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BIOSYNTHETIC STUDIES ON ANT METABOLITES OF 
M E U E I N  AND 2,4-DIHYDROXYACETOPHENONE 

FROM El ,2-13C,} ACETATE 

CHANGMING SUN"* and ROBERT F. Tow2 

Department of Organic Chemistry, University of New South W a h ,  Kensington, NSW 2033, Australia 

Assmcr.--The biosynthesis of mellein [3] which OCCLUS in the Australian ponerine ant 
Rhytiabpomra chalybrrra was studied by feeding the ants with an aqueous solution of sodium [1,2- 
"C,lacetate. During this work, a further component not previously noted in this ant was also 
isolated and identified as 2,44ihydroxyacetophenone [4]. Both mellein and acetophenone were 
examined by '3C-nmr spectroscopy, and the l3C-I3C couplings from the intact acetate units were 
detected. The results establish that in this ant both mellein and the acetophenone arise via the 
polyketide pathway. 

Various biosynthetic pathways are 
implicated in the production of different 
types of aromatic compounds in insects 
(1-3). Of these the polyketide route is the 
most common pathway. For example, 2- 
hydroxy-6-methylacetophenone 117 and 
2,4,6-trihydtoxyacetophenone 127 have 
been shown to arise via this pathway 
(475). 

In the past decade, biosyntheses of 
many polyketide-derived metabolites 
have been reported using stable isotopes, 
particularly in the lower fungi and other 
microorganisms where high levels of in- 
corporation are easily achieved (6). Some 
biosynthetic work has also been done in 
the insects, using both stable and radio- 
labelled precursors (7-9). The occurrence 
of mellein E37 in the Australian ponerine 
ant Rhytidoponera chalybaea Emery 

(Formicidae) (10,l l),  however, provided 
an opportunity to initiate a biosynthetic 
study of this compound in this insect, 
and in particular, to investigate the use of 

C-labelled precursors in this situation. 
The use of doubly '3C-labelled precursors 
offers the additional advantage that the 
connectivity in the molecule can be de- 
termined directly. 

Mellein E37 has been found in many 
sources in nature (12), including fungi 
and insects. It has been shown to possess 
an impressive array of biological activi- 
ties. For example, it is one ofthe constitu- 
ents of the mandibular secretion of Car- 
penter ants (1 3) and the defensive secre- 
tionoftermites(l4). It occu rsin themale 
hairpencilsoftheoriental fruit moth(l5) 
and has been shown to have pheromonal 
properties in the castes of Carnponotus 
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penmylvanicus (16). Mellein has been the 
subject of several previous biosynthetic 
investigations, carried out using avariety 

mond, CA 94806. of labels, in fungi. For example, the in- 
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Carbon 

corporation ofCD,CO,H and 13CD3C0,H 
(17), and E1,2-13C21acetate(18) into 3 in 
Aspergillus melleur demonstrated that it is 
biosynthesized from a common linear 
polyketide precursor. 

In the present work, during the iso- 
lation of mellein another compound was 
noted and was identified as 2,4- 
dihydroxyacetophenone 141. This was 
shown to arise via the polyketide path- 
way. 

RESULTS AND DISCUSSION 

The CH,CI, extract obtained from 
the bodies of R. chalybaea fed with 11,2- 

C,)acetate was examined by tlc, and two 
uv-absorbing bands were noted. Subse- 
quent preparative work led to the isola- 
tion of the anticipated 3, while the sec- 
ond compound, which was also obtained 
crystalline, was identified on the basis of 
published dataas 4.  It is noteworthy that 
this latter compound had not previously 
been reported from R. cbalybaea; possibly 
it was unobserved in the earlier gc-ms 
studies in view of its retention times on 
the columns used (10,ll). 

The 13C-nmr shift data and coupling 
constants for compound 3 as isolated 
from R. chalybaea are presented in Table 
1. The results were generally in agree- 
ment with the earlier study in fungi and 
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TMLE 1. "C Chemical Shifts and Couplings 
Observed for 11 ,2-13C2]Acetate-enriched 

Mellein 13). 

C-8 ......................... 
c-7 ......................... 
C-1 ......................... 
C-6 ......................... 
c-5  ......................... 
c-4 ......................... 
C-3 ......................... 
C-2 ......................... 

c - 9  ......................... 
c - 3  ......................... 
c-4  ......................... 
C-4a ....................... 
c-5  ......................... 
C-6 ......................... 
c-7 ......................... 
c - 8  ......................... 
C-Sa ....................... 
c- 1 ......................... 

25.94 
202.04 
112.82 
132.94 
108.1 1 
164.97 
102.58 
164.66 

20.8 
76.1 
34.6 

139.4. 
117.9 
136.1 
116.2 
162.2 
108.3 
169.9 

39 
39 
40 
41 
56 
56 
67 
67 
66 
68 

'Chemical shift, 6, ppm, in CDCI, (125.77 

"c-'~c coupling constant from 1 1 , ~ -  
Hz). 

13C,Metate,/, in Hz. 

indicate that the biosyntheticpathway in 
ants is the same as that established in 
fungi (18). 

The Occurrence of 4 is of interest 
from two points of view. Although it has 
been isolated previously from natural 
sources, including plants (19-22) and 
sherry wine (23), this is the first report of 
its Occurrence in insects. In considering 
the biosynthesis of 4,  while it can be 
predicted that it will arise from the ac- 
etatejmalonate pathway, there are two 
possible foldings of the polyketide chain 
(Figure 1) which could yield this prod- 
uct. These alternatives can be differenti- 
ated on the basis of the 13C-13C coupling 
data. The 13C-nmr spectrum of 4 isolated 
from R. chalybaea fed with [1,2- 
l3CJacetate is given in Table 2. The 13C 
chemical shifts of 4 are assigned accord- 
ing to the literature report for unlabelled 
material (24). The results of the 13C-'3C 
couplings indicate that 4 is derived from 
a tetraketide precursor with the folding 
mode as shown in Figure 2. 

Two possible ways are suggested for 
the mode of action on a polyketide syn- 
thetase for aromatization in Figure 2. 
One of the routes is (i) the reduction of 
the carbonyl group at C-5 and then dehy- 
dration to form an unfunctionalized 
double bond. The other route is (ii) the 

43 
44 
58 
59 
62 
63 
69 
70 

'6, ppm, in CDCI, + DhfDO-$ (1 25.7 7 Hz). 
b 13 C-"C coupling constant from 1 1 , ~ -  

13 C,hcetate,], in Ht. 
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FIGURE 1. Alternative possible foldings for cyclization of 
the C-8 polyketide relative to the positions of 
the [1,2-”C,]acetate units. 

reduction of carbonyl group at C-5 along 
with enolization at C-3. Both ways form 
a cis double bond so that three contigu- 
ous C-C bonds are held in a syn arrange- 
ment and the appropriate reactive sites 
(C-1 and C-6) are brought together for 
cyclization (25,26). 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES.- 

( 1,2-’3C,]HOAc (90%) (0.5 g) was obtained from 
ICN Biomedicals. The acid was neutralized with 
aqueous NaOH and then diluted to a concentra- 
tion of 2.0X M with deionized H,O. ’H- and 
I3C-nmr spectra were recorded on a Bruker AM- 
5 0 0  (at 500 M H z  and 125.77 MHz, respectively). 

B r o m r w  MATERIALS.&veral groups of 
R. cbufybau were collected from Centennial Park, 
Randwick, New South Wales, Australia. Refer- 
ence specimens were deposited in the Australian 
National Insect Collection, Division of Entomol- 
ogy, CSIRO, Canberra, ACT. The ants (ca. 4500) 
were collected from the nests, either individually 

with soft tweezers or by allowing them to attack an 
artist’s paintbrush. The ants from different nests 
were maintained in separate cages in an air-condi- 
tioned room (19-20D). The colonies were allowed 
to stablize for 1 week before feeding the labelled 
acetate. 

FEEDING PROCEDURE.-The ants were fed 
every second day over a 6-week period with [1,2- 
13 C,]HOAc solution (7 &feeding). Each colony 
of ants was also given two mealworms twice per 
week. 

EXTRACTION AND IsoLATION.--After comple- 
tion of the feeding of acetate, the ants were sacri- 
ficedbyplacingthemondryice3daysafterthelast 
feeding of labelled material, and the heads were 
then dissected from the bodies. The bodies were 
ground with a mortar and pestle with anhydrous 
N a w , ,  and the mixture was exhaustively ex- 
tracted with CH,CI, in a Soxhlet apparatus (20 h). 
Evaporation of the solvent gave a pale yellow oil 
(1.5 g). 

The crude extract from the bodies of the ants 
was fractionated by centrifugal preparative tlc 
using Et,O-petroleum ether (1:3) as eluent. Two 

ii 11 

FIGURE 2. Possible cyclization sequence ofthe C-8 polyketide leading to 2,4-dihydroxyacetophenone as 
defined by the observed connectivity of the [1,2-13C,hcetate units. 
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uv-absorbing compounds were obtained, and each 
was purified by preparative tlc (silica) using Et,O- 
petroleum ether (1: l )  as eluent. The less polar 
compound, isolated as colorless needles (10 mg), 
was shown to be identical to mellein 131, mp 38- 
40” [lit. (27) mp 39’7, ms and ”C nmr. The more 
polar compound was isolated as colorless needles 
(14 mg) and shown to be identical in all respects to 
2,4dihydroxyacetophenone I41, mp 143-146’ 
[lit. (28), mp 1477, ir, uv, and ms. ‘H nmr (500 
MHz, CDCI,+DMSO-dd 6 12.56 (lH, s), 10.28 
(lH, s), 7.57 (lH, d, J=8.8 Hz), 6.30 (lH, dd, 
54.8 and 2.4 Hz), 6.20 (lH, d, J=2.4 Hz), 2.46 
(3H, SI. 

ACKNOWLE,?GMENTS 
The Australian Research Grants Scheme is 

acknowledged for financial support. 

1. 

2. 

3. 

4. 

5 .  

6. 
7. 

8. 

9. 

10. 

11 .  

LITERATURE CITED 
G.H.N. Towers, S.S. Duffey, and S.M. 
Siegel, Can. J. Zwl., 50, 1047 (1972). 
S.S. D&ey and G.E. Scudder, Can. J. Zwl., 
52,283 (1974). 
T.H. Jones, W.E. Conner, J. Meinwald, 
H.E. Eisner,andT. EisnerJ. C h .  Ecol., 2, 
421 (1976). 
B. Tecle, J.J. Brophy, and R.F. Toia, Zmert 
Bioch., 16, 333 (1986). 
A.J. Birch and F.W. Donovan, Aut. J. 

J.C. Vederas, Nat. P d .  Rep., 277 (1987). 
G.J. Blomquist and M. De Renobales,in: 
“Metabolic Aspects of Lipid Nutrition in 
Insects.” Ed. by T.E. Mittler and R.H. 
Dadd, Wesoriew Press, Boulder, CO, 1983, 

W .  Andrews-Smith, H.K. Gill, R.W. 
Smith, and D.A. Whiting, J.  C h .  Soc., 
Perkin Trans. 1,  291 (1991). 
C. Froessel and W. Boland, J. C h .  Soc., 
C h  Camun.,  1731 (1991). 
J.J. Brophy, G.W.K. Cavill, and W.D. 
Plant, Imert Bioch., 11, 307 (1981). 
Species correction, Ima? Bioch . ,  14,738 
(1 984). 

ch . ,  6,360 (1953). 

pp. 203-222. 

12. 

13.  

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 
26. 

27. 

28. 

R.A. Hill, in: “Fortschritte der Chemie 
Organischer Naturstoffe” Ed. by W. Herz, 
H. Grisebach, G. W .  Kirby, and Ch. Tamm, 
Springer-Verlag, New York, 1986, Vol. 

J.M. Brand, H.M. Fales, E.A. Sokoloski, 
J.G. MacConnell, M.S. Blum, and R.M. 
Dufliield, Lye Sci., 13, 201 (1973). 
M.S. Blum, T.H. Jones, D.F. Howard, and 
W.L. Overal, C a p .  Bioch. Pbysiol., 71B, 
731 (1982). 
T.C. B&er, R. Nishida, and W.L. Roelofs, 
Science, 214, 1359 (1981). 
T.L. Payne,M.S. Blum,andR.M. Duffield, 
Ann. Entarol. Soc. Am., 68, 385 (1975). 
C. Abell, D.M. Doddrell, M.J. Garson, 
E.D. Laue, and J. Staunton, J. C h .  Soc., 
C h .  Commun., 694 (1983). 
J.S.E. Holker and T.J. Simpson, J. C h .  
Soc., Perkin Tram. I ,  1397 (1981). 
A. Haznagy and L. Toth, Planta Med., 20, 
136 (1971). 
T. Yarnauchi, M. Ham, and Y .  Ehara, P l y -  
tochemistry, 11, 1852 (1972). 
S. Hashimoto, M. Miyazawa, and H. 
Kameoka, J. FcvdSci., 48, 1858 (1983). 
T. Habu, R.A. Flath, T.R. Mon, and J.F. 
Morton, J.  Agric. Food C h . ,  33, 249 
(1985). 
W.J. Criddle, R.W. Goswell, and M.A. 
Williams,Am.J. Enol. Vitic.,34,61(1983). 
A. Pelter, R.S. Ward, and R.J. Bass, J. 
C h .  Soc., Perkin Tram. 1, 666 (1978). 
TJ. Simpson, Nut. Prod. Rep., 281 (1984). 
G.E. Evans,M.J. Garson,D.A. Griffin,F.J. 
Leper, and J. Staunton, in: “Further Per- 
spectives in Organic Chemistry.” Elseviet, 
Amsterdam, 1978, p. 138. 
L.M. Harwood, J. C h .  Soc. Perkin Tram. 
I, 2577 (1984). 
J. Buckingharn, Ed., “Heilbron’s Dictio- 
nary of Organic Compounds,” Chapman 
and Hall, London, 5th ed., 1982, Vol. 2. 

49, pp. 1-78. 

Rerciwd 30 July 1992 


