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Abstract: A practical synthesis of the title compounds (3a-c, e) from commercially available 3-hydroxy-2-
pyridine carboxylic acid (4) is reported. The key step in the synthetic sequence involves a Pd-catalyzed cross
coupling reaction of the triflate 6 with the appropriate alkyl or aryl derivatives to generate the substituted
picolinic acid esters 7a-b, 8 and 11. Catalytic reduction of these picolinic acid esters provided the title
compounds in good yields.

As a part of ongoing efforts to develop conformationally-constrained analogs of peptide based protease
inhibitors,2 3 we required a number of 3-substituted pipecolic acids 1. Although a number of methods are
available for the synthesis of 4-substituted pipecolic acids 2,4 only a few reports on the synthesis of the
corresponding 3-substituted analog 1 have been published.* 5. 6 More importantly, these reports are mainly
directed towards the synthesis of the methyl analog 1a and the B-ketophosphonate 1b.6 Hampered by the lack
of success in extending these methodology for the synthesis of other 3-substituted analogs, we pursued alternate
methods for the synthesis of them. Herein, we report the successful synthesis of the title compounds from
commercially available starting materials.
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Our synthesis began with readily available 3-hydroxy-2-pyridinecarboxylic acid (4). Esterification of 4
(methanolic HC, reflux) gave the corresponding methy! ester 5 in >70 yield.” Treatment of § with Tf,0 and
Et3N (CHCly, rt., 2 h) provided triflate 6 in 65% yield, which served as the common intermediate for the
synthesis of all the target compounds.

qo" MeOH / HCI (g), A qo“ T1,0, CHoClp, TEA (IOT'
- bl ~ L a ~

N” > COH 70% N~ >CO.Me 65% N~ >CO.Me

4 5 6

The preparation of 3-methyl and 3-ethyl (compounds 3a-b) derivatives is shown in Scheme 1. Thus,
treatment of 6 with either tetramethyitin or vinyl tributylstannane in the presence of 3 mole% PdCly(PPhs); and
3 eq. LiCl in DMF at 100 °C, gave the desired Stille coupling adducts 7a, b in 50 and 80% yield respectively.8
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Catalytic hydrogenation of 7a, b (60 psi Hy, PtO;, EtOH/4N HCI)* gave the pipecolic acid methyl esters 3a, b
as their hydrochloride salts in quantitative yields. The cis stereochemistry between the 2 and 3 substituents in
3a, b was established by the observed coupling constant of 4.1 Hz between H, and Hy, in the 'H NMR (D,0)
spectra. A similar assignment of cis stercochemistry between the substituents in the corresponding 3-
methylpipecolic acid (1, R = Me) has been reported by Shuman et al.4
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a) Me4Sn or n-BusSnCH=CH2, PdCix(PPhg),, LiCl, DMF, 100 °C b) Hy {60 pSi), PtO2, EtOH, 4N HCI.

The synthesis of the 3-isopropy! analog 3¢ (Scheme 2) employed a Pd(II) catalyzed Heck reaction®
between 6 and n-butylvinylether. Heating 2 DMF solution of 6 and n-butylvinyl ether in the presence of EtaN
and 3 mole% Pd(OAc}); and 1,3-bis(diphenylphosphino)propane {dppp) resulted in the exclusive formation of ¢
coupled adduct 8.19 Hydrolysis of 8 gave the intermediate methyl ketone 9, which underwent Wittig
methylenation to yield the desired olefin 10. Hydrogenation of 18 gave the isopropy! analog 3¢ in near
quantitative yield, which was isolated as the free amine. Again, the cis stercochemistry between the C-2 and C-3
substituents was established via TH NMR data.
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a) n-BuOCH=CH2, Pd(OAc),, dppp, DMF, 70 °C b} 4N HCI, HOA, ¢) PhaP=CH2
d) Hy (60 pSi), PtO, E1OH, 4N HCL.
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Synthesis of the cyclohexyl substituted derivative 3e (Scheme 3) began with a Suzuki coupling!! of 6
with phenyl boronic acid (3 mole% Pd(PPh3)4, K7CO3, Toluene, 90 °C)!2 to give methyl-3-phenyl-picolinate
(11) in 80% yield. Hydrogenation of 11 gave the cyclohexyl derivative 3e as the only isolable product.}3
Compound 3e is a conformationally constrained analog of the important unnatural amino acid cyclohexyl alanine
(Cha) used widely in peptidomimetic inhibitor design.
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a) PhB(OH) , PA(PPhg)s, KzCO3, PhCHg, 90 °C b) Hp (60 pSi), PtO,, EtOH, 4N HCL.

In conclusion, we have developed a novel and practical method for the synthesis of 3-substituted pipecolic
acid esters. Work is underway to hydrolyze the esters 3a-c, e and incorporate them into peptide-based protease
inhibitors.!4 The results of these studies will be reported in due course.
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All new compounds reported here were characterized via a combination of 'H NMR, IR and electrospray
mass spectra.

Hyadrolysis of the Cbz-protected derivatives of esters 3a, ¢ could be cleanly achieved using 2N NaOH in
MeOH at 70 °C. The resulting pipecolic acids were a 1:1 mixture of the cis and trans isomers. This result
is not surprising, because it has been reported by Shuman et al (ref. 4), that when the hydrogenation of the
pyridine ring was carried out in the presence of 1M KOH, a 60:40 mixture of the corresponding DL cis
and DL trans substituted pipecolic acids were obtained.
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