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Abstract-The permethyl ethers of three new norlignans (sequirins-E, -F, and -G) from Sequoiadendron gigantea 
heartwood have been characterized by NMR and MS as 2-(3,4-diiethoxyphenyl)-4-(4-methoxyphenyl-, 2,4-(3,4- 
dimethoxyphenyl)-, and 2~3,4_dimethoxyphenyl~(3A5_trimetho respectively, 
with the 2,5-trans,4,5-trans stereochemistry. Sequirins A-D, characteristic norlignans of Sequoia semperuirens Endl., 
could not be detected in S. gigantea heartwood, nor could sequirins E-G be found in S. semperuirens heartwood. 
Agatharesinol was a common constituent. 

INTRODUCTION 

Sequoia sempervirens (D. Don) Endl. and Sequoiadendron 
gigantea Lindl. (the “Big Tree” of California) are closely 
related previously grouped together as the two species 
of the genus Sequoia, but presently classified in separate 
monotypic genera. The phenolic constituents of S. sem- 
pervirens heartwood have been investigated [Z] and in- 
clude sequirins A (1; R=H), B (2; R=H), C (7; R=H), 
and D (8; R=H), agatharesinol (6; R=H), and some 
simpler phenols (Table 1). The sequirins are of interest 
as unusual biogenetic variants of phenylpropanoid meta- 
bolism, and the phenolic compounds may contribute to 
the fungal resistance of the wood. In this paper we report 
on the phenolic constituents of S. gigantea heartwood, 
propose constitutions for three new norlignans found 
therein, and compare the natural phenols identified so 
far in the two heartwoods. 

RESULTS 

Heartwood shavings of S. gigantea* were extracted 
with hot water, closely following previous methods [2a] 
and the aqueous concentrate exhaustively extracted with 
ether to provide the phenol-containing fraction. No pure 
phenols could be separated in the free state, from this 
mixture, which was then fully methylated. Batch separ- 
ation of component methyl ethers was then achieved by 
column chromatography, and individuals purified by 
repeated TLC. At least 17 components were present, 8 
only in trace quantities; none of these was a sequirin 
A-D methyl ether. Dimethyl agatharesinol [3], dimethyl 
agatharesinol acetonide, veratraldehyde, and methyl ani- 
sate were identified by comparison with authentic speci- 
mens. Two constituents (also found in S. sempervirens) 
remain unidentified. The remaining 3 constituents proved 
to be the permethyl ethers of new nor-lignans related 

* Specimen collected at Radyr, South Wales. We thank Dr. 
W. M. L. Crombie for botanical identification. 

to sequirins-A and -B, and referred to as sequirins -E, 
-F, and -G. These methyl ethers have been assigned 
structures (3; R=Me), (4; R=Me), and (5; R=Me) respect- 
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Table 1. Phenofic heartwood constituents of Sequoia amI 
Sequoiadendron 

Components of 
methylated phenolic 

extract S. semperoirms S. giganrea 

timethylsequirin + 
(1; R-Me) 

Trimethylsequirin B + 
(2; R=Me) 

Trimethylsequirin C + 
(7; R=Me) 

Dimethylsequirin D + - 
(8; R=Me) 

Trimethylsequirin E + 
(3; R=Me) 

Tetramethylsequirin F + 
(4; R=Me) 

Pentamethylsequirin G + 
(5; R=Me) 

Dimethylagatharesinol + + 
(6; R=Me) 

Methyl anisate + + 
Anisaldehyde + - 
Veratraldehyde - + 
p-Dimethoxybenzene + + 
(Two unidentified ethers) + + 

ively. The parent phenols (3; R=H), (4; RzH), and (5; 
R=H) are presumed to be the true natural products, since 
‘HMR examination of the extract before methylation 
showed no methoxyl proton signals. The NMR test, 
using the PFT technique, readily showed the methoxyl 

Juca lo J4s lo H.0’ a??d (J OHZ) 

J af*9 3 J 5.6wl 4 Hbb’ 3+od (J SMX) 

J 49 QX lo JS,BaY lo He 314bS 

J,, 4 J 6.6 II cH,o elo8. sl4a, e2os 

‘HMR (z, CDClj; J in Hz) data for trimethylsequirin-E. 

signal from trimethylsequirin B added to the extract at 
0.3x, i.e. below the level of sequirins-E, -F or -G actually 
present (0.3-0.6x). 

Trimethyl sequirin-E, Cz0Hz405 isomeric with tri- 
methyl sequirin-B) was obtained as crystals, mp 123.5- 
125”. Structure (3; R=Me) was indicated by NMR and 
MS. The assignments for the ‘HMR spectrum are shown 
in the Figure and are definitive of the 2,4-diaryl-S-hydroxy- 
tetrahydropyran structure. The tabulated coupling con- 
stants indicate the 2,4,.5&q chair geometry. The 1,4-s&- 
stitution pattern of one aromatic ring is apparent from 
the data; the 3 H of the other are nearly shift-equivalent, 
as observed for the dimethoxyphenyl of trimethylsequirin 
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!Sclacn~ Generalized electron impact fragmentation pattern of sequirins [2a,4]. Appropriate me&stable ions 
rM*) have been observed in one or more examples.. Percentage abundance (base peak looo/ is given in 
parentheses. F = tetmmethylsequirin F, E = trimmethylsequirin E, G = trimethylsequirin G; -OR’ relates 

to Ar’, OR’ relates to A?. 
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B. The placing of the aryl rings as 2-(3+dimethoxyphenylh 
4(4-methoxy-phenyl), (implicit in the isomerism with tri- 
methylsequirin-B), is shown by the mass spectrum. The 
Scheme shows a generalized fragmentation pattern for 
2,4-diaryl-5-hydroxytetrahydropyrans derived from data 
from sequirin B [2a] and sequirin A [4]; trimethylsequirin- 
E fits clearly into this pattern, which clearly differentiates 
the aryl rings. These deductions have been contkned 
by the total synthesis of (+)-trimethylsequirin E [S], 
chromatographically and spectroscopically identical with 
the natural material. 

The MS fragmentation scheme was particularly valu- 
able in assigning structures to tetramethylsequirin F 
(Cz1Hz606) and pentamethylsequirin G(Cz2H2s07). 
Only small samples could be obtained and neither could 
be crystallized However, their electron-impact fragmen- 
tations fit comfortably into the Scheme for 5-hydroxyte- 
trahydropyrans, with the fust-named compound possess- 
ing Ar, = Ar, = dimethoxyphenyl, and the second hav- 
ing ArI = dimethoxyphenyl Ara = trimethoxyphenyl. 
Their NMR spectra are also consistent with these struc- 
tures, the non-aromatic H pattern being similar to that 
for sequirin E (although obtained for pentamethylse- 
quirin G with poorer resolution), and aromatic and 
methoxyl protons in the correct ratio. The aromatic sub- 
stitution pattern for these compounds cannot be demon- 
strated by NMR since the aromatic protons are close 
in chemical shift and insticient material for other tests 
was available. However, since both rings are shikimate- 
derived, there must be a very strong biogenetic presymp- 
tion in favour of the patterns [4] and [5], which are 
so characteristic of phenylpropanoids. 

Parallel with this study, we reexamined S. semper- 
virens heartwood, using the same extraction procedure 
and exhaustive TLC of the methylated phenols: none 
of the compounds (3; R=Me), 4; R=Me), or (5; R=Me) 
could be found. Table 1 shows the phenol methyl ethers 
isolated from the two heartwoods by the same methods. 
An interesting phytochemical distinction emerges, with 
agatharesinol (6; R=H) as the only common norlignan 
component. 

EXPERIMENTAL 

Extraction of Sequoiadendron gigantea heartwood. Heart- 
wood (500 g) was reduced to fine shavings and steeped in 
water (4 dm”) at 50” for 12 hr; after filtration of the extract, 
water soaking was repeated at 50” for 12 hr and ambient 
temperature for several days. The whole aqueous extract was 
concentrated to ca 300 cm’ and extracted with ether (12 x 200 
cm3& The dried ether extracts were evaporated and the resi- 
dual gum (5.9 g) dissolved in Me2C0 (75 cm’). This solution 
was refluxed with Me1 (20 cm3) over anhyd K&O3 (25 g) 
for 6 hr; further Me1 (10 cm’) was added in portions during 
this time. The cooled product was diluted with water and 
extracted with ether; the ethereal extracts were dried and eva- 
porated to give a brown oil containing the phenyl methyl 
ethers. The mixture was chromatograched on a -silica gel 
column with C6Hb-Me2C0 gradient elution (initially 12:1, 
increasing acetone ratio to 6: 1). Fractions were monitored by 
TLC and bulked into batches with 4-7 comnonents each. The 
methyl ethers of sequirins -F, -G, and -E-were eluted 3rd, 
5th, r&d 6th from the column and were purified by repeated 
PLC using Si gel HF254 (Merck/Stahl) in l-mm layers. Tetra- 
methylsequirin -F was obtained as a clear aum, which failed 
to crystal&e, using (a) CsH6-Me&O (5:4j and (b) CHC13, 
IM+ 374.170. C,,H,,O, reouires M+ 374.1731 Pentamethvl- 
&quirin -G, al&non&&liine, was purified \;ith (a) EtOA& 
petrol (bp w) (4:l) and (b) CHCls (M+ 404.183. 
Cz2Has09 requires 404.184). Trimethylsequirin-E was purified 
with (a) EtOAc-petrol (b.p. MO”) (4: 1) and (b) CHC13, and 
gave crystals, mp 123.5-125” from C6Hd (Found: C, 69.5; H, 
6.8%. M+ 344.161. Cz0Hz405 requires C, 69.75; H, 6.95%. 
M+ 344.162). 
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