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NMP  N-methylpyrrolidine-2-one 

NeuNAc  N-acetylneuraminic acid 

Pac  phenacyl 

Pfp  pentafluorophenyl 

Ph  phenyl 

RPHPLC  reversed-phase high performance liquid chromatography 

SPPS  solid-phase peptide synthesis 

TFA  trifluoroacetic acid 

TIM  T-cell immunoglobulin mucin 

TMB  trimethoxybenzyl 
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Tos  p-toluenesulfonyl 

Tris  tris(hydroxymethyl)aminomethane 
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Figure 1-2! O-!" N-#$%&'()*+ 
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Figure 1-3! !"#$%& N-'()*+&,(-./01 
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Figure 1-4! !"#$%&'()*+,-(.'/012 
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Figure 1-5! Glycodelin!"#$%&!'() 
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Figure 1-7 :;<=abN\c8*&?:;<=)de' 
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Figure 1-10! NaOMe!"#$% glucoamylase&'()*+,- 
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Figure 1-14! Bn!"#$%&'() 2* 10+,-./012 
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Figure 1-17! !"#$%&'()*+,-./012 
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Figure 1-20! !N-Boc!"#$%&'()*+,-#./012 
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Figure 1-21! !"#$ NCL%&'(MCP-3)*+ 
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Figure 1-22! KCL!"#$%&'()(*+,-. One-Pot/01 
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Figure 1-24 Endo-M!"#$%&'()*+, 
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Figure 1-26 !"#$%&'()*+ Endo-M,-./01234567 
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Figure 2-2! QR&S*TUVWX'/A one-potNOxyE 
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Figure 2-3! iNoc56·¸®¯¹aZ  
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H¦(i<2§=m9Asn
76O N-i<j!l2/m`a6@Ig()*#.<=¨

©2 Figure 2-5O�5@ª«¬2 3¤.®y)# :̄1-31;29:32-68;39:69-107;

4O°±9�g²g³�<=-O`��56bcOm7@N´µ®y)#¯ 2A9

³�<=¶O N-alkylcysteine:NAC;·¸2�¹56bcSº»r(r¼½¥¾

{¿�ÀbcOm7(6)@ÁÂ®y)#¯ 3A Boc-O`r¼½¥¾{Ã#ÄJ(1)

20a`Å{Æ{r¼½¥¾{cm`��56bccm7@Ç7Ãx#ÈÉA9 
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Figure 2-5! IgCc>d?TGH��9 
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2-4. !"#$%&'()*+,  
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Figure 2-6 NAC9:;K#34567�A 
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Figure 2-7! !"#$ 2%&'()*+,: -./0Mightysil RP-18 GP2 150-4.61 

23 1 ml/min; )*4 A0H2O50.1% TFA67890)*4 B0:;<=<>?

50.1 % TFA6789( 
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Figure 2-8! R,-./0 4SPQ& 
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Figure 2-9! STU<=>?@AN86V one-potLM2WXYZ: [\]%

Mightysil RP-18 GP2 150 mm-4.6 mm  ̂_` 1 ml/min; WXa A%H2O*0.1% TFA

,bc+%WXa B%CdefegA*0.1 % TFA,bc+2 
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BC5i\jklUmnGo;8Jp()qr9st(PQRSTU 8 8 6 M
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+����'()�Gm�1chart d5�zt+E:b�*1��;����1 

 

 

Figure 2-10! PQRSTU 6G6NO1k��j�l_�)A���: ���1
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!"#$%&'() 12%*+,-.&&/!"& GlcNAc0123 Ig4567

90839:;<=>-?@ABC:DEFGH0IJ>-.&&/KLMNO

P7QR&S<T(&UV)WXYZ[,-? 

 

 

2-7. \]  

! ^_`abcdeN:fNgNabcdeN&hiA0jk>-/One-Pot*

3lQ57m0n$23/op"abcdeNq&rs;<=>-?tufvw

x&yzx;k{XY- !Nocx)/lQ57m&|}A0~Z�9:Z�/y

z��a4&��0��;>-?8XY-��a4lQ57m) Ag
+&1�*�

�";�A#�Y/3�&lQ57m0 One-Pot*n$239:�*�-?8X

Y-����a4u0�yz�/KLMNOP7Q239:* GlcNAc0123

Tim-3 Ig�4567(1-107)&$<;<=>-?>[>/�yz��a4 8&|}

A��>{9:[X/KLMNOP7Q&T()��>-?�u��0�� 9

��� Ig4567&�"�y0��- ;)/KLMNOP7QT(0¡¢>/

'(£� GlcNAc 0¤� Ig 4567083¥q0¦§IJ23¨©�+39:

�ªX[;Z,-? 

 

 

2-8. «¬& 

Ac-[Cys(Acm)
15, 29

]-TIM-3 IgV (1-31)-SC6H5 (2). 

! Fmoc-Rink amide ChemMatrix resin®170 mg, 0.10 mmol¯020% piperidine/ NMP

*5°±:15°±²³>/�Fmoc#>-?Fmoc-Arg(Pbf)-OH®0.40 mmol¯01 M 

DIC/NMP|H®0.60 ml¯:1 M HOBt/NMP|H®0.60 ml¯*30°±´µ;��

A#>-|H0¶·;¸¹/50 °C;�1º±»¼>-?½�&¾¿0ÀÁÂ>/

Fmoc-[Afg(Pbf)]2-NH-resin 0 8 - ? � Fmoc # / Ã Ä CH2Cl2 Å Æ � /

Fmoc-Gly-(Et)Cys(Trt)-OH®130 mg, 0.20 mmol¯:DIC®31 µl, 0.30 mmol /̄HOBt

®38 mg, 0.30 mmol¯0CH2Cl2®1.0 ml¯;|}>/|H0¶·;¸¹/´µ*

ÇÈ»¼>-?¶·0NMP*ÅÆ>-�/10% Ac2O, 5% DIEA0ÉÊNMP|H

*5°±´µ;�²³>-?Ë;¶·0Ì6ÍÎÏÐMÑ��a4ÒÓ$<Ô;

���a4ÕÖ0��9:*Ac-Val-Glu(OBu
t
)-Tyr(Bu

t
)-Arg(Pbf)-Ala-Glu(OBu

t
)-!
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Val-Gly-Gln(Trt)-Asn(Trt)-Ala-Tyr(Bu
t
)-Leu-Pro-Cys(Acm)-Phe-Tyr(Bu

t
)-Thr(Bu

t
)-Pr

o-Ala-Ala-Pro-Gly-Asn(Trt)-Leu-Val-Pro-Pro-Val-Cys(Acm)-Trp(Boc)-Gly-(Et)Cys(T

rt)-[Arg(Pbf)]2-NH-Resin (600 mg)!"#$%&'()*240 mg+!TFA,-./

*TFA:TIS:H2O 95:2.5:2.5, 4.0 ml+02123456789#$:;<!=>9?

@A!BCDEDF0TFA!GH9#$IJ./!KL?MNOP!QR9?S

TIJ./0QR!UV*x2+9#$WX!YZ[56\]9^?WX!6 M urea?

5% AcOH!_E?60% CH3CN aq.*10 ml+5`a9#$PhSH*0.20 ml+!KL?

37 °C01b2cd9#$:;<!IJ./03TUV9#^?RPHPLC0efg

hDF0peptide 2*1.2 µmol, 3.0%+!"#$MALDI-TOF mass, found: m/z 3660.0, 

calcd for (M+H)
+
: 3660.7. Amino acid analysis: Asp2.03Thr1.03Glu2.98Pro3.86 

Gly3.02Ala3.94Val3.84Leu1.96Tyr2.94Phe1Arg1.00. 

 

H-[Cys(Acm)
35, 40

, Lys(iNoc)
32, 67

]-TIM-3 IgV (32-68)-SCH2CH2CO-Ala-OH (3). 

! Boc-Ala-OH*150 mg, 0.80 mmol+!CH2Cl20`a9?DIC*35 µl, 0.40 mmol+

FDMAP!KL#$:;<!HO-CH2-Pam-Core Shell resin*400 mg+5KL?3

40%icd9#$Ac2O:pyridine 1:1`<0jkO/lmnopq9#^?()

!TFA02r2*x2+789#$()!DMF0UV9?5% DIEA/DMF`<02r

2*x2+789#$Boc-Gly-S-CH2CH2COOH*77 mg, 0.20 mmol+!1M DIC/NMP

*0.30 ml+F1M HOBt/NMP*0.30 ml+030r23456stu9#`<!()

5KL?%i340cd9#$jkO/lmnopq!vw#^?()!MeOH?

IJ./0xyUV9?z{[0\]ghDF0Boc-Gly-SCH2CH2CO-Ala- 

OCH2-resin (500 mg)!"#$()'%&!|K}ra9?j~�|r�!v�D

F0j~�|���!��9#$"��#()*500 mg, 0.16 mmol+!TFA02

r2 (x2)789?��6 5% DIEA/NMP`<0 2r2 (x2)789#$

Boc-Lys(iNoc)-OH (130 mg, 0.34 mmol)!1M DIC/NMP (0.50 ml)F1M HOBt/NMP 

(0.50 ml)030r23456stu9#`<!()5KL?30r23456cd9

#$"��#MNOP()�Boc�����'�����!��6?MNOP�

!��9#$"��#MNOP()?H-Lys(iNoc)-Gly-Ala-Cys(Acm)-Pro-Val-Phe- 

Glu(OBn)-Cys(Acm)-Gly-Asn-Val-Val-Leu-Arg(Tos)-Thr(Bn)-Asp(OcHex)- 

Glu(OBn)-Arg(Tos)-Asp(OcHex)-Val-Asn-Tyr(Br-Z)-Trp(Hoc)-Thr(Bn)-Ser(Bn)- 

Arg(Tos)-Tyr(Br-Z)-Trp(Hoc)-Leu-Asn-Gly-Asp(OcHex)-Phe-Arg(Tos)-Lys(iNoc)- 

Gly-SCH2CH2CO-Ala-OCH2-resin (1.60 g)'%&(200 mg)!10% anisole/HF(5.0 ml)
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!1.5"#0 °C!$%&'()HF*+,-.'/01*2345!67'()6

7*382345!9:'/01*50% CH3CN aq.!;<'/=>?@'()

RPHPLCABCDEFGH!IJKL3M190 nmol, 1.0%N*O()MALDI-TOF 

mass, found m/z 4655.3 (average) calcd for (M+3H-2iNoc)
+
: 4655.2 (average). amino 

acid analysis: Asp6.27Thr1.93Ser0.92Glu2.18Pro1.36Gly4.23Ala2.27Val3.71Leu2.01Tyr2.05Phe2 

Lys2.13Arg4.16. 

 

H-[Asn(GlcNAc)
76

, Cys(Acm)
86,87

, Lys(iNoc)
99, 103,107

]-TIM-3 IgV (69-107)-NH2 (4). 

! MBHA-Resin•HCl (240 mg, 0.16 mmol)*5% DIEA/DMF!2P#(x2)QR'()

Boc-Lys(iNoc)-OH (38 mg, 0.10 mmol)*1 M DIC/NMP (0.20 ml)H1M HOBt/NMP 

(0.20 ml)!30P#STABUVW'(;X*YZA[\/]^STAB_`'()

abK5cdefgh*ij(k/Olm(YZ*Bocnopqrstuvwr

[12]AxyIJKLzs{|*ij()Lys
103,99}~�A�'(DIC/HOBtrAB

Boc-Lys(iNoc)-OH*��'()Olm(IJKLYZH-Asp(OcHex)-Val-Ser(Bn)- 

Leu-Thr(Bn)-Ile-Glu(OBn)-Asn[GlcNAc(Bn)3]-Val-Thr(Bn)-Leu-Ala-Asp(OcHex)- 

Ser(Bn)-Gly-Ile-Tyr(Br-Z)-Cys(Acm)-Cys(Acm)-Arg(Tos)-Ile-Gln-Ile-Pro-Gly-Ile- 

Met-Asn-Asp(OcHex)-Glu(OBn)-Lys(iNoc)-Phe-Asn-Leu-Lys(iNoc)-Leu-Val-Ile- 

Lys(iNoc)-NH-Resin (0.70 g)s]�M110 mgN*10% anisole/HF (5.0 ml)!90P#

0 °CABQR'()HF*+,-.'(k/2345!IJKL*67'()6

7*2345!389:'/50% CH3CN aq.!;<'()IJKL;X*��'/

=>?@*ij()Olm(01*RPHPLC!CDEFGH!IJKL4M530 

nmol, 3.2%N*O()  MALDI-TOF mass, found: m/z 4713.6, calcd for 

(M+4H-3iNoc)
+
: 4713.5. Amino acid analysis: Asp5.81Thr1.69Ser1.77Glu3.09Pro1.23Gly2.15!

Ala1Val2.88Met0.64Ile5.20Leu3.98Tyr0.83Phe1.11Lys3.97 Arg0.96. 

 

Ac-[Cys(Acm)
15,29,35,40,86,87

, Asn(GlcNAc)
76

, Lys(iNoc)
32,67,99,103,107

]-TIM-3 IgV 

(1-107)-NH2 (6). 

! IJKL 2 (340 nmol)H3 (310 nmol)*HOOBtM1.5 mg, 9.2 µmolN/DIEAM1.0 µl, 

6.0 µmolN*��DMSO(30 µl)A;<'()��X*12"#STAB_`'()

IJKL4 (540 nmol)*HOOBtM1.3 mg, 8.0 µmolN/DIEAM0.90 µl, 5.3 µmolN*

��DMSO (25 µl) A;<'/�s;X*��XA[\()]��sAgCl*[\/
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!"#$%&'6()37 °C'*+#$,-./0123456789:;5<=

>?@EtOAc'ABCD#@EFGF1234'CD#$,HIJKL@MN5

6 M OPQRSTUT5VW50% CH3CN aq.0XY#@DTT567$,X/5Z

4[\]^_`Oabc20defghijk'lmn6o110 nmol, 35% from 

peptide 3p5q$,Amino acid analysis: Asp14.10Thr4.56Ser2.44Glu7.75Pro5.82Gly9.38 

Ala6.26Val10.19Met0.91Ile5.46Leu7.99Phe4Lys5.13Arg6.13. 

 

Ac-[Cys(Acm)
15,29,35,40,86,87

, Asn(GlcNAc)
76

]-TIM-3 IgV (1-107)-NH2 (7). 

! rsSt]u 7o300 nmolp5 6 M OPQRSTUT@15% MPA5VWvX

/0XY#$,Zno200 mg, wx 1 M HCl aq. ' 2BCD#@v' 3BCD#$,p

5X/067@6()yz0{|#}~�#$,[\L@X/0 10% ]1SU

vX/567@RPHPLC0{fghijk'lmn 7o230 nmol, 76%p5q$,

Amino acid analysis: Asp14.36Thr4.76Ser2.83Glu8.70Pro6.10Gly9.26Ala6.07 Val10.31Met0.96 

Ile5.46Leu8.19Phe4Lys5.15Arg6.06. 

 

Ac-[Asn(GlcNAc)
76

]-TIM-3 IgV (1-107)-NH2 (9) 

89:; 7 (200 nmol)5 80% DMSO aq.0XY#@AgNO3o4.0 mg, 24 µmolpk

DIEAo0.35 µl, 2.0 µmolp567$,-./5!"#$%&' 4() 50 °C'*

+#$,DTT5-./067@6 M OPQRSTUT5VW 50% CH3CN aq.'

��#$,��$<=5����#@��5Z4[\]^_`Oabc20{

��hijk'��89:; 8o180 nmol, 89%p5q$,peptode 8o100 nmolp

5 6 M ureavX/0XY#@��X/o0.2 M Tris•HCl, 0.4 M arginine, 5 mM 

cysteamine, 0.5 mM cystamine, pH 9.0, 20 mlp067$,-.X/5�� 4 °C'�

�#$L@RPHPLC0{fghijk'rsSt]u 9o13 nmol, 12%p5q$,

MALDI-TOF mass, found: m/z 12301 (average), calcd for (M+H)
+ 

(average): 12310. 

Amino acid analysis: Asp13.76Thr4.56Ser2.78Glu7.90Gly9.57Ala6.36Val9.33Met0.52Ile5.34Leu7.93 

Tyr6.00Phe4 Arg6.25. 

 

 

2-9. ����  

1. Hojo, H.; Aimoto, S. Bull. Chem. Soc. Jpn., 1991, 64, 111-117. 
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! 3"! #$%&'()*+,- Tim-3 Ig.(/#0(1-107)123  

 

3-1. 45  

! 6"789:;'<=>?@)*ABCDTim-3 Ig.(/#0123E3FC

-GCHCDI1JKL@MN0OPQRSTDSUQ7VW-XYHZDIg

.(/#01[;\]*^_E8X1`a*bcdefgRVeGI1`aY

hW-JKL@MN0O8i]j%&'( 8 1kblEmnCo,eYpqZ

reGdhstDJKL@MN0O1uEDVZHvw^srexlyz7i

]j{|%&'( 8 R}~ExlCo,h,-wD�1������1�>@

JN(�3RPQ�T�^ChHW-Y���reGIX7D{|%&'(�

��1kbl*����eXYRDX1`a1bc�)EheY��7�eG 

! %&'(R�kl*�d�n8D�T1�2D~��1!-�L��3E�e%

&'(� ¡1¢£7Ve¤Figure 3-1¥G%&'( 8¦ .1§¨E�ekbl

1S©Rªsre-wDX1¢£*«¬deXYRJKL@MN0OPQ1

®¯EheXYR���reGIX7D%&'(1kbl*°±;E��de

XYR²Zro,eDO-³�@#$%&'(¨´*{|%&'(�Eµ¶de

XY7D�·`a*bcdeXYEC-GO-³�@#$%&'()8¸¹ZE

�WoAB�r-D�kl*�d%&'(*Pº;E23de»)7Ve(1)

¤Figure 3-2¥G¼|0D½¾>¿<À01Á�ÂÃÄE=>?@Å2C-#$%

&'(8D%&'(Æ�1ÇÈl*ÉdXY7D~��1!-�L�¨´*�3 

 

 

Figure 3-1! %&'(�1!-�L�¨´G 
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Figure 3-2! !"#$%&'()*+ A!,-./ 

 

0123456789:;<=>?/@,!"#$%&ABC3"-DEFG;

$HIJK>?L:MNO0CPQ7RS>?@T;013UVWXY:Z[

\Y789>?T3]^6 O- to N-D_`abcd(e@f3gh,DE&i-

(jk>?@T;lm0n?/opqC3gr'()*?@T03st:,u

*DEH!& ! (1-42)(vw67-.fx*?(2)/y+3z{qC NCL'T!

"#$%&'(|}-~�3u��:�J�����_J C ,-.7.�fx

*?(3)�Figure 3-3�/ 

 

 

Figure 3-3! !"#$%&'T NCL'()*+��_J C,-./  
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3-2. !"#$%&'()*+ Ig&,!-./012  

! !"#$%&'()*+ Ig3&,!-./012( Figure 3-4456+738

9,-:.;<=>?@>ABC.D6E?+ C FG89,-: 4 H.

Val
77

-Thr
78I4!"#$%&JK(LMNOP@46+7Q+=P.!"#$%

&R/STUVWXY-9Z[(\;]^Q_`aNOP@bcd_eO7f

P_=ghijkl@m34 iNoc l_ Thr
78.!-ijkl(`nNOP@46

+7op6+!"#$%&89,-: 4i (^q@m34rst%uvwxW'

_y/6=!"#$%&JK(az 6i({OP@46+7f.|=} Acm~@

} iNoc~(�CZ[_\;P@_=�C~JK(`a6+!"#$%& 8i({

O7f.|=TUVWXY-9Z[�_ij&R/(��6zz=�wWTY

&��.�0(\;P@_�t. Ig3&,!- 9({OP@46+7 

 

 

Figure 3-4! !"#$%&'()*+ Ig 3&,!-./0��7 
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3-3. !"#$%&'()*+, C-./0123 4i456  

! C-./0123 4i4567 Figure 3-589+:;8<=>?Fmoc-Rink amide

@A)BC@ADEFG!HIJKLM#$%&NOPQRS#$%&T4U

V)<=>?WXY>Z[\] (79-107)8F^Z56E>!"_#$%&

iNoc-Thr(Fmoc-Val)-OH 13) 1,2-_HII`a2[ DIC-HOBtbScdE>?e

8fghijkcl)cdE>mF#$%&T)nOSUVE>?#$%&T

UVopmFTFAqHrs8:,#$%&4touvwFxy Low-TfOH
(4)8:

,fzj{4uvw)<;|DS!"#$%&/0123 4i)}~ 14�SW,

|D8Q�E>?���7!"#$%&'(4�� 4 D�����EF}~�

� 4���E>? 

 

 

 

Figure 3-5! !"#$%& 4i4PQ?�B��: q��FMightysil RP-18 GP2 150 

mm-4.6 mm; �� 1 ml/min; �B� AFH2O�0.1% TFA)���F�B� BFg

/3�3�s�0.1 % TFA)���? 
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3-4. !"#$%&'()*+,-./0123456789:  

! Figure 3-6);<=,>?@A!"%&'( 4iBCDEFG=H!"#$%&

'(IJKALMNOPQ2RS)TUVFGBWK,XYZ:[9\ 5 B>

AL])^_`a=bcdA!"%&'( 4i 2 AgCl Bef,gh)FGBi

jdAL̂ _Okl;mnWd,oE)!"%&'( 6i)Gp=pqdALGFC

=;rscdA2tu,6 )v 2w) 63%)xlV 6i y>?@ALt@O,!

"%&'(*z=;r#$%&'()`{|y}~dAA�,^_kl,-.

sc�)�xly�}dAA�2���@�L 

 

 

Figure 3-6! !"#$%&'( 6i)GpL̀ ���: ���,Mightysil RP-18 GP2 

150 mm-4.6 mm; �� 1 ml/min; `�a A,H2O�0.1% TFAB���,̀ �a B,

�Z\�\$6�0.1 % TFAB���L 

 

! �=>?@A!"%&'( 6iB AgOAcV����t2V Acm�)/01B

WK,D�H 15% MPA Gu•HCl�`aV��d,Zn��BW A�Figure 3-7�L

¡¢)^_Oo£ A¤^_¥mnWd,oE2��¦01)!"%&'( 8i

B>A�Figure 3-4-2, chart b, c�L�=3456789:��V,Val
77

-Thr
78)!
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!"#$%&'()*+,*-,. O-N/012345*6789:Figure 3-8;<

=>?1@ABCDE.F5 pH 9.0 *GHIJK"#$%LIMNORPHPLC

KP O-N 23QR*MSLTU9<V*WXO1 YZ+,.[\]^K_`Y

Z*ab9"#$% 8 (cdeb9<fbKghO8i i=>?1@ABCDE

j.4kl6K/m%WnLop45fq(r6U9<Vf.O8i Ls]tu

vKwxGHJKyzO4 °C.{|}~45fq.=>?1@ABC� 9 ��

�N9<��b9�p��* RPHPLC$�?�L Figure 3-7O chart dK�4<

8i i 8 q�85qO��g�=>?1@ABC� 9 L�zO��� 26%q� 2

�*��L�N9<fbKghO=>?1@ABC�K��"#$%L��K

IMe�5fq(O��g�=>?1@ABCe�59�K��.F5fq(

r6U9< 

 

Figure 3-7! �!��"#$%* _¡O=>?1@ABC<I¢DE: £¤¥O

Protein RP 150 mm-4.6 mm; ¦- 1 ml/min; I¢J AOH2O:0.1% TFAL§¨;O

I¢J BO/©�ª��1:0.1 % TFAL§¨;< 



 48 

 

Figure 3-8! O- to N-!"#$%&'()*+,-./: 0123Protein RP 150 

mm-4.6 mm; 45 1 ml/min; ,-6 A3H2O70.1% TFA89:;3,-6 B3!

<=>=?#70.1 % TFA89:;+ 

 

3-5. GlcNAc@A IgBCDEFGHIJ?E(KL$M&'  

! DNOPQB(RSTUVWXUY GlcNAc@A IgZBCDE 98[\]F

^_`Tabccd3ef&'TUVKL8ghi3jkalmnKL8op

IgZBCDE8mqr\]FTic7Figure 3-9;+IgZBCDE 9Fstmqi

clmnKLGHIJ?E(3)Fuvn Endo-M7w1Dx"Eyz{;(5)8|}

~�6|��mi3��T�&'8�bc+i�i3,�}^�i� IgZBC

DE 9^&'|T��i�i��3KL$M&'(������Aa�bc+

�]�36 M �f89:|}~�6T����d 98,�i3����f(�

��^ 2 MTa\����i3KL$M&'8�bc+�(��3Figure 3-10, 

chart bT�rU�T3 ¡}¢T£o¤¥^M¦ic§z¨^©ª3]ª8«

¬3®ic+[�ªcsm¯8MALDI-TOF massTUV�°icF]±3²

³¯(´µ¶·¸Tk¹ic]F��3lmn 9K8ºr\ IgBCDE 1(m

q^��»ªc+ 
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Figure 3-9! !"#$%&'() 9!*+,-./ 

 

Figure 3-10! !"#$%&, RP HPLC01/2345: 6789Protein RP 150 

mm-4.6 mm; :; 1 ml/min; 23< A9H2O=0.1% TFA>?@A923< B9B

CDEDFG=0.1 % TFA>?@A/ 
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3-6. CD!"#$%&'()*+,-./  

! 01234567 Ig89:;< 9=>? 9567 Ig9:;< 1@ CD!"#

$%&'A=)*+,@./B(CD&E3FFigure 3-11 &GB'H&=C2

1 Ig 89:;<- CD !"#$%IJKLM!-NO$+,PQO<@GERS

3FC-TUV1=WXY23 Ig89:;<IZES[\+,@]XERS(

CD^_`Y23F 

 

 

Figure 3-11! 9>? 1- CD!"#$%./F 

 

3-7. abcd@eS3f!%gh9ijkl-mn  

! Ig 89:;<-f!%gh9ijkl@abcdo&'AmnB(CD&E

3pFigure 3-12qFrs=Ig9:;< 9&tN%u<9"vwxOyD$tvN

<&'(abcd@z{ER|HCD}=g~�:<$ A @03F*&g~�

:<$ A @ Glu-C=Asp-N}cd=��B(CD}g~�:<$ B ��S3F

*&��$tvN<}cd@|S=g~�:<$ C Dg~�:<$ D @03F

0123g~�:<$ DIMALDI-TOF mass=>?�����/}�nY23

CDV1=Cys
29

-Cys
40�-ij+,@[�B(TU@��3F 

 

� 4567 Ig8 Domain 9 

� 9567 Ig8 Domain 1 
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Figure 3-12! !"#$%&'()*+,-./0123456 

 

! 789:*;<=>?@ABC(DE%FG,HIJ=K C LM 2NO3P

QR3ST@UVWX9YZ[\9]^_`ab[\3cdM45def'6

ghd9ijPQR 2 N%klm=n+oCpqrC9RPHPLC 3sFtud

vw945xyhoLC(6!"#$CpzWX(,HIJ=K C o{T|X

( 2NO3klm=n+3 RPHPLCL}y[\~��K% Figure 3-13L�x6

��3sFtu%vwxyo9,HIJ=K CMklm=n+ Ao���f�

sFtuL��|Xyho@��|X(6hXL}�9)*+,-./012

M Cys
15

-Cys
879Cys

35
-Cys

86d�yo45|X(6 
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Figure 2-13! !"#$%& C'()*+,-./%01'2345 

 

 

3-8. 67  

! 89:0;<=>?@,ABC;DEFG1=HIJ Tim-3 IgK<$8%2

LMC()H)NO,589:0;<PQ>RS*+, CTUV#$%& 4iW

4'3XYZ['\M]^_CH`aO,54iWbcdef*+,ABC;DE

FG1=dgKHh(*+i89jk:0;< 6i l\MImRn+,5op+

,jk:0;<Wq[rstduvwxyz'di{289:0;<PQ>v

|O}}i~vwjk:0;< 8i l�Rxyz']d�,589:0;<PQ

HIJYZ[]a�O, 8i Wi8 '3X 2 �2LMd�C'xy!��1��

%#� 9 >��,5��HiGlcNAc ���%���H�O�i��� Endo-M

'��D�/�k%>?@,������>� z'd�C2¡¢£¤(� 9

�>¥xy Tim-3 IgK<$8%2()H)NO,5¦�iop+, IgK<$8

%W X§6¨Z©HIyª�PQ2«¬H?@y®d¯y5 
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3-9. !"#$  

N
2
-9-Fluorenylmethoxycarbonyl-N

6
-4-pyridylmethoxycarbonyl-L-lysine (10). 

! CH2Cl2%30 ml&'()*+N2
-9-fluorenylmethoxycarbonyl-L-lysine hydrochloride 

(2.4 g, 7.8 mmol) '4-nitrophenyl-4-pyridylmethyl carbonate%2.4 g, 8.6 mmol&,

DIEA%2.7 ml, 16 mmol&-./031234'567*+8AcOH-9:;'.

/<='*+>0?@+AB-CD*+8EF-MeOH0CH2Cl2GHI*0JK

LMN'5OP*+8Q+0C;-RS*0TUV+EF-WXYZ[\]^

_`abcd%CHCl3:MeOH 14:1 AcOH 1%&'5ef*+8ef*+ghi-

dioxane'jk*0lmOP*+8Ci,hno5ghi10%2.8 g 72%&-T+8

Rf 0.40 (CHCl3:MeOH=9:1 1% AcOH). Mp 179-182 °C. [!]D +6.2 (CHCl3:MeOH=1:1, 

c 1.0). Anal. calcd for C28H29N3O6: C, 66.79; H, 5.80; N, 8.34, Found: C, 66.80; H, 

5.72; N, 8.37. 
1
H NMR (DMSO): ! 8.54 (d, J=5.8 Hz, 2H, ArH), 7.89 (d, J=7.3 Hz, 2H, 

ArH), 7.72 (d, J=7.8 Hz, 2H, ArH), 7.62 (d, J=7.8 Hz, 1H, -NH), 7.43-7.29 (m, 6H, 

ArH), 5.05 (s, 2H, PyrCH2-), 4.29-4.20 (m, 3H, Ar2CH-CH2-), 3.94-3.88 (m, 1H, !H), 

3.00 (brd, J=6.3 Hz, 2H, "H2), 1.71-1.32 (m, 6H, -CH2-). 

 

N-4-Pyridylmethoxycarbonyl-L-threonine tert-butyl ester (11). 

! L-Threonine tert-butyl ester hydrochloride%490 mg, 2.3 mmol&,4-nitrophenyl-4- 

pyridylmethyl carbonate%760 mg, 2.8 mmol&-DMF%10 ml&'jk*+8_Xp

q[rst%0.35 ml, 2.5 mmol&-./050 °C'511267*+89:;-L

MRS*0EF-EtOAc'jk*+8u0vwxyu'5HI*0Na2SO4GOP

*+8CD>0LMRS*0EF-WXYZ[\]^_`abcd%CHCl3:MeOH 

19:1 AcOH 1%&Gef*+8TUV+ghi-EtOAc'jz*0vw{|u0

vwxyuGHI>0Na2SO4GOP*+8CD>0LMRS}~�,Gghi

11%600 mg, 84%&-T+8Rf 0.36 (CHCl3:MeOH=19:1 1% AcOH). [!]D -7.7 (CHCl3, 

c 1.0). Anal. calcd for C15H22N2O5: C, 58.05; H, 7.15; N, 9.03. Found: C, 58.02; H, 

7.18; N, 8.93. 
1
H NMR (CDCl3): ! 8.54 (d, J=1.4 Hz, 2H, ArH), 7.25 (d, J=5.3 Hz, 2H, 

ArH), 5.90 (d, J=8.8 Hz, 1H, -NH), 5.14 (s, 2H, PyrCH2-), 4.33-4.32 (m, 1H, #H), 4.20 

(dd, J=2.4, 8.7 Hz, 1H, !H), 3.42 (brs, 1H, -OH), 1.47 (s, 9H, t-Bu), 1.26 (d, J=6.3 Hz, 

1H, -CH3). 
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O-(N-9-Fluorenylmethoxycarbonyl-L-valyl)-N-4-pyridylmethoxycarbonyl-L- 

threonine tert-butyl ester (12). 

  N-9-fluorenylmethoxycarbonyl-L-valine!120 mg, 0.36 mmol"#11!94 mg, 

0.30 mmol"$%&'()*+,CH2Cl2!3 ml"+-./01234$0 °C+5

6/078WSCD•HCl!87 mg, 0.45 mmol"$9:01DMAP!3.7 mg, 0.03 mmol"

$9:8;<=3>?@A/0123-4$EtOAc=BC/,8D8EFGHD

+,IJ/01Na2SO4=KL/078MN8OPQR/01ST$UVWXY

Z[\]^_`ab!toluene:EtOAc 1:1 AcOH 1%"+,cd/01efg0h

ij$EtOAc+-./8EFGHD8EFklD+,IJ/01Na2SO4=KL/

078MN8OPQRmno#=hij12!180 mg, 94%"$e01 Rf 0.33 

(Toluene:EtOAc=1:1 1%AcOH). [!]D +23.3 (CHCl3, c 0.5). Anal. calcd for 

C35H41N3O8: C, 66.54; H, 6.54; N, 6.65, Found: C, 66.61; H, 6.51; N, 6.65. 
1
H NMR 

(CDCl3): ! 8.57 (d, J=5.8 Hz, 2H, ArH), 7.75 (d, J=7.3 Hz, 2H, ArH), 7.58 (d, J=7.3 Hz, 

2H, ArH), 7.14-7.16 (m, 8H, ArH), 5.63 (d, J=9.3 Hz, 1H, Thr-NH), 5.51-5.49 (m, 1H, 

Thr-"H), 5.32 (d, J=9.2 Hz, Val-NH), 5.13 (s, 2H, PyrCH2-), 4.42-4.37 (m, 3H, 

Ar2CH-CH2-, Thr-!H), 4.27-4.20 (m, 2H, Ar2CH-, Val-aH), 2.17-2.13 (m, 1H, Val-"H), 

1.40 (s, 9H, t-Bu), 1.31 (d, J=6.3 Hz, 3H, Thr-CH3), 0.96 (d, J=6.8, 3H, Val-CH3), 0.90 

(d, J=6.8 Hz, 3H, Val-CH3). 

 

O-(N-9-Fluorenylmethoxycarbonyl-L-valyl)-N-4-pyridylmethoxycarbonyl-L- 

threonine (13). 

! hij 12 (83 mg, 0.13 mmol)$ TFA!2 ml"+-./8;<+, 2>?@A/

01OPQR/078ST$ EtOAc =-./8EFGHD8EFklD=IJ

/01Na2SO4=KL/8MN78OPQR$pqo#=hij 13!76 mg, quant."

$e01Rf 0.14 (CHCl3:MeOH=14:1 1% AcOH). [!]D +7.6 (CHCl3, c 0.5). Anal. calcd 

for C31H33N3O8: C, 64.68; H, 5.78; N, 7.30; O, 22.24, Found: C, 64.67; H, 5.65; O, 7.38. 

1
H NMR (CD3OD): ! 8.46 (d, J=4.4 Hz, 2H, ArH), 7.76 (d, J=7.3 Hz, 2H, ArH), 

7.66-7.62 (m, 2H, ArH), 7.42-7.26 (m, 6H, ArH), 5.51-5.46 (m, 1H, Thr-"H), 5.21 (d, 

J=14.1 Hz, 2H, PyrCH2-), 4.43 (d, J=3.41 Hz, 1H, Thr-!H), 4.38 (brd, J=6.8 Hz, 2H, 

Ar2CH-CH2-), 4.22-4.19 (m, 1H, Ar2CH-), 4.06-4.02 (m, 1H, Val-!H), 2.09-1.99 (m, 

1H, Val-"H), 1.28 (d, J=6.3 Hz, 3H, Thr-CH3), 0.92-0.89 (m, 6H, Val-CH3). 
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Val
77

-Thr
78 !"#$%&'()*+,- H-[Asn(GlcNAc)

76
, Cys(Acm)

86, 87
, 

Lys(iNoc)
99, 103, 107

]-TIM-3 IgV (69-107)-NH2  (4i). 

! Fmoc-Rink amide MBHA resin (735 mg, 0.25 mmol)* Fmoc./012!3$%

&'4567*89:;<=>Lys ?@*AB=CDEFG Fmoc-amino acid

H1.25 mmolIJ0.5 M HBTU/DMFH1.2 mmolIJDIEAH2.5 mmolI*KB3LM

N=>Lys?@GOP!PN=QRJDIC/HOBt2!3LMN=>STU=$%

&'VW H-Lys(iNoc)-Phe-Asn(Trt)-Leu-Lys(iNoc)-Leu-Val-Ile-Lys(iNoc)-NH-Resin

*X"YZ[\]^$%&'_901`!301N=>STU=VW

H-Leu-Ala-Asp(OBu
t
)-Ser(Bu

t
)-Gly-Ile-Tyr(Bu

t
)-Cys(Acm)-Cys(Acm)-Arg(Pbf)-Ile- 

Gln(Trt)-Ile-Pro-Gly-Ile-Met-Asn(Trt)-Asp(OBu
t
)-Glu(OBn)-Lys(iNoc)-Phe-Asn(Trt)-

Leu-Lys(iNoc)-Leu-Val-Ile-Lys(iNoc)-NH-Resin 5 a b H 0.15 mmol I *

1,2-dichloroethane : 3 cdeN=>iNoc-Thr(Fmoc-Val)-OH * 1,2-dichloroethane 

(2.0 ml)!fgNJDIC (70 µl, 0.45 mmol)h HOBt (60 mg, 0.45 mmol)*ijJk5

lmfn*$%&'VW!ijJaopq!3rsN=>Ct&uvwxyz

{J|}~ Fmoc ��*;<=�JFmoc-Asn(GlcNAcBn3)-OH * 1M DIC/NMP 

(0.60 ml) h 1M HOBt/NMP (0.60 ml): 30�����N=fn*$%&'VW

!ijJ3�� 50 °C:��N=>Ct&uvwxyz{�JHBTU/DIEA*�

����hN3KB= Fmoc ./012!3�c$%&'45�6*;B

iNoc-Thr[H-Asp(OBu
t
)-Val-Ser(Bu

t
)-Leu-Thr(Bu

t
)-Ile-Glu(OBu

t
)-Asn(GlcNAcBn3)- 

Val]-Leu-Ala-Asp(OBu
t
)-Ser(Bu

t
)-Gly-Ile-Tyr(Bu

t
)-Cys(Acm)-Cys(Acm)-Arg(Pbf)-Ile

-Gln(Trt)-Ile-Pro-Gly-Ile-Met-Asn(Trt)-Asp(OBu
t
)-Glu(OBn)-Lys(iNoc)-Phe-Asn(Trt)-

Leu-Lys(iNoc)-Leu-Val-Ile-Lys(iNoc)-NH-Resin (1.3 g)*S=>ab5VWH76 mgI

* TFA�Y�uHTFA:TIS:H2O 95:2.5:2.5, 1.0 mlI!3��N=>lmn!��

*����JTFA *A�NJ�]�u:$%&'4*��N=>��=��*

�]�u: 3 cdeNJ?�*���!3 ¡N=> ¡N=?�*Cu¢z

£¤¥�JLow-TfOH
(4)�Y�uHTFA:dimethyl sulfide:m-cresol:TfOH=4:3:1:1, 1.0 

mlI: 1�� 0 °C!3��N=>lmn!-80 °C:¦§N=�]�u*ijJ

$%&'4*��NJ��=��*�]�u: 3 cdeN=>?�* RPHPLC

:¨©,-kh: iNoc-Thr[H-Asp-Val-Ser-Leu-Thr-Ile-Glu-Asn(GlcNAc)-Val]- 

Leu-Ala-Asp-Ser-Gly-Ile-Tyr-Cys(Acm)-Cys(Acm)-Arg-Ile-Gln-Ile-Pro-Gly-Ile-Met- 

Asn-Asp-Glu-Lys(iNoc)-Phe-Asn-Leu-Lys(iNoc)-Leu-Val-Ile-Lys(iNoc)-NH2 4i (1.0 
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µmol, 13%)!"#$MALDI-TOF mass, found: m/z 4710.5, calcd. (M+5H-4iNoc)
+
: 

4710.5. Amino acid analysis: Asp5.57Thr1.54Ser1.63Glu3.04Pro2.09Gly1.96Ala0.98Val2.66 

Met0.72Ile4.89Leu3.64Tyr0.77Phe1Lys2.94 Arg0.87. 

 

Val
77

-Thr
78 %&'()*+,-!./0 Ac-[Cys(Acm)

15, 29, 35, 40, 86, 87
, 

Asn(GlcNAc)
76

, Lys(iNoc)
32, 67, 99, 103, 107

]-TIM-3 IgV (1-107)-NH2 (6i). 

! ()*+ 2 (230 nmol) 1()*+ 3 (220 nmol)! HOOBt (1.0 mg, 6.7 µmol)1

DIEA (0.6 µl, 3.4 µmol)!23 DMSO420 µl5%6789:;6<! 12=>?@

%ABC8#$&'()*+ 4i (300 nmol)! HOOBt (0.73 mg, 4.5 µmol) and DIEA 

(0.40 µl, 2.3 µmol)!23 DMSO420 µl5%6789:;6<DEF#$GHI

AgCl!EF9JK8#LMN 6=>?@%ABC8#$:;<% ether:EtOAc 4:1

!EF9OPQ!RS89TU! 3 VWXYZN[\8#$]^_`a9TU

!bZcdefghijklX%Amn/0o1N()*+ 6i (140 nmol, 63%)

!"#$Amino acid analysis: Asp13.74Thr4.55Ser2.78Glu8.40Gly9.05Ala6Val9.92Met0.97Ile4.95 

Leu7.77Tyr5.56Phe3.81Lys4.94Arg5.38. 

 

Ac-[Asn(GlcNAc)
76

]-TIM-3 IgV (1-107)-NH2 (9) 

! ()*+ 6i4150 nmol5! 50% AcOH aq.40.30 ml5N6789AgOAc (1.5 mg, 

9.0 µmol)!EF#$:;<!JK892=>?@%ABC8#$:;<% 6 M i

pqrstut915% MPA!23v6<40.5 ml5EF#$Ow#RS!xy

z{89|}1z{8#$RS!~V��I��N 5 �[\89���#|}

4ca. 3 ml5% Zn4ca. 200 mg5EF9?@N 1=>�8�BC8#$cda9

:;<! RPHPLCNmn/0o1N()*+ 8i485 nmol, 57 %5!"#$"�

�# 8i485 nmol5! 6 M �� aq.40.66 ml5N6789����1��8#�

�6<40.2 M Tris•HCl, 0.4 M arginine, 5 mM cysteamine, 0.5 mM cystamine, pH 9.0, 

40 ml5% 4 °C%AEF#$:;6<!G� 4 °C%A��89RPHPLCNmn

/0o1N��s�e� 9422 nmol, 26%5!"#$MALDI-TOF mass, found: m/z 

12310 (average), calcd for (M+H)
+ 

(average): 12310, Amino acid analysis: 

Asp14.22Thr4.77Ser2.86Glu8.57Gly9.12Ala6.02Val10.00Met0.64Ile4.90Leu7.99Tyr5.90Phe4Lys5.04 

Arg6.46. 
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Ac-{Asn[(Gal-GlcNAc-Man)2Man-GlcNAc2]
76

}-TIM-3 Ig domain (1-107)-NH2 (1). 

! GlcNAc!" Ig#$%&' 9 (3.0 nmol)( 6 M)*(+, 50 mM -'./0

123 (pH 7.0, 4.0 µl)456789:;<=>-' (150 nmol)( 50 mM -'.

/0123 (pH 7.0, 4.0 µl)4567?@AB$5C4DE89Glycosynthase (1 

mU/µl, 5.0 µl)(FGHDE?IJ5C(KLM 6 NOPQ789IJ5C(

RPHPLCMRSTUVWM:X'YZ[ 1 (1.0 nmol, 33%)(\89MALDI-TOF 

mass, found: m/z 13731 (average), calcd for (M+H)
+
: 13730 (average). Amino acid 

analysis: 

Asp14.17Thr4.73Ser2.91Glu8.76Gly9.30Ala6.72Val10.58Met0.53Ile5.16Leu8.01Tyr5.99Phe4Lys4.70 

Arg5.81. 

 

]^_` 
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! 4" TFA#$%&'()%&*+,-. GlcNAc-Asn/01  

 

4-1. 23  

! 4"#56789: GlcNAc +,-.;<=>?@ABCDE+FG7H;

<=>?IJ:KGLMNAIO#P. (1, 2)QR/ GlcNAcST;<=>?+I

J-.7U:@MVWIJE:8XL GlcNAcSTYZ[\+]^-._`aP

.Q1-4#56789)Gbcd/eE/9fMghi/jklZ#@MYZ[

\mnop: O-qrkA/stua)bMv7Mwuxyz#$%&#T. Bn

%&{|:8.HYZ[\IJ+}XLT7Q~/ Bn%&{|:�X7��/

GlcNAcSTYZ[\/IJkl�+ Figure 4-1:�-Qv�MBn%&Hq��

w��� 1+VWE:8����7�MTFA�>�k:8.YZ[\/$%&M

�GL��� TfOH
(3):8.H�w*/ Bn */��/ 2 c/$%&��+�.

R�#MGlcNAcSTYZ[\a]^��LG7Q��M��/ Bn*di TFA

��u%&*: ¡�7Hq��w��� 2 +VWIJ:FG.R�a#T�

¢M1 �/ TFA £¤#YZ[\/$%&�¥:MH/%&*/���'(�)

�MHYZ[\/]^a8�¦§¨:}©.R�:).ªFigure 4-1-1«Q~R#M

¬"#@ TFA��uHq��w���/01+}GMH;<=>?®Z¯<

!° Ig\±²<(4)
 (22-104)/IJ:³F-.R�:�7Q 

 

 

Figure 4-1! ��E�´µE:8. GlcNAc+,-.HYZ[\IJ�¶Q 
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4-2. TFA!"#$%&'()*+,-./012  

! ! +,-./ 201234' Figure 4-256)7890,:;+ 3
(5)0 3<=

/&'MPM>)*?@A>1B 4CDEFG7H5IJKLMN&'OPQR

:,-R5STUVFIW2FG,-.&',XPN>)*?@AI,:;+ 5

'YZ 88%A[G7\]I Fmoc-Asp(OPfp)-OPac 11 '^_0DE`

Fmoc-Asp(OBu
t
)-OH STI3 abAcdFGefghijk7l?AI,:;+

5@,mnopR/DE` 11@0q1rs'tuStaudingerrs5STvwG(6)7

HOOBt 'xyFGz= THF {A n-Bu3P 'y|*?@AI}~@��5,�N

>'v�I+,-./ 6'YZ 82%A[*?@52�FG7F�FI[��G 6

���#5�F�I�� Zn }~��5��* CH2Cl2/AcOH �1��5���

�*?@���A�wG7��������*?@���A�wG�� JN

¡LM¢£Ln.¤N'��� Zn}~'vwG¥00I¦§¨$%` 7�[�

�©IªR:«¬R�UV��G:¡¤N`�[��G0A�wG7?0> 

 

 

Figure 4-2! TFA!"#$%&'()*+,-./DE`0127rs��: (a) 

MPM-Cl, NaH, TBAI, THF, 0 °C and then reflux, 30 min, 71%; (b) (1) 

H2NCH2CH2NH2, n-BuOH, 90 °C, 3 h, (2) Ac2O, CH2Cl2, r.t., 30 min, 88% in 2 steps; 

(c) HOOBt, n-Bu3P, H2O, THF, r.t., 3 h, 6: 82%, 9: 78%; (d) Zn, AcOH, HFIP, r.t. 1 d; 

(e) (1) H2NCH2CH2NH2, n-BuOH, 90 °C, 3 h; (2) 2,4,6-trimethoxybenzaldehyde, 

NaBH3CN, AcOH, MeOH, r.t., 15 min; (3) Ac2O, pyridine, DMAP, r.t., 1 h, 65% in 3 

steps; (f)  Zn, AcOH, CH2Cl2, r.t., 2 h, 85%. 
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!" 8#$%&' GlcNAc# 1() 2(*+,-./01234!567869

:;'<=>?@A#B+4!CD,EFG6?@HI5JK/0LM>'N

OP)QRSTLUVW>6XY5Z[N 2 (123\#]+,^_\`ab

:6B+4!,Ec/0)dFT0123B+`eGf;W)>6%g&5h

i/0Pjk/0W),:LUlm61n3o 4Ppq Phthr6st12ur6

1vwxr`yz6{#|}\)H~, TFA >q|}��N 2,4,6-�����

���nx�TMB�\5 2 (]+i,abSTLr!" 8 `�a:LU�Oz

H~, Pfp���x 11)������/0W)>6o12u� 9`�LU�p

TL N-TMB r GlcNAc ' 6 )�����,%g&5��STLUVW>6

CH2Cl2/AcOH%��> Zn,�0q Pacr� `¡¢W)>6TFA£¤&|}\

`¥/0o12u��a¦ 2`�0W),D§:LU 

 

 

4-3. �¨���©ª Ig3�«�  (22-104) #!D¬  

! �pTLo12u��a¦`®Oz6�����(4)
 ©ª Ig3�«� (22-104) 

#!D`¡¢W),:LU����� (emmprin; extracellular matrix 

metalloproteinase inducer)'¯�°±i,²³´µST65¶°±#·¸,¹;E

FºzO0»�¼½¾>¿0UlL Asn
44,4!:zO0oÀ56Á&,EÂ:

zO0W)5ÃpTzO0U 

! Ig3�«�#ÄÅ` Figure 4-3,6lL!DyÆ` Figure 4-4,Ç/U22-104

#È 83É\` 3Ê#v�����22-34�126�35-69�136�70-104�14,?Ë6

VTÌT` FmocÍÎ!DÏ>ÐÑ/0W),:LU�pTLv����`ÒÓ

,zÔ´:LÂ��wÕ���xÏ,�GÖ!/�;6v���� 12613'V 

 

 

Figure 4-3! �¨���©ª Ig3�«� (22-104)#ª×ÄÅU 

 AAGTVFTTV EDLGSKILLT CSLNDSATEV

TGHRWLKGGV VLKEDALPGQ KTEFKVDSDD

QWGEYSCVFL PEPMGTANIQ LHGP

22

104

CHO

44
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!"!#$%&'()*+,-+.+&'()*+,/012/345!6&

'()*+789:;<3=>?@N--+.+A)*BCDNACEF?=G0

12HIJ,,/3(7)4K3@LMN&OPQRCS 13 TU?V3G0@8W

:TU/3 TFAXYZ[\]^_HIL-`ab 2cde^fg@5chiT

U?jkI_lZ^mn/34PQRCSoT,p[\@qrs+tuCQv

?QwBxACysz(2c)cL{|}~�:L{��^fg@-A-�@���

A-��T�L{^�� Ig�ORBC^TUHIJ,?/34 

 

 

Figure 4-4! (�N�C (22-104) cTU��4 

 

4-4. L-`ab�d� 2^lg3LPQRCS 13cTU  

! LPQRCS 13cTU��^ Figure 4-5?�H4Fmoc-Rink amide��^��

��,/@�AC^��Z�C�s,/0 2�]de/34NACF?=I&'

( ) * + � ^ f > 3 � @ DCE � : DIC-HOBt F ? = � @

Fmoc-Gly-(Et)Cys(Trt)-OH
(8)^�� de/34¡?¢B£�¤¥s¦MN&O

§¨TU©^lg0@MN&O{c��^fG34K3@Fmoc-Lys(iNoc)-OH7

DIC-HOBt F?=�@ª¨:de/34L{«¬®@Asn
44:7L-`ab�

d� 2 ^ DIC-HOBtF:de/34hiTU¯°v@±²c TFA�£*+: 2

³´µ¶?0·¸/345c¹ºUMN&Oc RPHPLC&»sS^ Figure 4-5@ 
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!"#$ a %&'(MASS )*+$,-./01 2 2-3456#+789:

;<=>?@ABCDE 13a, 13bFGHIJ7K10JLME(NO?PMPA

J-!QR)S,TUVWXYOPZ[-8*\!]!QR)S, 13 X^E(

ID%_`PTFAabc8def:ghi 2 XjOHIJF 1kl-@ABm

nF GlcNAc Xo2*\!]X^HIJ%pqrE(stPN uvwx35$

12y NACzXjO?{|}!QR)S,~ghCDE(�EPCuvwx35

$ 14y��- Fmoc���pz%?��CDE( 

 

 

Figure 4-5! 8def:ghi 2XjOE8wx35$ 13-��(����: �

��PMightysil RP-18 GP2 150 mm-4.6 mm; �� 1 ml/min; ��� APH2O�0.1% 

TFAX=��P��� BPdw$�$�,�0.1 % TFAX=��( 
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4-5. !"#$%&'()*+,-./012345)6789  

! :;<=>9?8@ABCDEFGH<=!"#$%&'()*+,-./

CIJ0&KLM8NOMPL$QRN/SCITUV+<=WFigure 4-6+X

Y,T+0Z[0\]^$%&'() 12V_)`)$%&'() 13C Ag
+
-Free

Nabc+d./CIe=Wfghij,klI<012 mnFo#Npnq>

9?8@ 15Crs=WtJF0fguv+Cwx>9?8@ 14VAgClCys0

z{N./CIe=W18mn|+}~fgh��<0o#N IgQ?�8NOM

PL$QR 16 C�-UV+S�<=WGFC �;|+���=OMPL$Q 16

N�jh 48%F�e=W 

 

 

Figure 4-6! &KLM8OMPL$Q 16N/SWfgab: (a) HOOBt, DIEA, 

DMSO, r.t., 12 h; (b) AgCl, r.t., 1 d, 48% in 2 steps. u�ab: ��K0Mightysil 

RP-18 GP2 150 mm-4.6 mm; �� 1 ml/min; u�v A0H2O�0.1% TFAC���0

u�v B0_>@�@M)�0.1 % TFAC���W 

 

 

! �+AgOAc��+,-�Acm0"k Zn/MPAC�J=� iNoc�fgCIJ0

RPHPLC+d�;Y-UVFo#N���OMPL$Q17C�=�Figure 4-7�W

�|+0�'(_�8-�'��8 �¡¢£¤vp+d¥¦§¨Y-UVF©

')37QNªSCIJ0«�345)6789¬�= GlcNAc CY- Ig Q

?�8 18C�-UV+S�<=W 
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Figure 4-7! !"#$%& 16 '()*+,-./012345678: (a) (1) 

AgOAc, 50% AcOH aq., 35 °C, 18 h; (2) Zn, 6 M Gu•HCl, 15% MPA aq., r.t., 30 min, 

60% in 2 steps; (b) 0.1 M Tris•HCl, 10% glycerol, 10 mM cysteamine, 1 mM cystamine, 

pH 8.0, 4 °C, overnight, 57%. 9:78: ;<=>Protein RP 150 mm-4.6 mm; ?@ 

1 ml/min; 9:A A>H2OB0.1% TFACDEF>9:A B>GHIJI"/B0.1 % 

TFACDEF4 

 

 

4-6. KLMN56COPQ GlcNAcRS Ig&TU2'KLVW  

! KLMN56CXYQZ>K[\]^"2'_`CXaQBbcdefF4G

gGhi_jKL 8K 21>klmgGhKL 10K 22 no6pqrsGHt.

/uv>wxvyz{|Q[\]^"2}~� CDMBICOP���|Q (9)4 

! �v�Q GlcNAcRS Ig&TU2 18 + 2��'K[\]^"2 21>22 +'

KLMN56(3c)CXaQBFigure 4-8F4�56+������X|>��+pq

GgGhi_jKL 9K>klmgGhi_jKL 11KRS�=$"2 Ig&T

U2 19>20C��Q419+ 20'KMN��n���� 38%+ 50%��aQ4 
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Figure 4-8! GlcNAc!"#$%&' 18()*+,-./-.01: (a) 21 or 22, 

glycosynthase, 20% DMSO, 25 mM phosphate buffer pH 7.0, r.t., 4 h. 2301: 4

5$6Mightysil RP-18 GP2 150 mm-4.6 mm; 78 1 ml/min; 239 A6H2O:0.1% 

TFA;<=>6239 B6?@ABA&C:0.1 % TFA;<=>/ 
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4-7. CD!"#$%&'()* 2+,-.&'  

! /.012345678,-.9:;6 Ig<=>? 18@19@20. CD!"#

$%ABCD@2 +,-A&'D6EFigure 4-9 (FG)H(@3 IJ.7K?

L#MN!-OP$,-(QR!"#$%AFD@Ig <=>?.ST,-UVD

WX1Y5Z[*\]U^_Y56E 

 

 

Figure 3-9! 3IJ.`a>bcdPeAfG*gehi?. CD!"#$%E 

 

 

4-8. jk  

! TFA lmnopqAfG*7rstuvwTAxyD@z{01(|}G*

\]2@gehi?~� Ig <=>?�22-107�.01A�;6E��(01Y

567rstuvwTN7"h�<��g!�%.��(}[45@TFA ()

*���.��2@�R�opTA��(3*\]A��D6E34567�

`=?$A�.�`=?$]�����g!�%�()� One-Pot2�0D@�

R Ig<=>?.�i"h�<8A36E�op@��cdP%� ?`A�;

¡! 18 

¢! 19 

£! 20 
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! Ig"#$%&'2()*+,-./0%1*+23456789':6;< 2

()*=>?+2&@;< Ig"#$%*>A7ABC!DEFG!HIJ0%

KLMNOPQ*RS7TU<VWXY<D 

 

 

4-9. Z[*\  

4,6-O-Benzylidene-2-deoxy-3-O-(4-methoxybenzyl)-2-phthalimide-!-D-glucopyran

osyl azide (4).  

! 4,6-O-benzylidene-2-deoxy-2-phthalimide-!-D-glucosaminyl azide 3 (200 mg, 0.48 

mmol)& THF]2.4 ml 7̂ Ar_`abXcPC!Dcd& 0 °C7efC'60% NaH 

in oil (58 mg, 1.5 mmol)1 n-tetrabutylammonium iodide (36 mg, 0.15 mmol) 1 

4-methoxybenzyl chloride (0.13 ml, 0.96 mmol) &gh!D56cd&ijC'1k

lgmnoC!Dpq'56cd& 0 °C7efC'AcOH]83 µl, 1.5 mmol^&

gh'56&rsC!DtX56cd&uvC'wx EtOAc/hexane (1:1)cdX

ty&z{C!D>|}!@~y&t'����tX��C'Na2SO4 X��C

!D�����'��A�&�0������������]toluene/EtOAc 9:1^ 

X��C'�>� 4 (185 mg, 71%)&E!DRf 0.24 (toluene/EtOAc 7:1). Mp 

145-148 °C. ["]D +47.1 (c 1.0, CHCl3). Anal. calcd for C29H26N4O7: C, 64.20; H, 4.83; 

N, 10.33, Found: C, 64.28; H, 4.98; N, 10.21. 
1
H NMR (CDCl3) #: 7.84-7.65 (m, 4H, 

ArH) 7.54-7.52 (m, 2H, ArH), 7.44-7.38 (m, 3H, ArH), 6.71 (d, 2H, J=8.7 Hz, ArH), 

6.37 (d, 2H, J=8.2 Hz, ArH), 5.64 (s, 1H, PhCH<), 5.43 (d, 1H, J=9.3 Hz, H-1), 4.71 (d, 

1H, J=12.2 Hz, ArCH2-), 4.48-4.43 (m, 2H, H-3, H-4), 4.42 (d, 1H, J=12.2 Hz, ArCH2-), 

4.12-4.07 (m, 1H, H-2), 3.90-3.80 (m, 2H, H-6), 3.77-3.74 (m, 1H, H-5), 3.62 (s, 3H, 

-OMe). 

 

2-Acetamido-4,6-O-benzylidene-2-deoxy-3-O-(4-methoxybenzyl)-!-D-glucopyranos

yl azide (5).  

 n-BuOH (3.7 ml)7� C! 4 (200 mg, 0.37 mmol) 7H¡¢%£¤¥%]0.49 ml, 

7.4 mmol^&gh!D56cd&¦§_`abXwkl 90 °CX¨©C!D��

�'��A�& CH2Cl27cPC't'����tX��C'Na2SO4X��C!D
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!"#$%&' CH2Cl2 (3.7 ml)()*+ Ac2O (80 µl, 0.89 mmol)',-$30./

01234+567859:';<2=>$EtOAc 2?@#$ABC2DEF

GHI2$JKL 5 (140 mg, 88%)'M56. Rf 0.30 (CHCl3/2,2,2-trifluoroethanol 

19:1). Mp 200 °C (decomp.). [!]D -66.0 (c 0.26, CHCl3/MeOH 1:1). Anal. calcd for 

C23H26N4O6: C, 60.78; H, 5.77; N, 12.33, Found: C, 60.79; H, 5.59; N, 12.37. 
1
H NMR 

(DMSO) ": 8.12 (d, 1H, J=8.8 Hz, -NH), 7.42-7.39 (m, 5H, ArH), 7.18 (d, 2H, J=8.8 

Hz, ArH), 6.85 (d, 2H, J=8.3 Hz, ArH) 5.72 (s, 1H, PhCH<), 4.71 (d, 1H, J=9.3 Hz, 

H-1), 4.65 (d, 1H, J=11.2 Hz, ArCH2-), 4.53 (d, 1H, J=11.2 Hz, ArCH2-), 4.29-4.25 (m, 

1H, H-5), 3.84-3.68 (m, 7H, H-2, 3, 4, 6, -OMe), 3.62-3.57 (m, 1H, H-6), 1.86 (s, 3H, 

Ac). 

 

N
2
-9-Fluorenylmethoxycarbonyl-N

4
-[2-acetamido-4,6-O-benzylidene-2-deoxy-3-O-(

4-methoxybenzyl)-#-D-glucopyranosyl]-L-aspragine phenacyl ester (6). 

JKL 5 (94 mg, 0.21 mmol)I 11 (120 mg, 0.25 mmol)IHOOBt (40 mg, 0.25 mmol)

' THF (1.1 ml$2% H2O'NO)()*+56n-Bu3P (62 µl, 0.25 mmol)',-$

012 3P/34+56 QR)S' CHCl3/MeOH 9:1)S2TU+$VWX'

YZ[\]$]$YZ^_]2?@+MgSO42DE+56%&'`abc2d

e+$;<+56fgL'`abc2 3 h?@+$ABC2DEFGHI2J

KL 6 (150 mg, 82%)'M56 Rf 0.38 (CHCl3/MeOH 9:1). Mp 220 °C (decomp.). 

[!]D -4.5 (c 0.19, CHCl3/MeOH 1:1). Anal. calcd for C50H49N3O12: C, 67.94; H, 5.59; N, 

4.75, Found: C, 67.94; H, 5.59; N, 4.74. 
1
H NMR (DMSO) ": 8.60 (d, 1H, J=9.3 Hz, 

-NH), 8.01-7.96 (m, 3H, -NH, ArH), 7.89 (d, 2H, J=7.3 Hz, ArH), 7.74-7.68 (m, 3H, 

ArH), 7.59-7.55 (m, 2H, ArH), 7.43-7.31 (m, 9H, ArH), 7.19 (d, 2H, J=8.2 Hz, ArH), 

6.85 (d, 2H, J=8.8 Hz, ArH), 5.71 (s, 1H, PhCH<), 5.56 (d, 1H, J=17.1 Hz, PhCOCH2-), 

5.49 (d, 1H, J=17.1 Hz, PhCOCH2-), 5.12 (brdd, 1H, J=9.3, 9.8 Hz, H-1), 4.71-4.64 (m, 

1H, Asn-!H), 4.65 (d, 1H, J=11.2 Hz, ArCH2-), 4.53 (d, 1H, J=11.2 Hz, ArCH2-), 

4.35-4.28 (m, 2H, Ar2CHCH2-), 4.24-4.20 (m, 2H, Ar2CH-, H-5), 3.89-3.77 (m, 1H, 

H-2), 3.44-3.38 (m, 6H, -OMe, H-6, H-3), 2.83 (dd, 1H, J=4.9, 16.1 Hz, Asn-#H), 2.63 

(dd, 1H, J=8.3, 16.1 Hz, Asn-#H), 1.80 (s, 3H, Ac). 

 

4,6-O-Benzylidene-2-deoxy-3-O-(4-methoxybenzyl)-2-[N-(2,4,6-trimethoxybenzyl)-
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acetamido]-!-D-glucopyranosyl azide (8).  

n-BuOH (46 ml)! 4 (2.5 g, 4.6 mmol)"#$%&'()*+,-*"(6.2 ml, 93 

mmol)./0123456789:;<" 3=> 90 °C4?@%&AB%78C

D" CH2Cl2 !;E%&F&GHIJF4KLM&Na2SO4 4NO%78CD"

MeOH (22 ml)!#$%& AcOH (0.53 ml, 9.3 mmol)P 2,4,6-trimethoxybenzaldehyde 

(1.1 g, 5.6 mmol)P NaBH3CN (217 mg, 3.5 mmol)"56789:;<" 15Q>R

S4?@%&TUAB%78CD EtOAc!;E%&"F&GHIJF4KLM&

Na2SO44NO%78ABM&CD"VW+*(20 ml)P Ac2O (10 ml)4;E%&

4-(N,N-dimethylamino)pyridine (56 mg, 0.46 mmol)"56789:;<"RS4X

=>?@%7MAB%78CD" EtOAc4;E%7M&5%Y'*ZF;<&F&

GHIJF4KL%&Na2SO4 4NO%78ABM&CD"[W\]^Y_`a

bcdef (toluene/EtOAc 4:1)4gh%&ijk 8 (1.8 g, 65%)"l78 Rf 0.35 

(toluene/EtOAc 4:1). ["]D +7.9 (C 1.0, CHCl3). Anal. calcd for C33H38N4O9: C, 62.45; 

H, 6.03; N, 8.83, Found: C, 62.30; H, 6.08; N, 8.62. 
1
H NMR (CDCl3) #: 7.41-7.34 (m, 

5H, ArH), 7.18 (d, 2H, J=8.3 Hz, ArH), 6.82 (d, 2H, J=8.3 Hz, ArH), 66.10 (s, 2H, 

ArH), 5.71 (d, 1H, J=8.8 Hz, H-1), 5.49 (s, 1H, PhCH<), 4.74 (brdd, 1H, J=8.9, 9.2 Hz, 

H-3), 4.67 (d, 1H, J=11.7 Hz, ArCH2-), 4.59 (d, 1H, J=14.2 Hz, ArCH2-), 4.49 (d, 1H, 

J=11.7 Hz, ArCH2-), 4.44 (d, 1H, J=14.2 Hz, ArCH2-), 4.30 (dd, 1, J=4.4, 10.2 Hz, 

H-6), 3.80-3.77 (m, 12H, -OMe), 3.73-3.66 (m, 1H, H-6), 3.63-3.57 (m, 1H, H-5), 3.46 

(brt, 1H, J=9.3 Hz, H-2), 2.25 (s, 3H, Ac). 

 

N
2
-9-Fluorenylmethoxycarbonyl-N

4
-{4,6-O-benzylidene-2-deoxy-3-O-(4-methoxybe

nzyl)-2-[N-(2,4,6-trimethoxybenzyl)-acetamido]-!-D-glucopyranosyl}-L-aspragine 

phenacyl ester (9).  

ijk 8 (78 mg, 0.13 mmol)P 11 (100 mg, 1.6 mmol)P HOOBt (26 mg, 0.16 mmol) 

" THFm1.3 ml, H2O" 2%nop!;E%&n-Bu3P (39 µl, 0.16 mmol)"5678 

9:;<"RS4 3 =>?@%78EtOAc 49:;<"qr%7M&stu"

GHvwF&F&GHIJF4KL% Na2SO44NO%78ABM&xyzk"

[W\]^Y_`abcdef4gh%mtoluene/EtOAc 1:1pijk 9 (100 mg, 

78%)"l78Rf 0.33 (toluene/EtOAc 1:1). ["]D +22.6 (c 1.0, CHCl3). Anal. calcd for 

C60H61N3O15: C, 67.72; H, 5.78; N, 3.95, Found: C, 67.75; H, 5.75; N, 4.23. 
1
H-NMR 



 70 

(CDCl3/CD3OD 19:1) !: 7.93 (d, 2H, J=7.3 Hz, ArH), 7.74 (d, 2H, J=7.3 Hz, ArH), 

7.62-7.58 (m, 3H, ArH), 7.51-7.22 (m, 13H, ArH), 6.86-6.83 (m, 2 H, ArH), 6.24-6.06 

(m, 2H, ArH), 6.00 (d, 0.5H, J=9.3 Hz, H-1 of conformer A), 5.54-5.33 (m, 3H, PhCH<, 

PhCOCH2-), 4.91 (d, 0.5H, J=11.2 Hz, ArCH2- of conformer A or B), 4.80-4.69 (m, 3H, 

Ar2CH-, Asn-"H, H-3), 4.57-4.50 (m, 2H, Ar2CHCH2-, ArCH2-), 4.46-4.19 (m, 6H, 

Ar2CHCH2-, ArCH2-, H-6), 3.82-3.77 (m, 12H, CH3O-), 3.72-3.58 (m, 2H, H-5 of 

comformer A, H-6), 3.47 (brdd, 0.5H, J=8.8, 9.2 Hz, H-4 of comformer A or B), 

3.18-3.08 (m, 1H, H-2 of conformer A or B, H-5 of conformer A), 2.88 (dd, 0.5H, J=4.9, 

16.6 Hz, Asn-#H of conformer A), 2.77 (dd, 0.5H, J=4.9, 16.1 Hz, Asn-#H of 

conformer A), 2.63 (dd, 0.5H, J=5.7, 16.1 Hz, Asn-#H of conformer B), 2.42-2.39 (m, 

2H, Asn-#H of conformer B, Ac of comformer A), 2.12 (s, 1.5H, Ac of comformer B). 

 

N
2
-9-Fluorenylmethoxycarbonyl-N

4
-{4,6-O-benzylidene-2-deoxy-3-O-(4-methoxybe

nzyl)-2-[N-(2,4,6-trimethoxybenzyl)-acetamido]-#-D-glucopyranosyl}-L-aspragine 

(2).  

!"# 9 (110 mg, 0.10 mmol)$ CH2Cl2 (2.0 ml)%&'()*+AcOH (1.5 ml), Zn

-.(400 mg, 6.2 mmol)$/0)1234$567 289:(;<=()1>?

@ABC*+B4$DE()1FG$ EtOAc%&'()*+5%HIJKL&4+

L+MNOPL7QR(+Na2SO4 7ST()1DE*+FG$UVWXYHZ

[A\?]^_(CHCl3/MeOH 19:1 1% AcOH)7`abcd,7!"# 2 (80 mg, 

85%)7e)1Rf 0.30 (CHCl3/MeOH 19:1 1% AcOH). ["]D +65.0 (c 1.0, CHCl3). Anal. 

calcd for C52H55N3O14: C, 66.02; H, 5.86; N, 4.44, Found: C, 65.94; H, 5.60; N, 4.28. 

1
H-NMR (CDCl3/CD3OD 19:1) !: 7.74 (d, 2H, J=7.3 Hz, ArH), 7.60-7.56 (m, 2H, ArH), 

7.49-7.46 (m, 2H, ArH), 7.40-7.21 (m, 9H, ArH), 6.86-6.83 (m, 2H, ArH), 6.21 (s, 1H, 

ArH), 6.13 (s, 1H, ArH), 5.98 (d, 0.5H, J=9.3 Hz, H-1 of comformaer A), 5.54 (s, 0.5H, 

PhCH< of conformer A), 5.53 (s, 0.5H, PhCH< of conformer B), 4.92 (d, 0.5H, J=11.7 

Hz, ArCH2- of conformer A), 4.80-4.70 (m, 1.5H, ArCH2-, H-4 of conformer A), 

3.85-3.77 (m, 12H, CH3O-), 3.17-3.11 (m, 1.5H, H-4, 5 of conformer A or B), 2.86 (dd, 

0.5H, J=4.4, 17.0 Hz, Asn-#H of conformer A), 2.65 (dd, 0.5H, J=5.4, 16.6 Hz, Asn-#H 

of conformer A),2.54 (dd, 0.5H, J=4.4, 16.6 Hz, Asn-#H of conformer B), 2.39-2.31 (m, 

2H, Ac, Asn-#H of conformer B), 2.13 (s, 1.5H, Ac of conformer A). 
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N-9-Fluorenylmethoxycarbonyl-O
4
-t-butyl-L-aspartic acid phenacyl ester (10). 

! N-(9-fluorenylmethoxycarbonyl)-O
4
-t-butyl-L-aspartic acid (5.0 g, 12 mmol)! 75% 

MeOH aq. (120 ml)"#$%&Cs2CO3 (2.0 g, 6.1 mmol)!'()*+,#-! 15

./01%)2&34%)*56! Ar789:"; DMF (120 ml)<#$%)* 

+,-! 0 °C"=>%&2-bromoacetophenone (2.6 g, 13 mmol)!'()*+,-

! 0 °C< 2?/01%)*+,-!@<AB%)2&EtOAc/hexane (1:1)<@C

! 3 DEF%)*GHI)JKC!@&LMNO@<EF%)2&Na2SO4<P

Q%)*342&56!RST (Hexane/EtOAc)<UV%&WGX 10 (5.0 g, 78%)

!Y)*Rf  0.35 (toluene/EtOAc 7:1). Mp. 99-102 °C. [!]D -2.0 (CHCl3, c 1.0). Anal. 

calcd for C31H31NO7: C, 70.31; H, 5.90; N, 2.64, Found: C, 70.32; H, 5.71; N, 2.63. 
1
H 

NMR (CDCl3) ": 7.90 (d, 2H, J=7.3 Hz, ArH), 7.76 (d, 2H, J=7.3 Hz, ArH), 

7.62-7.59(m, 3H, ArH), 7.51-7.47(m, 2H, ArH), 7.41-7.37 (m, 2H, ArH), 7.32-7.29 (m, 

2H, ArH), 5.91 (d, 1H, J=8.8 Hz, -NH), 5.45 (d, 1H, J=16.1 Hz, PhCOCH2-), 5.39 (d, 

1H, J=16.5 Hz, PhCOCH2-), 4.86-4.81 (m, 1H, !H), 4.45-4.40(m, 1H, Ar2CHCH2-), 

4.37-4.33(m, 1H, Ar2CHCH2-), 4.27-4.23(m, 1H, Ar2CH-), 3.04 (dd, 1H, J=5.4 Hz, 

17.1 Hz, #H), 2.92 (dd, 1H, J=4.9 Hz, 17.1 Hz, #H), 1.48 (s, 9H, t-Bu). 

 

N-(9-Fluorenylmethoxycarbonyl)-O
4
-pentafluorophenyl-L-aspartic acid phenacyl 

ester (11). 

! WGX 10 (5.0 g, 9.5 mmol)! 50% TFA/CH2Cl2 (95 ml)"#$%)*Z[<\?

/01%)2&34%)*56!]^789:";CH2Cl2 (47 ml)<#$%)2&

_ G - ! 0 °C " = > % & pentafluorophenol (2.7 g, 14 mmol) `

1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (1.9 g, 10 mmol)!'(

)*+,#-!Z[< 1?/01%)2&34%)*56! EtOAc<#$%)

2&JKC!@&LMNO@<EF%&Na2SO4 <PQ%)*abcX!RST

<UV% (Hexane:EtOAc)WGX 11 (5.7g, 93%)!Y)* Rf 0.54 (toluene/EtOAc 

4:1). Mp. 97-100. [!]D= +4.6 (CHCl3, c 1.0). Anal. calcd for C33H22F5NO7: C, 61.98; H, 

3.47; N, 2.19, Found: C, 62.11; H, 3.46; N, 2.37. 
1
H NMR (CDCl3) ": 7.90 (d, 2H, 

J=7.3 Hz, ArH), 7.76 (d, 2H, J=7.3 Hz, ArH), 7.65-7.59 (m, 3H, ArH), 7.52-7.48 (m, 

2H, ArH-), 7.42-7.38 (m, 2H, ArH), 7.33-7.29 (m, 2H, ArH), 5.86 (d,1H, J=7.8 Hz, 

NH), 5.49 (d,1H, J=16.6, PhCOCH2-), 5.44 (d,1H, J=16.6, PhCOCH2-), 5.06-5.01 (m, 
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1H, !H), 4.47-4.40 (m, 2H, Ar2CHCH2-), 4.27-4.23 (m, 1H, Ar2CH-), 3.46-3.44 (m, 2H, 

"H). 

 

iNoc-emmprin (22-34)-SPh (12). 

! Fmoc-Rink amide MBHA!" (150 mg, 50 µmol)# 20% $%&'(/NMP)*

+ 1,-./012345!"#678)*+ 5,-./05NMP+9:012

Fmoc-Lys(Boc)-OH (94 mg, 0.20 mmol)# 0.5 M HBTU/DMF (0.38 ml, 0.19 mmol);

DIEA (70 µl, 0.4 mmol) +)<01=5!">?@ABC+ 12,-DE012 F

GHG5Lys IJ#KL;678MN+34OP05Fmoc-[Lys(Boc)]2-NH-resin

#Q12R FmocS=5DCE (0.5 ml)T)<01 Fmoc-Gly-(Et)Cys(Trt)-OH (65 mg, 

0.10 mmol); DIC (15 µl, 0.15 mmol); HOBt (19 mg, 0.15 mmol)#!"T?@5B

C+UVDE01210% Ac2O; 5% DIEA#WX NMP)*+ 5,-YZ[\]

^_$(`01=5Qab1 Fmoc-Gly-(Et)Cys(Trt)-[Lys(Boc)]2-NH-resin# 433A

%c[defghi8 FastMoc j+%c[dk8lm#nop;+

H-Ala-Ala-Gly-Thr(Bu
t
)-Val-Phe-Thr(Bu

t
)-Thr(Bu

t
)-Val-Glu(OBu

t
)-Asp(OBu

t
)-Leu-Gl

y-(Et)Cys(Trt)-[Lys(Boc)]2-resin#Q12iNoc-ONp (27 mg, 0.10 mmol)# NMP (1.0 

ml)T)<01=5!"T?@BC+ 1 q-DE012!"# NMP5CH2Cl25 

MeOH 5 r s t \ + u v w x 9 : 0 5 y z { | n o p ; +

iNoc-Ala-Ala-Gly-Thr(Bu
t
)-Val-Phe-Thr(Bu

t
)-Thr(Bu

t
)-Val-Glu(OBu

t
)-Asp(OBu

t
)-Leu

-Gly-(Et)Cys(Trt)-[Lys(Boc)]2-resin (260 mg)#Q12Qab1!"(50 mg)# TFA

}~t\ (TFA:triisopropylsilane:H2O=95:2.5:2.5, 1.0 ml)+ 2q-BCTA./0

12��)*#��01=5����+ TFA#��05rst\+����12

��#rst\+ 2v9:05yz�+{|012I�# 6 M ��; 5% AcOH

#WX 60% CH3CN aq. (2.0 ml)T)<05PhSH�40 µl�#?@12��)*#

37 °C+ 1�-DE01=5��8 PhSH#rst\��+��012�g)*

# RPHPLC+��nop;+%c[d 12 (740 nmol, 7.6%)#Q12MALDI-TOF 

mass, found: m/z 1507.7, calcd for (M+H)
+
: 1507.7. Amino acid analysis: 

Asp1.01Thr2.69Glu1.04Gly2.06Ala1.95Val1.95 Leu1.06Phe1. 

 

H-[Cys(Acm)
41

,Asn(GlcNAc)
44

,Lys(iNoc)
36,57,63

]-emmprin(35-69)-SC2H4CO2H (13). 

! Fmoc-Gly-(Et)Cys(Trt)-[Lys(Boc)]2-NH-resin (0.10 mmol)#��~���s�%
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!"#$%&'()*+,-./012345!"#6789:,-./0;

<= Fmoc-Lys(iNoc)-OH1 1M DIC/NMP (0.40 ml)> 1M HOBt/NMP (0.40 ml)?

30@ABCD89EF1GH)IJKLM? 30@NOPQR>?ST89:U

VWKXYZ9  H-Asp(OBu
t
)-Ser(Bu

t
)-Ala-Thr(Bu

t
)-Glu(OBu

t
)-Val-Thr(Bu

t
)-Gly-!

His(Trt)-Arg(Pbf)-Trp(Boc)-Leu-Lys(iNoc)-Gly-Gly-Val-Val-Leu-Lys(iNoc)- 

Glu(OBu
t
)-Asp(OBu

t
)-Ala-Leu-Pro-Gly-(Et)Cys(Trt)-[Lys(Boc)]2-resin )K<= 2 

(190 mg, 0.20 mmol)1 1 M DIC/NMP (0.40 ml)> 1 M HOBt/NMP (0.40 ml)? 30@

ABCD89EF1GH)IJ9:[\EF1 50 °C? 3]A^_8K̀ a"b

cdef.ghi1jk9:lmK5!"#$%&'(?5!"#n1678K

H-Ser(Bu
t
)-Lys(iNoc)-Ile-Leu-Leu-Thr(Bu

t
)-Cys(Acm)-Ser(Bu

t
)-Leu-Asn(GlcNAc)- 

Asp(OBu
t
)-Ser(Bu

t
)-Ala-Thr(Bu

t
)-Glu(OBu

t
)-Val-Thr(Bu

t
)-Gly-His(Trt)-Arg(Pbf)- 

Trp(Boc)-Leu-Lys(iNoc)-Gly-Gly-Val-Val-Leu-Lys(iNoc)-Glu(OBu
t
)-Asp(OBu

t
)-Ala-

Leu-Pro-Gly-(Et)Cys(Trt)-[Lys(Boc)]2-resin (640 mg)1X9:XYZ9GHVop

q220 mgr1 TFAstub (TFA:triisopropylsilane:H2O=95:2.5:2.5, 4.0 ml)? 2]

ALM)4hi89:[\EF1vw89WKvF1xyz{?2|8K}~

ub?����9:��1}~ub? 2���8K���?��89:/�1 6 

M �y1�� 25% CH3CN aq.q5.0 mlr)E�8K MPA (0.25 ml)1IJ9:[

\F1 50 °C? 1�A^_89WKw�V MPA1}~ub?��K2|89:

�&EF1 RPHPLC ?��PQR>?5!"# 13 (1.3 µmol, 3.7%)1X9:

MALDI-TOF mass, found: m/z 4072.3, calcd for [M+4H-3iNoc]
+
: 4072.6 (avarage). 

Amino acid analysis: Asp2.63Thr2.04Ser2.30Glu1.62Gly4.07Ala2Val2.12Ile0.74Leu5.07 

Lys2.90His0.90Arg0.88. 

 

H-[Cys(Acm)
87

, Lys(iNoc)
71,75

]-emmprin (70-104)-NH2 (14). 

 Fmoc-Rink amide MBHA resin (300 mg, 0.10 mmol)15!"# 13>��)��t

� � � ~ � $ % & ' � ) * + 5 ! " # 6 7 P Q R > ? K

H-Gln(Trt)-Lys(iNoc)-Thr(Bu
t
)-Glu(Bu

t
)-Phe-Lys(iNoc)-Val-Asp(OBu

t
)-Ser(Bu

t
)- 

Asp(OBu
t
)-Asp(OBu

t
)-Gln(Trt)-Trp(Boc)-Gly-Glu(Bu

t
)-Tyr(Bu

t
)-Ser(Bu

t
)-Cys(Acm)-

Val-Phe-Leu-Pro-Glu(OBu
t
)-Pro-Met-Gly-Thr(Bu

t
)-Ala-Asn(Trt)-Ile-Gln(Trt)-Leu- 

His(Trt)-Gly-Pro-NH-resinq700 mgr1X9:XYZ9GHVopq200 mgr1 TFA

stub (TFA:triisopropylsilane:H2O=95:2.5:2.5, 4.0 ml)? 2]ALM)4hi8

9:[\EF1vw89WKvF1xyz{?2|8K}~ub?����9:
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!"#$%&'( 2)*+,-./0(12,3456# RPHPLC (789:

;<(=>?@ 14 (1.5 µmol, 5.5%)#A34 MALDI-TOF mass, found: m/z 4039.5, 

calcd for [M+3H-2iNoc]
+
: 4039.4 (average). Amino acid analysis: 

Asp4.11Thr1.71Ser1.34Glu5.70Gly3.36Ala1.14Val2.06Met0.72Ile1.03Leu2.13Tyr1.10Phe2Lys1.95His1.

07. 

 

iNoc-[Cys(Acm)
41,87

, Asn(GlcNAc)
44

, Lys(iNoc)
36,57,63,71,75

]-emmprin (22-107)-NH2 

(16). 

! =>?@ 12 (470 nmol)<=>?@ 13 (310 nmol)< HOOBt (1.9 mg, 12 µmol)#

DMSO (31 µl)BCD,3E-DIEA (1.0 µl, 5.8 µmol)#FG-HICJ#KL(

12MNOP,34=>?@ 14 (370 nmol)# HOOBt (0.91 mg, 5.6 µmol)< DIEA 

(0.49 ml, 2.8 µmol)#QR DMSO (31 µl)BCD,-HIJBFG34STUV AgCl

#HIJBFG-WXYZ0 24MNKL([,\OP,34HICJB$%&

'/EtOAc (1:1)#FG3E-]^3!"#$%&'(_`*+,34./12E-

56# 50% CH3CNaCJBCD,-GFCBbc789:;<(=>?@ 16 (150 

nmol, 48 % from 13)#A34MALDI-TOF mass, found: 9267.2, calcd for 

[M+6H-5iNoc]
+
: 9267.3 (average). Amino acid analysis: Asp7.65Thr6.93Ser3.18Glu7.99 

Gly9.10Ala5.68Val7.00Met0.77Ile1.78Leu9.64Tyr0.26Phe3Lys5.06His1.83Arg0.97. 

 

H-[Cys(SH)
41,87

, Asn(GlcNAc)
44

]-emmprin (22-107)-NH2 (17). 

! =>?@ 16 (350 nmol)# 50% AcOH aq. (0.30 ml) BCD,3E-AgOAc (2.3 

mg, 14.0 µmol)#FG34HICJ#WX,-35 °C( 18MNOP,3415% MPA 

#QR 6 M defghijiaCJ(0.40 ml)#HICJBFG-kl9:;<

(mn<!"#op34]^3!"#qcr, 15% MPA #QR 6 M defg

hijiaCJ(0.40 ml)(s`*+,-kl9:;<(mn<op34 tuv

3mn (w 6 ml)B Znxy (w 150 mg)#FG-KL( 30oN[,\z{,34

HIJ#|},3E-RPHPLC (789:;<( 17 (210 nmol, 60%)#A34 

MALDI-TOF mass, found: 9126.4, calcd for [M+H]
+
: 9125.1 (average). Amino acid 

analysis: Asp7.64Thr7.45Ser3.99Glu8.01Pro4.09Gly9.04Ala5.56Val6.33Met0.63Ile1.73Leu9.47Tyr0.28 

Phe3Lys4.94His1.83Arg0.92. 
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H-[Asn(GlcNAc)
44

]-emmprin (22-107)-NH2 (18). 

! !"#$ 17 (210 nmol)% 6 M &'()*+,+-./ (0.75 ml)0.12315

456789:2;<./% 4 °C0=>2;?@ABCDEF0.1 M Tris•HCl, 

10 % &GHIEJ, 10 mM KLM'N*, 1 mM KLON*, pH 8.0, 45 mlP0

QRSTUVW34 °C8XYZ[2;<./% TFA8\]23RPHPLC8^_

`abU8 Ig$cd* 18 (120 nmol, 57 %)%e;< MALDI-TOF mass, found: 

9122.2, calcd for [M+H]
+
: 9123.1 (average). Amino acid analysis: 

Asp8.24Thr7.25Ser4.41Glu8.80Pro4.09Gly9.14Ala5.34Val6.69Met0.91Ile2.01Leu10.13Tyr0.33Phe3Lys5

.24His2.07Arg1.04. 

 

!-D-Galactopyranosyl-(1"4)-2-deoxy-2-acet-amido-!-D-glucopyranosyl-(1"2)-#-

D-mannopyranosyl-(1"3)-[!-D-galactopyranosyl-(1"4)-2-deoxy-2-acetamido-!- 

D-glucopyranosyl-(1"2)-#-D-mannopyranosyl-(1"6)]-!-D-mannopyranosyl- 

(1"4)-2-acetamido-2-deoxy-D-glucopyranose-2,1-D-oxazoline (21). 

!-D-Galactopyranosyl-(1"4)-2-deoxy-2-acetamido-!-D-glucopyranosyl-(1"2)-#-D- 

mannopyranosyl-(1"3)-[!-D-galactopyranosyl-(1"4)-2-deoxy-2-acetamido-!-D- 

glucopyranosyl-(1"2)-#-D-mannopyranosyl-(1"6)]-!-D-mannopyranosyl-(1"4)- 

2-acetamido-2-deoxy-D-glucopyranose 23 (ca. 1 mg, 0.70 µmol)% K3PO4 (2.2 mg, 11 

µmol)%fg H2O (0.1 ml)0.1230 °C0=>2;<CDMBI (0.76 mg, 3.5 µmol)

%./0VW30 °C8 2h5Z[2;<./% RPHPLC8^_23ijkl`

abU8mnopqrG* 21%e;< 

 

5-Acetamido-3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosylonic acid- 

(2"6)-!-D-galactopyranosyl-(1"4)-2-deoxy-2-acet-amido-!-D-glucopyranosyl- 

(1"2)-#-D-mannopyranosyl-(1"3)-[5-acetamido-3,5-dideoxy-D-glycero-a-D- 

galacto-2-nonulopyranosylonic acid -(2"6)-!-D-galactopyranosyl-(1"4)-2-deoxy- 

2-acetamido-!-D-glucopyranosyl-(1"2)-#-D-mannopyranosyl-(1"6)]-!-D- 

mannopyranosyl-(1"4)-2-acetamido-2-deoxy-D-glucopyranose-2,1-D-oxazoline 

(22).  

5-acetamido-3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosylonic acid-(2"6)- 
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!-D-galactopyranosyl-(1"4)-2-deoxy-2-acet-amido-!-D-glucopyranosyl-(1"2)-#-D- 

mannopyranosyl-(1"3)-[5-acetamido-3,5-dideoxy-D-glycero-a-D-galacto-2- 

nonulopyranosylonic acid-(2"6)-!-D-galactopyranosyl-(1"4)-2-deoxy-2-acetamido- 

!-D-glucopyranosyl-(1"2)-#-D-mannopyranosyl-(1"6)]-!-D-mannopyranosyl- 

(1"4)-2-acetamido-2-deoxy-D-glucopyranose 24 (ca. 1 mg, 0.50 µmol) ! K3PO4 (2.2 

mg, 11 µmol)!"# H2O (0.1 ml)$%&'(0 °C$)*'+,CDMBI (0.76 mg, 3.5 

µmol)!%-$./(0 °C0 21234'+,%-! RPHPLC056'(789

:;<=>0?@ABCDEF 22!G+, 

 

?@HIJK  

! GlcNAcLMNFOPQ 18 (20 nmol)> 21R'ST 22 (U 50 eq.)! 50 mM E

FVWX-(20% DMSO, pH 7.0, 20 µl)$%&'+,. Glycosynthase (5 mU, 5 ml)!

%-$./(YZ0 412[\S]>^_'+,%-!`V0ab'(RPHPLC

056;<=>0?NFOPQ 19cd 20!G+, 

H-[Asn(LacNAc2Man3GlcNAc2)
44

]-emmprin (22-107)-NH2 (19). 

ef: 7.6 nmol, 38%. MALDI-TOF mass, found: 10542, calcd for [M+H]
+
: 10543 

(average). Amino acid analysis: Asp8.05Thr7.04Ser4.27Glu8.74Pro5.20Gly9.10Ala4.93Val6.79 

Met0.13Ile1.91Leu10.3Tyr0.37Phe3Lys5.09His2.02Arg0.93. 

H-[Asn(5-NueNAc2LacNAc2Man3GlcNAc2)
44

]-emmprin (22-107)-NH2 (20). 

ef : 10 nmol, 50%. ESI-TOF mass, found: 11121, calcd for [M+H]
+
: 11119 

(monoisotopic) Amino acid analysis: Asp8.38Thr7.36Ser4.50Glu9.05Pro4.66Gly9.40Ala5.06 

Val7.23Met0.36Ile2.02Leu10.1Tyr0.38Phe3Lys5.30His2.16Arg1.00. 
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Figure 5-3 O-!"#$%&'()*+,-. Ig/)0$12345 
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