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Facile synthesis of 3-amino substituted piperidines from L-glutamic acid
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Multi-step route toward the synthesis of enantiomerically pure 3-(N-Boc amino) piperidine derivatives is described
starting from natural a-amino acid i.e. L-glutamic acid. This route involves the esterification of both carboxylic acid groups
in one-pot to give diester followed by NaBH, reduction to give diol which in turn is converted to various piperidines via the
reaction of corresponding ditosylate with different amines. The overall yields of substituted piperidine have been found to be

44% to 55% starting from L-glutamic acid.
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Numerous natural products and biologically active
compounds commonly found to contain 3-amino
piperidines as a key structural features'®. Optically
active 3-amino piperidine is present in many
pharmaceutical  drugs like alogliptin (1),
linagliptin*, tofacitinib? and trelagliptin®® (Fig. 1). In
general, the Piperidine ring system proves to be an
important constituent core structure of numerous
natural products***® and pharmaceutical compounds®
% The 3-(N-Boc amino) piperidine derivatives have
gained significant attention due to their versatility and
ability to undergo a wide range of selective
modifications of the piperidine ring. The N-Boc
(tert-butoxycarbonyl) group enhances the stability and
facilitates the synthesis of various analogs by
selective modification. There are several reported
methods for the construction of the 3-amino
piperidine derivatives, like ring-closing metathesis
reaction”, enantioselective ring expansion of
prolinols®, rhodium-catalyzed asymmetric
hydrogenation®, 1,2-diamination of aldehydes®,
using enzyme cascades®® and O-alkylation followed
by catalytic hydrogenation of lactams®. Although
many methods have been reported, most experiments
suffer from low vyield, complex reagents and
expensive protocols. We have synthesized various
piperidine alkaloids by one-pot multiple steps reaction
under the atmospheric hydrogen including the
reduction of alkyne, reductive ring-opening of
aziridine, debenzylation, and intramolecular reductive
amination from suitable chiral aziridines in high

yields®®. We have reported another method for the
formation of piperidine ring system from ring
expansion of chiral aziridine via formation of bicyclic
aziridinium ion as active reaction intermediates®®,
Thus, herein we described a convenient route for the
synthesis of 3-(N-Boc amino) piperidine derivatives
from natural amino acids called L-glutamic acid in
good yields. This route involves five linear steps i.e.
esterification, Boc-protection, NaBH, reduction of
diester, tosylation of diol and cyclization to give
substituted piperidines.

Experimental Section

All chemicals and materials were of reagent grade
as received from commercial outlets. The solvents
were used without further purification. Reaction
progress was monitored using TLC silica gel 60 F,s,4
manufactured by Merck KGaA. Purification of the
products was carried out by column chromatography
using 60-120 mesh silica gel manufactured by Merck
Life Science Pvt. Ltd. The ‘H and *C NMR were
recorded on a Bruker Avance 400 MHz/Avlll HD-300
MHz spectrometer with TMS as the internal standard
and CDCl; as solvent. High-resolution mass
spectrometry (HRMS) was determined on Agilent
6520 (Q-TOF) Mass spectrometer with Agilent 1200
HPLC system. ESI-MS was recorded using Waters
Alliance e€2695/HPLC-TQD mass spectrometer.
Melting point was recorded on digital melting/boiling
point apparatus from HOVERLABS model no.
HV-115.
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Fig. 1 — Structure of few bio-active compounds having 3-amino
piperidine ring system

Methylation of L-glutamic acid, 5

(S)-1,5-Dimethoxy-1,5-dioxopentan-2-aminium chloride, 6

To the stirred solution of L-glutamic acid 5 (7.5 g,
51.0 mmol) in methanol (110 mL) at 0°C was added
thionyl chloride (5.6 mL, 76.5 mmol) drop-wise.
After completion of the addition of thionyl chloride,
the ice bath was removed and the reaction was stirred
at RT for 12 h. After completion of reaction as
confirmed by TLC, the solvent was dried off in a
rotary evaporator to give the crude product 6 as HCI
salt (10.76 g, quantitative yield) as pale yellow
viscous oil. The crude product was used for the next
step without further purification. *"H NMR (300 MHz,
CDCly): 6 8.74 (br s, 2H), 6.10 (br s, 1H), 4.37 — 4.21
(m, 1H), 3.84 (s, 3H), 3.69 (s, 3H), 2.80 — 2.55 (m,
2H), 2.48 — 2.30 (m, 2H); HRMS (ESI): m/z Calcd for
C;H14,NO,: [M+H]" 176.0923. Found: 176.0939.

N-Boc protection of the amino group of compound, 6

(S)-Dimethyl 2-(tert-butoxycarbonyl)amino)pentanedioate, 7
To a stirred solution of the dimethyl ester 6 (10 g,
57 mmol) in CH,Cl, (120 mL) at 0°C was added
triethylamine (32 mL, 228 mmol), (Boc),0 (19.5 mL,
85.5 mmol) and catalytic amount of DMAP (0.1
equiv., 0.7 g). After completion of the addition, the
reaction mixture was stirred at RT for 6h. The
reaction mixture was then quenched with distilled
water (50 mL) and the reaction mixture was extracted
using CH,CI, (3x50 mL). The combined organic layer
was further washed with 10% aqueous sodium
bicarbonate solution (100 mL) followed by brine (100
mL). The organic layer was finally dried over
anhydrous sodium sulphate, filtered and concentrated

to obtain crude product, which was purified by
column chromatography (silica gel 60-120 mesh;
eluent: Ethyl acetate/Hexane, 1:9) to get pure product
7 (5.79, 92%) as viscous liquid. "H NMR (300 MHz,
CDCl,): 6 5.18 (d, J = 7.4 Hz, 1H), 4.41 — 4.27 (m,
1H), 3.75 (s, 3H), 3.68 (s, 3H), 2.52 — 2.32 (m, 2H),
226 — 211 (m, 1H), 2.03 — 1.91 (m, 1H), 1.44
(s, 9H); *C NMR (75 MHz, CDCl5): & 173.2, 172.7,
155.4, 80.1, 52.9, 52.5, 51.8, 30.1, 28.3, 27.8; HRMS
(ESI): m/z Calcd for CyH,;NNaOg: [M+Na])
298.1267. Found 298.1281.

Reduction of N-Boc-dimethyl ester, 7

(S)-tert-Butyl(1,5-dihydroxypentan-2-yl)carbamate, 8

To the stirred solution of diester compound 7 (5 g,
18.18 mmol) in methanol (30 mL) was added sodium
borohydride (2.5 equiv.) portion wise at RT. The
reaction mixture was allowed to stir for 2 h at RT.
After complete conversion of starting material as
confirmed by TLC, the reaction mixture was
quenched by adding 10% aqueous citric acid solution
until the resulting pH of the mixture reached in
between 5-6. Methanol was removed using a rotary
evaporator and the aqueous layer was extracted using
CH,CI, (3x30 mL). The combined organic layer was
then washed with brine, dried over anhydrous sodium
sulphate, filtered and concentrated in vacuum to
obtain the crude product, which was purified using
column chromatography (silica gel 60-120 mesh;
eluent: Ethyl acetate/Hexane, 2:8) to get pure diol 8
(4.7 g, 76%) as major product along with mono-
alcohol 9 (0.6 g, 11%) as minor product. *H NMR
(500 MHz, CDCly): 6 4.94 (br s, 1H), 3.74 — 3.53 (m,
4H), 3.19 — 3.09 (m, 1H), 2.72 (br s, 2H), 1.70 — 1.48
(m, 4H), 1.44 (s, 9H); *C NMR (101 MHz, CDCl;): &
156.6, 79.7, 65.0, 62.2, 52.3, 28.7, 28.5, 28.0; MS
(ESI): m/z 242 [M+Na]".

(S)-Methy-  4-(tert-butoxycarbonyl)amino)-5-
hydroxypentanoate, 9: '"H NMR (400 MHz, CDCls):
8 4.91 (d, J = 5.9 Hz, 1H), 3.69 (s, 3H), 3.65 (s, 1H),
3.63 (s, 1H), 2.45 — 2.39 (m, 2H), 1.95 — 1.84 (m,
2H), 1.83 — 1.72 (m, 2H), 1.44 (s, 9H); *C NMR (101
MHz, CDCl,): & 174.2, 156.2, 79.6, 65.1, 52.2, 51.8,
30.6, 28.3, 26. HRMS (ESI): m/z Calcd for
C1:H2:NNaOs: [M+Na]* 270.1317. Found 270.1338.

Synthesis of 3-(N-Boc amino) piperidine derivatives,
10-14

To a stirred solution of N-Boc-protected diol 8
(1.5 g, 6.85 mmol) in CH,CI, (15 mL) at 0°C, was
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added triethylamine (4.8 mL, 34.24 mmol), p-
toluenesulfonyl chloride (3.9 g, 20.55 mmol) and
DMAP (0.5 equiv., 0.42 g). The reaction mixture was
warmed to RT and allows stirring for next 1 h. After
complete conversion of starting material as confirmed
by TLC, the reaction mixture was quenched with 20%
aqueous sodium bicarbonate (20 mL). The reaction
mixture was extracted with CH,Cl, (3x20 mL). The
combined organic layer was washed with brine (1x30
mL) and dried over anhydrous sodium sulphate,
filtered and concentrated to get crude ditosylate 8a
(3.6 g, quantitative yield) which was used as such for
next step without any further purification.

(S)-tert-Butyl(1-cyclohexylpiperidin-3-
yl)carbamate, 10

To the above crude di-tosylate 8a (0.53 g, 1.0
mmol) was added cyclohexylamine (1.7 mL, 15
mmol) and reaction mixture was allowed to stir for
12 h. After the completion of the reaction, the reaction
mixture was quenched using saturated aqueous
ammonium chloride (5 mL) and extraction was done
with CH,Cl, (3x10 mL). The combined organic layer
was then washed with brine solution (20 mL) and
dried over anhydrous sodium sulphate, filtered and
concentrated in vacuum to obtain product which was
further subjected to purification using column
chromatography (silica gel 60-120 mesh; eluent:
Ethyl acetate/Hexane, 2:8) to get pure piperidine
compound 10 (208 mg, 74%) as off-white solid.
m.p.79-81°C. [a]®> = -184 (c = 0.15, EtOH);
'H NMR (300 MHz, CDCl5): & 5.05 (br s, 1H), 3.65
(br s, 1H), 2.58 (d, J = 9.5 Hz, 1H), 2.51 — 2.30 (m,
3H), 2.28 — 2.17 (m, 1H), 1.83 — 1.45 (m, 9H), 1.38
(s, 9H), 1.29 — 0.94 (m, 5H); *C NMR (75 MHz,
CDCly): & 155.3, 79.0, 64.0, 54.4, 49.8, 46.7, 30.2,
28.8, 285, 26.4, 26.1, 26.1; MS (ESI): m/z 283
[M+H]".

(S)-tert-Butyl (1-(tert-butyl)piperidin-3-yl)
carbamate, 11: The procedure was analogous to that
used for the preparation of compound 10. From the
crude di-tosylate 8a (0.53 g, 1.0 mmol) and tert-
butylamine (1.6 mL, 15 mmol) was obtained N-tert-
butylpiperidine 11 (200 mg, 71%) as colorless viscous
oil. [a]®p = —6.9 (c = 0.15, CH,Cl,); 'H NMR (500
MHz, CDCly): & 5.25 (br s, 1H), 3.76 (br s, 1H), 2.81
—2.29 (m, 4H), 1.69 — 1.36 (m, 4H), 1.42 (s, 9H),
1.07 (s, 9H); *C NMR (101 MHz, CDCls): § 155.2,
78.9, 51.3, 46.3, 41.1, 29.6, 28.3, 25.8, 22.6; HRMS
(ESI): m/z Calcd for Ci4HN,0,: [M+H]" 257.2229.
Found: 257.2227.

tert-Butyl  ((S)-1-(S)-1-phenylethyl)piperidin-3-
yl)carbamate, 12: The procedure was analogous to
that used for the preparation of compound 10. From
the crude di-tosylate 8a (0.53 g, 1.0 mmol) and (S)-1-
phenylethanamine (1.9 mL, 15 mmol) was obtained
piperidine derivative 12 (194 mg, 64%) as off-white
solid. m.p.76-78°C. [a]*p = —9.6 (c = 0.16, CH,Cl,);
'H NMR (500 MHz, CDCls): § 7.31 — 7.09 (m, 5H),
4.97 (br s, 1H), 3.64 (br s, 1H), 3.37 (g, J = 6.5 Hz,
1H), 2.47 — 2.11 (m, 4H), 1.66 — 1.39 (m, 4H), 1.36
(s, 9H), 1.27 (d, J = 6.7 Hz, 3H); *C NMR (101
MHz, CDCl3): 6 155.1, 143.0, 128.0, 127.5, 126.7,
78.8, 64.1, 55.4, 50.3, 46.3, 29.6, 28.3, 22.3, 18.7;
HRMS (ESI): m/z Calcd for CigHyoN,O,: [M+H]"
305.2229. Found: 305.2227.

(S)-tert-Butyl (1-butylpiperidin-3-yl)carbamate,
13: The procedure was analogous to that used for the
preparation of compound 10. From the crude di-
tosylate 8a (0.53 g, 1.0 mmol) and n-butylamine
(1.5 mL, 15 mmol) was obtained N-butylpiperidine 13
(204 mg, 80%) as brownish viscous liquid. [a]*p = —
1.8 (c = 0.11, CH,Cl,); 'H NMR (500 MHz, CDCl):
6 5.10 (br s, 1H), 3.68 (br s, 1H), 2.59 — 2.18 (m, 6H),
1.71 — 1.46 (m, 4H), 1.38 (s, 9H), 1.30 — 1.21 (m,
4H), 0.85 (t, J = 7.3 Hz, 3H); ®C NMR (101 MHz,
CDCl,): 6 155.1, 78.8, 58.3, 58.2, 53.6, 46.1, 29.5,
28.6, 28.3, 22.0, 20.5, 13.8; HRMS (ESI): m/z Calcd
for C14H20N,0,: [M+H]" 257.2229. Found 257.2225.

(S)-tert-Butyl (1-benzylpiperidin-3-yl) carbamate,
14: The procedure was analogous to that used for the
preparation of compound 10. From the crude di-
tosylate 8a (0.53 g, 1.0 mmol) and benzylamine (1.6
mL, 15 mmol) was obtained N-benzylpiperidine 14
(197 mg, 68%) as off-white solid. m.p.78-80°C.
[6]®b = -5.9 (c = 1.0, EtOH); 'H NMR (500 MHz,
CDCly): & 7.30 — 7.11 (m, 5H), 4.97 (br s, 1H), 3.67
(br s, 1H), 3.38 (s, 2H), 2.563 — 2.11 (m, 4H), 1.70 —
1.40 (m, 4H), 1.36 (s, 9H); ®C NMR (101 MHz,
CDCl;): & 155.0, 138.0, 128.8, 128.0, 126.8, 78.8,
62.9, 58.5, 53.2, 46.2, 29.5, 28.3, 22.1; HRMS (ESI):
m/z Calcd for Cy7HyN,0,: [M+H]" 291.2073. Found
291.2068.

Results and Discussion

In continuation of our interest for the construction
of piperidine ring system using chiral aziridine®,
we decided that L-glutamic acid would be the
alternate synthetic equivalent for generation of chiral

piperidines as it provides five carbon atoms in the
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chain, which can be integrated into the six-membered
aza-heterocyles. We herein report the synthesis of
piperidine ring system from L-glutamic acid in five
linear steps. Accordingly, naturally occurring
L-glutamic acid (5) was transformed to N-Boc
derivative 7 using slightly modified procedure as
reported in literature®**. First we converted
compound 5 to the corresponding diester compound 6
in quantitative yield by using thionyl chloride in
methanol at 0°C to RT for 12 h. N-Boc protection of
compound 6 using (Boc),O and triethylamine along
with catalytic amount of 4-dimethylaminopyridine
(DMAP) in CH,CI, furnished compound 7 in 92%
yields. The reduction of diester compound 7 with
sodium borohydride was found to be quite interesting
because when reduction reaction was carried out at
0°C to RT then we observed mono hydroxyl
compound 9 as the major product (45%) along with
dihydroxyl compound 8 as minor product (19%).
However the reduction of diester compound 7 with
sodium borohydride in methanol at RT furnished (S)-
tert-butyl (1,5-dihydroxypentan-2-yl)carbamate (8)
as the major product with 76% yield along with
(S)-methyl 4-(tert-butoxycarbonyl)amino)-
5-hydroxypentanoate (9) as minor product with 11%
yield (Scheme 1).

After successful synthesis of diol compound 8, next
we tried the cyclization reaction of diol 8 to get
piperidine derivative 10. Accordingly, di-tosylation of
diol 8 with p-toluenesulphonyl chloride in CH,CI, in
presence of catalytic amount of DMAP furnished the

crude di-tosylate 8a in quantitative yields. The crude
di-tosylate was further treated with cyclohexylamine
in CH,CI, for 24 hrs to give (S)-tert-butyl-1-
cyclohexylpiperidin-3-ylcarbamate (10) in 37% yields
(Scheme 2).

The structure of compound 10 was confirmed by
NMR and mass spectrometry. Once we confirmed the
structure of compound 10, next we optimized the
reaction condition for the synthesis of compound 10.
Use of other solvents such as 1,2-dichloroethane,
THF and ether gave the similar results and no
improvements were observed either for reaction time
and yields. Increasing the molar ratio of
cyclohexylamine under neat condition gave the
desired product 10 in good yields with shorter
reaction time. Use of 15 equivalent of
cyclohexylamine under neat condition resulted in the
formation of desired compound 10 in 74% yields in
12 hrs (Table 1).

After optimizing the reaction condition for the
synthesis of piperidine derivative 10, we applied the
optimized reaction condition for several other
piperidine derivatives (Table 2). Reaction of di-
tosylate 8a with least hindered amine such as n-
butylamine and benzylamine furnished the piperidine
derivative 13 and 14 in 80% and 68% vyields,
respectively. However amine with bulky alkyl
substituents such as t-butylamine and (S)-1-
phenylethanamine gave corresponding piperidines 11
and 12 in 71% and 64% yields, respectively. It was
observed that amine with less hindered alkyl

0 0 0 o)
)J\/\I)L SOCl,, MeOH W Boc,0, EtsN, DMAP
HO NH OH goctort, 12n MO . OMe  1,Cl,, 0°C to rt, 6 h
5 2 quantitative 6 :Z.;l‘ 92%
0 0 NaBH,, MeOH 0
MeO OMe 1,5  HO "y ToOH + MeOJK/\‘/\OH
7 NHBoc NHBoc NHBoc
8 (76%) 9 (11%)

Scheme 1 — Step-wise synthesis of alcohol derivatives 8 and 9 from L-glutamic acid

HO OH TSCL Eth. DMAP

NHBoc
8

CH,Cl;,0°Ctort

TsO

(

NH, N
OTs O\
NHBoc | CHaCl NHBoc
8a 37% 10

Scheme 2 — Synthesis of (S)-tert-butyl-1-cyclohexylpiperidin-3-ylcarbamate (10) from diol 8
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Table 1 — Screening of different reaction conditions for the synthesis of piperidine derivative 10

Entry Cyclohexylamine (eq.) Solvent? Time (hrs) Yield (%)P
1 3.0 CH,Cl, 24 37
2 3.0 (CH5),Cl» 24 31
3 3.0 THF 24 24
4 3.0 Ether 24 41
5 5.0 CH,ClI, 24 47
6 10.0 Neat 15 67
7 15.0 Neat 12 74
8 20.0 Neat 12 73

& Anhydrous solvents were used.
P Isolated yields after purification by column chromatography

Table 2 — Synthesis of 3-(N-Boc amino) piperidine from diol compound 8 and amines

1. TsCl, Et;N, DMAP R

HO/\/\‘/\OH

2. RNH, (15 eq.)
rt,12h

CH,Cl,,0°Ctort, 1h (N/\L
NHBoc

8 NHBoc

N N N

10, 74% 11,71%

v NP
SWHG WG W

12, 64%

10-14
N N
NHBoc NHBoc
13, 80% 14, 68%

substituents gave good yields of product as compare
to amine with bulky alkyl substituents. This
difference in reactivity may be attributed by the fact
that the reaction proceeds via bimolecular
nucleophylic substitution reaction (Sn2).

Reaction with other bifunctional amines such as
ethylenediamine and ethanolamine did not give the
desired product. Aromatic amines such as aniline and
2-nitroaniline were found unreactive and unable to
produce desired piperidine compounds because of
least nucleophilicity of anilines as compare to 1°
amines.

Conclusions

In conclusion, we report a facile synthesis of 3-(N-
Boc amino) piperidine derivatives in five linear steps
starting from naturally occurring L-glutamic acid with
44% to 55% overall yields. This synthesis offers
several notable advantages, including mild reaction

conditions, uses of non-toxic catalysts and good
yields. Furthermore, the structural diversity inherent
in the 3-N-Boc amino piperidine scaffold presents
opportunities for further derivatization and exploration
of structure-activity relationships.
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