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General Structure Examples
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General Structure . Examples: .-
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Figure 6
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General Structare . * Examples

Figure 7
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- _ General Structure

Examples:
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General Structure . Examples
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A Synthesis of 3-chloro-4-amino-phenylalanine

NH, NHAc
. AcCI MeOH Aczo Pyr.,16 h
reﬂux 5.0 h 82% for 2 steps
* H,N” “COOH

CCOMe AcHN” “COOMe

reflux, 24 h
53%

_NHAc
8.0 N HCI, reﬂux
2% '
COOH

AcHN OOMe

ymes, CH3CN

B. Synthesis of 3-iodo-4-amino-phenylalanine

Iz NaHCO;, 6 h TFA, CHCl,
—-—.—_____..b_
‘ —"—“-“—"-37% I 85% .
BocHN™ "COOH ’ COOH

BocHN™ "COOH HoN

Figure 11
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A. Synthesis of 3-methoxy-4-amino-phenylalanine

OH OCH, OCH;,

: _NO; CH,N,, 57% ~NO, NBS, AIBN NO,
B
— T g

AcHN-(c Oatt

CO,Et
EtONa
QCH;, Boc,0, DCH3
NH, "NaHCO;

90% for 2 steps SnClz, HCi

TFA CHZCEZ, reﬂnx

60% CO.Et

AcHN 2

COOH coon- COEt

B. Synthesis of 3-fluoro-4-amino- phenylalanine
F
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E
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A. Synthesis of N-methyl-p-amino-phenylalanine

.tl\c lé\c
N Aczo 97% N ° NBS, AIBN N._
_umm-+
Br:
. CO,Et
AcHN
CO,EL
EtONa

H fe
N . N._.

~ dioxane/HC] con. ~

1:1, viv
—————
2 HCI reflux . COLEt
. ) AcHN 2
H,N” “COOH ACHNTN oo
B. Synthesis of N-ethyl-p-amino-phenylalanine
, : H
NH; NaBCNH., 3 Mgy ﬁ
1. y t
pH 4.0 (30% ;qmm) 1). TFA Et
' " CH,CHO (1M),0.95 eq 2), 5O
Bogc., added porhums'e Boc., ’ . 2 HCGI
ﬁ C?OH H 'COOH HoN COOH
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Ra NHz
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Formation of Polypeptides with Aromatic Amine-Containing Non-Natural
Amino Acids by Post-Translational Reduction of the Masked Precursors,
Followed by Reductive Alkylations with Aldehyde-Containing Reagents
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Reductlve Alkylations of Mono-alkylated Aromatic A.rmne-Contauung
Non-Natural Amino Acid Peptides

JL Reductive Alkylation
—————eee Y
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e i
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+ M ————— Ra N

Figure 16
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Figure 17
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Formation of Polypeptides with Aldehyde-Containing Non-Natural Amino Acids
by Post-Translational Deprotections of Masked Aldehyde Precursors, Followed by
Reductive Aminations with Aromatic Amine-Containing Reagents
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Figure 18
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Reductive alkylation of non-natural amino acid peptide
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Reductive alkylations of reduced urotension-k (UT—H—SH) with
propionaldehyde (a) and benzaldehyde (b)

UT-I-SH: HzN'-GILl"'Thr—Pro-'Asp~G¥s*pAFj—*Trp"LyS"Tyr—(‘?ys-\‘fa[--COOH

SH SH
- ' e NaBCNHa, 3 eq.
a: UT-II-SH (D.ZGmM) + \/u\H (0.25mM) OO . I
o pH4.0,2h
) H NaBCNH;, 3 eq.
b: UT-II-SH (0.26mt} -+ (0.25mM) e I

pH4.0,2h

pAF = L-para-Amino-phenylalanine

T T s e et
= ! i
- UT-ll-SH MS found:
N 1403.61 (UT-I1-SH);

. ) 1495.61 (1);
. | 1447.60 (1)
100
6 Excess

UT-II-SH

,, AN

50 55 &0 LiX] T.0 T8 a0 8.5 6.0 @5 100 10.5 1.0 1.5

Figure 20
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Reductive alkylations of urotension-XI (UT-II) with propionaldehyde (a)
and benzaldehyde (b), respectively.

UT-H: HzN*‘G!u~Thr~Pro-—Asp*-c.gfs——pAF*-Trp-Lys-Tyr—CI:ys-Val-cooH

o )
o o NaBCNHs, 3 eq.
arUT-HE2smm)  + N osmyy e 0
: pH4.0,2h
0 .
5 - ©)'LH NaBCNH,, 4 eq. :
: -f1 (0. + 0.25mM) —— I
b: UT-Il (0.25mM) ( V) PH40.2h
pAF = L-para-Amino-phenylalanine
e FONAD QT |, DA ChAZI e 1200 CHE 200
120 + IROIREAL 1L AL ETHINITRAY, pi £, 411 54 PUITGEERET B 1O, 1, 36
16a] “
1 : MS found:
140 urn | 1401.65 (UT-II-SH);
; : N 1493.67 (I);
120 1445.72 ()
o0
&
[+ ] . .
. - From impurity
@ impurity L /
20 Excess UT-II
. NS
50 55 60 85 7.0 75 &g a5 80 a5 00 WS 110
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Reductive alkylaﬁdns of peptide XT-8 with propionaldehyde (2) and
benzaldehyde (b), isobutaldehyde (¢) and pivalaldehyde (d)

XT-8: HzN—'pAF—Gyf—Tyr“dTrp—Lys—Va!-Gys—Thr-COOH
i 1

20 o8

S
a: XT-B (0.25mM) - + \)?L NaBCNH;, 3 eq.
o HoQ25mM) 2h
@’KH NaBCNH;, 3 6q. 0
b: XT-8 (0.25mM) + {3.25mM) SH4.0.2h
(8]
. NaBCNH,, .
c: XT-8 (0.25mM) + \H'LH (0.25mM) NaBCNHx Seq-
pH4.0,2h
zjﬂ NaBCNH,, 3 8q. v
d: XT-8 (0.25mM™) + (0.25mM) pH4.0,2 h
PAF = L-Amino-phenylalanine
— D Thadtn 570D chzm;:w e GPD-1BA GhiL2tim — SPDuAT ChI-Rtnm e SPD-30up Th2-520N
2rH-07240, plf 1.0 2 DTAAT2AL pH AL, S Fh EpRTO-DT, AL, 1, 2 ] mmmm:lrr.m 4.0, 3 SrOFOOTETE, Y 40,
5
MS found:’
0, l i 1061.40 (XT-8);
5 . 1103.45 (1);
XT-8 1151.52 (1);
. 111713 {ll);
0 v  1131.16 {IV),
125 ’
100
K
.
25 j \
¢ . J '(\ - Ah'/\ — J-" i o
65 a0 65 70 75 ‘a5 100 1.0

105 "5
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Reductive alkylations of peptide SXT-9 with propionaldehyde (a) and
benzaldehyde (b), isobutaldehyde (c) and pivalaldehyde (d).

SXT-9: HzN-Ser—pAF—Cy?—Tyr—His-Lys—Trp—C}{s"Thr-GOOH

S S
° .
. NaBCNH;, 3 eq.
a: SXT-9 (0.25mM) + ~ L - o
oH (0.25mM) HA0.2h l
@)LH NaBCNH3, 3 eq.
_ b: SXT-9 (0.25mM) + {0.25mM) DH4.0.2h i
(8}
NaBCNH;, 3 o4,
c: SXT-9 (0.25mM) + YLH 0.25mM ¥
o ' O25mM} . =40, 2 m
0
. >I).LH NaBCNH,, 3 eq.
d: SXT-9 (0.25mmM) + T (0.25mM) PH 4.0, 2h v
PAF = L-para-Amino-phenylalanine
____._ :-s‘b-l::‘s.'_n Lh2F2hnm — EPI'vID-‘-‘r_QH!R-i:('nm DAL Shl22ipm o— i-PD-jh'sl;r EhRtbnm —— PP Sy LU 2T
IWHRTIRIEA, pH 4.0 SasleNTiGr pH e B T amST-gRaAL, PH AL SRMNFO-EEEeny, pH 40, 1. T L2 DIBRAEY, pH 4.«. b1, %
‘) 3
I MS found: .
1186.47 (SXT-9);
1228.58 (1);
1276.59 (1i);
SXT-9 W 1242.20 (I);
Na 1256.30 (IV).
1 M
PN e /\J\Jf\ Auk U‘\ asey o
30 3.6 4.0 4.5 5.0 55 80 6.8 n.'o

Figure 23
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Reductive alkylations of peptide HXT-9.with propionaldehyde (a) and
benzaldehyde (b), isobutaldehyde (c) and pivalaldehyde (d)

HXT-9: HzN—His—pAF-Cy?—Tyr—His—-Lys—-Trp—
S S
’ 0 NaBGNH,, 3 eq
a: HXT-9 (0.25mmM) + -~ e
oH (025mM)  — 70,20 _
©)LH NaBCNH;, 3 eq.
b: HXT-9 (0.25mM) + {D.25mM) DR 4.0, 2h
o
. NaBCNH,, 3 eq.
c: HXT-9 (0.25mM) + \r‘L 2
H {0.25mm) a0, 2h
. 0O .
>")LH - NaBCNH,, 3 aq,
d: HXT-9 (0.25mMm) + (0.25mM) o 4.0, 2h

pAF = L-para-Amino-phenylalanine

Cys—Thr—-CooH
y 1

v

_— LD Eh3bam  _ WPDIRAL ThiIYI0nm — P IURE Y ShiaTenm — SPRBEE CakEEnm CPD LRl G REzidre
£eET04T4-00, pH A8 am-BIRATHB, pH w2, 432, 3h ZAPENTLRN, [ H 40, En AmdTEAT OB, pH 4.8, 3k T 4anDteATLRC RH 4 0. )2, Y
200
|
180 "
160 . M3 found:
HXT-9 W 1236.48 (HXT-9);
140 a 1278.60-(1); '
I 132655 (il);
120 1292.33 ("f)','
1306.43 (IV).
100 .
BO;
&0
40]
i ‘J J[K k
oh - PAa) 2 A\._ Sen, /)Q\ o
3.0 a5 4.4 4.5 5.0 5.5 6.0 65 7.0 7.5 2.0 8.0 9.5 1.0 105 110

Figure 24
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Reductive alkylations of peptide WXT-9 with propionaldehyde (a),
benzaldehyde (b), and isobutaldehyde (c)

WXT-9: H;N-Trp—pAF—Cy‘T.;Tyr-His—Lys-—Trp—c¥s—Thr~—couH
S S

I

' o)
a: WXT-9 (0.2smm)y  + <N
: Mo 025mM) e n

pH 4.0, 2h

0
' " NaBCMNH,, 3 eq.
b: WXT-9 (0.25mM) + (0.25mM) e
o .

c: WXT-9 (8.25mn) + Y’LH (0.25mM) w

pH 4.0, 2h

pAF = L-para-Amino-phenylalanine

NaBCNH,, 3 eq.
——»

]

Hi

150

100

PO R SFDAUAD ChaWm0ms EPCAlAL Chiz-2omm SPDARA ChEsDOmn.

T anTANTER, gH 4 TODATAN, g 40, 11,5 T smDIGAPRE), pH AR 1Y, 30 IMOFITRCE (H 4, Sy
MS found:

. .
%
u;:/\'\

1285.53 (WXT-9);

wxf.g W | ' 1327.64 (1);

\
§

\

AV AV.N

1375.65 (II);
1341.44 (lli).

575

600 625 60 G75 700 725 750 775 800 A% &L A&7 600 925 9% 975 1000

Figure 25
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Reductive alkylatlons of peptide NXT-9 with prnpmnaldehyde (a) and
benzaldehyde (b)

NXT-9: -HzN-'Asn—pAF--Cy?-wTyr—His—-Lys—-Trp*(:)Irs-"Thr-009H

o
=

0 .
a: NXT-9 (0.25mM) + \)LH (0.25m), NaBCNH;, 3 eq.

pH 4.0, 2h
o .
@)LH NaBCNH,, 3 eq.
- ! A ————en
b: NXT-9 (0.25mM) + 5 (9.25mm) 140,25 It

PAF = L-para-Amino-phenylalanine

220 ;x:o. w?h.\?&-‘;ﬁﬁu 3:’?-#‘3%"..‘:‘4 ‘fﬁ i3,z 3.3-333.‘%?,7",?'5?1 X
o e
180
160 ' H
o MS found:
. NXTF-9 1213.45 (NXT-9);
120 N 1255.63 (l);
] 1303.52 (if).

100

m.

&0

m.

20

' AR ,cJ. . .

0

35 40 45 80 55 60 2B5 270 15 8¢ B85 9p B85 108

Figure 26
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Reductive aikylations of peptide RXT-10 with propionaldehyde (a) and

benzaldehyde (b)

"RXT-10; HZN—Arg-AsmpAF—Cyi*Tyr—His~—Lys—-Trp—C¥s—Thr-c00H

~J ~}

O
a: RXT-10 025mtt) +~ W (gosmm —roonrs3ed

: pH 4.0, 2h
. H NaBCNH;, 3 eq.
R J *e — e
b: RXT-10 (0.25mM) + (025mM)  —rmh I

PAF = L-para-Amino-phenylalanine

!

a -

n : ! MS found:

‘~ . 1369.57 (RXT-10);
ﬁs 1411.69 (1);

150 RXT-10 * 1459.58 ().

125 \

100

7

® .

25~ . |
Te B J Jl\"/\\ s J N, P
-k 35 40 45 80 55 8.0 68 7.0 75 20 05 Py pys ;mlo

Figure 27
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Reductive alkylations of peptide AXT-11 with propionaldehyde (a) and
benzaldehyde (b)

AXT-11: HuN—AI a—Arg-Asn-—pAF-—Cy.T.-Tyr-H is—Lys—Trp—c¥5hThr—600H

]
0 NaBGNH,, 3 eq.
a: AXT-11 (0.25mM) + \)LH ©{0.25mM) e |
o pH 4.0, 2h
@)LH NchNH3. 3 eq. .
- - 0 AR —
b: AXT~11 (0:25mM) + (025mh) LT It

- pAF = L-para-Amino-phenylalanine

e o e
200
. 1
’“" . MS found:
e ! 1440.60 (AXT-11); -
] AXT-11 i 1530.74 (1);
140 N | 1459.58 (l1).
Rt ‘
100
k
[:]
40
i ) )
] e e A\f\
]
a5 40 w0 . 50 5.5 890 8.5 7.0 7.5 5.0 a5 8.0 83 16,0

Figure 28
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- Reductive alkylations of peptide AXT-11 with various aldehydes (a-c).

AXT-11: H,N—Na—Arg—-Asn—pAF—-Cy]e,—Tyr—His-Lys-Trp~c¥s—Thr-cooH

pH 4.0, 5h

o8
b: AXT-11 (0.25mM) + H pH 4.0, 5h
o !

. O

i NaBCNH,, 3 eq.
a: AXT-11 (0.25mM) + W H (0.25mM) ——m 7 i

NaBCNH;, 3 eq.
(@2s5mmy) @78k

NaBCNH;, 3 eq.

. 0.25mM

G: AXT-11 (0.25mm) + @’*A H (0.25mM) waom W
PAF = L-para-Amino-phenylalanine

180 i
| MS found:
o » 1440.60 (AXT-11);
AX'I:“I Tim 155875 1);
ol x 1544.71 (l);
. © 11556.56 (i),
120
100
80
80 i
impurity
40 Excess \ / \
. AXT-11 )
20 T ,J Jj AAL
I\ A\, W\
o

35 40 45 50 65 60 65 70 75 80 85 90 95 100 105
t (min)

Figure 29
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Reductive alkylations of peptide AXT-11 with various heteroaromatic
aldehydes (d-g).

AXT-11: HZN—-AIa—Arg—Asn—pAF—Cys-l,—T yr-His-—Lys—-Trp~—C¥s-Thr-cooH

b33 -
H Q NaBCNH;, 3 '
NJ)L d X J eq.
. g _ " H (0.25mMM) —————
o AXT-11 {6.25mM) <|:J ! pH 4.0, 5h v
o NaBCNH3, 3 eq.
. a ] + 5 (0.25mM)y — = o
e: AXT=11 (0.25mM) (\_y)L H pH 4.0, 5h v
o)
. NaBGNH;, 3 eq.
N »
] ’ " H (0.25mMm) 7 ¥
. f: AXT-11 (0.25mM) + QJ)L . pH 4.0, 5h vi
PAF = L-para-Amino-phenylalanine .
[ - RRIEEY I e RIS e e
v .
p ﬂ Vil . MS found:
Vi 1440.60 (AXT-11);
AXT-11 | n 1520.59 (IV);

140

120

100].

V. 153667 (V);
1531.51 (VI).

450 475 500 525 550 675 600 625 550 675 00 725 750 775 800

Figpre 30
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Competitive reactions of peptide AXT-11 with aldehyde and 1,3-diketone

(-Im).

AXT-11: HzN—'Ala—Arg—x—(;:ys—Tyr—His—-Lys—Trp-cIs-—Thr-c_ooa

S

-~
NaBCNH3, 3 eq. }
. H (0.20mM) tad
= o+ redacta
I: AXT-11 (0.20mM) @’R _ ~Tio
' g R NaBCNH;, 3
a i3y O G, .
ll: AXT-11 (0.20mM) + (0.20mMA) " no reaction
o . pH4.0,2h
@'LH iR NaBCNH;, 3 eq. ted with
1: AXT-11 (0.20mM) + + [ :[ o reacted with .
: ( ) PH 4.0, 2h aldehyde only
(0.20mM)  (0.20mM) . :
[ TRERT T — Da i A N
180 I
X
"o AXT-11
e
10
i
100 " o
[/
8o
]
A0
.1} W
— S J) - s
Py A AN PR e N
K] 5.0 55 80 85 0 - 75 80 6.5 8,0 2.5 10.0

Figure 31
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Competitive reactions of peptide NXT-9 with aldehyde and 1,2-diketone (J-

1ID).
NXT.-9: H:N-Asn—x-—(':ys-—Tyr—His-Lys--Trp-C}Irs—Thr-c00H
S S
' R NaBCNH;, 3
a eq.
. H (0.20mM) > ted
gy + reacte
J: NXT-9 (0.20mM) @’K Y
o
NaBCNH,, 3 eq.
(0-20mM) > .
- -+
He NXT 9 (0 20mM) ©)kn/ P 4.0, 2h - no reaction
NaBCNH;, 3eq.  reacted with
Iz NXT-9 (0.20mMy + @A m pH40,2n  aldehyde only
" - {0.20mM)  (0.20mM)
— SFDErh Chidnm r— ERCA1CNCT N 1-330Am e MDA ChZ2i0nm — FENRNYS ChidE g
1B0 EARLTEOTISY, pH 48, 4, Fn ZEnOTDLLRD, b b, Bh FIHTOAAEE, pHLE, Eh m-J700Y -0, pll 0
140 NXT-9
n
520_ /
100 !
e
60 3
40
= A | \
DN | N L
'4.0 45 ‘50 55 B0 ‘65 7.6 75 8.0 85 8.0 2.5 10."0

Figure 32
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Competitive reactions of peptide MXT-9 with different aldehydes and

ketones (I-V).
MXT-9: HzN—Met-'}(-*?ys*Tyr*dTrp"Lys*‘Val-C¥s—Thr“COOH
S ; S
R NaBCHH,, 3
e— l H MXT-Q @AH 3y 3 84,
©20mmy (0.20mm) Thao > reacted
o i
NaBGNH;, 3 eq.
— Il: MXT-9 @)‘\ s .
{0.20mm) + {0.20mhy) pH 4.0 »  no reaction

—— 1l MXT-9 @*u + @i NaBCNHx 3eg.  only reacted
{0.20mM) pH4.0 with aldehyde
_(@.2omm) (0. 20mM) . )

100

B8O}

40

60 ]

20

—_— IV MXT9 @AH NaBCNH:, 3ea.  dominantly reacted
B ©.20mmy ¥ \’u” * pH 4.0 with alkyl aldehyde
(. ZOmM) (0.20mM) .
— V: MXT-9 @’“H + NaBCNH3, 3ed  only reacted
{0.20mN1) pH 4.0 with aldehyde
(0.20mM) (0 20mM) .
—— FoRCRTe T S T Ty T EPDsren ShaTionmn —SFony Chim
FrEDTEAUTEY, pRAD, 3 EWEIRANLAL pHAEA, Sk em G LAELES, nhldl, Sh zn-u!n AP, RHOLE, 735k HATUAREET, .0, ¢h
. v
1t (MXT-9) o
Ny :
. '
[1}]
o~ A" ﬂ o
v :
v
: «
f\\)./&w- /JAL\ A -«fi-//\\ AL

575 BO0 625 G& 6875 700 725 750 TT5 DBOD 425 850 0575 000 925 950 0.5

Figure 33
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Reduction of peptide MXT-9-N3 to MXT-9NH2 (I), followed by reductive
alkylations with propionaldehyde (IT) and benzaldehyde (IIL)
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Peptide PEGylations -

N-terminal PEGylation:

m'PEﬁanka“' m-PEGzokvl’ \j\ -
' o Mm-PEGy k™ ™ x H .

. 2WK 40K -
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PEG Aldehydes used for PEGylation:s

Linear PEG aldehydes:

| m-PEG (5-30K) lf"ﬁ;,?LH | m-PEG k‘s-éOK) Jfﬁﬂﬂﬂnﬁ\u

Branched PEG aldehydes derived from glycerol: -

[ m-PEG 530K ]\N . ﬁi | mPEGE30k | \f‘”
Wofn .m-PEG-5-30k H'Lo ch Hﬁ\

[ m-PEG530k i\N

Figure 36
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MT-9: H:N—Met-Phe-Cys-Tyr-dTrp-Lys—Val—Cys-Thr-cooa
PEGylation * E\,PEG
PEGylated _
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O .
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NH,

MXT-9: HzN-Met—x—(liys-Tyr-dTrp-Lys-VaI—C;lrs—Thr"COOH
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Protein PEGylations — hGH

U 3
e S,

Branched 40k PEG PEGylation

—
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hGH Y35pAF2 PEGylation .

PEG to protein ratio is 1:1 ..
NaCNBH,is 5:1.

pH =4.0.

hGH is at 350ulM.

1. H6-hGH Y3SpAF2

2. H6-hGH Y35pAF2 + 20K
PEG, 4°C

3. H6-hGH Y35pAF2 + 30K
PEG, 4°C

4. | HE-hGH Y35pAF2 + 40K,
4°C

5. H6-hGH Y35pAF2 + 20K
PEG, RT

6. H6-hGH Y35pAF2 + 30K
PEG, RT

7. H6-hGH Y35pAF2 + 40K, RT
B. Met-hGH Y35pAF1

9. Met-hGH Y35pAF1 + 40K,
4°C

10. Met-hGH Y35pAF1 + 40K,
4°C

11, HB-hGH Y35pAF2

12.. HB-hGH Y36pAF2 + 40K,
4°C




