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ZANTTIE MR 2 RCEE AT o, B = AN S P A 181 A
AEFIE IR R TRA BRI . SR+ B A 58 % i 7 fig
I3 K Rk A R A B S | AL TR R
WU SR AT AR B T, TR )z R T R A R
WPER R M L AR SO RR T 5 A
% Goniothalamin Z§3FE A o, B - AN S MBS v 17,
SRR 2ok R 8 1 T AR A B AT TN R g iR T
PER ST, FFRTIX 207 B A e 240 B 41 o 5% e A
SR R ) 5 P T T RREA
(0]

Ne
Ph”™ "5

(R)-Goniothalamin

o
e
Ph™ "5
(S)-Goniothalamin

Cytotoxicity: HeLa, HGC-27, HL-60, MCF-7
Hep3B, Caov-3

786-0, NCI-ADR, NCI-460,
UACC62

Pharmacophore: o.B-unsaturated d-lactone (Michael acceptor)

1 Goniothalamin B4 F 4 5 g iE £ B

et

1.1 U 5EH

1H NMR #%F] Bruker AM —300 (300 MHz) , Bruker
AM -400 (400 MHz) DA fz VarianVXR (300 MHz) %%
REEAR A R , TMS fE R, C NMR %] Bruker AM —
300 (75.5 MHz) , Varian VXR (75.5 MHz) , Varian Mer-
cury =300 (75.5 MHz) , Bruker AM —400 (100 MHz) #{
BEREIEARCI 5 , TMS fEN R, F NMR 3% Bruker AM
—-300(282 M Hz) Fil Varian VXR (282 MHz) B4 7 4R
I 5E , FCCL, S8R, mi¥h fi. IR %] ShimadzulR
- 440 BULTHMIEICEEAINE . MS 35 ] HP —5989A 7Y
Jig A E . HRMS 3% H] Finnigan MAT 8430 7Y i ji% {%
W5E . HlEdt M Perkin — Elmer241 B [ 3 e 60 7 5
gz ST R TR & RE

B AR 2R X W 35 - Aldrich 22 w) .+ 2 A ]
SHEA LT A= R e Ho BT T 700 A R] (43 B 46)
FRAFIR UL AL, Ho4lifk 12 2% Perrin, D. D. ; Armarego,
W. L. F.; Perrin, D. R. in Purification of Laboratory
Chemicals , Pergamon ; Oxford , 1980,
1.2 y - & Goniothalamin ZE{A¥HI & A
1.2.1 v,y - 3B Goniothalamin ZS {4 1 & K

PR A

AASFH T, Pd,dba, - CHCL, (13.7 mg,13.2 pmol ) \ =
REER(16. 2 mg,52. 8 pmol ) \FALAE (45 mg, 1. 06 mmol ) %
f#T NMP(2 mL) ARUIIARIA a (0.396 mmol) FIfL A4
1(150 mg,0.264 mmol ) ) NMP ¥ (2 mL) , % i 5 )7 10
JINEE, T A RO R S M W K RN, S TEAE B, A L
AR A FHZK TR Eh /K Ve, TR BRR Bh T4 , 3k i
ZEBREES L™ W) 22 W T THE(2 mL) B RCH #Y HE/

Py 1) THF % (1 mL) i, SRS 24 /NS, InA
Fit R S AN WO K R, 4R R 26 B, A HLAB AR IR
ot FH A F0RA PR 0 R RN £ R /K VR %, TG /K ik R 4
A R URZEBRIA N, & AE )2 40 B (PE:EA =2:1) 13
FHL= W) 3a, MW 3a BT ARG (3 mL) KK
IMAZ Z B (242 mg,0. 75 mmol) . TEMPO (8 mg,5
pmol ) , Ik SN 5 /NI, A R A A R M T YR TR K
I, AP e A, A LA A T K L R0 £ 3 K Bk
W, JOKBRIR AN T1 , L ZE BRIA ), ML ™ W 24 E A o1
7 (PE:EA =10:1) 7334 4a,

(R,E) -5,5 - difluoro — 6 - styryl —5,6 — dihydro —
2H — pyran —2 —one (4a) (known compound) : White solid ,
m.p. 90—91 °C;[a]y = —100.7° (¢ 3.54,CHCL, ) ;'H
NMR (400 MHz, CDCl,) §:7.45—7.44 (m,2H),7.38—
7.30 (m,3H),6.89 (d,J=16.4 Hz,1H) ,6.88 —6.83 (m,
1H),6.34 (d,J=10.0 Hz,1H) ,6.26 (dd,J=15.6 Hz,6.8
Hz,1H),5.21—5.13 (m, 1H);” F NMR (282 MHz,
CDCL,) &: —106.5— —108.7(m,2F) ,

(R,E) -5,5 —difluoro —6 — (4 — fluorostyryl ) —5,6 —
dihydro — 2H - pyran — 2 — one (4b): White solid, m. p.
105—107 °C;[a]® = =90.6° (¢ 3.35,CHCL, ) ;'H NMR
(400 MHz,CDCL,) 6:7.42 (dd,J =8.4 Hz,5.2 Hz,2H) ,
7.05 (t,J =8.4 Hz,2H) ,6.90—6.85 (m,1H),6.86 (d,J
=16.0 Hz,1H) ,6.36 (d,J=9.6 Hz,1H) ,6.19 (dd,J =
16.0 Hz,6.8 Hz,1H),5.16 (dt,J = 16.4 Hz, 6.8 Hz,
1H);”F NMR (282 MHz,CDCL,) §: —107.3 (dm,J =
285.7 Hz, 1F), — 108.2 (dm, J = 285.7 Hz, 1F), -
112.0— -112.1 (m,1F);*C NMR (100.7 MHz, CDCI, )
5:164.3,161.8,160.3,137.8 (dd,J =31.9 Hz,27.0 Hz),
136.7,131.3 (d,J =2.8 Hz),128.8,128.7,126.6 (t,] =
9.0 Hz),116.7,115.7 (d,J=21.2 Hz),112.0 (dd,J =
245.3 Hz,239.6 Hz) ,80.0 (dd,J=33.0 Hz,28.4 Hz) ;IR
(KBr) v:3080,2921,2848,1747,1510, 1234, 1106, 1076,
989,820 cm ™' ;MS (EI) m/z 254 (M*);HRMS Calcd for
C,,H,0,F, 254. 0550, found 254. 0551,

(R,E) -6 - (4 - chlorostyryl ) =5,5 —difluoro -5,6 -
dihydro — 2H — pyran — 2 — one (4c ) : White solid, m. p.
160—161 °C;[a]3 = -98.2° (¢ 3.14,CHCL, ) ;'H NMR
(400 MHz,CDCL,) §:7.38 (d,J =8.4 Hz,2H) ,7.33 (d,J
=8.4 Hz,2H),6.91—6.86 (m,1H),6.86 (d,J =15.6
Hz,1H) ,6.37 (d,J=9.6 Hz,1H) ,6.25 (dd,J =16.0 Hz,
6.8 Hz,1H),5.22—5.14 (m,1H);”F NMR (282 MHz,
CDCL,) &: —107.2 (ddd,J =287.6 Hz,15.2 Hz,3.7 Hz,
1F), —108.2 (dt,J =287.6 Hz,6.8 Hz,1F);” C NMR
(100. 7 MHz,CDCL,) §:160.2 (t,J =2.3 Hz),137.8 (dd,J
=26.8 Hz,32.2 Hz),136.5,134.7,133.6,129.0,128.2,
126.6 (t,J =8.8 Hz) ,117.6 (d,J =3.2 Hz),112.0 (dd,J
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=245.2 Hz,239.4 Hz) ,79.8 (dd,J=32.7 Hz,28.1 Hz);
IR (KBr) v:3083,2927,2851,1744,1491,1100,1073,975,
814 ¢cm ™' ;MS (EI) m/z 270 (M*); HRMS Caled for C,
H,0,F,Cl 270. 0259 , found 270. 0262,

(R,E) -6 - (3,4 - dichlorostyryl ) —5,5 - difluoro —
5,6 — dihydro - 2H — pyran =2 - one (4d) ; White solid, m.
p. 126—128 °C; [a]d = -92.8° (¢ 4.25,CHCL);'H
NMR (400 MHz,CDCl,) §:7.51 (d,J=1.6 Hz,1H) ,7.42
(d,J =8.4 Hz,1H),7.27—7.25 (m,1H),6.91 - 6.86
(m,1H),6.81 (d,J=15.6 Hz,1H) ,6.37 (d,J =10.0 Hz,
1H) ,6.26 (dd,J =16.0 Hz,6.4 Hz,1H) ,5.22—5.15 (m,
1H) ;" F NMR (282 MHz,CDCl,) §: - 106.9 (dm,J =
288.5 Hz,1F), —108.5 (dt,J =288.5 Hz,6.5 Hz,1F) ;"C
NMR (100.7 MHz, CDCL,) §:159.9,137.7 (dd,J =32.3
Hz,26.6 Hz),135.1,135.0,132.9,132.7, 130.6, 128.6,
126.5 (t,J =8.6 Hz),126.1,118.9 (d,J =3.3 Hz),101.9
(dd,J =245.5 Hz,238.7 Hz) ,79.4 (dd,J =32.8 Hz,27.6
Hz) ;IR (KBr) v:3074,2921,2851,1749 1473 ,1264,1106,
1074,1029,817 em™'; MS (EI) m/z 304 (M*); HRMS
Caled for C,;H O, F,Cl, 303. 9869, found 303. 9865,

(R,E) -5,5 - difluoro —6 — (3 — nitrostyryl ) =5,6 -
dihydro —2H - pyran —2 — one (4e) ; Light yellow solid, m.
p. 92—93 °C;[all = -87.6°(¢ 3.55,CHCL,) ;'H NMR
(400 MHz,CDCL,) 6:8.29 (s,1H),8.16 (d,J =8.0 Hz,
1H),7.75 (d,J =7.2 Hz,1H),7.55 (1,J =8.0 Hz,1H),
6.98 (d,J =16.0 Hz,1H),6.94—6.89 (m,1H),6.41
(dd,J=16.0 Hz,6.4 Hz,1H) ,6.38 (d,J=10.4 Hz,1H) ,
5.24 (dt,J =17.2 Hz,5.6 Hz,1H) ;" F NMR (282 MHz,
CDCL,) 6: —106.6 (ddd,J =288.2 Hz,16.1 Hz,2.3 Hz,
IF), - 108.6 (dt,J=288.2 Hz,5.6 Hz,1F);” C NMR
(100.7 MHz,CDCl,) §:159.8,148.5,137.7 (dd,J =32.7
Hz,26.4 Hz) ,136.8,134.9,132.8,129.7,126.6 (t,/ =9.6
Hz),123.4,121.5,120.3 (d,J=3.5 Hz),111.9 (dd,J =
246. 1 Hz,239.6 Hz),79.2 (dd,J =33.4 Hz,27.9 Hz) ;IR
(KBr) v:3083,2924, 2851, 1747, 1529, 1352, 1272, 1106,
1072,732 em ™" ;MS (EI) m/z 281 (M*) ; HRMS Caled for
C,,H,NO,F, 281. 0500, found 281. 0502,

(R,E) —methyl2 - (2 - (3,3 - difluoro -6 — oxo0 —3,6
—dihydro —2H - pyran —2 - yl) vinyl ) benzoate (4f) : Clear
oil;[a]l = -50.2°(c¢ 3.84,CHCL) ;'H NMR (400 MHz,
CDCl,) 8:7.93 (d,J=8.0 Hz,1H),7.71 (d,J =16.0 Hz,
1H),7.57 (d,J=7.6 Hz,1H) ,7.51 (1,J=8.0 Hz,1H),
7.38 (t,/=7.6 Hz,1H) ,6.89—6.84 (m,1H) ,6.35 (d, J
=10.0 Hz,1H),6.12 (dd,J =16.0 Hz,7.6 Hz, 1H),
5.26—5.19 (m,1H),3.89 (s,3H);"F NMR (282 MHz,
CDCL,) 8: - 107.6— -107.7 (m,2H) ;" C NMR (100.7
MHz,CDCL,) §:167.3,160.3,137.6 (dd,J =56.2 Hz,29.5

Hz),137.5,132.4,130.7,128.8,128.5,127.8,126.6 (t,]
=9.4 Hz),119.7,112.2 (t,J =242.2 Hz),80.1 (t,J =
30.4 Hz),52.2;IR (KBr) v:3074,2950,2845,1747,1716,
1260,1105, 1075, 818 cm ™' ; MS (EL) m/z 294 (M*);
HRMS Caled for C,;H,,0,F, 294. 0704 , found 294. 0705 ,

(R,E) -5,5 - difluoro — 6 - (4 — ( trifluoromethyl )
styryl) =5,6 — dihydro —2H — pyran =2 — one (4g) : Clear
oil;[a]? = =79.8°(¢3.20,CHCL,) ;'H NMR (400 MHz,
CDCL,) 6:7.69 (s,1H),7.62 (d,J =8.0 Hz,1H),7.58
(d,J=7.6 Hz,1H) ,7.49 (1,J =7.6 Hz,1H) ,6.95 (d,J =
15.6 Hz,1H) ,6.92—6.87 (m,1H),6.38 (d,/=10.4 Hz,
1H),6.36 (dd,J =16.0 Hz,6.8 Hz,1H),5.22 (dt,J =
16.8 Hz,6.4 Hz,1H) ;”F NMR (282 MHz, CDCL,) §: -
62.8 (s,3F), —107.0 (ddd,J =288.5 Hz,15.8 Hz,2.5
Hz,1F), -108.4 (dt,J =288.5 Hz,5.1 Hz,1F) ;" C NMR
(100.7 MHz, CDCl,) §:160.0,137.8 (d,J =32.0 Hz),
137.6 (d,J =32.0 Hz),136.1,135.8,131. 1 (dd,J =65. 4
Hz,32.8 Hz),130.1,129.2,126.5 (t,] =9.0 Hz),125. 4
(dd,J=3.7 Hz,3.4 Hz),123.8 (q,J =273.0 Hz),119.0
(d,J=2.5Hz),111.9 (dd,J =245.7 Hz,239.2 Hz),79.5
(dd,J=32.5 Hz,27.6 Hz) ;IR (KBr) »:3074,2921,2848,
1749,1645,1332,1167,1072,803 em™'; MS (EI) m/z 304
(M*); HRMS Caled for C,, H,0,F, 304.0523, found
304. 0520,

(R,E) -5,5 —difluoro —6 — (4 — methoxystyryl) —=5,6
- dihydro —2H - pyran —2 - one (4h) :Light yellow solid,
m. p. 122—123 °C;[a]? = -94.9° (¢ 3.20,CHCL,) ;'H
NMR (400 MHz,CDCl,) §:7.38 (d,J =8.8 Hz,2H) ,6. 88
(d,] =8.8 Hz,2H),6.87—6.83 (m,1H),6.82 (d,J =
16.0 Hz,1H) ,6.34 (d,J =10.0 Hz,1H) ,6.12 (dd,J =
16.0 Hz,7.2 Hz,1H),5.17—5.10 (m,1H),3.82 (s,
3H);”F NMR (282 MHz,CDCl,) §: - 107.6— - 107.7
(m,2H) ;" C NMR (100.7 MHz,CDCL,) §:160.5,160.2,
137.9 (t,J =28.9 Hz),137.7,128.4,127.8,126.6 (t,] =
9.0 Hz),114.5,114.1,112.1 (t,J =242.3 Hz),80.5 (t,J
=30.6 Hz),55.3; IR (KBr) v:3083,2964,2929, 2848
1741,1512,1175,1072,1024,829 em™' ; MS (EI) m/z 266
(M*); HRMS Caled for C,, H,, O,F, 266.0755, found
266. 0756,

R,E) -5,5 — difluoro =6 — (2 — methoxystyryl) =5,6
—dihydro —2H - pyran —2 — one (4i) : Light yellow solid,
m.p. 62—63 °C;[a ]’y = —64.2° (¢ 2.85,CHCL,);'H
NMR (400 MHz,CDCl,) §:7.46 (d,J=7.2 Hz,1H),7.29
(t,/=7.2 Hz,1H),7.20 (d,J =15.6 Hz,1H),6.95 (t,J
=7.6 Hz,1H) ,6.88 (d,/=8.4 Hz,1H) ,6.86—6.82 (m,
1H),6.33 (d,/=10.0 Hz,1H) ,6.31 (dd,/=16.0 Hz,8.0
Hz,1H),5.19—5.11 (m,1H),3.85 (s,3H);”F NMR
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(282 MHz, CDCL,) &: - 107.6— - 107.7 (m,2F);" C
NMR (100.7 MHz,CDCl,) §:160.5,157.2,137.9 (t,] =
30.1 Hz),133.5,130.1,127.7,126.6 (t,J =8.7 Hz),
124.0,120.6,117.4,112.2 (t,J =240.9 Hz),111.0,80.8
(t,J=30.9 Hz) ,55.4;IR (KBr) »:,071,2941,2837,1742,
1642 ,1490,1246 ,1108 753 em ™ ;MS (EI) m/z266 (M*) ;
HRMS Caled for C,H,,0,F, 266. 0755 ,found 266. 0752,

(S,E) -5,5 —difluoro =6 — styryl —=5,6 — dihydro -2H
—pyran —2 — one (6a);: White solid, m. p. 92—94 °C;
[a]? = 104.4° (¢ 2.65,CHCL,) ;MS (ESI) m/z254 (M +
NH,) *,259 (M +Na) " ,291 (M + MeOH + Na) * ; HRMS
Caled for C; H,, 0,F,Na:259.0547; Found: 259.0541. 'H
NMR,"C NMR,IR spectrum was the same as compound 4a,

(S,E) -5,5 —difluoro =6 — (4 — fluorostyryl ) =5,6 —
dihydro — 2H - pyran — 2 — one (6b): White solid, m. p.
100—102 °C;[ ]}y = 95.8° (¢ 2.70,CHCL, ) ; MS (ESI)
m/z255 (M+H) " ,272 (M +NH,) *,277 (M +Na) *,309
(M + CH,OH + Na) *; HRMS Caled for C,, H,, F,0,Na
309. 0714 ,found 309. 0709. 'H NMR,"C NMR, IR spectrum
was the same as compound 4b,

(S,E) =6 — (4 - chlorostyryl) =5,5 - difluoro —5,6 -
dihydro - 2H - pyran — 2 — one (6¢) : White solid, m. p.
160—162 °C;[ ]} = 103.5° (¢ 3.40,CHCL,) ; MS (ESI)
m/z271 (M+H) " ,288 (M +NH,) *,293 (M +Na) *,325
(M + MeOH + Na) *; HRMS Caled for C,, H,CIF,0,Na:
293. 0157 ; Found : 293. 0151. 'H NMR,"” C NMR, IR spec-
trum was the same as compound 4c,

(S,E) -6 — (3,4 - dichlorostyryl ) =5,5 — difluoro —
5,6 — dihydro - 2H — pyran =2 - one (6d) ; White solid, m.
p. 123—124 °C;[a]? = 99.3°(¢ 2.85,CHCL, ) ;MS (ESI)
m/z322 (M +NH,) ",359 (M + CH,0H + Na) * ; HRMS
Caled for C,,H,,CL,F,0,Na 359. 0029, found 359.0024. 'H
NMR,"C NMR, IR spectrum was the same as compound 4d ,

(S,E) -5,5 = difluoro =6 — (3 - nitrostyryl) —=5,6 —
dihydro —2H — pyran —2 —one(6e) : Light yellow solid ,m. p.
92—93 °C;[a ]l =86.0%c 3.40, CHCL, ) ; MS (ESI)m/z
282(M +H) *,314(M + MeOH + H) * ,352 (M + MeOH +
Na)*,352 (M + MeOH + K)*; HRMS Caled for C,
H,F,NO,Na 304. 0397 ,found 304.0392. 'H NMR,"C NMR,
IR spectrum was the same as compound 4e,

(S,E) —methyl2 — (2 - (3,3 - difluoro -6 — oxo —3,6
- dihydro = 2H - pyran —2 -yl ) vinyl ) benzoate (6f) ; Clear
oil;[a]? = 49.5°(¢ 3.65,CHCL,) ;MS (ESI) m/z295 (M
+H)",312 (M +NH,)",317 (M +Na)*,349 (M +
CH,OH +Na) " ;HRMS Caled for C,sH,,0,F,Na 317. 0601,
found 317.0596. 'H NMR,"” C NMR, IR spectrum was the

same as compound 4f,

(S,E) -5,5 - difluoro — 6 — (4 - ( trifluoromethyl )
styryl) =5,6 — dihydro —2H — pyran =2 - one (6g) : Clear
oil;[a]l = 76.0° (¢ 4. 10,CHCL,) ;MS (ESI) m/z327 (M
+Na) ";359 (M + MeOH + Na) " ; HRMS Caled for C,,
H,F,0,Na 327. 0420, found 327.0415. '"H NMR,"C NMR,
IR spectrum was the same as compound 4g,

(S,E) -5,5 —difluoro — 6 — (4 — methoxystyryl ) —5,6
— dihydro —2H - pyran —2 - one (6h) :Light yellow solid,
m. p. 120—121 °C;[ ]} = 106.3° (¢ 2.30,CHCI, ) ; MS
(ESI) m/z 267 (M + H) " 280 (M + Na) ™ 321 (M +
CH,OH +Na) " ;HRMS Caled for C,,H,F,0,Na 289. 0652,
found 289.0647. 'H NMR,"” C NMR, IR spectrum was the
same as compound 4h,

(S,E) -5,5 —difluoro — 6 — (2 — methoxystyryl) —=5,6
- dihydro — 2H - pyran =2 - one (6i) ; White solid, m. p.
60—62 °C;[ a3 = 59.6° (¢ 2.85,CHCL,) ;MS (ESI) m/z
267 (M+H) ",289 (M +Na) *,321 (M +MeOH +Na) *;
HRMS Calcd for C,,H,, F,0,Na 289. 0652, found 289. 0647.
'"H NMR,"”C NMR, IR spectrum was the same as compound
4i,

1.2.2 v - BT Goniothalamin Z&{ W )& Y,
ZREOCHR 15 1 Ir R E ) Ta Th A Th 3647 1500
(5R,6S) =5 = Fluoro - 5,6 — dihydro — 6 — styrylpyr-

an —2 —one (7a) ; White solid,m. p. 43—45 °C;[a]? =

145° (¢ 0.30, CHCL, ) ;'H NMR (400 MHz, CDCL,) §
7.42—7.28 (m,5H),6.93 (tdd,J =8.7,5.7,3.0 Hz,
1H),6.82 (dd,J =15.9,5.6 Hz,1H),6.20 (dd,J =
15.8,6.3 Hz,1H),6.20—6.16 (m,1H),65.23—5.16

(m,1H),5.09 (dddd,J=46.8,7.1,3.0,1.3 Hz,1H) ;"

C NMR (100.6 MHz,CDCI3) § 161.3 (d,J=2.9 Hz),

141.7 (d,J =21.0 Hz) ,135.4 (d,J =8.9 Hz),128.8,

126.9, 123.5, 123.4, 121.8, 121.8, 84.0 (d, J =

176 Hz),80.2 (d,J =24.9 Hz);”F NMR (376 MHz,

CDCL,) & -186.4 ~ —186.7 (m,1F);IR (KBr) wv:

3060, 3027, 2924, 2856, 1739, 1626, 1576, 1438, 1382,

1232,1012 cm ™' ;MS (ESI) m/z 241 [M +Na] * ; HRMS

Caled for C;H,,FNaO, ,241. 0641 ,found 241. 0641,
(5R,6S) -6 - (4 - Fluorostyryl) =5 — fluoro —5,6 -

dihydropyran — 2 — one (7b): White solid, m. p. 93—94

°C;[al? = 226° (¢ 0.12,CHCL,) ;'H NMR (400 MHz,

CDCL,) 8 7.41—7.36 (m,2H),7.07—7.01 (m,2H),

6.94 (td,J=9.7,2.8 Hz,1H),6.79 (d,J =15.9Hz,

1H),6.18 (dt,J=10.0,1.4 Hz,1H),6.13 (dd,J =

16.0,6.1 Hz,1H),5.16 (dddd, J =47.6,7.3,2.8,

1.3 Hz,1H),5.19—5.12 (m, 1H);” C NMR (100.6

MHz,CDCl;) 8 163.0 (d,J =248 Hz),161.3,141.9 (d,

J=20.9 Hz),134.3,131.5 (d,J=3.6 Hz),128.5 (d,
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J=8.2 Hz),123.3 (d,J =8.1 Hz),121.6,115.8 (d,
J=21.8 Hz),84.1 (d,J =176Hz),80.0 (d,J =25.2
Hz) ;"F NMR (376 MHz,CDCL,) § —112.35 ~ —112. 44
(m,1F), —187.34 (dt,J=49.4,9.1 Hz,1F) ;IR (KBr)
v:3065,2921,2851,1731,1633,1594,1510,1415, 1378,
1232,1014 ¢cm ' ;MS (EI) m/z236 [M] " ;HRMS Caled
for C,H,,F,0,,236. 0649 , found 236. 0648,

(5R,6S) -6 — (4 — Methoxystyryl) =5 — fluoro -5,
6 — dihydropyran =2 — one (7h) ; White solid, m. p. 108 —
110 °C; [« ]? = 135° (¢ 0.21,CHCL,) ;'H NMR (400
MHz,CDCL,) 8 7.36—7.32 (m,2H) ,6.94 (id,J=9.2,
3.0 Hz, 1H), 6.89—6.86 (m,2H),6.76 (d, J =
15.9 Hz,1H) ,6. 18 (ddd,J =10.0,1.8,1.3 Hz,1H),
6.05 (dd,J=15.9,6.4 Hz,1H),5.16 (dddd,J =48.3,
7.0,3.0,1.2 Hz,1H),5. 14 (dddd,J=13.5,9.8,6.8,
1.2 Hz, 1H),3.82 (s,3H);” C NMR (100.6 MHg,
CDCL) & 160.1,141.7 (d,J=20.9 Hz),135.2,128.2,
128.0,123.5 (d,J=8.1 Hz),119.4,119.4,114.1,84.0
(d,J=176.0 Hz) ,80.5 (d,J] =25.5 Hz),55.3;""F NMR
(376 MHz,CDCl,) & —186.15 ~ —186.40 (m,1F) ;IR
(KBr) wv;2923,2849, 1730, 1642, 1597, 1508, 1238,
1009 ¢cm ™' ;MS (EI) m/z248.1 [M]"; HRMS Caled for
C,,H,FO,,248. 0849, found 248. 0853,
1.3 5B eE 20 R 30 & 7 P i

2098 5% . HL - 60 . Bel7402 . BGC - 823 F1 KB 4 iy
R I 5 [ B AL B 53 ) O e o0 3R A . DL A B R 34 AR
KFE10% /INF G K& 1% P/S(HHRE/EHER) M
RPMI1640 £ 75 3 p | ji 76 37 °C 5% CO, 1 J5 46 v 1%
I, WO I A0 MR A 7 5 5

i JeE 200 i 7 PR 0 7E 96 FL S SR AR g FL A
5000 A4~ Xof 7 fih 983 4 A 5 77 24 /NEE, 43 I A [R] ik B2
7KF-(0.5,5,50 mM) 945 3238 S FHMEZ5 90 T 72 71Nt
B J5 10 BRALAINA 20 WL (1) MTT #5 (5 mg/mL) , 4k L7
37 "C R 4 /b, 3k BIE W, M AESLINA 100 pL 4
Hrafi DMSO $ig4% 10 43, BEFR AL 570 nm P4 405 1
JEEE OD fE, AR NN 15840 B 25 0k DU e
A BEAR AR 2 R = (1 - 252541 OD fi/ % B4l
OD ff) x100% . FEEAMHIW EE (1C,, ) AP HIRHITL
PERENH AR
1.4 EEREREEEHDHIE K

JRpEEE 35 BaF, WT it 3% 3% 76 RPMI 1640 %57 5L
F 438 10% f2E 1S (FBS) , 100 units/mL ) penicillin,
100 units/mL [{] streptomycin, 100 ng/mL [ IL. -3, BaF,/
TKs (FGFR3,IGF1R,PDGFRB, TRKB) 41 fif1 35 75 /£ RPMI
1640 7R, A8 10% i 4 M3 ( FBS) , 100 units/mL

B penicillin, 100 units/ml [% streptomycin ( Invitrogen ) ,
500 wg/mL 11 G418, DL bat FEFA R 4 37 °C 5%
CO, TEIRAR TR, BOECE KA A A A 75250

PSP - K 4000 4> 4H g Sl 21 96 fLEE IR,
IIAIMAA I A B 7KK (0.5,5,50 mM) 94552128 K FH A
ZYITET 48 /B, JLA Alamar Blue, 75 485 nm #{ % ,
590 nm EEHETAGINANMING . ARGE IR AR A4
VHE 24 o8 DU Ao Fif e 200 i ek ) 00 ok 5, 2 B0 ol vk B2
(1Cs, ) FAMT A BEA TN E I AT A5 1

MR = (1 - 452540 OD {H/ X% B4l OD ff) x
100%
2 #R5iT8
2.1 BR&STFaigit

TE Goniothalamin %% #4 1& 1fi A — R ¥ T E % fil
BT BAR TR (B 2) BT T
(1) 7 Goniothalamin [) y 75| AFRUE T, 5 45 HAT IR ML HL
TR RS T X OCSEL LN o, B — AN S BRI
SN 5 (2) [0) R IR AR BB AE , 25 SR PR A 1 %o A=
YRS PERIREN 5 (3) HE— 4RSS Hbp 1 B P02
S HUMRETETERI C R . HA R T v,y - Ut
Goniothalamin Z&{EIYIHN v — FAFFIAL GoniothalaminZ& {4
MRS PE LA (I 3)  RGERESE v LT8R T~ X A B 26
CIRR e OE APPSR 7R e b A

stereochemistry
o inversion 0
g
1 o ~
R FoOF
4a-4i 6a-6i
targetmolecules
substituentvartionia
atphenylring
o o
) | CE2 inoducion ) ‘
H \ H
X N
R
FF

(R)-Goniothalamin 7y . v —difluorinatedgoniothalamin

B2 vy,y-Z&BUK Goniothalamin 24T i% 1t
2.2 BRSO TFHER
2.2.1 v,y - 3 Goniothalamin ZR{LIH1 A& A,

v,y = I Goniothalamin 2 R4 AT iy FAT %
T 1 ) — I P IO ) 8 K0 £ e, 28 Shille 3356 S
B BRI IE 1,5 - B =B RO T (R
LAIZE2) o HART T B9 TR O b BN X FR 5 0 3R
TR RIS PR BRI S LA I B AR T
P EICRHE R A T LU S Stille {166 S vz >R 1 55
AAFBACTER AR a -1 2B,



14 w2 LR IR (8 KA IR 2013 412 A
o |
/ o | |
P
H H HH | : . FF
(R)— Goniothalamin (S)— Goniothalamin i Y —fluorinatedgoniothalamni i V. y—difluorinatedgoniothalamin
\ )
fluorine effect
on cytotoxic activity
3 Goniothalamin 4 F y 5| N\ E#EMRE T
N i (. N togdea
oTBS R/ e oTes oTBS R= oTBS
Pd,dbay*CHCl; (5 mol%), Pd;dbag-CHC5 (5 mol%),
OHY s (0math). GO 4 oq) NP HEPy OH)  Phsas (20 ma%), Licl (4eq), NP HFPy
BugSn ™S < ,10h THF, 1t,24h BuSn™ T L 10h THF. 1t 24h
1 5
OH o
QH || PniOAC), TEMPO % [ Phl©Ac)2, TEMPO
N TN CH,Cly, 11,5 h
RE g CHCatsh RE R 2
3a-3i 4a-4i

#1 v,y - Z& B Goniothalamin 24
4a-4i( R R ) ISR

£2 y,y - ZHEK Goniothalamin Z{5l4)
6a -6i( SHIE) KA

Entry R Substituent Compound Yield®  Optical Rotation

Entry R Substituent Compound Yield*  Optical Rotation

[a]ds = -100.7
(¢3.54,CHCL,)

[all =104.4
(¢2.65,CHCL,)

1 H 66% . 1 H 75%
[k - 108.2 k{1117
(¢2.00,CHCl) ]* (¢ 0.98,CHCl) ]®
[als=-90.6 [a]D =95.8
2 4-F 749 2 4 - 79% »
’ (¢3.35,CHCL) © (¢2.70,CHCL,)
[alys=-98.2 [a] =103.5
3 4-cl 76% ; 3 4-cl 86% » :
° (c3.14,CHCL) 7 (¢3.40,CHCL)
[ald=-92.8 [a]d =99.3
4 3,4 - dichl 79% 5 4 3.4 —dichl »
ichloro “ (c4.25.cHCL) o4 7 dichoro % (e 2.85,cHO,)
[alys = -87.6 [a] =86.0
5 3-NO 80% 5 3-NO 88 »
2 7 (¢3.55,CHCL) 2 % (¢3.40,CHCL)
D= -50.2 D —
6 2-CO,Me gl Lods=-%0 6 2-CO,Me 87% [alos =495
(¢ 3.84,CHCI3) (¢ 3.65,CHCI3)
D — —798 D -
7 4—CF3 70% [lﬂzs - 7 4—CF3 88% [(1]25 76.0
(¢3.20,CHCL,) (c4.10,CHCL)
[a]ds=-94.9 [a] =106.3
8 4 - MeO 80% ’ 8 4 - MeO 68% »
” (¢3.20,CHCL) ¢ © (¢2.30,CHCL,)
D= -64.2 b _
9 2-MeO ne LI 9 2-MeO gl [0Js =596

(¢ 2.85,CHCl,)

(c2.85,CHCL)

a: Yield over three successive manipulations.

b :The optical rotation value was reported in literature 14.

a: Yield over three successive manipulations.
b:The optical rotation value was reported in literature 14.



526 5% 641 A SF AR TEERBRMBHG ST IE )T 7] y — BAX Goniothalamin A 893315 6%, 15

2.2.2 - BHIHAL Goniothalamin Z {1 & Y
v — B Goniothalamin 2 WMIAREE T v,y - —
I, Goniothalamin ZSMI 4 B A Hr i E/J v BLIRAC T
BRIT , DRI 18 S A S T D A B S B
RAEFF R A LR ME S A tﬂﬁ,ééaé%gafg
Sharpless A~ Ff #1461 . BR S8JT 31 26 4% S AL | Lindlar %
A6 HWE SRR 1,5 — AL BF 2 S0 B AT 3 By — B
FAHAL Goniothalamin 254 7a.7b F1 7Th (& 4) .

L-(+}DET, Ti(OPr)

OTBS __,
HO\/\/\OTBS —LANSTBHP | \/\/\ \/\/\
> 84%
A 92% e
lEt Ne3HF
OTBDPS OTBDPS 54%

TesQ | LHWE reation TESQ Pd/E! so
AT
F

TBAFl
OH [e}

QH | BAIB. TEMPO, CHyCly /\/Cff‘j
~ 97%
AT 1,5-oxidative cyclization AT
F

y-monofluorinated Goniothalamin
Ar = Ph (7a), p-FCgHj (7b), p-MeOCgH, (7h)

4 y - BEE Goniothalamin 24 X BI& B

2.3 fRSMEhIRE L BEHD B R MR R

XF 21 vy — AT Goniothalamin Z5 {14 (4a - 41,
6a —6i,7a,7b,7h) JEAT 1 1A HI MR 40 2 R 0K (55
3) o Myt y MTT 35 I3 ) 40 i A% £ 45 - HL - 60
(EL 4 k7 41 M9 & L% , promyelocytic leukemia ) , Bel7402
( iF9&: , hepatocarcinoma) ,BGC — 823 ( & J& , human gastric
carcinoma) , KB ( [T [t | 7 J& , human oral epidermoid car-
cinoma) o MKIGIAH (VP - 16) fFE A FHTEXT B

#£ 3 y - & Goniothalamin Z{X#1#

MBI LH B HD I 1
Entry Compound 1C5o/pM

No. /structure HL-60 Bel7402 BGC -823 KB
1 (R) - Goniothalamin 2.9 20.6 40.2 13.5
2 4a—4i > 100 > 100 > 100 > 100
3 6a—>6¢ > 100 >100 >100 >100
4 6d 29.2 >100 76.2 > 100
5 6e—6f > 100 > 100 > 100 > 100
6 6g 25.1 > 100 > 100 > 100
7 6h—o61 > 100 > 100 >100 > 100
8 Ta 60. 4 44.5 > 100 > 100
9 7b > 100 > 100 > 100 > 100
10 7h 5.0 24.7 24.3 34.8
11 VP - 16" 0.8 25.4 7.0 0.4

a: VP —16 as positive control.

3 R AT LR B, R 280 v,y - 3K
X Goniothalamin 24 L4970 8 48 MO0 1 75 41 (v g 252
N R WA D) 4a - 41 P2 R A0 75 1, entry 2)
2 S HAR B3 4 Ao @BUCH L &4 6d X HL -
60 1 BGC - 823 Zf iy FL A7 rp A& il 115 1, 1G5, {EL 23 51

29.2 fi176.2 pM (entry 4) , ZEIF I 4 70 = 5 L HL
RIS 6g R I Pt HL - 60 401 A9 DI 6E,
IC,fH 4 25.1 pM (entry 6) o X F vy — HLIRIHAL Go-
niothalamin 2814, th-& %) 7a X} HL - 60 £ Bel7402 41
I FR) 40 ) 35 A A AR T BE 4K (R) ~ Goniothalamin (entry
8) , MIAIR 4 (i F AL 2RI Th ISR BL i X HL ~
60 FI Bel7402 2t i 41 (1 40 R (entry 10, 36 P 7] 5
BEA(R) — Goniothalamin AH24) o P 2R Z, 247 h
IR b 25 LT AR 4 R I HE T 4 UL T I Centry
9. 4LEY Th) I AN REMESE 4T R, FRURENIE 1R RR
IR S PR
PA_E S PR R WIAE Goniothalamin 731 H y 75
PR SR AT 46 30 3 e LA iy ke BT e A LS
FRTESCRE o I Jev TR 200 L 400 ) 355 1 AR ) D PR T B 2 v
TR T 5IA G, SIBUH) Michael 52 {4 55 $L 1 (19
A LRI K A JL 0 0 S Ay e BE N O B
A ELEA MR I HL 1, () I SR A% S SRR AR L SR
SEAI HA BRI T = B, P A LR I 23 7 AR
SR Z AR L AT HE R VR T T 9 2 22 X LA 2 2 A
J(TETE HE R R A% AL AR Michael 2K Re T8 2
Si TR, v 45 HE R AR FHHS S AFTE) o TX -y — B3R
X Goniothalamin ZE I UL, $E A% 5L TS T K. Re
TETHE IS0 (A1 S ) DRkt JF o 2 40 ) 3 44 5 B AR DR AR TE
] — W IR o
Nu/ Nu Re

H Nu S

y—monofluorinated
Goniothalamin analogue

v,y—difluori nated
Goniothalamin analogue

(R= styryl)

E5 WEEM Goniothalamin K 5l E % E H
HEERLER

2.4 MREBRHEIEEEAR

i g i HE R R AL BIE 5 2 B R 2 50% 1Y Dt s ik 1A
ARV DR W A LA i IR I TG o I Y 3 R R
IR 2 S B A M TC RS AE . T R
—SeAp B B BT S i 20 B ORIt
AR X A W A T T 2R VRSt 410 0 35 MBI 5, T
figp TR W A R T =2 ) P BB R

TESCHE I T LR A UM R s 2 MR FGFR3,
IGF1R,PDGFR@B, TRKB L) J¢ 1F % 40 fl ¥ b5 WT k47 31
TG ER L I e (R 4) o

INFE 4 PR AT AR B, FEAA 25 R 10 pe/mL
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£4 y-g4 Goniothalamin Z{##Y
B SR A ) iE 1

#=5 y-&M Goniothalamin 24 7a §)
i SR L E D & i M B H K E

Ent Compound Inhibition ratio” Entr Compound IC5o/pM
T No. FGFR3 IGFIR PDGFRE TRKB  WT Y N FGFR3 IGFIR PDGFRE TRKB  WT
1 4a -0.21 0.14 -0.01 -0.18 -0.13 Ta 1.526  0.551 0.703 1. 808 >20
2 4b -0.05 -0.19 -0.09 -0.26 -0.22 2 Staurosporine® 0.283  0.119 0.010 0.005 0.113
3 4c -0.19 0.12 -0.03 -0.20 -0.05 a; Staurosporine as positive control.
Lo R0 e 02 R0 b Staurosporine) , {ELAE IEHHLAR WT £y %2 41
5 4e -0.03 0.37 -0.15 0.23 0.05 .
6 af ~0.01  0.28 -0.06 0.03 0.04 Jr i EAT R A (1G5, >20 uM) o
7 4 009 031 -005 007 010 2.5 BUEMBEESEEARKENHEEONRES
8 4h 0.01 0.15 0.05 -0.03 -0.03 S HF
9 4i 0.20 0. 69 0. 06 0.54 0.17
10 6a 0.29  0.72 -0.20 0.18 0.0l SEAFRIMEB 4B TULI: (DM F y,y-=
11 6b -0.23 0.19 -0.30 -0.30 -0.27 I Goniothalamin ZEUY) , (AL &4 6 ¢ [R] B FE B H
12 6¢ 0. 67 0. 87 0. 68 0.59 0.25 5
JBi 4 = B =R 1| AN 44

3 o 030 —0.10 —0.9% -0.97 —o.19 i 240 O 5 1 5 T R R VT R TS P . AR S 44\ 6a
14 6e ~0.30 0.10  -0.27 -0.30 -0.18 6¢.6 h il 61 B FRAP X Tk = R A Il HAT SR RCR  (HEAT]
156 0300 028 030 ~0.00 006 RAAMBEATE MBI (2) 4T v - HIREUR
16 6g 0.54 0.82 0.27 0. 47 0.28 ENRTIE SRR AN A . : i
17 6h -0.04 0.50 -0.01 0.38 -0.15 Goniothalamin LYY, f 4 (72,7 b, 7 h) HR Al R
18 6i 0.15 0.76 -0.14 0.56  0.08 U 14 T BRI T 1 4, e A B0 Ta T b ade [R] IS X
974 095 095 095 09 0.06 L -60 i Bel7402 41 bk A ke A, 3K
20 7b 0.96 0.96 0.95 0.95 0.39

: SR 4 3 1 8E 7 5 H W& 4 5 ] |
00T 096096 0909 0R g g b AV A 5 Y A

a:The above compounds were tested at the concentration of 10 pg/ Zﬁ‘riﬂﬁ%ﬁf#%%ﬂééo
mL.
b: Effective inhibition of target enzyme was described as positive 3 éé': *i_g_
sign.

I, A 4a —4 b Xof [0 o i 2 R U it S s 114 400 o 32 3
INT 0.5 R FIH R 14 T I RS 1 % P o o)
KT 0.5, MZFRHBA B UIAM ) (entries 1
-8) o LG 4i X IGFIR BEAR HAT — & il 15 14 (1)
il #4 0.69) (entry 9) o X FHIBIAH LM v,y — —FHK
X, Goniothalamin Z8{¥) , k&4 6a X} IGFIR HEFR H.
A —EMHEFEECHFA 0.72) (entry 10) 5 /659 6¢
X P i 2 P8 U 42 d s A0 £ 3 (A R R AR
0.67,0.87,0.68,0.59) (entry 12); k&Y 6g & T %t
IGFIR HA MGG S, tx) FGFR3 2 24 fi R (41
il 50 51 29 0. 82 F10.54) (entry 16) 5 fb& %) 61 W] X
IGFIR A1 TRKB HA7 i 68 J1 , #4343 51 2 0. 76 Fl
0.56 (entry 18) , XfF v — HL5 HU /L Goniothalamin 2 {})
P, 7a 7h F1 Th ¥ HATE BT R SR
T, T F 5 5 F T 0.9 UL (entries 19 -21) ,Jf
HACEG Y Ta XFIEF AR WT JLT-BA 0, 1A
VLR AR SRR RO PE T (entry 19) o 1 TALEY) Ta
(v s EL A R B e e % 1 7 2 R T4 ol 41 7 355 e, o
AL 7a 75 AN [w] 84 B2 K 1T F) 1% 2 R A 41 1] %%
LRPE M T HARBAM R R (1C,, {8 (£ 5) . Ld
W T XF V0 ol i 2212 TRt 1740 490 18 3% P 4 ) R 1. 53 pM,
0.55 WM.0.70 WM il 181 M FIRIE P B9 THu2y

KGR T —ZR A v,Y — 5 B Goniothalamin
KW (4a - 4i,6a - 61) Fl v — FLFRLIAL Goniothalamin
FAUWI(Ta,7b,7 h) , FEXF ARSI R A0 0 2 1 0 2
P VA5 T 00 ) 3% M AT TR AR, by - B IROAR
GoniothalaminZ& P4 7a R B 1 R 4 597K S M 20 i
O e T 2 R VAT A 3 R AOS IE R AR WT RO
BEE (BRI AR T U 25 W)+ 7 9000) o RS iR 20 i
B S PR VR AT ) 3% 1 R 2 A T R BT LA —
A FET AR A U 53 Goniothalamin 73/ +y fi7
PEATIE M o 5 5 LAY 8 A 7 2o DAL BT A R
Goniothalamin & FE WL A Fi TIRASATEERG AL FN
GIRPE ST, AR 25 I R RIS

& % 3 k.
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Design and Synthesis of y-fluorinated Goniothalamin Analogues:The
Antitumor Small-molecule Inhibitor Act on Protein Tyrosine Kinase

YANG Yi', LI Jian-zhang', CHEN Chun-ru', QING Feng-ling", YANG Xian-tao’ , YANG Zhen-jun’
(1. School of Chemistry and Pharmaceutical Engineering, Sichuan University of Science & Engineering,
Zigong 643000, China;2. Key Laboratory of Organofluorine Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences,Shanghai 200032, China;3. State Key Laboratory of Natural and Biomimetic
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Abstract: Protein tyrosine kinases which have an important regulatory function in the proliferation, differentiation,
metastasis and corrosion of cancer cells have become one of the most important target enzymes in the study of tumor treatment.
Based on the target-oriented principle and structure-activity relationship, the fluorine atoms are introduced at the vy position of
Goniothalamin (a potent antitumor natural product) in order to obtain more promising anti-proliferative agents. The -y ,vy-dif-
luorinated Goniothalamin analogues 4a-4i and 6a-6i are synthesized through two key steps-Stille coupling and 1,5-oxidative
cyclization, from the optically active difluorinated stannanes. The ~y-monofluorinated Goniothalamin analogues 7a,7b and
7 h, are obtained through Sharpless asymmetric epoxidation, ring-opening hydrofluorination, Lindlar hydrogenation, HWE
reaction, 1 ,5-oxidative cyclization and so on. The proliferative activity in vitro and the tyrosine kinases inhibitory activity of
these fluorinated analogues are biologically evaluated, and the results show that adding one fluorine atom at the y position of
Goniothalamin is a better modification than introducing two fluorine atoms.

Key words: Goniothalamin; o, B-unsaturated 8 lactone; fluorinated compound; protein tyrosine kinase; anti-tumor

activity





