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ARTICLE INFO ABSTRACT
Article history The synthesis of several sulfates of trichotheceyeotoxins is presented. Deoxynivale
Received (DON) and its acetylated derivatives were synthebsizom 3acetyldeoxynivalenol (3ADO!
Received in revised form and used as substrate for sulfation in order tolr@aseries of five different DONased sulfatt
Accepted as well as T2-toxin-3-sulfate. These substancessaspected to be formed during phase-Il
Available online metabolism in plants and humans. The sulfation pexformed using sulfuryl imidazoliur
salt which was synthesized prior to use. All protectetbimediates and final products w
Keywords characterized via NMR and will serve as referencgenials for further investigations in -
?;c:z;/innlvalenol fields of toxicology and bioanalytics of mycotoxins
Masked Mycotoxins 2009 Elsevier Ltd. All rights reserved
Sulfation

Trichothecenes

1. Introduction Although these limits cover the toxins themselviesré is still
) ) 4 y a lack of information regarding the occurrence émxcity of
Deoxynivalenol (_DON), its acetylated derivatives whm:_ittmr their conjugated forms. DON, for example, can undergo
as 3-acetyldeoxynivalenol (3ADON), 15-acetyldeoxynimale gycosylation during late phase-Il metabolism ie fant to end
(15ADON) and. 3,15.-d|acetyldeoxyn|valen0I (3,15-d|AI_DON) aSp as DON-3B-D-O-glucoside, which is classified as masked
well as T2-toxin (Fig. 1) are very common and widespr  mycotoxirf. A similar conjugation leads to the correspondiig
trichothecene mycotoxins. They are predominanttydpeed by (oyin glucoside which was recently discovetethese masking
different Fusarium species and can contaminate food and feedyachanisms can also lead to di- and triglycosidesich are
. " . . Y2
They are known to act as a protein blosyn_theS|sb|tdﬁ + difficult to investigate due to a lack of authentieference
neurotoxin, IMMuNOSUppressive or nephrotdxamd can Cause - standards. The main concern regarding these mésked is the
acute and chronic syr.np.to?nsafter. uptake. Based on this f50¢ that the occurring conjugates can be cleametié stomach
knowledge, regulatory limits regarding the toxin centration  afer yptake, whereby releasing the parent toxinaddition to
for food and feed were established to minimize thiydiptake. the stomach, this cleavage could also occur withinprocess of
9y y malting, leading to an increase of free DON. Besides the
H H

20 o £ 0 formation of glycosides, other masking processles $iulfation
m‘m MT@%{‘OH or thia-michael addition can take place. Zearalenisnanother
(0] H 0 (0) : ]

Ho aco” b Bac prominent mycotoxin produced blusarium species and its
OR ) metabolite zearalenone-14-sulfateas previously synthesizéd
R=Ac, R'=H 3ADON (1) T2-toxin (5) . . .
RR'=H DON (2) in order to serve as reference material for comtation and
R=H, R'=Ac 15ADON (3) toxicity studies. Additionally, the synthesis of fdifent
R=R'=Ac 3,15-diADON (4) . . 0 . .
Alternaria toxin sulfate®’ was recently published showing the
Fig. 1. Structures of DON, its derivatives and T2-toxin. emerging research interest within the field of mgsot sulfur

conjugates. Besides the occurrence of different keths
mycotoxins in plants, many parent toxins also ugdgvhase-l|
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metabolism in living organisms, leading mainly tbeir
corresponding glucuronides but also to their sulfat&s>
Besides the occurring glucuronides, which are aiokl’ and
were already used for the successful developmeatbddmarker
method>*" for human deoxynivalenol exposure estimationlelitt
is known about possible occurring trichothecene asedf
Considering that sulfate conjugates are descrilmeddifferent
substance classes like sterdfdgollutants’ and drug®?, we
assume that there might be even more trichothederieed
sulfates occurring during metabolism.

The objective of this work was the development oéleable
synthetic strategy for the sulfation of trichothees to access all
possible DON-sulfates incorporating their acetyladedvatives
and T2-toxin-3-sulfate. Since the reactivity of theee hydroxyl
groups in deoxynivalenol is somewhat different ia trder 15 >
3 >> 7 (Fig. 2), we expected all kinds of 3- andsiffates to
occur. However, we were interested in evaluating thesipility
to obtain also some C7-sulfates.

Fig. 2. Structural numbering of trichothecenes.

3ADON was isolated and crystalliZédrom an extract of.

graminearumand was directly used after comparison with a

3ADON standard. Deprotection and the following acetgtaf
DON? led us to the four desired structures which we watded
utilize for sulfation (Scheme 1) to access a seokdlifferent
sulfates.

Regarding sulfation itself, numerous synthetic rdti' can
be found within the literature mainly based on tpel@ation of
commercially available sulfur trioxide complexesnc& these
methods are limited concerning possible chemicalifitations
after installation of the sulfate group as well ageldy
reproducibility and regioselectivity, several newgrotective
groups for the sulfation of organic molecules aesalibed in

Tetrahedron

In addition, a very mild protocol using sulfuryl ig@zolium
salts was recently employed in the synthesis ehlmroethyl-
protected sulfates on carbohydrates and offerezbd gossibility
of the sulfation of the fragile trichothecene sobf

2. Results and discussion

After synthesis of the proper sulfuryl imidazoliunal¥®
(Scheme 2a26), the method evaluation was done by the use of a
simple mimié” (Scheme 2b27), which was selected because of
an incorporated primary alcohol group, a labiletiaoester group
(like T2-toxin) and its UV activity.
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Scheme 2. Synthesis of the protected sulfate donor 28) and method
evaluation with a simple mimic (7). Conditions: (a) Pyridine, SOl -
80°C to RT, 24 h, 97%, (b) 2-methyl imidazole, 299%, (c) E{O, 0°C,
MeOTf, 6 h, 94%, (d), 1,2-dimethylimidazole, 0°CCHB, 24 h, 82%, (e)
MeOH, HCOONH, Zn, 20 min, 81%, (f) MeOH, NaOMe, 1 h, 42%.

A
26 HO

The reaction oR6 and27 to 28 proceeds smoothly if freshly
sublimed dimethylimidazole is used. The deprotectmwvard29
was done in an ultrasonic bath at RT, which shortethed
reaction time to 20 minutes. This is a crucial aghiment since

literature. Besides the fact that we already madeodgo trichothecenes often own labile ester groups whieh rapidly

experiences in our group regarding
intermediates and yields by the use of 2,2,2-toicdéthyl (TCE)

the separatidn ocleaved in different solvents. The deprotection t@W@0 was

done via NaOMe and was carried out as a proof of @ince

protective groupfé within chemical sulfation and glycosylation regarding the deprotection of acetylated sulfates.

reactions, the use of this protective group alséersf the
possibility of mild deprotection conditions. Thesalage could
therefore be done via catalytic transfer hydrogenatPd/C) or
via different mild reductive methods including anmmanm

formate or Zn/ammonium formate.

The reactions toward the different acetylated DON ¢
(Scheme 3) were carried out as described in lite¥dtand led to
all desired products.

H_ H H
2O, OH O, OAc o N
NaOMe Ac0 o + o )\)J\ > OH
MeOH DMAP o B 0 B oY B O
Ref. 21 A\1® A \1 g
OH OAc OH OAc AcO OAc
3ADON (1) 15 ADON (3) ratio=2:1 3,15 diADON (4) T2 toxin (5)
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3ADON-15-sulfate [p] (6)

lo

3ADON-15-sulfate (13)
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Scheme 1. Synthetic strategies toward all possible sulfaigwgates.
S=sulfation, D=deprotection, deAc=deacetylation.
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Scheme 3. Synthesis of different deoxynivalenol derivativ€anditions:
(a) NaOMe, MeOH, 2 h, 94%, (b) 4@, DMAP, 18 h, 47% foB, 23% for4,
sum=70%.

The sulfation ofl yielded (as expected) only one product,

which was identified as the protected 3ADON-15-sulfaieg
sulfation of 3 yielded only the protected 15ADON-3-sulfate.
Both substances were successfully deprotected toabesulfates
as ammonium salt. In case 4o reaction was observed at all,
even with four equivalents d@6 and prolonged reaction time
(Scheme 4).
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Scheme 4. Synthesis of different acetyldeoxynivalenol-dedvaulfates.
Conditions: (a) DCM, 2.5 eq. 1,2-dimethylimidazale?25+0.75 eq26, 0°C,
18 h, 52%, (b) MeOH, 9 eq. HCOOMHB eq. Zn, 20 min, 72%, (c) DCM,
2.7 eq. 1,2-dimethylimidazole, 1.35 &, 0°C, 18 h, 34%, (d) MeOH, 9 eq.
HCOONH,, 3 eq. Zn, 20 min, 89%.

In case of2 we isolated protected DON-3,15-disulfate
surprisingly together with DON-3-sulfate instead of #xpected
15-sulfate (Scheme 5). Additionally, these two praslueere the
only ones which were isolated. In general, we were &xEe
position 7 to be somewhat unreactive due to stémidrance and
poor nucleophilicity. Nevertheless, since acetyfatiesulted in a
2:1 mixture of the 15- to the 3-product, we also extpd a
similar regioselectivity and ratio of the sulfatiseaction. The
reaction itself has not undergone any decomposifairserved
via TLC) during workup, so we could also exclude ttheory of
degradation from the disulfate species toward theasolfate.
Deprotection of both substances yielded DON-3-sulfage
ammonium salt and DON-3,15-disulfate as the corredipgn
diammonium salt.
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Scheme 5. Synthesis of DON-3-sulfate and DON-3,15-disulfagetheir
ammonium salts. Conditions: (a) DCM, 4 eq. 1,2-dhykmidazole, 2 eq.
26, 0°C, 18 h, 24% fo®, 30% for8, (b) MeOH, 18 eq. HCOONKI6 eg. Zn,
2 h, 54%, (c) MeOH, 9 eq. HCOONIB eg. Zn, 30 min, 98%.

Position 7 was not sulfated during any reaction. ¢ t
remaining five theoretically possible sulfates, yoldON-15-
sulfate was not isolated after direct sulfation @uk 1). For this
reason we used deacetylation of 3ADON-15-sulfate (Seh&m
to complete the set of sulfates.

[eNpY
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(0]

SO
(¢}
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Scheme 6. Synthesis of DON-15-sulfate as ammonium salt. Gomc:
(a) MeOH, NaOMe, 2 h, 69%.

Having proven that the method is well working for
trichothecenes, we aimed also for the sulfation @ftdxin,
which was carried out in a similar way, whereby leadimghe
corresponding 3-sulfate as ammonium salt (Scheme 7)

MWCQ;@ %M
T

M\@% \’/ NH*
OAc

Scheme 7. Synthesis of T2-toxin-3-sulfate as ammonium gadtnditions:
(a) DCM, 4 eg. 1,2-dimethylimidazole, 2 &, 0°C, 18 h, 49%, (b) MeOH,
9 eq. HCOONH, 3 eq. Zn, 1 h, 29%.

O
O

0

CCl,

Finally, all isolated protected intermediates as|ves all
ammonium sulfates were characterized via NMR, &hdhifts
were assigned using several NMR refereffé@$or DON and its
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derivatives. For the assignment of thé shifts of T2-toxin-3-
sulfate, COSY and HMBC spectra were recorded. We toed
purify all intermediates very quickly over shortlwmns (10-15
g silica), since we have encountered deacetylatial dypes of
trichothecenes during column chromatography (siéisawell as
RP). Therefore, we ended up with traces of
dimethylimidazole within the protected intermediat@fter the
deprotection step, column chromatography was donle vety
polar solvents (DCM:MeOH:NfDH=10:4:1 or 10:2.5:0.5),

purity check. All other chemicals were purchased frABCR
(Germany) and Sigma Aldrich (Austria/Germany).

4.2.2,2,2-Trichloroethyl 2-(4-acetoxyphenyl)ethylséf&8)
27 (121.8 mg, 0.68 mmol, 1.0 eqg.) was dissolved inl3 m

1.2pcM and a solution of 1,2-dimethylimidazole (194.9,n2.03

mmol, 3.0 eq.) in 1 mL DCM was added at 0°C. T(464.0
mg, 1.01 mmol, 1.5 eq.) was added in one portion toed
reaction was allowed to warm to room temperature ongnt.

which led to HCOONH impurities in our products. Because of after TLC indicated full conversion the reaction wdsectly

this we usually made a second column chromatogrdphgwed
by lyophilization, and continued drying for severdhys to
remove remaining HCOONH All NMR spectra and'H
chemical shift assignments can be found in the cuing
information.

3. Conclusion

Considering the proven unreactivity of the C7 positto

purified via column chromatography (hexane:EtOAc %) 1o

yield 28 (215.8 mg, 82%) as white soliH NMR (200 MHz,

CDCl) 8 7.28 (s, 4H), 4.82 (s, 2H), 4.27 6.8 Hz, 2H), 2.95
(t, J=6.8 Hz, 2H), 2.02 (s, 3H)*C NMR (50 MHz, CDCJ) &

171.0 (s, 1C), 148.9 (s, 1C), 138.1 (s, 1C), 136,&C), 121.2
(d, 2C), 92.5 (s, 1C), 80.5 (t, 1C), 64.5 (t, 18),5 (i, 1C), 21.0
(9, 1C). HRMSm/z caled for G,H1,0sSCE™ [M+H]", 390.9571,
found 390.9578.

chemical sulfation, we have synthesized, isolatedd a”4.3.2-(4-Acetoxyphenyl)ethylsulfate ammonium 8} (

characterized all possible DON-sulfates includingaitetylated
derivatives. In case of T2-toxin we were also ableywthesize
the desired T2-toxin-3-sulfate. Therefore, we haveven that
the utilized method is well working for trichothecenand
provides a good way to access the class of trichetiee sulfates
via sulfation of the parent toxins including thecetylated
derivatives. Separation of the protected interntediavas done
using column chromatography, followed by fast degotion by
the use of Zn/HCOONHwithin an ultrasonic bath. All products
and intermediates were characterized'Hyand *C NMR, and

28 (190.0 mg, 0.49 mmol, 1.0 eqg.) was dissolved inl5 m
MeOH. Ammonium formate (276.5 mg, 4.39 mmol, 9.0 and
Zn dust (95.6 mg, 1.46 mmol, 3.0 eq.) were added thed
reaction was placed in an ultrasonic bath. Aften2@utes, TLC
revealed complete conversion of the starting nmateand the
reaction mixture was filtered through celite andcmrtrated to 1
mL. Direct purification of this solution using colum
chromatography (DCM:MeOH:NIDH = 10:2.5:0.5) yielde@9
(109.5 mg, 81%) as white solitH NMR (200 MHz, methanol-

all 'H chemical shifts were assigned to the substances. Thd,) & = 7.22 (b, 4H), 4.93 (b, Nfi H,0), 4.23 (t,J=6.9, 2H),
gatheredH NMR information will serve as a valuable reference2.91 (t, J=6.9 Hz, 2H), 2.00 (s, 3H)*C NMR (50 MHz,

for naturally isolated material. Finally, all stamds will be used
for identification and quantification of their oatence and
formation within human and plant metabolism.

4, Experimental section

4.1.General remarks

methanold,) 6 172.9 (s, 1C), 152.5 (s, 1C), 136.0 (s, 1C), 130.6
(d, 2C), 122.5 (d, 2C), 66.2 (t, 1C), 35.3 (t, 19,8 (q, 1C).
HRMS m/z calcd for GgH11:0sS [M-NH,]", 259.0282, found
259.0278.

4.4.2-(4-Hydroxyphenyl)ethylsulfate, ammonium saj (
29 (69.0 mg, 0.25 mmol, 1.00 eq.) was dissolved inL2dmy

CAUTION: All used toxins are strong protein biosynthesismeOH and NaOMe (14.1 mg, 0.26 mmol, 1.05 eq.) was added.

inhibitors and can cause a series of acute anchithsymptoms.
Therefore, we strongly recommend considering thekicity
within all reactions!

All reactions were carried out under an argon atmesgphnd
the progress of all reactions was monitored using-ldyer
chromatography (TLC) over silica gel 6&HMerck, Germany).
All chromatograms were visualized by heat staininggiseric
ammonium molybdate/Hanessian’s stairn ethanol/sulfuric
acid. Chromatographic separation was done on gjit®0 (40—
63 um) using a SepacoreTM Flash System (Bichi, Switadjla

Since no reaction occurred after 30 minutes we adidedame
amount of NaOMe again. After stirring for 30 minutd4,C
indicated full conversion and the reaction was diyepurified

via column chromatography (DCM:MeOH:NBH = 10:2.5:0.5)

to yield 9 (28.7 mg, 42%) as white solidH NMR (200 MHz,
methanold,) & = 7.21 (s, 4H), 4.90 (b, NH H,0), 3.73 (t,
J=6.9, 2H), 2.80 (t,J=6.9 Hz, 2H); °C NMR (50 MHz,
methanold,) & 152.3 (s, 1C), 137.0 (s, 1C), 130.6 (d, 2C), 122.5
(d, 2C), 64.2 (t, 1C), 39.5 (t, 1C). HRMfzcalcd for GHgOsS
[M-NH,"], 217.0176, found 217.0174.

or glass columns. All samples were measured via LE-ES 4.5 15-ADON ) and 3,15-diADON4)

MS/MS and LC-APCI-MS/MS and in a negative ionization

mode. These measurements were performed on an HOfajn
mass spectrometer (Bruker, Germany). A TLC-MS intarfa
(Camag, Germany) was used for ESI-MS analysis afté€r. TH

3-ADON (1) (95.6 mg, 0.28 mmol, 1.0 eq.) was dissolved in 5
mL methanol, followed by the addition of NaOMe (13.@,180.25
mmol, 0.9 eq.). After 2 h, TLC showed full conversiointhe 1.

and *°C spectra were recorded upon using a Bruker DPX-200he reaction was concentrated to 1 mL and direatlyfipd by
spectrometer as well as an Avance DRX-400 MHz spectame the use of column chromatography (CkitleOH = 9:1), which

(both Bruker, Germany). Data were recorded and eweduating
TOPSPIN 1.3 (Bruker Biospin). All chemical shifts gigen in
ppm relative to tetramethylsilane. The calibratieas done using
residual solvent signafs Multiplicities are abbreviated as s
(singlet), d (doublet), t (triplet), g (quartet)dab (broad signal).
3-ADON was obtained from BOKU, Dept. for
Agrarbiotechnology (IFA-Tulln) as crude fermentatiemtract,
purified via column chromatography, and used afterH NMR

yielded deoxynivalenol 79.0 mg, 94%) as white solid. The
reaction product was proven to be identical to athemtic
sample by TLC and, thus, was directly used for datty. For
this purpose? (79.0 mg, 0.27 mmol) was dissolved in 50 mL dry
dichloromethane. Pyridine (1 mL) and 4-DMAP (app. @)
were added, followed by the dropwise addition of aceti
anhydride (27.2 mg, 0.27 mmol). The reaction wasestiover
night, treated with 20 mL 2N HCI, and extracted with
dichloromethane. After drying with N8O, filtration and



evaporation of the solvent, the remaining residue subjected
to column chromatography (CH@eOH = 95:5) to yield3
(42.0 mg, 47%) and (23.5 mg, 23%) as white solid. Total yield
= 70%, 93% conversion. 15-ADONB){ ‘H NMR (200 MHz,
CDCly) 4 6.61 (dq,J=5.7, 1.6 Hz, 1H), 4.89 (dI=5.7 Hz, 1H),
4.83 (d,J=1.6 Hz, 1H), 4.52 (dt)=10.2, 4.7 Hz, 1H), 4.24 (s,
2H), 3.78 (d,J=1.8 Hz, 1H), 3.63 (dJ=4.5 Hz, 1H), 3.13 (d,
J=4.3 Hz, 1H), 3.08 (d}=4.3 Hz, 1H), 2.22 (dd]=14.8, 4.7 Hz,

5
(d, 1C), 80.0 (t, 1C), 78.9 (d, 1C), 73.5 (d, 1@),1 (d, 1C),
64.5 (s, 1C), 62.0 (t, 1C), 51.2 (s, 1C), 47.4.@), 46.1 (s, 1C),
40.2 (t, 1C), 20.8 (g, 1C), 15.4 (g, 1C), 13.74G); HRMSm/z
calcd for GeH,40:6SCh* [M+H]*, 549.0150, found 549.0146.

4.8.2,2,2-Trichloroethyl DON-3-sulfaté) and bis(2,2,2-
trichloroethyl) DON-3,15-disulfated}

2 (40.6 mg, 137umol, 1.0 eq.) was dissolved in 5 mL of DCM

1H), 2.08 (ddJ=14.7, 10.4 Hz, 1H), 1.88 (s, 3 H), 1.87 (s, 3H), and cooled to 0°C and 1,2-dimethylimidazole (52.8, 548

1.07 (s, 3H)*C NMR (50 MHz, CDCJ) § = 199.6 (s), 170.3 (s),
138.8 (d), 135.6 (s), 80.7 (d), 73.5 (d), 70.1 68.9 (s), 65.5 (s),
62.2 (1), 51.4 (s), 47.4 (1), 46.3 (s), 43.3 (.2(q), 15.4 (q),
13.8 (q). 3,15-diADON4): '"H NMR (200 MHz, CDCJ)) & 6.56
(dg, J=5.8, 1.4 Hz, 1H), 5.20 (dl=10.9, 4.6 Hz, 1H), 4.80 (d,
J=2.0 Hz, 1H), 4.69 (dJ=5.8 Hz, 1H), 4.27 (dJ=12.1 Hz, 1H),
4.20 (d,J=12.1 Hz, 1H), 3.89 (dJ=4.3 Hz, 1H), 3.80 (dJ=2.0
Hz, 1H), 3.14 (dJ=4.3 Hz, 1H), 3.09 (dJ=4.3 Hz, 1H), 2.31
(dd,J=15.2, 4.8 Hz, 1H), 2.15 (dd=15.2, 10.9 Hz, 1H), 2.12 (s,
3H), 1.88 (s, 3 H), 1.87 (s, 3H), 1.08 (s, 3HE NMR (50 MHz,
CDCl) § 199.3 (s), 170.3 (s), 170.2 (s), 138.4 (d), 135)678.9
(d), 73.4 (d), 71.1 (d), 70.1 (d), 64.9 (s), 62)] %1.5 (s), 47.4
(t), 45.8 (s), 40.3 (t), 21.0 (q), 20.6 (q), 1553, (3.6 (q).

4.6.2,2,2-Trichloroethyl 3-acetyl-DON-15-sulfat@) (

pmol, 4.0 eq.) in 1 mL DCM was added to the reactidmen,26
(125.4 mg, 274umol, 2.0 eq.) was added and the reaction was
allowed to reach room temperature over night. TL&ra24 h
showed nearly full conversion of the starting mateend the
reaction was directly used for column chromatography
(DCM:MeOH gradient from 100:895:5), yielding8 (22.4 mg,
30%) and9 (23.9 mg, 24%) as white solitH NMR of 8 (200
MHz, CDCLk) § 6.62 (dg,J=5.9, 1.4 Hz, 1H), 5.31 (dt=11.2,
4.4, 1H), 4.81 (s, 1H), 4.78 (s, 2H), 4.74 §d5.9 Hz, 1H), 3.99

(d, J=4.5 Hz, 1H), 3.86 (dJ=11.5 Hz, 1H), 3.77 (b, 1H), 3.76 (d,
J=11.5 Hz, 1H), 3.22 (d]=4.1 Hz, 1H), 3.14 (dJ=4.1 Hz, 1H),
2.80 (dd,J=15.7, 4.3 Hz, 1H), 2.25 (dd=15.7, 11.2 Hz, 1H),
1.91 (b, 3H), 1.71 (b, 1H), 1.17 (s, 3HJC NMR of 8 (50 MHz,
CDCl) 8 199.6 (s, 1C), 138.0 (d, 1C), 136.3 (s, 1C), 98,71C,
-CCl, tiny signal'), 80.8 (d, 1C), 79.9 (t, 1C), 79.1 (L), 74.5

1 (45.1 mg, 133umol, 1.0 eq.) was dissolved in 2.5 mL of (d, 1C), 70.1 (d, 1C), 64.8 (s, 1C), 62.0 (t, 181).8 (s, 1C), 47.7

DCM and cooled to 0°C and 1,2-dimethylimidazole (Bfhg,

(t, 1C), 46.1 (s, 1C), 40.3 (t, 1C), 15.4 (g, 1C4.1 (g, 1C);

333 pymol, 2.5 eq.) in 1 mL DCM was added to the reactionHRMS m/z caled for G/H,0OsSCkL [M-H]", 504.9899, found
Then, 26 (76.2 mg, 167umol, 1.25 eq.) was added and the 504.9878'H NMR of 9 (200 MHz, CDC}) & 6.69 (dqJ=5.9, 1.5

reaction was allowed to reach room temperature agat.rSince
TLC showed remaining starting material after 18hk, teaction
was cooled again to 0°C and another 0.75 eg6¢45.7 mg, 100
pmol) were added. After another 48 hours, TLC showld s
starting material, but also the formation of subst amounts of
product. The reaction was directly used for
chromatography (CH@MeOH = 95:5), yielding6é (37.8 mg,
52%) as white solid’H NMR (200 MHz, CDCJ) & 6.66 (dq,
J=5.9, 1.4 Hz, 1H), 5.24 (ddd=9.5, 6.0, 4.5, 1H), 4.89 (d71.4
Hz, 1H), 4.80 (dJ=5.9 Hz, 1H), 4.64 (dJ=10.8 Hz, 1H), 4.57
(d, J=10.8 Hz, 1H), 4.56 (d]=10.6 Hz, 1H), 4.43 (d]=10.6 Hz,
1H), 3.95 (d,J=4.5 Hz, 1H), 3.84 (dJ=1.4 Hz, 1H), 3.16 (d,
J=4.1 Hz, 1H), 3.13 (dJ=4.1 Hz, 1H), 2.10-2.36 (m, 2H), 2.16
(s, 3H), 1.91 (b, 3H), 1.11 (s, 3HJC NMR (50 MHz, CDCJ) &
198.8 (s, 1C), 170.2 (s, 1C), 138.7 (d, 1C), 136,1.C), 92.4 (s,
1C), 79.7 (t, 1C), 78.8 (d, 1C), 73.0 (d, 1C), 7(t,&C), 70.7 (d,
1C), 69.1 (d, 1C), 64.6 (s, 1C), 51.3 (s, 1C), 4%.4C), 45.8 (s,
1C), 40.4 (t, 1C), 20.9 (q, 1C), 15.2 (g, 1C), 1&/51C); HRMS
m/z caled for GgH,.0:.,SCk™ [M+H]", 549.0150, found
549.0160.

4.7.2,2,2-Trichloroethyl 15-acetyl-DON-3-sulfat&l]

3(76.5 mg, 226umol, 1.0 eq.) was dissolved in 3 mL of DCM
and cooled to 0°C and 1,2-dimethylimidazole (58.@, r610
pmol, 2.7 eq.) in 1 mL DCM was added to reaction. TBén

Hz, 1H), 5.32 (dtJ=11.1, 4.4, 1H), 4.88 (s, 1H), 4.81 (d5.7,

1.5 Hz, 1H), 4.79 (s, 2H), 4.66 (d=11.0 Hz, 1H), 4.60 (d,
J=11.0 Hz, 1H), 4.48 (s, 2H), 4.04 (@4.4 Hz, 1H), 3.83 (b,
1H), 3.21 (d,J=4.1 Hz, 1H), 3.17 (dJ=4.1 Hz, 1H), 2.57 (dd,
J=15.7, 4.2 Hz, 1H), 2.33 (dd=15.7, 11.1 Hz, 1H), 1.93 (b,

column3H), 1.15 (s, 3H)**C NMR of 9 (50 MHz, CDC}) 5 198.5 (s,

1C), 138.2 (d, 1C), 136.6 (s, 1C), 2 x 80.0 (d,tLOC), 79.9 (t,
1C), 78.9 (d, 1C), 73.3 (d, 1C), 71.5 (t, 1C), 6@121C), 64.3 (s,
1C), 51.3 (s, 1C), 47.7 (t, 1C), 46.2 (s, 1C), 48.3C), 15.3 (q,
1C), 13.6 (g, 1C), 2 x Cgbetween 92 and 93 ppm are missing,
but the corresponding GHyroups are located at 80.0 and 79.9;
HRMS m/zcalcd for G/H,01,S,Cls” [M-TCE]’, 584.9467, found
584.9505.

4.9.General deprotection procedure

The protected intermediate was dissolved in MeOH (116L
pmol starting material). HCOONH3 eq.) as well as Zn dust (9
eg.) were added and the reaction was placed in easaitic bath
at room temperature. The reaction was followed vi& Tuntil
substantial amounts of products were formed (20 Gonfn).
After filtration through celite the remaining resa&uwas
subjected to column chromatography to end up witk th
corresponding sulfates as ammonium salts. For cdtykated
DON derivatives and T2-toxin, DCM:MeOH:NBH=10:2.5:0.5
was used for purification. In case of DON-3- and 1Basel and

(139.7 mg, 305umol, 1.35 eq.) was added and the reaction wa$,15-disulfate, a mixture of DCM:MeOH:N®H = 10:4:1 was

allowed to reach room temperature over night. TL@wsd
substantial amounts of product and the reactiondirastly used
for column chromatography (DCM:MeOH = 95:5) yieldiag
(42.6 mg, 34%) as white solidd NMR (200 MHz, CDC}) 5
6.60 (dq,J=5.8, 1.5 Hz, 1H), 5.31 (dfi=11.1, 4.3, 1H), 4.81 (s,
1H), 4.79 (s, 2H), 4.70 (dI=5.8 Hz, 1H), 4.27 (dJ=12.1 Hz,
1H), 4.18 (d,J=12.1 Hz, 1H), 4.00 (dJ=4.3 Hz, 1H), 3.71 (s,
1H), 3.21 (d,J=4.1 Hz, 1H), 3.15 (dJ=4.1 Hz, 1H), 2.64 (dd,
J=15.7, 4.3 Hz, 1H), 2.29 (dd715.7, 11.1 Hz, 1H), 1.93 (s, 3H),
1.91 (b, 3H), 1.12 (s, 3H}*C NMR (50 MHz, CDCJ) 5 198.9 (s,
1C), 170.2 (s, 1C), 137.9 (d, 1C), 136.1 (s, 1@)79s, 1C), 80.4

used. Since all products contained accompanying HCOQHNH
we tried to purify some products via a second airdl ttolumn
chromatography as well as via lyophilization. Nevelgks, we
obtained all desired products as a white misty veil.

4.10.3-Acetyl-DON-15-sulfate, ammonium salBY

Following the general deprotection proced@€¢34.0 mg, 62
pumol) was converted intd3 (19.3 mg, 72%)'H NMR (200
MHz, methanold,) § 6.63 (dq,J=6.1, 1.4 Hz, 1H), 5.11 (dt,
J=11.3, 4.4 Hz, 1H), 4.92 (d=6.1 Hz, 1H), 4.89 (s, 1H), 4,87
(b, NH,, H,0), 4.27 (d,J=11.0 Hz, 1H), 3.94 (d)=11.1 Hz,



6

1H), 3.85 (d,J=4.5 Hz, 1H), 3.16 (dJ=4.3 Hz, 1H), 3.12 (d,
J=4.3 Hz, 1H), 2.79 (ddJ=15.3, 4.3 Hz, 1H), 2.08 (dd=15.3,
11.3 Hz, 1H), 2.13 (s, 3H), 1.85 (b, 3H), 1.18 (s, 3fg; NMR
(50 MHz, methanotl;) 6 201.0 (s, 1C), 172.5 (s, 1C), 139.4 (d,
1C), 137.1 (s, 1C), 80.5 (d, 1C), 75.8 (d, 1C),77@., 1C), 70.7
(d, 1C), 67.1 (t, 1C), 66.3 (s, 1C), 52.3 (s, 484 (t, 1C), 46.8
(s, 1C), 41.7 (t, 1C), 20.8 (g, 1C), 15.3 (q, 183,4 (g, 1C);
HRMS m/z caled for G/H»0:0S [M-NH,T, 417.0861, found
417.0834.

4.11.15-Acetyl-DON-3-sulfate, ammonium sdB)

Following the general deprotection procedd(13.1 mg, 24
pmol) was converted intd8 (9.2 mg, 89%)*H NMR (400 MHz,
methanold,) § 6.65 (dq,J=5.9, 1.5 Hz, 1H), 4.70-5.10 (m, MK
C3-H, C7-H, C11-H, KD), 4.30 (d,J=12.1 Hz, 1H), 4.23 (d,
J=12.1 Hz, 1H), 3.82 (dJ=4.5 Hz, 1H), 3.12 (s, 2H), 2.63 (dd,
J=15.3, 4.3 Hz, 1H), 2.11 (dd715.3, 11.2 Hz, 1H), 1.90 (s, 3H),
1.85 (b, 3H), 1.11 (s, 3H}’C NMR (100 MHz, methanat,) &
201.1 (s, 1C), 171.9 (s, 1C), 139.7 (d, 1C), 133.aC), 81.2 (d,
1C), 75.2 (d, 1C), 75.0 (d, 1C), 71.3 (d, 1C), 66,91C), 63.3 (1,
1C), 52.6 (s, 1C), 48.2 (t, 1C), 47.0 (s, 1C), 42.4.C), 20.6 (q,
1C), 15.4 (q, 1C), 14.4 (g, 1C); HRMf/zcalcd for GH».0,0S
[M-NH,"", 417.0861, found 417.0824.

4.12.DON-3-sulfate, ammonium salt5)

Following the general deprotection proced@€18.8 mg, 37
pmol) was converted intd5 (14.3 mg, 98%)'H NMR (400
MHz, methanold,) 4 6.61 (dqJ=6.1, 1.4 Hz, 1H), 4.75-4.95 (m,
NH,", C3-H, C11-H, HO), 4.79 (s, 1H), 3.80 (d=4.4 Hz, 1H),
3.78 (d,J=12.3 Hz, 1H), 3.68 (d}=12.3 Hz, 1H), 3.12 (d]=4.5
Hz, 1H), 3.09 (dJ=4.5 Hz, 1H), 2.75 (ddJ=15.2, 4.4 Hz, 1H),
2.06 (dd,J=15.2, 11.4 Hz, 1H), 1.83 (b, 3H), 1.12 (s, 3H¢
NMR (100 MHz, methanotl) & 201.7 (s, 1C), 139.4 (d, 1C),
137.0 (s, 1C), 81.2 (d, 1C), 75.8 (d, 1C), 75.41@), 71.6 (d,
1C), 66.3 (s, 1C), 61.8 (t, 1C), 53.6 (s, 1C), 48.4C), 46.7 (s,
1C), 42.5 (t, 1C), 15.4 (q, 1C), 14.6 (g, 1C); HRk% calcd for
C1sH1600S [M-NH,T7, 375.0755, found 375.0741.

4.13.DON-15-sulfate, ammonium satt4)

13 (12.0 mg, 28mol, 1.0 eq.) was dissolved in 5 mL MeOH
and NaOMe (3.0 mg, 55 mmol, 2.0 eq.) was added. Afteing
for 2 hours, TLC indicated full conversion of tharsing material
and the reaction was subjected to column chromgtbgra
(DCM:MeOH:NH,OH = 10:4:1), yieldingl4 (7.5 mg, 69%) as
white solid."H NMR (200 MHz, methanatk) & 6.65 (dg,J=6.1,
1.4 Hz, 1H), 5.04 (dJ=6.1 Hz, 1H), 4.85-4.95 (m, NH C7-H,
H,0), 4.76 (dt,J=11.1, 4.5, 1H), 4.25 (d]=11.0 Hz, 1H), 3.96
(d, J=11.0 Hz, 1H), 3.55 (dJ=4.5 Hz, 1H), 3.12 (dJ=4.5 Hz,
1H), 3.06 (d,J=4.5 Hz, 1H), 2.57 (dd]=14.8, 4.4 Hz, 1H), 1.99
(dd, J=14.8, 11.1 Hz, 1H), 1.84 (b, 3H), 1.14 (s, 3H¢ NMR
(50 MHz, methanotl;) 6 201.1 (s, 1C), 139.9 (d, 1C), 136.9 (s,
1C), 82.3 (d, 1C), 75.9 (d, 1C), 70.7 (d, 1C), 69.,61C), 67.2 (s,
1C), 66.7 (t, 1C), 52.5 (s, 1C), 48.2 (t, 1C), 4(&51C), 45.0 (t,
1C), 15.3 (g, 1C), 14.4 (g, 1C); HRM8/z calcd for GsH140.S
[M-NH,'T", 375.0755, found 375.0746.

4.14.DON-3,15-disulfate, diammonium s&l6j

Following the general deprotection procedure, twibe t

Tetrahedron

¥*C NMR (100 MHz, methanath,) 5 201.3 (s, 1C), 139.6 (d, 1C),
137.2 (s, 1C), 81.3 (d, 1C), 75.8 (d, 1C), 75.71@), 70.5 (d,
1C), 67.4 (s, 1C), 66.1 (t, 1C), 52.4 (s, 1C), 48.4C), 47.1 (s,
1C), 42.4 (t, 1C), 15.3 (g, 1C), 14.5 (g, 1C); HRM%& calcd for
C1sH20015S, [M-2xNH,+H"] ", 455.0323, found 455.0300.

4.15.2,2,2-Trichloroethyl T2-toxin-3-sulfat@X)

5(37.4 mg, 8Qumol, 1.0 eq.) was dissolved in 3 mL of DCM,
cooled to 0°C, and 1,2-dimethylimidazole (30.8 r&g1 mmol,
4.0 eq.) in 1 mL DCM was added to the reaction. TRér(/3.4
mg, 160 mmol, 2.00 eq.) was added and the reactisrall@aved
to reach room temperature over night. After 18 hodnsC
showed substantial amounts of product and the iogaatas
directly used for column chromatography (DCM:MeOH 5:3),
yielding 21 (26.4 mg, 49%) as white solitH NMR (200 MHz,
CDCly) 8 6.16 (d,J=3.1 Hz, 1H), 5.77 (dt)=5.7, 1.4 Hz, 1H),
5.28 (d,J=5.5 Hz, 1H), 5.10 (ddJ=4.9, 3.1 Hz, 1H), 4.80 (s,
2H), 4.31 (d,J=12.7 Hz, 1H), 4.25 (dJ=5.7 Hz, 1H), 4.10 (d,
J=12.7 Hz, 1H), 3.96 (dJ]=4.9 Hz, 1H), 3.09 (dJ=3.9 Hz, 1H),
2.85 (d,J=3.9 Hz, 1H), 2.35 (ddJ=15.2, 6.0 Hz, 1H), 2.11 (s,
3H), 2.09 (s, 3H), 2.00-2.25 (m, 3H), 1.80 J&16.6 Hz, 1H),
1.76 (s, 3H), 0.96 (dI=6.3 Hz, 3H), 0.95 (dJ=6.3 Hz, 3H), 0.74
(s, 3H);**C NMR (50 MHz, CDCJ) & 172.8 (s, 1C), 170.4 (s,
1C), 170.2 (s, 1C), 137.1 (s, 1C), 123.0 (d, 1@)69s, 1C), 87.1
(d, 1C), 80.1 (t, 1C), 78.4 (d, 1C), 77.4 (d, 1€3,7 (d, 1C), 67.5
(d, 1C), 64.6 (t, 1C), 63.8 (s, 1C), 48.7 & 47.5, (Is, 2x1C),
43.7 (t, 1C), 43.1 (s, 1C), 28.4 (t, 1C), 25.91@), 22.6 (q, 1C),
22.5(q, 1C), 21.2 (g, 1C), 20.8 (g, 1C), 20.41@), 6.5 (q, 1C);
HRMS m/z calcd for G4H330:,S [M-TCE-group], 545.1698,
found 545.1679.

4.16.T2-toxin-3-sulfate, ammonium sal2j

Following the general deprotection proced@¥(20.8 mg, 31
pmol) was converted intd2 (5.0 mg, 29%)*H NMR (400 MHz,
methanold,) & 6.03 (d,J=3.1 Hz, 1H), 5.78 (dt}=5.5 1H), 5.33
(d, J=5.5 Hz, 1H), 4.80-4.94 (m, NH C3-H, HO), 4.33 (d,
J=12.1, 1H), 4.32 (dJ=5.5 Hz, 1H), 4.16 (dJ=12.1 Hz, 1H),
3.79 (d,J=5.1 Hz, 1H), 3.04 (dJ=3.9 Hz, 1H), 2.87 (dJ=3.9
Hz, 1H), 2.38 (ddJ=15.3, 5.5 Hz, 1H), 2.13-2.18 (m, 2H), 2.07
(s, 3H), 2.06 (s, 3H), 2.00-2.12 (m, 1H), 1.92Xl15.3 Hz, 1H),
1.74 (s, 3H), 0.97 (dI=6.7 Hz, 3H), 0.96 (dJ=6.7 Hz, 3H), 0.72
(s, 3H);*C NMR (100 MHz, methanat,) 5 174.0 (s, 1C), 172.3
(s, 1C), 172.2 (s, 1C), 137.2 (s, 1C), 125.1 (d), B2.3 (d, 1C),
81.5 (d, 1C), 79.7 (d, 1C), 69.4 (d, 1C), 68.51@), 65.8 (t, 1C),
65.0 (s, 1C), 50.1 & 47.8 (1t, 1s, 2x1C), 44.3@), 44.3 (s, 1C),
28.8 (t, 1C), 26.9 (d, 1C), 22.8 (g, 1C), 22.71@), 21.3 (q, 1C),
20.7 (q, 1C), 20.4 (g, 1C), 6.9 (q, 1C); HRMSz calcd for
CraH3301,S [M-NH,'T, 545.1698, found 545.1682.
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amount of HCOONH (6 eq.) and Zn dust (18 eq.) were used toSupplementary Material

convert9 (20.0 mg, 28umol) into 16 (7.4 mg, 54%)'H NMR
(400 MHz, methanoty) & 6.67 (dq,J=6.0, 1.5 Hz, 1H), 4.80-
5.00 (m, NH', C3-H, C7-H, C11-H, D), 4.24 (d,J=10.9 Hz,
1H), 3.98 (d,J=10.9 Hz, 1H), 3.84 (dJ=4.5 Hz, 1H), 3.15 (d,
J=4.3 Hz, 1H), 3.10 (dJ=4.3 Hz, 1H), 2.97 (dd}=15.3, 4.5 Hz,
1H), 2.10 (ddJ=15.3, 11.4 Hz, 1H), 1.85 (b, 3H), 1.16 (s, 3H);

NMR spectra of all protected and isolated sulfatesvell as
tables for théH chemical shifts of all substances can be found in
the supporting information.
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Name / Position 2 3 4a 4B 7a 7B 8B 10 1 13a 13b 14 15a 15b 16 3 Ac/OH 7 Ac/OH 15 Ac/OH 3TCE  15TCE
DON (2) 3.63 4.53 2.23 2.08 X 4.84 X 6.62 4.81 3.08 3.17 11 3.74 3.89 1.9 2.37 3.86 1.75 X X
in CDCI3 d[4.5] bt dd[14.8;4.6]  dd[14.9; 10.6] bs dq [5.9; 1.4] d[5.7] d[43]  d[4.3] s d[11.5] d[115] bs d [2.4] bs, 1H bs, 1H
DON (2) 3.53 437 2.39 1.95 X 472 X 6.50 4.93 3.05 3.10 11 3.73 3.73 2 X X X X X
in MeOD d[4.5] dt [11.0; 4.5] dd [14.6;4.5]  dd[14.6;11.0] s dq [5.9; 1.5] d[5.7] d[43] d[4.3] s s, 2H bs

3 ADON (1) 3.91 5.23 2.38 2.17 X 4.84 X 6.61 4.70 3.12 3.18 12 3.72-3.88 1.90 2.14 3.72-3.88 1.67 X X
in CDCI3 d[4.7] dt [11.0; 4.5] dd[15.1;4.5]  dd[15.1;11.2] d[1.8] dq [5.8; 1.5] d[5.9] d[43]  d[4.3] s m, 3H bs s, 3H m, 3H bt, 1H

15 ADON (3) 3.60 4.49 2.20 2.06 X 481 X 6.59 4.88 3.06 3.11 11 422 422 1.9 2.92 3.8 1.86 X X
in CDCI3 d[4.5] dt [9.8; 4.9] dd[14.8;4.8]  dd[14.8;10.5] bs dq [5.9; 1.4] d[5.7] d[43] d[4.3] s bs bs bs bs, 1H bs, 1H bs

3,15 diADON (4) 3.89 5.19 2.30 2.14 X 4.79 X 6.55 4.68 3.08 3.13 11 4.19 4.27 1.9 2.11 3.79 1.86 X X
in CDCI3 d[4.5] dt [10.9; 4.6] dd[15.2;4.8]  dd[15.2;10.9] d[2.0] dq [5.7; 1.4] d[5.7] d[43]  d[43] s d[12.1]  d[12.1] bs s, 3H d[2.0], 1H bs

T2 toxin (5) 3.64 418 5.34 X 1.9-2.2 2.38 53 5.78 435 2.79 3.05 0.8 4.06 4.30 17 2.00-2.20 X 2.00-2.20 X X
in CDCI3 d[4.9] dd [4.9; 2.9] d[2.9] m dd [15.1; 5.4] d[5.5]  dt[5.9;1.2] d[6.3] d[3.9] d[3.9] s d[12.7] d[12.7) bs 2xs, 2x3H, 6H 2xs, 2x3H, 6H
3 ADON-15-sulfate [p] (6) 3.95 5.24 2.10-2.36 2.10-2.36 X 4.89 X 6.66 4.8 3.13 3.16 11 4.43 4.56 1.9 2.16 3.84 X X 4.64; 4.57
in CDCI3 d[45]  ddd[9.5;6.0;4.5] m, 2 H m, 2 H d[1.4] dq [5.9; 1.4] d[5.9] d41]  d[a1] s d[10.6] d[10.6] bs s,3H d[1.4], 1H 2xd [10.8]
15 ADON-3-sulfate [p] (11) 4.00 531 2.64 2.29 X 481 X 6.60 4.70 3.15 3.21 11 418 427 1.9 X 3.71 1.93 4.79 X
in CDCI3 d[4.3] dt[11.1;4.3] dd[15.7;43]  dd[15.7; 11.1] s dq [5.8; 1.5] d[5.8] d[41]  d[4.1] s d[12.1] d[12.1] bs s, 1H s s, 2H
DON-3,15-disulfate [pp] (9) 4.04 5.32 2.57 2.33 x 4.88 X 6.69 4.81 3.17 3.21 12 4.60 4.66 1.9 X 3.83 X 4.79 4.48
in CDCI3 d[4.4] dt [11.1; 4.4] dd[15.7;4.2]  dd[15.7;11.1] bs dq [5.9; 1.5] dt [5.7; 1.5] d41  d[a1] s d[11.0] d[11.0] bs bs, 1H s, 2H s, 2H
DON-3-sulfate [p] (15) 3.99 531 2.80 2.25 X 481 X 6.62 4.74 3.14 3.22 12 3.76 3.86 1.9 X 3.77 171 x 4.78
in CDCI3 [4.5] dt [11.2; 4.4] dd[15.7;43]  dd[15.7;11.2] s dq [5.9; 1.4] d[5.9] d[41]  d[4.1] s d[11.5] d[115] bs bs, 1H bs, 1H s, 2H
T2 toxin-3-sulfate [p] (21) 3.96 5.10 6.16 x 1.80 2.35 53 5.77 4.25 2.85 3.09 0.7 41 431 1.8 2.00-2.20 X 2.00-2.20 4.80 x
in CDCI3 d[4.9] dd [4.9;3.1] d[3.1] d[16.6]  dd[15.2;6.0] d[5.5]  dt[5.7;1.4] d[5.7] d[3.9] d[3.9] s d[12.7]  d[12.7) bs 2xs, 2x3H, 6H 2xs,2x3H, 6H | s, 2H
3 ADON-15-sulfate (13) 3.85 5.11 2.79 2.08 X 4.89 X 6.63 4.92 3.12 3.16 12 3.94 427 1.9 2.13 X x x x
in MeOD d[4.5] dt [11.3; 4.4] dd[15.3;4.3]  dd[15.3;11.3] s dq [6.1; 1.4] d[6.1] d[43] d[4.3] s d[11.0] d[11.0] bs s, 3H
15 ADON-3-sulfate (18) 3.82 4.70-5.10 2.63 2.11 X 4.70-5.10 X 6.65 4.70-5.10 3.12 3.12 11 4.23 430 1.9 X X 1.90 X X
in MeOD d[4.5] m [+NH4, H20] dd[15.3;4.3]  dd[15.3;11.2] m [+NH4, H20] dq[5.9;1.5] | m [+NH4, H20] s s s d[12.1]  d[12.1] bs s, 3H
DON-3-sulfate (15) 3.80 4.90 2.75 2.06 X 4.79 X 6.61 4.86 3.09 3.12 11 3.68 3.78 1.8 X X X X X
in MeOD d[4.4] dt [11.2; 4.5] dd[15.2;4.4]  dd[15.2;11.4] s dq [6.1; 1.4] d[5.8] d[45]  d[4.5) s d[12.3] d[12.3] bs
DON-15-sulfate (14) 3.55 4.76 2.57 1.99 X 4.85-4.95 X 6.65 5.04 3.06 3.12 11 3.96 4.25 1.8 X X X X X
in MeOD d[4.5] dt [11.1; 4.45] dd[14.8;4.4]  dd[14.8;11.1] m [+NH4, H20] dq [6.1; 1.4] d[6.1] d[45]  d[4.5] s d[11.0] d[11.0] bs
DON-3,15-disulfate (16) 3.84 4.80-5.00 2.97 2.10 X 4.80-5.00 X 6.67 4.80-5.00 3.10 3.15 12 424 3.98 1.9 X X X X X
in MeOD d[4.5] m [+NH4, H20] dd[15.3;4.5]  dd[15.3;11.4] m [+NH4, H20] dq[6.0;1.5] = m[+NH4,H20] d[43] d[4.3] s d[10.9] d[10.9] bs
T2 toxin-3-sulfate (22) 3.79 5.10 6.03 X 1.92 2.38 53 5.78 4.32 2.87 3.04 0.7 4.16 433 17 2.00-2.20 X 2.00-2.20 X X
in MeOD d[5.1] dd [4.9;3.1] d[3.1] d[16.6]  dd[15.3;5.9] d[5.5] d[5.5] d[5.5] d[3.9] d[3.9] s d[12.1]  d[12.1] bs 2xs, 2x3H, 6H 2xs, 2x3H, 6H




28)) 2,2,2-Trichloroethyl 2-(4-acetoxyphenyl)ethgllfate
'H NMR (200 MHz, CDCJ) 5 7.28 (s, 4H), 4.82 (s, 2H), 4.27 §£6.8 Hz, 2H), 2.95 (1J)=6.8 Hz, 2H), 2.02 (s, 3H)
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%C NMR (50 MHz, CDCJ) 5171.0 (s, 1C), 148.9 (s, 1C), 138.1 (s, 1C), 180,8C), 121.2 (d, 2C), 92.5 (s, 1C),
80.5 (t, 1C), 64.5 (t, 1C), 34.5 (t, 1C), 21.01G)
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29) 2-(4-Acetoxyphenyl)ethylsulfate, ammonium salt

'H NMR (200 MHz, methanat) & = 7.22 (b, 4H), 4.93 (b, Nfi H,0), 4.23 (tJ=6.9, 2H), 2.91 (tJ=6.9 Hz, 2H),
2.00 (s, 3H);

[ref]
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3C NMR (50 MHz, methanoth) & 172.9 (s, 1C), 152.5 (s, 1C), 136.0 (s, 1C), 180,&C), 122.5 (d, 2C), 66.2 (t,
1C), 35.3 (t, 1C), 20.8 (g, 1C)
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30.) 2-(4-Hydroxyphenyl)ethylsulfate, ammonium sal
'H NMR (200 MHz, methanath) & = 7.21 (s, 4H), 4.90 (b, Nf H,0), 3.73 (1J=6.9, 2H), 2.80 (1J=6.9 Hz, 2H)

1 Mimic-SO4, free OH

[ren

10
I

2.0000

A
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¥%C NMR (50 MHz, methanadh) 5 152.3 (s, 1C), 137.0 (s, 1C), 130.6 (d, 2C), 12@,2C), 64.2 (t, 1C), 39.5 (t, 1C)
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6.) 2,2,2-Trichloroethyl 3-acetyl-DON-15-sulfate

'H NMR (200 MHz, CDCJ) & 6.66 (dqJ=5.9, 1.4 Hz, 1H), 5.24 (dddz=9.5, 6.0, 4.5 Hz, 1H), 4.89 (d=1.4 Hz, 1H),
4.80 (d,J=5.9 Hz, 1H), 4.64 (d}=10.8 Hz, 1H), 4.57 (d]=10.8 Hz, 1H), 4.56 (d]=10.6 Hz, 1H), 4.43 (d]=10.6 Hz,
1H), 3.95 (d,J=4.5 Hz, 1H), 3.84 (dJ=1.4 Hz, 1H), 3.16 (dJ=4.1 Hz, 1H), 3.13 (dJ=4.1 Hz, 1H), 2.10-2.36 (m,
2H), 2.16 (s, 3H), 1.91 (b, 3H), 1.11 (s, 3H)

[ren
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1.0000
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BC-NMR (50 MHz, CDCJ) 8 198.8 (s, 1C), 170.2 (s, 1C), 138.7 (d, 1C), 136,11C), 92.4 (s, 1C, -C&tiny
signal), 79.7 (t, 1C), 78.8 (d, 1C), 73.0 (d, 1T),6 (t, 1C), 70.7 (d, 1C), 69.1 (d, 1C), 64.61@), 51.3 (s, 1C), 47.4
(t, 1C), 45.8 (s, 1C), 40.4 (t, 1C), 20.9 (g, 109.2 (g, 1C), 13.5 (g, 1C)
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8.) 2,2,2-Trichloroethyl DON-3-sulfate

'H NMR (200 MHz, CDCJ) § 6.62 (dqJ=5.9, 1.4 Hz, 1H), 5.31 (d=11.2, 4.4, 1H), 4.81 (s, 1H), 4.78 (s, 2H), 4.74
(d, J=5.9 Hz, 1H), 3.99 (dJ=4.5 Hz, 1H), 3.86 (d}=11.5 Hz, 1H), 3.77 (b, 1H), 3.76 (&11.5 Hz, 1H), 3.22 (d,
J=4.1 Hz, 1H), 3.14 (dJ=4.1 Hz, 1H), 2.80 (ddJ}=15.7, 4.3 Hz, 1H), 2.25 (dd=15.7, 11.2 Hz, 1H), 1.91 (b, 3H),
1.71 (b, 1H), 1.17 (s, 3H)
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3C-NMR (50 MHz, CDCJ)  199.6 (s, 1C), 138.0 (d, 1C), 136.3 (s, 1C), 8,7.C, -CCJ tiny signal!), 80.8 (d, 1C),
79.9 (t, 1C), 79.1 (d, 1C), 74.5 (d, 1C), 70.1X8), 64.8 (s, 1C), 62.0 (t, 1C), 51.8 (s, 1C), 4T, 1C), 46.1 (s, 1C),
40.3 (t, 1C), 15.4 (g, 1C), 14.1 (g, 1C)
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9) bis(2,2,2-Trichloroethyl) DON-3,15-disulfate

'H NMR (200 MHz, CDCJ) § 6.69 (dq,J=5.9, 1.5 Hz, 1H), 5.32 (d8=11.1, 4.4, 1H), 4.88 (s, 1H), 4.81 (d&5.7,
1.5 Hz, 1H), 4.79 (s, 2H), 4.66 (@11.0 Hz, 1H), 4.60 (d}=11.0 Hz, 1H), 4.48 (s, 2H), 4.04 (@4.4 Hz, 1H), 3.83
(b, 1H), 3.21 (dJ=4.1 Hz, 1H), 3.17 (d}=4.1 Hz, 1H), 2.57 (dd]=15.7, 4.2 Hz, 1H), 2.33 (dd=15.7, 11.1 Hz, 1H),
1.93 (b, 3H), 1.15 (s, 3H)
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C-NMR (50 MHz, CDC}) § 198.5 (s, 1C), 138.2 (d, 1C), 136.6 (s, 1C), 208d, 1C/t, 1C), 79.9 (t, 1C), 78.9 (d,
1C), 73.3 (d, 1C), 71.5 (t, 1C), 69.2 (d, 1C), 6&31C), 51.3 (s, 1C), 47.7 (t, 1C), 46.2 (s, MD)3 (t, 1C), 15.3 (q,
1C), 13.6 (g, 1C), 2 x Cgbetween 92 and 93 ppm are missing, but the cometipgp CH, groups are located at 80.0
and 79.9
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11) 2,2,2-Trichloroethyl 15-acetyl-DON-3-sulfate

'H NMR (200 MHz, CDCJ) & 6.60 (dqJ=5.8, 1.5 Hz, 1H), 5.31 (df=11.1, 4.3, 1H), 4.81 (s, 1H), 4.79 (s, 2H), 4.70
(d, J=5.8 Hz, 1H), 4.27 (dJ=12.1 Hz, 1H), 4.18 (d}=12.1 Hz, 1H), 4.00 (dJ=4.3 Hz, 1H), 3.71 (s, 1H), 3.21 (d,
J=4.1 Hz, 1H), 3.15 (dJ=4.1 Hz, 1H), 2.64 (ddJ=15.7, 4.3 Hz, 1H), 2.29 (dd=15.7, 11.1 Hz, 1H), 1.93 (s, 3H),
1.91 (b, 3H), 1.12 (s, 3H); 1,2-DI = traces of 1,Beihylimidazole

T | 15-ADON-3-Sulfate o]
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&
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/DJWW

i 3 o®m @mug B BRA B

3C-.NMR (50 MHz, CDCJ) & 198.9 (s, 1C), 170.2 (s, 1C), 137.9 (d, 1C), 138,11C), 92.7 (s, 1C, -C&tiny
signal!), 80.4 (d, 1C), 80.0 (t, 1C), 78.9 (d, 1T3,5 (d, 1C), 70.1 (d, 1C), 64.5 (s, 1C), 62.4.Q), 51.2 (s, 1C), 47.4
(t, 1C), 46.1 (s, 1C), 40.2 (t, 1C), 20.8 (g, 1094 (q, 1C), 13.7 (g, 1C)
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21) 2,2,2-Trichloroethyl T2-toxin-3-sulfate

'H NMR (200 MHz, CDCJ) § 6.16 (d,J=3.1 Hz, 1H), 5.77 (dy=5.7, 1.4 Hz, 1H), 5.28 (d=5.5 Hz, 1H), 5.10 (dd,
J=4.9, 3.1 Hz, 1H), 4.80 (s, 2H), 4.31 ®12.7 Hz, 1H), 4.25 (d)=5.7 Hz, 1H), 4.10 (d)=12.7 Hz, 1H), 3.96 (d,
J=4.9 Hz, 1H), 3.09 (d)=3.9 Hz, 1H), 2.85 (dJ=3.9 Hz, 1H), 2.35 (dd}=15.2, 6.0 Hz, 1H), 2.11 (s, 3H), 2.09 (s,
3H), 2.00-2.25 (m, 3H), 1.80 (d=16.6 Hz, 1H), 1.76 (s, 3H), 0.96 (6.3 Hz, 3H), 0.95 (d}=6.3 Hz, 3H), 0.74 (s,

3H); 1,2-DI = traces of 1,2-dimethylimidazole
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3C NMR (50 MHz, CDCJ) § 172.8 (s, 1C), 170.4 (s, 1C), 170.2 (s,1C), 185,1C), 123.0 (d, 1C), 92.6 (s, 1C), 87.1
(d, 1C), 80.1 (t, 1C), 78.4 (d, 1C), 77.4 (d, 163,7 (d, 1C), 67.5 (d, 1C), 64.6 (t, 1C), 63.81@), 48.7 & 47.5 (it,
1s, 2x1C), 43.7 (t, 1C), 43.1 (s, 1C), 28.4 (t,,125.9 (d, 1C), 22.6 (g, 1C), 22.5 (g, 1C), 21.21@), 20.8 (g, 1C),

20.4 (g, 1C), 6.5(q, 1C)
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13) 3-Acetyl-DON-15-sulfate, ammonium salt

'H NMR (200 MHz, methanotk) § 6.63 (dg.J=6.1, 1.4 Hz, 1H), 5.11 (di=11.3, 4.4 Hz, 1H), 4.92 (d=6.1 Hz,
1H), 4.89 (s, 1H), 4,87 (b, N H,0) 4.27 (d,J=11.0 Hz, 1H), 3.94 (d]=11.1 Hz, 1H), 3.85 (d]=4.5 Hz, 1H), 3.16
(d, J=4.3 Hz, 1H), 3.12 (dJ=4.3 Hz, 1H), 2.79 (dd]=15.3, 4.3 Hz, 1H), 2.08 (dd=15.3, 11.3 Hz, 1H), 2.13 (s, 3H),
1.85 (b, 3H), 1.18 (s, 3H)

[ren]

_| SADON-15-Sulfate ammonium sait

F

N

7 6 5 3 2 1 [ppm]

[itais
1.0000
i E——
11515
==
3’1.2051
 —
0.5697
fi———
05826
b
10977
[t
s
20255
E
.
1.0579

P

3C NMR (50 MHz, methanatk) 5 201.0 (s, 1C), 172.5 (s, 1C), 139.4 (d, 1C), 13§,11C), 80.5 (d, 1C), 75.8 (d,
1C), 72.7 (d, 1C), 70.7 (d, 1C), 67.1 (t, 1C), 6631C), 52.3 (s, 1C), 48.4 (t, 1C), 46.8 (s, M)7 (t, 1C), 20.8 (q,
1C), 15.3 (g, 1C), 14.4 (g, 1C)

= ] B -+ 53
T ] 3 a3 N = @0 oo o s & * g
= b4 @ xT0 - @ B~ o o @ o & NO
< 3 3= @ B ar I8 ¢ B3 8 B 88
= & s 3 & 86 =6 G ga " £ &g
b ® 86 s 8 oo Kuw o e < 8 o<
S < =2 & B RERGE L ge S 8§ e
o]
0]
R PORVR—- .mlm N . ‘ kil " ( J‘ TR - L PRy
o ? Lo ¥ L\ ; ‘ H
0|
T T T T
200 150 100 50 [ppm]
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14.)) DON-15-sulfate, ammonium salt

'H NMR (200 MHz, methanoth) & 6.65 (dq,J=6.1, 1.4 Hz, 1H), 5.04 (d=6.1 Hz, 1H), 4.85-4.95 (m, Nfj C7-H,
H,0), 4.76 (dtJ=11.1, 4.5, 1H), 4.25 (d=11.0 Hz, 1H), 3.96 (dJ=11.0 Hz, 1H), 3.55 (dJ=4.5 Hz, 1H), 3.12 (d,
J=4.5 Hz, 1H), 3.06 (d)=4.5 Hz, 1H), 2.57 (dd}=14.8, 4.4 Hz, 1H), 1.99 (dd=14.8, 11.1 Hz, 1H), 1.84 (b, 3H),
1.14 (s, 3H)

[rel]

DON-15-Sulfate, ammonium salf

. S—
1.0000
]

[iz1zz

T
6 4 2 [ppm]

3C NMR (50 MHz, methanath) 5 201.1 (s, 1C), 139.9 (d, 1C), 136.9 (s, 1C), &8,3.C), 75.9 (d, 1C), 70.7 (d, 1C),
69.6 (d, 1C), 67.2 (s, 1C), 66.7 (t, 1C), 52.51@3), 48.2 (t, 1C), 47.5 (s, 1C), 45.0 (t, 1C), 1§ 31C), 14.4 (q, 1C)

@ 1 DON-15-Sulfate, ammaoniurm salt

Missing Signal (solvent
overlay) detected via DEI

201.1358
——139.8759
— 1369426
—82.3190

—52.4603
—— 44,9608
_—15.3343
146135

K i

%
|

A= “}MWWL‘ML“

r
\‘WMWM H‘“W“*f”"““f“

|

200 150 100 50 [ppm]
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15)) DON-3-sulfate, ammonium salt

'H NMR (400 MHz, methanoth) & 6.61 (dg,J=6.1, 1.4 Hz, 1H), 4.75-4.95 (m, §H C3-H, C11-H, HO), 4.79 (s,
1H), 3.80 (dJ=4.4 Hz, 1H), 3.78 (d}=12.3 Hz, 1H), 3.68 (d]=12.3 Hz, 1H), 3.12 (d}=4.5 Hz, 1H), 3.09 (dJ=4.5
Hz, 1H), 2.75 (ddJ=15.2, 4.4 Hz, 1H), 2.06 (dd=15.2, 11.4 Hz, 1H), 1.83 (b, 3H), 1.12 (s, 3H)

[ren]

| DON-3-Sulfate, ammonium sait (15)

12

@ o ) w0 @ = @ =
2 B 218 8 2 tq @ ¥
o] JOL L,J Eq. 8 OL J,.L “,L 8 3
< = 2|8 S| L = g 2
= | o o = = o

T T T } T T T f T [ . T T

7 6 5 4 3 2 1 [pprm]

3C NMR (100 MHz, methanat)  201.7 (s, 1C), 139.4 (d, 1C), 137.0 (s, 1C), §#,21C), 75.8 (d, 1C), 75.4 (d,
1C), 71.6 (d, 1C), 66.3 (s, 1C), 61.8 (t, 1C), 53.,61C), 48.2 (t, 1C), 46.7 (s, 1C), 42.5 (t, 119,4 (q, 1C), 14.6 (q,
1C)

'8 | DION-3-Sulfate, ammonium salt (15)
g 38 © Zo e - ® o o ® 0=
- ] 8BS g 388 & 8 & 8 8 85
B 53 S B3 e & = D 88 B2
- @ L o . o ol bida ]
by 886 = ©w = @ = o @ o o
8 =2 & ERE T 8 o 8 g 9 e

—

T T T T T T T T T T T T T T T T T T T
200 150 100 50 [ppm]
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16.) DON-3,15-disulfate, diammonium salt

'H NMR (400 MHz, methanady) § 6.67 (dq,J=6.0, 1.5 Hz, 1H), 4.80-5.00 (m, NH C3-H, C7-H, C11-H, kD),
4.24 (d,J=10.9 Hz, 1H), 3.98 (d]=10.9 Hz, 1H), 3.84 (d}=4.5 Hz, 1H), 3.15 (d}=4.3 Hz, 1H), 3.10 (dJ=4.3 Hz,
1H), 2.97 (ddJ=15.3, 4.5 Hz, 1H), 2.10 (ddz15.3, 11.4 Hz, 1H), 1.85 (b, 3H), 1.16 (s, 3H)

[ren

DON-3, 15-diSulfate, ammaniurn salt (16)

25

15

10

05
L

L .

-00

1.0158

B

10810
L
§0648

$.0288

30573
[ =

10227
{Gr—r
—% 0390

7.0000
| 1999

05
L
R
1.0253
f——

04z
| foaze

[ppm]

sy
o
o]
ol
N

3C NMR (100 MHz, methanat)  201.3 (s, 1C), 139.6 (d, 1C), 137.2 (s, 1C), §1,31C), 75.8 (d, 1C), 75.7 (d,
1C), 70.5 (d, 1C), 67.4 (s, 1C), 66.1 (t, 1C), 5@41C), 48.4 (t, 1C), 47.1 (s, 1C), 42.4 (t, 119,3 (q, 1C), 14.5 (q,
1C)

3 1 DON-315-ddiSulfate, diammonium sait (16)

= o © o
2 ar 2 e ©ns o B~ o o
@ g @ §@ £ 8% 2 B B 25
g g2 £ RE b 8% g B2 ¢ 23
= oK f m® 3 60 o g I L)
3 85 S wWe o K® o B o ws
8 o ® E2 R GE o §Y 9 Lot

]

o]

T T T T

200 150 100 50 [ppm]
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18)) 15-Acetyl-DON-3-sulfate, ammonium salt

'H NMR (400 MHz, methanady) & 6.65 (dq,J=5.9, 1.5 Hz, 1H), 4.70-5.10 (m, NH C3-H, C7-H, C11-H, kD),
4.30 (d,J=12.1 Hz, 1H), 4.23 (d]=12.1 Hz, 1H), 3.82 (d]=4.5 Hz, 1H), 3.12 (s, 2H), 2.63 (dt515.3, 4.3 Hz, 1H),
2.11 (ddJ=15.3, 11.2 Hz, 1H), 1.90 (s, 3H), 1.85 (b, 3H), 14,13H)

[ren]

15-ADON-3-Sulfate, ammonium salf

SO NS

LE

T T T T T T T
7 6 5 a 3 2 1 [ppm]

=
.

1.0000

[Bez
1.9057
L/

0.9671
{ $2001

18233

T

05311
=
CZ7778

3C-NMR (100 MHz, methanath) § 201.1 (s, 1C), 171.9 (s, 1C), 139.7 (d, 1C), 138,0.C), 81.2 (d, 1C), 75.2 (d,
1C), 75.0 (d, 1C), 71.3 (d, 1C), 65.9 (s, 1C), 68.3C), 52.6 (s, 1C), 48.2 (t, 1C), 47.0 (s, 12,5 (t, 1C), 20.6 (q,
1C), 15.4 (g, 1C), 14.4 (q, 1C)

[ren]

1 15-ADON-3-Sulfate, ammonium salf

Missing Signal (solvent
overlay) detected via DEI

201.1393

171.8865
—— 139.7002
——136.9733
——81.1844

— 659144
—63.3104
—— 525689
—— 424977
—— 20.6320
_—15.3973
——14.4384

15

T T T
200 150 100 50 [ppm]
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22) T2-toxin-3-sulfate, ammonium salt

'H NMR (400 MHz, methanoth) 8 6.03 (d,J=3.1 Hz, 1H), 5.78 (d}=5.5 1H), 5.33 (dJ=5.5 Hz, 1H), 4.80-4.94 (m,
NH,, C3-H, HO), 4.33 (dJ=12.1, 1H), 4.32 (dJ=5.5 Hz, 1H), 4.16 (d}=12.1 Hz, 1H), 3.79 (dI=5.1 Hz, 1H), 3.04
(d, J=3.9 Hz, 1H), 2.87 (d)=3.9 Hz, 1H), 2.38 (dd]=15.3, 5.5 Hz, 1H), 2.13-2.18 (m, 2H), 2.07 (s, 3H)6Zs, 3H),
2.00-2.12 (m, 1H), 1.92 (d=15.3 Hz, 1H), 1.74 (s, 3H), 0.97 6.7 Hz, 3H), 0.96 (dJ=6.7 Hz, 3H), 0.72 (s, 3H)

[ren]

72 Toxin-3-sulfate, ammonium salt

[ppm]

1.0000
20326
| 22928
1.0278
20263

70247
o
1.0353
3.0619

10994
| L.o354
10488
| Lodes

10918

10218

1.0151
1.0238

far ==

[$048d

“[Bosst

@
IS
@]

3C NMR (100 MHz, methanat) § 174.0 (s, 1C), 172.3 (s, 1C), 172.2 (s, 1C), 183,4C), 125.1 (d, 1C), 82.3 (d,
1C) 81.5 (d, 1C), 79.7 (d, 1C), 69.4 (d, 1C), 68L51C), 65.8 (t, 1C), 65.0 (s, 1C), 50.1 & 47.8 (s, 2x1C), 44.5 (1,

1C), 44.3 (s, 1C), 28.8 (t, 1C), 26.9 (d, 1C), 2881C), 22.7 (q, 1C), 21.3 (q, 1C), 20.7 (q, 12,4 (q, 1C), 6.9 (q,

1C)

472 Toxin-3-suffate, ammonium saft

40 [rel]

— 172.284;
~137.2210
125.0510

—69.3910
——68.4628
6.9230

__—66.8017
—— 849811

20
I

150 100 50 [ppm]

16



22) T2-toxin-3-sulfate, ammonium salt - COSY

O
A n A A JL_A_A—M_J\M M
T2 Toxin-3-sulfate, ammonium salt L E
- [
o amm - leses
- e %
r--— 2 [
=] E &%
- a»
- . e
-
- % [
- = o
- =
- = -
- Fo
= T 7 T T T T 7 T T
'] 3 2 1 F2 [ppm]
22) T2-toxin-3-sulfate, ammonium salt — HMBC
O
A A A A
T2-Toxin-3-suifafe, ammonium salf I E
= o 2 & LB
e ) [} r
= s . gt e é )
= i ™ - I - e B 3 T
I ¢ o ] 4 ® '& 4 #
= u @ v @» £ » Dé
. =
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