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cm-’ (=CH). HRMS: M+ 428.6654 (C29H4802); EIMS. m/z (rel. 
mt.) 428 [&H,sO,]+ (15), 413 &,H4s02-Me]+ (23), 410 
[C29H4802-HZO]t (18), 287 [C2sH,,0,-C,,H,, (entIre 
substituent at C-17)]+ (32), 269 [C29H4802-C1,,HZ1-H20]+ 
(2% 245 CC,,H,,G2-&,H2, -421+ (43), 227 l&H.&2 
-C,,H,,-42-H,O]+ (45), 152 [C29H,,0,-C,,H,,-42 
-931’ (lOO), ‘HNMR: (CDCI,) 65780 (d, 5=1.8 Hz, 4-H), 
4.450(0ct.J,,>,~=12.1 Hz,J,~,~~=~.~Hz,J~~,~=~.~H~,~B-H), 
1379 (s, 19-H,), 0905 (d, J=6.3 Hz, 21-H,), 0847 (t, J=7.3 Hz, 
29-H,), 0 827 (d, J = 6.7 Hz, 27-H& 0.803 (d, J = 6.7 Hz, 26-H), 
0760 (s, 18-H); 13CNMR (CDCl,) 638.66 (C-l), 34.31 (C-2), 
200.30 (C-3), 126 59 (C-4), 168.43 (C-5), 73.36 (C-6), 37.17 (C-7), 
45.93 (C-8), 53.72 (C-9), 38.08 (C-lo), 21.04 (C-11), 39.68 (C-12), 
42 59 (C-13), 56.79 (C-14), 24.32(C-15), 28.22(C-16), 56.16 (C-17), 
11.92 (C-18), 19.84 (C-19), 36 28 (C-20), 18.78 (C-21), 33.99 (C-22), 
26.43 (C-23), 46.11 (C-24), 29.01 (C-25), 19.09 (C-26), 19.59 (C-27), 
23.16 (C-28), 12.30 (C-29). 

Oxldatlon ofprocesterol. Procesterol(1) (20 mg) was dissolved 
m Me&O (40 ml) and treated with Jones reagent (6 ml). The 
reactlon mixture with stirred at room temp. till the reactlon was 
completed (TLC momtormg). Usual work-up and repeated 
crystalhzatlon from C,H,-HOAc (1: 1) provided la. (9 87 mg), 
mp. 98”; [alo + 72”, (CDCI,, c 0.17), IR v,,, 1680 (C=O), 1605 (C 
=C), and 860 cm-’ (=CH); HRMS: M+ 426.3511 (CZPH4602); 
‘HNMR (CDCI,) 66098 (s, 4-H), 1.18 (s, 19-H,), 0906 (d, J 

= 6.3 Hz, 21-H,), 0.847 (t. J = 7 3 Hz, 29-H,),0.827 (d, J = 6.7 Hz, 
27-H,), 0.804 (d, J = 6.7 Hz, 26-H,), 0.771 (s, 18-H,). 
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Abstract-The sesquiterpene j-naphthol, 7-hydroxycadalene, found inter alia in the heartwood of a number of Ulmus 
spp., undergoes oxidation on silica gel to mansonone C, one of several related sesquiterpene ortho-quinones produced 
in some Ulmus spp. in response to certain stresses. The reaction, which appears to involve oxygen adsorbed on the silica 
gel, proceeds under an argon atmosphere and is dramatically retarded m the absence of light. 

INTRODUCTION 

Mansonones, a group of related sesquiterpene ortho- 
quinones originally isolated from the West African tree 
Mansonia altusrma Chev. [ 141, were observed to accu- 

*Author to whom correspondence should be addressed. 

mulate in the sapwood of Ulmus americana and other elm 
species in response to infection by Ceratocystis ulmi, or 
other stresses [S-S]. Some of these compounds, including 
mansonone C, 1, as well as possible biosynthetic precur- 
sors such as 7-hydroxycadalene, 2, occur constitutively in 
the heartwood of several Urnus species [9-l 11. 

Mansonones C and E (3) have been prepared syn- 
thetically [9, 12-141, the former independently in two 
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laboratortes by oxtdatton of I-hydroxycadalene, usmg 
Fremy’s salt [9, 133 

RESULTS AND DISCUSSION 

Wtth the object of preparing synthetic mansonone C 
for a btologrcal study by the Sutherland-Thomson route 
[lS, 91 we have synthestzed 4 from R(-)-carvonet ac- 
cording to the hterature procedure [15] and dehydrogen- 
ated rt to the naphthol 2, 7-hydroxycadalene. Diverging 
from published procedures m which the product was 
purified by dtstillatton [15, 161, we sought to purify 2 by 
column chromatography on silica gel (Kteselgel M, 100 
mesh, Herrmann). The gradual development of an or- 
ange-coloured zone on the column during slow elution of 
the naphthol wrth chloroform suggested formation of 
oxidation product(s) under these condrttons [17, 183. 
Red-orange crystallme maternal, mp (from ether-hexane) 
138139” [ref. Cl] 134138 “1 eluting in low yield (up to ca 
3%) behind the naphtho12, was rdentttied as mansonone 
C by comparison of tts spectra wtth those of authenttc 
material [7] and reported data [l]. 

Srmtlarly, on preparative layer plates of sihca get 
(Merck, Kteselgel60, GF 254), a band, R, - 0.44 (CHCI,), 
correspondmg to the naphthol 2, became yellow-orange 
after several hours, and orange-red after prolonged stand- 
mg. On subsequent further elutron with chloroform, 
mansonone C separated from the naphthol as a mmor 
product wtth lower R,, and several additional mmor 
bands were also evtdent 

Other 2-naphthols have recently been observed to 
undergo autoxrdatron on silica gel [18]. Thus, 2-naphthol 
itself affords a condensation product resulting from imttal 
oxidation to 1,2-naphthoqumone, followed by conmgate 

t The product from (+)-carvone, deplcted as 4 m ref [15], 1s 
the enantlomer of 4 

addttton of a molecule of the parent 2-naphthol and 
further oxidation An analogous product is formed from 
7-methoxy-2-naphthol[18]. In these transformatrons, the 
qumone is considered to be derived by autoxrdation of 
the naphthoxtde anion vta the naphtoxy radical and the 
corresponding hydroperoxtde [18]. Autoxtdatton of 2,7- 
dihydroxycadalene on silica gel, which presumably in- 
volves the same kinds of Intermediates, affords the l- 
hydroxy-i-methyl-2-naphthalenone, lacmtlene C [19]. 

A series of experiments was conducted m an effort to 
optimize formation of mansonone C (1) on a preparative 
scale from 7-hydroxycadalene (2) adsorbed on silica gel. 
The procedure effecting the best converston of 2 to 1 m 
these experiments is described below (see Experimental). 
The yield thus obtarned, 354/o (45% based on unrecov- 
ered 7-hydroxycadalene) IS comparable to that realized 
by oxidation of 2 with Fremy’s salt [9]. It ts noteworthy 
that the reaction proceeded readily under an argon 
atmosphere contammg lntle oxygen, and evrdently m- 
volves oxygen adsorbed on the sthca gel Furthermore, 
the transformatton was dramatrcally retarded m the 
absence of hght (see Experimental) 

Isolation of the sample ortho-qumone, mansonone C, as 
the major oxtdatton product of the naphthol 2 IS prob- 
ably a consequence of the suppressron of further reactrons 
by stertc factors and concentratton effects 

EXPERIMENTAL 

Srlrca gel (Kleselgel M, 100 mesh, Herrman, 15 0 g) m a 100 ml 
Pyrex round-bottom flask was warmed on a water bath at ca 80’ 

under vacuum (02 Torr) with occaslonal agltatlon for 15 mm. 

The flask was removed from the water bath, filled with 0,. dnd 

wtth perlodlc agltatlon the system was allowed to return to 

amblent temp 

The flask was then opened and a solution of 7-hydroxy- 

cadalene (50 mg, 0 233 mmol) m CHCI, (35 ml) was added 

Solvent was removed from the resultmg slurry on a rotary 

vacuum evaporator at ra 40‘ (a plug of glass wool was placed m 

the neck of the flask as a filter to prevent loss of material durmg 

bumping) The flask was subsequently connected to a vacuum 

pump (0 2 Torr) for 30 mm, and then filled with Ar vra d balloon 
reservoir and set aslde with periodic agltatlon under contmuous 

lllummatlon (Sylvama ‘Cool White’ fluorescent hghtmg) for 10 

days The orange-pmk colour that developed on the slhca gel 
Increased m mtenslty durmg the first 5 or 6 days, after which It 

was difficult to detect further change by visual mspectlon 

Reactlon products and unchanged 2 were removed from the 
slhca gel by thorough washmg with a mixture of CHCI, and 

MeOH (9 1) After removal of solvent rn c’ucuo, chromatography 

of the resrdue on prep layer plates of slhca gel with CHCI, as 

eluent, afforded unchanged 2 (11 mg) and mansonone C (19 mg; 

35% or 45% based on consumed 2) Other products, mostly less 

moblle on plc, were not ldentdied 

When 7-hydroxycadalene, adsorbed on slhca gel, was set aside 

m a dark cupboard wlthout exclusion of air for 12 days, the yteld 

of mansonone C was less than 3% and some 90% of unchanged 2 
was recovered 
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Abstract-The isolation and identification of two new natural lignans, (-)epi-podorhizol and deoxypicropodophyllo- 
toxm, and 12 known hgnans from a hexane extract of Juniperus thurrfera IS described. 

INTRODUCTION 

Juniperus thurifera is a tree of variable size native to 
mountainous zones of the Mediterranean area with cold 
winters. It is sporadically distributed throughout the 
western Mediterranean and appears in three vanetIes: 
ajixana Maire (in Morocco and Algeria), hispanica Mill 
(Spain) and g&ca Coiny (in France and Corsica). It 
belongs to the section sabina and m Spam it is known as 
‘Cedro de Espaiia’, ‘Sabma albar’, ‘Sabina turifera’, and 
‘Sabina espafiola’. 

Crude extracts from leaves have been tested on neo- 
plastic KB celules, showing an appreciable cytostatic 
activity. They also show a remarkable inhibltion on 
tubulin polymenzation (unpublished observations), 
which 1s in agreement with other data m the literature 
reporting these types of activities for some lignans [ 1,2]. 

In the present work, we report the identification of 
lignans in the hexane extract from Juniper-us thurifera var. 

hispanica Mill. In previous papers, we have described 
other components of the plant: phenylpropane deriva- 
tives [ 3 J, coumarins [4], monoterpenoids [ 51, sesquiter- 
penoids and diterpenoids [6], and some two-dimensional 
NMR studies carried out some lignans [7,8] and cou- 
marins [4]. 

RESULTS 

Chromatographic separation of the cold insoluble part 
of the hexane extract afforded 14 lignans with varied 
structures: ( - )-dihydrosesamin( 1) [9], ( - )sesamin (2) 
[lo, 111, (-)-hinokinin (3) [12, 131, (-)-balactone (4) 
[ 14,151, ( - )-deoxypodorhizon (5) [ 16-181, nemerosin 
(6) [ 19,201, podorhizol(7) [ 19,201, ( - )-epi-podorhizol 
(8), deoxypodophyllotoxin (9) [21,22], j?-peltatin-A- 
methylether (10) [23], podophyllotoxin (11) [21,22], 
deoxypicropodophyllotoxin (12), picropodophyllotoxin 


