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Abstract-New quinones have been isolated from the root bark of Ventilugo calyculata. Ventilatones A and B are 
benzisochromanquinones, related to the ventiloquinones, which have an additional fused lactone ring while ventileins A 
and B are benzisochroman dimers having a dihydroxy-peri-xanthenoxanthenequinone chromophore. 

In continuing our search for quinonoid constituents in 
Ventilago species [l-6], we have isolated from the root 
bark of V. calyculata two quinone lactones, ventilatones- 
A and -B, and two extended quinones, ventileins-A and -B, 
which are related to the benzisochromanquinones de- 
scribed earlier [7]. 

Vent&tone-A has the molecular formula C17H1206, 
which suggests that it belongs to the benzisochroman- 
quinone group [7], e.g. ventiloquinone H (1) a co- 
metabolite. It is reduced by dithionite, and shows quinone 
carbonyl absorption at 1675 and 1650cm-‘. The 
‘H NMR spectrum (in DMSO-de) includes signals for the 
part structure ArCH2CHMe, with the methine carbon 
attached to oxygen (6,, 4.61), but there was no evidence 
for the usual ArCH(Me)G group at C-1. The rest of the 
‘H NMR spectrum comprises four singlets of which three 
could be assigned to methoxyl(63.85), a peri-proton (7.78) 
and a proton (66.30) on the quinone ring adjacent to the 
methoxyl (H-3 in 2-methoxy-l&naphthoquinone res- 
onates at 66.36 in DMSO-I,). These data suggest the part 
structure 2, and when that is expanded to 3 it accounts for 
the remaining CJHOt moiety, the carbonyl absorption at 
1730 cm-‘, and the 1H singlet at 65.93 (H-3 in 4,6- 
dimethoxycoumarin resonates at 65.91 in DMSO-$). 
The methoxyl can be assigned to C-7 as the C-6 signal at 
6179.0 in the proton-coupled 13C spectrum is a double 
doublet coupled to H-5 (J = 4.1 Hz) and H-8 (J = 8.2 Hz) 
whereas C-9 shows only a broad signal at 6 182.1. The 
coupling constants for H-3 and H-4 show that H-3 is axial 
(J - 10.8 Hz) and the methyl is therefore equatorial 
so t at ventilatone-A can be defined as 4. The structure is “h”‘- 
fully supported by the 13C NMR spectrum, and by the 
‘H NMR spectrum of the leuco-acetate. The latter, in 
particular, shows long range coupling between H-4 and 
H-5 which confirms the orientation of the dihydropyran 
ring. Finally, an X-ray crystallographic analysis [Cowe, 
H. J. and Cox, P. J., unpublished results] has established 
the structure and relative stereochemistry of the leuco- 
acetate and so confirmed that the parent quinone has 
structure 4. 

‘%Z assignments for ventilatone-A were based mainly 
on the proton-coupled “C spectrum. In addition to the 
carbonyl carbon signals, the four resonances at low field 

(6, 150.7, 158.6, 161.0, 163.0) correspond to carbons 
bonded to oxygen. The C-7 carbon signal would be 
expected to show fine splitting as it is coupled to the 
methoxyl protons and to H-8, and hence the multiplet 
signal at 158.6 was assigned to C-7. The signal at 150.7 (s) 
was attributed to C- 10 as it is removed by four bonds from 
the nearest proton, and those at 161.0 and 163.0 were 
assigned to C-12 and C-l, respectively, by analogy with 4- 
alkoxycoumarins [8,9]. The signals at 116.1 and 116.3 can 
be attributed to carbons ortho to aroyloxy substituents, 
i.e. C-9a and C-1Oa. They were not well resolved but as the 
signal at 116.3 shows more fine structure than the other, it 
must correspond to C-1Oa which can couple with H-5 and 
H-13. The remaining signals at 6 133.6 and 138.6 were 
assigned to C-5a and C-4a, respectively, as the latter 
appears as a broad triplet (J = 5.7 Hz) due to coupling 
with the H-4 protons. 

Ventilatone-B, C1,HIZ07, is hydroxyventilatone-A. 
The ‘H NMR spectrum of B is very similar to that of A, 
the significant differences being the replacement of the 
peri-proton by a peri-hydroxyl, and the absence of long 
range coupling to the H-4 protons. Whereas A has no 
maximum in the visible region B shows I_ 460 nm 
shifting to 548 nm in alkaline solution. Thus ventilatone- 
B has structure 5. 

The ventileins, present in very small amount in Y. 
calyculata, are rare examples of blue natural quinones. 
Ventilein-A, C30H240s, turns yellow on reduction with 
dithionite, and forms a diacetate and a leucotetra-acetate. 
It shows only 15 signals in its ’ 3C NMR spectrum and is 
therefore symmetrical. The ‘H NMR spectrum shows 
that each half of the molecule contains a dihydro-1,3- 
dimethylpyran system (cf. l), a peri-hydroxyl group, and a 
quinonoid proton (66.21, s) next to oxygen. This suggests 
that ventilein-A is a dimer related to the benzoiscchro- 
manquinones present in Y. calyculata [7]. The nature of 
the chromophore was revealed by the unstable yellow 
leucotetra-acetate whose visible spectrum closely re- 
sembles that of peri-xanthenoxanthene (6) showing the 
same fine structure above 390 nm with each peak shifted 
bathochromically by 11-19 nm due to substituent effects. 
This strongly implies that ventilein-A is a derivative of 3,9- 
dihydroxy-peri-xanthenoxanthene+Oquinone (7). As the 
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blue pigment has no benzenoid protons the dihydropyran 
systems must be fused to the benzenoid rings of 7 and 
hence ventilein-A has the gross structure 8. This has the 
same chromophore as the fungal pigment xylindein (lo), 
from Chlorociboriu aeruginosutn [lo, 111, and the two 
compounds have similar visible spectra and IR carbonyl 
absorption. The relative stereochemistry shown in 8 
follows from the coupling constants of the pyran ring 

10 

protons. As long range (J& coupling was not observed 
the proton at C-l must be pseudo-equatorial and hence 
the methyl groups are trans [ 12,133. This is in contrast to 
all the Vent&go benzisochromanquinones which have 
c&methyl groups [7], e.g. 1, whereas in the aphin 
pigments they are invariably tram [ 143. 

Ventilein-B is the methoxyventilein-A (9). In the 
‘H NMR spectrum there are signals for only one quino- 
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512 (lOO), 497.1244. (C&H2108 requires 497.1236,82), 481 (13), 
468 (24), 454 (45), 440 (17), 436 (19), 409 (14). Leucotetra-acetate 
(Zn-Ac@-Et,N). The crude product was separated from a little 
red material (probably the diacetate) by prep. TLC (CHCI,) to 
give a yellow solid, mp > 350”; Found: [Ml’, 682.2068. 
CIIHJ@IZrequires682.2047;UV 1zHnm:236,283,293, 319, 
334,402,426,455; (peri-xanthenoxanthene 1EH nm: 391,410, 
438; xylindeinleucotetra-acetate 396, 419, 446); ‘HNMR 
(360 MHz, CDCl,): 61.35 (6H, d, J = 6.1 Hz, Me-3,3’), 1.57 (6H, 
d, J = 6.3 Hx, Me-l,l’), 2.30 (2H, signal overlapped by acetate 
peaks, H&4’), 2.34 (12H, s, 4 x OAc), 2.78 (2H, dd, J = 16.4, 
1.3 Hz, H&Y), 3.61 (2H,m, H-3,3’),4.74 (2H,q,J = 6.15 Hz, H- 
1,1’),6.67(2H,s,H-8,8’);(C,D,):62.33(2H,dd,J = 16.2,10.7 Hz, 
H,r4,4’), 2.65 (2H, dd, J = 16.2,2.1 Hz, H&4’), 3.47 (2H. m, H- 
3,3’),4.87 (2H,q,J = 6.2 Hz, H-1,1’); MSm/z 682 (58 %), 640(36), 
598 (63), 556 (57), 514 (100). Diacetate (A@-pyridine), purple 
needles (C,D,), mp 232”. Found: C, 68.12; H, 4.70. 
C,,HzsO,,, requires C, 68.45; H, 4.73%; ‘H NMR (100 MHz, 
CDCI,): 61.44 (6H, d, J = 6 Hz, Me-3,3’), 1.64 (6H, d, J = 6 HZ, 
Me-&l’), 2.48 (6H, s, 2 x OAc), 2.70 (2H, dd, J = 17, 10 Hz, H,- 
4,4’), 3.08 (2H, brd, J = 17 Hz, H&4’), 3.72 (ZH, m, H-3,3’), 5.04 
(2H, q, J = 6 Hz, H-1,1’), 6.26 (2H, s, H-8,8’). 
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