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THE BIOSYNTHESIS OF ASPERUGIN IN 
ASPERGILLUS RUGULOSUS’ 

J. A. BALLANTINE, V. FERR~TO and C. H. HASALL 
Department of Chemrstry, Umversrty College of Swansea, Swansea, Wales 

(Recerwd 16 Sepfembe* 1970) 

Ahstraet-Asperugrn C, CasHszOb, has been rdentrikd as 2,4drhydroxy-5-(~rax.r-rruxr-farnesyloxy)-6- 
methylbenzaldehyde (XI) It 1s probably a shunt metabolite rn the brosynthettc pathway leadmg to asperugm 
(II.) Several stages 111 the biosynthesrs of asperugm have been proposed 

IT HAS been established that mutation of Aspergrllw rugulosus I.M.I. 84338 gave rise to 
various strains which produced different phenohc metabol~tes.2-5 It was envisaged that 
the investigation of the structures of related compounds produced by these blocked mutants 
would make it possible to propose a biosynthetic pathway leadmg to the more complex 
members of this series. The series of metabohtes includes arugosin (I), asperugm (II), 
avert&n (III) and stengmatocystm (IV). 

In the course of these studies, a compound, C23H3204, winch we have named asperugm 
C, was isolated from the mycehum of a blocked mutant, which no longer produced asperugm. 
Asperugm C gave colour reactions for a phenol and the u v. spectrum (Table 1) showed 
smularities to that of asperugm B. Absorptron bands at 3300 (broad) and 1630 cm-’ in 
the I r. spectrum were attributed to a strongly hydrogen-bonded ortho-hydroxy carbonyl 
system.6 Signals at T - 2.12 and O-02 in the 'H NMR spectrum (Table 2) supported this 
assignment and indicated that a formyl group was mvolved.3 In addition, the groups 
ArH, ArCH,, ArOH (non-chelated) _and Ar-O-(trun-truns-farnesyl)7 were mdlcated by 
the analysis of the ‘H NMR spectrum This and similar spectroscopic evidence relating 
to the monomethyl derivative (VI) and a degradation product (VII), formed from (VI) by 
the action of acetic acid, led to the formulation of the partial structure (V) for arugosm C. 

TABLE 1 Uv ~PFETRA~FASP~~OIN C DERIVATIVES 

h,. nm (log +ethanol &,,.= nm ethanol-NaOH 

Asperugm C (XI) 215 (3 99), 240 (4 03), 291 (4 15), 343 (3 77) 214, 256. 350 
Acid Cleavage Product (VII) 214 (3 80). 245 (4 04), 289 (4 08), 368 (3 69) 
o-Orsellmaldehyde (XVI) 220 (4 07), 233 (3 95), 291 (4 20), 324 sh (3 84) 208, 253, 341 
Asper%un B (XVIII) 209 (4 31), 258 (4 15), 293 (3 87), 330 (3 82) 211, 287. 386 

1 Thts 1s Part XXIII of this senes ‘Brosynthesrs of Phenols’, previous paper E R CATLIN and C H HAS- 
SALL, J Chem Sot (c), 460 (1971) 

z J A BALLA~N~, C H HASWLL and G Jo-, J Chem Sot. 4672 (196.5) 
3 J A BALLANTINE, C H HMMLL, B D JONES and G Jo-, Phyrochem 6,1157 (1967). 
* J A BALLANTINE, C H WALL and B D Jomrs, Phytochem 7,1529 (1968) 
’ J A BALLANTINE, D J FRANCIS, C H WALL and J L C Warorrr, J Chem Sot. 1175 (1970). 
6 D. W CAMERON, P M &n-r and Loan TODD, J Chem SOC 42 (1964) 
’ R B BATES, D M GALE and B J GRUNER, J Org Chem. 28,1086 (1963) 
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TABLE 2 u NMR CHARA- Cs OF ASPERUGlN c DERIVATIVE-3 (r VALUES) 

Awgnments 
Multlplrclty Asperugm C A~perugm B Monomethyl Acid cleavage 

Protons (Jm Hz) (Xl) (XVIII) derwatwe (VI) product (VII) 

Chelated ArOH 
ArCHO 
ArCHO 
AIOH 

Ar-O-i%;-CH=- 
--CZJ=- 

Ar-O-C&-CH= 

iizz 
=C-C&-C&-C= 

-CPU== 
--C(CH&= 

If 
1 
1 
If 
1 

s -2 12 
s - 

s -002 
s 3 68 

s 452 3 76 
m 4 97 
d (7) 5 70 
S - 

s 7 50 
m 794 
S 8 32 
S 840 

-3 13 
-0 81 

-004 
very broad 

4 2 96 80 
4 80 
5 10 
- 

- 
88: 

8.41 

-239 
- 

-004 

4 375 50 
4 94 
5 66 
6 14 
7 55 
7 98 
8 35 
8 41 

-220 

-0-i 
4 68 
3 74 
- 
- 
- 

6 11 
7 58 

* Exchangeable wth deutermm oxide. 



Bmsynthesls of aspen@ in Aspergdlus rugdosus 1311 

It seemed probable from knowledge of the structures of other metabolites of A. nrgu- 
losus, that asperugm C was a hydroxydenvative of o-orsellinaldehyde (XVI). This was 
confirmed by showmg that the product (VII), formed by acidcatalysed cleavage of mono- 
0-methylarugosin C, was rdentical with the product of hydroxylauon of everinaldehyde 
(VIII) by the Elbs persulphate reaction. Furthermore, it was established that the hkely 
paru hydroxylauon had occurred in this reactron, to produce the hydroxyhydroquinone 
(IX). The synthetic product was methylated and reduced to give 1,2,5-ttrmethoxy-3,4 
dlmethylbenxene (X) which was identical with material prepared through 2,fdimethyl-1, 
4-benxoqumone by Thiele acetylauon, followed by 0-methylatron. 

This evidence estabhshed that arugosm C was 2,4dlhydroxy-S(trans-trans-famesyloxy)- 
6-methylbenxaldehyde (XI). 

t 
H 

OHC , OCISHZS Q OHC ’ 
I 

OCHS 

The identification of aspemgin C and other metabolites of blocked mutants of A. 
rugulosus which had lost the ability to produce aspemgin, has made it possible to postulate 
several stages in the brosynthesis of aspemgin (XIX) and related compounds. It is suggested 
that four of the metabohtes which have been identified: o-orsellinic acid (XV),* o-orsellin- 
aldehyde (XVI),4 w-hydroxy-o-orsellinaldehyde (XVII),* and asperugin B (XVIII)j are 
on the pathway to asperugm (XIX) whereas aspen&n C (XIV), orcinol @III),* and the 
dlphenyl ether (XIQ4 are shunt metabohtes. There are various precedentsgJo for the 

* G. JONES, Umvemty of Wales Ph.D thesis (1964) 
9 G &TTlBWON, Actu Chem Scumf l&l428 (1964). 

lo G Pimmsso~, Acta Chem Stand 19, 543 (1965) 
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hydroxylation of a resorcmol to a hydroxyhydroquinone nucleus and for enzyme-catalysed 
decarboxylation of o-orselhmc acid. I1 There IS, as yet, no speafic evidence relatmg to the 
biosynthesis of the dlphenyl ether (XII) but the orientation of substltuents suggests that 
it may be derived from o-orselhmc acid. 

EXPERIMENTAL 

All m ps were determmed on a Kofler hot-stage rmcroscope U v spectra were measured Hrlth a Umcam 
SP 800 spectrophotometer I r spectra were determmed with a Perkm-Elmer 257 spectrophotometer. ‘H 
NMR soectra were obtamed at 60 MHz with a Perkm-Elmer RlO mstrument and at 100 MHz v&h a Vanan 
HAlOO~nstrument. Mass spectra were measured at 70 ev with an A E I MS-9 spectrometer. Accurate mass 
measurements were performed relative to fragment Ions of heptacosofluorotnbutylamme R, values refer to 
TLC chromatograms as previously described 2 Light petroleum had b p 6&80” 

Extractron and Pmficatron of Asperugm C 

A white, fltiy, prohne-requumg mutant (A R M 884) derived m two mutational steps from A rugulosus 
I M I stram 84338 was grown from a spore syspension for 21 days at 25” on a low-N medmm12 to which 
Marnute (1 g/l 1) and prohne (10 mg/l 1) had been added The stationary cultures were m 500 flat-sided 
bottles (ca 1 1 capacity) each contammg 200 ml of medium The mycehum was collected on a wuz mesh 
stramer, macerated Hnth an equal volume of H20 and extracted Hrlth Et20 (5 x 500 ml for each 11 of macer- 
ate) After drymg, the solvent was removed to furmsh a dark brown viscous residue (28 g) which was dB- 
solved m Et20 (500 ml) and acidic nnpurltles were removed by extraction Hrlth Na2C03 Phenohc compounds 
were extracted mto N-NaOH (500 ml) which was washed with E&O (750 ml), the aqueous layer acidtied to 
pH 2 with HCl and extracted with Et20 (2 x 250 ml) After drying, the extract was evaporated m wcuo to @ve 
a dark brown, ~scous residue (412 g) which was chromatographed on s&a gel (450 g, 200-300 mesh) by 
gradient elutlon. Elutlon with benzene yielded fractions contammg asperugm C (XI) (1 1 g), colourless plates 
from light petroleum, m p 54” (RI 0 76, purple spot ) [Found C, 74 6, H, 8 4%, M (mass spectrometry) 
372 2300 f 0 0017 C23Hs204 requires C, 74.2, H, 8 7%, M, 372 23001, Q,,., (film) 3300 broad (OH), 2960 
(CH), 2930 (CH), 2860 (CH) and 1630 (CO) cm-’ 

Methylatwn of Asperugm C 

Asperugm C (100 mg) was methylated in the usual way v&h acetone (2 ml) K2COl (35 mg) and Me1 
(50 mg) for 8 hr under reflux The product (VI) was obtamed as a viscous od (92 mp) (R, 0 80 orange-brown). 
[Found M (mass spectrometry), 386 2457 f 0 0017 C24HB,04 reqmres M, 386 24571 v,,,.. (film) 3200 
broad (OH), 2960 (CH), 2920 (CH), 2840 (CH) and 1635 (CO) cm-’ 

Cleavage of Methoxy-asperugm C wrth Acetrc Acui 

Methoxy-asperugm C (92 mg) was treated with a rmxture of a few drops of N-HCl m HOAc (2 ml) for 
12 hr at 25“. Removal of the solvent left a residue wluch was crystalhzed from light petroleum to yield the 
phenulrc cleauage product (VII) as hght yellow prisms (22 mg) m p. 163-165” [Found C, 59 3, H, 5*5x, 
M (mass spectrometry), 182 C9H1004 requires C, 59 3, H, 5 5 %, M, 182 ] Y,,,.. (KBr) 3340 broad (OH) and 
1635 (CO) cm-‘. 

Elbs Perusulphate Oxldotron of 2-Hydroxy4methoxy-6methylbenzahiehyde 

2-Hydroxy4methoxy-6-methylbenzaldehyde13 (100 mg), syspended m 10% NaOH (1 2 ml), was treated 
Hrlth a saturated aqueous solution of K2S20s (175 mg) for 3 hr at below u)“. After acldticatlon the product 
(IX) was isolated as yellow plates (47 mg) from hght petroleum, m p 164” [Found C, 59 3; H, 5 5%; M 
(mass spectrometry), 182 C9H1,,04 reqmres C, 59 3, H, 5 5%, M, 1821, which were identical (1 r , u v , 
‘H NMR, mass spectra and nuxed m p ) with the phenohc cleavage product of methoxy-asperugm C 

Methylatwn and Hydrogenation of the Elbs Persulphate Oxldatron Product 

The above oxldatlon product (200 mg) was methylated m the usual way with excess Me2SO+ (600 mg), 
K2C03 (550 mg) 111 acetone (20 ml) for 8 hr under reflux m N2 The trr-O-methyI ether aldehyde derivative 
(150 mg) was obtamed as colourless rmcrocrystals after sublunatlon, m p 102” [Found C, 62 7 H, 6 8%, 
M (mass spectrometry), 210 C11H140+ reqmres C, 62 8; H, 6 7%. M, 2101, ~CDCI,) -0 7 (lH, s, ArCIjO), 
3 58 (1I-Q s, ArH), 6 02 (3H, s, ArOCH,), 6 08 (3H, s. ArOCW, 6 25 (3H, s, ArOCW and 7 45 (3H, s, 
ArCH3) 

11 R BENTLEY m Wogeneszs of Antrbwtrc substances (edited by Z VANEK and Z H~TALBK), p 241 
Czechoslovak Academy of Sciences, Prague (1965) 

I2 C H HASSALL and K LAWRENCE, J Gen Mlcrobzol 35,483 (1964), 
I3 A ROBERTSON and R J STEPHENS~NJ Chem Sot 1390 (1932) 
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The ti-O-methyl aldehyde derwatwe (100 mg), m EtOH (20 ml) was rmxed with 10% Pd/C (50 mg) and 
shaken v&h Hz (1 atmos) for 12 hr at 20”. The trr-0-methyZ-o-xylene product,(X) was obtamed as colourless 
prisms (42 mg) by sublimation at 33”/0 05 mm, m p 64” [Found C, 67 0, H, 8.4 % ; M (mass spectrometry), 
196. CllHIe03 reqmres C, 67.3. H, 8.2%; M, 1921, ii,,,,, (EtOH), 231 and 285 nm (log c 3 66 and 3 48) 
c~c~C,~, 338 (lH, s, Ary), 6 12 (3H, s, ArOC&), 6 20 (3H, s, ArGCB,), 6-25 (3H, s, ArGCJ&), 7.78 (3H, 
s, Arc&) and 7 90 (3H, s, Arc&) 

3,4,6-Trimethoxp1,2dmzethylbenzene 

3,4,6-Triacetoxy-1,2dunethylbenzene* (200 mg) and Me$04 (1 ml) were added m Nz to deaerated 10% 
NaOH (20 ml) and the mrxture rekxed for 4 hr. On coolmg a sohd separated which was collected and pun- 
fied by subhmatlon at 43”/0 05 mm 3,4,6-Z’rzmethoxy-1,2-dimethylbenzene was obtained as colourkss 
prisms (65 mg) m p. 65”. [Found. C, 67 3; H, 8 5%; M (mass spectrometry), 196 CllHisOs reqmres C, 
673;H,8-2%;M,196],1dentxal(uv,ir, ‘H NMR, mass speztra and rmxed m p.) mth the product from 
methylatlon and hydrogenation of the Elbs persulphate product. 

Acknowledgements-We thank the Royal University of Malta for a research scholarship (V F.) and the 
Science Research Councd for funds for the purchase of NMR and mass spectrometers. We acknowledge the 
assistance of Mr T. Dames, Dr. M. J Hall, Mrs J Leamon, Mr. G Lewis and Mr. S Powell in the cultwa- 
tlon of A rugulosrrs. 


