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Abstract: Lithium carboxylic acid enediolates are generated efficiently using lithium amides prepared from
thienyllithium or butyllithium and either diethylamine, piperazine, N,N’-dibenzylethylenediamine,
N-benzylpiperazine or 1,3,3-trimethyl-6-azabicyclo[3.2.1]octane, even in catalytic amounts.
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of the or:respondlng amines by n-butyllithium. Complete avoidance of the amines would
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mean an obvious simplification of the synthetic method, whereas use of catalytic amounts
could be expected to alter ion pair aggregation states of the enediolates {3,4], and hence the
reactivity of the latter might be modified. Doubie deprotonation of saturated carboxyiic acids
with n-butyllithium is feasible [5] but addition and other side reactions compete with the acid
base equilibrium for unsaturated carboxylic acids [6], due to the high nucleophilicity of the
reagent. The lower basicity of thienyllithium (pK,=38.2) relative to n-butyllithium (pK,=46)
[7,8], led us to attempt alkylation of tiglic and phenylacetic acids, 1a and 1b respectively, by
benzylbromide 3a after double deprotonation of the acids with commercially available
thienyllithium. The starting acids were recovered in high yield in pure form thus showing
absence of deprotonation and of side reactions.

When the deprotonations were performed by n-butyllithium or thienyllithium and
equivalent amounts of diethylamine, the alkylations occurred normally, but when only 0.27
equivalents of the amine were employed, in the alkylation of tiglic acid la with
benzylbromide, a significant decrease of alkylation yield was obtained for n-butyllithium
(Table 1, entry 2) whereas no change in yield was observed for thienyllithium. High yields
were obtained for both acids 1a and 1b on alkylation with other bromides under the same
deprotonation conditions.
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Similar results for alkylation of carboxylic acids have been now obtained (Table 1) to those
' 1 + £ 1T1NE A + tad L 1 A 14,15 | RO P
resulting with equivalent amounts of LDE and saturated, benzylic and allylic bromides

(Scheme 1)'. This observatlon shows that the amount of LDE does not contribute

At

ation reactions of the enediolate of [lgllC acid.

However, we expect that these results will be the tamng point for further studies where
the use of small amounts of amine, for carboxyuc acid enediolate generation, may cnange the

regioselectivity outcome of previously published reactions with other electrophiles [9-11].
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Scheme 1
Next, we wanted to find whether Table 1
the nature of the amine could alter Alkylation of enediolates of carboxylic acids,
the possibility of use of catalytic generaied from thienyliithium and diethyiamine Za (i:0.27)
amounts as well as the reactivity of Entry  Acid  Bromide  Yield (%) 4/5°
the enediolates of carboxylic acids. It ! la* 3a 72 69/31
has been shown by one of us that - la 3a 43 43151
) 3 72 65/35
LDE is a better base than LDA [12], 5 la o8 70 6238
. 4 ia 3b
the use of ‘othor amides f"or eholate 5 {a 3¢ 68 86/14
generation is widely described in the 6 1b 3a 69
literature [13-16]. Therefore, we have 7 1b 3b 73

assayed the diamines: piperazine 2b, 8 1b 3¢ 67

N,N’-dibenzylethylenediamine  2¢,  a: Enediolate generated from butyllithium and diethylamine (1:1)

N-benzvlpiperazine 2d and the b: Enediolate generated from butyllithium and diethylamine (1:0.27)
e c: Ratio obtained from integration of the corresponding 'H nmr signals,

n the kylatlon of tlgllc acxd la with benzylbromide are shown in
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~lanaard proceaure. Amine 4 (1.
and the solution was stirred for 1/2h

0°C. The unsaturated carboxyhc acid (2.25 mmol) in THF (2 mL) was then added dropwise at
-78°C. After 1/2h at 0°C a solution of alkylbromide (2.25 mmol. in 2 mL of THF) was added at —78°C. The mixture was stirred and
gradually warmed from 78 C to room temp..ra..z.r- over lh and then poured into water (30 mL) and extracted with diethyl ether. The

washed thh brine to neutral pH and dned (MgSO0,). Evaporatlon of solvent, gave t h crude acidic fraction.
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Table 2
/\v/N H NHCH-Ph Alkvlatmn of enediolate of nglgg acid with henwlhmmlde
N 2 generated from 2-thienyl and butyllithium respectlvely and
HN PhCH;NH ” amines 2 in stoichiometric amount.
2b =€

NH N7 Entry Amine Yield (%) 4/5

[ T~—" 5 /\I 1 2b 62 60/40

PhCH,N L \}/_—I\N H 2 2b 51 60/40

24 e 3 2c 67 62/38

4 2c 68 66/34

Figure 1 5 2d 61 74/26

thienyllithium. Yields obtained under these 6 2d 54 62/38

conditions were slightly superior for 7 2e 7 74126

thienyllithium than for butyllithium, except 8 2e 62 62/38

v 9 2¢e* 55 76/24

for the acyclic diamine 2¢, and
’ 10 2e* 75 64/36

regloselectlvmes were quite similar in all , L o
a: Enediolate generated from organolithium and this amine

ployed as well in (1:0.27)
r 1

anolithium  b: Ratio from integration of the corresponding 'H nmr signals.
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Thus, when 2—bromobutane 3d was allowed to react for 16 h with the enediolate, generated
by butyilithium and diethylamine 2a, a 16% yield of a-alkylated product 4d is obtained.
When the lithium amide of amine 2e is employed, the same reaction conditions afford a 58%
yield of a- and y-alkylation acids 4d and 5d (60:40) and, under optimized conditions, in just
4 h, a 92% conversion though lower a/y ratio (4d/5d, 50:50) is attained.

Use of chiral secondary halides opens the opportunity for diastereoselective recognition of
the prochiral a-carbon atom of the enediolate, and the chiral nature of the amine 2e should
contribute to the actual d.e. resulting for a-alkylation.

No diastereoselectivity for the a-alkylation product 4d of tiglic acid with 2-bromobutane
3d was observed, probably due to the similar steric hindrance of methyl and ethyl groups.
But, for 1-bromo-1-phenylethane 3e, a significant difference in diastereoselectivity was found
as a function of the amine (Scheme 2). Thus, with diethylamine 2a a 77% yield was obtained
of an a/y mixture (4e/Se; 47:53) and a 69:31 R*S*/R*R* ratio for the a-alkylation acid 4e,
and with amine 2e a 75% yield of a 42:58 4e/Se mixture, in which an 80:20 R*S*/R*R* ratio
was established for the diastereoisomers of acid 4e.
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Scheme 2 .
R*,S* and R*R* configurations have been
: : : gl : : :
ter}tatlvely identified by 'H-'H nOe experiments  _a} CO,H Al _COH
(Figure 2). Y
This increase in the d.e. from 38 to 60 confirms ~ >R RN
the influence of the amine in the stereoselectivity of nDEQE
K™>7 R*R*
the process
We claim that the present results, along with the Figure 2
low price of 1,3,3-trimethyl-6-azabicyclo[3.2.1]-
octane 2e, open the possibility of an extensive use of its lithium amide as deprotonating
reagent for the generation of enediolates of carboxylic acids, and may foster the use of
catalytic amounts of amine in the generation of enolates

Acknowledgements The present research has been financed by DGICYT (PB95-1121-
C02-01). One of us (E.M.B.) acknowledges a grant by DGICYT.

References

[1] Mekelburger HB, Wilcox CS. Formation of enolates. In: Trost BM, Fleming I, Editors. Comprehensive Organic Synthesis.
Oxford: Pergamon Press, 1991:99-131.

[2] Thomson, CM. Dianion Chemistry in Organic Synthesis. Boca Raton (Florida): CRC Press, 1994:88-129.

[3] Juaristi E, Beck AK, Hansen J, Matt T, Mukhopedhyay T, Simon M, Seebach D. Synthesis 1993:1271-1290.

[4] Olsher U, Izatt RM, Bradshaw JS, Dalley NK. Chem. Rev. 1991:137-164.

[5] Kusumoto T, Ichikawa S, Asaka K, Sato K, Hiyama T. Tetrahedron Lett. 1995; 36:1071-1074.

{6] Aurell MJ, Mestres R, Mufioz E. Unpublicated results. University of Valencia, 1997.

[7] Lurie J. Handbook of analytical chemistry. Moscow: Mir publ, 1975:274-282.

{8] Maskill H. The physical basis of organic chemistry. New York: Oxford Sci. Publ., 1985:156-215.
19] Paira M, Mestres R, Aparicic D, Durana N, Rubiales G. J. Chem. Soc. Perkin Trans  1989:327-332
[10] Aurell MJ, Gil S, Mestres R, Parra M, Tortajada A. Tetrahedron 1994;50:5109-5118.

[11] Ballester P, Costa A, Garcia-Raso A, Mestres R. J. Chem. Soc. Perkin Trans I 1989: 21-32,

pi iy Dallealel I L 4altid=has0 IVIESITES T

[12] Ballester P, Garcia-Raso A, Mestres R. Synthesis 1985: 802-806.

[13] Aoki K, Tomioka K, Noguchi H, Koga K. Tetrahedron 1997;53:13641-14656.

[14] Aoki K, Tomioka K, Noguchi H, Koga K. Tetrahedron 1997;53:16987-16998.

[15] Urones JG, Garrido NM, Diez D, Dominguez SH, Davies SG. Tetrahedron: Asymmetry 1997:2683-2685.
[16] Sato D, Kawasaki H, Shimada I, Arata Y, Okamura K, Date T, Koga K. Tetrahedron 1997; 53:7191-7200.



