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Abstract—Three new 1soflavone glycosides have been characterized from the leaves of Juniperus macropoda

5,7-dihydroxy-6,3',4'-trimethoxyisoflavone

7-glucoside,

5,7,4'-tnihydroxy-6,3',5'-trimethoxyisoflavone  7-

glucoside and 5,7,3'-trihydroxy-6.4'-dimethoxyisoflavone 7-diglucoside

In continuation of our work on the leaf 1soflavonoids
of Juniperus macropoda Boiss (Cupressaceae), we
now report the characterization of three new
1soflavone glycosides This 1s the first report of
1soflavone glycosides 1n Jumiperus species We pre-
viously identified the isoflavones junipegenin A, B
and C from the same plant [1, 2]

From the defatted alcoholic leaf extract of J
macropoda, three 1soflavone glycosides (1-3) were
1solated and purified by repeated CC

1 was 1dentified as the 7-O-B-D-glucoside of
jumpegenin B,  5,7-dihydroxy-6,3' 4'-trimethoxy-
1soflavone [2), from spectral and chemical studies It
gave a positive Molisch test The 'H NMR (DMSO-
de) of 1 displayed in addition to signals for three
methoxy groups, a sharp singlet at § 8 42 for a C-2
proton Two overlapping multiplets lying between &
7 0 and 7 25 integrating for three protons were assig-
ned to the protons at C-2', C-5' and C-6' A singlet at §
6 90 integrating for one proton represented the C-8
proton A doublet at & 530 (J =7 00 Hz) integrating
for a single proton was assigned to the C-1” proton of
glucose indicating a B-linkage [3] A singlet for nine
protons at 8 3 83 represented three O-methyl groups
A downfield singlet at & 12 86 exchangeable with D,O
was attributed to phenolic protons UV shifts with
aluminium chloride confirmed the presence of a
hydroxy group at C-5 while the absence of a sodium
acetate shift indicated the C-7 hydroxyl was sub-
stituted The IR (KBr) spectrum displayed bands at
3450 (-OH) and 1650 (>C=0)cm™' Acetylation of 1
gave a penta-acetate 1a In the 'H NMR (CDCl,) of 1a
all the signals remaimned unchanged except for a
downfield displacement of the signal for the C-8
proton to § 7 06 indicating a free phenolic group only
in the A ring Acid hydrolysis of 1 gave glucose and
an aglycone 1b The 'H NMR (CDCl;) and IR of 1b
and 1ts derivatives the 5, 7-diacetate (1c) and the 5,
7-dimethyl ether (1d) are in complete accord with
junipegenin B and its corresponding derivatives [2]
Identity of 1b was finally confirmed by its mmp with
an authentic sample of jumipegemin B Since junipe-
genin B has free 5- and 7-hydroxyls the glucose in 1
must be attached to one of these positions A bath-
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ochromc shift of 6nm 1 UV with alumimum
chlonide indicating a free hydroxyl at C-5 leaves only
the 7-position free for glucosylation This was further
confirmed by methylation and subsequent acid
hydrolysis of 1 to yield 1e which was 1dentified as
7-hydroxy 5,6',3' 4'-tetramethoxyisoflavone by spectral
data

The second 1soflavone glycoside was assigned
structure 2 on the basis of chemical and spectral
studies UV shifts with alumimium chloride ascer-
tained the presence of a free hydroxyl at C-5, while
with sodium acetate no shift was observed IR
(KBr) displayed bands at 3400 (-OH) and 1660
(>C=0)cm™' The 'H NMR (DMSO-d,) showed 1n
addition to signals for three methoxy groups, a sharp
singlet for one proton at § 8 42, which was assigned
to the C-2 proton A singlet at § 6 85 integrating for
three protons was assigned to three unsubstituted
aromatic protons at C-8, C-2° and C-6' in the
1soflavone system A doublet at § 5 10 was assigned
to the C-1" (J =7 Hz) proton of the sugar moiety, also
indicating a B-linkage [3] A singlet at § 3 83 integrat-
ing for nme protons was attributed to three O-methyl
groups A broad downfield singlet at § 12 66 for two
protons was assigned to phenolic protons Acetyl-
ation of 2 gave a hexa-acetate (2a) The 'H NMR
(CDCh) of 2a displayed a singlet at 6 2 16 integrating
for 12 protons assigned to four acetate functions on
the glucose molety and two close singlets at § 2 40
and 2 50 each integrating for three protons are due to
aromatic -OCOCH; functions A singlet for one pro-
ton at § 7 87 was assigned to the C-2 proton and a
singlet for one proton at § 7 10 for the C-8 proton A
sharp singlet integrating for two protons at 8 6 73 was
attributed to protons at C-2' and C-6' in the B ring
Acid hydrolysis of 2 gave glucose and an aglycone 2b
The 'H NMR (Me,CO-d,) of 2b displayed a smglet at
8 8 0 for the C-2 proton Another singlet integrating
for two protons at 8 6 66 was assigned to symmetrical
protons at C-2’ and C-6’ The signal for the C-8 proton
was located at 8 633 A singlet at § 373 for mine
protons was attributed to three O-methyl groups A
broad singlet at § 12 80 represented phenolic protons
Acetylation of 2b gave a triacetate 2c The 'H NMR
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1a R=Me, Ry=Ac, Ry, =6ic (OAT),
1b R=Me,Ry=Ry=H
l¢ R=Me,Ry=Ry=AC
1d R=R,=R,=Me
| ¢ R=Ry=Me,R,=H
3  R=Ry=H,R,= DiGlc
3a R=Ry=Ac,Rp= DiGlc (0AC),
3b R=R,=R,=H
3¢ R=R=R;=Ac
3d R=Me, Ri=R,=H

(Me,CO-d,) of 2¢c showed a singlet at § 7 33 for one
proton assigned to the C-8 proton, a downfield shift
of 8 10 The signal for C-2' and C-6' protons in 2¢
remained unsplit and at approximately the same
position as in 2b This clearly indicates that the B ring
1s symmetrical and that there 1s a free hydroxyl at
posttion C-4' flanked by two methoxyls at C-3' and
C-5' From the above data 2b has been assigned as
5,7,4'-trihydroxy-6,3',5'-trimethoxyisoflavone The
structure was further confirmed by the selective
methylation of 2 at C-4' with diazomethane followed
by acid hydrolysis to give 2d Spectral data of 2d was
found to be identical 1n all respects with junmipegenin
C (5,7-dihydroxy-3'4',5' ,6-tetramethoxyisoflavone)
[2] The position of glycosylation was ascertained by
methylation of 2 with dimethyl sulphate and sub-
sequent acid hydrolysis to yield 2e A positive sodium
acetate shift in the UV spectrum indicated a free
hydroxyl at C-7 Further, 2e 1s 1dentical 1n all respects
(mmp, co-TLC) with the 5, 3'-dimethyl ether of iri-
genin (it mp 218-219° [4]) 2e 1s therefore 1dentified
as 7-hydroxy-5,6,3',4',5'-pentamethoxyisoflavone
From the above data, 1t 1s clear that the only position
for glycosylation 1n 2 1s at the 7-position, thus, 2 1s
the 7-glucoside of 2b

The third new 1soflavone glycoside was assigned
structure 3 on the following basis It analysed for
CH1,047, M™ at m/z 654 (FD mode) Spectral studies
and chemical reactions established its nature as an
1soflavone glycoside A positive UV shift with alu-
minium chloride showed the presence of a free
hydroxyl at C-5 IR (KBr) revealed prominent bands
at 3350-3450 (-OH) and 1650 (>C=0)cm™' The 'H
NMR (DMSO-d;) of 3 displayed a sharp singlet at &
8 32 for a C-2 proton and a four proton multiplet cen-
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2b R=R,=R,=H
2¢ R=Ri=R,;=Ac
2d R=Me,R=R,=H
2e R=R;=Me,R,=H

tred at 8 7 03 for a C-8 proton 1n ring A and C-2', C-5'
and C-6' protons in the B ring A multiplet at § 51
integrating for two protons represents C-1" and C-1"
protons of a diglucoside Two singlets at § 3 90 and
3 87 for three protons each are due to O-methyl
protons at C-4' and C-6' Acetylation of 3 gave a
nona-acetate 3a Two of the acetoxyl signals in 'H
NMR (CDCl;) of 3a at 8 236 and 2 50 are 1dentified
for phenylacetates The other signals centred at &
197-2 16 integrating for 21 protons are for the
acetoxyl protons of the sugar moiety From the 'H
NMR and the molecular formula of 3 and 1its acetate
it 1s clear that 3 1s a diglycoside of an 1soflavone Acid
hydrolysis of 3 gave glucose and an aglycone, 3b,
which analysed for C,;H,,0, (M* at m/z 330)
Hydrolysis of 3 with emulsin gave glucose and 3b
suggesting 1t to be an O-glycoside with a g-linkage In
the 'H NMR (CDCl;) of 3b a sharp singlet at § 6 46
integrating for one proton was assigned to the C-8
proton A multiplet centred at & 7 00 for three protons
was assigned to C-2, C-5 and C-6' protons A
downfield singlet at 8 7 80 integrating for one proton
represents the C-2 proton Acetylation of 3b fur-
nished a triacetate 3¢ In the '"H NMR (CDCl,) of 3¢
an ortho- and para-coupled doublet integrating for
one proton at 8 7 00 (J =8 00 and 0 5 Hz) 1s assigned
to the C-5 proton A multiplet centred at & 720
mtegrating for two protons 1s ascribed to the C-2' and
C-8 protons Another ortho- and meta-coupled dou-
blet for one proton at 8 730 (J=80 and 25 Hz) 1s
attributed to the C-6' proton The position of the
methoxyl group at C-4' and hydroxyl group at C-3' 1n
the B ring 1s ascertained from 'H NMR of 3b and 3c,
which have been discussed above Had the positions
of hydroxyl and methoxyl been reversed, we would
have observed a downfield shift for the C-5' proton
only, while signals for C-2' and C-6' protons would
have remamed practically at the same positions as 1n
3b, which 1s not so 1n this case This fact was further
corroborated when 3¢ was oxidized with potassium
permanganate in acetone to give a compound, mp
254-256°, 1dentified (co-TLC and mmp) as 1sovamlhic
acid (it mp 255-257°) Thus, the substitution pattern
of the B-ring of 3 1s confirmed Further proof for the
structure of 3b comes from selective methylation of 3
at C-3' with diazomethane and subsequently acid
hydrolysis to yield 3d, which was found to be iden-
tical with the known compound junipegenin B (2]
(co-TLC, mmp and superimposable IR) Evidently
junipegenin B 1s the 3'-monomethyl ether of 3b More-
over methylation of 3b with diazomethane gave 1ts 7,
3'-dimethyl ether, mp 178-179° which 1s identical with
the 7-monomethyl ether of jumpegenin B (co-TLC
and mmp) [2] 3 on permethylation with silver oxide
and methyl 10dide 1n DMF [5] and subsequent acid
hydrolysis yielded methylated sugars and the 5,3'-
dimethylether of 3b From 'H NMR and UV spectra
with diagnostic shift reagents, this compound was
identified as  7-hydroxy-5,6,3' ,4'-tetramethoxyiso-
flavone, which was 1dentical with le, obtained by
the methylation and acid hydrolysis of 1 This fixes
the position of the sugar moiety at C-7 The methyl-
ated sugars were identified as 2,3,4-tri-O-methyl
glucose and 2,3,4,6-tetra-O-methyl glucose This
clearly proved that the sugar molety m 3 1s a
diglucoside which 1s attached at C-7 through a B
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linkage and the linkage between the two glucose units
1s 1 >6 Hence, the structure finally assigned to 31s §,
7,3'-trihydroxy-6,4'-dimethoxyisoflavone 7-0-B-D-
(1->6)diglucoside

EXPERIMENTAL

All mps are uncorr 'H NMR was recorded on a Varan
T-60A spectrometer with TMS as int standard

The EtOH leaf extract of Juniperus macropoda was
concd and vacuum dried The dry EtOH extract was
refluxed with EtOAc for 30 min and the EtOAc-soluble part
separated 85g of the EtOAc-insoluble EtOH extract was
subjected to CC over S1 gel (6 5 kg) and eluted successively
with CHCl,-MeOH muxtures of differing proportions 1 was
obtamned from CHCl;-MeOH (17 3) fractions, needles from
MeOH, mp 244-246°, analysed for CpHx0:1; (M* mfz 506)
UV AMOH nm 266, 330 (sh) MS M* at m/z 506 (0 7%), 344
(100), 329 (510), 326 (4295), 315 (8 05), 301 (6107), 172
{16 51), 162 (380), 157 (402 Acetylation of 1 {Ac,C-
CsH;N) gave the penta-acetate 1a, crystallized from MeOH
as colourless needles, mp 166-167°, analysed for C3,H;0,;
'"H NMR (60 MHz, CDCl;) & 7 80 (1H, s, H-2), 7 06 and 6 91
(4H, m, H-2, H-5, H-6, H-S8), 510-560 (4H, m,
~CHO-), 430 2H, m, —CH,0Ac), 390 (6H, s, 2xX OMe),
380 (3H, s, 1 xOMe), 243 (3H, s, Ar O COCH,), 2 10 (12H,
2x s, 4xX0OCOCH;) 1 on hydrolysis with 7% H,SO, i
MeOH gave a sugar and an aglycone 1b, yellow plates from
MeOH, mp 190-191°, analysed for C,sH,s0; (M* m/z 344)
UV AMOH nm 268, 340 (sh), +NaOMe 275, 345, +AICL,
275, 315, +AICLL,-HCl 275, 315, +NaOMe 281, 350
IRXBrem™ 3370 (-OH), 1650 (>C=0), 1575, 1522, 1450,
1365, 1150, 1145, 1065, 1015, 997, 865, 825, 805, 665 'H NMR
(60 MHz, CDC);) & 396 (6H, s, OMe-3', OMe-4'), 4 06 (3H,
s, OMe-6), 6 50 (1H, s, H-8), 6 97 (2H, s, H-5', H-6"), 7 10
(1H, s, H-2'), 786 (1H, s, H-2), 130 (2H, brs, phenolic H
which disappears on D,O exchange) MS M™* at m/z (rel
mt) 344 (100%), 329 (510), 326 (4295), 315 (8 05), 301
(61 07), 172 (16 51), 162 (3 8), 157 (4 02) 1b was 1dentified as
junipegenin B by co-TLC, superimposable IR and mmp with
an authentic sample The sugar was 1dentified as glucose by
co-PC (BAW 4 1 5) Acetylation of 1b gave a 5,7-
diacetate (1¢) which crystalhized from MeOH as colourless
needles, mp 162-163°, analysed for CpHy;0, 'H NMR
{CDCl;) 6 240 and 246 (2x3H, 2xs, 2xAr OCOCH,),
390 (3H, s, OMe-6), 3 96 (6H, OMe-3', OMe-4"), 6 97 (2H,
brs, H-5', H-6'), 706 (1H, s, H-2"), 720 (1H, s, H-8), 783
(1H, s, H-2) Methylation of 1b gave the 5, 7-dimethyl ether
(1d), colourless plates from MeOH, mp 185-186°, analysed
for CHyx0; 'H NMR (CDCl;) 8 390 (9H, s, 3 X Ar OMe),
393 (6H, s, 2 x Ar OMe), 6 66 (1H, s, H-8), 6 96 (2H, s, H-5,
H-6'), 7 16 (1H, s, H-2"), 780 (1H s, H-2) 1 on methylation
(DMS + K,CO, + Me,CO) followed by acid hydrolysis yiel-
ded 1e, plates from MeOH, mp 224-225°, which analysed for
CisH;s0; 'H NMR (CDCl) & 390 (6H, s, 2x Ar OMe),
393 (3H, s, Ar OMe), 403 (3H, s, Ar OMe), 673 (IH, s,
H-8), 6 93 (2H, br s, H-2', H-5), 7 13 (1H, m, H-6"), 7 78 (1H,
s, H-2) UVAMO%nm 260, 320 (sh), +AICl; 260, 320,
+ AICLL-HCI 260, 320, +NaOAc 267, 328

2 was 1solated from CHCI,-MeOH (3 1) fractions crys-
tallized from MeOH, mp 292-293°, analysed for C,HxO;
M* mjz 522) UV AMOHpm 269, 330, +NaOMe 270,
335, +AICl, 276, 328, +AICL-HCl 276, 334 IR
vXBrem™! 3400 (-OH), 1660 (> C=0), 1615, 1580, 1535,
1520, 1455, 1430, 1370, 1305, 1235, 1200, 1180, 1120, 1020,
890, 820, 725, 690, MS M* at m/z 522, 360, 348, 331, 317,
271, 231, 229, 185, 183, 173, 163 2 on acetylation (Ac,0-

pyridine) gave a hexa-acetate 2a, colourless needles, mp

112-113°, analysed for CiHyp0p IRvXBcm™ 1750
0
Il

(0-C-Me), 1635 (>C=0), 1595, 1485, 1430, 1365, 1300,

1220, 1130, 1090, 1040, 1000, 955, 900, 845, 820, 730, 620
Hydrolysis of 2 with 7% H,SO, in MeOH yielded a sugar
and an aglycone, 2b colourless needles from MeOH, mp
224-225°, analysed for C;gH O (M* at m/z 360) The sugar
was 1dentified as glucose by PC (BAW 41 5)
UV AMOH 3y 270, 335, + NaOMe 268, 336, +NaOAc, 273,
336, + AICl; 275, 362, + AICI,-HCI 275, 360 Acetylation of
2b gave a triacetate 2¢, mp 214-215° IREE cm™ 1760 (-O
COMe), 1640 (> C=0), 1615, 1590, 1450, 1415, 1360, 1275,
1235, 1170, 1120, 1070, 1005, 960, 875, 830, 790, 730, 690, 640
Selective methylation of 2 with CH,N,, followed by 1ts
hydrolysis with 6% HCI yielded 2d, mp 233-235° and was

found to be 1dentical with junipegenin C (co-TLC and mmp)

2 (100 mg) on methylation (DMS+K,CO;+Me,CO) fol-

lowed by acid hydrolysis yielded 2e, mp 218-219°, analysed
for ngHmOg

3 was solated from CHCl;-MeOH (7 3) fractions,
colourless needles from MeOH, mp 251-252° UV AMOH ny
265, 326, + NaOMe 268, 326, +NaOAc 265, 326, + AlCl;
275, 314, 360, + AICI,-HCI 275, 314, 360 MS (FD mode)
M* at mfz 654, 474, 330, 315, 312, 183, 167, 149, 135, 105, 69
Acetylation of 3 yielded a nona-acetate, colourless
needles from MeOH, mp 125-126°, analysed for CH;;04
'H NMR (60 MHz, CDCl;) 8 8 03 (1H, 5, H-2), 75 (1H, dd,
J=8, 25Hz, H-6), 73 (2H, s, H-2', H-8), 706 (1H, d,
J=80Hz, H-5), 49-550 (m, -CHOAc and CHO-protons
of sugar moiety), 4 33 (m, 2x CH,0Ac), 390 and 3 83 (6H,
2xs, 2x0OMe), 250 and 2 36 (6H, 2x s, 2X Ar OCOMe),
197-2 16 (21H, overlapped singlets, 7 X OCOMe) Hydroly-
sis of 3 with 6% H,SO, in MeOH gave glucose and an
aglycone 3b, colourless plates from MeOH, mp 93-94°
Hydrolysis of 3 with emulsin yielded glucose and 3b, mp
93-94°, UVAMOHpnm 267, 365, +NaOMe 270, 336, +
NaOAc 270, 344, + AICl; 275, 386, + AICI,-HCI 278, 368
IRvEEcm™ 3470 (-OH), 1630 (> C=0), 1580, 1490, 1455,
1410, 1375, 1285, 1190, 1165, 1130, 1060, 1020, 995, 905, 875,
830, 810, 795, 750, 735, 675, 600 MS M* at m/z 330, 315,
312, 183, 167, 149, 135, 105, 69 Acetylation of 3b yielded a
triacetate 3¢, colourless needles from MeOH, mp 166-167°
Selective methylation (CH,N,) of 3, followed by hydrolysis
with 7% HCl in MeOH yielded 3d, yellow plates from
MeOH, mp 188-189° Permethylation of 3 followed by acid
hydrolysis yielded methylated sugars and the S, 3-dimethyl
ether of 3b, crystals from MeOH, mp 224-225°, which was
dentical with le The methylated sugars were isolated by
CC and 1dentified as 2, 3, 4-tr1-O-methyl-p-glucose by co-PC
(n-BuOH-EtOH-H,0,5 1 4)and 2, 3, 4, 6-tetra-O-methyl-
p-glucose, crystals from petrol, mp 94-96° (ht mp 96° [6])
and by comparison with authentic samples
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