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The Effect of an Electron-donating g-Substituent on the Configurational
Stability and Reactivity of Vinyl Carbanions
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The effect of an electron donating B-substituent A (A = N(CH,),0(CH,),, NCH,CH,CH,CH,, OMe, SMe,

or OPh) on the relative configurational stabilities and nucleophilic reactivities of the dimethyl esters of
a-lithiated fumaric acid (17)-Li and maleic acid (18)-Li was studied in THF, by comparing their reaction
products with electrophiles (MeOH, Ph,CO, aldehydes). It was confirmed that when located at a trans
position to the vinyl carbanion, the substituent A had two inter-related effects: decreasing the
configurational stability of the vinyl carbanion and increasing its nucleophilic reactivity. The rapidly-
established (17)-Li = (18)-Li equilibrium was completely on the (18)-Li side with A = OR, SR, NR,,.
The products formed were those derived from (18)-Li only (with MeOH) or from both (17)-Li and
(18)-Li depending on both the relative nucleophilic reactivities of the intermediates and on the
electrophilicity of the electrophile. The products derived from (18)-Li predominated with the more

reactive electrophiles.

The information available in the literature about the factors
which affect the configurational stability of vinyl carbanion salts
is scattered and very incomplete. Calculated energy barriers for
inversion of the configuration of methyl, ethenyl, and cyclo-
propyl carbanions are 20.2, 31.1, and 36.6 kcal mol!
respectively.!

A clear correlation seems to exist between the ion-pairing
characteristics of a lithiated alkene and its configurational
stability;t the more contact the ion-pair the higher is its
configurational stability. Full retention of the geometry was
observed when Z-stilbene was treated with LDA and
Ph,CO or CO, in a benzene—pentane (1:1) mixture, but no
retention at all in a benzene-DEE (1:1) mixture.? The
extent of isomerization of Z-(PhC=CHEt)Li"* in solution de-
creases when the solvating properties of the solvating additives
decreases; the order is: TMEDA > DME > THF > DEE.3t
Full retention of configuration of the derived vinyl
carbanion was observed for the Z-PhCH=CHCN-LDA-
Ph,CO reaction system in a DEE-hexane (3:1) mixture,
while complete isomerization took place in THF, DME, or a
DEE-hexane mixture (3:1) containing a crown ether.* No
systematic or detailed study on the effect of an «-substituent
has been carried out; the relatively little data available
suggest that an «-substituent which stabilizes the negatively
charged carbon by delocalization, decreases the configura-
tional stability of the corresponding lithiated alkene. Some
of the activated olefins for which this observation holds are
compounds (1), (2),° (3),”® and (4).>!° In contrast to the
configurational instability of the intermediate (5),° the
corresponding cuprate (6) is stable!! in THF, due to the
relatively high covalent nature of the C-Cu bond. The
species (7)'* and (8)° were relatively stable. «-Substituents
stabilizing carbanions by an inductive effect, tend to stabilize
the configuration of the derived vinyl carbanions. Thus, for
example, vinyl carbanions derived from vinyl ethers
BuOCH=CHCH,OBu,'? vinyl sulphides (9),!* (10),'*> and

+ Thermodynamic configurational stability.
{ TMEDA = Tetramethylethylenediamine;
ethane; DEE = diethyl ether.

DME = dimethoxy-

0 0

t
H H H
S) (2)
R CO2Et H COzMe
H H H H
(3) (4)
D CO,R Me  COR
H Li Me Cu
(5) (6)
H H Li
R CN D CN
(7) (8)

(11)'®, vinyl selenides'’ (12) and vinyl isocyanides (13)'?
were configurationally stable. Vinyl carbanions having an «-
alkyl substituent, such as those derived from propene'® or
but-2-ene2° are configurationally stable. Recently calculated
values of the difference of energies of the linear and bent
forms (Ejpear — Epen) Of vinyl carbanions of the type
CH,=C-R, were +36.6, +10.3, +50, and —5.7 kcal mol!
for R = H, CN, CO,R, and CHO, respectively.2! These
figures are consistent with the experimentally observed
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relative configurational stabilities of the various «-substituted
lithiated alkene described above.
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It has been suggested that one factor determining the site of
the deprotonation of 1,2-disubstituted activated alkenes
ZCH=CHY (Y and Z = electronegative substituents), is
stabilization of the derived vinyl-lithium compound by the
neighbouring substituent. This stabilization is affected by an
internal complexation of the positive counterion by the B-
substituent as in (14). A direct consequence of this mode of
influence of the B-substituent, was a preferred stabilization of
the E-configuration of the vinyl-lithium compound, resulting in
regioselective deprotonation of the parent alkenes. Compounds
(14a—f) 15:10:15.22.232.23b 3re some representative examples.

There is evidence indicating that both kinetically- and
thermodynamically-controlled deprotonations are affected by
internal complexation.?3® Calculations done for E-B-amino-
acrylonitrile 22 have shown that intramolecular complexation
(which leads to «-deprotonation) is energetically equivalent to
the combined inductive and mesomeric effects, which are in
favour of B-deprotonation. Even deprotonation of a non-
activated vinylic C-H bond could be accomplished due to
internal complexation, such as in (15) 2* or (16).2* An additional

R
H OMe -~
N
H OMe

(15) (16)

effect of an electron-donating pB-substituent (besides co-
ordination), which has not been hitherto described, was studied
in the present work.

Results and Discussion

a-Substituted derivatives of the dimethyl esters of fumaric (17)
and maleic (18) acids were treated with electrophiles in the
presence of LDA in THF, at low temperatures (—90 °C), by
adding an excess of the electrophile to the alkene—base solution.
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The electrophiles used were MeOD(H), Ph,CO, PhCHO,
EtCHO, MeCHO. The results obtained in the (17)-LDA-
MeOD(H) reaction system (with A =NR,, OMe, SMe) imply
that the (17)-Li isomerized completely into (18)-Li in a very
rapidly established equilibrium reaction (Scheme 1). The only
product isolated was (18)-D, the B-deuteriated derivative of the
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Z-isomer (18) (Table 1, Entries 3, 6, and 16—18, 23). The same
results were obtained on treating compound (17) with LDA for
5 min or for 60 min before adding the MeOD (Entries 16, 17, 18,

LDA A Co,Me ki A CO,Me
MeQ,C Li ky Li CO,Me
(17)-Li (18)-Li
ky lmon k3lMeOD
(17)-D (18)-D
Scheme 1.

and 23). It might be well assumed that the product(s) obtained
by quenching the (17)-LDA reaction mixture with the very
reactive electrophile MeOD, reflect the exact position of the
(17)-Li—=(18)-Lt equilibrium, since both %, and k; are
obviously much larger than k, and k_;. It follows that for
the substrates used k; > k_,. The observed retention of
configuration of the derived vinyl carbanion intermediates in
the PhC=CH-MeO~ —~MeOH?” and in the Z-PhSO,CH=
CHCI-MeO -MeOH 28 reaction system (Schemes 2 and 3)
might be regarded as support for the above assumption that

Ph OMe Ph OMe
PhC=CH —=90 5 = MeOHy  \—
slow fast
H
Scheme 2.
H H PhSO; OMe
— MeQO~ i, MeO~ J—
—>» PhSO,C=CH ———>
i, MeOH
PhSO; (of} H H
Scheme 3.

k, and k3 » k, and k_;. For A = OPh, a mixture of the
two PB-deuteriated isomers in almost equal amounts was
obtained, indicating that £, >~ k_; in this case. A by-product
(5%) isolated from this reaction mixture was dimethyl di-
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isopropylaminomaleate. The very pronounced configurational
instability* of (17)-Li in the case of A = OMe, SMe, NR,,
and to a lesser extent with A = OPh, suggests that the
configurational stability of the vinyl-lithium compound is
greatly reduced by the presence of an E-B-substituent due to its
R* effect (Scheme 4).

Y AL

= =

Li
Scheme 4.

As expected, this destabilizing effect was smaller with A =
OPh (as compared to A = NR,, OMe, SMe) owing to conjug-
ation to the benzene ring. This resulted only in a partial
isomerization of (17; A = OPh)-Li to the corresponding
(18)-Li (c¢f. entries 26 and 27 Table 1). The results obtained are
consistent with the Hammett ¢ values of these substituents.?’
The addition of negatively charged nucleophiles to activated
acetylenes is a reversible trans-addition reaction.?®® The vinyl-
lithium compound (17)-Li could therefore be obtained either by
deprotonation of (17) or by addition of A"Li* (Scheme 5).

(':OzMe
LDA c -+
(17) ~ (17)-Li <« ”| + AL
COzMe
Scheme 5.

Protonation of the reaction mixture of each of these two
reactions should yield the same product(s). The reaction of
lithium pyrrolidide with compound (17) in THF at —90 °C,
followed by quenching with MeOH, resulted (as expected) in
the dimethyl «-pyrrolidinomaleate.
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Scheme 6.

The main products isolated in the reaction of either (17) or
(18) with several carbonyl compounds R!R2C=0 (Ph,CO,
PhCHO, EtCHO, MeCHO) are presented in the following
general reaction Scheme 7. The lactone (20) was formed in situ
by the addition of MeO~™ to the dihydrofuran (19). The
products formed were those derived from (17)-Li only, or from
both (17)-Li and (18)-Li. This was in contrast to the results

* All reactions were carried out under thermodynamically-controlled
conditions.
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obtained with MeOD where one product—that derived from
(18)-Li—was formed (except in the case of A = OPh).

An alternative reaction pathway for the in situ formation of at
least part of the lactone (19) from the carbinol (21) might be
possible as follows (Scheme 8):

A CO;Me R!
+ - ' —— \ X
Li" 0 -~ C=0 + (17)-1Li
CO,Me R
RZ R!
A CO,Me
Rr'ReCO | 2
(18) —Li — oLit
MeOZC
R' R?
Scheme 8.

This alternative was ruled out by treating each of several
carbinols (21) with LDA in the presence of the corresponding
carbonyl compound. In no case was the lactone (19) formed,
and most or all of the carbinol was recovered (Table 1, Entries
28—30).

The results summarized in Tables 1 and 2 suggest that the
type of products formed (see Scheme 7), their yields, the
substituent A, the nucleophilic reactivities and the configur-
ational stabilities of (17)-Li and (18)-Li, and the electrophilic
reactivities of the electrophiles—all these are interrelated. A
clear trend was observed of an increase of the yield of the
carbinol (21) on account of the lactone (19), on either increasing
the electrophilic reactivity of the electrophile or on decreasing
the nucleophilic reactivity of the vinyl-lithtum compound,
derived from the alkenic substrate, under comparable con-
ditions. Compound (19), derived from (17)-Li was the only or
the main product on treating the relatively weak electrophiles
Ph,CO and PhCHO with either (17) or (18) having A =
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Table 1. Reaction of compounds (17) and (18) with electrophiies in presence of LDA*“
LU P}

Amount LDA Amount (min)
Entry Alkene (mmol) (mmol) Electrophile (mmol) ——*—— Reaction products (g, %)
t (18)-morpholino 2.2 44 PhCHO 7.3 30 75 (19) (0.64, 93)
2 (18)-morpholino 22 44 MeCHO 7.3 45 60 (19) (0.18, 34); (21) (0.07, 11.6)
3 (18)-morpholino 22 44 MeOD 21.2 90 60 (18)-D (0.50, 100)
4t (18)-pyrrolidino 217 24 PhCHO 435 60 120 (19) (0.44, 70)
5° (18)-pyrrolidno 2.17 24 MeCH,CHO 435 60 180 (19) (0.43, 83)
6° (18)-pyrrolidino 2.17 24 MeOD 435 60 O (18),0.1 = (18) + (18)-D (0.50, 100);
(18) (0.075, 15); (18)-D (0.425, 85)
7 (18)-D, MeO 1.5 30 Ph,CO 5.0 30 90 (20) (0.51 95); Ph,CHOH (0.23, 42)
8 (17)-MeO 1.5 30 50 0 60 (20) (0.31, 58)
9 (17)-MeO 1.5 30 1.0¢ 35 30 (19) (0.134, 54); (20) (0.026. 5);
Ph,CHOH (0.100, 54)
10 (17)-MeO 1.5 30" Ph,CO 1.5" 15 30 (18) (0.79, 30); (20) (0.201, 53)°
1t (18)-D, MeO 1.5 3.0 5.0 0 60 (20) (0.18, 30); (18)-D (0.026, 10)“
12 (17)-MeO 1.5 30 PhCHO 50 15 60 (19) (0.065, 17.6); (21) (0.12, 28.6);
PhCH,OH (0.095, 29)
13¢ (17)-MeO 1.5 3.0 5.0 15 60 (19) (0.104, 28.1); (21) (0.11, 26.2);
PhCH,OH (0.028, 8.5)
14> (17)-MeO 29 3.2 5.0 30 60 (19) (0.115, 16); (21) (0.130, 16)
15% (17)-MeO 29 3.2 MeCHO 5.0 15 120 (19) (0.081, 15); (21) (0.171, 27)
16 (17)-MeO 2 4 MeOD 21.2 S (18)-D (0.270, 77)
17 (17)-MeO 1.5 3 21.2 60 60 (17)-D (0.184, 70)
187 (17)-MeO 2 4 21.2 S (18)-D (0.270, 77)
19 (17)-MeS 1.5 3 Ph,CO 5.0 30 60 (19) (0.300, 59); (21) (0.19, 36)
20 (17)-MeS 1.5 3 5.0 0 60 (19) (0.19; 37.5);7 (21) (0.22, 39.4);
(17) + (18)? (0.064, 22.5)
21 (17)-MeS + (18)-MeS 2.6 2.6 PhCHO 5.0 30 180 (19) (0.275, 40); (21) (0.156, 21)
22 (17)-MeS 1.5 30 MeCH,CHO 5.0 30 60 (19) (0.19, 58.6); (21) (0.15, 40)
23 (17)-MeS 1.5 30 MeOD 21.2 S 30 (18)-D (0.285, 100)
24 (17)-PhO 1.06 2.12 Ph,CO 5.0 0 60 (21) (0.34, 77);’ Ph,CHOH (0.09, 23)
25 (17)-PhO 1.06 2.12 MeCH,CHO 5.0 30 60 (19) (0.03, 10.8); (21) (0.18, 58);'
(17) + (18) (0.10, 40)
26 (17)-PhO 1.06 2.12 MeOD 21.0 30 60 (17) + (18)% 0y (0.13, 52);
(17) (0.003, 1.1); (17)-D (0.088, 35.3);
(18) (0.009, 3.6); (18)-D (0.03, 12);
(18)-NPr', (0.03, 12)
27 (18)-PhO 1.06 212 MeOD 21.0 30 60 (17) + (18)% .1 (0.13, 52);
((17)-D (0.062, 24.8);
(18)-D (0.068, 27)
28 (18)-MeO, PhCH(OH) 0.72 24 PhCHO 245 180 (21) (0.15, 75)¢
29 (18)-MeS, Ph,COH 0.27 0.54 Ph,CO 0.81 60 (21) (0.10, 100); Ph,CHOH (0.03, 30.3);
Ph,CO (0.05, 36)
30 (18)-MeS, EtCH(OH) 0.36 0.73 1.09 60 (21) (0.090, 100)

“ The general procedure for the reaction is described in the Experimental section. ® Results published by R. R. Schmidt, J. Kast, and H. Speer.25 < A
solution of Ph,CO in THF (40 ml) was added into the alkene—-LDA solution during 15 min. ¢ Calculated from the 'H n.m.r. spectrum of the crude
product mixture. ¢ The solvent used was diethyl ether. / The base used was KDA instead of LDA. ¢ Calculated from the ratio of the integrations of the
SMe absorption bands in the 'H n.m.r. spectrum of the crude product mixture: 3 2.07 [SMe of (21)]: 4 2.83 [SMe of (19)]: 8 2.37, 2.35 [SMe of (17) and
(18)] = 37.5:40:22.5. * Using either (17) or (18) or a mixture of these two makes no difference since the same equilibrium mixture of the
corresponding vinyl carbanions lithium salts is reached in presence of the base. * A solution of (17) and Ph,CO in THF was added into the cooled
LDA solution during 20 min. J The lactone (19) was not obtained. 'H N.m.r. spectroscopy and t.l.c. of the crude product show no presence of (19).
KIAT) + (18)]ir = (17) + (17)-D + (18) + (18)-D the yield of each of these was calculated from the 'H n.m.r. spectrum of [(17) + (18)},o1a1
mixture. ! No lactone could be detected. ™ The base used was lithium tetramethylpiperidide (LTMP), prepared by addition of the required amount of
Bu'Li into a solution of tetramethylpiperidine in THF at —90 °C." A solution of Ph,CO in THF (45 ml) was added dropwise during 75 min into the
(17)-LDA solution at —90 °C. > Ph,CHOH Was not formed in presence of LTMP.2¢ ? A solution of the electrophile and the carbinol in THF was
added in one portion into the cooled LDA-THF solution (details in the Experimental section).

morpholino, pyrrolidine, or OMe (Table 1, Entries 1, 4, 7, and
9). Reaction of (17) or (18) having A = OMe with Ph,CO gave
one product—compound (19) [which was further converted in
situ to compound (20)], but its reaction with the relatively more
reactive electrophile PhCHO resulted in a mixture of the
corresponding products (19) and (21) (compare Entries 7, 11,
and 12—14). On the other hand, reaction of compound (18)
(A = morpholino), with PhCHO gave one product—the
corresponding lactone (19) (Entry 1). When substrate A has a
smaller R* effect (A = SMe instead of OMe), mixtures of (19)
and (21) were obtained not only on reaction with the relatively
reactive electrophiles (PhCHO and EtCHO) (Table 1, Entries

21 and 22), but also with the weak electrophile Ph,CO
(compare Entries 21 and 22 to Entries 19 and 20). Accordingly,
on treating the weak electrophile Ph,CO with the substrate
(A = OPh) compound (19) was not obtained at all, the only
product obtained being the corresponding carbinol (21) (77%)
(Table 1, Entry 24).

The relative yields of the products formed on reacting either
(17)-Li or (18)-Li with an electrophile E should depend on the
magnitude of the rate constants involved, k,, k_;, k, and k5
(Scheme 9), and on the relation between the ratios k,/k_, and
k4/ks: The (17)-Li = (18)-Li equilibrium was in favour of
(18)-Li for the substrates (17) and (18) used, which all had an A
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Table 2.

Electrophiles and products
A

Alkene Ph,CO PhCHO
(18)-morpholino e-1:(19) 93
(18)-pyrrolidino e-4:(19) 70
(18)-D, MeO e-7:(20) 95°
(17)-MeO e-8:(20) 58 e-12:(19) 17.6, (21) 28.6

e-13:(19) 28.1, (21) 26.6
e-14:(19) 16, (21) 16
(17)-MeS e-19:(19) 59, (21) 36
e-20:(19)37.5,(21) 394
(17)-PhO e-24:(21) 77
(18)-PhO

EtCHO MeCHO MeOD
e-2:(19) 34, (21) 11.6 -3:(18-D) 100
e-5:(19) 83 e-6:(18) 15, (18-D) 85

e-22:(19) 58.6, (21) 40 e-23:(18-D) 100
e-25:(19) 10.8, (21) 58
e-27:(17-D) 24.8,
(18-D) 27

“Table 2 summarizes some of the results presented in Table 1 in a way that makes it convenient to compare the products obtained in the
reactions of the various alkenes with the same electrophile, for each of the electrophiles used. ® e- Stands for entry; the second and third figures are

those of the product(s) and the yield, respectively.

(17)-Li kk= -(18)-Li

1

E |k, E |k,
(17)-E (18)-E
Scheme 9.

group for which R* > I~. The experimental results suggest
however, that the nucleophilic reactivity of (17)-Li is larger than
that of (18)-Li. Two borderline cases might be possible
depending on the electrophile used and on the substituent A,
under comparable conditions. (a) If for a certain E &£, and
ks > k, and k_, (Scheme 9), it might be well assumed that in
spite of k, > k4 there will be no shift in the pre-established (17)-
Li—=(18)-Li equilibrium during the reaction with E. The
yield of the reaction products will therefore represent the
composition of this pre-established equilibrium mixture.

(b) For a certain relatively less reactive electrophile, for which
the conditions of k, > k_, and k, > ks still hold, but the
condition of k, and k5 > k, and k_, does not, the equilibrium
will be shifted in the direction of formation of the product
derived from (17)-Li. )

Case (a) is exemplified by the reaction of MeOD with
substrates having A = pyrrolodino, morpholino, OMe, and
SMe, for which the only product obtained was (18)-D (Entries 6,
3, 16, and 23). Case () is exemplified by the reactions of the
following substrate—clectrophile pairs: pyrrolidino-PhCHO;
pyrrolidno—-EtCHO; morpholino-PhCHO; OMe-Ph,C=0
(Table 1, Entries 4, 5, 1, 7, 8, and 10). In between are all other
cases originating from A having a relatively small R* effect
(17)-SMe-Ph,CO; (17)-OPh-MeOD), or from the electrophile
being less reactive than MeOD and more reactive than Ph,CO
[(17)-OMe-PhCHO; (17)-morpholino-MeCHO], or from a
combination of both these factors [(17)-SMe-PhCHO; (17)-
SMe-EtCHO; (17)-OPh-PhCHO]. For these intermediate
cases, mixtures of the two main products resulting from the
simultaneous reactions of (17)-Li and (18)-Li with E are
expected. The yields will then be affected by the relation of the
two ratios k,/k_, and k,/ks.

It is clear from the results of the present work that a
substituent A having an R* net effect and located at a B-position
trans to the C-Li bond, has two inter-related effects which are in
direct correlation to each other: decreasing the configurational
stability (increasing k,/k_,) of the vinyl-lithium compound and
increasing its nucleophilic reactivity. Based on this dual effect of
A on the results obtained (Tables 1 and 2), it was possible to

rank the A substituents with regard to their effect of decreasing
the configurational stability of a vinyl-lithium compound of the
type ACECLi in the following order: morpholino > pyrro-
lidino > OMe > SMe > OPh. This is also the decreasing
order of the nucleophilic reactivity of the corresponding
lithiated alkene depending on A.

A certain difficulty is involved in these interpretations and in
the derived conclusions, which are based on the types of the
products obtained and their yields. This is due to the difficulty of
sorting out the relative contributions of each of the two factors
operating on the reactivity, i.e. the configurational stability and
the nucleophilicity of the lithiated alkene. Thus, for example the
yield of the configurationally inverted product could have been
controlled by either the configurational instability of the E-
carbanion or by its greater nucleophilicity. Both these
properties are constitution-variable on one hand, whereas the
nucleophilicity is also electrophile-variable on the other. As a
result the conclusion drawn as to the effect of the electron-
donating trans-B-substituent on the configurational stability
and the nucleophilic reactivity of a lithiated alkene, should be
regarded to some extent as a tentative one.

It has been suggested in connection with addition reactions of
charged nucleophiles to activated acetylenes R’"C=CY, that vinyl
carbanion intermediates bearing charge-delocalizing «-sub-
stituents (Y = COR, SO,R, NO,, Ar, etc.) have relatively low
isomerization barriers, and are expected to isomerize to an
allenic-type intermediate.3°® It is claimed3°® that reaction of

0
Nu R
— — -
R\

0
Nu OH Nu R
A WA
\
R! R R R R H

such an equilibrium mixture with an electrophile, which
preferentially attacks the oxygen, requires that a stereo-
convergent product becomes probable. This, as a matter of fact,
has been regarded as evidence for the involvement of the allenic

u 0~

Nu N
- U -4 (
— ~ —_—— "
R R R! R
(0]



J. CHEM. SOC. PERKIN TRANS. 1 1986

2032

(Hes) (He') (HES

q o] v
06°€ £L€ LET SYO4°HD SN 0DADZOO OE WIS
(H1's) (Hes) (HeS) (HE') q a 2 v
L9'S 06'€ €LE LET SYO°'"HD SN ODOHIFOD OISV
H1S) (Hes) (HES) (HI19 q a > v
§T9 $8'€ vLE S€°T STO°'HD L0OHI5O(O'0NISSIN
(H1P19) (Hes) (H9) (HI1's 49 (He'P) v 3 O a 5
667 €6'€ 8¢ 9I'E wi SO"'H®D oE:wQENOUUwUONOQEVooE
SHO
H1D) (Hes) (He's) (HEP) v a o 1
97§ €€y (433 95’1 *0°'H®D SWHI(IW*02)0=(>N0)D000
Hsw (HI1S (HeS (HES) (HE') pnby aa g > v
SI'L 06'S 06°¢ 9L°¢ 0S¢ *0°'H""D Ao fmn_xozﬂoovomouNooEoozv
HO
(suexay
Hsw) (H1s) (HES (HES -0[242) ao s v
STL 009 gy we *0*'Df'D 6898 4dHO(IW 0D)O=(PW0)D0D0
(99%)  (1'L9) (Horw) (H1'S) (He'S) (He® (HE') (va-dd) a0 a _av
SVTE 8LS  pTLY 0LL—0TL  SLY 08¢ ov'e [4K3 *0%H"D LE1—Lel “UdI(RI 0D)HI*(P0)D0D0
Hes) (HeS) (HES
88'¢ SLE oL'€ a‘o°Htd SN ODAIRID 0IN(0IN)
4q o) v
H1's) (He's) (HE'S) (HES
azs 88°¢ SL'E oLe *0°'HD SN ODHISID OSIN(ON)
;| a o] v
(HES) HeS) (HES
S6¢ $8'¢ 9L°€ a‘o’H SN*0DADIFID O IN(O0N)
J q v
H1's) (HeS (HES (HEYD
819 S6'€ 88°€ 8L°€¢ fO°'HD HENW0D)D500'03W(0N)
a J : | v
Zu N H D aH sH aH oH aH ovH gnuiod (Q,) ‘d'W »punodwo)

(N
(paainbai) punog
(%) sishreuy

$10npo1d uonodeal 1isy) pue ‘SpIdk JS[EW PuE JLIBWNY JO SIS [AYISWIP PAIMINSNs-» 31 Jo BIEp [edNA[Eut pue eIEp [enoads ssewl pue IurN H, ‘¢ AqeL




2033

1986

J. CHEM. SOC. PERKIN TRANS.

(H o1)
j“l’\{lﬁqJ
(H1) (s (s) (w)
08t 16€ S9'€
Hyrw (HIS) (HES)
oLL—6T'L  1t'S 06'€
9¢¢)  Ty) (LL'6S) Hyw (HI1S) (HES
197 0§ STY  €L6S IL'L—689  6L9 8L'€
(9190 (TT'19) Hsw (H1Y (HeS) HeSD HIW (HTw
S6¢ S09  THI9 oFL—069 OLY £8°¢ £9°¢ §TT w
ogs) (L1 Her‘w) (Hew) (HIS) (HE'S
387 €96 €I'IL SL'L—S69 LL9—0S9 0TV 8°¢
Hsw (HI1S (HE'S
85 L—00L LIS €6°€
Tre) (o019 HswW (H1S) (HE)
8Ly LYI9 0SL—089 099 SLE
Hsw) HIP HES) (HE'S
0SL—SI'L 68§ 88°¢ $9'€
Hsw (HTS) (HEY
09L—009 €8¢ we
(0s9) (v8e) (H1I'PP) (HeE's) (He's) HIP (HeS HI W (HT w
609 96’8t 197 $8'¢ LLE 8I°¢ 67T €81 oLt
H1TwW (HeS HES) HI ‘W) (H71 w)
80°S L8E LLT L1T oL'T
(Hot'w) (H1S) (HES) (HE'S
S8L—SI'L  6SY L8 LY'E
Heg's)
(HOl ‘W) ¢¢'/—0TL €8¢

(H ¥ 'w)
$8¢—09¢ STE—00¢

HE's
£LE

HE'S)
£L°€

(HEY
P01

(HE's)
e
HE'S
$9'¢

(He's)
we

HE'S
SE€T

He's)
87T

(HeY
8670

He
S60

HE's)
L0T

(HE's)
€8°C

mOZn;‘mo-U

mozaamm—U

moz::mnu

oOm~:m~U

oONNImNU

nON-:N—U

mON—=N~O

Wwom:—.me~u

WVON~=M~U

mmOw-JmO—U

S'OY'H®)

mmOONIONU

mmOQQﬂ::@—U

(v3-ad)
143

IS

(U3

8y

1L

q'v
uE oo:u elloX ouzvos_o;&oz

\4 J qd a
SN ODHD3I(D*0IN)OTHOND-2
v

J : | a
3N*ODHISD(D*O*IN)OTH IND-2

02 :u:wﬁz ouvvuuGNoos:oi

’HO
1‘a EX¢
:Ewﬁz 0D)2s0(° oozvoi
D
HO

v D q a
SIN*OOHI3D(D*0IW)0Ud

v D q a
AIN*ODHI5I(D*0dW0Ud

i a €4
UdHD(EW 0D)050(0° ouzvmuz

!
HO

a o g
UdHO(W® ouvolaozvuooo

vV D8 H 4

SN :u:&uzﬂouxwao ouzvmoz
HO

v od 4

(OIN* :B:usz ouvimozvuouo

m m U <
Em wﬁzﬁuvuwuqoozvmoz
a

HO

J q v
“4dD(PIN 0D)0=)SPN)I000




1 1986

J. CHEM. SOC. PERKIN TRANS.

2034

'HOPN = W , “1awonsads ZHIW 09

® Suisn ‘9oualgjel [eulojul se 1ISTaN Yum (F[DD) Sen[eAa @ ul pajodar aie symys [edIWAY) , "sdnoid [AuoqiedAxoylow 9y Jo JUSWR[ASIp-sup 10-570 0) 19§21 puOq SqNOP 3Y) I9A0 7 puy 2,

(Ls9)  (60L) (€£799)
T 699 969 959§

@v) (59¢%) (9g7€9)
€0€  8SY 65S  85°€9

s/ N H

D

(pa1inbai) punog
(%) sishreuy

Hes) (Hvyw (Hy w

$9'¢ LTE L6 YON*'H'D
Hes) Hw (@p

¥9°¢ 433 6C1 YON'"*H*'D
HID HIT‘'W HeP

9 06€—TSE LYl *ON*'H''D
(H1's) (Hgw (HE's)

L6S  P8E—9L€ LS SON‘'H®'D
(H oD

A— )

(s) (w) (H ¥ ‘w)

OL€  88'€—09¢ 0£€—00¢ °OAN''H°'D

oH aH avH gnuiod (D,) d'W

2 E] a a‘y
OENou:UwUGNOoEVS_E_o:&

qv

2 3 a
SN“ODHI5O(FOPMIN I

v O 49 4
SIWHJ(RIW* 0D)0=(outioydiow) 5000

a o v q
UdHIEIW*0D)o~(eutjoydiou) 3050

2 a a‘v
AN *0DaDzD(O*0sw)ouroydio
» punodwo))

(panunuod) g 3jqe],



J. CHEM. SOC. PERKIN TRANS. 1 1986

intermediate in the isomeric vinyl carbanions equilibrium. In
the present study, protonation (or deuteriation) of the
equilibrium mixture containing the lithiated derivatives (17)-Li
and (18)-Li resulted in one product only—that derived from
(18)-Li. We therefore suggest that the corresponding allenic-
type intermediate (22) is not involved in the (17)-Li == (18)-Li

Me0,C o-Lit
A ‘OMe

(22)

equilibrium, and does not take part in the reaction of this
equilibrium mixture with methanol or with any other
electrophiles used.

In spite of the abundance of phenomena studied in the
present work, it has not been recognized or interpreted in the
literature that a significant factor influencing the reaction
pathways of a negatively-charged alkenic carbon atom is an
effect exerted by an electron-donating trans-p-substituent on
the configuration and reactivity of this carbanion. The following
are a few of such previously described cases. H-D Exchange of
(Z)-Ph(2-BrC4H,)C=CHCN?! and of 2,24,6,6-pentamethyl-
cyclohexylidene-ethanonitrile 32in MeOD-MeO ~ solutiontook
place with retention of the configuration of the vinyl carbanion
intermediate. However, the rates of isomerization were about
the same as the rates of exchange, when a trans B-NR, group
was introduced into the «,B-unsaturated nitrile, such as in
R,N(Me)C=CHCN.3? Similarly, the sulphide formed in the
MeC=CCN-EtS “Na*-EtSH reaction system was that derived
from Z-MeCH=CHCN, indicating that protonation of the
initially formed intermediate EtS(Me)C=CCN was slower
than its isomerization to Me(SEt)CECCN.3* In line with this
effect the main products of the base-catalysed addition of a B-
dicarbonyl compound to alkyl propiolate and to dialkyl
acetylenedicarboxylate, were E-B-substituted alkyl acrylate and
a maleic ester derivative respectively.>> Also, as expected, «-

lithiated Z=RS(%H=CH-S(O)R isomerized into the E-isomer,
while the B-lithiation product was configurationally stable.!®

It should be stated, in summary, that the observed
configurational stability and nucleophilic reactivity of the
a-lithiated trisubstituted activated ethylenes studied in the
present work, are determined by the relative contributions of
each of several factors which influence these two features. In
conclusion we suggest that a stereoelectronic effect exerted by A
is responsible for both the lower configurational stability and
the enhanced nucleophilicity of (17)-Li as compared with that of
(18)-Li. This might be due to different interactions of the lone
pair orbital of A with each of the Z- and E-vinyl carbanion
orbitals.

Experimental

THF was refluxed over sodium and then distilled. A solution of
sodium diphenylketyl in the distilled THF was prepared, and
the required amounts were directly distilled into the reaction
flask. LDA was prepared by adding an equimolar amount of
Bu'Li (dissolved in hexane) into the di-isopropylamine-THF
solution. All manipulations and the reactions of alkenes with
electrophiles in presence of LDA, were carried out under
nitrogen and anhydrous conditions.

The «-methoxy and a-phenoxy derivatives of the dimethyl
esters of fumaric acid (17) and maleic acid (18) were prepared
according to the methods described by Winterfeldt and
Preuss.*¢ The mixtures of the cis and trans isomers formed were
separated by column chromatography.

2035

Dimethyl «- Morpholinomaleate [18; A = N(CH,),0(CH,),].
| S A |

—The reaction of morpholine with acetylenedicarboxylic acid
dimethyl ester was carried out as described before for other
secondary amines.>®37 A solution of the acetylenic ester (7.1 g,
0.05 mol) in absolute diethyl ether (50 ml) was added dropwise
at room temperature to a stirred solution of morpholine (4.8 g,
0.055 mol) in diethyl ether (100 ml). The reaction mixture was
stirred for 15 h, the ether evaporated, and the residue was
distilled. The fraction boiling at 115—118 °C/0.15 mmHg was
collected and recrystallized to give dimethyl «-morpho-
linomaleate (8.0 g, 70%), m.p. 54—55°C (lit.,>” 57—59 °C)
(from 1:1 ethyl acetate-light petroleum).

Dimethyl «-pyrrolidinomaleate was similarly prepared as
described previously.2®

The Reaction of the Alkenes (17) and (18) with Electrophiles in
the Presence of LDA: General Procedure—A solution of either
(17) or (18) in THF (10 ml) was added dropwise during 5 min to
an LDA-THF (25 ml) solution at —90 °C. After the reaction
had been stirred for ¢, min the electrophile was introduced in
one portion, and the reaction mixture was further stirred for 1,
min at —90 °C. At the end of this period water was added to
stop the reaction, followed by extraction with ether. The residue
recovered from the organic layer was subjected to column
chromatography to give the pure products. Data concerning the
reactants used and their concentrations, ¢, and t, values, the
products obtained and their yields are given for each experiment
in Table 1. The structures of the alkenic starting materials and
the products obtained, 'H n.m.r. data, results of elemental
analysis and mass spectra data are given in Table 3.

Reaction of Pyrrolidine with Dimethyl Acetylenedicarboxylate
in the Presence of Bu'Li—A solution of Bu'Li (1.5 mmol) in
hexane was added into a cooled (—90 °C) solution of pyrro-
lidine (0.13 ml, 1.5 mmol) in THF (40 ml). The reaction mixture
was stirred for 20 min at —90 °C, followed by addition of
dimethyl acetylenedicarboxylate (0.25 ml, 2 mmol) in one
portion. The reaction mixture was further stirred for 60 min, and
methanol (2 ml) added. After 15 min ether—water was added.
The residue recovered from the organic layer was separated by
column chromatography [eluant:light petroleum—ethyl acetate
(1:1)] to give a quantitative yield of dimethyl «-pyrrolidino-
maleate (18; A = NCH,CH,CH,CH,) 0.32 g as a yellow oily

liquid.
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