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synthesis of six-, seven- and eight-membered saturated and unsaturated
dihydroxylated piperidine homologues
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Abstract The synthesis of six-, seven-, and eight-membered cis-dihy-
droxy azacycles has been accomplished from D-ribose using Vasella re-
ductive amination as a key step and utilization of hydroboration–oxida-
tion, Mitsunobu reaction, and ring-closing metathesis (RCM) reactions
in a facile manner. These homologous dihydroxylated heterocyclic scaf-
folds were subjected to the glycosidase inhibition assays. However, only
a moderate inhibitory activity for three out of five compounds was ob-
served against α-glucosidases with a high degree of selectivity.

Key words cis-dihydroxy azacycles, Vasella reductive amination, hyd-
roboration–oxidation, Mitsunobu reaction, ring-closing metathesis,
glycosidase inhibition.

Diversity-oriented synthesis (DOS) is a strategy for
quick access to molecule libraries. The concept of DOS was
introduced by Stuart Schreiber in the beginning of this mil-
lennium and has gained much success.2 DOS aims to pro-
duce chemical libraries that are representative of a large
portion of chemical space by applying a variety of reaction
conditions to starting materials with multiple functional
groups. DOS approaches have widely been used in drug dis-
covery and chemical biology to develop a library of mole-
cules. Due to their stereochemical variation and multiple
polar functionalities, carbohydrates are attractive building
blocks and possess a great potential for the synthesis of
structurally diverse molecules. DOS can be used to bring
about variation in appending functionalities, stereochemis-
try, or skeletal frameworks.3 In this context, the skeletal di-
versity can be achieved either by a reagent-based approach
(using different reagents on the same substrate) or a sub-
strate-based approach (subjecting different starting materi-
als to similar reaction conditions). This report describes a

carbohydrate-based DOS strategy employing a reagent-
based approach to obtain skeletal diversity in azacycles by
reactions involving anomeric carbon atom of D-ribose.

Iminosugars can be considered as analogues of pyra-
noses/furanoses in which the ring oxygen is replaced by ni-
trogen.4 Being one of the most important class of glycosi-
dase inhibitors5 their medicinal significance is because of
their ability to act as transition-state analogues of carbohy-
drate-processing enzymes.6 Iminosugars have many favour-
able qualities to act as drug molecules. These include water
solubility, absorption, blood–brain barrier penetration,
chemical and biological stability, and oral bioavailability.
Iminosugar therapeutics have attracted interest as antican-
cer,7a antidiabetic,7b and antiviral agents.7c,d They are also
active against tuberculosis,7e lysosomal storage disorder,7f–i

and cystic fibriosis.7j Two of the iminosugar-derived drugs
Glyset (1) and Zavesca (2, Figure 1) are being marketed for
type II diabetes and Gaucher’s disease, respectively, many
other iminosugar-based drugs are presently under clinical
trials.8

Figure 1  Examples of some biologically active iminosugars
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(2R,3R,4R,5R)-2,5-Dihydroxy methyl-3,4-dihydroxy
pyrrolidine (DMDP, 3) and 1,4-dideoxy-1,4-imino-D-ara-
binitol (DAB, 4) represent pyrrolidine iminosugars exhibit-
ing β- and α-glucosidase inhibition, respectively.9 Amongst
various monocyclic iminosugar scaffolds, dihydroxylated
azacycles without any hydroxymethyl substituent have
scarcely been explored for their glycosidase inhibition
properties. cis-3,4-Dihydroxylated pyrrolidine 5 shows 70%
inhibition of jack bean α-mannosidase with IC50 = 400 μM
and is supposed to be a potent anticancer agent5a but is a
nonselective inhibitor.10 Glycosidase inhibition studies of
its other ring analogues, that is, six-, seven-, or eight-mem-
bered dihydroxylated azacycles have not yet been explored
although various synthetic routes to trans- and cis-dihy-
droxylated piperidines have been reported.11 In continua-
tion of our search for selective glycosidase inhibitors, earlier
we have explored the activity of conformationally restrict-
ed12a,b and C-alkylated12c iminosugars as glycosidase inhibi-
tors. Herein we describe the synthesis of various cis-3,4-di-
hydroxylated piperidine homologues 6–10 (Scheme 1) all
of which are easily accessible from a single D-ribose-de-
rived template, and these sugar analogues have further
been explored to study their effect on inhibition of carbo-
hydrate-processing enzymes. A divergent approach to the
synthesis of various polyhydroxylated iminocyclitols start-
ing from D-ribose using asymmetric catalysis has been re-
cently described.13

Scheme 1  Retrosynthetic analysis

The retrosynthetic strategy for the divergent synthesis
of six-, seven-, and eight-,membered dihydroxylated azacy-
cles is depicted in Scheme 1. We envisaged that cis-3,4-di-
hydroxypiperidine (6) could be synthesized by hydrobora-

tion–oxidation of protected amino-alkene 13 followed by
cyclization of the resulting amino alcohol and subsequent
global deprotection. This amino-alkene 13 would arise
from iodide 12, which in turn could easily be prepared from
D-ribose. Dihydroxy azepine (7) and its corresponding aze-
pane 8 can be synthesized from diene 16 by ring-closing
metathesis (RCM) followed by its selective deprotection (for
7) or global deprotection (for 8). The synthesis of diene 16
in turn is conceivable from Vasella reductive amination of
common intermediate 12 obtainable from D-ribose. Azo-
cine/Azaoctene 9 and its corresponding saturated analogue
10 could be obtained from phthalyl-protected amino-
alkene 19 by its consecutive homoallylation and RCM fol-
lowed by subsequent deprotection. Terminal alkene 19
could in turn be obtained by Vasella reduction of iodide 12
followed by Mitsunobu amination of the resulting alcohol.

As per above discussions, we started our synthesis from
acetonide-protected iodinated methyl furanoside 12 which
was obtained from D-ribose in two steps following the liter-
ature precedence14 (Scheme 2). The Vasella reductive ami-
nation of iodide 12 with zinc, benzyl amine, and NaCNBH4
at 110 °C for three hours yielded secondary amine 13 with
79% yield.15 The amine upon hydroboration–oxidation reac-
tion sequence provided primary alcohol 14 with good yield
(up to 82% yield).16 It was esterified with MsCl/Et3N, and the
resulting mesylate was immediately treated with K2CO3 to
furnish the fully protected piperidine 15 (75% yield for two
steps).17 Its hydrogenation with H2, Pd/C in 6 N methanolic
HCl18 at room temperature for three hours afforded cis-3,4-
dihydroxypiperidine hydrochloride salt (6) with 91%
yield.19

Scheme 2  Synthesis of cis-3,4-dihydroxypiperidine 6. Reagents and 
conditions: (a) HCl, MeOH–acetone, r.t., 8 h, 85%; (b) I2, Ph3P, imidazole, 
toluene, 70 °C, 2 h, 92%; (c) Zn, BnNH2, NaCNBH4, 1-PrOH–H2O (9:1), 
110 °C, 3 h, 79%; (d) BH3·SMe2, dry THF, 0 °C to r.t., 1.5 h; then H2O2, 3 N 
NaOH, 0 °C to r.t., 2 h, 82%; (e) i. MsCl, Et3N, CH2Cl2, 0 °C to r.t., 30 min.; 
ii. K2CO3, DMF, r.t., 6 h, 75% for 2 steps; (f) H2, Pd/C, 6 N methanolic 
HCl, r.t., 3 h, 91%.
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The synthesis of seven-membered azacycles 7 and 8
(Scheme 3) was initiated with the iodide 12 which upon
Vasella reductive amination with allylamine at 110 °C for
four hours produced an amino-diene intermediate whose
free nitrogen was protected with (Boc)2O/dioxane at room
temperature to give N-protected diene 16 with 81% yield
over two steps.15 Its RCM with Grubbs first-generation cata-
lyst (10 mol%) in dry CH2Cl2 at 50 °C for six hours furnished
azepine 17 with 93% yield.20

Scheme 3  Synthesis of cis-dihydroxy azepine 7 and azepane 8. Re-
agents and conditions: (a) i. Zn, allylamine, NaCNBH4, 1-PrOH–H2O (9:1), 
110 °C, 4 h; ii. (Boc)2O, 1,4-dioxane, r.t., 3 h, 81% for two steps; (b) 
Grubbs I catalyst (10 mol%), dry CH2Cl2 (0.1 M), reflux, 6 h, 93%; (c) 6 N 
methanolic HCl, r.t., 2 h, 96%; (d) H2, Pd/C, 6 N methanolic HCl, r.t., 3 h, 
92%.

The unsaturated azacycle, dihydroxy azepine (7) was
prepared by selectively removing acetonide and Boc func-
tionalities of azepine 17 by treating it with 6 N methanolic
HCl21 at room temperature for two hours to deliver the de-
sired sugar 7 (96% yield).22 Hydrogenation of azepine 17
with H2, Pd/C in methanolic HCl (6 N)18 at room tempera-
ture for three hours led to global deprotection to yield the
azepane 8 with 92% yield.23

Synthesis of eight-membered azacycles 9 and 10, which
has so far not been reported, was accomplished as follows
(Scheme 4). Zinc dust mediated ring opening of iodide 12
using Zn/AcOH afforded an intermediate aldehyde, which
was further reduced with NaBH4 to give alcohol 18 with
89% yield.24 Its Mitsunobu reaction with phthalimide, Ph3P,
and DIAD at –20 °C and stirring at room temperature for
three hours led to the formation of desired phthalimido
compound 19 in 79% yield.25 The phthalimido functionality
in 19 was then hydrolyzed with aqueous MeNH2 to afford a
primary amine,26 which was used for the next step without
further purification. Thus the amine was alkylated using 1-
butenyl bromide/K2CO3 in DMF at 0 °C to room temperature
for 12 hours to afford a free secondary amine which was
protected with (Boc)2O/dioxane under previously stated
conditions at room temperature for three hours to afford
diene 20 with an overall yield of 69% for three steps. It was
then cyclized to azocine 21 by using Grubbs first-genera-

tion catalyst (10 mol%) in refluxing CH2Cl2 (90% yield) for
six hours. In order to prepare dihydroxy azocine 5, the pro-
tecting groups were removed by treating the azocine 21
with 6 N methanolic HCl to form the desired unsaturated
sugar 9 in 95% yield.27 The azocine 21 under hydrogenation
conditions (H2, Pd/C in 6 N methanolic HCl) at room tem-
perature for three hours yielded the dihydroxy azocane 10
with 90% yield.28

Scheme 4  Synthesis of cis-dihydroxy azocine 9 and azocane 10. Re-
agents and conditions: (a) i. Zn, AcOH, MeOH, 65 °C; ii. NaBH4, EtOH, 0 
°C, 89% for two steps; (b) Ph3P, DIAD, phthalimide, dry THF, –20 °C to 
r.t., 3 h, 79%; (c) i. MeNH2, 50 °C, 1.5 h; ii. K2CO3, 4-bromo-1-butene, 
DMF, 0 °C to r.t., 12 h; iii. (Boc)2O, 1,4-dioxane, r.t., 3 h, 69% for three 
steps; (d) Grubbs I catalyst (10 mol%), dry CH2Cl2 (0.1 M), reflux, 6 h, 
90%; (e) 6 N methanolic HCl, r.t., 2 h, 95%; (f) H2, Pd/C, 6 N methanolic 
HCl, r.t., 3 h, 90%.

The synthesized dihydroxylated compounds were
screened against carbohydrate processing enzymes, and
their inhibition results are summarized in Table 1. cis-3,4-
Dihydroxylated pyrrolidine 5 (Figure 1) is reported to be a
jack bean α-mannosidase inhibitor. On the contrary, its
higher analogues did not show any inhibition against jack
bean α-mannosidase or any of the glycosidases tested at
1000 μM inhibitor concentration. However, at inhibitor
concentrations as high as 3000 μM the cis-3,4-dihydroxyl-
ated piperidine exhibited a moderate but selective α-gluco-
sidase inhibition. An interesting inhibition pattern was ob-
served in case of seven-membered azacycles 7 and 8, both
of which showed selective α-glucosidase inhibition with a
switching of inhibition due to the presence or absence of
double bond. Also in contrast to cis-3,4-dihydroxylated pyr-
rolidine 5, the higher analogues are though moderately ac-
tive but are selective for a particular glycosidase. This mod-
erate or poor activity could be attributed to the higher con-
formational flexibility due to absence of substituents thus
indicating that the presence of hydroxymethyl substitu-
ent/polyhydroxylated scaffolds are the features better suit-
ed for glycosidase inhibition.
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Table 1  Concentration of Dihydroxylated Piperidine and Its Higher 
Homologues Giving 50% Inhibitiona (IC50) of Various Glycosidases (IC50 
in μM)

A diversity-oriented short and efficient synthesis of six-
, seven-, and eight-membered dihydroxylated heterocyclic
scaffolds/azacycles starting from iodinated D-ribose as a
common intermediate has been accomplished. Vasella re-
ductive amination, hydroboration–oxidation, Mitsunobu
amination, and ring-closing metathesis reactions were em-
ployed in a simplified way to generate different ring sizes.
These homologous dihydroxylated azacycles were subject-
ed to the glycosidase inhibition assays. However, only a
moderate inhibitory activity for three out of five com-
pounds was observed against α-glucosidases. Weak en-
zyme inhibition due to high flexibility and the absence of
hydroxymethyl group adjacent to nitrogen atom in the ring
suggest important role of these structural features in glyco-
sidase inhibition. Synthesis of more diverse iminosugar
scaffolds exploiting different synthetic strategies is current-
ly under way.

Acknowledgment

S.A., I. A., and P.S. thanks the CSIR, New Delhi for awarding Senior Re-
search Fellowship and also we are thankful to SAIF, CSIR-CDRI, for
providing spectral data. CDRI Communication Number: 9303.

Supporting Information

Supporting information for this article is available online at
http://dx.doi.org/10.1055/s-0036-1588310. Supporting InformationSupporting Information

References and Notes

(1) Part 6 in this series. For parts 1–4 and 5, see references 12 and
18.

(2) (a) Burke, M. D.; Schreiber, S. L. Angew. Chem. Int. Ed. 2004, 43,
46. (b) Schreiber, S. L. Science 2000, 287, 1964.

(3) Lenci, E.; Menchi, G.; Trabocchi, A. Org. Biomol. Chem. 2016, 14,
808.

(4) (a) Compain, P.; Martin, O. R. Iminosugars: From Synthesis to
Therapeutics Applications; John Wiley: Chichester, 2007.
(b) McNaught, A. D. Pure Appl. Chem. 1996, 68, 1919.
(c) Ichikawa, Y.; Igarashi, Y.; Ichikawa, M.; Suhara, Y. J. Am.
Chem. Soc. 1998, 120, 3007. (d) Horne, G.; Wilson, F. X.; Tinsley,
J.; Williams, D. H.; Storer, R. Drug Discovery Today 2011, 16, 107.
(e) Greimel, P.; Spreitz, J.; Stutz, A. E.; Wrodnigg, T. M. Curr. Top.
Med. Chem. 2003, 3, 513.

(5) (a) Horne, G.; Wilson, F. X.; Tinsley, J.; Williams, D. H.; Storer, R.
Drug Discovery Today 2011, 16, 107. (b) Horne, G.; Wilson, F. X.
Prog. Med. Chem. 2011, 50, 135. (c) Nash, R. J.; Kato, A.; Yu, C. Y.;
Fleet, G. W. J. Future Med. Chem. 2011, 3, 1513.

(6) Stutz, A. E. Iminosugars as Glycosidase Inhibitors: Nojirimycin
and Beyond; Wiley-VCH: Weinheim, 1999.

(7) For various activities of iminosugars, for anticancer, see:
(a) Goss, P. E.; Baker, M. A.; Carver, J. P.; Dennis, J. W. Clin.
Cancer Res. 1995, 1, 935. Antidiabetic: (b) Somsak, L.; Nagy, V.;
Hadazy, Z.; Docsa, T.; Gergely, P. Curr. Pharm. Des. 2003, 9, 1177.
Antiviral: (c) Block, T. M.; Xu, X. L.; Platt, F. M.; Foster, G. R.;
Gerlich, W. H.; Blumberg, B. S.; Dwek, R. A. Proc. Natl. Acad. Sci.
U.S.A. 1994, 91, 2235. (d) Karpas, A.; Fleet, G. W. J.; Dwek, R. A.;
Petursson, S.; Namgoong, N. G.; Ramsden, S. K.; Jacob, G. S.;
Rademacher, T. W. Proc. Natl. Acad. Sci. U.S.A. 1988, 85, 9229.
Antituberculosis: (e) Shilvock, J. P.; Wheatley, J. R.; Nash, R. J.;
Watson, A. A.; Griffiths, R. C.; Butters, T. D.; Muller, M.; Watkin,
D. J.; Winkler, D. A.; Fleet, G. W. J. J. Chem. Soc., Perkin Trans. 1
1999, 2735. Against lysosomal storage disorder: (f) Ref. 2.
(g) Butters, T. D.; Dwek, R. A.; Platt, F. M. Chem. Rev. 2000, 100,
4683. (h) Fan, J. Q.; Ishii, S.; Asano, N.; Suzuki, Y. Nat. Med. 1999,
5, 112. (i) Platt, F. M.; Neises, G. R.; Reinkensmeier, G.;
Townsend, M. J.; Perry, V. H.; Proia, R. L.; Winchester, B.; Dwek,
R. A.; Butters, T. Science 1997, 276, 428. Against cystic fibriosis:
(j) Norez, C.; Noel, S.; Wilke, M.; Bijvelds, M.; Jorna, H.; Melin, P.;
DeJonge, H.; Becq, F. FEBS Lett. 2006, 580, 2081.

(8) Storer R. ‘Iminosugar Therapeutics: Time for a new look?’ can be
found under http://www.rsc.org/images/RichardStorer_tcm18-
215651.pdf

(9) (a) Wrodnigg, T. M.; Stuetz, A. E.; Tarling, C. A.; Withers, S. G.
Carbohydr. Res. 2006, 341, 1717. (b) Nash, R. J.; Bell, E. A.;
Williams, J. M. Phytochemistry 1985, 24, 1620.

(10) Popowycz, F.; Gerber-Lemaire, S.; Demange, R.; Rodriguez-
Garcia, E.; Asenjo, A. T. C.; Robina, I.; Vogel, P. Bioorg. Med. Chem.
Lett. 2001, 11, 2489.

(11) (a) Solares, L. F.; Lavandera, I.; Gotor-Fernández, V.; Brieva, R.;
Gotor, V. Tetrahedron 2006, 62, 3284. (b) Amat, M.; Llor, N.;
Huguet, M.; Molins, E.; Espinosa, E.; Bosch, J. Org. Lett. 2001, 3,
3257. (c) Kajimoto, T.; Chen, L.; Liu, K. K.-C.; Wong, C.-H. J. Am.
Chem. Soc. 1991, 113, 6678. (d) Wang, D.; Nugent, W. A. J. Org.
Chem. 2007, 72, 7307.

(12) (a) Arora, I.; Kashyap, V. K.; Singh, A. K.; Dasgupta, A.; Kumar, B.;
Shaw, A. K. Org. Biomol. Chem. 2014, 12, 6855. (b) Arora, I.;
Sharma, S. K.; Shaw, A. K. RSC Adv. 2016, 6, 13014. (c) Das, P.;
Kundooru, S.; Pandole, R.; Sharma, S. K.; Singh, B. N.; Shaw, A. K.
Tetrahedron: Asymmetry 2016, 27, 101. (d) Das, P.; Ajay, S.;
Shaw, A. K. Synthesis 2016, DOI: 10.1055/s-0035-1562438.

Enzyme 6 7 8 9 10

α-glucosidase

yeast NIb NI NI NI NI

rice NI NI 2208 NI NI

Aspergillus niger 2108 2275 NI NI NI

β-glucosidase

almond NI NI NI NI NI

α-galactosidase

green coffee beans NI NI NI NI NI

β-galactosidase

bovine liver NI NI NI NI NI

α-mannosidase

jack bean NI NI NI NI NI

α-L-fucosidase

bovine kidney NI NI NI NI NI
a Inhibition was competitive in all cases.
b NI: no inhibition (less than 50% inhibition) at 3000 μM.
© Georg Thieme Verlag  Stuttgart · New York — Synlett 2016, 27, A–E



E

S. Ajay et al. LetterSyn  lett

D
ow

nl
oa

de
d 

by
: N

or
th

er
n 

Ill
in

oi
s 

U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.
(13) Petakamsetty, R.; Jain, V. K.; Majhi, P. K.; Ramapanicker, R. Org.
Biomol. Chem. 2015, 13, 8512.

(14) Li, W.; Niu, Y.; Xiong, D.-C.; Cao, X.; Ye, X.-S. J. Med. Chem. 2015,
58, 7972.

(15) Sletten, E. M.; Liotta, L. J. J. Org. Chem. 2006, 71, 1335.
(16) Seetharamsingh, B.; Rajamohanan, P. R.; Reddy, D. S. Org. Lett.

2015, 17, 1652.
(17) Gupta, P.; Vankar, Y. D. Eur. J. Org. Chem. 2009, 1925.
(18) Ajay, S.; Saidhareddy, P.; Shaw, A. K. Synthesis 2016, 48, 1191.
(19) Synthesis of (3S,4R)-Piperidine-3,4-diol (6)

To a solution of compound 15 (112 mg, 0.45 mmol) in 6 N meth-
anolic HCl (3 mL) was added a catalytic amount of 10% Pd/C (10
mg). The reaction mixture was stirred under the H2 (balloon)
atmosphere at room temperature for 6 h. After completion of
the reaction, Pd/C was removed by filtering through a short pad
of Celite, and the filtrate was evaporated under vacuum to give a
residue. It was washed again with Et2O to get the pure com-
pound 6 (48 mg, 91 %) as a white solid. Rf = 0.61 (MeOH–CH2Cl2,
1:9); mp 129–131 °C; [α]D

27 +10.0 (c 0.11, H2O). 1H NMR (400
MHz, D2O): δ = 4.13 (brm, 1 H), 4.00–4.02 (m, 1 H), 3.34–3.39
(m, 2 H), 3.21–3.24 (m, 1 H), 3.10–3.16 (m, 1 H), 1.94–2.12 (m, 2
H). 13C NMR (100 MHz, D2O): δ = 66.3, 65.2, 46.5, 41.4, 25.1. IR
(KBr): 3400, 3020, 2926, 1403, 1216 cm–1. ESI-HRMS: m/z [M +
H]+ calcd for C5H12NO2

+: 118.0863; found: 118.0875.
(20) Smith, A. B. III.; Cho, Y. S.; Zawacki, L. E.; Hirschmann, R.; Pettit,

G. R. Org. Lett. 2001, 3, 4063.
(21) Takahata, H.; Banba, Y.; Ouchi, H.; Nemoto, H. Org. Lett. 2003, 5,

2527.
(22) Synthesis of (3S,4R)-2,3,4,7-Tetrahydro-1H-azepine-3,4-diol

(7)
Compound 17 (89 mg, 0.33 mmol) was dissolved in 6 N metha-
nolic HCl (3 mL) and stirred at room temperature for 2 h. After
completion of the reaction, the solvent was removed under
reduced pressure to obtain a solid residue, which was washed
with Et2O to get the pure compound 7 (43 mg, 96%) as a white
solid. Rf = 0.59 (MeOH–CH2Cl2, 1:9); mp 135–139 °C; [α]D

25 –37.0
(c 0.21, MeOH). 1H NMR (400 MHz, CD3OD): δ = 5.98–6.01 (m, 1
H), 5.77–5.84 (m, 1 H), 4.58–4.59 (m, 1 H), 4.10–4.12 (m, 1 H),
3.71–3.84 (m, 2 H), 3.50–3.55 (m, 1 H), 3.41–3.44 (m, 1 H). 13C
NMR (100 MHz, CD3OD): δ = 140.2, 121.7, 73.2, 69.1, 51.7, 46.1.
IR (KBr): 3683, 3399, 2927, 1476, 1216 cm–1. ESI-HRMS: m/z [M
+ H]+ calcd for C6H12NO2

+: 130.0863; found: 130.0861.
(23) Synthesis of (3S,4R)-Azepane-3,4-diol (8)

Catalytic amount of Pd (10% on carbon, 15 mg) was added to a
solution of 17 (121 mg, 0.45 mmol) in 6 N methanolic HCl (4
mL). The reaction mixture was degassed and left for stirring
under a positive pressure of H2 (balloon) for 3 h at room tem-
perature. After completion of the reaction (TLC control), the

reaction mixture was filtered and washed with MeOH. The fil-
trate was evaporated to dryness to give a solid compound which
was washed with Et2O to provide compound 8 as a white solid
(54 mg, 92%). Rf = 0.62 (MeOH–CH2Cl2, 1:9); mp 142–144 °C;
[α]D

25 +1.4 (c 0.21, MeOH). 1H NMR (400 MHz, CD3OD): δ =
4.11–4.12 (m, 1 H), 3.80–3.84 (m, 1 H), 3.18–3.36 (m, 4 H),
1.98–2.02 (m, 1 H), 1.78–1.94 (m, 3 H). 13C NMR (100 MHz,
CD3OD): δ = 74.3, 69.7, 46.9, 46.0, 30.0, 20.5. IR (KBr): 3393,
1386, 1219, 1061, 771 cm–1. ESI-HRMS: m/z [M + H]+ calcd for
C6H14NO2

+: 132.1019; found: 132.1014.
(24) Calder, E. D. D.; Zaed, A. M.; Sutherland, A. J. Org. Chem. 2013,

78, 7223.
(25) Ghosal, P.; Kumar, V.; Shaw, A. K. Tetrahedron 2010, 66, 7504.
(26) Llaveria, J.; Díaz, Y.; Matheu, M. I.; Castillón, S. Eur. J. Org. Chem.

2011, 1514.
(27) Synthesis of (3S,4R,Z)-1,2,3,4,7,8-Hexahydroazocine-3,4-diol

(9)
Compound 21 (105 mg, 0.37 mmol) was dissolved in 6 N meth-
anolic HCl (3 mL), and the reaction mixture was allowed to stir
at room temperature for 2 h. After completion of the reaction,
the organic solvent was evaporated under reduced pressure,
and the resulting residue was washed with Et2O to afford the
azocine 9 (48 mg, 95%) as a white solid. Rf = 0.61 (MeOH–
CH2Cl2, 1:9); mp 143–145 °C; [α]D

26 –8.6 (c 0.32, MeOH). 1H
NMR (400 MHz, CD3OD): δ = 5.84–5.88 (m, 1 H), 5.66–5.72 (m, 1
H), 4.57 (d, 1 H, J = 4.09 Hz), 4.16 (d, 1 H, J = 4.33 Hz), 3.27–3.41
(m, 3 H), 3.16 (td, 1 H, J1 = 13.16 Hz, J2 = 2.75 Hz), 2.59–2.70 (m,
1 H), 2.37–2.40 (m, 1 H). 13C NMR (100 MHz, CD3OD): δ = 138.4,
124.8, 71.9, 71.8, 48.2, 47.9, 23.6. IR (KBr): 3392, 3020, 1650,
1385, 1216, 1068, 771 cm–1. ESI-HRMS: m/z [M + H]+ calcd for
C7H14NO2

+: 144.1019; found: 144.1018.
(28) Synthesis of (3S,4R)-Azocane-3,4-diol (10)

To a solution of compound 21 (130 mg, 0.46 mmol) in 6 N meth-
anolic HCl was added a catalytic amount of 10% Pd/C (20 mg),
and the resulting reaction mixture was stirred under hydrogen
atmosphere at room temperature for 3 h. After completion of
the reaction, the catalyst was filtered, and the filtrate was con-
centrated under vacuum to obtain a residue, which was washed
with Et2O to attain pure azocane 10 (60 mg, 90%) as a white
solid. Rf = 0.64 (MeOH–CH2Cl2, 1:9); mp 160–163 °C; [α]D

26 +5.4
(c 0.81, MeOH). 1H NMR (400 MHz, CD3OD): δ = 4.09–4.11 (m, 1
H), 3.91–3.94 (m, 1 H), 3.38–3.48 (m, 1 H), 3.22–3.30 (m, 2 H),
3.09–3.13 (m, 1 H), 2.00–2.08 (m, 1 H), 1.80–1.90 (m, 3 H),
1.69–1.72 (m, 2 H). 13C NMR (100 MHz, CD3OD): δ = 74.2, 69.2,
48.2, 47.7, 31.0, 24.5, 21.8. IR (KBr): 3392, 2924, 1650, 1385,
1216, 1068, 770 cm–1. ESI-HRMS: m/z [M + H]+ calcd for
C7H16NO2

+: 146.1176, found: 146.1175.
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