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Abstract-Three new Isoflavones, 5,3’-dlhydroxy-7,8,2’-trimethoxy Isoflavone, 5,3’-dlhydroxy-2’-methoxy-6,7-methy- 
lenedloxylsoflavone and 5,3’-dlhydroxy-6,7,8,2’-tetramethoxylsoflavone, have been isolated and identified from the 
roots of Salsola somalenszs These are found to possess an unusual 2’,3’-oxygenation pattern. ‘H and 13CNMR data 
are given for the compounds and their methyl ethers. 

INTRODUCTION 

The genus Salsola consists of over 100 species found m 
the drier parts of Asia, Europe and Africa. Two species 
are reported from Ethiopia, namely S somafensu N.E. Br 
and S. splnescens Salsola somalensls (synonym Halotam- 
nus somalenszs and S. bottae) 1s used m local medicine for 
the treatment of tapeworm infestations Root parts (ca 
3 g) are employed as tooth sticks, the fibrous roots slowly 
disintegrating in the mouth, and the Juice is swallowed. 
This is claimed to result in the expulsion of the parasite 

The chemical literature contains some information on 
Asian Salsola species Triterpenes and their glycosldes 
Cl], common flavonoids such as rutm, quercetm and 
lsorhamnebn glycoslde [2], the antlhypertensive lso- 
qumohne alkaloids salsohne and salsohdme [3] as well 
as coumarms and glycosldes [4] have been reported 
There IS, however, no report m ‘Chemical Abstracts’ on S. 
somalensis. 

As part of our contmumg interest on the phytochem- 
lcal mvestlgatlon of marketed medicinal plants, we have 
studied the composltlon of the chloroform extract of the 
roots of S. somalensu We report here the isolation and 
structural elucidation of three new lsoflavones l-3 be- 
sides some known trlterpenes. 

RESULTS AND DISCUSSION 

The residue from the chloroform extract of the roots 
were defatted with petrol The defatted sample was exam- 
med by TLC and found to be rich m terpenolds and 
phenohc compounds. The mitral trials to determine the 
nature of the components demonstrated a rather dlffi- 
cult-to-separate mixture of compounds. Attempts to ISO- 
late pure compounds by column and preparative layer 
chromatography (slhca gel) were unsuccessful. In fact 
fractions obtained from column, and which seemed 
homogeneous on normal TLC plates (Kleselgel60) using 
a variety of solvents, were found to be mixtures when 
examined by NMR and with HPTLC plates. The most 
suitable procedure involved successive fractionatlons by 
VLC and column followed by preparative TLC using 
thin layer plates (Sil G-25 UV,,,, 0.25 mm) as described 
m the Experimental. Accordmgly, the chloroform extract 
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yielded three pure lsoflavones These were characterized 
as 5,3’-dlhydroxy-7,8,2’-tnmethoxylsoflavone (I), 5,3’- 
dlhydroxy-2’-methoxy-6,7-methylenedloxylsoflavone (2) 
and 5,3’-dlhydroxy-6,7,8,2’-tetramethoxylsoflavone (3). 

The IR spectrum of 1 showed absorption bands at 
3421 cm-’ (-OH), 1651 cm-’ (C=O) and several bands 
assignable to aromatics and C-O functlonahties In the 
HRMS the molecular ion was observed at m/z 344.0905 
suggesting the molecular formula C,,H,,O,. The UV 
spectrum showed an absorption band at 260 nm which 
underwent a bathochromlc shift of 13 nm m the presence 
of alummmm tnchloride, mdlcating the presence of an 
hydroxy group at C-5 [S]. In addition the ‘HNMR 
showed a signal at 6 12.55 confirming the presence of 
a chelated hydroxy group. The ‘HNMR spectrum also 
showed a signal at 68 02 (lH, s) which IS due to the 
proton at C-2 of lsoflavonolds The 400 MHz ‘H NMR 
showed a 3H ABX system at 67 07 (lH, t, 5=7.8 Hz) at 
S700(1H.dd,5=815and1.69Hz)at6.89(1H,dd,5=757 
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Table 1 13CNMR spectral data of compounds l-5 (22 5 MHz, DMSO for 1 and 2 CDCI, for 35) 

C 1 2 3 4 5 

2 155 273 159 649 1.54 792 151.885 151 842 

3 120 875 125 178 120004 123 038 122 954 

4 180 578 185 174 180 950 174 990 174 903 

5 158 613a 158 552b 153 256 156 923’ 154 962 

6 96 326 134 222 136 849 94 869 135948 

7 157 175a 157601b 145 052 156 354’ 148 136 

8 129 625 94 120 128 292 131489 93 336 

9 149 540 154.603 149 258 148 120 142 115 

10 104.663 111.843 107 647 110795 114374 

1’ 125 019 129.298 123.563 126 424 126 489 

2 150 202 150 702 150006 153 077 153 158 

3’ 146 375 145 778 145 455 152 373 152 841 

4 117633 121 984 116492 113450 113545 

5’ 123 800 128 152 124 855 124 284 124 198 

6’ 121923 126 299 123 246 123 418 126 515 

-0Me 56711 64 305 61 106 60 687 56 184 

59 929 61 179 61 472 60 646 

61 221 61667 56 162 61 208 

62 178 56 570 

57 138 

-OCH,G 107 406 

“-‘Assignments may be Interchanged 

and 1.69 Hz) suggesting a trlsubstltuted rmg. The proton 
at C-6 gave a signal at 6.46 (lH, s). Signals attributed to 
three methoxy groups were observed at 63 95, 3.91 and 
3.65 The above data, m conJunctIon with the 13C NMR 
spectra, (edltmg DEPT sequence) were found to be con- 
slstent with an lsoflavone structure consistmg of 10 quat- 
ernary, five tertiary and three primary carbons The pres- 
ence of [M - 31]+ m the mass spectrum Indicated 
a methoxy group at position C-2’ [6]. An Ion at m/z 196 
was assigned to the retro-Duels-Alder fragmentation 
product Rmg A should thus be substituted with two 
methoxy and one hydroxy groups The two methoxy 
groups should be at C-7 and C-8 to explain the one 
proton singlet slgnal at 66.46 observed m the ‘HNMR 
spectrum The alternatlve structure which would have 
this proton at C-8 and the two methoxy groups at C-6 
and C-7 was ruled out by the finding that the chemical 
shifts of the five methoxy groups m the 13C NMR spec- 
trum of the pentamethyl ether (4) showed the presence of 
only two ortho dlsubstltuted methoxy groups [7] 
(Table 1) 

The HR mass spectrum of 2 328.060 suggested the 
molecular formula C, ,H, 207 The spectroscopic data 
for this compound were sumlar to those of compound 

1 and It was assumed to be an lsoflavone ‘HNMR 

showed the same ABX pattern for ring B, at 66 50 and 
8 00 (lH, s, each), at 66 10 (2H, s), one methoxy at 3 60 
and chelated hydroxy at 61260 of C-5 which was also 
confirmed by a bathochromlc shift of 8 nm m the pres- 
ence of alummmm trichlorlde [S]. The presence of 
[M-31] + in the mass spectrum and the chemical shift m 
the 13C NMR spectrum of the methoxy at 64 305 m- 
dlcated the location of the methoxy at C-2’ Rmg A has 
the -OCH,O- group at C-6, C-7 and an hydroxy group 
at C-5. The alternative structure, -OCH,O- at C-7 and 
C-8, was ruled out by the finding that the chemical shifts 
of the three methoxy groups m the 13C NMR spectrum of 

the tetramethyl ether (5) showed the presence of two 
ortho disubstituted methoxy groups [7]. 

The HR mass spectrum of 3 374.0996 mdlcated the 
molecular formula C19H1808 ‘H NMR showed similar 
ABX pattern for rmg B, at 8 05 ppm (lH, s), four methoxy 
groups at 64.1 l-3 65 and a chelated hydroxy at S 12.50 
The latter was also confirmed by UV data which showed 
a bathochromic shift of 12 nm m the presence of alumin- 
mm trlchlorlde [S] The lH, s at 66 46 and 6.50 m 1 and 
2 respectively was not observed m the ‘H NMR spectrum 
of 3 The presence of [M - 31]+ and the chemical shifts 
of the methoxyls m the 13CNMR spectrum supported 
the structure [7]. 

The structures of these lsorlavones are unusual because 
they lack oxygenation at 4’-posltlon. There are only a few 
such lsoflavonolds reported so far Two of these 
(7,2’-dlhydroxy-6-methoxylsoflavone and 2’-hydroxy- 
6,7-methylenedloxylsoflavone) have been isolated from 
Sallcorma curopaea [S] and one (2’-hydroxy-5- 
methoxy-6,7-methylenedloxylsoflavone), from Beta vul- 
garts [9] It may be chemotaxonomlcally slgmficant that 
both these plants belong to the Chenopodlaceae as does 
S somaiensu All three lsoflavonolds presented m this 
report have ldentlcal substltutlon m rmg B and also 
possess an hydroxy group at C-5 The absence of oxygen- 
ation at C-4’ 1s biosynthetically significant and makes the 
splrodlenone intermediate often proposed during the 
blosynthesls of the usual isoflavonolds improbable [lo] 
for these lsoflavonolds However an isomerlc 
splrodienone mtermedlate resultmg from 2’-hydroxy pre- 
cursor cannot be ruled out 

EXPERIMENTAL 

Plant materud Root parts of Salsola somalensls were collected 

200 km along the Bale Goba-Imi road, alt 710 m durmg Sep- 

tember 1987 A voucher sample IS deposlted at the Herbarmm of 
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Addts Ababa Umverstty (BA 020). The plant material collected 

from Bale provmce was compared (TLC) with the root part of 

the plant sold m the market and found to be identtcal For 

extractton purposes S somalensls was bought from a street 

vendor at the mam entrance to the Anwar Mosque m Merkato, 

Addis Ababa. 

Extractton. An-drted powdered roots were first extracted wtth 

petrol and then exhaustively wtth CHCI,. The residue, after 

evapn of CHCI, was extracted again with petrol to remove fatty 

substances The crude extract was soaked with CHCI, and the 

soluble part was apphed on VLC usmg CHCI, as eluent and the 

followmg, 100 ml each, fractions were collected l-5 contams 

pamyrm, jf-sitosteroiandfupeof, &itJcontamedmtxture ofthe 

compounds l-3 and some terpenes, 1 l-17 contamed mixture of 

l-3 and more polar compounds. Fractions 610 and I l-17 were 

combmed and soaked m CHCI,. The CHCl,-soluble part was 

apphed on silica gel column and eluted with 5% EtOAc m 

CH,CI,. Fractions were momtored usmg HPTLC Fmally the 

mixtures were purified on prep thm layer plates, Sil G-25 

UV,,,, 0 25 mm, usmg the same solvent system to gave pure l-3 

5,3’-Dlhydroxy-7,8,2’-trlmethoxylsoflavone (1). Light yellow 

crystals, mp (MeOH-CH,CI, mixture) 222-224”. ‘H NMR 

(400 MHz, CDCI,) 12 55 (lH, s, OH-5), 8 02 (IH, s, H-2), 707 

(lH, t, J=7 8 Hz, H-5’), 7 00 (lH, dd, J=8.15, 1.69 Hz, H-6’), 6.89 

(lH, dd, J=7 57, I 69 Hz, H-4’) 6.46 (lH, s, H-6), 3.95, 3 91, 3.65 

(3H each, s, -OMe at 2’,7,8,) UV l”,In’ nm (log E) 260 (4 3190) 
and showed a bathochromtc shift of 13 nm m AICI,. IR 

v:; cm-’ 3421,3106,2940,2860, 1651, 1581, 1501, 1456,1421, 

136!, 1306, ?25!, 1211,~803 MSm/z(rel ti) 344tI9Q5 (8tI67),~ 

329 (IOO), 313 (9 2), 197 (0 7), 181 (6 7). 

5,3’-Dlhydroxy-2’-methoxy-6,7-methylendloxylso~avone (2) 
Crystals, mp (MeOH-CHCl, mixture) 235-237”. ‘H NMR 

(90 MHz, CDCI,): 1260 (lH, s, OH-5), 800 (lH, s, H-2), 

7 l&670 (3H, m, H-4’,5’,6’), 6 50 (lH, s, H-S), 6 IO (2H, s, 

-OCH,O6, 7) 3 60 (3H, s, -OMe at 2’). UV 1zzp nm (log E): 

268 nm (4.2277) showed a bathochromic shift of 8 nrn. in the 

presence of AICI, IR v$,z; cm -i 3366, 3106, 2941, 2861, 1671, 

1621,1556, 1486, 1461, 1321, 1283,1201, 1031,731 MS m/z (rel 

mt):. 328.060 (.lOB),. 297 (88 7Q),. La (22 5R),. 14R (.l2!2~~. 

5,3’-Dlhydroxy-6,7,8,2’-tetramethoxyrsojlavone (3) Yellow 

amorphous solid, mp 127-129” ‘H NMR (90 MHz, CDCI,) 

12 50 (lH, s, OH-5), 805 (IH, s, H-2), 7.10680 (3H, m, H-4, 
5!,6!1.4 1.1.. i 94,. 3.65. (XII. 6HI. 3H re+ ~ s>,.-GMe at Z;h,7;8). UV ,I --1 - 
lf$” nm (log E). 264 (4 379) and showed a bathochromic shift of 

12 nm m the presence of AICI, IR vtti cm-’ 3356,3107,2951, 

2861, 1651, 1576,1456, 1416, 1361,1326, 1264,1206, 1100, 1019 

MS m/z (rel mt.) 374 0996 (100) 359 (77 83), 343 (4), 227 (1 02), 

147 (2.03) 

5,7,8,2’,3’-Pentamethoxyrsoflauone (4). Compound 1 (100 mg) 
was refluxed for 24 hr with 0.6 ml Me,SO, and 3 g dry K,CO, 

m 25 ml dry Me,CO The soln was cooled, filtered and evapd to 

dryness The residue was punfied on silica gel column and gave 
80 mg crystals of 4 mp (MeOH-CH,CI, mixture) 142-143”. 

‘H NMR (90 MHz, CDCI,) 7 86 (lH, s, H-2), 7.1&6 80 (3H, m, 
H-6’,5’,4’), 643 (lH, s, H-6) and 397, 392, 3.89, 3.85, 369 (3H 

each, s, -0Me at 2’,3’, 5,7, 8) UV A!$” nm 247 IR vE:i cm-i 

2962,2856, 1641, 1600, 1570, 1456, 1346, 1261, 1064 

5,2’,3’-trzmethoxy-6,7-methylendloxylsojauone (5). Com- 

pound 2 (200 mg) was refluxed for 24 hr with 1 3 ml Me,SO, 
and 6 g dry K,CO, m 25 ml dry Me,CO. The solution was 

cooled, Wered; evapd and puntied in sihca gei coiumn to give 

160mg of crystals (MeOHCHCl, mixture) mp 138-139” 

‘H NMR (90 MHz, CDCl,): 7.77 (lH, s, H-2), 7.15-6 80 (3H, m, 
H-6’, S, 4’), 6 60 (lH, s, H-8), 6.01 (2H, s, GCH,O-6, 7) 4 03, 

3 85, 3.70 (3H each, s, aMe at 2, 3’ ,5) UV At:p 247 nm IR 

vz’cm-i 2962, 2848, 1617, 1462, 1422, 1252, 1042 
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