Downloaded by Brown University on 05 December 2012
Published on 13 May 2011 on http://pubs.rsc.org | doi:10.1039/C1CC11916H

ChemComm

Cite this: Chem. Commun.,2011,47,6569-6571

www.rsc.org/chemcomm

View Article Online / Journal Homepage / Table of Contentsfor thisissue

Dynamic Article Links °
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A one-pot, reductive amination/6-endo-trig cyclisation for the
stereoselective synthesis of 6-substituted-4-oxopipecolic acidsT
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The first stereoselective synthesis of 2,6-trans-6-substituted-4-
oxo-L-pipecolic acids using a tandem reductive amination/
6-endo-trig cyclisation process is described. The sequential
reduction and cyclisation mediated by sodium cyanoborohydride
allowed the preparation of a series of highly functionalised
6-alkyl and 6-aryl analogues.

L-Pipecolic acid 1 (Fig. 1), a metabolite of L-lysine,’ is a cyclic
nonproteinogenic o-amino acid found in plants, fungi and
human physiological fluids.” It is also a component of a wide
range of pharmacologically active compounds such as the
immunosuppressive agents rapamycin® and FK506,* the anti-
tumour antibiotic sandramycin,® the anti-human immuno-
deficiency virus (HIV) cyclodepsipeptide homophymia A®
and the oxytocin antagonists L-366682 and L-366948.”
Derivatives of L-pipecolic acid 1 such as 4-hydroxy- and
4-oxo-L-pipecolic acid are also of considerable biological and
medicinal interest. For example, (25,4 R)-4-hydroxypipecolic
acid has been isolated from the leaves of Calliandra pittieri and
Strophantus scandeus® and is a constituent of the synthetic
HIV protease inhibitor palinavir 3,° while 4-oxo-L-pipecolic
acid is a key structural element of the cyclic hexadepsipeptide
antibiotic virginiamycin S;."°

Due to their widespread presence in nature and their
significant medicinal properties, the synthesis of 4-hydroxy-
and 4-oxo-L-pipecolic acid analogues has been the focus of
considerable attention.'"'> More recently, methods for
the stereoselective synthesis of higher analogues such as
6-substituted-4-hydroxy- and 4-oxopipecolic acids have been
reported.!* > In each of these examples, the key step leads to
the formation of the 2,6-cis-isomer as the major product. As
part of a program to identify new biologically active pipecolic
acids, we were interested in developing a new approach for the
stereoselective synthesis of 2,6-trans-6-substituted-4-0xo-L-
pipecolic acids such as 2 (Fig. 1). We now report the
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development of a tandem reductive amination/6-endo-trig
cyclisation process for the direct preparation of a series of
2,6-trans-6-substituted-4-oxo-L-pipecolic acids from o-amino
acids bearing an enone side chain as well as the stereoselective
reduction of these to the corresponding 4-hydroxy-L-
pipecolic acids.

Our research programme began with the preparation of a
small library of the required enones bearing either alkyl or aryl
side-chains (Scheme 1).'® Initially, L-aspartic acid (4) was
converted to N-trityl L-aspartate dimethyl ester 5 in quantitative
yield under standard conditions.!” The corresponding
phosphonate ester 6 was prepared in 84% yield by the reaction
of 5 with the anion of dimethyl methylphosphonate.
Horner—Wadsworth—Emmons reaction of 6 with a range of
aldehydes in the presence of potassium carbonate gave exclusively
E-enones 7-13 in good to excellent yields (57-96%).

The tandem reductive amination/6-endo-trig cyclisation was
next investigated (Table 1).'® The process began with removal
of the trityl-protecting group from enone 7 using TFA. The
resulting amine 14 was reacted with benzaldehyde to give
imine 15. A one-pot chemoselective reduction of imine 15
and 6-endo-trig cyclisation was then studied. The use of
triethylsilane as the reductant in the presence of a Lewis acid
(TFA or zinc), returned only starting material (entries 1 and 2).
Using the more reactive trichlorosilane allowed the isolation
of 4-oxopipecolic acid derivative 16 in 25% overall yield from
enone 7 (entry 3). The yield for the three-stage process was
improved to 43% using sodium triacetoxyborohydride, how-
ever this reaction required 48 h to complete (entry 4). This
limitation could be overcome using sodium cyanoborohydride
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Fig. 1 1L-Pipecolic acid 1 and some derivatives.
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Scheme 1 Reagents and conditions: (i) SOCl,, MeOH, A, 100%; (ii)
TrCl, Et;N, CH,Cl,, 100%; (iii) (MeO),P(O)Me, n-BuLi, THF, —78 °C,
84%:; (iv) RCHO, K,CO3, MeCN, 50 °C, 7 R = PhCH,CH; (93%),
8 R = i-Bu, (57%), 9 R = CH; (78%), 10 R = Ph (95%),
11 R = 4-MeOC¢Hy (66%), 12 R = 4-BrC¢Hy (96%), 13 R =
4-(3’-NO,CsHy4)CsHy (59%).

Table 1 Development of the tandem reductive amination/6-endo-trig
cyclisation process
0]
TFA, o]
CH,Cl,
Ph HIN™ "COMe Ph HN" YCO,Me
Tr
7 14
PhCHO, Et;N,
4A mol. sieves, THF
Q CO,Me
Reductant H
Ph N N7 Co;Me Ph
Bn Ph
16 15
Entry Reductant Temp. (°C) Time (h) Yield (%)“
1 Et;SiH, TFA rt 24 0
2 Et;SiH, Zn rt 24 0
3 Cl;SiH 0 24 25
4 NaB(OAc);H rt 48 43
5 NaBH;CN rt 1 53

“ Isolated yield from 7.

as the reductant which gave 16 in an improved 53% yield after
only 1 h (entry 5). It should be noted that despite the presence
of the enone, the imine can be reduced selectively to give after
cyclisation, the 4-oxopipecolic acid derivative in good yield
over the three steps.

Using the optimised conditions for the tandem reductive
amination/6-endo-trig cyclisation, the scope of this three-step
process was explored (Scheme 2). Good yields over the three-
steps were obtained for other 6-alkyl-4-oxo-L-pipecolic acid
analogues (17 and 18). Electron-rich and electron-deficient
aryl substituted enones also underwent the tandem reductive
amination/6-endo-trig cyclisation, although giving the cyclised
products (19, 20 and 21) in slightly lower yields over the three
steps. Even the bulky, highly conjugated biaryl enone 13 could
be converted to the corresponding 4-oxo-L-pipecolic acid
analogue 22 using this approach. However, the low 29% yield
demonstrates the limitation of this process.

1. TFA, CH,Cl,
2. PhCHO, EtN,
4A mol. sieves, THF
T NeBHCN, NaBH,CN,
HITJ CO,Me bt R™NTNCO,Me
Tr Bn
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P TSN N CoMe )\ CO,Me
Bn Bn
16, 53% 17, 50%
(e] (e]
VN TCOMe PR N7 VCO,Me
Bn Bn
18, 53% 19, 37%
(e] o
N CO,Me N CO,Me
Bn Bn
MeO Br
20, 34% o 21, 40%
CO,Me

NO, 22, 29%

Scheme 2 Scope of the reductive amination/6-endo-trig cyclisation
process.

To confirm the stereochemical outcome of the 6-endo-trig
cyclisations and prepare a series of 4-hydroxy-L-pipecolic acid
derivatives, several of the 2,6-trans-6-substituted-4-oxo-L-
pipecolic acid analogues (16-19) were reduced with sodium
borohydride (Scheme 3). This gave the corresponding
(4S)-isomers in high yields. With the 4-hydroxy compounds
23-26 in hand, difference NOE experiments were done by
saturation of the H-2, H-4 and H-6 ring hydrogens.'”” As
expected, these experiments showed the (25,4S,6R)-isomers
as the major products,® thereby confirming the initial
2,6-trans stereochemical assignment of products from the
tandem reductive amination/6-endo-trig cyclisation process.
During the 6-endo-trig cyclisation, the enones likely adopt a
Zimmerman-Traxler, chair-like transition state with both the
R and N-benzyl groups in equatorial positions.!

o OH
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R N7 COMe R N” CO,Me
Bn Bn
16-19 23-26

Scheme 3 Reagents and conditions: (i) NaBH,;, MeOH, 0 °C, 23
= PhCH,CH, (67%), 24 R = i-Bu (80%), 25 R = CHj; (83%),
26 R = Ph (80%).
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Scheme 4  Reagents and conditions: (i) 10% Pd/C, ammonium formate,
t-BuOH, 48%; (ii) 6M HCI, A, 100%.

To demonstrate that compounds such as 23-26 could be
used to access the parent 6-substituted-4-hydroxy-L-pipecolic
acids, methyl analogue 25 was deprotected in two steps
(Scheme 4). Initially, the benzyl group was removed by
transfer hydrogenation to give the corresponding amine in
48% vyield. Acid mediated hydrolysis of the methyl ester
gave the hydrochloride salt of (25.4S,6R)-4-hydroxy-6-
methylpiperidine-2-carboxylic acid (27) in quantitative yield.
Recrystallisation of compound 27 allowed X-ray structure
determination (Scheme 4).%> The structure provides further
confirmation of the relative configuration of the stereogenic
centres generated during both the tandem reductive
amination/6-endo-trig cyclisation process and reduction of
the ketone.

In summary, a new tandem reductive amination/6-endo-trig
cyclisation process has been developed for the stereoselective
synthesis of 2,6-trans-6-substituted-4-oxo-L-pipecolic acid
derivatives. The substrates for this process, a-amino acids
bearing an enone side chain were easily accessed using a
Horner—Wadsworth—-Emmons reaction resulting in the
preparation of a wide range of 4-oxo-L-pipecolic acids with
various 6-alkyl and 6-aryl substituents. These highly function-
alised compounds have significant potential for the synthesis
of a number of biologically and medicinally important targets
as demonstrated by their facile reduction to the corresponding
(25,4S,6 R)-6-substituted-4-hydroxypipecolic acid derivatives.
Work is currently underway to investigate the use of this
general strategy for the preparation of pipecolic acid derived
natural products.

The authors are grateful to the EPSRC (studentship to
L.S.F.), the University of Glasgow and Pfizer Ltd for financial
support.
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