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AcN
NAc

O

O SPh

CHO

ODMTS

1) tBuOK/tBuOH
2) NH3, MeOH

3) CbzCl, DMAP

66 %

HN
NCbz

O

O SPhODMTS

1) NaBH4

2) HgCl2, CSA
3) NaBH4
4) H2, Ra-Ni

HN
NCbz

OODMTS

OH

NHBoc
NCbz

OH

OAc

Br

HO

NH
NCbz

OH

OAc

Br

OH

1) TFA

2) t-BuOOCCHO

86 % (8:1 ds)

CO2t-Bu

N
NCbz

CN

OAc

OAc
CO2t-Bu

D,L-Quinocarcine 1

1) Ac2O, K2CO3
2) Swern

3) TMSCN, ZnCl2

Br

26 27 28

29 30

31
32

N
NMe

CN

CO2H

OMe
OMOM

1) TMSCl, NaI, CH3CN
2) AgNO3

70 % N
NMe

CO2H

OMe O

H
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(-)-quinocarcine 1

OMe

N

O

O
OAc

1) 5N HCl

2) MeN3

75 %
OMe

N

O

O
OH

N
N

N

hυ

N
O2S

O

N
NMe

COR

OMe O
OH

61 %

O 1) MOMCl
2) NBS, hυ

3) PPh3
4) t -BuOK

41 %

N
NMe

COR

OMe O
OMOM

35 36

38

40

Me

MeO Me

NH2

OH

OMe

N

O

O
OH

99990 %

NMe

OMe

N

O

O
OH

NMe

hυ (2537 Å)

R = N
O2S

N
NMe

COR

OMe O
OMOM

O
PPh3

+Br-

1) H2, Ra-Ni
2) LiOH

30 % N
NMe

CO2H

OMe O
OMOM

H

34

37 39

41
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N
NBoc

CN

OMOM

OMe

(-)-quinocarcine 1

47

OAc

NTroc
NBoc

OMOM

OMe
OAc

OBn

1. H2, Pd/C
2. Swern

3. Zn, HOAc
4. TMSCN, ZnCl2

32 %

NTroc
NBoc

OMOM

OMe OBn

O
O

BnO

O

OMe

O
O

MOMO

O
N
Boc

MOMO

OBn

1. 14M NH3
2. NaBH3CN, HCl

3. TrocCl, Pyr

53 %

1. FeCl3, SiO2
2. NaIO4

3. NaBH4
4. Ac2O, DMAP

66 %

44

45 46

BocN

CHO

OBn
H

OMOM
O

OMe

O
O

MOMO

Me

+
D

A 1) LDA, TMEDA
2) Oxydation de Jones

21 %
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N
NH

CN

H

H

NFmoc

CHO

OBn
OH

+

O

N

CN

TMS

Na2SO4, DBU; HCN

91 % NH

OBn
OH

CN

N
H

O

N

CN

TMS

H2N

ZnCl2, TMSCN,
TFE, 60 °C

46 % N
NH

CN

CN

OBn
OH

TMS

OH
OBn
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CHO

OH

1) NaH,
2) Me2NPh
3) NaH, MeI

Br

78 %

CHO

OMe OMe

OAc
NHBoc

1) NPSP
2) m-CPBA
3) iPrEt2N

50 %

OMe

NBoc

OAc

1) déprotection

MeO2C
MeO2C

HO2C NBoc

OMe

OMe

Me

2) BopCl,
OMe

N

OH

O

NBoc CO2Me
CO2Me

MeO OMe

2) BF3.Et2O (28 %)

OMe

N
NMe

O

MeO2C CO2MeO H

H
OMe

N

OH

NMe

CO2Me
H

H

H

53 54 55

56

57

58

59 60

1) Oxydation de Swern (83 %)
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2) HCl 6M
3) MeOCOCl, Py

4) pyrrolidine
5) ICH2CN, DIEA
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CN
1) AgOCOCF3
TFA, TFAA
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Et3N
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2) Swern
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1) MeI (7 éq), K2CO3, acétone,
reflux

2) NaBH4, EtOH

95 % (2 étapes)
OMe

OH 1) MsCl, Et3N, CH2Cl2,
t.a.

2) LiBr, acétone, t.a.

90 % (2 étapes)
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Dolling, R1 = CF3 ( 1984)

Dolling, R2 = H (1984)

O'Donnell, R1 = H (1989)

O'Donnell, R2 = Allyl (1994)

Corey et Lygo, anthracène, R1 = H
(1997)
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N CO2
tBu

Ph

Ph N ∗ CO2
tBu

Ph

Ph

R

CsOH.H2O
CH2Cl2

RX

Conditions de Corey

Conditions de Lygo
KOH aq 50%

Toluène
0°C TA

-60°C

Rdt = 67 - 89%
ee > 95%
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NBS, ACN, ta, 45 min
(quantitatif)
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O

OBr

176

173 174

NHCbz
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O
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1) BF3.Et2O, H2O,
CH2Cl2, 0 °C

2) BF3.Et2O, tamis
moléculaire 4 Å, CH2Cl2, 40 °C

4

8 60 % (2 étapes)

1) BF3.Et2O, H2O,
CH2Cl2, 0 °C

2) BF3.Et2O, tamis
moléculaire 4 Å, CH2Cl2, 40 °C
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Conditions et résultats

cf. Tableau 5
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cf. Tableau 6
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78 % HO NHBoc

CO2Me

CO2Me
CrO3, H2SO4,
H2O/acétone

73 % HO NHBoc
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CO2Me

O
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1) TFA, CH2Cl2
2) CbzOSu, NaHCO3 sat.,

dioxanne

58 %
HO NHCbz
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CrO3, H2SO4,
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0 °C à t.a.
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OH
CbzOSu, NaHCO3

dioxanne
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CbzCl, NaHCO3, H2O

CbzHN CO2Me
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O

O
CbzHN

+

5-10 % 25-35 %
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1) CbzCl, NaHCO3, H2O
2) acide citrique, pH 2, ∆, H2O
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284

1) CbzOSu, NaHCO3
dioxanne

2) Acide citrique, ref lux

73 %

O

O
CbzHN

286

1) NaOH/H2O/EtOH
2) MeI, DMF

97 %
CbzHN CO2Me

OH

285

1) NaOH/H2O/EtOH
2) BnBr, DMF
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287

+

37 % 30 %
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OH
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MeO2C

NHCbz285

O

O
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CbzHN CO2Me
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PCC, gel de silice,

DCM

286

279

(ClCO)2, DMSO, Et3N

71 %
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RCHO
CHI3, CrCl2, THF

R
I

R = alkyle, aryle

CHI3
CrCl2 CrIIICHI2

CrCl2 CrIII
CHI

CrIII

Voie A

RCHO

II
III

II R CHI2

OCrIII

CrCl2
R

I

R
I

III
RCHO

Voie B

R CHI

OCrIII

CrIII

Mécanisme proposé

E majoritaire
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CHI3, CrCl2, THF, 0 °C
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OHC
CO2tBu

NHPhF
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FPh

HO

CO2tBu

N
FPh CO2tBu

H+,
- H2O
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HN
CHO

CHO
R

Cl-
Ph3P N

CHO

N
CHO

Cl

N
CHO

R

N
CHO

Ph3P

PPh3

Et2O, t.a., 24h
toluène, reflux, 30 min

(HCHO)n, Me3SiCl

ou (HCHO)n, SOCl2

KHMDS, toluène, -78°C

84% (2 étapes)

294 : 74%, R = Ph, E/Z : 1/4
295 : 80 %, R = C6H13 Z majoritaire

R = Ph
R = C6H13
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CO2H

CbzHN
O

O

O

Ac2O, 100°C

CO2HCbzHN

CO2Et

CO2HCbzHN

CO2H

CO2EtCbzHN

CHO

CO2HH2N

CO2H

L-Asp

1) SOCl2, CH2Cl2
ou (COCl)2, DMF cat
CH2Cl2

2) Bu3SnH, Pd(PPh3)4
CH2Cl2

CbzOSu

NaHCO3
Dioxane-H2O
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1
90%

90%, 2 étapes
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base, sel de phosphonium 293
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CO2MePHN

CO2Me

CO2MeN

CO2Me

Boc

P

Boc2O
Et3N, CH2Cl2

CO2MeN

CHO

Boc

P

CO2MeH2N

CO2Me

CO2HCbzHN

CO2H

CO2HH2N

CO2H

L-Asp

Boc2O, DMAP
CH2Cl2, t.a.

303 P = Boc 76%
304 P = Cbz 86%

305 P = Boc 100%
306 P = Cbz 95%

308 P = Boc 99%
309 P = Cbz 87%

DIBAL-H

-78°C, Et2O

Me3SiCl
MeOH, t.a.

Me3SiCl
MeOH, t.a.

CbzOSu
NaHCO3
Dioxane
H2O

302

296

CO2MeCbz2N

CO2Me
DIBAL-H

-78°C, Et2OCO2MeCbz2N

CHO

72 % 307310

KHMDS, THF/HMPA, puis
CbzCl, - 78 °C

quantitatif
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CO2MeP2N

CHO

CO2MeP2N

N
CHO

N
CHO

Ph3P

293
Cl

KHMDS
THF, - 78 °C

308 P = Boc2
309 P = Cbz, Boc
310 P = Cbz2

311 P = Boc2 70 % Z/E : 5/1
312 P = Cbz, Boc 69 % Z/E : 2/1
313 P = Cbz2 45 % Z/E : 2/1

�
�'��.��98�

�
� +�%%	���
��

��
����		��%%���	
�������	���	4���
	������ ����!� ����026��!�������


�
� %������
� ����� ��
� BA��� ��� ��ID�  ��
� ���  	���4�� �!� ���
�  ������	4	�
� �� 		�

�����9� )�� �	��������� ��� �!	�� ���� 020� ��� ��	
����� ��� ��� ���� ��� ��.�� � �� ���������

��� �
� �!������� ��� �� ��
	� 024� ����� ��� ����� ��� ��� XQ� c� B�'��.�� 99D9� ��
���6� ���

�������������������������������������������������
JW������6��9[�-
.�,�N�6��9[�V�����6��9[�V�4�6�V9[�$���N�,�6��9����������
������9�29966�4�6�Q���'Q�W�9�
JWH�B�D�V�,��
6�:9[�������6�&9�$9[�$����6��9[�:�����
6�R 9��9[�$����6�19��9����-�!�� �����29986��#6�H�QJ'H�QQ�
B�D�������6�&9�$9[�V�,��
6�:9[�$����6��9[�$��,���
6��9[�:�����
6�R 9��9[�$����6�19��9����������
�9�����������
29986�/6�HHWJ'HHXQ9�



 ��	�����&&&� � �����(!���(�������

J�Q�

�	�������������!��������		��%%���	�������	
����������.��������������������������6//������

�������� ������XT�c9�

�

CO2MeCbz2N
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N
CHO
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N
CHOLiBr

CH3CN

94 % 314

CO2HCbzHN

N
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LiOH

THF- H2O

95 %
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TMS
OAc

1) BH3.THF, THF,
de - 10 °C à 0 °C

O2N C(O)Cl2) ,

pyridine, CH2Cl2, t.a.

80 %
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O

O

O

NO2

315

�
�'��.��2::�

�

�������������������������������������������������
JWQ�B�D��������6�)9[����4
���%6��9[�2���6��9[������.6�:9� ������
��� ����� 
��9�29/86�HTW9�B�D�$�3��
6��9[�
������6�+9[��� ��
6�+9[�������46��9[�2�� ��46�$9[��.� �I�6�V9�������� ������
�9�29/96��%�6�Q�H�9�
JWT���
�N
,36��9[�R ��4.6�&9����-�!�� ���9�29806�4�6�JTHX9�



 ��	�����&&&� � �����(!���(�������

J�T�

)!������ )'�
����7��� �� 		� ���
	��%�	� ����� ��� �.������� ��� �� 	.3
��3��� ���
� ���

 	.��������
��!� ������		����	4	����������4����� �������������	
��������+$��������

��	.3�� ���� ����� ��� ����� ��� ��� X�� c� 
��� ��
� �� 	���
� B�'��.�� 2:2D9� )�� �	�������

�	4��
	������� ��� �!�
��� ��� Y� ��� 023� ���
� ��
� ��������
� �	�������
� � ���3	�
�

��	�	��  ��6�;�
���������*�A�Q����
���� 	.����6���%�������!�������02/�������������� ���

��� ��� c9JW�� )�� �	4��
	������	� �������� ��� ��� ������������ ��� �!�� �� ��� ����� ;� �!�� ��

�!�I��6�7���������
�����.	��������������3�������!�
������Y6�����P����������4 ����������

���������
���������������
����'�9������
������������������
%�����	%	�����������!.3������
���

���� ����
��9JW�� +��
� ��
� ��������
6� ��� ������� 028� �� 	4��� ��� 		� 4	�	�	�� ����� ���

����� ������J��c9����������
���������
��	�������
��
	�
��%����!	�� �����������������

������� BA�H9��26� )�A�Q6� A�H9�$��6� )����Q� ;� ��%%	����
� � �	�����
D� �!�� ��� �
� ���

�	�������!�
������Y9�)!�������02/�����
����		����	4	��������4����� �������'��3�
��3��������

������������ ��
	�029�������������� ������X��c����
��!�
������Z���		��	����������	.3���

06:� ����� ��� +-A�)'�� ����� ��� ����� ��� ��� �Q� c9� �����'��� �	�4�� ����� ��� 
��� ���

�.�
�.���� ����
� ��
���������
���	�	��  ��� �
�
��������������������� �!	�� ����062�

���������"������������ ������X��c�
��
�%�� ���!��� 	���4����
��
� <��
���
	�������
�;\7�

���
� ��� ������� WT\JT9� )�� �	��������� ��� 4����� ��� ����� ��� ��	
����� ��� %�������� ���

�	
�� ���� ���!����������%�E���7������������Z'.3���"3�� ����������0669�

�

CO2HH2N

CO2H

CO2MeTeocHN

CO2Me

TeocHN

CHO

OTBS

320

316
L-Asp

1) Me3SiCl, MeOH, t.a.
2) TeocOPhNO2, DMAP,

Et3N, MeCN, t.a.
NaBH4, MeOH,
de -15°C à t.a.

90 %

TeocHN

N
CHO

N
CHO

Ph3P

293
Cl

KHMDS, THF, - 78 °C
OTBS

92 %

CsF, DMF, 40 °C

quantitatif H2N

N
CHO

OH

321
322

Z/E : 85/15

TBSCl, imidazole, DMF, t.a.

O

NHTeoc
TeocHN

CO2Me

317

+OH

O

318 (10 %)(72 %)

97 %

DIBAL-H, Et2O, - 78 °C

74 %
TeocHN

CO2Me

319

OTBS
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1) MgSO4, CH2Cl2
t.a., 30 min

2) TiCl4, -78 °C à t.a.

3) (CF3CO)2O, pyridine,
CH2Cl2
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O CF3
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H2N N
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N

R1

N
Me

CHO
Hydrolyse

R1 = alkyle, aryle

273

32 324
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H
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C6H13CHOH2N OH
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1) Me3SiCl, MeOH, t.a.
2) TeocOPhNO2, DMAP,

Et3N, ACN
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CO2Me

acide D,L-3-amino-3-
phényl

propionique

62 %

1) DIBAL-H, Et2O, 0 °C

quantitatif

N
CH2OH

Ph3P
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Cl

KHMDS, THF, - 78 °C

70 % sur 2 étapes

2)
TeocHN

N
CHO

CsF, DMF, 70 °C
H2N

N
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+ PhCHO

1) MgSO4, CH2Cl2,
t.a., 30 min

cf Tableau 15
N
H

Ph

CHO

2) acide de Lewis
N

N
CHO

Ph
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R AcOH (5 éq),
(dba)2Pd2.CHCl3 (2,5 % mol),

PPh3, benzène, 60 °C

R = TMS, CH2OCH3
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N
Ts

R

N
Ts

R

R = Ph, CO2Me

Pt (II) ou Ag (I) cat.
toluène, 80 °C

�

�'��.��22/�

�

)!�"����������!���� ����� �	�����	������������ �����!������ ���<
�;���
��� ��
	
�

���	������
��6H6Q6�'
��
��	
�04/�;�����������	���	
����3���043�B�'��.��228D9��

�

�������������������������������������������������
JXW�$� ���6�19[�:��

6��9[�V���
�6��9[�2n�
���6��9�������� ������
���6::46����6�W�TQ'W�TT9�
JXX����
6�A9[������4��6��9�������� ������
���29966���46���X�9�



 ��	�����&&&� � �����(!���(�������

JQJ�

P = H, Boc, Ns
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R1R2NH + R3CHO + H R4

CuCl (2 éq)

N
R1 R2

R3

R4

1,4-dioxanne, 70 °C
R1, R2, R4 = aryle, alkyle
R3 = aryle �
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HCHO, CuI, H2O, M.O. N
H

N
CHO

CO2Et
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Br
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K2CO3, DMF
ou

Cs.H2O, DMF
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MeO2C
K2CO3, CH3CN,
CuBr2 (0,2 éq)
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R1
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CO2Me

+

R1 = OMe,H
R2 = H, Me

43-51 %
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R1 = Me, Bn
R2 = H, Me
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DMF, Ar, t.a. SiO2, air
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n = 1, 2R = Ac, Bz, Me
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NsCl, NaHCO3 sat.,
1,4-dioxanne t.a.

57 % NHNs
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X
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a) Pd(dba)2, CsCO3, (R)-BINAP, toluène, 120 °C
b) Pd(dba)2,NaOtBu, (R)-BINAP, éther couronne 18-6, t.a.
c) CuI, K2CO3, NMP, M.O.
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NH2

HO2C CO2H

L-Glu

1) MeOH, TMSCl, t.a.
2) (Boc)2O, Et3N, MeOH,

t.a.

3) (Boc)2O, DMAP, MeCN,
t.a.

76 % (3 étapes)

NBoc2

MeO2C CO2Me

NBoc2

MeO2C

1) DIBAL-H, Et2O,
- 78 °C

2) NaBH4, MeOH,
0-5 °C OH

1) CeCl3.7H2O, NaI,
MeCN, 40 °C

2) TBDMS, imidazole,
DMF, t.a.

63 % (4 étapes)

NHBoc

MeO2C
OTBS LiOH, THF/H2O (3/1), 0 °C

quantitatif

NHBoc

HO2C
OTBS

404 405

406 390
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NH2

HO2C CO2H

L-Glu

1) MeOH, TMSCl, t.a.
2) CbzOSu, NaHCO3 sat.

1,4-dioxanne, t.a.

90 % (2 étapes)

NHCbz

MeO2C CO2Me

NCbz2

MeO2C CO2Me

1) DIBAL-H, Et2O,
- 78 °C

2) NaBH4, MeOH,
0-5 °C

NCbz2

MeO2C
OH

407 408

409

KHMDS, THF/HMPA
- 78 °C;
puis CbzCl, - 78 °C

81 %

LiBr, MeCN, 65 °C
NHCbz

MeO2C
OCbz

NHCbz

MeO2C
OH+

(majoritaire)

410

410
K2CO3 aq.

411

76 % 68 %
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LiOH, THF/H2O (3/1), 0 °C

quantitatif
409

1) TBDMSCl, imidazole,
DMF, 45 °C

2) LiBr, MeCN, 50 °C

99 % (2 étapes)

NHCbz

MeO2C
OTBS

412

NHCbz

HO2C
OTBS

391
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NCbz2

MeO2C
OH

409

1) IBX, DMSO, t.a.
2) éthylène glycol, TsOH.H2O,

toluène, 70 °C

Cbz2N CO2Me

O O
1) LiBr, MeCN, 45 °C
2) LiOH, THF/H2O (3/1),

0 °C

CbzHN CO2H

O O

413

69 % (2 étapes)

392

58 % (2 étapes)
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NH

OMe

N

OH

O

MeO Me

NHP

HO2C
OTBS

conditions

cf Tableau 18

N

OMe

N

OH

O

MeO Me

O

NHP
OTBS

390 P = Boc
391 P = Cbz

414 P = Boc
415 P = Cbz

+

NH

OMe

N

O

O

MeO Me

O

416 P = Boc
417 P = Cbz

NHP
OTBS
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H
N

O O

OH

O

N
H

BnO2C
Boc-Phe-OH, PyAOP,

DIEA, DMF, 1 h

72 %
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O O
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O

N
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NHBoc
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1) DIBAL-H, Et2O, -78 °C
73 % (alcool: 24 %)

2) TIPSOTf, Et3N, Et2O, 20 h
0 °C puis ta

96 %

1) LiBr, ACN, 60 °C, 24 h
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2) DIBAL-H, Et2O, -78 °C,
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69 %
CbzHN CHO
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Z : E = 8,3 : 10
séparables
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Z : E = 8,5 : 10
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1) LiBr, ACN, 60 °C, 24h

2) LiOH.H2O, THF/H2O, 0 °C

69 % (2 étapes)
CbzHN CO2H

TIPSO

Z : E = 8,3 : 10
inséparables

Cbz2N CO2Me

TIPSO

Z : E = 8,5 : 10
inséparables
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3

HO NHCbz

C16H19NO8 : 353,1 g.mol-1

4

CO2Me
CO2MeO

HO NHCbz

CO2Me
CO2Me

CrO3, H2SO4, acétone
0 °C puis t.a.
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C22H27NO5: 385,2 g.mol-1
OMe

NHCbz
OtBu
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CbzOSu, NaHCO3 sat.,
1,4-dioxanne, t.a.
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OMe

OH 1) MsCl, Et3N, CH2Cl2,
t.a.

2) LiBr, acétone, t.a.

90 % (2 étapes)

OMe

1
4

C8H8BrO : 201,1 g.mol-1

Br
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O NBoc

CHO

C11H19NO4 : 229,1 g.mol-1

1) SOCl2, MeOH
2) Boc2O, EtN3, CH2Cl2
3) diméthoxypropane, BF3.Et2O

acétone

4) NaBH4, LiCl,EtOH/THF
(COCl)2, DMSO, Et3N, CH2Cl2

HO NH2

CO2H

D-sérine
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CHO

OH

1) MeI (7 éq), K2CO3 , acétone,
ref lux, 5h

2) NaBH4 , EtOH

OMe

1

4

C8H10O2 : 138,2 g.mol-1
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C34H33ClN2O : 520,2 g.mol-1

N H OH

H

N

9-chlorométhylanthacène,
toluène, reflux
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C37H37BrN2O : 604,2 g.mol-1

27

28
29

N
HO

N

H

H

Cl-

Br , KOH aq.,

CH2Cl2, t.a.
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C14H21NO3: 251,2 g.mol-1
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Cat. de Corey 130 (10 %),
CsOH.H2O, CH2Cl2 , - 78 °C

2) AcOH/H2O/THF, t.a.

1) Ph N
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C23H29NO5: 399,2 g.mol-1
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EDCI, HOBt, CH2Cl2

t.a.
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C23H29NO5: 399,2 g.mol-1
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C22H27NO7: 417,2 g.mol-1

1) TFA, Et3SiH, CH2Cl2, t.a.

2) EDCI, DMAP, CH2Cl2, t.a.
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C22H26BrNO7: 495,1 g.mol-1
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NBS, MeCN, t.a.
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CH2Cl2, 0 °C
2) TFA/CH2Cl2 , 40 °C
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C12H13NO3 : 219,1 g.mol-1

3

1

4
7

8

11

6 O
O

Pd/C (10 %), MeOH,
H2 (1 atm.), t.a.
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C16H25NO7 : 343,2 g.mol-1
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C16H21NO7 : 339,1 g.mol-1
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C16H27NO7 : 345,2 g.mol-1
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1) MeOH, 70 °C
2) CH2N2, Et2O
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C13H23NO7 : 305,1 g.mol-1
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6Br Me(OMe)NH.HCl,

DIBAL-H, THF,
0 °C puis t.a.
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CbzHN CO2Me

N
CHO

LiOH.H2O, THF, 0 °C

C15H18N2O5 : 306,1 g.mol-1
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CHO
HN

Me

1) (HCHO)n, Me3SiCl, reflux
2) PPh3 , Et2O, reflux Ph3P N

CHO

Cl-

C21H21ClNOP : 369,1 g.mol-1 �
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CbzHN CO2Me

CO2Me2

1

C14H17NO6 : 295,1 g.mol-1

1) CbzOSu, NaHCO3 sat.
1,4-dioxanne, t.a.

2) Me3SiCl, MeOH, t.a.
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CO2HH2N
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CbzBocN CO2Me

CO2Me2

1

C19H25NO8 : 395,2 g.mol-1
CbzHN CO2Me

CO2Me Boc2O, DMAP,
CH2Cl2, t.a.
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CbzBocN CO2Me

CO2Me
CbzBocN CO2Me

CHO2

1

C18H23NO7 : 365,2 g.mol-1

DIBAL-H, Et2O
- 78 °C
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Cbz2N CO2Me

CHO2

1

C21H21NO7 : 399,1 g.mol-1
CbzHN CO2Me

CO2Me
1) KHMDS, THF/DMAP

puis CbzCl, - 78 °C
2) DIBAL-H, Et2O, -78°C
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CbzBocN CO2Me

CHO Ph3P N
CHO

Cl-

KHMDS, THF, -78 °C

C21H28NO7 : 420,2 g.mol-1
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C24H26N2O7 : 454,2 g.mol-1
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KHMDS, THF, -78 °CCbz2N CO2Me
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Cbz2N CO2Me

N
CHO

C16H20N2O5 : 320,1 g.mol-1

CbzHN CO2Me
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N
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LiBr, CH3CN, reflux
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C12H17NO5Si : 283,1 g.mol-1

TMS
OAc

1) BH3.THF, THF,
- 10 °C puis 0 °C

O2N C(O)Cl
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CO2H

CO2HH2N

C12H23NO6Si : 305,1 g.mol-1

1) Me3SiCl, MeOH, t.a.
2) TeocOPhNO2, DMAP,

Et3N, CH3CN, t.a.
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TeocHN CO2Me
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TMS OTBS
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C17H37NO5Si2 : 391,2 g.mol-1
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1) NaBH4, MeOH,
- 15 °C puis t.a.

2) TBDMSCl, imidazole,
DMF, t.a.
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C16H35NO4Si2 : 361,2 g.mol-1

DIBAL-H, Et2O, - 78 °C
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C12H16N2O : 204,1 g.mol-1
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3) DIBAL-H, Et2O, 0 °C
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NHBoc

MeO2C
OTBS LiOH, THF/H2O (3/1), 0 °C 3

21HO2C
OTBS

NHBoc

C16H33NO5Si : 347.2 g.mol-1
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LiOH, THF/H2O (3/1), 0 °C
NHCbz

MeO2C
OTBS

NHCbz

HO2C

C19H31NO5Si : 381,2 g.mol-1
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NCbz2

MeO2C
O

O

1) LiBr, MeCN, 45 °C
2) LiOH, THF/H2O (3/1),

0 °C

NHCbz

HO2C

C15H19NO6 : 309,1 g.mol-1
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NH2

HO2C CO2H

1) MeOH, TMSCl, t.a.
2) (Boc)2O, Et3N, MeOH,

t.a.

3) (Boc)2O, DMAP, MeCN,
t.a.
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NBoc2

MeO2C CO2Me

1) DIBAL-H, Et2O,
- 78 °C

2) NaBH4, MeOH,
0-5 °C
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C16H29NO7 : 347.2 g.mol-1
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1) CeCl3.7H2O, NaI,
MeCN, 40 °C

2) TBDMS, imidazole,
DMF, t.a.

MeO2C
OH

NBoc2 3

21MeO2C
OTBS

NHBoc

C17H35NO5Si : 361.2 g.mol-1
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NHCbz

MeO2C CO2Me

C15H19NO6 : 309,1 g.mol-1

1
2

3NH2

HO2C CO2H

1) MeOH, TMSCl, t.a.
2) CbzOSu, NaHCO3 sat.

1,4-dioxanne, t.a.
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NHCbz

MeO2C CO2Me

KHMDS, THF/HMPA
- 78 °C;
puis CbzCl, - 78 °C

NCbz2

MeO2C CO2Me

C23H25NO8 : 443,1 g.mol-1
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1) DIBAL-H, Et2O,
- 78 °C

2) NaBH4, MeOH,
0-5 °C

NCbz2

MeO2C CO2Me

NCbz2

MeO2C

C22H25NO7 : 415,2 g.mol-1
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NHCbz

MeO2C

C20H33NO5Si : 395,2 g.mol-1

1
2

3 OTBS
4

1) TBDMSCl, imidazole,
DMF, 45 °C

2) LiBr, MeCN, 50 °CNCbz2

MeO2C
OH
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C24H27NO8 : 457,2 g.mol-1
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1) IBX, DMSO, t.a.
2) éthylène glycol, TsOH.H2O,

toluène, 70 °C
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PyAOP, DIEA, DMF, t.a.

C30H51N3O8Si : 609,3 g.mol-1
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C19H31NO4Si : 365,2 g.mol-1
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C33H49N3O7Si : 627,3 g.mol-1
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PPTS, tamis moléculaire 3 A,
Toluène, 55 °C
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NCbz2

MeO2C

C31H43NO7Si : 569,3 g.mol-1
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3 OTIPS
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1) DIBAL-H, Et2O, -78 °C
73 % (alcool: 24 %)

2) TIPSOTf, Et3N, Et2O, 20h
0 °C puis ta

96 %
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1) LiBr, ACN, 60 °C, 24h

2) DIBAL-H, Et2O, -78 °C,
15 min

Cbz2N CO2Me

TIPSO NHCbz

OHC

C22H35NO4Si : 405,2 g.mol-1
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NHCbz
OTIPS+

PPTS,
tamis moléculaire

4 Å,

Toluène/CH2Cl2,
60 °C

N

O

NHCbz

O
NMe(OMe)

OTIPS

C36H53N3O7Si : 667,4 g.mol-1
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C37H54N4O7Si : 694,4 g.mol-1
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2) LiOH.H2O, THF/H2O, 0 °C
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