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Al~tmct: An efficient Im~m~on of I~qunino-~-difluo~Aetones 4 was develope& Reactions 
of l,l-~'luomvinyl methyl ethers 1 with N-acyliminium intenneA~te~, generated by u'eafing 
biscadmma~ 2 wilh Iriflum'omeghancsulfonic anhydride (Tf20) in the presence of molecular sieves 
4A (MS 4A), provided 4 in good yields. 

o.,(x-Difluorinated ketones are recognized as an important class of compounds particularly in the field of 
medicinal chemistry. 1,2 Aldol reactions of difluoro enolates and their equivalents are the fundamental 
reactions for the preparation of [3-hydroxy-0,,ct-difluoroketones.3, 4 In these reactions, in situ generated 
reactive intermediates, such as metalo-enolates or silyl enol ethers are commonly used, 3 but only few 
examples for the preparation of [~-amino-~c~-difluoroketoues have been reported,5 probably due to the low 
reactivity of such difluorinated reactive species with imiue compounds5, 6 or lack of an efficient method for 
the generation of suitable reactive iminium intermediates. Contrary to the instability of these reactive 
species, 1,1-difluoroviny methyl ethers I are stable enough to store without special cautions, and recently 
we have reported a high yield aldol-type reaction of I with aldehyde mediated by ROTMS and TMSOTf 
giving rise to O-alkylated aldol product. 7 To extend the utilization of I to imine-condensation, we have 
searched for an efficient method for generation of an iminium intermediate which can react with I to give [3- 

amino-0,,0~-difluoroketones 4. To this end, we found that N-protonated N-acyliminium salt A generated 
by treatment of biscarbamate 2, readily obtainable in a stable crystalline form, 8 with trifluoromethane- 
sulfonic anhydride (Tf20) in the presence of MS 4A reacts with I to give 4 in good yield (Scheme 1). 

Scheme 1 EtO2CNH O 
F) ~OMo Tf20, MS4A 

+ R1CH(NHCO2Et)2 " R F R CH2CI2 R1 
1 2 F F 4 

lb R = C6H4OMo- p H CO2Et B X = BF3-NHCO2Et 

As typical difluorovinyl methyl ethers 1, we chose l a  (R---CH2CH2Ph) having an allylic hydrogen and 
l b  (R--C6H4OMe-p) of aromatic substituent. 7 As compared with imines derived from aldehydes and 
primary amines, 9 N-acylimine and N-acyliminium salts show high reactivity in nucleophilic addition 
reaction, and a variety of methods for their generation are reported. 10 

First, reactions of I with biscarbamate 2a or bissulfonamide 2h and their corresponding imine 
compounds 3a, 3h were conducted to find out the reaction conditions for the preparation of the aldol-type 

• 11 product 4. Results are summarized in Table 1. In the presence of BF3 Et20, l a  having an allylic 
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I + 
PhCH(NHR2)2 Additive R ~  R2NH OMe ~ 2 

or CH2CI2 R + I=h h - Ph + 
I=h,,,,~N-R2 0°C F F F F F F 

3 4 S (from la) 6 

Table 1. Reaction of Difluorovinyl Methyl Ether I with 2 or 3 =) 

Entry 1 2 or 3 Additive(s) 4 (%) b) 5 (%) b) 6 (%) b) 

OMe 
1 F ~ ' 4 ~ P h  PhCH(NHCO2Et)2 BF3.Et20 4a 58 5a 17 

F l a  2 a  

2 l a  2a Tf20, MS4A 4a 84 - 

3 18 Ph,,~ ~L.ilCO2E t TfOH 4a 85 -- 

4 l a  3a BF3.Et20 4a 30 - 

PhCH(NHTs)2 BF3.Et20 4h 80 - 
5 l a  2h 

6 I a Ph,~,,~ I~ Ts BF3.Et20 -- 5h 87 
3 h  

F~.~OMe 
7 F l~eH4OMe-p 2a Tf20, MS4A 4b-a 73 - 

8 l b  2a BF3.Et20 4b-a 80 - 

trace 

6a 53 

a) Reaction conditions : 1 equiv, of 1, 1.2 equiv, of 2 or 3, 1.2 equiv, of Tf20 (1-2 h), 1.2 equiv, of TfOH (l h), 
or 3 equiv, of BF3.Et20 (48 h), CH2CI2, 0°C. b) Isolated yield. 

hydrogen reacted with 2a to give a mixture of the aldol-type product 4a and the erie product 5a (Entry 1). 
On the other hand, when Tf20 was used as an activator for generation of an iminium intermediate, 4a was 

formed exclusively (Entry 2). Moreover, in the presence of triflic acid (TfOH), N-acylimine 3a reacted 
smoothly with l a  to give a good yield of 4a along with a trace amount of 6a (Entry 3). Since the ene 
product Sa is so stable, due to the presence of fluorines, 12 that 5a is not converted to 4a during the 
BF3.Et20-catalyzed reaction or by treating with TfOH in aqueous CH2C12, 5a is not an intermediate for 
4a in those reactions (Entries 1-3). N-Acylimine 3a showed a different behavior in BF3.Et20-catalyzed 
reaction with l a  to give N-methylated product 6a as a major product along with 4a (Entry 4). This result 
is similar to that in the Lewis acid-catalyzed reaction of l a  with benzaldehyde giving rise to O-methylated 
aldol product. 7 From NMR study, while no appreciable change in NMR spectra between N-acylimine 3a 
and a mixture of 3a and BF3.Et20 (3 equiv.) in CDCI3 was observed, N-protonated N-acyliminium salt A 
(Rlfph)  or B (RI=ph) was possibly formed by treating the biscarbamate 2a with Tf20 (1 equiv.) or with 
BF3.Et20 (>3 equiv.) in CDC13 at 25 °C.13 The iminium salt A was also formed from 3a and TfOH (1 
equiv.). 13 These may be reactive intermediates in the condensation reaction with l a  to afford 4a. A 
remarkable difference in product (aldol-type or erie-type) was found with sulfonamide derivatives; 
bissulfonamide 2h gave the aldol-type product 4h possibly through the reaction of l a  with N-protonated 
N-sulfonyliminium intermediate, while N-tosylimine 3h gave the ene product 5h (Entries 5, 6). The vinyl 
ether l b  of aromatic subsiment reacted with 2a in the presence of both Tf20 and BF3-Et20 to give a good 
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EtO2CNH (~ EtO2CNH O. Me 
1 + RICH(NHCOzEt)2 Additive 

2 CH2Cl2 R I " ~ " R  + R1 Ph 
F F  F F  
4 5 (from la) 

Table 2. Reaction of I with Biscarbamate 2 -) 

Entry 1 2 Additive(s) 4 (%) b) 5 (%) b) 

OM. 
1 F ' ~ " ~ P h  2b RI= H Tf20, MS4A 4b 83 --  

F l a  

2 la  2c R 1 = Me Tf20, MS4A 4¢ 88 -- 

3 l a 2d R 1 = CH2CH2Ph Tf20, MS4A 4d 55 -- 

4 la  2e RI= i-Pr Tf20, MS4A 4e 62 - 

la  2f R 1 = c-CsH11 Tf20, MS4A 4f 78 - -  

5 
F ~ O M e  

6 2f Tf20, MS4A 4b-f 65 - F 1 ~ eH4OMe'p 

7 la  2d BF3.Et20 -- 5d 44 

8 la  2f BF3.Et20 4f 15 5f 40 

9 la  2g R 1 = CO2n-Bu BF3.Et20 4g 15 5g 51 

a) Reaction conditions: See Table 1. b) Isolated yield. 

yield of the condensation product 4b-a (Entries 7, 8). From these results, the aldol-typc reaction of I with 
hiscarbamate 2a can efficiently be carded out by using Tf20 as an activator for generation of N-protonated 
N-acyliminium intermediate A (RI=ph). 

This method for activation is quite general as can be seen from the results of reactions of both l a  and lb  
with biscarbamates 2 derived from aliphatic aldehydes (Table 2) and pyrrolidine derivatives (Scheme 2). 
Using Tf20 as an activator, the aldol-type products 4 were obtained in good yields, even in the cases of 

biscarbamtes 2 having ~-hydrogen, which are reported to easily isomefize to enamide forms 10c (Entries 2- 
6). When BF3.Et20 was used, reaction of l a  with these biscarbamates 2 gave the erie products 5 as major 
products in moderate yields (Entries 7-9). From NMR study, N-protonated N-acyliminium salt A 
generated from biscarbamate and Tf20 in CDC13 showed a longer life-time than that B from biscarbamate 
and BF3.Et20. The shorter fife time of B may cause the relatively low yields of the products in BF3.Et20- 
catalyzed reaction. 

In a similar manner as above, reaction of l a  with pyrrolidine derivatives 7, prepared from (S)- 
pyroglutamic acid, in the presence of Tf20 and MS 4A gave the aldol-type products 8 in good yields 
(Scheme 2). 

Scheme 2 

H Tf20, MS4A 
F Ph + EtO2CN R CH2CI2 ' 0o~ [:~ R 

F CO2Et F F CO2Et 
la 7a R .. CO2i-Pr 8a 73% (1.5 : 1) 

7b R=CH2OBn 8b 54% (1.5:1) 
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We have shown that [3-arnino-a,a-difluoroketones 4, 8 can efficiently be prepared by reactions of 1,1- 
difluorovinyl methyl ethers I with biscarbamates 2, 7 in the presence of Tf20-MS 4A. It is noted that easy 
preparative procedures and storable stability of both starting materials are also some advantages of the 
present method. 
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