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General Information.

All reactions were carried out under ambient aiess otherwise noted. All reagents and solvents
were of reagent grade and used without furtheffipation. An oil bath was employed as the heating
source for reactions requiring elevated temperatudaless otherwise stated, reaction mixtures were
stirred using a magnetic stirrer. All organic saiieewere removed under reduced pressure using a
rotary evaporator. Yields are reported immediagaipr to the subsequent reaction step and after
recrystallization of the final products, unlessesthise noted.

4- and 3C nuclear magnetic resonance (NMR) spectra wererded on an Ascend¥ 400
spectrometer (Bruker, MA, USA) in CDEDMSO-d6, CDsOD, or DO, as indicated. Chemical shifts
(6) are reported in parts per million (ppm). Reside@lent signals were used as internal references
for spectra recorded in CD{bH = 7.26 ppmyC = 77.0 ppm), DMSQI6 (6H = 2.51 ppmyC = 39.5
ppm), and CROD (6H = 3.31 ppmyC = 49.0 ppm). For spectra measured #®[the residual HDO
signal 6H = 4.79 ppm) was used as the referenceHaXMR; no internal reference was used for 13C
NMR. Signal multiplicities are designated as folkows = singlet, d = doublet, t = triplet, q = qe#yt
m = multiplet, dd = double doublet, dt = doublelet. High-resolution mass spectra (HRMS) were
obtained using electrospray ionization (ESI) inifpes/negative mode on a LIT-g-TOF tandem mass
spectrometer (NanoFrontier LD) coupled to a ligeidomatograph (Hitachi High-Tech Corporation,
Japan).

Synthesis o23a

BocHN\/\g/H\/\/H\g/\/NHBoc

di-tert-Butyl ((propane-1,3-diylbis(azanediyl))i8séxopropane-3,1-diyl))dicarbamate 23a). A
mixture of N-Boc{-alanine 21a) (1135 mg, 6.0 mmol), propane-1,3-diami22d) (148 mg, 2.0
mmol), EDCHCI (1150 mg, 6.0 mmol), and DMAP (24 mg, 0.2 mmolpPiMF (10 mL) was stirred
at 50 °C for 3 h. After cooling in an ice bath, 3#ueous NaHC§X(30 mL) was added, stirred for 10
min at the same temperature, and the precipitatecalected by filtration using a Kiriyama funnel
and washed with hexane/ethyl acetate (10:1). Todtreg colorless soli@3a (802 mg, 96.3%) was
used in the next step without further purificatiid.NMR (400 MHz, CDCJ) § 6.52 (br s, 2H), 5.28
(br s, 2H), 3.40 (dtJ = 6.0, 6.0 Hz, 4H), 3.28 (d1,= 6.0, 6.0 Hz, 4H), 2.42 (§,= 6.0 Hz, 4H), 1.66—
1.60(m, 2H), 1.43 (s, 18H); *C{*H} NMR (100 MHz, CDCJ) § 172.0, 156.2, 79.4, 36.8, 36.5, 35.8,
29.5, 28.4; HRMS (ESI-TOF) m/zcalcd for GoHz7N4Os [M+H]* 417.2708, found 417.2701.

Synthesis 0£3b

0
BocHN/\)J\
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di-tert-Butyl  ((butane-1,4-diylbis(azanediyl))bisg@opropane-3,1-diyl))dicarbamate 23b). A
mixture ofN-Boc-alanine g1a) (1140 mg, 6.0 mmol), butane-1,4-diami@2k) (176 mg, 2.0 mmol),
EDC-HCI (1155 mg, 6.0 mmol), and DMAP (24 mg, 0.2 mmol) isB (10 mL) was stirred at 50 °C
for 3 h. After cooling in an ice bath, 5% aqueowEHTG (30 mL) was added, stirred for 10 min at
the same temperature, and the precipitate wasctadleby filtration using a Kiriyama funnel and
washed with hexane/ethyl acetate (10:1). The riegutblorless soli@3b (833 mg, 96.7%) was used
in the next step without further purificatioid NMR (400 MHz, DMSQ€6) & 7.81 (t,J = 5.2 Hz, 2H),
6.73 (t,J = 5.2 Hz, 2H), 3.11 (dt] = 6.8, 6.8 Hz, 4H), 3.02-3.01 (m, 4H), 2.20J(t 7.2 Hz, 4H),
1.40-1.35 (m, 22H)3C{*H} NMR (100 MHz, DMSQ€d6) 6 170.1, 155.4, 77.5, 38.1, 36.8, 35.8, 28.2,
26.5 HRMS (ESI-TOF) m/zcalcd for GoH3oN4Oe [M+H] ™ 431.2864, found 431.2865.

Synthesis o23c

H
N

H
BocHN N~~~ NHBoc
Y 1

di-tert-Butyl  ((pentane-1,5-diylbis(azanediyl))ldsgxopropane-3,1-diyl))dicarbamate 23c). A
mixture of N-Boc-alanine gla) (1137 mg, 6.0 mmol), pentane-1,5-diami22c] (204 mg, 2.0
mmol), EDC-HCI (1149 mg, 6.0 mmol), and DMAP (24 mg, 0.2 mmol) iMB (10 mL) was stirred
at 50 °C for 3 h. After cooling in an ice bath, 3#ueous NaHC§(30 mL) was added, stirred for 10
min at the same temperature, and the precipitatecatected by filtration using a Kiriyama funnel
and washed with hexane/ethyl acetate (10:1). Thtneg colorless soli@3c (871 mg, 98.0%) was
used in the next step without further purificatiid.NMR (400 MHz, CDCJ) § 6.13 (br s, 2H), 5.34
(br s, 2H), 3.39 (dtJ = 6.0, 6.0 Hz, 4H), 3.25 (d1,= 6.0, 6.0 Hz, 4H), 2.40 (#,= 6.0 Hz, 4H), 1.55-
1.48 (m, 4H), 1.42 (s, 18H), 1.37-1.30 (nt))2C{*H} NMR (100 MHz, CDCJ) § 171.5, 156.3,
79.3, 39.0, 36.8, 36.4, 28.9, 28.4, 23IRMS (ESI-TOF)m/zcalcd for GiH41N4Os [M+H] " 445.3021,
found 445.3027.

Synthesis 023d

H H
BocHN/\/\n/N\/\/N\n/\/\NHBoc

0] 0]

di-tert-Butyl  ((propane-1,3-diylbis(azanediyl))bds¢xobutane-4,1-diyl))dicarbamate 23d). A
mixture of N-Boc-y-aminobutyric acidZ1b) (1219 mg, 6.0 mmol), propane-1,3-diami22d) (148
mg, 2.0 mmol), EDC-HCI (1150 mg, 6.0 mmol), and DMAP (24 mg, 0.2 mmol) iMB (10 mL) was
stirred at 50 °C for 3 h. After cooling in an icath, 5% aqueous NaHG@O0 mL) was added, stirred
for 10 min at the same temperature, and the ptatgpivas collected by filtration using a Kiriyama
funnel and washed with hexane/diethyl ether (1(:ti resulting colorless solit8d (866 mg, 97.4%)
was used in the next step without further purifmat'H NMR (400 MHz, CDCJ) § 6.81 (br s, 2H),
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4.88 (br s, 2H), 3.28 (d3,= 6.0, 6.0 Hz, 4H), 3.18 (d1,= 6.0, 6.0 Hz, 4H), 2.24 (§,= 7.2 Hz, 4H),
1.84-1.77 (m, 4H), 1.68-1.62 (m, 2H), 1(4318H); 1*C{*H} NMR (100 MHz, CDC})  173.2, 156.3,
78.9,39.7,35.9, 33.5, 29.3, 28.2, 26{RMS (ESI-TOF)m/zcalcd for GiHaiN4Os [M+H] * 445.3021,
found 445.3026.

Synthesis o23e

0 H
BocHN\/\)LH/\/\/N\([)]/\/\[\IHBOC
di-tert-Butyl ((butane-1,4-diylbis(azanediyl))bisggobutane-4,1-diyl))dicarbamat@3g). A mixture
of N-Boc-y-aminobutyric acid Z1b) (1220 mg, 6.0 mmol), butane-1,4-diamir&2k) (176 mg, 2.0
mmol), EDC-HCI (1150 mg, 6.0 mmol), and DMAP (24 mg, 0.2 mmol) iMB (10 mL) was stirred
at 50 °C for 3 h. After cooling in an ice bath, 3#ueous NaHC§X(30 mL) was added, stirred for 10
min at the same temperature, and the precipitatecatected by filtration using a Kiriyama funnel
and washed with hexane/ethyl acetate (10:1). Thatreg colorless soli@3e (909 mg, 99.1%) was
used in the next step without further purificatiid.NMR (400 MHz, CDCJ) § 6.63 (br s, 2H), 4.93
(brs, 2H), 3.27 (dtJ = 6.0, 6.0 Hz, 4H), 3.15 (d1,= 6.0, 6.0 Hz, 4H), 2.22 (§,= 6.8 Hz, 4H), 1.83—
1.77 (m, 4H), 1.58-1.52 (m, 4H), 1.48 18H); *C{H} NMR (100 MHz, CDCJ) § 172.9, 156.5,
79.3, 39.7, 39.0, 33.6, 28.4, 26.7, 261RMS (ESI-TOF)m/zcalcd for GoHa3N4Os [M+H] " 459.3177,
found 459.3179.

Synthesis oR4a

H H
BocHN\/\/N\/\/N\/\/NHBoc

di-tert-Butyl ((propane-1,3-diylbis(azanediyl))@s¢xopropane-3,1-diyl))dicarbamat@4a). A 3.6

M solution of Red-Al in toluene (2.0 mL, 7.2 mma¥as slowly added to a solution of diami2iga
(250 mg, 0.6 mmol) in toluene/THF (2:1, 10 mL) &t@ The reaction mixture was stirred at 40 °C
for 3 h. After cooling to 0 °C, 1.0 M aqueous NaQH) mL) was added slowly. The mixture was
stirred for 5 min and extracted with toluene (20)mIhe organic layer was washed witbQH(5 mL)
and brine (5 mL), dried over MgSJiltered, and concentrated under reduced pres3teeresulting
colorless soli®®4a (227 mg, 97.1%) was used in the next step witlfitiher purification.H NMR
(400 MHz, CDC%) 6 5.20 (br s, 2H), 3.16-3.12 (m, 4H), 2.62—-2.59 i), 1.64-1.54 (m, 6H), 1.39
(s, 2H); *C{H} NMR (100 MHz, CDCJ) § 156.0, 78.8, 48.2, 47.7, 39.1, 30.2, 29.8, 2HRMS
(ESI-TOF)m/zcalcd for GoHaiN4O4 [M+H]* 389.3122, found 389.3117.

Synthesis of4b

H
BocHN/\/\H/\/\/N\/\/NHBOC
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di-tert-Butyl ((butane-1,4-diylbis(azanediyl))bisgpane-3,1-diyl))dicarbamate 24b). A 3.6 M
solution of Red-Al in toluene (1.3 mL, 4.7 mmol) svslowly added to a solution of diamigéb (172
mg, 0.4 mmol) in toluene/THF (2:1, 10 mL) at O e reaction mixture was stirred at 40 °C for 3 h.
After cooling to 0 °C, 1.0 M agueous NaOH (10 mlgssadded slowly. The mixture was stirred for 5
min and extracted with toluene (20 mL). The orgdayer was washed with2® (5 mL) and brine (5
mL), dried over MgSQ filtered, and concentrated under reduced pres$teeresulting colorless oll
24b (143 mg, 89.0%) was used in the next step withiother purification.!H NMR (400 MHz,
CDCl) 6 5.21 (br s, 2H), 3.16-3.11 (m, 4H), 2.60J(t 6.8 Hz, 4H), 2.57-2.52 (m, 4H), 1.62-1.55
(m, 4H), 1.47-1.44 (m, 4H), 1.38 (s, 18M)H protons (2H) were not observed*C{H} NMR (100
MHz, CDCk) 6 156.0, 78.8, 49.7, 47.6, 39.1, 29.8, 28.3, 2HRMS (ESI-TOF) m/z calcd for
Co0H43N4O4 [M+H] ™ 403.3279, found 403.3274.

Synthesis oR4c

H H
BOCHN\/\/N\/\/\/N\/\/NHBOC

di-tert-Butyl ((pentane-1,5-diylbis(azanediyl))lmsfpane-3,1-diyl))dicarbamate24c). A 3.6 M
solution of Red-Al in toluene (2.0 mL, 7.2 mmol) svslowly added to a solution of diamigéc (267
mg, 0.6 mmol) in toluene/THF (2:1, 10 mL) at O e reaction mixture was stirred at 40 °C for 3 h.
After cooling to 0 °C, 1.0 M agueous NaOH (10 mlgssadded slowly. The mixture was stirred for 5
min and extracted with toluene (20 mL). The orgdayer was washed with2® (5 mL) and brine (5
mL), dried over MgSQ filtered, and concentrated under reduced pres$tueresulting pale yellow
oil 24c (234 mg, 93.7%) was used in the next step witfutiber purification!H NMR (400 MHz,
CDCl) 6 5.24 (br s, 2H), 3.13-3.12 (m, 4H), 2.59)(t 6.8 Hz, 4H), 2.53-2.50 (m, 4H), 1.61-1.53
(m, 4H), 1.47-1.38 (m, 24HNH protons (2H) were not observed; 13C{*H} NMR (100 MHz, CDCJ)

6 156.0, 78.7, 49.7, 47.7, 39.1, 29.9, 29.8, 28432 HRMS (ESI-TOF) m/z calcd for GiHasN4O4
[M+H]* 417.3435, found 417.3438.

Synthesis oR4d

H H
BOCHN/\/\/N\/\/N\/\/\NHBOC

di-tert-Butyl ((propane-1,3-diylbis(azanediyl))stane-4,1-diyl))dicarbamate 24d). A 3.6 M
solution of Red-Al in toluene (2.0 mL, 7.2 mmol) svslowly added to a solution of diamigeéd (267
mg, 0.6 mmol) in toluene/THF (2:1, 10 mL) at O e reaction mixture was stirred at 40 °C for 3 h.
After cooling to 0 °C, 1.0 M agueous NaOH (10 mlgssadded slowly. The mixture was stirred for 5
min and extracted with toluene (20 mL). The orgdayer was washed with2® (5 mL) and brine (5
mL), dried over MgSQ filtered, and concentrated under reduced pres$teeresulting colorless oll
24d (245 mg, 98.1%) was used in the next step withiother purification.!H NMR (400 MHz,
CDCl) 6 5.01 (br s, 2H), 3.04-3.02 (m, 4H), 2.57)t 6.4 Hz, 4H), 2.54-2.48 (m, 4H), 1.62-1.55
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(m, 2H), 1.43-1.42m, 8H), 1.35 (s, 18H); NH protons (2H) were not observed; *C{*H} NMR (100
MHz, CDCh) § 155.9, 78.7, 49.4, 48.3, 40.3, 30.1, 28.3, 27783 HRMS (ESI-TOF) m/zcalcd for
C21H45N4O4 [M+H]* 417.3435, found 417.3434.

Synthesis oP4e

H

BocHN N
0cC \/\/\H/\/\/ ~">"NHBoc

di-tert-Butyl ((butane-1,4-diylbis(azanediyl))bisfane-4,1-diyl))dicarbamate4e). A 3.6 M solution
of Red-Al in toluene (2.0 mL, 7.2 mmol) was slovalgded to a solution of diami@3e (275 mg, 0.6
mmol) in toluene/THF (2:1, 10 mL) at 0 °C. The @t mixture was stirred at 40 °C for 3 h. After
cooling to 0 °C, 1.0 M aqueous NaOH (10 mL) waseadslowly. The mixture was stirred for 5 min
and extracted with toluene (20 mL). The organietayas washed with3® (5 mL) and brine (5 mL),
dried over MgS@ filtered, and concentrated under reduced pres$heeresulting colorless solidle
(225 mg, 87.2%) was used in the next step withodhér purificationH NMR (400 MHz, CDCJ)

6 5.01 (br s, 2H), 3.04-3.03 (m, 4H), 2.54-2.49 8H), 1.47-1.39 (m, 12H), 1.36 (s, 18HH
protons (2H) were not observedC{'H} NMR (100 MHz, CDCJ) § 155.9, 78.7, 49.6, 49.3, 40.3,
28.3, 27.74, 27.68, 27..ARMS (ESI-TOF) m/zcalcd for G2H47N4O4 [M]* 431.3592, found 431.3591.

Synthesis 06

N~ N NN,

4HCl
Norspermingetrahydrochloride §). A 4.0 M solution of HCI in 1,4-dioxane (0.75 n2.0 mmol) was
added to a solution of the di-Boc compowdd (116 mg, 0.3 mmol) in 1,4-dioxane (5.0 mL) at Q °C
The reaction mixture was stirred at 50 °C for Bftter removal of the solvent under reduced pressure
the crude residue was recrystallized from MeOHfard a colorless solié (73 mg, 73.3%):H NMR
(400 MHz, O) § 3.21 (m, 8H), 3.13 (m, 4H), 2.20-2.a8, 6H); 3*C{*H} NMR (100 MHz, DO) &
447, 44.6, 36.6, 23.7, 22.7; HRMS (ESI-TOF)m/z calcd for GH2sN4 [M+H]™ 189.2074, found
189.2072.

Synthesis of

HZN/\/\N/\/\/H\/\/NHZ

4HCl
Spermingetrahydrochloride 7). A 4.0 M solution of HCI in 1,4-dioxane (0.75 mB,0 mmol) was
added to a solution of the di-Boc compowdth (121 mg, 0.3 mmol) in 1,4-dioxane (5.0 mL) at Q °C
The reaction mixture was stirred at 50 °C for Bftter removal of the solvent under reduced pressure
the crude residue was recrystallized from MeOHfard a colorless solid (58 mg, 55.7%):H NMR
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(400 MHz, DO) § 3.18-3.09 (m, 12H), 2.13-2.06 (m, 4H), 1.85-1174 4H) *C{*H} NMR (100
MHz, D20)§ 47.0, 44.6, 36.6, 23.8, 22IBRMS (ESI-TOF) m/zcalcd for GoHz7N4 [M+H] * 203.2230,
found 203.2228.

Synthesis 08

HzN\/\/H\/\/\/H\/\/NHz

4HCl
bis(Aminopropyl)cadaverine tetrahydrochlorid®.(A 4.0 M solution of HCl in 1,4-dioxane (0.75 mL,
3.0 mmol) was added to a solution of the di-Boc pound24c (125 mg, 0.3 mmol) in 1,4-dioxane
(5.0 mL) at 0 °C. The reaction mixture was stira¢&0 °C for 12 h. After removal of the solvent and
reduced pressure, the crude residue was recrystfiom MeOH to afford a colorless said78 mg,
71.4%).*H NMR (400 MHz, DO) § 3.18-3.07 (m, 12H), 2.14-2.06 (m, 4H), 1.78-11f14H), 1.51—
1.43 (m, 2H) 3C{*H} NMR (100 MHz, BO) § 47.5, 44.5, 36.6, 25.23.8, 22.8; HRMS (ESI-TOF)
m/zcalcd for GiH2oN4 [M+H]* 217.2387, found 217.2389.

Synthesis 0P

HZN/A\V/A\V/H\V/A\V/H\V/A\V/A\NH2

4HCl
Canavalmine tetrahydrochlorid®). A 4.0 M solution of HCl in 1,4-dioxane (0.75 n.0 mmol) was
added to a solution of the di-Boc compowdd (208 mg, 0.5 mmol) in 1,4-dioxane (5.0 mL) at Q0 °C
The reaction mixture was stirred at 50 °C for Bftter removal of the solvent under reduced pressure
the crude residue was recrystallized from MeOHfard a colorless soli@ (76 mg, 70.1%):H NMR
(400 MHz, DO) § 3.19-3.04 (m, 12H), 2.17-2.09 (m, 2H), 1.85-1M0 &); *C{H} NMR (100
MHz, D-O) 6 47.1, 44.5, 38.8, 23.9, 22.8, 22HRMS (ESI-TOF) m/z calcd for GiH2oN4 [M+H] "
217.2387, found 217.2389.

Synthesis ofl0

H
HZN\V/A\V/A\N/A\V/A\V/N\V/A\V/A\NH
H 4HCI ’

Homospermine tetrahydrochlorid&Q). A 4.0 M solution of HCI in 1,4-dioxane (1.0 mL04mmol)
was added to a solution of the di-Boc compo#el (172 mg, 0.4 mmol) in 1,4-dioxane (3.0 mL) at
0 °C. The reaction mixture was stirred at 50 °C3dr. After removal of the solvent under reduced
pressure, the crude residue was recrystallized te®H to afford a colorless solith (100 mg,
66.6%).!H NMR (400 MHz, BO) § 3.12-3.03 (m, 12H), 1.83-1.82 (n2H); *C{*H} NMR (100
MHz, D20O) 6 46.9, 46.9, 38.8, 23.9, 22.80, 22.HRMS (ESI-TOF) m/zcalcd for GoHz1N4 [M+H]™*
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231.2543, found 231.2548.

Synthesis oR6a

H
CszN\/\/N\n/\/NHBoc
(0]

tert-Butyl  (3-((3-(((benzyloxy)carbonyl)amino)prdjamino)-3-oxopropyl)carbamate 2a). A
mixture of N-Cbz-propane-1,3-diamine hydrochlorid2sg) (734 mg, 3.0 mmol)N-Boc{-alanine
(21a) (851 mg, 4.5mmol), EDC-HCI (863 mg, 4.5 mmol), and DMAP (36 mg, 0.3 mmol) iaNE(0.6
mL, 4.3 mmol), DMF (10 mL) was stirred at 50 °C ®h. After cooling in an ice bath, 5% aqueous
NaHCQ (30 mL) was added, stirred for 10 min at the saemeperature, and the precipitate was
collected by filtration using a Kiriyama funnel améhshed with hexane/diethyl ether (10:1). The
resulting colorless solidéa (1086 mg, 95.4%) was used in the next step withather purification.

H NMR (400 MHz, CDCJ) § 7.36—7.30 (m, 5H), 6.30 (br s, 1H), 5.29 (br s),58419 (br s, 1H), 5.10
(s, 2H), 3.41-3.21 (m, 6H), 2.41-2.39 (m, 2H), £161 (m, 2H), 1.43 (s, 9H); 13C{*H} NMR (100
MHz, CDCk) 6 171.9, 157.0, 156.2, 136.5, 128.5, 128.1, 12801,66.7, 37.6, 36.7, 36.3, 35.9, 29.8,
28.3 HRMS (ESI-TOF) m/zcalcd for GoHzoN3Os [M+H]* 380.2180, found 380.2183.

Synthesis o0f6b

0]

CbZHN\/\/\NJJ\/\/NHBOC

H

tert-Butyl (4-((4-(((benzyloxy)carbonyl)amino)byérhino)-4-oxobutyl)carbamategb). A mixture

of N-Cbz-butane-1,4-diamine hydrochloridgslp) (776 mg, 3.0 mmol)N-Boc-y-aminobutyric acid
(21b) (915mg, 4.5 mmol), EDC-HCI (863 mg, 4.5 mmol), and DMAP (36 mg, 0.3 mmol) in EtsN (0.6
mL, 4.3 mmol), DMF (10 mL) was stirred at 50 °C ®h. After cooling in an ice bath, 5% aqueous
NaHCQ (30 mL) was added, stirred for 10 min at the saemeperature, and the precipitate was
collected by filtration using a Kiriyama funnel améhshed with hexane/diethyl ether (10:1). The
resulting colorless solidéb (1163 mg, 95.1%) was used in the next step withather purification.

H NMR (400 MHz, CDCY) 7.38-7.29 (m, 5H), 6.32 (br s, 1H), 5.09 (s, 24498 (br s, 1H), 4.78 (br
s, 1H), 3.28-3.13 (m, 6H), 2.20 {t= 6.8 Hz, 2H), 1.82-1.76 (m, 2H), 1.58-1.52 (m)4H43 (s,
9H); 3*C{*H} NMR (100 MHz, CDC§) § 172.7, 156.5 (2C), 136.6, 128.5 (2C), 128.1, 78646, 40.6,
39.6, 39.0, 33.6, 28.4, 27.3, 26.6, 261BRMS (ESI-TOF)m/zcalcd for GiH34N30s [M+H] * 408.2493,
found 408.2487.

Synthesis oR7a

H
HZN\/\/N\H/\/NHBOC
0
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tert-Butyl (3-((3-aminopropyl)amino)-3-oxopropylybamate g7a). A mixture of amide6a (759 mg,

2.0 mmol) and 10% Pd/C (76 mg, 10 wt%) in MeOH itdl0) was stirred at room temperature for 5 h
under hydrogen atmosphere. The mixture was filtédnealigh Celite and concentrated under reduced
pressure to give the desired compound as a catostagl27a (487 mg, 99.3%), which was used in
the next step without further purificatiold NMR (400 MHz, CDCJ) § 7.00 (br s, 1H), 5.43 (br s,
1H), 3.33-3.24 (m, 4H), 2.71 (t= 6.4 Hz, 2H), 2.32 (] = 6.0 Hz, 2H), 1.61-1.51 (m, 4H), 1.35 (s,
9H); 13C{*H} NMR (100 MHz, CDCJ) 6 171.4, 156.1, 79.0, 39.8, 37.5, 36.7, 36.2, 3813 HRMS
(ESI-TOF)m/zcalcd for GiH24N303[M+H] " 246.1812, found 246.1816.

Synthesis o27b

0]

H N~y A~ NHBoc

H
tert-Butyl (4-((4-aminobutyl)amino)-4-oxobutyl)cannate 27b). A mixture of amide26b (815 mg,
2.0 mmol) and 10% Pd/C (76 mg, 10 wt%) in MeOH itdl0) was stirred at room temperature for 5 h
under hydrogen atmosphere. The mixture was filtédnealigh Celite and concentrated under reduced
pressure to give the desired compound as a cadostaEgl27b (543 mg, 99.3%), which was used in
the next step without further purificatiold NMR (400 MHz, CDC) § 6.82 (br s, 1H), 4.98 (br s,
1H), 3.28-2.70 (m, 8H), 2.20 (= 6.8 Hz, 2H), 1.81-1.74 (m, 2H), 1.60—1.50 (m),4H41(s, 9H);
13C{*H} NMR (100 MHz, CDC4) § 172.8, 156.5, 79.3, 41.2, 39.8, 39.2, 33.6, 28874, 26.8, 26.4
HRMS (ESI-TOF)m/zcalcd for GsH2eN3Os[M+H] * 274.2125, found 274.2127.

Synthesis o£8a

H H
BOCHN/\/\H/N\/\/N\H/\/NHBOC

0] 0]

tert-Butyl (2,2-dimethyl-4,8,14-trioxo-3-0xa-5,9;tktkazaheptadecan-17-yl)carbamate 286). A
mixture of amine27a (487 mg, 2.0 mmol)N-Boc-4-aminobutylic acidZ1b) (610 mg, 3.0 mmol),
EDC-HCI (575 mg, 3.0 mmol), and DMAP (24 mg, 0.2 mmol) in DMF (10 mL) was stirred at 50 °C
for 3 h. After cooling in an ice bath, 5% aqueowEHTG (30 mL) was added, stirred for 10 min at
the same temperature, and the precipitate wasctadleby filtration using a Kiriyama funnel and
washed with hexane/ethyl acetate (10:1). The liegutblorless soli@8a (820 mg, 95.3%) was used
in the next step without further purificatiotd NMR (400 MHz, CDCJ) § 6.92—6.85 (m, 2H), 5.33
(br s, 1H), 4.99 (br s, 1H), 3.37-3.34 (m, 2H),53:2.24 (m, 4H), 3.13-3.12 (m, 2H), 2.41-2.20 (m,
4H), 1.81-1.75 (m, 2H), 1.64-1.61 (M21.41 (s, 18H); 3C{'*H} NMR (100 MHz, CDCJ) 6 173.4,
172.0, 156.5, 156.2, 79.3 (2C), 39.7, 36.8, 36649,333.6, 29.5, 29.4, 28.4 (2C), 26HRMS (ESI-
TOF) m/zcalcd for GoH3zsN4Os [M+H]* 431.2864, found 431.2859.
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Synthesis 0£8b

H
BOCHN\/\/\H/ \/\/N\H/\/NHBOC
O O

tert-Butyl  (2,2-dimethyl-4,8,14-trioxo-3-o0xa-5,9;ttlazaoctadecan-18-yl)carbamate 28p). A
mixture of amine27a (491 mg, 2.0 mmol)N-Boc-5-aminopentanoic aci@lc) (652 mg, 3.0 mmol),
EDC-HCI (575 mg, 3.0 mmol), and DMAP (24 mg, 0.2 mmol) in DMF (10 mL) was stirred at 50 °C
for 3 h. After cooling in an ice bath, 5% aqueowEHT G (30 mL) was added, stirred for 10 min at
the same temperature, and the precipitate wasctadleby filtration using a Kiriyama funnel and
washed with hexane/ethyl acetate (10:1). The riegutblorless soli@8b (852 mg, 95.8%) was used
in the next step without further purificatiotd NMR (400 MHz, CDCJ) § 6.68 (br s, 1H), 6.45 (br s,
1H), 5.27 (br s, 1H), 4.78 (br s, 1H), 3.41-3.1Q &), 2.43-2.40 (m, 2H), 2.24-2.21 (m, 2H), 1.70—
1.58 (m, 4H), 1.54-1.42 (m, B, 3C{*H} NMR (100 MHz, CDCJ) 5 173.6, 172.0, 156.19, 156.15,
79.3, 79.2, 39.8, 36.7, 36.4, 35.9, 35.8, 29.658%29.5, 28.39, 28.37, 22 HRMS (ESI-TOF) m/z
calcd for GiH41N4Os [M+H] ™ 445.3021, found 445.3013.

H
N

Synthesis o28c
0

BocHN\/\n/H\/\/\HJ\/\/NHBoc

o}
tert-Butyl  (2,2-dimethyl-4,8,15-trioxo-3-o0xa-5,9;ftfazaoctadecan-18-yl)carbamate 28c). A
mixture of amine27b (543 mg, 2.0 mmol)N-Boc{-alanine 21a) (566 mg, 3.0 mmol), EDC-HCI
(575 mg, 3.0 mmol), and DMAP (24 mg, 0.2 mmol) iMB (10 mL) was stirred at 50 °C for 3 h.
After cooling in an ice bath, 5% aqueous NaRG8D mL) was added, stirred for 10 min at the same
temperature, and the precipitate was collectedltsgition using a Kiriyama funnel and washed with
hexane/ethyl acetate (10:1). The resulting colerksid28c (847 mg, 95.3%) was used in the next
step without further purificatiotH NMR (400 MHz, CDCY) § 6.77—6.68 (m, 2H), 5.36 (br s, 1H),
5.05 (br s, 1H), 3.36-3.10 (m, 8H), 2.41-2.13 (H),41.81-1.70 (m, 2H), 1.54-1.32 (m, 22H)
13C{*H} NMR (100 MHz, CDCJ) § 172.9, 171.7, 156.5, 156.2, 79.2 (2C), 39.7, 883, 36.8, 36.2,
33.5 (2C), 28.3, 26.8, 26.6, 26 MRMS (ESI-TOF)m/z calcd for GiH4iN4Os [M+H]* 445.3021,
found 445.3013.

Synthesis o29a

H H
BocHN/\/\/N\/\/N\/\/NHBOC

tert-Butyl (2,2-dimethyl-4-ox0-3-0xa-5,10,14-triieptadecan-17-yl)carbamate29g). A 3.6 M
solution of Red-Al in toluene (5.0 mL, 18 mmol) waewly added to a solution of diami@8a (431
mg, 1.0 mmol) in toluene/THF (2:1, 10 mL) at O e reaction mixture was stirred at 40 °C for 3 h.
After cooling to 0 °C, 1 M aqueous NaOH (10 mL) veakled slowly. The mixture was stirred for 5
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min and extracted with toluene (20 mL). The orgdayer was washed with2® (10 mL) and brine
(5 mL), dried over MgSQ filtered, and concentrated under reduced pres$ueeresulting colorless
solid (353 mg, 87.6%) was used in the next stepowit further purification!H NMR (400 MHz,
CDCl) 6 5.25 (br s, 1H), 5.04 (br s, 1H), 3.12-3.00 (m),4458-2.50 (m, 8H), 1.60-1.52 (m, 4H),
1.43-1.34 (m, 28); NH protons (2H) were not observed; 13C{*H} NMR (100 MHz, CDCJ) § 155.94,
155.89, 78.6 (2C), 49.4, 48.21, 48.19, 47.6, 4893), 30.1, 29.8, 28.3 (2C), 27.7, 2HRMS (ESI-
TOF) m/zcalcd for GoHaaN4O4 [M+H]* 403.3279, found 403.3272.

Synthesis 029b

H H
BOCHN\/\/\/N\/\/N\/\/NHBOC

tert-butyl (2,2-dimethyl-4-oxo-3-oxa-5,9,13-triazé@decan-18-yl)carbamat@4b). A 3.6 M solution
of Red-Al in toluene (5.0 mL, 18 mmol) was slowlyded to a solution of diamid8b (445 mg, 1.0
mmol) in toluene/THF (2:1, 20 mL) at 0 °C. The m&@t mixture was stirred at 40 °C for 3 h. After
coolingto 0 °C, 1 M aqueous NaOH (10 mL) was adgledly. The mixture was stirred for 5 min and
extracted with toluene (20 mL). The organic layaswashed with ¥ (10 mL) and brine (10 mL),
dried over MgS@ filtered, and concentrated under reduced pres3ime resulting colorless solid
(395 mg, 94.9%) was used in the next step withohér purificationH NMR (400 MHz, CDCJ)

0 5.19 (brs, 1H), 4.66 (br s, 1H), 3.15-3.06 (m),463-2.50 (m, 8H), 1.69-1.51 (m, 4H), 1.45-1.33
(m, 24H); NH protons (2H) were not observed; *C{*H} NMR (100 MHz, CDCJ) § 156.1, 156.0, 78.9,
78.8, 49.8, 48.3 (2C), 47.6, 40.4, 39.1, 30.2, 2209, 29.6, 28.4 (2C), 24.5IRMS (ESI-TOF) m/z
calcd for GiHasN4O4 [M+H] ™ 417.3435, found 417.3428.

Synthesis 0R29c
BocHN\/\/H\/\/\N/\/\/NHBoc

H
tert-butyl (2,2-dimethyl-4-oxo-3-oxa-5,9,14-triazéadecan-18-yl)carbamat@qc). A 3.6 M solution
of Red-Al in toluene (7.5 mL, 27 mmol) was slowlyded to a solution of diamid8c (667 mg, 1.5
mmol) in toluene/THF (2:1, 20 mL) at 0 °C. The @t mixture was stirred at 40 °C for 3 h. After
coolingto 0 °C, 1 M aqueous NaOH (10 mL) was adgledly. The mixture was stirred for 5 min and
extracted with toluene (20 mL). The organic lay@swashed with #0 (10 mL) and brine (5 mL),
dried over MgS@ filtered, and concentrated under reduced pres3ime resulting colorless solid
(595 mg, 95.2%) was used in the next step withodhér purificationH NMR (400 MHz, CDCJ)
0 5.19 (brs, 1H), 4.94 (br s, 1H), 3.62-3.60 (m),13:24-3.23 (m, 1H), 3.18-3.07 (m, 4H), 2.64-2.54
(m, 8H), 1.64-1.56 (m, 2H), 1.48-1.46 (m, 8H), 1(d0) 181); NH protons (2B were not observed;
13C{*H} NMR (100 MHz, CDC4) § 156.04, 155.98, 78.8 (2C), 49.8, 49.7, 49.5, 44074, 39.2, 32.8,
29.9, 28.4, 28.3, 27.83, 27.81, 2HRMS (ESI-TOF) m/zcalcd for GiHasN4O4 [M+H]* 417.3435,
found 417.3436.
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Synthesis ofill

H H
HZN/A\V/A\V/N\V/A\V/N\V/A\V/NHZ

4HCl

Thermospermingetrahydrochloride {1). A 4.0 M solution of HCI in 1,4-dioxane (1.0 mL, 41@imol)
was added to a solution of the di-Boc compoféa (242 mg, 0.6 mmol) in 1,4-dioxane (5.0 mL) at
0 °C. The reaction mixture was stirred at 50 °C3dr. After removal of the solvent under reduced
pressure, the crude residue was recrystallized e®H to afford a colorless solitll (134 mg,
64.0%).'"H NMR (400 MHz, DO) § 3.22-3.03 (m, 12H), 2.18-2.07 (m, 4H), 1.84-1.T2 4H)
13C{*H} NMR (100 MHz, DO) § 47.1, 44.7, 44.6, 44.5, 38.8, 36.6, 23.9, 23.83,222.7 HRMS
(ESI-TOF)m/zcalcd for GoH27N4 [M+H]* 203.2230, found 203.2231.

Synthesis ofl.2

H H
H2N\V/A\V/A\v/N\V/A\V/N\V/A\V/NHz
4HCI

Aminopentylnorspermidine tetrahydrochloride). A 4.0 M solution of HCl in 1,4-dioxane (1.0 mL,
4.0 mmol) was added to a solution of the di-Boc pound29b (250 mg, 0.6 mmol) in 1,4-dioxane
(5.0 mL) at 0 °C. The reaction mixture was stire¢@®0 °C for 3 h. After removal of the solvent unde
reduced pressure, the crude residue was recrygsthfitom MeOH to afford a colorless solid (161
mg, 74.1%)*H NMR (400 MHz, R0) § 3.21-2.99 (m, 12H), 2.17-2.07 (m, 4H), 1.78-11684H),
1.50-1.43 (m, 2H)}*C{*H} NMR (100 MHz, DO) § 47.5, 44.73, 44.65, 44.4, 39.2, 36.5, 26.3, 25.1,
23.8, 22.8, 22 ;HRMS (ESI-TOF) m/zcalcd for GiH2oN4 [M+H]* 217.2387, found 217.2386.

Synthesis o3

HzN\/\/H\/\/\N/\/\/NHz

anar
Aminopropylhomospermidine tetrahydrochlorid&), A 4.0 M solution of HCI in 1,4-dioxane (1.5
mL, 6.0 mmol) was added to a solution of the di-Bompound29c (417 mg, 0.6 mmol) in 1,4-
dioxane (10.0 mL) at 0 °C. The reaction mixture wsaged at 50 °C for 3 h. After removal of the
solvent under reduced pressure, the crude residaeaerystallized from MeOH to afford a colorless
solid 13 (304 mg, 83.8%):H NMR (400 MHz, DO) § 3.19-3.03 (m, 12H), 2.14-2.06 (m, 2H), 1.83—
1.70 (m, 81); *C{*H} NMR (100 MHz, DO) § 47.0, 46.93, 46.86, 44.6, 38.8, 36.6, 23.9, 2280,
22.78, 22.76HRMS (ESI-TOF) m/zcalcd for GiH20N4 [M+H]* 217.2387, found 217.2389.

S14



Synthesis 081

H
BocHN\/\n/N\/\/NHBoc
Y

tert-butyl (3-((3-((tert-butoxycarbonyl)amino)prdjmino)-3-oxopropyl)carbamate31). A mixture
of N-Boc-propane-1,3-diamin&Q) (174 mg, 1.0 mmol)N-Boc{-alanine g1a) (227 mg, 1.2 mmol),
EDC-HCI (230 mg, 1.2 mmol), and DMAP (12 mg, 0.1 mmol) in DMF (5.0 mL) was stirred at 50 °C
for 3 h. After cooling in an ice bath, 5% aqueowssHCQ; (20 mL) was added, stirred for 10 min at
the same temperature, and the precipitate wasctedleby filtration using a Kiriyama funnel and
washed with hexane/ethyl acetate (10:1). The reguttolorless soli®1 (332 mg, 96.0%) was used
in the next step without further purificatiotd NMR (400 MHz, CDCJ) § 6.53 (br s, 1H), 5.29 (br s,
1H), 5.00 (br s, 1H), 3.38 (dd= 12.0, 6.0 Hz, 2H), 3.27 (dd=12.4, 6.0 Hz, 2H), 3.14 (dd~= 12.0,
6.0 Hz, 2H), 2.39 (tJ = 6.0 Hz, 2H), 1.62—-1.56 (m, 2H), 1.42 (s, 9H}{11(s, 9H) 3C{'H} NMR
(100 MHz, CDC%) 6 171.7, 156.6, 156.1, 79.4, 79.2, 37.0, 36.7, 38623, 30.1, 28.3 (2CHRMS
(ESI-TOF)m/zcalcd for GeHz2N3Os [M+H] " 346.2337, found 346.2345.

Synthesis 082

H
BocHN._~_ N._-~_ NHBoc

di-tert-butyl (azanediylbis(propane-1,3-diyl))dicemate 82). A 3.6 M solution of Red-Al in toluene
(2.5 mL, 5.4 mmol) was slowly added to a solutidmmide31 (345 mg, 4.0 mmol) in toluene/THF
(2:1, 15 mL) at O °C. The reaction mixture wasretirat 40 °C for 3 h. After coolingto 0 °C, 1 M
aqueous NaOH (10 mL) was added slowly. The mixtuas stirred for 5 min and extracted with
toluene (20 mL). The organic layer was washed #iD (10 mL) and brine (5 mL), dried over Mgg0O
filtered, and concentrated under reduced pres3ine resulting colorless sol@8R (312 mg, 94.2%)
was used in the next step without further purifmat'H NMR (400 MHz, CDCJ) § 5.35 (br s, 2H),
3.13-3.06 (m, 4H), 2.53 (§,= 6.4 Hz, 4H), 1.57-1.48 (m, 4H), 1.48 (sH}8NH proton (1H) was
not observed; *C{*H} NMR (100 MHz, CDC) § 156.0, 78.6, 47.1, 38.6, 29.5, 28HRMS (ESI-
TOF) m/zcalcd for GeH3zaN304 [M+H]* 332.2544, found 332.2547.

Synthesis ofl

Norspermidine trihydrochloridelj. A 4.0 M solution of HCI in 1,4-dioxane (1.0 mL04mmol) was
added to a solution of the di-Boc compoud2d(265 mg, 0.8 mmol) in 1,4-dioxane (3.0 mL) at Q °C
The reaction mixture was stirred at 50 °C for After removal of the solvent under reduced pressure
the crude residue was recrystallized from MeOH/iPtO afford a colorless soliti (111 mg, 71.9%).
H NMR (400 MHz, DO) § 3.10-2.90 (m, 8H), 2.12—1.8f, 4H); 3C{*H} NMR (100 MHz, BO)
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5 44.6, 36.5, 23:THRMS (ESI-TOF) m/zcalcd for GH1gNs [M+H]* 132.1495, found 132.1492.

Synthesis 083

H
H2N N\/\/ NH2
O 2HCI

3-amino-N-(3-aminopropyl)propanamide dihydrochl@i@3). A 4.0 M solution of HCI in 1,4-
dioxane (3.0 mL, 12.0 mmol) was added to a solutidhe di-Boc compoun8dl (1038 mg, 3.0 mmol)
in 1,4-dioxane (3.0 mL) at O °C. The reaction migtwas stirred at 50 °C for 2 h. After removal of
the solvent under reduced pressure. The resultiugless solid33 (648 mg, 99.1%) was used in the
next step without further purificatiod NMR (400 MHz, DO) § 3.31 (t,J = 6.8 Hz, 2H), 3.27 (1)

= 6.8 Hz, 2H), 3.01 (t) = 7.6 Hz, 2H), 2.68 (t) = 6.8 Hz, 2H), 1.91-1.84 (mH3; °C{*H} NMR
(100 MHz, BO) 6 172.5, 37.0, 36.1, 35.7, 31.9, 26HRMS (ESI-TOF) m/z calcd for GH1eN3O
[M+H]* 146.1288, found 146.1285.

Synthesis o84

BocHN H H\/\/H NHBoc

tert-butyl (2,2-dimethyl-4,8,12,18-tetraoxo-3-ox&,33,17-tetraazaicosan-20-yl)carbama@) A
mixture of diamine 3) (218 mg, 1.0 mmol)N-Boc{-alanine R1a) (454 mg, 2.4nmol), EDC-HCI
(460 mg, 2.4 mmol), and DMAP (12 mg, 0.1 mmol) iMB (10 mL) and EN (0.35 mL, 2.5 mmol)
was stirred at 50 °C for 3 h. After cooling in @e bath, 5% aqueous NaH&@0 mL) was added,
stirred for 10 min at the same temperature, andptkeipitate was collected by filtration using a
Kiriyama funnel and washed with hexane/ethyl aee(da0:1). The resulting colorless so8d (410
mg, 84.1%) was used in the next step without furtheification.'H NMR (400 MHz, DMSO€6) &
7.92-7.85 (m, 3H), 6.78-6.75 (m, 2H), 3.22-3.03 16Hl), 2.22-2.19 (m, 6H), 1.52-1.49 (m, 2H),
1.37 (s, 180); ¥C{'H} NMR (100 MHz, DMSOd6) & 170.31 (2C), 170.27, 155.5 (2C), 77.6 (2C),
36.81, 36.78, 36.2 (2C), 35.9, 35.8, 35.5, 35.31,228.3 (2C) HRMS (ESI-TOF) m/z calcd for
CooH42Ns07 [M+H] ™ 488.3079, found 488.3071.

Synthesis 085

H H H
BOCHN\/\/N\/\/N\/\/N\/\/NHBOC

di-tert-butyl (((azanediylbis(propane-3,1-diyl))tazanediyl))bis(propane-3,1-diyl))dicarbamagb).

A 3.6 M solution of Red-Al in toluene (2.8 mL, 10rimol) was slowly added to a solution of amide
34 (322 mg, 0.66 mmol) in toluene/THF (2:1, 15 mL)0atC. The reaction mixture was stirred at
40 °C for 3 h. After cooling to 0 °C, 1 M aqueoua®H (10 mL) was added slowly. The mixture was
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stirred for 5 min and extracted with @El> (20 mLx2). The organic layer was washed widt©OH10
mL) and brine (5 mL), dried over MgQCfiltered, and concentrated under reduced pres3ime
resulting colorless soli@5 (232 mg, 79.1%) was used in the next step withaahér purification!H
NMR (400 MHz, CROD) § 3.09 (t,J = 6.4 Hz, 4H), 2.66—2.58 (m, 12H), 1.75-1.63 (i),8..43 (s,
18H); *C{'H} NMR (100 MHz, CROD) § 158.6, 79.9, 47.8, 39.1, 30.7, 29.9, 28®&0 carbon
signals overlap with the solvent signdRMS (ESI-TOF) m/zcalcd for GoHagNsO4 [M+H] " 446.3701,
found 446.3705.

Synthesis ofi4

H H H
HaN AN N NN,
5HCI

Caldopentamine pentahydrochlori®4). A 4.0 M solution of HCl in 1,4-dioxane (0.5 mL02nmol) was
added to a solution of the di-Boc compousd(265 mg, 0.4 mmol) in 1,4-dioxane (2.0 mL) at Q °C
The reaction mixture was stirred at 50 °C for After removal of the solvent under reduced pressure
the crude residue was recrystallized from EtOfHo afford a colorless solit4 (110 mg, 64.3%).
H NMR (400 MHz, RO) § 3.20-3.08 (m, 16H), 2.16-2.05 (nH)8 :*C{'H} NMR (100 MHz, BO)
§44.7,44.6,44.5,36.5, 23.7, 22HRMS (ESI-TOF) m/zcalcd for GoHsoNs [M+H] * 246.2652, found
246.2657.

The H NMR (400 MHz, BPO) and 33C NMR (100 MHz, I®) data of caldopentamine
pentahydrochloride were in good agreement withaghreported in the literature (ref. 49).

Synthesis 086

HzN\/\[rN\/\/

° el
N,N'-(propane-1,3-diyl)bis(3-aminopropanamide) difgchloride @36). A 4.0 M solution of HCI in
1,4-dioxane (1.5 mL, 6.0 mmol) was added to a smubf the di-Boc compoun#é3a (416 mg, 1.0
mmol) in 1,4-dioxane (10 mL) at O °C. The reactimixture was stirred at 50 °C for 3 h. After removal
of the solvent under reduced pressure, the regudbtiorless soli®6 (281 mg, 97.2%) was used in the
next step without further purificatiofd NMR (400 MHz, BO) § 3.28-3.15 (m, 8H), 2.61 1,=6.4
Hz, 4H), 1.70-1.63 (m,2); 3C{*H} NMR (100 MHz, DO) § 172.0, 36.5, 35.7, 32.0, 27T HRMS
(ESI-TOF)m/zcalcd for GH20N402 [M+H]* 217.1659, found 217.1656.

NH,
1S

Synthesis 087

H H
BocHN N ~ N NHBoc
di-tert-butyl  (3,7,13,17-tetraoxo-4,8,12,16-tetraapnadecane-1,19-diyl)dicarbamate 37). A

H H
N N

S17



mixture of diamine 6) (578 mg, 2.0 mmol)N-Boc{-alanine g1a) (1135 mg, 6.Gnmol), EDC-HCI
(1150 mg, 6.0 mmol), and DMAP (24 mg, 0.2 mmolEgt®H (12 mL) and 1 M aqueous NaOH (6.0
mL, 6.0 mmol) was stirred at 50 °C for 12 h. Aftemoval of the EtOH under reduced pressure, and
the precipitate was collected by filtration usingKaiyama funnel and washed with.@8 and
hexane/ethyl acetate (10:1). The resulting colersedid37 (969 mg, 86.7%) was used in the next step
without further purification!H NMR (400 MHz, DMSOQd6) § 7.91-7.83 (m, 4H), 6.75-6.72 (m, 2H),
3.24-3.20 (m, 4H), 3.13-3.02 (m, 8H), 2.23-2.184Ht), 1.55-1.48m, 2H), 1.37 (s, 18H); 13C{H}
NMR (100 MHz, DMSOsd6) 6 170.3 (2C), 155.4, 77.6, 36.7, 36.1, 35.7, 3$H53,39.1, 28.ZHRMS
(ESI-TOF)m/zcalcd for GsHa7NeOs [M+H]* 559.3450, found 559.3455.

Synthesis 088

BocHN\/\/H\/\/H\/\/H\/\/H\/\/NHBoc

di-tert-butyl (4,8,12,16-tetraazanonadecane-1,1@)dicarbamate 38). A 3.6 M solution of Red-Al
in toluene (5.6 mL, 20.2 mmol) was slowly addedtsolution of amid&7 (559 mg, 1.0 mmol) in
toluene/THF (2:1, 20 mL) at O °C. The reaction migtwas stirred at 40 °C for 5 h. After cooling to
0 °C, 1 M aqueous NaOH (10 mL) was added slowlg fixture was stirred for 5 min and extracted
with CHxCl> (20 mLx2). The organic layer was washed wig©H10 mL) and brine (5 mL), dried
over MgSQ, filtered, and concentrated under reduced pres$heeresulting colorless solid (374 mg,
74.4%) was used in the next step without furtheifigation. *H NMR (400 MHz, CDC4) § 5.35—
5.09 (m, 4H), 3.18-3.17 (m, 4H), 2.66-2.59 (m, 16HY0-1.62 (m, 10H), 1.43 (s, H8 3C{H}
NMR (100 MHz, CDC}) 6 156.1, 79.0, 48.44, 48.36, 48.3, 47.7, 39.1, 310X, 28.4, 22.2HRMS
(ESI-TOF)m/zcalcd for GsHssNeO4 [M+H] ™ 503.4279, found 503.4270.

Synthesis of.7

HzN\/\/H\/\/H\/\/H\/\/H\/\/NHz

6HCI
Caldohexamine hexahydrochloride7}. A 4.0 M solution of HCl in 1,4-dioxane (1.0 mL04mmol)
was added to a solution of the di-Boc compo88@251 mg, 0.50 mmol) in 1,4-dioxane (5.0 mL) at
0 °C. The reaction mixture was stirred at 50 °C3dr. After removal of the solvent under reduced
pressure, the crude residue was recrystallized Et@H/HO to afford a colorless solit (143 mg,
54.8%).'H NMR (400 MHz, BO) § 3.09-2.98 (m, 20H), 2.06-1.95 (m,H)) *C{!H} NMR (100
MHz, D20) 6 66.6, 44.7, 44.60 (2C), 44.58, 36.5, 23.7, ZHRMS (ESI-TOF) m/zcalcd for GsHzgNe
[M+H] " 303.3231, found 303.3221.
The *H NMR (400 MHz, BO) data of caldohexamine hexahydrochloride wa®odggreement with
those reported in the literature (ref. 49).
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Table S1. Comparison of the present polyamine ggndtwith previously reported methods.

Method Key reagents / steps Number of steps  patifin Notes
Niitsu, M. et al | Gabriel synthesis 14. 8 steps Column chromatography,First chemical synthesis of compountisand
(ref. 12) (phthalimide alkylation| 15: 7 steps recrystallisation 15; establishment of a series of ten pentaamines
hydrazinolysis)
Oshima, Tet al | Gabriel synthesis 14: 3 steps Column chromatography,Compound 14 synthesized in 3 steps from
(ref. 49) (phthalimide alkylation| 17: 10 steps recrystallisation commercially available compoun@; costly
hydrazinolysis) stating material, compound 17 with synthetic
route andH NMR only
Kariya, Y. et al | Ns chemistry (nosyl: 6,7: 5 steps Column chromatography,High purity via solidphase workflow; simple
(ref. 13) protected amines,11: 11 steps solid-phase fina| final purification
reductive removal) purification
This work EDC amidation andl, 6-10: 3 steps | Recrystallisation Chromatograplisee synthesis;
Red-Al reduction 11-14, 17: 5 steps short and modular routes;
first full characterization of compourid

Compound names and numbers (same as in the manrnerspermidine X); norspermine §); spermine {); bis(aminopropyl)cadaverinesy;
canavalmine9); homosperminelQ); thermosperminell); aminopentylnorspermidind?); aminopropylhomospermidind3); caldopentamine
(14); homocaldopentamindy); caldohexaminel(y).
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i N RN L)
Current Data Parameters
NAME 240829 M108012-1-CED
EXFNO 11
PROCNG 1
F2 - Acquisition Parameters
Date 20240829
Time 14.26
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
™ £5536
SOLVENT cbell
NS 512
DS 4
SHH 24038.461 Hz
FIDRES D.366738 Hz
g 1.3631488 sec
RG 202.97
DW 20.800 usec
DE 6.50 usec
TE 257.3 K
1 2.00000000 sac
D11 0.03000000 sec
00 1
CHANNEL £1
SFOL MHz
NuCL
31 10.00 usec
PLWL 48.00000000 W
CHANNEL £2
SFO2 400.3316013 MHz
ngez 1H
CPDPRG[2 waltz16
BCED2 90.00 usec
BLWZ .00000000 W
PLW1Z 0.33333001 W
PLW13 0.27000001 W
F2 - Processing parameters
sI 32768
SF 100.6630684 o
HEW
558 i
LE 1.00 Hz
GE i
T T T T T T T T T T BC 1.40
180 160 140 120 100 80 60 40 20 ppm

S27



NMR chart of24d

240918 MTOB015-1

+26

—_

—=0.01

——=-0.08

240918 MTOB015-1-CED

155. 90

5 4 3
= 2
-~ i

2.81

19.64

%44
———48.33
—40,31

180 160 140

100 80 60

528

L)
BRUKER
L4

Current Data Parameters

NAME 240918 MTO0B015-1
EXENO 10
PROCNO 1

F2 - Acquisition Parameters
Date_ 20240918
Time 10.52
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

T €5536
SOLVENT cDcll

NS 16

oS 2

SWH 8012.820 Hz
FIDRES D.122266 Hz
a0 4.0834465 sec
RG 30.2

o 62.400 usec
DE 6.50 usec
TE 236.8

D1 1.00000000 sec
TDO 1

CHANNEL £1 = —
400.3324722 MHz
1H
15.00 usec
12.00000000 W
F2 - Processing paramestsrs
sI 65536
sF 400.3300104 MHz
WDW M
558 0
LB 0.30 Hz
GB 0
BC 1.00

Current Data Parameters
NAME 240918 MT08015-1-CPD

EXFNO 12

PROCNG 1

F2 - Acquisition Parameters

Date 20240318

Time 12.05

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG zgpg30

™ £5536

SOLVENT cbell

NS 512

DS 4

SHH 24038.461 Hz

FIDRES D.366738 Hz

g 1.3631488 sec

RG 202.97

DW 20.800 usec

DE 6.50 usec

TE 238.5 K

1 2.00000000 sac

D11 0.03000000 sec

00 1
CHEANNEL £1

SFOL 100.6731244 MHz

NuCL

31 10.00 usec

PLWL 48.00000000 W
CHEANNEL £2

SFO2 400.3316013 MHz

ngez 1H

CPDPRG[2 waltz16

BCED2 90.00 usec

BLWZ 12.00000000 W

PLW1Z 0.33333001 W

PLW13 0.27000001 W

F2 - Processing parameters

sI 32768

SF 100.6630705 MHz

HEW

558 i

LE 1.00 Hz

GE i

B 1.40



NMR chart of24e

240820 MTOB022-1

—5.00

BOCHN\/\/\N/\/\/N\/\/\NHBOC

H

A biw o qp
I I I T 1 I I 1 1 !

1 10 T 6 5 4 3 2 ppm
2 5 (8 8|2
ol | |= oi|a

240920 MT08022-1-CPD
33 8 dncc
I 1 I I I I 1 I I
180 160 140 120 100 80 60 40 20 ppm

S29

Current Data Parameters

NAME 240920 MT0B022-1
EXENO 10
BROCND 1
F2 - Acquisition Parameters
Date 20240920
Time™ 15.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2g30
TD 65336
SOLVENT cDncil
NS 16
DS 2
SWH 8012.820 Hz
FIDRES D.122266 Hz
2 4.0894465 sec
RG 30.2
D £2.400 usec
DE £.50 usec
TE 296.7 K
D1 1.00000000 sec
D0 1
CHANNEL f1 ==
400.3324722 MHZ
1H
15.00 usec
12.00000000 W
F2 - Processing parameters
s1 65536
SF 400.3300102 MHz
WDW EM
SSB ]
1B 0.30 Hz
GB o
B 1.00

Current D
NAME

ata Parameters
240920 MT08022-1-CPD

EXFNO 11

PROCNG 1

F2 - Acquisition Parameters

Date 20240920

Time 16.18

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG zgpg30

™ £5536

SOLVENT cbell

NS 512

DS 4

SHH 24038.461 Hz

FIDRES D.366738 Hz

g 1.3631488 sec

RG 202.97

DW 20.800 usec

DE 6.50 usec

TE 298.4 K

1 2.00000000 sac

D11 0.03000000 sec

00 1
CHEANNEL £1

SFOL 100.6731244 MHz

NuCL

31 10.00 usec

PLWL 48.00000000 W
CHEANNEL £2

SFO2 400.3316013 MHz

ngez 1H

CPDPRG[2 waltz16

BCED2 90.00 usec

BLWZ 12.00000000 W

PLW1Z 0.33333001 W

PLW13 0.27000001 W

F2 - Processing parameters

sI 32768

SF 100.6630706 MHz

HEW

558 i

LE 1.00 Hz

GE i

B 1.40



NMR chart of6

241022 MTOB035-1

H H
HzN\/\/N\/\/N\/\/NHz

4HCI

—a.7%

Current
AL

EXPNO
PROCNO

Data Parameters

741022 MTQB035-

10
1

)
BRUKER
L%

1

SOLVENT
NS
DS

SWH
FIDRES

= CHANNEL fl ==

240827 MTOB008-D20-CFD

4 3 2 1
o =]
o 2
~ -

— 36.

<

8012.820
0.122266
4.0894485
144.26
62.400
6.50

Hz
Hz
sec

usec
usec

296.2 K
1.00000000 sec
1

400.3324722 MHz
1H

15.00 usec

12 .00000000 W

F2 - Processing parameters
65516

400.3299631 MHz

EM
a
Q.30 Hz
]
1.00

Current Data Parameters

HAME
EXFNO
FROCHD

Lul

sFO2

wUC2
CEDPRG(2
=CPDZ
TLH2
LWl
PLA13

180 160

140

120

100

80

T
60 40 20 ppm

S30

—————— CHANNEL £2 =

240827 MTO8008=DZ0-CED
11

1

F2 = Aeguisition Parameters
2

Date 40821
Time 11:12
INSTRUM spect
PROBHD 5 mm PABRO BE/
PULFROG 2gpg30

™ B5535
SOLVENT D20

RS 512

os 4

SWH 24038_461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
BE 20291

oW 20.800 usec
OE .50 usec
TE 297.8 K
D1 2.00000000 sec
D1l 0.03000000 sec
ToO ¥

EL £1 mmm——
100.6731244 MHz

10.00 usec
4800000000 W

400_3316013 MHz

10
walrzlg

a0 00 usec
12.00000000
0.33333001
0.27000001

EE

F2 = Processing parameters
s1 32768

100.6630586 MHz
=

1.00 Hz

1.40



NMR chart of7

240926 MTOB023-1-D20

H
HZN/\/\N/\/\/N\/\/NHZ

4HCl

)
BRUKER
L%

Current Data Parameters

HAME 240926 MT0B023-1-D20
EXENO 10
FROCNO 1

F2 - Acquisition Parameters
Bate 20240926
ime” 10.52
INSTRUM spect
PROBHD 5 mm PABEO BB/
PULPROG zg30

T 65536
SOLVENT D20

HS 18

oS 2

ShH 8012.820 Hz
FIDRES .122266 Hz

g 4.0834465 sec
RG 144.26

ol 62.400 usec
BE 6.50 usec
TE 286.5 &
Bl 1.00000000 sec
T00 1

CHANNEL £1

5F01 400.3324722 MH=
NUC1 1H

31 15.00 usec
BLN1 .00000000 W

£2 - g parameters
sL 65536

SF 400.3292654 MHz

HDK EM

588 a

LB 0.30 Hz
GE a

BC 1.00

1 10 9

240926 MTOB023-1-D20-CFD

2.00

=

47.01
.56

— a4

3.98
4.03

56

— 36.

T
ppm

376

—
——22.78

)
BRUKER
L%

Current Date Paremeters

HAME
EXEND
EROCHO

240926 MTDE023-1-D20-CPD
11

1

FZ - Requisition Parameters

BULEROG
™
SOLVENT
HS
DE

SWE
EIDRES

180 160

140

120

100

80 60

S31

40

T
20 ppm

20240926

spect
m= BARBO BB/

0.03000000 sec
1

e CHANMEL £1 mwmmmwm

100.673124d M
13C

10.00 usec

4E.00000000 W

mmmmmmmm CHANMEL £2 wmwmmmms

400.3316013 MEz
1k

waltzlf
50.00 usec
12.00000000 W
0.33333001 W
0.27000001 W

Z - Brocessing parameters




NMR chart of8

240828 MTOB010-1-rec

L)
BRUKER
L%

—4.79

Current Data Parameters
HAME 240828 MT08010-1l-rec
10

H H
H N~ N~ NN, FROCHD 1

4HCl Tine e

INSTRUM spect

PROBHD 5 mm PABEO BB/

PULPROG 2930

T 65536

SOLVENT D20

HS 18

oS z

ShH 8012.820 Hz

FIDRES 0.122266 Hz

a9 4.0834465 sec

RG 128.36

ol 62.400 usec

BE 6.50 usec

TE 286.3 &

Bl 1.00000000 sec

T00 1
CHANNEL £1

5E01 400.3324722 MH=

HUC1 1H

P1 15.00 usec

PLN1 12.00000000 W

F2 - Processing parameters

sL 65538

sF 400.3292654 MHz

WDW EM

588 a

LB 0.30 Hz

=y a

BC 1.00

12 11 9 8 7 6 5 4 3 2 1 ppm
8 852
‘I‘: | (=]

240828 MTO0B010-1-rec-CFD (‘Q><—7
5 =2 BRUKER
@ o
A%

Current Date Pacametecs

HAME 240828 MTDE01D-1-rec—CEL

EXEND 1

EROCHO 1

FZ - Requisition Parameters

Date_ 20240828

Time

INSTRUM spect

BROBHD 5 m= PABRO BR/

BULEROG 2apg3

m 65536

SOLVENT p20

§S s12

oS 1

SuE 24038461 Hz

EIDRES 0.366798 Hz
1.3631488 sec

G 029

o 20.800 usec

D 6.50 usec

1= 2578

Dl 2.00000000 sec

Dl1 0.03000000 sec

o0 1

e CHANMEL £1 mwmmmmm

SFOL 100. 6731240 M3

FocL 13c

El 10.00 usec

BLH1 4E.00000000 W

mmmmmmmm CHRIBIEL £2 wmmmmmms

SFOZ 4DD.3316013 MHz

Hoc2 18

CPOPRG[2Z Waltzlf

soPDz 50.00 usec

ELWZ 12.00000000 W

BLH1Z £.33333001 W

BLW13 0.27000001 ¥

EZ - Brocessing paraseters

5T &8

sF

W

S8B o

La

= o

B

T T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm

S32



NMR chart of9

240818 MTOB017-1-D2C

H

4HCl

H

|-|2N/\/\/N\/\/N\/\/\NH2

—a.7%

240818 MTO0B017-1-D20-CFD

5 4 3 2 1 ppm
— |t =|[e
=|a afla
@l ol e

——44.48
—38.8

180 160

100

T
80 60 40 20 ppm

S33

L)
BRUKER
L%

Current Data Parameters

HAME 240919 MT0BO17-1-D20

EXENO 10

FROCNO 1

F2 - Acquisition Parameters

Bate 20240919

Time™ 17.16

INSTRUM spect

PROBHD 5 mm PABEO BB/

PULPROG 2930

T 65536

SOLVENT D20

HS 18

oS z

ShH 8012.820 Hz

FIDRES 0.122266 Hz

a9 4.0834465 sec

RG EE)

ol 62.400 usec

BE 6.50 usec

TE 286.3 &

Bl 1.00000000 sec

T00 1
CHANNEL £1

5E01 400.3324722 MH=

HUCL 1H

P1 15.00 usec

PLN1 12.00000000 W

F2 - Processing parameters

sL 65538

sF 400.3293616 MHz

WDW EM

588 a

LB 0.30 Hz

=y a

BC 1.00

Current Date Paremeters

HAME 240918 MTOE01T-1-D2C-CEL
EXPNO 1
EROCHO 1

FZ - Requisition Parameters
Date_ 20240915
Time 17.47
INSTRUM spect
BROBHD 5 m= PABRO BR/
BULEROG 2apg30

m 65536
SOLVENT p20

§S s12

oS 1

SuE 24038461 Hz
EIDRES 0.366798 Hz
AQ 1.3631488 zec
G 202,97

o 20.800 usec
D £.50 usec
1= 257.8 E

Dl 2.00000000 sec
Dl1 0.03000000 sec
o0 1

e CHANMEL £1 mwmmmwm

SFOL 100.673174d ME=
KUC1 13C

El 10.00 usec
ELW1 4E.00000000 W
mmmmmmmm CHANMEL £2 wmwmmmms
SFDZ 400.3316013 MEz
Hucz 1k
CPDPRG[2Z waltzlf
eCPOz 50.00 usec
ELWZ 12.00000000 W
PLH1Z 0.33333001 W
PLW13 0.27000001 W

EZ - Processing paraseters
5T '

&
sF 100.6530586 MHz
WK =M

558 o

L 1.00 Bz
= o

Be 1.40



NMR chart of10

240926 MTOB024-1-D20

L)
BRUKER
L%

Curzent Data Parameters
H NAME 240926 MTOBOZ4-1-D20
H-N N EXENO 1o
2 \/\/\N/\/\/ \/\/\NH PROCNO 1
H 2 F2 - Acquisition Parameters
4HCI Date_ 20240926
Time 11.26
INSTRUM spact
PROBHD 5 mm PASBO BE/
PULEROG 2330
1 £5536
SOLVENT 520
NS 1
o 2
sHH 8012.820 Hz
FIDRES .122266 Hz
aQ 4.0894465 sec
RG 128.36
o 62.400 usec
BE £.50 us=c
18 256,
1 1.00000000 sec
100 1
CHANNEL £1
srol 400.3324722 Mz
HUCL 18
21 15,00 usec
PLKL 12.00000000 W
£2 - Processing parameters
51 £5536
58 400.3233620 Mz
HOK M
558 a
15 0.30 Hz
Gs a
‘| 2 1.00
T T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
5 8
o o
s =

240926 MTOB024-1-D20-CFD

46.9
46.87

—38.8

=T

Current Date Paremeters

HAME 240925 MTDB024-1-D20-CEL
EXPNO 1
EROCHO 1

FZ - Requisition Parameters
Date_ 20240926
Time 11.56
INSTRUM =

BROBHD 5 m= PABRO BR/
BULEROG 2apg30

T 65536
SOLVENT p20

§S s12

oS 1

SuE 24038461 Hz
EIDRES 0.366798 Hz
AQ 1.3631488 zec
G 202,97

o 20.800 usec
D £.50 usec
1= 257.8 E

Dl 2.00000000 sec
Dl1 0.03000000 sec
o0 1
e CHANMEL £1 mwmmmmm
SFOL 100. 6731244

FocL 13c

El 10.00 usec
BLH1 4E.00000000 W
e CHAMBEL £2 wowmmmmor
SFOZ 4DD.3316013 MHz
Hoc2 18
CPOPRG[2Z Waltzlf
soPDz 50.00 usec
ELWZ 12.00000000 W
BLH1Z £.33333001 W
BLW13 0.27000001 ¥

EZ - Brocessing paraseters
5T 768

sF 100, 6630586 MAz
W M

S8B o

L 1.00 Bz
= o

B 1.40

180 160 140 120

100

T
80 60 40 20 ppm

S34



NMR chart of26a

251110 MTOB014-1

L)

sigmaze 3 oaz ©  BROKER
Aemaanm o9 iy &
SR | (<O
H Current Data Parameters
NAME 251110 MTOBOLa-1
CbzHN N NHBoc EXPHG 1
~ N \n/\/ PROCNO 1
F2 - Acquisition Parameters
(@) Date_ 20251110
Time 12.57
INSTRUM spect
PROBED 5 wm PABBO BB/
PULEROG 2930
™ 65336
SOLVENT cDE13
us 16
oS 2
s 8012.820 Hz
FIDRES 0.122266 Hz
ag 1.0884465 sec
RG 178,83
o 62.400 usec
g 6.50 usec
= K
b1 1.00000000 sec
00 1
CHANNEL £1 ==
400.3324722 MHz
18
15.00 usec
12.00000000 W
F2 - Processing parameters
s1 65336
s¢ 400.3300087 MHz
o Y
558 0
L3 0.30 8z
Ga 0
rC 1.00
) A b J
f T T T T T T T T
11 10 B 6 5 4 2 ppm
- "o ﬁ i~ o M
i b} a|a S bl = |
< o clola < - nilai
240913 MT08014-1-CPD m
o e v roo
2 L3 2 53% © awaninm
; i R b Blaana
= A8 A BER - CéddA BRUKER
[ 7 I N1 -
Current Data Parameters
NAME 240913 MT05014-1-CPD
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
bate 20240913
Time ™ 16.21
INSTRUM spact
PROBHD 5 mm PABSQ BB/
PULPROG 2gpg30
0 65536
SOLVENT chel3
NS 238
DS 4
swi 24038461 Az
FIDRES 0.366798 Hz
aQ 1.3631488 sec
RG 202,97
oW 20.800 usec
oE 6.50 usec
TE 297.8 K
1 2.00000000 sec
D11 0.03000000 sec
100 1
sFoL Mz
NuC1
el 10,00 usec
PLu1 48.00000000 W
CHANMNEL f£2
sFoz 400.3316013 MHz
Nue2 1
CPOPRG[2Z waltzlé
PCED2 90.00 usec
PLWZ .00000000 W
PLWLZ 0.33333001 W
PLW13 0.27000001 W
" | ” 1 L
# e iy Ay
T T T T T T T T T
180 160 140 120 100 80 60 40 ppm

S35




NMR chart of26b

241011 MTOB034-1

D N M O @ o T D
rac et Hmm

EXPNO
PROCNO

COZHN _~_~, M NHBoc
H

Date_
Time
INSTRUM
PROBHD
PULPROG
™
SOLVENT
NS

DS
SWH
FIDRES

)
RUKER
L%

Current Data
AL

= CHANNEL

Parameters
241011 MTQB034-1
10

1

F2 - Acquisition Parameters

20241011
15.38
spect

5 mm PABBO BB/
zg30

65536
cpoild

16

2

8012.820 Hz
0.122266 Hz
4.0894465
178.83
62.400
6.50

295.9 K
1.00000000
1

£ wo
400.3324722
1H

15.00
12 .00000000 W

F2 - Processing parameters
65536

400.3300081 MHz

EM
a
Q.30 Hz
]
1.00

.
T T T T T T T T T T T T T
10 9 8 7 3 5 4 3 2 1 ppm
© -] oo e L S| [ |0
@ 2 Slala = 8| |a|=|=
< P cilale ) o <l
241011 MT08Q34-1-CPD (-o><-)
: 3339538 BRUKER

(<O

—1%2.87

—156.34

—136.5%
128.4

— 66.59
26.34
—-0.04

2
— 33
27
=

Current Data Parameters
NAME 241011 M108034-1-CBD
EXFNO 20
PROCNG 1
F2 - Acquisition Parameters
Date 20241011
Time 16.55
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
™ £5536
SOLVENT cbela
NS 512
DS 4
SHH 24038.461 Hz
FIDRES D.366738 Hz
g 1.3631488 sec
RG 202.97
DW 20.800 usec
DE 6.50 usec
TE 297.7 K
Dl 2.00000000 sac
D11 0.03000000 sec
00 1
SFOL MHz
NuCL
31 10.00 usec
PLWL 48.00000000 W

CHANMNEL f£2

SFO2 400.3316013 MHz
ngez 1H
CPDPRG[2 waltz16
BCED2 90.00 usec
BLWZ .00000000 W
PLW1Z 0.33333001 W
PLW13 0.27000001 W
F2 - Processing parameters
sI
SF
HEW
558 i
LE 1.00 Hz
GE i

T T T T T T T T T T BC 1.40

180 160 140 120 100 80 60 40 20 ppm

S36



NMR chart of27a

241001 MTOB018-2

L)
BRUKER

Current Data Parameters
NEME 741001 MT0B018-2
EXPNO 10

H
HZN\/\/N\H/\/NHBOC ExeNG. o

F2 - Acquisition Parameters

(@) Date_ 20241001
Time 13.30
INSTRUM spact
PROBHD 5 mm PABBO BB/
PULEROG 2930
™ 65336
SOLVENT cDE13
NS 16
s H
] 8012.820 Hz
FIDRES 0.122266 Hz
a9 4.0834465 sec
BG 30.2
oW 62,400 usec
o2 6.50 usec
12 295.9 X
b1 1.00000000 sec
00 i
= CHANNEL £l =
4003324722 MHz
18
15.00 usec

12.00000000 W

F2 - Processing parameters

81 655316

SF 400.3300103 MHz
wWowl EM

558 a

1s Q.30 Hz
GB ]

BC 1.00

11 10 9 8 7 6 5 4 3 2 1 ppm
- - ~ | ([ o v
@ @ @ (= = 0|
o o - L dl- ]

241001 MT08018-2-CPD m
@ n
1 g SO © e 0w
. ; Smao o S
N BRUKER
= & melie e Sl
i " FEree Mmoo LN
Current Data Parameters
NAME 241001 M108018-2-CBD
EXFNO 11
PROCNG 1
F2 - Acquisition Parameters
Date 20241001
Time 14.10
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
™ £5536
SOLVENT cbell
NS 512
DS 4
SHH 24038.461 Hz
FIDRES D.366738 Hz
g 1.3631488 sec
RG 202.97
DW 20.800 usec
DE 6.50 usec
TE 257.5 K
1 2.00000000 sac
D11 0.03000000 sec
00 1
CHANNEL £1
SFOL MHz
NuCL
31 10.00 usec
PLWL 48.00000000 W
CHEANNEL £2
SFO2 400.3316013 MHz
ngez 1H
CPDPRG[2 waltz16
BCED2 90.00 usec
BLWZ .00000000 W
PLW1Z 0.33333001 W
PLW13 0.27000001 W
F2 - Processing parameters
sI 32768
l l l SF 100.6630704 ¥
HEW
' X L 358 a
LE 1.00 Hz
GE i
T T T T T T T T T T BC 1.40
180 160 140 120 100 80 60 40 20 ppm

S37



NMR chart of27b

241015 MTOBO36-1

5 oz 5
| | INARN
0]
HZN\/\/\NJJ\/\/NHBOC
H
L P 'Y I 1
I T T T T T T T T T T T T
11 10 9 8 T 6 5 4 3 2 1 ppm
g g sels| [s)glzis
= o o4l llew o e lealen
241015 MT0B036-1-CPD
S siine B p
| | W AR
SRRSO VS SHSREPRVRSNEVEN | PSS | 1§ | N—
I 1 I I I I 1 I I I
180 160 140 120 100 80 60 40 20 ppm

S38

Current Data Parameters
AL 241015 MT0B036-1

EXENO 10
BROCNO 1
F2 - Acquisition Parameters
Date_ 20241015
Time 17.18
INSTRUM spact
PROBHD 5 mm PABBO BB/
PULEROG 2930
TD 65336
SOLVENT CDC13
NS 16
ce 2
SHH 8012.820 Hz
FIDRES 0.122266 Hz
g 4.0B34465 sec
BG 89,96
oA 62.400 usec
CE 6.50 usec
TE 296.0 K
D1 1.00000000 sec
TDO 1
CHRNNEL f1 = —
400.3324722 MHz
1H

15.00 usec
12 .00000000 W

F2 - Processing parameters
SI 65536

aF 400.3300110 MHz
WO EM
EE 0

L= 0.30 Hz
= 0

BC 1.00

A
BRUKER
(<O

Current Data Parameters

NAME 241015 M108036-1-CBD
EXFNO 11
PROCNG 1
F2 - Acquisition Parameters
Date 20241015
Time 17.34
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
™ £5536
SOLVENT cbell
NS 256
DS 4
SHH 24038.461 Hz
FIDRES D.366738 Hz
g 1.3631488 sec
RG 202.97
DW 20.800 usec
DE 6.50 usec
TE 257.6 K
1 2.00000000 sac
D11 0.03000000 sec
00 1
CH. NEL £1
SFOL 100.6731244 MHz
NuCL 13¢
1 10.00 usec
PLWL 48.00000000 W
CHEANNEL £2
SFO2 400.3316013 MHz
ngez 1H
CPDPRG[2 waltz16
BCED2 90.00 usec
BLWZ 12.00000000 W
PLW1Z 0.33333001 W
PLW13 0.27000001 W

F2 - Processing parameters
sI 32768
100.6630630 MHz

SF

WOW EM
588 a

1B 1.00 Hz
GB a

BC 1.40



NMR chart of28a

241004 MTOB0Z29-1

\/ \I
H H NHB:
0C
BOCHN/\/\H/ ~N \n/\/
(0] (o]
L"’L._ AN NMM\J\JLLA 4
I T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 ppm
& 2|2 glac| [B3||22(8
— =11k o™ L] NNE
241004 MT08029-1-CPD
VoV N/ W
1| J l W l | i
I 1 T I I I 1 I I I
180 160 140 120 100 80 60 40 20 ppm

S39

Current Data Parameters
AL 241004 MTQB025-1

EXENO 10
BROCNO 1
F2 - Acquisition Parameters
Date_ 20241004
Time 11.18
INSTRUM spact
PROBHD 5 mm PABBO BB/
PULEROG 2930
TD 65336
SOLVENT CDC13
NS 16
ce 2
SHH 8012.820 Hz
FIDRES 0.122266 Hz
4.0B34465 sec
BG 79.09
oA 62.400 usec
CE 6.50 usec
TE 296.8 K
D1 1.00000000 sec
TDO 1
CHRNNEL f1 = —
SFO1 400.3324722 MHz
NUC1 1H
Bl 15.00 usec
PLW1 12.00000000 W

F2 - Processing parameters
SI 65536

SF 400.3300105 MHz
wWowl EM

858 a

1B Q.30 Hz
GB ]

BC 1.00

{
BRUKER
(<O

Current Data Parameters
NAME 241004 MT08029-1-CPD
EXFNO 11
PROCNO 1

F2 - Acquisition Parameters

Date 20241004
Time 11.48
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
™ £5536
SOLVENT cbell
NS 512
DS 4
SHH 24038.461 Hz
FIDRES D.366738 Hz
g 1.3631488 sec
RG 202.97
DW 20.800 usec
DE 6.50 usec
TE 238.6 K
1 2.00000000 sac
D11 0.03000000 sec
00 1
CH. NEL £1
SFOL 100.6731244 MHz
NuCL
31 10.00 usec
PLWL 48.00000000 W
CHEANNEL £2
SFO2 400.3316013 MHz
ngez 1H
CPDPRG[2 waltz16
BCED2 90.00 usec
BLWZ 12.00000000 W
PLW1Z 0.33333001 W
PLW13 0.27000001 W

F2 - Processing parameters

s8I 32768

SF 100.6630629 MH=z
WOW EM
588 a

1B 1.00 Hz
GB a

BC 1.40



NMR chart of28b

251113 MTOBO26-1

7.26

—6.45

W

o -
N
-

Current Data Parameters
NAME 251113 MT08026-1
EXPNO 10
BROCNO 1

F2 - Acquisition Parameters
I 20251113
Time™ 9.23
INSTRUM spact
BROEHD 5 mm BABEQ BB/
FULPROG 2930

D 65536
SOLVENT cDCl3

NS 16

] 2

SHE 8012.820 Hz
FIDRES D.122266 Hz
g 4.0B94465 sec
RG EES

o 62.400 usec
DE .50 usec
TE 0K

D1 1.00000000 sec
D0 1

CHANNEL fl =
400.3324722 MHzZ

F2 - Processing parameters

655386
400.3300088 MHz
EM
0
Q.30 Hz
a
1.00

9 8 7 6 5 4 ppm
8|3 a8 |8 bl O T 1
c|e =] - oifea|od o|ed oz
241002 MT08026-1-CPD m
za
Y BRUKER
Current Data Parameters
NAME 241002 M108026-1-CBD
EXFNO 11
PROCNG 1
F2 - Acquisition Parameters
Date 2 02
Time 12.45
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
™ £5536
SOLVENT cbela
NS 512
DS 4
SHH 24038.461 Hz
FIDRES D.366738 Hz
g 1.3631488 sec
RG 202.97
DW 20.800 usec
DE 6.50 usec
TE 298.4 K
Dl 2.00000000 sac
D11 0.03000000 sec
00 1
CHANMEL £1
SFOL 100.6731244 MHz
NuCL 13¢
31 10.00 usec
PLWL 48.00000000 W
CHANMNEL f£2
SFO2 400.3316013 MHz
ngez 1H
CPDPRG[2 waltz16
BCED2 90.00 usec
BLWZ 12.00000000 W
PLW1Z 0.33333001 W
PLW13 0.27000001 W
F2 - Processing parameters
sI 32768
SF 100.6630617 MHz
HEW EM
558 i
LE 1.00 Hz
GE i
T T T T T T T T T T BC 1.40
180 160 140 120 100 80 60 40 20 Ppm

540



NMR chart of28c

241016 MTOBO37-2

36

S
—5.05

AMC AN
I T T T T T T T T T T
1 10 7 6 5 4 3 2 1 ppm
5 2|18 & [kl 5==
- Q| | ~ Lkl N‘f'l:
241016 MT0B037-2-CPD
T drice Sisiiieds
WV N WA
. it
I 1 T I I I 1 I I I
180 160 140 120 100 80 60 40 20 pPpm

S41

Current Data Parameters

NEME
EXPNO
PROCNO

741016 MT0B037-2
12
1

F2 - Acquisition Paramesters
Da:

20241016

15.46

spect

5 mm PABBO BB/
zg30

65536

cooild

64

2
8012.820 Hz
0.122266 Hz

4.0894465 sec
49.
62.400 usec
€.50 usec

296,
1.00000000 sec
1

CHANNEL fl1 == iead
400.3324722 MHz
1H
15.00 usec
12.00000000 W

F2 - Processing parameters

81
SF
wWowl
558
1s
GB
BC

65516
400.3300105 MHz
EM
a
Q.30 Hz
]
1.00

{
BRUKER
(<O

Current D
NAME

ata Parameters
241016 MT0B037-2-CPD

EXFNO 14

PROCNG 1

F2 - Acquisition Parameters

Date 20241016

Time 16.17

INSTRUM spect

PROBHD 5 mm PABBO BB/

PULPROG zgpg30

™ £5536

SOLVENT cbell

NS 512

DS 4

SHH 24038.461 Hz

FIDRES D.366738 Hz

g 1.3631488 sec

RG 202.97

DW 20.800 usec

DE 6.50 usec

TE 297.7 K

1 2.00000000 sac

D11 0.03000000 sec

00 1
CHEANNEL £1

SFOL 100.6731244 MHz

NuCL

31 10.00 usec

PLWL 48.00000000 W
CHEANNEL £2

SFO2 400.3316013 MHz

ngez 1H

CPDPRG[2 waltz16

BCED2 90.00 usec

BLWZ 12.00000000 W

PLW1Z 0.33333001 W

PLW13 0.27000001 W

F2 - Processing parameters

sI 32768

SF 100.6630654 MHz

HEW EM

558 i

LE 1.00 Hz

GE i

B 1.40



NMR chart of29a

241004 MTOB031-1

H H
BOCHN/A\V/A\V/N\V/A\V/N\V/A\V/NHBOC

-
fors
-
=)
©
@
~
@
]
IS
w 3
[
-
o
°
3

2|3 8 8 M
o(s had @ ‘iﬂ

241004 MT08031-1-CED
= S — S
% manae gnBnaz i
groes Sggcongians

3
<
5
.2

180 160 140 120 100 80 60 40 20 ppm

S42

{
BRUKER
(<O

Current Data Parameters

NAME 241004 MT0BO31-1
EXENO 10
BROCND 1
F2 - Acquisition Parameters
Date 20241004
Time™ 15.23
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2g30
TD 65336
SOLVENT cDncil
NS 16
DS 2
SWH 8012.820 Hz
FIDRES D.122266 Hz
2 4.0894465 sec
RG 15,15
D 62.400 usec
DE £.50 usec
TE 296.3 K
D1 1.00000000 sec
D0 1
CHANNEL f1 ==
400.3324722 MHZ
1H
15.00 usec
12.00000000 W
F2 - Processing parameters
s1 65536
SF 400.3300103 MHz
WDW EM
SSB ]
1B 0.30 Hz
GB o
B 1.00

Current Data Parameters
NAME 241004 MT08031-1-CPD

EXFNO 11
PROCNG 1

F2 - Acquisition Parameters
Date 20241004
Time 15.54
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30

™ £5536
SOLVENT cbell

NS 512

DS 4

SHH 24038.461 Hz
FIDRES D.366738 Hz
g 1.3631488 sec
RG 202.97

DW 20.800 usec
DE 6.50 usec
TE 257.8 K
Dl 2.00000000 sec
D11 0.03000000 sec
00 1

CHANNEL £1

SFOL MHz

NuCL

31 10.00 usec

PLWL 48.00000000 W
CHEANNEL £2

SFO2 400.3316013 MHz

ngez 1H

CPDPRG[2 waltz16

BCED2 90.00 usec

BLWZ .00000000 W

PLW1Z 0.33333001 W

PLW13 0.27000001 W

2 - Processing parameters

sI 32768

SF 100.6630721 MHz

HEW EM

558 i

LE 1.00 Hz

GE i

B 1.40



NMR chart of29b

250903 MTO0B027-2

L)
BRUKER

Current Data Parameters
AL 250903 MTQB027-2

EXENO 10
BROCNO 1
F2 - Acquisition Parameters
Date_ 20250903
Time 17.46
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULEROG 2930
TD 65336
SOLVENT CDC13
NS 16
ce 2
SHH 8012.820 Hz
FIDRES 0.122266 Hz
g 4.0B34465 sec
BG 0.2
oA 62.400 usec
CE 6.50 usec
TE 0K
D1 1.00000000 sec
TDO 1

= CHANNEL f1 =
SFO1 400.3324722 MHz
NUC1 1H
Bl 15.00 usec
PLW1 12.00000000 W
F2 - Processing parameters
SI 65536
aF 400.3300105 MHz
WO EM
EE 0
L= 0.30 Hz
CE 0
BC 1.00

" 10 9 8 7 6 5 4 3 2 1 ppm
2 2 8 1 Sk
S| e | | +|3
250503 MT08027-2-CPD m
@
-y menoon o e o m @ o0
e Sm oo MBS omemem e
4 BRUKER
Ba EEre e e L T e
v RV A% Lo
Current Data Parameters
NAME 250303 M108027-2-CED
EXFNO 11
PROCNG 1
F2 - Acquisition Parameters
Date 20250303
Time 21.45
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
™ £5536
SOLVENT €bela
NS 4039€
DS 4
SHH 24038.461 Hz
FIDRES D.366738 Hz
g 1.3631488 sec
RG 202.97
DW 20.800 usec
DE 6.50 usec
TE 0K
1 2.00000000 sac
D11 0.03000000 sec
00 1
CHANNEL £1
SFOL MHz
NuCL
31 10.00 usec
PLWL 48.00000000 W
CHANNEL £2
SFO2 400.3316013 MHz
ngez 1H
CPDPRG[2 waltz16
BCED2 90.00 usec
BLWZ .00000000 W
PLW1Z 0.33333001 W
PLW13 0.27000001 W
F2 - Processing parameters
sI 32768
SF 100.6630651 o
l | HEW
558 i
LE 1.00 Hz
GE i
T T T T T T T T T T BC 1.40
180 160 140 120 100 80 60 40 20 ppm

543



NMR chart of29¢c

241016 MTOBO038-1

ELLLCEEEPERP R L IT LR U
BocHN H NHB
0C \/\/ \/\/\N/\/\/ 0C
H
f T T T T T T T T T T T T
11 10 9 8 T 6 5 4 3 2 1 ppm
gl 25 B  |B&k
o[~ S||e|<| |= cil~|g
241016 MT0B038-1-CPD
J " Ll
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 pPpm

S44

L)
BRUKER

Current Data Parameters

NAME 741016 MTO0B038-1
EXENO 10
PROCNO 1
F2 - Acgquisition Paramesters
Date_ 20241016
Time 17.09
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
€5336
SOLVENT CcDC13
NS 16
|+ 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
aQ 4.0894465 sec
RG 30.2
oW 62.400 usec
DE 6.50 usec
TE 296.2 K
D1 1.00000000 sec
TDO 1

= CHANNEL fl ==
400.3324722

1H

15.00

12 .p000aooa

F2 - Processing parameters

81
SF
wWowl
558
1s
GB
BC

Current D
NAME

655316
400.3300101
EM

a
Q.30

]
1.00

ata Parameters

MHz

Hz

{
ROKE
(<O

241016 MT08038-1-CED

EXFNO 11

PROCNG 1

F2 - Acquisition Parameters

Date 20241016

Time 17.40

INSTRUM

PROBHD 5 mm PABBO BB/

PULPROG zgpg30

™ £5536

SOLVENT cbell

NS 512

DS 4

SHH 24038.461 Hz

FIDRES D.366738 Hz

g 1.3631488 sec

RG 202.97

DW 20.800 usec

DE 6.50 usec

TE 257.8 K

1 2.00000000 sac

D11 0.03000000 sec

00 1
CHANNEL £1

SFOL MHz

NuCL

31 10.00 usec

PLWL 48.00000000 W
CHEANNEL £2

SFO2 400.3316013 MHz

ngez 1H

CPDPRG[2 waltz16

BCED2 90.00 usec

BLWZ .00000000 W

PLW1Z 0.33333001 W

PLW13 0.27000001 W

F2 - Processing parameters

sI

SF

HEW

558 i

LE 1.00 Hz

GE i

B 1.40



NMR chart of11

241008 MTOBO032-1-DZ0O

H H
HZN/\/\/N\/\/N\/\/NHZ

4HCI

£ <)
BRUKER

Current Data Parameters

NAME 241008 MTDBO32-1-D20

EXPNO 10

PROCNO 1

F2 - Acquisition Parameters

Bate 20241008

Time 12.13

INSTRUM spect

PROBHD 5§ mm PABSO BB/

PULFROG 2930

I' 65536

SOLVENT D20

NS 1€

oS 2

SHH 8012.820 Hz

FIDRES 0.122266 Hz

A 4.0894465 sec

RG 128.36

] 62.400 usec

BE 6.50 usec

TE 296.4 K

D1 1.00000000 sec

100 1
CHANNEL £1

SEOL 400.3324722 MHz

NUC1 1H

31 15.00 usec

PLW1 00000000 W

w -
(8]
-

400.3299632
EM

o
0.30

o
oo

F2 - Processing parameters
s1 65536

1 10 9 8 7 6 ppm
2 &l
o ||
241008 MTOB032-1-D20-CPD m
Currant Dets Paremetecs
HAME 241008 MTDA032-1-DIG-CED
EXEHE
BROCHO 1
FZ - Acquisition Parametsrs
Date_ 20241008
me 14.15
IHSTRUM spect
BROBHD 5 m= PABBO BB/
ULFROG 2gpg3
63535
SOLVENT p20
§S 1024
e a
SHE 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.36314B8 sec
G 202.97
oW 20.800 nsec
oe £.50 usec
= 298.0 K
oL 2.00000000 sec
DLl £.03000000 sec
00 1
memmmmmn CHANNEL £1 mmmmsmms
sFol 100.5731244 MHz
NOEL 13¢
L 10.00 usec
BLWL 4800000000 W
mmmmmmmn CHRIBIEL £2 mmmmmmms
sFnz 4003316013 MHz
wucz
CRDFRG[2 waltzlf
sCPD; 50.00 usec
BLWZ 1Z.00000000 W
BLW1Z ©.33333001 W
BLW13 0.27000001 ¥
EZ - Processing paraseters
st 32788
sF 100, 6630586 MHz
WO B
ssB o
L5 1.00 Bz
=] o
2 1.40
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm

S45



H
HzN\/\/\/N\/\/N\/\/NHz

NMR chart of12

241008 MTOB030-1-D2C

H

Date_
Time

4HCI

PROEHD

INSTRUM
PULPROG

SOLVENT

CH

F2 - Acquisition Parameters

20241008
12.09

spect
5 mm PABEO BB/

2930
65536

1e

8012.820 Hz
.122266 Bz
4.0834465 sec

144.28
62.400 usec
6.50 usec

w

296.5
1.00000000 sec

1 10 9 8 T 6 5 4 3 2 1 ppm

241008 MTOB030-1-D20-CFD

Cur e
HAME

EXEND
EROCHO

JNEL £1
400.3324722 MH=z
1H

15,00
.00000000 W

- Processing parameters

6553
400.3299654 MHz
EM

0.30 Hz

1.00

Sonan BRUKER

& Pacameters

t
241008 MTD8030-1-D20-CPD
11

1

FZ - Requisition Parameters

Date_
Time
INSTRUM
PROBHD
BULPROG

™
SALVENT
s

sug
FIDRES

SFDZ
wucz

T
180 160 140 120 100 80 60 40 20 ppm

S46

mmmmmmmm CHANMEL £2 mmmme

20241008
3.1a

=pact
m= PABEO BE/

a
24038.461 Hz
0.366798 Hz
1.3631488 sec
02.97
20.800 usec
£.50 usec
298.0 E
2.00000000 sec
0.03000000 sec
1

wm——— CHANMEL £1 e

100.673124d M
3c

10.00 usec
4E.00000000 W

400.3316013 M
1k

waltzlf
50.00 usec
12.00000000 W
0.33333001 W
0.27000001 W

g paraseters

&
100.6530586 ¥
=M




NMR chart of13

241022 MTOB039-1

H
HzN\/\/N\/\/\N/\/\/NHz
H
4HCI

o 2

w -

1 10 T 6 1 ppm
e 2(8
o o || g
241022 MT0B8039-1-CPD
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm

S47

Current Data Parameters

NAME 741022 MTO0B033-1
EXENO 10
PROCNO 1
- Acquisition Paramesters
e_ 20241022
Time 14.40
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
€5336
SOLVENT 020
NS 16
|+ 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
aQ 4.0894465 sec
RG 89.96
oW 62.400 usec
DE 6.50 usec
TE 296,
D1 1.00000000 sec
TDO 1

= CHANNEL fl ==
400.3324722 MHz

15.00 usec
12.00000000 W

F2 - Processing parameters

81 65536

SF 400.3299620 MHz
wWowl EM

558 a

1s Q.30 Hz
GB ]

BC 1.00

Current Data Parameters

HAME 241022 MT0B039-1-CED

EXENO 11

FROCNO 1

F2 - Acquisition Parameters

Bate 20241022

ime 15.12

INSTRUM spect

PROBHD 5 mm PABEO BB/

PULPROG zqpg30

T £5536

SOLVENT D20

HS 512

oS 4

ShH 24038.461 Hz

FIDRES 0.366798 Hz
1.3631488 sec

RG 202.97

ol 20.800 usec

BE 6.50 usec

TE 297.7 &

Bl 2.00000000 sec

D11 0.03000000 sec

TD0 1

SFOL

HUCL

FL 10.00 usec

PLI1 48.00000000 W

CHANNEL £2

SFO2 400.3316013 MHz

noc2

CEDERE[2

BCEDZ usec

PLWZ W
0.33333001 W
0.27000001 W

g parameters
32768

8F 100.6630586 MHz
WOW EM
558 a

bA:] 1.00 Hz
GE Q

BC 1.40



NMR chart of31

250414 MTOB0BS9-2

L)

© o MO OG0 01D D T e O VY G O D e BRUKER
] & 8 SARRARRNSANNI R38R RRAST
~ @ e T o e o e N M g i
| | [ ==\ k="
H Current Data Parameters
o 250414 MTO8083-2
BocHN\/\n/N\/\/NHBoc EXENO 10
PROCNO 1
F2 - Reguisition Parameters
(0] Da 20250414
Time 17.41
INSTRUM spect
PROBED 5 mm BABEO BB/
PULPROG 2q30
™D 65336
SOLVENT cDCild
NS 16
os 2
SHE 8012.820 Hz
FIDRES 0.122266 Hz
4.0834465 sec
RG 71.46
o 62.400 usec
oE £.50 usec
TE 292.1 K
D1 1.00000000 sec
D0 1
CHANNEL £l =======
SF01 400.3324722 MHz
HUC1 18
Bl 15.00 usec
PLHI 12.00000000 W
F2 - Processing parameters
sI 65516
sF 400.3300039 MHz
WDH M
S3B 0
18 0.30 Hz
cE 0
PC 1.00
[N A
f T T T T T T T T T T T T
" 10 9 8 7 6 5 4 3 2 1 ppm
& 5 |3 sEeg (8 ale
= S| |+ oi|oi|od| e oi|
250414 MT0B0B9-2-CPD m
z £ s i s
: e mamow rean o
2 54 s e P BRUKER
v NV W/ (PO
Current Data Parameters
HAME 250414 MT0BOE3-2
EXPNQ 1L
BROCNO 1
F2 - Acquisition Parameters
Date, 20250414
Time™ 17.46
INSTRUM spect
PROBED 5 mm PABBO BB/
PULPROG zgpa30
D £5336
SOLVENT cDCLd
us g4
DS ]
SWH 24038461 Hr
FIDRES 0.366798 Hz
20 1.3631488 sec
RG 202.97
o 20.800 usec
DE §.50 usec
TE 293.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TOD L
CHANNEL f1 ==
100.6731245 MHz
13c
10.00 usec
48.00000000 W
CHANNEL £2
400.3316013 MHz
14
waltzlg
PCEDZ 90.00 usec
PLWZ 12.00000000 W
PLW1Z 0.33333001 W
PLW13 0.27000001 W
. | I”. F2 - Processing parameters
n sI 32768
" Wil P . A s i .- SF 100.6630626 MHz
WDH M
S5 o
T T T T T T T T T T = 5 2,00 He
180 160 140 120 100 80 60 40 20 ppm = 1.50

548



NMR chart of32

250415 MTOB092

© o Mm@ T o m 35 BRUKER
5 = i e e R :
s s Bt B v e B T LN
Current Data Parameters
H NAME 250415 MT0B0S2
EXENO 10
BocHN._~_ N._~_ NHBoc e ¢
F2 - Acquisition Parameters
Date 20250415
Time™ 18.05
INSTRUM spect
PROBED 5 mm PABEO BB/
PULEROG 2930
O £5336
SOLVENT cDCil
ns 16
DS z
SHE 8012.820 Hz
FIDRES D_122266 Hz
b 4.08534465 sec
RG 12.03
D 62.400 usec
DE £.50 usec
TE 292.2 K
D1 1.00000000 sec
D0 1
CHANNEL £1 =
400.3324722 MHz
1H
15.00 usec
12.00000000 W
F2 - Processing parameters
sI 65536
SF 400.3300099 MHz
WDH M
35B 0
LB 0.30 Hz
B 0
BC 1.00
| A UL
f T T T T T T T T T T T T
11 10 9 8 7 6 5 4 3 2 1 Ppm
g g & g2
- | | a5
250415 MT08092-CPD m
=
& oo m 6w moe
- g 3 BRUKER
bl o r~ = LR
I \% [ Lo
Current Data Parameters
NAME 250415 MT0B082-CED
EXENO 1L
PROCNG 1
F2 - Acquisition Parameters
Date 20250415
Time™ 18.26
INSTRUM spect
PROBED 5 mm PABBO BB/
PULEROG zgpg30
O £5336
SOLVENT cDCil
ns 128
DS 1
SHE 24038.461 Hz
FIDRES D_36£738 Hz
b 1.3631488 sec
RG 202.97
D 20.800 usec
DE £.50 usec
TE 293.9 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO L
CHANNEL f1 =
100.6731244 MHz
13c
10.00 usec
48.00000000 W
CHANNEL £2
SFOZ 400.3316013 MHz
Nue2 14
CEDERG{Z waltzl6
PCPDZ 30.00 usec
PLWZ2 12.00000000 W
PLW1Z 0.33333001 W
BLWL3 0.27000001 W
F2 - Processing parameters
SI 32768
L SF 100.6630750 MHz
WDW EM
S5B 0
T T T T T T T T T T = 5 2,00 He
180 160 140 120 100 80 60 40 20 ppm e 1.20

549



NMR chart ofl

250418 MTOB094-D20

Ca)
BRUKER
L%

Current Data Parameters
NEME 750418 MT0B08%4-DZ0

HZN\/\/H\/\/NHZ Ers "
3HCI

- Acquisition Parameters
e 20250418
9.48
spect
S mm PABBO BB/

8012.820 Hz
0.122266 Hz
4.0884465 sec

1 26
62.400 usec
€.50 usec

K
1.00000000 sec
1

= CHANNEL fl ==
400.3324722 MHz

18
15.00 usec

00000000 W

F2 - Processing parameters

SI 65536

aF 400.3239625 MHz

WO EM

358 0

L= 0.30 Hz

= 0

BC 1.00

T T T
11 10 9 8 T 6 5 4 3 2 1 ppm

787
4.00

250418 MTOB094-D20-CFD m
: BRUKER
= @ m
1 LoD

Current Dats Paramet
HAME 250418 MTO80W=D20-CPD
EXPNO 1
EROCNO 1
F2 = Acguisition Parameters
20250418
10.24
spect
S mm PAEBO BB/
2gpg0
B5535
D20
s 512
os 4
SWH 24038_461 Hz
0.366798 Hz
sec
usec
50 usec
0K
D1 2.00000000 sec
D1l 0.03000000 sec
ToO ¥
PLW1 4800000000 W
CHRNKEL £2 mmmmmmm=
an0_3316013 MHz
10
waltzls
90.00 usec
12.00000000 W
0.33333001 W
0.27000001 W
F2 = Processing parameters
s1 32768
sF 0. 6630586 MHz
WOu =™
ssB 0
1B 1.00 Hz
= 0
e 1.4
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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NMR chart of33

250528 08109%-D20

Current
NAME
EXENO
PROCNO

H
N~ NH;
O 2HCI

TD
SQLVENT
NS
Ds

o |
a|la
oled

o

2,00

-

250528 08109-D20-CFD

w
o

o
FROCHC

F2 = Aequis.

180 160 140 120 100 80 60 40 20 ppm

S51

{
BRUKER
(<O

Data Parameters
MT0B109-DZ0

10

1

- Acquisition Parameters

20250528
14.33
spect

S mm BAEBO BB/

2930

£5336

pzo

16

z
8012.820 Hz
D_122266 Hz
4.08534465 sec

112.64

usec
usec

K
1.00000000
1

CHANNEL f1 ==
400.3324722

MHZ

15.00 usec
12.00000000 W

- Processing parameters

65536
400.3299651 MHz
EM
Q
0.30 Hz
a
1.00

) S
. BRUKER
L)

250528 MT08109=D20=-CED
1
1

Parameters
20250528
14.48
spect
S mm PABEQ BE/

Hz
Hz
sec

uaee
usee

B
2.00000000
0.02000000

3

sec
sac

10.00
4800000000 W

CHANNEL 12
400.3316013 MHz

0.33333001
0.27000001 W

- Processing paramstera
32768

100.6630586 MHz
51

1.00 Hz

1.40



NMR chart of34

250417 MTOB0093-2-DMSO

7.92
7.90
7.88

<
=

ZT
ZT

BocHN

6.78
6.76
6.75

H NHBoc

FeHOn MO d oG
= S Hoan

NVAVAY

I I I 1 1 T 1 I I 1
11 10 9 8 7 6 5 4 3
s = gal 8| (B8
o3 Rl o | © NE
250417 MT0B0093-2-DMSO-CPD
P 2
I 1 I I I I 1 I
180 160 140 120 100 80 60 40 20

S52

{
BRUKER
(<O

Current Data Parameters

NAME 250417 MTOS0093=2=DMSO
EXEPND 10
FROCHC 1

F2 = Acquisition Parameters

Date 20250417
Time 14.36
INSTRUM spact
FROBHD 5 mm PAREO BB/
FULERCG 2930

T 65536
SOLVENT oMso

RS 16

oS 2

swH 8012.820 Hz
FIDRES 0.122266 Hz
A 4.0894465 sec
B

= E2.400 usee
oE £.50 usec
TE 0x

o1 1.00000000 sec
00 1
e CHANNEL {1 =
sFol 400.3324722 MHZ
NOCL 1

21 15.00 usec
FLW1 12.00000000 W

F2 = Processing parametera
SI 65536

SF 400.3300000 MHz
WDH =®

SSE o

1B 0.30 Hz
€l o

BC 1.00

{
BRUKER
(<O

furrent Bata Parameters
NAME 250417 MTOBO093-2-DMSO-CED
EXEN0 in
BROCHO
FZ - Aoguisition Parameters
Date 20250417
Time 18.10
THETRN spect
BROBHD 5 mm FASBO BB/
EULFROG 2gpg30
™ 65536
SOLVENT oMSE
ng 512

&
) 24038 461 Hz
FIDRES 0.366738 Hz
) 1 3631488 =ec
G 202.97
oW 20.800 usec
bE 50 usec
™=
o1 2.00000000 sec
B1L 0.03000000 sec
00 I
==mmsmm= CHANNEL £l ==mm====
sral 100. 6731244 btz
noel 13¢
el 10.00 usec
BLNL 48.00000000 W
=mmmxmm= CHANNEL £2 s=mm====
sraz 400. 3316013 bz
Huc2 1
CEOPRG{Z waltz16
ecen2 90.00 usec
BLNZ 12,00000000 W
BLW12 0.313333001 W
BLW13 0.27000001 W
F2 - Processing parameters
81
sF 1006631019 iz
o =1
sem o
e 1.00 Hz
e o
eC 1.40



NMR chart of35

250605 MTOB111-CD30D

Current
HAME
EXFNO
PROCNO

L)
BRUKER
L4

Data Parameters
250605 MT08111-CDH3I0D
10

F2 - Acquisition Parameters

Date
Time
INSTRUM
PROBHD
PULPROG

T™h
SOLVENT
HE

oS

SWH
FIDRES

SFOL
HUC1

Pl
PLW1

S,V N

A

11 10 9 8 T ] 5

250605 MTOB111-CD30D-CFD

158.63
19,89

w
[
-

ppm
8 8 58

HAME
EXPHG
EROCHO

Date_
Time
INSTRUM
BROBHD
BULFROG

™
SOLVENT
HS

oS
SWE
EIDRES
RO

RG
oW
oE
=
D1
D11
IO

SFOL
KOC1
Bl

ELA1

sFO2
HuCE

SF
WDH
558
Lm
=
B

180 160 140 120 100 80

60 40 20 ppm

S53

20250605
10.47

spact
5 mm PABEO BE/
2930

63536

MeOD

18

==ss==== CHANNEL 1

8012 .820
.122266
4.0894465
128.36
62.400
&.50

K
1.00000000

Hz
Hz
sec

usec
usec

sac

400.3324722 MH

1H

15.00 u
00000000 W

sec

- Processing parameters

65536
400.3300078 Miz
EM

0.30

1.00

Current Dats Parameters

250605 MTD8111-CD30
20

1

FZ - Requisition Parameters

20250605
14.23

spact
5 m= BABED BB/

a
24038.461 Hz
0.366798 Hz
1.3631488 sec
z02.97

20.B00 usec
6.50 usec
oK
2.00000000 sec
0.03000000 sec
1

CHANMEL £1 mwmmmwme
100.673124d MEz
13c

10.00 usec
48.00000000 W

CHANMEL £2 wwmmmmms
4D0.3316013 MEz
1%
waltzlf
50.00 usec
1Z.00000000 W
0.33333001 W
0_27000001 W

EZ - Processing pareseters
EI 32768

100.66291F1 MHz

1.00 Bz
1.40

Hz

L)
BRUKER
L4

B-CPD



NMR chart of14

250613 MTO8115-D20

H H H
HN AN AN AN NR,
5HCI

{
BRUKER
(<O

Current Data Parameters
NAME 250613 MTOB1
EXENO 10
PROCNO 1

2 - Acquisition Parameters
Date_
Time

20250613
16.17
spect

S mm BAEBO BB/

2930
£5336

pzo

16

z
8012.820
D_122266
4.08594465

Hr

Hz
sec
.26
62.400
€.50

usec
usec

K
1.00000000
1

CHANNEL f1 ==
400.3324722

{Hz

15.00 usec
12.00000000 W

F2 - Processing parameters

sI 65536

SF 400.3299624 MHz
WDH M

35B 0

LB 0.30 Hz

cEB 0

BC 1.00

10

250613 MTO08115-D20-CFD

w
(o

15.85

3 MTO8115-D20-CPD
11
FROCHC 1

F2 = Aequis.

Parameters
20250613
17.00
spact
S mm PABEQ BE/

uaee
usee

2.00000000
0.02000000
3

sec
sac

CHAKNEL fl =me—e————
0.6731244 MHZ

13¢
10.00 usee
48.,00000000 W
CHANNEL £2 =
400.3316013 MHz

usee

2w

L

- Processing paramstera
32768

100.6630586 MHz
51

1.00 Hz

1.40

180 160 140 120 100

80 60 40 20 ppm

S54



NMR chart of36

250425

{
BRUKER
(<O

Current Data Parameters
NAME 25 MT0B098-DZO

H H
HZN\/\H/ N~N \n/\/ NH, BRooND T
0] 0]

- Acquisition Parameters
20250425

2HCI
spect
5 mm PABBO BB/
2930
D €53536
SOLVENT Dz2o
NS 16
DS 2
WH 8 -820 Hz
FIDRES D.122766 Hz
AQ 4.0884465 sec
RG 112.64
oW 62.400 usec
DE €.50 usec
TE 0K
D1 1.00000000 sec
TDO 1

CHANNEL f1 ==
400.3324722 MHz

15.00 usec
12.00000000 W

F2 - Processing parameters
sI 65536

SF 400.3299627 MHz
WDH M

35B 0

LB 0.30 Hz
@ 0

BC 1.00

T
11 10 g 8 T 6 5 4 3 2 1 ppm

w) (@ o
e S w
[} < o~

250425

11
1

Parameters
20250425
16.54

spact
S mm PABEQ BE/
2qpa30

B
2.00000000 sec
0.03000000 sec

3

10.00
4800000000 W
CHANNEL f2 =e——e—w=
400.3316013 MHZ

0.33333001
0.27000001 W

F2 - Drocsssing parametara
s1 32768
&F 100.6630586 MHz
wow M
5SB o

L ie 1.00 Hz
GB 4]
PC 1.40
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 0 ppm
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NMR chart of37

250613 MTOB114-3-DMSO

{ <)
BRUKER

Current Data Faramsters
NAME 250613 MTOB114-3-DMS0

H EXPHO ]
BocHN N PROCNO 1
¥2 = Acquisition Parameters
N3
DS 2
SWH B012.820 Hz
FIDRES 0:122266 Hz
Ag 4.0894463 sec
RG 144,28
oW €2.400 usec
D2 £.50 usec
TE 0K
DL 1.0000C000 sec
00 1
CHANNEL £1
SFOL 400.3324722 MHz
NUCL 1H
21 15.00 usec
PLWL 12.00000000 W
£2 - Processing paramsters
st 65536
SF 400.3300000 MHz
oW =
$SB 0
18 0.30 Hz
B 0
b0 1.00
X e JLM_LL_M
r T T T T T T T T T T T T
1 10 9 8 6 5 4 1 ppm
2 2 38 k|l BR
o5 - < |ed ~ =
250613 MT08114-3-DMSO-CPD m
= -
@ D
: n e e e e BRUKER
= “ A R >
= & e SHAAmes S dE e s
5 o b R g LXJ
Current Dats Parsmeters
HAME 250613 MTDE114-3-DMSD-CED
EXPRO 11
BROCHO i
F2 - Acguisition Pasameters
Date 20250613
N 17.36
spect
5 m= PABEO BE/
=gpg30
£5536
oMe
us 512
e 4
e 24038461 8z
FIDRES 0.366798 Hz
g 1.3631488 zec
EG 202,87
] 20.800 usec
e £.50 usec
" oK
o1 2.00000000 sec
D11 0.03000000 sec
™o 1
mmmmmmme CHANNEL £1 semsemms
SFOL 100.6731244 MHz
wyc1 13
[ 10.00 uses
BLWL 48.00000000 W
mmmmmme CHANNEL £2 mmmes
sFoz 4003316013 M
ez 13
CPOPRG(2 waltzlg
ecenz 20.00 uséc
BLWZ 12.00000000 W
BLW1Z 0.33333001 W
BLW13 0.27000001 W
E2 - Processing parameters
1 32758
sF 100.6631060 MH=
WOW =
ssa 0
ia 1.00 Hz
65 [
Bc 1.40
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm
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NMR chart of38

250630 MTO8122-1

B -1 £ 0 T @
o ar

WM m e r

Current Data Parameters

H H H H N
BocHN._~_ N~ N AN AN~ NHBoc Frocio

250630 MTOB1Z2Z:
12
1

{ <)
BRUKER

-1

- Acquisition Parameters
te

20250630
11.38
spect

S mm BAEBO BB/
2930

O £5336

SOLVENT cDCil

g 16

DS z

SHE 8012.820 Hz

FIDRES D_122266 Hz

b 4.08534465 sec

RG 144.26

D £2.400 usec

DE £.50 usec

TE 0K

D1 1.00000000 sec

D0 1

CHANNEL £1 =
400.3324722 MHz
1H
15.00 usec
12.00000000 W

F2 - Processing parameters

sI £5536

SF 400.3300103 MHz

WDH M

35B 0

LB 0.30 Hz

cEB 0

BC 1.00

11 10 9 8 T 6 5 4 3 2 1 ppm
= g |2 518
- * F de

250630 MTO8122-1-CPD

il

15
30.17

=

) {
: BRUKER
(<O

Current Data Parameters
NAME 250630 MI08122-1-CED
EXFNO 13
PROCNG 1
F2 - Acquisition Parameters
Date 20250630
Time 12.41
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
™ £5536
SOLVENT cbela
NS 1024
DS 4
SHH 24038.461 Hz
FIDRES D.366738 Hz
g 1.3631488 sec
RG 202.97
DW 20.800 usec
DE 6.50 usec
TE 0K
Dl 2.00000000 sac
D11 0.03000000 sec
00 1

CHEANNEL £1
SFOL 0.6731244 MHz
NuCL
1 10.00 usec
PLWL 48.00000000 W
CHEANNEL £2

SFO2 400.3316013 MHz
ngez 1H
CPDPRG[2 waltz16
BCED2 90.00 usec
BLWZ 12.00000000 W
PLW1Z 0.33333001 ¥
PLW13 0.27000001 W
F2 - Processing parameters
sI
SF
HEW
558 i
LE
GE i

T T T T T T T T T T BC 1.40

180 160 140 120 100 80 60 40 20 ppm
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NMR chart ofl7

250707 MTO08126-D20

H H

DD B e i
e

mmmmm

—a.7s

H HAME

HoN A~ N~ N AN AN NH; Er

6HCI

te_
Time
INSTRUM
PROBHD
FULPROG

TD
SQLVENT
NS
Ds

SWH
FIDRES

250701 MTO08126-D20-CFD

@
o
£
w
[N
-
3
3

2013

180 160 140

{
BRUKER
(<O

Current Data Parameters

250707 MTO0B126-DZO
20
1

2 - Acquisition Parameters

20250707

16.08

spect

5 mm PABBO BB/
2930

65536

020

1€

2
B012.820 Hz
D.122266 Hz

4.0894465 sec

62.400 usec
€.50 usec

K
1.00000000 sec
1

CHANNEL f1 ==
400.3324722 MHz

F2 - Processing parameters
sI £5536

SF 400.3299633 MHz
WDH M
35B 0

LB 0.30 Hz
cEB 0

BC 1.00

C e B,

2 fsmao o= BRUKER

6 ToT @ e

“ Twa ™ fard LXJ
Current Data Parameters
HAME 250701 MTOA126=D20-CED
EXPNO
EROCHC 1
F2 = Acquisition Parameters
Date 20250701
Time 17.1%
INSTRUM spect
FROBHD 5 mm PAREO BB/
FULERCG 2qpg 30
T 65536
SOLVENT oo
RS 1024
oS i
swH 24036461 Hz
FIDRES 0.366798 Hz
A 1.386 BB sec
B 202.97
= 20.800 usee
oE £.50 usec
TE
o1 2.00000000 sec
D11 0.03000000 sec
o0 1
mmmmm——= CHANNEL fl =me—————
SFOL 0.6731244 MHZ
KuCL 13c
F1 10.00 usee
PLWL 48.00000000 W

——== CHANNEL 2 = -
sFO2 4003316013 MHz
wuc2 1
CPDPRG(2 waltzlé
PCPoz a0.00 usec
PLW2 12.00000000 W
PLW1Z 0.33333001 w
PLW13 0.27000001 W
F2 - Drocessing parameters
SI 32788
sF 100. 6630586 MAz
WO =
ssB ]
1B 1.00 H2
B ]
B 1.40
1 1 1 I I I
100 80 60 40 20 ppm
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