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Animals

Male ND-4 Swiss-Webster mice weighing 25-34 g were purchased from Harlan Labs,
Indianapolis, IN. These mice were group housed in 17in x 10in x 8in polycarbonate cages and
allowed ad lib access to Harlan Teklad #8604 rodent chow (Madison, WI) and water. The cages
containing 8 mice per cage were placed in a temperature-controlled animal facilities barrier room

(21-22 OC) with 12:12, L:D photoperiods (lights on at 0700). A week of adaptation was allowed
in this new environment before experiments commenced. Experiments were approved and
conducted in accordance with guidelines of the University of Minnesota and Department of
Veterans Affairs Medical Center IACUC committees.

Statistical analysis

Data was analyzed by a one-factor ANOVA with Scheffe post hoc for comparison of treatment
means. Data was represented as values + S.E. with a p-value of <0.05 considered statistically
significant. A simple regression determined dose-response relationships.

Mouse Model

The righting reflex recovery paradigm of Crankshaw et al, [Tox. Letters 175(2007) 111-117] was
used in the mouse studies. Briefly the test is as follows: Mice are pretreated with a dose of
sodium cyanide (4.8 mg/kg) intraperitoneally (i.p.) which induces a state of immobility for
approximately 1 h. The animal is tested for recovery of righting reflex by placement on top of a
suspended screen. The screen is then inverted and the mouse given 1 min to climb over on to the
screen’s upper surface. The endpoint is reached when the mouse reaches the screen’s upper
surface.

Chemistry
General Methods.

'H and **C NMR spectra were obtained on a Varian 600 MHz spectrometer in the Center for
Drug Design, University of Minnesota, Minneapolis, MN, except for the time studies which were
performed on a Varian 200 MHz spectrometer. All chemical shifts are referenced to residual
undeuterated solvent. Data of proton spectra are reported as follows: chemical shift (multiplicity
[singlet (s), doublet (d), triplet (t), quartet (q) and multiplet (m)], coupling constants [Hz], and
integration). Carbon spectra (150 MHz) were recorded with complete proton decoupling and the
chemical shifts are reported in ppm (C) relative to solvent resonance as internal standard except
those in D,O where C¢Dg or CDsOD contained inside a coaxial insert was referenced as an
external standard. X-Ray structure determinations were performed by Victor G. Young, Jr. of the
X-Ray Crystallographic Laboratory, University of Minnesota, Minneapolis, MN. Mass spectra
were recorded on an Agilent G1960-6090 TOF mass spectrometer. Compound purity at 95% or
greater was determined by microanalyses performed by Atlantic Microlab, Inc., Atlanta, GA, or
by MHW Laboratories, Phoenix AZ. Unless stated otherwise, all the reagents were purchased
from commercial sources and used without additional purification.

Procedure for the preparation of 2,5-dihydroxy-1,4-dithiane-2,5-dicarboxylic_acid (6). A
solution of disodium 2,5-dihydroxy-1,4-dithiane-2,5-dicarboxylic acid tetrahydrate (0.25 g, 0.70
mmol) in H,O (2.5 mL) was applied to a column of ion-exchange resin Dowex 50WX8-200 (H™;
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4 mL, 7 meq), and was eluted with H,O until the eluate tested negative for the presence of
dithiane by KMnQO, stain on TLC silica plate. The resulting solution was then lyophilized to
yield a white solid.

Procedure for Preparation of salts 7a, c-f

Sulfanegen salts 7a, 7c-7f were prepared by addition of a 1.0 M solution of the desired amine (2
equiv.) in H,O to the solution obtained immediately upon eluting 2,5-dihydroxy-1,4-dithiane-
2,5-dicarboxlic acid (6), followed by lyophilization to constant weight to yield white solids.

Procedure for preparation of 2,5-Dihydroxy-14-dithiane-2,5-dicarboxylic _acid, bis-
((3R,4R,55)-3-Amino-6-(hydroxymethyl)-oxane-2,4,5-triol) _ sesquihydrate  salt __ (7Db).
Compound 7b was prepared by elution of a solution of glucosamine hydrochloride (2 equiv.)
through a column of ion-exchange resin Dowex 1X8-200 (HCOj'; 10 equiv.) and immediately
into the solution of 2,5-dihydroxy-1,4-dithiane-2,5-dicarboxylic acid until the eluate tested
negative for the presence of glucosamine by KMnQO, stain on TLC silica plate. The resulting
solution was lyophilized to constant weight to yield a white solid.

Characterization of compounds 6, 7a-f

2,5-dihydroxy-1,4-dithiane-2,5-dicarboxylic acid (6). Yield 99%. *H NMR (600 MHz, D,0):
5 2.94 (s, monomer), 3.02 (2H, d, J = 14.4 Hz, major isomer), 3.22 (2H, d, J = 14.4 Hz, minor
isomer), 3.64 (2H, d, J = 14.4 Hz, minor isomer), 3.91 (2H, d, J = 14.4 Hz). **C NMR (150
MHz, CDs;OD as external reference): 6 35.5, 76.3, 175.0. Anal. Calcd for C¢HgOsS,: C, 30.00; H,
3.36; S, 26.69. Found: C, 30.12; H, 3.44; S, 26.48.

2,5-Dihydroxy-1,4-dithiane-2,5-dicarboxylic acid, bis-((2R,3R,4R,5S)-6-
methylaminohexane-1,2,3,4,5-pentol) dihydrate salt (7a). Yield 99%. ‘H NMR (600 MHz,
D,0): 6 2.80 (6H, s), 2.87 (2H, d, J = 14.4 Hz, major isomer), 3.11 (2H, d, J = 14.4 Hz, minor
isomer), 3.19-3.28 (4H, m), 3.58 (2H, d, J = 14.4 Hz, minor isomer), 3.67-3.70 (4H, m), 3.77-
3.80 (2H, m), 3.83-3.86 (4H, m), 3.88 (2H, d, J = 14.4 Hz, major isomer), 4.12-4.15 (2H, m). *C
NMR (150 MHz, Cg¢Dg as external reference): 6 33.7, 36.7, 51.8, 63.4, 68.8, 71.2, 71.4, 71.6,
77.8, 177.6. Anal. Calcd for CyH42N2016S,:2H,0: C, 36.03; H, 6.95; N, 4.20; S, 9.62. Found: C,
35.82; H, 6.96; N, 4.27; S, 9.58. mp: 119-120 °C (dec.).

2,5-Dihydroxy-1,4-dithiane-2,5-dicarboxylic acid, bis-((3R,4R,5S)-3-Amino-6-
(hydroxymethyl)-oxane-2,4,5-triol) sesquihydrate salt (7b). Yield 99%. *H NMR (600 MHz,
D,0): 6 2.87 (2H, d, J = 14.4 Hz, major isomer), 3.03 (1H, m), 3.11 (2H, d, J = 14.4 Hz, minor
isomer), 3.33 (1H, m), 3.48-3.55 (3H, m), 3.59 (2H, d, J = 14.4 Hz, minor isomer), 3.71 (1H, m),
3.78-3.82 (2H, m), 3.85 (2H, d, J = 14.4 Hz, major isomer), 3.89-3.95 (4H, m), 4.96 (1H, d, J =
7.8 Hz), 5.47 (1H, d, J = 3.0 Hz). *C NMR (150 MHz, C¢Ds as external reference): & 36.6, 55.0,
57.4, 61.1, 70.4, 72.3, 72.7, 73.5, 76.9, 77.8, 85.0, 89.9, 93.5, 174.7, 177.6. Anal. Calcd for
C1sH34N2046S,-1.5H,0: C, 34.56; H, 5.96; N, 4.48; S, 10.25. Found: C, 34.50; H, 6.00; N, 4.39;
S, 10.25. mp: 126-128 °C.

2,5-Dihydroxy-1,4-dithiane-2,5-dicarboxylic acid, bis-(2-aminoethanol) dodranhydrate salt
(7¢). Yield 99%. 'H NMR (600 MHz, D,0): & 2.87 (2H, d, J = 14.4 Hz, major isomer), 3.16 (2H,
d, J = 14.4 Hz, minor isomer), 3.16 (4H, t, J = 5.4 Hz), 3.58 (2H, d, J = 14.4 Hz, minor isomer),
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3.85 (4H, t, J = 5.4 Hz), 3.88 (2H, d, J = 14.4 Hz, minor isomer). **C NMR (150 MHz, C¢Ds as
external reference): 6 36.7, 42.0, 58.3, 77.8, 187.1. Anal. Calcd for CyoH22N,07S;,-% H,0: C,
31.95; H, 6.30; N, 7.45; S, 17.06. Found: C, 31.95; H, 6.24; N, 7.38; S, 17.23. mp: 73-75 °C.

2,5-Dihydroxy-1,4-dithiane-2,5-dicarboxylic acid, bis-(2,2'-iminodiethanol) salt (7d). Yield
99%. 'H NMR (600 MHz, D,0): 6 2.85 (2H, d, J = 14.4 Hz, major isomer), 3.10 (2H, d, J =14.4
Hz, minor isomer), 3.28 (8H, t, J = 5.4 Hz), 3.59 (2H, d, J = 14.4 Hz, minor isomer), 3.88 (2H, d,
J = 14.4 Hz, minor isomer), 3.90 (8H, t, J = 5.4 Hz). *C NMR (150 MHz, C¢Ds as external
reference): 6 36.7, 49.6, 57.2, 77.8, 177.6. Anal. Calcd for C1oH30N2010S2: C, 37.32; H, 6.71; N,
6.22; S, 14.23. Found: C, 37.53; H, 6.77; N, 6.24; S, 14.18. Elucidation of structure via X-Ray
crystallography. Crystals were grown from MeOH/Et,0. mp: 104-105 °C.

2,5-Dihydroxy-1,4-dithiane-2,5-dicarboxylic acid, bis-(2,2",2"-nitrilotriethanol) salt (7e).
Yield 99%. 'H NMR (600 MHz, D;0): & 2.86 (2H, d, J = 14.4 Hz, major isomer), 3.09 (2H, d, J
= 14.4 Hz, minor isomer), 3.51 (12H, t, J = 5.4 Hz), 3.58 (2H, d, J = 14.4 Hz, minor isomer),
3.87 (2H, d, J = 14.4 Hz), 3.98 (12H, t, J = 5.4 Hz). *C NMR (150 MHz, CD30OD as external
reference): 6 36.8, 55.9, 56.2, 77.9, 177.7. Anal. Calcd for C;gH3sN,01,S;: C, 40.14; H, 7.11; N,
5.20; S, 11.91. Found: C, 39.84; H, 7.18; N, 5.32; S, 11.63. Elucidation of structure via X-Ray
crystallography. Crystals were grown from THF/acetone. Mp: 122-123 °C.

2,5-Dihydroxy-1,4-dithiane-2,5-dicarboxylic acid, bis-(2-amino-2-hydroxymethyl-propane-
1,3-diol) salt (7). Yield 99%. '"H NMR (600 MHz, D,0): & 2.86 (2H, d, J = 14.4 Hz, major
isomer), 3.10 (2H, d, J = 14.4 Hz, minor isomer), 3.58 (2H, d, J = 14.4 Hz, minor isomer), 3.75
(12H, s), 3.87 (2H, d, J = 14.4 Hz). ®*C NMR (150 MHz, CD;OD as external reference):
536.8,60.2,62.3,77.9, 177.8. Anal. Calcd for C14H3oN201,S;: C, 34.85; H, 6.27; N, 5.81; S,
13.29. Found: C, 34.74; H, 6.40; N, 5.73; S, 13.21. mp: 125-127 °C.

References

(1) Nagasawa, H. T.; Goon, D. J. W.; Crankshaw, D. L.; Vince, R.; Patterson, S. E. Novel, orally
effective cyanide antidotes. J. Med. Chem. 2007, 50, 6462-6464.

2,5-Dihydroxy-1,4-dithiane-2,5-dicarboxylic acid, bis-(2,2'-iminodiethanol) salt
(7d).CRYSTAL STRUCTURE REPORT
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Data collection

A crystal (approximate dimensions 0.34x 0.20 x 0.18mm3) was placed onto the tip of a 0.1 mm
diameter glass capillary and mounted on a CCD area detector diffractometer for a data collection
atl73(2) K.1 A preliminary set of cell constants was calculated from reflections harvested from
three sets of 20 frames. These initial sets of frames were oriented such that orthogonal wedges
of reciprocal space were surveyed. This produced initial orientation matrices determined from
58 reflections. The data collection was carried out using MoKo radiation (graphite
monochromator) with a frame time of 45 seconds and a detector distance of 4.8 cm. A randomly
oriented region of reciprocal space was surveyed to the extent of one hemisphere and to a
resolution of 0.77 A. Four major sections of frames were collected with 0.30° steps in  at four
different ¢ settings and a detector position of -28° in 26. The intensity data were corrected for
absorption and decay (SADABS).2 Final cell constants were calculated from 2978 strong
reflections from the actual data collection after integration (SAINT).? Please refer to Table 1 for
additional crystal and refinement information.

Structure solution and refinement

The structure was solved using Bruker SHELXTL* and refined using Bruker SHELXTL.4 The
space group P2;/n was determined based on systematic absences and intensity statistics. A
direct-methods solution was calculated which provided most non-hydrogen atoms from the E-
map. Full-matrix least squares / difference Fourier cycles were performed which located the
remaining non-hydrogen atoms. All non-hydrogen atoms were refined with anisotropic
displacement parameters. All hydrogen atoms were placed in ideal positions and refined as
riding atoms with relative isotropic displacement parameters. The final full matrix least squares
refinement converged to R1 = 0.0338 and wR2 = 0.0896 (F2, obs. data).

Structure description

The structure is the one suggested, except for the charges of the resultant cation and dianion. The
acid groups lose protons to the amine groups to form a classical organic salt. The dianion lies on
a crystallographic inversion center so ¥z of this group is unique. Included in the asymmetric unit
is one diethanolammine cation. The five protons are involved in unique hydrogen bonds.
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Data collection and structure solution were conducted at the X-Ray Crystallographic Laboratory,
192 Kolthoff Hall, Department of Chemistry, University of Minnesota. All calculations were
performed using Pentium computers using the current SHELXTL suite of programs.

1 SMART V5.054, Bruker Analytical X-ray Systems, Madison, WI (2001).
2 An empirical correction for absorption anisotropy, R. Blessing, Acta Cryst. A51, 33-38(1995).
3 SAINT+ V7.34A, Bruker Analytical X-Ray Systems, Madison, WI (2003).

4 SHELXTL V6.14, Bruker Analytical X-Ray Systems, Madison, WI (2000).

Some equations of interest:

R, = Z|F2-< F 2|/ Z|F 2
R, = Z[IF Rl 7 ZIF|
WR2 = [Z[w(F2-F 2] I Z[w(F2)2]]v2
where w = q/ [0(F 2) + (@*P)2 + b*P +d + e*sin(0)]

GooF =S = [Z[w(F2-F2)?] / (n-p)]+2
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Table 1. Crystal data and structure refinement for 09192a.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Density (calculated)
Absorption coefficient

F(000)

Crystal color, morphology
Crystal size

Theta range for data collection
Index ranges

Reflections collected

Independent reflections

09192a

CisHxo N, 01, S,
450.52

173(2) K

0.71073 A
Monoclinic

P2./n
a=7.7641(8) A

b =9.542(1) A

¢ =14.1303(14) A

1016.94(18) A3

1.471 Mg/m3

0.316 mm-!

480

Colorless, Prism

0.34 x 0.20 x 0.18 mm3

2.60 to 27.50°
-10<h<9,0<k<12,0<1<18
7216

2316 [R(int) = 0.0341]

S10

o = 90°
B =103.727(1)°

v =90°



Observed reflections
Completeness to theta = 27.50°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(1)]
R indices (all data)

Largest diff. peak and hole

1925

99.3%

Multi-scan

0.9453 and 0.9001

Full-matrix least-squares on F2
2316 /0/130

1.062

R1 = 0.0338, wR2 = 0.0836

R1 =0.0439, wR2 = 0.0896

0.495 and -0.253 e.A3
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Table 2. Atomic coordinates(x 104) and equivalent isotropic displacement parameters (A2x 103)

for 09192a. Uy, is defined as one third of the trace of the orthogonalized Uj; tensor.

X y z Ueq

s1 4854(1) 6688(1) 4507(1) 16(1)
c1 3248(2) 5825(2) 5089(1) 14(1)
C2 3167(2) 4251(2) 4885(1) 15(1)
c3 1455(2) 6538(2) 4628(1) 18(1)
01 795(2) 6300(1) 3736(1) 26(1)
02 826(2) 7297(1) 5173(1) 24(1)
03 3705(2) 6047(1) 6102(1) 21(1)
N1 4735(2) 4407(1) 7842(1) 16(1)
c4 4153(2) 5219(2) 8617(1) 22(1)
C5 2559(2) 6137(2) 8233(1) 24(1)
04 2947(2) 7372(1) 7754(1) 20(1)
C6 6390(2) 3575(2) 8224(1) 22(1)
C7 8017(2) 4501(2) 8431(1) 27(1)
05 8098(2) 5324(1) 7610(1) 24(1)
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Table 3. Bond lengths [A] and angles [°] for 09192a.

S(1)-C(2)#1
S(1)-C(1)
C(1)-0(3)
C(1)-C(2)
C(1)-C(3)
C(2)-S(1)#1
C(2)-H(2A)
C(2)-H(2B)
C(3)-0(2)
C(3)-0(1)
0(3)-H(3A)
N(1)-C(4)
N(1)-C(6)
N(1)-H(1A)

N(1)-H(1B)

C(2)#1-S(1)-C(1)
0(3)-C(1)-C(2)
0(3)-C(1)-C(3)
C(2)-C(1)-C(3)

0(3)-C(1)-5(1)

1.8096(16)
1.8427(15)
1.4071(18)
1.528(2)
1.547(2)
1.8096(16)
0.9900
0.9900
1.238(2)
1.263(2)
0.8400
1.496(2)
1.498(2)
0.9200

0.9200

98.94(7)
109.24(12)
110.30(12)
111.10(13)

110.62(10)

S13

C(4)-C(5)
C(4)-H(4B)
C(4)-H(4C)
C(5)-0(4)

C(5)-H(5B)
C(5)-H(5C)
O(4)-H(4A)
C(6)-C(7)

C(6)-H(6A)
C(6)-H(6B)
C(7)-0(5)

C(7)-H(7A)
C(7)-H(7B)

0(5)-H(5A)

C(2)-C(1)-S(1)
C(3)-C(1)-S(1)

C(1)-C(2)-S(1)#1
C(1)-C(2)-H(2A)

S(L)#1-C(2)-H(2A)

1.509(2)
0.9900
0.9900
1.427(2)
0.9900
0.9900
0.8400
1.512(2)
0.9900
0.9900
1.414(2)
0.9900
0.9900

0.8400

110.91(10)
104.61(10)
113.89(11)
108.8

108.8



C(1)-C(2)-H(2B)
S(1)#1-C(2)-H(2B)
H(2A)-C(2)-H(2B)
0(2)-C(3)-0(1)
0(2)-C(3)-C(1)
0(1)-C(3)-C(1)
C(1)-0(3)-H(3A)
C(4)-N(1)-C(6)
C(4)-N(1)-H(1A)
C(6)-N(1)-H(1A)
C(4)-N(1)-H(1B)
C(6)-N(1)-H(1B)
H(1A)-N(1)-H(1B)
N(1)-C(4)-C(5)
N(1)-C(4)-H(4B)
C(5)-C(4)-H(4B)
N(1)-C(4)-H(4C)
C(5)-C(4)-H(4C)
H(4B)-C(4)-H(4C)
O(4)-C(5)-C(4)
0(4)-C(5)-H(5B)
C(4)-C(5)-H(5B)

O(4)-C(5)-H(5C)

108.8
108.8
107.7
126.78(15)
116.30(14)
116.92(13)
109.5
113.15(13)
108.9
108.9
108.9
108.9
107.8
113.70(14)
108.8
108.8
108.8
108.8
107.7
113.73(14)
108.8
108.8

108.8

S14

C(4)-C(5)-H(5C)
H(5B)-C(5)-H(5C)
C(5)-0(4)-H(4A)
N(1)-C(6)-C(7)
N(1)-C(6)-H(6A)
C(7)-C(6)-H(6A)
N(1)-C(6)-H(6B)
C(7)-C(6)-H(6B)
H(6A)-C(6)-H(6B)
0O(5)-C(7)-C(6)
0(5)-C(7)-H(7A)
C(6)-C(7)-H(7A)
0(5)-C(7)-H(7B)
C(6)-C(7)-H(7B)
H(7A)-C(7)-H(7B)

C(7)-O(5)-H(5A)

108.8
107.7
109.5
111.45(14)
109.3
109.3
109.3
109.3
108.0
111.34(14)
109.4
109.4
109.4
109.4
108.0

109.5



Symmetry transformations used to generate equivalent atoms:

#1 -x+1,-y+1,-z+1
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Table 4. Anisotropic displacement parameters (A2x 103)for 09192a. The anisotropic

displacement factor exponent takes the form: -2r?[ h2a*2U,, + ...+ 2h ka*b* U, ]

Uy U, U Uy Uys Uy
s1 16(1) 13(1) 19(1) 3(1) 4(1) 1(1)
c1 15(1) 15(1) 13(1) 1(1) 3(1) 2(1)
C2 12(1) 14(1) 19(1) 1(1) 1(1) -1(1)
c3 14(1) 17(1) 22(1) 4(1) 4(1) 2(1)
01 20(1) 34(1) 20(1) -2(1) -1(1) 11(1)
02 22(1) 25(1) 26(1) 0(1) 8(1) 9(1)
03 25(1) 23(1) 14(1) -1(1) 5(1) 9(1)
N1 17(1) 13(1) 16(1) 0(1) 3(1) -1(1)
c4 32(1) 17(1) 17(1) 0(1) 7(1) 3(1)
C5 22(1) 19(1) 35(1) -1(1) 13(1) 0(1)
04 18(1) 16(1) 23(1) -2(1) -2(1) 0(1)
C6 22(1) 19(1) 23(1) 6(1) 4(1) 6(1)
C7 20(1) 38(1) 21(1) 5(1) 1(1) 3(1)
05 24(1) 24(1) 24(1) 0(1) 8(1) -2(1)
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Table 5. Hydrogen coordinates (x 10%) and isotropic displacement parameters (A2x 103)

for 09192a.
X y z U(eq)

H2A 2967 4102 4174 18
H2B 2139 3852 5093 18
H3A 3048 6671 6247 31
H1A 4926 5019 7375 19
H1B 3839 3807 7549 19
H4B 5149 5814 8963 26
H4C 3871 4553 9096 26
H5B 1653 5586 7771 29
H5C 2044 6414 8783 29
H4A 3849 7764 8099 30
H6A 6506 2853 7740 26
H6B 6304 3090 8830 26
H7A 7993 5123 8988 32
H7B 9092 3909 8613 32
H5A 8372 4814 7184 36
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Table 6. Torsion angles [°] for 09192a.

C2#1-51-C1-03 61.31(11)
C2#1-51-C1-C2 -60.06(13)
C2#1-S1-C1-C3 -179.93(10)
03-C1-C2-S1#1 -52.76(15)
C3-C1-C2-S1#1 -174.66(10)
S1-C1-C2-S1#1 69.43(13)
03-C1-C3-02 7.9(2)
C2-C1-C3-02 129.17(15)
$1-C1-C3-02 -111.10(14)
03-C1-C3-01 -172.90(14)
C2-C1-C3-01 -51.61(19)
$1-C1-C3-01 68.12(16)
C6-N1-C4-C5 176.13(14)
N1-C4-C5-04 -75.05(19)
C4-N1-C6-C7 -76.19(17)
N1-C6-C7-05 -52.99(19)

Symmetry transformations used to generate equivalent atoms:

#1 -x+1,-y+1,-z+1
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Table 7. Hydrogen bonds for 09192a [A and °].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
03-H3A...02 0.84 2.10 2.5979(16) 117.9
N1-H1B..04#2 0.92 1.92 2.8257(18) 166.2
N1-H1A..03 0.92 2.07 2.8640(18) 1437
04-H4A...01#3 0.84 1.80 2.6391(16) 1745
05-H5A...01#1 0.84 191 2.7454(17) 175.0

Symmetry transformations used to generate equivalent atoms:

#1 -x+1,-y+1,-z+1  #2 -x+1/2,y-1/2,-z+3[2 #3 x+1/2,-y+3/2,2+1/2

2,5-Dihydroxy-1,4-dithiane-2,5-dicarboxylic acid, bis-(2,2",2"-nitrilotriethanol) salt (7e).
CRYSTAL STRUCTURE REPORT

CoHi1aN Og S

Report prepared for:

A. Monteil / Prof. S. Patterson
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Victor G. Young, Jr.

X-Ray Crystallographic Laboratory
Department of Chemistry
University of Minnesota

207 Pleasant St. S.E.

Minneapolis, MN 55455
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Data collection

A crystal (approximate dimensions 0.40x 0.20 x 0.08mm3) was placed onto the tip of a 0.1 mm
diameter glass capillary and mounted on a CCD area detector diffractometer for a data collection
atl73(2) K.1 A preliminary set of cell constants was calculated from reflections harvested from
three sets of 20 frames. These initial sets of frames were oriented such that orthogonal wedges
of reciprocal space were surveyed. This produced initial orientation matrices determined from
49 reflections. The data collection was carried out using MoKa radiation (graphite
monochromator) with a frame time of 30 seconds and a detector distance of 4.8 cm. A randomly
oriented region of reciprocal space was surveyed to the extent of one sphere and to a resolution
of 0.77 A. Four major sections of frames were collected with 0.30° steps in  at four different ¢
settings and a detector position of -28° in 20. The intensity data were corrected for absorption
and decay (SADABS).2 Final cell constants were calculated from 2934 strong reflections from
the actual data collection after integration (SAINT).2 Please refer to Table 1 for additional crystal
and refinement information.

Structure solution and refinement

The structure was solved using Bruker SHELXTL# and refined using Bruker SHELXTL.# The
space group P2;/n was determined based on systematic absences and intensity statistics. A
direct-methods solution was calculated which provided most non-hydrogen atoms from the E-
map. Full-matrix least squares / difference Fourier cycles were performed which located the
remaining non-hydrogen atoms. All non-hydrogen atoms were refined with anisotropic
displacement parameters. All hydrogen atoms were placed in ideal positions and refined as
riding atoms with relative isotropic displacement parameters. The final full matrix least squares
refinement converged to R1 = 0.0339 and wR2 = 0.0886 (F2, obs. data).

Structure description

The structure is the one suggested. There is one-half dianion per asymmetric unit along with one
triethanolammonium cation. This is similar to the other two recent results.

Data collection and structure solution were conducted at the X-Ray Crystallographic Laboratory,
192 Kolthoff Hall, Department of Chemistry, University of Minnesota. All calculations were

S22



performed using Pentium computers using the current SHELXTL suite of programs. All
publications arising from this report MUST either 1) include Victor G. Young, Jr. as a coauthor
or 2) acknowledge Victor G. Young, Jrand the X-Ray Crystallographic Laboratory.
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SMART V5.054, Bruker Analytical X-ray Systems, Madison, WI (2001).
An empirical correction for absorption anisotropy, R. Blessing, Acta Cryst. A51, 33-38(1995).
SAINT+ V6.45, Bruker Analytical X-Ray Systems, Madison, WI (2003).

SHELXTL V6.14, Bruker Analytical X-Ray Systems, Madison, WI (2000).

Some equations of interest:

R, = Z|F2-< F2>|/ Z|F 2
R, = Z[|F -Fl / ZIF,|
WR2 = [Z[w(F 2-F 2)?] | Z[w(F2)2]]¥2
where w = q/ [0(F 2) + (@*P)2 + b*P +d + e*sin(0)]

GooF =S = [Z[w(F2-F 22 / (n-p)]+2

S24



Table 1. Crystal data and structure refinement for 09198a.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Density (calculated)
Absorption coefficient

F(000)

Crystal color, morphology
Crystal size

Theta range for data collection
Index ranges

Reflections collected

Independent reflections

09198a
CoHigaNOg S
269.31

173(2) K
0.71073 A
Monoclinic
P2./n
a=17.9344(9) A
b =5.7430(6) A
c=27.1743) A

1232.0(2) A2

1.452 Mg/m3

0.280 mm-?

576

Colorless, Plate

0.40 x 0.20 x 0.08 mm3
1.51to 27.51°
-10<h<10,0<k<7,0<I<35
14674

2825 [R(int) = 0.0364]

S25

o = 90°
B = 95.749(2)°

v =90°



Observed reflections
Completeness to theta = 27.51°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(1)]

R indices (all data)

Largest diff. peak and hole

2341

99.5%

Multi-scan

0.978 and 0.935

Full-matrix least-squares on F2
2825/0/158

1.047

R1 =0.0339, wR2 = 0.0827

R1 =0.0448, wR2 = 0.0886

0.458 and -0.323 e.A3
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Table 2. Atomic coordinates (x 10%) and equivalent isotropic displacement parameters (A2x 103)

for 09198a. Uy, is defined as one third of the trace of the orthogonalized Uj; tensor.

X y z Ueq

s1 5697(1) 6656(1) 5523(1) 18(1)
c1 5592(2) 3447(3) 5478(1) 16(1)
C2 4075(2) 2731(3) 5121(1) 16(1)
c3 5410(2) 2599(3) 6013(1) 19(1)
01 6755(2) 2172(3) 6265(1) 37(1)
02 3940(2) 2422(2) 6144(1) 27(1)
03 7096(1) 2551(2) 5318(1) 21(1)
N1 907(2) 7544(2) 6536(1) 20(1)
c4 -839(2) 6853(3) 6646(1) 34(1)
C5 -1326(2) 8197(4) 7094(1) 42(1)
04 -1109(2) 10610(3) 7031(1) 40(1)
C6 2249(2) 6431(3) 6887(1) 27(1)
C7 3890(2) 7767(4) 6901(1) 33(1)
05 3584(2) 10156(2) 6985(1) 37(1)
c8 1207(2) 7135(3) 6005(1) 26(1)
C9 338(2) 8947(3) 5664(1) 26(1)
06 636(2) 11245(2) 5847(1) 27(1)
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Table 3. Bond lengths [A] and angles [°] for 09198a.

S(1)-C(2)#1
S(1)-C(1)
C(1)-0(3)
C(1)-C(2)
C(1)-C(3)
C(2)-S(1)#1
C(2)-H(2A)
C(2)-H(2B)
C(3)-0(1)
C(3)-0(2)
0(3)-H(3A)
N(1)-C(6)
N(1)-C(4)
N(1)-C(8)
N(1)-H(1A)
C(4)-C(5)
C(4)-H(4B)

C(4)-H(4C)

C(2)#1-S(1)-C(1)

0@)-C(1)-C(2)

1.8122(15)
1.8484(15)
1.4084(18)
1525(2)
1.553(2)
1.8122(15)
0.9900
0.9900
1.233(2)
1.2565(19)
0.8400
1.499(2)
1.500(2)
1.502(2)
0.9300
1.524(3)
0.9900

0.9900

97.93(7)

110.07(12)

C(5)-0(4)

C(5)-H(5B)
C(5)-H(5C)
O(4)-H(4A)
C(6)-C(7)

C(6)-H(6B)
C(6)-H(6C)
C(7)-0(5)

C(7)-H(7A)
C(7)-H(7B)
0(5)-H(5A)
C(8)-C(9)

C(8)-H(8A)
C(8)-H(8B)
C(9)-0(6)

C(9)-H(9A)
C(9)-H(9B)

0(6)-H(6A)

0(R)-C(1)-CE)

C(2)-C(1)-C(3)

1.409(3)
0.9900
0.9900
0.8400
1.509(3)
0.9900
0.9900
1.416(3)
0.9900
0.9900
0.8400
1.513(2)
0.9900
0.9900
1.422(2)
0.9900
0.9900

0.8400

109.67(12)

111.71(12)



0(3)-C(1)-S(1)
C(2)-C(1)-S(1)
C(3)-C(1)-S(1)
C(1)-C(2)-S(1)#1
C(1)-C(2)-H(2A)
S(1)#1-C(2)-H(2A)
C(1)-C(2)-H(2B)
S(1)#1-C(2)-H(2B)
H(2A)-C(2)-H(2B)
0(1)-C(3)-0(2)
0(1)-C(3)-C(1)
0(2)-C(3)-C(1)
C(1)-0(3)-H(3A)
C(6)-N(1)-C(4)
C(6)-N(1)-C(8)
C(4)-N(1)-C(8)
C(6)-N(1)-H(1A)
C(4)-N(1)-H(1A)
C(8)-N(1)-H(1A)
N(1)-C(4)-C(5)
N(1)-C(4)-H(4B)
C(5)-C(4)-H(4B)

N(1)-C(4)-H(4C)

110.51(10)
109.79(10)
104.98(10)
114.46(10)
108.6
108.6
108.6
108.6
107.6
127.11(15)
115.15(14)
117.75(13)
109.5
111.82(13)
111.87(13)
112.84(13)
106.6
106.6
106.6
109.81(15)
109.7
109.7

109.7
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C(5)-C(4)-H(4C)
H(4B)-C(4)-H(4C)
O(4)-C(5)-C(4)
O(4)-C(5)-H(5B)
C(4)-C(5)-H(5B)
0(4)-C(5)-H(5C)
C(4)-C(5)-H(5C)
H(5B)-C(5)-H(5C)
C(5)-0(4)-H(4A)
N(1)-C(6)-C(7)
N(1)-C(6)-H(6B)
C(7)-C(6)-H(6B)
N(1)-C(6)-H(6C)
C(7)-C(6)-H(6C)
H(6B)-C(6)-H(6C)
0(5)-C(7)-C(6)
0(5)-C(7)-H(7A)
C(6)-C(7)-H(7A)
0(5)-C(7)-H(7B)
C(6)-C(7)-H(7B)
H(7A)-C(7)-H(7B)
C(7)-0(5)-H(5A)

N(1)-C(8)-C(9)

109.7
108.2
110.96(16)
109.4
109.4
109.4
109.4
108.0
109.5
110.83(14)
109.5
109.5
109.5
109.5
108.1
109.59(15)
109.8
109.8
109.8
109.8
108.2
109.5

111.95(14)



N(1)-C(8)-H(8A)
C(9)-C(8)-H(8A)
N(1)-C(8)-H(8B)
C(9)-C(8)-H(8B)
H(8A)-C(8)-H(8B)
0(6)-C(9)-C(8)
0(6)-C(9)-H(9A)
C(8)-C(9)-H(9A)
0(6)-C(9)-H(9B)
C(8)-C(9)-H(9B)
H(9A)-C(9)-H(9B)

C(9)-0(6)-H(6A)

109.2
109.2
109.2
109.2
107.9
111.96(13)
109.2
109.2
109.2
109.2
107.9

109.5
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Symmetry transformations used to generate equivalent atoms:

#1 -x+1,-y+1,-z+1
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Table 4. Anisotropic displacement parameters (A2x 103)for 09198a. The anisotropic

displacement factor exponent takes the form: -2r?[ h2a*2U,, + ...+ 2h ka*b* U, ]

Uy U, U Uy Uys Uy
s1 23(1) 14(1) 16(1) -2(1) 0(1) -1(1)
c1 18(1) 13(1) 19(1) 0(1) 1(1) 1(1)
C2 19(1) 13(1) 17(1) 1(1) 1(1) -2(1)
c3 24(1) 15(1) 19(1) 1(1) 0(1) -2(1)
01 29(1) 54(1) 27(1) 16(1) -6(1) -2(1)
02 26(1) 33(1) 21(1) 3(1) 5(1) -2(1)
03 18(1) 22(1) 23(1) -2(1) 0(1) 5(1)
N1 23(1) 16(1) 20(1) 2(1) 0(1) -1(1)
c4 24(1) 35(1) 40(1) 8(1) -3(1) -11(1)
C5 23(1) 75(2) 29(1) 18(1) 4(1) 4(1)
04 37(1) 56(1) 25(1) -3(1) -6(1) 17(1)
C6 29(1) 27(1) 24(1) 9(1) -2(1) 6(1)
c7 24(1) 51(1) 23(1) 10(1) -1(1) 4(1)
05 46(1) 45(1) 19(1) -3(1) 7(1) -19(1)
c8 37(1) 22(1) 20(1) -2(1) 0(1) 7(1)
C9 29(1) 25(1) 22(1) 2(1) -3(1) 2(1)
06 24(1) 20(1) 38(1) 2(1) 5(1) 0(1)
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Table 5. Hydrogen coordinates (x 10%) and isotropic displacement parameters (A2x 103)

for 09198a.
X y z U(eq)

H2A 3057 3550 5215 20
H2B 3883 1039 5158 20
H3A 7826 2397 5561 31
H1A 994 9141 6588 24
H4B -871 5160 6713 40
H4C -1661 7191 6356 40
H5B -2524 7870 7142 50
H5C -615 7670 7393 50
H4A -1844 11105 6813 59
H6B 2434 4809 6781 32
H6C 1866 6385 7222 32
H7A 4708 7151 7168 39
H7B 4385 7575 6583 39
H5A 3819 10936 6740 55
H8A 780 5571 5903 32
H8B 2440 7169 5975 32
H9A 756 8815 5334 31
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H9B

H6A

-897

1682

8642

11507

5625

5882

31

41
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Table 6. Torsion angles [°] for 09198a.

C2#1-S1-C1-03

C2#1-S1-C1-C2

C2#1-S1-C1-C3

03-C1-C2-S1#1

C3-C1-C2-S1#1

S1-C1-C2-S1#1

03-C1-C3-01

C2-C1-C3-01

S1-C1-C3-01

03-C1-C3-02

C2-C1-C3-02

S1-C1-C3-02

C6-N1-C4-C5

C8-N1-C4-C5

N1-C4-C5-04

C4-N1-C6-C7

C8-N1-C6-C7

N1-C6-C7-05

C6-N1-C8-C9

C4-N1-C8-C9

N1-C8-C9-06

61.24(11)
-60.37(12)
179.41(10)
-50.82(15)
-172.92(10)
71.05(12)
27.36(19)
149.68(15)
-91.39(15)
-152.68(14)
-30.35(19)
88.58(15)
76.94(19)
-155.90(15)
52.7(2)
-158.90(15)
73.42(18)
51.16(19)
-157.40(15)
75.46(19)

47.2(2)

S35



Symmetry transformations used to generate equivalent atoms:

#1 -x+1,-y+1,-z+1
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Table 7. Hydrogen bonds for 09198a [A and °].

D-H..A d(D-H) d(H...A) d(D...A) <(DHA)
03-H3A...06#2 0.84 2.38 3.1167(16) 146.8
N1-H1A...04 0.93 231 2.811(2) 113.2
N1-H1A...05 0.93 2.30 2.7805(19) 111.8
N1-H1A...06 0.93 2.34 2.8248(18) 112.1
O4-H4A...014#3 0.84 1.87 2.7042(17) 171.9
05-H5A...0244 0.84 1.84 2.6704(17) 168.7
06-HBA...02#4 0.84 1.93 2.7490(18) 163.6

Symmetry transformations used to generate equivalent atoms:
#1 -x+1,-y+1,-z+1 #2x+1ly-1z #3x-1y+1;z

#4 xX,y+1,2
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AM~12-452-H

Sample Naw
AW-12-452=-H

Data Collected on:
nmrE003-vonrs600

Archive directory:
Jiata/monteld3

Sample directory:
20121001 _AM=12-152=H_01

FidFile: AN-12-152-H_FROTON_O1

Pulse Saquence: PROTON (s2pul)
Salvent: d2o G
Data collected on: Dct 1 20123

<
Temp. 25.0 C s 298.1 K
Operator: monteild3

Relax. delay 2,000 sec

Pulse 45,0 degrees

Acq. time 1.704 ssc

Width $615.4 Hz

16 repetitions
OBSERVE Hl, 599.6671455 MH2z
DATA PROCESSING
FT size 32768
Total time & min 59 sec

¢ OH
:oco/ﬁ u/noo.._
on ®

3.922
ER2T

3.659
3.834
3.21%

~3.235

»rtﬁ}g ﬁsla>&611rLLx< rkﬁ)#?&»Fibﬁ et

3.031

2.%40

L

|
3.

[

[

2.0

8.03
]

2.5

ppm
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AM-12=452-H=13C

Sample Name:
AM~-12-452-H~13C
Data Collectad on:
i 003-vnmrs600
Archive directory:
sdata/monte103
Sample directory:
20121001 _AN-12-452-H-13C_01
FidFile: AM-12-452-H-13C_CARBON_Dt

Pulse Sequence: CARBON (s2putl)
Solvent: cd3od
Data cotlected on: Oct 1 2012

Temp. 25.0 € / 288.1 K
Operator: montel03d

Relax. delay 2.000 sec

Pulse 45.0 degrees

Acq. time 0.865 sec

Width 37878.8 Hz

256 repetitions

OBSERVE €13, 150.7862978 MH2
DECOUPLE H1, 589.6710621 MHz
Power 36 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 12 min

175.092

s OH
180/_M H_/ooo:
on S

6

76.350

49 .1€0

35.512

T
130

TR

T

129
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AM-11-352-M

Sample Name:
AN-11-352-M
Data Collected on:
NP6 003-vomrs6 00
Archive directory:
sdata/montel 03
Sampip directory:
20110518_AM~11-352-M_01
FidFile: AM-11-352-M_PROTON_01

Pulse Sequence: PROTON (s2pul)
Solvent: d2o

< v O N e o @ W S 0 @0 0 ) 00 e W e

. G T ownT oo G 8702878765L10585

Data collected on: May 18 2011 P VWO ODDIVBEI NI n DD G NN NN N o
E R R L L R e T T

Temp. 25.0 C 7 288.1 K

Operator: montel03

Relax. delay 2.000 sec
Pulse 45.0 degrees
Acg. time 1.709 sec

N\

\\

N\

\

W
A

Width 9515.4 Hz

16 repetitions
OBSERVE H1, 599.6801754 MHz
DATA PROCESSING
FT size 32768
Total time 0 min 59 sec

4.135
4.127
4,120

~
<
5
<
/ Hp OH OH s GH Hye OH OH
@ i \Z/\\/W\/ﬂ\/OI,OOO#H HTdOO.\Z/\\/W\/%\/OI
z , OH OH oH S OH OH
7a
|
»
C /
..... B i e B et S
7 6 5 4 2 1 ppm
2.18 2.220.3% 2.27 2.90

$.98 4.3¢ Z.130.30 6.34
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Sulfanegen_Neglumine_AM-11-352-M_

Sample Hams:
Suttanegen_Meglumine_AM-11-352-M_
Data Collected on:
 nRmr6003-vnmrs 600
Archive directory:
sdatasmontelnd
Sample directory:
20110518_Sulfanegen_Heglumine AM-11-352-W_ _01
FidFile: Sulfanegen_Meglumine_AM-11-352-M__CARBOM_D01

Pulse Sequence: CARBON (s2pul)
Solyent: cBus
Data collected on: Hay 18 2011

128.581
71.423
71.293
68.824
63.420

128.390

Temp. 25.0 C , 238.1 K
Operator: montel03

\..128.22%

—~

Relax. delay 2.000 sec

Pulse 45.0 degrses

Acqg. time 0.BE5 sec

Width 37878.8 Hz

256 repetittons

OBSERVE €13, 150.7896033 HH2
DECOUPLE H1, 599.6817821 MH2
Power 42 dB

continuously on

WALTZ-16 modulated

DATA PRDCESSING

Line broadening 0.5 Hz

FT size §5536

Total time 12 min

A
§1.852

~71.638

23.744

36.711

b OH OH s Wy OH OH
\Z/\\/\\/ﬁ\/OI.OOO OOO.\Z/\)/\\/W\/OI
OH OH on° OH GH
7a

77.817

177.64S

LR LS S B 00 0 e e e R S e a2 T e 0 N

220 200 180 160 140 120 100 a0 60 a0 20 1] ppm

LERALES A R I S 20l i I A
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AM-~11-354-0_8_

Sample Nama:
AM-11-354-G_§_
Data Collectad on:
nmré002-vrmrs6 00
Archive directory:
sdata/montelod
Sample directory:
20110606_AM-11-354-G_S__01
FidFile: AM~11-354-G_S__PROTON_DL

Pulse Sequence: PROTON (s2pul)
Solvent: .d2o
Data ¢ollected on: Jun 5 2011

5.461

5.4686

4. 88C

3.932

3.843

3.916
3.900

3.8889
3.86%
3.824

4
ot

2.85%

1.08

T T
4.0

LS PR S P

3.

6.3%5

2.50

1.01

3.0 ppm
L et e
0.18 2.0¢

0.84
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wc_qa:eumsln_coamws_=nl>x|p~|wmm:cl

Sample Name:
wcdﬁm:aenzxod:nomaa_:wzzzt-numw-ni
Data Collected on:
nmréoas-vnnrse 0o

Archlve directory:
/data/montel03
wmaw: directory:
2 nuomnalmzdqg:uas=fn~=numbl*:ni»zu»_;umw-m||a~ oH OH
F1dFile: Suifanegen_GTucosamine_AW-11-353-G__CARBON 61 s QH
6]
Pulse Sequence: CARBON (s2pul Q - "
Soivent: cGd6 ) nd o Ho 00C Coo- MO
Data collected on: May 24 2011 i B OH 3 OH
T NH,* OH NH,*
L B
B R
7b
™ P ﬁ
Fed
‘o
~N S A
o
< | E
-
= 2
H] . z
~
® o ge &
-ne ﬁ =3 N -t @
CE RN nwe B9
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, ,,.,,, . ) ' . . N )
1«114.-._“411_1 LI S et St i ot o (L LA M | | LIRSt R 441_194‘]41!1.JIF—]JJ:.«}AIJH;J{ln!.HJ].qlcﬂLr-{ﬁ«:_w:J]!_] .|~\...44€Tr 4’1\7454114'_‘4 VﬁJ\iﬂJ:l.«.ﬁ.ﬁﬁ«lJ’ijJIﬂf ..ﬂéilan\jnlﬁlz_"«li.v
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Sulfanegen_Ethanalamineg_ANM-11-346_ !

Sample Name:
m=_*==aum:lmp=a:o~ms_=wt>zx-.waml

Data Ma,_.._honxn Mno NH.*
net6403-vnmrs

Archive directory: HO™ 18 S
sdata/monteln3 .

Sample directory: 00C COO
»o_-caumlw=_mmzwucznmnza:cdns_:wl>z|u—-mae||=~

FidFile: mc_amsoeoslmp:b:odﬁs.:albznunnwamolvzaﬁaz 01 S

Pulse Sequence: PROTON {s2pul)
Solvent: d2o

Data collected on: Apr 25 2011 ri

4.840
3.838
“—3.829
3.171
3.152
3.153

Temp. 25.0 C ; 298.1 K
Operator: monte103

_—2.879

TTTTT—2.855

Reiax. delay 2.000 sec
Pulse 45.0 degrees

Acq. time 1.704 sec

Width 9615.4 Hz

32 repstitions

OBSERVE H1, 598.6801777 HHz
DATA PROCESSING

FT size 32768

Total time 1 min 59 sec

3.578
3,123

N

R s T T

4 3 4 1 ppm
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sulfanegen_sthanolami ne_AM-11-345_

Sample Name:
u.:nn:auo..lun.iso;-_:wxxznuTmaml
Data Collectad on:
Mrg003-vomrs600
Archive directory:
/data/monte103
Sample directory:
»a:aamulm.:ﬁn:mum:vnn?-:o_m..::ml»:n»auwan 01

FldFile: su 1fanegen_ethanciami ne_AM-11-345__ CARBON_01

Pulse Sequence: CARBON Amn_:.__u
Solvent: c6d6
Data collected on: Apr 27 2011

Temp. 25.0 C s 298.1 K
Operator: monte103

Relax. delay 1.000 seg
Pulse 45.0 degrees

Acg. time 0.865 sec

Width 37878.8 Hz

256 repetitions

OBSERVE G134, 150.7896039 MHz
DECOUPLE M1, 599.6817821 MHz
Power 42 da

cont inuously on

WALTZ-16 modulated

DATA PROGCESSING

Line broadening 0.5 Hz

FT size 55536

Total time 7 min 57 sec

187.15%

BRI B N e wt e o TET T T TR

28.364
128.210

128.525
1
T\

58.303
41.974
36,669

77.783

200 180 160

USRI NI i i e e e o

TY TP

A_.__:._...___..._..._1-_.41_.._. T

140 120 100 80 60 40 20

YT
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m:._ﬂ&:anm..lon)l):..:nw._u.cmP.
Sample Name:
M:_?w:aaw:lom»lg_s»-nm;uraﬂhl
Data Collected on:
NRr6003-vrmrs600
Archive directory:
/data/monte103
Sample directory:
m:»»camu:m.__m::mumslnmblhxn:.wawvamilo-
Fldfila: w:..:.:mmm:lamblbxu:nwaulumnllvmcdnzln_.
Plilse Sequence: PROTON (52pul)
Solvent: d2o q - o L B
Data coliected on: Apr 27 2011 p: =g - A HO OH
9 0 ol EY T
Temp. 25.0 C s 2%8.1 k _ OH
Operator: monte103 8
Relax. delay 2.000 sec ZI~+ -00C COO- +I~Z
Pulse 45,0 degrees
Acy. time 1.704 sec S
Width 3615.4 Hz OH
8 repetitions
CBSERVE  H1, 599.6801783 MHz HO 7d OH
DATA PROCESSING
FT size 32768
Totai time 0 min 30 sec
@
I
L3 o
o 23
] §®
- o~
~ @
~ am
an A=
@ &m g
n -4
114...l_.!l.l‘wi.fli(,_‘v\v!\\ﬂk T T T T 4‘11\4,7114.[{\1xd L I At T T ¥ T ¥ Alljvvi.il.":..?{_r.,!]r«ll..: T ‘<..4%1!!11‘11.?1]!‘4}\:Il_riwllqu
7 6 5 4 3 2 1 ppm
it Gt by gt e
9.31 0.16 .17

1.08 8.67 2.00
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m:_wn:wnazlom>o>:»~u:waunamal

Sample Name:
m:_aa:ona:lam»;»:#npnua-qm>|
Data Collected on:
nmré003-vanrss0q
Archive directory:
/data/monte103
Sampie directory:
ueunaa»ulmndﬁn:mnm= DEA_AM-11-347-DEA_ 01

FidFite: Sutfancgen_DEA_AH-11-347-DEA__PROTON o1

Pulse Sequence: CARBON {s2put)
Solvent: c6dé
Data collected on: Mar 25 z011

Temp. 25.0 C / 298.1 K
Operator: monte103

Relax. dalay 1.000 sec
Pulse 45.0 degrees

Acqg. time 0,865 ssc

Width 37878.8 Hz

256 repetitions

OBSERVE C13, 150.7896003 NHz
DECOUPLE Hi, 59%9,6817821 Hiz
Power 36 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 7 min 57 sec

177 .834

\_128.226

128.548

L1228 _387

HO

WG

OH

s
NH,* OOO/ﬁ CO0- *HN
oH S

7d

OH

77.814

57.230

49.641

36.716
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Sulfanegen_ TEA

Sample Name:
Sulfanegen_TEA
Data Collected on:
nmr6003-vnmrsGo0
Archive directoryr
Jdata/montelld
Sample direciory:
20121002_Sulfansgen_TEA_OL
FidFile: Sulfanagan_TEA_PROTON_01

Pulse Sequence: PROTON {s2pul)
Solvent: d20
bBata collected on: Oct 2 2012

Temp. 25.0 C 7/ 298.1 K
Operator: montel03

Relax. delay 7.000 sec

Pulse 45.0 degrees

Acq. time 1.704 sec

Width 9615.4 #z

8 repstitions
OBSERVE Hl, 599.6671425 MH2
DATA PROCESSING
FT size 32768
Total time 0 min 30 sec

4.860

o hd - m
BE ot B
L @ fon
™” L] m )
j \_ OH
A HO w s §1
NN .oo.u/ﬁu_/
ks
CH
7e
o
=3 o,
e 5
Vo
E
o
oW &g
o EE:
|
!
|
|- i |
i W !
Q\ E + .
VA WY ri I gﬁ

L e B e . [t
4.0 3.5
[T [

13.18 0,15
2.18 13.23 2.00
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Sulfanegen_TEA_13C

Sample Names
Sulfanegen TEA_13C
Data Collacted on:
nAr6003-ynmrs600
Archive directory:
/data/montel03
Sample directory:
20121002_Sulfanegen_TEA_13C_01
FidFile: M:_ﬂz:mna:ldmhlnunln>=50210~ CH
Pulse Sequence: CARBON (s2pul w OH
Solvent: cd3od ¢ ! IO!/l $
NH* -00C COC
N on’

WA

Data collected on: Oct 2 2012

Temp. 25.0 C / 298.1 K
Opsrator: montel03 OoH 7e

5 " § o~ w,g

Relax. delay 2.000 sec
Pulse 45.0 degrees M
Acq. time 0.865 sec o
Width 37878.8 Hz X e
256 repetitions <
OBSERVE C13, 150.7863001 MHz I
OECOUPLE H1, 599.6710621 MHz

Power 36 dB

continuously on -
WALTZ~16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 12 min

\\—49.012
\_48.866
e 36,869

177.790
77.968

" T v ; bk . Lot .
..JJ}:J.__M_«:__..____]|ij4114|.14.._,::___:___,t:.__._‘_...._._.._:_.__..:4111.1_..____1W_M::q_.__q_\_:“._,___...JJJJJJJ(

220 200 180 160 140 12¢ 100 80 61 40 Z0 0 ppm
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AM=12-457-Tris

Sample Name:
AK-12-452-Tris

Data Collected on:
nrb003-vnmrs600

Archive directory:
sdata/montel03

Sample directory:
20121002_AN-12-457-Tris_02

Puise Sequence: PROTON (s2pul)
Solvent: d2o
Data collected on: Oct 2 2012

Temp, 25.0 C ¢/ 298.1 K
Opérator: monteld3

Relax. delay 2.000 sec
Puise 45.0 degrees

Acq. time 1,704 sec

Width 9615.4 Hz

16 repetitions
CBSERVE H1, 539.6671413 MHZ
DATA PROCESSING
FT size 32768
Total time 0 min 59 seg

e it T _ T 7

FidFile: AH-12-457-Tris_PROTON_01
q N oylen ke o o
T QDI 0 r~
b e 18 e
- n-n? Uu Ws L
Ho s .o OH
-00C COO-
HO N+ S HN OH
HO OH OH
K
=3
L]
" o8
m -3
3L EJm
A A -4
! H
J
Y . v 1 ! T Y : : e T ey v ; R
6 3 2 1 ppm

2,11 0.4
13.520. 16
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AM=12-457-Tris-13C

Sample Name:
AM-12-457=Tris=-13C
Data Collected on:
nmr6003-vnmrs600
Archive directory:
/data/montel03
Sample directory:
20121062_AM-12-457-Tris-13C_01
FidFile: AM-12-457-Tris-13C_CARBON_01

Pulse Sequence: CARBON (s2pul)
Solvent; cd3od
Data collected on: Oct 2 2012

Temp. 25.0 C 7 298.1 K
Operator: montel03

Relax. delay 2.000 sec
Pulse 45.0 degrees

Acq. time 0.885 sec

Width 37878.8 Hz

512 repetitions
OBSERVE C13, 150.7863036 MHz
DECOUPLE M1, 599.6710621 MHz
Power 36 dB

cont inuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hz
FT size 65536
Total time 24 min

177.798

HO s.FH OH
-00C coo
O~ s M
HO OH OH
i

?77.845

62.328

£0.228

49.434

4%.288
49.150

\ 49.004
48.721

36.830

AL S e S e e e LS00 At e e

180 1560
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NMR studies on Sulfanegen sodium (2)

1) At physiological pH in Phosphate buffer

Phosphate buffer was made up by mixing solutions of 0.1 M dipotassium
deuterophosphate and 0.1 M potassium dideuterophosphate in D,O and adjusting the pD to 6.99
(pH 7.4). To ca 0.7 mL of this solution in an NMR tube was added 0.6 mg t-Butyl alcohol
(0.008 mmole) as internal standard and 5.7 mg (0.032 mmole) Sodium mercaptopyruvate just
before starting to run NMR spectra. This was run on a 200 MHz (Varian) autosampler machine.

Time Percent exchanged
0 0

15 min 11%

30 min 19%

45 min 27%

70 min 34%

2 hrs 50%
3%hrs 67%
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2) AtpHcalo

0.1M DCI (ca 0.7 mL ) was placed in an NMR tube to which was added 0.8 mg (0.01 mmole) t-
Butyl alcohol (as internal standard) and 5.3 mg (0.030 mmole) Sodium mercaptopyruvate
immediately before starting to run spectra. This was run on a 200 MHz autosampler
spectrometer (Varian) This time the protons did not exchange over 4 d, but the isomer ratio
changed dramatically as the less abundant isomer went from a trace up to about 30% with a half-
life of ca 1 hour. At 19 d 75% of the protons were exchanged.

Time % smaller isomer
0 Trace

30 min 12%

60 min 15%

22 hrs 26%

4 days 30%
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TR rHéluow £x

o

5

University of
Dapartmant of
VAC-200

Pulse Seguence: a2

Upaert htnjfa
Sample: 4
8pin rate: 24
Date: Hep. ‘11, 2008
Belvant: D20

¥ile: 0402
sStaxrting Tize: 15143114
Compietion Time: 15:50:54
Total acqg. time 1 winute

UNITY-208 “*wvaclO0"
Aabient temperature

PULSE SEQUENCE

Relax. delay 1.500 sec
Pulse 45.0 degreas

Acqg. time 2.000 sec

Width 4002.4 Hz

16 repstitions
OBSERVE H1, 200.1214264 MHx
DATA PROCESSING

Line broadening 0.1 Hz

FT aize 32768

Sulfanegen

At physiological pH (pD 6.99) in Phosphate buffer
Time =0

] ™ i
—_— st 1 —
v Aok ghagtostipintonpr o v MMy g o ..ri,}i!!!ric. ?
T T T T T T T 3 3 » T T T T T T T T T T T T T L3 T 2 T T T T T T T T T 3 T ¥ T T T T ¥ T T T T T ™
10 9 8 7 6 5 3 2 1 ppm
87.03 — AT _
5.01
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3
L.708
4.70%
4.70,
4.69

i.60%
668K
&.680
4.675
6.675
4.67

4.67

5

4.668
4.665
4.663
4.652

JPC XIV-103 NaNg clm pliys
EEEEE
University of um.ﬂlononi.
papartment of i€
VAC-200

4.73,
4.73§
i.72%
4.69p
4.69
4.68
4.64%
£.639
4.636
4.638
£.631
&.626
4.624
4.622
4.619
4,618
£.612
4.607
4.604
4.596
£.593
4.591
4.589
4.586
4.584
4.581
4.579
4.574
4.571
\—4.569
4.567
4.564
4.562
4.557
4.534.
4.529
4.526
4.524
4.521
4.519
€.517
4.518
4.512
£.509
3.690
3.634
3.618
2.682
2.632
2.612
1.052

—4.72

—

Pulse Sequence: 83

Usex: htujfe
Sampla: 11

Epin rate: 24

Date: 8ep. 11, 2008
Solvent: D10

rile: 1102
Btarting Time: 17141250
Completion Tima: i7:49:12
Total acq. tims 1 minpute i

UNITY-100 *“vacilio™
Anbient temparature /

PULSE SEQUENCE A
Relax. delay 1.500 sec :
Pulse 45.0 dagress .
Acq. time 2.000 sec
Width 4002.4 Hz - |
16 rapetitions

OBSERVE H1, 200.12]14264 MHEz
DATA PROCESSING
Line broadening 0.1 Ez
¥T aize 32768

Sulfanegen

At physiological pH (pD 6.99) in Phosphate buffer

Time = 2 hrs- 50% exchanged
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JPC XIV-103 Namm

o
University of umw
Departmsnt of -

vac-200
Pulse Segquance: 82

—4.586
4.584
4.568
4.565
4.563
4,560

Datas Bep. il, 2008
golvents D20

rile: 1502

Staxting Time: 19:09:47
completion Tima: 19:17:10%
Total acqg. time 1 minute

UNITY-200 ®wvac200"
Amblant tempsrature
PULSE BEQUENCR

Relax. dslay 1.500 sec / :

Pulse 45.0 degrees

Acg. time 2.000 sec

width 4002.4 Xz

16 repetitions

OBSRERVE El, 200.1214264 MHEZ
DATA PROCEESING

Line broadening 0.1 Bz

2T siza 32768

Sulfanegen
At physiological pH (pD 6.99) in Phosphate bufter

Time =3 V2 hrs- 67% exchanged

A I e — —
— , N
L L T T B A B R S B AL S A B T T
10 9 8 7 6 5 4 3 2 1 ppm
P ’ AT

2.16 3.02
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JFC XIV-103 Na¥P 3n 0.1 NDCL pD 0.8 tiu = 0

E
7
Edonn»n%anﬁnbonoal L
Departmant of Chenistry - -
VAC-200

Puloe Hegquenca: alpul -
User:

Sample:
Spin rTate: 24

16140:01
Completion Tima: 16:46:50
Total acqg. time 1 minutae
UNITY-200 “vac200"
Anbient tempsraturs

PULSE SRQUENCE

Relox. delay 1.500 sec
Pulss 45.0 degreas

Acqg. tima 2.000 sec

Width 4002.4 Hx

16 repatitions

OBEERVE  H1, 200.1214264 MHz
DATA PROCESSTING

Line broademing 0.1 Hx

FT size 32768

Sulfanegen

AtpD ca 0.7 (pH ca 1.0)

rdx
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Time =0 ’
|
_/ A _
I:—'I"K—’ T T T T _ T T L1 T — T L4 T T — T Ll L4 T _ T T T L] T 1 T L] T T T T T T _ T T T _ T I ™
10 9 8 7 6 5 4 3 2 1 pm
— | SO — [
82,30 3.5 3.3



- e PR b oak aE KA ST R Y P

s

2FG XIV-103 NoMP in 0.1 X DCL-pD 0.8 time = 60 min

R EPERER R P
University of Minnesota ErooohoYeoeweweY.
Department of Chewimtry IR R LR R R CE R R R R
VAC-200

Pulse Saquenca: sipul

Usert htn) fo

Bample: 18

8pin rate: 23

Datet Sap. 18, 2008
Solvent: D20

rile: 1602

gtarting Tima: 17:41102 i
Completion Time: 17:48:37 [~
Total acq. times 1 minute

UNITY-200 "vac200* !
Ambisnt tempsrature

PULSE BEQUENCE .
felnx. delay 1.500 mac
Pulse 45.0 degreea i
Acqg. time 2.000 sec I
wWidth 4002.4 Hz ,
16 repatitions R y

OBSERVE H1, 200.1214264 MHxz

DATA PROCESSING
Line broadening 0.1 Hz
¥T size 32768

—

Sulfanegen

At pD 0.7 {pH ca 1.0)

time = 60 min - no exchange
but 15% less abundant isomer

4.646
4.644
4.641
4.639
4.636
4.634
4.631
4.629
£.626
4.624
4.622
4.619
4.617
4.614
4.612
4.602
4.601
4.543
3.741
3.669
2.834
2.783
1.036
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Pulse Baquenca: 82

Usexs btndfe
Baxple: 219
8pin zate: 24
Dats: Sap. 22, 2008
Bolvent: D20

rile: 3902

Starting Time: 19243217
Completion Timer 19150:15
Total acg. tims 1 minuts

UNITY=200 *vac2Q0*
Aabisnt texpsrature

PULSE BEQUENCE

Relax. delay 1.500 sec
Pulse 45.0 degrees

Acq. time 2.000 sec

width 4002.4 Hx

16 repatitions N
OBSERVE  H1, 200.1214264 MHx
DATA PROCESSING

Line broadening 0.1 Hz

¥T aize 32768

Sulfanegen
Time = 4 d - still no exchange
but 30% less abundant isamer

4

n
™

.
-

4.75
4.7
&.74

;

4.73
4.73
4.73
4.729
4.727
4.724
4.7322
~4.713
4.714
4.712
4.709
4.707
4.705
&.702
£.700
6.657
£.695
4.692
4.684
6.681
&.679

4.676
4.674

p -
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o]

HS\)J\COQH

1
Figure 1. 3-Mercaptopyruvic acid (3-MP), the endogenous substrate for 3-MST

g 1 SH
Naozc\]: j\COZNa.—_- NaOQC\’[ -
s sy
HO HO
2 3 0
SH 0
NaO,C HS
\ﬁsxycoz”a == \/ILCOZNa
HO 1a
4 OH

Figure 2. Chemical equilibria of dithiane 2

Scheme 1. Synthesis of sulfanegen salts 7a-f

s OH
CO,H
B Yy 0 2, Naozc\J: j\COZNa b,
O S
OH
S 5 OH
HOzC\,: :l\CC}zH L.-ozc{ j\cog 2 M*
S S
HO ¢ HO = 7a-f
, H, OHO OH
M™: N* M L4
NAAoH Hom
OH OH HO OH
NH;
7a 7b
. HO._~ ¢ ~_OH
HaN~-OH i e
H,
Tc 7d
OH HO
HO\/\\Nv\,OH HO NH,
H HO
7e 7f

*Reagents and conditions: (a) 2 molar equivalents NaHS, ethanol, o °C; (b) Dowex-50WX8, H" form, 7 equivalents; (c)

2 equivalents of a biocompatible amine (M).
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