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& <F: &8 A polydichlorophosphazenes} 3} k2] p-(tert-butyloxycarbonyloxy)aniline {(t-BOC-oxy)
aniline] & W3A1# (t-BOC-oxy)anilino X847} =4 AFE polyphosphazene, [NP(NHCH3),
(NHCsH,0-t-BOC],, (1] 2 [IV]Z §A 39 . E3F hexachlorocyclotriphosphazene (HCTPZ) 3} (t-
BOC-oxy)aniline2] g0 2 w4 3}3E hexakis[ (t-BOC-oxy)anilinoJcyclotriphosphazene [I]-& %
Aete, Rd 294 F¢E (M9 2 0= (v]e 48 43 £ S48 A3sidd. tert-
butyloxycarbonyl (t-BOC)717} 239 Ze]|¥2uie &= t-BOC7| 9 R F 7} 165T ©] 4ol
M veton &9 F27) His fEAR Y t-BOCYIE2 BI3E ¥a0y 1B B
3/g8 39 mal S A 2 2ol E B, t-BOC X 8H 7} 88% A E poly[p-(t-BOC-oxy)ani-
lino]phosphazene (]2 718 vlo] & &&=, Wl&L, 1% KOH &A= 8848 4
ey 423 ¥ Az fxAe ZexAnge vy 34892 DMF, 1% KOH &4
gHHAY. T2 3R] dEF 23 t-BOC BE7] o|ed w2 I8 A3 3R Hozg
A3kt

Abstract . The t-BOC protected polyphosphazenes with the p-(tert-butyloxycarbonyloxy)anilino [p-(t-
BOC-oxy)anilino] substituent in side-chains were synthesized by the reaction of soluble linear poly-
dichlorophosphazene with p-(t-BOC-oxy)aniline. As a model compound, hexakis[p-(t-BOC-oxy)ani-
lino]cyclotriphosphazene [II] was synthesized by the reaction of hexachlorocyclotriphosphazene (HC-
TPZ) and (t-BOC-oxy)aniline. Thermal deprotection reaction of the t-BOC protected model com-
pound [I], poly[p-(t-BOC-oxy)anilino]phosphazene and poly[ methylamino[p-(t-BOC-oxy)anilino]
phosphazene ], [NP(NHCH3;) .(NHCsH,0-t-BOC), ], [(II], [IV] were investigated by thermal analysis.
In the case of the model compound [I[] and the t-BOC protected polymer [II], the deprotection of
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tert-butyloxycarbonyl (t-BOC) groups occurred with evolution of carbon dioxide and isobutene above
165T. The structure of the p-(t-BOC-oxy)anilino substituent was transformed to the p-hydroxyanilino
group after the deprotection. Accordingly the solubility of the polyphosphazenes was drastically cha-
nged after thermolysis. The protected poly[ p-(t-BOC-oxy)anilino Jphosphazene [I] and [IV] show
good solubility in common organic solvents such as acetone and THF, but they are insoluble in me-
thanol and 1% aqueous KOH. Instead the deprotected polyphosphazenes with phenolic side-chains
are soluble in 1% aqueous KOH but insoluble in THF, acetone, etc.
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o) 33247 Perkin-Elmer Model 1310,
A7y EFEA7]E  Varian EM-360A(60
MHz) & 0] &3l91 =4 &3L Gallenkamp §
A 2232 (MFB-595-010M) & A}8-3le] &3}
Ak E3 A4S BE317] 934 DuPontAl€] 910
DSC9} 961 TGAE AMg3lg oy 45 E 10T/
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p-(tert-Butyloxycarbonyloxy) aniline,

[(t-BOC-oxy] aniline] 2] #] =

250 mle} A ZekxFe] wyt71§ A p-
aminophenol 10.0gx} AA ¥ DMF 150 mlE ¥
HeoA Ax 7hAde] 20% Ft awdd e
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17 ml¢} sodium methoxide(28% )& B3 g& =8
oA 308 F<t mytsit), o) HEreYo) di-tert-butyl-
dicarbonate 20.0g¥ DMF 10mlE 4 {94
A3 Hapgict, Halrt g B F 347 Fot
A& FRoAA Ak 7p28lo] kg, Hkgo] Bt
5 ng] FHE FL AR FFS 2000 mis) A
AlA AR g FHFZ A F AFAA d
3 Hure]  p-(tert-butyloxycarbonyloxy)aniline
(1] 16.0g(~& : 84%, =3 :113.80)% 4
o}, 'H-NMR (60MHz, CDCl,), 8=6.85(d, 2H,
aromatic), 6.50(d, 2H, aromatic), 3.44(s, 2H,
amine), 1,45(s, 9H, t-butyl). IR (KBr) ; 3465,
3375(N-H), 1735(s, C=0) cm’’

HCTPZ#} (t-BOC-oxy)aniline2] %k-g-
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(1/D) ¢l ThA] o] Ael7}2A(70~230 mesh) 2
£ BN o A AFREdoR FAAAA
3k ete]  hexakis p-(t-BOC-oxy)anilinoJcyclo-
triphosphazene [1I] 2.8 g(+& : 70.4%, =3 :
116C)& Al 'H-NMR (60 MHz, CDCly), 8=
6.9 (s, 4H, aromatic), 5.3(s, 1H, amine), 1.5
(s, 9H, t-butyl). IR (KBr) ; 3470, 3480 (N-H),
1740(C=0), 1150~1200 (P=N), 910~960(P-N)
cm?,

Poly(dichlorophosphazene) 7}

aniline®] ah-§

300 mle) At Ztx=6] THF 100 mi¢} poly-
(dichlorophosphazene) 2,0g8 2 o8 #A3F9] A
Ag Ezlogolr] 8,6g& Fo 30&3t AAvksst

(t-BOC-oxy)-
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4H, aromatic), 2.7~3.9(m, 1H, amine), 2.3(br,
3H, =NCHy), 1.5(s, 9H, t-butyl). IR (KBr) ;
3500~3100 (N-H), 1750 (C=0), 1320~1100
(P=N), 910~960 (P-N, C-N) cm’.,
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Ak

'H-NMR (Acetone-dg), 8=6.5~7.2(br, 4H,
aromatic), 2,9~3.8(br, 1H, amine), 2.0(m, 3H,
methyl), 1.5(s, 9H, t-butyl). IR (KBr) ; 3370
(N-H), 1750(C=0), 1320~1100(P=N), 980~
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N-H &4m(34705% 3375 cmt) 7} 151131, H-
NMR &3 24 (Fig, 1)o]A] t-butyle] 44 97ME
3=1.4591A4 ojl2] £ 270% §=3.449A #Z
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18] A HCTPZ, (NPClL,)49t t-BOCOANS
vheate] 2 SgE (]S 333t oh(Scheme
2).
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(TEA) & AHE-3l9lod, TGA 984S ZAZSY
427} t-BOC-oxyanilino (t-BOCOA) 712 100% *
e AL FAsgn). £8 70% 2 $A ¥ hexakis
[ (t-BOC-oxy)anilino]cyclotriphosphazene [I] £+
[N=P(t-BOCOA],13¢] &3142 Table 29} 2t}
R £#2AqA o1y} stendsle Frug
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Fig. 1. '"H-NMR spectra of p-t-BOC-oxyaniline [1], t-
BOC protected model cyclic phosphazene [II], t-BOC

protected polyphosphazene (1], and mixed polyphos-
phazene [IV].

Ci Cl
NN 4 o~ NH,
CI\IL 'F',,CI ¢- Bu o
CI/ %N/ \Cl |
HCTPZ t-BOCOAN
T>P<T
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TEA NP
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= HN—<Z=>-0C0,Bu-¢

Scheme 2
3500~3100, 1750 cm™ gl A) ztzt sty on

910~960 cm el A} P-N == C-N F4uj7} &9l
Ack(Fig. 2). 'H-NMR 232204 t-BOCAN}
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o F5WE 910~960 cm oA S5},
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AR fd4 2 SHMAE FHAIY Y8l
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ojmf Pl &3 ZelxanA YA &
< g 2o ol vigolylo] ¥lgd w slmut
S0] dojuhr] W &olelm Hzhec), 2 TGA 24¢
AR A vl"olmlo] 62%, t-BOCOAS] 38% =)
S g, Ho)Md EBEN(Fig, 4)o) 9
8 13207} 1100 cm' o A} —P=N- ¢] stretching &
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¢
t-BOCOAN
P=N CoRN
J THF , TEA
n

1

EEEBE S e

BOCOA®] 7t2 1 d §4ui7} aste] 23 7|2
1750 cm o1 4 BEEUh. FAE [NP(NHCH,),
(NHCH,0-t-BOC), 1,8 €814-¢ Table 20] L&}
Wich.

t-BOCe] X13t9 e stgdA (] % ¥4 (],

TEA (IV]e] 44 w3
n 49 24 E 1] ¢ +-BOC B35 nEA
Scheme 4 v [m], (IV]el g3 3o ¥} 5AS Table 19
Bk, nEz (I, [IV]¢ 1e 33 [le 2
o 5 §9% 9§ Y40) @ Sk +-BOC/I2 BE
a
B 2 AA % nExel aRsNge a4z
:\; Table 2. Solubility Characteristics of the t-BOC Prote-
‘ig cted Model Compound [II] and the t-BOC Protected
s Phosphazene Polymers [II] and [IV]
e ; :
g (b) Solvent t-BOC Protection Aft?r Depr:otectlo'n
= I m | I mw W
DMF + + + + + -
THF + + + + — -
Dioxane + + + + - -
| 1 . ) Acetone + + + + - -
3000 2000 1500 1000 Benzene + + - - —_
Wavenumber (cm™") Toluene + + - - - =
Fig. 2. Infrared spectra of the model t-BOC protected CHCl, + + - - - -
hexakis[ p-(t-BOC-oxy)anilino]cyclotriphosphazene CH;0H + + + - -
(I in film : before (a) and after (b) thermolysis of 1% KOH(aq) - - — + + +
the protecting group. Reference : +, soluble ; —, insoluble
Table 1. Charaterization of the Model Compound [II] and Phosphazene Polymers [I], [IV]
_ t-BOC Microanalysis (%) Ta Tg Yield
PI}::zse-:ne M,? Substitution Y * ¢ Nink
p Ratio (%) C H N (ty © (%)
* cald 5726 611 910
- 100:0 164 — - 90
I 00 found 5696 6.63 8.64
calc'd 53.12 628 1279
9Xx10° 88:12 169 74 042 45
I 29 found 5293 6.10 1126
calc’d 3692 649 2824
— .62 147 69 0.14 26
v 38 found 3620 6.10 27.95

*M, of polymer Il was measured by GPC in THF solution.

b Deprotection temperatures (Tq,) measured by DSC.
¢ T, of the deprotected polymer [II'], [IV'].
d Inherent viscosities in dl/g were measured at a concentration of 0.20g/dl in THF at 25TC.

&a2of 4153 A535 1991d 109
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Fig. 3. Infrared spectra of the t-BOC protected poly
[ (p-t-BOC-oxy)anilino]phosphazene [I] in film : be-
fore (a) and after (b) thermolysis of the protecting
group.

(a)

®

Transmittance ( % )

l

1
30(130 ZUIOU 1500 1000
Wavenumber (cm™")
Fig. 4. Infrared spectra of the t-BOC protected [NP
(NHCH,)(NHC:H,0-t-BOC), 1., [IV] in film : before
(a) and after (b) thermolysis of the protecting group.

A8E AL 71F3H) 170CAA 3087 et
DSCs} TGA ¥ IR BAoz FzWsE AN
t},
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Exo

Endo

Tq,z 1640C \

T 1 T

60 120 180
Temperature(C)

Fig. 5. A DSC thermogram of the t-BOC protected

model cyclic phosphazene [II].

100+

80

Weight (%)

50 T ' T
0 100 200 300
" Temperature ()
Fig. 6. A TGA thermogram of the t-BOC protected
model cyclic phosphazene [II]. The mass loss at
135~180C is associated with thermolysis of the
t-BOC groups.

=2d 33HE (o) &3] %= DSC =4 (Fig.
5)elA E& /1AL 164T (Ty) oA 2otz e &
guhgo] FAE A=, oA X)1#A] t-BOCOAd
A t-BOCo.2 B3 ¥ HE7]e &) vhgo) 9%
Zolth, [M]¢) TGA &4 (Fig. 6)AE 135~180
Tol Age) Age] AV} 42% 2 Vet e of
Zhe olgFo g AAE g2bA¢) isobutened)
B0 Qg FA Zae AX3IYh =FH IR &
BEAM A (Fig. 2) 1735cm™ 9] 7tz Y 407t
24503, We As §F4u7} 3200~3600 cm ol
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p-(tert-Butyloxycarbonyloxy)aniline & ¥ 8}sle FAulal mEzle] g4 2 ZAZA}

A &o] vetskeh, old t-BOCo] EXH. 3¢ 512]3}5}
& [I']¢ DMF, THF, ol& 28lx 1% KOH
FEdo= F LAHA o K} F4do] e wiA,
EF4, ZER2XEde 84S YAoK Ta-
ble 2). t-BOC 3% 2d wa] %4 ]9 4
3 = AAdHEE #He {24 ]9 gshkge
Scheme 52 T3 Ht),

t-BOCOA7} x38" n¥z (M]e DSC =3
(Fig. D25} 169C(Ty) oA FEukgol #2=A
o ojuf ghibrtae} o] kK Elo] WA I, TGA

First Heating

Exo ——

<«—— Endo

Te ~ 169C

\ J
50 100 150
Temperature(C)
Fig. 7. A DSC thermogram of the t-BOC protected

poly[ p-(t-BOC-oxy)anilino Jphosphazene [III].

100

80 -

Weight (%)

60

50 T T T

0 100 200 300
Temperature(C)

Fig. 8. A TGA thermogram of the t-BOC protected

poly[ p-(t-BOC-oxy)anilino]phosphazene] [M]. The

mass loss at 130~1807T is associated with deprotec-

tion of the t-BOC groups.

#=2{ A15d A|535 1991 10€

= o]

é—g(Flg 8)ol| A& 130~180Co) A Fake] 7+Aar}
35% 2 E4= A, ole o]&3 <l gilrtAg o)
A3Re9] Aol B w3l t-BOCOAo)] 88% =88
Faud aE(Z ALdEA IR EFEA A
(Fig. 3) 1750cm™ &4m7} 24510 485" 1
221 [I']e) We Asel F507} 3200~3600cm™
ol ME veRd 27 2 dXdc). 28|z SajAel
A 93] Ao t-BOC K& i¥x [M]e DMF,
THF, olME, WA, F22X &3 7 gt §7)
gofol] Ea= AT o} dlehe, 1% KOH+89
e BE4E YEL 28y d2 F gr
39 1EA ('] DMF, 1% KOH $£HoA
S AA T wAo Y} ZF22FXEME EEAL
vepgidch, 2gln E§x#E [NP(NHCHy),
(NHCzH,0-t-BOC),1,, [IV]:= DMF, THF, o}Al
E, AEgd & gy R Fole 1%
KOH &0 7+84-e VeplidH(Table 2).
BOC ¥3% ¥Aukzl 02 [M]e Q&) v Tc>ﬂ
23 HE 23 nEx '] 47 S@ibrts, o
AXelo] WAl Scheme 622 XHHT}.

I,A +6co, + 6 =X

A =HN-<__>-OH
Scheme 5
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P=N
ch‘@‘ocozBu-t_'n
m
A Hrf@-OH
—_— I|’=N +
HN->-OH |,
m'
20, + 2=X
Scheme 6
4 &

F2AS BAZ 3o S JENY 2RAE
gAst7] HsiA t-BOCe] Eg= o} & p-(tert-
butyloxycarbonyloxy)anilineg 12 Ataka|e} X3
REA (NPCL) o =48t E2ab4 s183e] ¢
o] W AWl wate zAbskg o t-BOC
RaH hexakis(t-BOCOA)cyclotriphosphazene
(], poly[ (t-BOCOA)phosphazene] (1], &% 3|
g% poly[ methylamino(t-BOCOA) phosphazene]
[V]Se ztz} 164, 169T, 147ColA t-BOCH
AR oF gr3yl Aoy HE S 724
hexakis (p-hydroxyanilino) cyclotriphosphazene
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