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Tab 1. The Rf values of tanshinones and related compounds

with different solvent system

Solvent System
Compound Formula
1 2 3 4 5 [}
(I) Ferruginol C2H3;0 0.77 0.80 0.45
(II) Danshexinkun B Ci1sH1503 0.82 0.83 0.51
(III) Salvinone Ci1sH20: 0.62 0.79 0.47
(IV) Miltirone C1oH 202 0.67 0.83 0.43
(V) Dehydromiltirone C1sH2% O 0.64 0.82 0.39
(VI) Danshenlactone CivH1:0, 0.69 0.82 0.35
(VII) Danshenspiroketallactone C17H 1403 0.54 0.76 0.25
(VIII) R0-090680 CisH 1402 0.55  0.80  0.29  0.39
(IX) Tanshinone 11, C1yH 303 0.51 0.78 0.33 0.39
(X) A’-Tanshinone 11, C1eH150; 0.50 0.77 0.28 0.33
(XI) Methylen:tanshinone Ci1:H1,0; 0.49 0.76 0.29 0.37
(XII) Tanshinone I CiusH.,0; 0.48 06.73 0.21 0.28
(XIII) Methyltanshiaonate C2H ;3054 0.35 0.65
(XIV) Nortanshinone Ci17H1:04 0.26 0.55
(XV) Crypotanshinone CisH2 0, 0.19 0.44 0.15
(XVI) Dihydrotanshinone Ci1sH 104 0.19 0.44 0.13
(XVII) Danshexinkun D CuHz 04 0.14 0.31
(XVIII) Tanshinone 1, CisH1304 0.07 0.19 0.64 0.49
(XIX) Hydroxytanshinone CisHi1504 0.07 0.18 0.57 0.41
(XX) Przewaquinone A Ci1yH 130, 0.06 0.17 0.50 0.43
(XXI) Przewaquinone B CisH 1204 0.04 0.14
(XXII) Danshexinkun A C1:H,60, 0.03 0.17 0.17
(XXIII) Tanshindiol B C1:H 1005 0.16
(XX1V) Tanshindiol A C1sH1:03s 0.10
(XXV) TAnshindiol C C1sH16O05 0.07
(XXVI) Przewanoic acid A C3H: 0, 0.80
(XXVII) Przewanoic acid B CuHO0y 0.62
(XXVIII) Oleanolic acid C30H40, 0.54

Tab 2. The mass spectra of tanshinones and related compounds

Compound Formula m/z
(I) Ferruginol C2Hs0 286 ([M198.4),271([M~CH,],100),
243 ([(M~C;H 7 1,6.9)
(1) Danshexinkun B CisH 1,04 280 ([M]1,100),252(CIM~CO01,1.8),
234 ([(M-CO-H,01,0.9)
(III) Salvinone CiH:0: 268 ([M],58.3), 253(IM—-CH,],15.5),
225 ([M - COCH,],100),210([M-CH,, ~ COCH,3},17.0)
(IV) Miltirone CiH::0: 282 ([M1,1.6),267(CM~CH,1,1.49),
254 ((M-CO07,49.2),249 ((M—-CH,, - H,0],1.1
(V) Al-Miltirone CH3,0: 280 ([M1,1.7),265 ([M ~CH,1,0.85),
252 ((M-CO],51.1),247 ({(M - CH,, -H,01,0.65)
(VI) Danshenlactone CiH1,0, 264 ([M1,100),235 (M~CHOJ,2.1),
236 ([M-C01,0.7),208 ([M-2C01,6.5)
(VII) Danshenspiroketallcactone Ci;H1,0, 268 ([M1,72),212 (M ~CH,~-1,100),
184 ((M-CH,;, -C0O],45.1)
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Continued

Compound

Formula

m/z

(VIII) Ro-090680

(IX) Tanshinone 11,

(X) A’-Tanshinone 11,
(XI) Methylenctanshinone

(XII) Tanshinone I
(XIII) Methyltanshiaonate

(XIV) Nortanshinone
(XV) Crypotanshinone
(XVI) Dihydrotanshinone

(XVII) Danshexinkun D

(XVIIl) Tanshinone II,

(XIX) Hydroxytanshinone
(XX) Przewaquinone A
(XXI) Przewaquinone B
(XXII) Danshexinkun A
(XXII1) Tanshindiol B
(XXIV) Tanshindiol A

(XXV) TAnshindiol C

(XXVI) Przewanoic acid A

(XXVII) Przewanoic acid B

(XXVIII) Oleapolic acid

CuH10:
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CuHu O,

Ci1sH1:0;
C:uH1 04

CuHO,

C1H20,

CisH Oy
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CIBHXBOI

ClﬂHllol

CiHi0,

CisH 2O,

CisHwe Oy

CisHi1s05

C1nH1s0s

CllHlUOE

CawHeO,

CxuH.: 04

266
236
294
261
251
292
249
278
263
276
338
261
280
234
296
281
278
235
336
278
250
235
310
261
310
292
267
310
277
249
222
236
235
312
279
312
281
312
279
470
452
301
454
438
300
187

([M+21,7.8),264 ([M1,1.4),

(IM-CO01,100)
([M1,100),279 ([M - CH,1,42.5),

([M —-CH,, - H,01,76.9),

(LM -CH,, —-C0],57.2)

([M1,61.4),277 ([M~CH,]1,94.6)

(M - CH;, — C01,100),264 ((M—CO31,4.9)
({M1,100),260 ([M~H,01,9.25),
([M~CH,],18.6),250 ((M-CO1,7.7)
([M],44.5),248 ([M—-CO07,100)

((M1,0.7),279 ([M—-COOCH,1,100),

(IM - COOCH;y, —H,07,9.6)

(CM1,100),253 ((M—CO1,23.5),

([M—CO, ~H,01,4.8)

([M1,100),268 ([M~CO0OJ,28.1),
([M—-CH,1,8.6),253 ([M-CH,,-H,0],4.5)
({M1,19.8),250([M—CO1,46.9),

(M—CO, —CH|]) 100)

([M2,1.6),318 ([M-H,01,0.3),
([M-C,H,0],15.6),

([M—CsHsol"C0]:47.2)’
({M—-C,H,0, -CO, - CH,1,100)
([M3,23.0,),279 ([M-CH,0H],100),

(LM -CH,0H, —~H,01,19.7)

([M] 100),295 ((M - CH,J,27.3),
({M-H,01,39.7),277 (IM~CH,, —H,0],33.6),
(IM—-CH,, - C01,62.1),249 ([(267—-H,;0], 48.7)
([M],32.8),292 ([(M—-H,01,76.3)

([M—-H,0, -CH,],84.3),
((IM-H,0, -CH,, -C01,48.7)

([M1,43.1)284 ([M—CO3J,100)

(IM1,60),278 ((M—-H,01,9.7,
(CM—CH,0H],38.1)

([M31,26.3),294 ((M-H,0],86.4),

(LM —H,0, — CH,],22.2),266([M—H,;0, - C01100)
([M1,1.72),284 ([(M—-H,0],5.1),

(TM —-CH,0H],100),263([M~CH,0H, - H,0],8.1)
(IM1,17.8),294 ([M-H,01,66.4)

({M~-H,0, ~CH,1,20.6),266([M—H,0,C03,100)
(IM1,82.7),455 (M ~CH,1,7.4),

(M -H,01,90.9),425({M - CQOOH], 7.7),

(X, 30.5),232 (4.2),187([232 - COOHJ,100)
([M1,29.1),439([M - CH,],5.1),
([M~H,01,34.9),409 ((M—COQOHJ, 4.57),

(K, 8.2),285 ([K—CH,],2.0),232(4.1),

([232— COOH1],100)

CxHuO,

456 ([M1,0.9),248 (a,98.4),
203 (¢, [248—COOH]J,100),441 ([M—CH,J,0.4),
438 ([(M-H;01,1.8),411([M—-COOH],0.55)




#%:24}  Acta Pharmaccutica Sinica 1989;24( 5 ):341~347 345

i, DAERIEH LR EHEHmERN, Wk s,

FABRERETN L THENES G, LAEFGHZR. 4. HaRRRHEERY
KE. mBHENIHES VI, X0, XVI, XXI%, G ARGTFHROTELAYS, B
TEHRLUFI2E L RIHRE, B ARLRFNLAY X, XVII, X1, XIX,
XX, XXII, XXIV, XXV), 4 AR HIAFHLERRE, K& £HA (X) RIF
(XD ¥msyFrEsRy, METRET, KEARHERE, nkPA2E XD 2%
g, RESASEIL(X) LT, TSR (XIV) AL, BEREaNEEN ASRR
FBERRILAY, WASEHER V), BIASE XV) %, XNEEAWAF HFEFRL2
B, ftAty I, XXIL, SHaRmkeisuen, RRAEMRKmERmIN, 3 TR
A, wRAR (VD 5ARHWARE (VID, 7285 365 nm FTREEEWEROE. &k
#E (D 5= (XXVI~XXVID) RABMASKN, FEIRFLL X% 8t HMCBEm
RERIN(RES).

M* m/z 310 (100) w/2 292(39.7)

Fig 1. Loss of water via 1, 3 dehydration,
* Visible under UV 366 nm.

Fig 2. The expul..on of water via rearrangement process of alicyclic ring A.
* Confirmed by detection of metastable ion peak.
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(=) m/z202[MT*4 2 MEAHEIERRE TS H 4 F R CeHp0(XX1) 5
CioH1603(X) . =& RIfHS 514 0.14; 0.77 (&#l 2), L&ty XXIEM—-H,0 i, {UHE
M—-CO g, #EEEEG,AFNITR, HERBTHE. LAWXH(M-CH;, M—CH,,
—CO) MefEARIBIAY, 2 LERAGHK, R HEI-ROAEEH, 8%EhA-BE
2N IL, AFLeY.

(Z) m/z296IMI*H 2 AL ady, 34y T Rk CioHp0s(XV), B 25 100% B
“uH1O(XXID), FEH 602, 3 RE{E5 5120 0.44 50,17, Wk 1, # BRHMEN
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Tab 3. Detection of tanshinones and related compounds
by day light or under UV

Compound Visible in day light

Tanshinones with aromatic ring A
such as XII XVI XXI and tricyclic
orthoquinone diterpenoids with Browa

aromatic ring A such as VIII

Tanshinones with aliphatic cyclic
ring A such as IX, XVIII, XXIII, XXIV, Red
XXV, XIII, XIX, XX

Tanshinones with a new conjugated
double bond in ring A such as XI Purple to dark red
(purple), XIV (orange red) and X (dark red)

Tricyclic orthoquinones with cyclic

ring A such as IV, XV Orange red

Diterpenoids paraquinone with

aromatic ring A such as II, XXII Orange red
Secotanshinones VI, VII Blue fluoresence®
Tricyclic diterpenes such
as I, XXVI, XXVIII Turn yellow by iodine vapour

* Visible under UV 366 nm,

BE, FERBL, XV ARASE, XXIILRSHETR.

() m/z310[MT*H 3 L&t (XVII~XX), mHRERA NN 2 F X BHHF
CyoHis0y, BHIhRISy Stk (BIL & H XVIIL 4 m/z 261 Hy#% f i (M —CH,0H, —H,0),
AEREEIERER A b, AT 1L, 5 2 MLAY A M—H.0lM EM-CH,0H
K, {Afbat XIX o FEFEMIVb K, XX fIMI S8R 32.8%, BREHI(5)
HEATHB BT, & Rf ER BB 5.

FemRsEER, B EANRS RIS MRS, EH—EZR 5
SBHERAR BB AENSHE MR, EERERA— S 20 CHHELRE B,
RENEE, URAHRRREHHFTHEZERY. AL PEASERNABERLE R
I E RS LR REBYREND., FXREMHXEEEWHETTH ERISE
WHBT ORISRy, FUH—PREFEREEANXE Ry ERRE e, HA
4RBZEEAFRTTEHEERy RE2E,
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IDENTIFICATION OF TANSHINONES WITH RELATED
COMPOUNDS BY HIGH PERFORMANCE THIN LAYER CHRO-
MATOGRAPHY AND MASS SPECTROMETRIC ANALYSIS

HW Luo and J Ji*

(China Pharmaceutical University, Nanjing 210009, *Jiangsu Center of Physico-chemical Measurement,
Nanjing 210002)

ABSTRACT 28 compounds isolated from Danshen (Salvia miltiorrhiza Bunge
and §. przewalskii Maxium) were identified by both HPTLC and mass spectrometric
analysis. The mass spectra of tanshinones and related terpenoids have been examined
and a number of characteristic features noted which might be helpful in the identi-
fication of these compounds. The Rf values of five groups of tanshinones and related
compounds in six solvent systems were given. They can be used for identifying
several epimeric compounds which are difficult to identify by mass spectra alone,

Key words Salvia miltiorrhiza Bunge; Salvia przewalskii Maxim; Tanshinones;
Mass spectra; HPTLC; Diterpenoids





