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Tomalia®t Newkomeo] Exld oz Nz o2 3y =
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& 729 H=ge o] RuHYn. EF d=giwe] 7
EAL o]lgdld Uxglal, B EE ZoAEA,
1 FEARAMY v FAM Tz &8dlHE o
1 #HZ v %”‘a}ﬂl A=z Q)

WAg #n %u}. Qe 7Edos 3 BeIsl
Ae M2L Hde 7Issky 72E e iAo
a2y dzaee] gAAAdE d4FH dAwgel
WhEFo 2 £uiEy] W Be Al =¥o] £4H
ofefsiz olzlgo] Utk wapd Fx 291 o] A
globular 78 ztu g g F47|7 24" ¥
ol HEAX TR 3 BAlo] W=glrie] A
d7-¢ tEo] =gt

2

olel gt slo|HBAX TEA thsfjA], Florye= 1952
W AB, FH¢] 9 E TS A4t A U &
Adta Z8-7] B7F n(x-D+ 1A (n: F8E) SA3=
TEA7E dold AHolgte &g & v ot & AB,
deEA 2 “one-pot” g3 n+17)9 B FLs7 &
Ashz AT SR ohs Aol R AN ¥
S EHOE Qe & FEE ¥ Rk 2
1980t Fule] Rizz|wio] gt A7 FU3] o] Fof
@A, 1990 Dupont®] Kim3 Webster o] 3}o)
HBAR] EA e dTEAE HEIIRE, 1 o
% FJdhste] Fréchet, AT&T Bell Labse] Millero}
Neenan, IBMe] Hawker So] @&z o3 o] Hold)
W ATEHNE Budgon ol iAo F2AE §
qozRE AFE Aoz JUEHe o8 B EAHES
& F59 o] = rh Wi=glwe} sjo|HE W]
TEA g dFE AAFez oS Baidsle, 1997
Y 94 n)= gAu7tadA MFE = ACS National
Meeting?! “Dendrimers and Hyperbranched Poly-
mers” A EAFAM o 100:9He] =Fo) YEH o F

410

CN
AeN /'_/ Reduction
R—NH; ' RN _
CN
//CN
CHyNH2 N
2 CN j\CN
RN R //,CN
CH,NH; f‘\i\
CN
CHyNH,
Reduction /—/- \\\CH')NH7
\_\_ ///CHaNHa
CHoNH;
Scheme 1. Vogtled| 23] $4¥ “cascade molecule”.
olet. oi7lole B4, ?év‘i'—éi, g8l 42 7t Bof
el selslel glo, of o del Fadol 2
A A48 gtk 1715 Stk ® FAME ©

Colble} Slol AN TEA) R R, TEE
4 % $4AT 5o e AY e FuR vt

2. Hic2|He| 3

dzzime] Fdodle ditg oz T 71A W] ol
I Ao A= i gme] F4 (core) T2 FE
Y] gHEARl W& AX LFFRE Lisie o}
7l “divergent approach"ol_ﬂ, ER= FeFo 7

ZE WA Azl o|2HE deeve FALEL I
3led cascade FZE 7S] 7= “convergent ap-
proach” 7} {1t}

2.1 Divergent Approach

19783 Vogtle So] B3l Scheme 19 cascade
e, HlE Aol degud A 2e Ade ni
Zle]l Wt A4e gidAR, d=aln g4 3101’\1
divergent approachd] 2]3} cascade T2&9] A ZE 7}
A 8 9xg A2t} Divergent approachoﬂ 9
8 Azd dE¥ degvEe g 2l

2.1.1 Polypeptide HlE2|H

1980dt] Denkewalter= ®=z]¥ polypeptideE
Scheme 29} Zo] g4 sld 5313} altt.3'2% = lysine
7} benzhydralamine© 2 #E ¥ I35 18 9=
218 coreZ AME3IL, op17|7} £Boc ZELE pro-
tection®lo] 13 H3& 7HE47]7} p-nitrophenyl ester 2
843} go] J& lysine 54 2E& building block 0.2

M
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NO,
" o
HZN\/\/\;* + ﬁ/of“V\o/\g:LoO/
NH, °
Y
1 x 2
o o
—— wkwyw%
o\g
b
x
FLC00H e i Monomer
HzN/\/\)\B/N\/O\/\NH:\n M S .
Vi
HZ
3
Xo
A

Scheme 2. Denkewalterd] 2Jsf 45 polypeptide Hcale],

sl e 13 29) coupling-& W=a]¥ coreql
19] % 7)l9] o}l 289 building block?l 3EE 271 )
N 9gEld 38 AAgAT)m, 3 oAl trifluoroacetic
acidol] 9J8] 4709 £-Boc 1&0] deprotection¥]o] 47}
o olIZIE e HFE 42 YA o)9) Zo]
coupling} deprotection ¥+g-2] ¥HEAQ] e poly-
peptide EV]E_E]D-]E Ag/\‘?}\]7h;}. 10}«”];}]7]].1] /HZ]»‘S}- E]]\:
o] Exlgke 233,600 o]t I3} Denkewalter
9] &3l = %”?a'd et EAA7) =05 %] ggir}.

2.1.2 Poly(amidoamine) = a|of

Tomalia §2 divergent approach& o] 23le "W
29 coreZ YRUo}E AR T o] 2 Heola ¥y
°|Edl  Michael typee] RrjuleAzl I, Hape)
ethylenediamine © 2 amidation %A 12} olgl 38
o] 37} EAzhz Al 1A W=l §Hshei} 128 o
71l o] F7Hebe ) amidation ¥he-& WHEsle] 13}
ollZ17} 670 A= A 24|, 97 E=A) B A 34
W & B en, ojyd Wyos 2xjer 70ut o]
89} W=2ln) g A 23190t (Scheme 3). W=a]E poly
(amidoamine) ¢] Z} At HAjet, building blocke] 7}
T, ol 28719 AL, aalm H=zln9] diameter2

DEADET JjE A 843 19979 84

CO,Me excess

COZCH3 C\/\ I H?N\/\NH2

NHy — & g ———

CO,Me
o
HoN NH,
\LNH
SN
t\\ 7 COo,CH,
————
HN "o
NH

MeO ‘g

MeO,C )\/\ybt
{\/\

CO,Me

COMe

MeOZC
Scheme 3. Poly(amidoamine) Rl=alw|,

E 1. Poly(amidoamine) o] At ¥213 9 Hojn zgy) 4, 57)

. Monomer Terminal Diameter(A )

Generation MW Unit Group SEC
1 359 3 3 10.8
2 1043 9 6 15.8
3 2411 21 12 22.0
4 5147 45 24 31.0
5 10619 93 48 40.0
6 21563 189 96 53.0
7 43451 381 192 67.0
8 87227 765 384 80.0
9 174779 1533 768 92.0
10 349883 3069 1536 105.0
11 700091 6141 3072 124.0

E 19 2%t Poly(amidoamine) ®zajmi
“Starburst” Wl=gl® @ ojg oz youe BoEa 9}
oH o5 Bl % e ¢4 A7) Ay m Ut}

2.1.3 Poly (propyleneimine) ¢llca|oq
1993'd Worner9t Meijers, Vogtleo] g g upy
B FAH 9re-g o] 43, poly(propyleneimine) @z

2l g kg 9909 2 AAYE A8 & 9= e
HaH)B o)z e :J_EI 19412} 2o 1,4-diaminobu-
tane acrylonitrile-& H7}ukgA]# 4709] nitrile7] &
Zt= A 1A *g*é%a ¥ 3L, nitrile7] & Raney co-
balte} 48 AMg3lo] okl 2§ o AYAZ F )
acrylonitrile®} Whg-A]7)= whyo el A 24
A= 87, A3 167, A) 4A o M 32
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N NG, /—J Raney Co
HzN/\/\’NHz + 4= — N/\/\/N\—\ ———>H2
NC CN
NT? s
o . N s I Nj Nf HCNCN
\k' N 1y
N(:Ni\;\N " & V (‘N S ,JN—’J;\‘/WCN
o, { A
No-_ Nonl N~ NCJ./‘CN
et NN R S
e e i e s
= S
NcNEA“A/}'rr? \ \‘\N e
e A AR
NCNCIH /(N? ; IN N\N s\kHchN
M e S ? I § AN ICNCN N

3% 1. Poly(propyleneimine) ®l=g]=

A, Al A A E 64709 nitrile 1E0] Eshs A
=z & A3ttt Poly(propyleneimine) @l=z]n
d tg 2 o] %9 ge A7t ddd=e DSM & o}
QEZH o] A7 ofs FP= A

2.1.4 Polysilane Hicz|H

HAP=9] van der Made & 19929 SiCl, 2}
allyl Grignard reagent®] wWrgog RE dojA
tetraallylsilane o) chlorohydridosilane & hydrosilyl-
ationA]7] 32 thA] allyl Grignard reagentE ¥hg-Al7)=
wEAQ HEe AA polysilane H=alME IS
}32 o]9} uf$ FAE WHoa  Seyferth T&
tetravinylsilane ©. 2 H€ 18| 29} 22 polysilane
=M g 1994d Rud v YokF Y £ Frey $2
polysilane ®l=z|He] FHeojH FL7lE BF =54
ago 2 WMEAF &, cholesteric B+ cyancbiphenyl
mesogenic 1E& =5t @b d4A dizeled] o
& Ane gEsigchi

2.15 7] E

Sl A AFgd FFo w=zln o]9dx Masamune
So] 1990 W s polysiloxane F=2]M = silaneel
hydroxylation#} silaned|Al2] gAY} xgitgg wt
Halo] $4d551tH(Scheme 4).%2 o] 2l = Majoral o]
W ¥ & phosphorus (V)& 7|20 2% w=gn™
Chapman %¢| ¢]3t adamantane 7%Z& 7|20 23 o
=29, Newkome 59 °|8l 3" Zn-porphyring
core 722 zHe W=gn,” Hall 9l o8 =)=
aromatic ofgl &2 M=) Fo| LA Uh™* o
ool WAl AdFgEolol & Ro2E Newkome o
1985\ o] WEF “arborol’e] YoiblH Py e
Scheme 50 g.9Fd ule} o], coreZ2+& 1,1,1-tris

412

HySiHySi St
SikHy

HsSi
HySi \}\\H (\\j Sirt;
Hasto X si S S///SxHa
3
HySi 2 \\\g &2 itk
Ay o SiH,

Ha:il . Sl)\ ;i ):rSiHJ

S _ )
s \ g —__8i IS"FSIHJ
i -si Sitt
RSN SI/\/ ~Ng—
HaSi { ~NSiH,
) i Si
H;Si NN SiHy
HasiJ//\/S § \\\ S\\\ SiHy
HaSi Sty

. si S Sit
H;Si \—\ el
HBSi/(; H S\\\S,IHSAH3
HaST psi SiH; ™07
%] 2. Polysilane @=ajn.

H A ?Hs (EHa Pd—C OH
= H3C—SitOTSi—07Si~H H > )\
" i ] 0 HO” TOH
CHy / CHy I3 Dioxane
1 HC, Hs | GHa
Hi = rs{ogiﬂ%i-r{ 1) Pd-C
H cHs | chy J2 H,0

H
(A) Dioxane
H. H -
Pyridine 2) (A}

Pyridine

RoH 1) Pd-C
H,0
H HH Dioxane
-
H 2)(A)
H H Pyridine
H H

Scheme 4. Polysiloxane Wl=g]n].
(hydroxymethyl)alkane(5)2 ©]&3}5i.  building
block @ 2%+ trialkyl methanetricarboxylate®] sodium
salt(6) ¢} tris(hydroxymethyl)aminomethane(7)& ©]
43t9ich. o] WHon o s =EHI 27T &
A= 27-arborol g Ad8H T}

2.2 Convergent Approach

deEelnE RAsked dold core FEREFH %
WwEo g F2& golrhe divergent HhHE fEHo R
= ATl A Hol vk e gz Al
7t Z2718E 9=l functional groupd WE7} &
7V sol WAl JFFolZ drgol HelHte] BE
Z-g7150] ghgel FAs] olely W=es T2 2
e FEA7IE A7 Ut mebA, divergent HE T}

e ml
z

£ Jo
o

A=
£ dgos A9l Fag WA TN Fu Ael
vle] core o TEE YA Bolrke Wl

&)
ey
Q
(=n
g
&
el
3
S
T
L
Z
3
=]
o
=]
2
o
E-)
B
=%
i
32
Ir
=
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1)CICH,COLH ~CO,CH;
H - 1] .
t BuO™,t BUOH 1
H v R,eo _CocH, P LiAH,
" 2) MeOH, H" o 2)TsCl, Py
\—CO,CH,
5
OTs C(COLEY;
HaNC(CH,0H); NaC(CO4Et);
°  or 6 © 7
R/e 5 OTs reo_/—c(cozah _
o o KoCO,
by .
OTs C(CO,Et),

M-OH
R N
‘o OH
o} N OH
3 AR
HO- Hyy N € on

HO O "NH,
HO HO’?\ OHCH
OHPH

Scheme 5. 27-Arborol.

2 349 Fa degn g e 2

2.2.1 Poly(benzyl ether) Hi=2|H

Frécheto] 233 convergent ¥hfol] oJa Qo)A g
Rl Wzeln]o] UL Scheme 69 & okslgir} 657
3}13HE 82 benzyl bromide$} building block$l 99] wt
SO 25H dolA e, oln benzyl bromide?] phenyl
IE2 4 e feeline) Heojdt Lz s
deeinle] Hojgt 7xg FAskA € s3E 8n
building block¢l 99] whg-& H=g 102 A A7) 1,
109] benzylic 3|=Z471& benzyl bromide® ®W3A]
71 % t}A] building block 99} #1544 Bl=zg 4%
At o]} 2 whgo] whEL whe giteo]|A] 9] Q1|
Bof glo] MI=2g AANY & glon, o] H=zse
37} 39|49t o] core moietyd coupling A7 M
poly(benzyl ether) Wltalnj= BT o37)A core
unite] 7EA w2} gg Felo] dsnE UE 4
Ut & 59, 4,4'-dihydroxybiphenyl = 1,1,1-
tris(4-hydroxyphenyl)ethane %¢] 27) %= 3742] 3]
E54 35 7He S3FES couplinge Ao zA
ANEAZ GHE 5 Aok BEE 202 2L 083}
o @AE M¥Y polystyrene E= PEO®9] sodium
salt& core unito.@ ALl di- == tri-B29} A
F-d=as B2 33342 95190508 mar opy
2} fullerene}e] couplingsl] W& A7xE Fa 5]} 8

2.2.2 Polyphenylene Qlca|H

1990'd Fréchet 184 convergent approach®]
oI Hzalnie] FAL BxI 2719} A FAld] AT
&T Bell Labs¢] Miller$} Neenan& 1,3,5-trisubsti-

DEXNIED Tl A 8A4E 19979 8¢

‘Q"o 0‘0

O~ D~
B, o-°
Py O P,

HO Dﬂﬂ

b KO, g-©
- Q o 1858 6 2
o o o, d

.

Ly P
564D B
33 3. =29 AZHY) ¥ Wegnie) 74,
tuted benzened 7|2 TZZ Zt= polyphenylene BE.
& convergent WHo = #4511 ch8 Scheme 7
of 293 whel o] 1,3-dibromo-5-(trimethylsilyl)-
benzened building blocko.2 AMgsl¥m  Suzuki
couplingg ©] &3l H=g 112 Pt A @
EE 112 1,3,5-tribromobenzene® couplinge E3)
polyphenylene W=2lm& #4988 4 ). Miller S
Suzuki coupling& o] &% 9o} FAIS WHoz 46-
phenylene W=2loje] G448 Wirseteh o

2.2.3 Poly(ether ketone) Hl=2|q

Kakimoto §X convergent approachZ o] &3l ql
AYei® E2AE $AKIQ poly(ether ketone) ®l=
2]n1 & Scheme 83} o] §4131Ath% WA 5-metho-
xyisophthaloyl chlorides} fluorobenzene®] Friedel-
Crafts W+¢& o] £3}o building block$1 3,5-bis(4-
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2 PhB(OH 1) BBr.
SiMe; (O, >

PA(PPha)s SiMes  2) koH
—ee— - .
Br Br NayCO; Ph Ph 3) Pd(PPhy),
Na,CO,
SiMe, 1)BBry
2)KOH
3)Pd(PPha)¢
Na;GOs
Br
1 Br Br

Scheme 7. Polyphenylene Rl=a].

g Me,SO, SOC,
ov%o —_— 0 —t—
Ho” -2

o g o,

4]

(1)
“iC0;

éﬂ (1) 1) AICh
cho, % 2 HzO

Scheme 8, Convergent approach@ FA¥ poly(ether ketone)
AT

fluorobenzoyl)anisoleg gAl3t ¥ 9439l deprotection
7} Friedel-Crafts +-¢-2 E3) wi=z|o| & A%

2.2.4 Phenylacetylene HlCcz2|H

Moore 52 phenylacetylene ¥l=elHE 18| 49}
o] convergent Hez  FAHYLE® TMS
(trimethylsilyl) 7} protecting® building block$! 3,5-
dibromo-2-phenyl-1-(trimethylsilyl )acetylene2 §4
§ %, diacetylene 21§ Pt Zv|& ¢] L3 coupling
we-& B3 MNE ZTIATE ole} Zo] PAEE W=
g9 o] TMS 2§ deprotectionsdlar 37]2] #L71&
7}A& tribromobenzene ¥+ trilodobenzene %3}
coupling & E3 A&z sk

2.2.5 Orthogonal Coupling Strategy

414

% 4. Moored] ]3] §4¥ phenylacetylene =g|.

dz)co] &t Zimmerman Z£-7]9] protection
3} activation #4& AXR ¥ B} YA Hee
o2 PSS WHe RasEtHScheme 9).5 By
A2 (4-tert-butylphenoxy)ethanol® 3gE 129}9]
Mitsunobu ¥4 AA 1Ade] W=E 158 A8t
thA] 31%HE 1371¢] Pd coupling ¥H-2 o] &3l Wiz
2 16 A5yt o9t o] Mitsunobu Wg-3} Pd
coupling ¥$-& dA%How 3l W=g 18 T4
2 5 vk o7]A AHeE Zzbel w2 A2 orthogo-
nalsle] protection #3o| Bagle B} Ajd 47
EE AFsAct

2.2.6 7] E}

o]¢loix= Miller & polyester Wl=2]8{& conver-
gent W o= 4319 0n,*® carbohydrater} ¥
AWN gz F3o] s #4718 EHF poly-
amide ®1=2l9% crown ether unit2 X33 wlz=g

o] So| convergent approachol] <J3ll &A= g} %810

3. dice|e| EAKY N 7lsH

3.1 dicz|He| BASY

dedves e F2E Sooz Qs FAFe
e 1xg 7iAY aEAe gFoz A8 Wit F
71%te}. degve] 384, Eeld JFS Al dde
g7l i Fxol| o3 FEE W, B F
471 W= 89 44 9 48z Tl 23¥A
e o). dems, 7|&e] AE R AR
Z7Vgle w2l Mark-Houwink-Sakurada®] 21& 9
AFIEA Fx7t Ftehe Wi, A B o]l
AE 2318 A7t Bashe @4 YekanHobe

13 5= convergent approachel] <13 A3 poly-
(benzyl ether) Wi=g2]m e} A8 312} polystyrene
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Scheme 9. Zimmerman®] orthogonal strategyol] 2|3 Wlzgly

o] 4.

o] H= #ale] AR, polystyrened Ex}jeko)
7Hel wet A=t FopsAR, deans dRs)
ol e A=t Badhe A w18
d=z2lve] faPoleEE Add wa 27t}
ol AE ol ME AT LEE AT} ojRe
Ho%e] Aer} FrlsEA Bxle] gaelo] olm YA
ol AE o] 4] AYdlA REE faldo)ex il @
A fRAEE Re2 JARAD. Stuiz: Ho) =g
719] ¥isle] e feldolexe] WilE AW ngty)
A8 6914 B ule} o] HolB =grle] 2Ho] 2
T5 0 22 4EWo|2EE Jehitls Ajae oohy
ATH! Bt ohz} Weke] LS ofr) Fye Wa
ARE dolE, Bir)e] F7d we} geldoler =3
s Tl o A REl: dYF fedolen
g FAPUE AME gopNlth. =¥ Fréchet S5
poly(benzyl ether) ®Wl=glnje] Heolgt 287 Wslo)
0E feEHoleEE 24sded P 2gr)e] =
ol F71etel wa} ol e} Assigon, E3)

o ofN

NEXUED J|E A 8H4 T 19979 89

-1.1 T - T T

O Dendrimer

+++ Polystyrene ;"
-1.21 ~

Log (%)

-1.6 .

! 1 ]
2.5 3.0 3.5 4.0 45 50

Log (molecular weight)
Jg 5. #2347 U dxe wsl.

400
<
< 350 o
3
g End Group 2
g 300 CN
& Br.
g H
O 250
200 "
0 2 4 6 8

Generation Number
I8 6. AiFvlel Ut 2879 o faldelexe] W

Ago] 7Fse phenolic £ Ft2BA7]e Ao
TR0 RS F7} $uE QP opR )=
7Fedt d=gln v} o A dHolo)M H=a)ne]

ASAA A BYEAS A7rt B2 Pgolxw, 4
< ¥4 7€ JHo ge} degne] Fx-B4e) 4
Z@AC dE AAHA 77 A=z gk
3.2 Hez|He| 753
deglne] 553 7228 Jges Bds4o
Lr|gtol A=gnje] 7153d) tig A7) o ks
Y o Aot A=enig 75350 Y= A4,
L7t @2 deane] YRFZY guest ERL 59
SHAY B4, ol dels BAEY L 2Es] 9o
4718 EY3hs Wio] Ywrg oz o]y T it J
ol @2} =] Al (unimolecular micelle), 24442} (mo-

lecular box), &m) 2@ ofEATHy, Z}71-8-%] (self-as-

sembly) &7, 47 5o B A7} BuEz Q)

4

o B

Mo o gl
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38 7. 22 v 72E Fe d=ee.

3.2.1 ©&£x} ojd(Unimolecular Micelle)

Newkome & divérgent approach& o©]&3ld 11
g 73 2e 729 Micellanoate & A3 3t} 1967198 o)
dogue] Yies 2548 F2E 7Y 3L A4
TZ2 Y4 e, oAl LA A Ao o
424 vd FHE fAske Aoz BT 9
Fréchet 5% convergent approachE %3] o]z
poly(benzyl ether) W=glnie] Hel# Z4r|E I+
TFZ2 wHo] amphiphilic F=2iwg F4Eion,
84 pyreneg probeZ AMEE 4¥ZAF 4A w
4 5= (CMC)7t EAEA] gk unimolecular micelle
o] FAHASE BAFA Meijer 52 ojm] &
HA de I549] poly(propyleneimine) W=g=
e 71 25 AWEF Ales =Ystd “inverted
unimolecular micelle”-& 45}

3.2.2 XX} (Molecular Box)

Meijer 5-& 1% 8949} o] 7,7,8,8-tetracyano-
quinodimethane Y+ DBengal Rose % & poly-
(propyleneimine) o] W3-l guest £AI2A AAFI L
Ho|# =27)d] L-phenylalanine §%XE ¥H-A|A
Hojzol vl¢ YD 728 AL dnE B
QThMENE o)y, Wy Ko FF 6709 guest £t T
A=o] on JRIZ= W& gyl HdFe L-
phenylalanineg AAE Fi& | =" 22 %2
HArh o] A7 HEHe] R F guest £4
g &A1 F, M FES 3y ddE fxo
guest ¥-3-& d=ajof (ZA4Ah) o] oz WEA ¢
A& Rojgke, B oy dFAEY A4E 485
o2 FHHAT

3.2.3 o HEA

olE MEJAI AT oA BejEo} dighe] Szoka F-&

“Starburst” dendrimer2 €7 poly(amidoamine)
€ gened] A7 WRAZ ol &3l = ATE FHHAY
(2% 9).1171%0 3} Okada $& poly(amidoamine) 2}

416

1%l 8. Poly(propyleneimine) @=zlw| Eapbakzt.

' .
u;u\)) bl y 2
SN
2 A # . X { _
/”r’ \N_/\N/ 2 SPDP_,. "ZNr,N’"N\?_,J‘\"J_,r»nk:oA«:n,),—-S-S—O

o i o 0y

M, NH,
HoN~N- Moy 2

Hy /N\Nwmz
iy ty g "
Slarburst Oligomers
" Dendrimes *
Catbohydrate ~ SH
of Peptide ~ SI¥

C}\Ts

P
u,n\ f
}‘ iz
Hah .
Peplide
3 — (N S—S-
e N\‘n_ﬂ Ny OOyl ‘{ca.bohydmle
\\Mv,

“z""'"flu\“—nwmvz

Ny My

33 9. Gene A2A 249 PAMAM dl=go].

F 9| sugard =YAIZI AAE Hudh] Jed, ole
sugar®} hepatocyte $ae] 3P & o3l w=zH
£ target deliverydl] o] g3 Rl Alxe] dgolgrt.

324 7| g

oA AT E 7R Al A=alve 7535 o
T olefdl= Wzamel HoF E= core TEo Mol
BEE Yt olEes EuizAe AL AT
FEo] BuH §lom %1% Frey Zo polysilane ¥l
=29 9] HT AR e £9Ust Wea|ne] HA A
Zd sl 2o}t Regens} Crooks 5-& z}z}
E2H 02 2}7]-87 (self-assembly) HH & o] &3 poly-
(amidoamine) W=z|Me] ciEulel A 2o tféled UE
Qo.M =8 Zimmerman ol o8 42 2l
% A7) HEeiHd g A7) FPE QA

o] o= A=alHe] F7)E o] &8 £a g spal
2| e}, MOMT 2a) 148 MRIG R} A} S0 29] &40
3 A5 FYHT JQep0

Polymer Science and Technology Vol. 8, No. 4, August 1997



B(OH),

1)BuLt b\ Pd(0)
/Z;B(ocolg, X

IYH*

1A X=Br
X
\ Mg MKy~

X X

X

1B X =8r
2 x=¢t

Scheme 10. o] 2. A:x] polyphenylene.

Ts»'” °| OSite, Br—(Cihe: OH
i
P in—osuqn cr—cQ
OSiteH OSiMey

on
L J. Mathias (154) J. M. J. Frechet (155} V. Percec (156)
o ° NSO NHCOPh
~ = ~
LY o
OH NSO NHOO PN
J. M. J. Frechet (157) Y. H. Kim (158) R. Spindler (159)

£ om -1
wef :
e oM e
£ oA

T. M. Miller (160) A Hutt (181) S.R. Tumer (162)

HO
HCo! O(CHCHy ImOH

o
T~ Mc—Q
o

HeO- OCHCH, mOH

HO

C. J. Hawker (163) N. M. Stainton {184) C. J. Hawker (185)

A ot 2

OACHCHy JmOH

A. Kumar {166) C. J. Hawker (167) M. Jiksi (168)
| I o
VS e &

=1 N

N ]

O R OO0
C. Kim (169) K. L. Wooley (170) A S.Hay (171)

Scheme 11. <1 71| ¥eje] AB, w173

. Sto|HEMX| TEX}

SlolsRala] 1eA MM AFH vl 2o, We
2He} FxAo 2 o WHY BAE 23 Yr). wca
W7} E21% E¥7} monodispersedly 7o) 717
Hol gl B2 28718 2 v, slolsEdx TR
monodisperse 3| |7} globular 228 7Y 2]z}
o W& Hgr150) ZAVY. dzelole) Faols dsm

DEAED JjE A 8W4E 19979 89

A whg3} BR FAo) ulElE ola)go] gl Hh slo) 5
B3R uEA= AB, Fel9 nieks 7558]-7]] “one-
pot” F3le] A2 4 Q= ZWo] Ut} wapr FAo
oA RS FRHFoFE Weaini) AV 2
= 3pelHralx wEzl) gidt BAlo] 1990 HEE 27
== Dupont®] Kim3 Webster:= AB, #eje]
A1 3,5-dibromophenylboronic acidZ Pd(0) e
& AME3l “one-pot” EFFo =N Ilo)Fr;x)
polyphenylene2 4181 th(Scheme 10).15111% 1 o] %
R so|HEUX mHEate] FAo ALY AB,
Bejo] daka] 723 Scheme 119 & oFabgr} 15417

ol = Percec T2 slo]Hu;x] T3} YA o
3t Bag wp IohP glo 2 slojmr @A mER}
o ALY P29 B4 By AAH A7t
7))} 176-184

5d £

WCEJ!HQ} stolHEAR] nR A=, 7189 MY,
¥, Ee 22 E agAoks wola e ""i'v‘ 2}
e} 718tatd F22 Uulgtol & BAl9) diabo) Hojgk
o dEed diE 24890 A7E 19809y Su 2
Bl o]Fojzon, solnndx] B od A7z}
19903 ol uj ¢ gutshA] o] Rl 1 Ut} o]B9] F
Aol A PPESo] A= en, oo o A=
de2ivje} slojHB i) nEAje] T2 2 BAEN)
B A7t 2A FEL3 Qoh dogE 22 9 AE
I e des @ solHBilx nRale) MAH
AFRY # )59 &4ATo W 7|t 3.

I. D. A. Tomalia, A. M. Naylor, and W. A. Goddard m,
Angew. Chem. Int. Ed. Engl., 29, 138 (1990).

2. J. Issberner, R. Moors, and F. Vigtle, Angew. Chem. Int.
Ed. Engl, 33, 2413 (1994).

3. H.-B. Mekelburger, W. Jaworek, and F. Vogtle, Angew.
Chem. Int. Ed. Engl., 31, 1571 (1992).

4. J. M. J. Fréchet, Science, 263, 1710 (1994).

5. S. M. Risser, D. N. Beratan, and J. N. Onuchic, J Fhys.
Chem., 97, 4523 (1993).

6. G. R. Newkome, C. N. Moorefield, and F. Vigtle, “Den-
dritic Molecules”, VCH, Weinheim, 1996.

7. E. Buhleier, W. Wehner, and F. Vogtle, Synthesis, 155
(1978).

8. R. G. Denkewalter, J. Kolc, and W. J. Lukasavage, U. S.
Patent 4,289,872 (1981).

9. D. A. Tomalia, H. Baker, J. Deward, M. Hall, K. Kallos,
S. Martin, J. Roeck, J. Ryder, and P. Smith, Polym. J,

417



17, 117 (1985).

10. G. R. Newkome, Z. Yao, G. R. Baker, and V. K. Gupta, J
Org. Chem., 50, 2004 (1985).

11. P. J. Flory, J. Am. Chem. Soc., 74, 2718 (1952).

12. R. G. Denkewalter, J. Kolc, and W. J. Lukasavage, U. S.
Patent 4,360,646 (1982).

13. R. G. Denkewalter, J. F. Kolc, and W. J. Lukasavage, U.
S. Patent 4,410,688 (1983).

14. D. A. Tomalia, H. Baker, J. Deward, M. Hall, K. Kallos,
S. Martin, J. Roeck, J. Ryder, and P. Smith, Macromole
cules, 19, 2466 (1986).

15. D. A. Tomalia, V. Berry, M. Hall, and D. M. Hedstrand,
Macromolecules, 20, 1164 (1987).

16. D. A. Tomalia, M. Hall, and D. M. Hedstrand, J Am.
Chem. Soc., 109, 1601 (1987).

17. A. M. Naylor, W. A. Goddard II, G. E. Kiefer, and D. A.
Tomalia, J Am. Chem. Soc., 111, 2339 (1989).

18. D. A. Tomalia, Adv. Mater., 6, 529 (1994).

19. K. R. Gopidas, A. R. Leheny, G. Caminati, N. J. Turro,
and D. A. Tomalia, J Am. Chem. Soc., 113, 7335 (1991).

20. A. G. Meltzer, D. A. Tirrell, A. A. Jones, P. T. Inglefield,
D. M. Hedstrand, and D. A. Tomalia, Macromolecules, 25,
4541 (1992).

21. A. G. Meltzer, D. A. Tirrell, A. A. Jones, and P. T.
Inglefield, Macromolecules, 25, 4541 (1992).

22. P. L. Dubin, S. L. Edwards, J. I. Kaplan, M. S. Mehta, D.
A. Tomalia, and J. Xia, Anal. Chem., 64, 2344 (1992).

23. M. F. Ottaviani, S. Bossmann, N. J. Turro, and D. A.
Tomalia, J Am. Chem. Soc., 116, 661 (1994).

24. S. Jockusch, N. J. Turro, and D. A. Tomalia, Macromole-
cules, 28, 7416 (1995).

25. M. Castagnola, L. Cassiano, A. Lupi, I. Messana, M.
Patamia, R. Rabino, D. V. Rossetti, and B. Giardina, J
Chromatogr. A., 694, 463 (1995).

26. R. G. Duan, L. L. Miller, and D. A. Tomalia, J Am.
Chem. Soc., 117, 10783 (1995).

27. L. L. Miller, R. G. Duan, D. C. Tully, and D. A.
Tomalia, J Am. Chem. Soc, 119, 1005 (1997).

28. L. Tabakovic, L. L. Miller, R. G. Duan, D. C. Tully, and
D. A. Tomalia, Chem. Mater., 9, 736 (1997).

29. C & EN News, Aug. 16, 20 (1993).

30. C. Worner, R. Miilhaupt, and K. Takemoto, Angew.
Chem. Int. Ed. Engl., 32, 1306 (1993).

31. E. M. M. de Brabander-van den Berg and E. W. Meijer,
Angew. Chem. Int. Ed. Engl., 32, 1308 (1993).

32. A. W. van der Made and P. W. N. M. Leeuween, J. Chem.
Soc., Chem. Commun., 1400 (1992).

33. D. Seyferth, D. Y. Son, A. L. Rheingold, and R. L.
Ostrander, Organometallics, 13, 2682 (1994).

34, H. Suzuki, Y. Kimata, S. Satoh, and A. Kuriyama,
Chem. Lett., 293 (1995).

35. L.-L. Zhou and J. Roovers, Macromolecules, 26, 963
(1993).

36. A. Morikawa, M. Kakimoto, and Y. Imai, Macromole-
cules, 24, 3469 (1991).

37. J. Roovers, L.-L. Zhou, P. M. Toporowski, M. van der
Zwan, H. Iatrou, and N. Hadjichristidis, Macromolecules,
26, 4324 (1993).

38. J. B. Lambert, J. L. Pflug, and C. L. Stern, Angew.
Chem. Int. Ed. Engl., 34, 98 (1995).

39. K. Lorenz, R. Miilhaupt, H. Frey, U. Rapp, and F. J.
Mayer-Posner, Macromolecules, 28, 6657 (1995).

418

40

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

5L

52.

53.

54.

55,

56.

57.

8.

59.

60.

61.

62.

63.

64.

65.

66.

. G. Friedmann, Y. Guilbert, and J.-C. Wittmann, Eur.
Polym. J, 33, 419 (1997).

M. C. Coen, K. Lorenz, J. Kressler, H. Frey, and R. Mii-
lhaupt, Macromolecules, 29, 8069 (1996).

K. Lorenz, D. Hélter, B. Stiihn, R. Miilhaupt, and H.
Frey, Adv. Mater., 8, 414 (1996).

H. Uchida, Y. Kabe, K. Yoshino, A. Kawamata, T.
Tsumuraya, and S. Masamune, J Am. Chem. Soc, 112,
7077 (1990).

K. Rengan and R. Engel, J Chem. Soc. Perkin Trans. 1,
987 (1991).

A. Miedaner, C. J. Curtis, R. M. Barkley, and D. L.
DuBois, Inorg. Chem., 33, 5482 (1994).

N. Raunay, A.-M. Caminade, R. Lahana, and J.-P.
Majoral, Angew. Chem. Int. Ed. Engl., 33, 1589 (1994).

F. Sournies, F. Crasnier, M. Graffeuil, J. Faucher, R.
Lahana, M. Labarre, and J. Labarre, Angew. Chem. Int.
Ed. Engl., 34, 578 (1995).

C. Galliot, D. Prevote, A. Caminade, and J. Majoral, J
Am. Chem. Soc., 117, 5470 (1995).

M. Slany, M. Bardaji, M.-J. Casanove, A.-M. Caminade,
J.-P. Majoral, and B. Chaudret, . Am. Chem. Soc., 117,
9764 (1995).

M.-L. Lartigue, M. Slany, A.-M. Caminade, and J.-P.
Majoral, Chem Eur. J, 2, 1417 (1996).

C. Larr, A.-M. Caminade, and J.-P. Majoral, Angew.
Chem. Int. Ed. Engl., 36, 596 (1997).

0. L. Chapman, J. Magner, and R. Ortiz, Polym. Prepr.,
36(1), 739 (1995).

G. R. Newkome, F. Cardullo, E. C. Constable, C. N.
Moorefield, A. M. W. C. Thompson, J Chem. Soc., Chem.
Commun., 925 (1993).

H. K. Hall Jr and D. W. Polis, Polym. Bull, 17, 409
(1987).

R. Roy, D. Zanini, S. J. Meunier, and A. Romanowska, J
Chem. Soc., Chem. Commun., 1869 (1993).

J. A. Kremers and E. W. Meijer, J Org. Chem., 59, 4262
(1994).

V. R. Reichert and L. J. Mathias, Macromolecules, 27,
7015 (1994).

T. K. Lindhorst and C. Kieburg, Angew. Chem. Int. Ed.
Engl., 35, 1953 (1996).

D. Seebach, G. F. Herrmann, U. D. Lengweiler, B. M.
Bachmann, and W. Amrein, Angew. Chem. Ini Ed.
Engi., 35, 2795 (1996).

F. Morgenroth, E. Reuther, and K. Miillen, Angew.
Chem. Int. Ed. Engl., 36, 631 (1997).

G. R. Newkome, Z. Yao, G. R. Baker, V. K. Gupta, P. S.
Russo, and M. J. Saunders, J Am. Chem. Soc., 108, 849
(1986).

G. R. Newkome, G. R. Baker, M. J. Saunders, P. S.
Russo, V. K. Gupta, Z. Yao, J. E. Miller, and K.
Bouillion, J. Chem. Soc., Chem. Commun., 152 (1986).

G. R. Newkome and X. Lin, Macromolecules, 24, 1443
(1991).

G. R. Newkome, S. Arai, F. R. Fronczek, C. N.
Moorefield, X. Lin, and C. D. Weis, J. Org. Chem., 58, 898
(1993).

C. J. Hawker and J. M. J. Fréchet, Macromolecules, 23,
4726 (1990).

C. J. Hawker and J. M. J. Fréchet, J Am. Chem. Soc,
112, 7638 (1990).

Polymer Science and Technology Vol 8, No. 4, August 1997



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

8s.

86.

87.

88.

89.
90.

91

92.

93.

94.

95.

96.

97.

K. L. Wooley, C. J. Hawker, and J. M. J. Fréchet, J Am.
Chem. Soc,, 113, 4252 (1991).

K. L. Wooley, C. Hawker, and J. M. J. Fréchet, J Chem.
Soc., Perkin Trans. 1, 1059 (1991).

C. J. Hawker and J. M. J. Fréchet, J Am. Chem. Soc,
114, 8405 (1992).

K. L. Wooley, C. J. Hawker, and J. M. J. Fréchet, J Am.
Chem. Soc., 115, 11496 (1993).

L. Lochmann, K. L. Wooley, P. T. Ivanova, and J. M. J.
Fréchet, J. Am. Chem. Soc., 115, 7046 (1993).

R. Spindler and J. M. J. Fréchet, J Chem. Soc. Perkin
Trans. 1, 913 (1993).

J. M. J. Fréchet, C. J. Hawker, and K. L. Wooley, J
Macromol. Sci., Pure Appl. Chem., A31, 1627 (1994).

C. J. Hawker and J. M. J. Fréchet, Polymer, 33, 1507
(1992).

C. J. Hawker, K. L. Wooley, and J. M. J. Fréchet, J Am.
Chem. Soc., 115, 4375 (1993).

P. M. Saville, J. W. White, C. J. Hawker, K. L. Wooley,
and J. M. J. Fréchet, J. Phys. Chem., 97, 293 (1993).

P. M. Saville, P. A. Reynolds, J. W. White, C. J. Hawker,
K. L. Wooley, J. Penfold, and J. R. P. Webster, J Phys.
Chern., 99, 8283 (1995).

I. Gitsov and J. M. J. Fréchet, J Am. Chem. Soc., 118,
3785 (1996).

K. L. Wooley, C. A. Klug, K. Tasaki, and J. Schaefer, J,
Am. Chem. Soc., 119, 53 (1997).

I. Gitsov, K. L. Wooley, and J. M. J. Fréchet, Angew.
Chem. Int. Ed. Engl., 31, 1200 (1992).

L. Gitsov and J. M. J. Fréchet, Macromolecules, 26, 6536
(1993).

L Gitsov, K. L. Wooley, C. J. Hawker, P. T. Ivanova, and
J. M. J. Fréchet, Macromolecules, 26, 5621 (1993).

1. Gitsov and J. M. J. Fréchet, Macromolecules, 27, 7309
(1994).

C. J. Hawker, K. L. Wooley, and J. M. J. Fréchet, J
Chem. Soc., Chem. Commun., 925 (1994).

T. M. Miller and T. X. Neenan, Chem. Mater., 2, 346
(1990).

T. M. Miller, T. X. Neenan, R. Zayas, and H. E. Bair, J.
Am. Chem. Soc., 114, 1018 (1992).

T. M. Miller, T. X. Neenan, and H. E. Bair, Polym.
Prepr., 32, 627 (1991).

A. Morikawa, M. Kakimoto, and Imai, Macromolecules,
26, 6324 (1993).

J. S. Moore and Z. Xu, Macromolecules, 24, 5893 (1991).
Z. Xu and J. S. Moore, Angew. Chem. Int. Ed. Engl, 32,
246 (1993).

Z. Xu, M. Kahr, K. L. Walker, C. L. Wilkins, and J. S.
Moore, J. Am. Chem. Soc, 116, 4537 (1994).

T. Kawaguchi, K. L. Walker, C. L. Wilkins, and J. S.
Moore, J Am. Chem. Soc, 117, 2159 (1995).

P. Bharayhi, U. Patel, T. Kawaguchi, D. J. Pesak, and J.
S. Moore, Macromolecules, 28, 5955 (1995).

F. Zeng and S. C. Zimmerman, J Am. Chem. Soc., 118,
5326 (1996).

T. M. Miller, E. W. Kwock, and T. X. Neenan, Macromol-
ecules, 25, 3143 (1992).

H.-T. Chang, C.-T. Chen, T. Kondo, G. Siuzdak, and B.
Sharpless, Angew. Chem. Int. Ed. Engl., 35, 182 (1996).
P. R. Ashton, S. E. Boyd, C. L. Brown, N. Jayaraman, S.
A. Nepogodiev, and J. F. Stoddart, Chem. Eur. J, 2, 1115

UEXDED J|E A 8A4E 19979 8Y

(1996).

98. K.-Y. Chen and C. B. Gorman, J Org. Chem., 61, 9229
(1996).

99. P. R. Ashton, S. E. Boyd, C. L. Brown, N. Jayaraman,
and J. F. Stoddart, Angew. Chem. Int. Ed. Engl, 36, 732
(1997).

100. R. H. E. Hudson and M. J. Damha, J Am. Chem. Soc.,
115, 2119 (1993).

101. S. M. Aharoni, C. R. Crosby M, and E. K. Walsh, Mac
romolecules, 15, 1093 (1982).

102. J. Roovers, Macromolecules, 24, 5859 ( 1991).

103. C. J. Hawker and J. M. J. Fréchet, J Am. Chem. Soc.,
114, 8405 (1992).

104. H. Stutz, J Polym. Sci. Part B: Polym. Phys., 33, 333
(1995).

105. K. L. Wooley, C. J. Hawker, J. M. Pochan, and J. M. J.
Fréchet, Macromolecules, 26, 1514 (1993).

106. G. R. Newkome, C. N. Moorefield, G. R. Baker, A. L.
Johnson, and R. K. Behara, Angew. Chem. Int. Ed.
Engl., 30, 1176 (1991).

107. G. R. Newkome, C. N. Moorefield, G. R. Baker, M. J.
Saunders, and S. H. Grossman, Angew. Chem. Int Ed.
Engi., 30, 1178 (1991).

108. G. R. Newkome, C. N. Moorefield, J. M. Keith, G. R.
Baker, and G. H. Escamilla, Angew. Chem. Int Ed.
Engl, 33, 666 (1994).

109. C. J. Hawker and J. M. J. Fréchet, J Chem. Soc. Perkin
Trans. 1, 2459 (1992).

110. C. J. Hawker, K. L. Wooley, and J. M. J. Fréchet, J
Chem. Soc. Perkin Trans. 1, 1287 (1993).

111. S. Stevelmans, J. C. M. van Hest, J. F. G. A. Jansen, E.
M. M. de Brabander-van den Berg, and E. W. Meijer, J
Am. Chem. Soc., 118, 7398 (1996).

112. J. F. G. A. Jansen, E. M. M. de Brabander-van den
Berg, and E. W. Meijer, Science, 266, 1226 (1994).

113. J. F. G. A. Jansen and E. W. Meijer, J Am. Chem. Soc.,
117, 4417 (1995).

114. J. F. G. A. Jansen, H. W. L. Peerlings, E. M. M. de
Brabander-van den Berg, and E. W. Meijer, Angew.
Chem. Int. Ed. Engl., 34, 1206 (1995).

115. J. F. G. A. Jansen, R. A. J. Jansen, E. M. M. de
Brabander-van den Berg, and E. W. Meijer, Adv.
Mater., 7, 561 (1995).

116. R. A. J. Jansen, J. F. G. A. Jansen, J. A. E. H. van
Haare, and E. W. Meijer, Adv. Mater., 8, 494 (1996).

117. J. Haensler and F. C. Szoka, Jr., Bioconjugate Chem., 4,
372 (1993).

118. C. Wu, M. W. Brechbiel, R. W. Kozak, and Q. A.
Gansow, Bioorg. & Med. Chem. Lett., 4, 449 (1994).

119. R. F. Barth, D. M. Adams, A. H. Soloway, F. Alam, and
M. V. Darby, Bioconjugate Chem., 5, 58 (1994).

120. M. X. Tang, C. T. Redem, and F. C. Szoka, Jr.,
Bioconjugate Chem., 7, 703 (1996).

121. K. Adi, K. Itoh, and M. Okada, Macromolecules, 28, 5391
(1995).

122. J. W. J. Knapen, A. W. van der Made, J. C. de Wilde, P.
W. N. M. van Leuwen, P. Wijkens, and G. van Koten,
Nature, 372, 659 (1994).

123. R.-H. Jin, T. Aida, and S. Inoue, J Chem. Soc., Chem.
Commun., 1260 (1993).

124. P. J. Dandliker, F. Diederich, M. Gross, C. B. Knobler,
A. Louati, and E. M. Sanford, Angew. Chem. Int Ed.

419



125.

126.

127.

128.

129.

130.

131.

132,

133.

134.

135.

136.

137.

138.

139.

140.

141.

142,

143.

144.

145.
146.
147.
148.
149.

150.
151.

152.

420

Engl., 33, 1739 (1994).

R. Sadamoto, N. Tomioka, and T. Aida, .. Am. Chem.
Soc., 118, 3978 (1996).

P. J. Dandliker, F. Diederich, J.-P. Gisselbrecht, A.
Louati, and M. Gross, Angew. Chem. Int. Ed. Engl., 34,
2725 (1995).

D.-L. Jiang and T. Aida, Chem. Commun., 1523 (1996).
Y.-H. Liao and J. R. Moss, J Chem. Soc, Chem.
Commun., 1774 (1993).

W. T. S. Huck, F. C. J. M. van Veggel, and D. N.
Reinhoudt, Angew. Chem. Int. Ed. Engl, 35, 1213
(1996).

S. Serroni, G. Danti, S. Campagna, A. Juris, M. Ciano,
and V. Balzani, Angew. Chem. Int. Ed. Engl, 31, 1493
(1992).

S. Achar and R. J. Puddephatt, Angew. Chem. Int. Ed.
Engl., 33, 847 (1994).

H.-F. Chow, 1. Y.-K. Chan, D. T. W, Chan, and R. W.
M. Kwok, Chem. Eur. I, 2, 1085 (1996).

E. C. Constable, A. M. W. C. Thompson, P. Harveson, L.
Macko, and M. Zehnder, Chem. Eur. J, 1, 360 (1995).

S. Achar and R. J. Puddephatt, J Chem. Soc., Chem.
Commun., 1895 (1994).

S. Campagna, G. Denti, S. Serroni, A. Juris, M. Ventu-
ri, V. Ricevuto, and V. Balzani, Chem. Eur. J, 1, 211
(1995).

C. B. Gorman, B. L. Parkhurst, W. Y. Su, and K.-Y.
Chen, J Am. Chem. Soc., 119, 1141 (1997).

B. Alonso, M. Morin, C. M. Casado, F. Lobete, J.
Losada, and 1. Cuadrado, Chem. Mater., 7, 1440 (1995).
S. Bauer, H. Fischer, and H. Ringsdorf, Angew. Chem.
Int. Ed. Engl., 32, 1589 (1993).

S. Watanabe and S. L. Regen, J Am. Chem. Soc., 116,
8855 (1994).

Y. Zhou, M. L. Bruening, D. E. Bergbreiter, R. M.
Crooks, and M. Wells, J Am. Chem. Soc, 118, 3773
(1996).

M. Wells and R. M. Crooks, J Am. Chem. Soc., 118,
3988 (1996).

S. C. Zimmerman, F. Zeng, D. E. C. Reichert, and S. V.
Kolotuchin, Science, 271, 1095 (1996).

W. T. S. Huck, F. C. J. M. van Veggel, B. L. Kropman,
D. H. A. Blank, E. G. Keim, M. M. A. Smithers, and D.
N. Reinhoudt, J Am. Chem. Soc., 117, 8293 (1995).

W. T. S. Huck, R. Hulst, P. Timmerman, F. C. J. M. van
Veggel, and D. N. Reinhoudt, Angew. Chem. Int. Ed.
Engl., 36, 1006 (1997).

G. Jayaraman, Y.-F. Li, J. A. Moore, and S. M.
Cramer, J Chromatogr., 702, 143 (1995).

S. Sakamoto, H. Mihara, E. Matsuo, T. Niidome, K.
Anzai, Y. Kirino, and H. Aoyagi, Bull. Chem. Soc. Jpn.,
68, 2931 (1995).

A. Cherestes and R. Engel, Polymer, 35, 3343 (1994).

C. C. Mak and H.-F. Chow, Macromolecules, 30, 1228
(1997).

E. T6th, D. Pubanz, S. Vauthey, L. Helm, and A. E.
Merbach, Chem. Eur. J, 2, 1607 (1996).

C & EN News, June 3, 30 (1996).

Y. H. Kim and O. W. Webster, J Am. Chem. Soc., 112,
4592 (1990).

Y. H. Kim and O. W. Webster, Macromoalecules, 25, 5561

153.

154.

155.

156.

157.

158.
159.

160.

161.

162.

163.

164.

165.
166.

167.

168.

169.

170.

171.

172.

173.
174.

175.

176.

177.

178.
179.

180.

181.

182.

183.

184.

(1992).

Y. H. Kim and R. Beckerbauer, Macromolecules, 27,
1968 (1994).

L. J. Mathias and T. W. Carothers, J Am. Chem. Soc,
113, 4043 (1991).

C. J. Hawker, R. Lee, and J. M. J. Fréchet, J Am.
Chem. Soc., 113, 4583 (1991).

V. Percec and M. Kawasumi, Macromolecules, 25, 3843
(1992).

K. E. Uhrich, C. J. Hawker, and J. M. J. Fréchet, Mac
romolecules, 25, 4583 (1992).

Y. H. Kim, J Am. Chem. Soc., 114, 4947 (1992).

R. Spindler and J. M. J. Fréchet, Macromolecules, 26,
4809 (1993).

T. M. Miller, T. X. Neenan, E. W. Kwock, and S. M.
Stein, J Am. Chem. Soc., 115, 356 (1993).

E. Malmstrom and A. Hult, Macromolecules, 29, 1222
(1996).

S. R. Turner, B. L. Voit, and T. H. Mourey, Macromole-
cules, 26, 4617 (1993).

P. Kambouris and C. J. Hawker, J Chem. Soc., Perkin
Trans. 1, 2717 (1993).

W. J. Feast and N. M. Stainton, J Mater. Chem., 5, 405
(1995).

C. J. Hawker, Macromolecules, 29, 3831 (1996).

A. Kumar and S. Ramakrishnan, J Polym. Sci. Part A:
Polym. Chem., 34, 839 (1996).

C. J. Hawker and F. Chu, Macromolecules, 29, 4370
(1996).

M. Jikei, Z. Hu, M. Kakimoto, and Y. Imai, Macromole-
cules, 29, 1062 (1996).

C. Kim, Y. Chang, and J. S. Kim, Macromolecules, 29,
6353 (1996).

D. H. Bolton and K. L. Wooley, Macromolecules, 30,
1890 (1997).

C. A. Martinez and A. S. Hay, J Polym. Sci. Part A:
Polym. Chem., 35, 2015 (1997).

M. Johansson, E. Malstrém, and A. Hult, Trends Polym.
Sci., 4, 398 (1996).

M. Suzuki, Cur. Polym. Res. (Jpn), 43, 16 (1997).

V. Percec, P. Chu, and M. Kawasumi, Macromolecules,
27, 4441 (1994).

V. Percec, P. Chu, G. Ungar, and J. Zhou, J Am. Chem.
Soc., 117, 11441 (1995).

S. R. Turner, F. Walter, B. I. Voit, and T. H. Mourey,
Macromolecules, 27, 1611 (1994).

T. M. Miller, T. X. Neenan, E. W. Kwock, and S. M.
Stein, Polym. Prepr., 34(1), 58 (1993).

F. Chu and C. J. Hawker, Polym. Bull., 30, 265 (1993).
K. L. Wooley, C. J. Hawker, R. Lee, and J. M. J. Fré
chet, Polym. J, 26, 187 (1994).

M. Suzuki, A. Ii, and T. Saegusa, Macromolecules, 25,
7071 (1992).

I. L. Rushkin, Q. Shen, S. E. Lehman, and L. V.
Interrante, Macromolecules, 30, 3141 (1997).

Y. Zhang, L. Wang, T. Wada, and H. Sasabe, Macromol.
Chem. Phys., 197, 667 (1996).

Y. Zhang, T. Wada, and H. Sasabe, Polymer, 38, 2893
(1997).

S. G. Gaynor, S. Edelman, and K. Matyjaszewski, Mac
romolecules, 29, 1079 (1996).

Polymer Science and Technology Vol 8, No. 4, August 1997



