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H,N”" ~COOH
Examples:
O O O 0 0O O 0O O O O
H.N” ~COOH H,N" ~COOH H.N" ~COOH HoN” ~COOH HoN” ~COOH
O 0 O 0 0O 0O O O O O
F
F
HN" ~COOH H,N” ~COOH H,N” ~COOH H,N” ~COOH H,N" ~COOH
Q @]
/(@Ifo O
H,N" ~COOH H,N"" ~COOH

FIG. 42
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(@)

Unprotected Ri R = H, F, CHg, C,Hs, OMe, allyl, propargy!
H,N~ ~COOH
Protected: R
o o1 0 xf> 0 X
o o 0
R R R
X =0, S, NH, N-R, N-Ac, N-OMe
H,N" ~COOH H,N" ~COOH H,N~ ~COOH
0] O
Z o = N'Rz
— R R1
HoN™ "COOH HoN”~ ~COOH H,N” ~COOH H,N" "COOH

X = 0-R, O-Ac; S-R, S-Ac; NR4R,, NR4-Ac, NR4-OMe, N3

(b)
X\R2 X=0,8
Structure:
H,N~ ~COOH

H,N" “COOH

FIG. 43
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0 HZN—HQO

C,HsOH, HCI (cat.),

BocHN~ ~COOMe 0-5h, 83%

H
N

NN~O

o

TFA, CHoCl,, 0°C, 2h

-
83%

CIHs*N” ~COOH

FIG. 44

BocHN~ "COOMe

LiOH, dioxane
0°C, 10 min, 87%

BocHN™ "COOH
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OH H,N . COOMe OH
T 91% ¥
EDC, DIEA, HOBt, DMF
BocHN OH BocHN N\(COOMe
() (¢}
Dess-Martin Oxid.
98%
H
X, N \O
N \[( H
HoN-N
o) 2 g)/

BocHN

H 0
\(LLOMe
o)

ol

o O

H 0
N H+, EtOH, 30 min, 97%
BocHN OMe
O
LiOH (1N) | 0°C, 30 min
dioxane 1:1 88%
SN
N \ﬂ/ _
o) TFA (50% in CHoCl,)
H O 0°C,1h, 90%

BocHN N OH

O

FIG. 45

N
HaoN CH
)

Precipitated as HC! salt



46/ 65

A:
Hs"NOH CI, 2 eq.
H MeOH/H+
2 h 96%
BocHN™ "COOMe BocHN™ "COOMe
B:
Hz"NOMe CI', 2 eq.
H MeOH/H“
2 h 93%
BocHN™ "COOMe BocHN™ "COOMe
C:
HoN'NHMe, 2 eq.
H MeOH/H+
2h, 93%
BocHN™ "COOMe BocHN™ "COOMe

FIG. 46

1). LiOH, dioxane N’OH
0°C,3h |

2). TFA, CH.Cly, 1h H

- T

87% for 2 steps

"Cl H3*N” "COOH

1). LiOH, dioxane N,OMe
0°C,3h I

2). TFA, CHoClz, 1 h H

—_—

89% for 2 steps

“Cl H3*N” ~COOH

1). LIOH, dioxane N’H\
0°C,3h |

2). TFA, CHCla, 1h H

-

89% for 2 steps

“ClH3*N" " COOH



47/ 65

Two-step conjugation:

OHC-R, 10 eq. P
pH 4.0

L pH 4.0 L

X-R = OH, O-Me, NH-Me

One-step conjugation:

X-R = NH-COMe, NH-Me, N-Me,

FIG. 47
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(A)

o}

O
cl /U\O—@—NOQ /U\
MPEG(30K)—OH > mPEG(30K)—0O O—@—NOZ

CH,Cly, 100%

Q

DIEA, DMAP
CH,Cly-DMF(2: 1) HoN > 0-N
83% 2

@} o) (o]
H,NNH,, MeOH, 45 °C
mPEG(30K)—O/U\ H/\/\O—NH.? -« = mPEG(30K)—-o/U\H/\/\o—N>;:©

90%

O

0

HO-N Q Q
TFA, CH,CI.
Ao BocHN” "N o-N — T NN 0-N
BocHN OH PhaP, THE 85% 2
0,
81% I 3

(B)
ety 7
c1” o NO,
mPEG(30K)—OH > mPEG(SOK)—O)J\OONOZ

CH,Cl,, 100%

o}

DIEA, DMAP
CH,Clo-DMF(2:1)| HaNo~
81%

o

0

X i
O-NH H2NNH2, MeOH, 45°C —N
mPEGE0K)—0" "N T T2 MPEG(OK)— O)LN/\/O
85% H
O
Q
H°‘“¢© ] Q
BOCHN/\/OH _O___> BOCHN\/\O_N TFA, CH-Cl> HZN\/\O_N
PhsP, THF 68% for 2 steps

0]

FIG. 48
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(A) o 0
N HO—NHBoc . N

' KoCO3, DMF, 72% " 0-NHBoc
0 o

NH,NH,
EtOH, 85%

o}

O mPEG(30K)-O)]\O—©*N02

mPEG(30K)—O)J\N/\/\O—NHBoc » HN._~_-O-NHBoc
H DIEA, DMAP, CH,Clo-DMF, 93%

MPEG(30K)—OH

TFA, CH,Cl, 0
0, 0,
0% CHoCly, 100%| AO—@—NOZ
0
) N
PEG(30K)—0~ 0 NO
MPEG(30K)—O H/\/\O—NHZ mPEG(30K) ‘@' 2
(B) O o)
N 5 HO—-NHBoc N O-NHB
r > — oc
T K,CO4, DMF, 55% e
o o)
NH,NH,
EtOH, 86%
(o]
)OL O-NHB mPEG(aOK)_OJ\O_QNOz H,N O-NHB
MPEG(30K)—0~ N~ 0 < N—_ oG

DIEA, DMAP, CH,Cl,-DMF, 85%

mMPEG(30K)—OH

TFA, CHyCly o
80% CHCl | kO—@—NOZ
i 1
MPEG(30K)— o/lkm/\/o_'\”"z MPEG(30K)—0 OONOZ

FIG. 49
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N—_-O-NHBoc
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0

O

J§

O-NB
MPEG(30K)—O H/\/ NBoc,

TFA, CHoCl,
70%

o
BocO. Pyr. N—_O-NBoc;,
85%
o)
NH,NH,
EtOH, 74%

0O

mPEG(3OK)—O/U\O-—®'NOZ

)

DIEA, DMAP, CH-Cl,-DMF, 82%

HoN—_-O~NBoc,

mMPEG(30K)—OH

0O

CHCL | )J\O—@—NOZ

i X
mPEG(30K)—o/U\N/\/°'NH2 mPEG(30K)—0 O’@'NOZ
H
(B) o 0
Boc,O, Pyr. -
N\/\O—NBoc 81% - N_—\/\O--NBoc;g
o O
NH,NH,
EtOH, 82%
(0]
o)

mPEG(3OK)—O)J\H/\/\O~NBOCQ

TFA, CH,Cl,
73%

o)
mPEG(30K)—o/U\N/\/\O—NH2

mPEG(SOK)—OJLO’Q NO,
» H N_/\/O—NBOCQ
2

DIEA, DMAP, CH.Cl-DMF, 89%

mMPEG(30K)—OH

o
CHyCl 01)k0—<:_>-mo2
Jis

MPEG(30K)—~0 o{?%uo2

FIG. 50
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(A)
mPEG(30K)—-0" "0 ! HN— O NB0C2

NaCNBH;, MeOH
86%

mPEG(SOK)—O/\/\H/\/\O—NBocz

TFA, CH,Cly
83%

mMPEG(30K)—0" " ”/\/\O—NHZ

(B)

Dess-Martin Oxid.

0
O _yF
mPEG(3OK)——O/\/ H e mMPEG(30K)—O
HZN_/\/O'NBocz NaCNBH3z;, MeOH
86%
mPEG(SOK)—_O\/\IIEIl/\/\O-NHg - TFAé;)HgCIZ mPEG(E’zOK)—O\/\H/\/\O_NBOC2
%

FIG. 51



(A) 0

Ho)j\/\OH H NHBo(c;H
oy~ NHe NHBoc o PEG(3OK)—0" >
mPEG(30K)~0 EDC, DIEA, DMF, 82% I
TFA (50%)
CH,Cly, 85%
0 NH
H o NalO;, HyO-CH5CN (1:1) H 2
N Y 4, 12 3 . N OH
mPEG(30K)~0" " j]) ~ T i0h 0% MPEG(30K)—0"
o) ' o}

NaCNBHz;, MeOH
86%
HoN ~_~O-NBoc,

Boc

o)

H ,

MPEG(30K)—O._~ N)Jv N~ ON
H

TEA, CH,Cl
83%

0
H
mPEG(SOK)-—O\/\N/U\/ N._~_O~NH,
H
(B)
MPEG(30K)—0" "0 ¥ HoN—._O—-NBoc,

NaCNBH;, MeOH
80%

mPEG(:-;OK)—o/\/\H/\/O_NBOC2

TFA, CH,Cl
87%

MPEG(30K)— o> ﬁ/\/O--NH2

FIG. 52
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Dess-Martin Oxid. A~
mPEG(30K)—0~ ! - - MPEG(30K)—O
82%
~_0-NBoc; | NaCNBH;, MeOH
HoN
80%
MPEG(30K) O~ " o-NH, < TFA CH:Ch MPEG(E0K) O~ 0 NBoc,
H 87% H
o)

HOJ\K\OH HW/I\ETSH

N
N NHBOC —»  rPEG(30K)—0"
mPEG(30K)—O EDC, DIEA, DMF, 82%

0
TFA (50%)
CH,Cly, 85%
H §  NalOy, HO-CH,ON (1:1) o (e
mPEG(30K)—O/\/N\”) - 4.; o 90; MPEG(30K)—0~ NW/K/OH
o) 0

NaCNBHg, MeOH
80%

0
H
mPEG(soK)—o\/\NJ\/ N\/\O_N,BOC
H Boc
TFA, CH,Cl
7%

0
H
MPEG(E0K)—0._~ AN~ o,
H

FIG. 53
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MPEGEOK)—0" "0

54765

0

* HN—_O-N

0]
NaCNBH,, MeOH

8% o

mPEG(SOK)—O/\/\H/\/O—N

0]

H,NNH,, MeOH
45 °C, 85%

O-NH
mPEG(3OK)—O/\’AH/\/ 2

mMPEG(30K)—0" > OH

mPEG(SOK)—O\/\NN O-NH,
H

Dess-Martin Oxid.‘

o
mMPEG(30K)—0" %
82%

o}

HZN—\/O—N));Q

]

NaCNBHa, MeOH
84%

O

< HaNNHp, MeOH - mPEG(30K)— O~ ™
45 °C, 85% b

o

FIG. 54
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(o]
HO)J\(\OH H NHBoéH

mPEGEU-0 N MPEG(30K)—0" fv
TFA (50%)

CH,Cly, 85%

H T NolO,, HO-CHiON (1:1) o e

mPEG(3OK)—O/\/N\H) -~ 4_; " 903/0 MPEG(E0K)—0" >N OH
0 o)

NaCNBHj3, MeOH
84%

0
H
MPEG(E0K)—0-_~, A N~y
H

o
TFA, CH,Cl,
0,

5%

0
H
mPEG(soK)—O\/\NJJ\/N\/\O_NHz
H
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0

mPEGE0K)-0” "o T O

0
NaCNBH3, MeOH

82%
0]

mPEG(SOK)—O/\/\”/\/\O—N

0]
HzNNHz, MeOH
45°C, 83%

mPEG(30K)—O/\/\”/\/\O—NH2

(B)

Dess-Martin Oxid. o}
e N4
mPEG(30K)-—O/\/OH e MPEG(30K)—0
Q
HZN O-N NECNBH3, MeQOH
N ;:@ 899
(0]

(o]

mPEG(:z»oK)~O\/\H/\/\(}NH2 HoNNHy, MEOH. mPEG(30K)— O~ ™~ o Ni:@
H

45°C, 83%

o]
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NHBoc mPEG(SOK)—O/\/N

HO? N on HWKI\QBOSH

MPEG(30K)—0~ >~ N

EDC, DIEA, DMF, 82% 5
TFA (50%)
CH,Cl,, 85%
0 NH,
H ] NalO,, H,O-CHsCN (1:1) H
ial Uy, 3 : N OH
mPEG(BOK)—O/\/N\ﬂ/I ~ 1 0h 90% mMPEG(30K)—0"
o) T o)
Q NaCNBH3, MeOH
o 82%
HzN_/\/
O

o]

0
H
MPEGE0K)—O_~ AN N~ O—N
H
!

TFA, CH,Cly
83%

0
H
MPEG(B0K)~O_~ A AN~ O Nz
H
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(A)
MPEG(5K)—OH —MSCLTEA 1 PEG(5K)—OMs
42% for H
two steps| HO™N+g
MPEG(5K)-O-NHg"Cl- <— - CHoCla - 1pEG(5K)—0~NHBoc
85%
(B)

T1,0, 2,6-Iutiding

mMPEG(30K)—OTf
CH,Cl,

mPEG(30K)—OH

ZT

HO_ ~
Boc

1) TFA
2) HC

MPEG(30K)-O-NH;*Cl" mPEG(30K)—0—NHBoc

FIG. 58



(A)
0
m-PEG r—NH, + Cl)l\o/\/o_
f CI-CO-Cl1
THF
HO/\/O-
(B)
DIC (1.3 mL, 8 mmol) Q,
Fo) DCM, 80 ml.
o B RT,1h d
—————
HO ~n- o0t
H
o)
I(3.0 g, 16 mmol) I
50% TFA/DCM
RT gt
IV (1.0 ) ——>» m-PEG-N-C—C
v©sg H

59765

DCM o

DIEA

1) NH;/MeOH
2) HCl

0
m-PEG K”/U\O/\/OKNHg .

Boc
0O—NH
m-PEG5k-NH, h Q H
m-PEG—-N—-C~C—0—N—Boc
IIX (20 g, 4 mmol)

—O-x%

O—NH

Boc IV (19.8 g obtained)

DCM, 2 mL

4N HCl in dioxane, 0.1 mL O H

ether, 40 mL H 11 1

» m-PEG-N-C—C—0-NH,
H

TFA

FIG. 59
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Route A:
Phosgen, 20 eq.
DCM, 50 mL 0 V1L, 2 eq. 0
RT,10h M DIEA, DCM-DMF ! u
m"PEG?’OK'OH —— m-PEG—O—C—CI » m-PEG—O_C—N—(CHz)z_O_N
1(459) it - )
+3.5 M NH;/MeOH
HCl in dioxane
Il H ether Il H
m-PE G—0—C—N—(CH;);—0-—NH, m-PEG—0—C—N—(CH,),—0—NH,
Cl
V@.og v
PhyP, 1.5 eq.
HOPih, 2 oq. ol 50% TFA/DCM 0
THF, 80 mL 4N HCl/dioxane
Boc. ~_-OH RI.10N Bocs Oy Ether HN SO
N H cl
\%! Vil 0 vin ©
PhsP, 1.5 eq.
HO-Pth, 1.5 ¢q.
DIAD, 1 eq. 0
DCM/THF (45 mL, 2:3, viv) 3.5 M NH/MeOH
4 N HCl/dioxane cl
1 (10 g, 2 mmol) mesg ° Ether
Ph3P, 1.5 eq.
HO-Pth, 1.5 eq.
DIAD, 1 ¢q. (o]
DCM/THF (45 mL, 2:3, v/v) 3.5 M NHy/MeOH
m-PEG30K-OH » M-PEG—0—N ——— 3 m-PEG—0—NH,
4 N HCl/dioxane cl
1(6 g, 0.2 mmol) o Ether

I1 (5.8 g)

FIG. 60
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(A)

HZN/\/O\/\O/\/NHz

0
sockn O~ on | 44 ea. EDC

4.4 eq. DIEA
22eq DMF
Q H
BocHN—o\)l\N/\/o\/\o/\/N\n/\o_NHBoc
H o)

1) TFA, CH,Clo
2) 4 N HCl /dioxane, Et,0

O
HZN-O\)J\ N/\/O\/\o/\/n

N \([)(\O—NH2

Q

Ph,P, DIAD,
HO-N THF, 2 d, 82%

o]
2 0

N_O\/\O/\/O\/\0_N
0O

NHg, MeOH ©O
87%

HN=O o™ O ™0,

HO/\/O\/\O/\/O\/\OH

(o]
PhyP, DIAD,
HO-N THF, 2 d, 74%
(o}

0 0
@N_O/\/o\/\o/\/o\/\o_[\é;@
0 NHg, MeOH &

85%

HZN._O/\/o\/\o/\/o\/\o_NH2

FIG. 61
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(A)

HO\/\O/\/O\/\O/\/O\/\O/\/OH

0

PhsP, DIAD,
HO-N THF, 2d, 77%

0
0O O

N- O/\/O\/\O/\/O\/\O/\/O\/\O_N

) 0

NH3, MeOH
87%

HaN-O -~ O/\/O\/\ O/\/O\/\ O/\/O—NHQ

(B)

Q 0

al )J\OCCI3 )}\

mPEG(30K)—OH > MPEG(30K)—0" ~OCCl,
CHoCly, 100%

FIG. 62
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(A)

Chemical reaction
Non-Natural Amino Dicarbonyl Non-Natural Amino
Acid, Polypeptide or Protein Acid, Polypeptide or Protein
convertible into a Dicarbonyl
Non-Natural Amino

Acid, Polypeptide or Protein

(B)

Chemical reaction

>

Non-Natural Amino Hydroxylamine Non-Natural Amino
Acid, Polypeptide or Protein Acid, Polypeptide or Protein
convertible into a Hydroxylamine

Non-Natural Amino

Acid, Polypeptide or Protein

FIG. 63
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1) Synthesis based upon nucleophilic displacement

Convert OH to Nucleophilie
leaving group Displacement
PEG—O\/\ 1) base treatment PEG—O\/\ 1) base treatment PEG—O\/\
OH " (ie. NaH, Na,CO; X 2) HO—NHBOC ONHg+Cl

NEt) X= OMs

2) electrophile OTs 3) TFA

(ie. MsCl, TsCl) OCOR
Br,1
N;

2) Synthesis based upon Mitsonobu reaction
Mitsonobu Deprotection

Reaction
1) PhyP, DEAD deprotection to

PEG—0O
\/\OH » PEG—— O\/\ generate PEG 0\/\
2) Q O—NHgH(

hydrochloride
HO—N

salt
o}
3) Synthesis starting with PEG oxirane
OH

Oxirane opening
and deprotection }\/
1) base treatment [0)
FEG > PEG g0l
2) HO—NHBOC 3

O 3)TFA

FIG. 64
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4) Synthesis from PEG amine

1) CDI (activation)
PEG——NH, 2) BOCHN—OH ,base PE "
3)TFA (deprotection)
1) CDI (activation)
PEG——NH, 2) BOCHN——O/HH\OH
base
3)TFA (deprotection)
1) PyBOP, DIEA (activation)
PEG——NH, BOCHN-O* n COOH

—_—
2) TFA (deprotection)

5)Synthesis from PEG aldehyde

1) NaCNBH; (reductive amination)

PEG— cHo NHBOC
N BN
2) TFA (deprotection)
(oxime formation)
O 0]
1) HQN/ \9/ “NNHBOG
PEG——CHO n =
2) TFA (deprotection)

FIG. 65

o)
)J\ NH,*CI
O/

0]
NH3*CI
/ILO/HNO/ 8

PEG——NH

0
o
PEG—NHJ\QH/ “SNHg+Cl

PEHN /(A)n\o /NHS*CI'
H

PEG——— 0. @)
X \(V)n/ \NH3+CI'



