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Polyaddition of 1,1’-bi(2-naphthol) (BINOL) having various enantiomeric excesses (e.e.’s) with
1,4-diisocyanatobenzene (DIB) as well as that of (R)-BINOL at 100% e.e. with 1,6-diisocyanatohexane (DIH) were
investigated. Poly(BINOL-alt-DBI) prepared using (R)-BINOL at 100% e.e. has been reported to possess a
preferred-handed helical conformation. In the BINOL-DIB systems, cyclic dimer consisting of two BINOL-based
units and two DIB-based units was formed as well as linear polymer. A higher ratio of cyclic dimer to linear
polymer was confirmed at a lower e.e. of BINOL monomer, suggesting that linear growing chain composed of
single enantiomeric units is favored in propagation and that growing chain composed of randomly distributed (R)-
and (S)-BINOL-based units is disfavored. The resulting linear polymer obtained from BINOL at an e.e. less than
100% is thus considered to contain both right- and left-handed helical segments built from corresponding the
enantiomeric monomer units. E.e. of BINOL-based units in the dimer was higher and e.e. of BINOL-based units in
the linear polymer was lower than e.e. of BINOL monomer used for the polymerization, suggesting that excess
enantiomer was preferentially incorporated first to form the dimer, and the remaining monomer having lower e.e.
than that before the start of reaction was then polymerized to lead to the linear polymer. Such differences between
e.e. of monomeric unit in the products and that of the monomer in feed were not found in the BINOL-DIH systems.
Helix formation of poly(BINOL-a/t-DIB) may be responsible for these observations because no evidence was
found to support any higher-order structure of poly(BINOL-al/t-DIH) in solution. Poly(BINOL-a/t-DIB) exhibited
clear circular dichroism spectra in solution and in the form of solid film where spectral pattern remarkably differed
between the two states. This polymer may have a helical conformation in the solid state whose structure is

remarkably different from that in solution which has been already reported.
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Fig. 1. Polyaddition of BINOL with DIB and DIH leading to chiral polyurethanes.
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Fig. 2. Relation between e.e. of BINOL units in
polymer and e.e. of BINOL monomer in feed.

MBI B DT, R, S KIZHKSE /) ~—
BRI 7 o Z LZEEH L7-# 8 L 0 R L9 <,
AR B A A IR E SRR & A DBIMRIC b
5 (R)-BINOL H kT / ~—HAL» D72 5 &
(S)-BINOL HIKE / ~—Hf/n 672 DN R - 7
Wik 2 A3 2 ATREMEA @,

BRIR 2 EfARIE 3 T O E MR (2 -5 BINOL HisRIHE
PLOKXIELE : R-R, R-S, S-S) 2B %0 . 2ot
F/HPLC IZX W BT B2 &N TE 7z, 3 DO RM
KD 1T BINOL E / ~— 0 e.e 5t L TRoRIEM T
ﬁ#%%@%ﬁ’WML§?:¢®MML%/Va

EROWZGEAEIZIE R-R AR L OVS-S KR Z I E1 20%
%\KSWﬁw%%ﬁﬁ\ BITHE 72 2 AAR-RAK
25%. S-S 1K 25%. R-S {& 50%) & tb~T R-S {RH3ERK
LA WENHALNIZ -T2, Fi2, R-S BR _ZEED
H1E % BRG G X-RAEIEMEAT I K W Bl S M2 LT,

X5z, BB 2 Bk B RO LR X OBRIR
2 Bk E ﬁmﬂ%@w4¢0 mo P OR)-F &
(N&BWOLE%@%/7~$ﬂ®ee%ﬁmbtml

ﬁ%*EWk;UmA%ﬁm@mmnm%ﬁu@
e.e.% BINOL £/ ~<—® eellxfLTCFry hL727
77 &Y, BIR ZEETOE ) ~—HLD ee. it
iAZx BINOL &/ = —D ee. L D 00E < | HE &S
FDE ) ~v—HMDeeld, B/ ~v—Dee. LD HOP
Kinoto, ZTORREIY, KEASRITIE, BWRICHE
9% BINOL “E /< —(3BRR ZEMEICEILAICELD A
EFh, BV OE ) ~—DESTEIKRT 23S 5
LD EEZ NS,

W% ee T D BINOL 76 AR L 72 84
poly(BINOL-a/+-DIB)IE THF ¥k CHHZE 72 PR
ZAPE(CD)ARY ML ERLTZ, CD A7 kLD
XA — 3 AZ: BINOL @ ee \ZRAFETIEIE—
FETHY ., CDIEE IS D BINOL HALD e.e.
WZHBI LTz, ZbOfERIL, ko, 872D ee.
@ BINOL Z#HHWTHERK LIz E#HE S I3 b8
AN D7D b O TH D ATHEMEDN E W & DR



= ZACIXEIRIER R C

BT D, A DY AESEN S 72D EHEE ST
Xt B A B AOEBEEIT BINOL HkKE /) ~—
HNLD ee. (A% TiEfLiAZ BINOL @ e.e lZirV ViE)
WCHBI L, CD BREEIIAEA &8 A ORI =R Iz 4
LT THDHDT, CD MDA BINOL D e.e.
(BT D Z LD, ZOBEITFEREEL —H
T 5,

F72. (R)-BLU(S)-BINOL fH3KE /) ~—HRN T
A DTHEES o T 1T (R)- BINOL HskE /) ~—H
NDOIINEIRD HEAHE I T AT VA AT v 77
BIRIZH Y . WiH CD A~ RV DR F — 2 L
BRENRHDETTHY ., T LEHPHYEFET
AU CD 2L kL% — (3 fAZ BINOL D e.e.
ZHRAF LT LT D aTREME DS BV, L LB
CD AT R Z—FIE L A EBL LR,

Poly(BINOL-a/t-DIB) (L [E A5 C 4 B 72 CD
ARG NVERLTED, A7 MVIBRIZEIR T &
IR E < By HRIZ 300nm PFICIEIE T L 0 b f
W CD IR B BT, T DN & Tk EaICIx
-CONH-C¢H4-NHCO-IZE5< L& 2 60 5 W 4
DIBI, T ORI IE S AAEE R 2 50 < Sk
T 5 b 0 EE 6N D, o T
poly(BINOL-al¢-DIB) I [E A 1 TII ik H & 132 e
DD HH AMEE Z FFO A REMED E W,

2.2 BINOL & DIH @E 0

FHRIp AT L HE AT H DIH BE T 100%e.e.D
(R)-BINOL & OEMINLEESEZIT o7z, RIRZEED
A =RIZ BINOL & DIB O EMINZEE~TEL . BRIk
T EARAERICII DIB ORIE a2 B U BERAA RN <
ZEPRENT, £o. KM 2IZ/A S 7 BINOL &/
~—DfLAR ee LEHT D BINOL £/ ~—HALD
ce.t DTHITIFE A LR, IFIFMLIALEY OF
A T(R)-F LOAS)-AD BINOL A3 45 T8I HL D 1A
FNHERHLNITR ST, MZ T,
poly(BINOL-alt-DIH) DK 1D CD A7 kLTI
FIZ BINOL &/ v —HOF T U7 1 —I2H5<
EEZ LD 250nm LA T O EERIZ O A FEE 7
EEVBII S, bEAMEL RET HIHFRITRED
N7,

EHHBAD £, ] XXX

3. FE®H

BINOL & 2 »®D YA V7 F— b DIB 8L DIH

& OBEFINBIS OZEB) & ARR LTz @5y 1 OB Z 5~
72o BINOL-DIB % TlZ BINOL Df:iAZ ee. & gD
E ) —HLD eelllddDBEDOENRALNT,
Z X, BINOL-DIB & C4 U % EEH 5 4 1 K OBRIR —
HEEMPHIEZ#ESEZ A L, 2 OMEREIZESNTH
LREEOE )~ —BRPWENRBL L2 2 & 2R T ik
BehboreE2bND, Fio, FixD ee®HTD
BINOL & DIB 545 b= EEHE 1%, BINOL H
KE ) v—a=y NOE—GBRENRG HIREOR S E
TEN-> TERTHELADLBAEHEEGLHLOTH
D, —ARKOHEHDOFIZ BINOL HKE /) ~v—=2=v FD
M BER RN T o & DIFAET D ATREME IRV, &6
{2 poly(BINOL-alt-DIB)?D &>t AAIE DI X IR
EEAER T CRE S R Z NI, 2
UL, S O@ESFEBEERMEE U TRt
JCHT 5 ECHERMATHLEEZHND,
F 72, BINOL-DIH EfIMNFAIZOW T, BINOL DOff:
AH e EHF DT ) v —HALD eelli@EWTIZEA
ER 5T, £72. poly(BINOL-alt-DIH)IZ- DTl
WRTFCORAFEORmKEEZTRET H AT b
VRS IMER SN o To, TNHDRER LY,
BINOL-DIB % @ Bl B R W EH A 2@ kB L O
poly(BINOL-alt-DIB) DFEIERHE O FEBLIZ X, DIB H
SKELAL ORMIE e E N E B F 2 R T b D EER
b,

X W

1) P. G. Gudeangadi, T. Sakamoto, Y. Shichibu, K.
Konishi and T. Nakano, ACS Macro Lett., 2015, 4,
901-906.

2) Y. Chen and J.-J. Lin, J. Polym. Sci., Part A: Polym.
Chem. 1992, 30, 2699-2707.

3) T. Kobayashi, M.-a. Kakimoto, and and Y. Imai,
Polym. J. 1993, 25, 969-975.

4) H. Dai, Y. Wang, T. Nakano, 67" Annual Meeting of the
Society of Polymer Science, Japan, poster presentation
(2018).

5) H. Dai, Y. Shichibu, Y. Imai, N. Hara, K. Konishi, Y.
Wang, Z. Song, T. Nakano, Polym. Chem. 2020, 11,
1134-1144



