Solid-phase synthesis of peptoids with structure-inducing tert-butyl

side chains: A unique challenge finally met
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- Efficient and scalable submonomer synthesis e N\)I},d

- Great potential for diversity X jLN
- Higher proteolytic stability than peptides /|\ 0
- Better biodisponibility
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( Objectives Rapid access to peptoid oligomers containing structure-inducing tert-butyl side chains
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only aliphatic residues
* Right-handed PPI-type helix
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I OYN\)‘\;« R = kK 1O \ﬂ/ o * Longest solid-state structure for linear peptoids
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Incorporation of peptoid units bearing these side chains by solid-phase synthesis ?

Soc. 2017, 139, 13533-13540.

Further substitution
O Grafting O Substitution o R Acylation Q R and acylation steps o R O R cleavage o R o R
i Br NH N N NH N NH
Submon.omer synthesisof &) o — - (Po - (Do _ - ®_o)‘\/ \g/\Br - @-oJ\/ \(')'/\EJ\/ RN \([)]/\EJ‘\,
o.-Peptoids (Zuckermann) O HOJl\,Br, DIPEA R-NH, Ho)l\/Br, DIC
DCM DMF or NMP DMF

2-Chlorotrityl chloride resin

Solid-phase synthesis of the trimer model H-(NtBu),-OH

acylation

O grafting substitution acylation > Optimization 1) wash with DIPEA
: O 2) DIPEA (11 equiv.)
i BrAcOH (10 e : : i
BrAcOH (1.5 equiv.) (10 equiv.) Br\)J\N 1/ grafting 3) DIC/BrAcOH (10/10 equiv.) O

e ol DIPEA (5 equiv.) _ Br/\f(o\o tBuNH, (25 equi;/.) HN O\O then DIC (10 equiv.) _ /\H/O\O
DCM, 25 °C o DMF, 40 °C )V o DMF, 40 °C /% o
O Cl 30 min (x2) 1 h (x2) 9 min (x2)

\ 1) substitution =
2-Chlorotrityl chloride resin \% cleavage o
o) \%

)V o DMF, 40 °C )V 0
2-CTC 9 min (x2, steps 2,3)

Acylation after incorporation of NtBu

2) acylation 4
3) substitution ®

1) substitution

2) acylation
3) substitution \% 0

2/ substituti O ivati ~ 4) cl
O—CI substi u:on> HN/\n/ \O preactivation (~ 30 s) - Br\)LN/\n/O\O ) cleavage - HN/\n’

!

N\)LN/\H,OH

P

- - Wash with DIPEA before acylation Crude yield 94 %
: HFIP/DCM . ’
Crude yield 33 %, HN/\H/N\)J\N/\WOH 30 min (x2), 25 °C HN/\[(N\)J\N/\H/O\O : - Inclusion of DIPEA during acylation Crude purity 83 %
Crude purity 60 % /% ° /% ° )V ° /% ° E - Pre-activation of BrAcOH with DIC
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) wz(s:ﬁkx:fr?mpEA Synthesis of the hexamer model H-(NtBu),-OH L Other evaluated conditions for the acylation step :
2) DIPEA (11 equiv.) > Further optimizations > . coupling agents : DCC, HCTU, PyBOP, IBCF, MDPI, COMU, DIC + Oxyma,

1/ grafting 3) DIC/BrAcOH (10/10 equiv.) \)(i\ \% o \%
2/ substitution preactivation (~ 30 s) Br O
> HN
> N0 . AN

2-CTC

0 )V 0 )V °  Crude purity = 67 %

9 min (x2, steps 2,3)
= CIAcOH instead of BrAcOH

o DIC + HOBt, and HBTU ... ) ¢

0
®
Q—cl - j‘;\g/ 0 DMF, 40 °C )V I - );\H’N\)LN/\H’N\)LN/\H/OH Crude yield = 55 %, = 60 °Cor25°Cor[BrAcOH] =0.4 M or 2 x 20 min )(

Solid-phase synthesis of NtBu peptoid homo-oligomers (up to 12-mer) Peptoid Sequence | Number of steps| Crude yield (%) | Crude purity (%)
y 4 H-(NtBu),-OH 5 100 81
grarting substitution acylation
1) wash with DIPEA 5 H-(NtBu),-OH 7 93 91
2) DIPEA (11 equiv.) o 6 H-(NtBu),-OH 9 81 87
BrAcOH (1.5 equiv.) 25 equiv.—: | 3) DIC/CIACOH (10/10 equiv.) HL ] - -

(Q—c! DIPEA (5 equiv.) Br/\n/O\O NH, HN/\H,O\O preactivation (~ 30 s) CI\)LN/\H,O 1) Repeat (n-1)substitution and acylation \N/\n,,OH 7 H-(NtBu),-OH 11 68 85
T — > 0 > 3 H-(NtBu),-OH 13 94 94

poTC 25 5 DMF, 40 °C )V O DMF, 40 °C )V o 2) Cleavage )V o
30 min (x2) 1h (x2) 30 min (x2, steps 2,3) 8 H-(NtBu),-OH 15 51 77
- " 9 H-(NtBu),-OH 17 55 71
10 H-(NtBu),-OH 19 47 63
11 H-(NtBu),,-OH 25 36 71

Synthesis of trimers comprising N-Co-gem-dimethyl side chains

grafting substitution 1 acylation 1 substitution 2 acylation 2
1) wash with DIPEA
Ph o R R 2) DIPEA (11 equiv.) R
BrAcOH (1.5 equiv.) 20 equiv. ) CIACOH (10 equiv.) o 20 equiv.A\/ Alx o 3) DIC/CIACOH (10/10 equiv.) A|/ 0
DIPEA (5 equiv. NH, then DIC (10 equiv.)
N

) 0O NH2 HN @) preactivation (z 30 S) N\)l\ O 2/ cleavage HN/\n/N
O—c e © > YO > > N : - Y N 0 9 5
DCM. 25 °C Br/\g/ O ~ DOMmF /\g’ Q DMF Ph):\g/ 0 /\g/ O DMF, 40 °C 5 Ph)\ o Ph)\ O

_ DMF, 40 °C
40 °C, 9 min (x2) time and other Ph)\ time (see table)

2.CTC 30 min (x2)

40°C, 2h Ph)\

conditions: see table

substitution 2 acylation 2
Monomer sequence . .

(time/other) (time/other)
Nslpe_NtBu_Nslpe Zh Zx 30 min Phj“\\\ O Phﬁ““\ O Phj“\\\ O Phﬁ““\ O Phj“\\\ O Phj“\\\ O O \k O Ph
Nslpe-Nglle-Nslpe 2h 2x 30 min HN\)LN N\)LOH HN\)LN/\[]«N\)LOH HN\)LN N\)LOH HN\)LN/\[]/N\)LOH

5 equiv. KI + 5 equiv. DIPEA 20 equiv. DIC/CIACOH

Nslpe-NgAsp(Bn)-Nslpe 5 equiv. KI + 5 equiv. DIPEA 3x 30 min
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1/ substitution 1 A'/

\|““‘ o
HN I N

o 2x 30 min )V O 0 & 0 & 0 an O
Nslpe-NgPhe-Nslpe 22 equiv. DIPEA ’

Ph

jﬂ

O

R 0 o
/\n’N\)LOH HN\)LN/\H’ \)LOH

H-Nslpe-NgGlu(All)-Nslpe-OH
Crude yield =59 %, Crude purity =51 %

H-Nslpe-NtBu-Nslpe-OH H-Nslpe-NgPhe-Nslpe-OH H-Nslpe-Nglle-Nslpe-OH H-NgPhe-Nglle-NtBu-OH H-Nslpe-NgAsp(Bn)-Nslpe-OH
Nslpe NgCC Nslpe 2x 2h 3x 30 min Crude yield =81 %, Crude purity =91 % Crude yield =78 %, Crude purity =84 % Crude yield =81 %, Crude purity =91 % Crude yield =83 %, Crude purity =95 % Crude yield =59 %, Crude purity =51 %
) ) 5 equiv. KI + 5 equiv. DIPEA
Zh . Ph R Ph o Ph R Ph R Ph o Ph o Ph o Ph o Ph o Ph o
Nslpe-NghSer(TBDMS)-Nslpe 5 equiv. KI + 5 equiv. DIPEA 3x 30 min HN\)OL N\).i I_m\l\)oj\ ?\1\)01\ HN\)?\ N\)OL IDN\)?\ \Il\l\)j\ HN\)?\ N\)OL
' ' NN OH NN OH NN OH NN OH NN OH
Ns1pe-Nglys(Cbz)-Ns1 24h 2% 30 mi N © 2 ° 2 ° HVO ©
sipe- S Z)-INslpe . . X min ‘ ¢
pe-Nglys(Chz)-Nsip 5 equiv. KI + 5 equiv. DIPEA = N‘N ’ N‘N J o
_J _J TBDMS”
24h Ph Cy HN
Nslpe-NgGlu(All)-Nslpe . . 3x 30 min “Cbz
e Ll P 5 equiv. KI + 5 equiv. DIPEA
H-Nslpe-NgCC-Nslpe-OH H-Nslpe-Ngbtm-Nslpe-OH H-Nslpe-Ngchtm-Nslpe-OH H-Nslpe-NghSer(TBDMS)-Nslpe-OH H-Nslpe-Nglys(Cbz)-Nslpe-OH
16 h Crude yield =73 %, Crude purity =78 % Crude yield =78 %, Crude purity=79%  Crude yield =88 %, Crude purity =79 % Crude yield =73 %, Crude purity =95 % Crude yield =70 %, Crude purity =90 %
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