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Series ofm and p-substituted benzyl derivatives of pyrrole, tetramethyl 1-benzyl-3a,7a-dihydroindole-
2,3,3a,4-tetracarboxylate, and trimethyl 1-benzylindole-2,3,4-tricarboxylate were prepared af@ MR

spectra were obtained in 0.1 M solutions of chlorofdrnBoth single substituent parameter and dual
substituent parameter analyses were carried out to correlate the substituent chemical sBiferbtmeof the

indole series showed the most profound substituent effect dependence as well as the best correlation. The
results are explained by the hyperconjugation of the benzyl methylene group.
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Introduction the nitrogen atom fromdEls-Y and therefore, thex should
be larger tharpy. The estimation of sign and magnitude of
Correlation of the chemical shift with substituent constanthe substituent chemical shift, however, seems to be compli-
(e.g, Hammetto) has been widely used to investigate thecated by many factors which affect the chemical shift.
nature of the effect of the substituent on the physical proper- In the course of exploring of the possibility of using NMR
ties of compounds. Electron density around the nucleus a$pectroscopy for quantification of aromaticity of hetero-
interest (H, C) is mostly affected by the electron-donatingcyclic compoundswe observed a striking contrast in the
and electron-withdrawing ability of the substituent. correlation of the chemical shifts of and -protons and
Therefore, a correlation between the observed chemicalarbons in 1-benzylpyrrolésFor example, thgg-Hs show
shift and any parameter representing such ability seems to lexcellent correlation = 35.2 Hz, r = 0.995) with the
well-founded, and there are numerous reports on the sulidammetto whereas thex-Hs show poor correlatiorp(=
ject? 16.8 Hz, r = 0.779). In case of carbogc is 117.9 Hz (r =
The single substituent parameter (SSP) approach which 3.973) which is more than five times larger than thad.ef
represented by Eq. (1) has been used to correlate the chemio&P1.7 Hz (r = 0.651). The correlation is much worse for the
shift of m and p-substituted compound to unsubstituted a-C. The benzylic protons show a fair correlation with
compound using the Hammet, and g, values. Values of 85.4 Hz (r = 0.942), but the benzylic carbons show negative
Bg were reported for the system wf and p-substituted  slope withp -55.9 Hz with very poor correlation coefficient
cinnamic acids in order to have a better correlatioR®f (r = 0.599). This can hardly be considered a trend. Apparent-
chemical shif2 The dual substituent parameter (DSP)ly, the electronic effect of the pyrrole ring and that of the
approach, on the other hand, divides the effect of substituestbstituent in the phenyl ring collide at the benzylic center to
effect into inductive @) and resonancegg) parameters as cause such abnormality in correlation. However, it is not
represented in Eq. (2). certain what the exact cause of such abnormality is.
5=po+d 1) In order to have a better understanding on the nature of the
substituent chemical shift it seems desirable to have a system
O0=pP0i +PrOR + & (2 in which the five-membered nitrogen-containing heterocycle
is not fully aromatic so that the ring current effect of the

The magnltudg as well as the sign mishould haye a rfeterocycle does not collide with the electronic effect of the
profound meaning on the mechanism of the transmission o : ) . .
substituent in the phenyl ring at the benzylic center. A

the substituent effect. For example, correlations of the . :
chemical shift of carbonyl carbon with the Hammtior System like 3,4-dihydro-1-benzylpyrrole should be a reason-

o AN i able choice for such purpose. Although 2,5-dihydropyrrole
the system of b'enzanllldes,. XBH:‘. CO-NH- GH,-Y show . (3-pyrroline) is commercially available, 3,4-dihydropyrrole
normal correlation when Y is varied, but reverse correlatlon(or 2-pyrroline) is not known to date. However, one closel
is observed when X is variedr Polarization has been Py ) ' y

attributed for such observatiéfi. The magnitude ofox related system to 2-pyrroline is the skeleton of 3a,7a-

i dihydroindole, which is a known compouhd.
(-2.838 ppm, r = 0.940) is larger than thapef(0.853 ppm, ; :
r = 0.975) in DMSGds. The carbonyl carbon is directly In this paper we report the synthesis of eleNefmr and

. o p-substituted)benzyl derivatives of pyrrole tetramethyl
bonded to the phenyl ring of Xs8,, but it is separated by 3a,7a-dihydroindole-2,3,3a,4-tetracarboxylat®s and
"This paper is dedicated to the memory of Professor Sang Chiiimethyl indole-2,3,4-tricarboxylate® and their substituent
Shim. chemical shift properties.
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Results and Discussion Table 1 Best Fit of the Single Substituent Parameter Equation for
13C Chemical Shifts of 1-Benzylpyrolg Dihydroindoles2, and
The 3a,7a-dihydroindole esteBswere prepared by the !ndoles3in Chloroformd (0.1 M) in Hz
known method from 1r¢ andp-substituted)benzylpyrroles 1 2 3
and dimethyl acetylenedicarboxylate (DMAD)The di-

: . P r P r p r
hydroindoles 2) were converted to indole8)(by treatment ch 643 0648 297 0646 506 0642
with bromine in methanol. The aromatization went well for2 2 -21.6 0.610 -96.0 0‘983 i04‘2 0‘ 977
all the cases excegtnitro (2f) and p-bromo @g) com- ' ' s ' gl '

3 1246 0985 216.8 0981 126.7 0.991

pounds. Analytical purity is essential to make 0.1 M solution
in chloroformd for each compound so that the error 3a
originated from the concentration is minimized. Therefore,
the products were isolated using column chromatographg
and then purified by recrystallization. The chemical shift
values of protons and carbons &and3 are listed in Tables

127 0.776 158 0.911
126  0.843 285 0.927
11.5 0.836 56.3 0.993
99.0 0.956 80.3 0.990
771 0973  -73.8 0.968
712 0952 -119 0.628

5-12. 2-C=0 312 0983 -236 0958
E. ¢ e . 3-C=0 -31.8 0.989 -205 0.906
N ether < Br, @\/\gﬁ 3a-C=0 512 0.986
N e W TWeon N E 4-C=0 259 0986 -39.6 0.982
Mz E CHy CH, 2-OCHs 12.7  0.980 159 0.969
@ E = COOCH, @ @ 3-OCHs 256 0978 138 0.969
X X X 3a-OCH 282  0.935

z z Z=p-NO, z
1 ) 3 4-OCH; 102 0975 201 0.975
Bry, MeOH E £ E

/@\/&E of indole-2-carboxylic acid and indole-3-carboxylic acid is
Br N about same (107.2&107.26 ppm) in chlorofornd; but that

of indole-4-carboxylic acid is 102.18 ppm.

The C-2 and C-3 portion @&may be considered an amino-
£.pNO 8. p-Bri b, p-Cli . p-OCH; J. p-CHy. k. H Yo, maleate system. The assignments can be made by com-
parison to similar aminomaleate compoufifike signal for
7a-C of2 is readily assignedé 67-68 ppm) by théH-°C

Attempted aromatization @ (p-NO,) with bromine gave HETCOR spectrum. The assignment of 3a-C which &gan
4 of which bromine was added to 6-C—7-C double bond irhybridized carbon, then becomes obviates $5 ppm).

60% yield. No signal corresponding3bwas detected inthe  The results of the correlation with the SSP are listed in
NMR spectrum of the reaction mixture. The structurd of Table 1. In our previous repbwith 1, a g, value of -0.268
was confirmed by spectroscopic method as well as elementalas used for the methoxy substituéhi value of -0.12 is
analysis. An attempt to aromatiZg (p-Br) was most used for the same substitu&rih the present report because
troublesome, resulting in many components present in thie gives better correlations for all series examined for the
reaction mixture includin§g and a compound similar b present study.

The NMR assignments were made with the aid-btH 1-Benzylpyrrole {) and 1-benzylindole3) are systems in
COSY and'H-*C HETCOR analyses. The assignments forwhich the aryl and heteroaryl groups are connected to the
carbons bearing a proton were quite obvious, but the carbosame methylene carbon. Therefore, it is expected that the
and the protons of the ester groups were assigned by exanshemical shift of Chl 2-C and 3-C are influenced similarly
nation of HMBC spectra. The 3a-COOg#f 2 is bonded to by the substituted phenyl group. However, to our surprise,
ansp>-hybridized carbon atom and #%C chemical shift of the methylene carbons, which are directly bonded to the
the carbonyl carbon is downfield by about 10 ppm comparegubstituted phenyl ring, show no correlation (r = 0.642-
to those of 2-, 3- and 4-COOGHvhich are bonded to an 0.646). The 2-C of show no correlation (r = 0.610) whereas
sp-hybridized carbons. The methoxy carbon of 3a-CO@CH that of 3 show negative correlatiop & -104.2 Hz) with a
group is also further downfield than other ester groups. moderate correlation coefficient (r = 0.977). In contrast, the

The assignments of 2-, 3-, 3a-, and 7a-@ efhich are  3-Cs of1 and 3 show strong dependency to the effect of
based on the reported chemical shift of various indolesubstituent with good to excellent linear relationship=(
derivative§ are consistent with the analysis of HMBC 124.6 Hz, r = 0.985 fal; andp = 126.7 Hz, r = 0.991 ).
spectra. Among them, in general, 7a-C appears in mos$turthermore, the bridge-head carbons, 3a-C and 7a3C of
downfield €a. 136-138 ppm) and 3-C appears in mostshow quite contrasting trends. For 3a-C, which should
upfield ca 100-110 ppm). The observed chemical shift for correspond to 3-C df show a moderate trend with a normal
3-C (ca. 116.55 ppm) seems to be influenced by the prerelationship p = 15.8, r = 0.911). On the other hand, 7a-C,
sence of 4-COOCHgroup. In fact, the chemical shift of 3-C which corresponds to 2-C df, show a reverse trend of

Z: a, m-NOy; b, m-Br; ¢, m-Cl; d, m-OCHj; e, m-CH;,
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correlation p = -11.9 Hz, r = 0.628), but the difference in An excellent correlation coefficient (r = 0.990) may also
absolute magnitude gfza.c and psa.c may be considered reflect the presence of such polarization.
negligible. The SSP correlation d? with the Hammetto is also
The two rings inl may be rotating freely along C-C and interesting. As mentioned in the section of the assignments
C-N bonds. Similar free rotation is not feasibleidue to  of the chemical shift, the dihydroindole skeleton consists of
the bulkiness of the indole skeleton. The presence of th&wo parts: an aminomaleate and an extermjBdunsaturated
ester groups at 2-C may make the free rotation even momester. The 5- and 6-membered rings are cis-fused. Also, 6-C,
difficult. The consequence of restricted rotation is that the7-C, and 7a-C are in the vicinity of the phenyl ring, while 4-
overlapping of the back lobe of one of #orbitals (which  C and 5-C are away from the phenyl ring. One of the striking
forms a C-H bond of the methylene group) and the lone paibbservation is the exceptionally largealue for 3-C (216.8
orbital on the N atom is feasible. The result of suchHz) with good correlation coefficient (r = 0.981). UnliRe

overlapping may be hyperconjugation like which is fully aromatic, neither ring ir2 is aromatic.
Furthermore, the conjugation is disrupted and the lone-pair
e o CHs e oL S e QS electrons on the nitrogen atom can only be delocalized
°© © ° @/C through resonance to tle3-unsaturated ester. The unusual-
o OcH, o (o Vo ly large p value cannot be explained by the through-bond
Il ne° T G CH, transmission of the effect of the substituent only. If that is the
- " H i | 3 casem-c should be larger tham.c because 2-C is closer to
\\Z % g the substituent. The 3-C lies in the region where the effect
N b | can be transmitted through space, like in strudture
The structure likel may be considered an extended ° 3“3
conjugated double bond system similar to an extende - 7;\)?\ o
cinnamate estéf. It is known that a normal and inverse S\ ° ’
effect alternate in such systems. The correlation of the T \\@
HH

substituent chemical shift of each carbon atom along th
conjugated chain is usually good. This is the case 3vith
shown in Table 1. The contribution of structliralso seems
significant because the averaged chemical shift of the The results of DSP analysis are listed in Tables 2, 3, and 4
carbonyl carbons at 3-C is 161.26 ppm which is shifted tdor 1, 2, and3, respectively. The best fit was obtained using
upfield by more than 5 ppm compared to other two carbonybrea) valuest* Other values such aso, or+, and or- did
carbons (166.74 for 2-C and 166.90 ppm for 4-C in average)not give good correlation. The fitness @&ga) is under-

Both 2-C and 7a-C are bonded to the nitrogen atom anstandable because the methylene group should act as an
both show inversed effect of the substituent. This is underinsulator for the transmission of the effect of substituents.
standable becausg polarization of a conjugate system Furthermore, the hyperconjugate nature in which the methyl-
induces an alternating partial positive and negative charge anhe carbon bears sorsgf hybrid character is in consistent
each end of thaunit!*® The magnitude gb,.c, however, is  with the use oforgs). The “goodness of fit" of a DSP
about nine times larger than that pf..c This may be correlation is usually judged by the paraméter SD/RMS;
evidence of the conformatida being more favorable than where SD stands for the standard deviation of the fit, and
Ib. The effect of a substituent should transmit like a dipoleRMS is the root-mean-square size of the experimental data).
and the atoms which lie on the direction of the dipoleThe smaller thé value, the better the fit. Therefofejalues
moment should be more influenced by the electronic naturef 0.0-0.1 represent excellent correlation, fwdlue of 0.1-
of the substituent than other atoms are. This may be one 6f2 represent moderately good correlation. Afsgalues
the reasons thatH chemical shifts are rather poorly greater than 0.3 may be considered to represent only a crude
correlated to the Hammett although we have not included trend.*
such analysis in the present report. The DSP analysis shows that, in genefal(= pr/0)

Transmission of the effect of a substituent, howeveryalues are smaller than 1, indicating that the inductive effect
occurs not only through bonds but also through space. This more important than the resonance effect in most cases,
latter type of transmission becomes significantlanin
which the indole and the phenyl rings are in close proX'm'ty’l'able 2 Best Fit of the Dual Substituent Parameter Equation with

The two rings are not coplanar and 7-C is C|0_595t to the top, ., for *C Chemical Shifts of 1-Benzylpyrolein Chloroform-
of the phenyl ring. Therefore, 7-C may show inverse corred (0.1 M)

lation.

Analysis of 6-C shows the largept value among the
carbons in the benzene ring. It is at the meta position from
the nitrogen atom to which the through-space transmission is 2,5
minimal but the inducedr polarization is greatly enhanced. 34

Je] PR & ppm  SD f A
CH, 1.48 020 53.06 0.19 0.38 0.14
0.12 0.70 120.97 0.15 1.32 5.83
1.40 0.60 108.49 0.10 0.22 0.43
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Table 3. Best Fit of the Dual Substituent Parameter Equation withsignificantly larger than any other carbons in the series. The
Oren) for 3C Chemical Shifts of Dihydroindolesin Chloroform-

exceptionally largel value of 2,5-C ofl and close values of

d(0.1M) 2-C and 3-C oP and3 may be considered evidence of the
o pr &, ppm SD f A hyperconjugation described earlier. The methylene proton of

CH, 116 005 4944 0.16 034 004 Llisnotacidic enough to form a structure like

2 -1.10  -0.40 152.47 0.06 0.14 0.36 -

3 2.33 127 102.65 0.11 0.13 0.57 @

3a 0.30 0.06 5543 0.06 1.15 0.20 Hot

4 0.21 0.06 126.74 0.03 0.68 0.28

5 0.18 0.06 130.96 0.03 0.58 0.33 7]

6 1.05 0.60 124.83 0.05 0.13 0.57 =Y

7 -0.85 -0.40 12417 0.04 0.13 0.47 v

7a 0.85 040 67.95 0.10 0.41 0.47

2.C=0 033 -016 16425 0.1 0.07 0.48 On the other hand, the presence of the ester groups at 2-C

3-C=0 034 -018 16344 0.02 0.20 053 and 3-C of2 and3 should enhance the probability of the

3a-C=0  -055 -045 17454 0.08 0.37 0.s2 hyperconjugative structure lika or Ib. Such hyperconju-

4-C=0 028 -013 16634 0.01 0.08 0.4 dation should make the transmission of the effect through

2.0CH 016 003 5503 001 022 019 resonance more effective.

3-OCH; 0.28 0.13 51.09 0.01 0.15 0.46 ) )

3a-OCH 034 014 5510 0003 025 041 Experimental Section

4-OCH 0.10 0.07 5197 0005 0.14 0.70

except 2-C=0 and 3-C=0 & and 2,5-C ofl. The latter

case is very unusual becadsealue is 1.32 indicating no
correlation. Thel value of 5.83 is also unrealistic and these

values represent that the chemical shift of 2,5-Q dbes

Melting points were determined on a Fischer MEL-TEMP
apparatus and are uncorrected. Nuclear magnetic resonance

Table 5 *H Chemical Shift Valuesd of Substituted Dihydro-
indoles2 in Chloroformd (0.1 M)

2- 3 3a 4

not correlate at all with any substituent constants.
In most cases whefevalues are less than 0.2, the value of

CH; Jw® 5-H 6-H 7-H 7a-H

OMe OMe OMe OMe

A varies from 0.36 to 0.70 with an average of 0.52. Thi?a
meanspr is about half ofp: that is, the inductive effect is 2b
more significant than the resonance effect. However, if on@c
considers the prevention of the transmission of the subzd

4.37 16.09
4.24 15.83
4.24 15.79
4.24 15.66

7.04
7.01
7.01
6.99

6.24
6.21
6.20
6.19

5.82
5.80
5.80
5.80

4.84
4.83
4.83
4.83

3.81
3.82
3.82
3.81

3.65
3.63
3.63
3.63

3.75
3.76
3.75
3.71

3.76
3.76
3.76
3.75

stituent effect by Ckigroup, the magnitude @ is quite
significant.
The magnitudes gdrandp of 2-C and 3-C o and3 are

. . . . 2i
Table 4 Best Fit of the Dual Substituent Parameter Equation W|th2?

Orea for 1*C Chemical Shifts of Indole3 in Chloroforme (0.1

2e 4231555 6.99 6.18 580 4.83 3.83 3.63 3.72 3.75
2f 4.3716.43 7.04 6.23 579 483 3.81 365 3.75 3.77
29 4.2115.78 7.00 6.20 5.78 4.80 3.82 3.63 3.73 3.76
2h 4.2315.71 7.01 6.20 578 480 3.82 3.63 3.73 3.76
4211533 6.99 6.18 579 479 3.84 3.62 3.71 3.75
4231549 6.99 6.18 579 4.81 3.83 3.63 3.72 3.75
2k 4.271558 6.99 6.19 580 4.82 3.82 3.63 3.71 3.75

Table 6. °C Chemical Shift Valuesd( of Substituted Dihydro-
indoles2 in Chloroformd (0.1 M)

CH, 2€C 3C 3aC 4C 5C 6-C 7C 7acC

2a 48.75151.71 104.33 55.48 126.79 131.05 125.57 123.66 68.39
2b 48.75152.07 103.31 55.44 126.70 130.98 125.06 123.95 68.13
2c 48.81152.08 103.27 55.45 126.70 130.97 125.04 123.97 68.11
2d 49.31152.47 102.62 55.40 126.69 130.90 124.70 124.26 67.78
2e 49.30152.56 102.39 55.38 126.68 130.91 124.67 124.26 67.81
2f 48.88151.77 104.37 55.42 126.83 130.99 125.62 123.57 68.28
29 48.88152.19 103.32 55.36 126.74 130.93 125.12 123.94 67.90
2h 48.81152.22 103.25 55.35 126.72 130.95 125.10 123.96 67.89
2i 48.92152.53 102.50 55.31 126.70 130.93 124.76 124.30 67.65
2] 49.15152.57 102.44 55.33 126.70 130.93 124.74 124.26 67.71

M)
o o, & ppm  SD f A *Hz.

CH, -1.26 0.41 48.27 0.18 0.43 -0.33
2 -1.05 -0.55 128.06 0.03 0.11 0.52
3 1.25 0.82 11650 0.06 0.16 0.66
3a 0.19 0.08 12158 0.02 0.31 0.42
4 0.29 0.21 124.37 0.03 0.27 0.72
5 0.60 0.25 12533 0.03 0.18 0.42
6 0.70 0.60 124.86 0.05 0.20 0.86
7 0.75 0.40 11544 0.01 0.06 0.53
7a -0.30 -0.003 138.40 0.04 0.67 0.01
2-C=0 -0.20 -0.25 166.81 0.04 0.51 1.25
3-C=0 -0.20 -0.21 161.30 0.03 0.50 1.05
4-C=0 -0.40 -0.21 16695 0.01 0.11 0.53
2-0OCHs 0.19 0.06 52.33 0.02 0.32 0.32
3-OCHs 0.25 0.03 5261 0.02 0.31 0.12
4-OCH; 0.16 0.05 52.06 0.01 0.26 0.31

2k 49.41152.50 102.64 55.37 126.71 130.93 124.81 124.20 67.85
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Table 11 H Chemical Shift Valuesd of Phenyl Protons in
Substituted Dihydroindole2 and Indoles3 in Chloroform4 (0.1

2-CO 3-CO 3a-CO 4-CO 2-OMe 3-OMe 3a-OMe 4-OMe M)
2a 164.00 163.22 174.20 166.13 53.12 51.27 5332 52.04 ZH ¥H 4H SH 6H Me
2b 164.12 163.31 174.46 166.24 53.06 51.15 53.22 52.00 22 8.10 8.17 7.54 7.63
2c 164.24 163.43 174.57 166.33 53.05 51.06 53.06 51.96 3a 8.08 8.10 7.43 7.28
2d 164.26 163.46 174.63 166.36 53.01 51.05 53.05 51.962b 7.37 7.43 7.22 7.21
2e 164.00 163.19 174.04 166.14 53.14 51.29 53.29 52.053b 7.26 6.90 7.12 7.37
2f 164.12 163.30 174.45 166.24 53.07 51.15 53.26 52.00 2C 7.22 7.26 7.14 7.26
2g 164.12 163.35 174.29 166.24 53.06 51.15 53.17 51.99 3¢ 7.08 7.17 7.20 6.88
2h 164.14 163.36 174.32 166.26 53.06 51.15 53.17 52.00 2d 6.80 6.83 7.24 6.83 3.63
2i 164.26 163.50 174.54 166.35 53.03 51.06 53.09 51.96 3d 6.60 6.59 7.17 6.76 3.71
2j 164.27 163.46 174.58 166.36 53.01 51.05 53.08 51.96 2€ 7.04 7.10 7.23 7.03 2.34
2k 164.24 163.44 174.53 166.34 53.02 51.08 53.09 51.97 3e 6.87 7.03 7.14 6.81 2.26

2f 7.44 8.20

Table 8 H Chemical Shift Valuesd of Substituted Indole8 in gf 7813 747
Chloroform4d (0.1 M) 33 .a ’

CH; 5-H 6-H 7-H 2-OMe 3-OMe 4-OMe 2h 7.31 7.18
3a 587 792 741 752 390 394 400 3h 7.23 6.97
3p 575 789 738 751 389 393 3.99 2i 7.16 6.86 3.62
3c 576 7.89 738 751 389 393 3.99 3 7.00 6.79 3.74
3d 576 787 735 754 389 392 3.98 2 7.12 7.14 2.33
3e 575 787 735 754 389 393 3.99 3 7.06 6.93 2.28
3h 575 789 737 751 388 393 399 2k 7.26 7.33 7.33
3i 572 786 736 757 389 392 398 3k 7.03 7.24 7.25
3] 5.75 7.86 7.35 7.55 3.88 3.92 3.98 aN ot prepared (see text)_
3k 579 787 735 754 388 393 3.98

Table 9. **C Chemical Shift Values® of Substituted Indole8 in
Chloroformd (0.1 M)

Table 12 *C Chemical Shift Valuesd| of the Carbons in

Substituted Benzyl Groups in Dihydroindo2sand Indoles3 in
Chloroformd (0.1 M)

CH, 2C 3C 3aC 4C 5C 6C 7C 7aC ¢ 2€ 3C 4C 5C 6C Ch

3a 47.78 127.30 117.41 121.72 124.63 125.72 125,53 114.97 138.332  138.39 12250 148.49 12320 129.93 133.60

3b 47.81 127.64 116.92 121.62 124.47 12551 125.22 11529 138.382  139.11 121.52 148.50 122.78 129.95 132.26

3c 47.88 127.64 116.92 121.62 124.47 125,51 125.21 115.30 138.38P 13816 131.32 122.90 130.41 130.66 126.25

3d 48.32 128.07 116.53 121.57 124.38 124.94 125.32 115,56 138.48P 13917 13039 12291 129.31 130.84 124.80

3e 48.40 128.12 116.36 121.57 124.36 125.28 124.89 115.62 138.48C  137.90 128.38 134.77 127.73 130.13 125.78

3h 47.78 127.69 116.84 121.61 124.47 125.46 125.14 115.30 138.38C  138.93 127.89 134.75 126.41 130.11 124.47

3 47.88 128.14 116.33 121.50 124.42 125.23 124.84 11557 13g.37d ~ 137.14 113.93 160.08 112.94 129.83 119.88 55.26

3j 48.17 128.11116.36 121.55 124.34 125.26 124.86 115.50 138.43d ~ 138.47 112,64 159.93 112.24 129.86 118.44 55.17

3k 48.37 128.05116.52 121.57 124.39 125.31 124.93 115,54 138.44¢ 13543 128.39 138.58 12891 128.73 124.78 21.40
3e 136.77 128.65 138.52 126.80 128.40 12326 21.42
of  147.76 128.39 123.57 143.54

Table 10 ¥®C Chemical Shift Valuesd( of the Ester Groups in  3f a

Substituted Indole8 in Chloroformd (0.1 M) 29 13473 129.41 131.95 122.14

2.CO 3CO 4CO 2-OMe 3OMe 4OMe 39 a

3a 16660 16118 16668 5243 5276 5216 <20 13419 12900 129.10 134.04

3b 16670 16119 166.82 5237 5267 5210 o 13538 128.95 127.60 133.45

3c 16671 16119 16682 5237 5267 5210 4 12913 12734 11420 159.48 5531

3d 16677 16129 166.96 5231 5260 5205 o 12890 12764 114.14 159.04 55.25

3e 16682 16131 167.01 5232 5259 5206 4 137.95 12772 12951 132.35 21.13

3h 16670 16121 166.84 5236 5265 5210 o 137.29 12615 12942 133381 21.04

3 16677 16136 167.01 5229 5260 5204 2K 13553 127.76 128.84 128.18

3 16681 161.30 167.00 5230 5259 5204 oK 13685 126.18 128.77 127.59

3k

166.77 161.28 166.96 52.31 52.59 52.05 °“Not prepared (see text).
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(NMR) spectra were recorded on a Bruker DPX-400 FT59.08 (3a-C), 68.68 (7a-C), 103.55 (3-C), 124.01 (3',5’-C),
NMR spectrometer in the Central Lab of Kangwon National129.46 (2',6'-C), 129.89 (4-C), 135.95 (5-C), 143.04 (1'-C),
University with chloroform-d as the solvent at 400 MHz for 147.87 (4'-C), 151.64 (2-C), 162.64 (CO), 163.38 (CO),
'H and 100 MHz fof*C and were referenced to tetramethyl- 165.91 (CO), 172.15 (3a-CO): MS, m/z (%) 648 (6,4M4),
silane. The concentration of the solution was 0.10 M646 (12, M + 2), 644 (6, M), 617 (4) 615 (8) and 613 (4, all
Electron-impact mass spectra (MS) were obtained using all*™ - OCH), 589 (52) 587 (100) and 585 (51, all'M
Automass M363 mass spectrometer. COOCH), 567 (11) and 565 (11, all'™ Br), 557 (26) 555

Starting Materials. 1-Benzylpyrroles 1) were prepared (51) and 553 (26, all M- COOCH - HOCH), 535 (18) and
by the reaction of 2,5-dimethoxytetrahydrofuran and thes33 (17, all M - OCH; - HBr), 486 (65, M- 2 Br), 475 (72)
corresponding benzylamines as repofted. and 473 (72, all M- HBr - COOCH, HOCH), 455 (56, M

An lllustrative Procedure for Preparation of 2. A - 2 Br - OCHy), 427 (22), 426 (24), 260 (26), 228 (22), 136
mixture of 1 (10 mmoles) and DMAD (22 mmoles) was (37), 106 (100). Anal. Calcd for @&12:Br.N2O1o (646.25):
placed in a v-vial (5 mL) and stirred at 8D for 48 h. The C, 42.75; H, 3.43; Br, 24.73; N, 4.33. Obs: C, 42.66; H, 3.54;
mixture was chromatographed on a column of silica gel wittBr,24.52; N, 4.35.
hexane-ethyl acetate (4:1). The eluents were evaporated ]
and the residue was recrystallized from methanol. The yields Acknowledgment We thank Dr. Michael Haukaas of
and mp:2a 63%, 65°C (dec.);2b: 20%, 107°C; 2¢ 42%, University of Minnesota for helpful discussion and proof-
100-101°C; 2d: 78%, 79C (dec)2e 20%, 107C; 2f: 63%, reading the manuscript. This work was supported by Korea
177-178C; 2g. 57%, 137C; 2h: 42%, 157-158C; 2i: 13%, Research Foundation Grant (KRF-99-005-D00042).
114°C; 2j: 72%, 143-144C; 2k: 49%, 137C.

An lllustrative Procedure for Preparation of 3. A
solution of2 (2 mmoles) in methanol (25 mL) was cooled in ) )
an ice-water bath and bromine (0.16 mL, 3 mmoles) wasl' 1C raik, D. J.; Brownlee, R. T. €rog. Phys. Org. Chem983 14
added. The solution was gradually brought to room temper-. sjater, C. D.; Robinson, C. N.; Bies, R.; Bryan, D. W.; Chang, K.;
ature and stirred for 2 h. The solvent was removed by Hill, A. W.; Moore, W. H., Jr.; Otey, T. G.; Popperlreiter, M. L.;
evaporation and the residue was recrystallized from meth- Reisser, J. R;; Stablein, G. E.; Waddy, V. P. IlI; Wilkinson, W. O.;
anol. The vyield and m@a: 54%, 185-187C; 3b: 5%, 115 Wray, W. A.J. Org. Chem1985 50, 4125.

A A . AL, 3. Suezawa, H.; Yuzuri, T.; Hirota, M.; Ito, Y.; Hanada,Bill.
°C; 3¢ 68%, 103C; 3d: 23%, 67°C; 3e 31%, 97°C; 3h: Chem. Soc. JprL99q 63, 328.
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