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Chrysophanol (1 ,S-Dihydroxy-3-methylanthraquinone) Biosynthesis in Higher 
Plants 

By E. LEISTNER* and M. H. ZENK 
(Institute of Plant Physiology, The Ruhr Univevsity, 463 Bochurn, Gewnany) 

IN fungi, anthraquinones of the emodin type (ring-A 
hydroxylated) are synthesized via the acetate-plus-malonate 
pathway.l In  higher plants, however, an independent 
pathway for the formation of ring-a unsubstituted anthra- 
quinones has recently been demonstrated, involving shiki- 
mate2 and m e l a v ~ n a t e . ~ ~ ~  It has been suggested that this 
latter pathway operates also for the biosynthesis of emodin- 
type anthraquinones in higher plants;5 most recently this 
has been supported by the finding6 that labelled shikimate is 
incorporated into chrysophanol and emodin in Rheum 
palrnatum (Polygonaceae) . p4C]Acetate incorporation into 
chrysophanol was reduced markedly by the addition of un- 
labelled mevalonate, indicating mevalonate to be an inter- 
mediate in the biosynthesis of chrysophanol by the shikimate 
pathway. 

We present experimental evidence that this assumption is 
not tenable, and showing that in higher plants the biosyn- 
thesis of emodin-type anthraquinones proceeds via the 
polyacetate-malonate pathway. 

Young growing leaves of Rurnex alpinus (Polygonaceae) 
were fed through the cut ends with potential l*C-labelled 
precursors in complete darkness. After 24 hr., chryso- 
phanol (I) was isolated from the leaves and purified to 
constant specific activity. The quinone was diluted (ca. 
1 : 100) with carrier material and degraded by alkaline 
hydrogen peroxide to give acids (11) and (VI). Acid (11) 
was degraded by standard procedures (I1 +- V), and for acid 
(VI) a similar route (VI --f IX) was followed. The following 
results were obtained : 

(1) No incorporation of ( -J-)-[1,2-14C]shikimic acid and 
( f ) -  [2-14C]mevalonate into the emodin-type anthraquinones 
occurred, although both acids were extensively metabolized 
by the leaf tissue. [1-14C]- and [2-14C]-Acetate, however, 
were incorporated into chrysophanol (0.4 and 0.6%, 
respectively; specific activity chrysophanol2-3 x lo5 d.p.m./ 
pmole and 1.6 x lo5 d.p.m./pmole). 

(2) Extensive chemical degradation of the p4C]chryso- 
phanol molecule from the labelled acetate feeding 
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experiments shows the location of radioactivity to be in Similar results have been obtained with Rhamnus 
completc: agreement with the polyacetate-malonate pathway It can hence be considered as established that 
(see Table). higher plants have developed two completely separate 

frangula. 

Distribution of radioactivity in degradation Products of chrysophanol after application of [1-14C]- and [2J4C]-acetate 

Compound 
Chrysopk.ano1 (I) . . .. .. .. .. .. 
3-Hydroxyphthalic acid (11) . . .. * .  .. .. 
C0,ex  (11) (=C-9) .. . .  * .  .. * .  . .  
C 0 , e x  (IV) (=C-10) .. . .  * .  * .  * .  . .  
Picric ac-d (V) . . .. .. . .  .. * .  .. 
CO, ex (IT) (=C-6,-8,-11) , . * .  .. .. .. 
CBr,NO, ex (V) (=C-5,-7,-12) .. * .  .. 0 .  

3-Hydro::y-5-methylphthalic acid . . * .  I .  .. 
CO, ex (VIII) (=C-10) . . .. .. .. * .  .. 
Trinitro-wcresol (IX) . . .. .. .. .. .. 
CO, ex (I X) (=C-l,-3,-14,-m) .. .. . .  .. 
CBr,NO, ex (IX) (=C-2,-4,-13) . . .. .. .. 

CH3J4C02H 
theory found 

100 100 
% % 

57.2 55.7 
14.3 13.2 
0 1.6 

42-8 45.3 
42.8 48.3 
0 2-3 

57.2 58.3 
0 0 

42.8 49.3 
42.8 47.2 

0 2.2 

14CH3*C0,H 
found theory 

100 100 
% % 

50 48.9 
0 2.9 

12.5 10.8 
37.5 34.9 
0 3.3 

37.5 30.7 
62-5 64.2 
12.5 10.9 
50 48.3 
12.5 12.5 
37.5 41.1 

(3) Kuhn-Roth oxidation of the labelled chrysophanol pathways for the synthesis of the anthraquinone carbon 
molecult: (from [2-1*C]acetate) yielding C-3 and C-m as skeleton, i.e. , the shikimate and the polyacetate-malonate 
acetate j1/8 of the activity of (I) was found in C-3 + C-m; pathways. 
C-m containing 95x1 is in complete agreement with the This work was supported by a grant from the Bundes- 
acetate-.malonate pathway. The ratio of 14C of ring A (V) to minister fur wissenschaftliche Forschung. We thank 
ring c (IX) in the [l-14C]acetate feeding experiment was 
l : l .  

(Received, December 23rd, 1968; Corn. 1766.) 

Mrs. 141. Fuerbringer and Miss C. Kalteis for assistance. 

1 R. H. Thomson, in “Chemistry and Biochemistry of Flant Pigments”, Academic Press, London and New York, 1965, p. 309. 
2 E. Leistner and M. H. Zenk, Tetrahedron Letters, 1967, 475. 
3 E. Leistner and M. H. Zenk, Tetrahedron Letters, 1968, 1395. 
4 A. R.  Burnett and R. H. Thomson, Chem. Comm., 1967, 1126. 
5 E. Leistner and M. H. Zenk, 2. Naturforsch., 1967, 22b, 865. 
& A .  Meynand, A. Ville, and H. Pacheco, Compt. rend., 1968, 266, C ,  1783. 


