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Mass spectra, X-ray data and high resolution 13C and 'H NM R spectra of 8-(dichloroacetyl)-
5-hydroxy-2,7-dim ethyl-l,4-naphthoquinone are reported. The antibiotic active com pound was 
isolated from the fungus Mollisia sp.

Introduction

D uring investigation of the mycoflora of dead 
branches of deciduous trees a dem atiaceous hypho- 
mycete was isolated by B utin and Kowalski [1] which 
shows strong antibiotic activity against the asco- 
m ycetes Pezicula cinnam om ea  (DC ) Sacc., A m phi-  
porthe leiphaemia  (Fr. B utin), Diaporthe carpini 
(F r.) Fckl. and against the basidiom ycete Hetero- 
basidion annosum  (F r.) Bref. (Kowalski, unpub­
lished data).

Especially in dual cu ltures with H. annosum  yel­
low crystals are p roduced . By detailed analytical in­
vestigations this com pound could be identified as 
Mollisin which first was isolated by G rem m en [2] 
from  M ollisia  (F r.) K arst, and characterized [3] as 8- 
(d ichloroacetyl)-5-hydroxy-2,7-dim ethyl-l,4-naph­
thoquinone, C 14H 10C l2O 4 (Fig. 1). In the course of 
our structural characterization  of this com pound a 
series of physicochem ical data  have been determ i­
ned. The still undescribed  X-ray structure analysis, 
the mass spectra and the high resolution 13C and *H 
N M R  data will be p resen ted  in this paper.

* Further details of the investigations on crystal structures 
may be received at: “Fachinformationszentrum Energie, 
Physik, M athematik, G m bH , D-7514 Eggenstein-Leo- 
poldshafen 2” . The R egistrations-No., CSD 51981, the 
name of the author, and the reference should be given.

Reprint requests to Prof. Dr. J. Sonnenbichler.
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Experimental

The fungus M ollisia  sp. is presen t in W est G er­
many and the southern  part of Poland during all 
seasons at small twigs and branches of m any tree 
species. Stock cultures are m aintained at K rakow  
(No.: H M IPC  15188, 15189, 15190).

On m alt agar (20 g/1 m alt extract, 15 g/1 A gar, Sig­
m a, M ünchen, F R G ) the growth rate  is low. The 
fungus starts to  form  the yellow crystals only 10—14 
days after inoculation around  the colony (about 
12 mm in d iam eter) in clusters of variable shape. The 
crystal form ation occurs in m onocultures, but is 
greatly enhanced  in dual cultures, especially in com ­
bination w ith H eterobasidion annosum . Isolation was 
perform ed by extraction of the corresponding agar 
areas with CHC13 and successively by preparative 
thin layer chrom atography on Kieselgel 60 (M erck, 
D arm stad t, F R G ).

A fter recrystallization in ethanol the yellow com ­
pound show ed decom position at 196 °C.

U V  spectra w ere recorded  w ith a Perk in-E lm er X. 5 
UV/VIS spectropho tom eter. M ass spectra w ere re ­
corded with a V arian/Finnigan C H 7A  +  datasystem  
SS200 MS. 13C and 'H  spectra w ere m easured with a 
B ruker N M R  spectrom eter A M  500.

X -ray crystal structure analysis was perform ed 
with an E nraf-N onius C A D 4 D iffractom eter. A  crys­
tal with dim ensions 0.01 x  0.05 x  0.30 m m , gained by 
recrystallization from  CHC13 was used. W ith M o-K a
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radiation (graphite m onochrom ator) 807 unique ob ­
served reflections with |f g|> 3 o(|f o|) were collected 
up to  20 =  47° in an co/20 scan m ode.

The structure was solved by direct m ethods (290 |e | 
>  1 . 1) and refined by least squares m ethods (full 
m atrix) with anisotropic therm al param eters for the 
heteroatom s and m ethyl C-atom s only [4], All hydro­
gen atom s could be localized from  a difference 
F ourier m ap. The hydroxyl H  was trea ted  as a riding 
atom , o ther H -atom s were included in calculated 
positions ( C —H  =  1.00 Ä ); idealized methyl groups 
w ere refined as rigid groups. All isotropic tem pera­
ture param eters of the hydrogens w ere kept fixed at 
the corresponding values of the attached atom s. 
O m itting 7 reflections suffering from  secondary ex­
tinction and m achine fault, respectively, resulted in a 
final /?-value of 0.062 and R w = 0.052, w-1 =  g2( |f o|) 
+  10- 4 |Fof.

The lists o f structure factors, positional and tem ­
peratu re param eters of all atom s, bond distances, 
bond angles and torsion angles have been deposited 
at the Fachinform ationszentrum  E nergie — Physik — 
M athem atik , D-7514 E ggenstein-Leopoldshafen. 
Copies may be ob ta ined  by giving the deposition 
num ber CSD —51981, the nam es of the authors and 
the citation of this article.

Fig. 1. Molecular structure of 8-(dichloroacetyl)-5-hy- 
droxy-2,7-dimethyl-l,4-naphthoquinone in a perspectivity 
view. The distances between nonhydrogen atoms have 
standard deviations of 0.01 Ä . The angles are given without 
the last significant digit (o: 0 .5 —0.9°).

Results and Discussion

X-ray structure analysis

8-(D ichloroacetyl)-5-hydroxy-2,7-dim ethyl-l,4- 
naphthoquinone crystallizes in the m onoclinic space 
group P2j/c; a =  5.061 (4), b = 15.797 (10), c =
16.570 (8) Ä , ß =  89.83 (5)°, V  = 1324.7 Ä 3, D x =
1.570 M g/m3, Z  =  4. Fig. 1 shows the m olecular struc­
ture including bond distances and angles defined by 
nonhydrogen atom s. The naphthalene skeleton in­
cluding the directly  bonded  atom s is p lanar in a first 
approxim ation. D ue to  sterical effects some small 
deviations from  a strictly p lanar arrangem ent occur, 
which becom e obvious by differences of 7° as a m ax­
imum from  the ideal values for the torsion angles (0° 
or 180° respectively). The O H -group  forms a bifur­
cated hydrogen bridge: a relatively strong in­
tram olecular one with the carbonyl group in peri- 
position and a w eaker in term olecular bridge with 
one of the chlorine atom s of the dichloroacetyl group

of a neighbouring molecule in the crystal structure. 
There also is a weak intram olecular H - - 0  in terac­
tion betw een the H  of the CHC12 g roup and a C = 0  
group of the quinone.

The bond distances within the carbon  skeleton of 
the 1,4-naphthoquinone system are quite norm al. 
The benzene ring shows bond distances betw een 1.37 
and 1.40 Ä , in accordance with the in term ediate  
bond orders for the arom atic ring system . The 1,4- 
para-quinoide ring system reveals th ree  types of C-C- 
distances in accordance with the canonical form ula: 
four bonds near single bond  distances 
(1.45 — 1.48 Ä ), one near a double bond  distance 
(1.33 Ä ) and that C-C-bond in com m on with the 
benzene ring (1.40 Ä ), whose distance is of in te r­
m ediate bond order.

The mass spectroscopic data showing the fragm en­
tation pattern  of the described naphthoquinone 
derivative are listed in Table I.
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Table I. Mass spectrum (70 eV); m lz  229 =  100% rel. inten­
sity.

Fragments (Relative intensities)

314 (0.2) 173 (2.8)
312 (0.6) 145 (4.0)
277 (0.6) 128 (2.1)
231 (2.3) 115 (5.1)
230 (14.9) 105 (2.3)
229 (100) 91 (2.8)
214 (2.3) 77 (3.2)
201 (3.8) 51 (3.9)

T he U V  spectrum  corresponds to that qualitatively 
described by van der Kerk and O vereem  [5]: Xmax 
[e] in ethanol: 207 [22900]; 254 [160001; (270) 
[10900]; 413 [2700].

C oncerning N M R  data, a rough proton resonance 
spectrum  already has been m easured [6]. In Table II

data from  highly resolved ’H  and 13C N M R  spectra 
are listed and com pared to  calculated shift values for 
control.

All described spectroscopic data and also the 13C 
data in com parison to  the calculated values fit best to 
the described structure. They should be interesting 
for docum entation  purposes.

W ith view to  biological aspects the antibiotic activ­
ity (Kowalski, unpublished) o f the described com ­
pound produced from  M ollisia  sp. is interesting. 
A fter inoculation the fungus may prevent trees from 
superinfections for instance by the highly pathogenic 
fungus Heterobasidion annosum  one of the most 
destructive basidiom ycete pathogens in the conifer­
ous forests o f the world. U p to  now no evidence for a 
pathogenicity  of M ollisia  sp. by itself has been 
observed.

Table II. Data from 'H and 13C NM R spectra measured in CDC13 at 
25°, TMS =  0 ppm, 13C data calculations were done according to [7],

ppm (intensity) Spin state Coupling constant [Hz]

‘H: 3-H 6.84 (1) q- J = 1.5
6-H 7.19 (1) q- J = 0.4
(2)-CH 2.17 (3) d. J =  1.8
(7)-C H 3 2.44 (3) d. J -  0.4
OH 12.08 (1) s.
-C H C 12 6.32 (1) s.

found calc. found calc.
13C: 1-C 189.3 s 187.0 1-C 146.3 s 145.4

2-C 148.7 s 145.9 8-C 130.1 s 126.6
3-C 136.1 d 133.3 8'-C 130.3 s 135.5
4-C 186.0 s 187.0 —C = 0 192.0 s 192.0
4'-C 113.0 s 116.2 CHCli 70.9 d 70.2
5-C 162.2 s 161.6 (7)-CH 3 20.5 q 22.3
6-C 126.0 d 120.7 (2)-CH 3 16.3 q 15.8
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