American Journal of Analytical Chemistry, 2015, 6, 851-866 ":‘ Scientific
Published Online October 2015 in SciRes. http://www.scirp.org/journal/ajac ":Q’ §3§ﬁg;\‘mg
http://dx.doi.org/10.4236/ajac.2015.611081 ¢

13C-NMR Data from Coumarins from
Moraceae Family

Raphael F. Luz!2*, Ivo ]. C. Vieiral, Raimundo Braz-Filhol, Vinicius F. Moreira?

'Sector of Natural Products Chemistry, Universidade Estadual do Norte Fluminense Darcy Ribeiro, Campos dos
Goytacazes, Brazil

*Sector of Chemistry, Instituto Federal Fluminense, Campos dos Goytacazes, Brazil

Email: “phaelluz@gmail.com

Received 7 September 2015; accepted 16 October 2015; published 19 October 2015

Copyright © 2015 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

Species from Moraceae family stand out in popular medicine and phytotherapy, have been for
example used as expectorants, bronchodilators, anthelmintics and treatment of skin diseases, such
as vitiligo, due to the presence of compounds with proven biological activity, as the coumarins.
Coumarins are lactones with 1,2-benzopyrone basic structure, and are widely distributed in the
plant kingdom, both in free form, and in glycosylated form. This work reports a literature review,
describing the data of 13C NMR from 53 coumarins isolated from the family Moraceae, and data
comparison between genera who presented photochemical studies, in order to contribute to the
chemotaxonomy of this family.
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1. Introduction

The Moraceae family has 6 tribes, 63 genera and about 1500 species found in the tropics, subtropics and, in a
smaller proportion, in temperate regions. Among the main genera are the Ficus, with about 600 species and
Dorstenia, with about 125 species [1].

Moraceae representatives can be found as shrub, tree, herb or subshrub, feature woody stem, alternate leaves, un-
isexual flowers and fruits in small nuts form [2]. Some of its species have great importance in fruit growing, in the
production of heavy wood, in the textile industry, in the production of latex and also for ornamental purposes [3] [4].

Species from Moraceae family also stand out in popular medicine and phytotherapy, have been for example,
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used as expectorants, bronchodilators, in the treatment of Chagas disease, anthelmintics and treatment of skin
diseases such as vitiligo, for example [5]. Those therapeutic effects are due to the presence of compounds with
proven biological activity, such as flavonoids and coumarins [6] [7]. The Brosimum genus, for example, features
species high in coumarin, as is the case of Brosimum rubescens, whose wood owns xanthyletin, a coumarin with
antiplatelet, antifungal and herbicide activities [8]. The isolation and the study of coumarins biological effects
like this one, has been of great importance for the understanding of the results obtained in folk medicine use of
these plants, as well as the development of treatment in some diseases [9].

Coumarins

Coumarins are lactones with 1,2-benzopyrone basic structure, and are widely distributed in the plant kingdom,
both in free form, and in glycosylated form [10]. Biosynthesized via the shikimic acid, with cinnamic acid as an
intermediate, simple coumarins, by the addition of a furan ring in the process can become the furocoumarins,
which could be linear, such as psoralen, or angular, such as angelicin. However, if a pyran ring is added instead
of a furan ring in the process, it generates a pyranocoumarin, such as for example the xanthyletin (Figure 1).
Structures containing two or three simple coumarins linked to each other are named bis-coumarins and tris-
coumarins, respectively. The name coumarin, originated from coumarou, a Caribbean name of the tree Tonka
(Dipteryxodorata), from which was isolated the compound in 1820 [11].

The coumarins hold several biological activities such as anticoagulant, antimicrobial, vasodilatory, sedative,
analgesic and photosensitizer, been the last one more frequent in linear furocoumarins, also known as psoralens.
The photosensitizing activity intensity varies according to the furocoumarin structure, having the psoralen as
more active than the hydroxylated molecules or with less unsaturation [11]. This effect arises by the interaction
of these compounds with ultraviolet radiation and can be an issue for humans, causing severe burns. However,
its proper medical use can be useful for the treatment of diseases such as vitiligo, which causes a gradual skin
depigmentation. Psoralens, due to their extended chromophore group, absorb in the UV region and allow this
radiation to stimulate the melanin formation. The oral administration of a xanthotoxin dose, for example, fol-
lowing by the patient’s exposure to ultraviolet radiation, causes pigmentation of the skin. This type of treatment
is called PUVA (psoralen + UV-A), and is also efficient in the psoriasis treatment, a disease characterized by
reddened lesions and increase in cell proliferation. In this case, the reaction inhibits DNA replication and con-
sequently reduces the cell division rate (Figure 2) [9] [10].

Due to their flat nature, psoralens intercalate into DNA, and this allows a cycloaddition reaction initiated by
UV between the pyrimidine bases, mainly thymine and the furan ring in the psoralens. The second cycloaddition
can then occur, involving now the psoralens pyran ring, promoting interchain cross-links in nucleic acid [10].
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Figure 1. Types of coumarins.
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Figure 2. Xanthotoxin intercalation in DNA.
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In Moraceae family, coumarins feature more than 135 occurrences in its main genera, been more frequent the
presence of linear furocoumarines [12]. From the species Brosimum gaudichaudii, for example, were isolated so
far 10 coumarins, been 8 linear furocoumarins and two pyranocoumarins, in addition to other compounds [13]
[14].

This paper reports a literature review, describing the data of *C NMR from 53 coumarins isolated from the
Moraceae family. From this group, several appear repeatedly in different species, such as psoralen (27), for ex-
ample. Table 1 lists the coumarins obtained in each gender without mentioning the duplicate cases. The struc-
tures are shown in Figures 3-6.

R;=R,=R;=H \O ™o
R, =OH,R,=R;=H 10
R, =R,=OH,R;=H
R, = OH, R, = COOH, Ry = H
=OH,R,=OMe, Ry =H
=OMe, R, =H, Ry = OH N

R, =OMe, R,=R;=H 12 R, =R,=R;=H
=OMe, Ry =OH, Ry =H ™\ | 13 R, =OH, Ry=Me, Ry =H

1
2
3
4
5
6
7
8
9 R, =R,=0Me,Ry=H 11 14 R, = OH, R, = Me, R; = Pre

19 R, =OMe, R, = OH 20 R, = OMe, R, = OH
21 R, =OH, R, =OH 22 R, =OH, R, =OH
23 R, = OH, R, = OMe 24 R, = OH, R, = OMe

Figure 3. Simple coumarins isolated from Moraceae family.
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26 R, =H, R, = OMe
27R,=R,=H

28 R, =R, =0Me
29 R, =H, R, =Glc
30 R, =Gle,R,=H
31 R, =H,R,=OH
32 R, =OMe, R,=H
33R,=OH,R,=H

35 R, =H, R, =0OH, Ry =Glc
36 R;=R;=H,R,=OH
37 R,=0OMe, R, =R;=H
38 Ry=R,=R;=H

39 R,=OH,=R,=R;=H

44 R, =Me, R, =R3=Ac
45 R; =Me, R, = Ac, R;=Glc
46 R, =Me,R,=H, Ry =Glc 47

49 R,=R,=H

50 R, =R,=0Glc

51 R, =OH, R, = OGlc
52 R, = 0Glc, R, = OH
53 R, =R,=0Me

Figure 4. Furocoumarins isolated from Moraceae family.
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54 R=0OMe
55 R=H

Figure 5. Pyranocoumarins isolated from Moraceae family.

Figure 6. Bis-coumarins isolated from Moraceae family.

2. Results and Discussion

The simple coumarin isolated from Moraceae family (Figure 3), have their *C NMR chemical shift data listed
in Table 2. The C-2 of most structures presents indicative signs of carbon a-carbonyl, S-unsaturated, & 158.9 to
162.9, characteristic of lactone ring without substituent in the C-3 and C-4 carbon atom. The exceptions are the
compound 18, which has the C-3 replaced, presenting C-2 with & 164.5, and the compound 10, where C-3 and
C-4 are methylene carbons. This way, because there are fewer resonance structures in the molecule, C-2 be-
comes more unprotected, presenting ¢c 177.0. The signs of C-5 (& 127.8), C-6 (& 124.3), C-7 (& 131.3) and
C-8 (& 116.8) from coumarins (1), are characteristic for the benzene ring from the benzopyran nucleus. As
these carbons are replaced in other molecules shown in Figure 3, the signals diversify, for example, the C-5
from substance 18, with &¢ 157.5 due to the unprotection caused the presence of the methoxyl group attached to
this carbon.

Table 3 lists the *C NMR data from the Moraceae family isolated furocoumarins. This kind of coumarin is
the one that appears most often in the studied species, highlighting the linear furocoumarins such as psoralen
(27). In this case, the signals to C-2' (& 147.0) and C-3' (&c 106.6) evidence the presence of methine carbons
typical from furan ring. The sign for the C-2', higher than the C-3', explained by the fact that this carbon is di-
rectly linked to the oxygen atom and so, more unprotected. In the molecules 35 to 39 C-2' is further substituted
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Table 1. Coumarins isolated from Moraceae family.

Compound Genus References HCD’::;AR
Simple Coumarins
Dorstenia [15]
Coumarin (1) [17]
Ficus [16]
Brosimum [18]
Dorstenia [19]
Umbelliferone (2) [22]
Fatoua [20]
Ficus [21]
esculetin (3) Ficus [21] [23]
6-carboxy-umbelliferone (4) Ficus [21] [24]
Fatoua [20]
S copoletin (5) [25]
Ficus [21]
5-hydroxy-7-methoxycoumarin (6) Morus [26] [27]
Dorstenia [19]
7-methoxycoumarin (7) [29]
Ficus [28]
6-hydroxy-7-methoxycoumarin (8) Streblus [30] [31]
6,7-dimethoxycoumarin (9) Streblus [30] [32]
7-methoxy-dihydrocoumarin (10) Ficus [28] [28]
3-chloro-7-methoxy-4-methyl-chromen-2-one (11) Ficus [33] ’
Demethylsuberosin (12) Brosimum [8] [34]
Brosiparin (13) Brosimum [8] ’
Brosiprenin (14) Brosimum [8] ’
Phellodenol-A (15) Fatoua [20] [20]
6-(2-methoxy-Z-vinyl)-7-methyl-piranocoumarin (16) Ficus [35] ’
Isoscopoletin 6-(6-O-4-apiofuranosyl-g-glucopyranoside) (17) Morus [36] [36]
7—hydroxy—5—methoxy—6—carboxy—meéhyl—3—[3—(/?—D_—gIucopyranosyl0xy)—2—hydroxy—3—methyl— Dorstenia [37] [37]
utyl]-coumarin (18)
Fatouain-A (19) Fatoua [38] [38]
Fatouain-B (20) Fatoua [38] [38]
Fatouain-C (21) Fatoua [38] [38]
Fatouain-D (22) Fatoua [38] [38]
Fatouain-E (23) Fatoua [38] [38]
Fatouain-F (24) Fatoua [38] [38]
Fatouapilosin (25) Fatoua [20] [20]
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Continued
Furocoumarins

Brosimum [18]

Dorstenia [34]
Bergapten (26) [4]

Fatoua [20]

Ficus [39]

Brosimum [18]

Dorstenia [34]
Psoralen (27) [4]

Fatoua [20]

Ficus [39]
Isopimpinellin (28) Dorstenia [37] [40]

5-O--D-glucopyranosyl-8-hydroxypsoralen (29) Ficus [41] ’

8-0-$-D-glucopyranosyl-5-hydroxypsoralen (30) Ficus [41] [41]
Bergaptol (31) Ficus [42] [24]
Xanthotoxin (32) Ficus [43] [43]
Xanthotoxol (33) Ficus [42] [44]

Brosimum [13]
2',3'-dehydromarmesin (34) [4]

Fatoua [20]

Brosimum [13]
1'-hydroxy-3'-O--glucopyranosylmarmesin (35) [4]

Ficus [21]
2-S,3-R-1'-hydroxymarmesin (36) Brosimum [18] [4]
8-methoxymarmesin (37) Brosimum [13] [4]

Fatoua [20]
Marmesin (38) Brosimum [13] [4]

Fatoua [20]
Rutaretin (39) Fatoua [20] [45]

Ficus [43]

Isoangenomalin (40) Ficus [21] ’

Gaudichaudine (41) Brosimum [46] [46]
5-(2-3-epoxy-3-methyl-butoxy)-chalepensin (42) Dorstenia [37] [37]
R+ b e owsena (517
5-methoxy-3-(3-methyl-2,3-dihydroxybutyl)-psoralen-diacetate (44) Dorstenia [37] [37]
5-methoxy-3-[3-(4-D-glucopyranosyloxy)-2-acetyloxy-3-methyl-butyl]-psoralen (45) Dorstenia [37] [37]
Turbinatocoumarin (46) Dorstenia [37] [37]
5-methoxychalepensin (47) Dorstenia [37] [37]
Phellopterin (48) Dorstenia [37] [47]
Angelicin (49) Ficus [43] [48]
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Continued
5,6-0-p-D-diglucopyranosylangelicin (50) Ficus [41] [41]
5,-O-$-D-glucopyranosyl-6-hydroxyangelicin (51) Ficus [41] [41]
6-0-$-D-glucopyranosyl-5-hydroxyangelicin (52) Ficus [41] [41]
Pimpinellin (53) Ficus [43] [49]

Pyranocoumarins

Luvangetin (54) Brosimum [8] [50]
Brosimum [8]

Xanthyletin (55) Fatoua [10] [8]
Ficus [21]

Dihydroxanthyletin (56) Ficus [21] [51]

Seselin (57) Ficus [43] [50]

Bis-coumarins

Fatouain-G (58) Fatoua [38] [38]

Fatouain-H (59) Fatoua [38] [38]

“Data not found.

with signs between & 90.3 to 91.4, while in the compound 34, the signal is & 165.4, due to C-2' be a quaternary
carbon. In the case of angular furocoumarins C-8 shows signs suggesting his involvement with the furan ring, in
the C-6s place. In angelicin (49), for example, C-6 and C-8 are &c 108.0 and & 117.0 signals respectively,
while in the psoralen the displacements are & 125.0 for C-6 and 93.8 to & C-8.

Table 4 lists the 13 C NMR data from pyranocoumarins found until now in the Moraceae family. The luvan-
getin (54) and Xanthyletin (55), linear pyranocoumarins, show signals which indicate existence of a six-mem-
bered ring linked to the benzopyran nucleus benzene’s section. In luvangetin, the methine carbon C-3' and C-4'
feature chemical shift & 131.3 and & 121.1, respectively, while these signals on xanthyletin are & 104.4 for
C-3"and & 113.0 for C-4'. This difference is due to the presence of methoxyl on luvangetin C-8, which makes
these carbons more vulnerable. In dihydroxanthyletin (56), the carbons C-2' and C-3' feature signs &c 32.4 and
oc 21.9, respectively, indicating that they are methylene and not methine as in other molecules. In the case of the
only isolated angular pyranocoumarin, the seselin (57), the found signal for C-8 (¢ 144.1) indicates that it is
linked to the C-4' and not at the C-6, which signal is Jc 113.8.

The only bis-coumarin found in Moraceae family so far are fatouain-G (58) and the fatouain-H (59), both iso-
lated from Fatoua genus. The link between the simple coumarin which form the fatouain-G occurs between the
carbons C-8 and C-8', through an oxygen atom. In the case of fatouain-H, the molecules links occurs between
the C-8' carbon of a molecule and the C-1' carbon belonging to the side chain of other, also through an oxygen
atom. Twenty-nine carbon atoms signals are identified in each compound, which are described in Table 5.

3. Conclusions

Until the present moment, coumarins were only found in 6 from the 63 genera from Moraceae family, mainly in
Ficus, Brosimum and Fatoua. The simple coumarin representing 42.4% of the total, furocoumarines, found
mainly in the genus Ficus, representing 47.4%, while the other 10.2% are consisted of pyranocoumarins, and
bis-coumarin, been the latter found only in the genres Fatoua (Figure 7(a)).

From the genus Ficus, were isolated 27 from the 59 coumarins found so far, been 15 furocoumarins. In addi-
tion, 20 of these substances are exclusive to this genus. The genus Brosimum features 14 coumarins, been 9 fu-
rocoumarins while the genus Dorstenia features 10 furocoumarins and a total of 13 coumarins. The smallest
number of occurrences is in the Morus and Streblus genera, having been isolated only 2 simple coumarins in
each. The Fatoua genus features 17 coumarins from all kinds found in Moraceae, mainly simple coumarin. This

858
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Table 2. 3C NMR data from simple coumarins isolated from Moraceae family.

1 2 3 4 5 6 7 8 9 10 12 15
C

2 1596 ~ 160.3 1629 1629 1641 1617 1628 1614 1610 177.0 1629 1612
5 - - - - - 146.1 - - - - - -

6 - - 1432 1102  146.0 - - 1497 1448 - 1264 1259
7 - 1616 1508 1513 1511 1509 1612 1440 1530 1592 1589 1605
9 1533 1557 1491 1577 1121 1519 1559 1502 1499 1556 1540 1555

10 1186 1104 1113 1129 1519 1119 1125 1115 1116 1198 1120 1125
1 - - - 178.7 - - - - - - - -
3 - - - - - - - - - - 1343 -
CH
3 1160 1114 1110 1133 1133 1129 1131 1134 1131 - 1120 11238
4 1439 1442 1447 1453 1447 1448 1434 1433 1463 - 1447 1447
5 1282 1295 1115 1274 1100 - 1288 1076 1093 1305 1281 1310
6 1242 1133 - - - 1101 1126 - - 105.0 - -
7 1317 - - - - - - - - - - -
8 1160 1025 1022 1048 1037 1035 1009 1032 1005 1019 1028  103.4
2 - - - - - - - - - - 1212 -

3 - - - - - - - - - 345 - -
4 - - - - - - - - - 24.9 - -
1 i . . ) . ] - ; - - 28.0 345
p . ] . ] ; ) ) ) ; - - 62.7

CH;,

Me - - - - - - - - - - 17.8 -

0-Me - - - - 567 566 558 56.4 56.3 55.2 - -
0-Me - - - - - - - - 56.6 - - -

17 18 19 20 21 22 23 24 25a 25b

2 162.2 164.5 160.2 160.2 161.0 1611 15938 159.9 158.9 161.5
3 - 122.9 - - - - - - - -
5 - 157.5 - - - - - - 120.5 -
6 150.6 114.6 130.5 130.1 1341 1342 1287 128.6 129.6 81.4

7 146.9 161.0 152.9 153.4 149.7 1504  148.6 148.8 145.3 86.2
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Continued
8 139.5 139.5 138.1 1384 1357 135.7 136.4 42.7
9 149.1 155.6 147.9 147.8 1444 1444  143.0 142.4 1434 -
10 1131 108.0 1151 1153 116.4 1165 1145 114.6 114.0 -
2 - 175.6 - - - - - - - 135.3
2" - - - - - - - - - 140.2
3 - - 143.9 144.3 146.8 1473 1430 144.1 - 196.3
3" - 81.4 - - - - - - - 135.6
CH
3 113.1 - 114.7 114.8 1156 1155 1144 114.4 1135 1224
4 1444 138.5 143.8 143.8 146.0 146.0 1441 1443 144.3 148.7
5 109.5 - 120.9 121.0 118.1 118.7 117.0 117.4 - 39.2
8 104.2 98.9 - - - - - - - -
1 109.7 - 69.8 70.0 70.7 70.9 79.0 78.8 - 136.7
2' 76.8 - 77.8 78.8 79.9 80.0 79.2 77.7 - -
2" - 76.3 - - - - - - - 118.4
3" - - - - - - - - - 120.9
CH;
1 - 29.9 - - - - - - - -
1 - 34.0 - - - - - - - 27.3
1 38.2
4 73.6 - 1129 1144 1131 113.8 113.9 1135 - -
5' 61.0 - - - - - - - - -
CH;
Me - 22.8 18.9 185 19.6 19.5 18.3 18.8 - 17.6
Me - 235 - - - - - - - 21.8
Me - - - - - - - - - 25.5
O-Me 63.7 61.2 61.4 61.7 61.9 60.8 61.0 61.0 -
O-Me 55.7 - 61.5 61.5 - - 57.3 57.4 - -
Glc-1 100.7 98.6 - - - - - - - -
Glc-2 73.3 75.3 - - - - - - - B,
Glc-3 76.6 78.1 - - - - - - - -
Glc-4 70.4 71.6 - - - - - - - -
Gle-5 75.8 77.8 - - - - - - - -
Glc-6 67.5 62.7 - - - - - - - -

860
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Table 3. (a) *C NMR data from furocoumarins isolated from Moraceae family. (b) **C NMR data from furocoumarins iso-

lated from Moraceae family.

@
26 27 28 30° 3 32 33 34 35° 36 i 38 3
C
2 1612 1612 1603 1600 1611 1604 1600 1611 1606 1612 160.8 1616 160.2
3 - - - - - - - - - - - - -
5 149.6 - 1465 1427 1496 - - - - - - - -
6 1127 1250 1260 1136 1143 1261 1252 1258 1236 1282 1259 1251 1252
7 1584 1566 1474 1484 1582 1476 1453 1563 1620 1626 1538 163.2 1513
8 - - 1325 1219 - 133.7 1301 - - - 131.0 128.0
9 1527 1522 1396 1431 1528 1429 1398 1519 1569 156.6 147.1 1551 1436
10 1064 1156 1163 1042 1075 1164 1162 1153 1135 1134 1135 1122 1127
2' - - - - - - - 165.4 - - - - -
4 - - - - - - - 69.3 78.6 71.8 71.4 71.1 69.9
CH
3 1126 1147 1144 1109 1126 1147 1137 1145 1130 1130 1120 1113 1108
4 139.2 1442 1443 1401 1393 1443 1453 1441 1435 1442 1438 1439 1449
5 - 120.0 - - - 1129 1101 1195 1264 1252 1171 1231 1139
8 93.8 99.9 - - 94.2 - - 100.0 98.8 99.3 - 97.3 -
2' 1448 1470 1450 1453 1448 1466 1472 - 90.3 911 91.4 90.9 90.5
3 1050 106.6 106.6 1049 1051 106.7 106.9 99.7 71.2 72.2 - - -
CH;
3 - 29.0 - - - - - - - - 29.7 29.0 29.4
CH;
Me - - - - - - - 28.7 23.2 25.9 - 24.4 -
Me - - - - - - - 28.7 22.8 28.6 - 25.1 -
Me - - - - - - - - - - - - 25.9
Me - - - - - - - - - - - - 245
O-Me 59.9 - 60.6 - - 61.3 - - - - 60.7 - -
O-Me - - 61.1 - - - - - - - - - -

%sinaisGlc: 102.3 (Glc-1);

73.9 (Glc-2); 76.6 (Glc-3); 69.7 (Glc-4); 77.4 (Glc-5); 60.7

(Glc-6); PsinaisGlc: 95.1 (Gle-1); 71.3 (Gle-2); 72.6 (Gle-3);

68.4 (Glc-4); 71.5 (Glc-5); 62.1 (Glc-6).
(b)
41 42 43 442 45° 46 47 48 49 50° 51 52 53

C

1599 1597 1643 1619 1639 1643 1600 1605 160.7 159.7 1631 1632  160.7
3 - 131.8 1240 1213 1232 1239 1310 - - - - - -
5 - 1478 1501 1490 150.6 1506 149.1 1443 - 1407 1383 1468 1445
6 1148 1143 1154 1128 1143 1143 1123 1145 - 1313 1352 1285 1141
7 1659 1572 159.1 1578 1594 1599 1576 1507 157.3 1488 1482 1516 149.1
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Continued

8 - - - - - - - 1268 1170 1142 1162 1107 1351
9 1589 1516 1531 1520 1532 1532 1518 1443 1489 1426 1416 1457 1432
10 1051 1079 109.1  106.7 1079 1082 1065 1075 1140 1109 1114 1077 1094

1" - - - - - - 405 - - - - - -
2 145.9 - - - . ; ; - ) ) . ) )
3 182.2 - - - ; ; ; ; ) ] ) ) ]
3" - - 811 823 795 812 - 1395 - - - - -
3" - 584 726 - - - . ; - i ) . .
4 133.7 - - - - - - - - - - - -

CH
3 1148 - - - - - - 1127 1412 1133 1142 1124 1137

4 1436 1328 1388 1360 1381 1384 1332 1393 1446 1416 1431 1424 13938

5 1248 - - - - - - - 123.8 - - - -
6 - - - - - - - - 108.0 - - - -
8 1005 942 943 937 940 939 928 - - - - - -
2 - 1450 1466 1447 1466 1465 1455 1450 1459 1474 1480 1461 1453
2" - 1454 758 761 783 761 1444 1198 - - - - -
i - - 78.2 - - - - - - - - - -
3 - 1043 - 1049 1063 1063 1049 1050 1041 1037 1047 1046 1043
CH, - - - - - - - - - - - - -
1 - - 342 308 322 341 - 70.3 - - - - -
1 - 724 759 - - - - - - - - - -
2 - 61.1 - - - - - - - - - - -
3" - 1121 - - - - 112.0 - - - - -
CH;,
Me 203 228 224 225 230 262 257 - - - - -
Me 175 234 224 243 233 262 180 - - - - -
Me - - 27.2 - - - - - - - - - -
Me - - 24.8 - - - - - - - - - -
0-Me - - - 60.1 609 609 599  60.7 61.2
0-Me - - - - - - - - - - - - 62.3
Gle-1 - - 98.3 - 99.0 985 - - - 1040 1083  106.9 -
Gle-2 - - 75.4 - 753 753 - - - 739 754 753 -
Gle-3 - - 78.1 - 782 781 - - - 763 779 778 -
Glc-4 - - 717 - 717 717 - - - 69.7 709 709 -
Gle-5 - - 77.9 - 778 778 - - - 772 786 785 -
Glc-6 - - 62.8 - 62.7 628 - - - 60.7 622 621 -

3gruposacetil: 170.2; 170.1 (CO); 20.8; 22.0 (Me); grupoacetil: 172.4 (CO); 20.9 (Me); SsinaisGlc” 102.5 (Glc-1'); 73.9 (Gle-2Y); 76.3 (Glc-3Y); 69.7

(Glc-4'); 77.2 (Gle-5Y; 60.7 (Glc-6).
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Table 4. 3C NMR data from pyranocoumarins isolated from Moraceae family.

54 55 56 57 54 55 56 57
c CH
2 160.0 161.2 161.5 161.0 6 - - - 113.8
6 114.4 1185 118.4 - 8 - 120.8 104.6 -
7 149.1 156.8 157.7 1442 3 1313 104.4 - 130.6
8 135.8 - - 1441 4 1211 113.0 - 1149
9 147.9 155.6 154.0 108.8 CH;
10 113.0 112.7 112.2 1131 3 - - 324 -
2' 77.8 7.7 75.8 77.9 4 - - 21.9 -
CH CH;
3 1133 131.2 1128 1128 Me 28.2 28.3 26.9 28.1
4 143.6 1433 143.3 1442 Me 28.2 28.3 26.9 28.1
5 119.1 1248 128.2 121.4 O-Me 61.5 - - -

Table 5. 3C NMR data from bis-coumarins isolated from Moraceae family.

58 59 58 59 58 59

¢ CH CH;

2 159.8 159.9 3 114.4 114.1 1 27.8 -
6 1276 128.0 4 144.1 144.6 3 1160 1148
7 148.1 1478 5 119.0 119.2

8 1326 135.0 v 84.7 82.0 4" 17.9 -
9 1432 1426 Pa 795 80.0 5 17.8 181
10 1145 1143 2 1212 - 5" 258 283
2" 159.9 159.6 3" 1122 1134 6" - 282
2 - 786 3 - 131.0 0-Me 610 60.6
3 142.4 142.4 4 14338 1433 - - -
3" 13338 - 4 - 120.9 - - -
6" 126.2 11838 5 123.1 1197 - - -
7 151.8 1487 - - - - - -
8" 135.9 13322 - - - - - -
9" 146.3 147.9 - - - - - -
10" 1116 112.9 - - - - - -

M Brosimum
m Simple Coumarin

M Fatoua
B Furocoumarin ™ Ficus

. . B Dorstenia
¥ Piranocoumarin

B Morus

—— .
Bis-coumarin M Streblus

@ (b)

Figure 7. (a) Types of coumarins isolated from Moraceae; (b) Coumarins isolated by genera of Moraecae.
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genus, native to eastern Asia, contains only 3 species and all compounds were found in Fatouapilosa (Figure
7(b)).

The compounds with the highest number of occurrences in the family are the linear furocoumarins, especially
the psoralen (27) and the bergapten (26), which together with the simple coumarin umbelliferone (2), appear in
four from the six genera mentioned.

Since most Moraceae species has not yet been chemically studied, it is necessary to proceed these studies in
order that it contributes to the family taxonomic classification. In this scenario, the coumarins can contribute as
potential Moraceae genera chemotaxonomic markers.
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