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SYNTHESIS OF HYDROXYETHYLENE AND KETOMETHYLENE DIPEPTIDE ISOSTERES
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Summary: A general stereo-directed synthesis of "ketomethylene" and "hydroxyethylene"

dipeptide isosteres is reported. ‘Peptides containing the amino acids, (2R,55)-5-amino-4-o0x0-2,8-
dimethyloctanoic acid (the "ketomethylene" analog of L-lLeu-L-Ala), and (2R,55)-5-amino-4-hydroxy-
2,8-dimethyloctanoic acid (the "hydroxyethylene" analog of L-Leu-L-Ala) were synthesized as
analogs of pepstatin with statine replaced by the Leu-Ala isosteres.

Dipeptide isosteres, i.e. dipeptides in which the amide -CONH- linkage has been replaced by
some approximately isosteric functional group, eg. the ke'comethylene,l’2 hydroxyethy]ene,2
thioamide,3 C-C double bond4 or thiomethylene group,5 have been used to prepare either metabolic-
ally stable peptides or mechanism based enzyme inhibitors. In order to study further® the
interactions of pseudosubstrate ketones with aspartyl proteases, such as pepsin, an efficient
synthesis of the hydroxyethylene (1) and ketomethylene (2) dipeptide isosteres was desired which
would: (1) allow the stereochemistry at C-2 to be selectively established with known configur-
ation; (2) minimize the potential for epimerization at C-5; and (3) be practical for the
synthesis of 4-13¢ analogs from 1-13C-L-1eucine. We wish to describe a straightforward route to
peptides containing the amino acids, (2R,5$)~5-amino-4-hydroxy-2,8-dimethyloctanoic acid (1) and
(2R,55)-5-amino-4-o0x0-2,8-dimethyloctanoic acid (2) (R=CH3) which satisfies the above
requirements.

1 (X = H, OH)
2 (x=0)

Our approach, outlined in Scheme I, uses as starting materials Boc-L-leucinal (3)7,8 and the
chiral bromoether 4, obtained? from the corresponding hydroxyether, which was prepared by the
method of Evans.10 Conversion of 2.5 equiv. of 4 ([aJd® + 13° (c 1.0, Eton); 1it.9 [al2* +
12.48° (¢ 0.89, EtOH)) to the Grignard reagent followed by dropwise addition of 1 equiv. of
aldehyde 3 (THF, 22°C) afforded a ca. 4:1 mixture of the C-4 epimers of hydroxy ether §,11’13 in
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67% combined yield after silica gel chromatography (9:1 toluene:EtOAc). Although the

diastereomers were readily separable at this point, subsequent transformations were carried out
on the mixture, which could be separated at later stages where required.

Scheme 1
1) Mg
Br’/~\\r//\‘Ole —_— BocNH v 0Bz1
CHy 2) 3 : OH  CHy
L2 5
1) HCl1-dioxane
2) (BocVal),0
COH 1) Acp0, DMAP
BocValN Y -—
OAc  CH 2) HCOHNH
1 3 Pd?C 4
3) PDC, DMF
Scheme II
1. Chromatography
RNH laa —» RNH laa + isomer
‘ 2. KoCO03,MeOH : !
OAc  CH3 OH  CHy
9 R = Iva-Val 11 R = Iva-Val
10 R = Iva-Val-Val TZ R = Iva-Val-val
PDC
—_————— RNH Jaa
[]
0 CHy
13 R = Iva-Val
T4 R = Iva-Val-Val
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As indicated below, the protection strategy is facilitated and potential side reactions are
minimized when the N-terminus of 5 is extended by at least one amino acid residue prior to
elaboration of the C-terminus. Thus, cleavage of Boc (4N HCl-dioxane) followed by N-acylation
with (BocVal),0 and flash chromatography gave 913 in 89% yield. Acetylation (Acp0, DMAP) of the
hydroxyl group, followed by benzyl ether cleavage (HCOpNH4, Pd-C, 1:1 iProH-HOACc), 4 and
oxidation of the resultant primary alcohol (PDC, DMF)!® afforded acid 713 (m.p. 68-70°C) in an
80% overall yield from 6 . Acid 8 was prepared in 61% overall yield from 5 in a similar manner
except that KMnOp-n-Bugl in CgHg-H50-HOAC was used in place of PDC-DMF for the final oxidationt’

CO,H
BocNH

OAc  CHj
8

Acids 7 and 8 were incorporated into peptides using DCC-HOBt for coupling the carboxyl
group, and the symmetrical anhydride method for extension of the N-terminus. In the case of 8,
0-deacetylation (KpCO3, MeOH) had to precede N-deprotection and coupiing to prevent 0 to N
transacety1ation.18

After incorporation into the required peptides, e.g. 9 and 10 (Scheme II), diastereomers
were separated19 by flash chromatography (1% MeOH/CHC13) and then deacetylated (K,C03, MeOH; 70-
90%) to give the hydroxyethylene analogs l;13’20 and ;g.13-21 The corresponding ketones 1213’22
and lﬂl3’23 were obtained by PDC oxidation!® of 11 and 12 respectively. The rate of oxidation
depended both on solvent?? and the peptide chain. Thus, reaction of 11 with 6 equiv. of PDC in
DMF for 75 h gave a 53% yield of 13 , whereas oxidation of 12 with a large excess of PDC in DMF
was far from complete after 80 h, even after addition of pyridinium trifluoroacetatel® and
warming to 40-50°C. In contrast, both 1] and 12 were completely consumed in less than 24 h using
3 equiv. of PDC in HOAc to afford 13 and 14 in 69 and 60% isolated yields, respectively.

Full synthetic details and biological data for compounds 11-14 will be reported separately.
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