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I. SELECTIVE ALKYLATION OF 2-BUTYNOIC ACID
C. Celia Shen and C. Ainsworth*
Department of Chemistry, San Francisco State University
San Francisco, California 94132, U.S.A.

Recent studles of the y-alkylation of a, B-unsaturated systems1a have furnished practical
synthetic routes to trisubstituted olefins2 that are important biological compounds. Pitzele et
a13 have alkylated 2-butynoic acid (tetrolic acid) and obtained a mixture of o and y-isomers.

The latter were converted to nerol3 and various isomers of farnesollb. We have found conditions
that specifically give the o or y-alkylation product of 2-butynoic acid. The dianion of 2-butymoic
acid formed from n-butyllithium (Buli) and tetramethylethylenediamine (TMEDA) in tetrahydrofuran
(THF) is reglospecifically alkylated in the y-position, in contrast to specific a-alkylation when
it is formed from lithium diisopropylamide (LDA) and Cul. The results of using different alkyla-
ting agents and chlorotrimethylsilane (CTMS) are found in Table I.
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y-alkylation a-alkylation

Treatment of 2-butynoic acid with 2 equiv of BuLi—TMEDA[”5

followed by silylation with excess
CTMS rather specifically gave the y-product £6 (Table I):HlNMR(CDCI3) §0.16(sS,9H), 0.3(S,9H),
1.6(S,2H); IR(neat) 2250 (C=C), 1730(Cc=0), 1410, 1250(Si-CH3), 1130, 1050 em~1(c~0, $1-0); mass
spectrum m/e (rel intensity)228(M+, 0.2), 213(6), 169(15), 147(70), 73(100), 66(9). White inso-
luble BuLi-TMEDA complex was formed in a dry atmosphere by stirring 18 ml of 1.6M (28mmol) n-BuLi
in hexane and 0.8g (7mmol) of freshly distilled TMEDA in 5 ml of pentane for 1 hour. At -78°, 1.1g
(13mmol) of tetrolic acid dissolved in 15 ml of THF and 25 ml of pentane was added dropwise to give
a bright yellow suspension (presumably the dianion). After 2 hours 7 ml of CTMS was added and
after another hour the mixture was allowed to warm to 15°, filtered (glove box) and concentrated
under reduced pressure at low temperature. The product was subjected to GLC analysis. Similarly
2-butynoic acid alkylated with 1 equiv of allyl bromide (~78°, 2 hours) and then CIMS gave 2:
HlNMR(CDCI3) §0.3(s,9H), 4.7-6.3(M,3H), 2.4(M,4H); IR(neat) 2270(C=C), 1730 cm-l(C-O). Alkylation
with 1 equiv of 1-bromo-3-methyl-2-butene and then CTMS gave 3 regilospecifically. Compound 4 was
obtained similarly when methyl iodide replaced CTMS. Tt was isolated in 60% yield without the

problem of isomer separation encountered by Pitzele in the synthesis of nerol.3
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Reaction of 2-butynoic acid ahd 3 equiv7 of LDABb followed by CTMS gave a 2:1 mixture of 1

and the o-silyl compound 5: HINMR 60.16(S,9H), 0.3(S,9H), 3.3(S,2H); IR(neat) 1970(C=C=C),
1730(C=0), 1410, 1260(Si~CH3), 1050 cm~1(S1-0, C-0); mass spectrum m/e (rel intensity) 228(M%,
0.2), 213(0.2), 169(4.2), 113(24.1), 112(27.3), 97(88.7), 73(100), 66(9.4).

Compound 5 was obtained regiospecifically from 2-butynoic acid using LDA as the base,
followed by treatment with cur’ (equal mole LDA, -78°, 1 hr) and then silylation with CIMS in the
presence of triethylaminelo. Compound 6 was obtained similarly when 1 equiv of allyl bromide was
employed followed by silylation. 6: HINMR(CDCl3) §0.3(S,9H), 4.5-6.3(M,5H), 3.0(M,2H); IR(neat)
1970(C=C=C), 1730 cm 1¢C=0).

Table I. Reaction Products of 2-Alkynoic Acid with Strong Bases
Followed by Alkylation/Silylation

a

Base Alkylating Reagents Productg Yield, %
Me3Si
BuL1-TMEDA CTMS \_C=C-C0,581Meg @ 90
=™—Br/CTMS M £=C-C0,51Me3 @ 70
>=—pr/cmMs J{\C=CC0yS1Mes @ 80
SN
~=~pr/cus1 —I(M\czc-coMe @ 60°
_L02S1Me3
LDA CTMS 1 + HpC=C=C ) 60
(2:1)c iMes
LDA/Cul CTMS~Et3N 5 60
. /00281Me3
"\-Br/CTMS-Et 3N HyC=C=C ©) 60

\_\

a. All silyl esters were isolated by preparative GLC using a 0.25 inch x 6 foot column of 10%
UC-W98 on 60-80 WAW DMCS700. Distillation resulted in polymerization. The yield was deter-
mined by GLC using internal standards and/or by assuming it 1s the same as that of the readily
tsolated alkylated acid.

b. Isolated yield, identified by comparison with authentic sample - see Acknowledgment.

¢. Consistent with the data of Ptfzele - ref., 3.
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Solvolysis of all alkylated silyl esters with methanol (room temp, 1 hr) gave the corres-
ponding alkylated carboxylic acids. Treatment with aqueous NaOH not only hydrolyzed the silyl
esters but also cleaved the C-Si bonds13 of silylated silyl esters. Both the y—trimethyl-silyl

ester 1 and the corresponding a-isomer 5 gave allenic acidlé.

lors ]2" 230 CH»=C=CHCOH
Extensions of this study are described in communications that follow this one.
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4 7
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