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Abstract

Protected versions of [B5R)-5-hydroxypiperazic acid were synthesized enantioselectively in two novel ways.
The first derives its chirality frorD-glutamic acid while the second uses an Evans amination and a diastereoselec-
tive bromolactonization to establish the two chiral centers. Given that this amino acid is a component of several
depsipeptides, these two routes enable the synthesis of multigram quantities of protected ve&i@2@d0
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Hexahydro-3-pyridazinecarboxylic acid (piperazic adijljs a subunit often found in cyclic depsi-
peptides. These include the azinothriéirend luzopepting, and other natural products such as the
matlystatind and sanglifehrin A In itself, (39-1, is a GABA-uptake antagonistlt is also a key
element found in a class of angiotensin-converting enzyme inhibitors typified by Cilazapriirug
of considerable therapeutic importance for the treatment of hypertension and congestive heaft failure.
A less common derivative df is (3R,5R)-5-hydroxypiperazic acid?), which is also found in cyclic
depsipeptides such as polyoxypepimd the dumbbell-shaped dimer himastaf)y(Fig. 1)8 Our recent
total synthesis 08° required2 in protected form Zp) suitable for incorporation during the assemblage
of the peptide backbone.

Early synthetic studies en routet@mployed a hetero-Diels—Alder reaction of pentadienoic acid with
N-phenyltriazolinedion€1° and led to racemic produé?? 1! A route toent2 had been describéd.
While alternative strategies towards systems akifi ¢w 2 were devised, they were problemafié3 in
terms of our goal. The only enantiospecific synthesi4 ofported thus far was accomplished by Hale
and co-worker¥ using electrophilic aminatio#?

* Corresponding author.
t Current address: Harvard University, Department of Chemistry and Chemical Biology, Cambridge, MA 02138, USA
¥ Current address: Merck and Co., Rahway, NJ 07065, USA

0040-4039/00/$ - see front matter © 2000 Elsevier Science Ltd. All rights reserved.
PIl: S0040-4039(99)01958-9



290

H
H H H
H H o)
3 1 0.
2 o] “ .
o]
) H =
1 2 B H N H ﬁ OH
OH 2p OP H NH
H H
3 OH

Figure 1.

For our purposes, a strategy had to be devised to enable selective deprotection of the four reactive
groups of2 while avoiding epimerization of the carboxyl functi@is-related to the protected oxygen
function. With these goals and challenges in mind, we devised two routes, which are described herein.

Starting from D-glutamic acid, the conversion tB-dihydro-5-f-tolylsulfonyloxymethyl)-2(3)-
furanone 4) required three steps, which can be conducted on a large scale (Sch&wed¥ancement
of 4 to the known epoxy estktwas followed by opening with LiBr and HOAc to provide hydroxy ester
5. Protection of the secondary alcohol astitsutyldimethylsilyl ether afforded® in good overall yield
for the three steps. Following amination@®vith di-tert-butyl azodicarboxylate (DBAD), diastereomers
7 (ca. 1:1), and thence piperazic est8rsand 8t were obtained. Removal of the Boc groups fr8m
and selective protection of the more reactive nitrogen (N1) with a TEOC group gave amin®.ester
Conversion to amino acidO, suitable for interpolation into peptides (ed), occurred in quantitative
yield through facile hydrolysis with LiOH. Thans ester8t could also be converted 0 via alcohol
11 and thecis piperazic lactond2. An important advantage of this approach is its ease of scale-up and
minimal number of purifications.
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Scheme 1. (a) NaOMe, MeOH; (b) LiBr, HOAc/THF (93%, two steps); (¢) TBSOTTf, 2,6-lutideneCGH-78°C, 65%; (d)
NaHMDS, THF, =78°C; DBAD, CHCl,, 79%; (e) NaH, DMF, 0°C, 3798c, 44%8t; (f) (i) TFA, CH,Cl,, 0°C; (ii) TEOC-CI,
i-PLNEt, CH,Cl, (92% overall); (g) LiOH, THF, 100%; (h) TBAF, THF, 80%; (i) DBU, toluene, 69%; (j) (i) TFA, MeOH, 0°C;
(ii) TEOC-CI,i-PLNEt, CH,Cly; (iii) TBSOTH, i-PRpNEt, CH,Cly; (iv) LIOH, THF (82% from12)

Concurrently, a second stereoselective route to the 5-hydroxypiperazic acid system 3Inoas
developed*1® (Scheme 2). Thus, cleavage of the auxiliary acyloxazolidinone bond followed by bro-
molactonization of the resultant acid gave a ca. 4.5:1 ¥av6 15¢15t.1° The bromine function was
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displaced upon deprotonation of N1 to provide lact@é@ewhich could be converted tt0 as described
above.
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Scheme 2. (a) LIOH, THF/5D, 0°C, 80%; (b) NBS, toluene, 0°C, 70% (4:3:3c 15t); (c) NaHMDS, DMF, 0°C, 64%; (d) (i)
TFA, CH,Cl,, 0°C; (ii) 2,4-dinitrofluorobenzene, pyridine, THF, 50%; (e) acetyl chloride, 5 h, 100%

To vouchsafe the absolute stereochemistr§2)it was converted in three steps to the knowR,ER)-
N1-(2,4-dinitrophenyl)-N2-(acetyl) piperazic acid lactorie)(®2° Thus, the two Boc groups df5c
were removed, a DNP group was appended to the more reactive N1 nitrogen, and the N2 nitrogen was
acetylated to givd6 [«]3 —482° £=0.065, dioxane).

In conclusion, both independent routesZallow for control in the management of each of the
four reactive functionalities through the progression. Furthermore, be8awsa be epimerized t8t,
this chemistry can also be used to synthesize ®BR3isomer. In principle, the capability of starting
with eitherL-glutamic acid or with the -oxazolidinone should provide access to tI853 and R,5S
isomers.
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