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(57) Abstract: The present invention provides a method for stabilizing polypeptide as an alpha helical secondary structure. The
method comprises the following steps: (1) connecting an amino terminal of polypeptide to an unnatural amino acid, and performing
acetylized endcapping; (2) performing a thiol-ene reaction on a product of step (1) to obtain a polypeptide compound modified by a
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good ettect for stabilizing an alpha helical secondary structure of polypeptide by using a chirality sulphoxide side linkage, and good
tolerance to a polypeptide sequence is provided.
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1 Nn=3HK, Ac-cyclo(1,5)-monoSsAAAC-NH; sulfoxide A #1 B £ 10mM ph=7.4 ]
PBS ZZ R HL¥) CD E.

2 A Ac-cyclo(1,5)-monoSsAAAC-NH; sulfoxide B #£ PBS 1 50%TFE & ./ CD K.

3 A Ac-cyclo(1,5)-monoSsAAAC-NH; sulfoxide B (ASOB) ,
Ac-cyclo(1,5)-monoSsAGAC-NH; sulfoxide B(GSOB), Ac-cyclo(1,5)-monoSsAIAC-NH,
sulfoxide B(ISOB)[¥] CD &,

4 Jyn = 4K, Ac-cyclo(1,5)-monoSsAAAC-NH, sulfoxide A I B /£ 10mM ph=7.4 1]
PBS ZZ R HL¥) CD E.

5 N4tk Ac-cyclo(1,5)-monoSsAAAC-NH, [f] HPLC ffi &,

6 NZIK Ac-cyclo(1,5)-monoSsAAAC-NH, H] LC-MS i &,

Kl 7 AZ K Ac-cyclo(1,5)-monoSsAAAC-NH; sulfoxide A [] LC-MS th i [,

8 NZK Ac-cyclo(1,5)-monoSsAAAC-NH, sulfoxide B [ LC-MS %4,

9 NZMK Ac-cyclo(1,5)-monoSsAAAC-NH; sulfoxide A [f] LC-MS il [

10 NZ K Ac-cyclo(1,5)-monoSsAAAC-NH, sulfoxide B ff] LC-MS 1% 4.,

K 11 NZHBK Ac-cyclo(1,5)-monoSsAAAC-NH, sulfoxide A 1 B [] HPLC &ii% &,
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Tk,

a2, RELEY 1 5FER (Cys-amide) M HLATAEMAT RS, M &M
WEN: BULAY) 10.5mmol, AT A7 DMPA 1.5mmol, Cys-amide fi74£#) 1.5-2.5mmol,
SREIMA 10ml DMF AEIEA], BT 365nm 5406 R S8 3h,  JE s S R0 i BRI T 440 &
Yy 2.

W B ARRIMAAEY 2 I 10ml =848 (TFA) /=RNEELE (TIS) /K (H0)
(9.5: 0.25: 0.25 HFAEFD MBI R 3h, HASIGEIVRERT, 10ml Lk IEC e
(4: 1) PUBE: KIUEMTEHET 200ml NN - HEFEBHG (DMP) 1, TS, 0K8 R
1.0g 2- (7-fHEEA I =21 -NN,N N-PY AR SRR (HATU)D, 0.9ml — RN L%
(DIEA) 8T 22 35 S M 36h: LCMS ol S S 584 fa , 7R+, HPLC 2i4k, %,
FEFFI A 3, RIBREMUEES T2 AL E .

K& 3 3T 4ml KM 1ml 30% XK M 3he HPLC Aifb 34657 4, BTG
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RAF R AL S ¥ T 10mM pH=7.4 BRI S 2ot Il CD 1% . 590 4B A RIFH)
alpha I2i¢, 51 GERIBUR AR E T2 LE, AHIA PP 1R a] DA SE v AR 75 8

AR NBEMTE L CD 45 FAIESE 11X — T VTN X 508 22 IR alpha 887 — R 454930
FARGE, i Ex 2 R PP HUAT B4 A 52 1

ZR PR, ARBIBRAE 1R R R R U EEAS 2 B alpha BEREMN TV, i Hi%
A — 5 Y PRl P T 3 R B KOk FE ) alpha IBUIE A . @ I 5 WEGEEARE alpha BEE S
bb, % 05A A AP AR EAS (1 alpha IR HEASE RUA . HANBERT B2 RS Emr . e8I 52 1 4r
LA IR 5 A B A U A e Y T A AL R SR A F A AR ) e RS T iR A g
i

NS E BARS], B A AR W] . SR, I ST O T W AR A I T AN
FIFBRANAS I RIVEE o B B SR T ARTE B AR SR R IR SC a8 vk, 2 IO AR A b
WA, oAz NS R TR AR AT

BRAE AT S0 SO I E IR A &lk 5 By PR S AR U RN 53 T 388 1 SO D
BEAk, AT Fric B P AT Ak S 5 (5 30 B AR B n ] L T AR e SO il R R A S
it TR SRR RS E 2 H

Sl 1 n=3 B, FHETRMEEFE R Z K Ac-cyclo(1,5)-monoSsAAAC-NH, sulfoxide
(K145 ks
NH,
monoSs Kkt y: 2" CooH.
572 LA Fmoc [ AH 2 K& BG4S B Ac-monoSsAAA-CTC #fii:
HARBRA&UT -
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Fmoc—Ala?OH/DIE NMP/MeOH/DIEA=17: 2:1l
in NMP, =@ #N,, 3h  FN,5min

2. o -Ala-
2% Uk 13 N Ala-CTC fif g LOCAl OUHICTUDIEA, ) A1 Ala-CTC #5

Fmoc-Ala-CTC # Jig

1.CTCH A5

=B HIN,30min " in NMP, =i 5¢N,, 50min

3.
25% "HHEmK v. Fmoc-Ala-OH/HCTU/DIEA
E/ﬂ%{l%‘ZN230mln HZN'Ala'Ala'CTC *XTEE in NMP, E/ﬂ%{lﬁiNz, 50min -

" Fmoc-Ala-Ala-Ala-CTC # 5

25% NSAEmR v Fmoc-monoS$ -OH/HCTU/DIEA
5. TN, 30mm H2N-Ala-Ala-Ala-CTC B Jig T NMP, Z L5, 90min L2

Fmoc-monoSs-Ala-Ala-Ala-CTC # 5

25% nnjuk
- > H,N-monoSs-Ala-Ala-Ala-CTC B fif; Ac2O/DIEA/NMP=1:3:16,

% JiFN,30min %N,50min
Ac-monoSs-Ala-Ala-Ala-CTC # fii
HARSRAEA:

L5 AEERR: FRE1.0g CTC FHAET 100ml BREE o, N 20ml N- B S it s Jo i
(NMP) 8%/ MK 30ming EFHTAEF I 9331mg Fmoc-Ala-OH,9.6mINMP 2 2.11mIDIEA
PC A BRIV, B 3.0h: R BB T iy R, MR NMP (10ml1*3) Pk
=G Bt B BRIRESTHE, BRI, M NMP/MeOH/DIEA(1A A Lt
17/2/1)10mL 8207 Smin, JERRMIR, BERFHFIEAT T KM,

2. BER CANEER: MR IMAAEFREL Y 25% WHERR K] NMP ¥, 800X 30min, ¥
Yo VEBERMN: KECHIEF K Fmoc-Ala-OH (0.4M in NMP)EWR, 6-5 4 = %&(M-1,1,3,3- P4 i
FHR N B RRES(HCUT)(0.38M in NMP), DIEA % 7.5ml/7.5ml/1ml J& SR AR P3RS
50min; JEFRR IR, BEEIR G AT T — 4.

3. B EANEER: BER 2 BB =4 Al

4, FEAERAAFETE monoSs: AR H", M A Fmoc-monoSs-OH (0.4M in NMP) ¥4,
HCUT(0.38M in NMP), DIEA % 5.0ml/5.0m1/0.7 Iml J& 2 AR H 55 %S 120min, 3R [ M
WOEAT N — RN

5. LR AR, Vi, JEH NMP; A 10ml Ac2O/DIEA/NMP(1: 3: 16)ff1iR
B, B 50min.

6. JE 1 52 RV, A HE A Y NMP(10ml), — 4 H %% (DCMD (10ml), FHEE (MeOH) (10ml)
SRR, AT ORAFEE TR 8 RO

I B 30mg #/IE T 1.5ml eppendof 5+, I 0.5ml  TFA/TIPS/H,O(#AFILL 9.5: 0.25:
0.25) % XMW, 0.5h: UTUE: MR ERR 2L, MBI, RIEMARK 1ml L8/
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Eok (4:1) FESW: B0k B, BEEEshT.
B Wit 0.5ml 54 DMSO k4T A% i s .
'H NMR (500 MHz, DMSO) & 8.07 (d, J=7.3 Hz, 1H), 8.02 (d, ] = 7.4 Hz, 1H), 7.97 (d,J =

7.9 Hz,1H), 7.81 (d, J = 7.6 Hz, 1H), 5.80 — 5.71 (m, 1H), 5.02 — 4.89 (m, 2H), 4.23 — 4.15 (m, 4H),
1.82 (s, 3H), 1.59 (d, J = 9.4 Hz,1H), 1.45 (d, ] = 5.4 Hz, 1H), 1.39 — 1.28 (m, 2H), 1.28 — 1.13 (m,
11H).

I thiol-ene SN (HREE-Hi SV ) SR 5e BN EERL i

EICHHATOE R G RN

H3

HyN CONE,

Ac-monoSs-Ala-Ala-Ala-CTC fif TPATTISH0=95: 29: 235 ¢ monoSy(Cys-NH,)-Ala-Ala-Ala-CTC fiff

DMPABDME . Ehh
365nm JF:HE3h

JITARAG IR TR 4% R 254 28009
/H( \)I\ /H( NcreH g

BARMAE R FREL 1.0g Ac-monoSsAAA-CTC BET 25ml B o Ak R Ja I 780mg
Cys-amide, 380mg DMPA, 50ml DMF; F %0 L =k BRAIE 7 P B AR B E T i ok
T 20cm AL B HE T SN 3he K B SR S N E A b, JERR S R, ) DMF(10ml), DCM(10ml),
MeOH(10mD)AZ # ¥k, 43 Ac-monoSs (Cys-NH,) AAA-CTC g,

H{ 30mg Ac-monoSs (Cys-NH,) AAA-CTC RV, Vide, B, i
£ 5.80 - 5.71 (m, 1H), 5.02 — 4.89 (m, 2H) ¥ &b ) A WA DA ) 5 S8 7 75 0EAT 56 4, AT A7 XU
W ) 5 thiol-ene S Mo MITXUBREIAE I 2 Ui BH B B 58 4%, KRR MR IIE H 10ml VIR . 3h,
FAWTVIENE, 0 10ml % ABIE Okt (4:1) 10ml YiiE, B35 Bib, a6 s
FORAT o

'"H NMR (400 MHz, DMSO) & 8.14 (s, 3H), 8.08 (d, ] =7.3 Hz, 1H), 8.05 — 7.96 (m, 2H),

7.93 -7.85 (m, 2H), 7.67 (s, 1H), 4.30 —4.11 (m, 5H), 2.93 —2.91 (m, 1H), 2.87 - 2.77 (m, 1H),
1.84 (s, 3H), 1.65 — 1.54(m, 1H), 1.54 - 1.39 (m, 3H), 1.39 — 1.16 (m, 13H).
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S5 8 I I R B I TR B B IR 2 1K Ac-cyelo(1,5)-monoSsAAAC-NH,.

HARHEAE: ¥4 thiol-ene M H 5 ) [E 44 5482 21| 1000ml B+, A 500ml DMF, %<
= AR UK I 1.0g #MGAF HATU, #idk 10min J5 I 0.9ml DIEA, 2% 12
TF& 2 E M 12h.

MR i I HPLC 24k, 250%10mm C18 AR, A i: 0.1% TFA H,O, B #:
0.1%TFA ZJi: VEFBEEE: 0-45min 5-50%: R=31.492. HPLC (Mi%& (& 5) M2 LCMS
nCE 6 .

5 B RARSE R 1 fos.

#£ 1 Ac-cyclo(1,5)-monoSsAAAC-NH, [f] HPLC 43 #r44

e 4 TRE T A 5 U FF 43 e 235 R T %
P 31.492 2712473 30.808 31.983 10.7948

PV TR B 2me VAT 0.5ml 7L DMSO H A% Rk )
'H NMR (400 MHz, DMSO) & 8.38 (d, J = 7.3 Hz, 1H), 8.20 (d, J = 5.9 Hz, 1H), 8.00 (d, J =

7.8 Hz, 1H), 7.95 (d, J = 8.1 Hz, 1H), 7.39 (d, J = 6.4 Hz, 1H), 7.21 (s, 1H), 7.08 (s, 1H), 4.29 —
4,05 (m, 5H), 2.84 (dd, J = 13.9, 4.4 Hz, 1H), 2.76 — 2.65 (m, 1H), 1.82 (s, 3H), 1.74 — 1.69 (m, 1H),
1.62 —1.12 (m, 18H).

BRI Ac-cyclo(1,5)-monoSsAAAC-NH, 3mg ¥ T 4ml /KR SN 1ml 30% H,0,
/R 3h HPLC 44k, 15 200 4 & & F M W 80 /9 35 B 36 K AIF X5 B 5% 4 44 -
Ac-cyclo(1,5)-monoSsAAAC-NH, sulfoxide A, Ac-cyclo(1,5)-monoSsAAAC-NH, sulfoxide B.
W 11:

11 B RAREE R 2 fos .
# 2  Ac-cyclo(1,5)-monoSsAAAC-NH, sulfoxide A F1 B i) HPLC 7 #7145

e 4 R T[] S U FF 43 e 235 R M %
A 22.860 31087340 22483 23.850 41.0151
B 27.398 44707504 27.050 28.600 58.9849

AP LC-MS b (B 7, E8) , KIS 3 Hr:

Ac-cyclo(1,5)-monoSsAAAC-NH, sulfoxide A

'H NMR (500 MHz, DMSO0) 3 8.36 (d, ] =7.5 Hz, 1H), 8.22 (d, ] =7.5 Hz, 2H), 7.95(d, ] = 8
Hz, 1H), 7.53 (d, J =5 Hz, 1H), 7.18 (d, J = 7.5Hz, 2H), 4.51 — 4.39 (m, 1H), 4.25 — 4.19 (m, 2H),
4.01 - 3.95 (m, 1H), 3.15 - 3.03 (m, 2H), 2.87 — 2.81 (m,1H), 2.70 — 2.64 (m, 1H), 1.81 (s, 3H),

10
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1.75-1.62  (m, 2H), 1.45 — 1.34 (m, 5H), 1.32 (s, 3H), 1.25 — 1.21 (m, 9H).

Ac-cyclo(1,5)-monoSsAAAC-NH, sulfoxide B

'H NMR (500 MHz, DMSO) & 8.42 (d, J = 6.9 Hz, 1H), 8.12 (d, J = 6.2 Hz, 1H), 8.07 (d, ] =
5.7 Hz, 1H), 7.95 (d, ] = 8.7 Hz, 1H), 7.28 (d, J = 10.4 Hz, 2H), 7.20 (s, 1H), 4.57 (t, J = 8.4 Hz,
1H), 4.13 (dd, J = 14.5, 7.4 Hz, 3H), 4.06 — 3.97 (m, 1H), 3.08 — 2.94 (m, 2H), 2.87 (dd, ] = 13.2,
7.1 Hz,1H), 2.70 — 2.60 (m, 1H), 1.87 (s, 3H), 1.79 (dd, J = 18.3, 11.6 Hz, 2H), 1.60 — 1.47 (m, 3H),
1.32 (s, 3H), 1.24 (t, ] = 6.5 Hz, 9H).

¥ Ac-cyclo(1,5)-monoSsAAAC-NH, sulfoxide #Fl 7414 ASOA/ASOB ¥ 10mM PBS
R E CD K. B 0.1-0.5mg &b 73 5l 3% T 0.5ml 10mmol PBS Hilll CD 1Ky
190nm-250nm b5 1], SR FEME DL A 20T 5545 alpha B8 & & 45 R W15k 3,

alpha BEETHH A

Ju=([0]obs215—{0]c)/( [0] conis—0]c)

[0]obs215= 0 /(10+C* N, *1)

[0] coois= (-44000 + 250T) (1 - x/N,)

[0]c= 2220 - 53T = 1054

T=22C, x=4.0, N,=6 Oty T-Tiik) , 1=0.1(cm),C A 5t BE IR MK FE M

M CD (B 1) BT PG W R A4 7k LA 7E HPLC 4335 o H 5 J5 () Al ik B o s 1)
alpha 1EJiE .

%t Ac-cyclo(1,5)-monoSsAAAC-NH,  sulfoxide B 7E PBS Hl 50%TFE 2% 11 1¥) CD
BR B, TFE S ix — S AR B alpha SEHEMIHE R, UEWIX — ek 2 ik gk
K1) alpha BEEHE R B T B AEAE

AR R 7R HR R) U R 9 AN R T alpha BRTE I G A 145 2] Ac-cyclo(1,5)-monoSsAGAC-NH,
sulfoxide B(GSOB), Ac-cyclo(1,5)-monoSsAIAC-NH, sulfoxide B(ISOB)%% 5 [Al #4518 = i
alpha I & & (K3, Kl 3)

Fa A R WY IR D715 A% 1 ) I g B AR e 7 ik EAT X B, 32 3 v ASOA/R I, 45 LR WA [F]
R PP AL, X —AeE T VAN T Mt e e U B A5 2 22 K alpha BER AR 2 ROCRIE &1 14%

11
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%3 ZHEAE pH=7.4 22°C10mM PBS ' [JAHX} alpha 12 JiE & &
Z K [0]215 [0]207 [0]190 [0]215/[0]207 AHX alpha W2 E & & *

ASOA 672 4667  -14594  -0.14 -0.04
ASOB -15666 -16054 25987 0.98 1.00
GSOB -7920 -7777 9121 1.02 0.51
ISOB  -13558 -15556 26306 0.87 0.87
XM 13537 -13684 39352 0.99 0.86**

*LL ASOB N#RE[0]1s (x) /[0]as (ASOB) JAAH alpha W€ & &

#*control J L FZ M BE AR Ac-(cyclo2,6)-R[KAAAD]-NH,

SCHEA 2 n=4 I AR RS S (1 22 Bk 1 5 e S CD [ 10 5

R monoSs # A Z M S T monoSe M FIFEIK 5 i e, FATIAF 2 1 PSR e 74
K, [FIFERRYE HPLC I g [a] 20 fG i % A4 Ac-cyclo(1,5)-monoS¢AAAC-NH, sulfoxide A
Al Ac-cyclo(1,5)-monoSsAAAC-NH, sulfoxide B, LCMS %5& (9, K 10D , KIZHEEE:

Ac-cyclo(1,5)-monoSsAAAC-NH, sulfoxide A

'H NMR (500 MHz, DMSO) & 8.42 (d, ] = 7.6 Hz, 1H), 8.33 (d, ] =8.2 Hz, 1H), 8.19 (d, J =
6.4 Hz, 1H), 7.99 (d, J = 7.9 Hz, 1H), 7.24 — 7.16 (m, 3H), 4.68 — 4.61 (m, 1H), 4.30 — 4.08 (m, 4H),
3.17 (dd, J = 13.8, 3.0 Hz, 1H), 3.02 (dd, J = 13.9, 9.3 Hz, 1H), 2.71 (dd, J = 13.7, 6.5 Hz, 2H),
1.81 (s, 3H), 1.76 — 1.67 (m, 1H), 1.67 — 1.52 (m, 2H), 1.52 — 1.40 (m, 3H), 1.40 — 1.18 (m, 13H).

Ac-cyclo(1,5)-monoSsAAAC-NH, sulfoxide B

'H NMR (500 MHz, DMSO) & 8.41 (d, ] = 7.4 Hz, 1H), 8.20 (d, J = 6.8 Hz, 1H), 8.13 (d, J =
8.7 Hz, 1H), 7.98 (d,J =7.7 Hz, 1H), 7.39 (s, 1H), 7.20 (d, J = 7.5 Hz, 2H), 4.54 (t, ] = 9.7 Hz, 1H),
4.29 —4.13 (m, 4H), 3.08 — 2.93 (m, 2H), 2.74 (td, J = 13.3, 6.4 Hz, 2H), 1.82 (s, 3H), 1.64 (t, ] =
18.4 Hz, 3H), 1.44 (d, ] = 6.9 Hz, 3H), 1.38 — 1.17 (m, 13H).

M E Ac-cyclo(1,5)-monoSsAAAC-NH, sulfoxide A/ B [FJ CD (& 4) , [HFER A B M4k
A alpha AR E RCR o

ARy S 24 J7 A B . SR, BRI, AR B A R MRS 2 i
$EN, AU TN R T AT A R R MBI, it SR AMB i (R AR o N AR T ) R A
BRPSCR 25K 1R 82 ot v

12
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. P Z AR E N alpha BEHE ZRESMINJTVE, HARHIEAE T, ZOTVEGEED N PR,

(D HZ IR SRR AR, IF SRR

(2) ¥BBR (1) WM& IS S5-I S NRAS R E N A 1 1) 2 BRAL 5, 12 TRk )
IR LR A7 B i+

(3) KRB RS MK 2 IS P %Ak, 3R45 R 248 S BRI BEAZ 1 1) 2 kA S0

(4 FLER (3D W= Baifh, 315 R BRI EEE 1 2 I S50

2. WORURIEER 1 FnR ik, JRHMERE T, BTk b3 (D PSERREAEB AT
gt

NH,
/\Hr/k!\cocm
6 (1),

Hop R NABU R, n 4 1~6 FIIEREAL.

3. WIRCRIEER 1 FriR i J7iE, HAHETE T, FridDRR (20 k-4 R B2 Jols D ok
(1 7P 5 2 e R n - R AT AE WD EAT IR URE, 8 i 300 I P e P T Bl 5 S i
MBS IR 2 IR 5D

4. WIRCRER 1 Bk 7k, HAHMEA T, Frid e (20 FBE (3D BB AUF:

CTC - o) CTC g
: syt Aol ¢L
HN 5 HS N HN N
\')]\ )ﬁf \)L )ﬁr HN Ry H )\lr )\f
In o) (Cys-amide) O ( In
rP DMPA, 31 365nm35 i 3h
SRR wawe
e YK 4

HN N
2 H
1.95%TFA2.5%TIS/2.5%H,0 HNjﬂL )ﬁr \)L /'\[r \?ﬂl\ A swho
22
2 HATU/DIEA/DMF 4\/\ /

=93

‘ RO w9 R g

\n/HN\l)I\H)\n/N\_)J\H)\[rN\!)LH)‘L

o 0 R, o/
‘)“\/\S

W

wEma
AB FiFh R 4R
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5. A MEBmEN 2 RS, HAHLET, 2 G RAT R 2.

0

ef\ A
H ""”'u

i

Hoep, Ry Rs & B MO AR B 3E, Ry~Ra 5 A RO HUNEILER RS, n oA 1~6 1)
TEREH, EARIAG AN R,

6. WIAURIEER 5 AR M Z A&, HAFEIE T, BTk 2 MK A KT 20 ML .

7. WIRCREER 5 TR Z Ak &9, HAHMEAET, Frik n oy 3 B4,

8. WIBURIZIR 5 AR 2 IR &l a8 T, HARIEAE T, &7 ass T DB

(1) K2 IR E AR KRR R, JFCBeE e, iR RSB AGIT
2t

NH,
/\Hr/k!\cocm
6 (1),

Hirh R NABUT L, n Ay 1~6 I IEHEEL

Cii) PR C1) B aid B k- I SOV A ik (0 BEAZ 11 1K) 2 kb &9, 10k
IR LR A7 B i+

CD KB A BEAZ 1 () 2 BEAL S P 284, 345 R 2B S R E AR BEAZ 1 (1) 2 kAL &4 5

Giv) R0 (D /=W saifte, 3R15 R BOVHIEE I 2 IR &4.

9. MIRCHIEKR 8 ik () Z BEAL-E I 4& J7iE, HARHIEE T, FridBaR (i) st
SRR SRR CLD Y5 ERECE N B AT AT R G OV, SR a it
JHZ SRR PRI T 1 1 IR A2 A 11 22 IR AL S

10. BURIZER 8 Bk 2 KA Wi hl & 77k, HAREAE T, FridbaR (ii) FpEE
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