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AN ANIONIC 3+2 CYCLIZATION-ELIMINATION
ROUTE TO CYCLOPENTENES

Peter Beak* and Douglas A. Burg
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Summary: Anionic 3+2 cyclization-elimination reactions between 1-benzenesulfonyl-2-(N,N-diiso-
propylj)carboxamidoallyllithium (2) and electron-deficient olefins provide the
4-substituted-N,N-diisopropylcyclopent-1-ene carboxamides 3-8 in yields of 22-89%.

The formal g 2

anion, the anionic 3+2 cyclization, is one of the most straightforward routes to the five

+ wg cycloaddition of an allyl anion and an olefin to give a cyclopentyl
membered carbocyclic ring. Early investigations of this approach by Bdche, Kauffmann, and Ford
revealed the reaction can occur in appropriately substituted systems albeit as a stepwise
pr'ocess.1 We have reported the A'-~lithiation of tertiary methacryl amides give
1-alkyl-2-carboxamidoallyllithium reagents and noted their use and limitations in anionic 3+2
cyclizations.2 Recently Tanaka and coworkers have reported the formation of the formal dianion
1-benzenesulfonyl-2(N-lithio-N-phenyljcarboxamidcallyllithium and its use as a
g-lithio-methacrylic acid and B'-lithiohydroxymethacrylic acid synthetic equivalent.3 We wish
to report methodology in which the benzenesulfonyl group not only activates the B' hydrogen of
tertiary methacryl amides for lithiation and directs the incoming electrophile to the sulfonyl
substituted carbon, but also acts as a leaving group to provide an anionic 3+2
cyclization-elimination sequence which is useful for the synthesis of cyclopentenes.u The
overall sequence is shown in Scheme I and summarized in Table I.

Initial lithiation of 1 at -78°C with lithium 2,2,6,6-tetramethylpiperidide (LiTMP) to
give 2 is followed by dropwise addition of 1.1 equivalents of the electron-deficlent olefin all
in tetrahydrofuran (THF). After 1 h at -78°C, and 24 h at room temperature the cyclopentene
products are obtained as shown in Table 1,5’6 The proposed intermediates are outlined in
Scheme I and no more than a few percent of the alternative regiloisomeric preducts can be

1,2

present. We believe the reaction to be stepwise, based on analogy, but that has not yet

been established.
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Table I. Reaction of i-Benzenesulfonyl-2-(N,N-diisopropyl)carboxamidoallyllithium
(2) with Electron-Deficient Olefins.?

Olefin Product vield®
CON(i-Pr),
coo)
Y
coo)
3
CON(i-Pr),
CONPhMe
Y
CONPhMe
4
CON(i-Pr),
COOMe
b
COOMe
5
CON(i-Pr),
Mej3Si COOMe
W 5T%
Me,Si”  COOMe
6
CON(i-Pr),
CONPhMe
“/ 334
CONPhMe
-
CON(i-Pr),
CN —
CN

1. 1.1 eq of olefin, THF, -78°C; 2. Ambient temperature 24 n.

DYields are for analytically pure material.
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Scheme |
EW
PhSO, LiITMP lr
R,NOC EW
1 2 3-8
PhSO, PhSO,
R =i-Pr R,NOC Mgy —> ReNOC

EW
Electron-deficient olefins without alpha substituents give poor yields of cylopentene

products as shown for T. Therefore, we have used two steps in order to synthesize the
cyclopentene 9. First cyclopentene 6 is formed in 57% yield via the cyclization reaction
between 2 and methyl 2-trimethylsilylpropenate. Then 6 is treated with tetrabutylammonium
fiuoride in wet THF to give cyclopentene 9 in 68% yield as shown in Scheme II. A one-pot
variant of this reaction provides 9 in 55% yield.

Scheme li
CON(i-Pr), CON(i-Pr),
N*(Bu)4F
—— 68%
. THF, HyO
Me;Si COOMe COOMe
6 9

In summary this work provides a formal 3+2 cyclization-elimination sequence which appears
to be a synthetically useful one-pot reaction for the synthesis of various substituted
cyclopentenes. We are currently investigating the scope and mechanism of the reaction as well

as the extension of the approach to other functionalities.
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Compound 1 1is prepared in 30% yield by the reaction of 2 vlio acid and

scdium salt of benzenesulfinic acid in methanol containing 1 equiv.

treatment with thionyl chloride and then diisoprepylamine: mp 95-15
7.52-7.98 (m, 5 H), 4.

5
b, 1 H, -CH(CH3),), 1.33 (ba, 12 H, CON(i-Pr),). All products

(b, 1 H, -CH(CHg),), U.49 (s, 2 H, =CH,), 4.i¥

)
N
—~

1H NMR, mass spectrometry, IR, and elemental analysis. The experiment i

for zcyalopentene 5 is provided

a represcntative example. To a

(1.29 mmol) in 4D ml THF at -73°C was added a solution of 1 (0.4 g,

and the resulting mixture was stirred for 5 min at =780, A

methacrylate (0.15 ml, 1.42 mmol) in 40 ml of THF was then added dropwise and

was stirred for 1 h at -78°C and then warmad to RT for 24 h, workuap and puril

medlum pressure liquid chromatography on silica gel using EtDAc/hexan: as sluent

mg (59%) of S5: H NMR § (360 Mz, CDCl.): 5.59 (m, J = 2 Hz, 1 i, =00, 41 (o, 1o,
CH(Me)5), 3.70 (s, 3 H, COOMe), 3.4 (b, 1 H, CH(Me),), 3.14 {dm, J - i€, Hz, @ H, CHi),
3.0 {dm, J = 17.1 Hz, 1 H, CHH), 2.50 (dm, J = 16.4 Hz, ! H, CHH}, 2.3 {am, ! = 17,5 Hu, )

H, CHE), 1.37 (s, 3 H, CCHy), 1.3 {b, 12 K, CON(i-Pr),). Be umr & {000,
168.1 (CON(i-Pr),), 138.3 (=CR,), 126 (=CHR), 52.1 .
(RyCMeCOOMe), 15.8 (CHy), 4.5 (CH,), 25.8 (CH), 21.0

267. Anal. Calc for C15H2503w: C, 67.38; H, 9.43; N, 5.24, Found: o, 57,

5.16. IR {Nujol Mull): 730, 16158 em™ ',

The wuse of g-alkyl-a,B-unsaturated esters and amides as

conditions has resulted in recovery of starting materials.
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