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Ab+The external phenolic resin on the leaves of Lurrea tridentatu contains eighteen flavone and flavonol 
aglycones (mostly as methyl ethers), one dihydroflavonol and two lignans (including nordihydroguaiaretic acid). 
Except for a few isolated 2n populations which exhibited minor differences, a single chemical type was observed 
for all three ploidy levels (2n, 4n and 6n) in the North American L. tridentatu suggesting an autoploid origin 
for the tetraploid and hexaploid races. The resin chemistry of the North American taxon was most similar to 
that of the Argentinian diploid L. divuricutu, although the resin of the latter taxon did not contain the three 
Shydroxyflavonols; however, 8-hydroxflavonol aglycones were detected in Peruvian populations of L. divuricutu. 

INTRODUCI’ION 

Lmrea C&v. (Zygophyllaceae) is composed of five species 
distributed in the arid and semi-arid areas of North and 
South America. Three species, L. cuneijblia Cav. (n = 26x 
L. nitidu Cav. (n = 13) and L. umeghinoi Speg. (n = 13), 
are restricted to Argentina. This paper concerns the two 
remaining species, L. divuricuta (DC.) Coville (n = 13) 
which occurs primarily in Argentina and with a few 
small, isolated populations in Peru, Chile and Bolivia, 
and L. tridentuta Cav. which occurs in North America 
as three ploidy levels---the diploid (n = 13) in the Chi- 
huahuan Desert, the tetraploid (n = 26) in the Sonoran 
Desert, and the hexaploid (n = 39) in the Mojave 
Desert [l-3]. 

The external resin chemistry of LWWI hah long ht~n 
of interest because it represents 10-15l:, of the dry weight 
of the leaves; the resin is composed of approximately 
50% nordihydroguaiaretic acid (NDGA) (20), one of the 
most powerful antioxidants known to man (see Oli- 
veto [4] for a review of the uses of NDGA), and SW/, 
as flavonoids. 

The flavonoid chemistry of Lurreu has only recently 

attracted attention. Despite reports of flavonoids from 
Lmreu as early as 1945 [5,6-J the first account of the 
total structures of flavonoids in Lurreu was the 1972 de- 
scription of eleven flavonoid aglycones from L. nsneifolia 
from our laboratory [7-J. 

More recently, Chirikdjian isolated and identified eight 
flavonoids from L. tridentuta: the aglycones kaempferol, 
kaempferol 3methyl ether (isokaempferide), quercetin, 
isorhamnetin and quercetin 3-methyl ether, and the gly- 
cosides kaempferol 3-O-rhamnoglucoside (nicotiflorin), 
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cpercetin 3-O-rhamnoglucoside (rutin), and quercetin 
3-O”glucoside (isoquercitrin) [8,9]. 

Here we report the detection of twenty-four Aavonoids, 
mainly methyl ethers of flavonols, in the external leaf 
resin of South American Lurreu diwicutu and North 
American L. trident&z. 

RESULTS 

Nineteen flavonoids were isolated and fully character- 
ized from the hexaploid race of Lurrea tridentutu; three 
of the constituents, gossypetin 3,7,3’-trimethyl ether 

(1) [lo], gossypetin 3,7dimethyl ether (2) [ll] and herba- 
cetin 3,7dimethyl ether (3) [*lo], were recently described 
as new natural products from this taxon. Two other fla- 
vonols, quercetin 3,7,3’-trimethyl ether (5) and quercetin 
7,3’,4’-trimethyl ether (6), were reported as new natural 
products from Larreu cuneijblia [7]. The remaining pre- 
viously known flavonoids were quercetin 3,7,3’,4’-tetra- 
methyl ether (4) [7,10,12,13] (retusine), quercetin 3,7- 
dimethyl ether (‘7) [7,14], quercetin 3,3’dimethyl ether 
(8) [7,15], quercetin 7,3’-dimethyl ether (9) [7,14] (rham- 
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nazin), quercetin 3’-methyl ether (10) [7,15,16,17] (iso- 
rhamnetin), kaempferol 3,7dimethyl ether (11) [7,15, 
1 S] (kumatakenin), kaempferol 3-methyl ether (12) 
[7,8,15,19] (isokaempferide), kaempferol ‘I-methyl ether 
(13) [19,20,21] (rhamnocitrin), kaempferol (14) [8,17], 
luteolin 7,3’-dimethyl ether (15) [22] (velutin), luteolin 
3’-methyl ether (16) [17] (chrysoeriol), apigenin 7-methyl 
ether (17) [ 191 Cgenkwanin), apigenin (18) [17] and 
dihydromyricetin 3’,5’-dimethyl ether (19) [23] (dihydro- 
syringetin). All compounds were identified by UV, MS, 
NMR and/or co-chromatography (see Tables l-4). Com- 
pounds 21, 22, 23 and 24 are under further investigation. 

OH 0 OH 0 

(11) R, R2=Me 
tlkl R~ = Me: % = H 
(1s) R; = Me ; R; = H 
(14) R,, R2 = H 

(17) R2 = Me; Rr = H 
(18) R,, R,=H _ 

OMe 

(15) R,, R2 = Me 
(16) R, = Me; Ra = H 

No qualitative differences were observed for the fla- 
vonoid agiycones in the resin among the three ploidy 
races of Lurrea tridentata which occur over a North- 
South range of more than a thousand miles in the United 
States and Mexico; moreover, the internal flavonoid gly- 
coside patterns, as determined by two-dimensional paper 
chromatography, were also identical except for a few 
small populations in Querirtaro, Mexico, (150 miles 
northwest of Mexico City), which contained all the agly- 
cones and all but two of the glycosides. Two of the three 
new flavonols, 2 and 3, which are distinguished by having 
hydroxyl groups at the 8-position, along with compound 
21, were observed in L. tridentata and in L. divmicata 
from Peru, but not Argentina, while compound 24 was 
only detected in L. divmicata. Compounds 22 and 23 
require additional investigation to establish whether or 
not they are the same compound. The remaining sixteen 
flavonoids discussed here occur in the resin produced 
by both species. 

DISCUSSION 

Prior to 1970, Latrea divaricata and L. tridentata were 
genemlly recognized by most taxonomists as distinct spe- 
cies. However, Felger and Lowe [24] recently treated 
them as subspecies because they interpreted the morpho- 
logical differences to be minor. That is, such differences 
as the fact that L. tridentata has acute stipules while 
L. divaricata has obtuse ones were considered to be insuf- 
ficient for species recognition. More recently, on the basis 
of unpublished data, Hunziker and co-workers suggested 
that these two taxa represent allopatric semispecies [25] 
the treatment also employed here. 

Earlier data have shown that the genus contains two 
major sections: section Eifolium, consisting of L. divari- 
cata, L. tridentata and L. cwzeifolia with bifoliolate leaves 
and large, hairy me&ups; and section Larrea, consisting 
of two species, L. amghinoi and L. nitida, with multifo- 
liolate leaves and smaller, puberulous mericarps. Within 
the first section L. divaricata and L. tridentata are more 
closely related to each other than to L. czmeifolia; for 
example, L. cuneifolia is distinguished from L. divuricata 
and L. tridentata by having its two leaflets almost en- 
tirely attached at the midrib, whereas the latter two spe- 
cies have leaflets attached at the base only Cl]. Previous 
chemical evidence supports a close relationship of L. 
divaricata to L. tridentata; both were reported to exhibit 
similar phenolic patterns and essentially no differences 
in seed albumin proteins [l]. 

Comparison of the flavonoid data for L. cweijblia with 
the more complex pattern detected in L. dz’varicata shows 
a difference of seven compounds, primarily resulting 
from the absence of flavones in L. ameijXa. Our data 
also show a close relationship between L. divaricata and 
L. tridentata since there is a difference of only two (1 
and 19) of the nineteen major flavonoid components. 
Thus, at this time, our chemical data indicate that within 
section Ezjblizm, L. divaricata (n = 13) is closer to L. tri- 
dentata (n = 132639) than to L. czmeifoka (n = 26), even 
though L. cnneifolti is an amphidiploid containing one 
genome of L. divaricata [1,2,25] (Our preliminary chemi- 
cal results for L. nitida and L. ameghinoi clearly dis- 
tinguish them from section Bijolbn). 

As to the origin of Lurrea tridentata in North America, 
three opposing views are generally considered. Hun- 
ziker [l] favours a South-to-North American pattern of 
migration because : (1) the genus exhibits species diversity 
in northern Patagonia, Argentina (four species and five 
interspecific hybrids) and (2) the role pkyed by Larrea 
divaricata in the origin of the relatively old species L. 
cwzeifolia (the latter species contains one genome of the 
former). On the other hand, Porter [26] suggested that 
“the South American species of Lurrea have been derived 
from Mexico via long-distance dispersal,” species diver- 
sity being due to radiation after dispersal to South Amer- 
ica [27]. Porter considers Sericodes to be the most 
closely related genus to Larrea; thus, the occurrence in 
Coahuila, Mexico, and not in South America, of the 
monotypic taxon Sericodes greggii Gray provides sup- 
port for his view of a North American origin of Larrea. 
However, his treatment of the Sericodes-hrrea relation- 
ship requires further chemical investigation especially in 
light of the recent report that Sericodes is n = 15 (Lidia 
Poggio, unpublished data) whereas Lurea is x = 13. In 
contrast to Porter’s interpretations, however, Hunziker 
considers the primarily South American genus Bulnesia 
(n = 13) to be most closely related to Lurrea [25l. A 
third view (B. L. Turner, private communication) sug- 
gests that although the germs itself may have originated 
in South America, the species L. tridentata may have 
become established in North America from a South 
American progenitor and subsequently gave rise to L. 
divuricata in South America. 

Although our data do not resolve the controversy 
regarding the origin of Lmrea, they do bear upon the 
nature of the polyploidy in L,. tridentata. The lack of 
chemical differences between the dipbid, tetraploid and 
hexaploid races of L. tridentata in North America pro- 
vides strong evidence that the latter two are autoploids. 



Flavonoid methyl,ethers on external leaf surface 

Table 1. Chromatographic data for flavonoid aglycones from Larreu tridentata and L. dimricata 

129 

Compound* 

Rjs (x lOO)t Polyarmde 

25% column 
BeAW HOAc tbxhons: 

PnSenCC 
and relative 

quantity II 
L. tridenfata L. divuricata 

COlOts 
uv UY/NH, 

I Gossypetm 3,7,3’-trhethyl ethefl 
2 Gossypetm 3,7-dimethyl ether 
3 He&a&in 3,7-dimcthyl ethefl 
4 Quercetin 3,7,3’,4’-tetramethyl etha 
S Quenxtin 3,7,3’-tnmethyl ether 
6 Quercetm 7,3’4’-trimethyl ether 
7 Quercetm 3,7-dlmethyl ether 
8 Quercetm 3,3’-dlmcthpl ether 
9 Qucrcetm 7,3’-dtmethyl ether 

10 Ouenxtin 3’-metbvl ether 
11 i&empferol 3.7-dim~thyl ether 
12 Kaempferol 3-methyl ether 
I3 Kaanpferol l-methyl ether 
14 Kaempferol 
15 Luteohn 7,3’-dtmcthyl ether 

52 
5 

27 
99 
90 

38 
38 

39-91 
39a-636 
llo-183 

7-37 
7-52 

24-37 
92-109 

136-183 
7c-109 

w-925 
3~69 

311-423 
16S220 
797-925 

24-37 

211-243 
38-69 

455-585 

68c!-925 
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+ 
++ 

++ 
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++ 
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Blutgrcsn 
Blubpurpk 
Blue-green 

Purple 
Purple 
Yellow 
Purple 
Purple 
Yellow 
Yellow 

Yellow-green 
Yellow-green 
Yellow-green 

Purpk 
Yellow 
Yellow 
YCIIOW 
Yellow 
Y&XV 
Yellow 
Yellow 

Yellow-greea 
Yellow 
Yellow 

Fluorescent 
yettOW 
Yellow 

Yellos-grccn 
YCUOW 
Purple 

hpk 
Blutgrccn 

YellOW-gEll 
Yellow-green 

Yellow 

51 
45 
38 
15 
34 
35 
13 
15 
45 

96 
33 
28 
90 
17 
82 
12 52 
65 13 

7 16 
84 23 

16 Luteolin 3’-methyl ether 15 
’ 17 Atigenin 7methyl ether 66 
18 A&&i 8 
19 Dihvdromvricetm 3’S’dimcthvl ether** 
2ONDbA . . 

14 
I5 

21 Unrdentifiedtt 3 
22 UmdmMedtt 82 
23 Umdenhfkdft 4s 
2A Unidentd+dtf ‘4 

PUrpk 
Yellow 
Yellow 
Purple 

purple 
Purvk 
P&k 
Punk 
P&k 

Blue-green 
Purple 
Purple 
Purple 

23 
39 
31 
83 
77 
41 
79 
70 
34 ++++ 

*All compounds except 1, 2, 3, 19, 21, 22, 23, 24 and 25 were identified by at least UV, MS and cochromatography. 
t The chromatograms (Whatman 3MM, 46 x 57 cm) were developed in FteAW (C,Hs-HOAc-H20, 6:7:3, upper) [28] in the 
first dimension and 25% HOAc (HOAc-HaO, 1:3). t A 75 x 100 cm polyamide column (56Og) using CHQ-MeOH- 
MeCOEt-2,4pentanedione (20:10:5: 1) as solvent was run collecting 20 ml samples beginning with the first band visible 
under UV light. [I (+ + + +)--very strong; (+ + +)--strong; (+ +)--medium; (+)--weak; (-)-absent. 7 These structures 
were determined by UV, MS and NMR (see References 10 and 11). $ These compounds are produced by the Peruvian popula- 
tions of L. diuaricata. ** Structure elucidated by UV, NMR and MS and NMR and MS of its acetate. tt Structures are 
still under investigation. 

Moreover, the lack of variation in the tlavonoid chemis- 
try of .L. tridarotada and the detection of considerable vari- 
ation of the flavonoids of L.. divaricata from Peru and 
Argentina suggests a relatively recent origin for the 

North American populations from a more ancient L. 
diuaricuru-like South American progenitor. 

In summary, because the origin of the disjunction in 
the L.. divaricutrz-l. tridentada complex is still a matter 
of dispute, especially in light of the occurrence of three 
ploidy levels in North America and only one in L divari- 
cata in South America, we are presently extending our 

studies to thoroughly examine not only the external resin 
from populations over the ranges of these taxa in both 
North and South America but also the patterns for the 
flavonoid glycosicles and other natural products for both 
taxa over their complete ranges. 

EXPlBtIMENTAL 

Pkmt material. Leaves and vouchers of Zmrea tridentata 
were collected near Fort Steckton, Texas (2n). Tucson, Ari- 
zona (4n) and Las Vegas, Nevada (6a). Leaves and vouchers 
of L. divaricata wexe collected near Cordoba, Argentina 

Table 2. UV data for flavonoid agfycones from tiea tridentata and L. diuuricata* 

Compound 
MeoH NaOMe Aa AICl-HQ NaOAc NaOAcHaBO, 

&.. nm) CL., nm) &.., nm) u-x. nm) &I..* w @“,.. nm) 

Kaempkrol ‘I-methyl ether (13) 366 
327sh 
266 

418 dec 423 
353 
300 
270 
391 
369sb 
296 
275 
267sh 
388 
366 
295 
274 
261 
380 
348 
3al 

426 
351 
300 
267 
386 
355 
291sk 
276 
262 
384 
354 
295 
276 
26n 
378 
338 
299 
276 
36bh 
308 

369 366 
327sh 326sh 
265 265 

404 
354 

346 
267 
249 
241 

345 
267 

z 

332 

265 

315d 
290 

269 
243 

Luteolin 7,Sdtmethyl ether an 345 
267 
2.50 
246sb 

402 
2?28h 
260 

Luteolin 3’methyl ether (16) 346 386 
268 32&h 
248 272EJl 
242 265 

Apigenin ‘I-methyl ether (17) 333 382 
as5 
266 

288 
263sk 
254 
365 
32&b 
2m 

378sb 
344 
265 

Dihydromyricetin s,sdhethyl ether (19) 313sh 
287 

321 
MOSR 311 

278 

TAR UV speara were recorded using standard procedures [17J For spectra1 data for 1 and 3, see Ref. [lo]; for 2, see 
Ref. [Ll]; for 4-12, see Ref. [7]; and for 14, see Ref. [17]. 
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Table 3. NMR data for flavonoid aglycones from Larrea tridentata and L. divaricata* 

H-2 H-3 H-6 H-8 H-2 H-3’ H-5 H-6 CCI. 7-O&& 3’7OMe 5’-OMe 

Kaempferol ‘I-methyl - - 6186 6 47d 8+od 6 85d 6 85d &oOd 3.83 3 20 - - 
ether (13) (J=2) (J=2) (J=8) (J-8) (J=8) (J=S) (A + 063) 

Luteolm 7,3’-dimethyl - 6.35 &234 6 536 7.3id -- 6.88d 7 39dd 390 3 23 3.30 
ether (IS) (5=2) (J=2) (J=2) (J=%5) (J=2,8 5) (A + 0.70) (A+WO) - 

Luteolin 3’methyl ether - 633 &12d 6471 1271 - 6.836 736dd 392 --- 3.25 

(16) (J=3) (J=3) (J-2) (J=8) (5=2,X) (A+O60) ‘- 
Apigemn ‘I-methyl ether - 635 6,228 6 52d 7 78d 6Bd 6 8Xd T78d 390 3.28 -. _. 

1171 (J=?) (J=2) (J=9, IJ=9l ,.l--8, I.1 7 X) fA*Oh?) 
Dthydromyrlcefm 3’,5’- 493d 4.17d 5.92d 6.08~1 661 - 6.67 3.84 345 3.45 

dlmethyl ether (19) (J=ll) (J=ll) (J-2) (J=2) (A+0391 (A+@39) 
Aatatet of 19 54od 581d 6856 6651 6.16 - - 676 3.85 3.43 343 

(J=12) (J-12) (J=Z) (J=2) (A + @42) (A +0-42) 

* Spectra were recorded in CCb and C,De (only OMe signals are recorded for this solvent) on a Varian A-60 or Varian 
EM-360 spectrometer. Values are given in ppm (&scale) relative to TMS as an internal standard Numbers in parentheses 
&note coupling constants in Hz; signals are singlets unless otherwise stated: d(doublet), dd(double doublet). For data for 
1 and 3, see Ref. [lo]; for 2, see Ref. [ll]; for 4-12, see Ref. [7]; and for 14, see Ref. [17]. t Four singlets were observed 
for acetoxyl protons at 2.05, 2.31, 2.35 and 2.38 in CCL, and at 160, 1.68, 202 and 2.19 in CsD,. 

Table 4. MS data for flavonoid aglycones from Larrea tridentata and L. divaricata* 

Fralpnentt 

Compound M+ M-H’M-CO+ M-HCO+ M-COMe+ A,+H+ A,+ AI-CO+ B,+. BlMe+ B,+ H+.TO+ BrMe’ 2, COMe-cO 

Kaempferol (13) 100 12 4 7 10 3 13 4 2 
‘I-methyl 
ether 

Kaempferol (14) loo 20 II 9 6 1 4 5 20 9 
Luteol1n (15) 1w II 4 16 13 14 3 6 6 7 3 4 2 9 

7.3,-d]- 

methyl 
ether 

Lutcohn 3’- (16) 100 6 6 4 13 22 4 5 12 IO 2 7 7 
methyl 
ether 

Apigemn (17) loo 10 18 9 5 5 7 5 4 2 8 
‘I-methyl 
ether 

* For MS data of dihydrosyringetin acetate see experimental section; for 1 and 3, see ref. [lo]; for 2 see ref. [ll]; for 
4-12, see ref. p]. MS were recorded on a DuPont 21-491 at 70eV, source temperature 190” and probe temperature from 
20&300”. Values are given in % relative intensity. t Skeletons for Al, Br and Bz fragments are: 

Vouchers specimens are deposited in the Herbarium, The Uni- 
versity of Texas at Austin (TEX). All plant material was dried 
for 3 days in a 5(Y” oven and then extracted. 

Extraction, purification and ident@cution. Ground leaf 
material (25Og) of the hexaploid L. tridentuta was extracted 
with 11. of 85% aq MeOH for 24 hr. The liquid was removed 
by filtering, and the leaf material was re-extracted in the same 
manner. Extracts were combined and evaporated under red. 
pres. until only Ha0 remained. The aq suspension was 
extracted with Et,0 until the EtrO layer was colorless. Et20 
extracts were combined and evaporated under red. pres. The 
syrup obtained (12 g) was chromatographed over a polyamide 
column (7.5 x 100 cm; 56Og, packed in the elution solvent). 
The column was eluted with CHCls-MeOH-MeCOEt-2,4- 
pentanedione (20:10:5:1). Every third fraction of 20ml was 
checked by polyamide TLC with MeOH; fractions were com- 
bined to give a total of 28 fractions. Each of the 28 fractions 
was evaporated and, when necessary, the material obtained 
was rechromatographed over polyamide using MeOH as the 
eluting solvent. The compounds were recrystallized from 
MeOH. Two-D PC and co-chromatography were run using 

Whatman 3MM paper (46 x 57 cm) with C6Hs-HOAc-Hz0 
(6:7:3, upper) [28] and 25% aq HOAc (see Table 1 for Rf 
values). All spectra analyses were carried out as previously 
&&bed [7,17,29-J. 

\I.~ of tetraacetate of dikydrosyhgetin (19). MS (m/e): 516 
(M’. 7% relative intensity, 474 (M-CHa=CO, 43x), 432) 
(MZCH&O, 84x), 390 (M-3CH,=CO, 16%), 372 
(M-2CH,=CO-MeCO,H, 100x), 330 (M-3CHr=CC- 
MeCO,H, SO%), 300 (M-3CHz=CO-MeCOzH-2Me, 16x), 
223 (B:, 14%) 195 (A + H-CH,=CO, 87%) 167 
(A + H-CHr=CO-CO, 57%) 153 (A + H-ZCH,=CO, 4973, 
149 (BrMe-0,91x). 
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