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|9 F & 8 & K
(Polymer—Témplate Synthesis)

L& §

=mo¥E &4 (template) pE2 FHIE &
Mg 1950 Sule] pMMA (polymethylmetha-
crylate) & o] &3} Loz MMA (methyl-
methacrylate) & EA3HA! FE 543 43
A F25 7He 2R FAe ol &H s A
28kl ot

o] FYFAY L Ruv e BHELST Aol
MEFRE ol &3te 2oz, o ogie =
E2+= pMMA, PVP(polyvinylpyrrolidone)©]
1} Ionene, polyA F3*5 7o) FA£ATE &
4 I FEE (active group)olt A7 =2 F
28 F JE Fol2 T2 Fol2E A=z A
ofol e, Bir = oY FHJE A}
Aok vy, zejmeA o]ES 43HLE oE
'3]""1 2edE -‘?—Z}B} 71 Ao wld A A o

E ZxrE HE 3 MesVerA g8E
‘5}?9} e F2Y £ FY A JAF
 Fzs AHE GrFE AT T A
o},

HZ o]l Fatel HARY EAdte =
EA FA] HE #Ho] mxEo gtow, ¢
g Ao g o RNA, DNAE v %3 488
BfrFol e 2 R HA A3 Hof
bz b, olst #HEdtd Add e zER
£ o] &3t " S JATAANE A=
&R 34, polypeptide 3 2] 34k (poly
nucleotide) ¢ FA ol T @77t AFH 2 3

A Al A RNAZE 2l g & ¢4 3tA DN
7t edd2E A2¢ W, RNA DNA 9 o

4330 B ¥ 493G
Faio A2 A 15 10789 14

o #*.o & Z*

A

aAg @ ol FeRA % Asd Be
fel olo] ARHE AAE ARE
triphosphater} vi2te] i, Fgelmaa o

nucleotide

wAoelt} BAAE § 4'6}71] s &4, o]« RNA
v} DNA + #}A %’;@ e 9¢E hx e
ZAolcts, o]E g F -% sl A A4

o=z FoAAd 4

o] §-317 %z ﬂ:@ﬁ Eutozw o]
9]}, Naylor ¢} G11ham7°] 19664 of polyA (poly
adenic acid)E ©]8£-3}49] oligonucleotide -4
o] AE3 o 24 polynucleotide ] Aol g
A& kA g, ol2A 553 9A F2E Ut
A 2§28 &4 #et opzt 1 Ao
e # o] glE polynucleotide 8] Ao o]
FYFAY Md & EASY 2AE we HR
7t AEH 2 A

B3] A= polynucleotide &} E-A3F QA4 &
A e zEAY gREH et o] o
T 2xd AFRE oz JEstaAt S

2. BUBST aK
1. 2 @&

FYn gAY FAe] 7 gol o]EHz 3
£ 9L FE471E A 2xH 9 'R

Ionene & Rembaum, Baumgartner, Eisenberg®
of g8 FAAAEH, °lE 1,5 1,10+ 1,
3-dibromoalkanes} THD(N, N, N’, N’-tetrameth-
ylhexamethylenediamine), TDD (N, N, N’, N~
tetramethyldimethylenediamine), TMD (N, N, N,
N-tetramethylmonomethylenediamine) = -2 di-
amine 0.2 YE A& Ionene & TAYE

4, o4 & $d444% s+ H,0-DMF 3%
e Srjo A ugErE FobEE  Ao]A
7



Scheme 1. The Formation of 4-Vinylpyridinium

salt and its Polymerization.

&
CH,=CH +RX CH,=CH

,‘ x-

B
.

: b ;~CH-CH,-TH
@ Q :?']
R
ko
~fcu, cn}——cu u{ 4+ CH,=CH Ko 5

CH CH,—CH
o y ¢ (5 @U
‘ L § g

R

TOXt
R

=
o

:’.

90 % o8 F5&E Mw=10'~1.5X109]
Ionene B4 FE Aich, z3 = $&Z9 Ion-
ene® 102 pyridine o1} 1, 4-diazabicyclo[2, 2, 2]
octane®} 7+2 3}3+E-7} dibromoalkane 0.2 -
B #4432 4 3+ ¢, Blumstein®12132. o]z
T Aa SEEd g2A PEZ FE poly
(diazabicyclo(2, 2, 2Joctyl-1-butane) & &4 5}
St = 4-vinylpyridine(VP) 9} alkyl halide
2 7H Y 45 58N HEAS poly-
4-vinylpyridinium salts & ulz: ) o]o] o)
3 =7} &2 Scheme 1 7 zrt}ll

polystyrenesulfonic acid (pSSA)11&=  styrenesulf-

onic acid & H&E3} Ao D:], o] A =3} polye-

lectrolytes &4 T-9 £ o o]},
Hydroperoxide & 2}3‘711 7}A &= polyethyl-

ene(PE)", polypropylene (PP)15162 tert-butyl-

hydroperoxide & 7} XA = PE} PP & x4
°|\} cumene §rjel A ABIAF E2A Qow

7 PMAA 3% 224 7194 i-PMAA(; iso-

tactic) = i~-PMMA & Semen-Lando #!70] w}g}

A¢ S0z AsRAsd dos, sPMAAL

80Co-4 g ©o]-83te] methacrylic acid & &}v] 2

HHoz!8 o8y a-PMAA(a; atactic): Bz,

0. 5 MAAZ F WAldA Fgmsosn

2+, = iPAA (isotactic polyacrylic acid)

= butyllithium & 7} X A} 2 EF¢l o] A n-butyl-
acrylate & HEH o7 9.& PBA[poly(n-butyl-

8

acrylate) )& @) s el she] o oni® sPA
A(s; syndiotactic)= Kargin?'%o] 7|43 uy
o] w2} sodium acrylate & i)z JmAI @
=}, 28 3z PVP(polyvinylpyrrolidone)e] 7
¢l &= AIBN(2, 2’-azo-bis-isobutyronitrile) 5-&
N A A 2 DMF o] 4] N-vinylpyrrolidone ¢ &+
HZ Eaez FAAHSY,

Z Yz PMMAx FEaiA=s FHE="
2 a8z BYAE AAE B8 dd B4
2237 482 + Ak

Verlander £} Orgel 522525 8435 nucle-
oside cyclic 2/, 3’-phosphate & 23 E4&3
Port old] BE A 2 FX 4ok,
o]2] & JIFA = nucleic acid base & X #FA =
7}A & vinyl, epoxy, propanediol, amino acid,
carboxylic acid 9 =2xwE A3 o] &
"HEA 22A A=A, o¥A dL& z¥A
= polynucleotide 8] Aol FHHLTF= ol &
grh oo #AA FABE PuFHPoH, E o
of g we EFo] By Herh Kondo$}
Takemoto®:= G722 3= styrene & 5
33l 2™, Jones?} Boulton?’-28e] o] of=
A Bremd S AT HRE ol FolAT
ALE JHAE BxmY EaAKE FYH4
9 7ol He FPnEAY TA Ad gol

ol gHE oz A AEV 2 ¥ 2rrd
A 2 JAH E4E A 282 49
g A7 A FA S ASHz A

2.2 BHF ZiEHE

o] Jj#-e polynucleotide % s2¢-2}2] 34l
F2 o)l sy om ZhEEA =t g
R A A 2 polystyrene,
involving amino group), styrene-divinyl benzene
popcorn §3 & mEAIL o] EEHT o]HE
TRBES Merrifield®7t 284 z24E AA
A & Polypeptide ¥Ael AFFo2A polype-
ptide A E2] 343032 Mul oljel oligonucle-
otide @ polynucleotide & & mL>4%|x FER
HA A

Blackburn®- SnCl; &

amino-polymer (polymer

Zm] 2 chloromethyl
Polymer (Korea) Vol.2, No.1, January 1978



methyl ester$} styrene-divinylbenzene copolymer
£- Fridel-Crafts #2827 chloromethyl 7] & 7}
Az ZEA(I)Z 5HE t}-&o] Scheme 2.9 7
o] =&kl NaOC,HsoA] p-acetylaminophenol
I wkgA 7z thA]  dimethyl-sulphoxide 4&
RAof A KOH & A & 8} amino polymer(l )=
gtEo] o] AL F4 g L9404 DCCN,
N’~dicyclohexyl carbodiimide) & %A (conde-
nsing agent) 2 QAR moAH 28 EFAA
4 #] phosphoramide &4 ()& F4 Ao,
o] o} u] 523 Wl o & chloromethyl polymer 9}
N-acetylethanolamine ¢ 2 -8} 343t amino
polymer(¥)E A 7]A) & Scheme 3.3} 7o) oli-
3HA Bk o,

Scheme 2. Aminc, Polymer Synthesis

£ S O CH,*0-[Ch,},NH
%Q CH,*CO-NH-[CH, ;0" %Q - LCheJalH,
(b | NH-COM

an G.‘S'l O
1

%_Q_\ @ = B,
U
R()ll’ -0~ /DCC

OH

O
i .
®-nii-por o o -~

(I} a: R=2; 3 ~0-p-anisylidenes-denosine
b R=thymidine 5'—

Mahadevan®.2-

gonucleotide &

=3t Letsinger o} styrene-

divinyl benzene popcorng& —C—Cl& A&
T

®c—C—Cl & wkEe] ¥ d5d oA 5~

0-trityldeoxycytidine 3 ¥F-2-A7] 32 t}A] pyrid-

inium B-cyanoethyl phosphate & ¢ 4F3}A171 ©}

%o tymidine & wh-&-A]7] mEA @c—|(|3-dTrC
pTE #4389 2=, Melby &} Strobach®+= Br-
aun-Seeling 33630 & polyvinyl alcohol of A
Bz,0, (benzoyl peroxide)E 7] XA Z styrene 7}

p-iodostyrene & FF3ste] 9% FFAE 1

=2 A2 A1% 19783 19

Scheme 3. Oligonuclectide Synthesis with Polymer.

pT-DCC pTOAe-DCC
® ~NH,———e B =Nl T £ - NHpTpTOAe
MeG~
o Me™ TOA:-DCC
P~ NHpTpToT =— § = NHpTpTpTOAC —mt ot b - Ny 1T
H* . 1*
pTpTpT pTpl
E g, o8 A wbgE AFA whEA

methoxytrityl chloride 32¥A}oll nucleotide =

OCH;
l
Al 2 wgAA @c-TrTpTpT & ¥4 a3 =
=2 vre] = Shimidzu®® 309} & AlgHE-2 —CO,H

£ 714 polystyrene & A A A 2 AL-&-8ted @-
TpCpT, ®-TpTpT 5 FAzGch o AH
ZEAE o] L3 oligonucleotide F3 E2 9 &
Aol #E dF7F gol ol FolAm glor, BEF
olw] AMEHE ZE-AE RIEHES B0 oy
g AW ZEAOLE o] gsa gl w dA

AolA] ol Aol o HHZAE o AHEE
Welslel ol 2,
2.3 Incorporation &
L7 9L & 4 U= HK(group) EF &0
F AFZ&o| v©ith:= (incorporation) wHH o2,
0 0
I i

1% 7H 2 i,
A BRELSTE 'n“q-?} —I—'T‘Z]‘E uhE o e,
o] W& @A polymeric drugd] FAIE W
| o]&=a Slth.

Seita 9} Kinoshita®2 &= of 2] gA4&8 AA
iodo-, N-ethylam-

]

8+x 5} 5-chloro-, bromo-,
ino-, N, N’-diethylamino-1-{(2’-dihydrogen-
phosphate) —ethyl]-Uracil ¥ PVA (polyvinyl al-
cohol) & AZYAA FE7 2 uracll & 7R &=
8 2832 45 vt (Scheme 4), FTAZ
DCC & Abgglon o] ut-g A3t Table Tof
el 9l t}. Jones!3 guanine & celluloseo] =
9



Scheme 1. PVA synthesu with Pending Uracﬂ.

( _‘_(”) H\)\j« DeC
’ n\& 1! ng ogent

?' LU ’)z’ H

/
—_<CH_,-CH\7-—\—CH2'CHT_}_
P dnex i W

(o3 Q= P=0 = CILCH,
i U
OH “Y‘\
HNS

i

semel B, TNHC Hyand NCCoHe s

ol guanine & 7tAl = FY ZEA
OH

N

X \‘"N 9
/\ ~ JN=N- Q c— —0—Cell) %

‘ﬂ'/‘g}ﬂl,‘fﬂl , acid hydrazide & ¥ %3} amberl-
ite 3 4=A ol adenosine dialdehydes} 72 dial-
dehyde® BFSPIeAA H87 % AAE 2EA
2 A3 A Ast # 2o Tuppy, Kicher®
Lo} o8] B Hlon, Okubo ¢} Isets ¢35t
slesis 9A97% PYP & WA FY e
A9 wzis mdz o4d &k nEAE
. o] uid (Incorporation ¥:)-& &2~
= @aqs] W ohyzh o oe B E 7

e E pEe] ek Qle] oo B
= o dFrr ol FojA 2 gleh o
, A A A #, Incorpor-

=
=
Hgel Ao F2 %
H

i

m‘,.

Table [. Condensation of 5-Suhstituted-1-{(2'-
Dhiydrogenphosphato) -ethyl} -uracil
(5-X-1-MOU) with PVA

3. By FRUAK

CREARE o] &% FY AL BHES T F
Froll wheb FHE S F (Synthetic Polymer) £ o]
£3 ¥4} polynucleotide & A8 334
2.2 KPIste] ZEstaAl gkeh, o 7)ol A @3t
£ ¥4 22AE polynucleotide 8] 2] =& <lul
Al a2 EAE A A e

oll

3.1 ARESAFE 0IEE &/

PMMA, PMAA, PVP, lonene 5% 72 3
A2 EAE FY2EAR e TAL 195430
NAAE AREEEA] G a-PMMASE = thE
c-PMMA (coventional PMMA)E o] -&3te] MM
A& Z3FH(o]w] bulk polymerization )8 -
A7} Szwarclel] & A Loz nmEwA I
E d7EHs) AFRed ol £ ATt
Liquori®® 5o &84 = o] Fo] 3t

& ol Miyamoto 2} Inagaki®®:= §}&] Eo]A
S 7}x]&= PMMA & FY 7832 o] &, MMA
9 Lol FEgo] I E=EL wFIor,
MMAS] 2}z Z3-e Challa? 485 Fa oz
B A7k olFolzrh, MMA= Table I}
7o i-PMMA & o] &3fe] 25°C, DMF &7l ]
A gt S35 £ ow HAEFEE s-PMMA
b wkEo] A o] s-PMMA S M, &= FI L
A9 M} A9 gk, EE %ol s-PMMA
X i-PMMA &} streocomplex - #t&v, ol #

r

Table | Preformed PMMA’s Used as Templates

Reaction Yield

Content of
X time UV Spectra

5-X-1-MOU it

(r) (molgg) ~ Awie(@m)
cl 25 68 58 213,280
Br 24 62 48 212,282
I 20 58 2 217,201
NHCHs 25 60 52 213,284
N(CHy): 2 42 39 212,282

PMMA M, ;X105 iy har S

iMA-1 7.2 0.90 0.05 0.05
iMA-2 5.0 0. 87 0.04 0.09
iMA-3 3.5 0.89 0.05 0.06
iMA-4 1.25 0.91 0.04 0.05
iMA-7 7.6 0.92 0.06 0.02
iMA-8 8.35 0.90 0.04 0.06
iMA-10 3.9 0.89 0. 05 0.06
sMA-3 8.7 0.02 0.07 0.91
sMA-5 7.6 0.02 0.09 0. 89
sMA-6 4.1 0.02 0.08 0.90
SMA-7 3.0 0. 00 0.17 0.83
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= Ml% 2 F2gozd £ est 4
A= MMA 2| syndiotacticityy =359 =
7}e]) u}a} s IMA-1 oA Ad & 3%
pehi gieh,

IMA-20] 41 2] MMAS] F3t¢] A% Table
Mol depigled, oq71o B uhe}p o] &

5-g0] Z718e] ulel syndiotacticitys 7-43F

Table I Polymerizations in the Presence of
iMA-2 (M., ;=5.0X105

Conver- Total polymer formed i
Expt. Yield sion M, %
no. yv,% 5% i h s 1075
1 23.7 11.0 0.11 0.11 0.78 —

1A>  28.0 16.0 0.11 0.12 0.77 4.3
2A*  31.4 20.0 0.11 0.15 0.74 5.8
2 34.6 237 0.13 0.14 0.73 6.4
3A* 417 32.0 0.12 0.16 0.72 5.2
3 53.9 46.2 0.12 0.17 0.71 4.9
4 69.8 64.8 0.13 0.18 0.69 4.9
5 8.4 830 0.14 0.18 0.68 2.7
6 100 100 0.15 0.19 0.66 -

bExperiments with untreated iIMA-2.

D} 28] 7 i-PMMAS o] 831 o] MMAS S

Lo A zAo] whel s-PMMA b o}l ster-
eoblock (isotacticity & 7}A] & $-%34 syndiotac-
ticity & 7}3| & —‘?—-‘?—«] block% guldhHx A
7w olel &

A£-8of (free or bulk solv-
ent)o] 418 27uk-g A3,

(@ FY2AY At Aot Bee] 4
(3) 994 w59 29 (template propag-

(4) uF-& A=A (termination)
9 454 w74 (Orlovat’e] o8] Aol
wrel gojvie], A whge APAE
SCheme 5 ‘9’} 7\"}01 (M' ) template.‘_—‘ (M‘ ) free'q Eg ig
o A2d A 15 19783 19

A = FA 8 zh] R v, i, s-stereoblock
HEHY Bl Coleman-Fox 3 w4} ]z}
i~template T H-Ao]| A s-template =27 =}t
Ve 2o AbE£9] o] % (jumping) 0 & Adwiz]
t} (Scheme 5).

Scheme 3.

Propagation step of a normal radical
polymer-template-synthesis
(,Ai[u ) temnplate ——— (J[n') free

|
+xM +aM

(A/Imtz ) template~— ( M{M- Ed ) frees
1 etc. i

Propagation step of i, s-stereoblock polymer
(A’[n * ) i~template~—— (A’[n * ) free~——— (Mn ‘ ) s—!emplntc"
+xzM M +azM

(4 n+z')i—templsle'——' (A’Iﬁz ’ ) free~—— (Mn+z '):-—templne

ete.

NVP(N-vinylpyrrolidone) 8] =]z R&H
532 DMF glo]A AIBNE 7| A A

X i, a- 2o

2, 28
s-PMAA (polymethacrylic  acid)
A sl dolth, ol i FPY wd
& PMAAY 7 &S w@8BREdD 98 o
L W =5E b, ofx= PMAAY duitd oz
NVPe &3 w&¢HEE F7H417]9 (template
effect), s-PMAAZ} 713 2 58 F 5} (template

effect) & el o} (Figure 1), =3 9b-3-45
+ PMAAS] Fxs} NVPE Fx9 vo] wietA]

= 3 d, (PMAAY/INVPI=1d= gl
or gAg NVP ¥xoA: [PMAASH
(NVP)9] ®lof] F-solet, 28l @MGsT
9] HFEe] F7hge] whet uk
ive overall rate)= Z7}3ls o] % Aol ER
Ql A= o8 A3t 2 (Figure 2).
PVP(poly (N-vinylpyrrolidone) ] PMAA 9
complex 35051 PMAA ¢] ~COOH s} PVP
8] >C=0 Alo]o] F4& é?“'c'— g o 2 4] (Scheme
6) o] FoAH, ol EL (BRI =4 (eq-
uibase molar composmon)-g = = A=) A
Zof 93 PVP & o] &

11

S£ 1 (ppt relat-

Bimendina, Shimizu®-32



vp=ap* vg: relative overall rate
a, n: constants
P, degree of polymerization of

template polymer.

Scheme 6. PVP-PMAA Complex Formation.

~CH; —CH GHs
i w7 Co
HG =0 + CHEG =,
H,C—CH. “oH
(PVP) 1 (PMAA)
f §
H=C-N-C=0--HO-¢—C—CH,
Hzg ~ ?H,
e (complex)

/N

CH;  Polymerization of CH;=(!3H (NVP)
Polymerization of CH:":(‘J-'COOH fi?'o

"on PVP templates*
on it- at-, st-PMAA templates

3 MAA Y] HAE Wk HEE e d, 974
A= PMAA & #HESTE & A+ 2L
AFHE 2o Fx glon, od BE o&FHE
EE -2 dilatometry 7} A2 o}

Buter, Tan, Challa®e] o}a] &R &k v} A

60(

/
J/
304 7
3 /

20F f
/ / Ve
/ , ."'/ ////

Ur{st—PMAA) Ur(at —PMAA)
SUglit — PMAA) > Ur(blank) =1

CONVERSION()

104 150
IFATION TIME(min.)

Figure 1. Blank and template polymerizations in DMF
at 60°C with various PMAA: (1) none, (2)
it-1, (3) at-2, (4) st-8 (NVPI=0.75 M,
(PMAA) =0.75M, (AIBN)=10"2M.

12

£ $ads 47=E9%E o, i-PMMA £43}
o4 MMAE ®EAZW G2 $3) DMF,
DMSO, acetone 3} 2+ A 409} benzene,
toluene 5} 7t ] 34 WS Sofo) A S
4k-8-2  syndiospecificity 2 Qoj1}n], s-PMMA
9] Afels A FAH Lol Aqt isospecificity
2 dbg-o] dojdrt, 28 x chloroform, dich-
loromethane %3 7+-2 £+ (very good solvent)
ol A& stereocomplex 7} R A %z Quly
d =e wsbd Sl 93 e Fmae] g
ot 2Em = u T4 LA mroi: 24
Lol ol A] stereocomplexr} Z FHiE 9 &o] ¥
= et

RELATIVE RATE(Vg)

! ) N N

10 20 30 40 52)
DEGREE OF POLYMERIZATION(P. x107%)

<

1.0

Figure 2. Relative polymerization rate vy vs. degree of
polymerization of template, P,: (O) syndiotactic
PMAA’s used: st-5, st-6, st-8; () atactic
PMAA’s used: at-1, at-2, at-3, [NVP)=
(PMAA) =0.75M; (AIBN)=10"2M; polymeriz
ation temperature 60°C; solvent, DMF.

Polyelectrolyte Fol41¢] o] & 2 xuld ®m&
2 Kabanov'e] 98] Jgoz By yE d,
#A=AT 2 polystyrene sulfonic acid
(pSSA)-Z ©]-&3F 4-vinylpyridined F3HAZ
th. 4-vinylpyridine & pSSA Eell4 F3}, &3t
2 EmA&E A "k 1, 2-Dimethyl-5-vinylpy-
ridinium methyl sulfate &= 2-methyl-5-vinylpy-
ridine & dimethyl sulfate & Y-8 A <o

ol &
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A 4-vinylpyridine & alkyl halide v} dime-
thyl sulfate 9} ul-&3}o] 1-alkyl-4-vinylpyrid-
inedoz He, o] F&Ao|} fr]&ud

Scheme 7. Vinylpyridinium Salts Radical Polym

erization on Polystyrene Sulfonic Acid
in CHsOH.

—fCH, ~CHly + CHy=GH——m O, ~CHJ —= fCH, — G5

ol e

¢

-

SOH

S
H
N N
+

CH,=CH

fcHrCHI:

A \EHRRES] fol8tAl dojb= 2 pSSA of A
2] 4-vinylpyridine o) ZRE AL 7}535c) o
& Scheme 7 el T},

223 PAA(polyacrylic acid)& o]&, 4-
vinylpyridine ] Zwitterion £ &E 4 (Zwitterion
template stepwise polymerization)el] 3} BFZE

7} 94 Kabanovi®E- ful, o 2 o] §-o{ 3 &4, pH
1.3~pH5.69 HCl4gg oA F38A 7] ~(-C
Hy—CH;— O YN*-),-34 % Ionenee]
o] [i-PAA),=4-vinylpyridine]y=0. 05 Mol 4] =
i-PAAS}  poly(4-vinylpyridine) 2] polycomplex

AAL w53z [i-PAA)y=[4-vinylpyridine],<
0.01Mo) Al = dimers} = th, =z#Ed i-PAAS]
B$ste 28 a-PAA, s—PAA S Hfole A

AFz7k 52 gz ¥]AAY polycomplexst 3
A g}, 4-Vinylpyridine & 3 ¢bA| 53] #
g =52 Kargin® %] ol Ax 2xs e
Kargin & sodium polyphosphate _Fo|A ES&
Al A Kabanov 9] A g -(-CH—CH,—
{OON--2 T4,

Blumstein® 56 9.2- poly(diazabicyclo[2,2,2]octyl
~1-butane) 3} 7r-2- Ionene Z A3} A vinylsul-
fonate & =l &3AA poly(vinylsulfonate)
Z AP oo (Scheme 8), =3z 55°C, F
Lol A Bz F3Fon Y42 poly(vinylsul-
fonate) o} EHEAKE ° @FFE 'H-, ¥C-

gelH A2 A1z 1978 1€

Scheme 8. Vinylsulfonate Polymerization on Ionene.

ﬁ@;‘—(cﬂ’} ‘E'\l/-\ N=CH.):1-

% ? So. $0,

CH=CH, CH=CH, -ECH~CH;—CH—CH. i
NMR, X-4 & ol-&3 uBfERIEE vz
Vaxiind i hes

Figure 3. Type of ionenes used as templates: (a)
z=4, y=9. 04; z=6, y=11.5 A; =8, y=
14.04; (b) z=6, 2=18.0A; z=10, z=23.0A.

N N—={CH, }; ~—
+ +
a)
< z >
CH, CH,
N——(CH;) g——N — (CH;): —N
4 .
b) |+ |
CH,4 CH,

Ionene o] A] styrene sulfonate 5 =}o]Z =3
Al71w pSssAZE FAH el ol AAAE
AIBNG-©] o] &5 yh-g&= 9} 4582 Figure
3ollA mE wke} o] X, Y, Z9 ko] w2t
& wor Ionene | HsHEALC]S] HTA
(average charge distance : A)7} 11.5A < = =
o= 4.5A 99 & F58-& e o (Figure
4) BSEEY 274EE 1087 At F
(linear charge density)”} 14w Brohs 34w
o] wl2o], pSSA/lonene=r 2] r ko] r=1%
A% BE FFEEE QT

o] #re]| & Griva ¢ Denisovi4e] 2]3] —OOH

£ 7t = 733 ¢ PP(polypropylene) F-

13



Per cent conversion

1o 20 30 40 50 60 70 81 90 10

time, minute

Figure 4. Conversion vs. time for the polymerization of
the stoichiometric complexe of pSSA with several
ionenes of average charge distance & (in A).
Dotted asymptotes correspond to calculated limit-
ing degrees of conversion for fast polymerization.

polyethylene Lol A&} 2,4, 6-tri-tert-butyl-phe-
noxyl(TBP) <] dimer &5} 2x= 3 o9 1-vin-
ylimidazole &] E&# 2D styrene ¥ 1-vinylimi-
dazoled] FHEAMS} 2 BLHTE KRIAWE=E
o] &3 AFE BWo] o] FojA =z 3.

3.2. Oligo- % Polynucleotide & 0f
54

Oligo-— 2 polynucleotide & HES T2 Fi

A o] EmHF A4 ]S nucleo-

t1de E_.x_u'] Z.2 nucleotide oligomer A}0] 2] A

0 FATE B3 HEERE 7] FFel
o},

19654 ¢ A o2l A71E Atol8] AH
A A3ALd A gL BRI AFE A,
Hamlin, Lord, Rich’"%%.2. chloroform & 7
& ¥ 24 g4 1-cyclohexyluracil 3 9~
ethyladenine ¢) A4 ¥ o2 dimer & JHHI}
o] guanosine =4 ¢} cytidine FEAAte] ol A
% o] A¥A FaAFeo= complex 7t A
< IRz Hayoers o2& purine FEX
pyrimidine A Afelel AF AL H X-
A, PMR ##i% Sobell, Rich®%2} Katz,
Penman®E-o] &8 o] Foizieh olH & E71E
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88 &

Aol 9] MEA A 9% complex A
A< (complex formation constant)e] T 7}x)
o] £ Scheme 9] uvelfisich

Oligo- 2 polynucleotides A}o] 2] & 7] 7k2] A
3&-8e] HHAE B Q77 ol Fejzxenr
olo] 3l FA T Steiner &+ Beerstol| 93]
5%tk polyC ¢+ guanosine-5'phosphate (or
guanosine), polyU(or polyT)$} a-denosine (or
adenosine-5'-phosphate) -2 G4 3o} 23 A
E4goz i F2E O 6, ol of F
%% poly At} polyG$} nucleotide Ri-v]Afo]
of A= & o|FHATAE F ohE FHE o F
o} (Figure 5),

=

Z adenosine 2 WA polyUst A4
Watson-Crick +24%-& 3=z, of& dgiez
£ o0e = Y polyu st & HE AR
F&AFE ol FuzA A5l F2E UE

t}86:67 polyC 9} guanosine frE A Atojel = o
o} v sd AFA F2E o) FAY, 3} 4T

Figure 5. Triple helix structure

3ol gspd pH8 TANAE ol FHAE o
Eo] wa Zehss¢7 23t polyArt polyGet
742 polypyrimidine nucleotide g&IE 5+ Lo
A purine $5A7 A F2E HESIEE o
o] A& pyrimidine 4539 4= 7 FYH S
of AF kel obd olF A S ol

Naylor ¢} Gilham?] &2 2 polyAE o] &,
hexathymidylic acid $] dimer ¢l dodecanucle-
otide & FAFo2A wdt ¥ oz+ I
AE 4 ¢ = polynucleotides] Ao AAzmg-
2g 2o ¥4

OligoA¥x &34z CDI{1-ethyl-3-3-dime-
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Scheme 9. Association constants (liter/mole) between various substituted 1
ethyladenine derivatives in deuterochloroform solution at 25°
ows are the association constants between adenine and uracil derivatives,
to the right of the structural formulae are the self-association constants

CHi,, 8 N
3-METHYL- y ] 0
URACIL 0oy
R
8
Ha o o ONH
<} 5. 6-DIHYDRO- I: 29
CRaCIL L A
R
7 5
H\\y-C
N
4-5%%—11_ ; ] 27
9C\N
ADENINE / 0 1
HoyH 0

i
Hay, C

Ny TS :> 100 \'\f/ ] 6.1
K3y 28

(¢ N
1
R
B
H\N/C

240 THYMINE !

AT
R
(o)
H+, g B
220 '5~BROMO- N ] 1
URACIL 0oy
R
8
5-10DO-- H‘“,"C]’ls. 7
URACHL -~
R

thylaminopropyl)-carbodiimide hydrochloride)
& BESSFRE plyUF o] 43ld adenylic
acid, adenosine~5'-phosphorimidazole, adenos-
ine} g TxrlE E¢AF mz A 4=,
oldl AR A¥pASt AYpAst F= ko] A
715 BRFANA £3] 25 E A¥pAS} ApApA
= &£ (2~3%)AZ1 %8 Schneider-Bernloe
hr¥%z A¥pA9] 582 ¥0]7] 94 deoxya-
denosine-5"-phosphate2} deoxyadenosine<- poly
U S#UGAEARATS, v FAH4EL A4
dA¥pdA% o X 2-OH 7} Qg o wrh =

®eH A2 A 135 19789 19

~cyclohexyluracil derivatives and 9-
C. Figures near the double~headed arr-

while the numbers shown

CHE\N,CH,
6-DIMETHYL- N

AMINO- K >
PURINE NN
/CH,

150 eMETHYL- L5
AMINO- >
PURINE

50,
N
URACIL 6-AMINO- Ny 31
PURINE §
0 (ADENINE) NN
H\ /g El
/CKN 2-AMINO 20
R ° T PURINE ,k >
6.1
H\ /
- 0 2 6-DIAMINO- N 1
PURINE /& >
120
6-AMINO-
8-BROMO- g
PURINE

a

T e 589 dAYpdAEs 93\‘;]' % Lohr-
mann 3% Orgel™& polyU & _L:w—l]-i Bod
pA-gly (2 (3")-Glycyl ester of adenosine-5'-ph-
osphate)$} ImpA (adenosine-5'-phosphorimidazo-
lide) & &3FAA dimer gl pA-2(3") ~Gly-N-pA.
E 55.8%9 &5z 99 (Scheme 10),

# ol Uesugi ¢} Tkehara™= N, 2/, 5'~Q~tribe-
nzoyladenosine~3'~phosphates} N-benzoyladeno-
sine 2’, 3’-cyclic phosphate 8} &g o0 2 de A-
A>>a(adenylyl(8’-5’) adenosine cyclic 2/,3'—
phosphate) & Scheme 113} 7o) polyUs} 1,3-
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Scheme 10. Template Synthesis of pA-2'(3')-Gly-N-pA

L :
1 -
A—2 (31 —Gly HO—P-OCH, A =3===7U Q
o o! ¢ HO-PZ CH, A
+ cor =N o
TmpA- polyu ? oo e 0
i 00
0=¢” -
GHa 0=¢
0602/ N ' Gt
7~ / —CH, Az==0U Ok, NH
N ~P
HN~_) oCH, A
@ 0
OH OH
OH OH

(transition state)

propane diamineg- o] 8-3}¢d A-A-A-A>P
2} 71 oligoAE A3, oW FHEL
—20°Cd = 15%% 25 0°Cell A& 35% % =
28] 3z Sulston™ %2 polycytidylate & o] -4,
guanosine-5-"phosphate £}

fo %2

guanosine-5’-phos
phate -2 guanosine & F3 &3AA OligoG
= FANE b, AVdAE A E AEFo
GYpGeleH, zelx & plyCE EHEF T2
3t o2 o & oligo(2'-0-methyl inosinic acid)
9 FAHE & F e d Uesugisl TOP &
1-cyclohexyl-3-(3-dimethylaminopropyl) carbo-

diimide p-toluene sulfonate & 3% 4 (condens-

ing agent) 2 2’-0-methyl inosinic acidZ *¥
inosinic acid®] &4 TF5 34 3HF o},

22 9t & polystyrene o] R X" it oli-
gonucleotide & R =y T2 &, oligonucleoti-
de®] #Ao] Shimidzust Imai™e] 2j&] =ulA
HrEsI Ao o] EEFEREE Table 40] Vel
R}, 8l 2 polynucleotide FE7E Tl 4] DCC,
CDI 55 2 5%A Ao DNA-A¢E4,
utg)E] ¢ Fholx] T, polynucleotide ligases} 7t
F4£E 0|83} oligonucleotide 53 2 A7)
= 24 polynucleotideE g4 & 4 & ¢l o7,
2t} 71 oligonucleotided &7 TEAHEAEAA

Table. 4. Condensation of nucleotide in the presence of polystyrene-supported neutral oligonucleotide

derivative

Nucleotide Relative yield of main product
Template (mol %) (optical density)
(PSt)-CH; pT(50) pdA(50) pTpT(32) pdApdA(53) pTpdA(33) pdApT(38)
(PSt)-TTT? pdA (100) pdApdA (132) TpTpTpdA(66)
(PSt)-TTT® pT(25) pdA(25) pTpT(3) pdApdA(41) pdCpdC(34) pdGpdG (43)

pdC(25) pdG(25) pTpdA(36) The others(62)
(PSt)-TTT® pT(100) pTpT(82)
{(PSt)-TCT® pT(25) pdA(25) pTpT(11) pdApdA(41) pdCpdC(32) pdGpdG(65)

{PSt)-TCTC?

(PSt)-TCTC?

pdC(25) pdG(25)
pT(25) pdA(25)

pdC(25) pdG(25)
pdA(50) pdG(50)

pTpdA(32) The others(71) pdApdGpdA(0)
pTpT(14) pdApdA(49) pdCpdC(42) pdGpdG(84)

pTpdA(29) pdApdGpdA(22) The others(88) Tetramer? (0)
pdApdA(78) pdGpdG(132) pdApdG(175) pdGpdA (180)

pdApdGpdA (39) pdGpdApdG(15) Tetramer? (7)

a) TTT=96mg/0. 5g-polymer support, % of the full sequence=79. b) TCT=85mg/0. 5g-polymer support, 9%
of the full sequence=78. ¢) TCTC=78mg/0. 5g-polymer support, % of the full sequence=61. Total nucleotide
(pyridinium form) =100mg (caled. as free acid). Pyridine=15ml. Total DCCD=200mg. Reaction time=24hr.

Room temperature.
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‘Beheme 11. Polymerization of A-A>P on poly U

Bz Ade Bz Ade Ade Ade

Bz 4 O P carbodijmide | OF ~, 0

9 P e Q P,
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B0 HO HO d\o
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HG E\O It l;ﬂ oo Higher O igomers
A-AP ‘

E45F9 nucleotide®] 4o mo) o FAH
Kol AL Brgeslz gl

o F N
&'é
mlo
N
3?
rlr
I
&
¢..H
_\_.
§
no

do] Fotow ¢oz %ﬁ%—
A E 2xw 9 ohokdk RES T PRkl
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7} A4 Boln (3'~5")linked polynucleotide =
"J"—Eokq}d] *37];(] ?%'—Q—E—i °] ‘l"é‘a :r.ol = [
H e 7]'7‘] GEAE Gz o %A 1k
BITHETL-S £3] polynucleotide & A T
& —17]/'91‘{1 ApAolw, FRAFAT 3 S
|
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