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N B, CNEEBBABDRIENERL LTEXH6N 2D TH 5,

LRI REARESENY LT, £ VEbY = v THiEL, STHOBEOREIOVT
T 5,

[l

2. RUEBILEZILDORFEEICDNT

£ Vb =1 (PVC) 0EKOWE v 2 ZHERLED, # 7 2EBEE?Y, BR? BEGR
EAEVEAT, *MZE U TEGROBIRMIEEY &, EAEENEKY UTRILT 5 Al
SNTVAY, COL>RBEAREIC L SUENHEE, £ v—0RFEEBTLENLS
RETICEET AR EATAS L, ChICROESE, QRBEOHKAR, BIIHRAE,
mﬁﬁ,&E%%H%Zk%?%%oifmmﬁ¥wmwﬂiRﬁmg%”ﬁﬁéﬁmgb<
g7 7 RE (EAEE 40°C), P=200 »Edk P=4000 » % D122V TH I AEBEE £ 8l
FL, COBAEOBEATREABICL AKFHENSL VI 2IEHL TV S, @QORFIEOWT
12 Marvel 59 3EEZT, L@ £ e = (EAREL 50°C) 125w T, head-to-
tail 54 DIEIESEMSEHMIZAT head-to-head, tail-to-tail #AMmH ThTHTHLHIL
R LTV 52, [ERESWICBV TR E 51 head-to-tail BWEDPDENPKTHAILEX
S5, LadsTI I TIRE)RSFICWOETFIZOWTGRET 5o

4yig1288 L 13 Cotman®, George 5, Bovey 57 MBFEssI5 T 5, Cotman 12K
VHELE = LR Y FILAT VI =D AN FT4 RTETL, Bo5nzRY 2 F VA CH,
CH, #HFACERLZERY 50°C TEA L2EE PVC Tz, #50% / v —BfI%Y 130
ﬁ&ﬁ%%:k%%&b,Gm@e%ﬁ—%WCTﬁébtPVCfu,%%Tééﬁﬁmﬁﬁ
SNnAh o7 LA LTV, BoveySic kNIEZOPRREERELR Y =F LV TRANDE LS
iz, backbiting 12 & - T U-EVETH 2 5 LIS n 5, REZRY dHEHIN TR L
51z, HLE = VO ES BV ORERN 6 BROBRIC L 5, HTHEHBE:EET 5L, £

* BOFLEEE




34 moB OB R

1Mo & 512 RER SREDEVED, Bl

EAMTHEET ALV T kicis b, Bovey

Bickniz, FVEBRESMICBISLVIE Kk{%<>

VIR IR, 0k 5 RECOBEOTFER

ravishs, T4bb Bovey 5127

) —5onVESICEY, aBKRElE

= bBERY) v—, 50°CT TFNVTIVT

v FEET I B4 Uz aBEKRMUEE =

sv, BPO filiit< 50°C TEA L7-35@ PVC

@SEEW%@KowT,ﬁmw&yﬁy%

W 150°C TEREE NMR HE 21372,

Zns 3onHBOMERIMER VTN EE

¢, #nS5RVTFhERAUEETHY, 272

PVC g o 813 % isot-FeENTEMAL =~ #

Vv —2s, synd-BEENDZN LY 200 cal Ll

Eizke B il T B, 2ORER B1E WAERCBY SECHEOER

Fordham 51 ®¥kfE 600 cal X v ik 5%

ﬁwoikﬁm&”ﬂﬁUE:w7w:—wm%¢%m%wa1,7&7%yﬁﬁﬂmﬁﬁu

ﬁﬁﬁﬁ,&7%9?—u%6<i0,Ub%EWQﬁmﬁEK%6<Z%%LTw%O
:hw%bﬁéﬁﬁﬁwbié%#ﬁ,57%9%—u%%%5i%kw5%%%%u,%ﬂ

10, Krimm!?, Germar'?, Fordham Lz kL, i TwE, BRSR C-Cl [hEiE

% (635cm™L, 690cm™) 5, Germar 513 CH; i3 & HIRE) (1434 cm™, 1428 cm™) %> 5,

F 7 Fordham 513 isot-Eif& & synd-AlE D, FEHEAL R T v Y x IV E ROV X — OBERETE S 5,

PVC 7% & otic = FoVLEPc s LHEMNOFERE & LIS STk I v 8455843 0> conformation

@%%%@ﬂb,mmﬁ&%ﬁ%uinvyuzaﬁ%ybﬁ m

COEAREAEEMECERTH S I L 2 EHL TS, ¥ O u—(c
o 22 F v ZPVCOPREEIRE 2 KOITR LBV THbH. 7 %/U c1—c<c
4asF ey PVCREABRSATRRVE, TIVITO o ¢ o
g bEZNE, B2R@0 &5k TG 0 3E 5 & ARSI ¢ o
rn L HEE SN 5, Germar 5PI2khiE, +30°C 25 —T70C Ly Uets
PENREETES LERED synd 93, 0525 085 0H o a-cf
EAE B LA EE ST 5, &7 Burleigh 5113, E& ¢/ o-c
M EEL LB CETENT AT KEEMT 5T ERRY, ¢ P
i U8y Fy 2% PVCHEBENE I ERE L, Cel o
- e Aizh Bovey O URBNCET sRiRY, RAMMRT b ok
BEDTH %, . [
LRk & BigeE o PVC #iEiciEs 2 Rz, —f/ELT A 0
B1EICTY, o G/H
STABEIEOSE, kVEENTHHLVS T LEXRT S ¢
HEEEEH L, THLE, BIBRLEZEIIC —40°C E&PIcBV o (b
1, BEOBEERRED Sh TRV, LkdisT —40C UTF isot -PVC  synd -PVC

DEETESLERY v —I21F, — SO EERE LS NZ VD =2



# U tElbE = voNFHEE L TR 35
1% PVC oy R

wmoE & woE Hm O’ 7@ PVC % 1| PVC BA-PVC

Natta 519 X bl synd i

BRSO i {&f synd & synd

Krimm 51 DI A [ synd = synd

Reding 5% X, #7AEEA A (& synd &% synd

Fordham1® BFUY v WIFRIVF — synd

Germar 52 iy ) e {KEE synd & synd

Rosen 16 A, X R B synd

Johnsen!” AR KR synd

Bovey? AR [ [ERE synd { &R synd { [EE synd
LB Y 7 U DAl s EARY

Cotman® Li-Al-hydride &7t SiEd v Il 7z U

George® Y Vi) X R A7 U

SEEPIEE i & PRLEEEIL N SR BT e s

* Chlorobenzene 150+5°C BT

40
150 300
30
R o
4] o 5
= 20 s S
jisy s 10 200 «
§ &
& i =
;)\ 1\ 10E
10
#E R ‘____J___/l___—,l_'——l———
9l ——iLO 0 40 80 120 1
0 1 & &8 K 0
-100 -50 0 50 saE RVELE=VOERERL,
T 2 ey PX&' (OC) ol Xﬁ@?ﬁ&, = DEAR

mIm EIoEEZRICTAFVEME=VO
v a~Ey v (127°C) ~OEMHET
ZRFR®

wp B, FY T —OERES, ¥ 7 AEBREY, Bl 123 AR U2 & 512 —40°C U
TKBwT%&%%b(%%bTW%Dfééoitﬁﬁ%ﬁiXﬁ%ﬁEK,%miauﬁ%
VBB AN I LRI L 3, SiBEAsE#EgTH B, PVC s=0-B89 5 Reding 50
%%EEK@?%Omegéu%EPVCZ—JWCEéPVCDZEm%mé,&%@(mﬁ
ﬁ%0ﬁ7:~977b,%h%@XﬁEﬁ%ﬁPVCTﬁ%~@ﬁ%ﬁ%?%%ﬁﬁb,—m
%ﬁéwTﬁ%~Eﬁﬁﬁfvybwﬁn,é%E%ZEﬁﬁfézz,it%ﬁ¥%mwfh
%SOmxﬁbe%bwﬁEﬁ&w:z#%,ﬁﬁﬂfﬁi@Zo@ﬁﬂdﬁﬁﬁﬂmﬂ%%
L&THAHD, prEA I BV O EE PVCI1z7 V2% Y v ¥EETE, ERREAWTIRS
@ﬁﬁ@Ny#Vfﬁ,mé#u%gf&aaz%%mbfw%o:hum%fmsmdmﬁm
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BEHEAELDICH L, BETRINDESIEINL TV SN L@BREh, AIETRI Y RAEZ)
v MiEVY — MR, BETRD UAZEKRT, BRIRINEI I VA2 )y bOY ALY
2 VDKEEZRM LTS LHETELTH S,

LIk PVC ofigicld 3 2 9o0EFICOV L, REFTHOL ZARENLIERIZESNT
VEVDTH S, WICRIhSHEE EORE*ZE L ATHP VBBV IZOVTERT 5,

3. RUB{LEZILORFHEDOFEICDNT

BR L2 FHEIc 813 5, Dl S A RAEDZIRIR, 43 F810 unperturbed di-
mension 12 F#T 5 C e A S h s biI T, DEDFOEELEFICEL TR, HorOER
2oV THERN R ES T bR, &2 SERAEOZIR IR $0 NEEEICT S 5 RO,
VoL ZIEMoEEELr VA I 2BLT, FEMICEIRZ AHIFTH 5, synd o 5 NI
isot PVC mE kI LTE 2 5T\ 5 conformation %3, %A /A7 s n ARBEMEEEH
TERBL WS #E % %5, synd-sequence » unperturbed dimension i% isot X h &Y
KT, 4F o syndiotacticity SR THABREVOASB Y BHRFINLDLITTH S,

EERMIZ DO 52 23R 5 EEN L HER, OBE2RE U T 0BERTOA5Y 28]
ETBILTH B, K VEILE = VIRHEBICKECEBED 2012, BKPCRELZRRE
LT BEAV S 5 IHRE- B BT 2 A TEERY 5, @RE2RET 52 L1,
B EEESICE LCREE L vwhhiE s 5k, BEREE TIOHEI X 5 @RENRE
12, W@ PVCizg LRy o7 a— i Ae®(CC) =1554%%, E#HESPIc L v#liGEn T
BT ERG, BELEREOBEE BTN EEEAREY, WETNEHERE2EL LA
TERD S, % T TRPFFEL TR, —ERE CHRIE-FFBERER CILBROIE 21T 2\,
AT BI AR Y v —EBE (Cpr LIFBEEE (Crr OBKRER? S, TOREICET S
®REHEK % RET w5 Elias?? 0 k% v <, @MROBE 21T7% -7z, Elias 12k hiX

log (C#) r»=K1—klog (Cp) rr (1)
DEEMET U (K1, BZ1ER0), (Ca)rr=1 128E L7z log(Cr) rr DIEIZ, DFE DTFED
HrrmBERic—EE252, Ih»5 253 EBIEEBEY, ZOREICBIT2REBEBEERO®
MREEzs eI TwS, ZOENE) -0k LMK EEBEICKET L
FHIE SN S DI TH 5,

Az cHVZERENL, $F2RKITRLAZTL L +50°C 225 —15°C ofFiT, EAEREE RIS
35 6 >OJFEEE 2 28I LTz,

gE2X XV HEILe = v EH

® = BEAEE (O T & E | 2HES0K
AF 50 1460 10
DF 20 2760 7
EF 20 4580 7
IF 10 3120 10
BF —15 1280 9
HF —15 3580 9

DEOH TR M BHEIRKEER () 5 53 Lz, BHZRIR —15C 5 550°CoMTER L
7 PVC OEEHS N5 a4 Fo 75 VIEK30C o () ¢ M 0%, S/REICL S
ZrRERLY, JEEELETRY 25T 84335,000~320,0000 i T

(#)=6.38x10"4 1f0.65 "
BRI T B 2 L 2 HED LTV 5, ARTREAEEICEERIC, @2 Uzdi- TPVC 5351
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MIDOFTERZHEE U,

Al —F kI 4 a7 o r e U, KeB#Ele L0 CTIi 2 » 72 DFENT
34 N TOESAEHI OV THRE U2, 22 TiREZN5 5 +50CEEYL, —15°C EaY»
R REMRRT 5 GESK, HO6RD, AF (50°C B&Y) TRITRTCHODFIERET, &

1.0 1.0
AF (+50°C) HF (-15°C)
3 #
e 05F ;’; 0.5f
el e
2] [
i =
o
0! | o) 0 ' : L !
0 1000 2000 0 2000 4000 6000 8000
E 5 K E & K
wm5F KViELe = 50°C EAY (AF) © w6 FViELe=v —15C E&Y HF)
EAEDT DEHEDT

B2 T — K DA EEA Tk 7233, HF (—15°C) NEEREHII, M CIAR 7 v & 7
ofﬁ%ﬁﬁﬁﬁﬁoto%6htﬁ?§ﬁﬁ@ﬁu,wfh%ZO@@ﬁ%%%,%ééﬁﬁ
SOARIELSRENEL K sRAE a2 EAY S 5, BREAYOEBESEREN 7 7 7Y
S, BT A ESEEAE T I /v 2 v e R RICL, OHRY KV IIBAIAEARTS
%oﬁkﬁ”u—4?c§%%0%§é§7iﬁvawﬁ,ﬁ§é57aavaw&0%ﬁﬁﬁ
<, EFAERLELATHL L EBREL TV, TNILIEDVTRRICHIERT 5.
OrEokE—THF z#Er L, Kz T
EEl e U 30°C 123w T Elias »J5HEIC &

S TR E R 72, RENFERZET, 8K

R L, EROBEIREIRIIRLA,

‘]_.OJ_—_I L B J ? 9! ] 1 L .
5.0 £0 30 2.0 1.0 0 50 40 3.0 2.0 1.0 0
Tog (Cp)yr log (CP)ry

Bm1E KVELe=r Q0C EAY) 077 B8E KYHEe=,v (10°C EAY o7 hIA
A KB 7T v-KRIZBIT B T A O TR AR 4 Fu735r-KRIEBIFS, WREDBHAIRE
B (Ca)rr LAY < —8E (Cp)r-DBFREC). Cryrr 28 < —WE (Cp)rr NEEFE (30°C).
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B B X

m3% & PVC » THF-/K% 30°C 1281 5 @R

LR R

: 5 e @RERL
FAEECO | AMEN | B & E | UgCore | REE vy
AF-3 2220 B
+50 AF-5 1620 T.024 100/11.9
AF-9 710
EF 5 3890
! 1 0 —
+20 i o 1.000 100/11.1
DF-4 2870
IF-2 4720 B
IF-3 5120 5.986 100/10.7
IF-5 5310
10 IF-6 4480 B
& IF-7 \ 9890 1.000 ~ 100/11.1
oy \ Gt 1.024 ~ 100/11.9
‘ HF-1-2 | 4660 il
BF-3 1910 2,940 100/9.5
15 ‘ BF-4 1840
‘ gf{g \ g T.024 \ 100/11.9
®m3FEVHALNRILIZ, ORI PVC nEBABEEIKET s0H TR, HX Yyl

@ﬁ?%iﬁbzma‘a*ﬁéz:ﬁ‘zﬁ?am%%ﬂh&wz%ié nsazr<Thsr, IFR

10°C) NEE

sE7 5y v (IF-2,3,5 NOMRI, BHEVKEETHEY, BERETI IV 2D

FNiREEEBVKAERT,

MEED DX h S5 OHRBIZALT 5. Aoz iz —15C EEY
2OV TEVZL 5, %b:{ﬁﬁié%'ﬂiﬁ&biﬁ%ﬂlj“é sRVEEIONEH L,
YLV LIEBEAE T 7 VY o v OEER,

BEAET IV
STEREAE IC RS F N LHES NS,

@0 (p)—THF-7K% 30°C n@BEERICET 2 BB (r) DHEMZH LR
2, (g —M oF ey FEBEIKICRT,

AR @SB 5 EREER O

=% £l [ M x 10~

AF 15.0
AF-5 10.1
AF-6 86
AF-9 43
IF-8 130
IF-9 51
EF-2-1 487
EF-2-2 39.8
EF-3 36.3
EF-4 231
EF-5 \ 11.4
DF-4 17.9
IF-7 l 181
HF-1-2 \ 29.1
HF-3-1 459
gg-&z 1 34.4
-4 484
HF-5 \‘ 308

BREYV<—n (ph & M OEICIR

| e |

091
0.76
0.71

@#aak (THF : )

049 100/11.9

0.89
0.51

2.06
1.85
179
1.30
0.88

117

100/11.1

100/9.5
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(nJe =KM2
D BERASRILT 5 2 L AERICEH S h T
27, EBRERRFEIMICRULEZLSICID
BEzEEL TS, KBRENX
K=®RYD/ M2
I v BB ORI 2 P (RD
WIFETES HIF T, ®=21x1021 LT
(RY #Rw®», Th2ESFEPUVICELL -
HEZE5RICTW Uz, EENTRTNE
Pk KA, HHEEET 5 EELEZHED = . i .
0250 % Ry b LTRTE, (RPr & ' T olgM '

EYFRDORER n, KV FEL X FAOIC FIR AV = v O@FEAR ORI
8L royFENEER (30°).

O 50°C E&Y, @ 20C =&Y,
<R(2)>f'———%l2[(1'—COS 0)/(1+COS 0)] A 10°C E;%, A —15C E&Y
<5z 5h, <(RP/RPry BHOWE HE

PWENEE 2, EEHMIIEXS2HITTH %,

04

10970

=)
T

B;E5R OBEHICEI}5 PVC SN0 55D

i é 3%’1 Y/ﬁu i (1%‘1 E l K>< 103 E<R(2,>/le/2 [<Rg>/<R%>f]1/2
€9 o) l A)

50 | 30 2.11 | 794 | 2.58

20 ” 2,51 1 8.37 ’ 2.72

10 P 251 (IF-7) | 8.37 2.72

10 " 211 (IF-89) 7.94 2.58
-15 " 335 9.25 3.00

A0 (LTS 19))“ 1554 | 1.56 7.16 [ 2.32

EDER 2 BIET 5 £, 5F 0 unperturbed dimension ZEAEEHECEAT, L £ I
AEAMTRESAENO 5401}, BERAEM7II /Y s VOXNEVRTHS, HEGK
S5 sy L vRARLAELE SIS, FVEBCEELERILEZRT CEAMSATRLNINIL
p, CCIABNEDANDICET AREREAREL S L, BREAKIIET S LVREVIF
WOV B, ST STHRANE L BT 5 LIEES h b, BRETH, EHRETF —CH
%ﬁwgﬁﬁ%@%%,&6@uﬁ§%mﬁﬁm§6<ﬂ@?ﬁﬁﬁ%@%%%%@bf,wm
PVCuumﬁbtiﬁwtmmﬁmm@ﬂ@ﬁhtcmmmmmmﬁﬁif%%:kmg%§
nTwn, <RD> CELTE, C0XIRHEARBTsrELS IvREEN VLT
50, DFHLY synd THHE <RD> »E9KRTHDLHETE S, EGRESECED
%ﬁ%ﬁﬁ?%%kw%ﬁﬁ%@%ﬁu,Eéﬁﬁﬁ@wﬁﬁﬁ;nswdf&ézwaiﬁﬁ
Er s, FHNICHWETESDI TS, .

%Giﬂﬂﬁﬁ@€;W£97—,%@@K%?%O%ﬁn%ﬁﬁbt%,%EPVCM%?
6ﬁn3m0ﬁﬁm£umwﬁzw,ﬁvx?VV@@i@%?kf%%ﬁ,e;w£97—¢
Ve T LCAEN TS B, EREEYDPXINRITYIRTE S,

SESTE LCoRE— U ERSIHESAECER LEBETH B, RICRDEIFL LT
058 2HELTH S,



40 BFooB O OE K
BOE JEEHHPNO A3V DHEL

=1 Vi) F ® (°C) (<RI>/<RE>7IV? “ w s #F
RY)ZFLv 125 1.56 N 52
KUY (atac) 125 1.8~1.9 Krigbaum 524
RYE=vF7va—inv 30 2.15 A B2
R Y EEER Y = v 26.5 2.28 P26
Y Z2FL v (atac) 25 244 Flory2?D
F ULy =v GO°CEAR) 155.4 2.32 e 519

Vi «C 7 ) 30 2.58 AH5E0

B U772 & 5 ICECERFET 52 LT BIOKICR L7z & 5 R ETVIZOWVT Kramer?® o
EH 5, DT unperturbed radius of gyration {Sgy» ¥, A5 F B OISR
FoxGT 58 S LD,

o <So>»
<Se>1
I | I
— |
BUOR SDEFFLUTDETNV
PRELTH5, VE N & LAFHORMOBE, 7 2HnRE BRAOED, S 2 AHRE O
Ex (B0, k2HORLT L g RRTER 505,
S i=r
g=%%{%§f(N—D+k£{(N—D
P-k-1 i=Pr+PS+P+S

5P oBie 53 i (N—1)
=1

j=Pr+PS+P

mrEIZIE, THEIICUVTEHEUBIEEZTR U x oo 8HkIzk, —15°C EAWI—IG
PEESERCEDLIRELT, ThIENT 50508V OHERLEENTHS,

ETR DEDTFO g FEME

s | k r N | g (=<SE/<SE>
50 19 3 ‘ 1060 ‘i 0.948
50 19 6 1114 , 0.900

L 0,879

50 19 10 1190

E8X 30°C NAWBPHIZEIFS PVC HOVS%5Y

BEHEE CO <RE>1/<RE>-15
50 0.74
20 0.82
10 0.82
—15 1.00

BIER 6 B2 RETHIZ, KOESIRE/ v —BITHITHAH, XD &S5 2HH50E /
< —BMY, 1oksL LEBED g12 0948 T, ZORE,ASBEALLINLS s ARY -t
B0 1252 AR, B TNEVLYhREL SRV, IR, S0CEAYD (R b
—15C D Z N L DHIZ0TATH 7 YK E WETH 5,
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4 I © E BY

LiAlH, iz & % PVC @itk 2B <175 572, £3, PVC 05~1.5g % 60~70ml > THF
R L, e LiAlH, o THF ik (LiAlH, 25g, THF 500ml) 15~35ml % fnz Np A3
THE L, 70°C T2HORME 1 BORIGETR S, $2BROBTIIE 1 ROETY 08~1.0g %
91 v 80~100ml 122 U, < hiz LiAlHy » THF %% 25~30ml % finz < N, i cHHE,
100°C Cl20B5fRIG 2T h b 72, BERIGWIR, N4 V224 07 2 b TI0%ETLENZC
LEIED T,

HATZDEIICLTLbNER) ZFLicownT, FMNRIIZE 5T CHs £y CHy £
TRV, I oSENR %2 EH U, Slowinski 530 i3 1370cm™ (CH; #) ¥ 1378
cm™! (CHs ) o¥¥mEny, 2 FvEAR (CH3/100CHy) »RICEMRBIRSKILY 5 C
v 2458 L, CssHus, CaHar, CosHss 2205 7 4 V22V, REMBEZHE L TV 52,
KRR TIX S OITHEIC U72AS 5 THIRDER TR » 72, Slowinski 512 L i, ERT 4 v 4
DN BB IR SRS BICIKET 55 5, RNRNZARMREBCAEShA~EZLBEK
XhThY, AR TRFENRKIVE 150°C THIE U7z, #HERIZEIRIZTT,

BIR o g o E E

% s emE | ®EF B | CHy100CH,
H +90°C 380 | 027
Geon 103EP +50°CRRfE 1200 ‘ 0.20
AF7 +50°C 1200 ‘ 0.20
DF6 +20°C 1200 ‘ 0.15
X —L15°C 4700 1 0.05
S —75°C 1700 l 0

HIOEDEEN S, REEAWICBY 20IEIXIEZLA YR TE %EJE’C HHILB DN,
+50°C EAYIcOVTHTE, BIENKEIZAR Cotman 5 DFER LY &4 72 Y {E,

= £

PEATFHEEIC B s ERAE Y, DE0%R2FOIC PVCoOREL2REL CE2bIFT
35, THEBAMEOR TN LV FENTH S LT 5B, @EARESN —40°C LITTY
RBH S AEBERE, BS BARESET 5, 0 PVCHEAFRHIC, 2 b 5T ILERANES
[Kwr 3 5 Bovey o RfRiz, BiE (150°C) 2B} 5K NMR DEEFERICE IV TS,
QEEEAYMRBESE 7S /v v, REAGEY I VY s v THERREICL, SEGEY Y
vy S VIREBRET I 7Y s VI L, OOBBEOILBRAIMEE Y, QFE, HRIESE
v, QBAEM Y OHED D AR YBKREV, FHZCOB)DIERZ2 DIEAZIR, SHA LIS LT 5
v, BEAE 7 I VY 2 VOOBDEOBESDEZVEWVS ZIckY, ThiZEESEETH
5, VECEOEEZBUGGHE Lz g1z, EBRER»SHEINIZINIVLLIRTH
%, nYDEE % HIFH MR TE S, ERNICEREEAR CRDWBAFELSER I TS
DTHY, DEOEENEZOMCIEZAHREEEAAGET 5 LN TRZEVE, REEAEY
B AERILEZOMO FRIZ, YA a0 T4 v 0BIMcEk s 0L LT, HET S
ZLRASETAVLEEILNS,
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Syntheses of Some Polymers Containing
Cyclopropane Rings in the Main Chain

By Ryoner Opa, TATSUYA SHONO, Akira Oku, HirovosHr TAKAO,
TaKESHI MORIKAWA, and Ryo-icHI OKAYAMA

Part |

The syntheses of aliphatic polyesters, polyamides, and polyurethanes have long been
studied by a great number of researchers and there are many literatures in this field.
In these polymers, if the length of the sequence of methylene group in the main chain
is short, good polymer properties can not be expected. However, the properties of
polymers having cycloaliphatic rings in the main chain are generally better than those
with straight aliphatic chain. In this sense, the syntheses of a series of polymers
containing the smallest aliphatic ring, i.e., cyclopropane ring in the main chain seems
interesting. In this paper polyesters, polyamides, and polyurethanes were synthesized
using 1,2-cyclopropane dicarboxylic acids or, 1,2-dimethylol-cyclopropane as a monomer
component.

a) Syntheses of Dicarboxylic Acids and of 1,2-Dimethylol-cyclopropane
1,2-Cyclopropane dicarboxylic acid and its homologs were synthesized according to
the method of McCoy? as described below.

Ry
|
CICHCOOR; CH=CH-COORy ———> R,00CC——CHCOOR,
| + | CH;0Na N\ /
Ry Rs CH
|
Rs
(&Y
Ry
H*+0 |
— > HOOCC-—CHCOOH
Z
CH
|
Rs
Table 1 Yields and physical data of the prepared dicarboxylic acids T
Ester® [ Acid®
' Yield 1 b.p. m.p.
(%) (°C./mn. Hg) (o))
R1=H', R2=C2H5; R3:H, R4:CH3 425 90—100/10 116-120
R,=CH;; R;=CHj; Rs=H; R,=CH; 70 120-125/40 118-125
R1:H; Rz:C2H5; R3=CH3; ‘R4=C2H5 28 92—96/5 =

a) Mixtures of steric isomers.

Some methods of the separation of cis and (rans isomers of 1,2-cyclopropane di-
carboxylic acid have been reported!>?.

Recrystallization method is one of them, in which the cis isomer is recrystallized from nitro-
methane and the trans isomer from water. However, it was confirmed that the separation by
this method is not so sharp.

Another method is to convert the cis isomer into the trans isomer by heating with potassium
hydroxide or sulfuric acid. For example, with potassium hydroxide as catalyst the yield of the
trans isomer was 80%. This method is suitable to obtain the {rans isomer, which was proved to
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be superior as the component of polymer to the cis isomer. But, in the case of methyl substituted
1,2-cyclopropane dicarboxylic acids this method is not effective. We devised a method which was
more effective for the separation of the cis and trans isomers of 1,2-cyclopropane dicarboxylic
acid and its homologs. ! -

In our method, the mixture of the cis and trans isomers was treated with thionyl
chloride, where the cis acid was converted into the acid anhydride and the irans one
into the acid chloride. The ratios of the yields of the two isomers, thus found, are
given in Table 2. In an independent experiment, we confirmed that under the con-
ditions no change between the two isomers occurred. Therefore, the ratio of the yield
may be taken to show the actual ratio in the reaction product.

Table 2 Ratios of the yields of the isomeric cyclopropane dicarboxylic acids

\ Ratio of yield b. p. 1 m.p. ‘
%) | (c/mHg | (C)

1,2-Cyclopropane dicarboxylic | Trans 40 82-84/18 C»

acid | Cis 60 135-135.5/15 (58-60) AP
1-Methyl 1,2-cyclopropane | Trans 20 101-105/28 C

dicarboxylic acid ! Cis 80 140-145/28 A
3-Methyl 1,2-cyclopropane | Trans 50 68/8 C

dicarboxylic acid SCrE 50 — A

a) C; Acid chloride. » A; Acid anhydride.

1,2-Dimethylol-cyclopropane was obtained from 1,2-cyclopropane dicarboxylic chlo-
ride by reduction using lithium aluminum tetrahydride.

y (IZH—COCI AT  CH—CH;OH
1e | s RO )
\ CH—COCl in THF \ CH—CH,0H

The reduction by lithium aluminum tetrahydride has been generally carried out
using ethyl ether as solvent and the reduction of 1,2-cyclopropane dicarboxylic acid
dimethyl ester by this method has been reported by Bromaquist®. The reported yield
of corresponding glycol was 50¢,. However, for the reduction of 1,2-cyclopropane
dicarboxylic chloride tetrahydrofuran (THF) was found to be more suitable as the
reaction solvent than ethyl ether, i.e., the vield of the glycol was 85% in THF and 40%
in ethyl ether. :

b) Syntheses of Polymers by Interfacial Polycondensation Method
Polyamides

The interfacial polycondensation method developed by a research group of Du Pont
Co. is the most useful for the synthesis of the polymer having high melting point and
low solubility. Polyamides have been generally obtained easily by this method. We
used three trans acids and one cis acid as the acid component and hexamethylene
diamine, piperazine and others as amine component. Benzene was employed as organic
solvent and sodium lauryl sulfate as emulsifier. The polymerization was performed by
agitating the two components at high speed. The results are shown in Table 3.

The polyamides obtained from trans acids, particularly from that having no methyl
group showed low solubility and high melting point. The polyamides prepared from
3-methyl substituted trans acid were tough and stiff and gave good film.

On the other hand the polyamides from 1-methyl-substituted trans acid had low
melting point and low intrinsic viscosity. These polymers were difficulty ‘soluble in
m-cresol and in 989 formic acid and insoluble in other common organic solvents.
From cis acid the polyamides could not be obtained except only one case and even in
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Table 3 Preparation of polyamides by interfacial polycondensation

d) Dimethyl terephthalate. e)

1,2-Dimethylol-cyclopropane.

. k o Yield m.p. R
)

Acid chloride2 Diamine (%) C (g./100mL.)
Trans Ceeeveeeenees Ethylene diamine 53 ~350 0.432)
Trans Ceeeeeeeenns Propylene diamine 10 ~310 0.85¢)
Trans Ceeeeeeenneee Hexamethylene diamine 35 ~300 1.30
Trans Ceoeeeeereees Piperazine 58 ~330 0.55
Cis Coovvnnnnnnns Hexamethylene diamine 30 ~180 0.37
Trans 1 MC------ Hexamethylene diamine 40 ~115 0.19
Trans 1 MC----- Piperazine 8 ~130 0.30
Trans 3 MC------ Hexamethylene diamine 71 ~270 0.27
Trans 3 MC------ Piperazine 67 ~280 1.38
Trans C+3MC Hexamethylene diamine 47 ~240 0.55
Trans C+3MC Piperazine 70 ~265 0.90

a) C: 1,2-Cyclopropane dicarboxylic chloride. 1 MC: 1-Methyl-substituted C.
3 MC: 3-Methyl-substituted C.
» Measured in m-cresol, unless otherwise mentioned.
©) Measured in 989, formic acid.
Table 4 Preparation of polyesters by interfacial polycondensation
. ; : Yield m.p. R
Acid chloride Dihydroxy compound (%) “C) (g./100mL.)

Trans Ceeseeeeeeennrunneses | Bisphenol ‘AP 90 ~180 0.18
Trans Ceooeereevneeeeeeeens ‘, Resorcinol 80 ~105 0.13
Trans Crrerernenneennneannns ‘i Hydroquinone — ~260 e
Cis C covvrrnrrnmenmnanenene | Bisphenol A 73 ~120 0.08
Cis C crveernriniinanannaiaens " Resorcinol 68 ~ 65 0.05
Trans 1 MCooveeeerennnes ‘ Bisphenol A 63 ~ 90 0.06
Trans 3 MCoooovrereeeen . Bisphenol A 61 ~130 0.12

a) Measured in dioxane.
»  Bisphenol A=HO(p) —CeHy—C(CHz)2—CsHs— (p)OH.
Table 5 Preparation of polyesters by solution polycondensation
‘ Yield m
. . g .p. CnJ
Acid chloride \‘ Dihydroxy compound (%) ¢ (g./100mL.)

Trans Cereeeeerrensrnsuesns | Bisphenol A 85 ~145 0.15%
Trans C Resorcinol 65 ~105 0.112
Trans C Hydroquinone — ~280 —
Cis C rovreenrenreinninnnnnees Bisphenol A 77 ~130 0.082
Cis C covvemnmmmmnneieinens Hydroquinone 75 ~160 0.03m
Adipyl chloride - Trans M® — 0il —
Isophthaloyl chlofide:-- Trans Me — ~100 0.04¢)
Trans Ceeeeeeeeeerenmaeernn Trans Me — Oil —
D) B AR S e Trans M® 80 ~130 0.25¢)
DNVLT ) evesemaiis ovauineni | CisM 50 ~130 0.18%

a) Measured in Dioxane. b In m-Cresol. ¢ In Dimethylformamide.
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that case the property of the polymer was not excellent.
Polyester

The yields of polyesters were generally higher than those of polyamides, and the
polymer could be obtained even from cis acid. However, the polyesters were generally
brittle. The dihydroxy compounds employed were bisphenol A, resorcinol and hydro-
quinone. The results are shown in Table 4.

¢) Syntheses of Polyesters by Solution Polycondensation and Ester Inter-change

Method

The polyester can be also prepared by heating of the two components, such as
dihydroxy compound and acyl chloride, in suitable solvent such as nitrobenzene. T his
method is applicable to the synthesis of polyester containing aliphatic alcohol component.
However, the properties of polyesters obtained by this method were generally not
excellent. The results are shown in Table 5. On the other hand, from an ester of
aromatic dicarboxylic acid, the polyester can be obtained by the method of ester inter-
change. Using this technique, polyester was prepared from dimethyl terephthalate and
1,2-dimethylol-cyclopropane. The results are also shown in Table 5.

d) Polyurethanes

The polyurethanes were synthesized by two different methods. One is usual, that
is, heating of equimolecular mixture of two components, such as, diisocyanate and 1,2
dimethylol-cyclopropane in a suitable solvent. We used toluylene diisocyanate, 4,4"-
diphenylmethane diisocyanate, and hexamethylene diisocyanate as the diisocyanate
component. The polymer thus prepared, especially that from 4,4’-diphenylmethane
diisocyanate, showed good properties and gave good film.

The other is a method to employ the bis-chloroformate of 1,2-dimethylol-cyclopro-
pane as an intermediate. The polyurethane can be obtained from the bis-chloroformate
and appropriate diamine by interfacial polycondensation method. However, good poly-
urethanes could not be obtained by this method probably because of the impurity in
the bis-chloro-formate whose purification by distillation is difficult. The results are
shown in Table 6.

Table 6 Preparation of polyurethanes

Diisocyanate or diamine CD;;S;%LOIEY Y(i;‘)i I(ncp) (g.%%f))ml.)
DI T D) B e Lot Trans M 100 ~290 1.23
B U osach A Aibar o bttt Cisir M 100 ~230 098
Toluylene diisocyanate --------+ Trans M 100 ~200 0:35
Toluylene diisocyanate -------- Cis M 100 ~170 0.34
Hexamethylene diisocyanate::- Trans M 100 ~165 0.35
Hexamethylene diisocyanate:- Cis M 100 ~120 0.25
Hexamethylene diamine:------- Trans M® — ~130 0.16
Hexamethylene diamine-------- Cis Mo — ~ 90 0.06
Piperazine «eeeeeeoeeeeeneiiees Trans MO s ~100 0.05
Piperazine «:e-eeoeeoeenmiseieees Cis Mo 0 ~ 70 0.04

a) Measured in N,N-Dimethylformamide.

»  4,4’-Diphenylmethane diisocyanate. o) Via bis-chloroformate.

Experimental

a) Reduction of 1,2-Cyclopropane Dicarboxylic Chloride by LiAlH;
A solution of 24g. (0.143 mole) of 1,2-cyclopropane dicarboxylic chloride in 100 ml. of THF
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was added under stiring to a suspension of 10 g. (0.263 mole) of LiAlH, in anhydrous THF during
2 hrs. at 50°C. After the mixture was stirred at 50°C. for additional 1 hr., 30 ml. of water and
then 300 ml. of 102, H,SO, were added to decompose the excess LiAlH,. The THF layer was salted
out, dried by magnesium sulfate and distilled. The trans and cis 1,2-dimethylol-cyclopropane was
distilled at 93°C./2 mn. Hg, the yield being 12.5g. (85%).

b) Interfacial Polycondensation

Polyamide

Under vigorous stirring an ice-cooled solution of 5.3 g. (0.032 mole) of {rans 1,2-cyclopropane
dicarboxylic chloride in 200 ml. of benzene was added dropwise to a solution of 3.7g. (0.032 mole)
of hexamethylene diamine, 7.0g. (0.065 mole) of sodium carbonate and 0.7g. of sodium lauryl
sulfate in 120 ml. of water. After addition, the mixture was stirred for additional ten mins. and
then the white product was collected on a mortar, filtered, washed, and dried. The polyamide was
purified by reprecipitation using 989, formic acid as solvent and water as precipitant.

Polyester

The reaction procedure was analogous to that of polyamide except that chloroform was used
as organic solvent and the solution of acid chloride was added to aqueous solution of the dihydroxy
component. After reaction was complete, the chloroform layer was separated, washed with water
several times and the polyester was obtained by evaporating chloroform under reduced pressure.
The polyester was purified by reprecipitation using acetone as solvent and water as precipitant.

¢) Synthesis of Polyester by.Solution Polycondensation

A solution containing 4.607 g. (0.04184 mole) of recrystallized hydroquinone and 6.983g. (0.04184
mole) of freshly distilled trans 1,2-cyclopropane dicarboxylic chloride in 25 ml. of purified nitro-
benzene was heated gradually under nitrogen atmosphere. At 110°C. the evolution of hydrogen
chloride was observed. The solution became viscous and some white solid began to precipitate
when the solution was heated at 150°C. for 1.5 hrs. and at 160°C. for 25 hrs. After heating at
170°C. for 4 hrs., the evolution of hydrogen chloride ceased. The polyester was obtained by remo-
ving of nitrobenzene under reduced pressure.

d) Polyester by Ester Interchange

The procedure was analogous to that of synthesis of polyethylene terephthalate. A mixture
of antimony trioxide and calcium acetate was used as catalyst, and the reaction was carried out
at 190°C. for 1 hr., 285°C. for 0.5 hr. at 10 mn. Hg and 285°C. for 5 hrs. at 2 mn. Hg. The polyester
was purified by reprecipitation using dioxane as solvent and methanol as precipitant.

e) Synthesis of Polyurethane

«) Under nitrogen atmosphere a solution of 3.48 g. (0.02 mole) of toluylene diisocyanate in
20 ml. of anisole was added with stirring to a boiling solution of 2.04 g. (0.02 mole) of purified
1,2-dimethylol-cyclopropane in 20 ml. of anisole. After refluxing and stirring for 4 hrs. a solution
of 0.01 g. of the diisocyanate in 5 ml. of anisole was added further, and the mixture was refluxed
for additional 2 hrs. The polyurethane prepared was treated with boiling ethanol, dried, and
purified by reprecipitation using N,N-dimethylformamide as solvent and methanol as precipitant.

8) The bis-chloroformate of 1,2-dimethylol-cyclopropane was obtained by the reaction of
1,2-dimethylol-cyclopropane with excess of phosgen under ice cooling. The bis-chloroformate
could not be purified by distillation and the crude bis-chloroformate was used in interfacial poly-
condensation.

Part

In this part, the syntheses of polyurethanes, polyureas, polycarbodiimide and poly-
amines, using 1,2-cyclopropane diisocyanate, 1,2-diaminocyclopropane, 1,2-cyclopropane
diacylisocyanate, 1,2-bisaminomethyl-cyclopropane or 1,2-bisiodomethyl-cyclopropane as
a monomer component, are reported.

a) Synthesis of 1,2-Cyclopropane Diisocyanate
The 1,2-cyclopropane diisocyanate was synthesized applying the method of Curtius
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as described below.

Vs -CONHNH; _I‘LNOz . -CON; o r -NCO

—> —>
\_CONHNH, NLcon, N.Nco

It has been known that in the alkylene diisocyanate, when the numbers of methylene
group between the two isocyanate groups are small the diisocyanate becomes very
unstable, for example, the ethylene diisocyanate easily changes to white polymer®. In
the 1,2-cyclopropane diisocyanate, the tranms isomer was moderately stable and could
be purified by distillation, while the cis isomer was very unstable and, on heating,
turned into polymer-like substance.

Some stereochemical interests were found in the Curtius rearrangement of 1,2-
cyclopropane dicarboxylic azide. In the Curtius rearrangement, the optical activity of
starting compounds are always retained. However it has been reported that in the
“ case of the rearrangement of geometrical isomers the configurations are not necessari-
ly retained. For instance, both the trams and cis 1,3-cyclohexane dicarboxylic azides
gave the same urethane. ’

Similar situations have been observed in the rearrangement of some other geomet-
rical isomers, with exception of the 1,2-cyclobutanedicarboxylic acid derivative.?-®
Interestingly, it was found that in the rearrangement of 1,2-cyclopropane dicarboxylic
azide studied here the geometrical configuration was retained.

b) Synthesis of 1,2-Diaminocyclopropane

The diaminocyclopropane was first expected to be obtained by direct hydrolysis
of the urethane derived from the diisocyanate, but this urethane could be hydrolyzed
only under drastic conditions, where the ocurrence of the decomposition of diamine
was inevitable. The catalyzed hydrogenation of urethane was not suitable to prepare
the diamine either. Therefore the (rans isomer of this diamine was synthesized accor-
ding to the following reaction scheme.

SN
,"NHCOOC;H; /1" CO”
\_NHCOOC,H; BB ‘\\{_N/CO/‘
o O,
NH,NH,H;0 /~—NH2 THCO\ @
- +
N-NH, NHCO”

However, an attempt to prepare the cis isomer by the same method was unsuccessful.
This would be attributed to the difficulty of the formation of the bisphthalimide com-
pound due to the steric hindrance of cis configuration. A very small amount of cis
diamine could be obtained by hydrolysis of the urethane in aqueous barium hydroxide.

¢) Synthesis of 1,2-Cyclopropane Diacylisocyanate
The diacylisocyanate was prepared from the dicarboxamide by treating with oxalyl
chloride.

-CONH; 4 -CONCO

| ©ocn: —> | oo

\_conH,
The diacylisocyanate was highly reactive to the atmospheric moisture. The cis
isomer of the diacylisocyanate was thermally unstable similarly to that of the 1,2-

cyclopropane diisocyanate and it was scarcely distilled under reduced pressure without
decomposition.
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d) Synthesis of 1,2-Bisaminomethyl-cyclopropane

The 1,2-bisaminomethyl-cyclopropane was synthesized according to the usual method
of preparing amines.

-CONH, P.Os  ,-CN  LiAlH, /~CH:NH,
\_conH,

>
k! -CN \}—CHzNHz

The dehydration of 1,2-cyclopropane dicarboxamide into the nitrile was performed by
using phosphorus pentoxide as dehydrating agent. When phosphorus oxychloride was
used, tarry material was the main product. The diamine was obtained by reduction
of the nitrile by lithium aluminum hydride. In the Bouveault Blanc type reduction
of the nitrile, the diamine was also formed, but the isolation -was very difficult. In
the synthesis of the dicarboxamide or nitrile, the configuration of irans isomer was
retained, while some degree of inversion of cis_isomer to trans isomer was observed.

e) Synthesis of 1,2-Bisiodomethyl-cyclopropane
The method of synthesis of the cis 1,2-bisiodomethyl-cyclopropane was reported by
Vogel?.

Le -CH,OH b -CH,0T; i -CH,J
N

| —>
_CH,0H N_CH,0T; N_cH,J

The trans isomer was also obtained by applying this method.

Table 7 1,2-Disubstituted Cyclopropanes

‘ b.p. m.p. Yield
(°C./mn. Hg) 68 (%)
1,2-Cyclopropane diisocyanate Trans 46/4 Diethyl-urethane 66-68 48
Cis — Diethyl-urethane 127-128 30
1,2-Diamino-cyclopropane Trans 80/110 Dipicrate 140 40
1,2-Cyclopropane dicarbonitrile Trans — 71.5 65
Cis = 52 22
1,2-Cyclopropane diacylisocyanate Trans 90/5 Dimethyl-urethane 350 83
Cis — Dimethyl-urethane 218 —
1,2-Bisaminomethyl-cyclopropane Trans 75/27 Dipicrate 207 20
1,2-Bisiodomethyl-cyclopropane Trans — 88.5

f) Syntheses of Polyurethanes

The polyurethanes were synthesized by usual method, that is, by heating of equi-
molecular mixture of two components, such as, 1,2-cyclopropane diisocyanate or diacyl-
isocyanate and glycols in anisole under nitrogen atmosphere. As the glycol components,
tri-, tetra-, and penta-methyleneglycols and (rans and cis 1,2-dimethylol-cyclopropanes
were used. The results are shown in Table 8. In the case of using straight chain
glycols, the polyurethanes consisting of longer alkylene chains had better technological
properties than that of shorter chains. The zrans 1,2-dimethylol-cyclopropane gave
better polymer than did that of the cis isomer. Especially a good film was obtained
from the polymer consisting of zrans 1,2-dimethylol-cyclopropane and 1,2-cyclopropane
diisocyanate. Since the anisole was found to be poor solvent to the yielded polymer,
the polymerization was carried out also in N-methylpyrrolidone which was a better
solvent for the polymer. The obtained polymer, however, was not so good as expected.

g) Syntheses ¢f Pclyureas and Polycarbediimide
The polyureas were prepared by general method using anisole or m-cresol as
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Table 8 Polyurethanes

Diisocyanate \ Glycol E Y(if/i()l l r(ng) “ (g./%%ml.) "
| nops
Trans ICY ) Trimethylene glycol 100 ~170 1 0.209)
Vi Tetramethylene glycol Vi ~180 1 0.449
Vi ‘ Pentamethylene glycol \ Vi ~1357 “ 0.20
Vi Vi ” ~170 i 0.49
7 Trans M2 " ~1250 | 021
v " " ~210 | 1.609)
7 Cis M2 Y ~175 L 0.34
Trans AIC® ‘ Tetramethylene glycol \ o ~226 “ 0.17)
V Pentamethylene glycol ” ~2507 i 0.11
7 7 \ Y ~215 ‘ 0.22 ®
” Trans M2 Vi ~205 ; 0.33
Z ” ” ~2457 | 0.15)

| |
- __f/___—————’_/_/——r

1) 1,2-Cyclopropane diisocyanate.

2) 1,2-Dimethylol-cyclopropane.

3) 1,2-Cyclopropane diacylisocyanate.

4) Measured in N-methyl-2-pyrrolidon at 30°C. unless otherwise mentioned.
5) Measured in dimethyl sulfoxide.

6) Measured in N, N-dimethylformamide.

7) Polymerized in N-methyl-2-pyrrolidon.

8) 7sp/C: C=0.25g/100 ml.

solvent. The used diamines were:hexamethylenediamine and piperazine. The polyurea
consisting of cis component was tried to prepare from the corresponding urethane,
because the cis diisocyanate could not be isolated as mentioned above. The results
are indicated in Table 9.

Campbell reported the syntheses of polycarbodiimides from the diisocyanates by
heating with suitable catalyst, such as 1-ethyl-3-methyl-3-phospholene oxide, in inert
solvent.® The Campbell method was applied to prepare the polycarbodiimide from
1,2-cyclopropane diisocyanate. The obtained results are also showed in Table 9.

The polymer, thus prepared, was insoluble in any solvent. According to Campbell’s
report, when a small amount of dimethyl sulfoxide is existent in this polymerization
system the formed polymer becomes soluble in some solvents. However, the polymer
derived from 1,2-cyclopropane diisocyanate by applying this method was still insoluble.

Table 9 Polyureas and Polycarbodiimide.

o . Reaction ‘ Yield | mp. | Nsp/C
Diisocyanate Diamine solvent e | ¢c) |c=o0e 7iooml. 30°C.
e |
Trans 1C Hexamethylene | Anisole 20 ~180 0.53 in formic acid .
diamine i
4 Piperazine m-Cresol — ~260 0.66 %
Cis Diurethan ” — — ~280 insoluble
Trans 1C — Benzene — ~240 ” n
Vi — Benzene+DMSO — ~300 Vs P
‘ @:0D

1) 1—Ethyl—3—methy1—3—phospholene oxide was used as catalyst.

h) Syntheses c¢f Polyamides
The polyamides were prepared by interfacial polycondensation method as reported
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in the previous paper. The used acyl chlorides were ¢trans 1,2-cyclopropanedicarboxylic
chloride, sebacyl chloride and isophthalyl chloride. The results are given in Table 10.
The polyamide obtained from trans 1,2-diaminocyclopropane and sebacyl chloride
showed good properties and gave good film.

Table 10 Polyamides.

Diamine Acid chloride Y(‘;j)d li L CZO.ZSJ;fégmL o
Trans AD Trans C? r 40 “ ~285 0.20 in formic acid
p | Sebacic acid 60 ‘ ~220 1.65 ”
” | Isophthalic acid 50 | ~250 0.25 "
Trans MA® ‘ Trans C? 22 } ~220 0.34 p
” | Sebacic acid 46 | ~223 042 ”
7 | Isophthalic acid | 3 | = ~220 0.24 7

1) 1,2-Diaminocyclopropane.
2) 1,2-Cyclopropane dicarboxylic chloride.
3) 1,2-Bisaminomethyl-cyclopropane.

i) Syntheses of Polyamines

Klebe® reported a novel method for the syntheses of some polyamines according
to the following reaction scheme.

CoH;(CHy),Si-N_ N-Si(CHy),CeHs  + ClCHZ—D—CHZCI
cfi,
—
Gy (—N\_JN—CHZ—Q—CHZ—>D +  CeH;(CHy),SiCl

VA

CH;

This method was applied to prepare a polyamine from 1,2-bisiodomethyl-cjrclopro-
pane. The reduced viscosities (in water, ¢=0.25g./100 ml., 30°C.) of obtained poly-
amines are 0.20 for zrans isomer and 0.04 for cis isomer.

Experimental

a) Synthesis of 1,2-Cyclopropane Diisocyanate.

Under stirring, 31.6g. (0.2mole) of dimethyl 1,2-cyclopropane dicarboxylate (trans,
bpis 82-84°C.; cis, bprz 102°C.) was added dropwise during 1 hr. to 31.6g. (0.51 mole)
of 809 hydrazine hydrate at 120°C. After additional heating for 20 mins., the reaction
mixture was cooled and the separated dihydrazide was filtered and treated with boi-
ling alcohol during 5 mins. The yields were 95% for trans isomer (m. p. 207-211°C.)
and 809 for cis isomer (m. p. 167-178°C.).

Anal. Calcd. for C5H10N402 C 3797 H 6.33 N 35.44

Found for zrans C 3827 H 654 N 35.69

Found for cis C 3772 H 654 N 35.58
Under vigorous stirring a solution of 8g. of sodium nitrite in 20 ml. of water was
added to a ice-cooled solution of 8g. (0.05 mole) of the above obtained dihydrazide
and 12g. of 35% hydrochloric acid in 50 ml. of water at 5°C. After addition, the
toluene layer was separated, dried and then heated at 120°C. After the evolution of
nitrogen gas ceased, the toluene solution was distilled in vacuo to yield the diisocya-
nate, boiling point being 46°C./4mm. Hg for trans isomer. The yields were 489 for
wrans isomer and 309 for cis isomer. Diethyl urethanes were derived from these



76 Rvourr Opa, Tatsuya Suono, Axira Oxu, Hirovosur Taxao, and Ryo-tcar Oxavama

diisocyanates ; trans, m.p. 66-68°C.: cis, m.p. 127-128°C.
Anal. Calcd. for CeHi;gN:O; C 49.99 H 746 N 12.96
Found for trans C 5034 H 7.70 N 13.56
Found for cis C 5008 'H 7.44 N 12.99

b) ‘Synthesis of 1,2-Diaminocyclopropane
A mixture of 33g. (0.15 mole) of irans diurethane and 97g. (0.66 mole) of phthalic
anhydride was heated during 1 hr. at 230-250°C. The reaction mixture was then
cooled and washed with aqueous solution of sodium bicarbonate. The yield of the
trans bis-phthalimide, thus obtained, was 57% and its melting point was 248°C. (recry-
stallized from dioxane).
Anal. Calcd. for C19H14N204 C 6867 H 363 N 8.43
Found C 6894 H 378 N 873
Forty grams (0.125 mole) of this bisphthalimide was heated with 15.1g. (0.241 mole)
of 802, hydrazine hydrate in 120 ml. of ethanol during 40 mins. The reaction mixture
was then cooled and filtered. The filtrate was strongly alkalified and extracted with
methylene chloride. The methylene chloride layer was distilled at 80°C./110 mm. Hg
to obtain the zrams diamine, the yield being 40%. The dipicrate from this diamine
melted at 140°C. )
Anal. Caled. for CisH14NgOus (dipicrate) C 33.97 H 266 N 21.13
Found C 3346 H 299 N 2097

¢) Synthesis of 1,2-Cyclopropane Diacylisocyanate

To a suspension of 12.8g. (0.1 mole) of 1,2-cyclopropane-dicarboxamide in 100 ml.
of dichloroethane,32g. (0.25 mole) of oxalylchloride was added and the reaction mixture
was refluxed for 6 hrs. The clear solution thus obtained was distilled to obtain the
diacylisocyanate. It distilled at 90°C./5mm.Hg (trans isomer), the yield being 15g.
(83%). The melting point of the dimethyl urethane derived from the diacylisocyanate
was above 350°C. for irams isomer and 218°C. for cis isomer.

Anal. Caled. for CoH;pN;Os C 4426 H 485 N 11.47

Found for trans C 4448 H 484 N 11.70
Found for cis C 4439 H 500 N 11.49

d) Synthesis of 1,2~Bisaminomethyl-cyclopropane

To a cooled 750 ml. of 287 aqueous solution of ammonia, 85g. (0.51 mole) of
trans 1,2-cyclopropane-dicarboxylic chloride was added dropwise under stirring. After
being stirred for 1 hr., the separated trans 1,2-cyclopropane-dicarboxamide was filtered,
washed with ethanol and dried. The yield was 52.5g. (81%), and it melted at 279°C.
(recrystallized from water). The cis 1,2-cyclopropane-dicarboxamide was prepared by
ammonolysis of dicarboxylic ester, the yield being 39%. It melted at 215°C. -

Anal. Calcd. for CsHgN:0, C 46.87 H 6.25 N 21.87

Found for trans C 4662 H 636 N 21.72

Found for cis C 4703 H 614 N 2214
A mixture of 12.8g. (0.1 mole) of the rans dicarboxamide and 30g. of phosphorus
pentoxide was distilled under reduced pressure (3 mm.Hg) to yield the ¢rans dinitrile,
mp. 71.5°C., yield being 6.0g (65%). The cis 1,2-cyc10pr0pane-dicarbonitrile was also
obtained by the same method, the yield being 22%. It melted at 52°C.

Anal. Calcd. for CsHuN; C 6520 H 435 N 3042

Found for trans C 65.42 H 449 N 30.63

Found for cis C 6494 H 445 N 3055
To a stirred suspension of 8g. (0.21 mole) of LiA1H, in 300 ml. of dry THF, a solution
of 9.2g. (0.1 mole) of the iranms dinitrile in 150 ml. of dry THF was added dropwise
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at 35-45°C. After addition, the reaction mixture was heated at 35-45°C. for additional

2 hrs. and then the excess LiA1H, was decomposed by water. After the addition of

potassium hydroxide and 20% aqueous solution of sodium potassium tartarate to the

reaction mixture, the THF layer was separated and the aqueous layer was extracted

twice with THF. The combined THF layer was dried and distilled. The trans 1,2-

bisaminomethyl-cyclopropane was distilled at 75°C./27 mm. Hg, the yield being 2g.
(209%). The dipicrate melted at 207°C. with decomposition.
Anal. Calcd. for C17H13N3014 C 36.71 H 346 N 19.74
Found C 3651 H 324 N 20.04

e) Synthesis of 1,2-Bisiodomethyl-cyclopropane

The cis isomer of 1,2-bisiodomethyl-cyclopropane was prepared according to the
method of Vogel. The trans isomer was also obtained by using the same method.
The ditosylate of zrans 1,2-bismethylol-cyclopropane was prepared in 77.5% yield, the
melting point being 78°C.

Anal. Calcd. for Ci9H2S:06 C 55,59 H 5.40

Found C 55.68 H 5.46
The yield of trams 1,2-bisiodomethyl-cyclopropane was 88.5%.

f) Synthesis of Polyurethane

Under nitrogen atmosphere a solution of 0.977g. (0.0079 mole) of trams 1,2-cyclo-
propane diisocyanate in 20 ml. of anisole was added with stirring to a boiling solution
of 0.820g. (0.0079 mole) of pentamethylene glycol in 20 ml. of anisole. After refluxing
and stirring for 4.5 hrs. the reaction mixture was cooled. The polyurethane prepared
was treated with boiling ethanol, {dried and purified by reprecipitation using N,N-
dimethylformamide as solvent and methanol as precipitant.

g) Synthesis of Polyurea and Polycarbodiimide.

1) During 30 mins. a solution of 0.930g. (0.0075 mole) of trans 1,2-cyclopropane
diisocyanate in 20 ml. of anisole was added dropwise at 0°C. under nitrogen atmo-
sphere to a solution of 0.871g. (0.0075 mole) of hexamethylenediamine in 30 ml.
of anisole. After the reaction mixture was heated at 70°C. for 30 mins. a small
amount of the anisole solution of the diisocyanate was added and then the reaction
was carried out at 160°C. for 30 mins. The obtained polymer was treated with
boiling ethanol, dried and purified by reprecipitation using m-cresol as solvent
and methanol as precipitant. In the case of using piperazine as diamine component,
m-cresol was used as solvent.

2) Under nitrogen atmosphere a mixture of 1.271g. (0.0148 mole) of piperazine and
3.191g. (0.0148 mole) of cis diurethane derived from cis diisocyanate was heated
at 200°C. during 3 hrs. The formed ethanol was evaporated under reduced
pressure. The obtained polymer was insoluble in any solvents.

3) A solution of 2.9g. of trans 1,2-cyclopropane diisocyanate in 20ml. of dry benzene
containing 2 drops of 1-ethyl-3-methyl-3-phospholene oxide as catalyst was allowed
to stand at room temperature for 20 mins., and boiled during 2 hrs. The polymer
separated from the solution was insolube in any solvent examined.

h) Synthesis of Polyamide

Under vigorous stirring, a solution of 2.606g. (0.0109 mole) of sebacyl chloride in
benzene was added to an ice cooled solution of 0.785g. (0.0109 mole) of trans 1,2-
diaminocyclopropane, 0.51g. (0.0221 mole) of sodium hydroxide and 0.5g. of sodium
lauryl sulfate in 100 ml. of water. After stirring for 10 mins. the polymer was filtered,
washed, dried and purified by reprecipitation using 98% formic acid as solvent.
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i) Synthesis of Polyamine

A mixture of 4.827g. (0.015 mole) of trans 1,2-bisiodomethyl-cyclopropane, 13.453g.

(0.015 mole) of bis-N,N’-trimethylsilyl-piperazine and a small amount of ammonium
chloride was heated at 150°C. under nitrogen atmosphere. After heating for 1 hr. N-
methyl-pyrrolidone was added as solvent and the reaction was continued for additional
4 hrs.
filtered, dried and purified by reprecipitation using water as solvent.

D
2)
3)
4)
5)
6)
7
8)

B o< e

=

The solution was then poured into methanol and the separated polymer was
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