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INTRODUCTION

This work was undertaken in an attempt to synthesize some mixed pinacols
by treating certain mixed ketones with magnesium and magnesium iodide in
organic solvents. No record of pinacols prepared in this manner was found
in the literature.

The hope of the author was ultimately to prepare some of the synthetic
estrogens via the pinacol reduction of certain mixed ketones, this to be

followed by dehydration of the pinacol and also demethylation when appli-
cable.



HISTORICAL DISCUSSION

Bachmann (6), using the magnesium and iodine mixture in organic solvents,
prepared a number of symmetrical aromatic pinacols., A partial list of these
pinacols, along with the ketone they were prepared from, and the yields obtain-

ed follow:
Ketone Pinacol % Yield
Benzophenone (C6H5)20—0(06H5)2 99,6
OH OH
L-Methylbenzophenone CH,C H C,H, CH 98
0% L
/| | Cefs
Cglls OH OH
4,4 "'-Dimethylbenzophenone (CH,C,H, ) ,C—~C(CH, CH,,) 9%
; Halhy) 20006y %) 2
Xanthone

SIS 92

The mechanism of the reactions involved in this work as typified by
benzophenone follows:

1. Mg + Mgl, T/ 2 Mgl iz

2. (CgHg)oL=0 + Mgl —> (C4Hs) C-OMeI

3. 2(0635)2? = (0655)2('3-@481

IMg-0 (Cglis) ,C-OltgT 22, e

(C6H5)2 C~0OH
Other methods of preparing the pinacols studied in this work have been

used. 2,3-Diphenyl-2,3-butanediol has been prepared by reduction of



acetophenone in isopropyl alcohol by letting the solution stand in the sun-
light for one month (8). This method is preferred to that of the action of
methylmagnesium iodide on benzil (1).

A 52% yield of the pinacol has been reported frm the action of methyl-
magnesium iodide on benzil (3).

2,3-Diphenyl-2,3-butanediol was obtained in 43% yield when diacetyl in
ether was added to an ice-cold solution of phenylmagnesium bromide (11).

Acetophenone was reduced electrolytically in alkaline solution at many
different cathodes. The effect of the surface of the cathode material was
studied. The main product of the reduction was the pinacol (12).

In the condensation of ethyl dichloroacetate with acetophenone, accord-
ing to Darzens (4), 2,3-diphenyl-2,3-butanediol was obtained as a by-product
with yields of five to ten percent. Ethyl <-chloro-/-hydroxy-/4 -phenyl-
butyrate is the main product of this reaction.

Both low-melting (122-123°) and high-melting (168-169°) forms of
2,3-bis-(p-methoxyphenyl)-2,3-butanediol (9) have been prepared by the
electrolytic reduction of p-methoxyacetophenone in an alkaline agueous medium
at the refluxing temperature and 110 volts. The high-melting isomer, was
also prepared by reduction of the ketone with aluminum amalgam in moist ether.

Both pinacols to be prepared in this work exist in two isomeric forms
of different melting points (9) (13).



PRELIMINARY DISCUSSION

Unsymmetrical ketones were selected for the preparation of certain
pinacols in an attempt to obtain eventually synthetic estrogens related to
stilbestrol. Runs were attempted using p-methoxyacetophenone and then
acetophenone. p-Methoxyacetophenone had to be synthesized, while acetophenone
was readily available, The greatest emphasis in this investigation was upon
the method of synthesis of a2 particular compound; however, some qualitative
anal yses were made in order to determine the extent of side reactions
occurring., Variations made in experimental conditions included a change of
solvents between pure benzene and ether-benzene solution, change in tempera-
ture of the system, change in contact time and hydrolysis procedures. Differ-

ent solvents were also used in extraction.



EXPERIMENTAL
PRELIMINARY EXPERIMENTS

I. Preparation of Benzopinacol.
Materials used:

15 g. (0.62 g. atom) of powdered magnesium

100 cc, of ether, distilled from sodium

200 cc, of benzene

42 g. (0.33 g. atom) of iodine, dried over sulfuric acid

54,6 g. (0.3 mole) of benzophenone

The method used for this preparation is the same as that described by

Gomberg and Bachmann (6). One hundred cubic centimeters of ether and 150 cc.
of benzene were added to the powdered magnesium. To this mixture in the
500-ce. flask iodine was added in portions of several grams at intervals so
as to keep the solution refluxing (under a calcium chloride guard tube)
quite vigorously. The light-red solution of the magnesium salt was cooled
and to it was added a solution of the benzophenone in 50 cc, of warm benzene.
The heavy white precipitate of the ketone-magnesium iodide addition complex
filled the flask. The flask was stoppered and shaken for 15 minutes. During
this time the precipitate disappeared and a deep-red solution resulted. The
complete disappearance of the precipitate indicated the reduction to be
practically complete. When the flask was shaken for too long a time, the
iodomagnesium pinacolate precipitated upon the metallic magnesium, making
subsequent separation difficult. After the magnesium settled, the solution
was filtered from the excess metal, the magnesium remaining was washed with
a mixture of ether and benzene and this wash solution was filtered and added



to the main portion. Water was added to the solution of the pinacolate. The
magnesium hydroxide formed in the hydrolysis was dissolved by the addition of
dilute hydrochloric acid. A small amount of sodium bisulfite served to
remove what iodine remained. The pinacolate was decomposed in & short time
by shaking the mixture, and the liberated benzopinacol precipitated in large
quantities. The solid benzopinacol was filtered off. The remaining mixture
was treated with enough benzene to complete the separation of the pinacol.

: The organic solvents were combined and then dried over anhydrous sodium
sulfate. The crude pinacol was digested with 100 cc. of ligroin at 140-60°

to remove traces of benzophenone and then recrystallized from a2 mixture of
aleohol and chloroform. Melting point, 190° (Literature value, 192-4°).

II. Preparation of Xanthopinacol.

A solution of 19.6 g. (0.1 mole) of xanthone in 100 cc. of hot benzene
was added to the reddish-brown reaction mixture of 4L g. of magnesium and
15 g. of iodine in 100 cc. of ether-benzene. To aid in keeping the magnes-
ium from being coated by the insoluble complex, (0133802) 2-15312-(02115) 20,
which began to deposit, the mixture was heated on the steam bath until
reaction began. The flask was then shaken at room temperature for 12 hours.
If the megnesium does become so coated as to prevent it from reacting, the
addition of a small amount of fresh metal induces reaction in a short time.

When the yellow pinacolate solution was decomposed with water, the
greater part of the xanthopinacol precipitated in the layer of organic
solvents, This was filtered off. Additional pinacol was obtained from the
benzene solution. Xanthopinacol is not very soluble in alcohol or benzene.
It crystallizes from toluene in shining white needles that are highly



refracting. The pure pinacol was obtained by digesting with hot benzene to
remove the unreduced xanthone. It does not melt but de=composes at 185-1870.

(Literature value, 185-187°).

III. Preparation of Intermediate Ketone, p-Methoxyacetophenone,

First Run: The procedure used here was that recommended by Noller and
Adams (7). A solution of 0.5 mole (54.07 g.) of anisole in 200 cc. of
carbon disulfide was placed in a l-liter three-neck flask, fitted with a
liquid-sealed mechanical stirrer, a dropping fumnel, and a reflux condenser
bearing a tube to carry off the hydrogen chloride evolved. The flask was
then immersed in an ice bath to keep the temperature down to about 5% in
order to prevent splitting the ether which occurs at the reflux temperature
of the reaction mixture, One and one-tenth mole (146.7 g.) of aluminum
chloride was added through one of the necks of the three-neck flask, and then
with rapid stirring, 0.5 mole (50 ml.) of acetic anhydride was added slowly

through the dropping funnel. This required about 45 minutes as the reaction
mixture would heat ﬁp if the acetic anhydride were added faster., After the
addition of all of the acetic anhydride, the stirring was continued with the
chrome wire stirrer, to insure thorough mixing. After about five minutes of
this coritd.nued stirring, the reaction mixture turmed dark and suddenly became
very viscous, stalling the electric stirrer. At this point, the electricity
was cut off and the apparatus was dismantled. The tar formed had the
nauseating odor of mercaptans, indicating that the acetic anhydride or the
anisole had reacted with the solvent. Preparation was then made to continue
the synthesis, but using this time a more inert solvent.

Second Run: In this mun, the same quantities of anisole and aluminum

chloride were used as in the first run, but instead of carbon disulfide as



solvent, ligroin was used. After all the acetic anhydride was added, the
mixture was stirred for two hours to insure complete reaction. At the end
of this time there was practically no evolution of gas. The slightly warm
reaction mixture was then cooled to room temperature and was decomposed by
pouring into a 2000-cc. beaker of cracked ice. After the decomposition,
which was carried out under the hood, the mixture was cooled and extracted
with a small portion of ether. The ether layer was washed first with water,
then with 10% sodium hydroxide, and finally again with water, It was then
dried over calcium chloride, the solvent distilled, and the residue subjected
to distillation under reduced pressure (1 mm.). The fraction which boiled
at 120-125° at this pressure was collected and cooled in an ice bath., White
crystals plated out in a short time; they melted at 36-37°. (Literature
value, 38-39°). The compound was purified by recrystallization from alcohol.

Twelve and one-half grems of p—uethomceiophemne (13.2% yield) was obtained.

Attempted Preparation of 2,3-Bis(p-methoxyphenyl)-2,3-butanediol.
The reactions involved here are as follows:

B-CHy0CgH, G (CHs)OMgL .
P-CH;0C4H) COCHy + Mgl —» 2-033006Hhc(cu3)m451 . A%

(2gsI,)

p-CH30C4H, C(CH3)OH + MgI, + Mg(OH),

B-CH30°6H&C(CH3)OH
I. First Run: A solution of 7.5 g. (0.05 mole) of p-methoxyacetophenone
in 50 cc. of warm benzene was added to the light-red reaction mixture of
2 g. of magnesium (0.0822 g. atom) and 7.5 g. (0.059 g. atom) of iodine in
50 ml. of ether-benzene (Note 1). To aid in keeping the magnesium from
becoming coated by the insoluble complex, the mixture was heated on the
steam bath until reaction began. The flask was then shaken for six hours

at room temperature. As the magnesium became coated with the insoluble



complex, the reaction stopped, but with the addition of more magnesium, the
reaction continued.

When the reaction mixture was decomposed with water, the greater part
of the pinacol precipitated in the layer of organic solvents (Note 2). This
was filtered off by arranging a jacket about a Hirsch funnel and filling the
jecket with ice water to prevent the melting of the pinacol as it came in
contact with the filter paper. Three hundred twenty-one miliigrans of a waxy
substance (melting point, 40-45%) which had a yellowish color was obtained.
This substance was then refluxed with ligroin to remove the unreacted ketone.
The refluxing was continued for about 15 minutes, then the solution was
filtered (Note 3). After filtering, an attempt was made to recrystallize
the pinacol from the ligroin, but this attempt at purification failed as the
same discolored material as before was obtained.

The yellow waxy substance was then dissolved in alcohol, and water was
added drop by drop to precipitate the compound from a:;lut.ion. This resulted
in the formation of an oil. This oil was extracted and taken up in ether
and dried overnight with anhydrous sodium sulfate. The ether was distilled
off, and the apparatus set up for vacuum distillation. The system was
comected to a mercury diffusion pump equipped with a McLeod-type masnometer.
The pressure was reduced to 1 mm. of mercury and the distillatién was contin-
ued until the residue began to decompose. The product distilled between
290-315° under a pressure of 1 mm. This product retained a yellowish color
so an attempt was made to purify it further by recrystallization from chloro-
from and alcohol, A few rhomboidal crystals were obtained which melted from
165 to 175°. These were so few in number that it was impossible to further

characterize them.
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Notes

(1) The color of the reaction mixture goes through a series of color
changes on addition of the ketone. When the ketone is first
added, the light-red solution of magnesium and iodine changes
to yellow in five to ten seconds. When shaken, the yellow
solution changes to green and then to brown in a few minutes.

(2) When water was added to the organic layer an additional layer
was formed which was dark in appearance, and was much more
viscous than the other layer of organic solvents above it.

The two organic layers were separj.ted and treated like the
organic solvent layer mentioned above. .

(3) Note here the variation from the procedure used in preparing
the pinacols from the symmetrical asromatic ketones. The mixed
ketones, in the presence of acid, undergo the pinacolone
rearrangement, so the solution is not acidified to dissolve

the magnesium hydroxide.

II. Second Run: To the clear red reaction mixture of 1 g. (0.04 g. atom)
of magnesium and 3.25 g. (0.025 g. atom) of iodine in ether-benzene (50 cc.)
was added 3.75 g. (0.025 mole) of p-methoxyacetophenone in 50 cc. of warm
benzene.

The procedure followed in this run was varied somewhat from that
followed in the first run. It was noted in run one that the reaction mixture
darkened on heating, indicating decomposition of products, so this run was
carried out avoiding heat.

The ketone was added to the magnesium and iodine in the ether-benzene

solution and the reaction was allowed to proceed at room temperature for a
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few minutes, but when it became too vigorous, water was run over the flask
to prevent decomposition of the pinacol. Intermittent shaking speeded the
reaction. When the reaction was completed, the solvent was decanted from
the excess magnesium into a separatory funnel. The magnesium was washed
with ether and the latter was added to the main portion of selvent.

Water was added to the benzene-ether solution, whereupon two precipi-
tates formed, One of these precipitates was magnesium hydroxide, the other
the pinacol, When the mixture was shaken for fifteen minutes, the light-tan
precipitate of the pinacol dissolved in the organic layer, This layer was

then filtered to remove the magnesium hydroxide. The organic solvents were

evaporated under reduced pressure (1 mm.) to avoid heating. The remsining
substance was then dissolved in ether and dried with mhydrous sodium sulfate
overnight, The ether was distilled off leaving a brown oily material which
contained a few white flaky crystals. The mixture was dissolved in carbon
disulfide and an attempt was made to recover the crystals from the solution.
Only a few were isolated and these were not of high purity. Melting point,
162-173%. Too few crystals were isolated for further study.

The oxime was prepared by dissolving some of the crude product in
alecohol (5 ml,) along with 0.2 g. of hydroxylamine hydrochloride, and adding
5 ml. of pyridine. The solvents were then removed by evaporation. The
residue was triturated thoroughly with 5 ml. of cold water, and the mixture
filtered. The oxime formed was recrystallized from an ethanol-water mixture
(10). Melting point, 192-94°. The oxime of 3,3-dianisyl-2-butanone melts
at 192-94° (9). This ketone could be formed as the result of the rearrange-
ment of the pinacol. This indicated that the conditions of the reaction

induced the pinacolone rearrangement.
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At this point in the investigation, due to the low yield of pinacol snd
the lack of starting material (_E-methmqy'acetophenone) s study of the reaction

of acetophenone with magnesium and iodine was undertaken.

Attempted Preparation of 2,3-Diphenyl-2,3-butanediol

Reactions involved in the following runs are:

2 C4HgCOCHy + Mgl —— CglisG(CH ;Q(EI oy
(2MgsI,) c6nsc(c

céusg(on)c

065538333“ = CH,COC(C H, ) .C
65 ’mﬁ’ H300C{Cell5) 20H,
I, First Run: Material used:

36.04 g. (0.3 mole) acetophenone

15 g. (0.62 g. atom) of magnesium

42 g. (0.33 g. atom) of iodine

The procedure used in this preparation was much the same as that used

by Gomberg and Bachmann for the preparation of benzopinacol (g.v.), except
for modificati ns due to differences in solubility of 2,3-diphenyl-2,3-
butanediol and benzopinacol. Upon addition of the acetophenone to the
magnesium and iodine in the ether-benzene solution, two distinct layers
were formed above the excess magnesium in the flask. The bottom layer was
a black viscous oil insoluble in ether or benzene. These two layers were
hydrolyzed separately. When the magnesium pinacolate was hydrolyzed, the
pinacol did not precipitate in the layer of organic solvents as in the
case of the hydmolysis of the benzopinacolate. A few milliliters of dilute
hydrochloric acid was added to dissolve the magnesium hydroxide in the

aqueous layer. The dark-brown oil formed on hydrolysis turned to light tan



13

on the addition of sodium bisulfite. This light-tan oily layer was separated,
washed with water, and dried overnight with anhydrous sodium sulfate. The
organic solvents were then distilled off under a pressure of approximately
10 mm., using a mercury diffusion pump. Reduced pressure was used in order

to avoid heat which caused darkening of the oil, indicating decomposition.
After the organic solvents had been distilled off, a light-tan oil remained
which was set in the refrigerator for three days to induce crystallization.
At the end of this time, the flask was removed and small needle-like crystals
were noted suspended in the syrupy liquid., The mixture was then divided into
several smaller portions and various solvents were tried to effect separation
of the crystals from the oil. Results are shown in Table I.

Since only a few crystals of the compound were obtained from the
solvents that were suitable agents for extraction, it was decmed desirable
to run a detailed qualitative analysis on the mixture to identify the various
compounds formed as side products.

Upon treatment of the distilled reaction mixture with bromine and carbon
tetrachloride (11), the bromine-carbon tetrachloride solution was decolorized.
The odor of hydrogen bromide was not detected which indicated addition of
bromine. The compound resulting from this addition was separated from the
carbon tetrachloride by addition of an ethenol-water mixture and filtration;
after drying overnight it was found to melt over the range 139-149°. This
corresponds approximately to the melting point of 1,4~dibromo-2,3-diphenyl-
2-butene reported in the literature as melting at 149-150° (14).

A neutral 10% potassium premanganate solution was added to the dis-
‘tilled reaction mixture. Apparently there was no reaction until the mixture

was heated slightly, at which time the permanganate color was discharged.



TABLE I

SOLUBILITIES OF REACTION MIXTURE AFTER VACUUM DISTILLATION

SOLVENT

Ether
Acetone

95% Ethanol
Methanol
Pyridine
Chloroform
Carbon tetra-
chloride
Dioxane

n-Butyl
alcohol

Carbon
disulfide

Acetic
anhydride

Glacial acetic
acid

Benzene

Ligroin

SOLUBILITIES

V.s. at room temp.: v.s. at 0°
V.s. when warmed: fairly soluble at 0°

Sl. sol. at room temp.: sol. at b.p.*

S1. sol. at room temp.: sol. at b.p.*
Insol. at room temp.: v.s. at b.p.
V.s. at room glnp.: insol. at acetone
dry ice temp.

V.s. at room temp.: v.s. at 0°

V.s. at room temp.: v.s. at 0°

V. sl. s. at room temp.: sl. sol. at b.p.

Insol, at room temp.: sol. when warm
Insol. at room temp.: sol. at b.p.

Insol. at room temp.: sl. sol., at b.p.
V.s. at room temp.: sol. when cold

Sl. sol. at room temp.: insol. at 0°

* Insoluble portion appeared as an oil.

USEFULNESS AS
CRYSTALLIZING MEDIUM

Poor
Fair
Poor
Poor

Poor

Poor

Poor

Poor

Poor

Good
Poor

Poor

14
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The manganese dioxide was filtered off and the separation scheme carried out

in the following manner:

Oxidation Mixture

Filtered
Filtrate Residue
L ¥n0s atd basic compds.
Extrakted with ethepr Extracted with ether
(nil)
Ether layer Watler layer (acidified
(Veutral substances) and filtered)

Resl Filtrate (fiscarded)
Acia comgds.

H.p. 117

The neutral substances extracted with ether were treated with 2,4~dinitro=-
phenylhydrazine; the melﬁing point of the resulting product was 190-200°.
This wide range was taken to indicate é mixture of hydrazones.

The oily neutral compound was then distilled to remove the unreacted
acetophenone., A white waxy substance remaining which melted at 45° was
treated with hydroxylsmine hydrochloride in pyridine—to form the oxime (10).
This oxime melted at 1500 which corresponds to the oxime of 1,2~divhenyl-
2-methyl~l-propanone (3). (Literature value, 151.2-2.2°). This indicates
rezrrangerent of the pinacol dus to heating. The 2,4-~dinitrophenylhydrazone
of this second neutral compound decomposed at approximately 260°. The
2,4~dinitrophenylhydrazone of 1,2-diphenyl-Z-methyl-l-propanone is not
reported in the literature.

The literature value given for the malting point of mandelic acid is
117°. The acid extracted above melted at 117°. The anilide prepared from

this acid melted st 150° (Literature value, 151-520), and the p-nitrobenzyl
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gster melted at 1250 (Lite?aturé value, l2h°). The melting point of the
mandelic acid was not depressed when mixed with this compound. Mendelic
acid was the only onevof these compounds isolated in appreciable amount
(0.426 g.).

After the ketones were removed by the addition of 2,4-dinitrophenyl-
hydrazine in alcohol, the compounds remsining were treated with permanganate
in the manner described above. This did not produce any mandelic acid. This
indicated that the mendelic acid was formed originally by the action of the
permenganate on the acetophenone. This reaction could possibly occur in the
following steps:

Céu5COGH3 + KMnOh — 86H5COCOOH «——-z;GéHECHO + (0,

EOH
CéHSCHO + GéH5COGOOH — CGHSCHOHCDOH *_Céﬁ

SCOOH
The mandelic acid sublimes in the sunlight, leaving the benzoic acid behind,

Second Run: The guantities of materials used in this run were the same
as those used in the first run. The procedure was modified somewhat due to
tie lack of suecess on the previous runs.

As in the first run, extreme cautlion was taken to exclude all moisture
from the reactants. It was found in the previous runs that meisture in the
system interfered with the process. This finding is contrary to the state-
ments of Comberg and Bachmann, who report that the presence of water, even
in considerable amounts, did not reduce the yields of pinacols they prepared
(6).

The iodine was added to the powdered magnesium in 200 cc. of dry
benzene contained in a 500-cc. flask to which was attached a2 condenser.

The iodine was added in portions of several grams each, in order to keep

the solution boiling quite vigorously. The solution formed here was not

colorless as described by Gomberg and Bachmann but did become translucent.
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The color changed from almost black at first to a clesr red. This solution

of the mognesium salt was cooled and to it was added 34.9 cc. (0.3 mole)

=ty

of acetophenone. As the acetophenone came in contact with the magnesium~
iodine solution in bhenzene, a light-tan precipitzte formed which disappeared

as soon as the flask was shaken. After the addition of the acetophenone,

e
o

the solution was shaken for fifteen»minutés; then a 100-cc. portion of
anhydrous ether was added, Upon addition of the ether, the solution became
warn and the reaction wixbture underwent color changes similar to those noted
in the prepzration of the benzopinacol. The precipitate was light-tan
changing to green, to brown, and finally to red. The color changes occurred
during sbout 35 seconds., It was also noted here that the precipitate obtain-
ed when the ether is added hed a dark-brown color which disappeared when
shaken.

After the flask was shaken, there were obgserved two dlstinct layers
above the excess magnesium in the flask, The layer immedisately above the
magnesium was black ond very viscous. The top layer was light red and
translucent in appearance.

These two layers were then decaented into a lamge separatory funnel,
separated, and hydrolyzed separately. After the magnesium settled, the red
sclubion was filtered from it and added, with vigorous stirring, to an equal
volume of water. The mesgnesium was washed with benzene, filiered, and the
filtrate was added to the light-red layer.

Zach of the shove layers was poured, with vigorous stirring, into equal
volumes of water in order to hydrolyze the pinacolete. The heavy black
viscous layer was diluted with cther before hydrolyzing, in order to emulsify

the substance and thereby alford closer contact with the water,
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The mesnesium hydroxide formed on hydrolysis was dissolved by the
addition of dilute hydrochloric acid, as in the preparation of benzopinacol.
On addition of the hydrochloric acid, the crganic layer derkened. A small
amount of sodium bisulfite was added to remove the free iodine that wes
present. HNo precipitate wes fomed in the organic layer zs was lhe case
with the sromatic symmetrical kelones described sarlier. Instead of this
precipitate, a light-tan heavy oil formed in the benzene layer. Ypon

addition of ether, this oil weni into solution. This organic layer wes

juoia

bt

then sepzrobed and drisd over mbydrous sodium sulfate. The two orgsnic

i

5

layers from the separate hydrolyses were then combined and the organic
solvents distilled off, The unrescted acetophenone was distilled off under

reduced nressurs {1 ma, ) and the residue was then dbgsol red in ether,

filtered, and the ether was cvaporated. A few slender white needles separa-
Iy L3 . . o
ted; the mielting point of these is 119,

The residue above, after the separation of the needles, was distilled.

k3

. L0 trs o
L whiite waxy solid melting from 71-75 was obtsined in minute amouats. It

is rencrted in the literature that 2,3~diphenyl-2,3-butansdiol decomposes
b 3 ]

&

- . . . N Q ~
when distilled over infusorial earth in vacue at 500-5507, to Z-phenyl-3-

d

; . _— O , . .
methylindene, wmelting at 75 . The compound prepared shove whenireasted with

70

an alecohol-picric acid solution, formed a picrate which meliting at 116

L 156}

but this has not been tried for authentic 2-phenyl-3-methylindene. The
mechenism Tor the decomposition of the pinacol as proposed by Blum-

Jergmsnn is as follows: (2}
,CH‘S Cu‘HbI".‘\
/CH5 -—‘—c.__.oH -——C.-TOH,I —'C—CH.‘
oH H C\- Q.’LiH’/ \/u,—-,@
< Cg~r VR
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It was decided at this point to attempt another run, using increased
amounts of starting maberials in order to isolate enough of these needles
to characterize them more fully.

Third Bun: Material used:

120.2 g. (1 mole) acetophenone

L8.6L z. (2 g. atoms) of powdered magnesium

126.9 g. {1 g. atom) of iodine

306 ce. of ether

600 cc. of benzene
Kolar quantities were used in this run as indicated above. Upon addition
of ths acetophenone, in 150 cc. of benzene, to the reaction mixture in a
two=-liter round-bottom flask, the mixture went through the series of color .
changes as observed before. On addition of the acetophenone, there was
first formed the light-yellow precipitate which went into selution on mild
agitation., The Tinal omlor of the mixture was reddish brown. Az observed
in the previous runs two layers formed ashove the excess magnesium. The
bottom lsyer was not so dark as in the previous runs, assuming thls time a
dark-red color. The top ether-benzene layer had & pale-yellow celor. As

fyey

before, the lower layer was very viscous. The reaction mixture was then
allowed to svand for one weelt in order to afford longer conteset with the
magnesium and iodine.

The tw liquid layers were then decanted through a Pyrex glass-wool
"lter into a larger seperatory fumel in order to remove the excess
magnesium presemt. The magnesium was then washed with ether anc this

ether was added to the top layer mentioned sbove, These two layvers were

hyérolyzed separately.



After hydrolysis of the pinacolate, 100 cc, of ether was added to

dissolve the pinacol and the ether solution was filtered to remove the

magnesium hydroxide suspended in it, Acidification was avoided in order

to prevent rearrangement of the pinacol to 1,2-diphenyl-Z-methyi-l-propanone.
It was observed that the mognesium hydroxide goos through ordinery filter
paper, so a special filter was prepared by dispersing small bits of crepe
filter peper in water, filtering this and then washing with acetone and

3

then dispersing in sther. Upon filtration, the magnesium hydroxide was

adsorbed on the surface of the filter paper pasriicles and remained behind.

The filtrate was then dried over anhydrous sodium sulfate. The organic
solvents were distille& off and the residue distilled in vacuo (1 mm.) %o
remove the unreacted acetophenons. The dark oily substance remaining was
allowed to cool ito mom temrerature., Small colorless needles appeared
suspendad in this substance, These needles were exiracted with glacia;
acetic acid md filtered. The needles then took on a yellowish gppearance
due to the mresence of the oily substance, The melting point of these
erystals is llO«ll?o. The residue was then dissolved in sther =nd filtered.
When the ether was evaporated, a few colorless needles were isolated. These
melted at 119°.

The remainder of the residue from the glaclal acstic acid was then
placed in a 50-cc, distilling {lask and heated in an attempt to purify by
distillation. Sublimation instead occurred at 170°. Only 0.0025 g. of
this pale yellow substance was isolated. It was hoped that this substance
would sbsorb light in the visible range, so it was dissolved in capryl
alcohol and the absorption spectrum was determined in the visible range,

but the results were negative. The ultraviolet lamp was then used as the
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light source, but since capryl alcohol absorbs light in this range, the
results were inconclusive,.

It was noted that some of the yellow precipitate formed on asddition
of the acetophenone to the mixture adhered to the surface of the magnesium.
This mixture wes dried and sepsrated inte two bhaiches.

The first bstch was hydrolyzed and ether was added to dissolve the
pinacol formed and thereby separate it from the magnesium hydroxide formed,
The ether layer was pipetted off, filtered, and noured ontec = watch glass
to evaporate. The brown oily materisl similar in appearance to the substance
extracted in the previous runs was obltained. A4nalysis as described hefore
showed the prasence of 1,2-diphenyl-R2-methyl-l~propanone, acetophenone, and
& dark browm oil,

The second bateh of the magnesium mixture was hydrolyzed overnight.

Some white flacky crystals ol different appearance from the ma snesium hydroe-
xide were noted floating aton the solution. These were picked off and
dissolved in ether and filtered. A£Lg the ether dried, needles formed which
melted ot 117-119°

The solulion was extracted with 100 ec. of ether in 25-cc. portions,
which were combined and filtered using the filter technique described asbove
to remove the suspended magnegium hydroxide. The ether was svaporated and
the brown oil was combined with the hydrolysis product of the first batch.
(lacial acetic acid was then sdded and the solution filtere The dark
tan crystals remaining wers then dissolved in ether, filtered, and the
ether eveporated., Approximately 0.05 g. of colorless crystals in the form
of needles, remainsd on the watch glass. The melting point of these

crystals is 119°. Bromination of a group of these crystals in boiling



chloroform formed a compound which crystallized from alcohol snd water and
melted at 149»1_500. The melting point given in the literature for 1,4-
dibromo-2,3-diphenyl-2-butene is 149-50° {14). According to the same
authors this compound forms on bromination of 2, 3~diphenyl-2,3~butanediol
in bhoiling chloroform.

4 possible explanation for the formation of this compound would be &

&

dehydration of the pinacol, followed by a l,i-addition to the substituted
butadiene. 3 B g
- A A CH ko

”a-c.lll?ll;&ﬂ 19 [ Ora !4
Collis— Cot G=C s —> Cils-E - E-Colls = CeHs-(FC ks
'_é_;/j dH,f'
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DIZCUSSION OF RESULTS

The results of this investination'gave evidence of the formation of
the pinacols of p-methoxys 09tonhep0ﬂe as well as that of acetophenone,

New substances were isolated in the reduction attempted, but only
in minute swounts. These substances as notsd in the runs using
p-methoxyacetophenone were impure as indicated by the spread in their

melting point. It was noted quite early in the investigation that the

rearranger:nt product of the pinacol was obitained, ihe oxime of the

a

pvinacolone dsrived from p-methoxyacetophenone hsving been prepared.

Some impure crystals were obtained which corresponded approximstely
in melting point to 2,3~bis(E~methoxyphenyl)~2,3~butanediol. The melting
point of this compound as given in the literature (9) is léS—lé?o. This

is the high-melting form.

1t is not quite clear why differeat groups migrate when the two

fds

pinacols undergo the pinacolone rearrangement. The p-anisyl group shiits

in the case of 2,3-bis(p-methoxyphenyl)-2,3-butanediol while a methyl
sroup shif ts on rearrangement of 2,3-diphenyl-2,3-butanediol. & list of
the wi <rationit§ndencies of certain groups in thne pinacolone rsarrange-
ment follows (5):

p-anisyl > p-tolyl, p-biphenylyl, & ~naphthyl > p-isopropylpheayl 7

e 1 'a

p-ethylphenyl, p-fluorophenyl D phenyl. It may be assumed from this

.

that the migration tendency of the methyl group is intermediate between

the p-anisyl and the phenyl group.

Bocause oi its ready availabilily, acetophenone was used most
extensively in these investigaidons. It was noted a rise in temperature

= 1

of the system promoited much decomposition. In the cases investigated,



side products wers so numerous that it was impossible to completely
separate and identify then.

The color chenges involved as the reaction proceeded indicated that
the reaction goss via a free-radical mechanism, in the formetion of these
mixed pinscols, just as with the aromatic pinacols.

It was found that all moisture had Lo be excluded {rom the reactants
in order for the reaction to proceed, and thalt upon hydrolysis of the
pinacolates formed, acid must not be used 1o neutralize and dissolve the

s

magnesium hydroxide formed, Acid media encourage rearrangment of the
pinacol,

from the results of this invesbtigation, it may ve concluded that
- the pinacols of the mixed ketones are formed to some extent. The author
believes that the proper axperimentsl conditions and separation techniques

can be developed and that this reaction will be of preparative value for

allkkyl aryl pinacols.
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SUMMARY

Benzopinacol and xanthopinacol were prepared initially, using the
method of Gomberg and Bachmann, in order to acquire technique in the
later-atiempted preparations.

-2,3-Bis(p-methoxyphenyl)-2,3-butanediol and 2,3-diphenyl-2,3-
butanediol have been prepared in minute amounts from p-methoxyzceto-
phenone and acetophenone respectively by the use of magnesium and iodine.
The pinacolone-rearrangement products of these compounds were obtained
in substantial amounts, when the solutions were acidified; this is believed
to be the most damaging side reaction. Evidence indicated the absence in
the reaction mixture of any olefinic compound.

Sufficient quantity of the pinacol of acetophenone to form a deri-
vative in identifiable amounts was obtained after tripling the quantity
of reactants., Several of the more common organic solvents were used in

an effort to effect satisfactory separation of the pinacols.



4.

26

BIBLIOGRAPHY
Allen, Elliot and Bell, Can. J. Hesearch, 178, 75-88 (1939);
via C. A., 33, 628 (1939).
Blum~Bergmsnn, Ber., 658, 109-22 {1932).

Ju-Hwa Chu and Ju-Chin Chu, J. Chinese Chem. Soe., 9, 190-5 (1942);
via C. A., 37, 6643 (1943).

Darzens, Compt. rend., 203, 1374~6 (1936); via C. 4., 32, 3416 (1938).

Gilman, "Organic Chemistry", <nd ed., Vol. I, John Wiley and Sons,
Ine., Hew York, M. Y., 1943, p. 969.

Gomberg and Bachmann, J. Am. Chem. Sec., 49, 236 (1927).
Yoller and Adams, J. Am. Chem, Soc., 46, 1892 (1924).

Paterno and Hasselli, Gazz, chim, ital., I, 42, 65-75 (1912);
via C. A., 6, 1139 (1912).

Price and Mueller, J. fim. Chem. Soc., 66, 634-6 (1944).

Shriner and Fuson, "Identification of Organic Compounds”, 3rd ed.,
John ¥Wiley and Sons, Inec., New York, N. Y., 1948, p. 202.

Ibid., p. 93.

Swann, Ambrose, Dale, Howe, Ward, Kerfman and Axelrod, Trans. klectro-
chem. Soc., 85, 7 pp., preprint (1944); via C. A., 38, 2275 (194h).

Tiffeneau and Levy, Bull. soc. chim., A4l, 1351-62 (1927);
via C., 4., 22, 585 (1928).

legmann and Dahr, Helv., Chim. Acta, 29, 101-13 (1946); via C. 4.,
40, 2820 {1946).



BIOGRAPHY

Joseph William Bowers w:ss born April 17, 1922 in Greenville, Texsas.

He attended the Greenville Public Schools and graduated from Greenville
High School in June 1940, Soon after graduvating from high school, he
enrolled in Zast Texas State Teachers College, Commerce, Texas.

He enlisted in the United States Army Air Force on October 15, 1942,
ATter attending various colleges, wnere he received iraining in basic
elecirical engineering, he was graduated from the fastern Zignal Corps
School at Ft. Monmouth, {ew Jersey and after training in radio operations,
he was assigned to duty with the First Air Force and helped install
direction~finding equipment along the eastern coast of Horth Zmerica.

He was discharged from the Air Force on January 6, 1946, and reentered
last Texas State Teachers College. He received the Bachelor of Arts degree
in June, 19L7 and soon after wes employed as an analyst for Sheffield Steel
Corporation of Texszs al Houston, Texas.

He remained with Sheffield until September, 1948 at which time he
resigned to enter the Graduate Sehool at Oklahoma &, and ¥. College where
he has been to the present time.

He is married to Hagzel Marie Peek and has a daughter seven years old,

<7



THESIS TITLE: Synthesis of Alkyl Aryl Pinecols Using
Magnesium and Iodine

NAME OF AUTHOR: Joseph W. Bowers

THESIS ADVIBER: Dr. Ernest Hodnett

The content and form have been checked and approved
by the author and thesis adviser. *"Instructions for
Typing and Arranging the Thesis" are available in
the Graduate School office. Changes or corrections
in the thesls are not made by the Graduate School
office or by any committee. The copies are sent to
the bindery just as they are approved by the author
and faeulty adviser.

HAME OF TYPIST: Hrs. J. Q. Richardson





