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ABSTRACT 
Synthesis of 3-Piperidinone and 4-Methyl 3-piperdinone  has been described, which are key 
intermediates in the synthesis ofglycosil and  glycosidase inhibitors such as Nojirimycin, 
deoxymannojirimycin, deoxygalactaostatin, fagomine…etc, the main intermediates were prepared in 
minimum number of steps by applying Sharpless asymmetric epoxidation and intramolecular Aldol 
condensation.  
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1. INTRODUCTION 
Glycobiology is a rapidly growing research 
area where carbohydrates play a major role. 
Low molecular-weight polyhydroxylated 
alkaloidal monosaccharides, with nitrogen 
atom in the place of the ring oxygen of the 
corresponding carbohydrates are known as 
imino sugars. Iminosugars have emerged as 
important tools for glycobiology research.

1-2
In 

recent years, polyhydroxylatediminosugars 
have attracted a great deal of attention due to 
their ability to mimic sugars and thereby 
competitively and selectively inhibit 
glycosidases and glycosyltransferases. In the 
case of iminosugars, ring oxygen substituted 
with nitrogen renders the imino sugars 
metabolically inert, but it does not prevent their 
recognition by glycoprocessing enzymes. The 
resemblance of iminosugars to carbohydrates 
and their polar nature might be responsible for 
endowing them with several special attributes 
as potential drug candidates, at the same time; 
they remain sufficiently distinct from 
carbohydrates to avoid processing by other 
carbohydrate-modifying systems and have 

both chemical and biological stability. This 
unique combination of properties singles out 
iminosugars as a special class in the search 
for new drug molecules.

3-5
Protonated, imino 

sugars resemble the transient oxocarbonium 
ion involved in glycoside hydrolysis and thus 
can act as transition-state analogues for the 
competitive inhibition of the glycosidases and 
glycosyltransferases. Inhibition of these 
enzymes affects the maturation, transport, 
secretion, and function of glycoproteins and 
could alter cell-cell or cell-virus recognition 
processes.

6-7
 Glycosidase inhibitors have been 

shown to interact with receptors related to a 
wide range of prominent diseases including 
viral infections, cancer, diabetes and other 
metabolic disorders and are expected to find 
an increasing number of applications as 
beneficial drugs

8
. Polyhydroxylatedpiperdine 

alkaloids have received much importance due 
to their importance as glycosidase inhibitors, 
among themgalactonojirimycin, Fagomine, 
Nojirimycin,Deoxymannojirimycin,Deoxygalact
ostatin because of their biological activities, 

 



INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES            ISSN: 22775005 
 

Vol. 5 (2) Apr-Jun 2016                                         www.ijpcsonline.com                          122 

Piperdines ability of complex formation is main 
reason for different biological activities, The 
ability of selective glycosidase inhibitor 
activities

9-11
and consequently exhibit 

significant Anticancer, antitumor, Animalistic, 
immunoregulating and Anti-HIV properties, It is 
believed that their activity is result of their 
ability to mimic the transition state involved in 
substrate hydrolysis, which have led to many 
stereo selective synthesis of this natural 
alkaloids to date. 
The absolute configuration of steriogenic 
centres are absolutely crucial for their 
biological activity, and therefore many stereo 
selective synthesis of these natural alkaloids 
have been described to date, to develop the 
biological activities continuous efforts are 
going on these compounds in the form of 
derivatives and stereo isomers, and analogues 
of this family. Most of the synthetic approaches 
involve the synthetic transformations of 
monosaccharide’s and amino acids with 
considerable number of steps. Due to the 
biological and synthetic activitiesof 
piperdines,wehad developed this methodology 
to the synthesis of piperdinones and 3-methyl 
piperdinones 
 
2. EXPERIMENTAL SECTION 
General: 

1
H NMR and 

13
C NMR spectra were 

recorded in CDCl3 solvent on 300 MHz, 500 
MHz (

1
H) or 75 MHz (

13
C) spectrometer at 

ambient temperature. Chemical shifts δ is 
given in ppm, coupling constant J are in Hz. 
FTIR spectra were recorded as KBr thin films 
or neat. For low (MS) and High (HRMS) 
resolution, m/z ratios are reported as values in 
atomic mass units. All the reagents and 
solvents were reagent grade and used without 
further purification unless specified elsewhere. 
Technical grade ethyl acetate and petroleum 
ether used for column chromatography were 
distilled prior to use. Column chromatography 
was carried out using silica gel (60-120 mesh) 
packed in glass columns. All the reactions 
were performed under an atmosphere of 
nitrogen in oven-dried glassware with 
magnetic stirring. 
 
General procedure for the synthesis of 
compound 9 and 4  
To a suspension of activated and powdered 
molecular sieves (4 A°) (10.4 g) in dryCH2Cl2 
(200 ml) were added at 20° C a solution of (+)-
diethyltartrate (5.98 g, 29.07 mmol) in dry 
CH2Cl2 (10 ml) and Ti(O

i
Pr)4 (6.68g, 23.6 

mmol). Then a solution of 
t
BuOOH ( 5.5 M in 

toluene, 31.38 gr, 34.86 mmol) was added 
dropwise over 10 min.The resulting mixture 
was stirred for 30 min at - 20° C, and a 

solution of allyl alcohol(10.0 g, 116.27 mmol) 
in dry CH2Cl2 (100 mL) was added dropwise 
over 40 minutes with vigorous stirring. After 
stirring for 5 h at -20° C, the reaction mixture 
was warmed to 0° C and poured into a mixture 
of FeSO4 · H2O (50 g) and tartaric acid (15 g) 
in deionized water (70 mL) at 0° C. After 
stirring for 10 min, organic layer was separated 
and aqueous layer was extracted with diethyl 
ether (100 mL). The combined organic layers 
were cooled to 0° C and to this were added 
30% NaOH in saturated brine (20 mL). After 
stirring vigorously at 0° C for 1 h, this mixture 
was diluted with water (100 mL), the organic 
layer was separated, and the aqueous layer 
was extracted twice with diethyl ether (100 
mL). The combined organic layers were dried 
with sodium sulphate and concentrated in 
vacuo to get 9.89 g of epoxide with 80% of 
yield. 
 
((2S, 3S)-3-ethyloxiran-2-yl)methanol (9) 
1H NMR (300 MHz, CDCl3):  3.85 (dd, J=12.6 
Hz, 1H), 3.57 (dd, J = 12.78Hz,1H),2.85(dd, 
J=4.57, 2H), 1.60 (m, J = 7.3 Hz, 2H), 1.01 (t, 
J = 7.3, 3H) 13CNMR (75MHz,CDCl3): 65.3, 
57.6, 55.7, 24.7, 9.9. MS (ESI): m/z 102.0 
[M+H]+ 
 
General procedure for the synthesis of 
compound 5 and 10  
To a solution of epoxy alcohol (5.0 g, 49.01 
mmol) in anhydrous Et2O (80 mL) was added 
NEt3 (10.39 g, 102.9 mmol) and the resulting 
solution was stirred at room temperature. After 
30 min, allyl isocyanate (6.10 g, 173.55 mmol) 
was added to the solution and the clear 
colourless solution was stirred at 65 

o
 C until 

TLC showed complete conversion (4 h). The 
reaction mixture was diluted with Et2O and 
quenched with saturated aqueous NH4Cl (25 
mL). The organic layer was separated, and the 
aqueous layer was extracted twice with diethyl 
ether (60 mL). The combined organic layers 
were dried with sodium sulphate and 
concentrated in vacuo to get the crude 
compound of which was purifies by column 
chromatography (hexane/ethyl acetate) gave 
(8.24 g, 90%) as a colourless syrup.  
 
((2S,3S)-3-methyloxiran-2-yl)methyl 
allylcarbamate(5) 
1H NMR (300 MHz, CDCl3): δ 5.8-6 (m, 1H), 
5.25-5.4 (m, 1H), 4.99 (brs, 1H), 4.4 (dd, J = 
2.64 Hz, 1H), 3.95 (dd, J = 5.84 Hz, 1H), 3.81 
(t, J = 5.47 Hz, 1H), 3.81 (t, J = 5.47 Hz, 2H), 
2.95-? (m, 2H), 1.38 (d, J = 5.01 Hz, 3H). 
13CNMR (75 MHz, CDCl3):171.8,129.8, 
126.5, 72.1, 61.4, 59.5, 52.0, 25.4 MS(ESI): 
m/z 171.0 [M+H]+ 
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((2S,3S)-3-ethyloxiran-2-yl)methyl 
allylcarbamate(10) 
1H NMR (300 MHz, CDCl3): 5.84 (m, J = 5.4 
Hz,14.3 Hz, 1H), 5.28 (dd, J = 14.1 Hz, 1 H), 
5.25-5.02 (dd, J = 8.87, 2 H), 4.42 (d, J = 9.27 
Hz, 1 H), 3.9 (dd, J = 6.23 Hz, 11.89 Hz, 1 H), 
3.80 (dd, J = 3.96 Hz, 6.63 Hz, 1 H), 2.99 (dd, 
J = 4.52, 7.55 Hz, 1H), 2.82 (dd, J = 5.46 Hz, 1 
H), 1.66 (m, J = 6.42 Hz, 12.56 Hz, 2 H). 
13CNMR (75 MHz, CDCl3):155.9, 134.2, 
115.7, 64.9, 57.2, 55.2.MS (ESI): m/z 185.0 
[M+H]

+
 

 
General procedure for the synthesis of 
compound 6 and 11  
 A solution of sodium bis(trimethylsilyl)amide 
(2.3 g, 12.97 mmol) in anhydrous THF (15 mL) 
was added to a solution of carbamate (2.0 g, 
12.97 mmol) in anhydrous THF (15 mL). The 
resulting mixture was stirred at room 
temperature until TLC showed completion of 
the reaction (30 min). The yellow solution was 
quenched with saturated NH4Cl (15 mL) and 
the aqueous phase was extracted with CH2Cl2 
(3x15 mL). The combined organic phases 
were dried and evaporated and the crude 
product was chromatographed (hexane/ethyl 
acetate) yielding the product as a white solid 
(1.73 g, 86% yield).  
 
(R)-3-allyl-4-((S)-1-hydroxyethyl) oxazolidin-
2-one (6) 
1H NMR (300 MHz, CDCl3): 5.77-5.8 (m, 1H), 
5.25-5.3 (m, 2H), 4.35-4.4 (m, 1H), 4.3-4.1 (m, 
3H), 3.73 (dd, J = 5.18 Hz, 2H), 1.12 ( d, J = 
6.4 Hz, 3H).13C NMR(75MHz,CDCl3) : 
158.8, 131.9, 118.6, 63.2, 62.1, 59.45, 44.7, 
25.6.MS(ESI): m/z 171.0 [M+H]+ 
 
(R)-3-allyl-4-((S)-1-hydroxypropyl) 
oxazolidin-2-one (11) 
1H NMR (300 MHz, CDCl3) :  5.84 (m, 1H), 
5.28 (m, 2H), 4.37 (dd, J = 6.42 Hz, 1H), 4.2 
(m, 2H), 3.8-3.6 (m, 3H), 1.3-(m, 2H), 1.0(t,J= 
7.35 Hz, H).13CNMR(75MHz,CDCl3): 158.7, 
131.8, 118.6, 79.0, 68.2, 62.0, 44.7, 25.0. 
MS (ESI): m/z 185.0 [M+H]

+
 

 
General procedure for the synthesis of 
compound 7 and 12  
A solution of carbamate alcohol (1.5 g, 8.10 
mmol) in anhydrous CH2Cl2 (40 mL) was 
added PCC (3.48 g, 16.23 mmol) at 0

° 
C, The 

resulting mixture was stirred at room 
temperature for up to 12 h until TLC showed 
completion of the reaction, then filter the 
reaction mixture from celite pad ,and organic 
layer wash with brine solution and extracted 
with CH2Cl2 (3x15 mL). The combined organic 
phases were dried and evaporated and the 

crude product was chromatographed 
(hexane/ethyl acetate) yielding the product as 
a white solid (1.25 g,92% yield ).  
 
(R)-4-acetyl-3-allyloxazolidin-2-one (7): 
1H NMR (300 MHz, CDCl3) :δ5.76-5.8 
(m,1H), 5.25- (s, 2H), 4.52 (t, J = 9.63 Hz, 1H), 
4.40-4.18 (m, 3H), 3.64 (dd,  J = 7.36, 1H), 
2.22 (s, 3H).13C NMR (75 MHz, CDCl3): 
δ191.8, 127.8, 124.5, 73.1, 66.4, 60.1, 53.4, 
26.12.MS (ESI): m/z 169.18 [M+H]+ 
 
(R)-3-allyl-4-propionyloxazolidin-2-one(12) 
1H NMR (300 MHz, CDCl3) : δ 5.73-5.78(m,  
1H), 5.24 (t, J = 9.25 Hz, 2H), 4.47 (t, J = 9.44 
Hz, 1H), 4.20-4.28 (m,  1H), 4.09 (dd, J = 5.28 
Hz, 1H), 3.58 (dd, J = 15.8 Hz, 1H), 2.47 (m, 
1H), 2.47 (m, 2H), 1.1 (m, 
1H).

13
CNMR(300MHz,CDCl3):178.9,154.3,130

.7,110.2,73.9,64.5,57.8,29.2,17.1MS(ESI):m/z 
183.0 [M+H]

+
 

 
General procedure for the synthesis of 
compound 1 and 2  
To a solution of   ketone (1.0 g, 5.4 mmol) in  
CH2Cl2at 0

o 
C was subjected in under ozone  

atmosphere for about for 5 to 10 minutes, 
turns to blackish colour to colourless, keep 
continue to apply oxygen for five minutes then  
added 10 mL of CH2Cl2 at 0

o 
C and quench 

with dimethyl sulphide (each 1 mmol of 
compound added 1ml DMS) keep maintain 
cooling for 1hr then dried over the high 
vacuum  pump for 1 hr, now added 20ml of 
water and extracted with CH2Cl2 (50 mL) 
separated organic layer  dried over sodium 
sulphate and concentrated in vaccuo to get 
aldehyde of 0.8g 
Fully dried compound of aldehyde in round 
bottom flask was added with 15ml of dry 
toluene and catalytic dry p-TSA then heating 
continued at 90

o 
C for four hours, after 

monitoring the TLC reaction mixture added 
with water extracted from ethyl acetate dried 
over sodium sulphate and concentrated in 
vacuum and purified by filter column with 50% 
ethyl acetate, hexane yields. (0.551 g, 3.24 
mmol, 68% after two steps) 
 
(R)-1H-oxazolo [3, 4-a] pyridine-3, 8(5H, 
8aH)-dione (1) 
1H NMR (300 MHz, CDCl3): δ 7.08-7.03 (m, 
1H), 6.28-6.21 (m,  1H,), 4.72-4.51 (m, 2H), 
4.48 (dd, J = 4.34 Hz, 1H), 4.32 (dd, J = 2.83 
Hz, 1H), 4.12 (dd,J = 9.1Hz, 1H), 13C NMR 
(75 MHz, CDCl3): δ191.1, 157.5, 146.1, 124.2, 
67.29,  56.2, 40.72. IR (KBr): λmax 2931, 1752, 
1668, 1109, 704 cm-1.MS (ESI): m/z 176 
[M+Na]+ 
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(R)-7-methyl-1H-oxazolo[3,4-a]pyridine-
3,8(5H,8aH)-dione(2) 
1
H NMR (300 MHz, CDCl3): 6.79 (s, 1H), 4.7 

(dd, J = 4.3 Hz, 1H), 4.53 (dd, J = 4.9 Hz, 1H), 
4.48 (dd, J = 4.34 Hz, 1H), 4.26 (dd, J = 2.04 
Hz, 4.3 Hz, 1H), 4.09 (m, 1H), 1.87 (s, 3H).

13
C 

NMR (75 MHz, CDCl3: δ192.7, 157.3, 141.0, 
134.4, 64.3, 57.4, 41.1, 15.35. IR (KBr): λmax 
2923, 2853, 1752, 1696,772 cm

-1
. MS (ESI): 

m/z185.0 [M+H]+ 
 
3. RESULTS AND DISCUSSION 
Commercially available crotyl alcohol(3) was 
first submitted to Sharpless Asymmetric 
epoxidation

12-13
,The process went on 

completion in 16 h at -20°C, which would be 
turned toAllyl carbamate

14
by treating under 

optimised condition at 60°C with  allyl 
isocyanate / Et3N in ether  to get the 90% of 
yield. Then the crude product was subjected to 

subsequent intramolecular  ring opening
15

with 
the standard condition of NaHMDS in dry THF  
gave the desired oxazolidinone(6) with good 
yield(80%) and treatment with  other bases like 
KtBuO and NaH resulted very pooryield, Then 
carbamte alcohol(6) was subjected to   PCC 
oxidation affords Methyl ketone(7) with 90%  
yield,Allylic double bond can be oxidised by 
using  either the ozonolysisor Osmium 
tetraoxide/NaIO4 to get the Aldehyde, But as 
per the observation Ozonolysis is the right 
option to get the good yield, the subsequent 
intramolecular aldol condensation requires 
extensive experimentation, Which was 
discussed in scheme-3, As per the results 
obtained finally pleased to find that the use of  
dry PTSA in toluene for Aldol condensation

16
 

resulted in two steps with very good 
yield(68%)of  3-piperdinones(1). 

 
 
Scheme-1: 

 

 

Scheme-2 
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To synthesise the 3-methyl piperdinones(2) 
same kind of strategy is employed ,which  will 
starts by using commercially available pent-2-
ene-1-ol(8),subjected to Sharpless asymmetric 
epoxidation to get pure ethyl epoxy alcohol(9), 
this subsequent treatment with Ally isocyanate 
/Et3N  in ether to produces the compound(10) 
with 75% of yield, then followed by treatment 
with NaHMDS in dry THF to give the 
carbamate(11) with good yield(92%). 
Thenoxidation

17
 with PCCin DCM to give 

ketone (12), then olefin oxidation and 
subsequent aldol condensation with 
Anhydrous P in toluene

18
 to afforded methyl-

3piperdinone with 68% of yield. Different 
alternate conditions tried to improve the yield. 
And their results have been discussed below 
in scheme-3. 
Different conditions for Aldol 
Reaction:Scheme-3: 
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Different Aldol conditions were tried to get the 
better yields, by applying standard 
Aldolconditions with strong bases such as 
nBuLi, KtBuO, in dry THF produced very low 
yields, whereas by applying standard organo 
catalysts

19-20 
such as D/L-Proline,is leads to 

develop multiple spots by TLC with no desire 
mass peaks, in other hand tried with acid 
catalysed Aldol

21-23
conditions like 

10%HCl,dryCSA,dryPTSA provedworthful for 
Aldol and given up to 68% of yields. This was 
clearly mentioned in the above table. 
 
4. CONCLUSION 
In summary, we have developed a new, 
flexible route to synthesise 3-piperdinone and 
4-Methyl 3-piperdinones in an extremely 
concise manner,This synthesis demonstrates 
that the Aldol condensation is the key step for 
the key intermediate piperdinones whichhas 
been prepared in limited no. of steps with very 
cheap rawmaterials; the present work is most 
concise entry to the synthesis of deoxy-
azasugarsup to now.Therefore they appear as 
versatile intermediates for the synthesis of 
various types of bioactive molecules, such as 
4-alkyl analogs of fagomine or other 
azasugars, and corresponding results will be 
reported in due course. 
 
5. ACKNOWLEDGEMENTS 
Abdul Sattar thanks toUGC, New Delhi, for 
research fellowship and authorsare thankful to 
the Council of Scientific and Industrial 
Research (CSIR)-New Delhi for research 
funding. 
 
6. REFERENCES  

1. Haefner B. Drugs from the 
deep:Marine and natural products as 
drug candidates. Drug discovery 
today. 2003;8:536-544. 

2. Stutz AE. Iminosugars as Glycosidase 
Inhibitors: Nojirimicyn and Beyond. 
Wiley-VCHWeinheim. 1996;96:683.  

3. Compain P. Martin OR. Iminosugar: 
From Synthesis to Therapeutic 
Applications Wiley-VCH Weinheim. 
2009;20:645. 

4. Taber DF and Houze JB et al. 
Glycogen synthase kinase 3 inhibitors 
as new promising drugs for diabetes, 
neurodegneration, cancer and 
inflammation. Med Res Rev. 
2002:373-384. 

5. Cox TM, Platt FM and Aerts JMF. 
Medicinal use of iminosugars. 
Iminosugars: From Synthesis to 
Therapeutic Applications John Wiley 
and Sons Ltd., 2007:295. 

6. Afarinkia K and Bahar A. Review on 
the synthesis of polyhydroxylated 
piperidines and other imino sugars. 
Pharmaceutical Chemistry Journal. 
1983;17(5).  

7. Pearson M, Mathe M and Fargeas V. 
Synthesis and Characterization of 
Substituted Piperdin 4-one with 
Dichloro(cyclooctadiene)palladium(II)E
urJou Org Chemistry. 2005:2159-
2191. 

8. Liu K, Kajimoto T, Chen L and 
Ichikawa. Glycosidase inhibition: 
assessing mimicry of the transition 
stateOrg Biomol Chem. 2010;21:305–
320. 

9. Nash R, Bell E and Williams J. 
Glycosidase inhibitors: update and 
perspectives on practical use. 
Glycobiology. 2003;10:93-104.  

10. Plotkin B, Kaidanovich O, Talior I et al. 
Insulin mimetic action of synthetic 
phosphorylated peptide inhibitors of 
glycogen synthase kinase-3. J 
PharmacolExp.  2003;305:974–980. 

11. Mellor HR, Neville D and Harvey D. 
The first practical Method for 
asymmetric Epoxidation. J Am Chem 
Soc. 1980;102:5974-5976. 

12. Junttila O, Hormi. Methane 
sulfonamide: a Cosolvent and a 
General Acid Catalyst in Sharpless 
Asymmetric Dihydroxylations J Org 
Chem. 2009;74:3038-3047. 

13. Choudary BM,  Chodari N, Jyothi K 
and Kantam M. The Scope and 
Reactivity Using Various Cooxidants. J 
Am Chem Soc. 2002;124:5341-5349. 

14. David Amantini, Francesco Fringuelli, 
Oriana Piermatti, Simone Tortoioli, 
Nucleophilic ring opening of 1,2-
epoxides in aqueous medium 
ARKIVOC. 2002;293-311. 

15. Schollkopf U, Groth U and Deng C. 
Regioselective nucleophilic ring 
opening of epoxides and aziridines 
derived from homoallylic alcohols. 
Angew Chem Int Ed Engl. 
1981;20:798. 

16. Bravo, Fernando, McDonald and 
Frank E. The Aldol Condensation. 
Organic Reactions Synthesis. 
2007;14:2125–2134. 

17. Minami Norio, Ko Soo, Sung Kishi and 
Yoshito. Modern Aldol Reactions 
Chemical communication. 
2007;34:3562–3564. 

18. Taber D and Houze J. The 2-
hydroxycitronellols, convenient chirons 

https://www.researchgate.net/journal/0091-150X_Pharmaceutical_Chemistry_Journal


INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES            ISSN: 22775005 
 

Vol. 5 (2) Apr-Jun 2016                                         www.ijpcsonline.com                          127 

for natural products synthesis. J Org 
Chem. 1994;59:4004-4006. 

19. Starks CM. Phase Transfer Catalysts. 
I. Heterogeneous Reactions Involving 
Anion Transfer by Quaternary 
Ammonium. J Am Chem Soc. 
1971;93:195. 

20. Tu Y Wang, Shi YKurti and Czako B. 
Strategic Applications of Name 
Reactions in Organic Synthesis. J Am 
Chem  Soc.  1996;118:9806-9807. 

21. Asana Koji and Hakogi Toshikazu. 
Enantioselective direct aldol reactions 

catalyzed by L-prolinamide 
derivatives. PNAS. 2004;101:5755–
5760. 

22. Dinh Hung Mac , Abdul Sattar , Srivari 
Chandrasekhar , Jhillu Singh Yadav 
and ReneGree. Synthesis of new 4-
methyl-3-piperidones via an iron-
catalyzed intramolecular 
tandemisomerisation aldolisation 
process Tetrahedron.  2012;68:8863-
8868. 

 

 

 


