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29 2FdAL FYVH=E S48 TIYE =Sy 24T 9¥e AE]
7] 98he] proline NCA & FA L] otA BV EL (ACN)F uFALulqg WAlEv 3
ol A F§3te] A 3= poly-L-proline o $-AF e & A ALF(R), X-43 A% L o}
#3 A FA(ORD) Y 2.2 F3sldt,

sl Qo] A %33 poly-L-proline & poly-L-proline § (PPI) o] ACN oA Z3a
AL poly-L-proline (PPI) &o] $-M& Aoz 2Fact, ¥, PPI& FFFo] %
R o2 ¥ola extended chain crystal & W Asle] ppll &= FF o] ooz HolA
chain folded crystal 2 A3t Aoz FFHLY,

Aoz, FQEH=TANF ¢4 Aqo] flolE extended chain crystal 2 343
T 4 A

Abstract: In order to examine the effect of hydrogen bond of polypeptide
in the course of polymerization, the heterogeneous polymerization of L-proline
—~N-carboxy anhydride (NCA) was carried out in acetonitrile and in benzene
as a polar and a non-polar solvent respectively.

The conformation and structure of polypetides were investigated by IR spe-
ctroscopy, X-ray diffraction and optical rotatory dispersion (ORD) method.
The polypeptide obtained from the polymerization of L-proline NCA in aceto-
nitrile gave predominantly poly-L-proline I (PP I) type and whereas the
polymerization in benzene gave poly-L-proline II (PP II) type.

While PP I seemed to give the extended chain crystal due to a high conve-
rsion, PP II seemed to give the chain folding crystal resulting from the lower
conversion. ’

Consequently, the extended chain crystal could be built without forming
the hydrogen bond.
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polysarcosine, poly-N-phenylglycine @ poly-
L-proline 5¢& ZPel=do] gl agA el
Fart glomz 7t2rds)d A% 34
& 4 ¢lv}. polysarcosine & ACN Fof A] &3] -
= AA EFLASFEL E7H58H, poly-N-
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7| +& 973 A, a-helical conformation &
3 48l = NCA &2 extended chain crystal & &
Agoz FHELS A 100%] 23t=dl vt
¢] B-conformation & & 4 5}l+= NCA E-& chain
folded crystal & FA oz FFFL2 AART
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32 FEAel BEoole

ul 54 gelsk S Gl A ErdAle 3%
¥t poly-L-proline 8] ZEwjo]&g AEFI] 4
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Figure 1. Infrared spectra of poly-L-proline obtained

by heterogeneous polymerization ((M)/ (1) =200)

a: Benzene

b: Acetonitrile

ol 66 %<+ 99 %<2l WA (a)+ ACN(b)olA
5% poly-L-proline ¢ IR ~¥E s o]&
2 A=z gz, 2955e¢m™), 2885cm™ I 1438
cm™2] 2% =82 pyrrolidine 229 CH, A%
A%l 7esE Aoz PPI PPIA o
2, o] F ZE|ve Txuo]&9] Aol Tt
2] 1355cm™, 1325cm™ @ 960cm7lo A EH 4=
Slth PP 1355cm™ 9} 960 cm™ o A 723 &
F2¥EY S ey PPI £ 1325cm™ 1 o A &
R 58 AJE M FFadEfd S Y=
o] o] £o] F-olo] 7]q18H= Al o4 = o
A 4o IREF A, 54871 ACNdj
Al 223}3) poly-L-proline-& PP | & ¥ v o] 0]
€] 54 ErolA FH#3t poly-L-proline 2 PPI
ZxojolEoz ZHFET, 2IFHEU MY/
(I)=42 ACNo|A F3¥3 poly-L-proline 2|
IR ~¥ E7 (Fig. 2.b)& Fig.1.b$} o] ACN
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Figure 2. Infrared spectra of the poly-L-proline obta-
ined by heterogeneous polymerization ((M)/()=4)
a: Acetonitrile
b: Benzene

AX FH¢ste] A& ¥R & poly-L-proline
% gxHolgo] FAYS & 4 At

PPI3} PPIY &¥¥ == PPIdA PPI=E
Aol g F715tAel PPIA 9] ACN ol A9 u]
FIA %, [a)BE —50~-100° o|T}i FH,
PPI+= PPI1 & 2840 Fold §4 PPI&
Aol A gl A Fol vt oFMEA ] Zold 15
AF = Yojok A3 Aot zelmz, F
5 A5E oM EA Ho FA uFIA=
£ 3494 poly-L-proline 8] FErjo]=g <&
4 gt} Table 19 2xwlg}l AAA9 BuS
WA 71 A ACN 3wl Al Y F¢3 Aag
OMAEAle] Xo] wFIAEE 243 AHAE
YEti e ACN oA 33 (M)/(11=4 ¢ 200
Q! poly-L-proline 9] (el 27+ 15° 9F 20°%]
ot ol EE Wl PPI o b7 &2 0
£4& WIdeE Aole MI/(I)=84 #H+
(a)& 7} —15° oz PPIo] 77§ Fz3d=
A4, mxrje} AAA Fuld oz} F3
T EE Y B3 A st T EYA
& g et o] ABEE oMER Holx 15
U7 YA ol v FAAEE 2 AH
PPI S E#ztst (Table 1) ¥]43 Aoz u
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Table I.
Initiator: n-butylamine
Monomer concentration: 0. 217 mole/dm3

The ratio of monomer to initiator ((M) /(1))

The specific rotation of poly-L-proline obtained by heterogeneous polymerization of NCA.

Solvent of Conversion

& F79A PPIA & sk

3-3 SEHHel X

235 poly-L-proline 8] F&% %7 3t
X-2 3 AAHRL g}, Fig.3¢ a ACNe]
A (M)/(1)=200, 1527 F3¥A2 poly-L-
proline ¢ #% X-43d =2 20=11 3°9} 18.0°
= 27t w7k o] 0.782nm ¢} 0.492 nm 2. 0.782
nm = PPI19 helix &) 47 A7} 0.905 nm
Qlu el (100) =l 7kA o siFech. z&#), Traub
=9 0] AA% PPIF2E P2, 9 FTe7HA
oAbk Al Z a=b=0.905nm, c=1.900nm,
7y=120° o], BAFelA FEFYPoz AT
X-A 3 A7k FR7E Table I Yo et

Table 2 o A] ¥.ubo} go] EAFE G} A3
Zhel F7re] ot JERe FAFES
3 A2E 78l B AAAGT
2y oz X-4 g4 4% AQd 2AHAA
g3 A a= AAF ) 2NE S5
otk o4 AFH2EEH ACNA FH3
poly-L-proline(Fig. 3.a)-& PPI-7z4e] &4

1

ot nh ot s

Zey A 14 A6z 19779 84

M/ polymerization (%) (% (@)% Nep/C? Form®
200 Acetonitrile 99.0 15 —520 0. 83 1
4 Acetonitrile 82.0 20 —480 0.14 I
200 Benzene 66.0 —300 —460 0.16 I
8 Acetonitrile 49.0 —15 —440 0.11 1A
4 Benzene 87.0 —259 —280 0.21 II
a) measured immediately after the sample was dissolved in acetic acid
E) measured three weeks after the sample was dissolved in acetic acid
¢) assumed from obtained samples
[I)=4, 200) poly-L-proline] #|F3|Hx, o
()i A7 —250 3 —300 oAk o] AEE (13}}3(0732""‘) 18.6(0.492nm)
obA = kol M A8 Mo AR E(1F L)
(a)% = A7 —280 3 —460QAA o2 MobA]
o] &8 Fz& PPI o 7}7h¢ Fze1AY PPI
5 PPI ¢ £%F =& PPIe]A PPIZ Aol 1545?0573nm)

~\

1 1 |

1

10° 15° 20° 25°%(20)
Figure 3. X-ray diffraction curves of the poly-L-

proline obtained by heterogeneous polymerization.

a,b: obtained in acetonitrile, (M]/(I}=200, 8

b,c: obtained in benzene, ™M) /(1y=200, 4
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Table . X-Ray Data

d spacing, nm

PPI: PPID pPia: M) /1/\ [é]N=* 200 fM}\ ég}*=4 M)/ [D =6200 ﬂ\'ﬂ é 1{}1’]'=8 ™M)/ () =e4

0. 784s 0. 783s 0. 850s 0. 783s 0. 850w 0. 783s 0. 582s
0. 576s 0. 576w 0.492s 0. 575s 0. 579w 0. 492s
0.49%0s 0. 496s 0. 407s 0. 441w 0. 490s 0.492s

0. 489s 0. 442m 0. 406w 0. 442w

0. 449w 0.410m 0. 390w 0. 370w 0. 406w

0. 406w 0. 390w 0. 362w 0. 362w

0.364w 0. 365m 0. 362m

0. 294w

0. 270w
0. 275m 0. 292m

0.259w  0.271m

0.234w 0. 245vw

0.214w 0. 228vw
0. 215m

*) Acetonitrile 8: strong

a) Data of Traub and Shmueli w: weak

b) Data of Sasisekharan vw: very weak

c) Data of Steinberg and Sasisekharan

#e, )
A g4 (M/D=20022 F¥a A >4 SEN &==2X

8729 X-43AHA=a(Fig. 3.b)x= 20=15.45°%} Fig. 4 ¢} Fig. 5= ACN A g3 MY/(D)
18.0° ¢ A% A=zE ez edl oA
Cowan S-1°9] Eubyof 93 PP 9 X-43 A3t
F dAget 2o Adbd PPIE AWAA =R
2a=b=0.662nm, ¢=0.936nm gld] EAFojA
243 20=15.45° & 0.573nm & °] 3t-& 0. 662
nm 7} PPI ¢ helix 9] FA7-A 2 <1+ (100) =
7474 of A F3F=A o] =& ACN el A F3H4t poly-~
L-proline¢] PPIQl RAAF AR FHE
poly-L-proline & PP +2 2 75}, Fig.3.
d9 FAzE ACNHA M)/ T1=82 FHAZ
A g0 X-438 A9 =¥ PPI & utgd 3 11.3°
o 3 sj=9 PPI & w3t =24 15.4°
F29 3 dast Jdedez webd PPIG
PPI7t &34 F=o]AY PPIA 72& v
Aoz 474= = °]2& ORD &3 ZA3s}
ey Figure4. An electron micrograph of poly-L-proline

crystals formed during the heterogeneous polymerization
in acetonitrile. (M) /() =4
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L-prolin o] ZFYA &%

Figure 5. An electron micrograph of poly-L~proline

crystals formed during the heterogeneous polymerization
in acetonitrile. (M) /(1) =200

=49} 200 <1=1¢] poly-L-proline ¢ A 28] n] 7
AbRlol ), o] &2 hexagonal & ®¥E& 7} &
& AR Eo]l 743 AHA FH L lamella 2 =
ol A&l AL 7Y nm & ZeolE Az Q)
v}, L-alanine NCA & ACN o] 4] Z3-3d| poly-
L-alanine & E=taf] 7} lamella v o) o} sle] 43
WFer AR =AARBPPI S A{Fue]
lamellaglof] 4712 A &3tHd ACN o 4
ET9A 2 T poly-L-alanine ] 100 %l 7}
718 FHES M= AR ol poly-L-
prolineI (PP 1)l A= poly-L-alanine &] Fz
w A o) & 7o) extended chain crystal & & A 3wl
A AR A A deto] M A s A A Q] lamella A}
o i AR HEFo] glo] AAo] A3t
T AR 7 dc, ey, dAldAg  F§s
poly-L-proline (PP & 753 )-& polyglycine
o]} poly-L-valine & ZA Al A A& AAE
43 7} chain folding o] ol v}r] wf ol F3tzt
Ao EAEEre] lamella == o]u] g A
AAWl A Eso] Riew g whgelA] Eita A
Aukgo] gty W Fo FIEL 66 %l
= Aoz 7FET. Fig 6ol Reukst
Zo]l WAl FHIAL ACNoA Figt

g2l A 19 A 6% 19779 849

N

Figure 6. An electron micrograph of poly-L-proline
crystals formed during the beterogeneous polymerization

in benzene. (M)/(I) =4

poly-L-proline 8] Zx2x¢}= £l 7402
A A3e FeAE el slen AAAdE @
& Aoz ¥

o] A9] A2 XE L-proline NCA & u] 24
Lot S Lol SR/ Aok 2o
&) Fz7} Fo|FA L Zvist Bt Fg-

o] lEAez 7FET},

poly-L-alanine o]1} poly (gly-L-ala)9] %3
FANAM g AR ) F o] =] exteded
chain crystal & A3l w2 = onl chain
folded crystal & F AT 4= Qrh= A L56713 =
23l4, ACNeo|A 33} poly-L-proline ]
PP Fz% helix £471A27F 9.054 o]z a
(100) = 77 7. 824 o] ¥]7] w Lol A A Fo] A
A FAY A e o 71A2 o5z PP o
219 helix £273AE] = 6.624 ol =2 (100) =
77 2 5.738 o) H|of EApafwkal A2 oF 38420]
How gudo] £ PP F&= extended chain
crystal & A3} Wb 2 227 2 chain folded
crystal & FA3HA "ol o]} o) i
Z%E 42 4 9= poly-L-proline & ZAAA
AR ANAE FA2EB T YT F e T
gl mofl A A3 AAEAGY] gdwAe] 2w
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extended chain crystal & A s FFE
100 %o 7F2AE 3 o] = w2 A FEA
@i do] Fom chain folding 3te] FFEL
golx] = o2 Zh5H T,
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