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ABSTRACT Objective: Tanshinone IIA is a lipophilic component of traditional Chinese medicine Salvia miltiorrhiza. It has various
physiological activities such as anti-tumor, anti-oxidation, anti-cardiovascular and cerebrovascular diseases. Herein, we report the
structure modification of Tanshinone IIA to obtain its derivatives with better activity. Structural modification is necessary due to its low
activity. Methods: A Vilsmeier reaction of Tanshinone ITA was developed to provide an intermediate with an aldehyde substituent at its
16-position. A 16-aminomethyl substituted Tanshinone IIA derivative was then obtained in high yield via a reductive amination reaction
of the above mentioned intermediate with ammonium acetate. After modification of the amino group, 10 Tanshinone IIA derivatives
bearing different N-substituents were obtained. The effect of reaction temperature, solvent, time on the reductive amination reaction was
investigated. Results: Structures of all the desired products were confirmed by 1H-NMR, 13C-NMR and LC-MS analysis. The optimal
reaction conditions were determined as follows: in 1,2-dichloroethane under 40 ‘C for 2 hours. Conclusions: The method provides a
simple, mild and efficient synthesis of Tanshinone IIA derivatives.
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| AR i

L1 ##5=8

PR A i £ 25 i e IS e S 4t s NON- SR
P ISE M | — S Sl il L S b 1,2- TR Ok R REE
TR U (4 TR S R IR X o fh 2 8l 1B i [ 25 4R
PRl BRA R 5 LI R B 70 A 4l H Merck 23] 5
FEEATRERE (LR 20O W [ AR S VAT R A IR Wl 5 g 3t

J21Y (BrukerAdvance-400FT) it [ 7% & Bruker 2\ &) ; i FH (61
JHEEE F{Y LC-MS(4000QTRAP )4 | Waters 2\ .

1.2 ik

12.1 REME 2 AR ERNTIMAFISE DA (2.94 g,
10 mmol) 1 8 &1 (1 N,N- — FF JE i (50 mL), 25 °C T i
I ZE 5 i =3 mL) T NSE RS , RRV THR 2 75 CIf
LRI 2 /NI 28 TLC A B2 45 JR , 5 Ry Yok 25 25 3k, Yk
FPKoK (500 mL)Hh, AN+ o 058 Bl AR 2 (4 00E , K
BE(3 x 20 mL), #H 58 T 0, R AT 24T ik : — 50 H e A
100:1 = 5:1), 43759y (2.32 g, 72 % )., 'H NMR (400 MHz,
CDCL) 5 9.86 (s, 1H), 8.80 (d, J = 6.3 Hz, 1H), 7.71 (d, J = 6.3
Hz, 1H), 3.21-3.26 (m, 2H), 2.65 (s, 3H), 1.78-1.82 (m, 2H),
1.65-1.69 (m, 2H), 1.42 (s, 6H).

122 HEE3ER PR 2(322 mg, 1 mmol) T 1,2-
& k(4 mL)H,20 C R i A ES R £% (385 mg, 5 mmol, 5.0
equiv. ) FIITEE % 7 &, 1k 4% (126 mg, 2 mmol, 2.0 equiv.), FHE =
40 ‘C I 2 /B o ] RV A 58 BE (20 mL) , SRR
KI5 W, T OV 4R E 10 mL A2 47, A58 alfk 3 i —
ST GERW, BT T 2 5O (ks T/ 7 5 78 5 o

1.2.3 7= 4 RIGTEWHEBEE(4a~1)  3(1 mmol )y —
A BEAEW (4 mL), A =2 %(152 mg, 1.5 mmol, 1.5 equiv),
5-10 'C T i InA F pEES (1.2 mmol, 1.2 equiv.), TS5 T2 20

CRNE L /NS o BOSTBOFSEAR UK BE 3 Uk, T4, e o BLAh 22
FERCAEEAT (g : — S ke, e 10:1 BRI 2 3:1)
9 4.

16- ZWERE - H S TTA (4a) k6K (300 mg,
82%). 'HNMR (400 MHz, CDCL,) 5 7.46 (d, J= 8.1 Hz, 1H),
7.26 (d, J=8.1 Hz, 1H), 6.65 (s, 1H), 443 (d, J=5.2 Hz, 2H),
3.08 (t, J= 6.3 Hz, 2H), 2.17 (s, 3H), 2.13 (s, 3H), 1.85-1.72 (m,
2H), 1.66-1.57 (m, 2H), 1.28 (s, 6H). *C NMR (101 MHz, CDCL) 3
182.8, 174.8, 170.3, 160.2, 150.1, 149.8, 144.5, 133.4, 126.9,
126.0, 120.3, 120.0, 118.1, 77.3, 77.0, 76.7, 37.7, 34.6, 34.2, 31.8,
29.9, 23.0, 19.0, 8.5. ESLEMS m/: 36636 (M+H), 733.45
(2M+H).

16- (kg -2'- FIBERE )- B2 JH 2R A (4b) 20 4% (o 8 K
(320 mg, 78% ). 'H NMR (400 MHz, CDCI3)  7.56 (d, J = 8.2
Hz, 1H), 7.48-7.38 (m, 2H), 7.19 (d, /= 3.5 Hz, 1H), 6.91 (s, 1H),

6.51 (dd, J=3.5, 1.7 Hz, 1H), 4.64 (d,J = 5.7 Hz, 2H), 3.13 (t, ] =
6.3 Hz, 2H), 2.29 (s, 3H), 1.80-1.73 (m, 2H), 1.66-1.61 (m, 2H),
1.29 (s, 7H), C NMR (101 MHz, CDCL,) § 183.1, 175.3, 160.6,
158.2, 150.2, 149.3, 147.5, 144.5, 144.2, 133.4, 127.0, 1263,
120.4, 120.2, 118.5, 114.8, 112.2, 77.3, 77.0, 76.7, 37.7, 34.6,
33.6, 31.8, 29.9, 19.0, 8.7. ESI-MS m/z: 418.36 (M+H), 835.40
(2M+H).

16-(BEWy -2'- FEERE )- I JE TS TIA (4e) Z0 45 (ol K
(351 mg, 81%). 'H NMR (400 MHz, CDCly)  7.73 (dd, J= 3.7,
1.0 Hz, 1H), 7.51 (dd, J= 5.0, 1.0 Hz, 1H), 7.48 (d, J=8.2 Hz,
1H), 7.32 (d, J = 8.1 Hz, 1H), 7.08 (dd, J= 4.9, 3.8 Hz, 1H), 6.98
(s, 1H), 4.64 (d, J = 5.3 Hz, 2H), 3.09 (t, J = 6.3 Hz, 2H), 2.24 (s,
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3H), 1.75-1.71 (m, 2H), 1.64-1.59 (m, 2H), 1.28 (s, 6H), °C NMR
(101 MHz, CDCL) & 182.8, 175.0, 161.9, 160.3, 150.1, 149.5,
144.6, 138.4, 133.4, 130.4, 128.6, 127.7, 126.9, 126.1, 120.4,
120.1, 118.6, 77.3, 77.0, 76.7, 37.7, 34.6, 31.8, 30.0, 19.0, 8.6.
ESI-MS m/z: 434.30 (M+H), 867.43 (2M+H).

16- 2K ELAE - B 3L S22 TA (4d) 20 R: 68 R (369 mg,
86%). 'HNMR (400 MHz, CDCL) 8 7.89 (d, J=7.3 Hz, 2H),
747728 (m,SH),7.21 (t, J=4.0 Hz, 2H), 4.58 (d, J=3.9 Hz,
2H), 2.96 (t, J = 6.2 Hz, 2H), 2.16 (s, 3H), 1.60 (dd, J= 10.7, 5.4
Hz, 2H), 1.55-1.47 (m, 2H), 1.19 (s, 7H). “C NMR (101 MHz,
CDCL) 5 182.7, 174.9, 167.5, 160.3, 150.1, 149.7, 144.6, 133.8,
133.4, 131.7, 128.5, 127.2, 126.9, 126.0, 120.4, 120.0, 118.5,
77.3, 77.0, 76.7, 37.7, 34.6, 31.7, 29.9, 29.6, 18.9, 8.6. ESI-MS
m/z: 428.33 (M+H), 855.41 (2M+H).,

16- 7K L BENE - TS0 1A (4e) A% (1 K (341 mg,
79%). HNMR (400 MHz, CDCL) 8 7.91 (d, J= 8.8 Hz, 2H),
7.48 (d, J=8.1 Hz, 1H), 7.33 (d, J=8.1 Hz, 1H), 6.98 (s, 1H),
6.92 (d, J=8.8 Hz, 2H), 4.65 (d, J=4.6 Hz, 2H), 3.84 (s, 2H),
3.08 (t, J= 6.2 Hz, 2H), 2.24 (s, 3H), 1.77-1.68 (m, 2H), 1.61 (dd,
J=6.7, 4.4 Hz, 2H), 1.28 (s, 6H). “C NMR (101 MHz, CDCL) &
182.9, 175.0, 166.9, 162.3, 160.3, 150.1, 149.8, 144.5, 133.4,
129.0, 127.0, 126.1, 120.4, 120.0, 118.4, 113.7, 77.3, 77.0, 76.7,
55.4,37.7,34.6,31.8,29.9, 19.0, 8.6. ESI-MS m/z: 442.39 (M+H),
883.44 2M+H).

16- KINBEAL - B EL S A (4F) £0 45 (0 8 K (360 meg,
85%). 'HNMR (400 MHz, CDCL) 8 7.52 (d, J=8.1 Hz, 1H),
7.35(d, J= 8.1 Hz, 1H), 7.28-7.18 (m, 4H), 7.16 (d, J = 6.8 Hz,
1H), 6.24 (s, 1H), 441 (d, J=5.2 Hz, 2H),3.12 (t, J=6.2 Hz,
3H), 3.02 (t, ] = 7.7 Hz, 2H), 2.60 (t, J = 7.7 Hz, 2H), 2.18 (s, 3H),
1.77 (dd, J=7.7, 3.9 Hz, 2H), 1.64 (dd, J = 6.8, 4.6 Hz, 2H), 1.29
(s, 6H)."C NMR (101 MHz, CDCL) 5 183.1, 175.2, 172.1, 160.3,
150.2, 149.7, 144.5, 140.7, 133.4, 128.4, 127.0, 126.2, 125.8,
120.3, 120.1, 118.1, 77.3, 77.0, 76.7, 46.0, 38.2, 37.7, 34.6, 31.8,
31.6, 29.9, 19.0, 8.6. ESEMS m/: 45636 (M+H), 911.50
(2M+H).,

16- PIFEMERE - FIE P20 A (4g) £04% 8 A (398 meg,
88%). 'H NMR (400 MHz, CDCL,) & 7.67 (d, J = 15.7 Hz, 1H),
7.56-7.49 (m, 3H), 7.41 (d, J = 8.1 Hz, 1H), 7.34 (d, J = 4.7 Hz,
3H), 6.60 (d, J = 15.7 Hz, 1H), 4.56 (s, 2H), 3.10 (t, J = 6.3 Hz,
2H), 2.25 (s, 3H), 1.75 (dd, J= 7.7, 3.8 Hz, 2H), 1.65-1.59 (m,
2H), 1.28 (s, 6H). "C NMR (101 MHz, CDCL) 3 183.0, 175.2,
166.5, 160.7, 150.2, 149.8, 144.6, 141.4, 134.7, 133.6, 129.7,
128.7, 127.7, 126.9, 125.9, 125.7, 120.1, 118.0, 77.4, 77.1, 76.7,
37.6,34.5,33.9,31.6,29.8, 18.9, 8.4. ESI-MS m/z: 454.37 (M+H),
907.51 (2M+H).

16-(4'- H SR LG )- B 671200 A (4h) 2145 8
(358 mg, 78%). 'H NMR (400 MHz, CDCly) § 7.55 (d, /= 8.1
Hz, 1H), 7.34 (m, 6H), 4.43 (d, J= 5.0 Hz, 2H), 3.66 (s, 2H), 3.13
(t, J= 6.3 Hz, 2H), 2.19 (s, 3H), 1.83-1.72 (m, 2H), 1.69-1.59 (m,
2H), 1.30 (s, 6H). "C NMR (101 MHz, CDCL) 3 183.2, 175.3,

171.1, 160.4, 150.2, 149.4, 144.5, 134.5, 133.4, 129.4, 129.0,
127.4, 127.0, 126.3, 120.1, 118.1, 77.3, 77.0, 76.7, 43.5, 37.7,
34.6, 34.3, 31.8, 29.9, 19.0, 8.6. ESI-MS m/: 458.40 (M+H),
915.50 2M+H).,

16-(4'- FRF L )- F ISR HA(4) bR R R (356
mg, 80% ), 'H NMR (400 MHz, CDCl;) & 8.06-7.88 (m, 2H), 7.52
(dd, J=7.9, 43 Hz, 1H), 7.38 (dd, J = 8.1, 4.2 Hz, 2H), 7.18-7.02
(m, 2H), 4.61 (d, J= 4.2 Hz, 2H), 3.05 (d, J = 4.5 Hz, 2H), 2.25 (s,
3H), 1.72 (d, J = 4.6 Hz, 2H), 1.62 (s, 2H), 1.28 (5, 6H). "C NMR
(101 MHz, CDCl;) 8 182.8, 175.1, 166.9, 160.6, 150.2, 149.9,
144.6, 133.6, 129.8, 129.7, 129.6, 126.9, 125.8, 120.1, 118.1,
1154, 115.2, 77.4, 77.1, 76.8, 37.5, 34.4, 31.5, 29.8, 18.8, 8.3.
ESI-MS m/z: 446.35 (M+H), 891.40 2M+H),,
1.24 4 B9&mK 20 CF,m 3(1 mmol )iy — & F be(5SmL)iE
W, IMA =2 (152 mg, 1.5 mmol, 1.5 equiv)Fl 4- FEEZE F 4
g (160 mg, 1.2 mmol, 1.2 equiv), IISETEFES 2 /N o K2
TR SEIRFUKYE 3 Wk, T8, e A S R AT 2 0T (7 vl ik -
TEAFRE=10:1) BRI Y AEF O K 450

16-(4'- IR IR )- HEFHS: A (4§)(374 mg, 82 %),
'H NMR (400 MHz, CDCl,) § 7.86 (d, J=8.6 Hz, 1H), 7.47 (d, J=
8.1 Hz, 1H), 7.35 (d, J=8.1 Hz, 1H), 7.16 (d, J = 8.3 Hz, 2H),
7.04 (d, J=8.7 Hz, 1H), 6.99 (d, J=8.3 Hz, 2H), 4.35 (s, 2H),
3.03 (t, /= 6.4 Hz, 2H), 2.20 (s, 3H), 2.14 (s, 3H), 1.68 (dd, J =
7.7,3.9 Hz, 2H), 1.5 (dd, J = 6.8, 4.5 Hz, 2H), 1.21 (s, 6H), “C
NMR (101 MHz, CDCl) & 183.2, 175.4, 168.1, 160.6, 150.8,
1502, 144.6, 136.1, 133.6, 130.1, 129.5, 127.1, 126.0, 120.1,
119.6, 117.4,77.3, 77.0, 76.7, 37.6, 34.5, 31.7, 29.9, 8.4. ESI-MS
m/e: 457.35 (M+H), 913.52 2M+H).,

2 R 51t

VIFHZS A S5kl i Vilsmeier 2R AEH: 16- 5] A
PR, 5 e | IR SEIN S AN TR SRR Ak RN, DA R i
TR2H 16- {57 Bl BEHUAR I 7= . 4k LA 16- Bl B BTS00 1-
TA S JORE, SR LA T, 155 T —Z 51 16- (il FEHT
BISFSER DA ey, ok 7 —Fh & B2 DA fiiedk
A G o (18 2) .

2.1 RN EHRIERE

PL 16- FERLPE2:00 TIA R S A BRI BERR BRI, = 2Bk
SR AN R SR A T SR AR S SR A5 % A TR
JEREE A R I XHZE R B

A 1 H Entries] ~3 BYEE AT A, MEE ST 40 CHY,
HREMA 3 PR3 R B IR AT 40 CHE, B[R] GE K o
[EAA 3 A P=SRIAIK . IR B ORARLE 40 CRY, hfa) ik 3 (7= 2 fx
157 3 U FH B 3R B o 12 B N AT — R R, PR BV R B 40
Ch R A

MFE 1 1 Entries 2 .4~6 FEER AT A, W RISERRIE5E
i) 3] Fpe ¢ P = SR . X4 f P R IS A Y5 7 o B A R i
1%, 38 3 2 % A LC-MS #fiiA & 24 T B , JFURE 1A 2
BT, PR 7, 7 T AR o R AT R
BT R O A A T A R R SR R T . 24
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Fig.2 Synthetic route of Tanshionoe IIA derivatives
Note: a )POCl;, DMF; b )NaHB(OAc);, CH;CO,NH,; ¢ )]NaHB(OAc),, amines.

AVY S MR T 2 SR R0, Ak s A A, Mk 1,2- —
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2 h i S a2 ik kbRl 3 i de N A A
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Table 1 Optimization of reaction condition

Entry Temp (C) Solvent Time (h) Conversion rate (%)
1 20 1,2-dichloroethane 2 80
2 40 1,2-dichloroethane 2 88
3 60 1,2-dichloroethane 2 81
4 40 acetonitrile 2 82
5 40 methanol 2 68
6 40 tetrahydrofuran 2 78
7 40 1,2-dichloroethane 1.5 75
8 40 1,2-dichloroethane 2.5 82

Note: The reactions were carried out using NaHB(OAc); (1.2 equiv) as a reducing agent.
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Fig.3 Chemical structures of Tanshionoe IIA derivatives
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