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The p-nitrobenzoates of carbinols Ia~Va were prepared and solvolyzed in various concentrations of aqueous or methanolic

dioxane at several temperatures.

The relative first-order rates (Vb = 1) in 809, aqueous dioxane at 60° were: IVb, 60.7;

IITb, 246; Ib, 23,500; IIb, 124,000. Alkyl-oxygen fission was demonstrated, and a second cyclopropy! group on the car-

bonium carbon atom was nearly as effective as the first in enhancing the solvolysis rate.

The solvolysis products were the

original carbinols (or their methyl ethers); no elimination or reatrangement to cyclobutanols or allylcarbinols was observed.
In several instances, “internal return” to a non-solvolyzing p-nitrobenzoate (shown to be the isomeric allylcarbinyl ester
VII in the case of IIIb) occurred, the ratio of rearrangement to solvolysis increasing with decreasing ionizing power of the

solvent.
solvolysis rate.

ing the positive charge in the carbonium ion by eack cyclopropyl group.

But rearrangement of IIIb — VII was not thermal, nor was the extent of rearrangement a direct function of the
Rates, products and energetics can be interpreted in terms of an ion-pair mechanism which includes stabiliz-

Attempts to prepare tricyclopropylearbinyl p-

nitrobenzoate lead to 1,1-dicyclopropyl-4-chloro-1-butene (VIII) which, with aqueous potassium carbonate, was recon-

verted to tricyclopropylcarbinol.

Studies of physical properties, particularly spec-
tra, place tlie cyclopropyl group between a vinyl
and a saturated group with regard to ability to
conjugate with adjacent unsaturation.? But the
solvolysis of cyclopropylearbinyl derivatives is
exceptional,® proceeding at a greater rate than the
corresponding allyl compounds

[>—CH:X > CH=CHCH,X >> CHiCH,CH;X

This acceleration is particularly striking in rigid
systems, such as the i-steroids.® The positive
charge which remains on carbon when X~ ionizes
from the above systems is apparently better accom-
modated by the cyclopropyl than by the vinyl
group. The rates cannot be explained by consider-
ing cyclopropyl as a less polarizable analog of the
vinyl group (as has been domne in interpretations
of spectra). Special features have been ascribed
to the carbonium ion intermediate which, in the
extreme case of the reaction of cyclopropylcarbinyl-
amine with nitrous acid,” is pictured with the three

methylene carbons equivalent. Often,®8—10 but
not always,!®!! rearrangement to allylcarbinyl or
cyclobutyl derivatives occurs during solvolysis of

(1) Part V of a series on Cyclopropane Chemistry. For previous
papers see (a) H, Hart and O. E. Curtis, Jr., THis JoUrNAL, 78, 112
(1956); (b) H. Hart and J. M. Sandri, Chemistry & Industry, 1014
(1956): (c) H. Hart and O. E, Curtis, Jr., Tais JournaL, 79, 931
(1957); (d) T. L. Brown, J. M. Sandri and H. Hart, J. Phys. Chem.,
61, 698 (1957).

(2) Presented in part at a Symposium on the Chemistry of Three-
membered Rings, American Chemical Society Meeting, Miami, Fla.,
April, 1957.

(3) From the Ph.D. thesis of Joseplt Mario Sandri, Michigan State
University, 1956; American Viscose Corporation Fellow, 1954-1955.

(4) For a review, see E. Vogel, Fortschr. Chem. Forsch., 8, 431
(1955). We refer especially to electron-donating ability, as in cyclo-
propyl ketones, esters, aromatics, etc.

(5) See A. Streitwieser, Jr., Chem. Revs., 56, 571 (19586), for a dis-
cussion and review.

(6) For a recent case, see E. M. Kosower and S. Winstein, TH1s
JourNaL, T6, 4347, 4354 (1956).

(7) J. D. Roberts and R. H, Mazur, ¢bid., 78, 3542 (1951).

(8) J. D. Roberts and R. H, Mazur, ibid., 73, 2509 (1951).

(9) J. D. Roberts and V. C. Chambers, ibid., 78, 5034 (1951).

{10) C. G. Bergstrom and S. Siegel, 7b¢d.. 74, 145 (1952).

(11} R, G. Pearson and S. H. Lunger, ibid., 76, 1063 (1953).

cyclopropylcarbiny! compounds under ionizing
conditions.

It was our purpose to examine some tertiary
systems of this type (heretofore only primary and
secondary systems had been studied) with regard
both to rates and products. Compounds with more
than one cyclopropyl group on the carbonium car-
bon atom were thought to be of particular interest
for several reasons. If the driving force in these
rapid solvolyses is release of strain in the three-
membered ring, then one such ring should be suffi-
cient to ensure rate enhancement, and one might
predict no large effect from additional cyclopropyl
substitution. Indeed, the electron-withdrawing
inductive effect of the cyclopropyl group compared
with other alkyl groups'd might decrease the rate of
an SN1% process. Alternatively, if resonance struc-
tures were possible which would allow distribution
of the positive charge over several cyclopropane
rings, a considerable rate increase might be ob-
served, much as in the benzyl, benzhydryl, tri-
phenylmethyl series. Certain similarities between
phenyl and cyclopropyl groups'? lend plausibility
to this view.

To determine which of these alternatives pre-
vailed, the p-nitrobenzoates of dicyclopropyliso-
propylearbinol (Ia), di-(2-methylcyclopropyl)-iso-

propylcarbinol (IIa), diisopropyleyclopropylear-
binol (IIIa) and dicyclopropylearbinol (IVa) were
|
{ 1 | i
>—C—X >—C—X >—C—X HC—X
O Vo
I |I.T III Iv

O

I
a, X = OH, b, X = -OCCqu-P-NO'z; c, X = OCH;

prepared, and the solvolysis rates and products in
aqueous dioxane determined. The products were
also determined in methanolic dioxane. For com-

(12) See ref. 8 with regard to solvolysis rates. But similarities
do not appear to be restricted to ionic reactions. Hydrogen atoms
are nearly as difficult to remove from cyclopropane as from benzene
(A. F, Trotman-Dickenson and E. W. R. Steacie, J. Chem. Phys., 19,
329 (1951); J. R. McNesby and A, S. Gordon, Tais JourwNaL, 79,
825 (1957)). Other evidence with regard to peroxide decompositions
reinforces this analogy (H. Har{ and D. P. Wyman, unpublished re-
sults).
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parison, triisopropylearbinyl p-nitrobenzoate (Vh)
also was studied.!® Attempts to prepare the p-

V. i
>—(f—x D—(f—OH
A A
Y VI

nitrobenzoate of tricyclopropylearbinol!® (VI) were
unsuccessful, but some of the chemistry of this
alcohol is described.

Results

The Reaction Rates.—The solvolysis rates were
determined in aqueous dioxane by titrating the
liberated p-nitrobenzoic acid (PNBA). The rate
constants and derived thermodynamic functions!#
are listed in Table I. In most instances, the ester
was quantitatively solvolyzed to PNBA, but in
certain cases less than the theoretical amount of
acid was produced, due to a competing rearrange-
ment discussed more fully below. The rate con-
stants in Table I were calculated by two different
methods for these two alternatives.

When solvolysis was complete, strict first-order
kinetics were observed; plots of log (Vi — V) vs.
time (where V; was the volume of standard sodium
hydroxide required to neutralize the theoretical
quantity of PNBA in a 5-ml. aliquot and V was
the volume of the base required at time {) were
linear, the reactions being followed nearly to com-
pletion. For those cases where no other rate
constant is given in Table I, the values of k were
deterrglined from the slopes of these lines!® (see
Fig. 1).

Rearrangement was first detected during the
solvolysis of diisopropyleyclopropylearbinyl p-nitro-
benzoate (IIIb) in 809, aqueous dioxane at 80°,
when a plot of log (Vi — V) us. ¢ started out nearly
linear, but soon curved rather sharply and leveled
off after 64.49, of the theoretical amount of PNBA
had been produced (see Fig. 1). If the observed
value for volume of base required to titrate the total
PNBA actually produced in a 5-ml. aliquot was
designated V7', then a plot of log (Vi/ — V) vs. t
was linear (Fig. 1). This implied that the original
ester reacted by two paths, both kinetically first
order, but only one of which produced PNBA,
For these cases k, the over-all rate constant for re-
action of ester, was calculated from the slopes of
these lines. The fraction of original ester which
rearranged to isomeric ester, fr = 1 — Vy//Vy, is
also listed in Table I. That these kinetically de-
termined values were valid was verified by product
isolation.

The Products.—The alcohol produced from each
ester was unrearranged (z.e., a cyclopropylcarbi-
nol), as shown by identity of its infrared spectrum

(13) Cf. P. D. Bartlett and M, Stiles, THIs JourNaL, 77, 2808
(1955).

(14) The heat of activation was determined from the usual linear
Arrhenius plot, by subtracting RT from the energy of activation,
The activation entropy was calculated from the Eyring equation
ASF = 2.303 Rlog (kk/k’T) + AH F/T, where k is the rate constant,
k is Planck’s constant and &’ is the Boltzmann constant.

(15) Since, in those instances where rearrangement was unimportant,
the points fell beautifully on straight lines for the entire course of the

reaction, it was felt unnecessary to go beyond the differential form of
the rate equation to calculate k’s.

SoLvorysis OF CYCLOPROPYLCARBINQOL p-NITROBENZOATE 321

¢, sec. X 1072,

log (Vi — V).

log (Vi — V)orlog (Ve — V).
s
- IS

—-0.8

5 10 15 20 25
¢, sec. X 1072,

Fig. 1.—Plots of log (Vi — V) or log (V¥ — V) us. &:
curve 1, Ib in 809, aqueous dioxane at 25° (solvolysis was
complete); curve 2, IIIb in 809, aqueous dioxane at 80°,
plotted as log (Vi — V) vs. ¢ (35.6% rearrangement, 64.4%
solvolysis); curve 3, the same data as curve 2, plotted as
log (Ve — V) ws. 2.

with that of authentic carbinol. This was true
regardless of the extent of solvolysis (vs. rearrange-
ment). For example, from Ib in 809, aqueous
dioxane at 25° there was isolated a 95%, yield of
Ia; no evidence for olefin or isomeric alcohol was
obtained. A high yield (819,) of the corresponding
methyl ether Ic was isolated from methanolic
dioxane under the same conditions; the infrared
spectrum was indistinguishable from that of authen-
tic ether prepared by reaction of methyl iodide
with the corresponding potassium alcoholate.

809% methanolic 1, K
> ¢ <—
dioxane, 25° 2, CH,l

The other product obtained when less than the
theoretical amount of PNBA was formed was ex-
amined in detail with IIIb, and shown to be the
isomeric ester, 4-isopropyl-5-methyl-3-hexenyl p-
nitrobenzoate (VII). Its structure was proved by
reduction with lithium borohydride to 4-isopropyl-

Ia

5-methyl-3-hexenol (749;) and p-nitrobenzyl
(CH;).CH )
I
ITTp %ot pyp, C=CHEH,CH,0C NO,
(CHs).CH VII

alcohol (819%). The unsaturated alcohol gave a
good yield of diisopropyl ketone on permanganate
oxidation. This fixed the position of the double
bond, but the ester function might have been at C,
or Cs. Rearrangements from cyclopropylcarbinyl
to allylecarbinyl systems are well known; further-
more, if the ester function were at C, it would be
allylic; VII did not produce any PNBA even after
boiling for 26 hours in 709, aqueous dioxare;
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2.98
80 7.06
7.04
) Vb 80 60 0.020
a Fa Fa
fr X 1006 AH aS 018
8.4 70 .068 30.4 +6.2
7.4 088
80 277
.265
17.3 -17.8 70 60 076
075
70 .250 27.2 ~ 0.6
. 259
80 .832
.708
@ For the method of calculating these quantities, see the
section on Results. ? The solvolysis solution (0.009368 M
in ester) was also 0.009525 M in sodium hydroxide initially.
The rate was followed by titration with standard hydro-
chloric acid. ¢ Initially 0.008845 M in ester and 0.009525 M
19.3 - 7.1 in sodium hydroxide; see note b. 4 The ester was dissolved
in anhydrous dioxane and maintained at 60° for 3 days after
which sufficient water was added to make the solution 809,
dioxane, and rate measurements were begun immediately.
¢ Same as note d, except sample was stored 5 days at 60°.
/ Rates determined by the inverse procedure (see Experi-
mental). ¢0.009206 J{ ester and 0.009410 M NaOH
7.4 initially: see note 5. * 0.009068 M ester and 0.009410 M
8.0 NaOH initially; see note 0.
7.8 16.9 —16.3 the structure is therefore most certainly as shown.
8.2 The isomeric p-nitrobenzoates from Ib and IIb
9.4 were not isolated, but the rearrangeiment probably
10.5 followed the same pattern; IIb may give two iso-
10.3 ineric homoallylic p-nitrobenzoates, depending upon
the direction of ring opening.
1.8 Discussion
w9 1 The cyclopropylcarbinyl  p-nitrobenzoates
59.9 studied must have solvolyzed with unimolecular
60.0 alkyl-oxygen fission, supported by the following
502 929 _ g1 evidence. The kinetics were cleanly first order,
59.8 independent of added hydroxide ion (see experi-
62.6 ments with Ib at 16° and with IIIb at 60° in 809,
60.8 dioxane, Table I}, and unaffected by PNBA pro-
35.2 duced during the reaction (see Fig. 1). For a given
355 ester, the rate was increased greatly by increasing
3292 the ionizing power of the solvent (compare Ib
37.4 at25°in 90, 85 and 809, dioxane, TableI). Finally,
36.1 methanolysis gave the methyl ether and PNBA,
34.4 rather than alcohol and methyl ester.!®
24.7 The reactions were followed in only one manner,
36.3 that is, titrimetrically. For this reason, it is not
350 208 -—11.¢ Dpossible to assess quantitatively the importance of
35.3 “internal return” from ion-pairs separated to vary-
35 ] ing degrees by solvent molecules,'” but it is clear
356 from the gross aspects of the reaction that this
44 phenomenon is involved. The results are best
38 interpreted in terms of jonization to an R*PNB-
44 207 .. 9.7 ion-pair which may return either to the original or
16 rearranged ester, or solvolyze. As the separation
of ion-pair counterparts increases, return to ester
becomes less important, and reaction with solvent
5.7 molecules to produce solvolysis products (alcohol
5.5 or ether) predominates. The degree to which jon-
(16) See C. K. Ingold *Structure and Mechanism in Organic Chemis-
try,”’ Cornell University Press, Ithaca, N. Y., 1953, pp. 763, 764 and
780, for a discussion of this criterion applied to alkyl-oxygen fission.
(17) For a detailed discussion and leading references, see S. Winstein
and G. C. Robinson, Tuis JoURNaL, 80, 169 (1958), and S. Winstein
20.5 —15.4  and A. H. Fainberg, ibid., 80, 150 (1958).
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pair counterparts become separated will be a
function of the solvent polarity and of the structure
of the R group. All the data presented in this
paper are consistent with, and best explained in
terms of, this mechanism.

The dependence of the rearrangement/solvolysis
ratio (f;) on solvent is shown in Table II. The
percentage of rearrangement fell off rapidly with
inicreasing water content of the solvent until, 1n 709,
dioxane, the reaction was almost entirely solvolysis
(94.49,). But in the same percentage of methanolic
dioxane, 669, of the original ester rearranged to the
isomeric ester VII, demonstrating the considerably
weaker ijonizing power of methanol vs. water.
In absolute methanol, however, the product re-
sulted exclusively from solvolysis.

TapLE II
PERCENTAGE REARRANGEMENT OF DIISOPROPYLCYCLO-
PROPYLCARBINYL H-NITROBENZOATE (IIIb) 1N SEVERAL
SoLVvENTS AT 60°

Solvent ré¢ X 100
909, aq. dioxaue 72.0
85% 60.0
80% 35.2
0% 5.6
70% meth. dioxane® 66.0
1009, methanol® 0.0
a

1009, dioxane

¢ Defined in section on Results. ?» Complete in 16 hours.

¢ Product was solely the methyl ether IIlc; complete in 12

hours reflux. ¢ No rearrangement (or solvolysis) after 3
days.

That the isomerization was not thermal but re-
quired some iomization is shown by the results in
absolute dioxane. Even after five days at 60°, no
isomerization occurred; when such a solution was
diluted to 809, aqueous dioxane, solvolysis and
isomerization proceeded smoothly, the same values
of fr being obtained as with fresh solutions (see
Table I).

Before discussing the structural influences of R
on the fraction of rearrangement, it will be in-
structive to consider briefly their effect on the
over-all rates. The relative rates, for the limited
number of structural changes studied thus far, are
indicated in Table III. Those tertiary esters with
two cyclopropyl groups are the fastest solvolyzing
aliphatic p-nitrobenzoates yet reported. Indeed
the secondary ester IVb solvolyzed as rapidly as
tri-t-butylcarbinyl p-nitrobenzoate.!* From the
series Vb, IIIb, Ib it is apparent that as isopropyl
groups were successively replaced by cyclopropyl,
the rate increased, with the second cyclopropyl group
causing a rote enhancement nearly equal to that of the
Sirst.

But the steric requirements of cyclopropyl are
very likely less than isopropyl, because the methyls
are pinned back. Inductive electron release (which
would stabilize a carbonium ion) is also consider-
ably less for cyclopropyl than for isopropyl. Quan-
titative data to this effect were obtained from the
integrated O-H absorption intensities for the cyclo-
propylcarbinols reported in this paper, together
with several reference compounds. The ¢*-value!s

(18) See R. W. Taft, Jr.,in M. 8. Newman, *'Steric Effects in Organic

Chemistry,”” John Wiley and Sons, Inc.,, New York, N. Y., 1956, pp.
605 fI.
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TaBLE I1]

RELATIVE SOLVOLYSIS RATES OF SEVERAL p-NITROBENZO-
ATES IN 809, Agueous DIOXANE, 60°

2
R;R:R;COC @NOZ:
Ry R: = Rz

Ester Rel, rate
Vb 7-Pr i-Pr 14
IVb H Cyclo-Pr 60.7
IIib  Cyclo-Pr i-Pr 246°
Ib 7-Pr Cyclo-Pr 23, 500°
ITb i-Pr 2-Me-cyclo-Pr  124,000°

& The referee raised some doubt about the suitability of
Vb as a reference standard, arguing that this ester may un-
dergo very rapid internal rearrangement on being dissolved
in a part aqueous medium, and that the ester whose solvoly-
sis rate was measured solvolyzes more slowly than authentic
Vb (see ref. 13), or that indeed what is claimed to be Vb is
actually a rearranged ester, rearrangement possibly having
occurred during the preparation or workup. That neither of
these is correct was demonstrated by two additional experi-
ments. Partial solvolysis (50%) of Vb in 809, aqueous
dioxane, followed by recovery of unsolvolyzed ester gave Vb,
identical (m.p., mixed m.p., infrared spectrum) with the
original ester, demonstrating no rearrangement during sol-
volysis. Reduction of this recovered ester with lithium alu-
minum hydride (the reaction is slow, and lithium borohy-
dride was without effect on the ester) gave triisopropylcarbi-
nol (Va), infrared spectrum identical in every detail with that
of authentic Va. Wefeel, therefore, that the reference stand-
ard is valid. ? This is the only example involving solvolysis
and rearrangement, in this solvent. The figure given is for
the total rate of ester disappearance, by both processes. A
value''of 195 is obtained from data in 709, dioxane at 60°,
where rearrangement of IIIb is negligible. ¢ Calculated for
60° from measurements at 7, 16 and 25°. ¢ Obtained from
the ratio of kim,/k1y at 7°, which was 5.26.

for the cyclopropyl group is -0.11 =+ 0.03,%°
intermediate between H (+0.49) and CH; (0.00),
and strongly electron-withdrawing when compared
with isopropyl (¢* = —0.19). If, then, the rela-
tive rates in Table III were corrected for steric and
inductive changes, both of which should decrease
the solvolysis rates, the rate increase per cyclo-
propyl group would be even greater than observed.

It seems reasonable to attribute the rate en-
hancement to stabilization of the carbonium ion by
some mechanism of electron-release from each cy-
clopropyl group attached to the carbonium carbon.
This may be expressed in terms of the hypercon-
jugative resonance structures

| |
Pp=C—<] <—— D—(|:—<] <——> D—C=4 , etc.
[55] [55] [55]

or some alternative, less clearly defined release
mechanism.?

It is significant that the ester solvolysis products
corresponded structurally in every case to the orig-
inal alcohol from which the ester had been pre-
pared, indicating that the positive charge in the in-

(19) T. L. Brown, Spectrockim. Acta, in press.

(20) H. C. Brown, O. H. Wheeler and K. Ichikawa, Tetrahedron, 1,
214 (1957), and H. C. Brown and K. Ichikawa, ibid., 1, 221 (1957),
have recently used the carbonyl group as a model for a carbonium ion
and found an excellent correlation of sodium borohydride reduction
rates with what might have been predicted on this model. Professor
Brown also found (private communication) alarge and successive dec-
rement in reduction rates as methyl groups were replaced by cyclo-
propyl groups in the series acetone, methyl cyclopropyl ketone, dicyclo-
propyl ketone. A common factor appears to be operative in the
solvolyses and reductions,
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termediate was concentrated on the tertiary (or
with IV, the secondary) carbon atom.

Two methyl substituents on the cyclopropyl
groups increased the solvolysis rates fivefold; this
would be rather large for an inductive effect trans-
mitted through saturated bonds to the tertiary car-
bon in IIb, and suggests the possibility of hyper-
conjugative release transmitted through the three-
niembered ring.

H+
CHa

7
[>—Cee=e]

|
1Pr

CHy— , ete.

Alternatively, the methyls may increase the rate
due to relief of steric crowding.

There is no direct correlation between over-all
solvolysis rates of the esters, and their tendency to
rearrange; Ib, for example, which solvolyzes at a
rate intermediate between IIIb and IIb (see Tables
III and IV) shows the least rearrangement of the
three esters in comparable solvents.

TasLE IV

PERCENTAGE RFEARRANGEMENT AS A FUNCTION OF STRUC-
TURE AND SOLVENT

Dioxane, %————u

Ester 95 90 80
Ib 8 0 0
IIb 9 0
IIIb 72 35

Rearrangement appears to be favored by bulky
groups which might hinder the approach of solvent
molecules to the ion-pair.

In a given solvent, the rate seems controlled more
by entropy than by energy changes (compare Ib,
IITb and IVb in 809 dioxane, Table I). The effects
are consistent with the ion-pair mechanism. The
important structural change in going from the di-
cyclopropylearbinyl (IVb) to the dicyclopropyliso-
propylearbinyl (Ib) ester is from a secondary to a
tertiary carbinyl group. In the latter, because of
steric requirements, the number of degrees of free-
dom is less than in the secondary ester. But in the
ion-pairs derived from each ester, charge would be
about equally dispersed (each ester has two cyclo-
propyl groups), requiring simnilar orientations of
solvent molecules. Therefore, in going from re-
actant to transition state, the tertiary ester would
experience less of a change in degrees of freedom
than the secondary ester, and would have the more
positive AS=,

On the other hand, dicyclopropylisopropylcar-
binyl (Ib) and diisopropyleyclopropylearbinyl
(IIIb) p-nitrobenzoates have roughly equivalent
steric requirements restricting atomic motions in
the ester. But in the former, the two cyclopropyl
groups permit greater charge dispersion in the transi-
tion state than in the latter (only one cyclopropyl
group). This will result not only in a lower AH*
(about 1.5 kcal.) but will also require less restric-
tion in orientation of solvent molecules; hence AS*
would be expected to be, aud is, more positive for
the ester with two cyclopropyl groups.

The energetics of Vb are worthy of further inves-
tigation. There is a large solvent effect on both
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the enthalpy and entropy of activation; both de-
creased (AHF from 30.4 to 27.2 kcal., ASF from
+6.2 to —0.6 e.n.) when the water content was
raised from 20 to 30%,. Thisis apparently a trend,
for Bartlett and Stiles!® reported AL+ = 23.5 keal,,
ASF = —9.0 e.u., for this ester in 609} aqueous di-
oxafe.

It would have been instructive to include a case
with three cyclopropyl groups in this series, to de-
termine whether the cumulative rate effect obtains.
Several attempts to prepare VIb from tricyclopro-
pylearbinol failed, possibly due to the anticipated
sensitivity of the product to moisture, and to side
reactions. The lithium alcoholate, with p-nitro-
benzoyl chloride, gave a homoallylic chloride VIII,
which also was produced from the alcohol and hy-
drochloric acid.

Vo 1L \
H,\/ﬁ-LOH T c1CHQCH2CH:C4<} |
i ¥ Uy

1,0, ! ~ ],

V1 VIII

i D}{_ COL

Its structure was proved by oxidation to dicyclo-
propyl ketone and S-chloropropionic acid, and by
reconversion to VI.

Acknowledgment.—We wish to express apprecia-
tion to the American Viscose Corporation (J.M.S.)
and the John Simon Guggenheim Memorial
Foundation (H.H.) for fellowships which facilitated
this work.

Experimental®®®

Di-(2-methylcyclopropyl) Ketone.—The procedure was
essentially the same as that used by Hart and Curtis's to
prepare dicyclopropy! ketone, v-valerolactone being used in
place of +-butyrolactone. From 600 g. (6 moles) of +~
valerolactone there was obtained 207 g. (50%) of di-(2-
methyleyclopropyl) ketone, b.p. 66° at 7 mm., »n%p 1.4602.

Anal. Caled. for CoH,O: C, 78.21; H, 10.21. Found:
C, 78.11; H, 10.39.

The 2,4-dinitrophenylhydrazone, after recrystallization
from 959, ethanol, melted at 101-102°.

Anagl. Caled. for CiyH;jN,Os: C, 56.59; H, 5.70; N,
17.60 Found: C, 56.88; H, 5.56; N, 17.53.

Cyclopropyllithium.—The procedure for the preparation
and use of this organometallic has already been described.!?
Initiation of the reaction with ethyl bromide is often helpful.

Preparation of the Alcohols.—The tertiary alcohols were
all prepared from appropriate organometallics and ketones in
the usual fashion. The reagents, yields, physical constants
and analyses are given in Table V.

Preparation of the p-Nitrobenzoates.—The p-nitrobenzo-
ates of the tertiary alcohols were prepared according to a
single procedure, of which the following for dicyclopropyliso-
propylcarbinyl p-nitrobenzoate (Ib) is typical. The lithium
salt of Ia was prepared in pentane solvent from 28 g, (4 g.
atoms) of lithium, 157 g. (2 moles) of isopropy! chloride and
220 g. (2 moles) ‘of dicyclopropy! ketone. The flask was
cooled in an ice—salt-bath and a solution of 223 g. (1.2 moles)
of p-nitrobenzoy! chloride in 1800 ml. of dry ether was added
slowly, the temperature being kept between —5 and 0°.
The mixture was stirred at 0° for 8 hours, then filtered and
the solid extracted with hot ligroin (b.p. 66-75°). The ex-
tracts were combined with the filtrate and the solvent evap-
orated in vacuo. The residue (which contained unchanged
ketone and tertiary carbinol as well as the desired ester)
was taken up in a little ligroin and crystallization induced

(20a) Analyses were performed by Clark Microanalytical I.aboratory,
Urbana, Illinois; Micro-Tech Laboratories, Skokie, Illinois, and Spang
Microanalytical T.aboratory, Anu Arbor, Micligan.
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TABLE V
PREPARATION AND PROPERTIES OF CERTAIN TERTIARY ALCOHOLS

Organo- Yield, Boiling point Carbon, % Hydrogen, %
Alcohol metallic® A °C. Mm. n%p Caled. Found Caled. Found
VI C-Li 94 88.5 10 1.4802 78.89 78.60 10.59 10.65
Ia I-Li 69 81 10 1.4648 77.87 77.72 11.76 11.56

IMgCl 67

ITa I-Li 83 67 3 1.4570 79.06 79.12 12.17 12.22
Dicyclopropylmethylearbinol ~ M-MgI 70 45 4 1.4618 76.14 75.93 11.18 10.89
IIIa C-Li 75 75 10 1.4518 76.86 77.08 12.90 13.12

¢ C = cyclopropyl; I = isopropyl; M = methyl.

The other reagent in each instance was the appropriate ketone.

TaBLE VI
MELTING POINTS, YIELDS AND ANALYSES OF SEVERAL p-NITROBENZOATES

Carbon, 9, Hydrogen, % Nitrogen, %

p-Nitrobenzoate Yield, % M.p., °C. Caled. Found Caled. Found Calced. Found

Ib 22 114-115 d. 67.30 67.27 6.98 6.81 4.62 4.49

IIb 20 73-74 d. 68.86 68.81 7.60 7.57 4.23 4.22

I1Ib 22 91-92 66.86 66.84 7.59 7.63 4.59 4.65

IVb 15 74-75 64.35 64 .59 5.79 5.79 5.36 5.48

Vb* 20 74-75 66.42 66.58 8.20 8.11 4.56 4.56
@ This ester was described recently by P. D. Bartlett and M, Stiles,!® and is included here for comparison purposes and for

completeness.

(Dry Ice). The crude ester (80 g., 229;) was freed of - a few runs and was abandoned in favor of the aliquot pro-

nitrobenzoic acid by stirring a warm ligroin solution of the
ester with activated alumina. After several recrystalliza-
tions from ligroin, there was obtained 66 g. of pure Ib.
Yields and physical constants are given in Table VI.

Dicyclopropylcarbinyl p-nitrobenzoate (IVb) was pre-
pared by the general method recently described by Brewster
and Ciotti.2! p~Nitrobenzoic acid (16.7 g., 0.1 mole) was
dissolved in 800 ml. of warm pyridine. To the cooled (room
temperature) solution 17.7 g. (0.1 mole) of benzenesulfony!
chloride was added, the whole cooled in an ice-bath and 11.2
g. (0.1 mole) of dicyclopropylcarbinol (IVa)!* was added in
one portion. After two hours with occasional shaking at
0° the mixture was poured into 1500 ml. of ice-water and
filtered immediately, yielding 4 g. (16%,) of IVb which was
recrystallized several times from low-boiling petroleum ether.
Physical constants are listed in Table VI.

Kinetic Measurements. (a) Solvents.—The dioxane was
purified by the method of Fieser.2 CO.-free distilled water
was used for making up solvent mixtures and reagents.
Methanol was distilled over magnesium methoxide. All
solutions are in weight per cent.

(b) Standardization of Reagents.—Sodium hydroxide
was made up approximately 0.01 N in aqueous dioxane of
the same composition as the solvent for the particular kin-
etic experiment. It was standardized immediately before
each run against Bureau of Standards benzoic acid using phe~
nolphthalein. If a run required more than one day, the base
was standardized each day.

(c) Procedure.—Approximately 0.01 M solutions of
ester were employed and the reaction was followed by titrat-
ing the liberated p-nitrobenzoic acid with standard sodium
hydroxide. Reactions were conducted in a constant tem-
perature bath maintained at #=0.1° of the desired tempera-
ture.

The aqueous dioxane solvent was equilibrated in the con-
stant temperature bath before each run was started. Ap-
proximately 0.001 mole of the ester was weighed accurately
into a dry 100-ml. volumetric flask. At zero time, 100 ml. of
the equilibrated solvent was pipetted into the flask contain-
ing the ester and the solution was thoroughly mixed. At
various time intervals, 5-ml. aliquots were withdrawn,
quenched by cooling (ice-salt-bath) and titrated immedi-
ately with standard base using phenolphthalein. Usually 10
to 15 points were taken for each run, at least two runs were
made for each set of conditions, and solvolyses were fol~
lowed nearly to completion.

An alternative procedure involved addition of excess base
in small increments and recording the time at which the
phenolphthalein lost its color. This method was only used in

(21) J. H. Brewster and C. J. Ciotti, Jr., Tas JourNaL, T7, 6214
(1955).

(22) L. F, Fieser, “"Experiments in Organic Chemistry,”’ second edi-
tion, D. C. Heath and Co., Boston, Mass., 1941, p. 368.

cedure, because the end-points were easier to observe. The
two methods agreed well, when applied to the same ester
under the same conditions. The rate data are summarized
in Table 1.2

Product Analysis. (a) Dicyclopropylisopropylcarbinyl p~
Nitrobenzoate (Ib).—The products of solvolysis in 80%
aqueous and 80%, methanolic dioxane were determined. A
solution of Ib (12.4 g., 0.041 mole) in 300 ml. of 809, aqueous
dioxane was maintained at 25° for 48 hours. then poured
into 700 ml. of water, made slightly alkaline with sodium
hydroxide and extracted with eight 100-ml. portions of
petroleum ether. The combined extracts were washed with
several portions of water to remove the dioxane, dried over
Drierite, and the solvent removed. Distillation of the resi~
due gave 6.0 g. (95%) of Ia, b.p. 64° at 4 mm., #%¥p
1.46435, infrared spectrum identical with that of an authen-
tic sample. Similar results were obtained in a duplicate
experiment altered only by scaling down the amounts used,
and shortening the time to six hours.

In a preliminary experiment, methanolysis of the ester in
809, methanolic dioxane at 25° gave the theoretical amount
of p-nitrobenzoic acid (titration) in 17 hours. A solution of
10 g. (0.033 mole) of Ib in 100 ml. of 809, methanolic di~
oxane was maintained at 25° for 18 hours, then worked up as
for the hydrolysis just described. There was obtained 4.5 g.
(81%,) of Ic, b.p. 61° at 4 mm., n%p 1.4566.

Anal. Caled. for C; \HyO: C, 78.51; H, 11.98. Found:
C, 78.55; H, 11.98.

The infrared spectrum, which showed an intense ether
band at 9.2 u and no absorption in the 2.7-3.0 or 5.9-6.3 u
regions, was identical with that of an authentic sample
prepared as follows. A mixture of 11.1 g. (0.072 mole) of
Ia, 150 ml. of anhydrous benzene and 2.81 g. (0.072 g. atom)
of potassium was refluxed (protected from moisture of the
air) for 72 hours. A solution of 23.4 g. (0.172 mole) of
methyl iodide in 50 ml. of benzene was added, and the mix-
ture refluxed for 20 hours, then filtered and the residue (po-
tassium iodide) rinsed with several portions of benzene. Re-
moval of the solvent and distillation gave 10.5 g. (879%) of
the desired methyl! ether.

(b) Diisopropylcyclopropylcarbiny! 4-Nitrobenzoate (IIIb).
—The nature and relative amounts of products depended on
the solvent used. (1) 709, aqueous dioxane: Refluxing a
solution of 0.2971 g. of IIIb in 100 ml. of solvent for 26
hours gave only 93.69%, of the theoretical acid titer. In an
isolation experiment, a solution of 6.42 g. of IIIb in 200 ml.
of solvent was heated at 60° for 12 hours, and worked up as
above. The residue (3.0 g.) showed both hydroxyl (2.85 u)
and carbonyl (5.8 ) in the infrared. Petroleum ether (5

(28) For more complete details, consult the doctoral thesis of J. M. S.
(ref. 3), especially the appendiz which gives the concentrations of ester,
titrant, etc.
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ml.) was added and the solution wus placed on erushed Dry
Ice, whereupon some crystals were formed (75 mg.), m.p.
46-48°. This was subsequently shown to be 4-isoprapyl-i-
uiethyl-3-hexenyl p-nitrobenzoate (VII) (vide infra). e
filtrate from these crystals yielded 2.3 g. (70%,) of I1la, b.p.
60-61° at 4 mum., #®p 1.4516, infrared identical witl an qu-
thentic sample. (2)909, aqueous dioxane: Tle ester (10.43
g., 0.0341 mole) in 250 ml. of solvent was maintained at 60°
for 48 hours, then worked up as above. There was obiained
6.4 g. (63%) of VII, m.p. 46-48°,

Anal. Cualed. for CyHuNO;: C, 66.86;
4.58. Tound: C, 66.91; 11, 7.30; N, 4.19.

From the filtrate, 0.7 g. (139,) of IIIa was isolated. (3)
Absolute methanol: A preliminary experiment showed that
the theoretical PNBA titer was obtained from a solution
which had been refluxed 12 hours. In an isolation experi-
nent, 6.57 g. (0.0215 mole) of ester in 300 ml. of absolute
methano! was refluxed for 12 hours, then worked up as
usual. There was obtained 3.2 g. (81%) of ether, presum-
ably 3-cyclopropyl-3-methoxy-2,4-dimethylpentane (I1le),
b.p. 56° at 4 min., #®p 1.4338, intense band at 8.93 u
(ether), none at 2.7-3.0 or 5.9-6.3 u.

Anal. Caled. for C,Hs0O: C, 77.58; I, 13.02.
C, 78.29; H, 13.03.

(4) 709, methanolic dioxane: A preliminary experiment
showed that after 16.25 hours at 60°, only 349 of the theo-
retical PNBA titer was obtained, and no additional acid was
liberated after 37.5 hours. In an isolation experimeut,
5.71 g. (0.0187 mole) of ester in 100 ml. of solvent was main-
tained at 60° for 36 hours, then worked up as usual. The
petroleum ether extracts were concentrated to 50 ml. and
cooled in Dry Ice. There was obtained 3.5 g. (619,) of VII,
m.p. 46-48° and, from the filtrate, 0.7 g. (229) of Illc,
infrared spectrum identical with that obtained from sol-
volysis in absoluute methanol.

Structure Proof of 4-Isopropyl-5-methyl-3-hexenyl p-
Nitrobenzoate (VII). (a) Reduction with Lithium Boro-
hydride.—A solution of 8.0 g. (0.026 mole) of the ester in 50
ml. of tetrahydrofuran was added slowly (no noticeable heat
evolved) to 2.2 g. (0.1 mole) of lithium boroliydride in 100
ml. of tetrahydrofuran, and the mixture stirred at room
temperature for 12 hours, cooled in an ice-bath, 300 1al.
of water slowly added and thie resulting mixture extracted
with several portions of ether. The ether extracts, after
drying (Drierite) and removal of tlie solvent in sacuo, left
a residue which was taken up in a little petroleum ether
and filtered, yielding 3.2 g. (81) of p-nitrobenzyl alcohol,
m.p. 91-93° (lit.* value 93°). The filtrate was distilled,
from which was obtained 3.0 g. (749%) of presumably 4-
isopropyl-5-methyl-3-hexenol, b.p. 83° at 5 mm., »%*D
1.4505 with infrared bauds at 3.0 u (broad, -OH) and 6.0 u
(weak).

Anal. Caled. for CyoHoO: C, 76.86; H, 12.90. Found:
C, 76.91; H, 12.87.

I, 7.59; N,

Found:

(24) I. Heilbrou, "'Dictionary of Organic Compoauds,** Oxbrd Unj-
versity Press, London, 1933, Vol. 3, p. 645.
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(b) Oxidation of 4-Isopropyl-5-methyl-3-hexenol.—Oxi-
dation of the lithium borohydride reduction produet (1 g.)
with neutral permanganate (4 g. in 100 ml. of water) at
roout temperature for four liours gave diisopropyl ketoue
(0.65 g.) identificd by its infrared spectriun and vapor
cliromatogram.

Attempted Preparation of Tricyclopropylcarbiny! p-Nitro-
benzoate (VIb).—Several attempts to prepare this ester
from the lithium aleoholate and p-nitrobenzoyl chloride ac-
cording to the general procedure which was successful for the
other esters (vide supra) failed over a temperature range
from —70° to refluxing pentane. Ideutifiable products
were p-nitrobenzoic acid and its anliydride, unchianged al-
cohiol, and a chlorine-containiug liquid, b.p. 82° at 3 mum.,
#%p 1.4998, shown to be 1,1-dievclopropyl-d-cliloro-1-bu-
teite (VII1), The infrared shiowed a carbon-carbon double
bond (6.06 u). The structure follows from the oxidation
produets.

Anal. Culed. for CHyCl: C, 70.37; H, 886; (I,
20.77. Found: C, 70.31; H, 8.90; Cl, 20.79.

Other attempts to prepare the desired ester from tlhe
potassium alcohiolate and p-nitrobenzoy! cliloride, from the
lithium alcoliolate and p-nitrobenzoic anhydride, and vig the
method of Brewster and Ciotti?! all failed.®

Oxidation of VIII.—A mixture of 17 g. (0.1 mole) of VIII,
31.6 g. (0.2 1nole) of potassium permanganate and 400 ml. of
water was stirred for two hours at 0° and 28 lhours at room
temperature, then filtered and the filtrate extracted with
five 70-ml. portious of ether. After drying (magnesium
sulfate) and removal of the solvent, there remained 4 g.
(40%) of dicyctopropy! ketone, b.p. 65° at 18 mm., in-
frared spectrum identical with an authentic saiple.!®

The aqueous solution (after ether extraction) was acidified
(iydrochloric acid) and again extracted as above. From
the residue tliere was isolated 3 g. (30%) of 8-chloropro-
pionic acid, m.p. 38-39° (lit.?® value 39°). Its infrared
spectruin was identical with that of an authentic sample.

Reaction of Tricyclopropylearbinol (VIa) with Hydro-
chloric Acid.—To a test-tube containing 10 ml. of ice-cold
concentrated hydrochloric acid there was added 5 g. (0.033
mole) of VIa and tlie mixture was shaken frequeutly for 30
minutes at 0°, The organic layer and etlier extracts of tlie
aqueous layer were combined, dried (potassium carbonate)
and distilled, yielding 4.5 g. (80%) of VIII, identical with
that obtained from the lithimn aleohiolate and p-nitrobenzoyl
cliloride.

Hydrolysis of 1,1-Dicyclopropyl-4-chloro-1-butene (VIII).
—A mixture of 34 g. (0.2 mole) of VIII and 200 ml. of 109,
aqueous potassium carbonate was refluxed with stirring for
24 hours. The organic layer and ether extracts of the aque-
ous layver were combined, dried (magnesium sulfate) and,
after removal of the solvent, gave 27 g. (899%,) of VIa, b.p.
71° at 4 mm., infrared spectriint identical with that of an
aunthentic sample.

{25) Reference 24, Vol. 1, p. 556.

Fasr I.anstye, Mict.
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Solvent Effects in the Solvolyses of Alkyl Bromides in Aqueous Ethanol’

By RoBERT A. CLEMENT AND MARIAN R. Ricr
Recrivep JuLy 18, 1958

The rates of solvolysis of ethyl, isopropy! and t-butyl bromides have been determined at 25.10° in aqueous ethanol con-

taining 24.1 and 1.00% by weight water.

these same alky! bromides in the sanie media at the same temperature.

Distribution coefficients have been determined for the vapor-liquid equilibria of

The results are discussed in terms of the Brénsted

rate law. A significant fraction of the kinetic solvent effect observed for each alkyl bromide is due to the different activity

of the alkyl bromide in the two media.

Introduction
The Bronsted rate law,? although fundamental
to all chiemical rate processes, has been applied only

(1) Presented at the 133rd Meeting of the American Chenticad So-
ciety, San Francisco, Calif., April, 1858.
(2) J. N. Brousted, Z. physik. Chon., 102, 164 (1022),

infrequently to organic reactions in spite of its
relevance to investigations of kinetic medium
effects. This paper is concerned with the appli-
cation of the Brénsted rate law to the kinetic
solvent effects observed in the solvolyses of ethyl,
isopropyl and ¢-butyl bromides in aqueous ethanol.



