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ASSIGNMENT OF METHOXYL RESONANCES AND
OBSERVATION OF RESTRICTED ROTATION OF B-RING
OF 2'-METHOXY FLAVONES BY 2D-NOESY IN
CONJUNCTION WITH ASIS
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ABSTRACT: 2D-NOESY in conjunction with aromatic solvent
induced shifts (ASIS) allowed unequivocal assignments of methoxyl
resonances in polymethoxylated pyranoflavones thus providing an

additional aid for the structural elucidation of natural products.
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In addition, the unusual nOe interactions observed in 2'-
substituted B-ring flavones with H-3 or H-4" of the pyran ring

suggested hindered rotation of the B-ring.

INTRODUCTION

Hydroxyl and methoxyl groups are ubiquitous in natural
products. Various color reactions and spectroscopic methods have
been extensively used for the location of hydroxyl groups! 2.
However comparative stability of C-0-CHs bonds do not allow
application of similar techniques for the assignment of the
methoxyl groups. We report here a direct method for precise
assignments of methoxyl resonances in polymethoxylated compounds
using 2D-NOESY in conjunction with aromatic solvent induced shifts
(ASIS). These assignments provide additional aid for structure
elucidation. Three closely related pyranoflavones riz. isoracemo-
flavone dimethyl ether (1), cycloartocarpesin trimethyl ether (2)
and isocycloartocarpesin trimethyl ether (3), synthesized by
unambiguous routes3®:'4 were selected as models to illustrate the

utility of the combined techniques3.

RESULTS AND DISCUSSIONS

NMR spectroscopy has limited scope for the assignment of
methoxyl resonances due to lack of scalar couplings and close
chemical shifts. Although empirical, ASIS studies have been used
in limited number of casesé:7. Understandably, unambiguous
assignments of methoxyl resonances have so far eluded chemists. We
felt that nOe interactions of the methoxyls with the proximal
protons if any, would furnish useful structural informations.

However, often closeness of chemical shifts of the methoxyl
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protons may not allow to observe the individual nOe interactions.
We felt that this problem could probably be circumvented by
utilizing the differential shifts of methoxyl signals by aromatic
solvents followed by the 2D-NOESY spectral studies. The utility
of these combined techniques (NOESY and ASIS) has been illustrated

by the following three examples.

The 2D-NOESY spectrum (FIG. 1) of isoracemoflavone dimethyl
ether (1) in CDCla, showed expected interactions for 2,2-dimethyl
pyran ring [5 1.48 (gem dimethyl) «--» 5.72 (H-3") «--» 6.74 (H-
4")1; 3',4'- dimethoxylated B-ring [7.49 (H-6)' «--» 6.97 (H-5')
«--» OMe, 7.32 (H-2') «--» OMe] and H-3 proton [6.57 (H-3) «--»
7.32 (H-2') and 7.49 (H-6')]® (Table 1}. The interaction of H-3
with both the protons (H-2' and H-6') is expected for the freely
rotating B-ring. The resonances for protons of three methoxyl
groups as well as H-4" and H-8 did not resolve, thus it was not
possible to observe their individual nOe interactions. However,
these resonances appeared as well segregated signals when the
spectrum was recorded in a mixture of CDCla and CeDs. 2D-NOESY
was therefore recorded in the mixed solvents (FIG. 2). Based on
the respective nOe's the resonances at & 1.25, 5.30 and 6.74
were attributed to gem dimethyl, H-3" and H-4" of the 2,2-dimethyl
pyran ring, while the resonances at & 6.43, 7.05 and 7.23 were
ascribed to H-5', H-2' and H-6' protons of the B-ring 8 (Table 1).
The H-4" doublet at & 6.74 showed a clear interaction with the
methoxyl signal at & 3.94, thus the later resonance was attributed
to C-5 methoxyl®. The methoxyl resonances at & 3.33 and 3.38
showed interactions with & 6.43 (H-5') and 35 7.05 (H-2') were

assigned positions 4' and 3' respectively. Thus precise
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FIG. 1. Symmetrized NOESY Spectrum of Isoracemo-
flavone Dimethyl Ether (1) in CDCls.
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FIG. 2. NOESY Spectrum of Isoracemoflavone Dimethyl
Ether (1) in CDCl: + CeDs .

assignments of all the methoxyl resonances were possible by the

use of combined techniques (Table 1).

The NOESY spectrum (FIG. 3) of cycloartocarpesin trimethyl
ether (2) in CDCla revealed expected interactions of 2,2-dimethyl

pyran ring and B-ring protons. The noteworthy feature of the



1053

ASSIGNMENT OF METHOXYL RESONANCES

= 919 + EIDQD PuUE ETDAD
ut (g) I3y3zd 1Ly3zswrry ursadieoojaeorsLd jJo wnildads ASION pozriajzauwds ¢ 94
Wdd Wdd
Wdd oI oz o¢ ob 0§ 09 oz Wdd 01 02 0g€ O0Ov 0SS 09 02
! S 1 : ' 1 . :
o8l S g
€10@D 1usnjos o\ # €175a5+5a%) 1uanjog
o - 01
0¢ z ‘I.mhupt €-H ) e
———r TR g
| i
7 R “
T 1
0's - * \\\ 06 A * !
4 i i
§-2 puo )
0'v 4 p02-0 2»55«:& ..L_ o't A \me&unlmv ..........
\\\ K N;O(.V-J
4 ,< mzo.m.um
o - \ o¢d , \ =
0z e oz e
& .
014 & Ayjowp wog o1 \&W\_xfo::v @39 L]

26 € -18'¢~— sikxoya} G-D PUD $-2°2-D

1102 Alenuer 0g /S :€0

v pspeo jumog

88 €9 <—— lAxoudW ¢-2
PEEY =— hxoudN p-2
12 €9 =—— Axoyi8y  2-2



BANERJI AND LUTHRIA

1054

“9g9e) + EIDAD Pu® EIDQD
uT () I8y3zxm TLAyjzsuril ursadaesolaroldLd0SI jJo unzxjoads ASHON poztajsuwmis § “9Id
Wdd
Wdd Ot oS Wad 09 oL Wdd o€ oy oS o9 0L
o £100D 1U2A0S g4 EEL €100+ %90 wanes _.-J
el \
02+ _b-H
021 cH
@ = M hd SN
& : %« g 93 = 4
- - 09 ] |
A i I
w \ “ “
] o
1 -n.:kwv w oc m m
! |
ol 1
051 ! !
1
ov _ H
|
0¥ & e
2P sikzonism §-9 pub -3'.2-3 0°¢ Z2-2 40 MO

€6'€ ~LB'EP 0 SKAXOYIBN G -2 PUD $-D‘2-0

2€°EP =—— 1AxoyiaN G-D
€Z'EP - IKXOYIN p -D
GI'gp ——— Kxoyew 2-0

1102 Alenuer 0g LG:€0 @IV Ppapeo |uwog



03:57 30 January 2011

Downl oaded At:

ASSIGNMENT OF METHOXYL RESONANCES 1055

spectrum was that H-3 proton (8 6.85) showed cross peak with
methoxyl(s) only without any further interaction with H-6'.
These interactions suggest hindrance in the rotation of the 2',4'-
disubstituted B-ring possibly due to the steric factor exerted by
the 2'-methoxyl group. The confirmation of involvement of 2'-
methoxyl was obtained by NOESY spectral studies in mixed solvents
(FIG. 3) The methoxyl resonances resolved distinctly at & 3.21,
3.34 and 3.88 and were attributed to positions C-2', C-4' and C-5
respectively on the basis of their individual nOe interactions as
discussed above (Table 1). A clear interaction between H-3 and
2'-methoxyl protons was observed while no interaction was observed
between H-3 and H-6'; this further supports that there is

restriction in rotation of the B-ring.

The NOESY spectrum (FIG. 4) of isocycloartocarpesin trimethyl
ether (3) in CDCls showed interactions of 2,2-dimethyl pyran
ring, H-6 and B-ring protons®. Unlike in the earlier two cases
{compounds 1 and 2), the H-3 proton of compound 3 did not show any
nOe interaction with either H-6' and/or methoxyl(s). Instead, an
unusual nOe interaction between H-6' and H-4" was observed. 1In
order to explain this, 2',4'-dimethoxyaryl ring has to be placed
at right angle to the pyrone ring. 2D-NOESY spectrum in mixed
solvents allowed assignment of methoxyl resonances at & 3.15, 3.23
and 3.32 to positions C-2', C-4' and C-5 respectively on the basis

of their individual nOe interactions (Table 1).

CONCLUSIONS

The combination of ASIS and 2D-NOESY provides a novel method

for precise assignments of methoxyl resonances, thus increasing
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the armory of the chemists for elucidation of structures of
methoxylated products. As a result of these investigations on 1-
3, it has been possible to distinguish 2',4'-dimethoxy phenyl
from 3',4' dimethoxy phenyl (both having same ABX spin systems).
In compound 2, nOe between H-3 and 2'-methoxyl proton suggests
restriction in the rotation of the aryl side chain. In addition,
unique nOe interaction between H-4" of the pyran ring with H-6' of

B-ring was also observed in 3..

EXPERIMENTAL

Compounds 1, 2 and 3 were synthesized by the unambiguous
route and their structures were established by physical and
spectral data 3:4. The 2D-NOESY spectra were recorded on a Bruker
AM 500 FT-NMR spectrometer in CDCls and mixed solvents (CDCla and
CeDsin 1: 2; v/v). NOESY experiments were performed with 256 t.
and 1K t2 points. The mixing time E“ was 1 sec. The time domain
data were zero filled to 512 points along t: axis. The data were
multiplied by sine square bell and sine bell window functions
along the t2 and ti: axes respectively, prior to respective Fourier
transformations. Digital resolution in all the spectra is 15
Hz/point along with @1 and 2 axes. Absolute value spectra have

been presented.
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