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ABSTRACT
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A Michael addition of allenoates to electron-deficient olefins was mediated efficiently by a catalytic amount of commercial tetra-n-butylammonium
fluoride (TBAF) under mild conditions. And 2-alkynyl substituted glutaric acid derivatives, which may be potential building blocks in organic
synthesis, were obtained in good to excellent yields from these reactions. The mechanism for the Michael addition reaction may involve the

formation of an alkynylenolate intermediate.

The Michael addition reaction is one of the most powerful
methods for the generation of 1,5-dicarbonyl compounds,
which are of general synthetic interest in organic synthesis.
Enolates or stabilized carbanions could be regarded as proper
nucleophiles for conjugate addition reactions.* Recently, we
reported an aldol reaction of allenoates or propargylic esters
that we regarded to occur via a common alkynylenolate
intermediate A (Scheme 1).2 When the intermediate
A—generated by the action of tetra-n-butylammonium fluo-
ride (TBAF)—reacted with an aldehyde, the reaction favored
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Scheme 1. Aldol Reaction of Allenoates or Propargylic Esters
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exclusively the thermodynamically preferred y-product,
namely the carbinol alenoate shown in Scheme 1 (top right).
To probe further the reactivity of this akynylenolate
intermediate A, we decided to investigate the reaction of the
allenoates—which are suitable precursors of intermediate A3
and easily prepared using textbook methodologies*—with



Michael acceptors such as akyl acrylate, methyl vinyl ketone,
acrylonitrile, and N,N-dimethyl acrylamide. Herein, we wish
to report a highly attractive Michael addition of allenoates®
to electron-deficient carbon—carbon double bonds that
provides a convenient entry into 2-alkynyl-substituted glutaric
acid derivatives. Although glutaric acid derivatives have been
used extensively in organic synthesis,® the synthetically more
useful 2-alkynyl-substituted glutaric acid derivatives rarely
have been reported in the literature.”

Using ethyl o-methyl-y-(n-hexyl)-alenoate la as the
substrate, we studied its Michael addition to methyl acrylate
2a under similar conditions employed for the y-selective
aldol reaction.”? We were pleased to observe that the reaction
proceeded smoothly at rt in 12 h yielding exclusively the
a-selective adduct® 3ain 55% yield (Table 1, entry 1). When
conducted at higher temperature (50 °C), the reaction could
be completed in 2 h and gave a much higher yield (Table 1,
entry 2). Water did not prevent the reaction from occurring
since avery good yield of 3a was obtained when using TBAF
trihydrate as the base (Table 1, entry 3). Other bases, either
inorganic or organic, were also examined in this reaction,
but the yields of product dropped sharply. In most of these
cases, only traces of the product were found by TLC and
most of the starting material remained (Table 1, entries
4—13). Solvent effects were also investigated. We found that
compound 3a could beisolated in very good yieldsin toluene
(Table 1, entry 14), but when 1,2-dichloroethane (DCE),
dichloromethane (DCM), and diethyl ether were employed,
the reaction was severely retarded (Table 1, entries 15—17).
The reaction could also take place in polar aprotic solvents
such as acetonitrile, N,N-dimethylformamide (DMF), and
dimethyl sulfoxide (DMSO) and the product 3a could be
obtained in moderate to good isolated yields (Table 1, entries
18—20). Reducing the amount of TBAF to as low as 0.1
equiv of the allenoate did not decrease the yield of the
product (Table 1, entries 21—24). This clearly marked a
substantial improvement to our methodology.
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Table 1. Optimization of Reaction Conditions®

n-CeHis
H CHs R base (X equiv) j‘\/\
nCeHis  COREt Il)(oMe solvet, - 10207 [ COzMe
50°C,2h
1a 2a (1.2 equiv) 3a
entry base X (equiv) solvent yield® (%)
1€ TBAF¢ 2.0 THF 55
2 TBAF¢ 2.0 THF 80
3 TABF-3H,O 2.0 THF 82
4 (n-BusNT)"OAc 2.0 THF trace
5 (n-BuyN*)"Br 2.0 THF no reaction
6 KoCO3 2.0 THF trace
7 Cs2CO3 2.0 THF trace
8 CsF 2.0 THF trace
9 KO‘Bu 2.0 THF complex mixture
10 NaOAc 2.0 THF trace
11 EtsN 2.0 THF trace
12 PyH 2.0 THF trace
13 DBU 2.0 THF complex mixture
14 TBAF-3H20 2.0 toluene 81
15 TBAF-3H20 2.0 DCE trace
16 TBAF-3H,0 2.0 DCM trace
17 TBAF-3H20 2.0 Et.O trace
18 TBAF-3H30 2.0 CH3CN 84
19 TBAF-3H30 2.0 DMF 42
20 TBAF-3H.O 2.0 DMSO 59
21  TBAF? 1.0 THF 79
22  TBAF? 0.5 THF 81
23  TBAF¢ 0.2 THF 77
24  TBAF¢ 0.1 THF 83

2 Reaction conditions: allenoate 1a (0.3 mmol), methyl acrylate 2a (0.36
mmol), solvent (2.0 mL). ® Isolated yields; © Conducted at rt for 12 h. 91.0
M solution in THF.

With optimal reaction conditions in hand, we explored the
scope of this Michael reaction. By using allenoate 1a as a
fixed substrate, we carried out the reactions with various
types of olefins bearing an electron-withdrawing group
(EWG); the results are outlined in Table 2. EWG could be
esters (Table 2, entries 1—3), ketone (Table 2, entry 4), nitrile
(Table 2, entry 5), or amide (Table 2, entry 6). In all these
cases we found that the corresponding products could
be obtained in good yields. When using acrylates having a
methyl group substituted at o- or 5-positions, such as methyl
methacrylate (Table 2, entry 7) and methyl crotonate (Table
2, entry 8), higher temperatures and prolonged times were
needed for the reactions to occur and lower yields were
obtained. This clearly indicated that the reaction was
susceptible to steric effects.

We then proceeded to examine the Michagl addition
reactions of various allenoates with methyl acrylate; the
results are summarized in Table 3. As can be seen from this
table, aromatic and aliphatic substituted allenoates reacted
with methyl acrylate smoothly and the corresponding prod-
ucts were isolated, again in very good yields. For the
aromatic group-substituted substrates (Table 3, entries 1—3),
either an electron-donating or electron-withdrawing group
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Table 2. Michael Addition Reactions of Allenoate 1a with
Various Michael Acceptors 22

n-CeH1a
I
H CH3 R ]/ EWG 18AF? (0.1 equiv) R
+ -
n-CeHra  COEt THF,50°C, 2h  E102C e ; EWG
R
1a 2 (1.2 equiv) 3
entry RY/R? EWG 3, yield® (%)
1 H/H CO2"Bu (2b) 3b, 81
2 H/H CO9'Bu (2¢) 3¢, 78
3 H/H CO,Allyl (2d) 3d, 72
4 H/H COCHjs; (2e) 3e, 70
5 H/H CN (2f) 3f, 84
6 H/H CON(CH3s)2 (2g) 3g, 69
74 H/Me COzMe (2h) 3h, 58°
84 Me/H COsMe (21) 3i, 36°

@ Reaction conditions: alenoate 1a (0.3 mmol), Michael acceptor 2 (0.36
mmol), THF (20 mL). P1.0 M solution in THF. °lIsolated yields.
d Conducted under reflux for 6 h. © Total yield of two diastereoisomers.

on the aromatic ring did not affect the reaction significantly.
For the aliphatic group-substituted substrates (Table 3, entries
4-6), steric hindrance did not prevent the reaction from
taking place, even when an isopropyl-substituted allenoate
was used as the substrate (Table 3, entry 5). An alenic
lactone 1h was also employed in this reaction and the
corresponding o-alkynyl-substituted lactone 3p was obtained
in 73% yield.

When using ethyl y-methylallenoate 1i as the substrate,
the reaction with methyl acrylate did not gave the 2-alkynyl-

Table 3. Michael addition reactions of allenoates 1 with methyl
acrylate 2a®

R1
H CH3 . fCOZMG TBAF (0.1 equiv) )lll\/\
R COEt THE, 50°C,2h T 0% gy, COMe
1 2a (1.2 equiv) 3
entry R! 3, yield %°
1 CeHs (1b) 3j, 88
2 p-CH30CgH (1¢) 3k, 85
3 p-ClCgH, (1d) 31,79
4 CeHsCH> (1e) 3m, 83
5 (CHg)2CH (16) 3n, 82
6 CH3 (1g) 30,77
" 0%-0
! n—Cerﬂg an n_CGHw%) w7
0 MeO,C

b,c

2 Reaction conditions: allenoate 1 (0.3 mmol), methyl acrylate 2a (0.36
mmol), THF (2.0 mL). ® 1.0 M solution in THF. ¢ Isolated yields.
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substituted glutaric acid derivatives 3qd but afforded instead
3ga, 3gb, and 3qc as the only products (Scheme 2).

Scheme 2. Michael Addition Reaction of Allenoate 1i with
Methyl Acrylate 2a under Optimized Conditions
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A proposed mechanism for the formation of these products
is depicted in Scheme 3. Alkynylenolate intermediate®® B,

Scheme 3. Proposed Mechanism for the Formation of
Compounds 3qa, 3gb,and 3gc
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which was formed from substrate 1i under the mediation of
TBAF, added to the carbon—carbon double bond of methyl
acrylate with a-selectivity to give intermediate 3qd. How-
ever, under the reaction conditions, this intermediate rear-
ranged to the thermodynamically more stable product 3qa.™°
Intermediate 3qd could be deprotonated once more, reacting
with another molecule of methyl acrylate to give the double
addition product 3qc. An alternative route to 3qc could
involve the reaction of 3ga with methyl acrylatein asimilar

(9) (a) Lepore, S. D.; He, Y.; Damisse, P. J. Org. Chem. 2004, 69, 9171~
9175. (b) Petasis, N. A.; Teets, K. A. J. Am. Chem. Soc. 1992, 114, 10328—
10334.

(20) It is well-known that allenic and propargylic esters tend to
interconvert to each other in the presence of base through a prototropic
rearrangement, see: (a) Sleeman, M. J.; Meehan, G. V. Tetrahedron Lett.
1989, 30, 3345-3348. (b) Clinet, J. C.; Linstrumelle, G. Synthesis 1981,
875-877. (c) Croudace, M. C.; Schore, N. E. J. Org. Chem. 1981, 46, 5357—
5363.

3889



manner.™ Likewise, intermediate B added to methyl acrylate
with y-selectivity to give the product 3gb.

In surmmary, we found that allenoates react with various
types of Michael acceptors under the mediation of catalytic
amounts of a commercial solution of TBAF and mild
conditions. And the exclusive a-selective products, 2-akynyl
substituted glutaric acid derivatives, which may have po-
tential application in organic synthesis, were obtained in very
good yields. The broader applications of this reaction in

(11) Compound 3ga was isolated and subjected to the reaction with
methyl acrylate under the same conditions, and compound 3qc was obtained
in 76% isolated yield as the only product.
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organic synthesis, including its asymmetric variant, are
currently under investigation.
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