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it arceona  2016-2020 FDA Drugs Classified Chemically i
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228 New Drugs

Others 3

mAbs 43

Enzymes &

roteins 10
small Molecu

105

ML S O

Peptides 14

2021
8 new peptides!!!!

Combined Drugs
11

Matural Products
Amino Acids 9 18
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Peptide Synthesis is a right combination of
Coupling Reagents and Protecting Groups

H3N*
5
1
5
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Luxembourg
Bio Technologies
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Amino Acid 4
|

mino Acids X
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Classification by side-chain chemical properties

Perg i

» »
DD ~ D
DD DODD
2D DOD

H3N*-
5
1
5
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i sarcetona  Cys Protecting Groups: So Many Flavours! i

... and so delicious!
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il BARCELONA Cys, a Key and Multifaceted Amino Acid

UNIVERSITY OF
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o _ H-Cys'-Cy<"-Glu3-Tyr4-Cys"-Cys®-Asn’-Pro®-Ala®- -Thr!'-Gly'2-Cys ' -Tyr'4-OH
Disulfide bridges ‘ L ‘
| |
|

Cys-protecting

Rggio§e|ective groups Compatible
Native chemical | \ dcl;:lsft':i?izr:‘d \ A ‘ protecting
ligation N , | groups
Orthogonal
protecting
groups
DISULFIDE-RICH
| ' Semiregioselective .
Prevention of PEPTIDE | disulfidebond | / Pzthe:r:zn
Cys racemization SYNTHESIS . construction |
Cys-coupling " Cys-protecting | Oxidative folding
reagents strategy . .
groups Oxidative folding

conditions

M. Géngora-Benitez, J. Tulla-Puche, F. Albericio. Chem. Rev., 114, 901-926 (2014).
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BARGELONA Cys, a Key and Multifaceted Amino Acid €
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o _ H-Cys'-Cy<"-Glu3-Tyr4-Cys"-Cys®-Asn’-Pro®-Ala®- -Thr!'-Gly'2-Cys ' -Tyr'4-OH
Disulfide bridges ‘ L ‘
| |
|

Cys-protecting |

ziesguilcz‘sietfct)ir\:cei groups Compatible
Nati;zact}'i\sgnical construction g Z:;:icstmg
Nisin peptides (thioethers) Bioconjugation
Orthogonal
protecting
DISULFIDE-RICH R
Semiregioselecti .
Prevention of PEPTIDE | eg:;:i?;g:isndve - Prothectlon
] ) ] Cys racemization SYNTHESIS construction sencing
Chemical Ligation Thiolactone peptides
- Cys-coupling Ol Oxidative folding
resgents groups SHRleRY Oxidative folding

conditions

M. Géngora-Benitez, J. Tulla-Puche, F. Albericio. Chem. Rev., 114, 901-926 (2014). MultiAntigenic Peptides (MAP)
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BARCELONA Cys, a Key and Multifaceted Amino Acid i
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Approach 1 Approach 2 Approach 3
— Crs CTS_ — CTS CT/S — CTS CTs—
PGy =PG, S—PG; S—PG, S—PG; S—PG, S—PG; S—PG,
PG 74 PG, deblocking selectiye apd/qr
deblocking activation
o CTS CTS_ deblocking T CTS CTS_
oxidative
SH SH SW—PG*Q
s 5@
Oxidation = =
Y
— CT/S CTS— — Crs CT/S — Crs CTS_
S S S S S S

M. Géngora-Benitez, J. Tulla-Puche, F. Albericio. Chem. Rev., 114, 901-926 (2014).
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* |, is very often used for oxidation of free thiols and deprotection/oxidation of Acm

* |, is difficult to handle and very often lead to overoxidation

N-chlorosuccinimide (NCS) Cl Cl
|

|
N oN_o
Ovo p PEG resin
NH

O

®* NCSisagood alternative to |,

®* NCSis asolid soluble in a broad range of solvents: H,0, H,0-ACN, DMF

® NCS can oxidize the peptide in solution or while is still anchored on the solid support
®* NCS supported resin can oxidize peptides in solution

® Oxidation takes 15 min using 1-2 equiv of NCS

T.M. Postma, F. Albericio. Org. Lett., 15, 616 (2013); RSC Advances, 3, 14277 (2013); ACS Comb. Sci., 16, 43 (2014)
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W sarceiona NCS for Regioselective Solid-Phase Disulfide Formation q

UNIVERSITY OF
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®* NCS does not oxidize Trt protecting group

®* NCS allows regioselective disulfide formation

Si-Conotoxin

H 0.35. A
H-lle-Cys-Cys-Asn(Trt)-Pro-Ala-Cys-Gly-Pro-Lys(Boc)-Tyr(tBu)-Ser(tBu)-Cys —N —O 030
I l 2
SH SH 0.25; o3
A SMmt SMmt

NCS (2 equiv) in DMF, 15 min ¢

H
H-lle-Cys-Cys-Asn(Trt)-Pro-Ala-Cys-Gly-Pro-Lys(Boc)-Tyr(tBu)-Ser(tBu)-Cys —N —O

0.00 1.00 2.00 3.00 4.00 5.00 §.00 T.00 8.00 4.0
l l l Minutes
s , s 2%
SMmt SMmt oas B
1) 2% TFA in CH,Cl,, 5 x 1 min 0.20
2) NCS (2 equiv) in DMF, 15 min e 2
0.10
H
H-lle-Cys-Cys-Asn(Trt)-Pro-Ala-Cys-Gly-Pro-Lys(Boc)-Tyr(tBu)-Ser(tBu)-Cys —N —o 005
| l
S Il S 0.00
B S S 0.00 1.00 2.00 3.00 4.00 5.00 6.00 T.00 8.00 9.00

Minutes

T.M. Postma, F. Albericio. Org. Lett., 15, 616 (2013); RSC Advances, 3, 14277 (2013); ACS Comb. Sci., 16, 43 (2014)
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it sarcitona  Cys diMe PseudoProline: A Dual Concept j,\
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Fmoc
Cys diMe PseudoProline OH
[Fmoc-Cys Me2 YPro-OH; Fmoc-Thz(Me2)-OH]

® Favors Synthetic Strategies

" Minimizes aggregation
" Enhances cyclization

* Building Block
B Restricts conformation

[ ]
M. Pelay-Gimeno, A. Meli, J. Tulla-Puche, F. Albericio. J. Med. Chem., 56, 9780 (2013) Irls
TB. Postma, F. Albericio. Org. Lett., 16, 1772 (2014). Biotech
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it sarcitona  Cys diMe PseudoProline: A Dual Concept _i\

UNIVERSITY OF
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Fmoc
Cys diMe PseudoProline OH
[Fmoc-Cys Me2 YPro-OH; Fmoc-Thz(Me2)-OH]
Favors Synthetic Strategies ®* Removal is sequence dependent
Minimizes aggregation " Inlinear sequences, it could be removed with
Enhances cyclization TFA-TIS-H,0 (95:2.5:2.5) for several hours
" In cyclic sequences is more stable and could require
Building Block TFMSA or HF
Restricts conformation
M. Pelay-Gimeno, A. Meli, J. Tulla-Puche, F. Albericio. J. Med. Chem., 56, 9780 (2013) M
TB. Pos’zlma, F. Albericio. Org. Lett., 16, 1772 (2014). !i!tleg

14
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barcetona  Cys diMe PseudoPro: Enhancing Cyclization j,\

UNIVERSITY OF
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Fmoc-Cys(Trt)-Asp-His(Trt)-Pro-Xxx-Cys( PG)—GIy-Arg(be)-Lys(Boc)-Tyr(tBu)-Asp(tBu)-Dalp-N H-RIN K-O

COOH lmc, OxymaPure, DMF NH;

Fmoc-Cys(Trt)-Asp-His(Trt)-Pro-Xxx-Cys( PG)-Gly-Arg(Pbf)-Lys(Boc)-Tyr(tBu)-Asp(tBu)-Dap-N H-RINK-O

Fmoc

{ O
S

Fmoc-Cys Me2 yPro-OH;
Fmoc-Thz(Me2)-OH

[ ]
TB. Postma, F. Albericio. Org. Lett., 16, 1772 (2014). Irls
Biotech
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Fmoc-Cys(Trt)-Asp-His(Trt)-Pro-Xxx-Cys( PG)—GIy-Arg(be)-Lys(Boc)—Tyr(tBu)-Asp(tBu)-Dalp-N H-RIN K-O

COOH lmc, OxymaPure, DMF NH;

Fmoc-Cys(Trt)-Asp-His(Trt)-Pro-Xxx-Cys( PG)-Gly-Arg(Pbf)-Lys(Boc)-Tyr(tBu)-Asp(tBu)-Dap-N H-RINK-O

1 : Xxx = Ser(tBu); PG = Me2 wPro
2 . Xxx = Ser(tBu); PG =Trt

3 : Xxx =Ala; PG = Me2 yPro

4. Xxx =Ala; PG =Trt

Fmoc\ 0
N
Y

S

Fmoc-Cys Me2 yPro-OH;

[ ]
Fmoc-Thz(Me2)-OH TB. Postma, F. Albericio. Org. Lett., 16, 1772 (2014). |rIS
Biotech
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barcetona  Cys diMe PseudoPro: Enhancing Cyclization j,\
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Fmoc-Cys(Trt)-Asp-His(Trt)-Pro-Xxx-Cys( PG)—GIy-Arg(be)-Lys(Boc)-Tyr(tBu)-Asp(tBu)-Dalp-N H-RIN K-O

COOH lmc, OxymaPure, DMF NH;

Fmoc-Cys(Trt)-Asp-His(Trt)-Pro-Xxx-Cys(PG)-Gly-Arg(Pbf)-Lys(Boc)-Tyr(tBu)-Asp(tBu)-Dap-NH-RIN K-O

1 : Xxx = Ser(tBu); PG = Me2 wPro

Fmoc\ 0 2 : Xxx = Ser(tBu); PG = Trt Fmoc\ o)
N 3 : Xxx =Ala; PG = Me2 yPro N
>< OH Ww< OH
5 4 : Xxx = Ala; PG =Trt MeO S
Fmoc-Cys Me2 yPro-OH; o OMe
Fmoc-Thz(Me2)-OH TB. Postma, F. Albericio. Org. Lett., 16, 1772 (2014). !i!tleg Fmoc-Cys Dmb yPro-OH;
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it sarcitona Cys diMe PseudoPro: Restricting Conformation j,\
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Trp3
Pro4 P
lle®
° Ny

Fmoc

>< OH

Phakellistatin 19
Fmoc-Cys Me2 yPro-OH; Pharma
ar
Fmoc-Thz(MeZ)-OH M. Pelay-Gimeno, A. Meli, J. Tulla-Puche, F. Albericio. J. Med. Chem., 56, 9780 (2013)
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it sarcitona Cys diMe PseudoPro: Restricting Conformation _i\
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Trp3
Pro4 P
lle®
° N

Fmoc

>< OH

Phakellistatin 19
Fmoc-Cys Me2 yPro-OH; Pharma
ar
Fmoc-Thz(MeZ)-OH M. Pelay-Gimeno, A. Meli, J. Tulla-Puche, F. Albericio. J. Med. Chem., 56, 9780 (2013)
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i sarcerona Cys diMe PseudoPro: Restricting Conformation

UNIVERSITY OF
KWAZULU-NATAL

Solid-phase
stepwise 1) Fmoc-aa;-OH, Q
. chain elongation HBTU, HOB, Piperidine-DMF 0O 1) Fmoc-Pro'-OH,
Synthe5|s DIEA, DMF, 1h H\)L /O (1:4) . X 9 /O DIEA, DCM, 45min CI—O
\\ 2) Piperidine-DMF L O N\)LO 2) MeOH, 10min
(1:4)
7
O
NS H,N O\n’
No o I< TFA- H20 (95:5)

H-N 1) TFA-DCM (2:98)

N o=2__(o'~‘Bu 2) PyBOP, HOA,
o. N DIEA in DMF, 4h ?’Q }’Q

~ o] }_Q Boc~N"X HNS
N\H ‘%
* N Solution-phase N
Cleavage and solution-phase deprotection
cyclization
Chemical validation Gradient: 35 to 55 % ACN over 30 min
Natural ) Synthetic Co-elution i

Pharma
Mar

-_ - — -_ T T T T
0.00 2.00 400 6.00 8.00 10.00 12.00 14.00 1600 0.00 2,00 4.00 6.00 8.00 10.00 12.00 14.00 000 200 400 600 800 1000 1200 1400 1600 1800 20.00 2200 2400 2600 2800 30.00
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M- mqr NN UNIVERSITY OF

4\/@ KWAZULU-NATAL
Phe-(3,4- F2)2 an
o)

N N

?\ i H\(Q
HO Ni?/
H o

Phakellistatin 19 2-Phe-(3,4-F,)-Phakellistatin 19 3-Trp-(5-F)-Phakellistatin 19

OH
 (4-HO-Pro)*
n NG mqr Ny
J\Q (4-HO-Pro)® J\Q
i‘?/ (4-Ho- Pr°)1 ? ? i‘P/

1-(4-HO-Pro)-Phakellistatin 19 4-(4-HO-Pro)-Phakellistatin 19 6-(4-HO-Pro)-Phakellistatin 19

“H

ig*éz@
Qﬁr
53

/CZZ:O
"o
&3‘

Biological Evaluation of

Pakellistatin 19 and analogs

I
Z 1y
(o] b4
2T

0.

-4

T
z
=
4 "y
jD

%

q

HomoPro*

C%

N mqrn Ny

ZZ\J@ Homopé(k ° g 01*2'\)@
o O

g
%3]@
ﬁa

5

1 i H N
ilg/ HomoPro i‘?/ N N
H (o]
1-HomoPro-Phakellistatin 19 4-HomoPro-Phakellistatin 19 6-HomoPro-Phakellistatin 19
Peptide Gly, (M) Gly, (M) Glg, (M)
MDA-MB-2311 A5492 HT293 Pharma
Natural Phakellistatin 19 5.15E-07 4.62E-07 4.41E-07 Mar
Synthetic Phakellistatin 19 n.d. n.d. n.d.
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il BARCELONA i@ $a N
UNIVERSITY OF
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?ﬁjmm ?UI ?ijru

ﬁ S i& ﬂi;;&
«t Jj ot *«t Jj ot «f Jj L

¥YPro
ﬁbl
YPro® ﬂ ﬂ/
J:Z WPro’ Pharma
1 4,6

=nhancing the cis isomerism: Pro replacement by Cys diMe PseudoPro q.(

Mar
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it BARCELONA  Enhancing the cis isomerism: Pro replacement by Cys diMe PseudoPro X7

UNIVERSITY OF
KWAZULU-NATAL

Biological evaluation

Position 4
\FS
\_€§‘<N |;| 4
N N N-H A549 HT-29 MDA-MB-231
(o] W 0O o N-H Compound
J (o] mg/mL uM mg/mL uM mg/mL uM
s N0 ° Glg, >1.0E+01 >10 5.7E+00 5.71 6.1E+00 6.11
Position 6 \ﬁ o) H N Thzt TGl >1.0E+01 >10 >1.0E+01 >10 >1.0E+01 >10
N LC >1.0E+01 >10 >1.0E+01 >10 >1.0E+01 >10
HO N s 50
H 0 Position 1 Glg, >1.0E+01 >10 >1.0E+01 >10 >1.0E+01 >10
Thz* TGl >1.0E+01 >10 >1.0E+01 >10 >1.0E+01 >10
LCq, >1.0E+01 >10 >1.0E+01 >10 >1.0E+01 >10
Glg, >1.0E+01 >10 4.0E+00 4.01 2.7E+00 2.70
Thz6 TGI >1.0E+01 >10 4.2E+00 4.21 4.1E+00 4.11
LCq >1.0E+01 >10 4.6E+00 4.61 6.0E+00 6.01
Glg, >1.0E+01 >9.58 3.3E+00 3.16 5.9E+00 5.65
Proé h K Thzt4 TGl >1.0E+01 >9.58 6.9E+00 6.61 >1.0E+01 >9.58
ro ‘9|‘5 al ey ) LC., >1.0E+01 >9.58 >1.0E+01 >9.58 >1.0E+01 >9.58
structural role wit
direct infl Glg, 3.6E+00 3.45 1.9E+00 1.82 1.8E+00 1.72
Irect infiuence on Thz16 TGl 8.2E+00 7.85 2.3E+00 2.20 2.1E+00 2.01
the bioactivity LCo, >1.0E+01 >9.58 2.8E+00 2.68 2.4E+00 2.30
Glg, 3.8E+00 3.64 1.9E+00 1.82 2.3E+00 2.20
Thz46 TGI >1.0E+01 >9.58 2.2E+00 2.11 3.5E+00 3.35
LCe >1.0E+01 >9.58 2.5E+00 2.39 5.3E+00 5.08
Glg, 1.6E+00 1.47 1.5E+00 1.38 1.8E+00 1.65
Thz146 TGl 1.8E+00 1.65 1.9E+00 1.74 2.1E+00 1.93
LCe 2.0E+00 1.83 2.3E+00 2.11 2.4E+00 2.20 Pharma

Mar
M. Pelay-Gimeno, A. Meli, J. Tulla-Puche, F. Albericio. J. Med. Chem., 56, 9780 (2013)
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NMR study

\ N\H CD,OH

%ﬁr
~ o o

278 K

Several conformers
I I I ‘ I I I I ‘ I I ‘ I I ‘ I I ‘ I
10.50 10.00 9.50 9.00 8.50
pm (f1) P har ma
Mar

M. Pelay-Gimeno, A. Meli, J. Tulla-Puche, F. Albericio. J. Med. Chem., 56, 9780 (2013)
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il BARCELONA Enhancing the cis isomerism: Pro replacement by Cys diMe PseudoPro

UNIVERSITY OF
KWAZULU-NATAL

All Xaa'*1-pMeMeprgi honds

CD,OH, 298 K )
NMR study 3 adopt cis geometry

yMeMeprg4 Th21’4’6

One major conformer
(89%) and 3 minor

N\ N‘H
conformers

ﬂ

4

W

2

I,,
d
,/
4
4
,/ U
’
4
’
’
’
4
’

I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I I I ‘ I I T I ‘ I I I I ‘ T Pharma

10.50 10.00 9.50 9.00 8.50 8.00 7.50 7.00 Mar

pm (t1)

M. Pelay-Gimeno, A. Meli, J. Tulla-Puche, F. Albericio. J. Med. Chem., 56, 9780 (2013)
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{ConTRIBUTION FROM THE LABORATORY OF Oroavic CHEMISTRY, UNIVERSITY OF ATHENS, GREECE |
On Cysteine and Cystine Peptides. I. New S-Protecting Groups for Cysteine'’

By LEONIDAS ZERVAS AND [PHIGERIA PHOTAKI
REcEIvED Mav 31, 1962

The problem of the synthesis of unsymmetrical cystine peptides with two or more cystine —5-5- bridges is discussed,  For
a solution of this problem, the following requirements must be fulfilled: (a) eysteines bearing different S-protecting groups
selectively removable must be available and (b} procedures must be worked out for preventing the rearrangement of cvstine
chains during svnthesis until their final incorporation in a multimembered ring system.  Concerning the first of the above
reguirefpents, S-diphenyvimethyl-t-cysteine (I} and S-trityl-L-cysteine {11] are proposed as the most suitable S-protected
cysteines for the inecrporation of evsreine residues in a peptide chain,  The S-trity] group can be easily split off with heavy
metal zalts at room temperature, whereas the removal of the S-diphenylmethyl group is also easily effected by the action of
trifluorcacetie acid. The SH- groups thus liberated can be oxidized to the corresponding -5-5- derivatives,  Several pep-
tides of cysteine and evstine have been synthesized in this way.

The clcn.vage of the S-DPM- grl:rup req wires
higher concentration of hydrogen bromide (2
N HBr), higher temperature (about 557) ;:,11{1
longer reaction time (90 minutes). Even under
these conditions the cleavage is seldom more than
509,. If the temperature is kept at 20° and the
reaction time is reduced to about 20 minutes, the
removal of the 3-DPM group from 3-DPM-N-
carhnh&mmjrm steine (IVb) amounts to an extent
of onlv 8- 109% 0, and it is easv to isolate S-DPM-
cystemne (L) 1n high yield {5a%g ).

Boiling trifluoroacetic acid very rapidly converts
S-DPM-cysteine (1) and S-Tr-evsteine ([I) quan-
tLtatw ely to cysteine, but in contrast to hydrogen
bromide it splits off the S protecting gmup from
IT a little more slowly than from I (I in 15 minutes
and II in 30 minutes): under the same conditions

C MJ T —tramrss
10050 formed to cysteine only to an extent of 759, and
UKZN INS this cannot be substantially increased even if the

Iris

Biotech
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il sarceLona  Acid-Labile Cys Protecting Groups: Scavengers i

UNIVERSITY OF
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® Model peptide to study deprotection conditions

2,50

Tit tBu it ’ | .
H-Cys-Tyr-lle-GIn-Ser- -Cys-Pro-lle-Gly—N—RINK—() = &
S/ 1-505 A
TFA/TIS/H 0 (95:2.5:2.5) 1h/ \TFA/HZO (95:5) 1h e
Trt 0-50?
H-Cys-Tyr-lle-GIn-Ser-Cys-Pro-lle-Gly-NH, H-Cys-Tyr-lle-GIn-Ser-Cys-Pro-lle-Gly-NH; - J K__ A
A / B / 0.00 1.00 2.00 3.00 4.00 _— 5.00 500 T.00 8.00 9.00
HS ? A.507
Trt |
3.007 §
2.505
2.00? B
Conclusion: Don’t use scavengers if Trt should be kept
0.505
Olmf A IRy N A
I ris 0.00 1.00 2.00 3.00 4.00 5.00 E.00 7.00 5.00 9.00
Minutas

Biotech
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BARCELONA Acid-Labile Protecting Groups for Cys i

UNIVERSITY OF
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TFA-labile protecting groups for Fmoc/tBu strategy:

~N
o - o)
® O | >
(A< O e O
Mmt Mtt Xan Tmob Trt Mob
4-methoxytrityl | 4-methyltrityl xanthenyl 2,4,6- trityl 4-methoxybenzyl
yenty yinty y trimethoxybenzyl y y y
95% TFA
0.5-1% TFA 1% TFA 1% TFA 5% TFA 5-25% TFA Scavengers
scavengers scavengers scavengers scavengers scavengers >40°C
HF
[ ]
|rIS M. Géngora-Benitez, L. Mendive, |. Ramos-Tomillero, A.C. Breman, J. Tulla-Puche, F. Albericio. Org. Lett., 14, 5472 (2012)

Biotech

I. Ramos-Tomillero, L. Mendive-Tapia, M. Géngora-Benitez, E. Nicolas, J. Tulla-Puche, F. Albericio. Molecules 18, 5155 (2013)
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TFA-labile protecting groups for Fmoc/tBu strategy:

~N
o - o)
® olcee I: >
I KO oo [
Mmt Mtt Xan Tmob Trt Mob
4-methoxytrityl | 4-methyltrityl xanthenyl 2,4,6- trityl 4-methoxybenzyl
yrnty y y y trimethoxybenzyl y y y
95% TFA
0.5-1% TFA 1% TFA 1% TFA 5% TFA 5-25% TFA Scavengers
scavengers scavengers scavengers scavengers scavengers >40°C
HF

Protecting Group Gap ...

[ ]
!rtlsh M. Géngora-Benitez, L. Mendive, |. Ramos-Tomillero, A.C. Breman, J. Tulla-Puche, F. Albericio. Org. Lett., 14, 5472 (2012)
iotec

I. Ramos-Tomillero, L. Mendive-Tapia, M. Géngora-Benitez, E. Nicolas, J. Tulla-Puche, F. Albericio. Molecules 18, 5155 (2013)
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il BARCELONA Acid-Labile Protecting Groups for Cys
OMe OMe / OMe \
OMe MeO OMe
2MeOBn 2,4diMeOBnN 2,6diMeOBN TMeb Mob
20% TFA 60% TFA 95% TFA
NO TFA- 2.5%TIS + 2.5%TIS + NO TFA- 2.5%TIS +
labile 2.5%H,0 2.5%H,0 labile 2.5%H,0
for 30 minat RT \_ forlhatRT / >2hat40 °C
/ ) OMe
TFA-lability tests
[Fmoc-Ala-Cys(PG)-Leu-NH,]: OMe MeO OMe
4MeO-2MeBn 2,6diMeO-4MeBn | 2,6diMe-4MeOBN
60% TFA 20% TFA 20% TFA
2.5%TIS + 2.5%TIS + 2.5%TIS +
2.5%H,0 2.5%H,0 2.5%H,0
\ forlhatRT /] for 30 min at RT for 30 min at RT
30

Iris
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4 ) =
® CL) ol OO
Dpm 4,4’diMeDpm 4,4’-diMeODpm Bpm oF
0, 0,
60% TFA 20% TFA 10% TFA
2.5%TIS + 2.5%TIS + . .
2.5%TIS + 2.5% H,O NO TFA-labile NO TFA-labile
2.5%H,0 2.5%H,0 o & mir ot RT
\_ forlhatRT J for30 min at RT
OMe 4 h
TFA-lability tests O O
[Fmoc-Ala-Cys(PG)-Leu-NH,]: MeO OMe
2,6diMeOBN 4MeO-2MeBn \_ Dpm )

[ ]
!rtlsh M. Gongora-Benitez, L. Mendive-Tapia, |. Ramos-Tomillero, A.C. Breman, J. Tulla-Puche, F. Albericio. Org. Lett., 14, 5472 (2012)
iotec

I. Ramos-Tomillero, L. Mendive-Tapia, M. Géngora-Benitez, E. Nicolas, J. Tulla-Puche, F. Albericio. Molecules 18, 5155 (2013)
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4 ) =
® CL) ol OO
Dpm 4,4’diMeDpm 4,4’-diMeODpm Bpm oF
0, 0,
60% TFA 20% TFA 10% TFA
2.5%TIS + 2.5%TIS + . .
2.5%TIS + 2.5% H,O NO TFA-labile NO TFA-labile
2.5%H,0 2.5%H,0 o & mir ot RT
\_ forlhatRT J for30 min at RT
OMe 4 h
TFA-lability tests O O
[Fmoc-Ala-Cys(PG)-Leu-NH,]: MeO OMe
2,6diMeOBN 4MeO-2MeBn \_ Dpm )

[ ]
!rtlsh M. Gongora-Benitez, L. Mendive-Tapia, |. Ramos-Tomillero, A.C. Breman, J. Tulla-Puche, F. Albericio. Org. Lett., 14, 5472 (2012)
iotec

I. Ramos-Tomillero, L. Mendive-Tapia, M. Géngora-Benitez, E. Nicolas, J. Tulla-Puche, F. Albericio. Molecules 18, 5155 (2013)
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{ConTRIBUTION FROM THE LABORATORY OF Oroavic CHEMISTRY, UNIVERSITY OF ATHENS, GREECE |
On Cysteine and Cystine Peptides. I. New S-Protecting Groups for Cysteine'’

By LEONIDAS ZERVAS AND [PHIGERIA PHOTAKI
REcEIvED Mav 31, 1962

The problem of the synthesis of unsymmetrical cystine peptides with two or more cystine —5-5- bridges is discussed,  For
a solution of this problem, the following requirements must be fulfilled: (a) eysteines bearing different S-protecting groups
selectively removable must be available and (b} procedures must be worked out for preventing the rearrangement of cvstine
chains during svnthesis until their final incorporation in a multimembered ring system.  Concerning the first of the above
reguirefpents, S-diphenyvimethyl-t-cysteine (I} and S-trityl-L-cysteine {11] are proposed as the most suitable S-protected
cysteines for the inecrporation of evsreine residues in a peptide chain,  The S-trity] group can be easily split off with heavy
metal zalts at room temperature, whereas the removal of the S-diphenylmethyl group is also easily effected by the action of
trifluorcacetie acid. The SH- groups thus liberated can be oxidized to the corresponding -5-5- derivatives,  Several pep-
tides of cysteine and evstine have been synthesized in this way.

The clcn.vage of the S-DPM- grl:rup req wires
higher concentration of hydrogen bromide (2
N HBr), higher temperature (about 557) ;:,11{1
longer reaction time (90 minutes). Even under
these conditions the cleavage is seldom more than
509,. If the temperature is kept at 20° and the
reaction time is reduced to about 20 minutes, the
removal of the 3-DPM group from 3-DPM-N-
carhnh&mmjrm steine (IVb) amounts to an extent
of onlv 8- 109% 0, and it is easv to isolate S-DPM-
cystemne (L) 1n high yield {5a%g ).

Boiling trifluoroacetic acid very rapidly converts
S-DPM-cysteine (1) and S-Tr-evsteine ([I) quan-
tLtatw ely to cysteine, but in contrast to hydrogen
bromide it splits off the S protecting gmup from
IT a little more slowly than from I (I in 15 minutes
and II in 30 minutes): under the same conditions

C MJ T —tramrss
10050 formed to cysteine only to an extent of 759, and
UKZN INS this cannot be substantially increased even if the

Iris
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N\)kN/ﬁfN\)kN/W N/Y %
s~
I\l/lmt 'Il'rt me @)
N\)J\ \)k N\)J\ M
Q 1) Acid treatment N/ﬁ( NW N/\H/ \[(Q
s~
2) Methylation | Trt Bom o
QK NJKN NJKN V\/\')K f Mel, DIEA in DCM P
s~ /ﬁ( /ﬁ( /ﬁ( AIIOH 3) Cleavage ] H 9 H © H 9 H o
I\I/Imt Trt me AC/N\g)J\N/ﬁ(N\g)J\H/ﬁ(N\g)LHwN\/\/\)LN
s/: o] s/: o] s/: 0 HN
| | El)pm O
H Q H Q o © H 0
AC/N\E)J\N/YN\E)LN/YN\E)J\N/YN\/\/\)LN
o H o 2 H 0§ & H o HN\[(Q
— | | | o)

[ ]
!rtlsh M. Gongora-Benitez, L. Mendive-Tapia, |. Ramos-Tomillero, A.C. Breman, J. Tulla-Puche, F. Albericio. Org. Lett., 14, 5472 (2012)
iotec

I. Ramos-Tomillero, L. Mendive-Tapia, M. Géngora-Benitez, E. Nicolas, J. Tulla-Puche, F. Albericio. Molecules 18, 5155 (2013)
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Acid Treatment mono-Met di-Met tri-Met Fully Protected
Peptide Peptide Peptide Peptid
10% TFA 2.5% TIS en DCM (2 x 10 min) - ++++ - -
90% TFA 2.5% TIS en DCM (1 x 1 h) - - ++++ -
60% TFA 2.5% TIS en DCM (1 x 1 h) - + ++ -
[ J
Iris
Biotech M. Géngora-Benitez, L. Mendive-Tapia, |. Ramos-Tomillero, A.C. Breman, J. Tulla-Puche, F. Albericio. Org. Lett., 14, 5472 (2012)
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L O O Q‘A‘
P — S @Ttn
r pm
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© S A Mmt X
|
R OMe
100 100
S % g 0
~ 80 80
= T 70
g 70 2 W\
£ 0~ E 60 D= Y ]
5 re : Lol
s 50 Omp 3 50 o
3 ATy, = Mmt 3 O m Mmt
S 40 - L £, = 40 ¢ iR
a0 S/ mTrt a0 Dpm
£ 30 £ 30 (e R
k3] 3]
2 20 g 20 it I
o | ..
& 10 - T N (111011111 o 11111111111 -
0 - o -
5 90 5 90
% TFA % TFA
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M. Géngora-Benitez, L. Mendive-Tapia, |. Ramos-Tomillero, AC. Breman, J. Tulla-Puche, F. Albericio. Org. Lett., 14, 5472 (2012)
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H-Thr(tBu)-Cys(M mt)-Pro-Pro-Cys(me)-Pro-AIa-Pro-O

TFA-TIS-CH,Cl, Sieber

(5:2.5:92.5) resin 100

Y ]
H-Thr(tBu)-Cys-Pro-Pro-Cys(Dpm)-Pro-Ala-Pro-NH, 0.0, &

20% DMSO in ACN-H,0 (9:1) 0.60{

at pH 9 and RT 5 ]

\ " o4

H-Thr(tBu)-Cys-Pro-Pro-Cys(Dpm)-Pro-Ala-Pro-NH,

| L
H-Thr(tBu)-Cys-Pro-Pro-Cys(Dpm)-Pro-Ala-Pro-NH, o.omf =

1) TFA-TIS-H,0-DMSO (91:3:3:3) 000 b0 200 300 abo 50 eb0 700 8d0 st
2) 20% DMSO in phosphate buffer Minutes
atpH9

H-Thr-Cys-Pro-Pro-Cys-Pro-Ala-Pro-NH,

H-Thr-Cys-Pro-Pro-JIys-Pro-AIa-Pro-NH2 Human IgG1 hinge fragment

Iris

Biotech M. Géngora-Benitez, L. Mendive-Tapia, |. Ramos-Tomillero, AC. Breman, J. Tulla-Puche, F. Albericio. Org. Lett., 14, 5472 (2012).
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H-GIy-Cys(Trt)-Cys(me)—Ser(tBu)-Asp(OtBu)—Pro-Arg(be)—Cys(Trt)—AIa—Trp(Boc)—Arg(be)-Cys(me)o
1) TFA-TIS-DCM (5:5:90) at RT Sieber
resin
2) H,O-ACN (1:1) at pH 8.5 (NH4OH) at RT

H-Gly-Cys-Cys(Dpm)-Ser(tBu)-Asp(OtBu)-Pro-Arg(Pbf)-Cys-Ala-Trp(Boc)-Arg(Pbf)-Cys(Dpm)-NH,

0.207 1)
TFA-DMSO-anisole (89:10:1) for 3 h at RT 3
0.15—:
H-Gly-Cys-Cys-Ser-Asp-Pro-Arg-Cys-Ala-Trp-Arg-Cys-NH, ]
0.10
2 4
0.05+ E o
7] (2]
: f < @
a-conotoxin Iml 0.0 A/
-0.05; i i i : : : : : : : : : :
0.00 2.{30 4.IOO 6.60 8.60

I ri Minutes

Biotech M. Géngora-Benitez, L. Mendive-Tapia, |. Ramos-Tomillero, AC. Breman, J. Tulla-Puche, F. Albericio. Org. Lett., 14, 5472 (2012)
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Fmoc-Cys(THP)-OH

Similar acid lability as Trt

!i!tleg I. Ramos-Tomillero, H. Rodriguez, F. Albericio. Org. Lett., 17, 1680- (2015).
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S-Acm protectin group for the synthesis of Cys-containing peptides

O
L —
H
o Hg(ll) or © SH
0 : X
S O o)
s L —
H
O
S
%

Side reactions:

°*  Hg(ll) and Ag(l) are not acepted by the pharmaceutical industry
* S->NandS > 0 transfer of Acm group onto side chains
®*  Modification of sensitive residues such as Trp, Tyr or Met
° *  Tryptophan-2-yl sulfide as a side product
Iris

Biotech o Overoxidation
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K4
AR

NN
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O iH o

N
H
\ OPGA
2 -
N
TN
S
LNH2
further
hydrolisis

O
L S N —
© SHH

Phenylacetamidomethyl is orthogonal to
both Boc and Fmoc strategies.

S-Phacm can be removed in similar
conditions than Acm and, in addition, by
the action of the PGA enzyme.

Phacm can be mildly deblocked, while the
resulting thioaminal is hydrolyzed to free
Cys residue.

M. Royo, J. Alsina, E. Giralt, U. Slomcyznska, F. Albericio, J. Chem. Soc. Perkin Trans. 1 1995, 1095-1102
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HN,Boc OY
NH
C
HoQ Q WO Ty O Q 4
0.25] 'Tv‘
HZNJ\!(N\)L \)L \)L /EWN\)I\O o] ' S-Acm strategy
5 A

40% purit
N—Boc Pl I °P y
O‘BU 0.10
5 ® 3. =3 B
1) I, (5 equiv.) in DMF for 15 min at 25 °C (x 3) 00s] 8 $§§ ;3%1 7_5,« ﬁ T«;E‘é 2
2) TFA-TIS-H,0 (95:2.5:2.5) for 1 h at 25 °C oo DR E ot —
0.25 %
N\)L -
2] % | S-Phacm strategy
e 5 || 90% purity
TIAN oo sy g B7)8
N s
(phenylacetic ac1d:¥)
. ‘ Qm H,0-DMSO (95:5), 3 EU
P at 37 °C for 24 h
Purolite NH, !
[
(] H (0] H (0] H (0] H O
Iris HzNJ\m“JLu R
Biotech S o = o = SEEN , ,
;LO 3 _NH M. Géngora-Benitez, A. Basso, T. Bruckdorfer, M. Royo, J. Tulla-
N OH . .
H Puche, F. Albericio. Chem. Eur J., 18, 16166 (2012)
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. . totally fully
reaction media deprot. oxidized
1 H,0 70  OK i Co-solvent and pH influence on the
2 H,O/DMSO (95/5)/(80/20) 70 OK OK biocatalytic reaction
3 H,O/MeCN (95/5) 70  OK -
4 H,O/MeOH (95/5)/(80/20) 70  OK -
5 H,0/2-propanol (95/5) 70 OK - The enzymatic activity and stability
6 H,O/DMF (95/5)/(90/10) 70  OK - remained almost intact in the presence
. H,O/ethylene glycol 2o ok ) of an variety of organic co-solvents.
(95/5)/(80/20) '
8  HpOlglycerol (95/5)/(80/20) 7.0  OK - A wide range of pH is tolerated by the
9 H,O/EL,O(95/5) 70 OK - immobilized-PGA enzyme.
". 10 0.1 mM phosphate 7.8 OK -
l.‘ n O1mM ph(gz%‘fte’["\"so 78  OK OK The use of DMSO as a co-solvent
Purolite promotes oxidation of thiols to
12 0.1 mM phosphate 5.3 OK - . .
M 0.1 mM phosphate/DMSO disulfide.
Iris 13 -1 mM phosphate 53  OK OK
) (95/5)
Biotech - .
All experiments were performed at 8x10™ M of URP peptide M. Gdéngora-Benitez, A. Basso, T. Bruckdorfer, M. Royo, J.
concentration and 25 mg (3 EU) Immobilised PGA, (hydrolytic Tulla-Puche, F. Albericio. Chem. Eur J., 18, 16166 (2012)

activity U/g,.; 130) at 37 °C for 24 h.
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Reuse of the immobilized PGA enzyme

recycling cycle , . recycling cycle

———4.692
5 & @

E 2 8 € ¢

3..%..8%.%.53.7

0.00 1.00 2.00 3.00 400 5.00 6.00 7.00 800 9.00 0.00 100 2.00 3.00 200 5.00 6.00

ssssssssssssssss

Chromatographic profiles of the oxidized URP peptide: recycling cycles 1 and 5.
(phenylacetic acid:x)

". The recycling potential of immobilized PGA was evaluated by reusing the
l.‘ immobilized biocatalyst for the synthesis of URP for up to five cycles. At the
Purolite end of each reaction cycle, immobilized enzyme was filtered from the reaction
. media and then washed with a phosphate buffer. After five recycling cycles,
!L!g 100% enzyme activity was fully recovered.

M. Gongora-Benitez, A. Basso, T. Bruckdorfer, M. Royo, J. Tulla-Puche, F. Albericio. Chem. Eur J., 18, 16166 (2012)
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I R J? o o N o Compatibility of S-Phacm removal with S-S
AL LRI 0 BRI E LR,

S OH H H H H
s~ ¢} \@\0 s~ K/
HN) OH 07 NH,
o

linear Oxytocin
H,0-DMSO (95:5) at 25 °C for 16 h
N 040] d-X]dlzed S-Phacm-protected
j’ ’ 1 Oxytocin analog
HN 0.30+
j/NH 2 0201 |
JL ‘
" | 385y
I o o ¥
000} \ ————kF S

0.00 1.00 200 3.00 4.00 5.00 6.00 7.00 8.00 9.00
MMMMMM
HO

o NGy
:

0.167
AN, 01e] é thiol-free Oxytocin analog
12 1t
'.. Qrer) J H,0 at 37 °C for 4 h o] | fl
O
NH, 0.084
= 5 sl
| R o
<P non ' g|l2 1
LRy
O .....

e /WI - —
!i!tleg )O;:r (phenylacetic acid: % )
NH

04\ QH) M. Gdngora-Benitez, A. Basso, T. Bruckdorfer, M. Royo, J.
"o Tulla-Puche, F. Albericio. Chem. Eur J., 18, 16166 (2012)

45

Purolite ﬁ j/ it Y | WSS 1V, S AV —
w z \\/ 002 |/
s~
s
N
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S-Phacm for the synthesis of T22 peptide —

H-Arg-Arg-Trp-Cys(Phacm)-Tyr-Arg-Lys-Cys-Tyr-Lys-Gly-Tyr-Cys-Tyr-Arg-Lys-Cys(Phacm)-Arg-NH,
l phosphate buffer (100 mM, pH 8) at RT for 24 h
H-Arg-Arg-Trp-Cys(Phacm)-Tyr-Arg-Lys-Cys-Tyr-Lys-Gly-Tyr-Cys-Tyr-Arg-Lys-Cys(Phacm)-Arg-NH, Regioselective

strategy
2 S-Trt + 2 S-Phacm

. l phosphate buffer (100 mM, pH 8) at 37° C for 48 h

H-Arg-Arg-Trp-Cys-Tyr-Arg-Lys-Cys-Tyr-Lys-Gly-Tyr-Cys-Tyr-Arg-Lys-Cys-Arg-NH,
I |
Random strategy —
4 S-Phacm . T phosphate buffer (100 mM, pH 8) at 37° C for 48 h
H-Arg-Arg-Trp-Cys(Phacm)-Tyr-Arg-Lys-Cys(Phacm)-Tyr-Lys-Gly-Tyr-Cys(Phacm)-Tyr-Arg-Lys-Cys(Phacm)-Arg-NH,
3 | — ; dom strat
. ‘ ! ¢  regioselective strategy o] 2 random strategy
. ' ‘6? DDGI [ |
Purolite X 2 1 -
2 Um% y g 2 oo =
Iris | -
Biotech !

Minutes M

Chromatographic profile of the final bicyclic T22 peptide (phenylacetic acid: % )
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S-Phacm for Native Chemical Ligation

O\N,Fm00_> O\ )J\\\“'KH/O\AHW 0.60:

o 0.5&?
0.4crf
m 0 H 0 H 0 oatyE
N/\S/\)KNJ\WN\E)LN N\)J\O,Allyl :
O =

H z 0.20

N
b
NH,
HN ] o
l 0 0.00{—‘,\/]\T/\-,M

Al

— T T
6.00 7.00 8.00 9.00

LT o i o6 _o0
N N DTS e s,
..‘ (i) mn L /\)ko/\ l(n) Cleavage ov”)\

Purolite m O u, _NH HN:/|/O NH

2

° % J\[( JJ\\/Q( \)kN/}( V\[( > oiNH 4 HNTSo

Iris H, 0 N
Biotech \© NH2 5 H

M. Géngora-Benitez, A. Basso, T. Bruckdorfer, M. Royo, J. Tulla-Puche, F. Albericio. Chem. Eur J., 18, 16166 (2012)
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|
AllocHN/\n/’L\é)O]\[Tj/(KOAO LV Ao CN\)J\ /gfo_o < AIIocN/g( e ClQ

2-Chlorotrityl
o ¢}

resin

Jii,v, vi, vii é
o 0 ‘\)L /(fo : | ioo 10
=z (o) ~ N N Z
g j/ [I] N \[]/\NJJ\-/ N
i, iX, X HN \ S o) Xi | o N i ¢
Ph A, i i S 2
HNfL /\ﬂ/ \)J\ 00 ©\/1(H S acm )i’\l/\@ Thiocoraline OS\ o\s \S
N ~ = H |
PhacmS H z \/K
STrt J;NH Ho~ X ©|/\NjfLH N\)LTHN o
—_ NH N : o o H
Phacm = %\Q 0 N0 Z oH s
o)

(i) Alloc-NMe-Cys(Me)-OH, DIEA, CH,Cl,; MeOH; (ii) Pd(PPh,),, PhSiH;, CH,Cl,; (iii) Alloc-NMe-Cys(Phacm)-OH, HATU,
HOAt, DIEA, DMF; (iv) Alloc-Gly-OH, HATU, HOAt, DIEA, DMF; (v) Fmoc-D-Cys(Trt)-OH, HATU, HOAt, DIEA, DMF; (vi)
piperidine-DMF (1:4); (vii) 3-hydroxyquinaldic acid, DIPCDI, HOBt, CH,Cl,; (viii) TFA-Me,S-TIS-CH,Cl, (2:0.5:0.5:97); (ix)
TFA-TIS-CH,CI, (10:2.5:87.5); (x) DIPCDI, HOAt, DMF-CH,CI,; (xi) immobilized PGA, H,0-DMSO (9:1), pH 6.7.

J. Tulla-Puche, M. Géngora-Benitez, N. Bayo-Puxan, A. Francesch, C. Cuevas, F. Albericio. Angew. Chemie, 52, 5726-5730 (2013)
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H O . H Q
Fmoc—N Thiols (RSH) or Emoc—N
OH phosphines (R3P) OH
§ > SH
S
R
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Reducing Agents, DABDT as Substitution for DTT

K4
AR

NN
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HS

HO
HOI:- S SH
PN /S R —_— | + 2 R/\/

''OH

SH  p1T

= Complete reduction of disulfides

= Absence of the mixed disulfide intermediates
= Solid form

j = High efficiency

\\“\\ﬂ\l\i“ll||llﬂl\\!lll\lllIll' g

The stability of the formed cyclic six-membered oxidized product
is the driving force to shift the equilibrium of the reaction
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Odorous

Expensive

Very prone to air oxidation
Non-functional at pH below 7
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HS

HOI:.
10H

+ R/\S/S\/R

SH  p1T

= Complete reduction of disulfides

= Absence of the mixed disulfide intermediates
= Solid form

j = High efficiency

\\\\\\m“\“ll||llﬂl\\!lll\lllIll' g

The stability of the formed cyclic six-membered oxidized product

is the driving force to shift the equilibrium of the reaction

UKZN INSPIRING GREATNESS

Odorous

Expensive

Very prone to air oxidation
Non-functional at pH below 7

®

HsN,,
° OH  DTBA
OH

JC. Lukesh I1l, MJ. Palte, RT Raines. J.
Am. Chem. Soc., 134, 4057 (2012)
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O
Hs>N
2 OH
OH
O
BZl-Br/K2C03/H20
X X

N

94%

oy L
_N o N, LAH,
01

5 e

81%

i. SOCI,/DCM

\
N/

.

\CSH
N SH

DABDT 93% |

NaBH,/MeOH

X

L
-

ii. CH3COSK, TEA

DMF/ACN

7

_N

®

s\
\CSE/

67%

Non-malodorous
High efficiency

Not readily oxidized by air

\\\\\\\Hi\l\llllllllﬂt\\(lll\\llll"f"““"‘

Soluble in a wide range of solvents:
0 ACN,DMF, DCM, toluene, dioxane, THF, MeOH

SN. Mthembu, A. Sharma, F. Albericio, BG. de la Torre, Org. Lett., 21, 10111 (2019)
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i sarceELoNa Reducing Agents, DABDT as Substitution for DTT
On solid-phase reduction using DABDT in DIEA-H,O-ACN (3:3:94), 2x5 min
1. DABDT (3 eq) g
DMF/DIEA/H,O (94:3:3) Ac-Cys-Gly-Phe-Leu-NH2 Ac-Cys Giy-Phe-Leu-tit MeO OMe
Fmoc-N(Trt)C(SDMP)N(Trt) - Fmoc-NCN-NH, | Sowp
2. Cleavage |
DMP
| o —
| A"
| S A
| Fmoc—NG(SDMP)N—NH, ,__Jir,,,._..; S jlﬂ' N
Fmoo—NCN-NH, s >4 s & 10 12 14 mn
- | A
- e Leun o o
-"__.___‘__,._-_‘-~*"’/“ N i Vet e FOJ‘I\/\S—S/\AGW-PI‘IE-LEU-NHE‘
; / )
_______A/J L____—M—‘/’ T/\)J\Gly-Phe—Leu-NHz
—-————r— " ]\A_,/——d—'——’—'—IJ . .
8 10 12 ._.JL.G_——{»&E Iris
2 4 6 g 10 12 14 min Biotech
54

SN. Mthembu, A. Sharma, F. Albericio, BG. de la Torre, Org. Lett., 21, 10111 (2019)
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BARGELONA S-tBu, a Cys Protecting Group Labile by Reducing Agents
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phosphines (R3P)

O O
H : H
Thiols (RSH) or
Fmoc—N \E)J\OH ( ) Fmoc—N \i)kOH

~ > ~
Sj<
S-tert-butylmercapto (S-'Bu) is a commercially available
thiol labile Cys protetcing group (PG)

SH

Compatible with Fmoc/'Bu chemistry

“Labile” to reducing agents but long removal times (6-
24h) and very often it is stable

Its lability is sequence dependent

Novel, increasingly thiol labile Cys PGs would allow
utilization of thiol labile PGs in routine peptide synthesis

TB. Postma, F, Giraud, F. Albericio. Org. Lett., 14, 5468 (2012)

A. Chakraborty, A. Sharma, F. Albericio, BG. de la Torre. Org. Lett., 22, 9644 (2020)
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H O
O N AT
0 H
7
S
MeO OMe
R=H, S-DMP; R + OMe, S-TMP
R
® The protecting group was found stable to base for 4h (20%
piperidine in DMF)
® S-DMP was quantitatively removed by 20% B-mercaptoethanol/
0.1 M NMM in DMF (3X5 min) vs 3h for S-'Bu or by 5% DTT/ 0.1
M NMM in DMF (3x5 min)
Iris
Biotech

TMM. Postma, F, Giraud, F. Albericio. Org. Lett., 14, 5468 (2012)
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il EarcELoNA S-DMP & S-TMP for Cys, labile by Reducing Agents _‘;_

H-Cys-Tyr(‘Bu)-lle-GIn(Trt)-Asn(Trt)-Cys-Pro-Leu-Gly-N H40

Oxytocin | | .
SR SR 103 t
... a: SBu %
! Purity 729 i
R = S'Bu: R = S-DMP or S-TMP: i Purity 72% |
1) Deprotect, 8h 1) Deprotect, 3 x 5 min S
2) Cleave, 1h 2) Cleave, 1h ;i
OD‘:— Bl .\.bol o IZbOI o I3.b0‘ o ‘d.b; o .Ehﬂl o lG.bO‘ o ‘T.hl}‘ o ‘8.‘00‘ o ISbOI o .IO.DO
! b: S-DMP .
H-Cys-Tyr-lle-GIn-Asn-Cys-Pro-Leu-Gly-NH, 1 Purity 86% 2
SH SH 2"
5% DMSO in HZO/ u.u; T ‘IIDO. o ‘2‘00‘ o '3hn' o I4h0— ' IS:JOI o ‘Eb()‘ o ‘7;]0‘ o Iabﬂl o I‘,H‘)ﬂl o Ilﬂﬂﬂ
MeCN (3:1), pH 8 !
(dil. NH4OH), 24h o] ¢ S-TMP :
Purity 93% T
H-Cys-Tyr-lle-GIn-Asn-Cys-Pro-Leu-Gly-NH, ¥
16- | | o
18 S S

® S-DMP Synthesis is tedious and de'ma'nding Ir.
® Lack of full stability in front of 20% piperidine in DMF Biotleg

T. Postma, M. Giraud, F. Albericio, Org. Lett., 14, 5468-5471 (2012)
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S|S-TM P SIS-TM P
H-Arg(be)—Arg(be)—Trp(Boc)-Cys-Tyr(tBu)-Arg(Pbf)-Lys(Boc)—Cys-Tyr(tBu)-Lys(Boc)—GIy-Tyr(tBu)-Cys-Tyr(‘Bu)-Arg(be)—Lys(Boc)-Cys-Arg(be)-N Hﬂ

SS-TMP SS-TMP
1) 0.1M NMM in DTT/DMF (5:95), 3 x 5 min :; a: Linear
. 2) TFA/TIS/H,0O (95:2.5:2.5), 1h 0] Purity 90%
4 S-TMP protecting groups ) 201 ) oy TS
SH SH o
H-Arg-Arg-Trp-Cys-Tyr-Arg-Lys-Cys-Tyr-Lys-Gly-Tyr-Cys-Tyr-Arg-Lys-Cys-Arg-NH, 040
| l 0.20
Linear SH SH M?:— C e 2o 3'00 '4;' "Ts0 b0 700 s sbo | oloo
5% DMSO/H,0, pH 8 (dil. NH,OH), 24h b: Cyclic %

0wl Purty 78%

S S 2"
l |
H-Arg-Arg-Trp-Cys-Tyr-Arg-Lys-Cys-Tyr-Lys-Gly-Tyr-Cys-Tyr-Arg-Lys-Cys-Arg-NH, o101
I l .
Cyclic S S 00] o

.................................................

® S-DMP Synthesis is tedious and demanding
® Lack of full stability in front of 20% piperidine in DMF Irls

Biotech
T. Postma, M. Giraud, F. Albericio, Org. Lett., 14, 5468-5471 (2012)
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] 1
N
S S I
reductlon reduction l

—O

e
N
iSH

ot
2/

N0 T g N

[ ]
|rIS A. Chakraborty, A. Sharma, F. Albericio, BG. de la Torre. Org. Lett., 22, 9644 (2020)
Biotech

A. Chakraborty,, F. Albericio, BG. de la Torre. J. Org. Chem. (2022), in press
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1l BARCELON ARationale on a New PG for Cys, labile by Reducing Agents €
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(l? H O H O
N. \/U— N. \/“—
S—SA< S S |
reductlon reduction l reduction l

—O
@)
@)

\\\\\\\m\munmnnmmumufw““'

N N

[ ]
|rIS A. Chakraborty, A. Sharma, F. Albericio, BG. de la Torre. Org. Lett., 22, 9644 (2020)
Biotech

A. Chakraborty,, F. Albericio, BG. de la Torre. J. Org. Chem. (2022), in press
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O

H
_N
Fmoc ))J\OH

| Fmoc-Cys(SIT)-OH

Fmoc-Cys(MOT)-OH

[ ]
|rIS A. Chakraborty, A. Sharma, F. Albericio, BG. de la Torre. Org. Lett., 22, 9644 (2020)
Biotech

A. Chakraborty,, F. Albericio, BG. de la Torre. J. Org. Chem. (2022), in press
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O

H
_N
Fmoc ))J\OH

z Fmoc-Cys(SIT)-OH

SH I
I i) NCS, DCM, - 50 °C

- O

SH ooy 0 H
N , THF, - 50 °C  Fmoc” OH
Fmoc” OH
0
HS

S
Fmoc-Cys(MOT)-OH

qé

[ ]
|rIS A. Chakraborty, A. Sharma, F. Albericio, BG. de la Torre. Org. Lett., 22, 9644 (2020)
Biotech

A. Chakraborty,, F. Albericio, BG. de la Torre. J. Org. Chem. (2022), in press
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Boc-Cys(PG)-Gly-Phe-Leu-RinkAmide{)

Fmoc-Cys(StBu)-OH

Fmoc-Cys(StBu)-OH

Fmoc—Cys—\O‘H

DTT(red) DTT(ox)

Fmoc-Cys-O\I—i Fmoc-Cys(StBu)-OH

DTT{ed) DTT(ox)

250 min
| <

Fmoc-Cys(MOT)-OH

Reduction in presence of DTT + DIEA

Fmoc-Cys-OH

N Fmoc-Cys(MOT)-OH

DTT(red) DTT (0x)
40 min
~ 20 min

0 min
~~ OnlyDTT

2 4 6 8 10 12 14min

Reduction in presence of DTT + DIEA + H,O

Fmoc-Cys-OH  £gc.cys(MOT)-OH

2 4 6 8 10 12 14 min

Fmoc-Cys(SIT)-OH

Fmoc-Cys(SIT)-OH

Fmoc-Cys-O

DTT(red) DTT(ox)
A

I
fﬁYqJ
2 4
Fmoc- Cys -OH
Fmoc -Cys(SIT)-OH
DTT(red)
DTT 0X
\ (o) 40 min
7 — 20 min
I 0 min
Only DTT
.............................. .
2 4 14min I rls

Biotech

A. Chakraborty, A. Sharma, F. Albericio, BG. de la Torre. Org. Lett., 22, 9644 (2020)
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Boc-Cys(PG)-Gly-Phe-Leu-RinkAmide{)
Fmoc-Cys(StBu)-OH Fmoc-Cys(MOT)-OH Fmoc-Cys(SIT)-OH

Reduction in presence of DTT + DIEA

FmOC'CyS'O FmOC'CyS(SlT)-OH

Fmoc-Cys(StBu)-OH Fmoc-Cys-OH
~a [ ‘ Fmocl:—Cys(MOT)—OH

Fmoc-Cys-OH
K

DTT(red) DTT(ox)
DTTge SPPS stability @ RS

0 0

N i H
— N ~N
— Fmoc™ OH Frmoc OH
| s i
[ 5 s
s >r
X (X

Fmoc -Cys(SIT)-OH
e Protecting group @
lability

DTT(red) DTT(0%)
o / 40 min
/ju 0 min — 20 min
Only DTT Only DTT

°
2 4 6 8 10 12 14min 2 4 6 8 10 12 14 min 2 4 14min Irls

Biotech
A. Chakraborty, A. Sharma, F. Albericio, BG. de la Torre. Org. Lett., 22, 9644 (2020) otec

Fmoc- Cys -OH

N
ﬂJ
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SIT New PG for Cys, labile by Reducing Agents
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ik BARCELONA
H-Cys(PG)-Tyr(tBu)-Phe-GIn(Trt)-Asn(Trt)-Cys(PG)-Pro-Arg(Pbf)-Gly RinkAmide—O
unprotected vasopressin

protected vasopressin

Vasopressin
Removal Conditions:
3 xDTT (10 eq), 5 min
StBu
DMEF-DIEA-H,0 (92:4:4)
| . ,#_._—rl——JLJLﬁ‘”
All 6 8 iO i2 i4min 2 4 6 I8 iO I12 i4min

SIT
L_,) /
Iris

A L/—’_//’ A
' ! ' 2 4 6 8 10 12 14min
65

12 14 min

4 6

UKZN INSPIRING GREATNESS
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A. Chakraborty, A. Sharma, F. Albericio, BG. de la Torre. Org. Lett., 22, 9644 (2020)
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BARCELONA in SIT-Protected Cysteinyl Peptides iy
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Iris

Biotech

A. Chakraborty,, F. Albericio, BG. de la Torre. J. Org. Chem. (2022), in press
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i BARCELONA in SIT-Protected Cysteinyl Peptides e~
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No base
H-Clys-Pro-D-VaI-Cyl/s-NH 5 H-C(SIT)PVC-NH, A H-C(StBU)PVC-NH, B
S—SIT SH PG d H-CPVC-NH,

S—=S \{

2 4 6 8 10 12 14min
50 mM NaHCO; solution
H-C(SIT)PVC-NH, C | H-CPvC-NH, H-C(StBu)PvC-NH, D
H-CPvC-NH, J | | \ ¥
| | S—S
S—S X

5 min

?i,//

2 4 6 8 10 12 14min 2 4 6 8 10 12  14min

Iris
A. Chakraborty,, F. Albericio, BG. de la Torre. J. Org. Chem. (2022), in press Biotech
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H-Cys-Tyr-lle-GIn-Asn-Cys-Pro-Leu-Gly-NH, 50 mM NaHCO,
| | (Oxytocin),
STSIT SH Linear oxytocin[1-Cys(SIT)]
"4
Oxytocin
A_,.| M
L 1h

Iris
A. Chakraborty,, F. Albericio, BG. de la Torre. J. Org. Chem. (2022), in press Biotech
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T

BARCELONA

H-Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys-NH ,
|
S—SIT SH
linear Somatostatin
A [3-Cys(SIT)] carbamate B

'4

50 mM NaHCO,

5 min

14 min

R W d_[\__//
' ' 6 8 10 12

8 10 12 14 min
C Somatostatin Somatostatin D
¥  carbamate

2 4 6
Somatostatin

24 h
J.JKLM__L*A_J/

2 4 6 8§ 10 12 14min 2 4 6 8 10 12  14min Iri S
A. Chakraborty,, F. Albericio, BG. de la Torre. J. Org. Chem. (2022), in press Biotech
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Acid Labile

Fmoc” ))kOH Fmoc” ))kOH Fmoc” ))kOH
S S S
S
(s OOC

THP Dpm

Msbh I I Iris
O

O Biotech
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Enzymatically Labile

Reducing Agent Labile
O

H 0
N X
Fmoc ))kOH Fmoc/N))J\OH
IS 0 s
I J " Phacm

N
H

Iris

Biotech
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sarcEtona  Cys Protecting Groups, Winners

Pd Labile Photolabile

FONYF 2
S [ ]
| X NDBF Irls
) Fsam Biotech
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Enzymatically Labile

Fmoc™ OH Fmoc™ OH  Fmoc” OH Fmoc” OH _N
Fmoc OH
S S S S
3 S SIT o S
silieqe X e
H

THP

Acid Labile Reducing Agent Labile

Dpm

Pd Labile Photolabile

H H
N
i Fmoi 0 Fmoc~ OH Fmoc‘/N
moc Fmoc™ Fmoc~
H3CO N
OH O S
>< OH §
- L
HsCO
W Pro FONYF 2
_S NDBF M

Msbh | Ir1!;

P Fsa m Biotech
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