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Summary
Polycondensation and polymer reaction on the basis of exchange reaction

201970172 Takayoshi KATOH

Stoichiometric polycondensation of difunctional nucleophilic monomer and difuﬁctional
electrophilic monomer (A» + B polycondensation) generally affords cyclic polymer unless side
reactions occur or polymer has a rigid backbone. Accordingly, it is difficult to obtain telechelic
polymer without contamination of cyclic polymer by means of unstoichiometric A; + B»
polycondensation, although this fact is not well-known. To overcome this issue we investigated the
exchange reaction of cyclic polymer containing dynamic covalent bonds with a small molecule having
the same dynamic covalent bond, affording selectively telechelic polymer with the functional group
derived from the small molecule at both ends. In this doctor thesis, I focused on the dynamic covalent
ester linkage and investigated the synthesis of polyesters and polycarbonates, unstoichiometric
polycondensation, leading to telechelic polymer without contamination of cyclic polymer, and the
functionalization of polymer having the ester side chain by polymer reaction on the basis of reversal
ester-ester exchange reaction.

In chapter 2, the polycondensation of diol ester and dicarboxylic acid ester on the basis of exchange
reaction was investigated. I examined diol esters and polymerization conditions, and found the
optimized conditions for obtaining high-molecular-weight polyester (PEs). Copolyester was also
synthesized by means of the transesterification of AB type PEs and A; +B; type PEs, and the A, +B;
polycondensation in the presence of AB type PEs. In chapter 3, telechelic polymer with high purity
was synthesized by means of reversible, unstoichiometiric polycondensation of diol ester and
dicarboxylic acid ester; under the same conditions, the irreversible, unstoichiometiric
polycondensation of diol and diacid chloride afforded not only telechelic polymer but also cyclic
polymer. Furthermore, the polycondensation of equimolar diol ester and dicarboxylic acid ester in the
presence of exchange ester reagent (ExR) was conducted to obtain telechelic PEs end-capped with
ExR. When macro-ExR containing poly(ethylene glycol) (PEG) was used, triblock copolymer PEG-
b-PEs-b-PEG was obtained. In chapter 4, Functionalization of poly(methyl acrylate) (PMA) by means
of the ester-ester exchange reaction of PMA with formate esters or polyester was investigated. A
variety of alkoxy groups of the formate esters were introduced to PMA by exchange reaction under
reduced pressure. PMA-grafi-PEs was also synthesized by means of the transesterification of PMA
with a small amount of PEs and the synthesis of PEs, followed by exchange reaction with a small
amount of PMA. In chapter 5, polycarbonate was synthesized through ester-carbonate exchange

reaction. Polycondensation of various diol esters and dialkyl carbonate yielded polycarbonates (PC).



This polycondensation was conducted in the presence of PEs, affording copolymer of PEs and PC, the

composition of which was arbitrarily controlled by the feed ratio of PEs and monomers.
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F—H RUCHIZ

UHFREO/NINEEEOES T/ AT AEICBIT A= AT )V —T AT
WG 2 B O T Va2 %y FE AW TR LR, BRTHFEEIE
T ORI 20 BEBNZ EEBELMNILE, FITEETR VI NNV ET
ATNEVE— NIV ITAT N EDT AT N — T AT IIREBFIGIC L > TRY =
ATNVEERTHILEBRE L=,

GLI2D DL, FERIGSTER LIRS F = AT NV E VNI RIGR D B ERE
LTRY 2 AT NVERICFEZEIT 20 Th b, 22T, BBERD TH HES
F T AT NVORREFE, B, PINVRUVBZATNVEDF— LT AFLOT
AT NOEE, B, ROE/ v —OREIZOVWTHRH Lz, KRiZ, Bx0F
BOUA—=NVT AT E DT NR BT AT U L B ERENEITT 5150
LML, TRATN—T AT NVEEEIGE AW EfEE O—BIEEZ R LT
Do

Eho, BASEOBRINTITININES FT ATV & DT R T LSRG
WTWERKRRY 2 ZAF V% L12-FRT A TF— VATV 5) ¢4V TH

NBY T AT VNS AERTHZ L2 Lz,

B_H BEESOLHEBE
2-2-1 i orast
JRBERR o = XA T VX, BBRBNEWERENES THDH, FTIUNALRER

A TENBAFNT AT IV (6), VA —ILVEEBRT AT LE LT, BifgA

Fv (bp = 57.0 °C) ZRETHIEEREZ/NMIPHAWEAYV VAT bR FEH
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WTETHRET 5 Z &2 L7 (Scheme 2-2-1), VA — LV OEEET AT )L 8a X,
HOKEEEE VU UV FEET CRIGS®TEM L (Scheme 2-2-2), !

o}
)J\o Oj(’ * /OY©\WO\
o}

5a O ¢ Q
EtOK \f AN TSNNSO a
s QO n + 2n-1 )J\ _
0 o} Y
PES1
Scheme 2-2-1

HO/\/\/\/\/\/\/OH

0 o0
pyridine, /Lk /U\ 0
0 M 0
0 T

CH,Cl, . o

Scheme 2-2-2

E9. BB D CHAFRA T L EZ L VRELLTLTE2D, T/ v—1F
RNY ZATNVDERT HERBEELZ AV, BB ATV E b i S8 ThE
THHEZRE Lz, REL 60°C IZEE LT, 10 78I THF 2MA7R2585
FFBEATV, THETERBRICRAE ATV, PEst ZHHINE 80%, My = 1090,
Mu/Mn=1.56 TH#7= (Table 2-2-1. Entry 1),

AV LT b FY RERAWZERE CIIEEASPEREN EMhOESTFEEN
BonRPoTDR BT, BRLHEY AV SETHTES TS LEL
Too WIZ, U H Y T A= b ROBERNSEELTWEZD Y 7 A fert-7 b
FURZHWTHERICEMRES LR, 2FEIT Ma=5830, Mu/My=1.11 £T
EH L7 (Entry 2),

RIZ, Thaxy FO@BROBEOMEBERI L, VFULs v RE
FAWTRRRICEME Z1T - e R. Ma= 1860, Mu/Ma =142 Thotz, ZHUL.
VF UL XY ROMRTZEDO TN TREBEMEET., BoMIZE-> TV el
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EEZ . VF VLT FRY RE THF KHEBIETHL EFEAORTITMZ T,
[FERIC THF ([ K 5B AT o7, TORER, Ma=5530, My/Ma=1.08 THotz
(Entry 3), ZOENDHT bR FEOBERHEIZ L > THOLNARY AT LD45
FEPETL2ER DT,

Iz, Jitonnom B e 7T MUOBEBSICHANWTWET AI =T AT L
aFXY ROFT, BOFEAZE W o002 A VWTZ A F L—2 25
NG 2 BiEt LTz, 2AIOPr)s & AlO*Bu) & AWT, ZhZNREICE
MEZIT > TofER, GPC DO AR Y v —BAER L TWRNWI &2 45h o 7= (Entry
45), BT/ PCOBBEAOMEL LTHV LTINS NonT B A
> (NHC) T HERAN, EGITET LR o7 (Entry 6), 3

o T, WELHTFEORTHI UL tert-7 bFXY FBRBETHLIENHS

N2 572 (Table 2-2-1 Entry 2, Figure 2-2-1),

Table 2-2-1. Ester-ester exchange reaction by various catalyst?®)
Entry Catalyst Temp. (°C) Solvent M,”) M, /M.D Yield (%)%

1 EtOK 60 THF 10909 1569 809
2 'BuOK 60 THF 5830 1.11 45
3 EtOLi 60 THF 5530 1.08 12
4 A@©P); rt THF =9 e ~€)
5 AI(O%%Bu); it THF =8 o) =€)

6 /&NTNb\ 70 bulk =e =€) -€)

a) Polycondensation of 5a and 6 was carried out in the presence of
5 mol% of catalyst in solvent under reduced pressure (90-100
Torr). b) Determined by GPC based on polystyrene standards
(eluent: THF). c) Isolated yield. d) Crude product. &) Polymer was
not obtained.
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a)

b)

c) ’

e DS H

5 10 15 20 25
elution time/min

Figure 2-2-1. GPC elution curves of polyesters obtained by the polymerization of 5a
and 6 with catalyst in THF at3 60 °C: (a) entry 1, M, = 1090, MalMa=1 .56, (b) entry 2,

M =5830, Mo/Mn= 111, () entry 3, Ma = 5530, Mu/M, = 1.08.

222 VA — )T AT )LD

WIZ, LI2-RFH o VA=V AT LAVOBEZBRN L, Thbb, R =
AT NDEEIEIED L ROVBBBERS B ED Y | ELITVA— VT AT IVEML
DEIGHENEDLLDT, SLILERTEORY v —0E LN EERD 5,
BB L72DiX, N IV AaFR AT L E X AT L THY | BIRTED
NEERT AT VOBFE & T 5,

FEBA = X 7)1 Sa LRARICEAK MY 7 A Bl Y VU EAWT 1,12
RFBHoPF— RY 7/I/ZLUA7'IZ?‘*-— L (8b) 2R 79% TH7= (Scheme
2-2-3), F£7z., BAKEEBITHD 1-mFN3-B-VAFAT I )7/ B AR
U4 I FHEEEHE (EDCI-HCL) & 4(VAFAT I 7)) ¥Y P (DMAP) U

T LI2-RT A VA =N T H VA= (5¢) IR 93% TH7=(Scheme 2-2-4),
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QO O
idi o
pyridine, Fsc/U\O/U\CF;; )J\ o cr
FoC” 0 S N NN \[r 3
(o]

CH,Cly
56+

Scheme 2-2-3

HCOOH
EDCI-HCI, DMAP

N NN NSNS
Ho/\/\/\/\/\/\/OH H)J\o O\n,H

CH.Cly s o}

Scheme 2-2-4

5b & 6 DEMEEE THF HWP T TITV, Ma=1000, Mw/My =131 OFRY T X
TNV %72 (Table 2-2-2. Entry 2), BEFR= A7 L0 & hY T A afiliEe AT
MEIT A axy RICEARERIGBEZ Vo7 Wed, oTERALET 5%
HFE LD, B X7V DBFE Entry 1) O 1/5 BEThH-7z, ZOFKEE L
T MU TZNABERT AT VL, BHRTAT VLY BT vax s K EDRIE
MEIEE B U728, BiBERS D Y Zvd a iR A FL e oGS mE LET
WIZ, BB AT NLVORRLY LEFSOFEEROEIENEEI o722 &
NEZ BB, |

FIERIZ 5¢ THLEMEEIT o IR, Ma= 7240, My/My=1.49 TH 7= (Entry
3), BEBET AT NVDRD 12 EROSFETHD, FMT AT I/VORIEDR k
D7t aFEBRT ATV LKL FRBER S OB A T OB S EEER A
FNARPRNY ZVAaBBATLEID BIERWEZD, BOoTEENELNZ &
HT& 5, 6o T, XM AT ANEKETH D & HEr L7 (Table 2-2-2, Figure

2-2-2),
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Table 2-2-2.Reactivity of diester®
Entry Diester M2 M,/M,P Yield (%)
1 5a 5830 1.11 45

2 5b 10009 1.319 1309
3 Bc 7240 1.49 93

a) Polycondensation of diester 5 and
6 was carried out in the presence of
5 mol% of BUOK in THF under
reduced pressure (90-100 Torr) in
60 °C. b) Determined by GPC based
on polystyrene standards (eluent:
THF). ¢) Crude product.

b)

H
: &
I |
;8
2]
¥
1
]

M
N
c) 4 R
)

e
=,
on e,
& ¢ vemnt Yanf
]

5 10 15 20 25
elution time/min

Figure 2-2-2. GPC elution curves of polyesters obtained by the polymerization of
diester and 6 with 5 mol% potassium fert-butoxide: (a) entry 1, My = 5830, Mw/My =

1.11, (b) entry 2, Mh = 1000, Mw/My = 1.31, (¢) entry 3, My, = 7240, My/M, = 1.49.

2-2-3  FUSHEBEOES

WIS DORE 21T o 77, BT TIX bulkk & F 71X THF $ LK
FLTELT, EHICEEL FITAICIT THF & T CIIRFRETH D, —FH.
BEERSOFE 2RO DT DICBBER s 22, EEAORTL2EBEL
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L BEBEETIILRTIER LR, £2C, THF L0 bHAREIRY
TATVOBERICHLRAVLND MU EBIR LT, 5¢ & 6 DEMEEEL 70°C,
90 Torr CEMEEIT 2. FDH AF ) — MBS ETRHEE L., Ma= 11100,
Mw/My=1.63 DR Y = AT NVRE LT (Table 2-2-3. Entry 2), bV (34BN
DMEL . BB D B A %/vé OHFRAEERNS LU =bic, THE OB
FY LRI FEERHRT, BoFEERELNZEBEbID,

KIEEMEFET THVONABEDO R DMAc #3BIR L, S¢ & 6 O
HiffE % 110°C, 90 Torr TEMEEZITo/, £OH, A ¥ /) — & FWTHHE
FERL ATV, Mo = 6060, Mo/My=1.40 DR Y <—%%7- (Bntry 3), DMAc % b
N EZEITBER BN DI, RBER S OF BT XTIV L OFEERDE
Wieh, FBAFABPHRIKBETERP oD EBb s,

BRI, BRALVELS T MFEE LY VBEORN T AEEEET
HYTF LT a—p Y AF A —F)b (diglyme) &AWV TCRIRICENRES %
iToTce AZ/—NERAVWTHEBRBERZIToTHELNIERY ZXATF VX, My =
27800, Mw/My = 201 Toh -7 (Entry 4), £72, ZORI ~—DKH%
MALDI-TOF MS TCfEHTT 5 &, BBIRAR ) v~ — L ARWHR T L T— VDR Y =—
DR ENT- (Figure 2-2-4), KXo T2 AT )N — T AT AR I I3RRME D E
DMAc XD BIEDE N =R diglyme 28 & < AT diglyme 2558 & ¥

Wr L7= (Table 2-2-3, Figure 2-2-3),
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Table 2-2-3. Exchange reaction in various solvent?®
Entry Temp. (°C) Solvent  M,® M, /M, Yield (%)

60 THF  7240..1.4Q: <« 93
70 toluene 11100 1.63 74
Ho DMAc 6060 1.40 76
125 diglyme 27800 2.01 60
a) Polycondensation of 5¢ and 6 was carried out
in the presence of 5 mol% of ‘BuOK in solvent
under reduced pressure (90-100 Torr). b)

Determined by GPC based on polystyrene
standards (eluent: THF). ¢) Isolated yield.

W N

a)

b)

d)

elution time/min

Figure 2-2-3. GPC elution curves of polyesters obtained by the polymerization of 5S¢
and 6 with 5 mol% potassiumktert—butoxide in (a) THF on 60 °C, (b) toluene on 70 °C
(c) DMAc on 110 °C (d) diglyme on 125 °C: (a) entry 1, My = 7240, Muw/M; = 1.49, (b)
entry 2, Mn = 11000, Mw/Mn = 1.63, (c) entry 3, My = 6060, Mw/M, = 1.40, (d) entry 4,

M= 27800, Mw/M,=2.01.
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() = cyclic polymer + K*

O O [ ] =HOIOH +K*
®
O
O
O
®
O _0O
; ‘L."_.J"T" -

2000 3000 4000 5000 ‘ 6000

miz
Figure 2-2-4. MALDI-TOF mass spectrum of a products obtained by the
polymerization of 1.0 equiv of S¢ and 6 with 5mol% potassium fert-butoxide in diglyme

at 125 °C (Table 2-2-2 entry 4).

2-2-4 E/)~—REOKRE
EFEE TIE, [diol ester]o = 0.6 mol/L. TEMAZITo TV, £DE-HEER
BXTEA L

£7 2 fEOBRE ([S5¢] = 1.2 mol/L) T diglyme ' CRAEICEMHS 21T\, #
WL AZ ) —=NE RO THEBRERETT > 72/ R Ma= 19100, My/My=1.60 T
bolee —H BRELZ 05 f& ([5¢]=03mol/L) IZ L CRHEIZEA2fTo - &,
My = 13000, Mw/Ma=1.56 T o7z, f>T, 0.6 mol/L 35 T -7 (Figure

2-2-5),
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Table 2-24. Investigation of concentration®
Entry MoliL  M,® M,/M.P Yield (%)
1 1.20 19100 1.60 71
2 060 27800 2.01 60
3 030 15000 1.56 26

a) Polycondensation of 5¢ and 6 was
carried out in the presence of 5 mol% of
'BUOK in diglyme ([5¢] = [dimethyl
isophthalate] = [mol/L]) on 125 °C under
reduced pressure (90-100 Torr). b)
Determined by GPC based on polystyrene
standards (eluent: THF). ¢) Isolated yieid.

elution time/min

Figure 2-2-5. GPC elution curves of polyesters obtained by the polymerization of S¢
and 6 with 5 mol% potassium zert-butoxide in diglyme at 125 °C; (a) [S¢] = [dimethy!
isophtalate] = 1.20 M, (b) [3] = [dimethyl isophtalate] = 0.60 M, (c) [S¢] = [dimethyl
isophtalate] = 0.30 M: (a) entry 1, My = 1910, Mw/M, = 1.60, (b) entry 2, M, = 27800,

Mw/Ma=2.01, (c) entry 3, My = 13000, Mw/Ma = 1.56.
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b, T RTFN—~Z ZAFTNVEBREIE DR RE LIRER, iz sV o A
tert-7 bF TR VA= VAT OUEIXEERT ATV, BT diglyme, £ v —

BT 0.6mol/l BB TH S ZEERMHLL,

BH R BEBEEETLE) v—DOEMRE

BT, EHEHEEREZ B L TC2AT A -2 AT AKBRIS Y BW-E
MEEZmat Lic, BEETIE. EHEBEEL S TZRAT A~ AT AR H
WX DEMED—RMEEFT Tz, ETIECIAVRVEBY AF MOV TR L
oo

2-3-1 3 LEAOUHINRUERD AF L L DOEES

ET. AV TEINBIATFN (6) OBERMEEKTHEZ T ZNBY AF L ()
‘RO TV EZNEBYAF)V (8) IR L7z (Scheme 2-3-1),3 & 7 X )LERY A
FNOEMEIL. BV TN tert-7 b XY FIFEET. WEMBT TITo7-, A%
SN2V TIERERZIT T2 /ER. PEs2 & Ma= 15300, Mu/M, = 1.77 T1%
7. PEs2 OXR¥m% MALDI-TOF MS THIEIL TAB L, TXRTERRKRY =—
Toh o7 (Fig. 2-3-1),

FIRICT V7 NV AF NV CEMBEEIT TR, PEss & My, = 27800,
Mw/My=2.01 THTz, PEss DK% MALDI-TOFMS THEILTHB L, KS
FEIBIIRRA Y ~—Th Y | B TEFHIX MeO/OMe + Kt K Toh -7~ (Fig.
2-3-2),
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X [ 3 [ 3
o 0/\/\/\/\/‘\/\/0\rr” * o /\nxox _BuoK _ %o 0 /j.r];
” o I 0 diglyme I 0
PEs;io-
PES;:p-

Scheme 2-3-1

O (O = cyclic polymer + K*

| | i |
1000 1500 2000 2500 3000 3500 4000 4500 5000
miz

Figure 2-3-1. MALDI-TOF mass spectrum of a products obtained by the polymerization

of 1.0 equiv of 5S¢ and 7 with 5 mol% potassium ferr-butoxide in diglyme at 120 °C.
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Q Q = cyclic pelymer + K*
(] =HOMoH + K*

O O

O
O.000 O
Qy

0 O

D 1804 2000 2800 3000 2509 2000 4500 000 2] e S0 7055
miz

Figufe 2-3-2. MALDI-TOF mass spectrum of a products obtained by the polymerization

of 1.0 equiv of 5¢ and 8 with 5 mol% potassium fer¢-butoxide in diglyme at 120 °C.

WRIC, FEBESINR BT AT )& BT 57 DEBES AR BT AT
WTHDHENRVBUATFL 9) 2HAVCCRBRICERS2To7-. FORE,
Ma=36300, My/My=2.49 @ PEss %757~ (Scheme 2-3-2), K Z M+ 5 &, 8

KA U ~—& HO/OH+K' FHHBBBPI 7= (Figure 2-3-3),

Q 0
H/U\O/\/\/\/\/'\/\/O\H/H + /OYWO/

5¢ © (0] g
. 0
BuOK
—_— \fo/\/\/\/\/\/\/o\ﬂ/\/\/\/\)l}}
diglyme 3

PES4
Scheme 2-3-2
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O = cyclic polymer + K*

[ ] =HOIOH + K*

miz

Figure 2-3-3. MALDI-TOF mass spectrum of a products obtained by the
polymerization of 1.0 equiv of 5¢ and 9 with 5 mol% potassium fert-butoxide in

diglyme at 120 °C.

RYZRATFNVDEREBIZCHNVAVBERY 70l REDF— L E2RAWVWSESE
BHD, LPLRBOERZn ) MIEEMYWELASIKSTH0DT, 73
EEZTOVINVEVBRY 70 ) FRIERERRV, Z2ZTEI DU E ) v—
10 ROT IV EEZFTHE/v— Il #VTRATNAVE)w—|[T&R L, £7.
S5c & 10 DEEEITV, AZ ) —NVICHETLTHERBENEZTo-ER. My =
21700, Mw/Mn=1.81 @ PEss 3% b7z (Scheme 2-3-3), MALDI-TOF MS Tl
BRAR Y =—7 T8l =7z (Figure 2-3-4),
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O O = cyclic polymer + K*
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Figure 2-3-4. MALDI-TOF mass spectrum of a products obtained by the
polymerization of 1.0 equiv of 5¢ and 10 with 5 mol% potassium fert-butoxide in

diglyme at 120 °C.

RIZS-TI)AVTENVBYAFVC, REHI) UVLEFET, a— A&V
% DMF HRIGSET, 11 2R 67% THE, 45¢ LDESEITV. A¥ )/
—MZTE T U CIRBRE R Z 1T o 7o R, Ma= 17200, My/Ma =239 ® PEss %75
72 (Scheme 2-3-4), PEs¢ D RuaZ T T 5 L. BRAR Y ~—DHBBREIShi-
(Figure 2-3-5), 10 & 11 L HILELTFERENEOLNLEZD, TRAFL—T 2T
NERS IR EEEREERZ T THE /) v~ — I LTAHEDTH B Z L BB LD

Wi ote,
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Scheme 2-3-4

‘ ‘ = cyclic polymer

O = cyclic polymer + K*
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Figare 2-3-5. MALDI-TOF mass spectrum of a products obtained by the
polymerization of 1.0 equiv of S¢ and 11 with 5 mol% potassium fert-butoxide in

diglyme at 120 °C.
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Table 2-3-1. Polycondensation of 5¢ and dimethyl ester®

Entry Dizethy' Time (h)Yield (%)° M9 M, /MO

ster
1—§@ 24 60 27800 2.01
N
8
2 48 17 15300 1.77
Vo
7
3 _§©§_ 19 78 280009 2.229
8

4 -CgHiy 14 58 36300 2.49

25 77 21700  1.81

6 §<:> 24 89 17200 2.39

a) Polycondensation of 8¢ and dimethyl ester was
carried out in the presence of 5 mol% of ‘BuOK in
diglyme under reduced pressure (90-100 Torr) at
120 °C. b) Isolated yield. c) Determined by GPC
based on polystyrene standards (eluent: THF). d)
Determined by GPC based on polystyrene
standards (eluent: CHCI;).
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Figure 2-3-1. GPC elution curves of polyesters obtained by the polymerization of 5¢
and dimethyl ester with 5 mol% potassium fert-butoxide in diglyme at 120 °C (Table
2-3-1); (a) entry 2, My = 15300, Mw/Mn = 1.77, (b) entry 3, My = 36300, M./Ma = 2.46,
(c) entry 5, Mh = 21700, Mw/Mn =181, (d) entry 6, My = 17200, Mw/M, = 2.39.

bl BaDUINRABUAFLERCTEE LEER, Wb o TE
15000 ZBR 5R Y = AT VRN /HNE, £z, 73TH MALDI-TOF MS T
i, BIRAR Y =~ —28R S i,

2-3-2 BEADILF— )T AT NEHAWEES

KETIE, BxOUF—LXBT ATV EAWCES B L,

FFT, TAH TN L OBEOFENT b I F LY a— P F—
Z EDCI'HClI & DMAP # AWTKEBZ AT NWILEITo-ER. 12 22U
84% THT=, 12 L 6. BV T A tert-7 bF L F%& diglyme 1AL T, BE

BT CEAZ1T> 72 (Scheme 2-3-5), 1 B H#E#RE . Ko 1k THRAEBIT.
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AL =N W TILBRER T o 1o iR, Ma=488, Mu/My=1.40 O TFED
BV PEs7 21572, ZHUT 12 MEIC XV T oy RERALLE, Y
VOAHAT BT M T 2F L7 Y a— LV BICEMLT, Trakdy RBRZR
FIEBRLA~RER G LI Wiz EE 2 -, 220, BIgAELETFY 752
={Z 18-crown-6 &AW U U A tert-7 M ¥ N%& diglyme 12N LT, FDEIK
12 & 6 PEIT TS diglyme BRI TEAZITo TR, Ma = 9050,
My/My =128 F THFEITHEM L7 (Table 2-3-2. Entry 1), PEsy OFRIEIIERR

Vw—L@RBHR T NVa—)LDRY <w—Th-o77,

BuOK ¢] o]
H._ 0O 0 o._H
e NN TN N N N Yo+ /O\H/Q\WO\ _‘L&Qmwn;&,\fo/\/o\/\o /\/o\/\o
0 (o] 8 diglyme

12 Y 6 PEs,

Scheme 2-3-5

O O = gyclic polymer + K*
] =HOMOH + k*
© O OU O
U O
O QDOD } i 0
L]
O l IOOOQQOQODDD

O Yo
-__._W.A._._-_,_,.._;ﬂ-_«W,-_,_,;,,i_.,..,’__«...'._..,;,ﬂﬂ,.,.‘;i.LL»_.. w..a._,w;..,,,:,_z‘.u, AR B it ‘L“L niake st LTI P ;

1008 2000 3000 4060 5000 8000 7000 8000

miz

Figure 2-3-6. MALDI-TOF mass spectrum of a products obtained by the

polymerization of 1.0 equiv of 12 and 6 with 5 mol% potassium fert-butoxide in

diglyme at 120 °C
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WL, =F L 7Y a—VEOT NV NEEBEORR DT vEERE /)~
—%&®R L7z, EDCI-HCl & DMAP #FWT 13 24/ L7, 13 & 6 DES
Z RBRICAT o TefE S, Ma = 1030, Mw/My = 127 @ PEss %4572 (Scheme 2-3-6),
BOTERYZATARERLEZDIR, 7yBOBEFRIEICIY T LR
ROREEPET LIz eEZL N5,

F aQ t
F BUOK O
H\n,O\/i\'/\O/U\H + /O\ﬂ/©\”/ O dlglyme /{ \/’\1/\ /U\Q)Lﬁ

13 6 PEsg
Scheme 2-3-6

RIZ, RE-IRBE_EREE2E0LE /) ~v—L LT cis-2-7 T 0 VA — L E2ER
L7z, EDCI'HCl & DMAP #HWTEEBT A7 /L 14 %/—\ﬁszw:o 14 L 6D
EEEZRRIIToT2ER. Mo = 672, Mo/My, = 1.25 @ PEsy %787~ (Scheme
2-3-7), MALDI-TOF MS TR % fE4T L7z (Figure 2-3-7), ZEBEE—7i3A( V7
HIVER A F N/ AF )T AT VKRB TH O XL R T )V/cis-2-7 5 2 A — )L
B AT VRIS /PNESNWE—27 & LTEB SR, BRARY ~—0 v —7i%
B SN2 Tz, FIBROESFEETELNZRY 2 ATV, V4 —1L=x
ATNVRVAZ VLT L THY . FBT AT NVENA~DILEEER & 572012

FIGREDPBNENEZ DD,
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Figure 2-3-7. MALDI-TOF mass spectrtum of a products obtained by the
polymerization of 1.0 equiv of 14 and 6 with 5 mol% potassium fert-butoxide in

diglyme at 120 °C.

WIZZJET NV a— VD7 a~FH D4 — )V E5ER L7z, EDCI-HCI &
DMAP ZA\WT 15 ZEM L7z, 15 & 6 OEAZRHKITIT -7~ (Scheme
2-3-8); EEBFICARY = —HH L, IEBIZ LV EILLZ PEsi0 D55 FEIX.
My = 9570, My/My=1.52 Tdh o7, MALDI-TOF MS TR U = —D kK& AT L

TRER, FEC—JIT7 A a— /T La— L KB THY . bPMIBEREERY <



—MBHl X7z (Figure 2-3-9), FRMEA T 7 aAFH o7 a— LB THD
TENDBEMEDEN 15 LRIGELTHHLEZEBbh 3,

O e S

PES“}

Scheme 2-3-8

] O = ¢yclic polymer + K*

[] =HO/OH +K*

]
OO DDE’DD

OUnoogo

st s e et hi e, f b e b i S L e i bt . it Bl sl bt e e L st | b it b b et b e i
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miz

Figure 2-3-9. MALDI-TOF MS spectrum of a products obtained by the polymerization

of 1.0 equiv of 15 and 6 with 5 mol% potassium fert-butoxide in diglyme at 120 °C

BBV =TIV T TITRAF I THD 3 BEORIZATFTAEERK
THZELIZLE, T RV=FLUFL7#L—b (PET) DERETEEH
EDCI'HCl & DMAP ZHWT 16 Z&8K L7z, ERICBWTIX, PET O&RK

Iz, T BN - 7= DIRIBIZ K Y B L7z (Scheme 2-3-9), L2>L7e% 645
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BN ERYOBRIENELS . DTFERBBIETE R holz, LL, EV oo
BRNVAZEETTZAIEE O 'H NMR ORIEZE LR, Nyce HAME L H

NMR A7 b b—F L7/ PET OAERIHR TE /- (Figure. 2-3-10), °

e

o
'BUOK n
M+ o
H ~ diglyme Yo~ O

PES11

Scheme 2-3-9

{a}

£

pprte

Figure. 2-3-10. '"H NMR spectra of (a) product from polymerization of 16 and 8 and (b) PET in

literature .’

WIZ 7 a~FY P RAHE ) —)LZ EDCI-HCl & DMAP # KIS ESHC, ¥
B ATV 17 AR LT, 17 LT V7 HNBYAFALAOESIZBWTHES
FZHIZHTHS B EN, ERIZ L DB L2, BREENEL , ~AF YT v 0.

TN ) = VS OB ISR U725 7 (Scheme 2-3-10),
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\")ij“\ _BUOK
/_Q_/ diglyme ,%O\/(j/\
PES12

Scheme 2-3-10

WIZ 2233-F FFAFNT T aT H V% —Z EDCI-HCl & DMAP %
FIGSET, ¥FBR=AT)V 18 285 L7z, 18 L 8 DER%ToHER, B
ERFIZFNADREILE (Scheme 2-3-11), ZDBEEEFRISNITID I 1 RA L
BT, BUBETo2, ZOFVITERT S EAVERERICR 72, !
NMR A7 bV TiE, PEsi3s BAERLTWD Z L 2R Lz, OFEITX My =
1810, Mw/My = 1.72 L {E2D>> 72, MALDI-TOF MS TIIE'—2 BERIHER D>
o FTEMEVERIZ, 7Aa—AAOT R T AFAEONEEET, T
TENBRT AT N~OREFOEBEZ DI Wizt EZX LD,

Oy_H 1 e ’{’O Q
0 o + o 0 t?uOK o
H—< ~ diglyme

O O 8 n
18 PEsy3 0

Scheme 2-3-11
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Table 2-3-2. Polycondensation of diformate and dimethy! ester®

Entry  Difotmate Dimfthleime (h) Yield (%)? M,©  M/M.©
esler

P 5@ 24 41 9050 128
<

12 6
" F
) }io\/{\{/\o,g— g@ 1 4969 10309 1279
Pl e
13 6
e $ d) d) d)
3 .0\_/ O - 19 1019 6729 152
<
14 6
4 WQ—O—B’“’ —§© 21 899 95707 1.520
’ <
15 6
o4 M a 189 ) g)
16 8
6 ‘ O'%' e) |
g_OﬁOJ H )24 % g9 g
17 8
%,
7 ”9%() M2 et 1109 1729
18 8

a) Polycondensation of diformate and dimethyl ester was carried out in
the presence of 5 mol% of ‘BuOK in diglyme under reduced pressure
(90-100 Torr) at 125 °C. b) Isolated yield. c) Determined by GPC
based on polystyrene standards (eluent: THF). d) Crude product. e)
Precipitated polymer was collected by filtration. f) Determined by GPC
based on polystyrene standards (eluent: CHCIs). g) Insoluble polymer.
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5 10 15 20 25
elution time/min

Figure 2-3-11. GPC elution curves of polyesters obtained by the polymerization of
diester and 6 with 5 mol% potassium ters-butoxide in diglyme at 125 °C (Table 2-3-2);

(2) entry 1, Ma = 9050, Mu/M, = 1.28, (b) entry 3, My = 672, My/Ma=1.52.

Lk, Bx DA — N AFALEZRANTRE LEER, A% L0y
7 BAXINVER OV VXTI AT AN L MBS TEOKY =27

NRETELNT,

BE TATA—TRATATBENC L 2 BEREGOES%E)

BHI TR AT N — T AT NVTEE & VT2 BRE ORBEEEEH LI
Lz, B FEEDORY = AT AR HELI 5L, MALDI-TOF MS {238V TE
KRV =—D0BH SN DD, EORATRERRAY v —0BAERLIZOLRSNDE
RV, £EIT, AT N =T AT VRIS L 2BEEIZHEW T, FURRRIC
KT DHE/)v—DEILE, HFE, P v—0OKREEHET L, EAEHLHAL
MIZT B EIiZ L,
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2-4-1 R OBRNC X B EAEE O

3 LAV TENBIATFNOESEY 7Y U7 LN LEAEEEEH L

7z (Scheme 2-4-1),

o]
4
HJ\O/\/\/\/\/\/\/O\[(H " /Om/©\(o\ — RO, P NN NN
o 0 o diglyme o
o} Oln

5c 6 PEs,

Scheme 2-4-1

FHED 5¢ & 6, 5mol% DAY T A tert-7 MR R, FEEL LT 005 4&
Dp-T~FINFHX B R diglyme [ZIEESHT 125°C.90 Torr T
BE LU, RSB D 4,7,10, 15,30, 60, 120,210 2B W TERKR T CY
YV T LT, 24 B, BFE(LT U= U ATRISZIED T, 7Y
YT LTHEY TN ROKISELE LT BREERY DOZ+h GC., GPC,
MALDI-TOF MS % #I7E L 7=,

7. GC THVWTE ) v—0DE(LRERD- (Figure 2-4-1), GC LY A
FNA D TENEBEY AFLOERLRIE 4 55T 95% THY., 7 5T 99% EE
LTWe, ZOEREIMBRSEZBREL, TEE2TLLTRYv—%24R LT
W2 DT, HIE (BES) TE/~v—0NERLT, BEERTRI2ETbT
MTHHT DL holz, £, HHFREO/NINE ) AT LEOT 25 )L
— T ATNRWFIEPENZ EZF LN LED LRI, XY = 2T AR
BV THERWRHRRIENEE TE D NS0T,
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Figure 2-4-1. Reaction time (min) vs. conversion (%) of products as a function of
conversion of dimethyl isophthalate in polymerization of 1.0 equiv. of 5¢ and 1.0 equiv.

of 6 with 5 mol% potassium tert-butoxide in diglyme determined by Gas

Chromatography.

RIZ. GPC IZ X > THTFEEZRD - (Figure 2-4-2), EABIMEID 1 FEERKE
TOHOETHFE M) ML, ZRLBIIET L, —F, 9FESTH
(Mw/My) 13 1 B E TRBUIRELSRY . FRUEBLBONIREL 2ol
ZHUTIRD 2 DOERNPZEZ BN DH (Scheme 2-4-2),

1) BAFERETHELE A TBW T REEHETHE T L ax v N (&) 28
A DRWBIZFET DFAOT AT AENICRERIETHE T, A OFKIEF
TR E LERRRY ~v— B BEREIND, BIRRY v —Z#RERY v—
(ZHEA_TIIEMIT/h S WD GPC OElE FESFERE LTHRRAISNT,

2) [FERIZ A IZBWT, 7Thaxy R &R 2 A OFHEPICEET I REDOT
AT NVEGICRER G ETHET, A OEHPYUB S TERRRY v— C
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EHRRY =— D BEKEND.C & D IT A OEHPEOWINBIEICE
S>THERSNEZLD, C & D OLFRERLEGTEN A OTFRELR
5o PEVELSTEARZHEHR L UESFEEZERL TS0, TN
SFEIETL, AFELIMIREL 2ot

10000 - 6.00
2000 | —® [ 5.00
7000 M P
6000
= ‘—| g
s 5000 - 3.00 ﬁ?:
4000 ?
3000 i
2000 L 1.00
1000
04 : . : - :
0 200 400 600

800 1000 1200 1400
reaction time/min

Figure 2-4-2. Reaction time (min) vs. M, of products obtained by polymerization of 1.0
equiv. of Se¢ and 1.0 equiv. of 6 with 5 mol% potassium ters-butoxide in diglyme ([5¢]o

= [6]o = 0.6 M).

(o) fo] QO/\N\\/‘W\/CM/@K(J
\QJ\Q)HOWWOI“/@ILO c e}
o SO O.
| 5
(b/\/\/\/\/\/vor@\n,{g,
e} o}
B
Scheme 2-4-2
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RIZ.GC IZX > TRDT=A VT EZNEEY A FNOE(LRIZHT 5 EEHSF
B My Z7ay b L7z (Figure 2-4-3), BR{LED 99% #BX THLAMICHF
BEAEMLTOWAEND T AT L — T AT ARBRKIGIC L 2 EAIIBRESE
A THLIEPHAL NIRRT,

10000 p
o000
8000 p
7000
G000 P
= 5000 f
) 4000 p
3000 p

“wMw

2000 ke

1000

0 N i
94.0 95.0 96.0 97.0 98.0 99.0 100.0

conversion of 6 (%)

Figure 2-4-3. Conversion of diemthyl isophthalate vs. M, (blue) and My/M;, (red)
values of products as a fraction obtained by polymerization of 1.0 equiv. of 5¢ and 1.0

equiv. of 6 with 5 mol% potassium fer¢-butoxide in diglyme ([S¢]o = [6]o = 0.6 M).

B#IZ MALDI-TOF MS 12X &5 FARMORILZEBF Uiz, 43T &AM
LTWBRISBItAD D 30 20 F Tidkx RS 8E S - (Figure 2-4-4, a-e),
10 FRIZIZF|RAR Y = —DBR s hehd . 1 BRUBRIIRRAR Y ~—7213 038
Bl 7z (Figure 2-4-4, c-f), KIGBALAE 10 b RY v—DORERIEE & b2y
FARRIRIEPHBEY, DFEMETLTL S | BEBENOLR) ~—DORER
LY b FRARCRIERERIGIZ R > TVWBERHL I Rok, £, ¥
BRT AT VRIS EORERICE W THBRI S FIT, 7T a— LRENBH &
NTW5, ZOENPLFBTATAERERA PV RIZED 7 raisy RER
D ROTAT VML L RIGT DRNCRIGELEA] GELT V=7 AKEIK) 1T
XoTTNNa—/VRRIZRosTzeEZL BN,
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A (O = cyclic polymer + K*
o 4e I oA
I A = +
(@) B % en% a0 s /\ =HOMe +K
brssbiioil iii O I N —
[ B As To A A A - +
I v A = HO/OH + K
by! | | m| | P emTonlenAnAnagy Ag a D
()uégx.giﬁiii{iti a0
2.0 B2 A
AL S eTea,n > =MeoB/OMe + K*
AT T R »K T T T ittt it i o] s ot b i
A Lo a4 A
| [ % p90nAoLA o Ay Aob LA
, t;tdll&ﬁ&ktkiﬂana-@.La‘Lof;L.
% & % o
() Ao 9A°0A00® 6B 6 A 6 AGA ©A o A
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Figure 2-4-4. MALDI-TOF mass spectra of products as a fraction obtained by the
polymerization of 1.0 equiv. of 5S¢ and 1.0 equiv. of 6 with 5 mol% potassium
tert-butoxide in diglyme ([Sejo = [6]o = 0.6 M) at sampling times: (a) 4 min (M, = 1440,
Mw/Mn = 1.60), (b) 7 min (M = 2260, Mw/My = 1.70), (c) 10 min (M, = 3590, Mw/My =
1.88), (d) 15 min (Mn = 4900, Mw/Mn =2.12), (¢) 30 min (M = 6850, Mw/M, = 2.70), (f)
60 min (Mn = 8790, Muw/Mn = 4.21), (g) 120 min (M, = 8050, Mw/M, = 4.33), (h) 210

min (Ma = 7420, Mu/Ma = 4.66), (i) 1440 min (My = 6510, Mu/M, = 4.97).

Ubk, mAFNV—2 ZATNRBEINZ X5 EBESOESHBIZLL T ORRIZEHA
T& % (Figure 2-4-5),
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L VANV AT UTTIRILT: tert-7 PR T =AU B L

TOA—IVHROT N axs R A BEETS,
A LAY TENEDAFINVERBKIERERID .1 BIRE A MR R4

YD,
. A MRV BB ATARMLE KOS, RIGEEELHF T2 B & iE
AT IR D

DB LA VT ZAERA FAEML L RS A L > THTRRSRET B, 7
LTHUA Ry FR%A L, KOFEBT AT LI L KT 5, ST8
PSR D DIRTICERAL RS 05% LI ECh BT, KU v— X 0 bE ) v
EDTRAT NS LT 5B,

(LN 909% 2B L B MK v —HOT RTI4TN
L. BRAHY ~— C BEREND, © L CRISEIENb—BEE RS
RS & 0 45 F NBHLRIE BB A A2 2 B,
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Ak

Figure 2-4-5. proposed mechanism for polymerization by means of ester-ester

exchange reaction.

BEE A+B: RV ZAFN L AB BARY) AT )V DT AT VERRR G
AETIE, WA FEHCHT DT 2T VRIS R 5, [UH= 2T L8
fLLBoT, EHOTATAMRERIIBEWVCH ABREBN TV I EhHT X
TN —T AT NS DPETT 2 EBH/FTE D, KEHTIE, E=HTH
RULERY REDAFLUAYT7HL—h PEst) LBV e-H7u57 b
(PCL) & DT AT ) —T AT NVEER G ZBE LTz,
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2-5-1 PEs; & PCL & OF§HFEIS

F9. IV PCL 2 &8 L7z (Scheme 3-3-1), ¢

O
O
Q . SnlOdl, /P’j\/\/\/
> 0 }\
THF :

Scheme 3-3-1

PEs1 OV R LUEMLIZR LT 2 H¥&ED PCL, 5 mol% HV UL tert-7 b %
¥ FZ& THF 2N LT 50°C C 5 BfRG S/, TORER. £FMHD GPC
BEHERIIES FEACBE Lz, Lo LR OEHBRIZIZIERH Y. #h
X PEsi D=7 L—FL77cd, RBKIGIIARZELEThoEBbhi

(Figure 2-5-1),

(a)
(b)
(c)

12 13 14 i3 15 17 13 19 0
elution tmed min
Figure 2-5-1. GPC elution curves of (a) product (M, = 6150, M,/M, = 1.42) obtained by the

transestrification of PEs; with 2.0 equiv PCL in the presence of 5.0 mol% of ‘BuOK in THF at

50 °C for 5 h, (b) PCL (M, = 9140, M./M, = 1.14), and (c) PEs; (M, = 4760, My/M, = 1.18).
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2T, BE%E diglyme IZE X T, 140°C CTRIGEIToTn, FORE, ARk
Yo GPC IEHEMRIIEIZY LEBRCES FEMCBE L, BEETH- -
(Figure 2-5-2), 2%V PEs1 2A{HE L. KHBMISIISEEIEIT L2 BEbh b,
'HNMR A7 bUVTCIE PEsi & PCL OEEDY ZF AT Tholzd, BC
NMR RA~7 MVTIIHFH IR T ARER STz, £7, LBD PCL ohL
NZJVIRFES 7V ¢ 1X 17348 ppm IZBLRI STV T, TR O PCL M
RDANFR=NVRFES T T 13 173.53 ppm (3) & 173.48 ppm (¢) D 2 OHE
B X7z (Figure 2-5-3 a), 72, PEs1i DO ILR=JLRES FF L e 13 165.82
ppm ICEN DB, AR DO PEst ARDOI VA= NVRET 7L 5 0%
165.78-165.71 ppm (2% < D ¥ 7V BBEI X (Figure 2-5-3 b), PCL D7 /L
a—)L®D o if a l¥ 64.08 ppm THDIDIZx LT, EEPOBEIL. 64.43 ppm
() 2Bz, R PEst o7 )va—Lo g {i g 1% 65.42 ppm IZX LT
AL 65.06 ppm (7) L&D MLEICHNT (Figure 2-5-3 ¢), £72. PCL ® b
DY TFNBERY TIE 3406 ppm & 3411 ppm & BARABICHNLE
(Figure 2-5-3 d)y ZILHDRFBL T FILT o F AR <= —NERR LB,
PCL il =v I PEs1 &fEE L, —F PEst fllo==v> NI PCL LA
THRDHEINMEBIL T FTARENT-EEDbD, #-oT, BRE TR U4
LIEBEBAEPAER L= EBRBLNTRoT,
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Figure. 2-5-2. GPC elution curves of (&) product (M, = 7500, M./M, = 1.26) obtained by the

transestrification of PEs; with 2.0 equiv of PCL in the presence of 5.0 mol% of ‘BuOK in

diglyme at 140 °C for 48 h, (b) PCL (M, = 9140, M,/M, = 1.14), and (c) PEs; (M, = 4630,

Ma/My = 1.28).
@
{C
(b)
. @
© i
te
4 - e
6,72

= o DO e PP
. O PN n/ N B/ o) — aﬂ/
; cL o 2 ¢ PC cL o
a b
/o\v.‘<CH2>m~x.v.o\°fi,./“ ,;;L\?,,o ACHz)10
e D d o 6 d p
T7d
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0w _ACHa)qg O 7 A N 0L~ A
d ]! ]I 1
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d
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Figare 2-5-3. C NMR spectra of (a) PCL, (b) PEs;, and (c) the product obtained by

transesterification of PEs; and 2.0 equivalents of PCL with 5 mol% of ‘BuOK in diglyme at 140

°C for 48 h.
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KRIZ, PEs1 DEERYIZ, PCL ML T onepot TR T A L &R
L, 7205, 1 HED 5S¢, 6. 5 mol% DAYV T A fert-7 FF TV R%
diglyme (2P L 120 °C CT—HRIGS V7%, PCL OBEEEZHMLC 1 AR
JRSHT, FOREE, BCNMR A7 MATHENS L PRI ETRO Y 7
MIBRIS N 2o T, BERENS 1 BR-oTWAD, RFEDOT Lok
RRRIELTWLABRERD-T-0 T, Eefrhrd 1 BE%IC PCL 0¥
nu R Y UEREERIW T CHRMUZ, LaLans, R BC NMR &
A7 MTEF TRy 7T VBRI SR oTe, RIZ PEsy OEAERMME L F
RFlZ PCL 23 L7=, ¥V, PCL FETCEAZITH>ET, poly 1 DES
& FRZ PEs; & PCL ORMIGZAT o Tc, EDOFER. GPC ¥ dhigi T g
PEZRL, BC NMR A~7 MATIE ERED PEsy & PCL ORHIIS & FRED
P BEBBSNEEND, T X ARBARNBLNED LR ok

(Figure 2-5-4, 2-5-5),

(@)

10 12 14 16 18 20
elution time/min

Figure 2-5-4. GPC elution curves of (a) product (Mp = 9110, Mi/My = 1.42) obtained by the

polycondensation ofequimolar S¢ and 6 with 5.0 mol% of ‘BuOK in the presence of 2 equiv of
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PCL in diglyme under reduced pressure at 120 °C for 24 h and (b) PCL (M, = 13700, Mu/M, =

1.42).

(a) {’
5

T

(R
o sl m»wu ,.
(b)

0ol
!:""v"_‘ﬁg h"; s%’&”“ es or‘i i‘;éﬂ‘ i Vj J& F!"‘

ppm

Figure 2-5-5. *C NMR spectra of products obtained by (a) the transesterification of PEs; and
2.0 equivalents of PCL with 5 mol% of ‘BuOK in diglyme at 140 °C for 48 h (method (1)) and
(b) the polycondensation of 5¢ and 6 with 5 mol% of ‘BuOK in the presence of 2 equivalents of

PCL in diglyme under reduced pressure (90-100 Torr) at 120 °C for 24 h (method (2)).

TAFTNRBR S TEM LT-ELEAEKL PCL FETT 5¢ & 6 DEALZR
BMLTERLEEEASEIIIZERT DSC HBRER L. T T2 NFH 387 &
6.55°C To o7 (Figure 2-5-7a vs. 7b), PEs; O T (1.4°C) & PCL D Ty (55.2

°C) IHBHSNARPo 2 bbb T ABESEDERNLE SN,
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Figure 2-5-7. DSC curves during heating of (a) copolymer obtained by the transesterification of
PEs; and PCL (method (1)) and (b) copolymer obtained by the polymerization of 5¢ and 6 in the

presence of PCL (method (2)) at the heating rate of 10 °C/min under a nitrogen atmosphere.

EARE e

ZDETIER, PIA—NVDOZATNETHINVEVBTATIVE DT AT ) —x
ATNEREINZ K2R 2 AT VOFRARIEIZ >V TR Lz, TR
FRALF=NVDERATIVE LAV TENVERAFIV (6) DT AT )L—T AT )L
TSI & 5 ENF A OBBER S OREFIE, b, 4 — LT X7 L OREE,
B, €/ ~—REOFHEZRTT LR, Z Y VA tert-7 ¥y NEE
T. diglyme FTYF— L FEET AT )L §¢ & 6 12 125 °C CHIEFIEASE
DL, My=27800 DRV AT NABPHELNDG Z L EHLNT L, RICTZAT
W= AT NEBRRIGIC XD BEMEEO—BRMEEZ AL T 572D, e otk
ERETHVLINTZATNVE R ANKR U BBAFNV L DEEEITo T2, D
MR, BAOINRUVBRBYZATLVOEASTELNERY = XF LT

SFED 1 FULETHo, /2. OF— VAT LOESTIX, %> F
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VRV T anF U LE OB AN HKZ, T AT —T AT IVAHRIRIC
L DERIIBWT, EAEENIA Y VX NVEBAFNOEIERAR Y v —D455F
EMNERTHANC 95% #BATHBD, ZLT 9% B2 5 LBREY =—n
R LTz, FEIEBFUGESEDD 1| REETHEML, ZNUBIIRRKY v —
DERT DI FRITETERT T 2ENALNI R T,

TRAT N =T AT NG ORHE % RT 729 PEsi & PCL OEXEAEDOE
FEBE L, AR v—0DT AT L—T AT UMK, BLO PCL HET
WZBITD 5¢ L 6 DEERISWVWTNDOFETS PEs; & PCL ©F % LA3EE
BEPERLTND I LE BCNMR A7 bk DSC 2>HRHER LT,

FEEE ERE
5a DAEK

100 mL 7 A7 F A2 1,12-FFH > P4 —/1 10.1 g (50.0 mmol) Mz T
TN TEBETV, ERKIR T CHRBEELAF LY 45mL 2z, Zh
KT 0°C 1T LT bLEKEER 16.5 mL (175 mmol) 20272, EFEKWRT
THEE Y 2 125 mL (155 mmol) 12T 0°C T 30 L, FOKBE
BT 18 B L7z, ZHICKEMX THIALAF Lo C 2 EfEEZITV. 1M
HET 1 [, fafiELT Y U LKEBIKT 1 B Lz, EARE~ 7 R
UALATEEL, ABLIEE, BETCEELZREL, BETCHREL CRER
RAEHINE 13.3 g CHINER 93%) TB-, TOMHARME S VAV AT LT
v NG T 4— (NFYUERTFL =T7:1) THEL, AREELZIE 129¢

(L 90%) THT=,
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/[ko O\Q/

8a

"H NMR (500 MHz, CDCL) 8 4.05 (t, J = 6.9 Hz, 4 H), 2.05 (s, 6 H), 1.62 (quint, J =
7.2 Hz, 4 H), 1.36-1.27 (m, 16 H); *C NMR (150 MHz, CDCL) & 171.2, 64.6, 29.4,
29.2,28.6,25.9, 21.0; IR (KBr) 3445, 2919, 2849, 2130, 1738, 1476, 1464, 1394, 1369,

1239, 1094, 1038, 967, 894, 768, 738, 646, 607, 514, 477, 424 cm™!,

EtOK {2k % PEs; ®AFK (THF 3:38) (Table 2-2-1. Entry 5)

10 mL ZOHRFTATZ7 5 Ra%. T NVI L CEBLENDE— MY THEEBL, 7
T —7 Ry 7 AT 5a0.3438 g (1.20 mmol), 6 0.2329 g (120 mmol) B Y 75 =
F¥ 3 K 4.9 mg (0.058 mmol), ZHNZ7=%, ERFKM T CEE THF 20 mL %
Mz 7=, 60°C,90 Torr T 2 FEfIE#EA L7, HEERHZ 10 HEICHE THF 2.0
mL ZMA T2, EAELT V=0 LAKBEREMZ TRIEZ LT, LA F L
TR ZITY, 1M EERT 2 Bl SFREBAKRT MY U AKEKRT 1 Bk
Br L, BB~/ Xy LATHEBE L, TO%A8% L, BET TR
EHREL. BEEZELY U CHARY & L CRERMMEREAE 03191 g CHINE
80%) T&Hiz,

5b_ DA

10 mL 7 A7 7 A2 1,12-KFH P4 —/b 0405 g (2.00 mmol) M%7~
B, TNHALTEBREAITR o7, ERKTM T CHRBELAF LY 02mL 24
KB TR LB OEB L+ 272 % B MY 744 o Bl 1.0 mL
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Nz, EFXRM T CEBEREEY Y P2 0.5 mL (6.18 mmol) ZMMZ7-, FD#H., 5k
WBTEHRLAEND 25 SE# L. ER T 18 FEEB21T R/, ATV
T 2 B EITV., 1M EEET 3 B AFELT U U AKEKRT 1 FE

fafnRERAKFE T F U U LKEEKRT 3 Bledk%x L. EAERBR~ 7 2V U LA THE
L, TO®%AME L, WET CHREZREL, BELEREZ L CEBREKS

FULE 0.580 g (KLIRER 79%) TRz,

O
F3C/U\o/\/\/\/\/\/\/0\ﬂ/CF3

5b o

"H NMR (500 MHz, CDCls) § 4.35 (t, J = 6.6 Hz, 4 H), 1.75 (quint, J = 6.6 Hz, 4 H),
1.40-1.25 (m, 16H); *C NMR (125 MHz, CDCl3) & 158.1, 157.7, 157.4, 157.1, 113.4,
68.3, 29.4, 29.3, 29.0, 28.1, 25.5; F NMR (565 MHz, CDCl3) & -75.3 (s, 6 F); IR
(KBr) 3554, 3189.7, 2930, 2859, 1786, 1555, 1469, 1403, 1350, 1150, 943, 863, 777,

731, 524 cm’L.

5b & 6 DEAS (Table 2-2-2. Entry 2)

10mL ZHOHFTAT7Z AT NAIATEBRLENOE— T CHEEL, 7
0—7"R v 7 AT 5b 0.4771 g (1.20 mmol), 6 0.2349 g (1.21 mmol) 1 U 7 A
tert-7 F ¥ K 7.0 mg (0.062 mmol), Z /N Z 7=, BEKIE F Tizf% THF 2.0 mL
ZMA Tz, 60°C, 90 Torr T 2 BRffR#EEE Lz, BT 10 SEICHE THF
20mL 2z 72, SFMENT VB0 AKBREMA TRIGE DT, LA
F Lo THEZITY., 1M BT 2 [, fERBEKET M) U LKERT 1
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e a2 L, Kbk~ 7 Ry 7 ACHBEL L, T0RABEEL, WETT
EEAREL, BELZRE U CHAERY L L THEMEREE 0.5191 g RIRE

130%) TH7=,

S5¢ DERK

200 mL FRT 5 R A 1,12- RFH ¥4 —/L 6,08 g (30.1 mmol), EDCI-
HCI1 13.8 g (72.1mmol), DMAP 8.87 g 72.6 mmol), ¥MHE{ 2 F 1L > 100 mL Z0
RIzo KB Z VT 0°C IZme L7z, ¥ 2.8 mL(74.2mmol) M2 TC 1 H
BRAL Lz, | M T 2 |, fafugikEST Y v AKEKT 1 H, ffn
HALT M) LK T 1 B E U, EKEEE~ 7 RV U LA THBEE LT,
TOHSEEZ L, BETTEELREL, BELZRELY LTREERKLINE 724¢

(UL 93%) THET-,

H/U\O/\/\/\/\/\/\/O\”/H

5¢ 0

'H NMR (500 MHz, CDCl3) 6 8.06 (s, 2 H), 4.16 (t, J = 6.9 Hz, 4 H), 1.66 (quint, J =
7.2 Hz, 4 H), 1.36-1.27 (m, 16H); 3C NMR (125 MHz, CDCh) § 161.2, 64.1, 29.5,
294, 29.1, 28.5, 25.8; IR (KBr) 2925, 2855, 2362, 1718, 1478, 1375, 1184 cm™; mp.

38.0-38.8 °C.

5¢ L 6 OEE (Table 2-2-3, Entry 4)
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10 mL FRAT7 A2 T AITEBLES O — N U THBEL, T o—
TRy 7 ANTH Y U A tert-7 F ¥ F 7.1 mg (0.063 mmol), 5S¢ 0.3120 g (1.21
mmol), 6 0.2346 g (1.21 mmol), ¥/ diglyme 2.0 mL %% 7=#IZ. 125 °C, 90
Torr T 1 Af#E L, 8RBT V=0 AKBKREMZ TRGE1ED T,
WALAF Lo CHEEZITV., 1 M HEEET 2 Bl fERREEAKE TS N T LKE
T 1 EEE L, BKRB~ /XU LA TEEREY Lz, TO%IEE L., B
JET TRELREL, BERERZ L CHARM BT, BEEIZELAT VI,
B A Z ) — V2 AW CIRERERE 2 BEITRV. A% ) —VREEH L LT
HEMEEEL 02403 g (LR 60%) THZ,

8¢ & 10 OEE (Table 2-3-1, Entry 5)

10 mL TATZIF AT NALTEBRLRBOE— N TEBRL, Jo—
TRy 7 ANTHY UA tert-7 h %2 K 6.4 mg (0.057 mmol), 5¢ 0.3138 g (1.22
mmol), 10 0.2378 g (1.23 mmol), F2i% diglyme 2.0 mL %z 7212, 120 °C, 90
Torr T 25 RfE#EE Lic, SARE(AT VB =0 AKBERE ML TG LD
T, HEAF LTI ZITV. 1 M BB T 2 B, fafiKERKE T Y UL
KRBT 1 BElERZ L, EKREE~ 720 ATHREE LT, ZO%BA 8% L,
BET CHEELZRE Lk, MELZEL L CHERDOREBEE KL HINE
3.5191 g CHLUNER 871%) TRz, BEREHICHEIL AT Vo, BEICA Y J—L %k
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AWTIESERZ T2, A¥ ) —ATREEE L THREBEAEKLZINE 03118 ¢

(IXZER 77%) THT-,

o) 0

AN
Yo eSO NG

n

PEs;

TH NMR (600 MHz, CDCl) 6 8.25 (d, J= 8.4 Hz, 2n H), 8.00 (t, /= 7.8 Hz, 1n H), 441 (t, J=
6.6 Hz, 4n H), 1.82 (quint, J = 7.2 Hz, 4n H), 1.43 (quint, J = 7.8 Hz, 4n H), 1.38-1.25 (m, 12n

H); IR (KBr) 3066, 2923, 2582, 1742, 1578, 1467, 1289, 1242, 1174, 1085, 763, 723, 698 cm™.

11_DERK

50mL 7RI IR 5-TI)AYTEZNEEYAF )L 1.681 g (8.04 mmol), R
WA Y v A 5582 g (40.39 mmol), FiffE DMF 16.0 mL, I— KA X 2.5 mL
(40.16 mmol) ZMN2 T 19 FFfEE#EE L7z, 1M HEET 1 B, fafREBEkES
MU T LKEIRT 1 EL Rl R Y U AKIRIRT 1 EREE L., KRR
TRV LTHEL L, TO®BAEEZ L, BIETCHEEZREL, BEL
Ba LR o NTCHARY 2 B AE K THINE 1.741 g (RE 91%) TH%,
D%, 1 M HEEET 2 B, f8FEAT MY U AKEET 1 BEEEE L, EK
Wk~ 732U A THEBRE Lz, Z0BRA8B% L, BETTHEELZREL, B
JERC R AE LB LN ARY ZRECE AL U THINE 1.286 g (INR 67%) T

V=Yl
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I ~
'/O\ / /O\\
I I
o] o)

"H NMR (600 MHz, CDCls) & 8.00 (t, J= 1.4 Hz, 1 H), 7.55 (d, J = 1.4 Hz, 2 H), 3.93
(s, 6 H), 3.04 (s, 6 H); 3C NMR (150 MHz, CDCL) § 167.0, 150.4, 131.1, 118.2, 117.0,
52.22, 40.49; IR (KBr) 3000, 2952, 2909, 2822, 2822, 1718, 11603, 1501, 1472, 1435,
1376, 1285, 1255, 1227, 1195, 1127, 1108, 1073, 1025, 1005, 876, 855, 754 cm™; mp

124.9-126.0 °C.

5¢ L 11 OES (Table2-3-1, Entry 6)

SmL JATZRAaZT NI TEBLRP O — M THEL, Fa—7
Ry 7 ANTHY UL tert-7 L% F 6.7 mg (0.0597 mmol), Sc¢ 0.3120 g (1.208
mmol), 11 0.2834 g (1.195 mmol), ¥2/§ diglyme 2.0 mL % 0x 7=%iZ. 120 °C, 89
Torr T 24 FF#E#HE Lz, fAFEALT v E=0 AKBEEZMAZ CRIEZ LD
T, HEAF LU THIBET, 1M EBET 2 B, SRREASEF LY vk
BT 1 EEEE L, BKEEE~ /XU LA CHBRE LT, TOBAEZ L,
BET CHIELZERE LR, BEZESY L CHERDORBRE K L BEEEL
EHhETHINE 1.908 g HLINE 425%) TH7-, BEBIC 7 v aki b YA
(AL ) =N ERCTIBERE 1 T2, A% /= REHE LiBSEAM

PEEEEZINE 04012 g (IR 89%) TiE7-,
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Ny

N
I N
\fo/\v/\v/\v/\v/\v/\v,o\n, F T
o O

PESG

"H NMR (600 MHz, CDC13) 8 7.99 (s, 1n H), 7.54 (d, /= 1.2 Hz, 2n H), 4.31 (t, J=7.2 Hz, 4n
H), 3.03 (s, 6n H), 1.77 (quint, J = 7.2 Hz, 4n H), 1.44 (quint, J = 6.6 Hz, 4n H), 1.38-1.24 (m,
12n H); IR (KBr) 3412, 3117, 2998, 2952, 2909, 2822, 1718, 1604, 1501, 1435, 1376, 1227,

1127, 1108, 1025, 1005, 876, 855, 754 cm’..

12 DEFE

30mL 7 ATZFRAAZT bF=F LS Y m—/b 0.50 mL (2.90 mmol), EDCI
1.532 g (7.99 mmol), DMAP 0.9775 g (8.00 mmol), BEZi@tE{kAF L > 100 mL %
INZ T, KB EFNT 0°C TR L7k, X8 0.30 mL (7.95 mmol) ZH1% T 1
HE#LZ Lo, 1M HBERT 1 [E, fafiRBkET MY U 2KEKET 1 [E, 850
AL T MU U LK T 1 Bk E L. EBARE~ 720 ATERY L,
Z0H%ASE% L, BETTEELREL., MELEREZ U CEAEHRE THIX

7 0.6129 g (IR 84%) THHI=,

H \H/O\/\O/\/O\/\O/\/O\H/H

O o
12
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'H NMR (500 MHz, CDCl3) § 8.09 (s, 2 H), 4.33 (t, J= 4.9 Hz, 4 H), 3.74 (1, J = 4.9 Hz,
4 H), 3.67 (s, 8H); '>C NMR (150 MHz, CDCL) § 160.9, 70.6, 68.8, 62.9;IR (KBr)
3426, 2876, 2354, 2191, 1722, 1646, 1561, 1454, 1383, 1350, 1294, 1250, 1182, 1129,

1042 cm™.

12 ¢ 6 DEA (Table 2-3-2. Entry 1)

SmLFAT7FR2ab Sml FY7FRaRTAITERLEALE— |
HTHBEL, 7u—TF Ry 7 ANT S5mL F¥ 77 AalCh Y U A tert-7 b
%3 K 13.0 mg (0.116 mmol), 18-crown-6 38.0 mg (0.144 mmol), #/® diglyme 1.0
mL #Mx, S mL A7 F 222 12 03003 g (1.20 mmol), 6 0.2320 g (1.20
mmol), B diglyme 1.5 mL 22 TEERE TS ETERLE, 0%, 5mL
FYTF ARG 05mL & SmL FARATIZAAZBL, 120°C, 89 Torr T 24
RERIE A U, 8L T v e = AOKBIRZ N2 TR % 1k CTHig = F
JVTHREZATV, 1M BT 2 [, 8MREBAKET MY 7 2KEET 1 Bk
Hrz L, BXRB~ /R U LATEREY L, ZO%A1B% L., BET CHRE
ZBRE LR, BUERREE U CHARY DR EGRERE 2 IR 03598 g (H
LE 93%) TH, BREEIZEMATF LY, BEEICA Y/ — V&RV IR
FERAE 1 TR, AF ) —AREE L L CTRERMEREZINE 0.1575 ¢ (IR

R 41%) THI-,

O O

\{o/\/o\/\ O/\/O\V/\O'/u\@/“\’n\
PES7
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'H NMR (600 MHz, CDCL:) & 8.69 (s, 1n H), 8.22 (d, /= 7.8 Hz, 2n H), 7.52 (t, J= 7.8 Hz, 1n
H), 4.49 (t, J = 4.8 Hz, 4n H), 3.83 (quint, J = 4.8 Hz, 4n H), 3.72-3.65 (m, 8n H); IR (KBr)

2871, 1720, 1439, 1353, 1239, 1095, 1035, 946, 865, 731 cm!.

13 DEAL

20 mL FRT T RAZ 2233-T R T NF T F L 1,4-UF I 03440 g
(2.12 mmol), EDCI 1.026 g (5.35 mmol), DMAP 0.6547 g (5.36 mmol), E1th{k A
FLv 60mL ZMZ 7z, KEBEBWT 00C 2R L, ¥ 020 mL (5.3
mmol) ZMA T 1 BEAEZ L7z, I M EET 1 B, fZFfMREEKET MY T A
IREVET 1 [, fafEibT F U 7 LK T 1 ERESE L, BAREE~ /%
T LATHBRZ Lz, TORAEEZ L, BETCEELZREL, BEZEEZ LT
A H IR 2 HIE 0.3243g (RIS 70%) TE 7,

F E 0
H\n/O\/i_\‘/\o/lLH
0 F
13

"H NMR (600 MHz, CDCI3) & 8.14 (s, 2H), 4.70-4.61 (m, 4 H); *C NMR (150 MHz,
CDCls) 6 159.0, 116.6, 116.4, 116.1, 114.9, 114.7, 114.4, 113.2, 113.0, 112.8, 58.6, 58.5,
58.4, 58.4, 58.3, 58.3; 'F NMR (565 MHz, CDCl3) § -120.9 (t, J = 4.9 Hz, 4 F);. IR

(KBr) 3462, 2874, 2348, 1739, 1453, 1379, 1131, 1061, 966 cm™.

13 & 6 OFEE (Table 2-3-2, Entry 2)
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SmL FRZSRAazT VAL TERLAENOE— MY U THBEL, Ju—7
Ry 7 ANTHY T A tert-7 % K 6.7 mg (0.0597 mmol), 13 0.2646 g (1.213
mmol), 6 0.2361 g (1.216 mmol), ¥4 diglyme 2.0 mL ZINZ 7-#1Z. 120 °C, 90
Torr T 24 FEIEERE Uiz, fafiffb7 v t= v AKBEKEZ M CRIGZ ED
T BEAF LV THRIRL, 1M EBET 2 Bl fafREBKEF R T AKE
T 1 EEEE L, BEKREBY 7R LATHERESE L, TO%SEZ2 L, B
JET CEELMRE LS, BELES U CHARD & L B aIERLHINE

1.759 g CHLINE 496%) TH7-,

F E 0O o)
eyt
F

PEsg

14 DAL

30 mL 7R 7 J R 3T cis-2-7 T 2-1,4-TA4—/L 0.24 mL (2.92 mmol), EDCI
1.536 g (8.01 mmol). DMAP 0.9832 g (8.05 mmol), FZt@E L AF L 100 mL %
MR Te, KigazFAWT 0°C 120 L7724, B2 0.30 mL (8.0 mmol) #/12 T 1
Rif# e Lz, 1M BB C 1 [, fafnRERKET MU 7 AKEEK<T 1 [, 4%
WALT N Y T AKBIET 1 E¥kEs L, Sk~ 7 3227 L CERE L,
Fo%AE% L, BETCHEELREL, BELEREL L TELW-BERY %
90 Torr, 210220 °C THRE L T, EAFZWIRE TINE 0.1945 ¢ (INFE 46%) %15

771;-
‘-0
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"H NMR (600 MHz, CDCI3) § 8.07 (s, 2 H), 5.84-5.78 (m, 4 H), 4.79 (d, J = 4.8 Hz, 4
H); *C NMR (150 MHz, CDCl3) § 160.54, 127.94, 59.23; IR (KBr) 3651, 3554, 3426,

2944, 2311, 2056, 1924, 1723, 1157, 922, 767 cm™.

14 L 6 OEE (Table 2-3-2, Entry 3)

SmL FRITZ AT NALTERLERB O — NIV THEEL, Ju—7
Ry 7 ZANTHY T A tert-7 FF T F 6.8 mg (0.0606 mmol), 14 0.1718 g (1.193
mmol), 6 0.2325 g (1.198 mmol), Fz#% diglyme 2.0 mL %A1z 72#12, 120 °C, 90
Torr T 24 EFRIH#EE Uiz, SEREILT B = AKBKEMZ TREZ 1D
T, BEAF LV THBAEITY., 1 M EHET 2 B, fafiRBAET N 74
KEWET 1 EEEZ L, BAKRE~ SR Y ATEHBRE L, TOHRABE L,
BUET CHEZBRE L%, BERES? L OREAKEZHNE 1.715 g (HIX
R 659%) TR, KT 5 EEE L., Bk~ 7 X2V ACTHEREY Lz,
DHEAEEL, WET CHEELREL-ZE, MELES L TRERKEL LT

HLULE 02615 g IR 101%) %157,

A0
LAk

PESQ
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'H NMR (600 MHz, CDCL) 5 8.69 (s, 1n H), 8.23 (dd, /= 7.8 and 1.8 Hz, 2n H), 7.54 (sext, J=
3.6 Hz, 1n H), 6.02-5.75 (m, 2n H), 5.08-4.78 (m, 4n H), 3.95 (s, 4n H); IR (KBr) 3537, 3439,

3078, 2953, 1725, 1609, 1436, 1304, 1239, 1134, 984, 730 cm’".

15 DERK

30 mL TR Ry 7an~nt¥ 144 —/b (cis- and trans- mixcture)
336.6 mg (2.90 mmol), EDCI 1.540 g (8.03 mmol), DMAP 0.9725 g (7.96 mmol), &
BRI AT L 10.0 mL ZANZ 7, KIS EFHWT 0°C im0 L2k, X8 0.30
mL (8.0mmol) 212 T 1 BHEHE Lz, 1M EET 1 [|, fafuimigkES b
U o LKERT 1 [, fafnE{b) b Y v AKEIKRT 1 EkEE L, SR~
TRV LTHRE Lz, 0% 8% L, BET CHEELREL, RELE
L THLNTMAERYE 100 Torr, 245 °C THRE LBEPEK L BRI IEE

UNE 0.214 g (IR 43%) THT-,

'H NMR (500 MHz, CDCI3) & 8.08 (s, 1 H), 8.05 (s, 1 H), 5.01-4.99 (m, 2 H),
2.03-2.00 (m, 2 H), 1.91-1.85 (m, 2 H), 1.78-1.76 (m, 2 H), 1.64-1.61 (m, 2H); 1*C
NMR (150 MHz, CDCls) 8 160.46, 160.41, 70.38, 70.68, 27.45, 27.14, IR (KBr) 2951,

2874,2345, 1719, 1450, 1378, 1176, 1117, 1036, 1016, 906, 833, 658 cm’..
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15 » 6 OEA (Table 2-3-2, Entry 4)

SmL TAIZ A%, T NVICEBRLEBOE— NI THEL, Ju—7
Ry 7 ANTHY T A tert-7 F ¥ F 6.5 mg (0.0579 mmol), 15 0.2033 g (1.181
mmol), 6 0.2311 g (1.190 mmol), #f% diglyme 2.0 mL %1% 72812, 120 °C, 90
Torr T 21 Feffi#R% Lz, % 5 I/ 0oz AV CERL AR
FEET 0.1942 g (67%) THZ, BiKEZ 1 I 70 0EEZHAOVCRBELZITVWE
FEEET 0.0337g(12%) THiZ, S LIZEEZ 7 M E#R 3 BfTWEBIET T
EEAZREL BEEE 0.0279 ¢ (10%) THZ,

"

PES10

"H NMR (600 MHz, CDCl;) & 8.77 (t, J = 1.8 Hz, In H), 8.31 (dd, J= 7.8 and 1.8 Hz, 2n H),
7.60 (t, J= 8.4 Hz, 1n H), 5.37 (s, 1n H), 5.12 (s, 1n H), 2.27-1.78 (m, 8n H); IR (KBr) 3076,

2944, 2866, 1714, 1446, 1298, 1235, 1146, 1112, 1096, 1075, 1038, 1020, 925, 823, 720 cm™..

16 DEFL

100 mL FR7 F R 2l F L7 Y z—/1 0.70 mL (12.6 mmol), EDCI 5.751
g (30.0 mmol), DMAP 3.694 g (30.2 mmol), #23E(L AF L 40.0mL &% 7=,
KBERWT 0°C 12w Lz%, ¥E 1.1 mL (29 mmol) 2% T 23 BFEE
o L, 1M HET 1 B, SafREKRET MU 7 AKEKRT 1 [, fafiEl
T U UAKEHET 1 BEREE L, BB SR T ATERE LEZ, £0
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#%AHBEE L, WETCTEELZREL, BEGRL2 L CEONZHAERYE LT
MAFZIARIELINE 04684 g (VR 32%) THE-,

0
H\n/O\/\O)J\H

© 16

'H NMR (500 MHz, CDCI3) & 8.09 (s, 2 H), 4.42 (s, 4 H); 3C NMR (150 MHz,
CDClL) § 160.45, 61.21; IR (KBr) 3429, 2957, 2020, 1720, 1456, 1382, 1280, 1253,

1161, 1031, 923, 855, 756 em™.

PET DA EE (Table 2-3-2, Entry 5)

SmL FRAZSRAaz27 VA TCEBLES O — MU THBEL, Ju—7
Ry 7 ANTHY A tert-7 FF L K 7.2 mg (0.064 mmol), 16 0.1308 g (1.11
mmol). 8 0.2179 g (1.12 mmol), ¥4 diglyme 1.8 mL %Mz 7=%#iZ. 120 °C, 94
Torr T 24 FRfR# AL L7, fllle — FE2RAWTERAZITV., BET CEls
BRELZE, BEZSEEL L TRAEFEZHINE 0.1660 ¢ (HINE 78%) THZ,

\FO/\/O
O
PES11
'H NMR (600 MHz, CDCl;) § 8.11 (t, J= 3.0 Hz, 4n H), 4.70 (s, 4n H); IR (KBr) 2968, 1717,

1411, 1342, 1260, 1129, 1021, 972, 873, 727 cm™.
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17 DERK

50 mL TATFRAIZY 7 a~FH TR R ) —)L 2,06 g (14.3 mmol), EDCI
6.81 g (35.5 mmol). DMAP 4.34 g (35.5 mmol), ¥EELAF 1L 40.0mL 202
7o KWEMAWT 0°C 2RO L7z, ¥BE 1.3 mL (34 mmol) ZA1%C 22 B
Fif#EE L, 1M 3EEEC 2 [E, S8fREKET MY ¥ 2K T 1 [, fafn
BT MY U AKEBIET 1 BikgE L, kKRB~ 7 327 A TEERE L,
FOHABE L, BMET CBEELZREL, BEREREEZ L TELNMAERY &
U CEAFRRE CINE 2.38 g (IR 83%) THT-,

17

'H NMR (500 MHz, CDCL) 8 8.08 (s, 2 H), 4.42 (ddd, 4 H), 1.95-1.83 (m, 4 H),
1.66-1.44 (m, 4 H), 1.08-1.02 (m, 4 H); 13C NMR (150 MHz, CDCls) § 160.1, 68.5,
66.4, 36.7, 34.2, 28.6; IR (KBr) 2932, 2858, 1725, 1459, 1376, 1177, 944, 893, 785

cm’,

17 & 8 OEA (Table 2-3-2, Entry 6)

S5mL TRITFRAZTNATERLERD O — MNF U THEEL, Tu—7R
VI ANTH I UL tert-7 FF L K 6.9 mg (0.062 mmol), 17 0.242 g (1.21 mmol),
8 0.235 g (1.21 mmol), ¥2#% diglyme 2.0 mL ZH1x 7=%1Z, 120°C, 91 Torr T 24
RFRE I E Lic, 0% 5B L, BEEEL UCHARY & L CFHaRK
ZHINE 0.320 g CHINER 96%) THT-,
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o

PES12
IR (KBr) 2942, 2848, 1716, 1451, 1407, 1271, 1105, 1016, 958, 874, 731cm™.

18 DAk

100 mL 7 A7 32 2244-F R AFAL I aT B2 PVF—n 1.07 g (749
mmol), EDCI 3.32 g (17.4 mmol)., DMAP 2.11 g (17.2 mmol), ¥iiE{LAF 1L
20.0mL #H0Z 72, K@ Z FAWT 0°C (2@m=e L=, ¥ 0.70 mL (19 mmol) %
Nz C 21 RefEERE Lo, |M EEET 2 [, SaRRERKET b U 7 LKIRIE
T 1 [, fFE T B U U AKBEIET 1 EEERE L, BB~ 7R LT
HBEE L, ZO®BAE%Z L, BET CHRELREL, BEEZEE2 L TELN
TR L U CEATHIRE CINE 1.39 g (INFE 93%) 257,

H«Z%%’M

H NMR (600 MHz, CDCl3) & 8.13 (s, 1 H), 8.1 (s, 1 H), 4.56 (s, 1 H), 4.42 (s, 1 H),

1.29 (s, 3 H), 1.15 (s, 6 H), 1.03 (s, 3 H); '*C NMR (150 MHz, CDCl3) § 160.6, 80.5,
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79.6, 41.1, 28.4, 22.7, 16.8; IR (KBr), 2966, 2872, 2344, 1723, 1470, 1375, 1164 978

890, 807, 746, 598 cm™,

18 ¢ 8 ®EE (Table 2-3-2, Entry 7)

S5mL FRATZVIFRAIETNVALTEBLRSA b — M THEL, Ju—7
Ry Z ANTHY Th tert-7 ¥ F 6.9 mg (0.062 mmol), 18 0.241 g (1.20
mmol), 8 0.233 g (1.20 mmol), ¥/ diglyme 2.0 mL %1% 7=#12. 120 °C, 91 Torr
T 23 BREIREE Uiz, SRl L7 oy AKIRIRE A CRISZ 1L T,
EALAF VTR ATV, 1 M REET 2 Bl ffREIKSE T Y U LKA
T 1 EfEE L, BB AU LA TERE L, 20%A 8% L, B
JETCTHEELERE LS, BELEEZ LTHERER S VA HINE 2.074 g (B

U 631%) THT,
o 9
0
n

PES13 (0]

IH NMR (600 MHz, CDCls) § 8.21-8.10 (m, 4n H), 4.80 (s, In H), 4.65 (s, 1n H), 3.97 (s, 3 H),
1.47-1.10 (m, 12n H); IR (KBr) 2967, 2871, 1721, 1550, 1470, 1407, 1376, 1265, 1101, 1018,

873, 729 cm.

EAZEHOIBH
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10 mL Z2oHAFRAT7IRaL SmL FVT7IFTRax T AT TEBLANS
E— FHTREREL, Z7a—T7Ry 7 ANT SmL TV 77 Raiihyv
A tert-7 ¥ T K 13.8 mg (0.12 mmol) & dry diglyme 1.0 mL 2% 72, F7/-,
10 mL 2R FRA7 5 X322 3 06195 g (240 mmol), £ V7 FZNVEERD A F )L
0.4644 g (2.39 mmol), ¥ ~F A F TR E L 323 mg (0.12 mmol), dry
diglyme 3.0 mL /M x 7=, D%, SmL 775 RaDONEMEERZRHETT
10ml, Z2AFRAT7 522 Mxl=% 125°C, 90 Torr TH#EE L=, 7V
7% 4,7,10, 15,30, 60,120,210 53 TV, 8FE(LT B =0 AKBHE TK
JEE D, BEATF LU THBH LZ%IC GC 2HE Lz, BET CHRE2BRE

L. BEEE% LT GPC & MALDI-TOF MS THIZE L7,

PCL & PEs; OIEESEDEE

S5mL FA7TRa %TJv:i‘:/“t“L%;%ﬁbieﬁi be— MU CEEREL, Fun—7
Ny 7 ANTHY T A tert-7 FF 2 K 5.4 mg (0.048 mmol), PCL 103 mg (0.902
mmol), 0.4 M PEs1 diglyme ¥ 1.12 mL (0.448 mmol) %1% 7-1%%(Z. 140°C T
2 ARE®RE Lz, SfE(ET ey AKBREMZ CRISEIED T, Hik
AF LU THBZTV, 1M EHERT 1 B, S8FREBRASET Y U AKEET 1
ElEEE U, EKRBE~ /R0 ACHEE Lz, 20O%AB% L, BETT
BIRERE L%, BREIELATF VY, BEEIZA ) — L& AN TR
FBE 1 EfTRV, AF ) —ARERE U TBEMERAEEZINE 57.5 mg (IRR
23%) Tz,

PCL FET 5¢ L 6 OES
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SmL FTATZ7GRaETAIATEBRLESOE— NT U CHEEL, Juo—7
Ry 7 ANTHY T A tert-7 F%F K 1.7 mg (0.015 mmol), 5¢ 78.8 mg (0.305
mmol), 6 58.5 g (0.301 mmol), PCL 66.8 mg (0.584 mmol), F:f% diglyme 1.4 mL %
Mz I, 120 °C, 90-100 Torr © 1 A% Liz, SURHILT v E= % Ak
BREMZ CRGZE IED T, #HLAF L THEEZMTVL., 1 M HET 1 |,
BFIEREAAKFRT MY U AKIEIRT 1| [E¥E % L, BB~ 7 RV U A THE
Zllz, TO®%AEZ L, BIETTHEELZREL, BERELY L TCHASRY %
Bz, REHEICELATF LY BBEEICAZ ) —VERWCILERERE 2 BIfT
RV, AZ ) AREHE UTEEBMEEEZ 100 mg (INE 60%) TR,

51 FSCHR
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B XL

3-1-1 _1ZL®HIZ

TEEREMSET ) v— L TEBEETE ) v~ —DOEHS (A2 + B BES) 8
WA ERET A0, FFOE ) v~ —Z2BRICHES Z BB L Tb
TS, M LaLanb, BREBZLEINTND ZOFEIXZARICHE
TER<, A B/ < —¢ By B/ v—TCENENOERBEPHFHIEENEZRY < —
X, A FARIERS L TRRR ) > —PBERT I, 77 ) v 7R =—72
FERIRIICERT DI LITEELY, 3

B2 ETI ATV AT AKBREIGICB T VA=V AT N ETH
NWR VBT AT NDEENTEHEHRS TV, BRF ) =27 LE2EF T3,
Fio, HHEZETII—ROR A+ By EETERICEBLRAIBRAN) =27
e ZEREMNHE S ATV R RZREISH] (ExR) & LTHWTTZ AT )L~
TRATNARBRISEITD Z LI Ko THRREEREELEITo TV 5, ¢ BIL., [
CRIGEED = AT )N — 2 AT NV E VTS ICHEbL LT, BIRER
Uw—b@mRmABERELEINEZEHRF Y v —L 2ED T TS,

ZITAETEH, BRRYV -0/ OoNDIT AT N~ AT IUREKIGIZ &L
LHEMELIEHEENL T CTITo7- (Figure3-1-1a), £V, BEIOT / < —NBIR
ANV=—¢RIGTHZLTEXR ELUTHERL, MARBICEASNS Z LT, #
EBEOBWT LUy 7R e—RNERTE5Z L2 8FE L,
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(a)

Irreversible pren
polycondensation ~

l cyclization ;| .‘"/\o
(b)
Reversible ¥ mia ¥
Polycondensation :
Q+Q —= O Q- 090 - .P— ‘w’\o
- b

excess Ve : .
l T excess | | L

Scheme 3-1-1. Polycondensation using an excess of one of the two monomers: (a)

irreversible polycondensation and (b) reversible polycondensation.
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BE MR AT - ATFARBRRE SR W ESEEALTERS

AETIE, AHOE v~ BRICAVEIFEE LV TEREG TEONEHRY
< —OREB, BRFY v — 2B EPIERF Y ~— 0B B LN B EME R
& L7z (Scheme 3-2-1),

H. _O.__O_ _H MeO_ _R'. _OMe ‘BuOK 0. _O__R
YOROYT e NN e XPRPNy Ty
0 o) O O diglyme O O

1a. R = C12H24, 2a:R' = m-CsH4
ib:R = (CH2CH20)3CH2CH2 2b:R'= C8H16

Scheme 3-2-1 Revesible unstoichiometric polycondensation of 1 and 2.

3-2-1 VA —/VIBRIDEEE )N TEHSIZHIT A HRmEHE

TP, VA NTRTFTALBEI T TR F L — T RTF VSRR & D EREES
e L7z (Scheme 3-2-1, Table 3-2-1), 1,12- RFH A — NP7 LA — h
(la) & 1.20 ¥8. A Y T7HINLVEEYAFI)L 2a) & 1.0 BET 5mol% BuOK 7
TET. diglyme ®CHUET(90—100 torr), 120°C T 1 ARSI EIRER, 4K
¥ MALDI-TOF MS T3, BaFERTIIT Vv a—u/Ta— L REHs, &

ST ETIIRRAR Y ~— B8 X7z (Table 3-2-1, Entry 1; Figure 3-2-1),
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O = cycle + Na*
- 7 O =HooH+Na
0 O
OO0 L)
®) ]
L O D5
jd l,;. . | ‘ iw?':_-'.,
1000 2000 3000 4000 5000
miz

Figure 3-2-1. MALDI-TOF mass spectrum of the product obtained by the polymerization
of 1.2 equiv of 1a and 1.0 equiv of 2a with 5 mol% of ‘BuOK in diglyme ([2a]o = 0.6

mol/L) at 120 °C under reduced pressure (90-100 Torr) for 1 day (Table 3-2-1, Entry 1).

ZZTla ZLVEEO 1.25 YBICLUTRIELER, RRICES FEBRICE
KR Y =—2 R S (Entry 2), BOREREIERTS L BISmFRBA L, 5T
F’sﬁlﬁﬁu‘?\i Db FARSHEBEICRDTEDICRRAR Y v —BAERLTNS L&
ZTee T T, la OBFREZL 1.2 HEICEL T, KRNEBE% 0.60 mol/L 25
1.0mol/L [T L7223, BRAY = —2 8 S 7z Entry3), ILIZEEZEDT
FER ([2a)o = 2.0 mol/L), BIRARY ~—DAERITH S, b Fox v EREo
SRR Y = — (Ma=5140, Mo/My = 1.31) 720 R4 L7 (Entry 4; Figure 3-2-2a),
ZORE ([2alp=2.0mol/L) T 1a % 1.2 225 1.14, 1.09 HELWSH L THH
KAV =—DHBBLI., GFEFNER My=7260 FTEMU7 (Entry 4-6),
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(@) 0O O [] =HomoH + Na*

L] [1:] £ =Me0,CICOMe + Na*
J
u B 0
] 1 O%oao
(b)
O 10RO o
¢ o
o O o
Ll Ll 1%%0
1000 1500 2000 2500 3%)/(; 3500 4000 4500 5000

Figure 3-2-2. MALDI-TOF mass spectra of the products obtained by the polymerization
of 1a and 2a with 5 mol% of ‘BuOK in diglyme under reduced pressure (90-100 Torr) at
120 °C for 1 day; [1a]o/[2a]o = (a) 1.20 ([2a]o = 2.0 mol/L; Table 1, Entry 4) and (b) 0.80

([1a]o = 0.6 mol/L; Table 3-2-2, Entry 4).
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Table 3-2-1. Unstoichiometric polycondensation of excess 1a and 2a?

Concentration
Entry  [la]o/[2a]o® Yield? M.* Mw/Ms  End group”
(mol/L)*
1 1.20 0.60 74 5170 1.28 HO/OH, cycle
2 1.25 0.60 58 4650 1.31 HO/OH, cycle
3 1.20 1.0 67 6430 1.41 HO/OH, cycle
4 1.20 2.0 57 5140 1.31 HO/OH
58 1.14 2.0 52 5790 137 HO/OH
62 1.09 2.0 40 7260 1.39 HO/OH

¢ Polymerization of 1a and 2a was carried out with 5 mol% of ‘BuOK in diglyme at 120

°C under reduced pressure (90-100 Torr) for 1 day. ® Feed ratio of 1a to 2a.  Concentration

of the monomer used in the lesser amount. ¢ Isolated yield upon precipitation into

methanol. ¢ Determined by GPC based on polystyrene standards (eluent: THF). /

Determined from the MALDI-TOF mass spectra. ¢ Polymerization was carried out for 3

days.

3-2-2 THNVR R AT VIBRIDIEE TN FEREE IS 5 H ARSI

RIC, VIR B AT VBRI T CTEMEZRBN L1 YED 1a & 120

LED 22 DEMHEEE [1alo=0.6mol/L TITo72iEE, MALDI-TOFMS (24X Y

BRFEBICATFNZ AT/ AF IV AT IVERES, B FERICBIRERY <

—MEHl Sz (Table 3-2-2, Entry 1; Figure 3-2-3),
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O =cycle + Na”
<> < © o h:e;701’;02Me +Na'
<o
<o
<o
o <© o
O
o <o
L . l | ? ©
1000 2000 3000 4000

miz

Figure 3-2-3. MALDI-TOF mass spectrum of the product obtained by the polymerization
of 1.0 equiv of 1a and 1.2 equiv of 2a ([1a]o/[2a]o = 0.83) with 5 mol% of ‘BuOK in
diglyme ([1alo = 0.6 mol/L) at 120 °C for under reduced pressure (90-100 Torr) 1 day

(Table 3-2-2, Entry 1).

2a DE%Z 130 FEIENSE L, BREY ~—0EgB3 s, AF1
TRTNVEKEGEOERR Y = —DHBEL T (Table 3-2-2, Entry 3), F72. 1.25
BED 2a TH, FRTHo7= (Table 3-2-2, Entry 2; Figure 3-2-2b), DF V., ¥
FNR BT AT VIREIT TIE. [1alo = 0.6 mol/L OEETYH 25 mol% BET
FRICEHRRY = —2N /T oD Z LA LTz,

IDEITTAINZATF VBRI TOEHRS LY PR BT T LiBE
TOEMREDIE) VEBRETCHLERRY ~—DEREIH CTEZORIKRD L D
WCHATE D, VA=V AT VBRI T TIET va— /T a—VREORY
TeDERL, TORERT L aAXT Relhol b ICEARH TIIN TR
ATNREEEHBE L TRRRY = —2N4EHK L9 (backbiting), —7F7. P4
RUBT AT VBRI T TlE, ATFALT AT N/ AF LT ZF LREORY < —is

AR L. DX 57 backbiting ITEZ HRVWEDEEZ LN,

&0



Table 3-2-2. Unstoichiometric polymerization of 1 and excess 2%

Entr Concentration  Yield
1 2 [1]/[2]¢ M My/My¢ End group’
y (mol/LY* (%)?
1 la 2a 0.83 0.60 87 4310 1.45 Me(O,C/CO2Me, cycle
2 la 2a 0.80 0.60 46 3420 1.40 MeO,C/COMe
3 la 2a 0.77 0.60 59 3290 1.39 MeO,C/COMe
4 1b 2a 0.80 0.60 21 3150 1.16 MeO,C/COMe
5 la 2b 0.80 0.60 65 4550 1.46 MeO,C/COMe

¢ Polymerization of 1 and 2 was carried out with 5 mol% of ‘BuOK in diglyme at 120 °C
under reduced pressure (90-100 Torr) for 1 day. ? Feed ratio of 1 to 2. ¢ Concentration of
the monomer used in the lesser amount. ¢ Isolated yield upon precipitation into methanol.
¢ Determined by GPC based on polystyrene standards (eluent: THF)./ Determined from

the MALDI-TOF mass spectra.

3-2-3 A DOIEET /N TEEEIZEBIT SRR
FHEBREZEZ THLRRIZERA Y v —BE N2 NER/I-, £, o4 —

NWERBHEI D bREOEWZF LT Y a—LEHTHS 1b & 125 YEOD
2a & % Table 3-2-1, Entry 6 L [REOEHTIT o772, A ¥/ — NI SE T,
= 21% THLNER Y v~ —D4FEIL My=3150, My/My=1.16 THo T,
Flo, RY = —DRIFIAFNVT AT N/ AF VT AT IVESRTH o7 (Figure 3-

2-4),
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& & & =Me0,CICOMe + Na*

<&
&
o <O
<&
<O
| <O
IR I I I T I T

1000 2000 iz 3000

Figure 3-2-4. MALDI-TOF mass spectrum of the product obtained by the polymerization
of 1.0 equiv of 1b and 1.25 equiv of 2a ([1b]o/[2a]o = 0.80) with 5 mol1% of ‘BuOK and
6 mol% of 18-crown-6 in diglyme ([1b]o = 0.6 mol/L) at 120 °C under reduced pressure

(90-100 Torr) for 1 day (Table 3-2-2, Entry 4).

RE WEMENDIZ, ZORY ZATFARRAEZ ) — T MR B
Tz Bbond, RIZ, 125 SEOBHECAINAR BT ATV 2b & 1a &
DEMEEEFRIIToEER, IR 65% T, Ma=4550, Mw/My=1.46 ORY
AFNE/E, TORI—DOFKEL AF VT AT/ AF LT AT RETH

-7z (Figure 3-2-5),
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& > = Me0,CICO;Me + Na*

MR

1000 2000 3000 4000
miz

Figure 3-2-5. MALDI-TOF mass spectrum of the product obtained by the polymerization
of 1.0 equiv of 1a and 1.25 equiv of 2b ([1a]o/[2b]o = 0.80) with 5 mol% of ‘BuOK in
diglyme ([1a]o = 0.60 mol/L) at 120 °C under reduced pressure (90-100 Torr) for 1 day

(Table 3-2-2, Entry 5).

o T, VA= NFBIATARLISHINRVBAFAEEZTHLI AR
VERAFNVE ) —BRI T T, WARVEBAF AT AT REHEER Y < —
NERIZELNDZ ERALMNIR ST,

FEE ARG & AR S O EMES O gk

EE TR EMRS ORBEHIE L, iz, ELE L FEREAL TS
—NEDANR B a ) REDOREHENERS 2TV, B8O WA ERE
BTHLNOARY - —Kim& b L7~ (Scheme 3-3-1),
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' idi s
HO-R—OH  + C'YRTC' _ pyrane | XO‘R/OTRan

O O CHyCl O O

3a.R= C12H24 4a: R'= m-CgH,
3b: R = (CHoCH,0)3CH,CH,  4b: R' = CghHyg

Scheme 3-3-1. Irrevesible unstoichiometric polycondensation of 3 and 4.

3-3-1 VANV AT I)VBEITICEIT AEHES DL

BANC 119 ¥ED LL12-RTH V4 —v 3a) & 1| YBOA Y T ZLEE
Yrul R da) OEMEEZIToT/RER. INFE 35% T Ma=21200, My/Mn=3.95
DRV =—03% 517 (Table 3-3-1, Entry 1), MALDI-TOF MS Tli, ERISET
B LTZE—BEOR) v — LR TRRR Y v —D =7 BPRELBHEIEN

7z (Figure 3-3-1b),

(@) o o o = cycle + Na*
=} o [0 =Ho/oH + Na*
]
m}
0 (m]
| (%000
(b) ©
o]
o]
Op. 0D O0Dpp
DDU{D 00 DODpoggg
Jlilfelley |1 1 7P00popooao
1000 2000 3000 4000 5000 6000 7000 8000 9000

miz

Figure 3-3-1. MALDI-TOF mass spectra of the products obtained by (a) the
polymerization of 1a and 2a ([1a]o/[2a]o = 1.20) with 5 mol% of ‘BuOK in diglyme ([2a]o
= 2.0 mol/L) under reduced pressure (90-100 Torr) at 120 °C for 1 day (Table 1, Entry 4)
and (b) the polycondensation of 3a and 4a ([3a]o/[4a]o = 1.20) in the presence of 2.2 equiv

of pyridine in CH2Cl ([4a]o = 2.0 mol/L) at room temperature for 1 day.
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3-3-2 VHNR U AT BRI TIZEBIT 2 BHEE OB

WIZH VR BV BTEIT ([3a]o/[4a]o=0.80) TITo/2fER., INK 63% T
My = 6330, Mw/My=1.62 DR ) <~—253G 547z (Table 3-3-1, Entry 2), Z DR Y
T ORIV A —NVER T ORBHENES & HEANVERBRA ) ~—D e —7
TN EVD, PEER LR ERBRFA I v—D ¥ — 27 3kE 8RN

(Figure 3-3-2b),

(a) S Lo QO =cycle +Na*
o &> =Me0,C/COMe + Na*
© <o
<
i BRI
(b) O
o 0
o © S o o o
Sl i%fefel | [T %00
i L . i } ? st . .l 4 i " "
1000 2000 3000 4000 5000
miz

Figure 3-3-2. MALDI-TOF mass spectra of the products obtained by (a) the
polymerization of 1a and 2a ([1a]o/[2a]o = 0.80) with 5 mol% of ‘BuOK in diglyme ([1a]o
= 0.6 mol/L) under reduced pressure (90-100 Torr) at 120 °C for 1 day (Table 1, Entry 4)
and (b) the polycondensation of 3a and 4a ([3a]o/[4a]o = 0.80) in the presence of 2.2 equiv

of pyridine in CHzClz ([3a]o = 0.6 mol/L) at room temperature for 1 day.

wIZ, 0.8 YBDOTF "N F=F LT Va— 3b) & 1 YBED 4a OEES

BAToT-MER. IR 23% T M, = 3600, Mo/My =120 ORY = —E 517
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(Entry 3) MALDI-TOF MS IZ X 2 RIBENT TIZ, A ¥ ) —VRBEHLDOAA L E
— IR ARY = —Tdh o7~ (Figure 3-3-3),

<> O =cycle + Na*
& > =MeO,CICO,Me + Na*
<o
<
<o
<o
<o
<o
bR xu . T ‘.Jll Labat ) sadte i o bisenk
2000 3000 4000
miz

Figure 3-3-3. MALDI-TOF mass spectrum of the product obtained by the polymerization
of 1.0 equiv of 3b and 1.25 equiv of 4a ([3b]o/[4a]o = 0.80) with 2.2 equiv of pyridine in

CHxCLz ([3b]o = 0.6 mol/L) at room temperature for 1 day (Table 2, Entry 3).

ZORY=2—IAF ) —MIEET B2, TEEOLE % 1T -7~ (Figure 3-3-4b),
IR —ERO Y — 7 BB RINE—F T, VHEERESORETIT

RIL—EFROE— 7 BB SN TWBR, AFNLIT AT )V A F )L A5 LK
ML, EICB S BEI S TW5 (Figure3-3-42), 2D ENBIFL LI Y =

—NEHERETOHER CHLIEEBERSOFPIHEOEWEHRARY -85 505

T EAHEE LT,
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a)<>

O =cycle + Na*
& &> =Me0,CICOMe +Na*
o) <
<
< o o
S S IR T

o o % o o
u,il lo lo ‘ i i.o ’%

‘ T T T
500 1000 1500 2000 2500
miz

Figure 3-3-4. MALDI-TOF mass spectra of products in the methanol soluble part: (a)
polymerization of 1.0 equiv of 1b and 1.25 equiv of 2a ([1b]o/[2a]o = 0.80) in the presence
of 5 mol% of of ‘BuOK in diglyme ([1b]o = 0.6 mol/L) at 120 °C under reduced pressure
(90-100 Torr) for 1 day (Table 3-2-2, Entry 4), (b) polymerization of 1.0 equiv of 3b and
1.25 equiv of 4a ([3b]o/[4alo = 0.80) in the presence of 2.2 equiv of pyridine in CH2Clz

([3b]o = 0.6 mol/L) at room temperature for 1 day (Table 3-3-1, Entry 3).

BRI, BEOE NV VBT 70 ) R @b) & 3a DEAXFESHET Tfio
ToFER. IR 59% T, Ma=7300, My/M,=2.40 ORY ~—03% 572 (Table2,
Entry 4), MALDI-TOF MS T & 2 R¥mfgth L, ANV ~—0 v —7 L&k
RO — 7 < BRIz (Figure 3-3-5),
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O = cycle + Na*
= = Me0,C/CO,Me + Na*
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Figure 3-3-5. MALDI-TOF mass spectrum of the product obtained by the polymerization
of 1.0 equiv of 3a and 1.25 equiv of 4b ([3a]o/[4b]o = 0.80) with 2.2 equiv of pyridine in

CH2Clz ([3ajo = 0.6 mol/L) at room temperature for 1 day (Table 3-3-1, Entry 4).

INODOHEEIZUTORICHHATE 2, EMSRBIRKISSEZ 53 hARuaY
—HIIRIL LIS WEETRVWRVRILTHDOR—BATH 5, ° RAHRISIZ
LHEMEIT—ERRRN) ~—BERT DL, ZORRKY v —»BHR L TH
WAV = =i b2, —7F, AI¥ERINC L 5 EREEIIIRRA Y v — 034/ L
TH, BRRY v —T@RIE /) v — L KETHZ L THERL, BUERRY ~—
CRY ., BREICBRICAWEE ) v — 2B RBICETET LY v IR =
—WIURTE L BATE S, Uk EHo0n0E /v —2BFICHAVWST V7
Uo7 R <=—D—REEHIET, REHERETIIRRRY ~—2&—F, 7
WEIETIE, BRR) v — 2B FETICHMERS T L7 U v 7 R <= —0RNEKT
THZEEHLMNILE,
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Table 3-3-1. Irreversibly unstoichiometric polycondensation of diol and diacid chloride®

Feed
Entry R R MolL Yield® My  Mo/Ms® End group’
ratio”

vV 3a 4a 2.0 1.18 35 21200 3.95 HO/OH, cycle

MeO,C/COMe,
2 3a 4a 0.6 0.80 63 6330 1.62
cycle
MeO,C/CO-Me,
3 3b 4a 0.6 0.80 23 3600 1.20
cycle
MeQ,C/COxMe,
4 3a 4b 06 0.80 59 7300 2.40
cycle

¢ Polymerization of 3 and 4 was carried out in the presence of 2.2 equiv of pyridine in
CH>Cl ([monomer used at lower concentration]o = 0.6 mol/L) at room temperature for 1
day. * Feed ratio of 3 to 4. ¢ Isolated yield obtained by precipitation into methanol. ¢
Determined by GPC based on polystyrene standards (eluent: THF). ¢ Determined from

the MALDI-TOF mass spectra./ [4a]o = 2.0 mol/L
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(a)
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5 10 15 20
elution time/min

Figure 3-3-3. GPC elution curves of products obtained by the irreversible polymerization
of 3 and 4 in the presence of 2.2 equiv of pyridine in CH2Cl, at room temperature for 1
day: feed ratio, My, and Myw/M, are (a) [3a]o/[4a]o = 1.18, 24600, 3.61 (Table 3-3-1, Entry
1), (b) [3a]o/[4a]o = 0.80, 6330, 1.62 (Entry 2), (c) [3blo/[4a]o = 0.80, 3600, 1.20 (Entry

3), and (d) [3a]o/[4b]o = 0.80, 7300, 2.40 (Entry 4).

FEUE ExR 2HAVWETLVZY v 7 RY <v—DERK

FEEITIE, BRICHVWEE ) v Pl EREEBERELLEZRY ~—%/5
T EBTERE, FETIE, BRIZEMLEZE ) ~—0ROVIZ ExXR 2HNT,
AR ExR FROERELA T OIMARMERELINZRY ~—DAK%
HELE, €/ v—BVF— Ve PHVRUBHED 2 BETHHI LD
ExR b VA — N XF NV § LOHNRUVBEATFAR ¢ O_FEBENREZD

L5 (Scheme 3-4-1),
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(@)

AP, Q Q 2 a0
HCO—_J—OCH + MeOC—()—CoMe + [J—C--o—_—oc—]
1 2 Diol ester ExR 5
- . . 2
— [B-c-o- Q- —_—Q)—c-0—_r—oc—] + HCoMe
reversible
reaction
(b)
8 - 2 ? Q Q 2,
HCO—_)—OCH + MeOC—(—CoMe + [J-oc—Q—C--0—]
1 2 Dicarboxylic acid ester ExR 6
— 2 - I Q Q
— [Foc—Qco{ —Q— —_)—Q—Cc-0—{] + HCOMe
reversible
reaction

Scheme 3-4-1 Synthesis of a variety of telechelic polyesters by polycondensation of

equimolar 1 and 2 in the presence of (a) diol ester ExR or (b) dicarboxylic acid ester ExR.

3-4-1 HHA— N AT NV ExR ZHAWET LAY v 7R Y w—DABR

F9, VA=AV ATV EXRS5 & 20 mol% X T la & 2a LDOEME%
fT>7 (Scheme 3-4-2), ZDfER, INFE 70% T Ma=3740, My/My=141 DR
v —NHE LI (Table 3-4-1, Entry 1), ZOFV v — DKWL, 1F1E
BrPhCO,/CO2PhBr T& Y, H/CO:PhBr i3> F 1T 7= (Figure 3-4-1),

ExR \n,oc12|"|240 ExR

H.__0Cy2Hz0

. 0 0
‘BuOK
o 0
3 :[_,r e j(©\|( ~ diglyme Bka?ﬁe‘oj(@W‘ExR

big
1a 2a 0 l¢]

Scheme 3-4-2. Unstichiometric polycondensation of 1a and 2a in the presence of ExR.

91



B - roo.cPhBr+Na*

Y = BrPhCO,/O,CPhBr + Na*
*
*
*
e *
|
E 0w *
1000 2000 3000
mlz

Figure 3-4-1. MALDI-TOF mass spectrum of the products obtained by the
polymerization of equimolar 1a and 2a with 20 mol% of 5a and 5 mol% of ‘BuOK in

diglyme ([2aJo = 1.0 mol/L) at 120 °C under reduced pressure (90-100 Torr) for 1 day
(Table 3-4-1, Entry 1).

KIZT X ) EEEFTSD ExR 2HMUCHEELTERE 2T, R <
— BN oTe, FIT, tert-7 FX T IR =/ (Boc) FCIRE LT 5b
ZEMLT, BEEZITo72%. M) 73 ol s AV CHRE LT, IR
61% T My= 4630, Mo/My =138 DRV ~—%%57= (Table 3-4-1, Entry 2), Z®D

R Y = —DOFKMIL NH2PhCO»/OCPhNH, £ Tdh o 72 (Figure 3-4-2),
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* % = HyNPhCO,/0,CPhNH, + K*

* *
* o
*
*
,—MLLLLLJLLLLK* _
2000 3000 4000 5000 6000 7000 8000

Figure 3-4-2. MALDI-TOF mass spectrum of the product by the polymerization of
equimolar 1a and 2a with 20 mol% 5b and 5 mol% of ‘BuOK in toluene ([2a}o = 1.0
mol/L) at 65 °C under reduced pressure (90-100 Torr) for 1 day, followed by deprotection

with trifluoroacetic acid (Table 3-4-2, Entry 2).

I HIZ, TBS ETHREI NV UNLT NV a—)L (TBSOCHPh) = A5 )L 5¢
Z ExR & LTHMLTESZ{T o2/ R. MALDI-TOF MS T, WRigzE
A & v 7= TBSOCH2PhCO»O,CPhCH,OTBS, K K # I E A & h -
TBSOCH;PhCO»/OMe @ _FEFEHD v*— 7 2152 L 7= (Table 3-4-1, Entry 3; Figure
3-4-3), ZORFKBOHLBAINTZRKFEPEBI SN -BAZKOLICEZLD N
%, 5¢ MHFELELZTVaF S F TBSOCHPhCOCioHuO 7% 5a X2 5b 525
FEAELEETNVaxFY PR BRIGSEPMEVWZDTH S, ZNOHRGRERIT
TFIRHRVD, BELLTAAXFY RV U ANELEORBREIEPEI > T3
7eHTh D,
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* K = TBSOCH,PhCO,/0,CPhCH,OTBS + K*

" @ - 1850CH,PhCO,COMe + K*

j i 1] N i
p;z‘!; I 1 I8P RARE Y-SRI it
fo | : ‘”

ottty

2000 3000 4000 5000
miz

Figure 3-4-3. MALDI-TOF mass spectrum of the product by the polymerization of
equimolar 1a and 2a with 20 mol% of 5¢ and 5 mol% of ‘BuOK in toluene ([2a]o = 1.0

mol/L) at 65 °C under reduced pressure (90-100 Torr) for 1 day (Table 3-4-1, Entry 3).

3-40 BB HAR VBT AT AR ExR #AVWEFLLZ U v 7 BY v —0

=54

WIZANER VBT ATV ExR L LT, A V7 XNV T (6a) &8
R U7= (Scheme 3-4-3), HEENLD 1a & 2a, 20 mol% D 6a & 5 mol% D
‘BuOK HFET, BEMBAT CT—ARISSERER. IR 81% T M, = 4880,
MyMy=1.65 ORY =—H1E 57 (Table 3-4-1, Entry 4), = DHE Y <= —D kK
X7V a—VRmEB R AT, PrO2C/CO2Pr, PrO2C/OMe, Me02C/COMe D =FE1R

DIHTH > Tz (Figure 3-4-4),
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o} 0
H.__OCiH240 _H \/O\/ BuOK
o o
\lg T ~ diglyme xR OC12H0 , 1 .r? “ExR

1a 0 2a 0 o] (o]

Scheme 3-4-3. Unstichiometric polycondensation of 1a and 2a in the presence of ExR.

L 2 .
O = cycle + Na
& =Me0,CICOMe + Na*
@ =Pr0o,CICOMe + Na*
Y& = PrO,C/CO,Pr + Na*
O X
L 2
O
ol * < . .
o olx ox off ox o
. L . p il ial . ik b I .
1000 2000 3000

miz
Figure 3-4-4. MALDI-TOF mass spectrum of the product obtained by the polymerization
of equimolar 1a and 2a with 20 mol% of 6a and 5 mol% of ‘BuOK in diglyme ([2a]o =
1.0 mol/L) at 120 °C under reduced pressure (90-100 Torr) for 1 day (Table 3-4-1, Entry

4).

NIRRT ATNVREEPERT DBICHBET AXBA T L EXBE T ELOWH
BEROFVRVWED LELNS, £ T BRVICEEMNAT CEELTERS
ZiTo T EXRRFRY = AT VL ULERIZ 6a 2 AHZ LI L, HFEALD
1a & 2a |Z, 5mol% @ BuOK HFHET diglyme F., BEMET 4 BEERIGE
Wiz, 20 mol% @ 6a LIEBMTHMIEEL 5 mol% T D LTS S 7iE
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R, E 62% T My=4480, Mo/My =287 OKRY ~—%457- (Table 3-4-1, Entry

5) DRV = —DKEIT PrO,C/COPr DFI T -7z (Figure 3-4-5),

) ¢ + = PrO,C/CO,Pr+ Na*
*
*
*
W@M@mm
1000 2000

miz

Figure 3-4-S. MALDI-TOF mass spectrum of the products obtained by the
polymerization of equimolar 1a and 2a with 5 mol% of ‘BuOK in diglyme ([2a]o = 0.6
rhol/L) at 120 °C under reduced pressure (90-100 Torr) for 4 h, followed by addition of a
solution of 20 mol% of 6a and 5 mol% of ‘BuOK in diglyme ([2a]o = 0.5 mol/L) and

stirring at room temperature for 3 day (Table 3-4-1, Entry 5).

RIZrV=F Lo 7Y a—L8H (T:EG) 2FHT S 6b &A=, BiTED ExR
6a LT, FB TEG T AT IVEIFEBATF ALY +SITHBAREVDOT, &
Mo 1a & 2a LIREETEEZIToTOLERENTESLLEZ-, LiL,
FENLD la L 2a DEE%, 20 mol% D 6b & 5 mol% ® BuOK #HML T
diglyme FTITo 728, MKMIZ T3EG T AT ANREAINTZRY ~—T4ERK
Liaholz, ZHE TEG $E FF Do VA — 8D diglyme ~DIEMEMEN R

RHTDEBEZT, T THEZ 2 20T /) <w—L 6b O3 S2OLAEHNEL
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BIAH M ERLT, ABEREHREE2To-ER, HWRIBIC ToREG = X
FTINBEAINTZR) v —DABER L2 &% MALDI-TOF MS THeEL7-

(Table 3-4-1, Entry 6; Figure 3-4-6),

* * K = T4EGO,CICOLTHEG + K*
*
* *
*
*
.:l‘t.leii;;L , lt**
1000 2000 3000 4000 5000

Figure 3-4-6. MALDI-TOF mass spectrum of the product obtained by the polymerization
of equimolar 1a and 2a with 20 mol% of 6b in the presence of 5 mol% of ‘BuOK and 24
mol% of 18-crown-6 in toluene ([2a}o = 1.0 mol/L) under reduced pressure (90-100 Torr)

at 65 °C for 1 day (Table 3-4-1, Entry 6).

RERIZ, 4-T e UNVE BBn) 5T 5 6¢ VWV, Mz HTH
BRICEMRE E2ITo 2R, BRMIC BrBn T AT ARBEAESNEZRY v —D&H
PR LT Z & % MALDI-TOF MS TR L7z (Table 3-4-1, Entry 7; Figure 3-4-

7o
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* ¥ = BrBnO,C/CO.BnBr + K*

* & = BrBn0O,C/COMe + K*
*
* * %
Y
* *
*
*
*
& *
o|®®Tiele .
®lelele L * %
*
-' S pPol M SV S R S _uut L:-ﬂ i j L i JL }k A . t t ‘Lk
1000 2000 3000 4000 5000 6000 7000

miz
Figure 3-4-7. MALDI-TOF mass spectrum of the product by the polymerization of
equimolar 1a and 2a with 20 mol% of 6¢ and 5 mol% of ‘BuOK in toluene ([2a]o = 1.0

mol/L) at 65 °C under reduced pressure (90-100 Torr) for 1 day (Table 3-4-1, Entry 7).

3-4-3 R 7w rikBEEEKOERK

macro-ExR & L TRV =F L7 Y a—)b (My = 1000) [PEG] = A7 /)L 6d
ZAWT M) 7oy 7 XEEEOEGREBRN L, ZORR. M,=8570, My/M,
=120 OFR Y w—n13E 5N 7 (Table 3-4-1, Entry 8), = OEHEHARIZIZ. 6d DE

R & [F CRERIZTE 2572 <. Bl Th o7 (Figure 3-4-8a),
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(a)

T

(b)

5 10 15 20 25
elution time/min

Figure 3-4-8. GPC elution curves of (a) the product obtained by the polymerization of
equimolar 1a and 2a with 20 mol% of 6d and 5 mol% of ‘BuOK in toluene ([2a]o = 1.0
mol/L) at 65 °C under reduced pressure (90-100 Torr) for 1 day (Table 3-4-1, Entry 8, My

=8570, My/Mp = 1.20) and (b) 64.

'THNMR R-XZ7 kLGl (Figure3-4-9a), 1.5ppm HEIC 1la HEROT /L =—
IWERIED B ALITH BT F N (@) BBV b, 1a FEITHEEL TV,
WRIZAFNTZATNANDYTF IV (b) & PEG ZAT LDV T F ) (c) DEEL
DHHRER Y v — EIZRIT 5 PEG KIOFIAIE 98% TH5B, #oT, hU T
By 7 RBEEEBEEBNTHD Z LRG>,

@ b c

(b) = —\“ é- i 0\/\0/\/0%
L} c
_fL__J LJ\__L_NA_ O
5 (ppm) 3.9 38 175 145p 125
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Figure 3-4-9. 1H NMR spectra of polymers end-functionalizaed by (a) 6d (Table 3-4-1,

Entry 8), and (b) 6b (Entry 6).

ZOMN)TryZaR)w—% DSC THHF L7 (Figure 3-4-10b), Tm X -1.2
L 292°C OZOBER SN, RIFIIRY AT NLOFRERY v— (a) D Tm
=14°C LPBEEZ R L, %EIX PEG (Mw=1000) @ Ty 23TV, $Eo
Ty 7HEEENERLTNWDZ EPRBENTZ, —F, T IRV TR

ILDFRERY =—0 20.2°C 75 98°C [T FHE LT,

B ] Endo

-7-0 —éO 1.0 Sb Qb
temperature /°C
Figure 3-4-10. DSC curves for (a) PEG-b-PEs-b-PEG (Table 3-4-1, Entry 8), and (b)

polyester from 1a and 2a obtained at the heating rate of 10 °C/min under a nitrogen

atmosphere.
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Table 3-4-1. Synthesis of Telechelic Polymers by Polycondensation of 1a and 2a in the

Presence of ExR S or 6.7

Yield
Entry ExR 5or6 My Mw/ME End groups?
(%)
o . BrPhCO,/0O2CPhBEr,
1 DAy 70 3740 141
* HO/O,CPhBr

Y el A 61 4630 138 HNPhCOyO,CPENH,

TBSOCH;PhCO/0,CPh

- : -CH,0TBS,

3 Qi 87 4600 132
TBSOCH;PhCO/COM
<

PrO,C/CO,Pr,

4 e 81 4880  1.65 PrO,C/CO:Me,

MeO;C/CO2Me

58 6a 62 4480  2.87 PrO,C/CO2Pr

6 oA 50 54100 132 TSEGO,CICOSTSEGH

8b

& & BrBnO,C/CO,BnBr,
7 e e LT 03 2940  1.50

BrBnO,C/CO,Me

8 “ﬁcfo“*n"r©wr°fﬂo*n°“a 46 8570  1.20 PEGO,C/CO,PEG”

o [e)
&d

“Polymerization of equimolar 1a and 2a was carried out in the presence of 20 mol% of
ExR and 5.0 mol% of ‘BuOK in toluene ([2a]o = 1.0 mol/L)) under reduced pressure (90-
100 Torr) at 65 °C for 1 day. ’ Isolated yield obtained by precipitation into methanol. ©

Determined by GPC based on polystyrene standards (eluent: THF). ¢ Determined from
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the MALDI-TOF mass spectra. ¢ Polymerization was carried out in diglyme at room
temperature. / Values of deprotected polymer. € Polymerization of equimolar 1a and 2a
was carried out in the presence of 5.0 mol% of ‘BuOK in diglyme ([2a]o = 0.6 mol/L) at
120 °C under reduced pressure (90-100 Torr) for 4 h, and then a solution of 20 mol% of
6a and 5.0 mol% of ‘BuOK in diglyme was added ([2a]o= 0.5 mol/L), followed by stirring
under normal pressure at room temperature for 3 days. # Determined from the '"H NMR

spectra.

(a)

(b)

(C) o'/ PN PSRN |
s s

4 LY

id) ____________________ ’ ""~,~_/\_.1

(e) ......

) S
"l \q\'\ ‘l'

(@ . M N

5 10 15 20

elution time/min

Figure 3-4-11. GPC elution curves of products obtained by the polymerization of
equimolar of 1a and 2a was carried out in the presence of 20 mol% of ExR and 5§ mol%
of ‘BuOK in diglyme: ExR, M, and Mw/M, are (2) 5a, 3740, 1.41 (Table 3-4-1, Entry 1),
(b) 5b, 4630, 1.38 [after deprotection] (Entry 2), (c) 5¢, 4600, 1.32 (Entry 3), (d) 6a, 4880,
1.65 (Entry 4), (e) 6a, 4480, 2.87 (Entry 5), (f) 6b, 5410, 1.32 (Entry 6), and (g) 6¢, 2940,

1.50 (Entry 7).
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B BSOS AT=A L

APE TR EEELVTOESOESY. EZBEE—Hi TR~ L5 ES
AR LTEBRARY v —RBR 0T ) v— L OEERIGICL > TERRY <=
L BREINDIBESEE TVD 00 MALDI-TOFMS CEBFLTZ, 1a 2%
LT 125 ¥ED 2a D 120°C TR DEESICL-THLNIZERYDD
MALDI-TOF MS O#RFEFZA L% Figure 3-5-1 [Z/RT, TD/RE., Bt 44 (la @
B LE 100%) THEEHD 2a HEDO VA F AT AT AKBERY v —NEE L —
7 ThV, HO/ICOMe FIFHR U v —E—7 MKIZKELS B2, BREY ~—1%
EoFEAllz/hE < R ATz (Figure6a), 7 47 LAFE TiX HO/CO:Me KIFAR Y < —
V=7 B3NSR0 15 RIZIEER Uz (Figure 6b-d), BIRAE U <~ —13 24
FERI I L7z (Figure 6h),

S o
(a)OA A A TAOAOAO QO =cycle + Na*
i | - >
®) o °a & ‘ lo k to io l<> O o o /\ =HO/CO,Me + Na*
O [Oa [© ‘o &o ‘o t° <:> <‘> o & =Me0,C/CO,Me + Na*
Oy © O [© S 0 & o o o
. ] /
L . | i
® O <& < o S O O
° [© | 7 % o
9 BTG 106 S 6 S O o o
Roooiid oob L l 6.L \ o J.o 1!. LJ..L Y PR s i ssdas "
) < L o < o O
° I | r 1. s ¢ 9 |
1000 2000 3/000 4000 5000
miz

Figure 3-5-1. MALDI-TOF mass spectra of products as a fraction obtained by the
polymerization of 1.0 equiv of 1a and 1.25 equiv. of 2a with 5 mol% potassium tert-
butoxide in diglyme ([1a]o = 0.6 M) at sampling times: (a) 4 min (M, = 2000, Mw/M, =

1.42), (b) 7 min (Ma = 2710, Mu/My = 1.43), (c) 10 min (Ma = 2810, Mu/M, = 1.43), (d)
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15 min (Ma = 2900, Myw/Ma = 1.43), (¢) 30 min (Ma = 2980, My/M, = 1.41), (f) 60 min
(M = 2980, My/Ma = 1.40), (g) 120 min (My = 2970, Mu/Ma = 1.38), (h) 1440 min (Ma =

3000, M/ My = 1.25).

L7ehoT, ZOFEHEERTIIRRRY v —BEEINIHEF IR ONT,
HEVHNOBEERIE /) v —BNERBICES LR Y = —R4EK LT, F72,
RRGBRT NV a— VR Y < —BER\BT AT ARY v —ZEHB I 0D D3P
LR 2332 TV e, B A AD/PSWVEEDORRRY v —iF, AT LA
BHIRNTZDINE BITRHER 0> TEHIRFA Y v —IZEB I N TV EFRR
bz,

BARE £l

AETEH, VA NVNZATINETHANRUBEAT)VEOFHEHT AT LT
ATNEBREIGICEDISFEENTEMRAICLIDT LY v 7 R ~—DEK
Rt L72, 1a @FEIT CliE. [1a]o/[2a]o=1.20, [2a]o=2.0 mol/L. D, ERimIS
A= NDOT VY v IR <=—BELNE, —F, 2a BEIT TiL, [1a]o/[2alo
=0.80, [1aJo = 0.6 mol/L DEfF, RN AFINZATADT LAY v IR) <
—B/oNT, £, T I =F LT a— VKB AT AR Y VR
VBATFNEOHEELTIEEEBES CHLMEOENT LYY v 7 RY = —R
Boni, —H. BALEAMETOA—NEDHIARVEED 7 1Y FE O
HFEELVTEMEEZITO L. BRRNV>—RNRIBZ 31D, EEENLTHE
AL TT LTy 2R~ —7E3 2 AT AT EHESLE TH D
ZEEHLMNI LT,
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RICTF—NWVTRATFTNNEAL I TEINVEBET AT LVOEENLTEHEREEIC
ExR ZIMLET V7Y v 7 R w—DaleBit Lz, TORE, BcnE
REZTARMIAETHT V7 ) v I R ~—2"Ebh, ExR 3V F—LxT X
TN, VANR VBT ATADELLERAWTHLREEEBENTETH Y,
PEG 2H T DV HNRUVEBET ATV ExR TiE, PEG-b-KR Y = A5 L-b-PEG b
Vo7wuy 7 kBAELBL LR TE, ZOBREEOREEL, 4 55OREET
AL T BZERBBEAFNZATAORY) v—Tho, ¥7—27 L LT
AERIEBAFNVTZRATAVDRY =—Thoh, 7 53O ETHERN AT L
TRATNANDRY v —PNE L A LRI SN o7, 2F 0, ZOEEES CIIBE
KRRV = —DE LA LG L TWRNWT LR ho Tz,

HEUE EBH

120 ¥ED 1a & 2a OFHFERERES ([2alo=0.60 mol/L) (Table 3-2-1, Entry 1)

S5mL 7RI IZRazTNIATEBRLRNOE— N THEBRL, Fa—T7 R
v 7 ANT SmL F A7 5 X2 1a372 mg(1.44 mmol), 2a 233 mg(1.20 mmol),
HY DA tert-7 bF K 6.5 mg (0.058 mmol), ¥k diglyme 2.0 mL %0Z T,
120 °C, 90 Torr T 1 BHH#AE L7z, BT o E= 0 AKERZ M TRIG
ZIDTHMEAF L THRZITV, 1M EBET 2 B, ffRBEAESF MY
U LKEIRT 1 BEEEE L, BB~ 7R 7 A TCTHRIREE Lz, ZO% 518
Z L., BET CHRELERE L%, BIEEES Lz, TORES BIEEHIIEL A
Fro, BEEIAY 7 —VEROCTHEBRERE 1 BITRV, AF¥ ) —LRE
B U CHRE AR Z INE 298 mg (IR 74%) THX,
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\{O/\/\/\/\/\/\/O\”/Q\Wh

O o

'H NMR (500 MHz, CDCls) § 8.68 (d, 1n H), 8.22 (d, J= 7.5 Hz, 2n H), 7.52 (t, J=7.5
Hz, 1n H), 4.33 (t, J = 6.5 Hz, 4n H), 1.77 (quint, J = 7.0 Hz, 4n H), 1.43 (quint, J= 7.0
Hz, 4n H), 1.38-1.25 (m, 12n H); IR (KBr) 2926, 2852, 1729, 1609, 1475, 1305, 1241,

1174, 1135, 1098, 1029, 970, 730 cm’'.

1.25 ¥ED 1a & 2a OFWRIENES ([2alo = 0.60 mol/L) (Table 3-2-1, Entry 2)

SmL FARATZ7IZRAazT NI TEBRLERB G — NI THEL, /r—7F%
v 7 ART S5mL 7 A7 5 A =2 1a387mg(1.50 mmol), 2a 233 mg (1.20 mmol),
F1YV T A tert-7 FE TR 6.7 mg (0.059 mmol), iM% diglyme 2.0 mL ZH1% T,
120°C, 90 Torr T 1 H##4 Uiz, fARMEILT v F = v LKBEREMZ TRIG
ZIEDTHEMAF VU THREZITV, 1M EEET 2 |, fafiREAKEST MY
LK T 1 BEVEEZ L. BEKEREE~ 720U LA THREY Lis, £0% 518
ZL, BET CTHEELZRE L%, BERREE Lz, TOREL BRBEEIZER A
FLv, BBEEICAY ) —VERVTIEERZ | BE{TRV., A¥ ) —URE
& L THRE AR L INE 234 mg (IE 58%) TR,

1.20 ¥ 8D 1a & 2a OFWHEMES ([2a]o=1.0 mol/L) (Table 3-2-1, Entry 3)

SmL FATVI Az TNVATEBLRNR b — MU TEHEL, Z7o—T7 R
v 7 ANT S5mL A7 5 A=2{Z 1a373 mg(1.44 mmol), 2a 234 mg (1.20 mmol),
H UL tert-7 FF K 6.8 mg (0.061 mmol), i diglyme 1.2 mL %% T,

120°C,90 Torr T 1 H¥E#A L, fafuif{bT v =0 2KBIKR A2 M2 TG
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Z D THEMAA F L THRREZITV., 1M EEET 2 B, SAFKEBEAKET Y
U LKEIET 1 EEE L. BAKEEE S XU ATHEE Lz, Z0%518
Z L, BET THELRE LR, BELEREE L, Z0KREY RIEEITEL A
Fry, BEEIZA S ) —NVERWCIHERERE 1 BEffkv. A ¥ ) —LVRE
e L CHBRAMMERELZIINE 267 mg (IR 67%) TH7-,

1.20 HED 1a & 2a OFFHENES ([2a]o=2.0 mol/L) (Table 3-2-1, Entry 4)

SmL FRTZ7SAaZT VA TEBRLENGE— M THEEL, Ju—7 R
v 7 ANT SmL F A7 5 X =i 1a372 mg (1.44 mmol), 2a236 mg (1.21 mmol),
AU YA fert-T FELF 6.6 mg (0.059 mmol). Bl diglyme 0.6 mL %1% C.
120°C, 90 Torr T 1 HiE#HZ L7, (b7 v E =0 DKBKE MR TRE
Z D THAF L THEREITV, 1M EEET 2[5, SIfREBAET Y
U LKESET 1 EgEEE L, BB~ SR U ATEES L2, Z0% 518
z L, BET CIEERE LR, BEREY Lz, 20BEL BEEICH 2
FLv, BEEIA S ) —VERWTHHEBRRE 1 BTV, A ¥ ) —/LVRE
& L THEARMERE L INE 232 mg (N 57%) THT,

1.14 S ED 1a & 2a OFHFHEMRES ([2alo=2.0 mol/L) (Table 3-2-1, Entry 5)

SmL FRTZ7TRAazTNVATEBLRBOe— NI THBEL, Fn—70R
v 7 AHNT SmL 727 F A =iZ 1a356 mg (1.38 mmol), 2a234 mg(1.21 mmol),
V75 tert-7 FF TR 7.1 mg (0.063 mmol), ¥/ diglyme 0.6 mL %% T,
120 °C, 90 Torr T 3 HiE#HZ L7z, SFEMAT F = AKBEEMZ TR
ZIEDTHEAMAF L THEREZITV, 1M HEET 2 B, fafiRBEkES Y
U LKEEET 1 EREE L, BAKEEE~ XY ATHEE Lz, Z0%58
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L. BETCEEYRELLE., BERRE Lz, FOREY BIEHICHEL A
FL v, BEEIZAY ) —VERWTIHEREREZ 1 EYTRV. AZ ) —LRE
& U CEBMMERAELINE 207 mg (NFR 52%) TH-,

1.09 &0 1a & 2a ORFEHEMEES ([2alo =2.0 mol/L) (Table 3-2-1, Entry 6)

SmL FRTZ7IZRA2ET LA TCEBRLEROE— MU THEEL, Fn—T7R
v 7 ANT SmL F A7 F R 2T 1a342mg (1.32 mmol), 2a234 mg(1.21 mmol).
H VYL tert-7 FF¥ K 6.4 mg (0.057 mmol), BifE diglyme 0.6 mL %% T,
120°C, 92 Torr T 1 B#E#HA L7, fAfRLT =0 KR E M2 TG
ZIEDTHEAAF LU THREZITV, I M HEET 2 B, SBRREBAET MY
U LKEEET 1 EleEE L, AR~ 7 RV Y LA CHEEREE L, T0% 5B
2L, BETTEELIRE LR, BEREE Lz, Z0OEES RISHICHEL 2
FLv, BEEEIA Y ) -V EROTHEERERE | BITRV, A ¥/ —LVRE
e L THAMMERALZINE 160 mg (R 40%) TEE,

0.83 MUED 1a & 2a DALERERES ([1alo=0.60 mol/L) (Table 3-2-2, Entry 1)

S5mL FARATZ7 T RAazT VA TEBELRA O — MV CTHEBL, Fu—T7 R
27 ANT SmL F A7 T A=2iZ 1a311 mg(1.20 mmol), 2a282 mg (1.45 mmol),
B U DAL tert-7 ¥R 6.4 mg (0.057 mmol), 4R diglyme 2.0 mL &#h0% T,
120°C, 90 Torr T 1 B##R% Liz, fafiE(LT v &= SKIERE M2 CTRIE
kD THEIEAF L THIRZITV, 1M EBET 2 |, fafKEKET MY
U LKEET 1 BREE L, EAREE SR LATHES Lz, TO%AB
ZL, BETCHEEZRE LR, BEREL Lz, Z0RKEL RIFEICHER A
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FLo, BEMECAS /AR CHRBENE | BT, A% ) —LRE
& U THEENMEREZINE 350 mg (IFE 87%) TR/,

0.80 ¥ED 1a & 2a OFWEEREE ([1alo=0.60 mol/L) (Table 3-2-2. Entry 2)

S5mL FARTZIRazTNITEBLEBLE— NV THBEL, Fe—T7FR
v 7 ANT SmL 7 A 75 A2 1a310 mg(1.20 mmol), 2a 292 mg(1.50 mmol),
BV T A tert-7 bF T K 6.5 mg (0.058 mmol), i diglyme 2.0 mL %N% T,
120 °C, 90 Torr T 1 HiEHAE Lz, fFELT E =0 2OKEKEZ I 2 TRG
Z kO THLAF L THRIRZATV., 1M EEET 2 B, fafiREEKFETF MY
U LIKIRIET 1 EEEE L, BKRE~ 7 20 U L CTHERE L., TR 1B
Z L, BET TEELRRE LR, BUERERE L, T OREL REFRITHELA
Frv, BEEIIAS ) = ERCTHRBRERE 1 BTV, A/ —LVRE
& U CTHEARMERE 4 IR 183 mg (N 46%) THT,

0.77 ¥&D 1a & 2a OFWRIENEES ([1alo=0.60 mol/L) (Table 3-2-2, Entry 3)

SmL TRTZZRAAaZT7NAVTERLEBOE— NIV CTEBEL, Ju—7 R
v 7 ZANT S5mL A7 5 232 1a310 mg (1.20 mmol), 2a 303 mg(1.56 mmol),
F1 VT 5 tert-7 FF¥F T K 6.9 mg (0.062 mmol), #E diglyme 2.0 mL ZI1x T,
120°C, 90 Torr T 1 RfEHZ Lz, f@fufi{bT &= v A KEKEZ M2 TRIE
ZIEDTHEMAF LV THEREITV., | M EET 2 B, fafiREBkESHY
TV AKERT | EUEEE L. KR~ 732U ATHRE LTc, TORSIE
Z L, BET THEELZERE L&, MEREREY U, ZORELY RFEIZHEL A
FlLr, BEREIIAZ 7 —NVE2RAWTHEREEEL 1 BfTRn, A%/ —LRE
ERE L THE AR E L INE 237 mg (INE 59%) THT,
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1b & 125 HBED 2a OFWHIEHES ([1alo=0.60 mol/L) (Table 3-2-2. Entry 4)

S5mLFATVTAaL SmL FYTTRAaAETAILTERLERbE— Y
VTCEBL, ST Ry ZANT SmL 7Y T7 7 A2 H VT A tert-7 b
< F 13.5mg(0.120 mmol), 18-crown-635.3 mg (0.133 mmol), ¥/ diglyme2.0 mL
Mz, SmL F A7 5 A=2iZ 1b 300 mg (1.20 mmol), 2a 292 mg (1.50 mmol),
B diglyme 1.0mL Z M2 CEENREBTAETEBBE L, TOHE, 5mlL 27
SZ2akpb 1.0ml & SmL FRAZ7FZ3cB L. 120 °C, 90 Torr C 24 FEf
P E Lz, LT = U AKBEIRE M2 TRIG % 1L T, kA F L v
THIHZATV, 1M BT 2 8], AIFNRBEKE T MU U L KEKT 1 [, fafn
WALA Y U LKEBEIRT 2 EWeEE L, SERREE~ 7 XU A THEE Lz, £
DHES@E L, BET THEELREL, BEEREE Lz, ZoREL BISEICE
{bAF LV, BEEICAY 7 — N ERWCCIRBRERE 1 BTV, A¥ /—)b
R L U OB ARIEEAZ 82.1 mg (IR 21%) TH=,

0 o)

\{O/\/O\/\O/\/O\/\OW

'H NMR (600 MHz, CDCL3) & 8.69 (s, In H), 8.22 (d, /= 7.8 Hz, 2n H), 7.52 (1, J= 7.8
Hz, 1n H), 4.49 (t, J=4.8 Hz, 4n H), 3.83 (quint, J = 4.8 Hz, 4n H), 3.72-3.65 (m, 8n H);

IR (KBr) 2871, 1720, 1439, 1353, 1239, 1095, 1035, 946, 865, 731 cm™.

la & 126 HED 2b OFWHEREES ([1alo=0.60 mol/L) (Table 3-2-2. Entry 5)
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SmL FAT7 T AT AT TEBLAN O — N U CE®RL, Fu—7 R
v 7 ARTH Y U5 tert-7 b F L F 6.6mg(0.059 mmol), 1a 310 mg (1.20 mmol).
2b 347 mg (1.51 mmol), %% diglyme 2.0 mL &M% 7212, 120°C, 90 Torr ¢ 1
R e L, fafEb7 &= U AKEREZEMZ TRISZ 1D T, kA F L
CHIE ATV, 1M EEET 2 Bl AEFIREEKE T MY U LAKEET 1 Bk
Ba L, BB~ 7R U LATHES LT, 0% 8% L, BET CHREE
BREL, BERRE Lz, TOREEZ RBEICEM AT LY BBBHICA Y J—
NERWTILERER A | BTV, A% 7 — LV RERE L CRGREEL 286

mg (IFE 65%) TH-,

)

\éo/\//\/\/\/\,/\/o\”/\/\/\/\/l%

O

3a £ 125 ¥ED 4a ODAFFEEMRES ([3a]o=0.60 mol/L) (Table 3-3-1. Entry 2)

SmL FR7IARIL SmL FYTIFRARTAILVERLANRLE— MH
THEWREL, Fe—T7 Ry 7 ANT SmL 7 A7 5 AT 3a 0.244 g (1.20 mmol)
ZMAZ, 7a—T Ry 7 ADLWMYHPL, 22 ~EBRER T CEbxFL v
1.0mL, Y ¥ 025 mL (3.10 mmol) #MA 7%, 0°C T 10 2yfEEe
Lz, Za—7R Ry 27 ZNT Sml 7375 23T 4a 3.05 g (1.50 mmol) %
A, 7a—T Ry 7 APLBMOHL, 2 ~BRKAMT CHBHEILAF LV 1.0
mL MMz, ZOBREZ SmL FRAT7TACERKRTT 2 SEET LA
HOEEBMR 7%, BIRT 24 FEEHR L, ZTNICERKH T CHBEA Y /) —
v 01 mL ZMATRIGE LD, 30 2@ L%, {I:%?I/:/'C*?‘ﬁﬂb\

1M HERT 2 Bl fafREEAKE T MY U AKERT 1 B, fafngtEk<T 1 @
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e L., EAKmEE T FY O LATER L, MBET M) A2 ABL., BET TS
EARELER, BERRIE, BBEEICE ATV BIEEIZIA Y ) —
EROTILERBEEZIT)., A¥ J—AREHE LT, BEEEE 0253 g (NR

\60/\/\//\/\/\/\/0\”£>\");

o O

63%) T,

3b L 125 MED 4a OARFHERES ([3a]o=0.60 mol/L) (Table 3-3-1. Entry 3)

SmL FRA7IRaL smL FYTIITRaRTAICBERLEEAOE— TV
TEMBEL, 7e—T7KRy 7 ANT S5mL A7 5 2212 3b 234 mg (1.20 mmol)
EMA, Ta—T Ry ZZAPDIMOHL, £ Z~ERAMT CRgEEkATF L
1.0 mL, BZfEE Y 2 0.24 mL (2.98 mmol) M 72%, 0°C T 10 sRH#:
Lz, 77— Ry 7 ARNT SmL 7375 A7 42 3.06 g (1.51 mmol) %0
Z,7a—TRy TAPLGMYOH L, FI~EBRKR T CREELATF LY 1.0
mL 2Nz, ZOREE SmL TAT7IRaIBHERKFETT 2 MW TLR
NHEBMZ %, BIRT 24 BEHEER L, ChICERRRMT CHEA Y ) —
V0.1 mL 2 TRUGZ LD, 30 SR L%, BIkAF L THRL,
M HEC 2 [, ffREAKFET N U AKERT 1 B, ffigEkT 1 [E
P L, kKRBT N v AT L, BT N A2 ABL, BETTE
BabrE L, BERRS S, REIIEMAF LV I A S 7 —L
ZHOWTIEERBRZITW, A ¥ ) —VREEE LT, BHEMSMERE % 90.1 mg (I

23%) TH7,
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\["O/\/OV\O/\/O\/\ OJK©)L}W\

1L12-FFH o od— R G-TutZEEBT AT L) (5a) DERR 7

30mL FRT7 T AT 4-TaEREEE 1.14g(5.69mmol), 1,12- KFH L
A—/v 0.500 g (2.47 mmol), EDCI 1.09 g (5.69 mmol), DMAP 0.711 g (5.82 mmol),
Hof% DMF 8§ mL A TR T 39 RBE#E L7, HEATF LU THRL, 1M
HEERT 2 [, fATnREA/KE T MY U AKIRIKT 1 [, fafntEib) b U T Ak
T 1 BEEEE L, KR~ /Ry ACHREY Lz, TO%A8% L, B
JETTHREZRE L, ZOMERME N Z L7 a< N7 T 7 04— (Si0y; B
mFnF Y =2:1) THEL, BEEEZINE 1.270 g (XK 93%) TE-,

mp. 64.8-65.7 °C; 'H NMR (600 MHz, CDCls) 5 7.90 (dt, J= 8.4 and 1.8 Hz, 4 H), 7.58
(dt, J=8.4 and 1.8 Hz, 4 H), 4.30 (t, /= 6.6 Hz, 4 H), 1.75 (quint, J = 7.8 Hz, 4 H), 1.42
(quint, J=7.8 Hz, 4 H), 1.38-1.24 (m, 12 H); *C NMR (151 MHz, CDCl3) §165.9, 131.7,
131.1, 129.4, 127.9, 65.4, 29.5, 29.4, 29.2, 28.7, 26.0; IR (KBr) 2920, 2852, 1715, 1589,

1474, 1398, 1293, 1176, 1131, 1068, 1012, 851, 755 cm™.,

Sa YHAWVWET LU v 7R <=—0D4aA (Table 3-4-1, Entry 1)
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SmL FARIT AT VAL TEBLANR O — M CTHEBL, Jo—7
A w7 ANT 1a0.155 g (0.601 mmol), 2a0.117 g(0.603 mmol), 7V 7 A tert-7
k%3 K 3.6mg(0.032 mmol), 5a68.4mg (0.120 mmol), #i% diglyme 0.6 mL. %
Iz, Z7a—7Ry 7 ANNLEDH LT, 120°C, 12 kPa (90 Torr) T 1 H#E#
Uz, 2RI, SEFRALT e = U MK Z MA TRISZ DT, LA F L
CTHRL.IM EELT 2 [\, SEFRERAKET P Y U LKEBEIKRT 1 BEEEL.
KRR~ 7RV U L THERE LT, TOHAEE U, BET CHEZRE LA,
BEFRE Uiz, RIS A F Lo BWEICA & ) — % AV CILBE R
Z 1 EfTV, AZ ) —AREELE LT, IREEHEREZINE 0.1403 g (IR

70%) CIE7=,

'H NMR (500 MHz, CDCls) 6 8.68 (s, 1n H), 8.21 (d, J= 7.4 Hz 2n H), 7.89 (d, J = 8.6
Hz, 4H),7.57(,J=9.0Hz, 4 H), 7.52 (t, /= 7.4 Hz, 4n H), 4.33 (t, J = 6.9 Hz, 4n H),
4.30 (t,J = 6.9 Hz, 2 H), 1.77 (quint, J = 6.9 Hz, 4n H), 1.42 (quint, J = 7.4 Hz 4n H),
1.45-1.29 (m, 12n H); IR (KBr) 2918, 2850, 1718, 1589, 1476, 1240, 1102, 1012, 971,

758,730 cm™.

3-(tert-7 "X INVR=NT I ) YEEBEBOER 8

100mL FRA7 T 222 3-7 X ) ZEER 2.04 g(149 mmol), hY=FNLT
2 ¥ 3.2 mL (23.0 mmol), =REE T -tert-7 F /L 5.2 mL (22.6 mmol), VA FH

40 mL, 7K 20 mL ZM%x T, |ET 21 BlE®SRE2 L, BET CEELGE
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U728, 6 MHCl ZiE T L TBMEIZ Lz, BT L TRt 21TV, BKEiEE~
TXYY LTHRE L, Z0O% 8% L, BET CEELRE L%, BEL
e U CHARY O BAEFELZINE 3.03 g (IWE 86%) THE,

mp 195-197 °C (lit*:189-190 °C); 'H NMR (600 MHz, DMSO-de) § 9.53 (s, 1 H), 8.13 (s,
1 H), 7.61 (d, J= 9.6 Hz, 1 H), 7.52 (dt, J = 9.6 and 2.4 Hz, 1 H), 7.35 (t, J = 9.6 Hz, 1
H), 1.47 (s, 9 H); 3C NMR (151 MHz, DMSO-ds) & 167.3, 152.8, 139.8, 131.3, 128.8,
122.9,122.2,118.8,79.3,28.1; IR (KBr) 3354, 3006, 2972, 2645, 2586, 1694, 1594, 1529,

1452, 1292, 1242, 1158, 1058, 945, 747 cm™.

1L12-RF B PA—/v B R 3-(tert-F bF L ANKR=)LVT 2 ) YREEERT AT

/v _(5b) DEFL

1oomL FAT T AT 1L,12- RFH YA —/v 1.08g(5.35 mmol). EDCI2.49
g (13.0mmol), 4-NN-PAF LT I 7) ¥U P> 1.56g(12.8mmol), 3-(tert-7 N
FUANR=ANT I YREERE 2.97 g (12.5 mmol), FLHE(LAF L 18 mL
ZMAZTHIRT | B L, 1M BT 1 E, BfmEAkEST MY 7ok
BT 1 EL fEFEET b Y U ARSI TR AR L, BKREE~ S XV U AT
FlgE Lz, TDRAB%Z L, WMET THEELERE LR, BUEEEE LTES
NIHAERYE 7 o< 75 7 4 — (SiOz; AcOEt:Hexane = 1:4) % A\ CH&l %
1TV, HAREKEE LTINE 2.94 g (IR 86%) THT-,
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ﬁ\oxu\h,OIO\/\/\/\/\/\/\O ] H\IOK

mp 115.1-118.6 °C; '"H NMR (600 MHz, CDCl3) & 7.88 (s, 2 H), 7.74 (br s, 2 H), 7.70 (d,
J=78Hz, 2H), 7.36 (t, /= 7.2 Hz, 2 H), 6.64 (s, 2 H), 4.30 (t, /= 6.6 Hz, 4 H), 1.75
(quint, J= 6.6 Hz, 4 H), 1.52 (s, 9 H), 1.42 (quint, /= 7.8 Hz, 4 H), 1.38-1.26 (m, 12 H);
3C NMR (151 MHz, CDCls) 8166.4, 152.6, 138.6, 131.2, 129.0, 124.1, 122.8, 119.4,
65.2,29.49, 29.45,29.2, 28.7, 28.3, 26.0; IR (KBr) 3378, 2917, 2846, 1726, 1702, 1610,

1526, 1489, 1367, 1314, 1241, 1152, 964, 753 cm™..

RFEH L PA— N ER 3.7 3 ) BEEBT AT LVOSHK °

20mL 7R 7 F AT 5b644mg (1.00 mmol) & EFAEEAFL L 50mL %
Mz TKBEERNTHS L, MU 7AF oEiER 1.5 mL (20 mmol) #iN% T,
E|IRT 18 Rl % L, fafmkBET MU 7 2KISEE2H T L TR L,
WAL AT Vo THIB 2TV, K THRE L, Bk~ 7 R0 A CHBEE LT,
FO®%ABE L, WET CHREARELLS, BEEERE L CHARMOEEAE
K% INE 401 mg (INZFE 91%) TH,

O
H,N O\/\/\/\/\/\/\o/lk©/ NH;

0

mp 65.0-66.0 °C; 'H NMR (600 MHz, CDCl3) 5 7.43 (d, J=7.8 Hz, 2 H), 7.35 (t, /= 1.8

Hz, 2 H),7.21 (t, J=7.8 Hz, 2 H), 6.85 (dd, J="7.8 and 2.4 Hz, 2 H), 4.28 (t, /= 7.2 Hz,
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4 H), 3.77 (br s, 4 H), 1.75 (quint, J = 6.6 Hz, 4 H), 1.42 (quint, J = 7.8 Hz, 4 H), 1.38-
1.24 (m, 12 H); 3C NMR (151 MHz, CDCl) § 166.8, 146.4, 131.5, 129,2, 119.7, 119.3,
115.7, 65.1,29.53, 29.49, 29.3, 28.7, 26.0; IR (KBr) 3416, 3389, 3336, 2926, 2851, 1726,
1706, 1605, 1589, 1458, 1321, 1289, 1234, 1108, 1070, 1019, 995, 948, 883, 806, 752,

680 cm™,

5b ZHWET LAY v 7R Y v —DE (Table 3-4-1, Entry 2)

SmL TR AT VAL TEBLAZNBLE — NV THEBL, Ju—7
Ry 7 ANT 5mL 7275 222 1a 309 mg (1.20 mmol), 2a 233 mg (1.20
mmot), 5b 155 mg (0.243 mol). H# U 7 A tert-7 h ¥ 3 F 6.7 mg (0.060 mmol),
FiiEAsE ML 20mL 2MMAX T, 65°C,93Torr T 1 HiE#R%E L7z, ffukElk
TR AKBEREMZ CRIEZIED THILA F Lo THREZTV, R
kST H U U LKEIRT 1 B SFIREAK T 1 E¥EEE L, BAKEiBE~ 7%
VU LTHRE LT, TO®RASEE L, BET CBELRE L%, B/t iEE
LU CHARM OB EBREREL S, BBEIZBMATF LV BBEEIZA X
— NV ERWTIEBEREZ 1 BTV, A¥ ) —AREHE U CREERMER AR

ZINE 426 mg (R 77%) THEIZ,

o} o} o} e}
Z)‘\N O o 0 ) N/U\K
H o o H

Boc REINLEZT IV TERELLEINERY = XFT)VORBAEE (Table 3-4-1,
Entry 2)
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S5mL FATZ7F A2 RY ATV 107 mg (0322 mmol) & Bl A F L
> 1L0mL ZMATOKIET 0°C Kk, £2ZIZ M) 7VA aEEE 0.5 mL
(6.53mmol) ZINA T, TR T 26 RAMER L7, SRS MY ¥ LK T
RPEIZ L7, BB AF LT 3 BRI L, KT 3 Bl % L. BAKRER
R LTERE Lz, 20O%A8% L, BET CIEEL2RELLE, BEZLE
Z LC, MEEMMRA L LT 65.1 mg HINE 61%) TH7-,

LI2-FTFH O —v B RE-(tert-7 F IV AF IV )L FHINRAFNNVEBE

B X7 )L (5¢) DEBR

10 mL F A7 T A2 1,12- BFH > PF—/L 156 mg (0.769 mmol), EDCI
371 mg (1.94 mmol), 4-(NN-AF /LT 2 ) £V P 230 mg (1.88 mmol), 4-
(tert-TFNTL AF N Y NFHINAFIVEEERE 503 mg (1.89 mmol), FLiRHE
fEAF L 26mL 2MATEIRT 1 AW L, 1M EEET 2 B, fafRER
ARFEF RY U LKEHRT 1 B, fafElT MY U AKER TSR U, Bk
M= 7RV LT E LTe, TO%ABE L, BET CIEEE2HRE L, B
EREE L TR HAERME 7 v~ 5 7 4 — (SiOz; AcOEt:Hexane =
1:1, :13) Z W TRRAZTY, EBERAE S LTIE 0.329g(INR 61%) TE-,

XS{A@“ IREra e sUl %
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'H NMR (600 MHz, CDCL) & 8.01 (d, J = 8.4 Hz, 4 H), 7.38 (d, J= 7.8 Hz, 4 H), 4.79
(s, 4 H), 4.30 (t, /= 6.6 Hz, 4 H), 1.76 (quint, J = 7.8 Hz, 4 H), 1.43 (quint, J= 7.8 Hz, 4
H), 1.38-1.24 (m, 12 H), 0.95 (s, 18 H), 0.10 (s, 12 H); '*C NMR (151 MHz, CDCls)
8166.7, 146.6, 129.5, 129.1, 125.6, 65.0, 64.5, 29.6, 29.5, 29.3, 28.7, 26.0, 25.9, 18.4, -
5.30; IR (KBr) 3421, 2926, 1931, 1715, 1614, 1579, 1508, 1471, 1416, 1251, 1206, 1173,

1087, 1019, 835, 752 cm.,

¢ #HWET L v 2R U w—D4ERK (Table 3-4-1, Entry 3)

SmL A7 Az VA TEBR LN — N CHEL, Fn—7
Ry 7 ANT 5mL 7 A7 5 A 1a 155 mg (0.599 mmol). 2a 116 mg (0.597
mmol), 5¢ 864 mg(0.124 mol), H VU 7 A fert-7 FF L K 3.8 mg (0.034 mmol),
FHEASE h L= 1.0mL ZMZ T, 65°C,91Torr T 1 B#E#E%E L7z, fafntEik
T LAKEREMA TRISZIED THEALATF LU THERZITV., 1M E
BT 2 [|, BIRIRER/KERT U U LK T 1| ElSeE%E L, BAREB~ /R
ULTHEEREE L, 2O%SE%E L, WET CHBEEZRE L%, BEGRRY L
THARY O A BEREREEZ S, REEIEMATF L BREIZA Y ) —
NWEANTIEEREREZ 1 BTV, A4/ — L REHE LTABMMEREZ I

2 173 mg (NFE 87%) THRT-,

A TENLBERS T )L (6a) DEFR 1O
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100mL FRAT7 T AL YT EAVEZ Y F 241 g(11.9mmol), n-7 1,3/
—/V 12 mL (CaH, THEEFEH), HEBEAATF L 12 mL 2ZRKH T T 100
mlL FRT7TRANKBERANT 0°C IZHPLLARRLMA, FET 1 A#ER
Lo TOEERET CHEEZREL, HILAF L THR L, @Rk RE T
FU D LKERT 1 EBeE L, ZORBELZBIET CHEELREL, BETE
U CERARECHINE 3.232 g CHINE 108%) THE-,

/\/O}]/E:H(O\/\

0
Osa

'H NMR (500 MHz, CDCl:) 8 8.70 (t, J = 1.5 Hz, 1 H), 8.23 (dd, J = 8.0 and 2.0 Hz, 2
H), 7.53 (t, J=8.0 Hz, 1 H), 4.32 (t, /= 6.0 Hz, 4 H), 1.82 (sext, J= 7.5 Hz, 4 H), 1.05
(t, J = 8.0 Hz, 6 H); ®C NMR (151 MHz, CDCl:) § 165.6, 133.4, 130.7, 130.4, 128.3,
66.6,21.9, 10.3; IR (KBr) 3076, 2970, 2880, 1724, 1609, 1465, 1437, 1390, 1301, 1238,

1132, 1095, 1077, 981, 957, 730 cm’.

6a VLT V7Y v IR Y <w—DEFK (Table 3-4-1, Entry 4)

SmL FARAT7TRAazT VI TERLRP O — T THEEL, Ta—7
AR ART 1a0.152 g (0.601 mmol), 2a0.117 g (0.603 mmol), B U 7 b fert-7
3K 3.7mg (0.033 mmol), 6a33.1 mg (0.132 mmol), Fff diglyme 0.6 mL %
Mz, Z7a—7xRy 7 ZARNNHED H LT, 120°C, 12 kPa (90 Torr) T 1 A &
Lz, ZHUT, BFEA LT 8 =0 SKEBEIRE MA TS Z DT, \lkAF L
TAIRL, IM EBRT 2 |, SAMREBKET + U U LKEET 1 EBEE L,

120



HOKBilR~ 7 R U L TR LT, ZDOHBAEE L, BET CHEELRE L%,
BIEHIRZ LT, ZOKRE T BRI A F Lo BBEEICA Y 7 —LE A0
TUERERZ 1 BTV, AF /= A REHE LT, REAKERELNE

0.1585 g (IR 81%) TH7-,

6a ZHWT LIV vy 7R <=—DFEK (FY AT NORFHA) (Table 3-
4-1.Entry 5 |

10mL Z2oHFRAT75 223k 5mL 7Y 77 AasT VA CTEBRLRNBD
E— MU TREREREL, 70 —7R Ry 7 ZANT 10mL ZHo0FRAT7FRaic
1a 0.156 g (0.603 mmol), 2a 0.117 g (0.600 mmol), H U 7 A fert-7 N F L K 3.4
mg (0.030 mmol), ¥z diglyme 1.0 mL %1%, Za—7 KRy 7 ARNNLEY H
LT, 120°C,12kPa(90 Torr) T 4 FEfE#E L7z, 7 u—T Ry 7 ANT 5mL
FVT7 T AT 6a0.612g(0.245 mmol), H YU T A tert-7 b F LN 6.2 mg (0.055
mmol), ¥/§ diglyme 04 mL /M2 T, ZOKEEKEZ 10mL —->OF A7
RAAZERKHTT 02mL MR T, |IRT 3 AEHBLLE, Zhic, gl
TRy LKBREMZ TRISE DT, BEAFLUTHRL, | M HEE
T 2 [, fAFREEKE T MU U LKEEIRT 1 BEIRE L, BkFiBE~ 7R L
THIBRE Lz, TDOBAEZ L, BET CHRELZRE L, BEEEL LT,
T OREE REEIE AT Lo, BREICA Y 7~V ERWCIBREEE 1
BTV, AF =V AEEE UT, IR EEREZINE 0.124g (VR 62%) T

&,
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'H NMR (500 MHz, CDCls) & 8.68 (s, In H) 8.22 (dd, J= 8.0 and 1.7 Hz, 2n H),
7.52(t,J=7.0 Hz, In H), 4.33 (t, J= 6.8 Hz, 4n H), 4.31 (t, J = 6.0 Hz, 4 H) 1.81 (1, J =
6.9 Hz, 4 H), 1.77 (quint, J = 8.0 Hz, 4n H), 1.43 (quint, J = 7.4 Hz, 4 H), 1.35-1.28 (m,

12n H), 1.04 (t, J = 7.4 Hz, 6 H).

AV TZEINBEA NI F LT ) a—LAFL—F )L (6b) DERK U

20mL TR IRz b =F LY a— 23 mL (14.7 mmol) 0.
T ZIZERRIR T CREHLAF LY 3.0mL, BEEE Y 22 0.86 mL (11 mmol)
Mz Iz, 0°C T 10 B L7z, 5SmL T 75 RV T7EZNVEI Y
R 1.00 g (4.94 mmol), ZEFERI F CEEENLATF LY 20mL 2272, 2O
SR 20mL FRAT TR EREH T CHT LANb2REM 6, T8
T 1 HE#LE, ZhEFR=FATHRL, 1M HBT 3 B, SSfRBEKE
F MU U AR 2 B, fafE S ) U AKERT 1 B LT, Bk
B2 b U U ATEEEL, IBETV, BET CHEELEE LK, BET CEE
EiTolc. EDOEERZ 7 u~ NTF 74— (Si0y; Befe—F V) TREL, HE

BERIR CINE 1.65 g (IR 76%) THBT-,

\ONO\AONO&OV\O/\/O\/\O/

0 0
&b
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"H NMR (500 MHz, CDCl3) § 8.71 (t, J= 2.0 Hz, 1 H), 8.25 (dd, J= 7.5 and 2.0 Hz, 2
H), 7.53 (t, J=8.0 Hz, 1 H), 4.51 (t,J=4.5 Hz, 4 H), 3.85 (t, /= 6.0 Hz, 4 H), 3.74-3.71
(m, 4 H), 3.70-3.64 (m, 8 H), 3.55 (dd, J= 5.0 and 3.0 Hz, 4 H), 3.37 (s, 6 H); 3C NMR
(126 MHz, CDCls) 8 165.6, 133.9, 130.9, 130.5, 128.5, 71.8, 70.63, 70.56, 70.52, 69.1,
64.4, 59.0; IR (KBr) 2875, 1952, 1724, 1609, 1454, 1353, 1303, 1239, 1104, 938, 853,

732, 656 cm™.

6b W T LAY v 7 ARY w—D4A R (Table 3-4-1, Entry 6)

SmL FARATZ7I9Ral SmL 7V 77 RAaz7 VA TEBLENbE— |
HoTEBEL, 7a—T Ry Z7ANT SmL TV 77 R22Zh Y U5 tert-7 F
* 3 F 13.2mg (0.118 mmol), 18-crown-6 46.7 mg (0.177 mmol), fiEAZE kL=
08mL #MM%, SmL 7275 ZX=iZ 1a 310 mg (1.20 mmol), 2a 233 mg (1.20
mmol), 6b111mg(0.242mol), BiEEE M/ leml #MZTEENEIT S E
THE#BLE, 20#%, SmL Y77 2ahb 04ml % SmL FR75 23z
B L. 65°C,88Torr T 24 Wil A U7c, A8FE(LT v =7 2KBKE N
ZTRIGZIED THEAA F L THRIREZIT, 1M EHET 2 B, fafnRERk
SR MU D LAKEET 1| BEeEE L, EKGRE~ 7 X U A THESY LTz, £
DEASEZ L, BWET TEELRE LR, BIEEREE L, BEohBELR
WL A T L, BT A ) — L EROTIREER S 1 EfTRV. A
ZJ—NARERE L TEEMMEREZINE 198 mg (ILE 50%) T/,

0 0
\O/\/O\/\ ONO&OW O/U\Q/%1 O/\/O\/\ O/\/O\

0 O
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AV TENVERE A (4-T aE~X )V (6e) DERR

20mL FART7 TR 4-T rERUNT L3 —)b 1.96g(10.5 mmol), EiiE
'Y P 1.0 mL (12.4 mmol) & #4% THF 5.0 mL #02 COKBZHAWTHDL
7o, ERETWMTT 23IM A V7 Z)NEEY 7 a ) ¥ THF K 2.0 mL (4.64 mmol)
EMA T, |RT 1 BEE#RE Uiz, KEMX TRIEE LT, BET CHELE
ERELE, BEAF Lo THEEZTO, IM ERT 1 E, SaRRBAES N
U o LK 1 B, fafE k) MY U AKIBSIR TR R L, BAkBREE~ 7 %
VU LTHMRE Lo, £0OB A% L, BET CRELZRE L%, BIEwEs
LTHELNTZHAERME 7 a~< N5 7 ¢ — (SiO; AcOEt:Hexane = 1:4) % F\
TREZITV., BEEEE UTHE 0993 g (IR 42%) TH-,

O 0]
6¢

mp = 144.2-145.8 °C; '"H NMR (600 MHz, CDCLs) 5 8.71 (t, J= 1.8 Hz, 1 H), 8.25 (dd,
J=7.8and 1.8 Hz, 2 H), 7.54 (t, J=7.2 Hz, 1 H), 7.52 (d, J= 7.8 Hz, 4 H), 7.33 (d, J =
8.4 Hz, 4 H), 5.33 (s, 4 H); ®C NMR (151 MHz, CDCl) § 165.4, 134.7, 134.1, 131.8,
130.9, 130.4, 130.0, 128.7, 122.5, 66.3; IR (KBr) 1722, 1493, 1372, 1321, 1240, 1149,

1072, 1016, 967, 797, 725 cm!,

6c ZHWVWET LAY v 7R U <=—DEEL (Table 3-4-1, Entry 7)
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SmL TR RazT VA TEBLRZP O — MU CEBL, T u—7
Ry 7 ANT 5mL A7 5 X2 1a 311 mg (1.20 mmol), 2a 233 mg (1.20
mmol), 6¢ 123 mg (0.244 mol), B U 7 A tert-7 F ¥ K 6.3 mg (0.056 mmol),
BiEesE bl 20mL 20X T, 65°C,90 Torr C 1 A% Uiz, ffntEik
TR LKBREMA TREEZIED THEAATF LU THEREZITOD, IMH
BT 2 [H, fAfRERKET MY U LKEIRT 1 EBEE L, BB~ 7 XY
ULTHRE Llc, TD®RAE%Z L, WET CRELZRE Lk, BUEEEL L
THAERY O B HERERELET, BREFIZERA TV BB A X ) —
NERAGCTILEERZ 1 EUTRV, AF ) —AVREBE L U CHRBREMEREE

IN&E 371 mg (INZE 93%) TH,

RN N NP N
@) (0] O/Lb/uﬁwo/\@
(o]
© Br

AV TEINBREARA AR IORYF L 7Y a—)L) 2 ZAFLOEREK (6d) !

20mL 7R 75 X232 PEG-1000 4.44 g (4.44 mmol) 2z, &I ~EZKFR
TCHRBIE{L AT L2 23 mL, EEE Y P2 0.13 mL (1.61 mmol) ZA1Z 7%,
BNZAELE SmL 737522z Y750V 7aY F 0.151 g (0.742 mmol)
Mz, EZ~BRIM T CHBENLAT LY 05ml MATz, ZORGERY 20
mL TARAT7IFRAZERRIM T TH T LB L2812 %, RIET 48 B
Bl TEREMEAFLCHIRL, IM ERT 2 B, fafREBAEST MY
T LKEBHETT 1 Bl AR MY U AKEBE T 1 ESEE L, EKEEET Y
TVATHERE L, £0%A8% L, BET CHEELZREL, BELERZ L THE
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v R E R U AL 2.849 g LR 177%) T, T MRS % R HPLC
THRELLUINE 0913 g (NF 57%) TH,

H3CfONP&O%OXSH3

O 0
6d

'H NMR (500 MHz, CDCl;)  8.71 (t, J= 1.5 Hz, 1 H), 8.25 (dd, J = 8.0 and 2.0 Hz, 2
H), 7.54 (t, J=8.0 Hz, 1 H), 4.50 (t, J = 4.5 Hz, 4 H), 3.85 (t, /= 5.0 Hz, 4 H), 3.72-3.69
(m, 4 H) 3.68-3.59 (m, 178 H), 3.55 (dd, J= 5.0 and 2.5 Hz, 4 H), 3.38 (s, 6 H); °C NMR
(151 MHz, CDCl3) § 165.7, 133.9, 130.9, 130.6, 128.6, 71.9, 70.5, 69.1, 64.4, 59.0; IR

(KBr) 2882, 1722, 1468, 1360, 1344, 1281, 1235, 1114, 946, 843 cm’.

6d ZHWE RN oyl aRl<w—0OER (Table 3-4-1, Entry 8)

SmL FAZ7I X2l S5mL 7TV T7 I RaxTAITERLENLE— R
o THIREL, 7R —T Ry 7 ANT S5mL V723 H VT A tert-7 b
F K 6.6 mg (0.059 mmol), 18-crown-6 22.7 mg (0.086 mmol), PHEEE x>
04mL Zf1Z, SmL 7 A7 5 A2|Z 1a 155 mg (0.601 mmol), 2a 117 mg (0.604
mmol), 6d247 mg (0.116 mmol), MiEEFE M= 0.8mL %0 % CEENEIT D
ETHEELE, 20%, SmL 775 2anb 02ml % SmL FRAT7 5 A=
B L. 65°C,90Torr T 24 BFfHE#EL Lz, SAFEAT V=0 LKEEE
IMATRISZ LD THL A F L o THREITV., 1M EEET 2 B, faf/REE
ARFT MU U LAKERT 1 [E, ffnE il ) U LAKEIRT 1 EldEEE L, 8K
Wi~ 7 XU L THEREE L, ZO%ABEZ L, BET CEERZRELL, 2

126



DIEZ REEICHE A F v, BBEEIOKIBTROLIEAY J—VERWT
EBEEZ 1 BTV, A%/ — AV REHE LTABAMEREZIE 92.7

mg (ILFE 46%) THET-,

O 0
Me -( O/\%;?\”/Q\MO\/\/\N\/\/\OJ\Q)LE O%\/oiMe

o) o
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B I
4-1-1 IXL®IC

BIETIE, ZATNAV—ZRATARBKIEERN T — VAT E DT
NRVBTZATVOBEREEEZHRET Lz, ZOT AT V- AT VAT HR S DS /R
BT AT NVOEMRERRY T AT )VEHRBWET TR, RY ~—HlEHD
TAT VRIS HAR TIERRWNEE 2T,

EoR Y~ —DORIEE BREELT 5 HIEITIRD 2 DIZKBITE 5,

D) MISCIEEERELF T/ ~— 2 EE LRI, BRELES FRIGIC

Lo THEATHHIE 3
2) TRATFNVENLR EDORISHEMIEEZFHEOILAR Y ~— I L CERELZ " S

FRISIZ & » CEHBEANT 5 5k 10

o T, TATN-T AT NN L D MET AT NVEN~DERREDE
AL, BHEICHETE B, 22T, KETH, WARY v—0—>ThBHEY 2
FNAT 7Y L—hk (PMA) ORI L TEFBE /) = AT NVEDT AT LT R
TNRBREOEEATV, A OBEREDOEALZBREI L, S5 PMA LAY

ATV (PEs) & ORMKIEEITH 2 & T PMA-graft-PEs D& bBRE L7z,
T XM AT L PMA OXHFIEG

KE T, BFBEHI VI NVES (ATRP) AW TAER LY PMA & ¥EB=
AFTNEDTAT N —T AT VAR IEEITV ., PMA ORISR HIZ DUV TR

L7,

4-2-1 X T) & PMA DOAHRG
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9. FBARUUNL 1 EHAWVWT PMA LD AT NL—T AT VA OEE S
HaE et Uiz, BE72 PMA IX ATRP 2 X > CTER LTZ (P1: My=16700, My/Ma
= 1.15; P2: My = 11200, Mw/M,=1.10), 1

IXUBHIZ.PL & 1 HED 1 % Smol% D ‘BuOK FHET diglyme T CTHUE
A (90-100 Torr) T 120°C T 1 ARGES I, ZOBLNERY v—% H
NMR A7 MVTHTLIEEZA, XUV TZATNEAFAT AT VO,
(Bn/Me) 1% 11/89 T o7 (Table 4-2-1, Entry 1), RIEGEENEL . RISOHESFT
ERBWEEZ RISEEBELZENSE 572D, BuOK % 4 % (20mol%) 2L
TR E SRR, Bn/Me 13 38/62 & 72o7- (Table4-2-1, Entry 2), flfEEIC
e LT Bn OEAED 4 fFlhhoTz,

B FEEITAENZ S FET 5720, TRTORMENTHBISEZRZZT0

R 235 L FRENTE, £ZT, PL L0 LDFEOEV P2 & 1 HE
D 1 ERUSSEEMRER, Bn/Me 1X 7030 720, Entryl LIV HEEAIH
7z (Entry 3), RIZ 2 HEOD 1 LSS ETEFERE, IHNMR 27 prjziBn
T, AFNVZATNADS T FMTERENT, XU PNV AT NVOEARD
100% 27257 (Entryd), ZDOZ L, IEHBRKIGIT., PMA OO FENE
BTHZeBbhol,

o 0
)ﬁj . e
stat z
/\© diglyme X
o~

Scheme 4-2-1
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Table 4-2-1. Transesterification of PMA with benzyl formate (1)@
Entry PMA® mol% of cat. Equiv of 1 Yield (%)° My(M,/M,)¢ Bn/Me mol ratio®

1 P1 5 1 14 18300 (1.14) 11/89
2 P1 20 1 49 19100 (1.19) 38/62
3 P2 5 1 19 13400 (1.23) 70/30
4 P2 5 2 64 13100 (1.23) 100/0

2 Transesterification of PMA with 1 was carried out in the presence of ‘BuOK in
diglyme under reduced pressure (90 Torr) for 1 day at 120 °C. » P1 (M, =
16700, M,/M, = 1.15), P2 (M, = 11200, M, /M, = 1.10). ° isolated yield by
precipitation into MeOH. ¢ Determined by GPC based on polystylene standards
(eluent: THF). © Determined by 'H NMR spectra.

--------------------------------------------------

Nomd e o om oo omw ww o ww W o owm wn Gp e

.........................................................

5 10

elution time/min

Figure 4-2-1. GPC elution curves of products obtained by the transesterification of 1 and
PMA with 5 mol% of ‘BuOK in diglyme at 120 °C under reduced pressure (90-100 Torr)
for 1 day: Mn, and Mw/M, are (a) 18300, 1.14 (Table 1, Entry 1), (b) 19100, 1.19 (Entry

2), (¢) 13400, 1.23 (Entry 3), (d) 13100, 1.23 (Entry 4), () P1, (f) P2.
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4-2-2 FELX DT AT )L PMA DT AT VIR

PMA (P3: My =7950) LA DXFHZAT N EDZ AT NARBRIGEIT- T2

(Scheme 4-4-2, Table 4-4-2),

RO O
N o e Ly

_'BuOK .
o7~ diglyme ijxs at

o” o

Scheme 4-2-2

FHIZ, P3 L 1.74 YEOXBEAF L EZRISSET- /R, My=12900 O
U <=—238 57z (Table 2, Entry 2), Z DR U <—0D 'HNMR A~ kLD~
FIUNZRTNEAFNTZATIVOHERIT 96/4 THY  IZETRTOAF LT
AT IWVIBANF VNV AT ICEBRI N, RIZ, DIEEOXEE 2- A F L0 F
IWEBR LI, P & 145 HEDOFXER 2-AF N FNLDORIGEIT- I FEER.
My =14530 OR Y < —0AERK L, BHEEIX 74% LD UET L (Entry 3), &
DI FBEREET 145 YEOXE - Lo AFN LR SEER.85%
BAIN, Ma=8950 Th otz (Entryd), TN DHDORERMNS, BHEHSEERY
BOXBREAT NV EZRNT PMA ZRIETHTAXNVEEZEATELZLER
H L7,
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Table 4-2-2. Transesterification of PMA and X formate?

Entry HCO-OX  Equiv of X formate Yield (%)° M,° M,/M,° X/Me?
o)
" H/H\O/A S 1.76 68 8600 1.33  96/4
&
0
2 J\o/\/\/\ 1.74 58 12000 1.21  96/4

0
3 HJ\O/\K\/ 1.45 18 14530 1.38  74/26
H™ O
4 1.68 63 8950 1.33  85/15

2@ Transesterification of PMA (M, = 7950) with X formate was carried out in the
presence of potassium terf-butoxide in diglyme under reduced pressure (90-100
Torr) at 120 °C for 1 day. ? Isolated yield by precipitation into MeQOH. ¢ Determined
by GPC based on polystylene standards (eluent: THF). ¢ Molar composition ratio of
X ester to methyi ester, determined by 'H NMR spectrum.

(a)

(b)
(c)

(d)

(e)
5 10 15 20 25
elution time/min

Figure 4-2-2. GPC elution curves of products obtained by the transesterification of

formate and P4 was carried out in the presence of 5 mol% of ‘BuOK in diglbyme at 120
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°C for 1day: My, and Mw/M, are (a) 8600, 1.33 (Table 4-4-2, Entry 1), (b) 12900, 1.21

(Entry 2), (c) 14500, 1.38 (Entry 3), (d) 8950, 1.33 (Entry 4), (¢) P3.

B=H PMA-graft-PEs DEHL

EEHITIE. PMA EXBEAT L EDOTBREIGEZBRE L, KIS, =ATF )L
— T AT NG DR AETEN LT, PMA il RY v —L DA T )~
AT NG ERS Lz, 2%V, PMA LR YT A5 )L (PEs) & DG
1TV, PMA-graft-PEs D& %% Bfe L7= (Scheme4-3-1), Z DFini% PEs @ 1
DDLATNAEGERINTHETTT7 MR <w—RN, 2 DOZATUEE LR

JETH &L PEs BBREAIL Y BREES AR/ OND ETFRSND,

O 0]
m O\/\/\/\/\/\/\ t
kjj « Ak 0 N BUOK pya grani-pEs
0”7 "OCHj diglyme
Scheme 4-3-1

P4 (Mn= 34700, Mw/Ma=1.30) & 0.1 HED PEs (M= 11200, My/Mn=1.67) %
5mol% @ BuOK fF1ETF diglyme TG SR, BREOERWRY < —
LT, TORY—DoFEIT My = 23300, Mw/My = 440 THo -
(Figure 4-3-1a), HoNzARY <—0D 'HNMR A7 ke PEs DA )LAR=
NEOF NV MIDOY T F N a & PMA DHNVER=)VED o (iDL 7 FIL b
DR A BRI 5 & PES’PMA=4/96 T -7~ (Figure4-3-2), DSC 12% 5%
RV 2 — DR EIToT-FER, T,=132°C TH Y, P4 L7~ DSC B#RIES

7z (Figure 2¢), Z DAL, BFRMEIZIEVA, GPC BEEKRD THF X° 'H
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NMR BIEIZBITD7 a0 RS VAIBRE LI LG, v 7 af V&t mliE

HIXHDH, BHE L7 7 MR =—TdHB LBEbh5,

A
H
EE
Ry
5 10 15 20 25
elution tme/min

Figure 4-3-1. GPC elution curves of polymer; (a) obtained polymer of soluble in THF

(M = 23300, Mu/My = 44.0), (b) PEs (Ma = 11200, My/Ma = 1.67), (c) P4 (Mp = 34700,

My/My=1.30).

() _ : J
i ' A ‘.'. 0 a 0
i A A | D LT
(b) J ,90\/\M/\/\/\0J\©u~km
i L i K -I. B b
(©)a T % 4’1?
| ! 0”0~
il L A A Vi L

R §. o PR
750 250 200 1.50 Ppm

—

Figure 4-3-2. '"H NMR spectra in CDCl; at 25 °C of (a) PEs. (b) PMA. (c) obtained

polymer.
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-5.0 0 5.0 1(‘)0 150
temperature (°C)
Figure 4-3-3. DSC curves during heating of (a) PEs, (b) copolymer obtained by the
polymerization of 2 and 3 in the presence of PS5 (Table 4-3-1, Entry 1), (¢)
transesterification of P4 and PEs (d) P4 at the heating rate of 10 °C/min under a nitrogen

atmosphere.

PMA & DE® PEs ONIGEITV., PMA OEIEN B WEESENE LN
DT, PEs DEENEWKXEBEOERZITI 2D, RY v —[RElL O ST

IZ72< . PMA fZfE T T PEs DA EIT > 7= (Scheme 4-3-2a),

00

PMA stat n
H O\/\/\/\/\/\/\ ‘B“OK ﬁm
\ﬂ/ 0 toluene lexgine]

OVZHZLO

(b) PMA
H O\/\/\/\/\/\/\ w Q
T 0 toluene  foluene o

2

Scheme 4-3-2
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ZELD 2 L 3 OEAR 02 YED PMA (P5: My = 6660, Mu/My=1.26) &
5mol% @ BuOK fFE T TGS HIZfR, YRGSz, THF OB s
T, —HEE LR Y v — 04 F BT, Ma=10000, Mu/My=10.1 T3 o7z (Table
4-3-1,Entry 1); L2AL2RDB S, FAEEOHSTED PEs & PMA OFERLE
H325Z EniHskRnotz,

RIZ, FEND 2 & 3 OEGFEIT>T. RFIC PEs 25 LIz EZ AT,
0.2 HED PMAP5: Mn= 6660, Mu/My=126) ZIHMET TGS TR, Mo
= 8170, Mw/Mn=3.09 DR Y ~—n34F L 7= (Table 4-3-1, Entry 2), ZOXRY v—
ITEMRENRE <. 'THNMR R2Z7 kb PEs & PMA DAL (PEs/PMA)
I%. PEs/PMA=87/13 TH Y. Biif® PMA 2V ED PEs & KiG & THELE
FREDIERNWAR Y =— X Y b PEs OiTIE%Eh -7, PEs BRI T CARLE &
FHORY ~v—% DSC THWLIERBR, T TEBL LM -15°C THh o, Tn
IZBEAME SN OFNEW Tn %2R L7z (Figure 4-4-4), Z 13 PMA $HA34LE
BRD PEs FMIOfER(LERE L= L Bbhd,

Table 4-3-1. Polycondensation of 2 and 3 in the presence of PMA?

Entry Method® Yield (%)° Ma(My/My)? PES/IPMA molar ratio® T,' T,
1 Pre 799 10000 (10.1)" ] 152 25
2 Post 74 8170 (3.09) 87/13 -15.9 1.2

@ Polycondensation of equimolar 2 and 3 was carried out in the
presence of 5 mol% of potassium fert-butoxide and 20 moi% of PMA
(M, = 6660, M,,/M,, = 1.26) in toluene under reduced pressure (90-100
Torr) at 60 °C for 1 day. © Pre: PMA was present in the reaction mixture
of 2 and 3 from the begining; Pro: PMA was added after the
polycondensation of 2 and 3 for 1 h. ¢ Isolated yield by precipitation into
methanol. ¢ Determined by GPC based on polystyrene standards
(eluent: THF). © Determined by 'H NMR spectrum. T Determined by
DSC. ¢ Gel was obtained. " Soluble part in THF. / Insoluble in CDCl.
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(a)

Endo

(b)

=70 -20 30 80
Temperature /°C
Figure 4-3-4. DSC curves during heating of copolymer obtained by the polymerization
of 2 and 3 (a) in the presence of PMA (Table 4-3-1, Entry 1) and (b) PMA was added after

polymerization at the heating rate of 10 °C/min under a nitrogen atmosphere.

EHE &

AETII,PMA L ATV EDTRAT V=T AT VERFIGFICE D PMA @
RSHEREMICOVTRF Lz, $T.PMA EXBU UL 1 O AT V-
ATV L DR, 1 OYUE, PMA O FEOEDHBE LR L
FESR. 5mol% D BuOK fFIET diglyme T 2 Y¥&ED 1 LRGESHHI LI
XoT, HFED 11000 £TO PMA ORIED A F IV AT NE2 R V)T R
TVCERMICEBRTE D Z L EHALMNI L, £/, PMA ORISR IGED
—RMEZHALNICTHD, ML OEELZRATHIXHRT AT NV L OB %
RN L7z, EORR, BHEB L OFERESUXB AT MTHhr1b BT, *f
ST HRHEZEATLHIENTER, £/, PMA & PEs OR Y v —RLDOR
YRS T, PMA BRI T, £7/20% PEs BRI TOEHLDEMETYH PMA-grafi-
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PEs M8 b7z, FEHEAEDO 'HNMR A7 ik PES/PMA A EH L.
PMA (2% LTl 5% £ TO PEs 75, PEs 2t LTl 13% F TO PMA 73
AT,

A EBRE

Bl 228 )= VX 2T (1d) DEEL

20mL TAT TR B L2-AF ) —/L 794 mg (3.42 mmol), EDCI 1.01 g
(5.27 mmol), DMAP 653 mg(5.35 mmol), FIEE(LATF L2 10mL 2Mx T, K
WT 0°C IcmP Lz, ¥E 02mL(Smmol) 2% T, |ET 1 BEHBLE,
1M HEEET 1 B, fEMREAKET MY Y 2KERT 1 B, fafugbr U
LK T 1 EEEZ L, SRR 7200 A THERE Lz, 0%, 58
L BETCBRELZREL T BEABEEE LT 782 mg HINE 88%) 257,

oge
agers

mp = 100.8-103.0 °C; 'H NMR (600 MHz, CDCl;) & 8.28 (d, J=9.0 Hz, 2 H), 8.23 (s, 1
H), 8.22 (t,.J=7.2 Hz, 2 H), 8.18 (t, J= 7.8 Hz, 2 H), 8.10 (d, /= 9.0 Hz, 1 H), 8.07 (d,
J=17.8Hz,2H), 8.04 (t, /= 7.8 Hz, 1 H), 5.93 (s, 2 H); *C NMR (125 MHz, CDCl;) &
160.9, 131.9, 131.2, 130.7, 129.6, 128.4, 128.0, 127.9, 127.3, 126.1, 125.64, 125.56,
124.9, 124.63, 124.61, 122.7, 64.1; IR (KBr) 3042, 2938, 2345, 1719, 1592, 1460, 1367,

1215, 1186, 951, 917, 892, 834, 819, 752 cm™..
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T INBAFNDOEE

TNATEBRLICY 2 L 7B T 7 U VEEAF )L 420mL (46.7 mmol),
2-7aeA Y EEBETF /L 0.03mL(0.20 mmol), EK#H 33.2mg(0.23 mmol), kY
A RAPAFNT I 7)=F )] T I (Me6TREN) 0.06 mL (0.22 mmol) %%
Tmo MEERFAVERREETAILVICLZBHEY 3 BT 7%, 30
°C T 48 Sy L., ZRUITRL THL 7 a0 a RV AIERSETAZ ) —
WIEHET Lz, A2 ) —NFRER)~—%2k85A4 F2RBWTERBL, 514 M E
DRY) = —%r/maR/VAIEBEIE, BETT/oor VA2 8ELTHRE
RS LT 454 g(INER 112%) 257,

PMA & B INOx AT )RR G (Table 4-4-2, Entry 1)

SmL FRZIZRaZT VAL TERLEN O — T U TRIET. BEEL,
Ja—7Ry 7 ANT 5mL 7 A7 5 ZA2lZ PMA 45.4 mg (0.527 mmol), ¥E
AN P)L 126 mg (0.922 mmol), H V7 A tert-7 FF T F 3.9 mg (0.035 mmol),
B i diglyme 1.0mL Z/A0% T, 120°C, 90Torr TR A 1 BT -7, fafu
{7 By AKBREMZ TR ZIED T LA F LU THEZITV., 1M
R T 1 [E, BARIRERAKFET MY U AKEIKT 1 E, fafE(bT U U AKE
T 1 BElEEE L, EAREE~ S RS Y LA CHERE L, 20%58% L, B
JET CHEEERE L%, BEL RBRICE AT L BRI AR/ —1 %
FAWTIBREREZ 1| BTV, AF /— VL REHE U TEEMSERE 58.2 mg

(=R 68%) Z1ET-,
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PMA & PEs O ATNKMIZ L A7 57 NBEESEKOERK

SmL 7RT7I AT NALTERLENbe— MV TRIEEZEL, Jo
—T Ry 7 ANT 5mL A7 5 & =2 PMA (Ma=34700) 28.3 mg (0.329 mmol).
PEs) (M = 11200) 20.7 mg (0.062 mmol), # U 7 A tert-7 b %3 K 1.5 mg (0.014
mmol), Fff diglyme0.6mL %% T, 120°C TEWHZ 1 AT -7z, gafniE
{7 =0 MAKBEREZMZ CTRIEZ LD T, fafuEibr Y U LKEH T 2
BIYEE 21TV, BE T CEELZEE L, BESEREICEAF Lo, B
WZA S )= NEROTREBERZITY, REEMERAE L LT 108 mg (INF
22%) /T,

PMA FHET 2 & 3 OEHBEICLD 757 hHESEKDERK

SmL FRTZIFRa%T LA TERLEPSOE— MV TRIET, E82L,
Tu—7Ry 7 ZANT S5mL 7 A7 F A2 PMA 19.8 mg (0.230 mmol), 2 330
mg (1.28 mmol), 3 234 mg (1.20 mmol), # U U A fert-7 ¥ K 5.7 mg (0.051
mmol), FiEEsE hm 0.6 mL 2H02 T, 65°C, 100 Torr T&EJiZ 1 HEFT
o, SR T L = 0 MAREMA TRISE DT, ABEF. WET
THEEZEEL, Yy 7 AL —HHSRE AW THHEZITOD, WEEEKE LT

IN& 135 mg (NFE 32%) THT,
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2 L3 DEHAICEIARTFRAE LS PEs & PMA O AFAFHRIZE AT S
7 MNEEAED AR

10mL Z2OHFATZ7T Azl SmL TV 75 A3z 7 AT TERLENS
E— MHCCRET., BRL7Z, Fu—7FR vy 7 ANT 10mL o0 FRT S5
A 22 2 330 mg (1.28 mmol), 3235 mg (1.21 mmol). # VU U A tert-7 bF T K
6.4 mg (0.057 mmol), BiEEE hlx=> 1.6mL #M% T, 5mL 775 R=alZ
PMA 28.0 mg (0.325 mmol)., % U VA tert-7 hF 3 F 7.2 mg (0.064 mmol), FiE2
Fhrxz 06mL ZMA72, ZOBKEZ 04mL #2507 7 RA2IZT
65°C, 100 Torr TEFZ 1 HRMHAT o7z, ALY > F =7 LKA M Z T
Btz kT, b A F Lo THIl 21TV, 1M EEET | [, fafumigksE T
MU D LKESRTT 1 [EL fafndE b b Y U AOKIEIRT | EYkEE L, EAKRRER
VIRV LTEREE L, 20%51B% L, MET CHEELRE LK, BE
k BWSEICHEIC A F Lo BEICA X ) — VR RV ORBERLAE 1 EfTAR
AL ) —=NVAREERE LR EMEE 299 mg (INFE 74%) 2HB7z,

51 F 3CHR
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F—F Ui
FLETIE, VANV ATNETPHNRV B ATAVOERES LR =X
FNRLOEEZBTIEEZALNPIC LTS, £72, I—FRX— MEAIEZ R T
NWAEE LR B ERT DD, TRAT AL LT —RR— FOHAIC L DK
JA—HRF— FOERICHIEHATE D L2 HF L,
RY =R F— NI T OFETERSIL TN,
D BRI —REX— FNOBRBREAS: HECIA7T =4 VHEBEES, Lewis BBIZ L
DAFACHRES, BRICLIMRESR ERARFERD S, 19
2) VA (orester) & H—HRFX— bDOEMHA: EBMEZTRML T, BIE T
5 Z L TRy TFEEREOND, ¢
3) VA (orester) EHRAT OEMEE: RATUVIBEETATH Y | fEIR
Thbd, £, FRATVEIRETHHTEDICE ) v —DENANT VAL THE
THOREETH D, B0
RO VA — NV AT L I —RR— b OBEREEIIRBER S BN AT LV TH
D, ZHERVZRATALVERRTDEHOOTL— IV RAT )L E PH VR T
ATNOEMELFRICEETH L2, KU I —RRX— FOBRICZATI)L—
TARATFNRBREERHEIS TR Th 5 L& 2T,
FZITCHRBEIITATNE I —RR— FDIZ AT )L — T A5 VA IS E T,
RY) =R —FOEREERB L, £/, RV Z ATV ERY B—RF— D
FEHORGFHRBRISICE > TR AT N ERY h—Kx— FDOHELSE
(PEs-co-PC) DAL R L7,

FEH BLOFOI—FR— h—H—RRx— FDOTBRIS

A—RF— b =TI —RR— NEOZREEP = AT )V~ 2T )V O
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i & [FRRIC SIS 2 O E O % 302 L7z (Scheme 5-2-1),

o 0 ‘BUOK 0

4
2a 2b 2¢
Scheme 5-2-1

DAF VN —RR— R 2a) E~FVNVAFLI—RE— K Q) 171z
=Nl aXBPI AT NVEEEFET CRISESETER LR, 10

ROH o

i pyridine )J\

Cl OR THF RO OR

Scheme 5-2-2

fEEED BuOK FETEHENLD 2a & VAFLI—RR— L 2b) DK
ZERTITV, GC TRIGEEBHILIZE Z A, b5 30 #T 2a OE(LEN
50% (ZEEL., 2¢ DIEL 43% Tholr, TOZ b, T Xy Mz
EDH—HRR— = U —RR— FREE S T ATV — o 2T VARG & [F

RICEEIZZET 200X TN Z & dbhot,

FE=H T RATNANLEI—FRR— POEBOLKMERE

FIEOESFH—R A — FEAWEEFARBICE ST, BSFZZATL0
& RIRRICEBIET DORENZ ER oD T, L12-RFEI o PF—n
TxNVA—=h @A) EPTAFAI—HRIX— K 2) OFEEHESITBNTH, B
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JET CHBERR D 2 FETH LELTERPEOND Z L 03 #%5 L7~ (Scheme 5-
3-1), 7272 L, RV ZATFNVDOERMEE ST, PTAFILT 3L A— DB HEMN
AT EINVBRAFNVEDVANE BT AT VK RN DBEME T ¢l
F)I—DEANTGAEROOPE LN ERFEEIND,

Q O i O
BuOK
..——————»
H\n’o\/\/\/\1/\/’\/\O/U\H+ ROJ\OR sovent - 4° O’uﬁ;
% 2b: R = Me PC1
2d:R=Et
20:R=Pr
Scheme 5-3-1

5-3-1 BE OB

BN, RYZRATFNLVOEICE LS TENERLZEBE ([monomer]y = 0.6
mol/L) THEI L7z, £/ v —EETHo L FE/MVUZ 1 &, b
YOWA (bp=110°C) KO LA LBEVWBREFETHPZFAI—REX—F (2d;
bp=126°C) ZBIN L7z, HEELD 1 & 2d DESE% 5mol% BuOK HAET b
IV 90-100 Torr, 60°C TITo 72K, 40 F&IX{EH o> 7= (Table 5-3-1, Entry
Do Wiz, P LELS LTRRICESZITo TR (2d]o=1.0mol/L), /3 FEH 1
T HaBADBFRY I—RE— 35N (Entry2), — 5.2 EOEE ([2d]o=2.0
mol/L) Tik., IWRIIM E L7 FEIMET L Entry3), THITBEREE
D LI R CEREDOREDN L3 0  BBERR S O BT F L ORLAHIEIC
EITLD ozt Bbhd, O 00 bEERIEEIT [2d])=1.0 mol/L
Tholz,

ZDREOHFE%E MALDI-TOFMS IZ X 2RO NEBE LT, BAID 0.6

mol/L TlX., BIRAR YV ~v—, FBZAF)/H—Rp— bR, X A7 /LiE
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K, B —Rx— PEREPBLEE N (Figure 5-3-1) . T b D 4 FEEORS
I—E972 As + B: ERESORY ~—0ARBBICENSRETHS, Li=n
ST, ZORETHEHRIEBEFEHDITEIT LT RNI LERLTNS, —F,
1.0mol/L Tl RNV AT NVERROKEE FERIZT L a—/LRIRR Y < — L B8R
RUw—DBAERL TWDE IO REBR+SICETL RS FEENRAR L
LRI TCTE& 5 (Figure 5-3-2), F%IZ 2.0 mol/L TiIkkx RRWNEBTX /=2
EMDOELFEABRT CRIGEMLE L TS Z EB8b2 5 (Figure 5-3-3),

A
O = cycle + K*
A =HCO/OCO,Et + K
B -HcoocH + k!
A & =Et0,CO/0CO,Et + K*
O A A
Olo | A
=
A,
A,
o2
O LR LA L LY LY luh Al-h T .
1000 2000 3000 4000

milz
Figure 5-3-1. MALDI-TOF mass spectrum of polycarbonate obtained by the
polymerization of equimolar 1 and 2d with 5 mol% of ‘BuOK in toluene ([1]o = 0.60

mol/L) under (90-100 Torr) at 60 °C for 1 day (Table 5-3-1, Entry 1).
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@) O = cycle + K*
o ] =HooH+k*

i e e e e e e e e b e e b e 2 e e i i i

1000 3000 5000
miz

Figure 5-3-2. MALDI-TOF mass spectrum of polycarbonate obtained by the

polymerization of equimolar 1 and 2d with 5 mol1% of ‘BuOK in toluene ([1]o= 1.0 mol/L)

under (90-100 Torr) at 60 °C for 1 day (Table 5-3-1, Entry 2).

O = cycle + K*
Z\ = HO/OCO,Et + K*
A =HCO/OCOEt + K*

] =+oroH +x*
B - +coocH +x*

SRR SR N PR s VT AR i e

1000 "7 3000 5000 7000 9000
miz

Figure 5-3-3. MALDI-TOF mass spectrum of polycarbonate obtained by the
polymerization of equimolar 1 and 2d with 5 mol% of ‘BuOK in toluene ([1]o=2.0 mol/L)

under (90-100 Torr) at 60 °C for 1 day (Table 5-3-1, Entry 3).
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5-3-2 B —iR_"Fx— b DO

RIZ, I —AFx— F OB OV THRETE T 72, Zhidkick_-k 5y
TNENH—HRF—FEEOBRICL DTNV AT L EDEANT LV AD
»%%%#é&\%%&ﬁ@%%zz?w@%%b%fé%%mﬁéﬁgﬁ%éo
DE VIRBADOBBER TR D — AR — FEBIRT A L, EEEHEA TR
TR =—=PRETHIHAIRY LT85, 2T, RLPBADENFEEAF
NV 2b BBR LT, EEALTO 1 & 2b I 5mol% ‘BuOK HFET M=
90-100 Torr, 60 °C TEEZ{ToRER. FTFEIZME) -7~ (Entry 4), MALDI-
TOF MS TRY = —DORIGZFHD L, BRARY v — LTV a— Ll 8

Bl X7 (Figure 5-3-4),

O o O = cycle + K*
] " B -rcoocH+k
B o
B = HO/OH + K*
= = = L]
O.
fo) o)
0 o)
[ INe)
O O B og
bl o al Om
i Lo
. B L . T T -
1000 2000 3000 4000
miz

Figure 5-3-4. MALDI-TOF mass spectrum of polycarbonate obtained by the
polymerization of equimolar 1 and 2b with 5 mol% of ‘BuOK in toluene ([1]o = 1.0 mol/L)

under (90-100 Torr) at 60 °C for 1 day (Table 5-3-1, Entry 4).
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TN 2= VKRG ZWEEIL 2b OFA (bp =90 °C) B AT OWHRLY
HARS BB & & DICRIMNCEEL CLE -2 2D BT/ v —%%T
MZHERTCERP ST EBNREEEZ 2, BB TVEVWTAFAVEHTHL Y
TFNA—ARR—F 2d) TAVWTHRICEEEZITo /R, HFEIE M=
11600 £ TEML T3 (Entry 2), Z DRV = —DORMITES FEEDBRAR
V=—T, B FEHNB TNV a—VERKE ThH o7 (Figure 5-3-2), ZIUIE
BETR LA TFENERLERI AT LVLRERRBETH D, SLICEW
dipropyl carbonate (2¢) ZHAVW\/-fER, MbBWAIFETH 7 (Entry 5), LD
L. ZEEOR) v —KBNBRZ LI DL EERIEETTHY, SN TE
EETAZENFRETHAS I EER LTS (Figure 5-3-5), ZHIZOW TR
DFEEDORETD & 2 A TR,

A O = cycle + K*
. ) A =HCOIOCOPr +K*
O = HO/OH +K*
A o O N
A & =Pr0,COI0COPr +K*
. - /"\
A 2000
'S Y SR W
o A
Adaaa
Aaa,
|
g s ‘ !
. b Ll i s el e L i b Gk b e L s T s i)
1000 2000 3000 4000 5000 6000 7000 8000

mfz

Figure 5-3-5. MALDI-TOF mass spectrum of polycarbonate obtained by the
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polymerization of equimolar 1 and 2e with 5 mol% of 'BuOK in toluene ([1]o = 1.0 mol/L)

under (90-100 Torr) at 60 °C for 1 day (Table 5-3-1, Entry 5).

5-3-3. WEOES

| BRI, VAT VOEROBICEBEBE Cho2V=F L F Y a—n
VAFNZ—F ) (digylme) FT 2¢ ZAVIEEEIToER. HFEELH 3
FETETHZ LB TE= (Entry 6), ZDARY~<—% MALDI-TOF MS T&
T5 L, EFERTERRE Y >— 0L B S/ (Figure 5-3-6), #t- T,
2¢e ZFHAVAEATIE, b= LYY diglyme DHFBNE LB THL 2 &0
HEA L,

O = gycle + K*

miz

Figure 5-3-6. MALDI-TOF mass spectrum of polycarbonate obtained by the
polymerization of equimolar 1 and 2e with 5 mol% of ‘BuOK in diglyme ([1}o = 1.0

mol/L) under (90-100 Torr) at 120 °C for 1 day (Table 5-3-1, Entry 6).
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Table 5-3-1. polycondensation of 1 and carbonate 22
Entry carbonate 2 mo/L® solvent Yield(%)9 M2 M, /M9

1 2d 06 ftoluene 32 2880 1.12
2 2d 1.0 toluene 57 11600 1.63
3 2d 20 toluene 74 7710 147
4 2b 1.0 toluene 32 3150 1.14
5 2e 1.0 toluene 62 13800 1.66
6® 2e 1.0 diglyme 78 27200 1.79

3 Polycondensation of 1 and carbonate 2 was carried out in
the presence of 5 mol% potassium tert-butoxide in solvent
under reduced pressure (90-100 Torr) at 60 °C for 1 day. ®
[1]o = [2]p = [moliL]. @ Isolated yield of polymer precipitated
into MeOH. 9 Determined by GPC based on polystylene
standards (eluent. THF). ® Reaction was carried out at 120
°C.

5 10 15 20 25
elution time /min

Figure 5-3-7. GPC elution curves of polycarbonate obtained by the polymerization of

equimolar 1 and 2 with 5 mol% of catalyst in solvent for 1 day: 2, solvent, My, and Mw/M,
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is (a) 2d, toluene, My, = 2880, Mw/M, = 1.12 (Table 1, Entry 1), (b) 2d, toluene, M, =
11600, Mw/My = 1.63 (Entry 2), (c) 2d, toluene, My = 7710, M./My = 1.47 (Entry 3), (d)
2b, toluene, Mn = 3150, Mw/M, = 1.14 (Entry 4), (e) 2e, toluene, My = 13800, Mw/M, =

1.66 (Entry 5), (d) 2e, diglyme, Ma = 27200, Myw/Ma = 1.79 (Entry 6).

FHHE O ATNVICLAERY I—RRx— FDOER

FBZETEHBREZ—EICL T, HFEN 30kD OXRY I—FRR— F AR

TEORMEZRHE LI, BENE T, EHEREBLITTELORY H—KRF

— hDERERE LT,

5.4-13 L 2d DESL

UA—NEXFBOBKIES%Z EDCI & DMAP #HAWT 3a-d &R L7,
£9. 3a & 2b DEWHEEE BuOK FHET. BEMET TIT- 7~ (Scheme 5-4-
Do A%/ —NVEROCTHEREREIToT-HR. PC2 & My=13100, Mo/My=1.59
TH&72 (Table 5-4-1, Entry 1), PC2 OFMBIBIRARY ~—, T/ a— L lKE,
T =T a NS — R NEREEO 3 BEORSNBIR S (Figure 5-
4-1); BRA Y = —FTEBHEKRBIIBREINABRTH Y, T A a— LRI
fg & LTHRINL TV 5 BuOK DL ETRET B0, EORISEEET b EIH
SNOHRIETHD, ZOZLENOLHBRIEPKRIETELEZI LB 5,

0

O R e i
H__O \/\o"u\o”’\/ diglyme \/O/\ 0" i
\g/ 3 2e )(‘Q

a
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Scheme 5-4-1

O = cycle + K* °

[} =HooH +k*
000 Z\ = HOIOCOPr + K+

2000 3000 4000 5000 6000
miz

Figure 5-4-1. MALDI-TOF mass spectrum of polycarbonate obtained by the
polymerization of equimolar 3a and 2e with 5 mol% of ‘BuOK in diglyme ([3a]o = 1.0

mol/L) under (90-100 Torr) at 120 °C for 1 day (Table 5-4-1, Entry 1).

DI 2244-T FIFAFAL IR TH )=V TH)L A=K 3b) & 2d O
B 21TV A ¥ =V CORBBREIT > 72 (schemé 5-4-2), % DFER,
PC3 %» M, =v3730, Mw/My = 1,60 TH7= (Table 5-4-1, Entry 2), Z DR Y =—0D
FERIBIIT NV I —NVRETH o7z (Figure 5-4-2), - T, 3b D7 L aF L R
BIADOIFEBERRELS, 72 AI—Fr— RIS LIZ WEDIZT L=
—NVRIRBZEL BRIS Lz L Bbh 3,
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§ >\““H 0 'BUOK § H
H_<O © +\/’\O/U\O/\/ diglyme —(—O ©

O 2e

Scheme 5-4-2

A [ =vorom +k*

/\ =H0/0C0,Pr +K*

}

S s nd il il J..J» i |a LL 1k 1.[. \'....x.,1.|l.. u(\ i; L I il

2000 3000 4000 5000
miz

Figure 5-4-2. MALDI-TOF mass spectrum of polycarbonate obtained by the
polymerization of equimolar 3b and 2e with 5 mol% of ‘BuOK in diglyme ([3b]o = 1.0

mol/L) under (90-100 Torr) at 120 °C for 1 day (Table 5-4-1, Entry 2).

IRV AT =T A= (3e) & 2e DEMBEEITV., BAOEE
ToTRIC, AZ /= VERWTILEBRER A2 1T 57 (Scheme 5-4-3), F DFER,
PC4 % My =2970, Mw/My =136 TH7= (Table 5-4-1, Entry 3), Z DRV =—D

FERRIIFRIRAR Y v— & HO/COEt Tho 7z (Figure 5-4-3),
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O BuOK

H. 0. o H + g O A
\n/ ‘ \n/ \/\O/U\O/\,/ toluene ’é ’
O @] 2e
3¢ PC4
Scheme 5-4-3
O
A o)

O = cycle + K*

Z\ =Hooco,Pr+ Kkt
| |m | [J =Ho/oH ¢+ None, Na*, k%)
‘ B =HcoocH +k

Y

Wiat b

5 ot o o Y I W .
1000 1100 120 > =Pr0,COI0CO,Pr + K

|
i l % ! \'
; : |
i I | 1 I ‘ 1; f v
[ im.lii,. |, 4|u. . .(l.‘(n. kil JJ.,!.,; Ll b Lt Sk (!l.L,.m o e G

1000 2000 3000 4000
miz

i {
M‘ |

Figure 5-4-3. MALDI-TOF mass spectrum of polycarbonate obtained by the
polymerization of equimolar 3¢ and 2e with 5 mol% of ‘BuOK in diglyme ([3¢]o = 1.0

mol/L) under (90-100 Torr) at 120 °C for 1 day (Table 5-4-1, Entry 3).

KB, TAA =N I HbBEOBNT b T F L7 a—AdF
—NT7F A —h 3d) & 2¢ ODEMEE. BuOK & 18-crown-6 O b ¥
% RO TRIEMECE TIT o 723, B FEIEM O ho7z, 2 3¢ BRDOT
VAL R 2e HEROT NV aFY FEY HREEMENZ ERREEE 272,
FZT 3d L 2d OEMEEZRBRISIT V. A¥ ) —AZRAVEILBRER LT
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TefER. PCS % Ma=4010, My/M,=1.16 T/ (Table 5-4-1,Entry 4), Z DR Y
~—OFKEE HO/COEL, EtOC/COEt, HO/OH O ZfEHETh -/~ (Figure 5-4-
4y TNVHFNHEHA_RTZF LT U a— VEHITRBEENZ LD, T4FL
HOBLO b FAI—AR— MEEIBR SN EZ 6N, b e D
BEORY I—REX— FB3BONDIZEERALNC L,

H O e O~ O H 0 ‘BuOK OO~ O
D D SN SN Ao © \g*
3d 2d PC5
Scheme 5-4-4

A [[] =HoroH +x*
o A /\ =HO/I0CO,Et + K*
A &> = Et0,C0/0C0,EL + K*
A

1500 2000 2500 3000
miz

Figure 35-4-4. MALDI-TOF mass spectrum of polycarbonate obtained by the
polymerization of equimolar 3d and 2d with 5 mol% of ‘BuOK in toluene ([3d]o = 1.0

mol/L) under (90-100 Torr) at 60 °C for 1 day (Table 5-4-1, Entry 4).
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Table 5-4-1. polycondensation of 3 and carbonate 2
Entty 2 3 Yield(%)® M2 M, /M-

19 2e 0" H 36 13100 1.59
H\n/O

0 3a
0
Wt
29 2e 0 d 21 3730 117
H
_(0
3b
39 2¢ H\H/OO\H/H 18 2070 1.36

0 3¢ 0O

2d HTO\/\O/\/O\/\O/\/OTH 11 4010 1.16

d, 8)
4 0

3d 0

3) Isolated yield of polymer precipitated into MeOH at 0 °C. ® Determined by GPC
based on polystylene standards (eluent: THF). 9 Polycondensation 3 and carbonate 2e
was carried out in the presence of 5 moi% potassium fert-butoxide in diglyme under
reduced pressure (90-100 Torr) at 120 °C for 1 day. ¥ Polycondensation 3 and
carbonate 2d was carried out in the presence of 5 mol% potassium fert-butoxide in
toluene under reduced pressure (90-100 Torr) at 60 °C for 1 day. ® Addition potassium
tert-butoxide toluene solution with 6 mol% of 18-crwon-6.

(a) . /\‘
[
A
foA
/ ™\ ‘\
.(QZ-------_-------_--_-_-___-..— ! " \\ \s---/\.._l'
Py i\
! A gy 8
(C JIE LA SN
/) ’
5 10 15 20

elution time /min

Figure 5-4-5. GPC elution curves of polycarbonate obtained by the polymerization of
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equimolar 3 and 2 with 5 mol% of ‘BuOK in solvent under reduced pressure (90-100 Torr)
for 1 day: 3, 2, solvent, temperature (°C), My, and Mw/M is (a) 3a, 2e, diglyme, 120,
13100, 1.59 (Table 5-4-1, Entry 1), (b) 3b, 2e, diglyme, 120, 3730, 1.17 (Entry 2), (c) 3¢,

2e, diglyme, 120, 2970, 1.36 (Entry 3), (d) 3d, 2d, toluene, 60, 4010, 1.16 (Entry 4).

HHE  PEs- stat-PC DA

HIEE T AT N — =R — "RBEIGIZ L DR Y I —RE— b DA
WZOWTHREILTCE R, £/, FEETI, B3RV 2 RF VRO 25 L
— T AT NVRZBEIS AT, HBEERBLN TS, £ THREH T, B25
BEONRNY) v —RELORBRIG, 2FEVRY AT (PEs) &RV I —FRFp—
k (PC) DEHEHRBKIGIZ LD PEs-stat-PC DERE S LT,

5-5-1 PEs-stat-PC DEFR

BT, BEICRE L TH B HET PEs A5 L7 (Scheme 5-5-1), # D

FEF. My=11200, Mu/My=1.67 @ PEs & 5Tz,

o] BUOK o] e}
+ u
e O NN SN
HTOWO)LH “Y N e~ £ OJ\Q/U\%

o] o] o]
PEs

Scheme 5-5-1

3.1 BED PEs FET. 1 & 2d DEHEES Mo U BB RFiTo -
(Scheme 5-5-2), D&, BB ATV, A X/ — VIR BIERIZ 1T - I 58,
My =35030, Mw/Mn =132 DR Y ~—RELN (Table 5-5-1, Entry 1), Z DR Y

~—® PEs:PC tb% 'HNMR 2HE M Lm L 25, PEs:PC=47:53 Thol-
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(Figure 5-5-1b), ffiAZtb & [RRE72EIE D PEs-stat-PC B3 E L7,

o 0 0 0
HTO > O/U\H * /\O/ILO/\ * *0\/\/\/\/\,/‘\/\0 A
o 2d
‘BuOK 40 jL)\ O. i i
foluene o mStab(, OJ\Q)L)Q
Scheme 5-5-2

RIZ, PEs & 047 HBETRERICEMS 21T o 7R, Ma=4820, My/M,=1.34
DR Y =—BE L7 (Table 5-5-1, Entry 2), 2O HR Y ~—@ PEs:PC tb% H
NMR 226EMH L7 & Z A, PEs:PC=33:67 Tho7z (Figure 5-5-1c), AL
& AR Bl D PEs-stat-PC &L, &%ZIZ, PEs % 024 YETLEAS L
Tole, fER. Ma=7580, Mu/My=1.46 DRV <=—nBE 57~ (Table 5-5-1, Entry
3)e ZORY<w—@ PEs:PC % 'HNMR HEH L2 E 25, PEs:PC=19:81
T o7 (Figure 5-5-1d), TN ODFERDD PEs DAL IIZ X » TEEOE
AD PEs % PC [TEATEXAZ LEHLMNILE,
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(a) g

450 400
Figure 5-5-1. 'H NMR spectra of (a) PEs, (b) PEs-stat-PC (PEs:PC = 47:53;Table 5-5-1,
Entry 1), (¢) PEs-stat-PC (PEs:PC = 33:67; Entry 2), (d) ) PEs-stat-PC (PEs:PC =

19:81;Entry 3), (¢) PC (Table 5-3-1, Entry 2).
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Table 5-5-1. polycondensation of 1 and carbonate 2d with PEs?

Entry PEs (equiv)® Yield(%)® PEs:PCY M@ MM, T.0 T.)

1 1.0 58 47:53 5030 1.32 224 106
2 0.47 73 33:67 4820 1.34 39.1 24.0
3 0.24 50 19:81 7580 1.46 522 38.3
4 0 57 0:100 11600 1.67 51.7 47.3

3) Polycondensation of 1 and 2d was carried out in the presence
of PEs (M,, =11200, M,/M,, = 1.67) and 5 mol% potassium tert-
butoxide in toluene under reduced pressure (90-100 Torr) at 60
°C for 1 day. ® [PEs]y/[1]y © Isolated yield of polymer
precipitated into MeOH. © Determined by 'H NMR spectrum. 9
Determined by GPC based on polystylene standards (eluent:
THF). ® Determined by DSC.

(a)

(b)

()

(d)

5 10 15 20 25
elution time /min
Figure 5-5-1. GPC elution curves of polycarbonate obtained by the polymerization of

equimolar 1 and 2d with PEs and 5 mol% of catalyst in toluene at 60 °C under reduced
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pressure (90-100 Torr) for 1 day: equiv of PEs, My, and M./M, is (a) PEs, (b) 1.0, M, =
5030, Mw/My = 1.32 (Table 5-5-1, Entry 1), (¢) 0.47, M, = 4820, Mw/M, = 1.34 (Entry 2),

(d) 0.24, My = 7580, Mu/M;, = 1.46 (Entry 3).

5-5-2 PEs- stat-PC_ DEy44:

iz, XEBAEOEGRITHWE PEs @ T, 1% -108°C Th 7= (Figure 5-
5-2a), £z, MbHGFEPREVRIA—FF—FD T 1L 473°C Thotz
(Figure 5-5-2¢), & B2, Z M PEs & PC ##HHNTIES LTI-¥ o By
VN EREDERET2 oD — 2 %R LT~ (Figure 5-5-20),

Wiz, B oLz 420 PEs-stat-PC % DSC TH#T L7z (Figure 5-5-2b-d),
PEss7-stat-PCs3 @O T, 1L 10.6 °C T o7z (Figure 5-5-2b), PEsss-stat-PCe7 @ T
iX 24.0°C THh 7o (Figure 5-5-2¢), PEsio-stat-PCsi @O T, 1% 383 °C Th-o7-
(Figure 5-5-2d), ZH 6D/ LN — 27 I3 OB RIBEEETo Y7
JWEIRIERY 150 =7 2R LIEZ E0OYBORIEES TR, {LFEM2
FEEE L OEEABRTHEZ EPHLNI 2T, IHIZ, FERY v—LEL
NEEXBERED T, ZHET 2 L. PC MBROEINZE 725 T T ARG
ERLT, 2OZEDEATS PEs OBRFHMT DT LITL > TEEOHRK
OEEEEIFELONIZ L ERH LT,
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(b) - o & - R o - I \ -----------------------

© A
@] "
() i e,
LLI ---------------------------------------------------
l ©) e L

_—
k)
-50 0 50 100 150

temperature (°C)

Figure 5-5-2. DSC curves during cooling of (a) PEs (Tt = -10.8 °C), (b) PEs-stat-PC
(PEs:PC = 47:53; T. = 10.6 °C; Table 5-5-1, Entry 1), (¢) PEs-stat-PC (PEs:PC = 33:67;
T; = 24.0 °C; Entry 2), (d) PEs-stat-PC (PEs:PC = 19:81; 7. = 38.3 °C; Entry 3), (¢) PC

(T: = 47.3 °C; Table 5-3-1, Entry 2), (f) mixture of PEs and PC.

AT ELw®

AKETIE, VI NTZAFNLEITAFAI—RR— ORI AT
N—=T—ARR—= "R L DR Y =R R — DGR EBE LTz, O~F
NH—RFp—h & VAFLh—RE— K OFT L aX FERBRKGE GC
TEFFL7MRER, 30 BTEEICELE, £#2C, V4—ATZAT)V 1 & U7
NWFENT—RE— | 2 DEMESIZBIT 5 —Rx— NOfEE, RSELE, £/
vREOFHELZRILEBR, V7ol —FRE— |k (2d), diglyme, [2]o =
1L.OM O, xb®OFEDORY H—AFRx— "3 ELNE, KiZ, BeDU4—
WVERT N3 L 2d BAToTRER, RERER LY bEREFERO S —Lx
ATNERAWIZEZDIEI R TFEIGRDZLERH L,
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BEIZ, RV AT ER)I—RR =MW BLIEEORY =w—0
BE
PEs DAAALIZ L > C . BN LEESEOBREEZHIETAZ N TE, £

EEBAF-DIZ, PEs GETT 1 & 2d OEESEBRI L, FORKE,

oo BoNTHEEGEDO T, bHERIZK > THIETE S Z LWL LT,

B EBRH

VnF LA — B R — b DA (2a)°

RZZ7 MAT 50mL T A7 722z KT Liens, EREM T T/ m
2 FEAF v 2.0mL (12.7 mmol), ~F %/ —/L 1.7mL(14mmol) ZFEF L.
Y'Y T 1.0mL(12mmol), #8: THF24mL #x C, |RICEL. 1 H
WLz, keMx<, \EAF L THREB L, 1M HEBT 1 B, ERHRERK
RN U LKEIRT 2 [l fafnEib U D AKEERT 1 EIBEE L. EKER
B 7RV U LTHB L, £20%, ABETV, WET CBEELZEELE, &
BEHTL7a<w N7 T7 4— (Si0y; BEETF/L~FH 2 = 1:20) THEL,
BEBHIRAE L LT 2.63 g (R 94%) 257,

2a

'H NMR (600 MHz, CDCL) 8 4.12 (t, J = 6.7 Hz, 4 H), 1.66 (quint, J = 7.2 Hz, 4 H),
1.37 (quint, J= 7.2 Hz, 4 H), 1.35-1.27 (m, 8 H), 0.89 (t, /= 7.0 Hz, 6 H); 13C NMR (150
MHz, CDCL) 5 68.0, 31.4, 28.6,25.4,22.5, 14.0; IR (KBr) 2958, 2931, 2860, 1747, 1468,

1403, 1257, 1037, 794 cm’!,
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~FINVRAFLH—RF— DK (2e)°

RZZ7 FAT S0mL 7 RAT7 T RazKBTHROLENRL, ERRMFTI 2
B FER A F L 0.90 mL (12 mmol), ~F ¥ ./ —/L 1.7mL(14mmol) ZiEF L. #&
') v 1.0mL (12 mmol), #/E THF24mL ZMA T, |EIZEL., 1 B
LTz, KEMAT, HAEAF LV THIHL, 1M BB | B, fafnRgkE
F R U D LKEEHKRT 2 [ fafE L Y D AKEIRT 1 BN L., EKRER
TRV LTHB L, 0%, ABETWV, BET CHEBELYEELL, BiE
EHNT b7 TTT 4 — (Si0y; FFETFL~FH L =1:10) THREL, &

BFEARE 1.02 g (INE 54%) 2H77,

/\//\/\O/U\O/
2¢c

'HNMR (600 MHz, CDCl3) 8 4.14 (t, J = 6.9 Hz, 2 H), 3.78 (s, 3 H), 1.37 (quint, J = 7.5
Hz, 2 H), 1.34-1.27 (m, 4 H), 0.89 (t, J = 6.9 Hz, 3 H); 13C NMR (150 MHz, CDCl3) §
155.9, 68.3, 54.6, 31.4, 28.6, 25.3, 22.5, 14.0; IR (KBr) 2958, 2931, 2860, 1751, 1444,

1389, 1265, 943, 794 cm™

K53 F A — R A — bR DG

SmL FAT7T AT VA TEBLZB b — MU CREZEREL, 7o
— 7Ry ZANT 5mL A7 F A 3|Z 2a136mg (0.591 mmol), REEY A F )L
52.4 mg (0.582 mmol), 1,4-T~F I AF X E 2 16.0 mg (0.0575 mmol), A
FE%E THF0.70mL ZMZ 7z, /XA TZH Y T 5 tert-7 F ¥ K 6.7mg (0.060

mmol) & MiEEZE THF 1.0 mL #MZ 7, ZOBIK 050 mL #7275 23T
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MR T, BEEIZY 7Y 72TV, GC THIEITo 7,

SFu e —BRx— bOEK (2e)°

RZZ7 FHNT S0mL 7RA7 7 2aZKBTHRLEND, EFKJ FCHE
Fua %)/ 2.0mL (27 mmol), EHEE U 2 1.0 mL (12 mmol), #/§ THF 48
mL ZM2 T, Z7naeXEgr o e/l 26mL(23mmol) % 0°C TR FL., |ET
1 B L, KEMA T, EHiEAF Lo THE L, 1M EHEET 1 EH., fafR
Bk b U U AKEEHET 2 [E, 10wt% HAL Lo 7 2OKERT 1 B L.
KRB~ 7 XY U A THEE L, Z0%, 2BE7V, BETTHEELZEEL
7o, BREZRETHEL, EAFEHIKRE 1.67 g (NE 49%) 2/,

\/\O/zu\o/\/
(]

'H NMR (600 MHz, CDCL) § 4.10 (t, J = 6.6 = Hz, 4 H), 1.70 (sext, J = 7.2 Hz, 4 H),
0.97 (t,J= 7.2 Hz, 6 H); *C NMR (150 MHz, CDCls) § 155.4, 69.4, 22.0, 10.1; IR (KBr)

2971, 2882, 1746, 1465, 1404, 1350, 1256, 1054, 936, 794 cm’!.

1 & 2¢ OEHEE (Table 5-3-1, Entry 6) (general procedure)

SmL JARATZ7IAaZT VA CTEBLENbE— MV EAWTHEETT
Bl Ja—7 Ry 7 ANT 1309 mg(1.19 mmol), 2e178 mg(1.22 mmol), ¥
8 diglyme 1.2mL. 7 U 7 A fert-7 5% F 7.0mg(0.062 mmol) %I % 72412,
120°C, 90 Torr T 1 RB#E#E% Uiz, SRR V& =7 LK 2 0 2 TRIG
ik T, WEAF L THERREZITY, fafiEilr NY o 2K\ T 2 Bk
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L. EBARBR~ 72T L THEEBRY Lz, FO%RAE8% L, BET CHEEs %
£ L., BERRY Li-, BREZ BEFICE/LAF Lo, BEEIOKBTAR L
AE ) —NEROCIEERERE 1 BTV, A ¥ — LV REEHE LTHARRE

Z 214 mg (=R 78%) THT-,

/éO

0
o™

'H NMR (600 MHz, CDCL3) & 4.12 (t, J = 6.6 Hz, 4n H), 1.66 (quint, J = 6.6 Hz, 4n H),

1.38-1.25 (m, 16n H).

3a & 2e DEMIE (Table 5-4-1, Entry 1)

SmL FRTZFRAagT AT TEBLZBOE— MV ERAWVWTEETT
BRL, Ja—7 Ry 7 ANT 3a 247 mg (1.23 mmol), 2e 176 mg (1.20 mmol),
4% diglyme 1.2mL, BV U A tert-7 R K 7.2 mg (0.064 mmol) %% 7~
(2. 120°C, 90 Torr T 1 B#f#% Lz, fafiEb7 v E=0 DAKBKEMZ T
RIS Z kT, BALAF L THEREITV, RELD U U 2KESIKRT 2 Ek
Hx L, BB~ 7 X0 LATHEE LTz, 20%A18% L, BET Tz
BRE L, BUEREE U, B2 BIBSICHEA A F Lo BEEIOKBTHL
TeAZ )= NVEROCTIEEERZ 1 EfTRW, A% — AR E LTHAR

% 74.0 mg (IFE 36%) THx,
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o
40

'"H NMR (600 MHz, CDCl3) & 4.00 (2d, J = 7.8 Hz, 4n H), 1.70-1.40 (m, 4n H), 1.02

(quint, J = 9.0 Hz, 4n H).

3b & 2e OEHMEE (Table 5-4-1, Entry 2)

SmL JATZIRAa%2 T NI TRBBLARbE— NI VEAVWTCEETT
ML, Z7a—7 Ry 7 AT 3b238 mg (1.19 mmol). 2e 176 mg (1.21 mmol).
0% diglyme 1.2mL, U U A tert-7 b &3 F 7.4mg(0.066 mmol) %Nz 7-1%
(2, 120°C,90 Torr T 1 RIE#E L7, SARE(LT 8= JKEREMAZ T
BISZIED T, LA F L o CTHRREZITV, Sy U o 2okEi< 2 Ek
Hh L. KB~ 7 XV U ATERE Lz, 20%518% L, BET TRl %
BREL., BUERRE LT, FiEL BRI AT Lo, BEEIOKIBTARL
TeAZ ) —=NERWTIEBRERAZ 1 EfTRn., AF% ) —VAREHE L THAEH
% 41.5mg (N 21%) TE7,

+ogg‘.3>->a

"H NMR (600 MHz, CDCl3) & 4.00 (2d, J = 7.2 Hz, 2n H), 1.84 (d, /= 7.2 Hz, 2n H),

1.70-1.40 (m, 2n H), 1.02 (t, J= 7.2 Hz, 2n H).
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3¢ & 2d OEHMEES (Table 5-4-1, Entrv 3)

SmL FRA7IRak SmlL FLT7ITAaRTAITEBBRLEALbE—
oAV TRETCEEL, Fa—T Ry 7 ANTF AT T R 2T 3¢303 mg
(1.21 mmol), 2d 141 mg (1.19 mmol). BiEEsR b 0.8mL X T, 77
FAAZHY UL tert-7 FF T F 11.6 mg (0.103 mmol), 18-crown-6 32.6 mg
(0.123 mmol), fiEEE bv=> 03mL #Mx 7z, TV 77 2AaDEK 02mL %
FRAT TR TIMATRIT, 60°C,90Torr ¢ 1 HiE#H A Lz, fafulibr %
=0 LKEIRE M A TS % LD T LA F L THREZITV, fafntEl U
7 LKEERT 2 ElYEE L L, KRB~ 7 R U ATHEE L, Z0%A8
L, BETCTHELZREL, BEEEY L, BEZBEHEICEIAF L,
BUBIOKIB TAR LI A 4 ) — % A CIBEE | BT, A% ) —
NAREEHE L CHREEEE 298 mg (INE 11%) THE,

z@\”b”wﬁw”b”\ﬁm%
0

"H NMR (600 MHz, CDCls) & 4.28 (t, J = 4.8 Hz, 4n H), 3.72 (t, J = 4.8 Hz, 4n H), 3.65

(s, 8n H).

3d & 2d DEHEE (Table 5-4-1, Entry 4)

SmL FARAIZTZ AT VA TEBLZA b — MV EAVTREETT
HRL, Ja—T Ry 7 ARNTHY UL tert-7 b ¥ F 7.5 mg (0.067 mmol),
3d 233 mg (1.20 mmol), 2d 142 mg (1.20 mmol), HEEZE ML= 12mL &2
72fRIT, 60°C,90Torr T 1 BIE#RE L7z, faftE b7 v &= LkKIEKE I %
TRIGZ DT, BIEAF L THREITV., fafnigbh U v AKEKRT 2 E
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P a U, Bk~ 7 200 LA CHREE LTz, Z0% A% L, BET TR
ERREL, BUERRE Uiz, REL BEEICEAA F L0 BBEEIOKRETHR
LI AZ )= HWTIEBIER L 1 BTV, A ¥ ) — LV REHE LTHE

EfE % 83.2mg (INFE 42%) THRT-,

PEs BET 1 & 2d OEHN5S (Table 5-5-1, Entry 1; general procedure)

SmL 7RT7I57 2227 NVITEBRLEBOE— NV U2 HAWTRIETT
HRL, 7u—T7 Ry 7 ANTHY 7L tert-7 FF 3 F 7.0 mg (0.062 mmol),
1310 mg (1.20 mmol), 2d 142 mg (1.20 mmol), PEs (Ma= 11200, Mu/M, = 1.67) 404
mg (1.22 mmol), BiEEHE bl 1.5mL &MNx 7%, 60°C, 90 Torr ¢ 1 H
WL Uiz, ST =0 AKBREZMZ CRIGE 1D T, LA F L
THREATV, BFEALT B Y 7 2OKIKT 2 [EdEx L, BARBE~ 7%
UATHEREE Lz, TORAB%E L, BET CHBELREL., BIERES LT,
BiEr RIS AT LY, BEHICAZ ) —VEROWTIEEBEE A 1 =T
RN, AZ ) )VAREE E U CEEMMEREE 390 mg (INF 58%) TH-,

O O 0
,(,0 o)thtat/%o 07 ' = A
,
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TEREREFET ) v — L ZEREREEE /v —0EHES (A2 + B EA)
FHEELTTIT) & BREREELZ LTVARWRY  BRIEAERY & L CERYN
BoNDTD, REITIFELRY, —F, FEFENLT A+By EEAIEREICH
Wizt ) v —RBR ) v —ORERGEEZHIET L0, P TEEIZEELVTERS
DHE XD BELS 2D, BRICHAWEE ) v —PERBICHETHRY v—77
IR/ OND, INODZ LIFESFOHRTII—RERIZ RV 225D, T2,
BHRERSIC LD RBRRRIIN S Db HEIN TS, e ZTEHEAICL -
THRONTRE - REZEXEGLXEALEZBRR Y ~— L SHBEISH] (ExR)
DAL BV ATBSEITD, BMEOT LY v IR ~v—%8M LT, ¥
7. TAT NV —TZ AT ARG B T AT )V —T N a— VEEEG L 0 b
WCETOHEEPENZ LERR L, €2 TARFETIL, ZOTRAT)V—T AT
NG E AWTRY w— 0, I, RN ~—KMoBHizE—D ML
Lize ELICTRATNFEEUNDELHKEICBITDHTAT NV —Z AT VK
ISRV FEREEZORME L,

BIETEH, VA NDZATFNEDHINR VBT ATIVEDT AT )L —T X
TNZHERIGNZ L DR Y AT LV OFHRERIBEIZOVTHRN Lz, 2T R
By DA —NDZATL AV TENRAFIL (2) DTAF L—T AT LA
BEOGIC & DB DBBERL Y DBREFE, i, U4 — V=27 LVORBE, K
SO, B/~ —RBEOEBEERLEZER. VY UL ter-7 F Y FEET.
diglyme FCVF—NVFBT ATV 1 % 2 |2 125°C THETIEREES L,
Ma=27800 DR Y = A7)V (PEs)) BMEHNDZ EEBELMI LT, KRICEL D
BEEETOHVA—NZATAROPINKR U BAFNVCL LB To -
R, EBLDINVKRBZATLVOESTELNERY 27 30T by

FEN 1 FULETHhHoTe, Ele, INKRUBI 0l RERWZHFETIIRAT
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ERVIEEMTNMOBEALFRETH o2, TAT)V—T AT VAR IO
#9728 PEs; & PCL OEBEEGKRDOERERT LTz, MR v—D= 2T )L
— T AT NG, BEC PCL FETIZBITS 1 & 2 OEAERKISWTHO
HIETS PEs; & PCL DT o FLAEERERERLTVWDH I &% BC NMR &
7 hVE DSC NHEER LT,

BEZBETIE., VA= N AT DHILREBET RATF )L E OE T AT L.
TATNEEFNCES S FEEENLNTHERICL DT VY v 7R w—0&
AR L7z, T a— L@l T Cid, [1]/]2]0=1.20, [2]o=2.0 mol/L D&,
KIFR A —NDT VT ) v 7R ~w—0BNELN, £, DIVRUVBT AT )L
W T TIX. [1]o/[2]0=0.80, [1]o=0.6 mol/L DI, FRIEA T AF LT XT )LD
TVr Yo RY)=—03E0hlz, —H, AUELLTOF— LU NR B
Trul) FLORTHEEIFEELVTERELTI L, BRFAV ~—BREIZZ
EBDPY | FEELTERAICEL-TT VI Y v 7 RY == 28T 5
X FEEERED THE I EEHLNI L, RICVA—NVTAF L LAY
THINBRY T AT NVDOEENTEEHEERSIZ EXR 2MLET V7Y v 7 R
Vv —DEMERE L, TOME. Bx OFEEZFRBCAETAIT LAY »
TRV —PELNT, ExXR XA — N 2TV, PHLVRVBZ AT, &
L THORMERE(ATETHY, PEG 2ETE VIR BT X5 )L ExR
T, PEG-b-PEs-b-PEG M) 7 m v 7 HEAELHELZ LN TET,

BUNETEI AR —THARY 77 U LEEAF /L (PMA) DRISHIZEIT
BT RAFN—~T AT N ISEIT, L2 OTNAF T AT L~DEH LK
BT L7, £ FMARUUNE PMA OHIERERISIZEBN TR LT X5 )L
NDEBRD 100% IR DEEERH L, £, B2 OXBT AT V% A

THEBWEBRETH-7-, RY T XF)L e PMA ORY <= —BOAEHE ST
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WNYZATNANRETHL7 T 7 NEEAE, RO PMA BETHH7 T 7~k
BEEFEENENAR LI,

BRETIE, VA~ VAT L ETTIIFNLI—RR— k& ORI 2
TN =T ATNEREGICE DR ) A—FR R — FOERERM Lz, BEHFT
DEFNVRIEE GC TEBF LR, ORI 30 BTEfEcELE, UF
— VATV 1 EVTIAFAD—RR— K 3 OEHFEEICBIT L I—FR % —k
DIEE. FUSEEE, €/ ~—RBEOFEERFLIEKER, O/ a1 —Rx—
~ (3). diglyme, [3]0=1.0M DK, ZLELFEORY I —REx— b BB,
WIZRY) ZRAF VL RY) —RR— hOEEESEEES72DIC, PEst BETT
1 & 3 DEMEEIToTe, TORE. PEsi OHAARKIZE > T, Bohi-dtE
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