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Fig. 2.—Solvent salts: (A) sodium acetate; (B) ammo-
nium acetate; (C) lithium nitrate.

in Fig. 2, where solubility isotherms at 40°, ob-
tained by interpolation from the datu of David-
son and his co-workers,! may be compared with
the corresponding curve from the present work.
Thus, for example, in a 1 molal solution of lithium
nitrate the solubility of zinc acetate is only about
0.08 molal, whereas its solubility in 1 molal am-
monium acetate solution amounts to 0.28 molal.
At higher concentrations of solvent salt the differ-
ence becomes even more pronounced.

This rather large difference in solvent action
lends support to the belief, mentioned above,
that specific chemical interaction is involved in
the behavior of zinc acetate toward the other
acetates. It suggests that the action of lithium
nitrate, on the other hand, may perhaps be at-
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tributed largely to ‘‘salt effect.” It does not
seemn possible at present, however, to subject such
a conclusion to a quantitative theoretical test, and
the possibility that specific chemical effects may
be involved, even here, cannot be excluded.

A brief coinment seems called for concerning
the solubility of lithium nitrate. Davidson and
Geer?® report the solubility of lithium nitrate at
30° to be 1.49 moles per 1000 g. of acetic acid.
This would correspond to a value of R of about
S.2. It will be seen in Table II that three of the
binary solutions used had values of R higher than
8.2, the highest being 10.51. These more con-
centrated solutions were prepared hot, the zinc
acetate was added to the hot solution, and equilib-
rium was then approached from above 30°. Itis
possible that the solutions may have remained
supersaturated with respect to lithium nitrate,
but it seems more likely that the solubility of
lithium nitrate is simply increased by the presernce
of zinc acetate in the solution. Similar mutual
sofvent action has been demonstrated in other
cases. 4P

Summary

1. The solubility of zinc acetate in solutions
of lithium nitrate in acetic acid has been deter-
mnined over a wide range of temperatures and con-
centrations, and has been found to increase with
increasing concentrations of the latter salt.

2. Comparison with results of previous in-
vestigators using other solvent salts has been
made. The solvent effect of lithium nitrate is
found to be distinctly weaker than those of sodium
and ammoniutn acetates on zinc acetate,

3. It is suggested that the solvent action of
lithium nitrate may perhaps be attributed largely
to salt effect.

(5) Davidson and Geer, Tuis JOURNAL, 60, 1211 (1938),
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Studies in Stereochemistry. V. The Effect of F-Strain on the Relative Base
Strengths of Ammonia and Trimethylamine'

By HERrRBERT C. BROWN

In previous articles of this series evidence has
been advanced that steric strain is an important
factor in the strength of generalized acids and
bases.? It has recently been suggested that
steric strain is of two kinds, ‘‘F-strain” and
“B-strain”.! F-strain is that strain which is
caused by steric interference of the atoms or
groups which are attached to different atoms,

(1) Presented before the Division of Organic Chemistry at the
Cleveland meeting of the American Chemical Society, April 6, 1944.

(2) (a) Brown, Schlesinger and Cardon, THis Juuk~at. 64, 325
1942): (b) Brown and Adams, ibid., 64, 2557 (1942).

(3) Brown, Bartholomay and Taylor, 1bid., 66, 435 (1944).

resulting in a force which tends to separate the
two atoms. On the other hand, B-strain is that
strain which is introduced into a molecule as a
result of changes in the normal bond angles of an
atom in a molecule, brought about by the steric
requirements of bulky groups attached to that
atomnl.

The need for both types of strain may be demon-
strated by considering how each affects the
strength of a base such as trimethylamine. In
this base, the three methyl groups can easily
satisfy their steric requirements by a slight spread-
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ing of the C-N-C bond angle to a value greater
than the tetrahedral value. Addition of a fourth
group {(a proton, trimethylboron, or any gener-
alized acid) to the free electron pair of the amine,
forces the nitrogen atom toward a tetrahedral
configuration and results in a reduction of the ex-
panded angles, The methyl groups are, there-
fore, crowded toward each other; setting up a
strain which increases the tendency toward dis-
sociation of the addition compound and thereby
reduces the measured strength of the base. Since
the effect is independent of the steric require-
ments of the reference acid, B-strain results in a
permanent decrease in the strength of trimethyl-
amine and other tertiary amines.

On the other hand, F-strain is markedly de-
pendent upon the steric requirements of the
referenice acid. Thus F-strain in the trimethyl-
ammonium ion, (CHg);N: H+ (the strain resulting
from steric interference between the three methyl
groups and the proton), is considerably less than
the corresponding strain in the trimethylamine-
trimethylboron molecule, (CH;);N:B(CH;); (the
strain in this case resulting from steric interfer-
ence between the three methyl groups attached
to nitrogen and the three attached to boron).
Accordingly, the strength of trimethylamine rela-
tive to other bases with smaller steric require-
ments, such as ammonia, will vary with the steric
requirements of the reference acids used. Thus,
it will appear much weaker (relative to these other
bases) if a comparatively bulky acid, such as tri-
methylboron, is used than if the reference acid is
one with small steric requirements, such as the
proton.

The present paper is the first of a series of
studies of some of the more important conse-
quences of the F- and B-strain hypothesis out-
lined above. It reports the results of an investi-
gation of the effect of increasing F-strain on the
relative base strength of ammonia and trimethyl-
amine.

Trimethylamine is a stronger base than am-
monia with trimethylboron as the reference acid.?
That is, in the following equation, the equilibrium
lies to the right
(CH,):N + H;N:B(CHa)a T_’ (CH»)sN:B(CH;)s + NH,

In accordance with the steric strain hypothesis,
as the methyl groups in the trimethylboron mole-
cule are replaced by increasingly bulkier alkyl
groups (as in triethyl-, trisopropyl- and tri-t-
butylboron), F-strain becomes larger, thus in-
creasing the dissociation of the amine addition
compounds and diminishing the apparent strength
of the amines. The greater steric requirements
of the trimethylamine as compared to the am-
monia molecule should cause a relatively greater
decrease in the measured strength of the methyl-
ated base. A sufficiently large F-strain should
then result in a reversal of the apparent strength
of the two bases. That is to say, for a sufficiently
bulky alkyl group R in the acid BR;, the equilib-
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rium involving the two amines should be shifted
to the left

(CHa)sN + HiN:BRy & (CHi)sN:BRs + NH;

To test this deduction of the effect of F-strain
on the relative base strength of ammonia and tri-
methylamine, the addition compounds of these
amines with trimethyl-, triethyl-, trisopropyl-
and tri-¢-butylboron were prepared and their rela-
tive stability determined.

Experimental Part

Apparatus.—The high vacuum apparatus used to pre-
pare and handle the addition compounds is described in
previous papers of this series.? Measurements of tempera-
tures above 0° were made with thermometers calibrated
to 0.1° and compared with Bureau of Standards thermome-
ters. Below 0° the temperatures were measured with
vapor tension thertnometers. The pressures were meas-
ured with a student-type cathetometer (the only instru-
ment available for the purpose), and these measurements
are probably not accurate to more than 0.2 mm,

Preparation and Purification of Materials.—The prepa-
ration of the methylamines in pure form has been described
previously.?

Trimethylboron was prepared by the action of methyl-
magnesium bromide on boron trifluoride in %#-butyl ether.
This procedure offers many advantages over previously
described methods for preparing trimethylboron in quanti-
ties of more than a few grams. A representative prepara-
tion follows.

In a 1-liter three-necked flask, fitted by means of ground
glass joints to a mercury-sealed stirrer, a reflux condenser,
and a dropping funnel containing an opening for introduc-
ing nitrogen, were placed 72 g. (3.0 gram atoms) of mag-
nesium turnings and 250 cc. of dry n-butyl ether. A solu-
tion was prepared of 285 g. (3.0 moles) of methyl bromide
(from a tank) in 500 cc. of n-butyl ether at 0°, and this
solution was added slowly with stirring to the magnesium
in the flask. The initial reaction was quite vigorous.
The flask was then immersed in a cooling bath of cold
water and the rate of addition of the methyl bromide solu-
tion adjusted so that the temperature of the reaction mix-
ture did not rise above 50°. The formation of the Gri-
gnard reagent required six hours. Two traps, equipped
with stopcocks, were then connected to the condenser in
series by means of ground glass joints and the entire
apparatus was thoroughly flushed out with nitrogen in-
troduced through the opening in the dropping funnel. A
slow stream of the gas was maintained throughout the
remainder of the reaction. The two traps were then im-
mersed in Dry Ice baths. Meanwhile a solution of 61 g.
(0.9 mole) of boron trifluoride in 400 cc. of n-butyl ether
was prepared and this solution was then added to the
Grignard reagent over a period of four hours. The flask
was then heated at 70° for two hours to complete the reac-
tion and to distill the residual trimethylboron out of the
reaction mixture and into the traps. The stopcocks on
the traps were then closed. Practically the entire yield
of trimethylboron was in the first trap. The crude product
thus obtained weighed 44 g. (70 cc. at —80°), a yield of
879, of that calculated.4

The trimethylboron was introduced into the high
vacuum apparatus in portions of approximately 10-20 cc.
and sealed in glass tubes containing a slight excess (calcu-
lated on a molar basis) of triethylamine. Trimethylboron
forms an addition compound with triethylamine from
which the volatile boron compound may easily be re-
covered. The procedure described thus offers a con-
venient way of storing appreciable quantities of trimethyl-
boron in small glass tubes at below atmospheric pressures.

The purification of trimethylboron is carried out with

(4) Althongh less desirable, it is possible to carry ont the prepara-
tion with simpler equipment, ising rubber tubing and stoppers to
connect the different parts of the apparatus.
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the aid of the addition compound by taking advantage of
the fact that the addition compound is a stable non-
volatile solid at —80°, but is largely dissociated into its
components at roomn temperature. The procedure con-
-ists of distilling all volatile impurities from the solid adsli-
tion compound at —80°. The purified addition com-
pound is then permitted to attain room temperature and
the trintethylboron is separated from the amine by a rapid
distillation through a U-tube at —80° A siugle distilla-
tion leads to the recovery of ouly part of the trimmethyl-
boron, bitt nearly all of the trimethylboron can be ob-
tained by repeating the process several times. Distilla-
rion of the trimethylboron thus obtained through a U-tithe
at —120° (partially solid dicthyl cther bath) viclds an ex-
ceedingly pure product.®

Triethylboron was prepared in a similar manner by the
action of boron trifluoride in x-butyl cther on c¢thylinag:
nesiunt bromnide in #-butyl ether.  The quantitics of the
reagents used were the same as in the above preparation of
crimethylboron. When the reaction was over, the con-
denser was replaced by a ground-glass stopper and the
mercury-sealed stirrer by a short fractionation column,
the changes being made gquickly in a rapid stream of nitro-
geu to avoid exposure of the reaction nixture to the at-
mosphere, The triethylboron was then distilled directly
ount of the reaction miixture; the fraction which distilled
at 94-97 ® was collected. The yield of ¢nide triethyiboron
was 63 g., 719 of the calenlated valne
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The purification of the triethylboron was carried ont
by means of its ammonia addition compound as follows.
Approximately 5 g. of triethylboron was distilled into an
cvacnated flask and treated with a slight excess of am-
monia. The ammonia was absorbed with considerable
liberation of heat to form an addition compound of low
volatility. This compound was purified by distillation in
the high vacuum apparatus. It was trapped at 0° and
tiie fore and hind fractions—approximately 10" of the
whole—were discarded. The remaining material was dis-
tilled into a flask where it was treated with a slight de-
ficicney of dry hydrogen chloride. ‘The triethylboron set
free was distilled out of the flask and subjected to a further
distillation, trapping the substance at —40° and discard-
ing the fore and hind fractions. The vapor pressure ar
0° was 12,4 1nm 8

Triisopropylboron and tri-¢-butylboron were prepared
in yields of 60-65%: by the action of ethyl ether—boron tri-
fluoride on the corresponding alkylmagnesium chiloride in
ethyl ¢ther.” The compounds were purified by distilla-
tion under reduced pressure through a short column at-
tached to the high vacuum apparatus. Triisopropylborou

wmelts at —54 to —53° Tri-t-butylboron 1s liquid at
S¢ The preliminary devclopient of i method of purifving i
sacthylboron is due to Dr. Moddi: D, Taylor.

1 Compare Stock and Zeidler, Ber. 84, 531 1t
b vl Nl §AG] 64, 2012 1R

Krar-e

HersperT C.

BrownN Vol. 67

~8&0)* and solidifies to a glass in liquid nitrogen. The
vapor pressures at 50.0° are 25.8 mm. and 3.5 mm. for tri-
isopropylboron and tri-f-butylboron, respectively.

Comparison of Base Strength.—The relative strengths of
two amines were compared by competition of the amines
for the reference acid: B:A + B’ = B:A + B. Equi-
molar quantities (1-2 millimoles) of each of the amines
mder study and of the reference acid were placed in a
=mall vessel (100-cc. capacity) and left at 0° for two to
fonr hours.  (Test cxperiinents showed that it required
but a few minutes for equilibrium to be reached.) The
vessel was then opened to the vacuum apparatus and the
volatile amine distilled out of the tube (maintained at 0°)
away from the slightly volatile mixture of addition com-
pounds, througlt a U-tube at —80° (to remove traces of
the addition compound which may have distilled), and
into a calibrated bulb.  The gas volume of thie mixture of
e 1wo amines was measured and the average olecilar
weight determined. In this wav the composition of the
nacombined amine ¢onld be fixed to 1-29% and the relative
strength of the two amines established.

A source of uncertainty in this simple procedure lies
in the possibility that the equilibriuin in the reaction tube
shifts as two amnines of different volatility are distilled
away for analysis. To avoid this difficulty, the apparatus
shown in ¥ig. 1 was constructed. The volume of the bulh
i was 1 liter, and that of the tuhe T, 20 ce. The two
amines and the trialkylboroir were condensed in the lower
part of the tube 1" which was then immersed in an ice-bath
while the stopcock S remained closed until the addition
contpound had been formed and equilibriuni approachud
{two to four hours). The stopcock was then opened and
the amine allowed to cxpand into the bulb. Twenty-four
honurs were allowed for equilibriumi to be reached, which
was facilitated by the low pressure (15-20 mm.). The
stopcoek was then closed and the amine thus cut off in the
flask was remnoved through M for analysis. The results
obtained by this procedure did not differ appreciably from
those obtained by the simipler method first described, so
that in subsequent studies the latter was utilized.

The conclusions thus reached as to the relative strength
of two amines with a given reference acid may be further
tested by comparing the saturation pressures of the in-
dividual addition compounds forined by the two amines
with that reference acid. TFrom previous studics it ap-
pears that of two related addition compounds of approxi-
mately equal molecular weight, the less stable will exhibit
the higher saturation pressure. Where the two methods
mentioned yield identical information as to the strength
of two amnines, it is probably safe to couclude that the re-
snlt may be accepted without undue reservatios.

Results

Trimethylboron as the Reference Acid.—-
Study of the dissociation of armmmonia-trimethyl-
boron and trimethylamine-trimethyviboron 1n
the gas phase has cstablished that trimethyl-
amine is a counsiderably stronger base than
amnonia with this reference acid.® It was de-
sirable, however, to compare this conclusion with
the result obtained by use of the competition
method. In the vessel were placed 31.8 cc. each
of trimethylboron, ammonia and trimethylamine.
The uncombined amine recavered by distillation
measured 31.7 cc.  The molecular weight of the
mixture was found to be 23.4, indicating a coin-
position of 85% annnonia and 159 trimethyl-
amine. The value predicted from the dissociation
data is 899, ammonia and 119 trimethylamine.

These values were calculated from the expres-
sian

[NH; H(CH.N:B(CH,Y

j BCH ] Kyu,
SO NTINBLBACH

J = A7
f\xh‘qu.
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The ratio A, KNcHgs Was estimated on the
assumption that the equations representing the
change of K, with temperature?® could be extrapo-
lated to 0° and the ratio of the two dissociation
constants would not be greatly altered by the
change of the addition compounds from the gas-
eous to the solid state. In view of the approxi-
mations thus introduced, no great importance can
be given to the value obtained for Knu,/ KNcHys
and to the good agreement of the experimentally
determined composition of the uncombined amine
with the calculated value. It is of interest, how-
ever, that the competition method yields results
of the order of magnitude to be expected.

Triethylboron as the Reference Acid.—Am-
monia-triethylboron, H,N:B(C.H;);, was pre-
pared by Frankland,® who described it as a some-
what oily liquid with an aromatic odor and an
alkaline reaction. No physical constants were
reported. In the present study the addition
compound was prepared by treating triethyl-
boron with an excess of ammouia, the excess being
removed by distillation from the reaction product
at 0°. In this way 224 cc. of triethylboron ab-
sorbed 2253 cc. of ammonia to form a slightly vola-
tile liquid, which solidified at low temperature to a
white crystalline solid, melting from — 11 to —10°.
Saturation pressures were studied from 0 to 80°;
the data may be represented by the equation

log P = —(3094/T) + 10.538

with an average deviation of 0.2 mm. The ex-
trapolated ‘‘boiling point” is 131°.

The preparation of trimethylamine-triethyl-
boron has not been reported previously. Tri-
ethylboron, 165 ce., was treated with an excess
of trintethylamine at 0° and the excess removed
by distillation from the reaction mixture at —20°.
Exactly 165 cc. of the amine was absorbed, in-
dicating that the addition compound has the ex-
pected composition, (CH,);N : B(C.H,);. At —80°
the substance solidified to white crystals which
melted at —406 to —45°. The compound is con-
siderably 1mare volatile than the corresponding
ammonia derivative. The saturation pressures
were measured from () to 30°; the data may be
represented by the equation

log PP = — (3164, 71 + 11.6U%

with an average deviation of (.2 mn.
trapolated “‘boiling point' is S6°.

The comparison of the base strength of the two
amines was carried out in the usual manner using
28.1 cc. each of aimmonia, trimethvlamine and
triethylboron. ‘The uncombined winine, 27.4 cc.,
had a molecular weight of 35.1, indicating a com-
position of 919 trimmethylamine and 997 anunonia.

Triisopropylboron as the Reference Acid.—
Ammonia-triisopropylboron® was prepared by

(8) Frankland, dun., 124, 129 (1852),

(9) Krause aml Nobhe, Ber., 64, 2112 (1931), report Lhat triiso-

propylboropit and tri-f-botylboron react with
ammuniaes wliich readilv lose aominonia

The ex-

ammonia o form
N other deseriptivy
duta are givea
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combining equal volumes of the two components.
The compound solidified at —80° and melted at
—27 to —26°. Saturation pressures for the addi-
tion compound were measured from 0 to 65°.
The observed pressure is 0.4 mm. at 0° and 2.3
mm. at 25°.  Above 30° the data are represented
by the equation

log P = —(3040/T) + 10.518

with an average deviation of 0.3 mm. The ex-
trapolated “boiling point” is 125°,

Trimethylamine and triisopropylboron do not
combine at temperatures as low as —80°. An
equimolar mixture of the two components was
liquid at —80°, and exerted a pressure at that
temperature of 4 mm. A partial pressure of this
magnitude is to be expected from a solution con-
sisting of mole fractions of 0.5 trimethylamine
and 0.5 inert solvent of negligible volatility.
Moreover, the trimethylamine could be recovered
by distillation out of the mixture maintained at
—80°, and at 0° the pressure of trimethylamine
above the triisopropylboron corresponded to com-
plete dissociation.

From equimolar samples (13.1 cc.) of ammonia,
trimethylamine and triisopropylboron was ob-
tained a mixture of amines (12.7 cc.) which
analyzed for 969, trimethylamine and 49, am-
monia.

Tri-t-butylboron as the Reference Acid.—
Ammonia-tri-f-butylboron was prepared by com-
bining equimolar quantities of the base with tri-
t-butylboron.'® The compound was liquid at 0°
and solidified to a glass at —80°. The satura-
tion pressures of this compound are cousiderably
higher than those of the compounds previously
described, and exhibit a dependence upon the
proportion of the substance which is i the vapor
phase, decreasing with increasing proportion of
the compound vaporized. This inconstance of
the saturation pressures has not been observed
previously in our studies and is probably to be as-
cribed to the high dissociation pressure of the
complex as compared to the low volatility of the
acidic component. (In all of the cases previously
studied, the pressures exerted by the addition
compound were considerably less than the vapor
tensions of the less volatile component.) Ob-
served pressures for ammonia-tri-f-butylboron
are 1.5, 13.3 and 35.1 mm. at (), 25.0 and 40.0°,
respectively,  (The measuremments were made
under conditions such that the observed pressure
accounted for less than 109 of the amine present.
Under these conditions, the observed pressures
at a given temperaturc are easily reproducible
and are probably close approximations of the
maximum values possible.)

Trimethylamine and tri-t~-butylboron do not
combine. At —80° an equimolar mixture of the

(10) Thelow volatility of tri-t-butylboros tnade it more convenient
to weigh out samples of the substance than to measure it as a gas.

These samples were introdiiced into the wvacauam apparatis and
hiniiled in the rstiial manner,
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two compotents exhibits a pressure of 4 mmni.; at
0° the pressure corresponds to complete dissocia-
tion,

Competition reactions were run between am-
monia and trimethylamine with tri-/-butylboron
as the reference acid.  From 536.1 cc. of ammonia,
trimethylamine and the boron acid was obtained
53.2 ce. of amine which analyzed for 989 tri-
methylamine. [t should be pointed out that in
these last experimernts involving triisopropylboron
and tri-t-butylboron, the quantitative recovery of
excess amine is a slow process—apparently the
addition compounds formed have a marked af-
finity for excess amine.

Discussion

The data on the relative strength of the bases
ammonia and trimethylamine are sunimarized in
Table I. The letters W and S are used to indicate
the weaker and stronger of the two amines. The
first of the two figures in the parentheses following
each letter gives the tnole fraction of the amine
which combined with the reference acid; the
second gives the saturation pressure of the addi-
tion compound at 23° in mm. It should be noted
that the order of base strength established by the
comnpetition experiments is fully confirmed by the
saturation pressure data.

TABLE 1
RELATIVE BASE STRENGTH OF AMMONIA AND TRIMETHYL-

AMINE
Reference acid Ammonia Trimethylamine
Trimethylboron W (0.15, 6.4) S (0.85,2.1)
Triethylboron S (.91,1.4 W (.09, 12.1)
Triisopropylboron S (.96,2.3 W (.04, N.C?
Tri-t-butylboron S (.98,13.3) W{( .02,N.C*%

s No compound formed.

It is evident that the order of base strength ob-
served with the reference acid trimethylboron,
NH; < (CHj);N, is reversed with triethylboron.
Moreover, trimethylamine exhibits no basic
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properties with the highly hindered acids, triiso-
propyl- and tri-t-butylboron. The predictions
of the steric strain hypothesis on the effect of
F-straiut on the relative strength of ammonia and
trimethylamine are thus in complete accord with
experiment,

Before closing, one further point may be men-
tioned. There has been considerable discussion
as to whether a monotonic series of generalized
acids and bases exists.!! The present investiga-
tion offers a clear-cut illustration of the depend-
ence of base strength upon the reference acid and
supports the viewpoint that such a monotonic
series cannot be set up.'?
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Summary

1. The relative strength of the bases am-
monia and trimethylamine was determined using
trimethyl-, triethyl-, triisopropyl- and tri-t-butyl-
boron as the reference acids.

2. The order NH; < N(CHj)s, observed with
the hydrogen acids and with trimethylboron, is
reversed with triethylboron and the more hindered
acids. These observations are in accord with the
predicted effect of F-strain on the relative strength
of the two bases.

3. In the course of this study improved proce-
dures for the preparation and purification of tri-
methylboron and triethylboron were developed;
and saturation pressures were measured for the
addition compounds of triethyl-, triisopropyl-,
and tri-t-butylboron with ammonia and trimethyl-
amine.

(11) Luder, Chem. Rev., 37, 547 (1940).

(12) l.ewis, J. Franklin Insi., 326, 293 (1938).
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By HErRBERT C. BROWN

In the absence of steric¢ complications, the
strength of ammonia and the methylamines
should increase regularly with the number of
methyl groups as a result of the inductive effect
(+1) of alkyl groups. However, this predicted
Order, NH3 < CH:;NHg < (CHa)zNH < (CHa)sN
(Fig. 1, curve A), is not observed. B-Strain’
slightly reduces the strength of dimethylamine
and markedly reduces the strength of trimethyl-
amine, so that the order of base strength estab-

1) Brown, Bartholomay and Tavier, Tins Jonorxar, 66, 435

1944y,

lished by acids with a comparatively low F-strain
factor is that represented by curve B, NH; <
(CH;)sN < CH3;NH; < (CHj;).NH.

It is the object of the present investigation to
examine the effect of F-strain on the order shown
by these amines. The order represented by curve
B is observed both with hydrogen ion and with
trimethylboron as the reference acid.! Replace-
ment of the methyl groups in trimethylboron by
larger, bulkier alkyl grotips should lead to an in-
crease in F-strain and thus result in a decrease in
the apparent strength of the bases. The higher



