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Scytalone(l), a simple derivative of tetralone, was first isolated from a fungus belonging 

to ScytaZidiwn. 1) Later, Phialophom Zagerbergii was found to produce scytalone(1) in a good 

yield along with flaviolin(2) and using this organism polyketide nature of scytalone(1) has 

been demonstrated by the incorporation experiment with acetate-[l- 13cl.2) On the other hand, 

Bycroft and his co-workers observed that NaBH4 reduction of 1,3,6,8-tetrahydroxynaphthalene(3) 

yielded scytalone(1). 3) Chemical feasibility of aromatic reduction seemed to suggest that 

scytalone(1) might be formed from the aromatic intermediate(3) in the biosynthesis. In our 

chemical and biosynthetic studies on fungal modified anthraquinones such as rugulosin, a key 

intermediate ii the biosynthesis has been clarified to be a partially hydrogenated anthraquinom 

(4;dihydroemodin) which can be derived from anthraquinone and anthrone.4) The structural and 

biosynthetic similarities of scytalone(1) to the modified anthraquinones let us to investigate 

further details of the biosynthesis of scytalone(1). Tbis comuunication reports the results of 

the incorporation and 
13 
C-KM8 experiments using single and double labelled acetate- % as well 
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as acetate doubly labelled with 2H and 13C. 

Cultures of Phialophora tagerbergii (TIMI 96745) were supplemented with either acetate- 

[l-l3 C] or [2-13C] to give scytalone showing anticipated enhancements of 13C resonance intensi- 

ties as required by the polyketide structure(l). In the l3 C-NMR spectrum of scytalone labelled 

with acetate-[1,2- 
13 
C], eight of the ten signals showedmultiple splitting patternsnot encount- 

ered in usual double labelled experiments. In addition to the singlets arising from natural 

abundancen, the signals show four satellite peaks which can be attributed to the two kinds of 

13c_13 C couplings arising from intact acetate units incorporating into scytalone with two dif- 

ferent dispositions. A complete spectral assignment and the values of 
13 13 
C- C coupling constant 

are summarized in the Table ; the assignments are consistent with those reported except C-2, 

C-4, C-6 and C-8.2) C-6 and C-8 were easily assigned by comparing their coupling constants with 

those of the adjacent carbons. Since C-2 and C-4 shawed the same coupling constant values, this 

method could not be applied. The assignments were made by the NMR investigation of deuterated 

scytalone, which was obtained by treating scytalone with KO 2H -2H20. The 'Ii-NMR spectrum of this 

sample showed that the protons on C-2, C-5 and C-7 were exchanged with 2H. In the 13C-NMR 

measured under the standard condition of Pulse Fourier Transfrom(PFT) method, the sensitivity of 

13 
C carbon labelled with 2H is markedly suppressed by a longer relaxation time (Tl) and by the 

absence of Nuclear Overhauser Effect(NOE). The 
13 
C-RMR of deuterated scytalone showed a signal 

at 638.8, whereas a signal observed at 647.1 in non-deuterated sample could not be detected. 

Carbon multiplicity in a) 
ppm OH 

off resonance 
lJc-c 2Jc-c 

spectrum HZ Hz 

ti 
0 

C-l 8 202.0 40,55 - HO 
5 

OH 

u-2 t 47.1 38,40 9 

C-3 d 66.3 37 

c-4 t 38.8 38,40 - 

C-4a 8 145.7 40,63 - H 
c-5 d 108.9 63 

C-6 S 165.4 63,67 - 

c-7 d 101.3 67.70 - 

C-8 S 165.9 61,71 - 

c-8a 8 111.4 54,59 9 

Table.The 
13 
C-chemical shifts of scytalone and 13C_l3C 

coupling constants of acetate-[1,2-13C] enriched 

scytalone. a)Relative to TMS 
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Thus the signals at 638.8 and 47.1 were assigned to C-4 and C-2 respectively. These assign- 

ments are also confirmed by a long range coupling(J=9 Hz) between C-2 and 8a. 

lhe l3 C-NMR signals of scytalone labelled by acetate-[1,2-13C] are accompanied by addition- 

al small satellites. In distinct cases such as C-l and C-4a, four small satellites are observed 

in addition to four big satellites arising from 
13C_13 

C couplings of intact acetate units. The 

811~11 satellites are caused by the further 
13C_13 

C coupling between the carbons labelled by 

intact acetate-[1,2-13C] molecules and the adjacent carbons labelled by natural abundance 13C 

(8 and 9) or by the other acetate-[1,2- 
13 
C] molecules(l0 and 11). The signals due to C-l and 

the labelling patterns of the molecules causing additional couplings are schematically shown ih 

xg.1. 

J1-2 a, J1-2 

J1-8a 

/J1-13a OH 0 

HOrnH HO&I” 
8 10 

9 11 

Fig.1. C-l signal of scytalone labelled 

by acetate-[l,Z- 13c1. 

As appears in the Table, the respective carbons show 13 13 
C- C couplings with both of 

the adjacent carbons indicating the presence of two different mode of acetate arrangements as 

shown in (5) and (6). Since 
13 13 
C- C coupling between C-4a and C-8a could not be detected, the 

participation of the other possible arrangement of acetate (7) is ruled out. 

Next, we have tested the incorporation of acetate-[2-2H3,2-13 C] to obtain information con- 

cerning hydrogen. Recently, the application of 
2 
H and 3H-NMR to the biosynthetic investigation 

of fungal metabolites have been reported and the labelling patterns of penicillic acid 5) and 

griseofulvin6) from acetate-[3H] and ['HI were unambiguously established. In this study we 

have tested another possible method, 13 C-NMR, for the detection of '8 incorporation by using 

double labelled acetate-[2-2H3.2-13C]. The incorporation of 2 H can be detected by 13C_2H 
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coupling or by the decrease of signal intensity. Labelled scytalone 

obtained from the cultures fed with acetate-[2-2R3,2- 
13 
C] showed enhan- 

cements in l3 C-WMR signals due to C-2,4,5,7 and 8a indicating the ex- 

tensive loss of 2H in the biosynthetic process. Signal showing - 13C 2H 

coupling was only observed in G4. In addition to singlet, C-4 showed 

a triplet (l:l:l, J=20 Hz) centred at 637.5, 1.3 ppm higher than the 

singlet signal, as shown in Fig.2. The triplet is attributed to 13C 

signal coupled with one 'H and clearly demonstrates that a part 

of l3 C present in C-4 carries one 
2 
H. Judging from signal intensity, 

C-5 seems to be labelled by 2H in a significant ratio, but 13G2H 

coupling was not observed in this case. Contrary to C-4 and C-5, the 

signals of C-2 and C-7 did not show any indication of the presence of 

2H and the labelling ratios of 2H to l3 C should be lower than those of 

C-4 and C-5. From the decreases of signal intensity the labelling ratios 

of 2R to l3 C in C-4 and C-S were calculated to be 30-40%. Further 
n 

Pig.2. !Jhe signal due to investigaiona using k-decoupling method or a paramagnetic relaxation 

7 
C-4 of scytalone labelled reagent are necessary to establish the exact ratios of 'H label in these 

by acetatP[2-2H3,2- 
13 
C]. oarbons. 

The results, especially the presence of the two different arrangements of acetate units, 

(5 and 6), provided a strong evidence for the involvement of the symmetrical intermediate such 

as 3 in the biosynthesis of scytalone. The presence of two different arrangements(5 and 6) can 

be explained by assuming that the reduction of aromatic ring takes place in one of the rings of 

3 in an equal probability. 
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