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Ahatraet-From the culture medium of Verficillirun inrerlexrum three metabolites have been isolated, 
namely the hexaketides sorbicillin (1) and 2’3’dihydrosorbicillin (2). and the dimeric hexaketide 
bisvertinoquinol (3). 1 has previously been isolated from Penicillium chrysogemun and also synthesised. 
Hydrogenation of 1 yielded tetrahydrosorbicillin (S), 2’5’dihydrosorbicillin (9) and 2’,3’- 
dihydrosorbicillin (2). 2 was also obtained by a BF,-catalysed condensation of 2,4dimethyl-resorcinol 
(5) with (4R*, SS*)-4,5dibromo-hexanoic acid (6), followed by debromination with zinc and acetic acid. 
The structure of the dimeric hexaketide 3 (without absolute cotiguration) was obtained by X-ray 
structure analysis. It may be considered to be a Diels-Alder adduct of the quinols 11 and 12, the tatter 
being related to 1 and 2, respectively, by simple hydroxylation at C(5). The ‘H and “C NMR signals of 
3 and its mono-methyl ether 10 are interpreted and compared with the corresponding properties of 1,2, 
vertinolide (4), 3-methoxy-2-methyl-2-cyclohexenone (14). and 2-[(E,E)-2,4-hexadienoyl))-cyclohexanone 
(13). The latter was prepared by acylation of the lithium enolate of cyclohexanone with sorbyl chloride. 
From the spectra of the hexaketides from V. inrerfexfum several patterns have been extracted which are 
characteristic for some common and some distinguishing substructures in these natural products. 

In a recent note’ we reported the isolation from he 
culture medium of Verticillium intertextum of four 
hexaketides, presumably related to each other by 
biosynthesis. In the present paper we describe the 
details of the isolation of three of them, namely 
sorbicillin (I), 2’,3’dihydrosorbicillin (2) and bis- 
vertinoquinol (3),2 and present the arguments for 
their structures. The isolation and structural assign 
ment of the fourth, namely vertinolide (4), has been 
published previously.3 The absolute configuration of 
natural (-)-vertinolide had been suggested to be (S) 
by comparison of its CD curve (positive n-n* and 
negative n-n* Cotton effect) with those of tetronic 
acids with known absolute configuration4 A chiral 
total synthesis of (-)-vertinolide, achieved recently, 
established its absolute configuration to be (S).5 

tiH3 

1 

TDedicatcd to Dr. Ulrich Weiss for his 75th birthday. 

Isolation 
The spent filtered culture medium of V. intertextutn 

was acidified to pH 3.0 and extracted with chloro- 
form. Chromatography of the extract on Sephadex 
LH-20 yielded three main fractions, a to c. From 
fraction b the main metabolite, vertinolide (4). was 
separated by crystallisation.’ The three metabolites 
which are the subject of the present paper were 
isolated from the mother liquor of this crystallisation 
as follows: 

The oily residue from the mother liquor of the 
crystahisation of vertinolide from fraction b, after 
standing for several weeks at -2O”, deposited crys- 
talline bisvertinoquinol (3, 1.4% of the chloroform 
extract), which was further purified by several re- 
crystallisations. The combined residues of all the new 
mother liquors from fraction 6 were chro- 
matographed twice on preparative silica gel plates 
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3 
(formulated as 3r)2 

with different solvent systems to afford, after re- 
crystallisation, pure sorbicillin (1, 0.11%) and 
2’,3’-dihydrosorbicilhn (2, 0.02% of the chloroform 
extract). 

Sorbiciliin (1) 
The yellow pigment sorbicillin (1) had been ob- 

served previously as a natural product, namely as a 
minor metabolite of Penicillium chrysogenm6~’ 
(formerly known as P. noratum). Its structure 1 was 
derived in 1948 on the basis of the UV spectrum and 
of certain degradations.* In 1954, a first synthesis of 
sorbicillin (1) was accomplished by Kuhn and Staab9 
and, in 1958, a practical one was published by 
McOmie and Tute.” According to the latter authors 
sorbicillin (1) exhibits crystal polymorphism, some- 
times appearing as an orange (as in Ref. 6) and 
sometimes as a yellow solid (as in Ref. 9). 

Our sample of sorbicillin (1) consisted of orange 
prisms, m.p. 122-125”. A sample of 1, synthesised by 
the method of McOmie and Tute,” was identical with 
our natural product sample. Its UV spectrum is the 
same as the one reported;6 other spectroscopic data 
were not available in 1948. The IR and the mass 
spectrum are given in the Experimental. The ‘H and 
“C NMR data are collected in Tables I and 2, the 
first table showing the signals belonging to the 
(E,E)-2,4_hexadienoyI (sorbyl) side chain and the 
second those of the dimethyl resorcinol substruc- 
ture. These NMR signals have diagnostic value 
for the presence of the corresponding substructures 
(see below). For comparison, the sorbyl signals of 
vertinolide (4)) and of the model compound 
2-((E,E)-2,4_hexadienoyl)]-cyclohexanone (13, see be- 
low) are included in Table 1. 

2’,3’-Dihydrosorbicillin (2) 
2’,3’-Dihydrosorbicillin (2) was isolated as col- 

ourless needles, m.p. 67-70”. Its NMR signals are 
listed in Table I (2,fdihydrosorbyl side chain sub- 
structure) and in Table 2 (dimethylresorcinol sub- 
structure) and the other spectral properties (UV, IR 
and MS) are given in the Experimental. We also 
prepared 2 by a total synthesis (see Scheme 1). Boron 
trifluoride catalysed condensationi of 2,4- 
dimethylresorcinol (5)” and (4R+,5S+)-4,5- 

OH 

+ 
HO+’ BF3 ) 

B: H 
Ho 

5 6 

Zn 
CH$OOH 

2 

Scheme 1. 
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Table 2. ‘H and ‘%Z NMR signals of the ring substructure of sorbiciltin (1) and of 2’,3’dihydrosorbicillin 
(2) 

sorblcillin (1) 2’,3’-dihydrosorbicillin (2) 

'H NC(R a '3c km b 'H NNR a 13C NMR b 

C(l) - 110.2/s c - 110.1/s d 

HO-C(2) 13.61/s 162.2/s e 12.97/s 161.5/s f 

C(3) - 113.0/s c - 112.5/s d 

CH3-C(3) 2.13/s g 7.3/q 2.14/s h 7.2/q 

HO-C(4) 5.30/s 158.8/s e 5.24/s 158.6/s f 

C(5) - 114.6/s ' - 114.5/s d 

CH3-C(5) 2.20/s g 15.5/q 2.21/s h 15.5/q 

H-C(6) 7.43/s 128.5/d 7.40/s 128.8/d 

a 200 MHz in CDC13; b 25.1 #Hz in CDC13; c-h assignent of the signals 

carrying the same letter may be interchanged. 

dibromohexanoic acid (@I2 gave, presumably via a 
Fries rearrangement, 41% l-[(4R*,W)-4,5 - di- 
bromohexanoyl] - 2.4 - dihydroxy - 3,5 - dimeth- 
ylbenzene (7), whose structure is fully supported by 
its spectroscopic properties (see Experimental). De- 
bromination of 7 with zinc and acetic acid in ether” 
furnished 77% 2’,3’-dihydrosorbicillin (2), m.p. 
68-70”. Attempts to synthesise 2 in a one step pro- 
cedure, analogous to the synthesis of 1,” by reaction 
of 5 and (E)4hexenoic acid in presence of boron 
trifluoride failed, possibly due to double bond mi- 
gration. 

A dihydrosorbicillin, m.p. 146-147”, to which 
structure 2 had been assigned on the basis of 
its elemental composition and its UV spectrum’ 
(the latter identical with that of our 2’,3’- 
dihydrosorbicillin (2)), had previously been isolated 
(10% yield) from a partial hydrogenation of sor- 
bicillin (l),” but not from natural sources. *The 
difference in m.p. of this sample (146147”) and ours 
(68-70”) cannot be explained at present. The NMR 
spectra of our compoqd (see Tables 1 and 2 and 
Experimental) and its synthesis, however, leave no 
doubt as to its structure 2. 

mental) confirm strcuture 8. When this hydro- 
genation of sorbicillin (1) was interrupted after the 
uptake of exactly 1 mole equivalent of hydrogen, a 
complex mixture of products resulted, from which 
(aside from 2% of recovered 1) 14% of 8 as well 
as 9% of a 2:3 mixture of 2’,3’-(2) and 2’,5’- 
dihydrosorbicillin (9) were isolated, along with a 
byproduct, which did not give a colour reaction with 
ferric chloride. Since we could not separate the two 
dihydrosorbicillins 2 and 9, the structure assignment 
of 9 is based on the spectra of the mixture; its UV 
spectrum is practically identical with that of 2 and the 
‘H NMR spectrum, after subtraction of the signals of 
pure 2’,3’-dihydrosorbicillin (2), fits the 2’,5’- 
dihydrosorbicillin structure 9 (see Experimental). 

BtierIinoquinol(3) 
The yellow bisvertinoquinol (3). m.p. 160-163”, is 

optically active, [a]: = + 329”. Its structure 3 was 
obtained from an X-ray structure analysis, to be 
described in the last section. It was also converted to 
a mono-methyl ether 10 by brief treatment with 
diazomethane. Several properties of 3 and 10 are of 
general interest. 

In our hands the hydrogenation of sorbicillin (1) A comparison of the ‘H and “C NMR spectra of 
gave the following results. When it was allowed to 10 and of the ‘H NMR spectrum of 3 (see below) with 
proceed until complete decolouration of the reaction those of sorbicillin (l), 2’,3’-dihydrosorbicillin (2), 
mixture, only tetrahydrosorbicillin (8), m.p. 66-69”, 
was isolated ‘in 21% yield, as had been reported 

vertinolide (4) and the model compound 13 manifests 
both the sorbyl and the 2,3dihydrosorbyl sub- 

previously.* Its IR and NMR spectra (see Experi- structure in bisvertinoquinol (3). The signals of the-se 
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substructures in the six compounds show much sim- 
ilarity (confirmed by decoupling), as can be seen in 
Table 1. 

The mass spectra of 3 (m/z = 498.2253, CzRHW08) 
showed that it readily dissociated into two parts; one 
interpretable as C,,Hu04 (m/z = 250) and the other 
as C,4H,604 (m/z = 248). This NMR and MS evi- 
dence suggests that bisvertinoquinol(3) is a combina- 
tion of sorbicillin (1, C,4H,603) and 2’,3’- 
dihydrosorbicillin (2, C,.,H,,O,), each of them en- 
riched with an extra O-atom. Thus the natural pig- 
ment may be considered to be a Diels-Alder adduct 
of the quinol 11 and the quinol 12, related to 1 and 
2, respectively, by simple oxidation of C(5). These 
quinols can exist in tautomeric forms, either as p- or 
as o-quinols. It is well known’4.‘s that oquinols 
readily dimerise, one molecule acting as diene, the 
other as dienophile, It has also been established” that 
such dimerisations occur with high regiospecificity, 
the a-position of the diene becoming attached to the 
y-position of the dienophile (head to tail addition), 
and also with high stereospecifities, the dimerisation 
occurring in an “endo-fashion” and with those sides 
of the cycloaddition partners facing each other which 
carry the hydroxyl group. The constitution and the 
relative configuration of 3 correspond exactly to what 
would be expected from the specificities of such a 
spontaneous dimerisation. Formula 3h shows the 
result of a Diels-Alder reaction of 12 (as the di- 
enophile) with 11 (as the diene).2 

If both quinols 11 and 12 had been formed in the 
biological medium, one might have expected four 
Diels-Alder adducts, according to the four structural 
and positional variations of the two side chains, 
sorbyl and dihydrosorbyl. Since a careful TLC exam- 
ination of the mother liquors of the crystallisation of 

3 did not reveal the presence of any products similar 
to 3, it appears more likely that the biosynthetic side 
chain differentiation (as found in 3) occurs only after 
the Diels-Alder formation of the tricyclic skeleton, be 
it either by the addition of two H-atoms to C( 15) and 
C( 16) in the dimer of 11 or by the removal of two 
H-atoms from C(24) and C(25) in the dimer of 12. 
This argument also suggests that the Diels-Alder 
reaction leading to 3 is a biosynthetic event and not 
an artifact of the isolation. 

The molecule of 3 contains six centers of chirality, 
of which four are generated (specifically, see above) 
in the Diels-Alder reaction, while the other two (C(6) 
and C(9)) are carried over from the monomers. The 
relative configuration (R*,R*) at C(6) and C(9) (see 
Figs. 2 and 3) confirms that the monomers, 11 and/or 
12, have the “same” absolute configuration. The 
absolute configuration of 3, however, is not available 
from the X-ray structure determination (see the last 
section). The CD spectra of 3 and of 10 in methanol 
are shown in Fig. I. Because of the lack of appropri- 
ate models these spectra cannot be used at present to 
determine the absolute configuration of bis- 
vertinoquinol (3).16 

We can now discuss the NMR spectra. The signals 
obtained from CDCI, solutions of bisvertinoquinol 
(3) were not fully interpretable, perhaps due to the 
presence of several tautomeric forms. The ‘H NMR 
spectrum of 3 in CD,OD, however, was informative, 
as were also the ‘H and “C NMR spectra in CDCI, 
of bisvertinoquinol methyl ether (10). The signals of 
these spectra are listed in Table 3. 

First we consider the features due to tautomerism. 
Bisvertinoquinol (3) contains two enolized 
Bdiketone substructures, one involving C( I l), C( 12) 
and C(23), the other C(3). C(4) and C(5). In the 

O/H-.O 
H 

0’ ‘-0 

HqkH3 Hq-w3 
3 

11 12 

(formulated as 3b)* 
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Fig. I. CD spectra of bisvertinoquinol (3, -----) and of its methyl ether (10, .....) in methanol. 

Fig. 2. Molecular drawing of bisvertinoquinol (3, formulated as 3a,* absolute configuration chosen 
arbitrarily). The H-atoms are drawn with an arbitrary radius, whereas the other atoms are represented 
by their WA probability ellipsoids of vibration. The O-atoms are indexed with their numbers. For the 

numbering of the C-atoms see formula 3. 





Table 3. *‘H and “C signals of bisvertinoquinol(3) and bisvertinoquinol methyl ether (10) with assignment 
to substructures A to H as well as of the model compounds 13 and 14 

3(R = H, formulated as3d2 

lO(R = CH3) 

H-atoma 3b 

O....H-0 _ 

ti sub- model 
structure compoundsC 

C-atom lad sub- model 
structure compoundsd 

13.92/s a 16.79/s 13 C( 10) 208.0/s H 

H-C(25) 7.22fdxdxd 7.29/&d a 
(15, 10.5. 2) 

7.30fdxd 13 
(15. 10) 

C(l4) 205.9/s A 
(15. 10) 

H-C(24) 6.27/d (15) 6.28/d (15) a 
C(3) or C(5)e 

6.27/d (15) 13 
201.2/s 14 

H-C(26) 6.4-6.2/m 
C(23) or C(ll)f 192.4/s 13 

6.3-6.1/m a 
H-C(27) 6.19fdxq 

6.4-6.1/m 13 C(5) or C(3)e 172.2/s 14 

(15. 6.5) C(11) or C(23)f lal.4fs 13 

H-C(17) 

I 
5.4-5.3/m 

I 
5.45-5.25/m A 

wia) 

C(Z) 142.77/d a 

~(27) 140.6/d a 

141.9/d 13 
138.8/d 13 

H3C0 - 3.871s C 3.871s L@ C(26) 131.0/d a 131.1/d 13 

H-C(7) 

I 
3.62/d (2.5) 3.75/d (3) 0 C(17) 129.2/d A 

ii-c(a) 3.38/d (2.5) I 3.22/d (3) 0 c(ia) 126.3/d A 



Ml-C(6) 

HO-C(9) 

Ii-C(1.5) 

Hi-C(W) 

H2-C(16) 

H3-C(28) 

H3-C(l9) 

H3-C(20) 

H3-C(13) 

H3-C(21) 

H3-C(22) 

_ 

2.7-2.6/m 

2.5-2.4/m I 
2.3-2.1/m 

1.8716 (6.5) 

1.6Wd (5) 

1*57/s 

1.45/s 

1.18is 

1.13/s I 

3.01/s E 

2.951s E 

2.9-2.7/m A 

2.6-2.4/m A 

2.3-2.1/m A 

1.90/d (6) B 

1.59/d (5) A 

1.821s c 

1.45/s F 

1.25/s E 

1.13/s E 

1.87/d (5.5) 13 C(6) 

C(9) 

1.7iit (1.0) 19 
CH30 

C(7) 

C(8) 
C(15) 

C(21) 

C(l6) 

C(22) 

@X28) 

C(19) 

C(13) 

C(20) 

118.7/d B 121.5/d 13 

113.7/s c 114.71s 14 

108.6/s B 106.9/s 13 

65.9/s E 

61.8/q C 

40.8/t A 

35.5/q f 

27.1/t A 

24,3/q E 

55,2/q 14 

18.7/q 13 

7.3/q 14 

' the intensities of the signals correspond to the nunber of H-atoms shown in this colunn; b in CD300. 360 mZi 

' in CDC13, 200 MHz; d in CDC13, 25.1 MHz; e depending on whether methylation took placq on O-C(3) or O-C(5); 

f depending on which tautaner is prevalent; g in COC13, 60 fltb, taken fromt8. 
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Fig. 3. Stereoscopic packing diagram of bisvertinoquinol (3, formulated as 3a3 viewing the a&plane. 
1nte~oI~lar H-bonds are indicated by dotted lines. H-atoms attached to C-atoms are not shown. 

enolised jJdicarbony1 system, as had been noted 
already for vertinolide (4).3 

Substructure D consists of the two neighbouring 
methine groups (H-C(7) and H-C@)). Close analogies 
to its ‘H NMR signals are found in two o-quinol 
Diels-Aider dimers (h 2.8 and * 3.1 ppm) whose 
structures are fully knownI 

Substructure E is made up of the two isolated 
tertiary carbinof systems (HO-C(f+CH, and 
HO-C(9)-CH,) and substructure F consists of the 
methyl group on a quaternary C-atom H,C(I3). Of 
interest and, at the moment, not reliably interpretable 
is the high field “C NMR absorption of C( 13) (9.6/q 
or 105/q). Substructure G contains two quatemary 
C-atoms (C(1) and C(2)). The saturated carbonyl 
group (aside from the one in substructure A) is 
substructure H, manifested also by the IR band at 
1700 or 1732crn’ in 3 and at 1712 or 1732ctn’ in 
10, respectively. 

X-Ray dfraction analysis ofbisvertinoquinoi (3) af ca 
- 120” 

Bisvertin~uinol (3) crystallises from chloroform 
ether as yellow triangular platelets, space group 
P2,, a = 7.577(2), b = 17.120(4), c = 9.848(2) A, B = 
9064(2f”, (from 25 automatically centered reflections 
of a hemisphere, 10” < 28 < 19”), Z = 2. MoK,- 
Radiation was used to measure the intensities of 1746 
s~rnet~ inde~ndent reflections within 45” (28) on 
a Nicokt-R3 four &de diffractometer in the u-scan 
mode. The intensities were conventionally corrected 
without absorption correction. The initial phases 
were determined by direct methods. The structure 
was solved and refined by application of the program 
SHELXTL.20 

The identificatrion of the G- and C-atoms was 
based upon their bond distances and thermal param- 
eters. The H-atoms were located by difference Fou- 
rier maps, but-due to the inferior quality of the 
crystal-some of them not very accurately. They were 
varied freely with isotropic temperature factors, while 
the other atoms were refined anisotropically. The 
1414 structure factors with F 2 4a(F) were used with 
unit weights to refine the 461 variables in a blocked 
cascade least squares refinement (ca 100 variables per 
block) to a conventional R-vaIue of 0.047 (the con- 
ventional R,, RG in SHELXTL,ZO is 0.048~. 

The coordinates of the C- and O-atoms and their 
equivalent isotropic temperature factors are listed in 

Table 4. Figure 2 shows a molecular drawing of 3 
with the O-atoms number& (for the C-atoms see 
Table 3). The absolute configuration was not deter- 
mined. 

Within the limited accuracy of data (average stan- 
dard derivation of C-C bond lengths 0.01 A), the 
bond lengths are in the range of usual values, except 
the bond between the quatemary C-atoms C(t) and 
C(2) (1.62 A) and the essentially eclipsed bond be- 
tween C(2) and C(7) (1.59 A). In the side chains, some 
bonds are on the lower limit of their expected values. 
The conjugated system incIuding the sorbyl side chain 
C(1 I), C( 12), C(23) to C(27) and 0( 11) and it neigh- 
bour atoms C(l), C(8), C(28) and O(23) are approx- 
imately in a common plane, which includes a 
H-bridge from 0(23) to O(l1). The dihydrosorbyl 
side chain is coiled, the torsional angles 
C(14)C(l5)C(16)C(17) and C(15)C(16)C(l7)C(18) 
being 79” and - 113”, respectively. The bicycle 
f2.2.2joctane skeleton shows an almost perfectly 
eclipsed arrangement of the C-C bonds. The C(2), 
C(7)-ortho-fused cyclohexanedione ring exists in a 
boat-like confo~ation with C(4) folded towards 
C( I I) (distance 3.08 A) and C(S) towards C( 12) (dis- 
tance 3.05 A). This conformation brings O(6) into a 
pseudo equatorial position so that an intramolecular 
H-bond from O(5) to O(6) is possible. Intermolecular 
H-bonds, from O(6) to O(3) and from G(9) to O(5), 
connect the molecules in the a, b-plane, as is shown 
by the dotted lines in Fig. 3. 

The bond lengths of the two fidiketo-systems 
show that both systems exist in the crystal as just 
one enohc form. In one system these lengths 
are G(23 jC(23) 1.34& C(23)-C(12) 1.37& 
C(l2)-C(il) 1.44A and C(11)-0(11) 1.25& indi- 
cating enolisation in the direction of 0(23) and in the 
other system they are 0 SjC(5) 1.35 A, C(5)C(4) 
I .34 A, C(4)-C(3) 1.45 8. and C(3)-0(3) 1.25 A, 
showing enolisation in the direction of O(5), as is 
expressed in Fig. 2. 

EXPERIMENTAL 

CD spectra were measured on a Dichrograph II (Roussel- 
Jotran, Paris) and are reported as I. in nm (Ac ). The 20 MHz 
“C NMR soectra were obtained on a Varian FT-80A 
spectrometer; the high resolution (HR-MS) and the field 
desorotion IFD-MS) mass soectra on a CEC 21-llOB 
instkment. ‘khe inteipretation’s suggested in the non-high 
resolution are purely hypothetical. Preparative thin layer 
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Table 4. Fractional coordinates and equivalent isotropic temperature factors (A’) of the C- and O-atoms 
of bisvertinoquinol (3) with e.s.d.s in units of the last significant digit 

ATOM X Y 2 ual 

4253 

C(l) .8113(7) 

C(2) .7257(7) 

C(3) .8326(7) 

O(3) .9841(5) 

C(4) .7670(E) 

C(5) .5915(7) 

O(5) .5184(5) 

C(6) .4600(7) 

O(6) .2967(5) 

C(7) .5217(a) 

C(8) .4756(E) 

C(9) .5009(7) 

O(9) .3906(5) 

C(10) .6963(8) 

O(l0) .7589(5) 

C(l1) .7800(8) 

O(ll) .9070(5) 

C(l2) .5970(7) 

C(l3) 1.0019(7) 

C(14) .7417(8) 

O(l4) .7217(6) 

C(15) .7606(10) 

C(l6) .8451(9) 

C(17) 1.0382(12) 

C(l8) 1.1291(11) 

C(l9) 1.3281(10) 

C(20) .8980(E) 

C(21) .4368(8) 

C(22) .4536(8) 

~(23) .5502(8) 

O(23) .6727(6) 

~(24) .3651(8) 

C(25) .3233(10) 

C(26) .1413(10) 

~(27) .0949(10) 

C(28) -.0859(10) 

.4978(4) 

.5449(4) 

.6209(4) 

.6167(3) 

.6923(4) 

.7000(4) 

.7637(3) 

.6427(4) 

.6576(3) 

.5579(4) 

.5297(4) 

.4407(4) 

.4067(3) 

.4247(4) 

.3600(3) 

.5513(4) 

.5773(3) 

.5685(4) 

.4750(4) 

.4916(4) 

.4219(3) 

.5268(4) 

.4711(4) 

.4682(5) 

.4083(6) 

.4033(6) 

.7531(4) 

.6615(4) 

.4079(4) 

.6172(4) 

.6503(3) 

.6362(4) 

.6932(5) 

.7138(5) 

.7592(4) 

.7776(5) 

.4170(6) 

.5424(6) 

.5498(6) 

.6007(4) 

.4875(6) 

.4747(5) 

.4153(5) 

.5352(6) 

.4663(4) 

.5103(7) 

.3661(6) 

.3585(6) 

.4573(4) 

.3876(5) 

.3772(4) 

.2929(6) 

.2269(4) 

.2ti54(6) 

.4364(6) 

.6690(6) 

.6563(4) 

.8112(7) 

.9140(6) 

.8987(7) 

.8588(S) 

.8442(8) 

.4445(7) 

.6850(7) 

.2186(7) 

.1603(6) 

.0815(4) 

.1216(6) 

.0395(8) 

.0007(S) 

-.1004(7) 

-.1436(7) 

.032(2) 

.031(2) 

.029(2) 

.036(l) 

.032(2) 

.028(2) 

.043(2) 

.029(2) 

.037(l) 

.031(2) 

.031(2) 

.034(2) 

.043(l) 

.029(2) 

.042(2) 

.033(2) 

.038(l) 

.029(2) 

.035(2) 

.038(2) 

.045(2) 

.054(3) 

.048(3) 

.065(3) 

.067(3) 

.077(4) 

.046(2) 

.043(2) 

.047(2) 

.039(2) 

.052(2) 

.040(2) 

.068(3) 

.063(3) 

.049(3) 

.056(3) 

a) The eaulvalent isotropic U 1s defined as one third of the 

trace of the orthogonallsed UIJ-tensor 

chromatography (prep TLC) was carried out with Merck 
silica gel HF, + M on hand coated, 20 x 20 cm plates (10 g 
per plate) and column chromatography with LiChroprep 
Si60 in Merck Lobar B columns. All other methods, instru- 
ments and abbreviations used here have already been de- 
scribed.’ 

Isolation of B~errinoquinot (3), Sorbicillin (1) ond 
2’,3’-Dihycirosorbicihn (2) 

The spent culture medium (841) of Verticillium inter- 
rexfum ATCC 46284 (see Ref. 3) was extracted with CHCI, 
as described.3 The crude extract weighing 8.44 g was chro- 
matographed on 300g Sephadex LH-20 in a 4.5 x 6Ocm 
column with CHClJpentane 2:1 at 4” in the dark using a 
flow rate of 1.67 ml/min. The solvent ratio was changed to 
3: I after 3700 ml solvent was collected. Three main fractions 
were collected after control by anal TLC (CHCl,/C,H,OH 
94:6): Fraction a, 1700-2SOOml. 0.75g yellow products; 

fraction b, 250&4000 ml, 2.40 g containing all of 4; fraction 
c, 5lW7000 ml, 1.45 g yellow products. A first fraction 
preceding a and an intermediate fraction between b and c 
consist of several products, which were not isolated. 

After separation of vertinolide (4) from fraction b by 
crystallisation, as has been described,’ the mother liquor was 
concentrated The brown-red oily residue was kept without 
solvent at -20” under argon for 30 days. Stirring with 2 ml 
cold ether at - 15” for a short time, filtration and washing 
with cold ether left 280 mg of crude bisvertinoquinol (3) as 
a yellow powder, m.p. 155-159” (dec). Four re- 
crystallisations from ether at room temp furnished 120 mg 
(1.4% of the crude extract) of pure bisvertinoquiool (3) as 
pale yellow triangular platelets, m.p. W-163” (deck intense 
green-brown colour with FeCl, in HsO/C,H,OH. 
[all = + 329” (c = 0.2, CHCI,). UV (CH,OH): 25Osh 
(9000). 301 (18040). 370 (13430). 38Osh (13000). 4oosh 
(8000); UV after addition of one drop 0.1 N NaOH: 308 








