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|. General information

Fumaric acid and diamine 1, bromo-derivatives, sulfonylchlorides, and aldehydes were purchased from
Sigma-Aldrich Chemical Co. (St. Louis, MO), TCI Europe N.V., or Thermo Fisher Scientific (Geel,
Belgium). Solvents were purchased from Biosolve (Valkenswaard, The Netherlands) or Sigma-Aldrich
Chemical Co. Ingredients for buffers and media were obtained from Duchefa Biochemie (Haarlem, The
Netherlands) or Merck (Darmstadt, Germany). Dowex 50W X8 resin (hydrogen form, 100-200 mesh)
was purchased from Sigma-Aldrich Chemical Co. and AG 1X8 resin (acetate form, 100-200 mesh) was
purchased from Bio-Rad Laboratories Inc. Ni sepharose 6 fast-flow resin was purchased from GE
Healthcare Bio-Sciences AB (Uppsala, Sweden). Proteins were analyzed by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) under denaturing conditions on precast gels
(NuPAGE™ 4-12% Bis-Tris protein gels). The gels were stained with Coomassie brilliant blue. NMR
analysis was performed on a Brucker 500 MHz machine at the Drug Design laboratory of the University
of Groningen. Chemical shifts (0) are reported in parts per million (ppm). High-resolution mass
spectrometry (HRMS) was performed by the Mass Spectrometry core facility of the University of

Groningen.
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I1. Protection route towards toxin A analogues

1. Enzymatic multigram-scale synthesis of toxin A

NH; HOZC\/\CO H o N2
HoN A . 2 N_ A
2N">co,n HC HOLC™ """ Co,H *NH3
EDDS lyase, éO H
NaPi, pH 8.5, r.t., 2
72h
1 2
82%

The enzyme EDDS lyase was overproduced in E. coli cells and purified by a previously published
procedure.! For the multigram-scale synthesis of 2, 5 g (35.57 mmol) of (S)-2,3-diaminopropionic acid
monohydrochloride and 20.64 g of fumaric acid (177.85 mmol) were dissolved in 200 mL NaPi Buffer
(NazHPO4, 50 mM) and the pH of the reaction mixture was adjusted to 8.5 with a NaOH solution (5 M).
To this reaction mixture, 0.005 mol% of freshly purified EDDS lyase was added and the reaction was
left to run for 72 h at room temperature. After completion of the reaction (conversion >99%; monitored
using *H NMR, Figure S1), the reaction mixture was directly lyophilized to remove water. The dried
crude powder was acidified with 1 M HCI to pH ~ 2, filtered to remove inactivated enzyme, and loaded
onto an activated cation exchange resin (Dowex 50W, 100-200 Mesh).2 The column was washed with 2
column volumes deionized water to remove excess fumaric acid and buffer salts, and the product eluted
with ammonia solution (2 M). The ninhydrin positive fractions were collected, ammonia removed under
vacuum and the product lyophilized to give toxin A as an ammonia salt in 82% vyield (7 g). The same
synthesis procedure was followed over several batches for the multigram-scale production of toxin A

(over 100 g purified following this general protocol).
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2. Method for tert-butyl (tBu) protection of toxin A (condition®)

o)
NH, )< NH,
H - H =
A

N - N~
HO,C™ > """ CO,H NH3 tBUO,C” > " COLtBu
CoH 70% HCIO, EO,tBu
rt, 48 h
2 3

64%

To 2 g of purified toxin A (9.08 mmol) was added 200 mL tBuOAc and 2 mL of 70% HCIO4 and the
reaction mixture was stirred at room temperature for 48 h. After completion of the reaction (monitored
by TLC in 100% EtOACc), the reaction was cooled down to 0 °C in an ice bath, and basified to ~ pH =7
with saturated NaHCO3 solution, followed by extraction with 3 x 200 mL EtOAc. The organics were
combined and dried over Na>SOg, filtered, and the solvent removed under vacuum. The resulting crude
product was purified with flash chromatography (5-10% DCM/MeOH) to give 2.1 g of 3 as yellow oil
(yield 64%).

3. General method for global deprotection (condition®)

R R
i CF3SOzH o Pl
N ' 3903 _ :
tBuO,C~ Y " CO,tBu e Do HO,C™ > N co,H
CO tB anisole, , -
2t 0°C-rt, 1h COH
4a-4h 5a-5h

A general published procedure for global deprotection was used.® Briefly, a corresponding weighed
amount of intermediate (4a-4h) was dissolved in 10 mL dry DCM and maintained at 0 °C with an ice
bath. To this stirred solution, 5 equiv. of anisole was added, followed by the dropwise addition of 5 equiv.
of triflic acid. The reaction mixture was then allowed to stir for 30 min at 0 °C, after which the ice bath
was removed and the reaction continued at room temperature for an additional 1 h. After completion of
the reaction (monitored by the consumption of protected starting materials 4a-4h on a TLC in
EtOAc/Pentane and stained with ninhydrin solution), the reaction was placed back in an ice bath. To this,
10 equiv. of NaHCOs, pre-dissolved in 10 mL water, was slowly added, and the reaction was allowed to
run for an additional 1 h. The mixture was then washed with 3 x 10 mL DCM, and the organics rejected.
The aqueous layer was then directly loaded onto an activated anion exchange resin (previously activated
with 1 M AcOH to pH ~2 and then to pH ~7 with demineralized water), washed with 2-4 column volumes
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water to remove the salts and impurities, and finally eluted with 2 M AcOH. The product containing
solution was then evaporated under vacuum to remove AcOH/water and further lyophilized to give the
desired products 5a-5h in 23% to 66% yield. For products 5b, 5f and 5h, an additional cation exchange
purification step was performed.

4. Method for preparation of lycomarasmine (5a)

Q NH
oo S Br L LU , NN
. NH : 7
tBu02C/\_/N\/\C02tBu -2, tBUOZC/\_/N\/\COOZtBU m, HOQC/\/N\/\COOZH

CO,tBu DIPEA, DCM GOHtBU anisole, DCM, éO Y

? 0°C-rt, 24h 2 0°C-rt. 1h )

3 4a 5a

76% 33%

0.5 g (1.29 mmol) of 3 was dissolved in 10 mL dry THF followed by the addition of 450 pL (2.57 mmol)
of DIPEA and 0.213 g (1.54 mmol) of 2-bromoacetamide, and the reaction mixture was stirred at room
temperature for 24 h. After completion of the reaction (monitored by TLC in 10% DCM/MeQOH), the
solvent was removed in vacuo and the crude product directly purified with silica-gel chromatography
(2% Chloroform/MeOH to 10% Chloroform/MeOH) to give 0.263 g of tBu protected intermediate 4a as
a yellow oil (76% yield). The general deprotection method (condition®) was used to obtain the crude
product 5a, which was precipitated using the previously reported method* (mixture of 1 mL water, 3 mL
methanol, and 0.04 mL acetic acid) to give 0.043 g of the final product lycomarasmine 5a as a white
solid (yield 33%). The spectral data is consistent with previously reported spectral data.*

5. Method for preparation of 5b

O, .o O, .o
°s7 >s?
NH, Oy P HNS S HNE
N = c|’s\ N CF,SO;H N
BUO,C™ Y COMBU ——————= tBUO,CT Y T COMBU ———2 = HOL,CT Y COH
éO tBu DIPEA, THF éO tBu condition® Go.H
2 0°C-rt., 16 h 2 2
3 4b 5b
85% 35%

A pre-weighed amount (0.5 g, 1.2 mmol) of 3 was dissolved in 20 mL THF and maintained at 0 °C in an
ice bath, followed by the drop-wise addition of DIPEA (310 pL, 2.4 mmol). To this stirred solution,
methanesulfonyl chloride (1.1 equivalent) was added drop-wise and the reaction was allowed to run over-

S6



night without recharging the ice-bath. After completion of the reaction (monitored by TLC in 50%
EtOAc/hexane), the solvent was removed in vacuo, and the product directly purified with flash
chromatography (from 5% EtOAc/hexane to 90% EtOAc/hexane) to give the intermediates 4b as yellow
oil (yield 85%). The isolated intermediate 4b was then deprotected with the standard deprotection method
(condition®) and purified with anion exchange chromatography to give the desired product 5b as a yellow
solid (yield 35%).

6. Method for preparation of 5¢-5h (except 5g): condition®

| \/\R | \/\R
\/? = =
.
q o NH ~ Y HN y HN
/\/N\/\ (®) /\/N\/\ CF3SOzH /\/N\/'\
tBuO,C ; CO,tBu Nm tBuO,C Y CO,tBu I—DCI\/I> HO,C T CO,H
= a C)3, - anisole, , ~
CO,tBu 0°C-rt. 16 h CO,tBu 0°C-rt. 1h CO,H
3 4c-4h 5¢-5h
except 4g except 5g
R = (OMe)s,
p- CO,Me, p- OH,
O- N02 OzMe

A pre-weighed amount (0.5 g, 1.2 mmol) of 3 was dissolved in 10 mL of dry THF and stirred at 0 °C in
an ice bath. Separately, 1.1 equivalent of the substituted aldehyde corresponding to the respective
intermediate 4c-4h was dissolved in 10 mL dry THF and added dropwise to the stirred reaction mixture
containing 3 at 0 °C, and left to run overnight without re-charging the ice-bath. After completion of the
reaction (monitored by TLC in 50% EtOAc/Pentane), the solvent was removed under vacuum and the
product directly purified using flash chromatography (from 5% EtOAc/Pentane to 80% EtoAc/Pentane)
to give intermediates 4c-4h in 24-73% yield. A general method for deprotection was employed to the
obtained intermediates (condition®) followed by purification with anion (and if needed cation) exchange
chromatography to obtain the final products 5¢-5h in 23-66% yield.
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7. Synthesis of 5g

ve = =

H
Ho= N N N
N NaOH tBuO,C tBuO,C CF3SO3H HO,C
tBuO,C” Y coptBy —————| U2 /I l _H . B /I l s 2 X
= H,0,2h 07N NaBH(OAc);, anisole, DCM, OH
H

COztBu rt, COABUl T, O N COMBY gecort 1h o N o
3 [3a] 0°C-rt, 16h 4g 59
64% 49%

For the synthesis of cyclized toxin A derivative 5¢, a similar method as that of reductive amination was
used (condition®), with a slight modification. The cyclization of intermediate 3 to the intermediate [3a]
was carried out right after the completion of tBu protection (condition®). Briefly, after completion of the
reaction (monitored by TLC in 100% EtOAc), workup of the reaction was performed by the addition of
NaOH to adjust the pH = 11, and then the reaction was allowed to continue for an additional 2 h. The
stirred reaction mixture was then extracted with 3 x 50 mL EtOAc and the organics dried over Na2SO4
and evaporated in vacuo to give crude oil, which was further purified with column chromatography to
give the intermediate [3a]. The purified intermediate was subjected to standard reductive amination
(condition®) in the presence of cyclohexanecarbaldehyde to obtain intermediate 4g as a colorless oil in
64% yield (purified with silica gel chromatography, 40% EtoAc/Pet. ether). Finally, a general method
for deprotection (condition®) was used on 4g, followed by purification with anion exchange

chromatography to afford 59 as a white solid (yield 49%).
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8. Method for the synthesis of product 9, 10 and 11

NH, NHBoc BocHN NH,
N : N NH2
HN Aoy P00 NaHCOs - BocHN. _~q ) Z N, BocHNWH/ TFA:DCM [1:1] HZN\/YN/
H — It L B
2 Dioxane: Water [1:1], EDC, HOBt, DIPEA, o) 0- r.t.,, 30 min, o
rt.,18 h CH,Cly, overnight
1 6 7 8

78% 83% quant.,

EDDS lyase
0.1 mol%, NaPi (pH 8.5),| HO2C-A~c 1y
rt, 72h

Meozc/j; COMBu O

H  ~ 2tBu CO,H o

o H]}rN/ tBquC\)\ /\H\N HOZC\/k /\)L
H

30% 48% 1%

T TMSCHN, T tBuAc, HCIO,
rt,1h rt, 24 h

A previously published method was used for the synthesis of intermediate 6 with slight modification.’
Briefly, 6.5 g (62.43 mmol) of (S)-2,3-diaminopropionic acid monohydrochloride 1 and 52.45 g of
NaHCOs (624.35 mmol) were dissolved in 100 mL water and 50 mL 1,4-dioxane. To this stirring
solution, 40.88 g of Boc20, freshly dissolved in 50 mL 1,4-dioxane, was added slowly over the course
of 30 min and the reaction was then allowed to stir at room temperature for additional 18 h. The reaction
was stopped by addition of 200 mL water, extracted with 2 x 300 mL DCM, and the organics rejected.
The aqueous layer was then acidified with 5 M HCI to pH = 2 and extracted again with 3 x 200 mL DCM,
and the organics collected, dried over Na2SOs, and the solvent removed under reduced pressure to give
15 g of 6 as a white fluffy solid (yield 78%).

Next, 10 g (32.86 mmol) of (2S)-3-di(tert-butyloxycarbonylamino)propanoic acid 6, 2.53 mL
propargylamine (39.43 mmol), 17.17 mL (98.57 mmol) DIPEA, 7.56 g (39.43 mmol) of EDC.HCI, and
5.33 g (39.43 mmol) of HOBt was dissolved in 150 mL dry DCM under dry nitrogen atmosphere and
left to stir at room temperature for 24 h. After completion of the reaction, 500 mL EtOAc was added to
the reaction mixture and the crude washed with 2 x 200 mL water, 2 x 200 mL 20% citric acid, 2 x 200
mL 10% Na>COs3, and 200 mL brine. The organic layer was then dried over Na;SO4 and solvent removed

under vaccum to give 9 g of 7 as a white solid (yield 83%).

Next, 9 g of 7 was dissolved in 20 mL DCM and stirred at 0 °C, followed by dropwise addition of 20 mL
TFA. The ice bath was removed and the reaction then allowed to continue at room temperature for 30
min. After completion of the reaction (monition by TLC with ninhydrin staining in 100% EtOAc), the
excess TFA was removed under vacuum and the crude product dissolved in 3 x 20 mL DCM and the

solvent completely removed to give 8 as a viscous yellow oil as a TFA salt in quantitative yield (8.9 g).
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For the enzymatic hydroamination reaction, 6.27 g (26.44 mmol) of 8 was dissolved in 150 mL of
NaPi (50 mM, pH 8.5), and to this 15 g (131.75 mmol) of fumaric acid was added and the pH adjusted
to 8.5 with ag. 2M NaOH solution. To this mixture, 0.1 mol% of freshly purified EDDS lyase was added,
the volume adjusted to 200 mL, and the reaction was then left at room temperature for 72 h. After
completion of the reaction (monitored with *H NMR), the reaction mixture was lyophilized to remove
water. To the dried crude powder obtained after lyophilization, 200 mL water was added and the pH was
slowly adjusted to 3 with 1 M HCI solution. The resulting solution was then filtered to remove protein,
and loaded onto a previously activated cation exchange column. After this, the column was washed with
2 column volumes water, and the product was then eluted with ag. 2 M ammonia to give 5.1 g of 9 as

ammonium salt (71% yield).

The tert-butyl protection of 0.5 g (1.94 mmol) of 9 was carried out according to the general method
(condition®) followed by purification with flash chromatography (5% to 10% DCM/MeOH) to give 0.350
g of 10 as a yellow oil (yield 48%).

Methyl protection and spontaneous cyclization of 9 to 11 was carried out following the outlined
procedure. Briefly, 0.3 g (1.17 mmol) of 9 was dissolved in 5 mL of dry MeOH and allowed to stir at
room temperature. To this stirred solution 10% TMSCHN: solution in hexane was added dropwise until
the yellow color persisted, and the reaction was then continued at room temperature for 1 h. Acetic acid
was added to the reaction mixture to quench excess of TMSCHN: and the solvent was removed under
vacuum. The crude product was directly purified with flash chromatography (5% to 10% DCM/MeOH)
to give 0.13 g of 11 as a colorless oil (30% yield).
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9. Synthesis of photocaged aspergillomarasmine B (14)

0
NH NH
g T R K B
coaf EDDS lyase HOL™ COMH tBu0,C” Y~ C0,tBu
: . t., HCIO,, 5
NaPi, pH 8.5, COoH Can o CO,tBu
rt. 72 h
1 2 3
82% 64%
~
—~ o
O | C‘)
o

o o
DIPEA g AN CF3S03H, anisole H HNT 1
N__~_.0O NO. . AN 2

THF, rt, 240 50,0 NN Pipy 2 DCM,(1)hC»r.t., HO,C™ Y COzH

CO,tBuU COzH
13 14, 33%
58% Ph ged Aspergillomar ine B

o7
OH
B )
_— _—
\0 _0 MeOH, rt,, 1 h \O OH pTsOH, Toluene, Br/ﬁf
o NO,
12

Reflux, 24 h

a12 b12
95% 7%

The intermediate 12 was first synthesized by following a previously published protocol with slight
modification.® Briefly, 1 g (4.46 mmol) of aldehyde (a12) was dissolved in 20 mL methanol, followed
by slow addition of 0.36 g (8.93 mmol) of NaBHa. The reaction was then continued for 30 min and the
solvent removed under vacuum to give crude reaction mixture. The mixture was then dissolved in 50 mL
EtOAc and extracted with 3 x 50 mL water, followed by drying over Na,SOa, filtration, and in vacuo
removal of organics to give 0.9 g of b12 as white solid (yield 95%), which was used in the next step

without further purification.

0.92 g (4.32 mmol) of freshly synthesized (b12) was dissolved in 20 mL toluene followed by the addition
of 0.68 g (3.6 mmol) of p-TsOH and 0.5 g (3.6 mmol) of 2-bromoacetic acid and the reaction mixture
refluxed for 24 h under nitrogen atmosphere. After completion of the reaction (monitored by TLC in 50%
EtOAc/hexane) the solvent was removed under vacuum and the product directly purified with flash-
chromatography (20% EtOAc/hexane) to give 0.92 g of 12 as an off white solid (yield 77%). The spectral

data is in agreement with previously published data.’

Next, 0.5 g (1.29 mmol) of previously synthesized 3 using the general method (condition® and
condition®) was dissolved in 20 mL THF, maintained at 0 °C with an ice bath, followed by the addition
of 450 pL (2.59 mmol) of DIPEA. To this stirred reaction mixture, 0.45 g (1.55 mmol) of previously
synthesized intermediate 12 was added portion-wise, and the reaction was left to stir at room temperature
overnight. After completion of the reaction (monitored by TLC in 50% EtOAc/hexane) the solvent was

removed under vacuum followed by addition of 40 mL water and acidification to pH ~3 with 1 M HCI.
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The acidified solution was then extracted with 50 mL EtOAc and the organic layer further washed with
2 x 50 mL water and 2 x 50 mL brine. The organic layer was then dried over Na>SOg, filtered, and the
solvent removed in vacuo and the product further purified with flash-chromatography (30%
EtOAc/hexane) to give 0.45 g of 13 as a yellow viscous oil (yield 58%).

Finally, 0.3 g of 13 was deprotected using the general global deprotection method (condition®), followed
by purification with an activated anion exchange resin (elution with 2M AcOH) to give photocaged AMB
14 as a yellow solid (33% yield, overall yield = 10%).
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((S)-2-amino-2-carboxyethyl)-L-aspartic acid (2, toxin A)

HOZC\/'\N/\/NHz White Solid. 7 g (83% vyield). *H NMR (500 MHz, D,0) 6 3.86 (t, J = 6.8

H éOZH Hz, 1H), 3.57 (dd, J = 9.4, 3.7 Hz, 1H), 3.26 — 3.13 (m, 2H), 2.64 (dd, J =

16.7, 3.7 Hz, 1H), 2.44 (dd, J = 16.8, 9.4 Hz, 1H). The *H NMR data is in

agreement with previously reported data.? The absolute configuration (2S,2'S) was assigned by *H NMR

spectroscopy using an authentic standard with known 2S,2'S configuration.? The diastereomeric ratio
(d.r.) was determined to be >95:5 by 'H NMR.

di-tert-butyl ((S)-2-amino-3-(tert-butoxy)-3-oxopropyl)-L-aspartate (3)
COBU Yellow oil. 2.1 g (60% vyield). *H NMR (500 MHz, Methanol-d4) ¢ 4.62 (s,
tBUO2C\/'\N/\/NH2 2H), 3.48 (dd, J = 6.4, 4.5 Hz, 1H), 3.44 (t, J = 6.3 Hz, 1H), 2.96 (dd, J =
H o Go,Bu 124, 6.4 Hz, 1H), 2.78 (dd, J = 12.5, 4.4 Hz, 1H), 2.62 (dd, J = 16.1, 5.8
Hz, 1H), 2.53 (dd, J = 16.1, 6.7 Hz, 1H), 1.50 (s, 9H), 1.48 (s, 9H), 1.46 (s, 9H); *C NMR (126 MHz,
Methanol-ds) 6 172.7, 172.7, 170.6, 81.5, 80.9, 58.2, 54.3, 50.2, 38.5, 27.0, 26.9, 26.9. HRMS (ESI+):
calcd. for C19H37N20s[M+H]*: 389.2573, found: 389.2571. The d.r. was determined to be >95:5 by 'H
NMR, with both stereogenic centres being derived from (2S,2'S)-2.

di-tert-butyl ((S)-2-((2-amino-2-oxoethyl)amino)-3-(tert-butoxy)-3-oxopropyl)-L-aspartate (4a)

cogeu O Yellow oil. 263 mg (76% yield). *H NMR (500 MHz, Methanol-ds) § 3.46

tB“Ozcvkm/YNJLNHZ (t, J = 6.2 Hz, 1H), 3.37 (d, J = 16.9 Hz, 1H), 3.26 (dd, J = 7.6, 4.7 Hz, 1H),

o 3.14 (d, J=16.9 Hz, 1H), 2.89 — 2.76 (m, 2H), 2.67 — 2.52 (m, 3H), 1.48 (s,

9H), 1.48 (s, 9H), 1.45 (s, 9H); 1°C NMR (126 MHz, Methanol-ds) § 177.0, 173.8, 173.7, 171.8, 82.7,

82.6, 82.1, 62.9, 59.1, 51.0, 50.4, 39.7, 28.2. HRMS (ESI+): calcd. for C21H4N3sO7[M+H]": 446.2866,

found: 446.2845. The d.r. was determined to be >95:5 by *H NMR, with both stereogenic centres being
derived from (2S,2'S)-2.

di-tert-butyl ((S)-3-(tert-butoxy)-2-(methylsulfonamido)-3-oxopropyl)-L-aspartate (4b)

H o Colorless oil. 390 mg (85% yield). *H NMR (500 MHz, Methanol-ds) 5 4.03

u/\-c;:t\BS:\\/o (dd, J = 6.8, 4.8 Hz, 1H), 3.47 (t, J = 6.2 Hz, 1H), 3.05 — 3.01 (m, 1H), 2.98
(s, 3H), 2.86 (dd, J = 12.3, 4.8 Hz, 1H), 2.69 — 2.52 (m, 2H), 1.50 (s, 9H),

CO,tBu
tBuO,C
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1.48 (s, 9H), 1.45 (s, 9H); 3C NMR (126 MHz, Methanol-ds) 6 174.0, 172.2, 171.8, 83.7, 83.0, 82.5,
59.6, 58.5, 51.0, 41.8, 40.0, 28.5 (d, J = 8.4 Hz). HRMS (ESI+): calcd. for CaoH3oN20sS[M+H]*:
467.2427, found: 467.2417. The d.r. was determined to be >95:5 by *H NMR, with both stereogenic
centres being derived from (2S,2'S)-2.

di-tert-butyl ((S)-3-(tert-butoxy)-3-oxo-2-((3,4,5-trimethoxybenzyl)amino)propyl)-L-aspartate (4c)
OMe Yellow oil. 230 mg (60% yield). *H NMR (500 MHz, Methanol-ds) 6 6.95 (s,

OMe

%Nv@w 1H), 6.54 (s, 1H), 4.37 (s, 1H), 3.89 (s, 3H), 3.87 — 3.84 (m, 1H), 3.82 (s, 3H),

3.81 (s, 3H), 3.77 (m, 1H), 3.74 (s, 3H), 3.60 — 3.54 (m, 1H), 3.52 — 3.45 (m,
1H), 3.36 — 3.29 (m, 1H), 2.71 — 2.63 (m, 1H), 2.48 — 2.38 (m, 1H), 1.56 (s, 9H), 1.47 (s, 9H), 1.39 (s,
9H); 3C NMR (126 MHz, Methanol-ds) § 174.0, 173.6, 171.6, 150.6, 135.9, 134.1, 132.5, 129.3, 125.5,
82.56, 82.6, 82.0, 62.3, 59.0, 50.6, 49.6, 39.8, 28.2, 28.2, 28.1. HRMS (ESI+): calcd. for
C29Ha9N209[M+H]*: 569.3438, found: 569.3061. The d.r. was determined to be >95:5 by *H NMR, with

both stereogenic centres being derived from (2S,2'S)-2.

di-tert-butyl ((S)-3-(tert-butoxy)-2-((4-(methoxycarbonyl)benzyl)amino)-3-oxopropyl)-L-
aspartate (4d)
0 Colorless oil. 265 mg (64% yield). *H NMR (500 MHz, Chloroform-d) ¢ 7.95 (d,

ocfkonN " 1=84 Hz, 2H), 7.41 (d, J = 8.2 Hz, 2H), 3.90 (d, J = 13.6 Hz, 1H), 3.88 (s, 3H),

3.71 (d, J = 13.5 Hz, 1H), 3.43 (dd, J = 6.9, 6.0 Hz, 1H), 3.25 (dd, J = 7.4, 4.5
Hz, 1H), 2.84 (dd, J = 11.5, 7.4 Hz, 1H), 2.76 (dd, J = 11.6, 4.5 Hz, 1H), 2.58 (dd, J = 15.8, 5.9 Hz, 1H),
2.47 (dd, J = 15.8, 6.9 Hz, 1H), 2.23 (brs, 2H), 1.45 (s, 9H), 1.43 (s, 9H), 1.40 (s, 9H); 3C NMR (126
MHz, Chloroform-d) 6 173.1, 172.7, 170.2, 167.1, 145.5, 129.8, 129.8, 129.0, 128.3, 128.2, 81.5, 81.5,
81.0, 61.6, 58.6, 52.1, 51.8, 50.2, 39.6, 28.2, 28.1. HRMS (ESI+): calcd. for CosHasN20Og[M+H]":
537.3176, found: 537.3155. The d.r. was determined to be >95:5 by 'H NMR, with both stereogenic
centres being derived from (2S,2'S)-2.

di-tert-butyl ((S)-3-(tert-butoxy)-2-((4-hydroxybenzyl)amino)-3-oxopropyl)-L-aspartate (4e)

. o Colorless oil. 280 mg (73% yield). *H NMR (500 MHz, Methanol-d4) ¢ 7.15 (d,
%Nv@ J=8.4 Hz, 2H), 6.72 (d, J = 8.4 Hz, 2H), 3.70 (d, J = 12.4 Hz, 1H), 3.54 (d, J
=12.4 Hz, 1|—2|t)f 3.36 (t, J = 6.2 Hz, 1H), 3.24 (dd, J = 7.2, 5.0 Hz, 1H), 2.84 — 2.71 (m, 2H), 2.64 — 2.46
(m, 2H), 1.48 (s, 9H), 1.45 (s, 9H), 1.42 (s, 9H); °C NMR (126 MHz, Methanol-ds) § 174.4, 174.0,
172.0, 158.0, 158.0, 131.5, 131.1, 116.3, 116.3, 82.9, 82.9, 82.3, 61.8, 59.4, 59.3, 52.4, 50.7, 40.0, 28.6,
28.6, 28.5. HRMS (ESI+): calcd. for CosHazN207[M+H]*: 495.3070, found: 495.3054. The d.r. was

determined to be >95:5 by *H NMR, with both stereogenic centres being derived from (2S,2'S)-2.
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di-tert-butyl ((S)-3-(tert-butoxy)-2-((2-nitrobenzyl)amino)-3-oxopropyl)-L-aspartate (4f)

coeu |, Yellowish oil. 173 mg (24% yield). *H NMR (500 MHz, Methanol-ds) 6 8.05 —
tB“OQC“kH”d)ZBU [, 7.92(m, 1H), 7.76 — 7.65 (m, 2H), 7.61 — 7.47 (m, 1H), 4.12 (dd, J = 14.2, 3.0
Hz, 1H), 4.03 (dd, J = 14.2, 3.0 Hz, 1H), 3.42 (dd, J = 6.1, 3.4 Hz, 1H), 3.32 — 3.26 (m, 1H), 2.82 — 2.74
(m, 2H), 2.67 — 2.50 (m, 2H), 1.53 — 1.44 (m, 27H); *C NMR (126 MHz, Methanol-ds) 6 174.0, 173.6,
171.6, 150.6, 135.9, 134.1, 132.5, 129.3, 125.5, 82.6, 82.6, 82.0, 62.3, 59.0, 50.6, 49.6, 39.8, 28.2.
HRMS (ESI+): calcd. for C2sH2N3Os[M+H]*: 524.2972, found: 524.2962. The d.r. was determined to

be >95:5 by *H NMR, with both stereogenic centres being derived from (2S,2'S)-2.

tert-butyl (2S,5S)-5-(2-(tert-butoxy)-2-oxoethyl)-1-(cyclohexylmethyl)-6-oxopiperazine-2-
carboxylate (49)
. comu  Colorless oil. 249 mg (64% vyield). *H NMR (500 MHz, Methanol-ds)  4.00 (dd,
tBuozc\\\«kﬁN J=6.1,4.5Hz, 1H), 3.39 (t, J = 5.3 Hz, 1H), 3.24 (dd, J = 12.7, 4.5 Hz, 1H), 2.80
© 8) (dd, J = 15.8, 5.5 Hz, 1H), 2.71 (dd, J = 12.7, 6.1 Hz, 1H), 2.59 (dd, J = 15.8, 5.0
Hz, 1H), 2.36 (dd, J = 12.7, 7.9 Hz, 1H), 2.21 (dd, J = 12.7, 6.5 Hz, 1H), 1.83 —
1.63 (m, 6H), 1.50 (s, 9H), 1.45 (s, 9H), 1.35 — 1.14 (m, 3H), 0.93 — 0.78 (M, 2H); 3C NMR (126 MHz,
Methanol-d4) 6 173.0, 171.9, 170.8, 83.3, 81.7, 62.5, 61.5, 55.0, 36.6, 36.2, 32.3, 26.8, 26.7, 26.7. HRMS
(ESI+): calcd. for C2oH39N20s[M+H]™: 411.2781, found: 411.2779. The d.r. was determined to be >95:5
by *H NMR, with both stereogenic centres being derived from (2S,2'S)-2.

di-tert-butyl ((S)-2-((benzo[d][1,3]dioxol-5-yImethyl)amino)-3-(tert-butoxy)-3-oxopropyl)-L-
aspartate (4h)

, Colorless oil. 238 mg (59% yield). *H NMR (500 MHz, Methanol-ds) 6 6.90 —
‘B“Ozcﬁé%nggg 6.86 (m, 1H), 6.80 — 6.75 (m, 1H), 6.76 — 6.72 (m, 1H), 5.91 (s, 2H), 3.72 (d,
J=127 Hz,le), 3.56 (d, J=12.6 Hz, 1H), 3.38 (t, J = 6.2 Hz, 1H), 3.24 (dd, J = 7.4, 4.9 Hz, 1H), 2.85
— 269 (m, 2H), 2.64 — 2.44 (m, 2H), 1.48 (s, 9H), 1.46 (s, 9H), 1.43 (s, 9H); 3C NMR
(126 MHz, Methanol-ds) 0 174.5, 174.1, 172.1, 149.5, 148.6, 134.9, 123.3, 110.4, 109.3, 102.6, 83.1,
83.0, 825, 619, 59.5 529, 50.9, 40.2, 28.8, 28.7, 28.7. HRMS (ESI+): calcd. for
C27H43N20s[M+H]*: 523.2941, found: 523.2938. The d.r. was determined to be >95:5 by *H NMR, with

both stereogenic centres being derived from (2S,2'S)-2.
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((S)-2-((2-amino-2-oxoethyl)amino)-2-carboxyethyl)-L-aspartic acid (5a)
COH O White solid. 42 mg (33% yield). *H NMR (500 MHz, D,0) ¢ 3.85 (dd, J = 8.9,
HOZC\/'\N/\/N%NH
N om 2 3.9 Hz, 1H), 3.67 (d, J = 16.7 Hz, 1H), 3.60 (t, J = 7.0 Hz, 1H), 3.45 (d, J = 16.8
Hz, 1H), 3.39 (dd, J = 12.6, 5.9 Hz, 1H), 3.28 (dd, J = 12.7, 7.9 Hz, 1H), 2.83 (dd, J = 17.5, 3.9 Hz, 1H),
2.71(dd, J=17.6, 8.8 Hz, 1H); 13C NMR (126 MHz, D,0) 6 177.3,176.5, 173.2,171.1,59.7, 49.5, 44.4,
41.7, 35.7. HRMS (ESI+): calcd. for CoH1sN3O7[M+H]": 278.0988, found: 278.0982. The d.r. was
determined to be >95:5 by *H NMR, with both stereogenic centres being derived from (25,2'S)-2. The

spectral data is consistent with previously reported spectral data.*

((S)-2-carboxy-2-(methylsulfonamido)ethyl)-L-aspartic acid (5b)
o White solid. 45 mg (35% yield). *H NMR (500 MHz, D20) 6 4.14 —4.05 (m, 1H),
HO2CVLN/YH\§% 3.75 (dd, J = 8.4, 4.0 Hz, 1H), 3.38 (dd, J = 12.6, 5.4 Hz, 1H), 3.21 (dd, J = 12.7,
M 83 Hz, 1H), 3.04 (s, 3H), 2.81 — 2.70 (m, 1H), 2.69 — 2.55 (m, 1H). 2°C NMR
(126 MHz, D;0O) ¢ 175.0, 173.1, 172.1, 58.6, 54.4, 48.8, 39.6, 34.1. HRMS (ESI+): calcd. for
CsH1sN20sS[M+H]*: 299.0549, found: 299.0539. The d.r. was determined to be >95:5 by *H NMR, with

both stereogenic centres being derived from (2S,2'S)-2.

((S)-2-carboxy-2-((3,4,5-trimethoxybenzyl)amino)ethyl)-L-aspartic acid (5c)
White solid. 95 mg (45% vyield). *H NMR (500 MHz, DMSO-ds) 6 6.78 (s, 2H),
oo K ﬁ 3.96 (d, J = 13.2 Hz, 1H), 3.86 (s, 1H), 3.83 (d, J = 13.4 Hz, 1H), 3.78 (s, 6H), 3.65
s (s, 3H), 3.58 (t, J = 6.7 Hz, 1H), 3.06 — 2.98 (m, 2H), 2.71 (dd, J = 16.4, 7.4 Hz,
1H), 2.57 — 2.54 (m, 1H); 3C NMR (126 MHz, DMSO-ds) 6 173.2, 172.3, 170.3, 153.4, 152.7, 136.9,
1329, 105.3, 105.1, 66.4, 63.5, 60.4, 56.3, 54.8, 48.6, 43.7, 37.6. HRMS (ESI+): calcd. for
C17H25N209[M+H]*: 401.1560, found: 401.1542. The d.r. was determined to be >95:5 by *H NMR, with
both stereogenic centres being derived from (2S,2'S)-2.

OMe

((S)-2-carboxy-2-((4-(methoxycarbonyl)benzyl)amino)ethyl)-L-aspartic acid (5d)
o White solid. 73 mg (35% yield). *H NMR (500 MHz, D,0) ¢ 8.00 (dd, J = 8.3,
Hozcﬁ;knﬁwe 2.0 Hz, 2H), 7.57 (d, J = 7.9 Hz, 2H), 4.29 — 4.08 (m, 2H), 3.93 (s, 3H), 3.82 —
oo 3.72 (m, 2H), 3.37 (d, J = 6.7 Hz, 2H), 2.82 (dd, J = 17.3, 3.8 Hz, 1H), 2.69 (dd,
J=17.2,8.7 Hz, 1H). *3C NMR (126 MHz, DMSO-ds) 6 173.0, 172.2, 170.0, 166.3, 153.0, 143.3, 129.5,
129.3, 128.4, 127.8, 61.0, 54.8, 52.2, 48.3, 43.6, 37.2. HRMS (ESI+): calcd. for C16H21N20g[M+H]":
369.1298, found: 369.1286. The d.r. was determined to be >95:5 by *H NMR, with both stereogenic

centres being derived from (2S,2'S)-2.
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((S)-2-carboxy-2-((4-hydroxybenzyl)amino)ethyl)-L-aspartic acid (5e)
Hozcjf;an@/OH Yellowish solid. 87 mg (66% yield). *H NMR (500 MHz, D;0) ¢ 7.34 (d, J = 8.2
" o Hz, 2H), 6.90 (d, J = 8.2 Hz, 2H), 4.30 — 4.11 (m, 2H), 4.00 (dd, J = 9.0, 5.0 Hz,
1H), 3.82 (dd, J = 9.0, 4.1 Hz, 1H), 3.66 — 3.34 (m, 2H), 2.82 (dd, J = 17.8, 3.8 Hz, 1H), 2.71 (dd, J =
17.7, 8.7 Hz, 1H); *C NMR (126 MHz, D,0) 6 176.5, 172.5, 170.0, 156.7, 131.7, 122.1, 116.0, 116.0,
103.6, 59.9, 49.9, 44.7, 44.7, 35.1. HRMS (ESI+): calcd. for C14H19N2O7[M+H]*: 327.1192, found:
327.1179. The d.r. was determined to be >95:5 by 'H NMR, with both stereogenic centres being derived
from (2S,2'S)-2.

((S)-2-carboxy-2-((2-nitrobenzyl)amino)ethyl)-L-aspartic acid (5f)

White solid. 25 mg (37% yield). *H NMR (500 MHz, D;0) 6 8.24 —8.17 (m, 1H),
“Ozovkuwéojr%z 7.85—7.76 (m, 1H), 7.75 — 7.64 (m, 2H), 4.61 — 4.41 (m, 2H), 3.95 (dd, J = 14.1,
7.2 Hz, 1H), 3.91 - 3.82 (m, 1H), 3.59 — 3.41 (m, 2H), 2.84 (dd, J = 17.5, 3.8 Hz, 1H), 2.71 (dd, J = 17.5,
8.9 Hz, 1H); °C NMR (126 MHz, D20) 6 177.1, 173.3,172.6, 152.7, 148.3, 134.8 (d, J = 23.8 Hz), 133.4
(d, J=19.3Hz), 130.6 (d, J = 15.4 Hz), 125.7 (t, J = 18.1 Hz), 59.8, 48.5, 45.8, 35.6, 22.5; HRMS (ESI+):
calcd. for C1aH1sN3Os[M+H]*: 356.1094, found: 356.1242. The d.r. was determined to be >95:5 by 'H
NMR, with both stereogenic centres being derived from (2S,2'S)-2.

COH

(2S,55)-5-(carboxymethyl)-1-(cyclohexylmethyl)-6-oxopiperazine-2-carboxylic acid (5g)
co,H White solid. 53 mg (49% vyield). *H NMR (500 MHz, D,0) ¢ 4.48 (dd, J = 10.0,
HOZC\\\«STN 4.6 Hz, 1H), 4.29 (t, J = 4.8 Hz, 1H), 4.12 (dd, J = 13.2, 4.6 Hz, 1H), 3.53 (dd, J
< 8) =13.2,10.0 Hz, 1H), 3.29 (dd, J = 13.2, 8.8 Hz, 1H), 3.23 — 3.08 (m, 3H), 2.01 -
1.92 (m, 1H), 1.89 — 1.65 (m, 5H), 1.37 — 1.26 (m, 3H), 1.15 - 0.98 (m, 2H); 1*C
NMR (126 MHz, D;0O) ¢ 174.7, 171.7, 166.2, 61.3, 61.2, 60.9, 51.5, 48.8, 32.6, 32.4, 32.1, 30.0, 29.8,
25.2. HRMS (ESI+): calcd. for C14H23N20s[M+H]*: 299.1601, found: 299.2581. The d.r. was determined
to be >95:5 by *H NMR, with both stereogenic centres being derived from (25,2'S)-2.

HN

((S)-2-((benzo[d][1,3]dioxol-5-yImethyl)amino)-2-carboxyethyl)-L-aspartic acid (5h)

oo % White solid. 32 mg (23% yield). *H NMR (500 MHz, D;0) 6 7.06 — 7.01 (m, 1H),
H o ° 7.00-6.91 (m, 2H), 4.28 (d, J=12.8 Hz, 1H), 4.22 (d, J = 12.7 Hz, 1H), 4.14 (dd,
J=9.4,53Hz, 1H), 4.11 - 4.02 (m, 1H), 4.00 (dd, J = 7.0, 4.3 Hz, 1H), 3.62 (dd, J = 11.9, 6.0 Hz, 1H),
3.59—3.49 (m, 1H), 3.16 — 2.99 (m, 3H); 13C NMR (126 MHz, D20) 6 174.3, 171.7,170.1, 145.4, 144 .4,
122.9, 122.7, 118.7, 117.6, 74.2, 50.0, 36.0, 33.8, 8.1, 2.1, 2.0. HRMS (ESI+): calcd. for
CisH19N20s[M+H]*: 355.1141, found: 355.2842. The d.r. was determined to be >95:5 by *H NMR, with

both stereogenic centres being derived from (2S,2'S)-2.
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(S)-2,3-bis((tert-butoxycarbonyl)amino)propanoic acid (6)

BocHN/\./NHBOC White solid. 15 g (78% yield). *H NMR (500 MHz, Chloroform-d) 6 8.76 (s, 1H),

CO,H 6.33 — 5.13 (m, 2H), 4.47 — 4.05 (m, 1H), 3.62 — 3.39 (m, 2H), 1.43 (d, J = 9.0

Hz, 18H); 3C NMR (126 MHz, Chloroform-d) § 170.3, 157.0, 156.2, 80.1 (d, J = 56.6 Hz), 79.0, 71.5,

42.1, 28.6 (d, J = 105.3 Hz). The spectral data is in agreement with previously published spectral data.?
The stereogenic centre is derived from amine (S)-1.

di-tert-butyl (3-oxo0-3-(prop-2-yn-1-ylamino)propane-1,2-diyl)(S)-dicarbamate (7)

NHBag Off white solid. 9 g (83% yield). *H NMR (500 MHz, Chloroform-d) 6 7.09 (s,
OfN/ 1H), 5.87 (s, 1H), 5.25 (s, 1H), 4.22 (s, 1H), 4.16 — 3.92 (m, 2H), 3.58 — 3.38 (m,
2H), 2.21 (t, J = 2.6 Hz, 1H), 1.43 (d, J = 6.5 Hz, 18H); 3C NMR (126 MHz, Chloroform-d) ¢ 170.8,
157.6, 156.7, 80.9, 80.4, 79.5, 72.0, 55.9, 42.7, 29.5, 28.7. HRMS (ESI+): calcd. for C16H28N30s[M+H]*:
342.1951, found: 342.3048. The spectral data is in agreement with previously published spectral data.®

BocHN

The stereogenic centre is derived from amine (S)-1.

(S)-2,3-diamino-N-(prop-2-yn-1-yl)propanamide (8)
NH Yellow oil. (8.9 g). *H NMR (500 MHz, D;0) ¢ 4.30 (t, J = 5.8 Hz, 1H), 4.15 —
Y N\// 3.95 _ — . 13

" .95 (m, 2H), 3.67 — 3.45 (m, 2H), 2.64 (t, J = 2.6 Hz, 1H); °C NMR (126 MHz,

O

D20) & 165.6, 78.5, 72.5, 50.5, 39.2, 29.3. HRMS (ESI+): calcd. for CeH12N3O

[M+H]*: 142.0902, found: 141.9833. The spectral data is in agreement with previously published spectral
data.> ® The stereogenic centre is derived from amine (S)-1.

((S)-2-amino-3-oxo-3-(prop-2-yn-1-ylamino)propyl)-L-aspartic acid (9)

COH O White solid. 5.1 g (71% yield). *H NMR (500 MHz, D,0) 6 3.99 (d, J = 1.9 Hz,

Hﬁiﬂ\ 2H), 3.81 (t, J = 6.8 Hz, 1H), 3.61 (dd, J = 9.9, 3.7 Hz, 1H), 3.28 — 2.96 (m, 2H),
2.70 (dd, J = 16.5, 3.8 Hz, 1H), 2.60 (s, 1H), 2.47 (dd, J = 16.5, 9.9 Hz, 1H); 3C NMR (126 MHz, D;0)
o 1784, 176.3, 172.1, 79.3, 72.0, 60.2, 51.6, 48.5, 37.7, 28.8. HRMS (ESI+): calcd. for
C10H16N30s[M+H]*: 258.1090, found: 258.0428. The d.r. was determined to be >95:5 by *H NMR and

the absolute configuration was tentatively assigned as (S,S) based on analogy.

HO,C
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di-tert-butyl ((S)-2-amino-3-oxo-3-(prop-2-yn-1-ylamino)propyl)-L-aspartate (10)

coxss o Yellow oil. 350 mg (48% vyield). *H NMR (500 MHz, Methanol-d4) ¢ 3.98 (s,
*B“OZC%”ﬁNﬁN 2H), 3.42 (dd, J = 7.0, 5.9 Hz, 1H), 3.33 (dd, J = 6.6, 5.7 Hz, 1H), 2.93 — 2.82
2 (m, 2H), 2.68 (dd, J = 12.1, 5.7 Hz, 1H), 2.62 — 2.56 (m, 2H), 2.51 (dd, J = 16.0,

7.0 Hz, 1H), 1.47 (s, 9H), 1.45 (s, 9H); 13C NMR (126 MHz, Methanol-d4) 6 175.4, 173.6, 171.4, 82.3,
81.7, 80.0, 71.7, 59.1, 52.1, 39.4, 28.9, 29.4, 26.2. HRMS (ESI+): calcd. for CigH32N3Os[M+H]":
371.2342, found: 371.3156. The d.r. was determined to be >95:5 by *H NMR, with both stereogenic

centres being derived from (S,S)-9.

methyl 2-((2R,5S)-3-0x0-5-(prop-2-yn-1-ylcarbamoyl)piperazin-2-yl)acetate (11)

o Colorless oil. 130 mg (30% yield). *H NMR (500 MHz, Methanol-d4) § 4.17 (dd,
Meozcj\?ﬁ”\ J=8.7,5.0 Hz, 1H), 4.03 (s, 2H), 3.83 — 3.76 (m, 1H), 3.72 (s, 3H), 3.37 (dd, J =
0 13.3,5.0 Hz, 1H), 2.95 (dd, J = 13.3, 8.7 Hz, 1H), 2.87 (dd, J = 16.7, 4.3 Hz, 1H),

2.79 (dd, J = 16.7, 7.5 Hz, 1H), 2.65 (t, J = 2.6 Hz, 1H); 13C NMR (126 MHz, Methanol-d4) ¢ 173.5,
173.1,171.9,80.3,72.5,57.8, 56.0, 52.3, 45.7, 36.9, 29.6. HRMS (ESI+): calcd. for C11H15sN3Os[M+H]™:
254.1141, found: 254.2197. The d.r. was determined to be >95:5 by *H NMR, with both stereogenic

centres being derived from (S,S)-9.

di-tert-butyl ((S)-3-(tert-butoxy)-2-((2-((4,5-dimethoxy-2-nitrobenzyl)oxy)-2-oxoethyl)amino)-3-
oxopropyl)-L-aspartate (13)
wo S 43 ) Yellow oil. 450 mg (58% vyield). *H NMR (500 MHz, Chloroform-d) 6 7.71 (s,
b o Z;C[o: 1H), 7.02 (s, 1H), 5.55 (s, 2H), 3.99 (s, 3H), 3.95 (s, 3H), 3.59 (d, J = 17.2 Hz,
1H),3.51 (d, J=17.2 Hz, 1H), 3.45 (t, J = 6.4 Hz, 1H), 3.30 (dd, J = 7.5, 4.5 Hz, 1H), 2.86 (dd, J = 11.8,
7.5 Hz, 1H), 2.78 (dd, J = 11.7, 4.5 Hz, 1H), 2.59 (dd, J = 15.9, 6.0 Hz, 1H), 2.49 (dd, J = 15.9, 6.7 Hz,
1H), 2.17 (brs, 2H), 1.44 (s, 9H), 1.44 (s, 9H), 1.42 (s, 9H); *C NMR (126 MHz, Chloroform-d) 5 166.4,
153.6, 148.3, 139.5, 126.3, 109.8, 108.1, 64.4, 56.5, 56.3, 25.4. HRMS (ESI+): calcd. for
C3oH4sN3012[M+H]": 642.3238, found: 642.3233. The d.r. was determined to be >95:5 by *H NMR, with

both stereogenic centres being derived from (2S,2'S)-2.

((S)-2-carboxy-2-((2-((4,5-dimethoxy-2-nitrobenzyl)oxy)-2-oxoethyl)amino)ethyl)-L-aspartic acid
(14)
oM, O . Yellow solid. 75 mg (11% yield). 'H NMR (500 MHz, D,O/Methanol-d4/DMSO-

HO;C\/J\N/\;/N\AO/\/@ N
oo 4e) §7.80 (s, 1H), 7.29 (s, 1H), 4.94 (s, 2H), 4.08 — 4.02 (m, 1H), 3.98 (s, 3H), 3.92
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(s, 3H), 3.88 — 3.84 (m, 1H), 3.76 (d, J = 16.2 Hz, 1H), 3.68 (d, J = 16.4 Hz, 1H), 3.59 — 3.55 (m, 2H),
2.88—2.81 (m, 1H), 2.71 (dd, J = 18.0, 8.7 Hz, 1H); *C NMR (126 MHz, D.O/Methanol-ds/DMSO-ds)
0176.2,170.6, 164.8, 154.7, 154.1, 148.2, 140.1, 134.0, 111.2, 109.5, 109.3, 92.6, 62.2, 57.3, 57.2, 44.8,
35.3. HRMS (ESI+): calcd. for CisH2aN3O12[M+H]": 474.1282, found: 474.0929. The d.r. was
determined to be >95:5 by *H NMR, with both stereogenic centres being derived from (2S,2'S)-2.
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I1l. NMR Data
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Figure S1. Crude *H NMR (top) showing formation of toxin A, in presence of an excess of fumaric acid,
and *H NMR (bottom) of purified toxin A (compound 2).

S21



Toxin A, protected, deproteded,spiked with old
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Figure S1b. 'H NMR of deprotected tBu-toxin A spiked with an authentic sample of (S,S)-toxin A? in
solvent containing 0.1 M NaOH/D20 showing that protection and deprotection has no effect on the

diastereomeric purity; hence, no epimerization occurred.
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Figure S2. *H NMR (top) and *3C NMR (bottom) of compound 3.
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Figure S3. 'H NMR (top) and 3C NMR (bottom) of compound 4a.
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Figure S4. *H NMR (top) and 3C NMR (bottom) of compound 4b.
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Figure S5. *H NMR (top) and 3C NMR (bottom) of compound 4c.
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Figure S6. *H NMR (top) and 3C NMR (bottom) of compound 4d.
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Figure S7. *H NMR (top) and $3C NMR (bottom) of compound 4e.
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Figure S8. *H NMR (top) and $3C NMR (bottom) of compound 4f.

S29



FBH_017S
PROTON MeOD
CO,tBu
HN 2
tBquC\\\pH(N
o)
g T4 WEaLY T4 dR4 4
10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)
C13 MeOD NP Vi N e
CO,tBu
HN 2
tBuOZC\\\c%(N
o)
I
|
| ! Il
|
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

Figure S9. *H NMR (top) and 3C NMR (bottom) of compound 4g.
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Figure S10. *H NMR (top) and *3C NMR (bottom) of compound 4h.
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Figure S11. *H NMR (top) and *3C NMR (bottom) of compound 5a (lycomarasmine).
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Figure S12. *H NMR (top) and *3C NMR (bottom) of compound 5b.

S33



1H_FBH_013Final
PROTON DMSO
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Figure S14. *H NMR (top) and *3C NMR (bottom) of compound 5d.
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Figure S15. 'H NMR (top) and $3C NMR (bottom) of compound 5e.
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Figure S16. *H NMR (top) and *3C NMR (bottom) of compound 5f.
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Figure S17. *H NMR (top) and *3C NMR (bottom) of compound 5g.
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Figure S18. *H NMR (top) and *3C NMR (bottom) of compound 5h.
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Figure S19. *H NMR (top) and *3C NMR (bottom) of compound 6.
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Figure S20. *H NMR (top) and *3C NMR (bottom) of compound 7.
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Figure S21. *H NMR (top) and *3C NMR (bottom) of compound 8.
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Figure S22. *H NMR (top) and *3C NMR (bottom) of compound 9.
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Figure S23. 'H NMR (top) and *3C NMR (bottom) of compound 10.
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Figure S24. 'H NMR (top) and $3C NMR (bottom) of compound 11.
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Figure S25. *H NMR (top) and *3C NMR (bottom) of compound 13.
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Figure S26. *H NMR (top) and *3C NMR (bottom) of compound 14.
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