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Abstract - Unambiguous assignment based on 2D 1H-1H homonuclear and 'H-'"C

heteronuclear correlations is given for the 13C—NMR spectrum of 9-methoxyellipticine

3c.nmr

(3) in DMSO-d6, settling the discrepancy existing between the earlier data. The
spectra of 5-methoxyindole (1), and 1,4-dimethylcarbazole (2), which have been used as

medel compounds for the earlier ]36 assignments of {3) have also been reinvestigated.

INTRODUCTION

Since the antitumour activity of naturally occurring ellipticines has first been recognizedI, there
have been intensive searches for more active and less toxic analogs.

]H-NMR spectroscopy has been routinely used for identifying the intermediates as well as the final

products obtained in the course of many syntheses of ellipticine and elTipticine derivatives that
have thus been carried out2'6’7. The more receni interest in the 131‘,-NMR spectra of these

13C together with 1H-NMR spectroscopy,

derivatives is concerned with the possibility of using
gither for studying their intercalation between nucleic acid bases3, or for recognizing the
tetracyclic system characteristic of ellipticines, when a ring closure is involved in the synthetic
processq. Complete 136 assignments of a number of ellipticine derivatives, including (3), have been
published3'5’8. most of these assignments3'5 being deduced from careful chemical shift comparisons
with closely related compounds such as the relevant indole, carbazole, isoquinoline, or pyridine
derivatives. The assignments of these model compounds were usually based on data obtained from

classical cne-dimensional (1D} NMR experiments while the most recent studyB used the INEPT
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technique together with substituent increments to reassign the "“C spectrum of elTipticine.
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However, even when every precaution regarding the experimental conditions to ensure meaningful
comparisons is taken, conclusions drawn from empirical chemical shift comparison are not always

unambiguous. This seems indeed to be the case for (3) as there is no full agreement between the

data already published3'5. We decided therefore to engage on an NMR study using the results of

homonuclear ]H-]H dipolar correlated as well as heteronuclear ]H-]3C chemical shift correlated
two-dimensional (2D) NMR experiments to reinvestigate the ]3C assignments of (3}, and of the two

model compounds (1) and (2).

1 13

H spectrum was assigned first, followed by the assignment of the ]3C spectrum using ]H- C

13

The

C assignments for protonated carbons or via
13

shift correlations either via ]JCH to provide the

lang-range ]30-]H couplings to provide assignments of quaternary carbons. The "~C assignments thus

obtained are clearly unambiguous.

RESULTS AND DISCUSSION

9

Earlier” we had completely assigned the L spectrum of (1}, (2) and (3) using selective homonuclear

decoupling and 1D-NOE experiments. In the case of intercalating drugs such as ellipticine

10 1

derivatives =, the 'H chemical shifts may be expected to be concentration-dependent due to the

existence of intermolecular interactions leading to vertical stacking of the aromatic heterocyclic
system characteristic of this series of molecules. As the solutions used for the previous
1D-experiments were at least five times less concentrated than the solutions used in the present
work, we reassigned the ]H spectra by performing ]H—]H dipolar correlated 2D-NMR experiments

(NOESY) on the more concentrated solutions used for obtaining the Ty-13

H

C connectivities.
Though the 'H chemical shifts were indeed found to be sensitive to concentration, and particularly
for (3), the independent assignments obtained here confirmed the earlier ones (Table 1).

With the ]H assignments complete and certain, unequivocal assignments of protonated and quaternary

13

carbon signals were obtained for (1), (2) and (3} by using 2D 14-13¢ shift correlation methods

{Table 2).
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15 has been cbtained for the compound in

15

Among the earlier B¢ assignments of (1)4:12715 only one

solution in DMSO-dé and our results fully confirm the data given by Ernst and Kang °. In the case

3.4 used also DMS0-d6 as the solvent. Comparison with our

of (2}, one4 of the two previous studies
results shows that the assignments of the carbon pairs -2 and C-3, C-4a and C-4b, C-5 and C-7
propased by Sainsbury gz_gl,4 must be reversed. The two ear]ier3’4 ]3C assigmments of (3) were both
given for (3) in solution in DMSO-d6. From the comparison of the older data3 with ours, it follows
that the assignment proposed by Ahond et al. is correct, though it results from the comparison of
the chemical shifts of (2} in solution in CDCY, with those of {3} in solution in DMSD-d6, whereas

4

the more recent assignment’ proposed for {3) disagrees with ours for C-4, C-5, C-7, C-8, C-10,

C-10a, C-10b, C-T1 and C-11a.

Table 1. 'H spectrum assignments of (1}, (2), and {3}

Concentration NH H-t H2 H3 H4 HS He H-7 H-8 H-10 Mel Med4 Me5 Me-1l OMe

TToaae M 1087 - 739 648 - - 685 740 - - oo ST
@ 1M 1108 - 745 652 721 - 693 748 - N - - - Y™
TTo2x10T™M 1089 - 705 6.80 - 759 - 705 7.43 - 248 276 - - 488
a)sm04M 100 . 716 692 - 17 - 716 155 - 261 28 - - 397
0200 M 1120 9.69 - B4l 7.8% - - 749 7.20 789 - AT Y T
(314x104n4 1125 980 . 852 8.01 - - 76 131 800 - - 289 339 403
EXPERIMENTAL

The NMR experiments were performed on a Bruker WM 250 spectrometer equipped with an Aspect 3000
computer. The probe temperature was (313 2 1K) for all the experiments and quadrature detection was
used throughout. Chemical shifts are measured relative to the central peak of the

dimethyTsulphoxide multiplet and converted to the tetramethylsilane scale using &mso = 2.62 ppm

for ]H and Somso © 39.60 ppm for ]3C.

The pulse sequence used for the NOESY experiments was D1-(n/2,]H)-T-(H/Z,]H)-Dz—(n/Z,]H) acquire.

For the 1H-13

m

H-"~C chemical shift correlations, the applied pulse sequence was that of Bax and

13

Morris' ', The polarization transfer delays were optimized either for direct Yy C couplings to
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obtain direct 1H-13C connections or for 5 Hz long-range couplings which permitted unequivocal

assignment of the quaternary carbons.

Table 2. 3¢ spectrum assignments of (1), (2), and (3)

c 2Y) @ &)

1- - 117.4 149.6

2 125.8 125.6 .

3 101.1 119.5 140.3
4 102.¢ 129.6 115.9
4a - 120.5 1323
4b - 123.3

5 153.3 105.5 107.8
5a - - 141.2

The chemical shifts were found to be insen-
6 1113 152.% -

sitive to concentration in the range

ta . - 1373
7 1zl 1134 1110 5x 102 Mta5x 107 M
8 1313 1113 115.1
fa T 1348 3
3 1283 . 153.1
9a T 1399 -
10 - - 107.8
10a N . 1236
100 - ; 121.6
11 } - 123.3
112 - T - 1280

OMe 354 556 55.7

Me-1 - 16.6 -

Me4 : 20.1 -

Me-5 - - 11.7
Mell - - 1a2
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CONCLUSION

3C-NMR chemical shifts of (3) was uncertain and even contradictory.

i

The assignment of some of the 1

T, 1

H homonuclear and H-TSC heteronuclear correlations has enabied us to assign

13

The use of 2D 'H-

unambiguously the '°C NMR spectrum of {1}, (2}, and (3} in solution in OMSO-d6 ; some of the
earlier assignments of {2), and [3) are thus corrected, whereas those of (1) are fully confirmed.

i3

Definitive '’C data are thus provided for these compounds containing the important indole

chromophoric group.
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