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593ke] 2,3,5,6—tetrahydroimidazo [2,1—b] [1,3] oxazole (TIO) &} vlw3alo] 6l 2,5,6,7—tetrahydro—
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Abstract: The ring—opening isomerization polymerization behavior of 2,5,6,7—tetrahydro—3H—imidazo
[2,1-b] [1,3]oxazine (TII) has been studied under various conditions. The present study aimed at improving
the low polymerizability of the above monomer (six—membered ring) up to a level comparable to that
of 2,5,6—tetrahydroimidazo[2,1—b] [1,3]oxazole (TIO) (five—membered ring). The optimum result could be
observed when methyl trifluoromethanesulfonate (MeOTf) and nitrobenzene were used as an initiator
and a solvent in the polymerization at 60 C for 24 h. Polymers were confirmed by '"H NMR, *C NMR
and IR measurements. The molecular weight obtained by gel permeation chromatography (GPC)
corresponded to the molecular weight theoretically calculated from the feed ratio. The melting
temperature (73,) of TII was conspicuously different from that of TIO, because of the difference in the
alkyl group.

Keywords: isomerization polymerization, six—membered ring, polyurea, ring—opening polymerization,
melting temperature.
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o)l A= 2,3,5,6—tetrahydroimidazo [2,1-b] [1,3]

T Qlek ey o)ds) ARk AdRte] o st bk & oxazole (TIO) 2] ol o} ds} /MEEae ofg] Wi o= z18y]o]
Aol W)l o8l s EE degalde] Xgkel ga Fgo] K Scheme 1).
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TIOS} AHAIA E4491 [3.3.0] V=7 2ek= & 3 A3
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Scheme 1. Synthesis of poly (1,3—oxazolidin—2—one—1,2—diyl—
ethylene) (polyTIO).
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Scheme 2. Synthesis of poly (1,3—oxazolidin—2—one—1,3—diyltri—
methylene) (poly TII).

AHar Lot ofe} 2 5L poly TIOE 7Nko Zah= a1itate] /g
Alell Qlor= AU o a4 EAIT

Poly TIO= A3t oedlegoHethyleneurea) $o] olE@l o
9] (ethylene unit) ofl AHEH= 725 7HAaL 9lom, o|gh 22 old
A TS Ejolddll W)= X|2hAF1 024 poly TIOS) Hlwsted, A3
JEl= ERrt /o] S R 18lel] oish galldo] gola)
3 ALEFE]Et ol ek

wEpx] &7 A= o)) 2 TARS TS BE S8HYE &
ez} 3= A= poly (1,3—oxazolidin—2—one—1,3—diyltri—
methylene) (poly TID & Y3} [4.3.0] 3755 Ad 2,5,6,7—
tetrahydro—3H—imidazo[2,1—b] [1,3] oxazine (TI) 2] 13} 7}
Fzes AABISITHScheme 2).
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A2k 2 m =2, N—-(3—hydroxypropyl) —ethylenediamine<>
3—chloro—1—propanol %°l4] ethylenediamine® 3—chloro—
1—propanol& WA 24 QATES 10 7 919] AJoF Ul Gl A]
o] Aleks lslo] B AAsslel] Sdlo] ARESsIsion, Bte]
= 3719 AS5E HAs] ahdsh] flete] 3 A2l EAHmolecular
chip) & AR833IE

=58, "H NMR3} C NMR ~#E%2- Varian Gemini—2003}
Bruker ARX-500 NMRZ4715 AMalo] Zgaiglon], 2305
2 AR 20 mgs BFELEA A3} tetramethylsilane©] 0.03%
7h = FEREEE 0.7 mLell 83AA A8 R 572
Shimadzu(Japan) 22143357 FTIR 8000 pcg ARg3l0], F2
KBr 7%l eJall S7daislon], S48ES A5 1 mga KBr 70
mge T3] 25 7, 71l gJall ZABIITE GPC £78-2 Shimadzu
LC—10A2] £k, Shimadzu RID-6AAAEAAE7], Sugai
U—-620 HE 0% V3% AIXNEE ARG3IS oM, 27 TOSOH
TSKgel GMHir—M& A3} g2joio s SR 2EE-5 ARE3IS)
on, 2] 5= 35 C, 52 1 mL/min®] £52 S350t
A B AR EE S BEEAR Sl FRKE A
319Itk DSC 574+ Shimadzu®] AARAKERA DSC—50 V& ARS-
alo], SAMELS °F 2 mgl] AES ¢FE 8710l Bol ez

USHAIA AFBIITE 5782 A7 52455 5 C/minz 2
AEIAEE TGA Z742 Shimadzu DT—30& ARS8}, A& 2k 1 mg
S 7RUR $hH Z1dst 8710l War e} 3719 9710l 5
245 15 C/minC=E AAEIIT)

1-(3-Chloroproryl)-2-Imidazolidinone?| 4. N—(3—hydr—
oxypropyl) —ethylenediamine 3.0 g(0.025 mol) Z} urea 1.5 mg
(0.025 moD)= 50 mLe] Z&kATef Yol oil bath & 140 CoA 4
AIRE RREFEA WEGAIZ] F 2771 WziAlA AsiiEEl 30 mL
= 37}51¢9, thionyl chloride 1.82 mL(0.025 moD)E 5 C 59
dedelE fAIERAA AAE] ARl & 20ARMYE Wk -, &
ulkE A 23 deels] AASKICE Holhs Hebdele] E4s T
ofeofEl2E ARg3lo] AAgAIHe) o3l HAo] WA A dell
1—(3—chloroproryl) —2—imidazolidinone 2.4 g2 {4JH(F
£ 1 59%). §4 1 111.6 CDSC). 'H NMR(CDCl) : § 2.05m;
CHsCH2CHy), 3.42(t ; CHoCD), 3.58(t ; NCHsCHoN) ppm. IR
(KBr) : 3225, 2954, 2879, 1689(C=0), 1497, 1443, 1365,
1273, 1080, 756, 721 cm™ .

2,5,6,7-Tetrahydro-3H-imidazo[2,1-b][1,3]oxazine(TI2| &Hd.
FASREFNaH, 60% 243+ 1.1 g(0.018 mo)& 50 mL &
gkaTef Ya1 25AE A%, dimethoxyethane OME) 20 mL-2 3
7¥slo] A2ateloll A WAzl 5, 30 mLe] DME] 1.0 g(0.0061
mol) 2] 1—(3—chloroproryl) —2—imidazolidinoneS 28X 7, o] &
MG 5 T =5 FAIsh= WESA] Soll AA8] FshrRIct HslEs
T OdlE 22X wHEAIZL ol bath 452] 60 Tellx] 14417k
7133t §N5S IRFEEHAR & FAsrS F7Iske] 19t
SFHAIA 0.24 9] TS JATHEE137%). 7 138 TDSO).
114 40 C/1.7 Torr. 'H NMR(CDCly) : 52.04(m ; H3), 3.16(t ;
H4), 3.37(t ; H6), 3.56(t ; H7), 4.18(t ; H2) ppm. *C NMR
(CDCly) : 621.75(C3), 43.85(C5), 51.62(C7), 66.52(C2), 162.08
(C9) ppm. IR(CHCIy) : 2943, 2859, 1628(C=N), 1442, 1275,
1028, 960, 789 cm ™.

8-Methyl-2,5,6,7-tetrahydro—3H-imidazo[2,1-b][1.3]oxazinium
o| 3. 50 mLe] Ze}~=9] 10 mLe] E22EE3} MeOTS 0.40
mL (0.3 mmol) & il ALAFeel ] wHA71HA, 5 mLe] 2=
SE5o] TII 88.3 mg(0.70 mmol) 2 884171 glE 5 T &5
FABRE WEA] gl Ax13] AahAlz] 25 0 CellA] 30+ i 9
Sgdef] SRS 10 mL F7IBISICE SiaEe] vhe- S-S Al
T AE o] IES XFAARel Jsf 2] AR iRk
AYE-S ATk 'TH NMR(CDCly) : §2.97(s ; CHy), 3.51(t ; H4),
3.80(t ; H6), 3.97(t ; H7), 4.69(t ; H2) ppm.

Tie| E5t HAT AAE97]olM TI 64 mg(0.51 mmol), 0.5
mL YEZ8IA 9 7jA1AIZ MeOTS 0.57 uL(0.005 mmol) & &
F, TS 60 Tl 24417 wHksPaA 71AAA WS
APl s & Sl el AAE S5l vee] o
ofof[e=-g-Nel] Whg-gNS AstAA, ARZE Al <&l wiay
o] 314 9= ik 'H NMR(CDCl) © §1.73, 3.21, 3.33 ppm.
¥C NMR(CDCly): §26.0, 41.8, 43.0, 161.4 ppm. IR(KBr) : 3445,
2840, 1689(C=0), 1494, 1435, 1267, 758 cm .
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Scheme 3. Synthetic route of 2,5,6,7—tetrahydro—3H—1imidazo
[2,1-b] [1,3] oxazine(TII) from ethylenediamine.
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Figure 1. 500 MHz 'H NMR spectra of TII(CDCI/TMS).
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T+ 6¥%F 1,3—oxaza 3} 2—imidazoline -2 ¥3135t [4.3.0]
3P Lxolt) 643 olu|oH|2 o &5, 5,6—dihydro—
4H-1,3—-oxazine> Uz o7 shjEYo)] 27| ujio] 543}
B2 TE siER NkgAo] Hrt o¢} miZ A= TIR= TIO
o} Hlwsto] FigEgel tish wkg/do] A= et edsict. TIOS)
|gs A9, TS W $HEHE DSCO) w2 EH L 2Rl
=9Itk Figure 23 TIREAS] DSCAZ=A 02 TS| g7l 2
S5 du 3= 38 T Ftolk] IS oH, glolde] 2= 71
< ARl <3l TIE AP o= F5to] XIB= It o|e) Zo] 714
of &5k 2Pl F9k TIO B v 2 pseudo ureadll thsto]
H5EE Stk Tl 35 SELUMHD) S =025
—12.9 kcal/mol¥S ER15181 01, o]:= 2—methyl—2—oxazoline
(=6.4 kcal/mol) &} =2 A#Q] 54%10] thsii} oju]ofe|22] 5
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Figure 2. DSC thermogram of TII with a heating rate of 2 C/
min under nitrogen.
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A3 ZEjele] 22 'H 2 C NMR#}HR 274225 poly TII
2 slolsio], poly TIS] 'H NMRAHEHS: Figure 3¢] YERGITE
EgiEAEEA][5=1.73(H) 8} 3.21 ()] 9} A& @-Ho}8H 5=3.33

Table 1. Ring-Opening Polymerization of TII*

Temp. Yield M M, M,
No Solvent "oy MIWMo gy opey MM e (thero)
1 CHCl, 35 50 60 4100 14 4000 3800
2 CHCl 35 100 32 2700 17 3000 4100
3 CHCl; 35 500 0
4 CHCl; 60 50 68 4200 13 7000 4300
5 CHCl; 60 500 86 7700 14 15300 54000
6 PhNO, 60 50 96 3000 16 3100 6000
7 PhNO, 60 100 87 6700 16 8600 11000
8 PhNO, 60 500 92 27700 14 60300 58000
9 PNO, 80 50 54 3100 14 3200 3400
10 PhNO, 80 100 52 6300 14 7400 6600
11 PhNO, 80 500 66 11700 18 38000 41000

“Polymerization time is 24 h and initiator is MeOTf, [M]o=1.0 M.
"Determined from GPC with polystyrene standards. ‘Determined
from 'H NMR spectroscopy.
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Figure 3. 500 MHz "H NMR spectra of polyTII (a); Me—TII (b)
(CDCI/TMS).
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(D1l A% Alzrdo] A5HTE 5=2.80(F") oA A5 ozt 9]
= 7] vl 71EEnt Figure 3ofk= oS ol@lell= et 9]
AA'-E) 7} #5550 ]749— A EE719] oxazinium?” o] 57Tk,
I Tof] thgh =1 Frof 2Ren]z e 171] Eejmdatel 1708 A

Al 7|7} SRk Zii F55191 poly TIIO| = FwwAk
S ARs}od Table 19 Aejelick SR2EE &) 3 35 Co] A
3% poly TIIE] $18} 22 R 7IXAIE ebds] wkast Zlo s 71
slo] 7p)el E=RE 18 o] AR} GPCEYE] 2739 At
ol Ae] YAFEE FRIsIo 60 T2 SREEF Euliol UER
Al -} Foli] A Eeim e A= A7l 2 B olks BUAl
glo] 2RIl o] - olEEA} 'TH NMRZHE] 75t 3to] 7]
AXJ3laL 7IANESE- A 0% XY= 1 Q= A 0w yiekEic) kA
ol9] #kt GPCEAE] 75 WARES $AP} 2L, o7 dAjols
o] ¥k F1o0F A7)

Table 20 = F2 2 Y5 4 ZojA TIO2] =38 3= TII(Table
1) ¢} nmste] YeRIGILE Table 1014 I3t Aol o] TIIE]

FE2Z2EE %“H =35 C9 Tﬁ]’zﬂoﬂ’ﬂ 257 Fsgo]
2] ok o] TIOYK = FE}
T UAleH, TZF/U e #’F{
ﬁ‘oﬂ/ﬂ A= Ao EH-E=
ol gRlFic
F&7|17. TIOS) MeOTT 7IAIA VH %‘%E] Jxo% X3+
Wi, TIE] S3elrds Asflolso] HeiEo] zlsido] 553
2 TIOS} T ﬂﬂPfﬂ Him s sl s Sleted
TIE] S37172) si8s AAskIck ﬂﬂ% 2 *%‘“‘WPJ TE
£ S5 I8t 5] MeOTHE s}
tH(Scheme 4).
o] g2 (9 5 wt%) & 2t 1

o]FolX]
Ao s B&
o] & Lﬂ ATk TEE TS| &
TIOS] Sl A=A elok
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18] F7kze] FAe] A

Table 2. Results on the Polymerization of TII and TIO in Chloro-
form*

Temp. Yield M

No. Monomer ) (Mo/[7]o @)  (GPO) M/ M,

1 TII 35 50 60 4100 1.4
2 TII 35 100 32 2700 1.7
3 TII 35 500 0

4 TIO 35 50 100 8700 1.1
5 TIO 35 100 100 15000 1.1
6 TIO 35 500 100 32000 1.5
7 TII 60 50 68 4200 1.3
8 TII 60 500 86 7700 1.4
9 TIO 60 500 100 5200 1.4

“Polymerization time was 24 h and initiator was MeOTY, [M],=1.0 M.
*Determined from GPC with polystyrene standards.

Me, TfO~
O. \N O.

coRERce

I Me-TII
Scheme 4. Synthesis of 8—methyl—2,5,6,7—tetrahydro—3H—
imidazo[2,1-b] [1,3]oxazinium triflate Me—TII).
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Table 3. Solubilities of Polyureas

Solvent PolyTII PolyTIO
Toluene - -
Chloroform + +
Dichloromethane + -
Diethyl ether - -
THF - -
Dioxane - -
Acetone
Nitrobenzene
Nitromethane
Benzonitrile
Acetonitrile —
NMP
DMSO
DMF
Ethanol
Methanol
m—Cresol
Water
CFsCOOH
CF3sSOsH
COHC.HQSO4

At r.t; +; soluble, £ ; partly soluble, — ; insoluble.

+ 4+ o+
| |

+
-+

+ 4+ + + + +
+ o+ o+

2 WjEa, 71 755 8—methyl—2,5,6,7 —tetrahydro— 3H—imidazo
[2,1-b] [1,3] oxazinium triflate Me—TID 2} 21&]n] 'H NMR A
HAER ] AE Figure 3(b) ol VERISITE Me—TIIS] AHER]S
TI f212] 93 9 MeOTY 212 wg7]e] digt Alzrde] #52
RAOF ofZun] 1 N-wE)7] Fol| 2Jgk el =7} 52,9764 &
S0t W7 E90Eel o8l BAEE Yol SR Q)
o] HAAAFERE] AR AFLlel vlmAskEe] EAlsRs 210
2 7o) BB $240) AT ke AFgSel| A|ZEE Zlo7 A
7k, TIL 2258 7458 Jelehd 62.279) 93:= Bel, 63,51
o] 9]33= Cell §3.80 Dell, 53.93& Eell, §4.69+= Adll A%48-S
RIS

Sejg Zuve] 'H NMRAZIEH (Figure 3(a)) 7 Me—TII<]
'H NMRAZHEH (Figure 3(b))-2 vliwshd H&apA A4 5 22
v o] AJhabdol= oxazinium 77} EABRS: Ao 5 F5ke- o]
2237l 2J8l] XSS BRI

PolyTli2| EallAM L AMEM. Table 3| poly TS| -g3l14d
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‘aflelM= 7HAde] ASEZ oM, o] Q181 poly TS &3l
o] ZA WAE A ERIEI O fid ] TR BAlel EEH 2
(T & A Z0E oA59r) PolyTIS] DSC 54 A7
ek Figure 404 gR1¥ A7} o] poly Tll= A¥/d 0% 7
HOl2E (797} 26 T, §40] 138 CTYS & 5= At} PolyTIO
7?1 298 T8 FA) 202" Hol= 2L ofedll w7} Egodal
Gl wgko] )3t Anle 70 2 JES Folaks: Frlslick

PolyTIIS] TGA 348 poly TS| 70| Wrgol B s} &
HAdS Ad 215 ok 4= 9lt} Figure 5% poly TIIS) 29} 37] 5
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Figure 4. DSC thermograms of polyTII with a heating rate of
5 ‘C/min under nitrogen.
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Figure 5. TGA profiles of poly TIl measured under nitrogen (—)
and under air (——) with a heating rate of 15 C/min.
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