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2-(1,3,3-Trimethyl-6-azabicyclo[3,2,1]-oct-6-yl)-4,5-dihydro-1,3-oxazoline(TAO)2|
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Abstract: 2-(1,3,3-Trimethyl-6-azabicyclo [3,2,1]-oct-6-yl)-4,5-dihydro-1,3-oxazoline (TAO) was polymerized at several
conditions to clarify the influence of initiators, alkyl halide (PhCH,Br, PhCH,Cl, Mel) and sulfonate (MeOTf). The
reactions were conducted at 100 °C for 24 h. The resultant polymer forms several kinds of structures with different
combination of initiators. The sole MeOTf initiator caused chain transfer reaction to form the one-order structure for
which the resultant polymer exclusively formed pendant structure, while alkyl halide and MeOTf formed two kinds of
structures, pendant and main chain, which is caused by partly-proceeded double isomerization polymerization by highly
reactive nucleophilic counter anion of halogen. Merrifield polymer was also utilized as an intiator and copolymerized
with TAO, which produced a graft structure.

Keywords: alkyl halide, chain transfer reaction, pendant structure, isomerization polymerization.
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2-(1,3,3-Trimethyl-6-azabicyclo[3,2,1]-oct-6-y1)-4,5-dihydro-1,3-oxazoline(TAQ)2] 7} &o] A 3}t =}

g o] A}-g-o] AgtE] o] X3 QT

2 AT R 59, S EA &8l 2 S4d0]
2 olfFE &ulEA 7EX|7} ofF v F4bol], it
HAlol 2 ZESIAIZ FxIvid WS H7A R
WA 8] SA4E SUHAAY AAHE-o] &olatn g7
S AsAZ AlFe] {718 F5E& BXE S

HA 7R ZHE2] 34 pseudourea®] 7l EHF3te] AF7P
F8) =]of 2-(1,3,3-trimethyl-6-azabicyclo[3,2,1]-oct-6-y1)-4,5-
dihydro-1,3-oxazoline(TAO)2] 7 353 (poly TAO)= &
At = ol == SolFQd AL 2h= Zlo] Haly oA
UTESTHESE polyTAOE WAl HIZ2EA S48 =4
tetramethylurea(TMU), N,N-dimethyl ethyleneurea(DMEU)
oF frAFeE 4x] 8 f-glof B9 E A YL YoM, tetra-
alkylurea™ 7123l B Skl o)gt Y= gl PP
#5712, & AFe 2 54 o83 polyTAOE L
AHgu] 24 &85l 2} St} 2-Oxazolines =434
e AEAL|ZH 20 9ot F8o) o3| oln|=7]E HAL
<ol Ad Flon| =& A5, 24 o] =7]7F 291K
o x]%¥ 3+ pseudourea® (2-amino-2-oxazoline)e] o]
25X E o] & GFAlE TPIUE TS YRl
HIEOA A3 o EEH 2-(1-pyrrolidinyl)-2-oxazoline
< benzyl bromideE 7NAIA| ZA] A3t F&3lH FA}
£ dol71E 7R poly[(1,3-diazoline-2-one-1,3-diyl)
tetramethylene]©] A/3 == WHH, methyltrifluoromethane-
sulfonate(MeOTHE 7NA A ZA] AFE-3F 7 -$-l+= pendant
+do}71E 71X poly[{N-(1-pyrrolidinylcarbonyl)imino}
ethylene]S A 7d SHch(Scheme 1).
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Scheme 1. Structures of isomerization polymerization by using differ-
ent initiators.
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At 2 THE. 1,3,3-Trimethyl-6-azabicyclo[3,2,1]-octane,
2-chloroethyl isocyanate, Merrifield's peptide resin Aldrich
chemical(Japan) 258 Y3t Al-&3R S ™, methyl
trifluoromethanesulfonate(MeOTf), benzyl bromide(PhCH,Br),
benzyl chloride(PhCH,CI), methyl iodide(Mel), acetonitrile->
Nakarai tesque.(Japan)ZF-E] +93te] S/ 2 A +,
Msgol BES ] ARSI, 1 9] Ao 2 grle
A1) Aok T3] AL

=X, 'H NMRAEHEH-L Varian Gemini-2002} Bruker
ARX-500 NMRZ47] S AHg-8te] 248t on, 244
E2 A8 20mgs ETEEZA] ARSI tetramethylsilane©]
0.03%7t =UE FFEEEE 0.7 mLol| §3AA A5}
At IR Shimadzu(Japan) 4 £33 =7 FT-IR8000pc
£ AHg-sto], 2 KBra Al el os) S4stlon, 54
AZL AR 1mgd KBr 70mgS 53] &3 3, 714l
ofsf) 24131tk GPCE4 2 Shimadzu LC-10A2] T+,
Shimadzu RID-6A A xF=4AAZ7], Sugai U-620Z4 H 2.2
o7 74E A &FlS ARsklen, 242 TOSOH TSK
gel G4000H8 G2500HS(7.5 mmID x 300 mm)S 2 E =2
AASIe] gjdo 2= FEIXES AL o, 24
o] Lx = 35°C, 5L | mL/ming £E2 =43¢t
A 9 BAHEEE P 2EHAES EFEE4EE e
A5 ARESERATE B8 Shodex WP-039] & whe],
Shodex RI-71 AlAH=ZAAHZE7]2 4% Shodex GPC
System-21-2 A}&-3le], ZH4d-S TOSOH TSK gel G4000HS
7+ G2500H8(7.5 mmID x 300 mm)S FEE AAst] &
folores FREEZXES ARSI LT, 2] s
40 °CE A st ST

TAOS| &Y. W¥7t71¢h A5 7] 7F 2% 200 mL2
T EAE ARG sted, A shZT 7)ol 2-chloroethyl
isocyanate 7.986 g(0.047 mol)S Y3 FEETIEAd =
£ 30 g 1,3,3-trimethyl-6-azabicyclo[3,2,1]-octane 4.01 g
(0.047 mol)S o] 0°ColA HkA] 7] A 2-chloroethyl
isocyanate S A1 A13] A3kA171 F, 80-90 °CZ 7+E 813t
o2 Atz 7o FASIEE 1.88 g(0.047 mol)yS
G AR NS WL, ARF 0°Ce] 27 A AAs] A
stAl ol ofal] A AFES AATh AP A5t
EFS IsPUEI7EA A7k & AspE S ARE s
A ES 3559 tHScheme 2) (73 4.67 g, 5781 44.7%).

'"H NMR(CDCl): §=0.9-1.2(m; CH;, 9H), 1.3-2.2(m;
CCH,C, 6H), 3.2-3.4(m; NCH,CH, 2H), 3.7-3.9(m; NCH,,
2H), 4.2-4.4(m; OCH, and CH, 3H).

TAOS| Z&. Fqolt DA (TA0)S TEHS 74
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Scheme 2. Synthesis of TAO.

A Z MeOTS, [M)/[1] =205 AF&3t9om, S8l
acetonitrileS =5, GA|5le] Alg3lth 3oz =
A g8 Al o] F49E TAO 256 mg(1.15 mmol)S
YUy Z3FA17] acetonitriles H718t] I mL7F HEE o
Eb‘ﬂ“q”” < A FstA o, HAIA S48 Al g el MeOTS
58.0 mg(0.35 mmol)3} ZFF A7) acetonitrile2 3 718}
0 SmL7t HE=% 7H*]1ﬂ&°—ﬂ < AlFste], =gto]ofol X
EA7INAM T AFHS AT A L
0.87 mLS} AIA € 0.07 mLS Y3 acetonitrileS 3 713}
o HA7F 1L.0mL7} H =5 Azt :?:, D sted 100 °Coll A
24417k ¥H-3-A 7 THScheme 3) ((F2: 218 mg, 458 98.2%).

'H NMR(CDCl;): §=0.9-1. l(m; CH;, 9H), 1.2-2.2(m;
CCH,C, 6H), 3.1-3.5(broad, NCH,CH,N, and NCH,CH, 6H),
4.2-4 4(broad, CH, 1H).

IR(KBr): 2943, 1700, 1627, 1531, 1458, 1414, 1259, 910,
831, 760, 696, 542 cm’'.

Merrifield’s Peptide ResinZ}e| Ji=EFE. 3=
SGFA(TAO)2F A Q1 7HAIA 2 MeOTE, [MJ/[1] =505
AH8-3FR 0.1, Merrifield's peptide resin 200-400 mesh,
~1.7mmol Cl/g& A1&3tth TEEHoZ= TTE Al
7ol TAOE 250.3 mg(1.13 mmol)S ¥ 3L acetonitrileS
A7rete] AA7F 1 mL7t S =5 A Zbete] kAo w
AR-sEloH, ThE Al el 80mge] sodium iodide(Nal)ol

RS
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Scheme 3. Synthesis route of polyTAO from TAO.

Zg), 7364 #33, 201213

acetonitrileS 7}ste] AA7F 3 mL7t S =S A # sl
sodium iodide & © & A}-&-3}3] T} Egto]ofo] 2 E-¢)7]4)
THEY AFAS YA 7IAA EEEA Lo 0.84 mLok
AN A& 0.1 mLE YL acetonitrileS 3 7}8ke] HA 7}
0.95 mL7} QE Az & DAt 100 °CollA 244 7F
WEAIZTH MR &, 2 ZE FEvE 1A ks
AH&-8F Soxhlet extractor® 2447k, Th O 2 B-S A3
Soxhlet extractor® 24A]17F &9 A 3, evaporatorZ 2447}
]1%‘215*]71 JYPZE FHAY F2E RS A
gl sk E}(Figure 3) (AN ZE Z2|W 9 7 40.1 mg,
JYPEZES: 14%).
IR(KBI‘) 2937, 1701, 1627, 1528, 1454, 1413, 1259, 1024,
910, 831, 759, 696, 542 cm™.
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2-(1,3,3-Trimethyl-6-azabicyclo[3,2,1]-oct-6-y1)-4,5-dihydro-1,3-oxazoline(TAQ)2] 7} &o] A 3}t =}

e BE ool SaEo] Z|W ] Tkl Tl (),
AR AR Aol BErbsstnz T8 EA B0l
o acetonitriles AR, =3 o &ujES A Ag ] ¢
& T A F T

Table 1°] TAO® 3475 Yeh AT} Acetonitrile
L= AFE3e] 100°C, 2421 7Fe] AN FEA L
w FAA 2] FFoll BAIgle] AFH oz AAFE] doAR
o} @] 2 HAE SFA] o} Nk dEFA ] &9 e
ol o A= o GPCel A= H Ao S4e &
Z5A] ol T2 AFHoZ AP HAS RISkt
MeOTfE 7WAAI R ARE-SH -5 [M]y/[1],=202] 3 7H]
A ROl 150001, [M]y/[1],=2002] 7t
Ho| A& FH 220 3600 A== 7RA A 9] ko] 10u)
Z713bol| e T ERFERo] 2u) A X whol| Z7)EHA] e
AL Afolso] HAHANSE F5E & Uk 23
GA A A E AHESE Aol 2 Fe e FHE A
€ 1800-3000 B E=Z MeOTE /A A 2 AFR3F 2-$-9F
Aol FL3te] AA] Ao]F2] PaFo| FFHT) B3 A
A &3k ZTawe] L2 [RAYERY o3| 3|23 2
Z, MeOTN A A oA = #12] 100% pendant type 2] ™
7FARE RS 5 AT

Figure 19 A2 G2 7IAAE AFE-3te] 583 polyTAO
o] RZ=HEDS Jehi Ak MeOTES AAA 2 AFE-
ZE M= ot 7lE2rd 7] 2= 93t S43]A7}
1630 cm ' -2l A =¥ WA Mel2} PhCH,BrE AR&-3H
Zg Mo A= main chain typee] ZE|Heo| Fst=
1700 om9] §31 27k Rk BEH A, o] FHHAE F
AtEo $dol7]1E A main chain type2] T¢lol] F-2
gk 3 Fo|th MeOTFE WAIAIZ AHE-3 | H oA =
1630 cm™ ©]9]ll 1700 cm™ F-ZoM & A& v a7t #=
] %= 02 o} main chain type2] Z2] = A E A
2422 AAFEF 1, PhCH,Br, MelZ A}&-3+ polyTAO
H& pendant type THE EE, FAMEC $do7F =

ol §

Table 1. Results of Homopolymerization of TAO*

Polymer

Run Initiator  [M]y/[1]o Y(i)eld Unit type! M? MM
(%)
1 MeOTf 20 100 Pendant 1500 1.55
2 MeOTf 50 100 Pendant 1800 1.33
3 MeOTf 200 98 Pendant 3600 1.73
4 Mel 50 100 Pendant rich 3000 1.58
5 PhCH,Br 50 100 Pendant rich 1800 1.49
6 PhCh,Cl 50 100 Pendant rich 1800  1.30
7 PhCH,CI+Nal° 50 95 Pendant rich 2000 1.28

“In acetonitrile at 100°C for 24 h. ’Determined by GPC with
polystyrene calibration. ‘[Nal],= [PhCH,CI],. “Estimated by IR.
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Figure 1. FTIR spectra of polyTAO with different initiators.

%l main chain type2] ©$]7F A% A Ho] EIF o] o]
2 FAo] =2 T2 Folo 93t o]Fo| st
to] Edo=z AYPHAYS & F Aok
Figure 2¢ Mel, PhCH,Br, MeOTf /WA A & AL&-5t &
H ] 'TH NMR 4 235 Yepfi o, HAIA e <] gt
sh7t A€ glo] F=7F A9l FYste] 'TH NMR #4102
E] pendant typeZ} main chain type?] ©@HH|E =A
7} 819y, PhCH,Br, MelAl ol & §=5.5 o
WS 937 A5 (Figure 29] HEALH, o] A= A o]
ol o3 dAE Fekrlel fEe AYS gl
28} Table 19 YERH TAO®] 739 7HAIAI 2] ®iste]
Aol Ae] pendant typee] EE|H7F A= A
Scheme 49 YEFA A3t 28 7l Eo2 d4o] 71e
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SHEAE AU o, G a B bHIXE T43)
H o]Fol/dsl ool <13 main chain typee] TH17F A4
Hu a9 A= 2w (fh)ol BR S 28k-g-o] 2#SaL, bo
A= A S Tiof] Hek v r|o wEA o o3 |
A A 7] Wl be] A= FH o] T} webA
o o] @A = Folle o] YIXE 343k pendant
type™H$l7F ol A== Ao = dAHrh
E2|e| 3iM. PolyTAOS] &3S A sl 24 <]
AN Sl & st S-S A5 T Table 2
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Figure 2. '"H NMR spectrum of polyTAO.

4 Azﬁ

Scheme 4. Formation mechanism of pendant type polymer.

spiroammmonium species

st A & o8 T/ AE(M,=1500,
1800, 3000, 3600)°ll &3] FAFSHRA o, A} 2 7|
Al Aol o] g -8-3f /8 €] 5401‘; ASEA] Fdoh T3 &
of dstd = &7 7Hsk B o i EJ—O}"?«E , A A
o= g 025gL X“: Lz}aho] /‘1i =
AZAM = B2 A WA}OPU:] 7l~9“t' 7 E-g ol
et = A Zfolol] o3t JaFS AFE A ST
o]} 7] polyTAO= &of gt &2 o), RE &
o] 718-Q1 So]FQl A& Ad %ﬂ‘ﬂ‘”f’— %—%‘ﬂ‘iﬁ‘i‘r.
o|¢} ZH& &3-S TMUSE A =4
F, 14874 ol M= oA e 74 o7 —ir%%“jr

Mernﬁeld s Peptide Resinzte] dj=ZE =
Merrifield’s peptide resinTA]= S22 93} &2 2E 2
O 2, PhCH,CVV|E AYEZ TAOY WAIA ZA] ARE0]
7Fsat 1 ZE F5 S NAIAZ Merifield’s peptide

Zg), 7364 #33, 201213

J 2] =

ol

Table 2. Solubility of PolyTAO

Solvent (J"em™?) PolyTAO*

Hexane 14.9 +
Et,0 15.1 +
PhCN 17.2 +
Toluene 18.2 +
CHCL, 19.4 +
THF 20.3 +
Acetone 20.5 +
PhNO, 20.5 +
DMF 24.8 +
MeCN 24.8 +
MeNO, 26.0 +
Ethanol 26.1 +
Methanol 29.7 +

H,0 48.1 + (0.25 g/L)

At 24 °C. +; soluble, +; partly soluble.
“Main chain type, Pendant type contamination.

N
+ % YO
N\>
n
Merrifields peptide resin

N
+ Homopolymer

Scheme 5. Graft polymerization of TAO with Merrifield's peptide
resin having initiator.

Cl

resing AR&-3te] AANHES wWEA s17] 95t Nals
HA7rete] A O]-‘Eir/}(Scheme 5).

Table 30 ZHZE FFo] 4745 Heplideh @Y
T AR 2 ZE FE5del s AHfolso] Es]
o] TheFe] dAFdAVE FrHo R A EATH
ugbs] 2P ZE FE3A| = Soxhlet extractor® & 5,
AAAA E2u ot Helete] 1HZE T &S SF5INS
w, 7ol 23k Zfo| 7} 2t FA] ki HubH oz e
IJYPZE &S YERAY SLSTA 9 IR(Figure 1)
oM #AZH Yo E 7|WMe R 3 Sy AVt A ZE
Z’%%Lxﬂ-/] IR(Figure 3)°A4 %= 1627, 1413 ¢cm ”:':Loﬂ/ﬂ

A=, 759, 696 cm™'olE | 2EE S o FEEA
7F #FEE AT ole} A AME aZE FFA L
P E NS IRl on, FA8E Zm ] FiAt



2-(1,3,3-Trimethyl-6-azabicyclo[3,2,1]-oct-6-y1)-4,5-dihydro-1,3-oxazoline(TAO)2] 7l gko] A 353t} EA4H 7} 267

Table 3. Results of Graft Copolymerization of TAO onto the
Merrifield’s Peptide Resin®

Mererigzled’s TAG Modified Graft Poly Homopolymer
M PR (mgy Tesin ratio TAO “yigq T
(mg) (%) (Wt%) (o5 M o+

(mg) M,

5 1240 105 1345 45 7.8 945 700 1.32
10 58.0 209 789 93 265 90.0 1000 1.23
20 28.8 33.0 618 155 533 83.7 2100 1.36
50 11.2 29.5 407 140 725 852 2300 1.32

“In acetonitrile at 100°C for 24h in the presence of Nal
([Nal]p= [PhCH,Cl]y).
*Determined by GPC with polystrene calibration.

110
100 4
90 +
80 -
70 1 759
60 -
50 1
0 1 696
30 - 1627 1413
20 1
10 1
0 T T T T T T

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm)

Transmittance (%)

Figure 3. FTIR spectrum of graft copolymer.

22 700-2300 A Eolt) AfolFo] 93 TPZE T &
o] A&7t AAEASEZ Merrifield’s peptide resin®]
PhCH,CI71 ¢} ©EAH S 5-507k4] WA 718N 355
S AEIAG. A7I(M]/[1])7F 2 257 a8 ZE
&o] Fold Ao Y E Ao AR Ao 2= H |7t
Z+e A7t A ZES L W A9E At o] A$ F
A E GAFHA o] AR wrol, fAINES 9 At
29 7N BAH o F NalE Hubslgon, H7tdl <3
A 9] FA40] ®stE o] Aol o] E31E Aoz A7
Ft}, o]} 7o) H7M|E HIA IS ZH polyTAO T+
o] ME thE ALEAE ] 2A|7} 7Hsdho] ERlEo]
A& o) A o= $-80] AJALE AT}

~

z B
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