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SYNTHESIS OF FLUORINATED a-AMINO KETONES 

PART I: rx-BENZAMIDOALKYL MONO- III- AND TRIFLUOROMETHYL KETONES 

Michael Kolb”, Jacqueline Barth, and Bernhard Neises 
Merrell Dow Research Institute, Strasbourg Center 

16 rue d’Ankara, 67084 Strasbourg Cedex, France 

2%Phenyl-5(4H)-oxazolones, obtained from cc-amino acids, are reacted with di- and trifluoro 
acetic anhydride by a modified Dakin-West procedure to yield in a one-pot reaction 

a-benzamidoalkyl-di- and trifluoromethyl ketones in good yields. The monofluoromethyl analogues 
were also prepared from cc-amino acids, however the use of the highly toxic fluoroacetic 
anhydride was avoided. The key step is the halogen exchange reaction on the corresponding 
bromomethyl ketone. 

In the context of our research efforts directed towards the synthesis of protease 

inhibitors, a” easy and suitable access to a-amino a’-fluorinated ketones became mandatory. A 

literature survey revealed the scarcity of reports on this array of functional groups. The 

synthesis of the hydrate of 1-benzamido-3,3,3-trifluoro-Z-propanone from glycine, described in 

1961 by Tatlow 
1 1s the earliest reference on this subject. The authors had no success in their 

attempts to enlarge the scope of their reaction scheme. 

Ten years later, Steglich’s group reinvestigated the problem2, and described in a thesis a 

modified Dakin-West procedure for the synthesis of three more examples of cx-benzamidoalkyl 

trifluoromethyl ketones. 

Only recently, the Reformatsky reaction 
3 

was used be several authors 4 in the synthesis of 

a-acylaminoalkyl-a’, a’-difluoro-P’-oxoalkyl ketones; and eve” more recent 5 is the use of 

ac-nitro carbanion chemistry in the synthesis of the title structures 637 . 

We considered the Dakin-West reaction 839 as general and therefore the most attractive entry 

to fluorinated amino ketones. However, as already reported in the literature 1,296 , typical 

Dakin-West reaction conditions are restricted in this context to the monofluoromethyl series or 

to glycine as reaction partner on the amino acid side. 

Inspired by the work reported in the thesis from Steglich’s group, we now describe a 

convenient and practical method for the synthesis of a-benzamidoalkyl di- and trifluoromethyl 

ketones from cc-amino acids as starting material. The sequence relies on the Dakin-West 

procedure to the extent that the anhydrides of di- and trifluoroacetic acid are reacted with 

Z-phenyl-5(4H)-oxazolones 2, obtained from the corresponding amino acids 1. However, - 

well-defined reaction conditions have to be met in order to obtain the desired fluorinated 

amino ketones. a-Amino acids 1. are N-benzoylated by standard techniques (NaOH, H20, Et20, 

C6H5COCl, pH = 10-12) and the benzamido derivatives 1 are then cyclised to the corresponding 

Z-phenyl-5(4H)-oxazolones 2 (Ac20) 
10,11 

(Scheme I). Reaction of the oxazolone 3 with the - 

anhydrides of di- or trifluoroacetic acid (1.1 equiv.) is accomplished at 40 OC (oil-bath 

temperature) under N2 atmosphere for 12-48 h (19F-NMR monitoring). The direct conversion of the 

amino acid derivative 2 to the acylated oxazolone 5 is also feasible and exemplified by the - - 
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preparation of ketone & from N-benzoyl p-guanidinophenylalanine 1 [R = p(H,NC(=NH)NH)C6H4CH2; 

15 equiv. of trifluoroacetic anhydride, OC, 20 hl. When all starting material 2 is consumed, 

the C4-acylated oxazolone 2 is the main product. Residual anhydride and the di- or trifluoro- 

acetic acid formed are removed thoroughly under vacuum (50-80 OC oil-bath temperature, 0.01 

Torr); the residue is mixed with anhydrous oxalic acid (sublimed twice, 1.5 equiv.) and the 

mixture is heated to 110-120 OC for lo-15 min, until all gas evolution has ceased. Work up 

(EtOAc/H20, aq. NaHCO 3, brine; dried over MgSO4) gives in good to satisfactory yield the 

desired fluorinated ketones 6. - 

Scheme I 

(R,CO),O 

R’:H 1 
R’: PhCO 2_ 

R,: CHF,, CF, 

The scope of the reaction scheme is illustrated in Table 1. All of the isolated fluorinated 

benzamidoalkyl ketones 6 and E are stable colourless solids. In most cases, they represent - 
mixtures of the hydrated and non-hydrated species at ratios which seem to be influenced by the 

steric (see the glycine product 6a vs the valine derived ketone 6b) and electronic (see the - - 
trifluoro ketone J& vs the difluoro derivative 3 or the monofluorinated compound lo) 

enviro"me"t12. Provided suitable protection is available, functionalized or-amino acids can be 

used also (see the benzyloxycarbonyl protected ketone c). In certain cases, the protection of 

the additional functional groups is unnecessary (see the functionalized aryl compounds be and - 

6&). 

Limiting the versatility of the reaction scheme is the nature of the C-2 substituent of the 

oxazolo"e 3. In our ha"ds13, - only 2-phenyl-5(4H)-oxazolones proved to be useful for the 

sequence outlined in scheme I, which limits the scope to a-benzamido derivatives 14) . 

As already suggested2, the reaction of the 5(2H)- oxazolones 2 with the fluorinated acetic 

anhydride to give the C-acylated derivative 5 seems to involve at least one intermediate. - 
Careful examination of the 

19 F-NMR spectra obtained at certain time intervals during the 

reaction allows one to observe a signal at 6CFC1 = - 74.5 preceeding in time the appearance of 

the fluorine signal attributed to 2 (ocFcl = - 3 5.5). With the latter then increasing at the 

expense of the earlier peak, 
3 it seems reasonable to assign the first signal to the intermediate 

0-acylated species 4. - 
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Table 1: Yields and 
19 F NMR Data of Benzamido Fluoro Ketones 5 and 2 

Ketone: 

1 Rf ; Yieii [%I’ 1 ~‘_:~‘cFf~~ !I:i!; lI;i: iI)1 :_., 

- 
6c 1 i-C4H9 60 I [B] - 76.8 - 82.7 9O:lO - 
@ ! C6H5-CH2 63 - - / [Cl 76.6 82.4 2o:ao 

be (p-N02)C6H4-CH2 I CF3 55 [Bl - 76.0 - 83.0 50:50 - 

sr (p-NH2)C6H5-CH2 j e,f - IBI - 83.0 0:lOO 

!z [p-H2NC(=NH)NH]C6H4-CH2 / ’ 53f CD1 - 83.0 0:lOO 

6h C6H5CH2-CH2 [B] - 78.2 - 83.3 83:17 - 

6i C6H5CH20CONH-CH2CH2CH2CH2 CBI _ 79.7 - 82.6 66:33 - 

! 

!Q C6H5CH2 
[E] - 129.0b loo:o 

6k i-C4H9 LB1 _ 120.0b loo:o 

10 'gHgCH2 CFH2 1 
d - [Bl - 231.5 loo:o - 

I 

a: A = CDC13/C6F6/(CD3)2C0, B = CDC13/C6F6, C = (CD3)2CO/TFA, D = D20/DCL/TFA, E = CDC13/TFA; 

b: ABX center; c: calcd from 2; d: see text; e: obtained from e: Pd/C, H2, AcOEt, HCl (yield 

50 %); f: isolated as hydrochloride salts. 

Our concern in devising a suitable route to the target structures mentioned above did not 
15 

allow us to extend the above sequence to the monofluorinated analogues . Therefore an 

alternative scheme was developed, which is based on a bromine/fluorine exchange reaction next 

to the ketone functionality. 
16 

A solution of 3-phthalimido-1-bromo-4-phenyl-2-butanone (1) , 

obtained from phenylalanine 
17 , in acetonitrile and KF/lB-crown-6 was refluxed for 30 h 

18 
to 

produce the fluoromethyl analogue 8 (yield 45 %). Reduction of the ketone (NaBH4, EtOH) allows 

the removal of the phthaloyl group (N2H4, H20, EtOH, HCL) in order to obtain the aminoalcohol 

hydrochloride 9 in 50 % overall yield from 2. N-Benzoylation (C6H5COC1, NaOH, Et20, pH = 10-12, 

43 %) followed by oxidation of the hydroxy function (Swern ) then gave the target structure 

10. - 
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