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Abstract: Diarylheptanoids, as a class of structurallyiditive compounds with notable biological activitie
have been of increasing interest in the past decatle previously reviewed 307 such materials oatmature.
This review collected the inadvertently missingiéture in our previous paper along with the lasésgarches
on this field, and 102 diarylheptanoids have besmiaved, in addition to their distributions, phylsigical
activities and*C-NMR spectral data. 72 references are cited.

K eywords: diarylheptanoid; natural product§C-NMR spectral data; physiological activity.

1. Introduction

Diarylheptanoid is a group of compounds which firbkars the 1,7-diphenylheptane skeleton
as a special characteristics in natural produdtesind it is increasingly recognized as potential
therapeutic agents for its numerous physiologiadivitly such as anti-inflammatory, antioxidant,
antitumor, estrogenic, leishmanicidal, melanogendspatoprotective and neuroprotective activities
[1-21]. This kind of compounds is mainly isolatedthe genuZingiber, Curcuma Alpinia, Alnusand
Myrica. Since the first diarylheptanoid isolated in 18approximately 400 such materials have been
obtained from natural resource. Many review artickave been published on the isolation and
chemistry of diarylheptanoids [22-24] and we haveviously reviewed 307 compounds concerning
their structures, distributions, physiological aitiés and**C-NMR spectral data [25], while some of
diarylheptanoids had been inadvertently left ohis @rticle recollects the omissions and the newly
investigations of 90 linear-diarylheptanoids and dg&lic-diarylheptanoids, as a supplementary
version.

2. The structural features of diarylheptanoids
2.1 Linear-diarylheptanoids

We previously grouped linear-diarylheptanoid intdypes, namely possessing heptane chain
merely (type ), possessing oxy bridges (type pdssessing flavonoid moiety (type Ill), dimeric

linear-diarylheptanoid (type IV) and unusual staset (type V). All the retrieved diarylheptanoids
were well fitted to this role except for hirsunBv), which has an ellagitannin (praecoxin A) moiety,
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Figure 1. Structures of compounds32
Cpd. R RR Rs Ry Rs Rs Ry Rs Ry Rac Ru
1 H H H H H OH® H H H OH H
2 H H H H H OHR H H H OH H
3 H H H OH® H OHE® OH©® OH®© H H H
4 H OH H H H OH® H H H OH H
5 H OH H H H OH® oglc® H H OH H
6 H OH H H H OHR oglc® H H OH H
7 OH OH H H H OH® H H H OH H
8 OH OH H H H OHR H H H OH H
9 OH OH H H H OCOCH(§ H H H OH H
10 OH OH H H H OCOCH({R) H H H OH H
11 OH OH OCH H H  OCOCH OCOCH H OH OH H
12 OH OH OCH H H  OCOCH OCOCH H OH OH OCH
13 OH OH OCH H H  OCOCH OCOCH H OCH OH  OCH
14 OH OH H H H  OcocH OCOCH H H OH H
15 OCH, OH H H H  OCOCH OCOCH H H OH H
6 OH OH H H H  ococH OH H OH OH H
17 OH OH OCH H H  OCOCH OH H OH OH  OCH
18 OCH, OH H H H  OCOCH OH H OH OH OCH
199 OCH, OH H H H  OCOCH OH H OCH OH  OCH
20 OCH; OH OCH H H OH OH H OCH OH  OCH
21 OCH, OH H H OH OH OH H OCH OH H
22 OCH; OH H H OH H O-xyl H OCH OH H
23  OCH; OH H H H OHR OH©® H OH OH H
24  OCH, OH H OHR H H OHR H H OH H
25 H OH H H H H H H H OCH H
26 H OH H H H  sQNa@® H OH H OH H
27 H OH H H H SQNa® H OH H OH H
28 H OH H H H OH® H H H OH H
29 H OH H H H OHR H H H OH H
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31 OH OH H H H OCOCH(§ H H H OH H
32 OH OH H H H OCOCH(R) H H H OH H

Cpd.25-27: A>%; Cpd.28-32: A’

Figure 2. Structures of compoun@3-52
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Figure 3. Structure of compouns

Cpd. R R Rs3 R4 Rs  Re Ry

54 H H H H H H H

55 H OH H H H H OH
56 H H H H G H H

57 H OH H H H H OH
58 H OH H OH H H OH
59 H OH H H H OCH OH
60 H OH H OH H OCH OH
61 OH OH H OH H OCH OH
62 OCH; OH H H H OCH OH
63 OCH; OH H OH H H OH
64 OCH; OH H H H H OH
65 OCH; OH H H H H H

66 OH OH H H H H OH
67 OCH; OH OCH3 H H OCH OH

Cpd.56-65: A®"; Cpd.66-67: A™%, A%’
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Figure5. Structures of compound@s-86

and other compounds;74, 75-84, 85-86, 87-90 yielded to type I, Il, 1, V, respectively.
Compounddl-74 belong to the type |, shown in Table 1 Figure TH#ey are divided into two sections
in the light of whether a carbonyl group attachedhe aliphatic carbons. In compourid82 (Figure

1), they are saturated or with one double bonddewi 33-74 (Figures 2-5), they possess one or two
carbonyl groups with several degrees of unsaturatio

Oregonosides A36), B (37) and compoun@®8 are diarylheptanoid glycosides foundAmus genus,
and all consist of the same aglycon moiety (hirsomt®l) but a different sugar moiety and an acyl
group. It is unusual that diarylheptanoids repogeacyl derivatives in the present case, howdhver,
diarylheptanoid moiety (hirsutanonol) of these coompuds is not very surprising because the majority
of diarylheptanoids found in the genAdnus bears the same group. In Compous]l there is a
phenethyl group located at the central positios)@1 the aliphatic carbon chain with two contigsou
carbonyl groups placed at C-3 and C-5 respectivefych is unusual. Cassumunin 20§, B (71), C
(69) and cassumunarin A4), B (72), C (73) are a series of complex curcuminoids isolatethfeo
cussumunarand they are all structurally similar to curcuraicept for attaching a fused trisubstituted
benzene rings, which the biosynthesis with regarddimeric diarylheptanoid may should be
responsible for. Nitidone A44) and B @6) were obtained fromA. nitida, and show a novel
substitution pattern in linear-diarylheptanoidsjcsi ortho-position substituted of the two phenyl
moiety has rarely been found. While their pharmagichl studies have not been reported yet, what
the novel substitution pattern bring about to tlhéogical activities need further investigation.
Compoundsr5-84 (type 1l) in Table 1 and Figures 5, all have a bb63,6-oxy bridge in the carbon
chain except for mistletonon&s), forming an oxy bridge between C-2 and C-3, twfaeent carbons,
which is unusual.

Katsumain A 85) and B 86) as showing in Table 1 and Figure 5, possesslaxerfoid moiety located at
the C-7 position, belong to the type ll.
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Hirsunin @7), present itself as a new structural groupinghia tlassification of diarylheptanoids,
consists of diarylheptanoid glycoside (oregoninyl allagitannin (praecoxin A) moieties. It was
isolated from the genusinusin 1992, which constituted rich sources of diaggtanoids and tannins,
and it remained the unique example of a diarylhegthpossessing an ellagitannin moiety up to now.
Compounds88, 89 and90, which regard as be of unusual structure, weratiso fromA. subulatum

M. paradisiacaand A. hirsute respectively. They all form a new skeleton frawwnf diarylheptanoid
and the later two ones functionalized in a simif@nner. The common characteristic feature of this
three compounds is the occurrence of the cyclinaifdhe aliphatic carbon atoms.

The retrieved linear-diarylheptanoids are mainbtributed inZingiber, Curcuma Alpinia andAlnus
Besides the 20 genus mentioned in the previousrpépere are 5 genus added includivigisa

Aframomum Etlingera Renealmiaand Pleuranthodium 4 of which belong to the family of
Zingiberaceae.
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Figure 6. Structures of compoun@3-90
2.2 Cyclic-diarylheptanoids

There were 12 cyclic-diarylheptanoids composed of nietaparacyclophanes and 10
metametacyclophanes and they were isolated indhesiylyrica, Corylus CarpinusandPterocarya
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Figure 7. Structure of compound-102
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Table 1. Compound4-102
Name Resourc Ref.
1 (-)-centrolobc C. robusturr 26
2 (+)-centrolobc C. tomentosul 26
3 diospongin C D. spongiosa 27
4 (+)-centrolobol C. paraense 28
C. sclerophyllum
C. tomentosum
C. robustum
5 betulaplatoside B. platyphylla 28
6 betulaplatoside | B. platyphylla 29
7 (39)-1-(3,4-dihydrcxyphenyl-7-(4-hydroxyphenyl)hepte-3-ol C. kwangsiens 30
8 (3R)-1-(3,4-dihydroxyphenyl)-7-(4-hydroxyphenyl)hepiarol C. kwangsiensis 30
9 (39-3-acetox-1-(3,4-dihydroxyphenyl-7-(4-hydroxyphenyl)heptan C. kwangsiens 3C
10 (3R)-3-acetox-1-(3,4-dihydroxyphenyl-7-(4-hydroxyphenyl)heptan C. kwangsiens 30
11 3,E-diacetox-1-(3,4-dihydroxyphenyl-7-(3,4-dihydroxy-5-methoxyphenyl)hepta Z. officinale 31
12 3,E-diacetox-1,7-bis(3,4dihydroxy-5-methoxyphenyl)hepta Z. officinale 31
13  3,5-diacetoxy-7-(3,4-dihydroxy-5-methoxyphenyl)44fydroxy-3,5-dimethoxyphenyl)heptane Z. officinale 31
14  3,5-diacetoxy-7-(4-hydroxyphenyl)-1-(3,4-dihydrokxygmyl)heptane Z. officinale 31
15 3,5-diacetoxy-7-(4-hydroxyphenyl)-1-(4-hydroxy-3-texyphenyl)heptane Z. officinale 31
16 3-acetoxy-5-hydroxy-1,7-bis(3,4-dihydroxy-5-methpkgnyl)-heptane Z. officinale 31
17  3,5-dihydroxy-1-(4-hydroxy-3,5-dimethoxyphenyl)-Z-fiydroxy-3-methoxyphenyl)heptane Z. officinale 31
18 3-acetoxy-5-hydroxy-1-(4-hydroxy-3-methoxyphenylf3/4-dihydroxy-5-methoxyphenyl)heptane Z. officinale 31
19 3-acetoxy-5-hydroxy-1-(4-hydroxy-3-methoxyphenyif4£hydroxy-3,5-dimethoxyphenyl)heptane Z. officinale 31
20 3,5-dihydroxy-1,7-bis(4-hydroxy-3,5-dimethoxyphenyl Z. officinale 31
21 * J. mandshurica, 32
22 juglanol A 50-B3-D-xylopyranoside J. mandshurica 33
23 (3R 59)-dihydroxy-1-(4-hydroxy-3-methoxyphenyl)-7-(3,4hgdroxyphenyl)heptane Z. ottensii 34
Z J. mandshurica, 32
25 1-(4"-methoxypheny-7-(4-hydroxyphenyl-(E)-hep-2-ene¢ P. racemigerur 35
26  sodiumE)-7-hydroxy-1,7-bis(4-hydroxyphenyl)hel-5-ene-3S-sulfonat: Z. officinale 36
27  sodium E)-7-hydroxy-1,7-bis(4-hydroxyphenyl)hept-ene-3R-sulfonat Z. officinale 36
28 (39)-1,7-bis(4-hydroxyphenyl-(6E)-6-hepter-3-ol C. kwangsiens 30
29  (3R)-1,7-bis(4-hydroxyphenyl-(6E)-6-heptel-3-ol C. kwangsiens 3C
30 (3R)-1-(3,4-dihydroxyphenyl-7-pheny-(6E)-6-heptel-3-ol C. kwangsiens 30
31 (39)-3-acetox-1-(3,4-dihydroxyphenyl-7-(4-hydroxyphenyl-(6E)-6-hepten C. kwangsiensi: 3C
32  (3R)-3-acetox-1-(3,4-dihydroxyphenyl-7-(4-hydroxyphenyl-(6E)-6-hepten C. kwangsiens 30
33 5-dehydrox-hexahydr-demethoxycurcum C. kwangsiens 3037
34 5-hydroxy-I-(4-hydroxy-3,5-dimethoxypheny-7-(4-hydroxy-3-methoxypheny-3-heptanon Z. officinale 31
35 epihirsutanonc A. japonice 38
36 oregonoside. A. rubra 39
37 oregonoside A. rubra 39
38 2"-cinnamoyloregoni A. formosani 40
39 5-ethoxy-7-(4-hydroxy-3-methoxy-phenyl-1-pheny-3-heptanont A. officinarum 41
40  5-hydroxy-1,7-bis(3,sdihydroxyphenyl-1-hepter-3-one C.longe 42
41 alpinoid E A. officinarur 43
42  alusenon A. japonice 44
43  7-(4",5"-dihydroxy-3"-methoxypheny-1-pheny-4-hepten-3-one A. officinarur 45
44  nitidone # A. nitida 46
45 1,7-dipheny-5-hepten-3-one A. officinarur 45
46 nitidone E A. nitida 46
47  (E)-1,7-bis(4-hydroxyphenyl-6-heptel-3-one C. kwangsiens 3C
48  1,7-bis(3,sdihydroxyphenyl)hept-4E,6E-dier-3-one A. subulatur 47
49  1,7-bis(4-hydroxy-3-methoxypheny-4,€-heptadie-3-one C.longe 42
50 1-(4-hydroxy-3-methoxypheny-7-(4-hydroxy-3,E-dimethoxypheny-4,€-heptadie-3-one C.longe 42
51 1-(4-hydroxyphenyl-7-(4-hydroxy-3-methoxypheny-1,4,€-heptatriel-3-one C.longe 42
52  1,7-bis(4-hydroxy-3-methoxypheny-1,4,€-heptatrer-3-one C.longe 48
53 1,7-bis(4-hydroxyphenyl-2,4,€-heptatrienon E. elatior 49
54  1,7-dipheny-3,5-heptanedion A. conchiger: 5C
55 letestuianin C A. letestuianur 51
56 4-phenethy-1,7-dipheny-1-hepten-3,E-dione A. officinarun 45
57 dihydrobisdemethoxycurcun C.longe 42
58 1,E-dihydroxy-1,7-bis(4-hydroxyphenyl-4,€-heptadien-3-one C.longe 52
59 dihydrodemethoxycurcum C.longe 42
60 1-hydroxy-1-(4-hydroxyphenyl-7-(4-hydroxy-3-methoxypheny-6-heptel-3,£-dione C.longe 52
61 1-(3,4-dihydroxyphenyl-7-(4-hydroxy-3-methoxypheny-6-hepter-3,5-dione C.longe 42
62 letestuianin E A. letestuianur 51
63 1,E-dihydroxy-1-(4-hydroxy-3-methoxypheny-7-(4-hydroxyphenyl-4,€-heptadien-3-one C.longe 52
64 letestuinin A A. letestuianur 51
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65 transtrans-1(3-methoxy-4-hydroxyphenyl-7-pheny-5-ol-4,€-dier-3-heptanon A. officinarurr 53
66 4'-hydroxy-bisdemethoxycurcum C.longe 52
67 1,4-hydroxy-3,E-dimethoxypheny-7-(4-hydroxy-3-methoxypheny-(1E,6E-1,€-heptadien-3,4-dione C. xanthorrhiz: 54
68  3-hydroxy-1,7-bis-(4-hydroxyphenyl-6-hepten-1,5-dione C.longe 52
69 cassumunin Z. cassumung 55
70 cassumunin. Z. cassumung 58
71 cassumunin Z. cassumung 55
72 cassumunarin Z. cassumung 56
73 cassumunarin Z. cassumung 56
74 cassumunarin Z. cassumung 56
75 mistletonon V. coloratun 57
76  (-)-centrolobine C. robustumr 26
77  (+)-centrolobin C. tomentosul 26
78  (-)-de-O-methylcentrolobine C. robustumr 26
79  (+)-de-O-methylcentrolobine C. tomentosul 26
80 1,5-epoxy-3-hydroxy-1-(4,5-dihydroxy-3-methoxyph§rg-(3,4-dihydroxyphenyl)heptane Z. officinale 58
81 3-demethoxycyclocurcum C. xanthorrhiz: 59
82 3,€-furar-1,7-diphenylheptar A. officinarur 43
83 renealtin / R. exaltate 60
84 renealtin R. exaltat¢ 60
85 katsumain / A. katsumadz 61
86 katsumain | A. katsumadi 61
87  hirsunn A. hirsute 62
88  2,3,%trihydroxy-5-(3,4-dihydroxy-E-styryl)-6,7,8,tetrahydr-5H-benzocycloheptel A. subulatur 47
89 rel-(3540R,103R)-8-hydroxy-3-(4-hydroxyphenyl)-9-methoxya4,6,1(B-tetrahydro-3H-naphtho[2,flpyran M. paradisiaca 63
Q0 * A. hirsuta 64
91 16-methoxy acerogenin BO-3-D-apiofuranosyl-6)3-D-glucopyranoside M. rubra 65
92 pterocarine P. tonkinesis 66
93 myricanol 50-B3-D-glycopyranosyl-(1-3B-D-glucopyranoside M. rubra 67
94  myricanol 50-a-L-arabinofuranosyl-(I-63-D-glycopyranoside M. rubra 67
95 myricanone 59-a-L-arabinofuranosyl-(1-6B-D-glucopyranoside M. rubra 65
96 myricanone 17%-B-D-(6-O-galloyl)-glucopyranoside M. rubra 65
97 11-ox0-3,8,9,17-tetrahydroxy-[7,0]-metacyclophane C. sieboldiana 68
98 * C. cordata 69
99 11-ox0-3,12,17-trihydroxy-9-ene-[7,0]-metacyclopban C. sieboldiana 70
100 11-oxo-3,8,12,17-tetrahydroxy-9-ene-[7,0]-metacgblane C. sieboldiana 70
101  rubanol M. rubra 71
102 nanaone M. nana 72
3. °C-NMR data of diarylheptanoids
Table 2. **C-NMR data of linear-diarylheptanoids
Cpd. 1 2 3 4 5 6 7 1 2 3 4 5 6 1" 2" 3" 4" 5" 6"
3 714 450 669 432 731 458 74 1442 1254 1284 1273 1284 1254 1443 1256 .5128127.6 1285 125.6
4’ 315 400 717 376 257 323 35 1336 1296 1155 1554 1155 129.6 1336 129.6 .5115155.4 1155 129.6
59 320 412 699 429 797 386 31 1344 1303 1160 1562 1160 1303 1347 130.416.11 156.3 116.1 1304
6 323 413 684 430 784 392 31 1346 1303 1161 1563 1161 130.3 1347 1305 .1116156.3 116.1 130.5
7 325 407 719 384 265 332 36 1356 1167 1462 1443 1164 1208 1350 130.4 6.211 1564 1162 130.4
8 325 407 719 384 265 332 36 1356 1167 1462 1443 1164 1208 1350 1304 6.211 1564 1162 130.4
9 323 373 754 351 258 327 35 1347 1166 1464 1445 1165 120.7 1347 1304 .2116156.4 1162 1304
10° 323 373 754 351 258 327 35 1347 1166 1464 1445 1165 1207 1347 1304 .2116156.4 1162 1304
219 400 763 728 409 70.6 408 32 1352 1141 1487 1457 1159 1288 1320 11318714 1454 1161 1217
229 447 738 327 308 799 381 32 1320 1142 1488 1459 1161 123.0 1335 113.348.8l 1454 1161 121.9
23 320 411 717 443 711 411 31 1350 1162 1457 1437 1155 1203 1347 1127 8.114 1453 1159 1214
249 812 343 251 324 783 396 31 1363 1100 1487 1468 1157 1199 1343 130.3 6.011 1563 1160 130.3
25 350 314 292 325 1316 1296 38 1334 1296 1140 1580 1140 129.6 1351 1296153 153.8 1153 129.6
26” 319 399 713 420 1298 1325 70 1344 1303 1159 1562 1159 130.3 130.3 131.4 .0116157.7 116.0 131.4
27 320 399 714 416 1298 1325 70 1344 1303 1159 1562 1159 130.3 130.3 131.4 .0116157.7 116.0 1314
28 323 408 713 385 304 1283 131 1346 1305 1162 1565 1162 1305 131.1 1283 .4116157.8 1164 1283
29 323 408 713 385 304 1283 131 1346 1305 1162 1565 1162 1305 131.1 1283 .4116157.8 1164 1283
30° 326 407 714 382 304 1280 131 1354 1167 1462 1443 1164 1208 1394 1271 61291315 129.6 127.1
319 322 374 752 353 302 1276 131 1346 1166 1463 1445 1165 1207 1309 1283 .4116157.8 1164 1283
322 322 374 752 353 302 1276 131 1346 1166 1463 1445 1165 1207 1309 1283 .4116157.8 1164 1283
33 295 446 2112 429 232 311 34 1329 1111 1464 1438 1143 1207 1340 12935111 153.8 1151 129.3
35 301 463 2093 522 582 413 33 1340 1166 1464 1447 1165 1207 1339 116.8 6.414 1447 1165 1209
3” 300 463 2118 489 766 384 31 1340 1164 1461 1443 1165 1207 1351 116550914 1440 1162 120.6
37 301 464 2118 489 765 386 31 1341 1166 1461 1444 1164 1206 1353 1166 .0146144.1 1163 1208
38 301 463 2109 486 771 385 31 1351 1163 1461 1444 1164 1207 1356 1164 .11461442 116.6 120.5
39" 294 454 2087 479 751 366 31 1410 1283 1284 1260 1284 1283 1338 110.%46.41 1437 1143 120.8
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419 408 75.8 199.6 1258 1489 34.3 34 136.4 129.4 1286 126.7 1286 129.4 1404 1283 .4128126.3 128.4 128.3
429 30.8 429 203.0 1317 1495 35.8 34 1333 1305 1163 1568 1163 130.5 134.0 116.7 4.714 1464 1165 120.7
43 30.0 417 199.4 130.7 146.4 34.4 34 1325 1104 1472 1410 1243 1228 1412 1283 8.412 1261 1284 128.3
449 293 41.9 199.8 130.7 146.6 34.3 33 132.8 1295 1152 1294 1153 1539 1333 129.6 .5115129.4 1154 153.8
459 29.8 457  210.9 308 127.1 1473 35 1412 1283 1285 1260 1285 1283 1412 128.3 8512 126.0 1285 1283
457 31.6 42,7 2028 1317 1492 35.8 34 1348 120.6 1162 1165 146.3 1446 1342 1205 .3116116.4 146.4 144.1
479 30.2 457 2129 43.7 283 1269 131 1334 1304 1163 156.8 116.3 130.4 130.8 128.3 .4116157.9 1164 1283
48" 30.3 42,7 1995 129.1 1439 1250 14z 1340 1162 1456 1439 1159 1203 1295 1143 6.114 1475 1163 1213
52 1433 1239 1888 1291 1438 1256 14: 128.1 111.6 1488 150.2 1162 1241 129.6 111.7 .8148149.1 116.1 122.6
53° 1879 1249 1441 130.8 1431 1265 137 131.3 1315 1161 1625 1161 131.5 129.5 129.3 .5116158.9 1165 129.3
549 31.4 39.9 2022 99.5 193.0 39.9 31 1404 1282 1284 1261 1284 1282 1405 128.2 .4128126.1 128.4 128.2
557 29.7 46.4 2065 57.4 2065 46.4 29 1330 1304 1163 1567 1163 1304 133.0 130.416.31 156.7 116.3 130.4
56 31.4 31.1 199.8 100.7 176.8 122.7 13¢ 129.8 1283 1285 1262 1285 1283 1351 127.9 .4128128.9 128.4 127.9
58" 81.3 435 1929 1058 1695 1195 137 1306 1290 1161 158.7 1161 129.0 127.8 130.316.61 160.0 116.6 130.3
60 81.3 436 1925 1059 169.3 1199 137 1309 1290 1162 158.7 1162 129.0 1285 111.248.71 149.3 1161 1229
629 30.4 413 199.2 100.2 1779 119.7 14C 1316 1125 1474 1447 1153 1203 126.3 111.0 8.014 149.2 1157 123.0
637 81.6 436 1926 1059 169.3 1196 137 131.3 1112 1484 1478 1157 1205 1280 130.3 6.611 159.9 116.6 130.3
64" 317 42,7 1995 101.0 1785 120.8 14C 1334 1129 1483 1459 1158 121.6 127.8 1309 .9116160.5 116.9 130.9
65” 31.2 42,6 2013 1014 177.2 1236 13¢ 1329 1125 1479 1455 1154 121.2 1359 1285 .5129130.4 1295 1285
66 1414 1224 1849 1021 1849 1224 141 1281 131.3 117.2 160.9 117.2 131.3 128.7 115.6 .7146149.1 1168 123.0
68"  198.4 46.0 66.2 483 199.8 1251 144 130.7 1319 1163 163.2 1163 1319 1275 1316 .1117161.1 117.1 1316
759 191.8 56.4 55.8 35.2 67.7 40.2 30 127.7 1309 1158 163.3 1158 1309 1325 129.2 .41151555 1154 129.2
80? 72.9 40.3 62.9 37.9 70.4 38.1 30. 133.8 101.3 148.0 1329 1454 106.6 1329 118.8 5711 143.0 1149 1154
81" 81.4 435 1927 1058 169.4 1198 137 130.7 1290 1162 158.8 1162 129.0 128.4 112.348.81 149.5 1162 123.0
83? 1984 48.9 75.8 41.3 731 86.0 34 130.1 1105 147.8 1526 1140 1239 131.1 112.2 7.614 1449 1144 121.2
849  199.8 45.1 75.6 38.5 72.9 84.8 35 130.1 111.6 148.8 1538 1153 1246 1327 113.7 51481459 1155 122.1
85 33.1 39.7 721 417 1286 1353 44 1440 129.7 1289 1269 1289 1297 1459 128.8 9512 1265 1295 128.8
86° 33.0 39.7 72.0 419 1286 1354 44 1440 1296 1289 126.8 1289 1296 1459 128.8 9.512 126.5 129.5 128.8
87" 29.4 46.0 211.0 47.8 76.1 38.1 31 — — — — — — — — — — — —
88” 1299 1312 — 43.2 69.6 — 30 131.0 1133 1459 1453 1160 119.0 1343 118.043.3 1433 1170 1358
89? 1304 1286 73.7 69.8 27.3 27.0 130 116.0 1458 1479 1129 1299 38.3 1332 130.6 .21161584 116.2 130.6
707: 19.8, 35.6, 55.9, 56.0 (Cx2), 121.9, 122.8, 127A7.7, 128.6, 130.8, 132.0 (Cx2), 140.4, 14145,3, 146.8, 146.9, 147.9, 148.5, 149.1, 183.2,4183%- 35.8,
36.2, 44.8, 54.7, 55.8 (Cx2), 56.0 (Cx2), 102.(M.60110.1, 110.6, 113.2, 114.3, 114.8, 119.8,4221.7, 122.5, 127.3, 127.7, 128.3, 132.2, 13139,5, 143.8,
146.4, 146.7, 147.6, 148.0, 148.3, 176.5, 20188: 35.8, 36.7, 37.3, 55.1, 55.2, 56.0 (Cx2), 56703595.9, 101.9, 109.3, 110.4, 114.2, 114.8, 11619.4, 120.1,
120.5, 122.4, 127.5, 127.8, 136.6, 138.5, 141.9,81446.3, 146.8, 147.5, 148.8, 152.5, 174.8,@04%: 33.9, 43.6, 46.6, 55.8 (Cx2), 55.9, 56.0, 5908.Q, 109.3,
111.0,111.1, 111.1, 114.3, 1147, 119.7, 119.8,41222.8, 126.9, 127.6, 130.3, 135.4, 136.2, 13918.1, 146.2, 146.7, 147.6, 147.7, 148.7, 17200,8.82": 34.1,
34.3,40.8, 125.9, 126.4, 126.8, 128.3, 128.4,6,2829.4, 136.5, 148.9, 199.7.
a) Measured in CD@lb) Measured in (CE).CO; c) Measured in C{®D; d) Measured in DMSO; e) Not mentioned f) Measln (C}),CO+D;0.

Table 3. *C-NMR date of cyclic-diarylheptanoids
Cpd. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
91 1447 1452 1503 117.2 1238 1346 294 363 81371 232 308 358 1412 1152 1539 1228 125.114.81
92” 1125 1468 1429 1156 1228 1340 27.3 411 510464  19.0 272 356 140.6 1180 148.8 140.6 .4123122.9
93 1267 1289 149.3 1458 1503 1299 27.1 264 23405 679 357 279 1310 1302 1170 1532 135330.4
94 1267 129.0 1499 1459 150.3 1302 27.3 265 23405 680 358 280 131.0 1302 117.0 153.1 513 130.3
95 1269 1289 149.1 1462 150.0 1309 283 223 25458 2129 424 289 1320 1293 117.0 153.5 .@34129.6
96" 126.8 129.1 149.2 1463 1494 1311 280 223 254854 2127 421 286 1319 1291 117.0 1534 .9133129.7
97 126.0 1254 1510 1160 1285 1300 252 402 20948.7 689 723 362 1301 1286 1160 151.6 133.833.8
98” 1320 1301 1454 1230 1229 1291 282 385 207BL.9 759 812 408 1367 130.3 123.0 146.6 1351334
1017  120.7 1410 1449 1841 1444 1465 347 241 26269 721 336 398 1337 1305 1175 1509 131.184.2
102 1213 1402 1450 183.8 1445 1462 256 271 21420 1358 1302 389 1324 130.2 1175 1525 .2134184.1
a) Measured in C5D5N; b) Measured in CR)€) Measured in DMSO.

The reported®C-NMR data of diarylheptanoids carbons is showeiidhle 2 and 3. For compounds
1-2, 67, 69, 71, 76-79, 90, 99 and 100, only the'H-NMR spectroscopic data were reported and
compounds11-20, 34, 40, 49-51, 57, 59 and 61 were identified by direct comparison their
chromatographic and mass spectral data with authstdndard samples and each other, as for
compoundg/0, 72-74 and82, a**C-NMR complete assignments were not given in tpenditerature
and their NMR data were list below the Table 2adriotes.

4. The bioactivity of diarylheptanoids
4.1 Anti-oxidative activity

The anti-oxidative of compound48 and 88 was evaluated using DPPH radical scavenging
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potential with a-tocopherol and L-ascorbic acid as a positive @bntfhe results showed that
compound48 exhibited stronger activity than such natural @titants while Compoun@8 were
comparable to them [47]. Compouf@ also show potent scavenging activity {J8.7 uM) [65]. The
antioxidative activities of mistletonon&s) were directly determined by electron spin reseean
(ESR). It exhibited scavenging capability both gaioxyl radicals and superoxide anion radicals with
ICso values of 0.485 mM and 0.273 mM, comparable whibse of (-)-epigallocatechin gallate, the
positive control (0.538 mM, 0.131 mM, respectivelyy]. Compoundb3 was found to inhibit lipid
peroxidation in a more potential manner tlatocopherol [49]. The curcuminoids Cassumunin A, B,
C (70, 71 and69) and cassumunarin A, B, @4, 72 and73) are all potent antioxidants for revealing
stronger or equal antioxidant activity than thatafcumin [55, 56].

4.2 Anti-cancer activity

On the evaluation of diarylheptanoids against caoek lines, pterocarineg) revealed both cell
cycle inhibitory and apoptosis inducing activitiésinhibited the proliferation of tsFT210, HCT-15
and K562 cells with the rates of 20.2+2.4, 23.81@x 50.5+1.2%, respectively (concentration 100
pug/mL); the follow-up cytometric analysis showsnhibited the cell cycle mainly at they/G, phase
and could also induce apoptosis in HCT-15 (19%) k562 (11%) cells [66]. Rubanol@l) revealed
cytotoxicity against Lun-06, Neu-04, and Bre-04l digles with 1G, values of 16.03-32.58 mg/mL
[71].

4.3 Hepatoprotective activity

Epihirsutanonol §5) was checked for their protective effects tdoutylhydroperoxide-induced
primary rat hepatocyte injury, and found to shogn#icant hepatoprotective activity. It exhibited
effectively stronger than the positive controllsiiin, a known approved hepatoprotective agent.[38]
Alusenone 42) was found significantly hepatoprotective activity the basis of the evaluation for its
protective effects on primary rat hepatocytes plaaotogically induced by-butyl hydroperoxide
[44]. Betulaplatoside Ia5) and Ib 6) shows protective effect against D-GalN-inducetbimykicity in
primary cultured rat hepatocytes and their hepateptive activity effected in a concentration-
dependent manner [29].

4.4 Antibacterial activity

Compound#t3, 45 and56 were subjected to antimicrobial assessment amqt@lied to be potent
inhibitors againsHelicobactor pylor with the MIC values of 9-1gg/mL against Hp-Sydney strain 1
and the MIC values of 25-30y/mL against Hp-F44 [45].

4.5 Antiosteoporotic activity

The antiosteoporotic activity of diarylheptanoids wasasured and diospongin B and3} \ere
screened to exert potent inhibitory effects (corghjeinhibited the**Ca release) on bone resorption
induced by parathyroid hormone in a bone orgaruceibystem, and a clinical drug elcitonin was used
as a positive control [27].

4.6 Melanogenesis inhibitory activity
Melanin pigmentation in skin is a major self-defemaechanism against ultraviolet ray of the

sun, while hyperpigmentation may result in a sexiaesthetic problem such as freckles and chloasma.
The inhibitory effects on melanogenesis of compeiid 95 and 96 were by measured the melanin
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level in the B16 melanoma cells, and their cytatityiwas also examined. All the test constituents
exhibited inhibitory effects with 51.2%, 49.6%, a8l 9% reduction of melanin content at 25 mg/mL,
respectively, and with very weak toxicity to thdl€€81-90% of cell viability at 25 mg/mL) [65].
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