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ABCTRACT

A study of the steric effects of ortho substitution on
aryl esters in the reaoction of these eeters with mesityl-
magnesium bromide has been made., Mesitylmagnesium bromide
was caused to react with the phenyl and g-oresyl esters of
benzolo aold, and o-methyl-, p-methyl-, o-ethyle, and o-iso-
propylbenzolo acids, The reaction mixtures were analyzed
quantitatively by infrared adbsorption spectroscopy for the
dlaryl ketone and triaryl tertiary alechole formed and for
the unreacted aryl esters remaining after the reaction.
Verification of the infrared method was done by determining
the percent ketone formed as an oxime using hydroxylamine
hydrochloride in pyridine and percent unreacted ester by
hydrolyzing the ester with excess base and back titrating
the excess base.

Results of this study indicate that ortho substitution
of alkyl groups on either the aroyl or aryloxy portion of
the ester hinder the reaction of these esters with the
highly hindered Grignard reagent. On the other hand, para
substitution of the methyl group enhanced the reactivity of
the esters with the Grignard reagent. The reactivity of
ester with mesitylmagnesium bromide was virtually independ-

ent of the size of o-alkyl substituent on the aroyl group.
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The greatest decrease in reactivity was found for ortho sub-

stitution on the aryloxy porticn of the ester,

The reactivity of the complex formed was the reverse

of the reactivity of the esters, The ortho substitution on

the aryloxy portion of the ester increased the reactivity of
the complex when compared to unsubstituted esters. The
ortho substitution on the aroyl portion likewxise increased
the reactivity of the complex when compared to unsubstitutesd

esters but this inorease was not as large as for substitu-

tion on the aryloxy portion of the ester. The size of the

ortho substituent on the &royl portion did not greatly effect

this reactivity.
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INTRCDOUCTION

Statement of Froblea

The effects of sterilo hindrancg oan;kyl groups 1in the
reaction between Grignard reagents and esters or‘ketones
heve been widely studied (1-18). But until recently (13) no
geystenatio study of the interplay of steric factors in the
reaction of Grignard reagents with esters haq bgen.reported.
T ere sare three steric areas involved in this reaction.
These areas are the acyl portion of the ester, the alcohcl
rortion of the ester and the Grignard reagent.

This investigation is specifically a study of the efflects
¢f steric hindrance on the reaction of mesitylzasnesium
bromide with the phenyl and o-oresyl esters of benzoic asid
and o-methyl-, p-methyl-, o-ethyl- and o-isopropylbenzoiec
acld. The p-methylbentoates were used to measure the elec-
tron donating effect of the alkyl group.

The purposse of this investization was to determine the
nature of the interplay of the steric factors of t-e esters
when the gteric hindrance in the Gri-nard reagent was ex-
tremely high. It was alao desired to determline how sensi-
tive the reaction of the formation of elcohol was to steris
factors. Finally, from this investiratlon 1t was hoped trat
more information would be obtained on the mechanism of thie

reazgtion.






The study was carried out by causing a 1:1 mole ratio
of Grignard reagent to ester to react in refluxing toluene |
for one hour. Due to the 4ifficulty in initiating the forma-
tion of Grignard reagent of bromomesitylene one dron of
ethyl bromide was employed to start the reaction. The
Grignard reagent was added to the ester which is the reverse
of the normal addition 5 as not to favor the formation of
tertiary alcohol. The Oriznard reagent was filtered before
use to remove any excess magnesium 80 as to stop any unde-
siratle side reactions. The products, ketones and tertiary
aloohol and the unreacted ester were determzined by quantita-
tive infrared absorption methods. The infrared method was
checked by a volunetrioc determination of the oxime deriva-
tive of the ketone and by saponification of the unreagted

ester,

{storical

The reaction detween OGrignard reszents and estersg and
the effects of steric hindrance in both the Grignerd and the
esater have been studied by many investizators. Normal aldi-
tion, formation of tertiary alcohol, reactions which lead to
formatlion of hydrocarbons, reduction, enolization and other
reactions have been included in these studies,

Boyd and Hatt (1) stucled the reaction between o-methyl-
ptenylmagnesium bromide with ethyl o-toluate and found that

no tri-o-tolyl carbinol was formed. They isolated a dlaryl






ketone and the pinscol cof the diaryl ketcne and rostulated
that this formation was due to the excess magnesium present,

Kohler and Baltzly (2) studlied the reaction of aceto-
mesitylene, dimesityl ketone and dimesityl diketone with
ethylmazneeiuz bromide, They found trhat the sterie hindrancge
due to the methyl subatitution in the ort2o position storred
the normal reaction of addition to the carbonyl and caused
enclization in the case of the acetomezitylene, but for the
other two compounds no reaction could be detected., They ex-
pressed the thouzht that the decreased veloclty of the re-
action, because of steric factors, allowed other slower re-
actions to teke place. Complete blocking of the functional
group etorred any reaction from taking plsce.

Smith and CGuss (3) in studies similar to thnse of Kohler
and Balttly verified their results, The alkyl ketones hin-
dered near the functional group gave methane when reacted
with methylma;nesium 1cdide., This was apparently due to
enoclirzration of the ketone. This enolization was a function
of the hindrance in the ketone, and the :ireatest effect was
found when the alpha position was hindered by methyl ¢roups.

Arnold and co-workers (4) investicated resotiona be-
tween phenylmaznesium bromide and allyl benzoates, toluates
and isodurylates which were substituted in the ortho posi-
tion. They found upon reacting phenylmagnesium bromide

with allyl benzoate and allyl o-toluate ylelds of 86% and
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685 respectively, were found of the triphenyl carbinol.
They felt that one o-methyl group 414 not greatly hinder the
normal addition of the Grignard reagent. When they reacted
phenylmagnesius bromide with allyl ,9 -1sodurylate, they ob-
tained allylbenzene, a magnesium halocarboxylate and no
aloohol. This was interpreted as steric hindrence storring
the normal addition. They investigated also the reaction
between allyl trimothylacotate and phenylmagneciun bromide
and found the normal addition to take placo whioh gave tert-
butyldiphenyl oarbinol. o

Fuson and oo-workerl (5) studied the reactions of
certain nlkyl and aryl esters of moaitoio aoid wit; alkyl
and aryl Grignard reagents. The expected products were not
found even thougﬁ a reaction was in evidence, ¥ith the alkyl
mesitoates and alkylmagnesium halide, they found mesitoio
acid and an alkyl halide which 6n@o from the alkyl group of
the ester and no alkylation was observ;d in any\of thene;re-
actions. With the aryl mésitoatel and alkylmagnesium halides
they obtained glkyl mesityl ketone ahd phenol. Wheh both
reactants were aryl ocompounds, they f&und arylatlbn or sub-
stitution in the ortho position of the-kctono produoced,

Whitmore ahd George (8) reacted different Grignard re-
agents with.dl-ioopropyl ketons and found that enolization
inocreased from O to 904 going from methylmegnesium bromide,

ethylmagnesium bromide, sec-butylmainesium bromide, tert-butyl






magnesium bromide to nesopentylmaxnesium bromide. This
enolization Qas due in part to the steric hindrance and
caused a decrease in the reactivity of normal addition.
Whitoore postulates a cycllio intermediate to acoount for
this.

Hauser and co-workers (7) atudiled the reastions of car-
boxylic esters with different Grignard reagents. They found
that as the Orignard reagent became more complex (from
methyl, ethyl, isopropyl, tart-butyl to mesitylmagnesium
bromide) the normal addition dropred off. Under these con-
ditions condensation reactions and some enolization occurred.

Trieb (8) studled the effects of substituents in esters
on the reaction rates with methylaagnesium 1odide and he
postulated the following rules for the ester RCUOR':

1., Increase in the size of normal R' up to propyl
causes decrease in reactivity, neglizible
thereafter (steric).

2. Beniryl esters are the most reactive, but fur-
ther separation of the phenyl by a normal car-
bon chaln decreases the activity (polar).

3. Branching in R! inhibits when adjacent to CQ0-
but accelerates when removed by at least cne
cafbon atom (polar and sterie).

4., Diastereomeric esters resct at different rates






(lconenth.y1> neoisomenthyl) menthyl) neo-
menthyl acetates) (sterio),
5. Phenyl groups in R cause acceleration, but the
effect is diminished by separation from -CCO
(polar}.

8., Branghing in R causes retardation in rate
(steris).

%¥hitmore and Lewis (©) and other 6o-workers (10-14)
studled the effeots of substitutions on the seyl part of
alkyl esters, alkyl acid ochlorides and ketones. W¥When substi-
tution was on the alpha carbon, they found that an ethyl
group produces a more profound sffeot than a methyl group
and that as the size of the alkyl subetituent increased the
norpal addition reaction decreased in importance. This veri-
fied Triedb's sixth rule.

In discussing sterioc hindrance in the reaction of
Grignard reagents witn esters, Kharasch and Reinmuth (15)
commented that Tried's (8) studlies showed that substitution
on both the acidio and alooholie constituents influence the
addition rates. It was established that these influences
ware more steric than energetioc and that the abnormalities
in the reastions observed were due solely to these steric
factors. Therefore, branching in the acid chain of an alkyl
acid near the functional group retarded addition of the

Grignard reagent, Branoching in the alcoholis portion of the






ester had lees influence étericelly on addition but the
effects were stlll noticeable. They sugsested that the alco-
holie portions influence was more of an energetic effect

than sterio. 7These postulates and sugzestions were based on
& wide variety of experimental results conducted under many
different conditions.

Kharasch and Reinmuth also pointed out that if the
intermediate first formed was ether soluble, the abllity to
form ketones was a function of the Grignard reagent and not
the ester. 1In this view it was shown that branched alkyl-
magnesium halides and dlortho substituted arylmagnesium
halides form a ketone preferentially. This would sugsest
that the effect i3 steric rather than energetic. If the
intermediate was ether insoluble, the formation of the ketone
found was primarily due to the ester and not the Grignard re-
agent,

The literature referred to no systematic study of the
effects of ortho substitution of methyl, ethyl or isoprogyl
groups on the aroyl portion or of o-methyl substitution on
the aryloxy portion of the ester. Until recently (18) this
study esemed to have baeen ignored, though it apparently has

been done partially for ketones,






EXFRRIIEENTAL

The following eaters were caused to resct with mesityl-
magnesiua bromide: phenyl bentzoate, phenyl o-methylbenzoate,
phenyl p-methylbenroate, phenyl o-ethylbenzoate, phenyl
9-isopropylbenzoate; o-oresyl bentoate, o-oresyl o-methyl-
benzoate, o-oresyl p-methylbenzoate, o-oresyl o-ethylbenro-
ate, o-cresyl o-isopropylbenzoate. The resulting reaction
mixture was analyzed by infrared analysis for the amounts of
xetone and tertiary aloohol produced and for the amount of
ester that remained unreacted. Further analyses were per-
formed by determining the ketones in certain of the reaction
mixtures using hydroxylamine hydrochloride in pyridine, and
the unreacted esters by hydrolysis, with an excess of stand-
ard base in aloohol and back titrating the excess bhase with

standard aocid.

SOURCE3 AND FREPARATION OF STARTING LATZRIALS

The chemicals used in this study were: phenol, g-cresol,
benzoyl chloride, o-tolulo acid, p-tolule acid, thionyl
chloride, o-bromoethylbenzene, o-bromolsopropylbenzene, and
mesitylens. Compounds prepared from the above were phenyl
and o-cresyl benzoate, o-methylbenzoyl chloride, phenyl and
Q-oresyl o-methylbenroate, p-methylbenzoyl chloride, phenyl
and.g-crelyl‘g-nephylbenzogte,'g-ethylbonzoie acid, o-ethyl-

benzoyl chloride, rhenyl and o-cresyl o-ethylbenzoate,
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o-1sopropyldbentolo acid, o-isopropylbenzoyl chloride, phenyl

and o-oresyl o-isopropylbenzoate, and bromomesitylene.

V¥g9terisls Purchased

Fhenol, kerock and Company, Analytical Keagent Grade,

0-Bromoethylbenzene, The Tow Chemieal Company, redles-
tilled by Arthur J. Pastor and fraction boiling 9390 at 2O um.
‘g, was used, np28 1,6482,

o-Bromoisopropylbenzene, The bow Chemical Company, re-
dletilled by Arthur J, Pastor and fraction boiling 107°C at
30 mm. Fg. was used, np<® 1.6385.

0-Tolulo acid, Zastsan Kodak Company, white label No.
1648, m.p. 179-1800C,

wesitylene, Matheson Coleman and Eell Livision, white
label, b.p. 183-18500, np<d 1.4887.

Benzoyl ehloride, J. T. Baker Chemical Company, b.p.
183.1-197.1°C, 99.9% purity.

Thionyl ohloride, Eastman Kodak Company, white labdbsl,

o-Cresol, Eastman Kodak Oompany, yellow label (Technical),
it was distilled twice through a ¥rapped 40 cm. Vigreux
column and fraction boiling at 93-64°C at 25 mm., Hz. was
used,

Maznesium metal turnings, kerck and Company, specific
for Grignard resotions, 99.8% purity.

Pyridine, Verck and Company, Analytiocal Resgent Crade.
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Chloroform, kerck and Company, U.3.P.
Ethyl alcohol, Union Carblde and Carbon Co.,
U.S.P. 854,

Preraration of Bromomesitylene

Bromomesitylene was prepared from bromine and mesitylene
by the method described in Crzanic Synthesis (17).

In a one liter three neck round-bottom flask equlppsd
vith a true bore stirrer, a 500 ml, drepping funnel and &
parallel slde arm holding a thermoneter and reflux condenser,
were placed 321.2 g. (2.878 moles) of mesitylene and 150 ml.
of carbon tetrachloride.

A rubber tube from the top of the cocndenser to the
water 4raln wss used to remove the hydrogen bromide vajpors
formed. The flask was cooled to 2°C and 423 g. (161 ml.,

S moles) of bromine in 190 ml., of carbon tetrachloride were
addeld over a period of two and one-talf hours while the
terperature was malntained at 8°C by mweans of an i1ce bath.
After all the bromine was added, the mixture was refluxed
for one hour. The reaction mixture was washed with two

€00 ml. portions of distilled water and two 2350 wl., rortions
of a 54 sodlum hydroxlde solution. The reactlion mixture wssg
édried over anhydrous calcium chloride and the carbon tetra-
chloride distilled at atnosgherio rressure t'wough & 430 ca.
Fenske coluaun, The residus of the distillation was then

sdded to one liter of 95% ethyl aloohol which hed previously
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reacted with 30 g. of sodium metal. The reaction asixtare
was then refluxed for two hours and allowed to stand over
night. It was then diluted with three liters of distilled
wvater and separated. The water layer was washed with three
100 ml. portions of ocardbon tetrachloride. The extraots were
combined with the orude produsct and this mixture d4dried over
anhydrous ocalscium chloride. After drying, the carbon tetra-
ohloride was removed by distilling through a 40 em. Fenske
oolumn. The produot was then distilled through the same
column at reduced pressure. The fraction boiling at 97-101°C
at 13 mm, of Hg. was used. The yield was 368.5 g. (1.983
moles) 74% of theoretiocal based on mesitylene, nne5 1, 8488-
1.6500,

Preparation of o-Ethylbentoioc Acid and o-Isopropylbenzoie
Aoid | |

These two aoids were prepared by causing the Grignard
reagents of grbromoethy;benzene and‘gfbromoliopropylbenzene
to react with solid carbon dloxide (18),

In a 1000 ml. three neck round-bottom flask, equipped
with a true bore -tirrgr, i 500 ml. d4ropping funnel aﬁd a
reflux oondenser, both funnel and condenser guarded by a dry-
ing tubi oontaiginédinhydrou- caleium chloride, wan.élaoed
14.4 g: (0.694 g.~atoms) or 11.8 g. (0.485 g.-atoms) of
magnesium turningl.ind 78 ml. of sodium dried diethyl ether.

S31x granms of o-bromoethylbenzene or o-bromoisopropylbensene
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were added directly to ths flask., The reaction was initiated
by crushing the magnesium with the stirrer. After the re-
action had started the remaining dried dlethyl ether

(325 ml.) and o-bromoethylbenzene (S3.7 g. total 74.7 g.,
0.404 moles) or o-bromolsopropylbenzene (72.4 g., total

78.4 g., 0.393 moles) were mixed and added dropwise over a
period of one hour, The system was refluxed for another
hour. The reaotion mixture was cocled to room temperature
and transferred slowly with dried nitrogen onto 1000 g. of
finely divided solid earbon dioxide. The mixture was gtirrea
contlnuously during the sddition of the Grignard reazent and
vas &llowed to stand until all of the unreacted so0lid carbdbon
dloxide had sublimed. Threes hundred fi1fty milliliters of a
103 hydrochlorio acid solution and 1oo'g. of 1ce were added
and the mixture vwas stirred vignrously until all cloudiness
had édisappeared. It was then transferred to a one liter
separatory funnel and the water layer Alscarded. The organio
layer was extracted twice with 200 ml. of a 10> sodium hy-
droxide solution and the ether layer Qlsocarded,

The bssioc solutlion was returned to the separatory funnel
and acidiflied with 100 ml. of a Z8% hydrochloric aecld solu-
tion. The acidified solution was extracted twice with
€50 ml. of chloroform. The chloroform extract was washed
with 200 ml. of a 1.5% hydrochloric acid solution and trans-
ferred to a tared contalner from which the chloroform was

evaporated,
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The yleld of the crude o-ethylbenzole acid melting at
62-84°C (11terature value, 68°C) (19) was 80 g., (0.333
moles), 82.6% of theoretical; or o-isopropylbensoic acid
(1t was a dark amber liquid initially but erystalized on
etanding) melting at 83-56°C (16) was 48.4 g., (0.294 moles)
75.0% of theoretical.

Prercaration of Acid Chlorides

The aoyl hilldel of g}methy}g p-methyl-, o-ethyl- and
gflsopropylbenzoio;acld were prepared by causing each of the
acids to react ﬁith thionyl chloride (20).

In a 8CO ml. one neck round-bottom flasx, equipped with
& Claisen distillation head which was fitted with a ther-
nometer, cork and reflux condenser guarded by a drying tube
containing anhydrous caloium chloride, was placed 51.7 g.
(0.381 moles) of o-tolulc mcid and 63.6 g. (0.634 moles) of
thldnyl chloride, or 68.0 g. (0,428 moles) of p-toluioc aocid
and 71.4 g. (0,608 moles) of thionyl shloride, or 45.3 g.
(0.301 moles) of p-ethylbenrols acid and 57.2 g. (0.480
moles) of thionyl eohloride, or 47.2 g. (0.288 moles) of
Oo-1sopropylbentoic #01d and 54.6 g. (0.480 moles) of thionyl
chloride. The apparatus was tilted until the side arm of
the Claisen head was almost upright and the reaction mixture
refluxed gently for 6.8 hours, after which it was allowed to
a8tand overnight. The condenser was then removed and the

appraratus rearranged to permit normal distillation. The
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unreacted thionyl chloride was distilled at atmospheric
pressure, over the temperature range 75-856°C. The aystem
wag then subjected t0 30 mm. Hg pressure sand a seocond frao-
tlon was colleoted and discarded.

The tnird fraotion, which was the product, gave 52.9 g.
{0.342 moles) of o-tolyl ohloride, b.p. 95-100°C at 18 ma.,
yield 904 of theoretiocal; 80.8 g. (0.394 moles) of p-tolyl
c¢hloride, b.p. 106-108°C at 20 mm., yield 923 of theoretical;
50.1 g. (0.298 moles) of o-ethylbenzoyl chloride, b.p. 120-
121°C at 30 ma., yleld 98% of theoretical or 48.0 g. (0.263
moles) of o-isopropylbentoyl chloride, b.p. 128°C at 20 mm.,

Yield 2% of theoretical.

Freparation of Prenyl and o-Creeyl Faters

Fhenyl and po-cresyl estera were prepared from benzoyl
chloride, and from o-methyl-, p~-methyl-, o-ethyl-, and o-iso
rropylbenzoyl chlorides by mixirg phenol and o-cresol dle-
golved in pyridine with each of the acyl helides (21).

A detalled acoount of the preparstion of phenyl o-methyl-
benzoate is presented below:

In a 500 ml. three neck round-bottom flask egulppsd with
irue bore stirrer and reflux condenser guarded by a drying
tube eontaining anhydrous calcium chloride was placed £4.2 g.
(C.2%8 moles) phenol dissolved in 100 ml. of pyridine. Tie
flask cooled to B8°C im an lce bath. After cooling, 23.8 g,

(C.188 molen) o=tolyl cehloride was added with vigorous
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azitation, the resction mixture was stirred for three hours
and allowed to stand.

After ar-roximately 18 hours, 00 ml. of chloroform was
added and the mixture extracted slx times with equivalent
volume of b sodium ocarbonate solution end two times with
equlvalent volume of distilled water. The e:hloroform-csster
mixture was dried by pouringz 1t t'wough tiiree batches of
anhydrous eodlum sulfate. The ohloroform was evaporated.
The yield of phenyl o-metZylbenzoate was 3.8 g. (0.159
moles) 85.7% ¢f theoretical, refractive index of light yellow
1liquid ny<% 1,8716.

All other esters were prepared using nearly 1dentical
ecnditions. 80114 esters were recrystallized from ethyl &l-
cohol, Yields and physical constants of these esters are

£1ven in Table 1.

Prepsration of ieaitylmecneaium Frarile

Kesitylmagnesium bromide was prepared by causing the
bromomasitylene to react with the magnesium turnings in
sclium dried ether. The reaction was initiated with et'yl
bremide,

In a 500 ml. three neck flask, equipped with true bore
stirrer, 250 ml., dropping funnel and reflux oondenser, doth
funnel and condenser guarded by é&rying tube of anhydrous
czloium chloridse, was placed 2.68 g. (0.1l g.-atoms) of wnag-

nesium turninzis and 10 ml. of sodlum éried clethyl ether,






18

00861 ‘wug/901-9 9T $0° 14 eysozuaqrAdoados -0 _
1£804D-0
968638 °T *wwy/331-6v1 %0°68 831803USqTAYR-0 _
Thssan-0
g'8vy-3°9% ¥0°14 e3wozueqriyzew-d _
1£89a0-0
¥993°1 ¥1°16 e1vozuRqTAUOW-T _
14s94an-0
0898 °1 ¥0° 66 e3w02uUeq TLS94H~0

a9%8ge° 1 *uug1/981-£81 $3°29 oﬁcoucdnﬁhaouao.aLm
Thusyqg

1€98°1 ‘nul/G ZrI-8¥1 ,nn.co ®3802UeqTAYL9-0
, TLusyg

9°94-2°94 §0 688 931 vozueqTLy) su~-d
TAueyd

<3 PX- 54 4 ¥4°989 8190z2ueqT Y] oW-0
TLueya
3°0L~9°69 $0°v6 e1wozueq TAueyd

mman xapug Do 3UTOQ 0 3UTOQ 18071620943 1098%
Taowagey Butryed Sutyen ¢ PTevX

AIYVJIdd SHIIed 40 SINVIESNOD TVOIBXHd ANY €QTIIX

I TTEvVy






17

S g. of bromomesitylene was added and one drop of ethyl-
bromide. The reaction was 1initiated by heating flask with a
miero burner., A mantle wae then used to heat the flask to
kEeep the ether at gentle reflux. The recmaincer of the brouo-
zeeitylene (13.91 g., total 13.91 g., 0.1 mole) was mixed
with 75 ml. éried ether and adied dropwise by means of tha
dropring funnel over a period c¢f one-half hour,

After the bromomesitylene was added, the mlixture was
refluxed for 4 hours with constsnt stirring. Fifty milli-
liters of dried ether was added to bring the volume to
aprroximately 140 rl., The mixture was allowed to cool to
rcon temperature and filtered throuzh glass wool into a
éried bottle.

To analyze the Gri;nard resgent, tso milliliters of it
was plpetted into 10 ml. of distilled water anéd a known
excess of 0.6183 N hydrochloric azid was added., The excess
standard aold wae titrated to a kethyl Fed endpolint with
0.8183 N sodium hydroxide solutlion to determine the number
of milliequivalence per milliliter and rough yield of
Crignard reagent.

Tre method of calculatinz trhe milllequivalents per

milliliter and percent CGrisnard reagent 18 given below:

millieq./ml, = ml, of ecid x N asid =

[ 4

2.468 nl, %_(161&1 ¥« a753 millieq./ml.
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£ Orilgnard reagent s millieg./ml. x ml, of Grignard x 100 =
100 milileq.

0.768 x 150 = 911,
The reraining portion of the Grigznard reagent was used in

the reactione with the esters.

Reantions of secsitylaasnasium fraomide *ith the Faters

Approximately 0.C2 moles of mesitylaagnegium bromxids was
mixed with aporoximately 0.C2 moles of each of the esters and
allowed to reflux for one hour in 100 ml, of tolusne. Tus
reaction mixture was then quenched with agqueous hyiroohlorio
acid and worked up for analysis. An exarple of a typloal re-
action is glven below!

In a 250 ml, three neck round-bottom flask aquipped
with a true bore stirrer, Dean-itark taie-off tube fltted
%*ith a reflux condanser guarded by a drying tube containing
anhydrous calolium ohloride, and a parallel side arm adapter
fitted with a 250 ml, dropping funnel guarded by a tube ¢in-
talning anhydrous ¢alsium ohloride and a therzxometer, was
placed 4.2552 g. (0.0200% moles) of c-oresyl benzoate in
75 rl, of sodium dried toluene.

To this ester mixture 18 added by means of the dropplng
funnel 30 ml. of the Grignard containing 0.758 millleq./wl.
or total of 22.7 millieg. or C.C227 moles. The Crignard was
added with egitation over a 10 minute perlod. The ether

¥&8 removed, without concentrating the esolutlien by sdéing
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30 ml. of eodium dried toluene to the reaction mixture and
collecting the ether in a Dean-Stark trap. After the ether
was removed, the system was refluxed for one hour at 110°C
and the reaction Quenched with 60 ml. of a 10% hydrochloric
201d solution. After vigorously azitating the reaction
mixture for 15 minutes it was transferred to a 250 ml,
separatory funnel and the water layer dlscarded. The organie
layer was washed twice with 100 ml. portions of distilled
water, twice with 100 ml, portions of & 6% potassium hydrox-
1de solution and three times with 1CO ml., of distlilled water.
The reaotion mixture was returned to the original reaction
flaskx and the water remaining was azeotroploally removed by
the Jean-5tark trap. The reaction mixture was &allowed to
cool and transferred to a 250 ml. volumetric flask, made to
volume with sodium dried toluene and then transferred to a
glass stoppered bottle.

All the other esters were caused to react using 1denti-
cal conditions. The concentrations of the esters and
Grignard used in these reactions are #iven in Table II.

The ylelds of ketone &and alcohcl and the amount of un-

reacted ester obtained in each reaction will be given under

Analyeils of Products.

Analysis of Products

The principal products in the reactions of mesityl-

magnesium bromlde with the aryl esters prepared are dlaryl






TASLE 11

INITIAL CONCENTRATICUHN3 CF RTAGLNT3 IN REACTIONS

AR S o

CF eLSITYLAAGNTESIUAM BRUXIDE WITH ARYL ESTCRS

Concantrations toles/Liter

Reaction
Eeter G(rignard Feagent
Fhenyl benzoate 0.2000 0.2628
Thenyl o-methylbenzoate 0.20C5 0.2079
Fhenyl p-methylbenzoate 0.2000 0.8825
Phenyl o-ethylbenzoate 0.2000 0.20862
Prenyl o-1sopropylbenzoate 0.2010 0.2181
0-Cresyl benzoate 0.2005%5 0.2274
9-Cresyl o-methylbenzoate 0.2004 0.2274
0-Cresyl p-methylbenzoate 0.2004 0.2082
0-Creayl o-ethylbenzoate 0.2001 0.2079
0.£000 0.2181

2-Cresyl o-isopropylbenzoate

w u.—_..,m’
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ketones and triaryl tertiary slcohols. 1In all cases unre-
aoted ecter remainaed at the end of t-e reaction. These thraee
organic ocompounds were determined by infrared analysis using
a Perzin-Elmer liodel £1 Double Eewy Infrared Zrectrostio-
toneter., The thrree standards used to determline these com-
sounds were phenyl benzoate sbsorbing at 65.75 wicrone,
benzophencne sbeorbing at 6.CO mlcerons, and triphenyl
carbinocl absorbing at 2.80 microns. OStandard solutions of
these substances dissolved 1n t:luene w%ere prexared snd run
on the Ferkin-tlmer Infrared Spectrophotometer. Calibratlon
curves were then preraredi by plotting transrnittancy vereus
conocentration. These callbration curves were used for all of
the other ketones, alaohcls ana esters rrepared durlng this
inveatiyzation. The Justificetion for using one pember of the
serlies as the infrared analytical standsrd in determining the
other members of the eeries heg been discussed by Eellaxny (7).
To determine 1f there was any interference between ester,
ketone and alo~chol in the infrared absorption, & known eolu-
tlon was made up containing 0.C33 moles of phenyl benzoate,
trizhenyl ocarbinol and banzophenone. 7his solution was rua
on the Perkin-ilmer infrared Speclrophotometesr. The rosultls
found were 0.C34 moles of the &lcohol, 0.C34 noles nf ths
ketone and 0.033 moles of the ecter. Tnese results indlcate

that there was no interaction auong the threes corsounds.






The infrared analysls of the ketone and ester were
checked by volumetric methods using hydroxylamine hydro-
chloride in pyridine for the ketone and hydrolysis with
standard base 1n ethylene glycol for the ester. The results
of the analysis of the reactlion mixtures are given in Tables

III and IV.

INFRARED METHCD

Determination of Ketones

A calibration curve for ketones was made using the ab-
sorption at 6.00 microns. Benzophenone was used as the
standard on the Perkin-Elmer Lodel 21 Infrared Spectropho-
tometer using 0.495 mm. sodium chloride solution cells. The
elght solutions used for calibration were made up in asodlum
dried toluene. They were 0.05C0, Q0Z£50, 0.C200, 0.0125,
0.01C0, 0.0080, 0.0025 and 0.0010 moles per liter,

The method of calibration was as follows: Both the
reference and sample cells were fillled with sodium dried
toluene and the zero percent and hundred percent curves were
wade from 2 to 7 microns.

Each of the eight solutions were then run scanning from
2 to 7 microns and the peak height was found at 6.00 microns,
To £ind the transmittancy, the peak helght in cms. was
divided by the distance between zero and hundred percent
lines in cms. at 8.00 microns and these valuss plotted on
graph paper to give concentration in moles per liter versus

transmittancy.






TABLE III

INFRARLD PETERXINATION OF DIARPYL KETONES,

TRIARYL TERTIARY ALCCHOLS AND UNKEACTED ARYL ESTFR3
IN REACTION3 OF KESITYLMAGNESIUM BROWIDE WITH ESTERS

23

Reactlion Ketone Tertiary Alcohol Unreacted
(ioles) (Moles) Ester (Noles)

Fhenyl benzoate 0.00870 0.C0206 0.007856
FPhenyl

o-methylbenzoate 0.00450 0.00177 0.00940
Phenyl

o-ethylbenzoate 0.00428 0.00220 0.01080
Phenyl |

o-1sopropylbenzoate 0.004860 0.00220 0.01130
Phenyl

p-methylbenzoate 0.00898 0.00230 0.008680
0-Cresyl benzoate 0.0C420 0.00170 0.01040
o-Cresyl

o-methylbenzoate 0.00270 0.00230 0.01140
9=Cresyl

Qo-ethylbenzoate 0.00370 0.00152 0.01360
o-Cresyl

Oo=-1sopropylbenzoate 0.0G330 0.00158 0.01450
0-Cresyl

p-methylbenzoate 0.0G5600 0.00193 0.00880






TABLE IV

CETZRLINATION OF TIARYL KTTONES BY HYDRCXYLANINK HYDRO=-
CHLLORIDE IN PYRIDINE AND CF UNREACTED ARYL FOTURES BY
HYDROLYSIS OF L3TER WITi{ STANDARD BASE IN ETHYLENE
GLYCOL FGR THZ FCLLOWING KuaCTICN MIXTURE

24

Reaotlion Ketone Unreacted
(ioles) Ester (oles)
Phenyl o-methylbentoate 0.00461 0.,00987
Fhenyl o-1sopropylbenzoate 0.00470 0.01120
0-Cresyl benzoate 0.00437 0.01030
0.01300

2-Cresyl o-ethylbenzoate 0.00381
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Table V gives the moasured transmittancy for each of
the standard solutions used., Figure 1 is the oslibration
curve obtained from thae data cf Table V.

Analysis of the ketones in the reaction mixture wasg
made at two concentrationa in each case. The first concen-
tration was identiocal to that of the reaction mixture diluted
to 250 ml. with toluene, the second concentration, half that
of the first, was obtalned by dllutins & & ml. samcle of tre
first concentration tc 10 ml. using toluene as the dilucnt,
The solution cells and general procedure used were the saue
g8 those employed in the callbration studles.

The results of the infrared ansalysis for ketones 1n

each of the reaction mixtures are given in Tsble VI,

Datermination of Aleonhonls

A calibration curve for alcohols was made using the ab-
sorption at 2.80 microns. Triphenyl carbincl was used es
the etandard., The procedure was the same for the ketones ex-
cept the solutions used were ©.1000, 0.C%500, 0.0250, 0.CZCO,
0.0125, 0.,0100, 0.00%0 and 0.0025 moles per liter. Table VII
£ives the measured transmittancy for each of the standard
aleshol solutions and Flgure 2 1s the calibration curve ob-
tained from the data of Table VII.

Sinoes the yleld of aloohol was very sumsll in all re-
actions studled, it %8 necessary to concentrate the re-

astlon mixture for aloohol anelyeis. This was done &8






Tasle v

INFRARED TRANIKITTANGCY FCR STANDARD SCLUTIONS COF
BuNeUPHINCONE IN TOLUENE

28

Conoentration of Transmittancy*

Solution in oles/liter

0.0500 0.182
0.02t0 0.366
0.0200 0.428
0.0123 0.587
0.0100 0.681
0.0060 0.814
0.0025 0.618
0.0010 0.978

*Obtained from Perkin-FTlmer Lodel 21 Infrared
Speotrophotometer at 6.00 microns using 0.495
mm. sodium chloride solution cells.



27

0.CH
Figure 1
Standard curve of the ketone determined
by means of a Perkin-Elmer, Lodel 21
Double Beam, Infrared Spectrophotometer,
using 0.495 mm. sodium chloride solution
cells, with sodium dried toluene as the
reference,
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TABLE VI
RE3ULTS oF INFRARZD DETERNINATICNS OF KLTONES
IN RIACTICN EIXTURZ3
Reaction Concentration of Yield of
Kixture of Ketone (yolea/lite;% Ketone i
wethed 1% .Ethod 2 Theoretical

Fhenyl benzoate 0.0C87 0.00£8 £8.5
Thenyl

Oo-methylbenzoate 0.0048 0.0044 23.0
Phenyl

P-methylbenzoate C.0039 0.0GE5 34.5
Phenyl

Q2-ethylbenzoate 0.0043 0.0041 21.5
Fhenyl

O-isopropylbenzoate 0.0048 G.0045 £3.0
9-Cresyl benzoate 0.0C43 0.0041 1.5
o-Cresyl

2o-methylbenzoate 0.0027 0.0027 13.86
9-Cresyl

p-methylbenzoate 0.0050 0.C044 £5.0
9-Cresyl

S-ethylbenzoate 0.0037 0.0C35 13.5
9o-Cresyl

S-1sopropylbenzoate C.CC33 0.0038 17.7

a) kethod 1 concentration obtalned from origi-

nal 250 ml,

of reaction mixture.

b) Method 2 concentration obtalned from di-
luting 6 wl. of original to 10 ml. with
toluene as diluent.
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TASLI VII

I.’EF‘PAR{CD TRAMSLITTANCY FOR STANLARD FCLUTIONS
OF TRIVHINYL CARBINJL IN TOLUSNT

Concentration of Transalttancy*
Solution 1n wmoles/liter

0.1C00 0.540
0.CEC0 0.734
0.0280 0.E51
0.0200 0.883
0.0125 0.924
0.010C0 0.639
0.0C50 0.980
0.0025 0.494

*Cbtained from Ferkin-Elmer Lodel 21 Infrared
Spectrophotometer at 2.80 microns using 0.495
mm, sodium chloride eolution cells.
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Figure 2
Stanaard curve of tre alcohol determired
by means of a Perkin-tElmer, sodel 21
Double Beam, Infrared Spectrophotometer, using
0.4¢5 mm. scdium chloricde solution cells,
with scdium dried toluene as the reference.
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follows: <Cne hundred milliliters of tle original £5C ml.
rezction mixture was ripetted into a £50 ml. distilletion
flask and aprroximately 7C wl. of tire toluene was distilled
and discarded, Thse reeidue in the flesk was Cilluted to
6C ml. in a volumetric flask with toluene, thus increasing
the concentration by a factor of 2. After concentrating the
ezlution, thre infrered determinatione were macde by exuctly
the same procedure used for the ketcnes.

The results of the alcohol ceterminations sre given 1n

Table VIII.

Determination of Unreacted T"gter

A calibration curve for the esters wss made using the
absorption at 5.75 microns. Fhenyl beniocate was used as the
standard. The concentration of the sclutions and the pro-
cedure used were identical to that used for the ketlones,

Table IX gilvea the measured transmittancy for each of
the standard solutions and Figure 3 i1s the calibratlon curve
obtained from the data of Table IX.

Two analyses for unreacted ester in each of the re-
action mixtures were made exactly as for the kelone. The
reassn for this was that some of the esters were too concen-
trated in the original £50 ml. of the reaction mixturea to

run undiluted. The analyses were macde and the results for

the ester determination are given in Table X.
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TABLT VIIX

EESULTS CF INFRARED DETERVINATIONS OF
ALCCHOLS3 IN RPACTION MIXTURES

Reaotion Concentration of -Yield of Ketone

Mixture of Aloohol (ioles/liter) % Theoretical
Phenyl benzoate 0.0021 10.8
Phenyl

O-methylbenzoate 0.0018 8.0
Phenyl

2-methylbenzoate 0.0023 11.5
Fhenyl

9-ethylbenzoate 0.0022 11.0
Fhenyl |

O~1sopropylbenzoate 0.0022 11.0
9-Cresyl benzoate 0.0017 8.%
9=-Cresyl

9-methylbsnzoate 0.0023 11.8
9o-Cresyl

R~-methylbenzoate 0.00C19 9.5
02-Cresyl 7.8

9-ethylbenzoate C.0015 .
o-Cresyl

S-1sopropylbsnzoate 0.0018 8.0






TABLT IX

INFRAREZD TRANZLITTANCY F°R STANDARD §
CF PHINYL BUNIUATZ IN TOLUSHE

CLUTICK3

(]
(o]

Concentration of Transmittancy*
Solution in Holes/liter
0.0800 0.194
0.0230 0.328
0.02C0 0.418
0.0125 0.549
0.01lc0 0.617
0.0050 0.783
0.C025 0.889
0.6010 0.951

*Cbtained from Perkin-Elmer Model 21 Infrared

Speotrophotometer at 5.7% miorons usin
mm., sodium chloride solution cells.

€ 0.495
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O 0.05
Figure 3
Standard curve of the ester determined
by means of a Perkin-Elmer, Model 21
Double Beam, Infrared Spectrophotometer,
using 0.495 mm. sodium chloride solution
cells, with sodium drlied toluene as the
reference.
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TABLE X

S5

RESULTS CP INFRARED DETEREINATIONS COP THE UNEEACTED

ESTERY

IN THZ FEACTICN wIXTURES

Concentration of Y1el4a of
Reacotion Ester (Moles/1iter Unrescoted
¥ixture of 1etho kethod 2 Ester ¥
Theoretical
Phenyl benroate 0.0077 0.0074 &8.5
Phenyl
O-methylbenzoate 0.0023 0.0094 47.0
Phenyl
P-methylbenzoate 0.00868 0.0057 34.0
Phenyl
O-ethylbenzoate 0.C108 0.00594 54.0
Phenyl
o-isopropylbenzoate 0.0113 0.00%8 56.5
9-Cresyl benszoate 0.0104 0.0099 52.0
9-Cresyl
Oo-methylbenzoate 0.0114 C.0109 57.0
o-Cresyl
D-methylbentzoate 0.0087 0.0093 43.0
o-Cresyl
o-ethylbenzoate 0.0128 6.0124 88.0
0-Cresyl
O-1sopropylbentzoate 0.0145 0.0130 72.5

a) Kethod 1 concentration obtained from orizi-
nal 250 ml. of reaction mixture.

b) Method 2 concentration obtained from di-
luting 5 ml. of original to 10 ml. with
toluene as diluent,
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LETEZRVINATICN COF DNDIARYL XKZTCNES BY HYTCBOXYLAUIND

EYURCCLCRICE VOTHOD

For the purpose cf checking the results obtained by
infrared analysis, the oxinrs of the dlaryl ketones were pre-
pared by tre method of Byrant and Salth (23) for the reaction
mixtures of mesltylwasnesium bromide with phenyl o-methyl-
benzoate, phenyl o-lisorropylbenzoate, o-creayl benzoate and
o-cresyl o-ethylbenzoate.

A 50 ml. aliquot of the reaction mixture in 250 ml.
toluene was piretted into a Cltrate of kagnesla dbottle con-
taining £5 ml. of 0.5 N hydroxyl amine hydrochloride in €03
ethanol and 100 ml. of a 20» pyridine in ethanol solutlon
eontaining 0.C2#% bromophenol blue indicator. The seuples and
t#s blanks containing only toluene with the reagents were
heated in & steawm bath at 95°C for 4 hours. After heating,
the samples and blanks were allowed to cool to room tempera-
ture and the eamples were titrated to the color of the blank
with 0.222 N potaessium hydroxice in ethanol, Along with the

unknown samples, two knowns were snalyzed contalning 0.C0&50

moles and 0.00249 moles of benzophenone. An exarnle of the

method of caloulating the amount of ketone in the samrles 1s

given below for the o-cresyl benzoate reactlon mixture:

_ milliliters ~f base x novvality
moles of ketone = S57T55 X 1000

3.98 gl. §O?6F?2 = 0.00427 moles
.2 X 10U

moles of ketone
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For the two known samples, results obtained were 0.00350
moles ketone for the known of 0.00360 moles and 0.00249 moles
for the known of 0.00249 moles. The results cbtained for the
ketones in the reaction aixtures by the hydroxylamine hydro-
chloride method are given in Tadble IV and agree within ex-
perizental error with those cbtained by infrared analysis

which are given in Table III.

DETERVINATION CF THE UNREACTFD ARYL E3TERY BY HYDROLYSIS

The moles of unreacted ester weres determined by hy-
drolysis An four of the reaotion mixtures for thé purpose of
cheocking the results obtained by infrared snslysis. The re-
action mixtures used were phenyl o-methylbenzoate and phenyl
O-1sopropylbentzoate and o-oresyl benzoate and go-cresyl
O-ethylbenzoate., Hydrolyeis was accomplished by pipetting a
80 ml. aliquot of the reaction mixture which has been dlluted
to 250 ml., into a 250 ml. reflux flask containing 2% ml. of
a 0.318 N potassium hydroxide in 80% éthyléne glyeol 10%
water solution. A reflux condenser was attached and the mix-
ture was caused to reflux for 24 hours. The mixture was then
allowed to 800l to room temperature and was transferred to a
250 ml. beaker using 50 ml. of ethanol as a washing agent.
Two blanks containing toluene and two known solutions con-
taining 0.00350 and 0.00248 moles of phenyl bensoate in

toluene were hydrolyzed along with the reaotion mixtures.
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The mixtures were titrated wilth 0.233 N hydrochlorioe
acld in ethanol employlng & Beokman Xodel & pH meter equipped
with a glass and a calomel electrode. The equivalence point
of the blank, known and unkno*n mixture was found by plot-
ting pH versus milliliters of hydrochlorio aoid added, Ths
difference in the titration between the blank and known or
unkxnown mixture was the measure of the milllequivalents of
the aryl acid and hence equal to the milliequivalents of the
unreacted aryl ester. An example of the wmethod of calcu-
lating the moles of unreacted ester i8 given below for tle

o-cresyl benzoate reaction mixturs.

moles of unreacted ester =

(ml., x N for blank m1, x N for Samnle)
SU/2HU X 1UGU

noles of o-cresyl dbenzoate =

0.2 x 10C

0.01030 moles

(%

For the two known ssmples, results obtained were 0.CC349
moles ester for the known of 0,00350 moles and 0.00¢47 moles
ester for the known of 0.00248 molea, The results obtained
for the unreacted esters in trhe reaction mixtures by hydroly-
sis are given in Table IV and agree within experimental error
withlthoee obtained by infrared analysis which are given in
Table III.
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RLSULTS

The results of this study will be presented under four
headinge; 1) the percent of ester reacting; 2) the percent
of ketone complex® formzed, calculatad from the yleld of
ketone forued plus the yleld of alconol formed; 3) the per-
cent of this kstone sorrlex reaoting to form alcohol; and
4) the percent of Grignard reagent reacting, calculated from
the yleld of ketone formed plus twice the yleld of alcolol
formed. (It takes two molecules of Griznard reagent to form
one molecule of aloohiol.) In general, the results may be
sumnmarized as follows!

The peroent of ester reasting appears to decrease with
lnoreasing sterin hindrance in the esters, while the other
factors, (percent of ketone complex formed, pergent of
ketone complex reacting to form the tertiary alcohol and
percent of Grignard reagent reacting) are relatively in-
gensitive to the steris chences in the aroyl portion of tle
ester, Significant changes in these factors apresr with

substitution in the ortho position of the aryloxy portion of

¥The ketone complex 1s ¢efined as the intermediate resulting
when one molegule of Grigznard reaxent reacts with one mole-
cule of ester, Thls complex may decompose to yive the ke-
tone, 1t may reaoct with more Grignard resgent to give the
tertiary alcohol or it may remaln intact until hydrolysis
at which timse it will decompose to glve the ketone,
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the ester. The results are summarized in Table XI e&nd will

be discussed in more detall in the paragraphs which follow,

Percent Tater Reagtingz

A marxed decrease in the percent of ester reacting 1s
observed when sterio hindrance in either the aroyl or aryloxy
portion of the ester 18 increased. The magnitude of thie
decrease can be ssen by ccuraring the values obtalned from
the phenyl benzoate reacticn with that from the phenyl
o-1sopropylbenzoate reaction, 61.7% in the former against
43.84 in the latter and by comparing the values obtained fron
the phenyl o-ethylbenzoate reactlon with that from the
o-cresyl o-ethylbenzoate reaction, 46% on the forrer compared
to 324 in the latter. Both phenyl and o-cresyl p-methyl-
benzoate reacted more rapidly with the CGrignard reazent than

their corresponding phenyl and o-cresyl benzoate analogues.

Percent Ketone Comnlex Formed

The results are discussed under the hesding FPercent
Ketone Complex Formed rather than under Percent Ketone Formed
because presumably each molecule of alcochol produced consuues
ons molecule of the ketons or ketone complex. The total
moles of ketone or kxetone comnzlex produced 18 messured by
adding the number of moles of alcohol and ketone. The values
for the percent ketone complex formed were obtalned by di-

viding the total moles of ketons or ketone complex produced
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PLEX FORLED,

FERCENT KETONE CO4PLEX CCONVERTZID TO ALCC!I'OL AND FERCE hT
GRIGNARD REACTING IN THu RzACTICNS CF ua3ITYL-
MAGNESIUM BRO#IDE WITH THE ARYL ESTER3

Ester

£ Ester X Ketone

£ Ketone
Complex &£ Grignard

Feaoting Complex Converted Reactlng
Formed To Alcohol

Phenyl benioate

Phenyl
o-methylbenzoate

Phenyl
S-ethylbenzoate

Phenyl
o-isopropylbenzoate

Phenyl
P-methylbenzoate

92-Cresyl benzoate

9-Cresyl
o-methylbenzoate

o-Crenyl
S-ethylbenzoate

o-Cresyl
9-isopropylbenzoate

9-Cresyl
P-methylbenzoate

€61.7

83.0

46.0

43.0

65.0
48.0

43.0

32.0

27.8%

68.0

8.8
1.4
2.4
34.0

46.4
29.8

£5.0

£6.1

S4.7

26.5 49.1
£8.2 40.2
33.9 43.4
32.3 45.0
£4.7 57.9
28.8 38.0
46.0 36.8
£9.1 33.7
20.2 3.6
27.9 44.3



.




by the maximum number of moles of ketone which could poten-
tially be formed.

Tables XI indiocates that the percent of xetone complex
formed is virtually independent of the size of the ortho
aroyl substituent provided this substituent is not a hydro-
gen atom. Comparing the values obtained for the phenyl with
those for the o-cresyl ester, 1t can be seen that there is a
significant deorease in reactivity of the o-ocresyl compounds
over their phenyl analogues. The magnitude of this deorease
can be visualized by conparing the values odbtained for the
phenyl o-iasopropylbenzoate reaction with that for the
o-creasyl o-isopropylbenzoate reaotlion, 345 in the foraer
against 25.8% in the latter. Hero, a3 in the case of percent
esters reacting, the results indicate that the p-methyl-
benzoates are more reactive than the other esters in the

formation of the ketone coiaplex.

Percent Ketone Comnlex Reactinzg to Form the Alcohel

To form & molecule of alcohol, one molecule of ketone
or ketone complex must be consumed. The percent of ketone
connlex reaoting to form alcohol 1s found by dividing the
nuzber of molss of alcohol produced by the total number of
moles of ketone complex formed.

Table XI indicates that the percent of ketone complex
reaoting to form alcohol 13 not apnreciably effected by the

ortho aroyl substituent, provided the substituent is not a
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hydrogen atom. There is a elisht increase in the perocent of
ketone oomplex reacting when comparing ortho hydrogen to
ortho alkyl subetituents. This may be interpreted as a
loosening of the bonds of the oomplex by the ortho alkyl sub-
stituent, or the electron dsnsity at the reacting center is
increased by the ortho alkyl substituent. The magnitude of
this inorease can be seen when comparing the values obtained
from the phenyl benzoate reaction to that from the phenyl
o-sthylbenzoate reaction, 25.6% in former against 33.8% in
the latter. The same trenda are noted in comparing the ortho
substituents in the o-oresyl esters to o-cresyl benrzoate.

But upon comparing the phenyl and o-oresyl esters as to the
percent ketone complex reacting, it 1s found that the ortho
aryloxy substituent does not appreciably effect the reactiv-
ity, except An the case of the o-oresyl o-methylbenzoate
which is unexplainable. The results indieate that the oom-
plex formed from the phenyl and o-oresyl p-methylbenzoates
are less reactive than their oorresponding phenyl and o-cresyl

banzoate analogues and less complex is converted to aleohol.

Fercent Grignard Reaxent Reacting

The percent of Grignard reagent reacting is found by
adding the moles of ketone formed to twice the moles of
alcohol formed and dividing this sum by total moles of
Grignard that could react. The Griznard is the limiting

factor because it is in equal moler proportion to the esters
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and 1t has two methods of rexcting., It reacts with the
ester to form the complex and can then react with the con-
plex o form the alcohol.

The results in Table XI indicate that the percent
Grignard reactinz is virtually inde>endent of the slze of
the ortho aroyl subatituent in both the phenyl and o-cresyl
esters, There 18 a decrease in the percent Grignard re-
actin, when comparing ortho hydrogen to ortho alkyl sub-
stitution. The magnitude of this decrease can be seen by
comparing the values obtained froa the phenyl benzoate re-
action with that from phenyl o-methylbenzoate reastion,
49.1% in former azainst 40.2% in latter, There is also a
decrease in reactivity whren oomparing phenyl esters to
0-cresyl esters. This can de seen by comparing the values
odbtalned from phenyl o-isopropylbenzoate reastion to that
from g-cresyl o-isopropylbenzoate reastion, 45.0% in former
againest 335.6% in latter.

The resulte indisate that the Grignard reagent is more
reactive toward the p-methylbenzoates than their correspond-

ing o-alkyl benzcate analogues,
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4) Toluene was used as a reaction meéium for two rea-
sons: a) to avold the complex formation which ocours between
the Grignard reagent and ethers. This comprlex would intro-
duoe an unocontrolled steric factor; b) to acquire the higher
reagtion temperatures obtainables by using toluene as the

solvent.

11. Table XII summarizes the results &8 relative reactiv-
ities ocompared to phenyl benzoate. The table shows that the
relative reectivities of the Grignard reagent, the esnter,

and the ketone complex are rerariably constant for the ortlo
substituted phenyl esters. Ccmparing the results obtalned
for the phenyl esters with those of the o-cresyl eeters indl-
cates that the o-cresyl esters are leas reactive by about
20%. But the ketone complex feormed from the o-cresyl esters
aprerently reacts more readlily with the Grignard reagent tilhan
the complex formed from the phenyl esters. Thils may be due
to the loosening of tre ketone complex by a steric effect or
an electrical effect of the o-methyl substituent of the
cresyl group. The electron donating effect of this g-methyl
group would increase the basicity of the aryloxy oxygen atom
of the ester. This should favor a greater reactivity of thils
oxygen atom toward the magnesilum atom of the Grignard re-
agent. The steric effect due to the o-methyl group in the
aryloxy portion of the ester causes the bonds of the complex

to be lengthened thereby making 1t easier for the gecond
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4) Toluene was used as a reaction medium for two rea-
sons: a) to avold the couplgx formation which ococurs between
the Grignard reagent and ethers. This complex would intro-
duoe an unocontrolled sterioc facotor; b) to acquire the higher
reaction temperatures obtainable by using toluene as the

solvent.

II1. Table XII summarizes the results &s relative reactiv-
1ties oompared to phenyl benzoate. The table shows that the
relative reactivities of the Grignard reagent, the ester,

and the ketone oomplex ars rexzarkably constant for the ortho
substituted phenyl eaters. Comparing the results obtalned
for the phenyl esters with those of the o-oresyl eesters indl-
cates that the o-cresyl esters are less reactive by about
205, But the ketone complex formed from the o-creayl esters
apyarently reacts more readlly with the Crignard reszent than
the coaplex formed from the phenyl esters. This may be due
to the loosening ot'tho ketone complex by a steric effect or
an electrical effect of the o-methyl substituent of the
cresyl group. The eleotron donating effect of this o-methyl
g€roup would increase the basicity of the aryloxy oxygen atom
of the ester. This should favor & greater reazctivity of this
oxygen atom toward the magnesium atom of the Grignard re-
agent, The steric effect due to the o-methyl group in the
&ryloxy portion of the ester causes the bonds of the complex

to be lengthened thereby making it easier for the emscond
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TABLE XII

THE RREACTIVITIw3 CF FOTOUR, KxTCNFE CCLPLEX AND
GRIGNATD, EFLATIVI TO PHINYL BINLCATE

Reactivity Feactivity Resotivity
of Ester* of Ketone of Grignard
Complex®**
1l 1 1
Benzoate
0.789 1.088 0.774
0.808 1.065 0.819
o-sethyl-
bengoate 0.544 1.724 0.744
0.834 1.280 0.e8s
o-Ethyl-
bsnsoate 0.672 1.100 0.6&S
0.8756 1.220 0.918
9-Isorronyl-
benzoate 0.685 1.140 0.624
1.161 0.534 1.179
D-iethyl=-
bensgoate 0.891 1.052 0.902

0-Cresyl

®)ieasured by the smount of ketone complex
formed.

**ieasured by the amount of alcohol formed.






48

molecules of the Grignard reagent to attack the aryl carbon.
This would then cause the bond between the aryl carbon and
the aryloxy oxy<en atoms to be droken and would remove this
steric faotor.

Sone intereesting comparisons oan be made in the relative
reagtivities of the esters in these reactions.

One interessing comparison is that of phenyl bentocate,
phenyl o-methylbenzoate and o-oresyl bentzoate. From Table
X11, At is obssrved that an o-methyl substituent on the aroyl
portion of the ester deoreases the reactivity of the ester by
about 204, When an o-methyl group is substituted on the
aryloxy portion of the ester, the reactivity is deoreased by
about 255 as ocompared with the unsubstituted ester and B0%
a8 compared with phenyl o-methylbenzoate. This would indi-
cate that substitution on the aryloxy portion of the ester
has a greater steric effeot than substitution on the aroyl
portion. Exaotly the same trend is found for the reactivity of
Grignard reagzent.

Considering the ketone complex, it is found that the
relative resotivities are aporoximately egual and that an
o-methyl substitution on either aroyl or aryloxy portion of
the ester has the same effect.

The eomparison of the relative reactivities of the
phenyl o-methyl- and p-methylbenzoates with phenyl and

Oo-eresyl bensoates is also of interest. From Table XII, it
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is seen that o-methyl substitution on the aroyl portion de-
oreases the reactivity of the ester. On the other hand,
p-methyl substitution shows an inorease in reactivity of
about 20% compared to the unsubstituted benzoate; and an in-
orease of 40A gompared with the o-methylbenzoates, Like-
wise, a 45 inorease in reactivity is observed when compar-
ing phenyl p-methylbenzoate to o-oresyl benzoate.

These increases in reactivity ocould be due to the eleo-
tron donating effect of the p-methyl group, which makes the
aroyl oxygen atom of the ester more basic and more reactive
toward the macnesium atom of the Grignard reagent. Deter-
minations of the amount of Grignard reagent reacting support
these obeervations. Coneidering now the reactivity of the
ketone ocomplex, a decrease in reactivity 1s observed for the
phenyl p-methylbenzoate compared to phenyl benzoate and
phenyl o-methylbenzoate by about 10%. It was observed that
the p-methyl group enhances the formation of the complex by
1ts e¢leetron donating effeots. But this same effect seens
to be a detriment to the reactivity of the complex. This
would sugzest that the reaoctivity of the ocomplex is governed
more by sterio faotors than by electriocal faotors.

Another interesting ocomparison 16 of phenyl and g-oresyl
2-asthylbenscates with phenyl and g-eresyl p-methylbenzoates.
It was observed that the phenyl p-methylbenzoate was more
reagtive toward the Grignard reagent than phenyl
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o-methylbenzoate. On the other hand, the reactivities of the
respeotive ketone complex was reversed. Consldering the re-
aotivities of the phenyl esters compared to the o-cresyl
esters, 1t 1s observed that the reactivity of the ester and
of the Grignard reagent de arease golng from phenyl to
o-cresyl. The largeet decrease 1s observed for the transi-
tion from phenyl p-methylbentoate to o-cresyl p-methylbenzoate.
The magnitude of this decrease 1s about 30i. The reactive
ities for the transition from phenyl o-methyl- to o-cresyl
o-methylbenzoate is decreased about 18%. Cn the other hand,
the reverse of these traneitions 1s ohserved for the re-
activity of the ketone complex. The transition of phenyl
o-methyle to o-cresyl o-methylbenzoate has an increase of re-
activity by about 70%Z, whereas, the transitlion of phenyl
p-methyls to o-oresyl p-methylbenzoate has an inorease of

only 10%. This would further indicate that the p-methyl group
of the aryloxy portiocn of the ester has the greatest effect
upon reactivity and that this effect is more steric than
electrical in nature.

Also, there must be some electrical effects of the
E-methyl substituent because the reactivity of the ketone
complex, while it inoresses from phenyl to o-oresyl, is not
s large an inorease as for the o-methyl substituted esters,
This eleotricsl effect which increases the formation of the

complex must also form a more stable complex by forming a&
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ocharge 6loud around the funotional group of the ocomplex which
repels the second molecule of attacking Grignard reagent.
Likewise, 1f the effect caused by o-methyl substitutent of
aryloxy group (g-cresyl) was electrical rather than steric,
the eleotron donating effects of the methyl group should make
the reaotivity of the o-oresyl p-methylbenzoate at least as
reactive as the o-oresyl c-methylbenzoate, but this is not
observed. The reactivity of the complex of the o-oresyl
P-methylbenzoate 1s comparable to that of o-cresyl benzoate
and, therefore, suzgests that the inoreased reactivity of

the o-oresyl o-methylbenzoate compared to the o-cresyl
p-methylbenzoate 1s due only to steric rather than electri-
cal factors.

The effects of further increaeing the size of the
o-alkyl substituent (on aroyl portion) does not appreciably
change the reaoctivity of the ester compared to the o-methyl
substituent, except in the case of the reactivity of the
complex formed. This difference in reactivity of the com-
Plex 18 interpreted as due to the larger alkyl group causing
more loosening of the complex aes compared to the o-methyl
group and thereby making 1t easier for the second molecule
of Grignard reagent to attack the complex formed from the
phenyl esters. In the case of the o-creeyl esters, this in-
creased steric faotor of alkyl groups on both the aryl and

aryloxy portions hinder further attack by the highly hindered






Grignard, even thouch the comrlex may be loosened, the alkyl

groups shield the acyl carbon from any further attack.

P s
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CONTLUGINKNS

Results of this study indilcate that bulky groups in the
two sterio areas studied, 1.e. the aroyl portion of the
esSer and the aryloxy portion of the ester, hinder the
reaction of & highly hindered Grignard resgent with

esters.

The degree of hindrance has been shown to be virtually
independent of the slzs of the ortho eubstituent due to
the large degree of steric hindrance in the Grignard re-

agent.

Formation of the initial complex of the Grignard and
euier has been shown to be virtually independent of

sterio factors of the order of magnitude employed 1n

this study.

The formation of alcohol has been shown to be greatly

influenced by sterio factors in the aryloxy portion of

the ester.
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- Flgure 4
Infrared spectrogram of the reaction mixture
of 0.02 moles of mesitylmagnesium bromide
with 0.02 moles of phenyl o-isopropylbenzoate
dissolved in 250 ml. of sodium dried toluene,
determined by means of & Perkin-Elmer iodel
21 Double Beam, Infrared Spectrophotometer,
using 0.495 mm. sodlium chloride solution cells
with sodium dried toluene as the reference.
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Figure 5
Infrared spectrogram of the reaction mixture
of 0.02 moles of mesitylmagnesium bromide
with 0.02 moles of phenyl o-methylbenzoate
dissolved in 250 ml. of sodium dried toluene,
determined by means of a Perkin-Elmer Model
21 Double Beam, Infrared Spectrophotometer,
using 0.495 mm. sodium chloride solution cells
With sodium dried toluene as the re{erence._
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Figure ©
Infrared spectrogram of the reaction mixture
of 0.02 moles of mesitylma<nesium bromide
with 0.02 moles of o-cresyl o-ethylbenzoate
dissolved in 250 ml. of sodium dried toluene,
determined by means of a Perkin-Elmer, Model
21 Double Beam, Infrared Spectrophotometer,
using 0.495 mm. sodium chloride solution cells
with sodium drlied toluene as the reference.
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Figure 7
20 Infrared spectrogram of the reaction mixture
i of 0.02 moles of mesitylmaznesium bromide
with 0.02 moles of phenyl p-methylbenzoate
dissolved in 250 ml. of sodium dried toluene,
determined by means of a Perkin-Elmer, Model
.10 21 Double Beam, Infrared Spectrophotometer,
using 0.495 mm. sodium chloride solution cells
with sodium dried toluene as the reference.
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. Figure 8
Infrared spectrogram of the reaction mixture
of 0.02 moles of mesitylmagnesium bromide
with 0.02 moles of o-cresyl benzoate
dissolved in 250 ml. of sodium dried toluene,
determined by means of a Perkin-Elmer Model
21 Double Beam, Infrared Spectrophotometer,
using 0.495 mm. sodium chloride solution cells
with sodium dried toluene as the reference.
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