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Introduction

O Peptide drugs

Small molecule drugs

Peptide drugs

Macromolecular drugs

(0] OH o ,L\)OL H <
O CH3 VVLIO/ )Lffo \>r—n—x
T BRSC Nane =8
. ’"W:\"*@) | 0
Molecular weight 300-500 1000-10000 50000-150000
Oral administration or x X
Cell penetration X
Target selectivity X
Synthetic approach or Biological Biological
Manufacturing cost High
Possibility to launch Low

Peptide drugs have the advantages of both small molecular

drugs and macromolecular drugs!!

Lau, J. L.; Dunn, M. K. Bioorg. Med. Chem., 2018, 26, 2700-2707.
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Introduction

O Peptide drugs
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HN._ O

(o]

Cyclosporin
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ek

Peptides Modification Drugs
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Stimuli-responsive moieties

——
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Specific Binding Structure Structure
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— Smart Therapeutic Applications

Self-Assembled Transformable

1

There is a great need for the development of

peptide synthesis methods.

Lee, J.; Kim, C. Macromol. Res., 2021, 29(1), 2-14.
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Introduction

O Peptide synthesis
Liquid phase (LPPS)
Liquid

H,N— X; —OR
l Coupling
PG—H— X, X4 -OR
l Deprotection
H,N— X, X; —OR
ll Elongation
Ho,N— X, ----- X5 X; —OR
l Deprotection

H,N—=( X, --- = X, X, —OH

Solid phase (SPPS)

Liquid ! Solid

H o
PG_N_ X1

Deprotection l

H,N— X,

Coupling l

PG_ X2 X1 :

&

Elongation ll :

HaN— Xy - - == X5 Xy 2

®

Deprotection & Detachment l

H,N—( X, ----= X, X, —OH



Introduction

O Peptide synthesis

Solid phase (SPPS)

)
V()
coupling N Filtration

Liquid phase (LPPS)

3“/\
N\ ~___
N

|
Time O
Solubility O (Biphasic) X (As peptide chain grows)
Purification O X
Cost X O
Reagent X (Excess) O
Scale-up /\ @)

New synthetic method of peptide that combines the

advantages of SPPS and LPPS is needed.




Introduction

O Tag chemistry

AMESETEDD
(EHER)

Requirements
- C-terminal protection (Orthogonal to N-terminal protecting group)
* Improve solubility in organic solvent
* Purification without complicated process



Introduction

O Classical PEG tag

1) [PEG_]-OH+HOOC-CH,-NH-Z

carbonyl diimidazole
in CH,Cl,

2) ~OCO-CH,-NHZ

H;

Pd/C

(3) —~QCO-CH,-NH,

+mixed anhydride from
isobutylchloroformate
and next BOC-protected
amino-acid

809, HO-Gly-Leu-Ala-Thr-Leu-H (8)

Purification on
{1) ‘Sephadex G-15’ column
(2) Ion exchange chromatography

HO-Gly-Leu-Ala-Thr-Leu-H @)
(amino-acid analysis Gly : Leu : Ala : Thr=
1.0:1.99:0.98 : 0.98)
0.1 N NaOH in dioxane : water
=1:1

—OGly—Leu—Ala—T'hr—Leu—H (6¢)
after 4 cycles I OBzl

4) ~OCO-CH,-NH-CO-CHR-NHZ

5 -0OCO-CH,-NH-CO-CHR-NH,

1.2 N HCl in CH,COOH

repeating of (4)—(6) for
consecutive amino-acids  [PEG_]-OCO-CH,-NH-CHR-NH; (6)
(Ala, Thr, Leu)

impurities

+low molecular weight impurities

Abbreviations: Z=BOC=t-Butyloxycarbonyl.

XCess
(1) Evaporation i. vac. reagents

B D'l t th - Purification by
) Diafiltration through ) -y ¢ afiltrration

(Amicon)’'* until
ninhydrin negative

—OH =Polyethylene glycol, molecular weight=10,000. Bzl=Benzyl.

Bayer, E.; Mutter, M. Nature, 1972, 237, 2-14.



Introduction

O Classical PEG tag

Problems
- Difficulty of reaction analysis
- Complexity of purification (want it even easier!)

- Loading efficiency of amino acid

Development of small-molecular-based hydrophobic tag
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Benzyl-type tag

O 3,4,5-Tris(octadecyloxy)benzyl alcohol

Concept
- Application to Fmoc strategy

- Well-defined molecular structure

* Easy purification (size-exclusion chromatography)

OH OH OC,gH37
0 MeOH (0] CygHa7Br
OH ——» OH ——>» OCgH37
HO H,SO; MeO K,CO, MeO
OH OH DMF 0018”37

gallic acid methyl gallate

LiAIH,
—b.
Et,0

HO-TAG
4 OCygHy;
OCygHy7
HO
OC,gH3;

\_ HO-BzI(OC\); (2)

11

Tamiaki, H.; Obata, T.; Azefu, Y.; Toma, K. Bull. Chem. Soc. Jpn., 2001, 74, 733-738.



Benzyl-type tag

O 3,4,5-Tris(octadecyloxy)benzyl alcohol

T (2eq) N
eq.
OCgH Me
18T Fmoc— A —OH | H I\'Ile
OC.gH37 » Fmoc— A —O OCugHsr 7 H,N— A —0 OCgH37
HO oc EDC-HOBt 0CH oc
18H37 2.2 eq. 18F137 18H37
(2.2 eq.) 63% OC1gH37 92% OCgH37
HO-TAG
H
N
Fmoc— P —OH Y e

> Fmoc— P | A —0 OC1Hsr — — 5 NP A ~0 OC1gHar
EDC-HOBt : :
= OC18H37 = OC1BH37
\© OCgH3; \© OC1gH3;
67% 92%

Fmoc— L —OH \'/ I¥|e 4M HCI \'/ l\'lle OC18H37

» Fmoc— L P/ A —o’\@tocw"'” ———% Fmoc— L P A—OH +

EDC-HOBt : 0C.gHs7 HO 0C.H
\© 0C18H37 181137
590/, HO-TAG
Purification .

. . . &°
Coupling : Gel-filtration chromatography :
Deprotection : Washing with methanol of T

UL

Tamiaki, H.; Obata, T.; Azefu, Y.; Toma, K. Bull. Chem. Soc. Jpn., 2001, 74, 733-738.



Benzyl-type tag

O Didocosyloxybenzyl alcohol

Concept

- Easier purification (precipitation)

* Tolerance of protecting group (Fmoc and Boc)

OCqgHa7
OC1gH37
HO
OC1gH37
1 (HO-TAGa)
OCyHss [ OCpHas )
HO
HO
OCqHys OCasHys
2 (HO-TAGb) \_ 3(HO-TAGe)

Solution-phase Synthesis

Tana, G.; Kitada, S.; Fujita, S.; Okada, Y.; Kim, S.; Chiba, K. Chem.

D

Polar Solvent

O Hydrophobic Tag
S Amino Acid

Precipitation

Filteratio:/

Solid-phase Recovery

Desired Peptide

13

Commun., 2002, 237, 2-14.



Benzyl-type tag

O Didocosyloxybenzyl alcohol

C-terminal proline = Risk of diketopiperazine formation

NH
OC4gH
0 18737 NH i (jﬁ(O\
O~__N Mts)HN N TAGc
O):LO/\QOCWHBT Basic Condition I ? (MtS)HNJLN (Njw/O‘TAGc e ﬂ/\/\/& 0
N~ EE— O NN H/\/\/&O 0 HoN ©
OZ\rNH(Fmoc) OC1gHa7 H (Fmoe)HN Sl )
R Diketopiperazines 14 15
0%
OC1gH37
OC1gHs7 Benzyl type protection is weak to acid condition
HO OCgHs7 = Optimization of substituent group
1 (HO-TAGa)
OTAG N-Boc-Leu-OH
HO-TA DIC HCl
OCyHss [ OCooHys ) w3 DMAP  (BooHN ©1aG  Dioxane "~ HN O1aG
HO CH,Cl, o Toluene 0
4-6 7-9
HO
OC22Has OCp2Hys 1 HO-TAGa 4 quant. Taq cleavage {70%
2 (HO'TAGb) 2 HO-TAGDb 5 quant. g g 8 0%
K 3 (HO'TAGC) j 3 HO-TAGc 6 quant. 9 quant.
14

Tana, G.; Kitada, S.; Fujita, S.; Okada, Y.; Kim, S.; Chiba, K. Chem. Commun., 2002, 237, 2-14.



Benzyl-type tag

O Didocosyloxybenzyl alcohol

SynthESiS Of A-TNF-a ( H-Asp-Phe-Leu-Pro-His-Tyr-Lys-Asn-Thr-Ser-Leu-Gly-His-Arg-Pro-OH )

NH
NH 0.
M 0. (Mts)HN’QN (NX( TAGc
(Mts)HN N TAGc H/\M 0
HCl 0

Dioxane
(Boc)HN Toluene 13

z
@]
@
i
I
9
4

N-Fmoc-AA (1.2 eq.)
HBTU

HOBt N-Fmoc-A-TNF-a-O-TAGc
HoN-Arg(Mts)-Pro-O-TAGc CH-CI Deprotection
2N-Arg(Mts) 2Ce /4 16 >  A-TNF-a
13 DBU
Piperidine 25 step : 81% 2 step : 86%

Tana, G.; Kitada, S.; Fujita, S.; Okada, Y.; Kim, S.; Chiba, K. Chem. Commun., 2002, 237, 2-14.
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Benzyl-type tag

O Disulfide formation

(Fmoc)HNJ\n’ OH

S(Acm) O
S(Acm) OC22Hys o 4
DIC N
OH HO (Fmoc)HN TAG
(Fmoc)HNLﬂ/ + [ DMAP o + then
o OCoHys CH.Cl, 3 S(Acm)
1 2 (HO-TAG) OH
quant. (Boc)HN
o]
5
(Boc) HN
S(Acm) S(Acm
O Lw L )W
HOBt
CH2C|2 BOC TAG |2 HrNH
DBU CHZCIZIDMF
Piperidine
CH,Cl,
93% (over 4 steps) 95% (1 0OmM)

98% (10mM)

S-S bond was formed efficiently even at high concentrations!

16
Kitada, S.; Fujita, S.; Okada, Y.; Kim, S.; Chiba, K. Bioorg. Med. Chem. Lett., 2011, 21, 4476-4479.



Benzyl-type tag

O Disulfide formation

Synthesis of Somatostatin

S(Acm)
Acm) o S(Acm)
(Fmoc)HN TAG HBTU
HOBt \)L 0.
(BOC HN N TAG
CH2C|2 H O
DBU
Piperidine
CH,Cl,
0
(Fmoc)HN 72% (over 27 steps)
(1.2 eq.) BocHN Ala
oL o
NH /Phe/ sn Lys\cys/
o)
S(Acm) S(Acm) 87 Phe \

HN S
\)L 2.5% TIS / \
(Boc)HN O-1a6 2 0 2.5% H,0 Trp
CH,Cl,/DMF TFA \ S
Lys /
O l41 \

Thr
~
Phe—Thr~
73% (1.0mM) 10
64% (10mM) 95
(1)

17
Kitada, S.; Fujita, S.; Okada, Y.; Kim, S.; Chiba, K. Bioorg. Med. Chem. Lett., 2011, 21, 4476-4479.



Benzyl-type tag

O Head-to-Tail cyclization
Retrosynthetic strategy for Mahafacyclin B

o) 0 HO 0O

H,N
}ﬁ HN\Q-@ o)ﬁ 2% HN
N
@\oiNH 0 1. cyclization @\Cj G

R

“TA
HN : HN
NH /z 2. deprotection NH ]
H HN HN
0) Nﬁ/ @) O N),S( O
0 @)
HO O, -
1 2

TAG O C22H450 OCz2Hys
peptide synthesis I
5 HN =
2 \)kOMe = O

3 HN QLOMe

Fujita, Y.; Fujita, S.; Okada, Y.; Chiba, K. Org. Lett., 2013, 15(6), 1155-1157.
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Benzyl-type tag

O Head-to-Tail cyclization

Synthesis of tagged amino acid

C22"*‘150\@/\0/%2”45 \)(i TAu
NaBH(OAc);
o) H2N . HN
Z " OMe DMF/Toluene OMe
5

90°C 3 (82%)

Synthesis of linear peptide

|
HNVU\ OH __ HATU, HOAt N _DBU, piperidine _
OMe * HN DIPEA, THF HN OMe

. THF rt
3 o) o rt o 0
HN. HN

Fmoc Fmoc

98% 99%

T»i\G (0] TJIKG O
HN N¢kOMe HN N\)LDH

peptide synthesis HN.__O Fmocer@ 1M LiOH (aq) HN__-O HzNI\@
—— —_—
- THF, rt
'Bu’OWINH y HNTTO ’Bu’o\‘INH HN” 0
o N

IS o

86% (over 7 StepS) 2 (84%), no gelation

Fujita, Y.; Fujita, S.; Okada, Y.; Chiba, K. Org. Lett., 2013, 15(6), 1155-1157.
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Benzyl-type tag

O Head-to-Tail cyclization

Cyclization

HO S 0
0 HNT N
N
O N~ o) Ox " TAG NH
@J TAG HN HATU, HOAt _ @\i HN TIS, H,0 @\Ci[ N
NH THF/DMF, 40 °C ‘\Z TFA &
HN
(@
u

- £
0
O\
'8
2

;Fo
;\ZFO
B0

No cyclodimerization

No gelation

Various peptides can be synthesized with high efficiency, purity, and yield
by controlling solubility and reactivity with hydrophobic tags.

20
Fujita, Y.; Fujita, S.; Okada, Y.; Chiba, K. Org. Lett., 2013, 15(6), 1155-1157.



Benzyl-type tag

O Improved process

Precipitation at every step = () Prevent “Double Hit”

X Excessive use of solvents

(a) Routine Procedure (Precipitation at Each Step)

Coupling Deprotection

i R o 30 min 10 min R
maocC.. H N P-m— s v s —— - —- .
HJ\(( + 2 - I —— HzN)ﬁ(
O R Precipitation Precipitation o)
1.05-1.50 eq. Unpredictable Process Time

(b) Challenging Procedure (Precipitation at Every Other Step)

R Coupling Precipitation (@]
FmOC\N/H_‘/OH + H2N - P P e— . s s s e — HzN\)'I\N
H o R Deprotection g H
1.05-1.50 eq. Undesired Double Hit
i . A
+ Coupling Agent (CA) i
Y !
R R Deprotection R Ry
F < O. F < O. I 0. N
oy A 0ngy o oo I o - 1N O+
0 Ho0o O n 0 0
Activated Amino Acid

21
Okada, Y. et al. Org. Process. Res. Dev. 2019, 23, 2576-2581.



Benzyl-type tag

O Improved process

Pbf Pbf
NH HNYNH
Coupling Deprotection NH
> > o _"' HN
Fmoc Trapping Precipitation o
Fmoc-Oic-OH HaN o~ O H I “TAG
H-Arg(Pbf)-O-TAG ( H-Oic-Arg(Pbf)-O-TAG (6)
97% (over 2 steps)
+
Trapping remaining Fmoc-AA-OH using
. . . . . H
sacrificial primary amine N7 NN
Fmoé o)
= Reduce the number of precipitation steps Fmoc-Oic-NHPr (5)

(Solution layer)

22
Okada, Y. et al. Org. Process. Res. Dev. 2019, 23, 2576-2581.



Benzyl-type tag

O Improved process

Large scale synthesis of Icatibant acetate

NH
be Y Pbf

Coupling Trapprng NH HNYNH
? HQ NH
H2N - ;
N (0] H N N
N H O OyN r

N\’Q \/[L j/ H o © O‘TA
TAG Precipitation — Deprotection N 0o NT ™, 3 o G
(0] H P 0
/& ST, Bu

HN

H-Arg(Pbf)-O-TAG (3) ber NH —

H-D-Arg(Pbf)-Arg(Pbf)-Pro-Hyp-Gly-Thi-Ser('Bu)-D-Tic-Oic-Arg(Pbf)-0O-TAG (7)
71% (over 18 steps)

Iz

HNYNHz NH HNYNHZ
TFAITISIH,0 : NH 1. lon Exchange HoN ;i £ N
o) H N N [ — - N (e] fo) H N N
H o) N__L H H O N
N\/[( j . o 2. Purification N N N\/[( j/ . o oH

3 0 OH : (0]
N~ S 07N L\fﬁ 8 N 07N
H OH L NH — O H OH H 5
SN HEN’& ST\
— 4TFA NH — 4 AcOH
H-D-Arg-Arg-Pro-Hyp-Gly-Thi-Ser-D-Tic-Oic-Arg-OH (8) H-D-Arg-Arg-Pro-Hyp-Gly-Thi-Ser-D-Tic-Oic-Arg-OH (2)
82% (purity: 86%) 65% (purity: »99%)

169 g, 109 mmol

23
Okada, Y. et al. Org. Process. Res. Dev. 2019, 23, 2576-2581.



Benzyl-type tag

O Short summary

OC4gH37
OCqgHa7

HO
OC4gHa7

3,4,5-Tri-Substituted (1)8

"Standard"

HO“‘TAG

OCszHys

HO
OCyoHys

3,5-Di-Substituted 32
Acid Resistant

Not Colorimetric
Boc-chem. Compatible

OC22Hss

OCgzHys
2,4-Di-Substituted 130
Readily Cleavable

Colorimetric (Purple)
Fmoc-chem. Only

OCqgHa7
OC4gH37

HO
OCygH37
2,4,5-Tri-Substituted '3¢
Readily Cleavable

Colorimetric (Blue)
Fmoc-chem. Only

OCooHys

HO
OCyoHys

2,5-Di-Substituted 3¢

Acid Resistant
Fluorometric

Boc-chem. Compatible

A variety of benzyl-type tags with different properties have
greatly expanded the scope of peptide compound synthesis.

24

Okada, Y. et al. Org. Process. Res. Dev. 2019, 23, 2576-2581.
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AJIPHASE®

O Fluorene-derived tag

Concept
* Fmoc strategy
* Prevent diketopiperazine formation

* Productization

OC1gH
HO 18H37 . HO R
CCiellar  —)  \ |/ R
OC1gH37 R
Benzyl type tag Trityl structure
(SPPS type)

Risk of diketopiperazine formation

26
Takahashi, D.; Yamamoto, T. Tetrahedron. Lett. 2012, 53, 1936-19309.



AJIPHASE®

O Fluorene-derived tag
Development of trityl type tag

2~5eq
Bng S
o) —
HO SOCl,
Meo Ri__orAckr _ Ry ZAaOH
THF, MR s0C CHCl3 g, TTEN
2
R
4 5 3 6
Anchor support compound R1 R2 R3 X Y Loading yield® (%) (Z-Ala esterification) Degradation of 6° (%)
MeOH (40 °C) 10% AcOH/CHCl;

3ac 0Cy3H37 0C,sH3y 0CygH37 4-Cl Cl 97 69 100

3b° 0C3,Hys H 0Co2Hys 4-C1 Cl 89 Deg radation 19 74

3cd 0CygH37 0C,gH35 0C,gH37 3,5-F Cl 95 4 63

3dd 0Cs5Hys H 0C32Hss 3,5-F Cl Loadlng fallure Not tested Not tested
3ed OC22H45 H OC22H45 3,5-CF3 Br OE Not tested Not tested

Achieving a balance between the stability of the ester bond and a high
loading yield using the trityl-type tag was difficult...

27
Takahashi, D.; Yamamoto, T. Tetrahedron. Lett. 2012, 53, 1936-19309.



AJIPHASE®

O Fluorene-derived tag

Development of fluorene-type tag

(2~5eq) X

BrMg
Q alkyl bromide, O \@x
=
ROH il GO Ren~{ TR
DMF, 80°C THF, 50°C O

7a:R=H 8 9
7b: R=OH 5
‘ Z-Ala-OH (2 eq),
AcBr (5 eq) 'PryEtN
"[® '
CHCl3, rt., 3 h O O CHCl3, r.t. ~ 50°C
10 1
Anchor support compound R, R, X Loading yield® (%) (Z-Ala esterification) Degradation of 11° (%)
MeOH (40 °C) 10% AcOH/CHCl;
10a 0CyHys 0CyHys H 96 1.8 32
10b 0OC3y,Hys 0OCy;Hys 4-Cl 98 1.0 3.0
10c 0OCy,Hys 0OCy,Hys 3-F 93 0.3 0.3
10d 0Cy5Hys 0OCyoHy5 3-CF3 88 Not detected Not detected
10e 0C;,H;5 OCy,Hys H 4-Cl 92 0.4 0.8
10f 0C;,H; 5 OCyoHys H 3-F 95 Not detected Not detected
10g 0OCq2H15 OCyoHys H 3-CF3 85 Not tested Not tested

Fluorene-derived tag (10f) could have the performance for use as a tag!

28
Takahashi, D.; Yamamoto, T. Tetrahedron. Lett. 2012, 53, 1936-19309.



AJIPHASE®

O Fluorene-derived tag

Synthesis of peptide without diketopiperazine formation

1) Fmoc-Pro-OH,

1) Fmoc—GIy—OH, 1) Et,NH, DBU EDC HCI HOBt
iProEtN, CHCl3

CHCI
ipltati Fmoc-GI 2) DFECISItatIOH 2) prempﬁatlon
Br y\ (MeCN) H- G'Y\ (MeOH)
04 +0CooHy
eleg: o@ e o

10f
F
Pepetide chain Fmoc-Tyr(tBu)-Phe-Ser(tBu)-Ala-Pro-Gly
Fmoc-Pro-GIy\ Q elongation 2%TFA
o —— — » Fmoc-Tyr(tBu)-Phe-Ser(tBu)-Ala-Pro-Gly-OH
G'O O\(’??;ZH“ - C22H450H1C:)2 CHCly 12
98% (97% purity)
15 83% (over 11 steps) 16
Conventional benzyl tag Fluorene tag
mAU mAU
7 220nm,4nm (1.00) 5004220nm,4nm (1.00)
500 ] / 4003
] Fmoc-Tyr-Phe-Ser- Fmoc-Tyr-Phe-Ser-Ala-OH 3007
] Ala-Pro-Gly-OH ]
250 / 200
; 100- L
0 L‘ A 03 " -
T ————————— T T T
10.0 12,5 15.0 17.5 20.0 225 25.0 min 10.0 12.5 15.5 17.5 20.0 225 250 275 min

29
Takahashi, D.; Yamamoto, T. Tetrahedron. Lett. 2012, 53, 1936-19309.




AJIPHASE®

O Diphenylmethyl-derived tag

COﬂCEpt NHFmoc

* Fmoc strategy oo O/\O

- Synthesis of C-terminal amide peptide

Rink Amide resin
o C22Hy5-Br (1.2 eq.)
K2C03 (3 eq. ) NaBH4
O O DMF, 80°C O O THF, 40 C
HO OH 95% CyoHys0 OC3,Has 99%

OH RCONH,
cat. MsOH base
O O toluene, 100 C O O 98%
C22Hy50 OC32Hys 99% Cy,Hys0 OC,oHys

Fmoc- Ala

NH, moc -Ala-OH (1.2 eq.)
EDC.HCI/ HOBt TFA / H20 I TIS
Fmoc-Ala-NH,
ChCIS! rt, 3h O O rt, 2h
C22Hy50 OC32H, 99% C22Hy50 OCy2Hys 99%

30

Takahashi, D.; Yamamoto, T. Org. Lett. 2012, 14(17), 4514-4517.



AJIPHASE®

O Diphenylmethyl-derived tag
Synthesis of Eptifibatide

NH,
Fmoc-AA-OH  Pprecipitation — Et;,NH ~ precipitation -
C22H45O OC22H45 CHC|3 MeOH CHC|3 MeCN
7
Mpa(Trt)-Har-Gly-Asp(OtBu)-Trp(Boc)-Pro-Cys(Trt) ~
Iteration NH

—
_ 86% (over 14 steps) . |,
221745
8

OCZZH45
—>TFA Mpa-Har-Gly-Asp-Trp-Pro-Cys-NH PH 9 | |
pa-Rar-Gly-Asp- 1 rp-Fro-Cys-NHo > _ _ _ _ _ _ _
TIS, H,0 40% MeCN aq Mpa-Har-Gly-Asp-Trp-Pro-Cys-NH,
9 10

HOc%:gﬁﬁ” e L T R

900% 500

&0e]

700% 400
moé L A A o N

so 15 we | @s 0 sa ls 0 ae | #@s | omin e L L A

50 15 100 125 150 15 wo ;s win

Takahashi, D.; Yamamoto, T. Org. Lett. 2012, 14(17), 4514-4517.
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AJIPHASE®

O Further development

Concept
- Higher solubility in organic solvents
* More efficient washing process (Extraction)

* Longer peptide and hydrophobic peptide synthesis

Fmoc-VaI-GIy-GIy-VaI\O/\@EOR

Dihydrophytyl group OROR

Br/\)\/\/L_/\/L/\/L R B AONGAINGARGAONATONRAONAONRGONN R - /\)\/\/k/\/k/\/k
4 Anchor = compound 1 Anchor = compound 5

(@]
@)
5 \/\(W\I/

NH,

Takahashi, D.; Inomata, T.; Fukui, T. Angew. Chem. Int. Ed. 2017, 56, 7803-7807.



AJIPHASE®

O Further development

H-Le OPh
Fmoc-Leu ~0 OPhy Reagent >0 y Q Q Reagent Agueous washing  H-Leu~, OPhy
ophy T * _— ©
OPhy  DBU/CHCl, Ophy O O OPhy
DBF

OPhy OPhy
7 8 Fulvene adduct 8
Reagent (equiv) DBU [equiv] Solvent DBF/fulvene adduct Washing solvent Layer separability® Removal rate [%]
diethylenetriamine (30) 0 CHCl; 35:65 HCl aq. - 43
piperidine (5) 3 CHCl, 31:69 HCl aq. - 2
piperidine (5) 3 CPME 8:92 HCl aq. - 0
Mpa (3) 6 CPME 3:97 Na,CO, aq. ¥ 100
Mpa (3) 6 CHCl, 1:99 Na,CO; aq. + 30
thiomalic acid (3) 9 CHCl, 1:99 Na,CO; aq. + 100
cysteine (3) 6 CHCl,4 2:98 Na,CO; aq. — 8
[a] “—": Insufficient phase separation; “+": sufficient phase separation. See the Supporting Information for details. Mpa =mercaptopropionic acid.
Coupling Deprotection Washing
Fmoc-Xxx . DBU Na->COs; aq. .
Fmoc-peptide H-peptide ——— 9. Next coupling
; R
HS’J\/COZH\
Fmoc-Xxx-Activated ester 7 R
A _CO,H
\ O R == S 2
Fmoc- X g~ COH R=H, COH, NH,
33

Takahashi, D.; Inomata, T.; Fukui, T. Angew. Chem. Int. Ed. 2017, 56, 7803-7807.



AJIPHASE®

O Further development

Synthesis of Degarelix

NH, Coupling Deprotection Washing H-Xxx4 “NH
r.t., 1 h-over night rt,1-2h
Fmoc-Xxx (1.2 eq)  thiomalic acid (3 eq) 1) Na,COjaq. O O
PhyO OPhy 2-=3 p
EDC.HCI / HOBt DBU(8eq)  2)20% DMF/MNaClaq. PO OPhy
6 (1.2eq)/ (0.3 eq) 9
Iteration Ac-D-Nal-D-Cpa-D-Pal-Ser(tBu)-Aph(Hor)-D-Aph(cmb-tBu)-Leu-ILys(Boc)-Pro-D-Ala \NH

PhyQ ll ll OPhy
10

85% yield

Global deprotection
ice bathtort.,2h
TFA/TIS/H,O

Ac-D-Nal-D-Cpa-D-Pal-Ser-Aph(Hor)-D-Aph(cmb)-Leu-ILys-Pro-D-Ala-NH>

(95:2.5:2.5) Degarelix
|| T -
« | Crude Degarelix ~ Magnified

80— et ————— v — - . . . - - .
00 50 100 150 200 50 300 350
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AJIPHASE®

O Further development

Synthesis of Bivalirudin

Coupling Deprotection Washi
HO OPhy p ashing HX0t oPhy
r.t., 1 h-over night rt,1-2h ~0
OPhy . . .
OPh Fmoc-Xxx thiomalic acid 1) Naozcos aq. OPhy
5 Y EDC.HCI / HOB DBU 2) 20% DMF/NaCl ag. . OPhy
(DMAP) a
Boc-D-Phe-Pro-Arg(Pbf)-Pro-Gly-Gly-Gly-Gly-
Iteration Asn(Trt)-Gly-Asp(OtBu)-Phe-Glu(OtBu)-Glu(OtBu)-
E— lle-Pro-Glu(OtBu)-Glu(OtBu)-Tyr(tBu)-Leu ~0 OPhy
S ﬁ 73% yield
11 QOPhy
Global deprotection OPhy

ice bathtort.,2h
H-D-Phe-Pro-Arg-Pro-Gly-Gly-Gly-Gly-Asn-Gly-Asp-Phe-Glu-Glu-lle-Pro-Glu-Glu-Tyr-Leu-OH
TFA/TIS/H,O

(95:2.5:2.5) Bivalirudin  ggo/ purity

. Crude Bivalirudin Magpnified

00 25 50 5 100 125 150 5 200 25 250 215 200 225 30 s
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AJIPHASE®

O Further development

Volume (mL/g obtained peptide)

2500

2000

1500

1000

500

Solvent consumption for 20-mer peptides

2183

658
[ S

AJIPHASE® AJIPHASE® Solid-phase
Precipitation One-pot peptide synthesis
using anchor 1 using anchor 5

H
HO OC1gH37
OC4gH37
OC4gH37
1
Ph
HO OPhy
OPhy
OPhy
5
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Summary

Peptide drugs have been attracting attention in recent years
and more efficient synthetic method is needed.

Hydrophobic tagging can streamline the synthetic process of
peptide with a simpler purification method.

Hydrophobic tags can also control the solubility and
reactivity of peptide compounds.

Large-scale peptide synthesis and commercialization of tags
have been achieved through structural optimization of tags.



