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Tandem Alkylation-Defluorination Reaction: Synthesis of
2-(N-Alkyl-N-aryl)amino-3,3-difluoropropenoates from
2-(N-Aryl)imino-3,3,3-trifluoropropanoates
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Abstract: A novel synthesis of fluoroolefins from trifluoromethylated compounds with
organometallic reagents was developed  The reaction seems to proceed via 1,4-alkylation on
imino nitrogen followed by defluorination of the trifluoromethyl group.  Diethylzinc was found
to be an efficient reagent for the preparation of 2-(N-aryl-N-ethylyamino-3,3-dfluoropropenoates in
excdlent yidd A similar synthesis of monofluoroolefin with Grignard reagent was also
developed.

Fluoroolefins have gained considerable attention not only because of their bioactivity, but also their
usefulness in further synthesis of organofluorine compounds.' A large number of studies has been published
on fluoroolefin synthesis, especially on diflucroolefin synthesis® such as difluoromethylenation of the carbonyl
moiety,” thermal decarboxylation of 2,2-difluoro-f-lactones,* Reformatsky reaction of 4-chloro-4,4-
difluorocrotonate,® and reaction of chlorodifluoromethyl epoxyethers with butyllithium.® Recently,
defluorination of the trifluoromethyl group’ has been receiving a growing interest because it could be employed
in preparation of fluoroolefins starting from commercially available compounds with lithium amides,®* Zn-
Cul,®® 1,8-diazabicyclo[5,4,0]Jundec-7-ene (DBU),® and Grignard reagent® Herein, we wish to report a
novel method for syntheses of difluoroolefins and monofluoroolefin by reaction of 2-(N-aryl)imino-3,3,3-
trifluoropropancates 1° with diethylzinc and Grignard reagent.

Reactions of imino ester 1a with various ethyl or n-butyl organometallic reagents were examined; results
are summarized in Table 1.'° The reactions of both n-butyllithium (entry 1)!' and Reformatsky reagent
(EZnBr, entry 5) gave normal imino C-addition products 3b and 3a, respectively. = Meanwhile, to our
surprise, when an equimolar amount of ‘EtMgBr’ was allowed to react with imino ester 1a in ethyl ether at
room temperature (entry 2), an N-addition product, ethyl 2-[N-ethyl-N-(p-methoxyphenyl)jamino-3,3-
difluoropropenoate 2a'? (50%) and monofluoroolefin 4a'* (15%) were produced, and 30% of the starting
substrate 1a was recovered.'>'*  In this reaction, none of the normal C-addition product was obtained.
Under the conditions examined so far, the concomitant production of mono-fluoroolefin inhibited higher yield
of 2a.  Monofluoroolefin 4a was produced in 61% yield by the use of a large excess amount of

‘EtMgBr’(entry 3).
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We found the reaction of diethylzinc produced up to 88% difluoroolefin 2a (entry 6)."°  Diethylzinc
reacted completely within 30 seconds under the mild conditions, and product 2a can be easily isolated by silica
gel column chromatography.'*  Diethylmagnesium was less reactive toward our imino ester (entry 4).

Table 1. Reactions of imino ester 1a with organometallic reagents

CO,Et RM CO,Et CO,Et . CO,Et
' _— + _ + Z —
CFs NAr Ar=p-MeOCeH,- CF; |\‘J Ar CF3 'l:l' Ar l}l Ar
R R F R
la 2a R=Et 3a R=Et 4a R=Et
2b R=n-Bu 3b R=n-Bu 4b R = n-Bu
Temp. Yield (%) Recovery of 1a
Ent RM
ry Solvent °C) 2 3 P (%)
1 n-BuLi (l.leq) toluene -80 0 80 0 0
2 EtMgBr (1.1eq) ether it 50 0 15 30*
3 EtMgBr (2.5eq)  ether it 0 0 6l 0
4 EtzMgb (l.leq) ether 144 0 1 >90
5 EtZnBr* (1.1eq) ether iy 0 >9% 0 0
6 Et;Zn (1.1eq) toluene rt 88 1 0 0

* ‘EtMgBr’ was completdy consumed by monofluoroolefin formation. b Diethylmagnesium was prepared
from ‘EtMgBr' by predpitation of MgBr, with 1,4-dioxane. ¢ Ethylzinc bromide was prepared from
diethylzinc and ZnBr,.

The effect of substituents of imino esters 1 on the reaction of diethylzinc is summarized in Table 2.
The good yield of 2 was not affected by the para-substituent on N-aryl (entry 1-3) or even the alkyl substituent
on nitrogen (entry 6). Meanwhile, the o-substitution on the N-phenyl ring lowered the reaction rate
considerably.  In the reaction of o-ethylphenyl compound 1e, yield of N-addition product 2e decreased to
65 % and 12% of the starting material 1e was recovered (entry 4).  In this reaction, 3,3,3-trifluorcalanine
derivative (reduction product) was produced in 12 % yield.  The reaction of the more hindered imine ester (Ar
= 2,6-dimethylphenyl group, 1f) resulted in recovery of the starting material and the formation of the desired
difluoroolefin 2 f (entry 5) was negligible.

Fortunately, an imine-bearing perfluoroalkyl group (C,F,, 1h) similarly underwent the same addition-
defluorination reaction and resulted in the production of the corresponding perfluoroalkene compound 2h in
77% yield (as a mixture of E/ Z isomers, entry 7), but the reaction must be carried out at 100 “C for completion
of the reaction.



Table 2. Addition-defluorination of imino esters 1 with diethylzinc

COR' Et;Zn COR'
—_—e—
Re” TNR Toluene, 1t RE.1 r}l_R
Et
1a, c-h 2a,c-h
Entry R R R Yield of 2 (%)* Recovery of 1 (%)
1 la CF p-MeOC¢H,-  Et 2a 88 0
2 ic CF CeHs- Et 2c 80 0
3 1d CF p-ClCgHy4- Et 2d 84 . 0
4 1e CF 0-EtC¢H,- Et 2 65 12
5 if CF 2,6-Me,CeHy-  Et 2f 1 >90
6 1g CF PhCH(CHjy)- Bn 28 85
7 1 GF P-MeOCgH,- Et 2h 77

* Jsolated yields. ° By-product of reduction of the imine moiety was also obtainedin 12 % yield °
The reaction was conductedat 100 °C for 2 min.

Further study on the reaction mechanism'* and the transformation of difluoroolefins 2 into 3,3-difluoro-2-
amino acids and its derivatives is in progress.
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