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Synthesis of azide-terminated glycidyl azide polymer with low molecular weight
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ABSTRACT
A synthesis of azide-terminated glycidyl azide polymer, GAP-A, was carried out by tosylation and
azidation of polyepichlorohydrin(PECH) prepared by cationic ring-opening polymerization.
Polyepichlorohydrin was prepared by cationic activated monomer polymerization using ethylene glycol
and BFs - OEt; as an initiator and a catalyst at ~107C. Tosylation of polyepichlorohydrin was performed
using traditional TsCl/pyridine method and was also carried out using TsCl/amine catalysts to reduce the
reaction time significantly. Azidation of tosyl-terminated PECH(OTs-PECH) was performed using NaNj
as an azidation reagent in DMF solvent at high temperature and was unexpectedly completed within 2
hours.
#Q7)¢80)(FA)9)) : Cationic ring-opening polymerization(%o]& 7H& 23, Activated monomer mechanism
(84 2= 9k8717), Tosylation(EA3} w3) Azidation(e}R =38 wh$)
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A3t 71548718 i SIFESe £ 1A F
A HL=Hx gt

3] Yol M FHo st wERA
polyether Al¥el IERF Al oA =77l =
GAP(glycidyl azide polymer)® UEE d¢XZH 27
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Ao AAZE A El vilE] FAA R ETE
3k e GAPL 1980\ dth ZWHEE 7jEEY
A 2 AR EFE 1A FAAE o]F ZE
W2 FEG @) AZFFAT o] polyehterd) F
Al AFEO e oA ET e FZA|9)
oF &kcal/moled] SNUR7} o WAtH7] wfEo|th
AT GAPE ZEEHE A3 AxF A
Ae 7147 Aol 2tA FA7 &L H o A
Balgke] g2e]l1mgl GAP 7HAAY Lo 93y
AR §Adol dE & vt Yty oz GAPY
PAL epichlorohydring ExoE ARE3le Folx
A+ Zu)(BFsOEt;, HBF; $)3lolA diolAlgel ¢x
£ MAAR ARSI ol aE TR
(cationic ring-opening polymerization)ol] &8} %
3= polyepichloro hydrin& S48
DMF (dimethyl formamide), DMSO(dimethyl
sulfoxide)& AH&-3te] L oA NaNso) <Js}e]
polyepichlorohydrin®] chlorine”]& ok =7]2 28
3l o] FoZn}

HaAZA AHEE7] 9% ARARY SIS
GAP 712AlE 919 GAP &3 §933 YoleF
3} ofA =0 o3 @S] 2BAE AXNA ¥
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123 A DMF &widl] epichlorohydrin, ethylene
glycol& B3I NaN;& HH3) FY3he 194 33
o gl F4E 4 A9®. GAP slaAlE GAP
Zne B8 UEEZ dAHZ NAaAERE L4
o] 3t} AW, GAP 7taA] FaTe b7
£ A3AY olaAloholETS} WIS Fl7] w &
TFAaRA 2 ZFHSL A7) wjEo] HZo T
FA01E SAETIE XFAIZ GAP 7haA|(o]3t
GAP-A)E F3A| #&317] 943 771 APH
AT,

GAP-AE 7taAZAM ARSS F3419] Az 7
AP W dFE F= A% AT 314
9] dx&5E FMIIL 4EAFE EEe AW}
gotn Ede) wHuEn Yo GAP-AZIAAE A
B2 polyepichlorohydrin® 4¥e #4718 UE
23 i TE EAS uk3o) o3l UEZR oAy
29} EAVIZ AT NaNsZ IER} F A&
chlorine®} F&we] 7154718 oA =2 &3y
FAH A= o UERS} whgrRThe EAS §H9
g o] FgRdA $5aTisY,

B dPoMe Fol2 ME T SRR v
FPEe] Qste] AEAFS polyepichlorohydring
S & EAS W3 oA =3 whgo 2uA wE
$& AA GAP-AZ 4% Ao disid M<3}
oh =3 EAS ubE Al iz gEds AHEE)
b ole 7 WHolA i IS & B ohg
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1) Epichiorohydrin &&}

2519 epichlorohydrin(Aldrich, 9%)& ®ctl&
AAglol AHE3low A AelEA BAIFRAEAQ
diolZM¥ T4 ethylene glycol(Aldrich, 99.8%)-2
Aoy Eue FYAHA gl THY Fuil
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BF; - OEty(Aldrich, redistilled)S AHEstg2o™ 4of
Z 4= methylene chloride(Aldrich, 99.9%, HPLC
grade)& AHE-3}91th

2) EAME HS

Pyridine &visloirel EA8 8k8-2 p-toluene
sulfonyl chloride, TsCl(Aldrich, 99%)$} pyridine
(KANTO chemical, 99%)& AH&-slHch oA
o] Zu|E o]&3 EA3} ¥Hs-2 p-toluenesulfonyl
chloride, TsCl(Aldrich, 99%)9} o9&z =
triethylamine(Aldrich, 99.5%)$}  trimethylamine
hydrochloride(Aldrich, 98%)& AHE3Ig e
acetonitrileS vl ARSI

3) ofX|=5t HHE
SN EZAZAE NaNs(4HAste, 99%)& obrd
AA Qo] AMEsIRen FALEEAE  dimethyl
formamide, DMF(Aldrich, HPLC grade)& A}&3}
Aok

Ll AEHEA
1) Epichlorohydrin Z&t

Wkg-7l9) dichlormethanes Y1 T4 EH71E
9 E F ethylene glycol, 0.216molS AYAE ol
3] Y34k BF; - OEt; 0.02molE AAAE o]
3 FYUI} F 20TAAM e AT whEAHA T
5~10CoA  epichlorohydrin, 1.08mol®] 5%&
dropping funnel& ©]&-3] 3 ¥ HAd HrI%
T LS AR F o 1A B vRAIAH
L=4eE HuUZ ASEA 1AL T M3 U
# %] epichlorohydring A7FAth 3A12F &<t W8
S N F FRFE WS FFEAAT S AA
3}7] S8l 5% sodium bicarbonate $8Ho2 A
2 A F A EFFFE AHF F orotary
evaporatorZ 2" & AA3}US.

2) EAIEL HHS
7h TsCl/pyridine ¥4
Reflux A7} Zats]olle 49719 &2

230 200ml, DL ¥ polyepichlorohyrin
(Mn~500g/mol) 0.04mol& 718k p-Toluene
sulfonyl chloride, 0.173mol& ¥ 60ToA 2417k
B¢ HSAAY F2oz2 YHAAR ¥ 3FE T
HREAIZ T v B Agde wAs Jehit
7b Azrel AUEA BEWHIE 3F4E JehiEA
Py - HCl g°] 8=t

Crushed ice 500g& %2 F 89 F&
methylene chloride(MC), 200miZ 33 A&HAH-

o] MCZ3 #71%& & 200mlZ 33 AHARAL.
Rotary evaporator®2 & 2 £v& AASIY 8%
o +8& IAUH

1} TsCI/EtsN/cat.MesN - HCl 9

200mi £} acefonitriled)  polyepichlorohydrin,
0.08mol& ¥ 8382171 F triethylamine, 0.32mol
7} trimethylamine hydrochloride, 0.16mol& ¥X
0~5CE WZAZth 150mle] acetonitriled] -&3HAl
7] 0.24mol, TsCl& A3 H7ldh =& 24
S W B7Yd 898 3A7% B¢ AT ¥ ES
Bo] W3¢ ZFAANZY. Ethyl acetate® &% ¥
E2 AFEHAZ ¥ rotary evaporator2 £9E A|A
st 90% o) &8 AUk

3) ofx|=E5t g3

Reflux 29A¢} &5 471 Z&E 2L Z}239)
OTs-PECH(EA 72 ¥¢ wWAFE polyepichloro
hydrin), 0.026molS ¥31 DMF, 400mlE 2¥& %
S 2571 80T/t HEFE 7EE Atk NaN;,
35.9g(0.55mo)E M7t 3 F 100CT7HA 228 4
A7 T AL 5 BSAHY, Feos Y
Z+ N7 % & 400mlE Y3 BlE MC 100mlE H
Vet frlFez £oldA BT FEAFL
MC 150mlz 2% F%3 F o] #7157 oA
2I3d 47158 EFF F & 30mIE 3¥ F&
k. MCE of 30mit EAFL /3t AAA
71 % B 50mE A ¥ AL Rotary
evaporator2 ¥ % &iulE AAdA 81%e 4
&g 4y
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1) Gel Permeation Chromatography(GPC)
Polyepichlorohydring 40°C, THF A7}-&ul3}e) A
GPCEAL 34tk GPC7]7|& Waters 26902 A&
How AHYL Styragel HR-1, HR-2, HR-5E
(linear) & AHE3 oy FFEAZAME poly-ethylene
glycol& AHE3}AT

2) Infra-Red Spectroscopy(FT-IR)

NicoletAl9] NEXUS 29-& A3l KRs pellet
AollA neat HEIZ EH3td ZF 57 H2E
gAsgen ofA=3s kg ARE #U3Y] Y8
REEAIZER FREAS YT

3) Nuclear Magnetic Resonance Spectroscopy
(NMR)

'H-NMR spectrum& AM 200(200MHz, HY),
Varian AC300(300MHz, H")Z8]Z Unity Inova
(400MHz, H)¢] 71718 AMgstgen o o AHed
NMR £vl= chloroform-d(CDCl3)E, reference2&
tetramethylsilane(TMS)E Al&-3t4th

4) Differential scanning calorimeter(DSC)
TA instrumentsAt?] Thermal Analyst 4200 &=
48 AR $45E BT 5CE ARy
GAP-A9] fEHolex, T, & 453tk

3.2 1

£33 1A FA4Y 7HAAZA AMEEE AR
o] gl GAP-Ax dutzo gz
polyepichlorohydrin®] Z&7]E 2717 ¥HH(UER
g}, EQshel 93t WAzl ¥ ol =3 ukgd
o3l FAEE L9 28A Y e AR
28218 polyepichlorohydring 44718 TsCl
(p-toluenesulfonyl chloride)dl] &]dle] F& o]gr)
(good leaving group)?) EAV2 Z& Al o3}
o JEZ oaHEZr2 AFFHH, o]F IFALY
DMF3&lo| A NaN.2& 18zt gadar)|e} 183 F

72 | F2FAHE 7188 A AgE A13(20059 39)

Scheme. 1

>, PECH-(OTs),
Hydroxy-terminated

A9
polyepichlorohydrin(PECH);<
Ay PECH-(ONO,),
9

g|3

5|2
N3 N3

N
3\(A6°L’fo\/\0 07\/£N3
n m
N3 N;
GAP-A

A2 chlorine7l& oA =7]2 X#3le] GAP-A
& s el o3 Hikst wgE AH
GAP-AE ¥Aste e TsClo] 93 bR
v A1 R AgHE FHol AW FAas
ARERH 3] BAAHY] FAE 3 orgE
GAP-A9] HFF8o| 50%0E FIXAE Eithes
%ol 9k

w2t B dAFgME cgrigMde M 53
287129 el EAZZ polyepichlorohydrin ¢
o] FAIE X3 EAS dbyd 9ty
GAP-AE /331t

Zt. Epichiorohydrin &%t

GAP-AE 43317 13t WA AERIEY 417
7} webol x84 polyepichlorohydring %8t ch
BF;OB, + OH(CH)OH —> OHCH)L,0'HBF, + OB,

H

s
OH(CH),O'HBF, + . O BROCHKOH
L _a L a

A

HQO\L:}&(G (1)

Active Chain-End
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XA ZA diol?] ethylene glycold® EHwj2A &
U ol FTHAME AMREHE HAFHA Folx
241 BF; - OERE AHE3st BxwQl oxirane AE
9] #3E9 3112 epichlorohydring ol 1e
NE SIS Al

A (D3 Zo] gutdog ol2Egige dAdE
Hhg-9] dFo A A Fujo] gJsir] AAIAL diold
W93t )7 BemQ) oxiraned] 4ol QA
YA FZAE Wt Hol29] oxiraned] 2z A
o7} HHA] o] YAstd ki Bime U™
A FAo| ASHEA nEAZ} A3 Hed o
o} Zo] 1R} AlEdde] AslE ] FHo| oA
= WSS 44, 84 18AgY HIEFACM ¢
Active Chain-End Mechanism)o]etar il

Ak o]# ACMo] 9§ £ Al &3] oxirane
A7} Qe Berle] ol FH Al A dFEHe
FAROR AR TRAE A 47 gl o]
T AR AT A 2] AtadRiE e 2
g4 3AE st 13} whge] gy WEoth

A ol 2L FAFE dAstaz ME AA)
Ha e FIHL Scheme. 29 2L A
2o oA Fio] AgPHE R vy
Foltt.

2 (2, 3o JERH ule} Zo] Fo|xite] o3 &
Asld Brve $3S(AMM ¥HEolMel AAAA)
Ee G4 EA e Riend v & £ 9ok

—

Scheme 2. (Activated Monomer Mechanism, AMM)

Preinitiation
BFyOBy, + OH(CH),0H — OH(CH),0'HBF; + OB,
Initiation 1

I + .
oHCHOHEE, + A 0" BF;0(CHy),0H
L\/a L\/cx

1

Transfer & Termination

H
(')“‘BF;O(CHZ)ZOH * OH(CH),0H ——» OH(CH;,0CH,CHOH + OH(CH,),0'H BF;
cl CHCL
R 2
Reinitiation u

o} c')*'BF,O(CHz)ZOH 1
OH(CH,O'H'BF; + LK/C] > %q

(continued)
1+2 — OHCHCHngﬁ_z}z_OCH%CHOH + OH(CH,),0'H ‘BF

-7 CHCl CH)CI
3

H
|
Q

a
2 A ——» _[O Ov[ H
+ (x+yd) a ut o Of/
cl

[

AMMS % W8& 23 Sawoles F4A)
A ACMOl 9% W 37 SaFlLe §4A
Atk AMMS] AN/ARRSSEE STt A

¥ 2xvje] x| v ACMS AA/AFus
£ gAs HA gL 2ikend Fxd HEdog
(4 (@, 3).

R-OH AMM RO\/\OH + H

)

N/
Reammy = kpcamm[-OHIL (I)j

H Rammy Kp(amm[-OH]
— Racmy kp(ACM)[W

Reacm) = kp(ACM)[V][ (|)+] (3)
H

m2hA, AMMe] &3t Hk3-& dAATIT] YeiM e
FsEA e BExojo FEE HUd @Fojof
gt =8 Al FRHEE HAT =ol7] AiAM=
Ale & 7 ARE BEixve Frvt Eoloprt 3
ot 2 AMMO] 93 FEE Alde RExmE
AhE o A Ao EN Ry ¥xE W
2014 #fjot st E=F UFLo| oxirane HFEH
= A7 % (basicity)7} Eobd AA3lE Rieoz g
98 FHS 9 #wy & 471 e W JE=
ACMYREd] o& sl vhg-& A JAs7] 9
AME Hozm JRAAR] €2E&Y T &6
Lewis 4F9] =9 10u] o4& Algslof 3ot
FAA9 taAZA ARE-371o H3E Bkl
GAP-A%] EAEFS 500~600g/mol °ol2& 9A] A

A2FA 8 7|& 88 R] Agd A150059 3Y)/73
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T3 polyepichlorohydrin®= A<l H|%3 £}
7 Aokt gt} Yutdod oA dFE ACM
Sl g nEFEe BAlEo] 1,000g/molol’do)
HE AEAY AFE WY AR gRe] osjA o] Fof
ABE A B dFME 1,000g/mololdle] &alx
Wy 1EAe] Aol BFHol7] wFd ACMYHE-]
Ydojdtn strigtx Al&s} ¥hgo] dojuAs &g
A} o3

Epichlorohydrin®] %ol F3 Al £A4#e] 2¥e
Ayt W FH KAl Zxr e} ARIAQD diole]
%o A3l AFHE d oS 3 4E wErt

>

e
—

M, = ({ECH]/[MWM])92.5) conversion/100)
+ mol. wt. of MWM
4)
MWM = Molecular Weight Modifier, Ethylene
glycol

A9 A @l osted & 500g/mol?] XS 7}
A= polyepichlorohyring 413l g & 19 o}
ER ATk

Bags 24387 989 epichlorohydrin®
ethylene glycol® EFEZHIE 5:12 3o
preinitiation®¥t-%, & BF30Et:9} ethylene glycol®£]
yhg-o] o8 FAF(active species)e] AA7ITHE &
#H3t7] S8l Rimv] Hrber] Aol oF 307 A= W

[ 1] Preparation and characterization of

polyepichlorohydrin( 1 ).
Reactants amount(mol) Characterization
EG | BFsOEh yield
ECH _ ~ MC Mn | MWD
¢ x102| x107 (%)

11021614321 432 | 20ml || 96 [419] 1.36

210216432 432 | 20ml | 98 |486| 1.20
310216| 432 | 432 | 20ml || 99 [519] 1.20
41054 |108) 108 [150mlff - |500| 1.16

-~ 12 8= 30T, 34 : $FLE 5~10CT

74| §2 AT AA A3 A1520059 3D)

= 8 8 3
< o o o
N U R — | . " . 4

Molecular weight(Mn)

o
(=3
o

0 ST 1(I)0 ' 1£|":0 | Z(gt) 250
Time(min.)

[28 1] Relationship between molecular weight

and polymerization time. ; [ECH] = 2.7mollL,

[EGI=0.54mollL, [BFsOEts] = 5.4x10mol/L

@10T

& AAFE ¥ AT ¢ 9F 2% FelA F
S ANEEe ExERE AdE EXEs A9
XA JErtT

E 19 NO. 18] A3 MNAAY FHue F&
$98A 3tgenl preinitiationA] FAAI A} Zulgle]
A49% vkl 93ty whgEo] e g Jehy
Aok ZxHE Hrlste w9 AEs dEukgol ¢
o} WhgEFEC] $H3 FaMoE WHIgoey 3
ZANELS 29 viscous resin®] FHE JERIQ
o Euje] o] JHAAIY kY 10%01%E AT
Alels AMM HHgo2 AYEH7] Hoe ACMERE
o2 A9 71 e

Epichlorohydrin®] %ol 18 A8 g 4
F%] WFET FARH] diEe] 9hgAIzte e
Bajge] W] oty wrgeo] SARE FQI3)
A} wEF e At mE HES st B
AFE EABAHTHNO. 4). 10T3IM e FFe =
=re) AT T 4AT] Aol o FEA
TE3IAth

AT F 1o YR vhEEY 4E 2412 FHA
A S AAT A, 2xd 50% ool Hut
A FHolle MM wgexr Aedte 50Co1dS
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2343 F4 $ESo] dojwd. 28N 3
g EgeES AdAIE] Y3ty Eewe H P,
Z2Fen, TR FEE WIANIEA FHE A
NSk ohe ¥ 20 YERLT

Fole ME FF vhE Al AAREEo] =AM Ald
ARl R H7t Al Ei=m& FjAIFo] vi2 ARk
$& 4971 ¥ Byt FHE AN o=
&3 NANRSo] AlREIEA 33EEY TEE S
AFIHA &2 E8E(epichlorohydrin?2 3-1
7 AE FFEe oE mIJEE Bl A
Aoz B oF 23kcal/mole 7HX JYui™)o] wr
At ex9] S-S 4o 471 Qg

SHAgF NO. 4, 59 S8k Zo] 2w Ay}
A F Ben 49 3~-5%AEE AR F ANFE
3] o] F7] 93 14T A= ¥H-E AR
MA3 BewE Ao 2N F33 HEiksol
€ AL FE 4 Y B Hd] H
7}ah :;f- FIX- —3-5% Hzx 9TAA F 3~4THAA &
#HEHE 7 AU v x}

[E 2] Preparation and characterization of
polyepichlorohydrin( 1)

Reactants(mol) Characterization

EG
x1072
1 (054|108 {108 50m! | Sudden exothermic

ECH Cat. | Solvent]| Mn’ MWD’

21054108 |1.08| 50ml "
3054|108 [1.08] 50ml "
4 1054|108 {1.08| 150ml | 486 1.05
51054} 10.8 {050 | 150ml || 488 1.05

- 1:10CoA R 34 AN F2TE

-2:2CHAN Zxr 94 =9 & ZAuy

- 3:20Cd9N =19 3mol% FY I 1X7hi
<, UHR 2w 0T 3087 24 %
kil

-4,5:9CdN Exme 3mol% FY ¥ 1A%
g Uz Biew 9Tl 80E7 F

-

22 4
2oﬂ
18
161
14
12 4
l
10
8 -
E
6 -
4 4
1

2 T T T M T M T v L

10 20 30 40 50

Time(minute)

[ 2] GPGC curve of polyepichlorohydrin prepared
by cationic ring-opening polymerization
(Mn=488g/mol, MWD=1.05)

9CE oA A7} Ha ¥he-g F2AA § 12
AF stolA gl AAE E& 7 ¥2dH ZxHE
AASGY. BEAE EXge AR A ¢
A3 vgkem 19 294 HER|e ulg o] &
AF FEE E 19 Jebd BxF 34 H|Ed o}
F F2 EAF EEE Jrhled £&& A9
98% old< UERUTHE 2).

Polyepichlorohydrin®& FT-IR, 'H-NMR 233
BC-NMRE 53l 72EA4L BT

a3 79 JeRd polyepichlorohydrin®] FT-IR &
HEHN gH27)1(-C-0-C-)9 A= v
(stretching asymmetric)®3% 1100cm ‘o)A &}
Wom T46cm e QEII(-C-CHe AE thH
(stretching symmetric)® 27} Yty =3 4
719 WA H=Z7} 3400cm™ ZA NN WA e
pre=g

19 3¢ 'H-NMR 2HEHAE 36~3.8ppmAt
o]olA polyepichlorohydrin®] methine, methylene
Z2]x1  chloromethyl”]9] A&¥aE0] yehyct
Polyepichlorodrin® FA7E 1% F47)
(HO-CHz-CH(CH:CD)-0-)¢} 23 $4F71(HO-CH
(CH2-CD-CHz-O-)712 2727t 3459 sle
d 'H-NMRelAE ztzte] sjago] d9dstd o
A TEs)7E BE7) WRe FANE

trifluoracetic

St FAE kY| e 8k E) R Al8E A1E(2005E 39)/75
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anhydrides}e} whgo 23l 5F o2H=ZE 34
AlA FEE § AAHA (5)).

221 22719 ulEle)(methine)?] F4¥aE
5.3~54ppmolA quintety HAFe|Z Jeh 13
dzdl2719 gy $493E 44~4.6ppmlA
multiplet®] I Fefz vebdoh 13, 24 d2EH 2
H=9 HANE A4e A, polyepichlorodrin
ga $ak719) 98% e 23 AN U A 2%
o] 13 AR E 2 € F7 Ao x3¥
BC-NMRE %814 @] AMMYsiA o] =
ReA ACMe gsld R3] FHA=AE € 7

Jded FdME AFE AT BAlFo] A A3
2w 7GRS ofF M 7] WEe ACM
o s ¥hg-o] JAYHYE AT ¢FL& <t HA
gk gk ACMol oA wkgo] HP=A TEA 2
e JMA)AIQ ethylene glycold] o8l FFo] H
Al -CH,CH(CH,CI)OCH:CH:0H 7Z7} it} 44+
7] G A+ a-¥49] chemical shifte ek 63~

a
©°

| (. 1

ST ' L] 3 1 ‘ 1 1 T é L Tl T T £ I —ﬂ

_ 1% 8 FN

(23 3] 'H-NMR spectrum of triflouro  acetyl
derivative of polyepichorohydrin

76 | A= FAR )8R AgA A)1E(2005E 39)

60~65ppm

Tll—llTllllrlljl'l.l‘l—im_
100 25 L]

(23 4] “C-NMR spectrum of triflouro acetyl
derivative of polyepichorohydrin.

64ppmo)A) Ueht= ) 138 49 BC-NMROAME
vehtA ekt

Ll EAZ|2 ot BiME
(OTs-PECH)2| &M
Polyepichlorohydrin®] +4H71& E§3% <|g7Id
EA7I2  X@37] A8l para-toluenesulfonyl
chloride(TsCl)/pyridine reagentsE ©]&3 EA3}
W& st4ith.(scheme 3)

&l polyepichlorohydrin

Scheme 3.(Traditional method)

o
a _u Q
k/g ———-»CI 8
o, H
WO B~ %N
pyridine
a

Cl
¢ </g 3
— )5 o, i -
B_(Oﬁo/\/ n’?"ﬁ_Q—— +  pyridineHC)
o

F#A12  @d HAE polyepichlorohydring]
FT-IRZHEZH] 3200cm oA o}F WA Yehte
A9 A¥AQ #H=37 19 79 OTs-PECHE
FT-IRelAE  uehdA ggkes  1366cm %
1176cm oM Ztzh -S0.9) A% with A= =AY oA
37t vyelgth & FA77F EAVE 433 A8
HAthe RS ¢ F7F Ak 2% 59) 'H-NMRo)
Ne EA71Y ortho, para $X¢ FAa¥aAEF o
gr)e] Fauage] 47 78, 7.3, 2.6ppmolA e
won kel EAZ(OTs) HiE 9o A3
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methine®] 44337} 4.7~48ppmol|A Vel
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(138 9] 'H-NMR spectrum of GAP-A obtained by
azidation of OTs-PECH prepared using
TsCl/pyridine method
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[28 10] 'H-NMR spectrum of triflouro acetyl
derivative of GAP-A obtained by
azidation of OTs~PECH prepared using
TsCl/EtsN/MesN - HCI method
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