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General Experimental Procedures

NMR spectra were recorded on Varian Inova 600 and Varian Inova 500 spectrometers at
298 K. Chemical shifts were determined relative to the solvent as internal standard (CDCl;
o0y 7.25, oc 77.0; CD;0D &y 3.30, oc 49.0). Optical rotation values were measured with a
Perkin-Elmer 241 polarimeter. UV and CD spectra were obtained in methanol on a Varian
Cary 3E spectrometer and Jasco J-500 spectrometer respectively. Infrared spectra were
recorded on a Perkin-Elmer FTIR 1600 spectrometer as KBr pellets. ESIMS spectra were
obtained on Finnigan LC-Q and high resolution ESIMS spectra on Bruker Apex-Q III (field
strength 7 Tesla). TLC was done with silica gel 60 F,s4 plates (Merck, 0.2 mm). Amino acid
analysis was carried out on an Agilent 1100 HPLC system coupled with a Micromass LCT
mass spectrometer in positive and negative ESI mode, using a Water Symmetry C18 column
(3.5 um, 150 x 2.1 mm) and a linear gradient from 5-40% MeCN (0.1% HCOOH, flow rate

0.5 mL/min) in 40 min.

Chiral Amino Acid Analysis

The absolute configuration of the valine, threonine, and sarcosine residues was determined
according to Marfey’s method.! 1.0 mg of 1 was hydrolyzed in 6 N HCI (500 pL) for 20 h at
RT. After drying under argon flow the residue was resolved in 200 pL of acetone/H,O (1:1).
FDAA solution (1-fluoro-2,4-dinitrophenyl-5-L-alanine-amide, 100 puL, 1% in acetone) and
Na,COs (20 uL, 1M) were added and the mixture incubated for 1 h at 40 °C. After cooling to
rt, 10 uL of 2 N HCI were added and the solution directly applied to HPLC-MS as described

above.
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Figure S1: Isolation scheme for actinomycins Y; — Ys (1 —5) from4 L

fermentation broth
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Figure S2: Selected details of important spectroscopic data

Comparison of important HMBC correlations in the B-rings of actinomycins Y; (1) and Y3 (3).
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Figure S3: Structural formulae of actinomycins D, G,, G; and G5
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Table S1: HMO02 cell cycle investigation with actinomycin Y,

Cell cycle investigation with HMO2 cells (% cells in the specified cell phase * standard deviation;

concentration of test compounds 5 ng/mL).

Cell phase Sub G1 G0/G1 S G2/M
(apoptose)

Control 3613 545+£35 19.710.8 2155

Actinomycin D 6.0+34 54.0+6.5 10.0£ 1.6 29.2+8.5

Actinomycin Y, (1) 1.7+£0.3 52515 13.9+£1.0 31.0+£2.0

Table S2: Antiparasitic bioactivity of Y-type actinomycins
Antiparasitic bioactivity of actinomycins Y; (1) and Y3 (3) compared with reference drugs.

IC-50 values are given in pg/mL. No antiparasitic activity was found for compound 6.

Parasite T. b. rhod. T. cruzi L. donovani | P. falciparum
Reference drug g 0.003 0.305 0.343 0.062
Actinomycin Y; (1) | 0.001 dnp 0.097 0.0001
Actinomycin Y3 (3) | 4.96 >30 >30 1.28

*) Melarsoprol (T. b. rhodesiense), benznidazole (T. cruzi), miltefosine (L. donovani), and chloroquine (P.
falciparum), respectively.
**) determination not possible due to cytotoxicity on macrophage cells.
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Table S3: Overview on naturally occurring actinomycins

a-ring

| p-ring

(1) Actinomycin D as core structure

Actinomycin D |

Thr-D-Val-Pro-Sar-MeVal

| Thr-D-Val-Pro-Sar-MeVal

(2) N-demethyl actinomycins”’

Actinomycin Dy

Thr-D-Val-Pro-Sar-MeVal

Thr-D-Val-Pro-Gly-MeVal

N,N'-Didemethy]l-
actinomycin D

Thr-D-Val-Pro-Gly-MeVal

Thr-D-Val-Pro-Gly-MeVal

(2) C-type actinomycins

76

Actinomycin C,

Thr-D-Val-Pro-Sar-MeVal

Thr-D-alle-Pro-Sar-MeVal

Actinomycin C,,

Thr-D-alle-Pro-Sar-MeVal

Thr-D-Val-Pro-Sar-MeVal

Actinomycin C;

Thr-D-alle-Pro-Sar-MeVal

Thr-D-alle-Pro-Sar-MeVal

(3) F-type actinomycins

7-9

Actinomycin Fg

Thr-D-Val-Sar-Sar-MeVal

Thr-D-Val-Sar-Sar-MeVal

Actinomycin Fo?

Thr-D-Val-Sar-Sar-MeVal
Thr-D-Val-Pro-Sar-MeVal

Thr-D-Val-Pro-Sar-MeVal
Thr-D-Val-Sar-Sar-MeVal

(4) X-type actinomycins

10-13

Actinomycin X,

Thr-D-Val-Sar-Sar-MeVal

Thr-D-Val-Hyp-Sar-MeVal

Actinomycin Xop

Thr-D-Val-Pro-Sar-MeVal

Thr-D-Val-Hyp-Sar-MeVal

Actinomycin Xo3

Thr-D-Val-Pro-Sar-MeVal

Thr-D-Val-aHyp-Sar-MeVal

Actinomycin X,

Thr-D-Val-Sar-Sar-MeVal

Thr-D-Val-OPro-Sar-MeVal

Actinomycin X,

Thr-D-Val-Pro-Sar-MeVal

Thr-D-Val-OPro-Sar-MeVal

(5) Z-type actinomycins

14

Actinomycin Z,

Thr-D-Val-HMPro-Sar-MeVal

HThr-D-Val-MOPro-Sar-MeAla

Actinomycin Z,

Thr-D-Val-HMPro-Sar-MeVal

Thr-D-Val-MOPro-Sar-MeAla

Actinomycin Z;

Thr-D-Val-HMPro-Sar-MeVal

CIThr-D-Val-MOPro-Sar-MeAla

Actinomycin Z

Thr-D-Val-MPro-Sar-MeVal

Thr-D-Val-MOPro-Sar-MeAla

Actinomycin Zs

Thr-D-Val-MPro-Sar-MeVal

CIThr-D-Val-MOPro-Sar-MeAla

Actinomycin ZP">"

Thr-D-Val-MPro-Sar-MeVal

Thr-D-Val-MPro-Sar-MeVal

(6) G-type actinomycins

16, 17

Actinomycin G,

Thr-D-Val-Pro-Sar-MeVal

HThr-D-Val-HMPro-Sar-MeAla

Actinomycin G,

Thr-D-Val-HMPro-Sar-MeVal

CIThr-D-Val-Pro-Sar-MeAla

Actinomycin Gs;

Thr-D-Val-HMPro-Sar-MeVal

HThr-D-Val-Pro-Sar-MeAla

Actinomycin Gy

Thr-D-Val-HMPro-Sar-MeVal

Thr-D-Val-Pro-Sar-MeAla

Actinomycin Gs

Thr-D-Val-HMPro-Sar-MeVal

cHThr-D-Val-Pro-Sar-MeAla

Actinomycin Gg

Thr-D-Val-HMPro-Sar-MeVal

rHThr-D-Val-Pro-Sar-MeAla

(7) novel Y-type actinomycins

Actinomycin Y, (1)

Thr-D-Val-HMPro-Sar-MeVal

CIThr-D-Val-OPro-Sar-MeAla

Actinomycin Y, (2)

Thr-D-Val-HMPro-Sar-MeVal

CIThr-D-Val-Hyp-Sar-MeAla

Actinomycin Y3 (3)

Thr-D-Val-HMPro-Sar-MeVal

rHThr-D-Val-OPro-Sar-MeAla

Actinomycin Yy (4)

Thr-D-Val-HMPro-Sar-MeVal

rHThr-D-Val-Hyp-Sar-MeAla

Actinomycin Y5 (5)

Thr-D-Val-HMPro-Sar-MeVal

c¢Thr-D-Val-OPro-Sar-MeAla

Differences to actinomycin D are shown in bold letters. All amino acids are L-configurated except when indicated otherwise.
Abbreviations: MeVal = N-methylvaline, MeAla = N-methyl-L-alanine, alle = allo-isoleucine, Sar = sarcosine, MPro = cis-5-
methylproline, HMPro = trans-3-hydroxy-cis-5-methylproline, Hyp = trans-4-hydroxyproline, OPro = 4-oxoproline, MOPro
= cis-5-methyl-4-oxoproline, aHyp = cis-4-hydroxyproline, HThr = 4-hydroxythreonine, C1Thr = 4-chlorothreonine,
cThr/cHThr = cyclic Thr or HThr, i.e. forming an additional ring closure to the chromophore, rHThr = rearrangement of the
HThr (B-ring) connectivities.

a) Actinomycin F, consists of two isomers, which are also known as actinomycin III and IITA =X, (sarcosine in £ or ¢g-ring,
respectively)'®. Fy to F; were obtained by precursor-directed biosynthesis, exhibiting an additional variation at position 2’
with alle.

b) Actinomycin ZP was isolated as the monomeric chromo-pentapeptidolactone protactin and was converted
semisynthetically to actinomycin ZP by ferricyanide oxidation."®

Page 6/22



Table S4: Overview on actinomycins derived by precursor-directed

S) OH

[-ring
Thr-D-alle-Pro-Sar-Melle
Thr-D-alle-Pro-Sar-Melle

biosynthesis
Feeding of L-isoleucine: 19.20
a-ring
Actinomycin E; Thr-D-alle-Pro-Sar-MeVal
Actinomycin E; Thr-D-alle-Pro-Sar-Melle
(Melle = N-methyl-L-isoleucine, D-alle = D-allo-isoleucine)
Feeding of L-leucine and L-isoleucine: @)
OH
NH,
Actinomycin Ays®! Thr-D-Leu-Pro-Sar-MeVal
Actinomycin Aye, Thr-D-alle-Pro-Sar-MeVal
Actinomycin Au6b22 Thr-D-Leu-Pro-Sar-MeVal
Actinomycin Ay7, Thr-D-Leu-Pro-Sar-MeVal
Actinomycin Au7b23. Thr-D-Val-Pro-Sar-MeVal

-0

(S) OH

Thr-D-Leu-Pro-Sar-MeVal
Thr-D-Leu-Pro-Sar-MeVal
Thr-D-alle-Pro-Sar-MeVal
Thr-D-Val-Pro-Sar-MeVal
Thr-D-Leu-Pro-Sar-MeVal

Remark: Actinomycin Auy, was also found to occur naturally and named actinomycin Cs,, but results were not

published. **.

Feeding of sarcosine:®

Actinomycin F; Thr-D-Val-Sar-Sar-MeVal
Actinomycin F, Thr-D-Val-Pro-Sar-MeVal
Actinomycin F3 Thr-D-alle-Sar-Sar-MeVal
Actinomycin F4 Thr-D-alle-Pro-Sar-MeVal

O

Az,

—NH

Thr-D-alle-Sar-Sar-MeVal
Thr-D-alle-Sar-Sar-MeVal
Thr-D-alle-Sar-Sar-MeVal
Thr-D-alle-Sar-Sar-MeVal

Remark: The chemical structures of Fy, Fs, F¢ and F; are either not known or not published.

Feeding of (4R)- and (4S)-4-methyl- L -proline:25

cis-4-methyl-L-proline:

Actinomycin K Thr-D-Val-Pro-Sar-MeVal
Actinomycin Ky, Thr-D-Val-MPro-Sar-MeVal
trans-4-methyl-1 -proline:

Actinomycin K Thr-D-Val-Pro-Sar-MeVal
Actinomycin Ky Thr-D-Val-MPro-Sar-MeVal
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Feeding of (4R)- and (45)-4-chloro-L-proline:* O

cl OH

. | NH
cis-4-chloro-L-proline:
no trivial name (*) Thr-D-Val-Pro-Sar-MeVal Thr-D-Val-CIPro-Sar-MeVal
no trivial name Thr-D-Val-CIPro-Sar-MeVal Thr-D-Val-CIPro-Sar-MeVal
trans-4-chloro-L-proline:
no trivial name (*) Thr-D-Val-Pro-Sar-MeVal Thr-D-Val-CIPro-Sar-MeVal
Feeding of pipecolid acid:"’
eeding of pipecolid aci 0 0
HO O
OH OH OH
NH NH NH
Pipecolid acid (Pip) 4-Hydroxy- (HPip) 4-Oxo- (OPip)

Actinomycin Pip 1, (*) Thr-D-Val-Pip-Sar-MeVal Thr-D-Val-OPip-Sar-MeVal
Actinomycin Pip 1 (*) Thr-D-Val-Pip-Sar-MeVal Thr-D-Val-Pro-Sar-MeVal
Actinomycin Pip 1, (*) Thr-D-Val-Pip-Sar-MeVal Thr-D-Val-HPip-Sar-MeVal
Actinomycin Pip 15 (*) Thr-D-Val-Pro-Sar-MeVal Thr-D-Val-OPip-Sar-MeVal
Actinomycin Pip 1 (*) Thr-D-Val-Pro-Sar-MeVal Thr-D-Val-HPip-Sar-MeVal
Actinomycin Pip 2 (*) Thr-D-Val-Pip-Sar-MeVal Thr-D-Val-Pip-Sar-MeVal
Feeding of thiazolidin-4-carboxylic acid:*® 0
Incorporation of thiazolidin-4-carboxylic acid into two novel
actinomycins was proven by *>S-isotopic labelling experiments. The S OH
structure of the compounds was not elucidated. Presumably and \__NH

analogous to the azetomycins, thiazolidine-4-carboxylic acid is expected
to provoke both single and double incorporation.

29, 30

Feeding of azetidin-2-carboxylic acid: 0
OH
NH
Azetomycin I (*) Thr-D-Val-Pro-Sar-MeVal Thr-D-Val-AzC-Sar-MeVal
Azetomycin II Thr-D-Val-AzC-Sar-MeVal Thr-D-Val-AzC-Sar-MeVal

(*) the marked compounds were not investigated wether incorporation was in the o- or B-ring. Presumably, the
compounds were mixtures of both possibilies.
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Table S5. NMR data of actinomycin Y, (2) 'H: 600 MHz, "°C: see footnote*, CD;OD

Pentapeptidolactones
a-ring  pos. o oy J[Hz] p-ring  pos. o oy J[Hz]
Thr 1 1703 - - ClThr 1 169.7 - -
2 564 4.63 d,2.9 2 540 536 d
3 754 527 qd, 6.3,3.0 3 723 515 m
4 17.1  1.31 d,6.3 4 43.0 385 m
390 m
D-Val 1 1753 - - D-Val 1 1715 - -
2 58.7 3.76 d,9.5 2 60.4 3.52 d,10.1
3 330 209 m 3 328 211 m
4 194 1.13 d,6.7 4 196 0.88 d,6.9
5 194 090 d,6.9 5 193 1.11 d,6.7
HMPro 1 1696 - - Hyp 1 1733 - -
2 69.2 624 s 2 580 6.12 d,93
3 76.6 411 m 3 396 205 m
4 41.7 2.01 m 2.86 m
229 m 4 68.8 4.69 m
5 551 499 m 5 544 3.68 dd,11.8,7.8
6 190 1.49 d,6.0 3.87 dd, 11.6,4.9
Sar 1 1684 - - Sar 1 168.7 - -
2 526 4.04 d,17.7 2 523 394 d,17.9
472 d,18.0 479 d,17.7
NMe 352 286 s NMe 352 284 s
MeVal 1 1700 - - MeAla 1 1712 - -
2 719 3.00 d,9.3 2 60.6 3.61 q,6.8
3 283 258 m 3 133 1.30 d,6.9
4 214 098 d,6.6 NMe 366 294 s
5 19.1 0.79 d,6.9
NMe 399 3.00 s
Chromophore

81222 (s, 3H, 12-Hs), 2.56 (s, 3H, 11-Hs), 7.43 (d, J= 7.7 Hz, 1H, 7-H), 7.49 (d, J= 7.6 Hz, 1H,

8-H).

oc 7.4 (CH;, C-12), 14.6 (CH;, C-11), 113.7 (C, C-4), 126.1 (CH, C-8), 128.2 (C, C-6), 130.7 (C,
C-9a), 131.6 (CH, C-7), 133.2 (C, C-9), 141.2 (C, C-5a), 146.2 (C, C-4a), 168.8 (C, C-13), 169.1 (C,
C-14), 179.8 (C, C-3). C-1, C-2, and C-10a were not obtainable from HSQC/HMBC data.”

* Due to only low amount, *C chemical shifts were obtained from HSQC and HMBC experiments instead of recording

a 1D C NMR spectrum.

Page 9 /22



Electronic Supplementary Information:

J. Bitzer, M. Streibel, H.-J. Langer, S. Grond - First Y-Type Actinomycins from [...]

Table S6. NMR data of actinomycin Y3 (3)

'H: 600 MHz, 1*C: 150.8 MHz, CD;0D

Pentapeptidolactones
a-ring  pos. oc oy J[Hz] p-ring  pos. o oy J[Hz]
Thr 1 1713 - - HThr 1 1715 - -
2 57.8 5.09 d,2.5 2 555 4.68 d,2.5
3 74.1 536 qd, 6.5,2.5 3 68.9 4.57 ddd,8.0,6.0,2.5
4 177 142 d,6.0 4 66.9 4.14 dd, 11.0, 8.0
4.33 dd, 11.0,6.0
D-Val 1 1744 - - D-Val 1 1724 - -
2 59.8 3.55 d,9.8 2 59.1 4.27 d,9.5
3 32.5 2.03 dhept, 10.0,6.5 3 30.1 2.14 dhept, 10.0,6.5
4 19.8 1.05 d,6.5 4 19.8 092 d,6.5
5 19.7 0.84 d,6.5 5 18.8 091 d,6.5
HMPro 1 1736 - - OPro 1 1746 - -
2 674 6.21 s 2 544 554 dd,9.0,1.0
3 759 424 m 3 40.1 244 m
4 409 1.88 ddd,12.5,7.5,5.0 4.0l m
1.97 ddd, 12.5,7.0,4.0 4 2099 - -
5 546 432 m 5 544 4.03 d,18.0
6 193 1.33 d,6.0 4.28 d,18.0
Sar 1 1688 - — Sar 1 1729 - -
2 53.1 4.03 d,18.0 2 51.8 3.39 d,15.0
5.02 d,18.0 471 d,15.0
NMe 358 288 s NMe 389 3.38 s
MeVal 1 1701 - - MeAla 1 1742 - -
2 719 3.16 d,9.5 2 559 495 q,7.0
3 28.2 2.64 dhept,9.5,6.5 3 152 142 d,75
4 220 1.05 d,6.5 NMe 319 3.11 s
5 194 0.84 d,6.5
NMe 393 3.04 s
Chromophore

81 2.15 (s, 3H, 12-Hs), 2.51 (s, 3H, 11-Hs), 7.39 (d, J= 7.5 Hz, 1H, 7-H), 7.78 (d, J= 7.5 Hz,

1H, 8-H).

8 7.9 (CHs, C-12), 15.1 (CHs, C-11), 98.4 (C, C-1), 114.5 (C, C-4), 126.8 (CH, C-8), 130.2 (C,
C-9), 130.3 (C, C-6), 131.1 (CH, C-7), 132.0 (C, C-9a), 141.9 (C, C-5a), 147.1 (C, C-10a), 147.4

(C, C-4a), 150.4 (C, C-2), 167.9 (C, C-14), 168.7 (C, C-13), 179.7 (C, C-3).
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Table S7. NMR data of actinomycin Y4 (4)

'H: 600 MHz, 1*C: 150.8 MHz, CD;0D

Pentapeptidolactones
a-ring  pos. oc oy J[Hz] p-ring  pos. oc oy J[Hz]
Thr 1 | T HThr | 717 - =
2 581 499 d,2.0 2 548 4.72 d,3.5
3 74.0 535 qd,7.0,2.0 3 70.2 433 m
4 179 146 d,7.0 4 67.0 425 dd,11.0,8.5
451 m
D-Val 1 1743 - - D-Val 1 1723 - -
2 59.9 354 d,10.0 2 59.1 436 d,11.0
3 325 204 m 3 304 2.09 m
4 198 1.04 d,6.5 4 197 092 d,6.5
5 195 0.84 d,6.5 5 19.1 093 d,6.5
HMPro 1 1735 - - Hyp 1 1754 - -
2 67.5 623 s 2 56.7 5.05 t,80
3 75.8 420 m 3 375 200 m
4 409 188 m 224 m
195 m 4 71.6 451 m
5 546 431 m 5 573 3.62 d,11.0
6 192 133 d,6.5 398 dd, 11.0,4.0
Sar 1 1688 - - Sar 1 1723 - -
2 53.1 4.00 d,18.0 2 51.8 336 m
499 d,18.0 4.57 d,14.5
NMe 358 286 s NMe 3890 334 s
MeVal 1 1700 - - MeAla 1 17377 - -
2 719 3.18 m 2 543 532 q,7.0
3 282 2.66 m 3 146 141 d,7.0
4 222 1.09 d,6.5 NMe 322 3.1 s
5 196 0.85 d,6.5
NMe 393 3.0l s
Chromophore

87217 (s, 3H, 12-Hs), 2.51 (s, 3H, 11-Hs), 7.40 (d, J = 7.5 Hz, 1H, 7-H), 7.81 (d, J= 7.5 Hz, 1H,

8-H).

8 7.9 (CHs, C-12), 14.6 (CHs, C-11), 98.6 (C, C-1), 114.6 (C, C-4), 127.0 (CH, C-8), 129.8 (C, C-9),
130.4 (C, C-6), 131.1 (CH, C-7), 132.0 (C, C-9a), 141.9 (C, C-5a), 147.3 (C, C-4a), 147.3 (C, C-10a),
149.9 (C, C-2), 167.3 (C, C-14), 168.6 (C, C-13), 179.7 (C, C-3).
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Table S8. NMR data of actinomycin Ys (5) 'H: 600 MHz, '*C: 150.8 MHz, CD;0D

Pentapeptidolactone Cyclopentapeptide
a-ring  pos. o oy J[Hz] p-ring  pos. o oy J[Hz]
Thr 1 170.5 - - HThr 1 1690 - -
2 564 483 m 2 547 522 m
3 74.5 533 qd, 6.0,2.3 3 70.1 5.04 m
4 163 126 d,6.0 4 453 278 m
3.10 m
D-Val 1 1740 - - D-Val 1 1724 - -
2 604 371 m 2 57.8 4.05 d,10.7
3 33.0 2.04 m 3 324 222 m
4 194 1.09 d,6.8 4 19.6 0.89 d,6.9
5 192 091 d,6.9 5 18.8 1.18 d,6.9
HMPro 1 1724 - - OPro 1 1749 - -
2 69.1 630 s 2 57.1 5.64 m
3 747 427 m 3 403 233 m
4 40.6 192 m 392 m
1.96 m 4 2095 - -
5 552 424 m 5 53.8 389 d,19.2
6 18.6 145 d,6.0 443 d,19.2
Sar 1 168.1 - - Sar 1 1695 - -
2 52.6 4.05 d,18.0 2 52.5 4.00 d,18.0
481 d,18.0 4.69 d,18.0
NMe 352 288 s NMe 352 288 s
MeVal 1 1699 - - MeAla 1 1705 - -
2 71.8 3.07 m 2 60.8 3.60 q,7.0
3 280 2.60 m 3 13.5 142 d,6.5
4 215 099 d,6.5 NMe 369 294 s
5 19.1 0.80 d,6.5
NMe 393 3.03 s
Chromophore

87221 (s, 3H, 12-Hs), 2.54 (s, 3H, 11-Hs), 7.43 (d, J = 7.5 Hz, 1H, 8-H), 7.44 (d, J= 7.5 Hz, 1H,
7-H).

8 7.9 (CHs, C-12), 15.0 (CHs, C-11), 102.6 (C, C-1), 115.4 (C, C-4), 127.0 (CH, C-8), 128.7 (C,
C-6), 130.2 (C, C-9), 131.6 (CH, C-7), 132.2 (C, C-9a), 141.4 (C, C-5a), 145.0 (C, C-4a), 147.1 (C,
C-10a), 151.2 (C, C-2), 167.9 (C, C-13), 174.9 (C, C-14), 178.5 (C, C-3).
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Figure S4: 'H NMR spectrum of actinomycin Y; (1) (CDCl;, 600 MHz).
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Figure S5: °C NMR spectrum of actinomycin Y (1) (CDCls, 150 MHz).
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Figure $6: '"H NMR spectrum of actinomycin Y, (2) (CDs0OD, 600 MHz).
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Figure $7: "H NMR spectrum of actinomycin Y3 (3) (CDsOD, 600 MHz).
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Figure $8: °C NMR spectrum of actinomycin Y3 (3) (CD;0D, 150 MHz).
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Figure S9: 'H NMR spectrum of actinomycin Y4 (4) (CD;OD, 600 MHz).
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Figure S10: 3C NMR spectrum of actinomycin Y4 (4) (CDs;OD, 150 MHz).
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Figure S11: 'HNMR spectrum of actinomycin Ys (5) (CD;OD, 600 MHz).
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Figure S12: 3C NMR spectrum of actinomycin Ys (5) (CDs;OD, 150 MHz).
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