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The synthesis of 3 3' diphenylbenzopinacol was carried
nout both by ‘means of the Grignard reaetion be tween m—diphenyl
magnesium i1odide and benzil and by reduction of m-phenyl
<benzophenone. The pinscol was rearranged and the.produets’anv
/aiyzed. The migration aptitUQe of m-biphenyl was determined
to be 1.5. | , , ; e
Attempts to prepare 3, 3'~diphenyl-4 4= dimethylbenzopinacol |
;;’were unannnssfhﬂ, 4 4! —Diethoxy-4 4' dimethoxybenzopinacol was "
fprepared by the grignard reaction,but it could not be erystallized,
and rearrangement studies ‘were not instigated. Alpha and beta |
desoxybenzein pinaecls were synthesized. ,These were very
resistant to reerrengement,‘and ordinary’mebhods'gama none'ot
pinacolene.‘b , ; " o |
During the synthesls of seme of the diphenylvintermediates,
‘the Gomberg—Bachmann synthaasvof‘diaryls’Was improeedkuponnby: |
‘substituting‘beta551um carbonate for the strong base.gikrhe

yield of m-nitroaniline was thus increased by six,pereent.



STUDIES IN THE PINACOL~
PINACOLONE REARRANGEMENT
by
HARRY STONE MOSHER

A TH#SIS
submitted to the

OREGON STATE COLLEGE

in partial fulfillment of
the requirements for the

degree of
MASTER OF SCIENCE

JUNE 1939



APPROVED:

Yomies W. Jemussy

Instfhctor of Cheblistry

in Charge of Major

N | /@bﬁuxﬁfm

‘Head Department of Chemistry

) bidoees
Z/( :
Chairman of School #raduate Commlttee

Chairman of State Coxfege Graduate Council



ACKNOWLEDGMENT

The author wishes to express his
appreciation to Dr. James W. Ferguson
for his many suggestions and patient
guidance.



CONTENTS

page
I. INTRODUCTION:
HESHOPLICAL oo eennenneennsenssanneaneenneos 1
Significance '.'.l.llll‘l.l‘l'l..'.l...l.l..' 3
Theories of the MeChanisl ..ceecsseesscocccs 6
Nature of the work undertaken seececscescecs 13
MethOdS Vn pinacol SyntheSiS s ees s 00 s e 14
II. EXPERIMERTAL
1. syﬁ—B;B'QDiphenyl benzopinacol
Oxidation of m-diphenylbenzene eecesecse 17
m-l\zitrodiphenj’]l ..0...0........0.0..0.. 19
m;minodiphenyl Q....l..l.l....‘.l..l.' 24
Mm-T1040G1iPNENTL eoecooeososaosoconanonss 24
Prepartion of the pinacol e.ceecececans 25
Analysis of the pinacol eeececcececacse 26
Ethylbenzoate ...'...Ql.'.0.0..."0‘... 27
Ii"NitI‘Qethylbeﬁzoate 'Y EEREREE I IE IR B 27
m-Nitrobenzoic aCid ceceiocecacoccsconcs 27
m-fitrobenzoyl chloride seeceeeecccencs 28
Mm-NitroDenzophernone cseececcsssessscsnsce 28
m-AIﬂinObenZOphel'lone e e 2 8 9 89 0 e0 e s 0 s e 29
m-Phenylbenzopherione eceeeeesrcesecssce 29
Analysis of the ketone eceececscocccces 30
Preparation of the pinacol ecceseocccnce 31
Analysis of the pinacol esccsececccscns 31
Rearrangement of the piracol e.ceecececss 31
Analysis of the pinacolones «..eccececece 32
Analysis of known acid mixtures e...... 33
m-AIﬂinObenZOiC aCid P R S R R R B A I I 34
m—fhenylbenZOiC 8.010“.;.......‘........... 35

Comparitive migration aptitude of
phenyl and m-biphenyl radicals cccececeee 36



III.

Iv.

ii

page

2. sym-3,3'-Diphenyl-4,4'-dimethyl benzopinacol

m-NitI;O"p‘"methylbel:lzopherlone LN A B N ] 38
m~Amnino-p'-methylbenzophenone ssceesessee 39
m-Phenyl-p'-methylpenzophencne eece.eceves 39

3. sym74,4’fﬁiméthoxyf4,4'fdiethoxy benzopinacol

P~Bromphenetol ceecesecseccsscesssasssoss 41
P-p'~DimethoXybenzoin ceeeseessssesascsas 41
P~p'~Dimethoxybenzil ceceeeeascecsseseass 41
Preparation of the pInacol eeeeeecscesses 42

4, 1,2-Dibenzyl~-1,2,~diphenyl benzopinacol

Beta desoxybenzoin pinacol eeeeceeeceaes. 43
Alpha desoxybenzoin pPinacol ceeeseeeecsss 44
Attempted rearrangement ce.e..ecoce.coes.. 44

ANALYSIS CF RESULTS

The”migratéry aptitude of m-biphenyl .ecee.e.. 44
Preduction of mizratory tenderncy seeececeesse. 44
The efiect of position on migratory aptitude . 44
Significance of migratory tendencies .e..ecee. 45
SUIUMAE{Y 9 8 & 5 & 5 & 6 0 0 S 9 S P e S B S S S S S S L L B S9SN 51

BIBLIO\}RAP}{Y ® 0 8 6 0 @ 0 0 60 29 9B e s e e 0 s A N X 52



STUDIES IN THE PINACOL-PINACOLONE REARRANGEMENT

I. INTRODUCTION

Historical.~ The pinacol-pinacolone rearrangement was dis-
covered by Fittig(zo) in 1860. In an attempt to reduce acetone
by means of sodium, he found that a white, crystelline product which
proved to be tetramethylethylene glycol(lg) wes ﬁroduced by the si-

multaneous reduction and coupling of two molecules of the ketone:

CH CH, ONa ONs_CH CHzOH OH CH
QC:O + HNe ——;5/\51 - C( + H20 — fc - 0L 8 I.
CHZ CHZ CHz CHz CHg

The glycol thus formed proved very interesting since by heating with
sulfuric acid a new compound wes formed which wes shown to be
tertiary-butyl methyl ketone(ls), and was called, by Fittig, Pinacolin.
It wes obvious that by the removel of a molecule of water, a ketone

hed been formed in which one methyl group had migrated from its nor-

mal position:

CH. OH OH CH CcH
3;0 _¢l S ___ CHg>C - 8 - CHy + Hy0 IT.
CHy NCH, CH,”

Since its discovery, this rearrsngement has been studied by
many workers in elmost all of its forms. In addition to the semi-
pinacols which have one or more hydrogen stoms of the parent ethylene
glycol still unsubstituted, there are four main types of completely
substituted pinacols. Each of these has been studied, some mbre ex-

tensively than others, and it has been found that in all cases two



resrrangement products are possible depending on the group which

migrates(4o):
R_ ,OH QH R" R 0 R 0
N
\C/——-bfz ———— 5 R!-Ca ¢-R" and R::C- b-gH i1,
14 RM1 R! or RM
O R RO 0
—d —Xk 9 —\
(CHz )n c':-c"\/ —> (CHp), 6-C-R*  and  (CHp)y &-c/\R 111,
R? or R?
:r——\\QH, 1 0//-1
(CHy )y C-C-(CHg )y ——> '(CHZ)m t-8/(CHy )y v,
~ and or
/8
(CHz)n C-& (CHz)m
0%1 HQ Ry RQ
R-} -~ C=R' ~——> (C—C=0  and or (CHp),C-C-R' V.
£(cx,)) oy}, izl

The pinacol of type II has been worked with most. This type cen be
further divided depending on the degree of symmetry. Thus we have
perfectly symmetrical pinacols in which ell radicals ere identical

end of which benzopinacol is an example:

C.H. OH OH C.H

ORy_E°° VI.
1w ~N

Cgli Celig

There are completely unsymmetrical types in which all radicals are
different, pertislly unsymmetrical pinacols in which R and R!' are
alike but different from R" and R"!; i.e. unsymmetrical diphenyl-

ditolylethylene glycol:



C.H. OH OH C.H,CH

eij-éif64 s VII.
Cglg Cgly CHg

And finally there are the symmetrical pinacols in which R and R' are

different but identical to R" and R"' as in acetophenonepinacol:

CHy QH QH_CH
§£_8< 3 VIII.
Celis Cells

It is this latter type in which we are primarily interested;
for here it has been proven that the relative percent of rearranged
products depends only on the redicals(5) and not on the symmetrical
moleculé to which it is attached.

Significance.- The interest in the pinacol rearrangement hsas

its basis in purely theoretical grounds and the lerge volume of re-
seerch on this problem has been carried out with the end in view

of clarifying our knowledge of the structure and properties of the
organic molecule and radical. This can best be shown by a consid-
erestion of a typical exsmple. If phenyl-p-tolyl ketone is reduced
under the proper conditions, the pinacol will result. This, on de-
hydration, will give a mixture of the pinacolone5(7) in the ratio of

about one to fifteen as illustreted below:

CHyCgllyy @
. o o CgHs-C~C-CgHaCHz IX.
5  CgHsOH OH CgH CeHe 1 part
RN eg‘_b<,es 6tls
CgHaCHg CgHCHz CgHyCHg CeHs 0

il
CH; CoH, ~C-C-CeH X.
CHOCSHy~ 15 Bafts



On the basis of phenyl ss one, & migratory aptitude(50).of fifteen

is aséigned to para-tolyl. This is merely another waey of stating

that para-tolyl migrates fifteen times as fast as phenyl. Since
carbon atom number one is identicel in all respects with carbon atom
number two, sny resson for the tolyl group migrating faster then the
phenyl mist be found in the characteristics of the respective radicals.
Herein lies the basis for the study of the rearrangement of symmet-
rical pinacols. A 1érge smount of research, mainly in the realm of
aromatic chemistry, has been underteken in order to collect data for
study so that more definite conclusions mey be drewn concerning the
relative strength of certain carbon to carbon bonds, or as to the rel-
stive affinities of the various radicals.

A most careful study of the rearrangement of symmetrical
pinacols has been made by Bachmann and coaworkers(5a7), MOﬂtagne(372,
Koopa1(29), Tiffeneau(49a50:51), and others. By a study of the
percent of migration that the various radicals undergo in the sym-
metricai pinacol rearrsngement, the following series of numerical mi-
gratory aptitudes, calculated on the basis of phenyl es one, has been
compiled. It would, perhaps, be advantageous, end & more representa-
tive picture would result, if the series could be calculated with
the simplest radical as one; i.e. hydrogen. However, this is im-

possible at present due to lack of data.



TABLE I
Redical ligratory Aptitude

Anisyl‘.......--....'......... 500
Phenetyleceesessscossscescees 500
p—tolylo.-..-..-............. 15-7
p-biphenylesecosveesesscecsess 1145
p-isopropylphenylecsccescecss 9.0
p-ethyl phenyl--.-..--...-... 500
Metolyleeseossscesascescccacee 1.95
m-methoxy phenylesescccescesas l.8
Phenylecessecosceoosccesncsnce 1.0
p~iodophenylessesecesscsccece 1.0
p-bromphenyleececcscsscscccsese 0.7
p~chlorophenylseceescccccocsces 0.68
o-methoxyphenylesscecseecanss 0.3
mebromphenylecesssscasscccces
o~bromphenylessecececcccccccses
m-chlorophenylesesseccacacecs
o~chlorophenylseseecececosccccne
Methyleseeesoeeoseescscnccccs
Ethyl-oo.ooooo-ocoo-o-oo-coo-

[N e NeNo iR

Comperison hass been made between this table and the table of
electronegativities(28) of Kharasch which he has worked out from a
study of the reaction

RHgRt + HC1 = HR + RHgCl

end the relative eaée with which the radicals in guestion are split
from the mercuriesl compound. The order is found to be identical to
that of the migration aptitudes as calculated in the pinacol re-
arrangement with the exception of the ortho compounds which show a
high electronegstivity but low migretory aptitude(6). This close
correlation is significent; for it shows thet the determining factor
in both reactions is very nearly the same and must be something very

fundamental in the molecular structure of the two types of molecules.



Since they are completely different species and their only similar-
ity lies in the redicels envolved, it shows definitely that the course
of migration is determined by some besic property of the respective
radicels. Previous work has led to this same conclusion but no agree-
ment has yet been reached as to just what this determining property

of the radical is.

The situation at present is this; meny workers have investigated
some particular case of the pinacol-pinacolone rearrangement and have
used their results, along with that of others, as a basis for their
theory of the mechanism of the reaction. With the exception of two
of the early theories, these have not lent themselves to any absolute
proof.

Theories of the Mechanism.- The cyclopropane intermediate

postulsted by Erlenmeyer(ls)'in 1881 has been tested and found in-
adequate. According to this theory, the dehydration tskes place by
the removal of one hydroxyl and a hydrogen from the migrating group;
thus producing an intermediste with a cyclopropane ring which then

splits to the pinacolone.

CHg OH OH CHy  CH CH CHz. 0 :
R gD R oy 8 CHy=C- C-CHg X1,
/ \,C VAN N /
CHY Hy CHy “C” 'CH Clig
Hp

As has been shown by Montagne(37), this cannot be the case; for when
the aromatic pinacol containing a substituent in the ring is re-

arranged, the resultant pinacolone retains the original aryl to carbon



bond. In the cese of tetra-p-chlorophenyl ethylene glycol, lMontagne
has shown that each of the chlorines is still peara after rearrange-
ment, and one is not meta as Erlenmeyer's theory demands. Thus the

following formulstion in untenable:

it H
a9l 0 c1{ 0 |
- (‘( _— %o ¢ <O XII
e (o c1 )0 ;.@
H H
1
H c1
SN o ¢l XIII,
G - ¢

c@/éom —_ c1C>/—c-6©’

cI 1D )

The second theory, which no longer has any support, is that of
an intermediate ethylene oxide formation(lz), accordihg to which the
removal of weter results in the formation of an ethylene oxide inter-
mediete which is unstable end decomposes into the pinacolone. In so
doing, it is necessary for one of the radicels to shift in order to
gatisfy the valency requirements of the molecule. The point at which

the oxygen bond is broken determines which radical will rearrange.

R.OH CH, R R 0 R R 0

N ™~
- — s ] R — C-8-R! XIV
B g RS “Ri Rt

That this is not the case has been demonstrated by the synthesis of
certein of the ethylene oxides(47) and their rearrangement which,

although it does teke place, requires much stronger conditions than



for the pinacol(4®) itself. In sddition, Tiffeneau(50) hes pointed
out that, although the closely related iodohydrins are rearranged by
silver nitrate, the ethylene oxide; are not. The fact thet ethylene
oxides heve been found as by-products in the rearrangement is addi-
tional contradictory evidence.

A theory which has been suggested by Meerburg(ss) assumes no
intermediate but a direct unimolecular reaction. Experiments on the
rate of reaction of a typicel pinacol hes indicsted a unimolecular
reaction of a typicel pinacolntb supportythis. This, of course,
does not preclude a slow férmation of the intermediate at & measure-
able rate and the very rapid end immeasureable rearrangement of the
intermediate to the pinacol.

Another mechanism which hes been widely accepted is that of
Tiffeneau(48’5o) in which he has supposed that the menner in which
water is removed from the two hydroxyl groups of the molecule de-
termines which cerbon stom will become the ketonic one in the pina-
colone. The free valence radical thus formed will then undergo re-

arrangement into the pinacolone:

R.OH OH R" RO _R"
\7 1 Va
¢m 6] ——— -6 & H0 XV
R{ \R'" R? \R"' 2
or:
R\QH OH/ R¥ fn ’ % C:)/R”
X~ ——> Lt—¢ + Hpo XVI

R N R'“ R \R' #



He has steted thaet the elimination of hydroxyl occurs preferentially
from the carbon atom to which is attached the groups with the great-
est capacity of electron release(51). This, of course, is immaterial
in the case of symmetrical pinacols since R and R' are the szme as

R" and R'". This, then is en edded adventage in simplicity for using
the symmetrical class as a medium for studying the rearrangement.
However, according to the theory of Tiffenesu, the final product de=-
pends upon the relative facility with which the two groups will

migrate from one carbon atom to the other in the intermediate.

Either
NP R
o ¢ S g;;c- ¢-R" (R' migrates) XVII,
R R
or
Bd R R 9
/c-—c\ _— R"/—C-C-R' (R" migrates) XVIII,
R“ Rll

may take ;ﬁgce. It is his conclusion that the ease with which these
radicals migrete within the molecule is evidently not related to any
one single property of the radical and as yet it has not béén estab-
lished what these properties are.

A theory which has not found such wide acceptance, but which
has in no way been disproven, suggests that it is the hydroxyl which
migrates first, accompanied by rearrangement of the radical, while

dehydration follows(31)-

R QH OH R" R 0"
;C-. (’)< ———> R' < ..(_l) ~R¥ XIX,
RF R g b ~
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R~ 0E Re 9
R1-C —C -R" —— R'2C—C~R" + Hy0 XX,
R OH R™

Another theory which has been applied to the rearrangement is that
presented by Nef(sg) and envolves the concept of the anomalous val-
ency of carbon.

Whitmore has made an attempt to explain a large number of
molecular rearrangéments on the same electronic basis. He has pre-
sented many paperS(53) on the dehydration of alcohols in which he has
successfully applied his theorye. The formulation of the rearrange-

ment in the case of a symmetrical pinacol would be as follows:

=c¢: .-9: :oc: vs
RiG ¢ QiR . ——— RiC : CiR 4:QiH XXI1,
R! R! RY. R
(1) H:0:4:8:0:H (2) :A:B:0:H 4 :0:H.
pinacol molecule organic: fragment
ar ﬁ :o:
o Rt R
R:C ¢ CiR——> RiC : C:R—— RiC 't CiR 4+ H XXII,
R* R! R? R?
(2):A:8:0:H (3) :A:8:0:m (4) :R:B::G: 4w’
organic fragment rearranged pinecol molecule
fragment

The pinacol represented by (1) is stable and each atom has a complete
octet. But once the negative hydroxyl group is removed, an unstable
condition which has only a momentary existance as an organic fragment,

results. The orgenic fragment, as shown (2), contains a carbon atom
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with an unsteble sextet; for when the hydroxyl group is removed, it

carries with it its pair of shared electrons and leaves the carbon
atom deficient. There are now thrée possibilities open to the organic
fragment; it may combine with another ion, such as chloride, and form
a normal product; or, if the unsaturated carbon atom has a hydrogen
attached to it, the fragment may lose a proton, forming an olefin, eand
thus sccomplish the stabilization of the molecule; and finally, if
the nsture and / or environment of the fragment is such that carbon
atom B has a grester attraction for electrons than &, (or the converse)
then there will be an electron shift, leaving carbon atom A with an
open sextet, as in X. As the electron pair shifts, it carries aloﬁg
with it the group to which it is attached. The new fragment now
loses a proton from the hydroxyl and gives the stable ketone form.
This third possibility is the one which takes placé almost exclu~
sively. |

This theory has, in recent years, found the widest acceptance,
although it has no concrete proof in fact, and has not been able to
explain some cases in which a carbonium ion apparently is énvdlved
or where reaction is catalyz¥sed by hydroxyl ion.

The partiel or residual valency'theory can be applied to all

of the above intermediates to provide a more logical mechenism for

the actuel rearrangement to take place. For example in the inter-
mediates of either Tiffeneau or Lachmenn, the application would be

as follows:



The dotted lines indicate the secondary valencies.

R 0
|

0- ——> R'-C-2¢C CXXTIII,
b N

(3)

These partisl valencies sre merely a representastion of the fact that
those atoms which lie close to each other, even though not bound by

primary valency bonds, are not without mutual effect. The unstable

intermediate (1) now mekes adjustments for stabilization by conversion
of the strongest residusl valence (2) into a primery one (a') and.
simultaneously the complementary primary valency (b) is subordinated
to the position of a secondary bond (b'). This picture of the re-
arrangement allows a more logical visualization of the process, not

as a complete bresk and recombination of the radicael, but as a con-
tinual process teking place within the molecule.

A summary of the theories reveals this; the better accepted
theories postulate some very unstable and transitory intermediate
which undergoes rearrengement and stabilization in accordance with
the specific radicals envolved. Whitmore has clarified the previous
theories by means of an electron interpretation of the previous
structural representations; and his theory gives us a satisfactory
mechanism whereby the rearrangement may tske place, although the
mechenism in itself will not allow us to predict, on theoretical
grounds alone, the course of the resction. An application of the

principles of the partial valence theory, as indicated above, enables
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a more satisfactory interpretation of the rearrangement on the basis
of & transition from one method of linkage to the new afrangement of
binding by passing continuously through all the intermediate binding
states. Finally, it should be pointed out thaf the present tendency
is to intérpret chemical reaction on the basis of energy content and‘
electron structure of the molecule(19). In time, when our datg be-
comes complete enough, we will, undoubtedly, be able, through a con-
.sideration of the atomic distances, vibrational frequencies, and
energies of the various states of activation, be able to predict‘the
speed constant for the reaction from the application of certain prin-
ciples of quantum mechenics and thus determine theoretically the
course of the reactione.

Bachmann(5) has been successful in such predictions in the
realm of symmetrical pinacols by use of migratory éptitudes. It is
still a problem in theoretical orgenic chemistry tp explein the rea-
son for the magnitude of the migretion aptitude for specific radicaels.

Neture of the work undertaken.- The purpose of the following

investigation was to synthesize and study several symmetrical pina-
cols in order to clarify some doubtfu; cases, so that a more complete
and accurate set of data might be svaileble.for stpdy.

First, the preparation of two pinacols containing the m-biphenyl
group was underteken to ascertain the position of the radical in the
series of relative migratory aptitudes and to check the unpublished
work of Ruthruff(42), in whiqh he obtained contradictory results.
Secondly, the synthesis of 4,4'-diethoxy,4,4‘dimethoxybenzopinacol

was underteken in order to check the work of Migita(34a35) who found
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that the pinacol migrated exclusively in one direction, results which
are incompetible with the predictions of Gomberg and Bachmann.
Thirdly, it was ettempted to determine the migratory tendency of the
benzyl radicel in desoxybenzoin pinacol.

Methods of pinacol synthesis.- Most generally, thé pinacols

are prepared by the reduction of the aprropriate ketone with use of
various reducing agents. Fittig originally used metallic sodium up-
on’the ketone. It is now established that this reduction tekes place
by the formetion of an intermediste ketyl radical(44, 45) which imme-
diately associates to form the pinacolate. This, on hydrolysis with
acid, gives the pinacol(4)o This is still a satisfactory reaction,
in meny cases, for the production of pinacols.

Photochemical reduction(zg) is éne of the simplest methods of
converting an aromatic ketone to the pinacol. Here the ketone is
placed in the sunlight in a solution of Impropyl alcohol and allowed
to set until the pinacol crystallizes out. This has the disadvantage
of the time required since, in a typical case, a month of exposure is
needed before any appreciable reduction is appearent. In eddition to
this, the reaction works only in certein cases and in others hydrols
are formed instead.

Of 211 the methods of reduction, the most useful is that using
8 mixture of megnesium snd magnesium iodide discovered by Gﬂmberg
and Bachmann(zz) in which the active reducing agent is the megnesious

jodide produced according to the equation:
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The megnesious iodide readily reacts with the ketone and gives a
metal ketyl which immedistely associates to form the iodomegnesium

pinacolate, which is readily hydrolysed to the pinacol.

R R R OMgl OMgl R |
2 0=0 + Mgl —> 2 C-OMgI &> T - {7 XXV,
Rt Rt Rf/ \\Rv '

R OMgI OMgI R R_OH Oh_R

X— ¢t + "H,0 —> >c—¢] XXVI,
V4 ~ 7 AN

R Rt RY R!

S8ince the reaction is of & nature which produces no side reactions,
it is ideally suited for the production of the pinacols. Thus &
yield of 99.6% is claimed for the production of benzophenone to the
pinacol(zz).

There are many other methods of reduction using the action of
an active metal on an acid(15: 50, 54) or the ection of sodium,
aluminum, or megnesium amalgum in alcohol(33). These methods are not
so valuable, though, for the reduction may easily take other courses
such as the production of the alcohol or of the hydrol. The latter

‘reaction predominates in basi¢ solution. Another disadvantage is en-
countered in the fact that the acid treatment may rearrange some of
the less stable pinacols into the pinacolone under the conditions of
the reduction(34).

The only other methods of pinacol syntheses, in which ketone
reduction is not involved, makes use of the action of a Grignard

reagent on either a diketone(55),
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MzgBr ligBr

9 0 R' 0 0 _R' R!OH OHR'
Rugsr + R'-0 - 8-R'—6 - 67— Y6 - 87 xxviz
| . B . , » R/ . AN d . \R

R H

or a benzillic acid ester or related compound(B).

OH 0O OH OCHz

R-¢ - £-0-CHz + R"MgBr—> R-( - G -OiigBr XXVIII
. R', . . “ . ) . R,, R” o
OH  OCHj . OH ‘

R-G.- { -OMgBr + HpO —»R-0 -~ C=0 + CH3z0H + MgBrOH XXIX
‘R" RH‘ ‘R!‘ RN - ) 2 7
OH OH OugBr

R-C - ¢C=0 + R"'MgBr —— > R-( - C-R"' XXX
"RV Ru . ‘ 'Rl‘ Ru R
oH O OH OH

R-C = C-R"' + Hp0 — R-§ - C-R" +MgBrOH  XXXI
.RI - R” o . ‘ ‘Rl' R" ] ) )

Oxglic acid esters can likewise be converted to pinacols
by the same reaction with four molecules of the Grignard

reagent.
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IT. EXPERIMENTAL

1. sym-3,3'-Diphenylbenzopincol

A study of the possible methods of synthesis of 3,3'~diphenyl
benzopinacol revealed thet the process would be quite long and would
involve at leasst one step which gives very poor yields unless some
direct method was obtained. Such a meﬁhod was suggested in the'fonm
of the oxidation of m-diphenyl benzene to m-phenyl benzoic acid.

This could readily be chapged to the desired ketone by a Friedel snd
Crafts reaction. The crude m-diphenyl benzene* proved to be gquite im-
pure, containing approximately seven percent of the ortho compound

and twenty-thrée percent of the para compound as determined by differ-
ences in~solubilities.

Oxidation of m~diphenyl benzene.- It was reported by Schmidt

and Schultz(46) that m-phenyl benzoic acid was obtained, along with
benzoic acid, upon the oxidation of m-diphenyl benzene with chromic
oxide. Because of this statement, various oxidations were carried

out on m-phenyl diphepyl.

Fifty grems of m~-diphenyl benzene (crude) was mixed with a
35% solution of potassium dichromate in scetic acid and allowed to
react at reflux fﬁr twenty hours. The mixture was cooled, filtered,
neutralized, filtered, and salts concentrated. Forty-ope grams of
diphenyl benzene, 105 g. of dichromate, and 5 g. of chromium acetate

were recovered. No base-soluble, acid-insoluble prodﬁct, which

Furnished by Dow Chemical Corporatione
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might be either benzoic or m-phenylbenzoic acid, was detected.

Oxidation was next attempted with potassium permanganate.
A suspension of m-diphenylbenzene, (M«Pe. 77°) obtained by mixing
20 g. of the diphenyl benzene in 980 ml. of & five percent potassium
permanganste solution, was refluxed for eight hours. Since at the
end of this time there was no apparent reaétion, the solution wes
made approximetely b.SN basic by the addition of 20 g. of éodium
hydroxide and the refluxing was continued for an additional eight
hours. The unreacted permangaﬁate was removed by reacting with
alcohol, cooling, end filtering entirely free of insoluble man-
ganese dioxide. The cleér filtrate was neutrslized, but no in-
soluble matter Waé formed. A benzene extraction of the filtrate
yieldéd 17.5 g« of the original 20 g« of hydrocarbon.

A second and more drastic permanganate oxidation was under-
teken, using & 10% solution with respect to permanganate and a
40% solution with respect to sodium hydroxide. This was refluxed
for 70 hours with agitetion. Separation, as sbove, revealed the
seme results with the exception that this time only forty-five
percent of the original diphenylbenzene remeined. Thus we see that
the results from the oxidation of m-diphenyl benzene show that
no benzoic or m-phenylbenzoic acids were produced; and séemingly
the hydrocerbon is slowly oxidized completely to carbon dioxide and
water under the conditions of the experiments.

The second maenner of approach to the problem consisted in the
preparation of m-iododiphenyl which was coupled with magnesium and

reacted with benzil to give the sym-3!',3-diphenylbenzopinacol
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according to the following set of eguations:

N0206H4NH2HC1 + HNOZ ——9N02C6H4N2C1 I
m-CgHgCglgNOs + Hz——jm-C6H5C6H4NH2 III
m-C6H506H4M2HCl +* HNOz — m-C6H5C6H4N2C1 v Iv
m-06H5C6H4N2C1 + KI — m—C6H506H4I ‘ : v
m-CgHgCgH Mgl + CgHsC:G:Gy Hy CgHeCuH,OH OH CgHgCelly VII
_— j>C~‘C::
C6H5 C6H5

m=~Nitrodiphenyl.- The reported method 6f preparation of
m-nitrodiphenyl is by the Gomberg-Bachmenn coupling of the hydro-
carbon with diszotized m-nitroeniline in strong base(24). The course

of the reaction has been postulated as follows:

2 m-NOyCgH,NoCl +  NaOH —» 2m-NOoCqH, N,ONa 4 NaCl VIII
m-nog

2CgHyNp0H —— m-NO,CqHyNyON,CoHym-HO, X

m-N0206H4N20}206H4m-N02 +* 2C6H6——92 m-N0206H4C6H5 XI

‘ + 2N2 + 2H20
Reaction X repreéents the formstion of the active tautomere.

Onelhalf mole of Festman's crude m-nitroeniline was diszotized

in the usual menner at 5° yging 0.5 mole of sodium nitrite and 1.25

moles of hydrochloric ecid in a minimum volume of weter. The resultent
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diezonium salt was produced in the form of a froth since it was not
completely soluble in the amount of water present. Three hundred ml.
of thiophene-free benzene 'was mixed with stirring and 170 ml. of
20% sodium hydroxide added dropwise over a period of 2% hours at a
temperature of 50C. The tarry mixture wes slowly allowed to reach
room temperature and the benzene layer, plus a benzene extract of
the residue, was concentrated and stesm distilled at 1500-1700C.
Four liters of distillete were collected and these, on Benzene eX-
traction, gave 2 g. of m-nitrobiphenyl, which is two percent of the
theoretical yield. The product formed light yellow crystals melt-
ing at 58.5° and boiling at 190-192° at 20mm. The melting point has
been previously reported as 58.50(23) and 610(18),

This is obviously unsatisfactory. The low yield was traced to
two causes other than the normally poor yields of the reaction;
20-30%. The low volatility of the m-nitrobiphenyl with steam, even
at 1500, maekes complete recovery long and probably incomplete, and
the inefficient mixing of the reaction mixture lowered the yield
considerably. It was found that the yields depend very decidedly
upon the efficiency of the stirrer since it is a heterogeneous re-
action, and if base is allowed to collect, decomposition results.
The same experiment was repeated using an improved agitator and
collecting the m-nitrobiphenyl, not by steam distillation but by
the method of Scarborough(45) in which the benzene soluble layer is
purified by Waéhing with base and finally completely pfecipitating

the tar by addition of ligroin. The ligroin soluble fraction was
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then concentrated and crystellized from alcohol. Yield, 14.5%. This
is appreciably better but still below the yield of 18% as reported(24).

A third run in which magnesium sulfate was added previocus to
the addition of sodium hydroxide was carried out. The magnesium
sulfate acts as a buffer(zz) by the production of magnesium hydrox-
ide which controls the hydroxyl ion concentration of the mixture.
This, however, did not prove to be successful and gave onl& two per=~
cent of the maximum possible yield. This is undoubtedly due to the
fact that the excess magnesium hydroxide produced acted as an emulsi-
fying agent and resulted in a mixture which was too thick to'stir
thoroughly.

In a further attempt to better the yield, the inverted method(24),
in which the diazotized m-nitroeniline was sdded to the well stirred
benzene-sodium hydroxide solution, was tried. Although fhe control
was more convenient, on purificetion only 9.2% of the product was ob-
tained.

The next synthesis was undertaken by isolating the isonitroso-~
m-nitroaniline postulated as the reactive component in the coupling
reaction{7,30). One-~half mole of diazotized m-nitrosniline was
poufed, with continual cooling, into 700 g. of NaQH dissolved in
600 ml. of water. The precipitate was collected in a Blichner funnel
and sucked dry over night. This crude isonitroso compound was then
mixed with 300 ml. of pure benzene, and 80‘m1. of acetyl chloride
was then added over a two hour period. The solution was then made

definitely acidic with acetic acid, the benzene layer separated and
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purified by addition of ligroin and washing with base. Final purifi=-
cation by vacuum distillation produced 12% of the pfoduct. This
method gives no better results than the other end the decided dis-
advantage of isolating the isonitroso bompound from concentrated

bese is definitely against its use.

A similar synthesis after the method of Grieve and Hey(ZS), in
which éne-half mole of m-nitroaniline was converted to m-nitro-
acetanilide by an equivaleﬁt quantity of acetic anhydride and reacted -
with nitrous fumes to give m-nitro iso-diaszo acetanilide, failed to
give the final product. Instead, & brick red, fine, crystalline com-
pound, which meltéd at 176°C with the liberation of a gas, was formed.

Since it is evident that the Gomberg;Bachmann and Scarborough
methods are best, it wes attempted to improve upon these general pro-
cedures. It has been generally established that the reaction is
inherently poor due to the heterogeneous nature of the reaction and
due to the tendency for the product, as formed, to;couple again and
in this way build up higher moleculer weight compounds(ZS)o In
aadition to this, some of the diazotized substance is decomposed in
the resction to form phenols‘as is shown, both by the large amount of
material which is washed out of the benzene layer by base, and by
the brilliant, red colored phenol dye formed by removing some of the
reaction medium, soon after the reaction with sodium hydrexide has
started, and making alkaline. |

That the addition of Yg804 to act as a buffer control is ad-
ventageous in some cases, has been shown by Gomberg and Bachﬁann(zo)

but that its tendency to emulsification more then offsets this
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advantege, has been definitely demonstrated in this case. It was
thought, however, that by the use of some wesker base it would be
possible to eliminate the undesirable effects and retein those of
adventage. Thus the reaction was developed by use of sodium car-
bonate so that yields of 23% could be consistently obtained. *
One-half mole of Eastmen's crude m-nitroaniline was made to
e paste in 100 ml. of concentrated hydrochloric acid and 50 mle.
of water. This was diezotized by adding to it 50 g. of sodium ni-
trite in 100 ml. of water at 5% One hour reaction time was allowed
to insure complete diazotization. The dight excess of nitrite was
not detrimental. Three hundred ml. of thiophene-free benzene K was
added, end a saturated solution of 175 g. of sodium cerbonate was
dropped in at a slow rste. The temperature was maintained at 50;
and control was much simplified over the method in which sodium
hydroxide is used. It regquired about one and one-half hours for the
addition; vigorous stirring wes continued for two more hours until the
mixture hed reached room temperature. The mixture was then acidified
with scetic acid and heated to 50° on a steam bath. The benzene
layer wss separated and the remesinder extracted twice with benzene.
This wes added to the original benzene lasyer which was purified by
adding twice the volume of ligroin to precipitate the tar, washing
three times with base, once with water, drying, and distilling off
the solvent. The residue may be crystalized from ligroin, which
gives & product melting at ebout 45°; or it may be purified by vacuum

* It hes subsequently been shown thet anhydrous potassium carbonate

is preferable to the sodium salt because of its greater solubility
in water.
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distillation at 1900-192© at 20 mm. and crystalization from ligroin,
which gives a product with melting point of 58.50; yield 23 g« (23%).

m-Aminobiphenyl.~ Reduction of m-nitrobiphenyl was carried

out by use of tin and hydrochloric acid. Two-tenths of a mole (20 g.)
of the nitro compound was dissolved in 400 ml. of hot alcohol and mefin-
tained at a smooth rate of reaction by add ing portions of hydrochloric
acid. The resction wes refluxed for an additional half hour, and
" hhe mixture was then neutralized with an excess of sodium hydroxide.
The alcohol was removed from the basic solution by distillation and
the amine recovered from the residual solution by ether exfractiOn.
The extract was concentreted and vacuum distilled to obtain 18 ge

of light yellow 0il; bep. 190-920 at 20 mm., which solidified on cool-
ing end gave almost colorless crystals melting at 290. Purificétion
was also easily accomplished by converting it to the almost insoluble
amine-sulfuric acid derivetive which melts at 1810; reported for fhe

amine by Fichter and Sultzburger(18) m.p. 300 end b.p. 254° at 135 mm.

m-Iododiphenyl.- One-tenth mole of the amine was converted to

the diazonium chloride by mixing with 100 ml. of water, 15 ml. of
concenmtrated sulfuric acid, and adding sodium nitrite to an end point
with sterch iodide at 5°. The diazo compound was quite insoluble,

snd the suspension was added cold(2°) to 20 g. of potassium iodide in

8 ml. of water over & period of one-half hour. A brillisnt vermillion
precipitate resulted. The diazo solution was stirred continuously

as it wess allowed to reach room temperature slowly. It was then
wermed; and at 27° the decomposition took place rapidly liberating

nitrogen and lesving a dark oily layer. This was extracted with



25

benzene, washed with thiosulfate, dilute base, dried, concentrested,
and distilled under reduced pressure. On redistillation, 16.2 g.
(574 of m-iododiphenyl, bep. 195°-197° at 20 mm., wes collected.
Reported by Bowden(11) b.p. 188-89° gt 16 mm.

Preparation of the pinacol.- Fourteen grams (0.05 moles) of

m-iododiphenyl was added to 1.2 ge of megnesium turnings in 25 mi.
of anhydrbus ether, and no reaction took place even after addition
of & crystal of iodine. The mixture was then refluxed for two hours
after which time & positive.test for the Grignard reagent(ZI) was
obtained. However, no apprecisble amount of the magnesium had been
used up, and so 25 ml. of amyl ether wes added and the refluxing

was continued at the higher temperature for five houis, after which
time mostvof the magnesium had reacted. Five grems of Benzil dissolved
in benzene was then added end the mixture refluxed for one hours.

At this time there was no test for the Grignard reagent, and so
(the mixture wes made acidic with dilute hydrochloric acid to dis-
solve the magnesium hydroxide formed on hydrolysis. The benzene-
ether layer was washed with carbonate solution, water, and dried

over snhydrous sodium sulfate. The solvent was then removed by
warming in a vacuum. - The residue wes first extracted with a 200 ml.-
portion of 50% chloroform-absolute alcohol s§1ution. This was con~
centrated by warming in vacuum. It wes evident that some unreacted
benzil still remained; so it was removed by dissolving it out of the
mixture in 90% ethyl alcohol and filtering. The remeining pinacol
was crystallized from &an alcohol-ghloroform mixture and finally from

hot sbsolute alcohol. This gave 0.082 grams of the pinacol; mepe. 166°°
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The pinscol gives with sodium ethoxide solutions a turquoise blue

colorstion and no color with concentreted sulfuric acid. Reported

by Ruthruff; m.p. 167.5%%

Analysis.* Calculated for CzgHzqOs: C, 87.99%
- H, 5+83%
Found: C, 87.97%

H, 5.75%

As this is only a 0.3% yield, it cannot be used as a means of pre~
bafing 2 quantit& large enough for rearrsngement studies.

The slcohol insoluble portion consisted of & wexy inert com-
pound which was probsbly formed by e Wurtz type reaction between the
m-iodobiphenyl snd the magnesium in the high boiling amyl ether. This
product was crystallized in colorless flekes from hot benzene and
geve & melting point of 830. It was inert to concentrated sulfuric
acid end wes probably 3,3'-diphenyl biphenyl(ll)-

A third compound ﬁés also produced. This was suspected of

being the compound between benzil and only one molecule of the grignard

reagent:
CgHgOH 0 _
o
¢ = 8—cels | V.
m~CgHgCglisg

The losses in the purificstion were so great, however, that its
identity could not be proven.

Tt is evident that this reection could not be used to synthesize
any quantity of the pinacol. The method of preparation which proved
successful was the reduction of m-phenylbenzopheﬁone, which was pro-
duced according to the following scheme: |

* The carbon, hydrogen determinations were cerried out on 3
semi-micro scale (20mg.) using the apperetus of Netelson(38).,
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CgHgCO0H ——> CgHgCOOBt —— m-NO,CgH,COOES VI
m-N0,CgH, COOEt ——> m-N0,CgH,COOH ———> m-N0,CqH,COC1 VII
m=N0,CgH, COCL ————>  CgHg~CO-m-CgH,NO, VIII
CGH5-CO-m-CGH4N02 ———> CgHg=CO-n~CgH,NH, . IX
CgHg=CO-m-CgH Ny —— CgHg-CO-m=CgH, Cgly ' X

2 Celig=CO-m~CpH,CH c— ¢C
65 6465 Y N
Cells Cells

Ethyl benzoate .~ Right moles of benzoic acid were converted

to ethyl benzoate by means of an esterification apparatus in an
80% yield; bepe 2090, 745 mm.

m-Nitro ethylbenzoate.- The ester was nitrated with mixed

acid by dissolving six moles in 1500 ml. of cold concentrated
sulfuric, cooling to 50, and adding, with continual cooling end
stirring, 1000 ml. of 50% nitric end sulfuric acid mixture over a
period of Sé'hours. The m~nitro compound was separated from the
pars by pouriﬁg onto 5 kilos. of crushed ice, filtering the product,
and washing with 750 ml. of cold methyl alcohol.A This gave a color-
less product; m.ps 45°, b.p. 168-9° at 20fmn. This, with the meta
compound recovered from the washings, geve 973 g. (83.6%).

m-Nitro benzoic acide.- The 5 moles of ester were hydrolyzed

by refluxing with potassium hydroiide and separating ss the acid by
pouring the solution into hydrochloric acid. It wess filtered,
washed, end dried for 20 hours at 85°; after which time it had
reached a2 constent weight and a yield of 98.5% was recorded; m.p.

142°C upon recrystallization from 1% hydrochloric acide.
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m-Nitrobenzoyl chloride.- Four and eight-tenths moles of the

acid were converted to the acid chloride by measns of an :eaquivalent
smount of phosphorous pentachloride(14)o The mixture was warmed on
the steam bath until no more hydrogen chloride wss evolved, end then

the phosphorous oxychloride was removed by g distillation at ordinary

pressure up to 150°C. The acid chloride wes then distilled under
vecuum. On redistillation 584.5 ge. of almost colorless liquid, that
crystellized in large colorless rombic crystels, wes obtained;
(66+8%) msp. 31°, beps 140-2° at 12 mm.

m-Nitrobenzophenone s~ One-third of this acid chloride was

converted to msnitro benzophenone by means of the Pierrier modifica-
tion of the Friedel and Crafts reaction{4l). One and one-tenth mole
of the acid chloride wes wermed on the steasm bsth with 1.15 moles of
anhydrous powdered aluminum chloride until a homogeneous mixturé was
obteined. The &luminum chloridg,acid chloride addition compound wes
cooled and 300 ml. of carbon disulfide and 200 ml. of pure benzene
were added and gently refluxed on the steam bath until no more hy-
drogen chloride was evolved. It was then cooled and decompcsed with
400 g. of crushed ice. The water layer was separated and the benzene-
carbon disulfidevwas removed by distilletion &nd the m-nitrobenzo-
phenone purified by vacuum distilletion st 2180 185mm. Two hundred
and twenty-two groms of-a light yellow liquid was obtained which
solidified to a colorless solid; m.p. 92°C representing & yield of
89.2%. Reported by Greigs snd Koenigs(25) b.p. 2430 et 18 mm.,

. MaDe 920.
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m-Aminobenzophenone .~ The nitro compound was reduced to the

emine by use of both tin:and hydrochloric acid and stannous chloride.
The letter method wss much superior. One hundred and eighty-three
grems (0.85 moles) of the nitro compound wes dissolved in 2 liters

of warm alcohol snd added, at sufficient rate to meintain an even
reaction, to a solution of 580 g. of stannous chloride in 625 ml.

of concentrsted hydrochloric acid. The reaction proceeded evenly

end spontaneously until all of the nitro compound was added. This
solution was refluxed for one-quarter hour and the alcohol then dié-
tilled off. The remaining solution of amine hydrochloride and stannic
chloride was neutralized with 500 g. of sodium hydroxide in a 10%
solutione The free amine separated from the warm solution as a
surface oil where it solidified on cooling and was collected. It was
purified by solution in 4 1. of dilute hydrochloric acid, neugraliz-
ing, end allowing to cool. The amine was filtered off and dried at
600 for four hours; yield 154 g. (86+6%)s The product crystellizes
from water in a thick gelatinous mass which retains water tenaciously
and nelts at 859. Recrystallized from dilute alcoholvit gave yellow
needles, melting at 87°. It forms & stannous chloride addition com-
plex, melting at 139°, and a slightly soluble amine hydrochloride;
mep. 1680. The free amine may be distilled in vacuum; b.pe 245-2470
at 15 mm. |

m-Pheylbenzophenone .~ The Gomberg-Bachmann coupling was

carried out using 0.925 mole of the amine which was diazotized in the
usual manner. Since the smine hydrochloride was insoluble in water,

the volume of weter could not be kept as low as was desirable. One



30

hundred and forty-two grams of the amine was converted, by 160 ml.
of concentrated hydrochloric acid, to the hydrochloride; and 100 ml.
of water was added to make a mixable slurry. This was cooled to
5°; and 50 g. of sodium nitrite dissolved in 100 ml. of water was
added over a period of one-half hour and stirred for an additional
hour to insure complete diazotization. The speed of stirring was
then increased and 500 ml. of thiophene-free benzene added. - To this
heterogeneous mixture, 150 g. of sodium carbonate, dissolved in 425
ml. of water, was slowly added while the temperature was kept at 5°.
After complete addition the mixture was allowed to attain room tem-
perature slowly. It was then heated to 500, acidified with acetie
acid, and the benzene layer separated. This was purified by preci-
pitating the tar with ligroin and washing the ligroin solution
several times with base. After drying, concentrating, and vacuum
distilling -, 18.7 g. (10%) of m-phenylbenzophenone was obtained
which boiled at 225-280%15 mm. It erystalized in colorless crystals
from ligroin; m.p. 76°. Reported by Ru£hruff; 78°. A repetition of
the synthesis using strong base and magnesium sulfate produced qnly
a 6.7% yield. The ketone gave a bright yellow coloration with con-
centrated sulfuric acid.
Analysis.- Calculated for CjgHy40: C, 88.34%

H, 5.59%

Found C, 88.25%

H, 5.65%
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Preparation of the pinacol.-= Thirty ml. of anhydrous ether,

20 ml. of benzene, and 1.8 g of magnesium powder were placed in e
200 ml. round-bottomed flask and 1.9 g of iodine was added in small
lots. After complete addition, the mixture was refluxed for three
quarters of an hour until the solution became ciear. ‘Ten grems
(0.039 moles) of the ketone was added in 20 ml. of benzene and the
mixture, which gave only a slight precipitate of the addition
product, was warmed and then shsken for two hours. The solution
turned a wine color after the first fifteen minutes But this finally
disappeared. The ether-benzene solution was decaﬁted, hydrolyzed?
extracted with ether, and the extract was washed, d;ied, and the
solvent removed by warming in a vacuum. The residue was freed from
unreacted ketone by warming with two portions of petroleum ether
(40-60°) and then crystellized from an alcohol-chloroform mixture;
MeDs 167.5°, yiqld 25%. When this product was mixed with that
prepared by the Grignard, the melting point of the mixture was 166°.

Analysis.- Calculated for CgzgHzn0p: C, 87.99%

H, 5.83%
Found: C, 87.90%
H, 5.68%
Rearrangement of the Pinacoli:-
Cgis~_ O

- m~CgHsC gHz~C~8-m~CgHyCgHg
m=C,HcCplH, OH OH m=C H:C:H CgH
6"5 6‘%::6-—&::::06 5‘§_2,»7:6 5

C6H5-C-8-CSH5

m=C i1 C gty

XII
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Two hundred and fifty-eight millipgrams (0.0005 moles) was rearranged
by refluxing for thirty minutes with fifty ml. of glacial acetic
acid and 0.1 grems of iodine (20). The acetic acid was removed by
werning in a/vacuum and the mixture of pinacolones produced wearg not
isolated.

Analysis of the Pinacolones.-

CeH 0 Colrn
m-CGH5CGH2-—-C-&-erGH4CGH5 m,csﬂscgﬂ4-c-H # CgHgCgH,CO0K  XIIX
Cels™ Cglg”
* KOH
m-CH C e, O m-C gHeCly
®¢ g -c-8-cgHg CgHg-C-H ¢ CgHgCOOK  XIV

The mixture of pinacolones wes: cleaved by refluxing for 36 hours
with 20 ml. of 25% KOH in methyl alcohol and benzene. The solvent
was eveporeted off under vacuum. The remaining solution wes diluted
and the methanes extracted froh the solution by three successive
waéhings with benzene, .20, 15, and 10 ml. respectively. The solu-
tion was then warmed to insure the complete removal of benzene and
filtered free of all methanes. It was then acidified and égain
extracted with benzene, this time to remove all of the acids formed.
Another sample was rearranged and analyzed in a like menner. The

results are recorded in the following table:
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Table II
Sample Weight Rear. Cleavage Yield of Yield of
no. ng. time. time methanes acids
min. hrs. g. % . YA
I 0.2500 30 36 0.1854 107 0.0648 83.9
II 1.2500 46 50 0.8960 103 0.3441 89.4

* Per cent yields calculated on the assumption that there is

equal migration of radicals.

Analysis of the acid mixtures.~ The analysis of the mixture

of acids was carried out on the basis of their different solubilities
in water. Twenty to forty mg. samples were introduced into 10 mm.
tubes which were drawn out to a cepillary at one end. The sample
was washed three successive times with 0.5, 0.25, and 0.1 ml. of
water at 80° by stirring the acid mixture thoroughly while in a
water bath of the proper temperature, then transferring to a centri-
fuge while the tubes were still surrounded by water ét 80°, and,
finally,-removingithe water with a capillary pipette. The water
soluble portion was evaporated and both residues were dfied in a
vacuun desiccator before weighing.

This procedure was first carried out on synthetic mixtures in
order to determine the efficiency of the separation. The results

are recorded below.
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Table III
Sample Known ocomposition Weight of recovered Solubility
of acid mixture acids in mg. of the
m-phenyl
Benzoic m-phenyl Dissolved Residue benzoic
ng. benzoic acid mg.
mng.
I 30.4 12.5 33.2 9.8 2.7
II 15.6 9.8 18.2 7.0 2.8
III Te5 7.0 10.5 4.3 2.7

The acid used in the above tests was prepared by a Smdmeyer reaction
on m-amino diphenyl and from m-nitrobenzoic acid by reduction and
coupling according to the Gomberg-Bachmann reaction.

m-Aminobenzoic acid.- In the latter synthesis an attempt was

first made to prepare the amine by a stennous chloride reduction of
the nitro compound by the same general procedure as used in the
reduction of m-nitrobenzophenone and m-nitrodiphenyl. But due to
the amphoteric nature of both the amino acid and the stanniec ion
present, separation was difficult and the m-nitrobenzoic acid was
lost in the process. It was successfully prepared by catalytic
hydrogenation with platinum catalyst (21) at 30-45 pounds pressure
with the hydrogenation apparatus of Adems (2). Two-tenths of a
mole was completely reduced after one hour. The catalyst was filtered
off and the amine purified by evaporating off the alcohol solvent
and crystallizing from & minimum of hot alcohol; yield 88.5%,

M.P. 175°. It forms a slightly soluble emine hydrochloride which

melts above 255°.
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m=FPhenylbenzoic acid.~ Thirty-five grems of the amine was

diezotized in the usual manner. The diazonium chloride was then
vigorously stirred with 300 ml. of thiophené-free benzeng and 50 g.
of enhydrous potassium carbonate, dissolved in 50 ml. of water, was
added. Since potassium carbonate is much more soluble than the
sodium salt, it is & decided improvement over the latter. It is
important that the volumé of solution be kept at a minimum during
the reaction. As well as the greater solubility, it has the added
advantage of smoother control. Thus the temperature remained at 2°
throughout the reaction without the need of any special care. The
solutién wes stirred for an additional 2 1/2 hours during which time
the mixture was slowly allowed to reach room temperature. The
solution was then acidified and a large mass of tarry substance was
precipitated. The mixture was steam distilled. Although apparently
nothing came over with the steam, a subsequent ether extraction
separated a very small amount of the acid. This was introduced into
e capillary tube and purified by treating with norite and ecrystalliz-
ing from alecohol; M.P. 152°, On recrystallization it melted at the
reported value of 161°; neutralization equivalent 198.% & 10; yield
15.7 mg. The tarry mixture proved to be very interesting, for, even
though it gave the appearance of being a carbonized decomposition
product, it proved to be a strong acid. It dissolves instantly in
dilute carbonate solution, but is insoluble in water or acid. In
base it gives a deep red solution but a dark brown solution in most

organic solvents. It was carried through the following édteps in an
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attempt at purification but remained unchanged throughout. It was
dissolved in base, warmed with decolorizing charcoal, filtered, and
precipitated by neutralization. The precipitate was completely dis-
solved in 95% aleohol made slightly acidic and agein treated with
charcoal adsorbant. The solution was filtered and the acid again
precipitated, this time by dilution with water. On filtration and
drying it appeared in its original form. It is of a non-phenolic
nature. |

m-Phenylbenzoic acid was also prepared from m-sminobiphenyl;
«560 grams of the amine was diazotized ina 50 ml. beaker with 10 ml.
of water, .5 ml. of hydrochloric acid, and .175 g. of sodium nitrite.
This solution was then slowly added to a solution of cuprous cyanide
(.35 g.) in potassium cyanide with constant stirring. The solution
was warmed and the nitrile extracted and hydrolyzad with 70%
sulfuric acid for 45 minutes. The acid solution was diluted, filtered,
and purified in a capillary as previously indicated; yield 7.8 mg.

Comparative migratory aptitudes of the phenyl and m-biphenyl

radicals.- It is evident from the analysis on known mixtures of
benzoic end m-phenylbenzoic acids that, for the amount of water used
(0.850 g.) and the temperature (80°), the benzoic acid is completely
soluble and the m=-phenylbenzoic acid dissolves to the extent of 2.7
mg. (0.32%). A correction of 2.7 mg. must, therefore, be added to
the residue and subtracted from the soluble fraction to obtain the
correct values for the respective acids. The following table. gives

the results from the analysis of the acid mixtures produced by
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rearrangement and cleavage of the B,B’fdiphenylbenzopin-

acol.
Table IV
sample sample water sol- residue total
no. welght uble fraction recovered
iifoge Mg ng. acids mge
I. a 18.7 ﬁé.? 11.8 18.5
b 30.0 12.2 16.8 29.2
II.a 32.4 12.2 20.2 32.4
b 21.6 T4 14oh 21.8
c 27.3 10.8 16.7 27.5

By applying the correction factor we can convert these

figures into grams of acids and calculate the percent

migration. Table V
sample gample amounts of acids found % migra=
no. weight  m-phenyl benzoic tion of
mg. benzoic mge moles m-bi-
mg. moles phenyl

I. a 18.7 14.5 7.32 X10™° 4.0 3.28X10°5 69.1

b 30.0 19.7 9.85 " 9.7 7.95 " 55.3
II. a 32.4 22,9 11.55 " 9.5 7.79 " 59.7
b 21.6 17.1 8.64 " 4.7 3,85 " 69.2
¢ 27.3 19.4 9.80 " 8.1 6.63 "  _59.6

Ave. 62.6
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The results show that the average per cent migration of m-biphenyl
with respect to phenyl is 60%. The average per cent migration of
phenyl is then 40%. Since the migration aptitude is the relative
rearrangement with respect to phenyl as one, the relative tendency
of m-biphenyl to migrate would be

m-biphenyl = _62.2 =  1Li67

2
phenyl 3T 4

2., sym-3,3'-Diphenyl-4,4'~dimethyl-

benzopinacol

Attempted preparation of the pinacol was carried out according
to the following schemse:

m-NOgCHyCOCL ¢ CgHgC Hg—> m-NOpCgH,CO,-CaH,CHy ¢ HCL  XIV

m-N02C 6H4C OP-C 6H4CH3 +* H2 —_ m-HzN C 6H4COP-C 6H4CH3 XV
2 m~CgHgCgHsCO=CqllyCHy —> ¢ — e XVII

3-Nitro~4'-methylbenzophenone,~ One hundred and eighty-six

grams of pure m-nitrobenzoyl chloride, prepared as previously described,
wa.s warmed with 136 g. of powdered, anhydrous., aluminum chloride

until a homogeneous mixture resulted. This was then cooled and three
hundred ml. of carbon disulfidg added. To this solution was then
added, by way of a dropping fumnel, 250 ml. of toluene. The reaction

was continued until all of the hydrogen chloride had been evolved,
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then cooled and hydrolyzed with ice and hydrochloric acid. The carbon
disulfide layer was separated and the remainder extracted with benzene
to remove all of the ketone. It was purified by washing a few times
with base, concentrating, and crystallizjng the residue from benzems -
ligroin and alcohol-chloroform mixtures; yield 115 g. (48%), m.p.1130;
reported (32) 1119,

3-Amino 4'~-nethylbenzophenone.- Ninety-nine grams (0.5 moles)

of the m-nitro compound was reduced by adding it, in alcohol solution,
to 335 g. of stammous chloride dissolved in 300 cc. of concentrated
hydrochloric acid. The reaction was controlled by the rate of addi-
tion of the nitro compound and was complete in 1.25 hours. The
amine was separated by distilling off the alcohol, adding an excess
of strong base, diluting, and allowing the solution to cool. It was
filtered free from the sodium stannate solution and purified by sol-
ution in a dilute hydrochloric acid, filtration, and neutralization.
The amine was filtered off when cold. Weight on drying, 79 g. (82%);
MePe 111.5°. It forms an amine hydrochloride; m.p. 199°. The amime
melts 0.5° higher and the hydrochloride 1.06 higher than that
reported (32).

3=-Phenyl-4'-methylbenzophenone.- The amine was diazotized and

coupled with benzene in the presence of sodium carbonate by convert-
ing 77 g. (.33 mole.) of the amine to the hydrochloride with 75 ml.
of concentrated hydrochloric acid in 250 ml. of water. This was
cooled down to 5% and 22 g. of sodium nitrite in 50 ml. of water was

added dropwise over an half hour period. Stirring was continued for
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an additional half hour to insure complete diazotization. Three
hundred ml. of pure benzene was then added and 105 g. of potassium
carbonate was added in 100 ml. of solution over a period of two hours.
The stirriﬁg was continued while the mixture was allowed to reach
room temperature. it was heated on a steam bath to 50°, cooled, and
the benzene layer separated and purified by addition of ligroin and
wea.shing three times with dilute base. The solvent was removed and
the residue vacuum distilled. The fraction coming over at 185-225°,
18 mm. pressure was collected and redistilled. Two fractions were
obtaineds 185-190° 18 mm., 2.4 g.vand 215-220°, 18 mm., 2.5 g.
Neither substance would crystallize and so each was steam distilled.
The lﬁwer boiling fraction was completely volatile and came over as
a light yellow oil. On analysis it gave: C = 82.5%,
Ha= 7.1%.
Calculated for the expected ketone, Conlsoz C = 88.3%,
H e 5.89%.

The second fraction was only slightly volatile with steam even at
200°, and, like the first, did not show any properties of the
desired ketone. |

Obviously the expected ketone was not produced by the reaction.
Work is being continued in order that this ketone and corresponding

pinacol may be synthesized.
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3. 4,4'-Diethoxy,4,4'~dimethoxy-

benzopinacol.

This pinacol was prepared by Grignard reaction from p-brom-
phenetol and anisil by the following procedures.

p-Bromphenetol.- p-Bromphenol was converted to the sodium

salt and ethylated by use of diethyl sulfate. Yield 97.5% of product

boiling at 230° at 758 mm.

4,4'-Dimethoxybenzoin.- Three hundred grams of anisaldehyde,
800 ml. of é5% ethyl alcohol, and 60 g. of potassium cyanide were
refluxed for 2 hours. One half of the alcohol was distilled off and
the rémaining mixture refrigerated over night. The o0il which sepa-
rated was washed with two portions of acid carbonate solution, dried,
and vacuum distilled. One hundred and eighty grams, boiling point
135-40°, 19 mm. disfilled over first. This proved to be unreacted
anisaldehyde. At 205° and 18 mm. 104 g. of anisoin came over; yield
on>the basis of the anisaldehyde used 86.6%. On crystallization
from alcohol it melted at 109° as reported.

4,4'-Dimethoxy benzil.- Three hundred ml. of pyridine, 200 g.

of copper sulfate penta~hydrate, and 150 ml. of water were refluxed
until completely dissolved, and then 100 g. of anisoin added.
Refluxing was continued for 2 1/2 hours, the mixture was allowed to
cool in the refrigerator over night, and the erystals of anisil were
filtered off. Purification was accomplished by warming with 30 ml.

of concentrated hydrochlorié acid and 100 ml. of water, cooling,
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filtering, and washing the product with water until the color of
copper sulfate was gone; yield 82%, m.p. 130°. On recrystallization
from carbon tetrachloride it melted at 133° as reported.

' Preparation of the pinacol.- The p-bromphenetol (0.125 moles.)

was Grignarded and to the ether solution was added anisil (0.10
moles.) in benzene. The reaction took place spontaneously. After
the addition was complete, the solution was warmed for 15 minutes
and a test for Grignard reagent made and found negative. The inter-
mediate was hydrolyzed by adding a solution of ammonium chloride and
sheking. The ether-benzene layer was separated and the solvent
removed under vacuum. The syrupy pinacol which remained was washed
with three separate portions of petroleum ether to remove any
unreacted anisil or bromphenetol. The pinacol would not crystallize
from any solvents that were tried even when cooled to -15°. The crude
pinacol was partially rearranged by storage over phosphorous pentoxide
for several months; since attempts at crystallization after this
time separated small amounts of the pinacolone which gave a bright
yellow coloration with concentrated sulfuric but failed to show any
color with sodium ethoxide.

Since the pinacol could not be crystallized, no attempts were

made to rearrange and snalyze it.
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4. 1,2-Dibenzyl-l,2-diphenylethylene

glycol
Beta desoxybenzoinpinacol.- According to the method of Ballard

and Dehn, (9) one hundred and seventy grams of benzoin, 80 g. of
potassium iodide, and 17 g. of red phosphorus were heated together

on a steam bath while 44 ml. of concentrated hydrochloric acid was
slowly added. Heating was continued for twenty hours after which
time the mixture was extracted with benzene, dried, and the product
crystallized from alecohol. In this manner 85 g. of the desoxybenzoin;
MePe 59.53 and 41 g. of beta desoxybenzoin pinacol; m.p. 171-2° were
obtained. The yield of the ketone was 54% and of the Pinacol 27%.

Alpha desoxybenzoin pinacol.-~ Thirty grams of the desoxy-

benzoin was dissolved in 500 ml. of isopropylkalcohol along with
0.5 ml. of acetic acid and allowed to set in the sun from October
through May. At the end of this time the pinacol was filtered off
and recrystallized from alcohol-chloroform mixture; m.p. 208°, yield
50%.

Attempted rearrangement of the pinacol.- Two and one half

grams of the beta desoxybenzoin pinacol was refluxed for 1.3 hours
in 50 g. of glacial acetie acid and O.1l g. of iodine. Upon cooling
the pinacol crystallized out unchanged. This was diluted, filtered
and 2.4 g. recovered. It melted at 171° and gave a mixed melting
point with the original of 171°. Boiling with dilute sulfuric, and
acetic acid-acetyl chloride mixtures likewise produced no rearrenge-

ment on either the alpha or beta pinacol.'



III ANALYSIS OF RESULTS

The migratory aptitude of m-biphenyl.- We can now place the

m-biphenyl group in its proper position in the series of relative
[
migration aptitudes. As shown by the fact that 60% of the biphenyl
= 7.4

migration product is produced against'40% of the phenyl, biphenyl
must have 1.5 times the tendency to rearrange as does phenyl.

Prediction of migration tendency.~ Now if it is true that

the course of the rearrangement depends only on the radicals

involved (6,8), then we should be able to predict the per cent
migration of m~biphenyl to p-tolyl, or any other radical, if we know
the per cent migration of phenyl to biphenyl and of phemyl to tolyl.
The validity of this type of prediction has been established (6,8).

It has been determined that the p-tolyl radical migrates 15.7 times

as fast as phenyl (7) and it has likewise been shown above that
m~biphenyl migrates 1.5 times faster than phenyl. On this basis,
p-tolyl should migrate 15.7/1.5 or 10.5 times faster thanﬁzéiéyf&@ﬁgg
It is with the end in view of checking the validity of this prediction
that further work is being undertaken to prepare the sym?s,s'diphenyl-
4,4'~dimethylbenzopinacol.

. The effect of position on the migration aptitude.- The fact

that m-biphenyl has a lower migratory aptitude than para biphenyl is
in accord with the previous data which shows that the closer the
substituent is to the connecting bond of the molecule, the greater

will be its hindrence to migration.
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Significance of Migratory tendencies.- The migratory aptitude

is a measure of the relative speed or ease of rearrangement of one
radical with respect to another. But what causes one radical to
migrate more readily than another? As has been shown, it is some
pro?erty or properties characteristic of the radical itself and not
due to the molecule. Just what these determining characteristics
are we do not know; we know only that the migratory aptitudes, as
determined by the rearrangement of symmetrical pinacols, are a measure
of this property. Since we have here a means of measuring one of
the very basic properties of radicals in the organic molecule, it is
important that as complete a list as possible be developed so that
our study of the properties of radicals in chemical change may be
facilitated.

This rearrangement can tell us more than it has, not only
with respect to the radicals involved in the rearrangement, but also
in regard to the structure of the pinacol molecule as a whole. A
theoretical consideration of a typical case may make this clearer.
Let us consider the symmetrical pinacol 4,4'-dimethylbenzopinacol
which, when rearranged, yields two products according to the two
simultaneoué reactions in the ratio of about one to fifteen and

seven-tenths (8)

CHaCeHg. ©
CHgClly QH OH 0Oy — CHzCgH, -C-C-CeH, I
¢—=t7 Cel,”" * 15.7 Parts
Y A
Cells 65
| —Cy 0
C gl =G-8~ gH, CHg 11

CH3C 6H4 1l Pa.rt
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It is well established that the product that predominates in a chemi-
cal change is the one that is produced by the fastest reaction. The
fact that 15.7 times as much of the p<tolyl rearrangement product is
obtained must mean that this reaction proceeds 15.7 times as rapidly.
The explanation for the one reaction proceeding faster than the other
has been attributed to the property of the radical which determines
its strength of attachment to the molecule. This has been designated
as electronegativity (28) or combining affinity(soz These explana-
tions have their basis in the fact that each of the theories for the
mechanism of the reaction postulates an intermediaté in which,if
rearrangement is to take place, one of two conditions must exist.
Either the bond between carbon atom number 2. and tolyl g?oup b. must
be¥15.7 times as strong as that between cérbon atom number 2. and
phenyl group b., or, which would result in the same thing but which
is theoretically quite different, carbon atom number 1. and p-tolyl
group b. are attracted by a force which is 15.7 times as strong as
that force attracting phenyl group b. to carbon atom number 1. This
merely means, when analyzed on the basis of the kinetics of the
reaction, that reaction I. has an energy of activation which is
enough lower than that of reaction II to allow it, according to laws
of the distributions of energies, to take place 15.7 times as fast.
Whether we look at the reaction on the basis of kinetics and
energies of activation or interpret it simply on the basis of the
strength of carbon to radical bonds, it is apparent that the property

of the radical measured by its migratory aptitude, should not be
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changed by the symmetrical molecule to which it is attached. A
perfectly symmetrical pinacol in which all of the substituents are
p-tolyl groups should be constructed just 1/15.7 times as firmly and
should rearrange just 15.7 times faster than the corresponding
pinacol which is made up of four phenyl groups. In other words K
and K', the rate constants of the two reactions, should be in the
ratio of one to fifteen and seven-tenths for the two following

reactions:

Ceig QH OH Cglls x  Ceflsy
Te—¢ T CgHy-C-C-Cgl III.
4 ~ 5 5

Cel CeHsg CeHs

CHCgHy QH OH CH3CeHy k' CHzCgHay O
>c——c\ ——— CHzCgly-0=C-CgH4CH3 Iv.
CHzCgH CHzCgHyg CHgzCgHy

Thus,if the rate of rearrangement in symmetrical pinacols depends
only on the radicals involved, the rate of rearrangement of phenyl
and p-tolyl in equations I and II should bear a direct relationship
to the migratory aptitudes of the respective groups; and the energy
of activation derived from a kinetical study of the rearrangements
II1 and IV should likewise apply to cases I and II.

Although we have no quantitative measurements by which to test
this, qualitatively this proves to be true for the perfectly
symmetrical p-tolyl pinacol rearranges under the action of acetic
acid and iodine when the solution is only warm (15), whereas benzo-

pinacol must be heated for a short time with the same reagent to

bring about rearrangement.
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But we cannot draw conclusions as to any absolute correlation
between ease of rearrangement of perfectly symmetrical pinacols and
the relative migratory tendencies from just tﬁo cases. A careful
quantitive study on the basis of the kinetics of reaction of several
representative cases should be undertaken to establish the existence
of such & relationship. We should, however, be able to obtain a
good idea if the above relationship exists by a study of the liter-
ature; since the rearrangement of some of these perfectly symmetrical
pinacols have been reported and the conﬁitions for rearrangement
given. Since the speed of rearrangement has never been a primary
consideration in the many pinacol investigations*, exact data is not
available. A survey of some cases with reagents used and the condi-
tion under which the rearrangement is carried out should give a
qualitative basis for determining the correlation between migratory
aptitudes and relative speeds of rearrangements of perfectly symmet-
rical pinacols.

| The literature reveals the following set of pinscols which
have‘Been prepared. The table lists the pinacol, the migration
aptitude of the radicals in order, and the conditions for rearrange-
ment with the aepproximste order of ease of rearrangement given for

each.

* Meerburg (36) has studied the rate of rearrangement of the
perfectly symmetriecal p-chloropinacol, but only with the object of

determining the order of reaction.



No.

1,

5.

6'

T

Radical

Anisyl (35)
Tolyl (22,15)
p-Biphenyl
(22)
Phenyl (22,27)
p-Chlorophenyl
(36)
Methyl (20)

Ethyl (55)

n-Propyl (55)

Table VI.

Migration Pinacol Rearranging agent and conditions
aptitude
500 E(CHs-OO-)z-C—OHJZ Spontaneously on reduction of
: " ketonse.
15.7 [?(CHs—C)-)z:c-Osz By the addition of a crystal of iodine
. ) to a warnm acetic acid solution.
11.5 [(C}O) =C-OH]| Acetyl chloride acetic acid mixture
o 2 2 gently boiled for six hours.
1. [(*(::>9 ‘=C’(Eﬂ; A crystal of iodine in acetic acid
: 2 "2 for a few minutes.
0.66 KCBD-) =C-OH] Setting for days in acetyl chloride
i 2 “2 at 300,
.0 KCH3)2=C-OﬁL Heating for two hours with phosphor-
‘ ~2 ous pentachloride, But oxolic acid will

' also accomplish the rearrangement.

.07 [(cots)p-c-0H]: Boiling for two hours with dilute
: 2 sulfuric acid.

.0? [(c5H,) ,-c-0H] Action of 20% sulfuric aeid at 1500,
\Catig)e P

Order of
ease of
rearrange-
ment

6.

8.

6%
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A survey of the table shows a very definite correlation, but
in one case at least, i.e. the phenyl and p—biphenyl radicalé, the
results are contradictory. But with each rearrangement performed by
a different investigator under dissimilar conditions, this is
understandable.

In summary it mey be said that in a qualitative way we do find
a direct: correlation between speed of rearrangement of perfectly
symmetrical pinacols and migratory aptitudes from the data given.
This must, of necessity, 59 incomplete and only approximate due to
lack of quantitative date end diverse conditions. In order that a
valid and just evaluafion could be made, research with respect to
the kinetics of reaction of the rearrangement of fypical ones of the
perfectly symmetrical pinacols should be undertaken and calculations
should be made of energies of reaction,as well as of the speed
constants. Since the cases in which the correlation does not hold
apparently challenge the validity of certain assumptions as to the
significance of migratory aptitudes, it is importent that suech an

investigation should be mede.
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IV SUMMARY

1. The miéraﬁory aptitude for the meta-biphenyl group has been
established.

2. Attempts at determining the per cent migration of phenetyl
against anisyl were unsuccessful.

3. The unaccountable stability of desoxybenzoin pinacol to
reérrangement~has been noted.

4. A method of tesfing the validity of certain accepted theories
concerning the‘significance of the migration aptitudes has been

presented.
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