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Abstract
The treads for 'H nmr acylation shifts [AH(OAc OH)] have been shown to be similar to those for

alkoxylation [AH(OAc OMe)] and glycosyloxylation [AH(OAc O-gly Ac)] sinfts This observation 1s help-
ful for structural determination in maturally occurring phenolics
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1. Introduction

Alkoxylation [AH(OAc:OMe)] and glycosyloxylation [AH(OAc:O-glyAc)] shifts have
been shown to be useful for structural studies in flavones!, anthraquinonesz'S, iso-
flavones®, xanthones® and coumarins®. In this paper, chalcones and chromones are
shown to conform to this pattern. It also shows similarities amongst alkoxylation,
glycosyloxylation and acylation [AH(OAc:OH)] shifts.

2. Discussion

'H nmr (3, CDCl3) of physcion (1)7 shows signals at 7-08(H-2), 7-60(H4), 7-35(H-5)
and 6-65(H-7), and its acetate (2) at 7-05(H-2), 7-85(H-4), 7-55(H-5) and 6-75(H-
7). The acylation shifts [AH(OAc:OH)] from 2:1 are AH-2 = —0-03, AH-4 =+ 0-25,
AH-5 = +0:20 and AH-7 = +0-10. Structures 2 and 1 differ at C-1 and C-8 and
protons H-4 (para to C-1) and H-5 (para to C-8) have undergone larger changes in
chemical shifts.

The acylation shifts from 9-hydroxyfuro (2’, 3':3, 2) pterocarpan (3)° and its acetate
@® are AH-1= —0-04, AH4 = —0-02, AH-7 = +0-12, AH-8 = +0-25, AH-10=
+0-22, AH-4'= —0-03 and AH-5' = —0-02 (4:3). Structures 4 and 3 differ at C-9,
with no proten para to C-9. The two protons, H-8 and H-10, which are ortho to
C-9, have undergone larger changes in chemical shifts. The acylation shifts from
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Table I

'H nmr literatare data for nuclear protons in chromones

Subsntuents Cherrucal shifts (3, CDCl;)

OH OMe 0OAc Me Other groups H-2 H-3 H-6 H-7 H-8

5-Oxygenated chronones

- - 5 - 2-CH=CH, e - - 701 7-64 7-38
3-CH(COOMe),
5 - - - 2-CH=CH; 1218 - - 6-90 7-52 678

3-CH(COOMe),

3,7-Dioxygenated chromones

- 3 2 7-0-gluAcs i3 - 612 671 - 6-84

5 - - 2 7-0-gluAcy 144 - 600 6-64 - 6-42

- - 57 - 8-CHPh, 151 760 609 712 - -

5 7 - - 8-CHPh, 16! 763 614 6-32 - -

- 57 - - §-CHPh, 171 740 606 642 - -

- - 57 - 6-CHPh, 18% 758 612 - - 682

57 - - - §-CHPh, 19% 749 601 - - 666
7 - - 6-CHPh, 2016 744 596 - - 636

- 57 - - & CHPh, 216 766 617 - - 6-63

- - 357 - 6-CH,FPh 22" 758 601 - - 672

57 - - - 6-CH,Ph 237 773 617 - - 634

- - 57 - 3-CH,Ph 2477 755 603 6-90 - -

57 - - - 8-CH,Ph 2577 757 606 608 ~ -

3,6,7-Trioxygenated chromones

- 7 5.6 2 - 26" - - - - 677
- 567 -~ 2 - 27 - - - - 6-30

D]

6', 6'-Dunethylpyrano (3'.2° 6,7] chromones

- - 5 2 - 281 - 503 - - 665
5 - - 2 - 218 - 600 - - 627
- - 5 23 - 305 - - - - 644
5 - - 23 - 31 - - - - 622
- s - - 2-Ph, 3-Ph 320 - - - - 675
5 - - - 2-Ph, 3-Ph 3320 - - - - 638

&6 -Dimethyldihydropyrano [3',2' - 6,7] chromones

s - 5 2 - 4 - 503 - - 675
55 - - 2 - 35 - 597 - - 628
- 5 - 2 - 362 - 600 - - 630

8-hydroxy-1,2,6-trimethoxyxanthone (5)° and its acetate (6)° are AH-3 = —0-06,
AH-4 = —0.09, AH-5 = +0-31 and AH-7 = +0.15 (6:5).

The acylation shifts from 7-hydroxy-6-methoxycoumarin (7)'° and its acetate (8)!°
are AH-3 = +0-12, AH-4 = +0-06, AH-5 = +0-04 and AH-8 = +0.24 (8:7).
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Table If
Alkoxylation [AH(GAc:OMe)] and acylation [AH(OAc:OH)] shifts in chromones
Comparison AH-2 AH-3 AH-6 AH-7 AH-8

S-Alkoxylanon shifts
28:36 - -0-07 - - +0-35

3,6-Dialkoxylanon shifts
26:27 - - - - +0-47

35, 7-Dualkoxylation shifis

15:17 +0-20 +0-03 +0-70 = =
18:21 —0-08 —-0-05 - - +0-17
3-Acylation shifis

11:12 - - +011 +0-12 +0-60
13:14 - +0-12 +0-07 - +0-42
28:29 - -0-07 ~ - +0-38
30:31 - - - - +0-22
32:33 - - — - +0-37
34:35 - —0-04 — - +0-47
5,7-Diacylaton shifts

18:19 +0 09 +0 11 - - +0:16
22:23 -0-15 —016 -~ - +0 38
24:25 —0-02 -0-03 +0-82 - ~
5-Acylanon-7-alkoxylation shifis

15:16 -0-03 ~0-05 +0-80 - -
18:20 +0-14 +0 16 - - +0-46

The acylation shifts from 3-hydroxy-5,6,8,4'-tetramethoxyflavone (9)" and its acetate
(0" are AH-7 = +0-03, AH-2'= ~0-34, AH-3'= 4003, AH-5'= +0-03 and AH-
6'= --0-34 (10:9). This comparison exhibits similarities amongst 3-acylation/alkoxylation/
glycosyloxylation shifts in flavones'. Numerous other examples of this type may be
found in Horie er al®. The shifts are different and distinct because of negative and
numerically larger values of AH-2' and AH-6¢/. When there is 3-OAc in flavones,

?
H-2" and H-6' lie in the diamagnetic cone of > C = O (—O—C—CH;) resulting in
the upfield absorption of these two protons. When there is no 3-OAc, these two
protons are downfield and thus the aforesaid trends for AH-2' and AH-6" are ob-
served.

A similar trend for acylation/alkoxylation shifts is observed in the case of
chromones and chalcones also. For example, the acylation shifts calculated from
5-hydroxy-2-methylchromone-7-0-glucoside acetate (14)"° and its acetate (13)' are
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Table I

'H nmr Jiterature data for aromaiic protons in chalcones

Substtuenis Chemucal shufts (6, CDCl

OH OMe OdAc Orther groups H2 H-3 H4 H-3 fH6 H3 K-S

24, 6"-Trioxygenated chalcones

- 6 24 3-Me 745 745 TH45 745 745 - 6 58
2 4.6 - 3'-Me TAa3 743 743 743 743 - 603
- 4 26" 3 ? 397 753 738 738 738 753 - 638
2.6 - 3" 7 763 T4 740 740 763 - 609
- 4 276" 3'-prenyi 41 752 738 738 738 752 - 6-38
260 4 - 3‘-prenyl 2% 757 735 7335 735 737 - 399
2 476" - 3'-prenyl 437 755 755 755 755 735 - 610
6 204 - 3'-prenyl 44 751 731 751 751 FS5L - 627
203", 4", 6"-Tetraoxygenated chalcones
- 2'34 & - 45 735 739 739 739 755 - 6 49
[ 340 - - 46> 765 742 742 742 765 - 631
34,23 4" 6" -Hexaoxygenated chalcones
6 20,34 - 3,4-0OCH.0 470 718 - - 683 710 - 630
3.4,6,2" 4" &' -Hexavxvgenaied chalcones
- 34646 2 - 48" 720 - - 647 -~ 630 640
2 3.464.6" ~ - 49" 709 - - 6-49 - 607 592
346246 - - 567 700 - - 643 - 612 612

AH-3 = +0-12, AH-6 = +0-07, AH-8 = +0:42. Thus, H-8, which is para to H-5,
undergoes highest shift due to acetylation of 3-OH. Similarly, a comparison of the
'H nmr data for 2'-hydroxy-3,4.6,4',6'-pentamethoxychalcone (49)*' and its acetate
(48)* reveals highest shift for H-5". which is at para position to the site of acylation.
1¥1 nmr data for nuclcar protons of chromones from literaturc are presented in
Table T and the shifts determined are given in Table II. The chemucal shift values
for aromatic protons of chalcones are given in Table IIT and the acylation/alkoxyla-
tion shifts are shown in Table I'V. It may be mentioned here that the diffcrences in
concentration or temperature may change the mumerical values of AH, but the over-
all trend remains unchanged' and useful.

The only exception to the above trend has been observed in the case of 3'-(3"-
methyl-4"-hydroxy)butyl-3.7 4'-trihydroxy-3,5-dimethoxyflavone (51}, 1solated from
Dodonaea viscosa™. The acylation shifts from 51 and its acetate (52)™ are
AH-8 = +0-44, AH-2" = —0-29, AH-5' = —0-10 and AH-6' = —0-20 (52:51). These
AH values suggest that 52 and 51 differ at C-3 and not at C-4. If 51 and 52 had
differed at C-4’, AH-5' would have been positive and large.

It has to be mentioned here that the trioxygenation pattern® in the A-ring of 52
has already been shown to be inconstitent with literature data. H-8 and H-6 signals
are observed™ around 87-20-7-40 and 86-73-6-80 in 3,7-chacetoxy-6-methoxy- and 5,7-
diacetoxy-8-methoxyflavones, respectively. In 52, the lone aromatic proton of the
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Table IV

Alkoxylation [AH(DAc:OMe)] and acylation [AH(OAc:OH)] shifts in chalcones

Comparisons AH-2 AH-3 AH-4 AH-5 AH-6 AH-3' ~AH-S
2'-Alkoxylation shift

48:50 +0-20 - - +0-04 — +0-18 +0-28
2'-Acylation shift

48:49 +0-11 - - ~-0-02 - +0-23 +0-48
6'-Acylation shift

45:46 ~0-10 —0-03 ~003 —003 -~010 - +0-18
45:47 - - - - - - +019
2',6'-Diacylation shift

39:40 -0-10 -0:02 —0-02 ~0-02 010 - +0-49
41:42 -0-05  +0-03 +0-03  +003 ~0:05 — +0-59
2'-Alkoxylation-6'-acylation shift

41:44 +0-01 —0-13 -013  ~013  +0-01 - +0-31
4'-Alkoxylanon-2'-acylanon shift

37:38 +0-02 +002  +002  +002 4002 - +0-55
6'-Alkoxylanon-2' -acylanon shift .

41:43 =003  -017 ~017 =017 -003 - +0-48

A-ring absorbs at 36-86. On the basis of literature data, the structure for the
aforesaid compound from D. viscosa should be 3'-(3"-methyl-4"-hydroxy)butyl-3,5,7-
trihydroxy-8,4"-dimethoxyflavone (53) and its acetate (54). It is pertinent to mention
here that the structure of a flavonol glycoside from Rudbeckia bicolor has already
been reassessed on similar lines™.
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