EMNRLEETRIBELEN (137)
SOLVENT EFFECTS ON THE RELATIVE ACIDITIES
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Acid dissoeiatiation constants of nine aeids, benzoie acid and eight mela
and para alkyl mhahtut&rl benzoie acids have been determined in earbonate
fros water, in 14.80 wt.95, 85.85 wt.94, and 6418 Wt.9 aqueous methanol, in
20.20 wt. % and 44.46 wt. 95 aqueous ethanol, in 1216 wt. g5, 24.00wt.% and
50.45 wt.9% aqueous acetono, and in 1091 wtgs butyl ocllosolve, at 25°C
by measuring the pH's of sulutmna of the aeids, which have been pnrt.m],}_y
nautralized with aq. sodinm hydroxida. :

The preesnt study was ‘made in an, ﬂttﬁﬁlﬁ't to gain some i.nsight into the .
influence of the solvent on the relative eletron releasing eapacities of alkyl
groups. The role that the solvent plays in shifting the balanee between t]la
two apparent mechaisms for electron release by alkyl groups has not been
- explored untﬂ ‘recenntly. That the solvent can Ehlff- this balance was t.r1k1_u.gly
. 111uatratad in 1952 by Berliner, Beckett, Blommers and Newman! in a study of
the rates of alkaline hydrolysis of p—-al.kﬂathylbanzuates in aqueous Bth.&nnl
and in aqueous aeatone.- :

The present study provides evidenee thut the relative aciditiss of 'a.l.kj'l
- substituted benzoic: ﬁn‘ida: and therefore the relative slectron releasing ecapacities
of alkyl substituents on bemzoie acid depend on the nature of the ionizing

The results indicate that\ in this system the metg-alkyl benzoic acids show
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th2 predominant influinza of ths industiva effzst in all suivant-a. On the ﬂl‘:hﬂt
hand, hyparconjugative elastron releass by tha para-alkyl groups is predominant
in the solvents of high water content, ie. high dielectric constanf, and the
induetive effeet has control of relative aeid strengths in the less aqueous
solvents. The behavior of the parg-substituted acids was interpreted in terms
of a variation in “solvation assistanes to hyperconjugation” :

The facts do not appear to bs compatible with the interpratation that the
. '.E.z-i.kar—Nﬂ.than ﬁﬁaﬂt' ia the result of the streochemistry of the alkyl groups,
instead they a‘u.ppurt. the view that the Bakar—-ﬂathan affect, ile., hypercon—
Jllga.tmn '

The fact that apparent ﬂluut-rﬂn rnleasa h}' the alkyl groups from ih& para
position is greater than® that from the meta position of benzoic acid is an.t-m—
pated on the basis of the simultaneous uparatiﬂn of two mechanisms for electron
release from the para alkyl groups; the meta alkyl groups are exerting essentially
only one eleetronie effect on the reaction center. \

, EXPERIMENTAL _
preparation of the solvent : - S .

“Absolute methanol?, absolute ethanol,? absolute acetone, and absolut.a but;r
eollosolva® wers prepared as in the literature. - '

Preparation of 0.1052 N carbonate free | aqueous sadmm kydmmde'
was prupa-reni from C. P. sodium hydroxide.
Preparation of 0.05M potassium biphthalate.’?

In & 500 ml. volumetrie flask, 5.1054 g. of potassium hl.pht-halnte (Merck
reagent grade) was dissolved and then diluted to volume with boiled dlstlll.ad_
water and reserved for use in standardizing the pH meter. The pH of this
buffer solution is 4.01. | | | N

Benzoic acid, p-methylbenzoic acid, p-ethylbenzoic acid, p—isopropylbenzoic
acid, p-t-bulylbenzoic acid wer'é;, obtained by several erystallizations of the
commercial produets until further erystallizations did not raise the melting
points. ' o
U m=Ethylbenzoic acid was prepared in the following way:

- p~Ethylacetanilide.? ‘p-Ethylaniline was distilled under vacuum and tfha
main freetions from two distillations were used for the acetylation, hp'
T4°r‘3mm and 78°(56 mm. Thirty ml of acetic gnhydride was added &rﬁp‘mﬁe
to a solution of 24 g. o
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(6.2 mole) of the amina in 50 ml of Banzani in a eassyrols, whils ;?.D-B].iﬂ.g- in ite’
and stirring. The mizturs was than haatad to boiling andl waz allowsd to
stand at room temperature for evaporation. Crude produet, a guantitative yield,
33 g.,m. p. 92-93°C. was obtained. (Lit. m.p. 90.2-90.7,10 94011y, -

2- Bromo—4-ethylacetanilide.’* A solution of 16.4 g (0.1 mole) of acetanilide
in 22 ml, . of glacial acetic acid was placed in a ﬁn‘«&a—n&ukad, round-bottomed
flask provided, with a thermometer, a stirrer, a dropping funnel, and -a gas—outlet
tude. Into thie was dropped slowly 513 ml. (0.1 mole) of bromine at around
60°C over a period of an hour, Then 10 ml. of glacial aeetic acid - was -added,
and the mixture further stirred for 40 min. It was. then poured in a-thin
stream into & solution of 1.256 g. of sodium bisulfate in 500 ml. of ecold water
with" stirring. The precipitated bromide was sepaarated by suction ﬁlltrat.lﬂn,
yield, 19.5 g. (80%4), m.p. 91-92°, (lit. m. p. 92°)* Coe -

2-Bromo—4—-ethylaniline hydrochloride. Ten grams (0.0412 mole) of 2~bromo-
4-ethrylacetanilide in 25 ml of ethanol was refluxed with 30 ml of econe.
hydrochloric acid for four hours, The resetion mixture was pored intoa 125 ml
Erlenmeyer flask and concentrated to about two-thirds of its ﬂvx:iginal volume
by heating. The mixture deposited cryisals on cooling, which were ecollected,
B84 g.(869), m.p. 209-210° (decomp). It was erystallized from dilute ethanol
several times more t:i.nd'. yielded a constant melting produet, m.p. 194-201°C.

3-Bromo-ethylbenzene.* A solution of 129 g. (0.0644 mole) of the
amine salt in 54.4 ml. of water and 13.7 ml. of cone.hydrochlorie acid in a 500
ml., thres-necked. round-bottomed flask equipped with stirrer, dropping funnel,
and thermometer was cooled to 3° To this soluiion, 4.36g. {ﬁ.ﬂﬁs mole) of
sodium nitrite in 27.2 ml of water was added dropwise with B'Jtirring. The
température -Jf_ the solution was kept at 2° to 3° during the aﬁditiﬁn.
After all of the nitrite solution was added the solution was stirred for
another 40 min. The solution was filtered and was transfered to a larger, round—
_ ]:-ottumafi flask standing in an ice bath. One hundred fifty grams of 3025 hypophos—
§ph1-nus acid solution was added. The cold solution was stirred for one hour
~and stood in a refrigerator for fwo days and at room temperature for an
additional day. A red coloved oil was separated and dissolved in ether, and
the agueous layer was extracted with ether thoroughly, the combined ether
solutions were washed with water, E%xﬂudium hydroxide solution, and again

with- water and dried over caleium chloride. The ether was removed, and the
—_—
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rosidual oil was. distilled u.n:iar mu.um a8 a ﬁulurlaan oil, b P. ﬂl—-ﬂﬂ“,l' 4
mm,, 6.7 g. (7225). ' -

3-Ethylbenzoic acid® In a one-litter, throe-necked, raund—hottom&d flask
equmpeﬂ with an o.thment reflux eondenser ,a droppmg funnel and a mereury
sealed stirrer,2.4 g. (0.1 mole) of magnesium turnings was placed. A ealeium
chloride drying tubs was attached to the top of the condenser. After a.ddmg
the magnesium turnings, the drying tube was attached directly to the flask,
and the bottom of the flask was brushed earefully and thmnghly wnth
luminous flame to, remove all trace of moisture. After the flask had umlad,
drying tube was removed and attachd to the top of the condenser. A. 10 ml,
portion of a aol‘u.twn of 18.5g. (0.1mole) oi the bromide in E'I]' m.L of
anhydrous ether, previously dried and distilled over n-butyl magnmnm
bromide, was added to magnesium turnings and stirred for £ifteen minutes. No
reaction was observed. After addition of a small erystal of iodine and stirring
with gentle heating for tem minutes, reaction éu_rqﬁi.encad. The rest of the
;hi-omida solution was added at such a rate that the reaction mixture was kept
boiling gently for & one hour period. Affer the addition, the dropping funnel -
was rinaed_'wit.h 5 ml. of anhydrous ether, and stirring was continued for an
additional hour at the reflux temperature..The Grignard reagent was poured
into about 40 g. of dry ice slowly with stirring, and st.ir}ing was continued
until all of the dry ice had evaporated. Sixty grams of ice was added, followed
by 30ml. of water and 9 ml. of cone. hydrochlorie aeid, and’ the mixture was
stirred until most of the solid had dissolved and_the solution had separated
into two laya:rs. The ether layer was- sapa.rat-aﬂ and the aqueous layer was
extracted with ether twiee, t.h& combined ether layers were washed with 50 ml,
of water and 5 ml of eonc hydroehloric acid The washed etharea.l solution
was extracted with 1095 sodium bicarbonate solution until the extract cont—
ained no 3-ethylbenzoie acid. The combined extract was aeidified with eone.
hydroehlorie acid and axtr.aataﬂ. with ether, removal of the ether left Whlt.e _
erystals, 6.4 g, 449, . m.p. -14:—46 Further crystallizations gave a pure
product, m.p. 45.8-46.6°. : T

m—ISﬂijbenzmﬂ acid was praparaﬂ in the tﬂllowmg WaY:

A mixture of o-m~and p-nitrocumenes'® A mixture of 57 ml of cone,
sulfuric acid and 54.2 ml of water was added dropwise to 120g. (1 mole) of
cumene with stirring at gbout  45°. The _Iml.xtural was then stirred

—
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vigoréWsty for two hours, the temperature being held between 10 and 20°. To
the reaction mizuure 300ml. of water was added, and the organic layer was
separated. The aqueous layer was extracted with ether, and the ether washed
with water, 595 sodium bicarbonate, and again with water and dried over
" magnesium sulfate. It was distilled under vacuum and the fractions 117-
119°/12 mm. was collected.

A mixture of o~, m~, and p-cumidines. Thirty and five-tenth grams (0.18
mole) of the nitrocumenes was dissolved in 100 ml. of absolute ethanol and
was boiled with about 2g. of Raney nickel for a few minuties to remove any
catalyst poisons. Raney nickel was prepared according to the method of
Mozingo.!” The reaction mixture was cooled, and the catalyst was filtered off.
Six grams of fresh Raney nickel was added, and the hy&rogﬁnatinn was
performed for about two hours. The reaction mixture was filtered with suetion.
It was first distilled using a water suction pump, and then was redistilled
under higher vacuum at 78°/2 mm.

A mixture of o-, m~, p-isopropylacetanilides. A solution of 27 g. (0.2
mole) of g—m—~, and p-eumidines and 45 ml. of benzene in an svaporating dish
was eooled in iee bath and 30 ml. of acetic anhydride was added dropwise
from a dropping funnel. After the addition, the reaction mixture was heated to
boilling. It was then removed from the heat and the mixture was allowed to
stand at room temperature for evaporation. The ecrude product, 32 g, 909
yield, was recrystallized from aestie aeid, 25.9g., 8195, m.p. 102.5-104.5°. o

Bromination products of o~ m~-, and p—isopropylacetanilide’® A solution
of 35 g. (0.2 mole) of the acetanilide in 80 ml. of glaeial acetic acid was
placed in a three—-necked, round—bottomed flask equipped with a thermometer,
a stirrer, and a dropping funnel. The mixture was heated to about 60° and
10.3 ml. (0.2 mole) of bromine was added dr(;pwisa with stirring over a period
of two hours, The mixture was then stirred for an additional 40 min., and
allowed to stand overnight at room temperature. It was then poursd in a
thin stream with stirring into a eold solution of 2.5 g. of sodium bicarbonate
in 100 ml. of water. The bromides were collected by <Liltration, yield, 52.7 g.,
quantitative, which on crysallization from dilute acetic acid gave 39.7 g. of the
bromides, m.p. 92.3-99.3°, . _

A mixture of bromocumidine hydrochlorides. A solution of 36 g. (014 mole)
of the bromide, 72 ml. of ethanol, and 72 ml. of econe. hydrochloric aeid was
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refluxed for four hours, The reaction mixture was transforred to an Erlenmeyer
flask and avﬁpdrataﬂ to two-thirds of its volume., Crystals formed on ﬂobliﬁg

and were eollected by suatmn filtration, 29.6 g. (85% ywlﬂ), m.p. 11’5-133‘"
{dammp)
- 3-Bromo-isopropylbenzene® A solution of “75.2 g (na mole) of th&

mlxt-urﬁ of the amine hydrochlorides, 75 ml. of econe. hydroehloric aeid,’ and
300 ml of water in a one-liter, thres-necked, round-bottomed flask - equipped
with a stirrer, dropping funnel, and a thermomsater was eooled to 3° in an
iea bath. To this solution, a solution of 84 ¢. (1.2 moles) of sodium nitrite in
150 ml. of water was -added slowly with stirring. During the addition, the
temperature was kapt at 2-4°. After the addition of the nitrite solution, the
mixture was stirred for an additional 40 min. The mixture was then filtered
and was transferred into a large, round-hottmad flagk standing in an iee bath,
To this mixture, 900 g. (4.09 moles) of 3024 hypophosphorouns aeid was added,
and the reaction mixture was stirred for onme hour. It was then kept in a -
refrigerator for two -days and stood an additional day at room temperature.
The red—colored oil which formed was separated and  dissolved in. ether., The
aqueous layer was extracted with ether thoroughly. The combined ether extracts
were washed with water, 527 sodinm hydroxide f;ulutiun, and again with water.
and dried over caleium chloride. The ether was removed, and the residual oil
was distilled under vacuum, bh.p. 79-80°[8 mm: 29.7 g. (509 vield). This
promﬂura was followed twice more on the same seale and repaatu-i onece on A
half scale.

3-Isopropy lbeuzoic dcs-d In a ona—htar three~necked, ruunﬂ—huttomeﬂ flask
equipped with a dropping funnel, a mereury- sealed stirver, and a rveflux
condenser, 2.4 g. (0.1 mole) of magnesium tiurnings wers placed. A 10 ml
portion of solution of 19.9 g. (0.1 mole) of :.H:-rumu—isoprupylhermna in 50
ml. of anhydrous ether, previously dried and distilled over gg—butyl magnesium
bromide, was added to the magnesiom turnings and stirred for ten
minutes. The reaction commenced on gentle heating for five minutes. 'I‘hﬁ
heater was removed, and the rest of the bromide was added at such a
rate that the reaction mixture continued to boil gently over a- period of
66 minutes. ~ After the addition, the funnel was rinsed with § ml. of
-anhydrous ether, and stirring was continued for ah additional hour. The
rﬂaﬁtiur_l mixture was poured Tslo‘i_ﬁrly into about 40 g. of drj' iee with stirriﬁg.
and stirring was continued until all'of the dry ice had evaporated. Sixty grams
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of ice was added, followed by 30 ml. of water and 9 ml. of econe. hydroehlorie
aeid, and the mixture was stirred until most of the solid dissolved, and the
mixture had separated into two liquid layers. The aqueous layer was extracted
twicas with ether, the combined eother extracts were washed with 50 ml. of
‘water and 5 ml. of cone. hydrochloric acid. The ethereal solution was then
treated with 50 ‘ml. of 259 sodium hydroxide solution thres times. The alkaline
aqueous washings weré treated with 0.5 g. of charcoal and Efilterad by suction.
The solution was then acidified with econe. hydroehloric aeid and extracted with
‘ether. The et her was distilled and the residual oil was dissolved in ethanol, treated
with water and kept in a refrigerator. The erystals formed amounted to 6.7 g.
(4094 yield), m.p. 40-46°. The pure crystals melted at 49.8-50.8°, .

m—i-Butylbenzoic acid® A solution of 5 g (0.03 mole) of m—t-
butyltoluene and 15 g. (0.1 mola) of potassium permanganate in 756 ml of
pyridine and 50 ml of water was heated to boiling for one hour. The reaction
mixture was allowed to cool and the manganese dioxide was reduced to soluble
manganous ion with sodium bisulfite solution. The reaction mixture was
extracted with ether, and the ether solution was washed with water and dried
over magnesinm sulfate. The ether was removed, and white erystals remained,
133 g. (25.825 yield) of the benzoic acid was obtained, m.p. 122.5-126.0°. It
was crystallized ﬁ_rom: dilute ethanol four times to eonstant melting point, m.p.
127.0-127.5°.

RESULTS AND DISCUSSION

Results _

Acidic dissociation constants of benzoie acid and eight meta and para alkyl
substituted benzoic acids have been determined in water and in nine aqueous
organie solvents at 256°, by measuring the pH’s of solutions of these #'midé
which had been partially neutralized with sodium hydroxide. A Beckman Model
G pH meter was used for the pH determinations.

The pK,’s of the acids were caleulated from the measured pH’s using the
Henderson Equation

pk,=pH+log[cone. of salt]|[eone. of acui],
& simplified relationship between the pK, of a weak acid and the pH of its
partially neuntralized solution, whiech is applicable to aecids of dissociation
constant not greater than about 10* in the region of 5095 neutralization,
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where hydrolysis of the salt is negligible. A minimum of six mﬂapenﬂant.
measurements was made for each acid in eaech of the ten solvents, with two
exeeption: m—~ and p-t-butyl benzoie acids have such low solubilities in. water
that their acidity eonstants in this solvent eould not be determined in the
present study. . '

The pK,'s sstablished in the 'pramnt study are summarized in Tabla I.

Table I. Mean pK,’s of m- and p- alkylbenzoic acids at 25°C

1081 | 1215 | 1480 ﬁﬂ.ﬂﬂ 24.00 | 8585 | 4440 | 5045 | 6418

Belv. Water
%BCel | % Acet | %MeOE, FBROH, o5 Avet | MeOH| GRIOH 5 Acet | o6MeOH
ook [F7emt |~ | T7a | 772 |eess | eass | eLss | 5230 | 4708 | 4792

pote |} 0000 | 0018 00d41| oose| oov0| o0090| o0240| osdo| o20| 0pos

Org.
Comp. } 4.20 4.69 4.69 4438 473 4.99 5.407 578 6.00 5.90

H
p-Me 484 491 | 474 | 464 | 491 | 5320 | 522 | 593 | 6320 | 610
p-Et 4.85 500 | 478 | 468 | 491 | 520 | 595 | 592 | 637 | 610
p-Pri 484 511 | 473 | 468 | 491 | 531 | 52 | 592 | 627 | 610
H-But 440 521 | 472 | 461 | 491 | 520 | po1 | se2 | 627 | 610 .
m-Me 435 489 | 468 | 458 | 483 | 512 | 519 | 588 | 618 | 600
m-Et 429 494 | 469 | 459 | 487 | 512 | 519 | 588 | 621 | 600
m-Pri 431 512 | 470 | 460 | 489 | 518 | 520 | 590 | 635 | 601
m-But | 438 B2 | 471 | 4590 | 490 | 518 | 5321 | 592 | 628 | 608

Discussion

(1) Changes in Acid Strength with Changing So!uent

A solvent ean affeet the acidity of an acid through its electrieal and chemieal
properties. Neutral acids are dependent unfi;h.e electrical propertiss of a solvent
in that the produets of ionization of the ‘acid are charged, in contrast to the
nndissociated molecule.

HA +Bolvente—=H" [Solvent)+ A"
The charged species created by the ionization process will be inereasingly
stabilized relative to the undissoeiated molecule as the polarity of the solvent
inereases, It is expected, and has been uniformly observed, that an inerease in
dielactrie 'uonstnﬁt of the solvent increases the dissociation econstant of an
ﬂnﬁha‘l‘g&& acid.
- The dielectric constants (at 25°C) of the snlv&nt.a used in this study vary

—‘B"
. .



M TR B2 (145)

in the order HOH 714.8095 MeoH=12.15" % Aecstons720.2095 Et OH724.002%

acotone’735.8595 Me OH744.409; Et OH 7641805 Me OH=50.452; Acatone.
Examination of the data in Table T shows that each of the nins acids studied

exhibits & general inerease in acidity with an inersase in dislestrie constant
of the solvent. Each acid is weakest in 50.459 acetone and Is most strongly
acidie in pure water. Although the variation in asidity o each compound is
primarily dependent on the polarities of the solvent, the data in the solvent
pairs methanol-water and acetome—water 'indie;ta that proton affinities of the
golvents are alse playing a role. The ﬂiﬂlﬂutrin eongtent is identical for 14.80%_-
Methanol and 12.1595 Acstone. However, the dissociation constants for the acids
are consistently greater in 14.809 Methanol than in 121504 Acetone; benzoee acid
. I8 more acidie by 0.26 pK units in the aqueous methanol and the substituted
acids. by 0.1 PK units.
{2) " Apparent Relative Electron Releasing Capacities of the Alk_vl Groups
The data in Table T ecan further be summarized as follows: - _
1) All of t.he alkyl substitnted aeids are wesker aeids than benzoie
ﬁf:iﬂ in any one solvent. This i antieipated in view of the faet that alkyl

" groupe are always observed to be olectron releasing relatitve to hydrogen.

Therefore substiution of an alkyl group for hydrogen on the nuclens of b-unzﬂiuj
acid should diminish aeid stremgth. _

ii) In general, the four mefe substituted aeids are collectively more
‘acidic than the para substituted aecids in a given solvent, Making an assumption
that eletronie effects alone are responsible for this difference, it indicates that
the alkyl at the more remote pare position have greater electron releasing
ﬂ-hlll.t-]?‘ than those at the mefa position to the COOH group.

iii) Based on the same asumption, that the differemee in the acidities
of the benzoie acids reflects the difference in eloctron releasing capacities of the
alkyl grm_tpa, the results show that the alkyl groups substituted in the meta
positions rolease electrons in an inductive effect order in all solvents, with a
'lit,ﬂa leveling in 14.8094 methanol and 641894 methanol; the alkyl £aoups
substituted in the para positions show a great wvariation in relative eleetron
releasing capacilies, depending on the solvent used. A Baker-Nathan order of
olectron relense is observed in 14.8095 methanol amd in 121595 acetone, ie.,
the most highly agueous mixed solvents, with the exeeption of the aqneous
butyl cellosolve. A straight induetive offect order is obtained in 24.0024 aceton

- Q.-
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and in 10.91%5 butyl cellosolve. Mixed orders are observed in water and - in -
35.85%5 methanol. No diffeences in eletron releasing abilities among the a.lkgrl
groups is observed in 20,2095 ethanol, 44.4094 ethanol, and 64.1925 mai;h_aqul. In .
60.4595 acetone leveling is complete, exeept that the p—methyl group .. is
considerably less slectron ialaa.sing than the remaining thres p-alkyl groups. ,_Ciﬁ .
the organic solvents added to water in the present study, mﬁthmml is the moai
effective in bringing out the Baker-Nathan order; this order; is still observed
when_up tu 24 mole percent. of megthanol iz added to water. The Bakar-ﬂnthnn
order is not observed from 9 mole persent. upward of acetone and ethanol, nur
in huhly aqueous butyl eellosolve, in which the mixed order is muvartaﬂ t.n a
strmght induetive effect order.

Interpretation

The present at.udy provldes evidenes thnt. tha mlahw aeuhtms of alk:gl

substituted benzoie acids, and therefore the relative sleetron releasing cnpamtiaﬂ
of alkyl substituents on benzoic deid depend on the nature of the mmz_ing
medinm. |

- The results mdmntu that the meta-alkyl henzom amds show tha pr&ﬂommant
~influence of the induetive offoct in all solvents. On the 0thar hand, hypercon—_,
Jugative electron release by the para alkyl groups 13 predominant in the
solvents of high water mntant Le. high dieleetric constant, and the mdnctlva
effect has eontrol of relative acid strengths of the parg-alkyl benzoic acids in
tha less aqueons solvents. These facts are interpreted as follows. A varmtmn
in “solvation assistance to hyperconjugation!, ean aceount for t.ha hahavmr
of the pam—auhshtut.ad acids, The hydrogen-bhonding properties of Bﬂh‘ﬂnts
should vary with the basieity of the solvents. Water is ﬂahmtely more hasm
than the organic solvents employed in this study?® and it is believed to ﬁulvute
the a-hydrogen’s of the alkyl groups®. Morcover, water is even more basie,
when mixed with small amounts of these organic solvents than it is _in_th_a:
pure state’®, It is in water and the most highly aqueous water—mathanol ~and
water-acetone mixtures that the Baker-Nathan sequemce of. acidities of the
p-alkyl benzoie acids can be observed, As the mixed solvents become rieher in
organic component, the organie component may partially take over as the aolﬂ.tnr_
for the a-hydrogen’s of the alkyl groups. The organie eomponents of the
solvents are less capable of H-bonding than water molecules. Horw-ev;&r, the
decrease in relative importance of hyperconjugation in the less highly aqueons

~
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molvents also appears to be due to the absolute enhancement of the inﬂ_ﬂl}tl’f&
offect in thess solvents. This enhancement of the induetive effect ean be
explained by deereased dissipation of the electrostatic solectroniec effect of thae
alkyl substituent into the solvent, in favor of incéreased transmission through
the benzene nueléus in the less polar solvents. In other words, a solvent ean-
assist the transmission of the induective effeet through the ring, Sueh an
interpretation would correlate with the Sehwarzenbach and Egli rolationship®,
which states that polar substituents operating by an electrostatic mechanism
will show inereased transmission of their electronie 'Bffﬂ&tﬂ through the benzene
ring in less polar mlvants

The faets do not appear to be uompatrhla with tha interpretation (preferred
by some mt.hurs) that the Bakar—Nathan affact iz the result of the stersochem—
istry of the alkyl groups, namely: a change in steric mtarfarance to solvent
stabilization of the ionie intermediate ‘due to a eha.nge in the the bulk of the
811!?1 group®; lﬂmngmg sterie release in the transition state; a variation in -
sterie hindrance to ring solvation; and inereasing sterie inhibition of bound
eontraction with inmaamg size of the alkyl group.?® Instead, the present wm:k
SUpports the view that the Baker-Nathan offect is identieal with the hypereon- -
Jugation effect.

The fact that apparent electron rolease by the alkyl groups from the para
position is observed to be greater than that from the mefa position of benzoic
acid is antieipated on the basis of the simultaneous operation of two m&nhaniama__:
for eloetron release from the para alkyl groups; the mefg alkyl groups are’
oxerting emntm]ly only one electronic effect on the reaction eenter. :
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