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Abstract: The first preparation of N-trimethyisilylated g, f-difluoroenamines (2) from the
trifluoromethyl imines (1) by electrochemical reductionand a preliminary study on alkylation
of 2 for the synthesis of difluoromethylene compounds are described.
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B. B-Difluoroamino acids are synthetic rgets which possess a potential blologlcal activity and
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tion of two methylene protons with fluorine atoms b

dlﬂuoromethylene building blocks such as CF,Br, and BrCF,CO,R,* and defluorination from

is one of the nromigine
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trifluoromethy! compounds. The defluorination from a trifluoromethyl
methods for the purpose because of the easy availability of trifluoromethyl compounds and has been
conducted by base-catalyzed dehydrofluorination of the tifluoroethyl group,® chemical® and
electrochemical’ reductive defluorination of trifluoromethyl aromatics, S22’ addition to trifluoromethyl

olefins,® and Brook-type rearrangement of trifluoroacetylsilanes.’
Benzyl B,8,8-trifluoro-a-iminopropanoate is a kind of trifluoromethylated heteroolefin which

would undergo formally S,2’-type nucleophilic addition to nitrogen leading to N-substituted
difluoroenamines.'® We herein describe an electrochemical approach to this problem in which an
electron is a nucleophile, and which gives us the transformation of trifluoromethylimine (1) to N-

L

trimethylsilylated a-amino-f,8-difluoropropenoic ester (2a, 2b), an useful intermediate o B,8-

difluorcamino acids.
Electroreduction of tifluoromethylimines (1) in the presen(,e of TMSCI resulted in
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A typical procedure is as follows: Ethyl ”—(N—p—anisyl)imino—S 3,3-trifluoropropanoate (1a)
(1.0 mmoi), TMSCI (3.0 mmol), iriethylamine (3.2 mmol) and dry DMF (6.5 mi) were placed in the
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cathodic chamber of an H-type cell equipped with a lead plate (cathode) (1.5 x 1 cm?®). An H-type cell
in which the cathodic and anodic chambers were separated by sintered g]ass and a carbon rod was set

as an anode, was empioyed. A solution of LiCiO, in dry DMF (7.5 mi) was piaced in the anodic
chamber. Constant current (30 mA) was passed at 0 C under Ar. After 2 F/mol of electricity was
passed, the catholyte was poured into ice water. Organic materials were extracted with ether and dried
over MgSQ,. After removal of the solvent, ethyl 2-(N -p~aniqyi-l‘v' -trimethyisilyl)amino-3,3-difluoro-
2-propenoaie (2a) (78%) was isolaied by column chromatography of silica gel prewreaied with
triethylamine (hexane) .

Reaction conditions were surveyed with 1a and the results are summarized in Table 1. A

Y
combination of lead as a cathode and Tj(‘](') as a Qupn()rt_in » was found t  favorable
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(Entries 2, 7-12). Current density of 20 A/cm or less was also
on w

the temperature, the best result was obtained when the reactio
Moare than three mmol eq. of TMSC]
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(Entries 2,4-6). Trapping of a fluoride anion which was formed from the imine (1
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1a (1.0 mmol) was essential to obtain 2a in
a(l cssential to 121

mmo 1 otanr Il & reasonad:
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Table 1 Electroreducion of Ethyl 3,3,3-tirifluoro-2-(N-p-anisyl)iminopropanoate { 1a)

Entry Temp.(C) TMSCI Cathode Supporting  Current density  Yield of 2a
(mmol) matenal electrolyte (mA/cm?) (%)*
1 i’”}é"l 3.0 Pb LiClO, 20 58
2 | o] 3.0 Pb LiClO, 20 86
3 LLJ 3.0 Pb LiClO, 20 52
4 0 (1.0) Pb LiclO, 20 26
5 0 {2! Pb LiCio, 20 46
6 0 w Pb LiClO, 20 74
7 0 3.0 Pt LiClIO, 20 65
8 0 3.0 |zn | LiCIO, 20 50
g 0 3.0 l Ni I LiClO, 20 55
10 0 3.0 Pb Et ,NBr 20 62
11 0 3.0 Pb I Bu,NBr I 20 67
12 0 3.0 Pb | ENCIO, | 20 57
13 0 3.0 Pb LiClO, 6.7 82
i4 G 3.0 Pb LiClO, 33 75
15 0 3.0 Pb LiCIO, ILE'.?.JI 58

a) Yields were determined by '°F NMR.
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As shown in Table 2, various N-silylated f, B-difluoroenamines (2) were elecirochemically
prepared from the corresponding imines (i) under simiiar reaction conditions. These reactions gave
good results even if they were carried out at room temperature All these e]ectroreducuve
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an alkyl group or an aryl group gave the corresponding N-silylated g, B-difluoroenamines (2) in
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2b) in good yields (Entries 1, 2). These acrylates were expected to be useful precursors for various
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B,p-difluoro-a-amino acids. Electroreduction of imines having a phenyl group also gave the
corresponding N-silylated B, 8-difluoroenamines (2) in good yields (Entries 3-5). B,B-

Difluoroenamine having a furyl group (1f) was so unstable toward moisture that it was desilylated
gradually to give a N-protonated product (Entry 6). Because water in these reaction systems

hydrolyzed TMSCI and the N-silylated B, -difluoroenamine (2), careful removal of the water was
required to get the products in good yields.

Table 2 Electroreductive Defluorination of Trifluoromethyl Imines (1)

Entry —R Yieid of 2 (%) Entry —R Yield of 2 (%)
1 —CO.Et (a) 78 5 —@—Cl (1e) 74
0,

24 —COzBn (b 50° 6 —{ ) @ 7
- —_— b

3 \}__ / (1¢) 752 7 Et (1g) 50
==\

4  —{ )—OMe 1d) s&° g8 —H  amw a7
\_/

a) Isolated yield b) Yield was determined by *°F NMR analysis. ¢) 4.0 mmol of TMSCI and 4.2 mmol of EtsN were
used. d) CH3CN as a solvent and BuyNDBr as a supporting electrolyte were used. e) Reaction was conducted at rt.

As a preliminary study of alkylations of the flurorinated B-carbon atom of 2, three types of
reactions, radical addition of isopropyl radical, nucleophilic addition of phenyl lithium'®, and the
Scheme 2

i-Pr-1 (10 eq.)

E3B (5eq)/ O,
| THF, 11, 5 days
Ar..  _TMS
plr '? PhCHO (3.0 eq.) (I)H NAr
F. = PhLi (1.5eq.) ?\%\ _Ar _TBAF{i0eq) -
COEt " J0c N THFE.0°C, 1 h PR Ph
Ph 10 min F TMS F F
5a (70 %) 2a R = CO,Et 4c (> 95 %)

2¢R=Ph
Ar = p-MeO-Ph
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did occur on the CF, carbon. Thus, an isopropyl radical added to the g, B-difluoroacrylates (2a

R=CO,E), affording ethyl 3,3-difluoro-2-(N —auzisy )imino-4-methylpentanoate (3a), a precursor of

B.B-difluoro leucine.”* Treatment of N-trimethylsilylated ﬁ B-difluoroenamine (2¢ R=Ph) with a
Az
u
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