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Investigations on the chemistry and biology of rocaglamide, silvestrol and structurally related bioactive 

compounds from Aglaia species during the period 2006-2013 are reviewed. Included are new 

phytochemical studies of naturally occurring rocaglamide derivatives, an update on synthetic methods 

for cyclopenta[b]benzofurans, and a description of the recent biological evaluation and mechanism-of-

action studies on compounds of this type. 
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1 Introduction 

Aglaia Lour. is the largest genus of the angiosperm plant family 

Meliaceae, which contains more than 120 species and is distributed 

mainly in the tropical and sub-tropical rainforest areas of southeast 

Asia and the Pacific region.1,2 Besides the well-known insecticidal 

properties ascribed to Aglaia plants, members of this genus provide 

useful timber for building purposes and edible fruits as local food 

sources, as well as scented flowers for ornamental purposes and 

fragrance components. In addition, certain Aglaia species have been 

used as traditional medicines for the treatment of fever, cough, 

diarrhea, inflammation, and contused wounds.1-4 Aglaia species have 

attracted considerable interest in the area of natural products-based 

drug discovery in past two decades, since they are a rich source of 

the cyclopenta[b]benzofuran or “flavagline” class of bioactive 

agents, which are found exclusively in Aglaia species, and their 

presence is considered to be a major chemotaxonomic 

characteristic.5-8 Since the 1982 discovery by King et al. of 

rocaglamide (1), the first member of the cyclopenta[b]benzofuran 

class from A. elliptifolia,9 more than 100 naturally occurring 

derivatives of rocaglamide have been isolated and their structures 

characterized from over 30 Aglaia species.5-8 Among these taxa, ten 

species comprising Aglaia argentea, A. cordata, A. duperreana, A. 

edulis, A. elliptica, A. elliptifolia, A. foveolata, A. odorata, A. 

oligophylla and A. silvestris are the most extensively investigated for 

their phytochemistry.5-8 Seven species, Aglaia crassinervia,10 A. 

edulis,11 A. elliptica,12,13 A. foveolata,14-16 A. perviridis,17 A. 

ponapensis,18 and A. rubiginosa,19 mainly collected from Indonesia, 

have been investigated previously as promising candidate plants in 

our laboratories in a search for new potential anticancer analogues.  

The skeletal structures of the rocaglamide derivatives include a 

flavonoid unit and a cinnamic acid amide moiety. For their 

postulated biogenetic origin, it has been suggested that the 

cycloaddition of a flavonoid nucleus and a cinnamic acid amide 

moiety leads to the formation of a cyclopenta[bc]benzopyran ring 

system, which is considered to be the key intermediate in the 

biosynthesis process.20-24 Thus, through rearrangements, including 

the opening of C-5a and C-5 bond and connection of C-5a with C-

10, the cyclopenta[bc]benzopyran ring can convert to a 

cyclopenta[b]benzofuran ring.22,23 In addition, benzo[b]oxepine 

derivatives can be formed from cyclopenta[bc]benzopyrans by 

oxidative cleavage of the methylene bridge between C-5 and C-

10.22,23 Accordingly, the rocaglamide derivatives have been grouped 

previously into three subclasses based on their core structures: (i) 
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cyclopenta[b]benzofurans (also known as “flavagline” or “rocaglate” 

derivatives); (ii) cyclopenta[bc]benzopyrans (also known as 

“thapsakins”; and (iii) benzo[b]oxepines (also known as 

“thapoxepines”).22,23 Rocaglamide derivatives have attracted 

growing attention because of their interesting biological activities.e.g., 

25-29 In particular, the cyclopenta[b]benzofurans have potential 

anticancer activity, and two compounds of this type have been 

studied the most in this regard. Rocaglamide (1) and silvestrol (2) 

were found to show antiproliferative activity against various human 

cancer cell lines at nanomolar concentrations, and both have been 

reported to exhibit efficacy in vivo in tumor-bearing experimental 

animal models.5-9,14 Due to the unique chemical structures and their 

fascinating biological activities, cyclopenta[b]benzofurans have 

continued to attract great interest in terms of their phytochemical 

occurrence, methods of synthesis, in vitro and in vivo biological 

evaluation, structure-activity-relationships, and determination of 

their mechanism of action. The present review will focus on the most 

recent advances in these areas. 

 

2 Newly isolated rocaglamide derivatives since 

2006 

In an earlier review published by our group, all natural occurring 

rocaglamide derivatives isolated from the genus Aglaia up to 2006 

were described.6 This update summarizes new phytochemical reports 

of naturally derived compounds of this type made during the period 

2006-2013, and mentions the in vitro biological activity for each 

compound, if reported. 

2.1 Cyclopenta[b]benzofurans 

All known naturally occurring cyclopenta[bc]benzopyran derivatives 

elucidated structurally thus far show variations in the cyclopentane 

moiety at C-1, C-2, and C-8b, as well as in the phenyl rings A and B. 

The substituent groups on C-1 are usually found to be hydroxy and 

acetoxy groups, with aldehyde, oxo, and oxime groups being less 

common. The substituent located on C-2 is typically a methyl ester, 

carboxyl group, or a simple amide or diamide residue. Rocaglamide 

derivatives with C-1 and C-2 fused by a pyrimidinone unit were also 

isolated from several different Aglaia species. Hydroxy, methoxy 

and ethoxy groups are the known substituent groups found at the 

ring junction carbon C-8b. Thus far, no natural occurring epimers 

have been found at the chiral carbons, C-2, C-3 and C-8b. For the 

phenyl rings A and B, hydroxy, methoxy and dioxymethylene 

groups have been found to be the most common substituents.6,7 3′-

Glucosyl-rocaglaol and 3′-(2-acetoxy-3-methoxyrhamnosyl)-

rocaglaol, with a monosaccharide unit located on the meta position 

of ring B, are the only two naturally occurring rocaglaol glycosides 

reported so far.24,30 Silvestrol (2), with an unprecedented 

dioxanyloxy unit attached to the phenyl ring A, represents a 

significant structural variation in this compound  class.14   

From the first isolation of rocaglamide in 1982, to 2006, over 60 

naturally derived cyclopenta[b]benzofurans were reported.6,7 During 

the last seven years, ten new rocaglamide analogues of this sub-type 

were obtained and identified from four Aglaia species, with their 

structures shown in Figures 1 and 2.  

In 2006, Chumkaew and colleagues documented two new 

compounds, 1-O-formylrocagloic acid (3) and 3′-hydroxyrocagloic 

acid (4), along with five known rocaglaol derivatives, from the 

hexane and dichloromethane extracts of the fruits of Aglaia 

cucullata collected in Thailand.31 When compared with the 1H NMR 

spectrum of rocagloic acid, besides a singlet ascribed to the formyl 

group that appeared at δH 7.95, a downfield shift of approximately 

1.3 ppm for H-1 was observed due to the hydroxy group at C-1 of 

rocagloic acid being substituted by an aldehyde group in compound 

3. The CD curve of 3 was found to be quite comparable with that of 

rocaglamide, with a characteristic absorption at 274 nm. Thus, the 

absolute configuration of 3 was determined as 1R, 2R, 3S, 3aR, 8bS, 

the same as other known rocaglate derivatives. In compound 4, with 

a hydroxy group located at C-3′, the AA′BB′ spin system of the 

phenyl ring B in rocagloic acid was replaced by an ABX spin 

system, which was deduced by studying the 1H NMR spectroscopic 

coupling pattern of the aromatic proton signals belonging to the 

phenyl ring. Compounds 3 and 4 showed cytotoxic activities against 

the HeLa (human cervical carcinoma) and BC (human breast cancer) 

cell lines, against which rocagloic acid was found to be inactive. The 

substitution by a formyl group at C-1 in compound 3 resulted in a 

dramatic (more than 500-fold) decrease of activity for the NCI-H187 

(human small cell lung cancer) cell line, while an OH group 

substitution on C-3′ in compound 4 resulted in a greater than ten-fold 

increase in activity, when compared with rocagloic acid using this 

same bioassay. 

 

Figure 1. Structures of rocaglamide (1) and new natural occurring cyclopenta[b]benzofuran derivatives (3-10) isolated during the period 

2006-2013 from species in the plant genus Aglaia. 
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Aglaia odorata var. microphyllina, a species cultivated in the 

south of mainland China, was found recently to be a new plant 

source of rocaglamides.32 Two new rocaglamide derivatives, 8b-

methoxy-desmethylrocaglamide (5) and 3′-hydroxy-8b-

methoxyrocaglamide (6), were isolated by Liu et al. from the twigs 

of this plant.32 The substitution of a hydroxy group with a methoxy 

group on C-8b led to a downfield shift of around 7 ppm for the 13C 

NMR signal of C-8b. The corresponding proton signal of the 

methoxy group was recognized at around δH 2.4 ppm as a singlet. 

Neither 5 nor 6 was found to be active (IC50 < 10 µg/mL) against the 

K562 human myeloid leukemia cell line utilized in this 

investigation.32    

Two other 8b-methoxy-substituted rocaglaol derivatives, 8b-O-

methyl-4′-demethoxy-3′,4′-methylenedioxyrocaglaol (7) and 8b-O-

methyl-4′-demethoxy-3′,4′-methylenedioxy methyl rocaglate (8),  

were isolated from various plant parts of Aglaia perviridis collected 

in Vietnam.17 The new compounds 7 and 8, were found to be much 

less potently cytotoxic against HT-29 human colon cancer cells 

when compared with other rocaglaol analogues with a free hydroxy 

group on C-8b, consistent with earlier observations.17,33 

Aglaroxin A 1-O-acetate (9) and 3′-methoxyaglaroxin A 1-O-

acetate (10) were isolated by Kim et al. from the bark of Aglaia 

edulis collected in Indonesia through a bioassay-guided purification 

procedure.11 When comparing the structure of 9 with rocaglamide, 

the free hydroxy group at C-1 was found to be substituted by an 

acetate group, and instead of having a methoxy group at C-6, a 

methylenedioxy group is located at C-6 and C-7 of the phenyl ring 

A. In comparison with compound 9, compound 10 possesses an 

extra hydroxy group at C-3′ on the phenyl ring B. Compounds 9 and 

10, together with the known rocaglamide, aglaroxin A, were shown 

to be cytotoxic against a small panel of human cancer cell lines. 

Compound 9 showed more potent growth inhibitory effects against 

several of these cell lines when compared with aglaroxin A, while 

compound 10 was less active when evaluated against the same cell 

lines. Aglaroxin A 1-O-acetate (9) was further evaluated in an in 

vivo P388 lymphocytic leukemia model, using intraperitoneal 

administration, but was found to be inactive at the doses used. 

When silvestrol (2) and 5'''-epi-silvestrol (11) were reported in 2004, 

it was established that the presence of the 1,4-dioxanyloxy ring 

greatly enhances the resultant cytotoxicity when compared with 

rocaglate analogues lacking this moiety. In 2010, a large-scale 

recollection of the stem bark of Aglaia foveolata from Indonesia was 

reported, which was carried out in order for the scale-up isolation of 

silvestrol (2) to be conducted at the gram level, so that more 

extensive biological testing could be performed on this compound. 

This re-isolation work led also to the purification of two new minor 

analogues of silvestrol, 2'''-epi-silvestrol (12) and 2''',5'''-diepi-

silvestrol (13) (Figure 2).16 In 12 and 13, the methoxy group at C-2''' 

on the 1,4-dioxanyloxy ring adopts an α-equatorial orientation, 

rather than a β-axial orientation as in silvestrol (2) and 5'''-epi-

silvestrol (11).14
 By comparison of the 1H NMR data of the new 

analogues 12 and 13 versus their parent compounds, the major 

differences were focused on the 1,4-dioxanyloxy ring. An obvious 

downfield shift of the proton signal of the methoxy group at C-2''' 

from δH 3.48 to δH 3.63 was observed. Moreover, subtle differences 

were also detected for these protons proximate to C-2'''. In the 13C 

NMR spectrum, due to the absence of a cis-γ substitution effect of 

the methoxy group on C-2''' to H-3''', a corresponding downfield shift 

of approximately 7.5 ppm of the carbon signal of C-3''' was 

observed. In the initial biological testing conducted on compounds 

12 and 13, their cytotoxicity against HT-29 cells decreased 

dramatically when compared with both silvestrol (2) and 5'''-epi-

silvestrol (11).16 In 2012, Rizzacasa et al. confirmed the structure of 

2''',5'''-diepi-silvestrol (13) by conducting a total synthesis of this 

compound using a biogenesis-based approach.34 In an in vitro 

protein synthesis inhibitory assay conducted in a rabbit reticulocyte 

lysate system, the synthesized 13 was also found to be much less 

active than 5'''-episilvestrol (11).16 These observations demonstrate 

that the configuration of C-2''' in the 1,4-dioxanyloxy unit of 

silvestrol analogues plays an important role in mediating biological 

activity among these compounds. Silvestrol appears to be a very rare 

compound in the genus Aglaia, but, in addition to its initial isolation 

from A. foveolata,14-16 this compound has been reported as a 

constituent of the Malaysian plant, Aglaia leptantha35 (later 

reidentified as A. stellatopilosa).36 

 

2.2 Cyclopenta[bc]benzopyrans and benzo[b]oxepines  

As mentioned previously, cyclopenta[bc]benzopyrans are considered 

to be biosynthetic precursors of the structurally related 

cyclopenta[b]benzofurans and cyclopenta[b]oxepines. During the 

cycloaddition reaction between a cinnamoyl moiety and a flavonoid 

nucleus, important building blocks of cyclic or open-chained 

cinnamoyl bisamides isolated from Aglaia species, such as 

aglairubine, aglamide C, odorine, odorinol, piriferine, or  

pyramidatine, as well as the cinnamoyl amide-alcohol derived 

moieties such as aglamide D, are incorporated into a benzopyran 

unit. This maintains the cyclopenta[bc]benzopyran overall skeleton 

and permits the introduction of a varied substitution pattern at C-3 

and C-4.20-24,37 Besides similar substitution patterns on the phenyl 

rings A and B as those occurring in cyclopenta[b]benzofurans, the 

phenyl ring C and the bisamide chain in cyclopenta[bc]benzopyrans 

can be located either at C-3 or C-4, with both configurations 

possible. On the bridge carbon, C-10, in addition to the commonly 

non-stereoselective substitutions of a free hydroxy group or acetoxy 

group, two derivatives with a glucosyl group were also reported.38 

Overall, cyclopenta[bc]benzopyrans exhibit a greater degree of 

structural variation potential than cyclopenta[b]benzofurans. From 

2006 to the end of 2013, a total of 16 new 

cyclopenta[bc]benzopyrans have been reported from five different 

Aglaia species (Figure 3).  

Besides the two new cyclopenta[bc]benzopyrans, 9 and 10, five 

new cyclopenta[bc]benzopyrans, edulirin A (14), edulirin A 10-O-

acetate (15), 19,20-dehydroedulirin A (16), isoedulirin A (17), and 

edulirin B (18), were also isolated from the bark of Aglaia edulis by 

Kim et al.11 Compounds 14-16 possess an aglamide C- or 

dehydroaglamide C-derived pyrrolidine-type bisamide group at C-4. 

The relative configurations of C-3, C-4 and C-10 of compounds 14-

16 were deduced based on the analysis of NOESY NMR spectra. In 
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Figure 2. Structures of silvestrol and three naturally 

occurring analogues (2, 11-13). 
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addition, the observed vicinal coupling constant of around 9.5 Hz 

between H-3 and H-4 was also consistent with the H-3α and H-4β 

configurations ascribed to this type of compound. Isoedulirin A (17) 

and edulirin B (18) were also found to have the aglamide C-derived 

bisamide group. However, HMBC correlation analysis indicated that 

the substituents at C-3 and C-4 were mutually exchanged in these 

two compounds. The observed coupling constant between H-3 and 

H-4 for compound 17 was 7.0 Hz, which implied a H-3β and H-4α 

configuration, different from compounds 14-16. Compound 18 is a 

3,4-di-epimer of 17, and its structure was deduced by NOESY 

experiments. This was confirmed by the large coupling constant of 

10.5 Hz between H-3 and H-4, as well as the high-field shift of 

nearly 1.0 ppm observed for the proton signals of the methoxy group 

on C-6 due to the shielding effect from an α-oriented phenyl group 

on C-4. None of compounds 14-18 was found to be active against a 

small panel of human cancer cell lines, consistent with the generally 

lesser bioactive potency of the cyclopenta[bc]benzopyrans when 

compared with the cyclopenta[bc]benzopyrans.6,11 

In 2007, Salim et al. isolated four cyclopenta[bc]benzopyrans, 

including foveoglin A (19), foveoglin B (20), isofoveoglin (21) and 

cyclofoveoglin (22), from the leaves and bark of the silvestrol-rich 

plant, Aglaia foveolata.15  Pyramidatine, which also was isolated in 

this study, might be a general biosynthetic building block for 

flavaglines 19-22. Foveoglins A (19) and B (20) both have a 

benzoyl-1,4-butanediamide moiety at C-3 and a phenyl ring 

substituted at C-4, and adopt the H-3α and H-4β configurations. The 

only difference between these two structures is the configuration of 

C-10. In foveoglin A (19), the hydroxy group on C-10 has an exo 

relationship with H-4, while in foveoglin B (20), the hydroxy group 

is located at an endo position to H-4. Isofoveoglin (21) is a di-epimer 
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Figure 3. Structures of new natural occurring cyclopenta[bc]benzopyrans (14-29) isolated during the period 2006-2013 from species in 

the plant genus Aglaia. 
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of foveoglin B (20) at C-3 and C-4. The H-3β and H-4α 

configurations were suggested based on the vicinal coupling constant 

of 5.4 Hz, and the deduction was confirmed by NOE effects between 

H-3/H-2′,H-6′, and H-4/H-2′′,H-6′′. Cyclofoveoglin (22) is derived 

from isofoveoglin (21) by formation of a new bond between C-10 

and N-12, the nitrogen atom in the bisamide chain substituted on C-

4, to build a five-membered cyclic amide, which is an unprecedented 

structural feature among the cyclopenta[bc]benzopyran derivatives. 

This new connection results in a conformational change of the 

molecule. For example, the H-3 and H-4 both appeared as a singlet 

in the 1H NMR spectrum. This implied that the dihedral angle 

between H-3 and H-4 is close to 90°, which was confirmed by a 3D 

modeling analysis. Among these compounds, only foveoglin A (19) 

exhibited cytotoxicity against Lu1, LNCaP and MCF-7 cancer cells, 

with ED50 values ranging from 1.4 to 1.8 µM. 

Flavaglines possessing the same benzoyl-1,4-butanediamide 

substituent were also isolated from the leaves of Aglaia forbesii by 

Joycharat et al. in 2008.39 In comparison to foveoglin A (19), the 

substituents at C-3 and C-4 were mutually exchanged in 

desacetylpyramidaglains A (23) and B (24), but still having the same 

H-3α and H-4β configurations. Compound 24 is an epimer of 23 at 

C-10. Although desacetylpyramidaglain C was also reported as a 

new compound in this study, the structure reported was identical to 

that of isofoveoglin (21) isolated by Salim et al. from A. foveolata.15 

Desacetylpyramidaglain C (isofoveoglin, 21) exhibited 

antituberculosis activity against Mycobacterium tuberculosis H37Ra 

with a minimum inhibitory concentration (MIC) value of 25 µg/mL, 

and was compared to the two positive controls, isoniazid (MIC, 0.25 

µg/mL) and kanamycin (MIC, 1.25 µg/mL). This compound also 

showed moderate anti-Herpes simplex virus type 1 (HSV-1) activity 

in this study.  

Perviridisin A (25) and its 10-epimer, perviridisin B (26) are two 

new flavaglines isolated from Aglaia perviridis collected in 

Vietnam.17 Compounds 25 and 26 both have an α-oriented amidic 

putrescinyl 4-hydroxytiglate moiety at C-3 and a β-oriented phenyl 

ring at C-4, which are derived from aglairubine. The H-3β and H-4α 

configurations as well as the endo relationship between H-10 and H-

3 were established based on the NOESY analysis. In the NOESY 

spectrum of perviridisin B (26), NOE cross peaks of OH-10/H-3, H-

2'(6') and H-2"(6") were recognized, which, in combination with a 

downfield shift of 0.78 ppm observed for H-3 caused by the 

deshielding effect from OH-10, demonstrated that OH-10 and H-3 

are spatially close to one another. Perviridisin B (26) showed potent 

cytotoxicity (ED50 0.46 µM) against HT-29 cells and moderate NF-

κB inhibitory activity (ED50 2.4 µM) when evaluated in an ELISA 

assay. 

 

Compound 27, possessing the same substituent groups as 

perviridisins A and B (25 and 26), with their location mutually 

exchanged at C-3 and C-4, was isolated by Ahmed et al. from the 

leaves of Aglaia cucullata (syn. Amoora cucullata), collected in 

Bangladesh.40 A similar five-membered amide ring to that present in 

cyclofoveoglin (22) was formed by the coupling of C-10 and the 

nitrogen atom of the α-oriented amide putrescinyl 4-hydroxytiglate 

side chain at C-4. Although compound 27 showed strong tumor 

necrosis factor (TNF)-related ligand (TRAIL) resistance-overcoming 

activity in human gastric adenocarcinoma (AGS) cells, it was less 

potent in this regard than the known cyclopenta[bc]benzopyran, 1-O-

formylrocagloic acid.  

10-Oxo-aglaxiflorin D (28) was purified from the leaves of Aglaia 

odorata collected in southwest mainland China by Wang et al.41 In 

compound 28, the free hydroxy group at C-10 possessed by 

cyclopenta[bc]benzopyran derivatives is substituted by an oxo 

group, with the corresponding carbonyl signal of C-10 appearing at 

δC 207.5 ppm in the 13C NMR spectrum. The chiral carbons C-3 and 

C-4 were found to adopt the H-3α and H-4β configurations, 

respectively, based on the large coupling constant of 12.9 Hz 

between H-3 and H-4. The substitutions on C-3 and C-4 could be 

derived from ordorinol, which contains a cinnamoyl moiety, a 

pyrrolidine bisamide residue and a 2-hydroxy-2-methylbutanoyl 

group. No obvious cytotoxic activity was found for 10-oxo-

aglaxiflorin D (28) toward human liver cancer (SMMC-7721) cells 

at the concentration tested.  

(-)-Ponapensin (29), a new cyclopenta[bc]benzopyran, was 

isolated from the CHCl3-soluble extract of the leaves and twigs of 

Aglaia ponapensis.18 A monocyclic amide moiety, a 2-

methoxypyrrolidine-1-carbonyl group, is located at the α position of 

C-4. The configuration of the methoxy group on the pyrrolidine ring 

was solved by NOE NMR spectroscopic analysis based on an 

optimized 3D model of 29. Ponapensin (29) exhibited significant 

NF-κB inhibitory activity by ELISA (IC50 value of 0.06 µM), and 

was more potent than the positive control rocaglamide (1). Other 

cyclopenta[bc]benzopyrans isolated in this study, including 4-

epiaglain A, aglain B, 10-O-acetylaglain B, and aglain C, were 

inactive in the same assay. This indicates that a change in the 

pyrrolidine side chain of the cyclopenta[bc]benzopyran-type 

compounds from a methylbutanoylamino group to a methoxy group 

dramatically increases the resultant NF-κB inhibitory activity. The 

structure of (-)-ponapensin (29) was confirmed by chemical 

synthesis of the (+)-enantiomeric form of this substance by the Porco 

group.42 

Only two new natural cyclopenta[b]oxepines have been isolated 

from Aglaia species since 2006 (Figure 4). Phytochemical studies on 

the bark of Aglaia edulis led to the purification of a 

cyclopenta[b]oxepine derivative, 19,20-dehydroedulisone A (30),11 

which shares the same substitution pattern at C-3 and C-4 as that of 

 

Figure 4. Structures of new natural occurring benzo[b]oxepines (30 and 31) isolated during the period 2006-2013 from species in the 

plant genus Aglaia. 
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19,20-dehydroedulirin A (16). Secofoveoglin (31), the first naturally 

occurring seco-benzo[b]oxepine derivative, formed by a carbon-

oxygen bond cleavage of the oxepine ring, was isolated from Aglaia 

foveolata leaves in 2007 by Salim et al.15 This compound possesses 

the same substituent groups on C-3 and C-4 as isofoveoglin (20). 

With the oxepine ring being opened, a hydroxy group and an oxo 

group occur at the C-1a and C-2 positions, respectively. Neither of 

these two additional benzo[b]oxepine derivatives showed 

cytotoxicity against the small panel of cancer cell lines employed for 

their biological evaluation.11,15      
 

 

3 Update on synthetic methods for 

cyclopenta[b]benzofurans 

Since the initial isolation and structure characterization of 

rocaglamide by King and coworkers in 1982,9 the synthetic 

challenges associated with this class of natural products, including 

the construction of the densely functionalized 

cyclopenta[b]benzofuran core and its five contiguous stereogenic 

centers, have drawn the attention of the synthetic community. While 

numerous elegant approaches towards the core of rocaglamide and 

structurally related compounds have been reported, the strategies 

developed by Taylor, Dobler, and Porco represent the most 

convenient and thus the most widely utilized routes both for the 

synthesis of rocaglamide and the development of derivatives.8 In 

1991, Taylor and coworkers reported the synthesis of racemic 

rocaglamide in eight steps from the benzofuran intermediate 33.43 

The key steps utilized in this synthesis were an intermolecular 

Michael addition of the benzofuran intermediate with trans-

cinnamaldehyde and the subsequent SmI2-catalyzed intramolecular 

reductive cyclization for the construction of the tricyclic core of 

rocaglamide.  More recently, Dobler and coworkers reported a total 

synthesis of racemic rocaglamide that improved upon Taylor’s 

pioneering work.44 While Dobler utilized the same intermolecular 

Michael addition into trans-cinnamaldehyde 34 to generate the 

aldehyde adduct 35, the subsequent construction and 

functionalization of the core proved to be somewhat more efficient 

than the methodology developed by Taylor.  Instead of using the 

SmI2-catalyzed intramolecular coupling of aldehyde 35 reported by 

Taylor, Dobler employed TMSCN and ZnI2 to convert the aldehyde 

to a cyanohydrin intermediate in quantative yield.  Addition of LDA 

to the cyanohydrin intermediate facilitated a cyclization with the 

benzofurone ring system. Finally, K2CO3-mediated cleavage of the 

cyanide unmasked the ketone, completing the transformation to the 

tricyclic core 36.  Compound 36 was subjected sequentially to Stiles 

reagent and acid to form the β-keto carboxylic acid, which was 

directly converted to the β-keto amide 37 via coupling with 

dimethylamine. Selective reduction of the ketone to the secondary 

alcohol completed the total synthesis of rocaglamide (1) in eight 

steps (overall yield of 28%) from the benzofuran intermediate 33 

(Scheme 1). 

In 2004, Porco and coworkers introduced an elegant 

biosynthetically inspired [3+2] photocycloaddition for the 

construction of the racemic rocaglamide core and structurally related 

natural products. This synthetic approach relies on photoirradiation 

of 3-hydroxyflavone 38, giving rise to an oxidopyrylium species 

derived from an excited-state intramolecular proton transfer (ESIPT) 

that can be trapped with an appropriate dipolarophile, in this case 

trans-methyl cinnamate 39.45 The [3+2] photocycloaddition affords 

the bridged bicyclic aglain intermediate 40. Oxidation of this 

intermediate provided access to the forbaglin class of natural 

products, while the cyclopenta[b]benzofuran core 41 was generated 

through a base-mediated α-ketol shift (Scheme 2). This methodology 

 

Scheme 1. Dobler’s synthesis of (±) rocaglamide (1).  

 

 
Scheme 2. Porco’s [3+2] photocycloaddition for the construction of 

the  rocaglamide skeleton.  
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was improved upon in 2006 when the Porco group reported the 

synthesis of (-)-methyl rocaglate (42), (−)-rocaglaol (43), and (-)-

rocaglamide (1) utilizing an enantioselective [3+2] 

photocycloaddition in the presence of a functionalized TADDOL 

derivative to generate the chiral cyclopenta[b]benzofuran core 41.46 

The chiral cyclopenta[b]benzofuran core 41 was constructed via an 

enantioselective [3+2] photocycloaddition in the presence of a 

functionalized TADDOL derivative followed by an α-ketol shift in 

two steps (31% yield) from the 3-hydroxyflavone intermediate 38. 

Intermediate 41 was converted to (-)-methyl rocaglate (42) through a 

stereoselective reduction of the ketone to the secondary alcohol. (-)-

Rocaglaol (43) was synthesized from intermediate (41) through a 

decarboxylation followed by a diastereoselective reduction, while (-

)-rocaglamide (1) was generated from 41 via a 

reduction/saponification/amide coupling sequence (Scheme 3). 

Another major advancement with this methodology was seen in 

2007 when the Porco and Rizzacasa groups both utilized the [3+2] 

photocycloaddition with a differentially functionalized 3-

hydroxyflavone for generation of the cyclopenta[b]benzofuran core, 

which possessed a free phenol at the C-6 position.  A Mitsunobu 

reaction was then employed by both groups to append a 

dioxyanyloxy fragment onto the free phenol to complete the first 

total syntheses of silvestrol (2).47,48  Porco’s group more recently 

applied this methodology towards the first synthesss of (+)-

ponapensin and (+)-elliptifoline (vide supra), members of the 

cyclopenta[bc]benzopyran-containing aglain family of natural 

products.42 

Since the publication of the recent reviews detailing the syntheses 

of rocaglamides in 2011 and 2012,7,8 there have been only two newly 

reported syntheses of members of this class of natural products. In 

2012, Frontier and coworkers49 disclosed the total synthesis of (±)-

rocaglamide (1) while the Magnus group50 reported a formal 

synthesis of (±)-methyl rocaglate (42).  Both approaches utilized a 

Nazarov cyclization as the key step for the preparation of the 

tricyclic rocaglamide core. Starting from phloroglucinol (32) and 

benzeneacetonitrile (44), Frontier’s group successfully synthesized 

(±)-rocaglamide (1) in 17 steps (Scheme 4). This effort also 

facilitated generation of (±)-methyl rocaglate and (±)-rocagloic acid 

in 15 and 16 steps, respectively. The key step in the approach 

employed an oxidation-initiated Nazarov cyclization of the highly 

functionalized alkoxyallene 45 in order to generate the 

cyclopentenone ring found in the tricyclic core 46 and 

simultaneously establish the configuration of the C-3-phenyl and C-

3a-anisole substituents. The synthesis was then completed through 

the introduction of the remaining cyclopentane ring functionality in 

nine steps to furnish (+)-rocaglamide (1). The formal synthesis of 

(+)-methyl rocaglate (42) was accomplished by Magnus starting 

from 2-iodo-1,3,5-trimethoxybenzene (47). The iodide was initially 

converted to the cross-conjugated pentadienone intermediate 48, 

which underwent subsequently an unprecedented acetyl bromide 

mediated Nazarov to furnish the core ring system of methyl 

rocaglate 49.  Compound 49 was then further functionalized to the 

previously reported intermediate 41, which had been previously 

converted to (+)-methyl rocaglate (42) by both Trost and Frontier. 

51,52 

Both the Michael addition utilized by Dobler for the synthesis of 

rocaglamide and Porco’s biosynthetically inspired [3+2] 

photocycloaddtion have since been utilized by multiple groups for 

the synthesis of rocaglamide analogs, with these derivatives having 

 

Scheme 3. Porco’s synthesis of (-)-rocaglamide (1), (-)-methyl 

rocaglate (42), and (-)- rocaglaol (43). 
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Scheme 4. Frontier’s synthesis of (±)-rocaglamide (1). 
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been used for the generation of a preliminary structure-activity-

relationships (SAR) for this class of natural products.53-58 

Replacement of the rocaglamide C-4′ (R4) methoxy with an electron-

withdrawing group increases the resultant cytotoxicity of the 

analogues, while replacement with either a methyl or hydrogen 

substituent decreases the cytotoxicity, suggesting the preference for 

hydrophobic/electron withdrawing substituents in this para-position. 

However, changing the functionality of the C-3′′(R6) or C-4′′(R5) to 

substituents other than a hydrogen have been shown to have an 

adverse effect on the cytotoxicity of the rocaglamides. Substitution 

at the C-2 position (R7) of the cyclopentane ring with an amide, ester 

or carboxylic acid improves the cytotoxicity as compared to a 

hydrogen; however, these substituents cause the compound to be 

more susceptible to transport by P-glycoprotein, which is responsible 

for multi-drug resistance. As indicated earlier in this review, 

introduction of the C-6 dioxanyloxy side chain, possessed only by 

silvestrol (2), dramatically increases the cytotoxicity for cancer as 

compared to other rocaglamide derivatives; however, this 

functionality also significantly increases silvestrol’s sensitivity 

toward multi-drug resistance. As mentioned above, a free hydroxy 

group at the ring junction carbon C-8b is essential for tumor cell 

growth inhibitory activity exhibited by rocaglaol derivatives. The 

substituents of methoxy at C-8b resulted in an obvious loss of 

cytotoxic potencies against cancer cells when compared with other 

rocaglaol analogues. Finally, compounds possessing an 8-

desmethoxy substituent are significantly less active than their parent 

rocaglamide compounds, indicating the necessity of the C-8 

methoxy substituent for the cytotoxic activity displayed by 

rocaglamide and structurally related derivatives. In Figure 5, a 

structure-activity relationship is shown for the rocaglate derivatives 

for cytotoxicity against human cancer cell lines. 

 

4 Recent biological evaluation and mechanism-of-

action studies on cyclopenta[b]benzofurans 

Since their first isolation and purification from A. elliptifolia in the 

early 1980’s, rocaglamide derivatives have been shown to exhibit a 

remarkably diverse range of biological effects. Although their 

potential anticancer activity has been the most widely described,6-8 

other reported activities include insecticidal,59 anti-fungal,25 anti-

inflammatory,27 cardioprotective29 and neuroprotective effects.26  

 

Figure 5. Structure-activity-relationship for cytotoxicity against cancer cell lines of cyclopenta[b]benzofuran derivatives.  

 

Scheme 5.  Magnus’s formal synthesis of (±)-methyl rocaglate (42). 
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Subsequent to our most recent review that included the biological 

effects of cyclopenta[b]benzofurans,60 a considerable amount of 

additional experimental work has been performed on the compound 

silvestrol (2) at The Ohio State University, with some of the results 

obtained having been published, as will be summarized briefly in the 

following paragraphs. A sensitive liquid chromatography tandem 

mass spectrometric method was developed and validated for the 

quantification of silvestrol in C57BL/6 mice, which were dosed with 

2 via varied routes of administration and formulated in 

hydroxypropyl-β-cyclodextrin. Although only about 1% of this 

compound was bioavailable on oral dosing, it was found that the 

intraperitoneal systemic availability of the compound under the 

conditions used was 100%, and that in mouse and human plasma 

gradual degradation of silvestrol occurred, leading to about 60% of 

the parent drug remaining after 6 h. It was considered that an overall 

favorable pharmacokinetic profile was observed for silvestrol (2) in 

mice.61 

Additional in vitro and in vivo investigations on the effects of 

silvestrol (2) on various B-cell malignancies have been published. 

To explore potential mechanisms of silvestrol resistance and the 

possible role of efflux transporters in the disposition of this 

compound, a silvestrol-resistant acute lymphoblastic leukemia cell 

line (ALL) was generated using the 697 ALL cell line. It was found 

that resistance to 2 using this cell line is mediated by ABCB1/P-

glycoprotein overexpression, which may explain its poor oral 

bioavailability noted above.61,62 However, this effect may be 

inhibited by the P-glycoprotein inhibitors, verapamil and 

cyclosporine A.62  In a later study in acute myeloid leukemia (AML), 

silvestrol was active in vitro in both FTL3-wt overexpressing and 

FLT3-ITD (MV4-11)-expressing AML cell lines, with IC50 values of 

3.8 and 2.7 nM, respectively. It was found that silvestrol inhibited 

FLT3 translation and reduced FLT3 protein expression by 80-90%. 

In an MV4-11 mouse xenograft model, silvestrol showed a median 

survival time of 63 days compared with 39 days for the control after 

engraftment, under the conditions used.63 Since it has been found 

that silvestrol reduces cyclin D1 expression in breast cancer and 

lymphoma cell lines, the efficacy of this compound was investigated 

in a mantle cell lymphoma (MCL), a malignancy characterized by 

elevated cyclin D1 levels. Silvestrol showed low nanomolar 

inhibitory potencies for both MCL cell lines and primary MCL 

tumor cells, and it was demonstrated that it showed depletion of D-

cyclins at a low dose after 16 hours. At the dosing schedule used, 

silvestrol significantly prolonged survival in a MCL xenograft model 

without discernible toxicity.64 Currently, silvestrol (2) is undergoing 

preclinical toxicological investigation as a potential agent for the 

treatment of B-cell malignancies at the U.S. National Cancer 

Institute, under the auspices of the NExT program. 

Hepatocellular carcinoma (HCC) is a serious health problem in 

areas of the world where hepatitis is endemic, including parts of 

Africa and Asia, and has an extremely poor prognosis. Since there is 

a dire need for new agents that target HCC, the efficacy of silvestrol 

(2) in this regard was investigated using various in vitro and in vivo 

methods. Initially, this compound was found to inhibit the cellular 

growth of four different HCC cell lines, with an IC50 range of 12.5-

86 nM, and showed increased apoptosis and enhanced activity of 

caspases 3 and 7, with a loss of mitochondrial membrane potential 

and decreased expression of Mcl-1 and Bcl-2. In addition, 

synergistic effects were found in vitro when silvestrol was combined 

with sorafenib or rapamycin.65 An anti-tumor effect was found for 

silvestrol (2) in vivo when given as a single agent at 0.4 mg/kg in an 

orthotopic human HCC xenograft system in nude mice.65 These 

results were achieved in the absence of obvious toxicity, thus leaving 

open the potential of combining silvestrol with other agents that may 

have efficacy in this disease. As suggested by others as well,66,67 the 

inclusion of silvestrol in combination therapeutic strategies may 

significantly sensitize highly refractory tumors to established agents. 

Early studies into the antineoplastic activity possessed by 

rocaglamide and structurally related derivatives, suggested that these 

compounds were cytostatic in nature rather than cytotoxic. Utilizing 

a human lung carcinoma (Lu1) cell line, Pezzuto and coworkers 

demonstrated that 4′-demethoxy-3′,4′-methylenedioxy-methyl 

rocaglate (50, Figure 6) induced accumulation in the G1/G0 phase of 

the cell with negligible cell death.12 Based upon 3H-leucine 

incorporation, it was demonstrated that this rocaglamide derivative 

was able to inhibit protein biosynthesis (IC50 25 ng/mL) while not 

affecting nucleic acid biosynthesis at concentrations as high as 1 

µg/mL. Additionally, this novel 1H-cyclopenta[b]benzofuran 

inhibited the growth of a human breast cancer cell line (BC1) both in 

vitro and in vivo.12 Other studies have demonstrated the ability of 

various rocaglamide derivatives to inhibit cell proliferation in a 

variety of malignant human cell lines by blocking the G2/M phase of 

the cell cycle, while simultaneously resulting in minimal cell death. 

These results suggest that the cyclopenta[b]benzofuran anti-tumor 

activity is derived from their ability to inhibit translation. 

To date, the identified molecular targets of 

cyclopenta[b]benzofurans are limited to prohibitins (PHBs), a small 

but ubiquitous family of membrane-localized proteins with multiple 

purported functions,68,69 and the RNA helicase eIF4A, a component 

of the eukaryotic translation initiation complex.70 Inhibition of either 

of these targets could potentially explain most or perhaps all of the 

reported biological effects of cyclopenta[b]benzofurans, and agents 

that interfere with the function of either PHBs or eIF4A would be of 

substantial biomedical interest. Direct interaction of rocaglamide (1) 

to PHBs was recently demonstrated by Polier et al. using affinity 

chromatography,71 supporting PHBs as a relevant in vivo molecular 

target. The group led by Pelletier first demonstrated that the 

translation initiation factor eIF4A is the likely target of silvestrol 

(2).66,72  More recently, two different groups used genetic or affinity 

chromatography approaches to confirm eIF4A as the molecular 

target of rocaglamides73 or episilvestrol (11),11,34 respectively.  

 

Figure 6. Structures of additional cyclopenta[b]benzofuran derivatives used in mechanism-of-action investigations. 
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4.1 Prohibitins 

PHBs 1 and 2 are typically described as scaffolding proteins 

localized to the cytoplasmic or mitochondrial membrane, but they 

are found as well in the nucleus and endoplasmic reticulum. PHB1 

and PHB2 co-associate to regulate myriad signaling pathways, 

although it is unclear how they function in this regard. The broad 

subcellular distribution is consistent with the observation that PHBs 

have a wide range of activities that may in fact vary by cell type or 

organism. A further confounding factor in understanding the 

functional role of PHBs is that they are post-translationally 

modified,69 altering their interactions with binding partners in ways 

that have not yet been characterized. In the mitochondria, the 

interaction of PHBs with other factors promotes chaperone activity, 

mitochondrial DNA organization, and production of mitochondrial 

proteins.68 PHBs associate with a variety of nuclear proteins that 

regulate apoptosis (e.g., p53),74 chromatin remodeling (e.g., 

HDACs)75 and transcription (e.g., E2Fs).76 In the cytoplasm, the 

picture is similarly complex, as interactions of PHBs are reported 

with proteins involved in the PI3K/AKT, MEK/ERK, and NF-κB 

pathways, providing explanations for earlier biological observations 

with cyclopenta[b]benzofurans.27,77 Thus, the biological impact of 

inhibiting PHBs with these agents is difficult to predict, and may 

produce both pro-apoptosis and pro-survival effects in different cell 

types or even within one cell type. Owing to the numerous PHB 

interactions with other proteins in multiple subcellular 

compartments, many if not all the biological effects of the 

cyclopenta[b]benzofurans may be explained by PHB inhibition. For 

example, binding of rocaglamide (1) to PHBs 1 and 2 was shown to 

block their interaction with C-Raf, thus inhibiting C-Raf mediated 

MEK/ERK signaling.71 This activity could not only impede several 

different pro-survival signaling pathways, but potentially could be 

responsible for the negative impact of cyclopenta[b]benzofurans on 

translation via the loss of MNK-mediated eIF4E phosphorylation.78 

Certainly interfering with mitochondrial function via PHB inhibition 

may contribute to the rapid cytotoxicity induced by the 

cyclopenta[b]benzofurans, and this mitochondrial pathway of cell 

death could be further amplified by the effects of these compounds 

on the Bcl-2 family of proteins via the MEK/ERK pathway77 or the 

inhibition of translation, especially of the short half-life 

mitochondrial-stabilizing protein Mcl-1, as has been reported by 

several groups.72,79 Thus, it seems likely that 

cyclopenta[b]benzofurans, even if they target only PHBs, could 

induce cell death via multiple mechanisms simultaneously. 

Interestingly, PHB1 was recently shown to be vital to the viability of 

Colorado potato beetle larvae, suggesting an explanation for the 

insecticidal properties of the cyclopenta[b]benzofurans.80  

 

4.2 eIF4A 

In eukaryotes, translation of mRNA is the rate limiting step of 

initiation, a key process in protein synthesis. This step is regulated 

by a family of proteins known as the eukaryotic initiation factors 

(eIF). Most mRNAs are translated in a cap-dependent manner with 

translation being facilitated by the eukaryotic initiation factor 4F 

(eIF4F) cap-binding (initiation) complex. This complex is composed 

of three key proteins: eIF4A (an ATP-dependent RNA helicase), the 

cap-binding protein eIF4E, and the scaffold protein eIF4G.  

Translation is initiated the through the binding of eIF4E to the 5′-

mRNA, which allows recruitment of the other eIF4 proteins to form 

eIF4F complex. The complex then interacts with the 5′ terminus of 

mRNA, which ultimately results in stimulation of ribosomal 

recruitment and translation.7,8,81    

The eukaryotic translation initiation factor eIF4A (DDX2) is an 

RNA helicase of the DEAD box family. This factor is now known to 

consist of eIF4A I (DDX2A), II (DDX2B), and III (DDX48). 

Although eIF4A I and II are highly similar and in some situations 

interchangeable, new information indicates they possess different 

functions.82,83 However, due to their high sequence similarity and the 

fact that both eIF4A I and II were identified in an affinity 

purification study using episilvestrol (11),34 they are both likely to be 

cyclopenta[b]benzofuran targets. eIF4A is believed to be responsible 

for unwinding the 5′ untranslated region (UTR) of mRNA, thus 

providing a “landing pad” for the 43S pre-initiation complex. The 

importance of this activity in the efficiency of translation varies 

between different mRNAs; mRNA species with more structured/GC-

rich 5′ UTRs are more sensitive to loss of eIF4A activity than 

mRNA with simple, less-structured 5′ UTRs.84 This is a key point 

for the potential clinical application of cyclopenta[b]benzofurans, as 

mRNAs with structured 5′ UTRs are more likely to encode proteins 

required for tumor survival, growth and metastasis rather than 

housekeeping functions. Such proteins include those that promote 

cell cycle entry (cyclin D1), apoptosis resistance (Bcl-2, Mcl-1, Bcl-

XL), angiogenesis (VEGF, MMP-9), transcription (myc, fos) and 

metabolism (ornithine decarboxylase). This difference in protein 

synthesis inhibition across different mRNAs is one possible 

explanation for the observed therapeutic index of 

cyclopenta[b]benzofurans [e.g., silvestrol (2) and the rocaglamide 

derivative, rohinitib (51, Figure 6)] in mouse models.56,63,72,79,85 

Pelletier’s group first demonstrated that the translation initiation 

factor eIF4A was the likely target of the cyclopenta[b]benzofurans, 

using biochemical assays to show that 1-O-formylaglafoline (52, 

Figure 6) and silvestrol (2) stimulated an abnormal interaction of 

eIF4A with mRNA and prevented successful assembly of the 

mRNA:eIF4A dimer with the eIF4F translation initiation 

complex.66,72 As noted previously, this finding was separately 

confirmed by two groups using genetic and biochemical 

approaches.34,72 These and later publications86 support direct 

inhibition of translation (particularly of mRNA with a structured 5′ 

UTR) as the major biological effect of silvestrol (2), especially in 

tumors highly sensitive to loss of a particular protein, as is seen with 

Mcl-1 in primary chronic lymphocytic leukemia cells.87 Importantly, 

a recent report by Meijer et al.83 demonstrates that eIF4AII is a key 

component of the complex that allows microRNAs to inhibit 

translation; thus, interaction of eIF4AII with 

cyclopenta[b]benzofurans could add an additional layer of 

complexity to the translational inhibition mechanism. Nevertheless, 

a reliable catalog of cytotoxicity-related proteins whose translation is 

affected by cyclopenta[b]benzofurans in a particular cell type is 

lacking, and inhibition of only one or a few of these proteins 

identified to date is unlikely to explain all of the biological effects of 

these agents.88 

 

4.3 Alternative mechanisms of action 

In this review thus far, it has been considered that all bioactive 

cyclopenta[b]benzofurans (despite differences in potency) share 

the same basic mechanism of action, and indeed there is 

evidence to support this view. However, other mechanisms of 

cyclopenta[b]benzofurans-induced cytotoxicity or cytostasis 

have been advanced as well that may not be necessarily related 

to inhibition of either PHBs or eIF4A. Recently, Neumann et al. 

showed that rocaglamide (1) induces rapid phosphorylation and 

loss of Cdc25A, leading to cell cycle arrest at the G1-S 

transition. Interestingly, this effect appears to be due to DNA 

replication stress-mediated activation of the ATM/ATR 

pathway and not inhibition of translation.89 Additionally, the 
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levels of certain microRNA species were found to be affected 

by silvestrol (2) in acute myeloid leukemia cells via an 

unknown mechanism.62 As microRNAs have been shown to be 

involved in the regulation of key cell functions as well as the 

development of malignancy, this finding introduces an entirely 

new area of investigation into the reasons for the diverse 

biological effects of cyclopenta[b]benzofurans.83 The structural 

diversity within the cyclopenta[b]benzofuran class as well as 

the variety of biological effects assigned to them suggest that 

we have not yet identified all interacting partners with these 

compounds. In conducting SAR studies and optimizing leads 

for clinical development, it will be important to delineate 

additional biological activities that can perhaps be eliminated or 

amplified via structural modifications. 

 

4.4 Therapeutic potential 

The differential effect of cyclopenta[b]benzofurans toward cancer 

vs. normal cells has been reported by multiple groups. The reasons 

behind this are not well understood, although several possibilities 

have been presented. As previously mentioned, tumor cells may be 

more reliant on the continued production of certain proteins (e.g., 

Mcl-1, c-Myc) and more sensitive to even temporary depletion of 

these. Thus, the application of cyclopenta[b]benzofurans as 

translation inhibitors in cancer is a compelling idea, regardless of 

whether this activity is through eIF4A binding or dephosphorylation 

of eIF4E via inhibition of the MEK/ERK pathway. Components of 

the translational machinery are potentially powerful therapeutic 

targets in cancer.90-92 Indeed, translation is an especially well-

established target in the context of inhibitors of the mTOR pathway, 

which have clear efficacy in certain malignancies, and the translation 

inhibitor omacetaxine mepesuccinate was recently approved for 

kinase inhibitor-resistant chronic myelogenous leukemia. Secondly, 

Neumann et al. showed a differential activity of rocaglamide (1) in 

leukemic but not normal T-cells that could potentially be due to an 

enhanced DNA replication stress response in the leukemic cells.88 

This pathway is commonly activated in tumor cells, and could 

represent a tumor liability.93 Furthermore, Santagata et al. reported 

that rocaglamide-mediated inhibition of translation led to specific 

changes in gene expression driven by inactivation of the 

transcription factor HSF1.85 HSF1 is an important mediator of the 

malignant state through its control of genes involved in stress 

responses, and thus constitutes a potentially useful therapeutic target 

in cancer.94 Downstream effects of rocaglamide-mediated HSF1 

inactivation included increased expression of thioredoxin-interacting 

protein (TXNIP), with a concomitant decrease in glucose uptake. 

This effect should promote stronger anti-proliferative effects in 

tumor cells, which exhibit (and rely on) increased glucose uptake 

and metabolism. 

Obviously, multiple challenges remain before 

cyclopenta[b]benzofurans could be clinically tested, including but 

not limited to structural improvement toward more “drug-like” 

properties, large-scale production (due to their complex structures 

that complicate synthesis), determination of optimal dose and 

schedule, and completion of detailed pharmacological and 

toxicological investigations. Several groups are already taking on 

some of these challenges, and have reported novel structures with 

biological activity.54-57 Interestingly, at least in mice silvestrol (2) 

has been shown to exert single-agent activity without substantial 

toxicity,62,72,79 even at the higher doses tested (1.5 mg/kg every 48 

hr).63 Assuming that cyclopenta[b]benzofuran-based compounds 

could be validated to show efficacy at tolerable levels in additional 

animal models of cancer, they would represent an entirely new class 

of anti-cancer agents with a unique mechanism. Such agents would 

be a truly valuable addition to the cancer armamentarium, either 

alone or in combination. 

 

5 Conclusions 

Unlike the small-molecular-weight natural product constituents of 

terrestrial microbes and marine organisms, it is rare for an entirely 

new structurally distinct class of secondary metabolites to have been 

discovered from a higher plant as recently as 1982, as a result of the 

report of the isolation of rocaglamide (1) from the roots and stems of 

A.  elliptifolia collected in Taiwan.9 While X-ray crystallography 

was used to help establish the relative configuration of this 

compound,9 the absolute configuration assignment was not 

determined until 1990, as a result of the total synthesis of (-)-

rocaglamide by the Trost group.51 Although King et al. showed that 

rocaglamide showed promising in vivo antineoplastic activity when 

this compound was first reported, using the P-388 murine 

lymphocytic leukemia model (T/C ca. 156% at 1.0 mg/kg),9 the 

initial biological focus of the phytochemical investigators working 

on the elucidation of new cyclopenta[b]benzofuran derivatives in the 

1990s was on their potential application as insecticides.6,59 A 

renewed emphasis on the potential anticancer activities of members 

of this compound class was stimulated through the purification, 

structural characterization, and initial biological evaluation of 

silvestrol (2) as having in vivo inhibitory activity in tumor-bearing 

mouse models.14,35 Isolation chemistry work on the rocaglamide 

derivatives has been complicated by the taxonomic complexity of 

the arboreal genus Aglaia,1,2 which in the case of silvestrol (2) 

required both of its source plants found to date to be re-

identified.14,36 The continued reports in the last decade of efficacy of 

silvestrol and other rocaglate derivatives at the nanomolar level 

against human cancer cell lines, and the positive results obtained 

when evaluated in human tumor mouse xenograft models,e.g.,6,60 have 

resulted in widespread scientific interest in these substances, 

including from the organic and medicinal chemistry communities.5-

8,42-58 This level of interest may be expected to continue in the future, 

and has greatly intensified as a result of reports of the 

cyclopenta[b]benzofurans acting mechanistically as direct inhibitors 

of translation initiation,34,66,71,72 which is a rare target among 

anticancer agents of natural origin.60  

6 Acknowledgements 

The studies at The Ohio State University referred to in this 

review were supported by grants P01 CA141058 (awarded to J. 

C. Byrd), and P01 CA125066 (awarded to A.D.K.), from the 

National Cancer Institute, National Institutes of Health, 

Bethesda, MD, USA.  

 
a Division of Medicinal Chemistry and Pharmacognosy, College of 
Pharmacy, The Ohio State University, Columbus, Ohio 43210, United States 
b Division of Hematology, College of Medicine, The Ohio State University, 

Columbus, Ohio 43210, United States 

 

7 References 

1 C. M. Pannell, A Taxonomic Monograph of the Genus Aglaia Lour. 

(Meliaceae). Kew Bulletin Additional Series XVI; HMSO: Kew, 

Richmond, Surrey, UK; 1992. 
2 C. M. Pannell, Aglaia (Meliaceae). In: Tree Flora of Sabah and 

Sarawak; E. Soepadmo, L. G. Saw, R. C. K. Chung and R. Kiew, Eds.; 

Ampang Press Sdn Bhd: Kuala Lumpur, Malaysia; 2007, Vol 6, pp 24-
107. 

3 K. Heyne, The Useful Indonesian Plants. Research and Development 

Agency, Ministry of Forestry, Jakarta, Indonesia; 1982, pp 1029-1031. 

Page 11 of 14 Natural Product Reports



ARTICLE Journal Name 

12 | Nat. Prod. Rep., 2014, 00, 1-13 This journal is © The Royal Society of Chemistry 2014 

4 D. J. Mabberley, C. M. Pannell and A. M. Sing, Melicea Flora 

Malesiana, 1995, 12, 1-407. 

5 P. Proksch, R. A. Edrada, R. Ebel, F. I. Bohnenstengel and B. W. 
Nugroho, Curr. Org. Chem., 2001, 5, 923-938.  

6 S. Kim, A. Salim, S. M. Swanson and A. D. Kinghorn, Anti-Cancer 

Agents Med. Chem., 2006, 6, 319-345. 
7 S. S. Ebada, N. Lajkiewicz, J. A. Porco Jr., M. Li-Weber and P. 

Proksch, In Progress in the Chemistry of Organic Natural Products; A. 

D. Kinghorn, H. Falk and J. Kobayashi, Eds.; Springer-Verlag: Vienna, 
2011; Vol 94, pp 1-58.   

8 N. Ribeiro, F. Thuaud, C. Nebigil and L. Désaubry, Bioorg. Med. 

Chem., 2012, 20, 1857-1864.  
9 M. L. King, C.-C. Chiang, H.-C. Ling, E. Fujita, M. Occhiai and A. T. 

McPhail, J. Chem. Soc., Chem. Commun., 1982, 1150-1151. 

10 B.-N. Su, H. Chai, Q. Mi, S. Riswan, L. B. S. Kardono, J. J. Afriastini, 
B. D. Santarsiero, A. D. Mesecar, N. R. Farnsworth, G. A. Cordell, S. 

M. Swanson and A. D. Kinghorn, Bioorg. Med. Chem., 2006, 14, 960-

972. 
11 S. Kim, Y.-W. Chin, B.-N. Su, S. Riswan, L. B. S. Kardono, J. J. 

Afriastini, H.-B. Chai, N. R. Farnsworth, G. A. Cordell, S. M. Swanson 

and A. D. Kinghorn, J. Nat. Prod., 2006, 69, 1769-1775, ibid., 2007, 
70, 714.  

12 S. K. Lee, B. Cui, R. R. Mehta, A. D. Kinghorn and J. M. Pezzuto, 

Chem. Biol. Interact., 1998, 115, 215-228.  
13 B. Cui, H. Chai, T. Santisuk, V. Reutrakul, N. R. Farnsworth, G. A. 

Cordell, J. M. Pezzuto and A. D. Kinghorn, Tetrahedron, 1997, 53, 

17625-17632. 
14 B. Y. Hwang, B. N. Su, H.-B. Chai, Q. Mi, L. B. S. Kardono, J. J. 

Afriastini, S. Riswan, B. D. Santarsiero, A. D. Mesecar, R. Wild, C. R. 

Fairchild, G. D. Vite, W. C. Rose, N. R. Farnsworth, G. A. Cordell, J. 
M. Pezzuto, S. M. Swanson and A. D. Kinghorn, J. Org. Chem., 2004, 

69, 3350-3358, ibid., 2004, 69, 6156.  

15 A. A. Salim, H.-B. Chai, I. Richman, S. Riswan, L. B. S. Kardono, N. 
R. Farnsworth, E. J. Carcache-Blanco and A. D. Kinghorn, 

Tetrahedron, 2007, 63, 7926-7934. 

16 L. Pan, L. B. S. Kardono, S. Riswan, H. Chai, E. J. Carcache de Blanco, 
C. M. Pannell, D. D. Soejarto, T. G. McCloud, D. J. Newman and A. D. 

Kinghorn, J. Nat. Prod., 2010, 73, 1873-1878. 

17 L. Pan, U. Muñoz Acuña, J. Li, N. Jena, T. N. Ninh, C. M. Pannell, H. 
Chai, J. R. Fuchs, E. J. Carcache de Blanco, D. D. Soejarto and A. D. 

Kinghorn. J. Nat. Prod. 2013, 76, 394-404. 
18 A. A. Salim, A. D. Pawlus, H.-B. Chai, N. R. Farnsworth, A. D. 

Kinghorn and E. J. Carcache de Blanco, Bioorg. Med. Chem. Lett., 

2007, 17, 109-112. 
19 J. F. Rivero-Cruz, H.-B. Chai, L. B. S. Kardono, F. M. Setyowati, J. J. 

Afriastini, S. Riswan, N. R. Farnsworth, G. A. Cordell, J. M. Pezzuto, 

S. M. Swanson and A. D. Kinghorn, J. Nat. Prod. 2004, 67, 343-347. 
20 G. Brader, S. Vajrodaya, H. Greger, M. Bacher, H. Kalchhauser and O. 

Hofer, J. Nat. Prod., 1998, 61, 1482-1490.  

21 B. W. Nugroho, R. A. Edrada, V. Wray, L. Witte, G. Bringmann, M. 
Gehling and P. Proksch, Phytochemistry, 1999, 51, 367-376. 

22 M. Bacher, O. Hofer, G. Brader, S. Vajrodaya and H. Greger, 

Phytochemistry, 1999, 52, 253-263. 
23 V. Dumontet, O. Thoison, O. R. Omobuwajo, M.-T. Martin, G. 

Perromat, A. Chiaroni, C. Riche, M. Paїs, T. Sévenet and A. H. A. 

Hadi, Tetrahedron, 1996, 52, 6931-6942. 
24 B. W. Nugroho, B. Güssregen, V. Wray, L. Witte, G. Bringmann and P. 

Proksch, Phytochemistry, 1997, 45, 1579-1585. 

25 D. Engelmeier, F. Hadacek, T. Pacher, S. Vajrodaya and H. Greger, J. 
Agric. Food Chem., 2000, 48,1400-1404. 

26 T. Fahrig, I. Gerlach and E. Horvath, Mol. Pharmacol., 2005, 67, 1544-

1555. 
27 B. Baumann, F. Bohnenstengel, D. Siegmund, H. Wajant, C. Weber, I. 

Herr, K.-M. Debatin, P. Proksch and T. Wirth, J. Biol. Chem., 2002, 

277, 44791-44800 
28 P. Proksch, M. Giaisi, M. K. Treiber, K. Palfi, A. Merling, H. Spring, P. 

H. Krammer and M. Li-Weber, J. Immunol., 2005, 174, 7075-7084. 

29 Y. Bernard, N. Ribeiro, F. Thuaud, G. Turkeri, R, Dirr, M. Boulberdaa, 
C. G. Nebigil and L. Desaubry, PLoS One, 2011, 6, e25302. 

30 Y.-J. Xu, X.-H. Wu, B. K. H. Tan, Y.-H. Lai, J. J. Vittal, Z. Imiyabir, L. 

Madani, K. S. Khozirah and S. H. Goh, J. Nat. Prod., 2000, 63, 473-
476. 

31 P. Chumkaew, S. Kato and K. Chantrapromma, Chem. Pharm. Bull., 

2006, 54, 1344-1346. 

32 S. Liu, H. Wang, W.-J. Z, Y.-X. Zhao, X.-N. Li, W.-L. Mei and H.-F. 
Dai, Phytochemistry Lett., 2013, 6, 65-68. 

33 F. I. Bohnenstengel, K. G. Steube, C. Meyer, H. Quentmeier, B. W. 

Nugroho and P. Proksch, Z. Naturforsch., 1999, 54c, 1075-1083. 
34 J. M. Chambers, L. M. Lindqvist, A. Webb, D. C. S. Huang, G. P. 

Savage and M. A. Rizzacasa, Org. Lett., 2013, 15, 1406-1409.  

35 B. M. Meurer-Grimes, J. Yu, G. L. Vairo, U.S patent 6710075 B2, 

2004. 
36 M. Mejin, J. Voong, E. Su, H. Chapi, L. Pan, A. D. Kinghorn and T. C. 

Yeo. Abstract presented at the International Conference on Medicinal 

Chemistry & Timmermann Award 2013, University of Indonesia, 
Depok, Indonesia, October 29-30, 2013. 

37 H. Greger, M. Hofer, K. Teichmann, J. Schinnerl, C. M. Pannell, S. 

Vajrodaya and O. Hofer, Phytochemistry, 2008, 69, 928-938.  
38 G. Bringmann, J. Mühlbacher, K. Messer, M. Dreyer, R. Ebel, B. W. 

Nugroho, V. Wray and P. Proksch, J. Nat. Prod., 2003, 66, 80-85. 

39 N. Joycharat, H. Greger, O. Hofer and E. Saifah, Phytochemistry, 2008, 
69, 206-211.  

40 F. Ahmed, K. Toume, S. K. Sadhu, T. Ohtsuki, M. A. Arai and M. 

Ishibashi, Org. Biomol. Chem., 2010, 8, 3696-3703 

41 D.-X. Wang and S.-M. Yang, Z. Naturforsch. C: J. Biosci., 2013, 68, 
82-86. 

42 N. J. Lajkiewicz, S. P. Roche, B. Gerard and J. A. Porco Jr., J. Am. 

Chem. Soc., 2012, 134, 13108-13113. 
43 A. E. Davey, M. J. Schaeffer and R. J. K. Taylor, J. Chem. Soc., Chem. 

Commun. 1991, 1137-1139. 

44 M. R. Dobler, I. Bruce, F. Cederbaum, N. G. Cooke, L. J. Diorazio, R. G. 
Hall and E. Irving, Tetrahedron Lett., 2001, 42, 8281-8284. 

45 B. Gerard, G. Jones and J. A. Porco Jr., J. Am. Chem. Soc., 2004, 126, 

13620-13621. 
46 B. Gerard, S. Sangji, D. J. O’Leary, J. A. Porco Jr., J. Am. Chem. Soc., 

2006, 128, 7754-7755. 

47 B. Gerart, R. Cencic, J. Pelletier and J. A. Porco Jr., Angew. Chem. Int. 
Ed., 2007, 46, 7831-7834. 

48 M. El Sous, M. L. Khoo, G. Holloway, D. Owen, P. J. Scammells and M. 

A. Rizzacasa, Angew. Chem. Int. Ed., 2007, 46, 7835-7838. 
49 J. A. Malona, K. Cariou, W. T. Spencer 3rd and A. J. Frontier, J. Org. 

Chem., 2012, 77, 1891-1908. 

50 P. Magnus, W. A. Freund, E. J. Moorhead and T. Rainey, J. Am. Chem. 
Soc., 2012, 134, 6140-6142. 

51 B. M. Trost, P. D. Greenspan, B. V. Yang and M. G. J. Saulnier, J. Am. 

Chem. Soc., 1990, 112, 9022-9024. 
52 J. A. Malona, K. Cariou and A. J. Frontier, J. Am. Chem. Soc., 2009, 

131, 7560-7561. 

53 F. Thauad, Y. Bernard, G. Turkeri, R. Dirr, G. Aubert, T. Cresteil, A. 

Baguet, C. Tomasetto,  Y. Svitkin, N. Sonenberg, C. G. Nebifil and L. 

Désaubry J. Med. Chem., 2009, 52, 5176-5187. 
54 F. Thuaud, N. Riberio, C. Gaiddon, T. Cresteil and L. Désaubry J. Med. 

Chem., 2011, 54, 411-415. 

55 T. Liu, S. J. Nair, A. Lescarbeau, J. Belani, S. Peluso, J. Conley, B. 
Tillotson, P. O’Hearn, S. Smith, K. Solcum, K. West, J. Helble, M. 

Douglas, A. Bahadoor, J. Ali, K. Mcgovern, C. Fritz, V. J. Palombella, 
A. Wylie, A. C. Castro and M. R. Tremblay,  J. Med Chem., 2012, 55, 

8859-8878. 

56 S. P. Roche, R. Cencic, J. Pelletier and J. A. Porco Jr., Angew. Chem. Int. 
Ed., 2010, 49, 6533-6538. 

57 M. C. Rodrigo, R. Cencic, S. P. Roche, J. Pelletier and J. A. Porco Jr., J. 

Med. Chem., 2012, 55, 558-62 
58 N. Ribeiro, F. Thuaud, Y. Bernard, C. Giaddon, T. Cresteil, A. Hild, E. 

C. Hirsch, P. P. Michel, C. G. Nebigil and L. Désaubry, J. Med. Chem., 

2012, 55, 10064-10073. 
59 H. Greger, T. Pacher, B. Brem, M. Bacher and O. Hofer, Phytochemistry, 

2001, 13, 57-64. 

60 D. M. Lucas, P. C. Still, L. Bueno Pérez, M. R. Grever and A. D. 
Kinghorn, Curr. Drug Targets, 2010, 11, 812-822. 

61 U. V. R. V. Saradhi, S. V. Gupta, M. Chiu, J. Wang, Y. Ling, Z. Liu, D. J. 

Newman, J. M. Covey, A. D. Kinghorn, G. Marcucci, D.M. Lucas, M. R. 
Grever, M. A. Phelps and K.K. Chan. AAPS J., 2011, 13, 347-356. 

62 S. V. Gupta, E. J. Sass, M. E. Davis, R. B. Edwards, G. Lozanski, N. A. 

Heerema, A. Lehman, X. Zhang, D. Jarjoura, J. C. Byrd, L. Pan, K. K. 

Page 12 of 14Natural Product Reports



NPR ARTICLE 

This journal is © The Royal Society of Chemistry 2014 Nat. Prod.Rep., 2014, 00, 1-13 | 13 

Chan, A. D. Kinghorn, M. A. Phelps, M. R. Grever and D. M. Lucas. 

AAPS J., 2011, 13, 357-364. 

63 H. Alachkar, R. Santhanam, J. G. Harb, D. M. Lucas, J. J. Oaks, C. J. 
Hickey, L. Pan, A. D. Kinghorn, M. A. Caligiuri, D. Perrotti, J. C. Byrd, 

R. Garzon, M. R. Grever and G. Marcucci, J. Hematol. Oncol., 2013, 

6:21. 
64 L. Alinari, C. J. Prince, R. B. Edwards, W. H. Towns, R. Mani, A. 

Lehman, X. Zhang, D. Jarjoura, L. Pan, A. D. Kinghorn, M. R. Grever, 

R. A. Baiocchi and D. M. Lucas, Clin. Cancer. Res., 2012, 18, 4600-
4611. 

65 T. Kogure, A. D. Kinghorn, I. Yan, B. Bolon, D. M. Lucas, M. R. 

Grever and T. Patel, PLoS One, 2013, 8, e76136. 
66 M. E. Bordeleau, F. Robert, B. Gerard, L. Lindqvist, S. M. Chen, H. G., 

Wendel, B. Brem, H. Greger, S. W. Lowe, J. A. Porco Jr. and J. Pelletier, 

J. Clin. Invest., 2008, 118, 2651-2660.F.  
67 R. Cencic, M. Carrier, A. Trnkus, J. A. Porco Jr., M. Minden and J. 

Pelletier, Leuk. Res,. 2010, 34, 535-541. 

68 F. Thuaud, N. Ribeiro, C. G. Nebigil and L. Désaubry, Chem. Biol., 
2013, 20, 316-331. 

69 S. Mishra, S. R. Ande and B. L. Nyomba, FEBS J., 2010, 277, 3937-

3946. 
70 A. Parsyan, Y. Svitkin, D. Shahbazian, C. Gkogkas, P. Lasko, W. C. 

Merrick and N. Sonenberg, Nat. Rev. Mol. Cell. Biol., 12, 235-245. 

71 G. Polier, J. Neumann, F. Thuaud, N. Ribeiro, C. Gelhaus, H. Schmidt, 
M. Giaisi, R. Köhler, W. W. Müller, P. Proksch, M. Leippe, O. Janssen, 

L. Désaubry, P. H. Krammer and  M. Li-Weber, Chem. Biol., 2012, 19, 

1093-1104. 
72 R. Cencic, M. Carrier, G. Galicia-Vázquez, M.-E. Bordeleau, R. 

Sukarieh, A. Bourdeau, B. Brem, J. G. Teodoro, H. Greger, M. L. 

Tremblay, J. A. Porco Jr. and J. Pelletier, PLoS One., 2009, 4, e5223. 
73 H. Sadlish, G. Galicia-Vazquez, C. G. Paris, T. Aust, B. Bhullar, L. 

Chang, S. B. Helliwell, D. Hoepfner, B. Knapp, R. Riedl, S. Roggo, S. 

Schuierer, C. Studer, J. A. Porco Jr., J. Pelletier and N. R. Movva, ACS 
Chem. Biol., 2013, 8, 1519-1527.  

74 G. Fusaro, P. Dasgupta, S. Rastogi, B. Joshi and S. Chellappan, J. Biol. 

Chem., 2003, 278, 4785347861. 
75 V. Kurtev, R. Margueron, K. Kroboth, E. Ogris, V. Cavailles and C. 

Seiser, J. Biol. Chem., 2004, 279, 24834-24843. 

76 S. Wang, N. Nath, M. Adlam and S. P. Chellappan, Oncogene, 1999, 18, 
3501-3510. 

77 J. Y. Zhu, I. N. Lavrik, U. Mahlknecht, M. Giaisi, P. Proksch, P. H. 
Krammer and M. Li-Weber, Int. J. Cancer, 2007, 121, 1839-1846. 

78 M. Bleumink, R. Köhler, M. Giaisi, P. Proksch, P. H. Krammer and M. 

Li-Weber, Cell Death Differ., 2011, 18, 362-370. 
79 D. M. Lucas, R. B. Edwards, G. Lozanski, D. A. West, J. D. Shin, M. 

A. Vargo, M. E. Davis, D. M.  Rozewski, A. J. Johnson, B. N. Su, V. 

M. Goettl, N. A. Heerema, T. S. Lin, A. Lehman, X. L. Zhang, D. 
Jarjoura, D. J. Newman, J. C. Byrd, A. D. Kinghorn and M. R. Grever, 

Blood,  2009, 113, 4656-4666. 

80 C. Ochoa-Campuzano, A. C. Martínez-Ramírez, E. Contreras, C. 
Rausell and M. D. Real, Pestic. Biochem. Physiol., 2013, 107, 299-308. 

81 D. Silvera, S. C. Formenti and R. J. Schneider, Nat. Rev. Cancer, 2010, 

10, 254-266. 
82 G. Galicia-Vázquez, R. Cencic, F. Robert, A. Q. Agenor and J. Pelletier, 

RNA, 2012, 18, 1373-1384. 

83 H. A. Meijer, Y. W. Kong, W. T. Lu, A. Wilczynska, R. V. Spriggs, S. W. 
Robinson, J. D. Godfrey, A. E. Willis and M. Bushell, Science, 2013, 

340, 82-85. 

84 Y. V. Svitkin, A. Pause, A. Haghighat, S. Pyronnet, G. Witherell, G. J. 
Belsham and N. Sonenberg, RNA, 2001, 7, 382-394. 

85 S. Santagata, M. L. Mendillo, Y. C. Tang, C. C. Perley, S. P. Roche, H, 

Kwon, M. Koeva, A. Subramanian, T. R. Golub, A. Amon, J. A. Porco 
Jr., L. Whitesell and S. Lindquist, Science, 2013, 341, 250-260. 

86 C. Jin, H. Rajabi, C. M. Rodrigo, J. A. Porco Jr. and D. Kufe, Oncogene,  

2013, 32, 2179-2188. 
87 S. R. Hussain, C. M. Cheney, A. J. Johnson, T. S. Lin, M. R. Grever, M. 

A. Caligiuri, D. M. Lucas and J. C. Byrd, Clin. Cancer. Res., 2007, 13, 

2144-2150. 
88 L. M. Lindqvis, I. Vikström, J. M. Chambers, K. McArthur, M.A. 

Anderson, K. J. Henley, L. Happo, L. Cluse, R. W. Johnstone, A. W. 

Roberts, B. T. Kile, B. A. Croker, C. J. Burns, M. A. Rizzacasa, A. 
Strasser and D. S. Huang, Cell Death Dis., 2012, 3, e409. 

89 J. Neumann, M. Boerries, R. Köhler, M. Giaisi, P. H. Krammer, H. 

Busch and M. Li-Weber, Int. J. Cancer, 2013 Oct 6, doi: 

10.1002/ijc.28521 [Epub ahead of print]. 
90 F. Meric and K. K. Hunt, Mol. Cancer Ther., 2002, 1, 971-979. 

91 S. P. Blagden and A. E. Willis, Nat. Rev. Clin. Oncol., 2011, 8, 280-291. 

92 J. H. Schatz and H.-G. Wendel1, Cell Cycle, 2011, 10, 3830-3833. 
93 J. Bartkova, Z. Hořejší, K. Koed, A. Krämer, F. Tort, K. Zieger, P. 

Guldberg, M. Sehested, J. M. Nesland, C. Lukas, T. Ørntoft, J. Lukas 

and J. Bartek, Nature, 2005, 434, 864-870. 
94 L. Whitesell and S. Lindquist, Expert Opin. Ther. Targets, 2009, 13, 

469-478. 

 

Page 13 of 14 Natural Product Reports



Graphical abstract 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Rocaglamide, Silvestrol and Structurally 

Related Bioactive Compounds from Aglaia 

Species 

Li Pan,
a
 John L. Woodard,

a
 David M. Lucas,

a,b
 

James R. Fuchs,
a
 A. Douglas Kinghorn*

a
  

This review summarizes recent investigations on the

chemistry and biology of rocaglamide, silvestrol and 

structurally related bioactive compounds from Aglaia species

published during the period 2006-2013. 

O

R9
R8R1

O

R7

R2

R10

R6

R4

R5

R3

R7 = CONRR' > CO2CH3> H

CO2CH3 increases sensitivity

toward multidrug resistance

R6 = H > halogen

R5 = H > OCH3

R4 = EWG > OCH3 > CH3 > H

R7 = OCH3 > H

R8 = NHCOR > OH > H

R9 = H > OH

R2 =dioxanyl moiety > CH3 > H

dioxanyl moiety increases

sensitivity toward multidrug

resistance

R1 = OCH3 > H

R10 = OH > OCH3

Page 14 of 14Natural Product Reports


