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Abstract-From Gymnosperma glutinosum seven new and 14 known compounds were isolated. Six of the seven new 
compounds have unusual B-rings with 2’-methoxyl groups. The seven new compounds are 5,7-dihydroxy-3,6,8,2’,4’,5’- 
hexamethoxyflavone, 5,4’,5’-trihydroxy-3,6,7,8,2’-pentamethoxyflavone, 5,7,4’-trihydroxy-3,6,8,2’,5’-pentamethoxy- 
flavone, 5,7,4’,5’-tetrahydroxy-3,6,8,2’-tetramethoxyflavone, 5,7,4’,5’-tetrahydroxy-3,6,2’-trimethoxyflavone, 5,7,4’,5’- 
tetrahydroxy-3,2’-dimethoxyflavone and 3,5,4’-trihydroxy-6,7,8,3’-tetramethoxyflavone. In addition, the following 
known flavonoids were isolated: 5,7,2’-trihydroxy-3,6,8,4’,5’-pentamethoxyflavone, 5,7,2’,4’-tetrahydroxy-3,6,8,5’- 
tetramethoxyflavone, 5,3’-dihydroxy-3,6,7,8,4’5’-hexamethoxyflavone, 5,7,3’-trihydroxy-3,6,8,4’,5’- 
pentamethoxyflavone, 5,7,3’, 5’-tetrahydroxy-3,6,8,4’-tetramethoxyflavone, 5,7,3’4’,5’-pentahydroxy-3,6,8-trimethoxy- 
flavone, 5,7,3’5’-tetrahydroxy-3,6,4’-trimethoxyflavone, 5,7,4’-trihydroxy-3,6,8,3’-tetramethoxyflavone, 5,7,3’,4’-tetra- 
hydroxy-3,6,8-trimethoxyflavone, 3,5,7,3’,4’-pentahydroxy-6,8-dimethoxyflavone, 5,7,4’-trihydroxy-3,6,8-trimethoxy- 
flavone, 5,7,3’4’-tetrahydroxyflavone, 8-C-glucosyl-5,7,4’-trihydroxyflavone and 5,7,3’,4’-tetrahydroxyflavone 7-0- 
glucoside. 

INTRODUCTION cones (l-19), one C-glycosylflavonoid (20) and one O- 

The shrubby, monotypic Gymnosperma glutinosum 
glycoside (21). All new compounds (l-7) are aglycones 

(Spreg.) Less is distributed from Guatemala through 
including six 2’-methoxyflavonol 3-methyl ethers (l-6). 

Mkxico into the southwestern United States. It is highly 
variable throughout its range, and occupies a variety of 
habitats from extremely dry, rocky hillsides in the north to 
relatively humid mountain sides in the south. This species 
contains toxic compounds which adversely affect lives- 
tack that eat it 111, and it is noted for the sweet aroma 
which rises from the plants after a desert rain. Gymno- 
sperma is closely related to Gutierrezia and presumably 
arose out of perennial and woody Gutierrezia stock. As 
part of a continuing chemotaxonomic study of the 
‘Gutierrez&Xanthocepha/um complex’ in North America 
[2-71, we report here from Gymnosperma ghtinosum the 
isolation of 21 flavonoids including seven new ones. The 
flavonoid chemistry of this species is similar to that of 
woody species of Gutierrezia: namely, large quantities of 
flavonoids, mostly with 6,8-oxygenation as well as flavo- 
no1 3-methyl ethers with rare 2’-oxygenation [2-51. The 
present chemical results support the close relationship of 
the shrubby, monotypic Gymnosperma to the shrubby 
Gutierrezia species. Moreover, in terms of flavbnoid 
chemistry, the relationship is closer than that of woody 
Gutierrezia species to herbaceous Gutierrezia species; the 
latter mainly produce flavonoids without 6,8-oxygenation 
and these in relatively low amounts 16, 71. 
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Two 2’-hydroxyflavonol 3-methyl ethers (8,9) previously 
known from Gutierreria microcephala and G. grandis 
[2, 51 were also isolated. Detailed data are presented only 
for the seven new compounds 1-7. 

Evidence for compounds l-6 being 2’-oxygenated javonol 
3-methyl ethers 

The oxygenation patterns of l-6 were determined from 
their ‘HNMR spectra (Tables l-l and l-2), UV spectra 
(Table 2) and unusual paper chromatographic properties. 
High R, values on TLC in both TBA and aq. 15 % HOAc 
on cellulose plates (Table 5) are characteristic of 2’- 
oxygenated flavonol 3-methyl ethers and 2’,6’-dioxy- 
genated flavones [3]. Band I in the MeOH UV spectra of 
the new compounds l-6 appeared in the range 
345-365 nm (345 for 1,358 for 2,352 for 3,355 for 4,346 
for 5 and 347 for 6) and the characteristic intensity ratio of 
Band II to Band I was between 2.47 and 2.88 to 1.0, that is, 
for 2’-oxygenated flavonol 3-methyl ethers Band II is 
about 2.5 times as intense as Band 1. These data suggest 
that l-6 are 2’-oxygenated flavonol 3-methyl ethers [S]. 

Evidence for compounds l-4 being substituted at ~11 
positions except 3’ and 6’ 

The two one-proton aromatic singlets (H-3’ and H-6’) 
in the ‘H NMR spectra (Tables l-l and 1-2)indicated that 
l-4 have the 3,5,6,7,8,2’,4’,5’-oxygenation pattern, the 
same oxygenation pattern as two known compounds 
which were also isolated from this species, namely, 5,7,2’- 
trihydroxy-3,6,8,4’,5’-pentamethoxyflavone and 5,7,2’,4’- 
tetrahydroxy-3,6,8,5’-tetramethoxyflavone 131. 

5,7-Dihydroxy-3,6,8,2’,4’,5’-hexamethoxyjfavone (1) 

The mass spectrum of 1 exhibited a [M]’ at m/z 434 
(85 %) suggesting an aglycone with two hydroxyl and six 
methoxyl substituents. Ions at m/z 403 (12 %), 195 (3 %) 
and 167 (3 %), whichcorrespond to [M - 31]+, [BJ’ and 
[B,-28]+andtheabsenceof[M- 17]+,[Bs]+and[B, 

- 15]+ indicated that 1 is a 2’-methoxyflavonol 3-methyl 
ether and not a 2’-hydroxyflavonol 3-methyl ether [3]. 
Compound 1 appeared purple on paper under UV light 
with and without ammonia indicating 5-hydroxyl and 4’- 
methoxyl groups. In the UV spectra a free 7-hydroxyl 
group was indicated by the shoulder at 325 nm in sodium 
methoxide and was established by a bathochromic shift 
( + 14 nm) of Band II in sodium acetate relative to Band II 
in the methanol spectrum [S]. With the two hydroxyl 
groups assigned to the 5 and 7 positions, the six methoxyl 
groups must be at the other six available positions, that is, 
C-3,6,8,2’,4’ and 5’. In the ‘H NMR spectra, the benzene- 
induced shifts of the methoxyl proton signals (Tables l-l 
and l-2) supported these assignments for the six methoxyl 
groups. Thus, the new structure is 5,7-dihydroxy- 
3,6,8,2’,4’,5’-hexamethoxyflavone; all other spectral find- 
ings including ’ 3C NMR data supported this assignment. 

5,4’,5’-Trihydroxy-3,6,7,8,2’-pentumethoxyflavone (2) 

As for 1, ions [M - 31]+ at 389 (21x), [BJ’ at 167 
(10%) and no [M - 17]+, [BJ’ and [B6 - 151’ frag- 
ments in the mass spectrum of 2 indicated that 2 was a 2’- 
methoxyflavonol 3-methyl ether. The purple colour on 
paper under UV light turned to yellow with ammonia 
Indicating free 5- and 4’-hydroxyl groups. Moreover, 2 
gave an orange colour when sprayed with NA reagent 
(Table 5) indicating a free ortho-dihydroxyl system in the 
B-ring [S]. The ortho-dihydroxyl group in the B-ring was 
confirmed by UV spectral data: in the sodium acetate + 
boric acid spectrum Band I appeared at 378 nm (+ 20 
relative to Band I in methanol). The MS of 2 gave [M]’ at 
m/z 420 (100 %) for a flavonoid aglycone with three 
hydroxyl and five methoxyl groups. With the assignment 
of the three hydroxyl groups to the 5,4’ and 5’ positions 
and to accommodate the 3,5,6,7,8,2’,4’,5’-oxygenation 
pattern, the five methoxyl groups must be at 3,6,7,8 and 2’ 
positions. The spectral findings (Tables l-3) es- 
tablished 2 to be 5,4’,5’-trihydroxy-3,6,7,8,2’-penta- 
methoxyflavone, a new natural product. 13C NMR data 
were in accord with this structure. 

Methoxyl groups 

ccl, GD, 

8 2’ 3’ 4’ 5’ 3 6 7 8 2’ 4 5’ 

3.88 
(s) 
3.99 

(s) 
3.88 

(s) 
3.83 

(s) 

4.04 

(s) 

3.83 3.12 

(s) (s) 
3.76 

(s) 
3.71 

(s) 
3.12 

(3) 
3.72 
(s) 
3.78 
(s) 

3.90 

(s) 

3.83 3.87 3.67 3.71 3.35 3.47 3.47 
(s) (s) (s) (3) (s) (s) (s) 

3.85 3.71 3.68 3.79 3.33 
(3) (s) (s) (s) (s) 

3.84 3.87 3.68 3.72 3.32 3.37 

(s) (s) (s) (s) (s) (s) 
3.84 3.66 3.70 3.32 
(s) (s) (s) (s) 
3.84 3.63 3.33 
(s) (s) (s) 
3.75 3.32 
(s) (s) 
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Flavonoids 

1:5,7-OH 

3,6,8,2’,4’,5’-OMe 
2:5,4’5’-OH 

3,6,7.8,2’-OMe 

3:5,7.4’-OH 

3,6.8.2’,5’-OMe 
4:5.7,4’.5’-OH 

3,6,8,2’-OMe 
5:5,7,4’,S’..OH 

3,6,2’-OMe 
6:5.7,4’.5’-OH 

3,2’-OMe 

7:3,5.4’-OH 

6,7,8.3’-OMe 

Table 2. 1jV data for flavonoida 1 7 

MeOH 

(Band II/Band I)* NaOMc 

262 346 
(2 58) 

266 3% 

(2.47, 
265 352 

12.83) 
265 355 

(2.881 
260 346 

17.101 
25x Zoo 
347 (2.58) 
260 2X0 sh 

350 sh 3X0 

AI(‘I / 

276 330\h 

365 410 sb 

2x2 425 

* Numhers m parentheses represent ratio of Band II to Band I. 

Table 3. Mass spectral data for flavonoids 1- 7 [EIMS {probe) 70 eV. m : trel mrl] 

Flavonoids [Ml’ [M- 151’ [M- 31-j’ (P&43]’ [A,al]’ [A,J’ [A, --I’]- [A. 4i] 

1 :5,7-OH 434 

3,6,8,2’,4’.5’-OMe (85) 
2 : 5,4’,5’-OH 420 

3,6,7,8,2’-OMe (100) 
3 : 5,7,4’-OH 420 

3,6,8.2’.5’-OMe (75) 
4 : 5.7,4’.5’-OH 406 

3,6.8.2’-OMe (98) 
5: 5,7,4’,S-OH 376 

3,6,2’-OMe (lo()) 

6: 5,7,4’S’-OH 346 

3,2’-OMe (971 

7: 3,5,4’-OH 390 
6,7,8.3’-OMe (92) 

419 

tlW 
405 

(971 
405 

( 1 W) 
391 

11001 

761 

(491 
331 

(12) 
375 

I1001 

391 

161 

317 

(3) 
363 

(6) 
333 
(20) 

303 

(12) 
741 

17.5) 

5,7,4’-Trih~drcrx~-3,6.X,2’,5’-prntumotho.~~tiu~onr (31 

The MS of‘3 established a kvonoid ~lth five methoxyl 
and three hydroxyl groups: [M] _ at m, L- 420 (75”~ 
corresponding to CzoH2,,0,,, (Table 3). When the com- 
pound was viewed on paper under 1LV light It appeared as 
a purple fluorescent spot which changed to yellow a~th 
ammoma in accord with free 5- and 4’-hy,droxyf groups. 
The remaining hydroxyl group *as asxlgned to the 7 
position on the basis of I:V spectral data. AL ljand II 
sodium acetate -methanol: + 1 I nm and the presence of. 
shoulders at 345 nm in sodium methoxidc dnd -325 nm rn 
sodium acetate. The five other oxygenated posItions, 
3.6,8.2’ and 5’. must be occupied by methoxyl groups. 
These assignments were further supported by MS data: an 
A-ring with two hydroxyl and Tao methosyl groups and a 
B-ring with one hydroxyl and two metho\~l groups was 
suggested by Ions LA; - 15]’ al WC 19’ ilY’.,j. [A, 
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Table 4. “C NMR chemical shifts for flavonoids l-5 

(90.8 MHz, Gppm in DMSO-d,) 

Carbons 

1:5,7-OH 

3,6,8,2’,4’,5’- 2:5,4’,5’-OH 3:5,7,4’-OH 4:5,7,4’,5’-OH 5:5,7,4’,5’-OH 

OMe 3 6 7 8 2’-OMe 3 > , , 3,6,8,2’,5’-OMe 3,6,8,2’-OMe 3,6,2’-OMe 

A- and C-ring 
2 145.06 145.00 145.90 145.73 148.98 
3 138.59 138.70 139.44 137.67 138.75 
4 178.34 178.68 179.15 176.73 178.35 

5 147.91 148.20 148.58 147.92 152.66 

6 131.30 135.52 131.92 133.80 131.25 

7 156.06 157.50 156.96 160.52 157.32 

8 127.66 132.54 128.42 129.54 94.02 

9 152.26 151.30 151.22 154.55 156.72 
10 103.87 107.19 104.73 101.38 105.21 

B-ring 
1’ 109.86 108.81 111.42 109.53 109.45 

2’ 150.59 149.26 151.22 149.02 151.25 

3’ 98.66 100.96 98.66 99.33 101.15 

4 152.03 152.29 152.04 150.84 152.29 

5’ 142.38 138.87 140.46 139.02 138.75 

6 114.41 117.07 117.34 117.17 117.18 

Methoxyl groups 

3 60.92 61.69 61.45 59.82 60.03 

6 60.07 61.47 60.54 59.73 60.03 

7 60.92 60.01 

8 59.90 60.60 60.45 59.14 

2 56.38 56.12 56.27 55.95 56.26 

5 56.38 56.77 

Table 5. Chromatographic data (R, x 100 and colour’) of flavonoids 1-7 
(on cellulose plates) 

Flavonoids 15 % aq. HOAc TBAt UV UV/NHa NA$ 

1:5,7-OH 

3,6,8,2’,4’,5’-OMe 
2:5,4’,5’-OH 

3 6 7 8 2’-OMe 1 3 , > 
3:5,7/l’-OH 

3,6,8,2’,5’-OMe 
4:5,7,4’,5’-OH 

3,6,8,2’-OMe 
5:5,7,4’,5’-OH 

3,6,2’-OMe 
6:5,7,4’,5’-OH 

3,2’-OMe 
7:3,5,4’-OH 

6,7,8,3’-OMe 

76 94 P P 

75 93 P dY Or 

79 92 P dY Y 

78 94 P dY Or 

74 91 P dY Or 

63 93 P dY Or 

9 89 dY Y Y 

*P = Purple, dY = dull yellow, Or = orange. 

tTBA = t-butyl alcohol-glacial acetic acid-water, 3: 1: 1. 
$NA = Dissolving 1 g of Naturstoffreagenz A (2-aminoethyl diphenyl- 

borate, Carl Roth Co., F.R.G.) in 100 ml of absolute MeOH. 

light and orange with NA) indicated free S-, 4’- and 5’- 5,7,4’,5’-Tetrahydroxy-3,6,2’-trimethoxyjkuone (5) 
hydroxyl groups. The UV spectra (Table 2) supported 
these assignments and further indicated a free 7-hydroxyl The MS of 5 (Table 3) gave a molecular ion at m/z 376 
group. Comparison of MS, ‘H NMR and UV data (lOO”/,) in accord with a flavonoid containing four 
indicated that 4 and 3 have the same A-ring and 4 and 2 hydroxyl and three methoxyl groups. The ‘H NMR of the 
have the same B-ring. Thus the structure of this new TMSi ether of 5 exhibited a one-proton singlet at 6 6.90 
compound (4) is 5,7,4’,5’-tetrahydroxy-3,6,8,2’- (lH, s) and a signal at 6 6.46 (2H, s) (in Ccl,) for two 
tetramethoxyflavone. protons. Two of the proton signals (66.90 and 6.46) are 
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similar to those for brickellin (22) (at (56.90 and 6.45 in 
CCI,) [9, to] corresponding to H-6’ and H-8. The third 
aromatic proton signal at 6 6.46 is assigned to C-3’ 
primarily using the same arguments as used for the other 
2’-oxygenated flavonol 3-methyl ethers. namely: the high 
R, values on cellulose plates in both 15 “i, aq. HOAc (0.74) 
and TBA (0.9 1) and the high intensity of Rand II to Rand I 
in the MeOH UV spectrum as well as Band 1 appearing at 
346 nm suggested that 5 is a 2’,4’,5’-oxygenated flavonoi 
3-methyl ether. Therefore, 5 has the same 3,5,6.7.2’.4’,5 - 
oxygenation pattern as brickellin (22). This new natural 
product appeared purple on paper under IIV light and 
turned yellow with ammonia and r)range with NA, 
indicating the presence of a free S-hydri)xj1 group in the 
A-ring and an orrho 4’.5’-dlhydroxql sqsicn~ in the B-ring. 
UV spectral data supported these asslgnmenta and sup- 
gested a free 7-hydroxjl group on the basts of Band III at 
337 sh in NaOMe (Tabic 7). The structure o! 5 as 5.7.4 .\ - 
tetrdhydroxy-3.6.2 -trimethoxyfla~on~ wa> contirmed by 
‘.‘C NMR data stable 4) 

5.7,4’,5’-li,tr(lh?,~r(/.~~-3.2’- dimcfltou?:lluf,ort~ (6) 

In addition to two one-proton singlets at ($6.46 (H-3’) 
and 6.91 (H-6’). the ‘H NMR spectrum ofTMSi ether of6 
(in Ccl,) (Table I) also exhibited t\vo A-ring mer+ 
coupled proton resonances at h 6.16 and 6.24 cnrrespond- 
ing to H-6 and H-X, thus 6 ha5 a 3.5.7.2 .4’.5’-oxygenation 
pattern. The MS of6 exhibited a molecular Ion at ni;z 346 
(97”,,) for C-H,,O, in accord with a lla~onold contain- 
ing two methoxyi and four hydroxyl groups. Other ions 
were observed lor [M -- 311’ at rn,; ?I5 (IOO”,,), [.A, 
+ 11. at m/r l5.3 (58 “,,). [B,] at m :. 167 (9 “,) and [BZ 
- 2X]‘. at rn,: 139 (6’:,); however fragments for [M 
- 177 +, [Be]. and [B,, - 153 * were not present. The CJV 
data (Table 2) together with the characteristic R, values 
[3,5] indicated that the two methoxyl groups were located 
at the 3 and 2’ positions. Thus. the fc!ur hidroxyl groups 
can be assigned to the i.7,3’ and 3 pnsitlans. The colours 
on the paper under UV light withour and with ammonia 
or NA (Table 5) supported a 5-hydrux>l group in the A- 
ring and an rtrrho 4’.5’-dihydroxli sys~cm m the ELring. 

The UV spectral data (Tabie 7) conti~mcd the free 7- 
hydroxyl group as well as the 5-.1 ,md 5’-hydroxyl 
groups. Thus 6 1s __ X7.4’ i’-rctr;i~~ydror;4-3.2’-di- 
methoxyBa\one. 

The dull yellow colour on paper under Uk. light 
suggested that 7 is a 5-hydroxyHa~(?nnl and not a 5- 
hydroxyflavonol 3-methyl ether as were the other six 
compounds (I -6). Since the ‘H NMR of7 (TMSi ether in 
Ccl,) only showed B-rmg signals chardcteristii for H- 5’. 
H-2’ and H-6’. respectively. at o 6.89 (1 H, J. .I == 9 H~J. 
7.73 (IH, dd, J := 9 Hz ,md 2.5 Hi) and 7 X2 i 1 H. d. .I 
= 2.5 Hz) in the aromatic region, 7 must be a tlavonol 
with a 3.5.6.7&3’,4’-oxygenation pattern. A free 4’- 
hydroxyl group IS Indicated b> a bathochromic shift of 
Band I of + 67 nm with an increase or, intensity in the 
sodium methoxide spectrum reiativ-e 10 Band I in the 
methanol spectrum. The MS of 7 exhibIted n molecular 
ion peak at m/z 390 (92 “J for C,,,H l ,O,.. x accord wtth a 
flavonoid containmg four methoxyl and three hydroxyi 
groups. With the assignment of the three hjdroxyl groups 
to the 3.5 and 4’ positions. the four merhoxbl groups mrl>t 
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Compounds 1-3,7-l 1,15 and 18 were isolated from the CH2CII 

fraction, compounds 5,6, 13,16, 17 and 1%21 from the EtOAc 

and compounds 4,12 and 14 from both the CH2CI, and EtOAc 

fractions. Although ground leaves and stems were used for 

isolation of flavonoids, the ZD-PC (15% HOAc and TBA on 

Whatman 3 MM) of MeOH extract of unbroken leaves and 
stems revealed that most of the flavonoid aglycones were on the 

external surface. 

Deriuatization. Permethylations were achieved using 

Methelute (Pierce) and trimethylsilylations were done as de- 

scribed in ref. [S]. 
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