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Abstract

Complementary new routes to both enantiomers of N-protected pipecolic acid and the corresponding 4,5-dihydroxylated derivatives
are developed, which involve stereo-divergent allylation of a chiral N-allylimine and ring-closing metathesis as key steps.
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Pipecolic acid 1 (Fig. 1), a naturally occurring' but non-
proteinogenic amino acid, has found widespread utility as a
component of several biologically active secondary meta-
bolites,”® as a proline mimic and B-turn inducer in many
designed peptides and synthetic drug candidates, © as a
building block in organic synthesis,” as an enzyme inhi-
bitor,” and is receiving current attention® for application
as an organo-catalyst. These applications have stimulated
considerable interest* in the synthesis of pipecolic acid’
and its derivatives.® However, only a few general routes
to both the enantiomers of pipecolic acid are reported.’
Herein, we report a stereo-divergent route to N-protected
R- and S-pipecolic acid from readily available® R-2,3-0O-
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cyclohexylideneglyceraldehyde (2) based on our efforts to
develop sterecocontrolled allylation of AN-allylimine 3
derived from 2.

Allylation of a-chiral imines has been extensively stud-
ied” as a route for the preparation of homoallylic amines.
A range of allylmetal reagents (wherein, the metal compo-
nent is either boron, magnesium, zinc, copper, tin, silicon,
indium or aluminum) have been shown to be effective for
this purpose. However, the more common allylmagnesium
or allylzinc reagents have found most applications as they
can be used without any additive. We opted to use these
in our current efforts towards allylation of 3.

Thus, imine 3 (Scheme 1) was prepared by straightfor-
ward dehydrative condensation of aldehyde 2 with allyl-
amine in the presence of molecular sieves (4 A).
Compound 3 was then reacted with allylmagnesium bro-
mide under optimised conditions to give a mixture of the
homoallylic amines 4 (62%) and 5 (16%), which were
cleanly separated by silica gel chromatography. On the
other hand, treatment of imine 3 with allylzinc bromide
(prepared in situ from allyl bromide and zinc powder),
under optimised conditions, led to the formation of the
anti-isomer 5 as the major product (47%) together with 4
(19%).

The complementary mode of these addition reactions is
of advantage. However, the predominance of one isomer
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Scheme 1. Reagents and conditions: (i) Allylamine, CH,Cl,, powdered molecular sieves (4 A), 0°C, 24 h, 95%; (ii) allylmagnesium bromide (1.0 M

solution in THF, 2 equiv), Et,O, —30 °C, 12 h, 4 (62%), 5 (16%); (iii) allylzinc bromide (5 equiv), THF, 0 °C to rt, 12 h, 4 (19%), 5

over the other is hard to interpret by classical conforma-
tional models since the nature of diastereoselection in imine
addition is known'® to be dependent on several factors.
The configuration of the new stereogenic centre in each
of the homoallylic amines 4 and 5 was therefore assigned
from the following synthetic work. The major product
from the allylmagnesium bromide reaction was treated
with HCI (6 N) to prepare amino diol 6 (Scheme 2) which,
without purification, was treated with Boc,O to form
N-tethered diene 7 in good yield. In continuation of our
earlier work'' on ring-closing metathesis'> (RCM) medi-
ated synthesis of heterocyclic amino acids,'?® we treated 7
with Grubbs’ first generation catalyst, benzylidene bis-
tricyclohexylphosphinoruthenium(IV) dichloride (8),

provide the unsaturated piperidine derivative 9 in good
yield.'* Hydrogenation of the latter followed by oxidative
cleavage of the 1,2-diol unit under the Sharpless protocol'’
led to N-Boc-pipecolic acid 10 as a colourless crystalline
solid, mp 127-128 °C. Comparison of the measured [o]p
values, +63 (¢ 0.06, AcOH), +43 (¢ 1.2, MeOH), with the
literature values'® for (S)-N-Boc-pipecolic acid (—67.2 in
AcOH, —45.1 in MeOH) indicated the product to be of
R-configuration and of ~93% optical purity. Conse-
quently, the configuration of the starting homoallylic
amine 4 was assigned as syn. Similarly, the major product
from the allylzinc bromide reaction, 5, was N-tosylated
leading to 11 and then subjected to RCM with catalyst 8.
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Scheme 2. Reagents and conditions: (i) HCI (6 N), THF, rt, 5 h, 88% (6), 91% (13): (ii) Boc,O, MeOH, NaHCOs, rt, 12 h, 77%; (iii) 8
10%), EtOAc, rt, 7 h, quantitative; (v) NalO4 (4 equiv), RuCl; (2.5 mol %), CCly, CH3CN, H,O0, rt, 2 h, 76% (10),

rt, 7 h, 91% (9), 89% (12); (iv) Pd-C (
73% (14); (vi) TsCl, E;N, CH,Cl, tt, 24 h, 91%.
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The resulting piperidine derivative 12 was obtained as a
colourless solid, mp 110 °C, [o]p —71 (¢, 0.13 in CHCI,).
Deprotection of the cyclohexylidene moiety in 12 leading
to diol 13, followed by hydrogenation and oxidative cleav-
age of the 1,2-diol unit then led to the formation of (.S)-N-
tosylpipecolic acid 14, [a]p —42 (¢, 0.17 in CHCI;), in an
overall yield of 46% over five steps from 5.

In an alternative approach, we prepared the homoallyl
alcohol 15 (Scheme 3) from aldehyde 2 following a known
procedure.® Conversion of alcohol 15 to the corresponding
inverted amine 18 was then effected through azide 17
which, in turn, was obtained from mesylate 16 under the
conventional conditions. Reduction of the azide moiety
in 17 with LiAlH4 followed by treatment of the resulting
amine 18 with p-toluenesulfonyl chloride smoothly led to
the corresponding tosylamide 19. The latter on N-allyl-
ation with allyl bromide in the presence of sodium hydride
afforded the desired N-tethered diene 20 in good yield.
Ring-closing metathesis of compound 20 in the presence
of catalyst 8 smoothly led to the unsaturated piperidine
derivative 21. Repetition of the sequence of events adopted
for the conversion 12—14 on compound 21, that is, depro-
tection of the cyclohexylidene unit leading to 22, saturation
of the double bond to form 23 followed by oxidative cleav-
age of the 1,2-diol unit gave (R)-N-tosylpipecolic acid 24,
[¢]p +40 (¢, 0.13 in CHCI;), in an overall yield of 41%
over five steps from 20. The optical purity of each of the
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Scheme 3. Reagents and conditions: (i) Allylmagnesium iodide, Et,O, —50 °C to rt, 18 h, 63%; (ii) MsCl, Et;N, CH,Cl,, 0 °C to rt, 24 h, 87%; (iii) NaN3,
DMF, 80 °C, 36 h, 71%; (iv) LiAlHy, Et,0, 0 °C to rt, 8 h, 94%; (v) TsCl, pyridine, CH,Cl,, rt, 18 h, 81%; (vi) NaH, allyl bromide, THF-DMSO (5:1),
0°C to rt, 16 h, 90%; (vii) 8 (5 mol %), CH,Cl,, rt, 1.5 h, 92%; (viii) HCI (6 N), THF, rt, 5h, 76%,; (ix) Pd-C (10%), EtOAc, rt, 6 h, 93%; (x) NalO,

(4 equiv), RuCl; (2.5 mol %), CCly, CH;CN, H,O0, rt, 3 h, 71%.

enantiomeric N-tosylpipecolic acids 14 and 24 was deter-
mined by chiral HPLC studies, which indicated the enan-
tiomeric excess values to be 96% and 93%, respectively.'®

Various hydroxylated pyridine derivatives possess
diverse biological activities and therefore have received
considerable attention from synthetic organic chemists.'”
Many hydroxylated pipecolic acid derivatives have also
been prepared in this regard.'® We therefore investigated
the conversion of the unsaturated piperidine derivative 12
to 4,5-dihydroxypipecolic acid derivatives. Thus, OsOy4
mediated dihydroxylation of compound 12 (Scheme 4) pro-
vided an almost 1:1 mixture of the stereoisomeric diols 25

BnO
iii

28 —

32

PhOCO

and 26 (stereochemistry not determined at this stage),
which were separated by column chromatography, com-
pound 26 eluting first. The hydroxyl groups in compound
25 were then protected as benzyl ethers to form 27. Cleav-
age of the cyclohexylidene unit in 27 leading to diol 29
followed by oxidative cleavage using the RuCl;—NalOy
combination led to the formation of the pipecolic acid
derivative 30 with concomitant conversion of the benzyl
groups to the corresponding benzoates. The dibenzoate
derivative 30 was then hydrolysed to the dihydroxypipe-
colic acid derivative 31. The stereochemistry of the C-4
and C-5 centres indicated in compound 25, and in the
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Scheme 4. Reagents and conditions: (i) OsO4, NMMO, acetone—H,O (4:1), rt, 12 h, 25 (46%), 26, 38%; (ii) NaH (3 equiv), BnBr (3 equiv), THF-DMSO
(10:1), 0 °C to rt, 18 h, 27 (67%), 28 (66%); (iii) HCI (6 N), THF, rt, 5 h, 29 (81%), 32 (82%); (iv) NalOy4 (4 equiv), RuCl; (2.5 mol %), CCl4—CH3;CN-H,0O
(1:1:1.5), rt, 2 h, 30 (53%), 33 (59%); (v) KOH (1 M, 10 equiv), MeOH, rt, 10 h, 31 (71%), 34 (68%).
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compounds derived thereof, was followed from extensive
one- and two-dimensional 'H NMR spectral data of com-
pound 30 including homonuclear decoupling experiments.
In the '"H NMR spectrum of compound 30 the H-5 signal
was located at 6 5.01 (ddd, J=11.2, 5.5, 2.7 Hz). One of
the C-6 protons at ¢ 3.81 (dd, J = 13.8, 11.6 Hz) exhibited
a diaxial coupling of ~11 Hz with H-5, while the second H-
6 at 6 4.04 (dd, J=13.3, 5.6 Hz) showed an equatorial—
axial coupling of 5.6 Hz indicating that H-5 was axially ori-
ented. Moreover, H-5 showed an nOe with the axial proton
at C-3 appearing at 6 2.11 (ddd, J=15.0, 6.9, 2.1 Hz).
Other data'® pointed to a distorted chair-like conformation
of 30 in which the lone pair on nitrogen is axially oriented.

Likewise, the isomeric diol 26 was transformed into (25,
48,5R)-4,5-dihydroxy-N-tosylpipecolic acid (34) through
intermediates 32 and 33 following an analogous sequence
of events.

In summary, we have developed complementary synthe-
ses of both the enantiomers of N-protected pipecolic acid
and two isomeric 4,5-dihydroxypipecolic acid derivatives
from a common starting material. The methodology is
expected to be applicable for the synthesis of other piperi-
dine derivatives and the compounds prepared may prove to
be of interest.
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