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Regulation and polymorphism of folded short peptide based supramolecular helix

WANG Qiangian', LIN Xiang' , WENG Peimin', CAO Jinlian', YAN Xiaosheng' 2", JIANG Yunbao'*
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Materials, College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China; 2. School of Pharmaceutical Sciences,
Xiamen University, Xiamen 361102, China)

Abstract Folded short peptide 1 from alanine based N-amidothiourea, with thiophene and m-iodobenzene groups
respectively equipped at the N- and C-terminus, was synthesized. The intramolecular B-turn and supramolecular helical
structures of 1 were investigated by absorption, circular dichroism (CD) and NMR spectroscopy, single X-ray diffraction, X-
ray powder diffraction, and theoretical calculations. Our study reveals that folded short peptide 1 features polymorphism
during crystallization in CH3CN. Block crystals A of kinetic stability were obtained after heating-cooling and standing for a
moment, in which 1D hydrogen-bonded supramolecular helix is formed. Needle-like crystals B of thermodynamic stability
were obtained after standing overnight or through slow solvent evaporation, in which both hydrogen- and halogen-bonded
supramolecular helices are formed simultaneously, affording 2D helical layers, which are further connected by solvent CH3CN
molecules through hydrogen bonds and size effect to afford stable 3D superstructure. The solvent CH3CN is indispensable to
the formation of crystals B, since in other solvents such as MeOH, CHCIs or EtOAc, only crystals A were obtained. By virtue
of the crystal structures, the regulation mechanism of supramolecular helix through kinetic and thermodynamic pathways and
the influence of solvent were illustrated.

Key words folded short peptide; B-turn; polymorphism; supramolecular helix; halogen bond
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Fig. 1 Molecular structures of short peptide based N-amidothioureas L-/D-1
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MR PR ER R AL . 1-F2 3L 2K =M (HOBt). mifk — I f% (EDCI) WWH L HEBELFRAR; oHrd
RAPEE., =Sk, 2RO, . LKOE. TKOEBE. =28 (TEA). LK. K&
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Bruker AV500/600 MHz ¥ SL Rk EAX, Agilent 1290-6545XT i i RO (i v 43 1% DU 22 AT &
A7 B [B) 5T 1% 6 A 4%, Jasco J-810 [ A (CD) JGHEAX, UV-2700 £540-17 WL G4, BLAK B My
ckx53 Y% T4, Rigaku XtaLAB Synergy A1 Agilent SuperNova Dual System X-5i £k 8 5 A7 S,
Rigaku SmartLab SE X-5f 2k K it it (PXRD) A%,
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Fig. 2 Synthetic routes of L-/D-1

FREL 1.28 g (10 mmol) 3-MEWS FHEZ, A 20 mL =4 W 841 1.5 mL (10 mmol) TEA, VK/KIB &1
T 2.87 g (15 mmol) EDCI A1 2.03 g (15 mmol) HOBt. #it#k ™ 0.5 h J&, M 2.25 mL (15 mmol)
TEA 1 2.30 g (15 mmol) L-NRARR LR . iR NS, 7R, BRIER, 153 A 6l
&, MR B, FRXHK. 1% JRESED WMEK. 1% (ESHO W5 A & A
W ZEI e s, 1938 LEBIE AN, FHICKREBRPERAK, BUEZEMER LS, A e 5 50
W, . THEEH 1.62 g AEEMAEY) L-SAOEL, F2% A 71%.

¥ iR L-SAOEL ¥ T 30 mL 4/, A 4 mL /K& B (i 4% 85%), 80 € kAl &
ROER . JRIEZAR A, IANDE R, BAEIRGIES), LEAM, =8 3~4 &k, kLT
EIKE . R A 2Bk, 93] 1.40 g AR =Y L-SAN2Hs, 723N 92%.

FREX 0.21 g (1.0 mmol) L-SANzH3 £1 0.31 g (1.2 mmol) 3-flt R AR F R, A 30 mL 2/, =i&
6 he JRIEZEWEER LR, HOBRERTEE A=Y, TREMAE] 0.34 g HEFE A~ L-1, =3
N 73%.

D-1 &P BRI L-1, P23 N 76%.

P L-1 A D-1 ) 'H-NMR. *C-NMR F1 & 2 ## i i (ESI-HRMS) FALLE R R

L-1 *H-NMR (500 MHz, DMSO-ds) 6 = 10.45 (s, 1H), 9.87 (s, 1H), 9.33 (s, 1H), 8.82 (s, 1H), 8.27 (d, J
= 1.7 Hz, 1H), 8.13 (s, 1H), 7.90 (s, 1H), 7.65 ~ 7.60 (m, 1H), 7.58 (d, J = 4.8 Hz, 1H), 7.51 (d, J = 7.6 Hz,
1H), 7.16 (t, J = 8.0 Hz, 1H), 4.25 (s, 1H), 1.39 (d, J = 7.0 Hz, 3H). *C-NMR (151 MHz, DMSO-dg) 6 =
179.79, 171.91, 167.56, 140.36, 133.04, 132.83, 131.74, 131.55, 129.90, 128.22, 127.61, 122.81, 93.41,
49.19, 16.24. ESI-HRMS: [C15H15N402S2INa]* m/z = 496.9579(i1 511, 496.9573 (il 52 1H) -

D-1 'H-NMR (500 MHz, DMSO-dg) 6 = 10.43 (s, 1H), 10.45 (s, 1H), 9.87 (s, 1H), 9.33 (s, 1H), 8.81 (s,
1H), 8.27 (s, 1H), 8.16 (s, 1H), 7.89 (s, 1H), 7.62 (d, J = 3.4 Hz, 1H), 7.58 (d, J = 5.0 Hz, 1H), 7.51 (d, J =
7.8 Hz, 1H), 7.16 (t, J = 8.0 Hz, 1H), 4.25 (s, 1H), 1.39 (d, J = 7.0 Hz, 3H). **C-NMR (151 MHz, DMSO-ds)
5 = 178.67, 170.82, 162.20, 139.31, 135.24, 131.93, 130.42, 128.88, 128.74, 125.87, 125.78, 121.71, 92.32,
47.83, 15.19. ESI-HRMS: [C1sH15N402S2INa]* m/z = 496.9579(i+ A1), 496.9572(ll € 1)

1.3 BEEFRESIEREITE

FREL 5 mg ) L-1 8% D-1, JIAN 1 mL Z 5%, 70 °C 2644 Fn#4 5 min, G, I8 H &
B 2min, BIARUNTHOR A ANH: B 120 )5, BEEEAM/NPIR A B M. BEE SRR B
AR, AL R A A [ f ik B AL .

REUR BRI, K/NEER /A A F1 B T Rigaku XtaLAB Synergy % Agilent SuperNova Dual
System (1) X- 55 2 B g AT 5 A b0 B O 6 4 IR AT SO R AR T B AR SSR A Cu Ko K. RSO
IEIE#E Crysalis #2/7, BEMITEN, SEEJE 73S SHELXTL #2537 &/ 3R 1a) 5 1 6
&, EEFRNERIE, SERESEURTE L. AW 1 BIFTA SR 4R SR T 800 5 1 45 14 5
YiE, CCDC 543%)4: 2169537 (L-1-A); 2169538 (L-1-B); 2169539 (D-1-A); 2169540 (D-1-B).

FiB T E R H Gaussian16 3, fER A B S, Z K WB97XD, C, H, O, N, S i {2k
N 6-31+G(d, p), | JR P4y LANL2DZ. M EA/EH R R AR T RAESRENKIE.
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F1L-1-A, L-1-B, D-1-AFID-1-B& A ) 5 fu 2 %4
Tab. 1 Crystal cell parameters of L-1-A, L-1-B, D-1-A and D-1-B crystals

&=t/ L-1-A L-1-B D-1-A D-1-B
Sk C5H,5IN,05S, C5H,5IN,40,S,, CH;CN Ci5H 5IN,0,S, Ci5H5IN40,S,, CH3CN
s 47433 515.38 474.33 515.38
MRE/K 99.8(6) 293(2) 99.9(6) 99.9(6)

&R R Rk Rt R

o [ A P2, P2, P2, P2,

a/nm 0.99935(2) 1.42471(3) 0.99880(2) 1.42497(2)
b/nm 0.87097(2) 0.464100(10) 0.872030(10) 0.464050(10)
c/nm 1.03242(2) 1.60403(4) 1.03272(2) 1.60471(3)
a/(°) 90 90 90 90

BI(°) 104.252(2) 90.935(2) 104.230(2) 90.9410(10)
Q) 90 90 90 90

A /mm? 0.87096(3) 1.06046(4) 0.87188(3) 1.06098(3)
A RS /mm? 0.26 x 0.18 x 0.12 0.52x0.15 % 0.13 0.32 % 0.28 x 0.26 0.35%0.18 x 0.12

2 ER5W1R

2.1 BEHEBH B-HRAEW

FR Y% S2 06 = AT R BT, HEMN G AR B IR > 7 1 BE 0 TW B-EMESEH, »ETH 3
(a) . MHILIRSI KD, BHH CDCN #7454 DMSO-d6 i, L-1 7014 4 44-NH i 7 -NH? [
S A A AR FE e /N, ANFEEN T 0.13; —NH2. —NHP FI-NHS ({4 2 B AR R 3, 4 Bl k%
%817 1.37, 1.70 A1 1.96. D-1 4 FHI-NH JiFA# A B E BB SR (B 3 (b) ). ZIMRIER
—NHY Jii 752 B AA ] DMSO-d6 2/, NS5y F AT e, f8n TEmmTh B-%
45 R IAEAE

WA 1 WU CD iR TR 3 (¢) o L-1 F1 D-1 ) CD ik 8GR AL R, En
CD 55 ¥R H FHAEIRRE. MIK 250 nm BT 4L HW A CD {5 5 ] V3 & T 1wy H Bk 79 =0 i 5
B WOk R, 275 nm Ab R AE W IS UG AT A A AR R IR AR (A, 6N CD ki TR S IS S,
T NTFHT AR, THET TN - A HINFE.

(b) ¢(L-1) = ¢(D-1) = 2 mmol/L; (c) c(L-1) = ¢(D-1) = 40 umol/L.

B 3 (L& L-/D-1 1 B-Fe LM R ERE (a), L-D-11 4 HEZE T T DMSO-ds Al CD:CN b2z % (b), LML &4 L-/D-1
WA CD e (c)
Fig. 3 Schematic diagram of B-turn structure in L-/D-1 (a), solvent accessibility of —NH protons in L-/D-1 that is given as dx g in DMSO-d¢ minus
Onu in CD3 CN solutions (b), absorption and CD spectra of L-/D-1 in CH3 CN (c)
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P2 L-1 NG &h et I T ek Sk A FEPIR A B (B 4 () ), Zrdlidy L-1-A F
L-1-B faff, B0 R 2 @A et s E 2 min, B HUNTHOR S A L-1-A BT, sl A
RIS M, T E 12 h Ja2eA 40/ EEIRR R L-1-B i, WA sl KRR fik . X-S 4
AT AT R ] L-1-A A L-1-B @RS HER B (R 1), UHEE S eE& LD
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BRI L-1 @Ak ARBE4T PXRD WK, 35 L-1-A A1 L-1-B Al s Bk (K 4
(b)) KM L-1 MAFREAE L-1-A SRATHIE, TR L-1-B SARMIATS 0. 20 Bhik— %t L-1-A
F—81 L-1-B g R AT B4k CD Yk, =& ks BAE (B4 (o) ), RnAFE MR
¥, PXRD Flldl {4 CD szt — DL HF T L-1 AR Z MILER .

Kl 4 2B BRI SR L1 DL BAIEHR (a), TSR A L-1-A A L-1-B 9 PXRD EIANSEBRIT L-1 &4 419 PXRD [ (b),
M L-1-A 1 L-1-B FIRE & CD S8 (c)
Fig. 4 Optical microscopic image of L-1 crystals obtained in CH3CN (a), calculated PXRD patterns of L-1-A and L-1-B crystals, and experimental
PXRD pattern of L-1 crystals (b), and solid CD spectra of L-1-A and L-1-B crystals (c)

2.3 BRIEEHEN

ik A BRI SRR TR 5 (a) o L-1-A MRS ULIT S S EEE, 2 THaS
N-H?--0%=C +Juir&fd, 4 0.2189 nm, Hff N 155.9°, H4E — I M A0 vk I U5 PII-4% M 45
H, D-1-A SRS 5 B G FR, 8 BIr-F mait, Hds T 2.

WOELR R T AR

& 5 L-/D-1-A(a) il L-/D-1-B(b) i & 14 45 14
Fig. 5 X-ray crystal structures of L-/D-1-A (a) and L-/D-1-B (b)

ik B AT 4 Ron T 5 (b) o L-1-B fiAZ A 2T BEMER, U0 TH pI-F
45H . D-1-B @RS 5 2 BERRR, B BI-FEMaitg. h® 2 v, Hdik A ML, &k B
TN AR, AR, R ENTE, SHIEEHE R B

%2 L-ID-1-AFIL-/D-1-B it iR 25 1 K - £ A S 8
Tab. 2 Parameters of B-turns revealed by X-ray crystal structures of L-/D-1-A and L-/D-1-B

wEY TGS o1/ (%) wir1 /(%) 02/ (°) Wi/ (°) et K /nm A )
A -59.55 126.79 75.34 11.45 11 0.2189 155.89
o B -57.44 133.35 74.10 4.15 11 0.2112 156.64
A 60.406 -127.07 -75.60 -10.80 1 0.2194 155.33
b B 56.65 -133.47 -73.59 -5.26 r 0.2123 156.30

2125 5 T A A TR R 0 A HERURE SCANGE O IR A5 A FAE, W 6 Fros. L-1-A BiRT, IE
b #7751, AR5 FHEH N-H>-T0=C FI N-H®-*0=C XUE &8 (FEHCme, Tl —4Eit8 14 TR e
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giky, A%k B-FeMuREtt, WREECY 0.871 nm (K16 (a) 1 (c) ): WA c iy, ~FAT R A T I8 et
WREE Ty T 18] N=H - 1-C 2B I AZ e — EIR e & (| 6 (b) A1 (d) ).

6 L-1-A A A (1 W8 e 45 400 R o 2 25 4% 5

Fig. 6 Supramolecular helical structures and X-ray 2D superstructure of L-1-A crystal
W a BT, AHAT K 4ER T T E = 4E S AR SE N R M BE H 242 5 1) C-H--S=C A8
MZEHER, ey T =485 (K 7). Hmt i, L-1-A &b A3 D1, FERED T
) B A A = R HERR, AR i, HLREIE B B IR e 1% 3% p-He MRk, B2 L-1-A Bik3h
A ZERIPS

B 7 L-1-A i A = 4 2 2 A 20
Fig. 7 X-ray 3D superstructure of L-1-A crystal

iR L-1-B w7 1 I HERUB QAR i 45 s 11 8 A 9. 9535 b By, M4 L-1-B 0 1
i N-H--'0=C Al B2 (F F s, W —4eEsEsit (K8 (a) ). Wik c By, —s%E8SHMK
Bk BB C-1-95=C ERIE B 7 74 T sa B IR IR 45 1, AL B-HeAMIRErE, AN 0.464
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nm (188 (b) ): ZEFELS MM 5 — 5% ELRERE th N-HC--"S=C 1 ¥ it 43 7 4 T 2 B IR e 45 4,
BRFEJR Y 0.464 nm (K 8 (c) ). FHES5A T iR he s & Hif, M ILANGRHIZ), W ¢ BJs 1A JCPR iE
iR RS E ) — 4R e (&1 8 (d) ).

8 L-1-B & % i (02 i 45 40 R0 4k 21 5 i 5

Fig. 8 Supramolecular helical structures and X-ray 2D superstructure of L-1-B crystal
WE a jsm, WilOiEn T2 54, R0t = BB AE I SO <0 ) — 4EiR e F i, A L ofE
WA SE Bl 7> 5 = 4E4i i) (B 9). LR MY T2 5380, W R AEHIR SR B TR UK %6 -

P9 L-1-A 1 =4k AR
Fig. 9 X-ray 3D superstructure of crystal L-1-A

ik — L BB J e M T A ZE R, LT L-1-A R L-1-B WY ARk Ky, 2 245 =0RN
fEMfE. B 5 &M, fk L-1-A F1 L-1-B ¥ 7 BI-S5 M, (0 35 45k g my SRR 2R 2R 1) 41
X R ZE R 2 . AR L-1-A A L-1-B B IR S M 2 HUR TR 3. B R E M AR S
A RS AR YE R iy A TIRGE, R0y 0.871 nm, AH4R 7> 1 (8] 1F HI fE /9-89.89
kd/mol; T #A )5 R E A A B[R] TR R 1 S0 B R o B 448 A% F) U 20 7 TR, EL T AR e AR
HERMRE, BB 0.464 nm, BRERGERE, AT B-FAURBEVE RO, b AU R AR T REOA
125.31 kd/mol, g B B2 JiE1F FH ik 9-32.66 kJ/ mol, SAF A AE 235 AR, SE MR A i A o IR e 25 1) 5
NFESE . B, ARG A BE LI B T 8l ) 2 Mk D) S A B 2 TR e 5 A iR AE A B
FHE 0 R P A SRR 5 4 R AT
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%3 L-1-AFIL-1-B & & h SUBE AN s SR e 25 1 2 50
Tab. 3 Parameters of the hydrogen- and halogen-bonded helices from L-1-A and L-1-B crystals

S TIafE I RE

EN R 1] URFH/ nm U L
(kJ * mol™)

N—Hbf0=C (dy1.0 = 0.2018 nm; ~NHO = 140.08%)
L-1-A HF 0.871 -89.89
N-H®¢0=C (dyi..0 = 0.2352 nm; /NHO = 131.19°)

-106.41
N—H®f0=C (d.0 = 0.2143 nm; £ NHO = 143.84°) -18.90
HF 0.464
L-1-B N—H¢+"S=C (dyy..s = 0.2468 nm; ~/NHS = 149.15°)
-32.66
HF 0.464 C-I-++£8 (dp..s = 0.3756 nm; ZCIS = 151.88°)

W *Z N WB97XD, C,H,O,N, S JETHIEAN 6-31+G(d, p), R THIZL N LANL2DZ.

Zibwrsn, L-1-A M L-1-B KA ARSI M R aC PR R 2 22 5 . IbAh, mRE R, B
Him AR BN R, ROLEE] L-1-A 7] L-1-B FE46. #EICHIB L-1-A F1 L-1-B Sh 4R 0 i f A4
KEBERAFMERA, fHEAERNSYE, FEKES TRSEERRAE 4R, YOERER, N3l
RS RE: FEAE CRERNG T, EB TR I BAE R T S BAE R AR =R
N, ZRTEH, AT k.

2.4 BFIZTE R % REI 0

FRGERERF BRI L-1 £ LIFER R4, TR R30 ) iRS sk A N2 s ik
B, Highfk B L& LG A oo DA B e H A 7 70 O e 466 i S8, AR FU IR RI0T &5 i MR BE 1) 52
e, FREL 5 mg i L-1, 23N 1 mL FHEE. 2R OERE =S RER, mRvEiE, eiudiE, %
E, WAEBNIORGE AT BEIRE, ARSI/ HR & B (B 10).

10 HEE. LR =S By b 5 IR 0 L-1 SR roe s B
Fig. 10 Optical microscopic images of L-1 crystals obtained in MeOH, EtOAc and CHCl;
ST . O CBE R =S T B TE A B IR B s A, 2547 PXRD WA (&1 11), ATAL 3
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Fig. 11 Experimental PXRD patterns of L-1 crystals obtained in MeOH, EtOAc, CHCl; and calculated PXRD pattern
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Tab. 4 Crystal cell parameters of three L-1 crystals obtained in MeOH

W

WwEY rn A 1 mmik 2 ik 3
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mR R Rt s
Sllipid P2, P2, P2,
a/nm 0.9983(6) 0.9972(7) 0.9953(17)
b/nm 0.8705(5) 0.8708(5) 0.8713(6)
c/nm 1.0330(6) 1.0341(7) 1.0341(11)
w(°) 90. 90 90
BIC) 104.23(5) 104.14(6) 104.44(12)
2C) 90 90 90
AR nm? 0.8701(9) 0.8707(9) 0.8680(2)
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