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ABSTRACT: The [3 + 2] annulation of donor—acceptor cyclo- pTolSO;

propanes and ylidenemalonates, in which an a-p-tosyl carbanion H MeO,C.__COMe  LiHMDS _COMe
< 2 o ==
functions as a donor substituent, is described. A notable feature of the <L 3 I - . Q
L
annulation is that the auxiliary p-tosylmethyl group can be removed via y 0o Y
a cycloreversion during the tandem annulation sequence. * X
X = CO,EL, CN
onor—acceptor (D—A)-substituted cyclopropanes have Scheme 1. Carbanion-Induced [3 + 2] Annulation of D—A
been used as versatile synthetic blocks in organic Cyclopropanes

sytheses due to a ring opening facilitated kl)y vicinally NSO, ~ = A0,  ArSO, ASO
positioned electron-donor and -acceptor groups. In recent H B 5 EWG' ’
years, they have attracted renewed interest due to the 9 (W
development of improved methods for their synthesis and R s
new combinations of donors and acceptors.”” A large variety of 4 EwG , EWG EVXG EWG
combinations of donor and acceptor groups, the electronic
nature of which should define the reactivity, is possible, in ArSO;—-
principle. Werz and co-workers evaluated the influence of EWG o

X K . K Julia-Type olefination EWG'
various combinations of D—A groups on ring-enlargement — -
reactions of D—A cyclopropanes on the basis of DFT EWG

. 4 . 6

calculations.” Although the synergistic push—pull effect can EWG 7

facilitate the strain-driven ring opening, Lewis acids are typically

used to further promote reactivity by coordinating with an o o ] )
acceptor group such as an ester.” In contrast, promotion of the The feasibility of the carbanion-induced ring-opening

reaction by activation of a donor group is rarely found, and reaction”” was first explored with p-tosylmethylcyclopropane-
there are only a few examples of anion-induced reactions of D— carboxylate 8, which was pr eﬁared from ethyl trans-2-
A cyclopropanes, though simple ring-opening reactions of formylcyclopropane-1-carboxylate ” via a three-step sequence:
cyclopropanes without further synthetic manipulation, such as (1) NaBH, reduction, (2) iodination oflzthe resulting alcohol,
an annulation, have been reported."® One of us also reported and (3) sulfonylation with p-TolSO,Na."* The best result was
that a carbanion generated by a Brook rearrangement cleaves a obtained when the reaction was conducted with LiN(SiMe;),
carbon—carbon bond in vicinally cyano-substituted cyclo- (LiHMDS) in THF at —80 °C for 10 min to give ring-opening
propane to give an a-nitrile carbanion.” The main reasons product 9 in 86% yield, indicating that the combination of an a-
might be the difficulty in (1) removing or manipulating the tosyllanion and an ester group can function well as a D-A
carbon functionality containing an electron-withdrawing group substltuerllt on a cyclopropa.ne ring (Scheme 2). The yields of
that is generally required for generating a carbanion after the the reaction varied depending on the base used. When LDA

ring-opening reactions and (2) controlling the reactivity of

anionic species generated during the course of the reaction that Scheme 2. Base-Induced Ring Opening of p-
tend to polymerize. In this paper, we report an all-carbon [3 + Tosylmethylcyclopropanecarboxylate (8)
2] annulation methodology based on carbanion-induced pTolSO, SO,-pTol
reactions of D—A cyclopropanes. “—H
Our initial approach to overcome the difficulty relied on ) LIHMDS (1.2 equiv)
Julia-type'® desulfonylative manipulation of an a-sulfonyl THF, =80 °C, 10 min H
carbanion (6 — 7) generated via a tandem sequence that COEt 86% EtO,C
involves a base-induced ring opening of D—A cyclopropane (1 8
— 2 — 3) followed by an inter- and intramolecular Michael
addition of the generated carbanions to Michael acceptors (3 + Received: June 27, 2016
4 - 5and 5 - 6) (Scheme 1). Published: July 19, 2016
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and NaHMDS were used, the yields were decreased to 52 and
59%, respectively, implying sensitivity of the generated anionic
species to polymerization.

Since the electronic nature of the electron-withdrawing
group (EWG’) in Michael acceptor 4 should affect the
reactivity of the two-fold Michael additions’> (3 + 4 — §
and § — 6) in the opposite way, we decided to examine the
annulation using ethyl cinnamate and benzylidenemalonate
11a, which have different abilities as Michael acceptors
(Scheme 3). To suppress undesired side reactions, such as

Scheme 3. Reactions of 8 with Ethyl Cinnamate or
Dimethylbenzylidenemalonate
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anion-induced polymerization, LIHMDS was added to a THF
solution of 8 and a Michael acceptor at —80 °C, and the
solution was warmed to room temperature. While the reaction
with ethyl cinnamate gave the expected annulation product 10
as a single diastereomer, the reaction with benzylidenemalonate
resulted in the formation of a cyclopentenecarboxylate
derivative 12a that lacks tosyl and methoxycarbonyl groups.
Isolation of methyl p-tosylacetate 13 in addition to 12a led us
to propose a mechanism that involves the formation of a four-
membered ring intermediate 15a followed by a formal
cycloreversion with concomitant liberation of 13 (1Sa —
12a) (Scheme 4). To the best of our knowledge, this type of

Scheme 4. Plausible Pathway for the Formation of 12a
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reaction via formation/cleavage of a four-membered ring is
unkown, although the formation of cyclopentene derivatives via
a B-lactone followed by liberation of CO, has been reported."*

To explore the scope of the unusual [3 + 2] annulation of
D—A cyclopropanes accompanied by elimination of an a-
carbanion-stabilizing moiety, reactions of the corresponding
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dimethylphosphono-, cyano-, and ethoxycarbonyl derivatives
16—18 were examined.' In all cases, the same type of reaction
occurred to provide 12a in variable yields (Table 1). The

Table 1. [3 + 2] Annulation of Cyclopropanecarboxylates
Having Various Electron-Withdrawing Groups with 11a

X
\H COMe
MeOzC\[COQMe LIHMDS (1.2 equiv) <;[
+ _— -
-80°Ctort Ph
o Ph N Eo,C
Et0 11a (1.2 equiv) 12a
16-18
entry sm X time (h) yield (%) trans/cis
1 16 P(O)(OMe), 0.5 trace trans
2 16 P(0)(OMe), 12 45 trans
3 17 CN 0.5 trace trans
4 17 CN 12 32 trans
S 18 CO,Et 0.5 28 85:15
6 18 CO,Et S 77 71:29

derivatives, however, were found to be too sluggish to react at
an acceptable rate in comparison with the p-tosyl derivative.
The fact that a diastereomeric mixture of uncyclized addition
products was obtained as the major products in all cases except
for entry 6 suggests that the rate of cyclization for compounds
16—18 is slower than that for 8.

A cyano group on a cyclopropane ring was also found to
function as an acceptor substituent, providing the [3 + 2]
annulation products in a similar manner (Scheme 5)."

Scheme S. [3 + 2] Annulation Using Cyanocyclopropane
Derivative 19

p-TolSO,
\_
R MeOQC\[COZMe LIHMDS (1.2 squiv) CO-Me
+ |
Q -80°Ctort ;:[
Ph i Ph
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19 <eq 20a

(fransl/cis = 79:21)

The scope of the [3 + 2] annulation was examined using 8
and 19 for several representative alkylidene- or arylidenemal-
onates. The results are shown in Scheme 6. In the case of
ethylidenemalonates 11e and 11f, addition of the ylidenemal-
onate after treatment of 8 with LiIHMDS gave better results,
probably due to suppression of competitive deprotonation of
the acidic methyl or methylene proton of the ylidenemalonates.
While pretreatment of 19 with LIHMDS followed by addition
of an ylidenemalonate resulted in significant decomposition,
addition of LIHMDS to a mixture of 19 and 11e or 11f resulted
in acceptable yields.

Reactions of the ester derivative 8 gave yields better than
those of the corresponding cyano derivative 19. Although the
diastereomeric selectivity is moderate and variable depending
on the substrate, selective formation of the major diastereomers
can be achieved by quenching the reaction at lower
temperatures. For example, stopping the reaction of 8 with
11a at 0 °C resulted in the formation of trans-12a as a single
diastereomer in 74% yield together with an uncyclized addition
product.

In conclusion, we have demonstrated a new type of [3 + 2]
annulation of D—A cyclopropanes in which an a-sulfonyl
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Scheme 6. [3 + 2] Annulation Using 8 and 19
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“Ylidenemalonate 11 was added after treatment of 8 with LIHMDS.

carbanion functions as a donor group and the donor group can
be eliminated via a formal cycloreversion in a four-membered
intermediate. The results present the first example of a
carbanion-induced [3 + 2] annulation of D—A cyclopropanes,
which will open the way to a new phase of D—A cyclopropane
chemistry.
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