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Proton magnetic resonance spectra of several ethyl indole-2-carboxylate derivatives
in the presence of a shift reagent, tris(dipivalomethanato)-europium{Eu(DPM);], were
measured in CDCl; and good straight lines were obtained on plotting induced shift vs.
concentration of Eu(DPM), for each signal. Application of the McConnell-Robertson
equation to interpret pseudocontact shifts of the indole derivatives gave good agreement
between measured and predicted shifts. The relationship between substituents of indoles
and the position of the co-ordinated Eu atom is discussed.

~ Keywords——tris(dipivalomethanato)-europium; structure determination; pseudo-
contact shift; conformation; shift reagent; ethyl indole-2-carboxylates; NMR

23 ethyl pyruvate 2-[(o-methoxyphenyl)hydrazone] (1) %7 4 o v v — « 4 ¥ F—ABBRRKIE M
LHBMRE L LTA Vo EOBBMIEI T D, FOMBBER LcHHA Q) CRIGKHO REAENZE LT
6- E721% 5- A Vv F - ABEEYTERY L LT L 3EERoLY ¥ ZhbOEERMUSCERHE
hThsd T-BHBA Y PRI 4- T2k 5-IBREYFHESLEL DIV PNV 2 A NVEVB=AT LD
FEGIEONDR, ThbofE BCBEREOMBERBMENBANZ b (U NMR LE) 2RV
LIt PlRAREELTHEFHHFETRELTEL. LrL TOTEIERTIRD BNTAROFR L BT

OMe S OMe
SO e LI
/N=C 3 N
INl v COz g CO:Et Nu g CO.Et
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Nu: nucleophile

Chart 1

1) Part XII: H. Ishii, Y. Murakami, T. Furuse, K. Hosoya, Chem. Pharm. Bull. (Tokyo), 27, 346 (1979).

2) 8 6 HERRLERNRS, FHE, 1973 ¢ 11 ARE.

3) Location: 1-33, Yayoi-cho, Chiba, 280, Japan; a) Present address: School of Pharmaceutical Science,
Toho University, 2-2-1, Miyama, Funabashi, 274 Japan. ,

4) a) H. Ishii, Y. Murakami, K. Hosoya, H. Takeda, Y. Suzuki, N. Ikeda, Chem. Pharm. Bull. (Tokyo),
21, 1481 (1973); b) H. Ishii, Y. Murakami, T. Furuse, K. Hosoya, N. Ikeda, Chem. Pharm. Bull.
(Tokyo), 21, 1495 (1973); ¢) H. Ishii, Y. Murakami, H. Takeda, T. Furuse, Chem. Pharm. Bull.
(Tokyo), 22, 1981 (1974). )
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5. £ Tk D%ﬁf;ﬁﬁi%ﬁﬁ%'ﬁ‘% CEEBEAELT, NMR v 7 FRED 2GS v F—a-2- 0 L4 Vg
= ATAED NMR 227 P v OREE R Lz, £0k %!@F%%ﬂﬁﬁ%f-%t@ﬁ&ﬂ*

2 B o

1. &% i) Ethyl 4-49) (4), 5-% (5), 6-40) (6) 35 L O 7-%) (7) methoxyindole-2-carboxylate
THR LS 0% A

ii) Ethyl 5-Methylindole-2-carboxylate® (8)—=rfk® » HiEicfévs p-tolylhydrazine - HCl 5 7.94 g &
A vk 3.62g MK EtOH 150 ml iR U, HCl ¥ A% 35, =BT 2 AREEK 50 ml 1ok L,
KEEE = =TV THiH. = - 7V ERIE NaHCOaq. CH% L, Kk K,CO, THMEE LA %, HEQE. ?ﬁ’%é
Z EtOH X b @M% < DB L CEASHRE, mp 167—168° (R MifE,9 mp 163—164°) 2.05 g #13.

iii) Ethyl 7- Methyhndole 2-carboxylate” (9) —— Y e\ o-toluidine 21.4 g #» H,O 160 ml, conc.
HClaq. 42.3 ml ML, K& F NaNO, 1458 #HNTS7 VY = v A lGRIE L F 5. —77 ethyl a-methyl-
acetoacetate 30.4 g % M7k EtOH 120 ml iwF M L, KB EBRT 50% KOHaq. 23.6 ml %% 3. o714 H
VERC LR 7V =y alikfy 1hr TRATRETT%. 0% FEc 1hr #L, =—7AE L, #HK
ILOKPER MgSO, THEME U, W L CHHL ethyl pyruvate 2-(o-tolylhydrazone) 47.0 g % 78. |-Sififl
hydrazone Py 25.0g % 170 ml oK EtOH iEM@ L, Bk HCl w22 8f L 2bhr Bl KISKER
REDOKE DT =7 Vil KT 5% NaHCOaq. TV, MgSO, CHMBEEEE L 14.8g o oil%
. Si0, (2508) #AWTHFI A s v~ /57 4 —%FFU benzene THEHL, B4 v F—21&k (9) % 3.682
g/ EtOH X v B#HGE< VE L, ARG, mp 184—135° (ST : mp 127—129°; SR : mp 131°),
144 g %15,

iv) Ethyl 5-Methoxy-1-methylindole-2-carboxylate® (10) —— Ethyl 5-methoxyindole-2-carboxylatet® (5)
900 mg % 20ml o acetone WML, 10% KOHaq. 6 ml #i%, EHic 2 FAHEE 0.52 ml 2% =R
T 1hr f#2. KIERTRRIGKR, 140ml oK b= — 7 v Hil. KEEE MgSO, TEEL, BELY
£ L, i 800mg %7, SiO, (50g) AW THTA 7w~ 25 74 %ff\ benzene ¥4 % hexane T
BiEREDEL, EESRE, mp 92.5—93.5°, 124 mg %&. Anal. Caled. C,H,,NO,; C, 66.93; I, 6.48,
H, 6.01. Found: 67.02, H, 6.54, N, 6.07. IR »¥&' cm~1: NH (nil), 1707 (C-0). NMR (CDCl;) §: 1.40 (3H, t,
J=17.5Hz; CH,CH,), 8.85 (3H, s, OCH,), 4.06 (3H, s, NCH,), 4.36 (2H, q, J=7.5 Hz, OCH,CH,), 6.98 (1H,
dd, J,=8.0 Hz, J,=2.0 Hz, C-H), 7.08 (1H, dif. s, C,-H), 7.18 (1H, s, C,-H), 7.25 (1H, d, J=8.0 Hz, C,—
H). Mass Spectrum m/e: 233 (M*). '

V) v 7 b A FE——Tris(dipivalomethanato)-europium [Eu(DPM)3] (&) % H.

. JIEHEsE NMR 3 JEOL JMN-4H-100 %{fﬁ%
- ARFGRCRAESE A0 10mg 2EFLLD

WHEI

11{1 0375_’ CDClL; # 0.3 ml iM%, Zhimer gy 0.1,
Rz\l/\“___” 0.2, O?I‘Osfl Om5 iz X 5 eEo Ea(DPM), B L C
mz, TMS % f#fiE# L LT NMR % #i%E L, Eu(DPM),
- RN MNACOE DRIECHT DAY 7 F A0 FRY 7 FHE (ppm) % kdi

Ri Rs (Fig. 1).
4: R1=0CHs, Ra=Rs=Rs=Rs=H 4. AIEEOHLE BIECTRLAFETE LK
5: Re=OCH;, Ri=Rs=Ry=Rs=H L&Y oL<orm b voEBE, ethyl 5-methoxyindole-
6: Ry=0CH;, Ri=Rs=Rs=Rs=H 2-carboxylate (5) IBi L T Fig. 1 @R Ltk 51, B
7: Ry=0CHs, Ri=R;=R;=Rs=H XL CHEREK YR TOT, 2 oEKEHE LT Eu
8: Re=CHs, Ry=Rs=R,=R;=H (DPM); o & A H2d 1.0 kX535 8 (S E; 4H,) k7.
9: Ry=CHs, Ri=R:=Rs=Rs=H Ethyl 5-methoxyindole- 2-carboxylate (5) (Fig. 1) % L ¢
10: R:=O0CHs, Ri=R3;=Rs=H, R;=CH;s ethyl 5-methoxy- 1-methylindole- 2-carboxylate (18) (Tig.

Chart 2 2) Dbz Fig. 2B L4 Table 1@ S e+ 2c &

ED .

5) a) R.V. Ammon, R.D. Fischer, Angew. Chem. Int. Ed., 11, 675 (1972); b) J.K.M.Sanders, D.H. Willi-
ams, Nature (London), 240, 385 (1972); ¢) R.E Sievers, “NMR Shift Reagents,”” Academic Press, New
York, 1973; ) FIZELIEE, MREE, ﬁ’a‘{b, 31, 126 (1973)‘ e) B MK, (LFELTIH 28,642
(1975). :

6) R. Andrisano, T. Vitali, Gazz. Chzm 1tal., 87, 949 (1957) [Chem. Abstr., 52, 6312f (1972)].

7) a) B. Heath-Brown, P.G Philpott, J. Chem. Soc., 1965, 7185; b) RB Carlin, W.O. Hanley, Jr., D.P.
Carlson, J. Am. Chem. Soc., 79, 5712 (1957). ' '

8) A. Rossi, R. Goeschke, G. Haas, A. Sallmann, Ger. Offen. 2501468 [Chem. Abstr., 84, 180047m (1976)].
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R & £ B

—jgiz NMR JIE OB ERESBIEG» be s v 7 PRELHRMT2FRCL - TELS v 7/ F A LEOELL
13, BRI ~ 7 b+ (paramagnetic induced shift) & #EAME > 7.t (complex formation shift) I IR,
HEZERFER =2V & 7 b 7 b (contact shift) X U= v £ 7+~ 7 b (pseudocontact shift) 3R Ih T
3. La L—igfic proton magnetic resonance (PMR) &RiF5 7 V& = FNEEANEADT B B~ 7 Mizlg
avz 7 PRI D TARBHRZBENS L IR T 2. |
4, BEEDELFERPRHTTRD ERD X 5%, i) Ethyl 5-methoxyindole-2-carboxylate (5) flm
Ehs sk (Fig.1), &7 » b voFEEy 7 Mg Eu(DPM), O%EVC}E@JL’CL\Z; zk, ii).:\‘-Xi‘lbﬂJllxﬂ‘:
AECECEEL bR T e b VDY 7 FARE, BB AE v 7 bERTIE, i) GBIV C,-F R
FYRBBEREATY T P LTV B EENRHB.Y U EOFERERIRLOMEYD Y7 b B, =ATAAAR=N
ESEAEAT D LI > CELB R YA 7+ v 7 PR E - THE SIS RO S5 HL TR LT 5.
%Lemﬂm®b%mmmMMeﬁrﬂbfﬁﬁbhﬁ@@%%l%@ﬁﬁ%,%ﬁkﬁ&f%ﬁ?éc&ﬂﬁ
BThAIRLIEEEZOALRDHNTHD 7 4 v ¥V v — ,4VF~»%FﬁmmféﬁTéﬁﬁogmﬂm®b&
mmwﬂﬂe%ﬁ%@ﬁﬁ%@ﬁﬁ&,NMR@IhaWMhﬁmD/7bﬁ#Bm&m $ B TFRT 2FEA R
ik D, F T TEFORERE M, ethyl indole-2-carboxylate i EHIfEz McConnell- Rober-
tson R R 1) 2HEA LCELBOMBEYHEL

. - ppm OCH:CH;
X5 LRI, T AHe kv FREHIMC L D

8.0-
AH. = k(3 cos? 6 —1)[13 @ NH

Cs—H
CH.CHs

£7m b VERLTRDOOND V7 METHS. kX
AFROLETOT r b YEDOTA—DERTH D, 7
BT S 7 et v ESBORYETHOESE 013
ZDEHEN 7 b v EEEROSTER (2 TR
=ADBMERTE Eu 2S5 Lo TATHS.
B EIL L, ¥ ethyl indole-2-carboxylate ] '

50
4.0

2.0
C.—H

Eu(DPM);-induced shifts (ppm)

D= vk =~ =% FE LTSRSV, AV 0 OCH,
F—ABD 2 BT DH=AT N A v R =VEIT, Cs—H
AV E—ABERBELTWEZ Eb, 1V F—1 —20
CE—FHEECH B EREMEKSD. DKM Chart ’ C,—H
3 R P Boa vk —<—DEBELMRTITH T 015 liO(S value ) mol/mol
ZD5 Y s-trans (A) DbOMELTHD L IRETS. - [Eu(DPM);]/5-methoxyindole (5)
T ORER L b ethyl indole-2-carboxylate L& Fig. 1. The measured Eu(DPM),-induced Shifts
AFELUTHRRES C LRI FRA. of Ethyl 5-Methoxyindole-2-carboxylate(5)

Y /\/\2 /0~C2H5 /\/\\ .0

| \/\N/ o AN N0,

H H
A B

Chart 3. The Possible Conformer of Ethyl Indole-2-carboxylate Derivative

9) Table OB HFBRXEHRE v 7 b &Rt
10) H.M. McConnell. R.E. Robertson, J. Chem. Phys., 29, 1361 (1958). &KLz b Bléaney;&*é‘;m DB
O BRAPRBEIRTHBE, FThLEK A ODHAENRD DA TRHERFIRSL [—H%'C%ZNJ"C %%%‘?D
' E Bzt McConnell-Robertson R CHULNIERWEIR 5.
11) a) F. Bleaney, C.M. Dobson. B.A. Levine. R.B. Martin, R.]J.P. Williams, A.V. Xavier, Chem. Comm.,
1972, 791; &) J.M. /Brlggs, G.P. Moss, E.W. Randall and K.D. Sales, Chem. Comm., 1972, 1180.
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W PR TS5 Eu EFORE LBy i1 5 & BIekige
B A AEBRECIPEIEINRTA vV F = AT L EA—FHEH D L&
2T X,

B, n‘l‘ﬁkjﬁ%?ﬁ:ﬁ{_%{é:}o X Z)\ﬁ’gﬁbi Biichi #® Dreiding stereo-
- model ZFWCRDONIMERZFERL, HEORNSFETS e b VX
1V P =R ERET S N-, Co—C, f7 kD XERET IOV HET2
TEEL AVF-ABLECERERTVE A PR EBIO=AT L

Pi(Eu) v EOKRETIIRE - BEMOKA D HIEEED kb AEI R
Chart 4 COTEHENSHL & L L.

, — i, EMESRETOMBERECIE, BIHERY B CEHERT

TehbR T BH, EFHBEOFENE LW 235, FEEBMETR, FHECXRTEBRC X > TR
&5%%7&1@5 ” ,

L EopiRe i, %ﬂ(%)ﬁ%@ﬁﬁk@ 7 WME AHe %3723, 3 Chart4 BRTIOC=ATAI L
A= VOBRRTFEREACE Y, AR 2 EOMFROERE FIcEgr &), ThI VEFANDRL DAE
@) ZEELTS. FA»DL 1° SO0R ) THRERCERZFE, KOCRALD 01A FoR o ALM%H
&, REOEBLOXE P 2 RDB. Fhg Py &7 e by (H) LOEEY iy, FLEAMLO EMY dy &
L, Py &7 m b vBIOCREEDTAY 0y &35,

JNT, d=8.0A1 REWL LT, ZORTHELD P a_ﬁa L“C”“’F’Eﬁﬁ? AH'ei; #RD 5 (3R 2).

AH' o5 = (3 cos? 0y~ 1) [r3y; @

C B LR EHET AH a5 13, BEAIR WL, REEOAE X - TRD LN dHa L1
EHEHET 5 & LSRR, % _ T, %Mm@AHm%ﬁbSﬁw%ofxy—»779ﬂ—ﬂwwﬁ%ﬁw,

Z‘.IAHoxl/ZIAH'mJI ' ©)

IHEET e bV OERRT UH ) CRUTE Py BT 5470 b vORELD Y7 ME (4Hey) BRDdT.
CzweBbhicy 7 L OB (AHay) kEEE (AHo) &% KB LTH A E = ABBRRMZ LTS Eu &

FOME (P) RRETHRCTH D, LORECIELT = b VEH LTEIEL v RdSN B 4dHa L4 Py o

X5 % AHe % T agreement factor (R) (R 4) #FHE LT, B/MEXZRTH PER05B L3 HEET

Kot | |

Ry = [3{AHot— AH 12> (AH 01)?]H? ‘ @

4,5, LT 6-F /Bl Ethyl Indole-2-carboxylate $g{Cx}3 DEER

Pl X3 T, ethyl 5-methoxyindole-2-carboxylate (5) &= vousT P BERDTCHD E, d=3.1A, ¢=
24° O R 2RAME (0.042) %RT. COBOZKERFIET 55HE LD © 7 b E (4Ha) & RHME
(4Ho) &% i3 3uX, TableI wiR38 0 &7cn. Table II ImiifF 2B L& {bsPhoR/N R{EvE &

TasrLe I. Measured® and Predicted? Eu(DPM);-induced Shifts (ppm) of Ethyl
5-Methoxyindole-2-carboxylate (5)

Proton CH,CH, OCH,CH, OCH, NH Cy;H Cg/H CqH C,-H
Measured shift(4H,) 5.04 13.88 0.44 7.24 6.32 1.56 —0.50 —2.48
Predicted shift(4Hc)?) 6.98 6.19 1.83 —0.63 —2.47

@) The induced shifts are described by S-value.
b) Calculated on the basis of the co-ordination of the Eu atom with the oxygen atom of the cagbonyl group in the conformer
A in chart 3 and corresponded to the figure at minimum agreement factor R, 0.042(d=3.1 A, ®=24°).

12) a) J.K.M. Sanders, D.H. Williams, J. Chem. Soc., 93, 641 (1971); b) P.H. Mazzocchi, H.L. Ammon,
C.W. Jameson, Tetrahedron Lelt., 1973, 573.
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Tapre II. Minimum Agreement Factor R and the Co-ordinated Position of
' Eu Atom for Ethyl Indole-2-carboxylate Derivatives

Compound | d ' ) ‘ R

5-Methoxy-(5) 3.1A oo . 0.042
4-Methoxy-(4) - ' 3.1A 240 0.018
5-Methyl-(8) 3.2A - 26° _ 0.056
6-Methoxy-(6) 3.1A 24° ‘ 0.035
7-Methoxy-(7) - 3.2A ' 26° - 0.078
7-Methyl-(9) 3.0A . 24° 0.097
1-Methyl-5-methoxy-(10) 3.2A -7 ; 0.043

7

TasLe III. Tentatively Calculated Eu(DPM),-induced Shifts® (4H.,) on the Conformer B
* of Ethyl 5-Methoxyindole-2-carboxylate (5) '

Proton CH,CH, OCH,CH, OCH, NH CyH C~-H CqH CrH
Calculated shifts (4H.) 7.27  6.02 176 —0.61 —2.43
Observed shifts (4Ho)»  5.04  13.88 . 0.44 7.24 6.32 1.56 —0.50 —2.48

@) On the basis of the co-ordination of the Eu atom with the oxygen of the ethoxy group.’
b) The induced shifts are described by S-value.

&T?ﬂﬁbk. Willcott ITT™ 3 10 FEO(LAMICNTHEE2 v & 7 b
KROFHEET, FhbOR/N REE LT, 0.032—0.092 (F# 0.063)
EETVBOT, EELOBLERIMEHRSbOLEL LR,

Los L7eh s, LFEEOEST Chart3 tkids 290D a2 v v —
DF ARTELIND bORBITHS L WELTHOIL LOTH
% L LIs S HZERERL Ok B X B AL 2 ¥ h— ~— B A8
BT, TOAA A= bR vEO= - FARBEL Eu KTFHEAALT
WBETAURENE 2 BET HEFIIHR. FC T EuEFR B
DTV R = BT = — T AEBRRCRMCTAE D EREL, _ \
Chart 5 WRT IO AN A= VREL = —F A BB RS HL R ; \
e > THEET-k b, d=2.8,A, =15° D P HCR/IRH  Chart 5
0.038 L72%. ZOROHEED v 7 Ml (4Ha) % AHo ritk
Table IIT =R ‘ ‘ ‘ .

LoT@bRL R H0.088 B EL, RoTED 2va—~— A RBILTRoLRL R R HE,
D R EDHDBIE, 5-methoxyindole (5) 43 Chart 3 it = vh—<—0 A, B WFhy b b, foTE
LLOMERETIC Eu ETAER LT 502 RET 2K, 22 TUTFOHELT - THET A HC
L.

BEICHiNA L5, AAR= b o EORF LY TR by (OCH,CH,) RUEAREERR & LT EHER
BB L. L LS Y=~ — A, B KBTI, S0AF L Y0 BRETEA A= 1k S5 LR
—H\EHDEEETHE, avh—<— ABoOWFhick\Td Chart 3 KRR Lz X 5 IndBER L OME
RFORA—FECHBC Lls. S . »

%z Table I, TIT iR LcHE LD v 7 ME (4Ha) R P& (Bu EFOME, Table IT) &\,
FNERDFED A F vV KEO 4He DEXRHTHZ L L Lic. ©0 2HD 2 F VY KFIR L0 HHEEED
TS BIRERE L TREL bR\ Eu JBF0 5 OBENR LEVHE (farthest) &L b3E\V 44 (nearest),
SLICTMILE (average) RRETSERERHTHD. LT TThED 3 A4 Y K= AR IVH LR =%

0—CH.CH;

13) M.R. Willcott III, R.E. Lenkinski, R.E. Davis, J. Am.Chem. Soc., 94, 1742 (1972).
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S LCRD, FREROBATOVWTHELT, 2vh—<— A LTE 7.78, 1151 35X 08 18.66 %,
T vh——<— B ekt LTIT 22.77, 33.94, 35 L 0% 36.79 ppm &\~ 5 SFEfEAE bR, (Table IV). 44
H& iz T\ % ethyl 5-methoxyindole-2-carboxylate (5) DMk # 5 L v DR HIME (4H,) 1k 13.88 ppm TH
D, ZOfEiravih—<— A OEFKAY, avh—~— B CRHAUTETHI2FIHL,ILTHS. HLDOFE
23z 1 b ethyl 5-methoxyindole-2-carboxylate (5) 1T O\ T, & DT e fRET L TIE LLWERRI .

LI EkX7- X 51 ethyl 5-methoxyindole-2-carboxylate (5) TR+ NEHENE LD TRIC ethyl 4-
methoxy-(4), 5-methyl (8) ¥ X% 6-methoxy-(6)indole-2-carboxylate & D\ TCEBFEDOHEX T T, Table’
V R R A2 B, ¥4 5-methyl & (8) oW TiL, 5D A FAEDRBEIFEE IR THDT, LTDKE
BEFOFHWIfrBELY 1V F—AE A—PERCROEFECELTEALL. LOMRINLEED M v F -
MBI LT 4D 5-methoxyindole (5) MR TXE REXE2D P ARk bhic. ZOBFLLTEE
72\ % ethyl 6-methoxyindole-2-carboxylate (6) ™ £ b o YEDKENEHE > 7 P LTWBHETH 5.

DED X351 4,5,6 fricBHdka A3 % ethyl indole-2-carboxylate JHic o\ % Eu FEFNEH I A v

F— AR > TEELTWAEIRARSL, A v F—A EoSRF T2 Eu KT L oMTHEERD

TasrLe IV. The Tentatively Calculated Eu(DPM),-induced Shifts on the Methylene Protons
of the Ethoxy Group in Ethyl 5-Methoxyindole-2-carboxylate (5)

Calculated shift (ppm)

Conformer i
Farthest® Average®) Nearest®
AH A 7.78 11.51 18.66
¢ B 22.77 33.94 " 36.79
AH” 13.88

a) These terms show the distances between Eu atom and the hydrogens of OCH,CH,:
b) ‘The induced shifts are described by S-value.

TasLe V. Measured (4H,) and Predicted (4H.) Eu(DPM);-induced Shifts (ppm) of Ethyl
4-Methoxy-(4), 5-Methyl-(8), and 6-Methoxy-(6)indole-2-carboxylates

Proton
Compound CH,CH;, OCH,CH, OCH,; C;~CH; NH C;~H C-H C,-H Ce~H C~H
4-Methoxy  AH, 4.23 12.03 0.70 — 5.93 5.33- e 0.27 —0.50 —2.07
" Indole(4) AH,. — 5,90 5.23 — 0.37 —-0.53 —2.10
5-Methyl AH, 5.48 15.25 — 0.42 8.02 6.90 1.51 — —0.65 —2.74
Indole(8) AH. — 0.27 7.81 6,31 1.87 — —0.86 —3.09
6-Methoxy AH, 5.03 13.70  —1.00 — 7.10 6.13 1.60 0.30 — —2.33
Indole(6) AH,. — 6.90  6.13 1.80  0.43 — ~2.43

The induced shifts are described by S-value.

Tap1e VI. Measured(4H,) and Predicted(4H.) Eu(DMP),-induced Shifts(ppm) of Ethyl
7-Methoxy-(7) and 7-Methylindole-2-carboxylate (9)

’ Proton
Compound CH,CH, OCH,CH; NH C,—H C—H C,-H CG——H C,~OCH; C,—CH,
7~Methoxy AH, 4.07 12.20 6.37 5.33 1.07 0.27 -0.23 -1.37 —
Indole (7) AH. 5.77 5.10 1.50 0.37 —-0.53 —
7-Methyl AH, 5.58 15.70 5.30 6.44 1.09 0.14 —0.77 — —4.00
Indole (9) AH, 5.43 5.73 1.66 0.41 —0.63 — —3.88

The induced shifts are described by S-value.
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TasLe VII. Measured(4H,) and Predicted (4H.) Eu(DPM),-induced Shifts (ppm) of
Ethyl 5-Methoxy-1-methylindole-2-carboxylate (10) k

Proton CH,CH, OCH,CH, OCH, NCH, C,~H C H C+H C-H

Measured shifts (4H;) ~ 2.76  10.16  1.08 6.90 552 1.82 1.08 1.52
Predicted shifts (4H.) 10. 469 6.90 5.35 2.15 0.95 1.48

a) Calculated in the average position on the basis of the Posmon of Eu atom at R,0.043.
The induced shifts are described by S-value.

:OCHz(:HS ‘ CHSO ‘ /OCHzCHS

ppm
8.0

NCH;
6.0 S
Co—H

4.0

CH:CH:
C4“‘H Cha,rt 6
C7'_'H

Cs—H and OCH;

‘ ‘O.'S - 1.0(S valﬁe)mol/mol
[Eu(DPM);:]/5-m ethoxy-1-methylindole (10)

Fig. 2. The measured Eu (DPM) s-induced Shifts of
Ethyl 5-Methoxy-1-methylindole-2-carboxylate (10)

2.0

Eu(DPM); —induced shifts (ppm)

BAIEETRTLOTHD. BA1 Vv F—1H
i34 vy RECERTHD L5
CHERORBENE, MV K-V EEOERET
A% 7 FRED S8 LR LB
L0 bT, 2 MEHEETD I ArE=E
hﬁE#EuLK%Akm,4/b—wﬁ@%?ﬁRFLV%%%K%&M5$%H%Lﬁ%ﬁV
7-{iiE#1 Ethyl Indole-2-carboxylate Cxd e
K Z 1 ethyl 7-methoxy-(7) & X % 7- methyhndole-2-ca.rboxy1a.te (9) B L<RA#EDEE % 4T Table VI
WRTREREEL. O WECNT AR D R iz Table IT &3 » 7-methoxy Az LT, 0.078, 7-
methyl 2 LCix 0.097 L7ch, SFLLTHRDIVCEZVWETIRARWVVETSS. OERICOWTEE
LTAhBE, Bigho I &< ethylindole-2-carboxylate ¥Hicst LT, Eu 1T b A K = L BRCEAA T3 &3,
47F~”&®%§%?&%ﬁﬁﬁﬁ%%ow%ﬁ7ﬁﬂﬁﬁ?5ﬁ%§u.4VF~»@%§K%LPHMQ
BRETFTHD, Bu T LAV F-ABOEREL OMEMFRCK L OGN EEY 52 5. 20X 5 hEEL
LB0TARDS LI BECEEREEYEZBbDIR I L R= L EOBEDMBEOEITHLLEEL LS. T
bHEEDIZ 4,5, BIY 6-BREDO A H = L Hx Eu EFNER LcBicd, 1 v F —1k% s FA—FHEe
FET S L RELTHRETNE RELHBLY, 7 HEREOHEIL, SBICEM Lich v A= LKL ERED
VAR ED DI PEELMRE LT ET, AV F-ABORREMEEAERT> BxEEELmy, HAf=
NEDRA Y F -l B HAE (packered) L BRERAELSD. T LIBLIUALEROERIL, EBENEED
HERCENCH N R 2 VI A v F =B ERA—FECH B &5 KED, T-Bf1 v F— 2B LR, &4
FLBELS AL LW S ERRET L0 THS. - -
N-{#i Ethyl Indole-2-carboxylate JE{Cfd D EE .
TR LS L, T-BRCREBORMICE LT R ) O AEEL S 3 ENEM IR, (v
F-ABOBRLFETHEREL, L VRECEELEL BETHD. L2 TA Y F—ABDERC A 71
EZEA L ethyl 5-methoxy-1-methylindole-2-carboxylate (10) (Fig. 2 % X8 Table VII) oo\ T EE L
THBE, NH-f v F—AFEEKTHLRB L5, i) £7 F vO v 7 MER Eu(DPM); OBRECS LERE

0
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BICHK L, i) = AT ASAE = L EBLBRD T r b YDy S F ABERBMCAEL ¥ 7 F LT3
25, i) NH-4 v F— L DPE LR, BREH~c 7 P LTS 7 e b videl B S i, ZOEEND,
N-2Fnifk (10) Do 7 b b Eh, Bu BFLAAA= BB N Tsc b e lolizv sz by b o<
BUHED L FREERBM, —HEHWT, Eu BTORMT BB NH-1 v F - A HOSE &Rk iic R
SUETHL ETERINI. FE NH-A vV V-1 OBEHFLABOEM = vk —<—T, 2R =1EERIC Eu J{
CFSAEMELTN B E LCEE LARAD R{E 0.043 %52 % P &%, Chart 6 R4 X 5 wiicx LTaD
Rk Y, ¢=—1° d=32A LHEIRL.

T Eu[FFR 2 AT VO = —F VR TIRR A AR = VORI LT\ 2 H 2 HERT 5 b ethyl
5-methoxyindole-2-carboxylate (5) Kk UL C/iln »7c L ik, P HChr A= 13k Eu FRFBEAM LT3
bOEFEELT = AFRvEDOAF VY T r bt YOTPRALEL ETANLRDT, dHe FE LT, 10.46
ppm OfEXEA. SAE (4Ho) 1% 10.16 ppm TH D25 Eu FFARM LT 5HHR L= b+ R OBET
BT, AR AEOMETHS - LITHETHHHERIEN L.

COXHE N-x FAfhTik T- B LRI > TR TNE REZS X5 P ANRDLRL LW 55, #
BLEPE WAL - TR o e I A B2 v F = ABOFRCHEET S & LEFEENE LW L.
FerRBNI X 5, ERETRE LT peri fzhRERTEELOND T (LEH NH-1 v ¥ — A FH8E T,
AR = NVERA VP ABOFE L OETFT TR TS EEZLTN LERE BTV BIL: bbb d, X1
MEHEEERREVE HELZ RS N-2 F AT 5 FRofmE —RFETS L5 cBbhbhs. LhrLanis
N- 2 F AV EDHEE, N-2 FAEOKE I EEED DI, Fu BRIy vA= 10 ZEmiEa (B8 ot
LT trans WEAREI2%2B 72> C & Eu {731 v F=ABOERLOBEFERILbh, Hri=
AR OFE TR S s LRI T S (B E .

] ]

—ICELE SR EHRETH PMR kit 3 Eu (DPM); HMOERIZ, 1 v F—A D7 e b Vo assign
Y BERIE T 5, efhyl indole-2-carboxylate iz D\ Ty, NH FogEit, w2 vih—<— A (Chart 3) %%
2, AR AEBELA Y F—AEELORE Eu BFARAELTWSEEL2TEF e b v assign %47
Kz iEIwl, —F N-BH#AfcowTE, MUz vh—~—A T vV =1L BHHO e Bu EEn
B LT\ 5 &EF 2 C assign 2{T7e 2 XX EEm I ne.

BiEE AR H Y EAMETR R @MY R CIETRMETET B MRELCESRHT 5.

NII-Electronic Library Service





