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INERODUCTRION
SULFONLUM COMPOUNDS
_ In 1864 Oefele (1) reported a "new class of sulfur compounds",
~ the first of which he obtalned by warming dlethyl sulfide with ethyl
1édida in the presence of watere. | He immediately perceived the anal-
0gy between this type of compound and the salts of amines, and accord-

ingly named them "sulfins", In English, however, they are called

CatHsl + CaHsSCaVs —_— [CzHS\'bSX.

CaHsI + [ana N —— [t Ve NI

gulfonium compounds in direct anslogy to the ammonium compounds.
; Oefele also made triethyl sulfoniwm 1odide by distilling an
L _§g@eholic solution of potassium sulfide with excess ethyl lodide.
n 48 apparent that these two methods are practically identical,

the only difference being that in the latter the diethyl sulfide
Kis + ZC.'LHSI. — CaHsS CaHs +2 UL

C2HsSCaHs + LaWsT —> (canrsHasl
is made as used, He noted that the salt is colorless, odorless
and- soluble in water, from which it can be recrystallized. He

_observed that the odor of diethyl sulfide oould be detected over
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1ts»warm agueous solution; He found the salt to be soluble in alcohol
and chloroform, and insoluble in éther.
In addition to%‘tlrze lodide, Oefele prepared the nitrate by treating
7 the iodide with silver nitrate, and the hydroxide by shaking an aqueous
solution of the iodide with silver oxide. He found the hydroxide to be
: strongly basic and to decompose rapidly when exposed to the air. From
it he easlily prepared the sulfate, the oxalate and the chloride by
c.raating, the aqueous solution with the appropriate acid. He noted that
all these salts are strqngly deliquescent. By treating the chloride
with platinous chloride, he o'btainéd the double salt, which could be
precipitated by the addition of alcohol, was stable in alr and other-

wise sultable for analysis.

(C2HH 8L +PLCA — (Cals\3 SPLELS

Oefele recognized that the sulfonium compounds represent a quadri-
~valent form of sulfur, which he believed could be oxidized to hexavalent
- sylfur, since, on treating triethyl sulfonium iodide with iodine, two

atoms of lodine are added.

(Cm\-\s‘\'ssx + T2 — leaHs)28Ta

‘ Qeféle's discovery immediately attracted attentlon, and his results
ﬁe}rek soon confirmed and amplified by other workers. Cehours (2) (3) k(4 )
4 (6) (8]} prepared the corresponding trimethyl sulfonium compounds and
aﬁtempted an extensive investigation into the mechanlasm of the genseral
:{L‘:’eact‘ion. In the course of this investigation he brought about the

’ peaction of methyl sulfide with methyl chloride, bromide, and lodide,
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-5 |
respeotively, to obtain the corresponding sulfonlum derivatives, He
prepared the corrsspondlng ethyl, methyl and butyl compounds in an
analogous manner., He also 4investigated the reactions of benzyl sulfide
with methyl iodlde and of beuzyl bromide with methyl sulfide, as well as
those which are represented by the followlng equations. These and the
previously mentioned reactions were carried out at_ 100° in sealed tubes.
The mechanism of these reactlons, which Cahours bal‘ieved is indicated by
thé'sa equations, will be discussed later.

T 2CaHSH £HTI —— (CaHs) 30T ¢+ 2HLS

ACHH  +HI — (CHY,0T  + AHS

2(CHNS + CaHaBr, — 2 (QH,\;SEY ¥ CaHAS

Z.(CHZDZ.S + CH}%B\“——"’ (.QH;\BSBY ¥ CHB(‘;ﬁB)‘
0 O

2 (CHA29 + BrON —— (GH:9Br ¥ CHa3CN

S CHaSCN + 2CHRT — (CH2).9T ¥ CNI
CoBr + (CHD2S <20 (CHD).9Dy + C.H.0CH, +H.0

CaHBer & (CHD29 £ CHaOH —— (CH)29Dr + C.H.0H

Co Sholler (7] was the first to investigate sulfonium compounds
containing an eromatic group. He brought about the reaction between
‘benzyl sulfide and methyl iodide. Contrary to his expectations, he
did not obtaln dibenzyl-methyl sulfonium lodide, ‘but 'benzyl—dimethyl |

sulfonium iodide and trimethyl sulfonlum iodide. .The reaction was
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eamﬁiéd out in sealed tubes at room temperature and st 100°. In the
former case,' thg mein product was benzyl-dimethyl sulfoniwm lodide; in
the latter case, 1t was trimethyl sulfonium 1061&9& Both compounds
wera isolated in the form of thelr platinic ohloride double salts. His

explanation of these faots is represented by the fallawingk equationas
(CHY2 S +2CHST — 20HT + (CHa)2 9

(CH2Y2S  + CiH+l — (CH2)a CaHa ST
CHal  +(CHNRY —(CH 51

This mechanism will be discussed later also. Kruger (8} and Dehn (9} ,
(19}' obtainsd results similar to tliosa‘cf Oefele, Scholler and Cahourse
Most of the work that has been done since on aliphatic sulfonium
eompounds hes been largely on the same types of reaction applied to the
to@t’ion of compounds containing other alkyl groups or other anions. ‘
Om—Brpwn and Blaikie (11) prepared trimethyl sulfonium sulfate, ‘snlﬁtg ,
sulfide, oxalate, and dithionate. Ferrer (12) formed xanthates by the
aotion of tristhyl sulfonium hydroxide and carbon disulfide, |
n;ngér (13) obtained trimethyl sulfonium iodide by treating pure
sulfur ﬁ;th methyl 10didé in a sealed tube at 160-190°. Benshaw, Bason
and Roblyer (14) obtained @ ~hydroxy-ethyl sulfonium oompounds by tra,g;;%
ing methyl sulfide with @-lodo-ethyl alcohol. Ettel and Kohlik (15}
obtained similar compounds, Beumnett and Hook (16) (17) studied analogous
reactions in which the ‘alkyl hydroxyl group was replaced by & halogen
atame |

Smiles (18) found that « -halogen ketones react with alkyl sulfides
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to form sulfonium salts, and Delisle }19) prepared dimethyl thetine by

the action of bromacetic acid on dima'éhyl sulfide.

Monothio~ and dithio-ethylene glycol and triethyl sulfenium hydrox-~
1de were propared by Giaiohibabin (20) (21} by the ‘action of hydrogen
sulfide on ethylene oxide. Davies (22) found that triméthyl sulfonium

" lodide 1s formed by the sotlon of methyl 10dide on methyl poly-sulfides.
 Bimilar results were obtained by Steinmkopf end Muller (23),
The diffioulty in bringing about the reaction of an aliyl sulfide
with an alkyl iodide has been found to inorease with the increasing
.,},m;a‘le‘_cular woight of thé reactants (24}, This is especially true in the
aa.n of the molecular weight af the halide. Methyl 1odide, for example,
¥eacts with amyl sulfide much more readily than amyl iecdide with methyl-
amyl sulfide., Hughes and Ingold (25} found that, if nitro—ﬁethane is
used as a solvent, the reaction tekes place readily in both cases.
. Smiles (26} found that, by adding mercuric iodide to & mixture of an
: airyl sulfide and an 'alkyl lodide &t room temperature, the time for
~complete reaction was reduced from three days to 10-15 minﬁteao. The
sulfonium compound was obtained in the form of its merouri-iodide double
| -salg, Hilditch and Suiles (27) used this method to form dibenzyl-methyl
sulfonium L0dide, which ﬁeithgz‘ Soh6ller nor Cshours had been able %o

obtain (pages 3.4 Je

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



. - 6 nv
The disoussion, thus far, has dealt with only those sulfonium

compounds in which the carbon atoms attached to the sulfur were aliphatic
in charaster. All the early attempts to synthesize aramatic sulfonium
QWImds had failed, and the statement was made (28) (29) that aromatic
‘sultenium bages do not exist, However, several general methods of‘prepara'-‘
tion are now knowng

1. By the action of dimothyi sulfate on aromatic sulfides or thie‘-_
phendls (30) (31};

\S/,““
e

R-S-R +(CH3)290s —

SO,H

2, By the action of thionyl chloride on toluene, xylene, phenol,
‘dimethyl aniline, etc., in the presence of aluminiwm chloride or other

-Qengirating sgents (32) (33) (34} (35) (38) (37) (38) (39

T 0
7““0<:> £5001, Ay ho-O-g-Qo‘R
11 ’R0-0-s- Qomm —mo.Of. s/ QO'R

Ho cA

= (3O — O 5O,
m\_},

oR
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3, By the action of sulfur dioxide and aluminium chloride on aromatioc
compéunds such as phenclic ethers (40)s 4 sulfinic acid is formed first.
This then reaots with another molecule of the phenolic ether to form a
~sulfoxide, The reaction then pmceeds in conformity with the equatioens

given in 2.

o]
—ROQ 1503z A\C‘\z; -ROQ§~O\‘\

o

. 0 ' )
7o S o = D07

4. By the action of & sulfinic acid on an sromatic oempound in the
'miqgégce, of a dehydrating agent such as H, 30, or P, 05 Equatioﬁ iv.
8. By the condensation of an arematic sultaﬂda with ether aromstie
egmpeunds; Equations II and 11X,
~ Sohonberg and 'Sﬁeyzenaoh (41) obtained sn aromstic sulfonium com-
; ;,ma in san wmsusl way by treating diphenyl sulfoxide with diphenyl-

sédi%methﬂne.

OO ' O D)en-som

Hinsberg (42) (43) repérted an interesting reaction, whioch eqéumﬂ oan

treatment of diphenyl sulfide with perchloric acld and water.
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He obtained the perchlorate of the sulfonium salt in two forms, which, on
~heating, decomposed into diphenyl sulfide and an igo-diphenyl sulfide re-
/speg!’a‘ively. He attempted to explain the isomerism on the basis of two
.aenters of valence for the sulfur atom,
The existence of isomers of this nature seems very unlikely from
| _sterecchemical considerations. In addition, Hinsberg's analyses of
’ :ﬁl;gse compounds are not agcurate encugh to be cemlusivo. Some of the
‘eompounds could not be obtained in & orystalline form, indicating that
he may not have been working with pure substances, The so-oalled
- 1somers may easily have been compounds of nearly the ssme percentsge
- oumpasition, which had been foymed by the vigorous tyrea'smenty, such as
: :féga*'eian with perchleric aeid and high temperature dlstillation, to
v’mid;;ttho reastion mixtﬁro, had been subjected.
1t was noted previously that, in many instances, sulfonium com-
pmdb«have been isolated in the form of thelir double salts with
platimmn or meroury. These oompounds have themselves atiracted a
oonsiderable amounf of interest and have been thoreughly studled (44).
- 1In 84a1tton to $hose with platismm and mereury, the double salts with
gold chloride, silver cyanide, and zinc, cadmium, silver, antimeny,
bismuth, tin, manganese, iron and ‘copper b.alldss have been studied
(8) (45) (46) (47) (48) {49) (80)s ‘
81!:,11&1" complexes with ohloroform, ‘bromoform and iodoform have also

been studied (51) (52) (53) (54), and Dobbin and Masson (55) prepsred
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sulfonium chloro-, bromo-, and iodo-chlorides, hromides and iodides.
In the case of the latter compounds, it seems probable that the
haloform molecule loses a halogen ion with a complete ootet of electrons.
 'The m{ group then coordinates with the unshared pair of electrons be-
longing to the sulfonium atom. This neutralizes the carbon atam, but
increases the positive charge of the sulfur atam from one to two, due

to the sharing of its previously free electrons.

. &K X2 o
eX 2 Ce\ ; °>< Ca\ + X
oo co °
e X2
©0 + -—
3 v ? 8xo
R 282 =X +:Xscad + .><° — R3S 2 carl  » RIXe
oo + .oo oY) (Y-} 'S
—?\ .\_ N - ~P\ §O°
+- *— 2. —

'~$ha sulfur, therefore, has four covalences and two polar valences &s in
the case of sulfuric acid.
: | ‘It will be noted that the lonization of the halogen atam takes place
k méné readily in the haloform compound than in the methyl halides bscause
of the fact that, in the former case (1}, the two remaining halogen atoms
oause an electron shift away from the carbon atam, making 1t more positive;
yinrth:e latter case (II), the elecotron shift is away from the three hydi'egan

stoms, toward the carbon atdm, making it more negative.
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X H

T y_ .
< C X - C—x

i 7

I

P

In I, the bond between the positive ocarbon and the negative halogen
téx‘_zdi to bacome polar in character, whereas there is no such tendensy in
11, It 1s probably for this reason that sulfenium salts do not form

camplexes with, for example, methyl iodide.
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Soon after the discovery of sulfonium compounds, the problem of
the nature of the four valence bonds of the sulfur atom attracted
sttention. In 1876, Kruger (8) olaimed that the reaction of methyl
sulfide on ethyl iodide, and of methyl-ethyl sulfide on methyl iodide,

produced different compounds.
(CHz)g8 + CgHgl ~— (CHz)28CgHg I

(CHz) (CgH5)8 + OH3I —>  (CH3){C3H5)8CHZI

His work was appsrently confirmed by Nasini and Scala (56) and, for a
t.ﬁne, it was accepted that the three non-ionizing valences of the sulfur
atm are not equivalent. However, Klinger and Meassen (57) (58} repeated
this work, obtained idex}tioal products, and pointed out the source of
error of the previous workers (which we discuss on page Rl )e Subsequent
research has upheld the view that the three covalences are equivalent (59).

Many attempts were made to bring this view to its logical conclusion
by obtaining an optically active sulfonium compound, the éctiviﬁy of which
is due to the asymmetry of a central sulfur atom, whose four valence bonds,

. -eeoupied by four different univalent groups, are non-plaunars. The isola-

“tion of & compound of this nature would also prove oconslusively that the
sulfonium compounds are atomic compounds rather then merely molecular addi-
| tion products of an orgenic sulfide with & halide or sulfate.
Due to the instabllity and apparent ready racemization of these oom-
pounds, the results were, at first, all ﬁegativa ér ambiguous. Strom-

holm (60} had prepared s whole series of unsymmetrical sulfoniwm compounds
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in an attempt to obtain one showing the requisite stereoisomerism, He
exsmined the sulfonium salts of all of the followings methyl-ethyl-iso-
propyl; methyl-ethyl-p-propyl; methyl.?ethyl-n-fbntyl; methyl~ethyl~iso~

| bu$y1§ methyl-ethyl-secondary butyl; methyl-ethyl-hexyl; methyl-dinor-

- mal~propyl; methyl-gxi-isebutyl; methyl-isopropyl-1sebutyl; methyl-diamyls
méthyl—gthylebensylg methyl-isopropyl~benzyls dimethyl-acetals msbh}rh
ethyl-acetal; methyl-isopropyl-thetine; methyl~isobutyl-thetine. In ne
case did he obtain evidence of stereoisomerism, and he conoluded that the
su;pimsedly quadrivalent sulfur atom can not be similar to carbon as had
beoﬁ ‘suspeoted. Pope and Peachey (62) prepared methyl~sthyl-thetine~g-~
camphorsulfonic aoid but could not resolve it. They concluded that the
‘rau‘r radicals lie in the same plane as the sulfur atom.

Later in 1900, however, Pope and Peachey (61) succeeded in preparing
methyl—éthyl»thetina platinichloride and in 1solating the § and ] isomers,
which owe thelr rotatoi'y power to the presence of an asymetriec qua-dri-'

valent sulfur atam, and they thus proved that ™in cempounds of the type S8X,,
CIHS\S/C HLCOzH
C\W\,
R
sulm atom is truly qaadgivalent, and the four groups astached te;.iitj

CL

aré; é.s in the case of carbon, situated at the apices of & tetrshedron, the
~interior of which is ocoupied by the sulfur atom", Similar results were
- obtained by Smiles (652’ {64) (18) (e8],
The stereochemistry of quadrivalent sulfur was extended to compounds
having two asymmetric sulfur atoms by Wedekind (66), who 1solated & meso
| ‘compound and & racemic niix%ure from the reaction of methyl 19%16@ and

ethylene diethyl~dithio-ether,
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C\y
\ MmiC 'f
Labe- S Cams- §-1 Racemic ., d-Torm

\ MIXTURE
CHz2 CHa ‘
\ CHi1 { / - \ .
T A CHa | Lrterm
|
Cits- O CaHs- 5-1 \
! Meso

CH3

The racemic mixture was separated into two optically active £e~ms with
d-camphorsulfonic acid. | ;

~ Many of tkhe sulfonium compounds have been isolated in the form of
imix metal halide and haloform double salts. This complicating factor
made 1t important, especially in view of the stereochemical éensiderati_,ona,‘
that the valence of the sulfur atoﬁ in these double éalts be definitely
dstermined, Hildltch and Smiles (27) (67) held the view that the sulfur
in these compounds is hexavalent, because such & representation gives rise
to the simplest structure, and because sulfur is commonly hexavalent.
8miles (26) presented & considerable amount of chemical evidence in favor
of this view. He pointed out that trimathylf—aultanium-marenﬂdedide can

~ be made in the three following ways:

Hel
1.(C\—\3>?.S/\ $

L N
CH’.;

\ H .
S (CHE), ST —heEs C.H?,'-S{—I%I

< P
&2 cHLt

L. (C H’-‘ba. 512.

It will be noted, however, that he assumes that the sulfur in I and III
is also quadrivalent, He also observed that if the addition produsts of

halogens to sulfonium halides are not so-~called molesuylar compounds, they
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-must eontaln hexavalent sulfur or tervalent iodine, probably the former,
since sulfonium sulfates give similar compounds. One might point out
~ that Smiles overlooked ¢the fast that reactions 11 and 11I w_culd give dif-
terent molecular compounds but the same hexavalent compound,

If this view were correct, the stereoclsomerism in compounds of the type

—

—R;

R—S—CL| .PtQy
. "
"'R'l

b 4

could not be explained by any of the accepted theories of stereochemistry
.gence & structure similar to the one following, in which mneither the sulfur

nor the platimm is asymmetric, would have to be assigned to the compound.

R. 00 G0 O R
N
R—5—Pt—S—R

?\”’/CIL CIL AL\'R

This view fails to differentiate between polar and co-valences.

Cavel and Sugden (68) presented both chemical and physical evidence

_ that the sulfur atom is quadrivalent in these oompounds. They observed
that & sulfonium iodide-mercuric lodide double salt will dissolve silver

lodide. This can be explained by assuming that ionizatlon takes place as
follows;

R-ST.Hgl: — ReS™ + Hgly
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and that the Hgl; ion reacts with the iodide lon furnished by the silver

1o0dide,

Hglg ¢ 17— Hgl, ~

forming the more stable Hgli lom.
Their measurements of the parachor also indicate that the structurs of

these complexes is

1 (Rg8)' Hgls
and not 11 (RSSHg13)+ 1° |
Ray kand Adhikary (69) arrived at the sams conclusion after studying the con-
‘ dugstivity of salts of this type. Furthermore,a oonsideration of the »elec-
‘tronic arrangement, to be discussed later, shows such & hexavalent structure
%o be impossible. | |
Thus far we have omitted an important class of compounds, which, al-
though not generally considered to be of the sulfonium type, have & quad-
’ rivalent sulfurratem and exhibit properties which make them importent in
any disoussion of this nature.

a

These ocompounds are the sulfoxides and
= sulfinic esters, R~5-R and R-5-0-R.

Thelir classical structural formalae do not indlcate that there would

’bﬁany possibility of stereoisomerism. Yot Kenyén,' et al, {70} (71} re~

\‘fs"ai;ed the sulfinic estoers,

oR oR
Q:S‘/\ N . 0=3<
C.unCHs ‘ CoHuCalis
and the sulfoxide, ,CH>
0=9 g
ot COOH
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For an explanation of these facts, the structures of these compounds must
be examined in the light of Lewls's electronio theory of valence as devel-
oped by Langmuir (72).
| In the ’formatien of the ordinary type of sulfonium oompound, previously

‘digoussed, the sulfide, 1., has two palrs of

R .
RIS:R + Rlg —> R25:2R ::}::,

I I + -

‘unshared electrons. The alkyl radical of the organic halide, II, coor-
dinates with one of these pairs. The sulfur atom, which in the sulfide
had been neutral, thus acquires a positive charge due to the sharing of
two of its previously free electrons. The iodina atom, on the other hand,
' acquires a negative charge becauss the two electrons, which had previocusly
been shared with the carbon of the alkyl radical, are now free. It still
has an outer shell of eight electrons and is, therefore, in a stable con~
kdition, as is the sulfur complex. In this type of sulfonium compcund;
fh@refore, the sulfur atom has & covalency of three holding the three
univalent alkyl radicals, and & polar valency of one, by means of which
' gy"ifznﬂim atom 1s bound.

o In the case where R, R' and R" are dlfferent, Pope and ’Peaehay {61)
and Smiles (64) found that the optical activity is not destroyed when the
eémpound is in solution and ionized. This fact indicatea aonnlusﬁély
that’ the groups R, R' and R", ocoupylng three corners of the tetra-hedral
aulmr atom, retain their relative posttions even though the fourth cormer

\ 1 occupled only by electrons. In other words, s pair of electrons can

~ contribute just as much as an atom or radical $o the asymuetry of the

central sulfur atom.
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- Extending thls reasoning to the sulfoxides and sulfinates, the cause
of their stereoisomerism immediately beoomes apperent. Uhen a dialkyl sul-
fiae is oxidized, the neutral oxygen atomg, having only six eleotrons in

its outer shell, coordinates with one of the free palrs of electrons of

00 -
o

302
oo ¥

'RiS:S'R +is°6%} — RISWR
] . oo

the sulfur atom. The octet of the oxygen atom is thus oompleted, but it

now has an excess of one electronic charge sbove that necessary to neutral~
ize its nuolear charge. Therefore, it is negatively charged. The previously
neutral sulfur atom, on the other hand, has lost the eguivalent of one elea-~

$ron necessary to completely balance its nuslear charge, and is, therefore,

i . pesitively charged.
Thus, it 1s evident that, when R and R' are different, the same ay-
~ rangement exists as in the case of the previously discussed optically

aotive sulfonlum lon, and the rea%c,n for its asctivity 1s explained.

(=X}
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It will ;De noted, however, that in the case of the sulfoxldes and
sulfinic esters, the oxygen is bound to the sulfur atom by hoth a co-
valence and a polar valence. This is kunown as a semi~-polar double bond.
I“t is represented :by either an arrow showing the direction of transfer of

an electronie ohargéi‘ar by plus and minus signs;

R
>S — 0 oy \S__—
R | wr

Kehrmann, ct‘ al, (73) (74) reported a series of compounds which ap~
parently ocntain a semi-polar double bond between carbon é.nd sulfur, How-
ever, they used the classical system of notation and apparently did not
regognise the possibility of this fact. They obtalned the first of this

-series by treating thiediphe,nylamim with methyl sulfate, and obtained 1.,
which, by means of alkali, they transformed into the aolorless base, 1I.

- This was easily dehydrated, ylelding 1II, an intensely yellow, unstable

~ substanoe which can be transformed with carbon dioxide into the colorless
carbonate, IV, The corresponding naphtha,.iene derivatives behave in an

anslogous manner, V and VI.

0 000

C\-\3 403\-\

¢
N\
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‘It will be noted that the presence of a nitrogen atom is a complicating
;t’aotor, since there may be a bond between 1% and‘ the sulfur stom. However,
the intense color of III and IV indicates that a quincid struoturc, as re-
presented, is very likely. :. : _j

Ingold and Jessop (756) have also reported the oasa o:aaam1~polar
double bond between csrben and sulfur. They trae,t;a 9—~bremtluorene with
methyl sulfide in nitromejthene solution, and obtained 9-fluerens~dimethyl-

sulfonium bromide,

Br
Qﬂysz-(.k'\z,
- c; -~

"

]?r
s &~
Q__O dewans

Upon treating this compound with dilute alkall, they obtained dimethyl~

sulfonium-9-fluorenylidide, which precipitated from the agueous solution

Br

+
CHy- % -y ct—\;.? ~-cHs
O i oS v amo

‘88 bright yelleow leaflets. These were very unstable, however, and oculd
not be kept, even in a vaouum, for more than a few hours. The authors were
abio to obtain an analysis, however, which oorresponded with the proposed
formula. The molecular weight was determined oryﬁscqpiaally in benzene by
Plot¥ing the changing apparent mq],acu;ar welght of the decompasing substance
'against time, and extrapolating to zero ﬁme. This determination also check-

ed with the proposed formula, indicating that the authors had probebly been
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successful in obtaining a compound containing a semi-polar gouble bond
-between carbon and sulfur. We attempted to repeat this work but found that
the seml-polar compaund'deeompnsed before we could remove it from the re-
aotion vessel.

Hughes and XKuriyen (76) continued this work, Instead of using fluorene
itself as a starting point, they used 2~nitrofluorens and 2-7-dinitrofluorens,
and then went through the same series of reactions that Ingold énd Jesasop
had attempteds They found that the somiepalar compound made from mono-nitro-
fluorens showed an insrease in stability, though still unstable, and that
the compound prepared from dinitrofluorens was relatively stable. They ob~
tained the latter in the form of red, dichromate-like orystals, sultable
for analysis. They were able to reconvert it to its several sulfonium salts.

Although this chemioal evidence indigated that a compound containing a
semi~polar double bond between carbon and sulfuryhaa been prepared, it is
desirable, in order to pro#a this beyond a doubt, to obtain an optioally
aotive compound in which the aotivity would be due to a carbon atom, having
gwg,of its valence bonds ogcupled by different univalent radicals, the
ghird by the sulfur covalence and the fourth by the polar valence with the

 quadrivalent sulfur atom. A
R——35——TN

'

R——C—TR

The resolution of such a compound would dofin;tely prove the existence
of a semi-polar double bond between carbon and sulfur. This was the object

of our research.
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In the present work 2~florens~phenyl-bromcmethene was selected as the
starting substance becaﬁao it has the required asymmetry and beosuse its
bremine atom was thought to be very aotive. In addition, since 2~fluorene-
phenyl nitromethane 1is more stable than 9-nitrofluorens, (77) it was hoped
that the oorresppnding sulfonium derivative might also show the same in-
oresse in stability.

Due to the success which Ingold and Jessop (75) had with the use of
nitromethans as a solvent in preparing sulfoniwm cempounds, their method
was tried first, zatluorqneuphenyl-—brmeﬁetbam was dissolved in nitro~
moéhanq and treated with an excess of methyl sulfide. At room temperature
1ittle or no reaction tock place even on standing several days. The same

| reastion was therefore tried st higher temperatures using a sealed tube
to prevent loss of the highly volatile dimethyl sulfide, Two runs were
nﬁ&a at 100° C., and in each case trimethyl-sulfonium bromide was one of
the products. Three other products were obtained in the firet run and
one (V) in the sesonds O2 these, only one oontained sulfur,as will be
noted in Table I, |
| ~ In view of the number of compounds obtained and the inconsistency
Qf the results, i1t seemed probable that the nitramethane had entered the

mtion in some way, probably as a methylating agent since none of the

eampounds were found to contain nitrogen.

© In an attempt to explein the formation of the trimethyl-sulfonium
‘bremide, it was assumed that the desired sulfoniwn compound, VII, had
'bésn_ formed and had immediately deeampoéad' into VI #nd methyl bromide.

The methyl bromide must then have reacted with the exoess dimethyl
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sulfide, forming trimethyl-sulfonium bromide.
Table I,

Opde # - m.pfa - Sulfur -- Halegen ~- Nitrogen =~ Identified

I, 22535 None Nons Xone
1. 178 Positive Positive None (OH 3)§Br
I11,  248-50 Nome 24.02% None
IV, 88~-90 None None None
Ve 108 None None Kone
33 ¢
A ) C \'\5 S C [0
. H |
Dr H
+ (CHMS
prand

B. " iy |

1 &_

Sk <

‘ 5-CH» , s + LdaDy
cHy Ilb

4 -m .

C. (C.H:s\zs_ {1 CHABy — LCH;\sSB\"

If this were the oase, VI must have rescted further with nitromethans to
give I, 1II, IV, and V. |

It was cénsidered advisable, therefors, to try the same reaction in

~ the absense of nityomethans, The reaction wes ¥un in a sesled tube at

160° C as before, and two compounds were lsolated. One was trimethyl-
sulfonium ‘prqmidé, and the other was & compound melting st 109.5° O,
~This was proved by analysis to be the sulfide, VI, as predicted by the
proposed mechanisme ‘

Since, according to this new mechanism, the sulfoniwm compound must
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have another molecule of dimethyl sulfide with which to reast in owder to
form trimethyl-sulfonium bromide, this suggested & method of testing the
fessability of the mechanism. A run was made using 3-fluorens~phenyl~
bromomethene and dimethylsulfide in equimolar quantities. 4 sealed tube
at 100° C. was employed as bafore. Contrary to our expectations, the
-game two compounds were obtained as when the dimethyl sulfide was used in
excess, and exactly one half of the starting quantity of the bMde was
-i1solated unchanged., It is very likely, therefore, that there is an equi-
1ibruim set up between the sulfonium compound on the one hand, and the

bromide-sulfide mixture on the other, in which there is always enough

,,,,,,,, H
[ I I < \ [ I I ]'c < >
+ LC\'\&‘LS C\-\;S C\‘\B

prins

sulfide present to react with the methyl bromide formed when VII de-
oamposes as shown in equation B, The final results indicate that;

1) reaction 4 is carta.inly reversible; (2] there is probably very little
of the oomplex sulfonium compound, VII, present ai any time.

In order to test this mechanism further, and to determine whether or
not reaction B 1s reversible, the (2-fluorene-phenyl-methyl )n-methyl sulfide
Vi, was treated with methyl iodide at room temperature and at 100° C. in
aeg.led tubes. In both cases trimethyl-sulfonium iodide was one of the
products formed, bmt the anticipated 2-fluorene~phenyl-iodemethane, 1X,

aould not be isolated. Instead, an hydrocarbon melting at 165° C, was
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£mmd. The failure to isolate the expocted iodide was not surprising since
previous attempts %o make it by ordinary methods had falled due to its in~
stability. 2~fluorene~phenyl~bromomethans is very active, and the sorres-
ponding lodo-compound should show an even ’great.er,azs%ivity.

Due to the fact,that a considerable quantity of lodine was found in
the reaction mixture, 1t seemed probable that’ ayu~di~2~fluorene~diphenyl
ethane, V1II had been formed with the liberation of iedine. To test this
possibility an ethereal ,solution of znﬂuorexio—phonylnbrmathane was

| treated with sodiws in the Wartz-Fittig reaction. A compound was isolated
rmm the reaction mixture which proved to be identical with VIII according

$o its melting point and mixed melting point.

B I < D == C'D
Hs Al sca;

R

\L O —  [CHS + @OCO
cit;% -CH3
T
WCHARS +CHal — (CHDST w

in order %o investigate the proposed reaction mechanism further, (2~

I\\p»{\-;

ﬁ#,t,:luorem-phgnyl-mgthyl Jmethyl sulfide was treated with excess ethyl lodide
ira sealed tube at 100° 0, Methyl-diethyl-sulfoniwm 1odide sgain was 1so-
- lated frem the reastion mixture, but no other preéuot eguld be obtained

Ture due to the large guantity of {odine present,

It 1s apparent, from this series of reaotions, that reaction 'B a.s

well as reaction 4 must be reversible. The complex sulfonium salt th.aro-

fore, 1s probably formed in small quantitiess Regardless of She direction
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from which it is approached, it immediately decomposes in two directions,
and the final products are those which are most stable at the temperature
: gmyloyod. A dlagram of the whole mechanism may be represented as follaws,

with the reaction starting at either A or B.

H
A R—CR" +  (CH)LS A
5 N~ R
CHa—?—CHz
/ Br

(CHB\B SBY‘

The decomposition products of sulfonium oompounds had been noted at
au early date. Klinger and Maassen {58), in their proof of the equivalency
o‘:’ £hé vélence bonds of the sulfur atom, had noted that methyl-ethyl sulfide
eould react with ethyl iodide to give methyl iodide and ethyl sulfide.

CaHsT + CHsSCaHs — CH3T + (CaHs)ad

In the light of cur proposed mechanism, this apparently improbable re~
sction is easily explained by the intermediate formation of wethyl-
diethyl sulfide and its subsequent decomposition into methyl iodid§ and
dlethyl sulfide.
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(CL Hs\a S I

L ‘ ,
CL\"15 - CHESCLHS 2
T + \

| CHs(CaHa ST
(CL Hs\xs + CH;IM/ ‘. .

(CHa)2 CaHsOT= (CHS + CuHs1

(CH 9T

It will be noted that the methyl iodide can then react with the methyl~
ethyl sulfide, forming dimethyl-ethyl-sulfonium iadlda, which, in twrn,
oa# decompose into dimethyl sulfide and ethyl jodide. The dimethyl sulfide
osn then resct with the methyl fodide to form trimethyl-gulfonium odide.,
| In sddition, ethyl 1odide' can react with diethyl sulfide to give triethyl-
sulfonium iodide. In this way, four different sulfonium ocampounds oan be
formed from the fwo simple starting substances., This undoubtedly accounts
for much of the early confusion a&s to the natui'e of the sulfonium salts
{8) (56).
| | ﬁah,eller (7){,‘ as previqusly mentioned (page 3 },’atudied the re~
i Mtien of ‘benzyl sulfide with ﬁothyl‘ fodide and proposed the most widely
accepted mechanism for the forxéation of the desomposition products of &
Q@mylex sulfonium saltse Frém the reaction of methyl iodide ‘with benzyl

sulfide at room temperature and at 100° , Me obtained in each case, tri-
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methyl—sulfenmm lodide, dimethyl-benzyl sulfonium ifodide and benzyl

lodide, The mechanism which he proposed for the reaction is as follows;

+ 9
4 CH,I+2 (C,H,),8 — 4 G HI « 2 (CH,),S
8d3: 5 GHzI + 2 (OpHy)gS — B Colipl + CoHy(CHz) 81 + (CHg)zSI

It is very unlikely that there would be & direct interchange of sulfur and
: icqme betwee;l the benzyl sulfide and the methyl iodide as he proposes. It
seams much more probable, because of this, and because of the‘ thermal in-
st‘sfaility of the higher sulfonium compounds, which is demonstrated by the
:!faé% that the dimethyl-benzyl-sulfonium iodide was formed in much larger
cma;ztities at room temperature than at 100°, that the mothylwdibenzyl—sulf
faniwn iodide was formed first and then immediately decomposed &s shown, in

gonformity with the new mechanlsm which we have proposeds

2 CHzI + 2 (CoHp)g8 —— 2 (CpHy)aCHgSI
3 (CoHy)aCHg3T — 3 C,H,8CHz + 3 CpH,I
23 CoH,S80Hg + 2 CHgI — 2 (CHz)sC,H,81
(CHz) gCpHn8I ~——  CpH,I + (CHg)gS
(CHz)p8 + GOHgI —> (CHg)gSI
add: 5 CHzI + 2 (C,H,)p8 — 3 C,H,I + C,H,(CHy) 581 + (CHy) 481
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According to the concept of the reversibility of these reactions which

we have introduced, the finel produsts would have been the same if Scholler
‘had started with the proper quantities of benzyl iodide and dimethyl sulfide.
The equilibrium is always displaced in the direction which favors the forma-
tion of the most stable compounds. In the case éf, the sulfonium compounds
(78), the most stable are the ones having the smallest groupss

| | C&hours‘ (2) (3) (4) (5) (6) studies of the reactions of msny erganic
lodides with sulfides led him to propose & reaction mechanism, which is
largely e series of ohemioal equations showing the reactants and the prod-
uets. He represents the rea.et,ion of benzyl sulfide with methyl iodide as

tgllews:

(G7Hy)8 + 3 OHgl —— (CHg)48I + 2 CyH,I
~He evidently falled to isolate the dimethyl-benzyl-sulfonium 1odide which
Seholler had noteds, He probably allowsd the reaction to 'preoeed for too
leng & time ot the temperature employed, 100°, thus favoring the decomposi~
tion of the higher sulfonium salt and the formation of trimethyl-sulfonium
4o0dide. Our meéhanism for this reaction has already been discussed.
Cahours also studied the reaction of benzyl bromide on dimethyl sul~

-~ '#4de, which he represented as followss

Phis reaction can be explained by the new mechanism as indicated below;

CrHnBr + 2 (CHg)gS\ OHgz

|
‘ CHS — 8 — C,HE
—____—_—-——-__?

JI\ Br

(GHs)SSBr
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The failure of the benzyl bramide to react further with the methyl-

benzyl sulfide 1s undoubtedly due to the fact that it resstis preferentially

with the simpler alkyl sulfide,

We believe that all of the following reactions which fahours studied

~6an be expleined more simply and logically by our mechanism. His repre-

sontation, 4, is followed immedistely in each case by ours, B.

A
B.

T Larte SH +-HI — [2ads)aSI +2 Was
Il

A Lavds SH 12RI 2 o HsSH — 22aH0sT +2 Bl
I

W
CaHsSH ¥ CaHsT— (.C.m\-\ls\'xs:l — Leabisd)aS + UL

[C2H)aS + CaBsT — (CaHNAST

add: B CabsSH +ANT — [2HD)2 ST +2 Wa%

A.

B.

e dr g +Ca HaBra— 2 LW 2SRy + La Ha g
C Ry

1CHN2S 4+ DeCH=CRRY— CH1 S CR=CH By

R
cH>

CRaSCH=CH-Be—> CR2SCH=CHRe + AMTRE
c:H;sI(_H=a\-\Bv — CHa-S-c W
u
-_Esv/ N c W

CHa-SC H — CH=cH +cv2aDE

H
»r” V& H

2CH3Br Ll a2 & —e Hal2 SR 3

add3(CHDAL 4 GaHaDra— ACHNISRy + A2 Hal
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A. 2 (CHDS & cus By — (Cuann 3B e + CHAC SC Wa

o ch3 0
B. CHALS 4 CeaC By —— ak-\z—§——c.—ck\3
C\’\m\3> //O Bv ’/o
CHaS—C—CHz —> CHaBYr + cHa8 C—CHa

Yy
CHaRe + LR D — (R )2 SR
‘ % //O
add: 2 (DY +CHA-CRY — ([CHD»OBRr +C0Masl-CHy

A 2(rDaS + BrEN— (801D r + cHa SN

E: [£HD)2S + BrlN—> CH2 S CY
/ N\
Be CN
Br (N
CHx 'S C -y +=— CHABE + CHI3CN
) CHyB e +[CHMs —s (cranSDe
Cadd: ACHe +ReCN — [CHD2SRe + CHaSCN

Ao CHaSON +20HT —s (caanSl ¢ oNT
CH3
B CHaseN 4 Ol — CH3 SCON

(C.H;zS:C'N — CHRSCHL &+ CNT
<

CHALS P + CHal —s (C HRST

add: CH3GON +2 CH3T—s [CH)2&T 4N T
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Klinger (13}, while working with trithioacetaldehyde, noted the fol-

lowing reaction, which is also easily explained on the basis of our theory:

A CHa-C WS
_ |

N \ |
S LH-CHy $3CHRL —> CH-Cvs + DS T
l / /
CHx— 2 1=5 LHr— CH—0&
T
D. CHz-CH-s\ i = G § VY
) ' \
| S /C\—\-C\\z el — CHISI  AW-cdy
\ i /
CHy—r H-g CHy —CH—¢s
C Ha—CH-S CRa-CH— g
1 \ \ v
C Ha_1I CH-HY —m—> CHaS CH-Ed~
} J | /
CHy-CH 5 CHy=CH-S
£ 4
C Ha- CI.H-S CHa—cH—9
\ |
CHa-S CH-CHy —— (CHMST  CH e Wa
/ /
CHa- cd-g TRl Cva —CH—8
I i
¢ HamC H-g i
3 | \ CHx—C¢d— g
/CHs\zSI (H-CHxy — \CH- CHr
/
CHy— (H~S CHi—c s tlendas
I
I

(C Ha)aS + & Hil

—

I
LHY—CWVW— &

le \-\‘BSS 1
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I
add: CHz —cH-g cHa—CH—S
\ \
4 CH- cHa + 3CHI—> CH -CH 3 [CHD ST
/ -
CHs — dus CHs— CH—8
I

‘Reychler (79),wgrk1ng with trithioformaldehyde, obtained similar results,
Crum~-Brown and Blaikle (11} olosely studied the slow, spontaneous
aqaamposition of a series ‘cf sulfonium saltas He found the deéompoas.tien

to take place as would have been predicted by our mechaniam,

(CHDs S 0\ //O (CH"\? N 0\ //0
S —_— [CHNLS + S
(55’ Yo s’ Yo
[CHa\s OS//SQOS [CHN: —  [CHIAS + [ HD3S S0 Hs
[CHa S v
\Ca.Du. —_ 2leHaS  + \CJ.OW-
[CHa)a & | BTN

LleHa)s 9 1a $200 — Ha0 + 50a +. (CHD2 O + (NS S0uCHs

[CHAY3 6\

s —s 3leraas

[ C H3\3 S/

In studying optically active sulfonium derivatives, 1t has been found
methe ready racemization of the mercuri~iodides depends on & reversible

 desomposition of the ions (80).
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EH‘D 2 EHa 17
~ - ]
Cst-——ls Hg Ty mme CaHs S + 17 4 HgTs
CaHsCCHa r_msgcm/ |
L 0 42 L 0

.

2 CLHsCCHASCRY ¥ Calsl

It has not been previocusly noted, however, that the sulfonium campound ocsn
deoampose in more than one way.

fhs thermal deccmposition of sulfonium hydroxides has been found by
Ingold, Jessop, Kuriyan, Mandour, et &l, (25) (80} (81} (82} to take place

in three ways, all irreveraibles
CHa 1Y RCH=CHa +CRLSCGHs + Ha 0

CRCH2 (He—8-0H e A) RCHZCHASCH: +CH2=C Ha+ H2 0

/T~

CHa- CH2 YRR CHAOGRs + CHA 0N

Bimilar results were obtained by Brown, Teuffert and Weissbach (83}
Phis oan also be explained by oﬁr theorye m sulqu’ﬁm hydroxide
decomposes in three ways instead of two, as in the Gase of compounds pre-
fw_riiypauily desoribed, because the three radlicals attached to the sulfur atom
ére differenf.. The alcohols first formed in 1 and 2 are dehydrated at the
CHa 1) CHaSCahs + RCH2-CHZOH—RCHA=CHat a0
RCHK‘C\\’\)\ SOHT—3  AYRCHACHASCHa +CH2 CH2 OH = €= Cha £ Wa0

~

CHaCHa DIRH2HS G +CHA0H
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temperature employed, ylelding olefines.
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NEW DERIVATIVES OF

In the course of this investigatiog, savera.‘l new derivatives of
pﬁ,ﬂny1~2-fluarene—metﬁane were prepareds
’ Pluorene was first obtalmned from the oocal tar fraction di,stiliing et
800-340° by Berthelot (84). It showed & very promounced fluorescence, and,
for this reason, he gave it the name, "fluorens"”, From the heavy tar oils
fr@n vhioch naphthalene and anthracene had been aepa;fated, Barbler (85) (86)
ohtaiﬁed appx;eoiable smounts of the hydrocarbon in a very pure state, melt-
mgk at 113°¢ He further showed that its composition is represented by the
formula, 0371, However, the beautiful violet fluorescence which had been
-~ noted by Berthelot was shown by Hodgkinson and Matthews (87} to be the re-
sult of impurities, Pure fluorene crystallizes from benzene, alcohol or
glacial acetic acid in colorless shining plates. It may also be obtained in
a8 finely corystalline condition by sublimation.

The melting peint of fluorene has been given by mest workers as 113°,
Others have given 113-114°(88); 113,5-114.5°(89) 114,2°(90); 113-114.5°(91).
Its bolling point is given variously as 305°(92); 290-292°% 298" (90)s Fluor-
ene is readily selublé in ether, carbon disulfide, benzene and hot alcokol,
moderately soluble in ohloroform and glacial acetic aeid, and sparimgly solu-
ble in cold alecohol. A

~ The oonstitutlon of fluorene was determined at gulte an early date.
’-s;mg (88] and Graebe (93] obtained diphenylens ketone from the caleiuwm
salt of 2-2'-carboxy diphenyl, and raduced it to fluorene by distillatidn
w_itsh zine dust. Barbier, Fittig and Schmitz (92) (94] obtained the same

~eampound by oxldizing diphenylene methane, and the former established the
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identity of diphenylens methane with the fluorene which Berthelot had ob~-

tained from coal tar.

» 1t is immediately evident that, i1f this structure is correct, the
T’Jgégative/ character of the two phenylene groups should make the hydrogen
'a.tt.ach'ed to the methylene carbon (the 9 position) unusumlly active, similar
ﬁit‘b{ ehe aetivity of the hydrogen atoms in malonic ester. This observation

1s confirmed, since most of the reactions of fluorene invelve the 9 position,
and oconsequently the 9 derivatives have been most fully investigated.

| The 'pa,rent substance of the fluorene compounds used in this investiga~
tion is 2-fluorene~phenyl ketone. This has previously been prepared i:oth by
the action of benzoyl chloride on fluorens, &and of fluorene-2-carboxy
chloride on benzene. In both cases the reaction takes place ai room temper~

a.ture in ocarbon disulfide solution, in the presence of &nhydrous aluminium

Q-C.- cHa
"
O A
0 :
et

/

ochloride (95).
CHa

cCl

We found, however, that, by using Perrier's modification of the Friedel-

Craft reaction, (96) the time required for the preparation was considers~

,' bly reduced, and the product was much easier to purify.
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The 2~benzoyl fluérene forms a phenyl hydrazone and oxime, and is
reduced to 2~benzyl fluorene by distillation with zinc dust (95}

2~f1uorene-phenyl carbinol has been prepared in this laboratery by
‘the reduction of the ketone with zine and potassium hydroxide (97). We
have found that the reduction can be accomplished as well with zinc and
axmonia. In both cases, an alcoholic solution was used. From R~fluorene~
phenyl carbinol, 2-fluorene-phenyl-chlore, bromo, and iodo methane should
be obtainable by treatment with the corresponding phosphorus halide. One
would expect these halogen derivatives to be more astive than the corres-
ponding 9-~halogen fluorene, since the combined negative effect of the
fluorene and phenyl groups in the former should be grester than that of ths
two phenylene groups in the latter,

Wo first attempted to make 2~fluorene~phenyl-bromomethane by the action
of phosphorus tribromide on 2-fluorene-pheny1 carbingl, A eompound was ob~
tained, which was found to melt at 84.,5°% Thls was placed in & bottle, and,

- after a short time, suddenly decomposed with the evolution of heat. Two
compounds were isolated from the fused mass, neither of which contained hal-
.ogen , and neither of which could be identified (98},

Subsequent attempts to make the bromide and chloride from the carbinol
and corresponding phosphorus halide were unsuccessful, and it was believed
.‘t‘hat the bromide and chloride were so active and unstable that they oamly
could exist for a very qhd_irt time and under specisl conditions, if, indeed,
‘éhey could exist at all,

However, an attempt was made to prepare the brémide by treating 2«
f;ue,rene-phenyl earbinol, in glacial adetic gcid, with gaseous hydrogen

bromide. 4 compound was precipitated, which, on being freed from the hy-

drogen bromide and glagisl acetic acid fumes, was found to melt at 118°,
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It was found to contain bromide, and an analysis proved it to be the
required 2-fluorene-phenyl~bromemethane. The corresponding chloride was
_obtained in a similar mamner, and was found to melt at 120-121°.

An attempt was made to prepare the iodide by treating the bromide
with potassium lodide in ether and in acetone solutions. In each case,
ghe solution darkened with free iodine, and only a halogen~free compound
melting at 284~5°could be isolated, The same reactants were intimately

mixed without a solvent at room temperature and at 90°. In both cases
free lodine was liberated, and no compound could be isolated in a pure
state.

Finally, the bromlde was dissolved in methyl iodide and allowed to
stand, protected from moisture with a caleium chloride tube. ¥t was hoped
that an equilibrium would be set up with an interchange of bromine and
fodine between the methyl group and the 2-fluorene-phenyl-methyl group,
and that the methyl bromide would tend to escape as fast as formed, since

4% 1s a gas at room temperature. A&fter a few days, a precipitate had
formed in the tube., This was filtered off and found to melt at 126-127°,
Analysis proved it to be the required lodide.

2-fluorene-phenyl-chlore-, bromo-, and iodomethanes were found to

;_:hp,very active, the activity being in the order of the increasing atomic

. i@ight of the halogen atom as anticipated. These compounds react with
water, alcohols, and mercaptans with the elimination of hydrogen bromide,
With water, the original 2~-fluorene~phenyl carbincl is formed, With alco~
hols, ethers are obtained, and with mercaptans, thioethers.

The iodide is so active that it 1s difficult to use. The bromide is

_more active than the chloride, but not as unstable as the iodide. The bro-
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mide was therefore used in the preparation of other derivatives,
On boiling a saturated solution of the bromide in methyl alcohol
&nd then cooling, 2~fluorene-phenyl-methoxymethane separates out as white
shining plates, melting at 92-93° 1t 1s slightly soluble in methyl and
ethyl alcohols, solublg in ether, benzene, ohloroform, acetone, and warm
glacial acetic acid. On oxidation with potassiunm diehromate’in glacial |
spetic acid solution, 2-benzoyl fluorencne was formed, m. p. 175-177°.
This coampound had been previously reported by Fortner ($9) (100).
By heating 2-fluorense-phenyl carbinol with ethyl, n~propyl and nor-
mal butyl alcohols respectively, 2-fluorene~-phenyl-ethoxymethane, m, p.
 80.5° 2-fluorene~phenyl-n~propoxymethens, ms pe 53-54°; and 2-fluorens-
klphanyl-—bu.toxymethane, m. pe 68-69°, were formed, These compounds are all
white crystalline substances and have very similar properties. They are
~ all slightly soluble in methyl and ethyl alcohols, soluble in ether, ben~
zene, chloroform, acetone and warm glacial acetic acide ﬁt will be noted
that these ethers show a lowering in thelr melting points with increasing
’mele@ular weights, with a minimum in the propyl derivative. The butyl
derivative shows an increase in melting point, and all the higher homo-
logues of this series would probably show & steady increase. An attempt
was made to obtain the amyl ether in the ssme manner, but the compound
. formed could not be crystallized,
: The sulfides corresponding to the ethers were obtained in two wayé.
The methyl thioether, or (2-fluorens-phenyl-methyl)-methyl sulfide, was
Q’otaimd by treating 2~fluorene~phenyl-bromomethane with methyl sulfide

-~ 4n sealed tubes at room teinperature and at 100°, as previously descrilad
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{page 22 ) 1t was found to melt at 110‘;’.

This gnd the other thiocethers in thls series have properties very
similar to those of the corresponding oxyethers. They are slightly solu~
ble in methyl and ethyl algvhols, soluble in ether, benzens, chlorofomm
and acetone.

The next member of thls homologous series, 2-fluorene~phenyl-methyl-
ethyl sulfide, was prepared by the action of ethyl mercaptan and of sodiwm
-othyl-thiolate on 2-fluorene-phenyl-bromemethane under reflux. The tbmer
reaction was found to be more satisfactory than the latter. This is prob-
ably because the sodium ethyl-thiolate tends to react with the 9 position
-of the fluorens nuocleus also., The melting point of the qompound is 68-70",

Fluorens~-2~phenyl-methyi~-g-propyl sulfide was prepared by treating
&-fluorene-phenyl-bromomethane with n-propyl mercaptan ag}rvoem temperature,
The reaction is vigorous. Heat is evolved, hydrogen bromide escapes |
rapidly, and the reaction mixture becomes & bright red. On heating to com~
plete the reaction, the color disappears when no more hydrogen bromide is
~evolved. This.phenomenon mey be due to the intermediate fommation of a
camplex sulfonium salt which is destroyed by heat, or to a color reasction
of the fluorene nucleus in the presence of stroﬁg agids, It hé.d been ob-

lerved previously that strong acids cause most fluorene derivatives toi
develop & red color. The melting point of the fluorene~2-phenyl-methyl-
a-propyl sulfide is 51°,

Fluorene~2-phenyl-methyl-p~butyl sulfide was prepared in an anale»:—
gous manner from 2-fluorene~phenyl-bromomethane and g~butyl mercaptan.

The resction showed a similar vig¢lence and develepmqnt and disa.p;pearando

of color. The compound melts at 81°.
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It will be noted that in this homologous series of sulfides there
is a decrease and inoreass in the melting points, with a minimumm at the
propyl derivative. This was also pointed out in the oase of the corres~

ponding oxyethers.
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BARD I: FIHDBENE DERIVATIVES
Fluorenone. This compound was prepared according to the method of
~ Huntress, Hershberg, and 0liff (101} by oxidizing fluorene with sodiwm
diohromate. |
| One hundred grams of unrecrystallized fluorens was placed im a one
Litér, three neck flask equipped with a mechanisal stirrer, reflux con-
denser and dropping funnel. Two hundred cc. of glacial acetic acid was
added and the mixture brought to & gentle bolls By means of the dropping
f@nel, & warm solution of 300 grams of sodium dichromate in & mixture of
| 400 co. of glacial acetlc acid and 100 co. of water was added in a steady
‘atresm. The reaction mixture was then refluxed for 2% nours, poured into
two liters of ice water, allowed to stand for two hours, and then filteréd
shraugh a Buchner funnel. The product wés washed with water containing
epough sulfuric acid to prevent hydrolysis of the chromiwm salts, and tlien
with pure water.
The bright yellow product was air dried on the filter, placed in &
vacuun distillation apparatus, and dist‘illed under redused pressure. The
- ii&t%.llat ion was stopped when the clear yellow distillate scquired an o:;j'a.ngcy
tinge. |
-@ﬁe distillate was dissolved in that number of co. of benzene nume;‘ia-
ally equal to its weight in grams. To the wam solution was added twice
the benzene volume of petroleum ether in such & way that no permanent

precipitate of the product formed, This solution was then allowed to stand
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~until the bright yellow and extraordinarily large crystals of fluorenonse
had separated. These were filtered with suotion, washed with a small

quantity of petroleum ether and dried on the filter. Yield 58%. M. P. 83°

9-fluorenyl alcohols This compound was obtained from fluorenone ac-
cording to the method of Wermer and Grab (102). |
Twenty grams of fluorenons in 50 ce. of 95% ethyl aloochol was mixed
with 500 cc. concentrated ammonia (spe gre 0,9} and with 30 grams of zine
dust in 2 one liter three necked flask equipped with a mechanical marcu;'y
seal stirrer, & reflux condenser and a gas inlet tube leading to the bottom
of the vessels The reaction mixture was refluxed for approximately 2%
_hours while passing in gaseous ammonia from a Dewar flask of liquid ammonie.
?fhek warn solution was f£iltered from ‘éhe zino and allowed to cool in &
erystallizing dish. The product, which separated as & jelly-like mat of
white needles, was filtered with suction, washed with a emall amount of al-
gohol and dried on the filter. M, B. 152° which is the same as given by
Werner and Grab.
W. The product obtained in the previous reaction was
used without further purification. The alechol was dissolved in the minimum
; a.mount of cold glacial acetic acid in a beaker. Hydrogen bromide, generated
= from moist red vhosphorus and bromine (103}, was 1ad into the solution for
from five to six hours with stirring. A small smount of white phosphorus

in the hydrogen bromide generating flask might be used to initiate the re-
aotion. During this process the white needle-like crystals of the bromide
precipitated slowly, and the mixture became warm,

After standing overnight, the orystals were flltered from the fuming
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acid mixture and racryétallized from ligroin (boiling from 40-60° ). After
being filtered with suctlon and dried on the filter, the product was ob-
tained as a cotton-like mass of long white needles. Melting polnt 1D4°,vmich
ebrresponds»tcthe melting point given in the literature. Yield 26% bas‘éd
- on fluorenone.

Fluorenyl-9-dimethyl-sulfonium bromide. This compound was prepared
according to the method of Ingold énd Jessop (75} using nitromethans as
the solvent (104). Inatead of dissolving the 9~bromofluorene in nitro-
méthane and then adding methyl sulfide as Ingold and Jeassop recommend, it
was found that the reaction proceeded much more raplidly and with the use
of less nitromethans 1f the following proceedure were used:

A fow grams of the 9~bromofluorene was first dissolved in exoess
aoqled methyl sulfide, Solution takes place very rapidlye Cold nitro-
mothane was then added slowly until the first orystals of fluorenyl-9-
di,méthyl sulfonium bromide appear. The white gramular crystals thereupon
form rapldly and almost quantitatively. These were filtered with suction
ghd.washed with a amall amount of ethyl ether. Melting point 133° with
kdsc’sonzpositicn. Melting point given by Ingold, 133° ,

- 1t was noticed that the compound turned plnk on expesure to light,
with a‘ lowering of the melting point., It was therefore exposed to sub-

ma light only and stored in suitably protected hottles.

Fluokenyl-9~-diethyl-sulfonium bromide. An attempt was made to prepare
this compound using the same method as that used for rluemnyl-s-dimefml

, ;sulfonium bromide.s No resction took place, however. The resctants were

"tapn.:mg.xod with nbtromethane as before, placed in a sealed tube, and

~heated at 100° for eight houré, The mixture was yemoyed from the tubs,

; "éh‘é‘ liqﬁid evaporated, é;nd tﬁe keii‘due' qﬁ%m;ed with ether. The ether
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solution was evaporated, ylelding a few long, shining colarlgssmedlo‘é of
the original bromide, and a reddish amorphous substance which could not be

 1dentifled,

Dimethyl-gulfoniwm-9-fivorenylidide (75)s One gram of fluorenyl~9-
dimethyl-sulfonium bromide was treated with concentrated aqueous ammonia.

A light tan precipltate fomed} mmadivately. This was filtered off and washed
with water, alcohol and ether. The compound quickly turned to & dark red
solld on the filt;ar.‘mlting point 110-113°,

Dilute ammonia and dilute sadiu,m hydroxide were aubs’siyutea‘for the con~
centrated ammonia in additional tr‘ials at room temperature and at 0° . In
egch case a precipitate of shining yellow leaflets formed immediately and
qniekly turned to a dark réd. In most cases the change ocourred before the
semi-polar compound could be removed from the reasction vessel, Inaamuch &8
kIn’gold and Jessop also found that the semi-polar compound is very unstable,
no further variations in technique were tried. Instead, it was decided %o
try the same reaction with other and, possibly, more stable sulfonium com-

pounds.

Ethyl sulfide (105) (106)s One half liter of absolute alachol was
grédually added with stirring, over a period of one hour, to a mixture of
e 25660. of fuming and 250 oc. of concentrated sulfuric acid aents.ﬁ.hsd in
a 1e5 or 2 liter flask. During the addition, the mixture was kept cool
at all times by means of an lce bath. The solution was then gradually
ﬂilntad with ice to about 15 times its original volwme, the solution being
well stirred before each further addition of ice, After a final stirring,
;h’;o;éqalutwn was slowly poured injo three liytsrs, of saturated sodium oarbon~
,‘a@ak solutiqn qqn’a#inéd in a 6 liter flat bottomed flask. This flask wes |

kept in a orock and surrounded, during the addition, with an ice-salt mix~
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ture. The solution was tested with litmus paper from time to time, When
it became aoid (evolution of carbon dioxide ceased), s0lid sodium carbonate
was added in five to ten gram lots until the solution was again alkaline.
The 20id mixture and the solid sodium carbonate were then added alternately,
8 large excess of either belng avoided. 1f, when all the acid mixture had
been added, the solution was not alkaline, enough solld sodiwm carbonate was
) added to bring it to alkalinity, Approximately 1.5 kilograms of sodiwm car-
~ bonate was required for the neutralization. The addition of the whole of
the acld mixture took two to thres hours. During the addition, a large
quantity of sodiwm sulfate wes formed. This was £iltered off with suctien
on a 12 inch porcelain funnel and washed with small quantities of water,
the washings being added to the main portion of the filtrate.
| Four hundred grams of potassium hydroxide was disaolved in. B00 ¢o. of
~water, The solutlion was divided into two egqual portions, and one was saturat-
od with hydrogen sulfide. Both were then mixed,
The filtrate containing the ethyl sodium sulfate, and the alkaline
potassiun sulfide solution were mixed in a 6 liter R. B. lcng necked flask,
f‘ygggipyed with an empty Hempel fractionating column and water ¢ooled con~
ﬁgnsez. The mixture was brought to boiling with & hot flame and then dis-
"tillad at the rate of about 60-80 drops per minuﬁe. Due to the formation of
vw;mg;l amounts of ethyl mero%}an, the distillatien'was carried out in a fume
i amber. The distillation starts at about 85° , and the temperature grad-
ually rises to about 97° before the ethyl sulfide stops coming over. When,
afger 2-3 hours, 650 co. of distillate had been ealléoted, the distillatieﬁ
was stopped and the ethyl sulfide, which comprises the upper layer, was
seperated by'meags of & saparatery,:unnel. Tua yield of érude sulfida at
‘ this point was 83 grams. rThis‘ wa.g »dnhﬁ,ojve‘mght: over b grams of anhydrous

‘wésainm sulfate and then distilled, the final yield, boiling at 93~93° was
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was 75 grams., The last traces of mercaptan can be almest entirely removed

with sodium,

| * 2-fluorene~phenyl~ketone. Crude fluorene was recrystallized by boiling
100 grams of fluorene with 250 cc. glacial acetio acid and 20 grams‘bane
black for half an hour, and filtering through & hot water fumnel. The white
‘product which crystallized on ocooling melted at 114° . Yield 78%
| The ordinsry Friedel Crafts reaction and the Perrier modification (96)
were used in msking the ketone. The latter was mzioh more satisfactory with
- respect to time required, although 1t gave slightly smaller y'ialda. Attach~
ment was to the 2-fluorene position as Fortner showed (99) (95) (107).
I. Pifty-five grams of recrystallized fluorene was placed in a liter
‘BeBe flask with three necks. Attached to the flask was a mercury seal stirrer,
~ dropping funnel, and a reflux condenser with caleium chloride tube and alkall
ti'ap to remove hydrogen chloride fumes. 350 ¢ce. of anhydrous carbon disulfide
and 49 grams of snhydrous aluminium ohloride were quickly added, and 50-75 oo,
-of carbon disulfide used to wash the flask,
Thirty-nine occ. of commercial benzoyl chloride was placed in the drop~
ping funnel with about 80 cc. of carbon disulfide scting as a dilutent.
The material was stirred for about ten mimates before atarting to add
- the benzoyl ohloride drop by drop. By adding the benzoyl chloride slowly
aad taking care that no excess acoumulated in the flask, cooling could"'ba
aveided. The reaction was controlled by observing the heat evolved and
tasting the gaw from the reflux sondsnser with ammonium hydroxide,
| After all the benzoyl chloride had been added, the mixture was refluxed
for about four hours on a water bathe The mixture was then oooled, the

sapernatant C3, poured from the tarry product, and the residus was poured
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into & beaker of cracked ice containing 10-20 oc. of hydrochloric acid
50 dissolve any alumiium chloride or hydroxide. The solid reddi(‘.sh‘brewn
mass was steam distilled and the last traces of oarbon disulfide and any
unreacted benzoyl chloride or benzoic acid removeds Removal of most of
the 08; before the steam distillation eliminates & good deal of the tarry
-material. The solid was drained free of water and dried. The brownish
, yallaw porous mass was recrystallized from slechol. The finely orystal-
liae materiél is often a pals yellow, but is white when absolutely pura.
Mo Po 122°, Yield 61%. (99) (97). |
11, Ninety-eight grams (.7 mol) of anhydrous aluminiwm ohloride was
added over a period of a few minutes to 80,5 cce (.7 /mol} benzoyl ochloride
in & 2 liter besker. During the addition, the mixture was stirred as well
aé possible. This and subsequent operations were perfomrmed in & well draw-
ing hood. The mixture became warm and thickened to a stiff brown paste.
Aftar &ll the aluminium chloride had been added, the beaker was heated
éérer & soft luminous flame until the mixture became fluid. Upon ceoling
| 14n an ice bath, the mixture set to & brown crystalline product.
To the solid eluminium chloride addition product, 560 ce. carbon di-
sulfide was added a.nxi the mixture heated on & steam bath with shaking and
’ ks‘birring until the erystalline product was almost entirely dissolveds The
E uéﬁal precautions for handling carbon disulfide were taking during this
operation., The solution was then allowed to cool somewhat, and 115 grams
éf recrystallized fluorsne was added with stirring. Quantities of hydro~

gen chloride were evolved, and it appeared that the reaction was almost
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instantaneous. Since no heat was evolved in the reactien, ﬁha rate of
addition of the fluorene was limited only by the violence of the evolu~
tion of the hydrogen chloride.

After all the fluorene had been added, the mixture was heated for a
fow minutes on the steam bath in order to complete the reaction. It was
“then cooled in an ice bath and the brown aluminium chloride addition
p&éduct was filtered with suction and pressed as dry as possible after
being washed with & small amount of oarbox; diguifide.

The residue was then added to 2100 cc. of water containing 140 cc.
ai‘ congentrated hydrochloric acids The agueous suspension of the white
orystalline product was then heated to bailing to remove the last traces

~ 0f ocarbon disulfide. All of the carbon disulfide hes been removed when
| ths solid product sinks to the bottom of the vessel,

The produot was then flltered with suetiozi and presged as 4ry as pos-
sible. At this point the still damp product welghs approximately 230
~l.g:rams and requires mo further drying or purification for use in the prepa-
ration of 2-fluorene-phenyl-carbinocls I1f desired, however, the product
can be recrystallized from glacial acetic acid or alcohole In the latter

case, which was sometimes employed, the yiéld 18 58%, M. Pe 122°

8~fluoreng-phenyl-garbinol. Two methods were wused to reduce the
2~fluorens~phenyl-ketone to the carbinoles In the first, zinc and ammonie

were employed, and in the second, zinc and potassium hydroxide (97). The

latter is recommended because of ease of manipulation.
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I. The unrecrystallized and undried 2-fluorene-phenyl~ketone was
pleced in a two liter beaker and 1200-1500 cc. of 95% alcohol was added.
Then 250 oc. of conoentrated ammonia solution (sp, gre 0.9) and 400~500
graﬁs of zine dust were added. The mixture was stirred mechanically and
heated to just below bolling on & hot plate. At the same time, gaseous
kammenia was led into the solution from a Dewar flask containing liquid
_wmgonia. Smell amounts of alochol were added to the solution from time to

zfima to maintain its volume, The reaction was complete at the end of about
*ﬁua<and & half hourss The hot solution was then filtered from the zins and
allowed to stand untll the white crystalline product separateds This com-
‘prised the main part of the ylelde It was filtered off with suction and
the f£iltrate was treated with water until no more of the carbimol was pre-
~eipitateds It was found advisable to allow this preoipitate o stand for
& few hours so that the resultant increase in orystal size would make fil-
‘tration easiers The product was pure enough to be used in the preparation
of 2~fluorene-phenyl-bromo-methans. Yield 82%, based on 7 mol fluorens.
‘ IIl. The prodedure is the same &s given in I. except that, instead of
concentrated ammonia, 40 cc. of a 25% aqueous solution of potassium hy=-
: ‘droxide was added to the alocholic solution of the ketone, snd the reactim
| mixture was allowed to reflux gently without stirring for seven or eight
‘hours in a three or five liter R. B. flask, Both methods gave approximate-

1y the same ylelds, M, P« 116°

ane. One hundred and fifty—five grams. of

the unrecrystallized 2~fluorene~phenyl~carbinol was stirred into a paste

with one liter of glacial asetic acld in a two liter besker in & hoods
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Hydrogen bromide gas (103) was then led i,nto the suspension for approxi-~
mately five hours through an inverted funnel. The mixturé became werm
‘and thickened, Care must be takten that the wide end of the funnel does
not become ologged with the bromide, as it tends to form a heavy cake as
fast as it is formeds The whole mass was stirred as well as possible
dmfing the reactions The saturated hydrogen bromide _reacticm mizture was
allowed to stand overnight in order to complete the reaction, and then the
thick paste was filtered with suction and drained as well as possible.
Bome diffioculty was experienced in removing the last traces of hydrogen

" bromide and glagial acetic acid. This was accomplished most easilﬁ; by

~boiling the product with dry ethyl or petroleum ether for about an houre
Zhe white powddry product, only & small amount of which dissolves, was then
filtered off with suction and dried on the filter until odorless. Some
pure product could also be obtained from the filtrate by partisl evaporation.
Drying over potassium hydroxide in a vacuum deslccator proved less satls-
fagtory. M. P. 118.5° Yield 50%, based on o7 mol fluorene.
~As this compound was not described in the .litara'sura, an analysis was
necessary. ‘
Using the sodium fusion method with a Parr bomb {108}, the following
- results were obtaineds
éalc. for OgoHygBrs Br, 23.85., Founds Br, 23.67
The compound was found to be only slightly soluble in athyl ether,
soluble in boiling isopropyl ether. The solubil.ity in the aliphatic hydro-
: na:b,ens was found to increase with increasing molescular welght and bollimg
‘point. It reacts with aloohols and mercaptans, forming ethers end sulfides

respectively. It probably also reacts with acetone although no definite
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ecompound could be isolated,
The bromide alse reacts with dilute aqueous solutions of slkali form-

ing 2-fluorens-phenyl-carbinol.

£-fluorene-pvhenyl-chloromethane, I. Three grams-of 2~-fluorene~phenyl-~
carbinol were added to 30 cc. of glacial acetic zcid., Ten ce. concentra~
ted hydrochloric acid was added to this mixture, which was then warmed
geuntly for a feow minutess After cooling, the precipitate wés then filtered
eff and dried for several dajé over soéium hydroxide in a vacuum desiscoa~
tors M. P. 122° Since this is the same as the melting point of 2-fluorene-
’phenyl‘-ketone, a mixed melting point was taken. The melting point of the
mixture was found to be 98-112°,

11, Ten grams of 2~fluorene~phenyl-carbinol was dissolved in 150 cc.
of glacial acetic acid by warming gentlys The heat was rexsoved a.ﬁd hydro-
gen ghloride gas was‘led in. After about one hour, when the acetic acid
khad_become nearly saturated with the gas, the chloride beganv to precipitate
oute The addition of the ges was continwed for another hour, after which
time, a heavy, curdy precipitate had formed. This was filtered with suc~
tion and then washed twice with petroleum ether (beps 30~-80°}. The white
product was then dried on the filter. Melting point of the white powder,
121-122°. Yleld 8 granms, 5%

| 'mhis compound was anal‘yzéd, using the same method a&s for the bramide,
Anal, Calc. for GpgHsCls C1l, 12422, Found: 01, 12,19, |

The soluBilities of this compound were found to correspond olosely

to those of the bromide. It was found to be much less reactive, and

hexce less suitable than the bromide for our purpose.

2-fluoreno~phonyl-iodomethans. ~Fhree grams of 2-fluorene~phenyl-
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bromomethane was dissolved in excess methyl iodide and allewed to stand,
protectsd from moisture with a calciwm chloride drying tube. After a fow
days a precipitata had formedes This was filtered off and found to melt
at 126-127°,

4Anal. Calc. for "2031513 1, 33.2 Found: I, 52..5t

Three grams of 2-fluorene-phenyl-bromomethane was allewed to stand
with five grams of potassium iodide and 60 co. of acetone for several
dsys at room temperature.

Pree iodine was liberated and a‘finely divided precipltate was formed
which was easily separated f£rom the heavier potassium iodide orystals by
shaking and decanting the suspension of the precipitate. The acetone sus-

“ponsion waé then filtered and the precipitate was washed with water to
r@ave any potassium iodide remaining. The compound melted at 284-285°
and gave no test for halogen. It was found to be idsmtical with one of
the compounds obtained from the Wurtz synthesls of sym~di-2-fluorens~di-
phenyl ethane ( page 59 J.
 &~fiuorens~phenyl-meth
cohol at its boiling point was saturated with 2-fluorens~-phenyl-bromo-

Pwanty~five cc. of methyl al-

methane and the solution refluzed for half an hour. It was then allowed
'V';;tq;wol, whereupon the product precipitates as shining vwhite plates.
Eelting point 92-93°. 2Zhls campound was found fto be slightly soluble in
‘ éaldm‘ethyl and ethyl aleochols, soluble in acetone, chloroform, ether and
glacial acetic acide |
Ansl. Calc. for CzjH1,0: O©, 88,06; H, 6.34.
Founds O, 88.33; H, 6433,

A few grams of 2~fluorene-phenyl-methoxymethane was disgolved in
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- warm glacial acetic acid and treated with potassium dichromste. The mix~
"%u:e was refluxed for half an hour and then poured into about 599 cos of
kivste‘r. This was then filtered and the residue recrystallized from a 50%
mixture of alcohol and ether. The bright yellow crystalline compound
which was obtained proved to be 2~benzoyl-fluorencne by its melting point,
177°, and mixed melting point.

2-flyorenc-phenyl-ethoxymethane, A small smount of 2~-fluorene~
phenyl-bromomethane was boliled with éxcess ethyl alcohol. The white
orystalline precipitate which was formed was filtered off. Test for hal-
ogen negative. gelting point,‘ 80-8045°% Slightly soluble in methyl and

‘ " athyl aldohels. Soluble in acetone, chloreform, ether, and benzene,.

dnale Oalc. for Opoq0: O, 87.94; H, 6472,

Found: C, 88,06; H, 64524

Boiling n-prepyl aleohol was

saturated with 2-fluorene-phenyl-bromomethane and allowed to coole On

gtanding over-night, the mixture set to a stiﬁ' mat of white needles,
These were filtered off, washed with petroleum ether and dried, %Their
indefinite melting point indicated that they were impure. They were

therefore dlssolved in ether, and alcohol was added to a faint cloudy~
‘ness. On standing, white needles separated, melting point, 53-54". The
, ;éom,paund is slightly soluble in ethyl and methyl aleohols, soluble in
‘benzane, chloroform, acetone and ether.

Ansl, Oslc. for 023522°= O, 87.84; H, 7.08,

Found: ©C, 88.26; H, 7.16.

0, A few grams of 2-fluorene-phenyl~
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bromomethane was dissolved in redistilled un-butyl aleohol and refluxed
for two hours. After standing over-night, the brown solution @s £il-
ﬁ‘ered and the excess butyl alcohol removed as completely as possibie; by
distillation. The residue was then heated for about an hour at 100°
under reduced pressure, The still liguid residue was dissolved “in ether,
boiled with bone black, and filterede The residue was s#ill liquid on
evaporating the ether. It was redissolved in ether and enough alcohol
~added to bring about & faint cloudyness. The solution was then allowed
to evaporate slowly. 4 white crystalline substance, melting point, 66-69,
was deposi{:ed, The compound was found to be slightly soluble in methyl
and ethyl alcohol, soluble in acetone, benzene, chloroform and ether.

Anals Calc. for OggH,,0t O, 87,74; H, 7,37

Founds ©, 88,203 H, 7.47.

(2-£lugrene-phenyl-methyll-ethyl sulfide, 4 few grams of 2-fluorene~
phenyl-‘bromomethane was refluxed with excess ethyl mercaptan for several
hours. gydrogen bromide and some bromine were evolved. The excess ethyl
mercaptan was eveporated and the residue dissolved in hot aleohol. The
sulfide precipitated as an oil on cooling, but upon standing for several

~ days with the mother liquor, crystallization gradually ococurred. The
white orystals melted aﬁ 6;8—?9". They were found to be slightly sclu;ble
in ethyl and methyl aloohols, sol;z‘nle in ether, ehlproform and benzene.
/ Anal, Oalc. for €,.Hy S: 8, 104203 Pound: S, 10.13,

An attempt was madé tp prepere the same compound by using sodimm
ethylmercaptolate instead of ethylmercaptan. The ssme procedure wes.
followed as in the previous trisl. In this case, however, a sulfur con-
taining compound wa® oktained which melted at 58-60°. 4 mixed melting

point with the sulfide obtainéd previously showed no lowSring. Since
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analysis showed a sulfur content equal to that of the sulflde with two
~molegules of ethyl aloohol, attempts were made to drive off sny alcohol
of orystallization with heat. In all cases, a gum was obtained which could
;a.,‘et"ue orystallized.
Ansl, Calos for OpgHoo8.2 C,HeOH: 8, 7,83; Founds 8, 7468, 771,

}a-ﬂm—mmwu ..xy-m sulfide. Excess n~propyl mercaptan
mag\‘édded to a few grams of ;ﬂﬁorene-phenylabromemethane at room tempera-
ture. 4n immediate evolution of hydrogen bromide occourred and & bright
'rgd color developed. The mixture was then rofluxed fof about & half an
hour, until the evolution of hydiogan bromide ceased and the red color
disappeared. The excess n~propyl mercaptan was then evaporated and the

~residue dissolved in et:hai, boiled with bone black and filtered, 4u
equal volume of ethyl a.lcohél was added and the solution allowed to evap-
araﬁaslowly at room temperature. After several days, the white, needle~
‘like erystals of the n-propyl sulfide precipitated. Melting point 51° .
This compound was found to be slightly soluble in methyl and ethyl aleo-
Mi}.s, soluble in ether, benzeme, chloroform and acetone.

nsl, Calo, for OpllzpS: 5, 9.L4 o Fomds 5, 413

| &-tluerene- mwm nebutyl gulfide,  2-fluovens-phenyl-
| "bzemothane was treated with excess n~butyl mercaptan at room tempera~
ture., Hydrogen bromide was evolved immediately and a bright red ocolor
developed. The mixture .was refluxed for about a half an hour, until
hydrogen bromide was no longer evolved and the red color disappeared.
- .The excess butyl mercaptan wes evaporated and the residue was dissolved

o :Ln qyth_er and filtered. Alcohol was added until a slight precipitation
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occurred. The white orystalline sulfide separated on standing over-
night. Melting poimt 81° . Soluble in ether, ben#em, chloroform and
a.citam. Slightly soluble in methyl a.nd ethyl aloah;els.,

Anale Caloe for Og HosS: 5, 9+29 Founds 8, 9+26

Benzyl-2-fluorens, Sixteen grams of fluorenone was dissolved in ome
hundrbd GCe ‘af carbon disulfide in a 3 necked flask containing 12 grams
of anhydrous aluminium chloride and equipped with a mercury seal stirrer,
:feﬂux condenser and dropping funnel. 10.4 ocs of benzyl chloride was ad~
’deé' over a pericd of one half an houre. During the addition, the rqactien
mixture was cooled in an ice bath., After allowing the mixture to come to
;imn temperature slowly, it was refluxad far two and a half hours. The

, hydrogen chloride fumes which were evolved were absorbed in an alkall trap.
| After standing over-night, the aluminium chloride addition product
was dacomboaed with lce andk dilute hydrochloric acid. The reaction mix~
ture was then transferred to a steam distillation appara;us and the carbon
disulfide removed with steam.

The product was filtered with suction and dried on the filter, After
be:lﬁg boiled with benzene to remove the unreacted fluorenone, the undis-
‘mlved produst was again filtered with ’suotion and dried, Yield 55%

- The oompound wes found not to melt, but to carbonize around 274° .

This compound was found to be practically inscluble in 8ll organio

| solvents. Among those tried were, benzene, aloohol, ‘ethe'r, vetroleum
,efher, ehlarotam; carbon tetraohloride, nitromethane, nltrobenzene,
: ‘py‘ridim and acetanilide. Since it was also insoluble in molten camphor,

& molecular weight determination was out of the question.

 An attempt was made to reduce this supposed Ketone to the oorres-

ponding alcohol by heating it for several days with zinc and potassium
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“hydroxide in ethyl alsoohol. Very little, if any, reaction took place.
The zino and insoluble campound were filtered from the aleochol, and the
éi~nc was removed with dilute hydrochloric acid. The supposed ketone was
recgvered quantitatively. The fact that, upon treating the alcoholic
’ﬁltrate with water, a very slight turbidity was obtalned, indicated that
the reactlon might have proceeded to a very slight extent.

dnal, Cale, for CpoH,,0: O, 88.86; H, 5.22,

Found: C, 94.61; H, 6.7.

Since the analysis indicates that the compound is obviously a hydro-
carbon, it was supposed that polymerization had ocourred with the eliminsg-
tion of water. This view is emhanced by the unuspal insolubility of the
compound, its inertness to various reagents, including concentrated sul~

furic and nitric acids, and its lack of melting point.

Sym-d1-g-fluorene-di-phenyl-ethanes Ten grams of sodlum, five
grams . of 2~fluorene~phenyl-bromomethane, and 200 cc. of ether were
3 piaeed in a flaé;k and refluxed for twenty-four hoﬁrs. The excess sodiwm
was removed and the solid which had precipitated was filtered off aﬁd
washed with water to remove the sodium bromide. The s0lid was then dried
and found to melt at 168°, A mixed melting point proved this to be iden~
‘tical with the compound obtained from the decomposition of 2-fluorene-phenyl-
id4amethane (page L.
fhe ether solution was evaporated at room temperature, giving a
-alear sirupy residus. This was boiled with alcchol, in which it 1s not
- appreoisbly soluble, and on decanting the alochol it appeared to be much

| harder and more brittle. It was then dissolved in boiling benzeme, in
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which 1t is very soluble. It d4id not orystallize out on cooling, so the
benzene was allowed to evaporate. The residue was a tar. This was then
diyés;solwédv in acetone, and a white, orystalline substance precipitated on
partisl evaporation. Melting point, 274-280° A mixed melting point
with the substance (me. pe 284°) which had been obtained from the reaction
of potassium iodide with 2~fluorene~phenyl-bromemethane indicated that
“these two substances are identical, The mixed melting point was found to
be 262-264°, |

The existence of the sym-d1-2-fluorene-di~phenyl ethene in two di-
a»é’eétwisweric forms 18 to be expected since it has two asymmetric car~
bon atoms, each having the same groups. The two diastereoisomers are, 8

meso and a racemic form.

PAR? 1I: DECCMPOSITION OF SULFONIUM SALDS
Dimethyl~2-fluorene-benzyl-gulfonium bromide. I. 2-fluorene~phenyl-
bromomethene was treated with excess dimethyl sulfide, and the solut;on
ye.sé??armed for fifteen mimites, On evaporating the dimethyl sulfide, a
er‘éain colored substance was' obtained which turned pink and then red in
‘the space of about ten minutes. It melted at 112-116° with the evolution
ot dimethyl sulfide, A4 mixed melting polmt with the bromide ‘was taken
and showed no changes
. I11. A few grams of 2-fluorene-phenyl-bromomethane was dlssolved in
nitromethane by wamming on the water bath. After cooling, an excess of
“ dimethyl sulfide was added and the vessel was stoppered and allowed to
,#*Ba.ad for a few days. Upon examination, it wa# noted that s few large
= ammals had fomed. These were carefully removed and found to melt at

J:?ﬁﬁws‘h This oorresponds to-the melting point of trimethyl sulfonium

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



- 61 =

_bromide. The filtrate was evaporated and an amorphous residus was ob-
tained, which softened between 50°and 60° .
Il11. One gram of Z2-fluorene-phenyl~bromemethane was $reated with
two co. (excess] dimethyl sulfide, dissolved in nitromethsns in & tube,
’ and the tube sealeds The tube was heated at 100° for two and a half
hours and then allowed $o stand over-night. On openming the tube, & mat
N long shining needles was found (2.5 gms)e Me Po 195-200°. Qualita~
“tive test for sulfur and halogen was positive, 4nal. Oale. for
(GHg)58Br: Br, 50.89. Founds Br, 50,59,
1V. Stolchiometric quantities of 2-fluorene-phenyl bromomethane
{2+7 gms) and dimethyl sulfide (.5 gm.) were dissolved in nitromethans.
The mixture was heated for elght hours at 100°in a sealed tubae. After
standing over-night, two distinot precipitates were noted and removed
- by filtration. One of these was a brown solid in small lumps, and the
~.ether consisted of large well-formed colorless orystals like those ob~-
tag.z;ed in the previous sealed tube drials and which were identifled as
’(a{g)g,sar. The mixture wa‘s then extracted with warm water and filtered,
On carefully evaporating the filtrate, the rest of the trimethyl sulfon-
i 1‘@ ‘Dromide, II, was- obtained.
~ The brown residue from the extradtion was dlssolved in hot algohol,
filtered from & small smount of gum and the solution evapergted to dry~
nye’s,s. The light brown residue (III) melted at 248-250°., 1t gave a
positive test for halogen but no test for sulfur.
éhe filtrate from the original reaction mixture was evaporated to &

ok gumuy masss This wes dissolved iun ether, warmed with boue bladk,
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gooled and filtereds 4 very small amount of & grey powder (1) was obe
ta.ined on evaporating the filtrate. Qualitative tests for sulfur and
hbﬁ,’logm wore posltive. The gumny residue, still mixed with the bone
black, was boiled with alcohol and filtered. Upon cooling the filtrate,
a white erystalline precipitate (IV) was formed. M.P, 88~90°, Quali-

tative tests for sulfur and halogen were negative,

II 178  Positive Positive  (QH,)Sr

III  248~250  None 24,02%
IV 88~90 None None
v 105 None Noxe

Ve One gram of 2~fluorene~phenyl bromomethanse and 3 cc. (excess)
dimethyl sulfide were dissolved in 10 cc. of nitfomethane in a tube which
was then sealeds, This was heated for eight hours at 100°. After stand-
ing over-night the tube was opened and trimethyl sulfonium bromide (II}

‘ wa# found as the only precipltates This was filtered off and the nitro~
methane and excess dimethyl sulfide was evaporated from the filtrate.

- The residue so obtained was disselved in ethyl alcohol, heated with bone

' j“alac’k and the hot solution filtereds A white orystalline compound (V)
precipitated on cooling the filtrate, Thls was removed and dried on
filter paper. M.P. 105% Qualitative tests for sulfur and halogen
were negative,

In view of the number of compounds and the insonsistant results
p‘bbainad, it was thought probable that the nitromethane was acting as

& methylating agent. In subsequent runs, therefore, the nitremethane
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was omitted.

vi. Three grams of

; zf-g;uarenvphenyl-brommethane and 10 coc. of dimethyl sulfide were
heated in a sealed tube at 100” for six and & half houi's. On opening
-the tube, a precipltate was obtained which was filtered off. The resi~
due was extracted with warm water and the aqueous solution evaporated.
The residue remalning after evaporation melted at 200° and gave no test
tér sulfur or halogen, Aunal, Cala. for (Cﬁa)sﬂ-‘ar: Br, 50.89. Found;
Br, 61,00, 51,07, |
: Tne residue from the extraction with water was orystallized by dis-
solving 1t in hot aloohol and allowlng the alocholic solution to cools
| 4 gum precipitates which crystallizes if allowed to stand with the super-
: zxé.tant liquid for several deys., This was the only way a orystalline
j:roéuet could be obtained, although the ocompound was also soluble in
ether, benzene and acetone., M.P. 109.5°4nal, Oala for Cp HjgS: 8, 10.59.
Pound: S, 10.48. |
VII, A few grams of (2~fluorene-phenyl-methyl)-methyl sulfide was
heated in a sealed tube 2t 100° with excess methyl iodide for six hours.
Azter cooling, the tube was opened and the liguid portion decanted, The
mll amount of solid remsining was extracted with water, This was re-
~ eovered by evaporation and then recrystallized from water. The long
‘nesdle-like orystals melted at 180°, Because of the fact that the sodium
fﬁsion method of analysis used too much time, this and subsaquent anal-
yses for halogen in water soluble compounds were made by titrating with
bt&niard silver nitrate with potassium chromate as an indicator (109).
dnal, Calce for (CGHg) SI: I, 6413, Found: I, 68,02

The liquid portion, which had been decanted from the trimethyl
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sulfonium iodide, was evaporated. The residue appeared to contain an
‘8pprecisble quantity of free iodine. This was extracted with hot aloo-
hal, leaving a small amount of & white crystalline compound which
melted at 160°. This was belleved to be sym~di-2-fluorene-diphenyl
ethans and to have resulted from the desomposition of 2-fluorene-phenyl-
: 1Qﬁmethane. Qualitative tests for sulfur and halogen were bhoth nega~
 tive.
| Vili. ZXEight temths of & gram of 1,l-fluorene-2-phenyl dimethyl
sulfide and 5 cc. (excess) methyl lodide were placed in & sealed tube
and allowed to stand at room temperature protected from light. At the
- end of about f£ive hours a slight precipitate wés noticeds At the end of
twenty~four hours a very appreciable quantity of preciplitate had formed.
mm tube was opened and the precipitate quickly filtered off with suc~
tion. It was then dissolved in cold water, flltered, and recovered by
evaporation. M.P. 203° o 4nal, Oalc for (033)381: I, 64,13, Found:
1, 656463,
| The methyl iodide solution which had been removed from the tube was
‘ al‘lowéd to evaporate. A residue was obtained which contained so much
i_aéi_ne that it was impossible to isolate any other oompéund in & reason-
&bly pure state.

IX, Five 60. of ethyl sulfide and three grams of 2-fluorene~phenyl-
‘bromomethans were heated at 200° for 48 hours in a sealed tube and then
‘allowed to stand at room temperature for soveral days., The tube was
opened and the excess diethyl sulfide was evaporated at room temperatures
The blaock residue showed evidence of considerable carbonlzation. It was

extracted with absolute aleohol and filtered. The alochol was evaporated

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



- G5 -

’a.;fxd & slightly dissolored product wes obtained. M.P. 80°, This melting

point and a mixed melting point showed it to be 2~fluorene~phenyl-sthoxy~
‘methane, indicating that the bromide had not reacted with the ethyl sul-
;kfjidoj.; This result was in accordance with that obtained with the 9~fluo-

renyl bromide and ethyl sulfide.

X, Five grams of (2~fluorene-phenyl-methyl)-methyl sulfide and 2,13
srsms of methyl iodide (stoichiometric quantities) were placed in & test
ttﬁée which was stoppered and sealed with paraffin, After standing for
ﬁeveral days, the s80lid which had separated was filtered off, extracted

- with water and the water evaporated. 4 white orystalline compound was ob~
tained. M.Ps 200°, Anal, Oalc for (Qﬂs}SSI; I, 64.13, TFound: I, 63.08,

The residue left after the extraction with water was found to melt at
160°, Tnis corresponds to the melting point of the compound obtained in
¥1I and believed to be ayn-di-2-fluorene-diphenyl~ethane resulting £rom the
deéomposition of 2~fluorene-ghenyl-iodomethane.

Xi. One gram of (z-fluarene-phenyl-metﬁyl}-—mathyl sulfide was
placed in a sealed tube with excess ethyl lodide and heated at 100° for
ﬁf‘been héurs. After standing at room temperature over-night, a sméll
amount of & dark sqlid containing & few colorless orystals was found at

. the bottom of the tube. The supernatant liquid was decanted from the
&elid and evapni-_ated to dryness. The residue was & dark cchesive mass
évidently containing & considerable quantity of lodine,

The s0lid remsining in the tube was washed with water, in which it

 seemed only slightly soluble, end then with sodiwm thiecsulfete selﬁ%ien
fo mgve the 1odine, The solid remaining was crystalline in appearance,

ak light olive green in color, and melted at 100-105° with no apperent
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decomposition.(sjinal, Calo for (02351203531= I, 54.54, Found: I, 53,09,
| X11. Four grams of(z-—fluorene-phgnyl-me'shyl }-methyl sulfide and
excess ethyl bromide were heated ét 100°in a sealed tube for sixteen
hours, On opening the tube, the (2~flucrefw~phenyl-methyl)—math:yl sul~
£ide was recovered unchanged.
X111, Quantitative run. 0.846 grams of dimethyl sulfide and 4,56
grams of 2-fluorene~phenyl-bromomethane (egquimolar quantities) were
‘ ':hdatad et 100°in a sealed tube for fourteen hours. %he tube was opened
;md the s0lid was removed and boiled with methyl alochel for half an hour
in order to convert any unchanged bromide to the methyl ether. The
methyl alcohol was evaporated and the residue was extracted with water.
@he trimethyl sulfonimn bromide dissolved. The water extract was evapo~
ga.:ssd and the sulfoniwm bromide weighed. The residue from the agueous
extraction was heated for & short time with an excess (1l grams) of
merouric chloride, in aloohol solution, to form the mercuric ehlex;ide
addition produst of (2-fluorene-rhenyl-methyl)-methyl sulfides The al-
gchol was evaporated and the residue extracted with ether. The ether ex~
’tradt' was evaporated end the 2-fluorene-phenyl-methoxy-methane together
with the excess mercuric ghloride was obtained. ‘The residus from the
) ether extraction consisted of the mercuric chloride addition product.
; ’.Ehe quantitative results of this oritical experiment are given in Table
11, A
The mercuric ehloride addition product was found to melt at 128°,

It is soluble in ether and slightly soluble in aleohol.

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



PABLE 1I

..Btarting substances:

Dimethyl sulfide + « « o » o o o o 0,846 Sle 3 0.,0136 mole
Z-fluorene~-phenyl~bromomethans + ¢ 4¢56 gme; 0.0136 mole

Productss : Calc. Found
Sine Sne
{2-fluorene~phenyl-methyl }- ' o
methyl sulfide, mercuric chloride . » 4.01 4.01
trimethyl~sulfonium bromide ¢ o o ¢ o 1407 1l.10
2~fluorene~phenyl-methoxy-methane « o 1,95 2,13
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SUMMARY

A mechanlsm has been proposed for the degomposition of sulfonium
selts which explains the hitherto mpeifectly understeod course of re-
-~ sotions between organic sulfides and organic haiides. fhe mechaniam
yesﬁul&tea that, in all such resctions, & sulfonium salt is first
"féde. This can then decompose in one, two or three ways, depending
on vtl_as complexity of the salt, to give halid;es and sulfides, which,in
turn, oan combine to form the same or other sulfonium salts. The ten-
dency is for thatsulfoniwm salt having the smallest organic radicals,
~and consequently the greatest stability, to be the final product of the
reaction.
In the course of this investigation, the i’oliowing new compounds

were prepareds

Namg Formyls m%m
2-f£1uorene~phenyl~bromomethane 0, B, B* 118.5
2-fluorens-ghanyl-chloransthans 0, 01 122

“»flgorene-»;henybioamemne <, 03151 126~7
N af’g‘.’luqrene-phenylﬂe thoxy-me thane CpH 189 923
 gag luerens-phenyl-ethoxy-methane ¢ 223200 8045
2~fluorene~yhenyl-n~propoxy-methans ¢ . 511 g‘.g | 53~4
2~fluorene~phenyl~p~butoxy~methane Gz 41{240 68-9
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(3—fluorane~phenyl-methyl)«»methyl sulfide 0313183 110
-{8~flusrene~phenyl-methyl J~ethyl sulfide 6223208 - 68-70
,(‘z-,-fiuarene-manyl—methyli-—a—propyl sulfide 02332 55 51
’(2-£luorene~phenyl-methyl }-p-butyl sulfide 0243248 8l
sym-d1-2-fluorene~di~phenyl ethanes ¢ oot meso 168

racemic 274-80
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