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L-363,301 potent somatostatin agonist

Hirschmann, R.; Nicolau, K. C et al. J. Am. Chem. Soc., 1993, 115, 12550
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NaH, Allyl-Br, DMF
93%

1) Amberlite IR-120 H*

MeOH (98%)
2) Ac2O, Py, DMAP 
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2) p-MeO-benzaldehyde  
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1) Ac2O, Py
2) PhSH, BF3-Et2O
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MeONa, MeOH
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1) succinic anhydride,  Py
2) H2N-polystyrene, HO-Bt, HBTU, DIPEA
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LiAlH4, AlCl3,, 
DCM/Et 2O, (99%)

1) Allyl-Br, NaH, DMF (70%)
2) LiAlH4, AlCl3 (82%)

Loading 0,7 mmol/g
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Bu2SnO,
4A ms,

dry DMF,
90°C 12h
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TFA
TIS

DCM

Regioselection > 98% (HPLC)

Peri, F.; Cipolla, L.; Nicotra, F. Tetrahedron Let.,. 2000, 41, 8587
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linear flexible β-turn

β-turn γ-turn

H. Kessler et al. J. Am. Chem. Soc. 1996, 118, 10156
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A second cycle 
constrains the conformation

and makes the scaffold ORIGINAL!
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OBn

HgCl

1) Hg(OAc) 2
2) KCl

F. Nicotra, L. Panza, G. Russo, L. Toma, Carbohydr. Res. 1987, 171, 49
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(75 % yield)

I2

γ

How to create a second cycle?
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I2 or NIS
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How to create a second cycle?

O

OBnBnO

BnO OAc
O

OBnBnO

BnO
CH2=CHCH2SiMe3
BF3OEt2, MeCN

72% yield

α:β 1:1

O

OBnO

BnO

CH2I

I2, DCM, 
0°C, 12 hs

Quant. yield
for the  β− anomer

S/R = 6:4
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Bu4NN3
toluene

(87% yield)

(75% yield)

(85% yield)
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CH2I

1) Ac2O, CF3COOH
2) MeONa, MeOH
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CH2N3
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CH2N3
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CrO3, H2SO4

O

OBnO

BnO

CH2N3

3

2’

1’a

1’b

1

NOE’sNOE’s in in compoundcompound 3030--RR
((determination determination of the Cof the C--2’ 2’ absolute configurationabsolute configuration))

(from D-arabinose)

Diff. mixing times (0.4-1.3 sec)
extracting maxNOE values
distances calc. by comparison 
with standard germinal distances

O

OBnO

BnO

CH2N3
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Minimized structures of 36-S and 36-R
 from D-arabinose

6 Å
7 Å

36-S 36-R

MM+ force field optimised with short MD runs (10 ps)

OC

OBnO

HO

CH2NH2

O
OC

OBnO

HO

CH2NH2

O

Luca De Gioia

i+ 1
i+ 2

Bicyclic glyco-aminoacid
from D-arabinose

Protein β-turn

6 Å

From 4 to 6 Å
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Sugar β−turn

RGD rigid loop
derived from conformationally constrained 

aminoacidic glycomimetic

R
G

D

EXTRACELLULAR 
MATRIX GLYCOPROTEINS

(eg. Fibrinogen, fibronectin,
vitronectin, VCAM-1)

ENDOTHELIALENDOTHELIAL
CELLCELL

INTEGRIN (α vβ3 or αIIbβ3 

RGD = Arg-Gly-Asp
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R
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D

EXTRACELLULAR 
MATRIX GLYCOPROTEINS

(eg. Fibrinogen, fibronectin,
vitronectin, VCAM-1)

ENDOTHELIALENDOTHELIAL
CELLCELL

RGD = Arg-Gly-Asp

R
G

D

Antagonist

High affinity and selectivity for α vβ3 integrins 
(50%  inhibition at 40 nM)

Humbner et al, Journal Nuclear Medicine, 2001, 42, 326-336

Pharmacokinetics (vs non glycosylated analog)
conc. in blood: 3.59 ± 0.35 vs  1.72 ± 0.44 % ID/g at 10 min post injection

uptake in liver: 2.59 ± 0.24 vs 21.96 ± 2.78 %ID/g at 10 min p.i.

accumulation in the tumor: 3.05 ± 0.31 vs  0.92 ± 0.16 % ID/g at 240 min

OHO

NH

HO

OH

Arg

O

Gly

Asp
D-Tyr(I-125)

Lys
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Pmc

1) Bu3P, DIC, Fmoc-Asp(OtBu)-OH
2) piperidine 20% in DMF
3) 1% TFA in DCM

O
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H
N OH

O

Arg-Gly

PmcAsp
H2N

tBu

O

O

Arg-GlyH2N
Pmc
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Loging0.47 mmol/g
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cc 136.16

1) 0.5 mM in DMF, HBTU, HOBt, DIPEA
2) 95% TFA, 2.5% TIS,   2.5% H2O

F. Peri, F. Nicotra, et al.
J. Chem. Soc. Perkin 1, 2002 638-644

63% yield
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HOBt, DIPEA, DMF

HBTU
NMe2

NMe2

+

Effect of SO 20.45 and CC 136.16 at 100 µM conc. On cellular adhesion at FGF-2 
and VN (mediated by αvβ3) or FN (mediated by α5β1). 
Control peptides cRGDfV and cRADfV at 30 µM conc. 

CC 136.16 (100 uM)

SO 20.45 (100uM)

cRAD (30 uM)

cRGD (30 uM)

0 10 20 3 0 40 50 6 0 70 80 9 0 100

% adesione rispetto al controllo

 FN 

 VN 

 FGF-2 
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N3
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δ-SAAs precursor

O

O
CH2N3

OH

BnO

BnOH 2C

HOOC

H

ε-SAAs precursor

O

OBn

HOOC

BnO

O

R1
R2

R1 = H; R2 = CH2N3
or

R1 = CH2N3 ; R2 = H

φ-SAAs precursor
O

OBnBnO

BnO OBn α-SAAs precursor:
D-Pro Analogue

O N

OBnBnO

COOH
H

BnO
Fmoc

SugarSugar--aminoacids aminoacids ((SAAsSAAs) ) from fructosefrom fructose

φφ--SAAs SAAs 
PrecursorsPrecursors

O O

OBnBnO

CH2I
H

BnO

O O

OBnBnO

H
CH2I

BnO+

(1)

R/S = 3:2

I2, Dry THF
(y = 98 %)

O

OBnBnO

BnO OBn

BnI

Laura Cipolla
Eleonota Forni

O O

OBnBnO

CH2N3

H

BnO

O O

OBnBnO

H
CH2N3

BnO

NaN3, Bu4NI
Dry DMF(y = 81 %)

(y = 76 %)
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φφ--SAAs SAAs 
PrecursorsPrecursors

O O

OBnBnO

CH2N3

H

HO

O O

OBnBnO

H
CH2N3

HO

1. Ac2O, TFA
2. MeOH, Na 

cat .

(y = 81 %)
(y = 71 %)

L. Cipolla, E. Forni, J. Jiménez-Barbero, F. Nicotra Chem. Eur J., 2002 17, 3976

O O

OBn

HOOC

BnO

CH2N3

H

O O

OBn

HOOC

BnO

H
CH2N3

(y = 82 %)(y = 70 %)

CrO3, H2SO4 3 M, acetone(y = 70 %)
(y = 82 %)

εε-- and and δδ--SAAs PrecursorsSAAs Precursors

O O

OBnBnO
BnO

CH2I

O

OBnBnO

BnO OH

O

OBnBnO

BnO O
H

Zn, AcOH
Et2O/EtOH 1/1

(y = 80%)
(6)

Swern 
oxidation

VinylMgBr,
THF 

(y = 78%)
d.e.= 98%

(7) (8)

O

OBnBnO

BnO

OH
R

L. Cipolla, E. Forni, J. Jiménez-Barbero, F. Nicotra Chem. Eur J., 2002 17, 3976
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R-

Re face

O

OBnBnO

O
BnO H

Mg2+

(7)

StereoselectionStereoselection in the in the Grignard reactionGrignard reaction

δδ--SAAs PrecursorsSAAs Precursors

O

OBnBnO

BnO

OH

O O

OBnBnO

N3
H

BnO

(8) (9)

(10)

(11)

I2, THF
(y = 73%)

NaN3, Bu4NI
DMF (y = 70%)

1. OsO4, NaIO4
2. NaH2PO4, NaClO2
Y = 45%O O

OBnBnO

N3
H

BnO COOH

d.e.= 71%

L. Cipolla, E. Forni, J. Jiménez-Barbero, F. Nicotra Chem. Eur J., 2002 17, 3976

1 equiv I2, DCM
(y = 69%)

O

O
CH2I

OH

BnO H
BnO

I2, DCM
(y = 66%)

O

O
BnO

BnO

O
IH2C

CH2I

O O

OBnBnO

IH

BnO
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εε--SAAs PrecursorsSAAs Precursors

O
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CH2N3

OH

BnO

BnOH2C

H

O

O
CH2N3

OH

BnO

BnOH 2C

HOOC

H

O

O
CH2I

OH

BnO

BnOH2C

H

NaN3, Bu4NI
DMF (y = 70%)

1. OsO4, NaIO4
2. NaH2PO4, NaClO2
y = 77%

L. Cipolla, E. Forni, J. Jiménez-Barbero, F. Nicotra Chem. Eur J., 2002 17, 3976

αα--SAAs SAAs PrecursorsPrecursors11

O

OBnBnO

BnO O
H

O

OBnBnO

BnO N
H

OH

O

OBnBnO

BnO NHFmoc
H

O N

OBnBnO

CH2I
H

BnO
Fmoc

(7) (15)

(16)(17)

NH2OH.HCl
pH = 4.5

(y = 91 %)

1. LiAlH4, THF (quant.)
2. Fmoc-Cl, DIPEA, MeCN

(y = 88%)

I2, DME

d.e.= 100%
Laura Cipolla
Eleonota Forni
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αα--SAAs PrecursorsSAAs Precursors

O N

OBnBnO

H

BnO

O

O

O NH

OBnBnO

H

BnO

OH

O N

OBnBnO

CH2I
H

BnO
O

O

R

NaOH 1M, MeCN
(y = 88% over 2 steps)(17)

(18)

(19)

(20)

NaOH 3M, EtOH, 
reflux

O N

OBnBnO

COOH
H

BnO
Fmoc

1. Fmoc-Cl, DIPEA, MeCN
2. CrO3, H2SO4 3 M, 
acetone

Y = 41% over 3 steps

Laura Cipolla
Eleonota Forni

O N

OBnBnO

H

BnO

O

O

1

2

3

H-1

H-2A

H-3

H-2B
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Barbara La Ferla
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OO
O

BnO
OBn

OBn

COOR

NaBH4

90%

DMP, CSA
CH3CN76%

PCC

quant.
98%

Ph3P=CHCO2R

Barbara La Ferla
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OH
OTBDPS

BnO
OBn

OBn
COOR

NHBn

O
O

BnO
OBn

OBn

COOR
BnNH2

52% yield
S/R=1.7

1) ∆ CSA,
MeCN/H2O

2) tBuPh2SiCl
Imidazole

90% yield

1) FmocCl Na2CO3
2) PCC

80% yield

Barbara La Ferla
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COOR

NHBn

O

TBDPSO
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COOR
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BnO
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BnO
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COOR

Bn
N

Piperidine

NaBH(OAc)3
AcOH Na2SO4

TBDPSO

BnO
OBn

OBn

COOR

Bn
N

H2O
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Barbara La Ferla

60% d.e.

1) Piperidine
2) NaBH(OAc)3

AcOH Na2SO4
98% yield

O
TBDPS O

BnO
OBn

OBn
COOR

NFmocBn Bn
N

TBDPSO

BnO
OBn

OBn

COOR

40% d.e.
O

TBDPS O

BnO
OBn

OBn
COOR

NFmocBn Bn
N

TBDPS O

BnO
OBn

OBn

COOR

>98% d.e.O
TBDPS O

BnO
OBn

OBn
COOR

NFmocAllyl Allyl
N

TBDPS O

BnO
OBn

OBn

COOR

72% d.e.
O

TBDPS O

BnO
OBn

OBn
COOR

NFmocAllyl Allyl
N

TBDPS O

BnO
OBn

OBn

COOR

O
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O

H

HO
O

OH
XX

O
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O
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Peri, Doumy, Mutter 1998
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OHO
HO
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OH
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O
HO

HO
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OMe

H
N OMe

O
AcO

AcO
AcO

OMe

OTrt

2) Dess-Martin 
    CH2Cl2, 95%

1) I2, 1% in MeOH, 97%

1) MeONH2.HCl, pyridine
2) MeONa, MeOH, 85%

NaCNBH3, AcOH, 86%

OAcO
AcO

AcO OMe

OH

OHO
HO

HO OMe

NH
OMe

O
HO

HO

HO
OMe

H
N OMe

Francesco Peri
Alexander Deutman
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OHO
HO

HO
OH

OH

92% yield, only β

Yields determined after 
acetylation and chromatographic purification

In aqueous AcOH/AcONa buffer (pH = 4.5) 
or in 1:1 (v/v) H2O/AcOH
or in 1:2 AcOH/DMF

O
HO
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HO
OMe

H
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OHHO
HO
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O
HO

HO

HO
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N

OMe

O
HO

HO
HO

OH

O
HO

HO
HO

OMe

N

MeO

Francesco Peri
Alexander Deutman
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HO
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OH
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In aqueous AcOH/AcONa buffer (pH = 4.5) 
or in 1:1 (v/v) H2O/AcOH
or in 1:2 AcOH/DMF

O
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H
N OMe
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HO
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N
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OH



24

1 : 3
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N
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O
HO

HO

HO
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N
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OHO
HO

HO
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O
HO
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AcHN
OH

OH

In aqueous AcOH/AcONa buffer (pH = 4.5) 
or in 1:1 (v/v) H2O/AcOH
or in 1:2 AcOH/DMF

O
HO

HO
HO

OMe

H
N OMe

82% yield, only β

OHO
HO

AcHN

OH

O
HO

HO

HO
OMe

N

MeO
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NaCNBH3, AcOH, 85%

1:2 AcOH/DMF, 75% 

O
HO

HO
HO

OMe

H
N OMe

O
HO

HO
OH

N

OH

OMe

O
HO

HO
OH

OMe

N
OHO

HO
OH

N
OMe

OMe

Francesco Peri
Alexander Deutman

60% yield only β , β (after acetylation and chromatographic purification)

1:2 AcOH/DMF

O
HO
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OH
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N
O
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HO

OH

NH
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OMe

O
HO

HO
OH

N

OH

OMe

O
HO
HO
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OMe

N
O

HO
HO

OH

OMe

O
H
HO

OH

N
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N
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O
HO

HO
OH

N

OH

OMe

AcOH/AcONa buffer 
(pH = 4.5) 85% ield

O
HO

HO
OH

N OMe

Fmoc
N
H

CO2Bn

N
OMeFmoc

N
H

CO2Bn

N
H

MeO

1

2. NaBH 3CN, AcOH

O
HO

HO
OH

H
N OMe

Fmoc
N
H

CO2Bn

N
OMe

O
HO

HO
OH

N

OMe

Fmoc
N
H

CO2Bn

N
OMe

O
HO

HO
OH

N OMe
2. 1, DMF, acetate buffer pH 4.5, MgSO4

56% yield

OHO
HO

HO
OH

OH

O

HN

HO

HO
OMe

OH
OMe

O

N

HO
HO

OMe

OH
OMe

O
HO

HO

HO

OH

DMF, acetate buffer pH 4.5, MgSO4

63% yield
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1) 5% TFA in CH2Cl2/DMF 1:1
2) Ac2O, Py, DMAP

OHO
HO

HO
OMe

HN

OMe

O
HO

HO

HO

O

OHO
HO

HO
OMe

N

OMe

Trt

O
AcO

AcO
AcO

OAc

O
AcO

AcO

AcO
OMe

N

OMe

95 %, only β, no purification

F. Peri, A. Deutman, B. La Ferla, F. Nicotra, Chem. Commun . 2002, 1504

O
HO

HO

HO

O Trt

OH
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