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Abstract-Two new quinones, echinone and echinofuran, have been isolated from callus cultures of Echium lycopsis 
along with several acyl esters of shikonin. The structures of both quinones have been established by spectroscopic 
methods and by chemical degradations. 

mTRODUCTlON 

The biosynthesis of shikonin, the red naphthoquinone 
pigment of the root of Lithospermum erythrorhizon Sieb. et 
Zucc. (Boraginaceae), has recently been investigated both 
biologically and chemically by using the tissue culture 
system [l-3]. In the present study on the related 
compounds produced by the callus cultures of another 
boraginaceous plant, Echium lycopsis, two kinds of new 
quinones have been isolated, in addition to known fatty 
acid esters of shikonin (1). The determination of the 
chemical structures of these quinones, echinone (2) and 
echinofuran (3), is reported in this paper. 

RESULTS AND DISCUSSION 

Echinone (2), C,,HzoO,, [a], - 197.9” (CHCl,) was 
obtained as an orange-coloured oil exhibiting UV 
absorption maxima (EtOH) at 215,254,330 and 440 nm 
(log E 4.72,4.27,3.35 and 3.85), and IR bands (CHCI,) at 
1725,1655,1630 and 16OOcm-‘. Its ‘H NMR spectrum 
contained broad singlets (6 1.58 and 1.70) due to gem 
methyl groups on a double bond, a singlet (6 2.13) due to 
an acetoxyl group, a double doublet (6 2.50, J = 7.0 and 
6.0 Hz) for ally1 methylene protons, a deformed triplet (6 
5.13, J = 7.0 Hz) for a vinyl proton, and a double doublet 
(6 6.05, J = 6.0 and 7.0Hz) which was assigned to the 
proton on the acetoxyl-bearing carbon. These signals 
closely resembled those of the side chain of acetylshikonin 
(4). Furthermore, the ‘H NMR spectrum of 2 exhibited 
singlets due to a phenolic methoxyl group (6 3.93), two 
quinonoid protons (6 6.88), one benzene proton (6 7.28), 
and a proton of a hydrogen-bonded phenolic hydroxyl 
group (6 12.52). The data presented above suggested that 
echinone (2) was a l+naphthoquinone having one 
hydroxyl group at the peri-position and a benzene ring 
that was substituted by a hydroxyl group, a methoxyl 
group and an alkyl side chain. To elucidate the 
substitution pattern in the benzene ring, NOE 
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experiments with 2 and its ethyl ether (5), C,,H,,O,, 
obtained by treating 2 with Ag,O and ethyl iodide, were 
carried out. About 10 % NOE was observed between the 
methylene protons (6 4.17, 2H, 4, J = 7.0Hz) of the 
ethoxyl group of 5 and the benzene proton (6 7.27), 
whereas no NOE was detected between the methoxyl 
group (6 3.90, s) and the benzene proton of 2. This meant 
that the benzene proton was ortho to the hydroxyl group. 
On the basis of these facts, echinone was assigned 
structure 2 in which the configuration of the acetoxyl 
group was not specified, and the ethyl ether was assigned 
structure 5. The proposed structure for echinone (2) 
corresponds to a methyl ether of a tautomeric isomer of 
acetylshikonin (4) or its enantiomer acetylalkannin (6). 

Confirmation of the structure of 2 and the 
determination of the absolute configuration of the ace- 
toxyl group was carried out by chemically correlating 2 
with 1 or alkannin (7). (Recently the analysis of the ‘H 
NMR spectrum of 7 has suggested that it exists in the form 
of its tautomer. However, the structure of the general type 
is shown here, cf. [4].) The treatment of 2 with AICI, 
caused demethylation, deacetylation and ring closure to 
yield compound 8, C,,H,,O,, red needles, mp 83-84”, 
Cotton effect [0]341 +200 (MeOH). 8 exhibited UV 
absorption maxima (EtOH) at 216, 280, 486, 515 and 
555 nm (log E 4.52,3.74,3.66,3.73 and 3.65) and IR bands 
(CHCl,) at 1600, 1560, 1445 and 1265cm-‘. 
Furthermore, the ‘H NMR spectrum of 8 contained a 
singlet (6 1.37) due to two tertiary methyl groups, 
multiplets (6 1.56-2.80) due to two methylene groups, a 
deformed triplet (6 5.11, J = 7.0 Hz) for the proton on the 
carbon bearing an ether oxygen, a singlet (6 7.14) for three 
aromatic protons, and a singlet (6 12.44) for two 
hydrogen-bonded phenolic hydroxyl groups. Reductive 
acetylation of 8 with Zn-Ac,O-pyridine gave a 
leucoacetate (9), C,,H,,09, mp 222-224”. In the ‘H 
NMR spectrum of 9, in addition to the signals for the side 
chain of 8 and four acetoxyl groups, the signals due to the 
quinonoid and benzenoid protons, which overlapped with 
the signal due to CHCl, in the ‘H NMR of 8, appeared at 
6 7.00 and 7.30 as new benzenoid protons. These 
observations suggested that, except for the stereo- 
chemistry, 8 was the same compound as the alkaline 
hydrolysis product of the dimethylacrylic ester of 
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(1 H,s,6-or5H),7.03(1 H,s(br),3-H),7.46(1 H,s(br),Z’-or3”-H) 

and 7.53 (lH, s (br), 3”- or 2,-H). [Found: M = 314.1153, 

C H 0 requires: M = 314.1154]. On Ehrlich test, 3 showed is 1s 5 
colours changing from orange to green on heating in a boiling 

water bath. The CHCI, extract from a band at about RIO.34 was 
also purified by prep. TLC (C,H,- EtOAc, 9: 1; R, 0.52) to give 2 

(24.5mg) as a red-orange oil. [~]g - 197.9” (c 1.90, CHCI,); ‘H 

NMR: 6 1.58 and 1.70 (each 3 H, s (br), 4”- and 5’-H), 2.13 (3 H, s, 

OAc), 2.50 (2 H, dd, J = 6.0 and 7.0 Hz, 2’-H), 3.93 (3 H, s, OMe). 

5.13(1H,t,J=7.0H~3’-H),6.05(1H,dd,J=6.0and7.0Hz,1’- 

H),6.88(2H,s,2-and3-H),7.28(lH,s,7-H)and12.52(lH,s,OH, 

disappeared by D,O). [Found: M = 344.1251, C19H200h 

requires: M = 344.12591. The CHCI, extract from a band at 

about R, 0.18 afforded /I-hydroxyisovalerylshikonin (53.9 mg) as 

redneedles, which was identical with an authenticsample (UV, IR 

and ‘H NMR). 

Ethylation of 2. To a soln of 2 (20mg) in CHCI, (6ml) was 

added Et1 (1.6 ml) and Ag,O (20mg), and the mixture was stirred 

at room temp. overnight. The resulting Ag salt was filtered off and 

the filtrate coned in GUCUO. The residue was purified by prep. TLC 

(C,H,-EtOAc. 9: 1; R, 0.20) to give 5 (14.5 mg) as a yellow oil. 

UV $‘z” nm (log E): 250 (4.20), 318 (3.18) and 414 (3.68); IR 

v~~Xc’J cm -I: 1730,1655.1580,1370.1330and 1220; ‘H NMR: 6 

1.51 (3H, t, J = 7.0Hz, OCH,CH,), 1.51 and 1.68 (each 3 H, s. 

(br) 4”- and 5,-H), 2.12 (3 H, s, OAc), 2.52 (2 H, t (br), J = 7.0Hz, 

2,-H), 3.90 (3 H, s, OMe), 4.17 (2H. q, J = 7.0Hz, OCH,Me), 
5.10 (1 H, deformed t, J = S.OHz, 3,-H), 6.13 (1 H, t, J = 8.0Hz. 

I’-H), 6.77 (2H, s, 2- and 3-H). 7.27 (1 H, s, 7-H). [Found: 

M = 372.1554, C,,H,,O, requires: M = 372.15731. 

Treatment of 2 with AICI,. To a soln of 2 (14,Omg) in 

nitrobenzene (1 ml) was added a soln of AICl, (50mg) in 

nitrobenzene (2 ml) and the mixture was stirred at room temp. for 

1.5 hr. Ice-H,0 and cone HCl (5 ml) were added successively to 

the reaction. The resulting violet H,O layer, after washing with 
Et20 (10 ml x 3) and adding cone HCl(5 ml), was warmed at 70” 

for 1 hr, cooled with ice and extracted with Et,0 (20 ml x 3). The 

Et,0 extract was washed with H,O, dried and coned. The residue 

was purified by prep. TLC (C,H,--EtOAc, 4: 1; R, 0.60) to give 8 

(6.7mg) as red needles,mp 83384”, CD (4.20 x 10 -4 M, MeOH): 

[%9 0, ms, +2w [@I380 03 WI,,, -170, [Ql,,, -m. 
[O],,, 0; ‘H NMR: 6 1.37 (6H, s (br). 5’- and 6,-H), 1.56-2.80 
(4H, m, 2’- and 3,-H), 5.11 (I H, deformed I. J = 7.0Hz, 1’-H), 

7.14 (3 H, s, 3-, 6- and 7-H) and 12.44 (2 H. s. OH x 2, 

disappeared by D,O). [Found: C, 66.91: H, 5.45. Calc. for 

C,,H,,O,: C, 66.66; H, 5.95’4,]. 

Reducrioe acetylation qf cycloshikonin (8). A mixture of 8 

(30 mg), Zn powder (30 mg), AczO (1 ml) and pyridine (I ml) was 

allowed to standat room temp. for 1 hr. Ice-H,0 was pouredinto 
the mixture and the whole was extracted with Et,0 (10ml x 3). 

The Et,0 layer was washed with N HCI, H,O. 5 ‘16 NaHCO,, 

H,O and the residue was recrystallized from MeOH to give 9 

(31 mg) as colourless needles, mp 222 224”. IR IS,“J!~~‘. cm- ‘: 

1760, 1610, 1360,1185and 1015; ‘HNMR:ii 1,28(3H,s(br),5’- 

or6’-H), 1.32 (3 H,s(hr),h’-or5’-H). 1.67 2.17 (4H,m,2’-and 3’. 

H), 2.30 (12H, s, 4 x OAc), 5.10 (1 H, I (br), J = 7.0Hz, 1’-H). 
7.00 (2 H, s, 6-and 7-H), 7.30 (1 H, s, 3-H). [Found: C, 62.85; H, 

5.99. Calc. for C H 0 : C, 62.88; H, 5.72”/,,]. 24 26 9 
Treatment of acetylshikonin (4) and alkannin (7) with AlCl,. 

AICl, (500mg) was added to a soln of 4 (mp 108.5-109”, CD 

(7.57 x 10W4M, MeOH): [NlZs4 0. [f)],,, -3340, [O],,, 0, 

PI 352 +6240, WI,,, +1000, PI,,, +610, [Q,4, 0, [Q,,- 
-2340, LOI,,, 0, PI,,, +390) (50mg) in nitrobenzene (15ml) 

and the mixture was treated in the same way as above, The 

reaction product was recrystallized from petrol and C,H, to give 
8 (34mg) as red needles, mp 87 X8.5’. CD (1.63 x lO_“M. 

MeOH): [O],,,,,O. !O],l, +56?0. [Ol,,, +6140. !O]zx,,O. [(I],,: 

-2000, WI,,, -1330, [Ul,,; 0, [t?jsi, +?lO. This substance 

was identical with a sample of8 derived from 2 (mmp. UV, IR and 

‘H NMR). 7 (mp 144.5-146”, CD (1.98 x 10e3M, MeOH): 

[a3o5 0. m15 + iooo, [oi,,, 0, m, -5070. WI,,, - 1240) 
gave on the same treatment needles. mp 82283.5”. CD 

(2.42 x 10m3 M, MeOH): [OlJ2i -4020, [Oja4i -4420, [O]3Lls 

0, [aT3 + 1200, WLhh - 1080. This substance was also 
identical with a sample of 8 derived from 2 (UV, IR and ‘H 

NMR). 
Reductive acetq’lution of rchino~lran (3). A mixture of3 (11 mg), 

Zn powder (15mg), Ac,O (0.5 ml) and pyridine (0.5 mg) was 
treated the same as for the reductive acetylation of 8 and the 

crude product was purified by prep. TLC (C,H,PEtOAc. 9: 1; R, 

0.42) to give 10 (8.2 mg) as a colourless oil. IR Y~~~~’ cm ’ : 1755, 

1730,1375,1240and1170;‘HNMR:~i1.62and1.69(each3H,s 

(br), 7”. and X,-H), 2.05 (3 H. .Y. alcoholic OAc). 2.29 and 2.36 

(each 3H, s, phenolic OAc), 7.55 (?H, t (br), J = 7.0Hz, 5,-H), 

5.07 (1 H, t (br), J = 7.0Hz, 6,-H). 5.73 (1 H, t.J = 7.0,4,-H), 6.70 

(lH, .\ (br), 2,-H), 7.02 (1 H, dd. J = 2.5 and 9.0Hz, 5-H), 7.11 

(I H, d,J = 9.0Hz,6-H), 7.42 (1 H. s (br), 3”-H) and 7.51 (1 H, d, 

J = 2.5 Hz, 3-H). [Found: M = 400.1522. C,2H2,07 requires: 

M = 400.1510]. 

H,O, oxidation of3. To a soln of3 (23.1 mg) in MeOH (0.5 mg) 

was added 30”” H,O, (1.5ml) and 10”; NaOH (1.5ml) under 

ice-cooling. The mixture was stirred for 1 hr, neutralized with N 

HCI and extracted with Et,0 (5 ml x 3). The Et,0 extract was 

washed with H,O. dried and coned. The residue was again 

dissolved in Et,0 and methylated with ethereal CH,N2 and 

subjected to prep. TLC (C,H,-EtOAc, 4: 1; R, 0.25) to give 11 

(13.2 mg)as a colourless oil. ‘H NMR: 6 1.62 and 1.71 (each 3 H. s 

(br), 7’- and X-H), 2.00 (1 H, s (br). OH, disappeared by D,O). 2.45 

(2H, t, J = 7.0Hz. 5-H), 3.87 (3H, s, COOCH,), 4.63 (I H. t, 
J = 7.0Hz,4-H),5.11 (1 H,r (br),J = 7.0Hz.6-H),7.13(1 H,s,2- 

H) and 7.47 (1 H, h, 3(-H). [Found: M = 224.1049, C,,H,,OZ 
requires: M = 224.1060]. 

p-Bromobenzu~~lation of ,fitroic ucid methyl ester (11). To a soln 

of 11 (15mg) in pyridine (1 ml) was added p-bromobenzoyl 

chloride (22 mg) and the mixture was stirred at room temp. for 2 

hr. After usual work-up, the crude product was purified by prep. 

TLC (C,H,, R, 0.45) and recrystallized from MeOH to give 12 

(l9.8mg) as colourless needles. mp 4X- 50”. UV ;$$‘u nm (log E): 

248(3.55)and282(2.13):CD (1.0927 x IO-’ M,MeOH): [f?lzso 

0, [Olm 5 f7500, [O]244 0, [0]231 -2700, [O],,, -1440 and 
[O]?,, 0; IR v~~~:,“~ cm ‘: 1700. 15X3, 1430, 1260 and 1095; ‘H 

NMR: $ 1.63 and 1.68 (each 3 H. .\ (br), 7’- and X-H), 2.67 (2 H, t, 
J = 7.0Hz. 5-H). 3.88 (3H. s. COOMe), 5.10 (1 H, r (br), 

J =7.0Hz.6-H),5.97(lH.r.J = 7.0Hz,4-H),7.23(1H.s(br),2- 

H ), 7.58 (1 H, s, 3,-H). 7.4887.96 (4H, A;B; type, 4 x arom. H). 
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