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%, �&'()*+,(ESIMS/MS)-./01234$5. 6789, :	��;<�=	���)

���, >����?	@AB: ��./� N C���DE N-������, �������F C

C. GH, ��./�I	α-J�K�L�����)�, M89 N-���-���J������

?	NO�PQB. R�ST89UVW��� N-�����������XY1�. ��� N-��

���������Z[-\]+^_4�/���`a?	b�cd.
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ABCDE��FGHI N-2JK!"#'LMN

OPQRKSTUVS�WXYZ([ ATP)�\]^

W�_`K�� [1~3], abE4cdef	�cd

#[4]. gP(hZij
�klFGmn, '`Ko

Sp'^��efqM��nr�� s: N-2JK-

α-!"#WtH	��ef, u N-2JK-β-!"#

vwW[5]. xu, g N-2JK!"#�yzFG{M

|}>?2'	~5��	
K���(�$6[6].

��FG� N-2JK�s!"#'��(4!"#

���ef , �6���c����g�
���

����, �'��FGP��ef��-�f, �

FG2J"'����5������	
��(

bW5�$6�����BC��.

1 ����

(�) oS�� . ¡¢T¢¡£�¤¥¦§¨

} Sigma©ª; L-¡!#, L-«!#, L-¢!#, L-¬­

!#�PQK�®§��S¯���°. «¡T¡«

£�±6 DCC²[7]��.

ESIMS��' Bruker ESQUIRE-LCTM ESI³´

µ���¶��. 31P NMR' Bruker ACP 200c��

��¶��, E 85%2#(δ  = 0.0)�·¥. DIPP-Asp-

Ala-OEt��¸ 1H, 13C-NMR��£¸ COSY, HMBC

�¹' Bruker Avance DMX600 c����¶º;,
1HK�»¼½g}¾¥DSS(2,2-£¿"-2-ÀÁÂ-5-Ã

#, δ = 0.0)Ä�, 13CK�»¼Å½gÆÇx´Ξ hÈ
¥�[8].

(É ) N-(O,O-£Ê«" )2JK -!"# (DIPP-

Xaa)Ë£���� : 6£Ê«"Ì2#Í2JK!

"#Ë£�, ÎÏ N-(O,O-£Ê«")2JK-!"#

Ë£�[9].

(Ð) ��(���². 100 mg N-(O,O-£Ê«")

2JK!"#� 100 mg Ñ�Ò!"#'V��(pH

8.0, 37Ó)(ÔÕef 2 h. 6 31P NMRÖ×ef, 31P

NMRHI	�£���ÇØ 5%~6%. efÙ�ÚÛ

Ü, E¿Ý��S6 Sephadex LH-20 Þßàá��

³, ��ÛÜÚâÈ' ESI��Eã³´�ä³´,

åg�
����.

DIPP-Asp � HClæAla-OEt ' CHCl3(���

ef: 1.00 g DIPP-Asp�} 16 mL CHCl3(, ç=

0.40 gèéê� 0.57 g HClæAla-OEt, ' 40Ó^ef

1 h. ;0��
ë�é#éÍìíÚ , 6 1 mol/L

HClîï pH = 3.0, v(é#éÍ)�v(ðñÝ) = 3�2ò

óÚÛÜ, ëÀôõ(ö÷�¿Ý�ø��SìU)�

³°K, �ÇØ 5%.

2 ����	

¡!#T¢!#�¬­!#ë�ùI'	
Z¾

ú�ûü�`s(ý[10], gü�þWH���$6.
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� DNA, RNA ����[11], 7gc#�����T

����oSE�	
�"x��¤FGM���


� . Å}ë�,²��¡¢£�1���Ô��

UÔ� [12], 78��������ë�����³

�W;0°����£� . @ABCDHI2JK

!"#'M��S(�`KoSp'^Wt	��

����[5]. '�6¢�K������FG(, F

G���¢����,²���. x >� N-2J

K!"#���!"w#g�!£���� , u�

g���¢�K����M�ú�
�.

gV��(2JK¡!#�¢!#ef	��

�
6ã³´�ä³´ ESIMS��$%(¹ 1). ã³

´��(¹ 1(a))x&$%
'()��8*³´u+

�¹,;-�8 , [	�*³´(DIPP-Ser)2 + Na+

(m/z: 561)� DIPP-Ser + His + H+ (m/z: 425). u&$

%
ä³´� ESI��(¹ 1(b))Å}wW)�*³´

v½g�./. .ã³´�ä³´� ESIMS ��¹

bEHI: �
0M1�2JK£�, ��
2JK

¡!#�_`K)��DIPP-Ser-Ser£�(Mw = 356);

Ñ·��
¢!#g2JK¡!#�2)��2J

K£�(Mw = 406). Ú3b���4���	�´³

´567£�89. Pã³´£4��bE�	[His +

H]+:(m/z: 156, y1 ³´, P��;�<[13], ¹ 2(a)

�m 1)�[DIPP-Ser+H]+³´(m/z: 270, b1+H2O
[13], ¹

2(a)�m 1), ä³´è4��bE�	[His-H]− (y1³

´ , m/z: 154): , x 7�2JK£�=&67�

DIPP-Ser-His. 6 ESI ����V��(2JK¢!

#�¡!#�ef�
 , HI�
aM1�2JK

£�(m 1), ��
 DIPP-His-His£�(Mw = 456), Ñ

��
¡!#�2JK¢!#)��2JK£�

(Mw = 406). Ú3ë� ESIMS£4����(¹ 2(b),

m 1)&67�DIPP-His-Ser£�, x�Pã³´£4

��b�	 a1³´(m/z: 274, ¹ 2(b)), ä³´£4�

�b�	 DIPP-His ä³´(m/z: 318, b1+H2O), 78

³´��	���3;�<[14]. >¶?2JK¡¢

�¢¡£��
���@A!"4Å¨B� Ser-His,

His-Ser ÎÏ�2JK£���¹½C�, DE
�

F�. 6 ESI����2JK¢!#�«!#�ef

�
(m 1), �
GH0M1�2JK£�, ��


DIPP-His-His£�(Mw=456), Ñ��
 DIPP-His-Ala

£�(Mw=390), IA�ã³´£4��GHb�	

a1³´(m/z: 274)[13].

� 1 ���� DIPP-Ser � His ��	
��
�(a)��


�(b)� ESIMS ���

� 2 ����� DIPP-Ser-His �
�(a)������

DIPP-His-Ser �
�(b)� ESIMS/MS �

gV��(2JK¡!#�«!#����


6 ESI ����, HI�
a0M1�2JK£�,

��
2JK¡!#�_`K)�� DIPP-Ser-Ser

£�(Mw = 356); Ñ·��
«!#g2JK¡!#

�2)�� DIPP-Ser-Ala£�(Mw = 339), 7�67


x�Pä³´£4��(JK0���L:

( Pr Oi )2P(O)O−[15] (m/z: 181, ¹ 3(a), m 1). u6 ESI

����2JK«!#�¡!#�ef�
 , HI

a	�1�£�, ��
 DIPP-Ala-Ala £�(Mw =

321), Ñ��&67� DIPP-Ala-Ser£�(Mw = 339),

x�7�2JK«¡£�'ä³´£4��(LM

�L:( Pr Oi )2P(O)O−(¹ 3(b)�m 1), �ãä³´£
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� 1 ���� N-��������������� N-������ ESIMS/MS ��

�� ��� ��� 	
����
���/%

[M+H]+ 389(84)a), 365(100)b), 347(60), 305(20),280(19), 270(18), 243(20), 225(95), 208(18),
196(19), 180(19), 156(17)DIPP-Ser-His (Mw = 406)

[M−H]− 375(100)c)

[M+Na]+ 361(50)a), 337(42)b), 319(8), 265(6), 295(9), 292(7), 277(9), 197(100), 163(22)
DIPPSer + His

DIPP-Ser-Ser (Mw = 356)
[M−H]− 325(100)c), 295(31), 268(17), 265(6), 251(3), 238(6), 235(8), 181(7)d), 173(7), 139(4)

[M+H]+ 389(100)a), 365(8)b, 347(12), 305(5), 274(18), 225(21)
DIPP-His-Ser (Mw = 406)

[M−H]− 387(9)a), 375(75)c), 345(5), 318(100), 316(20), 303(60), 260(6)

[M+H]+ 439(35)a), 415(32)b), 411(27), 373(6),320(27),293(7), 275(100), 274(12), 258(30),
247(7), 156(18)

DIPPHis + Ser

DIPP-His-His (Mw = 456)
[M−H]− 413(16)b), 395(100), 357(10), 353(30),335(10),333(7), 309(9), 291(39), 273(8), 256

(27), 230(13), 212(14), 176(18), 154(42)

[M+H]+ 323(34)a), 305(14), 299(100)b), 281(10), 257(21), 239(8),159(50)
DIPPSer + Ala DIPP-Ser-Ala (Mw = 340)

[M−H]− 309(100)c), 279(10), 249(5), 181(10)d), 157(4), 139(3)

[M+H]+ 309(3)a), 285(100)b), 243(21), 145(39)
DIPPSer + Gly DIPP-Ser-Gly (Mw = 326)

[M−H]− 295(100)c), 265(35), 235(7), 181(9)d), 139(2)

[M+Na]+ 345(100)a), 321(53)b), 303(5), 279(6), 276(6), 199(8), 181(47), 163(73), 138(8)
DIPPAla + Ser DIPP-Ala-Ser (Mw = 340)

[M−H]− 321(30)a), 309(100)c), 297(4)b), 279(17), 261(13), 252(40), 249(82), 192(7)

[M+H]+ 373(51)a), 349(70)b), 331(21), 307(21), 274(26), 227(44), 209(100), 110(22)
DIPPHis + Ala DIPP-His-Ala (Mw = 390)

[M−H]− 329(37), 306(100), 302(5), 300(7), 272(4), 269(5), 251(8), 225(5), 93(19)

[M+H]+ 417(100)a), 393(30)b), 375(21), 351(10), 274(26), 295(10), 253(35), 156(12)
DIPPAsp + His DIPP-Asp-His (Mw = 434)

[M−H]− 415(100)a), 399(20), 372(8), 278(7),198(10)

DIPP��N-�������. a) ������; b) �������; c) ����� CH2O; d) �� !�(PriO)2P(O)O−

������� b1 + H2O�	
�(�
� m/z 276

���� 252, � 1). �������������

������ !"#$�%�&'(�)*+,

-.(�/,[15]012345�( Pr Oi )2P(O)O−�6

7��8�.

� 3 ����� DIPP-Ser-Ala ��	(a)
�����

DIPP-Ala-Ser ��	(b)� ESIMS/MS �

9���:;<= >�<,=�?@A , B

DIPP-Asp�His�CD, EFG123���H�. I

JK����1LM�NO<=P(Q[His+H]+(m/z:

156)�(� 1), RST������2UV� DIPP-

Asp-His �� . WXIJ���:;<=EYZ�

α-COOH�β-COOH[�/,, RST�H�\]1

����α-��, G]1����β-��, -^�[

^_`U . abc�def���:;<= <,

=CD2U�gh6i, jkl2Ucm�(, no

�pqrstuvcm6iwx.

abyz2{�|J�( , ���:;<=�

}~� �<=��CD . CD��2U����

��(, ���������� DIPP-Asp-Ala-OEt

(Mw = 396). � 600 MHzqrst��92Ucm�

pEq COSY �, �p 1H �, 13C ���p�q

HMBC��� 1). �� COSY���p 13C����,

#$������α-�,� 31P ��a[4�, K
13C����� 171.91 171.99(� 4(a)). Xβ-�,�

��, K 13C����� 175.1.  ���:;<=�

1) Chen Z Z, Tong Y F, Tan B, et al. Comparing the activities of α-COOH and β-COOH in N-phosphoryl aspartic acids by NMR and theoretical
study. Angew Chem Int End (���)
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� 4 (a) ��� DIPP-Asp-Ala-Oet����� 13C	
���. (b) �����
�-HMBC
, α-CO(Asp)

� NH(Ala)���������

� 5 ��� N-��������� , !"#$%&'()*+,-�./01
�����	
� B3LYP/6-31G**�
������

�, α-�������	
��	
����. ��

�HMBC��, �α-���NH(Ala)�������

���, ��β-��� !(� 4(b)), "#α-���

NH(Ala)$%. &'()�*+�,-. DIPP-Asp-

(α)-Ala-OEt, �/. DIPP-Asp-(β)-Ala-OEt. 0"#

1!α-COOH 23)-45, 036789:;<

=�>!?@α-COOH �*+�A�BCD=(*

�E�F�)E45��G[16].�H�.

*+�A�B3A�B�)-45IJKLM

.: *+�A�BN)��OPQ*B-RBSTU

V�*WXY(3), Z�A�BOP�A�[\UV

�*WXY���]^P�N)-_ [17~19]. )-4

5�`ab� 5 c. M�defgh, ijklfg

`aWmno�pFq� , Jrfgs#α-COOH

23)-45�`tu.>vw_�xy(2)[20], z

Dh� B3LYP/6-31G**{|�}�45~(1)
 55.09

kJ/mol, �()�OPQ*B-RBSTUV�*W

XY(3)�$�DhM 21.57 kJ/mol. ���45.�

��W[�, �������5��$�Dh��,

2� 3�$�DhO�M 46.53� 11.12 kJ/mol(� 5).

��*+�A�BN)OPQ*B-RBSTUV�

*WXY���D��, �WXY�Dh��. &'

*+�A�B)-45�IJ5�.��� , ��

�:��.�;[��.

3 ��

�@P��@P ESI����s#, N-*+�A

�B� !����� ��{�¡WD¢=()-

45, �()�*+�,-£!�	¤: )-¥~�

N ¦A�B§¨ N-*+�A�B, )-45=(�

z C ¦. 036789:;<©=��zªA�B�

)-«¬.�H� [21]. ����­®>!α-COOH

�β-COOH¯�R��*+�°±AB�45, N)

�¥~1!*+�-α-,-,  !*+�-β-,-. 0
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²89x³��¨´µM¶·¸¹α-A�BºM»

¼��½¾ , »¼��(~ )�	¿�À�ÁÂ

�!ÃÄ.
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