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A method for the nucleophilic trifluoromethylation of arylidenemalononitriles using MesSiCF3 is
described. The reaction is carried out in dimethylformamide in the presence of AcONa as a Lewis base,
and affords products of Michael addition in high yield.
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Nucleophilic trifluoromethylation reactions using the Ruppert-
Prakash reagent (MesSiCFs) have attracted significant attention in
recent years.! In particular, procedures for the addition of a trifluo-
romethyl carbanion to C=0 and C=N bonds have been the subject
of a number of papers.’

At the same time, examples of the employment of Me3SiCF; in
Michael addition reactions have remained virtually unexplored.
There are several reports on the successful Michael addition of
MesSiCF; to unconventional Michael acceptors—2-perfluoro-
alkylchromones and 2-perfluoroalkyl-4-quinolones. In another
publication, the trifluoromethylation of cyclohex-2-enone in com-
bination with sterically bulky aluminum reagents was studied, but
the yields of the products of conjugate addition were moderate.’ It
should be noted that in these reports strongly basic activators such
as MeyNF and t-BuOK were employed for the activation of
ME3SiCF3.

Within the framework of our research devoted to the applica-
tions of fluorinated silanes,®” we decided to study the behavior
of different electron deficient alkenes toward Me3SiCFs. As a basic
activator we used sodium acetate in DMF, since this system had
been efficient for many other processes.?>6aP

As model substrates we employed benzylidene derivatives,
bearing a methoxycarbonyl or a cyano group (Table 1). The triflu-
oromethylation reactions were performed at room temperature
for 3 h, and then quenched with aqueous hydrochloric acid. Methyl
cinnamate was completely unreactive (entry 1), whereas dimethyl
benzylidenemalonate gave a complex mixture containing mostly
starting substrate (ca. 60%) (entry 2). The cyanoacetic ester deriv-
ative provided the corresponding product in 66% yield, with the
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Table 1
Variation of the alkene in trifluoromethylation reactions

X 1.5 eq. Me3SiCF3, 2 eq. AcONa
Y DMF, r.t, 3 h
Y

Entry X Y Product Yield® (%)
1 CO,Me H 0

2 CO,Me CO,Me D

3 CO,Me CN 1 66°

4 CN CN 2a 94

2 Isolated yield.

" In the 'H NMR spectrum of the crude mixture, the signals attributed to the
product did not exceed 15%.

¢ The product was formed as a mixture of diastereomers in a 2.2:1 ratio.

remainder of the material balance being unreacted starting alkene
(entry 3). Rewardingly, benzylidenemalononitrile afforded the
desired product in an excellent 94% yield (entry 4).

Given the greater stability of the malononitrile anion compared
to the dialkylmalonate anion,® these data suggest that the effi-
ciency of trifluoromethylation depends on the electrophilicity of
the alkene substrate.’

Various arylidenemalononitriles were examined in the reaction
with MesSiCF; (Table 2). The aromatic ring of the substrate may
contain electron-withdrawing or -donating substituents with both
leading to products in high yields. Interestingly, in the case of a
substrate possessing two sites for possible nucleophilic attack, only
one product, corresponding to attack at the position adjacent to the
malononitrile moiety, was obtained (entry 7).

Besides the trifluoromethyl group, pentafluoroethyl-, pentafluo-
rophenyl-, and dichlorofluoromethyl groups can be transferred to
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Table 2
Trifluoromethylation of arylidenemalononitriles

1.5 eq. Me3SIiCF3, 2 eq. AcONa CF3

CN
Ar” - CN
ﬁ/ DMF, rt., 3h Ar
CN CN
Entry Substrate Product Yield® (%)
N CN
1 L 2b 95
MeO
MeO XN CN
2 b 2c 98
MeO
OMe
3 xCN 2d 96
CN
N CN
4 o 2e 75
OoN
Br CN
5 S 2f 83
CN
6 O xCN 2g 84
%
7 N CN 2h 87"
CN

2 Isolated yield.
b 2-[3-Phenyl-1-(trifluoromethyl)prop-2-enylJmalononitrile was obtained as the
sole product.

benzylidenemalononitrile from the corresponding silanes'® under
the reported conditions (Scheme 1).

In summary, a convenient method for the Michael addition of a
trifluoromethyl group, as well as other fluorinated fragments, to
arylidenemalononitriles has been elaborated. The reaction pro-
ceeds under mildly basic conditions and leads to the products in
high yields.!! Importantly, this method provides ready access to
functionalized compounds bearing a fluorinated group at the B-
position, which are difficult to synthesize by other means. Our
current research is focused on further development of the
methodology of conjugate addition reactions using fluorinated
silanes.
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2-(2,2,2-Trifluoro-1-phenylethyl)malononitrile (2a): Oil, R¢=0.20 (hexanes/
EtOAc, 6:1). 'TH NMR (300 MHz, CDCls): 3.96 (qd, 1H, J = 6.5, 8.2, CHCF3), 4.40
(d, 1H, J = 6.5, CH(CN),), 7.40-7.68 (m, 5H, Ph). '*C NMR (50 MHz, CDCl5): 24.8
(q, J=2.5), 50.2 (q, 29.0), 109.8, 110.1, 124.0 (q, J=282.1), 128.0 (q, J=1.5),
128.9, 129.7, 130.7. '°F NMR (282 MHz, CDCl5): —67.6 (d, J = 8.2). Anal. Calcd
for C;;H,F3N; (224.18): C, 58.93; H, 3.15; N, 12.50. Found: C, 59.02; H, 3.11; N,
12.44.

2-[2,2,2-Trifluoro-1-(4-methoxyphenyl)ethylJmalononitrile (2b): Mp 40-41 °C,
Re=0.26 (hexanes/EtOAc, 4:1). '"H NMR (300 MHz, CDCls), o: 3.83 (s, 3H,
OMe), 3.91 (dq, 1H, J = 8.4, 6.4, CHCF3), 4.37 (d, 1H, ] = 6.4, CH(CN),), 6.99 (d,2H,
J=8.8, 2Hp,), 7.38 (d, 2H, ] = 8.8, 2H,,). 1*C NMR (75 MHz, CDCl3) 4: 24.9 (q,
J=2.6),49.4 (q,]=29.3), 55.2, 110.0, 110.3, 115.0, 119.7 (q, J = 1.4), 124.1 (q,
J=281.4),130.2,161.2. "°F NMR (282 MHz, CDCl3) 6: —68.0 (d, 3F, ] = 8.4). Anal.
Calcd for C12HoF3N>0 (254.21): C, 56.70; H, 3.57; N, 11.02. Found: C, 56.71; H,
3.52; N, 10.92.

2-[1-(3,4-Dimethoxyphenyl)-2,2,2-trifluoroethylJmalononitrile (2c): Mp 110-
111 °C, R¢= 0.3 (hexanes/EtOAc, 2:1). "TH NMR (300 MHz, CDCls), 6: 3.79-3.98
(m, 7H, 20Me + CHCFs), 4.40 (d, 1H, J = 6.1, CH(CN),), 6.92 (d, 1H,J = 8.3, 1Ha,),
6.95 (s, TH, THa,), 7.00 (d, TH, J = 8.3, THa,). *C NMR (75 MHz, CDCl3) 3: 25.0 (q,
J=2.6),49.9 (q,] =29.3),55.9, 56.0, 110.0, 110.2, 111.5 (q,J = 1.1), 111.7, 120.0
(q,J=1.7),122.0, 124.0 (q, J = 281.4), 149.6, 150.8. '°F NMR (282 MHz, CDCls)
5. —67.9 (d, 3F, J=8.5). Anal. Calcd for Cy3H;1F3N,0, (284.23): C, 54.93; H,
3.90; N, 9.86. Found: C, 54.91; H, 3.91; N, 9.84.
2-[2,2,2-Trifluoro-1-(2-methoxyphenyl)ethyljmalononitrile (2d): Oil, Rf=0.26
(hexanes/EtOAc, 4:1). 'H NMR (200 MHz, CDCl5): 3.91 (s, 3H, OMe), 4.50 (d,
1H,J = 7.1, CH(CN),), 4.63-4.80 (m, 1H, CHCF3), 7.00-7.14 (m, 2H, CHg,), 7.43~
7.54 (m, 2H, CHa,). >C NMR (50 MHz, CDCls): 23.6 (q, J=2.2), 42.6 (q,
J=29.8),55.7,110.3, 1104, 111.4, 116.5 (q, J = 1.5), 121.3, 124.3 (q, ] = 281.4),
128.8 (q, J=1.5), 131.7, 157.1. '°F NMR (282 MHz, CDCl5): —66.8 (d, J =8.5).
Anal. Calcd for Ci3HgF3N,0 (254.21): C, 56.70; H, 3.57; N, 11.02. Found: C,
56.77; H, 3.58; N, 10.88.

2-[2,2,2-Trifluoro-1-(4-nitrophenyl)ethylJmalononitrile  (2e): 0Oil, R¢=0.24
(hexanes/EtOAc, 4:1). Mp 97-98 °C. '"H NMR (200 MHz, CDCl5): 4.05-4.22 (m,
1H, CHCF3), 4.53 (d, 1H, J = 5.9, CH(CN),), 7.74 (d, 2H, J = 8.9, CHa,), 8.39 (d, 2H,
J=8.9, CHa,). >C NMR (50 MHz, CDCls): 24.4 (q, J=2.5), 49.6 (q, J=29.8),
109.4,109.6, 123.5 (q, ] = 281.8), 124.7, 130.4, 134.5, 149.3. '9F NMR (282 MHz,
CDCl3): —67.3 (d, J=6.8). Anal. Calcd for C;;HgF3N30; (269.18): C, 49.08; H,
2.25; N, 15.61. Found: C, 49.18; H, 2.19; N, 15.56.
2-[1-(3-Bromophenyl)-2,2,2-trifluoroethylJmalononitrile  (2f): 0Oil, R¢=0.29
(hexanes/EtOAc, 5:1). 'H NMR (200 MHz, CDCl5): 3.85-4.02 (m, 1H, CHCEFs),
440 (d, 1H, J = 6.4, CH(CN),), 7.34-7.50 (m, 2H, CHp,), 7.48-7.74 (m, 2H, CHp;).
13C NMR (50 MHz, CDCl5): 24.6 (q, J=2.8), 49.6 (q, J=29.1), 109.6, 109.8,

A. D. Dilman et al./ Tetrahedron Letters 49 (2008) 4352-4354

123.5,123.6(q,J = 281.3), 127.5,129.9 (q,J = 1.4), 131.1,132.0(q, ] = 1.4), 134.0.
19F NMR (282 MHz, CDCl3): —67.5 (d, J=8.5). Anal. Calcd for C;;HgBrFsN;
(303.08): C, 43.59; H, 2.00; N, 9.24. Found: C, 43.54; H, 1.98; N, 9.28.
2-[2,2,2-Trifluoro-1-(1-naphthyl)ethyljmalononitrile (2g): Oil, R¢= 0.21 (hexanes/
EtOAc, 6:1). "TH NMR (200 MHz, CDCl5): 4.56 (d, 1H, ] = 7.3, CH(CN),), 5.00-5.19
(m, 1H, CHCF3), 7.55-7.73 (m, 3H, CHa,), 7.84 (d, 1H, ] = 7.3, CHa,), 7.95-8.06 (m,
3H, CHar). "3C NMR (50 MHz, CDCl5): 24.6 (q, J = 2.5), 43.4 (q, J = 29.0), 110.1,
110.3,121.2,124.3 (q,J = 281.9), 124.3, 125.1, 126.0 (br s, Avy2 = 5.9 Hz), 126.6,
127.8,129.5, 131.2, 131.4, 134.0. 'F NMR (282 MHz, CDCl5): —66.8 (d, J = 8.5).
Anal. Calcd for C;5HgF3N; (274.24): C, 65.69; H, 3.31; N, 10.21. Found: C, 65.51;
H, 3.35; N, 10.02.

2-[(2E)-3-Phenyl-1-(trifluoromethyl)prop-2-enylJmalononitrile (2h): Oil, R¢ = 0.22
(hexanes/EtOAc, 5:1). "H NMR (300 MHz, CDCls), §: 3.47-3.60 (m, 1H, CHCF3),
423 (d, 1H, ] = 4.2, CH(CN),), 6.16 (dd, 1H, = 15.8, 9.7, =CHCHCF), 6.94 (d, 1H,
J=15.8, PhCH=), 7.33-7.54 (m, 5H, Ph). 13C NMR (75 MHz, CDCl5) &: 24.2 (q,
J=2.8), 48.6 (g, J=29.7), 109.4, 110.1, 113.4 (q, J=2.0), 123.8 (q, J = 281.4),
127.2, 128.9, 129.6, 134.2, 142.1. 'F NMR (282 MHz, CDCl;) &: —69.9 (d, 3F,
J=8.5). Anal. Calcd for C;3HsF3N; (250.22): C, 62.40; H, 3.63; N, 11.20. Found: C,
62.45; H, 3.69; N, 10.97.

2-(2,2,3,3,3-Pentafluoro-1-phenylpropyl)malononitrile  (3a): Oil, R¢=0.26
(hexanes/EtOAc, 6:1). 'TH NMR (300 MHz, CDCl;): 3.96 (dt, 1H, J=23.6, 5.6,
CHC,Fs), 4.53 (d, 1H, ] = 5.6, CH(CN),), 7.46-7.56 (m, 5H, Ph). 1*C NMR (75 MHz,
CDCly): 24.3 (m), 47.7 (t, J=19.6), 110.2, 110.4, 114.0 (ddgq, ] = 264.3, 259.3,
37.6), 118.1(qt, ] = 287.5, 35.4), 127.6 (d, J = 5.5), 129.3 (d, ] = 2.2), 129.6, 130.8.
19F NMR (282 MHz, CDCl5): —122.5 (dd, 1F, ] = 23.6, 270.0, CFAFg), —111.3 (dd,
1F,J = 270.0, 5.6, CFaFs), —82.3 (s, 3F, CFs). Anal. Calcd for C;2H7FsN; (274.19): C,
52.57; H, 2.57; N, 10.22. Found: C, 52.64; H, 2.59; N, 10.14.
2-[(Pentafluorophenyl)(phenyl)methylJmalononitrile (3b): Mp 89-90 °C, R¢= 0.30
(hexanes/EtOAc, 6:1). 'H NMR (300 MHz, CDCl3), 8: 4.79 (d, 1H, J=12.1,
CH(CN),), 5.00 (d, 1H, J=12.1, CHCgFs), 7.30-7.55 (m, 5H, Ph). '3C NMR
(75 MHz, CDCl3) &: 26.8 (t, J=5.3), 43.2, 111.0, 111.1, 111.3 (tm, J = 14.6),
1274 (t, J=1.4), 129.7, 129.8, 134.0, 138.0 (dm, J=251.0), 141.4 (dm,
J=257.6), 144.9 (dm, ] = 247.7). '°F NMR (282 MHz, CDCl5) &: —159.8 (m, 2F),
—~152.0 (t, 1F, J=21.1), —141.8 (d, 2F, J=17.8). Anal. Calcd for C;gH,FsN,
(322.23): C, 59.64; H, 2.19; N, 8.69. Found: C, 59.54; H, 2.02; N, 8.57.
2-(2,2-Dichloro-2-fluoro-1-phenylethyl)malononitrile  (3c): Mp 77-78 °C,
Rr=0.25 (hexanes/EtOAc, 6:1). '"H NMR (200 MHz, CDCl;): 4.16 (dd, 1H,
J=5.6,16.2, CHCCI,F), 4.77 (d, 1H, ] = 5.6, CH(CN),), 7.45-7.63 (m, 5H, Ph). 13C
NMR (50 MHz, CDCl5): 26.1, 60.5 (d, J = 20.8), 110.2, 110.6, 119.7 (d, J = 302.9),
129.4, 129.5 (d, J=2.2), 130.1, 130.6. '9F NMR (282 MHz, CDCl;): —55.7 (d,
J=16.2). Anal. Calcd for Cy1H;Cl,FN, (257.09): C, 51.39; H, 2.74; N, 10.90.
Found: C, 51.27; H, 2.63; N, 10.79.
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