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116. Gilmicolin and Mycorrhizinol, Two New Metabolites
of Gilmaniella humicola BARRON
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and Jon Clardy!) and Ken Hirotsu
Cornell University, Ithaca, N.Y. 14853, U.S.A.

(19.1IL.79)

Summary

The structure of gilmicolin and mycorrhizinol, two new metabolites isolated
from culture filtrates of Gilmaniella humicola BARRON, have been shown to be 3 and
15 respectively by spectral and chemical studies. The X-ray analysis of gilmicolin (3)
is also reported.

1. Introduction. - Many times the knowledge of the minor metabolites of a micro-
organism is of great help in understanding the mode of biogenesis of major second-
ary metabolites. These minor components can be biogenetic intermediates or shunt
metabolites on the biogenetic pathway or even catabolic products. As a part of our
biosynthetic studies of mikrolin (1) and dechloromikrolin (2) [1], the two novel
metabolites of Gilmaniella humicola BARRON [2], we have examined the effect of
changing the culture medium on the nature of secondary metabolism. Experiments
with six different synthetic and semisynthetic media were performed. The fungus
grew quite well on four media (A to D) and not at all on two (E and F) (see Experi-
mental Part). Chemical investigations of ethyl acetate extracts of these fermenta-
tions revealed, in addition to mikrolin (1) and dechloromikrolin (2), the presence of
mycorrhizin A (11) [3], (—)-6-hydroxy-mellein (14) [4], and of two new compounds
named glimicolin (3) and mycorrhizinol (15). Structural investigations of these
compounds by chemical and physical methods as well as an X-ray crystal analysis
of 3 are presented in this report. The significance of these metabolites to the bio-
synthetic pathway is also discussed.

2. Gilmicolin (3). - Gilmicolin crystallized from acetone/hexane as stout needles,
m.p. 120°; [a]¥= —48 +2° (methanol). The presence of signals for 18 protons in

) Author to whom correspondence should be addressed.
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the '"H-NMR. spectrum, signals for 14 carbon atoms in the 3C-NMR. spectrum and
M+ and M*+2 peaks at 266 and 268 respectively in the mass spectrum lead to the
assignment of C,,H 305 (found 266.1154; calc. for C;,H305: 266.1131) as the mo-
lecular formula for 3. The M*+ 2 peak most probably arises due to the presence of
moisture in the mass spectrometer, Similar phenomena have been observed previ-
ously with certain quinones and are due to reduction of the quinones by moisture in
the mass spectrometer [5]. Like mikrolin (1) and dechloromikrolin (2) [1], glimicolin
(3) also exists in solution as an equilibrium mixture of structures 3a and 3b, the
former being the major component. Since 3b was found to be more soluble in ether
than 3a we were able to obtain 3a in a pure state and to crystallize it from acetone/
hexane mixtures. On acetylation with acetic anhydride and pyridine both 3a and 3b
gave the same di-O-acetyl derivative 5, thereby confirming that 3b is an open form
of the hemiacetal 3a. This equilibrium is a slow process and in the 'H-NMR. spec-
trum of 3a no signals attributable to 3b were observed. On the other hand in the
I3C-NMR. spectrum one always observes two sets of signals (data collection time
ca. 16 hours) in a ratio of 3:1. We were never able to isolate 3b in a pure state and
most of the studies reported herein were carried out either on pure 3a or the
equilibrium mixture.

IR. absorption at 1680 cm~! and UV. absorption at 290 nm (loge =3.9) sug-
gested the presence of an a, f-unsaturated carbonyl unit in the molecule. Absorp-
tions at 3530 and 1380 cm™! in the IR. spectrum of 3a indicated the presence of
hydroxyl and geminal dimethyl groups respectively. The 'H-NMR. spectrum of 3a
(Table 1) displayed signals for geminal dimethyl groups at 1.38 and 1.47 ppm, an
AMX (CH,—CH) system at 1.6-2.34 ppm, two hydroxyl protons (exchangeable
with D,0) at 3.8 and 4.08 ppm and a CH=C—CH2—(IJH—CH3 unit. These assign-

0O

ments were confirmed by decoupling experiments. The *C-NMR. spectrum (7able 2)
corroborated the above mentioned conclusions and further indicated the presence
of one carbonyl carbon atom (at 192.66 ppm) and four quaternary carbon atoms
(at 44.7, 85.51, 99.41, 104.28 ppm) in the molecule. Comparison of these chemical
shifts to those exhibited by the anomeric carbon atom of five membered sugars
(ca. 101 ppm) suggested the presence of two five membered rings incorporating
hemiacetal units. The signals for the minor component in the *C-NMR. spectrum
are in agreement with the structure 3b. The change in chemical shifts of C(2), C(4),
C(6) and C(12) is consistent with the transformation from 3a to 3b.

Comparison of spectral properties of glimicolin with those of mikrolin (1) and
dechloromikrolin (2) strongly suggested that glimicolin should have structure 3. The
following experiments provide strong support for this conclusion. The crude product
from catalytic hydrogenation of 3 upon purification (silica gel) yielded a yellow
gum, the UV, spectrum (272 nm; loge =4.21) of which indicated the presence of a
1,4-quinonoid moiety in the molecule. The set of AMX-signals (cyclopropane unit)
in the 'H-NMR. spectrum of 3a was replaced by signals due to a CH;—CH unit
(Table 1) in the 'H-NMR. spectrum of 6. Reduction of 3 with zinc in acetic acid gave
the 1,4-dihydroquinone derivative 7 as the major product. The 'H-NMR. spectrum
of 7 exhibited signals for a CH;—COOCH,—CH unit instead of those for the cyclo-
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Scheme 1
——
Jni——
Mikrolin 1b x=Cl
2a X=H Dechloromikrolin 2b X=H

3a Gilmicolin 3b
1. Hp/Pd-C
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Zn/ AcOH

M R=R:=H: Mycorrhizin A
12 R=Ac;R:-H
13 R=H ;R=Cl

14 15 R=R=H: Mycorrhizinol 8
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R=CHy: R=H
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Table 2. Assignments of the C-atoms in the 3C-NMR. spectra

Compound 3a 3b 5 10
C(H 23.13 ga 23.65 qa 19.95 ga 16.44 ga
C(2) 76.711d 66.93 4 68.74 d 135474
C(3) 37.30¢ 39.44 ¢ 3574+ 126.77d
C@) 159.71 s 14931 s 146.26 s 144.51 5
C(5) 122484 139.58 4 139.83 4 137.68 4
C(6) 192.46 5 194.34* s 190.57* s 190.70 s
C(n 4477 s 4301 s 44.96 5 44,90 s
C(®) 1936 ¢ 14.10¢ 14.16 ¢ 14.55 ¢
C9) 42434 43474 46.13 d 41.714d
C(10) 85.51s 82.13 5 84.09 s 85.51s
C(1D 10428 s 99.93 5 103.05 s 104.55 5
C(12) 99.41 s 194.36* s 190.12%s 187.50 s
C(13) 29.56*ga 2931 qa 30.02 ga 69.72 ¢
C(14) 27.03*ga 24.89 ga 24.89 ga 20.92 ga
Other C-Atoms 20.21; 170.17;
20.53; 169.78;
170.04 20.53;
20.92

All spectra were measured in CDCl; with TMS as internal standard. s=singlet, d= doublet, t=triplet,
ga= quartet. Assignments marked with * may be reversed in a particular column.

propane ring in the 'H-NMR. spectrum of 3a, thereby indicating that the addition
of 1 equivalent of acetic acid has occurred across the C(7),C(8) bond. Acetylation
of 7 with acetic anhydride/pyridine gave the tetra-O-acetyl derivative 8. The forma-
tion of these products can be explained by the same mechanisms as recently
discussed for the formation of 9 from mikrolin (1) {1].

Treatment of 3 with pyridine/acetic anhydride gave the di-O-acetyl derivative 5
as an oil. The appearance of H-C(5) at 6.77 ppm, a downfield shift of ca. 1 ppm
for H-C(2) in the 'H-NMR. spectrum, and most importantly the 3C chemical shift
of 192.4 ppm for C(12) (shifted from 99.4 ppm in the '*C-NMR. spectrum of 3a)
clearly suggest the presence of the tricyclic structure 5 and not of the tetracyclic
structure 4. Comparison of the spectral properties of 5 with those of di-O-acetyl
mikrolin (10) (Tables 1 and 2) also tends to support this conclusion.

With the overall skeleton of gilmicolin firmly established, the objective was to
determine the configuration of the five chiral centers. The configuration at chiral
carbon atoms No. 7, 9 and 11 was assigned by analogy to that of mikrolin (1) [2]?).
The answer to the question of the relative configuration of the 11,12-diol was
provided by the relative rate of oxidation with CrO,/H,SO, in acetone. Since cis-
and trans-ditertiary glycols are known to undergo oxidative cleavage with CrOy/H™
at very different rates [6], the relative inertness of 3 to CrO,/H* conditions (ca. 80%
recovery of the starting material after a reaction time of 5 minutes) as compared to
mikrolin (1) (ca. 10% recovery of starting material after 5 minutes) indicated a zrans-
relationship of 11,12-glycol system in gilmicolin (3), in contrast to the cis-relation-

%)  Numbering is shown on formula 3. This numbering system was coined by Bollinger et al. [2] for the
mikrolin (1) skeleton and is retained for all the related compounds.
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Fig. Computer Generated
Perspective Drawing of the Final
X-Ray Model of Gilmicolin (3).

ship observed in mikrolin (1) as established by X-ray analysis [2]. In order to con-
firm these results and to find out the configuration of the methyl group at C(2) an
X-ray analysis was carried out.

The crystals of 3a were monoclinic with systematic extinctions conforming to the
common chiral space group P2,. Accurate cell constants, determined from a least-
squares fit of fifteen high angle reflections, were: a=6.809(8), »=9.869(9), c=
10.927(11) A and f=113.42(8) °. A density of ~1.31 g/cc indicated one molecule
of C;H 505 formed the asymmetric unit. All unique diffraction maxima with 26
<114.1° were recorded on a four-circle diffractometer using graphite monochro-
mated CuKa radiation(1.54178 A) and a one-degree, variable speed w-scan. Of the
973 unique reflections surveyed, 938 (96%) were judged observed (1= 3¢ (1)) after
correction for Lorentz, polarization and background effects.

The structure was determined uneventfully by a multisolution weighted tangent
formula approach. All hydrogen atoms were located on difference electron density
syntheses and included in subsequent calculations. Full matrix least-squares refine-
ment with anisotropic temperature factors for the nonhydrogen atoms and isotropic
temperature factors for the hydrogen atoms converged to a conventional crystal-
lographic discrepancy index of 0.054. The Figure is a computer generated
perspective drawing of the final X-ray experiment [7]. It does not define the absolute
configuration.

All bond distances and angles agree well with generally accepted values.
Further details can be found in Table 3 (fractional coordinates and temperature
factors), Table 4 (bond distances) and Table 5 (bond angles)). Ring A has a slightly
puckered conformation. All five atoms are nearly in one plane since C (7), C (10), C(11)
and C(17) are coplanar within 0.01 A and C(9)is only 0.11 A out of plane (¢f. Fig.).
Ring C also has an envelope conformation: C(2), C(4), C(12) and O (15) are coplanar
within 0.01 A and C(3) is 0.52 A out of the plane. There are two intermolecular

3) The observed and calculated structure factors are available from the authors?).
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Table 4. Bond distances of gilmicolin (3). The standard deviation of the least significant figure of each
distance is given in parentheses

C(1)-C(2) 1.516 (12) C(7) -Cc(11) 1.526 (9)
C()-CQ3) 1.515 (15) C(@8) -C9) 1.482 (14)
C(2)-C(15) 1.451 (5) C(9) -C(10) 1.528 (8)
C(3)-C(4) 1.491 (8) C(10)-C(13) 1.527 (15)
C(4)-C(5) 1,352 (10) C(10)-C(14) 1.513 (14)
C(4)-C(12) 1.484 (8) C(10)-0(17) 1.463 (8)
C(5)-C(6) 1.450 (9) C(11-C(12) 1.550 (11)
C(6)-C(7) 1.465 (11) C(11)-0(17) 1.405 (5)
C(6)-0(16) 1.244 (10) C(11)-0(18) 1.405 (14)
C(N-C(8) 1.523 (13) C(12)-C(15) 1.424 (10)
C(7)-C(9) 1.490 (7) C(12)-0(19) 1.396 (13)

Table 5. Bond angles of gilmicolin (3). The standard deviation of the least significant figure of each
distance is given in parentheses

C()-C2)-CB) 116.9 (9) C(9) -C(10)-C(13) 109.5 (9)
C(1)-C(2)-C(15) 108.1 (5) C(9) -C(10)-C(14) 115.2 (7)
C(3)-C(2)-C(15) 105.6 (7) C(9) -C(10)-0(17) 104.4 (4)
C()-C(3)-C(4) 100.4 (6) C(13)-C(10)-C(14) 1111 (5)
C(3)-C(4)-C(5) 129.9 (5) C(13)-C(10)-0(17) 109.2 (7)
C(3)-C(4)-C(12) 107.2 (5) C(14)-C(10)-0(17) 107.1 (8)
C(5)-C(4)-C(12) 122.9 (5) C(M -CAD-C(12) 109.4 (7)
C(4)-C(5)-C(6) 118.9 (6) C(7) -C(1)-0(17) 106.8 (4)
C(5)-C(6)-C(T) 118.5 (7) C(7) -C(11)-0(18) 109.9 (6)
C(5)-C(6)-0(16) 1214 (7) C(12)-C(11)-0(17) 111.9 (6)
C(T)-C(6)-0(16) 120.1 (6) C(12)-C(11)-0(18) 108.9 (5)
C(6)-C(T)-C(8) 118.5 (6) O(17)-C(11)-0(18) 110.1 (8)
C(6)-C(7)-C(9) 123.6 (8) C@) -C(12)-c(11) 112.5 (5)
C(6)-C(N-C(11) 121.1 (5) C(4) -C(12)-C(15) 105.1 (4)
C(8)-C(N-C(9) 58.9 (6) C(4) -C(12)-0(19) 108.6 (9)
C(8)-C(T-C(11) 112.5 (8) C(11)-C(12)-C(15) 109.3 (8)
C(9)-C(N-C(11) 106.8 (4) C(11)-C(12)-0(19) 111.0 (5)
C(N-C(8)-C(9) 59.4 (5) C(15)-C(12)-0(19) 110.1 (6)
C(7)-C(9)-C(8) 61.7 (5) C2) -C(15)-C(12) 110.0 (5)
C(7)-C(9)-C(10) 107.7 (5) C(10)-0(17)-C(11) 113.8 (5)
C(8)-C(9)-C(10) 118.4 (9)

hydrogen bonds, O (19)~H———0=C 0f2.809 A and O (18)—H———0 (19) of 2.915 A.
All the other intermolecular distances correspond to van der Waals’ contacts.

3. Mycorrhizin A (11). - The metabolite crystallized from methylene chloride/
heptane mixtures as yellow crystals; m.p. 161-162°, [a]¥= +32+2° (ethanol). The
molecular formula C,H,sClO, (M*282.0646, calc. for C,,HsClO,: 282.0659) was
determined by high resolution mass spectrometry. The major fragmentations can be
summarized as m/e 282; m/e 264 (M*—H,0); m/e 229 (M*— H,0—-Cl); m/e 201
(M*+—H,0-C1-CO); and m/e 173 (M*—H,0-Cl-2 CO). The IR. spectrum ex-
hibited absorptions for hydroxyl, carbonyl and geminal methyl groups at 3500, 1720
and 1390 cm~! respectively. The 'H-NMR. spectrum of 11 (Table 1) displayed signals
for 3 methyl groups at 1.25, 1.35 and 2.03 ppm. The latter was coupled to an olefinic
proton at 7.01 ppm (J=6.8 Hz). The second proton in the olefinic region appeared

40
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as a singlet at 7.12 ppm. The remaining signals were consistent with a tertiary
hydroxyl group and an AMX multiplet (confirmed by decoupling experiments).
Treatment of 11 with pyridine/acetic anhydride yielded an O-acetyl derivative 12
as an oil. On comparing the 'H-NMR. spectra of mycorrhizin A and its O-acetyl
derivative with those of 5 and 10 (Table 1), structures 11 and 12 respectively were
assigned. At this time Trofast & Wickberg [3] reported on the isolation and structure
elucidation of mycorrhizin A and chloromycorrhizin A. These compounds were
isolated from an unidentified fungus D and structures 11 and 13 respectively were
assigned on the basis of chemical studies {3} and X-ray analysis of 13 {8]. Compari-
son of the spectral properties reported for mycorrhizin A (11) with those of 11 in our
hands clearly suggested that these two compounds are identical. Direct comparison
of 11 with the mycorrhizin A by thin-layer chromatography and mixed melting
point left no doubt about the identity of the two compounds?).

4, Mycorrhizinol (15). - The metabolite crystallized as plates from methylene
chloride/heptane mixtures, m.p. 115-116°. It was sensitive to air oxidation. Accurate
mass measurement of the molecular ion at m/e 282 gave C;,H sClO, as the molec-
ular formula (found 282.0656, calc. for C,JH;;ClO,: 282.0659) and indicated its
isomeric nature to mycorrhizin A (11). The fragmentation pattern in the mass
spectrometer of 15 was quite different from that of 11. The molecular ion (m/e 282)
showed a major loss of a C4H,O unit giving rise to the base peak at m/e 211 (Scheme 2).

Positive iron (III)chloride test in conjunction with the forrnation of a mono-O-
methyl ether upon treatment with methyl iodide and potassium carbonate in acetone
suggested the presence of one phenolic unit in the molecule. Presence of a substituted
benzofuran unit was indicated by absorptions at 250 (4.00), 264 (4.18) and 269 (3.48)
nm (loge) in the UV. spectrum [9]). The 'H-NMR. spectrum of 15 (Table 1) revealed

Scheme 2
S —
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15 mse 282 (M")
18 (H,0)
+
OH —I .
=
[ —
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"/
mle 264 mje 249

4)  We thank Prof. B. Wickberg, Lund Institute of Technology, Lund, Sweden, for sending us a sample
of his natural material.
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the presence of two aliphatic tertiary methyl groups, one aromatic methyl group,
one uncoupled aromatic proton, an 4 BX-system in which the methylene protons
were of benzylic nature, and a secondary hydroxyl group in its structure. On acetyla-
tion with pyridine/acetic anhydride mycorrhizinol (15) yielded the di-O-acetyl
derivative 16. After a detailed comparison of the chemical shifts in the 'H-NMR.
spectrum with the chemical shift values for many possible alternative structures and
on biosynthetic grounds (especially its co-occurrence with mycorrhizin A (11),
mikrolin (1) and dechloromikrolin (2)), it was concluded that mycorrhizinol must
have either structure 15 or 18. The structure 15 is favoured over 18 due to the fol-
lowing evidence. The 'H-NMR. spectrum of O-methyl-mycorrhizinol (17) in C¢Dg
exhibited an upfield shift of 0.48 ppm for the methoxy protons, compared with the
spectrum in CDCl;. This indicates that at least one of the positions ortho to the

Scheme 3
H OH o
COOH
i m
R
HO HO'
19 14 : 6-Hydroxymellein

15: Mycorrhizinol

2 : Dechloromikrolin 1 : Mikrolin
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methoxy group is unsubstituted [10]. Due to paucity of the material the absolute
configuration at C(9) could not be determined.

5. Discussion. - In the preceding publication [1] we have suggested that mikrolin
(1) and dechloromikrolin (2) are derived from 6-hydroxy-mellein (14) or 2-carboxy-
3,5-dihydroxybenzyl methyl ketone (19) (not isolated) by decarboxylation and
hydroxylation at the same carbon atom and by introduction of prenyl unit from
mevalonate, followed by epoxidation to give the hypothetical intermediate 20. From
the latter, the formation of the mikrolins may be postulated as occurring by further
transformations as outlined in Scheme 3. The co-occurrence of compounds 1, 2 and
14 along with gilmicolin (3) and mycorrhizin A (11) in the culture filtrates tends to
support this hypothesis. Although we have not been able to detect the presence of
the hypothetical intermediate 20 in our extracts it is possible that biological trans-
formations of such precursors to mikrolin (1), dechloromikrolin (2) and gilmicolin
(3) are so efficient as to prevent its accumulation. The biosynthesis of mikrolin (1)
from the hypothetical intermediate 20, requires its conversion to gilmicolin (3)
followed by dehydration to compound 22, which has not been isolated yet, and
hydroxylation to dechloromikrolin (2) and chlorination of the latter. It is not certain
which process occurs first. Another possibility is the chlorination taking place at the
polyketide stage or at the intermediate 20. Thus pathways for mikrolin (1) and
dechloromikrolin (2) diverge at one of these points. It is also unknown whether
compound 21, which has not been isolated, acts as a precursor of mycorrhizin A (11).
Studies for the elucidation of the later states of the biosynthesis of the mikrolins are
in progress and will be published in due course.

The support of these investigations by the Schweizerischer Nationalfonds zur Forderung der wissen-
schaftlichen Forschung (Projects No. 2.435.0.75 und 2.629.0.76) and by Sandoz AG., Basel, is gratefully
acknowledged.

Experimental Part

1. General Methods. The melting points were determined on a Kofler block and are uncorrected.
IR. (cm~Y), UV. (A nm (loge)) and optical rotations were measured on a Perkin Elmer Model 125
grating spectrometer, Beckman D.K.2 spectrophotometer and Perkin Elmer Model 141 polarimeter
respectively. The 90-MHz-'H-NMR. and 22.63-MHz-13C-NMR. spectra were recorded with a Bruker
WH-90 spectrometer with Fourier Transform in the spectral laboratory of our institute. The low resolu-
tion mass spectra were recorded in the Physikalisch-chemisches Institut der Universitit Basel, on an
A.E.I. MS-30 instrument (4. Raas). We thank Dr. H. Lichti, Sandoz AG., Basel, for measurements of high
resolution mass spectra on a CEC 21-110B instrument. Preparative thin-layer chromatography (TLC.)
was carried out on silica gel PF 254 (Merck) and for column chromatography, silica gel 0.05-0.2 mm
from E. Merck AG., Darmstadt, was used.

2. Culture Media and Isolation of Products. In general 500 ml Erlenmeyer flasks containing 150 ml
of sterilized medium were inoculated with 1 ml of spore suspension under aseptic conditions. These
flasks were shaken on a rotary shaker at 200 revolutions/minute at 25° for 6 days. Both the mycelium and
the medium were then extracted with ethyl acetate. The organic extracts were washed twice with water,
dried with sodium sulfate (anhydrous) and evaporated in vacuo (i.V.) at 40°. The crude extract was
chromatographed on silica gel using increasing amounts of methanol in methylene chloride. In a pre-
parative experiment the fermentations were performed in a 10 | fermenter. The sterilized culture medium
(10 1) was inoculated with 50 ml of spore suspension under sterile conditions and stirred at 300 rpm with
air circulation of 0.4 1 per liter of culture medium per minute at 27°.
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Culture media A to F per liter:

A: 20 g glucose H,0, 2 g malt extract, 2 g peptone, 2 g yeast extract, 2 g KH,PO,, 2 g MgSO,- 7 H,0;

B: 55 g glucose H,0, 10 g ammonium nitrate, 5 g KH,PO,, 2.5 g MgSO,4- 7 H,0 and 30 mg FeCl,
-6 Hy)O;

C: 85 g sucrose, 10 g r-asparagine, 3.5 g ammonium sulfate, 10 g KH,PO,, 2 g MgSO,-7 H,0,
75 mg CaCl,- 2 HyO, 5 mg ZnSO4- 7 H,0, 5 mg Na,B,04, 2 mg FeSO,- 7 H,O and pH was adjusted to
4.5 by addition of HCY;

D: 85 g glucose HyO, 10 g L-aspartic acid, 10 g KH,PO,, 3.5 g (NH,),S0,, 2 g MgSO,-7 H,0,
75 mg CaCl, - 2 HyO, 5 mg ZnSO,, 5 mg NayB,0, and pH was adjusted to 4.5 by adding NH,OH;

E: 40 g glucose H,0, 1.2 g urea, 0.6 g K,HPO,, 0.4 g KH,PO,, 0.5 g MgSO,- 7 H,0, 0.5 g KCl,
10 mg FeSO,4- 7 HO;

F: 10 g sucrose, 5 g peptone, 3 g beef extract, 2 g NaCl, 0.5 g KH,PO,, 125 mg MgSO4- 7 H,0,
0.5 g Ca(NOQ;); and 1 ml of trace element solution.

The yield of the isolated metabolites are listed in Table 6.

3. Gilmicolin (3). From acetone/hexane crystals of m.p. 120°, [a]§= — 48 +2° (c=0.143, methanol). -
IR. (CHCl;): bands at 3530, 1680, 1380. - UV. (Ethanol) 290 (3.9). - 'H-NMR. (CDCly): Table 1. -
BBC-NMR. (CDCly): Table 2. ~ MS.: 266.1154 (calc. for C4H 305: 266.1131).

Table 6. Yield of Metabolites (mg/1 culture medium)

Medium @ 2 3 ay as) 14
A 75-80 70-80 0 0 0 0
B 20-30 20-30 75-80 0 15-20 0
C 25-30 25-30 0 4-5 10-15 3-4
D 15-20 15-20 0 3-4 10-15 3-4
E 0 0 0 0 0 0
F 0 0 0 0 0 0

4. Acetylation of 3 to di-O-acetyl derivative 5. A solution of 50 mg of 3 in 3 ml of pyridine and
1.5 ml of acetic anhydride was stirred at RT. for 18 h. The solvent was removed i.V. at ambient tem-
perature and reaction product purified by preparative TLC. (methylene chloride/methanol 97:3) to give
42 mg of di-O-acetyl derivative 5 as an oil, {a}i= +65.7+ 2° (c= 1.86, methanol). - IR. (CHCl5): bands
at 1730, 1702, 1678, 1375. - IH-NMR. (CDCly): Table 1. - ¥C-NMR. (CDCly): Table 2. - MS.: 350
(M+, calc. for C18H2207I 350)

5. Hydrogenation of gilmicolin (3) to 6. A solution of 50 mg of 3 in 5 ml of ethanol was hydrogenated
with 25 mg of Pd/C (5%) at room temperature. After 2 h the solution was filtered and evaporated i.V.
The residue was purified by preparative TLC. (methylene chloride/methanol 95:5) to yield 10 mg of 6
as an orange gum. - UV. (Ethanol): 272 (4.21). - IR. (CHCI3): bands at 3500, 1680, 1375. - 'H-NMR.
(CDCl;): Table 1. - MS.: 250 (M*, calc. for C4H 304: 250).

6. Reduction of gilmicolin (3) with zinc in acetic acid. A solution of 100 mg of 3 in 3 ml of 90%
aqueous acetic acid was stirred with 17 mg of zinc dust at RT. After 2 h the reaction mixture was diluted
with 50 ml of ethyl acetate and neutralized with 1N NaHCO3. The organic layer was washed with water,
dried with sodium sulfate (anhydrous) and evaporated i.V. Preparative TLC. (methylene chloride/
methanol 95:5) of the crude reaction product yielded 41 mg of unreacted gilmicolin (3), 38 mg of
mono-0-acetyl-trihydroxy derivative 7 and traces of tetrahydroxy derivative (not persued further).

Compound 7, an oil, [a]f= + 17+ 2° (c=0.063 in chloroform). - UV, (Ethanol): 256, 302 (4.2; 3.9). -
IR. (CHCl;): bands at 3400-3600, 1748, 1605. - 'H-NMR.: Table 1. - MS.: 310(M+, calc. for C1gH2,0¢:
310).

7. Acetylation of mono-O-acetyl-trihydroxy derivative 7 t0 tetra-O-acetyl derivative 8. A solution of
12 mg of 7 in 2 ml of pyridine and 1 ml of acetic anhydride was stirred at RT. for 18 h. After removing
the solvent i.V. the residue was purified by preparative TLC. (methylene chloride/methanol 97:3) to
yield 9 mg of tetra-Q-acetyl derivative as oil. - IR. (CHCl3): bands at 1765, 1748, 1378. - 1H-NMR.
(CDCly): Table 1. - MS.: 436 (M, calc. for CoyHOg: 436).
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8. Mycorrhizin A (11). From methylene chloride/hexane crystals of m.p. 161-162°, [aJip= +32+2°
(c=0.16 in ethanol). - UV. (Ethanol): 295 (3.55). - IR. (CHCl,): bands at 3500, 1720, 1390. - 'H-NMR.
(CDCl): Table 1. - MS.: 282.0646 (M, calc. for C4H5C10,: 282.0659).

9. Acetylation of mycorrhizin A (11) to O-acetyl-mycorrhizin A (12). A solution of 5 mg of mycor-
rhizin A (11) in 1 ml of pyridine and 0.5 ml of acetic anhydride was stirred at RT. After 14 h the solvent
was removed 1.V, and the residue purified by preparative TLC. to give 3.2 mg of O-acetyl-mycorrhizin A
(12) as an oil. - UV. (Ethanol): 290 (3.8). - IR. (CHCl;): bands at 1735, 1702, 1680, 1390. - 'H-NMR.
(CDCl3): Table 1. - MS.: 324 (M*, calc. for CigH;ClO5: 324).

10. Mycorrhizinol (15). It crystallized as plates from methylene chloride/heptane mixtures, m.p.
115-116°, [a}¥= —30+2° (c=0.27, methanol). - UV. (Ethanol): 250, 264, 269 (4.00, 4.18, 3.48). -
IR. (CHCl3): bands at 3600, 3350, 1600, 1370. - 'TH-NMR. (CDCl,): Table 1. - MS.: 2820656 (M*, calc. for
C14H5Cl10,4: 282.0659).

11. Acetylation of mycorrhizinol (15) to di-O-acetylmycorrhizinol (16). A solution of 5 mg of 15 in
3 ml of pyridine and 1.5 ml of acetic anhydride was stirred at RT. After 18 h the solvent was evaporated
and the residue purified. Preparative TLC. (methylene chloride/methanol 99:1) yielded 3 mg of di-O-
acetylmycorrhizinol (16) as a gum, {a}}0= — 27+ 2° (c=0.09, chloroform). - IR. (CHCl;): bands at 1760,
1745, 1385. - 'H-NMR. (CDCl,): Table 1. - MS.: 366 (M™, calc. for CgH ;oClO¢: 366).

12. Methylation of mycorrhizinol (15) to mono-O-methyl derivative 17. The solution of 6 mg of 15 in
10 ml of dry acetone was treated with 0.5 ml of methyl iodide and 30 mg of potassium carbonate at RT.
After 8 h the solution was filtered and dried i.V. The product was purified by preparative TLC.
(methylene chloride/methanol 99:1) to yield 3.6 mg of O-methyl mycorrhizinol as crystals; m.p. 68-70°,
faf= —29+ 2° (c=0.07, chloroform). - IR. (CHCI3): bands at 3500, 1604, 1390. - 'H-NMR. (CDCl5):
Table 1. - "H-NMR. (C¢Dg): Table 1. - MS.: 296 (M*, calc. for C(sH 7C10,: 296).

13. (= )-6-Hydroxymellein (14). It crystallized as prisms from acetone/hexane, m.p. 212-213° (lit.
214-215°; sublimed at 139°/0.06 Torr (lit. 140°/0.06 Torr); [a]= — 64+ 2° (¢=0.134, methanol) (lit.
[alp= —63°, ¢=0.6, ethanol). - UV. (Ethanol): 270, 305 (4.11, 3.76). - IR.: 1648. - IH-NMR. (CDCl,):
1.38 (d, 7=6 Hz, 3 H); ca. 2.85 (m, 2 H); ca. 4.67 (m, 1H); 6.19 (d, J=2.6 Hz, 1H); 6.22 (d, J=2.6 Hz,
1H); 10.59 (1H, exchangeable with D,0); 11.12 (1H, exchangeable with D,0). - MS.: 194 (M, calc.
for C10H|004: 194).
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