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Isolation of secondary metabolites from Achillea grandifolia
Friv. (Asteraceae) and main compounds’ effects on a glioblas-
toma cellular model
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tholomatos 3, George Markopoulos 34, Rafaela Isyhou 3, George Alexiou 3% and Diamanto Lazari »*

Table S1. 'H and 3C NMR of compound 1 (CDsOD, 500 MHz).

Note S1: Eluents used in the vacuum liquid chromatography (VLC) experiment.
The solvents used in the experiments was diethyl ether (J.T. Baker 8254), aceton
(Merck 1.00014.2511, CarloErba 400974), Dichloromethane (Panreac 131254, Merck
1.06050.2500, J.T. Baker 7053), hexane (J.T. Baker 8044, Riedel-de Haen 32293), sulfuric acid
96% (Panreac 131058), methanol(Merck 1.06009.2511, Merck 1.06007.2500, Panreac
131091), Ethyl acetate (Panreac 131318), aceticacid (J.T. Baker 6152) and pertoleum ether
(Carlo Erba 447832, Panreac 131315).
The organic phase from the leaves of Achillea grandifolia (4.25 g) was subjected to VLC
over silica gel (10 x 7cm) using as eluent mixtures of increasing polarity (Hexane-Ethyl
acetate-Acetone-Methanol) to yield finally eleven fractions (A-L)

GRAN-A (32,2mg), PE 100%
GRAN-B (4,2mg) PE: EtOAc 75:25
GRAN-C (176,3mg) PE: EtOAc 50:50
GRAN-D (241,7mg) PE: EtOAc 25:75
GRAN:-E (130,1mg) EtOAc 100%
GRAN-F (299,0mg) EtOAc: Ac 90:10
GRAN-G (170,9mg) EtOAc: Ac 75:25
GRAN-H (253,4mg) Ac 100%
GRAN-I (792,2mg) MeOH 100%
GRAN-K (2,0737g) MeOH 100%
GRAN-L (65,8mg) MeOH 100%

The organic phase from the inflorescences of Achillea grandifolia (8.23 g) was subjected
to VLC over silica gel (10x7cm) using as eluent mixtures of increasing polarity (Hexane-
Ethyl acetate-Acetone-Methanol) to yield finally eleven fractions (A-L)

GAF-A (128.3mg), He 100%
GAF-B (11.1mg), He:EtOAc 75:25
GAF-C (523.8mg), He:EtOAc 50:50
GAF-D (770.3mg), He:EtOAc 25:75
GAF-E (509.1mg), EtOAc 100%
GAF-F (829.3mg), EtOAc:Ac 90:10
GAF-G (613.8mg), EtOAc:Ac 75:25
GAF-H (575.5mg), Ac 100%

GAF-I (416.7mg), M 100%

GAF-K (1.8g), M 100%

GAF-L (68.4mg), M 100%

No Oc Type C OoH H J (Hz)
1 824 HO-C - -
2 45.8 CH 2.56 2 brs
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3 122.7 =CH 5.47 1 S
4 141.3 C - - -
5 64.7 CH 2.69 - d(J=11.0)
6 79.3 CH 3.95 1 dd (J=11.0,9.0)
7 49.7 CH 3.09 1 m
8 70.2 HO-CH 4.10 1 brd (J =10.5)
9 127.1 CH: 5.44 1 S
10 138.3 C - - -
11 137.3 C - - -
12 170.7 =0 - - -
13a 6.21 1 0.8
13b 123.1 CH: 6.21 1 0.5
14 23.2 CHs 1.90 3 S
15 16.7 CHs 1.90 3 S
. H-14 )
P H-15
o - 10 00X
N AR MR

H-132 H-13b
-22 H-2b

T A

Figure S1. 'TH-NMR spectrum of compound 1 (CDCls, 500MHz).
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Figure S2. '"H-NMR full spectrum (A) and parts thereof (B) of compound 1 (CDsOD, 500MHz)
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Figure S3. gDQCOSY spectrum of compound 1 (CDsOD, 500MHz).
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Figure S4. 3C-NMR spectrum of compound 1 (CDsOD, 125MHz).
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Figure S5. gHSQCAD spectrum of compound 1 (CDsOD, 500MHz).
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Table S2. 'H and 3C NMR of compound 2 (CDsOD, 500 MHz).

No Oc Type C OoH H J (Hz)
1 84.1 HO-CH - - -
2a s cn 2.84 1 brd (J =17.0)
2b 228 1 d(=165)
3 1245 -CH 551 1 s
4 139.9 C - - -
5 64.5 CH 261 - d(=95)
6 80.3 CH 391 1 dd (=10.5,9.5)
7 50.6 CH 3.00 1 m
8 72.3 HO-CH 3.79 1 m
9% 261 1 dd (= 13.6, 6.5)
— 401 CH
9b ? 2.49 1 dd ( = 13.6, 5.0)
10 145.9 C - - -
11 1385 C - - -
12 170.9 Cc=0 - - -
13a 6.15 1 0.5
13b 121.9 CH 6.15 1 0.8
14a 5.30 1 s
14b 1152 =CH: 5.07 1 s
15 16.4 CH> 1.87 3 s
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Figure S6. '"H-NMR full spectrum (A) and parts thereof (B) of compound 2 (CDsOD, 500MHz).
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Figure S7. gDQCOSY spectrum of compound 2 (CDsOD, 500 MHz).
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Table S3. 'H and '3C NMR of compound 3 (CDsOD, 500 MHz).
No dc Type C on H J (Hz)
1 81.7 HO-CH - - -
2 137.2 =CH 5.87 1 d (J=5.5)
3 139.9 =CH 5.56 1 d (J=5.5)
4 145.6 HO-C - - -
5 64.9 CH 2.58 1 d (J=9.5)
6 78.7 O-CH 4.15 1 dd (J=11.5,9.0)
7 50.6 CH 3.37 1 m
8 73.0 HO-CH 3.70 1 m
9a 2.55 1 dd (J=12.0,5.5)
40.9 CH
9% ’ 2.97 1 dd (J=12.0, 1.5)
10 84.8 C - - -
11 139.8 C - - -
12 171.2 C=0 - - -
13a 6.32 1 dd (J=3.0,1.5)
134.3 =CH
13b ? 6.24 1 dd ( =3.0, 1.5)
14a 5.04 1 s
b 124.6 =CH: 1 os
15 22.6 CHs 1.29 3 S
Lu__ e faaall
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Figure S8. '"H-NMR full spectrum (A) and parts thereof (B) of compound 3 (CDsOD, 500MHz).
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Figure S9. gDQCOSY spectrum of compound 3 (CDsOD, 500 MHz).
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Figure 5§10. *C-NMR spectrum of compound 3 (CDsOD, 125MHz).
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Figure S11. gHSQCAD spectrum of compound 3 (CDsOD, 500 MHz).
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Figure S12. gHMBCAD spectrum of compound 3 (CDsOD, 500 MHz).
Table S4. 'H and '*C NMR of compound 4 (CDsOD, 500 MHz).
No dc Type C On H (Hz)
1 75.6 CH 3.59 1 dd (J =10.0, 6.5)
2a 2.58-2.66 1 0.8
s — 46. H
2b 6.0 CH: 2.58-2.66 1 0.5
3 210.0 C= - - -
4 441 CH 2.58-2.66 1 0.8
5 49.5 CH 1.56-1.68 1 0.8
6 83.5 CH 4.09 1 t (J = 10.5)
7 50.3 CH 2.58-2.66 1 0.8
8a 2.09-2.12 1 0.8
E— 20. H
8b 08 CH: 1.56-1.68 1 0.5
9a 2.09-2.12 1 0.8
9b 360 CH: 1.37 1 m
10 42.0 C - - -
11 139.1 C - - -
12 116.3 C= - - -
13a 6.02 1 d (J=3.0)
B — 171.1 CH
13b ’ 551 1 d (J=3.0)
14 12.6 CHs 1.11 3 S
15 14.6 CHs 1.21 3 d(J=6.5)
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Figure S13. '"H-NMR full spectrum (A) and parts thereof (B) of compound 4 (CDsOD, 500MHz).
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Figure S14. 3C-NMR spectrum of compound 4 (CDsOD, 125MHz).
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Figure S15. gDQCOSY spectrum of compound 4 (CDsOD, 500MHz).
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Figure S16. gHSQCAD spectrum of compound 4 (CDsOD, 500MHz).
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Figure S17. gHMBCAD spectrum of compound 4 (CDsOD, 500MHz).
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Table S5. 'H and 3C NMR of compound 5 (CDsOD, 500 MHz).

No Oc Type C On H J (Hz)
1 75.5 HO-CH 353 - dd ( =12.0, 5.5)
2a 2.00-2.30 1 0.8
— = . H
2b 39.8 CH 1.67-1.33 1 0.8
3 69.1 HO-CH 4.02 1 m
4 1461 C= B R R
5 49.8 CH 151 - m
6 79.7 O-CH 418 1 t(J =10.5)
7 495 CH 261 1 m
8a 2.00-2.30 1 0.8
— 22 . H
8b 09 CH 1.67-1.33 0.8
9a 1.67-1.33 1 0.8
9b 3.6 CH: 1.67-1.33 1 0.8
10 427 C ] - -
11 139.7 C - - -
12 1714 Cc=0 B - -
13a 6.01 1 d (=3.0)
—— 1160 CH
13b ? 5.50 1 d (=30
14 10.6 CHs 0.75 3 s
15a 5.28 1 S
—2 105 -CH
15b 05.6 CH 4.93 1 s

(A)
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(B)
Figure S18. '"H-NMR full spectrum (A) and parts thereof (B) of compound 5 (CDsOD, 500MHz).
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Figure S19. gDQCOSY spectrum of compound 5 (CDsOD, 500MHz).
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Figure S20. 3C-NMR spectrum of compound 5 (CDsOD, 125MHz).
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Table S6. 'H and '3C NMR of compound 6 (CD3OD, 500 MHz).

No Oc Type C On H J (Hz)
1 76.1 HO-CH 3.42 1 dd (=12.0, 4.5)
2a 2.07 1 0.8
40. H
2b 0.3 CH 1.48 1 0.8
3 70.5 HO-CH 3.93 1 m
4 147.1 C= - - -
5 52.1 CH 1.49 1 d(=85)
6 67.7 O-CH 4.08 1 t(J =10.0)
7 50.8 CH 2.50 1 m
8a 1.74 1 0.8
26. H
8b 66 CH 1.62 1 0.8
9a 1.90 1 0.5
2 H
9b 36 CH: 1.16 1 0.8
10 415 C - - -
11 142.5 C - - -
12 167.9 Cc=0 - - -
13a 6.24 1 S
13b 1247 CH 5.72 1 s
14 10.6 CH> 0.76 3 s
15a 5.28 1 S
104. -CH
15b 04.5 CH 4.80 1 s
-OCH: 492 -OCHj 3.74 3 s
—OC}I -_.’::-:-2
14cH|[
H-132 H-13b H-132 -_ 100C
J H3| H1 H H3 i

soen 211
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'H-NMR full spectrum (A) and parts thereof (B) of compound 6 (CD3OD, 500MHz).
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Figure S22. gDQCOSY spectrum of compound 6 (CDsOD, 500MHz).
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Figure S23. 3C-NMR spectrum of compound 6 (CDsOD, 125MHz).
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Figure S24. gHSQCAD spectrum of compound 6 (CDsOD, 500MHz).
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Figure S25. gHMBCAD spectrum of compound 6 (CD:OD, 500MHz).
Table S7. 'H and '*C NMR of compound 7 (CDsOD, 500 MHz).
No Oc Type C Ou H J (Hz)
1 78.2 HO-CH 3.35 1 0.5
2a 1.56-1.73 1 0.5
27. H
2b 3 CH: 1.56-1.73 1 0.3
3a 1.56-1.73 1 0.8
3b 394 CH: 1.56-1.73 1 0.5
4 70.7 C - - -
5 55.5 CH 1.37 1 d (J=85)
6 72.8 HO-CH 4.29 1 t (J=10.5)
7 49.8 CH 2.52 1 m
8a 1.56-1.73 1 0.8
26. H
8b 68 CH: 1.56-1.73 1 0.5
9a 1.86 1 m
9 396 CH: 1.16 1 m
10 40.4 C - - -
11 142.1 C - - -
12 167.6 C=0 - - -
13a 6.25 1 S
125.4 H
13b > CH: 5.73 1 s
14 13.0 CHs 0.95 3 S
15 22.6 CHs 1.32 3 S
-OCH:s 50.8 -OCH:s 3.75 3 S
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Figure S26. '"H-NMR full spectrum (A) and parts thereof (B) of compound 7 (CDsOD, 500MHz).
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Figure S28. 3C-NMR spectrum of compound 7 (CDsOD, 125MHz).
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Figure S29. gHSQCAD spectrum of compound 7 (CDsOD, 500MHz).
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Figure S30. gHMBCAD spectrum of compound 7 (CD:OD, 500MHz).
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Table S8. 'H and 3C NMR of compound 8 (CDsOD, 500 MHz).

No Oc Type C OoH H J (Hz)
1 76.9 HO-C - - -
2 59.8 CH 3.46 1 d (=30
3 56.6 CH 3.60 1 d (J=3.0)
4 76.8 C - - -
5 156.4 C - - -
6 117.2 CH 6.78 1 S
7 154.5 - - - -
8 76.5 HO-CH 5.59 1 d (=120)
9 60.9 CH 273 1 d(J=12.0)
10 206.4 C=0 - - -
11 120.5 C - - -
12 174.5 C=0 - - -
13 7 CHs 1.90 3 S
14 29.9 CHs 2.42 3 S
15 23.3 CHs 1.48 3 S
14CH Rl
13CH s
b= 15
- 10
H-5 [
r3h Lo
H9 -
H-8 [
v J,,.JHM

—r 1T

6.67
et

Figure S31. 'TH-NMR spectrum of compound 8 (CDsOD, 500MHz).
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Figure S32. gDQCOSY spectrum of compound 8 (CDsOD, 500MHz).
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Figure S33. 3C-NMR spectrum of compound 8 (CDsOD, 125MHz).
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Figure S34. gHSQCAD spectrum of compound 8 (CDsOD, 500MHz).
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Figure S35. gHMBCAD spectrum of compound 8 (CDsOD, 500MHz).
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Table S9. 'H and *C NMR of compound 9 (CD:OD, 500 MHz).
No dc C On H J (Hz)
1 208.7 C=0 - - -
2 34.0 CH2 2.36 2 brd (J =5.0)
3 31.9 CH:2 2.64 2 brt (J=4.0)
4 171.2 C - - -
5 136.1 C - - -
6 73.6 CH 5.31 1 d (J=4.0)
7 48.5 CH 3.18 1 brs
8 68.4 HO-CH 4.27 1 m
9a 2.73 1 dd (J=16.5,9.5)
9% 459 CH: 2.57 1 dd (J=16.5, 3.0)
10 208.0 C=0 - - -
11 136.3 C - - -
12 176.6 =0 - - -
13a 6.30 1 0.5
13b 1228 CH: 5.80 1 0s
14 29.4 CHs 2.20 1 S
15 15.9 CHs 2.18 3 s
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Figure S36. '"H-NMR full spectrum (A) and parts thereof (B) of compound 9 (CDsOD, 500MHz).
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Figure S37. gDQCOSY spectrum of compound 9 (CDsOD, 500MHz).
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Figure S38. 3C-NMR spectrum of compound 9 (CDsOD, 125MHz).
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Figure S39. gHSQCAD spectrum of compound 9 (CDsOD, 500MHz).
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Table S10. 'H and 3C NMR of compound 10 (CDsOD, 500 MHz).

No Type C on H J (Hz)
1 HO-C - - -
2a 2.38 1 0.5
2b cH 1.95 1 dd (J=13.5,8.0)
3 HO-CH 3.78 1 d(J=8.0)
4 C - - -
5 C - - -
6 CH 6.74 1 s
7 C - - -
8 CH 5.57 1 d (J=12.0)
9 CH 2.61 1 d(J=120)
10 c=0 - - -
11 C - - -
12 =0 - - -
13 CHs 1.90 3 s
14 CHs 2.36 3 s
15 CHs 1.52 3 s
-OCHs CHs 3.44 3 s

-OCH i

HALO 14-CH -

15cH [

13CH i

H-6 ¥
b 100C

B | .

H-8 u H-3 ” ) § ¥

667 633 6.0C 567 5.3 500 467 433 400 367 133 3.0
en 211

Figure S40. '"H-NMR spectrum of compound 10 (CDsOD, 500MHz).
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Figure S41. gDQCOSY spectrum of compound 10 (CDsOD, 500MHz).

Table S11. 'H and *C NMR of compound 11 (CDsOD, 500MHz).

No oc C On H J (Hz)
1 35.8 C - - -
2a 1.52 1 dd (= 14.5, 2.5)
2b 46.5 CH: 1.9 1 dd ( = 14.5, 2.5)
3 65.8 CH-OH 420 1 m
4a 1.71 1 0.5
4b 5.0 CH: 2.42 1 dd (=135, 2.5)
5 87.6 C - - -
6 173.0 = - - -
7 111.9 CH 5.74 1 s
8 184.3 C=0 - - -
9 26.0 CHs 1.46 3 s
10 29.6 CHs 127 3 s
11 255 CHs 1.76 3 s
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Figure S43. gDQCOSY spectrum of compound 11 (CDsOD, 500MHz).
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Figure S44. 3C-NMR spectrum of compound 11 (CDsOD, 125MHz).

HSQCADTOXY 01
GRAN-27 X

Cl1I/CH- 1 & @

"
C-9/CH:-9

-

60 53 56 54 52 SO 48 48 44 42 40 38 38 34 D2 30 28 24 24 22 W0 18 s M 2 W0
12 (porm)

Figure S45. gHSQCAD spectrum of compound 11 (CDsOD, 500MHz).
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Figure S46. gHMBCAD spectrum of compound 11 (CDs:OD, 500MHz).

Table S12. 'H NMR of compound 12 (CDsOD, 500 MHz).

No on H J (Hz)
1 - - -
2 - - -
3 6.46 1 s
4 - - -
5 - - -
6 6.05 1 d(J=2.0)
7 - - -
8 6.26 1 d (J=2.0)
9 - - -
10 - - -
1’ - - -
2 7.80 1 d (] =85)
3 6.88 1 d (] =85)
4' - - -
5 6.88 1 d (J=85)

6 7.80 1 d (J=85)
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Figure S47. '"H-NMR spectrum of compound 12 (CDsOD, 500MHz).

Table S13. 'TH NMR of compound 13 (CDsOD, 500 MHz).

No Oou H J (Hz)

1 - - -

2 - - -

3 6.51 1 S

4 - - -

5 - - -

6 6.19 1 S

7 - - -

8 6.42 1 S

9 - - -
10 - - -

1’ - - -

2! 7.37 1 0.8
3 - -

4' - - -

5’ 6.90 d (J=8.5)
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Figure S48. '"H-NMR spectrum of compound 13 (CDsOD, 500MHz).

Table S14. 'H NMR of compound 14 (CDsOD, 500 MHz).

No On H J (Hz)
1 _ R _
) - - -
3 _ R _
4 R _ _
5 _ - _
6 } - ;
7 R _ _
8 6.47 1 S
9 - - -
10 - - -
1’ R _ _
2' 7.63 1 brs
3/ _ R _
4 R _ _
5 6.92 1 d (J=14.0)
6’ 7.55 1 d (J=14.0)
-OCHs 3.90 3 S
-OCHs 3.80 3 S
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Figure 549. 'H-NMR spectrum of compound 14 (CDsOD, 500MHz).
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Table S15. 'H NMR of compound 15 (CDsOD, 500 MHz).

No On H J (Hz)

1 - - -

2 - - -

3 6.66 1 S

4 - - -

5 R - -

6 6.50 1 S

7 - - -

8 6.82 1 S

9 - - -

10 - - -

1’ - - -

2' 7.89 1 d (J=8.5)
3 6.93 1 d (J=8.5)
4 - - -

5’ 6.93 1 d (J=8.5)
6' 7.89 1 d (J=8.5)
1" 5.07 1 d (J=8.5)
2" 3.48 1 0.8

3" 0.8 1 0.5

4" 0.8 1 0.s

5" 3.53 1 0.8
6"a 3.72 1 dd (J=12.5,5.5)
6"b 3.54 1 dd (J=12.5,7.0)
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Figure S50. 'H-NMR spectrum of compound 15 (CDsOD, 500MHz).
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Figure S51. gDQCOSY spectrum of compound 15 (CDsOD, 500MHz).
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Table S16. 'H NMR of compound 16 (CDsOD, 500 MHz).

No On H J (Hz)

1 - - -

2 - - -

3 6.77 1 S

4 - - -

5 R - -

6 6.48 1 S

7 - - -

8 6.57 1 S

9 - - -

10 - - -

1’ - - -

2 7.40 1 0.8

3 - -

4 - - -

5’ 6.88 1 d (J=8.5)
6' 7.38 1 0.5

1" 5.06 1 d(J=7.0)
2" 3.16-3.64 1 0.8

3" 3.16-3.64 1 0.8

4" 3.16-3.64 1 0.8

5" 3.16-3.64 1 0.8
6"a 3.93 1 dd (J=12.5,1.5)
6"b 3.72 1 dd (J=12.5,5.5)
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Figure S52. '"H-NMR spectrum of compound 16 (CDsOD, 500MHz).



