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STffigQlIIiM GQMPQUBDS

In 1864 Oafel© (1) reported a "new class of sulfur compounds", 
the first of which he obtained by warming diethyl sulfide with ethyl 
iodide in the presence of water. He immediately perceived the anal­
ogy between this type of compound and the salts of amines, and accord­
ingly named them "sulfins". In English, however, they are called

C x  H s I  + C x H s S C - x H s  -------- *  I C x U s ^ b S I

CxHsX + H ----v (CxV-Ŵ  'V-NX

sulfonium compounds in direct analogy to the ammonium compounds.
Oefele also made triethyl sulfonium iodide by distilling an 

alcoholic solution of potassium sulfide with exoess ethyl iodide.
It is apparent that these two methods are practically identical, 
the only difference being that in the latter the diethyl sulfide

KxS + 2.Cx.HsX  £.-jlV\s £ dxHs + 2.

C. x  Vta £s C-x \-\s +• f L ^ V W X  ^ (C- x U r ' t a S X

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 could be detected over
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- 2 -
its warm aqueous solution. He found the salt to he soluble in aloohol 
and chloroform, and insoluble in ether.

In addition to the Iodide, Oefele prepared the nitrate by treating 
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* Prom 
it he easily prepared the sulfate, the oxalate and the ohloride by 
treating, the aqueous solution with the appropriate aoid* He noted that 
all these salts are strongly deliquescent. By treating the chloride 
with platinous chloride, he obtained the double salt, which could be 
preoipitated by the addition of aloohol, was stable in air and other­
wise suitable for analysis*

IlxH5s>j£>CI +"PtCU -► looWNaSfPtCii
Oefele recognized that the sulfonium compounds represent a quadri­

valent form of sulfur, which he believed could be oxidized to hexavalent 
sulfur, since, on treating triethyl sulfonium iodide with iodine, two 
atoms of iodine are added.

U * U i \ » S I  + T x   > I C x t W h S I i

Oefele*s discovery immediately attracted attention, and his results 
ware soon confirmed and amplified by other workers. Oahours (2} (3) (4) 
(5) (6) prepared the corresponding trimethyl sulfonium compounds and 
attempted an extensive investigation into the mechanism of the general 
reaction. In the course of this investigation he brought about the 
reaction of methyl sulfide with methyl ohloride, bromide, and iodide,
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respectively, to obtain the corresponding sulfonium derivatives* He 
prepared the corresponding ethyl, methyl and butyl compounds in an 
analogous manner* He also investigated the reactions of benzyl sulfide 
with methyl iodide and of benzyl bromide with methyl sulfide, as well as 
those which are represented by the following equations. These and the 
previously mentioned reactions were carried out at 1̂00° in sealed tubes* 
The mechanism of these reactions, which Oahours believed is indicated by 
these equations, will be discussed later*

3>Cj.HsSH t H l -------* IC iH s K S I + IH x S

• ICHiSH i H I  » tCHs'WSI tlHxS

■3 (GHsVS + — v 2(C H 3\ 3SBy

2 , t C H a ) x S  +  C H s C b r  » ( . C H a \ s 5 " S y  V  Q / H s C S B rU \\o o
2 ( 0 ^ 5  tB rG N  -------- V t  CHS5CN

CHsSCN t  1CH*I  * iC W b S I \ C N I

' CiHtBr + iCHsUS (CH^s‘b'Br + CtHtOCH* + HxO

'  » U H O t S B r  \ C i H t O H

0. Sholler (7) was the first to Investigate sulfonitaa compounds 
containing an aromatic group. He brought about the reaction between 
benzyl sulfide and methyl iodide. Contrary to his expectations, he 
did not obtain dibenzyl-methyl sulfonium iodide, but benzyl-dimethyl 
sulfonium iodide and trimethyl sulfonium iodide* The reaction was
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carried out in sealed tubes at room temperature and at 100°. In the 
former case, the main produet was bensyl-dlmethyl sulfonium iodide; in 
the latter oase, it was trimethyl sulfonium iodide* Both compounds 
were isolated in the form of their platinio ohloride double salts. His 
explanation of these faots is represented by the following equations;

IC-tHi'kS + fLCH’sl — v ZCtHiI + lOHataS 

(CHc'taS + C i H n I  — ► C t H i S l

C Ha l  + (.C — ► I C H  s b  S I

Shis mechanism will be discussed later also. Kruger (8) and Dehn (t)
(10) obtained results similar to those of Oefele, Scholler and Cahours* 

Most of the work that has been done since on aliphatic sulfonium 
compounds has been largely on the same types of reaction applied to the 
formation of compounds containing other alkyl groups or other anions* 
Orton-Brown and Blaikie (11) prepared trimethyl sulfonium sulfate, sulfite, 
sulfide, oxalate, and dithionate. Ferrer (12) formed xanthates by the 
action of triethyl sulfonium hydroxide and carbon disulfide,

Klinger (13) obtained trlmethyl sulfonium iodide by treating pure 
sulfur with methyl iodide in a sealed tube at 160-190°. Senshaw, Bacon 
and Soblyer (14) obtained $ -hydroxy-ethyl sulfonium compounds by treat­
ing methyl sulfide with $ -lodo-ethyl alcohol. Sttel and Kohlik (15) 
obtained similar compounds. Bennett and Hock (16) (17) studied analogous 
reactions in which the alkyl hydroxyl group was replaced by a halogen 
atom*

Smiles (16) found that o -halogen ketones react with alkyl sulfides
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to form sulfonium salts, and Dellsle }19} prepared dimethyl the tine fey 
the aotion of feromaeetle aoid on dimethyl sulfide#

Monothio- and dlthio-ethylene glycol and triethyl sulfonium hydrox­
ide were prepared fey Qhlohlbafein (20} (21} fey the aotion of hydrogen 
sulfide on ethylene oxide# Davies (22) found that trimethyl sulfonium 
iodide is formed fey the aotion of methyl iodide on methyl poly-sulfides# 
Similar results were obtained fey Steinkopf and Muller (23)#

fhe difficulty in bringing about the reaction of an alkyl sulfide 
with an alkyl iodide has been found to increase with the increasing 
molecular weight of the reactants (24). fhis is especially true in the 
oase of the molecular weight of the halide# Methyl iodide, for example, 
reacts with amyl sulfide much more readily than amyl iodide with methyl- 
amyl sulfide# Hughes and Ingold (25} found that* if nitro-methane is 
used as a solvent, the reaotion takes plaoe readily in both oases#
Smiles (25} found that, fey adding mercuric iodide to a mixture of an 
alkyl sulfide and an alkyl iodide at room temperature, the time for 
complete reaction was reduced from three days to 10-15 minutes# fhe 
sulfonium compound was obtained in the form of its merouri-lodide double 
salt# Hllditoh and ftailes (27} used this method to form dibenzyl-methyi 
sulfonium iodide, which neither Soholler nor Cahours had been able to 
obtain (pages 3,4 }*
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fhe discussion, thus far, has dealt with only those sulfonium 
compounds in which the carbon atoms attached to the sulfur were aliphatic 
in character* All the early attempts to synthesise aromatic sulfonium 
compounds had failed, and the statement was made (28) (29) that aromatic 
sulfonium bases do not exist* However, several general methods of prepara­
tion are now hnownt

1* By the aotion of dimethyl sulfate on aromatic sulfides or this* 
phenols (30) (31)|

2* By the aotion of thionyl chloride on toluene, xylene, phenol, 
dimethyl aniline, etc*, in the presence of aluminium chloride or other 
dehydrating agents (32) (33) (34) (35) (36) (37) (39) (39);

'R

TVS-H \ (CHsVSOe S

+ SOCU

H .  "ko. tl.
o

^  QT*+ V\Cl — -

a
HH. .~Ro o

/ — \

OTv --- ■ Ol*
+ W z O
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3. By the aotion of sulfur dioxide and aluminium chloride on aromatic 
compounds suoh as jtoenolio ethers (40)* A sulflnio acid is formed first* 
Shis then reacts with another molecule of the phenolic ether to form & 
sulfoxide* fhe reaction then proceeds in conformity with the equations 
given in 2*

4* By the action of a sulflnio aoid on an aromatic compound in the 
presence of a dehydrating agent such as H*, SO4. or 3Pz Os- } Equation IV* 

5* By the condensation of an aromatic sulfoxide with ether aromatic 
compounds} Equations II and III*

Sohonberg and Stephenson (41) obtained an aromatic sulfonium com­
pound in an unusual way by treating diphenyl sulfoxide with dijhenyl- 

%sodio-methane*

Hlnsberg (42) (43) reported an Interesting reaction, which occurred on 
treatment of diphenyl sulfide with perchloric acid and water*

o

H .  H o

o- c -
HaI O + <LH -

0
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Be obtained the perchlorate of the sulfonium salt in two forms, whioh, on 
heating, decomposed into diphenyl sulfide and an Iso-diphenyl sulfide re­
spectively* Be attempted to explain the isomerism on the basis of tee 
oenters of valence for the sulfur atom*

fhe existence of isomers of this nature seems very unllfcely from 
stereochemical considerations* In addition, linsberg*s analyses of 
these oompounds are not accurate enough to be conclusive* Some of the 
compounds could not be obtained in a crystalline form, indicating that 
he may not have been -working with pure substances, fhe so-called 
isomers may easily have been compounds of nearly the same percentage 
composition, Whioh had been formed by the vigorous treatment, suoh as 
reaotion with perohlorio acid and high temperature distillation, to 
which the reaction mixture had been subjected*

It was noted previously that, in many instances, sulfonium com­
pounds have been isolated in the form of their double salts with 
platinum or meroury* fhese compounds have themselves attracted a 
considerable amount of Interest and have been thoroughly studied (44).
In addition to those with platinum and mercury, the double salt* with 
gold chloride, silver oyaaide, and zinc, oadmium, silver, antimony, 
bismuth, tin, manganese, iron and copper halides have been studied 
(8) (43} {46} {47} (48} {49} (SO}*
Similar complexes with chloroform, bromoform and iodoform have also 
been studied (51) (52} (S3) (54), and Dobbin and Masson (55) prepared
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sulfonium ohloro-, bromo-, and iodo-chlorlde3, bromides and Iodides,■
In the oase of the latter oompounds, It seems probable that the 

haloform molecule loses a halogen ion with a complete octet of electrons, 
fhe CSX* group then coordinates with the unshared pair of electrons be­
longing to the sulfonium atom, fhis neutralizes the carbon atom, but 
increases the positive charge of the sulfur atom from one to two, das 
to the sharing of its previously free electrons*

©O
© ©  o ©

o c %v\

T s  qOK &X°o•° OO 60

OO O o
T t  % *•

+ V z —

fhe sulfur, therefore, has four oovalenoes and two polar valences as in
the oase of sulfuric acid.

It will be noted that the Ionization of the halogen atom takes place 
more readily in the haloform compound than in the methyl halides because 
of the faot that, in the former oase (1), the two remaining halogen atoms 
oause an electron Shift away from the oarbon atom, making it more positive; 
in the latter case (II), the electron shift is away from the three hydrogen 
atoms, toward the oarbon atdm, making it more negative.

o©

T\ S Ss
© ©

T\

oo
oXt — > T\

o©»

■V -

ozYo o OO
; y : c s H -v- sX
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*  *

t t
1 H

X  TL

In I, the bond between the positive oarbon and the negative halogen 
tends to become polar in character, vfoereas there is no suoh tendency in 
IX* It is probably for this reason that sulfonium salts do not form 
oontplexes with, for example, methyl iodide*
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Soon after the discovery of sulfonium oompounds, the problem of 
the nature of the four* valence bonds of the sulfur atom attracted 
attention* In 1876, Kruger (8) claimed that the reaction of methyl 
eulflde on ethyl Iodide, and of methyl-ethyl sulfide on methyl iodide, 
produced different oompounds.

(CH3)3S + 02H5X —  (OHaJsSCsHgl

(CH3) (O3H5)S + CH3I — * (0H3)4(03H5)flOH3I 1,

Bis work was apparently confirmed by Nasini and Seala (86) and, for a 
time, it was aooepted that the three non-ionizing valences of the sulfur 
atom are not equivalent. However, Klinger and Maas sen (57) (.58) repeated 
this work, obtained identloal products, and pointed out the source of 
error of the previous workers (which we discuss on page 2.U ). Subsequent 
research has upheld the view that the three covalences are equivalent (59)* 

Many attempts were made to bring this view to its logloal conclusion 
by obtaining an optically active sulfonium oompound, the activity of which 
is due to the asymmetry of a central sulfur atom, whose four valence bonds, 
occupied by four different univalent groups, are non-planar* fhe isola­
tion of a compound of this'nature would also prove conclusively that the 
sulfonium compounds are atomic compounds rather than merely molecular addi­
tion products of an organic sulfide with a halide or sulfate.

Due to the instability and apparent ready raoemization of these oom­
pounds, the results were, at first, all negative or ambiguous. Strcm- 
holm (60) had prepared a whole series of unsynmetrioal sulfonium compounds
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la an attempt to obtain one showing the requisite stereoisomerism* He 
examined the sulfonium salts of all of the followingt methyl-ethyl-iso- 
propyl; methyl-ethyl-&-propyl j methyl-ethyl-a-tartyl, methyl-ethyl-iso- 
butyl* methyl-ethyl-seeondary butyl* methyl-ethyl-hexyl; methyl-dinor- 
mal-propyl5 methyl-di-lsobutyl; methyl-isopropyl-isobutyl; methyl-diamyl; 
methyl-ethy1-benzyl; methyl-isopropyl-"benzyl; dimethyl-acetal; methyl- 
ethyl-aoetal; methyl-isopropyl-thetine; methyl-1 sobutyl-thetine • In a© 
oase did he obtain evidence of stereoisomerism, and he concluded that the 
supposedly quadrivalent sulfur atom oan not he similar to oarbon as had 
been suspected* Pope and Peachey (62) prepared methyi-ethyl-the t ine-j|.- 
oamphorsulfonic add but oould not resolve it* Ihey oonoluded that the 
four radioals lie la the same plane as the sulfur atom*

Iiater la 1900, however, Pope and Peachey (61) succeeded In preparing 
methyl-ethyl-thetine platiniohloride and In Isolating the £. and 1 Isomers, 
which owe their rotatory power to the presence of an asymmetric quadri­
valent sulfur atom, and they thus proved that "in compounds of the type SX4,

<UVW C H ^ C O xH

the sulfur atom is truly quadrivalent, and the four groups attached to It 
are, as in the oase of carbon, situated at the apices of a tetrahedron, the 
interior of which is occupied by the sulfur atom**. Similar results were 
obtained by Smiles (63) (64) (18) (65).

ffiie stereochemistry of quadrivalent sulfur was extended to compounds 
having two asymmetric sulfur atoms by Wedekind (66), who isolated a meso 
compound and a raoemic mixture from the reaction of methyl iodide and 
ethylene diethyl-dithio-ether*

C H j

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



U H s - S

- 13 -
CHi

CiHi- S-I TUtEmC
MiXTUTVE

o vAv

CHx.
I I.'form.c r t x
i

CrHs - *b CxHs- 5-1
i JAesoc h 3

fit raoemic mixture mas separated into two optically active forms with 
d-oaraphorsul£onio acid*

Many of tie sulfonium compounds have teen Isolated in tie form of 
tieir metal ialide and ialoform double salts, fils complicating factor 
made it important, especially in view of tie stereooiemioal considerations, 
tiat tie valence of tie sulfur atom in these double salts be definitely 
determined. Eildlteh and Smiles (2?) (67) held tie view that tie sulfur 
in these oompounds is hexavalent, because such a representation gives rise 
to tie simplest structure, and because sulfur is commonly hexavalent.
Smiles (26) presented a considerable amount of ohemloal evidence in favor 
of tils view. He pointed out that trimethyl-sulfonium-merourl-iodide can 
be made in tie three following ways:

It will be noted, however, tiat he assumes tiat tie sulfur in I and 111

halogens to sulfonium halides are not so-called molecular compounds, they
is also quadrivalent. He also observed that if tie addition products of
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mast contain hexavalent sulfur or tervalent iodine, probably the former, 
Since sulfonium sulfates give similar compounds* One might point out 
that Smiles overlooked the fact that reactions II and III would give dif­
ferent molecular compounds hut the same hexavalent compound*

If this view were correct, the stereoisomerism in compounds Of the type

could not he explained hy any of the aoeepted theories of stereochemistry 
srnce a structure similar to the one following, in whioh neither the sulfur 
nor the platinum is asymmetric, would have to he assigned to the compound*

This view falls to differentiate between polar and oo-valenoas.
Oavel and Sugden (68) presented both chemical and physical evidence 

that the sulfur atom is quadrivalent in these oompounds, They observed 
that a sulfonium iodide-mercuric iodide double salt will dissolve silver 
iodide* This can be explained by assuming that ionization takes place as 
followsj

v"— S-Cl .TtCw

T L 5 I  -Hp I *  >■ H . S *  + H g l 3~
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and that the Hglj ion reacts with the iodide ion furnished by the silver 
iodide,

forming the more stable HglI" ion.
fheir measurements of the parachor also indicate that the struoture of 

these complexes is

and not 11 (RgSHglg)* i"
Ray and Adhikary {69} arrived at the same oonolusion after studying the con­
ductivity of salts of this type* Furthermore,a consideration of the elec­
tronic arrangement, to be discussed later, shows suoh a hexavalent structure 
to be impossible.

fhus far we have omitted an important class of oompounds, Whioh, al­
though not generally considered to be of the sulfonium type, have a quad­
rivalent sulfur atom and exhibit properties which make them important in
any discussion of this nature. Those compounds are the sulfoxides and

0 o
sulfinic esters, R-&-R and R-S-O-R,

fheir classical structural formulae do not indicate that there would 
be any possibility ©f stereoisomerism. Yet lenyon, et ai, (70) (71} re­
solved the sulfinic esters,

Hglg f I “— a Hgl £

I (R3S)+ Hglg

0 - S

Cl-U c bi-WC'xH 5

and the sulfoxide,
0= S

/ c h 5

^CtV-UCOOH
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for an explanation of these facts, the structures of these compounds must 
he examined in the light of Lewis’s electronic theory of valence as devel­
oped hy Langmuir (72).

In the formation of the ordinary type of sulfonium compound, previously 
discussed, the sulfide, I., has two pairs of

■R
, 0  00 OO “ °

“R S S S U  t T S U   v ~R oSoT\ %l%0 0 00 OO OO
X u +

unshared electrons, fhe alkyl radical of the organic halide, II, coor­
dinates with one of these pairs* fhe sulfur atom, which in the sulfide 
had heen neutral, thus acquires a positive charge due to the sharing of 
two of its previously free electrons, fhe iodine atom, on the other hand, 
acquires a negative charge because the two electrons, which had previously 
heen 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
dition, as is the sulfur complex. In this type of sulfonium compound, 
therefore, the sulfur atom has a covalency of three holding the three 
univalent alkyl radicals, and a polar valency of one, by means of which 
the iodine atom is bound*

In the case inhere R, R* and RM are different, Pope and Peachey {61} 
and Smiles (64) found that the optical activity is not destroyed when the 
compound is in solution and ionized, fhis fact indicates conclusively 
that the groups a, Bf and R", occupying three corners of the tetra-hedral 
sulfur atom, retain their relative positions even though the fourth comer 
is occupied only by electrons. In other words, a pair of electrons can 
contribute just as much as an atom or radical to the asymmetry of the 

central sulfur atom*
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Extending tills reasoning to the sulfoxides and sulfinatea, the cause 
of their stereoisomerism Immediately becomes apparent. iShen a dialhyl sul­
fide is oxidized, the neutral oxygen atomf, haring only six electrons in 
its outer shell, eoordinates with one of the free pairs of electrons of

the sulfur atom, fhe ootet of the oxygen atom is thus oompleted, but it 
now has an excess of one electronic charge above that necessary to neutral*, 
ize its nuclear charge, fherefore, it is negatively charged, fhe previously 
neutral sulfur atom, on the other hand, has lost the equivalent of one elec­
tron neoessary to completely balance its nuclear charge, and is, therefore, 
positively charged.

fhus, it is evident that, When R and R* are different, the same ar­
rangement exists as in the oase of the previously discussed optically
aotive sulfonium ion, and the reason for its activity is explained.

'

OO
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It will be noted, however, that In the oase of the sulfoxides and 
sulflnio esters, the oxygen is hound to the sulfur ate® by both a oo- 
valenoe and a polar valence* Shis is Known as a semi-polar double bond* 
It is represented by either an arrow showing the direction of transfer of

JGshrmann, et al, (73) (74) reported a series of oompounds whioh ap­
parently contain a semi-polar double bond between oarbon and sulfur* How­
ever, they used the olassioal system of notation and apparently did not 
recognise the possibility of this fact* They obtained the first of this 
series by treating thiodiphenylamdne with methyl sulfate, and obtained I*, 
which, by means of alkali, they transformed into the odorless base, IX* 
Shis was easily dehydrated, yielding III, an Intensely yellow, unstable 
substance which can be transformed with oarbon dioxide into the colorless 
carbonate, IV* fhe corresponding naphthalene derivatives behave in an 
analogous manner, V and VI.

an electronic charge or by plus and minus slgnst

R

' \ S/ \ X  
' \C.H5 SC4-c-H3

33L1. IE.

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



It will be noted that the presence of a nitrogen atom is a complicating 
faster, since there may be a bond between it and the sulfur atom* However, 
the intense color of III and IV indicates that a. qulnoid struoturo* as re­
presented, is very likely. ; ; -

Ingold and Jessop (76) have also reported the oaae of a saml-polar 
doable bond between carbon and sulfur. They treated 9-broaofluorene with 
methyl sulfide in nltromê thane solution, and obtained 9-fluorene-dimethyl- 
aulfonluffl bromide.

Tjt
^  CUv 3-C H 3

H
+lcvVbVs > ^  M

Upon treating this oompoimd with dilute alkali, they obtained dimethyl-* 
sulfonium-9-fluorenylidide, which precipitated from the aqueous solution

i +c.HvS"CH* cWj.s-c.rt3
^  ?• ^  ^  0.H

+ K.0H •— ► \ /---< / +• VCBr 4 V\*0

as bright yellow leaflets. These were very unstable, however, and oould 
not be kept, even in a vacuum, for more than a few hoars. The authors were 
able to obtain an analysis, however, Which corresponded with the proposed 
formula. The molecular weight was determined oryosoopioally in benzene by 
plotting the changing apparent molecular weight of the decomposing substance 
against time, and extrapolating to zero time. This determination also check­
ed with the proposed formula, indicating that the authors had probably been
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successful In obtaining a compound containing a semi-polar double bond 
between carbon and sulfur* We attempted to repeat this work but found that 
the semi-polar compound decomposed before we oould remove it from the re- 
aotion vessel*

Hughes and Kuriyan (76) continued this work* Instead of using fluorene 
itself as a starting point, they used 2-ni trofluorene and 2-7-dinitrof luorene, 
and then went through the same series of reactions that Ingold and Jessop 
had attempted* fhey found that the semi-polar compound made from mono-nitro- 
fluorene showed an increase in stability, though still unstable, and that 
the compound prepared from dinitrofluorene was relatively stable* fhey ob­
tained the latter in the form of red, dlohromate-like crystals, suitable 
for analysis* they were able to reoonvert it to its several sulfonlum salts*

Although this chemical evidence indicated that a compound containing a 
semi-polar double bond between carbon and sulfur has been prepared, it is 
desirable, in order to prove this beyond a doubt, to obtain an optically 
active compound in which the activity would be due to a carbon at can, having 
two of its valence bonds occupied by different univalent radioals, the 
third by the sulfur covalence and the fourth by the polar valence with the 
quadrivalent sulfur atom*

■R----- 5 ---

-R"-C  R '

fhe resolution of such a compound would definitely prove the existence 
of a semi-polar double bond between carbon and sulfur* fhis was the object 
of our research*
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In the present work 3-flcrene-phenyl-bromamethane was selected as the 
starting substance because it has the required asymmetry and beoause its 
bromine atom was thought to be very active* In addition, since 2-fluorene- 
phenyl nitromethane is more stable than 9-nltrofluorene, (77) it was hoped 
that the corresponding sulfonium derivative might also show the same in­
crease in stability*

Due to the success Which Ingold and Jessop {?§} had with the use of 
nitromethane as a solvent In preparing sulfonium compounds, their method 
was tried first* 2-fluorene-phenyl-bromomethane was dissolved in nitro­
methane and treated with an excess of methyl sulfide* At room temperature 
little or no reaction took place even on standing several days* fhe same 
reaction was therefore tried at higher temperatures using a sealed tube 
to prevent loss of the highly volatile dimethyl sulfide* fwo runs were 
made at 100° 0., and in each case trimethyl-sulfonium bromide was one of 
the products* three other products were obtained in the first run and 
one (V) in the second* Of these, only one sontalned sulfur,as will be 
noted in fable I*

In view of the number of compounds obtained and the inconsistency 
of the results, it seemed probable that the nitromethane had entered the 
reaction in some way, probably as a methylatlng agent since none of the 
compounds were found to contain nitrogen*

In an attempt to explain the formation of the trimethyl-sulfonium 
bromide, it was assumed that the desired sulfonium compound, 711, had 
been formed and had immediately decomposed into 71 and methyl bromide* 
fhe methyl bromide must then have reaoted with the excess dimethyl
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sulfide, forming trimethyl-sulf onium bromide.

fable I*
Opd. # —  m.p*d — Sulfur — Halogen — nitrogen
I. 225-35 lone Hone Hone
II* 178 Positive Positive Hone
III. 248-50 Hone 24.02̂ Hone
IV. 88-90 M m Hone Hone
V. 105 hone Hone Hone

A.

*- Identified 

(0H3)̂ Br

CV\»>£> C'nb

CM* f CV\i'S)V'

Lc TJ> v*

If this were the ease, VI must have reacted further with nitromethane to 
give I, III, IV, and V*

It was considered advisable, therefore, to try the same reaction in 
the absence of nitromethane. fhe feast ion was fun in a sealed tube at 
100° 0 as before, and two compounds were isolated* One was trimethyl- 
sulfonium bromide, and the other was a compound melting at 109*5° 0* 
fhis was proved by analysis to be the sulfide, VI, as predicted by the 
proposed mechanism.

Since, aooordlng to this new mechanism, the sulfonium compound must
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have another molecule of dimethyl sulfide with which to reaot in order to 
foxm trimethyl-sulfonium bromide, this suggested a method of testing the 
feasability of the meohanlsm. A run was made using 2-fluorene-jtoenyl- 
bromomethane and dlmethylsulfide in equimolar quantities* A sealed tube 
at 100 p 0# was employed as before. Contrary to.our expectations, the 
same two compounds were obtained as when the dimethyl sulfide was used in 
exoess, and exactly one half of the starting quantity of the bromide was 
isolated unchanged* It is very likely, therefore, that there is an equi- 
librulm set up between the sulfonium compound on the one hand, and the 
bromide-sulfide mixture on the other, in which there is always enough

sulfide present to react with the methyl bromide formed when Til de­
composes as shown in equation B. fhe final results indicate that;
(11 reaction A is certainly reversible; (2} there is probably very little 
of the complex sulfonim compound, 711, present at any time*

In order to test this mechanism further, and to determine whether or 
not reaction B is reversible, the {2-fluorene-phenyl-aethyl|-aethyl sulfide 
71, was treated with methyl iodide at room temperature and at 100® 0. in 
sealed tubes. In both oases t rime thyl-sulf onium iodide was one of the 
products formed, but the anticipated 2-fluorene-jhenyl-iodomethane, IX, 
oould not be isolated. Instead, an hydrocarbon melting at 165° 0. was

+ Lch-̂ xS

H u
A

3 m

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



- u  -
found. She failure to isolate the expected iodide was not surprising sine# 
previous attempts to make it by ordinary methods had failed due to its in­
stability. 2~fluorene-phenyl-bromomethane is very active, and the corres­
ponding iodo-oompound should show an even greater activity*

Sue to the fact,that a considerable quantity of iodine was found in 
the reaction mixture, it seemed probable that sym-di-2-fluorene-diphenyl 
ethane, 7111 had been formed with the liberation of iodine. To test this 
possibility an ethereal solution of 2-fluorene-phenyl-broia<»ethane was 
treated with sodium in the Wurtz-Fittig reaction. A compound was isolated 
from the reaction mixture whioh proved to be identical with VIII according 
to its melting point and mixed melting point.

In order to investigate the proposed reaction mechanism further, (2- 
fluorene-phenyl-methyl)-methyl sulfide was treated with excess ethyl iodide 
liia sealed tube at 100 0 0. Methyl-diethyl-sulfonium iodide again was iso­
lated from the reaction mixture, but no other prcduot could be obtained 
pure due to the large quantity of iodine present.

It is apparent, from this series of reactions, that reaction. B as..
' *

well as reaction A must be reversible. The oomplex sulfonium salt, .there­
fore, is probably formed in small quantities. Segardless of the direction
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from which it is approached, it immediately decomposes in two directions, 
and the final products are those whioh are most stable at the temperature 
employed* A diagram of the whole mechanism may he represented as follows, 
with the reaction starting at either A or B*

A

B.

fhe decomposition products of sulfonium compounds had been noted at 
an early date* Klinger and Maassen (58), in their proof of the equivalency 
of the valence bonds of the sulfur atom, had noted that methyl-ethyl sulfide 
could react with ethyl iodide to give methyl iodide and ethyl sulfide*

C x H s l  + C H s S C a - U  >■ C H 3I  + l C fcH « k 5

In the light of our proposed mechanism, this apparently improbable re­
action is easily explained by the intermediate formation of methyl- 
diethyl sulfide and its subsequent decomposition into methyl iodide and 

diethyl sulfide*

H

TV—  C— 1\*I

H
■ R - C - K  +

(CHjaS

5
c h 3

H
T V — C — R a

I
C H * — S —  C H ci
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It will fee noted that the methyl iodide oan then react with the methyl- 
ethyl sulfide, forming dimethyl-ethyl-sulfonium iodide, whioh, in turn, 
oan decompose into dimethyl sulfide and ethyl iodide* fhe dimethyl sulfide 
can then reaot with the methyl iodide to form trimethyl-sulfonium iodide.
In addition, ethyl iodide oan reaot with diethyl sulfide to give trlethyl- 
sulfonlum iodide* Xn this way, four different sulfonium oompounds oan he 
formed from the two simple starting substances* fhis undoubtedly accounts 
for much of the early confusion as to the nature of the sulfonium salts 
{§) (56).

Sohollar (7), as previously mentioned (page 3 }, studied the re­
action of benzyl sulfide with methyl iodide and proposed the most widely 
accepted mechanism for the formation of the decomposition products of a 
complex sulfonium salts* From the reaotion of methyl iodide with benzyl 
sulfide at room temperature and at 100° j He obtained,in eaoh oase.trl-
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methyl-sulfonium iodide, dimethyl-"benzyl sulfonium iodide and benzyl 
iodide* fhe mechanism whioh he proposed for the reaction is as followst

4 CH I + 2 (C H ) S --- > 4 C_H_I + 2 (CHJ„S3 ? 7 2 7 7 ' 3 2
(c h3)8s +  o 7h?i ----*. o 7h7(c h3)2si
(CH3)28 + CH3I  v (CH3)3SI__________________

add; 5 CH3I + 2 (C7H7)2S --► 3 C7H7I + C7H7(CH3)2SI + (CH3)38I

It is very unlikely that there would be a direct interchange of sulfur and 
iodine between the benzyl sulfide and the methyl iodide as he proposes* It 
seems much more probable, because of this, and because of the thermal in­
stability of the higher sulfonium compounds, whioh is demonstrated by tide 
faot that the dimethyl-benzyl-sulfonium iodide was formed in much larger 
quantities at room temperature than at 100°, that the methyl-dibenzyl-sul- 
fonium iodide was formed first and then immediately decomposed as shown, in 
conformity with the new mechanism whioh we have proposed#

2 CH3I + 2 (G7H7)2S  > 2 (C7H7)2CH3SI
2 (C7H7)3CH33I----► 2 C7H7SCH3 + 2 C?H7I
2 C7H7SCH3 + 2 CH3I  v 2 (CH3)2C7H7SI
(ch3)2c 7h7s i *— ► c7h7i + (ch3)2s
(CH3)2S +■ CHSI  v (CH3)3SI

add; 5 CH3I + 2 (C7H7)2S —  ̂3 C7H?I + C7H7(CH3)2SI + (CH3)3SI
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According to the concept of the reversibility of these reactions which 
we have introduced, the final products would have been the same if Scholler 
had started with the proper quantities of benzyl iodide and dimethyl sulfide* 
She equilibrium is always displaoed in the direction whioh favors the forma­
tion of the most stable compounds. In the case of the sulfonium compounds 
(73), the most stable are the ones having the smallest groups*

Cahours’ (2) (3) (4) (5) (6) studies of the reactions of many organic 
iodides with sulfides led him to propose a reaction mechanism, which is 
largely a series of chemical equations showing the reactants and the prod­
ucts. He represents the reaction of benzyl sulfide with methyl iodide as 
follows*

He evidently failed to isolate the dimethyl-benayl-sulfonium iodide which 
Scholler had noted. He probably allowed the reaotion to proceed for too 
long a time at the temperature employed, 100% thus favoring the decomposi­
tion of the higher sulfonium salt and the formation of trimethyl-sulfonium 
iodide. Our mechanism for this reaction has already been discussed*

Oahours also studied the reaction of benzyl bromide on dimethyl sul­
fide, which he represented as follows*

this reaction can he explained by the new mechanism as indicated below*

(97H7}38 * 3 CH3I  V (0H3)38I + 2 0 ^ 1

C?H7Br + 2 (CH3)2S  ► (GH^SBr * C ^ S O H g

C7H7Br + 2 (CH3)2S
CUHLSCEj + CH~Br —

(CH3)3SBr
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fhe failure of the benzyl "bromide to reaot farther with the rasthyl- 

benzyl sulfide is undoubtedly due to the fact that it reacts preferentially 
With the simpler alkyl sulfide*

We believe that all of the following reactions Whioh Cahours studied 
can he explained more simply and logically by our mechanism* His repre­
sentation, A, is followed immediately in each oase by ours, B*

A- 3 + HI —> [ lixUsN̂ SI +2 HiS
H

2S. -X C-T.\-\s +ZHT-+ Z <v*Hs- $ R KL-kWsI 4 7 .
I

d-x. \-\s Z H t C. a. I—\ s X —  ̂ (. C-x. VAŝ n. S — v L £-». + \r\ X
'I

.4 c^ srl -4> [ĈM<AxSI___________________

a i d :  5  £ *  H s - S ,  H  4  3 y V A l — ► [ X x f A  s ^ S I  + 7 .  V \ i  SX

A. I3l ( L 4 z-x V\ ■*.”£> v-v— * "7. c 4 £.-x i-\-x s>
c W-b,

2 b. 4 Xsv cVA - C W£>y— ± C.W\ s c.VA-cvA'Bv
cWn,

 > C \rA"3> S C H — C VKXsir 4r£.HV&r
— > CvW-S-CV-\

~  ^ \ u .1

d i - W - S - C L  H  — *  c v - \ - c H  4  ^ vA 3 ~ & v
^ \ II Zbr C H

JlCH>.Na£— 4X(*l V*

aXX- . 3( / l 4 ĈAXlbv'-j.—v Tic H3\̂ £T?b* 4- d_-xV4.-x̂»
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■v ( . C V \ a N i  V1 -V C  H i  C  S  C .  V H  

c * V b  o
I //

o
lEi. (CVAi\xS> + dVHC.’Sbv' 

c-H} o
■> C  H l j l ^ Y 1 +  C l r \ l S  C - C  H

o
C  Y H  S  —  c  —  C  V H - - - - - - - V  C

C v W ^ n  f Lcv\i\x^)— * Ccv\i^i S ' b v ______________
/ / °  /? 

a d d : '  2 .  ( - C  - f  C H i - C - J r S V - - - - - - - - V ( .C  V V i ^ S l b Y 1 ^  C \ t a S C - C H i

A. AkiHiHS + C H 5 C K

1 A  ( x U a k S  ■+  V  C  H i  S  C V \ l

j^ r  C  N.
6N

C H i k ' C  H h  4 ^  X H v & t '  - + C H i S C H

C H i X > r  - k c H i k s — »  k H i H S b f _______________________

a c L d . ;  A A i y h V s  +3srC\l > ( C U k i S ^  +  C H i S C R

k. C K i S C H  + 2 c H i I — *  C C U k ^ I  t  C H I
l b .  C H i S c M  + CH£L — ► c H ^ i c Hx

(cv&7>z>'cti — >* c H i H e v H + c K i  vr

C H S C H  -\-CHsI— W C f \ i H S l

<±d_i; CHb^CK + I C H 1X— > knk*£l k H I
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Klinger (13), while working with trithloaoetaldehyda, noted the fol­

lowing reaction, which is also easily explained on the hasis of onr theoryt
X

A- l 'A*— Lw — £.

I \u -cvb  V icvH l— » 'W c ^ + fC 'A ^ S l
CHv— c. H— $/ L^t,—  CH £,

±.

dh. dl-ta-CU-S £ v V i -d H - S
' v \ \
5  CVA-CN\*2, 4-CHiI —> CHv^'I dU'CVV*,

, [ 1 1 /£ Hv — C V\'—S

CUi-C-W- S <LVA*-£v4-S
' \ \ \

> CH^S CH‘ dvU

, ' J 1 (L Hv- L H S C U l -  C H ' S

C.H*- CH~£ C.W3 - d H ~ S
1 \ I \

cH*-£  C.U-CV*  * ( C R ^ I  CHC.H3

CK^- Cv4 - S  cvb — CVt— S
I  i

C H a - C H - X  C  H i —<L —. s1 \ \
/ d H ^ S I  CH-CHi  ---------  ̂ C H - C H i

C H a - ^ M - s '  C H i - C U - s '  + (cH^
1  i

(.C H s ' V S  -t- V 4  3I  — v  l C v A . - i \ i $ I
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a d d :  C H i  C H - S  flHa— C M — 5

I '  N.£ CH- crti + 3CHsI ► CH-CHtWCHikSI
I / /

CHs —  cH- 5 CHs— CH— Si
I

Eeyohler (79), working with trithioformaldehyde, obtained similar results* 
Orum-Brown and Blaiki© (11) closely studied the slow, spontaneous 

decomposition of a series of sulfonium salts* He found the decomposition 
to talcs place as would have "been predicted by our mechanism*

(cvUYi S 0  0 0

X S ^  Lc^ \ S  v ^
I c h ^ s s 7  o c n >  s 7

lC(4a\3  £S0 5 tC V & »  i* LlAx\x% + IC K^lsS'SOsCH's 
o o

(CHhWS ' -̂VVb
''c-t.Ou. y 2. V ^CxOh-

l C S CH3

[(cvW\sSix Sa.O(*— *Hx0 r̂S0 x + [CH*US + (.u-V̂ *SSOh.GH 
tCHsVs

S  - - - - - - - ► Z>  I c i r A ^ x S

In studying optically active sulfonium derivatives, it has been found 
that the ready raoemizatlon of the merouri-iodldes depends on a reversible 
decomposition of the ions (80)*
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/ChHsCCHiu 0
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C H3 
CxHs

JZ

/
CtH sC C FU(i 0

+ I' H  d 11

0
/L CLHs C CHi.SCrt3 V C-xHsI

It has not been previously noted, however, that the sulfonium compound can 
decompose in more than one way*

fhe thermal decomposition of sulfonium hydroxides has teen found hy 
Ingold, Jessop, ifioriyan, Mandour, et al, (25) (80} (81 } (82) to take place 
In three ways, all irreversible#

C-Ha. -  i.\ KCtt»CHx+C^SCxHs+UxO

■ \ C t k - C V U —  S -  O H

dHa- CWi

x M \ C H a . C H u S C . H i - t - C t t x - C H - x + H x O

3.YK CrtxCHibUHs Cv\3,cm

Similar results were obtained by Brown, feuffert and Weissbach (83J# 
fhis oan also be explained by our theory# fhe sulfonium hydroxide 

decomposes in three ways instead of two, as in the case of compounds pre­
viously described, because the three radicals attached to the sulfur atom 
are different# fhe alcohols first formed in 1 and 2 are dehydrated at the 

CV\h ^  W Ctt-sSCxHs t “RCHvCKaOH— 4-KCV\*C\(x^ V\xO

- v  X ^ " R C V \ x C . V \ x S C V \ ’ ) - V C W i C H i  O H  C H x - C H x  \ H x O"RCHvCrtx S O H ; /
C.H1CH3.
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temperature employed, yielding defines.
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la the oourse of this investigation, several new derivatives of 
phenyl-2-f luorene-me thane were prepared*

Fluorene was first obtained from the ooal tar fraction distilling at 
800-340° by Berthelot (84 J« It showed a very pronounced fluorescence* and, 
for this reason, he gave it the name, "fluorene*’, Pro® the heavy tar oils 
from which naphthalene and anthracene had been separated, Barbler (85) (86) 
obtained appreciable amounts of the hydrocarbon in a very pure state, melt­
ing at 113°, He further showed that Its composition is represented by the 
formula, 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 
a finely crystalline condition by sublimation,

She melting point of fluorene has been given by most workers as 113°« 
Others have given 113-114°{88)j 113,5-114,5®(88)j 114,2°(90)| 113-114.5°(91). 
Its boiling point is given variously as 305°{9Z); 290-292 298° (90), fluor­
ene is readily soluble In ether, carbon disulfide, benzene and hot alcohol* 
moderately soluble in ohlorofora and glacial acetic acid, and sparingly solu­
ble in cold alcohol.

fhe constitution of fluorene was determined at quite an early date, 
Fittig (88) and Sraebe (93) obtained dlphenylene ketone from the calcium 
salt of 2-2*-oarboxy diphenyl, and reduced it to fluorene by distillation 
with zinc dust. Barbler, Flttig and Schmitz (92) (94) obtained the same 
compound by oxidizing dipherylene methane, and the former established the
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identity of diphenylene methane with, the fluorene which Berthelot had ob­
tained from ooal tar*

It is immediately evident that, if this structure is correot, the 
negative character of the two phenylene groups should males the hydrogen 
attached to the methylene carbon (the 9 position) unusually active, similar 
to the activity of the hydrogen atoms in malonic ester* Shis observation 
is confirmed, since most of the reactions of fluorene Involve the 9 position, 
and consequently the 9 derivatives have been most fully Investigated.

fhe parent substance of the fluorene compounds used in this investiga­
tion is 2-fluorene-phenyl ketone. This has previously been prepared both by 
the action of benzoyl chloride on fluorene, and of fluorene-2-oarboacy 
chloride on benzene* In both cases the reaction takes place at room temper­
ature in carbon disulfide solution, in the presence of anhydrous aluminium 
Chloride (95).

Is found, however, that, by using Barrier’s modification of the Friedel- 
Craft reaction, (96) the time required for the preparation was considera­
bly reduced, and the product was muoh easier to purify.

cH*
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ISia 2-b©nzoyl fluorene forms a phenyl hydrazone and oxime, and Is 
reduced to 2-benzyl fluorene by distillation with zinc dust (95).

2-fluorene-phenyl carbinol has been prepared in this laboratory by 
the reduction of the ketone with zinc and potassium hydroxide {97}* lb 
have found that the reduction can be accomplished as well with zinc and 
ammonia. In both cases, an alcoholic solution was used. From 2-fluorene- 
phenyl carbinol, 2-fluorene-phenyl-chlorc, bromo, and iodo methane should 
be obtainable by treatment with the corresponding phosphorus halide* One 
Would expect these halogen derivatives to be more active than the corres­
ponding 9-halogen fluorene, since the combined negative effect of the 
fluorene and phenyl groups in the former should be greater than that of the 
two phenylene groups in the latter.

We first attempted to make 2-fluorene-pheny1-bromomethane by the action 
of phosphorus trlbroralde on 2-f luorene -phenyl carbinol# A compound was ob­
tained, which was found to melt at 84.5°. Shis was placed in a 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 ohloride from the carbinol 
and corresponding phosphorus halide were unsuccessful, and it was believed 
that the bromide and chloride were so active and unstable that they only 
©ould exist for a very shirt time and under special conditions, if, indeed, 
they could exist at all#

However, an attempt was made to prepare the bromide by treating 2- 
fluorene-phenyl carbinol, in glacial acetic acid, with gaseous hydrogen 
bromide. A compound was precipitated, whioh, on being freed from the hy­

drogen bromide and glaeial 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-brcporaethane. fhe corresponding chloride was 
obtained in a similar maimer, and was found to melt at 120-121°.

An attempt was made to prepare the iodide by treating the bromide 
with potassium iodide in ether and in acetone solutions. In each case, 
the solution darkened with free iodine, and only a halogen-free compound 
melting at 284-5°could be isolated, fhe same reactants were intimately 
mixed without a solvent at room temperature and at 90°. In both oases 
free iodine was liberated, and no compound could be isolated in a pure 
state*

finally, the bromide was dissolved in methyl iodide and allowed to 
stand, proteoted from moisture with a calcium chloride tube. It was hoped 
that an equilibrium would be set up with an Interchange of bromine and 
iodine between the methyl group and the 2-fluorene-pheny 1-methyl group, 
and that the methyl bromide would tend to esoape as fast as formed, since 
it is a gas at room temperature. After a few days, a precipitate had 
formed in the tube, fhis was filtered off and found to melt at 126-127% 
Analysis proved it to be the required iodide#

2-fluorene-phenyl-ehloro-, bromo-, and lodomethanes were found to 
be very active, the activity being in the order of the increasing atomi© 
weight of the halogen atom as anticipated, fhese compounds react with 
water, alcohols, and mereaptans with the elimination of hydrogen bromide# 
With miter, the original 2-fluorene-phenyl carbinol is formed. With aloo- 
hols, ethers are obtained, and with mereaptans, thloethers.

fhe iodide is so active that it is difficult to use. fhe bromide is 
more active than the chloride, but not as unstable as the Iodide, fhe bro-
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mlde was therefore used in. the preparation of other derivatives#
On 'boiling a saturated solution of the bromide in methyl aloohol 

and then cooling, 2-fluorane-phenyl-methosymethane separates out as white 
shining plates, melting at 92-93°* It is slightly soluble in methyl and 
ethyl alcohols, soluble in ether, benzene, chloroform, acetone, and warn 
glacial acetic acid* On oxidation with potassium dichrornate in glacial 
acetic acid solution, 2-benzoyl fluorenone was formed, m* p# 175-177a. 
fhis compound had been previously reported by Fortner (99) (100)#

By heating 2-fluorene-phenyl carbinol with ethyl, n-propyl and nor­
mal butyl alcohols respectively, 2-f luorene-phenyl-ethoxyme thane, m. p* 
80.5°; 2-fluorene-phenyl-n-propoxymethane, m. p« 53-54°} and 2-fluorene- 
phenyl-butoxyaethane, m. p* 68-69°, were formed# These compounds are all 
white crystalline substances and have very similar properties* fhey are 
all slightly soluble in methyl and ethyl alcohols, soluble in ether, ben­
zene, chloroform, acetone and warm glacial acetic acid# It will be noted 
that these ethers show a lowering in their melting points with increasing 
molecular weights, with a minimum in the propyl derivative* fhe butyl 
derivative shows an increase in melting point, and all the higher homo- 
logues of this series would probably show a steady increase. An attempt 
was made to obtain the amyl ether in the same manner, but the compound 
formed could not be crystallized#

fhe sulfides corresponding to the ethers were obtained in two ways# 
fhe methyl thioether, or (2-fluorene-phenyl-methyl)-methyl sulfide, was 
Obtained by treating 2-fluorene-phenyl-brcmomethane with methyl sulfide 
in sealed tubes at room temperature and at 100°, as previously described
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(page XI )• It was found to melt at 110°.
This and the other thioethers In this series have properties very 

similar to those of the corresponding oxysthers. They are slightly solu­
ble in methyl and ethyl alcohols, soluble in ether, benzene, chloroform 
and acetone*

The next member of this homologous series, 2-fluorene-phenyl-methyl- 
ethyl sulfide, was prepared by the action of ethyl meroaptan and of sodium 
ethyl-thiolate on 2-fluorene-phenyl-bromomethane under reflux* The former 
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 fluorene nucleus also* The melting point of the compound is 68-70*•

Fluorena-2-phenyl-methyl-jg.-pr opyl sulfide Was prepared by treating 
2-fluorene-phenyl-bromomethane with &-propyl meroaptan at room temperature* 
The reaction is vigorous. Heat is evolved, hydrogen bromide escapes 
rapidly, and the reaction mixture becomes a bright red* On heating to com­
plete the reaction, the color disappears when no more hydrogen bromide is 
evolved. This phenomenon may be due to the intermediate formation of a 
complex sulfonium salt which is destroyed by heat, or to a color reaction 
of the fluorene nucleus in the presence of strong acids. It had been ob­
served previously that strong acids cause most fluorene derivatives to 
develop a red color. The melting point of the fluorene-2-phenyl-methyl- 
ĵ -propyl sulfide is 51°.

Fluorena-2-phenyl-methyl-ji-butyl sulfide was prepared in an analo­
gous manner from 2-fluorene-phenyl-bromomethane and &-butyl meroaptan.

;
The reaction showed a similar violence and development and disappearance 
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 increase in the melting points, with a minimum at the 
propyl derivative. %is was also pointed out in the case of the corres­
ponding oxyethers*
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Fluorenone. M s  compound was prepared aocording to the method of 

Huntress, Hershberg, and Oliff (101) by oxidizing fluorene with sodium 
diohromate#

One hundred grams of unrecrystallized fluorene was placed in a one 
liter three neck flask equipped with a meohanioal stirrer, reflux oon- 
denser and dropping funnel# Two hundred oo* of glacial aoetio acid was 
added and the mixture brought to a gentle boil# By means of the dropping 
funnel, a warm solution of 300 grams of sodium diohromate in a mixture of 
400 co# of glacial acetic acid and 100 co. of water was added in a steady 
stream# The reaotion mixture was then refluxed for 2$- hours, poured into 
two liters of ice water, allowed to stand for two hours, and then filtered 
through a Buchner funnel# The product was washed with water containing 
enough sulfuric aoid to prerent hydrolysis of the chromium salts, and then 
with pure water#

The bright yellow product was air dried on the filter, placed in a 
vacuum distillation apparatus, and distilled under reduced pressure# The 
distillation was stopped when the clear yellow distillate acquired am orange 
tinge*

Hie distillate was dissolved in that number of oo. of benzene numeric­
ally equal to its weight in grams. To the warn solution was added twice 
the benzene volume of petroleum ether in such a 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 fluorenone 
had separated. These were filtered with suction, washed with a 
quantity of petroleum ether and dried on the filter. Yield 58$. M. P. 83%

9-fluorenvl alcohol. This compound was obtained from fluorenone ac­
cording to the method of Warner and Grab (102).

Twenty grams of fluorenone in 50 cc. of 95$ ethyl alcohol was mixed 
with 500 cc. concentrated ammonia (sp. gr. 0.9) and with 30 grams of zinc 
dust in a one liter three necked flask equipped with a mechanical mercury 
seal stirrer, a reflux condenser and a gas inlet tube leading to the bottom 
of the vessel. The reaction mixture was refluxed for approximately 2§- 
hours while passing in gaseous ammonia from a Dewar flask of liquid ammonia.

The warm solution was filtered from the zino and allowed to cool in a 
crystallizing dish. The product, which separated as a jelly-like mat of 
White needles, was filtered with suction, washed with a small amount of al- 
cohol and dried on the filter. M. P. 158°, Which is the same as given by 
Werner and Grab.

9-fluorenvl bromide. The product obtained in the previous reaction was 
used without further purification. The alcohol was dissolved in the minimum 
amount of cold glacial acetic acid in a beaker. Hydrogen bromide, generated 
from moist red phosphorus and bromine (103), was led into the solution for 
from five to six hours with stirring. A small amount of White phosphorus 
in the hydrogen bromide generating flask might be used to initiate the re­
action. During this process the white needle-like crystals of the bromide 
precipitated slowly, and the mixture became warm.

After standing overnight, the crystals were filtered from the fuming
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acid mixture and recrystallized from ligroin (boiling from 40-60° )• After 
being filtered with suction and dried on the filter, the product was ob­
tained as a cotton-like mass of long white needles* Melting point 104°,which 
corresponds to the melting point given in the literature. Yield 36$ based 
on fluorenone*

Fluorenyl-9-dimeth.vl-sulfonium bromide* This compound was prepared 
according to the method of Ingold and Jessop (75) using nitromethane as 
the solvent (104)* Instead of dissolving the 9-bromefluorene in nitro­
methane and then adding methyl sulfide as Ingold and Jessop recommend, it 
was found that the reaction proceeded muoh more rapidly and with the use 
of less nitromethane if the following prooeedure were used*

A few grams of the 9-bromofluorene was first dissolved in excess 
cooled methyl sulfide. Solution takes place very rapidly* Cold nitro­
methane was then added slowly until the first crystals of fluorenyl-9- 
dimethyl sulf oni urn bromide appear* The white granular crystals thereupon 
form rapidly and almost quantitatively* These were filtered with suction 
and washed with a small amount of ethyl ether. Melting point 133° with 
decomposition. Melting point given by Ingold, 133° *

It was noticed that the compound turned pink on exposure to light, 
with a lowering of the melting point. It was therefore exposed to sub­
dued light only and stored in suitably protected bottles*

br<?mid&. An attempt was made to prepare
.this compound using the same method as that used for fluorenyl-9-dimethyl 

sulfonium bromide* Ho reaction took place, however* The reactants were 
then mixed with nitromethane as before, placed in a sealed tube, and 
heated at 100° for eight hours* The mixture was removed from the tubs, 
the liquid evaporated, and the residue extracted with ether* The ether
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solution was evaporated, yielding a few long, shining colorless needles of 
the original bromide, and a reddish amorphous substanoe whioh oould not be 
identified,

Bimethvl-aulf onium-9-f luorenylidlde (75). One gram of fluorenyl-9- 
dimethyl-sulfonlum bromide was treated with eonoentrated aqueous ammonia,
A light tan precipitate formed immediately* this was filtered off and washed 
with water, alcohol and ether* The compound quiokly turned to a dark red
solid on the filter. Melting point 110-113°.

.
Dilute ammonia and dilute sodium hydroxide were substituted for the con­

centrated ammonia in additional trials at room temperature and at 0° • In 
each case a precipitate of shining yellow leaflets formed immediately and 
quickly turned to a dark red. In most oases the change occurred before the 
semi-polar compound could be removed from the reaction vessel. Inasmuch as 
Ingold and Jessop also found that the semi-polar compound is very unstable* 
no further variations in technique were tried. Instead, it was decided to 
try the same reaction with other and, possibly, more stable sulfonlnm com­
pounds*

Sthyl sulfide (105) (106). One half liter of absolute alcohol was 
gradually added with stirring, over a period of one hour, to a mixture of 
290 oc. of fuming and 250 cc. of concentrated sulfuric acid contained in 
a 1*5 or 2 liter flask. During the addition, the mixture was kept cool 
at all times by means of an ice bath. The solution was then gradually 
diluted with ice to about 1̂ - times its original volume, the solution being 
well stirred before each further addition of ice* After a final stirring, 
the solution was slowly poured into three liters of saturated sodium carbon­
ate solution contained in a 6 liter flat bottomed flask* This flask was 
kept in a crook and surrounded, during the addition, with an ice-salt mix­
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ture. fhe solution was tasted with litmus paper from time to time* When 
it became aeid (evolution of carton dioxide oeased), solid sodium carbonate 
was added in five to ten gram lots until the solution was again alkaline* 
the acid mixture and the solid sodium carbonate were then added alternately, 
a large excess of either being avoided* If, when all the acid mixture had 
been added, the solution was not alkaline, enough solid sodium carbonate was 
added to bring it to alkalinity. Approximately 1.5 kilograms of sodium car­
bonate was required for the neutralization* fhe addition of the whole of 
the acid mixture took two to three hours* During the addition, a large 
quantity of sodium sulfate was formed, fhls was filtered off with suction 
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 dissolved in 800 oo* of 
water* fhe solution was divided into two equal portions, and one was saturat­
ed with hydrogen sulfide. Both were then mixed.

fhe filtrate containing the ethyl sodium sulfate, and the alkaline 
potassium sulfide solution were mixed in a 6 liter E* B. long necked flask, 
equipped with an empty Hempel fractionating column and water cooled oon- 
denser. fhe mixture was brought to boiling with a hot flame and then dis­
tilled at the rate of about 50-80 drops per minute* Due to the formation of

1»small amounts of ethyl merest an, the distillation was carried out in a fume 
chamber, fhe distillation starts at about 85° , and the temperature grad­
ually rises to about 97° before the ethyl sulfide stops coming over. When, 
after 2-5 hours, 650 oo. of distillate had been eolleoted, the distillation 
was stopped and the ethyl sulfide, which comprises the upper layer, was 
separated by means of a separatory funnel, fhe yield of crude sulfide at 
this point was 83 grams* fhis was dried over-night over 5 grams of anhydrous 
sodium sulfate and then distilled, the final yield, boiling at 92-93° was
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was 75 grams. The last traces ofmercaptan can he almost entirely removed 
with sodium,

2-fluorene-ohenyl-ket one. Crude fluorene was reorystallized by boiling 
100 grams of fluorene with. 250 cc. glacial acetic acid and 20 grams bone 
black for half an hour, and filtering through a hot water funnel, fhe White 
product which crystallized on oooling melted at 114° • Yield 78̂ .

fhe ordinary friedel Crafts reaction and the Perrier modification {96} 
were used in making the ketone, fhe latter was much more satisfactory with 
respect to time required, although it gave slightly smaller yields. Attach­
ment was to the 2-fluorene position as Fortner showed (99) (95) (107).

1. Fifty-five grams of recrystallized fluorene was placed in a liter 
B.B. flask with three necks. Attached to the flask was a mercury seal stirrer, 
dropping funnel, and a reflux condenser with calcium chloride tube and alkali 
trap to remove hydrogen chloride fumes. 350 oo. of anhydrous carbon disulfide 
and 49 grams of anhydrous aluminium ohlorlde were quickly added, and 50-75 cc. 
of oarbon disulfide used to wash the flask.

fhirty-nine cc. of commercial benzoyl chloride was placed in the drop­
ping funnel with about 80 cc. of carbon disulfide acting as a dilutent.

fhe material was stirred for about ten minutes before starting to add 
the benzoyl chloride drop by drop. By adding the benzoyl chloride slowly 
and taking care that no excess accumulated in the flask, oooling could be 
avoided, fhe reaotlon was controlled by observing the heat evolved and 
testing the gaw from the reflux condenser with ammonium hydroxide.

After all the benzoyl chloride had been added, the mixture was refluxsd 
for about four hours on a water bath. The mixture was then cooled, the 
supernatant OS* poured from the tarry product, and the residue was poured
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into a beaker of ©racked ice containing 10-20 oo, of hydrochloric acid 
to dissolve any aluminum chloride 0r hydroxide, fhe solid reddish brown 
mass was steam distilled and the last traoes of oarbon disulfide and any 
unreaoted benzoyl ohloride or benzoic acid removed* Removal of most of 
the OS*, before the steam distillation eliminates a good deal of the tarry 
material, fhe solid was drained free of water and dried* fhe brownish 
yellow porous mass was recrystallized from aloohol. fhe finely crystal­
line material is often a pale yellow, but is white when absolutely pure*
H. D. 122°. Yield 61$. (99) (97).

IX. Ninety-eight grams (.7 mol) of anhydrous aluminium ohloride was 
added over a period of a few minutes to 80.5 oc. (.7imol) benzoyl ohloride 
in a 2 liter beaker. [During the addition, the mixture was stirred as well 
as possible. This and subsequent operations were performed in a well draw­
ing hood, fhe mixture became warm and thickened to a stiff brown paste. 
After all the aluminium ohloride had been added, the beaker was heated 
over a soft luminous flame until the mixture became fluid* Upon oooling 
in an ice bath, the mixture set to a brown crystalline product*

fo the solid aluminium ohloride addition produet, 560 oo. oarbon di­
sulfide was added and the mixture heated on a steam bath with shaking and 
stirring until the crystalline product was almost entirely dissolved, fhe 
usual precautions for handling oarbon disulfide were taking during this 
operation, fhe solution was then allowed to oool somewhat, and 115 grams 
of reorystallized fluorene was added with stirring. Quantities of hydro­
gen ohloride were evolved, and it appeared that the reaction was almost
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instantaneous. Sine# no heat mas evolved in the reaction, the rate of 
addition of the fluorene was limited only by the violenoe of the evolu­
tion of the hydrogen ohloride.

After all the fluorene had been added, the mixture was heated for a 
few minutes on the steam bath in order to complete the reaction* It was 
then oooled in an ice bath and the brown aluminium ohloride addition 
product was filtered with suction and pressed as dry as possible after 
being washed with a small amount of oarbon disulfide*

She residue was then added to 2100 oo. of water containing 140 cc. 
of concentrated hydrochloric acid* She aqueous suspension of the white 
orystalline product was then heated to boiling to remove the last trace* 
of oarbon disulfide* All of the carbon disulfide has been removed then 
the solid product sinies to the bottom of the vessel*

fhe product was then filtered with suction and pressed as dry as pos­
sible* At this point the still damp product weighs approximately 230 
grams and requires no further drying or purification for use in the prepa­
ration of 2-fluorene-phenyl-carbinol* If desired, however, the product 
can be reorystallized from glacial acetic acid or alcohol* In the latter 
case, which was sometimes employed, the yield is 58$. M. P. 122*

2-fluorene-Tshenyl-carbinol. fwo methods were used to reduce the 
2-fluorene-phenyl-lcetone to the carbinol* In the first, sine and ammonia 
were employed, and in the second, zinc and potassium hydroxide (97)* fhe 
latter is recommended because of ease ©f manipulation*
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I. fhe unrecrystallized and undrled 2-fluarene-phenyl-ketone was 
plaoed In a two liter beaker and 1200-1500 oo. of 95$ alcohol was added, 
fhen 250 oo* of conoentrated ammonia solution (sp. gr. 0.9) and 400-500 
grams of zine dust were added. The mixture was stirred mechanically and 
heated to just below boiling on a hot plate. At the same time, gaseous 
ammonia was led into the solution from a Dewar flask containing liquid 
ammonia. Snail amounts of aloohol were added to the solution from time to 
time to maintain its volume, fhe reaction was complete at the end of about 
two and a half hours, fhe hot solution ms then filtered from the zinc and 
allowed to stand until the white crystalline product separated* fhis com­
prised the main part of the yield. It was filtered off with suotion and 
the filtrate was treated with water until no more of the oarbinol was pre­
cipitated. It was found advisable to allow this precipitate to stand for
a few hours so that the resultant Increase in orystal size would make fil­
tration easier* Hie product was pure enough to be used in the preparation 
of 2-f luorene-phenyl-bromo-methane. field 82$, based on .7 mol fluorene.

II. fhe procedure is the same as given in I. exoept that, instead of 
concentrated ammonia, 40 cc. of a 25$ aqueous solution of potassium hy­
droxide was added to the alcoholic solution of the ketone, and the reaction 
mixture was allowed to reflux gently without stirring for seven or eight 
hours in a three or five liter H. B. flask. Both methods gave approximate­
ly the same yields. M. P. 116°.

2-f luorena-nheuvl-bgamoma thane. One hundred and fifty-five grams of 
the unrecrystallized 2-fluorene-phenyl-oarbinol was stirred into a paste 
with one liter of glacial acetic acid in a two liter beaker in a hood*
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Hydrogen bromide gas (103) was then led Into the suspension for approxi­
mately five hours through an inverted funnel* fhe mixture became warm 
and thickened* Care must foe taken that the wide end of the funnel does 
not become ologged with the bromide, as it tends to form a heavy sake as 
fast as it is formed* fhe whole mass was stirred as well as possible 
during the reaction* fhe saturated hydrogen bromide reaction mixture was 
allowed to stand overnight in order to complete the react lor*, and then the 
thick paste was filtered with suction and drained as well as possible*
Some difficulty was experienced in removing the last traces of hydrogen 
bromide and glacial acetic aoid, fhls was accomplished most easily by 
boiling the product with dry ethyl or petroleum ether for about an hour, 
fhe rtilte powdery product, only a 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 partial evaporation. 
Drying over potassium hydroxide in a vacuum desiccator proved less satis­
factory. M« P. 118.5°. Yield 50$, based on *7 mol fluorene*

As this compound was not described in the literature, an analysis was 
necessary,

Using the sodium fusion method with a Parr bomb (108), the following 
results were obtained:

Oal®. for OggffigBr* Br, 23.85. Foundj Br, 23.57 
fhe compound was found to be only slightly soluble in ethyl ether, 

soluble In boiling isopropyl ether, fhe solubility in the aliphatic hydro­
carbons was found to increase with increasing molecular weight and boiling 
point. It reacts with aloChols and meroaptans, forming ethers and sulfides 
respectively. It probably also reacts with acetone although no definite
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oompound could be Isolated*
fhe bromide also reacts with dilute aqueous solutions of alkali fora-? 

lag 2-fluorena-phenyl-carbinol.

2-f,luQrejâ -̂ iis:I-ohloromQthajae * 1. fhree grams of 2-fluorene-phenyl- 
oarbinol were added to 30 oo* of glacial acetic acid* fen cc. concentra— 
ted hydrochloric acid was added to this mixture, which was then warmed 
gently for a few minutes. After cooling, the precipitate was then filtered 
off and dried for several days over sodium hydroxide in a vacuum desicca­
tor. M* P. 122° Since this is the same as the melting point of 2-fluorene- 
phenyl-icetone, a mixed melting point was taken, fhe melting point of the 
mixture was found to be 98-112°*

II* fen grams of 2-fluorene-jhenyl-carbinol was dissolved in 150 cc. 
of glacial acetic acid by warming gently* fhe heat was removed and hydro­
gen chloride gas was led in. After about one hour, when the acetic acid 
had become nearly saturated with the gas, the chloride began to precipitate 
out. fhe addition of the gas was continued for another hour, after which 
time, a heavy, curdy precipitate had formed* fhis was filtered with suc­
tion and then washed twice with petroleum ether (b.p* 30-60°)« fhe white 
product was then dried on the filter* Melting point of the white powder, 
121-122°. Yield 8 grams, 75$.

fhis compound was analyzed, using the same method as for the bromide* 
Anal* Oalc. for 02tfI15Cl; 01, 12*22. Pound* 01, 12*19.

fhe solubilities of this compound were found to correspond closely 
to those of the bromide* It was found to be much less reactive, and 
hence less suitable than the bromide for our purpose.

fhree grams of 2—f luorene-phenyl-

Reproduced with permission o f the copyright owner. Further reproduction prohibited w ithout permission.



54 -

bromome thane was dissolved in excess methyl iodide and allowed to stand, 
protected from moisture with a calcium chloride drying tube. After a few 
days a precipitate had formed* fhis was filtered off and found to melt 
at 126-127°.

Anal. Gale, for G20HlgIj I, 33,2 Found* I, 32.5 
fhree grans of 2-fluorene-phenyl-hromomethane was allowed to stand 

with five grains of potassium iodide and 60 oo. of acetone for several 
days at room temperature.

Free iodine was liberated and a finely divided precipitate was formed 
which was easily separated from the heavier potassium iodide crystals by 
shaking and decanting the suspension of the precipitate, the acetone sus­
pension was then filtered and the preoipitate was washed with water to 
remove any potassium iodide remaining, fhe compound melted at 284-285°
and gave no test for halogen. It was found to be identioal with one of
the compounds obtained from the Worts synthesis of sym-di-2-fluorene-di- 
phenyl ethane ( page SR U

2-fluorene-uhanal-methox-methgnj.. fwanty-five oo. of methyl al­
oohol at Its boiling point was saturated with 2-fluorene-phenyl-bromo- 
methane and the solution refluxed for half an hour. It was then allowed 
to oool, whereupon the product precipitates as shining white plates. 
Melting point 82-93°. fhis compound ms found to be slightly soluble in 
odd methyl and ethyl alcohols, soluble in acetone, chloroform, ether and 
glacial acetic acid.

Anal. Gale, for CgpĤ gOt 0, 88.06; H, 6.34.
Found* G, 83.33; H, 6*33*

A few grams of 2-fluorene-phenyl-methoxymethane was dissolved in
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warm glacial acetic acid and treated with potassium diehromate* She mix­
ture ms refluxed for half mi hour and then poured into about 300 cc* of
water# Shis was then filtered and the residue reerystalllzed from a 50$
mixture of alcohol and ether# fhe bright yellow crystalline compound 
Which was obtained proved to be 2-benzoyl-fluoranone by its melting point, 
177°, and mixed melting point.

_2-fluoren.e--phen.vl-ethoxamethane. A small amount of 2-fluorene- 
phenyl-bromoraethana was boiled with excess ethyl alcohol# fhe white 
crystalline precipitate Which was formed was filtered off# fest for hal­
ogen negative. ŝiting point, 80-80.5B. Slightly soluble in methyl and 
ethyl alcohols. Soluble in acetone, chloroform, ether, and benzene.

Anal. Gale, for G2̂ B2qOs 0, 87*94; H, 6.72.
found: G, 88.06} H, 6.52.

2-fluor9n9-Tohenvl-n-nrQnoxvmathane. Bolling &-propyl aloohol was 
saturated with 2-fluorene-phenyl-bromomethane and allowed to cool. On 
standing over-night, the mixture set to a stiff 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 dissolved in ether, and aloohol was added to a faint cloudy- 
ness. On standing, white needles separated, melting point, 53-54°. The 
compound is slightly soluble in ethyl and methyl alcohols, soluble in 
benzene, chloroform, aoetone and ether.

Anal. Gale, for C23H 0* 0, 87.84; S, 7.06.22
Found: G, 88.26} H, 7.16.

2-fluorene-nhenvl-n-butoxjmethane. A few grams of 2-fluorene-phenyl-
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bromomethane was dissolved in redistilled n-butyl aloohol and refluxed 
f@r two hours* After standing over-nigh,t, the brown solution was fil­
tered and the exoess butyl aloohol removed as completely as possible by 
distillation. fhe residue was then heated for about an hour at 100° 
under reduced pressure* She still liquid residue was dissolved in ether, 
boiled with bone black, and filtered* fhe residue was still liquid on
evaporating the ether. It was redissolved in ether and enough alcohol
added to bring about a faint eloudyness. fhe solution was then allowed 
to evaporate slowly, A white crystalline substance, melting point, 68-69̂  
was deposited* fhe compound was found to be slightly soluble in methyl 
and ethyl aloohol, soluble in acetone, benzene, chloroform and ether.

Anal. Oalc. for 024£240t 0, 87.74; H, 7.37
Founds 0, 88.20; H, 7.47.

(a-fluerene-TPhenvl-methvl 1-ethyl sulfide. A few grams of 2-fluorene- 
phenyl-bromomethane was refluxed with excess ethyl mercaptan for several 
hours, hydrogen bromide and some bromine were evolved, fhe excess ethyl 
mercaptan was evaporated and the residue dissolved in hot aloohol. fhe 
sulfide precipitated as an oil on cooling, but upon standing for several 
days with the mother liquor, crystallization gradually occurred, fhe 
white crystals melted at 68-70°. fhey were found to be slightly soluble 
in ethyl and methyl alcohols, soluble in ether, chloroform and benzene.

Anal. Oalc. for 10,20; Found* S, 10.13.
An attempt was mad# tp prepare the same compound by using sodium 

ethylmeroaptolate instead of ethylmeroaptan. fhe same procedure was 
followed as in the previous trial. In this case, however, a sulfur con­
taining compound was obtained n&ioh melted at 68-60% A mixed melting 
point with the sulfide obtained previously showed no lowering. Since
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analysis showed a sulfur content equal to that of the sulfide with two 
molecules of ethyl aloohol, attempts were made to drive off any aloohol 
of' crystallisation with heat* In all oases, a gum was obtained which could 
not he crystallised*

Anal. Oalc* for C22H2()S.2 CgHgOH: S, 7.83} Found* S, 7.68, 7*71.

j } srssssatk saMMa. Excess n-propyl meroaptan
was added to a few grams of 2-fluorene-phenyl-bromomethane at room tempera­
ture. An immediate evolution of hydrogen "bromide occurred and a bright 
red color developed* fhe mixture was then refluxed for about a half an 
hour, until the evolution of hydrogen bromide ceased and the red color 
disappeared, fhe excess n-propyl meroaptan was then evaporated and the 
residue dissolved in ether, boiled with bone black and filtered. An 
equal volume of ethyl aloohol was added and the solution allowed to evap­
orate slowly at room temperature. After several days, the white, needle- 
like crystals of the n-propyl sulfide precipitated* Melting point 51° • 
fhis compound was found to be slightly soluble in methyl and ethyl alco­
hols, soluble In ether, benzene, chloroform and acetone.

Anal. Oalc. for Qĝ HggS* S, * Found* S, V*V5 *

/ 2-fluorene-phenvl-methrl n b̂utyl sulfide. 2-fluorene-phenyl- 
bromomethane was treated with excess &-butyl mercaptan at room tempera­
ture. Hydrogen bromide was evolved immediately and a bright red color 
developed, fhe mixture was refluxed for about a half an hour, until 
hydrogen bromide was no longer evolved and the red color disappeared, 
fhe excess butyl mercaptan was evaporated and the residue was dissolved 
in ether and filtered. Aloohol was added until a slight precipitation
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occurred. fhe white crystalline sulfide separated on standing over­
night* Melting point 81° • Soluble in ether, benzene, chloroform and 
acetone* Slightly soluble in methyl and ethyl aloohols*

Anal* Calc* for O^H^St S, 9*29* Founds S, 9*26*

Benzyl-3-fluorene. Sixteen grams of fluorenone was dissolved in one 
hundred cc. of oarbon disulfide in a 3 necked flask containing 12 grans 
of anhydrous aluminium chloride and equipped with a mercury seal stirrer, 
reflux oondenser and dropping funnel* 10*4 oo* of benzyl ohloride was ad­
ded over a period of one half an hour* During the addition, the reaction 
mixture was oooled in an ice bath* After allowing the mixture to come to 
tom temperature slowly, it was re fluxed for two and a half hours. She 
hydrogen ohloride fumes whloh were evolved were absorbed in an alkali trap* 

After standing over-night, the aluminium ohloride addition product 
was decomposed with ioe and dilute hydroohlorlo aoid. fhe reaotion mix­
ture was then transferred to a steam distillation apparatus and the oarbon 
disulfide removed with steam*

fhe product was filtered with suction and dried on the filter* After 
being boiled with benzene to remove the unreaoted fluorenone, the undis­
solved product was again filtered with suction and dried* Yield 53̂ * 
fhe compound was found not to melt, but to carbonize around 274° •

fhis compound was found to be practioally insoluble in all organic 
solvents* Among those tried were, benzene, aloohol, ether, petroleum 
ether, chloroform, oarbon tetrachloride, nitromethane, nitrobenzene, 
pyridine and acetanilide. Since it was also Insoluble in molten camphor, 
a molecular weight determination was out of the question*

An attempt was made to reduce this supposed ketone to the corres­
ponding aloohol by heating it for several days with zinc and potassium
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hydro*!fie in ethyl aloohol. Very little, if any, reaction book place, 
fhe zinc and insoluble compound were filtered from the aloohol, and the 
zinc was removed with dilute hydrochloric acid# the supposed he tone was 
recovered quantitatively, fhe fact that, upon treating the alcoholic 
filtrate with water, a very slight turbidity was obtained, indleated that 
the reaction might have proceeded to a very slight extent.

Anal. Oalc. for 02qH140* C, 88.86j H, 5.22,
Pound* 0, 94.61} H, 6.7.

Since the analysis indicates that the compound is obviously a hydro­
carbon, it was supposed that polymerization had occurred with the elimina­
tion of water, fhis view is enhanced by the unusual insolubility of the 
compound, Its inertness to various reagents, including concentrated sul­
furic and nitric acids, and its lack of melting point*

Svro-di-8-fluorene-dl-phenvl-ethane. fen grams of sodium, five 
grams of 2-fluorene-phenyl-bromomethane, and 200 cc. of ether were 
placed in a flask and refluxed for twenty-four hours, fhe excess sodium 
was removed and the solid which had precipitated was filtered off and
washed with water to remove the sodium bromide, fhe solid was then dried
and found to melt at 168°. A mixed melting point proved this t© be iden­
tical with the compound obtained from the decomposition of 2-fluorene-phenyl- 
iddomethane (page U-).

fhe ether solution was evaporated at room temperature, giving a 
clear sirupy residue, fhis was boiled with alcdhol, in which it is not
appreciably soluble, and on decanting the aloohol it appeared to be much
harder and more brittle. It was then dissolved in boiling benzene, in
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which it is Tory soluble. It did not crystallize out on cooling, so the 
benzene -was allowed to evaporate* fha residue was a tar. Shis was then 
dissolved in acetone, and a white, crystalline substance precipitated on 
partial evaporation. Melting point, 274-280°. A mixed melting point 
with the substance (m. p. 284°) vrtiich had been obtained from the reaction 
of potassium iodide with 2-fluorene-phenyl-bromomethane indioated that 
these two substances are identical, fhe mixed melting point was found to 
be 282-284°.

fhe existence of the sym-di-2-fluorene-di-phenyl ethane in two di- 
astereoisomeric forms is to be expected since it has two asymmetric car­
bon atoms, each having the same groups, fhe two diastereoisomers are, a 
meso and a racemic form.

EAB? II: BBOCMHJSIflCOl OF SULFOIITM SA1/SS
Dlmethvl-2-fluorene-benzvl-sulfonitsa bromide. I. 2-fluorene-phenyl- 

bromomethane was treated with excess dimethyl sulfide, and the solution 
was farmed for fifteen minutes. On evaporating the dimethyl sulfide, a 
cream colored substance was obtained which turned pink and then red in 
the space of about ten minutes. It melted at 112-118° with the evolution 
of dimethyl sulfide. A mixed melting point with the bromide was taken 
and showed no change.

II. A few grams of 2-fluorene-phenyl-bromemethane was dissolved in 
nitromethane by warming on the water bath. After cooling, an excess of 
dimethyl sulfide was added and the vessel was stoppered and allowed to 
stand for a few days. Upon examination, it was noted that a few large 
crystals had formed, fhese were carefully removed and found to melt at 
195-196°. fhis corresponds tothe melting point of trimethyl sulfonim
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bromide* fhe filtrate was evaporated and an amorphous residua was ob­
tained, which softened between 50°and 60° .

III. One gram of 2-fluorene-phenyl-bromomethane ms treated with 
two oo. (excess) dimethyl sulfide, dissolved in nitromethane in a tube, 
and the tube sealed. She tube was heated at 160° for two and a half 
hours and then allowed to stand over-night. On opening the tube, a mat 
of long shining needles ms found (2.5 gm. }♦ M. P. 195-200% Qualita­
tive test for sulfur and halogen was positive. In&l. Calc, for 
(GH3)3SBr: Br, 50.39. founds Br, 50.59.

I?. Stoiohiometrio quantities of 2-fluorene-phenyl bromomethane 
(2.7 gm.) and dimethyl sulfide (.5 gm.) were dissolved in nitromethane. 
fhe mixture was heated for eight hours at 100® in a sealed tube. If ter 
standing over-night, two distinct precipitates were noted and removed 
by filtration. One of these was a brown solid in small lumps, and the 
other consisted of large well-formed colorless crystals like those ob­
tained in the previous sealed tube trials and which were identified as 
{GKg)gSBr* fhe mixture was then extracted with warm water and filtered. 
On carefully evaporating the filtrate, the rest of the trimethyl sulfon- 
ium bromide, II, was obtained.

fhe brown residue from the extraction was dissolved in hot aloohol, 
filtered from a small amount of gum and the solution evaporated to dry­
ness. fhe light brown residue (III) melted at 248-250®. It gave a 
positive test for halogen but no test for sulfur.

fhe filtrate from the original reaction mixture was evaporated to a 
black gummy mass, fhis was dissolved in ether, warmed with bene black.
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oooled and filtered, A very small amount of a grey powder (I) was ob­
tained on evaporating the filtrate. Qualitative tests for sulfur and 
halogen were positive, fhe gummy residue, still mixed with the hone 
black, was boiled with aloohol aad filtered. Upon oooling the filtrate, 
a white crystalline precipitate (IV) was formed. M.P. 88-90®• Quali­
tative tests for sulfur and halogen were negative.

fABLE 1

wmm. m m  i
Qpd,# M«£.
I 225-235
II 178
III 248-250
IT 88-90
T 105

T* One gram of 2-fluorene-phenyl bromomethane and 3 co. (excess) 
dimethyl sulfide were dissolved in 10 cc. of nitromethane in a tube whioh 
was then sealed, fhis was heated for eight hours at 100®. After stand­
ing over-night the tube was opened and trimethyl sulfonium bromide (II) 
was found as the only precipitate, fhis was filtered off and the nitro­
methane and excess dimethyl sulfide was evaporated from the filtrate, 
fhe residue so obtained was dissolved in ethyl alcohol, heated with bone 
black and the hot solution filtered, A white crystalline compound (?) 
precipitated on oooling the filtrate* fhis was removed and dried on 
filter paper. M.l. 105®. Qualitative tests for sulfur and halogen 
were negative.

In view of the number of compounds and the inconsistent results 
obtained, it was thought probable that the nitromethane was acting as 
a methylatlng agent. In subsequent runs, therefore, the nitromethane

Sulfur Halogen Identified as;
Hone Hone
Positive Positive (fiH„)ssair 
Hone 24.02$ 0 *
lone Hone
Hone Hone
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was <»aittad.
VI. 3«hree grams of 

B-fluorene-phenyl-bromoraethane and 10 eo. of dimethyl sulfide were 
heated in a sealed tube at 100” for six and a half hours* On opening 
the tube, a precipitate was obtained which was filtered off* She resi­
due was extracted with warm water and the aqueous solution evaporated*
She residue remaining after evaporation melted at 200° and gave no test 
for sulfur or halogen. Anal. Oalo. for (CHg}gSBr* Br, S0.89. Found*
Br, il.OO, 51.07.

She residue from the extraction with water urns orystallized by dis­
solving it in hot alcohol and allowing the alcoholic solution to cool*
A gum precipitates which crystallizes if allowed to stand with the super­
natant liquid for several days. Shis was the only way a crystalline 
product could he obtained, although the eompound was also soluble in 
ether, benzene and acetone. M.P. 109.5°Anal. Oalo for CgjHigS* 3, 10.59* 
Found* S, 10.48.

VII. A few grams of (2-fluorene-phenyl-methyl} -methyl sulfide was 
heated in a sealed tube at 100° with excess methyl iodide for six hours. 
After oooling, the tube was opened and the liquid portion deoanted* fhe 
small amount of solid remaining was extracted with water* fhis was re­
covered by evaporation and then reorystallized from water, fhe long 
needle-like crystals melted at 180°* Because of the fact that the sodium 
fusion method of analysis used too much time, this and subsequent anal­
yses for halogen in water soluble compounds were made by titrating with 
standard silver nitrate with potassium ehromate as an Indicator (109)# 
Anal. Oalc. for (GSHĝ SIs I, 64.13. Found* I, 63*02.

fhe liquid portion, Which had been decanted from the trimethyl
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sulfonium Iodide, was evaporated. fhe residua appeared to contain an 
appreciable quantity of free iodine* Shis was extracted with. hot alco­
hol, leaving a small amount of a white crystalline compound which 
melted at 160°. fhis was believed to be sj/m-di-S-fluorene-dlphenyl 
ethane and to have resulted from the deoomposition of 2-fluorene-pheny1- 
iodomethane* Qualitative tests for sulfur and halogen were both nega­
tive.

VIII. Sight tenths of a gran of 1,1-fluorene-2-phenyl dimethyl 
sulfide and 5 oo. (excess) methyl iodide were placed in a sealed tube 
and allowed to stand at room temperature protected from light. At the 
end of about five hours a slight precipitate was noticed. At the end of 
twenty-four hours a very appreciable quantity of precipitate had formed, 
fhe tube was opened and the precipitate quickly filtered off with suc­
tion. It was then dissolved in cold water, filtered, and recovered by 
evaporation. M.P. 203° • Anal. Oalc for (CKg)gSIs I, 64.13. Found;
I, 65.63.

fhe methyl iodide solution Wiioh had been removed from the tube was 
allowed to evaporate. A residue was obtained which contained so much 
iodine that it was impossible to isolate any other compound in a reason­
ably pure state*

IX. Five oo. of ethyl sulfide and three grams of 2-fluorene-phenyI- 
bromomethana were heated at 2009 for 48 hours in a sealed tube and then 
allowed to stand at room temperature for several days, fhe tube was 
opened and the excess diethyl sulfide was evaporated at room temperature, 
fhe blaok residue showed evidence of considerable carbonization* It was 
extracted with absolute alcohol and filtered, fhe alcohol was evaporated
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and a slightly dlsoolored product was obtained. M.P. 80°. fhis melting 
point and a mixed melting point showed it to he 2-fluorene-phenyl—ethoxy- 
methane, indicating that the bromide had not reacted with the ethyl sul­
fide. fhis result was in accordance with that obtained with the 9-fluo- 
renyl bromide aad ethyl sulfide.

X. five grams of (2-f luorene-phenyl-methyl)-methyl sulfide and 2.13 
grams of methyl iodide {stoiohiometrio quantities) were placed in a test 
tube which was stoppered and sealed with paraffin* After standing for 
several days, the solid which had separated was filtered off, extracted 
with water and the water evaporated. A white crystalline compound was ob­
tained. M.P. 200®• Anal. Oalc for {®g)gSIs I, 64.13. Found? 1, 63.06.

fhe residue left after the extraction with water was found to melt at 
160° * fhis corresponds to the melting point of the compound obtained in 
VII and believed to be aym-di-2-fluorane-diphenyl-ethane resulting from the 
decomposition of 2-fluorene-phenyl-iodcmethane•

XI* One gram of (2-fluorene-phenyl-methyl)-methyl sulfide was 
placed in a sealed tube with excess ethyl iodide and heated at 100® for 
fifteen hours. After standing at roam temperature over-night, a small 
amount of a dark solid containing a few colorless crystals was found at 
the bottom of the tube, fhe supernatant liquid was decanted from the 
solid and evaporated to dryness* fhe residue was a dart cohesive mass 
evidently containing a considerable quantity of iodine*

fhe solid remaining in the tube was washed with water, in Whloh it 
seemed only slightly soluble, and then with sodium tbiosulfate solution 
to remove the iodine, fhe solid remaining was crystalline in appearance, 
a light olive green in oolor, and melted at 100-105" with no apparent
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deoompQsition.fĉ nal. Oalo for (°^g)2(H3SIt x» 54*54* *oundt I, 53.09,
XXI* Four grams of(2~f luorene-phenyl-methyl)-methyl sulfide aad 

excess ethyl bromide were heated at 100°in a sealed tube for sixteen 
hours. On opening the tube, the (2-f luorene-phenyl-methyl)-methyl sul­
fide was recovered unchanged,

XIII, Quantitative ran* 0.846 grams of dimethyl sulfide and 4,56 
grams of 2-fluorene-phenyl-bromomethane (equiraolar quantities) were 
heated at 100°in a sealed tube for fourteen hours, fhe tube was opened 
and the solid was removed and boiled with methyl aloohol for half an hour 
in order to convert any unchanged bromide to the methyl ether, fhe 
methyl aloohol was evaporated and the residue was extracted with water* 
fhe trlmethyl sulfoniTsa bromide dissolved# fhe water extract was evapo­
rated and the sulfonium bromide weighed, fhe residue from the aqueous 
extraction was heated for a short time with an excess (11 grams) of 
mercuric chloride, in aloohol solution, to form the mercuric chloride 
addition product of {2-f luorene-phenyl-methyl)-methyl sulfide, fhe al­
cohol was evaporated and the residue extracted with ether* fhe ether ex­
tract was evaporated aad the 2-f luorene-phenyl-methoxy-me thane together 
with the excess mercuric ohloride was obtained* fhe residue from the 
ether extraction consisted of the mercuric chloride addition product* 
fhe quantitative results of this critical experiment are given in fable
n.

fhe mercuric ohloride addition product was found to melt at 128° *
It is soluble in ether and slightly soluble in aloohol.
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Startlag substances*
Dimethyl sulfide . . . . . . . . .  0.846 gm.• 0.0136 mol.
2-fluorene-phenyl-bromomethane • • 4.§6 gm.j 0.0136 mol.

Products* Oalc. Found
gm. gm.

(2-f luorene-phenyl-methyl }-
methyl sulfide, mercuric ohloride • • 4.01 4.01

1,10
2-fluorene-phenyl-methoxy-methane « . 1.95 2.13
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VI
StIMMABV

A mechanism has heen proposed for the decomposition of sulfoniurn 
salts which explains the hitherto imperfectly understood oourse of re­
actions between organic sulfides and organio halides* fhe mechanism 
postulates that, in all such reactions, a sulfonium salt is first 
formed* fhis can then decompose in one, two or three ways, depending 
on the complexity of the salt, to give halides and sulfides, which,in 
turn, can combine to form the same or other sulfonium salts* fhe ten-* 
denoy is for thatsulfonium 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 following new compounds 
were prepared*

mm. formula Melting Point
Cs ‘

2-fluorene-phenyl-bromomethane 0 A  Br20 15 118*5
2-fluorene-phenyl-ohloroBethane O H  0120 15 122
2-fluorena-phenyl-iodamethane W 126-7
2~ fluorene-phenyl-me thoxy-me thane w 92-3
2-fluorene-phenyl-ethoxy-raethane ssr 20 @0*5
2-fluorene-i4ienyl-pL-propoxy-methane w 53-4
2-fluorene-phenyl-î -butoxy-ffle thane w 68-9
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(2~fluorQn9~phenyl-methyl)-methyl sulfide 0_,1 0 11#41 10
(g-fluorsna-phenyl-methyl )-ethyl sulfide °22H20S 68-70

(8-fluorene-phenyl-methyl |-a~P^opyl sulfide °2^22S ^
(2-fluorene-phenyl-methyl l-g.-'bufcyl sulfide 824®24S

sym-dl-2-fluorene-dt-ihenyl ethanes ^dO^gQ md9° 168
raoemio 274-80

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



- 70 -

1. Oefele, Ann* Qhem. Ihara., 158. 85, (1864)*
2* Oahours, Ann, Ghem. Pharm., 155. 554, (1865),
5, Oahours, Oompt, Rend,, |£, 620, 1174, (1865),
4, Oahours, Oompt* Rend., 81, 1163, (1875)*
5« Oahours, Oompt. Rand*, jjlQ, 1317, (1875)*
6* Oahours, Ann, Gham. Pharm,, 136, 75, {1865),(?)
7* Soholler, Bar., 1, 1274, (1874),
8, Kruger, J, pr« Gham., (ii), H, 207, (1876)*
9. Dahn, J• pr. Gham., (ii), 14f 108, (1876)* [?)
10* Dehn, Ann*, 17, Suppl,, 83, {1865-1866)*
11* Orum-Brown and Blailcia, 3, pr, Ghem*, (2), ig, 395-401, (1881)*
12. Ferrer, Annales soe. a span. fis. quim., !£, 724-7, (1918).
13. Klinger, Bar., J&, 1880, (1877).
14. Renshaw, Bacon and Roblyer, J, Ghem. Soe«, Mi 517-20, (1926).
15. Ittel and Kohliic, Oolleetion Ozeohoslov. Chem. Oommunioations,

is 585-92, (1931).
16* Bennett and HooR, J. Ghem. Sac,, 127, 2671-7, (1925).
17. Bennett and Hock, J. Gham. Soo., 130. 2496-9, (1927).
18. Smiles, Proc. Ghem* Soo., .21, 92-93, (1905).
19. Delisle, Bar,, 25, 2450, (1892).
20* Ghlohibabin, Fr. Pat*, 769216, Aug. 22, 1934.
21* Chichibabin and Bestaizhev, Oompt. rend., 200. 242-4, (1935). 
22* Davies, Ber., j&, 3548, (1891).
23. SteinKopf and Muller, Bar., ill, 1936-30, (1923),

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



- 71 -

24. ISkgsohelder and Sehreiner, Monatsh., 4Qi, 325, (1919).
35. Hughes and Ingold, J. ahem. Soo., 136T 1571, (19331.
26, Smiles, frans. Ghem. Soo., .77, 163, (1900).
27, Hilditoh and Stalles, J. Ghem. Soc., 91, 1394-99, (1907).
28, Meyer and Jacobson, "Bahrbuoh der Organlsche QhemieM, 1920,

Vol. II, p. 30.
29* JCehmann and Buttenhofer, Bar., 38 , 4197, (1905).
30, JSihrmann and Dardel, Bar., 55, 2346, (1922),
31, Sachs and Ott, Monatsh*, 4£, 415, (1926)*
32, Michaelis and Godohaux, Bar., 24, 757-64, (1891),
-33, Smiles and Be Rossignol, Proo. Cham. Soo., 22, 24, (1906).
-34, Smiles and Be Rossignol, Ohem. Soo. frans,, 8£, 696-708, (1906),
-35. Courtot and fung, Oompt. rend., 2Q0. 1541-3, (1935),
36. Courtot and Chiffert, Compt. rend., 194f 986-8, (1932),
-37, Courtot and fung, Oompt. rend*, 197f 1227-9, (1933).
38. Courtot and Freukiel, Compt. rend., 199f 557-9, (1934).

~39. Biberaann, Compt, rend., 197. 1425-7, (1933).
^40. Salles and Be Rossignol, Proo. Cham. Soo., 2&, 158, (1906).
41. Soh&aberg and Stephenson, Bar., 66B. 250-2, (1933).
42. Hinsberg, Ber., 62B, 127-35, (1929).
43* Hinsberg, Ber., 69B. 492-5, (1936).
44. IGLasoa, Ber., j|Z, 1349-60, (1904).
45. Pateln, Bull. soc. ohim., (3), &  164-71, (1890)*
46. Pateln, Bull. soo. ohlm., (2), 49r 678, (1888).
47. Patein, Compt rend., 106,, 861-3, (1888),
48. Russel, Cozalet and Irvin, J, Chem. Soo*, 135. 841-51, (1932). (7 )
49. Ray, Adhilcarl and Ray, J, Indian Cham. Soo., 1, 251-5, (1951).

50. Blatter, Monatsh., 40. 417-29, (1920). ‘ ^

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



72 -

51. Steinkopf and feiohmann, J. pr. Ohem., 127. 557-56, (1930}.
52* Bayer and Co., D.R.P., 97207.
53. Steinkopf and Bessartsoh, J. pr. Ghem,, 109. 230-64, (1925).
54. Steinkopf, Rooh and Schultz, J. pr. Ohem., 113. 159-65, (1926).
55. Dobbin and Masson, J. Chem. Soc. frans., 47, 56-68, (1885).
56. Masini and Soala, G-azzetta, 18, 67, {1886}.
57. Klinger and Maassen, Inn., 243. 193, (1888}•
58. Klinger and Maassen, Ann., 252, 241, (1889).
59. Brjuohonenko, Ber., 21. 3176, (1899).
60. Stromholm, Bar., 32, 823-41, (1900).

/ 61. Pope and Peaohey, frans. Ohem. Soo., 72., 1072, (1900).
62. Pope and Peaohey, Proo. Gham. Soo., lg, 12, (1900).
63* Smiles, J. Ohem. Soo. frans., £2, 450-61, (1905).
64. Smiles, J. Ohem. Soc. frans., 72, 1174, (1900).
65. Smiles and Hilditoh, Proo. Ohem. Soo., 21* 35-36, (1907).
66. Wedekini, Ber*, jgg, 2510-18, (1925).
67. Hildlibh and Smilei?Vrans. Cham. Soo., £2. 56, (1885).
68. Oavel and Sugden, J. Ohem. Soo., 72, 2572-9, (1900).
69. Say and Adhikary, J. Indian Chem. Soo*, 2# 297-303, (1930).
70. Kenyon and Phillips, 3 Chem. Soo., 127. 2552, (1925).
71. Harrison, Kenyon, and Phillips, J. Ohem. Soo., lMf 2079, (1926).
72. Langmuir, J. Am. Chem. Soo., 4&, 274-92, (1920).
73. Kehrmann and Duttenhofer, Ber., 3§j 4197, (1905).
74. Kehrmann and Dardel, Ber., 55, 2346, (1922).
75. Ingold and Jessop, 3. Ohem. Soo., 195Qf 715.
76. Hughes and Ihriyan, J. Ohem, Soo., .1S3JL 1600-11.

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



-  73 -

77# Private communication, Ray and Pallnchalc.
78, Platonov and Anisimov, J, Gen. Ghem. (U.S.S.R.), 5, 622-4, (1935)# 
79* Reychler, Bull, soc. chim., (3), 3g, 1226-32, (1905).
80, Ingold, Jessop, Ihriyan and Mandour, J. Chem. Soo#, 1930f 21Q7#(?) 
81# Gleave, Hughes and Ingold, J# Ghem, Soo#, 1936, 236-44.
82# Ingold and Ihriyan, J. Ohem# Soc#, 19-33. 991-3.
83, Brown, feuffert and Weissbach, Ann#, 472, 121-42, {1929}#
84. Berthelot, Ann. Ghlm. Phys., (4), 222, (1867)#
85# Barbier, Oompt. rend#, TL, 442, (1873)#
86, Barbier, Ann. Ohlm. Phys., (5), I, 472, (1886).
87# Hodgakinson and Matthews, Ghem. Soo. frans., JuL 163, (1883)#
88, Fittig, Bar., &, 187, (1873).
89# Weger and Boring, Bar., 36, (1903),
90# Worleiner and Murphy, Ind. Ing. Chem., ĝ, 1140, (1923)#
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