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A novel synthesis of somatostatin mimetics based on the 1-deoxymannojirimycin (DMJ) scaffold
has been developed. This involved development of a route suitable for the strategic grafting of
pharmacophoric tryptophan and lysine side chains to the nitrogen atom of the piperidine ring and
to the primary hydroxyl group of DMJ, respectively. The novel peptidomimetics were found to bind
with higher affinity to sst4 receptors than to sst5 receptors.

1. Introduction

There has been recent progress in the application of
pyranosides and related scaffolds as platforms for drug
discovery since the first experimental application by
researchers at the University of Pennsylvania, which
showed that novel ligands (peptide â-turn mimetics) for
peptide hormone receptors could be developed based on
â-D-glucopyranose.1 In this example, pharmacophoric
groups, which correspond to amino acid side chains, were
grafted to the pyranose, which acted as a replacement
for the peptide backbone. Interest in this area has since
extended2 to the wider application of pyranosides as
peptidomimetics3 and as scaffolds for the solid-phase
synthesis of prospecting combinatorial libraries.4 There
has been interest in syntheses of pyranose-based sugar
amino acids (SAAs)5 and incorporation of such motifs into
molecules of biological interest. Investigations have
included (amino)sugar scaffolds, including L-sugars,6

sugar amino acids,7 and disaccharides.8 Although no drug
has yet been developed, potent ligands for receptors have
been identified9 and it has been shown that pyranoside
derivatives can have improved cellular permeability over
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peptides.10 Both of these are objectives for peptidomimetic
research.11 Progress is continually dependent on advances
in synthetic carbohydrate chemistry both in solution and
on solid phase. These include the development of or-
thogonal protecting group strategies, strategies for regio-
selective manipulation of pyranoside hydroxyl groups,
and the chemoselective manipulation of functional groups.

The application of iminosugar-based scaffolds as pep-
tidomimetics has been less well-developed although some
work has been carried out by Le Merrer and co-workers12

and, more recently, by researchers from our group.13 This
is presumably because such scaffolds are not as readily
available as pyranosides and the synthesis of iminosug-
ars is not trivial.14 Iminosugars themselves have been of
significant interest as glycosidase inhibitors15 and some
have found clinical use.16 The use of iminosugars as
scaffolds for bioorganic and medicinal chemistry offers
the possibility, not available to pyranosides, of incorpo-
rating a charged hydrogen bond donor through protona-
tion of the ring nitrogen atom which would occur at
physiological pH. In addition, pharmacophoric groups can
be grafted to the nitrogen atom. Herein we describe an
approach to the synthesis of somatostatin mimetics
derived from 1-deoxymannojirimycin.

2. Results and Discussion

2.1. Design of Somatostatin Mimetics. Somato-
statin is a cyclic peptide that regulates the release of
growth hormone and other pituitary hormones and plays
a role in neuronal transmission. A number of receptor
subtypes for this hormone have been identified. The
somatostatin antagonist 1, developed by Hirschmann and

co-workers, is based on the â-D-glucopyranoside scaffold
(Chart 1). We proposed the working out of a synthesis of
2, a structural analogue of 1, from 1-deoxymannojirimy-
cin (DMJ) scaffold. This required the development of a
strategy for grafting the pharmacophoric tryptophan and
lysine side chains to the nitrogen atom of the piperidine
ring and to the primary hydroxyl group, respectively. The
piperidine 2 lacks the benzyl groups found in 1 and in
iminosugars synthesized by Le Merrer. The branching
positions on the scaffold would lead to a different spatial
distance between the indole and pentylamino groups.

2.2. Synthesis of Somatostatin Mimetics. The
synthesis of 2 commenced from 3 which was prepared,
as previously described,17 from DMJ.18,19 Preliminary
efforts to introduce a TIPS or TBDPS group on the
primary hydroxyl group of 3 were unsuccessful. However,
the reaction of 3 in acetone using a catalytic amount of
PPTS gave, in a regioselective manner, 4 in 70% yield.20

The formation of the diacetonide 5 was also observed;
the yield of 5 varied from 2 to 10% in a number of
experiments. The TBS group was then introduced regio-
selectively at the primary hydroxyl group to give 6 using
TBSCl and imidazole in DMF. The introduction of the
benzyl or methoxyphenylmethyl (MPM) protecting at the
remaining free hydroxyl group of 6 was not achieved in
our hands; however, the MOM protecting group was
introduced to this hydroxyl group by the reaction of
6 with MOMCl, diisopropylethylamine (DIPEA) in di-
chloromethane giving 7 in 89% yield (Scheme 1).

Conditions for the regioselective removal of protecting
groups from 7 were investigated next (Scheme 2). It was
possible to remove the TBS protecting group using TBAF
in THF to give 9; however, the yield was only 47%. This
was due to the basicity of the TBAF, which led to the
removal of the CBz group as well. Indeed it has recently
been shown that TBAF can remove carbamate protecting
groups.21 The removal of the TBS group was, however,
achieved in a selective fashion using HF-pyridine and 9
was obtained in 75% yield after 18 h. Selective depro-
tection of the CBz group by stirring a mixture of 7 and
Pd-C in THF in the presence of H2 gave 8 in a
quantitative yield.

Grafting of the alkylamino side chain to the primary
hydroxyl group of 9 was explored next. The triflate 12
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was first prepared from phthalamide derivative 111c and
attempts to use this as an electrophile in reactions with
9 were unsuccessful. The attempted reaction of 12 with
9 in the presence of sodium hydride led to formation of
the cyclic carbamate 1422 which occurs via 13 (Scheme
3). Attempts to effect the desired alkylation reaction of
12 in absence of base were not successful.

The azide derivative 15 was freshly prepared as
described previously,1c,6 and the alkylation of 9 with this
electrophile in dichloromethane gave 16 in 77% yield.
This experiment was conducted in absence of base and
under vacuum, according to the protocol previously
described by Hirschmann and co-workers.6 The CBz
group was removed in the presence of the azide group
and the other protecting groups by heating 16 in etha-
nolic potassium hydroxide to give 17. The triflate 19,
freshly prepared from its alcohol precursor 18,1c on
reaction with 17 in the presence of sodium hydride gave
the indole derivative 20 in 47% yield (Scheme 4).

Next, the benzensulfonyl group was removed from 20
by heating in the presence of 5 M aqueous NaOH-EtOH;
the azide was converted to the amine using catalytic
hydrogenation to give 21. The MOM and isopropylidene
groups were finally removed under acidic conditions to
give the target compound 2 (Scheme 5).

2.3. Biological Evaluation. Compounds 2 and 21
were investigated for their effects in an in vitro nonselec-
tive sst receptor binding assay23 and in in vitro selective
sst424 and sst525 receptor binding assays. The results are
summarized in Table 1. In the nonselective assay the Ki

values determined for 2 and 21 were 26 and 21 µM,
respectively. Both iminosugar derivatives showed pref-
erential binding to sst4 receptors than to sst5 receptors.
Compounds 2 and 21 inhibited binding of the control to
sst4 receptors by 46% and 48% (both at 1.0 µM), respec-
tively, whereas they did not show any binding to sst5
receptors at this concentration, and only displayed
significant inhibition of the binding at 1.0 × 10-4 M.

(22) For a previous observation of a related cyclic carbamate see:
Fellows, L. E.; Bell, E. A.; Lynn, D. G.; Pilkiewicz, F.; Miura, I.;
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2.4. Summary and Conclusions. A synthesis of
somatostatin mimetics based on the DMJ has been
developed which facilitated strategic grafting of phar-
macophoric tryptophan and lysine side chains to the
nitrogen atom of the piperidine ring and to the primary
hydroxyl group of DMJ, respectively. The synthetic
compounds showed preferential affinity for sst4 receptors
when compared to sst5 receptors. It may be possible to
enhance affinity for somatostatin receptors by introduc-
ing other pharmacophoric groups at other hydroxyl
groups of the DMJ scaffold, as has been shown by
Hirschmann and co-workers for pyranoside scaffolds.
Development of strategies for regioselective synthesis of
such compounds from DMJ and other iminosugars is
underway. It seems interesting that 2 has significant
binding to sst4 receptors even though it is lacking in
benzyl groups of 1 and the spatial relationships between
the indole and pentylamino group would also be different
from 1.

3. Experimental Section

N-Benzyloxycarbonyl-1,5-dideoxy-1,5-imino-2,3-O-iso-
propylidene-D-mannitol 4. The benzyloxycarbonyl deriva-
tive 3 (387 mg, 1.3 mmol) was dissolved in acetone (10 mL)
and PPTS monohydrate (10 mg, 0.05 mmol) was added. The
mixture was stirred at room temperature for 14 h and the
solvent was then removed under diminished pressure. Chro-
matography of the residue (EtOAc-cyclohexane, 3:1 as eluant)
gave, in order of elution, 5 (5 mg) as a white solid and 4 (307
mg, 70%) as a colorless oil. Analytical data for 4: [R]D -55 (c
) 0.4, DMSO-d6). 1H NMR (DMSO-d6, 500 MHz): δ (ppm) 7.37
(5H, s, aromatic H), 5.27 (1H, d, J4,OH 4 Hz, OH), 5.07 (2H, m,
CH2OCO), 4.75 (1H, br s, OH), 4.27 (1H, ddd, J2,3 4 Hz, J1,2 6
Hz, J1′,2 8 Hz, H-2), 4.07 (1H, br s, H-1), 3.97 (1H, t, J2,3 4 Hz,
J3,4 4 Hz, H-3), 3.87 (1H, br s, H-4), 3.60-3.67 (2H, m, H-6,6′),
3.48 (1H, br s, H-5), 2.93 (1H, br s, H-1′), 1.39 (3H, s, CH3),
1.26 (3H, s, CH3). 13C NMR (DMSO-d6, 75 MHz): δ (ppm)
160.5, 160.0 (each s, each CdO), 142.3 (s, aromatic C), 133.8,
133.2, 132.9 (each d, each aromatic CH), 113.9 (s), 83.1, 76.0,
75.7, 71.9 (d), 71.7 (t), 64.4 (t), 63.9, 63.6, 63.5 (each d), 47.9,
47.5 (each t), 27.2, 27.1 (each q). ES-HRMS: found 338.1604
[M + H]+; C17H24NO6 requires 338.1619. Analytical data for
N-benzyloxycarbonyl-1,5-dideoxy-2,3:4,6-di-O-isopropylidene-
1,5-imino-D-mannitol 5: [R]D -78 (c ) 0.8, CH2Cl2). 1H NMR
(CDCl3, 300 MHz): δ (ppm) 7.36 (5H, s, aromatic H), 5.20-
5.07 (2H, CH2OCO), 4.37-4.22 (3H, m, H-1, H-2, H-6′), 4.15

(1H, dd, J2,3 8 Hz, J3,4 8 Hz, H-3), 4.03 (1H, dd, J3,4 8 Hz, J4,5

11 Hz, H-4), 3.70 (1H, t, J5,6 11 Hz, J6,6′ 11 Hz, H-6), 3.38 (1H,
dt, J4,5 11 Hz, J5,6 11 Hz, J5,6′ 4 Hz, H-5), 2.96 (1H, m, H-1′),
1.52, 1.49, 1.46, 1.33 (12H, s, each CH3). 13C NMR (CDCl3, 75
MHz): δ (ppm) 156.0 (s, CdO), 136.0 (s, aromatic C), 128.7,
128.3, 128.2 (each d, each aromatic CH), 110.0, 99.6 (each s),
75.5, 72.0, 71.9 (each d), 67.7, 63.0 (each t), 50.2, 42.7 (each
d), 29.0, 26.8, 24.2, 19.2 (each q). ES-HRMS: found 378.1917
[M + H]+; C20H28NO6 requires 378.1933.

N-Benzyloxycarbonyl-6-O-tert-butyldimethylsilyl-1,5-
dideoxy-1,5-imino-2,3-O-isopropylidene-D-mannitol 6. To
acetonide 4 (317 mg, 0.94 mmol) were added anhydrous DMF
(3 mL) and imidazole (256 mg, 3.8 mmol) and to this mixture
was added, dropwise, a solution of TBSCl (283 mg, 1.9 mmol)
in DMF (1.5 mL). After 2 min of stirring under nitrogen at
room temperature, the mixture was diluted with water (50 mL)
and extracted with diethyl ether (3 × 50 mL). The organic layer
was then dried (MgSO4) and filtered, and the solvent removed
under diminished pressure. Chromatography (EtOAc-cyclo-
hexane, 1:4 as eluant) gave 6 as a colorless oil (339 mg, 80%);
[R]D -71 (c ) 0.6, CH2Cl2). 1H NMR (DMSO-d6, 500 MHz, 90
°C): δ (ppm) 7.35 (5H, s, aromatic H), 5.10 (2H, s, CH2OCO),
5.04 (1H, d, JOH,4 6 Hz, OH), 4.29 (1H, ddd, J1,2 7 Hz, J1′,2 4
Hz, J2,3 7 Hz, H-2), 4.07 (1H, dd, J1,1′ 13 Hz, J1,2 7 Hz, H-1),
4.01 (1H, t, J2,3 7 Hz, J3,4 7 Hz, H-3), 3.92-3.81 (3H, m,
H-4,6,6′), 3.59 (1H, dt, J4,5 3.5 Hz, J5,6 7 Hz, H-5), 2.93 (1H,
dd, J1,1′ 13 Hz, J1′,2 4 Hz, H-1′), 1.41 (3H, s, CH3), 1.30 (3H, s,
CH3), 0.86 (9H, s, (CH3)3CSi), -0.01 (6H, 2s, (CH3)2Si). 13C
NMR (DMSO-d6, 75 MHz, 90 °C): δ (ppm) 154.8 (s, CdO),
136.8 (s, aromatic C), 128.2-127.2 (each d, each aromatic CH),
108.5 (s), 77.7, 70.5, 66.5 (each d), 66.3, 60.7 (each t), 58.0,
42.4 (each d), 27.2, 27.1, 25.6, 24.8, 24.7 (each q), 17.7 (s), -5.6
(q). ES-HRMS: found 452.2478 [M + H]+; C23H38NO6Si
requires 452.2468.

N-Benzyloxycarbonyl-6-O-tert-butyldimethylsilyl-1,5-
dideoxy-1,5-imino-2,3-O-isopropylidene-4-methoxymethyl-
D-mannitol 7. To acetonide 6 (305 mg, 0.068 mmol) were
added anhydrous CH2Cl2 (9 mL), DIPEA (942 µL, 5.4 mmol),
and molecular sieves (300 mg) and the mixture was stirred
for 30 min under nitrogen at room temperature. Then MOMCl
(411 µL, 5.4 mmol) was added and stirring continued for 19 h.
The solvent was then removed under diminished pressure and
chromatography (EtOAc-cyclohexane, 4:96 to 3:97 gradient
elution) of the residue gave 7 as a colorless oil (299 mg, 89%);
[R]D +70 (c ) 0.5, DMSO). 1H NMR (DMSO-d6, 500 MHz): δ
(ppm) 7.36 (5H, m, aromatic H), 5.20-5.00 (2H, s, CH2OCO),
4.80 (1H, s, CHH′OMe), 4.60 (1H, s, CHH′OMe), 4.33 (1H, m,
H-2), 4.17 (1H, t, J2,3 7 Hz, J3,4 7 Hz, H-3), 4.01 (2H, m, H-1,
4), 3.90-3.70 (3H, m, H-4,6,6′), 3.27 (3H, m, CH2OCH3), 3.01

SCHEME 5

TABLE 1. Binding of Iminosugar Derivatives at Somatostatin Receptors

compd

sst
(nonspecific)

Ki (µM)

sst4
(% inhibition at
1.0 × 10-6 M)

sst5
(% inhibition at
1.0 × 10-6 M)

sst5
(% inhibition at
1.0 × 10-5 M)

sst5
(% inhibition at
1.0 × 10-4 M)

2 26 46 <5 22 78
21 21 48 <5 26 78
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(1H, m, H-1′), 1.41 (3H, s, CH3), 1.28 (3H, s, CH3), 0.83 (9H, s,
(CH3)3CSi), -0.03 (6H, s, (CH3)2Si). 13C NMR (DMSO-d6, 75
MHz): δ (ppm) 154.8, 154.4 (each s, CdO), 136.5 (s, aromatic
C), 128.2-127.4 (each d, each aromatic CH), 108.7 (s), 95.3
(t), 75.8 (d), 70.8, 70.3, 70.0 (each d), 66.4, 66.3, 60.4, 59.8 (each
t), 56.1 (d), 55.2 (q), 42.4 (d), 27.2, 27.1, 25.6, 24.8, 24.7 (each
q), 17.6 (s), -5.7 (q). ES-HRMS: found 496.2750 [M + H]+,
C25H42NO7Si requires 496.2731.

6-O-tert-Butyldimethylsilyl-1,5-dideoxy-1,5-imino-2,3-
O-isopropylidene-4-methoxymethyl-D-mannitol 8. Ac-
etonide 7 (23 mg, 0.046 mmol) was added to THF (2.5 mL)
containing 10% Pd-C (5 mg) and the mixture was stirred for
4 h under an atmosphere of hydrogen at room temperature.
Filtration and removal of solvent under diminished pressure
afforded 8 as a colorless oil (17 mg, quantitative); [R]D -34 (c
) 0.5, DMSO). 1H NMR (DMSO-d6, 500 MHz): δ (ppm) 4.79
(1H, d, J 6 Hz, CHH′OMe), 4.60 (1H, d, J 6 Hz, CHH′OMe),
4.06 (1H, m, H-2), 3.97 (1H, dd, J2,3 5 Hz, J3,4 7 Hz, H-3), 3.68
(2H, m, H-6,6′), 3.54 (1H, dd, J3,4 7 Hz, J4,5 3 Hz, H-4), 3.30
(3H, m, CH2OCH3), 3.17 (1H, d, J1,1′ 14 Hz, H-1), 2.84 (1H, d,
J1,1′ 14 Hz, H-1′), 2.33 (1H, br s, H-5), 1.41 (3H, s, CH3), 1.28
(3H, s, CH3), 0.87 (9H, s, (CH3)3CSi), 0.03 (6H, s, (CH3)2Si).
13C NMR (DMSO-d6, 75 MHz): δ (ppm) 107.8 (s), 95.3 (t), 79.4,
74.1, 73.8, 62.1, 58.0 (each d), 55.0 (q), 42.4 (d), 27.7, 26.4, 25.5
(each q), 17.7 (s), -5.7 (q). ES-HRMS: found 362.2374 [M +
H]+; C17H36NO5Si requires 362.2363.

N-benzyloxycarbonyl-1,5-dideoxy-1,5-imino-2,3-O-iso-
propylidene-4-methoxymethyl-D-mannitol 9. Acetonide 7
(25 mg, 0.05 mmol) was added to anhydrous THF (1 mL) to
which had been pre-added a stock solution (0.2 mL) of HF-
pyridine:pyridine:THF (2:4:10). The resulting mixture was
stirred for 50 h under nitrogen at room-temperature. Then
saturated aqueous NaHCO3 (2.5 mL) was added and the
resulting mixture was stirred again for 10 min. The mixture
was then diluted with EtOAc (5 mL), the organic layer
separated, dried (MgSO4), and filtered, and the solvent re-
moved under diminished pressure. Chromatography (EtOAc-
cyclohexane, 3:7 to 1:1) gave 9 as a colorless oil (14 mg, 75%);
[R]D -25 (c ) 0.7, DMSO). 1H NMR (DMSO-d6, 500 MHz): δ
(ppm) 7.37-7.35 (5H, m, aromatic H), 5.09 (2H, s, CH2OCO),
4.78 (1H, m, OH), 4.75 (1H, s, CHH′OMe), 4.65 (1H, s,
CHH′OMe), 4.30 (1H, m, H-2), 4.15 (1H, t, J2,3 7 Hz, J3,4 7 Hz,
H-3), 4.00 (2H, m, H-1,4), 3.79-3.60 (4H, m, H-1,5,6,6′), 3.30
(3H, m, CH2OCH3), 3.01 (1H, m, H-1′), 1.42 (3H, s, CH3), 1.29
(3H, s, CH3). 13C NMR (DMSO-d6, 75 MHz): δ (ppm) 154.9,
154.6 (each s, CdO), 136.6 (s, aromatic C), 128.3, 127.7, 127.3
(each d, each aromatic CH), 108.7 (s), 95.3 (t), 76.0, 71.0, 70.2,
69.8 (each d), 66.9, 66.2 (each t), 58.7, 58.3, 56.4 (each d), 55.2
(q), 41.5, 40.0 (each d), 28.9, 27.0, 25.0 (each q). ES-HRMS:
found 382.1886 [M + H]+; C19H28NO7 requires 382.1881.

6-O-(5′-Azidopentyl)-N-benzyloxycarbonyl-1,5-dideoxy-
1,5-imino-2,3-O-isopropylidene-4-methoxymethyl-D-man-
nitol 16. To a stirred solution of 5-azido-1-pentanol (23 mg,
178 µmol) and 2,6-di-tert-butyl-4-methylpyridine (37 mg, 180
µmol) in anhydrous CH2Cl2 (1 mL) at 0 °C was added,
dropwise, triflic anhydride (29 µL, 180 µmol). The mixture was
stirred at room temperature for 15 min, then poured into water
(12 mL) and extracted with CH2Cl2 (3 × 12 mL). The organic
phases were combined and dried (MgSO4) and solvent removed
under diminished pressure to a volume approximating 25 mL.
The concentration of the triflate solution was then ca. 8 mM.
Some of this solution (6.5 mL, 52.5 µmol) was added to 9 (20
mg, 52.5 µmol) and the reaction mixture concentrated under
diminished pressure and then placed under high vacuum for
2 h. This procedure was repeated (×3) and the residue kept
under high vacuum for 12 h. Chromatography (EtOAc-
cyclohexane, 1:4) gave 16 as a colorless oil (20 mg, 77%); [R]D

-36 (c 0.3, DMSO). 1H NMR (DMSO-d6, 500 MHz): δ (ppm)
7.37-7.29 (5H, m, aromatic H), 5.09 (2H, m, CH2OCO), 4.76
(1H, d, J 7 Hz, CHH′OMe), 4.61 (1H, d, J 7 Hz, CHH′OMe),
4.32 (1H, m, J2,3 7 Hz, H-2), 4.15 (1H, t, J2,3 7 Hz, J3,4 7 Hz,
H-3), 3.95 and 3.60 (5H, each m, H-1,4,5,6), 3.29 (3H, s, CH2-

OCH3), 3.26 (4H, m, CH2N3, CH2CH2O), 2.97 (1H, m, H-1′),
1.50-1.23 (12H, m, CH2, CH3). 13C NMR (DMSO-d6, 75
MHz): δ (ppm) 154.9, 154.6 (each s, each CdO), 136.6 (s,
aromatic C), 128.3, 127.8, 127.4 (each d, each aromatic CH),
108.8 (s), 95.4 (t), 75.6, 71.4 (each d), 70.0 (2s, d and t), 68.0,
66.4 (each t), 55.2 (q), 54.4 (d), 50.5, 40.1, 28.4, 27.9 (each t),
26.9, 24.8 (each q), 22.8 (t). ES-HRMS: found 493.2659 [M +
H]+; C24H37N4O7 requires 493.2662.

6-O-(5′-azidopentyl)-1,5-dideoxy-1,5-imino-2,3-O-iso-
propylidene-4-methoxymethyl-D-mannitol 17. Azide 16
(48 mg, 9.7 mmol) was dissolved in 50% KOH and ethanol (1:
1, 2 mL) and the mixture heated at reflux for 15 h. Water was
then added (20 mL) and the compound was extracted with CH2-
Cl2 (20 mL). The organic layer was dried (MgSO4) and filtered,
and solvent removed under diminished pressure to give 17 as
a colorless oil (34 mg, 98%). 1H NMR (CDCl3, 300 MHz): δ
(ppm) 4.92 (1H, d, J 6 Hz, CHH′OMe), 4.66 (1H, d, J 7 Hz,
CHH′OMe), 4.16 (1H, m, H-2), 4.02 (1H, dd, J2,3 5 Hz, J3,4 7
Hz, H-3), 3.63-3.37 (9H, m, H-1,4,6,6′, CH2CH2O, CH2OCH3),
3.29 (2H, t, J 7 Hz, CH2N3), 2.96 (1H, dd, J1,1′ 15 Hz, J1′,2 2
Hz, H-1′), 2.49 (1H, ddd, J 3 Hz, J 5 Hz, J 10 Hz, H-5), 1.80
(1H, s, NH), 1.66-1.37 (12H, overlapping signals, CH2 and
CH3). 13C NMR (CDCl3, 50 MHz): δ (ppm) 109.2 (s), 96.4 (t),
80.5, 75.8, 74.4 (each d), 71.1, 70.5 (each t), 57.8 (d), 56.1 (q),
51.5 (t), 45.9 (d), 29.3, 28.8 (each t), 28.2, 26.7 (each q), 23.5
(t). ES-HRMS: found 359.2311 [M + H]+, C16H31N4O5 requires
359.2294.

6-O-(5′-Azidopentyl)-1,5-dideoxy-1-(N-phenylsulfonylin-
dol-3-yl)ethyl-1,5-imino-2,3-O-isopropylidene-4-methoxy-
methyl-D-mannitol 20. Triflic anhydride (332 µmol) was
added dropwise to a stirring solution of alcohol 18 (52 µL, 332
µmol) and 2,6-di-tert-butyl-4-methylpyridine (68 mg, 332 µmol)
in anhydrous CH2Cl2 (2 mL) at 0 °C. The mixture was stirred
at room temperature for 20 min and was then poured into
water (20 mL) and extracted with CH2Cl2 (20 mL). The organic
layer was dried (MgSO4) and concentrated under vacuum to
a volume ca. 10 mL. The concentration of the triflate 19 in
solution was ca. 33 mM. This solution (3.5 mL, 118 µmol) was
added to a flask containing 17 (22 mg, 61 µmol) and NaH (13
mg, 325 µmol, 60% dispersion) in CH2Cl2 (0.75 mL) at 0 °C,
which had been pre-stirred for 30 min, and the resulting
mixture was stirred under nitrogen at room temperature for
16 h. Water (20 mL) was poured into the solution which was
then extracted with CH2Cl2 (20 mL). The organic layer was
dried (MgSO4) and concentrated in a vacuum. Chromatography
(EtOAc-cyclohexane, 1:3) gave 20 as a colorless oil (20 mg,
47%); [R]D -18 (c ) 0.5, CDCl3). 1H NMR (CDCl3, 300 MHz):
δ (ppm) 7.97 (1H, d, J 8 Hz, aromatic H), 7.86 (2H, d, J 7 Hz,
aromatic H), 7.54-7.20 (7H, m, aromatic H), 4.81 (1H, d, J 6
Hz, CHH′OMe), 4.72 (1H, d, J 7 Hz, CHH′OMe), 4.32 (1H, m,
H-2), 4.19 (1H, dd, J2,3 5 Hz, J3,4 6 Hz, H-3), 3.91 (1H, t, J2,3 5
Hz, J3,4 5 Hz, H-4), 3.56 (1H, dd, J5,6 5 Hz, J6,6′ 10 Hz, H-6),
3.53 (1H, dd, J5,6′ 5 Hz, J6,6′ 10 Hz, H-6′), 3.41 (3H, s, CH2-
OCH3), 3.37 (2H, t, J 6 Hz, CH2CH2O), 3.18 (2H, t, J 7 Hz,
CH2N3), 3.05-2.92 (6H, m, H-1, H-5, NCH2CH2), 1.60-1.33
(12H, m, CH2 and CH3). 13C NMR (CDCl3, 50 MHz): δ (ppm)
138.5, 135.2, 133.5, 131.2, 129.1, 126.6, 124.6, 123.2, 123.0,
121.3, 119.4, 113.7 (aromatic C and CH), 109.1 (s), 96.4 (t, CH2-
OMe), 76.6, 73.7, 72.8 (each d), 70.9, 69.3 (each t), 61.9 (d),
55.8 (q), 53.7, 51.3, 50.0, 29.1, 28.6 (each t), 27.4, 25.5 (each
q), 23.4, 22.8 (each t). ES-HRMS: found 642.2973 [M + H]+;
C32H44N5O7S requires 642.2961.

1,5-Dideoxy-6-O-(5′-iminopentyl)-N-[(indol-3-yl)ethyl]-
1,5-imino-2,3-O-isopropylidene-4-methoxymethyl-D-man-
nitol 21. Azide 20 (25 mg, 39 µmol) was dissolved in a mixture
of 5 M NaOH (850 µL) and EtOH (5 mL) and the mixture
heated at reflux for 2 h. The ethanol was removed under
diminished pressure, water (20 mL) was added, and the
product was then extracted into CH2Cl2 (2 × 20 mL). The
combined organic layers were washed with water (20 mL),
dried (MgSO4) and filtered, and solvent removed to give the
intermediate as a colorless oil (14 mg, 70%); [R]D -15 (c ) 0.3,
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CH2Cl2). 1H NMR (CDCl3, 300 MHz): δ (ppm) 7.95 (1H, s, NH),
7.60 (1H, d, J 8 Hz, aromatic H), 7.35 (1H, d, J 9 Hz, aromatic
H), 7.18 (1H, t, J 7 Hz, J 7 Hz, aromatic H), 7.10 (1H, t, J 8
Hz, J 8 Hz, aromatic H), 7.04 (1H, d, J 2 Hz, indole H), 4.82
(1H, d, J 6 Hz, CHH′OMe), 4.72 (1H, d, J 6 Hz, CHH′OMe),
4.35 (1H, m, H-2), 4.20 (1H, t, J2,3 5 Hz, J3,4 6 Hz, H-3), 3.93
(1H, t, J3,4 6 Hz, J4,5 5 Hz, H-4), 3.64 (1H, dd, J5,6 5 Hz, J6,6′ 10
Hz, H-6), 3.58 (1H, dd, J5,6′ 5 Hz, J6,6′ 10 Hz, H-6′), 3.40 (5H,
m, CH2CH2O and CH2OCH3), 3.20-2.88 (6H, m, H-1,1′ and
NCH2CH2), 2.73 (1H, dd, J1,1′ 10 Hz, J1,2 5 Hz, H-5), 1.60-
1.33 (12H, m, CH2 and CH3). 13C NMR (CDCl3, 75 MHz): δ
(ppm) 136.5, 129.3, 122.2, 121.7, 119.4, 119.0, 114.9, 111.29
(each aromatic C and CH), 109.3 (s), 96.4 (t), 78.0, 74.1, 73.2
(each d), 71.1, 69.5 (each t), 62.0 (d), 56.1 (q), 55.1 (t), 51.5 (d),
50.5, 29.9, 29.4, 28.9 (each t), 27.7, 25.9 (each q), 23.7, 23.1
(each t). ES-HRMS: found 502.3036 [M + H]+ C26H40N5O5

requires 502.3029. This intermediate (2.2 mg, 4.4 µmol) was
dissolved in MeOH (2 mL) and 10% Pd-C was added. The
resulting mixture was stirred at room temperature for 45 min
under an atmosphere of hydrogen. The mixture was then
filtered through Celite and the solvent removed under dimin-
ished pressure to provide 21 as a colorless oil; [R]D -10 (c )
0.2, CH2Cl2). 1H NMR (CDCl3, 300 MHz): δ (ppm) 8.15 (1H,
s, NH), 7.60 (1H, d, J 8 Hz, aromatic H), 7.35 (1H, d, J 8 Hz,
aromatic H), 7.18 (1H, t, J 8 Hz, aromatic H), 7.10 (1H, t, J 8
Hz, aromatic H), 7.06 (1H, s, aromatic H), 4.82 (1H, d, J J 6
Hz, CHH′OMe), 4.72 (1H, d, J 6 Hz, CHH′OMe), 4.35 (1H, m,
H-2), 4.19 (1H, t, J2,3 6 Hz, J3,4 6 Hz, H-3), 3.93 (1H, t, J3,4 6
Hz, J4,5 6 Hz, H-4), 3.64 (1H, dd, J5,6 5 Hz, J6,6′ 10 Hz, H-6),
3.58 (1H, dd, J5,6′ 5 Hz, J6,6′ 10 Hz, H-6′), 3.36 (5H, m,
CH2CH2O and CH2OCH3), 3.11-2.88 (6H, m, H-1,1′ and
NCH2CH2), 2.74 (1H, dd, J4,5 6 Hz, J5,6 5 Hz, H-5), 2.63 (1H,
t), 1.60-1.33 (12H, m, CH2 and CH3), 13C NMR (CDCl3, 75
MHz): δ (ppm) 136.5, 127.9 (each s, aromatic C), 122.1, 122.0,
121.8, 119.0, 114.8 (each d, aromatic CH), 111.2 (s, aromatic
C), 109.3 (s), 96.4 (t), 74.1, 73.2, 71.4 (each d), 69.3 (t), 62.0
(d), 56.0, 55.0 (each q), 50.5 (t), 42.4, 29.8, 27.7 (each t), 25.9,
23.8 (each q), 23.1 (t). ES-HRMS: found 476.3136 [M + H]+;
C26H42N3O5 requires 476.3124.

1,5-Dideoxy-N-(indol-3-yl)ethyl-6-O-(5′-iminopentyl)-
1,5-imino-D-mannitol 2. Indole 21 (1.2 mg, 2.53 µmol) was
dissolved in MeOH (250 µL) and a solution of 30% HCl (25
µL) was added. The mixture was stirred at room temperature
for 2 h and the solvent was then removed under diminished

pressure. The residue was freeze-dried (x2) giving the com-
pound as a hygroscopic white solid (1.3 mg, quant); [R]D -36
(c ) 0.3, DMSO). 1H NMR (D2O, 300 MHz): δ (ppm) 7.72 (1H,
d, J 8 Hz, aromatic H), 7.55 (1H, d, J 8 Hz, aromatic H), 7.37
(1H, s, aromatic H), 7.30 (1H, t, J 8 Hz, aromatic H), 7.22 (1H,
t, J 8 Hz, aromatic H), 4.30 (1H, s, H-5), 3.90-3.73 (6H, m,
H-6,6′, CH2O and CH2Ar), 3.50-3.25 (7H, m, H-1,1′,2,3,4 and
CH2N), 2.78 (2H, m, CH2), 1.46 (2H, m, CH2), 1.13 (4H, m,
2CH2). 13C NMR (D2O, 75 MHz): δ (ppm) 139.3, 129.0, 127.0,
125.1, 122.4, 121.0, 114.9, 110.5, 74.7, 73.7, 68.5, 68.2, 65.6,
57.4, 55.8, 42.0, 30.4, 29.2, 24.9, 21.9. ES-HRMS: found
392.2563 [M + H]+; C21H34N3O4 requires 392.2549.

Biological Evaluation. The assays were carried out at
Cerep26 as previously described.23 Compounds were evaluated
for their ability to inhibit somatostatin binding to sst receptors
from AtT-20 cells (nonselective assay), to human recombinant
sst424 receptors (CHO cells), and to human recombinant sst525

receptors (HEK-293 cells). The IC50 values (concentration
causing a half-maximal inhibition of control-specific binding)
and Hill coefficients (nH) were determined by nonlinear regres-
sion analysis of competition curves using Hill equation curve
fitting. The inhibition constants (Ki) were calculated from the
Cheng Prusoff equation (Ki ) IC50/(1 + (L/KD), where L is the
concentration of radioligand in the assay, and KD is the affinity
of the radioligand for the receptor).
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