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First example of regioselective nucleophilic 1,6�addition
of trimethyl(trif luoromethyl)silane to 4H�chromene derivatives
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Condensation of 2�trifluoromethylchromone with diethyl malonate, ethyl cyanoacetate,
and Meldrum´s acid gave the corresponding methylidene derivatives of 2�trifluoromethyl�4H�
chromene. Nucleophilic 1,6�addition of an excess of Me3SiCF3 in the presence of Me4NF to
those obtained from the former two compounds afforded 4�substituted 2,2�bis(trifluoromethyl)�
2H�chromenes.
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Nucleophilic trifluoromethylation of organic com�
pounds is complicated due to the instability of the free
trifluoromethyl anion, which easily decomposes into the
fluoride anion and difluorocarbene.1 The use of Me3SiCF3
(Ruppert´s reagent) in the presence of the fluoride anion
as an initiator allows one to avoid this undesirable reac�
tion and effect direct introduction of the CF3 group into
organic substrates (saturated and α,β�unsaturated carbo�
nyl compounds) by 1,2�nucleophilic addition leading to
the corresponding trifluoromethylated alcohols.2—4 Re�
actions of Me3SiCF3 with 2�trifluoromethylchromones
in the presence of catalytic amounts of Me4NF represent
the first example of 1,4�addition to the α,β�enone system
we have discovered; these highly regioselective reactions
give 2,2�bis(trifluoromethyl)chroman�4�ones in good
yields.5—8

In the present work, using the Knoevenagel conden�
sation of 2�trifluoromethylchromone with compounds
containing an active methylene group (diethyl malonate,
ethyl cyanoacetate, and Meldrum´s acid), we synthesized
the corresponding methylidene derivatives and studied
their reactions with Ruppert´s reagent with the aim of
collecting new data on the possibility of nucleophilic
trifluoromethylation of conjugated systems.

Results and Discussion

2�Methylchromone is known to react as a carbonyl
compound with hippuric acid on heating in Ac2O (see
Ref. 9) and with ethyl cyanoacetate in the presence of

piperidine in boiling benzene.10 We found that 2�tri�
fluoromethylchromone is inert toward active methylene
compounds under these conditions, but reacts with di�
ethyl malonate, ethyl cyanoacetate, and Meldrum´s acid
in the presence of TiCl4 and pyridine to give methylidene
derivatives of 4H�chromene 1a—c in 51—96% yields
(Scheme 1). Earlier,11 this method has been proposed
for the Knoevenagel condensation with poorly reactive
aromatic ketones. In the 1H NMR spectra of com�

Scheme 1

R = CO2Et (a), CN (b)
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pounds 1a—c, a singlet for the H(3) proton is strongly
shifted downfield (δ 8.22—8.95 versus δ 6.74 for the start�
ing 2�trifluoromethylchromone) because of its deshielding
by the carbonyl O atom, which suggests the preferred
s�cis�conformation of the exocyclic fragment. The chemi�
cal shift of the CF3 group remains virtually unchanged:
δF 90.3—91.2 in products 1a—c and δF 90.7 in 2�tri�
fluoromethylchromone.

The structural features of 4H�chromenes 1a—c allow
three possible pathways in their reactions with Me3SiCF3
(Scheme 2): 1,2�addition to the ester group (product A),
1,4�addition (B), and 1,6�addition (C). We found that
the reactions of compounds 1a,b with Me3SiCF3 (2 equiv.)
in the presence of Me4NF (1.5 equiv.) occur as the nucleo�
philic 1,6�addition to the conjugated systems of 4H�chro�
menes 1a,b. This proceeds via intermediate C to give,
following acid hydrolysis, 2,2�bis(trifluoromethyl)�2H�
chromenes 2a,b in 80 and 71% yields, respectively. Under
analogous conditions, compound 1c reacted less unam�
biguously.

The 1H NMR spectrum of compound 2a shows, apart
from the signals for the ester groups and for the aromatic
protons, singlets at δ 4.73 and 5.84 for the methine and
vinylic protons; in the spectrum of compound 2b, these
protons resonate as a doublet (δ 4.76, JCH,H(3) = 0.8 Hz)
and a slightly broadened singlet (line width 2.5 Hz) at
δ 5.99, respectively, due to additional splitting at the fluo�
rine atoms of the CF3 groups. The methylene protons of
the CO2Et groups in chromenes 2a,b are diastereotopic;12

however, only in compound 2a do they resonate as dou�
blets of quartets with J = 10.8 and 7.1 Hz.

The discovered reaction is the first example of nucleo�
philic 1,6�addition of trimethyl(trifluoromethyl)silane and
may be of interest for the synthesis of partially fluori�

nated analogs of natural derivatives of 2,2�dimethyl�2H�
chromene.

Experimental

IR spectra were recorded on a Perkin�Elmer Spectrum BX�II
instrument (in KBr pellets or thin film). 1H and 19F NMR
spectra were recorded on a Bruker DRX�400 spectrometer
(400.1 (1H) and 376.5 MHz (19F)) in CDCl3 with Me4Si and
C6F6 as internal standards, respectively. The mass spectrum of
compound 2a was recorded on a Bruker MAT 8200 instrument
(EI, 70 eV). The starting 2�trifluoromethylchromone was pre�
pared according to a known procedure;13 all other reagents were
commercial chemicals.

Synthesis of methylidene derivatives 1a—c (general proce�
dure). A solution of TiCl4 (0.53 g, 2.8 mmol) in CCl4 (0.7 mL)
was added at 0 °C to THF (6 mL) and the mixture was stirred for
10 min. Then 2�trifluoromethylchromone (0.30 g, 1.4 mmol)
and a compound with an active methylene group (1.4 mmol)
were successively added. The reaction mixture was stirred with
cooling for 20 min, pyridine (0.44 g, 5.6 mmol) was added, and
stirring was continued at ∼20 °C for 12 h. The resulting mixture
was treated with water (20 mL) and reaction products were
extracted with ether (10 mL). The organic layer was separated,
washed with a saturated solution of NaHCO3, and concen�
trated. The residue was recrystallized from ethanol.

4�Diethoxycarbonylmethylidene�2�trifluoromethyl�4H�chro�
mene (1a). Yield 96%, colorless crystals, m.p. 93—94 °C.
Found (%): C, 57.36; H, 4.27. C17H15F3O5. Calculated (%):
C, 57.31; H, 4.24. IR (KBr), ν/cm–1: 3125, 2979, 1728, 1702,
1670, 1610, 1564. 1H NMR (CDCl3), δ: 1.32 (t, 6 H, 2 Me, J =
7.1 Hz); 4.28 (q, 2 H, CH2, J = 7.1 Hz); 4.35 (q, 2 H, CH2, J =
7.1 Hz); 7.25 (ddd, 1 H, H(6), Jo = 8.3 and 7.3 Hz, Jm = 1.1 Hz);
7.33 (dd, 1 H, H(8), Jo = 8.4 Hz, Jm = 1.1 Hz); 7.53 (ddd, 1 H,
H(7), Jo = 8.4 and 7.3 Hz, Jm = 1.4 Hz); 7.64 (dd, 1 H, H(5),
Jo = 8.3 Hz, Jm = 1.3 Hz); 8.22 (s, 1 H, H(3)). 19F NMR
(CDCl3), δ: 90.3 (s, CF3).

Scheme 2
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4�Cyano(ethoxycarbonyl)methylidene�2�trifluoromethyl�4H�
chromene (1b). Yield 51%, yellow crystals, m.p. 102—103 °C.
Found (%): C, 58.22; H, 3.28; N, 4.29. C15H10F3NO3. Calcu�
lated (%): C, 58.26; H, 3.26; N, 4.53. IR (KBr), ν/cm–1: 3128,
2986, 2207, 1704, 1660, 1611, 1527. 1H NMR (CDCl3), δ: 1.41
(t, 3 H, Me, J = 7.1 Hz); 4.36 (q, 2 H, CH2, J = 7.1 Hz);
7.47—7.52 (m, 2 H, H(6), H(8)); 7.73 (ddd, 1 H, H(7), Jo = 8.5
and 7.3 Hz, Jm = 1.4 Hz); 8.68 (s, 1 H, H(3)); 9.07—9.10 (m,
1 H, H(5)). 19F NMR (CDCl3), δ: 90.6 (s, CF3).

2,2�Dimethyl�5�(2�trifluoromethyl�4H�chromen�4�ylidene)�
1,3�dioxane�4,6�dione (1c). Yield 55%, orange crystals, m.p.
192—193 °C. Found (%): C, 56.49; H, 3.38. C16H11F3O5. Cal�
culated (%): C, 56.48; H, 3.26. IR (KBr), ν/cm–1: 3125, 3003,
1728, 1696, 1641, 1610, 1563, 1510. 1H NMR (CDCl3), δ: 1.89
(s, 6 H, 2 Me); 7.41 (ddd, 1 H, H(6), Jo = 8.3 and 7.3 Hz, Jm =
1.0 Hz); 7.56 (dd, 1 H, H(8), Jo = 8.5 Hz, Jm = 1.0 Hz); 7.76
(ddd, 1 H, H(7), Jo = 8.5 and 7.3 Hz, Jm = 1.3 Hz); 7.88 (dd,
1 H, H(5), Jo = 8.3 Hz, Jm = 1.3 Hz); 8.95 (s, 1 H, H(3)).
19F NMR (CDCl3), δ: 91.2 (s, CF3).

Reactions of chromenes 1a,b with Me3SiCF3. Trimethyl(tri�
fluoromethyl)silane (0.28 g, 2.0 mmol) was added under nitro�
gen to a solution of chromene 1a or 1b (1.0 mmol) in anhydrous
THF (5 mL). The mixture was cooled to –30 °C and anhydrous
Me4NF (0.14 g, 1.5 mmol) was added in small portions with
vigorous stirring. The reaction mixture was stirred at –30 °C for
24 h, two drops of 20% HCl were added at 0 °C, and the solvent
was removed under reduced pressure without heating. The resi�
due was triturated with pentane (10 mL) and the solution was
passed through a short column with silica gel (30—60 mesh) and
concentrated. Chromenes 2a,b were obtained as viscous liquids
and dried in vacuo over P2O5.

4�(Diethoxycarbonylmethyl)�2,2�bis(trifluoromethyl)�2H�
chromene (2a). Yield 80%, a colorless oil. Found (%): C, 50.40;
H, 3.63. C18H16F6O5. Calculated (%): C, 50.71; H, 3.78. IR,
ν/cm–1: 1740, 1661, 1610, 1493. 1H NMR (CDCl3), δ: 1.25 (t,
6 H, 2 Me, J = 7.1 Hz); 4.24 (dq, 2 H, 2 CHH, J = 10.8 and
7.1 Hz); 4.28 (dq, 2 H, 2 CHH, J = 10.8 Hz, J = 7.1 Hz); 4.73
(s, 1 H, CH); 5.84 (s, 1 H, H(3)); 7.01 (dd, 1 H, H(8), Jo =
8.1 Hz, Jm = 1.1 Hz); 7.02 (td, 1 H, H(6), Jo = 7.6 Hz, Jm =
1.1 Hz); 7.22 (dd, 1 H, H(5), Jo = 7.8 Hz, Jm = 1.5 Hz); 7.29 (td,
1 H, H(7), Jo = 7.8 Hz, Jm = 1.5 Hz). 19F NMR (CDCl3), δ:
84.0 (s, CF3). MS (EI, 70 eV), m/z (Irel (%)): 426 [M]+ (28), 357
[M – CF3]+ (100), 257 (25), 239 (42).

4�[Cyano(ethoxycarbonyl)methyl]�2,2�bis(trifluoromethyl)�
2H�chromene (2b). Yield 71%, a colorless oil. Found (%):

C, 50.37; H, 2.78; N, 3.45. C16H11F6NO3. Calculated (%):
C, 50.67; H, 2.92; N, 3.69. IR, ν/cm–1: 2226, 1732, 1664, 1605,
1578, 1482. 1H NMR (CDCl3), δ: 1.25 (t, 3 H, Me, J = 7.1 Hz);
4.29 (q, 2 H, CH2, J = 7.1 Hz); 4.76 (d, 1 H, CH, J = 0.8 Hz);
5.99 (br.s, 1 H, H(3)); 7.05 (dd, 1 H, H(8), Jo = 8.1 Hz, Jm =
1.1 Hz); 7.07 (td, 1 H, H(6), Jo = 7.6 Hz, Jm = 1.1 Hz); 7.29 (dd,
1 H, H(5), Jo = 7.8 Hz, Jm = 1.5 Hz); 7.35 (td, 1 H, H(7), Jo =
7.8 Hz, Jm = 1.5 Hz).
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