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CHAPTER I

INTRODUCTI(»I

The ellioinatlon and rearrangement reactions of l,l-diaryl-2-

haloethylenes with strong bases to yield diarylacetylenes (tolans)

was first reported by Frltsch 111, Buttenberg 2 , and Wiechell 3 .

AR H
\ /
CrrC +B~—AR — C=C— AR + BH + X"

/ \
AR X

They used ethanolic solutions of sodium ethoxide at 180-200°

to promote reactions. More recently, potassium amide in liquid am-

monia 4,5 butyl- and phenyl-lithium in ether 6,7 and potassium-

t-butoxide in t-butyl alcohol
8,9J

have been used to produce high

yields of tolans. Due to the general base initiation, the first step

in the reaction is believed to be the abstraction of a proton to form

the diaryl vinyl anion.

AR H AR

\ / _ \
C=:C + B" —* C =C + BH

/ \ / \
AR X AR X

Curtin and Flynn 7 I have proposed this to be the rate deter-

mining step in their system in v^ich they used butyl-lithium as the

base, while Pritchard and Bothner-By 19 have shown it to be a rapid

equilibrium reaction \mder their conditions with potassium-t-butoxide.



The rearrangement step has been shown to be stereospeclf Ic.

In the reaction of cis- and trans-l-p-bro«nophenyl-l-phenyl-2-broiHoethy-

lene with potasslum-^-butoxlde, the group trans to the leaving bronide

Ion migrates preferentially 8 . Cis- and trans-l-p-chlorophenyl-1-

phenyl-2-brooioethylene rearranges similarly when pranoted by butyl-

lithium |lo|. These results exclude the possibility of a carbene

being involved in the major reaction and strongly suggest a geonetri-

cally stable vinyl carbanion as an intermediate in the reaction.

Ar

\
C =:C:

/
Ar



compared to phenyl groups. Few, If any, side reactions occur with

this base and relatively simple analysis of products can be obtained.



CHAPTER II

EXPERIUENTAL

A, Syntheses and Reactions

1-p-Methoxyphenyl-l-phenyleth ylene

This conpoimd was prepared by adapting the method used by

Nielson and McEwen jll | in the preparation of a similar compound.

Twenty-four grams (1 mole) of magnesium was placed in a three-necked

one-liter flask equipped with a reflux condenser and a stirrer.

Seventy-eight grams (0,5 mole) of dry, freshly distilled bronoben-

zene in 200 ml. of dry ether was added dropwlse over a two-hour

period. The reaction started with stirring after a few milliliters

of brooobenzene had been added. The reaction mixture was then re-

fluxed for one hour, cooled, and 50 g. (0.32 mole) of £-nethoxy-

acetophenone in 50 ml, of dry ether added over one hour. After re-

fluxing for one hour the reaction mixture was hydrolyzed with 30 g.

(0,565 mole) of ammonium chloride in 60 ml. of water. The organic

and aqueous layers were separated and the aqueous layer extracted with

ether. The organic layers were combined. The ether was removed by

distillation and 100 ml, of 20 percent sulfuric acid was added to the

cooled mixture. After refluxlng for one hour the organic layer was

separated. Yellow crystals appeared upon cooling the organic layer.

Recrystallization from 95 percent ethanol* gave 40,8 g. (0.178 mole.

Ninety-five percent ethanol will be called ethanol in this text.



55,5 percent) of vrtilte crystals, melting point* 74-76<* (lit. fiaj 750),

Repeating this experiment under essentially the sane conditions af-

forded a yield of 53 percent.

cis- and trans- l-p-Methoxyphenyl-l-phenyl-2-bromoethylene (els- and

trans-I)

Thirteen grans (0.064 mole) of l-£-methoxyphenyl-l-phenyl-

ethylene was broninated with 10.5 g. (0.065 mole) of bra-!ine in 50 ml.

of carbon disulfide. The addition took forty-fiTC minutes and was

allowed to reflux with no aid. Hydrogen bromide was liberated after

about 20 ml. of the bromine soluticm had been added. The mixture

was then refluxed overnight. Carbon disulfide was reoored by distil-

lation and the residual oil dissolved in ethanol. White cx^stalline

needles were obtained upon cooling. These were removed and the solu-

tion set aside for one week, during which tine more crystals came out

of solution. A total of 4.45 g. (0.015 mole, 23.4 percsnt) of the

trans** isomer was obtained. These were recrystallized from ethanol,

m.p. 81-820 (lit [12! 82. 5<*)

The resultant filtrate, from frtiich the trans isomer had been

removed, was passed through a 1 x 30 cm. column of alumina eluting

with ethanol. Twenty milliliter samples were collected and allowed

to evaporate at room temperatiire. Yellow oil and white crystalline

flakes came out of solution and were separated by filtering.

*A11 melting points and boiling points are uncollected.

**The trans configuration was assigned by Stoermer and Simon 12

and confirmed by dipole moment measurement (see discussion) by the author.
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Recrystallizlng the white crystals fron ethanol gave 1.05 g. (0.0036

mole, 5.5 percent) of els isoBier, m.p. 55-56** (lit. 112 1 52°).

1 . 1-Dlphenylethylene

1 , 1-dlphenylethylene was prepared according to the method of

Allen and Converse |l3|.

1 . l-Dlphenyl-2-broinoethylene

The broeilnation of 1 , 1-dlphenylethylene was perfomed using

the procedure of E. Hepp Il4 I

.

The product was recrystallized from methanol to yield very

white crystalline flakes, m.p. 42-430 (lit. [14]
40O).

l-£-Chlorophenyl-l-phenylethylene

This compound was prepared using a modification of Curtln's

lioj procedure. Seventy-two grams (3 moles) of magnesium was placed

In a dry two-liter three-necked flask. Approximately 143 g. (1.5

moles) of methyl bromide In 500 ml. of dry ether was added over three

hoiirs. The reaction was allowed to reflux without external heating.

At the end of this tine an ether suspension of 150 g. (0.695 mole)

of p-chlorobenzophenone was added In small portions. The reaction

was refluxed for two hours and then hydrolyzed with 53.5 g. (1 mole)

of ammonium chloride In 200 ml. of water. After separating the

layers and washing the organic layer with water, the ether was re-

moved by distillation and the resultant carblnol was dehydrated with

200 ml. of 20 percent sulfuric acid. After separating the organic



and aqueous layers the organic layer was dried and the reaalnlng oil

fractionated under reduced pressure through a 6-ln. column packed with

glass hellcles. One hundred grams (0.45 mole, 66.5 percent) of l-£-

chlorophenyl-1-phenylethylene, b.p. 151-158° (S-ftiBo.) lit. Iioj b.p,

153-158° (10 mm.), was obtained.

els- and trans-l-2-Chlorophenyl-l-phenyl-2-bromoethylene (els- and

trans-II)

Fifty grans (0.232 mole) of l-£-chlorophenyl-l-phenyl-ethylene

was bromlnated with 44.2 g. (0.245 mole, 6 percent excess) of bronlne

in 200 ml. of carbon tetrachloride at room temperature. The mixture

was refluxed for eighteen hours to eliminate hydrogen broailde. After

stripping off the carbon tetrachloride more hydrogen bronlde was

evolved during the distillation of the mixture. The resultant oil

was then refluxed with 14 g. (0.25 mole) of potassium hydroxide

dissolved In 100 ml. of absolute alccAol. After refluxing for one

hour, water was added and two layers separated. The water layer was

extracted with ether and the organic layers combined and dried with

anhydrous sodium sulfate. The ether was removed on a steam-bath

and the remaining oil fractionated through a 6-ln. column packed

with glass helices. The middle fraction was collected, b.p. 149-1550

(1-1.3 am.), to yield a total of 49 g. (0.167 mole, 72 percent) of

colorless liquid. On standing at room temperature \rtiite cirystals

formed. These were removed and the filtrate allowed to remain one

week in the refrigerator. The crystalline prodiict was recrystaliized



from ethanol, m.p. 88-890 (lit. [lOJ 88-89°), and has the cis con-

figuration as assigned by Bergmaim U^ •

The remaining filtrate was then redistilled and a slightly

yellow oil collected, b.p. 155-1570 (1-1.3 mm). Infrared spectra in-

dicated this product had not more than 30 percent of cis-ll as an im-

purity (Table 1). This was made on the basis of the absorption at

723 cmT^ where the cis isomer has a strcHig absorption. Attempts to

crystallize the oil from pentane both before and after passage through

an alumina column proved fruitless (lit. [15 m.p. 43-44°).

Analysis: Calculated for Ci4HioBrCl: C,57.27; H, 3.43.

Found: C, 57.45; H, 3.29

Diphenylacetylene

Diphenylacetylene was prepared according to the method de-

scribed in Organic Syntheses 1(^ •

l-a-Methoxyphenyl-2-phenylacetylene

This compound was obtained impure using a modification of the

method of Orekhoff and Tiffeneau I ITj

.

To an ether solution of benzyl magnesium chloride, prepared

from 22.4 g. (0.18 mole) of benzyl chloride and 3.4 g. (0.14 mole)

of magnesium, 14 g. (0.10 mole) of 2-raethoxybenzaldehyde was added

over thirty minutes. The solution was refluxed for one hour, cooled,

and hydrolyzed with 40 ml. of saturated anmcmium chloride solution.

The ether and water layers were separated, the water layer extracted

with ether and the organic layers conbined. The ether was allowed

to evaporate and the residual oil was then dehydrated with 50 ml. of
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TABLE 1

DATA FOR THE CALCULATION OF cis-l-p-CHLOROPHEyYL-1-
PHENYL-2-BRaUOErHYLENE IN trans- 1-p-CHLORQPItSKYL-l-

PHS»TL-2-BR(»fOErHYLENB

Concentration of

cis-II in
moles/liter
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30 percent sulfuric acid. After refluxlng for fifteen hours the

Blxture was poured Into Ice water and pale yellow crystals separated.

These were recrystalized from ethanol, n.p. 125-130° (lit. |17

137-138**). This product was assumed to be l-£-inethoxyphenyl-2-

phenylethylene.

Six grains (0.02S mole) of this product was broninated with

4.5 g. (0.028 mole) of bromine in 100 ml. of chloroform for forty-

five minutes at room temperature. After the addition was completed

the chloroform was removed cm a steam-bath and a red solid resulted.

A total of 7 g. (0.19 mole, 67.7 percent) of l-p-methoxyphenyl-2-

phenyl-1, 2 dibromoethane was obtained, m.p. 170-175° (lit. [l7j

175-1760)

.

In order to effect the elimination of two moles of hydrogen

bromide from this compound a variety of bases were used. Two and

one-half grams (6.7 mmoles) of the dibrono compound was refluxed

for five hours with 1.85 g. (13.4 mmoles) of potassium carbonate

in 75 ml. of water. The reaction mixture was then cooled and a reddish-

yellow oil separated. The oil was dissolved in ether. After drying

\ri.th anhydrous sodium sulfate the ether was removed and ethanol added

to crystallize the oil. A small amount of yellow-red solid separated,

m.p. ) 180° (lit. [l?! 89-900).

Potassium hydroxide in absolute ethanol, sodium hydroxide

melt, and potassium hydroxide melt were tried to obtain the 89-90°

product. In all cases a reddish colored oil was recovered. Adding

ethanol resulted in two solids, a yellow solid soluble in hot ethanol
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and a red solid insoluble in hot ethanol. The yellonr solid had a

melting range from 60 to 100°, with most of the solid melting about

60<^. The infrared spectrum of this conpound was identical to the

spectrum of the product (m.p. ST-SS^*) obtained from the ireactioa of

trans- l-p-methoxyphenyl-l-phenyl-2-broBioethylene (trans-I) with po-

tasslum-t-butoxide (described later) except for the absoirptions at

965, 895, and 859 cm."!. Absorptions 965 and 859 cwT^ correspond to

two peaks observed in the infrared spectnan of l-£-methoxyphenyl-2-

phenylethylene. Vapor-phase chrcoatography , using a Perkin-Elser

Uodel 154B, showed two peaks for the yellow solid. These peaks had

the identical retention times as the peak observed from the product

of the potassium-t-butoxlde with trans-I reaction and the peak of

l-£-methoxyphenyl-2-phenyethylene. Analysis of the product obtained

frcm the potassium-t-butoxide reaction agreed with the formula of

l-£-methoxyphenyl-2-phenylacetylene. FroBi this it is concluded that

the yellow solid is mainly a mixture of l-£-methoocyphenyl-2-iAenylacety-

lene and l-£-nethox3rphenyl-l-phenylethylene. Attempts to separate

these ccmponents were unsuccessful.

The red solid melted above 180°. No fxirther identification

was attempted.

ffl
^po- and <|2-Stilbene Dibromide

These compounds were prepared fron trans-and cis-stilbene and

pyridinium broiaidD perbronide as described by Fieser 18 •
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cls-Monobromostl Ibene

Three and six-tenths grams (0.105 mole) of meso-sti Ibene di-

broinlde was added to 0.59 g. (0.0105 mole) of potassium hydroxide

dissolved in 10 ml. of absolute ethanol. After refluxing for one

hour the mixture was cooled, excess water added, and then extracted

with two 25 ml. portions of ether. The ether solution was dried over

anhydrous sodium sulfate and evaporated under dry nitrogen. A red

oil resulted which solidified at 16° (lit. [isl 19®) in an ice-bath.

trans-Monobromosti Ibene

Eight-tenths of a gram (2.3 moles) of dl-stiIbene dlbronide

was added to 0.13 g. (2.3 mmoles) of potassium hydroxide in 5 ml.

of absolute ethanol. The reaction was treated in the same way as in

the preparation of c i

s

-monobromost iIbene . A li^t yellow oil was

recovered and solidified by dissolving in ethanol and cooling in a

dry ice-acetone bath. White crystals, m.p. 29-30** (lit. [19 j
32*>)

,

were obtained.

t-Butyl Alcohol

t-Butyl alcohol was purified by refluxing with a small aaiount

of sodium for <me hour and then distilling through a 3-ft. column

packed with stainless steel sponge. The fraction, with a boiling

raiTge of 82-82.5**, was collected for use.

Potassium-t-butoxide in t-Butyl Alcohol

Potassium metal, cut under white mineral oil and dipped once

in dry pentane, was added to t-butyl alcohol and allowed to dissolve
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under dry nitrogen. Concentrations of the solutions were measured

by titrating allquots added to water against standard hydrochloric

acid solution using phenolphthaleln as the indicator.

Reaction of l,l-Dlphenyl-2-broinoethylene (III) with Potassiun-

t-butoxide (I)—

One gram (3.9 nmoles) of 1 , l-diphenyl-2-broiBoethylene (III)

was dissolved in 50 ml. of dry t-butyl alcohol and 240 mg. (6.1

mmoles) of potassium was added. The reaction was refluxed for

seventy-two hours and then quenched by adding nitric acid until the

mixture was neutral. Water was added until an oil separated. The

oil was dissolved in ethanol to yield 440 mg. (2.5 mmoles, 64 i>erceat)

of dlphenylacetylene, m.p. 57-58° (lit. [l 6
J

6O-6IO), An authentic

sample of diphenylacetylene mixed with this conpound gave no depres-

sion in melting point. The Infrared spectra of both samples were

Identie^i

Reaction of l,l-Dlphenyl-2-bran»oethylene (III) with Potassium-t-

butoadde (II)

This reaction was carried out in exactly the same manner as

reaction I except that the reaction time was twenty-four hours. Ap-

proximately 650 mg. of oil were recovered. Vapoir-phase chromatography

using a 6-ft. Tide colimn at a temperature of 190^ and a pressure of

10 Ibs./sq.ln. showed two peaks, retention times 2.7 and 4.7 minutes.

Under identical condltlasis a mixture of III and diphenylacetylene

also eidiiblted two peaks, retention times 2.7 and 4.8 minutes. Pre-

pared trans-monobropostllbene Indicated one peak with a retention
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time of 7.9 minutes. Cis-monobroaostilbene also showed one peak with

a retention time of 3.8 minutes. A mixture of cis-mopobroinostilbene

and III gave only one broad i>e8k. A broad peak was also dbserved with

the reaction mixture and the cis-isomer at approximately the same re-

tention time. Attempts to resolve these broad peaks were unsuccessful.

The Infrared spectrum of the reaction mixtuire was identical to an

infrared obtained frcan a mixture of III and difthenylacetylene. Cis-

manobranostilbene had several peaks (2900, 1360, 1190, 1095, 890, and

792 cm.'^) which did not appear in the infrared spectrum of the reaction

mixture.

Reaction of l-£-ltethox3rphenyl-l-phenyl-2-brooioethylene (I) and Potas-

siinn-t^-butoocide

One gram (3.5 mmoles) of trans- I was dissolved in 25 ml. of a

0.40 U (10 mmoles) solution of potassium-t-butoscide in t-butyl alcohol.

The reaction mixture was refluxed for six days. After neutralizing

with hydrochloric acid and extracting with ether, 500 mg. (2.4 mmoles,

69 percent) of yellow-white crystals (m.p. 53-58®) resulted on evapora-

tion of the ether extract. These were recrystalized tram ethanol to

give a white crystalline product, m.p. 57-58<> (lit. flVJ 89-90<*).

Similar results were obtained with the els- I isoner.

Analysis: Calculated for Ci^i20: C, 86.54; H, 5.75

Found: C, 86.56; H, 5.82.
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Reaction of l-2-Chlorophenyl-l-phenyl-2-bropoethylene (II) with

Potas s iinn-t-butoxlde

Fifty-four hxindredths of a gram (1.84 mmoles) of cis-l-p-

chlorophenyl-l-phenyl-2-braBoethylene (cis-II) was refluxed for

sixty-nine hours with a large excess of potassium-t-butoxlde in

20 ml. of t-butyl alcohol. Following this, xrater was added to the

reaction mixture until it became cloudy. After placing the mixture

in a refrigerator for two days, 240 mg. (1.1 mmoles, 61.5 percent)

of l-2-chlorophenyl-2-phenylacetylene was recovered. Recrystalliza-

tion from ethanol gave a pure product, m.p. 81-83® (lit. 10 82-83**),

as evidenced by one peak recorded by vapor-phase chrooatograiAy.

Reaction of l-2-Methoxyphenyl-l-phenyl-2-broaoethylene (I) with

Sodixm Ethoxlde

Two hundred and thirty milligrams (0.79 mmole) of trans- I was

refluxed for forth-elght hours with 100 mg. (4.35 mmoles) of sodium

in 15 ml. of absolute ethanol. Water was added to quench the reac-

tion and crystals separated which were Identical with the starting

material as evidenced by the melting point, 79-8lo, and a mixed

melting point. Cis-I gave similar results.

Reaction of trans-l-y-Methoxyphenyl-l-phenyl-2-brciaoethylene (trans-I)

with Potassium-t-amylate

Two hundred milligrams (0.69 mnole) of trans- I was treated with

150 mg. (3.94 mmoles) of potassium in 20 ml. of t-amyl alcohol for

sixty-one hours at refliix temperature. Water was added to the reaction
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mixture and white crystals separated, o.p. 45-90<*. These were not

characterized further.

Reaction of trans-l-p-Methoxyphenyl~l-phenyl-2-braaoethylene (trans- I)

with Potasslum-t-butoxlde In Diglyne

Five hundred mllllgrans (1.73 nnoles) of trans- I was treated

with 300 rag. (2.68 nmoles) of potasslum-^-butoxlde In dlglyne solvent

for nlnety-slx hours at reflux temperature. Tbe addition of water

resulted In an oil which was separated from the other liquid emd dis-

solved In ethanol. Vhlte crystals separated, m.p. 43-90O, and were

not characterl2»d fiurther.

Reaction of trans- l-p-Methoxyphenyl-l-phenyl-2-broBioethylene (trans-I)

with Potassium Amide In Liquid Ammonia

One and one-tenth grams (3.8 mmoles) of trans-I was dlssvoled

In 40 ml. of dry ether and added dropwlse to 1.0 g. (18.2 mmoles) of

potassium amide In 150 ml. of liquid ammonia. After the addition, the

solution was allowed to evaporate overnight. Water and ether were

added to the residue and a reddish-white solid was obtained from the

ether layer. Recrystalllzation from ethanol yielded a irtiite solid,

m.p. 48-50**. The Infrared spectrum showed the presence of — C = C —

at 2225 cm."^. Vapor-phase chroeatography showed one peak at the same

retention time as an authentic sample of l-g-methoxyphenyl-2-phenylacety-

lene run under identical conditions.
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Reaction of cls-l-p-Methoxyphenyl-l-phenyl-2-broinoethylene with

Phenyl-llthlum In Ether

Two hundred milligrams (0.69 mole) of els- I was treated with

10 ml. of 0.23 M (2.3 maoles) of phenyl-lithium in dry ether for two

hours at reflux temperature. After the removal of ether, water and

hydrochloric acid were added to the residual oil. Yellow-white

crystals separated, n.p. 50^. Vapor-phase chromatography indicated

this was starting material.

Attempted Rearrangement of trans-l-p-Methoxyphenyl-l-phenyl-2-broao-

ethylene (trans- I) to cis-l-p-Methoxyphenyl-l-phenyl-2-broinoethylene

with Ultraviolet Ught

Three hundred milligrams (1.04 mmoles) of trans-I was dissolved

in 20 ml. of ethanol and placed under an ultraviolet lamp for eight

hours. Water was added and yellow-white crystals separated, m.p.

76-78°. The crystals were redissclved in ethanol and placed under

the lamp for an additional fifteen hours. The solution was treated

as before. A solid, m.p. 73-78<', and oil were recovered. Sone impure

crystals were obtained froo the oil, m.p, 70-80**. To the mother li-

quor, after the separation of solid and oil, ether was added, separated

from the water layer, dried with anhydrous sodium sulfate and evaporated

almost to dryness. Ethanol was added and some crystals were recovered,

m.p. 79-81°.
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B. Spectra

1. Ultraviolet Absorption Spectra

Ultraviolet absorption spectra were employed to determine the

concentrations of starting materials and products used in the kinetic

measurements. Ninety-five percent ethanol was used as our solvent.

A scan of the spectra from 340 mp to 220 mp by the use of the Beckman

IK-2 Spectrophotometer indicated the maximum absorptions for our

materials. The extinction coefficients for each of the maxima needed

for our concentration calculations were determined utilizing the Beck-

man Model DU. Table 2 summarizes the maxima observed for each of our

compounds used in kinetic measurements. In cases where there are

several maxima the largest two are given.

Data for the calculation of the extinction coefficients of

tolans formed from the reactions as well as some of the starting

materials are summarized in Tables 3, 4, 5, C, and 7.

2. Visible Absorption Spectra

It was desirable to follow the formation of bromide ion in

the kinetic measurements. Since the concentration of starting mater-

ial was approximately 10'^ M an accurate method of determining bro-

mide ion was desirable. Accordingly, the method used by Goldman and

Byles was tried [2o|. The principle of the method was the oxidation

of bromide ion with chloramine T reagent and the brominaticm of phen-

ol red in a buffer solution. A color comparison of brominated com-

pound versus distilled water was made with a Beckman DU Spectrophoto-

meter at 590 my. The brominated compound should appear reddish to
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TABLE 2

ABSORPTION UAXIIIA OF COMPOUNDS USED IN KINETIC MSASURaiENTS

Compounds

l-£-inethoxyphenyl-2-phenylacetylene

^£-l-£-methoxyphenyl-l-phenyl-2-broinoethylene

trans-l-p-methoxyphenyl-l-phenyl-2-broinoethylene

l-£-chlorophenyl-2-phenylacotylene

cls-l-p-chlorophenyl-l-phenyl-2-broinoethylene

trana-l-p-chlorophenyl-l-phenyl-2-broaoethylene

diphenylacetylene

1 , l-diphenyl-2-branioethylene

Maxima (mp)

306 287

268 248

269 254

302 284

259 235

not determined
due to Impurities

296.5 279

259
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TABLE 3

EXTINCTION COEFPICIENT DETERMINATION FOR
l-£-MEraOXYPHENYL-2-PHENYLACETYl^NE

Concentration In
moles/liter x 10^

Optical Density
(306 m^)

Extinction Coefficient
X 10

-4

1.73

3.46

4.34

i.OO

0.10

2.00

0.351

0.698

0.865

0.20b

0.021

0.404

2.02

2.02

1.98

2.06

2.01

2.02

E = Extinction coefflcientAyg. = 2.02 + 0.007 x 10* (306 m^)

TABLE 4

EXTINCTION COEFFICIENT DETERMINATION FOR
tTMS-l-£-MSraOXYPHENYl/-1-PHENYL-2-BRailOETHYLENE

Concentratii
moles/liter



21

TABI£ 5

EXTINCTION COEFFICIENT DETERMINATICHJ FOR

els-l-£-BffiTHOXYI*HENyi/-1-PHENYL-2-BR0M0ErHYl£NE

Concentration in Optical Density Extinction Coefficient

moles/liter x 10^ (306 mp) x 10-3

1.22 0.139 1.14

2.44 0.267 1.09

3.63 0.422 1.16

2.61 0.296 1.14

1.31 0.154 1.16

E = Extinction Coefficient^^^ = 1.14 + 0.01 x 10^ (306 mp)

TABI£ 6

KXTINCTIOSN COEFFICIENT DETERMINATION FOR
l-£-CHI>0R0l>HKNyL-2-PHENYLACErYUBNE

Extinction Coefficient
X 10-^

2.48

2.68

2.64

2.52

E = Extinction CoefficientAvg. = 2.58 + 0.03 x 10^ (302 in)i)

Concentration
moles/liter x
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TABLE 7

EXTINCTION COEFFICIENT DETERMINATIQ3f
FOR DIPHENYLACETYLBNE

Concentration in Optical Density Extinction Coefficient
moles/liter x 10^ (296.5 mp) x IQ-^

1.74 0.421 2.42

3.47 0.870 2.51

2.61 0.650 2.50

1.84 0.459 2.49

E = Extinction Coefficient^ = 2.48 + 0.015 x lO'* (296.5 nyk)
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violet, depending upon Its concentration. By constinictlng a calibra-

tion curve of bromide Ion concentration from 0.1 to 1.0 mg./l. versus

optical density at 390 mfi a sharp differentiation within 4 1 percent

can be made between vaz^lng quantities of bromide.

C. Kinetic itethods

1. Ultraviolet Absorption Method

Essentially the kinetic method described by Prltchard and

Bothner-By fgj was used. The reactions of l,l-dlaryl-2-broinoethy-

lenes with potasslum-t-butoxide In t-butyl alcohol were carried out

as follows.

Standard base was prepared as previously described. Glassware

used was washed twice with acetone, once with tap water, then with

distilled water, and then dried In an oven at 135^.

Weighed amounts of l,l-diaryl-2-bramoethylenes were accurately

diluted to a standard volume with t-butyl alcohol. Twenty-five milli-

liter samples were added to a 50 ml. volumetric flask and standard

base was added until the total volume was 50 ml. The contents of the

flask were thoroughly mixed and added to a 50 ml. buret. Five milli-

liter samples were then added to 10 ml. ampoules, previously flushed

with dry nitrogen, using a needle cm the tip of the buret In order to

obtain a fine stream of liquid. The ampoules were capped with medi-

cine dropper tops, after flushing again with dry nitrogen, and placed

in an ice-bath. The tubes were then sealed, preheated in a water bath

for 20 seccmds at ca. 95** and immediately transferred to a constant

temperature mineral oil bath, which was maintained at a temperature
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of 95° + 0.02°. The purpose of preheating the frozen tubes was to

eliminate the large drop in temperature in the mineral oil bath n^ich

would result fram adding the tubes directly. Zero time was taken

when the tubes were placed in the bath. Ampoules were \'d.thdrawn at

intervals and quenched by placing in an ice -bath. While frozen the

tubes were opened and distilled water added to convert any potassium-

t-butoxide remaining to potassium hydroxide. The tubes were then

allowed to warm to room temperature and the solution transferred to

a volumetric flask. The tubes were rinsed once with ethanol and once

with distilled water. After accurately diluting with ethanol to a

standard volume at roan temperatui^ the ultraviolet spectra were run

versus ethanol as a blank.

Optical densities were measured at wave lengths corresponding

to maxima of tolans. These were selected because starting olefins

either absorbed very little or did not absorb at all at these wave

lengths

.

Concentrations were calculated from Beer's Law, assuming the

formation of product is equal to the disappearance of starting material.

The general equation A s abc, was used, where

A 3 absorbance or optical density of the solution,

a = molar extinction coefficient of the solute,

b B thickness of the cell containing the solution, and

c 3 concentration of the solution in moles/liter.

Por the reactions of trans- and c is-1-p-methoxypheny1-1-pheny1-2-

bromoethylene (I), vi^lch absorbed slightly at the maximum of
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l-£-inethoxyphenyl-2-phenylacetylene, the following modified equation

was used:

^otal = *T^*^ * *KH^*^EH'

\irtiere Total refers to l-£-nethoocyphenyl-2-phenylacetylene (tolan)

and els- or trans- I. T represents £-methoxytolan and EH refers to

cis- or trans- I.

Knowing the concentrat iooi of starting material the relation

cj + Cgg s constant was used to substitute in the equati<K)i and de-

tenalne the concentration of product or starting material during the

reaction.

A plot of -log cgu versus tine gave a straight line, indica-

tive of a first-order reaction. Values of k were calculated by the

method of least squares l^ll.

2. Vapor-phase Chromatography

Quantitative analyses of mixtures of 1 , l-diphenyl-2-broBoethy-

lene and diphenylacetylene were made in the anticlpati<» of following

the rate of the reactions by the use of vapor-phase chromatography.

Samples were accurately weighed, dissolved in chloroform and injected

into a vapor-phase frsu:tometer, Perkin-Elner Uodel 154. A 6-ft. Tide

column at temperature ca. 180^ and a pressure of 25 Ibs./sq.in. (helium)

was used to separate the mixtures. The areas under the curves for

each component were measured by constructing triangles over the curves

and calculating the areas of the triangles. Table 8 summarizes the

results obtained. This method of analyses was not used in the kinetic

measurements.
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TABUS 8

QUANTITATIVE ANALYSIS OF 1 , l-DIPUENYL-2-BRCBiOETHyi£NE
AND DIPHENYLACETYLENE MIXTURES BY VAPOR-PHASE CHROUATOGRAPHY

Mole percent of Mole percent of

1 , l-Diphenyl-2-broiDoethy lene Diphenylacetylene

Calculated 77.4 60.6 41.9 22.6 39.4 58.1

Measured 78.5 59.2 44.1 21.5 40.8 55.9
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D, Dipole Moments

1. Apparatus

Dipole moments were obtained by measuring the dielectric con-

stant of dilute solutions in benzene, a nonpolar solvent. The dielec-

tric constant D was determined by measuring the ratio of the capacity

of a condenser with the substance between the plates of a cell coaipared

to the capacity of the condenser with a vacuum between the plates of

a cell.

Capacities of the cell were measured by balancing a General

Radio Company type 716-C capacitance bridge containing the measuring

cell (unknown capacitor) and a precision capacitor (balancing capa-

citor). These measureiients were made at frequencies of 90 and 70 kilo-

cycles obtained by a General Radio Company oscillator type 1302-A.

Null or balance points were foiind by obseirving the smallest sine wave

on a Tektronix type 541-A oscilloscope. A J.C. Balsbaugh 2TN50 cell

was used for measurements. The volxaae of liquid used in this cell

was ca. 15 ml. Tlie cell was immersed in a water bath held at 25*^ *

0,02**. Since the t«nperature of the room was ca, 24° little heating

was necessary to maintain the temperature. It was found that shield-

ing the thermoregulator , stirring motor and heater from the cell with

a 10" 35 10" X 1/8" piece of copper metal removed any interference <*-

served on the oscilliscope.

Readings of capacitance were made after the soluti<»is had

10 minutes to reach equillbriun. Five readings were taken at each

point

.
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Refractive indices of the solutions were measured with an

Abbe refractometer held at 25° + 0.02°.

Densities of the solutions were deteimined with a 5 ml. pycno-

mcter calibrated with distilled water. The pycnometer was filled at

ca . 20° and immersed in a constant temperature bath, 25° + 0.02°, for

ten minutes. After removing, it was carefully dried and weighed.

Densities were not corrected for the buoyancy of air.

Solutions were made up by weighing both solute and benzene

for the first sample and then accurately diluting this sample with

volumetric pipets in a room at ca. 20° to obtain the other solutions.

Five solutions were prepared for each conpound. lliese ranged from

0.015 to 0.002 mole fraction of solute (X2).

2. Materials

Pure benzene previously prepared for dielectric studies was

used, n£^° = 1.4982, d^^^ a 0.8736.

Spectral grade carbon tetrachloride was used.

The purest available samples of els- and trans- l-p-methoxypheny 1-

l-phenyl-2-broinoethylene were used.

3. Calculations

a. Molar Refraction

Molar refractions of the solutions were calculated according

to the equation

R ^ n^ - 1 xiMi X2M2
12 n^ + 2 3l2 '
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where Rj^2 ^^ ^^^ molar refraction of the mixture, n is the refractive

index, x^ and X2 are the mole fractions of solvent and solute respec-

tively, and Uj^ and M2 are the molecular weights of solvent and solute.

d22 is the density of the solution.

The values of R12 were determined from the equation

R12 = XiRj + X2R2.

where Rj^ and Rg are the molar refractions of solvent and solute, re-

spectively.

b. Dielectric Constant

TThe total capacitance of a cell is made up of the capacitance

of the cell leads Cl and the capacitance of the cell ^en filled

sith a substance DCo. When the capacitance of the cell is measured

with air (D = 1.000), and with benzene of a known dielectric constant

(D = 2.273 at 25^) [221 the cell constants may be determined and used

in the measurement of the dielectric constant of an unknown material.

The following standardization was made:

Capacity with air in cell = 143.35 mmf . = Cq -f Cj^

Capacity with benzene in cell " 177.6 nmf. « 2.273Cjj • Cj^

(nanf. => micranicrofarads).

From these two equations,

1.273Co = 34,25

Cq a 26.90 mmf.

Cj^ s 116.45 mmf.

To check the standardization pure carbon tetrachloride was

placed in the cell and its dielectric constant calculated.
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Capacity with CCI4 In cell = 176.4 rami.

176.4 = [(D) (26.90)1 •• 116.45

°bci ° ^'^^^ ^^**° [^^] "^ 2.227)

c. Dipole Moment

The dipole moment }i was calculated using the eqtiation

]x = 0.01281 X 10"!^ (P200 - R2)T
^^^

where R2 Is the molar refraction of the solute, T is the absolute

temperature and P2^ is the polarlzatl<ni of the solute at infinite

dilution. P200 w^ determined by the method of Hendestrand ps]

using the equaticm

_ (Dl - 1)(M2 - Mig)
,

3MiDf<
2oo -

(D;^ + 2)di di(I>i + 2)2

where the symbols have the usual significance. /3 and o^ are the

slopes of the lines obtained from the following equations:

°12 " ^1^^ -«X2>

di2 = djd + ^xg)

D12 and di2 u-e the dielectric constants and densities of the solu-

tions. These slopes were calculated by the method of least squares.



CHAPTER III

BESULTS

Pipole Moments

The dipole mcments of the els and trans isomers of l-£-

inethoxyphenyl-l-phenyl-2-bromoethylene were measured. The trans

configuration was assigned to the higher melting isomer and the els

configuration to the lower melting Isomer on the basis of the ob-*

sejrved moments as compared to the calculated moments. These results

are summarized in Table 9. Figures 1 and 2 were used to determine

o« and ^ used in the calculation of the dipole moments, o and p

are the slopes of the lines in Figures 1 and 2, as determined by

the method of least squares [21 .

Syntheses

Five compounds were prepared for kinetic measurements. These

were the els and trans isomers of l-£-raethoxyphenyl-l-phenyl-2-bromo-

ethylene (cis- and trans-I) , the cis and trans isomers of l-£-chloro-

phenyl-l-phenyl-2-bromoethylene (cis- and trans-II) and 1 , 1-diphenyl-

2-bramoethylene (III). All were obtained pure, except trans-II which

was contasinated with a maximum of 30 percent of cis-II as calculated

quantitatively by infrared spectra.

Cis- and trans-monobromostilbene
,
products of possible in-

termediates in the reaction of l,l-dlphenyl-2-bramoethylene, were

also prepared.

31
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Products from the reactions of 1 , 1-diphenyl olefin (III) and

cis and trans-p-methoxy compoxmds (I) with potassiiun-t-butoxide were

synthesized by an alternate route. They were diphenylacetylene and

l-£-inethoxyphenyl-2-phenylacetylene (obtained impiure).

Product Analysis

All results indicate that the reactions of the bronoethylenes

with potassium-t-butoxide give aalnly diphenyl and substituted diphenyl-

acetylenes (tolans) . Thus, spectroscopic analysis indicated at least

85 percent of the reaction yielded tolans for all of the starting brono-

ethylenes (e.g. see Table 10). Furthemore, the reaction of 1 , 1-dlphenyl-

olefin (III) with excess base gave a 64 pez>cent yield of diphenylacety-

lene, after recrystallizatlon. Trans- and cis-p-aethoocy canpounds (I),

when reacted wlth'potassiuu-t-butoxide, yielded 69 and 62 percent re-

spectively, of essentially pure tolans.

A careful analysis of the crude reaction mixture, resulting

from the incomplete reaction of 1,1-diphenyl olefin (III) with potas-

sium-t-butoxide, indicated it consisted only of starting material and

diphenylacetylene. This mixture was analyzed by:

1. Comparing the vapor-phase chromatograms of the reaction

mixture and a mixture of 1,1-diphenyl olefin (III) and diphenylacety-

lene.

2. Preparing cis- and trans-monobromostilbene, two possible

products from intermediates in the reaction of 1,1-diphenyl olefin

(III) with base, and comparing their vapor-phase chromatograms and

infrared spectra to those of the reaction mixture.
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3. Comparing the infrared spectrum of the reaction mixture

to the spectra of the starting material and diphenylacetylene.

Kinetics

Since spectroscopic evidence indicates that all of the olefins

gave over 85 percent of the tolan, the reaction nay reasonably be

described by

dCr -dCEH

dT ° "dt" " ''obs.^KH'

vhere Op and Cqj are molar concentrations of tolan and bronoethylene

derivatives, respectively, and k^^jg is the observed rate constant for

the reaction. A plot of -log C^ versus t (time) gave a straight line

representative of a first-order reaction in all cases. Values of k

were calculated from the slope of the lines by the method of least

squares |^l|> Table 10 indicates the typical data used In the kinetic

runs.

The kinetic results of the five compounds studied are summarized

in Table 11. The same base concentration (ca. 0.20 M) was used in all

cases to eliminate any differences in the rate constants resulting from

the base term inherent in these constants and to minimize differences

in salt effects between compounds. Three xnins were made for each com-

pound except l,l-diphenyl-2-bramoethylene, whose rate constant was

previously reported under very similar conditions I 7j . A concentra-

tion of ca. 1.0 X 10~^ M of starting material was used. In cases

where this varied the pseudo-first-order rate constant remained essen-

tially the same.
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TABLE 10

KINETIC DATA FOR THE REACTION OF traas- l-p-MgmOXYPHENYI/- 1-

PHENYl/-2-BRaM0ETHyLENE (trans- 1) WITH 0.20 M POTASSIUM-t-
BuroxiDE AT gs"

""

Sample No. Optical Density Concentration of tiEflns-I Time
(306 mu) in moles/liter x lO^ (minutes)

1.462*>

1.280 74

1.172 134

1.059 198

0.975 253

0.855 320

0.220 1162

oa



TABLE 11

SUlOlARy OF KINSriC CATA FOR THE REACTIONS (» 1,1-
DIARyL-2-BROMOETHyLEWES (EH) WITH POTASSIUM-t-

BirrOXIDE (KB) AT 950

38

Material
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A characteristic plot of -log C^n versus time (minutes) Is shown

In Figure 3.

It Is desirable to compare the rate constants of the broDoethy-

lenes with each other. For that purpose Figure 4 was drawn. Since the

rate constants are independent of the concentration of bronoethylenes,

the average rate constants of each compound are used to determine the

average slopes of the lines in Figure 4. The base concentration of

0.20 U was used. The calculated rate constants of 1.62, 1.06, 0.45,

1.04, 0.82 X 10~3 for trans- and cls-p-methoxy compounds (1), trans-

and cis-p-chloro compounds (11) and 1,1-dlphenyl olefin (III), respec-

tively, were used. A distinct difference of slopes, except between cis-

£-methoxy-I and cls-p-chloro-II , can be observed in each case.

Reactions with Other Bases

A few bases, other than potassium-t-butoxide in t-butyl alcc^ol

were tried to effect the rearrangement. Treatment of els- or trans-

l-£-methoxy compounds (I) with sodium ethoxide in ethanol and phenyl-

llthlum in ether gave no 4-methoxytolan. Potassium amide, in liquid

aimnonia, was successful while potasslum-t-amylate in t-amyl alcohol

and potasslum-t-butoxide in dlglyme (diethylene glycol dimethyl ether)

gave dubious results.

Miscellaneous Experiments

Attempted rearrangement of trans-p-methoxy-I to cis-p-methoxy-I

under ultraviolet radiation was unsuccessful.
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A quantitative method of calculating the percent of 1,1-diphenyl-

2-brGBioethylene and diphenylacetylene by vapor-phase chrcnatography

was developed and found to be accurate within + 1 mole percent.



CHAPTER IV

DISCUSSION OF RESULTS

pipole Moments

In order to Interpret the relative reaction rate constants

and properly discuss reaction mechanisms the proper geometric con-

figuration of the Isomers of l-£-methoxyphenyl-l-phenyl-2-br(»oethy-

lene (c^s- and tCflafi'D and of the isomers of 1-g-chlorophenyl-l-phenyl-

2-bromoethylene (els- and trans-II) must be known. Usually the best

way to assign these configurations Is by dlpole moment measiurements.

This has been done for cis- and trans-II and the higher melting isomer

was foiind to have the cis configuration (bromine and £-chlorophenyl

cis) [isj.

Stoermer and Sim<ui [ 12] , who first prepared the cis- and trans-

£-methoxy compounds (I), assigned the trans configuration to the higher

oelting isomer. Their assignment was based on two assumptions:

1. The one isomer of l-phenyl-l-o-hydroxyphenyl-2-bromoethy-

lene, which reacts with base to yield 2-phenylbenzofuran , necessarily

has the cis configuration.

H

C=:c OH '^ ^* "
o

/ \

Ox "'
CK?

43
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2. Since this isoeier vas lower melting, the trans configura-

tion could be assigned to all the higher melting Isoners of 1,1-diaryl-

2-branoethylenes with a substltuent In one of the benzene rings. These

assxmptlons are not valid In all cases, as evidenced by the cls-p-

chloro compound (II) being the higher melting isomer of the Isomers

of els- and trans-p-chloro compounds. Thus, a determination of the

dlpole m(»aents of the els and trans-p-methoxy compounds (I) was under-

taken.

Theoretical dlpole moments were calculated upon the following

assumptions:

1. The carbon-bromine bond moment Is 1.38 debye xmlts, the

value assigned by Smyth I 24|

.

2. The bond moment of the vinyl hydrogen Is taken as zero

because Gent 25] has stated the carbon-hydrogen bond moment Is ca .

zero In ethylene.

3. The moment of the p-methoxyphenyl group Is 1.25 debye

units, the same as that reported for anisole |26|. The moment

angle of the mothoxy group is 78° from the line of attachment to

the benzene nucleus and at a dlrectlcm Into the benzene ring I

27J

.
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A further assumption made here is the free rotation of the methoxy-

methyl group around the carbon-oxygen bond resulting In the rotation

of the methoxy-maanent around the line of attachment to the benzene

ring.

4. All other moments in the molecule are zero.

5. The bond angles are not distorted from their normal values.

Using these assumptions the dipole moments of the els- and

trans-p-methoxy compounds (I) were calculated by the law of cosines.

In the case of trans- I the moment of the methoxy group is always

78<* from the carbon-bromine moment. In the cis isomer the angle be-

tween the methoxy moment and the carbon-bromine moment varies from a

minimum of 42^ to a maximum of 162^ ^en the methoxy moment rotates.

Irhe calculated value of cis-I is taken as the average of the maximum

and minimum values. The calculated dipole moment of the trans-p-

methoxy compound (I) is 2.05 debye units, while the calculated value

of the cis-p-methoxy compound (I) is 1.45 debye units, an average of

a maximum value of 2.46 and a minimum value of 0.43 debye units.

The observed dipole moments of the trans- and cis-p-methoacy compounds

(I) are 2.65 (82° isomer) and 2.18 (53** isomer) debye units, respec-

tively. The observed values are approximately 0.6-0.7 debye units

higher than the calculated values, but the difference between the

moments obseirved of the cis- and trans-p-methoxy compoimds (I) is

essentially that calculated. On this basis the isomer with the high-

est dipole moment is assigned the trans configurati(». This is the

same as that originally given by Stoermer and Simon 1 12j .
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Migratory Aptitudes and Reaction Mechanlams

The tendency for various groups to rearrange or migrate in

the elimination rearrangement reaction of l,l-diaryl-2>broBoethylenes

is called the migratory aptitude of the groups. One reasonable approach

to measuring this tendency is to examine the rates of the elimination-

rearrangetaent reaction of various substituted phenyl groups on the vinyl

bromide. However, inherent in such a study is the problem of the effect

of the substituent group on the acidity of the vinyl hydrogen. In view

of the known stereospeclficity of this reaction, it was thought that

this problem could be obviated by examining the relative rates of re-

arrangements of the cis and trans isomers in v^ich ciily one of the phenyl

rings contained the substituent under considerati<Hi. Thus, the cis and

trans isomers of l-£-methoxyphenyl-l-phenyl-2-bromoethylene (cis- and

traas"!) » l-2-chlorophenyl-l-phenyl-2-broraoethylene (cis- and trans-II)

and l,l-diphenyl-2-bramoethylene (III) were prepared. In these five

different compounds we have an electron-donating group (-OCH3) on the

migrating phenyl, an electron withdrawing group (-C1) on the migrating

phenyl and what we could call our neutral or reference group (-U) . In

a pair of isomers, if the trans group is migrating with its electrons

the electron-donating group would be expected to increase the rate of

the reaction. If, on the other hand, the phenyl is migrating without

its electrons, the electrcm-donating group would be expected to retard

the reaction whereas the electron withdrawing group would be expected

to increase the rate. This study of migratory aptitudes can be coo-

pared to the known migratoiry aptitudes in the pinacol rearrangements.
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I

R' R' ^^t®* R— C— C —

R

II I

R — C— C —

R

OR'
I I

OH OH "''^«->>.. R*

I

R* —C — C — R

i I

R

In the pinacol rearrangeiBent It was found that the migratory apti-

tudes for a phenyl migrating are as follows 1 281:

p - OCH3 > p - alkyl >p-H>p-Cl

The general reaction mechanism 8»9 'or the reaction of

1 , l-dlaryl-2-branioethylenes with potassium-t-butoaclde may be written

as follows:

AR H AH
\ / ^ \
C = C + B~ ,

" C = C" + BH
/ \ / \

AR Br AR Br

IV

AR

\ *-

C — C '^^^~ AR— C SC— AR + Br-
/ V determining

AR Br
AR a aryl group

Because of the wide variety of strong bases |1~10| which can

initiate the rearrangement a reasonable first step in the reaction is

the abstraction of the vinyl proton to form anion V. By the use of

deuterated solvent Prltchard and Bothncr-By 9 have exchanged the
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vlayl hydrogen of IV with a deuterium aton. They have calculated

the exchange reaction to be at least a hundred times faster than the

conversion to diphenylacetylene at the same temperature. Uoreover,

the rates for the rearrangement reactions are considerably faster in

deuterated solvent than they are in jt-butyl alcohol. Prom this in-

formation it is plausible that the reaction mechanism involves rever-

sible carbanion (V) formation. If the formation of carbanion V were

irreversible, so that its formation would be the rate-determining

step, the reacti<w of deuterated substrate would proceed more slowly

than that of undeuterated substrate (IV). Further evidence that the

abstraction of a proton is not the rate-determining step, using po-

tassium-t-butoxlde as the base, is the difference In rate constants

of the cis and trans isomers observed by the author. In my opinion,

the cis- and trans-p-methoxy conpounds (I), for example, should be

identical as far as the abstraction of the vinyl protoo is concerned,

yet they have rate constants of 1.06 and 1.62 x 10"^ (mln."^), re-

spectively. The most reasonable explanation of these rate constants

is that the migration is Involved in the rate-determining step, rather

than occuring after it . On the other hand , Curtln and Flynn
|
7

J
have

demonstrated that in the formation of diphenylacetylene, 1,1-dlphenyl-

2-broooethylene-2-d reacts at an appreciably slower rate with butyl-

lithium than does l,l-diphenyl-2-bromoethylene. This would Indicate

that the breaking of the carbon-hydrogen bond is the rate-determining

step when butyl-lithium Is used as a base. However, \inder these con-

ditions, the first step of the reaction is most probably not reversible.
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The second step, or rate-determining step of the reaction, us-

ing potassium-t-butoxide as the base, is the migration of the group

trans to the brocjine atom. Implicit in this system is the configfura-

tional stability of anion V. The fact that the trans group migrates

and anion V was stable was demonstrated by Bothner-By I oj and by Cui^

tin, si aJ. 10 . Bothner-By prepared the cis and trans isooers of

l-£-brainophenyl-l-phenyl-2-brocioothylene-l-14c and converted them to

labeled 4-brainotolans using potassium-;t-buto«lde in refluxing t-

butyl alcohol (ca. 33°). By oxidizing the tolans, radioactive benzoic

and g-bromobenzoic acids wore obtained. Fraw this he found the cis

isomer to rearrange with 8S i>ercent migration of the phenyl group

while the trans isomer rearranged with 92 percent migration of the

£-broinophenyl group. Curtin, et al. , found similar results with cis

and trans p-chloro compounds using butyl-lithium to initiate the re-

action at -35**.

It might be well to point out now the similarity between this

rearrangement and the Beckmann rearrangement 29 I . The Beckmann re-

arrangCTient involves migration between doubly-bonded carbon and

nitrogen with the migration of the group trans to the leavir^ -OH or

-OR group.

R OX OX
\ / ,. II I

C = N acid or heat R — C — N — R*

/
R'

X = H or R group,

R', R = alkyl or aryl
group
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Moreorer, the nitrogen atom is isoelectronic with carbanion V. There

are, of course, differences in the reactians, tlie most obvious being

the initial reaction with strong base in our rearrangement while the

Beckmann is initiated with acids or heat.

Tliere remains imanswered the important questicms of migratory

aptitudes and of the detailed reaction mechanism of the second step

of our reacticm. The three most reas<Biable mechanisms for the migra-

tion step are:

1. The slow migration of the trans aryl group without its

electrons followed by a fast loss of brcnide ion:

AR' AR'

C=C' slow "C-=C fast AR — CSC— AR' + Br'

/ \ / \
AR Br AR Br

VI

2. The same as mechanism 1 except that the first step is fast

and the second slow.

It was Important to consider these two mechanisms because the

rearrangement of phenyl groups without their electrons to carbanions

has been postulated by Zimmerman and co-workers 30 .

3. The slow rearrangement of the trans group with its electron

accompanied by the displacement of bromide ion.

AR*

slow AR—-C = C—AR' + Br"
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The values of the average rate constants, a measure of migra-

tory aptitudes in our reactions, are sumaarized in Table 12.

It can be seen, from a ccaparison of the rate constants of the

cis- and trans- £-methoxy compounds (I) , that the migrating group

donating electrons into our system speeds up the reaction over the

migrating neutral or reference group. Conversely, the cis- and

trans-p-chloro conpounds (II) indicate that the migrating group with-

drawing electrons slows down the z>eaction compared to the migrating

reference group. Normally, this type of information could be taken

as evidence that a group is migrating with its electrons 128,
29J.

nius, mechanism 1 would appear unlikely because the slow migration

without electrtms would predict the opposite orders. For example,

Zimmerman and Zweig po] have shown that a £-tolyl group migrates

slower than a phenyl group in the rearrangement reactions of 1-chloro-

2-phenyl-2-£-tolylpropane with lithiun. This is consistent with an

electron-d(Hiating group (-CH3) retarding the rate of rearrangement

compared to a phenyl group when the groups are rearranging without

their electrons. Any effect of the various substituted i^enyl

groups on anion VI would not affect the rate of the reaction since

this anion is formed after the rate-determining step. However, in

mechanism 2 the stability or instability of anion VI would certainly

be expected to affect the rate of the reaction since this anion is

formed before the slow step of the reaction. For example, ani<Hi

Vl-a of the cis-p-chloro compound (II) would be expected to be more
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TABLE 12

AVERAGE RATE CCWSTANTS FOR THE REACTIONS OF 1-PHENYL- l-£-
SUBSTITUTED PaKNYL-2-BROMOETHY'USNES WITH 0.20M POTASSIUM-

-t-BUTOXIDE

Compounds k x 10^(min.~^)

trans-l-p-methoxyphenyl-l-phenyl-2-
bromoethylene 1.62

£is-l-£-methosyphenyl-l-phenyl-2-
bromoethylene 1.06

trans-l-p-chlorophenyl-l~phenyl-2-
broinoethylene 0.45

cis-l-g-chlorophenyl-l-phenyl-2-
bromoethylene 1.04

l,l-diphenyl-2-bromoethylene 0.82



S3

stable than anion Vl-b of the trans-p-chloro compound (II) due to

the electron-withdrawing effect of the £-chloro group.

Q
/
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As was pointed out earlier, Bothner-By [9 |
succeeded In trap-

ping anion V with deuterium.

AR
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A reaction of l,l-diphenyl-2-braBioethylene (III) with potassiuo-

t-butoxlde was, therefore, allowed to proceed to partial completion

and the crude mixture, after neutralization, was carefully analyzed

for trans- and cls-monobromostilbene , the products of anions VI and

VI'. By the use of vapor-phase chrooiatography, Infrared spectra

and a comparison with authentic samples it was shown that the re-

action mixture resulting from the partial reaction of the 1,1-diphenyl

olefin (III) with base consisted only of starting material and diphenyl-

acetylene. There was no detectable trace of the brcnostllbenes. These

results tend to exclude mechanism 2 as being operative.

The third mechanism Involves the slow rearrangement of the

trans group with its electrons. "Rie rate constants for the cis and

trans isomers are consistent with this mechanism. The trans-p-methoxy

compoimd (I) would be expected to react faster than the cis-£-«ethoxy

compound (I) because the migrating group is £-methoxyphenyl in trans-

I

and phenyl in cis-I. According to mechanism 3, the £-methoxy group,

being an electron-donating group, increases the rate of the rearrange-

ment compared to the rate of rearrangement of a phenyl group. Con

versely, the cis-p-chloro compoimd (II) reacts faster than the trans-

£-chloro compoimd (II) because a £-chlorophenyl group is migrating

in trans-H, retarding the rate of the reaction.

Phenyl is the migrating group in the cis-p-methoxy compound (I)

and in the cis-p-chloro ccmpound (II). The differences in rate con-

stants between the cis isomers and 1,1-diphenyl olefin (III) is rea-

sonably due to the effects of the stationary substituted phenyl groups.
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Probably the most important of these effects is the acidity of the

vinyl hydrogen abstracted in the first step of the reaction.

Roberts and co-workers 31 have measured the rates of deuterium-

proton exchange of o-, n-, and £-deuterated fluorobenzene, benzo-

trlfluoride and anisole. In such reacti<»is the conbined inductive

and field effects of the substituents on the benzene ring appear

to be of major importance and the electrcmeric effects of minor im-

portance. They have shown that fluorine, although four carbon atons

from the deuterium atom, increases the rate of the removal of deuterium

two hundred times over that of the unsubstituted deuterobenzene. The

methoxy group had little effect on the acidity of the deuterium atom.

In view of this paper we can be fairly certain that the chlorine aton

of the cis-p-chloro compound (II), having the same type ot effect as

the fluorine atom, would increase, at least to some degree, the acid-

ity of the vinyl hydrogen over that of the acidity of the vinyl hy-

drogen of 1,1-diphenyl olefin (III). It is reasonable, therefore, to

say that the cis-p-chloro compound (II) reacts faster than the 1,1-di-

phenyl olefin (III) due to the greater acidity of the vinyl hydrogen.

The cis-p-nethoxy compound (I) also reacts faster than 1,1-

diphenyl olefin (III). Since Roberts, et al. , fsil , have shown that

the methoxy group has little effect on the acidity of the deuterium

atom it is difficult to rationalize cis-I reacting faster than III.

One possible explanation of this increase is the possible stabiliza-

tion of the incipient carbon-carbon triple bond by the 2-methoxyphenyl

group. Probably occurring simultaneously with the migration of the
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trans aryl group is the formation of the carbon-carbon triple bond.

Since the £-methoxyphenyl group is conjugated with the vinyl group

it probably has sane effect on the formaticm of the triple bond.

Depuy and Leary r32| have shown that in the pyrolytic elimination

reactions of soae acetates of substituted 1, 3-dlphenyl-2-propanols

the reaction is controlled by the stability of the olefin forved.

In these cases, the olefin formed conjugated with a £-methoxy phenyl

group predominated by a factor of ca. three over that of an olefin

formed conjugated to a phenyl group. These results would indicate

that the £-methoxyphenyl group stabilizes the incipient double bond

coapared to a phenyl group. The fact that the cis-p-aethoxy compound

(I) reacts faster than 1,1-diphenyl olefin (III) could be explained,

therefore, by the greater stability of the triple bond being formed

in the reaction of the cis-p-«ethoxy compound (I). The trans-p-

methoxy compound (Z) reacts faster than 1,1-diphenyl olefin (III) due

to the 2*iDethoxyphenyl group aiding in the rearrangement with elec-

trons. Conversely, the trans-p-chloro compound (II) retards the rate

of the reaction compared to 1,1-diphenyl olefin (III) because the

£-chlorophenyl group destabilizes the rearrangement of the trans group

with its electrons. Comparing the rate constants of the cig and trans

isomers to each other is consistent with mechanism 3. In view of

this and the reasonable rationalization of the relative rate constants

of the cis and trans isomers to l,l-diphenyl-2-broDoethylene, mechanism

3 is certainly the most probable.
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There remains the question of Just what is the driving force

of the rearrangement, or why do groups rearrange with their electrons

to an electron-rich site? In the Beckmaim rearrangement the polarity

of the N-OX bond is thought to Influence the rearrangement 129] . The

more powerfully the OX group attracts electrons the faster the rear-

rangement « This could conceivably give rise to a partial breaking of

the N-OX bond, leaving a vacant orbital to \i^ich the trans group could

migrate. There is no evidence that there is any actual dissociation

into free ions. This would result in a nitrogen sextet intermediate

soBietines postulated for the Beckmann rearrangement r33|

.

r^

o
C=N:

This intermediate is unreasonable due to the stereospeclflclty of

the rearrangement.

It is then conceivable that the partial breaking of the

carb(m-braDine bond and the probable rehybrldlzation to give a vacant

p orbital, into which the trans group could migprate, would be the

driving force of the rearrangement. There are many cases of ioniza-

tion of a hallde resulting from the formation of a carbanlon. TTie

most connnon of these are the well known carbene reactions |34-36| .

In pairticular, the reaction of chloroform with sodium hydroxide
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Involves an Initial rapid proton transfer and then a Blow loss of

chloride ion from the resulting carbanion 341

.

CMClg + OH' ^=i "CCI3 + H2O

"CCI3 £i2S :CCl2 + CI"

The fact that the chloride ion does not ionize \intil the carbanion

is formed might explain ^uhy the rearreuigeinent is Initiated by the

removal of the vinyl proton. Once the vinyl carbanion is formed the

bromide atom can ionize, at least to some degree, causing the forma-

tion of the vacant p orbital necessary for the rearrangement. An ex-

treme case of this might be depicted as such:

Br-

Thls poses the problem of why, in the Beckmann rearrangement,

the rate constant of the p-methoxyphenyl group migrating is so much

greater than that of the phenyl group migrating, while in our irearrange-

ment it is not? For instance, R. Huisgen and co-workers 137 1 have found

trans-g-methoxyacetophenone oxiae to react ca. 150 times faster than

acctophenone oxime, yet trans-p-methoxy ccmpound I reacts only 1.6 times

as fast as cis-p-methoxy compoimd I. Even though the nitrogen atom in
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the Beckmann rearrangement is isoelectranlc with the carbanion in

our rearrangement the fact remains that the nitrogen atom is neutral

and the carbon has a negative charge. If the driving force of the

reaction is the partial breaking of the C-Br bond, this would still

leave some negative charge on the carbon atom while the partial break-

ing of the N-OS bond would leave the nitrogen aton partially positive.

This difference in charge on the migrating terminus affecting the

rates of reaction is reflected in other rearrangements where the group

is migrating with its electrons. For instance, the rate constant for

the migrating £-methoxyphenyl in the symmetrical pinacol z^arrangement

is five hundred times greater than the migrating phenyl group [28 j

.

In this rearrangement the group is believed to migrate to a positively

charged terminus. In the Lossen and Hofmann rearrangements the phenyl

or substituted phenyl groups are migrating to a negatively charged ni-

trogen atom. Hauser, et al. [ssj , have indicated the migrating £-me-

thoxyphenyl group to be ca. six tines as fast as the migrating phenyl

group in the Lossen rearrangement while in the Hofmaim rearrangement

they found it to be approximately ten times as fast. This comparison

of charge on migrating texninus would tend to predict a small differ-

ence in rate between £-methoxyi^enyl and phenyl due to a group migrat-

ing with its electrons to an electron-rich site.

The £-chlorophenyl group, on the other hand, does not affect

the rates of rearrangement to a radical degree [28,29,39 . Chapman

and Fidler !39j have shown that the picryl ether of p-chlorobenzophenone-
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y^-oxlme reacts 1/5 as rapidly as the plcryl ether of benzophenone

under the same conditions. The fact that the trans-p-chloro canpound

(II) reacts 1/2 as rapidly as 1,1-diphenyl olefin (III) is not sur~

prising from this cainparis<Hi.



CHAPTER V

SUIdUARY

A kinetic study of the migratory aptitude, or tendency

of a group to rearrange, was made on the cis and trans isomers of

a series of l-phenyl-l-£-substituted phenyl-2-branoethylenes . The

kinetics of the reactions of the bronoethylenes with base was fol-

lowed by measuring the ultraviolet absorption spectra of the pro-

ducts obtained. Rate constants for the rearrangement of the bromo-

ethylenes showed that an electron-dmatlng group on the migrating

phenyl Increases the rate of the reaction compared to a phenyl

group. Convereely, an electron withdrawing group on a migrating

phenyl retards the rate of the reaction. Kinetic results also in-

dicated that the cis-bromoethylenes reacted faster than 1 , 1-diphenyl-

2-br(xooethylene

.

Three mechanisms have been considered for the reactions and

the most reasonable consists of a rapid equilibrium involving the re-

action of the bronoethylene with base followed by a slow rearrange-

ment of the phenyl or substituted phenyl group with its electrons.

A comparison of the elimination-rearrangement reaction to

the Beckmann, Pinacol, Lessen and Hofmann rearrangements is made,

and the differences between the elimination-rearrangeaent reaction

and the others is rationalized.
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