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Abstract A phytochemical reinvestigation of the phenolics of 
Larrea diuaricata led to the isolation and characterization of dihy- 
droguaiaretic acid, norisoguaiacin, and 3'-demethoxyisoguaiacin. 
Partially demethylated dihydroguaiaretic acid was detected uia 
the use of partially demethylated dihydroguaiaretic acid synthe- 
sized from dihydroguaiaretic acid. Techniques are given for the 
preparation of norisoguaiacin, dihydroguaiaretic acid, and nor- 
dihydroguaiaretic acid. Sodium molybdate complexes were used to 
effect the isolation and preparation of norisoguaiacin. Some bio- 
logical properties of the phenolic compounds studied are given. 
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Previous phytochemical investigations of Larrea 
divaricata resulted in the isolation of nordihydro- 
guaiaretic acid (1) and two incompletely character- 
ized flavones (2). Subsequent to its isolation and 
characterization, nordihydroguaiaretic acid was used 
as an antioxidant. A review of its properties has been 
reported (3) and its activities a t  the molecular level 
are outstanding (4,5).  

Several years ago a reinvestigation of the phenolics 
of L. diuaricata was initiated to resolve the complex 
mixture indicated by preliminary TLC. These studies 
were stimulated by the report (6) that marked regres- 
sion of a malignant melanoma occurred in an elderly 
man who had consumed a tea prepared from L. di-  
uaricata over several months. 

Because nordihydroguaiaretic acid is a lignan, one 
would suspect that  biogenetically related compounds 
might be present in the phenolics of L. divaricata. 
Four such compounds were isolated: norisoguaiacin 
(I), a lignan containing one catechol moiety and 
probably formed from the cyclization of guaiaretic 
acid followed by partial demethylation or by the cy- 
clization of partially demethylated guaiaretic acid, 
which is more lipid soluble than nordihydroguaiaretic 
acid; dihydroguaiaretic acid (11); partially demeth- 
ylated dihydroguaiaretic acid' (III), conceivably a 
biogenetic intermediate in the biosynthesis of nor- 
dihydroguaiaretic acid; and a minor product, 3'-de- 
methoxyisoguaiacin (IV). 

EXPERIMENTAL 

T L C  analyses using silica gel were used to follow the isolations 
and to detect the purity of the isolates. The mobile phase used was 
benzene-isopropyl alcohol-acetic acid-water (25:5:2:10). 

Isolation of Nordihydroguaiaretic Acid-A primary extract 

of 50 g of the leaves and very small twigs of L. diuaricata 2 was pre- 
pared by shaking overnight with 500 ml of toluene containing 10% 
ether, 10% isopropyl ether, 10% acetone, 7.5% methyl ethyl ketone, 
10% methanol, 10% ethanol, or 7.5% isopropyl alcohol. This pri- 
mary extract was concentrated under vacuum using a rotovapor 
pump, a bath temperature of 50°, and a temperature inside the 
distilling flask of 25". A final volume of 250 ml was desirable in 
most cases. During the concentration, considerable amounts of res- 
inous material separated containing most of the degradation prod- 
ucts, flavonoid pigments, and some less soluble phenolics. Upon 
standing or following centrifugation, a clear solution separated and 
was seeded with nordihydroguaiaretic acid crystallized from tolu- 
ene. In some cases, nordihydroguaiaretic acid began to crystallize 
in a few hours; in other instances, this occurred after standing 
overnight. Even upon prolonged standing, not all of the nordihy- 
droguaiaretic acid crystallized. It may be almost colorless or vari- 
ous shades of yellow, depending on the amount of flavonoids pres- 
ent. The mother liquor also contains the more lipid-soluble pheno- 
lics, pigments, waxes, and possibly other lipids. 

The insoluble substances that separated when the primary ex- 
tract was concentrated contained considerable amounts of nor- 
dihydroguaiaretic acid together with norisoguaiacin, partially 
demethylated dihydroguaiaretic acid, dihydroguaiaretic acid, yel- 
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I From a nomenclature standpoint, this new phenolic should be called 
nordihydroguaiaretic acid and the nordihydroguaiaretic acid of the litera- 
ture would better be named hisnordihydroguaiaretic acid. 
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low pigments, and, no doubt, minor amounts of other lignans. 
These substances were dissolved in 30 ml of ether and diluted with 
500 ml of toluene. This solution was processed in the same way as 
was the original primary extract with similar results. This process 
was repeated as often as necessary to obtain some crystalline nor- 
dihydroguaiaretic acid from the toluene concentrate. The amount 
obtained depended on the source of the original L. diuaricata. 

The NMR spectrum for nordihydroguaiaretic acid tetramethyl 
ether in deuterated chloroform was as follows: a sharp doublet cen- 
tering at  6 0.87 ( J  = 6.5 Hz) and integrating for six protons, a com- 
plex multiplet ranging from 6 1.5 to 2.0 and integrating for two 
methine protons, a multiplet of eight lines ranging from 6 2.04 to 
3.04 and integrating for four methylene protons, a sharp singlet a t  
6 3.85 accounting for 12 methoxy protons, and a multiplet between 
6 6.5 and 7.0 and integrating for six aromatic protons. These data 
support the known structure for nordihydroguaiaretic acid tetra- 
methyl ether. 

Preoarat ion of Norisoguaiacin-Toluene solutions of the - 
phenolics of L. diuaricata from which much of the nordihydro- 
guaiaretic acid had separated were concentrated in uacuo to re- 
move all of the solvent. The resinous mass obtained was dissolved 
in ethylene dichloride and diluted with three parts of ligroin:' to 
obtain a saturated solution containing about 1% of phenolics. After 
standing overnight, 400 ml of this solution, now free of nordihy- 
droguaiaretic acid, was shaken with 2 X 100 ml of 5% sodium mo- 
lybdate containing 0.4% sodium hydroxide and 3% sodium pyrosul- 
fit@. These extractions removed, as red molybdate complexes, all 
phenolics containing a catechol moiety together with very small 
amounts of other phenolics that accompanied these aqueous mo- 
lybdate extractions, probably as a mechanical dispersion. The lat- 
ter were removed readily in a liquid-liquid extraction apparatus 
using n- hexane4. Norisoguaiacin was recovered from its molybdate 
complex by continuous extraction with ether. This ether extract 
was decolorized by charcoal; TLC, using silica gel, showed the 
presence of only one spot. Norisoguaiacin was crystallized directly 
from this preparation. 

Norisoguaiacin is soluble in ether, and the addition of n- hexane 
followed by the slow removal of ether yields a crystalline product, 
mp 148-149'. I t  gave a single spot on a silica gel TLC plate and a 
single peak by GLC, using the trimethylsilyl ethers and a OV-1 
column. The IR spectrum showed aromatic bands at  1500 and 1600 
cm-I and phenolic hydroxyls at  3500-3600 cm-'. The NMR spec- 
trum in deuterated acetone or deuterated methanol showed a dou- 
blet of a CH:] group centering at  6 0.87 ( J  = 6.5 Hz), a complex 
multiplet ranging from 6 1.50 to 3.2, a sharp doublet a t  d 3.62 ( J  = 
6.5 Hz), a sharp singlet centering at  6 3.75, a multiplet ranging 
from 6 6.2 to 6.85, and a sharp singlet a t  6 7.18 that can he ex- 
changed with DzO. The mass spectrum gave a molecular ion peak 
at  314. 

Anal. -Calc. for CIgH2204: C, 72.61; H, 7.00. Found: C, 72.90; H, 
6.86. Methoxyl-Calc.: 9.87. Found: 9.87. 

Preparation of Norisoguaiacin Trimethyl Ether (Dimeth- 
y1isoguaiacin)-Norisoguaiacin was methylated in the usual way 
using potassium carbonate and dimethyl sulfate. The crude meth- 
ylated product was recrystallized several times from methanol, mp 
1OO-10lo, [.ID2'' -46" (c 5.2% in CHCls). The NMR spectrum re- 
vealed a doublet centering a t  6 0.90 ( J  = 6.5 Hz) and integrating 
for six protons, a multiplet ranging from d 1.50 to 3.24 and inte- 
grating for four protons, three singlets appearing between 6 3.50 
and 4.00 and integrating for 13 protons ( i . e . .  12 methoxy protons 
and one dibenzylic proton), and aromatic protons appearing as 
multiplets between d 6.24 and 6.95 and integrating for five protons. 

Anal. -Calc. for C22H2804: C, 74.15; H, 7.86. Found: C, 74.25; H, 
8.06. Methoxyl-Calc.: 34.83. Found: 34.27. 

The physical constants of trimethylnorisoguaiacin agree with 
those of dimethylisoguaiacin in the literature (9). The NMR data 
reported are new and support the stereochemistry previously re- 
ported for dimethylisoguaiacin. 

Norisoguaiacin formed a triphenylurethane derivative when pre- 
pared from phenylisocyanate in the usual way, mp 137-139'. 

Anal.-Calc. for C40H:17N:30i: C, 71.52; H, 5.55; N, 6.26. Found: 
C, 71.39; H, 5.78; N, 6.05. 

Par t ia l  Demethylation of Dihydroguaiaretic Acid-Dihy- 
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droguaiaretic acid was partially demethylated with boiling hydro- 
bromic acid (48%). Recovery of the half-demethylated dihydro- 
guaiaretic acid in 40% yield was effected in a manner similar to 
that used for the preparation of norisoguaiacin, mp 87-88", 

Partially demethylated dihydroguaiaretic acid readily formed a 
triphenylurethane derivative when prepared in the usual way, mp 
198-200". 

Anal.-Calc. for C ~ O H ~ ~ N D O ~ :  C, 71.02; H, 5.80. Found: C, 70.62; 
H, 6.07. 

Partially Demethylated Dihydroguaiaretic Acid-The 
mother liquors obtained from the isolation of crystalline noriso- 
guaiacin yielded some amorphous resinous material. This material, 
although it gave only one spot on a TLC silica gel plate, refused to 
crystallize. However, it gave two peaks of about equal intensity by 
GLC using the trimethylsilyl ethers and an OV-1 column. The re- 
tention time of one peak was identical to that obtained for the tri- 
methylsilyl ether of norisoguaiacin and the other was identical to 
that obtained for the trimethylsilyl ether of the partially demeth- 
ylated dihydroguaiaretic acid. 

Preparat ion of 3'-Demethoxyisoguaiacin-The ethylene di- 
chloride-ligroin (1:3) solution that had been treated with the aque- 
ous sodium molybdate contained much dihydroguaiaretic acid and 
what appeared to be a fair amount of a phenolic that  was some- 
what slower moving on a TLC silica gel plate than was dihydro- 
guaiaretic acid. Preparative thick-layer chromatography, using sil- 
ica gel and the same mobile phase utilized for the TLC studies, led 
to the isolation of several hundred milligrams of an ether-soluble 
phenolic which was crystallized from hot 5% aqueous acetic acid. 
Fine'needles were obtained, mp 96-98', 

Anal.-Calc. for ClgH2205: C, 76.51; H, 7.38. Found: C, 76.40; H ,  
7.50. 

The NMR spectrum for 3'-demethoxyisoguaiacin supported the 
presence and stereochemistry of a tetrahydronaphthalene moiety 
that is the same as that found in norisoguaiacin. It also showed the 
presence of only one methoxy group and two phenolic hydroxy 
groups. 

The mass spectrum showed a molecular ion peak at 298. The 
fragmentation pattern supported the presence of a methyl group 
at  each of the 2- and 3-positions of the hydroaromatic ring of this 
lignan because a significant peak was obtained a t  M-56. This also 
was the case with norisoguaiacin. 

Isolation of Dihydroguaiaretic Acid-The toluene-n- hexane 
(1:2) solutions saturated with the phenolics from which some nori- 
soguaiacin had separated was diluted with n- hexane until a ratio 
of 1 part of toluene to 5 parts of n- hexane was obtained. The total 
volume first used was 1000 ml. I t  was shaken with 30-ml portions 
of 5% aqueous sodium carbonate until very small amounts of ex- 
tractives were obtained. The organic solution then was washed 
once with 25 ml of 5% potassium biphosphate. Removal of the sol- 
vents under vacuum left a resinous mass which, upon standing sev- 
eral days, developed large amounts of crystalline material. This 
material appeared to  be about 95% of one substance by GLC and 
TLC analyses. This crystalline mass was stirred with a small vol- 
ume of toluene and n- hexane (1:l) and filtered. The crystalline 
mass was washed on the filter with small amounts of this solvent 
mixture. This product was recrystallized from ether and n- hexane, 
mp 88" [lit. (10) mp 88"]; the mixed melting point with an authen- 
tic specimen of meso-dihydroguaiaretic acid showed no depres- 
sion. 

Anal.-Calc. for C2~H2604: C, 72.7; H, 7.9. Found: C, 73.13; H, 
8.02. 

Dihydroguaiaretic acid formed a diphenylurethane derivative 
when prepared from phenylisocyanate in the usual way, mp 165O. 

Anal.-Calc. for C:14H:{6N206: C, 71.81; H, 6.38; N, 4.93. Found. 
C, 71.71; H, 6.54; N, 5.14. 

Preparat ion of meso-Diethyldihydroguaiaretic Acid- 
Dihydroguaiaretic acid was ethylated in the usual way using potas- 
sium carbonate and diethyl sulfate. Recrystallizations from metha- 
nol gave white needles, mp 98-99" [lit. (1 1) mp 98-99']. The NMR 
spectrum revealed a sharp doublet centering a t  6 0.87 ( J  = 6.5 Hz) 
and integrating for six protons of the two methyl groups in the two 
ethoxy groups, a complex multiplet ranging from 6 1.5 to 2.0 of the 
methine protons and overlapped by this triplet, a multiplet of 
eight lines ranging from 6 2.04 to 3.04 and integrating for four 
methylene protons, a sharp singlet at 6 3.85 accounting for six 
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methoxy protons, a quartet centering at  d 4.08 and partially over- 
lapped by the methoxy resonance at 6 3.85 accounting for four 
methylene protons of the ethoxy groups, and a multiplet of aro- 
matic protons ranging from d 6.50 to 7.00 accounting for six pro- 
tons. These data support the known structure for this compound. 

GLC-A gas chromatograph5 equipped with a hydrogen flame- 
ionization detector and a circular stainless steel column, 1.8 m (6 
f t )  long and 0.3 cm (0.12 in.) a d . ,  was used. The column packing 
was Chromosorb 40 (60-80 mesh) coated with 3% OV-1; the injec- 
tion port and flame-ionization detector temperatures were both 
31O0 and the oven temperature was 215’. The carrier gas initro- 
gen), hydrogen, and air flow rates were 30,35, and 500 ml/min, re- 
spectively. 

The free phenolics of L. diuaricata could not be used because 
they decomposed. Their trimethylsilyl ethers were suitable, and si- 
lylation of the total phenolics gave a t  least nine peaks. The peak 
due to nordihydroguaiaretic acid was the largest, followed by an al- 
most equivalent peak for dihydroguaiaretic acid. The other peaks 
were progressively much smaller and were due to norisoguaiacin, 
partially demethylated dihydroguaiaretic acid, probably other 
biogenetically related lignans, and the flavonoids. Demethylation 
of the total phenolics followed by silylation and GLC analysis re- 
vealed one major peak, nordihydroguaiaretic acid, and a second 
smaller peak, bisnorisoguaiacin. Similar results were obtained 
from the completely methylated phenolic resin examined by GLC. 
These results indicate that, other than the flavonoids, the pheno- 
lics of L. diuaricata have only two carbon skeletons, i.e., the one 
present in nordihydroguaiaretic acid and the one found in noriso- 
guaiacin. It also indicated that most lignans present contain cate- 
chol or partially methylated catechol moieties. 

The retention times of the silyl ethers of nordihydroguaiaretic 
acid, dihydroguaiaretic acid, guaiaretic acid, norisoguaiacin, and 
partially demethylated dihydroguaiaretic acid are 11.5, 8.6, 9.35, 
6.5, and 10.8 min, respectively. Those of tetramethylnordihydro- 
guaiaretic acid and dimethylisoguaiacin are 6.9 and 5.0 min, re- 
spectively. 

Biological Activity-The minimum inhibitory concentration 
of norisoguaiacin for Streptococcus sp., Staphylococcus aureus, 
Bacillus subtilis, and Pseudomonas aeruginosa was 100 Wglrnl in 
tryptone agar6. I t  is as active against the beef heart mitochondrial 
NADH oxidase system and succinoxidase system as nordihydro- 
guaiaretic acid (12). 

The minimum inhibitory concentration of dihydroguaiaretic 
acid for Strep. sp., Staph. aureus, and B. subtilis was 10 pg/ml in 
tryptone soy agar. 

Partially demethylated dihydroguaiaretic acid is as active 
against the beef heart mitochondrial NADH system as is nordihy- 
droguaiaretic acid or norisoguaiacin. 

Antioxidant Activity-Using the active oxygen method stabili- 
ty test a t  l l O o ,  with lard having a stability of 6 hr, 0.01% noriso- 
guaiacin gave a stability of 55.5 hr whereas the stability of nor- 

dihydroguaiaretic acid a t  the same concentration was 73 hr7 

DISCUSSION 

The total phenolics together with small amounts ol’ lipid suh- 
stances produced by L.  diuaricnfa were I(i‘?t from older plants and 
21% from young and vigorously growing plants collected in the vi- 
cinity of Tucson, Ariz. This was determined by extracting the 
dried small twigs and leaves with toluene containing 10% ether. 

Norisoguaiacin and partially demethylated dihydroguaiaretic 
acid are as active as nordihydroguaiaretic acid against the beef 
heart mitochondria1 NADH oxidase system and succinoxidase sys- 
tem as is nordihydroguaiaretic acid. Thus, the hiscatechol struc- 
ture found in nordihydroguaiaretic acid is not an essential require- 
ment for the described activities. Nordihydroguaiaretic acid has 
been called the “Penicillin of hydroquinones and the most potent 
cancer antimetabolite in vitro” (4). It also is effective in oiuo 
against Ehrlirh ascites tumor in mice when combined with ascor- 
bic acid. In view of the reported anticancer activity for nordihydro- 
guaiaretic acid, it is desirable to determine if dihydroguaiaretic 
acid, norisoguaiacin. 3’-demethoxyisoguaiacin, or partially de- 
methylated dihydroguaiaretic acid possesses similar properties. 
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