OChote

Trifluoromethylation of Salicyl Aldimines *

Alexander D. Dilman,# Dmitry E. Arkhipov#
Vitalij V. Levin,* Pavel A. BelyakoV,
Alexander A. Korlyukov& Marina I. Struchkovd,and
Vladimir A. Tartakovsky

N. D. Zelinsky Institute of Organic Chemistry,

Trifluoromethyltrimethylsilane, MgSICRs, turned out to be
an especially useful reagent as an equivalent of trifluoromethyl
carbanion for the direct introduction of the &froup?a¢5The
reactions using M&SICF; are usually performed in the presence
of Lewis base, and processes of this type are very well
established for the trifluoromethylation of carbonyl compoufids
At the same time, analogous addition of&farbanion to imines
has a number of limitations associated mainly with low reactivity
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A method for the nucleophilic trifluoromethylation of salicyl

aldimines, which do not contain an activating group at the
nitrogen atom, has been described. The reaction proceed
through the initial generation of intramolecular boron

complex followed by interaction with M&ICF; activated
by sodium acetate.

Organofluorine compounds have gained considerable attention

Thus, while strongly biased substrates such as azifines,
imines of perfluorinated ketonésr N-tosylated or sulfinylatet®
imines can be successfully trifluoromethylated usingMeF;,
imines having an aryl group at nitrogen are markedly less
reactive. In the latter case, the reaction requires employment of
fluoride ion for the activation of MgSICF; and proceeds with
moderate yield?!! Reactions of imines bearing ad-alkyl
fragment with MgSiCF; are expected to be even more difficult
and, to the best of our knowledge, are not described.

The studies performed by our group have demonstrated that
the iminium cations serve as good electrophiles for the interac-
tion with fluorinated silanes in the presence of weak Lewis
bases, though these investigations mainly focused on the transfer
of CgFs groupl213

In this respect, it seemed reasonable to propose that the
electrophilicity of imines can be increased by complexation with
Lewis acids'* However, the major problem in this case is that
to activate MgSiCF; rather strong Lewis bases such as fluoride,

Ikoxide, carbonate, or acetate anions are required (Scheme 1,
path a)!® As a result, given that the activation of both imine
and the silane constitute an equilibrium processes, the Lewis
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SCHEME 1. Trifluoromethylation of Imines
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acid and base will quench each other (path b). Herein we report
another approach, where the activation of the imine occurs

intramolecularly through the chelation with adjacent hydroxyl
group, thereby allowing for the favorable Lewis acid/Lewis base
combination (path c).

We began our studies from the interactiori\afmethylimines
of benzaldehyde and salicyl aldehyde with {8&CF;. Boron
trifluoride etherate and sodium acef&tevere used for the
activation of imines and silane, respectively, performing the
reaction in DMF at room temperature (eq 1).

R N,Me 2.5 Me3SiCF3 R HN,Me
' 1.2BF5-OEt,, 4 AcONa
DMF, r.t, 1h
R =H, traces
R=0H,21%
Fo—F
oH N'Me 1.MeSiCl, NEty o>B\ﬁ’Me

2. BF3‘OEt2, PhMe, 100 °C

oy

1a

5.
69 %
2a

While only traces of product were observed with benzaldi-
mine, the reaction of salicyl aldimine provided the corresponding
trifluromethylated amine in 21% isolated yield. The presence
of o-hydroxy group clearly suggested the possibility of inter-
mediate formation of difluoroboron ether capable of chelation
with the imine nitrogen. The boron cheldéta was synthesized
from N-methylsalicylaldimine by means of silylation with
subsequent silicon/boron exchange (eq 2).

FIGURE 1. X-ray structure of chelat®a presented in thermal
ellipsoids at 50% probability (except hydrogen atoms).

TABLE 1. Reaction of Complex 2a with MeSiCF;

Fo-F
+
o ByMe oH HyMe
" 2.5 MessiCF,
- s CF3
AcONa, r.t.
2a 3a
entry solvent AcONa (equiv) time yield 88,2 %
1 DMF 4 1h 88
2 DMF 4 15 min 85
3 THF 4 15 min -
4 MeCN 4 15 min <gb
5 DMF 0.1 6h 73
6 DMF - 6h 1

a|solated yield.? Yield determined by NMR with internal standard.

amine3ain 88% yield after workup with aq N&Os!7 (Table

1, entry 1). Dimethylformamide was found to be the best solvent,
with tetrahydrofuran and acetonitrile being completely inef-
ficient!® Trifluoromethylation can be performed even with
catalytic amount of AcONa, but longer reaction time is needed
(entry 5).

Though the boron chelaa can be trifluoromethylated quite
cleanly, its isolation in individual form is inconvenient, and a
more practical one-step protocol is desired. A series of experi-
ments was performed to optimize trifluoromethylation procedure
involving quantitative generation of compl@a (Table 2).

Treatment of imine2a with 1.2 equiv of potassiuntert-
butoxide followed by addition of 2.5 equiv of boron trifluoride
presumably gave a solution of compl2atogether with KBR.
Subsequent addition of M8ICF; (2.5 equiv) and sodium acetate
(4 equiv) provided amin8ain 58% vyield (entry 1). The yield
of the final product could be increased when the generation of

Complex2a was isolated in individual form as stable and boron chelate and trifluoromethylation are performed in different

moisture insensitive compound, and its structure was establishedsolvents (entry 2). After further optimization, it was found that
by NMR spectroscopy and X-ray diffraction analysis (Figure employment of Huig’'s base in dichloromethane for 2 h,

1)_16
It was rewarding to find that comple2a smoothly reacted
with MesSIiCF; in the presence of sodium acetate providing

evaporation of solvent, and addition of DMF, p&CF;, and
sodium acetate furnished the target product in 86% isolated yield
(entry 4).
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mediated addition of perfluoroalkyllithiums to imines see: Uno, H.; Okada,
S.; Shiraishi, Y.; Shimokawa, K.; Suzuki, Ehem. Lett.1988 7, 1165.
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TABLE 2. One-Pot Procedure for the Synthesis of 3a

M F\—/F M
. + .
OH N° o B Me OHHN""®
I @ ! (b)
—_— —_— CF3
Solv. DMF
1a 3a
(a) Base, BF3-OEty, r.t. (b) Me3SiCF3, AcONa, r.t.
time, h
entry base solvent step(a) step(b) yielBaf %
1 t-BuOK DMF 1 1 58
2 t-BuOK THF 1 1 79
3 EtNG-Pr, DMF 1 1 70
4 EtN@-Pr  CH.CI, 2 3 86
a|solated yield.
TABLE 3. Trifluoromethylation of Salicyl Aldimines 2
_R? R
OH N 1. BFyOEt, OH HN
R1—: X EtN(/-Pr), R1—: X CF3
Z 4 2. Me3SiCF; Z 3
AcONa
entry  imine product yield of
3, %

OH OH
H
1 @E;NvPh 1b @(NvPh 96

H
ASt
OMe CFs OMe

X X
OH OH
10 1k H 88
2Nopn N-pn

aFirst step: 1.2 equiv of EtN{Pr), 2.5 equiv of BR-OEL, 0.5 M
CH.Cly, rt, 2 h. Second step: 2.5 equiv of MBECF;, 4 equiv of AcONa,

0.5 M DMF, rt, 3 h.PIsolated yield.

aromatic substituents, cyclopropyl and allyl groups, as well
as acid-sensitive acetal fragment and furyl ring (entries 3
and 9). However, imine derived from 2-hydroxynaphtaline-
1-carbaldehyde ang-methoxyaniline turned out to be com-
pletely unreactive. The reason for this failure is not clear
at present. Unfortunately, other types of imines bearing
adjacent hydroxyl function such as imines obtained from
benzaldehyde ando-aminophenol, aminoethanol, or 3-
amino-1-propanol also did not give the products of trifluoro-
methylation.

It should be pointed out that the presented method for the
synthesis of compound8a—k is advantageous over that
mentioned in the literature. Thus, the Lewis acid mediated
interaction of phenol with imines of trifluoroacetaldehyde was
reported, but in all cases mixtures of ortho- and para-substituted
products were obtained with the yields of ortho isomers not
exceeding 25%?

Besides the trifluoromethyl group, pentafluorophenyl-, dichlo-
rofluromethyl-, and trichloromethyl groups can be transferred
from corresponding silanes using the above-described procedure
(eq 3). However, allyltrimylsilane did not afford the allylation
product.

OHHN" "

OH IN,Me M
i
o —— e
1a

3l, R = CgFs5, 84 %
i EtN(i-Pr),, BF3:OEty, CHyClp, 2h; 3m R = CCI,F, 90 %
Me3SiR, AcONa, DMF, 3 h 3n, R=CCly, 34 %

In summary, a new approach for the trifluoromethylation of
unreactive &N double bond using M&ICF; furnishing amines
with o-CRs-group has been described. The intramolecular
activation of the imines through the formation of difluoroboron
chelates constitutes the key feature of the described reaction.
Our future studies will be devoted to the employment of the
chelation-induced activation of €N double bond in the
trifluoromethylation processes.

Experimental Section

Trifluromethylation of Salicyl Aldimines. General Procedure.
BF;°OEL (317uL, 2.5 mmol) was added dropwise to a solution of
imine 1 (1.0 mmol) and EtN¢Pr), (198uL, 1.2 mmol) in CHCI,

(2 mL) at 0°C, and the mixture was stirred f@ h at room
temperature. The solvent was evaporated in a vacuum followed by
successive addition of DMF (2 mL), M8ICF; (370uL, 2.5 mmol),
and AcONa (328 mg, 4 mmol), and the resulting mixture was stirred
for 3 h atroom temperature. For the workup, saturated aqueous
N&a,COs (1 mL) was added dropwise, and the mixture was diluted
with water (10 mL), extracted with ether/hexanes (1 : Ix %
mL), and dried (N&SOy). Evaporation of the solvent afforded crude
product, which was chromatographed on silica gel eluting with
hexanes/ethyl acetate.
2-[2,2,2-Trifluoro-1-(methylamino)ethyl]phenol (3a). Chro-
matography: hexanes/EtOAc, from 10:1 to R4 0.37 (hexanes/
EtOAc, 4:1). Mp: 58-59 °C. 'H NMR (250 MHz, CDC}): 2.30
(br s, Avy;, = 200 Hz, 1H), 2.49 (s, 3H), 4.20 (q, 1K,= 7.7),
6.82-6.93 (m, 2H), 7.07 (d, 1H) = 7.2), 7.28 (t, 1HJ = 7.2),
10.72 (br s, Avi, = 160 Hz, 1H).13C NMR (CDCk): 33.6, 66.8
(9,3=29.3), 114.0, 117.1, 119.2, 124.9 {g= 282), 130.5, 131.0,

Under the optimized conditions, a variety of imines entered 153 5 19 NMR (CDCk): —76.0 (d,J = 7.7). Anal. Calcd for

into reaction with boron trifluoride and M8iCF; affording
products of trifluoromethylation in excellent yields (Table 3).

(19) (a) Gong, Y.; Kato, K.; Kimoto, HBull. Chem. Soc. Jpr2002

The nitrogen atom of the substrate may have aliphatic and 75, 2637. (b) Gong, Y.; Kato, K.; Kimoto, HSynlett200Q 1058.
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CoH10F3NO (205.18): C, 52.68; H, 4.91; N, 6.83. Found: C, 52.54; Supporting Information Available: Experimental procedures;
H, 4.92; N, 6.84. spectroscopic, analytical, and X-ray data (CIF) for the products.
This material is available free of charge via the Internet at
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