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STRUCTURE OF MCRACENIN A, A HYPOTENSIVE PRINCIPLE OF MCRUS ROOT BARKS?!
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Abstract —— From the crude drug "sShakuhi", the root barks of Morus plants,
a novel isoprencid flavone derivative, moracenin a, showing hypotensive
activity has been isolated. The structure has been determined, as indicated

by formula I, on the basis of chemical and physical evidence.

From the oriental medicine "sShakuhi'™, the root barks of Morus plants (Moraceae), we have
recently isolated the hypotensive principle moracenin B and deduced its structure.2 During the
course of the isclation of moracenin B, the acidic fraction from the extract was subjected to chro-
matography and the hypotensive activity of the resultant fractions monitored. From the fraction
less polar than that containing moracenin B, ancther amcrphous isoprencid flavone was obtained and

named moracenin A, Dosing of moracenin A to rats (I.

CH

v.,) induced a significant hypotension. The present
paper describes the structural elucidation of the
active principle, moracenin A.

Moracenin A, [OL]D -427° {¢ 0,15, MeOH), was shown
to have molecular weight 760 (FD-MS) which, along with
the results of lBC WMR spectroscopy, indicated its com-

13
position to be C Namely, the C NMR spec-—

H, O .
45744711
trum demonstrated the presence of nineteen aliphatic
carbons (CHS_ x5, —CH2- X3, PCH-X3, >C=CH~ X3, >C=C-0
x 1}, twenty-four arcmatic carbons (CHX9, CX6, C-0OX

1
9) and two carbonyl carbons, The "H NMR spectrum of

moracenin A was very similar to that of meoracenin B,
moracenin B as will be discussed in detail below. These data,
together with the fact that moracenin A coexists with
moracenin B, led to the supposition that moracenin A is a homolog of moracenin B, with the extra
CSHB moiety constituting an isopentenyl group,

As for the case of moracenin B, the structure determination of moracenin A was made solely
from analysis of the spectral data.

Its polyphenolic nature, which was suggested by the fact that moracenin A has a number of
aromatic carbons of the C-0 type (13C NMR) , was substantiated by the occurrence of an intense IR
band at 3360 crn_1 (KBr) and a positive ferric chloride test.

That moracenin A is a flavenoid was deduced from a positive reaction with magnesium and hydro-
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Table I. Carbon-13 shieldings in moracenin A chloric acid. The location of the C-4

and moracenin B (& in CD3CN) carbonyl and the C=-5 hydroxyl was shown

moracenin A moracenin B by the presence of an IR band at 1650
=1 \ .
-z 156.7 s 157.2 s cm {KBr and THF), associated with a
c=3 121.7 s 121.6 s carbonyl conjugated and hydrogen-bonded,
-4 . . .
g_s igg ; 2 122 g z and by the occurrence of a red shift of
c-0 98.5 4 9B8.5 d the UV maximum at 264 nm, by 7 nm, on
C=7 160.9 s 160.9 s cos ; ; 1
c-8 108.0 s 108.0 = additien of aluminum chlor;de. A¥3 H
Cc=9 160.8 s 160.9 s NMR singlet (1H) at § 5.98" and a C
-1C . . s

g-ll 123 ; i lgi ; : HMR doublet at & 98.5 were attributed to
Cw=12 122.4 4 122.4 4 the hydrogen and the carben, respective-
c-13 132. . - .
c-14 25 2 : l;; ; : ly, at the & position in a 5,7-dihydrox-
C-15 17.8 g 17.7 g yflavone.2 In the lH NMR spectrum, lH
c-1"' 113.4 s 113.4 s .
-2 161.1 s T61.3 s signals at § 6.62 (doublet, J 2 Hz},
c-3' 103.7 4 103.7 4 6.53 (doublet of doublets, J 2 and 8 Hz)
c-4' 162.1 s 162.2 s :
C=5" 108.3 d 108.3 4 and 7,24 {doublet, J 8 Hz} in an ABC
c-6"' 132.3 4 132.3 4 pattern whose parameters are in agree=-
c-1" 115.4 s 115.5 s . . ,
c-2" 162.1 s 165.1 s ment with those for the C-3', C-5' and
c-3" 115.12 s 103.7 4 C-6" hydrogens of the B-ring of moracen-
c-4" 163.4 s 165,7 s . . . h in A al
Cc-5" 108.0 4 108,3 4 in B, indicated that moracenin also
c-6" 130.8 @ 133.,8 4 possesses a 2,4-dihydroxyphenyl moiety.
c-7" 210.0 . . . :
c-g" 18.6 ; 22: i z These findings, together with the lack
c-9" 38.0 t 38.0 t of lH NMR signals for hydrogens at C-3
c-10" 4.1 4.
ca11" 133 o i 133 é z and C-8, showed moracenin A to be a
c-12" 1z23.2 4 124.0 4 5,7,2",4"'-tetrahydroxy-3,8~-disubstituted
c-13" 8.6 4 38.5 d .
c-14" 37 & d 47.9 4 flavone, Consistent with this, the UV
C-15" 122.4 s 122.4 s spectram (RMeOH 206, 264, 286 and 330 nm
c-156" 156.7 s 156.7 s max
c-17" 103.7 4 103.0 a (log € 4,86, 4,49, 4,32 and 4,15)) was
Cc~18" 156.6 s 156.6 3 almest superimposable on that of morace-
c=19" 107.5 a4 108.3 4 . MeOH "
ce20m 129.6 d 130.3 & nin B (Amax 209, 264, 280 (sh) and 320
Cc-21" 22.0 ¢ nm {log € 4.80, 4.49, 4.31 and 4.,18)).
c-22" 122.7 4 _ 13
c=23" 132.5 5 Furthermore, the parameters of the C
c-24" 25.8 q MMR signals for the fifteen carbons con-
c-25" 17.9 gq

stituting the flavene skeleton of mora-

cenin A (C-2—C-10 and C-1" —C-~6') coin~
cided with those for the corresponding carbons of moracenin B (Table I).

In the lH NMR spectrum, two vinyl methyl signals at § 1.48 and 1.59, and a vinyl hydrogen
signal at ¢ 5.12 which was further spin coupled (J 6 Hz) to a methylene hydrogen signal at & 3.10,
demonstrated the presence of an isopentenyl group. The 13C NMR spectrum exhibited a set of sig-
nals (§ 17.8 and 25.8 for CH, - x2, 8§ 132.9 and 123.9 for »C=CH-~ and & 24.5 for —CHZ—) ascribed to
an lsopentenyl group. Because the chemical shifts of the above NMR signals agree well with those
originating from the C-3 iscpentenyl group in moracenin B, the location of this isopentenyl at C-3
was suggested. This was confirmed by the observation of ch—lH spin coupling (J 4.2 Hz) between
the C-4 carbonyl carbon signal at ¢ 183.3 and the methylene hydrogen signal at & 3.10.

The prcoblem remaining to be solved was the constitution of the C-B side chain with the compo-~
sition C__H.,_O The lH NMR spectrum showed a set of 1H signals for three aromatic hydrogens

25727757
f{doublet at 6 6.18 (J 2 Hz), doublet of doublets at &§ 6.05 (J 2 and 8 Hz) and doublet at 6 6.76 (J
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8 Hz)) and another set of lH signals for two aromatic hydrogens (doublet at § 5.96 (J 8 Hz) and
doublet at & 7.24 (J 8 Hz)). The parameters of the former set of signals were in accord with
those of the 2,4-dihydroxyphenyl system (C=15"-(C-20") in moracenin B (doublet at & 6.14 (J 2 Hz),
doublet of doublets at & 6.02 (J 2 and 8 Hz} and doublet at § 6.71 (J 8 Hz)), indicating the pres-
ence of a 2,4-dihydroxyphenyl meiety in this side chain, as in moracenin B. The chemical shifts
of the lBC NMR signals originating from this 2,4-dihydroxyphenyl group alsc coincided with those of
the corresponding system in moracenin B {Table I). The splitting pattern, an AB type (J 8 Hz), of
the latter set of 1H NMR signals demonstrated that the hydrogens in question were vicinal. The
chemical shifts of these two signals were consistent with those of the C-5" and C-6" hydrogens of
the 2,4-dihydroxybenzoyl system in moracenin B (5 5.90 and 7.32), suggesting that moracenin A also
has a 2,4-dihydroxybenzoyl moiety. The presence of a benzoyl grouping was confirmed by the fol-
lowing observations: 1) the UV spectrum agreed well with that of moracenin B and disclosed an extra
absorption around 280 nm in comparison with that of kuwanon C, 5,7,2',4'-tetrahydroxy-3,8-diiso-

’

pentenyl-flavone, and 2) no IR band attributabkle to carbenyl was visible other than that at 1650
cm-l, indicating the second carbonyl to be alsc conjugated. As there were no other signals as-
cribable to an aromatic hydregen, substitution of the benzoyl system by an isopentenyl group would
make up the required atom count, and this extra isopentenyl unit would constitute the difference
between moracenin A and moracenin B. The presence of this isopentenyl group was shown by the lH
NMR spectrum (singlets at & 1,54 and 1.64 for CHB— ® 2, triplet at § 5.02 (J 6 Hz) for >C=CH- and
doublet at § 3.10 (J 6 Hz) for —CHZ—) and the 13C NMR spectrum (Table I}. A dihydroxy-isopenten-
yl-benzeyl moiety was confirmed by the mass spectrum which exhibited a peak at m/e 205.0802 asscci-
ated with the ion C12H1303+ {calc. mfe 205.0863).

Theoretically, there are six possibilities for the arrangement of the three substituents,
two hydroxyls and an isopentenyl, in the benzoyl system. The four possibilities where the two
hydroxyls are located in ortho and para relaticns were eliminated because the l3c NMR signals due
to the carbons bearing the hydroxyls are expected in these cases to appear at 8§ 140-150, whereas in
fact they occurred at § 162.1 and 163.4. For choosing between the remaining two possibilities,
the ch NMR spectrum was again examined. As a result it was found that the chemical shifts of the
signals for the six aromatic carbons were in agreement with the calculated wvalues for a 2,4-dihy-

droxy-3-isopentenyl-benzoyl grouping (§ 115.1, 166.0, 113.1, 167,0, 109.0 and 131.7 for C-1-—C-6)

but not with those for a 2,6-dihydroxy-3-isopentenyl-benzoyl grouping {§ 111.6, 163.2, 117.6,

138.5, 108.6 and 159.6 for C—l——C-G).2’5’6
The remaining part of the C-8 side chain
BCT CH361'54 consisted of C_H_, which, based on the NMR evidence
T<S3.66 T54.sa 763.38 §5.16 | §1.92 79 ! '
T CH CH {- CHy—— was allotted to three methines, one methylene, one
7107 N 107 Smset T——go——
sc Se methyl and one ethylene bond. In crder to com-
A W=quaternary carbon, sc=small coupling pletely clarify the nat%fe of the C-8 side chain,

the "H NMR spectrum of moracenin A was analyzed

with the aid of double resonance experiments which

H 1

revealed the presence of part structure A. Since H w—]+

) ) H,C
the methine hydrogen signal at § 3,66 and the methyl= 3 2 3
ene hydrogen signal at 6 1.92 were spin coupled to
each other, part structure A may be extended to Ar HC

H

part structure B. Ar B flavone C

The location of the flaveone skeleton was deduced
+
by the observation of the mass fragment at m/e 420.1567 criginating from the icn C25H2406 (C)
(calc. m/e 420.1571).
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were both 10 Hz,

C-8" hydrogen, C-14" hydrogen and C-13" hydrogen
were quasi-axially oriented in the cyclohexene
ring, thereby allowing assignment of the trans-

orientation of the C~8" and C-14" hydrogens and of

The allocation of the 2,4-dihydroxy-3-isopentenyl-benzoyl
group, the 2,4-dihydroxyphenyl group and the flavone skeleton to

the three substitution positions in part structure B was accom-

13

plished from the C-lH spin couplings illustrated in formula D.

1

The 3C NMR spectrum of moracenin A could be completely

rationalized on the conclusion that moracenin A is the 3"-iso-

pentenyl derivative of meracenin B (Table I).

The structure of moracenin A has thus been deduced to be

that represented by formula I,
The coupling constants between the C-8" and C-14" hydrogens

and between the C-14" and ¢-13" hydrogens in the

a fact which indicated that the

the C-14" and C-13" hydrogens,
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