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SYNTHESIS AND N- AND C-TERMINAL EXTENSION OF
PEPTIDYL o, a-DIFLUOROALKYL KETONES.
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Abstract: A synthesis of the dipeptidyl and tetrapeptidy! «, a-difluoroalkyl ketones is described.
The key intermediate 6 can be extended at not only the C-terminal but also the N-terminal.

Fluoroalkyl ketones exist in stable hydrated form in aqueous media and as a result serve as
ideal mimics of the tetrahedral transition state for peptide bond hydrolysis.2 Recently Kolb et al
disclosed a synthesis of peptidyl difluoroalkyl ketones utilizing a modified Dakin-West procedure.3
Unfortunately, their synthesis is restrictive as only a-benzamidoalkyl ketones could be prepared
from their corresponding oxazolones in reasonable yields. Removal of the benzoyi group requires
harsh conditions which can cause side reactions to occur.4 Therefore the elaboration of large
peptides from the a-benzamidoalkyl ketones is impractical as a general scheme. We report herein
a versatile synthesis of peptidyl a, a-difluoroalkyl ketones utilizing a p-phenylbenzoylated amino
acid which can be easily removed by sodium-amalgam reductive cleavage.b

(+)-Phenylalanine was protected by 4-biphenylcarbony! (BPCO) chloride in 72% yield and the
resulting p-phenylbenzoylated amino acid 1 was then cyclized to the corresponding 2-biphenyl-
5(4H)-oxazolones 2. The reaction of the oxazolone 2 with the anhydride 36 was accomplished at
60° C for 24 h in toluene followed by reflux with anhydrous oxalic acid.? Conversion of the
resulting difluoroketone 4 to the aicohol 5§ with sodium borohydride, followed by reductive
cleavage of the BPCO protective group with 3% sodium amalgam in methanol, maintaining pH 6
by excess sodium phosphate monobasic, gave amine salt 6 in high yield.8 In a typical experiment,
a mixture of BPCO amide 5, 3% Na-Hg (8 eq), and NaH2P0O4-H20 (12 eq) in methanol was stirred
at room temperature for 1 h and filtered into an 1N aqueous HCI solution {8 eq). After removal of
the methanol, the precipitate was filtered off and washed with water. The filtrate was lyophilized to
give a white solid. This solid was dissolved in excess ethyl acetate and the organic extract was
filttered and concentrated to afford the amine salt 6 in 81% yield.? Protection of the amino group by
N-(benzyloxycarbonyloxy)succinimide and Dess-Martin oxidation10 gave ketone 7. Ozonolysis
followed by Jones oxidation yielded the dipeptidyl analog 8. As reported earlier for similar
systems,171 this 3-difluoro-4-oxo alky! acid 8a should be in equilibrium with its cyclic hemiketal
form 8¢. The latter predominates in organic solvents whilst the hydrated keto form 8b exists in the
presence of water. Examination of the spectral data for 8 in methanol-d4 indicated the compound
is exclusively the cyclic hemikstal form 8¢.12 Sequential treatment of 8 with Pd/C and acetic
anhydride afforded the final dipeptidyl difluoroalkyl ketone 9.
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a. EDC, CH2Clg, 0°C, 30min, 90%. b. toluene, 60°C, 24h, then oxalic acid, reflux, 15min, 51%. c. NaBH4, EtOH, rt,
5min, 94%. d. 3% Na/Hg, NaH2PO4-H20, MeOH, rt, 1h, 81%. e. N-(benzyloxycarbonyloxy)succinimide, EtzN (pH 8),
MeOH-H20, rt, 30min, 89%. f. Dess-Martin periodinane (3.6eq), CHaClg, it, 2h, 95%. g. O3, CHoCly, -78°C, 2 min,
then Me2S, rt, 3h, 88%. h. Jones oxidant, acetone, 1, 2h, 77%. i. H2, 40 psi, 10% Pd/C, MeOH-H20-HOAc, 1h, 80%.
j- Ac20, phosphate buffer (pH 6), CH3CN, t, 2h, 90%.

The scope of this synthetic strategy was extended to a tetrapeptidyl difluoroalky! ketone. Amine
salt 6 can be used as a common intermediate. p-Phenylbenzyloxycarbonyl (p-Ph-Z) was used as
a protecting group of the N-terminal since other protecting groups including benzyloxycarbonyl
turned out to be poorly UV active, which made it difficult to monitor reactions by TLC. The amino
group of salt 6 was extended with N-(p-phenylbenzyloxycarbonyl)-O-benzyl-D-serine!3 and the
resultant tripeptidyl difluoroalcohol 10 was protected by acetylation. Oxidative cleavage by
Sharpless condition14 gave corresponding acid 11.15 The acid 11 was coupled with O-benzyl-D-
tyrosinamide under standard condition to give tetrapeptide analog 12. Base hydrolysis of 12 and
Dess-Martin oxidation gave final tetrapeptidyl difluoroalkyl ketone 13,
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a. N-(p-phenylbenzyloxycarbonyl)-O-benzyl-D-serine, EDC, 1-HOBt, NMM, DMF, rt, 2h, 83%. b. Ac20, pyridine, DMAP,
t, 1h, 95%. c. NalO4 (8edq), RuCl3-Ha0 (0.04eq), CH3CN-CCl4-Ha0 (2:2:3), i, 6h, 61%. d. O-benzyl-D-tyrosinamide,
EDC, 1-HOBt, DMF, i, 2h, 76%. e. NH4OH-dioxane (pH 10}, th, 92%. f. Dess-Martin periodinane (3.6eq), CH2Clo, tt,
3h, 94%.

In summary, this communication describes a practical synthesis of peptidyl difluoroalkyl
ketones and can be extended at not only the C-terminal but also the N-terminal. 18 The biological
evaluation of compounds 9 and 13 is in progress.17
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