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O
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H
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 !�� ��I !� ��� 52�� ��,� *?*�26 �
8.44;8.�8 5�� �4�6� +.4) 5	� !�6� +.!�;4.:� 5�� ��6� 4.8:
5	� !�6� 4.�+ 5	� !�6� 2.:�;2.2� 5�� !��6� �.2� 5	� 2�6 !2*

��� 58+ ��,� *?2@?6 � !+:.�� !+�.)� !+�.!� !2:.��
!2�.:� !2�.4� !2�.2� !2�.�� !2!.!� !2�.!� !�:.:� !�:.��
!�:.+� !�:.4� !�:.2� !�:.�� !��.:� !��.�� !��.)� !�8.)�
!�8.4� !�2.!� !��.:� !��.!� �+.�� �4.8� �2.+� 8).:� 8+.4�
):.:� )8.8� )8.+� )+.+� )2.)� )�.�� +�.:� +).2� +2.8� +�.8�
!:.! "�% &� *+)�)4�4@!+ ����� 5����6 !�24.4� &�#��
!�24.+.
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 !�� ��I !� ��� 52�� ��,� *?*�26 �
8.4:;).:� 5�� �+�6� +.+4 5	� !�6� +.!2;4.�: 5�� ��6� 4.�!
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1)

2)

43%

O3, CH2Cl2, -78oC1)

2)

Paromomycin
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12

13
14

84%

Steps26

O3, CH2Cl2, -78oC1)

2) NaBH4

60%

15

3) MsCl, Collidine, CH2Cl2

4) NaN3, DMF, ∆

1) cat. NaOMe, MeOH

2) PPh3, H2O, ∆, then AcOH

quant.

16 AcOH salt
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NaBH3CN

MeOH, AcOH

R'', (R'=H)Product
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H
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O
O
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OAc
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Cbz-HN

OAc
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Cbz-N

Cbz-HN

R'', R'Yield Yield
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17b
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R''R'NH
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14

17a-e
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5�� !�6� 4.�+;2.!� 5�� !��6� �.:� 5�� !�6� �.8� 5�� !�6�
�.2+ 5�� !�6� �.��;!.:� 5�� ��6� !.++ 5�� !�6 !2* ���
58+ ��,� *?2@?6 � !+�.:� !+�.8� !+�.�� !2:.�� !2�.2�
!2�.�� !28.:� !�:.:� !�:.�� !�:.8� !�:.)� !�:.+� !�:.2�
!�:.!� !�:.�� !��.:� !��.+� !�8.8� !�8.)� !�8.4� !�2.!�
!��.:� !�!.+� �+.)� �4.)� �2.+� �2.4� 88.!� 8�.!� )8.:� )8.��
)8.+� )8.4� )+.+� )2.4� )�.4� +�.:� +2.�� +�.8� 24.�� 2�.2 
"�% &� *+)�)4�4@!+ ����� 5����6 !�24.!� &�#�� !�24.4.
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 !�� �+I !� ��� 52�� ��,� *?*�26 �
8.++;8.!� 5�� �+�6� +.+2 5	� !�6� +.!+;4.�� 5�� ��6� 4.�+
5�� !�6� 4.!+;2.2+ 5�� !)�6� �.:� 5�� !�6� �.+� 5�� (�8 �,�
��6� �.!�;!.+� 5�� +�6� !.4� 5�� !�6 !2* ��� 58+ ��,�
*?2@?6 � !+:.4� !+�.)� !+�.�� !42.�� !2:.�� !2�.2� !2�.!�
!2�.+� !2�.4� !2�.2� !2�.�� !�:.:� !�:.�� !�:.8� !�:.)�
!�:.2� !�:.�� !��.�� !��.)� !��.+� !��.2� !��.�� !�8.:�
!�8.2� !�8.�� !�2.�� !��.:� !��.8� �+.�� 8).�� 8+.:� 8�.��
)8.�� )8.8� )8.+� )2.�� +�.+� +�.:� +�.8� +�.)� 24.4� �:.� 
"�% &� *+8�))�4@!+ ����� 5����6 !�4�.�� &�#��
!�4�.+.
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8.+�;8.�� 5�� �+�6� +.+4 5	� !�6� +.!4;4.�� 5�� !��6� 4.�+
5�� !�6� 4.!�;2.2+ 5�� !)�6� 2.!� 5�� !�6� �.:� 5�� !�6�
�.++ 5�� !�6� �.!+;!.8� 5�� 4�6� !.4� 5�� !�6 !2* ���
58+ ��,� *?2@?6 � !+:.!� !+�.8� !+�.)� !+�.!� !2:.��
!2�.2� !2�.�� !28.:� !2�.�� !2�.�� !�:.:� !�:.�� !�:.4�
!�:.�� !��.8� !��.)� !�8.:� !�8.�� !�8.2� !�2.2� !��.:�
!��.�� �4.:� �4.:� �2.8� �2.4� 8).2� 8+.:� 8�.�� ):.:� ):.:�
):.:� ):.�� )�.�� )8.:� )8.8� )8.)� )8.+� )8.�� )2.� "�% &�
*+��)8�+@!8 ����� 5����6 !!�8.�� &�#�� !!�8.�.

 ���!� /	��	��
 !�� 4!I !� ��� 52�� ��,� *?2@?6 �
8.+�;8.!� 5�� �+�6� +.+2 5	� !�6� +.!2;4.�+ 5�� !��6� 4.�2
5�� !�6� 4.��;2.2+ 5�� !)�6� 2.�4 5�� (�).+ �,� ��6� �.:2
5�� !�6� �.+� 5�� !�6� �.!�;!.)+ 5�� +�6� !.)�;!.2� 5��
��6 !2* ��� 58+ ��,� *?2@?6 � !+:.!� !+�.8� !+�.!�
!+�.�� !2:.�� !2�.4� !2�.2� !2�.�� !2�.!� !�:.:� !�:.)�

!�:.+� !�:.2� !��.:� !��.:� !�8.)� !�2.!� !��.:� !��.8�
�+.�� �4.�� �2.+� 88.!� 8).!� 8�.!� ):.:� )8.:� )8.8� )8.+�
)8.4� )+.+� )2.:� +�.:� +8.!� +).4� +4.�� +�.�� 4�.�� 2!.��
�8.) "�% &� *+:�):�+@!8 ����� 5����6 !!�!.�� &�#��
!!�!.).
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 !�� 4�I !� ��� 52�� ��,� *?2@?6 �
8.+�;8.�+ 5�� ���6� +.+4 5	� !�6� +.!2;4.:� 5�� :�6� 4.2�;
4.!+ 5�� ��6� 2.:) 5�� (�:.2 �,� !�6� 2.:�;2.�! 5�� �4�6�
2.!8 5�� (�8.� �,� !�6� 2.�� 5�� !�6� �.)+ 5�� !�6� �.2� 5��
!�6� �.!+;!.�+ 5�� 2�6� !.)+;!.+� 5�� !�6� !.4�;!.2� 5��
��6 !2* ��� 5!�� ��,� *?2@?6 � !+:.!� !+:.�� !+�.)�
!+�.!� !2:.�� !2�.2� !2�.!� !2�.�� !�:.:� !�:.8� !�:.+�
!�:.2� !�:.�� !��.:� !��.:� !�8.)� !�4.4� !�2.!� !��.��
!��.2� �+.!� �4.8� �2.+!� 88.:� 88.8� 8).:� 8+.8� 8+.�� 82.��
8�.�� 8!.)� 8�.�� ):.:� )8.:� )8.+� )).4� )+.4� )2.�� )�.8�
)�.�� +�.:� +�.�� +�.2� +8.+� +2.8� +�.8� 2+.8� 2�.�� ��.2�
!4.� "�% &� *+)�8��4@�! ����� 5�����6 !!+8.��
&�#�� !!+8.4.
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 !�� 2:I !� ��� 5)�� ��,� ?��@(�)6
� 8.+�;).:� 5�� 2+�6� ).8�;).8+ 5���� 	� !�6� +.+8 5	�
!�6� +.�+;4.8+ 5�� !+�6� 4.!�;4.2� 5���� �� 2�6� 2.�+;
2.�� 5�� 4��6� �.:2;�.:� 5�� !�6� �.8+;�.): 5�� !�6�
�.��;�.!8 5�� !�6� !.�+;!.)� 5�� 4�6 "�% &�
*:4�!�8�8@2� ����� 5�����6 !)��.8� &�#�� !)��.�.
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 !�� 48I !� ��� 54�� ��,� *?*�26
� 8.+2;8.�+ 5�� ���6� +.+4 5	� !�6� +.��;4.:� 5�� :�6�
4.2�;4.�� 5�� !�6� 4.!8;2.�) 5�� ��6� 2.�4;2.8� 5��
!�6� 2.8�;2.�� 5�� !)�6� �.:+;�.�� 5�� !�6� �.)!;�.+�
5�� !�6� �.!+;!.82 5�� 4�6� !.+! 5	� :�6� !.4� 5	� :�6 
!2* ��� 5!�� ��,� *?2@?6 � !+:.!� !+�.)� !+�.!�
!+8.+� !+2.:� !2:.�� !2�.2� !2�.�� !28.:� !�:.:� !�:.8�
!�:.+� !�:.�� !��.:� !��.�� !�8.)� !�2.!� !��.8� �4.:� �4.4�
�2.+� ��.2� 88.�� 8).2� ):.:� )�.�� )8.4� )+.4� )2.:� +�.:�
+).�� +).+� +2.:� +�.)� 2�.+� 2+.8� ��.)� ��.2 "�% &�
*)!�8:�8@!: ����� 5����6 !�!4.)� &�#�� !�!4.8.
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�
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 ����� /	��	��
 ��� M#���
���
�� !� ��� 54�� ��,�
?�@6 � +.+� 5�� (�2.) �,� !�6� +.2! 5�� (�8.2 �,� !�6�
4.�+;2.�� 5�� !��6� �.:2 5�� (�!�.+ �,� !�6� �.�4 5�� (�
!!.� �,� !�6� �.4� 5�� !�6� !.�� 5	� !��6� !.8� 5��� (��.4�
!�.� �,� !�6 !2* ��� 58+ ��,� ?�@6 � !8:.+� :).:� :+.4�
8:.)� 8:.4� 8!.:� 8!.8� 8!.�� )8.8� )8.+� +:.�� +�.+� +�.4�
48.�� 48.)� 42.4� 4�.:� �8.�� �!.4� �!.2 N� O?��2�.� 5%
!.!�� ��@6.

 ����� /	��	��
 ��� M#���
���
�� !� ��� 54�� ��,�
?�@6 � 8.4�;8.�+ 5�� +�6� +.4: 5�� (�2.8 �,� !�6� +.!)
5�� (�8.� �,� !�6� 4.�);2.�: 5�� ���6� 2.�) 5�� (�!!.) �,�
!�6� �.42 5�� !�6� �.�: 5�� (�!!.2 �,� !�6� �.�� 5�� (�
!!.) �,� !�6� !.:! 5	� !��6� !.8� 5��� (�8.4� !!.: �,�
!�6 !2* ��� 58+ ��,� ?�@6 � !8:.�� !28.+� !�8.��
!�).:� !�4.�� :�.+� :+.8� :+.8� ��.2� 8:.�� 8�.)� 8�.�� 8!.!�
)8.8� )8.)� +:.�� +�.)� +8.!� +2.4� +�.4� +�.2� 48.:� 48.8�
�:.)� �8.� N� O?����.+ 5% !.��� ��@6.
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 ��� M#���
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�� !� ��� 52�� ��,�
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