% 4”) qt % DOI: 10.6023/cjoc201309002

WRIL

Chinese Journal of Organic Chemistry

ARTICLE

B E R RS £ F R 5 FHBY IR A T & A
aip)l REN* F HE O E

(PR R R AL 2 SRR TR Bt LS 610041)
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Solvent-Free Synthesis of Novel Schiff Base Type Molecular
Tweezers Based on Chenodeoxycholic Acid
Promoted by Microwave Irradiation

Shi, Zhichuan Zhao, Zhigang* Li, Hui Tan, Jiong
(College of Chemistry and Environmental Protection Engineering, Southwest University for Nationalities, Chengdu 610041)

Abstract Ten new steroidal molecular tweezers were efficiently synthesized via a method employing microwave irradiation
by using chenodeoxycholic acid as spacer and Schiff base unit as arm through the condensation of amines and different
aromatic aldehydes. Compared with a conventional method, the yields were increased from 30%~75% to 85%~94% and the
reaction times were reduced from 300~480 min to 0.5~1.5 min. The structures of these novel molecular tweezers were
characterized by 'H NMR, IR, ESI-MS techniques and elemental analysis. The recognition properties of these molecular
tweezers for organic molecules were investigated by UV-vis spectra. The results indicated that this type of molecular tweezers

has good binding properties for organic molecules.
Keywords

chenodeoxycholic acid; molecular tweezers; microwave synthesis; molecular recognition
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HEa e WAGE. 8 TP R R0 A S
R RET T, 56 FRAT TR A A e o v 775 B Th
(TF IR0, ARSI AR S 41 N, LIRS LR
PR IS A B B 38, 3ar, T A7 30 3o PR B 3 0] i R A Y
A, R H SnClye2H,O FF AL JFUh 28 5, Jefa 7E i
TCEFNEAT AR S PO B RN, A B R 2 3
FAENRR Sy T G %2 WL Scheme 1.

1 SRIGERS
1.1 MNBE5RF

Ml 3E4R1%: Varian INOVA-400 MHz, Me,Si /£
WFr, CDCly A, JRIEA: FINNIGAN-LCQPEA 7Y,
41 4634 PERKINEL-MER 1700 %, KBr H 7 2840
A OGHEAG: Ab T AT TU-1901 4000684 T
Hr{%: Carlo-Erba-1106 BY; T [ Nas: Jbpi#E R
N ) T A0 ) N 2% XH-100A; FE)Gi: WZZ-2B H3h
TEACA; H AN X4 UECE TR WA s A B AR A
B ik g ai i Mratl. 6K CHLCly: in CaH, [F1AR
BORJG, RIVETH28AEH; Jo/K DMF (V,N-— 13 F ik
Jig): Jn CaH, T 48 h J&, Wk HZ51%; SOCL,: FHT 21,
WAk 73~75 CHEsr; #2LEHE: Acros Anldt.
AR 3a,7a-—F2HE- 5p-24-H AR PG (2) 4% SCHR (23111

COOH
OH
OH 1

CH30H

COOCH;z
OH
OH 2

Tk K.
1.2 HE{K 3a,70-Z(4-FHE X PRt & E)-56-24-B 4%
B& B R (3) IR & B 5 R AE

1E 25 mL [FJEEEIH, XA 1 mmol #5245 iH
PR HEE 2, 4 mmol Hril XM H LA, 2.5 g [k
K,COs, 0.4 mL = 2%, mAHitREE5)E, KRk
HCE T, JEAMET B, T 500 W RIE R
SN 6 min, TLC Wil [ bR, &N 45, H
CH,Cl, $2 B (10 mL X 2), #& B 2> % ] 5% HCI
(10 mL X 3), TA£rEhKER (10 mL X 3)BEE, Tk
Na,SO4 T4, 1LyE, WK ZE A G A, FERAE 2
Moy e s A 18 e A FREIR H, JEREFIA (CHLCL) -
V(CH;COOC,Hs)=50 : 1143 2| [ 4£& 3. 7% 38 4 gk,
P72 88%. mp. 168~170 C; [a]) —41.0 (¢ 0.13,
CH,ClL); 'H NMR (CDCl;, 400 MHz) 6: 8.29~8.06 (m,
8H, ArH), 5.21 (s, 1H, 7p-H), 4.90~4.85 (m, 1H, 34-H),
3.63 (s, 3H, COOCHs), 1.04 (s, 3H, 19-CH3), 0.94 (d, J=
6.4 Hz, 3H, 21-CHy), 0.71 (s, 3H, 18-CHs); IR (KBr) v:
2942, 2875, 1718, 1603, 1528, 1458, 1260 cm ™ '; ESI-MS
mlz (%): 727 [(M-+Na)", 100]; Anal. caled for CsoHys-
N>O,0: C 66.46, H 6.86, N 3.97; found C 66.57, H 6.88, N
3.95.

p-(NO)CgH,COCI

p-CH3C5H4SO3H K2003, MWI
COOCH, COOCH;
0.0 RCHO
SnCly»2H,0, CH;CO0CH o |
o Np, MW AlL,Oz, MW
lo NH,
2 NH
NO, 3 > 4
COOCH; é\
0.__0 R= NO,
0._0 NO, 5b Br Cl OCH,
5a 5¢c 5d 5e

L 0 O Q"0

CH
| R 5f OH 5h Si
R 5 H3C” “CHg
5a ~ 5j 9 5
Scheme 1
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1.3 HiE{K 3a,70-Z(4-REFRELEE)-56-24-FE
5 B 5 (4) B9 IRUR & B 5 RAE

£F 50 mL =FEH 0 1 mmol F[a)44& 3,20 mL &
1% 2.8, 6 mmol [1) SnCL+2H,0, 7& N, {##~, T 200 W
TS SO 10 min, TLC WOl S HERE, [ N 45 R ),
FHEA YA 30 mL HR1 NaHCO, KSR, &%, i
EH, SHHENZE, KZHH AR OER(15 mL X 3)$EHL,
IR, TR $6/K (15 mL X 3)Pels, /K Na,SO,
AR, kR, W 2SR, AR AT s A e AR
iR H, YEMLFIN V(CHLCL) @ M(CH;COOC,Hs)=5 : 1]
PREPEAR 4. W ERAE, 772 90%. m.p. 104~105
‘C; [a]y —39.7 (¢ 0.13, CH,CL); '"H NMR (CDCls, 400
MHz) §: 8.07~6.78 (m, 8H, ArH), 5.48 (s, 1H, 74-H),
4.90~4.86 (m, 1H, 3B-H), 3.67 (s, 3H, COOCH3), 3.51
(brs, 4H, ArNH,), 1.03 (s, 3H, 19-CH;), 0.97 (d, J=6.4
Hz, 3H, 21-CH3), 0.68 (s, 3H, 18-CH;); IR (KBr) v: 3479,
2963, 2877, 1716, 1598, 1501, 1477, 1230 cm '; ESI-MS
m/z (%): 667 [(M+Na)', 100]. Anal. caled for CsoHs,-
N,Og: C 72.64, H 8.13, N 4.34; found C 72.85, H 8.12, N
4.35.

1.4 5F4H 5a~5) IR & B S RIE

7 25 mL BJEFHH, A 0.2 g (0.31 mmol)ff)+
4k 4, 1 g H%E ALO;, 0.65 mmol 75 71, 70 R G5
Ji, B EEBEE TR0, 1300 WA AR B
30~90 s, TLC Wil e gk, MNE5WE, H CH,ClL,
FEI(10 mL X 3), IR 28 23 R G A3 A i, Hgh
T CELIETR

9 THE 3a,7a- - [4-(4- T FE 28 FWE 1% ) 2 H 1 440
FE1-54-24-IH ke B2 FH i (5a): B (0 i 1A (CH,Cly- A7 T i 2
g5 i), FE% 90%. mp. 184~186 C; [alh +172.3 (c
1.3, CH,Cl,); '"H NMR (CDCls, 400 MHz) &: 7.89 (s, 1H,
NCHAr), 7.87 (s, 1H, NCHAr), 7.81~6.60 (m, 16H,
ArH), 5.15 (s, 1H, 74-H), 4.81~4.75 (m, 1H, 34-H), 3.64
(s, 3H, COOCHj3), 0.99 (s, 3H, 19-CH3), 0.91 (d, J=6.4
Hz, 3H, 21-CH3), 0.68 (s, 3H, 18-CH;); IR (KBr) v: 3445,
2938, 2848, 1702, 1641, 1523, 1238, 1125, 1092 cm ';
ESI-MS m/z (%): 934 [(M+Na)’, 100]. Anal. calcd for
Cs3HssN4Oyg: C 69.87, H 6.42, N 6.15; found C 69.94, H
6.43,N 6.16.

9 THE 3a,7a- — [4-(3- T FE 2K 1 WE 1% ) 2 H 1 440
FE1-54-24-1H K 2 F R (Sb): i (0 i 1A (CH,Cl,- £ % 5. 45
i), 7% 85%. m.p. 151~153 C; [aly +272.3 (¢ 1.2,
CH,CL); 'H NMR (CDCl;, 400 MHz) ¢: 8.80 (s, 1H,
NCHAr), 8.78 (s, 1H, NCHAr), 8.68~6.62 (m, 16H,
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ArH), 5.23 (s, 1H, 78-H), 4.98~4.79 (m, 1H, 34-H), 3.66
(s, 3H, COOCHs), 0.97 (s, 3H, 19-CH3), 0.93 (d, J=5.6
Hz, 3H, 21-CH3), 0.67 (s, 3H, 18-CHs); IR (KBr) v: 3438,
2917, 2848, 1717, 1530, 1521, 1273, 1176, 1107 cm™;
ESI-MS m/z (%): 1845 [(2M~+Na)", 100]. Anal. calcd for
Cs3HssN4Op0: C 69.87, H 6.42, N 6.15; found C 69.91, H
6.45,N 6.17.

I3 T 3a,T0- - [4-(A-BER D IE) 2 F It A 0 -5 8-
24-JHLEIR H TR (Se): 1 €0 A4 (CHLCly- A 31 Tk 2 465 ),
FEH 94%. mp. 221~222 C; [aly +415 (c 12,
CH,CL); 'H NMR (CDCl;, 400 MHz) &: 8.44 (s, 1H,
NCHAr), 841 (s, 1H, NCHAr), 8.39~6.65 (m, 16H,
ArH), 5.22 (s, 1H, 78-H), 4.89~4.77 (m, 1H, 35-H), 3.64
(s, 3H, COOCHs), 0.95 (s, 3H, 19-CH3), 0.88 (d, J=3.6
Hz, 3H, 21-CHs), 0.68 (s, 3H, 18-CHs); IR (KBr) v: 3458,
2938, 2876, 1704, 1628, 1565, 1273, 1163, 1099 cm ';
ESI-MS m/z (%): 979 [(M+H)", 100]. Anal. calcd for
Cs3HssBraN,Og: C 65.03, H 5.97, N 2.86; found C 65.15, H
5.97, N 2.87.

I3 T 3a,70- " [4-(A- SR D IE) 2 FH It A 0 -5 8-
24-IHLEHR IR (Sd): €4 i A4 (CHLClo- £ il Tk 3 25 ),
P2 2% 87%. m.p. 200~201 C; [aly +186.3 (¢ 1.5,
CH,CL); 'H NMR (CDCl;, 400 MHz) o: 7.89 (s, 1H,
NCHAr), 7.87 (s, 1H, NCHAr), 7.85~6.60 (m, 16H,
ArH), 5.18 (s, 1H, 78-H), 4.85~4.74 (m, 1H, 35-H), 3.64
(s, 3H, COOCHs), 0.99 (s, 3H, 19-CH3), 0.91 (d, J=6.4
Hz, 3H, 21-CHs), 0.68 (s, 3H, 18-CHs); IR (KBr) v: 3445,
2945, 2862, 1704, 1594, 1531, 1287, 1169, 1110 cm™;
ESI-MS m/z (%): 913 [(M+Na)*, 100]. Anal. calcd for
Cs3HssCLN,Og: C 71.53, H 6.57, N 3.15; found C 71.42, H
6.59, N 3.14.

9 THE 30,70~ [4-(4- FAE DR P i ) 2R I 4
FE1-58-24-RHLE 2 16 (Se): T (0 fi A4 (CHLClo- A7 il ik
g5, PE% 85%. mp. 163~165 C; [a]h +157.6 (c
1.7, CH,CL,); '"H NMR (CDCls, 400 MHz) &: 8.37 (s, 1H,
NCHAr), 834 (s, 1H, NCHAr), 8.12~6.98 (m, 16H,
ArH), 5.25 (s, 1H, 78-H), 5.02~4.97 (m, 1H, 34-H), 3.90
(s, 3H, ArOCH3), 3.92 (s, 3H, ArOCH3), 3.67 (s, 3H,
COOCH,), 1.06 (s, 3H, 19-CH3), 0.93 (d, J=6.4 Hz, 3H,
21-CH3), 0.69 (s, 3H, 18-CH;); IR (KBr) v: 3445, 2924,
2848, 1706, 1629, 1509, 1273, 1169, 1102 cm™'; ESI-MS
m/z (%): 904 [(M + Na) ", 100]. Anal. caled for
CssHuN,Og: C 74.97, H 7.32, N 3.18; found C 75.02, H
7.33,N 3.17.

T H 30,70 [4-(CK FI R i) 2 F I 48k 1-5,8-24-
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JIEUAE R FH IR (S): ¥R B €00 i A4 (CHLCLo- A7 Vit T R 25 Ay ),
FE290%. mp. 114~116 C; [a]y +101.2 (c 1.0,
CH,CL); 'H NMR (CDCl;, 400 MHz) J: 836 (s, 1H,
NCHAr), 8.33 (s, 1H, NCHAr), 8.14~6.61 (m, 16H,
ArH), 5.23 (s, 1H, 78-H), 4.91~4.81 (m, 1H, 34-H), 3.64
(s, 3H, COOCH3), 1.00 (s, 3H, 19-CH3), 0.92 (d, J=6.4
Hz, 3H, 21-CH3), 0.69 (s, 3H, 18-CH;); IR (KBr) v: 3375,
2931, 2862, 1704, 1600, 1516, 1273, 1169, 1106 cm ';
ESI-MS m/z (%): 1663 [(2M~+Na) ", 100]. Anal. calcd for
Cs3HgoN,Og: C 77.53, H 7.37, N 3.41; found C 77.50, H
7.37,N 3.43.

I TH 30,70~ [4-(4- 2 JE K Y ) K FE I 4
HE1-58-24- I Ke 2 FH R (Sg): 35 0 i MR (CHLCly- A7 il ik 2
g, FREE 90%. map. 65~67 C; [a]X +90.2 (¢ 1.4,
CH,CL); 'H NMR (CDCl;, 400 MHz) J: 831 (s, 1H,
NCHAr), 8.23 (s, 1H, NCHAr), 7.95~6.61 (m, 16H,
ArH), 5.30 (s, 1H, 78-H), 4.95~4.80 (m, 1H, 34-H), 3.62
(s, 3H, COOCH3), 0.97 (s, 3H, 19-CH3), 0.91 (d, J=6.0
Hz, 3H, 21-CH3), 0.79 (s, 3H, 18-CH;); IR (KBr) v: 3431,
2924, 2848, 1704, 1620, 1447, 1267, 1156, 1092 cm ';
ESI-MS m/z (%): 853 [(M+H)", 100]. Anal. calcd for
Cs3HgoN,Og: C 74.62, H 7.09, N 3.28; found C 74.68, H
7.07, N 3.26.

I THE 30,70~ [4-(3- ¥4 JE K Y ) A FE I 4
FE1-5-24-IHLE R H TS (Sh): 35 €8 R (CHLClo- A7 9 ik T
g0, 7R 88%. mup. 85~86 C; [alh +110.1 (¢ 1.0,
CH,CL); 'H NMR (CDCl;, 400 MHz) J: 835 (s, 1H,
NCHAr), 8.31 (s, 1H, NCHAr), 8.20~6.62 (m, 16H,
ArH), 5.31 (s, 1H, 78-H), 4.96~4.80 (m, 1H, 34-H), 3.63
(s, 3H, COOCH3), 0.96 (s, 3H, 19-CH3), 0.93 (d, J=6.0
Hz, 3H, 21-CH3), 0.79 (s, 3H, 18-CH;); IR (KBr) v: 3428,
2924, 2848, 1704, 1634, 1493, 1217, 1160, 1062 cm ';
ESI-MS m/z (%): 853 [(M+H)", 100]. Anal. calcd for
Cs3HgoN,Og: C 74.62, H 7.09, N 3.28; found C 74.63, H
7.07,N 3.29.

9 THE 30,70~ [4-(2- F2 HE 2 WP ) K FR I 4
F1-5p-24-PHEEIR F B (5i): o 6 S K (L .45 ), 72
% 85%. mp. 108~110 C; [a]) +251.2 (¢ 13,
CH,CL); 'H NMR (CDCl;, 400 MHz) J: 8.20 (s, 1H,
NCHAr), 8.12 (s, 1H, NCHAr), 8.08~6.62 (m, 20H,
ArH), 5.31 (s, 1H, 78-H), 4.97~4.81 (m, 1H, 38-H), 3.66
(s, 3H, COOCH3), 0.98 (s, 3H, 19-CH3), 0.94 (d, J=6.4
Hz, 3H, 21-CH3), 0.79 (s, 3H, 18-CH;); IR (KBr) v: 3445,
2917, 2848, 1717, 1634, 1572, 1273, 1176, 1106 cm ';
ESI-MS m/z (%): 953 [(M+H)", 100]. Anal. caled for
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Ce1HesN,Og: C 76.86, H 6.77, N 2.94; found C 76.92, H
6.76, N 2.93.

T 30,70 [4-(4- 7 P S R H P 1) R HH I 4
H1-58-24-HHJE IR FH IS (5)): 3 €0 i AR (CHLClo- A i Pk B
g5 i), FEEE 90%. mp. 202~204 C; [a]h +172.5 (c
1.4, CH,CL); '"H NMR (CDCls, 400 MHz) J: 8.24 (s, 1H,
NCHAr), 8.20 (s, 1H, NCHAr), 8.10~6.51 (m, 16H,
ArH), 5.21 (s, 1H, 7-H), 4.92~4.79 (m, 1H, 3p-H), 3.64
(s, 3H, COOCHj3), 3.07 (s, 6H, CH;NCH3), 2.93 (s, 6H,
CH;NCHs), 1.01 (s, 3H, 19-CH3), 0.93 (d, J=6.4 Hz, 3H,
21-CHj3), 0.70 (s, 3H, 18-CH;); IR (KBr) v: 3445, 2931,
2862, 1710, 1586, 1537, 1280, 1163, 1108 cm™'; ESI-MS
m/z (%): 905 [(M+H)", 100]. Anal. caled for CsoH7,N,Og:
C 78.28, H 8.02, N 3.09; found C 78.30, H 8.01, N 3.10.
1.5 5F5H ba~5 IEMARIBEE

0.2 g (0.31 mmol) [ 1 [H 44 4 ¥ 1~ 40 mL L1+,
AT 0.65 mmol, MR 5~8 h. )z A%
(TLC) MM J I 56 B i, 0T T 28 BR s 37 Ja AR,
S RNA, PR ERAE 30%~T5% ).

1.6 IRBIMERENR

DLTC/AK S VERE A, [ AR TR BEAE 2%
107°~10X 10> mol/L i [l P (F1 3= M4 BE /R i e R ALK
INYRESE FIT BV VRO FEE (R RN ), AN [ (1) 25 A 5
Jie, BARWIEAE 107*~107 mol/L. BEE %44 1AW
N, R ERIL BT, D &40 & s il
(PTG BEAE, T BR A AR A AR AN (T3, K
AH IR FSE R 2 AR SR E S L, RIS A HEBR AR AR £ 3ot
W FE AR, B AR I BARAL A I SRR L
100 pL. MEd S FEHI7EQS5£0.1) C, WG IR ZEAE
it +0.002.

2 ZR5WE
21 B RE R R FGEE
FESER I RE R, T RN A, B2 T4l 5a
TR T, VEAEEE T R, RN I, SRk,
LU H R R 2 A0S S L IR S, 2565 LRl R i TR 3%,
2 T BAEN RV AAECR 1.
22 WBESEIEERBIRY 5a~5) T tE
PHRRANTR] B BT A B H AR Sa~5j 1K) SN
AN A 3R 2. SIS BEnT LU Y, PR o
TR, DR R HRAG2 T 10 ASH 0 K 7>
T Rk RSOGO EAR L, HATEU R LS
()BT 200~600 5, KAKZEH T KNI 1]
ASZH N, A RANEAF D, W RT3 95 77
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1 ALEY) Sa KA SN SAFIST
Table 1 Optimization of the reaction conditions synthesizing
compound 5a

Entry Solvent Supporter Time/min Power/W Yield/%

1 EtOH — 300 — 62¢
2 MeOH — 300 — 52¢
3 DMF — 300 — 30¢
4 DMSO — 300 — 32¢
5 —  Silicagel H 1.5 300 40°
6 —  Neutral Al,O, 1.5 300 90°
7 —  K,CO4 1.5 300 720
8 —  Alkaline ALO; 1.5 300 81°
9 —  Zeolite 1.5 300 61°
10 —  Neutral Al,O, 1.0 300 67°
11 —  Neutral Al,O, 2.0 300 78?
12 —  Neutral Al,O, 1.5 250 80°
13 —  Neutral Al,O, 1.5 350 85?

RGN AR
B2 BEES R LI H AR Sa~5) ILHEEL

Table 2 Synthesis comparison of between microwave irradia-
tion and conventional of compounds 5a~5j

Conventional Microwave M »
Comp. — - - - - ; T/ Twr
Time/min  Yield/% Time/min Yield/%

5a 300 62 1.5 90 200
5b 360 30 1.5 85 240
5¢ 420 64 1.0 94 420
5d 300 69 0.5 87 600
Se 480 75 1.5 85 320
5f 300 52 1.0 90 300
5g 480 61 1.5 90 320
5h 420 53 1.5 88 280
5i 360 70 1.5 85 240
5j 300 48 1.0 90 300

G AT VAT R 0 e R VAT i e T

%109 40 mL LB, At v AR FATAT 77, S nf
FER 58 UL VS B N 3EAT S (3) H AR 3B ) 7= 45 215
KIS, BOBE I P RAE 85%~94% [8], TiAE48N
PP RAE 30%~75%2 [, 1% 3 B KA e i
AFAERRAN B PG R E RN, 02 B R A Ha o
FRORIT P AR I, A S N IS AR K B . T R
I (PRI ), DS I R b, B b, W s
RIS K, A IJUAS N, 2 0 LA,
XFERIR N2, 8Ir=W%, b= 281K
2.3 B#rkEY 5a~5) BILEHIHIE

7f "TH NMR % & 7, § 7.89~8.80 Ay i B4l i) 111
NCHAr, 1fi % 4b—4% NCHAr {£ 6 7.87~8.78. {ER% M
K H1, 9 0.95~1.06, 0.68~0.79 P4 HLl 1 0.88~0.94 —
SR, SR L HR MR AE 45 R4, 5 3.62~3.67 %K
P& EIR IR G R AR #E IR 3% P, 1505~1546 cm !
BRI S BRI U A B R C=N Wi, 1717~1739
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em IR A2 T 3R R B 1 o 4 i s MR AL e WA B
bl W, (L&) Sa~5j YWRELS T8 FI&, 1L m/z
LA Ny PR FREE— 8. TR s R
B, FrEEY A S S SR, 25 BTk, fk
EW Sa~5j BT i RIC 3  HT A S5 L R AR E,
KT &I AWl B &

24 FEKEEVNFEBRELEITE

TERAM G e SEge T, e A T (H) R,
AN SR NN [ AR (G IR, B A %44 2 7 I AN I
N, 25k F AR AE G R R AR AR, W, W
TR AN AR, BT 8o Taay, W
FURFIEMROE B S A B sl T Rt dh, R&
Gy FHEN TR TR A T R &R, SR
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Figure 1 UV-vis spectra of molecular tweezers 5a (2.80X 107>

molL ") in the presence of aniline
(@) 0, (b) 0.56X10 %, (c) 1.12X10 ™%, (d) 1.68 X 10 *, (e) 2.24X 10 *, (f)
2.80X 10 *, () 3.92X 10°* (h) 4.48X10 * moleL . A, =247.0 nm
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Figure 2 Typical plot of 1/A4 versus 1/[G], for the inclusion
complex of molecular tweezers 5a with aniline in CHCl; at 25 C
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Table 3 Association constants (K,) and Gibbs free energy
changes (—AG") for the inclusion complexes of guest molecules
with molecular tweezers 5a, 5d~5f in CHCl; at 25 C

Host  Guest KJ/(Lemol ")  —AG%(kJemol ")
Aniline 1666.35 18.38
o-Methoxyaniline 1634.18 18.33

53 Methoxyaniline 708.58 16.26
p-Methoxyaniline 459.34 15.19
Aniline 3070.10 19.89

sd o-Methoxyaniline 1207.12 17.58
m-Methoxyaniline 751.53 16.41
p-Methoxyaniline 593.23 15.82
Aniline 2582.65 19.47

5e o-Methoxyaniline 2478.56 19.36
m-Methoxyaniline 847.78 16.71
p-Methoxyaniline 1058.42 17.26
Aniline 3288.96 20.06

st o0-Methoxyaniline 2019.92 18.86
m-Methoxyaniline 378.78 14.71
p-Methoxyaniline 814.58 16.61

[l Fi ) AR SR i i, T RIC & e B R AR E .
A Se, Sf LA AR EAIEIRNL . X AR BE R A [
AR R T P TE G 0 1 B I 8 2 A /DS 380K 119 I 2
E n<<E snspesn<E wrwosen<<E wrsesn, 00 FEH Se, 5f
5 RAR Gy T I 5 6 1 B/ Ay 24 i > 25 F AR %
5> %o AR AN > 1) AR RE 2R ke 1y 244 Sa, 5d 51X
LRI T TR LA P BARREREIF R E <<
E woonin<E wrwesn<E wowsn, RIS ZAE 51
G5 G i BOR /NP D) 2k 24 e > 418 R AR RE DR % > (] FE AR
FER N> X AR SR L. 44 Sa, 5d, Se, Sf 11 [A]X PYF
FARGY T IR o T A T, DRI 3034 o AR S
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