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STRUCTURE OF MAHUANNIN D, A HYPOTENSIVE PRINCIPLE OF EPHEDRA R()OTS1

Yoshimasa Kasahara and Hiroshi Hikino*

Pharmaceutical Institute, Tohoku Unaversity, Sendal, Japan

Abstract — From the crude drug "mad-kon", the roots of Ephedra plants, a
new flavarc-flavanol, mahuannin D, exhabiting the hypotensave activity has
been isolated. The sterecstructure of mahuannin D has been determined as
represented by formula I based on chemical and physical evidence.

We have hitherto isolated the macrocyclic spermine alkaloids, ephedradine A, B, € and D,z_5 an
imidazole alkaload, feruloylh:.stamine,6 a flavano-flavecnol, ephedrannin A,7 and the bisflavanols,
mahuannin A& (IV), B (V) and C (V1) ,8-'9 as the hypotensive principles from the crude drug "mag-kon",
the underground part of Ephedra plants (Ephedraceae). -

In a continuation of our

OH

survey of the phenclic frac-
tion from the extract of the HO
crude drug, a new flavano~
flavanol, mahuannin D, also
having hypotensive activity

was further isolated.

Mahuannin D, a colorless

amorphous powder, CBDH2409

(FD-MS: m/e 528 M), lalg

=104° {methancl), v 3370
-1 max

cm ), was indicated to be

phenclic in nature from its
positive ferric chloride test. OH
On methylation with di-
methyl sulfate and potassium HO
carbonate in acetone, mahu-
annin D gave the pentamethyl
ether (IT) (MS: m/e 598 (M),
vmax 3470 ::m_l}, which was
acetylated with acetic an-
hydride in pyridine to furnish

the pentamethyl ether mono-

acetate (III) (MS: m/e 640
+ VI OH
{M)) discleosing ne hydroxyl
band 1n the IR spectrum.lo These observations showed mahuannin D to have five phenolic and one
alcoholic hydroxyls. Because nine oxygen atoms are present in the molecule, the remaining three

DXygen atoms were thought to exist as involved in ether functions.
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Table I. Carbon-13 shieldings in mahu- The C NMR spectrum of mahuannin D demon-
annin D and A (&}

strated the presence of s5ix aliphatic carbons (CH

2
mahuannin D mahuannin A x 2, CH x 3, C x 1) and twenty-four aromatic
tone-d -
(acetone —6) [methanol ch) carbons (CH x 11, C x 5, C=0 x 8). The parameters
1
c-2 899.2 s 100.5 s of these 3C NMR signals closely resembled those of
c-3 34.4 t 66.9 4 11
ct 21.2 4 28.2 4 mahuannin lA (IV) (Table I) .
C-5 154.2 s* 156.4 s* The “H NMR spectrum of mahuwannin D displayed
c-6 96.3 4 98.0 4
o7 155.1 g 156.4 s* two doublets (6 5.84, 6.00, each 1H, J 2 Hz) ang a
c-8 96.8 4 96.6 d singlet {8 &.17, 1H) whose chemical shifts coin-
c-9 i58.0 s* 158.0 g* . .
th
c-10 106.7 s 104.0 s cided with ose oflzthe aromatic hydrogens of
c-11 134.0 s 131.5 s phloroglucinol (§ 5.9477), showing that mahuannin D
c-12 127.8 4 129.4 d
t d
c-13 115.8 a4 116.1 4 had a tetrasubstitute and a pentasubstituted
C-14 158.4 s* 158.6 s* benzene possessing oxygen functions at the 1, 3 and
g:iz i;gg g Egi 3 S-positions. Further two pairs of signals of the
AB_t 6.85 and 7.46, and 6.85 and 7.52, each
c-2 80.5 d 80.8 d 2By type (8 1 ! ¢ =as
c-37 66.5 d 67.5 d 2H, J B Hz) 1in the "H NMR spectrum of mahuannin D
E::: lé:; :* 1;23 :* revealed the presence of two p-substituted benzene
c-6' 97.5 d 96.6 & systems . The exastence of these systems was
c-7 152.1 s* 151.9 s* ; \ ;
tiated the t airs of signals in th
c-g' 106.9 s 106.8 s igbsmn iated by the two pal gnals in the
c-9! 150.8 s* 151.2 s* C NMR spectrum of the mahuannin D (& 115.2 and
R
€-10 101.5 s 101.9 s 127.8, and 115.8 and 129.0, each 2¢), these
Cc-1il1’ 130.3 s 130.6 s
c-12' 129.0 4 129.1 4 chemical shifts being consistent with those of
c-13" 115.5 4 115.5 d . :
-] bo! of —crescl
c-14' 158.0 s* “157.9 g* hydregen bearlnglaaromatlc carbons P
c-15" 115.5 & 115.5 d {§ 1i5.3, 130.2 7}. Bllocation of twenty-four
16
c-16 129.1 4 129.1 d aromatic carbons involved in four benzene rings in
Abbreviations: s=singlet, d=doublet, mahuvannin D was thus unambigucusly settled.
= *!
t=triplet The aSSlgmen‘ts of the In the aliphatic region of the lH NMR spectrum
asterisked signals are ambiguous and
might have to be reversed. of mahuannin D, there were signals at § 2.25 (2H)
and 4.40 {1H) 1in an A_X
8 2
e type (J 4 Hz) and those at
§6.00 J~0 §7.46 §6.85
H 5] 4.40  §2.25 H H § 2.90 (2H) and 4.26 (1H)
“"Ja ~H o ;
/ T\ J4 | J~0 T~0 in an A, X type in which the
latter signal at 6§ 4.26
HO: C C o H
J2 \ / 821.2 |634'4 I699.2 \ / {1H) was further coupled to
~n H H . .
YE o \ that at § 5.15 (1#) (J ca
4§5.84 o] H H 0 Hz}.
H OH ]
I | I Further examination of
§101.5
O ' C H the ©NMR spectra of ma=-

s
C
o[22 e R0 N\ // )
J~0 huannin D by means of
H H H

H 0 §2.90 §4.26 85.15 H H

§6.17 N e M~ §7.52 86.85
J4 J~Q J~0 N

double resonance experi-
ments demonstrated the pre-
Je 1.1 131
sence of "H-"H and C-"H

spin couplings as indicated 1in partial structure A, suggesting that mahuannin D consisted of a

flavane and a flavanol, Therefore, three possible linkages remained where the flavane and
flavaneol moieties could be linked to form the molecule as follows: 1) C(ZJ_O_C(S‘) and C(4)-c(6')'
2) C -0-C - -0- and C -C .
P E@) Ty 9 gy 3 €570 C (e

In the "H NMR spectrum of the pentamethyl ether (II), intramolecular NOE's were observed
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between the methylene hydrogens (§ 2.85) and the methoxyl hydrogens (& 3.75}, and between the
1solated aromatic hydrogen (8§ 6.15) and the methoxyl hydrogens (§ 3.75). Further, 1in the 1H
nan-decoupl ing 13(?: NMR spectrum of mahuwannin D, the sagnal of the carbon (§ 97.5) attached to the
insulated aromatic hydrogen of ring A' was sharpened when heavy water was added, indicating the
presence of a considerably large coupling between the aromatic carbon in questicon and the phenolic
hydroxyl hydrogen. Therefore, an 1sclated aromatic hydrogen was confirmed to be present at the
ortho position to the free phenolic hydroxyl group. Consequently, 1t was concluded that the

flavane and flavancl moieties in mahuannin D are joined in the following linkages: C‘Z)-o-c(,’,,) and
[ ~C .
{4y (8" 13

Further comparison of the C NMR spectrum of mahuannin D with that of mahuannin A {IV)
revealed that the chemical shifts and coupling patterns of the signals originating from C{2|)_

were consistent in both the substances (Table I}. Concerning C although the

-C .
{2y ~(1&)
were compatible in both the

C(lﬁ')

rameters of the signals associated with C and C -C
P2 g (23 (5)""(18)

substances, the signal attributed to C carrying a hydroxyl group in mahuannin A (IV) was not

(3)
found and instead that at § 34.4 {t) was visible 1in mahuannin D. Concurrently, the signal for

adjacent to C was shifted to higher field on passing from mahuannin A to mahuannin D (Table

4
(4) (3)
I). The gross structure was thus determined as shown in formula I (exclusive of stereochemistry).

It is known that in the bisflavenoids like mahuannin D, compounds pessessing 4R-configurations
show a positive couplet and those with 4S-configurations a negative couplet in the wave-length

14
region 200-220 nmm 1n the CD spectra. The absolute configuration at C to be 5§ i1n mahuannin D

(4)

was thus determined by the observation that mahuannin D exhibited a negative couplet ([91229

-101800, [FJ]202 +76900), whach in turn established the 28-configuration upon inspection of the

Drei1ding model.

The next problem was the sterecchemistry at H(Z') and H{3|)- The very small coupling
constant between H(Z') and H(3., (ca. 0 Hz) in the "H NMR spectrum of the pentamethyl ether (II)
demcnstrated the hydrogens at C(Z') and C(3,) to be situated in the cis-orientation. R-

Configuration at was verified by means of esterification of the ether (II) with

C
(31 is
{+)-2-phenylbutancic acid by application of Horeau method (the

H

recovered 2-phenylbutanoic acid was dextrorotatory), and R-con-—

figuration at C was consequently deduced.

31
Accu.mulatec; gata have thus rigorously established the
absolute stereostructure of mahuannin D as that represented by
formula I.
It 1s bilogenetically of interest to mention that besides
this crude drug ‘"mad-kon" contains the three isocmeric bis-
flavanols, mahuannin A, B and C, it has also the fourth analog,

mahuannin D, which, to the best of our knowledge, formes the

first example of the bisflavonoids consisting of different

monomeric molecules, a flavane and a flavancl.
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