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Catalytic Synthesis of N-methylindopregnenolone Compounds
Based on Diosgenin and Their Anti-tumor Activity
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(Key Laboratory of Chemical Additives for China National Light Industry , College of Chemistry and Chemical
Engineering. Shaanxi University of Science & Technology, Xi’an 710021, China)

Abstract The D-ring C16 position of 16-dehydropregnenolone acetate (16-DPA) , a precursor of steroidal drugs,
was modified using N-methylindole, and the inexpensive catalytic system of ZrCl,-ethyl acetate was employed to
synthesize sixteen (3B-acetyloxy-16a-3'-indolopregnenolone compounds) as well as to synthesize six 38-hydroxy-
16cc-3'-indolone pregnenolone derivatives. The method has the advantages of high yield, good stereoselectivity and
substrate adaptability. Twenty-two compounds were tested for antitumor activity in triple-negative breast cancer cells
(MDA-MB-231) by thiazolyl blue (MTT) assay. The preliminary test results showed that among the 38 -acetoxy-
16a -3'-indolopregnenolone compounds, compounds 6h and 6i had better cancer inhibitory activities against
MDA-MB-231 cancer cells with median inhibition concentration (ICy,) of 18.07 and 23.22 pmol/L, respectively,
whereas all of compounds 7a—7f had better cancer inhibitory activities against MDA-MB-231 cancer cells, among
which compound 7e showed the best antitumor activity with an 1Cy; of 12.50 wmol/L. These compounds provide some
references for drug screening.
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WIS IZAAET AR R, R PR ABUIR SEAYETE . BT, R EBEES A1k
A R 2T R A ) 2 T2 A 2 SR Ak, i TR R 16- T A2
Il R TE (16-DPA ) 19 D 8547 B 6 R 14 o, BAN T T 285 ) 171 % B S A0, 4G 5 | A B R 230 ik
MO0 LA 78 s g O IR E S RS, TR A R I BUME L PR | B
B+ Cpyoao)- ZHR BRI 7000 17 0030 BERGHD 1 300 25 A vt e

WG| AR Py v B L AR E 1 , FLEE AR g A0 2RO A LR IR AE 1 22 A Wi (68, 24 1R
FREY R ST ). W A BRI R . S AR A S PRI G | TR |« Bl St AL S5 2 2 B
WM. WA AR W AE DT 25 Witk TR A S M A, K AR i T (Vinorelbine) ' | 7 R 1 ]
(Rucaparib) "' S AR 2 (Melatonin) "4 AN h B 22 (I R 259 , A 258 R AT A BIVET/N L ik
PR AERE . TEMIWE C3 5| A —Le AL AT DA S 22 2452 240, LIS 2 PR,

| W 5 55 RS LA VR E BT IR TS A, A 16-DPA B oo, BANYRL I f1 fiJe B, - 12k RIS | Wi 1)
F, o, DRI M 0 5 0w R IS B AB A TE 16-DPA () C16 47, BT BEME A W 5 Ak & WA S
PP TS E . ASCH] 16-DPA 5 37 MR AE FRANHEAL ) ZeCLAE T Ky, DA iee B R — ik As
161> 35| W2 S W 37 A= 00 LA S 6 1> C3 AL LI BEK A 740 5 FF 3 o e me i (MTT) 0038 1 22 Mb
Wyxek = L R 20 L (MDA -MB-231) B0 g v e .

1 SEIGEH

1.1 KA 5{EE

M|k (1a, 4l 99%) . 5-F-MlWe(1b, 461 97%) . 5-5-MIWE(1c, 4l 98%) | 5-IR-M[We(1d, 4l
97%) . 5-FF H-W5| 0k (1e, 2075 98%) . 5-H1 A JHE-M5| W (1f, 4HJF 99%) . 5-F KL -5k (1g, 2H R 99%) |
LH-F5|We-5 FR1R (1h, 4l 98%) | 4-H JE-ng| s (13, 4 98%) | 4-H A FE-m5| Wk (15, 4L 98%) . 6-H1 JL-mg
W (1, 210 98%) . 6-H1 S E-m5[ Wk (11, 4l 98%) . 7-FH JE-M| Wk (1m, 40 98%) . 7-H A FE-F5| Wk (1n,
SR 97%) | 5-MESE-M P (1o, 46E 98%) . WOSAES (ZeCl,, SFE 98%) . N-ZR | Wk (4l 98% ) | “FIE —
CILEA B (TEBA, 4l 99%) . =S A4 (4l 99% ) I = A4l (4l 99% ) , = LA 8 R AT PR 7]
(B s FEE(4lRE 99. 5%) M A A ALEN (4l 96% ) , R T A R ZBREF (45 98. 5%)
AR, E2G 8= A BR A A 5 EHTRATIC(4) , DU BFRRAE DR A PR ml 4 it s Hopik
FNX R 3 bt

AVANCE I1-400 #A% i 23R P 354 FT AVANCE NEO-600 ZUAZ % HAR I (NMR) , A CDCL R
#, TMS Ky AR, [ Bruker 23 7] ; VION IMS QTOF %I 55 230 3% 5% A (HRMS) , 26 [# Waters 2 ) ; D8
QUEST 24 X S HL i A i (XRD) , 75 Bruker 23 v 5 XT5 B @ AL, A6 5 BH AR5
DH5000B %Y i $AEJELIG FR40 , REREZE I s A B A ] .
1.2 KR
12,1 fb& 4 6a~6p 71 Ta~TE B0 & R G ML AN Scheme 1l Scheme 2 f75 .

DS NaH, CH;I N NaH, EtBr
g DMF = N DMF N’
H |

la—I1o 2a—20, yield 99% 1la 3a, yield 99%

TZ 4
SZ L

R:a.H;b.5-Cl; d. 5Br; e. 5-Me; £. 5-OMe; g. 5-CN; h. 5-CO,Me(1f.: CO,H); i. 4-Me; j. 4-OMe; k. 6-Me; 1. 6-OMe; m. 7-Me; n. 7-OMe; 0. 5-NO,
Scheme 1 Synthesis of N-alkyl indoles
# 1 mmol 16-DPA (5) 5 0. 1 mmol 44k 7] ZrCl, & T 50 mL B B, A S mL £ B2 Z g F1
2 mmol U UM5|WE (2a~2n) BAL A1) 3a (N-ARELMS|WE) , T 50 “CI iz 10 h, FHHEZ 35 (TLC) W S 5¢
AR R AR R OIS (V e V e s=10: 1), 13 54EE ) 6a~6p.
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(1) Ac,0, AIC;
(2) KMnO,, NalO,, TEBA

(3) AcOH

Rl a. H; b. 5-F; ¢. 5-Cl; d. 5-Br; e. 5-Me; f. 5-OMe; g.5-CN; h. 5-CO,Me;

2%NaOH aq .
6a—6f ——— 5 i. 4-Me; j. 4-OMe; k. 6-Me; 1. 6-OMe; m. 7-Me: n. 7-OMe; R>=Me.
CH,OH R!=H;R% 0. Et; p. Ph

Ta—T7f

Scheme 2 Synthesis of 16-3’ indole pregnenolone derivatives

TEBEHH A 0. 1 mmol fb&4) 6a~6f . 15 mL A 1 mL i 080k 2% B S A ALBIKIER . KR
YIRS FIEHE 12 he B W AR 100 mL kK, S 28R ZEEZEBL(30 mLx3). $A P
TOKBRIREE T8, SRIGTEELZS R VAR, 13 8L A Ta~Tf. L5 6a~6p Fl Ta~Tf [ ELLL A BT AN AL

Bl oy a) T3 1Ak 2.
Table 1 Appearance, melting points, yields and HRMS data of compounds 6a—5p and 7a—6f
Compd. Appearance Yield(%) m. p./C HRMS, m/z
6a White solid 90 203—205 488.3156[M+H "
6h White solid 74 190—192 506.3051[M+H ]*
6¢ White solid 71 186—198 522.2765[ M+H |*
6d White solid 73 182—184 566.2260[ M+H |*
6e White solid 92 215—217 502.3294[ M+H ]*
6f White solid 96 182—184 518.3250 [M+H]*
6g White solid 53 206—208 513.3117[M+H]*
6h White solid 80 223—224 546.3205[ M+H |*
6i White solid 48 272—274 502.3304[ M+H ]*
6j White solid 15 215—217 518.3259[ M+H |*
6k White solid 93 209—211 502.3299[ M+H |*
6l White solid 92 200—202 518.3255[M+H J*
6m White solid 96 220—222 502.3304[ M+H ]*
6n White solid 98 205—207 518.3254[ M+H |*
60 White solid 88 156—158 502.3307[ M+H |*
6p Pale yellow solid 51 288—290 550.3308[ M+H |*
Ta White solid 99 150—152 446.3054[M+H |*
7h White solid 99 145—147 464.2973[M+H]*
Te White solid 99 138—140 480.2671[M+H]*
7d White solid 98 135—137 524.2170[ M+H |*
Te White solid 99 172—174 460.3312[M+H]*
Vi White solid 99 164—166 476.3174[M+H |*
Table 2 'H NMR and “C NMR data of compounds 6a—6p and 7a—7f
Compd. 'H NMR (400 MHz), 8 BC NMR(101 MHz), §

6a 7.63(d, J=7.9 Hz, 1H), 7.31—7.25(m, 1H), 7.21(t, J=7.6 Hz, 209.23, 170.73, 139.83, 137.60, 126.74, 125.49, 122.44,
1H), 7.09(t, J=7.4 Hz, 1H), 6.80(s, 1H), 5.39(d, J=5.1 Hz, 121.59, 119.72, 118.73, 109.43, 73.97, 71.42, 56.74,
1H), 4.63(t, J=10.6, 6.4, 4.1 Hz, 1H), 4.09(d, J=12.8, 9.6, 3.6  50.09, 45.62, 39.05, 38.19, 37.11, 36.76, 34.07, 33.31,
Hz, 1H), 3.71(s, 3H), 2.91(d, J=9.4 Hz, 1H), 2.34(dd, J=9.1, 32.67, 32.35, 31.96, 31.89, 27.86, 21.59, 21.07, 19.46,

4.0 Hz, 2H), 2.05(d, J=7.9 Hz, 6H), 2.03—1.11(m, 15H), 1.07 13.92
(s, 3H), 0.82(s, 3H)
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6b  7.28—7.21(m, 1H), 7.15(d, J=8.9, 4.3 Hz, 1H), 6.94(t, J=9.0, 208.85, 170.68, 139.79, 136.15, 128.56, 126.39, 124.43,
2.5 Hz, 1H), 6.83(s, 1H), 5.38(d, J=4.8 Hz, 1H), 4.68—4.56 12236, 122.18, 119.57, 112.20, 110.86, 73.91, 71.27,
(m, 1H), 4.08—3.97(m, 1H), 3.69(s, 3H), 2.85(d, J=9.4 Hz, 56.63, 49.98, 4552, 38.96, 38.15, 37.05, 36.73, 33.65,
1H), 2.34(d, J=7.3 Hz, 2H), 2.05(d, J=9.5 Hz, 6H), 2.02— 33.43, 32.84, 32.21, 31.91, 31.88, 27.82, 21.56, 21.00,

1.08(m, 15H), 1.05(s, 3H), 0.80(s, 3H) 19.43, 13.85
6c 7.71(d, J=1.8 Hz, 1H), 7.30—7.23(m, 1H), 7.11(d, J=8.7 Hz,  208.87, 170.69, 139.80, 135.93, 127.83, 126.61, 124.60,

1H), 6.78 (s, 1H), 5.38(d, J=5.0 Hz, 1H), 4.68—4.55(m, 122.37, 121.88, 119.56, 119.09, 110.41, 73.92, 71.29,
1H), 4.02(t, J=10.1, 42 Hz, 1H), 3.68(s, 3H), 2.83(d, J=9.5 56.66, 49.99, 45.54, 38.97, 38.15, 37.06, 36.73, 33.70,
Hz, 1H), 2.37—2.26(m, 2H), 2.06(d, J=13.8 Hz, 6H), 2.02— 33.39, 32.86, 32.23, 31.92, 31.88, 27.82, 21.57, 21.01,
1.07(m, 15H), 1.05(s, 3H), 0.80(s, 3H) 19.43, 13.85

6d 7.71(d, J=1.8 Hz, 1H), 7.30—7.23(m, 1H), 7.11(d, J=8.7 Hz,  208.85, 170.68, 139.79, 136.15, 128.56, 126.39, 124.43,
1H), 6.78 (s, 1H), 5.38(d, J=5.0 Hz, 1H), 4.68—4.55 (m, 122.36, 122.18, 119.57, 112.20, 110.86, 73.91, 71.27,
1H), 4.02(t, J=10.1, 42 Hz, 1H), 3.68(s, 3H), 2.83(d, J=9.5 56.63, 49.98, 45.52, 38.96, 38.15, 37.05, 36.73, 33.65,
Hz, 1H), 2.37—2.26(m, 2H), 2.06(d, J=13.8 Hz, 6H), 2.02— 33.43, 32.84, 3221, 3191, 31.88, 27.82, 21.56, 21.00,
1.07(m, 15H), 1.05(s, 3H), 0.80(s, 3H) 19.43, 13.85

6e 7.41—7.37(m, 1H), 7.16(d, J=8.3 Hz, 1H), 7.04(d, J=8.4, 1.6 209.25, 170.70, 139.81, 135.98, 127.85, 127.04, 125.39,
Hz, 1H), 6.75(s, 1H), 5.39(d, J=5.0 Hz, 1H), 4.63(1, J=10.9, 123.20, 122.45, 119.33, 119.23, 109.10, 73.95, 71.27,
6.9, 42 Hz, 1H), 4.06 (1, J=9.4, 53 Hz, 1H), 3.68(s, 3H), 56.60, 50.08, 45.54, 39.02, 38.18, 37.08, 36.75, 33.99,
2.89(d, J=9.4 Hz, 1H), 2.47(s, 3H), 2.35(d, J=7.4 Hz, 2H), 33.48, 32.68, 32.30, 31.92, 27.84, 21.76, 21.56, 21.04,
2.06(d, J=9.4 Hz, 6H), 2.03—1.09(m, 15H), 1.06(s, 3H), 0.82  19.45, 13.91
(s, 3H)

6f 7.15(d, J=8.8 Hz, 1H), 7.07 (d, J=2.4 Hz, 1H), 6.87 (dd, 209.29, 170.72, 153.52, 139.82, 132.94, 127.07, 125.85,
J=8.8, 2.4 Hz, 1H), 6.77(s, 1H), 538(d, J=4.9 Hz, 1H), 4.63 122.39, 119.40, 111.59, 110.08, 101.77, 73.92, 71.56,
(d, J=159, 10.2, 42 Hz, 1H), 4.05(t, J=9.7, 44 Hz, 1H), 3.87 56.79, 56.09, 50.13, 45.61, 39.07, 38.18, 37.08, 36.75,
(s, 3H), 3.68(s, 3H), 2.86(d, J=9.3 Hz, 1H), 2.34(d, J=7.3 33.85, 33.22, 32.84, 3238, 31.99, 31.93, 27.84, 21.57,
Hz, 2H), 2.06(d, J=10.4 Hz, 6H), 2.03—1.08(m, 15H), 1.06 21.05, 19.46, 13.94
(s, 3H), 0.81(s, 3H)

6g 791(d, J=1.5 Hz, 1H), 7.37(d, J=8.6, 1.5 Hz, 1H), 7.25(d, 208.37, 170.57, 139.79, 138.84, 127.33, 126.72, 125.27,
J=8.3 Hz, 1H), 6.88(s, 1H), 5.33(d, J=4.9 Hz, 1H), 4.58 (1, 124.54, 122.16, 121.34, 121.12, 110.15, 101.67, 73.84,
J=10.8, 5.4 Hz, 1H), 4.02(t, 1H), 3.71(s, 3H), 2.79(d, J=9.4 71.50, 56.67, 49.86, 45.54, 38.94, 38.09, 36.99, 36.66,
Hz, 1H), 2.33—2.23(m, 2H), 2.02(d, J=17.8 Hz, 6H), 1.98— 33.50, 33.31, 32.87, 32.08, 31.86, 31.78, 27.76, 21.49,
1.05(m, 15H), 1.02(s, 3H), 0.77(s, 3H) 20.97, 19.36, 13.76

6h  839(d, J=1.5 Hz, 1H), 7.89(dd, J=8.6, 1.6 Hz, 1H), 7.23(d, 208.71, 170.61, 168.33, 139.90, 139.66, 126.46, 126.44,
J=8.7 Hz, 1H), 6.83 (s, 1H), 539—5.33 (m, 1H), 4.61 (q, 123.02, 122.68, 122.35, 121.61, 120.64, 108.95, 73.86,
J=11.4, 92 Hz, 1H), 4.10(1d, J=10.2, 3.8 Hz, 1H), 3.93(s, 71.22, 56.51, 51.94, 49.95, 45.43, 38.90, 38.10, 36.99,
3H), 3.71(s, 3H), 2.86(d, J=9.5 Hz, 1H), 2.32(d, J=7.3 Hz, 36.67, 33.62, 33.54, 32.81, 32.11, 31.85, 31.83, 27.77,
2H), 2.07(s, 3H), 2.03(s, 3H), 1.98—1.05(m, 15H), 1.04(s, 21.50, 20.95, 19.38, 13.81
3H), 0.80(s, 3H)

6i  7.12—7.04(m, 2H), 6.87—6.80(m, 1H), 6.76(s, 1H), 5.33(d, 208.88, 170.68, 139.68, 137.77, 131.34, 126.19, 123.98,
J=5.0 Hz, 1H), 4.61(d, J=12.0, 8.3, 42 Hz, 1H), 441—4.32 122.44, 121.81, 121.43, 120.82, 107.12, 73.94, 70.36,
(t, 1H), 3.70(s, 3H), 2.92(d, J=9.6 Hz, 1H), 2.77(s, 3H), 55.05, 50.11, 45.11, 39.18, 38.17, 37.22, 37.12, 36.73,
2.32(d, J=8.1 Hz, 2H), 2.16(s, 3H), 2.04(s, 3H), 2.01—1.07 34.62, 32.89, 32.18, 31.73, 27.85, 21.55, 21.05, 20.61,
(m, 15H), 1.05(s, 3H), 0.84(s, 3H) 19.45, 14.00

6j  7.09(d, J=15.1, 8.0 Hz, 1H), 6.86(d, J=8.2, 6.5 Hz, 1H), 6.68
(s, 1H), 6.46(dd, J=18.9, 7.8 Hz, 1H), 5.38(dd, J=13.0, 5.1
Hz, 1H), 4.68—4.55(m, 1H), 4.15(t, J=11.9, 59 Hz, 1H),
3.92(s, J=4.9 Hz, 3H), 3.66(s, J=3.8 Hz, 3H), 2.95(d, J=23.6,
10.6 Hz, 1H), 2.36—2.24(m, 2H), 2.07(s, 3H), 2.04(s, J=1.5
Hz, 3H), 2.01—1.09(m, 15H), 1.05(s, 3H), 0.83(s, 3H)

209.99, 170.72, 154.55, 139.89, 139.53, 124.66, 122.64,
119.57, 118.55, 116.99, 102.76, 99.01, 74.04, 70.22,
67.29, 55.45, 50.27, 45.39, 39.20, 38.24, 37.14, 36.82,
35.04, 33.12, 32.90, 32.34, 31.80, 31.07, 27.89, 21.58,
21.07, 19.50, 14.08
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Compd. 'H NMR (400 MHz) , § BC NMR(101 MHz), &

6k 7.50(d, J=8.1 Hz, 1H), 7.06(s, 1H), 6.93(d, J=8.1 Hz, 1H), 209.22, 170.68, 139.82, 138.04, 131.44, 124.88, 124.58,

6l

6m

6n

60

6p

Ta

7h

6.72(s, 1H), 5.39(d, J=5.0 Hz, 1H), 4.69—4.57(m, 1H), 4.05
(id, J=10.2, 3.8 Hz, 1H), 3.67(s, 3H), 2.89(d, J=9.4 Hz, 1H),
249 (s, 3H), 2.38—2.27 (m, 2H), 2.05(d, J=1.6 Hz, 6H) ,
2.02—1.09(m, 15H), 1.06(s, 3H), 0.81(s, 3H)

7.52(d, J=8.6 Hz, 1H), 6.84—6.74(m, 2H), 6.72(s, 1H), 5.42
(d, J=5.0 Hz, 1H), 4.66(d, J=6.4 Hz, 1H), 4.08(1d, J=9.9, 4.3
Hz, 1H), 3.91(s, 3H), 3.68(s, 3H), 2.90(d, J=9.3 Hz, 1H),
2.38(d, J=7.3 Hz, 2H), 2.09(d, J=7.0 Hz, 6H), 2.05—1.12(m,
15H), 1.09(s, 3H), 0.84(s, 3H)

7.44(d, J=1.8 Hz, 1H), 6.99—6.86(m, 2H), 6.67(s, 1H), 5.38
(d, J=5.0 Hz, 1H), 4.62(d, J=7.5, 3.3 Hz, 1H), 4.04(t, J=9.3,
5.3 Hz, 1H), 3.97(s, 3H), 2.89(d, J=9.4 Hz, 1H), 2.73 (s,
3H), 2.34(d, J=7.8 Hz, 2H) , 2.05(d, J=6.8 Hz, 6H), 2.01—
1.08(m, 15H), 1.06(s, 3H), 0.81(s, 3H)

7.19(d, J=8.0 Hz, 1H), 6.9(t, J=7.9 Hz, 1H), 6.66(s, 1H),
6.60(d, J=7.7 Hz, 1H), 5.38(d, J=4.9 Hz, 1H), 4.68—4.56(m,
1H), 4.03(1d, J=9.9, 4.2 Hz, 1H), 3.97(s, 3H), 3.90(s, 3H),
2.88(d, J=9.4 Hz, 1H), 2.37—2.27(m, 2H), 2.05(d, J=4.5 Hz,
6H), 2.03—1.08(m, 15H), 1.06(s, 3H), 0.81(s, 3H)

7.63(dt, J=8.0, 1.0 Hz, 1H), 7.30(d, J=8.1 Hz, 1H), 7.20(d,
J=8.2, 7.0, 1.1 Hz, 1H), 7.08(d, J=8.0, 7.0, 1.1 Hz, 1H), 6.86
(s, 1H), 5.39(d, J=5.2, 1.9 Hz, 1H), 4.69—4.56(m, 1H), 4.09
(q, J=7.3 Hz, 3H), 291(d, J=9.4 Hz, 1H), 2.37—2.27 (m,
2H), 2.05(d, J=4.4 Hz, 6H), 2.02—1.48 (m, 13H), 1.42(1,
J=13 Hz, 3H), 1.30—1.09(m, 2H), 1.06(s, 3H), 0.82(s, 3H)
7.68 (d, J=7.7 Hz, 1H), 7.57—7.44 (m, 4H) , 7.36—7.29 (m,
1H), 7.18(dt, J=23.1, 7.3 Hz, 2H), 7.09(s, 1H), 5.39(d, J=5.0
Hz, 1H), 4.62(d, J=112, 5.5, 44 Hz, 1H), 4.16(1, J=10.3, 3.9
Hz, 1H), 2.96(d, J=9.3 Hz, 1H), 2.37—2.26(m, 2H), 2.10(s,
3H), 2.04(s, 3H), 2.02—1.10(m, 15H), 1.07(s, 3H), 0.84(s,
3H)

7.62(d, J=7.9 Hz, 1H), 7.27(d, J=8.0 Hz, 1H), 7.24—7.17(m,
1H), 7.08 (1, J=7.6 Hz, 1H), 6.79(s, 1H), 5.36(d, J=5.1 Hz,
1H) , 4.08 (1d, J=10.2, 3.9 Hz, IH), 3.70 (s, 3H), 3.54 (u,
J=10.7, 4.7 Hz, 1H), 2.90(d, J=9.4 Hz, 1H), 2.37—2.18 (m,
2H), 2.06(s, 3H), 2.02—1.09(m, 15H), 1.05(s, 3H), 0.82(s,
3H)

7.24(d, J=10.7 Hz, 1H), 7.20—7.12(m, 1H), 6.94(id, J=9.0,
2.6 Hz, 1H), 6.82(s, 1H), 5.36(dd, J=5.0, 2.3 Hz, 1H), 4.02
(q, J=8.2 Hz, 1H), 3.69(d, J=1.7 Hz, 3H), 3.55(s, 1H), 2.85
(d, J=9.2 Hz, 1H), 2.32(dd, J=13.1, 4.8 Hz, 1H), 2.25(t,
J=12.0 Hz, 1H), 2.06(d, J=1.6 Hz, 3H), 2.03—1.08(m, 15H),
1.04(s, 3H), 0.80(s, 3H)

7.59(d, J=1.8 Hz, 1H), 7.24—7.14(m, 2H), 6.84(s, 1H), 5.40
(d, J=4.8 Hz, 1H), 4.06(1d, J=9.6, 5.3 Hz, 1H), 3.72(s, 3H),
3.59(dq, J=11.1, 5.9 Hz, 1H), 2.88(d, J=9.5 Hz, 1H), 2.41—
2.23(m, 2H), 2.11(s, 3H), 2.08—1.11(m, 15H), 1.08(s, 3H),
0.84(s, 3H)

122.44, 120.46, 119.58, 119.36,

21.06, 19.44, 13.90

109.44, 73.97,
56.70, 50.10, 45.60, 39.05, 38.19, 37.11, 36.75,
33.30, 32.54, 32.32, 31.96, 31.87, 27.85, 21.93,

71.40,
34.17,
21.56,

209.19, 170.68, 156.41, 139.83, 138.33, 124.16, 122.42,

121.24, 120.34, 11991, 108.58, 93.05, 73.96,

56.68, 55.85, 50.10, 45.60, 39.06, 38.19, 37.11,
34.08, 33.38, 32.65, 32.32, 31.95, 31.88, 27.85,

21.07, 19.44, 13.91

71.48,
36.75,
21.55,

209.06, 170.59, 139.77, 136.24, 127.92, 126.99, 124.28,

122.38, 121.38, 119.44, 119.04,

19.82, 19.39, 13.88

117.75, 73.91,
56.54, 50.06, 45.50, 39.01, 38.15, 37.07, 36.70,
33.88, 33.34, 32.21, 31.89, 31.81, 27.81, 21.50,

71.06,
36.57,
21.02,

209.20, 170.69, 148.05, 139.82, 129.13, 127.25, 126.56,

122.46, 119.74, 119.25, 112.56,

21.07, 19.45, 13.92

102.46, 73.98,
56.63, 55.50, 50.12, 45.59, 39.05, 38.20, 37.12,
36.34, 34.09, 33.37, 32.31, 31.96, 31.87, 27.87,

71.26,
36.76,
21.56,

209.25, 170.72, 139.82, 136.61, 126.87, 123.71, 122.44,

121.41, 119.81, 119.73, 118.65,

19.45, 15.54, 13.91

109.48, 73.97,
56.72, 50.08, 45.62, 40.81, 39.03, 38.18, 37.10,
34.17, 33.30, 32.33, 31.96, 31.88, 27.85, 21.58,

71.36,
36.75,
21.07,

208.94, 170.72, 139.87, 136.65, 129.68, 128.02, 126.26,
124.35, 124.30, 122.53, 122.41, 120.02, 119.97, 110.76,

73.97, 71.23, 56.74, 50.10, 45.66, 39.11, 38.20,
36.77, 33.94, 33.27, 32.33, 31.98, 31.91, 29.83,

21.58, 21.11, 19.47, 13.97

37.13,
27.87,

209.13, 140.88, 137.58, 126.68, 125.47, 121.52, 121.44,

119.66, 118.64, 109.37, 71.80, 71.34, 56.79,

45.57, 42.32, 39.07, 37.34, 36.61, 34.07, 33.22,

32.23, 31.95, 31.83, 31.67, 21.09, 19.48, 13.85

50.19,
32.58,

208.88, 140.87, 134.22, 127.12, 121.39, 110.00, 109.70,

104.61, 104.38, 71.78, 71.29, 56.88, 50.13, 45.54,
39.04, 37.31, 36.60, 33.87, 33.04, 32.86, 32.19,

31.82, 31.67, 21.07, 19.48, 13.79

4231,
31.95,

208.80, 140.86, 135.95, 127.71, 126.72, 124.55, 121.82,

121.40, 119.42, 11037, 71.76, 71.20, 56.79,

4551, 4231, 3899, 37.29, 36.61, 33.78, 33.22,

50.09,
32.79,

32.16, 31.95, 31.85, 31.66, 29.76, 21.04, 19.48, 13.79
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Continued
Compd. "H NMR (400 MHz) , 8 C NMR(101 MHz), &
7d  7.71(d, J=1.9 Hz, 1H), 7.30—7.23(m, 1H), 7.12(d, J=8.7 Hz, 208.85, 140.85, 136.18, 128.46, 126.50, 124.38, 122.14,
1H), 6.78(s, 1H), 5.36(d, J=5.0 Hz, 1H), 4.02(1d, J=9.9, 4.7 121.40, 119.42, 112.15, 110.84, 71.75, 71.20, 56.75,

Hz, 1H), 3.68(s, 3H), 3.55(dt, J=11.5, 6.3 Hz, 1H), 2.84(d,
J=9.5 Hz, 1H), 2.36—2.19 (m, 2H), 2.07 (s, 3H), 2.04—1.06
(m, 15H), 1.04(s, 3H), 0.80(s, 3H)

50.08, 4551, 42.29, 38.98, 37.28, 36.62, 33.73, 33.28,
32.78, 32.15, 31.94, 31.86, 31.65, 21.03, 19.47, 13.79

Te  7.42(s, 1H), 7.19(d, J=8.3 Hz, 1H), 7.07(dd, J=8.0, 1.6 Hz, 209.18, 140.87, 135.99, 127.78, 126.98, 125.40, 123.14,
1H), 6.78 (s, 1H), 5.40(d, J=5.1 Hz, 1H), 4.14—4.03 (m, 121.48, 119.30, 119.17, 109.05, 71.79, 71.18, 56.65,
1H), 3.71(s, 3H), 3.58(dq, J=10.6, 5.4, 45 Hz, 1H), 2.92(d, 50.17, 45.51, 42.32, 39.04, 37.31, 36.63, 34.02, 33.40,
J=9.5 Hz, 1H), 2.50(s, 3H), 2.40—2.22(m, 2H), 2.10(s, 3H), 32.62, 32.21, 31.95, 31.88, 31.68, 21.70, 21.06, 19.49,
2.05—1.12(m, 15H), 1.09(s, 3H), 0.85(s, 3H) 13.86

7t 7.19(d, J=8.8 Hz, 1H), 7.11 (d, J=2.4 Hz, 1H), 6.90 (dd, 209.20, 153.47, 140.89, 132.96, 127.04, 125.86, 121.40,
J=8.9, 2.4 Hz, 1H), 6.80(s, 1H), 5.39(d, J=5.0 Hz, 1H), 4.09 119.34, 111.47, 110.01, 101.90, 71.75, 71.44, 56.81,

(td, J=9.7, 45 Hz, 1H), 3.90(s, 3H), 3.71(s, 3H), 3.58(dt,
J=114, 6.0 Hz, 1H), 2.90(d, J=9.4 Hz, 1H), 2.39—2.23 (m,

56.09, 50.19, 45.57, 42.31, 39.07, 37.30, 36.63, 33.87,
33.16, 32.78, 32.29, 31.95, 31.66, 21.06, 19.49, 13.88

2H), 2.10(s, 3H), 2.09—1.10(m, 15H), 1.08(s, 3H), 0.85(s,
3H)

122 MTTEMAK  SHEOCER120~22 153, B0 E0A 4 101 0% 968 4 LA DMEM 3557 5512500 4% 4 i ik
i 2 1. 0x10° cell/mL, 43511 96 FLA FRHERH 100 L 40 . B2 Fh i 240 I 1) 96 FLARUIC A EL A 1 A
T B CO, (5% ) IRIRIEFRAR T T 37 ‘CR 595 24 h. G55 0 IR 55, 4 100 WL ICILIH 55 55 VAT
AL, BEFS R 100 WL AS[R] MR EE AR B2 A R4k S 0 R0 BE M BRAL S 0 o A SE B 2 AL,
2B 3AS AT IR, (6] B R B L (55 32 FE+MTT+DMSO) X BRFL (3 25 b B (4 40 i + 1% 75 3
+MTT+DMSO) , 4k2:5555 48 h. FEHIAA 20 pL 5 nmol/L MTT ISR AKSLREF5 4 h, BiFRasli G, Wk F
JEVEW, 43100 WL DMSO ¥, THEIR F LA 130 v/min O 3% 52 96 FLAR 10 min, B AR Y
D7 570 nm AL (OD). LA 259 25 2 (DOXOAE A B X R .

2 #ZR5itE

LEW 6a I ERE G RN R EHE

ZIESCHR [ 23 1 5%, B EBUR I E|UE (1a~10) 75 N-F B9 T A2 i Ak 590 2a~20 A1 3a(Scheme 1) 5 2R
J5 2 BECHR] 24 15 I EBUEHIC(4) B L 16-DPA FhiEA(5) , Fiiid Michael Jil A2 H5 B C A V- H 5k
5| AE] 16-DPA 1 C16 | . G BT R B 2 15 I AEAL R ZeCl,, DL EtOAc B, Al milies
(90% ) 3R A 7. AR B — i1 g DX IR AL PR 114 V- FF s | e A s W AT A5 400, i J 46 NaOH /K W5 HR Pt K A
1531 38-FEFE AT A9 (Scheme 2).

T ET ROV AL . 7E Yb(OTE),™, Br,™, [Fe(H,0),](0Ts),", ZrCl,* F1ShCl, > 24k
i, JA Yb(OTH, M ZeCLEEM Z54% . B 2 P AE 7] 43 51 A T 16-DPA 5505k s i, ARAs I3 H bx
FEY . B SR T N-FE LGRS DA TR RN A AR 2 T B AR =4 . X i) RS R Ok NH 2544 HL
B RSS2, AN C3 0 & WL PR 8 55 , 1 N-FR LR 5 S i e C3 (i FE 4. LR
IO AT RS 25 a3 A (—CH) B AEAESE N T s [ HL T2 3 . 1T V-FR s e 4311 C3 A e
TR O E AR, AN I ik I 16-DPA _E () o, B-ANIEANER , PRk N-H 344 F]F Michael Jill
A BJE, TR E N-F LI 55— RN R A Bk, DL ZeCL R AR R R BCR AR AR T H AR
Yy, By T 2RI . SRR — A0 RE T L B R R R AR S AR, R ERLL FtOAC i
FI, K10 h, HEARF R CEE R 4350 0 109% (50 “C) BRI WA i . e, 88 T4 K (5
10 mmol) , KEAILL 85% ()i ek A58 T B AR =4 .

S PR E T ALEY) 6a HOSTARFI AL . AR 3% (HPLC) IR /R , fEA W 6a (XA S B (e.e.) >
99%. I4h, H-H NOESY (C16 F1C17 1A H IR G55 ) AL XS A B4l SR (B DUESEAL G4 6a 1Y

21
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C16 157 J a i RS . FEAES INF-PEAEAL A9 1E 00 wae RS F G . ik &9 41551 16-DPA 28
HPLC X e.e. > 80%. X A FE &K N 16-DPA & T G4, H 184 FF KL 2 B A UM T BHIE T
n5| WL M BRI ML 16-DPA (1) C16 4, PRI HAR S 1 C16 1Y o AL ) (6a). 255 SCrik[ 30,31 ]
3B B HE 16-DPA T 5w /R A ™ 4 R ST ARk 24 25 F— 2K

(A) (B)

R P T )
LNOUNODUNDDNOSDNDUNOUNDUNO W

HiC
1 1 1 1 1 1 1 1 1 1 1 1 1 1

85807570656055504540353025201510 05 0
0

CCDC: 2327261

Fig.1 H-H NOESY(A) and crystal structure(B) of compound 6a

2.2 L&Y 6a~6p F0 7Ta~7f B EWiE

BV B (1C0 ) (BRI B AL 5 %ot 98 A B 400 ot P | TG Mty PG 3 mTIAL, 3B-Fdt
Z I BB AL 59 Ta~T76 35 30 ELAT 3800 S5 A I 88 A 36 v, 4659 7h (5-F) Al Te (5-Me) B T 4 5 4
1C, B4 00 13. 76 F1 12. 50 wmol/L. 38- ZBE 325 i AL A& 91 AT 2 A i v, 144 6h
(5-CO,Me) F1 6i (4-Me) 14 IC,, {E 43 51 4 18. 07 F11 23. 22 pumol/L, 1b4 9 6k, 61 Fl 6m 4T AR, 1C,,
{B7E 68~85 pwmol/L Z [1], A] WL 3p-F2FEIGTR | AL AWt . V- M| a5 —CO,Me, —Me FlI
—OMe FE A 104900 1) 9 A0 L 58 P ARG 4SS, T N DR AP SR G T8 PR A 5 . Ik &k 2 P i e
TR 1

Table 3 Anti-tumor activities for MDA-MB-231 of compounds 6a—6p and 7a—7f"

Compound 1C o/ (pumol - L) Compound 1C,/(pmol - L")
6a >200 6m 82.67
6b >200 6n 168.50
6¢ >200 60 >200
6d >200 6p >200
6e >200 Ta 38.20
6f >200 b 13.76
6g >200 Te 21.94
6h 18.07 7d 27.50
6i 23.22 Te 12.50
6j >200 7t 16.89
6k 69.32 DOX 1.71
6l 70.55

* DOX is an anti-tumor drug Adriamycin, >200 indicates no inhibition of cancer cell activity.

3 &

DI BUE I EURL, oG iR R E A 16-DPA, SRJ5-E 8T 164> 38- LM AE-160-3"- 15| e 22
IR S P 6 1 3B- BRI AL 51 . R MTTIEE T RSN IR SE IR 25 R R W, (L&
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Y

6h, 6i Fil 3B-F2ILA2 I B BT A 1) (Ta~T6) X = BH 2L 40 e (MDA-MB-231) ¥ H A3 84 p 3 il v 1
Hor b & Te W RN 401G PE B iF , 1C,fH M 12. 50 wmol/L. %5256k 284k & W 04 245 W) i 1 HR: A3t

T—EMEFE .
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