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Synthesis and Physical Properties of Polymers

Containing Lignin-Related Aromatic Structures in the Molecular Chain

Hyoe HATAKEYAMA and Shigeo HIROSE

High-performance polymers such as polystyrenes, polyesters and polyethers were newly
synthesized from phenols obtained by the degradation of lignin. New types of polyurethanes
were also prepared from lignin. The chemical structures of these polymers were planned by
molecular design. The obtained polymers were studied with respect to the relationship between
chemical structure and physical properties such as thermal and mechanical properties. Physical
properties of poly(4-hydroxystyrene) derivatives were found to be affected by hydrogen
bonding between hydroxyl groups. Polyesters and polyethers having methoxy- and
dimethoxyphenylene groups in the main chain showed excellent thermal stabilty and some
polyesters showed liquid crystalline properties at high temperatures. Polyurethanes containing
lignin showed sufficient physical properties for practical uses. In the above studies, physical
properties of high-performance polymers and polyurethanes could be controlled by arranging
lignin-related aromatic structures at the approriate position in the polymer structure. These
results suggest that lignin can be utiized more effectively as a raw material for synthetic

polymers.
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Polyhydroxystyrene deivatives ( |, [l andlll)

—(—cu—cuﬁ-; M:RR=H
M: R=0OCH3, R=H
R R [M]: R, R"= OCH3
OH

Polyesters with spiro-dioxane rings (V)

o cu2 ,CH2-0_
o cn2 cnz-o o o'’n

OCH, OCH,

Polyethers with methoxybenzalazine units (V]

%CHQO{CW)O—Q—CH-N N%

OCH, OCH,
| = 4,6 and 8 (C,, Cgand Cy)

Polyesters with methoxybenzalazine units (V1)

~<o—©~cn=~—~=w@—o—g{cm};g%

OCH, OCH,

m = 4,6 and 8 (C,,Cqand Cy)

Polyacylhydrazones having guaiacy! units with alkylene groups (Vi)

{cHa) -
=€CH-QO—-C::3 CH, “?—Q—CH"NNHC R— CNHN%=
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Polyesters with syringyi-type biphenyl units (Vi)

R = OCHQ, H

t

Aromatic polyethers with phospine oxide groups (X]

R D = —-C— (Polyether A)
CH,

(Polyether B)

Copolyesters with gualacyl and syringy! groups (X

@}]L j[ <O

R = Hor OCH,3
m/n (mol/mol) 100, 773, 5/5, /7 and 0/10

Copolyesters with syringyl groups (Xi)

- OCHj, - - H3CO OCH; -
we oot +o-O-Qrot- Hudl,
L ocH,1°  Lh,co ocn, Is
r OCH, - HaCO, OCH; - o o
2a, b ——o@-o—— ~—oo-—— —Lf: 6«}»10
: 18 -H,cb oCH, 1 °
i OCH, - ocu.
3ab ——-o—@'o—— -+ % —Lc -Ar- C‘L
: 1% OCH,
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NHOFRESIFIT. BREERTERSF. MANES FRURREESFICHEINS D
T. LUIFICENFNITOWTIERT 5, £/ BRRIBOERZENETEIRY oL & U FEE
KESRLEDT. FNITDOVWTHIRRB,

2 EHSREM R ST

BEEM AR TR FELTL, FHUICHALER YD NN —TIENREFT 585
FhEZOND, VI VOBESICIIFEXIC T/ —IVHEOKEREZHL. ThHEMR L
LTRISICH T MBI ENEZL, EIT. FERKD 4 —(IITKBEEFTIRY XFL U HE
*BEERE LT,

RURFUL U FRE - RY (4—c RAFIRFLY) [1]. KUY (4—ERAFI—3—
ARFIRFLY) [H] RY (4—EROFI—3. 5—=CARFIRFLY) (] B8LU
FNSDTEFIUMIE 4 —E RAFIRVXTZIUTER. NZU VRO HATIVTE R
MoElREn[1],

LRORY £ ROF O RAF UV HMEOSFRISEBEFHELTZDLICLY. 66X10° i
537 X 1COBETHE L. S FERATII22HSA3DFERTH > /=. RURFL L HE &
DOTFREEEHRBAE (DSC) ICLDT, MLFWELIFROERICEL Y. 320K »5450K
DOFETEL LI, FEED 4 —(INOE FOFINVEODBAICLY. T, (IFRE/REERT
feo T1EHOLERY ERFAFRFU ], [HIRONNID TIIBEBDORY R FL 2 ICLHET S
& 10- 60KEL 2D, —H. FEED3I—ALUIA MBS BATIE, T, METL.
Frea—IDk FOFVIIBEETEFIUELTH, T, BEREITET IS, CNODERDS.
IKERED D FERNCKELGRBEBZDEMANEL >, EHIC. FEROFAF L
VR IESEMTHS[2. 3] .

3. THBAMSERE®RS T

YO &8O 518EE U THEEBDH S, FEXILENICRE THA /8. I
RSN FOMEICHEIAEND ZENEN, EIT, R BLTICRND & SN &
PBFOERESH T,

ZAEOCAFYUBEETHARUIRATIV : RUIRFIL (IV) INZV U RURSPT
JRU b= I 5 &R & 7= 3,9-bis(a-hydroxy-3-methoxyphenyl)-2,4,8,10-tetraoxaspiro-[5,5]
undecane (LT L 7 2O NG LN aq I ERIESETESNE [1] . BAERA
E (TG) ICLARBNMEET,IIIV-FLT7& L — hT568K, IV-t2/\r— NT 527 KTH 7=
V-7 7% L— b TIIOSCICK Y T, AR S o7, IV- /N — FTIRT, 51363 K
[ZRHOoN=. XEEHRICENIE, IV-FLT7& U —MIBEEMETHY. IV-/N\T— MIFESH
HTHh5,

— 230 —



) 7= o BT B RS O FIPICE T 2R ToaR et

AREIRVENT O OMBEERT IR I-FIRUERYIRTIV: HRORIDT
WEL 8 (Ca,CoRUCE) EHTHRYI—FILVIRWRYIZRFIVI /N L E2FRFL
LTeLr [1] . RUIT—FIJVL[V]IZ 4,4'akylenedioxybis(3-methoxybenzadehyde) &
hydrazine monohydrate & 2 RIS S TE S5 /. AU T X FILMIEI
4,4'dihydroxy-3,3'dimethoxybenzalazine & 2 1 X#/ O U R RS TALO N, RUIT—F
DT, I, V-C4, 574K, V-Cq, 570K, V-C8, 571 KTHo7. RUIRFTIDT, (3. V-C4,
533K, V-Cs, 541 K, V-C8, 539KTH >/, XBEROERICEINIE. RUIT—-FI)L. RUT
AFIVDRE L bBIERMETHD, ZDLDIC. 71/ —INBDKBEDFHIV MIICHD A B+
SNVBOREE, KUY T —FFHOMEOWRES FIREZLE L ICEX S J&CL> THRE, Wid
MBI TFEERT D EMNHHKS,

RUTZIVE RSV MG TIUFIIBHERE L2 D07 TV BERURUIBE
BAIRICHETARUTZ e RSV BRMEMINNAZY D E2RUETIA L ERBELTE
gEhe (11, alEShiRY e RSV BREOBREHKE. 7, RUT, IR TRTAEY
TH5, R1DEEMHSEERESUMENZWNILESTFHIBIEIC/AZSZEBTNS.

£1 UL RSV RMEMI1OEEE T, RUT, [1]

-(CH,)m- -R- Ny dlfg T, K T, K
2 (CH,), 0.56 394 609
4 (CH,), 0.60 358 609
6 (CH,), 0.53 363 610
2 m-C{H, - 460 622
4 m-CeH, 0.92 450 618
6 m-CH, 0.95 430 615

SYVEIBERT ZVBEERETHIRYIZRTIV  RUIZFIMINGE2,6- 24 b
+27 1 /=SSR ENS4,4'-dihydroxy-3,3',5,5'-tetramethoxybiphenyl Z R4} & L TES
nre (1] . afEneRUFLIIL—b RUASVYTEIU—RRURYENT— DT, (I
ZFNEN. 614K 618 KRUS88 KTHo7. RUFTL T H L — MINRETHREBEZRS/I
W LL. RUAYT I L— RRURY AT — ME ENENS25 KRU 365 KICT, &5
¥. RUENT— DT, PHEVDRRMITILFIHERTH/HTHSD.

RRATAVAFEBEEETAIRVI—FIN  RRAT74 0 FF L FilEZRT
ARYUI-FI )QE:bis(ti-ﬂuorop'henyl)phenylphosphine oxide EER 71/ —IVERIGESHTE
B [1] . B5h=BEERY I-FIOEEKE. T, RUT, ER2ITRTEYTHS.
RYI—=FIUX-BDT; RUT, [IRYIT—FTIUX- ADFNLY HEL, THIIET T Z)UEE
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DEERRET X)L F—RUBIEMN 7 1 2L TO/XAREDENDS LU BHNX V=0 TH S
EEZLND,
R2 KRRT4FF2 FBEEETIRYI-FILX] D EEHE. T, RUT, [1]

Ninne dl/g Tg, K Td in N2, K
Polyether A 0.63 470 778
Polyether B 0.48 498 808

4. BREMEMHEEST

VO Z VRIS R BRE—TE ORI 258 TEMPICHAAL S LIcLY . KaEME
BILBNDTFEEMTD I EDRRETH D, LUTICFOERPIRUE SNBSS FOWME- D
WTERD, KIS, FERCEOBEZERNIZTIVOT I RETOASN-BIFL.
—EDREL FTHFHNOVE S BEROREER LU, BRRKEETR TS, COBS. 4
RRELT TREBEEZEREES 02, [EHEORBRI S % SFHEPICBEICEA L
TR AEEZHET S ENVETH S,

TT7VINRVY FNVIBEERETHIRYIATFNHRESE  RYIZFI)ILHLESEK
KXIZTTAT7IA—-INE26TARFL T/ —IVERKEE LTER SN [4. 5], T,
(3630 KTHY. R IRFILXTIAR = Hi%EEH T 5FM&(m/n=7/3, 5/5) DIH570 K
fHETREM ZRY. MIMEOBN Y U FILHEEIIHEEELT ClIEESEBILRE .
BHIM/NEE /RO EREIEMER T 5. MHEDENT 7 A4 7 U NEREOB D RS ERT
LEEEIND, RIITRYIZATINOT, RREEBERE(T)ETRT. HHEO®HOY >
FIUBEVRIEMDOB ET x Z)UIBEEET 3R X FIDES THOERY TRAFILE Y
BEWT, BRT ZEDT DD, BEEERIRYIRFICOWTT EHRT 2T5E. T,
DS & EHR/IARDRD S b,

£3 RUIRFINIDT, RERREHEE(T) [5]

Polester T,(K) T o(K)
1a 436 568
1b 443 -
2a 447 578
2b 468
3a 413 518
3b 421 598

(a) Not observed.
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5. VUIZUESFHBIHBAALEESREBD T

RUDLEY (PU) 32— PR T+ —ADELLDERICHBBICTDHZEMH
KDIRTEBENFTHD .S, EXEARVIRERICELSERAZNSABRMHT
Hd. BEWICIKBRBEEFTHEEVEAVITR—PORISICEY, ARTES -
., UIZUHFEBELTHRTES, YIZ2RUD VI ONFIHPICHAAA
EBEICE. PHENICHIEFICEN. BENEEORVESFEAY., FEEBLCY S
KYLERKTS-H. REMERUREAMHE L TORERSM®BEIND,
PUDRREICHRWTIE, VI/Z2VRORERBELTR, 457 U= (KL) . YIb
RUSRUSTZ2 (SL) ENFIARIETHS. SFRRUSFORRMEZHE TS /-
HIC. FEOHTFREBTH RV IFL VY I—-IL(PEGEHIWMIRY TAEL I Y
J—J)b (PPG) FZEATD, 1V T7X—bELTR, PT7xZNAG D02
7Ex—bF (MD ) ®bIAL 24V T7R—b (TD 1) FZ2RAWNS, 25610 K
ICERBTHHIC. FEHEEFCHREZTIMNTS. SRENCYITZVICHRT LB
BEEZSUPUDLEIBEEZRAMIITTRI LM 2D K5 IC/85[6]).

—R 'NHCO~'O‘[—CHZCH2-O —}—co ~NHR'NHCO }——
m y ;

'
#
'

OCH; .

—R-NHCO-0-C, 0-

CH, |n,
—R=NHCO

M2 YIZUhoBEEINDRY DY OAHEEDHRTRE

PUDT, RUT,EHTFHPICEENB U /= OSHRICER S NS, BETIHF
HEOWMHE VLY I OSERDRAT 5 EEFTABERNELSHT. COEHIHE
DIBEICIE. EOT, MBI —BOPULYENHTHY ., UT= DB,
Y= DT 1/ —IMKBBE AV TR~ b REORMOBRESENS 7 LI — L
KEEEA VLT R— FEEOMOENELY HEWEDTHB[7] PUSFHPOREE
WRUZZVOSERPEATS ETSRECH 25, £/2. PURICRIIBSLE
AR REZERUVTOBRICOVTERD L, SLEFRNTICSASREIREE
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BLVUHREEINICHETHD. BAENERICOVTD, BERUVEMREL G CPUSF
HPICREIBUITIZCSHERIMKTDEM<ED, S50, UIZVEHREREILE
WA, KERICIEBIESEETHSH-H. MEESHBELTHRELETH S,

6. &HHLYUIC

BRDLSIC, HFR. HEREE. BR. RRNEFOSHOSHFEIFE.
IKEEEE, A FFIINEBFOSFRBESFRENICRIVTIXRTS I &ICLY., HUIREET
BEHTHEMAIRETH Y. VI HRh 5B ONS 7 1/ —IIVERFIBOR BN ERT.
DO B (LB L/ EEER T 5 FERE T FHPICHEMAAEBAFIL. o207 Y
O TSAF v O EDBMEREAECRY D LS D EDARAMEE L TORBNTRETH D, &
5T, BAMICENEE THS/H, RBEESHEE L TORZMROARETH D, T52)
MDBiocarbottN1—h Y DEIRBIZICHRITZBIEME LT, 2 U - IIL0EEEDEL T
WD ER, KEDRepapttSZI I Y I OEEEHBIICITO  TWWA I EHA2ERT
& YT AARABL T UHBEEDYBTWTINE</Z>TIS, EPMHEREHITEHRERD
1458, IRBRBORINEFISNLT B7=HDRIRERERTEHEALD.
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