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Piltunines A-F from the marine-derived fungus Penicillium
piltunense KMM 4668

Six new carotane sesquiterpenoids piltunines A—F (1-6) together with known compounds (7-9)
were isolated from the marine-derived fungus Penicillium piltunense KMM 4668. Their structures
were established using spectroscopic methods. The absolute configurations of 1-7 were determined
based on CD and NOESY data as well as biogenetic considerations. The cytotoxic activity of some
of the isolated compounds and their effects on regulation of ROS and NO production in
lipopolysaccharide-stimulated macrophages were examined.
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Experimental Section

Table S1. NMR Data for compounds 1a and 7

Position la2 7v
13C (5C) 'H (dH, ] in Hz) HMBC 13C (dc) H (0w, | in Hz) HMBC
1 36.1 CH2 a:2.06d (13.5) 3,6,7,13 37.6 CH2 a:2.03d (13.2) 2,3,6,7,13
B:2.20dd (6.9, 12.5) 2,3,6,7,8,12 B:2.25dd (8.1,13.2) 2,3,6,7,8
2 84.7 CH 4.18d (9.1) 3,4,7,13 82.6 CH 425m 3,4,7,13
3 78.4 C 77.6 C
4 33.2 CH2 o:1.49 m 3,5,12 33.7 CH2 o 1.41td (1.0, 13.1) 3,5,6,12
B:2.37m 2,3,5,6,12 B:2.41dd (7.5,14.3) 2,3,5,6
5 23.1 CH2 a:244d (7.6) 4,6,7,10 18.1 CH2 a:1.50m 4,6,7,10
:1.80 m 3,4,6,7 B:1.81 m 3
6 55.8 CH 2.35d (7.5) 1,4,5,8,13 56.8 CH 1.71m 4,5,9,10,13
7 52.5C 51.1C
8 34.2 CH2 a:1.71dd (8.1, 12.5 1,7,9 32.0 CH2 a:1.85dd (3.5, 10.5) 1,6,7,13
B:1.52t(5.1) 6,7,9,10,13 B:1.68 m 1,6,7,9,13
9 31.3 CH2 a:247d (7.8) 7,10 38.5 CH2 a:212m 6,7,8,10,11
B:212m B:1.65m 6,7,8 11
10 140.0 C 845C
11 1279 C 1488 C
12 1759 C 176.7 C
13 75.9 CH2 a: 3,38 dd (1.4, 8.5) 3,6,7,8 75.0 CH2 a:3.41d (8.0) 6,7,8
b:3.77 d (8) 1,2,6,7 b:4.67d (8.1) 1,6,7,8
14 66.1 CH2 a:4.00d (11.1) 10,11, 14 18.9 CHs 1.78s 10,11, 15
b:4.09d (11.0)
15 16.6 CHs 1.84 brs 10,11, 15 109.3 CH2 a:4.87 t (1.5) 10,11, 14
b: 5.01 brs
16 52.5 CHs 3.79s 12 37.6 CH2

aChemical shifts were measured at 500.13 Hz and 125.77 Hz in CD3sOD.? Chemical shifts were measured at 500.13 Hz and

125.77 Hz in mixture CDsOD+CDCls.




Table S2.NMR data for piltunines A-C (1-3) =.

Position 1 2 3
13C (3C) 'H (3H, J in Hz) HMBC NOESY 13C (d¢) 'H (du, ] in Hz) HMBC NOESY 13C (3C) 'H (3H, J in Hz) HMBC NOESY
1 37.4 CH; a:2.05d (13.1) 2,6,7,13 6 37.3CHz a:2.05d (14.1) 3,6,7,13 40, 6,80 | 34.3CH2 a: 1.89d (13.0) 3,6,7,13 4a, 6, 8ax
B:2.19.dd (8.6, 2,3,6,7,812 | 2,83 13a B:2.19d(8.2) 2,3,6,7,8 2,8p, 13a p:2.28 dd (8.7, 13.0) 2,3,7,8 2,88
13.3)
2 85.5 CH 4.32d (8.5) 1,3,4,12,13 1B 85.5 CH 4.32d(8.1) 3,4,7,13 1B 84.1 CH 4.40d (8.5) 3,4,7,13 1B
3 80.0 C 79.9C 78.9C
4 35.7 CH2 oz 143 t (12.0) 3,5,6 6 35.6 CHz a: 143t (11.0) 1o, 6 35.6 CH o142t (12.3) 3,6 1la, 6
p:2.44m 2,3,56,12 p:2.44m 2,5,6,7 15 p:243m 2,3,6 15
5 25.0 CH:> 2.44m 3,4,6,7 15 25.0 CHz a:243m 3,67 15 25.3 CHz o: 240 m 3,4 13
3,7 13b B:1.73m 7 13b B: 171 dd (14.0, 12.6) 3,7 15
6 57.6 CH 2.37 brd (11.6) 5,9 1o, 4o, 8, | 57.7 CH 2.39d (12.0) 1a, 40, 8a, | 58.1 CH 2.31d (14.0) 4
15 15
7 544 C 545C 585C
8 35.9 CH2 a:1.71m 1,6,7,9,13 35.7 CHz a:1.74m 7,9 4,6,13 319CHz | a:146dd(3.1,122) | 1,7,9,13 1a, 6
B: 1.53dd (7.2,12.1) | 5,6,7,9,10,13 B:1.54dd (8.1,12.0) | 6,7,9,10,13 B:1.94dd (7.1,12.2) 6,10, 13 18
9 32.6 CHz a: 247 m 6,7,8,10,11 14a,b 328CHz | a:249dd (9.1,17.2) 6,7,8 14a,b 32.6 CHz a:224m 14
B:2.11m B:2.17m 7,10 13b, 14a,b B:221m 13, 14
10 1413C 1445C 1374C
11 129.7C 125.2C 1248C
12 1784 C 1784 C 1784C
13 77.0CHz | a:3.37dd (14, 8.3) 6,7,8 13,83,98 | 77.0CHz2 | a:3.38dd (1.0,8.1) 6,8 1B, 8B 101.1CH 474 1,2,6,7 58, 9B
b:3.73d (8.1) 1,2,6,7 5B, 9B b:3.71d (8.1)
1,2,6,7 58, 9B
14 66.5 CH2 a:3.92d (11.8) 10,11, 15 9at 69.4 CH2 a:4.48 d (12.0) 10,11,15,16 | 9a,B, 15 24.3 CHs 1.62s 10,11, 15 9a,B, 15
b: 4.01d (11.8) 10,11, 15 9a b:4.52d (12.1) 10,11,15,16 | 9a,B, 15
15 17.3 CHs 1.81 brs 10,11 14 5a, 6 17.5 CH3s 1.78 drs 10,11, 14 4B,50,6 | 21.4 CHa3 1.74 brs 10,11,14 | 4B, 5a, 6,14
16 1736 C
17 21.4 CHs 2.03s 14, 16 9B, 15

aChemical shifts were measured at 700.13 Hz and 176.04 Hz in CDsOD.




Table S3.NMR data for piltunines D-F (4-6) °

Position 4 5 6
13C (5C) 'H (3H, J in Hz) HMBC NOESY 13C (30) H (dn, ] in Hz) HMBC NOESY 13C (3C) 'H (3H, J in Hz) HMBC NOESY
1 36.9 CH2 a:2.16d (13.1) 6,7,13 40, 6 36.3 CH2 a:2.19d (13.5) 2,3,6,7,13 13a 39.1CH:2 a:2.32d (13.4) 3,6,7,13 4o
:2.21dd(8.1,13.0) | 2,3,6,7,8 2,83 B:2.24d (8.8) 2,3,6,7,13 4a, 6, 8at B:2.07dd(83,134) | 336,738 8a, 13a
2 85.6 CH 4.33d(8.5) 1,37 1B 85.7 CH 4.36d (8.4) 1,3,4,712,13 1o, 85.0 CH 4.42d (8.4) 4,7,12,13 1o,
3 80.0C 80.0 C 78.6 C
4 36.7 CH2 a:1.37 m 6 6 36.4 CH2 a: 1.39 t (14.0) 3,5,6,12 1ot 32.6 CH2 oz 146 ddd (14.7, 2,3,5,6 1o
B:2.46 m 2,3,12 B: 2.48 dd (8.0, 14.0) 2,3,5,6,12 104, 1.5) 3,5,6,12 13b
B:2.26 dd (10.3, 14.6)
5 23.5 CH2 a:2.37dd (7.9, 14,15 21.8 CH2 a:2.61m 6,7,10 23.3CH2 a:3.12.ddd (15.6, 3,6
14.5) 3 13b P: 1.64 q (13.0) 3,4,6,7 13b 9.8,1.6) 3 13b
B: 1.88 q (14.5) B:2.74 ddd (15.9,
10.4,1.7)
6 60.4 CH 2.59d (12.0) 1o, 4ax, 14, 58.7 CH 2.70d (13.0) 1,7,9 la, 8 162.7C
15
7 56.0C 555C 60.5C
8 40.4 CHz a:2.48 m 1,10 la 409CHz | a:2.26dd (2.6,14.0) | 1,6,7,9,10,13 1ot 33.4 CH2 a:1.96 m 1,6,7,9,10, 1B
B:2.06 dd (2.8,15.6) | 6,7,9,10, 1B, 13a B:2.62m 1,6,7,9,10, B: 1.89m 13 13a
13 11,13 1,6,7,9,10,
13
9 129.7 5.68dd (2.8,5.0) | 6,7 10,11 14,15, 16 1478 CH 6.90 q (2.6) 6,7,8,10,11 14 33.7 CH2 2.67m 6,10 14
CH
10 152.0C 149.0 1354 C
11 77.7C 200.8 C 2025C
12 178.6 C 1785C 1783 C
13 78.5 CH, a:3.38d (8.5) 6,7,8 1B, 8B 77.6 CH; a:3.38d (8.7) 6,7,8 1B 79.7 CH; a:3.74 d(8.8) 1,267 1B, 8B
b: 3.98 d (8.4) 1,2,6,7 5p b:3.91d (8.4) 1,2,6,7 58 b: 3.84 d (8.4) 6,7,8 48,5
14 27.4 CH;s 1.30s 10, 11,15 5a,6,9,16 | 27.9 CHs 2.26's 9,10, 11 9 31.0 CHs 224 9,10, 11 9
15 26.6 CHs 1.31s 10,11, 14 50,9, 16
16 51.8 CHs 3.12s 11 5a, 6,9, 13b,
14,15

aChemical shifts were measured at 700.13 Hz and 176.04 Hz in CDsOD.
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EXPHC 31
PROCNO 1
F2 - RAcguisition Parameters
Date_ 20130405
Time 13.24
INSTRUM spact
FROBHD 5 mm PATED 31P
PULPROG zg30
TD 16384
SOLVENT MeQD
o] 41
Ds 0
SWH 4201.681 Hz
FIDRES 0.256450 Hz
AQ 1.9496953 =zec
RG 203
LW 119,000 usec
DE 6.50 usec
TE 303.0 K
Dl 0 sec
TDO 1
======== CHANNEL fl ========
NUCL 1H
Pl 16.20 uzec
FL1 0 dB
FL1W 23.410781l86 W
SFO1 700.001%600 MHz
F2 — Proceselng parametsrs
=1 3276%
SF 700.0000227 MHz
WDW no
Z5B Q
LB 0 Hz
GB [d]
EC 1.00

T T T T T T T T T
5.0 4. 4.0 3.5 3.0 25 2.0 . ppm
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Tl EHH A el e Rl (el

Figure S22. *H NMR spectrum (700 MHz, CD30D) of 1
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F2 - Acquisition Parameters
Date_ 20130405
Time 13.27
INSTRUM spect
PROBHD 5 mm PATXO 31P
PULFROG zgdc30
™ 65536
SOLVENT MeOD
Hs so07z2
D& 2
SWH 42613.637 Hz
FIDRES 0.650232 Hz
Ag 0.7689557 sec
RG 203
DW 11.723 usec
DE 6.50 usec
TE 303.8 K
Dl 0.50000000 sec
Dll 0.03000000 sec
DO 4096
CHANNEL f1 =
13¢
10.40 usec
0 dB
106.75517273 W
176.0353807 MHz
HAMNEL £2
CPDPRG[2 waltzlé
Hucz 1H
PCPD2 TL. 90 usec
PLZ 0 dB
pLl2 12.6% dB
PLZW 23.41078186 W
pLl2W 1.26203649 W
BFOZ 700,0021000 MHZ
F2 - Processing paramsters
s 65536
sF 176.0147885 MHz
WOW EM
SaB 0
LB 1.00 Hz
GB 0
B 1.00
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Figure S23. 3C NMR spectrum (176 MHz,CDs0OD) of 1
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Current Dats Parameters
NAME Ppit-22
EXPNO 3135
PROCHO 1
F2 - Acquisition Parameters
Date_ 20190405
Time 15.z0
INSTRUM spect
PROBHD 5 mm PATXO 31P
PULPROG deptspl3s
™ 65536
SOLVENT He0D
we 144
Ds 2
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 2032
oW 16,800 usec
DE 6.50 uszec
TE 302.6 K
CNIT2 145.0000000
D1 2.00000000 sec
D2 0.00344828 sec
Diz 0.,00002000 sec
D0 409¢

== CHANNEL f1 =
13¢

Bl 10.40 usec
plz 2000.00 usec
FLO 120.00 dB
FPLL 0 dB
PLOW oW
PLLW 106.75517273 W
sral 176.0201003 MEz
2P2 7.82 dB
SPHAM[Z] CrpéOcomp . 4
B oL 0.500
Ll - oz
WAEd—= cHRANNEL fz =
CPDPRE[2 waltzlé
wuc2 11
P3 16.70 usec
rd 33,40 usec
BCPD2 71.90 usec
PL2 o 4B
PLlZ 12.68 dB
PL2ZW 23.,41072186¢ W
PL1ZW 1.26303649 W
BFO2 TOO0.0028000 MH=
F2 - Processing pevameters
5T 65536
8F 17¢.0147298 MHz
WDW EM
s2B 0
LE 1.00 EHz
GE 0
PC 1.40

160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 ppm
Figure S24. DEPT-135 NMR spectrum (176 MHz, CDs0D) of 1
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Figure S25. COSY-45 spectrum (700 MHz, CD30D) of 1
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Current Dsta Parameters

NAME
EXENO
EROCNO

Ppit-22
ass

1

F2 - Roquisitien Psremeters
=z

Date_ 130405
1s.1%
INSTRUM epect
PROEHD 5 mm PATHEG 31P
PULERO® cosyupaf
™ 20a%
SOLVENT Me0D
N3 1
Ds a
svE 4201881 Hz
FIDFES 2.051802 Hz
A2 0.2437120 sec
RG
D 119.000 usec
DE 5,50 uses
TE T K
Do 0.00000300 zec
D1 1.20000005 sec
D1z 0.0000DA0D ses
D1s 000010000 ses
o 0.00023800 zac

CHANNEL £1

18
18.20
1s.20

o ae
23.4107818%
700.0015800

W
Mz

GRADIENT CHANNEL
GPNAM[1] B
GERL

INE . 100
10.00 &

F19 1000,00 usec
F1 - Acquisitien parameters
™

sFO1 00.002 MHz
FIDRES 22.825500 Hz
Ed 6.002 ppm
FalMODE oF

F2 - Processing parsmeters
s1 a8

a7 700.0000214 MHz
SO

ssB )

LE o Hz

=3 o

EC 1.a0

F1 - Processing parsmeters
2048

oF
700.0000213 MHz
SINE

o Hz
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Figure S26. HSQC spectrum (700 MHz, CD30D) of 1
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Current Data Parameters
PE

w ppit-22
EXPNO 713
EROCHG 1

F2 - acquisition Parametera
bate_ 20150405

ine 15.37
INSTRIM apect
PRGBHD 5 mm PATHG 31
PULPROY  hacpetopeispZ.2

k) EX
SOLVENT MacD

s a

s a5

svH 4201.681 Hz
FIDRES 2.051602 Mz
A 02437120 sec
RS 203

o 119.000 usec
pE uzec
= 303.2 K
ewsTe 145, 00DODO0
cwsT1? -0, 50000

5o 0.0000O300 eec
b1 2.00000000 sec
o4 0.00172418 sec
pll 0.030000C0 eec
pls 0.00010000 sec
pz4 0.00086207 sec
™o 0.000D177S sec
131 16

16,20 uzec
32.40 uses

0 usec
0B

23.41078186 w
700, 0012600 MHE

SPHNAM[14
spwaM[3L
sPoAL3
sE0ALT
sPoAnld
spoAL3l
SEOTEE3
SEOTEST
sporFsld
SPOFFSIL

-- GRADIENT CHANNEL -

wemAN(1]

P13

120.00 a8

15.5¢ a5

w
106. 75517273 W

15.66 <5
Crped, 0.5,20.1
Crpeloomp. ¢
crp3z, 1.5,20.2
<rp22,1.5,20.2

D.500
0.500
0.500
0.500

0 Hz

0 Hz

0 =z

0 Hz

STNE.100

S00.00 uaec

Fl - acquisition parameters
™ 256

sFoL
FIDEES

Y
FAMODE

17,0292 MMz
320.036530 Hz
0,000 ppm
Echo-antischo

F2 - Proceasing parameters
s1 2048

700, 0000Z0Z MHz
QSINE
2

1.40

F1 - Processing parametera

acho-antiecho
176.0147846 MHz
oSINE
&
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Figure S27. HMBC spectrum (700 MHz, CD30D) of 1
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Current Datsa Parameters

NEME
EXPNO
PROCNO

Ppit-22
2052
1

FZ - Acquisition Paramsters

Date_
Time
INSTRUM
PROBHD
PULFPROG

D
SOLVENT

GENAM[1] SINE.100
GPNAM[2] SINE.100
GENRM[3] SINE.100
GFZ1 50.00 %
GPZZ 30.00 %
GPZ3 40.10 %
P16 100000 usee
Fl - Aequisition parameters
D

SFo1 176.0345 MHz
FIDRES 325.441925 Hz
Ed 220.000 ppm
FnMODE QF

FZ - Procsssing paramsters
SI 2048

sF 700.0000211 MHz
oW SINE

SSB 2

LB Hz

GE

B 1,00

Fl - Processing paramsters
81 4096

Moz OF

gr 176.0147874 MHz
oW

SSB

LB Hz

GE

CHANNEL £1

CHENNEL £2

GRADIENT CHRNNEL =

20150412
16,40
spect

5 mm PATXO 31P

hrbegplpndgf
4096
MeOD
128
16
4201.681 Hz
1.025801 Hz
0.4874240 ssc
203

119.000 usec
6.50 usec
303.1 K

145.0000000

5.0000000
0.00000300 sec
1.50000000 see
0.00244828 £=¢
0.10000000 ses
0.00010000 se<
0.00001280 s=c

1H
16.20 uses
32.40 usse

o dB

23.41078186 W
T00.001%600 MHz

130
10.00 nsse

0 dB

106,75517272 W
176.0245007 MHZ
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Figure S28. NOESY spectrum (700 MHz, CDs0D) of 1

ppm

~ ppm

Current Data Parameters

NRME Ppit-22
EXPHO 6030
PROCHO z

F2 - Boquisition Parameters

Date_ 20190412
Time 16.10
INSTRUM spect
PROBHD 5 mm PATXO 31P
PULPROG neesyapph

™ 2048
SOLVENT MeOD

us 4

De 16

SWH 4201.681 Hz
FIDRES 2.051602 Hz
AQ 0.2437120 sec
RG 203

oW 119.000 usec
DE 6.50 usec
TE 303.0 K
DO 0.00009827 sec
Dl 1.00000000 sec
D& 1.00000000 sec
D16 0.00010000 sec
Ho 0.00022800 sec

CHANNEL f1

1H
16.20 usec
32.40 usec

0 dB
23.41078186 W
700.0019600 MHz

GRADIENT CHANHEL

GENAM([1] STHE.100
GPZ1 20.00 %
P16 1000.00 usec

Fl - mequisition parameters
™

sFOL 700.002 MHz
PIDRES 60.023823 Hz

sw §.002 ppm
FnMoDE TFPL

F2 - Processing paramsters

EL

33 700,0000212 MHz
WD QRINE

SSB 2

LB 0 Hz

GE o

BC 1.00

Fl - Prosessing paramsters
ST

M2 TPPT

sF 700.0000210 MHz
WD QSINE

8B 2

LB 0 Hz

@B 0
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Current Data Farameters

WAME Ppit-12-4
EXEFNO 31
FROCHND 1
F2 - Acquisition Parameters
Date_ 20130213
Time 9.03
INSTRUM spect
PROBHD 5 mm PRBEOQ BB/
PULPRGG zg30
TD 16384
SOLVENT cDcl3
we 1zg
Ds 2
SWH 3246.753 Hz
FIDRES 0.188166 Hz
AQ 2,5231359 zec
RG 196.84
D 154,000 usec
DE 16.00 uszec
TE 303.2 E
Dl 0.20000000 sec
TDO 1

== CHANNEL fl ==
SFOL1 500.1316004 MHz
Wucl 1H
Pl 11.00 usec
PLW1 15.84833998 W
F2 - Processing parameters
8T 65536
SF 500.1300224 MHz
WDW no
SSB 0
LB 0 Hz
GB [}
FC 1.00

3 3.0

ol g M

Figure S29. *H NMR spectrum (500 MHz, CD3;0D) of 1a
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Current Data Parameters

NAME Ppit-12-4
BXPNO 3530
PROCHO 2

T2 - Requisition Parameters
Date_ 20190213
Time 10.06
INSTRUM spect
PROEHD 5 mm PABEO BB/
FULPROG zgde30

D 65536
SOLVENT cpCl3

of) 1634

D& 2

SWH 2876l.%04 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 1%6.84

= 16.800 usee
DE 32.00 usec
TE 303.5 K
Dl 0.50000000 see
D1l 0.03000000 sec
TDO 4096

———=——== CHANNEL £l ========

SFOL 125.7722511 MHz
Hucl 13c

Pl 12.00 usec
PLWL 7943299866 W

CHRNNEL £2

SFO2 500.1312503 MHz
NUcz 1H
CPDFRG[2 waltzlé
BEPDR 72.00 usee
PLWZ 15.24898998 W
PLW12 0.35659999 W
T2 - Processing paramsters
ST 65536

&F 125.7577913% MHzZ
wow EM

SSB 0

LE 1.00 Hz
GE 0

B 1.00

! I ! I ! I I I
220 200 180 160 140
Figure S30. 3C NMR spectrum (125 MHz, CD30D) of 1a
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Figure S31. HSQC spectrum (500 MHz, CD30D) of 1a

Gurrent Dska Parameters
NAME

Ppit-12-4
EXENO 7130
PROCNO 2
P2z - Acquisition Parsmeters
Dste_ 20190213
Time 9.39
INSTRUM spect
PROBHD 5 mm PABEO BE/
FULFRO¢ hegcetgpeisp2.2
2048
SOLVENT epels
Ns E)
Dg 16
E 3001, 200 Hz
FIDRES 1.465430 Hz
2y 0.3411568 sec
RG 84
oH 166,500 ueec
DE §.50 usec
TR 3.4 K
eNsTZ 1450000000
CNST17 -0, 5000000
Do 0.00000300 sac
D1 1.20000005 sec
Da 0.00172414 sec
D11 0.03000000 sec
Dig 0.00010000 sec
D24 0.0008I000 =ec
™o 0.00002480 sec

sFo2

ez

CEDPRG[Z

E3

P1d

F2a

P83

ELWO

FLWZ

ELW12

SENAM[3]

SPOBLE

SPOFFE3
3

SPNAM[14

SENAM[21
SPOALIL
SPOFFE3L

GPNBM[1]

o

CHANMEL

GRADIENT ¢HAMNEL =:

HANNEL f£1

500,1314008 MHz
1H

11.00 uszec

22,00 usec

15,84399998 W

£2
125.7678496 MHz

13
bi_pomdsp_dzp.2

12,30 usec

500,00 uses

2000.00 usec

1500.00 uses

75.43353865 W
2.74029594 W
Crp60, 0.5, 20,1
0,500
0 Hz
15,9629993 W
¢rpsloonp . ¢
©.500
0 Hz
18.9629993 W
Crp32,1,5,20.2
0,500

8.09099960 5
Crp32,1.5,20.2
D.500

© Hz
2.02270007 W

SMSG16.100
5115010100
EMEQLD. 100
SMEQ10. 108
80,00 3
a0 10 %
11.00 &
=5.00 %
1000.00 ussc
G00.00 usec

Fl - Roquisition perameters
™ 120

2FO1
FIDEES

El
FrMODE

125, 7678 MHz

336.021515% Hz

160,306 ppm
Eche-Antieche

P2 - Pracessing paremeters

2048
5001300202 MHz
QEINE
3

1.00

F1 - Procsszsing parsmetars
1055

eche-antieche
125,7577939 MHz

B
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Figure S32. HMBC spectrum (500 MHz, CDs0D) of 1a
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Current Data Parameters

NAME Ppit-12-4
EXENO 2052
BROCNO 1

F2 - Aequisition Paramsters

Date_ 20190213
Tims 15.20
INSTRUM spect

FROBHD 5 mm PAEEQ BE/
PULEROG  hmbegplpndgf

D 4096
SOLVENT cDclz

N 11z

DS 16

SWH 2500.000 Hz
FIDRES 0.6102352 He
BQ 0.8182000 sec
RG 196.84

el 200.000 uses
DE 2.00 usec
TE 303.2 K
CNET2 145.0000000
CHNET12 5.0000000

Do 000000300 se
D1 1.50000000 ses
D2 0.00344828 see
D& 0.10000000 sec
D16 0.00010000 sec
INO 0.00001390 see

HAMNEL £1

grol 500,1312503 MHz
NUCL 1H
Pl 12.00 usec
Pz 24.00 usec
FLW1 15.84899998 W
CHENNEL £2
125.7702648 MHz
13¢

10.00 uses
T4.12089670 W

= GRRDIENT CHANNEL

GENAM[1] SMEQ10 100
GENAM[2] SMEQL0.100
GENAM [2] $MEQLO.100
GPZ1 56,00 %
GPZ2 30,00 %
GEZ3 40,10 %
P16 1600.00 usee

F1 - Acquisition parameters
D

SFOl 125.7704 MHz
FIDRES 233,726776 Hz
= 199,774 ppm
FMODE QF

F2 - Processing parameters
81

sF 500.1200223 MHz
wow QSINE

S8B 3

LE 0 Hz

GE o

3 1.40

Fl - Processing paramsters
SI 1096

MCz QF

SF 125,7577945 MHz
oW SINE

SSB o

LB 0 Hz

GE o
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Current Data FParamsters

WAME Ppit-3a-700
EXPHO 20
PROCNO 1
F2 - Boquisition Paramsters
Date_ 20190409
Time 12.55
INSTRUM sped
PROBHD 5 mm PATXO 31P
PULPROG zg30

16384
SOLVENT Me0D

5e

Ds 0
ESWH 8417.509 Hz
FIDRES 0.513764 Hz
RQ 0.9732096 sec
RG 203
oW 59.400 usec
DE 6.50 usec
TE 303.0 K
Dl 0 zec
TDO 1

Pl 16.20 usec
PLL 0 dB

FL1W 23.4107818¢ W
arol T00.0040600 MHz
F2 - Processing parameters
3 22768

sF 700.0000227 MHZ
WOW no

=SB [l

LB 0 Hz

] o

PC 1.00

5.IO 415 4|.0 315 310 215 210 1 15 ppmI
SIS
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Figure S33. *H NMR spectrum (700 MHz, CD30D) of 2
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Current Data Parameters

NEME Ppit-2a-700

EXPNO 2720

PROCNG 1

F2 - Bequisition Parameters

Date_ 20190409

Tims 13,29

INSTRUM spect

PROBHD 5 mm PATHO 31P

PULFROG zgdeB0

TD 65526

SOLVENT MeoD

g 4144

D8 2

SHH 42613.637 Hz

FIDRES 0.650232 Hz

BQ 0.7689557 sex

RG 203

oW 11.73% ussc

DE 6.50 usec

TE 203.1 K

D1 0.50000000 sec

D11 0.02000000 sec

TDO 4096
CHEMNEL £1

nucl 13¢

Pl 10.40 usee

PL1 0 4B

PL1W 106.75517273 W

SFol 176.0852207 MHz
CHEMNEL £2

CFDPRG [2 waltzl6

nucz 1H

PCEDZ 71.80 usee

PLZ 0 dE

PL1Z 12.68 dB

PLZW 22.41078186 W

PL12W 1.26202649 W

groz 700.,0021000 MHZ

FZ - Processing paramsters

81 65525

sF 176.0147852 MHz

wou EM

S8B o

LE 1.00 Hz

GE o

PC 1.40
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Figure S34. 3C NMR spectrum (176 MHz, CD3;0D) of 2

120

100

80

60

40

20 ppm

35



—85.47
—76.95
— 69,36
—57.867
—24.,98
—21.3%6
—17.52

Current Data Parameters

NAME Ppit-3a-700

EXENO 3135

PROCHO 1

F2 - Acquisition Faramsters

Date_ 20190409

Time 15,02

IHSTRUM spect

PROBHD 5 mm PATXO 31P

PULFROG deptspl3s

oD 65536

SOLVENT MeOD

M3 37

D& 2

SWH 29761.904 Hz

FIDRES 0.454131 Hz

R0 1.1010048 s=c

RG 203

b 16.800 usec
£.50 uses
305.5 K

145.0000000
2.00000000 sec

0.00344828 ssc
0.00002000 see
4096
= CHANNEL fl =

NUCL 13¢
L 10.40 usec
plz 2000.00 usec
PLO 120,00 dB
PLL 0 dE
PLOW 0w
PLIW 106.75517273 W
SFOL 176.0301003 MHz
sp2 7.82 dB
SPNAM[2Z] Crp6Qcomp. 4
SPORL2 0.500
SPOFF&2 U Hz

CHRMNEL f2 =

CEDPRG([2 waltzlé
NUC2 1H

3 16.70 usec
rd 33.40 unsec
PCPD2 71,20 usec
L2 0 dE

PL1Z 12.48 dB
PLEW 23.41078186 W
PL1ZW 1.26303649 W
sFoz T00.0028000 MHz
F2 - Processing parameters
ST 65536

&F 176.0147891 MHz
WOW EM

S8B o

LB 1.00 H=z
GE o

o 1.40

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
Figure S35. DEPT-135 NMR spectrum (176 MHz, CD30D) of 2
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Figure S36. COSY-45 spectrum (700 MHz, CD30D) of 2

Current Dats Parameters

HAME Ppit-3a-700

EXPNO 455

PROCHO 1

F2 - Acquisition Farameters

Date_ 20190409

Time 12.00

INSTRUM spect

PROBHD 5 mm PATXO 31F

PULPROG cosygpaf

TD 2048

2OLVENT M=OD

oE) 1

De e

EWH 4201.681 Hz

FIDRES 2.051602 Hz

Al 0.2437120 s=c

RG 203

oW 119.000 us=c

DE 6.50 usec

TE 303.0 K

Do 0.00000300 sec

Dl 1.20000005 sec

D13 0.00000400 ssc

Dlé 0,00010000 sec

o 0.00023200 sec
HANNEL £1

HUcl 1H

PO 16.20 usec

58 16.20 usec

PLl 0 dB

PLLW 23.41078186 W

grol 700.0019600 Mz

GPNAM([1] SINE.100
GPZl 10.00 &
Flé 1000.00 us=sc
Fl - Requisition parameters
™ 256
arol 700.002 MHz
FIDRES 32.825600 Hz
B 6.002 ppm
FuMODE oF

F2 - Processing parameters
s 2048

3F 700.0000219 MHz
WoH BINE

3B o

LE 0 Hz

GE o

Bc 1.00

Fl - Processing parameters
BT 2048

Mez oF

aF 700.0000220 MHz
WDH SINE

3B o

LE 0 Hz

GE o

GRADIENT CHRNNEL ==
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current Data Parametera
e

I Ppit-3a-700
EXENO 7130
PROCNS 1
F2 - Acemiaition Parameters
Date_ 20190209
Tine 13.12
INSTRIM zpect
M 11 B
. PP Trieas hemsraiiesa 2
™ 2045
SOLVENT HeoD
ng 2
. pg
s az01.681 Hz
FIDRES 2051602 Bz
a0 ©.2437120 zac
R 203
m 119,000 uses
bE .50 useo
— = 303.2 X
- — 20 cwsTa 145.0000000
— eNsST1T -0.5000000
b0 0.00000300 2ec
— . (] L4 . o1 2100000000 sec
’ nd 0.00172414 sec
p11 0.03000000 2ec
p1s 0.00010000 sec
» < , p2a 0.000BE207 2ec
i 0.000017TS sec
—_— [ ] 2 & ] o » 131 16

p2g 0 uzes
PLL 0

I‘ PLlw 23.4107818¢ w
=F01 700.0019600 Mz

CHAMWNEL 2 -
CEDERS[2 bi_pIndep_dep.Z
ez 13¢

— 60 ] 10.00 usec
Pl 500.00 uzes

I

b=-1% 000,00 uaec
o3 1500100 usec
PLO 120.00 dB
J e 0w
“ PL1Z 15.56 dB
ow 0w
PL2W 106, TE517273 W
Friz 2. 96748734 5
[ % 9 aroz 1765252502 s
s 515 a8
E - 80 =7 816 @
sr1a sles e
sEo1 15066 @
] I SEWRM[3] Crpe0,0.5,20.1
sEwan[7] | Crpéloomp.d

SPNAM[31 Crp32,1.5,20.2

spoaLd 0.500
SECALT 0.500
. spoaLld 0.500
s EPOALIL 0,500

spOFFEZ O Hz

400 =3 in

spoFFEld O Hz

o Bz

120

500.00 uass

F1 - Acemiaition parametara
153

™
sFo1 176.0292 MHz
FIDRES 345,578827 Hz
2 160.000 ppm
FaMDE  Echo-antischo
. — 1 40 F2 - Proceseing parametare
51 2048
=5 700.0000205 aHg
— . wnn GEINE
ss5
L5 0Bz
= o
= 1.00
Fl - Processing parameters
s1 2098
2 echo-antiechs
-160 = TS e
s SINE
L e L 1 L R L L L L I By O B By L B B s gemwm
LB 0 HZ

5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 00 ppm = °
Figure S37. HSQC spectrum (700 MHz, CD30D) of 2
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Figure S38. HMBC spectrum (700 MHz, CD30D) of 2

Current Data Paramsters

NAME Ppit-2a-700
EXPHO 8052
EROCNO 1

F2 - Begquisition Parameters
Date_ 20190408
Time 15.49
INSTRUM spsct
PROEHD 5 mm PATXO 31P

PULPROZ  hmbegplpndgf

™D 4056

SOLVENT ¥e0D

g 16

Dg 16

SHH 4201.651 Hz

FIDRES 1.025801 Hz

a0 0.4874240 sec

RG z0®

oW 118,000 usec

DE 6,50 uzec

TE 302.0 K

CNETZ 145.0000000

CNET13 5.0000000

Do 0.00000200 se¢

D1 1.50000000 seo

D 0.00344828 see

D& 0.10000000 see

D16 0.00010000 sec

o 0.00001420 sec
CHANNEL £1

wUc1 1H

F1 16,20 usee

P2 32,40 usee

PL1 o dB

PL1W 23,41078186 W

SFO1 7000018600 MHz
CHANNEL £2

wuce 13¢

E3 10,00 usse

PLZ o 4B

FLZW 106,75517272 W

SFoz 176.0327405 MHz

GREDIENT CHANMEL

GENRM[1] SINE.100
GENRM[Z] SINE.100
GPNRM[Z] SINE.100Q
GPL1 50.00 %
GPLZ 30.00 %
GPL3 40,10 %
Bl 1000,00 usec

Fl - Regquisition parameters

D 130
S 176.0327 MHz
FIDRES 541.639221 Hz
W 200.000 ppm
FnMCDE QF

FZ - Frocessing paramsters
81 2048

SF 700.0000204 MHz
WDH SINE

SSE 2

LE o Hz

GB o

BC 1.00

Fl - Processing parameters
81 1096

MOz oF

SF 176.0142294 MHz
WDH SINE

SSB o

LE o Hz

GB o

39



&

- -
g E] F] 8.
e ¥
—i B w
= [}
@ Cl -
0 -

13

~ 0.0

—0.5

~1.0

1.5

2.0

2.5

- 3.0

3.5

- 4.0

—4.5

5.0

5.5

T T T T I I
55 50 45 40 35 3.0 25
Figure S39. NOESY spectrum (700 MHz, CD30D) of 2

2.0

1.5

1.0

0.5

0.0

ppm

ppmcurrent Data Parameters
HAME

Fpit-3a-700

EXPNC 6030
PROCNG z
F2 - Acquigition Parameters
Date_ 20190412
ime 11.29
INSTRUM spect
PROBHD 5 mm PATXG 31P
PULPROG noesygpph
2048
SOLVENT MeOD
e 8
Ds 16
SWH 4201.681 Hz
FIDRES 2.051602 Hz
2O 0.,2437120 sec
RG 203
DW 119,000 usec
DE 6.50 usec
TE 303.1 K
Do 0.00009837 sec
Dl 1.00000000 sec
D& 1.00000000 gec
D16 0.00010000 sec
INo 0.00023800 sec

== CHANNEL f1

ielex ¥
Fl 16.20 usec
F2 32,40 usec
FL1 0 de
PLIW 23,41078186 W
sFol 700.0019600 MHz
GRADIENT CHANMNEL
] SINE.100
20,00 %

1000.00 usec

F1 - Acquisition parameters

sFOL 700,002 MHz
FIDREZ 32.825527 Hz
B 6.002 ppm
FnMGDE TPPT

F2 - Processing parameters
ST 2048

SF 700,0000215 MHz
WDH GSINE
S5B 2

Le 0 Hz

GB 0

PC 1.00

Fl - Processing parameters
s1 2043

MC2 TEPI

8F F00.0000212 MHz
WDW QSINE

BSB 2

1B 0 Hz

[=:=] 0
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Current Dsta Paramsters

HAME Ppit-23
EXPNO 30
PROCIO 1

F2 - Rcquisition Paramsters
Date_ 20190409

Time &.48
INSTRUM spect
PROEED 5 mm PATXO 31P
FPULFROG zg30

™D 16384
SOLVENT MeOD

N LE]

e 0

SWH 8417.509 Hz
FIDRES 0.513764 Hz
RO 0.9732096 sec
RG 203

= 59.400 usec
DE 6.50 usec
TE 303.0 K
ol 0 sec

DO 1

HANHEL £1
nucl 18

Pl 16.20 ussc
PLL ¢ dB

FLIW 23.41078186 W
sFol 700.0040600 MHz
F2 - Processing parameters
ST 32768

BF 700.0000226 MHz
WD no

=SB 0

LE 0 Hz

GE 0

FC 1.00

4.0 3.5 3.0 2.5 2.0 1.5 ppm

T ol G

Figure S40. *H NMR spectrum (700 MHz, CD30D) of 3
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Current Data Paramesters

NAME Ppit-23
EEPNO 3730
PROCND 1

Tz - Acquisition Paramsters

Date_ 2015040%
Time &.55
INSTRUM speet
PROBHD & mm PATEO Z1P
PULPROG zgdcR0
65536
SOLVENT MeOD
Ng 1837
D z
SWH 42613.637 Hz
FIDRES 0.650232 Hz
aQ 0.7689557 sec
RG zoz
jald 11.733 usec
DE 6.50 usec
TE 303.6 K
D1 0.50000000 sec
D11 0.,02000000 se¢
TDO 4096

CHEMNEL f1 =

13C
10.40 usec
0 dB
106,75517278 W
176,0352807 MHz

CHEMNEL £2

CPDERG[2 waltzlg
Nucz 1H
PCPD2 71,90 usec
PLZ 0 dB

PL1Z 12.68 AB
PL2ZW 23.41078186 W
PL1ZW 1,26302649 W
SFOZ F00.0035000 MHEz

T2 - Processing paramsters

sI 65536

sF 176.0147880 MHz
wow

SSB 0

LB 1.00 Hz
GB o

PC 1.40

I I I I I
220 200 180 160 140
Figure S41. 13C NMR spectrum (176 MHz, CD3;0D) of 3
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Current Data Paramsters

NAME Ppit-23
EXPHO 3135
FROCIO 1

FZ — Aequisition Parameters
Date_ 20190409
Time 9.37
IHETRUM spect
PROBHD 5 mm PATXO 31P
PULPROG deptepl35

™ 65536
SOLYVEMT MeoD

1E] al

D& 2

SWH 29761.904 Hz
FIDRES 0.454131 Hz
A 1.1010048 sec
RG 203

D 16.800 nsec
DE 6.50 usec
TE 304.4 K

SPHAM[2]
SPORLZ
SPOFFE2

145.0000000
2,00000000 sec
0.00344828 sec
0.00002000 sec

402

CHANNEL f1 =
1zc
10.40 usec
2000.00 usec
120.00 4B

0 dB
0w
106.75517273 W
176.0301003 MHz
7.82 dB
crpéOcomp.4
0.500
0 Hz

CHANNEL f2

CPDPRG[2 waltzlé
Nucz 1H

23 16.70 usec
Pd 33.40 usec
PCPD2 71.80 usec
L2 0 dB

PL1Z 12.68 dB
PL2W 23.41078186 W
PL12W 1.26303649 W
sFo2 700.0028000 MHZ
F2 - Processing parameters
sr 65536

sF 176.0147887 MHZ
WoR EM

S3B o

LB 1.00 Hz
GE o

BC 1.40

30

140 130 120 110 100
Figure S42. DEPT-135 NMR spectrum (176 MHz, CDsOD) of 3
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Figure S43. COSY-45 spectrum (700 MHz, CD30D) of 3

Current Data Parameters

MAME Bpit-23

EXPNO 455

PROCNO 1

F2 - Acquisition Parameters

Date_ 20190409

Time 9.48

IS TRUM spect

PROEHD 5 mm PATXO 31p

PULPROG cosygpaf

D 2048

SOLVENT MeOD

M 1

D 8

SWH 4201.481 Hz

FIDRES 2.051602 Hz

aQ 0.2437120 sec

RG 203

b 116,000 usec

DE 6.50 usec

TE 302.4 K

Do 0.00000300 ssc

Dl 1.20000005 sec

D13 0.00000400 sec

D16 0.00010000 sec

o 0.00023800 sec
HANNEL £1

NuclL 1x

PO 16.20 usec

Pl 16.20 uses

PLL 0 dE

PLIW 23.41072186 W

sFol 700.0019600 MHz

GPIAM[1]

SINE.L100
Grzl 10,00 8
P16 1000.00 usec
Fl - Rcquisition paramsters
™

sFOl 700.002 MHz
FIDRES 32.825600 Hz
anr £.002 ppm
FuMODE aF

F2 - Processing paramsters
aI 204%

aF 700.0000214 MHz
WOW 3INE

2SB o

LB 0 Hz

GE el

rc 1.40

Fl - Processing paramsters
aI 2048

Mcz aF

&F 700.0000212 MHz
WDW

SSB o

LE 0 Hz

GE o

GRRDIENT CHARNNEL
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CuEremt Data Parameters

naE PRic-23
EXENC 7130
PROGHG 1

F2 - hosmisition Parametere
Date_ 20190809

s :
=, 2
J 4 PPM 25 e

PULPROG  heqretgpeispl.d
2043

4
- weon
at H
e w
L o 4201, 681 Bz
Frozes 2-osieoe me
P 023457150 se
"e 208
bt 115,500 weee
ke Go50 waee
— 20 = 37 %
2 1450006055
vt 252000000
%o 530000300 ses
1 2100000000 sca
54 5100172414 sen
L 11 103600000 sea
& ' * ©lé 0.00010000 aec
24 5100088207 aea
& ¥ ] 'Y ; o 0100001775 250
a1

1)
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Figure S44. HSQC spectrum (700 MHz, CD30D) of 3

0 usec
o ds

CHAMNEL 2 -
CPOPRG[2 bi_pSndep_dep.2
wez 13

craEL £1 -

18
16.20
32.40

ueec
naee

23.41078186 W
7000015600 Mz

P2 10.00 uzec
pld 500,00 ueec
r2d 2000.00 ueec
P63 1500.00 usec
PLO 120.00 <8
PLZ o d

PLl2 15.56 <&
PLOW W

FL2W 10675517273 @
PL1ZN 2.9474873 W
sFoz 176.0292202 MMz
@p3 8.16 <&
3BT 15 8
P14 9.64 B

e @6 <8

=p31 1s.
SPMAM[3] Crpé0,0.5,20.1

SPRAMIT]  crpsbooms.d
SPHAM[13 Crp32,1.5,20.2
SPuAM[3L crp32, 1.5,20.2

spoaLI 0.500
SPOALT 0.500
SPOAL1L 0.3500
SPOALIL 0.500
SPOFFE3 O Hz
SPOFFET O Hz
SPOFFELd O Hz

SPOFFE3L D Hz

GRADIENT CHANNEL

aEmEM[1] SINE. 100
apnaM(2] SINE. 100
apnaM[3] SINE. 100
apnaM[2] SINE. 100
wpzl 80.00 ¥
apze 20.10 %
wpza 11.00 ¥
wpza -s.00 ¥
P16 1000.00 uaes
P13 500,00 uses

F1 - acemisition parameters
™ 126

aFo1 176.0292 MHz
FIDRES 247,058350 Hz
] 160,000 ppn
FhMODE  Echo-antiecho

F2 - Proceasing parametera
s1 2043

sF 700, 0000201 HE
woH QsINE

s5B z

15 0 Hz

<E o

Po 1.40

Fl - Proceseing parameters
1 1096

ez echo-antiecho
s 176.0147678 Mz
woH QsINE

w35 8

15 0 Hz

= o

45



ppm

-
L) -
+ - ‘
. .
1 - o, ke i
- - »
* - o
. . - e
.. -

-

- - .
o
.

-n

i i

- L
LS

- o

- o«

—100

—120

—140

—160

I I I I I
55 5.0 4.5 4.0 3.5 3.0 25 2.0
Figure S45. HMBC spectrum (700 MHz, CD30D) of 3
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1.0

0.5
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PPmM

Current Data Paramsters

NEME
EXPNO
PROCNO

Ppit-23
2052
1

F2 - Reguisition Parameters

Dats_
Tims
INSTRUM
FROBHD
PULPROS

SOLVENT

GENAM[1]
GENAM[2]
GENAM[2]
GPLL
GPLZ
GPLE

P16

CHENNEL £1

CHENNEL £2

GREDIENT CHANMEL =

2013040
10.43
spect

5 mm PATZQ 31P

hmbegplpndgs

1095

MeOD

16

16

4201.681 Hz

1.025801 Hz
0.4874240 sec

203
118,000 uses
6,50 uzec

302.8 K

145.0000000

5.0000000
©.00000200 sec
1.50000000 ss¢
©.00344828 seo
0,10000000 se¢
0.00010000 sec
0.00001420 se¢

1H
16,20 usec
22.40 usec

4B
23.41078186 W
700.0019600 MHz

1zc
10,00 usec

dB
106.75517272 W
176.0227405 MHz

SINE.100
SINE.100
SINE.100
50.00 %
30.00 &
40.10 %
1000.00 ussc

Fl - Beguisiticn paramsters

D
SFO1 176.0327 MHz
FIDRES 220,059540 Hz

B 200,000 ppm
FnMODE oF

Fz - Frocessing paramstsrs
81 42

SF 7600000205 MHz
WOH

SSE z

LB Hz

GE

FC 1.40

Fl - Frocessing paramstsrs
81 4096

MCz QF

&F 176.0147929 MHz
WDW SINE

SSB

LE Ha

GB

46



M
]
i
.

5.0 4.5 4.0 3.5
Figure S46. NOESY spectrum (700 MHz, CD30D) of3

current Data Parameters

WAME Ppit-23
EXPHO 8030
FROCNG 2
FZz - Acguigition Parameters
Date_ 20190413
Time 10.36
INSTRUM spect
FROBHD 5 mm FATXO 31F
PULPROG noesygpph
D 2048
SOLVENT MeQD
us 8
D% 16
EWH 4201, 681 Hz
FIDRES 2.051602 Hz
BQ 0.2437120 zec
RG z03
DW 119,000 usec
DE .50 nsec
TE 303.0 K
Do 0.00003837 sec
Dl 1.00000000 zec
D& 1.00000000 sec
Dlé 0.00010000 sec
Ino 0.00023800 sec
== CHENNEL fl ==
10
16,20 usec
32.40 usec

== GRADIENT CHANNEL

0 de
23.410781l86 W
700.0012600 MHz

GENAM([1] STNE.100
GFZ1l 20,00 %
Fle 1000,00 usec
Fl - Acquisition parameters
TD

ZFOL 700.002 MHz
FIDRES 46,427263% Hz
W 5.002 ppm
FnMODE TPPI

FZ - Processing parameters
&T z048

BF 700,0000217 MHz
WDW QSINE
SSB 2

1B 0 Hz

GB o

FC 1.00

Fl - Processing parameters
ST 2043
MC2 TPPI

EF 700.,0000216 MHz
WDW QSINE
S5B 2

LB 0 Hz

GB o
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Current Data Parameters

NAME Ppit-20a
EXPIO 31
PROCNO 1

F2 - Requisition Parameters
Date_ 20190413
Time 13.59
IMSTRUM spect
PROBHD 5 mm PATXO 31F
PULPROG zg30

™D 16384
SOLVENT MeCD

M3 64

D& o

SWH 4550.971 Hz
FIDRES 0.277769 Hz
RO 1.2000555 sec
RG 203

oW 109.867 usec
DE 6.50 ussc
TE 303.0 K
Dl 0 see

DO 1

NUCL 1H

1 16.20 ussc
PL1 0 dB

PLIW 23.41078186 W
SFOL 700.0022400 MHz
F2 - Processing paramsters
&I 32768

sF 700.0000227 MEZ
WDW ne

S8B e}

LE 0 Hz

GE o

PC 1.00

| . _/\Mbum Jk -

6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2

& o [

Figure S47. *H NMR spectrum (700 MHz, CD30D) of 4

1.5 ppm

3 REER e

48



178.686
152.04
129.65

——85.62

78,55
77.68

~_

— 60.37
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__—27.38
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Current Data Paramstsrs

WEME Fpit-z0a
EXFNO 2720
PROCNG 1

F2 - Aoquisition Paramsters
Date_ 20150413
Time 22.57
INSTRUM spect
FROBHD 5 mm PATXO 21P
PULPEOG zgded0

TD 65536
SOLVENT M=0D

s 25472

DS z

SuH 12613.637 Hz
FIDRES 0.650232 Hz
B 07685557 s=¢
RG 202

oW 11.733 usec
DE 6.50 usee
TE 202.5 K
D1 0.,50000000 s=e
D11 0.08000000 sec
TDO s182
======== CHANNEL fl ========
el 13¢

Pl 10.40 usec
PL1 0 4B

FL1W 106,75517272 W
SFO1 176.0353807 MHz

CPDPRG [2 waltzle
ez 18
PCPDZ 71.90 usec
PLZ © @B

PL12 1z.68 dB
PLZW 22.41078186 W
PL12W 1.28303649 W
gFo2 700,0035000 MHz
F2 - Processing parameters
ST 65536

&F 176.014787% MHz
WDW M

S5B o

LB 1,00 Hz
=) o

PC 1.40

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90
Figure S48. 13C NMR spectrum (176 MHz, CDs0D) of 4
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| | ‘ | \ / ‘ | \/ } Current Data Farameters
WAME Ppit-20a
EXPHO 3135
FPROCHOC 1
F2 - Reguisition Paramsters
Date_ 20150414
Time 9.54
INSTRUM spect
PROBHD 5 mm PATXO 31P
PULPROG deptspl3s
™D 65536
SOLVENT MeOD
g 594
Ds 2
SWH 29761.904 Hz
FIDRES 0.454131 Hz
AQ 1.1010048 sec
RG 203
oW 16.800 usec
DE 6.50 usec
TE 204.4 K
cusT2 145.0000000
Dl 2,00000000 sec
D2 0.00244828 sec
pl2 0.00002000 see
Do 4096
= CHANNEL f1
13¢
10.40 usec
2000.00 usec
120.00 dB
0 dB
ow
106.75517273 W
176.0301003 MHz
7.82 dB
sPNAM[2] crpé0conp.4
SPORLZ 0.500
BPOFF&2 0 Hz
HAMNEL £2
CEPDERG([2 waltzlé
HUC2 1H

B3

16.70 usec

P4 33.40 usec
F CPD2 71.90 usec
b1z 0 dB

pLlz 12.68 dB
bL2wW 23.41078186 W
BLLZW 1.26303649 W
sro2 700.0028000 MAZ
F2 - Processing parameters
ar 65536

3F 176,0147892 MHz
WOW EM

388 o

LB 1.00 Hz
GB 0

Bc 1.00

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm
Figure S49. DEPT-135 NMR spectrum (176 MHz, CD30OD) of 4
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Figure S50. COSY-45 spectrum (700 MHz, CD30D) of 4

@ B 2'5 HUcl B

= GRADIENT CHANMEL =

F Current Data Paramsters

5 L HAME Ppit-20a
EXPNG 455
PROCHO 1
F2 - Acquizition Farameters
Date_ 20190412
Time 14.01
° INSTRUM spect
. PROBHD 5 mm PATXO 21F
PULPROG cosygpaf
B -2 E D 2048
4 SOLVENT MeOD
. HS 4
o F Ds 2
$ SWH 4550.971 Hz
i i FIDRES 2.222154 Hz
- + AQ 0.225006% sec

202
10%9.267 usec
6,50 usec

203.0 K

0.00000200 =e=c
1.20000005 see
0.00000400 sec
0.00010000 sec
0.00021980 sec

CHRNNEL f1 = =
1H
16.20 usec
16.20 usec
0 dB

23.41078186 W
700.0022400 MHz

GPHAM[1] SINE.L100
9 I GPTl 10.00 &
) F pls 1000.00 usec
r Fl - Requisition parameters
F D
srol 700.0022 MHz
FIDRES 56.521919 Hz
W 6.500 ppm
FnMODE QF
F2 — Processing parameters
3 2048
i - F aF 700.0000212 MHz
WDW
BEE o
1B 0 Hz
GB o
FC 1.00
Fl — Processing parameters
£33 2048
Mcz QF
— 4_5 aF 700.0000216 MHz
WD SINE
S38B o
1B 0 Hz
GB o
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Figure S51. HSQC spectrum (700 MHz, CDs0D) of 4
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Currant Data Barametars

NAME
EXEHNO
PROCNG

Ppit-20a
7130

1

F2 - acquisition Parameters
20190

Dats_
Time
IwsTRMN
EROBHD
PULPRo%
™

SOLVENT
ne

<PDERE [2
ez

SEwe (3]
e (7]
PN (14
SENAM([ 31
sronLd
SPoALT
sporLid
SPOALIL
EPOFFS3
SPOEFST
EPOFFEL
SPOFFS3L

FrMODE

s1
=¥
D
ssE
15
B
Be

1.21

S mm PATHO B1E
heqmetpalap.2
2048
HeoD
e
a8
4550971 Hz
2.222154 Hz
0.2250069 sec

203
109,887 uzec
6.50 nsec

000001775 zec
18

CHANNEL £1 =

16.20 uase
32,40 uses
0 usec
0a
23,4107818¢ »
7000022300 MHZ

2
Bi_pSnisp_dap.2
13¢

W

106, 75517273 W
2,96748734 W
1760252202 Mz

15.¢¢ d8
Crpen, 0.5,20.1
crpéloomp. 4
Crpaz, 1.5,20.2
©rp3z, 1.3,20.2
o

500
o500
0.500
0.500

0 Hz

0 Hz

0 Hz

0 Hz

500,00 uzec

F1 - Acouisition parameters
128

176.0292 MHZ

Echo-antiecho

F2 - Proceseing parametere
2048

T00.0000Z0Z MHZ

2

1.00

Fl - proceseing parametere
1 4095

echo-antiecho
176.0137836 MHz

2
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k Current Datsa Paramsters
I Il m HAME Ppit-20a
- - pp EEENO 2052

PROCNO 1
.
— 20 Fz - Requisition Parameters
Date_ 201%0414

Iy ! Time 10.35
LY 'Q' INSTRUM spect

F PROBHD 5 mm PAERBO BB/

FULFROG  hmbegplpndyf

B ™ 4096
of b . o “ SOLVENT MeOD
: o . L] — 40 ng 512
. =] 16
SHH 4504.504 Hz
. ' L FIDRES 1.089732 Hz
¢ . [} aQ 0.4546560 sec
° "o RG 196.84
‘ » R e e R % oW 111,000 usec
v k L " £ — 60 DE 6,50 use¢
' @ oy W ] TE 303.2 X
CHETZ 145.0000000
CHST13 5.0000000
. + Do 0.00000300 sec
D1 1.50000000 sec
] Dz 0.00344523 sec
[} 'f . " d‘ Wy e Dé 0.10000000 sec
— 80 Dlg 0.00010000 s8¢
. ® Ay . N 0.00001560 ss¢
L CHANNEL £1
500.1321506 MHz
1H

11.00 usec
22.00 usec
15.84859998 W

100

CHENNEL £2
125.772879% MHz
130
12,50 usec
79.43295866 W

120

= GRARDIENT CHENNEL =:

GENEM[1] SMEQ10.,100
). %3 & L GPNEM[2] SMEQ10., 100
GENAM[2] SMEQ10 100
¥ GPz1 50.00 %
. GPIZ 20.00 %
— 1 40 GPZ2 40.10 %
P16 1000,00 usee
Pl - Requisition parametsrs
3 ™ ™ F ™ 73
SFO1 125.772% MHz
FIDRES 825.,218689 Hz
W 229,482 ppm
— 1 60 FuMODE QF
Tz - Frocsssing paramsters
° L s8I
=F 500.1300142 MHz
oW OSINE
' SSE 3
Mo . — 1 80 LB 0 Hz
GB o
e 1,00
F Tl - Procsssing parameters
S 4086
Moz OF
SF 125.7576247 MHz
— 200 oW SINE
SSE o
LE 0 Hz
l I I I I I GB o

I I I I I
6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 ppm
Figure S52. HMBC spectrum (500 MHz, CD30D) of 4
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Figure S53. NOESY spectrum (700 MHz, CD30D) of 4

2.0

1.5 1.0 0.5 ppm

Current Data Farameters

PROCNQ

Ppit-20a
6030
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
FULEROG
TD

SOLVENT
NS

DS

SWH
FIDRES
A0Q

RG

oW

DE

20190413
15.44
spect

5 mm PATXO 31P
noesygpph
2048

0.2250069
3

108,867
.50

303.0
0.0000%924
1.00000000
1.00000000
0.00010000
0.00021975

Hz
sec

usec
usec

sec
seo
sec
sec
sec

GPNAM[1]
@GPzl
Flé

D
sFCl

0 dB

23.41078186
700.0022400

GRADIENT CHANNEL

SINE.100
20.00
1000.00

usec
usec

W
MHz

%
usec

Fl - Acquisition parameters
95

T00.,0022 MHz

FIDRES 95.809654 Hz
g 6.501 ppm
FnMODE TEFPI

F2 - Processing parameters
ST 2048

SF 700,0000225 MHz
WowW QSINE

S5B 2

LB Hz

GB

EC 1.00

Fl - Processing parameters
&I 2048

MC2 TEET

SF 700,0000153 MHz
WowW QSINE

S5B 2

LB Hz

GB
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Current Data FParamsters
TAME Ppit—28-1
EXPHNO 21
PROCNHNO 1

F2 - Requisition Paramsters
Date_ 20190712

Time 13.10
INSTRUM spect
PROEHD 5 mm PATIXO 31F
PULBROG zg30

TD 16384
SOLVENT HMe0D

& a1

De 0

SWH 5597.015 Hz
FIDRES 0.341615 Hz
RO 1.4636374 sec
RG 203

D 89,333 usec
DE 6.50 uzec
TE 302.8 K
Dl 0 sec

TDO 1
======== CHANMEL fl ========
nucl 1H

Pl 16.20 usec
PLL 0 dm

PLLW 23.41078126 W
gFol 700.0026600 MHZ
F2 - Processing paramsters
sI 32768

BF 700.0000223 MHz
WoW neo

s3B 0

LB 0 Hz

GE 0

1] 1.00

T Tr - -——-rr- 7T 7r 77T
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 1.5 ppm

4 §  phemim MR

Figure S54. *H NMR spectrum (700 MHz, CD3;0D) of 5
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Current Data Parameters

NAME Ppit-za-1
REPNO 2730
PROCHNO 1

F2z - Acquisition Parameters

Date_ 20190714
Time 10,25
INSTERUM spect
PEOEBHD 5 mm PATED Z1P
PULFROG zgde20
TD 655286
EOLVENT MeOD
ok 4925
D& 2
EWH 42612, 8327 Hz
FPIDEES 0, 650232 He
AQ 0.TGES55T sec
R 203
DW 11,733 usec
DE 6.50 usec
TE 202.7 K
D1 0,50000000 sec
Dl1 0L0Z2000000 sec
TDO 4056

= CHANMEL f£1 =

nuel 13¢

Pl 10.40 ussc

PL1 o aB

PL1W 106,75517273 W

SFOL 176,0353307 MHz
CHENNEL £2

CEDPRG [Z waltzl6

nuez 1H

PCEDZ 71.30 usec

PLZ o 4B

PL1z 12.68 dB

PLZW 23.41078186 W

PL12W 1.2630364% W

sFO2 700.0035000 MHz

Fz - Procsssing paramstsrs

Bl 65526

5l 176.014787% MHz

WDW EM

S5B 0

LE 2,00 Hz

GB o

B 1.40

j I j I j I j I j I j I j I j I j I j I j I j I
220 200 180 160 140 120 100 80 60 40 20 ppm
Figure S55. 13C NMR spectrum (176 MHz, CD30D) of 5
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—147.83
—85.70
— 77.54
—58.71
—40.9%4

36.42

36.26
— 27.93
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Current Data Parameters

NAME Ppit-28-1
EXENO 3135
PROCHO 1

F2 - Requisition Paramsters
Date_ 20190712
Time l6.3¢
INSTRUM spect
PROBHD 5 mm FATXO 31P
PULPROG deptepl3s

TD 65536
2OLVENT MeCD

s 161

D& 2

SWH 29761.%04 HZ
FIDRES 0.454131 Hz
AQ 1.1010048 =sec
RG 203

DW 16,800 usec
DE 6.50 usec
TE 302.5 K
CHSTZ 145.0000000

Dl 2.00000000 sec
D2 0.00344828 sec
Dlz 0.00002000 sec
TDO 4096

= CHANNEL f1 =
13¢
10.40 usec
2000.00 usec
1z0.00 4B

0 dB
0w
106.75517273 W
176.0201003 MHz
7.82 dB
Crpé0comp.4
0.500
[CEOFFE2 0 Hz

HAMNNEL f2
waltzlé
1H
16.70 usec
22.40 usec
F1.90 usec

EDPRG[2

PLZ 0 4B

PL1Z 12.68 dB
BLZW 23.41078186 W
PLlZW 1.26303649 W
sroz 700.0028000 MHZ
F2 - Processing parameters
ar 65536

3F 176.0147889 MHz
WO M

28B e}

LB 1.00 Hz
GB o

BC 1.40

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Figure S56. DEPT-135 NMR spectrum (176 MHz, CD30D) of 5



Current Data Parameters

R N ML_]“U( PPMiaue Ppit-28-1

- EXPNO 455
[ PROCHO 2
r F2 - Aceuizition Parameters
N Date_ 20190712
F Time 12.59
[ INSTRUM spect
F PROBHD 5 mm PATHO 31P
rd r PULPROC cosygpgf
— 1 TD 2048
. N SOLVENT MeoD
[ s 2
I = F D5 8
r SWH 5597.015 Hz
as B 5 = r FIDRES 2,73291% Hz
L 29 0.1829547 zec
- [ RG 203
= SR -2 oW $9.333 usec
: b r DE 5.50 usec
@ & @ ﬁ - s N TE 303,0 K
- N Do 0,00000300 sec
o & <& [ D1 1.20000005 sec
. aq 8 & F D13 0.00000400 sec
L] - = F D16 0.00010000 sec
r M0 0.00017865 sec
[ 3 == CHANNEL £1 = ==
E . F 1H
a - r PO 16,20 usec
— & -‘ﬂﬁ E Pl 15.20 neec
e L PL1 0 dB
L4 N PLIW 23.41078186 W
o < F SFOL 700.0028000 MHz
—— L o0 - F
- —4 = = CRADIENT CHANNEL =
N GPNAM([1] SINE.100
o v N eGPl 10.00 %
@ CI - L P16 1000.00 nsec
r Fl - Acguisition parameters
N D
—ﬁ " L SFOL 700.0028 MHz
¢ -5 FIDRES 61.845482 Hz
F W 7.996 ppm
r FnMODE oF
C F2 - Proceszing parameters
[ ST 2043
F SF 700.0000208 MHz
F WDW SINE
C 5SB 0
C 6 LB 0 Hz
[ cB 0
L PC 1.00
r Fl - Processing parameters
N ST 2048
1 - . L MO2 OF
—— Y aa = L SF 700.0000206 MHz
=7 WDW SINE
- r SSB 0
N LB 0 Hz
[ GB 0
- - [

75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 ppm
Figure S57. COSY-45 spectrum (700 MHz, CD30D) of 5




Figure S58. HSQC spectrum (700 MHz, CD30D) of 5
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Current Data Barameters
e E

1 pit-26-1
EXPNO 7130
PROCHO 1
F2 - Acepisition Parameters
Date_ 20150712

e 14.55
INSTRUM spest
EROBHD 5 mm BATXO F1P
PULPROG  hesuetgpaispd .2

2048

SOLVENT He0D
s 1
5 1
suH 5597.015 Hz
FIDRES 2.732918 Bz
ag 0.1823547 aec
R 203
Dw 83,333 ueec
pE £.50 uaes
1 3031 K
eneTa 145.0000000
oNST17 -0.5000000
0 D.0DOODIND sec
Dl 2.00000000 sec
pd 0.00172414 sec
D11 D.03000000 sec
plg 000010000 sec
p2d 0. DO0BEADT sec
™0 000001775 zec
131

Pl 16.20 ueec
Pz 32.40 usee
pzg 0 usec

PLL o

ELLw 23.41078186 &
srol 700, 0028000 MHz
- - cHAWNEL £2 -
CEDPRG [2 bri_gpSniap_d2p.2
ez 13¢

p3 10.00 vaes
r1a 500.00 uzec
pzd 2000.00 ueec
PE3 1500.00 uzec
ELD 120.00 a5
PLZ o

PLLZ 15.56 a8
ELOW ow

pL2q 106, 75517273 W
PL1ZW 2.96748738 W
sFo2 176.0292202 MHz
sp¥ .16 <
sB7 8.16 B
sPl4 5.64 B
sp31 L66
seNaM[3] crpen, 0.5,20.1
sEMaM[7]  Crpébcomp.d
SENAM[18 CrpI2,1,5,20.2
seNam[31 crpi2, 1.5,20.2
SE0ALT 0,500
TpoaLY 0.500
sPoaLle 0.500
SPOALIL 0.500
SPOFFS3 0 Hz

SPOFFST 0 Hz

SPOFFE14 O Hz
SPOFFE3L 0 Hz

- GRADIENT “HANNEL

GENEM[1] SINE.100
cPHan[2] SInE, 100
GPHaM[3] SINE. 100
crua[d] SINE, 100
spal £0.00 ¥
Gpez 20.10 %
Gpz3 11,00 &
cpad -5.00 ¥
El6 1000.00 usec
F19 500.00 uzec

F1 - asquisition parameteras
1 167

srol 17¢.0252 Hz
FIDRES 337.301514 Hz
) 0.000 ppm
FaMopE  Echo-Antischo

s1
sF
WD
e
1B
a8
Ec

F2 - Procssaing parametars
2048

T00.0000194 MHz
Q¥INE
z

1.00

F1 - Procesaing parametars

echo-anriecha
176.0147862 MHz
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Figure S59. HMBC spectrum (700 MHz, CD30D) of 5
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Current Data Parameters

NAME Ppit-28-1
EXPNO 8052
PROCHO 1

F2 - Roquisition Paramsters
Date_ 20130713
Time 15.19
INSTRUM spect
PROBHD 5 mm PRIXO 31P
PULPROG hmbegplpndgf

D 4086
SOLVENT MeOD

o) 160

D& 1s

SWH 55%7.015 Hz
FIDRES 1.366459 Hz
RO 0.3658083 sec
RG 203

oW 23.333 usec
DE 6.50 ussc
TE 303.0 K
CHST2 145.0000000
CHETL3 5,0000000

Do 0.,00000300 see
D1 1.50000000 sec
D2 0,00344828 sec
D& 0.10000000 sec
D16 0.00010000 s=c
o 0.00001290 s=¢

= GRARDIENT CHRNNEL

GRNAM[1] SINE.100
GRNAM[2] SINE.100
GPNAM[3] SINE.100
PRl 50.00 %
cpz2 20.00 %
GFL3 40,10 &
Bls 1000.00 uses
Fl - Rocquisition parameters
™o

sFOL 176.0345 MHz
FIDRES 356.936310 Hz
e 220.000 ppm
FnMoDE oF

F2 - Processing parameters
ST 2048

53 700.0000189 MHz
WD SINE

sSB 2

LE 0 Hz

GE 0

FC l.00

Fl - Processing parameters
sI 4096

Hez2 oF

&F 176.0147996 MHz
wow BINE

&3B o

LE 0 Hz

GE 0

CHRMNEL f1 =

CHRMNEL £2 =

1x
16.20 usec
32.40 usec

0 dB
23.41072186 W
F00.0028000 MH=

13c
10.00 usec
0 dB
106.75517273 W
176.,0345007 MHzZ
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J 1 M Ppm Current Data Parameters

WAME Ppit-28-1
EXPNO 6030
PROCNO 2
F2 - Acgquisition Parameters
Date_ 20190712
Time 13.22
INSTRUM spect
PROBHD 5 mm PATXO 31p
1 PULPROG noesygpph
TD 2043
SOLVENT MeGD
NS 8
LI € DS 16
SWH 5597.015 Hz
- L] FIDRES 2.73291% Hz
2O 0.1829547 sec
RG 203
4 2 ol 89,332 nsec
. - o - DE 6.50 usec
» H 2 & B TE 303.0 K
DO 0.00006871 sec
“ ] Dl 1.00000000 sec
B & s @ @ D3 1.00000000 zec
el « - D16 0.00010000 sec
IND 0.00017865 sec

w

CHANNEL fl1 ====
1H
o 16.20 uzee
é ) - 32,40 uses
0 dB

23.41078186 W
700.0028000 MHz

i s -
4 == GEADIENT CHANNEL =====
GPNAM[1] SINE.100
GPZL 20,00 %
@ Pls 1000.00 ugec
Fl - Acquisition parameters
TD 123
. gFol 700.,0028 MHz
FIDRES 91,008194 Hz
5 ] 7.996 ppm
FnMOoDE TPFI
F2 - Processing parameters
ST 2048
SE 700,0000207 MHz
WDW QSINE
SEB 2
6 LE 0 Hz
GB 0
PC 1.00
Fl - Processing parameters
£I 2048
MC2 TPPI
SE 700,0000212 MHZ
- . - WDW QSINE
7 SEB 2
LB 0 Hez
cB 0

I I I I I I I I I I I I I I I
75 70 65 60 55 50 45 40 35 3.0 25 20 15 1.0 05 ppm
Figure S60. NOESY spectrum (700 MHz, CD30D) of 5
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—2.261
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—1.960
—1.900

—~2.318

1.463

Current Data Parameters

MAME Ppit-31
EXFPNO 3z
PROCHG 1

F2 - Aequisition Parameters
Date_ 20130703
Time 10.32
TINSTRUM spect
FROEBHD 5 mm FATXC 31F
PULEROG zg30

D 1384
SOLVENT MedD

Hs 49

Ds Q

SWH 4201.681 Hz
FIDRES 0.256450 Hz
j:Xe] 1.9496953 zec
RG 203

oW 119.000 usec
DE 6.50 usec
TE 303.0 E
Dl 0 sec

TDO 1
======== CHANNEL fl ====
HUCl 1H

Pl 16.20 uszec
PL1 0 de

PL1W 23.41078186 W
SFol 700.0019600 MHz
F2 - Processing parameters
51

iy 700.0000224 MHz
TDW no
BSB Q

LB 0 Hz

GB 0

PC 1.00

N TR

LJJL |

5.0 4.5 4.0
o

&

Figure S61. *H NMR spectrum (700 MHz, CD30D) of 6
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Current Data Paramsters
NAME Ppit-31
EXFNG 2730
PROCNO 1
F2 - Requisition Paramsters
Dats_ 20120703
Time 11.49
INSTRUM spect
PROBHD 5 mm PATHO 31F
PULPROG zgde3o
D 65536
SOLVENT M=0D
wg 2459
D§ z
SHH 42613.637 Hz
FIDRES 0.650232 Hz
RO 0.7689557 see
RG 203
DW 11,732 usec
DE 6,50 usec
TE 303.7 K
D1 0.50000000 sec
D1l 0.03000000 see
TDO 4086
CHANNEL £1 =
13¢
10.40 usse
0 4B
106.75517273 W
176.,0353807 MHz
CHAMNEL f£2 =
CEDPRG[2 waltzlé
nuez 1H
PCEDZ 71.90 usse
PLZ 0 4B
PL1Z 12.68 4B
PLZW 23.41078186 W
PL12W 1.26303649 W
£Foz 700.0021000 MHz
F2z - Processing parameters
=1 65536
=F 176.01478%1 MHz
WOW EM
S8E ©
LE 1,00 Hz
GB [
‘ BC 1.40
- " ~ L L " H

i I i I i I i I i I
220 200 180 160 140
Figure S62. 3C NMR spectrum (176 MHz, CD30D) of 6
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——84.99

—79.73

—— 39,05

33.63
33.38
32.63
31.03

—23.27

Current Data Paramsters

MAME Ppit-21
EXPHO 3135
PROCHO 1

F2 - Reguisition Parameters
Date_ 20190703
Time 12.45
INSTRUM apect
PROBHD 5 mm PATXO 31P
PULFROG deptepl3s

D 65536
SOLVENT MeOD

M3 80

Ds 2

SWH 29761.904 Hz
FIDRES 0.454131 Hz
RO 1.1010048 sec
RG 203

oW 16.800 usec
DE 6.50 uses
TE 302.0 K
CNETZ 145.0000000

D1 2.00000000 zea
Dz 0.00344828 sec
Diz 0.00002000 sec
DO 4098

= CHRMNEL f1 =
1zc
10.40 usec
2000.00 usec
120.00 4B

0 dB
oW
106.75517273 W
176.0301003 MHz
7.82 dB
Crpé0comp.d
0.500

BPOFFE2 0 Hz

CPDPRG([2

NUC2

P3 16.70 usec
Fd 33.40 usec
PCPD2 71.%0 usec
PL2 0 dB

FL12 12.68 dB
PLZW 22.4107818¢ W
PLl2W 1.26303649 W
BFOZ 700.0021000 MHz
F2 - Processing parameters
2L 65536

BF 176.0147%00 MHz
WOW EM

5B 0

1B 1.00 Hz
GB 0

FC 1.40

| | T | T | | T
160 150 140 130 120 110 100 90

Figure S63. DEPT-135 NMR spectrum (176 MHz, CD30D) of 6
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Current Data Farameters
ML M, M ML id ppm NAME Ppit-31

4 F EXPNO 455
PRGCNG 1
F2 - Acquisition Parameters
Date_ 20190703
Time 10,33
INSTRUM spect
- PROBHD 5 mm PATXO 31P
PULPROG cosygpaf
= =, @ & ™ 2043
: SOLVENT MeoD
L ws 1
DS E
’ F SWH 4201.631 He
| FIDRES 2.,051602 Hz
) 0.2437120 sec
F RG 203
DH 119.000 usec
L] — 2_0 DE 6.50 nsec
&3 L TE 303.0 K
Do 0.00000300 sec
F Dl 1.20000005 sec
. = = D13 5.00000400 sec
< ) r Di6 0.000L0000 sec
L N0 0.00023800 zec
— —=—===== CHANNEL fl ========
| 25 Nucl 1H
PO 16.20 usec
e L 31 16,20 usec
] &% PLL 0 4B
r PLIW 23.41078186 W
L sFol 700.0021000 MHz
—3.0 —===== GRADIENT CHANNEL =====
" GENAM[1] SINE.100
j B i & s r crel 10,00 %
- L P16 1000.00 usec
@
- F F1 - Acquisition parameters
— . | T™D 256
® sFol 700.0021 MHz
-~ — 3 5 FIDRES 32.825607 Hz
s . SW 6.002 ppm
P r FnMODE oF
o L
i @ : F2 - Frocessing parameters
. @@ F 5T 2048
;@'@ 8 SF 700,0000214 MHZ
- [ WDW STNE
JI] L SSE a
4.0 LB 0 Hz
F = 0
. L P 1.00
- F Fl - Processing parameters
rs . - ST 2048
—_— e B ) r MC2 oF
—4.5 5F 700.0000213 MHZ
. WDW STHE
F S5B o
LB 0 Hz
[ GB a

| | | | | | |
4.5 4.0 3.5 3.0 25 2.0 1.5 ppm

Figure S64. COSY-45 spectrum (700 MHz, CD30D) of 6
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Figure S65. HSQC spectrum (700 MHz, CD30D) of 6

current Data Parametera
HErE Ppit-3l
EXPNoO 7130
ERoCNG 1

F2 - acquisition Parameters
Data_ 20130

Time 11.1:
INETRUM apect
FROEND 5 mm PaTxo 31
FULPROG haqratgpaizp2.2
20

FOLVENT MaOD
ne E
b 4z
s 4201.681 Hz
FIPRES 2.001602 Hz
2 0.2437120 2sc
R a0z
o 119,000 usee
bE §.50 usec
1E .3
ensTe 1450000000
ensTLT -0.5000000
0.00000300 zec
b1 2.00000000 sec
pa 0.00172414 zec
pil 002000000 sec
pis 0.00010000 sec
b4 0.00086207 zec
E) 0.00001775 zec
131

- CHANNEL £1 -

el 1
F1 16.20 usec
=) 32.40 vaes
ras 0 uzec

FLL 0

PLIN 23.41078186 W
srol 700.0021000 iz

- - CHAMEL £Z =
CEDERG (2 bi_pSmisp_8sp.2
ez 132

B3 10,00 usec
Pl 500,00 uses
24 2000.00 usee
P 1560000 useo
FL0 120,00 <5
PLZ o
Filz 15.56 a8
FLow 0w
sizw 10675517273 W
FLi20 2.96748734 %
1760292202 oz

s¥3 .16 o
5Pt 8.16 a5
bl 5l54 am

1 66
SPRAM[3] crpél,0.5,20.1
sEwa[7] | crpsboomp. 4

SPNAM[13 €rp32,1.5,20.2
SPRAM[3L Crp32,1.5,20.2

SPoALE o.500
SpoALT o.500
SPoALLL 0.500
SPoALIL 0.0
spoFEsE 0 Hz
SEOFFST 0 Hz
SPoFFESld 0 Hz
SPoFFEIL 0 Hz
—m---- GRADIENT CHANNEL
aEnRM (1] snE. 100
aEwaM (2] sTNE. 100
cema(3] smE. 100
GENAM[4] snE. 100

1 20.00 ¥
cpz2 20010 &
apa3 11.00 &
Gpzd =5.00 &
P16 100000 uaee
P12 500,00 uaes

F1 - acqmisition parameters

™ 256
sFo1 176.0292 Mz
FIDRES 220.036530 Hz
) 160.000 ppm
FOMODE  Echo-Antische

FZ - Processing parameters
ST 5

sF 700.000015% Mz
b oeIHE

ssB

LB 0 Hz

oB 0

Po 1.00

F1 - Processing parameters
T 2096

Moz echo-antieche
s 1760147865 Mz
wpw

S8 8

LE LR

oB 0
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Figure S66. HMBC spectrum (700 MHz, CD30D) of 6
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Current Data Paramsters

NAME Ppit-31
EXPND 2052
PROCNG 1

F2 - Bequisition Parameters

Dats_ 201207032
Time 12.56
INSTRUM spest

PROBHD 5 mm PATEO 31P
PULPROG hrbegplpndgf

TD 4098
SOLVENT MeOD

Ns 15

Dg 16

SWH 4201.6581 Hz
FIDRES 1.025801 Hz
RQ 0.4874240 sec
RG 202

oW 119,000 usec
DE 6.50 usec
TE 302.5 K
CNSTZ 145.0000000
CNST13 5.0000000

Do 0.00000200 see
D1 1.50000000 see
Dz 0.00344828 sec
D& 0.10000000 ssc
D1g ©0.00010000 sec
INO 0.00001420 see

MUC1 1H

Pl 16.20 usec
P2 32.40 usec
PL1 0 4B

PLIW 2341078186 W
SFO1 700.,0021000 MHz

B3 10.00 usec
PL2 0 aB

PLEW 106.75517273 W
sF02 176.0827405 MHz

GERDIENT CHANNEL

GENAM[1] SINE.100
GENAM[2] SINE.100
GEMEM[3] SINE.100
GPZ1 50,00 %
GPLZ 30,00 &
GPLR 40,10 &
P16 1000.00 usec

Fl - Requisition parameters
)

SFO1 176,0327 MHz
FIDRES §77.045011 Hz
B 200,000 ppm
FnMODE GF

F2 - Processing parameters
=1

sF TO0.0000201 MHz
wou SINE

SSE Ed

LB o Hz

GB o

PC 1.40

F1 - Processing paramsters
ST 4096

Mez QF

=F 176.01473%4 MHz
WDW SINE

S5B o

LB © Hz

GE o
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Figure S67. NOESY spectrum (700 MHz, CDs0D) of 6
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Current Data Parameters

NAME Ppit-31
EXPNO 6030
PROCNO 1

F2 - Requisition Parameters

Date_ 20190703
Time 10.42
INSTRUM spect
PROBHD 5 mm PATXO 31P
PULPROG noesygpph

D 2048
SOLVENT MeoD

ne 4

D& 16

SWH 4201.681 Hz
FIDRES 2.051602 Hz
AQ 0.2437120 sec
RG 3

oW 11%.000 usec
DE 6.50 usec
TE 303.0 K
Do 0.00009837 sec
Dl 1.00000000 g=¢
D3 1.00000000 sec
D16 0.00010000 sec
IND 0.,00023800 sec

NUeL

Pl 16.20 usec

P2 32.40 usec

PLL 0 dB

PL1W 23.41078186 W

SFQL 700,0021000 MHZ
GRADIENT CHANNEL =

GPIIAM[1] SINE.100

GPZ1 20,00 %

P16 1000.00 usec

Fl - Bequisition parameters

TD 101

SFGL 700,0021 MHz

FIDRES §3.201355 Hz

B 6,002 ppm

FnMODE TFEI

F2 - Processing parameters

ST 2048

SF 700.0000214 MHz

WO QSTNE

588 2

LB 0 Hz

GB o

PC 1.00

F1 - Processing parameters

5T 2048

MC2 TPPI

sF 700.0000214 MHz

WO QSINE

558 z

LB 0 Hz

GB o
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—5.015
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—4.669

3.410

—2.413

—2.251

—2.1Z23
—2.029

_~1.865

~—1.825
—1.778
——1.708
T~1.655

—1.498
—1.411

Current Data Farameters

NAME Ppit-9m
EXPHO 30
PROCHG 1
F2 - Acquizition Paramsters
Date_ 20181228
Time .28
INETRUM gpect
PROBHD 5 mm PABBO BB/
PULPROG z2g30
D 16384
SOLVENT MeCD
i 4%
Ds 2
SWH 3001.200 Hz
FIDRES 0.183173 Hz
AQ 2.7295744 sec
RZ 157.56
DH 166.600 usec
DE 16.00 use:
TE 303.2 K
ol 0.20000000 sec
TDO 1
CHANNEL f1 ==
500,1314004 MHz
1H
11.00 uses
15.84899398 W
FZ - Procsssing paramsters
5T 6553
SF 500.12998%6 MHz
WDW no
SSB [¢]
LE 0 Hz
=B 0
PC 1.00

5.0 5 4.0 3.5

T r

Figure S68. *H NMR spectrum (500 MHz, CD3sOD+CDCls) of 7
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176.72
148.81

109.28

— 54,48
TT—gz.56

— 75.04
—56.82
—51.,12

»i

- 38.46

———37.64
T—33.72

TS-31.98

_—18.,820

T—18.13

Current Data Parameters

NAME Ppit-9m
EXENO 3530
FROCHO 1

F2 — Requisition Paramsters
Date_ 20181228

Time 10.59
INSTRUM spect
PROBHD 5 mm PABEO BB/
FULFROG ngc30

D 65536
SOLVENT MeOD

N 1570

Ds z

SWH 29761.504 Hz
FIDRES 0.454131 Hz
Fat) 1.1010048 sec
RG 196.84

ow 16.800 ussc
DE 25.00 usec
TE 303.2 K
Dl 0.50000000 ssc
D1l 0.03000000 sec
TDO 4096
======== CHANNEL fl ========
SFOl 125,7722511 MHz
NUcl 13¢

Pl 12.00 ussc
PLWL 79.43299866 W
======== CHRNNEL f2 ========
sFO2 500.1315004 MHz
NUcz 1H
CPDPRG[2 waltzlé
PCPDZ 78.00 usec
PLWZ 15.8482925%2 W
PLWL2 0.35659999 W
F2 - Processing parameters
s 65536

SF 125,7578235 MHz
wow EM

28B a

LB 1.00 Hz
GE 0

PC 1.00

220 200 180 160 140 120
Figure S69. *3C NMR spectrum (125 MHz, CD3OD+CDCls3) of 7
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109.29
——82.55
— 75,04

56.82
—33.71
™—31.98
18,12

——~18.90

TT—37.63

_~—38.4%6

Current Data Parameters

HAME

Ppit—%m

EXPNO 3135

PROCHO 1

F2 - Rcquiszition Parameters

Date_ 20181228

Time 11.43

INSTRUM spect

PROBHD 5 mm PAEBO BR/

PULPROG deptspl3s

o 65536

SOLVENT MeOD

Hs 83

Ds 2

EWH 22727.273 Hz

FIDRES 0.346791 Hz

AD 1.4417920 zec

RG 196.84

DW 22.000 use

DE 6.50 uze

TE 303.1 K

CHMST2 145.0000000

D1 2,00000000 sec

D2 0.00344828 sec

Diz 0.00002000 ze¢

TDO 4096
CHANNEL £l

EFO1 125.7684784 MHz

HUcl 13¢

Fl 12.00 usec

F13 2000.00 usec

PLWO 0w

FLWL 79.43299866 W

SPNAM[5] Crp60comp . &

SPOALL 0.500

EFPOFFE5 0 Hz

BPW5 17.47699928 W

======== (CHANNEL f2 =======

BFOZ 500.1320005 MHz

NUCZ 1H

CPDPRG[2 waltzlé

F3 11.70 use«

P4 23.40 uze

FCFD2Z 78.00 use«

PLWZ 15.8483%338 W

FLW1Z 0.35659993 W

F2 - Proceszsing parameters

&I 85536

8F 125.7578237 MHz

WDW EM

ESB 0

LE 1.00 Hz

GEB [}

FC 1.40

170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
Figure S70. DEPT-135 NMR spectrum (125 MHz, CD3:0D+CDCIs) of 7
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Figure S71. HSQC spectrum (500 MHz, CD30D+CDCl3) of 7
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Gurrent Dats Parsmeters
NAME

pit-gm
EXFNO 7130
PROCNG 1
Pz - Aoguisition Paremeters
Date_ 20181228
Time 10,11
INSTRUM spect

FROBED 5 mm FAEBO BB/
FULFEOC hegcetgpeispl 2
™ 2048

SOLVENT Me0D
NS P
Dg 16
2%H 3001.200 Hz
FIDRES 1,455430 Hz
a0 0.3811968 zes
RG 196.84
oW 166,600 usec
DE 9,50 usec
TE 3.4 K
GNSTZ 145,0000000
GNST17 -0, 5000000
Do ©,00000300 sec
D1 1,50000000 sec
D4 0,00172418 sec
D11 0,03000000 sec
D16 ©,00010000 sec
D24 0,00089000 sec
e 0.00002480 sec
L £l
500,1314004 MHz
10
11,00 uses
22,00 uses
P23 0 uses
PL#L 15,84899998 W
= CHMMNEL £3 = =
125.7578498 MHz
HUez 13¢
CEDPRG[Z bi_pSmdzp_dzp.2
E3 12,50 uses
P14 500,00 uses
P24 2000, 00 uses
P83 150000 uses
ELYO W
BL¥W2 79,43299866 W
ELW1Z 2,74029394 W
SPNAM[3] Crps0,0.5,20.1
SPOALE 0,500
SPOFFS3 0 Hz
SEWE 18,56299934
SENAM([T] CrpEDoong .4
SPOALT 0,500
SPOFFS7 0 Hz
SPWT 18,96299934 ¥
SPNAM[14 rp32,1.5,20.2
ZPOALLY 0,500
SPOFFS14 0 H:
2PW14 £,05093960 T
SPNAM[31 crp32,1.5,20.2
SPOALEL . 500
SPOFFS31 0 Hz
B 2.02270007 W

GENAM[1]
GENAM[2]
GENAM[3]
GENAM[4]
@PBL
GEE2
GPL3
¢rEd

P16

P13

CRADIENT CHANNEL

SMEQ10, 100

SMEGLO. 100

SMSGLO. 100

EMEGLO. 100
s

20,10
11.00
-5.00

1000 . 00

600, 00

2
PErr

usec
uses

Fl - Roguisition paremeters

D
gFo1
FIDRES
Ed

FaMODE.

e
sP

DY

$3B

LE o
B o
B¢

125,7478
157510086
160,306

500.1299885
QSTNE
B
Hz
1.00

ez eche-sntieche
sP 12575782687
DA QEINE
$3B 6
LE 0 Hz

B

MHz
Hz
Ppm

Echo-Antische

F2 - Proceszing parsmstars
2043

MHE

F1 - Frocessing psremsters
1 4096

MHz
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Figure S72. HMBC spectrum (500 MHz, CD3:0D+CDCIs) of 7

Current Datsa Parameters

NEME Ppit-9m
EXENO 5052
PROCNO 1

F2 - Requisition Parameters

Date_ 20181228
Time 12.15
INSTRUM spect

PROBHD 5 mm PABBOC BB/
PULPROG hnbegplpndgs

D 4096

SOLVENT MeOD

Ng 16

DS 16

SWH 3001.200 Hz

FIDRES ©.782718 Hz

5O 0.6823836 sec

RG 196.84

DY 166,600 usec

DE .00 uses

TE 303.2 K

CNRTZ 145,0000000

CNET13 5.0000000

Do 0.00000300 s=¢

D1 1.50000000 seo

Dz 0.00244828 =

Dé 0.10000000 ses

Dls§ 0.00010000 sec

INO 0.00001390 sea

CHENNEL £1
500.,1814004 MHz
1H

12.00 ussc
24,00 uses
15.84899998 W

CHANNEL £2
SFOZ 125,7703648 MHz
Nucz 1ac
P3 10.00 uszec
PLWZ 74.,12099670 W

= GRADIENT CHANNEL

GENAM[1] SMEQ10.100
GENAM[2] SMEQ10.100
GENAM[2] SMQ10.100
GPE1 50.00 %
G2 30.00 %
GPI3 10.10 &
P16 1000 .00 usec

Fl - Aequisition paramsters
TD

SFO1 125.7704 MHz
FIDRES 405.252075 Hz
B 185,774 ppm
FnMODE QF

F2 - Processing parameters
81

SF 500.129886% MHz
WowW QEINE

SSB z

LB 0 Hz

GE o

B! 1.40

Fl - Processing parametsrs

s8I 4096

MC2 QF

SF 125.75781%% MHz
wow SINE

SEB [

LB 0 Hz

GE o
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Current Data Parameters

NAME Ppit-9m

JM ppm EXFNO 6030
1

PROCHO
— 1 o FZ - Acquisition Parameters
- Date_ 20181228
Time 9.09
5 INSTRUM apect
PROBHD 5 mm PABBO BB/
PULPRGG noesygpph
L 5 = TD 2048
) e = ZOLVENT MeoD
8 = 1.5 NS 3
" Ds 16
P ¢ SHH 3001.200 He
‘§ = k] 5, FIDRES 1.465430 Hz
3 zi RQ 0.3411968 sec
£8 | = 2 RG 106,06
) - Dl 166.600 usec
d 2.0 DE §.50 usec
P - = - TE 303.2 K
F L. 2 DO 0.00015259 sec
il T - DL 1.50000000 sec
‘& = D8 1.00000000 sec
> D16 0.00010000 sec
o 0.00033320 see
— 2 5 = CHANNEL fl ==
- 500,1314004 MHz
H 1H
L 11,00 usec
N 22.00 usec
: 15.843899998 W
—= GRADIENT CHANNEL ==
— 3_0 GPNAM[1] SMSQ10.100
Gpel 40.00 3%
P1§ 1000.00 usec
Fl - Acquisition parameters
o . . Bl o TD 153
_é § E c@" 2 . o E L oHEw sFol 500.1314 MHz
. FIDRES 39,231380 Hz
B 3.5 e 6.001 ppm
FnMODE TEPI
F2 - Processing parameters
2T 2048
SF 500,1299832 MHz
WDW QSINE
— 4 o 55B 2
- LB 0 Hz
4 h GE 0
- BC 1.00
s & L 8 : g aE v F [ R 1 O T
Fl - Processing parameters
. ST 2048
Me2 y33
~4.5 sF 500.12938%9 MHz
. WDW QSINE
il a < . oA any 5. o8 o He 2
GB 0
a8 - £ o Gy B
-] g = = . e @ o e o o =* —5_0

T T T T T T T T
5.0 45 4.0 35 3.0 25 2.0 1.5 ppm

Figure S73. NOESY spectrum (500 MHz, CD;0OD+CDCls) of 7
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Current Data Farameters
HAME Ppit—25d
BXPNO 31
PROCNO 1
F2 - Roquisition Parameters
Date_ 20190609
Time 12.29
INSTRUM spect
PROBHD 5 mm PREBO BB/
PULPROG 2930
TD 16384
SOLVENT DMEO
ot 71
Da 2
HWH 3501.401 Hz
FIDREZ 0.21370% Hz
AQ 2.3396351 sec
RG 196.24
DI 142.800 usec
DE 16.00 usec
TE 303.2 K
Dl 0,20000000 sec
TDO 1
======== CHANNEL fl ========
sFol 500.1314504 MHz
HUCl 1H
Pl 11.00 usec
PLWL 15.84899998 W
F2 - Processing parameters
2L 85536
sF 500.1300092 MHz
woW no
s3B 0
LE 0 Hz
GB 0
B 1.00

A -

6|.5I - IGiOI B I5|.5I - I5|.0I B I4|5I - I4|0I B I3|.5I - I3|.0I B I2|.5I - I2|.0I B I1|.5I - I1|.0I B I015I o Ippm
2/2) o =[] -

| =le) = (el (el
Figure S74. *H NMR spectrum (500 MHz, DMSO) of 8




— 169.24
142.24

_—164.64
TT—163.43

— 106.82

_—100.92
T~ 100.18

— 76.22

__—66.15

T~ 65,79

———37.35

32,65

31.39
29.82

~

——19.82

TT—17.93

Current Data Parameters

NAME Ppit—25d
EXPHO 3530
PROCIO 2

F2 - Acquisition Parameters
Date_ 20190612
Time 10.59
INSTRUM sp=ct
PROBHD 5 mm PABEO BB/
BULPROG zgdeso

™ 65536
SOLVENT DMEO

5E) 400

=5} 2

awH 29761.904 Hz
FIDRES 0.454131 Hz
AR 1.1010048 sec
RG 196.84

oW 16.800 usec
DE 32.00 usec
TE 303.4 K
=38 0.50000000 ssc
D1l 0.03000000 sec
DO 4096

CHANMEL f1 =
125.7722511 MH=z
13c
12.00 usec
T9.43299868 W

HANNEL £2

aro2 500.1320005 MHz
HUC2 1H
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Figure S75. 3C NMR spectrum (125 MHz, DMSO) of 8
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Figure S76. *H NMR spectrum (700 MHz, DMSO) of 9
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Figure S77. 13C NMR spectrum (176 MHz, DMSO) of 9
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