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2 R = p-nitrobenzoyl
3 R = H (64%)
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5 X = OH, R = Cbz
6 X = Pyr, R = Cbz
7 X = Pyr, R = H
8 X = Pyr, R = Bn (76%)

9

10

(81%) (95%)

a (96%)
b
c

d e
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11 X = Cl (δ (31P) = 145.3)
12 X = OT3' (δ (31P) = 118.2)
(51% for two steps)

a

b 13 (δ (31P) = 140.2)

14 R = TBDMS

(δ (31P) = 68.6)

d

+

e
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15 R = H (61%)

c

f

NH4

(RP)-16 (δ (31P) = 56.0)

(89%)
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��EG �CB7 9H1><D 8��8( /)� �=��=���;�D �=������G /)'�(D �=�����=<� 1
+)�',�)� )/ " 9�� ���  �� ��)�< �� �� �@'�)'+ ��;� 9= �
< ��( .�H
9= �
< 3�+ 3����( ,) �� �� /)� � �� �&,��8,�)� 3�,� �,�2� �8�,�,� 0�)6�(�(
!� �+ � 3��,� +)��( 9$� ��� ��E<� �� �BC 9�  B�?� ����=<D �� !� � 9���
��<� $��� 9(� ��� �� $�� �?<� $�� F $�= 9�� !�<� ��� 9�� ��<� �� � F �� =
9�� ��<� =�� F =��� 9�� ��<� =�$� F =�! 9�� ��<� =�� F =��! 9�� ��<� ��$� F
��$� 9((� ��� �� �� � ���� �?<� ��!$ F �� = 9�� ��<G �=� �BC 9����$ B�?�
��=�;��=<D �� ����$�� �=��=�� �=���$� �= �=�� ��!��!� ��!���� ��$����
����!=� ����!=� ����� � ��!��$� �� �$=� � !���� �=�$�� �$�$�� ���!�� ���$�� ����$�
���= � �=���� ��� �� ��� �G �CB7 9�	< 8��8( /)� �����$�=;�D =!���� =G
/)'�(D =!��� ���

!� D 1 +)�',�)� )/ !� 9=� ���  �� ��)�< �� ������ 8)�,������ �,=� 9= �$ �
�
 ��� ��)�< 3�+ �((�( +�)3�2 ,) � +)�',�)� )/ :��= 9!�$ �
�  �� ��)�< ��
������ 9 ��� �
< �,  ��� .�� �BC ,'�� 3�+ ,��� +����(� 1/,�� ���,��� �,
� �� /)� �� �� � +)�',�)� )/ ��
,
.>�B7
,�2��(��� 9=� ���  ��� ��)�<
��( �,=� 9���� �
�  ��� ��)�< 3�+ �((�( ,) ,�� +)�',�)� )/ !!� ��( ,��
�BC ,'�� 3�+ ��+����(� ���� =�: �BC +0�8,�)+8)02 +�)3�( ,��
(�+�00�����8� )/ ,�� +����� �, �� ��� ��( ,�� /)���,�)� )/ ��3 +����� �,
��)'�( �� ��!� ,�� +)�6��, 3�+ ���)6�( �� 6�8')� :'��/�8�,�)� �2 /��+�
8��)��,)���0�2 �//)�(�( !� �+ � 3��,� +)��( 9=� ��� ��E<� =�: �BC

H
N

O
N

O

O

O

ORO T

P
O

S
O

O

OHO T

OH

O
T

N
N

O

O

N

P
O

O DMTrOT

H
N

O
N

O

O

O

OO T

N
H

N

O
P

O

O OHT

S

N

O

Bn

Bn

CPG
+

NH4

19 R = DMTr
20 R = H

(RP)-16

18
a

b,c,d

CPG
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