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white powder. Analysis of this powder indicated the pres-
ence of up to 1.5%, K;CO; as an impurity. Samples that
were below this 98.59, purity level were rejected. Dimethyl
sulfoxide was dried and distilled over Linde 13X molecular
sieves. Infrared, gas chromatographic and mass spectro-
metric techniques showed the presence of only one com-
pound. The olefins used, 2-methyl-l-pentene, 2-methyl-2-
pentene, 4-methyl-l1-pentene and ¢zs- and frans-4-methyl-2-
pentene, were all API samples and contained at the most
0.5% impurity. The hydrocarbons were analyzed on a
model #154 Perkin-Elmer gas chromatograph equipped with
a 21-ft. column containing 3% squalane on firebrick, Oper-
ating conditions amenable for complete separations were at-
tained at 25° with 10 p.s.i.g. of helium pressure.

All solutions of potassium fert-butoxide in dimethyl sulf-
oxide were prepared in a mnitrogen-blanketed dry-box.
Maximum water content was 10 parts per million as de-
tected by a moisture conductivity cell. Solutions were pre-
pared to give a desired molarity and then placed in the
appropriate flask or vial fitted with an air-tight rubber cap.
The vial was then set in a constant temperature bath
(=£0.5°). Usually no more than 5-10 cc. of dimethyl sulf-
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oxide was used., Prethermostated olefin was then injected
into this base solution by means of a glass syringe after com-
plete temperature equilibration. If a nonstirred vial was
used, the olefin-dimethyl sulfoxide base solution was shaken
for a few seconds by hand and set back into the constant
temperature bath. Samples were obtained by inserting a
hypodermic syringe through the self-sealing neoprene dia-
phragm. These samples were either directly injected into
the gas chromatograph or else 0.5-cc. samples were quenched
by injection into 5 cc, of ice-water. In the latter case, a
small amount of n-pentane (0.2-0.5 cc.) was added to the
solution and the mixture shaken. The miscible water—
dimethyl sulfoxide layer was frozen out on Dry Ice. A
sample of supernatant pentane extract was then analyzed
on the gas chromatograph. Analysis by both methods gave
similar results. In certain experiments an inert hydrocarbon
was added along with the olefin to the solvent—base system
as an internal standard to determine whether the olefin was
reacting to form materials other than the isomers in ques-
tiomn.

Dielectric constants were measured at 25 = 0.5° using a
Sargeant oscillometer, model V.
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Anionic Activation of C-H Bonds in Olefins.

IV. Effect of Ring Size on Rate of

Formation of Anions from Alkylidenecycloalkanes and Cycloalkanones

By A. ScHRIESHEIM, RENE J. MULLER anD C. A. ROwE, JR.
RECEIVED JANUARY 9, 1962

The isomerization of cyclic olefins in which the starting double bond is exocyelic to the ring has been studied. A homo-
geneous catalyst system, potassium ferf-butoxide-dimethyl sulfoxide was used and the rate constants, activation energies
and entropies were obtained. It was found that the isomerization rates were a function of ring size and the following order
of reactivities holds at 55°: Cy-ring, 1070; Cs-ring, 454; Ce-ring, 1; Ci-ring, 5.8; Csring, 17. A linear free-energy relation-
ship was obtained between the isomerization rates and the rates for the base-catalyzed bromination of structurally similar
ketones. The results are interpretable on the basis of a rate-determining step involving the removal of a proton followed by
p-w-bond rehybridization to form an allylic anionic system. Stereoelectronic factors are postulated to play a key role in

establishing such a system.

Since Freund! synthesized cyclopropane in 1882,
a considerable amount of research effort has been
expended on elucidating the chemistry of small-,
common-, medium- and large-membered rings.?
The reactivities of these cyclic compounds exhibit
peculiarities which have been accounted for by
several theories. For example, in a study of the
reactivity of cyclic compounds. Brown introduced
the now well-known concept of I-strain (from
“internal”). The I-strain theory has been tested
by Brown und others and has been somewhat
modified.*—* Certain aspects have been criticized
but, on the whole, I-strain provides a correlation for
a vast amount of data. These correlations have
been recently reviewed,? and Table I summarizes
the effects of ring size on reaction rate for a number
of mechanistically different reactions.

(1) A. Freund, MWonatsh., 3, 625 (1882).

(2) Terminology is that of H. . Brown, R. 8. Fletcher and R. B.
Johannesen, J. Am. Chem. So:., T8, 212 (1951).

(3) H. C. Brown and M. Borkowski, ibid., T4, 1894 (1952).

(4) H. C. Brown, J. H. Brewster and H. Shechter, i{bid., 76, 467
(1954).

(5) B. R. Fleck, J. Org. Chem., 22, 439 (1957).

(6) H. C. Brown, zbid., 22, 439 (1937).

(7) A. C. Cope, D. Ambrose, E, Ciganek, C. F. Howell and Z.
Sacura, J. Am. Chem. Soc., 81, 3153 (1959); 82, 1750 (1960).

(8) R. B. Turner and R. H. Gorner, ibid., 80, 1424 (1958); 79, 253
(1957).

{9) For references, see the extensive review on “‘Strain and Reactiv-
ity in Monocyclia Systems,” by Yu. I. Goldfarb and I., I. Belenkii,
Russian Chem. Rev., (Uspekhi Khimii), 29, No. 4, pp. 214-235 (1960).

Several cases are known which do not follow the
above predictions.? and Roberts®~1? has presented
data showing that electrical effects in small rings
may be important.

Recently, strongly basic systems have been
developed which are capable of activating C—H
bonds in olefins at moderate temperatures.3.b.c
The system used in these studies was the base
solvent combination potassium tert-butoxide—di-
methyl sulfoxide. The postulated intermediates
are allylic carbanions and the rate-determining
step in the double bond isomerization is thought
to be the abstraction of an allylic hydrogen by
base.

! slow &

! >
>C=C—C< + B ¢ > >C=C—C< + BH~ (1)

>C—C 0 <> >C—C==C< (2)
H
BH 4+ >C—C==C< T >C—C==C< + B (3

There has not been any work reported on the
rates of base-catalyzed movement of the exo to the

(10) J. D. Roberts and V. C. Chambers, J. Am. Chem. Soc., T8, 5030
(1951),

(11) J. D. Roberts and V. C. Chambers, ibid., T8, 5034 (1951)

(12) J. D. Roberts and R, H, Mazur, 1bid., 73, 2509 (1951).

(13) (a) A. Schriesheim, ]. E. Hofmann and C. A. Rowe, Jr., ébid.,
83, 3731 (1961). (b) A, Schriesheim and C. A. Rowe, Jr., ibid., 84,
(1962). (c) A. Schriesheim and C. A. Rowe, Ir., Telrahedron Letters,
in press (1962).
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TABLE I
EFFECT oF RING SI1ZE AND MECHANISM ON REACTION RATE
Small Common Medium Large
Type of reaction 3- 4- 5- - 7- 8 to 12 13-

Sn1, SN2 and free radical Very slow Slow Fast Slow Fast Fast Medium
Addition to carbonyl group Very fast Fast Slow Fast Slow Slow Medium
TABLE II
RATE CONSTANTS AND ACTIVATION PARAMETERS FOR ALKYLIDENECYCLOALKANE ISOMERIZATIONS

Ring size 4 5 6 7 8
Temp., °C. 25 40 55 25 40 55 55 70 85 40 55 70 40 55 70
Rate constant,”

k1, sec.™1 X 108 1067 4323 9171 245 947 3898 8.6 50.3 308 14.1 30.1 247 33.9 146 390
AHF, kcal./mole 13.3 17.3 27.1 19.7 16.8
AS¥F, e —27.3 -17.0 0.7 —18.0 —25.4
E,, kcal./mole® 13.9 17.9 27.8 20.3 17 .4

b E, = AH*

¢ Calculated from & = 2.3 log Ci — Ceq./Ct — Ceq./(f2 — #) in 0.744 molar base and 1.22 molar olefin.

+ RT.

endo double bond in the alkylidene-cycloalkane
series (methylenecyclobutane, etc.). The acid-
catalyzed migration was studied by Cope, but only
equilibrium positions were determined.!* Rates
of base-catalyzed migrations would provide funda-
mental knowledge concerning the factors influencing
the activity of C—~H bonds in olefins and, in addi-
tion, would help elucidate the chemistry of these
cyclic compounds.

It is helpful to compare the relative rates of
double bond migration in the exo-olefins (I) with a
second reaction series in which the double bond
moves into the ring and where the rate-determining
step also involves the anionic activation of a-
hydrogen atoms. For this comparison, a series
of base-catalyzed brominations was carried out on
the cycloalkanones II. It is well established that

. :

B \,../ H HOON T

(CHa)y, (CHz)n/ H
I.i=1tob I,»=1t05

such base-catalyzed brominations involve formation
of the enolate ion® as the rate-determining step.
This reaction has been studied in detail hy several

(0] 0
H [ H H S
\C/C \‘C/ ) slow, rate-determining /Ck”cv
/ N\ \ - / N\ \
H (CHz)n/ H H (CHz)n/ H
.{,_ .-
B BHY
Q
H Je H 1 Br
\(:/( "\'-C . \C/C\ C/ Br,  brominated
VARN N /N N\ products
H (CHy+s H H (CHys H
+
Bl"_'
investigators with u variety of ketones,®$19

(14) A. C. Cope, et al., J, Am. Chem. Soc., 82, 1750 (1960).

(15) L. P. Hammett, ""Physical Organic Chemistry,”” McGraw—Hill
Book Co., Inc.,, New York, N. Y,, 1940, Chapter VIII,

(16) P. D. Bartlett, J. Am. Chem. Soc., 86, 967 (1934),

(17) R. P. Bell, R, D. Smith and C. A. Woodward, Proc. Roy. Soc.
(London), 192, 479 (1947).

(18) R. P. Bell, E. Gelles and E. Moller, sbid.. 188, 308 (1949).

(18) R. P. Bell and O. M. Lidwell, ihid., 176, 88 (1840).

although the cycloalkanone series presently under
study seems to have been overlooked except by
Gerow.® The latter investigator studied the acid-
catalyzed halogenation of the cycloalkanones (C,
to Cg); however, this study was concerned with
equilibrium keto-enol contents and not with rates.

Our study anticipated that a correlation between
bromination and isomerization rates would serve
as a basis for a discussion of the energy profile for
these base-catalyzed reactions. The data shows
that such a correlation does exist, and suggests that
the controlling factors in the ketone enolization and
the isomerization in the alkylidenecycloalkanes are
stereoelectronic relationships governing the ease of
allylic bond rehybridization.

Results

The base-catalyzed isomerization of the exo to
the endo compound employing potassium fert-
butoxide~dimethyl sulfoxide is first order in the
alkylidenecycloalkanes in question. In all cases,
rate data are based on less than 209, conversion.

The question of equilibrium composition is
interesting and has been investigated by Cope’
using an acid catalyst. The present investigation.
however, was not concerned with equilibrituin com-
position. Qualitatively, our results showed the
endo isomer to be the more stable, and in all cases
were in agreement with both Cope” and Turner.®

Table II shows the results of the isomerization
for each cycloalkane derivative at three tem-
peratures, Listed are the rate constants, activa-
tion energies (E;) and also AH¥F and (AS¥).

Rate measurements were conducted at a single
temperature for each olefin (55°). The values of the
rate constant and the relative rates at this temnpera-
ture are listed in Table III.

TaBLE 111

RATE CONSTANTS AND RELATIVE RATES FOR ALKYLIDENE-
CYCLOALKANE ISOMERIZATIONS

Compound Rate, sec. "t X 108 Rel. rate (Cs = 1)
C, 9171 1070
Cs 3898 454
Cs 8.6 1
C; 50.1 5.8
Cs 146.4 17

(20) A. Gerow, J. Org. Chem,, 28, 3156 (1961),
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Fig. 1.—Temperature coefficient of base-catalyzed reac-
tion rate for the isomerization of exocyclic olefins; log rate
coustant (k) vs. 1/7.

These results show a rather striking effect of
ring size on isomerization rate, with the smaller
rings being by far the most reactive. The ison-
erization rate for the six-membered ring is the
slowest of the series with that of the four-membered
ring being 1070 times as fast and the five-nembered
ring being 454 times as fast. As ring size increases
above C;4™, the rates again increase and the seven-
membered ring is about 5.8 times faster than the
cyclohexate derivative while methylenecyclose ane
is 17 times faster.

As with the straight-chained olefins (equation 1)
it is reasonable to postulate as the rate-determining
step for the isomerization of the alkylidenecyclo-
alkanes, the abstraction of a proton from an allylic
position.

2]
H_ '/H B\ HC\C/H
Ho f H HOCTOH
\/C\ ' ——— ‘. ,_..-C
b + B c— T~
SN N AR
H (CHy» H H (CHp» H

Bromination of the cycloalkanones(II) was car-
ried out as reported in the experimental section.
The rates were first order in cycloalkanone. The
results (at 0°) are shown in Table IV.

TaABLE IV

RATE CoNSTANTS AND RELATIVE RATES FOR CYCLOALKA-
NONE BROMINATIONS

Ketone Rate,s sec, 7! X 10¢ Rel. rate (Cs = 1)
C, 45.3 15.5
Cs 29.6 9.9
Cs 3.0 1.0
Cy 5.0 1.7
Cs 10.0 3.4

* Pseudo-first-order rate constant in 0.0155 molar ketone
and 0,100 molar base.

Enolization of the Cgs-ketone is slow while the
Csketone enolization rate is faster than the Cs-
ketone and both are faster than cyclohexanone.
The C;- and Cs-ketones also follow the same order
as in the alkylidene-cycloalkane series. The C;-
ketone is brominated at a faster rate than the C;-
ketone and both are faster than cyclohexanone.
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Fig. 2.—Log reaction rate for base-catalyzed isomerization
of exocyclic olefins vs. log reaction rate for base-catalyzed
ketone bromination.

The same minimum is again observed and, indeed,
a plot of the log of the relative rate of double bond
migration vs. the log of the relative rate of bromi-
nation is linear (Fig. 2). The average deviation of
the points from the line is =(.10 log unit on the
abscissa and +0.13 log unit on the ordinate. Since
the range covered is almost four powers of 10 on
the ordinate and over one power of 10 on the ab-
scissa, a typical linear {ree-energy relationship seems
to exist between the two reactions.

Discussion

The rate-determining step for base-catalyzed
ketone bromination has been shown to be forma-
tion of the enolate ion.® Base-catalyzed olefin
isomerization has been postulated to involve forma-
tion of a carbanion by proton abstraction as the
rate-determining step (eq. 1).1?

The linear free-energy relationship between the
bromination and isomerization rates strongly sug-
gests similar transition states and rate-determining
steps for the two reactions. A reasonable conclu-
sion is that the anionic isomerization of exocyclic
olefins is controlled by the rate at which the a-
hydrogen is removed by base, 1.e., by the acidity of
the a-hydrogen. Acidity, in this phraseology, is a
kinetic term and is related to the ease of proton
abstraction by the base. Factors that stabilize
the transition state relative to the ground state,
or that destabilize the ground state relative to the
transition state, will facilitate proton removal.

Corey?®! has noted that the energy of the transi-
tion state for enolization will be at a minimum
when there is maximum opportunity for bond for-
mation between the sp®—»p-orbital made available
by the leaving hydrogen and the p-orbital of the
carbonyl carbon. Because of the linear free-
energv relationship with the cycloalkanones, an
extension of this observation to the exo-endo
double bond movement in the alkylidenecyclo-
alkanes is evident. Furthermore, any factors that
lead to ease of p-w-overlap in the transition state
should increase reaction rate in both series. A
profile of the path leading to the postulated transi-
tion state is depicted below. The p-orbitals may
be considered to be either on the C=0 or the C= C
bonds.

(21) E. J. Corey, J. Am. Chem. Soc., 76, 175 (1954).
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(CHa)n =

+
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Certainly the most striking phenomenon to be
interpreted is the large exo-endo rate increase
found in the four- and five-membered rings. The
greater rate of methylenecyclopentane isomeri-
zation relative to that of methylenecyclohexane
would seem to be in accordance with Brown’s I-
strain prediction.* It is difficult, however, to
explain the rate of isomerization of methylene-
cyclobutane relative to that of methylenecyclo-
pentane using internal strain concepts. I-strain
would predict a slower rate for the four-membered
ring isomerization due to an increase in *‘strain
energy’’ brought about by formation of the carb-
anion whereas, in fact, the rate for methylene-
cyclobutane is faster.

A reasonable interpretation of the results for the
entire series can be developed on the basis that rate
is controlled by those situations that give rise to
maximum p-w-overlap of the type previously dis-
cussed. In order to form an allylic anionic system,
the rehybridizing p-bond in question has to be
coplanar with the w=-bond for maximum overlap.
The developing p-orbital in the cyclohexane deriva-
tive is formed at an angle to the exo bond and, in
order to rehybridize, a change has to occur in the
geometry of the cyclohexane system since it is
necessary for C-C bonds (a) and (b) in the figure
below to be almost coplanar with the methylene or
carbonyl group. Because this requires going from
a more perfectly staggered conformation to a less
perfectly staggered one, the change is resisted.

In the only slightly puckered C;- and practically
planar Cs-derivatives, however, less difficulty is
encountered in bond rehybridization since C-C
bonds (a) and (b) are already very nearly coplanar
with the methylene or carbonyl group. 2,28

/

® = Hydrogen

© = Carbon

It is suggested that the main factor controlling
the anionic reactions of the exo-endo double bond

(22) A. I Kitaygorodsky, Tetrghedron, 4, 183 (1960).

(23) It is quite easy to see these relationships using Dreiding
molecular models,
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movement in the alylidenecycloalkanes and enoliza-
tion in the cyclic ketones is the ease of rehybrid-
ization of the p-orbital on the «-carbon atom.
The internal energy changes (AH¥) for the C¢
and Cy-rings are markedly lower than those for the
Ce-ring, indicating that a stabilization of the transi-
tion state such as that proposed is not unreasonable.

Models show that although the a-carbon atoms
in the seven- and eight-membered rings are at
relatively large angles to the allylic ring carbons,
they are far less rigidly held than those of methyl-
enecyclohexane and therefore in a better position
to undergo the reorientation needed for p-w-bond
formation. The large differences in AH¥ between
the 6- and the 7- and 8-rings bear this out. The
high negative values of AS¥ for the seven- and
eight-membered rings relative to methylenecyclo-
hexane support the observation of a less rigid
ground state, more readily adaptable to the geo-
metric requirements for p-w-rehybridization.

Inspection of Tables III and IV shows a striking
difference in range of rates for olefin isomerization
on one hand and ketone enolization on the other.
The carbonyl oxygen in the cycloalkanones is a
far stronger acceptor of electrons than the terminal
allylic carbon in the alkylidenecycloalkanes. Be-
cause rehybridization is favored by resonance in the
ketones, the activation energy for enolization will
be lower than that for isomerization. It follows,
therefore, that the range of rates for enolization
should be smaller than that for isomerization.

Projection of Results to Similar Systems.—These
results can be projected to other systems involving
an allylic intermediate. For example, the same
type of geometrical relationships should apply to
the rehybridization that takes place during the
formation of allylic cations and radicals. It is
proposed, therefore, that anionic, cationic and radi-
cal reactions, involving «-substituents on com-
pounds such as III, which proceed through an
allylic transition state (as shown) will have com-
parable relative rates.

C=X CzX
(CHy),, —(CHy),, : A+YB — product
C—H C
; N
I1I

X' = exocyclic substituent as C or O
Y == substituent on ring (Br, H, etc.)
A and B == positive-negative charge or radical
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Experimental

Kinetic Procedure.—A dimethyl sulfoxide solution 0.744
molar in potassium fert-butoxide was prepared in a nitrogen-
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blanketed dry-box, equipped with a moisture conductivity
cell. The solution was injected with a hypodermic syringe
into a small vial, capped with a self-sealing neoprene stopper.
The vial was preheated in a Fisher constant temperature
bath (%0.5°) and prethermostated olefin (1.22 molar) was
injected into the base—solvent mixture.

The vial was removed from the bath momentarily and
shaken two or three times by hand to promote mixing. The
homogeneous mixture was sampled periodically by with-
drawing aliquots with a hypodermic syringe. To stop the
reaction, the aliquot was injected into a bottle containing
ice-water as well as a small amount of extraction agent
(n-pentane for methylenecyclohexane, methylenecyclohep-
tane and inethylenecyvclodctane isomnierizations; 7so-pentane
for methylenecyclobutane and methylenecyclopentane isom-
crizations). The bottle was shaken and ennled to freeze the
water—dimethvl sulfoxide mixture.

The supernatant pentane extract was analyzed on a Model
154 Perkin-Elmer gas chromatograph employing the follow-
ing columns, temperatures and pressures. Methylenecyclo-
butane: DC-200, 59°, 15 p.s.i.; methylenecyclopentane:
silver nitrate-diethylene glycol, 30°, 15 p.s.i.; methylene-
cyclohexane: 39, squalene on firebrick, 33°,25 p.s.i.; methyl-
enecycloheptane: silver nitrate—diethylene glycol, 30°, 15
p.s.i.; methylenecyclobctane: silver nitrate—diethylene
glycol, 30°, 15 p.s.i. Two runs were made for each olefin.
Kinetic data were reproducible to 3=59%,.

The experimental procedure outlined by Bartlett® was
followed in the ketone brominations. One hundred cc. of a
0.1000 N standard sodium hydroxide solution, 100 cc. of
distilled water, and 10 cc. of a 0.01556 M aqueous solution of
the ketone were placed in a 250-cc. glass-stoppered flask and
cooled to 0° (#£0.5°). Ten cc. of separately cooled 0.0398
M bromine water was pipetted into the base-water-ketone
solution to initiate the reaction. Aliquots of 25 cc. of the
reacting solution were withdrawn periodically and added to
5 cc. of 0.3 M acetic acid solution containing an excess of
solid sodium iodide, added just before the sample. The
liberated iodine was titrated with thiosulphate. At least
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three runs were made for each ketone. Kinetic data were
reproducible to =29,

Materials.—Potassium fert-butoxide was obtained from
Mine Safety Appliance Co. This material was received as
the sublimed, white powder. Analysis showed it to be above
98.59%, pure, with K;COQOj as the major impurity. Dimethyl
sulfoxide was dried and distilled over 13X molecular sieves
(Linde). Infrared and mass spectrometric analysis showed
it to be of high purity with little, if any, water. Gas chro-
matographic analysis indicated only one compound.

Methylenecyvclobutane was obtained from Aldrich and
purified by preparative gas chromatography. The resultant
material was checked against a sample supplied by Professor
R. B. Turner of Rice University. Methvlenecyclopentane
was obtained as an API standard. Methvlenecyclohexane
was obtained from Columbia Organic Chemicals Co. and
checked against an API standard. Both methylenecyclo-
heptane and methylenecycloSctane were prepared from their
respective ketones by the Wittig reaction in rather low, ca. 5~
109, overall yields. These materials were purified by pre-
parative gas chromatography and characterized by infrared
and n.m.r. techniques. In addition, the methylenecyclo-
heptane was checked against an authentic sample supplied
by Professor Turner. In all cases, the isomers showed only
one peak on the gas chromatograph.

The endo-olefins 1-methylcyclobutene and 1-methylcyclo-
heptene were supplied as reference samples by Professor
Turner. The l-methylcyclopentene and 1-methylcyclohex-
ene were API reference samples. 1-Methylcyclodctene was
identified by retention time on the gas chromatograph from
the isomerization of methylenecyvclodctane.,

Cyclobutanone was obtained from Aldrich and was puri-
tied by preparative gas chromatography. An infrared spec-
trum of the resultant compound was checked against the re-
ported spectrum. Cyclopentanone, cyclohexanone, cyclo-
heptanone and cvclodctanone were purchased from Columbia
Organic Chemicals Co. These were dried over 13X molec-
ular sieves (Linde) and distilled to give a material that, in
eachinstance,showed onlyone peakon the gaschromatograph.
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The Synthesis and Stability of Some Cyclopropenyl Cations with Alkyl Substituents!

By RonaLp Brestow, HERMANN HOVER AND Hat WoN CHANG
REecCEIVED MARCH 7, 1962

The dipropylcyclopropenyl cationt and the tripropylcyclopropenyl cation have been synthesized.

Comparison of their

pK’s shows that the alkyl groups have a considerable effect on the stability of the cyclopropenyl cation, and this is con-

firmed by a comparison of the pK'’s of diphenylcyclopropenyl cation and propyldiphenylcyclopropenyl cation.

The stabili-

zation by propyl groups is even larger than that by phenyls, and this suggests that the alkyl effect is largely inductive,

rather than hyperconjugative.

N.m.r. studies reinforce this interpretation.

By extrapolation the pK of unsubstituted

cvclopropenyl cation can be estimated; the relationship between this estimate and the aromaticity of cvclopropenyl cation

is discussed.

I. Introduction.—A number of aryl derivatives
of the cyclopropenyl cation have recently been
synthesized. The first such species, triphenyl-
cyclopropenyl cation,?® was found to be a stable
carbonium ion, with pKr- 3.1, and subsequently
salts of the diphenylcyclopropenyl cation? and of a
series of p-methoxytriphenylcyclopropenyl cations?
have been prepared.

The pKr+'s of these cations also have been
determined, and the results can be correlated moder-

(1) This work was supported by grants from the National Science
FFoundation, the Petroleum Research Fund and the Sloan Foundation.
A preliminary report of some of this work was presented at the 17th
National Organic Symposium, Bloomlngton, Ind., 1961, and by R.
Breslow and H. Héver, J. Am. Chem. Soc., 82, 2644 (1960).

(2) R. Breslow, ibid., 79, 5318 (1957); R. Breslow and C. Yuan,
ibid., 80, 5991 (1938).

(3) R. Breslow and H. W. Chang, ibid., 88, 2387 (1961).

(4) R. Breslow, J. Lockhart and H. W, Chang, ¢bid., 88, 2375
(1061).

ately well with the predictions of molecular orbital
calculations.®*  Furthermore, both diphenylcy-
clopropenone® and dipropyleyclopropenone® have
been synthesized. These ketones, and particularly
their salts, may be considered to be derivatives of
the cyclopropenyl cation as well.
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