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Abstract—The secondary hydroxy group at side chain of shikonin structure was selectively acylated
with various haloacetic acids in presence of dicyclohexylcarbodiimide and 4-dimethylaminopyridine to
produce haloacetylshikonin derivatives. The cytotoxicity of monchaloacetylshikonin derivatives against
L1210 cells increased in the following order: monochlorcacetylshikonin (EDs. 0.142 pg/ml) )mono-
bromoacetylshikonin (EDw, 0.158 pg/m{) > monoiodoacetylshikonin (EDx, 0.173 pg/ml). Introduction of
larger halogen atormns decreased the cytotoxic activity, presumably due to steric hinderance. The cy-
totoxicity of chloroacetylshikonin derivatives was dependent on the number of chlorine atom, thus in-
creasing in the following order: trichloroacetylshikonin (0.032 pg/mi) ) dichloroacetylshikonin (0.059 ug/
ml) > monochloroacetylshikonin (EDs, 0.142 pg/mi). Thus, the electron-withdrawing effect seems to be
important for the cytotoxicity of chloroacetylshikonin derivatives. Consistent with the above, di-
chloroacetylshikonin (T/C, 182%) and triffluoroacetylshikonin (195%) showed higher T/C values than
monochloroacetyt-(T/C, 122%), monobromoacetyl~(T/C, 154%) and monoiodoacetylshikonin (T/C, 117%)
derivatives. Haloacetylshikonin derivatives showing lower cytotoxic activities against L1210 cells ex-
hibited lower T/C values. It seems that there is a relationship between the cytotoxicity of haloace~
tylshikonin and their antitumor activity.
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Scheme I — Synthetic method of haloacylshikonin deri-
vatives.

¥ wj%E 9sled GIBCO Co.E H-E Fisher's me-
dium power, sodium carbonate(ZZ M%&), pen-
icillin-streptomycin® 2 horse serum & F3
o WxE WENN, HA LriFE Merck Co.9
DMSOE AMg-38l%th. TLCE precoated silica gel
60 F-254 plate (Merck A¥)E, 28 a2vlE 13y
o & silica gel 60(70~230 mesh, MerckAlE)& At
L3}, IR 2¥EHE Perkin-Elmer 780% (Ja-
sco Peport-100) X 233 =AZ, UV 29EY
& Jasco V-550 UV/VIS #4434 =A2 42 4319
o}, 'H-NMR 2#E#L Varian-Gemini 20022 &
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). Shikonin®! haloacetic acidZ 7F3kz dicyclo-
hexylcarbodiimine(DDC)$}  4~dimethylaminopy-
ridine(DMAP)& w23} haloacetylshikonin®
A3

Acetyl shikonin : (2-(1-(R)-acetoxy-4-methylpent-3-
enyl)-5,8-dihydroxy-1,4-naphthoquinone) (1)2| £

Shikonin 288 mg(1 mmole), dicyclohexylcarbodi~
imide 226 mg(1.1 mmole), 4-dimethylaminopy-
ridine 30 mg(0.25 mmole) S 25 ml9} 27 EetAad|
¥i 9 gEe2uEt 3mlg Yol 5tk 0°CE =
A F, AAte EAEtlA acetic acid 1 mmoled

RS G

Yol The 3087 avkaht & 0250 347 o
AR} v EFEAe] B 0mig PoIFT
1082 Aol kst sl 248 Aud

4. g B npadlg dnlo|ER gsta ohA) o

H3c}. o] dele 35°CLEN HAY AIFFINE
A4 BF3 AN ES AT 2ANES YIHE
(2.5%20 cm) oM ik AolAElolE (4:1)4]
THEMZ SEAAY TLC 4 REx) 0.54¢] A4
S Role 3L du AR A acetylshi-
konin 240 mg& A}

FEE 1 5581%

R; : 0.54(hexane : ethyl acetate=4:1)

‘mp : 96.0~97.5°C

'H-NMR(CDCy : & 12.53(s, 1H, Ar-OH). 12.
37(s, 1H, Ar-OH), 7.13(s, 2H, H6, H7), 6.94(d,
J=1.0Hz, 1H, Hy, 6.02(m, 1H, Hy). 5.10(m, 1H,
Hy), 2.46(m, 2H, Hy), 2.13(m, 3H, CH,C00), 1.
67(s, 3H, -CHy), 1.56(s,3H, -CH,)

IR(KBy) : 2925, 1740, 1605, 1450 cm™

Monochloroacetylshikonin : (2-(1-(R)-monochle-
roacetoxy-4-methylpent-3-enyl)-5,8-dihydroxy-1,4-na-
phthoquinone) (2)°f $i4

Monochloroacetic acid® AM-3le] acetylshi~
konin?] A4 # 2L ¥HERN0E 3l AN u¥
E-<¢] monochloroacetyl shikoning 23t}

FE8 1 67.15%

R;: 0.54(hexane : ethyl acetate=4:1)

'H-NMR(CDCL) : 8 1257(s, 1H, Ar-OH), 12.40
(s, 1H, Ar-OH), 7.18(s, 2H, H,, Hy), 7.05(s, J=1.1
Hz, 1H, Hy), 6.12(m, 1H, Hj), 5.11(m,1H, H,),
4.12(s, 2H, CICH,COO0-), 2.57(m, 2H, Hy). 1.69(s,
3H, -CH»), 1.60(s, 3H, -CH,)

TR(KBr) : 2925, 1750, 1605, 1450 cm™

Monobromoacetyl shikonin : (2-(1-(R)-monobromo-
acetoxy-4-methylent-3-enyl)-5,8-dihydroxy-1,4-na-
phthoquinone) (3)°} £t

Monobromoacetic acidE AH-31e] $iet FU3 o
oz x4 A E< monobromoacetyl shikoning
adct.

TE5E& 1 52.38%
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R;: 0.55(hexane : ethyl acetate=4:1)

'H-NMR(CDCly) : 6 12.56(s. 1H. Ar-OH), 12.40
(s. 1H, Ar-OQH), 7.18(s, 2H, H6, H7), 7.07(s, J=
1.1Hz, 1H, Hy. 6.09(m. 1H, Hy), 5.15(m, 1H, H,),
3.88(s, 2H, BrCH,COO-), 2.56(m, 2H., Hy), 1.71(s,
3H. -CHy), 1.59(s, 3H, -CH,)

IR(KBr) : 2920, 1745, 1610, 1450 cm™

Monoiodoacetyl shikonin : (2-(1-(R)-monoiodoace-
toxy-4-methylpent-3-enyl)-5,8-dihydroxy-1,4-na-
phthoquinone) (92} £

Monoiodoacetic acid® AH-3ted $19} FL7 ¥y
o2 &M FHE< monoiodoacetyl shikoning &
arct

58S 1 38.62%

R:=0.56(hexane  ethyl acetate=4:1)

'H-NMR(CDCI) : 8 12.60(s, 1H, Ar-OH), 12.44
(s, 1H, Ar-OH), 7.21(s, 2H, Hg, Hy, 7.15(s, J=1.1
Hz, 1H, Hy), 6.06(m, 1H, Hy). 5.18(m, 1H, H)),
3.78(s, 2H, ICH,CO0-), 2.58(m, 2H, Hy), 1.73(s,
3H. -CHy), 1.62(s, 3H, CHy

IR(KBr) : 2920, 1740, 1610, 1450 cm™

Dichloroacetyl shikonin : (2-(1-(R)-dichloroacetoxy-
4-methylpent-3-enyl)-5,8-dihydroxy-1,4-naphthoqu-
inone) (5)2] £14

Dichloroacetic acidg AH&3t 919 FUg vk
z702 A HAEQ dichloroacetyl shikoning
AUt

TEE 163.92%

R;: 0.59(hexane : ethyl aceate=4:1)

'H-NMR(CDCly) : 8 12.48(s, 1H, Ar-OH), 12.31
(s, 1H, Ar-OH), 7.13(s, 2H, Hs, Hyp, 7.09(s, J=
1.1Hz, 1H, Hy, 6.07(m, 1H, Hy), 5.21(m, 1H, H}),
5.08(s, 1H, CLCHCOO-), 2.55(m, 2H, Hy), 1.62(s,
3H, -CHy), 1.53(s, 3H, -CH»)

IR(KBr) : 2915, 1745, 1615, 1450 cm™

Trichloroacetyl shikonin : (2-(1-(R)-trichloroaceto-
xy-4-methylpente-3-enyl)-5,8-dihydroxy-1,4-naphtho-
quinone) (6)9] &4

Trichloroacetic acid® AH&-3lo] 91¢} SUg vk
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ZzAo7 M AAEQ trichloroacetyl shikonin®
At

58 1 75.20%

R¢’ 0.64(hexane ® ethyl acetate=4:1)

'H-NMR(CDCly) : 8 12.56(s, 1H, Ar-OH), 12.37
(s, 1H, Ar-OH). 7.18(s, 2H, H, Hy), 7.15(d, J=
1.0Hz, 1H, Hy, 6.16(m, 1H, Hy), 5.23(m, 1H, H,),
2.65(m, 2H, Hy), 1.69(s, 3H, -CH,), 1.60(s, 3H, -
CHy

IR(KBr) : 2920, 1765, 1610, 1230 cm™

Trifluoroacetyl shikonin : (2-(1-(R)-trifluoroacetoxy-
4-methylpent-3-enyl)-5,8-dihydroxy-1,4-naphthoqu-
inone) (7)2] £+4

Trifluoroacetic acidE AH&3led 99} SYT ke
zHo=z A4 AAE2 trifluoroacetyl shikoning
At

F58& :45.37%

R;: 0.58(hexane : ethyl acetate=4:1)

'H-NMR(CDCl) : 8 12.58(s, 1H, Ar-OH), 1241
(s, 1H, Ar-OH), 7.22(s, 2H, H,, Hy), 7.17(s, J=
1.0Hz, 1H, Hy), 6.18(m, 1H, Hy), 5.25(m, 1H, Hy),
2.68(m, 2H, Hy), 1.70(s, 3H, -CH,), 1.63(s, 3H, -
CHy

IR(KBr) : 2925, 1750, 1605, 1450 cm™

L1210 MXZ O|E8t in viro NIESY Y -
Thayer$”¢] Wiol F3lo] AHHY. & FAHE 5
F5ol 105g9 Fisher s medium, horse serum
100mi, NaHCO; 1.125g, Penicillin G(100,00
Unit) 28] 3 Streptomycin(100 mg)& 2o &34l
713 0. IN-GAt o2 pHE 7202 23T A A
AFE 1 HEZ 31t 4719 HF 271 10%71 =
SZ horse serume 371315 F AT 91712 o
3o} ARES RS iR R FGict

iAo L1210MEE 73] 2~3%10° cells/mi< Al
¥ =7t HA AT F 24420 i of 0.8~
1.0x 10°cells/mi®] M¥E =7 "t} o] spinner
cultureE AE5Y HEE 37] viz Holl Q2 e
iR 2 848k 5x10% cell/mie] AIE 57T HES
It A @ Ehel),

AlEy A7) viE del 9A w29 e £
DMSO(dimethylsulfoxide) £ 22 THEQ 3L o] Al
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2492 oA 28] IYMFHARF ). 24 Well
plates] $lolX ZAE AZ A= (5x10* cell/mlD)

15mi 33 N3N A4S 2760, 30, Bulg 7t
st NRTOZ AQT, 15 miS) AEAG e ¢

& AL YEzveE H. AdEd dx=EE CO,
incubatorZ 37°CollA 48A1Zt vi%¥ ¥ hemacyto-
meters AHE3l AT FE AAslg ).

EDyb2 tlz232 50% 502 YA¥e A3e
AAEH= A 89 FE(ug/mDE ST

S-180 M| OlA|8t ICR O}RAS| YR &I}
3" - ICR v} B4 797 vk S-180 Al
XE Bl 3 Hate] dad O Al dgel 718t
3 400xgo 2 287 AAEREY AE AL B
Yt FelE AELAEL P a0 Gsa £
FAIA Al AR RS AAS F 32 A
AE F EAH I HEFE AAsn e @
S-180 AlXEZHE H3) FYSE PPez 33 AEs
% hemacytometer2 ¢} 10’ cells/mi9) F%=7} 5
52 AY Rgds wED o 2{Y 0.1mi¥E
ICR w2 B7hpel o] A3ch. o]4] 2447t ¥ &
Zo] 8 vlE|Ho] HA ANHTH dxTEog )
ANEE 50% PEG-2009) 283 & &3 == #
sHgElREa 1 F 0.1 mlE F3k] AT 5730
FAlg e gz 53 SAE FAEI
FAF AL GHME o|4F 24A7t F HE 0.1 miY
1497 A4 T3, AE|(T/C%)E the 2
oJ3te] &3t

- AN Z W FAEYS
AEH WCh) = fﬂélﬂzjlgwgéc’j; X 100

AN ¥ D

B U7X - o Fo] 9ol wet shikonin® &
ol U+ secondary OH7IE X3 0 F haloace-
tylstH e}, Haloacetyldte] $582 45~75% ©id
o} Monoacetyld} ¥hgolA] M@ g4 o2 Fojst
2 monoiodoacetylstell A -&o] 38%Z 717¢ A=8
fom o] vt Zof& A ¥+ monochloroacetyl}
o] A% 63%9 w2 #&& Bt Chloroacetic
acid®] Aol F03 ol Bo}k Aert 83

Table I— 'H Chemical shifts of shikonin derivatives

OH O

'H-NMR chemical shift (ppm)

Functional

group R H3 Hl’
Acetyl 2.13 (CH») 6.95 5.10
Monochloroacetyl  4.12 (CHCD 7.05 5.11
Bromoacetyl 3.88 (CH,Br) 7.07 5.15
Todomoacetyl 3.78 (CHaD) 7.15 5.18
Dichloroacetyl 5.08 (CHClp 7.09 5.21
Trichloroacetyl 7.15 5.23
Trifluoroacetyl 7.17 5.25

4 83 982 922 & + vk AR89 mono-
chloracetyl3le] 3¢ 2H2-9] 4-80] 63%211] v]3}od]
trichloroacetyl&tr) ol 75%9) 1582 AHEo] AA
it

e 2452 'H-NMR 4] 54€ Table I 1
ERASIC}. Acetylshikonin®] acetyl”]9] Al 7] $4
= 213 ppm2ldl ¥l&} haloacetylshikonin® ha-
loacetyl54as B571 AR R olFdle] vehidr)
Monohaloacetylshikonin®] 748 R monochlo-
roacetyl”}¢] 7% 4.12 ppm, mononbromoacetyl”] 2]
7% 3.88 ppm 283 monoiodoacetyl”]9] 73-9-oll=
3.78 ppmel Jerdoz2A AAE/ &3t AXe o
FoZ AqAF R olFd= AL ¥ & It F A
CleA7t g Agele d & /Y 2 591
ppmE UL o AAFOR o)FHE AL & 4 k.
H-1"¢} ©]%2 ¥ monochloroacetyl”|7} 2% 7
< 511 ppm%Hl H3ld  dichloroacetyl® trichlo-
roacetyl”17} A%R AL 77+ 521 ¥ 5.23 ppmoll v+
Epgo 24 Az BA anel FPA LS Bl
& 4= 93let. koAl 2 naphthazaringke] Micha-
el acceptor®] Z=g Ueh= H-39] 383 ol5x
2L AgE Jehdt). oj9= W2 halogend4 9]
A717F 245 H-3 € H1'2%7} AAFoZ o538
t}. &7 monochloroacetyl”]7} 288 H-32 7.05
ppmell Ueh=dl ¥3le] monoiodoacetyl”)7t A%
H A$ o] F4E= 7.15 ppmol VERIT), o] ojulx
2717+ & 8. =9] paramagnetic field effect 9E< A
o2 Folgr)

L1210 MI3E0Y CHSt MIESAM - 343 haloace-
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Table H— Cytotoxicity and antitumor activity of haloacylshikonins

H
H OR
EDs, dose o No. of survivors
R (ug/mD) (mg/kg/day) T/C % on 50 days

Methy! 0.030+0.011 3.12 176 /7
Chloromethyl 0.142+0.022 3.59 122 1/8
Bromomethyl 0.158+0.031 3.94 154 0/8
Todomethyl 0.17310.042 413 117 1/8
Dichloromethyl 0.0591+0.014 4.46 182 1/7
Trichloromethyl 0.03210.015 4.07 146 0/8
Trifluoromethyl 0.097+0.012 4.35 195 2/8

tylshikonin FEAE9] NEEAS S48t 1 A7
£ Table II9] EAIEAY. °]& F=H9 EDy #19
A= 0.032~0.260 pg/miSZA HRH o8 9435}
act. oA Edol 112104 X0 thdte] EDggkel 7
ng/mi7AA 7 EE AR RS AT ¢ A x5
L A4gd 58 Holg a8y ol AXEEA0] a-
cetylshikonin®] ED;=0.030 pg/m! ¥oh= oFsts
02 2A37F NESAY S AA7IRE @ttt

Haloacetylshikonin%#] 7tl+ haloacetyl?]¢]
Aol et NESAS] AL S & U F,
monochloroacetylshikonin®) 3% 0.142 pg/mi¢ld]
v}3} dichloroacetyl~ $ trichloroacetylshikonin< zt
z} 0.0599} 0.034 pg/mie 2 & G40 771 91 &
& AEEA0| ST AFS HJH o] AlEsA
o] 7k &4 dAEV) Aol iR A HES
4] 71¥4)2l naphthazaringe] 21Ax}4]e] F7}l| o}
& Aolgt Mg}l F, A¥EFAAe i3t naph-
thazarin &2} arylation 58°] A% WEel Ae=
Zz9r} & 39 halogen?] 70 W2HE 1 AX
o] g2 yeptor, 1 oA ded #rh
monochloroacethylshikonin(EDy, 0.142 pg/ml) >
monobromooacetylshikonin(EDs, 0.158 ng/ml) )
monoiodoacetylshikonin(EDs, 0.173 pg/mi). Halo-
genfA9 77} & HESAo| e HEE
Hola it} o)¢} 2 AXEEA ZHAE slois 2
A 4ae 3719 g A EREHY] g vE]
T Fole] F7t= 2T 89002 g o
B3I

=
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S-180 2i0fl 2! ICR OFA0) CHE S-HeIA &1}
- $-180 <ol ¥ ICR ©h9-29] g haloace-
tylshikonin#=A ¢ +3d% a4(T/C(%))& &
34 vt 2 A2 Table I19] YERATE Atz o
2 Rol MEEAe] 439 ™ monochloroacetyl-,
monobromoacetyl- ¢ meonoiodoacetylshikonin®}
HA] w2 T/C4& 2t} haloacetylshikoninf-=
A% trifluoroacetylshikonini dichloroacetylshi-
konin'te] T/C=195%%} 182% = acetylshikonin®]
176%>° 2o} & #9449 ¥Yd. Trifluoroace-
tylshikoning FAMe+ 5-& 8ulElFoll= 50 o] 4
op2 FEo] 2ty o2 1 gtio] AHoR
$5Tha BaEn

ALY o

2 A7 Aestm A I7 Ak
WA 9) 9 ALAG F4 2] Aol oJshe] o] Fol
Ak,

2 #
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