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Abstract

Aldehyde obtained from unsymmetrical cleavage of cyclohexene by ozonolysis is subjected to L-proline catalyzed
asymmetric a-amination reaction to obtain chiral amino alcohol with >99% ee which is subsequently converted
into (R)-6-(hydroxymethyl)piperidin-2-one and (R)-pipecolic acid. Overall, a short and efficient asymmetric
synthesis of (R)-pipecolic acid is described employing organocatalytic asymmetric a-amination of aldehyde as key

step.
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1. Introduction
Functionalized piperidine derivatives are versatile

building blocks for synthesis of various natural and
unnatural bioactive molecules (Figure 1) [1,2]. (R)-
Pipecolic acid (1) is one of the simplest members of
substituted piperidine family. As it provides
foundation for extension [3-9] to more complex and
functionalized biologically active derivatives, it
attracted synthetic chemists around the globe. This
resulted in number of asymmetric synthesis [10-36] of
(R)- and/or (S)-pipecolic acids based on enzymatic
transformations, asymmetric hydrogenation, auxiliary
directed alkylation, ring closing metathesis, and from
chiral building blocks. Recently Greck et al. [26]
synthesized (R)-pipecolic acid (1) using L-proline
catalyzed a-amination of aldehyde derived from
cyclohexene via ozonolysis. (R)-6-(Hydroxymethyl)
piperidin-2-one (2), another member of piperidine
family, is part of an important class of antitumor
agents and is useful for the synthesis of pipecolic acid
derivatives [37-41]. Recently Kumar et al. reported
synthesis of 3 starting from L-aspartic acid [41]. In
general, design and synthesis of conformationally
constrained a-amino acids has attracted considerable
attention from the synthetic and medicinal chemistry
communities.

In the recent years, the area of asymmetric
organocatalysis has  provided several new
transformations for obtaining chiral building blocks

[42-47]. In this context, proline, a naturally occurring
a-amino acid with secondary amine functionality,
cheap and available in both enantiomeric forms and
because of utility in different reactions, has emerged
as the most practical and versatile organocatalyst [48].
Proline has also been found to be an excellent
asymmetric catalyst for o-amination [49-53] of
aldehydes and ketones.

As a part of our research program aimed at
achieving asymmetric synthesis of biologically active
molecules using organocatalysis [54-57], we wish to
report organocatalytic asymmetric synthesis of (R)-
pipecolic acid via (R)-6-(hydroxymethyl)piperidin-2-
one using L-proline catalyzed a-amination of aldehyde
as the key step.

(R)-pipecolic acid (1) (R)-6-(hydroxymethyl)piperidin-2-one (2)

IOV oy
., _OH
07 >N OH N n/

H H
(S)-6-(hydroxymethyl)piperidin-2-one (3) (2R, 3R)-3-hydroxypipecolic acid (4)
Figure 1 Structure of various piperidine derivatives

2. Results and discussion
From retrosynthetic analysis (Scheme 1), it was

envisaged that (R)-pipecolic acid (1) and (R)-6-
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(hydroxymethyl)piperidin-2-one  (2) could be
synthesized from the aldehyde 6 using L-proline
catalyzed a-amination to install required chirality. The
aldehyde 6 could be derived from cyclohexene 7 using
unsymmetrical ozonolysis.

NHCbz
CbzN”
OH
p— jr—
O OH ., _OH CO,Me
N //]/ o) N 0w
Ho | H
(¢]
(R)-pipecolic acid (1) 2 5

H _O
O = Con
7 6
Scheme 1 Retrosynthetic analysis of (R)-pipecolic
acid

The synthetic approach began with commercially
available cyclohexene 7 as outlined in Scheme 2.
Ozonolysis  [58-59] of cyclohexene 7 in
CHCl,/MeOH in the presence of sodium bicarbonate
at -78 °C followed by treatment with acetic anhydride
and triethylamine afforded unsymmetrically cleaved
functionalized aldehyde 6 in 82% yield [57]. Aldehyde
6 was subjected to o-amination with dibenzyl
azodicarboxylate and L-proline (10 mol %) at 0 °C in
CHsCN followed by reduction with sodium
borohydride in methanol at 0 °C (List protocol [49]) to
furnish chiral amino alcohol 5 in 79% yield. The chiral
purity of amino alcohol 5, as determined by chiral
HPLC analysis [60] was found to be >99%. The
compound 5 was then subjected to W2 Raney Nickel-
catalyzed hydrogenation in methanol with catalytic
glacial acetic acid for benzylcarbamate deprotection
and N-N bond cleavage affording crude aminoalcohol
ester 8. The crude aminoalcohol ester 8 on reflux in
ethanol for 5h in presence of catalytic pyridine
afforded (R)-6-(hydroxymethyl)piperidin-2-one (2) in
81% vyield over two steps. The spectroscopic data of
compound 2 was in accordance with data reported in
the literature [40].

The hydroxylactam 2 on reduction with BHs.Me,S
in presence of BF3.Et,O in THF under reflux condition
for 24h afforded aminoalcohol which was immediately
protected as benzyl carbamate using benzyl
chloroformate and NaHCQg in dioxane: H20 (1:1) at 0
°C affording compound 9 in 86% yield. Alcohol 9 on
treatment with pyridinium dichromate in DMF at room
temperature for 5h afforded acid 10 in 71% vyield.
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Palladium-on-carbon catalyzed hydrogenation of
benzyl carbamate 10 afforded (R)-pipecolic acid (1) in
93% vyield. The physical and spectroscopic data of
pipecolic acid 1 were in full agreement with the
literature data [16]. Although Greck’s approach [26]
for (R)-pipecolic acid (1) also involves ozonolysis and
L-proline catalyzed amination of aldehyde, but our
approach is different one.
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Scheme 2 Reagents and conditions: (a) Oz, NaHCOs,
CHCl;, MeOH, -78 °C then Ac.0, Et;N, 0 °C, 82%;
(b) dibenzyl azodicarboxylate, L-proline, CH3sCN, 0
°C, 2h and rt, 1h then NaBH4, MeOH, 0 °C, 5 min,
79%; (c) Raney Ni, H2 (60 psi), cat. AcOH, MeOH,
rt, 24h; (d) EtOH, reflux, 5h, 81% over two steps; (e)

BHs.Me,S, BF3.Et,0, THF, reflux, 24h; (f) CbzCl,

NaHCOs, dioxane:H20 (1:1), 0 °C, 86% over two
steps; (g) pyridinium dichromate, DMF, rt, 5h, 71%;

(h) Pd/C, MeOH, H» (20 psi), 4h, 93%.

3. Conclusion

In conclusion, proline-catalyzed o-amination
approach has been successfully applied to the
synthesis of (R)-6-(hydroxymethyl)piperidin-2-one
and (R)-pipecolic acid. The present method is easily
amenable for the synthesis of a variety of piperidine
alkaloids. Currently, studies in this direction are in
progress.

4. Experimental
4.1. General information

All reagents and solvents were of analytical grade
or were purified by standard procedures prior to use.
IR spectra were recorded on a Perkin-Elmer 68B
infrared spectrophotometer. The *H (200 MHz/ 400
MHz) and 3C (50 MHz/ 100 MHz) NMR spectra were
recorded on a Bruker AC-200/ AC-400 spectrometers
using TMS as internal standard. In **C NMR spectra,
the carbon resonances were assigned by use of DEPT
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experiments. Mass spectra were recorded at an
ionization energy 70 eV on APl Q STARPULSAR
spectrometer using electrospray ionization. Elemental
analysis data were obtained on a Carlo-Erba CHNS-O
EA 1108 elemental analyzer. Optical rotations were
measured on Jasco P-1020 polarimeter. Progress of the
reactions was monitored by TLC on Merck silica gel
60 F254 precoated plates, and compounds were
visualized by fluorescence quenching, by use of I, or
by charring after treatment with a p-anisaldehyde—
AcOH-H,SO,  mixture in EtOH. Column
chromatography was performed on flash silica gel
(230-400 mesh size).

4.2. Methyl 6-oxohexanoate 6

Yield: 8.871 g (82%); colourless liquid; IR (CHCI5)
vmax2987, 2952, 1735, 1714, 1252, 678 cm; IH NMR
(200 MHz, CDCls): 6= 1.60-1.67 (m, 4H), 2.28-2.35
(m, 2H), 2.41-2.47 (m, 2H), 3.64 (s, 3H), 9.74 (t, 1H);
13C NMR (50 MHz, CDCls): 8=21.2, 24.0, 33.4, 43.1,
51.3,173.5, 202.0 ppm.

4.3. (5R)-Methyl-5-(N,N"-(dibenzyloxycarbonyl)
hydrazinyl)-6-hydroxyhexanoate 5

To a cooled solution of dibenzyl azodicarboxylate
(90%, 8.25 g, 25 mmol, 1 equiv) and L-proline (287
mg, 2.49 mmol, 10 mol %) in CH3CN (200 mL) at 0
°C, aldehyde 6 (3.600 g, 25 mmol) was added and the
reaction mixture was allowed to stir at the same
temperature for 2 h and then warmed to 20 °C within
1 h. After the reaction mixture became colourless, it
was cooled to 0 °C, treated with EtOH (20 mL) and
NaBH4 (1.2 g), and was stirred for 5 min at 0 °C. The
reaction mixture was worked up by adding aqueous
ammonium chloride solution and extracting with ethyl
acetate (3 x 100 mL). The combined organic layers
were dried (Na2SO,), filtered, and concentrated under
reduced pressure. The crude product was purified by
silica gel column chromatography (pet. ether—ethyl
acetate = 85:15).

Yield: 8.769 g (79%); viscous liquid; [a]p?® = +27.6
(c 1.16, CHCI3); ee >99% [50]; IR (CHClI3) vimax 3453,
2997, 1733 cm™; 'H NMR (200 MHz, CDCls): 8 ppm
1.52-1.72 (m, 4H), 2.31 (t, J = 8 Hz, 2H), 3.50 (s, 3H),
4.13-4.24 (m, 2H), 4.67-4.83 (m, 1H), 5.15 (s, 4H),
7.33 (m, 10H); *C NMR (50 MHz, CDCls): § = 22.3,
28.0, 34.5, 51.5, 58.6, 60.5, 67.8, 68.2, 127.7, 127.9,
128.1, 128.4, 135.5, 155.4, 156.6, 166.1 ppm;
Elemental Anal. Calced for Ca3sH2sN207: C, 62.15; H,
6.35; N, 6.30. Found: C, 62.18; H, 6.29; N, 6.27.

4.4. (R)-6-(Hydroxymethyl)piperidin-2-one 2

The solution of 5 (6.0 g, 13.51 mmol) in MeOH
(100 mL) and acetic acid (10 drops) was treated with
Raney nickel (6 g, excess) under Hz (80 psi)
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atmosphere for 24 h. The reaction mixture was filtered
over celite and concentrated to give crude y-amino
ester 8 which on stirring in EtOH (20 mL) in presence
of catalytic pyridine at 50 °C for 5h to furnish crude
cyclized product. Purification by silica gel column
chromatography afforded lactam 2.

Yield: 1.289 g (74%); white solid; mp 73 °C (L.it.
74 °C [40]); [a]o® = -22.5 (¢ 1.05, CHCI3) {Lit. for S-
isomer [0]p?°>=+22.2 (¢ 1.0, CHCl3) [40]}; IR (CHCI5)
vmax 3351, 2954, 1668, 1461, 1377, 1112, 721 cm™; 'H
NMR (400 MHz, CDCls): 6 ppm 1.33-1.52 (m, 1H),
1.64-1.76 (m, 1H), 1.81-1.97 (m, 2H), 2.28-2.46 (m,
2H), 3.21 (broad s, 1H), 3.41-3.52 (m, 1H), 3.55-3.71
(m, 2H), 6.40 (broad s, 1H); **C NMR (100 MHz,
CDCls): 6 = 19.2, 24.9, 31.3, 54.7, 65.7, 171.1 ppm;
ESI-MS: m/z = 152.21 [M + Na]*.

4.5. (R)-1-(Benzyloxycarbonyl)-2-(hydroxymethyl)
piperidine 9

To the solution of lactam 2 (0.516 g, 4 mmol) in
THF (20 mL) under argon atmosphere was added
BF:.Et;O (0.564 g, 4 mmol, 1 equiv) and boron-
dimethyl sulfide (0.304 g, 4 mmol, 1 equiv) drop wise.
Once H; evolution ceased, the solution was refluxed
for 24h. The reaction mixture, washed with water,
dried over anhydrous Na;SO4 and concentrated under
reduced pressure to afford the residue as crude amino
alcohol which was used in the next reaction without
further purification.

To cooled solution of amino alcohol and NaHCO3
(0.403 g, 4.8 mmol, 1.2 equiv) in 1,4-dioxane: water
(1:1, 20 mL) was added benzyl chloroformate (0.818
g, 4.8 mmol) at 0 °C and stirred at that temperature for
2h. The pH of reaction mixture was adjusted to 2 with
dilute HCI and extracted with diethyl ether (2 x 50
mL), washed with water and brine, dried over
anhydrous Na;SOs and concentrated under reduced
pressure to obtain crude product. Purification by
column chromatography afforded carbamate 9.

Yield: 0.856 g (86%); mp 53 °C (Lit. 49-52 °C
[16]); [a]o® = -30.4 (¢ 1.15, CHCIlg). {Lit. [a]p® =
+30.3 (c 1.15, CHCIs) for S-isomer [16]}; *H NMR
(200 MHz, CDCls): 6 ppm 1.39-1.68 (m, 6H), 1.82
(broad s, 1H), 2.85-3.06 (m, 1H), 3.59-3.68 (m, 1H),
3.80-3.85 (m, 1H), 4.07 (d, J = 12.6 Hz, 1H), 4.32-4.46
(m, 1H), 5.14 (s, 2H), 7.25-7.36 (m, 5H); 3C NMR (50
MHz, CDCls): & = 19.3, 24.8, 25.0, 40.0, 52.8, 60.5,
66.7,127.5,127.7, 128.4, 136.6, 156.3 ppm; ESI-MS:
m/z =272.34 [M + Na]*.

4.6. (R)-N-(benzyloxycarbonyl)-pipecolic acid 10

To a solution of alcohol 9 (0.400 g, 1.60 mmol) in
DMF (10 mL) was added pyridinium dichromate
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(2.416 g, 6.4 mmol, 4 equiv) at room temperature and
stirred at that temperature for 5h. After completion of
reaction, as seen by TLC analysis, reaction mixture
was diluted with water (100 mL) and extracted with
EtOAc (2 x 30 mL), washed with water, brine, dried
over anhydrous Na;SO4, concentrated under reduced
pressure to obtain crude product. The crude product
was purified by flash column chromatography to
obtain pure acid 10.

Yield: 0.299 g (71%); mp 83 °C (Lit. 84 °C [13])
[a]p?®=+76.8 (¢ 0.2, CH2Cl,) {Lit. [a]o=+77.6 (c 0.2,
CHCl,) [13]}; *H NMR (400 MHz, CDCl3): 8 ppm
1.33-1.47 (m, 2H), 1.65-1.72 (m, 3H), 2.24-2.33 (m,
1H), 2.98-3.13 (m, 1H), 4.08 (dd, J=8 Hz, 11 Hz, 1H),
4.89-5.02 (m, 1H), 5.16 (s, 2H), 7.32 (m, 5H), 10.63
(oroad s, 1H); 3C NMR (100 MHz, CDCls): § = 20.6,
24.5,26.5,41.7,54.3,67.5,127.7,127.9, 128.6, 136.4,
156.6, 177.3 ppm.

4.7. (R)-Pipecolic acid 1

A solution of acid 10 (0.200 g, 0.76 mmol) in ethyl
acetate (20 mL) was stirred under Hz (20 psi) in
presence of catalytic 10% Pd/C (50 mg) for 4h. The
catalyst was filtered through a bed of celite. The celite
bed was again washed with water. The combined
filtrate was concentrated under vacuum to obtain (R)-
pipecolic acid 1.

Yield: 0.091 g (93%); mp 271 °C (Lit. 271-274 °C
[22]); [a]o®® = +26.9 (c 1.15, water) {Lit. [a]p® =
+26.3 (c 1, water) [22]}; *H NMR (400 MHz, D;0): §
ppm 1.61-1.73 (m, 3H), 1.85-1.92 (m, 2H), 2.26-2.30
(m, 1H), 2.99-3.06 (m, 1H), 3.43-3.46 (m, 1H), 3.89
(dd, J =8 Hz, 10 Hz, 1H); **C NMR (100 MHz, D;0):
& = 21.30, 21.32, 25.7, 43.7, 57.0, 172.0 ppm;
Elemental Anal. Calced for C¢H1:NO;: C, 55.80; H,
8.58; N, 10.84. Found: C, 55.81; H, 8.55; N, 10.81.
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