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ABSTRACT

THE CHEMISTRY OF DICARBOXYLIC
ESTER ENOLATES

By
Nathan Roy Long

Di-enolates of diethyl succilnate, glutarate, and
suberate were generated by addition of the dicarboxylic
ester to two equivalents of lithium diisopropylamide in
dilute THF at -78°. Attempts to prepare di-enolates of
dlethyl adipate and pimelate resulted in the formation
of B-keto esters. Attempts to prepare stable solutions
of mono-enolates by direct proton removal falled for all
dicarboxylic esters studied.

The dicarboxylic ester di-enolates were found to be
stable indefinitely at -78°. Warming the di-enolate solu-
tions resulted in decomposition at rates faster than those
for simple ester enolates.

Diethyl dilithiosuccinate was isolated quantitatively
as a pale yellow solid. Exposure to air causes rapid
decomposition. A PMR spectrum was obtained in dilute
THF dg: 61.16(t,6H), §3.34(q,4H), 63.54(s,2H). An
oxygen metalated structure was proposed for the struc-

ture of diethyl dilithiosuccinate.
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Reaction of diethyl dilithiosuccinate with chlorotri-
methylsilane produced 1l,4-bis(trimethylsiloxy)-1l,l4-diethoxy-
1,3-butadiene in 88% yleld. Hydrolysis of 1,4-bis(tri-
methylsiloxy)-1l,4-diethoxy-1,3-butadiene with 3N hydro-
chloric acid returned 92% diethyl succinate.

Reaction of diethyl succinate with one equivalent of
lithium diisopropylamide, followed by quenching with chloro-
trimethylsilane yielded 45%, 1,4-bis(trimethylsiloxy)-1,4-
diethoxy-1l,3-butadiene and 30% diethyl succinate. Ap-
parently formation of di-enolate is favored over formation
of mono-enolate. Coordination of lithium diisopropylamide
with the first lithium atom to speed up proton removal may
favor di-enolate formation.

Reaction of diethyl dilithiosuccinate with two equiva-
lents of organic halide in THF-HMPA gave high ylelds of
a,a'-di-alkylated derivatives of diethyl succinate. Re-
action of diethyl dilithiosuccinate with one equivalent
of organic halide in the absence of HMPA gave high ylelds
of a-alkylated derivatives of diethyl succinate.

Reaction of diethyl dilithiosuccinate with aldehydes
or ketones formed y-butyrolactones in high yields. The
ao-metalated-y-butyrolactone intermediate can be a-alkylated
in moderate yleld.

Dicarboxylic ester di-enolates react with copper(II)
salts or iodine to form double bonds or cyclic products

depending on the structure of the starting dicarboxylic
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ester. Ylelds for the formation of double bonds or three-
membered rings were excellent.

A series of anhydrous metal salts were reacted with
diethyl dilithiosuccinate at -78°. Cobalt bromide formed

a solution which was stable at room temperature.
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CHAPTER 1

PREPARATION OF MONO- AND DI-ENOLATES
OF DICARBOXYLIC ESTERS



INTRODUCTION

Protons on a carbon alpha to a carbonyl are acidic
and can be removed by base to form a resonance stabilized
anion (Eq. 1). Reactlons of such enolate anions obtained
from aldehydes and ketones with electrophiles have long
provided some of the most useful and versatile methods

for the synthesls of organic compounds.l

6
H—(lz-ﬁ Base \; e ﬁ (1)
I\ c\ —E" =

For many years the use of esters for organic syn-
thesls was limited to simple condensation reactions be-
cause the bases employed, commonly alkoxides, were not
potent enough to completely convert the ester function to
enolate (Eq. 2).2 In 1971 a general procedure was re-

ported for preparing stable solutions of simple ester

0 0
/fk Oor ] )L /'g\ (2)
s
OR Reflux &/ “or —E» OR

enolates by using lithium N-isopropylcyclohexylamide
as the base (Eq. 3).3 Since 1971 lithium ester enolates

gi
H ~ /OLi
A S

R



have been studied extensively to determine their reactivity,
structure, and stability.

Ester enolates react with a variety of reagents such

u

as trialkylhalosilanes,’ alkyl halides,3 aldehydes and

6 8

ketones,5 halogens," copper(II) salts,7 and acid chlorides
to form respectively, silylated esters, chain-extended
esters, B-hydroxy esters, a-halogenated ester, substituted

succinate esters and B-keto esters (Figure 1).

R-C-COZR iH'
-C=CO,R
R,SiC-CO,R 2
3 ' 2 l? |
+ R3SiX /C\
\ /OSZ’LR3 R-X
/E C\OR

l
LiC -co,r X2, X-C-CO,R

/ﬁ_Cl WA
-—C-C 002R — Rozc C C-COZR

Figure 1. Reactions of Ester Enolates.

In 1973 t-butyl lithiocacetate was 1solated as a
stable white solid.9 Its structure was characterized by
proton NMR (PMR) as the oxygen metalated enolate 1, rather

than the carbon metalated enolate 2 (Eq. 4).



0

I LiN(iPr); H OL1
CH;COC(CH3)3 ——— C= or LiCH,C0,C(CH3),
-78°/THF H C(CHj3)
1 2

(4)

It was also found that lithio ester enolates which
are generated at =-78° in THF are stable indefinitely at
that temperature.3 However warming the THF solution above
-78° leads to decomposition and the formation of B-keto

esters (Eq. 5).

-780 50 v® | § ):
H-C-CO,R + LAN(iPr), — L1CCO,R —s —3 H-C-C-C=CO_R
2 2 " {002 [~ 02

(5)

Two possible pathways for the decomposition of ester
enolates have been proposed.10 Condensation of enolate
with unreacted starting ester or regenerated ester in an
"Inverse Claisen" mechanism (Eq. 6) or formation of ketene
followed by enolate attack can also lead to B-keto ester

(Eq. 7).

+ H-?-C-OR —_ OR (6)

L1 o=
>c=<o —->[>c-c=o] / C‘OR, \W‘\oa (7)



Quantitative isolation of bis(trimethylsilyl)ketene
from the decomposition of t-butyl lithio-1l,l-bis(trimethyl-

silyl)acetate was reported in 1971 (Eq. 8).11

Li

warming
[(CH3) 51]20-0020(01{3)3 —> [(CH3)3S1],C=C=0
+
L10C(CH3)4 (8)

The preceding survey briefly describes recent ad-
vances 1in simple ester enolate chemistry, while the follow-
ing will survey reactions involving enolates of dicarboxylic
esters.

The Stobbe condensation, the reaction of a ketone
with an enolate of diethyl succinate, has long been used to
prepare alkylidine derivatives 3 of diethyl succinate (Fig-

ure 2). 2
NaOEt Naegzc CH, R’
Et0,C(CH,)ACOAEt =——>» C=C
2 2/2%VY2 EtO2C/ \R
R-C-R!

NaOEt (Et'CH2CH3) 3 NaOEt

© R—ﬂ-R' H
[Et0,CCH,CHCO,Et] —  Et0,C /C 2
2CCH,CHCO, 2
H /c=o
y Ne—d

Y

|\

Figure 2. The Stobbe Condensation.



The mono-enolate E i1s not prepared as a discrete reagent
but 4 is trapped as it is formed, by ketone, R—g-R',
present in the reaction mixture. This usually requires
that the ketone have no enolizable protons.

12,13 using lithium amide bases to

Recent studies,
generate the enolate, have enabled workers to isolate the
y-butyrolactone intermediate 5 (Figure 2) which had long
been postulated for the Stobbe condensation.

llu claimed preparation of the mono-enolate

Reutraku
of diethyl succinate (Eq. 9) in high yield reactions;
yet Carlson15 was unable to generate a stable mono-enolate

of dimethyl itaconate (Eq. 10).

Li

2LiN(1Pr) |
Et0,C (CHy) 5CO,EL ——io Et0,CCH,CHCO,Et (9)
8°/THF
65-85%
2 LiN(1Pr), Fifitte
Et0,CCH,CCO,Et ————— E£0,CCHCCO,Et (10)
~78°/THF

While studying the oxidative coupling of ketone eno-
lates with cupric chloride, Saegusa briefly reported that
diethyl fumarate could be formed in moderate yield from
dlethyl succinate (Eq. 11).1® The di-enolate of diethyl
succlnate may be an intermediate in this reaction.
2LiN(4iPr), CuCl;

¢ » Et0,CCH=CHCO,Et  (11)
(53%)

Et0,C(CH,)~CO,Et
2¥i¥T272¥ 2R _qgo,rHF  DMF



Garret’c17 reported that stable solutions of dimethyl
dilithiocyclobut-3-ene-1,2-dicarboxylate could be prepared
by reaction of dimethyl cyclobut-3-ene-l,2-dicarboxylate
with 2.5 equivalents of lithium diisopropylamide (Eq. 12).

C02CH3  2.smaN(1pr), — —§%02CH3
- | (12)

CO,CHj 5CH

Although the dianion was not isolated, the PMR spectrum
in deuterated tetrahydrofuran was taken. It showed two
signals as broad singlets at §5.94(2H) and §3.73(6H).
Quenching the dianion with acid returned dimethyl cyclobut-
3-ene-1l,2-dicarboxylate in 50% yield. The dianion ex-
hibited additional spectroscopic and chemical data which
indicated that 1t does not benefit from aromatic delocaliza-
tion, despite the fact that monocyclic anions and di-
anions containing [4n+2] 7 electrons are unusually stable.
Willer recently found evidence for a cyclic inter-
mediate in the reaction of substituted glutarate esters

with potassium hydride (Eq. 13).18

— .

_EE. Et (13)
25°
CO,Et CO,Et 0 OEt

| _




The primary objJjective of this investigation was to
find a general procedure for the preparation of mono-
and di-enolates for a series of dicarboxylic esters.
Several solvents, concentrations, and bases were tested
in order to find a satisfactory procedure. After a general
procedure was found, the stabllities of the enqlates were
studied with hopes that thelr decomposition would give some
insight into the mechanism of simple ester enolate decom-
position.

A second objective of this investigation was to iso-
late a di-enolate of a diester as a crystalline solid.
The structure of the di-enolate could then be characterized

by proton NMR.

RESULTS

Quenching Enolates of Dicarboxylic Esters

A series of dicarboxylic esters were reacted with
one or two equivalents of lithium diisopropylamide (LDA)
in dilute THF at -78°. After 60 minutes, these solutions
were quenched with 3N hydrochloric acid, and followed by
glpc analysis for recovered diester. With the exception
of the adipate and pimelate esters, reactions of the di-
ester with two equivalents of base invariably returned a
higher percentage of starting diester, after quenching,

than reactions of the diester with one equivalent of



base (Table 1).
Cyclization products were isolated in high yilelds
from the reactions of adipate and pimelate esters with
two equivalents of lithium diisopropylamide, thus explain-

ing the low recovery of starting diester (Egqs. 14 and 15).

~ 0,Et
2LIN(1Pr), HY 2
Et0,C(CH,),CO,Et " > —> (14)
(93%)
2 LIN(1Pr), H® “02E
Et0,C(CH,)5C0,Et — - — (15)
(99%)

Attempts were made to slow the cyclization process to
allow complete formation of the dienolate. However, use
of the more sterically hindered di-t-butyl esters, and
running the reactions at -100° did not increase the amount

of di-enolate formed.

Concentration Dependence Studiles

Concentration of the dicarboxylic ester was very
important in forming stable enolate solutions. At con-
centrations normally used (1M) for preparing simple ester
enolates, gel formation occurred. This slowed complete

formation of enolate and competing side reactions could
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Table 1. Quenching Results of Dicarboxylic Ester Enolates.

Percent Recovered Diester?

1 eq/-78° 2 eq/—78° 2 eq/25°

Diester LDA /"Ih™ LDA /"1Ih LDA “Th™
diethyl succinate TU 100 T4
di-t-butyl succinate 67 98 51
diethyl glutarate 58 98 60
diethyl adipate 42 0 -
di-t-butyl adipate 41 0 -
diethyl pimelate 25 1 -
diethyl suberate L7 92 56
diethyl apelate 60 61 8

aDetermined by glpc analysis of aliquots quenched with
3N hydrochloric acid. Reactions were done in dilute
THF.
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occur. Attempts to make enolates 1n 1M THF resulted in
very poor recovery of dilester after quenching (30-60%);
while almost quantitative recovery was possible when dilute
solutions were used.

For the reactions of diesters with two equivalents of
lithium diilsopropylamide, quantitative recovery was pos-
sible for succinate, glutarate, and suberate esters
if the final concentration of enolate in THF was approxi-
mately .125M, .1M, and .085M, respectively. At these
concentrations the enolates stirred freely.

Because of the low soluability of the enolates 1in
THF, attempts were made to find a suitable solvent or co-
solvent which would allow enolate formation in more con-
centrated solution.

The results listed (Table 2) indicate that none was
successful in forming a more concentrated solution of
enolate.

Another attempt to circumvent low soluability of
diester enolates was to change the alcohol portion of
the ester to something which could internally chelate with
lithium to prevent the supposed polymeric gel from forming.
Ethylene glycol monomethyl ether when reacted with succinic
acid formed bis(ethyleneglycol monomethyl ether) succinate
6 (Eq. 16).19 This reacted with lithium diisopropylamide
to give an orange gel which returned little of the diester

upon quenching (Eq. 17).



Table 2.

Et0,C(CH,) ,CO,EL

12

2L1N(1Pr)2
—

Effect of Solvent on Enolate Formation

3N HC1

-78°/Solvent

Solvent
(or Co-solvent)

Conc. (M)
of Di-enolate

4 Recovered
Diethyl succinate?

_—
THF

Glyme

Diglyme

HMPAP®

2 eq. HMPA:THFPC

2 eq. TMEDA:THF
be

N

Pentane

0.125
0.25
0.25
0.25
0.50
0.5
0.25
0.25

100
76
54
59

0
23
72
19

211 ylelds were determined by glpc analysis.

bSolution stirred freely.

cOrange color.
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H  CH,CO,(CH,),0CH,
2HO(CH,),0CH; + HO,C(CH,),CO,H —%

H,C0, (CH,) ,0CH;
6 (100%)  (16)
?HchZ(CHe) ,O0CHy 2 LiN(iPr)2 r/h“
CH.,CO., (CH.,).OCH 780 0 5
VYo \bia)oUhig = Li—0
6 -25M THF (presumed) (43%)

(17)

Reaction of diethyl succinate with potassium hydride
resulted in a rapid quantitative evolution of hydrogen
as monitored by a gas burrette. The solution turned yellow
and quenching with methyl iodide falled to give detectable
new products by glpc analysis. Only (19%) starting material

and intractable tar were observed.

Decomposition Studles of Diester Di-enolates

The di-enoclates of the dlesters, which gave a quanti-
tative recovery in the quenching study listed in Table 1
(Page 10), were warmed to 25° so that their stability might
be studied and their method of decomposition determined.
The results of this study are listed in Table 3.

Also the decomposition of dlethyl dilithiosuccinate
was carefully examined to see if cyclic intermediates,

similar to those postulated by Willer,18 might be found
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Table 3. Decomposition Study of Dicarboxylic Ester Di-

enolates.
% Recovered
Diester Time (hours) Diesterd
Diethyl succilnate 0 100
1 T4
2 b6
3 19
it 5
5 0
Di-t-butyl succinate 0 98
1l 51
2 7
3 0
Diethyl glutarate 0 98
1l 60
2 11
3 0
Diethyl suberate 0 92
1 56
2 6
3 0

8Yields were determined by glpc analysis.
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perhaps by a ketene decomposition route (Eq. 18).

2 LiN(iPr), \ CH ) SicCl
EtOZC(CH2)2002Et >—> [Et 09 —L->

-78°/THF kh
EtO -@—OSI(CH )
0 3’3

(0%) (18)

An orange solution resulted from warming to 25° but quench-
ing with acid, chlorotrimethylsilane or methyl 1odide did

not give the expected cyclic product.

Isolation of Diethyl Dilithiosuccinate

Addition of diethyl succinate to a dilute THF solution
containing 2 equivalents of lithium diisopropylamide, at
-78°, produced diethyl dilithiosuccinate quantitatively
(Eq. 19).

Removal of the solvent and volatile diisopropylamine
under reduced pressure and cold temperatures (-78°+)
gave dlethyl dilithiosuccinate as a pale yellow solid.

The diester di-enolate was stable only under a moisture-
free 1lnert atmosphere. Exposure to the alr caused the
pale yellow solid to turn rust-brown almost instantly.

The dl-enolate could be dissolved 1n excess THF and quenching
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with acid resulted in 80% recovered starting diethyl

succinate (Eq. 20).

2 LiN(iPr)% eva.por'ateb
RN N
isolate

EtOzc(CHz)zcozEt

(19)

dilethyl dilithiosuccinate Ef EtOZC(CH2)2CO Et

2
(80%) (20)

Proton NMR Spectrum of Diethyl Dllithiosuccinate

Solid diethyl dilithiosuccinate 1s insoluable in DMSO
and benzene, decomposes rapidly in pyridine, and can be
dissolved only in a large excess of THF (.01M). Its high
reactivity and these soluability restrictions precluded
obtaining a conclusive PMR spectrum of diethyl dilithio-
succlnate.

It was possible to generate dlethyl dilithiosuccinate
in .125M deuterated tetrahydrofuran (d8 THF) and obtain
a spectrum of the di-enolate contaminated by the diiso-
propylamine which was used to generate the di-enolate.
The chemical shift of diisopropylamine's protons were in
regions which did not interfere with the interpretation
of the PMR spectrum of diethyl dilithiosuccinate.
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The PMR spectrum of diethyl dilithiosuccinate exhibilts
a sharp 24 proton doublet at 1.08 ppm (relative to TMS),
a 6 proton triplet at 1.16 ppm, a broad 3 proton singlet
at 1.76 ppm, a 2 proton multiplet at 2.86 ppm, a 4 proton
quartet at 3.34 ppm, and a 2 proton singlet at 3.54
(Figure 3).

The PMR spectrum of the starting material, diethyl
succinate, was taken for comparison. The spectrum consisted
of a 3 carbon triplet at 1.1 ppm, a 2 carbon singlet at

2.45 ppm, and a 2 carbon quartet at 4.1 ppm (Figure 4).

DISCUSSION

Quenching Enolates of Dicarboxylic Esters

The di-enolates of succinic, glutaric, and suberic
esters have been generated in a simple procedure and were
found to be stable. The method of choice was to add the
dicarboxylic ester to a solution of two equivalents of
diisopropylamide in dilute THF (0.125M, .1M, .085M,
respectively) at -78° for 15 minutes (Eq. 21).

2 LiN(iPr)2 Li0

H
ot
Et0,C(CH,).CO,Et Se=c” H"c==c’
2¥t¥2InYT2™  _qgo MR Eto” NeHy),F oEt
n=2,3,6 n'=0,1,4

(21)



Hz

L
pem (V) 40

Figure 3.

Proton NMR Spectrum of Diethyl Dilithiosuc-

cinate in dg THF.
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0 Hz

'

P I n n 2 A I n n 2 n n " " 2 l

'S A A A 2 A A A A 2 A l A A A 2 l 2 A A A

2
poma (V) 40 3.0 2.0 1.0 o

Figure 4. Proton NMR Spectrum of Diethyl Succinate in
Carbon Tetrachloride.
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Attempts to prepare di-enolates of adipic and pimelic
ester resulted in the formation of five- and six-membered
rings, respectively. The reaction of a diester with sodium
ethoxide to form a cyclic B-keto ester 1s a name reaction,
called the Dieckmann condensation. The mechanism of the

Dieckmann condensation is listed below (Figure 5).

CO.Et
SoEt 2
Et0,C(CH,),CO,Et ——s
XA RRAREERRY b Plux
lebEt T S0kt
OEt 0
0 e oEt SOEt CO,Et
——

Figure 5. The Dieckmann Condensation.

2 LiN(iPr)2 6N HC1 O2Et
=

Etozc(cnz)ucozEt > (22)

~T78°—»25°
(97%)
02Et
2 LiN(iPr)2 6N HC1
- — (23)
-78°—25°
(99%)

Et0,C(CHy)5C0,EL

Listed above (Eqs. 22 and 23) are results obtained by
using lithium diisopropylamide as the base to bring about
cyclization. It should be noted that the Dieckmann
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condensatlion 1s most successful for the formation of five-,
six-, and seven-membered rings. Attempts to prevent five-
and six-membered ring formation by use of lithium diiso-
propylamide falled; probably because ring closure was more
rapid than proton removal to form the di-enolate. Once
formed, the di-enolate should be stable at =78°.

However, for diethyl suberate, formation of the seven-
membered ring apparently is not as rapid as di-enolate
formation, since it formed stable solutions when it was
reacted with two equivalents of diisopropylamide at -78°.
Since the Dieckmann condensation under these conditions
should be irreversible, quantitative recovery of diethyl
suberate indicates that cyclization did not occur (Eq.
24).

2 LIN(1iPr), Et0,C(CH,)gCOLEL (92%)

®
EtO0,C(CH5)¢CO-EL H
2 ( 2)6 2 _780 > —{ 02Et(0%)
(24)

Attempts to prepare stable solutions of mono-enolate

by direct proton removal falled for all dicarboxylic esters
studled. Possibly a Claisen mechanism is acting to con-

dense the dicarboxylic ester.
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Concentration Dependence Studies

The major limitation to forming diester di-enolates
by direct proton removal from the diester was the need
to use dilute tetrahydrofuran (v.1M). Dilution may be
necessary either to slow intermolecular Clalsen condensa-
tion or to allow complete reaction by preventing gel forma-
tion. The gel appears to be polymeric in nature, possibly
the 1lithium atoms are intermolecularly bonded to several
oxygen atoms. Once the gel forms, addition of enough THF,
which would ordinarily prevent gel formation, will not
dissolve the gel. Only when a ten-fold excess of THF was
added did the gel slowly dissolve.

Attempts to find a better solvent than THF falled.
Glyme, diglyme, and TMEDA:THF did not prevent the gel
from forming, and also did not return a higher percentage
of diester upon quenching. When pentane, HMPA, and HMPA:THF
were studled, a decomposition reaction seemed to take place
even at -78°; quenching returned little of the starting
diester. No products were isolated.

The orange gel, which formed when bis(ethylene glycol
monomethyl ether) succinate was reacted with two equiva-
lents of lithium diisopropylamide, returned little of the
starting diester upon quenching. The hoped for chelation
did not help prevent gel formation. Also the quenching
results indicated that either decomposition or side reactions

were occurring. Product determination was not attempted.
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Decomposition Studies of Diester Di-enolates

Di-enolates of dicarboxylic esters can be generated
quantitatively in dilute THF at -78° (Eq. 25), and are
stable indefinitely at -78°.

2 LiN(iPr)2 ﬁa

> —» —>Et0,C(CH,) CO,Et
-78°/THF  1h e¥tri2in"2

Et0,C (CH,) CO,Et

(92-100%)
(25)

Solutions of diester di-enolate rapidly condense when
warmed to 25°; however the initial decomposition products
which result cannot be 1solated, as only intractable tars
are formed.

The rate of decomposition for dlester di-enolates 1s
appreclably faster than for simple ester enolates. Wood-
bury20 found that various ethyl lithio esters decomposed
completely between 8-80 hours; the diester di-enolates
studied were completely decomposed within 5 hours. The
increased rate of decomposition may be due to intramolecular
factors similar to the cyclic structure postulated by
Willer18 (page 7). The cyclic intermediate which he
proposed was sufficiently stable to be trapped by methyl
iodide. Perhaps for the dilithio di-enolates decomposition
may be facilitated by intramolecular factors, perhaps even

proceeding through a cyclic intermediate, but further
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condensation occurred so that the intermediate could not
be trapped.
Several attempts were made to trap the expected furan

7 intermediate but none was successful (Figure 6).

\ Y 4
EtO Qom ~——Et0 o 0

=

Figure 6. Proposed Decomposition Intermediate.

Isolation of Diethyl Dilithiosuccinate

Diethyl dilithiosucclnate was more difficult to isolate
than simple ester enolates, because it was more reactive.
Isolation of simple ester enolates can most easily be done
by generating the enolate in pentane and then evaporating
the solvent by use of é rotary evaporator at room tempera-
ture to 1solate the white so0lid. Simple ester enolates
in the solid form can be weighed in air with only a very
slow decrease in weight as hydrolysis and evaporation
occur. Even in solution they can be rapidly transferred
without excessive hydrolysis and decomposition.

However diethyl dilithiosuccinate was much more re-

active and could not be generated in pentane (Table 3).
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Exposure to air caused the solution to turn brown im-
mediately; quenching indicated an appreciable loss in
diester. Decomposition was rapid enough that rapid re-
moval of the solvent in vacuum and heat resulted in a lower
yield of dilester after quenching. Only when care was
taken to avoid the introduction of air, and solvent was
removed by high vacuum with only slight warming, could a
reasonable yleld of diethyl dilithiosuccinate be isolated.
The high reactivity of solid diethyl dilithiosuccinate
limits 1ts use as a discrete reagent. Unlike simple ester
enolates, which can be weighed in air and stored on the
shelf, isolating diethyl dilithiosuccinate as a solid has
no synthetic advantage over generating the di-enolate and

using it in situ.

Proton NMR of Diethyl Dilithiosuccinate

The structure of a lithium ester enolate has been
characterized as the oxygen-metalated speciles §.9 Since

the actual structure of a particular enolate probably

OLi

>~

OR
8

depends on the metal cation and its assoclation with the

enolate, it was predicted that dlethyl dilithiosuccinate
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would exlst as an oxygen-metalated specles 9, 10, or 11

(Figure 7).

OLi
L10>C”C\/}{C=C<0Et L:Lo>C§ jEéEt ;(c_(g{/om
EtO H EtO ;-C‘\ LiOo-C C
| YEt
H H EtO
9 10 11

Figure 7. Proposed Structures for Diethyl Dilithiosuccinate.

A PMR spectrum could not be obtained for pure diethyl
dilithiosuccinate; the PMR spectrum obtained (Figure 3)
was 1lnherently contaminated with diisopropylamine. Analysis
showed the doublet at 1.08 ppm, the singlet at 1.76 ppm,
and the multiplet at 2.86 ppm could be assigned to di-
isopropylamine. Only the triplet at 1.16 ppm, the quartet
at 3.34 ppm, and the singlet at 3.54 ppm remained to be
assigned. From examination of the possible structures J,
10, and 11, it was obvious from chemical shifts and splitting
patterns that the peaks at 1.16 and 3.34 ppm correspond
to the ethyl groups of the dl-enolate. Therefore, the peak
at 3.54 ppm must correspond to the vinyl protons of the di-
enolate. Based on this PMR data the structure of diethyl
dilithiosuccinate could not definitely be assigned to any
of the three possible structures 9, 10, or 1l1l; it may

be a mixture of all three.
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The chemical shifts of the vinyl protons (3.54 ppm)

were compared with related structures (Table 4).

Table 4. Comparison of Proton NMR.

Chemical Shift

Structure of Vinyl Protons
Li
H>C=C<O 3.14 and 3.44 ppm
B ot
2, 10, or 11 3.54 ppm
/OSi(CH3)3
(CH3 3810
\c=c\H okt 4.1 and 4.29 ppm
H OEt
EtO C=
>C=C< G\OEt 4.4s ppm21
EtO H

This comparison shows that the vinyl protons of ester
enolates and diester di-enolates are shifted upfield from
ordinary vinyl protons, indicating that there 1s less

electron density at the alpha carbon.



28

EXPERIMENTAL

1. Materials

Dicarboxylic Esters

Diethyl succinate, glutarate, adipate, pimelate,
suberate, and azelate were obtained from Aldrich Chemical
Company and distilled prior to use. Di-t-butyl succlnate
and di-t-butyl adlpate were prepared from the commercially
avallable acid chlorides as described in Organic Synthesis,
Vol. H.22 Bis(ethyleneglycol monomethylether)succinate
was prepared as adapted from the procedure for preparing

diethyl adipate in Organic Synthesis Vol. 2,17

Bases

Diisopropylamine and tetramethylenediamine were ob-
tained from Aldrich and distilled from CaH, prior to use.
n-BuLl was obtained from Aldrich as 1.6M solutions in
hexane and used without further purification. Potassium
hydride was obtained from Alfa Products as a 5M solution

and used without further purification.

Solvents

Tetrahydrofuran was commercially available and dis-

tilled from the sodium ketyl of benzophenone. THF d8
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was obtained from Aldrich and used without further puri-
fication. Glyme and diglyme were commercially available
and distilled from lithium aluminum hydrid prior to use.
Commercially available hexamethylphosphoramide (HMPA)
was distillled prior to use.

2. Preparation of Lithium Diisopropylamide

A dry 100-ml flask 1s equipped with magnetic stirrer,
septum inlet, and mercury bubbler. The flask is flushed
with argon, charged with 5 ml of dry pentane, and then
cooled to 0°. Then 6.6 ml (10.8 mmoles) of 1.6M n-BuLi
was added, followed by dropwise addition of 1.40 ml (11
mmoles) of diisopropylamine. The reaction mixture was
warmed to room temperature and stirred for 10 minutes.

The solvent was then removed under reduced pressure, leav-

ing a white solid.

3. Preparation of Dicarboxylic Ester Di-enolates

Diethyl Dilithilosuccinate

Lithium diisopropylamide (10.8 mmoles) was prepared
as described above, dissolved in 20 ml of THF, and was
cooled to -78°. 1In a separate flask under argon, 20 ml
of THF and 0.83 ml (5 mmoles) of diethyl succinate were
combined and added to the lithium diisopropylamide solution

in a rapid dropwise fashion. The solution was stirred
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for 15 minutes at -78° and slowly turned a very pale

yellow-green.

Diethyl Dilithiloglutarate

The identical procedure used for dlethyl dilithio-
succinate preparation was followed, except 25 ml of THF
was added at each step (total 50 ml) and .92 ml of diethyl

glutarate was needed.

Diethyl Dilithiosuberate

The 1dentical procedure used for diethyl dilithio-
succinate preparation was followed, except 30 ml of THF
was added at each step (total 60 ml) and 1.17 ml of di-

ethyl suberate was needed.

4, Quenching, Concentration Dependence, and Decomposition

Studles

Dicarboxylic ester enolates were prepared by proced-
ures listed above. Quenching studies with 3N hydrochloric
acid were done at -78° after the appropriate time and re-
action conditions. After quenching, the reaction mixture
was allowed to warm to 25° and 5 ml of pentane was added
before separation of layers. The organic layer was dried
over anhydrous potassium carbonate and then analyzed using

glpc with a six foot by 1/4 inch column. The most efficient
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packing used was 2-1/2% SE-30 on neutral Chromosorb G.
Scme talling of the diester peaks occurred, but no better
packing material could be found.

For concentration dependence studies the co-solvent
HMPA or TMEDA was introduced to the reaction before' the
dicarboxylic ester was added. For decomposition studies
the enolate solution was allowed to stir at -78° for 15
minutes to allow complete formation of the enolate. Solu-
tions were then warmed to 25° by immersion in a warm water
bath and allowed to stir for the appropriate time. A
colored solution normally resulted. Prior to quenching,

solutions were cooled to -78°.

5. Isolation of Cyclization Products

The procedure for the reaction of diethyl adipate
and pimelate with two equivalents of lithium diisopropyl-
amide was the same as listed above for preparing diethyl
dilithiosuccinate. The solution was maintained at -T78°
for 15 minutes and then warmed to 25° for 60 minutes.
The colored solution was then cooled to -78° and quenched
with 6N hydrochloric acid. The nearly colorless solution
was then warmed to 25° and a little diethyl ether was
added to help separate the layers. The organic layer was

dried over K2003. Glpc analysis was done on 2-1/2% SE-30.
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6. Isolation of Diethyl Dilithiosuccinate

Diethyl dilithiosuccinate was prepared as described
above. After stirring for 15 minutes at -78°, solvent and
amine were removed by high-vacuum, without any exposure
to air. Titration with cold pentane removed very little
of the resulting yellow color. Removal of excess pentane
by vacuum ylelded a pale yellow powder.

When the yellow solid, diethyl dilithiosuccinate, 1is
dissolved in THF (.01M) and then quenched with 3N HCl
or chlorotrimethylsilane at -78°, diethyl succinate and
disilylated diester were formed, respectively, in 78%
and 80% yields. Yields did not vary much with time but
any exposure to alr immediately caused the pale yellow
solid, diethyl dilithiosuccinate, to brown and quenching

vyields were then much lower.

7. Preparation of Diethyl Dilithiosuccinate for PMR

Analysis

Lithium diisopropylamide (.025 mmoles) was prepared
as described above by the reaction of 82.5 uf of 1.6M
n-BuLi with 9.6 puf of diisopropylamine at 0°. The solvent
was then removed under reduced pressure, leaving a white
solid. Deuterated tetrahydrofuran (25 uf THF d8) was
added and the resultant solution was cooled to -78°,

Diethyl succinate (10.4 uf) was mixed with 25 uf of THF dg
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and then added dropwise to the lithium diisopropylamide
solution. After 15 minutes of stirring, the solution was
transferred via a cold syringe to a cold (-78°) argon
flushed NMR tube. The NMR tube was immediately sealed.
All NMR studies were run immediately on a Varian T-60

NMR spectrometer.

8. Product Analyses:
0

f £O,Et

NMR(DCCIB): §4.1(q,2H), 63.3(m,1H), 6&2.3(m,L4H),

6§1.8(m,2H), 81.3(t,3H).

COzEt

NMR(DCCl3): 64.1(q,2H), &3.3(t,1H), 62.2(m,8H),

61.7(m,8H), 81.3(t,3H).

cnzg-ocnzcnzoCH3

NMR(CC1,): B.P. 145°/3mm §4.0(t,4H), &§3.U4(t,4H),
§3.1(s,6H), 862.4(s,4H).

(CH3)5C0,C(CH,) 5,C0,C(CH3) 5

NMR(CC1y): §2.3(s,U4H), 61.4(s,18H).

(CH3)CO,C(CH, ) yCO,C(CH3) 3

NMR(CC1y): §2.1(m,4H), 61.5(m,4H) 61.4(s,18H).



CHAPTER 2

SILYLATION OF MONO- AND DI-ENOLATES OF
DIETHYL SUCCINATE

34



INTRODUCTION

Ester enolates are ambident anions capable of reacting

with electrophiles at either carbon or oxygen (Figure 8).

@ E
on1 2§ §

N \. POE
cec”  —> C-C-OR +3C=
7" Sm 7 f < c\on

Figure 8. Reaction of Ester Enolates with Electrophiles.

Reaction of ester enolates with chlorotrimethylsilane
can form a-silyl esters 12 and/or O-trimethylsilyl-O'-
alkyl ketene acetals 13 (Eq. 26). Substitution on the

OLi (CHx)=SicCl | 0S1(CH,)
A A7 3/3 N, 373
C=C ———» (CH,),SiC-CO,R + .C=C
7" "NoR 33771 727 T /7 SR
12 13

(26)

alcohol portion of the ester favors C-silylation, while
substitution on the alpha carbon favors 0-sily1ation.u
Ethyl esters excluding acetates give predominately O-silyla-
tion products, 1l3.

Ketene silyl acetals react with a variety of electro-
philic reagents. Acid chlorides,23 ketenes,zu’25 and

26

aldehydes react to form B-keto esters and B-hydroxy

35
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esters (Figure 9).

8 |
H ~G-CO,R
@ 0
R 1  co.r
\ PSi(CHz)s —> H,‘c/c\/’ 2
C=C
7 Nor #®
o
e =

Figure 9. Reactions of Ketene Silyl Acetals with Electro-
philes.

Ireland27 has found that allyl esters via the inter-
medilacy of ketene silyl acetals can undergo a Claisen re-

arrangement under mild conditions (Eq. 27).

R Rt gl
NV, o A Z
R® — R — g2
0 O A HO 3

(CH3)3SiO

(27)
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The obJjective of this investigation was to explore the
reaction of silyl halides with the mono- and di-enolates
of dlethyl succinate. It was hoped that this study might
lead to a better understanding of the enolate forming re-
action in Chapter 1 as well as providing a synthetic route

to new compounds.

RESULTS

Silylation of Diethyl Dilithiosuccinate

Addition of diethyl succinate to two equivalents of
lithium diisopropylamide at -78° formed a stable solution.
Addition of chlorotrimethylsilane produced a single product
14 (88%) as determined by glpc analysis (Eq. 28). There

was no evidence of C-silylated product by glpc. The

2 LiN(1Pr), 2(CH3)3SiCl
> : o

E£0,C(CH,) ,CO,Et
2rhrratere -780 -78°
0s1(CH3)3
(CH4) 2510
373 d; “OEt
B60
14 (88%) (28)

stability of 1,4-bis(trimethylsiloxy)-1,4-diethoxy-1,3-
butadiene 14 was studled. Hydrolysis of 14 with 3N
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hydrochloric acid readily formed diethyl succinate and
bis(trimethylsilyl) ether (Eq. 29).

0S1(CH,)
(CH3) 3810 1}C-ci 33 3N HCIL
>c=c,~ OEt -780° 250
EtO H

EtOZC(CH2)2C02Et + [(CH3)3Si]20

92% (29)

Exposure to air also caused 14 to slowly form diethyl

succinate, so pure samples of lﬂ must be stored under argon

in tightly sealed vessels to prevent hydrolysis.

Attempted Silylation of the Mono-enolate of Diethyl Succinate

Addition of diethyl succinate to one equivalent of
lithium diisopropylamide at -78° did not form a stable
solution (Eq. 30). Addition of chlorotrimethylsilane

1 LiN(iPr)2
-78°

Et

unstable] (30)

Et02C(CH2)2CO solution

2

produced three products ;ﬂ, 15, and starting diethyl

succinate as determined by glpc analysis (Eq. 31).
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Hb OSi(CH3)3

(CH,).S1
373 o\cc.,‘H “oEt
14 (45%)
runstable (CH3)3S1C1 (CH3)3SiO\C= ,CH,CO,Et (31)
solution _780 > Et0” CNH
15 (5%) (31)
Et0,C(CH,),CO,Et
(30%)

Similar quenching studies using methyl iodide or ace-

tone gave similar product ratios (Egqs. 32 and 33).

H3(H3
Et0,CCH-CHCO,Et (38%)

CH.I [///’ GH3
[unstable; _ 3 > EtO,CCHCH,CO,Et  (20%) (32)

solution

/|

EtOZCCH2CH2002Et (30%)

[unstable A Eto2c (26%)
solution] }F’
\\\\\‘ 0-~0 (33)

Et0,C(CH,),CO,EL (32%)
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Proton NMR Spectrum of 1,4-Bis(trimethylsiloxy)-1,4-

diethoxy-1,3-butadiene

Proton NMR spectral analysis of the product 14 (Eq.
28) showed it to be a mixture of geometrical isomers. The
PMR spectrum (Figure 10A) showed an eighteen proton singlet
at 0.05 ppm, a pair of 3 proton triplets at 0.95 and 1.05
ppm, a pair of 2 proton quartets at 3.35 and 3.45 ppm,
and a pair of singlets at 4.1 and 4.29 ppm.

The geometrical isomers could be separated by repeated
crystallization in pentane at -78°. The crystals which

formed at -78° were collected by filtration through a cold
(-78°) frit. The PMR spectrum (Figure 10B) of the isolated

sample showed a nine proton singlet at 0.05 ppm, a 3 proton
triplet at 1.05 ppm, a 2 proton quartet at 3.45 ppm, and a
singlet at 4.30 ppm. This proton NMR spectrum corresponds

to the major (80%) isomer of the mixture studied above.

Related Reactions

Reaction of diethyl dilithiosuccinate with dichloro-

dimethylsilane failed to form a stable product (Eq. 34).

CH, CH
\>/
2 LIN(1Pr)p (CH3)3S1Cl,

(34)
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ppm (V! 40 30 20 J X 0

Figure 10. Proton NMR Spectrum of 1,4-Bis(trimethyl-
siloxy)-1l,l4-diethoxy-1,3-butadiene in
Carbon Tetrachloride.
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Glpc analysis showed starting dlethyl succlnate was present
after quenching with dichlorodimethylsilane.

Reaction of succinic acid with four equivalents of
lithium diisopropylamide formed a yellow gel. Quenching
with four equivalents of chlorotrimethylslilane did not
form the desired product (Eq. 35).

4 LAN(1Pr), 4(CH;)3S1C1
>

HOC(CH) C0xH  ———om wTr

H 0S1(CH3),

(CH3)3310\C=C;b=c (35)
AN
H

AN
OSi(CH3)3
(CH3)3SiO

0%

A Diels-Alder reaction between 1l,4-bis(trimethylsiloxy)-
1,4-diethoxy-1,3-butadiene and acetylene-1l,2-dimethyl-
dicarboxylate was unsuccessfully attempted (Eq. 36).

Starting material (99%) remained after 72 hours at reflux.
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CO_ Me 72h/reflux

(36)

EtO 0S1i(CH

3)3

Addition of diethyl glutarate to two equivalents of
lithium diisopropylamide, followed by quenching with
chlorotrimethylsilane yielded a single product 16 (Eq.
37).

2 LiN(iPr)g' 2(CH3)3SiCl
—

E60,C (CHp) 300,86 —————
(CH4)4S10 H 0S1(CHy)
3)3 ;Cgc“/lﬂc 2H\fc=C< 33 (37)
EtO OEt

85%
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DISCUSSION

Silylation of Diethyl Dilithiosuccinate

The reaction of ester enolates with trialkylhalo-
silanes has been studied extensively, and has been found
to silylate on either carbon or oxygen depending on the
structure of the ester (Eq. 38).” The ratio of O to C

é L OS1(CHgz)4
L1I002R + (CH3)381CI—>(CH3)381|002R + >=C\OR
(38)
silylation depends on the substitution at the alpha carbon
and on the substitution 1n the alcohol portion of the ester.

With dlethyl dilithiosuccinate, silylation occurred

exclusively to form O-silylated product (Eq. 39). No C-

silylated product or starting diethyl succinate was found.

2 LiN(1iP 2(CH SiCl
-78°

E£0,C(CHp) ,CO,EL

0S1(CHs)
(CH3) 5510 f%=c:OE 373 (399
= t 39
EtO/C Q‘H

14

Hydrolysis of the O-silylated product to diethyl succinate
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under mild conditions confirms the structure as 1,4-
bis(trimethylsiloxy)-1,4-diethoxy-1,3-butadiene 14.
C-silylated esters are more stable than O-silylated esters
toward hydrolysis.u
A mixture of geometrical isomers of 14 was formed
which could be separated by crystallization from pentane
at -78°. The existence of geometrical isomers for 14
makes 1t probable that the solution of dlethyl dilithio-
succlnate existed as a mixture of geometrical 1isomers
before quenching. These geometrical isomers (structures

9, 10, 11 in Chapter 1) are formed by non-stereospecific
proton abstraction by lithium diisopropylamide (Eq. 40).

H _oLi
;b=c

MOy “oEt

=C
Eto” M

2 LIN(iPr), /L1 C
=

Et0.,C(CH,),CO,Et =C-
avrrraarTe Et0” E E (40)
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Attempted Silylation of the Mono-enolate of Diethyl

Succinate

Reaction of dilethyl succlnate with one equivalent of
lithium diisopropylamide, followed by quenching with
chlorotrimethylsilane ylelded three products 14, 15, and
diethyl succinate (Eq. 41).

1 LiN(iPr)a_ (CH333SICI
r

EtOz(CHZ)zcozEt

OSi(CH3)3

(CH3)3SIO>E=G2Z-G<OEt

EtO

(45%) 14

ﬂb30/081(CH3)3

Etozccug’ NOEt (41)

(5%) 15

Et0,C(CH,) ,CO,Et

(30%)

These results were not expected. Formation of 14
in high yleld and return of starting diethyl succinate
indicates that the di-enolate was formed more efficlently

than the mono-enolate.
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Two explanations are possible. The di-enolate may
be more stable than the mono-enoclate, and the observed
product distribution may represent an equilibrium mixture
of enolate anions. The structure of diethyl dilithio-
succlnate, 9, 10, ;l} contailns a conjugated diene struc-

ture. These thermodynamic considerations do not seem

reasonable since they require that the dianion be more
stable than the monoanion and the second proton must be
appreciably more acidic to account for the formation of
14 1in high yield. |

Another explanation 1s that the observed product
distribution may represent kinetically controlled enolate
formation. The mono-enolate may assist the formation of
the di-enolate.

28 has found for oxime dianions that the hydrogen

Jung
which 1s syn to the oxygen 1s removed by base (Eq. 42).
Oximes which have no protons syn to the oxygen and are
forced to react anti, do so sluggishly and in low ylelds
(Eq. 43). His explanation is that the second equivalent

of base coordinates with the first lithium atom to
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OH L1
N~
2nBuli N )
)j\/ nu' /[L( = e
L
(90%)
H Li
N/O 2nBuli Li antl
D —— ——
)jj< (43)
(25%)

very slow

kinetically facllitate removal of the second proton.

A similar coordination of the second equivalent of
lithium diisopropylamide with the diester mono-enolate
may account for the di-enolate being formed preferentially.

This could then explain the observed product distribution
(Eq. 39).

Proton NMR Spectrum of 1l,4-bis(trimethylsiloxy)-1,U4-

diethoxy-1l,3-butadiene

The proton NMR spectrum (Figure 10) shows that a mixture
of geometrical isomers 1is formed when diethyl dilithio-
succinate 1s quenched with chlorotrimethylsilane. Assign-
ment of the structure as the O-silylated molecule 14
was based on hydrolysis reactions and the proton NMR

spectrum.
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JOS1(CH3) 4
(CH3) 3510
Et0”

o
C=Q\H Et

14

An 18 proton singlet at 0.05 ppm was assigned to the

methyl groups on the silicons; 3 proton triplets at 0.95

and 1.05 ppm and 2 proton quartets at 3.35 and 3.45 ppm
were assigned to the ethyl groups; and singlets at 4.1

and 4.29 ppm were assigned to the vinyl protons.

Related Reactlons

Reaction of diethyl dilithiosuccinate with dichloro-
dimethylsilane failed to give the postulated cyclic product.
Also reaction of succinic acid with lithium diisopropyl-
amide falled to form the tetra anion. Possibly low solu-
abllity was the problem.

Trapping the di-enolate of diethyl glutarate with

chlorotrimethylsilane was successful.

EXPERIMENTAL

l. Materials

Diethyl succinate and glutarate were distilled prior
to use. Chlorotrimethylsilane and dichlorodimethylsilane

were commercially available and were distilled and stored
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under argon. n-BulLl was obtained from Aldrich as 1.6M
solutions and used without further purification. Diiso-
propylamine was obtalined from Aldrich and distilled from
CaH2 prior to use. Tetrahydrofuran was commercially avail-
able and distilled from the sodium ketyl of benzophenone.
Succinic acid and maleic anhydride were commercially avail-

able and used without further purification.

. Preparation of 1,4-bis(trimethylsiloxy)-1,4~diethoxy~

2
1l,3-butadiene

Diethyl dilithiosuccinate (50 mmoles) was prepared as
described in Chapter 1. After stirring at -78° for 15
minutes, 7.0 ml chlorotrimethylsilane (55 mmoles) was
added dropwise. The solution was stirred 15 minutes at
-78° before warming to room temperature for 30 minutes.
Solvent and amine were evaporated by use of a rotary
evaporator. Pentane was added to the resulting oill and
the solution was filtered to remove lithium chloride.
*Vacuum distillation at 92°/.65 mm yilelded 11.6 g (73%)
of 1,4-bis(trimethylsiloxy)-1l,4-diethoxy-1,3-butadiene.

3. Attempted Silylation of the Mono-enolate of Diethyl

Succinate

Lithium diisopropylamide (5 mmoles) was prepared and

1solated as described in Chapter 1. 10 ml of tetrahydrofuran
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was added and the solution was cooled to -78°. Diethyl

succinate (5 mmoles) was mixed with 10 ml of tetrahydro-
furan and then added slowly dropwise. A yellow solution
resulted. After stirring 15 minutes at -78°, chlorotri-
methglsilane (5.5 mmoles) was added dropwise. The solu-
tion was stirred 15 minutes at -78°, and then 30 minutes

at room temperature. Glpc analysls indicated three pro-

ducts.

4, Preparation of 1,5-bis(trimethylsiloxy)-1,5-diethoxy-

1,4-pentadiene

The identical procedure used for 1l,4-bis(trimethyl-
silloxy)-l,4-diethoxy-1l,3-butadiene preparation was followed
except dilithioglutarate was prepared by the procedure in
Chapter 1. Vacuum distillation at 108°/.65 mm yielded
10.8 g (65%) of 1,5-bis(trimethylsiloxy)-1l,5-dlethoxy-1,4-

pentadiene.

(CH3)3SiQ\ LCH, ,OSi(CH3)3

"

NMR(CC1,): 63.6(q,4H), 83.45(t,2H), 62.4(t,2H),
§1.05(5,6H), 60.05(s,18H).
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Figure 11. Proton NMR Spectrum of 1,5-Bis(trimethyl-
siloxy)-1l,5-diethoxy-1l,l4-pentadiene in
Carbon Tetrachloride.



CHAPTER 3

ALKYLATION OF MONO- AND DI-ENOLATES OF
DIETHYL SUCCINATE
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INTRODUCTION

In Chapters 1 and 2 it was established that stable
solutlions of diethyl dilithiosuccinate could be generated
by reaction of dlethyl succinate with two equivalents of
lithium diisopropylamide in tetrahydrofuran at -78°.

This ability to generate diethyl dilithiosuccinate as a
discrete reagent should be synthetically useful.

29-31

Several authors have reported alkylation of

simple ester enolates (Eq. 44). Reaction conditions vary,

I Base R-X |
H_+_C_0Rt —_— — R_(f-c_oa' (44)

but most use strong bases, reactive alkylating agents, and
cold temperatures. Schlessinger30 reported a general method

for the alkylation of esters in high yield (Eq. U45).

I LiN(iPr), R-X/HMPA
H-?-@—OR' 5 > R—I?-ﬁ-OR' (45)
-78° /THF -780°
(88-97%)

Hexamethylphosphoramide (HMPA) is used as co-solvent.
In 1972 1t was reported12 that dicarboxylic esters
could be alkylated in very low yields (1-29%) by using

lithium amide as the base. Previous attempts to alkylate

54
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dicarboxylic esters using alkoxide bases invariably failed
to give desired products. The main problem is that the
enolate generated by alkoxide is not a discrete reagent
so it must be trapped as it forms or competing condensation
reactions will occur. It 1s not possible to alkylate in
high yield in refluxing alkoxide.

The objective of this 1lnvestigation was to explore
the reaction of diethyl dilithiosuccinate with alkylating
agents. New products were characterized and known pro-
ducts were compared with previous investigations. The
use of the mono-enolate of diethyl succinate for alkyla-

tion reactions was also studied.

RESULTS

Di-alkylation of Diethyl Dilithiosuccinate

Diethyl dilithiosuccinate was prepared by addition of
diethyl succinate to a tetrahydrofuran solution contaln-

ing two equivalents of lithium diisopropylamide at -78°
(Eq. U6).

(ci.) 2LiN(1Pr), Li0_ H'b=c<z (46)
Et0.C(CH,),CO,Et — 3 c=<<H Et
2¥Tret2Tr2™Y _qgoy 125M Etd”

THF
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This stable solution was then di-alkylated by adding

two equivalents of an organic halide in hexamethylphos-
phoramide (HMPA) to the THF solution of diethyl dilithio-
succinate at -78° (Eq. 47) (Table 5). VYields of these

L10 OL1 2 R-X/2HMPA R R
o:n c<5 > Et0,C-C-G-COREt  (47)
g Et -T78°/THF b

reactions varied depending on the structure of the alkylat-
ing agent. Product analysis by proton NMR and glpc indi-
cated that diastereomers were formed. No O-alkylation or

di-alkylation at the same carbon was observed.

Mono-alkylation of Diethyl Dilithiosuccinate

Addition of only one equivalent of an organic halide
to a solutlon contalning diethyl dllithiosuccinate pro-
duced mono-alkylated derivatives of dilethyl succinate, after

quenching with acid (Eq. 48) (Table 6).

2LIN(iPr)., 1R-X
g > E£0,CCH ?HCOzEt (48)
—78°/THF -T78°

EtO2C(CH2)2C02Et

Higher yields were obtained when HMPA was not added as

co-solvent.
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Table 5. Di-alkylation of Diethyl Dilithiosuccinate.

2LIN(1Pr) 2R-X
E£0,C(CH,) ,C0,Et > > EtO0,CCHCHCO,Et
-78°/15min 2HMPA
THF

R-X EtOZC(CHZ)chZEt EtOchHngHCOZEt EtOzciHiHCOzEt

2CH3I - - e - - 82%&
2CH,CH,T -—— R— 8u%
2¢CH,Br -—- 12% 68%

aYields were determined by glpc analysis.
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The time necessary for mono-alkylation varied, depend-
ing on the nature of the alkylating agent. Less reactive
alkylating reagents (CH3CH21) required more time for com-
plete reaction. Competing side reactions also were

a problem for the longer reaction times.

Mixed Alkylations

Addition of one equivalent of an organic halide to a
solution containing diethyl dilithiosuccinate, followed
by addition of a different organic halide, produced mixed
alkylated derivatives of diethyl succinate (Eq. 49).

2L1N(1Pr)2 ¢CHZBr CH3I
> » —2p
-78° /THF -78°/15min -T78°

Et0,C(CHy),CO,EL

E£0,CCH—CHCO,Et
2 2
EHB CH ¢ (49)

(60%)

Cyclic Alkylations-

Addition of one equivalent of an organic dihalide to
a solution containing diethyl dilithiosuccinate produced
cyclic products (Eq. 50) (Table 7). Since organic dihalides

are ordinarily less reactive toward alkylation processes,
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Table 7. Cyclic Alkylation Reactions.

2LiN(iPr), (CH,).X (CH )
Et0,C (CH,) CO,Et 2 _2n2 ELO C,CH" 2 ™MH-C0 LEt
-78°/THF 2" (cH, r/
Diester RX, Product $ Yield?
diethyl succinate CH,I, <[CO2E1: 23
CO2Et
diethyl succinate (CHjy),I, CO,Et 0
COzEt
diethyl succinate (CH,)4Br uy
COLEt COLEt
C[ (CHp) 3Bry R 55
CO2Et
lutarate CH,I CO,Et 0
dilethyl glutarate 51, CO.Et 2
C02Et
diethyl glutarate (CHZ,)zI2 :zcozgt 17
CO,Et
dlethyl glutarate (CH,)3Br, <<:::§:002Et 22

CO,Et

——

2Yields were determined by glpc analysis.
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2L1N(1Pr)2(CH2)nX2 (CH,),
Etozc(CH2)2CO2Et - —3 > & ?
-78°/THF Etozc H-CHCO,Et (50)
n=1, 2, 3

x = I or Br

the yields of cyclic products by this reaction were low,

as expected.

DISCUSSION

Di-alkylation of Diethyl Dilithiosuccinate

Diethyl dilithiosuccinate can be generated as a dis-
crete reagent. This makes alkylation reactions possible
since competing condensation reactions are minimized at
the cold temperatures employed. Also the generating base
is not present for competitive reaction with the alkyl
halide as it would be under Stobbe reaction conditions.

Simple ester enolate can be alkylated easily at -78°
by use of hexamethylphosphoramide as co-solvent (Eq.

51).30

LiN(iPr), R-X |
> —>~ R-C-CO,R (51)

H‘?‘COzR. .
-78°/THF HMPA

(88-97%)

Reaction of diethyl dilithiosuccinate with two



62

equivalents of organic halide proceeded smoothly to yleld

di-alkylated derivatives of diethyl succinate (Eq. 52).

SLAN(iPr), 2 R-X
$ > Et0,CCHCHCOHES (52
R R

Et0,C(CH,),CO,Et
2¥YT2727T2™ 180 /pHF  2HMPA

(68-84%)

Yields of di-alkylated product reported in this work were
far superior and cleaner than those reported in earlier
studies by Kof‘ron.12
Simple ester enolates can be coupled with copper(II)
salts to form di-substituted succinate esters (Eq. 52).7

Yields of di-alkylated succlnates reported in this work

| CuX2 T ?
Li-f—COZEt — Et020-¢—?-002Et (53)
(20-85%)

were found to be greater than or equal to those reported
for the copper coupling reaction of simple ester enolates
(Eq. 53). The two methods compliment each other. In
many cases the avallability of starting materials might
determine which method should be used for preparing di-

substituted succinates.
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Mono-alkylation of Diethyl Dilithiosuccinate

Reaction of diethyl dilithiosuccinate with one equiva-
lent of organic halide in the absence of hexamethylphos-
phoramide gave high ylelds of mono-alkylated succilnates
(Eq. 54).

( ) 2L1N(1Pr)2 1 R=X
Et0,C(CH CO,Et >~ » EtO,CCH,CHCO,Et

(68-83%) (54)

These mono-alkylated succinates cannot be made efficiently
by copper coupling reactions of simple ester enolates. A
several-step method32 involving the addition of sodium
cyanide to an a-f unsaturated ester as the key step has
been used to prepare mono-substituted diethyl succinate
derivatives 1in ylelds slightly less than those obtained 1in
this study. The major limitation to preparing mono-alkylated
succinates via direct alkylation of diethyl dilithlosuc-
cinate is difficulty 1n separating the desired product
from the side products. In many cases the non-alkylated
succinates and di-alkylated succinates have similar physi-

cal properties.
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Mixed Alkylation

Reaction of diethyl dilithiosuccinate with one equiva-
lent of organic halide, followed by addition of a different
organic halide gave high yields of the mixed alkylated

product (Eq. 55). No products were found in which alkylation

2L1N(1Pr)2 1R-X 1R'X
EtOZC(C}Iz)ZCOZEt > —p >Et020iHiHCozEt
]

-78°/THF -78° -78°

(60%) (55)

occurred twice at the same carbon. This indicates that
dlester di-enolates are similar to simple ester enolates
in that they do not undergo enolate exchange at cold tem-
peratures unless the stability of the enolates is markedly
different.

This suggests that the di-enolate of dlethyl succinate
1s not thermodynamically more stable than the mono-enolate.
Also the ability to mono-alkylate the di-enolate suggests
that the di-enolate may in fact be thermodynamically less
stable than the mono-enolate. Or alternatively the di-
enolate may kinetlically be more reactive. In either case
the ability to mono-alkylate the di-enolate provided a
method for preparing the mono-enolate of a diethyl suc-
cinate derivative. An examination of the ylelds for the

mono-alkylation and mixed alkylation reactions (Table 6)
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and (Eq. 48) showed that material recovery was quite low.
Apparently the mono-enolate 1s slightly more prone to

condensation reactions than is the di-enolate.

Cyclic Alkylations

Reaction of diethyl dilithiosuccinate with an organic
dihalide gave low yields of cyclic product (Eq. 56).

The formation of a five-membered ring was the only

2LIN(iPr), (CH,) X CH,)n
Et0,C(CH,),C0,Et 3 —2nmg y
-78°/THF HMPA Et0,CCH-CHCO,Et
n=1,2,3 (56)

synthetically useful reaction.

EXPERIMENTAL

l. Materlals

Alkyl halides and organic dihalides were obtained
commerclally and distilled prior to use. Alkyl lodides
were stored over copper turnings. Diethyl succlnate and
glutarate were distilled prior to use. Diethyl cyclo-
hexane dicarboxylate was prepared from the commercially
avallable cis-1l,2-cyclohexane dicarboxylic anhydride by

reaction with ethanol. nBuli was obtained from Aldrich
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as 1.6M solutions and used without further purification.
Diisopropylamine was obtained from Aldrich and distilled
from CaH2 prior to use. Tetrahydrofuran was commercially
avallable and distilled from the sodium ketyl of benzo-
phenone. Hexamethylphosphoramide was obtained from Ald-

rich and distilled prior to use.

2. Di-alkylation of Diethyl Dilithiosuccinate

The preparation of dilethyl a,a'-dimethylsuccinate will
be representative. Diethyl dilithiosuccinate (50 mmoles)
was prepared by procedures described in Chapter 1. After
stirring at -78° for 15 minutes, 18 ml hexamethylphos-
phoramide (100 mmoles) in 18 ml tetrahydrofuran was added.
6.8 ml (110 mmoles) Methyl iodide was added dropwise,
stirred at -78° for 15 minutes, and then allowed to warm
to room temperature for 45 minutes. The solution was
cooled to -78° and quenched with 50 ml of 3N hydrochloric
aclid. After warming to room temperature, 50 ml of pen-
tane was added, and the layers were separated. The
organic layer was washed twice with 50 ml 3N hydrochloric
acid to remove hexamethylphosphoramide. The solution
was dried with anhydrous potassium carbonate and distilled
at 71° (3mm) to yleld 6.9 g (68%) of diethyl a,a'-dimethyl-

succinate.
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3. Mono-Alkylation of Diethyl Dilithiosuccinate

The preparation of diethyl a-methylsuccinate will
be representative. Diethyl dilithiosuccinate (5 mmoles)
was prepared by the procedure described in Chapter 1.
After stirring at -78° for 15 minutes, 0.34 ml (5 mmoles)
methyl iodide was added dropwise. No hexamethylphosphor-
amide was added. The solution was stirred at -78° for 30
minutes and then quenched with 5 ml 3N hydrochloric acid.
Pentane was added and the layers were separated. After
drying with anhydrous potassium carbonate, the organic

layer was analyzed by glpc.

4, Mixed Alkylation of Diethyl Dilithiosuccinate

Diethyl dilithiosuccinate (5 mmoles) was prepared by
the procedure described in Chapter 1. After stirring at
-78° for 15 minutes, 0.60 ml (5 mmoles) benzyl bromide
was added dropwise. The solution was stirred at -78°
for 50 minutes, and then 0.90 ml (5 mmoles) hexamethyl-
phosphoramide in 1 ml THF was added and stirred 10 minutes.
0.44 ml (6 mmoles) Methyl iodide was added dropwise and
stirred 15 minutes at -78° before warming to room tempera-
ture. After 30 minutes the solution was cooled to -T8°
and quenched with 5 ml 3N hydrochloric acid. After warming
to room temperature 5 ml of pentane was added, and the
layers were separated. After drying with anhydrous potas-

sium carbonate, the organic layer was analyzed by glpc.
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5. Cyclic Alkylation of Dicarboxylic Ester Di-enolates

The preparation of diethyl cyclopentane dicarboxylate
will be representative. Diethyl dilithiosuccinate (50
mmoles) was prepared by the procedure described in Chapter
1. After stirring at -78° for 15 minutes, 18 ml (100
mmoles) hexamethylphosphoramide in 18 ml tetrahydrofuran
was added. 5.2 ml (52 mmoles) 1l,3-Dibromopropane was
added dropwise, stirred at -78° for 15 minutes, and allowed
to warm to room temperature for 45 minutes. The solution
was cooled to -78° and quenched with 50 ml of 3N hydro-
chloric acid. After warming to room temperature, 50 ml
of pentane was added, and the layers were separated. The
organic layer was washed twice with 50 ml 3N hydrochloric
acid and then dried with anhydrous potassium carbonate.
Distillation at 95°/3mm yielded 3.6 g (33%) of diethyl

cyclopentane dicarboxylate.

6. Product Analyses

All proton NMR spectra were recorded on a Varian T-60
Spectrometer. The IR spectra were recorded on a Perkin-

Elmer 237B Grating Infrared Spectrophotometer.
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CH30H202CIH—XH0020H2CH3
H3 H3

NMR(CC1,): &4.0(q,4H), §2.65(m-2q,2H), §1.15(d,6H)

§1.20(t,6H).

IR (CCl,): 1740 em™> (~COR).

CH3CH202CCH—?H0020H20H3 BP 84°(3mm) Known BP 237-9°
H

2 iﬂz
H3 CHg

NMR(CC1l,): 64.05(q,4H), 62.55(m,2H), 61.5(m,4H)

§1.25(t,6H), 6.95(t,6H).

5 MP 82°-83°
Hy CH,

¢

CH3CH20 2C$H—ZHCOZCH2CH

NMR(CC1l,): &7.05(s,5H), §3.95(m-2q,4H), 62.85(m-2d,4H)
§2.35(m,2H), 61.10(t,3H),61.05(t,3H).
IR(CCL,): 1740 em™> (~COR)

(]
CH3CH202CCH2?HC.020H2CH3 Known BP 218
CH3

NMR(CC1)): §4.05(q,4H), 62.5(m,3H) 61.1(t,6H),

§1.05(d,3H).
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CH3CH202C?HCH2002CH2CH3 BP 74°(3mm) Known BP 224-6°

L2
Hg

NMR(CC1,): &4.05(q,4H), 62.50(m,3H), 61.5(m,2H),

61.20(t,6H), §1.00(t,3H).

CH3CHp0,CCHCH,C0,,CH,CH;
o
¢

NMR(CC1,): 67.05(s,5H), 64.0(q,4H), 62.8(m,3H),

§2.4(m,2H), 81.1(t,3H), §1.05(t,3H).

CH3CH2020?H——?H002CH2CH3
?HZ CH3
¢

NMR(CC1)): &7.0(s,5H), §4.0(m-2q,4H),62.75(m,4H),

6§1.15(d,3H), 61.1(t,3H), §1.05(t,3H).

/,CH-0020H2CH3

#~CH-CO,CH,CH

CH

NMR(CC1y): &4.05(q,UH), 62.1(m,2H), 61.5(t,2H),

§1.3(t,6H).
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- o
CH /:CHCO2CH2CH3 BP 95°(3mm) Known BP 249-252

2
“CH,
0,CH,CH,

NMR(CCly): &4.0(q,lH), 62.95(m,2H), 81.95(m,6H),

§1.25(t,6H).
IR(CC1,): 1740 em™t (-CO,R), 1200 cm™> (C-0).

0 CH20H3

COZCHZCH3

NMR(CC1,): 64.0(q,4H), 62.4-1.6(m,14H), 61.2(t,6H).




CHAPTER U4

REACTIONS OF DIETHYL DILITHIOSUCCINATE
WITH CARBONYL COMPOUNDS
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INTRODUCTION

The Stobbe condensation is a well-known reaction which
has found numerous applications in organic synthesis.
The reaction involves treatment of diethyl succinate with
a ketone 1in refluxing alkoxide to yleld a more function-

alized half acid-half ester.2 Ring opening occurs (Figure

12).
gﬁzcozEt KOC(CH3)3 K982°CH2\C=C R
H,C > / ~
2CO,EL ] 8 N E£0,C R
KOC(CH3)3 reflux
ﬂ —
?H2C02Et R-C-R' ~ EtO, c /CH2 -
©CHCO,Et BC
16

Figure 12. The Stobbe Condensation.

Recently a few methods have been developed to trap
the useful y-butyrolactone intermediate 16. Kofron and
Wideman were the first to successfully trap the y-butyro-
lactone 1ntermediate.12 Thelr method involves treating

mono-ethyl succinate with lithium amide in dilute liquid
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ammonia, followed by addition of ketone (Eq. 57). Yields
were low (21-49%).

a Et0,C
| N\
H,CO,R 2 LiNH., R-C-R'
H2002H —5 —> R (57)
2vY2 NH, 7
Rl

In 1977 Adams33 reported formation of the a-butyro-
lactone by reaction of a trilithiosuccinamide with benzo-
phenone (Eq. 58). One disadvantage of this method 1s that

strong acid 1is required to form the lactone.

0
|
@ ﬂ 3 LiN(iPr) Ph-C-Ph strong
PhNHCCH,,CH,CNHPh > > >
acid
PhNHQ\CH H2
=0 (58)
Ph-C-0
h
(92%)

In 1977 Reutrakul reported a convenient procedure for

preparing a-butyrolactones by reaction of the monoanion

of diethyl succlinate with ketones13, and a-keto esterslu

(Eq. 59).
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LigHCOzEt R-C-R' (59)
- R
H,CO,Et ';7'\01)

R'=allyl or
carboxylate (24-90%)

In 1972 Posner3u reported a direct procedure for

a-methylating y-butyrolactones (Eq. 60). Yields for this

1) 2 LiN(1Pr),/THF/-78°
LA o
2) CHyI/-78° t -30°

CH3

(56%) (60)

reaction varied with the amount of lithium diisopropyl-
amide used. Higher yields of methylated product could be
obtained by increasing the amount of amide base used;
however, by-products also increased.

Simple ester enolates react with acid chlorides to

form B-keto esters in moderate yields (37-81%) (Eq. 61).8

. R-C-C1 {1 |
Li?-COzR' —_— R-c-?-cozn' (61)

Use of different acetylating reagents can improve the

35 but even better results are obtalned when

23-25

yield some,

O-si1lyl ketene acetals are reacted with ketenes.



76

The obJective of this investigation was to explore

the reactions of diethyl dilithiosucclnate with various

carbonyl compounds.

RESULTS

Reactions of Diethyl Dilithiosuccinate with Ketones and

Aldehydes

Diethyl dilithiosuccinate was prepared as described
in Chapter 1. Dropwise addition of ketones or aldehydes
to the THF solution at =-78° produced high yields of the

corresponding y-butyrolactones (Eq. 62) (Table 8).

Et0,C

\

f
2 LiN(iPr)., R-C-R' H®

Et0,C (CH,) 5COLEE > —> — R‘?LZLO
-78°/THF -78° R

(62)
These reactions were complete within 30 minutes and were
quenched with 3N hydrochloric acid. All products were

identified using proton NMR and mass spectrometry.

Alkylation of a-Metalated-y-butyrolactones

Reaction of diethyl dilithiosuccinate with one equiva-
lent of ketone at -T78° rapildly formed y-butyrolactone 1n

high yield. Addition of one equlvalent of methyl iodide
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Table 8. Formation of y-Butyrolactones.

Et0,C
il
2L1N(1Pr)2 R-C-R' 3NHC1
Et0,C(CH,),CO,Et > » —> R 0
-78°/THF -78°/30 min R!
' a
R-C-R' Product % Yield
Et0,C
acetone CHg:' I 90
(0]
CH3
EtO0,
cyclohexanone 78
0~ 0
E£0,C
benzaldehyde ¢:q::;:]§o 55
H

EtO,

C
acetaldehyde CH l I 48

aYields were determined by glpc analysis.
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formed the a-methylated-y-butyrolactone (Eq. 63). Due to
similar physical properties, separation of pure a-methylated-
Y-butyrolactone from non-methylated-y-butyrolactone was not
possible. Glpc analysis showed two partially resolved

peaks. The larger peak was assumed to be a-methylated-
y-butyrolactone (~45% yield) and the smaller peak, slightly
higher retention time, had the same retention time as the

non-methylated-y-butyrolactone (~n25% yield).

2 LiN(1Pr), CH,CCH 1)CH,I
2 73 ] 3,_

>
~78°/THF HMPA
2)H®

EtOZC(CH2)2C02Et

EtO2 H3

CH
3$
0~ o
_ H3 (63)

Addition of one equivalent of benzyl bromide formed

the a-benzylated-y-butyrolactone in moderate yleld (Eq. 64).

2 LiN(iPr)2H3c-8-CH3 1) ¢CH,Br

Et0,C(CH, ) ,CO,Et

— — >
-78°/THF HMPA
2) Ht
Et02C ¢
CH
0 0
CH3

(64)
(44%)
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2 LiN(1Pr), ¢-CN
Et0,C(CH,),CO,Et > -
2 272¥%2 -78° /THF -780 then 250

Et0,C

|
:\:N:E)

¢
(0%) (65)

Reaction of Diethyl Dilithiosuccinate with Acid Chlorides

Reaction of diethyl dilithiosuccinate with one equiva-
lent of acid chloride formed a small amount (25%) of the
B-keto ester (Eq. 66). Both benzoyl and acetyl chlorides

|
2 LiN(iPr)2 RCC1l 0-Et
-78°/THF 0,E¢ (66)
(25%)

failled to give good ylelds of desired products despite

several attempts at various reaction conditions. Perhaps
O-acetylation and/or condensation are competing processes.
Reaction of diethyl lithiosuccinate with nitriles or acid

chlorides would not be synthetically useful.
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DISCUSSION

Reactions of Diethyl Dilithiosuccinate with Ketones and

Aldehydes

The addition of diethyl succinate to a solution of
tetrahydrofuran containing two equivalents of lithium d4di-
isopropylamide at -78° forms diethyl dilithiosuccinate
quantitatively. Reaction of diethyl dilithiosuccinate with
aldehydes or ketones forms y-butyrolactones in high
ylelds (67).

EtOZC
2 LIN(1Pr), R-g-R' 5°
EtO2C(CH2)2002Et - » —3 0
-78°/THF -78°/15min R

(55-90%) (67)

The reaction (Eq. 61) is essentially the same as Reutra-
kul reported in 1977.13 One major difference is that he
claimed preparation of the mono-enolate of dlethyl suc-
cinate by reaction of diethyl succinate with two equiva-
lents of lithium diisopropylamide. This study in Chapter
1l and 2 established that the mono-enolate of diethyl suc-
cinate does not form by direct proton abstraction as
efficiently as does the di-enolate. Actually the di-
enolate of diethyl succlnate must be reacting with ketones

to form the y-butyrolactone.
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A comparison of the two different reaction schemes
to form y-butyrolactone is listed (Figure 13). If the
non-melated y-butyrolactone 16 were formed in the reaction,
one equivalent of lithium diisopropylamide would still be
present 1n solution. It 1s highly probable that proton
abstraction by the lithium diisopropylamide would occur
to form the ring opened product 1l7. Thls provides additlional
evidence that the intermediate for this reaction must be
the a-metalated-y-butyrolactone 18 which could be formed
directly by reaction of diethyl dilithiosuccinate with a

ketone (Figure 13).

Alkylation of a-Metalated-y-Butyrolactones

Since the a-metalated-y-butyrolactone intermediate was
postulated for thilis reaction mechanism,attempts were made
to trap the enolate by alkylation reactions (Eq. 68).

Yields were unexpectedly low.

CH4,(CH,9)
EtO2C Et02 3 2
CH3I R
R I 0
0 or '
1 OL1 ¢CHZBr R
R (~4b4g) | (68)

The abllity to form a-methylated-y-butyrolactones
directly from diethyl succlinate would be of great synthetic
utility. The a-methylated-y-butyrolactone unit is found in



82

*gauojoeToaLIng-A WJIOJ 03 SBWIAYDS UOF3oBAY JO UosfFavdwo) °€1 9aandtyg

g1
|

Y

/7 DY,
71 = 0033
[}

o8.l-

034 <<

110
0 H0 nﬁ C(XdT)NFTS
19071 + y =— 0= 1
JH=0-4 T107 %
o203z |
It 33%00% (°H0)0%031

4/ 2 C(2dTINTT
3

+
0 8L-
390TT + C(IdT)NTT + Q/Wm == 33%00-H0-CH00%02T <*—
<H u-9-u T (IdT)NTIZ
' X i




83

many naturally occurring eudesmanolides, guaiamanolides,
germacranolides, and pseudoguaianolides.3u
In addition to being useful in forming a-methylated-
y-butyrolactones, this reaction scheme could be used to
form g-methylene-y-butyrolactones. Products obtained from
the reaction of the a-metalated-y-~butyrolactone with form-
aldehyde or Eschenmoser's salt36 could readily be trans-

formed into the a-methylene-y-butyrolactone functional unit

(Eq. 69). Compounds possessing this functional unit have

been found to be potent antitumor agents.37
CH,O0 -H,0
2" > 2
Et0,( e Et0, (69)
@cn31
R 1)CH,=N{ R
0™ dL1 “CH, 0<™0
R? > Rt
2)CH3I/NaHCO3

This reaction sequence was not attempted.

EXPERIMENTAL

1. Materials

Aldehydes, ketones, and nitriles were obtalned com-
mercially and distilled prior to use. Commercially availl-

able alkyl halides, chlorotrimethylsilane, and acid
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chlorides were distilled and stored under argon prior to
use. Diethyl succinate was distilled prior to use.
nBuLi was obtained from Aldrich as 1.6M solutions and
used without further purification. Diisopropylamine was
obtained from Aldrich and distilled from CaH2 prior to
use. Tetrahydrofuran was commercially available and

distilled from the sodium ketyl of benzophenone.

2. Formation of y-Butyrolactones

Preparation of ethyl y,y-dimethyl-y-butyrolactone-g-
carboxylate will be representative. Diethyl dilithiosuc-
cinate (50 mmoles) was prepared by procedures described
in Chapter 1. After stirring at -78° for 15 minutes, 3.8
ml (50 mmoles) acetone was added dropwise. After stirring
at -78° for 30 minutes, the solution was quenched with 50
ml of cold 3N hydrochloric acid. After warming to room
temperature, 50 ml of pentane was added, and the layers
were separated. The organic layer was washed twice with
50 ml water and dried with anhydrous potassium carbonate.
Distillation at 107° (3mm) yielded 7.6 g (82%) of ethyl

B-carboxylate-y-y-dimethyl-y-butyrolactone.

3. Alkylation of y-Butyrolactones

Diethyl dilithiosuccinate (50 mmoles) was prepared
by procedures described in Chapter 1. After stirring at

-78° for 15 minutes, 3.8 ml (50 mmoles) acetone was added
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dropwise. After stirring at -78° for 30 minutes 9 ml

(50 mmoles) hexamethylphosphoramide in 10 ml tetrahydro-
furan was added. 6.0 ml benzyl bromide was added drop-
wise and the solution was allowed to warm to room tempera-
ture for 30 minutes. 50 ml Diethyl ether was added and
the organic layer was washed three times with cold 3N
hydrochloric acid. After drying with anhydrous potassium
carbonate, distillation at 152°/3 mm yielded a-benzylated
Yy-butyrolactone. The y-butyrolactone was then dissolved
in hot pentane and then cooled to 0° to allow crystals to
form 4.64 g (32%) pure a-benzyl-y,y-dimethyl-g-ethyl
carboxylate-y-butyrolactone was isolated, MP 69-70°.

Glpc yield was 44%.

4, Reaction of Benzyl Nitrile with Diethyl Dilithio-

succlnate

Diethyl dilithiosuccinate (5 mmoles) was prepared by
procedures described in Chapter 1. After stirring at -78°
for 15 minutes, 0.56 ml of benzyl nitrile (5.5 mmoles)
was added dropwise. After stirring at -78° for 30 minutes,
the solution was warmed to room temperature and stirred
three hours. The caramel-colored solution was then cooled
to -78° and quenched with 5 ml cold 3N hydrochloric acid.

5 ml Pentane was added and the layers were separated.
After drying with anhydrous potassium carbonate, glpc

analysis showed 99% recovered benzyl nitrile and 12%
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diethyl succinate.

5. Reaction of Diethyl Dilithiosuccinate with Acid Chlorides

The reaction of diethyl dilithiosuccilnate with acetyl
chloride will be representative. Diethyl dilithiosuccinate
(50 mmoles) was prepared by procedures described in Chapter
1. After stirring at -78° for 15 minutes, 3.6 ml acetyl
chloride (50 mmoles) was added dropwise. After stirring
at -78° for 15 minutes the solution was warmed to room
temperature for 15 minutes. The yellow solution was
cooled to -78°, quenched with 50 ml 3N hydrochloric acid,
and warmed to room temperature. 50 ml Diethyl ether was
added and the layers were separated. The water layer was
washed twice with 50 ml of diethyl ether. The combined
ether washes were dried over anhydrous potassium carbonate.
Distillation at 118-122°/3mm yielded 2.45 g (25%) of

diethyl a-acetylsucclnate.

6. Product Analyses
E£0,C

BP 107°/3mm

NMR(CC1ly): 64.1(q,2H), 63.3-2.7(m,3H), 62.55(s,6H),

§1.15(t,3H).
IR(CC1,): 1785 em™t ( ( ; ), 1740 em™1 (-CO,R).

0
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Et0,
¢
0”0
H
NMR(CC1,): &7.05(s,5H), §5.8(t,1H), §4.05(q,2H)
§3.5-3.0(m,3H), §1.15(t,3H).
IR(CCly): 1795 em~ ([ ] ), 1740 em™t (-CO,R).
EtO, 0
0
NMR(CC1l,): &4.00(q,2H), §2.8(m,3H), §1.6(m,10H),
§1.2(t,3H).
EtO

NMR(CC1,): 64.05(q,2H), §3.4-2.8(m,4H), 61.50(d,3H),

§1.15(t,3H).
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MP 69-70°, BP 152°/3mm

NMR(CC1,):

IR(CClu:

/jl1::002Et
CO,Et

67.1(s,5H), 64.0(q,2H), §3.0(m,4H), &82.4
(s,3H), 61.4(s,3H), 61.2(t,3HO.

1785 (| | ), 1735 (CO,R), 1200-1250(C-0).
0

BP 118°-122°/3mm

NMR(CC1,):

§4.15(m-]q,4H), 64.0(m,1H), 62.9(4,2H),
§2.35(s,3H), 61.25(m-2t,6H).



CHAPTER 5

COUPLING AND COMPLEXATION REACTIONS OF
DICARBOXYLIC ESTER DI-ENOLATES
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INTRODUCTION

Lithium ester enolates react with copper(II) salts
to give the corresponding dimerized esters (Eq. 70).
THF

I
2L1%002R + 2CuX, :;g:'ﬁozc'%‘f'coaﬁ + 2CuX (70)

(20-81%)

The yleld of dimer decreases with increasing substitution
at the alpha carbon of the ester.

KuwaJima and Doi38 have reported that lithio ethyl
acetate forms a stable copper(I) derivative when added
to an equivalent amount of copper(I) halide. Air oxida-
tion of this enolate gave diethyl succinate (Eq. T71).

CuX 03

Saegusa recently reported a dimerization of ketone
enolates using copper(II) chloride in dimethylformamide
(Eq. 72) and also an oxidative dehydrogenation procedure

for diketones and diesters (Eq. 73).16

ELi cuCl
CgHsC=CH, Tﬁnrﬂ-CGHSCOCHzcnzcocsns (72)

(95%)

90
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2LIN(1Pr), CuCl
£ 3
-780 DMF

ROCH,CH,COR ROCCH=CHCOR (73)

R=alkyl or OR'

The obJective of this investigation was to study the
reaction of dicarboxylic ester di-enolates with various
coupling reagents. It was hoped that cyclic compounds
and double bonds might be formed by coupling reactions.

House39 has shown that the chemistry of aldol condensa-
tions can be changed markedly by the choice of the metal
ion. Lithium often serves as an effective chelating metal
cation in non-polar solvents at low temperatures. However,
addition of a divalent metal salt, such as anhydrous MgBr2
or ZnClz, can form a complex which has the abllity to
chelate better. This can change product distribution
markedly.

The obJjective of this investigation was to survey a
series of anhydrous metal salts to see if any might form
stable solutions with diethyl dilithiosuccinate. Those
metal salts which gave promising results were then studied
to see 1f the metalated di-enolate of diethyl succinate
might be formed directly from diethyl succinate. It was
hoped that this might alleviate the problem of low solu-
ability of diethyl dilithiosuccinate in tetrahydrofuran.
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RESULTS

Coupling of Dicarboxylic Ester Di-enolates

In Chapter 1 it was established that a stable solution
of dicarboxylic ester di-enolate could be generated by
reaction of a dicarboxylic ester with two equivalents of
lithium diisopropylamide in tetrahydrofuran at -78°.
Addition of metal salts or iodine to the di-enolate formed

double bonds or cyclic products (Eq. T4).

ACH, )%, 2LiN(1Pr), MX, (CHy) 5
-78°/THF or 2 2
n=2,3,6 I

Diethyl fumarate was formed in high yield by using
cupric chloride in DMF to couple the di-enolate of diethyl

succinate (Eq. 75).

2LiN(1Pr), CuCl,
> »Et0,CCH=CHCO,Et  (75)
-78°/THF  DMF

E£0,C(CH,) ,CO,Et

(85%)

Also reaction of diethyl dilithioglutarate with iodine

formed the cyclopropane ring in high yield (Eq. 76).
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2LiN(1Pr), I, (CH?
Et0,C(CH,)3C0,Et —————3 —»Et0,CCH-CHCO,Et (76)
-78°/THF
(92%)

Other results are listed in Table 9.

Complexation Reactions

A series of anhydrous metal salts or Lewis acids were
reacted with diethyl dilithiosuccinate at -78°. After
60 minutes at -78° the solutions were quenched with 3N
hydrochloric acid, and followed by glpc analysis for
recovered diethyl succinate (Eq. 77).

2LIN(1Pr) MX,  3NHCI
3 —»> > Et0,C(CH,) ,C0,Et
-78°/THF or

Lewils Acid

(77)

The effect of time and temperature on the recovery of
diethyl succinate was also studied (Table 10).

The addition of cobalt bromide or BF3-OEt2 to diethyl
dilithiosuccinate formed a stable solution. It was of
interest to see if the stable solution obtained for the
cobalt bromide reaction could be generated directly from
the reaction of cobalt amide and diethyl succinate. Cobalt

bis(diisopropylamide) was prepared by adding anhydrous
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Table 9. Coupling Reactions.

2L1N(1Pr)E MX,, SCHai)n-z
EtO0,C(CH,)_CO.Et =
2 2'n”""2 -78%/THF or EtO2CCH—CH002Et
I
2
| MX2
Diester gr Product % Yield?
2
diethyl succinate  CuCl,/DMF  EtO,CCH=CHCO,Et 85
12 " 12
02Et COzEt
CuC12/DMF 89
COzEt COzEt
I2 L6
02Et
diethyl glutarate 12 92
CO2Et
cis/trans
diethyl suberate CuBr, 34
T1C1, 0,Et 33
FeC13 02Et 18
12 cis/trans 25

aYields were determined by glpc analysis.
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Table 10. Complexation Reactions.

2LIN(1Pr), MX ut
£ — 3 —» E£0,C(CH,) ,CO,Et

Et0,C(CH,),CO,Et
2¥rTT2727T2R 480 /MHF or
Lewis

Acid

Anhydrous Metal Salt Percent Recovered Diethyl Succinate?

or
Lewis Acid lh/-78° lh/25° 5h/25° 24h/25°
L1 100 58 5 0
MgCl2 85 20 0 -
CaCl, did not 9 0 -
dissolve
CoBr2 95 80 79 77
ZnI, 91 24 0 -
B(OMe)3 65 0 - -
BF3-OEt2 86 81 80 80

8Y1elds were determined by glpc analysis.
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cobalt bromide to lithium diisopropylamide (Eq. 78). A
black solution formed upon mixing. The cobalt diisopropyl-

amide was not isolated or characterized.

2LiN(iPr)2 + CoBry, ————» [Co[N(iPr)2]2] (78)
-78°/THF

Addition of diethyl succinate to the cobalt amide,
followed by quenching with 3N hydrochloric acid, returned
essentially quantitative amounts of diester (Eq. T79).

Co[N(iPr)212'3NH01

Et0,C(CH,),CO0,Et > Et0,C(CH,),CO,Et (79)
1h/-78°/THF (95%)
or
1h/25°/THF (94%)

When the reaction of dlethyl succinate and cobalt
bromide was reacted further with methyl l1odide or acetone,

only diethyl succinate was formed after quenching (Eq.
80).

Co[N(iPr)2]2 CH3I 3NHC1
P ey c— EtO2C(CH2)2COZEt
-78°/THF or
(0]

JI (94%)  (80)

(no other products
were found).

Et

Et0,C(CH,) 5C0,
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Cobalt diisopropylamide bromide was prepared by re-
action of cobalt bromide with only one equivalent of di-

isopropylamide (Eq. 81).

LiN(iPr)2 + CoBr, ——————’-Br—Co-N(iPr)2 (81)
~T78°THF

DISCUSSION

Coupling of Dicarboxylic Ester Di-enolates

Dicarboxylic ester di-enolates react with copper(II)
salts or iodine to form double bonds or cyclic products,
depending on the structure of the starting dicarboxylic

ester (Eq. 82). Yields for this reaction were excellent,

2LIN(1Pr), MX, (CHy) o
E£0,C (CH, ) ,CO,Et 5 »Etozc-éa- HCO,Et (82)
-78°/THF or
I
n=2,3,6

especlally to form double bonds and three-membered rings.
The yleld of diethyl fumarate obtained by this pro-
cess (85%) (Eq. 83) exceeds that obtalned by Saegusa for

his oxidative dehydrogenation reaction (53%).16



2LiN(iPr)2 Cu012
= $ Et0,CCH=CHCO,Et  (83)
-78°/THF DMF

(85%)

Et0,C(CH,) ,CO,EL

The two reactlons were essentially the same, except
Saegusa was not forming the di-enolate completely in the
more concentrated solutions with which he was working.
Complete formation of diethyl dilithiosuccinate in .125M
tetrahydrofuran permitted formation of the coupled product
in much higher yields.

Diethyl cyclopropane dicarboxylate was prepared by

a simple procedure in high yields (Eq. 84).

2LAN(1Pr), I, Zﬂaé
» ——» EtO0,CCH-CHCO,Et (8%)
~78°/THF -T78°

Et0,C(CH,)3CO,EL
(92%)
Diethyl cyclohexane dicarboxylate could not be pre-
pared efficlently by coupling the di-enolate of diethyl
suberate. Ring closure for the six-membered ring must not

be as efficient, and competing condensation reactions can

occur. This may account for the low yilelds.

Complexation Reactions

A series of anhydrous metal salts or Lewls acids were
reacted with diethyl dilithiosuccinate at -78° (Eq. 85).
The results (Table 10) showed that only cobalt bromide and
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BF3'OEt2 formed solutlions which were indefinitely stable.

2LiN(iPr)2 sz stable
> ->
Lewis Acid

EtOZC(CHa)zcant

It was of interest to see if the stable solution ob-
tained for the cobalt bromide reaction could be generated
directly from the reaction of cobalt amide with diethyl
succinate.

Cobalt bis(diisopropylamide) was prepared by adding anhyd-
rous cobalt bromide to two equivalents of lithium diisopropyl-
amide at -78° (Eq. 86). Cobalt bis(diisopropylamide) was
found to be unreactive toward diethyl succinate. Stable
solutions were formed, but reactions with alkyl halides or

ketones falled, even at reflux (Eq. 87).

2L1N(1Pr)2 + CoBr, -;g:;;;; [Co[N(iPr)2]2] (86)

[Co[N(iPr)2]2] + EtOZC(CH2)2COZEt->No Reaction (87)

Etozc(CHz)ecOZEt + 2Br'-Co-N(1P1:')2 ——3>» No Reaction
reflux
(88)
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It was hoped that cobalt diisopropylamide bromide

might be more reactive. However, 1t also was too stable

to enolize diethyl succinate (Eq. 88).

EXPERIMENTAL

l. Materials

Anhydrous cupric chloride, cupric bromide, ferric
chloride, calcium chloride, cobalt(II) bromide, and zinc(II)
l1odide were obtalned commercially and stored under argon.
Anhydrous magnesium chloride was prepared by reaction of
excess thionyl chloride with magnesium chloride-hexa-
hyd):'a.te.u0 Titanium tetrachloride, aluminum isoprop-
oxlde, trimethyl borate, and boron trifluoride etherate
were obtained commerclally, distilled, and stored under
argon. Diethyl succlnate, glutarate, and suberate were
obtalned commercially and distilled. n-BulLl was obtained
from Aldrich as 1.6M solutions and used without further
purification. Dilsopropylamine was obtained from Aldrich
and distilled from CaH, prior to use. Tetrahydrofuran was
commercially avalilable and distilled from the sodium

ketyl of benzophenone. Dimethylformamide was distilled.

2. Coupling of Dicarboxylic Ester Di-enolates with Iodine

The preparation of diethyl cyclopropane-l,2-dicarboxylate

from diethyl glutarate will be representative. Diethyl
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dilithioglutarate (50 mmoles) was prepared by procedures
described in Chapter 1. Iodine 12.7 g (50 mmoles) was
dissolved in tetrahydrofuran and added dropwise to the
diethyl dilithioglutarate at -78°. The rust-brown iodine
color disappeared instantly. Iodine was added until the
rust-brown color persisted. The solution was stirred at
-78° for 15 minutes and then quenched with 25 ml of

3N hydrochloric acid. Pentane was added and the layers
were separated. The organic layer was washed with a
saturated sodium thiosulfate solution to remove excess
lodine. The colorless organic layer was dried with an-
hydrous potassium carbonate. Distillation at 64° (3mm)
yilelded 7.1 g (76%) diethyl cyclopropane-l,2-dicarboxylate.

3. Coupling of Dicarboxylic Ester Di-enolates with Cupric

Chloride

The preparation of diethyl fumarate will be representa-
tive. Diethyl dilithiosuccinate (5 mmoles) was prepared
in dilute tetrahydrofuran as described in Chapter 1.
After stirring at -78° for 15 minutes, 10 ml dimethylform-
amide was added, followed by addition of 1.4 g cupric
chloride. The solution was stirred at -78° for 30 minutes
and then warmed to room temperature. Glpc analysis showed

85% diethyl fumarate.
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4L, Complexation Reactions of Diethyl Dilithiosuccinate

with Metal Halides

Diethyl dilithiosuccinate (5 mmoles) was prepared by
procedures described in Chapter 1. After stirring at -T78°
for 15 minutes, an anhydrous metal halide (5.5 mmoles)
was added through a powder funnel. After stirring at
varied reaction conditions, the solution was quenched with
5 ml 3N hydrochloric acid at -78°. Pentane was added.
After separation the organic layer was dried with anhydrous

potassium carbonate and analyzed by glpc.

5. Complexation Reactions of Diethyl Dilithiosuccinate

with Lewls Acids

Diethyl dilithiosuccinate (5 mmoles) was prepared by
procedures described in Chapter 1. After stirring at -T78°
for 15 minutes, a Lewils acid (5.5 mmoles) was added drop-
wise. After stirring at various reaction conditions, the
solution was quénched with 5 ml 3N hydrochloric acid at
-78°. Pentane was added and the solution was neutralized
with saturated sodium bicarbonate. After separation the
organic layer was dried with anhydrous potassium carbonate

and analyzed by glpc.
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6. Preparation of Cobalt(II) Bis(diisopropylamide)

Lithium diisopropylamide (10 mmoles) was prepared as
described in Chapter 1. Cobalt(II) bromide was added to
the dilute tetrahydrofuran solution at -78° and stirred

at -78° for 15 minutes.

7. Reaction of Diethyl Succinate with Cobalt(II) Bis(di-

isopropylamide)

Cobalt(II) bis(diisopropylamide) (5 mmoles) was pre-
pared as described above. Diethyl succinate (5 mmoles) in
5 ml tetrahydrofuran was added dropwise. Stirring at various
reaction conditions, followed by quenching with acetone,
methyl iodide, or acid at -78° returned by glpc analysis
(94%) diethyl succinate.

8. Product Analyses

CHCH,0,CCH=CHCO,CH,CHy ~ BP 66-67° (3mm) Known BP 213-15°

NMR(CC1ly): &6.7(s,1.5H), §6.0(s,0.5H), &64.05(q,4H),

CO,CH,CH,
0,CH,CH

NMR(CClu): s§4.0(q,4H), 82.3(m,4H), 81.75(m,L4H),

61.15(t,6H).

§1.2(t,6H).
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__CHCO,CH,CHy
CH,

~N
HCO,CHoCH

NMR(CC1,): 64.05(q,4H), §2.1(t,2H), 61.3(t,2H),
61.1(t,6H).

[:::[ZO2CHZCH3 . ooy
BP 120° (3mm
0,CH,CH,

NMR(CC1ly): 64.0(q,4H), 62.9(m,2H), 61.9(m,LH),

§1.5(m,4H), 81.1(t,6H).
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