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Abstract: Objective
ester (DD — DBZ),and to identify their structures. Methods
HPLC) was used to separate DD - DBZ and impurities, and ultraviolet spectroscopy, infrared spectroscopy, HPLC — mass

To analyze the impurities introduced during the preparation of tanshinol (D - form) — borneol (D — form)
Reverse — phase high — performance liquid chromatography (RP —
spectrometry, and nuclear magnetic resonance were adopted to identify the structures of the impurities. Results Four impurities
were identified, namely acetyl @ — hydroxy DD - DBZ (impurity A) , salvianic acid ethyl ester (impurity B) , salvianolic acid
borneol ester (D — form) (impurity C),and salvianolic acid (D - form) — borneol (L - form) (impurity D). Impurity A and
impurity B were generated through the ester exchange reaction in the purification process, while impurity C and impurity D were
generated during the reaction process. Conclusion It is necessary to strictly control the production process and raw materials in
the DD — DBZ production process in order to effectively control the impurity content.

Key words:tanshinol (D — form) — borneol (D - form) ester;impurity; RP — HPLC; UV spectroscopy method;infrared spectroscopy

method ;nuclear magnetic resonance method ;structural identification

LHEFS & - HVK AR (DD - DBZ) B 524
HSTe 3T, LA 245 5 FFS 05 BAR YT SORAE F R
JEERE, B A R AP A B 245 . DD - DBZ (15
wh2h AR T2 Rl - il AR o), 2
PG P 2 CAnBT i 28 A BT APk I BT g R it
Wi AR A 9 R AR i AR ) e e, B
PEAIR7 =160, DD — DBZ B\ A S — B AE (TR Y7 0 I ik
MAEBR A T FEAb 28 245, & AT ST o 25 90 0 4l B ot
LG PR 22 4 Pk G 5ok 28 56 2, 8 8 25 1 PR i i 52
HRZBLXE 25 ) R AT AR T 4 I S A 2 3k B I PR

fift R 2SR 17 - 180 o e T R R L 2 1) 43T B G
Ty A 305 ) 4 ) 24 I B I 1 A 00 AR AR5 v DA
DD - DBZ il s a2 2 th &, 2R FH S H 5 50 A € 3
(RP — HPLC)¥EAr 2% 5, IR I 54D (U V) 2% (2141
JEi (IR) ¥ R A0 AR (35 - BT (HPLC - MS) ¥ |
FEREER (NMR) I 560 24 TR 454, 3B 2% = A= i SR A
i DD - DBZ B i il iR 52  BHGE R .
1 XE5RE
1.1 {¢=8

SIGMA 2 - 16K #UAI% i i 3 25 .0 P (42 [F] Merck

"ELWBR - BRFESETHEEHAA B [GZY - KJS - 2023 — 035 ;5 B4 #7125 AF 50 s B [2022YWZX - 01 ;@5 P E

24 %% 3 By ) R b 2501 #0 A AR B (2022 - QCYZH - 0237,
E—EE AW, &, ok, £F

0T B 5 T ey Ay W R 25 R B 25 2 s Rk R, (8 F 45 4 ) li_xialem@126. com,

SEAEEE FRURIE, WL TR @ A L R R AR AT R 5 AT AR A S AR, (BT 1548 ) zhengxh@nwu.

edu. cn,

51



HFIRE-.
Pharmacy Articles

¥ &35 ¥

China Pharmaceuticals

20254F 11 H 5 H 5 34 %5 21 1)
Vol. 34,No. 21,November 5,2025

KGaA 73 7)) ; LCMS — 8040CL Y i &5 W AH €573 J57 15 1%
FAX (B 46 LC = 30AD 1 —J0 4, SIL — 30ACMP & [ 5l
FEFERS , SPD — 20AV UG £5 , LabSolutions 1% T 1E
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Fig. 1 Preparation process of the DD — DBZ crude product
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FER R IR 800 g (20 a) o o W I UV A4S 5 (A
/BZJL(jSI 280 nm) ;%?F/n A2 élelﬁ(TLC)/ZE[{}ILKjJ*H

TsOH H20
THF, 15 h

52
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Fig.2 The flowchart of impurities A — D separation and purifi-

cation process from the reaction system of DD — DBZ
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Fig.3 HPLC chromatogram of the DD - DBZ crude product
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4.6 mm,5 pm) ;i shAH 0. 2% F R K - 2 (40: 60,
VIV) s : 1.0 mL/ min; 8 0% K . 280 nm; £ & .
35 °C; BT F S AR 25 (ESD s 2 L : 4.5 kVs
Fer A B B A A O 2 s R
100 ~ 1 000 Jiz fif bt (m / 2) s FAH 3 BE : 909 u / sec; %54k
A3 L/ ming TS = 2 15 L/ min; DL iR .
250 °C; IAAHIR £ 400 °C.2) UV B BUF I 5 mg,
K% PR E , B 100 mL 25 50/, FH Y B R 0T e 4
200 ~ 400 nm P NI 3) IR 75 AN 1 mg,
K % PR A2, R FHIRAL B 28 o 4) NMR 25 9 1)
DMSO - dg; bR ¥« PO H 3 6 e (TMS) (64 0. 00,
8¢ 0. 0); WLAZ . 'H, 3C; TAEMIRE:400 M('H), 101 M(3C) ;
TR .25 °C s ik oh 77 %0« Fk o ik oF 5 % ] MestReNova
12. 0 55 OriginPro 9. 0 # % 5¢ 1t NMR #3540 1
2.2.2 H#RExE

ZeIT A A & WIIARY) 76 285 nm K ANA
R (K4 A), BABREE DR IR 5 2 2k LA e
H(E S A) PS4SR R ,m /2 = 375. 180 6,
[M-H] ,iF5& M 375.180 8, m / z = 421.186 0,
[M + COOH] -, 818N 421. 186 2. 3¢ ILIF 6 A, T 5L
it TR C— O AR B, m/z=147. LK 7,
&1 B — DI ) 'H - NMR 455 R, 2%
A BA 4 I3[0, 82(s,3H),0. 81(s,3H) ,0. 72(s,
3H),2. 05(s,3H) |, 4 M EEE[ 2. 90(m,2H),2. 18 -2. 10
(m,1H),1.73 - 1.60(m,2H) ,1.27 = 1. 19(m, 1H) ,
1.08 = 1.01(m,1H),0.68(dd,J = 16,3.4 Hz, 1H) ],
1R RA[1.60 - 1.58(m, 1H) ],2 M hE A A
[5.00(t,/=6.6Hz,1H),4.70(d,/=8.9 Hz,1H) |,3 4>
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Fig. 4 UV spectra of impurities A — D
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Fig.5 IR spectra of impurities A — D
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Fig. 6 High resolution spectra of impurities A — D
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R2 #FRA - DEELEIR(NMR) Bl
Tab.2 NMR spectra of impurities A — D?

) B &R BAC 25D
i 3, 5 3, j, 8, 3 3, J,
1 - 126.26 - 128.29 - 126.20 - 128.06
2 6.63(dd,J=5.0,29Hz,2H)" 11668 6.59(s,1H) 116,88 6.66 6. 59(m,4H)" 12024 6.60(s,1H) 116.72
3 —OH8.79(s,1H),8.75(s,1H) 145.07  —OH,8.72(s,1H),8.64(s, IH) 144,84 —OH,8.72(d,/=37.8 Hz,dH)* 145.09  — OH,8.68(s, 1H),8.61(s,1H) 14484
4 14,2 143.76 144,24 143.72
5 6.63(dd,/=5.0,29H,2H)" 11542 6.60(d,/=8.0Hz, IH) 11529 6.66-6.59(m,4H)" 105,41 6.59(d,/=6.8 H, IH) 115.21
6 6.47(dd,/=8.0,L.9Hs1H) 12009 6.43(dd,/=8.0,2.0Hz, 1) 12013 6.50(dd,/=8.0,1.8Hz,1H)  116.81  6.44(dd,/=8.0,1.8Hz, 1) 119.93
7 2.90(m,2H) 9.6 2.79-2.59(m,2H) 39.85 3.00-2.90(m,2H) 627 2.79-2.63(m,2H) 39.87
8 5.00(1,/=6.6 Hz, 1H) 7.6 414-4.07(m, 1H); 60.01 5.06(t,/=6.6 Hz, IH) B 4 14(q,/=6.2Hz, IH); 7191
—OH,5.43(d,/=6. 1 Hz, IH) — OH,5.43(4,/=6.0 Hz, IH)
9 - 169. 99 - 173.67 - 169. 34 - 1713.78
10 4.70(d,/=8.9 Hz, IH) 1995 4.04(q,/=7.1Hz,2H) .77 4.75(d,/=9. 1 Hz, IH) 80.03  4.74(d,/=8.8 Hz, IH) 78.97
11 - 48.45 113(t,/=7.1 Hz, 3H) 14.15 - 1851 - 18.40
) 1.60(m, 2H)", 27.37 - - L75-1.68(m,1H), 26.63 1.86-1.77(m, 1H), 26.56
1.19(m, 1H) 1.24-1.19(m, IH) 1.24- 1. 14(m,2H)
B3 LB- 160(m,2H)‘, 26.65 - - 168 1.61(m, 1H), 738 174~ 1.65(m,1H), 27.57
01(m, 1H) 1,08~ 1.05(m, IH) 1.24- 1. 14(m, 2H)
14 58(m, 1H) 44.16 - - L61-1.58(m,IH) .15 1.65-1.61(m, IH) .21
15 2.18- 210(m,1H) %.62 - - 219-211(m, 1H), 3.8 2.29-2.18(m,1H), 36.11
0.68(dd, /= 16,3.4 Hz, 1H) 0.71(dd, /= 12,3.4 Ha, IH) 0.89(dd,/= 16.0,4.0 Hz, IH)

16 0.72(s,3H) 13.18 - - 0.73(s,3H) 3.2 0.68(s,30) 13.18
17 - 47.40 - - - 17.49 - .41
18 0.82(s,3H),0.81(s,3H)" 18.57,19.48¢ - - 0.83(s,3H),0.81(s,3H)" 18.58,19.51¢ 0.86(s,3H),0.83(s,3H) 18.59,19, 49
19 -

20 - 169.53 - - - 173.26 - -
2 2.05(s,3H) 20.38 - - 4 3(dJ=5.8,3.01,1H), 7146 - -

—OH,5.51(d,/=6.6 Hz, IH)

hi) - - - - 2.86(m, 1H),2. 55(m, 1H) 39.24 - -
3 - - - - - 128.76 - -
I - - - - 6.66-6.59(m,4H)" 119.99 - -
% - - - - —OH,8.72(d,/=37. 8 Ha, 4H)' 144,86 - -
2 - - - - 143.77 - -
77 - - - - 6.66-6.59(m,4H)" 115.32 - -
23 - - - - 6.43(dd,/=8.0,1. 8 Ha, IH) 116,81 - -

E:a A 1D 52D NMR 4% 69 L mh )3 & (DMSO - dg,'H - NMR,400 MHz,8:ppm;*C — NMR, 101 MHz,8:ppm;J:Hz);b
,-H5C, - HE&;¢cHC,5C,MHMEE R ;d I REESCy - HE5C,, - H;eHC, - H,C, - H,C,, - H,C,, - HE&;f4
C, - OH,C, = OH,Cys — OH,Cyy - OHE &5 AR E 5 Cy - C5Cy - Co- REEE
Note:a is assigned based on 1D and 2D NMR data (DMSO - dg,'"H = NMR,400 MHz,8:ppm;'*C - NMR, 101 MHz,8:ppm;J:Hz) ;b is the
overlap between C, — H and C; — Hjc is the overlap between C;, — H and C;; — H;d cannot distinguish between C;; — H and C, — Hje is the
overlap of C, - H,C; - H,C,, - H,C,; — H;f is the overlap of C; - OH,C, - OH,C,; - OH,C,, — OH;g cannot distinguish between C;; — C and
Cjy — C.— refers to the blank.

TH) T BRI 2,454 13C - NMR (£ 2), EiRiE I R AF 45 B A AR, 7E 286 nm PR AN F R IK
HiR 50T CuHR0 MR, HiZ 0 FHRHAFIZSRIK (K4 B), HEA S A3 5k A T RER (815 B) .
FrERRO K ORI B E AL E R TTA N O - 2 S BTE TE R R om /2 =225.076 2,[M - 1]~
DD - DBZ, HAfE Ak 22 2549 UL R 8 A HEAE N 225.076 3;m /z2=271.081 6,[M + COOH | -
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Fig.8 Chemical structural formula of DD — DBZ and impurities
A-D

THEAE M 271. 081 8. 1EILIEI 6 B.'H - NMR {55 545 4 ik
NGB HA 1AW RE[1.13(1,/=7.1Hz,3H) ],
2 NI REE([4.04(q,J =7.1 Hz,2H) ,2.79 - 2. 59
(m,2H) ], 1 PEIA[5.43(d,/=6.0 Hz, IH) ], 1 4
Je AR A (4. 14 - 4.07(m, 1H) ], 3 2R A [6.60(d,
J=8.0Hz,1H),6.59(s,1H),6.43(dd,J =8.0,2. 0 Hz,
1H) ], 2 N E LA 8. 72(s, 1H) , 8. 64 (s, 1H) J FENL
2,454 1°C - NMR 43 808 (2 2) S SCk[ 21 11 3¢
MRAE, B 2 240 B PSR OR, 73T 308 €\ H 4055
e b2ty UL IE 8 B,

Z=J C: A IR, 78 284 nm P ANE e KK
(Bl 4 C), BABEE R SRR A H RERT (15 C) .
'H - NMR A5 S04 R Bon , 240 C BA 3 -8Rk
R H (0. 83(s,3H),0.81(s,3H),0.73(s,3H) |,5 4
7 B E([3. 00 - 2.90(m, 2H) , 2. 86(m, 1H) , 2. 55 (m,
1H),2.19-2.11(m,1H),1.75 - 1.68(m, 1H) , 1. 68 -
1.61(m, 1H),1.24 = 1.19(m, 1H), 1. 08 = 1. 05 (m,
1H),0.71(d,J=12,3. 4 Hz,1H) ], 1 DX A1, 61 -
1.58(m,1H) |, 1 A~F2I3EA[5.51(d,J=6.6 Hz, 1H) |,
3ABEAIEALS. 06(1,J =6. 6 Hz, 1H) ,4. 75(d,J =9. 1 Hz,
1H),4. 13(dt,J =5.8,3. 0 Hz, 1H) ],6 N E[6. 66 -
6.59(m,4H),6.50(dd,/=8.0,1.8 Hz, 1H),6.43(dd,
J=8.0,1.8 Hz,1H) |, 4 PMHEHA[8. 72(d,J=37. 8 Hz,
4H) ] PEW 2 it 5 DD - DBZ (ZRJF A 4=J% C (1)
NMR 3% e 2B, 2200 C A7 2 PSS ER B 1A
VKA R BE, 254 H - NMR 19 4 Ny RIS 5 K&
2D HMBC(Cgs - H5 Gy M) 5% , 2 M S HE R B

EH NS RNIKES S 1SR o - FEELD
BEEMTE GG BRABEIX 73 Cig 5 Cyo 19 2 AN H L

fe A, Hofthie S @@L 1D NMR 5 2D COSY .
HSQC 5 HMBC #1k (£ 2) . 45 & & 0 B 3% 53 B 45
Wom/z=513.2140,[M - 1]~ ,i5 K 513. 212 5, #
FEZRT C HATERITSZ KA, 53 F 3N CosHyyO0g0
HAE A5/ =L E 7 C

ZRJ DN AR, 7E 286 nm P K AN B Kk
(4 D), A BRI R 58 R A A ER (KI5 D),
P S I 45 A R 4 D 5 DD - DBZ AR YT
Oy PR AR m /2 =333.170 0, [M - 1]~ 37E1E K
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