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Abstract  ram the crude drug "~Ehakuhi~, the root barks of Hotus plants, 

a novel isoprenoid flavone, moracenin C, having hyptensive activity has been 

isolated and the gross structure has been derermined as representea by formula 

I (exclusive of stereochemistryl. The absolute stereostructures of moracenin 

A. B and c have been deduced on the basis of physico-chemical evidence. 

~uring our investigations on the hywtensive principles of the oriental medicine "s6hakuhi". 

the root barks of certain species of m r u s  plants (Moraceael, we have recently isolated two iso- 

prenoid flavones, moracenin A and B, as the hypotensive principles, and determxned their struc- 

t u r e ~ . ~ ' ~  Further survey for active principles has 

led to the isolation of another novel isoprenoid 

flavone having hypotensive activity named moracenin C. 

 his paper deals with the elucidation of the gross 

structure of moracenin C and the deduction of the 

absolute stereostru~tures of moracenin A ,  B and C. 

Moracenin C, [a]  -445O (c 0.16, MeOHl, gave the 
D 

FD-MS spectrum which showed the molecular ion peak at 

m/e 760 and the 13C NMR spectrum which indicated the 

presence of fourty-five carbons (nineteen aliphatic 

carbons (CH3- x 5, -CH2- "4, >CH-x 3, .C<Xl, X=CH-X2, 

x=c-0-xl), twenty-four aromatic carbons (CH x 9 ,  C x6, 

C-0x9) and two carbonyl carbons), so that the compsi- 

tian of moracenin C was determined to be C45H44011. 
m~ra~enin B :  R=H In 

Moracenin C was considered to be a flavonoid from 

a positive magnesium-hydrochloric acid reaction. The fact that the UV. IR, 'H and 13c NMR spectra 

of moracenin C.  as described in detail belaw, were very similar to those of moracenin A ,  and that 

moracenin c coexists with moracenin A and B in the same plant, suggested that moracenin C was a 

congener of moracenin A and B. The IR spectrum IKBr and THFI disclosed a characteristic band at 

1650 (hydrogen-bonded C-4 carbonyl in the flavone skeleton) as well as a strong band at 3350 
-1 MeOH 

cm lhydroxylsl. the uv spectrum of moracenin c (Amax 208, 264, 280ishl and 320bh) nm (log E 

4.79. 4.50, 4.34 and 4.20)) closely resembled that of moracenin A (A::: 206, 264, 286 and 330 nm ( 

log E 4.86, 4.49, 4.32 and 4.1511, and the uv maximum at 264 nm (A-ring benzoyl system) was batho- 

chromically shifted by 8 nm on addition of aluminum chloride, indicating that moracenin C has a 



Table I. Carbon-13 sh~eldings in moracenin C 
and maracenin A (6 in CD CN) 

3 

moracenin C moracenin A 

carbonyl at C-4 and a hydroxyl at C-5. 

  he 'X and 13c NMR spectra of moracenin c 
4 

showed signals at 6 5.99 and 98.5 re- 

spectively (hydrogen and carban at the 
2 

6 position in a 5,7-dihydroxyflavone ) .  

Further, the absence of 'H NMR signals 

for H-3 and H-8 indicated that the 3 and 

8 positions were substituted in moraconrn 

C. Three 'H NMR signals at 6 6.65 ilH, 

doublet, J 2 Hzl, 6.54 ilH, doublet of 

doublets. J 2 and 8 H Z )  and 7.27 (1H. 

doublet, J 8 H z )  in an ABC pattern were 

observed which, together with the coin- 

cidence of the chemical shifts of the 

13c NMR signals for C-1,-C-6' I n  moracen- 

in C and moracenin a, demonstrated that 

the B-ring of moracenin C has a 2',4'-di- 

hydraxy arrangement as in moracenin A .  

Thus, these accumulated data indicated 

moracenin C to be a 5,7,2',4'-tetrahy- 

droxy-3.8-dlsubstituted-f111111. 

'I3 NMR signals at 6 1.48 (3". sin- 

qlet), 1.60 13X. singlet), 3.17 (2H. 

doublet. J 6 HZ) and 5.18 (1H. triplet. 

J 6 Hz1 and I3C NMR signals at 6 17.7 

lq). 25.7 iq), 24.5 It), 122.4 (dl and 

132.8 IS) suggested the presence of an 

isopentenyl moiety. The chemical 

shifts 16 3.17 and 24.5) of the methylene 

signals indicated the isopentenyl to be 

situated at the 3 pos~tion,~ and this was 

verified by the observation of 1 3 ~ - 1 ~  

spin coupling IJ 3.8 HZ) between the C-4 

carburry1 signal a t  6 183.3 and the meth- 

ylene hydrogen signal at 6 3.17. 

 here are seven signals in the 13C m n  spectrum of maracenin c whose parameters coincided with 

those of the c-8"-C-14" signals i n  moracenin A (Table 11, suggesting that moracenin C has part 
1 

structure A. Thls suggestion was confirmed by H NMR double resonance experiments. Furthermore. 

in the mass spectrum. the appearance of a fraqment peak at m/e 420.1598 (calc. m/e 420.1571 for 

C25H2406+ IB)), formed by retro Dlels-Alder cleavaqe. demonstrated the flavane skeleton to be situ- 

ated at C-13" I n  the cyclohenene ring. The 'H NMR 

spectrum of rnoracenln C showed signals at 6 6.19 

(lH, doublet, J 2 Hz), 6.04 (lH, doublet of dou- 

blets, J 2 and 8 H z )  and 6.73 (1H. doublet, J 8 Hz1 

due to H-3. H-5 and H-6 in a 2.4-dihydroxyphenyl Ar H HC 
H 

group, which corresponded to those for H-17". H-19" -Gm3 Ar A 

H2cr I + 
flavone B 

and H-20" in moracenin A .  This observation, along 
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~ ~ r h  the fact that the parameters of the 13c N m  signals for six aromatlc carbons i n  moracenin c 
were in accord with those far C-15"-C-20" in moracenin 2 (Table 11, suggested that a 2.4-dihydroxy- 

phenyl group is attached to the cyclohexenc ring in moracenin C. 

  he next problem was to determine the nature of the remaining substituent on the cyclohexene 

ring. The '8 NMR spectrum showed a pair of doublets in an AB pattern at 6 5.81 and 7.27 (1H each. 

J 8 Hz), ~ndicating that two ~ ~ t h a  aromatrc hydrogens were present. n ~ s o  in the 'H NMR spectrum, 

no signals for an isopentenyl group located at C-3", as m moracenin A,  were found. Instead, 

signals at 6 1.20 (GH, singlet), 1.65 i2H, triplet, J 6 Hz) and 2.38 (2H. triplet, J 6 Hz1 were 

observed, suggesting the presence of a 2.2-dimethyldihydrapyran ring.  his suggestion was verifi- 

ed by the observation that 13c NMR signals at 6 16.7 it), 32.1 it), 76.5 (sl. 26.8 iql and 26.6 141 

were consistent with siqnals at 6 16.2 it). 31.7 it), 75.9 (61, 26.5 iql and 26.5 (41 (C5D5N) due 

to thc aliphatic carbons in the dimcthylchroman rinq of di- 

hydromoru~inol (111. Furthemore, ll the w spectrum was in 
agreement with that of moracenin A while exhibiting an extra 

absorption at c a .  280 nrn as compared with that of kuwanon C, 

5.7.2' - 4  1-tetrahydroxy-3,8-diisop~~tttylflvne,5 2) in the 

y 
13c NMA spectrum, a carbonyl carbon signal appeared at 6 

209.9, the chemlcal shift of which was slmllar to that for the OH 0 

C-7" carbanyl carbon in moracenin A ,  and 31 the carbonyl car- I1 

ban signal was spin coupled to the merhylene hydrogen signal 

at 6 1.96 in the cyclohcxene ring. ~hese observations showed that the remaininq substrtuent on 

the cyclohexene ring was a 2.2-dimethyldihydropyrano-benzoyl system. The compsitlan (C H O I 
12 13 3 

of this substituent and the existence of only two aromatic hydragens in it indicated that one 

hydroxyl was attached to the 2.2-dimethyldihydropyrano-beeeeyl system. This was confirmed by the 

observation of the mass fragment peak at m / e  205.0870 icalc. m/e 205.0863 for Cl2Hl3O3+1. 

Six possibilltles exist for the substitution pattern of the hydraxy-2.2-dimethyld~hydddpyrano- 

benzoyl moiety. However, the cases where the hydroxyl and the oxygen of the pyran ring were ortho 

and para were eliminated, because the 13c NMR signals of the C-o type aromatic carbons should 

appear at 6 140-150 in these cases, whereas in maracenin c they occurred at 6 161.1 and 163.1. 
From the rernalnlng three possibilities, the two where the hydroxyl and the carbonyl are situated in 

an ortho relationship were deduced to be correct from the fact that the I R  spectrum disclosed a car- 
1 

bony1 band at 1650 Cm-' and that another 1H hydrogen-bonded hydroxyl signal was seen in the H NMR 

spectrum of moracenin c besides the LH signal due to the "-5 hydrony~. s m c e  an 'H NMR aromatic 

hydrogen signal appeared in the lower field region (6 7.27) and was spin coupled to the benzoyl 

carbonyl carbon signal, this hydrogen was concluded to be present in a posltion ortho to the benzo- 

yl carbonyl group. These data established the substitution pattern of the hydroxy-2,2-dimethyl- 

dihydropyrano-benzoyl ring to be as shown in formula I. 

Allocation of the 2.4-dihydronyphenyl group and the 2.2-dimefhyldihydropyYYY0-bbbbbyl group to 

C-14" and C-8" respectively, was made on the observation of 13C-'H spin coupling between the C-7" 

carbonyl signal and the H - 9 "  methylene signal, as mentioned above. 

The structure of moracenin C has thus been established to be I (without stereochemistryl. 

In the 'H NMR spectrum of moracenin C, the coupling constants between the H-8" and H-14" 

signals, and between the "-14" and H-13" signals were both 10 Hz, demonstrating that these three 

hydrogens are quasi-axially situated in the cyclohenene ring.  heref fore, the thrce substituents. 

the flavone skeleton, the 2.4-dihydronyphenyl group and the 2.2-dimethyldihydropyrano-henzoyl group 

are located in trans orientation to each other. 

The chemical shifts of the "-3.. H-5. and H-6' signals in maracenin C (6 6.65. 6.54 and 7.27 



respectively) were similar to those in kuwanon c (6 6.52, 6.43 and 7.20 respectively), while the 

chemical shift of the H-6 signal in moracenin C (6 5.99) differed from that in kuwanon c (6 6.31). 5 

Furthermore. the chemical shifts of the H-5" and H-6" signals in moracenin C (6 5.81 and 7.27) were 

shifted as compared with those of the corresponding signals in 1-acetyl-2.4-dihydroxybenzene (6 

6.44 and 7.76). ~hese upfield shifts of the "-6, "-5" and 
Fig. 1 The CD spectra 

H-6" signals in moracenin c appear to be caused by the 
---- moracenin A 

anisotropic shielding effect of the 2.4-dihydroxyphenyl 

moracenin C group. Hence, in the preferred conformation of moracenin 

w 2 +21r 0 

C, the C-6, C-5" and C-6" hydrogens are situated close to 

and perpendicular to the plane of the 2.4-dihydronyphenyl 
x - group, where the phenyl moiety of the benzoyl group is m -2 

nearly eclipsed to the C-8" hydrogen which is the themdy- 

-4 ! 1 namically mast stable conformation. 6 
11 1 ,\ ' 1 ,/ in MeOH The CD curve of moracenin C exhibited a positive Cat- 

-6 ', !I ton effect at 265 nm and a negative Cotton effect at 292 nm 

-8 (Fig. 11 which are ascribed to the flavone chromophore and 
I , , / , ,  

240 280 320 360 400 the benzoyl chromophore respectively, since moracenin c 
nm 

showed W maxima at 264 m for the flavone chromophore and 

at c a .  280 nrn for the benzoyl chromophore.   he mo- 

lecular ellipticities of these Cotton effects were 

much stronger than that of a flavone possessing an 

asymmetric carbon a to C-8 (e.g., -12800 for 

virexin7 (Fig. 11) and that of a benmoyl derivative 

having an aspmetric carbon adjacent to it (e.g., 
6 

18]280 -317 for (Sl-2-methylbutyropheeeee 1, indicat- 

ing coupling between the dipole moments of the t w o  

chromophores. The signs of these Cotton effects OH 

demonstrated that the two dipole moments are arranged 

in an S-configuration, ~hus, the absolute configura- 

tions at C-8". C-13" and C-14" were deduced to be R ,  S 

and R respectively. On the basis of the above evi- 

dence, the stereostructure of moracenin C is as repre- 

sented by formula I. 
1 

Since the H and 13c NMR, and CD spectra of rnorac. 

enin A and B are essentially identical to those of moracenin C (Fig. 11, the absolute configura- 

tions at C-8". C-13" and C-14" in moracenin A and B are concluded to be the same as in moracenin C. 
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