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The equilibrium compositions for solutions of potassium enolates derived from several acyclic (2-6) and ali-
cyclic (7 and 8) unsymmetrical ketones have been determined. The reactions of enolate mixtures from ketones
2, 4, 5, and 7 with methyl iodide to form ketones 9 to 20 have been investigated. The related enol acetates 26
to 41 and enol ethers 44 to 53 have been prepared and the positions of their acid-catalyzed equilibria have been
measured. Generalizations regarding the composition and reactions of enolate mixtures derived from unsym-

metrical ketones are discussed.

Although a variety of useful synthetic reactions in-
volve the preparation and subsequent reaction of eno-
late anions, there is remarkably little information
available dealing with the effect of structure on the
stability of such ions.? In particular, there are no
direct measurements of the equilibrium concentration
of the isomeric enolate ions derived from unsymmetrical
ketones even though arguments based on presumed
equilibrium enolate concentrations are often employed
to rationalize product compositions.? The purpose of
the study reported here was to develop methods which
could be used to measure equilibrium concentrations
of solutions of enolate anions derived from unsym-
metrical ketones. In subsequent papers of the series
we will examine in more detail how changes in reaction
conditions alter the equilibrium concentration of
enolate ions and what relationships exist between
equilibrium enolate concentrations and the composition
of products derived from further reactions of enolate
ions.

For the majority of the studies reported here solu-
tions of the enolate ions were prepared by reaction of
the ketone with triphenylmethylpotassium?* in 1,2-
dimethoxyethane.? The addition of ketones to this
base—solvent system until the red color of the triphenyl-
methyl anion was just discharged permitted us to ef-
fect essentially complete conversion of the ketone to a
solution of its enolate anions. To ensure that equili-
bration was achieved among the various enolate anions
produced in this way, a mixture of the ketone 3 and its
pentadeuterated derivative 3d was converted to a solu-
tion of its potassium enolates and then quenched in
aqueous acetic acid under conditions which would not
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remove hydrogen (or deuterium) bonded to the a-
carbon atom of the ketone 3. Analysis of the recovered
ketone by mass spectrometry (eq. 1) demonstrated
that equilibration of the a-hydrogen and a-deuterium
atoms was complete in 15 min. or less. A compa-
rable control experiment was performed with 2-methyl-
cyclohexanone (7) and its trideuterated derivative.
A study of the composition of the enolate anions
derived from most unsymmetrical ketones involves
the determination of the concentration of both struc-
tural isomers and stereoisomers. For example, the
ketone 5 can yield (Chart I) the three isomeric enolates
A, B, and C, two of which (A and B) form the same
product (e.g. 5A) upon further reaction at carbon.
It is nonetheless appropriate to consider stereoisomerie
enolates A and B as separate entities since the energy
barrier separating the two stereoisomers must be ap-
preciable. Equation 2 illustrates the fact that during
this interconversion the carbonyl =-orbital and car-
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banion p-orbital lie at right angles (as in F) and electron
delocalization is no longer possible.®

The first method utilized to measure enolate concen-
trations consisted of quenching an aliquot of the solution
of enolates A, B, and C in a deuterioacetic acid—deu-
terium oxide mixture (Chart I) followed by isolation of
the mixture of monodeuterated ketones SA and 5C.
The composition of the mixture of monodeuterated
ketones 5A and 5C was determined by mass spectrom-
etry taking advantage of the fact that two of the
intense fragment peaks in the mass spectra of dialkyl
ketones arise from the acylonium ions {e.g., {CHas)s-
CH-C=0% and CH;CH,C=0® from the ketone 5].7
The concentration of deuterioacetic acid in the quench-
ing bath was such that the final pH of the mixture after
quenching was in the range of 5 to 6. Appropriate
control experiments demonstrated that under the con-
ditions used for quenching none of the ketones under-
went exchange of hydrogen (or deuterium) bound to
carbon. It is very probable that the quenching pro-
cedure employed results in rapid and reversible addi-
tion of a deuteron to the oxygen atom of the enolate to
form an enol (e.g., A = G) as well as the slower, non-
reversible {under the experimental conditions employed)
addition to the carbon atom to form a ketone (eg.,
A — 5A)3 The fate of this enol (i.e., G from A or
comparable structures from B and C, Chart II) may
be to return to the enolate A, to undergo a termolecular
conversion (as in H) to the ketone 5A or react with a
deuteron to form the conjugate acid I of the ketone
SA.® This last reaction path could, in principle,

(6) (a) From the estimated pKa values for acetone (~20) and methane
( ~40), one may calculate the maximum delocalization energy to be about
27 kcal./mole [¢f. H. E. Zimmerman, L. Singer, and B. S. Thyagarajan, J.
Am. Chem. Soc., 81, 108 (1959)]. The actual value must be somewhat
lower since this estimate ignores the inductive effect of the carbonyl func-
tion. (b) An analogous energy barrier to rotation in allylic radicals has been
demonstrated by C. Walling and W. Thaler, ibid., 88, 3877 (1961).

(7) See K. Bieman, ‘“Mass Spectrometry, Organic Chemical Applications,”
MeGraw-Hill Book Co., Ine., New York, N. Y., 1962, for discussion and
leading references.

(8) Cf. (a) 8. K. Malhotra and H. J. Ringold, J. Am. Chem. Soc., 88,
1538 (1963): (b) H. J. Ringold and 8. K. Malhotra, tbid., 84, 3402 (1962).
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result in the isomerization of the enol G to two new
enols J and K. However, it will be noted that such an
isomerization would lead to the dideuterated ketones
L and M. The efficiency of our quenching conditions
also had to be questioned since one could argue that
enolate A reacts with a deuteron more rapidly than
enolate C and a subsequent exchange occurs as illus-
trated in Chart III. However, it will be noted that
any such exchange will lead to a dideuterated ketone.
The fact that in all cases, except for the quenching of a
solution of the sodium enolates of ketone 2 in dimethyl
sulfoxide, the recovered ketones contained no signifi-
cant amount of dideuterated species allowed us to be
confident that the proportions of monodeuterated
ketones obtained (e.g., SA and 5C) provided a measure
of the equilibrium concentration of the enolates. It
will be noted that this method only provides information
about the sum of the concentrations of the stereoiso-
meric enolates A and B relative to the concentration of
the structurally isomeric enolate C.

The second method used to measure composition of
enolate solutions consisted of adding solutions of the
enolates to an excess of acetic anhydride to form a mix-
ture of enol acetates (Chart IV). This mixture was
analyzed by gas chromatography. In all cases the
enol acetate mixture (e.g., 32, 33, and 34) was the major
product (yields, 57-819%), the other major component
present in the product mixtures being the starting
ketone (recovery, 6-269,). Although minor amounts
of C-acetylated products (i.e., 1,3-dicarbonyl com-
pounds) may have been produced, we have no evidence
for their presence. Apart from its pertinence to this
study, this observation has intrinsic interest in view of

CHaArT IV
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(9) (a) J. Hine, ""Physical Organic Chemistry,” McGraw-Hill Book Co.,
New York, N. Y., 1956, pp. 198-199; (b) E. 8. Gould, *“Mechanism and
Structure in Organic Chemistry,” Holt, Rinehart and Winston, New York,
N.Y., 1959, pp. 374-375.
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EquirisriuM PosITioNs FOR THE PoTassiuM ENOLATES (1N 1,2-DIMETHOXYETHANE), THE ENOL ACETATES, AND THE ENoL ETHERS

Ketone (enolate equilibrium position
from deuterium quenching indicated as

%, in parentheses)?®

(42) (58)
n—Bu—CHz—-CO—-C Hs

(18) (82)
1-Pr—CH,—CO—CH;

(>98) (<2)
Ph—CH,—CO—CH;,
4

(10) (90)
Me,CH—CO—CH,—Me

(3) (97)
Et,CH—CO—CH,—Et

Me?

e The values listed are averages of two or more determinations.
b The values for the enolate acetylations are averages of two or more values.

n-Bu R
C=C
/ AN
H CH,
R = 0°(39)
27, R = OAc (69)
1-Pr R
AN /
ST
H CH;,
R = 0°(18)

30, R = OAc (73)

MeZC=CIJ—CH2Me
R
R = 0°(12)

46, R = OEt (55)
34, R = OAc (55)

EtzC=F—CHzEt
R

R = 0°(3)
49, R = OEt (18)
37, R = OAc (61)
R

H Me
R = 0° (~35)
50, R = OEt (51)
38, R = OAc’ 75

R

R = 0°(30)

52, R = OEt (50)
40, R = OAc (2)

Equilibrium for enolates (enolate acetylation procedure),
enol ethers, and enol acetates indicated as % in parentheses

n-Bu CHa
7

R =0°(7)
29, R = OAc (22)

MEQCH H
/
C=C
/ N
R Me
R = 0°(74)

45, R = OEt (32)
33, R = OAc (42)

Et,CH H
AN /

C=C
/ AN
R Et
R = 0°(49)
48, R = OEt (72)
36, R = OAc (35)

——

b

n—Bu——CH2—|C=CH2
R

R = 0°(51)
28, R = OAc (3)

i'Pr*_CHz—'(‘jchg
R

R = 0°(75)
31, R = OAc (5)

Me,CH Me
AN /
C=C
/ AN
R H
R = 0°(14)

44, R = OEt (13)
32, R = OAc (3)

Etch\ /Et
C=C
/ AN
R H
R = 0°(48)
47, R = OEt (10)
35, R = OAc (4)
R
Me
R = 0® (~65)
S1, R = OEt (49)
39 R = OAc (>95)

R
o~
R = 0°(70)

53, R = OEt (50)
41, R = OAc (98)

Unless otherwise noted, the average deviations did not exceed 2%.
Unless otherwise noted the average deviations did not

exceed 29. The values for the enol ethers and acetates were obtained by heating mixtures of the enol acetates or enol ethers of varying

composition with p-toluenesulfonic acid to 100° until the composition of the enol acetate or enol ether mixture became constant.

¢ Since

these enol acetates were not resolved by gas chromatography, it was necessary to estimate the composition of the mixture from its n.m.r.

gpectrum. ¢ No deuterium quenching experiments were run with this ketone.

Experimental.

several reports®® that 1,3-dicarbonyl compounds may be
synthesized by reaction of enolates with acid chlorides
In view of our results, it is clear
that even the enolates of simple unhindered Fketones
(and presumably acid

or acid anhydrides.

react with acid anhydrides

chlorides) fo give primarily O-acylated products (cf.

ref. 3b).

The formation of C-acylated products must

(10) (a) C. R. Hauser, F. W. Swamer, and J. L. Adams, Org. Reactions,
8, 59 (1954); (b) B. O. Linn and C. R. Hauser, J. Am. Chem. Soc., 78,

6066 (1956).

¢ These structural assignments are tentative. See

then result from reaction of the initially formed enol
esters with excess of enolate which is employed.!
In our studies where the acid anhydride was present in
large excess this subsequent reaction of the enol ester
with excess enolate anion was not possible.

Since there is no a priori reason to expect the reaction
rate for each enolate (e.g., A, B, and C) with acetic
anhydride to be the same and reactions other than O-
acylation (e.g., proton transfer from acetic anhydride
to the enolate) are possible, the question arises whether
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it is correct to assume that the relative quantities of
enol acetates (e.g., 32, 33, and 34) produced are a meas-
ure of the relative concentrations of enolates. Rather
compelling evidence that such an assumption is
essentially correct may be derived from comparing
(Table 1) the position of equilibrium determined by
this enolate acetylation procedure with the correspond-
ing results from the previously described deuterium
quenching experiments. The maximum difference
between the two values for the acyclic ketones studied
was 89%.

For the one cyclic ketone 7 where the equilibrium
position was determined by both methods, the differ-
ence between the two values was 139,. We believe it is
significant that the direction of this deviation was
always such that the enolate acetylation procedure indi-
cated a higher equilibrium concentration of the more
highly substituted enolate. It seems probable that this
deviation represents the error which is inherent in the
enolate acetylation procedure because each enolate
reacts with acetic anhydride either to transfer a proton
or to form the enol acetate as is illustrated for enolates
A and C in Chart V. As has been noted elsewhere,®®
it is very probable that k,’ > kg'. Consequently, the
enolate acetylation procedure should yield an enol ace-
tate mixture containing a percentage of the more highly
substituted enol acetate which is slightly greater than
the percentage of the corresponding enolate in the equi-
librium mixture of enolates. We, therefore, believe
that the procedure offers a reasonable estimate of the
position of the various enolate equilibria and offers the
advantage of measuring the relative quantities of stereo-
isomeric enolates such as A and B.

The results of applying these methods to solutions in
1,2-dimethoxyethane of the potassium enolates from
the ketones 2 to 8 are summarized in Table 1. Also
included in this table are the values obtained by the
acid-catalyzed equilibration of the corresponding enol
acetates and of the ethyl enol ethers derived from
ketones 5, 6, 7, and 8. We were unable to obtain data
for the enol ethers derived from the methyl ketone 2
and the data for the enol ethers of ketone 6 are ques-
tionable because of the tendency of these materials to
dimerize or polymerize in the presence of acids.

In order to analyze the mixtures of monodeuterated
ketones 54 and 55 derived from the enolates of 2-
methyleyclohexanone (7), it was necessary to prepare
pure samples of each of these ketones. The prepara-
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tive procedures employed, the hydrolysis of the enol
ethers 50 and 51 with a mixture of methanol-d; and
deuterium oxide in the presence of a buffer, would
appear to be generally applicable to the synthesis of
specifically labeled a-deuterio ketones. Interestingly,
although the C-D infrared stretching frequencies (see
Experimental) of the ketone 54 suggest that the deu-
terium atom occupies an axial position as expected,
the corresponding peaks in the spectrum of ketone 55
suggest that the deuterium atom occupies both equa-
torial and axial positions.!'!2

OEt 0
H Me H. Me
D,O
H —————> H D
51 54
OEt 0
H M
€ D,0 D Me
H —— H H
50 55

Some preliminary results of studies of the effects of
changing the cation on the equilibrium position of the
enolates from the ketones 2, 3, and 5 are summarized in
Table II along with the effects of changing the solvent

TasLE 11
THE EFFECT OF THE CATION ON THE PosITION oF ENOLATE
EquiLiBria
Ketone Cation Solvent —Position of equilibrium, %
5 Me:CH—C=CH—Me Me:C=C—CH:Me
0°e oe
K DME® 90 10
Na DME 82 18
Li DME 98 2
Na  DMSO? 90 10
3 i-PrCHy—C=CH, i-Pr—CH=C—CH,
|
0® (004
K DME 82 18
Na DMSO 67 33
2 n-Bu—CHy—C=CH: n-Bu—CH=C—CH;
oe 0e
K DME 58 42
Li DME 88 12
Na DMSO 30° 70°

¢ 1,2-Dimethoxyethane. ° Dimethyl sulfoxide. ° Since the
ketone recovered from this quenching experiment contained 79,
dz and 39 ds, the validity of these results is open to question.

from 1,2-dimethoxyethane to dimethyl sulfoxide. As
has been noted in Table II, the data for the ketone 2
in dimethy! sulfoxide are of only qualitative value be-
cause of the formation of significant quantities (79 d.
and 3% d;) of polydeuterated ketones during the
quenching. An appropriate control experiment with
mixture of the ketone 2 and its pentadeuterated

(11) For a discussion of C-D infrared stretching frequencies in rigid
cyclohexane systems, see E. J. Corey, M. G. Howell, A. Boston, R. L. Young,
and R. A. Sneen, J. Am. Chem. Soc., 718, 5036 (1956).

(12)(a) For a discussion of the kinetically controlied protonation of
enols, see H. E. Zimmerman in P. de Mayo, ‘“Molecular Rearrangements,’’
Vol. I, Interscience Publishers, New York, N. Y., 1963, pp. 345-372; (b)
the formation (or hydrolysis) of enol ethers under the conditions employed
here involving an addition—elimination sequence, see K. B. Wiberg and
K. A. Saegebarth [J. Org. Chem., 28, 832 (1960)] and S. Sarel, E. Breuer,
and J. S, Menahem [J. Chem. Soc., 66 (1963)].
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derivative demonstrated that equilibration of a solution
of the lithium enolates in 1,2-dimethoxyethane, al-
though slower than equilibration of the potassium
enolates, was essentially complete in 1 hr. at room
temperature.

From our data, it is clear that even an a-phenyl
substituent (as in 4) will provide sufficient additional
stabilization to control the direction of enolate forma-
tion in an unsymmetrical ketone. The results of
product studies with enolates derived from g, y(or
enolizable «,8)-unsaturated ketones®®!3 suggest that
an o-vinyl substituent behaves similarly. Both pK,
measurements? and a vast number of preparative
experiments attest to the fact that carbonyl functions,
nitro groups, cyano groups, and sulfone groups sub-
stituted at the alpha position of a ketone will control
the direction of enolate formation. Thus, the general-
ization that a ketone possessing a phenyl group, a
vinyl group, a carbonyl function, a nitrile group, ete.
as an a-substituent will yield predominately an enolate
whose carbon—carbon double bond is adjacent to this
a-substituent is on firm ground.

For unsymmetrical ketones which have only alkyl
groups as a-substituents, the following generalizations
appear warranted for the sodium or potassium enolates
in 1,2-dimethoxyethane solution: (1) acyclic ketones
of the type R:CHCOCH;R (e.g., 5 and 6) form the less

0°e

!

[
highly substituted enolate R,CHC=CHR as the predom-
inate structural isomer in the equilibriumm mixture;
(2) ketones of the type RCH;COCH; form approxi-
mately equal amounts of the structurally isomeric
enolates if R is an unbranched alkyl group (e.g., 2)
and form predominately the less highly substituted
0°

I
enolate RCH,;C=CH, if R is a branched alkyl group
(e.g., 3); (3) cyclic ketones (e.g., 7 and 8) afforded ap-
proximately equal amounts of the structural isomeric

enolates; (4) where stereoisomeric enolates of types
R\ /R’ R\ /09
C=C and C=C
/ AN 7 ~N
H (04 H R’

are possible (e.g., 2, 3, 5, and 6), the latter structure will
predominate. Since the energy differences between
many of the enolates studied are small (1 keal./mole or
less), appreciable changes in the position of the enolate
equilibria are observed by changing the cation or
solvent (Table II) or by making relatively small
changes in the steric bulk of alkyl substituents (¢f. 2
and 3). In view of these small differences the pre-
viously mentioned dominant effect of «-phenyl and a-
vinyl substituents in controlling the direction of enolate
formation is not surprising. Our preliminary results
(Table II) on cation and solvent effects suggest that
changing the cation from sodium or potassium to lith-
ium will favor the less highly substituted enolate where-
as changing the solvent from the relatively nonpolar
1,2-dimethoxyethane to the polar dimethyl sulfoxide
will favor the more highly substituted enolate.!4

(18) For examples, see (a) C. Djerassi, J. Osiecki, and E. J. Eisenbraun,
J. Am. Chem. Soc., 83, 4433 (1961); (b) H. J. Ringold and S. K. Malhotra,
Tetrahedron Letters, No. 18, 669 (1962); (¢) J. M. Conia and A. Sandre-Le
Craz, itbid., No. 18, 505 (1962).
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Thus, our results are not in agreement with the earlier
general suggestion® that the more highly substituted
enolate will be more stable. It should be noted that
the anions derived from aliphatic nitro compounds do
appear to be stabilized by alkyl substitution.2e.3¢.15
Comparison of the positions of enolate and enol
acetate equilibria (Table I) reveals that the relative
stability of the more highly substituted enolate is
always less than the relative stability of the correspond-
ing more highly substituted enol acetate. A similar
trend is seen when the cyclic enol ethers and enol ace-
tates derived from ketones 7 and 8 are compared. We
believe this tendency of enolates and enol ethers to
favor the less highly substituted carbon—carbon double
bond isomer when compared with the corresponding
enol acetates is the result of at least two factors. Both
the equilibrium positions of the various geometrical
isomers listed in Table I and conformational free
energy differences'® suggest that an acetoxyl group has
less steric bulk than an ethoxyl group and an alkoxide
ion (with whatever atoms or molecules are associated
with it in solution). Consequently, steric repulsion
between the cis-alkyl group and the alkoxy group (or
alkoxide ion) in the trisubstituted enol derivative
should be greater than the corresponding repulsion
between the alkyl group and the acetoxyl group.
The enhanced preference for the less highly substituted
enolate in equilibrium mixtures involving lithium
enolates (see 2 and 5 in Table IT) presumably reflects
the fact that lithium salts have more covalent character
than potassium salts'” and, consequently, the alkoxide
ion and the closely associated and solvated lithium cat-
ion is sterically more bulky than the analogous struc-
ture with a potassium cation. A second factor which
may be important in the effect of alkyl substituents on
enolate equilibria is based on delocalization of the type
illustrated in structures N, O, and P which should be
more extensive for enolates N and enol ethers O than

\C= \C=C/ \C=C/

/ AN / AN / AN
04 Et—O CH,COO
>c—(e>/ >c—ec/ >c-(°3/
g . N Bof O omco—of O

(14) Cf. G. Stork, P. Rosen, and N. L. Goldman, J. Am. Chem. Soc.,
88, 207 (1963).

(15) H. Schechter, P. W. K. Flanagan, H. Stone, J. G. Troynkam, and
F. T. Williams, Jr., Abstracts of Papers, 136th National Meeting of the
American Chemical Society, Atlantic City, N. J., September, 1959, p. 33P.

(16) The A values for an acetoxyl group and an ethoxyl group are 0.4—
0.7 and 1.0 keal./mole respectively. E. L. Eliel, “Stereochemistry of Car-
bon Compounds,” McGraw-Hill Book Co., Inc., New York, N. Y, 1962
p. 236.

(17) In other studies ethereal solutions of lithium enolates have been
found to be substantially less reactive than the corresponding potassium
enolates. See H. D. Zook and W. L. Gumby, J. Am. Chem. Soc., 83, 1386
(1960). Also, organopotassium compounds are reported to be stronger
bases than organosodium and organolithium compounds. See W. I. O'Sulli~
van, F. W. Swamer, W. J. Humphlett, and C. R. Hauser, J. Org. Chem.,
26, 2306 (1961).

(18) The n.m.r. spectra of simpler enol ethers [J. Feeny, A. Ledwith,
and L. H. Sutcliffe, J. Chem. Soc., 2021 (1962)] have suggested that this
type of delocalization makes a significant contribution. Comparison of the
enol ethers and enol acetates prepared in this study reveals that the §-vinyl
proton resonance of the enol ethers occurs at 0.40 to' 1.12 p.p.m. {average
0.67 p.p.m.) higher field than the 8-vinyl proton resonance of the corre-
sponding enol acetate which is consistent with the idea that there is a higher
electron density at the 8-carbon atom of the enol ethers.
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for enol acetates P. Since the electron-donating induc-
tive effect of alkyl groups at the 8-carbon atom should
oppose this delocalization, the expected result is for
trisubstituted enolates and enol ethers to be less stable
than the corresponding enol acetates.

To obtain crude estimates of relative rates of proton
extraction, the ketones 2, 5, and 7 were each allowed to
exchange their a-hydrogen atoms for deuterium ina
solution containing sodium carbonate in a methanol-
di—deuterium oxide mixture. Aliquots of these solu-
tions were quenched after various periods of time and
the recovered ketones were analyzed by mass spectrom-
etry. From the data obtained in this way we are
able to estimate that in an aqueous methanol medium
the rate of proton removal from C-4 of 2-methyl-3-
pentanone (5) is approximately twenty times as fast
as the rate of proton removal from C-2. Similarly,
for 2-heptanone (2) the rate of proton removal at C-1
is approximately four times as rapid as at C-3 and for
2-methyleyclohexanone (7) the rate of proton removal
at C-6 is approximately equal to the rate of proton
removal at C-2. These results are consistent with
expectations based on conformational grounds if one

H excess
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more detailed studies concerning the rates of abstrac-
tion of an a-proton from symmetrical ketones or ke-
tones which enolize in only one direction and analogous
studies of hydrocarbons.*

Hy Et 0
CH;, H
Me™™"
0 H Me
56 57

Finally the reactions of methyl iodide with the
enolate mixtures derived from ketones 2, 4, 5, and 7
were examined. The reaction with the enolates of
ketones 2, 4, and 5 was carried out by adding solutions
of the enolates in 1,2-dimethoxyethane to a large excess
of methyl iodide in order to minimize di- and trialkyl-
ation. The results are indicated in the set of accom-
panying equations where both the composition of a
typical product mixture and the average composition of
the monoalkylated product from two or more runs are
indicated. It will be noted that dialkylation was a
serious side reaction with the ketone 2 in spite of the

e e et———n. Mel
MeC == C == CHMe —> Me:CH—CO—CHMe; + MesC—CO—CH:Me +

\

0° 9 (93%) 11 (7%)

Ke -
85% :
Me,CH—CO—CH:Me + 99, dialkylated product(s)
5(6%)
H excess
e Mel
Me,C = lc T\I gHMe——> 9 (85%) + 11 (15%) + 5(12%)

a

0e 88%
H excess Me

e ——— eet—— Mel |
n-Bu—CH = C = CH, —> n-Bu—CH:—CO—CH;Me + n-Bu—CH—CO—CH; +

0O® K® 10 (36 &= 10%)

12 (64 = 10%)

55%

H excess

n-Bu—CH,COCH, + 22%, dialkylated product(s)
2 (20%)

e e e, Mel
n-Bu—CH == C == CH, —> 10 (79%) + 12 (21%) + 2 (25%) + 239, dialkylated product(s)

!
0° Li® 52%

H excess Me

I Mel |
Ph—CH = C === CH, —e> Ph—CH—CO—CH; + Ph—CH,—COCH;Me +

l
0° Ke 15 (>99%)

14 (<1%)

93%

recalls that the formation of the enolate anion by an
energetically favorable pathway requires the orienta-
tion of the C—H bond being broken perpendicular to the
plane of the carbonyl group.!?® For 2-methylcyclo-
hexanone (7), which presumably exists mainly in the
conformation 56, there should be little preference for
the removal of the axial proton at C-2 rather than the
axial proton at C-6. For acyclic ketones such as 2-
methyl-3-pentanone (5), the conformation 57 necessary
for the removal of a proton at C-2 is definitely not
favorable with respect to other conformations which are
possible. Our results are in general agreement with

Ph—CH;—CO—CH; + 3% or less of dialkylated product(s)
4 (4%)

precautions taken and, as a result, the composition of
the monoalkylated product varied substantially from
one run to another presumably because the rates of
further proton abstraction from 10 and 12 are not the

(19) (a) A. K. Mills and A. E. W. Smith, Hely. Chim. Acta, 48, 1915
(1960); (b) D. J. Cram, B. Rickborn, C. A. Kingsbury, and P. Haberfield,
J. Am. Chem. Soc., 88, 3678 (1961); (c) R. E. Dessy, Y. Okuzumi, and A.
Chen, ibid., 84, 2899 (1962); (d) H. Shechter, M. J. Collis, R. Dessy, Y.
Okuzumi, and A. Chen, ibid., 84, 2905 (1962); (e) A. Schriesheim, R. J.
Muller, and C. A. Rowe, Jr., tbid., 84, 3164 (1962); (f) H. Hart and R. E.
Crocker, ibid., 88, 418 (1960); (g) A. Streitwieser and co-workers, 1bid.,
84, 244, 249, 251, 254, 258 (1962); (h) A. Schriesheim and C. A. Rowe, Jr.,
ibid., 84, 3160 (1962); (i) A. Schriesheim, J. E. Hofmann, and C. A. Rowe,
Jr., ibid., 88, 3731 (1961).
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same. The alkylation of 2-methyleyclohexanone (7)
was carried out as a typical preparative reaction where
two equivalents of methyl iodide was added to the
enolate partially as a solution and partially as a suspen-
sion in 1,2-dimethoxyethane. As is seen from the
composition of the reaction mixture (indicated in
eq. 3) di- and trialkylation are serious side reactions
under these conditions. Under such circumstances,
the assumption?®® that the distribution of monoalkylated
products (e.g., 16 and 18 from 7) provides a measure of
the composition of the enolate mixture is definitely
fallacious since for such an assumption to be valid the
rates of enolate formation and subsequent alkylation of
both monoalkylated products would have to be the
same. As noted earlier, it is most probable that proton
abstraction from 16 (with two axial protons) is approxi-
mately twice as rapid as proton abstraction from 18

(with one axial proton).
N { Me

09K$

Me
‘ 2 equlv

7(229%) 16 (9%)
8 (419%) 19(219) 2006%) @3)

Since our studies indicated that the enolates A and/or
B (Chart I) were formed from 2-methyl-3-pentanone (5)
approximately twenty times as fast as enolate C, it was
clear that a more selective alkylation of ketone 5
could be achieved if one could make use of this kinetic
preference. We were able to achieve this objective by
generating the enolates from the ketone 5 in the pres-
ence of the alkylating agent, methy! iodide, employing
sodium hydride in 1,2-dimethoxyethane. The results,
summarized in eq. 4, indicate the increased selectivity,
the proportion of ketone 9 in the monoalkylated product

Me;CH—CO—CH:Me -+ excess Mel + NaH —>
5

Me;:CH—CO—CHMe; + MesC—CO —CH:Me
L 9 (96 %) 1 (4 %) J

7%
+ 5(199%) + 49 dialkylated products 4

g

e Me
+ excess Mel + NaH-—» . .

7 (13%)

Me Me
o T T(48%)

17 (13%) 18(18% 198%)

House axD KRAMAR

VoL. 28

being increased from 859, to 969%,. Similarly, the
distribution of monoalkylated products from a com-
parable alkylation of 2-methylcyclohexanone (7) pro-
duced approximately equal amounts of the 2,6 isomers
16 and 17 and the 2,2 isomer 18 as would be anticipated
from the relative rates of proton removal (see eq. 5).
Since our experiments were not designed to determine
whether the distribution of the ¢is- (16) and trans- (17)
isomers obtained are the result of a kinetically con-
trolled process or incomplete equilibration (16 is more
stable than 17), further discussion of this point and of
the aforementioned enol ether 50 hydrolysis will be
deferred to a subsequent paper in this series.

For each of the alkylations studied where dialkyla-
tion was not a serious competing reaction, it will be
noted that the composition of the monoalkylated prod-
uct is similar to the composition of the equilibrium
mixture of enolates. This observation indicates that
the reaction of the enolates with the excess methyl
iodide is more rapid than interconversion of the eno-
lates and suggests that the structurally isomeric eno-
lates (e.g., C vs. A + B in Chart I) react with methyl
iodide at similar rates.’d? The generality of this
observation for alkylation reactions is being explored
further.

Experimental?!

Preparation of Starting Materials.—2-Methyl-3-pentanone (5)
was obtained as previously described,??2?? b.p. 112-115°, n¥%p
1.3963; lit.?? b.p. 113.7-114.5°, n%p 1.3961; scuo?* 1717

m. ™! Amax® 281 mu (e 30). A sample of 2-methylcyclohexanone
(7), b.p. 76-77° (25 mm.), n®p 1.4460; lit.2¢ b.p. 104-107° (116
mm.), n2%p 1.4473, was prepared as previously described,?® jc.o?*
1710 cm. ™, with broad n.m.r. absorption® in the region 7.5-8.8
7 and a doublet (J = 6 c.p.8.) centered at 9.03 » (CH~CH<).

A cold (0°) solution of 62 g. (0.46 mole) of a-ethylbutyryl chlo-
ride and 0.3 g. of cuprous chloride in 100 ml. of ether was treated
with an ethereal solution of n-propylmagnesium bromide prepared
from 43 g. (0.35 mole) of n-propyl bromide, 9.0 g. (0.37 g.-atom)
of magnesium, and 400 ml. of ether. The resulting crude produect
was stirred with excess aqueous potassium hydroxide at steam
bath temperature to remove the remaining unchanged acid
chloride. Recovery and distillation of the water-insoluble resi-
due afforded 33.7 g. (68%) of material, b.p. 67-78° (25 mm.),
n%p 1.4174, which contained?” 909, of 3-ethyl-4-heptanone (6).
Fractional distillation through a 40-cm. spinning-band column
separated the pure ketone 6, n®p 1.4178, lit.2® b.p. 174.5-175.5°
(741 mm.), Fc-0?* 1708 cm.™, Amax?® 286 mu (e 39), complex
n.m.r. multiplets?in the region 7.5-8.0 (3H), 8.1-8.9 (6H), and
9.0-9.4 ~ (9H).

Anal. Caled. for C:H,s0: C, 75.99; H, 12.76; mol. wt., 142,
Found: C, 75.92; H, 13.02; mol. wt., 142 (mass spectrum).

(20) Cf. H. D. Zook and W. L. Rellahan, J. 4m. Chem. Soc., 79, 881
(1957).

(21) All melting points are corrected and all boiling points are uncorrected.
Unless otherwise stated magnesium sulfate was employed as a drying agent.
The infrared spectra were determined with either a Baird, Model B, or a
Perkin-Elmer, Model 21, infrared recording spectrophotometer fitted with
a sodium chloride prism. The ultraviolet spectra were determined with a
Cary recording spectrophotometer, Model 14. The n.m.r. spectra were
determined at 80 Mec. with a Varian, Model A-80, n.m.r. spectrometer. The
mass spectra were obtained with a CEC, Model 21-130, mass spectrometer.
The microanalyses were performed by Dr. S. M. Nagy and his associates
and by the Scandinavian Microanalytical Laboratory.

(22) C. G. Overberger, W. F. Hale, M. B. Berenbaum, and A. G, Fine-
stone, J. Am. Chem. Soc., 76, 6185 (1954).

(23) A gas chromatography column packed with Dow Corning No. 550
silicone oil suspended on ground firebrick was employed for analysis.

(24) Determined in carbon tetrachloride solution.

(25) Determined in 95% ethanol solution.

(26) A.S. Hussey and R. H. Baker, J. Org. Chem., 28, 1434 (1960).

(27) A gas chromatography column packed with Dow Corning No. 710
silicone oil suspended on ground firebrick was employed for this analyais.

(28) E. Zener, Monatsh., 82, 677 (1911). This ketone, previously pre-
pared by the trialkylation of acetone, was reported not to form a semi-
carbazone.
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2-Methyl-2-carboethoxycyclopentanone, b.p. 116-118° (38-40
mm.), n2*p 1.4482, pc.p?* 1750 em.”!; lit.?? b.p. 94.5° (8

mm.), n2p 1.4460, was prepared as previously described?® and .

then hydrolyzed and decarboxylated® to yield 2-methyleyclo-
pentanone (8), b.p. 135-138°, n2¢%p 1.4330, sc.o?* 1735 cm. 7,
lit.3 b.p. 139-140°.

Authentic Samples of the Alkylation Products.—An authentic
sample of 2,2-dimethyl-3-pentanone (11) had been prepared pre-
viously.® A supposedly pure commercial sample?? of 3-methyl-2-
heptanone (12) was found to contain (in order of elution)?® 3-
methyl-2-heptanone (12, 15% of the mixture), 3-octanone (10,
409 of the mixture), and an unknown conjugated ketone (459,
of the mixture). A pure sample of the desired 3-methyl-2-hep-
tanone (12), collected??® from this mixture, sc_0?* 1710 cm.™ 1,
formed a semicarbazone, m.p. 81-82°, 1it.** m.p. 82°.

Reaction of isopropylmagnesium bromide with trimethylacet-
amide as previously described® yielded trimethylacetonitrile,
189, poen?t 2260 cm. ™, b.p. 104-107°, n%p 1.3740; lit.® b.p.
104° (738 mm.), n®*p 1.3792, and 2,2,4-trimethyl-3-pentanone
(13), 6.7%, vc-0?* 1705 cm.” !, b.p. 136-137°, n%p 1.4033; lit.®
b.p. 134~135° (744 mm.), n*p 1.4060-1.4070.

1-Phenyl-2-nitro-1-butene, b.p. 127-136° (11 mm.), »%D
1.5825; lit.* b.p. 125-129° (10 mm.), n®p 1.5832, was reduced
and hydrolyzed as previously described® to form 1-phenyl-2-
butanone (14), #c—0?* 1715 cm.™%, b.p. 95-106° (9-11 mm.),
n®p 1.5102-1.5120, lit.* b.p. 101-102° (10 mm.). 2-Phenylpro-
pionaldehyde, b.p. 56° (2 mm.), n%p 1.5147, prepared as pre-
viously described,® was oxidized at 0° with potassium perman-
ganate in aqueous acetone to yield 2-phenylpropionic acid, b.p.
114-121° (2.2-2.8 mm.), n#p 1.5230, 1it.*® b.p. 189° (48 mm.).
Reaction of the corresponding acid chloride with dimethylcad-
mium in benzene produced, after fractional distillation, pure??
3-phenyl-2-butanone (15), b.p. 96-99° (25 mm.), n%®p 1.5069;
lit.?® b.p. 107-108° (22 mm.), n®p 1.5074; pc—o?* 1718 cm.™?,
Amex? 249 (113), 253 (138), 259 (157), 265 (148) and 286 mu (e
143). )

A mixture?? of stereoisomeric 2,6-dimethylcyclohexanols, b.p.
173-175°, n®p 1.4615; lit.® b.p. 171-173°, n¥p 1.4625, was
oxidized* to a mixture?? of 799 of the cis-2,6-dimethyleyclohex-
anone (16, first eluted) and 219, of the trans-2,6-dimethyleyclo-
hexanone (17, second eluted).® A sample of each ketone was
identified by comparison of its infrared spectrum with the
published spectra‘? for ketones 16 and 17. Additionally, the mass
spectrum of each ketone indicated that each sample had a molec-
ular weight of 126. A 13.7-g. (0.083 mole) sample of the pyrrol-
idine enamine of 2-methylcyclohexanone*® was added, portion-
wise and with stirring, to 30.9 g. (0.166 mole) of methyl p-toluene-
sulfonate. After a slightly exothermic reaction, the resulting
viscous yellow liquid was divided into three fractions which were
sealed under nitrogen. One fraction, containing 24 g. of mate-
rial, was allowed to stand for 3 weeks at room temperature and
then heated to 140° for 24 hr. The resulting viscous liquid was
heated on a steam bath with 10 ml. of water for 1 hr. and then ex-
tracted with ether. The ethereal solution was washed succes-
sively with aqueous hydrochloric acid, aqueous sodium bicarbon-
ate, and saturated aqueous sodium chloride, then dried, concen-
trated, and distilled in a short-path still. The distillate, 0.85 g.
(ca. 169) of a colorless liquid boiling at 96° (80 mm.), n¥D

(29) Y. 1. Denisenko and A. D. Naber, Bull. acad. sct. URSS Classe sci.
chim., 35 (1945); Chem. Absir., 40, 2801 (1946).

(30) R. Cornubert and C. Borrel, Bull. soc. chim. France, [4] 47, 301
(1930).

(31) B. Shive, W. W. Crouch, and H. L. Lochte, J. Am. Chem. Soc., 68,
2979 (1941).

(32) H. O. House, E. J. Grubbs, and W. F. Gannon, tbid., 82, 4099 (1960).

(83) Purchased from the Aldrich Chemica) Co.

(34) S.G. Powell. J. Am. Chem. Soc., 46, 2514 (1924).

(35) F. C. Whitmore, C. I. Noll, and V. C. Meunier, 1bid., 61, 683 (1939).

(36) H. B. Haas, A. G. Susie, and R. L. Heider, J. Org. Chem., 15, 8
(1950).

(37) H. O. House and J. W. Blaker, J. Am. Chem. Soc., 80, 6389 (1958).

(38) H. A.Smith, D. M. Alderman, and F. W. Nadig, tbid., 67, 272 (1945).

(39) K. Mislow and J. Brenner, ibid., T8, 2318 (1953).

(40) R. B. Carlin, ibid., 67, 928 (1945).

(41) This experiment was performed by Dr. Max Schellenbaum in our
laboratories.

(42) R. Trave and L. Garanti, Rend. ist. lombardo sci., Pi. I, 944, 405
(1960).

(43) The preparation and composition (859 disubstituted and 15%
trisubstituted in the pure liquid) has been described previously. H. O.
House and M. Schellenbaum, J. Org. Chem., 28, 34 (1963).
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1.4451, contained?®** 309 of 2-methylcyclohexanone (7, first
eluted) and 709, of ¢is-2,6-dimethylcyclohexanone (16, second
eluted) but no appreciable quantity (i.e., less than 109,) of 2,2-
dimethylcyclohexanone (18). Each sample was collected and
identified with previously described samples by comparison of
gas chromatographic retention times, infrared spectra, and mass
spectra. i

Application of the same isolation procedure to a comparable
portion of the reaction mixture which had not been heated above
room temperature afforded only traces of volatile neutral prod-
uct. The third portion of the original reaction mixture was ex-
tracted with boiling ether to remove the excess methyl p-toluene-
sulfonate. The residue, a viscous liquid, was dried under re-
duced pressure. The n.m.r. spectrum* of this residual material
was consistent with the result to be expected for the p-toluene
sulfonate of N-methyl-1-(1-pyrrolidyl)-6-methylcyclohexene with
a series of peaks in the region 2.1-3.0 (4H, aryl C-H), a triplet
(J ~ 4 c.p.s.) centered at 3.?8 (1H, vinyl C-H), a broad peak

\
centered at 6.24 (4H, -CH,~N — @), a singlet at 6.80 (3H, CHy
| |
I‘\T—“?), a singlet at 7.66 (3H, aryl CH;), broad absorption in the

region 7.5-8.7, and a doublet (J = 8.5 c.p.s.) centered at 8.82 7
(8H, CH~-CH<).

To a solution of triphenylmethylpotassium,* prepared from
47.271 g. (0.193 mole) of triphenylmethane, 7.7287 g. (0.198 g.-
atom) of potassium, 100 ml. of 1,2-dimethoxyethane, and 3 ml. of
butadiene, was added, dropwise until the red color of the tri-
phenylmethyl anion just disappeared, 19.0878 g. (0.170 mole) of
2-methyleyclohexanone (7), corresponding to an 889 yield of
triphenylmethylpotagsium. To the resulting suspension of
sodium enolates was added, dropwise with stirring and cooling, 50
g. (0.35 mole) of methyl iodide. After the mixture had been
stirred for 15 min., it was filtered and the residual potassium io-
dide was washed with ether. The combined organic layers were
washed with water, dried, concentrated under a Vigreux column
and distilled to separate 14.7713 g. of ketonic products, b.p. 89°
(130 mm.)-70° (27 mm.) containing?'* 2-methylcyclohexanone
(7, 22%), 2,2-dimethylcyclohexanone (18, 419%,), cis-2,6-di-
methylcyclohexanone (16, 99%), 2,2,6-trimethylcyclohexanone
(19, 21%), and 2,2,6,6-tetramethylcyclohexanone (20, 69).
Samples of ketones 19 and 20 were collected; the trimethylated
derivative 19 has sc_o?* 1707 cm.~! with a molecular weight of
140 (mass spectrum) and the tetramethyl ketone 20 has sc_o?*
1695 cm. ! with a molecular weight of 154 (mass spectrum). A
10.9-g. sample of the mixture of ketones from this alkylation was
allowed to react with ethyl formate and sodium methoxide in
benzene and the hydroxymethylene derivatives formed were
separated and hydrolyzed*® to afford a mixture?® of ketones 7
(40%) and 18 (60%). Fractional distillation through a 40-cm.
spinning-band column separated 3.0218 g. of fractions »n%p
1.4330-1.4458, containing from 379 to 839 of the desired ketone
18. The pure 2,2-dimethylcyclohexanone (18), collected by gas
chromatography,?* has #c.0? 1705 cm. ™! and peaks at 1365 and
1385 ecm. ! [C(CHs),] with broad n.m.r. peaks?t in the regions
7.5-7.9 (2H, CH,-CO) and 8.0-8.5 (6H) as well as a singlet at
8.92 r (6H, CH:-C), and a molecular weight of 126 (mass spec-
trum). The material formed a 2,4-dinitrophenylhydrazone, m.p.
142.5-143.5°, 1it.*® m.p. 140-142°.

(44) A column packed with 4-methyl-4-nitropimelonitrile suspended on
ground firebrick was employed for this analysis.

(45) From our work, it is clear that the pyrrolidine enamine of 2-methyl-
cyclohexanone reacts at room temperature to give an N-alkylated product
which then rearranges at elevated temperature to give a C-alkylated product.
The possible generality of this reaction sequence is currently being investi-
gated with other enamines. C/. G. Stork, A. Brizzolara, H. Landesman,
J. 8zmuszkovicz, and R, Terrell, J. Am. Chem. Soc., 86, 207 (1963).

(46) Determined as a solution in deuteriochloroform.

(47) A 100-ft. capillary column packed with Dow Corning silicone fluid,
No. 710, was employed for the analysis.

(48) On an ordinary silicone oil column (ref. 23), the mono- and di-
methylated cyclohexanones are eluted as follows: first peak, ketone 7;
second peak, ketones 16 and 18; third peak, ketone 17. On a nitromethyl-
pimelonitrile column (ref. 44), these compounds are eluted as follows: first
peak, ketone 16; second peak, ketones 7 and 18; third peak, ketone 17.

(49) (a) F. E. King, T. J. King, and J. G. Topliss, J. Chem. Soc., 919
(1957); (b) W. 8. Johnson and H. Posvic, J. Am, Chem. Soc., 69, 1361
(1947); (c) W.J. Bailey and M. Madoff, ibid., 76, 2707 (1954).

(50) P. 8. Adamson, A. M. Marlow, and J. L. Simonsen, J. Chem. Soc.,
774 (1938).
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Structure [method of

preparation® and order of
elution on gas chromatography?
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H OAc
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(27)
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AcO
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i-Pr Me
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/ N
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1752

1750

1755

1750

1750

1755

1758 and 1744

1752
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Infrared spectrum—
Pc=0 (CCly),

cm. ¢
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CHARACTERIZATION AND PROPERTIES OF THE ENOL ACETATES

owe (CCL),

em. L

1678 (also 930
for irans
CH=CH)

1675

1690

1699

1692

1695

1665 (also 885,

==CH,

1690

1695

1665

Vinyl C—H beta to acetoxyl
funection

cis 5.31 (multiplet), trans
5.50 (multiplet)

4.70 (8 lines, J = 7 and
12.5¢c.p.8.)¢

5.29 (5 lines, both J values
= Tc.ps.)

4.87 (quadruplet, J =7
c.p.8., long-range coupling,
lecs than 1 ¢.p.s.)

5.1. (4 triplets, J = 7 and
~1lec.ps.)

4,87 (triplet, J = 7 c.p.s.,
long-range coupling,
~1lec.p.s.)

5.17 [triplet (J = 7c.p.s.)
of partially resolved
multiplets]

5.22 and 5.41 (both par-
tially resolved multiplets)

4.98 (8lines, J = 9and 1.5
c.p.8.)

5.30 (8 lines, J = 9and 1.5
c.p.s.)

5.18 and 5.43 (both are par-
tially resolved multiplets)

N.m.r. spectrum in benzene solution,

Vou. 28

Other

8.24 (multiplet, both Me
groups)

8.31 (singlet, acetyl Me),
8.62 (4 lines, J = 7and
2 ¢.p.s., vinyl Me)

8.28 (singlet, acetyl Me),
8.44 (4 lines, J = 7 and 2
c.p.s., vinyl Me)

8.25 (singlet, acetyl Me),
8.58 (quadruplet, J =7
c.p.s., vinyl Me), 9.04
(triplet, J = 8 ¢.p.s., Me)

8.19 (singlet, acetyl Me),
8.57 (6lines,J = 7and
1 c.p.s. vinyl Me), 9.07
(triplet, J = 7 c.p.s., Me)

8.23 (both acetyl and vinyl
Me groups)

8.18 (doublet, J = lec.p.s.,
vinyl Me), 8.22 (singlet,
acetyl Me)

8.25 (acetyl Me)

8.20 (doublet, J = 1.5¢.p.s.,
vinyl Me), 8.26 (singlet,
acetyl Me), 9.09 (doublet,
J =T7c.ps., Me)

8.23 (both acetyl and vinyl
Me groups), 9.07 (doublet,
J =T7c.ps.,Me)

8.28 ( acetyl Me), 9.14
(doublet, J = 7 c.p.s., Me)

s Method A is reaction of the carbony! compound with acetic anhydride and method B is reaction of the carbonyl compound with
¢ The mixture of enol acetates from this reaction contained 489, of 23 and 529, of 22. ¢ The lower
field vinyl proton, obscured by solvent absorption, is found at 2.94 r (8 lines, J = 2 and 12.5 c.p.s.) in carbon tetrachloride solution.
¢ The lower field vinyl proton, obscured by solvent absorption, is found at 2.98 7 (8 lines, / = 2 and 7 c¢.p.s.) in carbon tetrachloride
solution. / These enol acetates, prepared as additional spectral models, were only partially characterized. The mixture of enol ace-

isopropenyl acetate. ° See ref. 53.

tates from this reaction contained 879 of 25 and 139, of 24.

¢ The enol acetate mixture contained 669, of 27, 4%, of 28, and 309, of
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(continued)
Structure [method of ~———Infrared spectrum N.m.r. spectrum in benzene solution, r——————
preparation? and order of vc—o (CCly), Vo=c (CCly), Vinyl C—H beta to acetoxyl
elution on gas chromatography?] em. ™! cm. "1 function Other
1-Pr Me 1755 1683 4.92 (quadruplet, J =7 8.19 (singlet, acetyl Me),
AN v c.p.8.) 8.52 (doublet, J = 7 ¢.p.s.,
C=C vinyl Me), 8.98 (doublet,
Ve AN J =T7c.p.s., Me)
AcO H
(32)
[A* second]
i-Pr H 1755 1692 5.03 (quadruplet,J =7 8.17 (singlet, acetyl Me),
/ c.p.8., partially resolved 8.57 (4 lines,J = 7and 1
C= long-range coupling, J c.p.s., vinyl Me), 9.00
ya ~lc.ps.) (doublet, J = 7c.p.s., Me)
AcO Me
(33)
[A,* first]
Me Et 1748 1693 .19 (singlet, acetyl Me),
o e 8.51 (singlet, both vinyl
C= Me groups), 9.03 (triplet,
S AN J = 7c.p.s., Me)
Me OAc
(34)
[A,* third]
Et.CH Et 1755 1675 4.67 (triplet, J = 7.5c.p.s.) 8.23 (singlet, acetyl Me),
AN / 8.8-9.2 (multiplet, 3
— Me groups)
/ AN
AcO H
(35)
[Atand B,™ second]
Et.CH H 1755 1685 5.09 (triplet,J = 7c.p.8.) 8.22 (singlet, acetyl Me),
J/ 8.8-9.2 (multiplet, 3 Me
=C groups)
/ AN
AcO Et
(36)

[Atand B,™ first]

Et OAc 1748 1680 8.19 (singlet, acetyl Me),
AN 8.8-9.3 (multiplet, 3 Me
y C==C groups)

Et CH,Et

(37)
{A'and B,™ third]
OAc
H Me . .
1750 1680 4.80 (6 lines, / = 1.5and 4 7.97 (singlet, acetyl Me), 9.05
c.p.s.)" (doublet, J = 7 c.p.s.)"
(38)
[A° and B,? "]
OAc
Me
1750 1705 7.97 (singlet, acetyl Me),
8.56 (partially resolved
multiplet withJ < 1ec.p.s.,
(39) vinyl Me)
[A?and B,” "]
OAc
H Me 1755 1713 4.55 (partially resolved 8.31 (singlet, acetyl Me),
multiplet) 9.02 (doublet, J = 7c.p.s.,
Me)
(40)
[A," first]
OAc
Me .
1750 1703 8.23 (singlet, acetyl Me),
8.51 (partially resolved
multiplet, / < 1 c.p.s.,
(41) vinyl Me)

{A,"second]

26. ' The enol acetate mixture contained 669 of 27, 69 of 28, and 289 of 26.

 The mixture of enol acetates contained 679, of 30,

59, of 31, and 289 of 29. ¢ The mixture of enol acetates contained 66% of 30, 169 of 31, and 189, of 29. * The mixture of enol

acetates contained 579 of 33, 89, of 32, and 359 of 34.
= This enol acetate mixture contained 347 of 36, 549, of 35, and 129, of 37.

! This enol acetate mixture contained 429 of 35, 119, of 35, and 479 of 37.
* We were unable to resolve this mixture of encl acetate

38 and 39 by gas chromatography and were forced to work with mixtures of enol acetates whose composition could be estimated from

the area under the n.m.r. peak at 9.05 = in the spectrum of 38.

° This mixture of enol acetates, b.p. 82-84.5° (18 mm.), n®p 1.4572,

ultraviolet end absorption ¢ 1830 at 210 mu in 959 ethanol, was estimated to contain 93% of 39 and 7% of 38. P This mixture of enol
acetates, b.p. 84° (18 mm.), n®p 1.4562, ultraviolet end absorption ¢ 1780 at 210 mu in 959, ethanol, was estimated to contain 649 of
39 and 369, of 38. ¢ C. Mannich and V. H. Hanau, Ber., 41, 564 (1908), report b.p. 185-186° for presumably a mixture of enol acetates
38 and 39. * The mixture of enol acetates contained 969, of 41 and 49 of 40.
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TasLe IV
CHARACTERIZATION AND PROPERTIES OF THE ENoL ETHERs

Structure [order of elution on Pcac (CCl),

gas chromatography] em, "1

Et H 1652 and 1670°

AN /
C=C
/ AN
H OEt
(42)
[seconds)
E

t
\C=C/
/ N

H

(43)
{firsts]
-Pr Me 1673

N, S
C=C

EtO H
(44)
[second®]
1-Pr H 1660
7
C=C
AN

EtO Me

[first?]

OEt 1663

H

resolved)

Et 1680

Et.CH Et 1665

EtO H
(47)
{[second?]
Et.CH H 1657

N, /S
C=C

EtO Et

(48)°
[firste)
2 See ref. 53.

fn the spectrum of the cis isomer 43. ¢ See ref. 59.

5.69 (quadruplet, both coupling
constants = 6 c.p.s.)

5.32 (quadruplet, J = 7 c.p.s.,
long-range coupling not

5.76 (quadruplet, J = 7c.p.s.)

N.m.r, spectrum in benzene solution,

Vinyl C-H beta to eth xyl function Other
5.31(6lines,J = 12and 7 c.p.s.)

3.85 (doublet, J = 12¢.p.s., vinyl
C-H, other coupling not resolved)

4.30(6lines, J = 6 and 1 c.p.s., vinyl
C_H) ) y y

8.36 (4lines, J = 7Tand 1.5 ¢c.p.s.,
vinyl Me), 8.96 (doublet, J = 7
c.p.s., Me)

8.41 (doublet, J = 7 c.p.s., vinyl Me),
8.83 (doublet, J = 7 c.p.s., Me)

8.25 and 8.44 (two singlets, vinyl Me),
8.98 (triplet,J = 7 c.p.s., Me)

5.63 (triplet, J = 7 c.p.s.)

b This spectrum also has peaks at 937 and 925 cm. 1, attributable to a trans -CH=CH- function, which are not present
4 Bome equilibration of 52 and 53 was observed in benzene solution apparently as

a result of traces of acidic impurities in the solvent and/or standard. This equilibration was not observed when the samples were run

in pyridine solution.

Preparation of the Enol Acetates.—The authentic samples of
the enol acetates (Table III and V) were prepared by reaction of
the ketones with either isopropenyl acetate or acetic anhydride.5!
The following procedures are illustrative.

A mixture of 5.6 g. (0.049 mole) of 2-heptanone (2), 10.2 g.
(0.10 mole) of acetic anhydride, and 66.1 mg. of p-toluenesulfonic
acid was heated to boiling under partial reflux, allowing distillate
boiling at 118° or less (i.e., acetic acid) to escape.®® After a
reaction period of 5 hr., the reaction mixture was cooled and
poured into a cold (0-5°) mixture of saturated, aqueous sodium
bicarbonate and pentane. The resulting cold mixture was stirred
for 30 min. during which time portions of solid sodium bicarbon-
ate were added periodically until carbon dioxide evolution ceased.
The pentane layer, containing® 439, of 2-heptanone (2) and 57%
of the enol acetates (composition: 669 of 27, 49, of 28, and 309,
of 26), was dried, concentrated and distilled to separate 4.4 g. of
the mixture of ketone and enol acetates, b.p. 132-154°. A mix-
ture of enol acetates 26, 27, and 28, judged by ozonolysis to con-

(51) For examples, discussion, and leading references, see H. O. House
and H. W. Thompson, J. Org. Chem., 26, 3729 (1961).

(52) With the lower boiling ketones where this procedure was not pos-
sible, the reaction mixture was heated under reflux overnight.

(53) A gas chromatography column packed with Dow Corning silicone
fluid, No. 550, suspended on base-washed Chromosorb was employed.

The chemical shift values observed in this solvent were 8.35 for 53 and 5.70 and 8.90 r for 52.

¢ Because of the

tain 109, of 28, has been reported’* to boil at 63-64° (10 mm.),
n¥p 1.4200. Samples of each of the enol acetates were collected
by gas chromatography.’® The properties of the materials are
listed in Tables IIT and V.

A mixture of 5.6 g. (0.049 mole) of 2-heptanone (2), 10.2 g.
(0.102 mole) of isopropenyl acetate, and 53 mg. of p-toluenesul-
fonic acid was refluxed overnight and then the low boiling com-
ponents (b.p. 54-94°) were separated by fractional distillation.
The residual liquid was stirred with a cold pentane-aqueous
sodium bicarbonate mixture as described in the previous proce-
dure. The pentane layer, containing®® 8% of 2-heptanone (2)
and 929 of the enol acetates (composition: 66% of 27, 289, of
26, and 69, of 28), was dried and concentrated and samples of
the pure enol acetates were collected by gas chromatography .5

As models for spectral correlations (Table III), commercial
isopropenyl acetate (21) was employed and samples of c¢is (23)-
and trans-(22)-1-acetoxypropene were separated from a mixture,
b.p. 92-98°, n®p 1.4102 (lit.** b.p. 104-106°, n*°p 1.4122) con-
taining?® 489, of 23 and 5279, of 22. The footnotes in Table IIT
list the methods of preparation employed for the various enol
acetates, the composition of the enol acetate mixtures obtained,

(54) F. G, Young, F. C. Frostick, Jr., J. J. Sanderson, and C. R. Hauser,
J. Am. Chem. Soc., 13, 3635 (1950).

(55) (a) D. Y. Curtin and N. J. Hurwitz, tbid., T4, 5381 (1952); (b) D.J.
Foster and E. Tobler, J. Org. Chem., 27, 834 (1962).
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TaBLE IV
(continued)
Structure [order of elution on vc-c\CCly), N.m.r. spectrum in benzene solution, 7
gas chromatography ] em.~! Vinyl C-H beta to ethoxyl function Other
CH:Et 1663 e
/
Et,.C=C
OEt
(49)°
[second’} .
1670 5.61 (triplet, J = 4¢.p.8.) 8.98 (doublet, J = 7 c.p.s., Me)
OEt
H Me
(50)
[firsts] . L
1685 8.45 (multiplet, resolution incom-
plete, vinyl Me)
OEt
Me
(51)
da
[second?] 1640 5.67 (quadruplet, J = 2c¢.p.s.)d 8.85 (doublet, J = 5.5c.p.s., Me)d
OEt
H Me
(52)
[firsta] . .
1690 . é 8.31 (partially resolved multiplet
with J < 1e¢.p.s., vinyl Me)d
OEt
Me
(53)
[second®)

small quantities of enol ethers 47 and 49 in the reaction mixture and the instability of collected samples of these materials, we were un-

able to obtain sufficient quantities of these materials for analyses and n.m.r. spectra.

As a result the structural and stereochemical

assignments that were made are based only on gas chromatographic retention times and mass spectra and they should be regarded as

tentative.

and the order of elution on gas chromatography.’? In all cases,
including the subsequently described reactions of enolates with
acetic anhydride, the identities of the enol acetate samples from
various sources were established both by comparison of retention
times and by comparison of the infrared spectra of collected
samples.

The stereochemical assignments made to the various pairs of
geometrical isomers listed in Table III are based on comparison
of the n.m.r. spectra of each pair of isomers in benzene solution %
For each pair, one isomer exhibited a vinyl proton signal which
was at approximately 0.2 to 0.3 p.p.m. lower field than the cor-
responding peak in the spectrum of the sterecisomer. From
these observations alone no firm stereochemical assignment could
be made®” although related measurements of enol ethers!® sug-
gested that the vinyl proton cis to the acetoxy function would
have its n.m.r. signal at lower field. We were able to confirm
this assignment by examination of the spectra (Table III) of the
two isomeric 1-acetoxypropenes 22 and 23 since the stereochemis-
try of these two isomers was readily apparent both from their
infrared spectra and from the magnitudes of the coupling con-
stants between the two vinyl protons.’” In view of the suggestion®

(56) In carbon tetrachloride solution, the n.m.r. signals for the two vinyl
protons of isopropenyl acetate (21) are superimposed (5.377). Althougha
similar coincidence of peaks was found in deuteriochloroform solution, the
peaks were well separated (5.31 and 5.50 7) in benzene solution.

(57) 8. L. M. Jackman, “Applications of Nuclear Magnetic Resonance
Spectroscopy in Organic Chemistry,” Pergamon Press, New York, N. Y.,
1959, pp. 83-89, 119-121.

(58) R. R. Fraser, Can. J. Chem., 88, 549 (1960).

[

that for systems of the type HI—C=C—(|3HG, Ja.z would be slightly
larger (i.e., 0.1 to 0.2 c.p.s.) for the trans isomer (H, and CH,
trans) than for the cis compound, we also considered this possi-
bility for assigning stereochemistry. However, from examina-
tion of our spectra it rapidly became apparent that no consistent
pattern was being followed as one would conclude if the litera-
ture values cited in Fraser’s paper® are accepted as correct. For
this reason as well as the very small differences in coupling con-
stants involved and the lack of understanding of what structural
features determine the magnitude of long-range coupling con-
stants, we have abandoned this comparison for making stereo-
chemical assignments and have relied on the aforementioned
positions of the vinyl proton signals.

The enol acetate equilibration data listed in Table I were ob-
tained from samples of each set of enol acetates in which approxi-
mately 109, (by weight) of p-toluenesulfonic acid was dissolved.
Each of these solutions, contained in a series of sealed tubes, was
heated to 100-140° for periods of time ranging from 24 to 90 hr.
and then poured into a pentane-aqueous sodium bicarbonate
mixture. The pentane layer was analyzed by gas chromatog-
raphy .

We were able to reproduce the numbers listed in Table I
starting with enol acetate mixtures of varying composition and
we were able to demonstrate that neither our isolation procedure
nor gas chromatographic analysis was selectively destroying one
of the isomers in the enol acetate mixtures.

Preparation of the Enol Ethers.—The ketone enol ethers listed
in Tables IV and V were obtained by conversion of the ketones



3374
TaBLE V
ANALYTICAL DaTA FOR THE ENoOL ACETATES aND ENoL ETHERS
Analysis Mol. wt.,
Molecular —Caled.— —Found— mass

Structure formula C H C H spectrum
22 C:H.0, 100
23 CsH,0, 100
24 C,B,:0, 128
25 C‘lH]gOz 128
26 C¢H,,0, 69.19 10.32 68.90 10.36 156
27 CyH 60, 69.19 10.32 68.81 10.31 156
28 CoH,:0, 69.19 10.32 69.11 10.36 156
29 CeH1 O, 67.57 9.93 67.13 9.89 142
30 CegH0, 67.57 9.93 67.18 9.89 142
31 CsH 40, 67.57 9.93 67.59 9.97 142
32 CeH 1140, 67-.57 9.93 67.16 9.94 142
33 CsH,,0, 67.57 9.93 67.3¢4 9.91 142
34 CgH,,0, 67.57 9.93 67.29 9.91 142
35 CHyxO, 71.69 10.94 71.55 10.89 184

36 CuHx0, 71.69 10.94 71.46 11.11 184
37 CnHyO:  71.69 10.94 71.73 10.98 184
39° CyHi,0; 70.10 9.15 70.21 9.12 154
40 CsH,;:0, 68.54 8.63 68.31 8.64 140
41 CsH;;0, 68.54 8.63 68.42 8.78 140
42 CeH,.0 100
43 CsH,,0 100
44 CsH,60 74.94 12.58 75.14 12.51 128
45 CsH,s0 74.94 12.58 74.86 12.49 128
46 CsH,60 74.94 12.58 74.94 12.40 128

47° CnHx0 170
48 CyH»xO  77.58 13.02 77.59 13.02 170
49° C,1H:0 170

50 CsH,0 77.09 11.50 76.95 11.29 140
51 C.H,0 77.09 11.50 76.91 11.61 140
52 CsHy0 76.14 11.18 76.15 11.25 126
53 C:H,,0 76.14 11.18 75.87 11.29 126

s The sample of enol acetate 39 was contaminated with ap-
proximately 5% of the isomer 38. See Table III, footnote n.
¢t See Table IV, footnote e.

5, 6, 7, and 8 to their diethyl ketals with ethy! orthoformate fol-
lowed by either distillation (for the ketals of 5 and 6) or heating
to 190-200° with a catalytic amount of ammonium dihydrogen
phosphate (for the ketals of 7 and 8). The following procedure is
illustrative.

A eolution of 14.0 g. (0.125 mole) of 2-methylcyclohexanone
(7), 18.0 g. (0.121 mole) of ethyl orthoformate, and 99.4 mg. of
p-toluenesulfonic acid in 50 ml. of ethanol was allowed to stand
at room temperature for 2 days (a 5-day period was employed for
ketones 5 and 6) and then made basic with ethanolic sodium
ethoxide. Distillation afforded 17.2 g. of the crude product con-
taining®® 859, of the desired ketal. The pure 1,1-diethoxy-2-
methyleyclohexane, n%p 1.4395, obtained by collection from a
gas chromatograph,®? has no infrared absorption?¢ attributable to
a carbonyl or hydroxyl function and only weak end absorption
(e 98 at 210 mu) in the ultraviolet.®

Anal. Calcd. for CnszOzZ C, 7092, H, 11.90.
C, 71.05; H, 12.12.

A mixture of 18.82 g. (0.101 mole) of this ketal and 1.0 g. of
ammonium dihydrogen phosphate was heated to 190-200°.
After collection of a forerun, b.p. 74-155°, the mixture of enol
ethers (12.41 g. or 889 containing®? a trace of ethanol, 49 of 7,
529, of 50, and 449, of 51) was collected at 155-165°. Samples
of each of the pure enol ethers 50 (n®p 1.4556, ultraviolet end
absorption ¢ 2290 at 220 my in isooctane) and 51 (n%*p 1.4592,
ultraviolet end absorption ¢ 7000 at 220 my in isooctane) was
collected®® and characterized as summarized in Tables IV and V.

Similarly, 1,1-diethoxy-2-methylcyclopentane, b.p. 68-74°
(23 mm.), n%*p 1.4281, was prepared from 2-methyleyclopentan-
one (8)1in 879 yield.

Anal. Caled. for CoHO.: C, 69.72; H, 11.706. Found: C,
69.76; H, 11.64.

From a mixture of 1-ethoxy-1-butenes, kindly provided by Mr.
S. Karady (unpublished work with Professor G. Biichi), samples
of the two enol ethers 42 and 43 were collected® for spectral

Found:
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measurements. As discussed in the previous section dealing
with enol acetates, the stereochemical assignments made for enol
ethers 44, 45, 47, and 48 are based on the position of the n.m.r.
signal for the vinyl proton beta to the ethoxy! function in benzene
golution. Both previous studies' and our measurements with
enol ethers 42 and 43 are consistent with the idea that the beta
vinyl proton will be located at lower field when it is cis to the
ethoxyl function. Although not listed in Table IV, the n.m.r.
spectrum of each of the vinyl ethers exhibited a set of peaks char-
acteristic of an ethoxyl group with a quadruplet in the area 6.4 to
6.6 and triplet in the area 8.8-9.0 r with J values of 7 c.p s.

The equilibration data listed in Table I were performed by
heating solutions of 1-5% (by weight) of p-toluenesulfonic acid
in the enol ethers to 100° in sealed tubes for periods of 60-170 hr.
The resulting mixtures were poured into mixtures of aqueous
sodium bicarbonate and pentane and the organic layer was sepa-
rated, dried, and analyzed.535°

Reaction of Enolate Mixtures. A. From 2-Methyl-3-pentan-
one (5) and Triphenylmethylpotassium.—To a solution contain-
ing 8.3 mmoles of triphenylmethylpotassium in 10 ml. of 1,2-di-
methoxyethane was added a quantity (0.8326 g.) of the ketone 5
such that the red color of the base was discharged and a slight
excess of the ketone was present. The resulting solution of
enolates was stirred for 30 min. at room temperature and then
poured into 67 g. (0.47 mole) of methyl iodide. After the result-
ing mixture had been stirred for 30 min., it was filtered and the
residual potassium iodide was washed with ether. To the com-
bined organic solutions was added 0.8972 g. of ethylbenzene (as an
internal standard) and the mixture was analyzed by gas chro-
matography.?3.¢46  The calculated yields were 689, of mono-
alkylated products (composed of 939 9 and 79 11), 5% of the
starting ketone 5, and 79 of the dialkylated product 13. The
products were identified both from their retention times and from
the infrared spectra of collected samples. From a number of
comparable alkylation experiments where the proportions of
reactants and isolation procedures were varied, the composition
of the monoalkylated product (93% of 9 and 79, of 11) was es-
sentially unchanged. The alkylation of other potassium eno-
lates, summarized in Table VIII, and the analyses and product
identifications were effected in the same manner.

A comparable solution of enolates, prepared from 317.7 mg.
(3.18 mmoles) of the ketone 5 in 10 ml. of 1,2-dimethoxyethane,
was stirred for 30 min. and then added, dropwise and with stir-
ring, to 4.3 g. (42 mmoles) of freshly distilled acetic anhydride.
The resulting mixture was stirred at room temperature for 30
min. and then poured into a cold (0-5°) mixture of pentane and
aqueous sodium bicarbonate and again stirred for 30 min. while
solid sodium bicarbonate was added until the evolution of carbon
dioxide ceased. After the pentane layer had been separated,
dried, and concentrated, 215.9 mg. of anisole (as an internal
standard) was added and the mixture was analyzed by gas chro-
matography.’® The calculated yields were 269, of the ketone 5
and 579% of a mixture of enol acetates containing (average of
duplicate runs) 749 of 33, 149 of 32, and 129, of 34. This
same procedure was followed for all the enolate acetylation experi-
ments. The results are summarized in Table VI.

A comparable solution of enolates, from 387.2 mg. (3.9 mmoles)
of the ketone 5 in 10 ml. of 1,2-dimethoxyethane, was stirred for
30 min. after which a 5-ml. aliquot was quenched by adding it to
dilute deuterioacetic acid prepared from 97.9 mg. of acetic an-
hydride and 10 ml. of deuterium oxide. The resulting solution
(pH 5-6) was stirred for not longer than 15 min. and then ex-
tracted with ether. The resulting ethereal solution was dried,
concentrated, and the ketone 5 was collected by gas chromatog-
raphy.?* The recovered ketone 5 was analyzed by mass spectrom-
etry and found to contain 4% of d, species and 969 of d
species. By the procedure described subsequently, the mono-
deuterated ketone was found (average of three runs) to be com-
posed of 90% of (CH;»CHCOCHDCH; and 10% of (CHy)-
CDCOCH;CH;. This same procedure was followed for all the
potassium enolate quenching experiments. The results are
summarized in Table VII. As a control experiment, a 5-ml. ali-
quot of a solution containing 0.0103 mole of triphenylmethyl-
potassium in 25 ml. of 1,2-dimethoxyethane was added to a solu-
tion of deuterioacetic acid (from 10 ml. of deuterium oxide and

(59) A column packed with a mixture of tetraethylene glycol and Carbo-
wax 400 M suspended on base-washed Chromosorb was employed.

(60) The monoalkylated products 9 and 11 were not resolved by our sili-
cone oil column (ref. 23).
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TapLE VI
EquiLiBRIA OF 1,2-DIMETHOXYETHANE SOLUTIONS OF P0oTASSIUM ENOLATES AS DETERMINED BY ACETYLATION OF THE ENOLATE
MixTURES
Ketone, AcsO, Caled. yield Caled. recovery
mg. Solvent, . Internal of enol of starting Composition of enol
(mmoles) ml. (mmoles) standard acetate, %° ketone, %% acetate mixture (%)?
5 10 4.3 Anisole 57 26 33(74),32(14),34(12)
317.7 (42)
(3.18)
2 10 5.4 Anisole 60 19 27 (39), 28 (51), 26 (10)
399 (53)
(3.50)
3 10 4.3 Anisole 63 15 30(18),31(75),29(7)
356 (42)
(3.56)
6 10 4.3 Anisole 58 21 36 (49), 35 (48), 37 (3)
499.8 (42)
(3.51)
7 10 2.18 m-Methylanisole 81 6 38 (~35), 39 (~65)°
195.9 (21.2)
(1.75)
8 20 2.16 m-Methylanisole 72 7 40 (30), 41 (70)
185.4 (21.2)
(1.89)

¢ Values from a typical experiment.
by gas chromatography (ref. 53).
its n.m.r. spectrum. See Table ITI, footnote n.

TasLE VII

EqQuiLiBRIA OF 1,2-DIMETHOXYETHANE SOLUTIONS OF POTASSIUM
ENoLATEs As DETERMINED BY QUENCHING IN BUFFERED
Druterium OXIDE

Deuterium
distribution
in recovered
ketone in a

Ketone, Solvent, typical Deuterium distribution
mg. (mmoles) ml, experiment, % in monodeuterated ketone (%%)
5 10 4 dy Me,CH—CO—CH,—Me
387.2 (3.9) 96 d, (10) (90)
366.5 (3.2) 95.5 d, (42) (58)
4 10 6 dy Ph—CH,—CO—CH,
303 (3.48) 9; ‘;12 (>98) (<2)
3 10 5 do 1~Pr—CH,—CO—CH,
259.2 (2.6) 95 di (18) (82)
6 10 6 dp Et,CH—CO—CH,—Et
604.7 (4.25) 94 d 3) 97
7 20 17 dy
187.2 (1.67) 83 dj 0
Me

s Average values from two or more runs. Unless otherwis®
indicated individual values agreed with the average value to
within 29, or less.

104.3 mg. of acetic anhydride). To this mixture was added 233
mg. (2.3 mmoles) of the ketone 5 and the resulting mixture
was stirred for 30 min. and then subjected to the isolation proce-
dure described in the previous experiment. The deuterium con-
tent of the recovered ketone 5 did not exceed natural abundance.
Comparable control experiments were performed for all of the
other enolate quenching experiments described in this paper.

To establish the validity of our procedure for determining the
deuterium distribution in the monodeuterated species from our
quenching experiments, we required a sample of the ketone 5
in which all of the exchangeable a-hydrogen atoms had been
replaced by deuterium. For this purpose a sample of methanol-d;
was prepared by the following procedure.® A mixture of 186 g.

b Average values from two or more runs.
¢ Since this mixture was not resolved by gas chromatography, its composition was determined from

Unless otherwise noted, the mixture was analyzed

(1.57 moles) of freshly distilled dimethyl oxalate, 167 g. (1.57
moles) of anhydrous sodium carbonate, and 31 g. (1.55 moles)
of deuterium oxide was heated under reflux for 15 hr. and then
distilled to dryness separating 95 g. of distillate, b.p. 35-60°,
containing** methanol-di, deuterium oxide, and methyl formate
(identified with an authentic sample by comparison of retention
times and infrared spectra). After the distillate had been allowed
to react with 0.2 g. of sodium, the resulting solution was refluxed
overnight and then fractionally distilled through' a 15-cm.
Vigreux column to separate 75 g. (73% based on the total amount
of deuterium employed) of methanol-d;, b.p. 64-68°. Through
out this preparation dry apparatus was employed and all of the
reactants were protected from atmospheric moisture. The prod-
uct contained** less than 19, of deuterium oxide and was shown
by combustion and subsequent falling-drop analysis®? to be 99.6%,
methanol-d; [Anal. Caled. for CH;DO: D, 25.00 atom 9.
Found: 24.91 atom 9%,]. To a solution of sodium methoxide,
prepared from 40 ml. of methanol-d; and 173.4 mg. (0.0075 g.-
atom) of sodium, was added 15 g. (0.15 mole) of 2-methyl-3-
pentanone (5). The resulting solution was refluxed for 15 hr.
under nitrogen and then concentrated. An additional 30-ml.
portion of methanonl-d; and 56 mg. of sodium were added and the
exchange was repeated. This procedure was performed a
total of eight times after which the concentrated solution was
adjusted to pH 5 by the addition of deuterioacetic acid and then
poured into 25 ml. of water. The resulting mixture was ex-
tracted with ether and the ethereal extract was dried and concen-
trated. The pure trideuterated ketone 5 was collected by gas
chromatography?® and analyzed by mass spectrometry. The
material was found to contain 99 of d, species and 919, of ds
gpecies. Comparison of the relative peak intensities of the
molecular ion (m/e 100), the isobutyryl fragment [(CH,),-
CH—C=0%, m/e 71], and the propionyl fragment (CH,CH,-
C=09®, m/¢ 57)% for the nondeuterated and trideuterated ke-
tones 5 established that the fragment peaks did arise entirely
from the indicated acyl ions and that the effect of the a-deuterium
atoms on the abundance o’ the fragment ions was negligible.
Consequently, after correction for natural isotopic abundance,
the intensities of the peaks at m/e 57 and 58 provided a measure
of the deuterium content at C-4 and the intensities of the peaks
at m/e 71 and 72 provided a measure of the deuterium content
at C-2 in the samples from the enolate quenching experiments.

(81) This procedure is a modification of the method described by J. Beers-
mans and J. C. Jungers, Bull. soc. chim. Belges, 56, 72 (1947).

(62) The analysis was performed by Mr. Josef Nemeth, Urbana, Ill.

(63) The mass spectral data and details of the calculations are available
in the Doctoral dissertation of Vera Kramar, Massachusetts Institute of
Technology, April, 1963.
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TasLE VIII
REeacTions oF ENoLATES WiTH METHYL IoDIDE 1IN 1,2-DIMETHOXYETHANE

Methyl
Ketone, iodide,
mg. Solvent, Base . Internal
(mmoles) ml. (mmoles) (mmoles) standard
52 10 Ph;CK 67 Ph-Et
832.6 (8.3) (8.3) (470)
Sa 25 NaH 56 Ph-Et
871.8 (10) (395)
(8.7)
50 25 NaH 67 Ph-Et
992 .4 (17) (470)
(9.9)
20 10 Ph;CK 60 Ph-Et
987.8 (8.7) (420)
(8.7)
2@ 10 Ph;CLi 18
251 (2.2) (130)
(2.2)
40 10 Ph,CK 57
1298 9.8) (400)
(9.8)
7° 25 NaH 30 Anigole
1128 (10.9) (210)
(10.1)

2 In this experiment the enolates were formed and then added to the methyl iodide.

in the presence of methyl iodide.

¢ The values quoted are the extremes in the range of values obtained from several runs.

—-Caled. yields, %—

Monoalkyl- Di(and tri)-
Starting ated prod- alkylated Composition of mono-
ketone ucts products alkylated product, %
5 68 7(of13) 9(93),11(7)
10 75 <1 9(85), 11 (15)
19 77 4(0f13) 9(96),11 (4)
20 55 22 10 (26-47),° 12 (53~
74)°
254 524 234 10 (79), 12 (21)
44 934 3 or lesss 14 (<1), 15 (>99)
43 40 7 16 (30), 17 (30), 18 (40)

5 In this experiment the enolates were formed
3 These

figures are the composition of the product mixture and not the calculated yields.

B. From 2-Methyl-3-pentanone (5) and Sodium Hydride.—
Utilizing the quantities indicated in Table VIII, a solution of the
ketone in 1,2-dimethoxyethane was heated under reflux with
sodium hydride for 21 hr. at which time 210 ml. (91% of the
theoretical amount) of hydrogen had been evolved. The result-
ing solution of enolates was added to methy! iodide. After the
resulting mixture had been stirred for 30 min., it was washed with
water and the organic product was separated and analyzed as
previously described to give the results indicated in Table VIII.é

To explore the result of forming the enolates from 5 in the
presence of an alkylating agent, the ketone 5 was added with
stirring, to a refluxing mixture of sodium hydride, 1,2-dimethoxy-
ethane, and methyl iodide. The resulting mixture was refluxed,
with stirring, for 65 hr. and then filtered, concentrated, and
analyzed?® ¢ (see Table VIII).

A comparable solution of enolates was prepared by refluxing and
stirring a mixture of 977.7 mg. (9.8 mmoles) of the ketone 5,
402.6 mg. (16.7 mmoles) of sodium hydride, and 25 ml. of 1,2-
dimethoxyethane for 7 hr. at which time 230 ml. (92.5% of the
theoretical amount) of hydrogen had been evolved. A 5-ml.
aliquot of this solution was removed, quenched in a deuterio-
acetic acid—deuterium oxide mixture (pH 5) and the ketone was
recovered and analyzed as previously described. The recovered
ketone contained 959, of di species and 5% of do species. The
monodeuterated ketone was composed (average of two runs) of
829, of (CH;),CHCOCHDCH,; and 18% of (CH;)CDCOCH,-~
CHa.

C. From 2-Methyl-3-pentanone (5) and the Sodium Salt of
Dimethyl Sulfoxide.—A mixture of 241 mg. (10 mmoles) of
sodium hydride, several milligrams of triphenylmethane (as an
indicator), and 25 ml. of dimethyl sulfoxide (freshly distilled
from a mixture containing its sodium salt and triphenylmethyl-
sodium) was heated to 60-70° with stirring under nitrogen for
2 hr.,% then cooled, and treated with 820 mg. (8.2 mmoles) of
the ketone 5 which just discharged the red color. The resulting
blue-green solution was stirred for 30 min. and then a 5-ml.
aliquot was quenched in a deuterioacetic acid—deuterium oxide

(64) In all of the reactions employing sodium hydride as a base the re-
covered ketone 8 contained a small amount of 2-methyl-3-pentanol as a
contaminant which appeared as a shoulder in the gas chromatogram (ref.
23). The contaminant was identified with an authentic sample by com-
parison of retention times and infrared spectra. An authentic sample of
2-methyl-3-pentanol, b.p. 127.5° (762 mm.), n%»p 1.4146, was prepared by
reduction of the ketone 8§ with lithium aluminum hydride in ether solution.
F. C. Whitmore and F. Johnston, J. Am. Chem. Soc., 60, 2265 (1939), re-
port b.p. 125-126° (742 mm.), n?Dp 1.4170, for this aleohol.

(65) E.J. Corey and M. Chaykovsky, ibid., 84, 887 (1962).

mixture and the ketone was recovered and analyzed as previously
described. The recovered ketone contained 949, of d; species
and 6%, of dyspecies. The monodeuterated ketone was composed
(average of three runs) of 90% of (CH;)»CHCOCHDCH; and
10% of (CH;),CDCOCH,CHj.

D. Exchange Ezxperiments with 2-Methyl-3-pentanone (5)
and Methanol-d;.—Orienting experiments established that the
ketone 5, as a 0.3 to 1.0 M solution in methanol-d;, underwent no
appreciable hydrogen—deuterium exchanged after 7 hr. in the
presence of 0.1 M sodium acetate and underwent very rapid
exchange (39, ds, 469, ds, 429, d, and 99, d, after 10 min.) in the
presence of 0.04 M sodium methoxide. Consequently, the fol-
lowing procedure wag employed to measure relative rates of
hydrogen—deuterium exchange. A solution of 9.7 mg. (0.092
mmole) of anhydrous sodium carbonate and 568.3 mg. (5.68
mmoles) of the ketone 5 in 7 ml. of methanol-d, and 3 ml. of
deuterium oxide was stirred at room temperature (about 25°)
and 1-ml. aliquots were withdrawn and quenched in a pentane-
water mixture after 30 sec. and then at 5-min. intervals for
a period of 30 min. A suitable control experiment demonstrated
the effectiveness of this quenching procedure. The ketone §
was recovered from the pentane solution in each case and then
analyzed for deuterium content and distribution as previously
described. After 30 min. the deuterium content of the recovered
ketone was 17% d: species, 499 d, species and 349, dy species.
From the percentages of material after various times which
contain no deuterium at position 4, one can calculate that the
rate constant for exchange is 6 X 10~*sec.™'; the corresponding
value at position 2 is approximately 3 X 107%sec.™!. Thus, the
ratio of the exchange rate at position 4 to the exchange rate at
position 2 is approximately 20 to 1.

E. From 2-Methyl-3-pentanone (5) and Triphenylmethyl-
lithium.—A solution of 1.2416 g. (5.10 mmoles) of triphenyl-
methane and 6 ml. of an ethereal solution containing approxi-
mately 5 mmoles of phenyllithium in 14 ml. of 1,2-dimethoxy-
ethane was stirred for 30 min. at which time the red solution gave
a negative Gilman test for phenyllithijum. The resulting solution
was titrated to a pale pink end point with 444 mg. (4.4 mmoles)
of the ketone 5 at which point a 5-ml. aliquot was quenched in a
deuterioacetic acid—deuterium oxide mixture. The remaining
enolate solution was treated with an additional small quantity of
the ketone 5 to completely discharge the red color. The resulting
solution was stirred for 1 hr. and then a 5-ml. aliquot was
quenched. The recovered ketone from the first quenching
process contained 2.5% of do and 97.59 of d, species with a dis-
tribution i{n the monodeuterated ketone of 979 MeCHDCOCH-
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Me; and 3% MeCH,;COCDMe;. The ketone from the second
quenching process contained 49 of dy and 96% of d: species
with a distribution in the monodeuterated ketone of 989, Me-
CHDCOCHMe; and 2% MeCH,COCDMes,.

F. From 2-Heptanone (2) and Triphenylmethylpotassium.—
The alkylation experiments are summarized in Table VIII.
From the product mixture containing?® 2 (first eluted), 12
(second eluted), 10 (third eluted), and one or more higher molec-
ular weight ketones® (fourth peak eluted) which is presumably
a mixture of dialkylated products, each of the monoalkylated
products 10 and 12 was identified by comparison of retention
times and infrared spectra of collected samples.

The acetylation and deuterium oxide quenching experiments
with the potassium enolates from ketone 2 are summarized in
Tables VI and VII. 2-Heptanone (2) was subjected to eight
exchanges with sodium methoxide and methanol-d; as previously
described to afford a ketone sample containing 19 ds species,
109, d. species, and 899, ds species. The relative intensities of
peaks in the mass spectra of the nondeuterated ketone 2 and the
pentadeuterated ketone in the region of the molecular ion
(m/e 114) and the hexanoyl fragment CH;(CH;),C=0® (m/e
99), established that this fragment could be used to determine
the deuterium distribution at C-3 as in the previous case. The
acetyl fragment (m/e 43) could not be used in this calculation
because of substantial contributions to this fragment peak from
the C;H»® ion. Consequently, the deuterium distribution at C-1
was obtained by subtracting the deuterium content at C-3 from
the total deuterium content. The n.m.r. spectrum? of the
pentadeuterated ketone 2 differs from the spectrum of the
nondeuterated ketone in lacking a singlet at 7.96 (CH;CO) and
a triplet (J = 7 c.p.g.) at 7.68 r (CH.CO).

An attempt to prepare the enolates of 2-heptanone (2) by
refluxing a solution of 4.8102 g. (42 mmoles) of the ketone 2 in 25
ml.. of 1,2-dimethoxyethane with 1.0824 (45 mmoles) of sodium
hydride for 20 hr. resulted in the evolution of 925 ml. (869, of the
theoretical amount) of hydrogen. However, after the solution
had been poured into water and the organic product separated in
the usual way, distillation afforded 2.34 g. of liquid, b.p. 170°
(2 mm.), n?*p 1.4755, which contained?? three major components
and had infrared absorption?* at 1715 (C==0), 1665 (conjugated
C=0), and 1625 c¢cm.™! (conjugated C=C) with an ultraviolet
maximum? at 246 mu (e 5300). This material is presumably a
mixture of aldol condensation products derived from the 2-hep-
tanone (2).9

G. From 2-Heptanone (2) and the Sodium Salt of Dimethyl
Sulfoxide.—A solution of enolates, prepared from 381.7 mg.
(3.35 mmoles) of the ketone 2 and 10 ml. of a solution prepared
from 246.3 mg. (10 mmoles) of sodium hydride and 25 ml. of
dimethyl sulfoxide as previously described, was stirred for 30
min. and then a 5-ml. aliquot wag quenched in a deuterioacetic
acid—deuterium oxide mixture and the ketone recovered as
previously described. The recovered ketone, which was typical
of several runs, contained 129 d, species, 78% d. species, 7%
d; species, and 39, d; species indicating that some exchange was
oceurring during the quenching process. The deuterium distri-
bution in the monodeuterated ketone was approximately 709, of
n-BuCHDCOCH; and 30% of n-Bu-CH.COCH.D.

H. Exchange Experiments with 2-Heptanone (2) and Meth-
anol-d,.—A 1.2-M solution of the ketone 2 in methanol-d; under-
went no detectable hydrogen-deuterium exchange after 7 hr. in
the presence of 0.09 M sodium acetate. The previously de-
scribed procedure was followed employing a solution of 13.0 mg.
(0.123 mmole) of anhydrous sodium carbonate and 533.2 mg.
(4.68 mmoles) of the ketone in 7 ml. of methanol-d, and 3 ml. of
deuterium oxide. Aliquots (1 ml.) were withdrawn and quenched
in the usual manner at measured times from 30 sec. to 30 min.
after mixing. After 10 min., the recovered ketone sample con-
tained 49, dy, 199, d1, 359 dz, 299 ds, 11%, d4, and 29 d; species
and the deuterium content at C-3 was 479 do, 439, d1, and 109,
ds. From the per cent of nondeuterated ketone 2 remaining
after various times, the total rate of exchange can be calculated
to be 5 X 1073 sec. ™! and from the per cent of material having
no deuterium at C-3 after various periods of time, the rate of
exchange at position 3 can be calculated to be 1 X 1078 sec. 1.

(66) A collected sample exhibits infrared absorption (see ref. 24) at 1712
em.

(87) J. Colonge, Bull. soc. chim. France, (4] 49, 426 (1931), reports for
8-methyl-7-tridecen-6-one, b.p. 146~149° (30 mm.), n'p 1.4580.
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Thus, the ratio of the exchange rate at position 1 to the rate at
position 3 is approximately 4 to 1.

I. From Phenyl-2-propanone (4) and Triphenylmethylpotas-
sium.—The results of quenching this enolate mixture are sum-
marized in Table VII. Since the ketone underwent slow hydro-
gen—deuterium exchange in the inlet system of the mass spectrom-
eter, it was necessary to scan the spectrum several times and
then extrapolate to zero time for each analysis. As implied by
the formation of some d, species in this experiment, some exchange
did occur in the quenching. From control experiments of the
type previously described, the recovered ketone 4 contained
90-939; of do and 7-109% of d; species. Some exchange was aiso
found to occur during the gas chromatographic separation.
Since we were unable to find quenching and isolation conditions
which prevented some exchange, our data permit us to conclude
that the monodeuterated ketone formed on quenching this
enolate mixture contains less than 29; of PhCH,COCH,D but
do not permit us to estimate how much less.

Phenyl-2-propanone (4) was subjected to a series of five ex-
changes with a solution of sodium carbonate in deuterium oxide
employing a temperature of 60° and a reaction time of 18 hr. for
each exchange. The recovered ketone contained 939, d; and
7% dsspecies. From the mass spectra of the nondeuterated and
pentadeuterated ketones 4, the molecular ion (m/e 134) and the
acetyl fragment (m/e 43) were found usable for determining
deuterium distribution. The n.m.r. spectrum?! of the penta-
deuterated ketone exhibits no absorption at higher field than 3 r.

The alkylation of a solution of enolates is summarized in
Table VIII. The product mixture contained?” the unchanged
ketone 4, 3-phenyl-2-butanone (15), and 3% of a higher boiling
component having the same retention time as phenyleyclohexane
(¢f. ref. 4). The alkylated product 15 was identified by its
retention time and the infrared spectrum of a collected sample.

J. From 4-Methyl-2-pentanone (3) and Triphenylmethyl-
potassium.—The reactions of solutions of the enolates with acetic
anhydride and buffered deuterium oxide are summarized in
Tables VI and VII.

4-Methyl-2-pentanone (3) was subjected to a series of seven
exchanges with solutions of sodium carbonate in deuterium oxide
as previously described. The recovered ketone contained 297
ds, 159 ds, and 839 d; species. Comparison of peak intensities
in the mass spectra of the nondeuterated and pentadeuterated
ketones 3 in the regions of the molecular ion (m/e 100), the
3-methylbutyryl fragment (CH,;pCHCH,C=0% (m/e 85)
and the acetyl fragment (m/e 43) indicates that in the nondeu-
terated ketone the peak at m/e 85 results from 609 of the frag-
ment CH;C®H-—CH,COCH; (m/e 90 in the d; ketone) and 409 of
the fragment (CH;),CHCH,C=0% (m/e 87 in the d; ketone).
Similarly, the peak at m/e 43 in the nondeuterated ketone results
from the fragment CH;C®HCH; (approximately 129, m/e 43 for
the ds ketone) and the fragment CH;C=0® (approximately 889,
m/e 46 for the d; ketone). These correction factors as well as
the usual corrections for natural isotope abundance and the
amount of nondeuterated ketone were used to calculate the
deuterium distribution.

The following control experiment was performed to demon-
strate that the conditions used to produce solutions of enolates
would suffice to equilibrate the various enolates formed. A
solution of enolates, prepared from 285.8 mg. (2.86 mmoles)
of the ketone 3 and an equivalent quantity of triphenylmethyl-
potassium in 10 ml. of 1,2-dimethoxyethane, was treated with
82.5 mg. (0.8 mmole) of the previously described 4-methyl-2-
pentanone-ds (839 ds, 15% di, and 29, d;) and the resulting
solution was stirred under nitrogen. After 15- and 30-min.
periods, 5-ml. aliquots were quenched in aqueous acetic acid and
the ketone was recovered and analyzed in the usual way. The
ketone recovered after a 15-min. reaction period contained
37% do, 419 di, 18 da, 3.59% ds, and 0.59 dy; the sample iso-
lated after a 30-min. reaction contained 39 do, 419, di, 16S, ds,
3.49% ds, and 0.69; di. Thus equilibration was complete after 15
min.

K. From 4-Methyl-2-pentanone (3) and the Sodium Salt
of Dimethyl Sulfoxide.—A solution of enolates, prepared from
310.5 mg. (3.1 mmoles) of the ketone 3, 107.1 mg. (4.5 mmoles)
of sodium hydride, and 10 ml. of dimethyl sulfoxide as previously
described, was stirred for 30 min. after which a 5-ml. aliquot was
quenched in a solution prepared from 210.8 mg. (2.08 mmoles) of
acetic anhydride, 163 mg. (2.0 mmoles) of sodium acetate, and
20 ml. of deuterium oxide. The ketone, recovered and analyzed
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ag in previous cases, contained 109, do, 899, di, and 1%,
dp species. The deuterium distribution in the monodeuterated
ketone (average of two rums) was 33% :-PrCHDCOCH; and
67% -PrCH,COCH,D. A control experiment, as previously
described, demonstrated that the conditions used for quenching
the enolate solution do not cause hydrogen—deuterium exchange
in the ketone 3.

L. From 3-Ethyl-4-heptanone (6) and Triphenylmethylpotas-
sium.—The reactions of the enolate solutions with acetic an-
hydride and buffered deuterium oxide are summarized in Tables
VI and VII:

A sample of the ketone 6 was subjected to a series of five ex-
changes with methanol-d; in the presence of sodium methoxide as
previously described. The recovered ketone contained 19, d,,
2% di, 209 ds, and 779 ds species. The mass spectra of the
ketone 6 and its deuterated derivatives in the regions of the
molecular ion peak (m/e 142), the 2-ethylbutyr 1 fragment
Et.CHC=02 (m/e 99) and the butyry! fragment EtCH,C=0%
(m/e 71) reveal that other fragments contribute to both acyl
fragment peaks and that the effect of isotopic substitution on the
content of fragmentation is not negligible. Consequently,
these data could be used to conclude that at least 909, of the
monodeuterated ketone is composed of Et;,CHCOCHDEt but
did not permit a more reliable calculation.

In order to obtain a more meaningful estimate of the deuterium
distribution, the spectra were redetermined in the region of
m/e 71 with a CEC, Model 21-110, high resolution mass spectrom-
eter which easily resolves the C;H;,® ion (m/e 71.0861) from the
CH,0° jon (m/e 71.0497).7 After suitable correction of the
peaks at m/e 73 for natural isotopic abundance and the peaks at
m/e 72 for the nondeuterated ketone present in the ketone sample
measured, the deuterium distribution in the monodeuterated
ketone was caleulated to be 95999, Et,CHCOCHDEt and 1-5%,
Et,CDCOCH,Et.

M. From 2-Methylcyclohexanone (7) and Triphenylmethyl-
potassium.—The reactions of solutions® of these enoclates, with
acetic anhydride and buffered deuterium oxide, are summarized
in Tables VI and VII. The average deviations for individual
determinations (£79%) in this case were much greater than the
deviations (=29, or less) experienced in the previously described
experiments. The deviations appeared to be unrelated to the
time the enolate mixture was stirred; also, a subsequently de-
scribed control experiment established that equilibration of the
enolates was complete in less than 30 min. The amount of
nondeuterated ketone 7 (ranging from 7 to 209;) in the samples
recovered from the quenching experiments was also higher than
normal for the previously described quenching experiments and
suggested that some hydrogen—deuterium exchange was occur-
ring during the gas chromatographic separation?® of the ketone
prior to analysis as had been encountered previously with phenyl-
2-propanone (4). Unfortunately, our analytical scheme re-
quired that the ketone be completely free from other contami-
nants in the reaction mixture and we were unable to avoid this
gas chromatographic separation. As a consequence, our deute-
rium quenching experiments with enolate solutions derived from
this ketone 7 have less quantitative significance than the other
measurements reported.

Since the methods previously employed for determining deu-
terium distribution in the monodeuterated ketones were not
applicable to the cyclic ketone 7, it was necessary to prepare pure
samples of both 2-deuterio-2-methylcyclohexanone 54 and 6-
deuterio-2-methyleyclohexanone 55. A solution of 272.7 mg. of
the enol ether 50 in 3.5 ml. of methanol-d; was mixed with 2.5 ml.
of a buffer solution prepared from 5 ml. of deuterium oxide, 53.7
mg. of acetic anhydride, and 89.0 mg. of anhydrous s>dium
acetate. The resulting solution was stirred at room temperature
for a total of 66 hr. Aliquots were removed from the solution
at various time intervals and extracted with pentane. Analyses®®
of the various pentane extracts indicated that a negligible con-
centration of the isomeric enol ether 51 was present throughout the
hydrolysis. The half-life of the enol ether 50 in this reaction
medium was approximately 19 hr. The ketone 55 resulting from
this hydrolysis was collected by gas chromatography.®® This
product 55, which contained 5% do and 959, d, species in one run

(68) Since the enolates derived from 2-methylcyclohexanone (7) were
gignificantly less soluble than the other systems included in this study, it
was necessary to work at concentrations of approximately 0.1 to 0.2 M rather
than at the approximately 0.4 M concentration used with other compounds
in this study.
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and 89, dy, 919, di, and 19, d, species in a second run, has infra-
red absorption?* at 1709 em.~! (C=0) and at 2190, 2150, and
2120 (shoulder) em.™! (axial and equatorial C-D)®° and differs
from the spectrum of 54 in the positions and intensities of a
number of bands in the fingerprint region. The n.m.r. spectrum?*
of the product has a doublet (J = 6.5 ¢.p.s.) at 9.03 » (CH;CH<).

The same hydrolysis procedure was applied to 228.3 mg. of the
enol ether 51 employing a total reaction time of 84 hr. As in the
previous case, the concentration of the isomeric enol ether 50
in the reaction mixture was negligible throughout the hydrolysis.
The half-life of the enol ether 51 in the medium was approxi-
mately 25 hr. The ketone 54 was collected by gas chromatog-
raphy and found to contain 8%, dy and 929, d; species in one run
and 10% do, 889, di and 29, d; in a second run. This ketone 54
has infrared absorption? at 1709 (C==0) and at 2150 and 2120
em. ! (axial C-D)¥ as well as an n.m.r. singlet at 9.03 ~
(CH,CD<).

A series of synthetic mixtures of ketones 54 and 55 were pre-
pared and from the mass spectra of these mixtures and the spec-
tra of the two pure monodeuterated ketones, working curves
were prepared plotting the percentage of ketone 54 (or 55)
against the ratios of each of the following pairs of peak intensities:
68/69, 56/57 and 43/44. For analysis of deuterium distribu-
tion in ketone samples recovered from quenching experiments,
the mass spectrum was first corrected for the amount of non-
deuterated ketone in the sample and then the deuterium distri-
bution was determined from each of the three aforementioned
intensity ratios.

After a sample of 2-methylcyclohexanone had been subjected
to a series of five exchanges with methanol-d; and deuterium
oxide in the presence of sodium carbonate, the ketone was re-
covered as previously described. This ketone sample contained
1% di, 6% d», and 939 ds species and had infrared absorption?!
at 1709 em. ! (C==0) and at 2125 (8), 2160 (shoulder), 2180 (w),
and 2220 (8) em. ! (C-D stretching).®®

As a control experiment to demonstrate the ability of the
enolates derived from the ketone 7 to equilibrate under the con-
ditions of their formation, a solution of the enolates prepared
from 187 mg. (1.67 mmoles) of the ketone 7 and triphenylmethyl-
putassium in 20 ml. of 1,2-dimethoxyethane was treated with
29.4 mg. (0.26 mmole) of the previously described 2,6,6-tri-
deuterio-2-methylcyclohexanone. After the resulting solution
had been stirred for 30 min. it was added to an acetic acid~water
mixture and the ketone was recovered as previously described.
The recovered ketone sample contained 77% do, 21% di, and
1% d, species demonstrating complete hydrogen—deuterium
exchange in the solution containing the enolates.

N. From 2-Methylcyclohexanone (7) and Sodium Hydride.—
The alkylation of these enclates is summarized in Table VIII.
The calculated ylelds’® were 439, of recovered 7, 169, of 18,
129, of 16, 129, of 17, and 79, of 19 corresponding to the follow-
ing distribution of alkylated products, 369, of 18, 279 of 16,
249, of 17, and 139 of 19. From a second comparable experi-
ment the distribution of alkylated products was 30% of 18,
359 of 16, 259, of 17, and 109 of 19.

0. TFrom 2-Methylcyclopentanone (8) and Triphenylmethyl-
potassium.—The reaction of the solution of enolates with acetic
anhydride is summarized in Table VI.

P. Exchange Experiments with 2-Methylcyclohexanone (7)
and Methanol-d,.—A solution of 431.8 mg. (3.95 mmoles) of
the ketone 7 and 30.7 mg. of sodium carbonate in a mixture of 3
ml. of deuterium oxide and 7 ml. of methanol-d; was stirred at
room temperature (about 25°), 1-ml. aliquots being removed and
quenched in & pentane-water mixture after time periods ranging
from 30 sec. to 21 min. The ketone recovered from each aliquot
as previously described was analyzed for deuterium content and
distribution in the usual way. The sample recovered after a
reaction time of 21 min. contained 39% do, 44% di, 169 d;, and
19 ds species. The rate constant for total hydrogen deuterium
exchange was calculated to be approximately 7 X 1074 gec.™?
and the rate constant for exchange at both the 2 and 6 position
were each calculated to be approximately 3 X 107+ gec.”!.
Thus, the relative rates of exchange at positions 2 and 6 are
approximately 1 to 1.

(69) The stretching frequency for an equatorial C—D bond is reported to
be in the range 2155-2162 c¢m.~! and 2171 and 2177 em. !, whereas the
ranges for an axial C-D bond are 2114-2138 c¢m. ! and 2139-2164 cm. ™.
See E. L. Eliel, “Stereochemistry of Carbon Compounds,” MecGraw-Hill
Book Co., Inc., New York, N. Y., 1962, p. 217; also see ref. 11.
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Q. From 2-Heptanone (2) and Triphenylmethyllithium.—To
a solution containing triphenylmethyllithium (prepared from
triphenylmethane and phenyllithium as previously described)
fn a mixture of 14 ml. of 1,2-dimethoxyethane and 6 ml. of ether
was added 500.9 mg. of the ketone 2 which discharged the red
color of the triphenylmethyl anion. Aliquots (5 ml.) were re-
moved and quenched in deuterioacetic acid-deuterium oxide
mixtures after time periods of ca. 30 sec. and 1 hr. In each case
the recovered ketone samples contained 49, dy, 95% di, and 1%
d; species with a deuterium distribution in the monodeuterated
ketone of 129 n-BuCHDCOCH; and 889 of n-BuCH,COCH,D.
The 10 ml. of enolate solution remaining from the quenching
experiments was added, dropwise and with stirring, to 18 g.
(0.13 mole) of methyl iodide. The resulting mixture was stirred
for 2 hr., allowed to stand overnight, diluted with water, extracted
with pentane, and analyzed? (see Table VIII).

Although both the constancy of the composition of the enolate
mixture and the formation of dialkylated products with excess
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methyl iodide indicated that these lithium enolates were equili-
brating in the reaction medium, it seemed advisable to verify
this point. Accordingly, a solution of triphenylmethyllithium
in 7 ml. of 1,2-dimethoxyethane and 3 ml. of ether was treated
with a mixture of 182.3 mg. (1.60 mmoles) of the ketone 2 and
76.6 mg. (0.64 mmole) of 2-hepanone-d; (composition 889, ds,
109, ds, 19 ds) which served to discharge the red color of the
triphenylmethyl anion. Aliquots (5 ml.) were removed and
quenched in aqueous acetic acid after time periods of 30 min.
and 60 min. The ketone sample recovered from the first quench-
ing experiment (after 30 min.) contained 53% do, 119 di, 5% ds,
13% ds, 169% di, and 29, ds species. The ketone from the second
quenching experiment (after 60 min.) contained 569 di, 189 d,
109 ds, 8% ds, 79 ds, and 19 ds. Thus, equilibration of the
lithjum enolates, although slower than equilibration of the po-
tassium enolates, is clearly occurring in 1,2-dimethoxyethane
solution at room temperature and appears to be nearly complete
after 60 min.
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The preparations and reactions of a series of dialkoxyphthalocyaninosilicon complexes are described. The
results obtained suggest that siliconium ions may be intermediates in some of the reactions discussed.

A variety of silicon phthalocyanines with groups oxy-
genbridged to the silicon have been described pre-
viously.2=® However the only representative of the
dialkoxy series reported up to now has been the in-
completely characterized but useful intermediate, bis-
(benzyloxy)phthalocyaninosilicon, PeSi(OCH.CeHj),. 10

The series of dialkoxides described in this paper, to-
gether with the silicon phthalocyanines previously
described, serve to illustrate the way in which the prop-
erties of ring unsubstituted trivalent and tetravalent
metal phthalocyanines vary with the nature of the
groups attached to the metal. Thus, for example,
(PcSi0), is thermally stable and insoluble in organic
solvents,? PcSiF, is chemically inert,” PcSi(OH), is
chemically reactive,2~® and PeSi(OC3Hyr)s is benzene
soluble. Ordinary melting point behavior is shown both
by PeSi[OSi(CeHs):(CHs)]s, an interesting species re-
cently reported by Weyenberg and Cekada,® and by
PCSi(OClSH37)2.

In all these cases the properties can be accounted for
in terms of the nature of the side chain or group and the
properties of the macrocyelic ring. Thus, to take the
case of the dialkoxides in more detail, in the series PcSi-
(OCQHs)g, PCSi(OCan)z, and PCSi(OC1gH37)2 the in-
crease in solubility is attributable to the decrease in
molecular symmetry and the increase in molecular
flexibility as the side chains are lengthened. Similarly
accounted for is the fact that PeSi(OC.H;), does not
melt up to 360° in a vacuum, PeSi(OCsH ), melts with
decomposition at 260° and PceSi(OC;sHjr). melts at

(1) (a) This paper is based on the Ph.D. thesis of P. C. K., University
Miecrofilms. The work was made possible by the National Science
Foundation Grant NSF-G15833; (b) Pc = phthaloeyanino ligand.

(2) R. D. Joyner and M. E. Kenney, Inorg. Chem., 1, 717 (1962).

(3) R. D. Joyner and M. E. Kenney, tbid., 1, 236 (1962).

(4) R. D. Joyner, J. Cekada, R. G. Linck, and M. E. Kenney, J. Inorg.
Nucl. Chem., 15, 387 (1960).

(5) J. E. Owen and M. E. Kenney, Inorg. Chem., 1, 334 (1962).

(6) D. R. Weyenberg and J. Cekada, Chem. Eng. News, 40, No. 51, 39
(1962).

(7) P. C. Krueger, Ph.D. thesis, University Microfilms, p. 13.

152° without decomposition. In the same vein the
changes of infrared spectra due to the presence of the
side chains are as expected. For example, bands are
shown which are characteristic of C—Cl in PeSi(OCH,-
CCly)2 at 842 em. —1, of monsubstituted benzene in PeSi-
(OCH,C¢Hg)2 at 696 em. !, of aliphatic C~H in PeSi-
(OCsHu)s at 2946, 2898, 2860, 1473, and 1393 cm. !, in
PcSi(OCsHir)s at 2926, 2854, 1466, and 1383 ecm. ™!, and
in PeSi(OC;sHy). at 2922, 2848, 1468, and 1385 cm. L

Some properties of the dialkoxides, and in fact of the
silicon phthalocyanines in general, which are properties
of the macrocycle are little influenced by changes in the
nature of the side groups. Thus the infrared absorp-
tions attibutable to the macrocyele in the 1150-650-
em. ~! range remain essentially unchanged® and the com-
pounds all retain the characteristic blue to green color
by transmitted light. The degree of constancy of the
visible spectra of the dialkoxides is shown by the fact
that the strongest band in benzene solutions is at 679
mu in PCSI(OCHzCCls)Q, 673 muy in PCSi(OC5H11)2, 674
my in PeSi(OCsHir)s, and 674 mp in PeSi(OCysHjy,), 8
The slight blue shift for the band in PeSi{OCH,CCly), is
probably due to the electron-withdrawing power of the
side groups making the m—r* transition in the ring more
difficult.

It is evident that enough information is available
about the characteristics imparted by various sorts of
groups on the metal and the methods for attaching them
to the metal so that ring unsubstituted phthalocyanines
with specified physical and chemical properties can now
be made on a rational basis.

In earlier work it was found that PeSi(OH), condenses
with itself,? and with PcAIOH-H,05 (CsH;),Si0H,?
Ce¢H;OH,* and CsH;CH.OH.? Now it has been found
that it condenses with simple aliphatic alecohols as well.
These findings lead to the conclusion that the reaction

PcSi(OH), + 2HOR —> PcSi(OR); 4+ 2H,0

(8) Reproductions of the spectra are given in ref. 7, p. 105.



