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Abstract - A  new isoprenoid flavone derivative, moracenin D, show~ng hypo- 

tensive activity has been isolated from the crude drug "Ghakuhl", the root 

barks of Morus sp. Chemical and physlco-chemlcal studies have established 

the structure of moracenin D as shown in formula I 

we have prevrously reported the isolation and structural study of three new flavone derlva- 

tives, mracenin A, B and C, as the hypofenslve principles of the oriental medicine "s6hakuh~". 

the root barks of certaln species of Morus plants (Moraceae) .2-4 In our further survey on the 

constituents of the material, another novel isoprenord flavane showrng hypotensrve actlvlry has 

been isolated from the fraction more polar than moracenm B and is now referred to as moracenin D. 

Moracenin D, a yellow amorphous powder, lalD -388- (c 0.25, Meon), has the molecular formula 

of C40H38012 (FD-MS spectrum: m/e 710 (M+)). The 13c NMR spectrum ind~cated the presence of faur- 

teen aliphatic carbons (CH3- ~ 3 .  -CH - x 3, >CH- x3, %-a- xl, ~ = c H -  xi, >c=c-0- xl), twenty-four 2 
aromatic carbons (CHx10. C x  5, C-0x9) and two carbonyl carbons. The fact that moracenin D was 

positive to ferric chlorlde test and magnesium-hydrochlor~c acid reaction, showed moracenm D to be 

a flavonoid. The w spectrum of moracenin D (hMeoH 209, 230 (sh), 264.5. 280 (sh) and 320 nrn 
M X  

(log E 4.75, 4.50, 4.45, 4.27 and 4.14)) matched the data for moracenln B (hMeoH 209, 264. 280 (sh) 
",ax 

and 320 nm (log E 4.80, 4.49. 4.31 and 4.18)).~ Furthermore. the IR, 'H and 13c NMR spectra 

(Table I) of moracenin D resembled those of moracenin 8. ~hese finrlmqe suqgested that m o m c e n m  

D is an analog of moracenin B with an additmnal ~~0 morety. 

The IR spectrum revealed m e  presence of hydroxyls (3350 cm-l) and a carbony1 at C-4 

which is conjugated and hydrogen-bonded (1650 cm-'). On addltlon of aluminum chloride, there was 

a bathochramic shift (7.5 nml of the absorption at 264.5 nrn due to the ~-rlng in the flavone ekele- 
1 

ton, indicating the presence of a C-5 hydroxyl group.  he H and 13c NMR spectra of moracenin o 
5 

exhib~ted signals at 6 6.00 and 97.5. respectively (hydrogen and carbon at the 6 position i n  a 

5.7-dihydroxyflavond .3 NMR signals due to hydrogens of the B-ring in the flavone skeleton 

appeared at 6 6.64 (1H. doublet, J 2 Hz), 6.56 (1H. doublet of doublets. J 2 and 8 He) and 7.30 

(lH, doublet, J 8 Hz), whose parameters showed that hydroxyls exist at the 2' and 4' posltlons. 
1 

OD the other hand, the H NMR spectrum lacked s~gnals orqlnaring from the hydrogens at the 3 and 8 

pos~tions. These data, as well as the concurrence of the 13c NMR resonances of the flavone skele- 

ton of moracenin D and of moracenin B (Table I), suggested that moracenin D is a 5,7,2',4'-tetra- 

hydroxy-3.8-drsubstituted-flavone like moracenin B. 

The methyl hydrogen signal at 6 1.14 (6H, singlet) and the methylene hydrogen slqnals at 6 

1.72 (2H, triplet, J 6 Hz) and 2.54 (2H, triplet, J 6 Hz) were due to a 3-hydroxy-3-methylbutyl 

group. In the 13c NMR spectrum, signals at 6 20.0 (t), 41.9 (t), 70.2 ( s ) ,  28.2 (g) and 28.1 (ql 

attributed to a 3-hydroxy-3-methylbutyl qroup agreed well with those of morusinol (6 21.3 (t). 43.0 

(t), 69.9 ( e ) ,  29.4 (q) and 29.4 (q) (C5D5N)1 .' In order to determine the positlon of the 3-hy- 



 able I. carbon-13 shieldings in moracenln D droxy-3-methylbutyl group, lonq rave 
and moracenin B (6 in CD~CN) 

selective proton decoupling technique was 

moracenln D moracenin B used. AS a result it was found that the 

156.3 s 157.3 s 
methylene hydrogen s~gnal at 6 2.54 and 

C-2 
C-3 121.5 s 121.6 s the carbonyl carbon signal at 6 182.5 
C-4 182.5 s 183.3 s 
"-5 154.9 s 155.8 s 

were spin coupled (J 4.8 HZ), leading to 

C-6 97.5 d 98.5 d the conclusion that the 3-hydrony-3- 
C-7 160.0 s 160.9 s 

107.0 s 108.0 s 
methylbutyl group was attached to the 3 

C-8 
c-9 160.0 s 160.9 s position. 
C-10 104.7 s 105.7 s 1 
C-11 20.0 t 24.5 t 

In the aromatic region of the H NMR 

C-12 41.9 t 122.4 d spectrum, a set of slgnals of an ABC pat- 
C-13 70.2 s 132.9 s 
C-14 28.2 q 25.8 q 

tern were seen at 6 6.20 (1H. doublet, J 

C-15 28.1 q 17.7 q 2 HZ). 6.06 (lH, doublet of doublets, J 
C-1' 112.4 s 113.4 s 
C-2' 160.2 5 161.3 s 

2 and 8 Hz) and 6.78 (1H. doublet, J 8 

C-3' 102.6 d 103.7 d Hz), the parameters bemg ~irnrlar to 
c-4' 161.0 s 162.2 s 
C-5' 107.1 d 108.3 d 

those of a 2.4-dihydroxyphenyl group in 

C-6' 131.2 d 132.3 d moracenin R (6 6.14 ilH, doublet, J 2 
C-1" 114.5 s 115.5 s 
C-2" 164.0 s 165.1 s 

Hz). 6.02 (1". doublet af doublets, J 2 

C-3" 102.8 d 103.7 d and 8 Hz) and 6.71 (1H. doublet, J 8 
C-4" 164.7 s 165.7 s 3 

107.3 d 108.3 d 
Hz)). These findings, along with the 

C-5" 
C-6" 132.7 d 133.8 d fact that the 13c NMR spectrum of morace- 
c-7" 208.8 s 209.8 5 

nin D showed signals corresponding to 
C-8" 47.0 d 47.9 d 
C-9" 37.6 d 38.5 d those of a 2.4-dihydroxyphenyl group m 
C-10" 122.9 d 124.0 d 

moracenin B (Table I), lndlcated the 
C-11" 133.2 s 134.1 s 
C-12" 22.0 q 23.0 q presence of a 2.4-dihydroxyphenyl group. 
C-13" 37.1 t 38.0 t 1 

37.6 d 38.5 d 
Furthermore. there were another set of H 

C-14" 
c-15" 121.5 5 122.4 s NMR signals at 6 5.98 (1H. doublet. J 2 
C-16" 155.8 s 156.7 5 

102.0 d 103.0 d 
Hz), 5.94 (1H. doublet of doublets, J 2 

C-17" 
c-18" 155.8 s 156.6 s and 8 Hz) and 7.40 l1H. doublet, J 8 HZ), 
C-19" 107.0 d 108.3 d 

128.8 d 130.3 d 
whose parameters were in good accord with 

C-20" 
those of the 2.4-dihydroxybenroyl group 

in moracenln B ( 6  5.92 (1H. doublet. J 2 

Hz). 5.90 IlH. doublet of doublets, J 2 and 8 Hz) and 7.32 (IH, doublet. J 8 Hall .3 The presence 

of a 2.4-dihydroxybeneoyl graup was also supported by the followinq evidence: 1) the UV maximum at 

ca .  280 nm was attributed to a 2.4-dihydroxvbenzoyl aroup. 2) the mass Iraqment peak of c ~ H ~ ~ ~ +  was 

observed at m / e  137.0246 (calcd. m/e 137.02371, 3) there were 13c NMR siqnals corresponding to 
I 

those of the 2.4-dihydroxybenzoyl graup in moracenin B (Table I) and 41 in additlo" to the H NMR 
1 

signal attributed to the C-5 hydroxyl hydrogen, another H NMR slgnal due to a hydroqen-bonded hy- 

droxyl hydrogen was visible. 
1 

part structure A was derived from the decoupling e~per~ments in the aliphatrc region of the H 

NY spectrum. m the mass spectrum, the fragment 
peak at m/e 438.1705 (calcd. m/e 438.1678) is char- 

acteristic of an ion (B) formed by a retro Diels- m* 

H ; ~ J +  
nlder type fragmentation at a cyclohexene rlng, 

showing that a flavone molety is located at the 9" AT 
H 

position. Ar A flawne B 

Recently, Nomura and pukair7 and Masamune et 
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al.8isolated frem similar sources the comparable substances, kuwanon G and albanin F, respectrvely, 

and propaaed fornula 111 for their structures. 
9 

From the fact that the parameters of 'H and 13c NMR signals attributed to the cyclohexene ring 

of malacenin D Were essentially identical with those of moracenin B ,  it is emdent that the loca- 

tions of the two substituents, the 2.4-dihydroxyphenyl group and the 2.4-dihydroxybenzoyl group, 

in moracenln D are the same as those of moracenin 8. In order to establish the locations of the 

two subst~tuente, the subsequent experments were carrled out on moracenln B Instead of moracenm 

D. ~hus, methylation of moracenin B with dimethylsulfate-d and potassium carbonate in acetone 
6 

afforded the de~terated hexamethyl ether W e  794 (M+), FeCl, test: posltivel, the deuterated 

heptamethyl ether W e  811 ( ~ ~ 1 ,  Fec13 test: positive) and the deuterated octamethyl ether Lm/e 

828 (M+I, FeCl test: negative). Reduction of the deuterated octamethyl ether with lithium aluml- 3 
num hydride m ether gave two epimeric alcohols. One of the epmers (11) was concluded to be a 

reduced product not only at the 7" position but also at the 4 posl- 

tion by the following data: 1) in the mass spectrum, there were the 

molecular ion peak (C48H32D24010+l at m/e 816 and the fraqmenr ion 

peak (C H D 0 +) at m/e 474 arismq from the reteo D ~ e l s - ~ l d e ~  29 22 12 5 
1 

a 3  

cleavage in the cyclohexene rmg, 2) H NMR slgnal (benzene-d ) due 
6 

to the newly-formed methylene hydrogens at C-4 was seen at 6 3.54, \ 

31 the IR spectrum (CHC1 showed the absence of carbonyl groups. 

3 6 

% W 3  HO I1 flavene 
In the 'H NMR spectrum (benzene-d I of the alcohol (111, Irra- 

diation of the hydroxyl hydrogen signal at 6 3.36 (d~sappeared with 

D701 changed the signal at 6 4.98 which was assigned to a carbinyl hydrogen, and alternative irra- 

diatlon of the latter altered the former. The carbinyl hydrogen slgnal was found to couple to the 

methine hydrogen signal at S 3.84 whzch shows vicinal coupling to the slqnal at 6 4.70 for the 

methine hydrogen adjacent to the flavene nucleus hut not to the sqnal at 6 3.88 for the methine 

hydrogen next to the methylene in the cyclohexene rmg. From the results of these decoupllng 

experiments, the locations of the 2.4-dlhydroxyphenyl group and the 2.4-dihydroxybenzoyl group were 

concluded to be as shown in formula 11. 

Erroneous conclusions drawn from NMR evidence on the locations of these groups in the prevlous 

 paper^^-^ appear to be due to inappropriate irradiation powers in the 13c-l" decoupling experi- 
ments. 

On the basis of the above evidence, the structure of  moracenin D is represented by formula I. 

As a consequence. the locations of the phenyl group and the benroyl group in the cyclohexene 
2-4 

ring in moracenin A-C have to be rev~sed. 

From the fact that the coupling constant between the H-9" and H-8" signals, and that between 

the "-8" and H-14" signals were both 10 Hz, it is clear that the three hydrogens, H-9". "-8" and 

H-14". are all quasi-axially situated in the cyclohexene rmg, leading to the conclusion that the 

three subst~tuents, the flavone moiety, the 2.4-dihydroxyphenyl group and the 2.4-d~hydroxybenzoyl 

group, are trans to each other. 

The CD curve of moracenin D 0, 181315 -46600, l!31304 -42200. -71300, 0, 

t30600, 0. -59700, I!31228 -39300 in MeOHl almost overlapped on the CD curves 

of moracenin A-C , a fact which demonstrates that the absolute configuration of rnoracenm D is the 

same as that of moracenln A-C. 

Because of the parallelism of the 'H and 13c NMR spectra of moracenin D with those of moracen- 

in A-C with respect to the cyclohexene mo~ety, it is concluded that the conformation of moracenin D 

is identical to that of moracenin A-C. The chemical shiits of the FI-3'. H-5' and H-6' slgnals of 



moracenin o (6 6.64. 6.56 and 7.30, respect~velyl were compatible with those of kuwanon C (6 6.52 

6.43 and 7.20, respectively), whereas the chemical shift of the H-6 signal (6 6.001 of moracenln o 

was shifted relative to that of kuwanon C (6 6.311 .I0 in addition, the H-3". "-5" and H-6. slg- 

nals of moracenm D (6 5.98, 5.94 and 7.40, respectively) showed upfield shifts comparison with 

the corresponding signals of 2'.4'-dihydroxyacetophenone (6 6.32. 6.44 and 7.76, respectlvelyl, and 

the chemical shifts of the H-17'' and H-19" signals of moracenin D (6 6.20 and 6.061 were displaced 

relative to those of 4-ethylresorcinol (6 6.36 and 

6.26). These upf~eld shifts were considered to be 

orqinating from the anisctropic shielding effects of 

the adjacent benzene rlngs, showing that the planes of HO 

the flavone Skeleton, the 2.4-dihydroxybenzoyl sroup 

and the 2.4-dihydroxyphenyl group are parallel to one 

another. However, the conformation of moracenin D was 

not established by the above NMR data. Therefore, no 

conclusion can be drawn about the absolute conflgura- 

tion of moracenln D which awaits further clarification. 
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