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From “ Nanshikon” (Macrotomia euchroma PAULS), deoxyshikonin [II], and anhydro-
alkannin [III] were isolated, and the latter is the first report of isolation from a natural
source. From “ Koshikon” (Lithospermum erythrorhizon SIEB. et Zucc.), II was isolated,
and isovalerylshikonin [Ig] and a-methyl-n-b-gtylshikonin [Ih] were extracted as mixture.

The structure of II and III were established from their spectral data and comparison
with the corresponding synthesized derivatives. The structure of Ig and Ih were supported
from their NMR and GLC-MASS spectra.

11, Ig and Th were new naphthoquinone derivatives.

At the same time, known six shikonin derivatives were isolated from ¢ Nanshikon” or
“ Koshikon ”.

BRAFLC»LEEE LT, RRHMELTACLNTERLDOTH B, KREBRT OB Y 2 = vEEEDOR
DBFEE UCTTIERIR Lithospermum officinale L. var. erythrorhizon MAXIM. (Boraginaceae) > 7 shikonin® [1a],
acetylshikonin® [Ib] 23, WE¥EIR Lithospermum erythrorhizon SIEB. et ZUCC. 5 B pB-dimethylacrylshikonin4a)
Ic], isobutylshikonina) [Id], p-hydroxyisovalerylshikoninb) [Ie] A%, ZIZHREEAR Macrotomia euchroma PAULSD
25 teracrylshikonindd) [If] 2HEEXNZ DRGNS AT X RT3,

FEORIAMHTH L VAT LIRERD 5V IEEB O =~ F b2 $ A0 5 H v = = vk deoxyshikonin [I1]
THEEELCOMEYREL, CRAHE LTE LN 280H > = = v FHilitk isovalerylshikonin [Ig], a-methyl-
n-butylshikonin [Th] OREZH L2 c L, 2 RATIZUHTD anhydroalkannin [III] 2EEERTEL, 13201
BRED 6 D > = = v BB BERAE L0 CHET 5.

BER» 5 Ia, Ib, Ic, If %, FIEEHEH S la, Ib, le R HM L2 N2 TRYSD OB, FRIMERITA < »
P (IR), BWRHEWA~27 b (NMR), BESH (MS), SAHERIA <2 b (UV) & HERE L.

% BRI, ERIRL SAREMA & e LTEESN, mp 95° 2R L, CeHO, OfRAEL, IR 3va=y

1) HEEEEZESRBEAE 1972411 ) %%

2) Location: 3-34-1, Takada, Toshima-ku, Tokyo.

3) T. Majima, C. Kuroda, Acta. Phytochem., 1, 43 (1922).

4) a); L. Morimoto, T. Kishi, S. Ikegami, Y. Hirata, Tetrahedron Letters, 1965, 4737, b) ; 1. Morimoto,
Y. Hirata, ibid., 1966, 3677.

5) HFFETIL Lithospermum euchroma ROYLE & LT3 RMI AT\ 5.

6) J.A. Ballantine, Phytochem., 8, 1587 (1969).

7) HREE, DT, $EEE, 92, 525 (1972).

8) HFLD BEERONV Yy Z 3R X D EMLUERETH 3 mp 89—90° DEKLASIRER EA—Y & Bb
ns. v
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5LV ET 1730 cmt FREOWIRA /K < . NMR 13 Ta & #E 6 1.60, 1.68 36 1 f 6 5.13 ¢ 2-methyl-
CH

propenyl (CH:C< 3> DY AFATE P UBIOE =4 F B hoDY 7 FAERLT 5 4 la L3RBT H
CH,

BI4E a D xFvFu b rdRT 04 0KBEDY 7+ A xR &, bV 2EDxFvvDFa b L THETS
5 2.34—2.64 O FANERING. ke I 20700 L REMBLIC X HEMEBETC XD mp 99°, M* (m/e)
274 o IV w3 L (chart 1). —F la O#METTARK Lic alkannan® & IV L HEE Lics CARERBL TR
ERBET <, IR, UV, NMR »—3( L7z fit- T II i% deoxyshikonin &% L% O#EE%x Fig. 1 ’RLic.

T REREEAR o & AR sk e & LCHEES N, mp 163—164° %R L, CiHuOs OMREAFL, IR 12 I 2R
@ 1730 cm™! BEEO®INA K <. NMR % 0 1L.93 o xsA 7 by 7 rakimyn I LEELTxXFV
vFE POy S FANBERE RN, T 66.09 & 6.58 IZFNEn doublet D =T u b DY S FARR
LT3 &b b Fig. 2 wiRTH#ERD Ha, Hc 0¥ 7 FARIBEE N, §7.48 © quartet © 7 F ik Ha,
He bore 7Y vrZrdhi+s HbimRBIh, 203y 7Y v 78K Joe=15Hz X _EHEEFH L 5 vARITH
5 LhEiEET 5. —7, shikonin [Ia] OYZERMMTH % alkannin®'® % 2 & — VIEERR THRKIG L anhy
droalkannin® M INTW5. COFERED Ia » 5 anhydroalkannin &L I LB LIz CA, &
BhUCREEERET s <, IR, MS 23— Lo T II % anhydroalkannin & [FE L.

wic Ig, Th REREO=—F V=A% B L, Fig. 3 wmahs TLC 02 A Ky M5 A E7 [sp 2]
AN LIECA e ld EEBRBELTN S T LD 2otk TibbEy [sp 2] % Fig. 4 WRiTHE
CHELUTERZES [Al © NMR Gl 77 b+ v BEKR O L T briva=yo 27 viEEEk En
<——CH=CH2—CH.—_C<EE3> D& FE kv 7 Fapizme Fig. 5 ®C k¢ R % isobutyl 2 [1d], Bp-di-

3

!
OR

methylacryl # [Ic] TH 5 C L& RTY 7 FARERAEH, ¥51 60.96 1 isovaleryl ZD Y xF 4T m b s,
7z 5 0.92, 1.16 = a-methyl-n-butyl D 2D xF 4 Fu b VBB Tz

—7J5, NMR Rk e LicEY [Al OF A2 r< + 757 4 — (GLO™ TIRE#RIRIRE S hshofe. K
CES [Al 2742 VAL LB ES [B] @ GLCYW (Fig. 6) Tk ¥ — 7 a, c k& W EZNEFR D isobutyric acid,

OH O
O ) el
c:c CHs
spl(II,lN)——=0 O =——spl(II) / \c=c<
sp2(lc)—F=C) Q) <=——sp2 (Ic,1d,Ig,Ih) OH O He  / CH,
SP3(Ib)“——EO O Fig. 2.
P.E.soln. of Fr.[sp 2]
sp4(If)——= O saturated NaHCO3
’ PE. layer [A] alkali layer
spS(Ia)——m |2% NaOH
spb6(le)— 0 PE. I1ayer alkali layer
. . acidified with 10% HCt
N K
Water layer ppt.
Fig. 3. Thin Layer Chromatogram of Et,O Et,0
extracts of “Shikon”. (Plate:
Kieselgel G, Solvent: CHCl,), (N: [ l
« Nanshikon n’ K . « K()Shikon n) , EtZO 1ayer [B] Water layer
(sp: spot) Fig. 4. Preparation of Fr. [sp 2] of “ Késhikon”

9) H. Brockmann, Ann. Chem., 521, 1 (1936).

10) shikonin X (+), alkannin (X (—) Td 5.

11) column;¢ 3 mmx 1 mm stainless steel column, 20% DEGS on Chromosorb G (80—100 mesh) ; N;, 30
m!/min. ; FID; column temp., 130°, Injection temp., 170°. '
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Fig. 5. NMR Spectrum (CDC1;) of Fr. [A] of Fig. 4 (“Koshikon”)

7o w0 @ 60
a
b 50 l \
5711 74
u ||| l IuL A
50 100
xR
s 2100l G
_ I , gmo
Fig. 6. GLC of Fr. [B] £
;3 ol 12
50 100

B p-dimethylacrylic acid w—3f L#-A° isovaleric zcid

a-methyl-z-butyric acid (2 b ~27 bit—FK L7 100 (i

)
W X750, KIEE—2 b GLC-MS #JlE Ui - [
(Fig. 7). chic &b LEMD isovaleric acid 1% m/e 50 60
60 BAERMICRL, ¥ a-methyl-n-butyric acid i M || | | 102
mje 60 &I %, fibbic mfe 5T, T4 WHERINCRL . LLL "

N I — 57, 60, 74 LT .
TR =7 bk tn/e N %ii} = Fig. 7. MS Spectra of Fatty Acids. ((i),
B. CHBE—27 bRINL 2EAORENTHDC & isovaleric acid; (ii), «a-methyl-n-
BF#ET 5. f6o TEL [sp 2] 1k Ic, Id & isovaleryl- butyric acid; (iii), Peak b in Fig.
shikonin [Ig], a-methyl-n-butylshikonin [Ih] @ 4 f&D 6)
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REPYTHDLCEBZFFshi.

£ B 0o &

BT NCRMIE. IR 3 EASE DS 301 BUFRAAIEEE:, UV BHXZVv=2—~F 4 v 7 AR b7 5 b X
— % —, GLC {2 H3yr K-53 I, GLC-MS |2 H3Z RMS4 A< AARY 2 —&~, NMR 2 H3Z R-20 &%
WEIHE ALY M 2 —%— (60 MHz) CHMBELRERE TMS »HWTHZE. NMR OFEHIIKOBEEIT X o1,
s=singlet; d=doublet; t=triplet; q=quartet; m=multiplet; br=broad. ¥ 7z chemical shift (& ¢ {E%/RL,
By FVvIrEE T Hz #5003, 25 s7rv< b Buicy Y #50RT_T Wakogel C-200.

HEBOBERSOMENE MY LB 1kg 2x—7 vl BIX5E) LTHEIZT FARAHT—T IV
LI %A X < B3 LA, RETesl. chd s BIT2VAEReEDEEESR, =32 65g%E5. D5
H5g kv YarL (250g) » T AEE, BERBHEEAZA, BHLALSES L DROENERRS.

I OB ~Fyo—Nr¥r (8:2) OEHES 0mg 2% 2 —VEE, KREEFRE 22mg 255, mp
95°. Anal. Caled.: CigH;s04; C, 70.57; H, 5.92; mol. wt., 272.27. Found: C, 70.26; H, 6.00; M* 272. IR
5B om-1. 3030, 1610, 1565, 1214, 800. UV A29H nm (log <) : 275, 483 (3.78), 513 (3.81), 551 (3.59).

max max
CHs

NMR (CDCl) : 1.60, 1.68 [6H, each s., :C< , 2.34—2.64 (4H, m, Ar—CH,—CH,—), 5.13 (1H, t.,
NCH3

J=7, —CH=C<), 6.80 (1H, s., arom. H), 7.16 (2H, s., arom. H), 12.38, 12.56 (2H, each s., arom. OH).

anhydroalkannin [III] QB ~*¥r-~>¥y (7.5:2.5) BHESY 268mg KAED 7+ vEIMAHE
24mg AR, RE¥Lr—x & —VEE, REGLHIRS 15mg #/8%. mp 163—164°. Anal. Caled.: CisHyO4;
C, 71.10; H, 5.22; mol. wt., 270.27. Found: C, 69.70; H, 5.02; M* 270. IR vXB* ecm-1: 1607, 1555, 1217,

max

CH,
803, 777. UV 2°HC nm @ 278, 505 (shoulder), 528, 580 (sh.) NMR (CDCly) : 1.93 <6H, s., :c<CH ) 6.09
3

max

(1H, d., J=12, —CH=C<), 6.58 (1H, d., J=15, Ar—CH=), 7.00 (1H, s., arom. H), 7.17 (2H, s., arom.
H), 7.48 (1H, q., J=12 and 15, Ar—CH=CH~), 12.62, 12.67 (2H, each s., arom. OH).
BB-dimethylacrylshikonin [Ic] QBB A~y o—NoX¥y (7:3) BHHES 1.46g O 7 b UAJEHE * &/
— VERE, RBEHEKS 130mg #8%. mp 116—117°. Anal. Caled: C;H20q; C, 62.09; H, 5.99; mol. wt,,
370.39. Found: C, 67.89; H, 6.02; M* 370. IR »XB! cm-1: 1715, 1617, 1212, 860, 760. UV A% nm:

max

CH,
274, 487, 518, 560. NMR (CDCl;) : 1.56, 1.67 <6H, each s., —CHZ—CH:C< ), 1.92, 2.15 (6H, each s.,
' CH,

CH
C—CH=C 3), 2.51 (2H, t., J=7, Ar—CH—CH,—), 5.10 (1H, t., /=7, —CH,—CH=C<), 5.75 (1H,
il CH, |
0O (6]

m., C-CH=C<), 5.99 (1H, t., J=7, Ar—CH-), 6.94 (1H, s., arom. H), 7.13 (2H, s., arom. H), 12.35,
il I
o 0]

12.52 (2H, each s., arom. OH). Af3EES, IR, UV, NMR & 3{#R4a).® @ Bg-dimethylacrylshikonin =—%.
acetylshikonin [Ib] Q¥EE ~FHo—~1Er (1:1) BEHES 368mg O 7 & b VEJEMHA X &4 7 — VERE,
FeBsTREEE 224 mg 285, mp 93—94° IR »EBT em': 1741, 1615, 1575, 1230, 1201, 856, 764. UV

max

CH,
AEOH nm: 275, 487, 518, 559. NMR (CDCl,) : 1.56, 1.68 <6H, each s., =c< ) 2.12 (3H, s., —CO—
CH,

max
CH,), 2.52 (2H, t., J=7, Ar—CH-CH,—) 5.10 (1H, t., J=7, —CH=C<), 6.00 (1H, t., J=7, Ar—CH—),
0 0

6.96 (1H, s., arom. H), 7.14 (2H, s., arom. H), 12.35, 12.50 (2H, each s., arom. OH). &K% mp 85—
86°% F 724k mp 107—108°7 DIFEHI D % H mp FET IR, UV, NMR & @RS o acetylshikonin z—
3.

shikonin [Ia] QEE ~*xy.—~N>¥r 4:6) BHESD 7 b VA[HEH 120mg 2FXY Yy w50 (7.2g)
H 5 MBI, NUEUER, FREIRES 52mg #18%. mp 145—147°. IR vEBT cm~1: 1605, 1570, 1200,

(28)
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775. UV 2500 - 276, 485, 516, 554. AGIISCER? o shikonin oFh&, IR, UV & 4 ic—3.

max

teracrylshikonin [If] QBB ~F¥>—~r ¥y (3:7) BFHES 187mg »FEAIS L7e<b (VY 54

10g) wwHiL, 64 mg #18%. Preparative TLC'™® TE#H, FKEMmAYWE 33mg #785. IR »NU cm-1: 1735,

max

1610, 1115, 780. UV AnOM nm: 276, 485, 516, 554. NMR (CDCl) : 1.57, 1.68 <12H, each s., 2x —CH

CH,
:C<C ), 2.03 (3H, s., —CHs), 2.50 (2H, br. t., Ar—CH~CH,—), 2.97 (2H, s., CO—-CH,—), 5.13
H, |
0]

(1H, br. t., —CH=C<), 6.04 (1H, t., J=7, Ar—CH—), 7.01 (1H, s., arom. H), 7.15 (2H, s., arom.
|
0

H), 12.34, 12.52 (2H, each s., arom. OH). ZA&IIIZHRD) o teracrylshikonin o IR, UV, NMR & —%.
II /5 alkannan [IV] QO&/ #5EE 5kg »5 915 mg 2B, 9B 4dlmgicx2 . — 20ml), <52
v ajkFE (Pd 58 5%, 20mg) #mmA, H, [tk 2hr B8, RICEERL A8, BEYBE, » 4/~ VvERE
LCHEBH kR 15mg #78%. mp 99°. Anal. Caled; C,H;504; C, 70.05; H, 6.61; mol. wt., 274.30.
Found: C, 69.97; H, 6.21; M* 274. IR vi%% cm™': 1605, 1569, 1203, 7¢6. UV 2EOH nm: 482, 512,

CHs
550. NMR (CDCl;) : 0.90 | 6H, d., /=7, ——CH\
H

), 1.60—1. 40 (3H, m., —CH,—CH,—CH<), 2.59 (2H,
13

t., J=7, Ar—CH,—), 6.84 (1H, s., arom. H), 7.19 (2H, s., arom. H), 12.43, 12.59 (2H, each s., arom..
OH).

shikonin [Ia] /& alkannan [IV] O&K» Ia (100mg) o x % —ov (45ml), 35 v v g% (Pd &
5%, 30mg) HIMARGC LR UVRIETHER 0mg 2%, vV hrrhsa 6g w@ELTHER, x4/ -1vF
#, REBARES 32mg 185, mp 99°. II X h &L IV SEALUCASARET2<, £12 IR, UV, NMR
& IV o0 & —%.

shikonin [Ia] /n 5 anhydroalkannin [III] ®&K> Ia (735 mg) & 10% x % v —viEfEE (147 ml) % NASE
7C4FHKE. RUSEK (74ml) ZmATEY AR, KUk REHE, Al~vy v (200ml) T2 EiGHE, HEF
x, FRBEEHK 297mg #B%. ki i Preparative TLC™ i L, EpEH @D shikonin-monomethylether®
LAHE, hx E DT CHCL #hH, Ro¥r—x % 7 —)VERE, W% 2lmg #18%. mp 163—164°. 1 LiE@
LCEbERET <, IR, UV Lz I L —%.

BEROBERNOHMHIRE BB LRFCQEL, MY UCERE 1ke LA~ 7 VAEHE 15.5¢ %
B 9bbgEvIArAns s 300g) EE, IHARMAELYZEABHES L YROEWELES.

Il OBg ~*Fy>—~rHEr (7.5:2.5) FHES 0mg O 7 & b UAEE 2 2/ — VR, REEFRE
f 15mg %%, mp 95°. AMITIKEB L DB L II JEMLU TSR T/., IR, UV, NMR &3 II &
—3.

isobutylshikonin [Id], A8-dimethylacrylshikonin [Ic] & [Ig], [Ih] DRSO BB ~FHo—R o E L

(7:3) BHESO7 & b UAIHER 1.50g © 5% 300 mg % Preparative TLCY® CfE#l, B—2A KXy 251 5
EEMRWE (Ey [sp 2]) 194mg #185%. Lk Fig. 4 oFETARORH —7 v (100 ml) EH% ME
HAx (100mi) THWK, AT -7 UBEREHEER BEFSEL- A (Eo [AD 255, NMR (CDCL): 0.92

. CH
(t., J=7, CO-CH(CH,)-CH,-CH3), 0.96 <d., J=1, CO-CHz‘CH< 3>, 1.16 (d., J=7, CO-CH(CH,) -CH,),
CH;

CHg CH3
1.20 {d., J=7, CO‘CH< , 1.58, 1.67 [each s, —CHZ—CH:C< , 1.92, 2.14 {each s, CO-CH.
CHa CH3

12) FRLEE, L (PRE)EHE, &B(BR)ET, KILMF, XHEHBT, SHY 7, AHBHIAEREE
#, 15, 27 (1967).

13) Plate: 20x20cm?, Kieselgel G. solvent: CHCl,.

14) Plate: 20x 20 cm? Kieselgel G. solvent: Benzene Hexane (1: 2).

(29)
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CH
:c< 3), 2.25 (m., CO—CH,~CH<), 2.50 (t., J=7, Ar—CH—CH,—), 5.08 (br. t., —CH,—CH=C<),
CH, |
0

5.97 (Ar—CH-), 6.90 (s., arom, H), 7.08 (s., arom. H), 12.26, 12.42 (each s., arom. OH).
[

O

acetylshikonin [Ib] OEBE ~x%>—~N1¥ > (6:4) BEHEY 1.3g O7 1 b UAIBEREBE X 2/ —VE
£, FRBEEIRE S 521 mg %185, mp 93—95°. ASITEEEB X DEE L Ib LERMUCAESAETS, b o
IR, UV, NMR iz—3k.

shikonin [la] QEEE ~3Hr—~xr¥L (3:7) BFHIES 307mg % x &/ —AFHE, KENVECERE, K
BESRAESL 151mg B85, mp 145—147°, BRER X D EH L Ta CEBMLCRISET 2 Ta © IR &—FK.

B-hydroxyisovalerylshikonin [Ie] MERBE CHCl; &y 362mg D x &/ — AATEEER 303mg AHEY Y S
LAlg) S A e~ b THMRER LB 2%y bz DERAERYE 36 mg 285, IR LY cm™:1730,

max

CH;
1605, 1455, 780. UV iZOH nm: 485, 515, 553. NMR (CDCly) : 1.30 <6H, s., —c< ) 1. 59, 1.69(6H,
| “CHj,

/CHs

€ach S.:C\ >, 2.57 (2H, s.,, CO.CH,-C<), 2.59 (2H, br. t., Ar—CH—-CH,—), 5.10 (1H, br. t,
CHs |

!
O O

—CH=CX), 6.07 (1H, t., J=7, Ar—CH—-), 6.99 (1H, s., arom. H), 7.13 (2H, s., arom. H), 12.30,
i

O

12.50 (2H, each s., arom. H). AFII3CHEkD. D o B-hydroxyisovalerylshikonin ¢ IR, UV, NMR i —%.

GLC & &1 GLC-MS (C& BB5BBEOMR  Fig. 4 WWRTHEY [A]l 0fM= ~7 v 100ml) #FR% 2% NaOH
W 0ml) THW, TohVER 10% HC @ cEM PHD & U, WkxkE -7 0m) T2E
Hl, BOLEELAGERYE (W5 [B) @5, B (Al B (Bl 20z smg % CHCL (Gm) #kE
L, GLC 31 08 GLC-MS opfte 5%, iR UL TR ORI % (.

HEE AR AICh, BROEBEEY BB LEERENAFESSR, RREEEFZCESH@HLELAITET. &
TR TR 2 D o S oI B—E %, M —RBRCESH - LE T, gTHELHN, IR, UV, NMR
KLU MS OBlER SNITSHBEESTHARZOERIC L HDOEEH T2 LET.

B B

HRSEHR  (Macrotomia euchroma PAULS) »>5 deoxyshikonin [II] & anhydroalkannin [III] 2Bz, 110
RRARFATI U TCREINIZADTHS. TR (Lithospermum erythrorhizon SIEB. et ZucC.) » 5 11 #3E
BEX N, F 7o isovalerylshikonin [Ig] & a-methyl-n-butylshikonin [Ih] BNE&#HE LTEL iz, 1T & 1II O
EEIANY PV F— & — LBEEOGRI X hRE LK. Ig & Th oz NMR & MASS A~ b 53k
ante. & Ig & Th i # Lwv 7 7 b 32 vBEATHS. FIMERCEEERE $ 10 3EEIR,» S BEao 6 oD
shikonin FFE AN EBHE NI,
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