyl methyl sulfide in 20 wls of ethere The tetal volume was

85 ml. After fifteen minutes, 2 5 ml. aliquot was removed

bonsted in the usual way, The remainder was refluxed for twenty-two
houre before carbonstions Both fractions weve worked up in the seme
{120) On standing after hydrolyeis, the mixture slowly developed a green

tolor. ,
(3121) Langham, Brewster, end Gilmen, J. An. Chem. Sog., 83, 545 (1941).
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menmers The aliquot ylelded only a trace of acldic msterial, which was
insuffiecient for examination. The miapwtmz gave 5-10 mg, of hrod
nethylnercaptobengole acid, identified by a mixed melting point deter-
mination. Distillation sepersted the neutral fraction into three
fractions, The first ﬁf tmm, boiling over the range 80870 (3.@ m},
was identified as m@*ﬁm gﬁ@*};ﬁ*l sulfide (m;%} by oxidstion to the

g sulfone snd determinstion of the mixed melting point with

correspondin
an suthentic specimen. The second frestion, boiling from 96 to 100°
{18 mm.), was identified as methyl p-tolyl sulfide {14.1%) by means of
(10 mm.} and was identified in the above manner as p-bromophenyl methyl
sulfide (5.88%). ‘ |

The experiment was repssbed with a lmigm’ excess of methyllithium

and in a more concenbrated solutions The filtered solution of the
metalating agent, prepared from 21.3 g. (0.15 mole) of methyl iodide
and 2,07 ge (043 go atom) of i:i'i:%mm in 100 m}a af ether; was con-

centrated to 35 ml. before trestment with 10.2 g. (0405 mole) of pe-
phenyl methyl sulfide. The mixture was refluxed for twenty hours,
then earbonated and worked up in the uswal way. A trace of o gummy
acid was isolated, but not identified. The neutral fraction yielded
24 go (28.26) of methyl pebolyl sulfide, which was identifised by

b it 5

oxidation to the corresponding sulfone (me me pe)e
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&%@bmmm af Sulfones

1« Metelation of methyl phenyl sulfone by pebubyliithium

The Mma was my&mﬁ i’fy oxidising methyl phenyl sulfide wi’bhr
hydregen peroxide in glacial acetic seid (122). The melting point,
§7-88%, agreed with the literature reporis.

The axpsriment waé performed to ﬁﬁtema whether an organolithium
gompound im% any action on the sulfene linkage. |

TQ an id solution of p-butyllithium prepared from 13.7 g
(0.1 miﬁ} of p~butyl bromide and 1o go (0«2 ge atom) of lithium in
100 mle of ether was added, mﬁaw with stirring, 7.80 g» (0,05 mole)
of methyl phenyl sulfone in 300 ml, of ether during thirty minutes.

The ice bath was remoy

ed, the reaction allowed to wamm to room temporas
ture during a period of one and one~half hours, and was then refluxed
for one hm* The mixture was carbonated and worked up in the m@#amry
manner to yield 4470 g« (47%) of pure benzenesulfonylacetic acid; m. pe,
' 111~212° Identification was made by a mixed melting point determination
with a specimen prepared by }Wﬁmgm peroxide oxidation of phenylmercaptow
asetic acid (123). | |

&iﬁ% 45.5% of methyl phenyl sulfone was recovered, the yield of
acid, based on methyl phenyl sulfone not recovered, was 26,5%.

(122) Hinsberg, Ber., 43, 289 (1910),
émﬁ‘; mﬁiﬁj ;’%&’ ﬁm chime, 32], 23, bbb (1875).



vl sulfone was prepared by oxidizing the corresponding
sulfide with hydrogen peroxide in glacisl acetic acid (122). The
melting polnt was A1=-42% in agreement with the literature.

Fight end fivewtenths grams (0,05 mole) of ethyl phenyl sulfone in
30 ml. of ether was added during' five minutes to a stirred solution of
0,05 mole of ethylmagesium bromide (1.65 K) in 0.3 ml. of sther. %hen
most of the sulfone had been ,a ed, & white precipitats é@mw& and &
vigorous reaction set in which esused repid refluxing for ten minutes,

and more gentle refluxing for about an hours I the stirring wes
stopped and the precipitate allowed to setile, no color test {95) eould
be cobbained from the clear supematant 1iguid, tut a strong positive

test could be cbbained if some of the solid were used, After five hours

at roon teppersture, the mixbure was carbonated and worked up in the
customary way. Aeidifisstion a:f the bicarbonate exbract gave a gumy
oil which wes not identified, Extraction with potassium hydroxide,
followed by scidification, guve 0.07 ge of a compoun

in ecolerless, flst plates from ethans
be a methylene @iﬁ.&ﬂfm (28). ;ftt; was not a carboxylie

was inseluble in sedium bim}m%m&ﬁ solution. The nentral frsetion
vielded 61% of the starting msteriale

g T Pay 1569, This compound may
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3« Hetslation of ethyl phenyl sulfone by gebutyllithium

To the sbirved, icswcold solution of pebutyllithium prepared from
6.85 gv (0,05 mole) of p-butyl bromide and 0.69 g« (0.10 go gtgm) of
1ithdom in 50 ml,. of s!;h@r was added, during twenty .mmm%; Le25 go
{0.025 mole) of ebhyl phenyl sulfone in 460 mle of ether. A very slight
precipitate formed. The J’W was stirred ab room tempersture for
e @m! one=half hours, and refluxed for the same %m-ei before aarbam—-
tione On scidification of the bicarbomote extrasct, thzam was obbained
1e5 ge of sn oil which eontained no valeric ecid, This substance could
not be solidified or crystellized, and underwont further changes on
standing, as it tured hlack.

The reaction mixbure apparently conbained no constituent that wos
soluble in potassium hydroxide selution but insoluble in sodium bicar-
bonate solution. |

Only 30.6% of ethyl phenyl sulfone wes recovered.

ke Metalation of diphenyl sulfone by p-~bubyllithium

To the filtered solution of p~butyllithivm fram 8,22 g, (0.06 mole)
of pebutyl bromide and 0s83 ge (0.12 g atem) of lithium in 60 ml, of
sther was added during fifteen minutes 6.54 2 (0.03 mole) of diphenyl
sulfonie in 200 ml. of sn cther-benzene mixture (125 nl. of ether and 75
ml. of benzene). The reaction mixture rapidly became brown in color,
and as 1t begen to reflux, was cooled in an ice beth. When the vigorous
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reaction ceased, the cooling bath was ravoved and the mixture was stirred

ab roon beu paraturec fw twe hours and then refluxed for two hours before

earmmm The mizxbure was worked wp in the uaual W; mi; congider-
able bengene was m@m«i to dissolve the m&i&&g The aeid rmctim
welghed 0 25 ge and melted ab 2009 after graduslly &arkming from l%‘%

A%emgxt& to purify m:m sbstance by wailimﬁim fmm a variety of

golyvents was mwzz%mama B partim af it was &ﬁmﬂy decarboxylated
by smmasaim attempts to dissolve it in petroleun ether (be pe 60-H89),
i‘:s%ama, and ethanol, since it was only partially Wl&blﬁ in sodium
bﬁ.ﬁaxm‘i&e solution after this %r@atmm | |

The neutral fraction ylelded 34.4% of diphenyl sulfone.

5+ Hetalution of dibemzothiophene 5-dloxido by gebutyllithium

The mebalating agent, prepsred from 2,74 g (0,02 mole) of p-butyl
bromide and 0.28 g (0s04 g atom) of lithimm in 30 mls of ether, was
treated with 2,1 g+ {001 mole) ﬁf dibanzothiophene Sedioxide (124) in

100 mls of ethers A pink solor, produced imuediately, gradually deepened
to purple when all the dioxide was added, Afber a twelve-hour reflux
period, Color Test IIT {104) was positive, indicabing the presence of an
arvilithivm mnmmdg Tﬁe nixture was %m%wﬁ up in the ususl way, after
carbonation, to giw an seldiec gum, ut all efforts to purify or

erystallizve the compound were wnsuccessful,

{124) Bindly provided by YMr. H. . Pacevitz,



Mtenpted Metalation of Methyl Phenyl Selenide

stempted metalation of m@thg}‘ phenyl aalemi&g by g‘-mﬁgllithiwa in
diethyl ether

Hethyl phenyl selenide was prepared from selenophenol snd dimethyl
sulfate (93). The compound, obtained in 80% vield, hed b. pe 59-90°

(15 Maﬁ) and ﬁ‘?s 3.*&(36{3*

For the metalation, n~butyllithium was prepared from 13.7 g« (0.1
mole) of pebutyl bromide and 1.40 g« {0s2 ge atom) of lithium in 100 ml.
of ether. To the clear filtered solution was added £.35 g. (0.05 mols)
of methyl phenyl selenide im 25 ml. of ether. After being stirred ab
room bemperature for one~half hour there was no pronounced change in
' the appearance of the reaction mixbure other then the production of a
yellow eolors The mixture was then yrefluxed for ninetoen hours, core
bonated by‘ éwai%; aad worked up in the usual way. Only benzoic acid
was isolateds yleld, 2%.4%. The neutral fraction was distilled to give
25.6% of p-butyl methyl selenide (125} and 13.8% of recovered methyl
phenyl selenide. Both liquids were identified by 'f;aﬁingﬁ point and
refractive index. |
| In an effort to minimize the cleavage reackion, a second expsriment
was perfommed, in which all quentities of msterials were the same as in
the first reaction, but the reflux time was shorbened to four hours. At

(125) Tsclmgaeff, Ber., 42, 52 (1909).
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the end of this period Color Test ITI {104) was negative (126), yet
1.29 go or 214 of bengoic acid was isolated subsequent to carbonation.

e ﬁhtwteﬁ mtmti@ of methyl ghmﬁ golenide by n-amy Lsodium in

Petroleum ether was chosen because it has been showm to be a poor
solvent for cleavage reactions (53). However, as the aliphatic hydro-
ns are also poor solvents for metalations with organolithivm come

ic eompound which is

pounds, it was necessary to emp
sctive in petroleum etherj namely, p~amylsodium (17).

The metelating agent was prepared {(99) st ice bath temperature
from 10,6 g. (0.1 mole) of p-emyl chloride and 5.7 g. (025 g atom) of
sodium in 100 ml, of petroleum ether (b p. 26=38%). Without removing
the ice bath, 2435 g« (0.05 mole) of methyl phenyl sulfide was added

r an orgenomebal

rapidly. No change was cbserved for about fifteen minutes. Then the
mixture changed from a black to a gray color and beease so warm that it
refluxed for s few mimates, When the refluxing ceased, the ice bath
wag removed, and stirring contimued for four hours at room temperature.
The thick brown mixbure was then carbonated as usual. Grest care was

necessary in performing this operation, since the solid was inflammable

in alr.

{126} The failure to obtain & color test in this case was unexpected in
view of the high concentration of phenyllithiwm {approx. 0.1 molar)
which was present.
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The mixture was worked up by use of the customary procedures to
yvield 31,8% of crude benzoic meidj m. pey 117-119°, In an attempt to
recrystallize the acid from watér, 0sl5 ge remained undissolved, and
was filtered off, The filtrate deposited 1«5 g, of benzoic acid; m. pe,
120-121% yield, 28%, The acidic material whieh was insoluble in water
was organic in nabure, but did not melt at 2800. It was not identified.

Inasmuch as the amylesodium in the foregoing experiment contained
excess sodium metal, it seemed m:iviﬁahla to test the action of sodium
on methyl phenyl selenide,.

A mixture of 3.4 g. (0.02 mole) of methyl phenyl selenide and
1.05 g« (0.0L5 g. stom) of sodium sand in petroleun ether {(b. p. 28-34°)
was stirred for four hours and #arb@mﬁa& by solid carbon dioxide.. Only
a trace of reddish %i.:‘s« was isolated by extraction with sodlun bicarbonate
suluvions Hence, very li#%le cleavage could have occurred between the
phanyl group and the selenium abtom with the formation of phenylsodium.
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DLSCUSSION

Thiophenol was metalated ortho to the sulfur linkege by pebutyle
lithium, as evidenced by the isolstion of o,p%-dicarboxydiphenyl disule

fide subsequent %o carbonation. The orisntation in this case corresponds

to that previously observed with phencl, Be-naphthol (127), resorcincl
{122} » SOmO hydrexydibengofarans (128), snd hydrexyphenanthrenes (129).
The formation of the disulfide probabily resulbed from the aetion of stuose

pheric oxygen on first formed thioselicylie acids This postulate is
supported by several mb&wa&im&; Ho p-bubtyl phenyl sulfide wes fm,
as would have bsen tm sase 1f diphenyl disulfide had formed first and
then reacted with butyllithium (30, 31)s On the other hand, 3l.4% of
thds saulfw@ was ;a@mg@ai when diphanyl disulfide wae m@t&l&t&ﬁ by n-
butyllithium, Horeover, in the latter maetmm o higher yield ai‘ 2,0%=

dicay

bowydiphenyl disulfide was obbained, Emt rather surprising was the
fallure to isolate any g-{gebutylmercapto)benzoic acid from this mixture,
inagouch 28 pebutyl phenyl sulfide is metalated by g%tylli%him
Possibly this resuld indicates that diphenyl disulfide is meﬁa}at@d more
repidly then g-butyl phenyl sulfide under the same conditions.

g Unpublished studies by Mr. C. B. Arntzen, ‘

123 Gilman, Willis, Cook, Webb, and Mesls, J. Au. Chem. Ma, 624

667 {1940} .
{129) Gilman and Cook, ibid., 62, 2813 (1940).
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TARLE T

Hetalation of Methyl Phenyl Sulfide

Mebalsting Agent: T ; TS § soeend ¢ Mﬁd" % Thiophenol, Recovered

hrs. 90 T T Yield, ’Xielﬁi, 4 sm:me, x
18 25«28 ether Fuhib 2049 5244
iz 2&-—28 . bensene trace? trace 875
§ 4 - ' H ‘@
2 | %2,;2}5: trace 63
5 0,248 67
20 trace 9l.5
168 367 2427 .7
neButyl1itid 3 trace 2247 29
w&:&*&yﬁiﬁi&m 1 L2 10 52,2
Phenyllithium 16 12.8 370
Phenylsodivm 5 15.8 o Lk
Phenylcaleium
iﬁdﬁ.&@ &6 a4, none & T8.5
de 3;.5 lmzsa none o 12,?5 56,8

@The acid was phmylmercapboscetic acid, unless a%hmm
Wﬁm* The yislds were "mm on atarting materisl

b?raaas W m% identified.

»m m&e mm was tha mly aa}.ie acié mmmt@du
fyaleric ecid only was isolated in this case.
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The formation of phenylmersaptoacetic acid by the resction of sodium
with methyl phenyl sulfide {Table I) cammot be wnequivocally sttsdbuted
to & metelation by sodium. It is probsble that the metalating agent was
methylsodium, inaswmeh as a relatively high yield of miagaml wag
obtained subseguent m carbonation and hydrolysis.

CehigSCliy + Mo wewmwp  Cgliglla + CHfla

Apperently, clesvage of the mmrughwi linkage did not ocour to

any pereepbible extent, as no benzole acid was isolated.
%ﬁgﬁﬂﬁj L -1 R, %ﬁsﬁa - i?fiy%&

The fadlure to observe ewen the odor eff agetic avidy; on carbonation,
indicated the absence of mebhylsedium. This may have been the result of
two competitive resmetions which destroyed the methylsodium, The first
of these probably resulted in the cleavage of diethyl other and the
second in the metalation of methyl phenyl sulfide, Phenylmercaptomethyle
arently does not cleave #%%wr very f&?ﬁ;&?ﬁ This observation

is not surprising, insswuch as some complex orgenosod
knowa to be relatively stable in ether solution; for example, hedibensoe
furylsodium {130). The very slight cleavage of methyl phenyl sulfide by

m coampounds are

sodium in benzene agrees with other cleavsge reactions in this solvent
(16, 53).
The metalation of methyl phenyl sulfide by mercuric acetate, by

a-butylmagnesium bromide, by phenylsodiom, snd by & variety of organow

{130} Young, R. V., Doctoral Dissertation, Iowa State College (1936).
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ad with

with mh:tyiﬁﬁzi@ The fact that the same product is obbas
p-butyllithium st both high and low temperatures leads to t%sﬁ conclusion
that the 1&%@3&1 mebalation product is ﬁm mmliz of a ﬁm replato.

mmt of hgydmgm by 1ithiwn and not %@ resuit of & vesrrs
fixs% formed nuclear metalation pmduﬁsm This follows from o mdy of

gement of a

the lateral metalsation of mr&mmma where it was found *that mtal&n
tion of the side ahﬁia was always enhenced by elevating the tm;a@mtm
(3.3?% Yoreover, the mimtim of a lithium

of tha reaction mixtur
atom from the m&m to the side chain of an wgmah&mum mmmﬁ isy
as y&&, unknown, in a@iﬁa of at%m%s to &-ing about such & tm&fam*

tion (132, 2.33}, As yet, there is no Mf}mw to decide whether the

nuclear metalation with 'bha Grignard mgemz is the resulit of a direct
m’p}mmﬁ of nuelear ﬁy&mgm or the ramﬁ.t of the rearrangesent of
& first formed latersl mmmﬂu products As dibenzofursn and methyl
phenyl sulfide are metalated ’ﬁ«'ﬁ appraximately ﬁham axtent by
B-butyllithium, the activities of the hydvogens replaced sppesr to be
approximstely equal. IHence, it was somewhat surprising that phenyle |
caleium iodide mebalated dibenzofuran (55), but. not methyl phenyl sule
fide. Phenyl sulfide was also metalated by p~butyllithium, but not by
ghw}.e:&lﬁi% iodide {17). The mlma%ien. way lie in the umusual |
character e;f phenylealeium :imima which metalated dibenzothiophene in

2132; Pacevitz, H. A, Doctoral Dissertation, Iowa State College {1940).
133 Gi?w:m, ?ﬁf@%ﬁ-@ﬁ, and ﬁ&iﬁ@; é« &* @2 ﬁ%&; &2 1514 {1‘?@)*
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the 3-position rather than in the expscted Leposition {26, 57). Thus,
it may be that phenylealeium fodide will not metalate the same hydrogen
atoms in methyl phenyl sulfide and phenyl sulfide that are metalated
by p-butyllithium. However, the same hydrogens appear to be replaced
in phenoxathiin by pebutyllithium snd phenyloaleiun iodide {64).

TABLE IX

Metalation of dethyl Phenyl Sulfide and Methyl Phenyl Fther

, Pime Yield, %; based on
Run Compound ' — Reactante Reactants
, . Introduced Hot Recovered

18 cﬁ‘ﬁﬁgﬁfi 15 4345 62,0
géﬁsomg 15 37.8 | 559

540 3ha2 5045

Py

3 C4H5SOH3 5 397 71:0
CeH 59%3 bed 32.0 - 60.3

Srhis dsta from ref, Z1 is included for somparison.

A gyclic ether, dibenzofursn, was metalsted considerably more
rapidly then 2 cyclie &Mﬁa, dibmmmﬂphme {59). However, this
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relationship did not appesr to be true when methyl phenyl ether was
compared with methyl phenyl sulfide. In each of three experiments
(7able I11) m*m phenyl sulfide gave a higﬁér yiald of metalation
product than methyl phenyl ethers This difference may be the result

of two facbors. FPireb, the hydrogens involved in the metalation of these
two compounds are not of the same type since one is aliphatic and the
gther ammim Second, mly me amzxgmm:mi is obbained on carbonetion of
the mﬁm&atim product of the sulfide whereas two ;mmmw {acid and
ketone) are found on carbonation of the ether. In each case the acid
sen be isolsted easily and quantitatively but the ketone is isclsbed
with greater difficultys The yield of ketane ﬁ‘r@a the reactiocn m@h
anisole was never more then a few per cend, whsma%&bﬁ obbained a
forty per cent yield from the same reaction (17)s The effect of the
reaotion time on the yield of metalation z&mdzg:ﬁa doss not apnear to

be very significant inasmuch as there was no grest difference in the
yields (Table II) when the reactants were refluxed five hours or

ffhaen hours.
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TABLE 13X

Metalation of Methyl Aryl Sulfides by p~Butyliithium

N S Time iR, viela, € R»we%mﬁ

p-Tolyl 16 B2 77.8 51,0
: 5 575 — b
p-Dimethylaminophenyl 19 224 46T 5241
p-Dimethylaminophenyl 19 15,2 25.6 43
ok -Faphthyl -5 Bk — b
Baphtiy o Wy ke 85,0

e acid in each cnes was s substiluted acebtic acids The
yields wore based on sulfide Inbtroduced, A&; and on sulfide
not recoversd, B

Brhe neutral frection was not investigatbed,

When a a&ﬁ% of sryl methyl sulfides (Table ITI) was metalated by
pebutyllithium in ether solutions under comparsble conditions, latersl
metalation occurrved in each case, Wo nuclear metalstion wes observed,
and cleavage of the earbonmsulfur linkage did not ocour to eny mavrked

gamentt of the aryl radicals in order of decreusing yield
{Columm A, Tsble IIT} of metalation product gives the following series:
Phengl, p-tolyl, o -naphthyl ) mmmm&m, Bma?ht&wl >
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p-chlorophenyl. Within the experimental limits, there is no appreciable
difference between the first three. Il is probable that a higher yleld
of Mm&t@l&@a@myh@m&pﬁm&aﬁ% acid would hm been ebtained
but for the a utariﬂ character of the compound, which made its isola-
tion difficult. The rather low yisld obtained from methyl Bmphth;rl |
sulfide and the high yield from methyl o(~naphthyl sulfide is somewhat

g hydroecarbons.

surprising, in view of the results with the correspandis
When X=- and Bmwlnaphthalem were metalated by arg&aaéoéﬁhm O
gaamd;s, the higher yield of latersl metalation product was obtained
 The low yield obtained from gnehlamphmyl

methyl sulfide was in agreement with the results obtained with p~bromo-
phenyl methyl sulfide, The bromo s::amp&mé was pot metalated under the

conditions employed for the metalation of p-bromoand
lithium (118) or by methyllithium {121). In the case of the sulfur

sole by n~bubyle

compound, the former reagent gave mainly interconversion, wheresas the
latber gsve mainly coupling. The halogen of pwbromophenyl methyl -
sulfide was inactive toward lithium, as shown by the failure to obtain

an m?gam}.ithim compound from these reagents. However, the corres-

ponding Grignard reagent fommed readily and in & yield of approximabely
70%. This «
and his coeworkers (24). In general, sulfur-containing organic halides

ompowid was previously prepared, with difficulty, by Brand

form Grignard reagents more wveadily than the corresponding oxygen come
pounds. The reverse is true of p~bromophenyl phenyl ether and pebromo-
phenyl phenyl sulfide {23). It is interesting to note that the
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sorresponding selenimm compound geve a Grignard resgent mors readily
than the sulfide (23},
TABLE IV

Metalation of Alkyl Aryl Sulfides by peBubyllithium

Time lietalation Banzoice Recovered

Bulfide ey ﬁﬁfﬁ@i gg Acid, $  Sulfice, ¥

Ethyl phenyl 15 a7 15.8 b Bl
o 15 Buk 22,4 3.5 59k
20 649 B4 3«5 Shab
11.4 326 o 65,0
1.0 32 0 67,8
10,0 22.8 hl 5240
738 23.6 b8 63,0
6e5 1944 1.2 6440
I 276 (10 mg.) 58,4
8.5 26 0 60.5

Lsopropyl phenyl

E 8 B

n~Butyl phenyl

rg

8B B & &

Bthyl [-naphthyl®

¥he yields were based on sulfide introduced, &, snd on sulfide
not recovered, B. ,

By ey quantity (06 gu) of a crude acid isolated in this
experiment probably contained bensolc acld.

®The acid isclated was not identified.
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netalation of any m}ufmm.; A review of thic fi&d was glven in the
historical section (134).

The asctivating effect of s sulfone group on an adjacent methyl or
methylene group has been described in the historical section of this
thesis. It was found that a reactive organomstallie compound, p-butyl~
lithium, had no effect on the milfone group of methyl phenyl sulfones
Instead, a latersl metalation occurred to the @x&ant of 86.5% based on
methyl phenyl sulfone not recovered, Ethyl phenyl sulfane reacted
quite vigamaly with mm@m bromide at voom tm@mturm A
gas vas evolved and, on mﬁxmﬁim, ‘s:, product soluble in sediom bioare

benate solution was isolated but not identified owing to the fact that

it eould not be Wﬁ&l}i‘i&ﬁé or golidified., A erystalline compound was
obtained by extraction with potessium hydroxide solution. This compound,
which was insoluble in sodiwn biearbonate solution, msy be a methylene
disulfone. p-Butyllithium metalated ethyl phenyl sulfone at ice bsth
=hmﬁwm &ga:‘m, the ecarboxylic aecid fraction, isolated on carbonaw
tion, was 3 gum which could not be crystallized and ﬁhich underwent
further chenges on keeping as it turned black. Diphenyl sulfone reacted
vigorously with p-butyllithium in ether~benzene solution and metalation
oocurred as evidenced by the isolstion of a carboxylic asid fraction
after carbonation. This acidie substance proved difficult to crystallige
and was apparently partislly deea

boxylated by succesaive atbemple to

(134) See pages 38-Lk of this thesis,
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dissolve it in boiling petroleum ether (L. p. 60-68°), in ethanol, and
in benzene. When an ether solution of dibenzothiophene S-dioxide was
added to & solution of p~bubyllithium in the same solvent, there was

produced a pink color which gradually deepened to purple when all the

dioxide was added, At the end of a twelve-hour reflux period, the

mixture evidently contained an aryllithium compound as Color Test IXI

{104) was positive. After carbonation, s carboxylic acid fraetion was
isolated in the form of a gum which was not crystallized or identified.
Purther metalation studies on sulfones are indicated. Possibly some
interesting orientations might be obtained with aryl sulfoneas, és the
sulfone group is s meta-directing group. Practically all metalation
studies have been made with compounds conteining ortho-pars directing
substituents.

| Bebb {17) found that phenyl selanide was readily cleaved by n~butyle
lithium to the extent of 19%, according to the yisld of benzoic acid
obtained subsequent to carbonation. Phenyl sulfide was also cleaved
under the same conditions, but to only a glight extent. In view of the
fact that various methyl phenyl sulfides were q;:iba stable to organo-
lithiom compounds, it was thought that methyl phenyl selenide would also
be fairly stable under the same conditions, or at least more stable then
phenyl selenide. However, methyl phenyl selenide was cleaved to approxde
mately the same exbent as phenyl selenide, sinece 28,4% of benzoic acid
was obtained on carbonation following a nineteen~hour reflux perlod.
From the neutral fraction there was lsolated, in addition to a 13,88
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