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A new series of peptidomimetic N-substituted Cbz-4-Hyp-Hpa-amides were designed, synthesized
and evaluated for inhibition of the Plasmodium falciparum. Substituents on the N atom of the amide
group were selected alkyl-, allyl-, aryl-, 2-hydroxyethyl-, 2-cyanoethyl-, cyanomethyl-, 2-
hydroxyethyl-, 2,2-diethoxyethyl-, or 2-ethoxy-2-oxoethylamino groups, and about of forty new
compounds were synthesized and evaluated for anti-plasmodial activity in vitro. Antimalarial
activity has been investigated as for the final peptide mimetics, and their immediate predecessors,
carrying TBDMS or TBDPS protecting groups on 4-hydroxyproline residue and eighteen
derivatives exhibited toxicity against P. falciparum. Of these agents, compound 23e was shown to

have potent antimalarial activity with ICso 528 ng/mL.

Supporting Information

NMR spectra of obtained compounds.

'H NMR and "*C NMR spectra were determined on Bruker 400 MHz spectrometer in CDCl; or
DMSO-ds solution at 25 °C. Chemical shifts (8) were expressed in ppm downfield from internal
standard TMS.



(2S,4R)-Benzyl 4-(tert-butyldimethylsilyloxy)-2-((S)-1-ethoxy-1-oxo-4-phenylbutan-2-ylcarbamo-yl)pyrrolidine-1-carboxylate (16)
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(2S,4R)-Benzyl 4-(tert-butyldimethylsilyloxy)-2-((S)-1-ethoxy-1-oxo-4-phenylbutan-2-ylcarbamo-yl)pyrrolidine-1-carboxylate (16)
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(2S,4R)-Benzyl 4-(tert-butyldimethylsilyloxy)-2-((S)-1-ethoxy-1-oxo-4-phenylbutan-2-ylcarbamo-yl)pyrrolidine-1-carboxylate (16)
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(2S,4R)-Benzyl 4-(tert-butyldimethylsilyloxy)-2-((S)-1-ethoxy-1-oxo-4-phenylbutan-2-ylcarbamo-yl)pyrrolidine-1-carboxylate (16)
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(2S,4R)-Benzyl 4-(tert-butyldimethylsilyloxy)-2-((S)-1-ethoxy-1-oxo-4-phenylbutan-2-ylcarbamo-yl)pyrrolidine-1-carboxylate (16)
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(2S,4R)-Benzyl 4-(tert-butyldimethylsilyloxy)-2-(1-oxo-4-phenyl-1-(2-(phenylamino)ethyl-amino)butan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (19a)
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(2S,4R)-benzyl 2-(1-((2-aminoethyl)(phenyl)amino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)-4-(tert-butyldimethylsilyloxy)-pyrrolidine-1-carboxylate (19b)
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(2S,4R)-Benzyl 4-(tert-butyldimethylsilyloxy)-2-(1-oxo-4-phenyl-1-(2-(p-tolylamino)ethyl-amino)butan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (19c)
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(2S,4R)-benzyl 2-(1-((2-aminoethyl)(p-tolyl)amino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)-4-(tert-butyldimethylsilyloxy)pyrrolidine-1-carboxylate (19d)
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(2S,4R)-Benzyl 4-(tert-butyldimethylsilyloxy)-2-(1-(2-(dimethylamino)ethylamino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (19e)
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(2S,4R)-Benzyl 4-(tert-butyldiphenylsilyloxy)-2-((S)-1-((2-(dimethylamino)ethyl)-

,\

methyl)amino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (19f)
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(2S,4R)-Benzyl 4-hydroxy-2-((S)-1-oxo-4-phenyl-1-(2-(phenylamino)ethylamino)butan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (20a)
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(2S,4R)-Benzyl 4-hydroxy-2-((S)-1-oxo-4-phenyl-1-(2-(phenylamino)ethylamino)butan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (20a)
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(2S,4R)-Benzyl 4-hydroxy-2-((S)-1-oxo-4-phenyl-1-(2-(phenylamino)ethylamino)butan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (20a)

—15000

—14000

—13000

—12000

—11000

—10000

—9000

—8000

—7000

—6000

—5000

—4000

—3000

—2000

—1000

N Mo O M [o o 20 ~NOWnLMm 0 I O LN N—ONOLM O I 0 T N O - —\ O o
N O O OO o un o ~— 0 O naTaTaonNoo DT OOMO O W ~N A< O INHMO W o o
mMARnHIM —a O “Sgg TMMMH HIMNASR GINe QRNARRRBNRK O S
WAR T ESPERN SR L ER SRS E R,
HO,, a
"CH—CH u CH NH
TS GNTE g 2
MO SHec o e
) N CHy, 7% CH
— /22 prd 9\
=0 H-C \ CH
CH CH,. 710 ~ /39
HC/15 :0/13 2% " 228\C gH‘sCsH
b i g29 CH
CH _ZCH HC R/
17 \CH 19 30\ /CH
~ 33
18 gH\gH
N (dd I(t) G(m)| [Em) B|(m)
7.51 | 4.33 3.58 2.99 1.92
M diat) | | L) K (dd) H (s) F(m)| |D(m) A (m)
r I e160 5.05 4.20 3.33 2.66 1.69
J(s) C(m
4.46 2.16
T T T T T
oo S N Q- w9 D A NN
— — [s2] o~ — o [aV] n o o~ ™ o o
I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

10.0

f1 (ppm) [BV-III-54-18]



(2S,4R)-Benzyl 4-hydroxy-2-((S)-1-oxo-4-phenyl-1-(2-(p-tolylamino)ethylamino)butan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (20c)
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(2S,4R)-Benzyl 2-((S)-1-(2-(dimethylamino)ethylamino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)-4-hydroxypyrrolidine-1-carboxylate (20e)
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(2S,4R)-Benzyl 2-((S)-1-(2-(dimethylamino)ethylamino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)-4-hydroxypyrrolidine-1-carboxylate (20e)
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(2S,4R)-Benzyl 2-((S)-1-((2-(dimethylamino)ethyl)(methyl)amino)-1-oxo-4-phenylbutan-
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(2S,4R)-Benzyl 4-(tert-butyldimethylsilyloxy)-2-((S)-1-(2-cyanoethylamino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (22a)
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(2S,4R)-Benzyl 2-((S)-1-(bis(2-cyanoethyl)amino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)-4-(tert-butyldimethylsilyloxy)pyrrolidine-1-carboxylate (22b)
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(2S,4R)-Benzyl 2-(1-(allyl(2-cyanoethyl)amino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)-4-(tert-butyldimethylsilyloxy)pyrrolidine-1-carboxylate (22c)
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(2S,4R)-Benzyl 2-((S)-1-(bis(2-cyanoethyl)amino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)-4-(tert-butyldimethylsilyloxy)pyrrolidine-1-carboxylate (22b)
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(2S,4R)-Benzyl 2-((S)-1-(bis(2-cyanoethyl)amino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)-4-(tert-butyldimethylsilyloxy)pyrrolidine-1-carboxylate (22b)
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-(2-cyanoethyl)-4-methylphenylsulfonamido)-1-oxo-4-phenylbutan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (22d)
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5.0 4.5
f1 (ppm) [BV-III-71-20]
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(2S,4R)-benzyl 4-(tert-butyldiphenylsilyloxy)-2-((S)-1-((cyanomethyl)(methyl)amino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (22¢)
Chemical Formula: C42H48N405Si; Exact Mass: 716.3394
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(2S,4R)-Benzyl 2-((S)-1-

—

2-cyanoethylamino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)-4-hydroxypyrrolidine-1-carboxylate (23a)
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(2S,4R)-Benzyl 2-((S)-1-(allyl(2-cyanoethyl)amino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)-4-hydroxypyrrolidine-1-carboxylate (23c)
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(2S,4R)-Benzyl 2-((S)-
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(methyl)amino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)-4-hydroxypyrrolidine-1-carboxylate (23e)
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(2S,4R)-Benzyl 4-(tert-butyldimethylsilyloxy)-2-(1-cyano-3-phenylpropylcarba-moyl)pyrrolidine-1-carboxylate (25)
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(2S,4R)-Benzyl 4-(tert-butyldimethylsilyloxy)-2-(1-cyano-3-phenylpropylcarba-moyl)pyrrolidine-1-carboxylate (25)
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(2S,4R)-Benzyl 2-((S)-1-cyano-3-phenylpropylcarbamoyl)-4-hydroxypyrrolidine-1-carboxylate (26)
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(2S,4R)-Benzyl 4-(tert-butyldimethylsilyloxy)-2-((S)-1-(2-(tert-butyldimethylsilyloxy)phenylamino

-

-1-ox0-4-phenylbutan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (28)

moooNo N N < ML wmmN T < [To M s lNe)) < o N — O n—o O AT NO
S53Sa & ANS Sas3%D Q4 AN n 5 48 B 8% IN58323
SN TSN =" || N | | || N1 N =]
60000
55000
o) 0
i i
MH
2/5( MNHI 0, /k ~50000
’i:@ 2 /Sk -
gg 45000
40000
| i
35000
M (m) D (cl? B (d I
6.95 110 0126
0 (s) K (m) 3 (s) H (d) G (s) F (m) ckm) Afmy| [0
8.27 6.83 5.16 4.44 3.53 2.33 0§85 0]{0]9) 3
N (m) E (s) —25000
7.24 1.26 I
| 20000
15000
o .
10000
.| _
Vs f ) 5000
|
\J 'J\\ /I\’I\J I LM U II L ¥ -
L \ VAN L Lo

Joss —
- lo.16 —
1113 —
1600 —
633 —

|

2 = ~ Ln © ~ <
— 0o - > < < Q
~ o (o] ™ (o] [=2) n
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

f1 (ppm){BV-III-81-22}



(2S,4R)-Benzyl 4-hydroxy-2-((S)-1-(2-hydroxyphenylamino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (29)
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(2S,4R)-Benzyl 4-(tert-butyldimethylsilyloxy)-2-((S)-1-(2-(tert-butyldimethylsilyloxy)ethylamino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (31)

8INQTY B EEE § %78 2% B I8 ]RK 88 83 58375000
NNNNNN =) [TORTolTy) < < M Mmm ~ N — oo o o oo oo

N\ | N | &~ | I/ | || ~| I | Ne="r
170000
65000

0 0 O-g” -
~gi s ?u 60000

[—B\\(NH’ " I
’1: 0 55000

] L

]

150000
45000
N (s) L (s) H (s) D|(dd) B|(m) 40000

4.41 3.69 2.24 (.89 Oj11 L
Q (dt) P (s) o M () K (d) I(s) G (s) F@®|C () A (d) 35000

7.25 6.55 5.14 4.13 3.44 2.67 2.06 1.27 | p.86 .06 L
J(m) E|(d) 130000

2.46 0}92 I
125000
120000
' 15000

| i
110000

| i
| ' 15000

11 L

| L Lo
§ e Qe —-5000
I T T T T T T T T T T :_' T T T T T T T T T 1
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 0.0 0.5




(2S,4R)-Benzyl 4-hydroxy-2-((S)-1-(2-hydroxyethylamino)-1-oxo-4-phenylbutan-2-yl-carbamoyl)pyrrolidine-1-carboxylate (32)
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(2S,4R)-Benzyl 4-hydroxy-2-((S)-1-(2-hydroxyethylamino)-1-oxo-4-phenylbutan-2-yl-carbamoyl)pyrrolidine-1-carboxylate (32)
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(2S,4R)-Benzyl 4-hydroxy-2-((S)-1-(2-hydroxyethylamino)-1-oxo-4-phenylbutan-2-yl-carbamoyl)pyrrolidine-1-carboxylate (32)
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(2S,4R)-Benzyl 4-(tert-butyldimethylsilyloxy)-2-((S)-1-(2,2-diethoxyethylamino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (34)
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(2S,4R)-benzyl 2-((S)-1-(2,2-diethoxyethylamino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)-4-hydroxypyrrolidine-1-carboxylate (35)
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(S)-1-(2-ethoxy-2-oxoethylamino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (38)
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(2S,4R)-Benzyl 4-(tert-butyldiphenylsilyloxy)-2-((S)-

N

-(2-ethoxy-2-oxoethylamino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (38)
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N

(2S,4R)-Benzyl 4-(tert-butyldiphenylsilyloxy)-2-((S)-1-(2-ethoxy-2-oxoethylamino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (38)
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(2S,4R)-Benzyl 4-(tert-butyldiphenylsilyloxy)-2-((S)-

N

—_

2-ethoxy-2-oxoethylamino)-1-oxo-4-phenylbutan-2-ylcarbamoyl)pyrrolidine-1-carboxylate (38)
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2-((S)-2-((2S,4R)-1-(Benzyloxycarbonyl)-4-(tert-butyldiphenylsilyloxy)pyrrolidine-2-carboxamido)-4-phenylbutanamido)acetic acid (39)
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(R)-Benzyl 2-(phenyl(tosyl)carbamoyl)pyrrolidine-1-carboxylate (42)
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