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Summary: Shikometaboliis A (2), B (3), C (4) snd D (5). four now1 napMoquirmc dimers, have been isolated after fwexobic 
incubation of sbikonin (1) with Bacteroides jkagillis subsp. thetmtns, and theit stmctutw have been Wrmined by means of 2-D 
NMR rqpactrwcow including INADEQUATlX~. 

Shikonin (1) is a ~h~~u~~e pigment found in the root of ~~f~~~~~ e~f~ur~zo~ Sieb. et 

Zucc. It is produced commemially from LirluMpcrmwr cell cultures, and used as a natural coloring agent for 

food, drugs and cosmetics. 1) ln the course of our studies on the biotrsnsformation of natural pigments by human 

intestinal flora?) we found four novel naphthacluinone dimers, shikometabolins A (2). B (3), C (4) and D (S), 

which were produced by anaerobic incubation of ahikonin (1) with Bactcroidcsfiagih subsp. the&wrus, one of 

the pmdomhumt bacteria in the human fa. In this letter we repott the isolation and structure ~~~ of 

these four naphthoquinone dhners. 

After anaerobic incubation of shikonin (t20 g) with a B.&gilis suspension (in 20 1 phosphate buffer, 

pH 7.3) for three days, the mixture was acidified and extracted with EtOAc. Through rigorous pwifhtion of the 

EtOAc extract using Sephadex II-l-20 and preparative TLC, four dimeric metabolites wem isolated, and their 

stnrctures were determined as follows. 

Shikometabolin A (2,200 mg), dark violet needles from acetone-hexane, showed mp > 300 *C. CD: 

[ 61)234 - 4200 (MeOH)?) The lR Specmm (Kh) Showed abSOKptiOnS for OH (3350 cm-‘) and a conjugated 

ketone (1620 cm-‘). The W sptcaum showed k MeOH (log &) at 280 (2.97). 420 (2.52), and 575 (2.78) 

nm for an extended naphthoquinone. HR-FARMS (negative ion mode) displayed the molecular ion peak at mlz 

555.1650 [M-H]’ {C&d for C32H27Op: 555.1658 ).4) The ‘H- and 13C-NMR and ‘H-lH COSY @MSO-& 

spectra indicated 32 carbon atoms with 20 sp’ quaternary carbons and suggested the presence of partial 

structnres (I), (II) and (III) (Chart 1). The HMBC and COLQC experiments showed long-range correlations 

between C-l and proton signals 11-H and 3-H. the latter of which was correlated with C-4, C-10 and C-l 1. On 

the other hand, C-9 and C-10 were mspectively correlated with l-OH and 4&H, supporting the pattial structure 

(I). Long-range correlations between C-5’ and 7’-H and 5’-OH, and between C-8’ and 6-H and g-OH, 

suggested partial structure (II). The COLQC spectrum also showed correlation between 12-H and C-13’. and 

three sp* quatemary carbons, one being assigned to C-14’. end the others to C-6 and C-2’. The sequences of 

most of the quatemary carbons were ultimately confirmed by 2D INADEQUA+lB5) It confirmed the 

unmectivities of carbon A (C-l’) with carbon X (C-9’) and carbon M (C-2’). and carbon I3 (C-5) with carbon N 

(C-6) and carbon Y (C-10). Moreover, connectlvities of carbon M (C-2’) and carbon R (C-3’). carbon N (C-6) 

andcartnnrQ(C-7).~dcarbonJ(C-ll’)andbothofM~dNwmtstablishe&partials~ (III) bemg 
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consequentiy attached to the opposite side of the side chain in 0. The connectivities between carbon C (C-8). 

W (C-9) and Q (C-7) and between carbon D (C-4’), V (C-10’) and R (C-3’). were solved by the application of a 

r3C-( 1H)NOE exp&nent.6)Irradiation of the hydroxyl pro ton (I-OH, 8~ 14.21) enhanced signals of carbons 

C (C-8.8, 183.56), H (C-l, 8, 153.54) and W (C-9, S, 114.75). while irradiation of the hydroxyl proton (4- 

OH, 8~ 13.79) increased the intensity of carbons B (C-5, 8, 186.43). G (C-4, & 155.88). and Y (C-10.8, 

113.11). Similarly, the signals of carbons A (C-l’, 8, 186.63). X (C-9’. 8, 114.50) and F (C-8’, 8, 155.94) 

were enhanced by irradiation of 8’-OH (88 13.77), while irradition of (S-OH, & 13.54) enhanced the signals 

of carbons D (C-4’, S, 183.41). E (C-5’. 8, 156.04) and V (C-9’. 8,115.46). In view of the molecular formula, 

a carbon bond directly connecting carbon Q and R was proposed. From these findings, the gross structure of 

shikometabohn A (2) was postulated as shown in formula 2. 

Shikometabolin B (3,170 mg) was obtained as dark violet radiating plates from acetone-hexane, mp > 

300 OC. CD: [a234 + 11400 (MeOH).‘)The two metabolites A (2) and B (3) were obtained in almost equi- 

amounts. The IR, UV, ‘H-and 13C-NMR spectra of 2 and 3 were quite similar.‘) Analysis of the spectroscopic 

data suggested the same partial structures (I-III) for 3 (Chart 1). However, HMBC. COLOC and 13C-( t H) 

NOE experiments established the connectivity of C-l I’ with C-7 and C-2’. suggesting the structure 3 with 

partial structure (III) attached to the same side of the side chain in (I) for shikometaboiin B. 

Shikometabolin C (4, 20 mg), red needles from CHC13. showed mp 256-258 ‘C. CD: [&a - 295 

(MeOH).*) HRMS displayed the molecular ion peak at ml2 540.1809 [M+l (Caicd for C3zH2808: 540.1784). 

The ‘H-‘H and ‘H-13C COSY (CDCl3) spectra8) showed patterns different from those of 2, with two allylic 

groups (8~ 4.94 and 3.35; 8c 45.65 and 39.80), four olefinic groups (8~ 4.73.5.84, 5.96 and 6.12; 6c 122.29, 
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123.90, 128.68 and 127.45), a cluster of four AB- type aromatic protons at 6t.t 7.19.7.24, 7.26 and 7.30. four 

peri-hydroxyl groups at 6~ 11.20. 12.30 and 12.50, and four carbonyls at 6,204.60 (C-l), 199.00 (Cd), 

185.40 (C-l’) and 184.70 (C-4’). These spectral data led us to speculate structure 4 (Chart 2). The HMBC 

spectrmn showed long-range correlation between the carbonyl carbons C-l and C-4 and the allylic proton at &.r 

4.94 (3-H). which in mm was correlated with the carbon signals at g, 140.17 (C-3’). 55.70 (C-2) and 39.80 (C- 

12’). indicating connectivity of C-3 and C-3’. Connectivity of C-2 and C-12’ was confiied by the long-range 

con-elation observed between C-2 and the proton signals at &.r 2.68 (1 l’-HP), 3.35 (12-H) and 6.12 (12-H), 

while the carbon signal at S, 144.60 (C-2’) was correlated 1 I’-Hg and W-H. Thus the planar structure of 4 was 

proved. The relative stereochemistry of 4 was predicted on the basis of the coupling constants of respective 

protons and NOE experiments. Irradiation at 3-H increased the signal intensity of 12-H, and irradiation at 12-H 

enhanced the signal intensities of 1 I’-Hg. 11-H and 3-H. Therefore, we concluded that the structure of 

shikometabolin C was 4. 

Shikometabolin D (5,12 mg) was isolated as a red powder. CD: [q]m - 252 (MeOH).‘) HRMS showed 

the molecular ion peak at m/r 538.1613 [M+] (Calcd for C32H26Os: 538.1626). Extensive analysis of the ‘H- 

and %!-NMR (CDCl3) spectrag) indicated patterns similar in part to those of 4, suggesting the formula 5. Long- 

range cortelations observed in the HMBC spectrum, confirmed the connectivities of C-3 with C-12’. C-11 with 

C-l 1’. and C-3’ with C-12. Three bond correlation from 3-H (S, 2.68) to the carbonyl carbon C-l (S, 193.11). 

the olefinic carbon C-13’ <&117.43) and the allylic carbon C-11’ C&38.08). connecting C-3 and C-12’. The 

connectivity of C-l 1 and C-11’ was established by the correlation between 12-H (8~ 3.82) and the carbon 

signals C-4’ (6, 182.61). C-2’ (6, 137.80). and C-11’ (6,38.08). Moreover, ll’-H (S, 3.88 ) was correlated 

with C-l’@, 182.25 ), C-3’ (8, 144.27). C-2 (SC 137.54 ) and C-3 (SC 45.30). confiig the connectivity of 

C-3’ and C-12. Consequently, the planar structure was concluded to be 5. The relative stereochemistry of 5 was 

deduced from the coupling constants and NOE difference spectra Irradiation at 3-H enhanced the signal 

intensities of 12-H and 13’-H, and measurable NOE effects of 3-H. 13’-H, 12-H and 1 l’-H were observed 

after irradiation at 12-H. Irradiation at 1 I’-H intensified 12-H and lT-H, and irradiation at 12-H increased the 

signals intensity of 1 I’-H and 13-H. From the fotegoing evidence, we concluded that shiiometabolin D was 5. 

Our present results provide the first dimeric naphthoquinone metabolites isolated after anaerobic 

incubation of shikonin (1) with a human intestinal bacterial strain. Among these dimers. shikometabolin A (2) 
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inhibited reverse tramcriptase. one of the essential enzymes of human immunodcffi~cy vim (HIV-l RT) 

with an I& of 0.71 mM. Under the same conditions, adriamycin, used as a positive control, had au I& = 

0.12 mM. Furtbcr shdies of &ikonin biotrausfomwion will be report& elscwbere. 
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J = 9 Hz. 7-H). 11.20 (1H. s. S-OH). 12.30 (HI, s. 8’-OH). 12.50 (ZH, II, B-OH amI 5’-OH). 

5: cD(c=lmM,McOH):[q,-2JZ,[q,- 252. W L CHCl3 (log e): 220 (2.92). 420 (2.57). 520 (2.47) mn. 
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J = 7.5.2.0 Hz, 13’~Hh7.23 (1H. d, 3 = 9.0 Hz, 6-H), 7.25 (lH, d, J = 9.0 Hz, 7-H). 7.29 (lH, d, I = 9.0 Hz, 6-H), 7.30 

(IH, 6 J = 9.0 Hz. 7’-H), 12.08 (1H. 8.8’-OH). 12.30 (1H. s. B-OH). 12.38 (1H. s. 5-OH). 12.50 (lH, s. 5’-OH). 
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