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Alkylations of sodium and potassium ketone enolates ex-
hibit second-order kinetics in ethereal solvents.? Although
rates in MeoSO are 104-106 times faster than in ethereal sol-
vents and O/C product ratios are independent of metal cation
for a given enolate and alkyl halide, the solvated cation is
important in the transition state as shown by a pronounced
effect on reaction rate.? In this paper, we describe similar
second-order kinetics for the alkylation of lithium enolates
by most halides but have observed surprisingly different be-
havior for alkylations by alkyl chlorides.

Alkylations of lithium enolates in MeoSO by allyl chloride,
alkyl bromides, and alkyl iodides exhibit good second-order
kinetics over several half-lives regardless of whether rates are
determined in excess halide or at moderate halide concen-
tration (Figure 1). The usual order of reactivity for halides in
bimolecular substitution (RI > RBr > CHy;=CHCH,C]) is
shown in Table I.
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Figure 1. Alkylation of lithiobutyrophenone by n-propyl bromide
(0), n-penty! bromide (®), and allyl chloride (O).
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Figure 2. Alkylation of lithiobutyrophenone by n-pentyl chloride in
Me;SO (@); 0.074 M (0) and 0.66 M (D) LiCl added.

Table 1. Second-Order Alkylations of

Lithiobutyrophenone
[RX](), [LlE]o, kz at 30 °C,
Halide M M sTI1M-1 x 104
n-CsH;Br 0.26 0.14 15.3
0.50 0.14 14.0
n-C5H11Br 0.16 0.13 7.4
0.29 0.13 7.7
1.18 0.11 6.5
1.85 0.09 6.0
0.22 0.13 83.5¢
0.34 0.13 64.02
n-CsHuI 0.26 0.13 88.5
0.34 0.13 85.0
CoHsl 0.26 0.14 200
CH,=CHCH,Cl 0.44 0.13 1.2
0.87 0.13 1.0

e At 50 °C.

For alkyl chlorides, a very rapid rate over the first 20-30%
of the reaction is followed by a much slower rate for the re-
mainder of the reaction. This second phase is first order in
enolate but independent of the concentration of the alkyl
chloride (Figure 2). Second-order plots show considerable
curvature, whereas alkylations in which the ratio of initial
concentrations [RCl]o/[E]o is as low as 2.3 obey the first-order
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Table II. First-Order Alkylations of Lithium Enolates
o-
|
H.C=CRR'
Registry CeH, RCI [RC1],, [LiE],, k, at 30°C,
no. R R’ M M s7'x 108

H C,H, n-C,H, 1.50 0.10 1.5
n-C,H,, 0.30 0.13 1.0
0.73 0.11 1.2
1.04 0.10 1.2
1.07 0.11 1.2
1.064 0.10 0.9
0.680 0.10 0.4

0.64 0.14 3.8¢

1.42 0.12 3.9¢

0.60 0.13 14.84

1.30 0.12 15.04
i-C,H, 0.61 0.10 1.3
1.32 0.08 1.2
1.51 0.09 1.2
62416-34-6 CH, CH, n-C,H,, 1.36 0.09 2.3
i-CH, 1.30 0.08 2.1
62416-35-7 C,H, C.H, n-C,H, 1.62 0.10 5.5

a[LiCl], = 0.074 M. 2 [LiCl], = 0.66 M. ¢ At 40°C. 4 At 50°C

law, and a threefold increase in alkyl halide concentration has
no effect on the rate constant (Table II).

The initial, rapid reaction of lithiobutyrophenone and n-
pentyl chloride was investigated in detail. Preferential O- or
C-alkylation during this phase was ruled out by measuring
0O/C product ratios on each titrated aliquot. The mean O/C
ratio for the first third of the reaction was 1.33 and for the
second two-thirds, 1.30. When lithium chloride, a reaction
product, was added in varying amounts to the enolate solu-
tions prior to alkylation, the initial, rapid reaction was sup-
pressed, and the subsequent reaction, although still inde-
pendent of alkyl chioride concentration, was appreciably
slowed (Figure 2).

These results suggest that a reactive enolate such as the free
ion, ion pair, or its aggregate is converted to a less active
species by complexing with lithium halide; for example

) ] +LiX, k1_ RX )
LiX(LiE), —Li:)‘(,_T:1 LitE- -;—; RE + LiX

A steady-state treatment of Li*E— leads to first-order alkyl-
ation kinetics when ko[RX] > k_{[LiX(LiE),] and the dis-
sociation of the complex is rate determining. The second-order
kinetics observed with more reactive alkyl halides requires
that k- [LiX(LiE),] > Eo[RX] or that the alkyl halide is
sufficiently reactive to directly alkylate the complex. The
former explanation is in line with the observation that LiBr
and Lil are not as effective as LiCl in decreasing the reactivity
of phenyllithium as a polymerizing agent,> while the latter
explanation best accounts for the results with allyl chloride
where the complex is identical with that from alkylation by
alkyl chlorides.

From the ratio of lithium chloride formed in the initial al-
kylation phase to the lithium enolate remaining, a stoichio-
metric LiCl(LiE)3; complex is indicated. Such a complex may
resemble the tetrameric alkyllithiums, where four lithium
atoms occupy corners of a tetrahedron with the anions on the
faces.” Lithium halide complexes have been postulated to
account for decreased anionic activity of phenyllithium?® and
lithium piperidide,* and stoichiometric LiRLiX complexes
have been suggested to explain the stability of the relatively
unreactive solid product obtained by the action of alkyllithium
compounds on alkyl halides.5

Activation parameters were determined for both the first-
and second-order substitutions. A plot of log k& vs. 1/7T for the

alkylation by n-pentyl chloride was linear and gave AH* =
26.4 kcal/mol and AS* = +6.0 cal/mol K. Dissociation of a
complex in the rate-determining step would be expected to
have a positive activation entropy, although a higher positive
value was anticipated. Perhaps transition-state solvation by
the MepSO with its accompanying negative entropy change
becomes a leveling factor in this solvent, For the second-order
alkylation by n-pentyl bromide, AH* = 20.4 kcal/mol and

AS* = —6.4 cal/mol K. The latter resuit may be compared
with AS¥ values ranging from —13 to —40 cal/mol K for al-
kylations of sodium enolates of alkyl phenyl ketones in ethe-
real solvents® and values of —8 to —12 cal/mol K for hydroxide
displacement of bromide from n-alkyl bromides in aqueous
Me;SO.2

Experimental Section

Kinetic measurements were made at 30.00 + 0.05 °C unless oth-
erwise indicated. Vacuum-line techniques for preparation, storage,
and transfer of methylsulfinyl carbanion and enolate solutions, as well
as analytical procedures for kinetic and product studies, have been
previously described.? Disappearance of alkylatable enolate species
was followed by quenching 12.4-mL aliquots from a pneumatic sam-
pling buret and titrating the resulting hydroxide ion to a phenol-
phthalein end point. For product analysis, infinity samples were
quenched in 0.1 M sodium hydroxide solution and extracted with
carbon tetrachloride. O-Alkyl products were detected in the infrared
(Beckman IR-8) by broad peaks near 1063 cm~1, and C-alkyl products
in the carbonyl stretching region near 1675 em=!. Enol ethers were
confirmed by a repeat analysis on a second sample of carbon tetra-
chloride extract after shakmg with dilute acid. Absorption at 1063
cm™! disappeared and that in the carbonyl region increased. Quan-
titative analyses of the extracts of all 12 aliquots from an alkylation
by n-pentyl chloride were made by GLC at 170°C on a 5 ft X 0.3 mm
column packed with GE SF-96 phenylsilicon on 100-140 mesh Gas
Chrom Z. The O/C ratio was essentially constant at 1.3, a value in
agreement with the infinity samples from all alkylations of lith-
iobutyrophenone and n-pentyl chloride. No products other than enol
ether, alkylated ketone, and original ketone could be detected.

Registry No.—Lithiobutyrophenone, 62416-33-5; n-C3H;Br,
106-94-5; n-CsH1,Br, 110-53-2; n-C5Hy;1, 628-17-1; CoH51, 75-03-6;
CH2=CHCH201, 107-05-1; n-CaH7C1, 540-54-5; n—C5H11CI, 543-59-9;
1-C4HoCl, 14753-05-0.
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A decade ago Krapcho reported that a geminal diester
could be converted to the corresponding monoester by a novel
one-step method.! The original procedure of sodium cyanide
and dimethyl sulfoxide (Me,SO) was subsequently extended
to include other salts in wet Me2SO or wet dimethylformamide
(DMF),2 and it was further discovered that even the salt was
unnecessary in the case of phenylmalonates.?* While the pi-
oneering work of Krapcho and co-workers served to define the
structural range of diesters,!-3 there has been no systematic
study of the other reagents. In fact, a variety of conditions has
been reported: sodium cyanide in Me,SO,5 lithium iodide and
sodium cyanide in DMF,® and lithium chloride or sodium io-
dide’ or tetramethylammonium acetate? in hexamethyl-
phosphorictriamide. Recently, cyclic secondary or tertiary
amines in hydrocarbon solvents have also been utilized for
decarbalkoxylations.®

In connection with studies related to the synthesis of the
gypsy moth sex pheromone, we required 1-bromo-6-methyl-
heptane.®10 Ag an alternative to the published procedures, we
have explored a route which involved the following reac-
tion.

M92CH(CH2)3CH(C02R)2 - MGQCH(CH2)4C02R
1 2

a,R =Me;b,R =Et

The present work was undertaken to define the scope of this
decarbalkoxylation step. Esters la and 1b were obtained by
malonic ester syntheses. Hydrolysis, decarboxylation, and
esterification gave authentic samples of 2a and 2b for cali-
bration purposes. A standardized procedure for decarbal-
koxylation was utilized to assess the effects of different salts,
concentration, reaction times, and ester groups. The analytical
procedure involved GLC determination of 1 and 2; the isolated
yield of crude product was 65-95%. The results are shown in
Tables I and II. It is clear that an added salt is necessary; best
results were obtained with 1 equiv. Previous work established
that wet Me,SO was necessary.3 In the present study, 2 equiv
of water proved satisfactory. The more facile reaction of
methyl esters compared to the corresponding ethyl esters was
also observed by Krapcho, who has considered the mechanistic
aspects.il Although the present study was not designed to
elucidate reaction pathways, our results do establish that acid
catalysis generated in situ is not operative.!2
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Table I. Decarbalkoxylation of 1a by Various Salts in

MegsO
Salt, Water, Reflux
Salt mmol mmol time, h 2a, %9
LiCl 4 8 1 >99
4 8 0.5 99
NaCl 4 8 1 99
4 4 1 99
KCl 4 8 1 98
CaCly-2H0 4 0 1 >99
4 0 0.5 99
NaBr 4 8 1 96
Lil.-H,0 4 0 1 >99
Nal 4 8 1 97
NaCN 4 8 1 >99
4 8 0.5 >99
4 4 1 >99
4 0 1 >99
2 8 1 95
Nay,CO0O3-H0 4 0 1 96
NasP0O,412H.0 0.8 0 1 98
None 8 1 10
None 0 1 11

a Purity was determined by GLC and is based on 1a and 2a; no
additional substances were detected. Values are the average
(£1%) of duplicate runs.

Table II. Decarbalkoxylation of 1b by Various Salts in
Me.SO

Reflux
time, h

Salt, Water,

Salt mmol mmol 2b, %9

LiCl

NaCl

KCl
CaCly-2H,0
NaCN

Na3PO4-12H20

R =l R N N N N N N N N

Qo 0o

None

OO OO O 000000 OO 000000 0o 00
S RD R b e O RO DD DD D D
w0
©

@ Purity was determined by GLC and is based on 1b and 2b; no
additional substances were detected. Values are the average
(£1%) of duplicate runs.

Experimental Section

Melting points and boiling points are uncorrected. Infrared spectra
were recorded on a Perkin-Elmer 237B spectrophotometer and cali-
brated by a polystyrene film. Gas-liquid chromatography (GLC) was
carried out on a Varian 1400 chromatograph with a 12 ft X 0.125 in.
column of 10% Dow-Corning 710 on Chromosorb W, the helium flow
rate was 30 mL/min, and the column was operated at 210 °C. Ele-
mental analyses were obtained from the Analytical Services Labo-
ratory, University of California, Berkeley.

Materials. Dimethyl suifoxide (MeySO; Fisher Certified), 1-
bromo-4-methylpentane (Chemical Samples Co.), and all salts (re-
agent grade) were used without further purification.

Dialkyl Isohexylmalonates (1). The reaction of 1-bromo-4-
methylpentane with dimethyl sodiomalonate by the method of Adams
and Kamm!3 gave 69% of 1a: bp 85-87 °C (2 Torr); IR (neat) 1757 and
1736 cm™1.



