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Abstract: Objective Synthesis of gastrodin intermediate 4-formylphenyl(2,3,4,6-O-tetraacetyl)-p-D-glucoside analogues.
Methods 5-(4-(2,3,4,6-Tetra-O-acetyl-p-D-glucopyranosyl)) benzylidene-2,2-dimethyl-1,3-dioxane-4,6-dione derivatives were
synthesized by the Knoevenagel reaction of self-made 4-formylphenyl(2,3,4,6-O-tetraacetyl)-B-D-glucoside and
2,2-dimethyl-1,3-dioxane -4,6-dione in the presence of N-methylimidazole trifluoromethyl sulfonate. Results and conclusions
five products of gastrodin intermediate analogues characterized by NMR and MS(ESI). The reaction has the advantages of high
yields(76% ~ 84%), mild conditions, simple operation and environmental friendliness. N-methylimidazole trifluoromethyl
sulfonate could be recycled and reused several times without significant loss of its efficiency.

Keywords: N-methylimidazole Trifluoromethyl Sulfonate, 2,2-dimethyl-1,3-dioxane-4,6-dione,
Knoevenagel Condensation Reaction, 4-formylphenyl-f-D-glucoside
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B N-F LRI = 50 P LR R &, 2,2- I JE-1,3- EkE-4.6- M|, Knoevenagel4ii & SN,

A- PP 3 R - B-D - A W

1. 515

RHRA NG IR b s WRER, RRIER & ER
IR A5 38 P T 25 0 4 B AH 224 7 B, R MR ™ 3 i R ) A AT A2
W AR KB ORI s IR A 24 A
A E IR FH SR, 1 22 R AR I 4- R 3L 55
J-B-D-FEFE IR AR FEAG 7 R, A RN
SEAPELF(L, 2]0 {HEHTAEEVE P St 59, 48 2 K,
AR RS AS A, AT PR T JLHE R 3]
I, JF AL 55 5L -B-D-FEF I 45 A8 1 K H A0S
PEW 048 52 B N 438 )32 R [4]

Knoevenagel 4 £ = N A2 T R B X8, i B0 5 31
KM E B IES]. S-WERHEN RIS AL EMES
B R TR 45 A8 R SR P [ 6] FH A FR AL B W[ 7] 1) K e o ()
o BRS-WHREER R FHBNARFEEZ, £
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R=H,CH;0,CH4CH,0,CI,NO,

W S5 e A SRR IE . 7R R BRI AR, T
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R HE DA A BT AI2,2- — F 13- I g -4,6- A
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2. ZR5WHE

2.1. 2,3,4,6-0-4 Z. Bt E-4- P BE R HF-B-D-H & HEEH
=457

WG S % CHR[16, 17], &G T Thh4-FEERE 2K
$£(2,3,4,6-0-1Y 2. T 3% )-B-D-# & W 7 A7 2E 4, HoH3b,
3d, 3e NHTIL AW, LIRSS R R NEL. NEIKIEATE
H, TR i I T I R S IR R, O
HRT DURRIHEAT , I LAA2% ~ 58% %5 i AT 6 15 31| 4 34 1]

FUBR 4 o 0 TH 52 443 o BARTE X 407 -OHA iz BELAE T
AFITFHEERNL, R .

F1 LA Y3a~3eIEHE

Entry R Time(h) Product yields (%)"
1 2a(R=H) 10 3a 58
2 2b(R=3-CH;0) 8 3b 54
3 2¢(R=3-CH;CH,0) 8 3c 55
4 2d(R=3-Cl) 8 3d 48
5 2e¢(R=3-NO,) 6 3e 42

* reaction conditions: 2,3,4,6-O-tetraacetyl-a-D-glucopyranosyl bromide
(0.1 mol), 4-hydroxybenzaldhyde derivatives(0.15 mol), TBAB (0.002 mol),
NaOH solutions (10%, 50 mL), acetone (60 mL), reaction temperature (r.t.);
Pisolated yield.
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2.2. RPLZFAFHITELE

PL4- FE B 3 2 3 (2,3,4,6-0- 10 2, 1 5% )-B-D- i 4 4
3afl2,2- " H BE-1,3- N -4,6- AN AR S N JEE A R
SN A AT T AL, BT, AR S
PR, e TR A, LIRSS R LR .

IG5 T AT A BV I SRR, 45
RRIAEIEC K. B OEE. KRR & Y5at b,
EREE. ZBEEFIF S 5alliCRIE m R, ML LEER

SAT R B e o 7E BRI 20 mol%N-H FE DK
S5 PR ER(MOITHIEAL ], I EI6h, (ha¥5alt
R N83%.. L H 8 VAL B SONER % s g e
)X P SR B R . BRI, B N 2 A R A A
MIOTfH &8 420 mol%, 4-H k3K FE(2,3,4,6-0-DY 2. Fk
B)-B-D-Hi & HE 1 52,2 W E-1,3- kT -4,6- 4 5
HIEEN1.0:1.2, 2BV T [Ffi6he

2 RPFARIDAL

Entry Solvent Catalyst/mol% Time/h Temperature/'C Yield"/%
1 n-Hexane None 8 reflux Trance
2 EtOAc None 8 reflux Trance
3 CH;CN None 8 reflux 56

4 CH;0H None 8 reflux 61

5 CH;CH,OH None 8 reflux 68

6 H,O None 10 80 Trance
7 CH;CH,0OH N-methylimidazole trifluoromethyl sulfonate/20 6 reflux 84

8 CH;CH,OH 1-methylimidazole trifluoroacetate/20 8 reflux Trance
9 CH;CH,0OH N-methylimidazole trifluoromethyl sulfonate/20 10 60 65

10 CH;CH,0H N-methylimidazole trifluoromethyl sulfonate/20 7 reflux 84

11 CH;CH,OH N-methylimidazole trifluoromethyl sulfonate/10 6 reflux 64

12 CH;CH,OH N-methylimidazole trifluoromethyl sulfonate/30 6 reflux 84

“ reaction conditions: 4-formylphenyl(2,3,4,6-O-tetraacetyl)-p-D-glucoside (1.0 mmol), 2,2-pentylene-1,3-dioxane-4,6-dione(1.2 mmol), solvent(5.0 mL);

isolated yield.

2.3. RMJEMHIFR

E FR B MRS, SF4- B R 255 (2,3,4,6-0-
VY 2Tk Jik)-B-D-71 % B 8 S ST T R, G T H
1 5-(4-(2,3,4,6-0- VY 2, Tk F5 -B-D-F 4 B J£ )) 2K 2L 7 H 2%
2,2- L] 3- R4, 6- ERATAEY(5a~ 5e) (W E3).
MFIHAR AT, Toil 2 iy it B B L T R 4 R
T e 2R 3 (2,3,4,6-O- VU 2Tt 5 )-B-D- i ) B #5036
FRFIAH R 1) B AR =40 o

3 tbEsa~selE .

Entry R Time(h) Product yields (%)"
1 3a(R=H) 5 5a 84
2 3b(R=2-CH;0) 8 5b 76
3 3¢(R=2-CH;CH,0) 8 5¢ 78
4 3d(R=2-Cl) 5 5d 81
5 3e(R=2-NO,) 6 Se 80

a

reaction conditions: 4-formylphenyl(2,3,4,6-O-tetraacetyl)-p-D-glucoside
(1.0 mmol), 2,2-dimethyl-1,3-dioxane-4,6-dione (1.2 mmol), MOITf
(20mol%), CH;CH,OH (5.0 mL), reaction temperature (reflux); ” isolated
yield.

2. 4. {EALTTE) Bl KA A

PLA F5-(4-(2,3,4,6-O- VU 2,1k 3k - p-D- 7] 2 4 2k ) 2
W HE-2 2- T -1 3- R -4, 6- i A5, WEFEMOITE
FI RIS R o« TR RS 6 AF N RN SR G, W
FER, WUk, MRS AMOITHEAL . 3tk SN &4
SR SE FEI PN SO R] . IXREE B4R, R
WCRAK R N84%, 83%, 80%, 78%. ] W.,, MOITEA K
U AL TS PR R A e P o

b

3. LISy
3. 1. UHBRE5EH

T A-FR R, 3-Z R AR RO R, 3-
FAE L 4-FE IR S | 3-SR -4-FR FE DR W i R 3R 2k -4-F2 3k
AR T AR R AR AR, riral);
BRI Ak 4l KT AR R SR PR A 7 A 77

Fiti - BuchiB-540 84 2 U4 s A (L TR AR IE); 48
[ Bruker 400 MHzZ! & i AR (DMSO-d ¥ 71, TMS
NAAR); MSHE B ABIZ & API3200 = 5 PY 27 AT i #4312
o

3.2. N-FFZEIpRmME = 55 B IR 2L R 1) & [18]

0~5°C T ¥ =% F#E2(27.2 mL, 200.0 mmol)f) 5
B ot 75 0 1 0 38 V- FF 3 K IE(16.0 miL, 200.0 mmol) fr) 44
1 S 5E(30.0 mL)EE T, RJEFA R =R RM2 h, I
JE R — SR e AR, PR AT R R3IK, B
2 TS B TE 0 AR 4l 5 . "H NMR (DMSO-d,;, 400 MHz)
d 3.86(s, 3 H), 7.66~7.70(m, 2 H), 9.04(s, 1 H), 14.15(s,
1H); “C NMR (DMSO-d,, 100 MHz) & 35.88, 119.53,
120.19, 122.74, 123.61, 136.26..

3.3. EW3a~3ef 15K

50 mL = [ A AR RN 4- 52 56 28 HREfiT 2B )
(0.15 mol)~ 10%HINaOH# (50 mL). A (60 mL). #H
RS MEAL 7 DY T 3R AL 4% (TBAB, 0.002 mol), i 7145+ L
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ayEr, rAinN2,3,4,6-0-11 2, 1 2 -o-D-1R AR %) B (0.1
mol), FiRHF6.0~10.0 ho N EE, F/KIBIEIEZE AL
IR, A ST RS EECRY, W2KE, HITEK R
EINERR, A, i A e g, JE, ZRES
T8 H br b B ¥3a~3e.

4- H T 3 25 3 (2,3,4,6- 10 -O- £, Tk 3% )-B-D-Fii % B 1
(3a): EaEfE, #5142~ 143°C(lit.[16] 141~142°C); 'H
NMR (400 MHz, CDCl;) & 2.05(s, 3 H), 2.06(s, 6 H),
2.07(s, 3 H), 3.94(ddd, J, = 7.6 Hz, J,= 5.2 Hz, J;= 2.0 Hz,
1 H, HY), 3.89(s, 3 H), 4.18(dd, J, = 12.4 Hz, J,= 2.0 Hz, 1
H, H*), 4.30(dd, J; = 12.4 Hz, J,= 5.2 Hz, 1 H, H®), 5.16~
5.25(m, 2 H), 5.30(d, J = 9.6 Hz, 1 H, H"), 5.32~5.36(m, 1
H), 7.11(d, J = 8.8 Hz, 2 H), 7.86(d, J = 8.8 Hz, 2 H), 9.93(s,
1 H); °C NMR (100 MHz, CDCl;) & 20.56, 20.57, 20.58,
20.63, 61.90, 68.17, 71.05, 72.34, 72.55, 98.09, 116.81,
131.79, 131.91, 161.24, 169.18, 169.34, 170.14, 170.42,
190.62.

(4- F IR 2 -2- H AR 0 ) 2R 3 (2,3,4,6- D9 -0- Z. Tt ) -B-D-
HRFEF(3b): ABEA, 1E5105~106C; "H NMR (400
MHz, CDCl;) & 2.05(s, 6 H), 2.07(s, 3 H), 2.08(s, 3 H),
3.86(ddd, J; = 7.6 Hz, J,= 5.2 Hz, J;= 2.4 Hz, 1 H, H’),
4.19(dd, J, = 12.4 Hz, J,= 2.4 Hz, 1 H, H*), 4.28(dd, J, =
12.4 Hz, J,= 5.2 Hz, 1 H, H®), 5.11~5.21(m, 2 H), 5.30(d,
J=8.8Hz, 1 H,H", 5.32~5.35(m, 1 H), 7.22(d, J = 8.0 Hz,
1 H), 7.41~7.44(m, 2 H), 9.90(s, 1 H); *C NMR (100 MHz,
CDCly) & 20.56, 20.57, 20.59, 20.65, 56.12, 61.90, 68.29,
71.06, 72.28, 72.41, 99.74, 110.88, 118.25, 125.29, 132.87,
151.03, 151.11, 169.20, 169.35, 170.18, 170.45, 190.83;
HR-ESI/MS(m/Z) caled[M]"=482.1424, found 482. 1416.

(4-H I 3 -2- 2 5 ) R 5 (2,3,4,6- DU -O- 4 T 25 )-B-D-
HIEPEF (30): A, BA115~116C(it[17] 115~
117°C); "H NMR (400 MHz, CDCl;) & 1.45(t, J=6.8 Hz, 3
H), 2.05(s, 6 H), 2.06(s, 3 H), 2.07(s, 3 H), 3.94(ddd, J; =
7.6 Hz, J,= 5.2 Hz, J;= 2.4 Hz, 1 H, H’), 4.11(q, J=6.8 Hz,
2 H), 4.19(dd, J; = 12.4 Hz, J,= 2.0 Hz, 1 H, H*), 4.28(dd,
J; = 12.4 Hz, J,= 5.2 Hz, 1 H, H®), 5.14~5.21(m, 2 H),
5.30(d, J = 9.6 Hz, 1 H, H"), 5.33~5.37(m, 1 H), 7.21(d, J
= 8.4 Hz, 1 H), 7.40~7.43(m, 2 H), 9.88(s, 1 H); *C NMR
(100 MHz, CDCl;) & 14.64, 20.54, 20.56, 20.57, 20.61,
61.69, 64.70, 68.31, 71.00, 72.19, 72.44, 99.43, 112.19,
117.99, 125.13, 132.69, 150.13, 151.26, 169.04, 169.34,
170.14, 170.42, 190.87.

(4- R L -2-50) K 5£(2,3,4,6-1U-O- Z. ot :4)-B-D-7 %
BEEF(3d): A E A, J55122~123°C; '"H NMR (400 MHz,
CDCly) & 2.05(s, 3 H), 2.05(s, 3 H), 2.06(s, 3 H), 2.09(s, 6
H), 3.94(t, J = 6.4 Hz, 1 H, H’), 4.23(d, J = 12.4 Hz, 1 H,
H®), 4.28(dd, J, = 12.4 Hz, J,= 5.2 Hz, 1 H, H®), 5.14~
5.23(m, 2 H), 5.31(d, J = 9.2 Hz, 1 H, H"), 5.35~5.42(m, 1
H), 7.28(d, J = 7.6 Hz, 1 H), 7.76(d, J = 7.6 Hz, 1 H),
7.92(d, J = 1.2 Hz, 1 H), 9.91(s, 1 H); *C NMR (100 MHz,
CDCly) & 20.62, 20.65, 20.68, 61.83, 64.70, 68.10, 71.59,
72.25,72.50, 99.35, 117.16, 125.37, 129.64, 131.77, 132.57,
157.03, 169.12, 169.34, 170.19, 170.46, 189.58;
HR-ESI/MS(m/Z) caled[M]" =486.0929, found 486.0921.

(4- F Rk -2- R ) 8 3 (2,3,4,6- V1 -O- ZL ik 55 )-p-D-7i
B (3e): FER, #5134~136°C; '"H NMR (400
MHz, CDCly) & 2.06(s, 3 H), 2.07(s, 3 H), 2.09(s, 3 H),
2.13(s, 3 H), 3.97(ddd, J, = 7.6 Hz, J,= 4.8 Hz, J;= 2.8 Hz,
1 H, H°), 422~4.31(s, 2 H, H*, H*®), 5.18~5.29(m, 2 H),
5.31(d,J = 9.2 Hz, 1 H, H"), 5.33~5.37(m, 1 H); °C NMR
(100 MHz, CDCly) & 20.49, 20.56, 20.57, 20.66, 61.72,
67.91, 70.32, 72.06, 72.69, 99.44, 118.93, 126.85, 131.57,
134.01, 141.31, 153.39, 169.12, 169.27, 170.15, 170.36,
188.53; HR-ESI/MS(m/Z) caled[M]" =497.1169, found
497.1183.

3.4. HEYISa~5eIE K%

FELN- PSR K e = 4 R TBR £5.(0.2. mmol) I\ 21 4- FF
FRHE(2,3,4,6-V0-O- 2,1 2L )-B-D-78] % 7 (1.0 mmol)
2,2- " F3E-1,3- -4 6- (1.2 mmol)[ ZEE(10 mL)
W, PEEE RN EAS.0~8.0 h, TLCEREE, KN 5E4
JEfs b, A EEER, I8, RS AMOITHN Z
BRI T — . JEGEH 10 mLZE /K PEIR 20K
TKCREREL R TR H i EY5a~5e.

5-(4-(2,3,4,6-0-1Y 7. Tt 3 -B-D-78] 4 B 5 ) ) 4 5L 7 P 2
22- R 3- KR 4 6- H(5a): VR GER, 1A
174~175°C; 'H NMR (400 MHz, CDCl;) & 1.80(s, 6 H),
2.05(s, 3 H), 2.06(s, 6 H), 2.08(s, 3 H), 3.93(ddd, J; = 7.6
Hz, J,= 5.2 Hz, J;= 2.4 Hz, 1 H, H’), 4.17(dd, J, = 12.4 Hz,
J,=2.4Hz, 1 H, H*), 4.30(dd, J; = 12.4 Hz, J,= 5.6 Hz, 1
H, H®), 5.16~5.22(m, 2 H), 5.29~5.33(m, 2 H), 7.06(d, J
= 8.8 Hz, 2 H), 8.16(d, J; = 8.8 Hz, 2 H), 8.38(s, 1 H); °C
NMR (100 MHz, CDCl;) & 20.60, 20.68, 20.70, 27.59,
61.84, 68.09, 70.95, 72.37, 72.54, 97.91, 104.46, 112.78,
116.51, 126.77, 136.82, 157.20, 160.14, 160.83, 163.60,
169.22, 169.37, 1170.17, 170.50.

5-(4-(2,3,4,6-0-VU 7, T 52 -B-D- 7] % #l 52 )-3- H 480 3%
R L2, 0- TR L] 3- IEE 4. 6- i (5b): B
A, #55124~125°C; '"H NMR (400 MHz, CDCl;) &
1.80(s, 6 H), 2.05(s, 3 H), 2.06(s, 3 H), 2.07(s, 3 H), 2.08(s,
3 H), 3.86(ddd, J; = 7.6 Hz, J,= 5.2 Hz, J;= 2.4 Hz, 1 H,
H°), 3.89(s, 3 H), 4.19(dd, J;, = 12.4 Hz, J,= 2.4 Hz, 1 H,
H), 4.28(dd, J, = 12.4 Hz, J,= 5.2 Hz, 1 H, H®), 5.14~
5.20(m, 2 H), 5.29~5.32(m, 2 H), 7.14(d, J = 8.8 Hz, 1 H),
7.57(dd, J, = 8.8 Hz, J,= 2.4 Hz, 1 H), 8.17(d, J = 2.4 Hz, 1
H), 8.35(s, 1 H); °C NMR (100 MHz, CDCly) & 20.58,
20.61, 20.68, 27.56, 56.14, 61.87, 68.22, 70.98, 72.34, 72.38,
99.45, 104.44, 112.76, 117.09, 117.45, 127.76, 130.38,
149.99, 150.92, 157.53, 160.24, 163.67, 169.21, 169.36,
170.18, 170.49.

5-(4-(2,3,4,6-0-PU . i 3 -B-D- 7] % # 5 )-3- 2.5 3E)
RNV FP -2 2- T F -] 3- W4 6- i (5c): R E
R, H455128~129°C; '"H NMR (400 MHz, CDCl;) &
1.45(t, J=6.8 Hz, 3 H), 1.80(s, 6 H), 2.05(s, 3 H), 2.06(s, 3
H), 2.07(s, 3 H), 2.08(s, 3 H), 3.88(ddd, J, = 7.6 Hz, J,= 5.2
Hz, J;= 2.4 Hz, 1 H, H’), 4.11(q, J=6.8 Hz, 2 H), 4.19(dd, J,
=12.4 Hz, J,= 2.0 Hz, 1 H, H*), 4.28(dd, J, = 12.4 Hz, J,=
5.2 Hz, 1 H, H®), 5.13~5.21(m, 2 H), 5.29~5.38(m, 2 H),
7.13(d, J = 8.4 Hz, 1 H), 7.55(dd, J, = 8.4 Hz, J,= 2.0 Hz, 1
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H), 8.15(d, J = 2.0 Hz, 1 H), 8.34(s, 1 H); *C NMR (100
MHz, CDCl;) & 14.61, 20.57, 20.60, 20.63, 20.66, 27.54,
61.87, 64.77, 68.325, 70.93, 72.27, 72.42, 99.24, 104.42,
112.56, 117.29, 118.25, 127.62, 130.39, 149.17, 151.13,
157.66, 160.29, 163.71, 169.09, 169.39, 170.21, 170.52.

5-(4-(2,3,4,6-0-VY Z, [k FE -B-D- Hij 4 Bl 5 )-3- 5 7 3
MR IE-2,2- SR -1,3- T KE-4,6- F(5d): YR T A A,
1 £191~192°C; 'H NMR (400 MHz, CDCly) & 1.80(s, 6
H), 2.05(s, 3 H), 2.06(s, 3 H), 2.09(s, 3 H), 2.10(s, 3 H),
3.94(ddd, J; = 7.6 Hz, J,= 5.2 Hz, J;= 2.4 Hz, 1 H, H’),
4.21(dd, J; = 12.4 Hz, J,= 2.0 Hz, 1 H, H*), 4.30(dd, J, =
12.4 Hz, J,= 5.2 Hz, 1 H, H®), 5.15~5.23(m, 2 H), 5.30(t, J
=8.8 Hz, 1 H, H'"), 5.38~5.42(m, 1 H), 7.21(d, J = 2.4 Hz,
1 H), 8.03(dd, J; = 8.8 Hz, J,= 2.4 Hz, 1 H), 8.23(d, J = 2.4
Hz, 1 H), 8.29(s, 1 H); *C NMR (100 MHz, CDCl;) &
20.57, 20.61, 20.65, 27.67, 61.78, 68.08, 70.55, 72.25, 72.52,
99.22, 104.70, 114.06, 116.55, 124.52, 127.69, 134.45,
135.94, 155.56, 156.35, 159.78, 163.09, 169.09, 169.32,
170.15, 170.45.

5-(4-(2,3,4,6-0-DY Z, [k JE -B-D- Hij 4 Bl 5 )-3- i FL ) 4%
FEP -2, 2- -1, 3- I E-4,6- i (Se): LI 4,
1 £195~197°C; 'H NMR (400 MHz, CDCly) & 1.81(s, 6
H), 2.05(s, 3 H), 2.07(s, 3 H), 2.10(s, 3 H), 2.12(s, 3 H),
3.96(ddd, J; = 7.6 Hz, J,= 5.2 Hz, J;= 2.8 Hz, 1 H, H’),
4.24(dd, J, = 12.4 Hz, J,= 2.4 Hz, 1 H, H*), 4.29(dd, J, =
12.4 Hz, J,= 5.2 Hz, 1 H, H®™), 5.20(t, J = 9.6 Hz, 1 H),
5.27~5.32(m, 1 H), 5.32~5.37(m, 2 H), 7.39(d, J = 8.8 Hz,
1 H), 8.29(dd, J; = 8.8 Hz, J,= 2.4 Hz, 1 H), 8.29(s, 1 H),
8.61(d, J = 2.4 Hz, 1 H); >C NMR (100 MHz, CDCl;) &
20.48, 20.56, 20.67, 27.73, 27.75, 61.70, 67.91, 70.30, 72.08,
72.68, 99.39, 105.05, 115.98, 118.25, 126.95, 130.52,
138.88, 140.68, 152.42, 154.08, 159.51, 162.55, 169.12,
169.27, 170.15, 170.41 .

4, #5

5-(4-(2,3,4,6-0-PY 2,15 5 -B-D- 7] 2 #3524 I W H 3
2,2- T RE] 3. T -4, 6- i b KRR 2 ) AR
AP, FEMOITTHMEAAEH T, CAAEE N, il A i
) 4- F i 5 K 36 (2,3,4,6-0- 10 2 Tk 55 )-B-D- 76 % i EF A1
2,2- " HE-1,3- R -4,6- i & 4 Knoevenagel 4 & [
R, BRE R T HA5-(4-(2,3,4,6-0-PU 2. 3-B-D-761 % b
FENRFE -2, 2- — H -1, 3- R B4 6- —FRATAY,
T TR N A B4 FR RS R 0 (2,3,4,6-O- 1
LT 3%)-B-D- 4] &) BEFF 1.0 mmol, 2,2- - H 5E-1,3- HE YR
-4,6-—J1.2 mmol, MOITf 20 mol%, [A]9i Jz%/5.0~8.0 h,
7= iR 76%~84% o 1% N ELAT S SEE RN | 4R AE T R
R AR S5 . AR, MOTITEfREAY 71 f [ Ui A 28 45 4
T35, LA B R A PR R R e

Bt

[ 2% BHE B 7RI (2001 BA323C) AL PG 44 1F ¢ AE )
P4 T H (YC2015-B023).
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