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Abstract : The formation of turn structure in peptide chains has direct relations with intramolecular hydrogen bonds, therefore
the existence of this bond can be tested to research the turn structure. Herein, two tripeptides and three tetrapeptides are syn-
thesized by using glycine and L-proline as raw materials, #-butoxycarbonyl and aniline as capping groups, and HBTU and HA-
TU as condensation reagents, ' H NMR, IR and MS are adopted to characterize the structure of the products. Constant-gradi-
ent and variable-temperature ! H NMR spectra test is used to detect the intramolecular hydrogen bond of the synthesized poly-
peptides, and ! H-' H NOE is used for the speculation of the carbonyl group location of intramolecular hydrogen bond. The test
illustrates that intramolecular hydrogen bond is found in three out of the five synthesized polypeptides, and it is not found in the

other two. The polypeptides with intramolecular hydrogen bond formed all have the "-Gly-L-Pro-Gly-" segment, while the pol-

WA H 38 :2016-04-25 348 [0 H 3 : 2016-05-24 s 53 {E . 5k + %

FETE LA T3 B2 A GBI E (C2013003018)

EHEFAN 5 FA972—), 5w de M A BB 11, EENE LY b0 m e .
E-mail : zhangyong@ hebust. edu. cn

OB INESE, RIET, F. S HERM LR £ K A SR, WA R B R 24, 2016, 37(5) :471-476.
ZHANG Yong, SUN Yanmei, YUAN Xianrui, et al. Study on the turn structure of polypeptides containing glycine and L-proline[J]. Jour-

nal of Hebei University of Science and Technology,2016,37(5) :471-476.



472 o BBk % E i 2016 4F

ypeptides with only "-L-Pro-Gly-" segment or "-Gly-L-Pro-" segment do not have intramolecular hydrogen bond formed. The
carbonyl group forming of intramolecular hydrogen bond is attached to the amino group of the capping aniline, and amino group

involved in hydrogen bond formation is linked to #-butoxycarbonyl.

Keywords: bioorganic chemistry; turn structure; intramolecular hydrogen bond; nuclear magnetic resonance spectroscopys;

-Gly-L-Pro-Gly- segment; polypeptide
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Fig.1 Structures of peptides
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(Fi+ Bruker Boispin 24 R $#&4t) ; LC-MS2010EV AR G35 FUG B M (H A BB A G 4 ZF-2 B =H
FAMU (R TT R = iR 1’ ED

HBTU(Shanghai Medpep Co. , Ltd #£t) ; HATU(Shanghai Medpep Co. , Ltd #£fit) ; N, N-— R FH %
Z. ¥ (Shanghai Medpep Co. , Ltd #t) ; CDCl, (Cambridge Isotope Laboratories. Inc $£4t) ; & F 4w (H
R E L2 A A R R HE) s N, N-Z B 5 H Bk ke (| 25 48 A AL 2250 A IR A R $R ) 5
L2 ZHREHER

A B2 B R B O % R PRk it B UG A VBURE 2 — A BRET P L5 R B IR EE R B BT IR LA UL A
W1 R E RN A R

T2 A R R 2 U5 T[] 3 V% BE A I I AL ES TR RY 250 mL P9 AR, iMA 1 mol/mL &
AALBIKIE I 110 mL, A RAE IR 0. 1 mol; ¥ 22.3 g (0.1 mol) ZHRFAR AT BRIFAE] 75 mL AT
BEH L, HAE 1 h AT, ER T RS R . SO %A IEC (30 mL) ZEE, ff BKAH;
FBET 0~5 CHyvk/K¥E o, [ 7K AH o 0 6 F0 i BR S B K L B4, AT pHE R 1~1.5, IZ R Z B8
(100 mLXDHFER ., FAHEZEEKRNAYME, RN AMB S ZRZEERLR 2: 1T0IA 1 HKZR).
K AP TCKBREREE T 5 h, I8, B IR MR 45 , 75 2 R B WM, B AGE & 1E O bt Bk B 20, 47
R HEERA A N-RT S REHER.

[l 500 mL B OB A N-AUT S EEH &R 1. 75 g (10 mmoD) , 5 ¢ 250 mL, N, N-— F B H
BEA% 25 mL, %% 1 mL (11 mmol) ,HBTU 4.3 g (11 mmoD) , I AER N, N- "R FEZ %, @¥ pH{EH
8~9, BB THPESRN 12 h, KB SE . I A 100 mL /K, BULREAE K. FHZBRZHE (100 mL X 4)F

BBV ARKA 5% GREDE T RDBRERE .2 % (R E0 88 K MEM R /K A (100 mL X 3)
BEATURG B BIE VM. IS & BT K B ER B T I 7, o B VR 48 )5 15 2 [ 44 7= i N-RUT S B H & iR
N

7] 250 mL BA BRI N-R T EREHERR-FM 2.5 g (10 mmoD) . & F 4t 15 mL. =& 2R 10
mL, FEAT BRI SN, B BE 2 b, 5 S0 TR MR 48 1% BRI AR . R R AT BERR B 4R A IR, A B R ] 2
B > ¥ B AR =Y A B AT S E 45 i 0 O i b AT 2k . XA B 2 KA & W BT R 2L IR L 40 A RIS A 4y
PG LI X H A BEAT A E .
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Fig. 2 Synthetic route of peptide 1
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FEMBEW (1~2 mmol/L) o, 5 F A F ST LIZ M BT NSRBI F R AR ENSH,
SR BE R MR BN A B B R R TR U 1 8 S B R B G R T 32 1R B A M K R B R IR
REC A ST SR P A G L R S 6 B AR IR S LR AR £ K TR L. A CDCL, FER I,
¥ BARZ R BOEC AR 2 mmol/L BRI, #E47 H NMR 525, R ERLEE D 24~48 CREE R 4 C,
"H NMREZH R F 2g30 Bk e 700 &€ , 1 98 4 16 X107° , B4 1 65 KB, 3R FER 0 s, S IREL 64 I, T84
& R EUE B AR i, R W T 0. 3 Hz, TMS IR IEA A
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AR IREE AL E , NTTHE MG . i CDCLy /R 65 B #5 2 ik i B BC B 200 mmol/L #) % ¥ » fif
Btk H-' H NOE 525, L3 iR B4 25 °C,NOE 3%k fl NOESYGPPH kb B 51 & , Fy Fl F, 4835 58
R 11X107° , 54 Fy X F,=4 096 X256, AR EH 96 K, i FER 4 s,

2 #R5iHiR

2.1 ZREMNSHRIE
2.1.1 N-RUT Sk T &R L- AR H &R k=K

N-RUT SR H &R L- I & MR- H &R = ko B @ Bk, el 3690, 08 Ml 182~183 C, IR
(KBr K/ )sv/cm™':3 370.6,3 305.2 (N—H), 1 674.7, 1 653.7, 1 638.6, 1598.2 (C=0), 3 079.8,
1550.8, 1452.7 (Ph—H),'H NMR (500 MHz,CDCl;):8(X107%) 8.89 (s, 1H), 7.73 (d, J=8.0
Hz, 2H), 7.53~7.51 (m ,1H), 7.30~7.27 (m, 2H), 7.09~7.06 (m, 1H), 5.51~5.49 (m, 1H),
4.34~4.32 (m, 1H), 4.07~4.03 (m, 1H), 3.99~3.81 (m, 3H), 3.60~3.56 (m, 1H), 3.41~3. 36
(m, 1H), 2.06~2.04 (m, 3H), 1.90~1.86 (m, 1H), 1.39 (s, 9H), MS (ESD :m/2(%)=1427.2
[M+Na]t, HRMS (ESD caled for C,, Hps N, O; 404. 109 9, found 404. 110 3,
2.1.2 N-fUT &k H &R H &R L-HE - &8R- 5% ik

N-RUT SR H &R H & R L- Il &0 RR - H &R fi VY Ik o8 266 98 2 5 b RO I, e 17040, TR(KBr
JEH)sv/em™':3 370.3,3 314.3 (N—H), 1 674.0, 1 599.4 (C=0), 3 078.0, 1 547.0, 1 442.3(Ph—
H) .,'H NMR (500 MHz, CDCl;): §(X107%) 8.97 (s, 1H), 7.89 (s, 1H), 7.64 (d, J=7.5 Hz, 2H),
7.39 (s, 1H), 7.29~7.26 (m, 2H), 7. 08~7.05 (m, 1H), 5.45 (s, 1H), 4.37 (s, 1H), 3.99~3.90
(m, 4H), 3.74 (s, 2H), 3.59~3.58 (d, J=5.5 Hz, 1H), 3.36~3.35 (d, J=5.0 Hz, 1H), 2.10~
2.03 (m, 3H), 1.88~1.85 (m, 1H), 1.36 (s, 9H), MS (ESD: m/2(%) = 484.3[M+Na]*, HRMS
(ESD caled for C,, Hyy N;Og 461. 216 7, found 461. 220 5,
2.1.3  N-RUT &P H &R L- a5 &R H & R4 Y Ak

N-RUT S H & MR- L- & MR- H & R - H & RR- 2R ik U ik 1 6 B 1, e 1100, 18 45 185~186 C,
IR(KBr [JEH),v/cm™*:3 311.4 (N—H), 1 722.1, 1 664.5 (C=0), 3 094.6, 1 500.7, 1 446. 6(Ph—
H),'H NMR (500 MHz, CDCl;): §(X107%) 8.67 (s, 1H), 7.98 (s, 1H), 7.86 (s, 1H), 7.64 (d,
J=7.5Hz, 2H), 7.25~7.22 (m, 2H), 7.06~7.03 (m, 1H), 5.43 (s, 1H), 4.35~4.32 (m, 1H),
4.19~4.15 (m, 1H), 3.99~3.79 (m, 4H), 3.45 (d, J=14.0 Hz, 2H), 3.35 (d, J=5.5 Hz, 1H),
2.10~2.03 (m, 3H), 1.90~1.87 (m, 1H), 1.37 (s, 9H), MS (ESD: m/2(%)=484. 3[M+Na]",
HRMS (ESID) caled for C,, Hy; N O 461. 278 9, found 461.289 1,
2.1.4  N-RUT &Pk EL- &R H & MR- H & H &8R- 4% ik

N-RUT Sk B L- Tl &R - H & MR- H & MR- H & BR- 7R i 0 ik B B K, 3R 3500, 1 45 168~169 C.,
IR(KBr JE H),v/ecm™': 3 302.9 (N—H), 1 669.4 (C=0), 3 067.5, 1 499.7, 1 444.5(Ph—H),
'H NMR (500 MHz, DMSO): §(X107%) 9.77 (d, J=8.5 Hz, 1H), 8.26 (s, 1H), 8.20 (d, J=8.5
Hz ,1H), 8.10 (s, 1H), 7.60 (d, J=8 Hz, 2H), 7.32~7.29 (m, 2H), 7.06~7.03 (m, 1H), 4. 11~
4.07 (m, 1H), 3.89~3.82 (m, 2H), 3.81~3.69 (m, 4H), 3.35(s,1H),3.30~3.27(m,1H),2. 08~
2.04 (m, 1H), 1.84~1.69 (m, 3H),1.38(s,4H),1.32(s,5H), MS (ESD :m/2(%) = 484.2[ M+
Na]t, HRMS (ESD caled for C;; Hyy N5 Oq 461. 164 5, found 461. 189 3,
2.1.5 N-fUT Sk H &R HEARL-HER- k=K

N-RUT S H &R H & MR- L- T ERR- 2R i = K B [ A, %8 4506, 48 25 166~167 °C. IR(KBr
EH),v/ecm': 3 437.3,3 265.5 (N—H), 1 703.0, 1 688.0, 1 664.3, 1 643.3 (C=—0), 3 097.4,
1511.7, 1 444. 9(Ph—H) ,'H NMR (500 MHz, DMSO): §(X107%) 9.90 (s, 1H), 7.82~7.80 (m,
1H), 7.60~7.57 (m, 2H), 7.32~7.27 (m, 2H), 7.05~7.02 (m, 2H), 4.44 (d, J=3.5 Hz, 1H),
4.01 (d, J=5.0 Hz, 1H), 3.90 (d, J=4.5 Hz, 1H), 3.63~3.45 (m, 4H), 2.16~2.10 (m, 1H),
2.02~1.96 (m, 1H), 1.94~1.83 (m, 2H), 1.36 (s, 9H), MS (ESD:m/2(%) = 427.2[M+Na]l*,
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HRMS (ESD caled for Cy Hyg N, O; 404. 157 1, found 404. 167 5,
2.2 SFHERHENER

SHEAR'H NMR WSREREH - ZRASY 1 FR 25 N—H AW 2 T2 5 N—H.&G
Y3 Ry 2 5 N—H MU BEERB/NT 2.6 X107/ T, AR R T 0 7 NE#: ZIRILEY L L&Y 5
T N—H B2 B IR E R R T 2.6 X10° /T, BIRERS TARE. 2o TAIBKINALE
BAEmE 1 . 4ea9% 1 89 H NMR R SCK EENE 3 Fiw,

A1 ZHRESTAAMEED LRHE

Tab.1 Data of intramolecular hydrogen bonding tests in peptide chains

NCH a1 a2 a3 A=/ K" a5

2 10 13 2 5 13 16 2 10 13 16 7 10 13 16 2 5 14

& (X107% 5.2 7.0 8.6 4.7 6.9 7.2 8.5 5.1 7.05 7.7 8.2 7.95 6.47 7.34 8.46 5.16 7.00 9.09

AS/AT 1.4 3.3 4.6 1.0 4.2 6.4 51 0.733 3.5 4.7 2.9 7.15 3.23 4.58 4.53 3.71 4.60 3.36

2.3 #EHIR'H-'H NOE IB &R

Btk fL ' H-'H NOE Ll 45 R &
AALEY 1T /LR 1TH FIZER
£ 15H,16H #1 17H K, 58T A
EMEMNEE LK 2H 5 11H X4,
E B b 3 SR T S A S () BLAR 0 T
WM 2 A EJR T 13 AR E N E IR T
B4y F A8, H NOE J& # i K & 4n &
4 B .

B, RIS 2 MiLad 3 K
NOE L3 45548, il 4 2 f SR 1A 15
PRENEIR TR T 0TS

13H 10H 2H

3 &5
B3 4% 1e'HNMR EBEELAFAKEE
DUHE R L-H& R AR, )T Fig. 3 Part variable-temperature ' H NMR spectra of compound 1
BREE TR B O B v H, £ HBTU A
HATU 455 BER T HI4& T 2 M=K 3 A UK, @' H NMR, IR & HRMS Xt & =Y #47 T 4514
RIE.
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2) R ARG IR S B AR IR S S, XA U 5 B KT T o F NSRRI, RIE S B 5 A
ZHRF.E3HERERT # THEE. 2 AR R. ARG THEENZKFEH-Gly- L-Pro-Gly-K
B, RA-L-Pro-Gly-8-Gly-L-Pro- i Bt i) Z IR AR TE o F N S5 .

DXTE M FHNERNZIREMRIEEN B FASENASMLE N SR T AREMHENRAS,
NOE 52 36 25 5 7 4 0 55 55 1 07 B R 5 28 e A S AHE B 3

4) R FE G R AT, LI &R W LA SR b 5% M S5 W T LR IR #4452 ,-Gly-L-Pro-Gly- 2 ik Jr B AT B L%
e R
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