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Abs>mr2-Thee z?ew ~heqxzmjhs d 2he venzxcmnec~as werehh2ed as mjnorcons2j2uen2s 05 2hem~2han~> mlrad 

of the liverwort Mylia uerrucosa and their structures shown to be 2/?,9a,l3/%trihydroxyverrucosane, 9a-acetoxy-2/?, 13p- 
dihydroxyverrucosane and 2/3,13/?-dihydroxy-9-oxoverrucosane. 

INTRODUCTION 

Liverworts contain several oil bodies in the cells of the 
gametophytes which are characteristic of the species. They 
usually elaborate mono-, sesqui- and diterpenoids as well 
as e&~ of f~S<y &ds and aTorn&& w+&. %w ses+&T- 
penoids of various types were isolated from several 
liverworts and most of the liverwort sesquiterpenoids are 
the enantiomeric forms corresponding to antipodes of 
those from higher plants [l-4]. Few investigations have 
been conducted on the diterpenoids of these plants 
PrccKz&y , WP, is&&d CIR di<~~~W did (-- 926, 3% 
dihydroxyverrucosane (l), C,,H,,02, and the related 
co~_ooun&s cons‘dilnp 01 a no&l verrucosafle caiuon 
skeleton from the liverwort Mplia cc!rr~osa belonging to 
the Jungermanniaceae [S-S]. They had one or two 
oxygenated functional groups at the C-2 and C-9 or C-l 1 
positions in the verrucosane skeleton having a 3,6,6,5- 
tetracyclic framework substituted with three tertiary 
methyls and one isopropyl group. The present paper deals 
with the isolation and structure determination of three 
diterpenojds containing three oxygenated functional 
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groups on C-2, C-9 and C-l 3 of the verrucosane structure. 
On the basis of the following chemical and spectral 
evidence their structures were elucidated as 2/3,9a,13P- 
trihydroxyverrucosane (2), 9a-acetoxy-2/?,13/?-dihydroxy- 
verrucosane (3) and 2$13a-dihydroxy-9-oxoverrucosane 
(4), respectively. 

RESULTS AND DISCUSSION 

The three diterpenoids, ( -)-2(1,9a,13/%trihydroxy- 
verrucosane (2). ( -)-9a-acetoxy-2/?,13&dihydroxy- 
verrucosane (3) and (-)-2/$13/Gdihydroxy-9-oxo- 
verrucosane (4), were isolated as minor constituents from 
ic pcn’ar-~f_aWW cn’l* 1YveTwor05xtYXY&y .a com~&rtrlOn- 
of CC and prep. TLC. 

The most polar component of the three was character- 
ized by the spectral evidence as a diterpene trio1 having 
two secondary hydroxy and one tertiary hydroxy groups. 
The spectral properties were, furthermore, very close to 
those of the major diol (-)-2b,9a-dihydroxyverrucosane 
(1) except for the presence of an extra tertiary hydroxy 
group. The structure was, therefore, deduced to be a trio1 
(2) containing one more tertiary hydroxy group than in 
the diol molecule (1). The spectra of another two com- 
pounds (3 and 4) suggested both contained the same 
tetracyclic verrucosane skeleton and 3 was an acetoxy 
derivative of the trio1 (2) while 4 was a carbonyl com- 
pound. In fact, acetylation of the trio1 (2) gave the acetoxy- 
diol (3), and the keto-diol (4) was produced by Jones’ 
oxidation of the trio1 (2). 

The dihydroxyketone (4) was refluxed with sulphuric 
acid in acetone to afford a tricyclic homoallyl alcohol (5), 
through a homoallylic ring opening reaction of the 
cyclopropyl carbinol[9]. The other homoallyl alcohol (6), 
having additional tertiary and secondary hydroxy groups 
was obtained from the acetoxy-diol (3) by the same 
reaction. Formation of such homoallyl alcohols (5 and 6) 
by homoallylic ring expansion demonstrated not only the 
position but also the stereochemistry of the cyclopropane 
ring and the C-2 secondary hydroxy group to hold a cis- 
relationship in the original molecule [lo]. By base treat- 
ment of the hemiacetal (7), which was produced by 
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oxidation of the homoallyl alcohol (5) with osmium 
tetraoxide-sodium periodate, a trisubstituted benzenoid 
(8) was produced in a high yield, the mechanism of 
formation of which should be the same as that in (-)- 
S/S-hydroxy-9-oxohomoverrucos-2-ene reported pre- 
viously [S, 71. From this reaction the carbonyl group was 
established to be on C-9 of the verrucosane structure. The 
configuration of the C-9 secondary hydroxy, and the C-9 
acetoxy group in the other two compounds, was assigned 
to be a-(axial) based on the ‘H NMR coupling constants 
of the methine protons. 

Finally, the position and stereochemistry of the remain- 
ing tertiary hydroxy group was determined by the follow- 
ing spectral and chemical methods. The benzyl proton of 
the acetophenone (8) appeared at S 3.84 as a singlet in the 
‘H NMR spectrum suggesting the C-13 position of the 
tertiary hydroxy group. The configuration of the C-13 
hydroxy group was deduced from the results of solvent 
shifts. The ‘H NMR spectra of the natural products 2-4 
and the tricyclic products 5 and 6 were determined in both 
deuterochloroform and deuteropyridine solvents. The C- 
10 methyl signals of the three tertiary methyls in the 
molecules revealed a much larger deshielding effect by the 
pyridine as shown in Table 1. This result suggested a 1,3- 
diaxial relationship of the C-13 tertiary hydroxy gr6up 
and the C-10 methyl. Furthermore, the sulphite (9) was 

Table 1. Pyridine-induced solvent shifts (A-values) of the three 
tertiary methyls for 2-6 

2 3 4 5 6 

C-3 methyl -0.07 -0.02 -0.03 ~~~ 
C-7 methyl -0.29 -0.04 -0.09 -0.08 -0.04 

C-10 methyl -0.37 - 0.34 -0.14 -0.22 -0.30 

A = G(CDCI,) -G(C,D,N). 

formed in a higher yield, when the acetoxy-diol (3) was 
treated with thionyl chloride-pyridine. The C-13 tertiary 
hydroxy group, therefore, possessed the same fi- 
configuration as that of the C-2 secondary hydroxy group. 

It is interesting in consideration of the systematic 
relationship between the liverworts and the algae that the 
3,6,6,Stetracyclic verrucosane diterpenoids of the liver- 
worts are chemically in a more moditied stage than the 
1 1,Sbicyclic dolabellanes isolated from the algae. 

EXPERIMENTAL 

Mps are uncorr. Merk Kieselgel60 was used for CC and Merk 

Kieselgel 60 PF,,, was used for TLC and prep. TLC. Analytical 

plates were visualized under UV light or were sprayed with lo”,, 

H,SO, in EtOH and heated at 100 for 10 min. IR spectra were 

recorded on a gratmg spectrometer and optical rotations were 

taken on an automatic polarimeter in CHCI,. ‘H NMR spectra 

were measured at 60 or 90 MHz in CDCI,, unless otherwise 

stated, with TMS as the mt. standard. MS were determined at 

70 eV. 

Extrucrion and isolation. The liverwort Mylia rerrucosa 

(4.8 kg). which was collected at Akaishi-san in Ehime prefecture 

and dried in the shade. was drgested x 3 with EtOH (18 1.) at 
room temp. for 3 days. The neutral dark green viscous oil (75 g) 

was washed with 3 “(, aq. NaOH to remove acidic material and 

then chromatographed over a column of Si gel using a mixture of 

hexane and EtOAc to yield 15 fractions. By a further combination 

of CC and prep, TLC fractions 14 and 15 gave the three new 

diterpenoids, ( -)-2fi,9z,l3a-trihydroxyverrucosane (2, 90 mg). 

( -)-9r-acetoxy-2p.l3B-dihydroxyverrucosane (3, 80 mg) and 
(-)-2/j’,13fi-dihydroxy-9-oxoverrucosane (4, 50 mg). 

( -)-2/?,9a,l3&.Trihydroxyverrucosane (2), C,,H,,O,, mp 
243.5%244.5’: [alo- (c 1.9); IR vz&crn-‘: 3450, 3250, 

3070, 1035 and 1020; ‘H NMR: d 0.1 -0.7 (3H, complex), 0.95 and 

0.99 (each 3H. d, J = 7.0 Hz), 1.05, 1.05 and 1.24 (each 3H, s), 3.60 

(1H. f, J = 3.0 Hz) and 3.76 (1H. d, .I = 10.0 Hz); MS m/z (rel. 

int.): 304 [M - 18]+ (31,286 (3) 279 (12). 261 (loo), 243 (85), 225 

(8).201(13), 187 (lo), 163(20), 149 (681,133 (19). I19(19), 107 (24) 

93 (18) 81 (29) 71 (27) 55 (30) and 43 (48). (-)-Yz-Acetoxy- 

2/?,13b-dihydroxyverrucosane (3). C,,H,,O,, mp 234.5-235.5’; 

[alD-46.2- (c 1.5); IR vE;crn -‘. 1220. 3050, 1735, 1243 and _ 
1030; ‘H NMR: 6 0.2 -0.6 (3H. complex), 0.93 and 0.98 (each 3H, 

d, J = 7.0 Hz), 0.98, 1.08 and 1.23 (each 3H, .)), 3.82 (1H. d, J 

= 10.0 Hz) and 4.72 (1H. t. J = 3.5 Hz): MS m/z (rel. int.): 348 

[M] + (3), 324 (6) 305 (56). 288 16). 273 (4) 270 (4). 263 (5). 245 

(JOO), 237 (15) 203 (14), 189 (17). 177 (49), 167 (31), 149 (54) 133 

(31), 119 (36) 107 (37),91 (23).81 (421.71 (25),55 (32)and43 (83). 

( - )-2/i’,13p-Dihydroxy-9-oxoverrucosane (4) C H 0 mp 20 32 31 
222.5 223.0,; [z]“- 107.2 (c 1.3): IR vi,“ccm I: 3275. 3070, 

1710 and 1019; ‘H NMR: do.2 0.7 (3H, complex), 0.88 and 0.99 

(each 3H. d, J = 7.0 Hz), 0.88, 1.27 and 1.33 (each 3H. s) and 3.83 

(1 H. d, J = 10.5 Hz); MS rn.2 (rel. int.): 302 [M] ’ (2). 284 (2). 259 

(100),241 (13).217(16).199(13).175(9).159(8). 145(7), 133(15). 
119 (22) 107 (17), 93 (17). 81 (29), 69 (14). 55 (19) and 43 (42). 

Acer~lution o/ ( - )-2/{,9z, 138-rrih,dros~r~rrruro.srrnr (2). The 

triol, 2 (20 mg), was dissolved in pyridine (2 ml) and Ac,O (0.5 ml) 

was added to the soln. After bemg set asrde for two nights at room 
temp., the mixture was worked-up in the usual way to give a crude 

product. The acetate, 3 ( 10 mg), was purified by means of prep. 
TLC. It was identical (IR and ‘H NMR spectra) with (-)-9a- 
acetoxy-2[1,13P-dihydroxyverrucosane (3) Isolated from the same 
liverwort. 

Jones’ oxidation o/the trd (2). The triol, 2 (35 mg), was mixed 

with an excess of Jones’ reagent (0.5 ml) in Me,CO (10 ml) and 

the mixture was stored at 0 for 5 min. The reaction mixture was 
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then poured into H,O and then extracted with Et,O. The Et,0 

soln was worked-up in the usual way to afford a crude carbonyl 

substance. The oxidation product (30 mg), which was purified by 

prep. TEC. was identical with the natura[(v occurring 1-J 

2B,13B-dihydroxy-9-oxoverrucosane (4) (IR and ‘H NMR 

spectra). 
Acid Itreatment of the cfihydrox_vketone 16. The keto-&io1,. 4 

(80 mg), was dissolved in 0.5 N H,SO,PMe,CO (1:4) (10 ml) and 

heated under reflux for 24 hr. The reaction mixture was poured 

into a lal~=v&. ~~~-pa~~r~~~,~~~.~fi~ Ei 5G. T&t Ei&jSh 

was washed with 5 od NaHCO, soln and satd aq. NaCl, and dried 

over dry Na2S04. The usual work-up afforded a crude crystalline 

substance w&& wa$ pur%% by p~cp. TLC and r~s#,aGia& 

from hexane and EtOAc to give the homoallyl alcohol (5,75 mg), 

CZOHJQ, as c&~~r)ess_~is~~ mp J23D->25.DQ; >a& -JJ.3” 

(c 1.3); IR v:$$ cm-“: 3450,. 1695,. 1025 and 90%’ H NMR: 6 0.89 
and 0.99 (each 3H, d, J = 7.0 Hz), 0.96 and 1.36 (each 3H, s), 1.84 

(3H, brs), 3.61 (lH, brt, J = lO.OHz) and 5.38 (lH, brd, J 

= 6.0 Hz); MS m/z (rel. int.): 320 [Ml’ (2), 302 (6), 259 (5), 194 (61, 

175 (6), 133 (5), 119 (6), 107 (5), 71 (12), 69 (11). 57 (100) and 43 

(63). 
Acid treatment of the acetoxy-dial (3). The acetoxy-dial (3, 

30 mg) was treated with an Me&U soln of H,SO, in the same 

manner described above to produce the homoallyl alcohol (6, 

25 mg), C H 0 22 36 4, as a colourless viscous substance: 

IR vg!$rn-‘: 3300, 1735, 1245 and 1027; ‘H NMR: 6 0.94 and 

0.99(ead~fI,~,~=3.~KzZ,,B.~a~~~.~~~~~~,SK,~ZI,~.gy~3K, 

brs), 2.(02 )3H, s), 3.12 /IFI, brt, J = lD.DHz), UD /lH, t, .J 
= 3.0 Hz) and 5.45 (lH, br d, J = 6.0 Hz). 

Oxidation of the homoaUyl alcohol (5). To a soln of 5 (70 mg) in 

a mixed solvent of dry CsHs (10 ml) and dry pyridine (1 ml), a 

soln of CDsO,/3DDm_#n &&)4m!) wasadded undercoo)ingjn 
an ice bath and tt\e mixture was a\l~wed to react at room temp. 

for 4 days. The solvent was distilled out and the residual 

substance was dissolved in EtOH (20 ml). The EtOH soln was 

mixed with a soln of Na,SO, (2.5 g) in H,O (10 ml). The mixed 

soln was heated under r~flux for 2br and the filtrate, afier 

removal of the ppt, was extracted with CHCI,. The soln was 

washed with satd aq. NaCl and the solvent was evaporated off. 

The residual substance thus obtained was dissolved in MeOH 
(15 ml) @& ?)h- s&2 ww* ~&XZ w&h r? s&z OF X&Q lBX?mg} i,T 

H,O (4 ml). The mixture was allowed to stand at room temp. for 2 

days and was extracted with EtOAc after dilution with H20. The 

usual work-up afforded the hemiacetal(7,85 mg), C,,H,,OS, as 

colourleu; TZ=&& SW+& ~5% ~~~ysf&~~& Cram &X%X. 2& 

EtOAc: mp 161.5-162.5”; [aID-47.8” (c 2.8); IR vg;crn-‘: 

3400, ~LX$ iX$ i5%; i513: IW, ~Wtq %Sana%v %?I%&? 
6 0.82and0.97 (each 3H,d,J = 7.0 Hz), 1.04and 1.38 (each 3H, s), 

2.19 (3H,. s.\. 4.62 (IH, m, 5 = L2.0 fij and 5.07 JIH.. d, J 

= 7.5 Hz); MS m/z (rel. int.): 344 [M - 18]+ (9), 291 (82), 249 

(15),231(15),149(17),139(15),123(17),119(11),109(17),97(17), 

86 (24), 81 (19), 71 (32), 67 (14), 57 (27) and 43 (100). 

Formation ofthe 3,4-disubstituted acetophenone (8). To a soln 

of the hemiacetaf (7,80 mgl In MeOFI (5 mlf, a sdln ofS,xKOR 

in MeOH (5 ml) was added and the mixture was allowed to react 

at room temp. for 6 hr. The reaction mixture was diluted with 

X20,. extracted w’ith CXB2 and the CHC\> so\n,. after ‘oein_g 
dried, was evaporated. The reaction product was purified by prep. 

TLC to give the 3,4-disubstituted acetophenone (8, 63mg), 
.* _ + r 7 

cZG~,eu,., w> a ‘~*f~cwti &&ayr&T, ccnk, t%y crf s. r’., I -‘p gs 

vEFXcrn-l: 3520,1675,1600,1565,1360,1265,1045,820and 755; 

‘H NMR: 6 0.78 and 0.89 (each 3H, d, J = 7.0 Hz), 1.24 (3H, s), 

%3< {3K, sj, 2.36 {3K, sj, 2.52 {3K, s$, 3.64 {IK, s$, 3.i4 {%K, d, I 

= 8.0 Hz), 7.64 (lH, dd, J = 8.0 and 2.0 Hz) and 8.32 (lH, d, J 
=2,D.H.z);~Sm~zlj~~,~:3~b~~~~ j)>),238/33)r233(7,$231 

[t6J,. 213 (91,. 200 (61.189 [ST\. 175 [7’,\. 169 [4J. 147 (161,. 129 J6J,.l I5 

(6), 105 (4) and 43 (100). 
Formation of the sufphite (9). To a soln of acetoxy-diol, 3 

(40 mg), in pyridine (4 ml), XXI, (0.4 ml) was added dropwise at 

0” and the mixture left at room temp. for 20 min. The mixture was 

poured into ice-water and was taken-up into Et,O. The Et,0 
soln was worked-up in the usual way to give a viscous substance 

showing two spots on TLC. By prep. TLC the less polar 

component was separated to yield crystalline compound 9 

(lOmg), C,,H,,O,S, mp 186&188.0”; IR vE:crn-‘: 3070, 

1720, 1240, 1175 and 1160; ‘HNMR: 60.6-0.9 (3H, complex), 

$.G$ a& E .$5 ‘+& 3H, d, $-- S.GfIz’,, t.%$, %.iGa& $.33+& 

3)3, s> ZD5/3H, $, 3,42/1X$ d, J = 13.5Hz)and 4,89JlH, r, J 
= 3.0 Hz). 
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