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WEFERE S OMEZE (F23C) @ In this study, synthetic approach to polymer material with spider—silk motif
was investigated. By using chain growth polycondensation of N-phenoxycarbonyl « —amino acid from
amine—containing poly (propylene glycol) or poly(butadiene)as macroinitiator, various kinds of
polypeptide chains was introduced to give a desired polypeptide—based materials. Clarifying the
relationship between the chemical structure of the introduced polypeptide chain and the mechanical
strength of the polymer, useful knowledge for designing polypeptide material was obtained
Furthermore, the synthesis of new N-phenoxycarbonyl derivatives « —amino acid having reactive side
chain was investigated. The polycondensation of these compounds provided easily a chemically
modifiable unit, contributing to the further functionalization of the polymers material.

F—U—Fk: é‘\;\;wzb;:f?l\“ Xy MU= R)~— TI/W ULHr KBV xz=) T Mv— GLUE



B X C—19, F—-19—1., Z—19, CK—19 k)

1. WFZEBIAE 4P D7 5

HARICAFET DEERE D T T TN - DT EKBEREZLARCHAT 5 2 & TERZE
WEIRTZENMBN TS, 20 THENRILERMO 260 5, REMMED 15 5, 72
FHk#E D 6 5 OBMRATRE I Z ., @mWMBifEtE 2 BT 2 L nmbnTnb, 2ok H R EN
T2 G RALFHFRIBEIC IV BB ESE D 2 ST REREEVEETH D, —H TRY AFF
R ELORRFHCB DTSR DR Y X7 F REK TIEEEO BV LA AL AN AR Z E A
MERFAT L2 EOBEEZ T,

2. WHEoOHB

AWFFETITHFEEN N E TRV MATE T 2 VD No—7 =/ F 3 VR = )Lk
EHOWIREFABOR Y X7 F Nk (HAEEE 25, 2016, 52, 333-341) ZiEHT 2%
ZETERO LD AR EOMEEZ TR L, ikt OBEENEZ (5 L8 M Bt O SRk A B 1)
& L7,

3. WFgED kL

Wk 6 A Bl L7220 F OB IEDOMNLICE S 2 E X, LFO X ) IThitzir- 7=,

(1) RYT T2 HEBEALELVTF T 0y 7 arl) ~—0O&EHEE

R R DK R TIEARY 77 = VP BERREE TR ER B-v— MEEICL Y N— &S
A M ERKRLBEORBIZEE LTS, 22 TR 7L 7Y a—LBlO0RY) 74
VT EIT NI AV RELTERL, KT 7= 08 AEZBF Lz, K7 2 38 A
ENERY Il a—LBIOR) 72 AEAGBEBAIE LTHEHAL, Exo
No—7 =) XV AINKR=VFEEEHAN L F Ty aR)~v—28K LT, SHIZED
B B0 E 2 E LT,

(2) EABBMAIEM LI Na— 7 = X ARV FEROERK L S

B AR BAE S FRE & 72 5 L 2 WSRO () BRE2 A2/ 55 No—7 = / XV )b
R VBEEREOARICET Lz, MGEMEE LT vry, Ty AT L UESEES
L7 2 BOE T LA UEERE AR L. TOEMERIGEIT T2, EHIC Nay Ne—=7 =/
FUHINR= N L) DU DOEMFEAC L DMESOSNERY U U Ak E R LT,

4. WHFERRR

L_7 3 = :/% J: U{\ L_} ?‘ﬂ‘ . “soﬂsegmem;
ZVIERBY 7 = = 2R 252900
—’9,«%) : & @Z J: D Noc—7 = / 3’( o) o scom "’Jyﬂf;/\sm ; ;’ iw
AN = VIR AR A BRI H(H\)?”KO#/LNQH/H)& ey, ° NJ&'ZHN,

WA L7 (J. Polym. Sci.

Part A: Polym. Chem., 2012, »\(Nw(zkfﬂ“mﬁ
50, 2527-2532), #t\ T ZiLbH Lﬁjmkﬁ?“
P No—T =/ XLHVBR=V gy gy 7= gEgA LRy FreLy
AR EZ AW CTHREGIZT 2 FEYROX Y bV =2 B Pt ormaton

JIEHETEZRY Torr s

7 a— i BELSEGAE L THW GEEEMRA KIS EZITo 70, K7 I 1Cxtd 5 No-7 =
)X ANRNFEROB S EESETT AT FEHRLF 60 °C T 12 KIS S - &
=45 1H NMR 27 "Amnd No—7 = ) F TR VHEERITIERR L R v —~ Lk
ENTWAZ ENfERENT-, LALOEESICHHE L TAMOESEZH> ABA 70 v
aRY ~—NESNT, a2 OFBIEBC KT 2 ER T A T F e Rr T T,
TRy, ZuaR AR EO—RBRAREEIZIIWTN O RETH o T, AU T TF R
M CARBREADBH mOICREMNE L DN EZD 2D, —JF, MU ZAafiiEe~%
TNFu-2-7ras ) —)v (HFIP) O X 5 ekF/EEHET 5 X5 RIBEHEICITETH -7,
ZFZTRY~—DO HFIPEiE 2T LT 7o v iR E T2 LS8z s 2 A, B THK
PEDBHDLT7 4 VLB HFLNT, FETHLR) T Ly 7Y a— L THMERIETH - 723 R
U7 T2V 8RN— BT A b B-2—F) ELTHRETLIZ TRy U — 7 fEEE R
LTWAREBRIBIND (K 1), 7 4 /LDOBBRETREE 21 E 3 2 7212 & 2~V BIEER (7
BN ZERL L TRV R A T -T2, RN U T 7= HOEABOHENITEW P OERN D L
YT RNBINT BB THDZ ENNoT=, BT F ROEREEDEBEEFHRD7-0,
o~ v 7 AREE L ELICIER T 2HERN MO TVWARI AT A= HEEA LR <

o) o) ~~~_NCO

H H OCN (0] (0]

N o N H H H H
H’e \)L}N(J\/ Q\J\N{JH/ %H . N (J\/og\)\ N N

Lo m N I (1.0 eq. for amine) ﬂ(’ \_)L}H - H Q\ﬂ/ \MN\”"H
RN R "0 69
CHClzr.t.for1 h
R = CH,CH,SCH; — Y

soft segment hard segment

2. VA VYT = bW ATF Ty 7 2R w—DARK



—ZER L7z, RO TR THERLEZEZARI T T2 #HOTNEWREZ R LT, =
IEB->— MEED S TRAKFER-AICL > THEZ Ry N =7 BRI TND BB
Lo WY AF A=V HOGE o~ v 7 ZAEEICHKT 2B WEREEZ R~RT72H, b0
R ~—OKET I N L TEELEDOTVA YT = aEHSEL2 LIk LT
EEN LT LFTay7aR) =060 (K2, MGEDORY ~—7 4 L AZ/ERL L
T TREE ZRE LT & 2 A, RUGHTE FLl LT « 38 & bz K& < B3 D mn R
b, SAF 7y J{RICE D ARY ~—O5 FEPHRK LAY v~ —8HE O H WA L
b ThibEEZLND

FIRRIC L TR SV EMARY 72 b No—7 = / 53 7 ViR = )Lk s R g8 E g
ARG E Y, BERAEORLDZR) T 7 =520 2R EZEA LTy 7 arl) ~—4Ak
Lize ZhbDT7may 7 aRl~—iI7aaR/LAIBFRIEMRIEEZ RLI-ZEnDb, oA Y
TS = EERT AL TCULTHRIAEN LA TF Ty 7 aR) v —InNEHIB LT,
RV THDT N Y 7 b T A ELTHIE, RUTT=08R =R A FELT
DTRIAREREEICLIVEBEINTEZR Yy NPT 2T D2 ENHALNE Ip oz, HEART 58
RV 7H P2 HEB I ORI 7T 7= HOBESEICREEKFELTEY, ThbzB st
HZ LR TRBICTF 2a—= JHARETH - 7= (BIE D T0E: 4.7 — 9.8 MPa, FZKr{R N 200 —
500%), LA ED X D IZHBRD FIEZ ML L, AL2PHEE & AR E O BRI b L 7r o Tz,
L%ORYRXTF RMEOBRFHCER E R MR EHL 2 LN T,

Xy b= KY v — Ph
0 0 y

(0] R-SH
DEBLRDBED M DT o™y n-BuNH, 0 y AIBN (radical source) R N
N Bu. i Ny SER ) By T
n

O N—RET A NMIEHS HO 4>"'U~H Ny
AL SR 2008 2 L A A D 72 " DMAc, 60 °C b m DMF

Wk E A T RRIC co 75°C 24 s
B IO 7S FTRE 72 B (fR 1 2 * R
BEDE )~ —EHDOEKIZHE

FL, FA—I—T R X 3. St EEASE AT DR RXTF ROAK & MEES

1T R SR TR RE % o

ANTEDH7e e LT 000

ZLFHEIND, R T F Ho)K(NH O

ROF A — /v KT s %T
TINT Yooy = |

m Free Radical addition S
LT YS DL 5 7‘£1EIJ$§GC . I AIBN, 70 °C for 24 h K@;;{
REME_EHaEATHT i
SUMPRMLNATEY, 4%W 1 Thiokene Cick . o
nNo7 I BEO N7 =/ s’ 9 OH% m@W
XN R=LEFHEK (1) \Q Momom 4)K(s" —~ }43 "
D /ﬁ\ Jﬂz & E /El\ %f *ﬁ ETJ‘ Lz 5 \ UV light (» = 365 nm), 24h K@\A S
(X 3), ZofER, EEHD -~

gD —EEE 2R L

RY~TF R Q) NWEGIC B4, AF LSBT 5K Y ST F FOAM &R
/oD ENINoT=, &

A DOREIETF A — - UM KD EBRICHEIT L T T AR U ~— (8) 2552 &N
TRETH o717, F1-. 47 B O RAFNLAF LU ETATAUNE—BEETARENDT I /i
D N7z ) FUANVAR=IVFHEEK Q) TEARLDAT LV UBKERFLEEERIRTFR
(6) WY S LN TH T (F o
4), DO A F L U EEIXE D% D E Sy oo
FRIE(T IR TF A — - K i
WINZ K0 BRE SO ISR T & B ATRENE HO
PIRBEINTZ, EHICL-VYrDX oz

T HE 2 ETb T I JBRICH L co,
T 2 YEDOREY 7 == VEEASH HN. O,

5L, Nam N7 R/ HlCT = ) % T
NR=EEREANSNTILEY (6)

AT ENTE 2, Zo/baWwix . Q H
T UBRIEETICRBIT 2 EAMEI “Post-polymerization modification” \H >\
el \Tﬁgﬂ‘ Lf: & : 6, Na—@ 7 x / 'J”\' R'-NH "urea formation"
VHNER =N DI ERAICEAITTHE ~ (
BN EMER SR Y PhoH HNS R

22 T (Ma=3,000~20,000, Mu/Mn ~ D
1.3)EAMTEDL NN E o7

(¥ 5), 51T, HoNTZR Y XTF RiC B 5. Na, Ne—7 = ) F L HAR=AN 1= D OB LD
stLCHEA 07 I HA kR, 2 %, BE AUV AR E A

R-NH, (initiator)
NH acetic acid




T 2 URRATRE) A EH &S50, AIE TR IS T I 7 UV ARG HEIT L, 7 LT i

EEN LIMEEMER Y ~—@)N G bz, Mz T, ZEFEEMOT I U 21EA S84 1350
%T)m7%b@4wAiti¢M%ﬁ%¢é EMFRETH o7, AMFETRM L7HH
IRBAEOGTER U ~— 135 % OMEBIRFHIFIH T2 2 L TS LR 2 EEMEO M 5083 FFTE 5,

5. E/RIEE S

UdesEams) GG o6 1)

O “KEFEEGEZWE N ET XY NT—VRRERT A IT7 7= EALTRY 7 X
/:E/'\?/I/%7B v 7R~ —OEKEMWE” (LB, mEl, Ry hT—2 K ~—
i, BeRERE A (2019)

@  “Synthesis of Functional Polypeptide by Phosgene-free Method” Takeshi Endo,
Shuhei Yamada, Journal of Synthetic Organic Chemistry, Japan, 76, 615—621 (2018)

@  “Synthesis of poly(Ne-phenoxycarbonyl-L-lysine) by polycondensation of activated
urethane derivative and its application for selective modification of side chain with
amines” Huseyin Akbulut, Shota Ando, Shuhei Yamada, Takeshi Endo, J. Polym. Sci.
Part A: Polym. Chem., 56, 2522—2530 (2018)

@ “KEFEEEWEN N ETDHHX Y NT—IRRERTA Y IXTF REEZEA LAY 7'm
LAy Rony s aR)~—0fikEWE IWHIHEY, @M, *y hD—2KY
~—z%, 39, 102110 (2018)

® “Convenient synthetic approach to poly(N-Methyl L—alanine) through
polycondensation of activated urethane derivative of N-methyl L—alanine” Yusuke
Shiraki, Shuhei Yamada, Takeshi Endo, J. Polym. Sci. Part A: Polym. Chem., 55,
1674-1679 (2017)

®  “Phosgene-Free Synthesis of Poly(L-cysteine) Containing Styrene Moiety as a
Reactive Function” Huseyin Akbulut, Shuhei Yamada, Takeshi Endo, Macromol.
Chem. and Phys., 218, 1700078-1700078 (2017)

(FR¥RF] Gt 14 1)

DO “Nay, Ne=7 =/ F L HAR=V L=V P OEMEICEDMBRICHER Y Y OBk & X
v NU =7 R ) < —ER~ORR" [LEEY, AR, Akbulut Huseyin, =g, %
68 [Ex v FU—7 R ~—iEEERE (2018)

@  “No, Ne—7 = /) FTHNR=N =) P UOEMEICLARY Y DA & MIER 1L
FHEYE, Z2EFIR, Akbulut Huseyin, &R, 25 67 [BlE 0 it (2018)

@ “Ne—7 =/ XV ANR=AEEE LD DU OEMEY L X U BERO =M X DA
FOGHEDRY U2 DA/ IHEEY, @i, Akbulut Huseyin, iR, 55 67 [215
SRR K2 (2018)

@ KEEEEWENE LRy NT—V B EZ R T AV AT T2 HEEA LR T X
e LT T /?T U~—OAE Mg [LBEEY, =g, % 67 Hlxy hU—2
j_ ) ?_Dﬁ(ﬁﬂifﬂ (2017)

® “Controlled synthesis of oligoalanine-incorporated multi-block copolymer by
phosgene-free system” [LHH{EY:, FIARHIT, =R, 55 66 [& 5 7ifime (2017)

®  “Phosgene-free synthesis of poly(L-cysteine) containing styrene moiety as reactive function”
Huseyin Akbulut, Shuhei Yamada, and Takeshi Endo, Advanced Polymers via Macromolecular
Engineering (~/L % —) 2017

@  “Controlled synthesis of polypeptide by phosgene-free system” Shuhei Yamada,
Huseyin Akbulut, and Takeshi Endo, Advanced Polymers via Macromolecular
Engineering (/L% —) 2017




ﬁ)ﬂA7%F%@B/—%Wﬁ% LB ET DRy NU— R ~—DE/” LHEE
S, ERERIT, BRERENE, RN, 55 66 Ik v hU— 7 AR Y v —HFERS (2016)

@  “Synthesis of Cysteine-Substituted Poly(styrene) Zwitterionic Polymer” Huseyin
Akbulut, Shuhei Yamada, Takeshi Endo, % 65 [0l % 7k K% (2016)

O “N-AFNTT=2OEWRD U CFFEERND OFERR Y NTF ROGK” AARMIT,
&, xR, 25 65 Al 2 -t (2016)

@ “FYVIAXTTFRHEHDB- V—Wﬁﬁﬁécké*C/FU—%7ﬁU<“—®mm+&”ﬁT’mmm‘
S, REECHE, AR, 55 65 Pl s TRt (2016)

@  “Synthesis of Cysteine-Substituted Poly(styrene) Zwitterionic Polymer” Huseyin Akbulut, Shuhei
Yamada, Takeshi Endo, £ 65 [l %) AR KZ (2016)

® fN%?NT? YOIEVE T U A VEFEERDN S OKEVER Y XTF ROEGR” ARBIT,
W B, =R, 5 65 [al& sy FAERRE (2016)

@ “ﬁUﬁ7§:yﬁ%%ALkVW%7ﬂy&ﬁU7~®%Wk&V~F%L®EEﬁ%
fbickaxy U= RV ~—0O" [LEIEY, %ERCH, =R, % 65 555014
Kk (2016)

(& D)

R B DA
http://www. moleng. fuk. kindai. ac. jp/index. html

RV IC X A8, IEE OBER & EECBWTERT 20T, TOo., W80 FEiCHF TR R DA
SV, l@ﬁ IS B O TR L . ZOMERRICET 5 RASCEMTIL, FEAEANCRBE I ET,



