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1. VU I TZAMY—

BELBERF CHEGFEZRA. BN FERISRIBATF. BRF. EARDPTFEDOBEEIC
FBATEBEOEVWSONIIDKDSEND, UM L., EELREEESITFOERICEVWSNDRIEDHI(C
& RIGEDOBWREZHEREHT TEREFECEDHEDLABLL TERSBVWEDEE L BRI TZEE
ICERTEDRIGRZRET DI EE. BERABOERIREBICAKESERIZHDTHS

Sharpless 5FFRDERZ /T RKIGOW D EFNZEL, ChEFBEIZEZI Uy I AR
—(Click chemistry) & 5% U7z (Figure 1-1)?, 7 U v I RIGICEET 2 RIDEISU T ORB#HZERF D,

a
b

(a) FEICBVWEEEREHEZFHD

(b) BEMERYZBINKTEZ 2 BIEBRYRBECBVD, £ELTHL< DI D)
() VAN KT Z7 4 —RICLSTEHERTETTIEYNZRETES

(d) K. RICIFERICHT BILENLELEZRD

(e) BIMBFMAFEBEXIBKP)THRLETI S

(f) ERPPUBERREZET S

(0) HEFRRKRUCHAENBZICAFARTHS

(h) tEDOBERISGEAILY TFHILEZRT

() REBHEAICELDREDTET IS

P Y .
I I ' + Click!
| —

Figure 1-1. The concept of click reaction.

IH5ULIBHEBLIRBDEERG E UL TUTOHDHEF S5 3 (Figure 1-2)Y7,

(A) Diels-Alder Kt Huisgen BRILAIIRIGD & S B AEZFE SN D IR KIS

(B) KBRS, $Flc, IRFIR, FIVVIVDOLSBREBEALERROBRKRIG,

) AFYLT—F)b, YLF7. AFOEEE. LRSVYHLUT7 I ROBHEEDHE Aldol BALR=
VKIS

(D) TARF b, YeRAOFVILE, ZIUIVEREDBIERSICKL DRF-REZERZRENDHINRIT,
FA=I-T>7Y—=ZI A0, Michael 115 &E,

FRORBIEWINEESF. B80FEMLIEKAVSNTWS, REUERES FRLOERE(EDTF
ER)ICEDDFFARASNTWS () FA—IL-TYKRIEG. (i)Diels-Alder KA. (i) 1,3-ERF S HIERC RIS IC
EREYTTEHRT D,



(A) (D) (B)
. < > j"OH‘ o) NU- HO Nucleophilic
OR A Z o) H/L\ — H>_\Nu Ring Opening
Reaction
Diels-Alder cat. o=g
Cycloaddition R/= Addition ©)
R-Nj 0
R'O. Carbonyl
0] ! N arbony
Cu(l) R'O-NH, | ,
R-SH AN | —»| g\ | Chemistry
Photo, heat
or cat.
1,3-Dipolar
Cycloaddition

R-S~g Thiol-ene
Reaction

Figure 1-2. Typical examples of click reactions

1-1. & FEFEICAVWSNE 7 vy I RID

(i) FA—IL-TVRIL""

FA=I-ITVRIGIF. RIGROBEINRS. RICHEBREDSINETCHHNYINESNZ ZENST Uy D
RIBED 1 DEEINTWS, FA—I-ZTURIGIFEEICE > TRBEEN 2 DEZ 5135, Scheme 1-1(a)
[CRITHEPRICEDFA—IDSFAILTINILBAEELTILT UANERNTZEDE, (b)ITRITEEMES
HETTHRIANMEULEFAST RN ZA YD BFARARBAL 7 1 VICX UL T Michael fINKIST %56 D
NRESNTWB, CORIGEIFEEICERTHZ2HDOD, FA—ILOERIGENIC/LZRIRMEICH B E W
SIcEENH B, Fleo FA—IINFEORBRRELPRIDEDLEYOEECELHBEEL KRS,

(a) RIS“"“Rz  RiSH () R-SH+B <=—= RS +BH’

~ A EwG . -J/EWG
Rs | Rms

heat or photo

Rl-sH — > RIS’ RIS~ R

B-Hﬁ EwWe — > J/EWG

:\RZ RS RS

Scheme 1-1. Mechanism of thiol-ene click reaction; (a) radical addition reaction, (b) Michael addition to
electron deficient C=C bond

+ B

(i) Diels-Alder itz @

Diels-Alder KI5 (DA RIt) & 1928 FEICHRE SN TUUFK. ZOBEARMEERBEISEERELZICEVWTED
BANBRED 1 2THD, CORIGIFIZVYITIANI—DERICHTIREZIBHELZ<ALTRD,
BICRBOFEECIRILF—IMEENBREGETERINEOND L, SEREDHMEEZNEE LAV
ENRHBELTEITON, MICEDFERPERBEEOAFTLLBAVLSNTWS,

3



FT1E
DA RItld. —MMNICEFEELIYIVEEFARDODII /74l ED4+2]RIEAMRIGIC KD
Scheme 1-2 IR LS BRBRERYVONFEUAMEEFRT D, CORIGTIE 2 DO 1 BEFDEHE M

BEERICED 1 BETRIENMETL. HRIITVOESHEPE (HOMO) £V T/ J7 1 IILDOREZEHE
(LUMO) OREIDOBFEFBVRIGHEICKELSFET B,

A .(' 'I] A
Y- >
Scheme 1-2. Diels-Alder cycloaddition of ethylene and butadiene

LITFIcRENZ: DA RIGOBZEZEFZ, 7737 o8y EIIT/ T71)LELIE—RKEE DA KIG
(Figure1-3. @, D)ICIIZ T, ATORFEELHDC)PEFARBIIVEBFEERII /71 ILZAWL
YEBEFEFROOLDABREINTHED, EEEAKEEIEEICE W,

[4+2] rDA
QO g
a A + g cycloaddition - MN_HE
g1j;> N‘Rz \
R1

(0]
[4+2] DA Q 2
0 % cycloaddition O /R
b A 8 N gf - L
(o)
[4+2] HDA

cycloaddition ! S
c Al j\Z - _//_\\_Rz » R\SISj\RZ

z

[4+2] DA .

N=N reactioninverse R

¢ At () &
R“Na 7R - -

Figure 1-3. Well-known Diels—Alder reactions in polymer and material science

DA RitiE7 Uy I RISEUVTHBICERTH SN, CORIGIEL MO DA QLS BEREHEZ 2B
HERBRICHBMUEMNITSNTED. REREGPERT2EEORANDERZENH B, e RIGICEL >
TREZBDOMNBEUEARPILAREGRZET ZEVWSHESH D, ULHULEDNS, BLUBREEERICELDHEN
ICHEBZRR T RIGERIEVWEERBREEAIILY TFUT—2BLTED. TNIFRETERS 1,3-XX
BFAMRERIGICEVNVTHEELREZTH S,

(iii) 1,3-BUEF (R &S 2

1,3-WBFAIMRERISIE 1,3-WBRF &EFEENDEEEF NN T 2ABNEESORVNEF (P R—>0
774 EDRIGICED b EERRILEYWZFET % (Scheme 1-3), CNETHREINTWVWS 1,3-WEF
% Figure 1-3 [C/RT, 1960 F£fIC Huisgen 5IC &> TEDEREENF EH SN, UEHZ <D 1,3-)
BFICLDREDBESN TS,
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/«b\ Y b
a:\ ~c) 2
= X=Y

Scheme 1-3. Mechanism of 1,3-dipolar cycloaddition

Allyl anion type Propargyl/allenyl anion type
Nitrogen in the middle i Oxygen in the middle Nitrillium ! Diazonium
' . , Betaines . Betaines
\ o+ - \ o+ - A \ o+ - + - . /
/C=’}l_o N_I}I_N\ : /C—O C\ N_O_N\ _CEN'O : NEN'C\_
Nitrones Azimines E Carbonyl Ylides  Nitrosimines Nitrile N-Oxides E Diazoalkanes
N o+ - \ 4+ - ' \ O+ - \ _ + - : + =
C=N-N N=N-O : =O- =0~ —CaN- : =N-
Vit | : /CON\ N=0-0 CNN\ : NNN\
Azomethine Imines Azoxy Compoundsi Carbonyl Imines Nitrosoxides Nitrile Imines , Azides
\. + / + - : \ O+ - _ + / : + -
C=N-CG~ 0=N-O : =O- _ —C=N-C- : =n
/1 N\ | . /C'O 0 0=0-0 C=N C\ . N=N-O

Azomethine Ylides Nitro Compounds. Carbonyl Oxides Ozone Nitrile Ylides . Nitrous Oxide

Figure 1-3. Classification of 1,3-dipoles

1.3-WBFAMBIERIGIE 1,3-EFD A4 BEFEIR—SAT7 7D 2nBFIC LS 4+2 ({HINBILKR
BTHN. FORBER 13- BEFEIR—>07 74 )LD HOMO, LUMO DI XR)ILF—F v+ v Fic kb
RED, 1971 £, Sustmann 5& 1,3-WRF % & DEEMIC 3 DIcHEEL TLW S (Figure 1-4)'""?, Type |
iF 1,3-WBEFD HOMO & Y R—50O7 74 )LD LUMO OBE TRISHETL. Type Il IZZDETH 3,
ZNniEL Type 1D 1,3-BBFIEIR—Z07 71 IILDBEBFEHICELD. HOMO, LUMO oWt M
RIGICEES T 22 EDTARETH B0 Type | ZPYAFUAURPTZYXFUALIY, Type IICEFZIRP
ZRUILNAFYR, ZRYUIA IV, Type IITRAVVENEEND,

Energy 1 Dipole Alkene Dipole Alkene Dipole Alkene

LUMO

[} [} Iy

Type | Type Il Type llI

+ | Iy _~_ _u_ HOMO

Figure 1-4. Sustman’s classification of 1,3-dipolar cycloaddition reactions on the basis of the FMOs; Type |, a
HOMOipole—LUMO,ene  interaction: Type I, interaction of both HOMOgipoe—LUMOgene and LUMOgipole—
HOMO jkene: Type lll, @ LUMOipole-HOMOgjkene interaction



B1E

JUYITIANY—EUVUTRBFEINTVWERIDE LT, ZILFVEFIRD 1,3-WRFAMRIEKR
EhH2 Y ZORIGIKIAMEDOEET. MEZEEIZRLFTTIAMGNEON I ZY—=ILEFERTZ2EHD
T#%HN. Huisgen kit H U < & Cu-catalyzed Azide Alkyne Cycloaddition (CUAAC) &M (EN 2 ', §H
I A MNZ R WSS THMRIC K D RIGISETT BH £ 1,5-F & 1,4-FIEDAIE EMERHE
B ciEsh s (Figure 1-5), ZILF YV ETF I RIMOBEEE FIFEAERIGET. Z< OEEAEHP
KATERIGNTZ %0 FERIGDERERFHEIE 100%THZZENSTYYITIRAMN)—TEVWTHLHN
BRRIGER>TWS,

, Cu(l) N=N
B Fast r RI&N-H
i s
N=N—N—R Regioselectove 1,4-triazole
i NzN
R—= Heat N=N N Q(N‘R
> R NR R'
1,4-triazole 1,5-triazole
Regioisomer

ca. 1:1
Figure 1-5. Regioselective CuAAC click reaction

HAREDFE I RISOINEP A EREROFIEICHEEBZZN. FRINCREOEERELNTE. EFH
BEANDIGRICKEREEZS|ERITHEENH D, COLDICEBZAVBEVWXTILT Y —DRIGFEHEN
FRINTWD, BIZEEARLY 7 OA T F V3 fEZHE & ICRMBRENGT 1,3-WBFAMRILK
IGHEITT o 2 DRIGIE Strain-Promoted Azide-Alkyne Cycloaddition Z#& U T SPAAC & EEN %,
Bertozzi 5i&. S5ICT7vREZEALZILF VIO LUMO 2 T3 2 & TRIGEDM EICAKAIIL TW
% (Scheme 1-4)"9, Z OfttIc 6. Larock 517 7 v YAz AW EEE S Vv VRBEZRSEL THD.
COBEETZAYDTILEFYDEFNZORGEZRD TS @

-

N. N. .
R-N"N NTNR
— X —( X 4 —! X
—\L-X X X
R'N3 + R'_ —_— R|_ R'_

X=HorF

Scheme 1-4. Strain-promoted azide-alkyne cycloaddition (SPAAC) using strained cyclooctynes

FfcHosoya 51F. COEALIAVICRUTZBEOZ YV REZFEWRTDIIETIDDERZEI XY
NzBEET DY TV IRIGEZERLTED, ZOBRBTREDERZ 7Y RIMVFELRRIGEZRT Z
ExBH U (Scheme 1-5)"", A BRBFEER 7Y RERIGS e 23, BREEFLBEZWI I ZILFIYR
ICEERT, ZOWMAIMICEREZEIZ2HDELDEVWRIGEZRUL, CNEEEVWEREZEAT
ZZETTIREN T IZINEEHFEANSKELRUNBEZ LD LSICHRD, EDNSTVWIRILF—
TEBREETCED I ENTED LSRR el lteEZ 5N, CORIGEDELISERIEICKITS
HOMO-LUMO QDI RIF—ZEHASHET DI ENTET, 1,3 WBFAMRIERBICE W TEFHHEIL
NDOBRENZORBMEICKELEEZSEZ 22 ERUIAITHH S,



. o
AN OO O ©,N3 ﬁ:LN;; N,
R{;r CH4OH, rit. R

Rﬁ:jj/N[QN Misny 00088 0.32 0.67
~

Scheme 1-5. SPAAC of cyclodiyne with phenyl azides with different bulkiness

PILFYEPIRZERAW—EDY ) v I RIGEZDERISE. RAKICMZ T, BRUVCEREFED
FIRRVWRIEREZEBLTE D, ERARNSISAERTESMHESNTVNS, ULMLEBAS, BEAED
HECNH U TRIEMEOERNDETH D, ZOERYPNDEFRIAELBHEETH D, FHic. B2FOR
IBICEVWTIEZDORERIEZ TR, MEOCEENERR) N —OYPEICKREEETZIEHH D, &
fz. Scheme 1-6 LRI &S ICF7 Y RIFZDJEAEMEICK D BRVRFG EDID FWICEWTARENICER
BES P, ESIC. PYRRBTZILFVICHUTHBICBVWEREZREEZRIEOD, ZORME| X
ICEREFAENMEVE WSEIEDLH D, DFED. CUAAC ZAWVWTILZEHiZITSHE. TOEBEZTIL
FUBWLFZYRETIRENHD, TLVHMEREDNASD FZERENT S B RAETH S,

Scheme 1-6. Thermal decomposition of azide
INFETRULEIZVYIRIGIKETZ2HDIEVWITNELDAREZBL TVWSH, BERISVHEDEFR
EDRTREDED. PIRERAULK 1,3-WBFO—FETHD2_MJIL NAFI RIS UREZRRT

UM ZEMDICBREETH D Y RETIH=Z NI N-AFY REAVE 1,3-WBRFAINRIERISICDWT,
ZTOERNBHE L EHITEND

2. ZMYIL N-AFY RDOER. BE. RURIDHE

2-1. Z b Y N-AFSY RO 1, 3-BBF IR RIG

Z MY N-AFY RiE Figure 1-4 (TRT Type Il I ND 1.3 WBFTH D, ZDEREEEITRIG
HMFEOIR—ZO77AMIILDEFEFICEDLETHOMO & LUMO WRIGICES T 2 Z &N EETH D, B
FEERVEFARBAEMESOVWI N E HEMBTRILT %, Figure 1-6 ICRT ZILFUPFILT V.
ZRUNLEFTHBL, 75—=LY PPRUTa4VY eV e HBRATFEH B2 NMKRIGER T
EDNBEINTED, FEICEVWEBEEFREEEULTVWDEER D, HIcZILT Y, ZILFYEDRIGIC
BVWTHEENICRERRR-IRRBEEDFER SN, EBEYOLTERESFEFICEV. FLBEEELTOZR
DI N-AF IV RIEFETIREERDBUEPEREN R, RIGHIE UTERDIEVWDLT W, 5= MJIIL M-
AX YV RERIBRICBEZAVWT EEMIETZ2IYR—O7 71 ILENBESE T 21T TRIDDETT S &
WSHFHEHELTWS,



1
without catalyst R/U\ R

Isoxazoline

-t~ —
R-C=N-O without catalyst R/U\RI

Nitrile N-oxide Isoxazole

o N-O
N=C-R . R’QN’)\R'

without catalyst
Oxadiazole

Figure 1-6. 1,3-Dipolar cycloaddition of nitrile N-oxide

ZRUINAFY ROBEPRIGEIGFUBINSHBESNTHED., Z0RMER IV Y IRIGE UTHEEICE
BTHzIcHEHDLS5T. CUAAC FEBEBMICHAWSN TGN >fce ThIE. Z MY N-AFY KDL
HBALESICLKBDEZENKREV, ZMJIILN-AFY ROBEIBEENFTEFRICES LD EIBHK
RBRICHEEULIREBDTRELKANE N, ZOERECTREENKE K ELR S (Figure 1-7)s UT= kY JIL N-
AF Y RORKVBEIRDICDOWTHER S,

Q,
INI
C
N
> R
R
Aromatic nitrile N-oxide Aliphatic nitrile N-oxide

Figure 1-7. Structures of aromatic and aliphatic nitrile N-oxides

(MEEEKRIS
Grundmann & Koch 5i&. Z kMY N-AF Y RARICE D DFHREMLERI L. 1YY TR—IA
EEBEINZ T EERELTWS(Scheme 1-7)%, COEMEREIF R BEOBEICKE KEL. BRIk
ZRUINAFYRICEWTIF O FREEANKRELITFHEINDZ ENTEINTWS,

Lo
R-C=N

——>» R-N=C=0
Isocyanate

R-C=N‘O~

Isomerization

Scheme 1-7. Thermal-isomerization of nitrile N-oxide to isocyanate

(2) ZBlRIS

ZRUIL NAFYREZNEENZEL7OF TV EERIT DI EHHEEShTVWS Z Z ML N-
AXFIRDODZERIF. FIFIVANLNZEBEURBICEDEZINILHEGFZER L. ZORSTFARIET S &
WO HEEBTETI S EEZX 5N TS (Scheme 1-8),

8



B1E

e SNR L AN NONO
2 R-C=N? O =T y Y
_radical RIN‘O R \N'O' ring-closing > R R
dimerization reaction Furoxan

Scheme 1-8. Mechanism of furoxan formation via the dimerization nitrile N-oxides

RBIEEGRIL

DeSarlo 5= UL N-AF Y RPBEBTHMESZRL I LB L WIZHRE L TUL2(Scheme 1-9)*,
CORBIFE Z R UL NAFY RICBEET ZBEREDBEHEROEDICROND, ERRIAFILFZIVPEY
VVEDIBEICEL > THEBEN. £RRUY—HICRBRRIEEVOEFESREINTWS,

R\
+ - C:N
R-CEN'0” —— o
n

Linier polymer R
Cyclic polymer

ny)
\
/

O

o

Scheme 1-9. Oligomerization reaction of nitrile N-oxides. R = Me, 1-Pr, 1-Hexyl, Cyclohexyl, Bz

IS5 ULEBEELS. RERRERZNYILN-AF Y RERIGSEZBEIE. TORREKEIR—Z07 7
AINEEE. RRTHRRICZNIIL N-AFY RZRESEEIAEN BN TH D, ZNJYIL N-AFIROD
INSDI3DNDEHERGDETULY I I RBFHERLUOCZMNVIL N-AFY NEICBEET 2BEBREICKE
T ZhUILN-AXFY RZBBEUTERT 2ICIE. Z0@BEZEYICT 1> L. LREOEIRIGZE WHIC
NEgT2H0HhHEE B D,

2-2. REZR VI N-AEVR

Grundmann 5% Beltrame 5i&. FEROAI MICESVWBBREZEAT 3 & TRERBNICEEL
SNEREFEEZNVIL N-A X2 ROER KR BEREICKI Uz (Figure 1-8 (@))% S5 DRE= K
IV N-AFD REARLRERD D EAFRICHBIBLAEZRH TAREIEE EMMRIERESZRI T I ENFER
INTHDH, LROBIRIGOIH EBVWRISEDHFOMILZZERL TWD, £leo Z MY N-AFI KA
4 RRFBFOICEZELU TWBEEBHE=Z NI MAFYRDICEVWTEZRMNJIIL N-AFI ROBEZE
{ERISIEINE S, BEEREEE 22 2 &M Zinner BICK > THREShTW3B 7,

CHj
. CHy . _
HaC C:N-O"  Hgc—-C:aN‘0
CHg
CHg
(a) (b)

Figure 1-8. Kinetically stabilized (a) aromatic and (b) aliphatic nitrile N-oxide



B1E

Takata 5IFZNETICZ MU N-AF Y RRIGHEE U THRARZEZ ML A F Y REEHE L, B0
FOBEMKIG PP ZEREZ N JILN-AFY NICKZEARIE P REBRIG Y ICBWLT W3 (Figure 1-9),
BFICHAFEERSINTCERBRZE=ZMJIL N-AFYREBFEEDHEDEIDEHEAY VT X—MDEMELHE
{ EDRETHZZENREIhTWS,

OZO'

E ) 6"&:\/\/\/\/\ | B
OMe ovv\/uo,\ “N_O C_N )

Figure 1-9. Kinetically stabilized aromatic and aliphatic nitrile N-oxides reported by Takata et al

HANLZZNJIL NAFYRREHDISAE LT, SHSEZ MY NAF Y REKREZ LT VIEFT
BLAFBTILT P MVILESRIET DI EZFAL. EMETRATANRPZ M YJLTANBR). R
U7200ZKYJILPAN) R EDEBERIRIGHAIREETH S Z & Z2#,E L TWLW3S(Scheme 1-10*, Fifc
Takata 5l INS DEPFEMIPESEEHEFETHETU.BEZAVHEEL DO REENE LT 5 &
WSHERZER/TTWS, COAETRBBRPTZNIILN-AFY NORBZREE ULRW s, EiRE, 85
WRIGHNABEE WS Z N U N-AFY ROFEZENI VIR THD EEZ D,

M OMe *.0
C"'N
Nature Rubber @[
(NR) OMe

Catalyst-free
n Non-explosiveness

CN

Polyacrylonitrile
(PAN)

Scheme 1-10. Modification of polymers with unsaturated bonds using stable nitrile N-oxide under catalyst-free
condition

2-3. TEZ U N-AFY RDEB

ZRYUIN-AFY RIERLBRFETCRES TSI ENTE S (Scheme 1-11), 1937 i Quilico 5 (&,
JO0AFVALAETENEBRIFILOF NI DLAEBEZRERETSZIETINYIIL NAFIRZERESETW
% ¥, T5IC Huisgen 5i&, 7AOOAF Y ABRBRPICNIVIFILTIVEMNZZEVWSEREERSEL TV
()% ZOAERIBFEBEZRNVILN-AFIROERICEVWTALAWSNTED, BRRERZAFI A
FEERTZITERDSBEICERTDIENTEDS, fiicbZ AT IAYERKT Z2HENP, O-2 VU
b ROA Y ABZRKT ZHE)ICAFY LAEBIELT Z2HEIV)OREFLBZZNYIL N-AF
REEENRESINTWDS,

10



) OH base oxidant IN/OH (Iv)
/k ﬁ R
(i - o, (VD)
+_0 dehydrat A
R/\N/ ehydrator »| R—C=N—0 | = R)\”/OEt
S N 4 I
H20 CO,, H,C=CH,
am 0 "0 on (V)
Ts ,0, Ets;N CAN N
RJ\N/OTBS ﬁ f M
H 2) H,S0, R”co,H
TBSOTs CO,
Et;N*H TsO" . (v

Scheme 1-11. Various generation method of nitrile N-oxide

Takata 5. TODEREICKE ST, AN ZEBBROFTEEZILTERMSAFI AL, Z MY N-AF
VREERTLINE 88U T_BREFEHELTE=NYIL N-AF I REEHL TW3(Scheme 1-12)°", Z®
BEETCRENETREAENTRETHEIMN., VI TFR—MOEMLICMAZ, £ L= NYIL N-AF
VREREMSIEDICIFFERORY A7 IILTE ROMA I MIICEBBRENEAINTWRITNIERS RWL

BRITELREENKECHBREINTULES EWSHEENH - oo

CH,

HOOH
Meo b r  eC CH3 H & )0
U K,CO4, DMF

91%

CHz

NH,OHHCl, NaOH
EtOHH,0 é/ cH
99% N
NCS, Et:N CH,

cgrégla 7©/ \©/ 20 g scale

Scheme 1-12. Synthesis of a bi-functional aromatic stable nitrile N-oxide

IBIFEZE=ZRN VI N-AX Y ROEREHBIE CNETLEINSTHRESTN TS (Schemel-13), LA L%
BN, INSEEZMNYILN-AFY ROERBRTOFRTEIRMNICEENTZHEDTHD., TORIGHENLZEMEIC
W BHEMABRAEEBRINTWEN e e INSDZRMYIL NAFY ROFIEFRARDIEEITIEEICRS
nTRhH, —mK/ILICMZ S 2 HD TR > 72 ",
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NH,OH-HCI 1) NCS
Nax0Oy 2) EtsN
—
\
N-OH

NaQCO3
CHO

=,
MgBr O O
‘)J\‘ OH CH3COCI 'z AgCNO @ .
9 9

Scheme 1-13. Synthesis of stable aliphatic nitrile N-oxide

NH,OH-HCI 1) NCS

2) EtN
—_—

ZNICXH UL Yao 5% Scheme 1-11 (VINIERT KSIC. n-FFILYFULD 1,1-Y 7)) OTT
VA D Michael ffil & ZNICE < BB ZE AWK RIGICLE DBEBBELZE=NYIL N-AFI ROT VR
v RERERELTWS ¥, Fic Takata SIHEFOEMEBZBVWTINEREZSH. REBBKE=NYIL N-A
FIYREEBRT DFEELT—IL LTz (Scheme 1-14)*,

N, ® 50, ®

| n-BulLi (10 eq.) .
e —_— C=N-0
O O e O 95% O

Scheme 1-14. One-pot synthesis of stable aliphatic nitrile N-oxide from 1,1-diphenylnitroethene

IZ T Takata SIEFKZFIC_MNAAL 74 v OEEZEZ S I E T, RIEDEWEBKEEZE=NYI
N-A ¥ RDOEB%Z&RSTLTW5(Scheme 1-15)*, 1,1-Y 7z Z)L=hOTFYORLDICKNT YV RX-B-
ZhAOXFLYERWT, 3RRERICHESR bhh%ﬁ‘hU»N##zh% FTW3, LML, BERKRTIL
FIEEEITDHNIARTZAVERAWEBERICEZ NI N-AF Y REZRZEICHEITZENTET., 5
WEtBUEEZBLTWSHDDAHNEREAA T&otogwﬁﬁiﬁ*—hWLNﬁ$/h®Am BWT
ZRUILNAFYRIAEDESINRSEELRERICKELKFSELTWER I EZMEICERLTWS,

NO2

H N02 1) Nu~
Q j 2) cone. HySO,
one-pot

trans-f-nitrostyrene Stable nitrile N-oxide

"Commercially available"

Scheme 1-15. Synthesis of stable aliphatic nitrile N-oxide from trans-B-nitrostyrene

12



B1E

ZEZMJILN-AFY ROEREDERERESN TS, Takata SIIKBEEZEIZ =N UL N-AFD R
ZIZATIE. T—FIbICE>TEBESES LD, ZERLEITTREBSZER. a9 FZERE=L
DILN-AF Y ROBRHICHO THINL, RATLDKL S BAEMNEEZE I 20 FORBRISICENICE
< t’&%;‘i‘. LTW3(Scheme 1-16)" ZORTIF= N UL N-AF Y RICHIORIGEEREEZEAT S

BB EDBEZREILRT B2 LICHINLTWSD, KBEZEISZ MU N-AFIR

.ﬂ%‘h_td: 1L,1-Y 72 )L hOT T VFEFROBRICMA TEREDRE. MREE VWS ZREOIT Y

THRETHZEVNWSFEELIE> TWD,

l 1 S

0iZ-0
)

%\ o
Scheme 1-16. Synthesis of tri- and multi-functional stable aliphatic nitrile N-oxides and their catalyst-free
cross-inking reaction of unsaturated bond-containing polymer

ZDELSIC, BHEZEZNYILN-AFIRIETVRY NERDTETHZ2EDD, ZOLEMEZHEEL
DOZKRBBED=NIVIL NAXFY REBEBICERT 2FEOHARERTATH D, CNETORETE
Michael 4D K +—DFILFILY F I LPFILFIL Grignard DE SR AIRT ZAVICRESINTHE D,
BEEDERAMZROZRAE L > TS,

2-4. REZ R VIV N-AEY KOS

INETREFETEHEZNVIL N-AFY NOBFESR X RBERTIEFHREI TV ¥, 1967 .
Shiro 5EFMAIN MMICAFILEZEITE2FEELZEZNVIL N-AFY RZER L., BiER X REBERTZ
751", Figure 1-10 ICRIBERBEEN S, Z MU N-AFY REREBFEBEPIXFILEEHAFTRTmEICE
EIBZehbholco UNULANS, COBEICEWVWTZMYIL N-AFY REGEAIIN MMIOXFILED
THBEEERELZFTZEITTHD., BRETREERZ IV I AA—Y a3V EEDTREELH B,

Top view Side view

Figure 1-10. X-ray structure of aromatic stable nitrile N-oxide.

13



B1E

Koyama. Takata 5id. = MU NMAFY REDRFR%E °C TINIVULIEFBEBRLZE=NJIL N-AF>
REEB L. D "CNMR ZRZ KNJLE UV-vis ARY MLDBERZHENS, BRFICEFTB=ZNUIL
N-AFYREDIAY 7 AX—2a VEAIEOVWTERBLTWVWS . "CNMR IZEVWTZDE—=T DY 7~
5 "C-N #EDLRBEENNARE TAETLLELLLTVWR I EEZRSHNCLTWS, oo UV-vis ARY k
JLTIE 300 nm DIRUNZARY MLWTIRIC L DBEBMRERT I NS BHHERMBMLTWS I EN
TEEINc, INSDOFERICKD. Figure 1-11 IERTKSICZ MY A F Y RIFBRFPTERICENT
HEERISITNEN > 1cBEEZB L TR, BRICARZ EHTFHEICHEETZI2BEEZELTWVWS, ERICEL
TRIGULPTWIFNEN > OV 7 A X =Y a v aF D2 &, BIRU 7z Hosoya 5OESVWEBRESE A
LVIcBERT7 Y RORBEDHRE—BLTWS ',

o
R /r\]/T Heating R +l i
-l == [ P-c=vo

1 Cooling o

Figure 1-11. Temperature-dependent conformation of nitrile N-oxide moiety in solution state

2-5. TEZ R UL N-A £V RO RIGHE

ZEZNIIL NNAFYRORIGEICDOWTHEWS DHODIRENH D, 2Tl Z MY N-AFIRD
RIGEREEHRZEHU. 707« PHEE®RFMO B D ST L TWSHREZBNT S,

Shiraishi 5%, LA BRBEPFTEEBEEZNVIL N-AFY RO 1 3-BBFAINBLEREGERST L, T
/=) KOBEBERICERWTIRGHEDEKZHE Lz (Scheme 1-17)%%, Zhild. BEDBMEICEKD
ZhUILN-FAFYRD LUMO BNTFOD RIGHDINRE L fefeble&EEZ 51D, U UABDSKRILKERBREH
EEVWTHEDLINBRIGEDEANE SN ENS, TORICEVWTIFENRONEDMICEBEMNRICK
DILEMHREL TRIGDNIMZELIEEWS ZDDOERBRSHREEZREL TWS,

(@)
H4C
! H4C
=IN-O~ O
Cl Solvent, 20 °C

Ethanol/H20 = 60/40, k x 10° = 55.5 (M-1s-1)
Ethanol, k x 102 = 14.6 (M-1s1)

Chloroform, kx 103 = 3.9 (M-'s)
Cyclohexane, kx 103 =17.0 (M-'s™")

Scheme 1-17. Solvent effect on reactivity of stable nitrile N-oxide

Gelli 5iF. FEKRLZEZRJIL N-AFY RICRLABEBEZEAL. MNMRIGICE T 2BEFRHIRZR
§U7c. Schemel-18 ORGTFILT Y RUZ NI ZEIBLEYMEDONMRBZT>lc&E 3, NH,
DEBEEHICAYAFY Y —ILEIERL, CIENZDBRULHDTRIGENKECHERLE Y, Th
F. CIEOBEFRKRSIMEICEIDZNUIL NEAF D KD LUMO BNFMD, ZILT YD HOMO & TRILF—%
BINSLK BT HEEEZEND, — . BFHERZEAUVLBRICEZNVILNAFI B Z NI
ERMURIEMOEREMEZ oo TNIE. Z MU NAFS RO HOMO OTRIILF—D EN > &
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TZRYILDLUMO EDTRIILF—ENZRNUILN-AFZRDLUMO EZ K JJLD HOMO EDEL D/
S B THBe > TIDHRIE. Z MY NAFYRH Type ll DXNBFTHBD I &2 L <KL
W3,

NZC  NH,
X, CHs Jﬁt}
XZ—Q—CEN:O- OMe
Xz CHg TCE, 70 °C

Xi=H, X;=Me, X3=H kx 10 = 83 (M-'s)
X1=H,Xo=H, X3=H kx103=54 (M'1S'1)
X, = Cl, Xp= Me, X3 = Cl kx 10° = 155 (M-'s)

Scheme 1-18. Substituent effect on reactivity of stable nitrile N-oxides
ZEZRNVILN-AFY RORIBTIRBWEDD, Boons S5IEEALTZILFVICHTEZ ML N-AFD
RORGHEZERE L TW3S(Scheme 1-19)", CDBAICEVNTH, BEF K5O OB TRGENIEX

L. BEFHEEOXA N FYETRIOEDNREL T EVWSERITESNIc, TDELIIK. ZMYILN-AFIUR
BEALTZILF Y EBHRMICRIGL. KIc2DRBEICIE=MYIIL N-AF 2 RO HOMO, LUMO BV KE

<ESLTWAZEERLTWS,
- HO
R—< :}—CE\I-O
MeOH, r.t.

R=H, kx 103 =338 (M's)
NO,, kx 103 = 847 (M-'s)
F, kx 103 =399 (M-'s)
OMe, kx 10% =215 (M-'s™)

Scheme 1-19. Substituent effect on reactivity of p-substituted aromatic nitrile N-oxides

KEITIEZR UL N-AFY ROBERNLBRIGEERE. BE. RIBEICDOWTEHR Uz, HH20Uv Y
RIGOHFTHEME, BAETRETEZEVSAIE. BOTFER. & D DIFEMEOREGRPEEERK
ICBERETH %, bV NNAFY RORIGEIGZFDOBSEICKELEGSN. BFEHE=NYIL N-FAF
NICEWTIFZDEEPRIGEICET 25U WREIRINTWBDICT U, BIFE=NJIL N-AFIRT
X ZDERENEBBRESNIDHTH D, TORREIE. BEBBE=ZNVIL N-AF KOERBGENFLZR
S5NTVWSZEIMRSHBW, BUREBRBBHEZNJIL N-AXI RERGICER. BRERELIT DI ENTE
hid, ZOBEPRHEDHZRMENESND LT TIEREBL. B FEEANICHEOEBNIND (T35 & BT
=N,

RETTIE, EEDEDFEBICAVWSNTWR 7y IRIGDHIE, ZORBFICKITIREED=NYIL N-
AFY ROMNBRIFICDODWTHENRS,
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3. 7V v IRINIC L BEDTFER

BAFRETEZ< OBE, ZORBEOBES OLHENETRLELTIEZ I ENHELNA Uy
U RISEHELRCAVZVRIETH S, &>T SRICENTRABHEEORRE &M LRSS
FHYUYIRGEEEL TEREIN TS HIC. RIEEMET T 2 £ BN 2B) FEBHICHEL TS,
29Uy REBVWRIELBIHER CBRTE 3.,

3. @RFI7Y Y IRISAEIDER

7Y IRIGICE 2EDFHEFBOLDICIE. TITHLTIEREZEDFRIKICEATILENH 2,
ZDOAEICDWTIE 2009 £FIiT Hawker SHMAERMICHK S L TW3 (Table 1-1)*, —DEHODAEIK. Y EY
TEARBANDEREDEATH S, COFEDHRII. VEVISZINILVERTHIRTFEEZIHI
Ef (ATRP) Y HENMMFAZREHBE (RAFT) EAFZRAVS I ETERUCETORY Y —#HOXKK
BRECD IR THZIETHD, TOURBRELLTRE RUN—DPERRUERICZDEFIVYIR
IBICEZ 2DV, EERICSSICEBMHZHNELETZDEDRENGZN,. WINOBEERESRZE IR
EREOHEAGDEZRRT 2UENH S,

Table 1-1. Examples of polymer terminal functional groups for polymer click reaction using a variety of
controlled polymerization techniques

Initiator Polymerization Decomposition or Click Initiator Polymerization Decomposition or Click
structure method modification required rection structure method modification required rection
o]
Ko™ ATRP No CuAAC Joylnfotofa ATRP Yes Oxime
o o 4
%ﬁb o
EP NMP Yes CuAAC § o ATRP No D.A.
o 2
s [o}
CyHasna A, O_R o)
s s>§0r RAFT No CuAAC % oFo ATRP No DA.
R= = o
s [ Y s
ORS00 RAFT No CuAAC e RAFT Yes Thiol-ene
N~ ROP No CuAAC Pyridyl
(Nj\s.s\/\c)?)(m ATRP No disulfide
Pas ROP No CuAAC

“OHOAERIRY Y —BRRIFEADEDFRGICLZBEHEEDEATH D, ZOHEDF &I, XD
DEVIVEERZRAVWTRUNY—ZE8RUIERIC. TROEBHEEZEATZIENTEDEVWSAICH D,
ULHhIURBDNSEBREEDEAL FLENFRIGTH DcH. CORBICIEEHRILED KL EBREED RIGHEE
DERAIRETH D, NI U, Lutz SIRIFEICERABREZRELTVWS ™, ATRPICL>THELShE
MUY —EZDELEREKIC Br E2BLTWSRH, TORYNY—% DMF A7 It F MY D ALAERIGS
B2l LD, EIEXRE%Z Br ENS 7Y REICASZICEREIN S (Scheme 1-20), 2OF Y R{bEhrc
BOFRIGIE CUAAC ICE > TS SICBRERE(LT DI ENTESZLITTIERL., BHBRKICERDZBHRES
BATESEH. BAFI7YVYIRBEOERICE TS ATRP OERME%ERLTW5,
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[ CuBr, I;MDETA Br NaNg Ng =—c00
A er o} 0o o
- l ! \ n /‘)t
n n
— N, .
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o
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Scheme 1-20. Synthesis of end-functionalized polystyrenes by a combination of ATRP and CuAAC

ZhUIL N-AFYRERLODWTHEEDFRINDENENREINTWSD, Takata 5iF. EZILE/ VY
—DUEYITFAVEREZTW 207 A VERKRZ 1,1-Y 7 2 Z)L= NOIF VIC Michael i1
BBICERBZMZZ2ZETEATFNIIL N-AFIRDTVRY NEBRDEIBETH DI EEZREL T
W3 (Scheme 1-21) *, £fc. Michael IO 7 7€ 7% —% trans-B-= hOXFL VICKRZ D & T,
LDERTRIBT ZD2EDFZNVIL N-AFYRRIGEINESNS ™ UL UEBNS, ZORIGTIEIEE ICHE
BIRIVEVIT 7 _AVERZTLRBRINERS T 8RFREZEEMICZMYIL N-AF 2 RET BITIEK
BEDRHYTERERBNREULBVWL SBEELGHREOEHE ERIDRIAKDH SN S,

— Sec-BuLi O )\R O O O O O L

. conc. H,SO,
s-B - LT — |sB -Li' | —= [sB > o8

THF O O RMR O R” L O ”EN_O

Scheme 1-21. Synthetic pathways polymer nitrile N-oxide via the living anionic polymerization

3-2. 7V v U RIEEZRW B FEfE

Cornelissen. Rutjes 5. ATRPIC & > THREBUIZRIKICTZ Y REZHFITZRY AFL Y EXRIGICTIL
FUEFIBRTIFREDI VY IRIBICEDYTOY Y IRYY—%ERL TWS(Scheme 1-22)*, ¥
Uy I RIGZERAWNIE., S5 UREERZEIAY NOEAFRLTZEEICERZETH 5,

N:
O N 0
O 0 CuBr/PMDRTA N _
Nooy A EEEE——— n \/l\/\OJLGIyGIyArg—AMC
l 0" ~GlyGlyArg-AMC gﬂf O

Scheme 1-22. Preparation of polymer—peptide conjugate PS-GlyGlyArg-AMC, from alkyne and azide
functionalized polymers

Tunca. Hizal 5. 75V TCRESINEYLAI RET Y M2 Diels-Alder Rit&. ZILF>. 7
Y R®D CuAAC ZiiAEDbEZ Z&lcED, MUXZIUIIEBEBXFIL, RURFLY, RUIFLYAFY
K542 ABC MU 7Oy 27 ARYT—DTVRY NEREERL TWLWS(Scheme 1-23)*, B§5hic”
Oy RIUN—DHFENTIE 1.1 EFEFEICHELS, TOXSICTVRY NTHEEBELGBSED Oy IRUT
—HESNZDIFE. BATFEEICEAVW Y Y IRBIAEVWEEEEREZEL TWSEHTH S,
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W S AR

CuBr °
PMDETA DMF, 1§0° C,35h

0 N=N
0 N~ Of~o
0
7 X
-b-PS-b-PEG

Scheme 1-23. Synthesis of ABC triblock copolymer by the combination of CUAAC and Diels—Alder click
reactions

Frechet 5i&. CuAAC Ic& DTy ROVILEEBEIT DY 77 MR Y —DERZRST U 72 (Scheme
1-24 (@) ZFYREZEFIZTYROAVERYIFLVICBASNEZILFYOEDT Y YV RIGIFIHE
MICHETT U 3F%LLHWIT777 RRUY—DEShTW3, £fc Hawker 5iF. FA—JL-T Y RIGIC &
3057 MRUT—BRZEHRSE L TLS(Scheme 1-24 (b)), Kb XHBHR X IFRATETITORTED,
ENFRIBICHEEDLSTHRABRBREELZEATZIEICHIILTWVWS, 2DLKS, Y27 RUT—DE
HicEWTH 7Yy I RBIFALFIAEINTWS,

n

CuS0, 5H,0 2N

D ﬁﬁ -
THFH,0
98%

L *5*%

(@)

R-SH =
SH o)
o)
Lo A SH (MeO):Sis ~_SH E OJQASH HO/Y\SH
Fmoc

Scheme 1-24. (a) Synthesis of first generation dendronized liner polymer using CuAAC, (b) Synthesis of
functional polystyrenes via thiol-ene reaction using various thiols
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B1E

Kakuchi 51&. Scheme 1-25 [CTRS PILFVEBITDIVILMATIA—IERKICT I RZBA LS
KRR A ZAZ0 h>®D CuUAAC I DBSEOHHMERZ 7Oy 7 IRIN—KRETAOY I RY—RY~
— %8B LTW3 ¥, 3 BEEDEDFRIETH > TEHERNICRENETL., RY—RUI—HIBNETHE
5N TW3, &5Ic Kakuchi 51 D FEERP LEDS IV F ROBBRERICK > TENRENRORENTFZIL
HETPIREOREFERY SI7FREERL. CUAAC IC&BRFLATOyv 7 ARYN—RORTLA
TJOvIRY—RUNX—DEARICHIILTWVWSE P, 2D&DIc. PIYRPFZILFVAEBFITBZRYT—D#EE
PHAEDEZEZ D EICLDEHRBRHBESD TFOERNABEICKR D,

Ns Ng it 0}
4 N~ A~O}H
(@) 5 0:><:OH cL M5y n MH-C:CH
—_— —_—
(10~ \-OH "DPPuiene AP o&/\/\/O)H CuBr/PMDETA
7 DMF 0,
Ny N’;V n 94%
A2B>
Na h(l?'?\ 2 X
(b) H?o oM CL 5 0><—0(Jk/\/\,0)nH MH-CZCH ‘ \/\
—_— T e
X DPPtoluene 0 CuBr/PMDETA
(AP (A DMF P
N 5 N3 94%
3
A:B
Ny N 2
% By y
o OH 50 n .
(b) o X o cL MH-CZCH
—_— —_—————
[ {5 DPPoluene A7 Ty CuBr/PMDETA f
Ng® Nj Ny N DMF LA 4 d
E 95% ’
AsB
OH o
H Z =
A A G
HO 5 1> on
MH-CZCH

Scheme 1-25. Synthesis of (a) A-B2-, (b) A2B-, and (c) AsB-Type miktoarm star polymers consisting of
maltoheptaose (MH) and polycaprolactone (PCL) units

Grayson 5EF7 Vv /7 REOERIGEZFIAL. $ENDBIRKRNY Y —OEMZERKL TW23(Scheme
1-26)*, BEEEE TITONIZBRRII—DERICEVWT, BEERIE3BRICRBEDEVWI VY IR
ISIEIEEICHERTH S, Flc. CUAAC TIFIFAREZ I Z 7 WER D RISIEEIERMICET LR W, KRiklc
RISEERETHE 7 I RETILF Y ZBA VBB TEEICRIYN—ZBBARETHDIIEHIDROF]
BTHD, CDEBEISEHEBEEZRET. RiFGICTFIRETILFVEBBALLRYIRTILREZRW:
FECTHRRRU T —DIHENICESTLTVS 7,

1) o\/// O, O\///
Br NaNj3 N3  CuBr, Bipy
n e n EEE——

DMF, r.t. = DMF, 120 °C
80%

Scheme 1-26. Synthesis of styrene-based cyclic polymer via CUAAC
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ZhUINFAFYRZRAWEEDTFEREDS W DM RESINTWS, Isaacman 5 (& Scheme 1-27 [Z/R
FTESE RUIXFILAOFHYOMKFKIC/\NOAAF I LAEEZEAL, FFTZMNYIL AT RERE
IEBZZET RUXFILAYAFHY YV ED ABA MU TJOY 7 IRYNY—%2EHRLTWS 9, D%
TlE. BOFERBADZRNYIL N-AFIY REODBAICKIILTWSD, ZBREEEDFZRMJIL N-AFIUR
EREICEB T ENTERW O, ZOBEAEHEIEHEW,

i SI (o] SI O)—S'I i
i- i- i
o i ‘< | n I\/\/\O
HoNs Nop
Cl Cl
B, PDMS
EtsN, CHCIy
rt,1h

o I I [ o
Oy ettty
O-NiC C=N"O~

\?O o
2 Boc\H NW
A, PMOXA
o o

| | |
/\/\/Si-O{Si'O%Si\/\/\
o] o | I I o o]
\f fo) n o Y
Boc~N©\(,N\/)\/u\(\n/©)\ ] N})@\N.Boc
H m oN N-g m

ABA tri-block copolymer
Yield: 91%

Scheme 1-27. Synthesis of ABA triblock copolymer via the 1,3-dipole cycloaddition of nitrile N-oxide

KICRIETRNC K SIC Takata 5id. AFICESVWBEBREZEI 280 F =ML N-AFI RZAW
NESDFOEMZ®REL TLW5(Scheme 1-28), COEAF=r UL N-AF Y RE+DBREMEERID
MERRBATED. BAENDEAEKETNR © PAN ERIGSE®ZZETY 77 MRUR—DEINETE
5n2% 7

%Hg S

R =COOMe
PMMA-CNO

O\/%
_ Catalyst-free
C Solvent-free

i Grafting-onto reaction

. €

Scheme 1-28. Synthesis of graft copolymers using polymer nitrile N-oxide

MEBRNRTERLESIC, ZOFVWRHEEZBIREICINA T, RIDTD2EREDEADBS I E WS TER
M5, CuAAC ¥ DA RIGHENFEFEDORBICR<KBWSNTEc, —AT. #H2a0TF7 Vv I KL
HEOFTH, BOTFZMNYILN-AFIYRIGEFELSPLLERABEICR > END TH D, REICED F&E
BEANOEBRAIIESNTWS Y, SR FERZICBITZ2ZFOERAMEZHASHNCTDIEIRREETH D,
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4. FARDOBEN EBEE

Ty IRBEERINDIENEBRIGRIEBZKEFET N, —DORBRZV VY ITIZANI—L&
UCTERTFERDLSBEADERE TRET DICEZORGHNBENICET Z2aRIGE. BRIREDHRS
. RIGICHDELREEEDLZNZELEY. BREEDEELEHERMEOBENE N EEDEINEE(C
Bd, INEFTHMBLTCELSIC. BESATERICAVWSNTWS Y v IRIGIEZNT S DEXRZ 1
ML TW3, -7, BIRIGEDEEDOZWKIGRICEWTH, ENSZHET I ENTENREEDT
EEEANERIT S EHARICRDIEEZISND,

WSO DTV Y IRBDFATEZRNYIL NNAFYRIEEUTOLSBEBEEL TWD, (i) REPTMN
HEMZTEEZRMNIIL N-AFIYREIR=ZOT7AMINERETZEITTRIGT S &, (i) BEEEES
ICEMHLERRENE. BREAEN BV &, (i) KR-RRESZERT 2RIERETH D, LENICEERRERS
mEERAEERI &, (v) ZILTY, PILFUEFTTERLS, ZOMOKARIR—07 71 &ERIGH
AEETH D, RIGEPMNEBEZREZMEDEFREICL>THIETEZ 2 &, (v) RN BWT &, KE
THDo ZNVILNAFIRZI Yy IRBEIEUVTHEI2ICHILD. BEZEMBREDRIRIEINKER
MEERZDN., EEICEEVWEBREZEAT S ETENSDRIRIGOIMEINTIREETH D, BIHFE=NVUIL
N-FAFVRICES>TREZFOADTFREECLERELTMEASNTWS, 5L "™ZEZNYILN-AFIR, &
LEORMEICINZ T, (Vi) BEZMZ T EHRIGIETIT D & (Vi) ERRISERYIE T TH D EHF]
mELTEIFENS, 25 ULIEHEREDTFER. BICZORESRYPIENICEERLEME, EAER
ICEWTHICHAERIET 2, UHLELSE, INEFTEDTFRE. EDDLIEATFERZICEVWTREZ
DIV N-AFVRBBEDRAVWSNT IR > DI, ZOEELREBEROBEDFANDENEDERIN A+
NTHBIHEEZSND, FiC. BHEZEZRNYIL N-AFI REZFDOEHREBRENTE D, ZORIG
HEPBEICDVWTHERBASINTVWERWBOINE K, BWENBEBEDOEKRIISBEELI2EEGRRETH %,

ZITAMETIE. INSOFEZHRRL. ERAUBEBREBRLZEE-_NJI N-AXFIRDZ1TZ—%
BYIEEhic, BT )y IRIDICEZHENBESDFHEZEZERT DI EICED. BRTFERICE
F2EHEEEZNVILN-AF ROEREZRT Z & Z B E Uz (Figure 1-13),

KBXEE5BETEBRINTED, XBEXF1EET D,

2EBTIK. BHEZEZNJILN-AFIRSATSU—2BYPIEEZBNIC. ZbAZIILAYEREL
FEEREICEB U, MABKEBZREWEEHELZE=Z N JILN-AFI ROERE. BO5NEREZNJIL
N-7 %2 ROFERBREEL RIGEICDWTIRR S,

SETIF. 2ETHILUVEREZRIC. BAFERBEZZNVIL NAFIRAZBRIZZETEDIFZ M
DL N-AFY RRIGHZER L. FREMNEEZE T 21L& 0BT, BMARKETORN FEREZIRET
UFefERICDOWTHRR B,

AETRH, ZhAZINAVEEZEI RV EVTEGRBRZERL. BERICZNYIILN-AFY RES
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DVWTHREROEREHE RN S,

ESETIIBRETCEONIBERZHRIEL. HRKEZRET D,
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+ DFT calculation
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Figure 1-13. Outline of the present work
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EF1H BS

ZRUINAFYRDOFEEEFEELTE. B1EIRRLELSIZNOAFIVAICNIIFILTIVREDIE
BEZzEBSE2AEE. ZhOZ N AV ZRKT Z2HAENLSCHVWLSNTWS, Kic, Z~AZILAVIFE
BIE= RN YL N-AF Y R%EEBZ L TERARBIREERD 52, ALUSNA 7 DIV TFER—h NUIF
WZIViCED, ZbO7 LAY DBKRGHETUREBBE=ZNJVILN-AFIRNEENZIEERELT
Y, ZhO7IILAYERBIBZZRNIIL N-AFY ROBBERA Y AFF U P AFHY—ILD
BRICELKFIBENRTEL 27, Z a7 LAYRECKERZRF—, ZNOAL T4V ETFZ IR TS —
EUVEHBRMAMRIGICE > TERI NS, Kurth 5i&, HRABIEEZBVWTCZIILOA—-IILONZVZX-B-Z 0O
AFLIYANOEEZMMZRFT UIcE 22, n-7FIIFILLDE, KH® NaH O LS BRIEEEBVWES
ICINEB L RIGHETT 2T & 2S5 A E Uiz(Scheme 2-1)%, n-FFILYU F9 LA%ZBAWNIBEICINENE
TUREBRIE. ZILD—/Lo7OM %25 2HR<CERERELVLTTERAEL, XEHELTZMNOAL 71 VITE
EHEMMUTCLESTTcHTH D,

OH P ANO2 Ph Base (Yield) = KH (100%) fu
M Base O)\ NaH (97%) Ph)\/NOZ
<§:J THF Ao~z mBuLi(46%) By product

Scheme 2-1. Effect of base for synthesis of a nitroalkane conjugate addition of an alcohol to B -nitrostyrene

Yao 53 Scheme 22 D &SI hOAL 7 4 YANORBEAMRISEOBRICTFILYFIOLICMATI./ S
— k. Grignard HEO K SBAINRT ZA VP, FA—IPIRAT 74 MO K SEATAORFREHZ L
EEATHNERLL R NOFZILAVABONZZEERELTVNS Y

NuH/ NaH
or _
o NO, _RLi, RMgX Ph Nu= ROH O O
ﬁ
HE Nu RSH  Ro OR
RPH

Scheme 2-2. Synthesis of nitroalkane using various nucleophiles

T5IC Yao S5k, HEMAMBEORIGEILET IRICHNZZ2HARICE > TERDZERYNIESND I EERSE
L TW3(Scheme 2-3)'0", &M INEOFREAETHZ N S— MWL THEEREZRAWESRER=-NOY
WAV, BEBETIE/N\OAFIANEONZOICF L, BRBZEAWCERICIET YRy b TlAKREHE
ﬁb\—hUwN#$/F#%5nTMéob#%\_O®7I_w%%ﬁ¢%LL§7IZN_FDI?
VERTFIETI—EUBEDH, BBIHBE=ZNJIL N-AF ROBBENTIREETH > oo TNIX. HEERMAME
ICERUEARRELICESULEZ 2O 7 2 ZIILENRZNYILN-AF Y REZ2EREFBVICEZE{LSETWSE S
xR LTWS,

e ||

HCI ag. conc. HCI
conc. H,SO,4

PhN
Fh Etaﬁo Ph BN Fh ol
R ———» RCN0 —— NOH
Ph Ph Ph

Scheme 2-3. Reaction of intermediary nitrate
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Takata 5 DR TEMBEZBREICMZZET. TURY NTEBE=ZNVIL N-AFY REZTERY
ELTESNELSICHR U (Scheme 2-4), BB UIEIIE= M VI N-AXF Y ROZEBFMZITS &
T, N, TREZRNUIN-AFYR) EBBIEERHULLE D, 51, REBBHE=ZNVUIL N-AFY
ROKBZILT VREFTREBESASZILT Y. ZNJILEBHRNICRIGT 32 &2 RERBNBITEICLD

MR LT,
NO, O H2S04 O

I n-Buli (10 eq.)

— — o=\e)
O O THF O 95% O

Scheme 2-4. One-pot synthesis of stable aliphatic nitrile N-oxide using diphenylnitroethene

Ffc Takata SEFZ MY N-AF D RENBRELULKERD 3 RXKRDGEICIEKZFOEZ S ICEADLST
REEICRBRBDIEERUco EREXAFIVIVFIVLADLSBTILFILHEDE WEE T 4 fiRETHEREH
WA TBEVWSIEREE(Figure 2-1); DI ENS, BBIHEZNJIL N-AFY REFTDICRERSES
ICiE. (V4 RRRLEIC2DDTIZIILERZEATE L, (4 BRELICEALIEES—DDBIRERE X F
WEEIDBERWIZILFILEZAWVWDZE, MRETH D, FIAMNIC. EEW t-BuEN 3 ikFLICHEE L
ZRULNAFY REBREETH D HBENTRETH S Y,

—805Ni0' 8—03@0‘ gcsmlo' N fA e~ - sec-BquizNzo_ O to
& O J

unstable stable unstable

Figure 2-1. Structure and stability of aliphatic nitrile N-oxides

CDERBEREZEZRNIJVILNAFYRNTURY RTESNDZEVWSHEANHDHDD, RZHFRFEK
BAICRSNTED, EEEEREDEAIR#ETH >Tc, B—BREIFRELRDIEZDOT7 T ZILET
H2H. ZOWHADEBEIENVY 7/ UHsiThhidiasd., RE. REEORTY THREERD L
HRETH %o

—A. EROELSIE. ZbAFILAYVIEFERABREZFINSERTE. BBV 2 D207t ZI)ILEZEATS
CEHBBRHTHD, o TAHRETIE. ZMYILN-AFYROFIEEE LT bATILAVICEBL,. 7J)LO
— IR EDATORFREZFIDOEEZBEAVLREBBE=N VL N-A X ROBRICDWVWTIRRS,
BONETREBBHE=ZNVILN-AFY ROBEPRIGEICDOVWTHEERE L., 2 TRO5NATOREF(ON
F)EBEKREANSZNVILNAFY REERTD2FEF S TFRNODEHODENNDICIRZ EEZ 5N,
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F28H NTORFEELEEHFE=NJIL N-AF> KOG

ANTAOBRFEBLEZNJIL NAFYRZERTZRICZNAZILAVEBENSTEZNYIIL N-AF
KOS ATRENVHERR S % /=8b. Scheme 2-5 [CHE> TREIC TV RY FEBNIBRESINTWEZIEZE=Z MY IL N-
AXEIROZMNATZILAYDERE. FNICHESZMJILN-AFY R{EERF Ul BESRERBKRDOEBGETZ
ROAL 74> THB11-YV 7))L bAITVIII/LT T FILY FOLEEEMMS . BRETIE
BAEBTUEIT T bOTPI AV 1aZzZBlz, SSRCTIZIAVITZR—M NUIFILTIVE
REEE2ZETREBPHEZN UL N-AFT R 2a%z 2K 50% TR EEDREEIE 'H NMR. °C NMR.
IR, FAB-MS BIEIC&LDIToTco #HiT1a® 'H NMR TIRZ MO ZILA YV ICE#MNERZ N OEDORBEDEME X
FLUICERRAT ZE—IH 5.0 ppm fHEICERASNZDOICFL T, 2a DE—IANEERLIzZENS, =k
DL N-AF Y RADEBNEENICTETL TWE Z EPERS N, £/ 2a ® IREIE T 2300 cm™ {138
[CZ MU NAFY RICEHEHNBRIDERN SN ENS Z MY N-AFIYRINERLTWS Z &5
U fc. Figure 2-2 [ 1a % U 2a ® 'H NMR. Figure 2-3 [C 2a ® IR A7 NLERT,

a)
O y O Ph-NCO (3.0 eq.)
n-BuLi (1.5 eq.) Et;N (4.0 e . -
_NO2 > s A oaN0
THF, =78 °C ,30 min CH,Cly, rit., 12 h
O 68% O 74% 3
NS
1a 2a
Total yield : 50%
b)

O 1) n-BuLi (1.5 eq.) O

THF, —78 ", 30min =N O

= 2) conc. Hy,SO,, 0 °C,
O 30 min O
61% (lit. 95%)
Total yleld 61%

Scheme 2-5. Synthesis of 2a via the (a) stepwise synthesis and (b) one-pot synthesis

H,O
d c
s Ob a
a CHCls A
h fe cd] e
1a e fg TI\IAS
b
g
f c a,b,c
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d ef
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ppm ‘ , . . . . , . .
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Figure 2-2. 'H NMR spectra of 1a and 2a (400 MHz, 298 K, CDCls)
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Figure 2-3. FT-IR spectrum of 2a (NaCl)

TYURy NEEBBNKARETZE, ZhOFPILAYERBULETETERWNENMETLTWSA, 1
ERPEE OEZMAIE TV RY NERERKOINETEITL TR D, INIFHEMAIOKRZE O KIGHE ICEKTF
TEEEZISND, FLBEHNEDETIIZEEEROBROBHEICLKZOXRBFERD 1 DTHS., LMULE
A5, ZrAZILAYERBAUTOEERPFE=Z NI NAFY RNBSNEZ EHERS N, D
HEERAWTIATORFRZENSERZIRTTE & Ul

INFEFTHBEINTWBLERBBE=ZNIIL N-AFIROERIE. 1,1-Y 7z Z)LbAOTT7Y5 0K E
ENZVX-B-ZrARXRFLVICGrignard REPLPZILFILY FUOLAZMIRIG S ERF-KREESZERIES
LEODHTH>Tco Scheme2-6 ICHEW, NUITFLYIUI—)LOZIAXTIY REAWVWTZNYIL N-AF
YR 2b DERETocET 3. BHRYHNLINEK 45% THE SN, BEDEEIE 'H NMR (Figure 2-4). '°C
NMR (Figure 2-5). IR (Figure 2-6). FAB-MS BIE(C & D1T>7co 'THNMR TR hAZ I A VICERT 2L
—IPRLITEEL, 2TOE—IPBERICBES NI, *CNMR TIE= kYL N-AF 3 RD-C=N-0 i
R 3E— 7 ZRZBEEICRBBITETH olcoe COREDE—VFFEFICEATZEPEHLL, °C T
SRIALUEEBHEZ N UL N-AF Y R TR 35 ppm ICEAISNZ 2 ENBEINTVS Y, 2O, IRH
S5ZhUILAFVREFOE—IDRRESHIzcEDS ATARTFEEZMNJIL N-AFY ROERERHER

Tz,
Sli/
Qyor e @ QA ©
, Na - N
NO, u - EtsN > Noe—-cavo 4 - N Neg

— Nu
THF or DMF, CHLCl,, CHCl,, |
O rt,1h @ rt. 2h O reflux, 34 h \/K’Sﬂ
88-93% 48-95% 095
1 2 3

: A~ O, QFt

Nu (overall yield for 2) = 2b —O 7CHj 2c —§SCixHxs  2d —-p=0

OEt
(45%) (87%) (59%)

Scheme 2-6. Synthesis of 2b-2d
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Figure 2-4. "H NMR spectra of 1b and 2b (400 MHz, 298 K, CDCl5)
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Figure 2-5. '°C NMR spectrum of 2b (100 MHz, 298 K, CDCls)
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Figure 2-6. FT-IR spectrum of 2b (NaCl)
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CDERICMZ, BRAFOFIITVEDRIBICEDZNUIIL N-AFYRESYASHV U VICHEEL, 7
DEREER LT Scheme 2-2 DEHET20 EIR—ZOT77AILTHZTIVILNUXFILIZV A ED
1,3 B FRAMRIERISZ{TolcE T3, A1VAFHY Y VIRIEEK 3D NEENICE SN, ERUEAY A
FUVUVBOXFYETONVENIIFLYZUIA-LDOAFIILEOENEAERBEE —RL LIz &
MEZR UL N-AFS ROEM %R L. Figure 2-7 I 'HNMR 2R Y,

€ |
b
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3.00 0.96 . | .
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Figure 2-7. 'H NMR spectrum of 3b (400 MHz, 298 K, CDCly)

ZILAFY RERWZNOZ VA Y OERFEEREM U2, 207 )Ld—ILhs=ca7 LAY
B Z1&5T U fz(Figure 2-8), Scheme 2-2 EAKRDOFHTTICRI ZILA—ILKRTT = /—ILZBVWTER
ZiTofce 3, BEDHER 2k 3H{MFILO—IL. 7/ —IHhSERIETZ2ZNO7ILAVIERSNG
Mofce TNIRKBED 'THNMR TZROZILAYDOAFL VEICEEAT 288N E—IHNRShEh >
fec e S¥UTz, £ 1 &ZIILA=ILTH IR IIILZILA—=ILZAWHEE TIEEBIENKE CE
TUlco 2OZENS, ZMNAZILAYDERICIERKKZELCKEZBDESEINEET S ENTREBINT,
Scheme 2-2 [C R UADKZEIDBEZ Y T (T, ZDOKRZHNCHE U I RIGREERT T Z2LENH B,

©/\°" ©)\°H —|—OH HO OH

3

1#&7IL2—IL 28|72 —IL 3H/FILI—IL 2BREZ7 /-

—§of o B for
5 G4 ROl < h B

1b benzyl N e e mmmmmmm—m——————— 5
Yield : 93% Yield : 42% Not obtained

Figure 2-8. The effect of alcohol for the synthesis of nitroalkanes via the conjugate addition
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HWTERDIRZHRZBWCRERBE=ZNYIL N-AFY ROEGHR%ERET U, Scheme 2-2 [CRT &4
TRTAVFA—IREITFILIRRT 74 hEKEH & UL THWES. 2¢. 2d PNERLESNT. IR
N5iE 2b EZDFBINERBRZEDODDRKDEIHICZ MY IL N-AF Y NIRRT ZRINMNEI SNz, 25
lc 4 EDOBRIERIEEDEERIC 3¢, 3d NESND I EZHR UL, CDLSIc, ZILO—=ILEFTIERERL
RIGEDBWFA—=ILOIRZA T 74 ENSTHEREZRNYIL N-AFIRNBESND I ENHASME R
Figure 2-9 (T 2¢c } 1 3¢. Figure 2-10 | 2d %' 3d ® 'H NMR %R 9,

a CHCl;
f d O . b,c e g
WS CZN-O
g a O d
b L TMS
2c c
f D
g
v " a
i b,c
B A A’d e\°lc
A L_Ll \__
ppm
80 70 6.0 50 40 30 20 10 0.0
Figure 2-9. 'H NMR spectra of 2¢c and 3¢ (400 MHz, 298 K, CDCly)
e
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Figure 2-10. 'H NMR spectra of 2d and 3d (400 MHz, 298 K, CDCl,)
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CODEBEIERMNMRIGE 72 ZIAYV Y TFEX—MTEBZRNYIIL N-AFY REDATEWERLRTHEST
FTEEHD EBDZRNI)ILN-AFIREZEITZLZERINIILN-AFY ROEGRICEOEREEHEFTINS,
Takata 5 IFKBEZFORE NI N-AF I RZEBIELIEZIETIOERICE L. KRATLDELE
RitZE®RSTLTWS ", KBEEEZRNVILNAFYREELT >0 70y 2 ELTERTH 2D, &
ATYTIDNENWTEPY VY A—DBENIRTIL. T—TIERICRSNTWRREDEENKD, 22T
smmmzqwﬁm%E%ij—»#a—hu?»ty%ﬁmbrzﬁﬁﬁﬁsﬁﬁ—hU»MW#&P
DEMRZIRET Ul 2 BRE. SEREOVWTNOBEEHHEMMAETLZNOFILAY 16, 1 DNERLE
Shice E5ICp-7O07 2 ZIAY YT R—b, hUI%wT:yT—huwNﬁ$>Hm¢5’tT¢
BEZNJILNAFY R 2e 20 B ESNI 20 4D Uy I RIGICEDESNT 3F D 'HNMR % Figure
2-11 ITRT . INSDEEEA ED VY Y IRIGICE DTG T 28D I)L N-AF RBAEA IR TV
5 EZMERLUIc, 3 EREDBDICDVWTIRHYDOEFED . IO D EHRLU TERAXT Y FDOERL
EUNED M LTI U 7z (Scheme 2-8),
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Scheme 2-7. Synthesis of (a) 2e and (b) 2f
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Scheme 2-8. Synthesis of trifunctional nitrile N-oxide via the (a) stepwise synthesis or (b) integrational
synthesis of hydroxy group-containing nitrile N-oxides

BRICATAORTFEELZEZNIJILN-AFIRDTURY hERZERMTco ERUT K S ICKEFDEE
Ehhbh5d, ZORIGTERKORZER=Z N —MNEERBITZEEZISND, 2T, ATHOERTFXK
&% B W 2 A INRIS IS8 < BB IC & 2 ik KIGZ 85T U fz(Scheme 2-9), KIGIARIC 0 °C TEM
BEMZ 30 M L. DRIBEZT> BICHERYO IR, 'THNMRAIEZ{To7ce IR TIEZ MY JL N-AA
TV RICERT 3RINER SN H > fz(Figure 2-12); 'H NMR DS IE= AP IILAVICERT 28— M
BRonfcc &5 . BUIDRT Y 7OHBMINRGIFETLUTWS I EN DN D, TD I ENSEREHTIE,
RADOBFEDEEIC L DERBLIPNSNIRNICHRARIGHETLEN > LEEZ 5N,
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ZDESIE, EDTVRY NAETEATAORTFEEZNVILN-AF Y REBZICETSBRDIEEDR
SHARETHD., BICHBREENTEEWSEANSIF. ZhNOFIAVEERT DI EOERENRS
nicEEZ 5%,

2 _po

2

NaH (1.2 eq. O (0.5eq.) conc.H,SO, O
/O\/\O/\/o\/\OH %—’ —,H /O\/\O/\/O\/\o C:Nio'
DMF, 0°C,1 h rt,1h -

0 °C, 30 min
»

Scheme 2-9. One-pot synthesis of 2b via the dehydration using H.SO,4
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20— \ /
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Figure 2-12. FT-IR spectrum of crude product (NaCl)
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FE I3 ANTORFSELERFE=MYIL N-AF > K ORESER
£11H ATOBRFRELEREBEZNUIL N-AEY ROREME. S

FB2HTHONIATORFEEZNIILN-AFIYRZIY Y IRIGHIE U THWSIZHICIE. ZORE
HEPrRBEZRABEIT D2DENDH D, I T, FIANTORFEEZNIIN-AFIROERICKITILENER
ML, 2b % 4°C TEREL/CE T3, IRICEWVWT168EEEE =N YL N-AF Y RORIAHA L TW
B o fz(Figure 2-13), DI ENS. ATORFNBEASINCZ NI NAFIREEEVW2DDT7 =
WEREDREMEGULEBDEBFEDOTABEEMZE L TWSEE X5, £/ TGA IC LK 2ANREERT
&, 4 RRFRLICREIMEE UIc2a EHET B & 2b (FENIC 5%EBEERBENMETLEDHDOD, WITh
DZRYILN-AFKRE100°C UL EOEBRTRIENABETH B Z & hH > f=(Figure 2-14),

(b) 168 h

L L s
4000 3000 2000 1000 500

Figure 2-13. FT-IR spectra of (a) 2b and (b) 2b after standing at 4°C for 168 h (NaCl)
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Figure 2-14. TGA charts of 2a—2d (rate: 10 °C min™ under N,)
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Fe. AR THESNIATORFEEZNIJILN-AF Y ROFBTH, YVBIXTILNEELR 2d &
INEFETCHREENTWBEHE=ZNJILN-AFTI REFEGDEWVEREZE L TWe, EBHNEREDS
WEBKEZNUIL N-AFY ROBEESR X BBERITIEBEICRESI N TWED, BIFE=ZNYIL N-AFIR
DHDIF—HMICHERENMEL EICBSNZLEDITHEERTH D, ZO/EBEFHSHICIhTLERD
ofce 2 T2d DENER X &M Z 1T > /=(Figure 2-15),

Cie HooN O4 P

P21/n

a=7.803 (14),

b =15.146 (3).

¢ =14.654 (3),

B =97.591 (3),

Z=4, R1=0.0464,
C1-C2 1.474 (2),
C1-N11.139 (2),
N1-O1 1.240 (2),
.N1-C1-C2 172.6 (2),
.C1-N1-02 179.3 (2)

Figure 2-15. X-ray crystal structure of 2d. The molecular structure is drawn in ball and stick representation

(gray: carbon; white: hydrogen; red: oxygen; orange: phosphorus)

COHER X RBITOBERLD. UTORNRERS NI,

(1) 4 RFLED 2 DOT7xZIIBREBEVOREZRITDESICRUNTREL TWSZ &b o, &

D 4 FPREDEAAIIVITNG sp BRIEDHEEATH S 109.5°18< . =M UL N-AF REE

OAFHROBBREEHEERT DI R, FICITNEN >BEZ 5T ICREL TWS Z &hbh
Sfco FEPREFEESDHESIEIZNMNYILN-AF Y RERCHLTIHNMEA > FBEZ E > TW e, IS
DIERIFHET 2 2d DEEZ BRI LT 2d°D DFT AEIC K Z2RELERE & Hh—8 U Tu .,

FERFE=NYIL N-AFVRTHB 2d &, Shiro SICLK> THESNTWDREFREZEE=MJIL N-AF
¥ R 5 DEEZ LB U 7 (Figure 2-16, Table 2-1)'%, ZD#ER. Z R UL N-AF Y RERES S HR
BEFNICEBLTWSZ E b D, BEKEZNUIL NAFY RICHRTREREIZ AL STz, LD
LEASZDEERELEKUIcE T2, BHE=ZN UL N-AF Y RTIE CrCi AR, CoNi A& D5
KD, BREEDHDTRBEICKRD EVWSERINEONc TNEZMNYIL NAFIRAMEELTWS
REDERIEICERLTHED., BBHE=ZRNJIL NAFYRTREELTVWEDN sp’ RETHBDIC
THUBEBEEDHDTRERYEVEBORED sp BRHEDFLEIC KD ZD/ENERD . ZFDH CN;
DFEEDBOTCDTRBVWNEEZSND, TDLSIC, SEFICESNIEBE=Z NI N-AF
RECNETHRESNTWEBEBTE=ZNYILN-AFYRERKRTZZET. Z MU N-AF Y RIEED
BEICLDZDLEREUINELNT ZIENHESHER ST,
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Top view Side view

Figure 2-16. X-ray crystal structure of 5. The molecular structure is drawn in tube representation (gray:
carbon; white: hydrogen; red: oxygen; orange)

{ CHy
Q . - A\ . -
0=P——C;-C,=N1-0; Haco—’ ‘C,—C,=N3-0;
i _
¢ @ CHy
2d 5

Table 2-1. Bond lengths and angles of 2d, together with the data of 5 reported by Shiro
and cowokers'®

Bond length (A) Bond angle (degrees)

Code 02'01 CQ'N1 N1-O1 C1'CQ'N1 Cz'N1'O1
2d 1.474 1.139 1.240 172.6 179.3
5 1.435 1.147 1.249 173.8 178.3

(3) 2d DNy F ¥ T IEED—E % Figure 2-17 [CRT . BEBK N JIL N-AF 2 R TH S 5 [EZDEBEICH
RURYEVEROFAMERUR Y EVEP XA FILED CH-n BEERZBENICFIBUER{EL TV
%, INIEF L. 2d (& P=O D’ AFILED C-HRURYEVERED C-H EMEERALTED, chdd/ty
Foolik<W2d ZS5FEL<LFERILIETETVWBDOTIERWHEEZEND, COFEEIS, BBIFE=KY
IWN-AFYREFERDEHDTlE. BT RS EIMAANERD I ENTEBEIND, £lcZ kY
IWN-AFYREEZENBEENERTZEL TWAcsH, MBICEVWTHOBERE S DHEEERAINERRITS
N3, MATZODNRYFVITBETIE2DFDOZMNIILN-AFY REDBET ZMNEBEICFEELTWS D
ENERIN. ZhUIL NAFIREOBEOREFHEERD 3.82A LIEBIEN >, ARZKNUIL
N-AF I RFBRBICZEMDNETL7O0F YV EEZ 2O IDBEFEF—BALEICRZ %, LHNML7
AFH > DK TIE Scheme 2-9 (CRT LSIC=Z MY JIL N-AFY RENE—AREINSHEHEERALRITH
XRS5V EH, DUACOREBERE Z7O0FY VY OESZRBELBVWEDTHDEHE X D,

+ - zos +¢O-
- Dimerization R—-C=N-O N N
R-CEN'0T — @0 o TS e M
L - K R
R-CEN-O
Furoxan

Scheme 2-10. Formation of furoxan
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Figure 2-17. The part of packing structure of 2d

(4) 2d DFERZFDZ R YL N-AFY RAREDNEND B IcHIC, 2d ZRIR T—ERBIELBIHEALT
BERRAEZT->IcEZ 3., fiRld—EBERAKOREICER I N/, £/ Figure 2-18 (R J IR
EICBWTEREDBETZ MY N-AF Y RORIRHIER S . Figure 2-19 OFERIED 'H NMR
EEVWTHETOE—IHREFIEARICHEICIRESI NI EN S, BRRET29FDZNYIL N-
AXI RENFELTWRICEIDDSTEETHD I ENbh >,

(b)

1 L 1 1 Il
4000 3000 2000 1000 550

Figure 2-18. FT-IR spectra of (a) 2d and (b) 2d after melting at 130 °C (KBr)
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Figure 2-19. "H NMR spectra of (a) 2d and (b) 2d after melting at 130 °C (400 MHz, 298 K, CDCls)
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CCETLREBBEZNJILN-AFY ROBERXBETOERZER L. Z0OREBEZHS MU,
FEE1BETRUAEELSIKZMNYILN-AFY REZDARLZESH SHERBEDRENIESICOERL, BEHIK
SRUL NAFYRTIE S|, EEIRICEL TR INETREN BN > fce ZDHSEDELES X
REEBITOFERIF. SBOZRNYILN-AFY RORKPER. S SICERIGOXEICENZEERAMET
HD. FERICERFRVEDTH D,

BECRULINET Takata S5IC&K > TERINTWEERBE=Z NV N-AF¥> RO#EE (Figure
2-20)? EDWTEZZ & (i) (P TRLELBDI 3HRELDARORBEL TWAEAINSES—HFD= b
UL N-AFY ROEDEPTUNSIEEEZSND, ULHUL(GI)ICEWTIZZDOEH S % tBuEDEFWLWXF
ILHB > TWB e, D FDEEZEEWT WD, (iv), (MICEWTIEZDDOT7 ZIILEZHB L TEWSHY,
tBUEELDEZ NI NAFYRODEEMEDTEPTVEEZISND, (VITESNZ LS ICENIAIBD
BMEEFZLZFEZNUIILNAFTY ROBEZIEITEZIENTERN, COMREFELZICLZIRRLE
BEEZEDLEZIET ZMJILNAFYROLERZFR UL FRADAEICKED, I SICEHERER
HEZEBATEDLSICHRDEHFTTE D,

() @ o ) v) (vl
unstable i stable ! unstable

Figure 2-20. The structures of stable and unstable aliphatic nitrile N-oxides
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F2IE ANTHORFEEZERNE=NYIL N-A £ KO RSIETHE

1,3-WEFAMBARISO RIS 7OV T « PHEERBFMO BR) TEZ 22N TE3 Y, ZORIN
TE. YR=ZA7 7000 EDTAYT « PTHEOEENRREBRZIMNERL THENERT 5, T8bDE5
1,3 WEFTHZ=ZMJYIL N-AFYREIR=ZO77414ILD FMO BNZDRISHICKELBEETZEEX
5Nd. Z MY N-AXFYREZFORBERICT CICEBIRGER I UKET BH, THRTZNYIL N-AF
VRERESETCRIGIKBAWSRAEN BN TH o/co UNUEBHNSZDOAETREZNIILN-AFI ROE
B EREBIES EDRBIEITLU TRESLH. TORGEORT IFRETH >fco CDEFEBIILTE=NY
IWNAFTYRODERICLS>THERENTED RYCLVEREICEFKSIELGWULEFHESEEZEAT L L
TRISEDNZELT BT ENBEEINTWVS D2, L LAaLS, BIFEOS D TRABOBRTIRREINTS
59, COEBRIIARNGREEZFMIERLTERBBE=ZN YL N-AXY ROEEDERLITERS N TL
BH2ehETH D, T TAMRTE > IeANTORFREAZAWTESNLICEDZZNYIL N-AEFTR
EFATZIET. ZORBEICRIZIFILBAMRENEOND EE X T

9 2a-2d ODRIGEREEHEKRDIco PYILNIUAXAFILY SV ZBREICIZ 2 I &ETRIBER—RIREE
L. NMR F2—7R 30 °C TRIGE B/ (Figure 2-21), WIZEYBEE L TIXIYFLUENMZ. ThERE%E
EULTRIBICE > TERT 2V AFHYVYVEREDO ADTON Y DOEMENS HIEEICHIFZ=ZNYIL
N-AF Y RDREEZKRD., TZNEFNORINEEEH ZHEH U /c(Figure 2-22),
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Figure 2-21. Time-dependent H NMR spectra of a mixture of 2a and allyltrimethylsilane 4 to give 3a at 30 °C
in CDCl3; (400 MHz, 298 K, CDCl3)
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SEEHRUIEATORFEEZNYILN-AF VR 2b-2d iF. WFNELRENEE U 2a &K DER{ELENT
KBD, RIGEEEHIEIZISICKREWVMEZRU, BFICMEBERFOFEE U 2¢ TRRIGENEEEL<HEST
WBZENER I N CORERIIATORTFOMRICED., ZORIGENIZLLIZCEERLTWS,

<> 2a(37% conv.)
y =0.0037x - 0.0193
R2 = 0.99609

QO 2b (34% conv.)
y =0.0106x - 0.1007
R?=0.99275

O 2c (46% conv.)
y =0.0132x - 0.1046
R?=0.99502

-In(TM1/IM1o)

/\ 2d (34% conv.)
y = 0.0092x - 0.0527

10 20 30 40 50 60 70 R?=0.99189

Time (min)

Figure 2-22. Pseudo-first-order kinetic plots for the cycloaddition of stable nitrile N-oxide 2a—2d to
allyltrimethylsilane 4 in CDClI; at 30 °C

CDFERICODVWTEISICEREZRDSZcH. FMO EimIC LK 2T Z{Tofco REMBMICK > TESNLE
RIGREEH E DFT 5HEIC K D HOMO-LUMO O T R)LF—EF & F& HIiER% Table 2-2 [CRT, FNF
NOZEZRNJYILN-AFYRE 4D DFTEHEZTV., ZORELERED HOMO, LUMO DT RIILF¥F—%=%
& U, DFT SHEEHERBOERO IO 7 ILFILEZREBEZ BHRIL Uz 2a-2d"TiTo 7z, MAT
Figure 2-23 (a) ICIE DFTEEICLZZMNYIL N-AF Y ROBEREBEE R, FEIRELRIE. WTho
EEMICEWTE T ZILEEZ NI N-AFY REDOBEHENEIF. HELU TLWBAATORFICKELKE
LWz &ETHD, RIGEDEFEICIIEAMBRTIFRSEFHRICKET 22 ENRBIN S,

Table 2-2. Rate constant (k), calculated HOMO and LUMO energies, and band gap energy difference
between 2 and 4

2a 2b 2c 2d
kx10° (s7)? 6.20 17.7 22.0 15.4
LUMO (eV)” -0.34 -0.60 -0.82 -0.62
HOMO (eV)” -6.46 -6.35 -6.52 —6.53
2 umo-4rowmo (V) 5.97 5.71 5.49 5.70
4, umo-2rowmo (V) 7.20 7.09 6.23 7.27

(a) k was measured in the reaction with an excess amount of 4 in CDCl3 at 30 °C. (b) HOMO and
LUMO levels were evaluated via DFT calculations (B3LYP/6-31G*) in Gaussian 09 using 2a’-2d’,
which were simplified structures of 2a—2d (For more details, see experimental procedure). (¢) 4xomo =
—6.32 eV and 4, ymo = 0.74 eV were used as the calculated value at same level of theory.
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ZhUI NAFYRERIGEFOYR—ZO07 71 ILOBFEHICEDLETZED HOMO, LUMO Wd'h
DORIGICEES T B, FUILMNIXFILY SV EDRIGTIEIRILF—F+r v 7OEDFENZRKNYJL N-
AFIYRDODLUMO EZVILMUXFILYZ YD HOMO BRIGICEASE L TW3 EEZ 55, Zhid, 2a-2d
DRIGICEVWTWINEHE—DNUBEEEATH S 14-FIIENEENTVWDEVWSERMASEIFHIIL TV
%, CNICMAT, COERENS., EBHICESNT 2a-2d & 4 DIF—RREICR T IRGEEES k &
DFT sSt&EIC K hES NIz 2a™-2d’D LUMO & 4 D HOMO D T RJLF—2 2, yuo—Bromo X BIFICHEE L TWL
%, DFED, BEZNJIL N-AFYRD LUMO DI RILF—LARILABAT ZICONTEDRIGHIIET
Db olc, TOEAIF. 4 RFLICHEEULIATORT E OBENHNRESEEE P MEE(CER
I2EEZ 5N %, £z Figure 2-23 (b) Ic/RUTc DFT STEICLZ MY N-AFY RORLEBED
LUMO O#ETIE. REJEMFEE U 22’ ICTHER T, ATARFMES Uz 2b-2d’ TIEZFDRTFF TIHEBEL

LTED. ZOTBNELELEINICZETLUMO BT > fc& 2 EDTREBE NS,
2p’ }

o PR’

(a)

I

2¢’ 2’ 2c

Figure 2-23. (a) Optimized structure and (b) LUMO of 2a’-2d’ calculated from the B3LYP/6-31G* levels. The

molecular structure is drawn in tube representation (gray: carbon; white: hydrogen; red: oxygen; blue:
nitrogen; yellow: sulfur; and orange: phosphorus)

INSDEBHROHAERRIF. TEBBE=N VI N-AFY RORIGHED, EEOBRECAEFE
HEZFBDEEZRUTVWDS, FLIDATAORFZEOBERARH D 3 ZELEICERT D250 F= MY IL-
N-AFIRICHEBAINTED, INSORBIEFIFENR. S FHIRICLZ2TERLEFIMNRICELSE
WRHEZEZET 27V Vv IRIGEITHBD EEZX S,
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ZhOFZIWAYEREREKE VERZEZRNYILN-AETY ROERE. ZOEE. RIGEDFEMEIC DLW TR
o FOHERIIRD I BICEEDHSND,

(1) NTFTOBRFREFZBAW Y 7z ZIIZ MO T IAOHEMMRGEIC. BTRIGEFELETZIET
MIET2=ZMAOFZILAYIRERLL BN, LT, MUWERKBWTZ 2 ZIIL1V I TFPER—h KMJI
FITFIVTHRARIGZTD CE TATARFEBLERBHE=ZNJIL N-AFY RN E 5N, 2OE
BTEZILAFY REFTIEBRL, FAT—MPRAT7 74 MERZHE L THWS Z ENTEETH -
foo oo BENGFERICEIODZNAZIVAY, ZMNJUI N-AFY RZHEICEBETESLDITHED,
“EEPINETERORETH S>ILZBEZNJILN-AFY ROERLLES N, i, Z MU
N-AF Y RILEEENICETLULIEDS, TORBRBEICZULWEDIFRICHERTAETH D EH
HFEIhns,

(2) "NTORFEELREEMBE=NVIL N-AFY RIRERVCMAREFICTAS 2 +0BREEZELT
Weo RV VRERFMBEEULILEZ MU NAF Y RTRERBR X RERBERITICE D Z0REEBE
RESNfco BIE=ZRUIL N-AF Y FOBEFER X RERBEETEER/XDRIOLTHD. %
DIERBEICHT HI2ANRIESRDOEHE=Z VL NAFY FOERPRIGEZIRTT S5 LTERATH
EEZ BN,

B) "TORFEEREEMEZNJIL N-AFY RERENEELLDDEERT 1,3-ERF MR
SO RIGHEIER U, CDRERIE DFT SHEICK > TEH I N/ HOMO-LUMO DI RIILF—EH5H
XEFIN., STEEFRERNICESONCRDEEEHE RWEEZ R U BIFIE=NYIL N-AFV RO
KIGHEE 4 pixkFBEICHEEUCBREOEEEZZ(TZ I ENRIN. ARICAWVWSKEZAIC K > TRIG
MHELT B ENRS NI

DEDESIC. ZbAOZINAYZRIBERE UVEZEZRNJILN-AFIROERICE D, B EIBERLER
HE=Z R YL N-AXTY ROBEERELILERI DI EICHKINLU. WHOREEEEEN >TcEE X5, RET
BonfcaBiE. REBRHIRETH>EERELLINLEZEZNYILN-AFY ROERICFHRNDERL
FHRERBRITZCEERSTco RBRXICEWTH, COBEEEZERAL 3 &, 4 BlCERTZENFZRNY
IWN-AFYROERET>TWD,
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1,1,1-Tris(4-hydroxyphenyl)ethane) (6.1 g, 20 mmol), K,CO; (33 g, 240 mmol) and
2-[2-(2-chloroethoxy)ethoxy]ethanol (15 g, 90 mmol) were dissolved in DMF (90 mL) and the mixture was stirred at 90
°C for 12 h. Solvent was removed by evaporation and the mixture was diluted with dichloromethane and washed with
water, dried over anhydrous magnesium sulfate, filtered, and evaporated. The crude was purified by a silica gel column
chromatography (eluent: chloroform/methanol: 95/5) to obtain A in 89% yield (13 g) as a colorless liquid; '"H NMR
(400 MHz, 298 K, CDCl;) ¢ 6.98 (d, J = 8.8 Hz, 6H, Ph-H), 6.79 (d, J = 8.8 Hz, 6H, Ph-H), 4.13-4.10 (m, 6H, Ph-O—
CH,—CH;y-), 3.87-3.84 (m, 6H, Ph-O-CH,—CH,-), 3.74-3.68 (m, 18H, -O-CH,-), 3.63-3.60 (m, 6H,~CH,-OH), 2.38—
2.36 (br, 3H, ~OH), 2.10 (s, 3H, -CH3) ppm; C NMR (100 MHz, 298 K, CDCl;) d 156.6, 142.0, 129.5, 113.7, 72.5,
70.8, 70.3, 69.7, 67.2, 61.7, 50.5, 30.7 ppm; FAB-HRMS (m/z) calc’d for C3HssO, [M+H]', 703.3694; found,
703.3667.

Qo e

n-BuLi
THF, =78 °C ,30 min

68% O

1a

1,1-Diphenylnitroethene (4.5 g, 20 mmol) was dissolved in THF (200 mL) under argon atmosphere. n-Butyllithium
(2.6 M in hexane, 12 mL, 30 mmol) was added into the solution and the mixture was stirred for 30 min at —78 °C. To
the reaction mixture was added small amount of acetic acid and the mixture was warmed to 0 °C and stirred for 30 min.
The mixture was diluted with dichloromethane, washed with water, dried over anhydrous magnesium sulfate, filtered,
and evaporated. The crude was purified by a silica gel column chromatography (eluent: hexane/ethyl acetate: 10/1) to
obtain 1a in 68% yield (3.8 g) as a colorless viscous liquid; "H NMR (400 MHz, 298 K, CDCl;) 8 7.32—-7.22 (m, 10H,
Ph-H), 7.11-7.09 (m, 4H, Ph-H), 5.15 (s, 2H, -CH,—NO,), 2.33 (t, J = 7.1 Hz, 2H, Ph,C-CH,-), 1.35-1.29 (m, 2H, —
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CH,-), 1.11-1.31 (m, 2H, -CH,-), 0.84 (t, J = 7.1 Hz, 3H, -CHj3) ppm; 5C NMR (100 MHz, 298 K, CDCl;) 6 144.1,
128.3, 127.5, 126.9, 82.7, 50.6, 36.5, 26.2, 23.0, 13.9 ppm; FAB-HRMS (m/2) calc’d for C;sH; NO, [M]", 283.1572;
found, 283.1572.

Typical experimental procedure for the synthesis of 1b—1f

0 jo, e

2 yNu
THF or DMF, 0°C —r.t., 2h O

)

1b-1f

Sodium hydride was washed with hexane. After the remaining hexane was removed by evaporation, dry THF or DMF
was added followed by the dropwise addition of the corresponding nucleophile at 0 °C. The resulting mixture was
stirred at the same temperature for 1 h, and added to a solution of 1,l-diphenylnitroethene. After stirring at room
temperature for 2 h, the reaction was coold to 0 °C and quenched by a small amount of acetic acid. The mixture was
diluted with dichloromethane, washed with 1.0 M HCIl aq. and brine, dried over anhydrous magnesium sulfate, filtered,
and evaporated. The crude was purified by a silica gel column chromatography to obtain nitroalkane 1b—1f. The yield
of 1b—1d was calculated based on the amount of 1,1-diphenylnitroethene, while that of 1e and 1f was calculated based

on diol and triol units, respectively.

1b

Sodium hydride (0.21 g, 8.6 mmol), triethylene glycol monomethyl ether (0.59 g, 7.2 mmol), 1,1-diphenylnitroethene
(1.4 g, 3.6 mmol) and dry THF (15 mL) were used for preparation. The resulting residue was purified by a silica gel
column chromatography (eluent: hexane/ethyl acetate: 2/1) to obtain 1b in 93% yield (1.1 g) as a colorless viscous
liquid; "H NMR (400 MHz, 298 K, CDCl;) § 7.35-7.25 (m, 10H, Ph-H), 5.34 (s, 2H, CH,-NOy), 3.72 (t, 2H, J = 5.5
Hz, -C-O-CH,), 3.68-3.64 (m, 6H, -O-CH,-), 3.53-3.50 (m, 4H, -CH,CH,~O-CHj), 3.37 (s, 3H, CH;~0-) ppm; "°C
NMR (100 MHz, 298 K, CDCl;) ¢ 141.0, 128.4, 128.1, 126.7, 81.6, 80.1, 71.9, 70.7, 70.6, 70.5, 70.0, 62.8, 59.0 ppm;
FAB-HRMS (m/z) calc’d for C,;H,sNOg [M+H]", 390.1917; found, 390.1919.
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Sodium hydride (0.21 g, 8.6 mmol), 1-dodecanethiol (0.84 g, 7.2 mmol), 1,1-diphenylnitroethene (1.4 g, 4.2 mmol)

1c

and dry THF (20 mL) were used for preparation. The resulting residue was purified by a silica gel column
chromatography (eluent: hexane/dichloromethane: 2/1) to obtain 1¢ in 92% yield (1.7 g) as a colorless liquid; "H NMR
(400 MHz, 298 K, CDCls) 6 7.40-7.26 (m, 10H, Ph-H), 5.32 (s, 2H, -CH,—NOy), 2.13 (t, /= 7.1 Hz, 2H, -C-S—-CH,-),
1.36-1.10 (m, 20H, —CH,-), 0.88 (t, J = 7.1 Hz, 3H, —CH3) ppm; >C NMR (100 MHz, 298 K, CDCl;) 6 140.9, 128.4,
128.1, 127.7, 83.3, 58.5, 31.9, 30.0, 29.6 (2C), 29.5, 29.4, 29.3, 29.0, 28.8, 28.4, 22.6, 14.0 ppm; FAB-HRMS (m/z)
calc’d for C,sH37NO,S [M]+, 427.2545; found, 427.2542.

1d
Sodium hydride (0.83 g, 35 mmol), diethyl phosphite (2.0 g, 15 mmol), 1,1-diphenylnitroethene (2.7 g, 12 mmol) and

dry THF (80 mL) were used for preparation. The resulting residue was purified by a silica gel column chromatography
(eluent: hexane/ethyl acetate: 1/1) to obtain 1d in 88% yield (4.2 g) as a white solid: mp 75.3-76.1 °C; "H NMR (400
MHz, 298 K, CDCls) 6 7.55-7.52 (m, 4H, Ph-H), 7.36-7.30 (m, 6H, Ph-H), 5.15 (d, *Jup = 8.8 Hz, 2H, -CH,-NO,),
3.92-3.70 (m, 4H, -O-CH,-), 1.15 (t, 6H, J = 7.3 Hz, -CH,~CH3) ppm; °C NMR (100 MHz, 298 K, CDCl;) J 136.2
(Jep = 6.6 Hz) , 129.8 (Jep = 6.6 Hz), 128.1, 127.8, 78.8 (m), 63.8 (m), 55.1 (‘Jep = 135 Hz),, 16.2 (m) ppm;
FAB-HRMS (m/z) calc’d for C1sH,3NOsP [M+H]", 364.1314; found, 364.1312.

> ®

O\/\O/\/O\/\O

O 1e O

Sodium hydride (0.43 g, 18 mmol), triethylene glycol (0.75 g, 5.0 mmol) 1,1-diphenylnitroethene (2.7 g, 12 mmol)
and dry DMF (30 mL) were used for preparation. The resulting residue was purified by a silica gel column
chromatography (eluent: hexane/ethyl acetate: 1/2) to obtain le in 82% yield (2.5 g) as a yellow viscosity liquid; 'H
NMR (400 MHz, 298 K, CDCls) J 7.33-7.25 (m, 20H, Ph-H), 5.32 (s, 4H, -CH,-NO,), 3.72 (t, 4H, J= 5.7 Hz, -C-O—
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CH,-CH,-), 3.65 (s, 4H, -O-CH,~CH,-0-), 3.51 (t, 4H, J = 5.7 Hz, -C-O-CH,~CH,-), ppm; C NMR (100 MHz,
298 K, CDCly) 6 141.1, 128.4, 128.1, 126.8, 81.7, 80.1, 70.7, 70.1, 62.9 ppm; FAB-HRMS (m/z) calc’d for C34H3,N,Oq
[M+H]", 601.2550; found, 601.2550.

1f
¢
3
»
o Ve I : O o\_\
: Lo
= y »

Sodium hydride (1.1 g, 45 mmol), A (3.5 g 5.0 mmol), 1,1-diphenylnitroethene (10 g, 23 mmol) and dry DMF (60
mL) were used for preparation. The resulting residue was purified by a silica gel column chromatography (eluent:
hexane/ethyl acetate: 1/1) to obtain 1f in 65% yield (4.5 g) as a yellow viscosity liquid; "H NMR (400 MHz, 298 K,
CDCls) 6 7.33-7.24 (m, 30H, Ph-H), 6.94 (d, J = 8.8 Hz, 6H, Ph-H), 6.75 (d, J = 8.8 Hz, 6H, Ph-H), 5.32 (s, 6H, —
CH,—NO,), 4.10-4.06 (m, 6H, Ph—O-CH,-CH,-), 3.85-3.82 (m, 6H, Ph—O-CH,-CH,-), 3.74-3.67 (m, 18H, -O—-CH,—
CH,-), 3.53-3.50 (m, 6H, -CH,~CH,~0-C-), 2.10 (s, 3H, —CH;) ppm; C NMR (100 MHz, 298 K, CDCl3) 6 156.7,
141.9, 141.1, 129.5, 128.3, 128.0, 126.7, 113.7, 81.6, 80.1, 70.8, 70.7, 70.1, 69.7, 67.3, 62.9, 50.5 30.7 ppm;
FAB-HRMS (m/z) calc’d for CgoHggN30,5 [M+H]", 1378.6063; found, 1378.6066.

1benzyl

o
1benzyl
Sodium hydride (0.21 g, 8.6 mmol), benzylalcohol (0.78 g 7.2 mmol), 1,1-diphenylnitroethene (0.68 g, 3.0 mmol) and

dry DMF (10 mL) were used for preparation. The resulting residue was purified by a silica gel column chromatography
(eluent: hexane/ethyl acetate: 7/1) to obtain 1benzyl in 42% yield (0.85 g) as a white solid; 'H NMR (400 MHz, 298 K,
CDCl;) 6 7.37-7.26 (m, 10H, Ph—H), 5.46 (s, 2H, -CH,—NO), 4.45 (s, 2H, -O—CH,—Ph) ppm;
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Typical experimental procedure for the synthesis of 2a—2f

O PhNCO or pCI-PhNCO O

EtN B}
Nu s »  Nu—C:iNO

O CH20|2, I’.t., O

1a-1f 2a-2f

To a solution of nitoroalkane 1a—1f and triethylamine in dry dichloromethane was added phenyl isocyanate derivatives
at room temperature under argon atmosphere. After the consumption of 1a—1f, generated phenylurea derivative was
removed by filtration and solvent was removed by evaporation. The crude was purified by a silica gel column

chromatography or preparative GPC to obtain stable nitrile N-oxide 2a—2f.

+_

C:EN-O

g

2a
1a (1.8 g, 6.2 mmol), triethylamine (2.5 g, 25 mmol), phenylisocyanate (2.2 g, 18 mmol) and dry dichloromethane (60
mL) were used for preparation. The resulting residue was purified by a silica gel column chromatography (eluent:
hexane/ethyl acetate: 1/10) to obtain 2a in 74% yield (1.2 g) as a colorless viscous liquid. Chemical data have been

reported by previous literature.'”

2b

®

/O\/\O/\/O\/\O C:=NtO

9

1b (1.1 g, 2.8 mmol), triethylamine (0.82 g, 8.1 mmol), phenylisocyanate (0.64 g, 5.4mmol) and dry dichloromethane

2b

(20 mL) were used for preparation. The resulting residue was purified by a silica gel column chromatography (eluent:
hexane/ethyl acetate: 4/1) and preparative GPC (CHC]l;) to obtain 2b in 48% yield (0.48 g) as a colorless viscous liquid,
'H NMR (400 MHz, 298 K, CDCl;) 6 7.44-7.42 (m, 4H, Ph-H), 7.38-7.32 (m, 6H, Ph—H), 3.75 (t, 2H, J = 5.5 Hz, -C—
O—-CH,), 3.68-3.64 (m, 6H, -O—CH,-), 3.55-3.53 (m, 4H, —-CH,CH,-O—-CH3), 3.37 (s, 3H, CH3—~O-) ppm; BC NMR
(100 MHz, 298 K, CDCl3) 6 140.4, 128.9, 128.7, 126.4, 84.2, 71.9, 70.8, 70.7, 70.6, 69.8, 66.0, 59.0 ppm; IR (NaCl): v
2275 (CNO) ecm '; FAB-HRMS (m/z) calc’d for C,iHpsNOg [M+H]", 390.1917; found, 390.1919.
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1c (1.2 g, 2.5 mmol), triethylamine (0.82 g, 8.1 mmol), phenylisocyanate (0.64 g, 5.4 mmol) and dry dichloromethane

2c

(20 mL) were used for preparation. The resulting residue was purified by a silica gel column chromatography (eluent:
hexane/ethyl acetate: 4/1) to obtain 2¢ in 95% yield (1.1 g) as a colorless liquid; 'H NMR (400 MHz, 298 K, CDCl;) ¢
7.55-7.51 (m, 4H, Ph-H), 7.55-7.51 (m, 4H, Ph-H), 2.56 (t, J = 7.1 Hz, 2H, -C-S—CH,-), 1.58-1.54 (m, 2H,-CH,—
CHs), 1.26-1.11 (m, 18H, -CH,-), 0.88 (t, /= 7.1 Hz, 3H, —CH3) ppm; C NMR (100 MHz, 298 K, CDCl;) & 139.0,
128.8, 128.6, 127.4, 57.2, 32.7, 31.9, 29.6 (2C), 29.5, 29.4, 29.3, 29.1, 28.9, 28.1, 22.7, 14.1 ppm; IR (NaCl): v 2288
(CNO) cm™'; FAB-HRMS (m/z) calc’d for CoqH3gNOS [M+H]", 410.2508; found, 410.2522.

2d
1d (091 g, 2.5 mmol), triethylamine (0.76 g, 8.0 mmol), phenylisocyanate (0.60 g, 5.0 mmol) and dry

dichloromethane (20 mL) were used for preparation. The resulting residue was purified by a silica gel column
chromatography (eluent: dichloromethane) to obtain 2d in 67% yield (1.1 g) as a white solid: mp 122.4-123.3 °C; 'H
NMR (400 MHz, 298 K, CDCls) ¢ 7.72-7.68 (m, 4H, Ph-H), 7.42-7.38 (m, 6H, Ph-H), 4.21-3.28 (m, 4H, O-CH,-),
1.21 (t, 6H, J = 7.3 Hz, -CH,~CH;) ppm; C NMR (100 MHz, 298 K, CDCl3) 6 135.7 (*Jcp = 5.8 Hz), 128.7, 128.5
CJcp = 1.6 Hz), 128.4, 64.6 (*Jcp = 7.5 Hz), 53.4 ("Jp = 142 Hz), 16.2 (Jcp = 5.8 Hz) ppm; *'P NMR (202 MHz, 298 K,
CDCly): § 17.7 (s, P=0) ppm; IR (NaCl): v 2309 (CNO) cm'; FAB-HRMS (m/z) calc’d for CigHy NO4P [M+H],
346.1208; found, 346.1206. Recrystallization of 2d from tetrahydrofuran led to the formation of single crystal. Crystal
data of 2d: CgH0NO4P, M, = 345.33, colorless crystal, 0.42 x 0.40 x 0.24 mm, monoclinic, space group P2,/n (#14), Z
=4,a=7.8028(14) A, b=15.146(3) A, ¢ = 14.654(3) A, 0. = 90.00°, B = 97.591(3)°, y = 90.00°, V = 1716.6(5) A*, Dearc
=1336¢g cm’3, u=0.1814 mm !, T=123 K, F(000) = 728; 13478 reflections measured, of which 3892 were unique
(Rine = 0.0430). 237 refined parameters, final R1 = 0.0464 for reflections with /> 2c(/), wR2 = 0.1106 (all data), GOF =
1.000. Final largest diffraction peak and hole: 0.94 and —0.36 ¢ A®. CCDC deposition number: CCDC-1514228.
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2e
le (2.0 g, 3.3 mmol), triethylamine (20 g, 20 mmol), p-chlorophenylisocyanate (2.1 g, 14 mmol) and dry

dichloromethane (80 mL) were used for preparation. The resulting residue was purified by a silica gel column
chromatography (eluent: hexane/ethyl acetate: 1/3) to obtain 2e in 59% yield (1.1 g) as a colorless viscous liquid; 'H
NMR (400 MHz, 298 K, CDCl;) § 7.43-7.41 (m, 8H, Ph-H), 7.36-7.30 (m, 12H, Ph-H), 3.75 (t, 4H, J = 5.0 Hz, -C—
O-CH,—CHy-), 3.68 (s, 4H, -O-CH,—CH,~0-), 3.63 (t, 4H, J = 5.0 Hz, -C—O—CH,~CH,-) ppm; °C NMR (100 MHz,
298 K, CDCls) 6 140.3, 128.9, 126.6, 126.4, 84.2, 70.8, 69.9, 66.0 ppm; IR (NaCl): v 2275 (CNO) cm'; FAB-HRMS
(m/z) calc’d for C34H33N,06 [M+H]', 565.2339; found, 565.2356.

1f (44 g 3.2 mmol), tricthylamine (5.5 g, 54 mmol), p-chlorophenylisocyanate (4.4 g, 29 mmol) and dry
dichloromethane (100 mL) were used for preparation. The resulting residue was purified by a silica gel column
chromatography (eluent: hexane/ethyl acetate: 1/1) to obtain 2f in 65% yield (2.7 g) as a yellow viscosity liquid; 'H
NMR (400 MHz, 298 K, CDCl;) 6 7.43-7.42 (m, 12H, Ph-H), 7.36-7.30 (m, 18H, Ph-H), 6.93 (d, J = 8.8 Hz, 6H, Ph-
H), 6.76 (d, J = 8.8 Hz, 6H, Ph-H), 4.10-4.08 (m, 6H, Ph-O-CH,-CH,-), 3.87-3.84 (m, 6H, Ph-O-CH,-CH,-), 3.78-
3.69 (m, 18H, -O—CH,~CH,-), 3.67-3.64 (m, 6H, -CH,~CH,-O-C-), 2.10 (s, 3H, —~CH3) ppm; *C NMR (100 MHz,
298 K, CDCly) 0 156.7, 141.9, 140.3, 129.5, 128.9, 128.7, 126.4, 113.6, 84.2, 70.8 (2C), 69.8 (2C), 67.2, 66.0, 50.5,
30.7 ppm; IR (NaCl): v 2275 (CNO) cm™'; FAB-HRMS (m/z) cale’d for CgoHgiN3Oys [M]", 1321.5668; found,
1323.5711.
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Typical experimental procedure for the reaction of 2a—2f with allyltrimethylsilane

> Si—
O CHCls, reflux, 24 h O |

2a-2f 3a-3f

Stable nitrile N-oxide 2a—2f and 4 were dissolved in CHCI; and the reaction mixture was refluxed for 24 h. After
cooling to room temperature, solvent and excess amount of allyltrimethylsilane were removed under reduced pressure

to give the isoxazoline 3a—3f. Chemical date of 3a have been reported previously.>! For the detail of the kinetic study,

please see below section in S35.

2b (0.14g, 0.38 mmol) and 4 (0.43 g, 3.8 mmol) were used for reaction. The reaction mixture was dried to give 3b in
>99% yield (0.18 g); '"H NMR (400 MHz, 298 K, CDCls) 6 7.58-7.54 (m, 4H, Ph-H), 7.29-7.23 (m, 6H, Ph-H), 4.65—
4.59 (m, 1H, -CH,—CH(CH,TMS)-0-), 3.69-3.64 (m, 8H, -O—-CH,-), 3.56-3.52 (m, 2H, —-CH,CH,—O—-CH3), 3.40-
3.36 (m, 2H, -CH,CH,-0O—-CHs), 3.37 (s, 3H, CH5-0), 2.30-2.93 (m, 1H, -CH,Hz—CH(CH,TMS)-0-), 2.42-2.36 (m,
1H, -CH,\Hz—CH(CH,TMS)-0-), 1.10-1.07 (m, 1H, -CH,Hz—TMS), 0.86-0.80 (m, 1H, -CHoHz-TMS), 0.00 (s, 9H,
—Si~(CHs)3) ppm; C NMR (100 MHz, 298 K, CDCl;)  161.0, 141.3, 128.1, 127.9, 127.8, 127.7, 127.5, 82.9, 79.1,
71.9, 70.8, 70.7, 70.6, 70.4, 64.0, 59.0, 42.8, 24.0, -1.08 ppm; FAB-HRMS (m/z) calc’d for C,;H4NOsSi [M+H]’,
486.2676; found, 486.2675.

3c
2¢ (0.15 g, 0.38 mmol) and 4 (0.43 g, 3.8 mmol) were used for reaction. The reaction mixture was dried to give 3¢ in
>99% yield (0.20 g); 'H NMR (400 MHz, 298 K, CDCl3) 6 7.57-7.53 (m, 4H, Ph-H), 7.32-7.21 (m, 6H, Ph-H), 4.72—
4.64 (m, 1H, -CH,~CH(CH,TMS)-0-), 2.97-2.91 (m, 1H, -CH,Hg—CH—(CH,TMS)-O-), 2.50-2.44 (m, 1H, —
CH,Hg—CH(CH,TMS)-0-), 2.30-2.21 (m, 2H, -C-S—-CH,-), 1.46-1.39 (m, 2H, S—-CH5—CH,—), 1.26-1.10 (m, 18H, —
CH,-), 1.11-1.09 (m, 1H, -CH5Hp—TMS), 0.89-0.83 (m, 1H, -CH,Hp-TMS), 0.88 (t, /= 7.1 Hz, 3H, —CH3), 0.00 (s,
9H, —Si~(CHa)3); C NMR (100 MHz, 298 K, CDCls) 6 161.0, 141.4, 128.9, 128.1, 127.1, 79.7, 61.1, 43.7, 40.6, 31.6,
30.7, 29.6, 29.5, 29.4, 29.3, 29.1, 29.0, 28.3, 24.0, 22.6, 14.1, -1.08 ppm; FAB-HRMS (m/z) calc’d for C3,HsoNOSSi
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[M+H]', 524.3382; found, 524.3372.

2d (0.13 g, 0.38 mmol) and 4 (0.43 g, 3.8 mmol) were used for reaction. The reaction mixture was dried to give 3d in
>99% yield (0.17 g); '"H NMR (400 MHz, 298 K, CDCl3) 6 7.50-7.45 (m, 4H, Ph-H), 7.33-7.31 (m, 6H, Ph-H), 4.78—
4.69 (m, 1H, —CH,~CH(CH,TMS)-0-), 4.18-3.98 (m, 2H, -O—CH,CHj3), 3.96-3.80 (m, 2H, -O—CH,CHj3), 2.98-2.92
(m, 1H, -CH,Hz-CH(CH,TMS)-0-), 2.52-2.48 (m, 1H, -CH\H-CH(CH,TMS)-0-), 1.25-1.16 (m, 1H, ~-CHHp—
TMS), 1.18 (t, 6H, J = 7.3 Hz, -OCH,CHs), 0.99-0.92 (m, 1H, -CH,Hg-TMS), 0.00 (s, 9H, —Si~(CHs)s); *C NMR
(100 MHz, 298 K, CDCls) 6 158.9 (“Jep = 6.6 Hz), 137.7 (Jep = 5.8 Hz), 137.6 (*Jep = 5.8 Hz), 130.3 (Jcp = 6.6 Hz),
130.1 CJep = 6.6 Hz), 127.9, 127.4, 79.7, 63.4 (*Jcp = 7.4 Hz), 63.2 (Jcp = 7.4 Hz), 58.6, 40.6 (‘Jep =138 Hz), 44.4,
23.9,16.0 (Jep = 6.0 Hz), -1.16 ppm; FAB-HRMS (m/z) calc’d for C,4H3sNO4PSi [M+H]", 460.2073; found, 460.2072.

2e (28 mg, 0.05 mmol) and 4 (0.17 g, 1.5 mmol) were used for reaction. The reaction mixture was dried to give 3e in
>99% yield (39 mg); 'H NMR (400 MHz, 298 K, CDCl;) §7.58-7.54 (m, 8H, Ph-H), 7.31-7.21 (m, 12H, Ph-H), 4.63—
4.57 (m, 1H, -CH,—CH(CH,TMS)-0-), 3.68 (t, 4H, J = 4.9 Hz, -C-O-CH,—CH,-), 3.65 (s, 4H, -O-CH,-CH,~0O-),
3.37 (t, 4H, J = 4.9 Hz, -CH,CH,-0-), 2.97-2.90 (m, 1H, -CH\Hg—CH(CH,TMS)-0-), 2.40-2.34 (m, 1H, -CH,Hp—
CH(CH,TMS)-0-), 1.10-1.05 (m, 1H, -CHsHp-TMS), 0.84-0.79 (m, 1H, -CHAHp—-TMS), 0.00 (s, 9H, —Si—(CHa);)
ppm; C NMR (100 MHz, 298 K, CDCl;) 6 161.0, 141.4, 128.1, 128.0, 127.7, 127.5, 82.9, 79.2, 70.8, 70.5, 64.2, 42.8,
24.0, -1.15 ppm; FAB-HRMS (m/z) calc’d for CesHg1N,OgSi3 [M+H]", 794.4068; found, 793.4039.
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2f (66 mg, 0.05 mmol) and 4 (0.17 g, 1.5 mmol) were used for reaction. The reaction mixture was dried to give 3f in
>99% yield (83 mg); 'H NMR (400 MHz, 298 K, CDCls) § 7.58-7.54 (m, 12H, Ph-H), 7.33-7.20 (m, 18H, Ph-H), 6.94
(d, J=8.8 Hz, 6H, Ph-H), 6.75 (d, J = 8.8 Hz, 6H, Ph-H), 4.65-4.60 (m, 3H, -CH,-CH(CH,TMS)-0-), 4.10-4.06 (m,
6H, —Ph-O-CH,-CH,-), 3.85-3.82 (m, 6H, -Ph—-O-CH,—CH,-), 3.74-3.67 (m, 18H, -O-CH,—CH,—), 3.64-3.63 (m,
6H, -CH,—-CH,—-0-C-), 3.00-2.93 (m, 3H, -CHAHp—CH(CH,TMS)-0-), 2.42-2.36 (m, 3H, -CH,Hg-CH(CH,TMS)—
0-), 2.10 (s, 3H, CH3), 1.11-1.06 (m, 3H, -CHAHz-TMS), 0.86-0.80 (m, 3H, -CH,Hp—-TMS), 0.00 (s, 27H, —Si—
(CHs)3); ppm; C NMR (100 MHz, 298 K, CDCls) § 161.0, 156.7, 141.5, 126.7, 129.6, 128.1, 127.9, 127.7, 127.5,
113.7, 83.0, 79.2, 70.9, 70.8, 70.5, 69.8, 67.3, 64.0, 50.6, 42.9, 24.0, -1.05 ppm; FAB-HRMS (m/z) calc’d for
CogH 123N30458i; [M]", 1665.8286; found, 1665.8194.

One-pot synthesis of 2b

2 o

2

NaH (1.2 eq.) O (0.5eq.) conc.H,SO,
/O\/\O/\ /o\/\OH _ /O\/\O/\/O\/\O CaN2O”
DMF, 0°C, 1 h rt,1h 0°C. 30 min

/
2b <

Sodium hydride (0.3 g, 13 mmol) was washed with hexane. After the remaining hexane was removed by evaporation,
dry THF (15 mL) was added followed by the dropwise addition of the solution of triethylene glycol monomethyl ether
(0.98 g, 6.0 mmol) at 0 °C. The resulting mixture was stirred at the same temperature for 1 h, and added to a solution of
1,1-diphenylnitroethene (1.1 g, 5.0 mmol) in dry THF (10 mL). After stirring at room temperature for 1 h, the reaction
was cold to 0 °C and quenched by a H,SO4 (4.9 g, 50 mmol) The mixture was diluted with dichloromethane, washed

with 1.0 M HCl aq. and brine, dried over anhydrous magnesium sulfate, filtered, and evaporated. 2b was not obtained.

Kinetics of cycloaddition using stable nitrile N-oxides

Stable nitrile N-oxide 2a—2d and excess amount of allyltrimethylsilane 4 were dissolved in CDCl; at 30 °C. The
proceeding of reaction was monitored by '"H NMR using a mesitylene as a standard. Rate constant of reaction was

calculated by pseudo-first-order kinetic plot.
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DEFT calculation

The density functional theory (DFT) calculation was carried out using Gaussian 09. The structure of 2a—2d were
simplified to save CPU time. The long-alkyl and ethylene oxide chains were replaced to methyl groups as shown
below (2a’-2d’). The geometry optimization and vibrational frequency calculations in vacuo were performed with
B3LYP/6-31G* level. The theoretical and observation IR absorption of CNO were shown in Table S2-1. The
difference of theoretical and observed IR absorption of CNO ( A theo—obs) increased accompanied with increasing of

the rate constants of 1,3-dipolar cycloaddition with allyltrimethylsilane, although the reason is not clear at present.

Table S2-1. Theoretical and observed IR absorption of CNO of 2a’-2d’

compound theoretical (cm™')  observed (cm ™) Apeoobs (cm ™)
22’ 2427 2290 137
2b’ 2440 2275 165
2¢ 2455 2288 167
2¢’ 2425 2309 116
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FEIE
EF1H BS

RYUTFL VI D—I)L(PEG)IEMFHECKAMN) Z RIRERNGRI T —TH D EMEPLHRRED DI
TILLFASINT WS, PEG [JMEEWNICLZETH D . FUEN DFRBRFREZRF OLHICEFBEEGHENS <
EYEZNICHBRRENFTHZ T, VNV BREMDEDFIC PEG EEZEATZIE% PEG 1L
(pegylation) &IFON, 5E#E U b BYICEEAE L KO AICH T 280 MEEZH 2 Y, EHFMEIELT
&, BKEDEIAY NEHAFEDLEDZZETHRRPTREICILPRY V)L, BiEFTIES 7 OBD BiEE
ERERTBIHD. INETICPEG 2HHKECIL T o 7Ov o e LEZEOTOY I RUN—RUOITZ T
RRUS—DEBEEh TN o9,

PEG LICHR ITHRADREIF. TOXNRAD PEG BEDENETH D, FICEYZICEWTRESFE
DORTF RICH U TRIGEENKTH 2726, KETHMERWNICETT 2RIGHDVETH S, 2Dt PEG
BiciEz Uy I RIGHBEICAWS NS, HlZIE. CuUAAC ICBWS 7Y RE%#H9 % PEG. DAKRIGICH
WBYLAIRBEZFTDZHD, FA-IW-TVRIGHNAERBRFA—INEZEITZ2HDNHREINTWVS

10),11)

o

o Q
/O%/\O)’n\/N 3 /O(/\O)HJ\/\[(O\/\N \ /o~(/\O)’n\/SH
O
o}
CuAAC D. A. reaction Thiol-ene reaction

Figure 3-1. Typical structures of functionalized PEG for click reactions

JUYIRIGOFRTETZILF Y ET Y RERAWZCUAAC IZENFICHT B PEGEI XY hDERKEE L
TE<CAWSNE P, Uh L, RISDIBEICHMEEREE T B, —MOIWEIS4EU ZERBRED
SUHNREERIZERRTOERRBAESRENEZ T2, —H T, FMEZLREE URWEALZILFVE
PIRDY ')y U RIHNSPAAC)IRE SN TLER. ABRRANBHAARERBRAFY—ILE UTELFIBEshTWY
%, BT IREAYIE. PIULFNIILENOQTVETILFIEED S22 RGP, N Z)LAOXSY Y
ZWIRZIWTF Y RE—BT I VHEICLZERN—RNTH S 2" PEGADF Y REDEAICIF. PEG b
VS—hETIFRNYDTLD SN2 RIGH—REIICEAWS N TEH D (Scheme 3-1). PEG-N; = B\ Z k7%
RS BEERTFHERINTWS,

0]

”_CI

/O\(/\o)/n\,OH °© o /O\(/\O)/n\,OTs NaNj /O\(/\O);]\,Ns

DMF
PEG-Nj

Scheme 3-1. Synthesis of PEG-N;

UM UABNSE1ETRUEESIC.CUAAC IE7 ¥ K DIERECIRDERY N\ DZRE (BRI NEFED
1DTH2, H7')—D SPAAC HLIFEICERTH 20D, BAMERTILF Y DBEEICIEHIBENH %, &
BTESZMNYIINAFY NEZEMBETRIGHNAETH D217 T, RIDEEREZBIXTICRIGHETT %,
MR TRAR BAREEMES E RSN AIRETH D126, BHiT 2NROIEEVOEEICHELHEMENH D, N5
OHEEFEDFERE. &EDDbITEDFD PEGKICHERICERTHD., PEGREEZE IS0 F=~JI N-
AF Y RRIGHIDER IFERFVNESE R %,
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REICHE T ZZENAEREDFZNYILN-AFY RRIGHIOEHKICEL T, Takata 5V V71
AVEADFEERKEEZNOAL 7 1 L&Y Michael 13 €. BREDEME THKI D& TED
IWE/X—ICHETZIHEBEDSHFZRNUILNAFYRETVRY N TEEL TW3(Scheme 3-2)'7,
CNIRE2ETHBELTWB T FILUFILERWEZRNYILNAFYROTVYRY NERZHBELTHED.
COBEEDRA Y NIEREMEBEZEE NI NNATY REBRLOBRICAVWTWEZ ETH D, LML
BOS, BEBEEINKOSNBIE VI P A VERICEWTER U BN FOETOREEERELLT B/
DITIF. BBICBEINHAREFBBNY R YIRS END, £le. AFLVYEDEFEEEEE/X
—BINSRIZLRESANTZNIILN-AFY ROBRITEKLEICERINTEST. INSDOREEHERT S
ICIEFH T BRBEDFRIFADZRNYIL N-AF Y REOBANEOHENDETH %,

Q Sec-Buli I )\R E . E E conc. HyS0,
—— |8 | — 58 YL | — |sB - ——> 5B
IS I Li.

Scheme 3-2. Synthetic pathway polymer nitrile N-oxide via the living anionic polymerization

JYUvIRIGEIELTDOZ RN YL N-AFY ROMEIE PEG LOERICHEFICHEHELTWEH, chET
ZhYI NAFYROERFANDEBENENVEVY TP ZAVEGICRENTW O ZFDERE IFEE TH
o>l UNUAEHLS, B2ETHEIZIUVLATORFEEZNJILN-AFIROERTIE. Z A7 LAV E
BRI IBRENBERECEOANTORFRZBEIZAWEZ ENAETH D, COZRNOAAL 71 VTR
ZHEMMNIEBICENRTETIT 5D, BNFREDLSBRIGEDEWVKRZETHE=ROZILAYD
BHA AR THZD EEZ SN, B FRInZ BEEMIZ2E80F N JILN-AFY ROGREICELUCRT
HDEEZEND, TDLSBRERIER I NNIE., FIZIL PEG ZIF TlEELRIKICKZEEEIT2H5D
ZERFICERAREICR S EHFTED, oo TITESNEERPFZMNYILN-AXFIRZRHW U Y
IRINICE 2B FEEERTITDET, FDV7 )V IRIGEIE LV TOBRENRESNE EEZ 5N 5,
B ICEMBERD TEEBEEDSFNESNNE. ZNYIILNAFY ROBEEED U BN RGD FER &
U TIEE IC BRI,

COLSBER, PRZHEEZ, FAETREPFRRERELXICLZEDFNVIL N-AFY ROEEK
ZEHMWE UL TR ZT o, £, MV Vv /8 TEEICELZ Y70y 7 IRYT—PRY—RUT
—DERICDOVWTHRET U Tz,
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EIE
F281 B FREEERELICELDIEDIFZNIILNAXY FOERK

BAFRIEZEBHT DICIEBNERORIGHNETH S, F2EO-_MATZILAYEREZNICHE < BRKK
JGICEBZ RN VI N-AF Y RERTIE, —BEEOATORFEZXZHELEIA-Y 7))L NAITY
x4 9 B H B A0, ¢Tﬁ1bk%MTi$ﬁWT@WI fAFZILAvAESKhTED, ZILdAFY R
HEMMDORF—ELTERTHZ I ENRENTWS(Scheme 3-3), 2 TEY. CORBZEESDFDR
IHICERET 52 & & Ui,

2 o,
O Ph-NCO O
NaH Et,N
SO NOH ———— e — /o\/\o’\/o\/\o ———» o~ O otcator
THF,0°C,1h  rt1h CHxCly, 4h

93% 48% O
2b

Scheme 3-3. Synthesis of 2b

—hAFILHYDOEBRRVTZNYIL N-AFY RIEOEBROFHIFIE 2EDFRHEEZSEIC U T, RKinlCKE
HAE—DHTZRUITFLYS U I—ILE/ XAFILIT—FIL(MPEG-OH) (M, 2000) & BEIED NaH, 1,1-¥
ZrxZ)ZhOIFTYZERVWTHENINMRBZT > e MR TRIDZFELEL. 2RIEE. DITFILI—FTI
EFRAWCELRICE > THREIZIETKRIBICZNATZ I AVEEZE T S mMPEG-NA 2B, T5C2D
—hAZIAVIC po A7 2 AV TR =M NIIFILT7IVEBWERKRIGZITSZETI N
UL N-AF 2 RAEDET U IR, 2BV GPC IC K DBRIDOHEZRL 2 & TPEG ZEHBEICK O>ED
? N UJL N-7 % > R (mPEG-CNO) % S UNE T8 /= (Scheme 3-4), &35/ 'H NMR. GPC. IR. MALDI-TOF

Slck>THEREU =0

_ NO,
O O p-CIPANCO O )
/O\(/\O);\/OH ﬂ» /O\(/\o)’\/o Et 3N O\(/\O)»\/O C=NCO
oehcﬂ,i b e " (r:tH 15 O
° 85%
mPEG-OH mPEG- mPEG-CNO

Scheme 3-4. Synthesis of mMPEG-CNO

Figure 3-2 (a)iICRT 'HNMR A SR ETFILRBERBRDZBNUIFL VS U I—-ILZBWIBEE(1b) ER
ROMEVT7NMIZMNOPILAVICERTZE—7 f BRI Nfce £ MYIL N-AF2 R (Figure
32 (b))iCiFZDE—VERRICHERLIEZ ENSRIDDETZHER L 2. Figure 3-3 [CRT IRHM5(F. 2a
EBBEAKROBRICZ MY N-AFY RICRATZ2RINNE SNz, 7 mPEG-CNO (& 2b & EEER UL T
EXEIC=Z R YL N-AF Y RORIAVNS K o et SHIFEDFORIGIC—DIEIFZMJIL N-AF IR
ENBAINTWScHlEEEZ BN,
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(a) mPEG- a” f KL H,0 T™S
l R 1 o
O d
9/0%0)}1\;0 CaN“O e o

o O 2 ™S
(b) MPEG-CNO E‘ij J\J Hlo J

ppm

70 6.0 50 40 30 200 10 0.0

Figure 3-2. 'H NMR spectra of (a) mPEG-NA and (b) mPEG-CNO (400 MHz, 298 K, CDCl3)
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Figure 3-3. FT-IR spectrum of mPEG-CNO (NaCl)

/- 2a DHEERAKICEDTERHENDZNYIL NNAFY ROBAZHERTDH. PYILNIXFILY
Sy EU YUY RIGERET Uz (Scheme 3-5), (IIRBEICER LAY AFH Y'Y /I—fﬁ "HNMR Ic& b
2 S N(Figure 3-4), MU RN UXFILYS VDN IUXFILVYIILEE 7 2 Z)LEOBEH LA EERIE & —
BUIZEDNSZRNYILN-AFY ROEDFRIFENDEANER S T,

® ._ C
o! o+cNo T T T No
- ‘(/\O);\/ O oHon /O‘(/\O);\/O 4 Sli_

reflux, 2’4 h O |
>99%

mPEG-CNO mPEG-Iso

Scheme 3-5. Model reaction of mMPEG-CNO
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4.00,9.03
d — e = :
(a) MPEG-CNO O angn -]
e/O{/d\o):]\/aO CIN-0 Quantitative CNO functionalization
b
ab,c ICHC'3 c JJ H,0 TS
(b) MPEG-Iso O d D
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ABSP N
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Figure 3-4. 'H NMR spectra of (a) mMPEG-CNO and (b) mPEG-Iso (400 MHz, 298 K, CDCl3)

Z DFER(E MALDI-TOF MS 15 b X & /= (Figure 3-5), &7KY ¥ —® MALDI-TOF MS JI%E Dt R,
EAFREANOEZMMCELZZATILAYDBA, BARBICEZZMYIL NAFY RIEROT UL S
UXFILDZVDRIRIGICERT 2 =77 MABEIS i, £, B5nhicE—73BHREE—HL
T TIREL, 2 TE—DEDRUVBENEZERF >THED., BREFTELRE—IVLGRELRSNEVWT NS KK

NEREEEINEEDIFZNIILN-AFY KRB SNIZZ &EhbhH > f=(Figure 3-6),

(a) mPEG-

AL

(b) MPEG-CNO

Theoretical Value [M+Na]
Observed Value [M+Na]
n=234 n=35

n=36 n=37

n =38

1777.99 1822.02 1867.05
1780.05 1823.11 1868.17

LT

1911.08 1955.10
1912.23 1956.29

(c) mPEG-Iso

- L]

. ! n=34 n=35 n=36 n=37 n=38

' ' 1759.98 1804.01 1849.74 1893.06 1937.09

' ! 1759.75 1803.74 1848.74 1891.76 1936.75

l; ,L \ ™ - l L L t l .L A A
......... .
: n=234 n=35 n=236 n=237 n=38
' 1875.03 1919.08 1963.13 2007.15 2051.19
! 1875.84 1919.91 1963.94 2007.96 2052.01
]
1 600 2000 2200 2400 2600

m/z

Figure 3-5. MALDI-TOF MS spectra of (a) mPEG-NA, (b) mPEG-CNO, and (c) mPEG-Iso
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Figure 3-6. Partial MALDI-TOF MS spectra of (a) mPEG-NA, (b) mPEG-CNO, and (c) mPEG-Iso

RIZ. mPEG-OH. mPEG-CNO ® TGA. DSC AIEZ{T>7co TGABIE TIE. FEED mPEG-OH IC AN
TANRRENBD Ufco TNIFEBASNIEZNYILN-AFY REZEOKRIGBEICHETDEEZSND
(Figure 3-7), DSC HIENSERIE D B ITMICEVEE ICEELE — 7 NNRE Sh/c(Figure 3-8), F 7= GPC
BIENS EERIGBICEVWTEHEERDO mMPEG-OHZ L —AUEBEEHEODE—INEShicc &S, FHOD
NEREDRIRIGE S BRYNE S nic &£ X 51 5 (Figure 3-9),

100 —
mPEG-OH 80 _ mPEG-CNO
80+
;\3 Tas= 368 °C ;\3 Tas =295 °C
=~ 504 ~ 60 -
s =
3 3 40
- [}] -
g % 2
204 20 4
0 0
T T T T T l T T T T T 1
100 200 300 400 500 600 100 200 300 400 500 600
T/°C T/°C

Figure 3-7. TGA (10 °C min™', under N,) charts of (a) mMPEG-OH and (b) mPEG-CNO
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Figure 3-8. DSC (10 °C min™', 2nd heating under N) charts of (a) mMPEG-OH and (b) mPEG-CNO

/O‘(/\o)’\/o C=N-0
n

mPEG-OH mPEG-CNO
M, 3100 M, 3200
Mw/Mn 1.10 Mw/M, 1.08
T . T T T T \ T T T T T T T 1
22 23 24 25 26 27 28 21 22 23 24 25 26 27 28
Retention time (min) Retention time (min)

Figure 3-9. GPC charts of mPEG-OH and mPEG-CNO
(PS standard, eluent, CHClj; flow rate,1.0 mL min™", detected by RI)

BNWT, BDFZNIYILN-AFYROLREMZFML /7zc MPEG-CNO %= 4°C THELE I3, &%
AMBRICEVWTHIRTEZNIILN-AFY RORIHARBEDEBETEFLTED . DRICKDTIV VT
Z— NEOFBRINE B SN > f(Figure 3-10), =7c Figure 3-11 ® 'H NMR TREKULIER EE
BRDIARY MLERLIEZED S, mPEG-CNO [FERICHEWVWT 4 hBEWSREIICOIE>TRETH D &
WS Z e ofco SOKSIEATARFONSERUVEEDFNIILN-AFIREINETOEDER
KRICZOBADTHOESIICEDEZELTNTHED, Z MY N-AFY NORETRIREDAEETH D,
FRZOERTIEFBRAO_NOATZILAVHEEICRETHDH. ZMOAFILAVREBOFZFEFREL. &
BOBRICEEZRNJYILN-AFIRETZEVWSFELENTH S,

64



o gt

mPEG-CNO
(a) 0 day
%T
(b) After 4 months
at4°C
I ; I I I
4000 3500 3000 2500 2000 1500 1000

Wavenumber [cm-1]

Figure 3-10. FT-IR spectra of (a) mPEG-CNO and (b) mPEG-CNO after standing at 4 °C for 4 months (NaCl)
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Figure 3-11. 'H NMR spectra of (a) mPEG-CNO and (b) mPEG-CNO after standing at 4 °C for 4 months (400
MHz, 298 K, CDCl5)

FI- Y DR TIE mPEG-CNO DRBEICHE GPC #FHWTWeh, ThigyYATILAS A O K
P25 74—2AWVWSZEDAETH Tz, HEBYZ I I FII—FTILTELERLUCE. BFBRTF)L/7 00
FILLAAMNTHRESE, ZO00NRILLAIXY /—=ILAMNMNEZLS BRI SHE S E 3 Z & T mPEG-CNO %
Bfco '"HNMR., GPC H'SERFMNBRITFTVWB I EZHRE LI, TOFETRERYETHZRUIFL Y
) aA—=ILE/ AFILIT—T)L(M,2000)10g h'5 mPEG-CNO % 9g EEINEB SN, KEAKDBS TH
S>fce COBREDEBIOLARAFEZRAVDTRTHZEE X %,

CZETRULEELSIC. BRFRIBKBEEZESAE L, EDIE/ IY—HUAOEHICSEE, MREED
PEG %= B I 2B ERERSDFNIIL N-AXFY ROERZEZER U COEPFZMNYIL N-AFVR
FZOEVWRIEEHLI S, EDFRTOEEEHAREERDEHFIND, RETREDTFRLTOEREICLSHE
ERrJOvy, RY—RUYX—DERERETL 2,
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11 BE2FZRMNJUILNAXFIRERAW Y 7Oy ARIUNY—DER

H

BAFZRNUIIL NAFYREZOEAUEDSEHRBRBESD TOERICERATETHDIEEISN
P, TNETCRIBENEREET ZNASLIFDI 57 MUICBAWSNIcOAHTH D 7, RISEIEVNS
DFRIHEE LD RIGPILEMITIAHA > TOWBEENOEDFEHOERB TR N TWRWL, T THE 2
T 5N mPEG-CNO Z AW RHFEBESN FOERZRNI I LT Z0FEAKZRHI L& L,

F9. YOV I/ ARIUR—DERERT Ulce RIDEFORIIKIC C=C BEZHFI BRI ¥—IFRY (L
052 k) PVL)EEIRUTzo PEG & PVL 70Oy 7 AR ¥ —FEKE-BKEDHEAEDEDENFT
B, KATI I EERT 2B E[ELEERNSBRREVNVEEZB L TWS ¥, 12T PVL & Kakuchi
S5EE-oTHERVEYIHREANREIN TR, AHRFITHZ7IILI-IILOBEEZBEEZZIET
SNFREOEREECHINTETH S Y, AR TIREFT C=CEEEITZ7II-ILTH33-TTV-1-4—
IWZzRBAFE UTPVL ZER LTc(Scheme 3-6), YV OAX Y VA, UVBY 7t ) zfiEET 5 & T
Kifilc C=CE%EZEFT % PVL-C=C "IER<BESN. SSICEFHONBZH DI Tz ZILAY T R—
Mk BRBHERIGZIT>co HNMR D SKRED C=C EOBEZHERL. P FEDERRDIHEEMHDRY
Y—hE 5N T & ZHER U Tc; PVL-C=Ca Mygrc) = 2500, DPy, = 22, My/M, = 1.32; PVL-C=C7p Mycrc) =
6600, DP,,, = 70, My/M, = 1.15,

)
Q (2000 mol%) z
9 o QL
6 (8000 mol%) XNoh
° Ph-NCO “B-oH
DPP (100 mol%) (excess) O
S~OH -———— N m

CH,Cl,, rt., 2h rt, 12 h H
PVL-C=C m =22 (70%) DPP
m=70(76%)  \

Scheme 3-6. Synthesis of PVL-C=C

#5517 T Scheme 3-7 ICH£L) MPEG-CNO & 3 ZEDHFEDIEV\KEE C=C £®D PVL-C=C,Hh 57O v Y
JRY Y —mPEG-b-PVL D& ZERMATco RISHED GPC TlEEAFHEIICE—IDBEL. I SICHER
YD 'HNMR TV AFHY U Y g& PEG DEREDAFILE a DE— 7 DEMENEREE —K LI &
T. mPEG-CNO WEEMNICKRIH U Z & =R U z(Figure 3-12), COEBENZ I TFILIT—TILICE
ML, Bonk7AyIRUNY—D GPC D E—7 [Z8IEMTH - fo(Figure 3-13); LML 'H NMR H5
C=C EfRkDt—IMNBE SN, BIEAED PVL-C=Cyp MM I MNITE-> TWB I ENbh oo BZFSLER
Ufc PVL OB FERHHLEW S ENRRTRERADOEDFEIOD PVL NELRICKRITTWEWEEZ S5NS, B
MERAEE WS DMMRET LN C=CEDE— 7V IZHAPETERYDEINFHD IEND TH > o

0 0 @
O WO(JI\/\/\O)#L” O
N,
/OMO):‘\,O CEN-O PVL-C=C,, (3.0 eq.) /o‘(/\o)'n\’o T OQOI\/V\OON@
O > O my

toluene, 100 °C, 24 h
100% conv.

mPEG-CNO mPEG-b-PVL

Scheme 3-7. Synthesis of mMPEG-b-PVL using mPEG-CNO and PVL-C=C,,
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0 O-1-CN-0
e {/Ef’);\\’ c CHCls e
b T™MS
a a,b,c H20
mPEG-CNO 1
h e f.g

d,e .
ZILTohE-oTWS

P o )
NH : + J

LJ\J ™S
ppm FA !

9.0 8.0 7.0 6.0 5.0 40 3.0 2.0 1.0 0.0

70w 2 2R YX—mPEG-b-PVLDg & aDERD LA EERIE & —3
=>mPEG-CNONEEM T Kt

Figure 3-12. 'H NMR spectra of mPEG-CNO, PVL-C=C,, and mPEG-b-PVL (400 MHz, CDCl;, 298 K)

2 mPEG-CNO

M, = 3200

Muw/Mn = 1.08

@
OREE)

@ mPEG-b-PVL Oy, 3) PVL-C=C2
Mn = 4700 \" % M,=2500
MulMn = 1.17 :

"’.‘- Mw/Mn = 132

Retention time (min)

Figure 3-13. GPC charts of mMPEG-CNO, PVL-C=C,, and mPEG-b-PVL
(PS standard, eluent, CHCIs; flow rate,1.0 m Lmin™, detected by RI)

IRDZKNYI N-AFY REDRINDEEHIS mPEG-CNO (T2 THEL TWREEZ SN . BILERT
VJOv I ARUN—%BEIIR#ETHZ e >, RICER LAY TOYy 7 aARUT—&
MPEG-CNO Z 2B L9 < 3576, Bk & D HAFEHEL PVL-C=C,; & HELL LD mPEG-CNO % ~
LT VH 100 °C. FFEAE TRIL S B/ (Scheme 3-8), B 5 NiiER% Table 3-1 ICRT,
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\/\/O(ﬂ\/\/\o)lLNO mPEG-CNO o O O(ﬂ\/\/\o)Jan\H@

mH >

solvent, time, 100 °C

PVL-C=Cy, mPEG-b-PVL

Scheme 3-8. Synthesis of mMPEG-b-PVL using mPEG-CNO and PVL-C=C,

Table 3-1. Synthesis of mMPEG-b-PVL using mPEG-CNO with PVL-C=C,

a) mPEG-CNO Reaction time Conv.”
Run Solvent .
(eq.) (min) (%)

1 toluene 3.0 1440 >99 (88%)°

2 toluene 3.0 60 >99

3 toluene 3.0 30 94

4 toluene 3.0 10 81

5 toluene 2.0 120 >99

6 toluene 2.0 60 92

7 toluene 1.5 1440 92

8 toluene 1.0 1440 88

99 toluene 3.0 10 74
10 chlorobenzene 3.0 10 83
11 DMF 3.0 10 78
12° A 3.0 1440 >99 (89%)°
13° & 3.0 10 >99

a) Reaction conditions: the reaction was carried out at 100 °C, [PVL-C=Cy] = 0.025 M. b)
Determined by 'H NMR. c) Isolated yield. d) [PVL-C=Cy,] = 2.5 mM. e) Solvent-free condition.

9. mPEG-CNO % 3 YEFWT KNI I VHT 24 BFEXIGZ{T>z(Table1,Run 1), INEIJITFILT
—TFIVICHEFLERT 22 & TEREIED PEG ZRE. alETENOY 70Oy 7 O/RYJ ¥ —(mPEG-b-PVL)
wEBfco RICKIEE. mPEG-CNO DYE%2ZD X XICKRGEBZEEL Uitk T3, MEANS 10 D EICHE
WTERILERIL 80%ICZE L. 60 DMERICIFRIGHTT L TWS Z &b > 7z (Runs 2—4), #:\\ T mPEG-CNO
Z2YUBICES ULIcET 3, HREBEFTEIDRIDDEREICIEFEZZEU(Runs 5and 6)s T 5IC 1.5, 1 HE
ICHES Uz Run7. 8 Tld 24 BREIRICEWTHRIGN T LM >fce TORRIIRIGEEBICTILT VDR
ENRECETLZCEIRMZA, ZRYILN-AFIRNKELEcHEHBEIND, COERZEMITZ L
SIC. PILTF Y OEEEZTIFIZRun9 TRERMEEMET Ufco e ORIGIE MNLIVEFTIFRL/N\OYS
VRBEO/ OORYEY, BBRERETH 2 DMF FICEWTHRKICETL. &9 FOBRBMEZICIHU
THRARBEIMERTIEETH D Z E D bhH > 7z (Runs 10 and 11), RERICEREZM TORIL% 1T > 7=(Runs
12 and 13) B RNEZ &(C mPEG-CNO % 3 ERAWZ ERBIFDLITMN 10 9 TEE L. BEEXRLKIG
NETUIc, CORF. Z2OORIUNY—EZOREUETIIARL TWSHREL TWDIRETH D (T
mMPEG-CNO = 48 °C, PVL-C=Cy; = 52 °C). @A FEEMNXAT 1 P L3I & TLDEERETRIONETL
EbDEEZOSND, TD& S ICEAEREICTRIGHAINET 2MRIEER V0SSN F= MU N-AFUR
ZRWET 27 M RUNY—EBHTHRERINTED ., BN FERBICBIFTZ2ZNIJILN-AXFYROKRERT R
N T—=ITHBDEER 5.
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R NY—D GPC TRAENRUERERAKICHFEDEBMICHWESFRAICE—IHBEI LT, &
EEIRICKE DIBERE U mPEG-b-PVL FRIEMHOE -V ZRLIcZ NS, ZNJIILN-AFIRETILT
VEREITDZZODRIYIY—MNEFKEINTWNS EE X 5N 5 (Figure 3-14),

N
— PVL-C=Cy e CINO
e MRP0D_ mPEG-CNO
— mPEG-b-PVL v M, 3200

M, 9500 Mw/Mn 1.08

Mw/Mn 1.10

| | | | | |
22 23 24 25 26 27

Retention time (min)

Figure 3-14. GPC charts of mPEG-CNO, PVL-C=C,, and mPEG-b-PVL
(PS standard, eluent, CHCI5; flow rate,1.0 mL/min, detected by RI)

'H NMR Tl& PVL-C=C7, @ C=C 2D E— 7 H ML L. FrIERRTH RV ATV Y VBRICHKYT
2E—UNESNnfcZ &EH S5 mPEG-b-PVL D4R %= HESR L /= (Figure 3-15), £/ VAFH YU VIERDX
FYEDE—Y B & PEG Ritid XA NF I EH e ODBEAHEREEHR—H LI NS, PEG & PVL A
11 CEEINTWSEEZ SN,

CHCI e© O-1-CN-0O'
’ AP c ™S
a,b,c
PEG- HzOL
UU‘_AJ | F’G
L/U . A

7.0 6.0 5.0 0 0 2.0 10 0.0

2
o@

L
C
i

-]

ppm

Figure 3-15. '"H NMR spectra of mMPEG-CNO, PVL-C=C7, and mPEG-b-PVL (400 MHz, CDCl,, 298 K)
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5, ERUN—0D DSC AIED#EE% Figure 3-16 [C/R9 . PEG & PVL Ot XY MV ERI N
mMPEG-b-PVL (&, RTRERUY—D T, EIZERZ 12D T, E—V%RUco TNIRBESNTWBREED
SHFEDOPEG EPVLOTOY Y ARUT—ICESNZEHERKTH S 2,

N s
e mPEG-CNO
Tn=48°C
mPEG-CNO
o
©
&
wﬁ\mo,i}”@ !
PVL-C=Cyg
. mPEG-5-PVL
0 AN o o) _ o
oo OMOmNQ Tn=50.3°C
mPEG-b-PVL
10 2’0 3‘0 4]0 5‘0 GIO 7‘0 80

Temp. (°C)

Figure 3-16. DSC (10 °C min”', 2nd heating under Ny) charts of MPEG-CNO, PVL-C=C,, and mPEG-b-PVL
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3=
F2lE FOFZRMNIJILNAXFYREAWVWCAY—RIIT—DER

RIC MPEG-CNO ICL B R —RUV—DEHRZRFTUlce AY—IRUY—DEREIEIT ERDDFIC
EOHBBERZBREEZEALTCIVEVYIEREZTS>AER A7 77—ANER)E, VEVIERICEST
KGBRERELSNEEPFEEZIATZOTFICEBRHEIEZAET —LT77—ARNE)DZDICKEIEN S, BIE
IR FERANBEGEDLEKBVWSNTWEFETIEHZD. ZYVAINEODESEFEHEN AT D FEDICHE

USBEERRREBERBIHBIRDZHAELLT RO, Hauﬁﬁ@ﬁé\ﬂi%&@ﬂﬁﬁ‘éﬁfaﬁfﬁﬂb%bL\tL\5§¥E'L
HHD, BERFIRIDREFSTEARIN—FEHANDZET. KDBERERAY—RIT—HNIES5NZH.
HTEEOXZEVWSEDFZ—D2OIAF7DF '%ﬁété@ti@%ﬂi@mt&b\ INETHFE DFHL\bn‘C Z
Bhofce —AT. BATFZRNVILN-AFY NEEDTFERZICEVWTIEWRIDEEZERLIZZED S, 7—LA
T77—ARNETCORY—RI~N— é&kﬁ%f&%tﬁ%énéo%:?\if:?t@%%ﬁ%?»#y
%= &R U 7z (Scheme 3-9),

?
OH

O Br\NF (1.3 eq) X
K>CO3 (4.0 eq.) _ O
O O DMF, rt,12h N
HO OH 88% A O o

//_/_/ 3-arm core
74
Br~NF (40eq)

NaH (6.0 eq.)

o
HO OH DMF, rt., 12 h
40% /_/_/
/

4-arm core

ANNF (30 eq. \ J)/
OH OH Br (3.0eq.)

H NaH (6.0 eq. O
HO\/\‘/k;/\OH (60eq) N A \/Yk/ NS

H 6H DMF,rt,12h
OH O 16%
— NS

6-arm core

Scheme 3-9. Synthesis of multi-arm core

LW T mMPEG-CNO EZBREF I YO IAF7 #AWTAY —RU X —DER%Z#RE U7z (Sheme 3-10),
7D C=CEDHKICHT L T1.7 HED mPEG-CNO % kLT 100 °C TRIGE B 1z. RIGER ié?é%i“”%b
VIFII—FILICELBREE 2 & BRI mPEG-CNO ZfRU\ co 'H NMR DS WO IFICEWN
THIA7D C=C BEICHRKRTIE—VDRELFZHINER I NI, THhbDE, 2TD C=C EICHLT
mMPEG-CNO NEfE L. XY —RUNX—HDERLTVWEZEEZRLTWVWS, FICEEKEVDIE. 6 BEEDTIL
7>Eﬁb?%%ﬁ%$?&mﬁﬁ LTWBZETH D AEIDELSBERTIIREHIED ICDONKIG
RAIDIFES<HBD, RIGKEIIKEKIETITZEEZISNS, UM UZDRTIEMENICKIGHETLTH
D. :I\'J)b N-AF I RDEBICEVWRBEZBLTWS Z &N S,
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O
3-arm core mPEG-3-star
Yield: 44%
R R'
al R mPEG-CNO (1.7 eq) X )
A R - R R
toluene, 100 °C, 24 h mPEG-4-star
4-arm core or Yield: 86%
Solvent-free, 100 °C, 1 h
conv.,, quam. OR' QR'
OR OR R' A
RO~ - OR
O\/E/(;/\on A’ OR'
R OR
6-arm core mPEG-6-star
Yield: 86%

Solvent-free, Yield: 92%

R= A~

Scheme 3-10. Synthesis of multi-arm star polymer

BRULIERRY—RY Y —0 GPC F +— Ik % Figure 3-17 %2/~ 9 3,4 B 82D mPEG-3-star. mnPEG-4-star
TIEREHREVWERSNABVWEDD, BIBEOAKICK > THAFEDEMIER I NI, TDIDITEWVNR
Shigh>EBHEIE. I7OBEICHRKT % &E X 5115 mPEG-6-star ICDWTIEBIENZ W ehHhKEL
DFEMNEMLTWS, FRERULLEXAY—RYIT—EV\WThiBEETHEI WS, BIRIGE < KIG
NETLTWEEEZ SN S, 3 BROBEDHEFEINENENDIEZ, mPEG-CNO & mPEG-3-arm (C7F
EOENDBWH, BB TREHEREVLLS ETIRICRI—RIN—%ZKR>TULEScHTH B,

OR' OR O
" R OR' a 0 O \-0
MPEG-6-star mPEG-3-star O
— mPEG-6-star — mPEG-3-star
M, 13000 M, 10000
Mw/Mn 1.10 Mw/Mn 1.06
— mPEG-CNO
— mPEG-4-star M, 3200
M, 10500 Mu/M, 1.08

Mw/Mn 1.10

22 23 24 25 26 27

Retention time (min)

Figure 3-17. GPC Charts of mMPEG-CNO, mPEG-3-star, mPEG-4-star and mPEG-6-star
(PS standard, eluent, CHClg; flow rate,1.0 mL min™', detected by RI)
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—%l & LT mPEG-6-star ® 'H NMR % Figure 3-18 [CRY, Y 7O Y 7RUT—DIFE ERAKRIC C=C &
DHERICMZATRISBICERT 24V AFTV U VIROE—IVHEAEI N, ZOBES L IIERES —H U .

\QH Jf
FG

A EE/D\E’OV\((&)/\OW 6-arm core
CHCI3 /H \H\ A E,FG,H C DHzO ™S
S S N | |
o d
A S s 1 s
208 MPEG-CNO 3 JLL Hlo
d

Figure 3-18. 'H NMR spectra of 6-arm core, mPEG-CNO, and mPEG-6-star (400 MHz, CDCl;, 298 K)

¥z mPEG-6-star [c& W\ THZDRIGHZBESRHE. ERERUTHE L. 'HNMR TRIEZBIFL T
C=CEMNHERLIcE 2 TR ZEILD . ZDIER. FMAE T 4 FFERIC C=CEDE—IHEKR LN
A TIE 1 BFERICE—JIFER U EREERIE100%IEFET D & WS ELREHER%Z R U Z(Figure 3-19),
RIG#%D GPC OE—7 bEAKICEDFERAIICBE LI END, ERICIE6BREEVWSEMLRDEZE
T5A7 AWV CEBATHERICERE TR —RUI—INERL TR, FICEAHEZETZOWNENS
KRB ENDMD, BEEIERS 2% L EFICEWVMEZRU .

mPEG-6-star mPEG-CNO

mPEG-6-star ~J/LI>H 4h
CHCl3 HERY ; : . . : . .
LR E L L E L e ' JL 21 22 23 24 25 2 27
__________________ g
mPEG-6-star EZRE 1h o
HERY
c ab e, B

" '
ppm |

T T T T T T 1
21 22 23 24 25 26 27

Retention time (min)

Figure 3-19. Partial 'H NMR spectra and GPC Charts of mPEG-6-star after reaction
(PS standard, eluent, CHClg; flow rate,1.0 mL min™, detected by RI)
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E 3EHDOERENS. mPEG-CNO ZHWS 2 & T, FEICEHERTYTAVIRYI—PRY—RIT—
EWSTEBHBEENFNERTEDIENRSI N, BEIREZLIC, BREZETIRVWITNOKRIGIC
PVWTHEZFORIGENKZELALELTED, ZhNJINAFIVRICKZENDFEFOERAUERT I ENT
%7’:(‘.’_%2_%)0
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£IE
E4HE Him

AETIRE2ETREVIIEWELZE=ZRNYIL AT ROGREFEEZEIC. EEN PEG OEHLF=KNY
U N-A %> KR mPEG-CNO D& . St iccnEAWZY Ay 7 aARIUNY—, RY—RIUT—D5%
KREMITDOVWTIRRz, TNSDEERIIRD 5 HICEEHEN D,

(1) BAFZRNJINAFIROEBRICK T Z2ETOEBICEVWTRDIFINER <ETL. EHEEDDHF.
ZhUI NAFVRODZENMBREZRIT IERBRCBNDOEDFZMNIIL N-AF Y ROSETES
Nico CORRBERMMRIGEET D EBNS, TJxZIAVIYTR—bM MNIIFILTIVICES
K RIGHDSNERICET LI EZREBLTWS,

(2) PUINIXFILYSVEDETILRIBICED . BAFREANDZ MY N-AFY REDBAE, 2D
BWRNEZER Ulco ELZORICHBZNIVILNAFI ROZEIBETET. C:CEEBEL TR
ISHET U feo

(3) MPEG-CNO & Kiflc C=CEAEEBEIZRY/NLATY KV PVLC=C, EDRGICED Y TAOY Y AR
N—hEB5Nnl, RIGDETIE C=C EDEALNSBESH S ENTE. mPEG-CNO ZBE/ICINZ 3
CETC=CEBFLTHEBEINY IOV Y ARUIY—DHREBLLEBESNT, M. BFEID mPEG-CNO (35
B E WS BRI IE TR 2T ENARETH o T,

(4) MPEG-CNO £ EHD C=CEZFIT2A7EDRIGICE DB T 2HHDO R —R) Y-8 5N,
MPEG-CNO % /|VBRIICINZZ & TAF7D C=C EFLTHEIN,. RY—RITV—DIHEXRRLESN
fco 3. 4 BEEZ 1T TR < 6 EBETHMERMNICKRIGHEITL. mMPEG-CNO OB WRIGHENRE iz,

(5) B) WDRIFFVWITNHEBERHTHET U, Fleo BMBERGTIIBEP LD BRIGIF & D ARE
ICETT 5—7. BEREARICAIRNE BEREREDFHELSNC. IhiE. B2 FHOMR
UEDRETRIGEESZET, BMBLILZDORUY—DLDERECTCRE L IccdREEZ SN,

LEDERMIS., UATIKRIBERIEOND, F2ETHRNZNAFZ I AV ZRBT 2LRERBE=
JIL N-AF S ROFERBGEIE. BEPRELGREDPFNYILN-AFY ROBHKICERAIEETH o1z TDFIE
. VEV I P ZAVEGUADHFUWEDFREEZRNYIL N-AFY ROEGEIETH Do AEIEKRIFICKEK
BEHEDODRUIY—CTHNIEERINICEEBEZRBELRVARETH D, SHRIIHEROSHFADEA LMK
BICKREBE R OEDTABAL ALK D EHFI NS, Fic. SOE5N/c PEGHFEOEHBEEZIFD
ZRYIINAFYRE FENEEEZF OEEYICEKEENESETZZENTETHD, Z MY JIL N-AFY
ROoEREMEEEF>T PEGLHIE L TAMICHEEET 2EEZX5N5, Znid mPEG-CNO Wy 7 Ov o
ORUN—, AF—RUNY—DERICAVWS ZENTEemhsbRBREINS, SHORFIE. B0F= b
UL N-AF Y REARIGEDBEVWRIGRICH U THMERARIGT 22 EZRLTHD, SEOEHFZNY
IWN-AFY REZAW D FEROETIRIGE UTHBR TSN, AR, BMETREIZEVWS Al
BATEEICBVWTHEBICKELAEATHD, ERLPIV—VTI AN —DBEEANSEEERRE,
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+ Synthesis of mPEG-NA

_ ‘o, -
/O*(/\o)’\/OH NaH 3 O 3 /O~€/\o)’\/o
n DMF rt, 12 h n
0°C,1h 90%

mPEG-OH mPEG-

Sodium hydride (0.65 g, 27 mmol) was washed with hexane. After the remaining hexane was removed by evaporation,
dry DMF (40 mL) was added, followed by the dropwise addition of the solution of poly (ethylene glycol) monomethyl
ether (Msec) 3100 g/mol, PDI 1.10) (10 g, 5.0 mmol) in dry DMF (10 mL) at 0 °C. The resulting mixture was stirred at
the same temperature for 1 h, and added to a solution of 1,1-diphenylnitroethene (3.4 g, 15 mmol) in dry DMF (10 mL).
After stirring at room temperature for 12 h, the reaction was cooled to 0 °C and quenched by a small amount of acetic
acid. The mixture was diluted in dichloromethane, washed with 1.0 M HCI aq. and brine, dried over anhydrous
magnesium sulfate, filtered, and evaporated. The residue was purified by pouring into large amount of Et,0 (0.50 L) at
0 °C. The precipitate was separated by filtration and dried in vacuo to obtain mPEG-NA (11 g, 90%) as a white solid;
'H NMR (400 MHz, 298 K, CDCl3) § 7.31-7.26 (m, 10H, Ar), 5.34 (s, 2H, -CH,-NO,), 3.66-3.58 (m, 4H x n, (-
OCH,CH,0-)y), 3.38 (s, 3H, CH30-) ppm; Mysecy 3500 g/mol, PDI 1.05.

+ Synthesis of mPEG-CNO

O p-CIPh-NCO O
Aot e Sepe] e
2Ll

O rt.,2h O

85%
mPEG- mPEG-CNO

To a solution of mPEG-NA (1.1 g, 0.50 mmol) and triethylamine (0.76 g, 7.5 mmol) in dry dichloromethane (20 mL)
was added p-chlorophenylisocyanate (0.77 g, 5.0 mmol) at room temperature and the mixture was stirred for 2 h under
argon atmosphere. After the consumption of mPEG-NA, generated 1,3-bis(4-chlorophenyl)urea was removed by
filtration and the residue was evaporated. It was purified by pouring into large amount of Et,O (0.10 L) at 0 °C. The
precipitate was separated by filtration and further purified by silica gel column chromatography (eluent:
chloroform/ethyl acetate: 1/1 — chloroform/methanol: 9/1) to obtain mPEG-CNO (0.93 g, 85%) as a white solid; 'H
NMR (400 MHz, 298 K, CDCl;) ¢ 7.40-7.37 (m, 4H, Ar), 7.35-7.32 (m, 6H, Ar), 3.66-3.58 (m, 4H x n, (-
OCH,CH,0-)y), 3.38 (s, 3H, CH;0-) ppm; IR (NaCl): v 2883, 2276 (CNO), 1968, 1731, 1467, 1359, 1280, 1118, 1060,
946, 842 cm'; Mysec) 3200 g/mol, PDI 1.08; T, 48.2 °C; Tys 296 °C.
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+ The reaction of mPEG-CNO with allyltrimethylsilane

|
o) O——CaNE0™ b O N-o
A N0 3 o o——
{Ao):‘\/ y. CHCl,, 7 {/\O)'n\/ d_
| reflux, 34 O i
mPEG-CNO mPEG-Iso

mPEG-CNO (0.11 g, 50 umol) and allyltrimethylsilane (57 mg, 0.5 mmol) were dissolved in CHCI; (5.0 mL) and the
reaction mixture was refluxed for 24 h. After cooling to room temperature, solvent and excess amount of
allyltrimethylsilane were removed under reduced pressure to give the mPEG-Iso in >99% yield (0.14 g) as a white
solid; "H NMR (400 MHz, 298 K, CDCls) 6 7.59-7.54 (m, 4H, Ar), 7.30-7.22 (m, 6H, Ar), 4.64-4.60 (m, 1H, -CH,—
CH(CH,TMS)-0-), 3.67-3.59 (m, 4H x n, (-<OCH,CH,0-),), 3.38 (s, 3H, CH;0-), 2.96-2.94 (m, 1H, -CH Hp—
CH(CH,TMS)-0-), 2.41-2.34 (m, 1H, -CH,Hg—CH(CH,TMS)-0O-), 1.11-1.07 (m, 1H, -CH,HgTMS), 0.85-0.80 (m,
1H, -CHAHgTMS), 0.00 (s, 9H, —Si—(CH3)3) ppm; Mysecy 3300 g/mol, PDI 1.10.

+ Synthesis of PVL-C=C

o

8,

DPP PhNCO WOM/@
SANOH m

CHJCl,, r.t., 2h rt.,12h H
O,
6% PVL-C=Cq

Diphenylphosphate (0.13 g, 0.50 mmol) was added to a solution of 3-buten-1-ol (36 mg, 0.50 mmol) and
o-valeroactone (0.40 g, 40 mmol) in CH,Cl, (20 mL), the mixture was stirred for 2 h at room temperature. Then
phenylisocyanate (0.60 g, 5.0 mmol) was added to the mixture and further mixture was stirred for 12 h at same
temperature. The resulting mixture was poured into ethanol/hexane = 1/9 (v/v) and collected the precipitate to obtain
PVL-C=C5 (3.0 g, 76%) as a white solid; 'H NMR (400 MHz, 298 K, CDCl3) 6 7.42-7.37 (m, 2H, Ar), 7.32-7.28 (m,
2H, Ar), 7.10-7.03 (m, 1H, Ar), 6.85 (m, NH), 5.82-5.74 (m, 1H, CH,=CH-), 5.13-5.06 (m, 2H, CH,=CH-), 4.19-4.16
(m, 2H, -CH-CH,-CH,-O-), 4.144.12 (m, 2H, CHy=CH-CH,-), 4.11-408 (m, 2H x m, (-
OCH,CH,CH,CH,(C=0)-),), 2.57-2.44 (m, 2H x m, (-OCH,CH,CH,CH,(C=0)-),), 1.73-1.68 (m, 4H X m, (-
OCH,CH,CH,CH,(C=0)-),) ppm; DPyymr) 70, Mysecy 6600 g/mol, PDI 1.15; T,, 52.5 °C; Tys 313 °C.
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+ Synthesis of diblock copolymer mPEG-b-PVL using mPEG-CNO

@
/O%/\o);\,o CEN=O O

N-

o) 0 _O. o+4— @ o) 0
%OM\O)JLN@ mPEG-CNO ok g o(l'\/v\o%u@
mH

L
o

solvent, time, 100 °C

PVL-C=Cyq mPEG-b-PVL

+ Catalyst-free condition (Table 1, Runs 1-8)

A solution of mPEG-CNO (0.33 g, 0.15 mmol) and PVL-C=C5, (0.36 g, 0.05 mmol) in toluene (2.0 mL) was stirred
at 100 °C for several hours. Solvent was removed by evaporation. The residue was poured into Et,O (80 mL) at room
temperature and the precipitate was collected to obtain mPEG-b-PVL (0.42 g, 88%) as a white solid; Mysgcy 9500
g/mol, PDI 1.10.

+ Catalyst- and solvent-free condition (Table 1, Runs 9 and 10)
mPEG-CNO (0.33 g, 0.15 mmol) and PVL-C=C, (0.36 g, 0.05 mmol) were stirred at 100 °C for several hours. The
resulting mixture was poured into Et,O at room temperature and collected the precipitate to obtain mPEG-b-PVL (0.42

g, 89%) as a white solid; Mysecy 10000 g/mol, PDI 1.13.

"H NMR (400 MHz, 298 K, CDCLy) 6 7.56-7.53 (m, 4H, Ar-H), 7.49-7.47 (m, 3H, Ar-H), 7.44-7.24 (m, 6H, Ar-H),
7.10-7.04 (m, 2H, Ar-H), 6.85 (m, NH), 4.62-4.59 (m, 1H, ~CH,~CH(CH,-)-O-), 4.10-4.06 (m, 2H x m, (-
OCH,CH,CH,CH,y(C=0)-)y,), 3.66-3.60 (m, 4H x n, (-OCH,CH,0-),), 3.37 (s, 3H, CH;0-), 3.04-2.98 (m, 1H, —
CHoHp-CH(CH,)-O-), 2.59-2.52 (m, 1H, -CH,HzCH(CH,-O-), 254239 (m, 2H x m, (-
OCH,CH,CH,CH,y(C=0)-),,), 1.68-1.65 (m, 4H x m, (-OCH,CH,CH,CH,(C=0)-),,) ppm; IR (NaCl): v 2956, 2875,
2100, 1729, 1602, 1540, 1473, 1457, 1421, 1403, 1382, 1326, 1259, 1193, 1172, 1106, 1066, 1045, 952, 916, 852, 806,
744,701 cm™'; T,y 50.3 °C; Tys 286 °C.
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+ Synthesis of 3-arm core
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1,1,1-Tris(4-hydroxyphenyl)ethane) (1.5 g, 5.0 mmol), K,COj; (8.3 g, 60 mmol) and 5-bromo-1-pentene (3.0 g, 20
mmol) were dissolved in DMF (20 mL) and the mixture was stirred at 90 °C for 12 h. Solvent was removed by
evaporation and the residue was diluted in dichloromethane and washed with water, dried over anhydrous magnesium
sulfate, filtered, and evaporated. The crude was purified by a silica gel column chromatography (eluent: hexane/ethyl
acetate: 3/1) to obtain 3-arm core in 88% yield (2.3 g) as a colorless liquid; "H NMR (400 MHz, 298 K, CDCl;) d 6.98
(d, J = 8.8 Hz, 6H, Ar), 6.78 (d, J = 8.8 Hz, 6H, Ar), 5.88-5.80 (m, 3H, CH,=CH-), 5.09-4.97 (m, 6H, CH,=CH-),
4.10-3.94 (t, J = 6.5 Hz, 6H, -Ph—O-CH,—CH,-), 2.25-2.20 (m, 6H, -Ph—O—-CH,—CH,-), 2.10 (s, 3H, -CH,), 19.0-
1.83 (m, 6H,—~CH,~CH,=CH,) ppm; “C NMR (100 MHz, 298 K, CDCl;) § 157.0, 141.7, 137.9, 129.6, 115.1, 113.6,
67.0, 50.5, 30.8, 30.1 28.5 ppm; FAB-HRMS (m/z) calc’d for C35sH4,05 [M]', 510.3134; found, 510.3137.

+ Synthesis of 4-arm core
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4-arm core

Sodium hydride (3.8 g, 0.16 mol) was washed with hexane. After the remaining hexane was removed by evaporation,
dry DMF (45 mL) was added, followed by the dropwise addition of pentaerythritol (1.4 g, 10 mmol) at 0 °C. The
resulting mixture was stirred at the same temperature for 1 h, and added to a 5-bromo-1-pentene (7.8 g, 52 mmol). After
stirring at room temperature for 12 h, the reaction was cooled to 0 °C and quenched by a small amount of methanol. The
mixture was diluted in dichloromethane, washed with 1.0 M HCI aq. and brine, dried over anhydrous magnesium
sulfate, filtered, and evaporated. The crude was purified by a silica gel column chromatography (eluent: hexane/ethyl
acetate: 10/1) to obtain 4-arm core in 40% yield (1.6 g) as a colorless liquid; "H NMR (400 MHz, 298 K, CDCl;) 6
5.86-5.78 (m, 4H, CH,=CH-), 5.04-4.94 (m, 8H, CH,=CH-), 3.40-3.37 (m, 16H, -CH,-O—-CH,-), 2.13-2.07 (m, 8H,
~0-CH,~CHy-), 1.67-1.59 (m, 8H,~CH,~CH,=CH,) ppm; C NMR (100 MHz, 298 K, CDCl;) ¢ 138.6, 114.4, 70.6,
69.7, 45.4, 30.4 28.9 ppm; FAB-HRMS (m/z) calc’d for CysHys04 [M+H]', 409.3318; found, 409.3311.
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+ Synthesis of 6-arm core
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6-arm core

Sodium hydride (9.1 g, 0.38 mol) was washed with hexane. After the remaining hexane was removed by evaporation,
dry DMF (45 mL) was added, followed by the dropwise addition of D-mannitol (1.5 g, 8.0 mmol) at 0 °C. The resulting
mixture was stirred at the same temperature for 1 h, and added to a 5-bromo-1-pentene (21 g, 0.14 mol). After stirring at
room temperature for 12 h, the reaction was cooled to 0 °C and quenched by a small amount of methanol. The mixture
was diluted in dichloromethane, washed with 1.0 M HCI aq. and brine, dried over anhydrous magnesium sulfate,
filtered, and evaporated. The crude was purified by a silica gel column chromatography (eluent: hexane/ethyl acetate:
10/1) and preparative GPC (CHCl5) to obtain 6-arm core in 16% yield (0.76 g) as a colorless liquid; "H NMR (400
MHz, 298 K, CDCl;) 6 5.85-5.76 (m, 6H, CH,=CH-), 5.03—4.93 (m, 12H, CH,=CH-), 3.77-3.59 (m, 16H, -CH,~O—
CH,— and -CH-O-CH,-), 3.44-3.37 (m, 4H, -O-CH,—(CH),~CH,-0-), 2.13-2.06 (m, 12H, -O-CH,—CHy-), 1.71-
1.63 (m, 12H,~CH,~CH,=CH,) ppm; >C NMR (100 MHz, 298 K, CDCl;) d 138.4, 114.6, 79.0, 78.9, 70.7, 69.6, 68.9,
30.4 29.5, 29.3, 28.9 ppm; FAB-HRMS (m/z) calc’d for C3¢Hg;06 [M+H]', 591.4625; found, 591.4628.

+ Typical experimental procedure for the synthesis of star polymer using mPEG-CNO
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3-arm core 4-arm core 6-arm core toluene, 100 °C, 24 h mPEG-3-star ~ mPEG-4-star mPEG-6-star
or Yield: 44% Yield: 86% iald: 869
Solvent-free, 100 °C, 1 h Vield: 86 /,°
R=_~ Solvent-free, Yield: 92%
conv., quant.

A solution of mPEG-CNO and 3, 4, or 6-arm core in toluene was stirred at 100 °C for 24 h. Solvent was removed by
evaporation. The residue was poured into Et,O (80 mL) at room temperature and the precipitate was collected to obtain

mPEG-3, 4, or 6-star.
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* mPEG-3-star

mPEG-3-star

mPEG-CNO (0.11 g, 50 umol), 3-arm core (5.1 mg, 10 umol) and toluene (6.0 mL) were used for reaction. The
precipitate was dried to give mPEG-3-star in 44% yield (92 mg) as a white solid; 'H NMR (400 MHz, 298 K, CDCls)
0 7.58-7.53 (m, 12H, Ar), 7.31-7.19 (m, 18H, Ar), 6.93 (d, 6H, J = 8.8 Hz, Ar), 6.71 (d, 6H, J = 8.8 Hz, Ar), 4.60-4.56
(m, 3H, -CH,—CH(CH,—)-0-), 4.10-3.94 (m, 6H, -Ph—-O—CH,—CH,—), 3.67-3.60 (m, 4H x n, (-(OCH,CH,0-),), 3.38
(s, 9H, CH;0-), 3.03-2.96 (m, 3H, -CHsHp—CH(CH;)-0O-), 2.50-2.35 (m, 3H, -CH,Hz—CH(CH,)-0-), 2.07 (s, 3H, —
CH,), 1.80-1.59 (m, 12H, -O—CH,~CH,—CH,-); Mysec) 10000 g/mol, PDI 1.06; IR (NaCl): v 2883, 1965, 1731, 1606,
1508, 1467, 1359, 1344, 1280, 1243, 1145, 1112, 1060, 960, 946, 842, 754, 705 cm '; T, -20.4 °C; T, 45.9 °C; Tgs
266 °C.

* mPEG-4-star

o X en
R R

mPEG-4-star

mPEG-CNO (0.45 g, 0.20 mmol), 4-arm core (12 mg, 30 umol) and toluene (10 mL) were used for reaction. The
precipitate was dried to give mPEG-4-star in 86% yield (0.24 g) as a white solid; '"H NMR (400 MHz, 298 K, CDCls)
0 7.57-7.52 (m, 16H, Ar), 7.32-7.18 (m, 24H, Ar), 4.52-4.42 (m, 4H, -CH,—CH(CH,-)-0-), 3.67-3.60 (m, 4H x n, (—
OCH,CH,0-),), 3.40-3.30 (m, 16H, -CH,-O-CH,-), 3.38 (s, 3H, CH;0-), 2.98-2.85 (m, 8H, -CHsHg—CH(CH,)-0-),
2.50-2.35 (m, 8H, -CHAHp—CH(CH,)-0-), 1.58-1.44 (m, 16H, -O-CH,-CH,-CH,—); Mysec) 10500 g/mol, PDI 1.09;
IR (NaCl): v 2883, 1970, 1737, 1600, 1467, 1359, 1344, 1280, 1238, 1149, 1116, 1062, 960, 948, 842, 757, 703 cm ';
Ty -26.2 °C; T}, 45.2 °C; Tys 265 °C.
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* mPEG-6-star

ROR
mPEG-6-star

+ Catalyst-free condition (Table 2, Runs 3 and 4)

mPEG-CNO (0.45 g, 0.20 mmol), 6-arm core (12 mg, 20 umol) and toluene (10 mL) were used for reaction. The
precipitate was dried to give mPEG-6-star in 86% yield (0.24 g) as a white solid.

* Catalyst- and solvent-free condition (Table 2, Run 5)

mPEG-CNO (0.45 g, 0.20 mmol), 6-arm core (12 mg, 0.02 umol) were used for reaction. The precipitate was dried
to give mPEG-6-star in 92% yield (0.27 g) as a white solid.

'"H NMR (400 MHz, 298 K, CDCLy) § 7.57-7.51 (m, 24H, Ar), 7.32-7.18 (m, 36H, Ar), 4.52-4.41 (m, 6H, -CH,—
CH(CH,-)-0-), 3.67-3.60 (m, 4H x n, (-OCH,CH,0-),), 3.40-3.30 (m, 16 H, -CH,-O—CH,-), 3.38 (s, 3H, CH;0-),
2.98-2.85 (m, 6H, ~CHHp~CH(CH,)-0-), 2.50-2.35 (m, 6H, ~CHHg-CH(CH,)-0-), 1.62-1.40 (m, 24H, -O-CH,~
CH,~CH,); IR (NaCl): v 2883, 1965, 1727, 1594, 1466, 1359, 1344, 1280, 1240, 1145, 1110, 1058, 962, 948, 842, 757,
701 cm™'; Mysecy 13000 g/mol, PDI 1.10; T, -35.2 °C; T,y 43.6 °C; Tys 276 °C.
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Scheme 4-1. Two different methods for polymer end-functionalization via the living polymerization
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ICRETHZDTILFUPIYLAIREZEALLRDBRESNTED. BEREEDOREICEDLE THRABAEN
BT TH B & E X % (Figure 4-1)27'9,

CuAAC Thiol-ene reaction Nucleophilic addition
(Il) o %/ 0
///\owghar p N\/\O)S&E}Br

CuAAC D. A. reaction D. A. reaction

Figure 4-1. Polymer click agents via (i) end modification and (ii) use of functionalized initiators
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Scheme 4-2. ROP of lactones using (a) base catalysts and (b) a acid catalyst and various initiators
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Scheme 4-3. Synthesis of polyvalerolactone-based nitrile N-oxide via ROP catalyzed by DPP
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Scheme 4-4. Synthesis of multi-functional azides and brush copolymer by grafting-onto method using CUAAC
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Scheme 4-5. Synthesis of multi-functional polymer nitrile N-oxide via the polycondensation

FITAETIE, 28, SETEONIEARZD LI, EERABFIOBEICZ NOZIL AV EBHFAD I &
T, 3ELIIERBDIAETOENFZNIILNAFY ROERERST UTco Elco ZNATZILAVEE/ X
—BEICHAAD CE TERBERUZLZHTHEHICEITZEDFEEBRE- NI N-AFIROGHRHHE
TR U, 2L T, 5B FZ b I N-AFIRRIGHIE C=C EEZBITZRIT—EDERTE
EziToT.

87



Ee—

F28i VEVYITHBRERICLZIEDNF=NIJIL N-AXF ROERE
B FER

F1H VEYI/RRERIKELZEAFZNVILNAFY ROEK

BETRULEELSIC, 29 YOIEY/HRESOHAKEL BRI KBEEZEIZ - NATILAYDERK
TR UTco £9. Takata SHNBICHEL TWSB-ZRAOXFLYET U Zv—ILREORBICEZ =Y
VN-AFYROTYRY N PZS8E I, $TKBEDOREL, ') = v — /LD Michael 0% I BtRE
ITHZETZNOTIVAVICKEEZEALZ(Scheme 4-6)h), ZEREDEHRATY 7ZE U, &R UK
4-5 ® 'H NMR % Figure 4-2 [C7RY

rXe
/@/CHO NaBH, \/@’CHO Imidazole /@(CHO
OHC THEEtOH, rt, 40 1O THF,rt, 12 h TIPSO
74% 94%
4-1 4-2
CH3NO,, N0, 1) t-BuMgCl
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Scheme 4-6. Synthesis of 4-5
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Figure 4-2. 'H NMR spectrum of 4-5 (400 MHz, 298 K, CDCl3)
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WAYZEBETZRIUUNLOZTY M Y)PVL-NA ZER Uz, BEWT, 72 ZIA VI FPR—hENYIFILT
SUEAVWTEKRBEBRRIEERT Uz RIBED IRDASZ MU NAFY RICERTZE—IHR SN,
ZDERH SR S Nz (PVL-CNO),
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Scheme 4-7. Synthesis of PVL-CNO
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Figure 4-3. FT-IR spectrum of PVL-CNO (NacCl)

DPP ZFAWCEMA Y EYJHRESICED. ZMAFIILAVEBEEEBAS ZEEIIRUT—DESIE
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CHCl3 .
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(b) PVL-CNO B i fl gh )
- cd o 0
O-NiC72 g i
oy ok~ j
CHCl3 e e ™S
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Figure 4-4. "H NMR spectra of (a) PVL-NA, (b) PVL-CNO, and (c) PVL-Iso (400 MHz, 298 K, CDCl5)
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PVL-CNODGPC TIZFUEV I ERICE > TH/ENLPVL-NAD E— T ZHERF L TWB D FEDH DI
B E—I NRESnic(Figure 4-5), Xfc= b UL N-AFY REDBAZER T B7cHIC7 JILE U X
FILZVERBESEIcE I 5(Scheme 4-8), 7 ) v I RIGHEITLU M UXFILY ULEPER LAV A
FHVUVREFRAICERY 2 E— 7 OBADLHA R < =L fc(Figure 4-4), &7z MALDI-TOF MS fIE D
BR ETORIN—ICEVWTKRIHBEZEDcE—INEREE —H U, X2 TE—DREDIRUBEA
ERSTHRD, REFEBE-—JRBESRSNBVIENSKFENBERERELSNTVE I EEZER L.

PVL- PVL-CNO
= 4700 = 4900
Mw/Mn =1.21 %
8
Retention time (min) Retention time (min)
Figure 4-5. GPC charts of PVL-NA and PVL-CNO
(PS standard, eluent, CHCIs; flow rate,1.0 mL min™, detected by RI)
/\/S'\
O-NEC 0 1 (1 0 ea) V\\;t(jy
ow\/“»/ﬂﬁﬁ\ CHCl, ow\/Aw/\
Reflux, 24 h
Quant
PVL-CNO e PVL-Iso
Scheme 4-8. Synthesis of PVL-Iso
Theoretical Value [M+Na]
(a) PVL- Experimental Value [M+Na]
o] (o] : E n=12 n=13 n=14 n=15 n=16
o~ ' ' 1503.77 1603.83 1703.88 1804.99 1904.99
" . ' 1503.75 1603.43 1703.45 1803.93 1904.06

AR T

(D) PVL-CNO  *whashibilin bttt e

sy ullifin
J_,“l. “HHHIM.,.

n=12 n=13 n=14 n=15 n=16
1485.77 1585.81 1685.86 1786.92 1887.04
1486.99 1587.16 1687.33 1788.49 1887.65

=== ===

n=12 n=13 n=14 n=15 n=16

.
(c) PVL-Iso ' '
' : 1600.71 1700.83 1800.95 1901.01 2001.06
' ] 1601.14 1702.28 1802.38 1902.47 2002.55
| ON. o} (o] : ]
-4 8NN R N A \ L l
L Ll TTLTURITURTRETI, TR L T 1 l l.“. L |. [ l 1
1000 1500 2000 2500 3000 3500 4000

m/z

Figure 4-6. MALDI-TOF MS spectra of (a) PVL-NA, (b) PVL-CNO, and (c) PVL-Iso (marix: dithranol)
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LED#HERLD, DPPEZRW Y EY HEBEERICEWTIZMNAZIAYRBZREICEEL. BOFRIET
HEEMNICZMYIL N-AFIREEDETIT &N b 5T U ULEDS, RIDEEZEIZ=NYIL
N-AFY ROERICIEFVWITNERT Y THEDNZ < ERICEWTEREENER D, T CROEEZF>=MOF
IWHY D& DBEELREREEZ®RTT U . Scheme 4-9 [Ct>TITFL VYU I—-ILEBREICAWSZ &ETK
BMEZ—DETHEMAMIEZIETKBEEZEIZ_NATZILAYZER Uz, TOBBETIE. KEBE
EE-MAZILAVAY 7 ZIIZMAIT NS DTN 1 AT Y T TERABETH D, ThEFTORYE
VIREICKEEZEAT D HELDBMENGBFEEER S,

¢ _NO; ¢No \/©:tN02
C OH o

KOH HO.
~"0 4-5

THF, r.t., 1h rt,12h O
65% Total yield : 17%
4-6 for 5 steps

Total yield : 22%
for 5 steps

Scheme 4-9. Synthesis of 4-6

CORBRAZRBWTZ I MV ERBEORRIATIVTCH DRI ZIVF ROERERAMS T, RYUZITFRIZ
ENBUEERFORLFTTIERL, E/XY—DHOARBFICL>TRUT—DREENELRD EVWSHENICHE
KRWE DT T 5, Kakuchi 5HY, DPP |[C DMAP ZHEI €257 F RDEFRZHREL TW DT, &
nNesEicLikc?, 1Y/ 00X%5 H, DPP, DMAP Zftii & 9§32 & T, IRU ST F ROKKICZ ~

AZIAYEBAL, SSICEHEODEER 2O ICKRIFHBEREZ KT U2 (Scheme 4-10), L\ DH\D
FETERERTUEECSE, UTOLSBERNE SN

0
0
om)\
O (2000 mol%)
DPP (300 mol%) O

O H o
Ac,O H
o~ OH  DMAP (800 moi%) AYES O/\/O\QI/\O)H/O)\"/
n

R

CHCl,
O rL, 24 h rt,12h

4-6

PLA-NA-1
o

\"):000 1%
O DPP (300 morlr:Z) ) O

: 0
o~ OH  DMAP (800 moicé) o/\/ovo)kro)n\H
CH,CI 0
® 124 b )
79%
a6 PLA-NAOH-1

Ac,0 O

CH,Cl,
rt,12h
98%
PLA-NA-1

B ) (i 1
C

p-CIPh-NCO O : 0
EtN O™NEC o/\/oﬂﬂ'oJkro)\n/
cH20|2 o} "o
rt,2h O
PLA-CNO-1
unsable

Scheme 4-10. Synthesis of the PLA-CNO-1 via the ROP with acid catalyst
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ADRISET HNMR IC & D EADETIIHER TE T DT, Scheme 4-7 ERARkICT VR Y b TKEEE
KinZBAKHRTIATILIELE S EHATLH, RiGDKEEFIY REFrvyFInicbo0=-_raOrXILA
VYDAFLIYE—IMNERU e ZR UL N-AFIRESNTOWSHEESEZ N IREZAELTEZEN
ICAXT -V FRs k>,

BEAEDRIY—%EEL. DMAP FOMEZRV\WTNS I 7 T Z)LY VBB, FKEFEEIC & D KinE 4
RIitZEfT>&22ZNAPILAYDE—=TMNEKRT B Z &4 < PLA-NA-1 B85 N, IhZz p-oy0O0a7
TZIAY Y PER—RNTREBITBZZETHNMRMSZ FAZIILAVICEET 22— EL LI &S
ZRUYIL NAFYRENETLTWE EEZ 2D, B§51 7z PLA-CNO-1 (=R TEET 5 & GPC [TH L
TOEFFHEAIICKE K BIR Sz (Figure 4-7), £/ MALDI-TOF MS AXRZ MLMSIE=Z MY JL N-A F
VROXRGBICERTZ2E—INRESNIcHDD., EERIDOEBHINSBERDRUVBMNOERZYITE—IHE
5nic(Figure 4-8).

PLA-CNO-1
BIIRER

PLA-CNO-1
25°C 7 days

21 22 23 24 25 26 27

Retention time (min)

Figure 4-7. GPC charts of PVL-NA and PVL-CNO
(PS standard, eluent, CHClj3; flow rate,1.0 mL min™", detected by RI)

144 .1

QT
0,\,0(3/’\011\(02‘4

OoN

(@) | n=16
/\,o | 40.3 ’\ ;\ n=12  n=13  n=14 n=15
«—> | I, 2039.6 21837 23277 24717
“ | 2038.8 21835 23262 2470.2

U‘U.-.Ww u‘” WWMWWMJN \«MwMM«%‘ W T,

n=12 n=13 n=14 n=15
’\/O‘Q(\ % 144 6 2080 6 22241 23687 25137
2081.6 22251 2369.2 25138

n=13 n=14 n=15
22075 2350.7 24947
22064 2351.0 24945

PLA-NAOH-1

(c)

ONEC «W@
O PLA-CNO-1 ;!

Figure 4-8. MALDI-TOF MS spectra of (a) PLA-NAOH-1, (b) PLA-NA-1, and (c) PLA-CNO-1 (marix:
dithranol)
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INSDERHISER U PLA-CNO-1 BRRETH B Z &N bh >l TDREE LU TEEMED DMAP
DEGPHABFRIOBERENEELEEISND, FILSEICUEHRIXTEFRZMNAEPL 2 D07 = ZI)LED
EEU 4 MRFZF OBEDHBFIEERL TWah >fco T TRICZILFIVEZBIELIZZNOTIL
H>%EER U, Scheme 4-11 [CELN, ZILFIILBEDORW1,6-AFH Y IA—)LEAWTZNOTILAY 4-7
=AU, Figure 4-9 I '"HNMR %KY,

NO,
— “
— 9
o NaH (0.5 eq.) \ 7/ (0.3eq.) O OH
HO """ DMF - rt,1h -
0°C,1h 86%

Scheme 4-11. Synthesis of 4-7

o a7 O ™S
a b
|

ppm

Figure 4-9. '"H NMR spectrum of 4-7 (300 MHz, 298 K, CDCly)

L\ T 4-7 ZF\U\ T Scheme 4-6 & [A#kD DPP/DMAP %t & Ui &H TSI/ F ROEESERET U o
ISIICKBEREZBKEERTCIATIVEL, p-7 224V 7XR—b NIIFILZIVERIGESES
TETZRNUINAFYRELIZe 'THNMRASZRAFPILAYDOE—IHEE L, IREDZRNUJL N-A
FIURNICERT 2HRINEER LA GPC AEMNSHIEIEAKRICESNEERF=MNYIL N-AFY RIEFR
BECTHOIce FITRICHMBEZEFEIT D& U, HRFITHZ2ZMNATZILAY D afidKFRIFZ A
BEOBFKRIIMDIHDICEBEEN S BEICL>TESIKTON VO ERENMRIZ(ZNIILN-AFY
RIEDRRICHE RN YT FIL IV TTOM VY ESIESHRVWTRIEHETT D)o K> TCINETIXERICIEE%E B
WBZEZBITTE, UNULZDRTIIBMEICLZEANTHE TSR et BEICLDIESZR
S U7 ", Scheme 4-12 [CHEV 4-7 ZBIAEI. DBU 2L LT L-5 7 F RE2EA L, ERT109
BRIGSEE, RETFBREZMATCRIGZEFEILEULAFY /IS /—)LICEBLERT 22 & TRERL
PLA-NAOH-2 "85 7z 'HNMR M SEHULERRY N —DESE FHAMIC L > THEHE L —
U. GPCHAIEDERDFENHIFIEBICIEN > oo £/ MALDI-TOF MS D51k, SN E TORET & IXER
DETE—DRDIERUVEBEMNZRF > THED. REFREGRE—IJREERSNAL T
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o\n)\
J 0 @ 0
O~ AOH DBU (cat) o) N
N o . B RS
CHJCl, o) n
r.t., 10 min. O DBU

4-7 PLA-NAOH-2
Ac,0 (20 eq.) p-CIPh-NCO (10 eq) O - 0
EtsN (15 i
M o/\/\/\/o J‘\r )\n/ s eq > O:NéC O/\/\/\/O\Ln/\ojl\rC)\n/
0H2c2;|?1 P CH,Cl, 0 "o
rt, 1 1, 2h
98% X l r88% O
PLA-NA-2 PLA-CNO-2

Scheme 4-12. Synthesis of PLA-CNO-2 via the ROP with base catalyst

Theoretical Value [M+Na]
n=17 n=18 Experimental Value [M+Na]

2815.89 2959.93 n=19

/\/\/\/O ) 2815.64 2959.56 3103.98
Yo i 3102.91 n =20
3248.01
3248.88

PLA-NAOH-2
143.4
—
2800 2900 3000 3100 3200
m/z

Figure 4-10. MALDI-TOF MS spectrum of PLA-NAOH-2 (marix: dithranol)

RICB 5Nz PLA-NAOH-2 D/KBEKiG%# HKEBE I XTI/t T2 2 & T PLA-NA-2 5L, &5
Kp7xZIAYYTR—b, NUIFIFIVERIGEE®ZZETZNYILN-AXEY RIE U, RIGED
RSNV N-AFD RICERT ZRINAR S /- (Figure 4-11). SN Z LR ERKICERTREL
ET3.8HETH GPCOE—ZICEIFHEL IR THZ ML N-AF Y ROBINEFEA U TWED S Too
o TRIRISZERITZERSERUIEZRNYIL NNAFYRBLEETH D ENRES NI, Figure 4-12
ICIFERYY—D 'HNMR 7R 9, PLA-NAOH-2 TIEBHRAIO = hOF I A VHEDE—7 R L., K
FERR (C K B RIFFISE U7z PLA-NA-2 THZDE—J BEREICFEEL TWeo ZUTHLSZ MU N-AF VR
LB TIRIDODE—IIEE LI ED S, BRRICRLIETLTWS EE X 513 (PLA-CNO-2),
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Figure 4-11. FT-IR spectra and GPC charts of PLA-CNO-2 (NaCl) and (PS standard, eluent, CHClj3; flow
rate,1.0 mL min™, detected by RI)

CHCl3 h,j
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(b)
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I cdll X
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Figure 4-12. "H NMR spectra of (a) PLA-NAOH-2, (b) PLA-NA-2 and (c) PLA-CNO-2 (300 MHz, 298 K,
CDCl,)
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PLA-CNO-2 L 7 UL R UXFI VSV ERBTIE. 1V AFHY U VB PLAIso NEENICE SN
7zo 'H NMR (Figure 4-13) Tl3 1 VAT H VU VEBOEREHER L. ZOBALISERBEE KU, o
MALDI-TOF MS(Figure 4-14)7*5 (& PLA-IsO [C B W T Z LT Y DI U e RIS ICHR T 2 B — DD IR
VBZF-TcE—od 8BRS nfce UEDHERELD, Z MU N-AFI RAEENICRY 7 F REKIFIC
BAEINTWBZ ED DD T

. .
%\/Si\ |,k h;i D
PLA-CNO-2 — ) o
CHCl,
reflux, 24 h
uant.
: b B
h
b od f : 0 2.00 1.03 _ .
04 A I —— = 11
TN (’(ﬁok‘f%{ 2H 1
|
PLA-Iso Quantitative CNO
CHCI3

functionalization

Ph

ppm

9 8 7 6 5

Figure 4-13. 'H NMR spectrum of PLA-Iso (300 MHz, 298 K, CDClj3)

Theoretical Value [M+Na]

n=17 n=18 Experimental Value [M+Na]
3271.10
3415.05 _
144.1 3269.21 3412.84 n=19
> R 3856,
ONiC oW\/O(m/’\o‘kr@;,( 143.63 '
(o] (0]

PLA-CNO-2
»
S n=16
3241.05 n=18
+114.3 3241.81 3530.14
O 3530.76

" 3250 3300 3350 3400 3450 3500 3550 3600
Figure 4-14. MALDI-TOF MS spectra of PLA-CNO-2 and PLA-Iso (marix: dithranol)
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COIBEMEREIC L 2HARES TRIFERICERE TEINERICOFEDHF DI PLA-NAOH-2 M3 5,
INEFE/X—EHBFIDOEAALEZEZLHETHRKTH D, EGEDHIEHS A S TH - fz(Table 4-1),
CDESIVEVITERICELZERDTFZRNIVILNAFYRODERTIE. ZODFEZFHTEDILEHKRE
BAETHD. EEE100ULDORI SV FRICEWTERBICZ MU N-AF Y ROFIERAETH D= hO
FIWAVEEEBANT 2 ENAEETH o foo

Table 4-1. Polymerization of L-(-)-lactide using nitroalkane initiator

) . b) o N Yield”
Run [M]/ [Initiator] / [Cat] M Theo Mo NMR M sec M,./M, (%)
0
1 20/1/0.2 3200 3800 6500 1.12 98
2 60/1/0.6 9000 11800 13800 1.06 94
3 100/1/1.0 15000 17000 18900 1.04 97
4 200/1/2.0 29000 25100 20400 1.03 81

a) Reaction condition; in dry CH,CI, at room temperature for 10 min., [M] = 0.05 M. b) Determined by H
NMR. c) Determined by GPC (CHCIs;, PS standard). d) Hexane/EtOH = 1/1 (v/v) insoluble part.

BmWTI7Oyv 7 aARUNY—BOEAFZNYIL NAFYROERZRFT L. BonfkcaaF=cJIL
N-AEFY RERBVRIE. MU 7Oy 7RI —Z2BEICERTEDLIFTERLS, Ay 7RI Y—1#
EEENFORBECERRAEREICEATEZLHIEICERTH S, 2T, TZEFTRLE 2 DOMAKR
BEEEIC. 7Oy aARY Y —DER%E#®RET Uz (Scheme 4-13), kKBEEZ#EHIT 2= rOF7 /LA H S DPP
IC&>To-NLOZYV MV ZRRESG L. BILERICK > TR ZRWERICDBU ICL>TL-Z 7 F RZH
REGU, 2 BEEEDZ 7 F ROEATIRTIAALL LD HEDFENMRVLHDD, BFE. P TFEDHD
flifchcy 7Oy 7 aARU =18 5hiz2 &H GPC h SHESR S hufz(Figure 4-15),

o

2000 mol%) (o] O (2000 mol%) (o] o
o/\/\/\/OH DPP (100 mol%) O/\/\/\/O(»”\/\/\O%ﬁ‘ DBU (20 mol%) O/\/\/\/o()l\/\/\oﬁj\{og)\o):
CH.Cly, rt, 2h CH,Cly, r.t., 10 min.
O PVL-NAOH O PVL-b-PLA-NAOH
Ac,0 (20 eq.) p-CIPh-NCO (10 eq.) % Q 2
C: (=]
DPP (i Oeg) - (Jl\/\/\ Wj\/ 71)\ >)‘\ —»EtSN 15 eq. O™NEC O/\/\/\/Oel\/\/\oﬁj\é/oﬁo('\c’)m)l\
CHJCl,, r.t., 12 h CH20|2 rt,2h a
- O 6% @
PVL-b-PLA- X PVL-b-PLA-CNO

(n =24, m=236)

Scheme 4-13. Synthesis of PVL-b-PLA-CNO

PVL-b-PLA-NAOH PVL-NAOH
M, 14700 M, 5000
Mu/Mn 1.09 MuIMn 1.22

21 22 23 24 25 26 27

Retention time (min)

Figure 4-15. GPC charts of PVL-NAOH and PVL-b-PLANAOH
(PS standard, eluent, CHClg; flow rate,1.0 mLmin™, detected by RI)
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RIC PVL-b-PLA-NAOH & #E/KEEE, DPP RIS S B KBERIKEEZ T X TILL, E5ICp-7zZILT1Y
VT7ER—=bh NIIFILTZIVERBIEZRNIILNAFIRIETZCETTAVIHEEEDTFZNYIL
N-7 %2 RT3 % PVL-b-PLA-CNO Z& 5 U fc. Figure 4-16 ® 'H NMR »'5 (& PVL & PLA DR &' X >
NOE—IUDHERIN, ZIHhLBEHINIHESKIEN=24 m=36 TH>o/c, FlehFTERAKICZ
FNOFZILAYDOE—IDEENRRENIZCENS, ZRNUINAFY ROERMERERL .

CHCl; f c de
™S
d f 9
a/b\/\/\/oéﬁ\c/\e/\o)ij\/\/\o"‘
¢ Ph
PVL-NAOH JL i | 9 b {a/lkyl
h g
9h f d’e
i zoz\/\/\/o(’ﬁ\/\/\ )’('U\' T'/LO)JJ\/OB/LOH |
O Ph
PVL-b-PLA-NAOH .
| L
h
“ o'—Néc’b\/\/\/o c e OHJ\/OTH\)/B\ f
O PVL-b-PLA-CNO
Ph
e mon T
—_— 536:24 ppm
20H 20H 80 70 6.0 5.0 40 30 20 10 00

Figure 4-16. 'H NMR spectra of (a) PVL-NAOH, (b) PVL-b-PLA-NAOH, and (c) PVL-b-PLA-CNO (300 MHz,

298 K, CDClj)
PVL-b-PLA-CNO
M, 15000
Mw/M, 1.09
| I 1 1 | | |
20 21 22 23 24 25 26

Retention time (min)

Figure 4-17. GPC chart of PVL-b-PLA-CNO
(PS standard, eluent, CHClIs; flow rate,1.0 mLmin”, detected by RI)
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AR U PVL-b-PLA-CNO OEBREEMRZTFMUIce FUYILKNIUXFILY IV ERIGESEZ Z EICED,
AV A XYV VEBLE PVL-b-PLA-Iso Z EBHICEfco 'HNMR TV AFH Y U VB ERBHIRRDRE
DEIERBEE —BRUICIEDNSZMNYILN-AFY ROTDEBRIGEE., RUY—DOKRFBICEENICZ MY
W N-AXFYRBBAINTWEZEZER UL, SEIZEEHEDORERICE EF>72h FIZIEERKIC C=C
HEEHITZRIN—EDRIGICEDEEICABC MU JOY I RUN—DERMDETHETH B,

|
o 0 . % SR O o 1 R
O.
LG ol B Foroptlopa™
N O/\/\/\/O()W H O SO H
OoNEC n o) m CHClj3 reflux, 24 h —Sli Y " © )
|

quant.
) PVL-b-PLA-CNO g PVL-b-PLA-Is0

Scheme 4-14. Synthesis of PVL-b-PLA-Iso

h dellg
o ofofloda |
—§|CBA g c
PVL-b-PLA-Iso
CHCl,
A b
D
099 20 =101
10H 20H
Quantitative CNO |
functionalization )
|
x solvent
Ph X alkyl
v e S ga U/ hee
ppm
8 7 6 3 4 3 3 1 0

Figure 4-18. '"H NMR spectrum of PVL-b-PLA-Iso (300 MHz, 298 K, CDCls)

SEIDRE T, B, EEHOEMMEEZAWVWSCETZNATZILAVENUOBIRGHRES I ELRLLES
D TES &b o7, HFICEREMEXFAWIBE TR, RIBNM100EEWE, ZhAFZILAVIC
U TEETHS DBU DENDPRBWEHICEIRIGIFEERN > EEZI SN EEMEICLZEGH IR
Ko fcenWS 2 &iF. BRIZATIL. BRA—NRX—MNOHREGHBHELDERBZICEIZEVWS A
NESFEHEICERENDD. BATFZMNYILN-AFY RERICHEHAAELRE/ Y—BENSISICBALEEZS
h.
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2218 PLA-CNO ZAWEDFEEICLZ T 7 KARUR—DEK

BAFZRMYI N-AF> KTdH 3 PLA-CNO-2 (M, 3500, M,/M, 1.12) ZFRWZRESED FOYHEER%E
# M L. PLA-CNO-2 (L& 2727 IRUYXY—DERZEE U (Scheme 4-15), 7' 5 7 hbat 3
PS-ran-PA (& Takata SHBELbDEZFDEFAWE 2,

«e ran
0. 01 PLA-CNO-2 (5.0 mol%) 0.08
5 "*Ei* - *5* Movo&%
anisole, 130 °C,12 h o—N

91 %

Catalyst-free
PS-ran- PASt conv.},/quant. PS-g—PLA

Scheme 4-15. Synthesis of PS-g-PLA

LD 'H NMR /5. PLA-CNO-2 ZEEMICKRIELTH D, BEROBICERICBNETI ST b

OARYY—HB SN, Figure 419 [CRY 'H NMR DS EREBILICHES AV AF TV U v E— I DTl
BRI, MNMRISDOETHER S iz, Figure 4-20 D GPCHIEN ST Z 7 MEDDFEEBMICHES E
— U DBEE. BRY Y —T%H S PLA-CNO-2 DEKZREFR LTz, /= DSC AIE Tld PLA-CNO-2 & EhE& L
T TyOEENRSNH. PLA OFEE— 7 ST EEEEAN(-100-150 °C) TIIAEICR Shah > T,
SEIDOTAH L TIE PLA DD FEN VR KBAREDLBWEH PLANRX AV EED I ENTERL -2
bOEEZEND,

'HNMR. GPC D#ER&L D, FBERICL > TEOSNLEEDFZ NI NAFY REAVCLESSFOD
BMEMEMICKN U, REITIE, BRDJZVEVIVERICL>TEAPFZNIILN-AFY ROERZ &S
9%,

CHCls ik I hij ™S
(a)
O'.Ntco’b\/d\/f\/o %q\n/ C,d,
A cear; Ph J.\ g b efll x
PLA-CNO-2 . A i "JLJL______.._

x solvent
St
AB,C,D
(b) E |
PS-ran-PASt \/\ F G . y _,J/\) -
3
(c)

PS-g-PLA

R’\N\/O%Eio% |
C i

Figure 4-19. 'H NMR spectra of (a) PLA-CNO-2, (b) PS-ran-PAS and (c) PS-g-PLA (300 MHz, 298 K,
CDCly)
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(a) (b)

———— e CINO
| ) — PLA-CNO-2
. Mn 4000 oNOD TN\
— PS-ran-PASt Ma/M 1.12 PLA-CNO-2 -
M, 8900 Ty:425
MM, 1.83 /
— PS-g-PLA S
M, 30000 qc) PS-ran-PASt
Muw/M, 1.40 !
e —
PS-g-PLA Ty: 53.1
[ | I I I
18 20 22 24 26 0 20 40 60 80
Retention time (min) Temp. (°C)

Figure 4-20. (a) GPC charts (PS standard, eluent, CHCIs; flow rate,1.0 mL min”, detected by RI) and (b) DSC
charts (10 °C / min, 2nd heating under N,) of PLA-CNO-2, PS-ran-PA and PS-g-PLA
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FI3MW VEVISIYNIERIKELBEDFZMII NAFY ROBHE
= 0FERE

FT1IH ATRPICLZERPFZRMNUYILN-AFIROER

AIEICIEKEEZE T2 - MNOFPII AV ZRKEIE T2 LT RRIXTFILOVYEYITHRESRICE S
BAFZNYILN-AFYROERITER VoW TIUEY TSI HILEEGD—TETH S ATRPICER U,
INFEFTHEMNELSIC, Takata S5IF )V EV I P ZAVEGZEVWTERTFZNIIL N-AFY REEK
LTW3, YEV Y P ZAVERRSEBIERREZILE/ N—ICERTRETHZIN. ZOERRE/ X—D
BREEICHERTHD. FLZ20BEDOFHIEICITBERIBIENKRKDSN S, —FH. ATRP [FKRABEZILE/
N—OEEBREENARTH DRI TIEERL. BREMELIERICEVE LW F AN H 2,

FITEXY. ATRP L& > TEDFRFBICZNOTZILAYEEAT B/, KBEEZEIZ=_rOFILA
> % F\W\\T ATRP BHtA%] 4-8 &R LU 7=(Scheme 4-16), SR ICIFEREE LTEY YV ERAWA, =ZhO
PILAYVIBRBT2HBLKPNELILS BRSSO N, 2O MAFIIAYEBWSZET, 11-Y 72 Z)b
ZRAOIF VNS 2 BREET ATRP BIAHEIICEE T 5 2 E N TE T, Figure 4-21 (C 'HNMR %ZRT,

O Br><(rjrBr(1 1eq) O

HO\/\/\/\O pyridine (1.1 eq.) Br><rro\/\/\/\o
> O
CH.Cly, r.t, 4 h
9 Q
4-7 4-8

Scheme 4-16. Synthesis of 4-8

h
Br><“/0\/\/\/\o
o 9 e ¢
CHCl3 4-8 O
H20
a

P

g b ™S
x cf x solvent
S v ¥
X
ppm -
8 7 6 5 4 3 2 i 0

Figure 4-21. 'H NMR spectra of 4-8 (300 MHz, 298 K, CDCl3)
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CORBEZEVWTCIRBEE/ XN—THZAFLVDEGZRET Uz (Scheme 4-17),— i #H & L T CuBr,
AL F PMDETA 7 =V —)LZBREE LT ATRP 211572 &2 3. DFEFBDIIEEICHEVWRY IX—H1E
S5hfz(Table 4-2), NILVEATIERSABEEZRBWZDIE, BHHBEINZAFL VITAERELUICS Wes, H—IC
BERETS>ONRETH b TH B, B LL\‘CJE/V—F;ﬁizf*ﬁIJtls’&xx‘CHﬁkEé%ﬁa f(Run 2), #x
{tEX% EIFTVWRWHIEME BROAFEXTTIHEL TVLWERWEDD, HFEDFIES FTREE & BT
Ehd,

O Styrene (6000 mol%)

o CuBr (1,1 eq.), p-CIPh-NCO (10 eq C

[}
o O)%Br PMDETA, (1.1 eq.) _EtN(5eq)  ONECT-O A A~ Br
O Anisole, DMF 110 °C,4h CH20|2 rt 2h O
n
4-8

PS-CNO
M, = 6300
M 5700 My/M, 1.14
M,/M, 1.10

Scheme 4-17. Synthesis of PS-CNO

Table 4-2. ATRP of styrene using 4-8.

Yield®”
Run® (M] /1] Mitheo Mn,NMRb) Mn,SECC) Mw/MnC) (%)
0
1 60 6700 5700 5700 1.10 53
2 120 13000 7900 7600 1.14 33

a) Reaction condition; in anisole at 110 °C for 4 h, [M] = 0.05 M, [I] / [Cu] / [PMDETA] =1/ 1.1 /1.1. (b)

Determined by 'H NMR. c) Determined by GPC (CHCI;, PS standard). d) Hexane/EtOH =1/1 (v/v) insoluble
part.

F7z HNMR M S FBARFIBEREO = hOF L H Y DO E—7 hHER S hic(Figure 4-22 (a)). B85 iz RYU
—DSIERFEDEWVWRUNT DTV FILEINETCERKICp-7OAQ7 2 ZIAY Y F7R—M NUIFI
PEIVERIBSEBBIETIRNYINAFY RIEUIZ, ZhAZILAYDE—IHERL. IRDSIFZRY
U N-7 3 R OB 2275 cm™ fHEDIRIRD R Shic 2 & &S BAFZ MU N-A £ R PS-CNO
DERZ R U 7z (Figure 4-22 (b))IC 9,

CHCl;
(@) c,d,efh,
Ph main chain (PS)
O (PS)
b df
¢ h
n
PS- gb
| A L
(b)
bdf f Ph bcdeg s
B main chain (PS)
a 30 6 (PS)
PS- CNO
Ph~ | Jvﬂti
(init) an_ L
'S'p'n?""%x'd"""'?’d """" 60 50 40 TR0 T 20 10 00

Figure 4-22. '"H NMR spectra of (a) PS-NA and (b) PS-CNO (300 MHz, 298 K, CDCls)
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RICEBRUERYRXFLYKRIKFE=Z MY IL N-AF2 K PS-CNO @Eﬁ%%ft$%§¥ﬁbt° FZYILKIXF
WOSYVERIGEEBZEICED, A VAFYYY VB PS-Iso ZEEMICE Tz, 'HNMR T VA F4
VU VIREBBRABREOBOLNERESE —BHLIccENSZNYIL N-7r=\’—/ Ro+aBaRIGESE. RY X
FLYDKIFGICEEMICZMNYIL N-AFY RPNEAINTWS Z & ZHEFE L = (Figure 4-23),

e

CHCls ANSis

(excess) Br

PS-CNO
CHCl4
reflux, 24 h
quant.

a B
2.00 0.97 _ 11 b,c.d.e.g
_—— . main chain (PS
- SH'TH (PS)
(PS) =Quantitative reaction
Ph
(init) B x solvent
ppm
80 70 6.0 50 40 30 2'0 10 00

Figure 4-23. 'H NMR spectrum of PS-Iso (300 MHz, 298 K, CDClj)

Takata SV EV I P ZAVERICLDE#EIRYIFLVEBEDEDFZ NI N-AFY ROER%E
BREFULTWBED, THIEZRMYIIL N-AFY RERRICT CICKELTUEVWERTZZENTERVWEZ &
%#RE L TWA(Figure 4-24), CDRAE. RKIEDZ M UL N-AF ¥ REZDOBEDEEEN 5 EEFAATAE
BRAEBICH DD, BFEREIR—ZO771)LE U TREL THIMBRILIETT 272D TH S EBRTL
%, —ASEIEH U PS-CNO (= KU JL N-AF Y REBMNRY ZAFL v E IR EENS B, %
BRULEESBEIRISZECSBRVWEEZ SN, 22 TSEAR L PS-CNO O E{IREE D 2T M % ST
Lt

Ph pPn
Intramolecular . Decomposition

n-1
Ph 1,3-dipolar
cycloaddition

PSt-CN+O-

(] . &

C=EN-OO———— > sBu

(plausible |ntermed|ate)

Figure 4-24. Decomposition of polymer nitrile N-oxide via the intramolecular cycloaddition
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ZRYIILN-AFY RLEMETERT B2, PS-CNO % 25 °C TEE L. GPC. IR EIE %17 > fz(Figure
4-25), 8 H#E®D GPCHIETIEZDE =V ICKREBREDL BV ENS, Z NI N-AFIY REMODEDF
SHEDDFEIRICHES AFEOBEMIFEE TVWAEWEEZSNS, L IRDMSEFEZMNJIL NNAXFIROD
TINHDERREDBRE TH> TWeZ &b, ARUEZMUIL NAFY RRIEETH DI EIERI NI,
NETZILFILDZAR=Y—ZNUTZ MY N-AFY REENRI ZAFLVEENSENTED, 1K
IBUPTWEEZRSKEWeHTHDEEZS5ND,

(a) : (b)

Ma = 6300
Mu/Mn=1.14 '
After 8 d
M, = 6300 ' CNO
Mw/Mn = 114 1 2275 Cm"l

T T T : T 1 1 L 1

22 23 24 25 26 2000

Retention time (min), eluent CHCl3 Wavenumber [cm-'] (NaCl)

detected by RI, PSt standard

Figure 4-25. (a) GPC chart (PS standard, eluent, CHCI3; flow rate,1.0 mL min™, detected by Rl) and (b)
FT-IR spectra (NaCl) of PS-CNO after 8 days
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218 PS-CNO ZRWmEAFEEICLSYTOY T IRYNY—DER

RUZAFLYERVIFLYZYIA=)LOY 7Oy AR Y —EEKE-BKEDEAELEICL DA
NEERBEZRT %, 22 TSEEBESN PS-CNO ZAHWTPEG &Y 7OV ARUN—%ZERT S
& & LTz(Scheme 4-18), PS-CNO O =k U /)L N-A £ REICH U TRIEEK LIcKIKIC C=CEZH I 3
RUIFLYZY A—)LEEME, 7=V —)LFRT100 °C TRIGS Bz, BEZBEUHEERYD IR A
ENSIEZRMYIL AT ROE—=IHEHERLTW e ENS RIGDETEHEZ Lz, BHED PEG ZR<
DIV IFII—TIANOELBRZT>h. BEREZZRICHR I ENTERMN >Tcfcsd. 2B GPC I
K DOBRU T,

/0'4/\09}1\/0\/\ (3.0 eq.) O

O mPEG-C=C N o

0] Q7 O~ Br
ONECT-0 g Br M, = 4300, My/M, 1.07 /O(Ao%\/o
iR - TG
Anisole, 100 °C, 12 h n
PS-CNO n 46% PS-b-PEG

M, = 6600, M,/M, 1.14 M, = 12000, M,,/M, 1.10

Scheme 4-18. Synthesis of PS-b-PEG

RISEIDR R ¥ — & $E8% D PS-b-PEG ® 'H NMR % Figure 4-26 I[CR9, IRUXFL >, PEG Dt
AV RNBEROE—INZNZNERAS N, PEG RHEDX FILEEMAMRIGICE > TERULIcA YV AFH VY
VEBOXAFVEOBMENEREEFER—R LIS, YTOv I ARYN—DERERERL .

CHCls (:gt)
o b df f B on b,c,d,e,g, PSt
a c e (init) fa
PS- CNO PEG || |ONe
(b) /O(/\ )’\/o\/B\A
OIS
mPEG-C=C 5 A C
J - Ty l N,
PSt PEG
»N\ b d f 9 . OMe B
o(./\o)rx,ocBA 358 W 2.87 _1 .00 11 b,c,d,e,g, PSt
n 3 H*
PS-b-PEG Ph B
(init)

ppm

8 7 6 5 4 3 2 1

Figure 4-26. 'H NMR spectra of (a) PS-CNO, (b) mPEG-C=C and (c) PS-b-PEG (300 MHz, 298 K, CDCl)
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GPCHIE T INETEAKICRIGICHES E—7 by 7OBEHEINZIh, ER LY 7Oy 7 aARU Y
—hNFEWDFEN T ZR>LEFETHocc NS, BEREAY 7OV 7 ARIUIY—NEoNLEEZS
% (Figure 4-27(a)), F 7= PS-b-PEG @ DSC HIE TIF/RU RFL VAFDH S AGEBREICKRRNT 55—
TJIERSNBI STcbDD ER U EI AV N TH D PEG OREE— I W EHI SN ENSERRU Y
—HPEGEMIZHE L TWSZ & %ML = (Figure 4-27(b)). ¥ 70w 7 AR U X —D GPC h S5 REID PEG
NEEFNTVWBDEEFEZICLKLK . DFEDEMIIRIAFLYE PEG EWSERDZED FHEHRATDERE TH
BEWSHBARBIRETRD S B,

(a) (b)

—— PS-b-PEG — _~ | ps-cnO T
—— mPEG-C=C
M, = 12000 _
MoV = 110 M, = 4300
wiVin = 1. Mo/Mn = 1.07
— PS-CNO mPEG-C=C
M, = 6600 8 Tm: 54.6 °C
Mo/Mn=1.10 &
!

PS-b-PEG
Tm:49.9°C
T T T T 1
22 23 24 25 26
Retention time (min), eluent CHCI3 0 2|o 4]o 6]O a]o 100
detected by RI, PSt standard Temp. (°C)

Figure 4-27. (a) GPC charts (PS standard, eluent, CHCl;; flow rate,1.0 mL min™", detected by RI) and (b) DSC
charts (10 °C / min, 2nd heating under N,) of PS-CNO, mPEG-C=C and PS-b-PEG
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L4l VEVISINLERICELDZIEDFEER=NII NAFYROE
B & & TFERS

F11EH T7U—SIHIEERVATRPICLZEDFELZERE=ZNIJIL N-AXTY ROEK

AETIEE 2HTERUVICKBEZEIZ_NATZILAVICEGBREETHIAYZ7UOCIILEEEAL,
RAIEBICLZ2ENFLER-NJIL N-AFY ROEHZ®RET U, Scheme 4-19 [CHEVWKEE_—~O7
WHYEXZZUEIOY RERISSEBZZETAYIZUOACIE/Y—NAMA Z8fc, X527 VLY
AOY ROFEZEYP I EEZIIEREORMYE—IDNRESN., ENSEIYATILVATLATERLSZENT
Elahotc, KBEIDELAHEEZRS UIcEIZENSDOE—J IR U, RIGKEYREEZIRET
32 ETESRBWNEKREIHEENTREL EEZ5ND, NAMA ® 'HNMR % Figure 4-28 [C7RY

0
G YJ\CI (0.9 eq.) 0 O

HO~ ridine (1.1 eq. AN~ O
(0] py ( q.) . O

- O CHQCAIféOr/.:.Jh - O

Scheme 4-19. Synthesis of NAMA

i O g e c
O/\/\/\/O
CHCI no PP
: MA
H.O
a h T™MS
Ph g b
i [ l 1 ed|cf
L X
T ppm T
0 80 70 60 50 40 30 20 10 00

Figure 4-28."H NMR spectra of NAMA. (300 MHz, 298 K, CDCls)

BEDERICHIE> T, PZAVESTIIHBEIOEEERICZ NATZILAY D afi X FL A5 £k
MTUESHEENH D, I TET., BERKRIV—FINIEEERT U, AIBN ZBBFIE L. Th
S5EE/XN—ZRAELVLETZZYV—ILARZHOEERKI LU cE. ZILTVYEEKT TNEER L 7 (Scheme
4-20), RIGENFT VTS /—I)LICHEETLERL. BODE TEINT % 2 & T PNAMA Z#8 k. MR
Y—®0 GPC HIEN SENFEEDOERZHETZEL. '"H NMR TR=ZNAZILAYDE—Y a DENMEE C-O
EEDXFLY b OBAMENEREE—HI D5, EGBRLI-MNOATZILAVENIATFELTWS I &
Mo h - fz(Figure 4-29),
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1.
® P m
CIPh-NCO (10 eq.)
ﬁj AIBN (3.3 mol%) m i EtN (15 eq.)eq m (excess) § n
T > — T

0 NSNNO n
Anisole, 90 °C, 4 h § CHyCly, rt, 2h CHCl3 Reflux, 24 h
O 59% 97% Quant

MA g o i

OO y.

e o)

0.

o] —5-

PNAMA PCNOMA PilsoMA

Scheme 4-20. Synthesis of PCNOMA.

CHCls H,0
Ph @ h ™S
iﬁj g e c a
o/\/\/\,o o
f d b 2
h ¢
MA
h i
9] |
[on]e]
fin Ph
d C
o a
a ) L
ppm

8 7 6 5 4 3 2 i 0

Figure 4-29. 'H NMR spectra NAMA and PNAMA (300 MHz, 298 K, CDCl5).

COERIEKRERBEHKRLGBD., 7U—ZIVAILNEGDODLSIBEEEDZIAILRICEVWTEZMNATILA
VIFRIGETICE> TWBZ &b ofce TNIFERD T IAILEEDEWATRP DLSRVEYTZY
HDIVEETHERKELEEEZSND, BONERIUNYN—%2F/XY—2Zy MIHLT 10 EE0D p-7AO07
ZIAVITR—h, NUIFILFIVERBEERETR, ZHRHTILTZORENH D 'HNNR IS IE=
ROZILAYDOE—I DEREER U, 2BENFYVITY /=L NOBELBRZEDIRLHZEEDAY
VT7EX—bM, DLT7ERE. CORETIRBAEZT>/ZETS, Z MU N-AFYRICERTZE—IH
B 5/ (Figure 4-30), &R FRIKEZ MY N-AFY RELRT D ERY Y —DIRINICK U TZDOIRIGEE
MIEFICEL., AIEICEZ<DZRNYIL N-AFIYRDFEET DI ENREBEIND,

—ATHEBIICZEDZRN I NAFY RAEETZIDORYN—EIAREETHDEBDNEH, 20K
—7/F0°C T8 HEBEBULHEHBRELHF AL TWEN ST, Lo TEEHIEKRECERDNRTLEW
EEZ5Nn5,
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- After 8 d

CNO
2275 cm-"

4000 3000 2000 1000
Wavenumber [cm-'] (NaCl)

Figure 4-30. IR spectra of PCNOMA after 8 days at 0 °C (NaCl).

SSICHELBEROEL, BE L PCNOMA ORIGHEFHHEL, PYILNUXFILY SV ERIGEE
ZzEic&b. AYAFHYY VEBILK PlsoMA Z EEKICE(Scheme 4-20), 'H NMR Tl VA F4
VUVEEXFLYDBAIEREE —HLIccENS, ZMOAFILAVDRIREE U TEDFRAIEIC=
UL N-AFY RAEEMNICEASINTWNS Z ENREB S N (Figure 4-31), £7c GPC M5 IZRIGEICK
ERE—T DRFEDOEIGEL, BRAFRLTODFERRDHEE TWRWEE X 5N 3 (Figure 4-32),

M CHCl; H,0
(oMo}
egf "
d
[
b
a
b,c,d,e S
b Ph gh
PCNOMA main chain
A j\/\,«k_
D
o0 4, a B
e
o{® CHCls 200101 .,
0P o 2H'TH
7 =Quantitative reaction b,c,d,e
A ~. main chain
0]
a
B
C‘ﬁ“D B f
A A
PisoMA L
ppm . . . . . i i i i
8.0 7.0 6.0 50 4.0 3.0 2.0 1.0 0.0

Figure 4-31. "H NMR spectra PCNOMA and PIsoMA (300 MHz, 298 K, CDCls).
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PCNOMA
M., = 29000
MuIMn = 2.50

PlsoMA
M, = 31000
Mu/M,=2.18

18 20 22 24 26
Retention time (min)

Figure 4-32. GPC of PCNOMA and PIsoMA
(PS standard, eluent, CHCI3; flow rate,1.0 mL min”, detected by RI)

GPC Hh5bh2ED. ERRYTY—EFBRFEAOE—IDN)—F 1 I ZRILTED, ThIFE/ T
—hHBREELTVWEIEETRBLTWS, 2 TRIEEZ 60 °C Ic UL TER%Z®RET L Z(Scheme 4-21),
FTHEREILDEDFEODRKZEVRYIY—DESN)—FT sV IHMWMEI5NEEEDD, ZKNYJIL N-AFIR
BLIcE 2B TE—VDERDIKRELLEA L, Z7OARILAICTKABRBRRY I —NELLB5N, &> THHR
DERZBIRITZIEETERI > CORRAELT, ERUVIAIBEOLZHDO NI N-AFVROZE
t¥. 7YY= IV AINEEDORIICL > TRYT—RICER LIEZ K DREIFEES L DORIGRENEZ S
nah., FEfThh>TWERW, 22T, EXA6NS52BRIGZEINHITDIEHDICZRNIILN-AFY ROEE
KERBS U, RUV—DELERGEEFETILHICATRP ICE DT VY LAHEEGERITDIE & U,

p-CIPh-NCO (10 eq.)
AIBN (10 mol%) Q EtsN (15 eq.) n
/\/\/\/O L n >
O

- ;=

Anisole, 60 °C,24 h CH.Cly rt., 2h

O+0
PHNAMA PCNé(;MA

Insoluble

Scheme 4-21. Synthesis of PCNOMA.

ATRP ICLK 2 HEAGHERZERE-NYIL N-AFY ROERZEE UT(Scheme 4-22), ATRP Ic&h =0
FILHYEBTBZE/NX—NAMA &, XTIV UIIBXFIL MMA 25 V5 LAHEE U, HiAHLE
NAMAIMMA = 1:3 T 2-JOFAVEBIFIZHAE LT 7 REESEI S & THESK
PNAMA-co-PMMA %81z,
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ﬁjo’\/\/\/o OWr OM&
0 )
O Q7o /, ? 0 /m oo n ? 0 /m
Q (1000 mo%)
YLO/ (3000 mor%)
mo:
S#A%E"}Al eq.), ) PhNCO (10 eq.)
, (11'eq. o EtaN (15 eq.) 0
8 > R
/\Oﬂ>< " TAnisole, DMF. 60°C,7h CH,Clp L., 2h
% 49%
-
PNAMA-co-PMMA PCNOMA-co-PMMA

Scheme 4-22. Synthesis of PCNOMA-co-PMMA.

BRIIEERETL. ZU—FINILEETREONEY —T 0 VBRI NTEIEETOFENHD
EEREWRY Y —DE5Nc, RICITHFTERKICHKRBICEDZNYIILN-AFY REUT, BIEL
O L7 Z R EOHICELBRZEROIED IR U ORI —DIEIFET LD, RIGRICRBEIFESh
9. Figure 4-33(a)D GPC h'S I3 BIEMD E— U 2R ek THoIc I e 5., BERELREEESRLE
BEZ NI N-AFYRDESNIcEEZS5NS, £/ Figure 4-33(b)D 'HNMR S EH S hicHEBAKIF
NAMA:MMA = 1:3.5 T&H D HAHLICEWEBORY Y—ME5Nhfco TOZ M UL N-AF 2 REIEEDF
EHPOZMNAZ I AV ZEENICRIGS TR ZENTESH. NAMA DHRESICK > TEDFEFPDZ
NUINAXFY REDEAEZFIEHT 2 EHNABETH B,

Br

(@) (b) ~ o
00 /n ? ©/m
PCNOMA-co-PMMA OMe e d
M, = 6200 c PCNOMA-co-PMMA
MyIMn=1.22 a b
OO pc.de
G. main chain
f g_
a PCNOMA : PMMA
A J =1:35

T T T T 1
20 22 24 26 .7 J S — S Ramamer s .. L —_—— -

Retention time (min)

Figure 4-33. (a) GPC chart (PS standard, eluent, CHCIs; flow rate,1.0 mL min”', detected by RI) and (b) H
NMR spectrum (300 MHz, 298 K, CDCls;) of PCNOMA-co-PMMA.
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E2lE HEGHRZER-NJVINAFIYRZRAWED?FERICLSDTIT7NIRUT
—DERK

ZEEZNJIL NAFIYRBEIMDFZ2ERBICERATH S, £ T. PCNO-co-PMMA & gk U 7=
mPRG-C=C ZFWTY/' 57 k OARYU I —DERZERET L 7z(Scheme 4-22),

ow /\OW owm/
ﬁ(ﬁo}n\/o\/\ (3.0 eq.) ©

? oo
mPEG-C=C
M, = 4300 M,/M,=1.07
Anisole.;;)go"c.mh Q ' Q
PCNOMA-co-PMMA PisoMA-co-PMMA

M, = 6200 M/M,=1.22
Scheme 4-22. Synthesis of PCNOMA-co-PMMA.

F9. BNFEHFOZRNYILN-AF Y RECHTULT1.5%FED mPEG-C=C R t8fc& 23, HER
YO IRBETIEZRNIIL NAFIROE—IDNERL TW e EDSRIGDETZER U, LM ULED
5 GPC AIETCIRAFEDGNRIGETIELEBU TKELEN >, hEFMBAICLDEIRIGHEITLTUE
STeledfEEEZ5N%, T TTILT Y EBENICRIGS T 575, mPEG-C=C DTAHE%R 3 FEIC
BYTEERRYN—DRTFEDHIEZLHELBD, ENCY—TFT1VINRESNZDHER STz, 3 FE
@D MPEG-C=C & RIGSEHEBRYZ VI FILI—FILICELRS 32 & TERED PEG ZERE. GPC
BEZITo>lcE T3, GPC AIETIRRIGICHESE—2Y by 7OERFERINOBH:HER S iz, (Figure
4-34), DSC BIE TIFERRY ¥Y—H5 PEG DR — U MR ohicc & s, RBEDRY Y—5h PEG
HAIEB L TWS Z EDRER S iz (Figure 4-35),

—— mPEGC=C
—— PCNOMA-co-PMMA M, = 4300
M, = 6200 Mu/Mn=1.07

Mu/Mn=1.22

—— PISoMA-co-PMMA
M, = 44000
Muw/Mn=1.39

16 18 20 22 24 26

Retention time (min)
Figure 4-34. GPC chart of PCNOMA-co-PMMA and mPEG-C=C and PlsoMA-co-PMMA.

(PS standard, eluent, CHClIg; flow rate,1.0 mL min™", detected by RI)
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PCNOMA- T
co-PMMA
o)
g mPEG-C=C Tm:54.6 °C
)
PISoMA- Tm:46.9°C
co-PMMA
| | | |
0 20 40 60 80 100
Temp. (°C)

Figure 4-35. DSC chart of PCNOMA-co-PMMA and mPEG-C=C and PlsoMA-co-PMMA.
(10 °C /min, 2nd heating under N,)

'H NMR TIRE#EDA T 7Y L — &S PEG OEHEHAKDE— I MBS N, PEG RO X FILEE
MIMRBICE>TERLUEEAYVAEYY Y VEBEDO 7z Z I EOBO A ERESHER—B LI ENS, ¥
ST RhARYN—DBEERL I (Figure 4-35), £ /e 'HNMR M SEH SNV 5 7 MEX(E 84%TH D,
HBODZKNIILN-AFY RERPFARS UL EFDFEOBESEkICEDNTWS EEZ 5N,

o r
e
© 0 fo A w Ph B D
e
®%a 502 100 . (a3: 1
b 6H" 1H
a
0 graft ratio : 84% b,c,d,e
Q main chain
N7
OB~ to~oo PP \
PlsoMA-co-PMMA ’\ ‘L B j‘d A
- A
ppm
8 7 6 5 4 3 2 1

Figure 4-36. '"H NMR spectrum of PlsoMA-co-PMMA (300 MHz, 298 K, CDCls).
INFETORTICED ., BIRIDZEABINSEHEEGURZERE-NIJILN-AFIRICKZ S/ ZT7 KORY
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AETR, VEVYIEARKBE, FLREAHEREZE IS - MOVILAVYEGRHL. VEYIERLU
RRICEDFRIGICEDZNUVILNAFY RICEBRTZIETFHREDFINIILNAFI RZER LTS
CORFICEDBONLBERIF. UTD4RICXREHSND,

(1) KEEZEITZ2-NAFZILAVERBHIE L. BRMEZAV /7N VOUEYITHRES S ZFNIC
B BARIGZEITS CET, RUNLOZYZ hYPRUSIVFROKLSHRIEHERY TR T )% E#HE
BEILHT BTN YILNAXY ROERICHINU o, BefEE, BEMEZBWIBETHEERRIC
HERHEO - NAF LA VEBEIERINTED, AEERICEVWTZMNAPILAVIFRETHD I &
ooz,

@ NAZIAVEEZEITZ - rOF I AV EREFIE Uk ATRP & Zhicii< AKRBICE D, KU R
FLYZEEBEICETZEPTFIMNIIL NNAFYROERICEIUice SOZRNYIL N-AFIRE
BERIVRAFLYEDFARDZRI T I ERLKLREICHEEIT DI ENARETH e, Fleo AFLY
D ATRP IZZVAIWNEHT. BRORIGHIDEEZINZD, AFHFICEWTHZ MNATZ I AVEEIRR
ETH T,

(B) XFVUL— I BEEBEIZ-_MATILAYEE/X—EUVUTEDFEZBRE-NJI-NAFIYRDE
BICII Uice 7Y =2V AIIEETREONIEDTEER-NJIL N-AF Y RTREIRIGHTE SN
EHEOD, ERICEWTZNAZINAVEBEIFLRETH oo —AH. ATRP ZFHWVWT MMA EHEET
32 ETRFEDHBEEINIHESHRLER-NJIL N-AFI RHES NI,

4) BoNEPFRNVILNAFYRZRAWCEMES Yy VRIGICED MBI 2Y 7Oy aRUT
— V7R IRIY—DINERLLEONT, TOBRIFE. BRUEEDFZNUIL N-AF 2 RO
BESDFOEFBICERATES I EZRLTWS,

INSDERNSLUTICRIFERIEOND, ABETRULEZMNAZ LAYV EERBEICE/ XN—%28E
UBICZNYINAFYRIET D EVNWSFEIF, BOFORBPRAHEICERICZOBEZEATES I &,
BYIREERIGOFBRICED ZMNAZ LA VEBENEGROREICHRINTWS 2L, B8R FRIRICEL
THEENICZMIYILNAFTY REDTRETH D E WS BANSHEICERTH DI EEZ D, £eAFE
KB F2EPFZNYIL N-AFYRNIE, BEFD ROP XU ATRP NERTgER L < DX HBSZHETES
feh, FDZAT IV —ERELETZIENTEZLHFTES, COFEIF. BDFELBE=ZNJILN-
AFYROERICHBEBRTE. BOTFAHOZHEO-NATF I HVEEEHEERS ZNYI N-AFY R{ET
52ENTEDZ—A. HEGILEL>TZMNIYILN-AFYREDEEEDHRIEUETH %, CNSDIERE
D, ZhAZILAYVIEZRNYILN-AFY RED HLETHRABRIGEHICTHZ S 2BNCHARAETHD &
NREINfco FLEBAFZMNIVILN-AFIRICLZEDFERKIF. P T7AOv 7 IRII—EIFTREEHELTZ
7MEICHERATETHD. SEDRBREMETHFERBICKITZ NI N-AFY ROBRAKEZRLTW
5EERA 5,
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+ Synthesis of 4-1

O e
_
OHC THFEtOH,rt 4h MO

74%
4-1

To a solution of terephthalaldehyde (5.2 g, 40 mmol) in THF (100 mL) and methanol (60 mL) was cooled to 0 °C prior
to the addition of sodium borohydride (0.38 g, 9.8 mmol) portion wise. The resulting solution was stirred at room
temperature for 4 h. Ethyl acetate and water was added, and the aqueous layer was extracted with ethyl acetate. The
combined organic layers were washed with water and brine, dried over anhydrous magnesium sulfate, filtered and
concentrated under reduced pressure. The crude was purified by a silica gel column chromatography (eluent:
hexane/ethyl acetate: 3/1) to obtain 4-1 in 74% yield (4.0 g) as a white solid; "H NMR (400 MHz, 298 K, CDCl3) & 10.0
(s, 1H, -CHO), 7.88 (d, 2H, J = 8.8 Hz, 2H, Ph-H), 7.60 (d, 2H, J = 8.8 Hz, 2H, Ph-H), 4.81 (s, 2H, Ph—CH,—OH),
1.83 (br, 1H, —OH) ppm.

Synthesis of 4-2

}E@

| xCHO Imidazole \/@’CHO
—_—
HO A~ THF, rt,12h TIPSO

94%
4-1 4-2

To a solution of 4-1 (4.0 g, 30 mmol), and pyridine (4.1 g, 60 mmol) in dry THF (60 mL) was cooled to 0 °C and
TIPSCI (8.5 g, 44 mmol) was added dropwise. After stirring at room temperature for 12 h, the reaction was cold to 0 °C
and quenched by ammonium chloride aq. The mixture was diluted with ethyl acetate, washed with brine, dried over
anhydrous magnesium sulfate, filtered, and evaporated. The crude was purified by a silica gel column chromatography
(eluent: hexane/ethyl acetate: 20/1) to obtain 4-2 in 94% yield (8.1 g) as a colorless liquid; "H NMR (400 MHz, 298 K,
CDCl;) 6 10.0 (s, 1H, —CHO), 7.57 (d, 2H, J = 8.8 Hz, 2H, Ph-H), 7.46 (d, 2H, J = 8.8 Hz, 2H, Ph-H), 4.88 (s, 2H, Ph—
CH,-0-Si-), 1.59-1.28 (m, 3H, -CH-), 1.11 (d, J= 7.3 Hz, 18H, —CHj3) ppm.

Synthesis of 4-3
CH3NO,,

CHO X NO,
CH3;COO'NH4*
TIPSO »— TIPSO

CH5COOH, 100 °C, 6 h
4-2 89% 4-3

4-2 (8.1 g, 28 mmol) and ammonium acetate (2.2 g, 28 mmol) were dissolved in nitromethane (50 mL) and acetic acid
(50 mL) and the mixture was stirred at 100 °C for 6 h. Then, the mixture poured into dichloromethane, washed with 1.0
M HCI aq. and brine, dried over anhydrous magnesium sulfate, filtered, and evaporated. The crude was purified by a
silica gel column chromatography (eluent: hexane/ethyl acetate: 20/1) to obtain 4-3 in 89% yield (8.3 g) as a yellow
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solid; 'H NMR (400 MHz, 298 K, CDCLy) ¢ 8.00 (d, 2H, J = 14 Hz, 1H, NO,CH=C-), 7.61 (d, 2H, J = 14 Hz,
NO,C=CH-), 7.57 (d, J = 8.8 Hz, 2H, Ph-H), 7.46 (d, J = 8.8 Hz, 2H, Ph-H), 4.88 (s, 2H, Ph-CH,-0Si-), 1.59-1.28
(m, 3H, —~CH-), 1.11 (d, J = 7.3 Hz, 18H, ~CH,) ppm.

Synthesis of 4-4

. NO 1) +-BuMgCl
TIPSO\/[j/\/ i THF,0°C. 1 h NOz
—_—
Z 2) HCl aq TIPSO.
0°C, 30 min
4-3 46% 4-4

4-4 (3.4 g, 10 mmol) was dissolved in dry THF (100 mL) under argon atmosphere. #-Butylmagnesium chloride (2.0 M
in THF, 8.0 mL, 16 mmol) was added into the solution and the mixture was stirred for 1 h at 0 °C. To the reaction
mixture was added HCI aq and the mixture was warmed to 0 °C and stirred for 30 min. The mixture was diluted with
dichloromethane, washed with water, dried over anhydrous magnesium sulfate, filtered, and evaporated. The crude was
purified by a silica gel column chromatography (eluent: hexane/ethyl acetate: 20/1) to obtain 4-5 in 46% yield (1.8 g) as
a white solid; "H NMR (400 MHz, 298 K, CDCls) & 7.12 (m, 4H, Ph-H), 4.82-4.76 (m, 2H, NO,—~CH,-), 4.79 (s, 2H,
CH,-0-Si-), 3.33-3.27 (m, 1H, Bu—CH-), 1.59-1.28 (m, 3H, -CH-), 1.11 (d, J = 7.3 Hz, 18H, —-CHs;), 0.94 (s, 9H,
t-Bu—C) ppm.

Synthesis of 4-5

NO, TBAF X NO,
THF, rt, 5 min I
TIPSO ooy HO. P
4-4 4-5

4-5 (0.79 g, 2.0 mmol) was dissolved in dry THF (20 mL). Tetrabutylammonium fluoride (1.0 M in THF, 3.0 mL, 3.0
mmol) was added dropwise. After stirring at room temperature for 5 min, the mixture poured into Et,O, washed with
water and brine, dried over anhydrous magnesium sulfate, filtered, and evaporated. The crude was purified by a silica
gel column chromatography (eluent: hexane/ethyl acetate: 5/1) to obtain 4-5 in 80% yield (0.38 g) as a white solid; 'H
NMR (400 MHz, 298 K, CDCls) 6 7.29 (d, 2H, J = 8.0 Hz, Ph-H), 7.12 (d, 2H, J = 8.0 Hz, Ph-H), 4.86-4.79 (m, 2H,
NO,-CH,-), 4.76 (s, 2H, Ph—CH,~OH), 3.33-3.27 (m, 1H, Bu—CH-), 0.92 (s, 9H, -Bu—C) ppm; C NMR (100 MHz,
298 K, CDCl3) 6 140.0, 136.9, 129.3, 126.8, 77.1, 65.0, 54.1, 33.7 27.9 ppm.

Synthesis of PVL-NA

o

3
(2000 Mol%)

0 0
DPP (100 mol%) OJ\

> s &
H  CHxCly rt, 2h rt,12h I O(J]\/\/\O)ll\

60% n
4-5 PVL-
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Diphenylphosphate (0.25 g, 1.0 mmol) was added to a solution of 4-5 (0.24 g, 1.0 mmol) and J-valeroactone (2.0 g, 20
mmol) in CH,Cl, (10 mL), the mixture was stirred for 2 h at room temperature. Then Ac,O 0.60 g (5.0 mmol) was
added, and the mixture was stirred for 12 h at same temperature. The resulting mixture was poured into ethanol/ hexane
=1/9 (v/ v) and collected the precipitate to obtain PVL-NA (1.4 g, 60%) as a white solid; 'H NMR (400 MHz, 298 K,
CDCl;) 0 7.29 (d, 2H, J = 8.0 Hz, Ph-H), 7.12 (d, 2H, J = 8.0 Hz, Ph-H), 5.08 (s, 2H, Ph—CH,—~0O-), 4.83-4.79 (m, 2H,
NO,-CH>-), 4.10-4.07 (m, -OCH,— (PVL)), 3.36-3.34 (m, 1H, Bu—-CH-), 2.36-2.32 (m, —-CH,(C=0)- (PVL)), 2.05 (s,
3H, -OCH3), 1.71-1.67 (m, -CH,CH,— (PVL)), 0.92 (s, 9H, #-Bu—C) ppm.

Synthesis of PVL-CNO

Ph-NCO,
(@) (@] EtsN _N_C
O(ﬂ\/\/\o)lnj\ ™ (ﬂ\/\/\
77%
PVL- PVL-CNO

To a solution of PVL-NA (1.2 g, 0.50 mmol) and triethylamine 0.45 g (4.5 mmol) in dry THF (5.0 mL) was added
phenylisocyanate 0.31 g (3.0 mmol) at room temperature and the mixture was stirred for 2 h under argon atmosphere.
After the consumption of PVL-NA, generated phenylurea was removed by filtration and solvent was removed by
evaporation. The crude was poured into ethanol/ hexane = 1/9 (v/ v) and collected the precipitate and purified by
preparative GPC (CHCl;) to obtain PLA-CNO in 77% yield (0.94 g) as a white solid; M, gpc, 2600 g/ mol, M,/ M,,
1.23 (estimated by GPC based on PSt standards, eluent: chloroform); '"H NMR (400 MHz, 298 K, CDCl;) 6 7.32 (d, 2H,
J=8.0 Hz, Ph-H), 7.23 (d, 2H, J = 8.0 Hz, Ph-H), 5.11 (s, 2H, Ph—CH,—0-), 4.11-4.06 (m, -OCH,— (PVL)), 3.76 (s,
1H, Bu-CH-), 2.42-2.32 (m, —CH,(C=0)- (PVL)), 2.04 (s, 3H, -OCH3), 1.70-1.66 (m, -CH,CH,— (PVL)), 1.02 (s, 9H,
t-Bu—C) ppm.

Synthesis of PVL-Iso

NS
- 0 0 (10 eq.) o
O-N=C |
O(lj\/\/\o)#\ CHClg SII gél\/\/\
Reflux, 24 h
Quant
PVL-CNO ven PVL-Iso

PVL-CNO (0.13 g, 0.05 mmol) and allyltrimethylsilane (57 mg, 0.5 mmol) were dissolved in CHCl; (5.0 mL) and the
reaction mixture was refluxed for 24 h. After cooling to room temperature, solvent and excess amount of
allyltrimethylsilane were removed under reduced pressure to give the PVL-Iso in >99% yield (0.14 g) as a white solid;
'H NMR (400 MHz, 298 K, CDCl3) d 7.31-7.26 (m, 4H, Ph-H) 5.11-5.09 (m, 2H, Ph—CH,~O-), 4.57-4.44 (m, 1H, —
CH,—CH(CH,TMS)-0-), 4.11-4.06 (m, -OCH,— (PVL)), 3.41-3.39 (m, 1H, Bu—CH-), 2.98-2.82 (m, 1H, -CH Hp—
CH(CH,TMS)-0-), 2.40-2.32 (m, 1H, -CH,Hg—CH(CH,TMS)-0-), 2.42-2.32 (m, -CH,(C=0)— (PVL)), 2.04 (s, 3H,
—OCHj,), 1.70-1.66 (m, -CH,CH,— (PVL)), 1.02 (s, 9H, -Bu—C) 1.21-1.02 (m, 1H, -CH5Hp-TMS), 0.97-0.76 (m, 1H,
—CHAHp-TMS), 0.05-0.00 (m, 27H, —Si—(CH;) ppm.
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+ Synthesis of 4-6

KOH _ O

HO\/\OH - > O

THF, r.t.,, 1h rt,12 h O
65%

4-6

KOH (0.67 g, 12 mmol) and ethylene glycol (12 mL) were dissolved in THF (12 mL). Then a solution of
1,1-diphenylnitroethene (1.4 g, 6.0 mmol) in THF (10 mL) was added dropwise at 0 °C. The resulting mixture was
stirred for 12 h at room temperature, then poured into Et,0, washed with 1.0 M HCl aq. and brine, dried over anhydrous
magnesium sulfate, filtered, and evaporated. The crude was purified by a silica gel column chromatography (eluent:
hexane/ethyl acetate: 3/1) to obtain 4-6 in 65% yield (1.1 g) as a colorless liquid; "H NMR (400 MHz, 298 K, CDCl;) ¢
7.36-7.25 (m, 10H, Ph-H), 5.36 (s, 2H, NO,—CH,-), 3.82 (s, 2H, -CH,—OH), 3.82 (t, J = 4.2 Hz, 2H, -C—CH,-),

2.36(br, 1H, OH) ppm.

Synthesis of PLA-NA-1(A)

WH\
O (2000 mol%)
O DPP (300 mol%) 0O O . 0
) 2 :
o ~OH  DMAP (600 moi%) DRP ONO(‘[I/\OJK(O%H/
o] "o

R

CHLCl,
O CHeCle rt,12h O
PLA-NA-1
4-6

Diphenylphosphate (0.66 g, 3.0 mmol) and N,N-dimethyl-aminopyridine (0.73 g, 6.0 mmol) were added to a solution
of 4-6 (0.29 g, 0.5 mmol) and L-lactide (4.3 g, 10 mmol) in CH,Cl, (10 mL), the mixture was stirred for 24 h at room
temperature. Then Ac,0 0.60 g (5.0 mmol) was added, and the mixture was stirred for 12 h at same temperature. The

resulting mixture was poured into ethanol/ hexane = 1/ 9 (v/ v) and collected the precipitate, disappearance of initiator

peaks was observed by '"H NMR.

Synthesis of PLA-CNO-1(B)

ﬁ

(2000 mol%)
DPP (300 mol%)

o/\,OH DMAP (600 mol%) /\/O\Qn/\ Jkro)\
H
CHQC|2
rt, 24h

79 % OH-1

Ac,0 p—CIPh NCO O : 0
DPP M )\n/ ONEC 0/\’0‘<‘r(\°)\(0>\(
o "o

4-6

CH,Cl, CH20I2
rt,12h rt,2h
98%
PLA-NA-1 PLA-CNO-1

unsable
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Diphenylphosphate (0.66 g, 3.0 mmol) and N,N-dimethyl-aminopyridine (0.73 g, 6.0 mmol) were added to a solution
of 4-6 (0.29 g, 0.5 mmol) and L-lactide (4.3 g, 10 mmol) in CH,Cl, (10 mL), the mixture was stirred for 24 h at room
temperature. The resulting mixture was poured into ethanol/ hexane = 1/ 9 (v/ v) and collected the precipitate, the
residue was dissolved in CH,Cl,. Then Ac,0 0.60 g (5.0 mmol) and diphenylphosphate (0.66 g, 3.0 mmol) were added,
and the mixture was stirred for 12 h at same temperature. The resulting mixture was poured into ethanol/ hexane = 1/ 9
(v/ v) and collected the precipitate. obtained polymer showed two different peaks in MALDI-TOF MS and obtained

polymer was unstable.

+ Synthesis of 4-7

e ~~OH
HO DMF rt,1h
0°C,1h 86%

NaH (0.5 eq. ) :_(; 3eq) EO/\/\/\/OH

Sodium hydride (1.5 g, 60 mmol) was washed with hexane. After the remaining hexane was removed by evaporation,
dry DMF (40 mL) was added followed by the dropwise addition of the solution of 1,6-hexanediol (7.1 g, 60 mmol) in
dry DMF (10 mL) at 0 °C. The resulting mixture was stirred at the same temperature for 1 h, and added to a solution of
1,1-diphenylnitroethene (4.5 g, 60 mmol) in dry DMF (10 mL). After stirring at room temperature for 12 h, the reaction
was cold to 0 °C and quenched by a small amount of acetic acid. The mixture was diluted with dichloromethane,
washed with 1.0 M HCI aq. and brine, dried over anhydrous magnesium sulfate, filtered, and evaporated. The crude was
purified by a silica gel column chromatography (eluent: hexane/ethyl acetate: 3/1) to obtain 4-7 in 86% yield (5.9 g) as
a colorless liquid; "H NMR (300 MHz, 298 K, CDCl3) § 7.36-7.25 (m, 10H, Ph-H), 5.34 (s, 2H, NO,—CH,-), 3.65 (s,
2H, —-CH,-OH), 3.36 (t, J = 4.2 Hz, 2H, -C-CHy-), 1.67-1.36 (m, 4H, —(CH,)4-), 2.36(br, 1H, OH) ppm. °C NMR
(100 MHz, 298 K, CDCl;) 6 141.7, 128.4, 128.0, 126.6, 81.2, 79.9, 62.9(C2), 32.8, 29.6, 25.9, 25.5 ppm; FAB-HRMS
(m/z) calc’d for CooHxsNO, [M+H]", 344.1862; found, 344.1869.

Synthesis of PLA-NAOH-2

o

5 ¥
T e zma(r 5 S

4-7 H-2

1,8-diazabicyclo [5.4.0] undec-7-ene (15 mg, 0.10 mmol) was added to a solution of 4-7 (0.17 g, 0.50 mmol) and
L-lactide (1.4 g, 10 mmol) in CH,Cl, (10 mL), the mixture was stirred for 10 min at room temperature. The resulting
mixture was poured into ethanol/ hexane = 1/ 9 (v/ v) and collected the precipitate to obtain PLA-NAOH-2 (1.4 g,
98%) as a white solid; M, gpc, 6500 g/ mol, M,/ M,, 1.12 (estimated by GPC based on PSt standards, eluent:
chloroform); "H NMR (300 MHz, 298 K, CDCl;) 6 7.38-7.25 (m, 10H, Ph-H), 5.36 (s, 2H, NO,—-CHy-), 5.26-5.13 (m,
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—OCH- (PLA)), 4.14-4.10 (m, 1H, -CH-OH), 3.65 (s, 2H, -CH,-0-), 3.36 (t, J = 4.0 Hz, 2H, -C—CH,-), 1.71-1.50
(m, ~CHy(C=0)- (PLA)), 1.67-1.36 (m, 4H, ~(CH,),-) ppm.

Synthesis of PLA-NA-2

O/\/\/\/ ONLH/\ JJ\]/O)H 3%9 128 23; o/\/\/\/o\(ﬂ/g\ofl\ro)n\n/
(0] (0]

CH20|2

O rt.,12h
97%

PLA-NAOH-2 PLA-NA-2

PLA-NAOH-2 (1.5 g, 0.50 mmol), Ac,O (1.5 g, 15 mmol) and diphenyl phosphate (0.33 g, 1.5 mmol) were dissolved
in CH,Cl, (4.0 mL) and the mixture was stirred for 12 h. The resulting mixture was poured into ethanol/ hexane = 1/ 9
(v/ v) and collected the precipitate to obtain PLA-NA-2 in 97% yield (0.14 g) as a white solid; '"H NMR (300 MHz, 298
K, CDCl;) ¢ 7.34-7.24 (m, 10H, Ph-H), 5.34 (s, 2H, NO,—CH,-), 5.20-5.09 (m, -OCH- (PLA)), 4.13—4.10 (m, 2H, —
CH,-0-), 3.36 (t, J = 4.0 Hz, 2H, —-C—CH,-), 2.04 (s, 3H, ~OCHj;), 1.71-1.50 (m, —CH;3(C=0)— (PLA)), 1.67-1.36 (m,
4H, —(CHa)4-) ppm.

Synthesis of PLA-CNO-2

p-CIPh-NCO (10 eq.) O

EOW\/O\LH/\ J\{O)\n/ FLN (15 ea) O=NEC o’\/\/\/o‘%lioﬁ\r%é/

CHZCI2
rt,2h

PLA-NA-2 88°% PLA-CNO-2

To a solution of PLA-NA-2 (0.75 g, 0.20 mmol) and triethylamine 0.30 g (3.0 mmol) in dry dichloromethane (10 mL)
was added p-chlorophenylisocyanate 0.31 g (2.0 mmol) at room temperature and the mixture was stirred for 2 h under
argon atmosphere. After the consumption of PLA-NA-2, generated phenylurea was removed by filtration and solvent
was removed by evaporation. The crude was poured into ethanol/ hexane = 2/8 (v/ v) and collected the precipitate to
obtain PLA-CNO-1 in 88% yield (0.66 g) as a white solid; M, gpc, 4000 g/ mol, M,/ M,, 1.12 (estimated by GPC based
on PSt standards, eluent: chloroform); '"H NMR (300 MHz, 298 K, CDCl;) 6 7.41-7.26 (m, 10H, Ph—H), 5.22-5.11 (m,
—OCH- (PLA)), 4.12-4.10 (m, 2H, -CH,-0-), 3.45 (t, J = 4.0 Hz, 2H, -C—CH,-), 2.13 (s, 3H, —-OCH3), 1.71-1.50 (m,
—CH;3(C=0)- (PLA)), 1.67-1.36 (m, 4H, —(CH,)+—) ppm.

Synthesis of PLA-Iso

O /\/SI\ O R
O_N_CO/\/\/\/O{H/\OJ\rC)\n/ (10 eq) B S:i o™ O/\/\/\/O&]/\OJW

CHCI3
Reflux, 24 h
Quant

PLA-CNO PLA-Iso

PLA-CNO-1 (0.17 g, 0.05 mmol) and allyltrimethylsilane (57 mg, 0.5 mmol) were dissolved in CHCl; (5.0 mL) and

the reaction mixture was refluxed for 24 h. After cooling to room temperature, solvent and excess amount of
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allyltrimethylsilane were removed under reduced pressure to give the PLA-Iso in >99% yield (0.18 g) as a white solid;
'H NMR (300 MHz, 298 K, CDCls) 6 7.57-7.53 (m, 4H, Ph-H), 7.30-7.24 (m, 6H, Ph-H), 5.22-5.11 (m, -OCH-
(PLA)), 4.63-4.59 (m, 1H, -CH,~CH(CH,TMS)-0-), 4.12-4.10 (m, 2H, -CH,-0-), 3.22-3.18 (m, 2H, -C-CH,-),
2.91-2.82 (m, 1H, -CH \Hg-CH—(CH,TMS)-0O-), 2.40-2.30 (m, 1H, -CH\Hg—CH—(CH,TMS)-0-), 2.13 (s, 3H, —
OCH3), 1.71-1.50 (m, —CH;3(C=0)- (PLA)), 1.67-1.36 (m, 4H, —(CH)4-), 1.13-1.06 (m, 1H, -CHAHp-TMS), 0.86—
0.80 (m, 1H, -CHAHg-TMS), 0.00 (s, 9H, —Si—(CH3);) ppm.

Synthesis of PLA-b-PLA-NA

0

0 \HLO

O\n)\
o) 0 2
O (2000 mol%) O (2000mol%)  ac.0 (20 eq) o *n/L
o~~~ OH _DPP (100 mol%) DBU (20 mol%) DPP (1.0 eq.) o«el\/\/\o)n/ej\e’ I o
—_— > > O i
CHLCly, rt., 2h CH.Cly, r.t., 10 min. CHyCly, rt., 12 h _
80% N

O 4-7 X PVL-b-PLA-

Diphenylphosphate (0.38 g, 1.5 mmol) was added to a solution of 4-7 (0.51 g, 1.5 mmol) and J-valeroactone (3.0 g, 30
mmol) in CH,Cl, (30 mL), the mixture was stirred for 2 h at room temperature. The resulting mixture was poured into
ethanol/ hexane = 1/ 9 (v/ v) and collected the precipitate. Subsequently, 1,8-diazabicyclo [5.4.0] undec-7-ene (45 mg,
0.30 mmol) was added to a solution of residue and L-lactide (4.3 g, 30 mmol) in CH,Cl, (30 mL), the mixture was
stirred for 10 min at room temperature. The resulting mixture was poured into ethanol/ hexane = 1/ 9 (v/ v) and
collected the precipitate. Resulting polymer, Ac,O (7.7 g, 75 mmol) and diphenyl phosphate (1.9 g, 7.5 mmol) were
dissolved in CH,Cl, (20 mL) and the mixture was stirred for 12 h. The resulting mixture was poured into ethanol/
hexane = 1/ 9 (v/ v) and collected the precipitate to obtain PVL-b-PLA-NA- in 80% yield (6.3 g) as a white solid; 'H
NMR (400 MHz, 298 K, CDCl;) ¢ 7.34-7.24 (m, 10H, Ph-H), 5.35 (s, 2H, NO,—CH,-), 5.20-5.10 (m, -OCH- (PLA)),
4.39-4.30 (m, 2H, -CH,—O-), 4.10-4.07 (m, -OCH,- (PVL)), 3.38-3.35 (m, 2H, -C-CHy-), 2.36-2.32 (m, —
CH,(C=0)- (PVL)), 2.13 (s, 3H, -OCHj3), 1.71-1.67 (m, -CH,CH,— (PVL)), 1.71-1.50 (m, —CH;3(C=0)- (PLA)) ppm.

Synthesis of PLA-b-PLA-CNO

O o] (0] 2 0 (o] Q
O 10 0 & A Vi Hnmop o g™
O NSNO n\ i § m N(15eq) > oo or~e~~O O\ ¥ I
CHJCly, r.t., 2h

O 96% O
PVL-b-PLA- PVL-b-PLA-CNO

To a solution of PVL-b-PLA-NA (5.0 g, 0.61 mmol) and triethylamine 1.9 g (18 mmol) in dry dichloromethane (60
mL) was added p-chlorophenylisocyanate 1.9 g (12 mmol) at room temperature and the mixture was stirred for 2 h
under argon atmosphere. After the consumption of PVL-b-PLA-NA, generated phenylurea was removed by filtration
and solvent was removed by evaporation. The crude was poured into ethanol/ hexane = 2/8 (v/ v) and collected the
precipitate to obtain PVL-b-PLA-CNO in 96% yield (4.8 g) as a white solid; M, gpc, 15000 g/ mol, M,/ M,, 1.09
(estimated by GPC based on PS standards, eluent: chloroform); "H NMR (400 MHz, 298 K, CDCl3)  7.40-7.27 (m,
10H, Ph-H), 5.20-5.10 (m, -OCH- (PLA)), 4.10-4.07 (m, -OCH,— (PVL)), 3.38-3.35 (m, 2H, -C—CH,-), 2.36-2.32
(m, -CH,(C=0)— (PVL)), 2.13 (s, 3H, ~OCH3), 1.71-1.67 (m, -CH,CH,— (PVL)), 1.71-1.50 (m, —-CH;3(C=0)- (PLA))

ppm.
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Synthesis of PLA-b-PLA-Iso

|
® g Lo gl o ® 3 2o Lyt
i O}/ej\:/ O>)I\ (excess) oN MO%/O\HJ\OVI\
NS 0/\/\/\/0()W H o/\/\/\/o H
ON=C " o m CHClg reflux, 24 h LD n o ‘m
quant. |

) PVL-b-PLA-CNO g PVL-b-PLA-Is0

PVL-b-PLA-CNO (0.17 g, 0.05 mmol) and allyltrimethylsilane (57 mg, 0.5 mmol) were dissolved in CHCI; (5.0 mL)
and the reaction mixture was refluxed for 24 h. After cooling to room temperature, solvent and excess amount of
allyltrimethylsilane were removed under reduced pressure to give the PVL-b-PLA-Iso in >99% yield (0.18 g) as a
white solid; "H NMR (300 MHz, 298 K, CDCl;) "H NMR (400 MHz, 298 K, CDCls) 6 7.57-7.53 (m, 4H, Ph-H), 7.30—
7.24 (m, 6H, Ph-H),, 5.20-5.10 (m, -OCH- (PLA)), 4.63—4.59 (m, 1H, -CH,—CH(CH,TMS)-0-), 4.10-4.07 (m, —
OCH,- (PVL)), 3.23-3.18 (m, 2H, -C-O—-CH,-), 2.91-2.82 (m, 1H, -CH,Hz—CH—(CH,TMS)-0-), 2.39-2.29 (m, 1H,
—CH Hp—CH—(CH,TMS)-0-), 2.36-2.32 (m, —CH,(C=0)- (PVL)), 2.13 (s, 3H, -OCH3;), 1.71-1.67 (m, -CH,CH,—
(PVL)), 1.71-1.50 (m, —CH;3(C=0)- (PLA)) 1.67-1.36 (m, 4H, —(CH)4-), 1.13-1.06 (m, 1H, -CHAHz-TMS), 0.86—
0.80 (m, 1H, -CHAHg-TMS), 0.00 (s, 9H, —Si—-(CH3);) ppm.

Synthesis of 4-8

O Br><'58;1 1eq.) O

HO\/\/\/\O pyridine (1.1 eq.) Br><n,o\/\/\/\o
S E——
CH.Cly, r.t, 4 h
J J
47 4-8

To a solution of 4-7 (1.4 g, 4.0 mmol) and pyridine 0.35 g (4.8 mmol) in dry dichloromethane (3.0 mL) was added
2-bromoisobutyryl bromide (0.98 g (4.0 mmol) at 0 °C and the mixture was stirred for 4 h at room temperature. The
resulting solution was extracted by dichloromethane, washed with brine, dried over anhydrous magnesium sulfate,
filtered, and evaporated. The crude was purified by a silica gel column chromatography (eluent: hexane/ethyl acetate:
3/1) to obtain 4-8 in 86% yield (2.0 g) as a colorless liquid; '"H NMR (300 MHz, 298 K, CDCls) 6 7.36-7.25 (m, 10H,
Ph-H), 5.34 (s, 2H, NO,—CH,-), 4.19-4.11 (m, 2H, -CH,-0-), 3.38-3.33 (m, 2H, -C-O-CH,-), 1.93 (s, 6H, —
C=0(CHs),-), 1.67-1.36 (m, 8H, <(CH,),~) ppm; “C NMR (100 MHz, 298 K, CDCl;) § 171.7, 141.7, 128.4, 128.0,
126.6, 81.3, 79.8, 77.1, 66.1, 62.3, 56.0, 48.9, 30.8, 29.5, 28.3, 25.7, 25.6 ppm.

Synthesis of PS-NA

O Styrene (6000 mol%) O
0 CuBr (1,1 eq.), 0
o\/\/\/\oJ‘XBf PMDETA, (1.1 eq.) - Og Br

Anisole, DMF, 110 °C, 4 h
53% n

4-8 PS-

Styrene (1.6 g, 15 mmol), 4-8 (0.12 g, 0.25 mmol), CuBr (43 mg, 0.30 mmol) and DMF (0,20 mL) were dissolved in
anisole (2.0 mL) in a Schlenk tube. This was followed by degassing via three freeze—pump—thaw cycles. Then,
PMDETA (52 mg, 0.30 mmol) was added to the reaction mixture, and stirred at 110 °C for 4 h under argon atmosphere.

The mixture was diluted with THF, passed through a basic alumina column to remove the catalyst, the crude was poured
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into ethanol/ hexane = 1/9 (v/ v) and collected the precipitate to obtain PS-NA in 53% yield (0.83 g) as a white solid; 'H
NMR (300 MHz, 298 K, CDCls) 6 7.30-6.90 (m, Ph—H (PS)), 6.88-6.29 (m, Ph—H (PS)), 5.32 (s, 2H, NO,—~CH,-), 3.51
(s, IH, Ph—CH-Br), 3.34-3.32 (m, 2H, -C—CH,-), 2.30-0.80 (m, -CH,—CH- (PS)) ppm.

Synthesis of PS-CNO

O o p-CIPh-NCO (10 eq.) 0
EtsN (15 eq. ~NE
OO Br aN (15 eq.) ONZC—T-O o~ Br
CHCly, r.t., 2h
O “ 88%
x n n
PS- PS-CNO

To a solution of PS-NA (0.44 g, 0.08 mmol) and triethylamine 0.12 g (1.2 mmol) in dry dichloromethane (1.0 mL)
was added p-chlorophenylisocyanate 0.12 g (0.8 mmol) at room temperature and the mixture was stirred for 2 h under
argon atmosphere. After the consumption of PS-NA, generated phenylurea was removed by filtration and solvent was
removed by evaporation. The crude was poured into ethanol/ hexane = 1/9 (v/ v) and collected the precipitate to obtain
PS-CNO in 88% yield (0.39 g) as a white solid; M, gpc, 6300 g/ mol, M/ M,, 1.14 (estimated by GPC based on PS
standards, eluent: chloroform); 'H NMR (300 MHz, 298 K, CDCl;) 6 7.30-6.90 (m, Ph—H (PS)), 6.88-6.29 (m, Ph-H
(PS)), 3.54 (s, 1H, Ph—CH-Br), 3.47-3.40 (m, 2H, -C—CH,-), 2.30-0.80 (m, -CH,—CH- (PS)) ppm.

Synthesis of PS-Iso

I
O o) NS~ O 0]
ONECT-O~ g Br (10 eq.) . S Lo~ Br
CHC, Reflux, 24h ~ —Si
O n 3C!uant ! O n
PS-CNO PS-Iso

PSt-CNO (0.16 g, 0.03 mmol) and allyltrimethylsilane (35 mg, 0.30 mmol) were dissolved in CHCl; (3.0 mL) and the
reaction mixture was refluxed for 24 h. After cooling to room temperature, solvent and excess amount of
allyltrimethylsilane were removed under reduced pressure to give the PLA-CNO in >99% yield (0.17 g) as a white
solid; '"H NMR (300 MHz, 298 K, CDCls) 6 7.58-7.54 (m, 4H, Ph-H), 7.30-6.90 (m, Ph-H (PS)), 6.88-6.29 (m, Ph-H
(PS)), 4.65-4.60 (m, 1H, -CH,—CH(CH,TMS)-0-), 3.51 (s, 1H, Ph—CH-Br), 3.20-3.18 (m, 2H, -C—CH,-), 2.90-2.81
(m, 1H, -CH,Hz—CH—(CH,TMS)-0-), 2.40-2.30 (m, 1H, -CH,Hp-CH—(CH,TMS)-0-), 2.30-0.80 (m, -CH,—CH-
(PS)) 0.00 (s, 9H, —Si—(CHs)3) ppm.

Synthesis of PS-b-PEG

O /0(/\0)?/0\& (3.0 eq.) O o
N
0 _ (ogh\ 5
O-NEC: O\/\/\/\ Br mPEG-C=C /O(/\ o (OGP r
- n
O Anisole, 100 °C, 12 h O n
PS-CNO n 46% PS-b-PEG

To a solution of PS-CNO (0.11 g, 15 u mol) and mPEG-C=C 92 mg (45 u mmol) in anisole (2.0 mL) was stirred at

100 °C for 12 h. Solvent was removed by evaporation, the resulting mixture was poured into methanol and collected the
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precipitate and purified by preparative GPC (CHCl;) to obtain PS-b-PEG (64 mg, 46%) as a white solid; M, gpc, 12000
g/ mol, M,/ M,, 1.10 (estimated by GPC based on PS standards, eluent: chloroform); 7p,, 49.9 °C; '"H NMR (300 MHz,
298 K, CDCl;) ¢ 7.58-7.54 (m, 4H, Ph-H), 7.30-6.90 (m, Ph—H (PS)), 6.88-6.29 (m, Ph—H (PS)), 4.65-4.60 (m, 1H, —
CH,—CH(CH,)-0-), 3.67-3.62 (m, -OCH,CH,O- (PEG)), 3.38 (s, 3 H, CH30- (PEG)), 3.20-3.18 (m, 2H, -C-CH,-),
2.90-2.81 (m, 1H, -CH,Hp—-CH—(CH,)-0-), 2.40-2.30 (m, 1H, -CHAHg—CH—(CH,)-0-), 2.30-0.80 (m, -CH,~CH-
(PS) ppm.

Synthesis of NAMA

(0]
1§

® Y Cl 0.9 eq) 0 &

HO~~~0 pyridine (1.1 eq.) -~ YLO/\/\/\/O
CH.CI, rt,1h
) J
4-7 NAMA

To a solution of 4-7 (2.1 g, 6.0 mmol) and pyridine 0.48 g (6.6 mmol) in dry dichloromethane (15 mL) was added
methacryloyl chloride (0.56 g (5.4 mmol) at 0 °C and the mixture was stirred for 1 h at room temperature. The resulting
solution was extracted by CH,Cl,, washed with brine, dried over anhydrous magnesium sulfate, filtered, and evaporated.
The crude was purified by a silica gel column chromatography (eluent: hexane/ chloroform: 3/1) to obtain NAMA in
42% yield (1.0 g) as a colorless liquid; "H NMR (400 MHz, 298 K, CDCl3) 6 7.37-7.24 (m, 10H, —Ph-H), 6.09 (s, 1H,
CHAHp=CCHj3-), 5.54 (s, 1H, CH,Hz=CCH3-), 5.34 (s, 2H, NO,—CH,-), 4.13 (t, 2H, J = 4.2 Hz, -CH,-0-), 3.35 (t, J
=4.2 Hz, 2H, -C-O-CH,-), 1.94 (s, 3H, CH3), 1.67-1.36 (m, 8H, ~(CH,),~) ppm. °C NMR (100 MHz, 298 K, CDCl5)
0167.5,141.6, 136.4, 128.3, 127.9, 126.6, 125.2, 81.3, 79.8, 65.4, 64.7, 62.9, 29.6, 28.5, 25.8, 18.3 ppm.

% AIBN (3.3 mol%) w
Yko/\/\/\/o L n

Anisole, 90 °C, 4 h
O 59%

Synthesis of PNAMA

MA

PNAMA
NAMA (0.50 g, 1.2 mmol) and AIBN (6.0 mg, 36 ( mol) dissolved in Anisole (2.0 mL) in a Schlenk tube. This was
followed by degassing via three freeze—pump—thaw cycles. The reaction mixture was stirred at 60 °C for 4 h under
argon atmosphere. The resulting mixture was poured into ethanol/ hexane = 1/9 (v/ v) and collected the precipitate to
obtain PSt-NA in 59% yield (0.29 g) as a white solid; "H NMR (300 MHz, 298 K, CDCls) § 7.26-7.24 (m, Ph-H),
5.36-5.32 (s, NO,—~CH;,-), 3.91-3.87 (m, -CH,—0-), 3.35-3.31 (m, -C-O—CH,-), 2.10-1.59 (m, -(CH,)4—) 1.37-0.86
(m, -CH,~CCH3-) ppm.
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Synthesis of PCNOMA
p-CIPh-NCO (10 eq.)
QA Et,N (15 eq.) _ 0 A
CHJCly, rt,, 2h
97%
0 o)
7\

O+ OO I

N

fe)
PNAMA PCNOMA

To a solution of PNAMA (0.18 g, 0.45 mmol, (monomer unit)) and triethylamine 0.68 g (6.8 mmol) in dry
dichloromethane (10 mL) was added p-chlorophenylisocyanate 0.68 g (4.5 mmol) at room temperature and the mixture
was stirred for 2 h under argon atmosphere. After the consumption of PNAMA, generated phenylurea was removed by
filtration and solvent was removed by evaporation. The crude was poured into ethanol/ hexane = 2/8 (v/ v) and collected
the precipitate to obtain PCNOMA in 97% yield (0.17 g) as a white solid; My, gpc, 29000 g/ mol, M,/ M,, 2.50
(estimated by GPC based on PSt standards, eluent: chloroform); "H NMR (300 MHz, 298 K, CDCl3) J 7.38-7.29 (m,
Ph-H), 3.92-3.88 (m, -CH,—0-), 3.43-3.39 (m, -C-O—CH,-), 2.10-1.45 (m, <(CH)4—) 1.34-0.86 (m, -CH,~CCH;-)
ppm.

Synthesis of PIsoMA

|
/\/SI\ Q0
n

Q
o
=)

(10 eq.)
CHClg Reflux, 24h
§ Quant
96
N
o —5i—
i
PCNOMA PlsoMA

PCNOMA (36 mg, 91 # mol, (monomer unit)) and allyltrimethylsilane (0.1 g, 0.91 mmol) were dissolved in CHCl;
(2.0 mL) and the reaction mixture was refluxed for 24 h. After cooling to room temperature, solvent and excess amount
of allyltrimethylsilane were removed under reduced pressure to give the PIsoMA in >99% yield (40 mg) as a white
solid; "H NMR (300 MHz, 298 K, CDCly) § 7.59-7.54 (m, Ph-H), 7.29-7.25 (m, Ph-H), 4.65-4.60 (m, 1H, -CH,—
CH(CH,TMS)-0-), 3.92-3.87 (m, —CH,~O-), 3.23-3.18 (m, -C-O-CH,-), 2.90-2.81 (m, 1H, —CH,Hp—CH-
(CH,TMS)-0-), 2.40-2.31 (m, 1H, -CH,Hg—CH—(CH,TMS)-O-), 2.10-1.45 (m, —(CH)4—) 1.34-0.86 (m, —CH,—
CCH;-), 0.00 (s, 9H, —Si—(CH3)3) ppm.
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Synthesis of PNAMA-co-PMMA

(0]

\‘)L J
MA J
(1000 mol%) jD o
_ o m
0" (3000 mol%) 0 | 0
CuBr (1.1 eq.)

(0]
PMDETA (1.1
WBr (11eq)
Anisole, DMF. 60 °C, 7h
78%
PNAMA-co-PMMA

MANA (0.41 g, 1.0 mmol), MMA (0.60 g, 1.0 mmol), CuBr (35 mg, 0.24 mmol), ethyl 2-bromoisobutyrate (39 mg,
2.0 mmol) and (50 u L) were dissolved in anisole (1.6 mL) in a Schlenk tube. This was followed by degassing via
three freeze—pump—thaw cycles. Then, PMDETA (45 mg, 0.24 mmol) was added to the reaction mixture, and stirred at
60 °C for 7 h under argon atmosphere. The mixture was diluted with THF, passed through a basic alumina column to
remove the catalyst, the crude was poured into ethanol/ hexane = 1/9 (v/ v) and collected the precipitate to obtain
PNAMA-co-PMMA in 78% yield (1.1 g) as a white solid; '"H NMR (300 MHz, 298 K, CDCl;) ¢ 7.34-7.27 (m, Ph-H),
5.38-5.34 (s, NO,—CH;-), 3.95-3.91 (m, -CH,—O-), 3.52-3.47 (m, -O—CH;), 3.38-3.34 (m, -C-O—CH,-), 2.10-1.59
(m, <(CH)4-) 1.37-0.86 (m, -CH,—CCH;-) ppm.

Synthesis of PCNOMA-co-PMMA

A AP O e

p-CIPh-NCO (10 eq.)
Et3N (15 eq.)
CH.Cly, r.t., 2h
97%

T

OTZ

PNAMA-co-PMMA PCNOMA-co-PMMA

To a solution of PNAMA-co-PMMA (0.73 g, 0.45 mmol, (monomer unit)) and triethylamine 1.4 g (14 mmol) in dry
dichloromethane (20 mL) was added phenylisocyanate 1.1 g (9.4 mmol) at room temperature and the mixture was
stirred for 2 h under argon atmosphere. After the consumption of PNAMA-co-PMMA, generated phenylurea was
removed by filtration and solvent was removed by evaporation. The crude was poured into ethanol/ hexane = 1/9 (v/ v)
and collected the precipitate to obtain PCNOMA-co-PMMA in 49% yield (0.36 g) as a white solid; My, gpc, 6200 g/
mol, M,/ M,, 1.22 (estimated by GPC based on PSt standards, eluent: chloroform); '"H NMR (300 MHz, 298 K, CDCl;)
0 7.42-7.37 (m, Ph-H), 3.95-3.91 (m, -CH,—0-), 3.61-3.56 (m, -O—CHjs), 3.49-3.43 (m, -C—-O—CH,-), 2.10-1.59 (m,
—(CH,)+—) 1.37-0.86 (m, -CH,—CCH3—) ppm.
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Synthesis of PIsoMA-co-PMMA

b gtk

/O'(/\o}n\/OV\ (3.0eq.)
mPEG-C=C
/_\ - Anisole,;?ol)o"c,mh N(/D O
& ohotoe-
PCNOMA-co-PMMA PlsoMA-co-PMMA

To a solution of PCNOMA-co-PMMA (50 mg, 0.60 mmol (monomer unit)) and mPEG-C=C 0.20 g (95 u mmol) in
toluene (3.0 mL) was stirred at 100 °C for 24 h. Solvent was removed by evaporation, the resulting mixture was poured
into Et,O and collected the precipitate to obtain PIsoMA-co-PMMA (0.14 g, 77%) as a white solid; M, gpc, 44000 g/
mol, M,/ M,, 1.39 (estimated by GPC based on PSt standards, eluent: chloroform); T}, 46.9 °C; 'H NMR (300 MHz,
298 K, CDCl;) 6 7.56-7.51 (m, Ph-H), 7.29-7.24 (m, Ph-H), 4.70-4.63 (m, 1H, —-CH,—CH(CH,)-0-), 3.95-3.91 (m, —
CH,-0-), 3.67-3.62 (m, -OCH,CH,O- (PEG)), 3.38 (s, 3 H, CH;0- (PEQG)), 3.52-3.47 (m, -O—-CHs;), 3.38-3.34 (m, —
C-0-CH,-), 2.10-1.59 (m, <(CH,)4—) 1.37-0.86 (m, -CH,—CCH;-) ppm.
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AEXIE, ZhNAPINAYVZFIREE UVEFREESDFN VI NAFY ROER R OREE S . &
Ry Uy I RIBICK D2HHRBESD FOERET > ILERICDOWTHRZH D TH % (Figure 5-1) RET
FRETRONILBERZRIEL. SBOBEICDWTEIRYT %,

F1E HEH Tl BT EBICBVWSNZ 7YYy IRBYPZEDIGA. Z MY N-AFY ROER. B
. RIBIKOWTHABEL., AFEOESE. BRICOWTER Uz BEZRNUYIN-AFYROBTHLDR
EREBHEZEZNVYILN-AFIVRE, 7y I RBEIE LU TEWITREEZIBO TLWDIH., ZOEREIND
BLEAFRADIGADBZEINTVWREWI EICER L. FIEHEDOEENRARTH D I &Zik N1,

F2E — A7 A VARG ZERUVCREZ MY ILN-AF S KOS

O O - Kinetic study
o, NuH Dehydration
s

o - DFT calculation

> N, Nu——CaN*0
& ) @ @ - X-ray crystal analysis

BIW WO FRSEMICEZMAF =N UJLN- *B4% = FOPILHVBEAERAV RS F

AXIROEREY Y Y IR ZRVILNAF D ROEREET Y v I RIG

Ph ph R= =3 NN"0H
>=\ /—*‘O‘R 0 0
Ph N02 Ph _E/\/\/\OJ%Br _E/\/\/\OJY

OH 1) Michael addition

2) Dehydration 1) Living No’
polymerization Py
— ~-CN-O 2) Dehydration c ¢ &

N
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Figure 5-1. Outline of this work
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Figure 5-2. Schematic illustration of the synthesis of novel aliphatic stable nitrile N-oxides.
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Figure 5-4. Schematic illustration of synthesis of polymer nitrile N-oxides via the living polymerization.
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Figure S2-18. 'H NMR spectrum of 2¢ (400 MHz, 298 K, CDCl;)

145




o~ metetoo o ———cy o Ww—wnHFNOnT W
@ 000 &Y —cur- - D FODWONAT-N 0D
@ NOWD O oW w D ODO D - —
=3 0T 0 wow - @O WNODRD W  —
@ 0000 - ] ~ NeOO@OOHOHomS o
@ SIS & [ w 0 OCIN NAICICICI &

N

NSNS gL eento”
N
2c
30 29 28

P P

—_——

58 56

ppm

170.0 160.0 150.0 140.0 130.0 120.0 110.0 1000 90.0 800 700 600 500 400 200 200 100 0.0

Figure S2-19. >C NMR spectrum of 2¢ (100 MHz, 298 K, CDCl5)

1 | 1 | 1 |
4000 3000 2000 1000

Wavenumber [cm-]

Figure S2-20. FT-IR spectrum of 2¢ (NaCl)

146



Foe v QO 0= 00 v Y0 CONI= ) DO O -  wonon =3
Foo T O [ 0 03 00 - O 000t DN DD © e =3
000 CNC = ) D €0 LI DD Ol DD @ o =3
LDDEDD DD CHEIENEH CIHTICT DOO®m B0 @ I =3
P o PP oo oo o PP P o wfefefon cacnen - e =

L (Q

N

Q
2.01
2.05

z

J 42 41 4 39 38

JN A A

ppm

T T T T T T T T T

8.0 7.0 6.0 50 4.0 30 2.0 1.0 0.0
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Figure S2-24. 'H NMR spectrum of 2e (400 MHz, 298 K, CDCl;)
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Figure $2-28. *C NMR spectrum of 2f (100 MHz, 298 K, CDCls)
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Figure S2-31. °C NMR spectrum of 3b (100 MHz, 298 K, CDCL5)
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Figure S2-33. °C NMR spectrum of 3¢ (100 MHz, 298 K, CDCl5)
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Figure S2-35. °C NMR spectrum of 3d (100 MHz, 298 K, CDCL5)
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Figure S2-36. 'H NMR spectrum of 3e (400 MHz, 298 K, CDCl)
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