Tetrahedron Letters 50 (2009) 2998-3000

Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier.com/locate/tetlet ——

Nucleophilic trifluoromethylation of arylidene Meldrum'’s acids

Artem A. Zemtsov, Vitalij V. Levin, Alexander D. Dilman *, Marina I. Struchkova, Pavel A. Belyakov,

Vladimir A. Tartakovsky

N. D. Zelinsky Institute of Organic Chemistry, 119991 Moscow, Leninsky Prospect 47, Russia

ARTICLE INFO ABSTRACT

Article history:

Received 27 January 2009
Revised 17 March 2009
Accepted 27 March 2009

Available online 2 April 2009 overall yields.

Keywords:

Arylidene Meldrum’s acids
Michael reaction
Trifluoromethylation

A method for the trifluoromethylation of arylidene Meldrum’s acids using Me3SiCF3 followed by transfor-
mation of the initial products to CF3-substituted esters and alcohols is described. The sequence of reac-
tions is performed without isolation of intermediate compounds furnishing the final products in good
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The Ruppert-Prakash reagent (Me3SiCF3) has found widespread
application as a convenient source of trifluoromethyl carbanions
allowing for the facile introduction of the CF; group into organic
molecules.! While nucleophilic trifluoromethylations of C=0 and
C=N bonds have received considerable attention,>* addition of
the CF3; carbanion to electron-deficient alkenes (the Michael reac-
tion) has remained virtually unexplored.”> Furthermore, conven-
tional o,B-unsaturated aldehydes and ketones were reported to
undergo trifluoromethylation with Me3SiCF; preferentially at the
carbonyl group.”

Recently, we demonstrated that arylidenemalononitriles can be
readily trifluoromethylated under mild conditions.® At the same
time, nucleophilic addition to arylidenemalonates was unsuccess-
ful® and likely to be associated with their low electrophilicity, as
is supported by Mayr’s reactivity scale (Fig. 1).°

We proposed that switching from malonates to the arylidene
derivatives of Meldrum’s acid (2,2-dimethyl|[1,3]dioxane-4,6-
dione) possessing a reactive C=C bond, would allow easy nucleo-
philic trifluoromethylation. We also hoped that addition of the
CF3 carbanion would take place selectively at the alkene double
bond leaving the carbonyl groups intact.

Compound 1a, derived from anisaldehyde and Meldrum’s acid,
was selected as a model substrate, and its trifluoromethylation
with Me3SiCF; was studied (Scheme 1). The reaction was carried
out in DMF using sodium acetate as the basic activator. To achieve
complete conversion of 1a the process had to be performed at
elevated temperature (50°C) and a stoichiometric amount of
NaOAc (1.5 equiv) was required.'®

* Corresponding author. Fax: +7 499 135 53 28.
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Figure 1. Electrophilicity E-parameters according to Mayr’s scale.
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Acidic aqueous work-up provided a crude sample of compound
2a. However, decomposition of 2a occurred upon chromatographic
purification, which may be associated with the enhanced electro-
philicity of the carbonyl groups. Therefore, the 1,3-dioxane 2a
was hydrolyzed with concomitant decarboxylation by heating
the reaction mixture with aqueous hydrochloric acid. The carbox-
ylic acid 3a was isolated in 98% yield after purification by basic/
acidic extractions.
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Conventional column chromatography of acid 3a proved to be
problematic due to significant tailing. In this regard, we decided
to perform further transformation of the acids into esters and alco-
hols. It would also be desirable that the overall procedure starting
from 1 would not require purification of the intermediate products.
This seemed feasible since trifluoromethylation and decarboxyl-
ation proceed cleanly.

Thus, the crude acid 3a was either converted to methyl ester 4a
by alkylation or reduced to alcohol 5a in 88-90% overall yields
based on starting material 1a (Table 1, entries 1 and 2). Under
the optimized conditions, a variety of arylidene derivatives were
utilized for the trifluoromethylation reaction (Table 1). Substrates
obtained from para- and ortho-substituted aldehydes, as well as
from o,B-unsaturated and heteroaromatic aldehydes, gave good
yields of products 4 and 5.

In the case of alkylidene substrates that contain acidic hydro-
gens adjacent to the double bond, reduced yields of products were
observed. For example, compound 11 furnished ester 41 in only 62%
yield along with non-trifluoromethylated ester 6 (Scheme 2). The
formation of ester 6 can be explained by deprotonation of 11 by
the CF; carbanion at the trifluoromethylation stage. Similarly,

2999

when an alkylidene substrate synthesized from cyclohexanone
and Meldrum’s acid was tested in this process, only traces of prod-
uct were detected.

Trifluoromethylation of compound 1m followed by stan-
dard decarboxylation and esterification gave hydroxy-substi-
tuted product 7 (Scheme 2). This product was formed even
with 2.5 equiv of the silicon reagent thereby suggesting that
elimination of the methoxy group does not occur during
the trifluoromethylation step, but wupon further acidic
treatment.

In summary, a convenient protocol for the synthesis of CFs-
substituted derivatives based on the Michael addition of a trifluo-
romethyl carbanion to arylidene Meldrum'’s acids has been devel-
oped. The trifluoromethylation reaction proceeds under mildly
basic conditions and subsequent transformations of the 1,3-diox-
ane-4,6-diones provide esters or alcohols in good overall yields.!!
The reported method for the synthesis B-CF3-substituted esters is
complementary to the approach based on conjugate addition of
non-fluorinated nucleophiles to trifluorocrotonates,'?> with the
present method enabling the direct introduction of fluorinated
fragments.

Table 1
Trifluoromethylation of arylidene Meldrum'’s acids
CF; O
Mel
K,COj Ar OMe
o a) 1.5 eq. MesSICF3 o o / 4
ArTX 0o 1.5 eq. NaOAc M
o Ar OH
o o DMF, 50 °C, 2 h 3
1 b) ag. HCI, 100-120 °C, 1 h Nm )CEA
BF3-OEt,  Ar OH
5
Entry Ar 1 Product Yield of 4 or 5% (%)
1 4-MeOCgH4 1a 4a 88
2 4-MeOCgHy 1a 5a 90
3 Ph 1b 4b 76
4 4-0,NCgH4 1c 4c 83
5 4-CICgH4 1d 4d 88
6 2-MeOCgH,4 1e 4e 81
7 3,4,5-(Me0);CH, 1f af 85
8" 4-Me,NCgH, 1g 5g 88
9 1-Naphthyl 1h 4h 75
10 (E)-Ph-CH=CH 1i 4i 74
11 2-Thienyl 1j 4j 75
12 2-Furyl 1k 4k 66
@ Overall yield of isolated product starting from 1.
b Reaction was performed with 2 equiv of Me;SiCF; and 2 equiv of NaOAc at 70 °C for 5 h.
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