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General Experimental Section

All anhydrous solvents, reagent grade solvents for chromatography and starting materials were
purchased from either Aldrich Chemical Co. (Milwaulkee, WI) or Fisher Scientific (Suwanee,
GA). All reactions were conducted under argon unless otherwise noted. Solvents were removed
in vacuo on a rotary evaporator. All compounds are >98% pure by HPLC analysis and MIC
values reported are the average of three individual measurements. Water was distilled and
purified through a Milli-Q water system (Millipore Corp., Bedford, MA). General methods of
purification of compounds involved the use of either silica cartridges purchased from AnalLogix,

Inc. (Burlington, WI; www.ana-logix.com) or column chromatography with silica gel (230-400

mesh) purchased from Silicycle, Quebec city, Canada. The reactions were monitored by TLC on
precoated Merck 60 Fs4 silica gel plates and visualized using UV light (254 nm). All compounds
were analyzed for purity by HPLC and characterized by *H and *C NMR using Varian 300MHz,
500 MHz NMR and/or Bruker 400 MHz NMR spectrometers. Chemical shifts are reported in
ppm () relative to the residual solvent peak in the corresponding spectra; chloroform & 7.26 and
8 77.23, methanol 6 3.31 and 6 49.00 and coupling constants (J) are reported in hertz (Hz)
(where, s = singlet, bs = broad singlet, d = doublet, dd = double doublet, bd = broad doublet, ddd
= double doublet of dublet, t = triplet, tt — triple triplet, q = quartet, m = multiplet) and analyzed
using 1D NMR processor (ACD/SpecManager) purchased from ACD labs (Product version
11.03). Melting points were measured on a Thomas-Hoover capillary melting point apparatus
and are uncorrected. The Mass spectra values are reported as m/z and HRMS analyses were
carried out with a Bruker MicroOTOF-Q II, electrospray ionization time-of-flight mass
spectrometer. All new compounds were thoroughly characterized and previously known

compounds were characterized only by *H NMR.
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(S)-(3,5-Dinitrophenyl)(2-methyl-1,4-dioxa-8-azaspiro[4.5]decan-8-yl)methanone (11)

S-(+)-1,2-Propanediol (2.48 g, 31.57 mmol) and the 4-piperidone monohydrate hydrochloride
(5 gm, 31.57 mmol) were dissolved in 50 mL of benzene. Then p-TsOH (543 mg, 3.15 mmol)
was added and the reaction was heated to reflux with a Dean-Stark trap on to collect the water.
After 13 h, the reaction mixture was concentrated. The crude residue was dissolved in
dichloromethane and washed with saturated aqueous sodium bicarbonate solution (2 X 50 mL).
The organic phase was separated, dried (MgSQO,), filtered, and concentrated to yellow oil to
obtain (S)-2-Methyl-1,4-dioxa-8-azaspiro[4.5]decane (10). The crude product was used without
further purification for EDC-mediated coupling with benzoic acid analogues. *H-NMR (400
MHz, CDCls) 6 8.34 (s, 1H), 4.20 (m, 1H), 4.03 (ddd, J = 5.7Hz, J = 8.0Hz, J = 9.6Hz, 1H), 3.41
(dt, J = 4.3Hz, J = 7.8Hz, 1H), 3.26 (m, 1H), 2.63 (m, 2H), 1.97 (m, 2H), 1.72 (m, 2H), 1.24 (d, J
= 6.1Hz, 3H).

To a solution of 10 (0.16 g, 0.98 mmol) in acetonitrile (10 mL) was added EDCHCI (0.26 gm,
1.34 mmol) and DMAP (0.22 gm,1.79 mmol) and 3,5-dinitrobenzoic acid (0.2 gm, 0.9 mmol).
The reaction mixture was then stirred for 22 h at room temperature. The reaction mixture was
then evaporated in vacuo. The crude residue was dissolved in dichloromethane and washed with
10% aq sodium bicarbonate solution (2x) followed by 0.5M citric acid solution (2x) and brine.
The organic layer was separated, dried (Na,SO,), filtered and evaporated. The crude residue was
purified by column over silica gel using 10% EtOAc: DCM to afford 0.18 gm (59%) of white
solid (mp = 179 °C -182 °C). *H NMR (CDCl3) & 9.10 (t, J = 2.1 Hz, 1H), 8.60 (d, J = 2.0 Hz,
2H), 4.28 (br. s., 1H), 4.18 - 4.02 (m, 1H), 3.92 (br. s., 2H), 3.50 (br. s., 3H), 1.85 (br. s., 2 H),

1.70 (br. s., 2 H), 1.46 - 1.24 (m, 3 H). *C NMR (CDCl3) & 165.4, 148.7, 139.6, 127.5, 119.9,
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106.6, 72.6, 71.0, 46.2, 41.0, 37.1, 36.2, 36.0, 35.1, 18.6. MS (HR-ESI) CisH17N30; (M + H) *

calcd 352.1147, found 352.1139.

(S)-(2-Methyl-1,4-dioxa-8-azaspiro[4.5]decan-8-yl)(3-nitro-5-(trifluoromethyl)phenyl)
methanone (12)

Compound 12 was synthesized in 82% yield from 3-nitro-5-(trifluoromethyl) benzoic acid
using the same general procedure described for 11. (mp = 125 °C - 128 °C) *H-NMR (CDCls) &
8.53 (s, 1H), 8.44 (m, 1H), 8.01 (s, 1H), 4.26 (m, 1H), 4.09 (m, 1H), 3.87 (m, 2H), 3.50 (m, 3H),
1.83 (m, 2H), 1.70 (m, 2H), 1.29 (m, 1H). *C NMR (CDCls) & 166.26, 148.39, 139.05, 133.21,
132.93, 129.90, 129.87, 125.32, 123.70, 121.90, 121.87, 121.84, 121.81, 121.52, 106.72, 72.58,

71.00, 18.57. MS (HR-ESI) C16H17F3sN»Os (M + H) * calcd 375.1162, found 375.1155.

(R)-3, 5-Dinitro-N-(1-phenylethyl)benzamide (14)*
Compound 14 was synthesized in 41% yield from 3,5-dinitrobenzoic acid using the same
general procedure described for 11.*H NMR (CD3OD) & 8.97 - 8.87 (m, 1 H), 8.64 (s, 1 H), 8.54

(s, 1H),7.44 - 7.13 (m, 4 H), 5.23 (q, J = 7.0 Hz, 1 H), 1.57 (d, J = 7.2 Hz, 3 H)

(R)-3-Nitro-N-(1-phenylethyl)-5-(trifluoromethyl)benzamide (15)
Compound 15 was synthesized in 79% yield from 3-nitro-5-(trifluoromethyl) benzoic acid
using the same general procedure described for 11. *H NMR (CDCls) & 9.12 (t, J = 2.1 Hz, 1 H),

9.00 (d, J = 2.2 Hz, 2 H), 7.43 - 7.19 (m, 5 H), 5.41 - 5.23 (m, 6 H), 1.66 (d, J = 6.9 Hz, 3 H)

General procedure for the reaction of thiols with compound 11
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To a solution of 11 (0.075 g, 0. 21 mmol) in 9 mL of acetonitrile and 2 mL of water was added
Boc-cysteamine (0.19 g, 1.07 mmol) dropwise in a 20 mL scintillation vial. The apparent pH of
the reaction mixture was adjusted to pH 11-12 by dropwise addition of a 1IN NaOH solution. The
reaction mixture turned dark red-brown during this process. The scintillation vial was then
capped tightly and the reaction mixture was stirred at room temperature and monitored by TLC
and LC/MS. After 24 h, the reaction mixture was partitioned between ethyl acetate and water.
The organic layer was separated and the aqueous layer was washed with ethyl acetate (2x 10
mL). The combined organic layer was washed with brine, dried (Na,SO,), filtered and
evaporated in vacuo. The crude residue was purified by column chromatography using hexanes:
EtOAc (1:1). Approximately 11 mg (15%) of the starting material was recovered after column

along with 19 and 24.

(2)-1,2-bis(3-((S)-2-Methyl-1,4-dioxa-8-azaspiro[4.5]decane-8-carbonyl)-5-nitrophenyl)
diazene oxide (19)

Yellow solid (yield = 36% , mp = 229-230 °C) *H NMR (CDCls) & 9.23 (d, J = 2.0 Hz, 1 H),
9.11 (d, J = 1.8 Hz, 1 H), 8.74 (d, J = 1.5 Hz, 1 H), 8.55 (d, J = 1.5 Hz, 1 H), 8.53 (d, J = 1.5 Hz,
1 H),8.37 (d, J=15Hz, 1 H), 4.29 (br s, 2 H), 4.17 - 4.03 (m, 2 H), 3.95 (br s, 4 H), 3.66 - 3.44
(m, 6 H), 1.87 (br s, 4 H), 1.74 (br. s., 4 H), 1.27 (d, 6 H). °C NMR (CDCl5) & 166.9, 166.0,
148.7, 148.6, 148.5, 143.9, 139.1, 138.4, 129.7, 126.7, 125.7, 123.6, 121.7, 119.0, 106.9, 106.7,
72.6,72.5, 71.0, 46.1, 40.9, 37.2, 36.3, 36.0, 35.1, 18.6. MS (HR-ESI) C30H34NgO11 (M + H) *

calcd 655.2358, found 655.2337.

tert-Butyl 2,2'-disulfanediylbis(ethane-2,1-diyl) dicarbamate (24)
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White solid (yield = 0.17 g, 46 %, mp = 103-104 °C) *H NMR (CDCls) & 5.19 - 5.08 (m, 1 H),
3.42 (q, J = 6.0 Hz, 2 H), 2.77 (t, J = 6.4 Hz, 2 H), 1.42 (s, 9 H) *C NMR (CDCls) & 156.0, 79.6,

39.4, 38.5, 28.5. MS (HR-ESI) C14H2sN204S, (M + Na) " calcd 375.1383, found 375.1405.

General procedure for the reaction of thiolates with compound 11

To a solution of 11 (0.075 g, 0. 21 mmol) in 9 mL of acetonitrile and 2 mL of water was added
sodium methanethiolate in a 20 mL scintillation vial and then the vial was capped tightly. The
reaction mixture immediately turned dark red-brown as soon as sodium methanethiolate was
added. The reaction mixture was then stirred at room temperature and monitored by TLC and
LC/MS. The reaction mixture was worked up the same way as described in the general procedure

for the reaction of thiols with compound 11 described above.

(S)-8-amino-2-(2-Methyl-1,4-dioxa-8-azaspiro[4.5]decan-8-yl)-6-(trifluoromethyl)-4H-
benzo[e][1,3]thiazin-4-one (16)

Compound 16 was isolated from the reaction of 3 (0.3 g, 0.7 mmol) with sodium
methanethiolate in 17 % vyield (48 mg). Yellow solid (mp = 256-257 °C), *H NMR (CDCls) &
8.19 (s, 1 H), 7.09 (d, J = 1.5 Hz, 1 H), 4.34 - 4.20 (m, 1 H), 4.08 (dd, J = 5.8, 8.1 Hz, 2 H), 3.98
(br.s., 3H), 3.47 (t, J = 7.9 Hz, 1 H), 1.89 - 1.69 (m, 4 H), 1.28 (d, J = 6.0 Hz, 3 H). ©*C NMR
(CDCl3) 6 169.1, 159.9, 142.2, 124.0, 118.1, 114.4, 106.9, 72.7,71.1, 44.4, 36.6, 35.3, 18.6. MS

(HR-ESI) C17H15FsN203S (M + H) *caled 402.1194, found 402.1122.

(S)-8,8"-((E)-Diazene-1,2-diyl)bis(2-((S)-2-methyl-1,4-dioxa-8-azaspiro[4.5]decan-8-yl)-6-

(trifluoromethyl)-4H-benzo[e][1,3]thiazin-4-one) (27)
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Compound 27 was isolated from the reaction of 3 (0.3 g, 0.7 mmol) with sodium
methanethiolate in 2 % yield (10 mg) Yellow-orange solid, *"H NMR (CDCls) & 8.98 - 8.90 (m, 1
H), 8.15 (d, J = 1.8 Hz, 1 H), 4.40 - 4.23 (m, 1 H), 4.13 (dd, J = 5.5, 8.1 Hz, 2 H), 4.04-3.81 (m,
3H), 3.52 (t, J = 7.9 Hz, 1 H), 1.87 (br. s., 4 H), 1.33 (d, J = 6.0 Hz, 3 H). *C NMR (CDCls) &
167.5, 161.4, 147.0, 138.9, 131.0, 125.4, 116.9, 106.7, 72.8, 71.1, 33.6, 32.2, 29.9, 29.6, 23.4,

22.9, 18.6. MS (HR-ES') C34H3FsN6O6S, (M + H) +calcd 799.1802, found 799.1826.

Procedure for the reaction of KCN with 11.

To a solution of 11 (0.52 g, 1.47 mmol) in 20 mL of acetonitrile and 5 mL of water was added
KCN (0.19 g, 2.95 mmol) in a 50 mL round bottom flask which was capped with a rubber
septum. The reaction mixture immediately turned bluish-purple as soon as potassium cyanide
was added. The reaction mixture was then stirred at room temperature for 3-4 h and monitored
by TLC and LC/MS. The reaction mixture was then partitioned between ethyl acetate and water.
The organic layer was separated and washed with brine, dried (Na,SO,) and concentrated in

vacuo. The crude residue was purified by column chromatography using EtOAc: Hexanes (7:3).

(S)-3-amino-6-(2-methyl-1,4-dioxa-8-azaspiro[4.5]decane-8-carbonyl)-4-
nitrobenzo[c]isoxazole-7-carbonitrile (31)

Compound 31 was isolated from the reaction of 11 (0.52g, 1.47mmol) with sodium
methanethiolate in 6.5% yield (37 mg) red solid, *H NMR (CDCls) & 7.57 (s, 1 H), 7.02 (br. s., 2
H), 4.35 - 4.20 (m, 1 H), 4.17 - 4.05 (m, 1 H), 4.01 - 3.84 (m, 2 H), 3.56 - 3.41 (m, 3 H), 1.92 -

1.62 (m, 4 H), 1.30 (m, 3 H). 3C NMR (CDCl3) 5 166.4, 163.5, 157.1, 146.5, 146.1, 115.3,
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112.3,106.7, 91.1, 72.6, 72.6, 71.0, 45.7, 45.6, 40.7, 40.7, 37.0, 36.0, 35.9, 34.8, 18.6, 18.6. MS

(HR-ESI) C17H17Ns0s (M + Na) * calcd 410.1071 found 410.1071.

(S)-(3-amino-4-nitrobenzo[c]isoxazol-6-yl)(2-methyl-1,4-dioxa-8-azaspiro[4.5]decan-8-
yl)methanone (32)

Compound 32 was isolated from the reaction of 11 (0.52 g, 1.47 mmol) with sodium
methanethiolate in 3% yield (15 mg) red solid, '"H NMR (CDCls) § 7.71 (s, 1 H), 7.54 (s, 1 H),
6.57 (br. s., 2 H), 4.27 (br. s., 1 H), 4.10 (br. s., 1 H), 4.01 - 3.50 (m, 5 H), 1.83 - 1.70 (br. s., 4
H), 1.30 (d, J = 5.3 Hz, 3 H) *C NMR (CDCl;) § 167.0, 165.0, 158.9, 143.9, 137.9, 119.6,
118.0, 106.9, 90.0, 72.5, 71.0, 46.0, 40.7, 37.2, 36.2, 36.0, 29.9, 18.6. MS (HR-ESI) C15H15N4Os

(M + H) " calcd 363.1299 found 363.1300.

Procedure for the reaction of K™*CN (13C, 99% atom enriched) with 3.

The reaction was carried out as described above except for using compound 3 (0.500 g, 1.16
mmol) and K**CN (0.15 g, 2.31 mmol). The crude residue was purified by prep-TLC using
DCM: MeOH (15:1). The reaction of 3 with KCN was also carried out for the comparison and to
obtain the “simplified” 13C NMR spectra. See supporting information for both 1H and 13C
NMR spectra for the products of both K**CN and KCN reactions.
(S)-3-amino-8-(2-methyl-1,4-dioxa-8-azaspiro[4.5]decan-8-yl)-4-(trifluoromethyl)-6H-
isoxazolo[3',4":3,4]benzo[1,2-e][1,3]thiazin-6-one (33)

Yellow solid (96 mg, 19 %) *H NMR (DMSO-dg) & 8.11 (br. s., 2 H), 7.51 (br. s., 1 H), 4.14 -
4.29 (m, 1H), 4.03 - 4.14 (m, 1 H), 4.00-3.65 (br. m, 4 H), 3.44 (t, J=7.63 Hz, 1 H), 1.78 (br. s., 4

H), 1.22 (d, J = 6.16 Hz, 3 H) *C NMR (DMSO-ds) *C NMR (151MHz ,DMSO-dg) & 167.8,
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165.9, 159.2, 155.1, 123.8, 123.8, 123.7, 122.1, 121.9, 121.8, 120.9, 115.2, 106.3, 91.0, 90.5,
71.8, 70.1, 35.6, 34.4, 30.7, 18.4. MS (HR-ESI) C17°CH17F3N40,S (M + Na) * calcd 466.0804,

found 466.0828.

(S)-3-amino-8-(2-methyl-1,4-dioxa-8-azaspiro[4.5]decan-8-yl)-6-oxo-4-(trifluoromethyl)-
6H-isoxazolo[3',4":3,4]benzo[1,2-e][1,3]thiazine-5-carbonitrile (34)

Yellow solid, (85 mg, 16 %).*H NMR (DMSO-dg) & 8.80 (br. s., 2 H), 4.31 - 4.19 (m, 1 H), 4.09
(dd, J = 5.7, 8.1 Hz, 1 H), 4.05-3.65 (br. m, 4H), 3.45 (t, J = 7.8 Hz, 1 H), 1.78 (br. s., 4 H), 1.26
-1.14 (m, 3 H) 3C NMR (DMSO-dg) 6 167.4, 165.8, 165.5, 164.5, 157.9, 153.5, 153.5, 130.6,
1254, 122.8, 121.0, 114.1, 106.3, 97.9, 97.3, 92.6, 92.1, 71.8, 70.1, 35.5, 34.3, 29.1, 18.4. MS

(HR-ESI) C173C2H16F3N504S (M + Na) * calcd 492.0834, found 492.0823

References:
1) Huang, S.-H.; Bai, Z.-W.; Feng, J.-W. Mag Reson Chem 2009, 47, 423-427.
2) Trefzer, C.; Rengifo-Gonzalez, M.; Hinner, M. J.; Schneider, P.; Makarov, V.; Cole, S.

T.; Johnsson, K. J Am Chem Soc 2010, 132, 13663-13665.
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Description of the cell culture experiments of 3, 11 and 12 using M. smegmatisdescribed in Scheme 3

A heavy inoculum of M. smegmatis was prepared by growing the organism in mycobacteria culture media for
48 h. It was then centrifuged @ 3000 rpm for 20 min. The pellet was resuspended in saline, centrifuged and
resuspended in MH2 (Mueller Hinton broth 2) broth. A standard solution of test compounds was prepared in
DMSO (compound 11 — 1.5 mg, compound 12 - 1.5 mg, BTZ043 — 0.5 mg) and added to 50 mL of MH2 broth
in a 125 mL baffle flask. was then added to the flask. To each of the test compounds was added 3 mL of M.
smegmatis inoculum. Separate flasks were prepared as controls with test compounds in the culture media as
non-mycobacterial controls.

All of the flasks were incubated at 37°C for 24 h in a shaker (Lab-Line® Incubator-Shaker), then the flasks
were cooled on ice to stop the reaction. The test compounds with M. smegmatis were centrifuged @ 3000 rpm
for 20 min and filtered through a 2 p filter. The filtrate was then extracted with chloroform (50 mL). The
organic layer was separated and the aqueous portion was washed with additional (2x 25mL) chloroform. The
combined organic layer was washed with brine, dried (Na,SQO,), filtered and concentrated in vacuo. The crude

residue was resuspended in methanol and analysed by LC/MS.
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Mulliken charges calculated by AM1 for BTZ043 (3)

O/g
NO, 5
SYN
I
N
FsC
0

The structure was minimized by AM1 (Austin Model 1) method.
Mulliken charges with hydrogens summed into heavy atoms, the charges related to the atoms of interst are
underlined.

Element number  Mulliken Charge

1 C 0.210219
2 C -0.198556
3 C 0.226967
4 C -0.181027
5 C -0.178267
6 C -0.156418
7 C 0.316634
8 N -0.283909
9 C -0.026508
10 S 0.506241
11 O -0.276472
12 N -0.208898
13 C 0.177176
14 cC 0.007840
15 C 0.203827
16 C 0.050676
17 C 0.194378
18 O -0.297603
19 C 0.157588
20 C 0.122579
21 O -0.289048
22 C 0.035130
23 C 0.474068
24 F -0.158655
25 F -0.154918
26 F -0.155915
27 N 0.570302
28 O -0.355820
29 O -0.331611
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Mulliken charges calculated by AM1 for 11

The structure was minimized by AM1 method.
Mulliken charges with hydrogens summed into heavy atoms, the charges related to the atoms of interst are
underlined.

Element number Mulliken Charge
1 C -0.1406277
2 C 0.205977
3 C -0.147038
4 C 0.172547
5 C -0.121670
6 C 0.199720
7 C 0.336145
8 O -0.335082
9 N -0.306542

10 C 0.173958
11 C 0.003857
12 C 0.206237
13 C 0.044310
14 C 0.200909
15 O -0.296153
16 C 0.157641
17 C 0.122766
18 O -0.290659
19 C 0.036280
20 N 0.572789
21 O -0.346568
22 O -0.336439
23 N 0.572806
24 O -0.339979
25 O -0.339535
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NO, NO, NO,

Nuc (i.e. RSH)
O,N F O5N Nuc Os5N SR

NO, NO, Intracellular
) O . + SO, + HoN—Bn
O2N S=0 — O:N SR release and
\HN—Bn cell death
RS-H

Scheme S1: Classical nucleophilic aromatic substitution at nitroaromatic compounds such as 2,4-

dinitrofluorobenzene (Sangers reagent) and 2,4-dinitrobenzenesulfonamide with thiols.
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The reaction was not conclusive

Unreacted dimedone was detected

NO
OLO +
OoN
(0]

1

BocHN N S
/N\
~ /O
N
NO,
a1

Scheme S2: Reaction of 11 with sulfenic acid trapping agents such as dimedone and NBD-CI and synthesis of

compound 41.

The reaction of 11 with NBD-CI in presence of Boc-cysteamine at apparent pH 12 indicated the formation of 41
by TLC analysis and LCMS. The formation of 41 was separately confirmed by the reacting Boc-cysteamine
(0.100g, 0.56 mmol) with NBD-CI (0.226 g, 1.13 mmol) in acetonitrile/water solvent system at apparent pH 12.
The reaction was complete in 5 h, the reaction mixture was partitioned between ethyl acetate and dilute
ammonium chloride solution. The organic layer was separated, dried (Na,SO,4) and concentrated in vacuo. The
crude residue was purified by column over silica gel using hexanes: EtOAc (1:1) to afford 0.095 g (49%) of 37.
'H NMR (CDCls) 8 8.47 (d, J = 7.8 Hz, 1 H), 7.55 (d, J = 7.8 Hz, 1 H), 3.56 - 3.40 (m, 4 H), 1.53 - 1.41 (m, 9

H) *3C NMR (CDCl5) & 149.5, 142.7, 140.5, 131.2, 121.4, 80.5, 77.6, 76.9, 39.4, 31.3, 28.5.
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Scheme S3: Possible reactions of enzyme thioloates (active site cysteine) with BTZ043 (3) to initiate enzyme

path b

inactivating process.?

%1n all case, generation of oxidized thiol would give and unstable enzyme intermediate and inactivate enzyme
targe.
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General procedure for the formation of N-O cycloadducts (nitroso trapping experiments) using stannous

chloride and 1,3-cyclohexadiene : the example synthesis of compound 40.

O/é O/é
E:/o
NO, o SnCl,. H,0 N o
S__N . S N
T T
N
S
o)

Scheme S4: Syntheses of compounds 40.

To a solution of 3 (0.02 g, 0.05 mmol) in 5 mL DMF was added 1,3-Cyclohexadiene (0.06 pL, 0.5 mmol)
dropwise followed by the solution of stannous chloride (0.01 g, 0.05 mmol) in 2.5 mL DMF. The reaction
mixture was then stirred at rt and monitored by LC/MS for the formation of the hetero Diels-Alder
cycloadducts. After 24 h, of the reaction significant amount of the starting material was still detected along with
the desired cycloadduct along with the reduced amine by product of 3. Therefore an additional amount of
stannous chloride (0.011g, 0.05 mmol) dissolved in 2.5 mL of DMF was added and the reaction was ran for
additional 2 days at room temperature. The reaction mixture was then diluted with 20 mL water and then
extracted with 20 mL DCM. The DCM extract was further washed with 2 x with 20 mL water. The organic
layer was separated and concentrated in vacuo. The crude residue was purified by preparative HPLC to obtain
40 (5.9 mg, 26%). *H NMR (DMSO) §8.16 (d, J = 1.5 Hz, 1 H), 7.43 (d, J = 2.1 Hz, 1 H), 6.88 (ddd, J = 1.5,
6.1, 8.0 Hz, 1 H), 6.11 (ddd, J = 1.3, 6.2, 8.0 Hz, 1 H), 4.88 (td, J = 2.1, 3.8 Hz, 1 H), 4.29 (d, J = 4.1 Hz, 1 H),
4.26 (dt,J =6.1, 7.5 Hz, 1 H), 4.10 (dd, J =5.7, 8.1 Hz, 1 H), 4.01 — 3.82 (m, 4H), 3.46 (td, J = 1.5, 7.8 Hz, 1
H), 2.29 - 2.22 (m, 2 H), 2.14 - 2.07 (m, 2 H), 1.54 - 1.43 (m, 2 H), 1.42 - 1.33 (m, 2 H), 1.23 (d, J = 6.2 Hz, 3

H). MS (LR-EI) CpsH24FsN30,S (M + H) * calcd 496.15, found 496.12.
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Scheme S5: Syntheses of compounds 35 and 42.

(S)-(4-Methyl-3,5-dinitrophenyl)(2-methyl-1,4-dioxa-8-azaspiro[4.5]decan-8-yl)methanone (39)
Compound 39 was synthesized in 79% yield from 4-methyl-3,5-dinitrobenzoic acid using the same general
procedure described for 11. (mp = 143 °C -145 °C)'H NMR (CDCls) & 8.05 (s, 2 H), 4.28 (br. s., 1 H), 4.11 (br
s, 1 H), 3.88 (brs, 2 H), 3.51 (br s, 3 H), 2.62 (s, 3 H), 1.67-1.92 (m, 4 H), 1.38 - 1.26 (m, 3 H). *C NMR
(CDCl3) 6 165.4, 151.7, 136.0, 128.8, 126.3, 106.7, 72.6, 71.0, 46.1, 41.0, 37.2, 36.0, 35.0, 18.6, 15.2. MS (HR-

ESI) C16H19N307 (M + H) " calcd 366.1296, found 366.1298.

(S)-(4-Chloro-3,5-dinitrophenyl)(2-methyl-1,4-dioxa-8-azaspiro[4.5]decan-8-yl)methanone (42)
Compound 42 was synthesized in 68% yield from 4-chloro-3,5-dinitrobenzoic acid using the same general
procedure described for 11 without using DMAP. (mp = 112 °C -115 °C) *H NMR (CDCls) & 8.04 (s, 2 H), 4.27
(brs, 1 H),4.09 (t, J = 6.3 Hz, 1 H), 3.85 (br s, 2 H), 3.63 - 3.34 (m, 3 H), 1.95 - 1.75 (m, 2 H), 1.70 (br s, 2 H),
1.29 (d, J = 6.0 Hz, 3 H). *C NMR (CDCls) & 164.5, 149.7, 136.8, 127.9, 126.7, 121.8, 106.5, 72.6, 71.0, 46.1,

41.0,37.1, 36.1, 35.9, 35.0, 18.5. MS (HR-ESI) C15H15CIN3O;7 (M + H) * calcd 386.0750, found 386.0775.
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Scheme S6: Synthesis of compound 43.

(S)-tert-butyl (2-(4-(2-methyl-1,4-dioxa-8-azaspiro[4.5]decane-8-carbonyl)-2,6-
dinitrophenylthio)ethylcarbamate (43)

To a solution of 42 (0.100 g, 0.26 mmol) in 2 mL DMF was added Boc-cysteamine (0.07 g, 0.39 mmol)
dissolved in 1 mL DMF dropwise. The reaction mixture was then stirred at rt for 1.5 h. The reaction mixture
was then quenched with ice water and then partitioned between ethyl acetate and water. The organic layer was
separated, washed with brine, dried (Na,SO,4) and concentrated in vacuo. The crude residue was purified by
column over silica gel using hexanes: EtOAc (3:1) to afford 43 (0.100 g, 73%). *H NMR (CDCls) & 7.89 (s, 2
H), 4.83 (br. s., 1 H), 4.28 (br. s., 1 H), 4.10 (br. s., 1 H), 3.88 (br. s., 2 H), 3.54 (br. s., 1 H), 3.50 (br. s., 2 H),
3.33 (br.s., 2 H), 3.10 (s, 2 H), 1.84 (br. s., 2 H), 1.72 (br. s., 2 H), 1.43 (s, 9 H), 1.31 (d, J = 5.9 Hz, 3 H). **C
NMR (CDCls) 6 164.9, 155.1, 138.3, 125.2, 106.6, 72.6, 71.0, 54.0, 46.1, 41.0, 40.0, 37.8, 37.1, 36.0, 35.0,

29.9, 29.5, 28.5, 18.6. MS (HR-ESI) CH30N40sS (M + Na) * calcd 549.1626, found 549.1598.
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Table S1: In vitro evaluation of compounds in H37Ry-TB and M.smegmatis in various assays and media (MIC

in uM) and VERO cell toxicity (IC50 in uM)

Comps CLogp H;,Ry-TB M. . VERO
smegmatis

GAS GAST | 7THI12 LORA
11 0.56 nd 0.5 0.8 >10 50 >100
12 1.69 nd >50 >50 >50 500 >50
14 2.48 0.55 nd 0.25 49 0.78 >64
15 4.32 1.76 nd 0.95 >64 3.13 >64
INH nd 0.22 0.48 0.37 >512 | nd >128
RMP nd 0.11 0.10 0.05-0.06 | 0.62 nd 100-125

Comps, Compounds; CLogP, calculated LogP value (ChemBioDraw Ultra 12.0.2.1076);GAS, glycerol-
alanine-salts media; GAST, iron deficient glycerol-alanine-salts with Tween 80 media; 7H12, 7H9 broth base
media with BSA, casein hydrolysate, catalase, palmitic acid; LORA, low oxygen recover assay; VERO, African
green monkey kidney cell line, nd, not determined,. Values reported are the average of three individual
measurements.

Description of TB (GAS™, GAST>, 7H12°%) by Microplate Alamar Blue assay (MABA) to determine
MIC values against replicating TB and low-oxygen recovery assay (LORA) to determine activity against
non-replicating M. tuberculosis™:

All these assays were performed as per the published protocols.

References

(2) Collins, L.; Franzblau, S. G. Antimicrobial Agents Chemother 1997, 41, 1004-9.

(2) De Voss, J. J.; Rutter, K.; Schroeder, B. G.; Su, H.; Zhu, Y.; Barry, C. E., 3rd Proc Natl Acad Sci U S A
2000, 97, 1252-7.

(3) Cho, S. H.; Warit, S.; Wan, B.; Hwang, C. H.; Pauli, G. F.; Franzblau, S. G. Antimicrobial Agents
Chemother 2007, 51, 1380-5.
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Experimental procedure for the antibiotic susceptibility testing by the broth microdilution method in M.
smegmatis.

Antibacterial activity of the compounds was determined by measuring their minimum inhibitory
concentrations (MICgo’s) using the broth microdilution method according to the Clinical and Laboratory
Standards Institute (CLSI, formerly the NCCLS) guidelines.! Each well of a 96-well microtiter plate was filled
with 50 pL of sterile MHII broth. Each test compound was dissolved in DMSO making a 1mg/ml solution, then
diluted with sterile MHII broth to 40ug/ml. Exactly 50 puL of the compound solution was added to the first well
of the microtiter plate and 2-fold serial dilutions were made down each row of the plate. Exactly 50 puL of
bacterial (IN BROTH) inoculum (5 x 10° CFU/mL) was then added to each well giving a total volume of 100
uL/well and a compound concentration gradient of 10ug/ml —0.0049ug/ml. The plate was incubated at 37 °C for
18-20 h and then each well was examined for bacterial growth. The MICgy, was recorded as the lowest
compound concentration required to inhibit 90% of bacterial growth as judged by turbidity of the culture media
relative to a row of wells filled with a DMSO standard. Ciprofloxacin was included in a control row at a
concentration gradient of 5ug/ml-.0025ug/ml.

References
1. Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria that Grow Aerobically, 8" ed.
(Villanova, PA, USA), Clinical and Laboratory Standards Institute (CLSI), 2009, approved standard document

MO7-A7.
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Cell culture experiments of compounds 3
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Cell culture experiments of compounds 11
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Cell culture experiments of compounds 12
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Reaction of 11 with sodium methane thiolates (Scheme 4). The structures of the products identified by LC/MS are shown along with the UV trace of

the reaction.
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Chromatogram for the reaction of 11 with sodium methane thiolates (Scheme 4).
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The mass spectra of the reaction of 11 with sodium methane thiolate in positive ionization mode.
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The mass spectra of the reaction of 11 with sodium methane thiolate in negative ionization mode.
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Reaction of 11 with Boc-cysteamine

NO
{Fo
O,N
O

11

HS/\/NHBOC

Boc-cysteamine

Acetonitrile/water
pH 11.4

NHB
BocHN/\/S\S/\/ ¢
18

Chemical Formula: C14H2gN204S5
Exact Mass: 352.14905
Molecular Weight: 352.51312

+

o) NO,

Chemical Formula: C3qH34NgO14
Exact Mass: 654.22856
Molecular Weight: 654.62456
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LC/MS
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Mass spectra in the positive and the negative ionization mode.
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Reaction of 11 with ethane thiol at apparent pH 10-11. The starting material was completely disappeared after 7 h of reaction. Only

hydroxylamine analogue (41) was detected under reaction condition. LC/MS is shown on the next page.

NO, o HS™ ™S NHOH o
Ethane thiol
o} — > o
N Acetonitrile/water N
O2N pH 10-11 O2N
(@] (@]
1 41

Chemical Formula: C45H1gN30g
Exact Mass: 337.12739
Molecular Weight: 337.32786
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LC/MS
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Mass spectra in the positive and the negative ionization mode
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Reaction of 11 with thiophenol at apparent pH 11-12. The LC/MS of the reaction mixture indicated the formation of 42 and 19.

LC/MS is shown on the next page

NH
SH OLO
O,N
o

NO, o 42
Thiophenol
o > Chemical Formula: C45H1gN305
N Acetonitrile/water Exact Mass: 321.13247
O2N pH 11-12 Molecular Weight: 321.32846

0]

+
11

0 NO,

Chemical Formula: C30H34N6011
Exact Mass: 654.22856
Molecular Weight: 654.62456
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LC/MS
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M BEYT-377_Th 429 (3.661) 2. Scan ES+
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Reaction of 11 with Boc-cysteine at apparent pH 10-11. The LC/MS of the reaction mixture indicated the formation of the Boc-

cysteine dimer (corresponding cysteine) and 19. LC/MS is shown on the next page

Cﬁ

SH

O J;(
OH
N
H

Boc-cysteine

Acetonitrile/water
pH 11-12

HO___O

i/ O
N\ S\
BocHN S%OH

NHBoc
Boc-cysteine dimer (corresponding Boc-cystine)

Chemical Formula: C4gH2gN>0gS5
Exact Mass: 440.12871
Molecular Weight: 440.53212

+

o) NO,

19

Chemical Formula: C3qH34NgO 14
Exact Mass: 654.22856
Molecular Weight: 654.62456
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LC/MS
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Mass spectra in the positive and the negative ionization mode
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Reaction of 4-methyl analog of 11 (compound 39) with sodium methane thiolate.

NO,
o~
o
O,N N
o)

39

NH, o {
HaC
oL
o

44
Chemical Formula: C4gH51N3O5
MeSNa Exact Mass: 335.14812
- Molecular Weight: 335.35504

CH5CN/ H,0 +

45

Chemical Formula: C35H3gNgO ¢4
Exact Mass: 682.26
Molecular Weight: 682.68
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Mass spectra in the positive and the negative ionization mode

mihd RYT-3-82_3h 391 (7.884) 1. Scan ES-
BG5S .53 3.17ea
100+
1113.05
| W=
] 6964 TB2 73
] E70ED 8377 1432
1 22692 <8333 233.358 . ; . 84875 1027 54 1194 65 134243
1 e o e e e o o e e e L B B e e o e e o e e o B B S i B i B o S L B B e e e e e e
Mb FWT-2-82_3h 389 (7.254) 2. Sran ES+
ETO.53 1.96e6
100+
aﬂ_
i E71.57
i T2563 134027
D- 204 22 35? 4@,3!34 26 55366 -729.74 QTE 53 1013 41 11?5 A5 1251 .46 b 1517 12
I LI B B B o o e o e e e e RLEE N B e e e e e o B LI I i o o o o o o o o o e s e O L B o
Mb FWT-282_3h 445 (3.985) 2. Sran ES+
_ G83.63 1.47ef
100
aﬂ_
i Eo4 67 1366 30
] T24 53 36538
] 135033
0 S . :47':'3I.4I4I5I|:|:3.I5?I IEI2$.I3'1I . L_,.T47;"21838?9 1']2?1? . 1192 39 SRR W— 143931 1E4|:| ?l:l R
200 400 B0 200 1|:||:||:| 12|:||:| 1400 15|:||:| 1800

S49



Reaction of 3 with sodium methane thiolate in the presence of terpinene. The LC/MS is shown on the next page

NO,

NH, /[ ><:> :j >—CF
F3C S MeSNa_FsC s
PN X o = PN X S
N N

1 Q CX T
BTZ043 Chemical Formula: C47HgF3N305S
Exact Mass: 401.10210

Molecular Weight: 401.40333

Chemical Formula: C34H35FgNgOgS>
Exact Mass: 798.17289
MeSNa Molecular Weight: 798.77490
16
-H,0O

N-O : OsN QOL;{
s 5 — STN
N/>_N\/:><Oj/ F3C/©i,( N
o)

hetero-Diels Alder

Nitroso intermediate of BTZ043
cycloadduct of BTZ043
with terpinene

FsC

O
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LC/MS
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Mass spectra in the positive and the negative ionization mode
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Reaction of 3 with glutathione (GSH) under apparent pH 10-11 in the presence of 1,3-cyclohexadiene. The LC/MS is shown on the

NH,

next page.
NO,
FsC S o GSH ©
X -
g N o pH 10-11
CHCN/H,0
BTZ043

O
16

Chemical Formula: C47HgF3N303S
Exact Mass: 401.10210
Molecular Weight: 401.40333

N-O

FsC S O
N XY
N O
(@)

Chemical Formula: Co3Ho4F3N30,4S
Exact Mass: 495.14396
Molecular Weight: 495.51457

FsC S O
~O%T
N (@]

0] N
X
o S CFs

FsC S o)
N T
N 0]

27
Chemical Formula: C34H32F6N60682
Exact Mass: 798.17289
Molecular Weight: 798.77490

O
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LC/MS
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Trapping of the in situ generated nitroso intermediate of 11 by Boc-cysteamine under basic conditions using 1,3-Cyclohexadiene to

afford 46.

o &
? X o MeCN/H,0 o

o] )L ~_-SH = 1)

N ¥ 0" N pH 11.1-12 !

O,N H O,N
o)

11 46

Exact Mass: 415.17434
Molecular Weight: 415.43970
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LC/MS
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Mass spectra in the positive and the negative ionization mode
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Trapping of the in situ generated nitroso intermediate of 11 by Boc-cysteamine under basic conditions using a-terpinene to obtain 40.

as a mixture of regioisomers.

NO, \@\(
O% >L )OL MeCN/H,0 O{
SH -
,\OLO ¥ 0 N pH 11.1-12 ,\OLO
O,N H O,N
0 O

11 26

MW= 471.54602
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LC/MS
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Mass spectra in the positive and the negative ionization mode
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Trapping of the in situ generated nitroso intermediate of 11 by Sodium methane thiolate in a mixture of acetonitrile and water using

1,3-Cyclohexadiene to afford 46.

NO @ : ;
QLO  MesNa _ MeONHO
N o
ON N
I O,N
o
46

11

Exact Mass: 415.17434
Molecular Weight: 415.43970
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LC/MS
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Mass spectra in the positive and the negative ionization mode
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Trapping of the in situ generated nitroso intermediate of 11 by Sodium methane thiolate in a deoxygenated mixture of acetonitrile and water using

1,3-Cyclohexadiene to afford 46.

Acetonitrile and water mixture was purged with Argon prior to the addition of the starting material. To this solvent mixture was added 11, followed

by 1,3-cyclohexadiene and NaSMe under argon flow. The reaction mixture was then stirred at room temperature under argon.

11

NO @ : ;
QLO . MesNa _ MeONHO
N o
ON N
I O,N
o
46

Exact Mass: 415.17434
Molecular Weight: 415.43970
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LC/MS
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Mass spectra in the positive and the negative ionization mode
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The nitroso trapping experiment of 3 by employing stannous chloride and 1,3-cyclohexadiene to afford 40.

Chemical Formula: Cy3Ho4F3N30,4S
Exact Mass: 495.1440
Molecular Weight: 495.5146
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LC/MS
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Mass spectra in the positive ionization mode
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Reaction of 11 with potassium cyanide in presence of terpinene at rt in CH3CN/H,0.

N
\

0- O%
HNTN g\o
N
O,N

CN O

NO, o
KCN Molecular Weight: 387.3468
(0] -
N CH5CN/ H,O
O,N
o
1

.0
N
o
Molecular Weight: 351.31
N 6]
OoN
CN O

Molecular Weight: 496.56
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LC/MS
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Mass spectra in the positive and the negative ionization mode
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Trapping of the in situ generated nitroso intermediate of 11 by Sodium triacetoxy borohydride (Na BH(OAC)3) in THF using 1,3-Cyclohexadiene to

afford 46 under inert atmosphere

@

0]

'\(j\o + NaBH(OAc);
O,N THF, rt

(9eq.)

o\N Qd

Exact Mass: 415.17434
Molecular Weight: 415.43970

S75



M FT-F195 3 Diode Array
?.?I:l Fange: 2.179g+2
|I
1.5e+2 670 ||
Z  1.0e+2 n ||
f.0e+1 || |
|
o 1)
L e e e e e B A L o o B T B B e e e e e e ]
2.00 4.00 f.00 a.00 10.00 12.00 14.00
Ml FT-3195 2 Scan ES+
_ 743 TIC
] B.7285
1 6.75
| 654
1 13.53
| = 1.31 | g4
{ 083 544 i‘”zam 13.45
_|:|52| s o7 367304 459 555 Ezl:l 10.34 10?8 117 1264
e gz D i 'ﬂwl lﬁf‘“lﬁ Mﬁi er MMW n’q‘ww Y
i \ T
ol J'J n'h.a"lr’l,\r"w'ﬁ‘fhw ' 4 A .w MY ﬂﬁ‘:ﬁhﬁ/
EEIIJ 4EIEI EEIEI BEIEI 12.00
Ml FT-3195 1. Scan ES-
_ne2 TIC
A.23eh
1
| 427 7
1 | 362 4 4 96 .41 5.757 04 a9 .96 11581219 45 oq 4335 1382
| 126201 509 _VJ AT N A an 10,39 : : 14589
- | N ooy o M;,MM‘*W
2 H‘ML-I T%LM.“}M»*"‘T“"_' T - ﬁ' T T LA AL L | z L R : Il'\l'fl-l—lr-r’.IE
2.00 4 EIEI E.EIEI a.00 “IEI.EIEI 12.00 14.EIEI

S76



Phl FAT-3-195 336 (6.784) Cm (326:336)
100+

35202
| 27698
| WE=g
b 2314
13306 541 32
242,75 Fa3 37 44473
|:|_

MM FYT-3195 368 (7.431) Cm (363:376)

0350

720,58

70255

TBE.57

ir.1a

100 831.65
416.24

aﬂ_
1 32 66
] 17 .25 G54.06

19952 330 55 365 5 4E1|.23 6og g 7008
(AN Y DA e i i 'l'!".'l"l"l I A 7 N TV
200 400 GO0 s00

1033 90114849

2. Bcan ES+
1.25e4
1 270.51
145647
1071 77
07670 135832
HO7 7 5O
189336 15?52-'3'3
1521 55 .
1522 35
162657
941 06 1935 45
w ‘ \ ‘ 189655
I JIJ‘] L)L A N Lll.‘ | |”J [0 .
LN I L N LNLE L I AL IR AL BRI B
2. Scan ES+
g.13ed

1269.08
o 125393, |1269.98

1000

1200

1400

151519 1379.24

1600

174502 181185

EIEIEr![;EZS

1800

S77



p

Dinitrod Bamide_103001r.es

RVT

0
o
921 °
R.y o 95'8T—
0T :
821
o g
N Ew
29 T— —~ g dE
. S .
soe——— Sf«
0
N
o
™
0
™
f;_xH/O o 0t~ €92L—
oL v E 16'9L
7 e vgssd
[Tol—
L/ ~ £
..|N... ©
‘.w_”_.f.u o L
/ 0 £
N 2
o i R O
e ¢ Yy [Te)
x.x“__..__. 0
,,. 29'90T—
=z o
(@) ©
0 S8'6TT—
©
€5.2T—
o
™~ a
%]
©
10 5 95'6€T—
~ ]
N
a
o | TL87T—
S g
=
@
S o
—F o
N~ 1
il £ 6€'G9T—
60'6 > a
e A\ —fo ;
ore oT67 J* 8] £
° &

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical Shift (ppm)

170



S79

10

Q
o)
I

20

30

40

50

60

70

90 80
Chemical Shift (ppm)

100

-94-1H-560

gm21

o
0
o
o 85'8T—
-
(92]
A=
. < 0
99 H./. - -
69T~ — %w
v8'T— a
o
PN
10
o
o
™
k <
67— ~aED .
- 169.. 00— 852/—
<t c |/.
c6'e— — OFfog  eTl— T
0T'v— i 6v'LL
A < ©=f
o 0 7))
< B
L
O £
N o m
n O
1 2L90T—
Q,
L
o
© 88°'12T
0L°€2T
10 AR TAR
© 06'62T~_
o A
o ET 90'6ET—
121— —_
o
10
~ oV 8y T—
S_Eo
~ 3
o 5_Fuo _
W8 ge— = o-fw S 12'99T—
S
Jﬂ m
o

160 150 140 130 120 110

170



RVT-3-84_1_001001r-1.esp

S NHB
BocHN™ "">g7 >~ ¢

1.42

N~
N~
N
olin
~ N
NN g
i
H LL
' _ N i J
1.79 1.99 9.00
- - [
7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5
Chemical Shift (ppm)
RVT-3-84_1_002001r-1.esp b
g
o M
< 0
38
[$2]
8 o ,': N~ ,“3 g
< ~ N
| —~ i
A 1 -
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Chemical Shift (ppm)

S80



1€ T—

-l.esp

RVT-3-84_3_001001r

9¢'T
92T\

99

T

VLT
18T

(AR

¥S'€
om.m./.

O,N

LE'8

S6°€
TV \
(A2
6C'v—

NNN|||L

LE'8
€g’
mm..w &

g5'8 |

958/

V.87
V.'81T'6
€T

€26

W

6.98
(W]

©

2.33 4.39 6.55
1

I

W

0.91 1.07 0.94

(/]

8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0
Chemical Shift (ppm)

9.0

89'8T—

80°'GE
86'GE
9z'9
T L8~
£6'0v~
€T 9r—

¢0TL—

vS§el—

16'9L=
wm.wﬁn\.

-l.esp

RVT-3-84_3_002001r

T.90T—
ww.wo.ﬁ.\

86'8TT~

69'TCT~

19'€CT—

1,9¢T—

L9'6CT"

6€'8¢CT
mo.mma|./.

CEEVI—
L9'8VT—

TO99T
H@.@@HW/.

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 881

170

Chemical Shift (ppm)



-l.esp

RVT-3-87-88_004001r

CC' T~

F3C

vST—
8. T~

Nw.._”.\.

80'L
mo.m|/.l;

6T'8— JJ

3.55
[

4.78
—

1.35
(]

1.76 2.87
[y

1.00
[

4.0 3.5 3.0 2.5 2.0 15 1.0

4.5

5.0
Chemical Shift (ppm)

8.0 7.5 7.0 6.5 6.0 5.5

8.5

._”m.ww./.

GG 8T—

€CLl—
mm.wh.\.

p

RVT-3-87-88_003001r.es

S82

40 30 20 10

50

160 150 140 130 120 110 100

170

Chemical Shift (ppm)



RVT-3-BTZ_azo.esp

7.27

0
(@) N
L3O
(0] S CF5
]
—_ [
N=N ¢
.
FsC S O
N T
N (@]
(@)
3
o
n
2 3 .
% B pd
- ? |
L |
1.06 1.05 1.913.801.59 517 5.22
L U [T [ L
| INLINL L L LI L L L L L L L L L L L L L LY LN L LN L L LI L L L L L L LN L L L L L L L L L L L L L L LN L L L L L L LN L L L L LB LI BB LB |
9 8 7 6 5 4 3 2 1 0

RVT-3-BTZ_azo_13C-1.esp

Chemical Shift (ppm)

77.44
77.02

L

106.69

100
Chemical Shift (ppm)

90 80 70 60 50



0€'T—

-l.esp

RVT-3-124-1_001001r

82 T LT~

€1/

98'T48'T
88’

S0'¢c—

Z
@) O
Zz=
/
oy
X —
Z O
I
¢0'L— L
12— bu
1G9 /— J

4.65
L

8.40
| I—

2.0

4.13
!

1.56 2.84

I | _-

2.40
(]

1.01
H

1.0 0.5

15

7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25
Chemical Shift (ppm)

7.5

16'9L
MNNN|./.

p

RVT-3-124-1_002001r.es

95'8T—
6581
£8vE
58'56-
£0°9¢A |
00'.¢€
v9'0r
gL oY
vS'Sy
29'sy

10TL—

99°¢/.—

qm.wn.\.

S0'T6—

99'90T—

[ANANE
€eaTT—

ETWT—
Nm.ovﬁ.\.

80°LST—

0S°€9T~
VE€'99T—

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

Chemical Shift (ppm)

S84



92T
11/

p

RVT-3-124-2_001001r_1H.es

(@)
z =
by
2
5 S L
T
/59— M&, mH__
1Z1—
ﬁmslﬂsl w‘g m%
J

3.95

7.94
1 Uu

2.0

1.312.50 3.34
[N N S —

0.5

1.0

15

7.0 6.5 6.0 55 5.0 4.5 4.0 35 3.0 25
Chemical Shift (ppm)

7.5

09'8T—
06'62—
66'0.— ST
16°94
55224
18'90T—
66 LTT—
19611/
w v6'LET—
O
™
7
=
o
o
™
o
N
N
<
N
—
b
T
>
4

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
Chemical Shift (ppm)

170

S85



Normalized Intensity

Normalized Intensity

RVT-3-125-prep-1_001001r.esp o :
e t'
1.0 3
3 O
0.9 3 O\’;' o)
] HNTN SYN
083 |N
E FsC
0.7 3 @)
0.6 3 o
E /
__ 7 o
0.5 E [Te)
043 o % it
- [ee)
F 7 T 3
33 & o0
E e
0.2 3
0.1 L
0 3
1.06 2.34 784 1.43 6.48  4.02
[ [ [ T — u
80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0
Chemical Shift (ppm)
RVT-3-125-prep-1_009001r.esp Saa
momm
W
- )
E of<
—_ [s2] K2
0.45 3 Hﬁ’
0.40 3
0.35 3
0.30 3
0.25 3
020 3 — 3
3 ™ S B S
S 8 ® N 3
0.15 3 i 2R
4 « |
1 ©
0.10 3 “T.D
E o3 o
005 85 8
E N

160 140 120 100 80

Chemical Shift (ppm)

60 40 20 0

S86



RVT-3-125-prep-2_011001r.esp

O~N MO01(d)
\ [
HNTY S
T
MO02(br. s.)
[9¢]
MO7(dd) o
M05'§9|r.s. :
MIO(S)  Mod
MOG'@‘r.s.)
MO09(br. s.) MO
3 S ;
© ™
I
AN I
8.45 2.74 10.357.33 2.56 22.06 23.29
— Y | — — —
L I I o o o o o LA I e o B B o o BN A B o o o o
9 8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

RVT-3-125-prep-2_012001r

39.51

3972
3931

39.93
\-39.09

18.39

106.26
—71.83
-70.07

—167.38
~164.52
—157.94
—153.57

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

S87



p

RVT-3-132_1H_600MHz.es

w:w
: 423
se'e s . —
4/0
ONWM
z
Yz
0 )
Z=
b/
*Bﬂu/ ﬁu3
Z w 15—
T
TT'8—

4.36

5.55
I—

2.0

241

[ E—

1.805.27

1.32

2.13

(-

-

7.5

0.5

1.0

15

6.5 6.0 55 5.0 45 4.0 35 3.0 25
Chemical Shift (ppm)

7.0

8.0

LE6E
G9'6€

p

[G9T

RVT-3-132313C_600MHz.es
@
—

65'8T—
69'0E—
€2'6E~ 606~
6,687 £6'687
900~
18 T.—
¥£'90T—
2TSTT~
18'€2T—

9T'6ST~"

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

170

Chemical Shift (ppm)

S88



RVT-3-132-prep-2_1H_600MHz.esp

0]
MO2(br. s.)
O\N —
% / O
13 \ MO021(m)
HN/C\ S. N =
2 g B
N Fq'
F3C *
BCN O
MOBQr.s.)
o
@ o)
© 88 ™~ —
| o N ‘l-' 3\
—
Ji L)
1.57 0.95 3.57 0.98 3.52 3.00
(. [ E— — (]
O B o e o L B B B UL I e e e e e o e
9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)
RVT—3—132—prep—2_13C_600MHZ—l.&p 3 0o~
~ < Qo
[{e] - [©2 )]
— i momm
I —
I
lo
Mlm
¥
[{)
N
©
o
—
&
e |5 i
] P s
— o~ 4 k53]
@ ¢ O @ Ng
n<g @ < ©
Hgggmt\l [ T TO-
w 3 l/ a5 nomX s 2
© D 2,) NM NN |9 — o ©m A
ol G Ko 2293y dB | 2o«
~ 5 MmO <l= N~ oA
‘—I|\$\ — wH \;' o000
v IJ Llll ' '\:.Hk "
L B B o B B B B B B B B B B B B B B R R R
220 200 180 160 140 120 100 80 60 40 20 0 -20

Chemical Shift (ppm)

S89



X-ray Structure Report

for compound 32 (nd1236).
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DISCUSSION

The compound crystallizes as dark red plate-like crystals. There are four molecules of the
compound in the primitive, acentricc monoclinic space group P2;. There are two
crystallographically independent molecules in the asymmetric unit. They are chemically identical
and differ only in minor variations of derived parameters (predominantly torsion angles). The
two molecules are the same enantiomer, and the structure depicted is the correct absolute
configuration. This was determined by the known handedness at C15, and by comparison of
Friedel pairs of reflections. The Flack x parameter was refined to 0.1(2) and the Bayesian
statistical analysis of Friedel reflections yielded a Hooft y parameter of 0.09(10). Values of zero
indicate the correct enantiomorph of the space group and hence the correct absolute
configuration of the molecule. A value of one indicates the inverted absolute stereochemistry.
These analyses are in agreement with the known chirality at C16. Though the structural
information indicates a pseudo center of symmetry, this does not exist since the crystal is
enantiopure.

Formally the compound is:
(S)-3-amino-6-(2-methyl-1,4-dioxa-8-azaspiro[4.5]decane-8-carbonyl)-4-nitrobenzo[c]isoxazole-
7-carbonitrile (see Figures).

The fused 5, 6-bicyclic ring systems demonstrate a high level of conjugation with bond distances
appropriate for aromatic contacts through out (see Table of Bond Distances). The tautomerism is
depicted in the appended ChemDraw diagram. However, the formal single bonds depicted in this
scheme exhibit aromatic character rather than single bond/double bond character. For example
the C1-C6 contacts are 1.428(3) and 1.426(3) A, respectively. An ideal aromatic C-C distance is
1.39 A and a true single bond is closer to 1.54 A.

Surprisingly the exo-cyclic primary amines (N2A/B) have shorter than expected N-C distances of
1.311(3) and 1.326(3) A, respectively which are indicative of a multiple bond. However, the
hydrogen atoms associated with these amines were reliably located from a difference Fourier
map and were refined freely. In each case, one hydrogen forms a good intermolecular H-bond to
the carbonyl oxygen, O2, of a neighboring molecule related by translation along the b-axis. The
other forms a bifurcated H-bond to the nitro oxygen O6 of the other molecule of the pair related
by the crystallographic screw axis and an intramolecular H-bond to O6 (see Table of Hydrogen
Bonds for details). The packing motif is a linear, one-dimensional chain of H-bond molecules
that are parallel to the crystallographic b-axis.

The high degree of conjugation within the structure leads to bond distances that vary from ideal
bond parameters. These deviations are not exceptionally different, just notably different from
ideal.

CRYSTAL SUMMARY

Crystal data for C17H17N506; M, = 387.36; Monoclinic; space group P2;; a = 10.7900(4) A; b =
10.1646(4) A; ¢ = 16.7717(7) A; o= 90°; B = 105.078(2)°; v = 90°; V = 1776.13(12) A%, Z = 4;
T = 120(2) K; MCu-Ko) = 1.54184 A; w(Cu-Ko) = 0.952 mm™; deac = 1.449g.cm’; 34618
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reflections collected; 6265 unique (Rin: = 0.0279); giving R; = 0.0354, wR, = 0.0943 for 5863
data with [I>26(I)] and R; = 0.0378, wR, = 0.0961 for all 6265 data. Residual electron density
(e.A”®) max/min: 0.254/-0.204.

An arbitrary sphere of data were collected on a dark red plate-like crystal, having approximate
dimensions of 0.14 x 0.10 x 0.04 mm, on a Bruker APEX-II diffractometer using a combination
of ®- and ¢-scans of 0.5°. Data were corrected for absorption and polarization effects and
analyzed for space group determination. The structure was solved by direct methods and
expanded routinely. The model was refined by full-matrix least-squares analysis of F? against all
reflections. All non-hydrogen atoms were refined with anisotropic thermal displacement
parameters. Unless otherwise noted, hydrogen atoms were included in calculated positions.
Thermal parameters for the hydrogens were tied to the isotropic thermal parameter of the atom to
which they are bonded (1.5 x for methyl, 1.2 x for all others).

REFERENCES

Bruker AXS. (2008). APEX-2. Bruker-Nonius AXS, Madison, Wisconsin, USA.
G. M. Sheldrick, Acta Cryst., 2008, A64, 112.
R. W. W. Hooft, L. H. Straver & A. L. Spek, J. Appl. Cryst., 2008, 41, 96.

H. D. Flack, Acta Cryst., 1983, A39, 876.

S92



Table 1. Crystal data and structure refinement for nd1236.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient ()
F(000)

Crystal color, habit

Crystal size

0 range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to 6 = 71.33°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>206(])]

R indices (all data)
Absolute structure parameter
Largest diff. peak and hole

nd1236

C17H17N506

387.36

120(2) K

1.54184 A

Monoclinic

P2,

a=10.7900(4) A  a=90°
b=10.1646(4) A B =105.078(2)°
c=16.7717(7) A y=90°
1776.13(12) A®

4

1.449 g.cm™

0.952 mm™

808

dark red, plate

0.14 x 0.10 x 0.04 mm®
2.73t0 71.33°
-13<h<13,-12<k<11,-20<1<20
34618

6265 [Rin = 0.0279]

99.6 %

Numerical

1.0000 and 0.8920
Full-matrix least-squares on F?
6265/ 1/523

1.038

R; = 0.0354, wR; = 0.0943
R; = 0.0378, wR; = 0.0961
0.1(2)

0.254 and -0.204 e A
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Table 2. Atomic coordinates and equivalent isotropic displacement parameters (A?%)
for nd1236. U(eq) is defined as one third of the trace of the orthogonalized Uj; tensor.

O(1A)
0(2A)
0(3A)
0(4A)
O(5A)
O(6A)
N(1A)
N(2A)
N(3A)
N(4A)
N(5A)
C(1A)
C(2A)
C(3A)
C(4A)
C(5A)
C(6A)
C(7A)
C(8A)
C(9A)
C(10A)
C(11A)
C(12A)
C(13A)
C(14A)
C(15A)
C(16A)
C(17A)
O(1B)
0(2B)
0(3B)
0(4B)
0(5B)
0(6B)
N(1B)
N(2B)
N(3B)
N(4B)
N(5B)
C(1B)
C(2B)

X

-0.04420(16)
0.00386(17)
0.25351(17)
0.38900(16)
0.25220(17)
0.24724(17)

-0.07749(18)
0.0749(2)

-0.1297(2)
0.1556(2)
0.21586(19)

-0.0113(2)

-0.0074(2)
0.0647(2)
0.1323(2)
0.1322(2)
0.0635(2)
0.0383(2)

-0.0758(2)
0.0724(2)
0.2520(2)
0.2447(3)
0.2623(2)
0.1634(3)
0.1679(3)
0.3326(2)
0.4297(3)
0.3858(4)
0.45637(16)
0.50146(16)
0.74971(16)
0.88944(16)
0.75858(18)
0.75217(17)
0.42213(19)
0.5795(2)
0.3579(3)
0.65687(19)
0.72027(19)
0.4895(2)
0.4906(2)

y

0.31699(17)
0.96806(18)

1.0037(2)
1.0358(3)
0.6030(2)

0.40574(18)

0.4369(2)
0.2347(2)
0.7390(3)
0.9294(2)
0.5225(2)
0.5263(3)
0.6637(3)
0.7468(2)
0.6975(3)
0.5663(2)
0.4762(2)
0.3387(2)
0.7083(3)
0.8920(3)
0.8425(3)
0.8522(3)
0.9945(3)
1.0825(3)
1.0677(3)
1.1147(3)
1.1253(5)
1.0914(4)

0.74916(17)
0.09677(18)

0.0804(2)
0.0393(2)
0.4662(2)

0.66203(17)

0.6285(2)
0.8329(2)
0.3235(3)
0.1394(2)
0.5451(2)
0.5399(3)
0.4019(3)

z

0.15774(10)
0.11833(10)
0.49191(11)
0.41171(12)

-0.01749(11)

0.03054(11)
0.19251(12)
0.07730(13)
0.28954(16)
0.23809(12)
0.02556(12)
0.16452(14)
0.18458(14)
0.14896(14)
0.09352(14)
0.07738(13)
0.11244(14)
0.11148(14)
0.24212(15)
0.16803(14)
0.29165(16)
0.38049(15)
0.40943(15)
0.35264(15)
0.26297(16)
0.52779(15)
0.4786(2)

0.6181(2)

0.15512(10)
0.11572(10)
0.48907(10)
0.41063(11)

-0.01724(11)

0.03141(11)
0.18855(12)
0.07737(13)
0.27749(16)
0.23426(12)
0.02583(12)
0.16039(14)
0.17843(13)

U(eq)

0.023(1)
0.026(1)
0.039(1)
0.040(1)
0.030(1)
0.027(1)
0.023(1)
0.025(1)
0.042(1)
0.025(1)
0.022(1)
0.019(1)
0.021(1)
0.019(1)
0.021(1)
0.018(1)
0.018(1)
0.020(1)
0.026(1)
0.022(1)
0.030(1)
0.034(1)
0.026(1)
0.031(1)
0.033(1)
0.043(1)
0.072(1)
0.067(1)
0.024(1)
0.025(1)
0.035(1)
0.036(1)
0.031(1)
0.026(1)
0.025(1)
0.022(1)
0.043(1)
0.023(1)
0.021(1)
0.021(1)
0.020(1)
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C(3B)
C(4B)
C(5B)
C(6B)
C(7B)
C(8B)
C(9B)
C(10B)
C(11B)
C(12B)
C(13B)
C(14B)
C(15B)
C(16B)
C(17B)
H(2AA)
H(2AB)
H(4A)
H(10A)
H(10B)
H(11A)
H(11B)
H(13A)
H(13B)
H(14A)
H(14B)
H(15A)
H(16A)
H(16B)
H(17D)
H(17E)
H(17F)
H(2BA)
H(2BB)
H(4B)
H(10C)
H(10D)
H(11C)
H(11D)
H(13C)
H(13D)
H(14C)
H(14D)
H(15B)
H(16C)
H(16D)

0.5645(2)
0.6354(2)
0.6372(2)
0.5655(2)
0.5402(2)
0.4172(2)
0.5726(2)
0.7562(2)
0.7493(3)
0.7623(2)
0.6631(2)
0.6669(3)
0.8718(2)
0.9316(3)
0.8486(3)
0.046(3)
0.139(3)
0.1779
0.3389
0.2366
0.3124
0.1604
0.1802
0.0766
0.0972
0.2501
0.2787
0.4328
0.5161
0.4396
0.3152
0.4377
0.556(3)
0.627(3)
0.6821
0.7426
0.8421
0.8186
0.6661
0.5765
0.6793
0.7482
0.5950
0.9232
1.0264
0.9002

0.3195(2)
0.3683(3)
0.5005(2)
0.5927(3)
0.7272(3)
0.3557(3)
0.1734(2)
0.2265(3)
0.2230(3)
0.0850(3)
-0.0052(3)
0.0016(3)
0.0453(2)
-0.0317(4)
-0.0272(4)
0.157(3)
0.242(3)
0.7562
0.8681
0.7504
0.7968
0.8194
1.1754
1.0592
1.1190
1.1030
1.1961
1.2161
1.1013
1.0123
1.0793
1.1673
0.907(4)
0.827(3)
0.3093
0.3175
0.1970
0.2783
0.2602
0.0202
-0.0968
-0.0369
-0.0501
0.1265
-0.0320
-0.1236

0.14471(14)
0.09141(14)
0.07572(13)
0.11003(14)
0.11003(14)
0.23324(16)
0.16405(13)
0.28417(15)
0.37344(15)
0.40703(15)
0.35262(15)
0.26261(15)
0.54353(13)
0.48631(17)
0.61576(17)
0.0885(16)
0.0496(18)
0.0674
0.2881
0.2724
0.4161
0.3850
0.3699
0.3575
0.2269
0.2564
0.5195
0.4580
0.5129
0.6266
0.6442
0.6430
0.095(2)
0.0492(17)
0.0662
0.2628
0.2806
0.4074
0.3771
0.3569
0.3726
0.2566
0.2281
0.5628
0.5062
0.4802

0.020(1)
0.020(1)
0.019(1)
0.019(1)
0.021(1)
0.028(1)
0.019(1)
0.030(1)
0.032(1)
0.030(1)
0.029(1)
0.027(1)
0.034(1)
0.041(1)
0.050(1)
0.023(7)
0.036(8)
0.025
0.036
0.036
0.040
0.040
0.037
0.037
0.040
0.040
0.052
0.086
0.086
0.101
0.101
0.101
0.046(10)
0.022(7)
0.024
0.036
0.036
0.038
0.038
0.035
0.035
0.032
0.032
0.040
0.049
0.049
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H(17A) 0.7885 -0.0997 0.5961 0.075
H(17B) 0.8122 0.0330 0.6493 0.075
H(17C) 0.9300 -0.0627 0.6493 0.075
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Table 3. Anisotropic displacement parameters (A?) for nd1236.

The anisotropic displacement factor exponent takes the form:

27°[h%a**Uyy + ... + 2hka*h*Uy]

O(1A)
0(2A)
0(3A)
0(4A)
O(5A)
0(6A)
N(1A)
N(2A)
N(3A)
N(4A)
N(5A)
C(1A)
C(2A)
C(3A)
C(4A)
C(5A)
C(6A)
C(7A)
C(8A)
C(9A)
C(10A)
C(11A)
C(12A)
C(13A)
C(14A)
C(15A)
C(16A)
C(17A)
0(1B)
0(2B)
0(3B)
0(4B)
0(5B)
0(6B)
N(1B)
N(2B)
N(3B)
N(4B)
N(5B)
C(1B)

Ui U2 Us3z U2z

0.0260(8) 0.0140(9) 0.0295(9) -0.0021(7)
0.0330(9) 0.0123(9) 0.0306(9) 0.0036(7)
0.0446(11) 0.0447(13) 0.0272(9) -0.0016(8)
0.0304(9) 0.0473(13) 0.0417(10) -0.0184(10)
0.0449(11) 0.0183(10) 0.0353(9) 0.0018(8)
0.0341(9) 0.0134(10) 0.0354(9) -0.0016(8)
0.0267(10) 0.0103(11) 0.0324(10) 0.0007(8)
0.0344(11) 0.0144(12) 0.0287(10) -0.0009(9)
0.0528(13) 0.0273(14) 0.0558(13) 0.0032(11)
0.0325(10) 0.0122(11) 0.0275(10) -0.0027(8)
0.0263(9) 0.0178(12) 0.0218(9) -0.0016(8)
0.0198(10) 0.0150(12) 0.0210(10) -0.0016(9)
0.0226(10) 0.0146(13) 0.0236(10) 0.0010(2)
0.0202(10) 0.0134(12) 0.0218(10) -0.0027(9)
0.0236(11) 0.0147(12) 0.0221(10) 0.0024(9)
0.0205(10) 0.0139(13) 0.0185(10) -0.0003(9)
0.0226(10) 0.0103(12) 0.0199(10) 0.0016(2)
0.0230(10) 0.0139(12) 0.0188(10) 0.0013(9)
0.0317(11) 0.0149(13) 0.0335(11) 0.0028(2)
0.0272(11) 0.0140(13) 0.0258(11) 0.0016(10)

Uiz

0.0097(6)
0.0046(7)
0.0064(8)
0.0068(8)
0.0234(8)
0.0142(7)
0.0098(8)
0.0097(9)

U

-0.0025(7)
0.0033(8)
-0.0056(9)
-0.0102(10)
-0.0030(9)
0.0039(8)
-0.0002(8)
-0.0012(9)

0.0324(11) 0.0062(11)

0.0045(8)
0.0077(7)
0.0045(8)
0.0029(8)
0.0023(8)
0.0037(8)
0.0042(8)
0.0020(8)
0.0006(8)
0.0111(9)
0.0102(9)

-0.0021(8)
-0.0033(9)
0.0006(9)
0.0025(9)
0.0007(9)
-0.0017(9)
0.0002(9)
-0.0008(9)
-0.0019(9)
0.0024(10)
0.0001(10)

0.0307(12) 0.0139(12) 0.0386(13) -0.0061(11) -0.0030(10) 0.0035(10)
0.0412(13) 0.0227(14) 0.0283(12) 0.0023(10) -0.0064(10) -0.0003(11)
0.0299(11) 0.0225(13) 0.0249(11) -0.0058(10) 0.0039(9) -0.0051(10)
0.0417(13) 0.0193(15) 0.0285(12) -0.0033(10) 0.0027(10) 0.0047(11)
0.0513(15) 0.0163(15) 0.0280(13) -0.0012(10) 0.0035(11) -0.0025(12)
0.0507(13) 0.0364(15) 0.0370(12) -0.0092(11) 0.0015(10) 0.0051(11)
0.0225(17) -0.034(2)

0.0547(19) 0.096(3)
0.087(3)  0.059(2)
0.0312(9) 0.0115(9) 0.0302(9) -0.0016(7)
0.0314(8) 0.0147(9) 0.0274(8) -0.0006(7)
0.0378(10) 0.0405(12) 0.0241(8) 0.0047(8)
0.0303(9) 0.0438(12) 0.0351(9) 0.0124(9)
0.0417(10) 0.0187(10) 0.0362(9) -0.0017(8)
0.0330(9) 0.0128(10) 0.0328(9) 0.0029(8)
0.0292(10) 0.0166(12) 0.0310(10) 0.0034(8)
0.0325(11) 0.0084(11) 0.0253(10) 0.0000(8)
0.0574(14) 0.0263(14) 0.0560(14) -0.0030(11)
0.0288(9) 0.0126(11) 0.0247(9) 0.0013(8)
0.0252(9) 0.0118(10) 0.0253(9) 0.0009(8)
0.0222(11) 0.0153(12) 0.0221(10) -0.0022(9)

0.069(2) ~ -0.049(2)

0.0110(7)
0.0023(6)
0.0054(7)
0.0083(7)
0.0187(8)
0.0117(7)
0.0102(8)
0.0090(9)

0.0405(16) -0.0071(16) -0.0105(16) 0.009(2)

0.0027(7)
-0.0001(8)
0.0023(8)
0.0088(9)
0.0039(8)
0.0000(7)
0.0010(9)
0.0039(9)

0.0365(12) -0.0120(11)

0.0046(7)
0.0051(7)
0.0020(8)

-0.0018(8)
0.0010(9)
0.0018(10)



C(2B)
C(3B)
C(4B)
C(5B)
C(6B)
C(7B)
C(8B)
C(9B)
C(10B)
C(11B)
C(12B)
C(13B)
C(14B)
C(15B)
C(16B)
C(17B)

0.0221(10) 0.0147(12) 0.0224(10) 0.0009(9) 0.0057(8) -0.0009(9)
0.0228(11) 0.0132(13) 0.0213(10) -0.0029(10) -0.0005(8) -0.0006(9)
0.0207(10) 0.0145(13) 0.0226(10) -0.0017(9) 0.0032(8) 0.0011(9)
0.0216(10) 0.0137(13) 0.0204(11) -0.0009(9) 0.0028(8) 0.0011(9)
0.0206(10) 0.0159(12) 0.0199(10) 0.0031(9) 0.0030(8) -0.0029(10)
0.0230(11) 0.0154(12) 0.0238(11) -0.0021(10) 0.0045(8) 0.0026(10)
0.0335(12) 0.0128(13) 0.0398(13) -0.0019(10) 0.0125(10) -0.0012(10)
0.0209(10) 0.0124(13) 0.0248(11) 0.0016(9) 0.0081(8) 0.0000(9)
0.0292(11) 0.0271(15) 0.0293(12) 0.0048(11)-0.0003(9) -0.0079(11)
0.0354(12) 0.0251(14) 0.0304(12) -0.0009(11) 0.0004(10) -0.0042(11)
0.0300(12) 0.0331(15) 0.0262(11) 0.0004(11) 0.0068(9) 0.0008(11)
0.0337(12) 0.0244(15) 0.0285(12) 0.0094(10) 0.0082(10) 0.0002(11)
0.0408(13) 0.0113(13) 0.0279(12) 0.0043(9) 0.0081(10) 0.0036(10)
0.0379(11) 0.0263(12) 0.0295(10) 0.0032(9) -0.0040(8) -0.0028(9)
0.0360(13) 0.0440(16) 0.0385(13) 0.0191(12) 0.0009(10) 0.0109(12)
0.0706(19) 0.0430(18) 0.0320(13) 0.0061(13) 0.0064(12) 0.0004(15)
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Table 4. Bond lengths [A] for nd1236.

atom-atom distance atom-atom
O(1A)-C(7A) 1.343(3) O(1A)-N(1A)
O(2A)-C(9A) 1.232(3) O(3A)-C(12A)
O(3A)-C(15A) 1.448(3) O(4A)-C(12A)
O(4A)-C(16A) 1.422(4) O(5A)-N(5A)
O(6A)-N(5A) 1.231(3) N(1A)-C(1A)
N(2A)-C(7A) 1.311(3) N(3A)-C(8A)
N(4A)-C(9A) 1.335(3) N(4A)-C(14A)
N(4A)-C(10A) 1.477(3) N(5A)-C(5A)
C(1A)-C(6A) 1.428(3) C(1A)-C(2A)
C(2A)-C(3A) 1.384(3) C(2A)-C(8A)
C(3A)-C(4A) 1.414(3) C(3A)-C(9A)
C(4A)-C(5A) 1.360(3) C(4A)-H(4A)
C(5A)-C(6A) 1.401(3) C(6A)-C(7A)
C(10A)-C(11A) 1.516(4) C(11A)-C(12A)
C(12A)-C(13A) 1.523(4) C(13A)-C(14A)
C(15A)-C(17A) 1.493(4) C(15A)-C(16A)
O(1B)-C(7B) 1.340(3) O(1B)-N(1B)
0(2B)-C(9B) 1.236(3) 0O(3B)-C(12B)
0O(3B)-C(15B) 1.439(3) 0O(4B)-C(16B)
0(4B)-C(12B) 1.435(3) O(5B)-N(5B)
0O(6B)-N(5B) 1.234(3) N(1B)-C(1B)
N(2B)-C(7B) 1.326(3) N(3B)-C(8B)
N(4B)-C(9B) 1.333(3) N(4B)-C(10B)
N(4B)-C(14B) 1.474(3) N(5B)-C(5B)
C(1B)-C(6B) 1.426(3) C(1B)-C(2B)
C(2B)-C(3B) 1.376(3) C(2B)-C(8B)
C(3B)-C(4B) 1.409(3) C(3B)-C(9B)
C(4B)-C(5B) 1.370(3) C(4B)-H(4B)
C(5B)-C(6B) 1.429(3) C(6B)-C(7B)
C(10B)-C(11B) 1.519(3) C(11B)-C(12B)
C(12B)-C(13B) 1.520(4) C(13B)-C(14B)
C(15B)-C(17B) 1.494(4) C(15B)-C(16B)
N(2A)-H(2AA) 0.89(3) N(2A)-H(2AB)
C(10A)-H(10A) 0.9900 C(10A)-H(10B)
C(11A)-H(11A) 0.9900 C(11A)-H(11B)
C(13A)-H(13A) 0.9900 C(13A)-H(13B)
C(14A)-H(14A) 0.9900 C(14A)-H(14B)
C(15A)-H(15A) 1.0000 C(16A)-H(16A)
C(16A)-H(16B) 0.9900 C(17A)-H(17D)
C(17A)-H(17E) 0.9800 C(17A)-H(17F)
N(2B)-H(2BA) 0.88(4) N(2B)-H(2BB)
C(10B)-H(10C) 0.9900 C(10B)-H(10D)

distance

1.437(3)
1.414(3)
1.421(3)
1.221(3)
1.315(3)
1.144(3)
1.463(3)
1.475(3)
1.435(3)
1.432(3)
1.508(4)
0.9500

1.423(3)
1.522(4)
1.525(3)
1.497(4)
1.437(3)
1.418(3)
1.428(3)
1.221(3)
1.319(3)
1.146(3)
1.472(3)
1.449(3)
1.434(4)
1.439(3)
1.518(3)
0.9500

1.394(4)
1.504(4)
1.522(3)
1.508(4)
0.93(3)

0.9900

0.9900

0.9900

0.9900

0.9900

0.9800

0.9800

0.78(3)

0.9900
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C(11B)-H(11C)
C(13B)-H(13C)
C(14B)-H(14C)
C(15B)-H(15B)
C(16B)-H(16D)
C(17B)-H(17B)

Symmetry transformations used to generate equivalent atoms:

0.9900
0.9900
0.9900
1.0000
0.9900
0.9800

C(11B)-H(11D)
C(13B)-H(13D)
C(14B)-H(14D)
C(16B)-H(16C)
C(17B)-H(17A)
C(17B)-H(17C)

0.9900
0.9900
0.9900
0.9900
0.9800
0.9800
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Table 5. Bond angles [°] for nd1236.

atom-atom-atom

C(7A)-O(1A)-N(1A)

C(12A)-O(4A)-C(16A)
C(9A)-N(4A)-C(14A)
C(14A)-N(4A)-C(10A)

O(5A)-N(5A)-C(5A)
N(1A)-C(1A)-C(6A)
C(6A)-C(1A)-C(2A)
C(3A)-C(2A)-C(1A)
C(2A)-C(3A)-C(4A)
C(4A)-C(3A)-C(9A)
C(4A)-C(5A)-C(6A)
C(6A)-C(5A)-N(5A)
C(5A)-C(6A)-C(1A)
N(2A)-C(7A)-O(1A)
O(1A)-C(7A)-C(6A)
0(2A)-C(9A)-N(4A)
N(4A)-C(9A)-C(3A)

C(10A)-C(11A)-C(12A)
O(3A)-C(12A)-C(11A)
O(3A)-C(12A)-C(13A)
C(11A)-C(12A)-C(13A)
N(4A)-C(14A)-C(13A)
O(3A)-C(15A)-C(16A)
O(4A)-C(16A)-C(15A)
C(12B)-0(3B)-C(15B)

C(1B)-N(1B)-O(1B)
C(9B)-N(4B)-C(14B)
O(5B)-N(5B)-O(6B)
0(6B)-N(5B)-C(5B)
N(1B)-C(1B)-C(2B)
C(3B)-C(2B)-C(1B)
C(1B)-C(2B)-C(8B)
C(2B)-C(3B)-C(9B)
C(5B)-C(4B)-C(3B)
C(4B)-C(5B)-N(5B)
C(7B)-C(6B)-C(1B)
C(1B)-C(6B)-C(5B)
N(2B)-C(7B)-C(6B)
N(3B)-C(8B)-C(2B)
0(2B)-C(9B)-C(3B)

N(4B)-C(10B)-C(11B)

0(3B)-C(12B)-O(4B)

angle

111.64(18)
107.9(2)
121.0(2)
113.8(2)
119.1(2)
114.7(2)
120.3(2)
118.6(2)
120.7(2)
118.5(2)
122.0(2)
121.5(2)
117.9(2)
116.1(2)
107.9(2)
124.4(3)
116.9(2)
109.9(2)
109.9(2)
111.0(2)
110.5(2)
110.7(2)
104.4(2)
105.8(3)
108.73(17)
102.80(18)
120.5(2)
123.1(2)
117.4(2)
124.5(2)
118.8(2)
118.6(2)
121.0(2)
120.3(2)
117.4(2)
103.1(2)
116.5(2)
135.4(2)
177.5(3)
119.0(2)
109.3(2)
106.28(19)

atom-atom-atom

C(12A)-O(3A)-C(15A)

C(1A)-N(1A)-O(1A)
C(9A)-N(4A)-C(10A)
O(5A)-N(5A)-O(6A)
O(6A)-N(5A)-C(5A)
N(1A)-C(1A)-C(2A)
C(3A)-C(2A)-C(8A)
C(8A)-C(2A)-C(1A)
C(2A)-C(3A)-C(9A)
C(5A)-C(4A)-C(3A)
C(4A)-C(5A)-N(5A)
C(5A)-C(6A)-C(7A)
C(7A)-C(6A)-C(1A)
N(2A)-C(7A)-C(6A)
N(3A)-C(8A)-C(2A)
0(2A)-C(9A)-C(3A)

N(4A)-C(10A)-C(11A)
O(3A)-C(12A)-O(4A)
O(4A)-C(12A)-C(11A)
O(4A)-C(12A)-C(13A)
C(12A)-C(13A)-C(14A)
O(3A)-C(15A)-C(17A)
C(17A)-C(15A)-C(16A)

C(7B)-O(1B)-N(1B)

C(16B)-O(4B)-C(12B)

C(9B)-N(4B)-C(10B)

C(10B)-N(4B)-C(14B)

0(5B)-N(5B)-C(5B)
N(1B)-C(1B)-C(6B)
C(6B)-C(1B)-C(2B)
C(3B)-C(2B)-C(8B)
C(2B)-C(3B)-C(4B)
C(4B)-C(3B)-C(9B)
C(4B)-C(5B)-C(6B)
C(6B)-C(5B)-N(5B)
C(7B)-C(6B)-C(5B)
N(2B)-C(7B)-O(1B)
O(1B)-C(7B)-C(6B)
0(2B)-C(9B)-N(4B)
N(4B)-C(9B)-C(3B)

C(12B)-C(11B)-C(10B)
0(3B)-C(12B)-C(11B)

angle

106.0(2)
102.97(17)
124.8(2)
124.1(2)
116.8(2)
125.0(2)
122.9(2)
118.5(2)
120.8(2)
120.3(2)
116.4(2)
139.3(2)
102.8(2)
135.9(2)
177.2(3)
118.7(2)
110.5(2)
105.26(18)
109.2(2)
110.9(2)
111.2(2)
109.1(3)
115.5(3)
110.95(18)
106.34(19)
125.1(2)
114.0(2)
119.4(2)
114.2(2)
121.2(2)
122.5(2)
121.0(2)
118.0(2)
122.0(2)
120.5(2)
140.4(2)
115.7(2)
108.9(2)
125.5(2)
115.5(2)
111.5(2)
111.8(2)
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O(4B)-C(12B)-C(11B)
O(4B)-C(12B)-C(13B)
C(12B)-C(13B)-C(14B)
O(3B)-C(15B)-C(17B)
C(17B)-C(15B)-C(16B)
C(7A)-N(2A)-H(2AA)
H(2AA)-N(2A)-H(2AB)
C(3A)-C(4A)-H(4A)
C(11A)-C(10A)-H(10A)
C(11A)-C(10A)-H(10B)
C(10A)-C(11A)-H(11A)
C(10A)-C(11A)-H(11B)
H(11A)-C(11A)-H(11B)
C(14A)-C(13A)-H(13A)
C(14A)-C(13A)-H(13B)
N(4A)-C(14A)-H(14A)
N(4A)-C(14A)-H(14B)
H(14A)-C(14A)-H(14B)
C(17A)-C(15A)-H(15A)
O(4A)-C(16A)-H(16A)
O(4A)-C(16A)-H(16B)
H(16A)-C(16A)-H(16B)
C(15A)-C(17A)-H(17E)
C(15A)-C(17A)-H(17F)
H(17E)-C(17A)-H(17F)
C(7B)-N(2B)-H(2BB)
C(5B)-C(4B)-H(4B)
N(4B)-C(10B)-H(10C)
N(4B)-C(10B)-H(10D)
H(10C)-C(10B)-H(10D)
C(10B)-C(11B)-H(11C)
C(10B)-C(11B)-H(11D)
C(12B)-C(13B)-H(13C)
C(12B)-C(13B)-H(13D)
H(13C)-C(13B)-H(13D)
C(13B)-C(14B)-H(14C)
C(13B)-C(14B)-H(14D)
O(3B)-C(15B)-H(15B)
C(16B)-C(15B)-H(15B)
C(15B)-C(16B)-H(16C)
C(15B)-C(16B)-H(16D)
C(15B)-C(17B)-H(17A)
H(17A)-C(17B)-H(17B)
H(17A)-C(17B)-H(17C)

108.2(2)
110.2(2)
111.8(2)
108.6(2)
116.7(2)
117.7(18)
122(3)
119.9
109.5
109.5
109.7
109.7
108.2
109.4
109.4
109.5
109.5
108.1
109.2
110.6
110.6
108.7
109.5
109.5
109.5
121(2)
119.9
109.8
109.8
108.3
109.3
109.3
109.3
109.3
107.9
109.6
109.6
109.9
109.9
111.3
111.3
109.5
109.5
109.5

0(3B)-C(12B)-C(13B)
C(11B)-C(12B)-C(13B)
N(4B)-C(14B)-C(13B)
O(3B)-C(15B)-C(16B)
O(4B)-C(16B)-C(15B)
C(7A)-N(2A)-H(2AB)
C(5A)-C(4A)-H(4A)
N(4A)-C(10A)-H(10A)
N(4A)-C(10A)-H(10B)
H(10A)-C(10A)-H(10B)
C(12A)-C(11A)-H(11A)
C(12A)-C(11A)-H(11B)
C(12A)-C(13A)-H(13A)
C(12A)-C(13A)-H(13B)
H(13A)-C(13A)-H(13B)
C(13A)-C(14A)-H(14A)
C(13A)-C(14A)-H(14B)
O(3A)-C(15A)-H(15A)
C(16A)-C(15A)-H(15A)
C(15A)-C(16A)-H(16A)
C(15A)-C(16A)-H(16B)
C(15A)-C(17A)-H(17D)
H(17D)-C(17A)-H(L7E)
H(17D)-C(17A)-H(17F)
C(7B)-N(2B)-H(2BA)
H(2BA)-N(2B)-H(2BB)
C(3B)-C(4B)-H(4B)
C(11B)-C(10B)-H(10C)
C(11B)-C(10B)-H(10D)
C(12B)-C(11B)-H(11C)
C(12B)-C(11B)-H(11D)
H(11C)-C(11B)-H(11D)
C(14B)-C(13B)-H(13C)
C(14B)-C(13B)-H(13D)
N(4B)-C(14B)-H(14C)
N(4B)-C(14B)-H(14D)
H(14C)-C(14B)-H(14D)
C(17B)-C(15B)-H(15B)
O(4B)-C(16B)-H(16C)
O(4B)-C(16B)-H(16D)
H(16C)-C(16B)-H(16D)
C(15B)-C(17B)-H(17B)
C(15B)-C(17B)-H(17C)
H(17B)-C(17B)-H(17C)

Symmetry transformations used to generate equivalent atoms:

109.4(2)
110.8(2)
110.1(2)
101.39(18)
102.3(2)
120(2)
119.9
109.5
109.5
108.1
109.7
109.7
109.4
109.4
108.0
109.5
109.5
109.2
109.2
110.6
110.6
109.5
109.5
109.5
114(2)
125(3)
119.9
109.8
109.8
109.3
109.3
108.0
109.3
109.3
109.6
109.6
108.1
109.9
111.3
111.3
109.2
109.5
109.5
109.5



Table 6. Torsion angles [°] for nd1236.

atom-atom-atom-atom angle
C(7A)-O(1A)-N(1A)-C(1A) -0.1(2)
O(1A)-N(1A)-C(1A)-C2A)  -177.4(2)
C(6A)-C(1A)-C(2A)-C(3A) 3.4(3)
C(6A)-C(LA)-C(2A)-C(8A)  -175.2(2)
C(LA)-C(2A)-C(3A)-C(4A) 0.5(3)
C(1A)-C(2A)-C(3A)-C(9A)  -179.8(2)
C(9A)-C(3A)-C(4A)-C(A)  177.2(2)
C(3A)-C(4A)-C(5A)-N(5A)  -173.97(18)
O(6A)-N(5A)-C(5A)-C(4A)  158.7(2)
0(6A)-N(5A)-C(5A)-C(6A)  -17.1(3)
N(5A)-C(5A)-C(6A)-C(7A) -5.0(4)
N(5A)-C(5A)-C(6A)-C(1A)  177.53(18)
C(2A)-C(1A)-C(6A)-C(5A) -4.5(3)
C(2A)-C(1A)-C(A)-C(TA)  177.1(2)
N(1A)-O(1A)-C(7A)-C(6A) -0.6(2)
C(LA)-C(6A)-C(TA)-N(2A)  -179.5(3)
C(LA)-C(6A)-C(7A)-O(1A) 0.9(2)
C(1A)-C(2A)-C(8A)-N(3A) 28(6)
C(10A)-N(4A)-C(9A)-0(2A)  -170.1(2)
C(10A)-N(4A)-C(9A)-C(3A) 8.9(3)
C(4A)-C(3A)-C(9A)-O(2A) 80.3(3)
C(4A)-C(3A)-C(9A)-N(4A)  -98.8(3)

C(14A)-N(4A)-C(10A)-C(11A)  57.5(3)
C(15A)-O(3A)-C(12A)-0(4A)  33.5(3)
C(15A)-O(3A)-C(12A)-C(13A) -86.5(2)
C(16A)-O(4A)-C(12A)-C(11A) -146.0(3)

C(10A)-C(11A)-C(12A)-O(3A) 179.10(19)

C(10A)-C(11A)-C(12A)-C(13A) 56.3(3)

O(4A)-C(12A)-C(13A)-C(14A)  66.3(3)
C(9A)-N(4A)-C(14A)-C(13A)  131.2(2)
C(12A)-C(13A)-C(14A)-N(4A)  53.6(3)
C(12A)-O(3A)-C(15A)-C(16A) -25.9(3)
O(3A)-C(15A)-C(16A)-0(4A)  8.7(4)
C(7B)-O(1B)-N(1B)-C(1B) -0.1(2)
O(1B)-N(1B)-C(1B)-C(2B)  178.6(2)
C(6B)-C(1B)-C(2B)-C(3B) -1.4(3)
C(6B)-C(1B)-C(2B)-C(8B) 176.7(2)
C(8B)-C(2B)-C(3B)-C(4B)  -179.8(2)
C(8B)-C(2B)-C(3B)-C(9B) 0.0(4)
C(9B)-C(3B)-C(4B)-C(5B)  -176.3(2)
C(3B)-C(4B)-C(5B)-N(5B) 175.06(19)
0(6B)-N(5B)-C(5B)-C(4B)  -159.0(2)

C(9A)-N(4A)-C(10A)-C(11A) -129.4(2)
N(4A)-C(10A)-C(11A)-C(12A) -56.7(3)
C(15A)-O(3A)-C(12A)-C(11A) 151.0(2)
C(16A)-O(4A)-C(12A)-0(3A)  -28.1(4)
C(16A)-O(4A)-C(12A)-C(13A)  92.0(3)
C(10A)-C(11A)-C(12A)-O(4A) -65.9(3)
O(3A)-C(12A)-C(13A)-C(14A) -177.1(2)
C(11A)-C(12A)-C(13A)-C(14A) -54.9(3)
C(10A)-N(4A)-C(14A)-C(13A) -55.5(3)
C(12A)-O(3A)-C(15A)-C(17A) -149.9(3)
C(12A)-O(4A)-C(16A)-C(15A) 11.6(4)
C(17A)-C(15A)-C(16A)-O(4A) 128.5(3)

O(1B)-N(1B)-C(1B)-C(6B) -0.5(2)
N(1B)-C(1B)-C(2B)-C(3B)  179.6(2)
N(1B)-C(1B)-C(2B)-C(8B) -2.3(4)
C(1B)-C(2B)-C(3B)-C(4B) -1.8(3)
C(1B)-C(2B)-C(3B)-C(9B)  178.0(2)
C(2B)-C(3B)-C(4B)-C(5B) 3.5(3)
C(3B)-C(4B)-C(5B)-C(6B) -2.0(3)
0(5B)-N(5B)-C(5B)-C(4B) 18.7(3)
O(5B)-N(5B)-C(5B)-C(6B)  -164.2(2)

atom-atom-atom-atom angle
O(1A)-N(1A)-C(1A)-C(6A) 0.7(2)
N(1A)-C(1A)-C(2A)-C(3A)  -178.7(2)
N(1A)-C(1A)-C(2A)-C(8A) 2.8(4)
C(8A)-C(2A)-C(3A)-C(4A) 178.9(2)
C(8A)-C(2A)-C(3A)-C(9A) -1.4(4)
C(2A)-C(3A)-C(4A)-C(5A) -3.1(3)
C(3A)-C(4A)-C(5A)-C(6A) 1.8(4)
O(5A)-N(5A)-C(5A)-C(4A) -19.5(3)
O(5A)-N(5A)-C(5A)-C(6A) 164.7(2)
C(4A)-C(5A)-C(6A)-C(7A) 179.4(3)
C(4A)-C(5A)-C(6A)-C(1A) 2.0(3)
N(1A)-C(1A)-C(6A)-C(5A) 177.3(2)
N(1A)-C(1A)-C(6A)-C(7A) -1.0(3)
N(1A)-O(1A)-C(7A)-N(2A) 179.72(19)
C(5A)-C(6A)-C(7A)-N(2A) 2.8(5)
C(5A)-C(6A)-C(TA)-O(1A)  -176.8(3)
C(3A)-C(2A)-C(8A)-N(3A)  -150(6)
C(14A)-N(4A)-C(9A)-O(2A) 2.4(4)
C(14A)-N(4A)-C(9A)-C(3A) -178.5(2)
C(2A)-C(3A)-C(9A)-0O(2A) -99.4(3)
C(2A)-C(3A)-C(9A)-N(4A) 81.5(3)
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0(6B)-N(5B)-C(5B)-C(6B) 18.1(3)
C(2B)-C(1B)-C(6B)-C(7B)  -178.3(2)
C(2B)-C(1B)-C(6B)-C(5B) 2.9(3)
N(5B)-C(5B)-C(6B)-C(7B) 3.7(4)
N(5B)-C(5B)-C(6B)-C(1B)  -178.11(18)
N(1B)-O(1B)-C(7B)-C(6B) 0.6(2)
C(5B)-C(6B)-C(7B)-N(2B) -3.0(5)
C(5B)-C(6B)-C(7B)-O(1B) 177.6(3)
C(1B)-C(2B)-C(8B)-N(3B) -8(7)
C(14B)-N(4B)-C(9B)-O(2B) -3.3(3)
C(14B)-N(4B)-C(9B)-C(3B)  175.7(2)
C(4B)-C(3B)-C(9B)-O(2B) -84.4(3)
C(4B)-C(3B)-C(9B)-N(4B) 96.6(2)
C(14B)-N(4B)-C(10B)-C(11B) -58.0(3)
C(15B)-0(3B)-C(12B)-O(4B)  5.8(3)
C(15B)-0(3B)-C(12B)-C(13B) 124.8(2)
C(16B)-O(4B)-C(12B)-C(11B) 139.5(2)

C(10B)-C(11B)-C(12B)-O(3B) -177.17(19)

C(10B)-C(11B)-C(12B)-C(13B) -54.9(3)

0(4B)-C(12B)-C(13B)-C(14B)  -66.7(3)
C(9B)-N(4B)-C(14B)-C(13B) -130.5(2)
C(12B)-C(13B)-C(14B)-N(4B) -52.9(3)
C(12B)-0(3B)-C(15B)-C(16B) -26.8(3)
0(3B)-C(15B)-C(16B)-O(4B)  37.6(2)

N(1B)-C(1B)-C(6B)-C(7B) 0.8(3)

N(1B)-C(1B)-C(6B)-C(5B)  -178.07(19)
C(4B)-C(5B)-C(6B)-C(7B)  -179.4(3)
C(4B)-C(5B)-C(6B)-C(1B) -1.2(3)
N(1B)-O(1B)-C(7B)-N(2B)  -178.99(19)
C(1B)-C(6B)-C(7B)-N(2B)  178.7(3)
C(1B)-C(6B)-C(7B)-O(1B) -0.8(2)
C(3B)-C(2B)-C(8B)-N(3B)  170(7)
C(10B)-N(4B)-C(9B)-O(2B)  168.9(2)
C(10B)-N(4B)-C(9B)-C(3B)  -12.1(3)
C(2B)-C(3B)-C(9B)-0(2B) 95.8(3)
C(2B)-C(3B)-C(9B)-N(4B)  -83.2(3)
C(9B)-N(4B)-C(10B)-C(11B)  129.3(2)
N(4B)-C(10B)-C(11B)-C(12B)  56.4(3)

C(15B)-O(3B)-C(12B)-C(11B) -112.1(2)
C(16B)-O(4B)-C(12B)-0(3B)  19.3(3)
C(16B)-O(4B)-C(12B)-C(13B) -99.2(3)
C(10B)-C(11B)-C(12B)-O(4B)  66.1(3)
0(3B)-C(12B)-C(13B)-C(14B) 176.8(2)
C(11B)-C(12B)-C(13B)-C(14B) 53.1(3)
C(10B)-N(4B)-C(14B)-C(13B)  56.5(3)
C(12B)-0(3B)-C(15B)-C(17B) -150.3(2)
C(12B)-O(4B)-C(16B)-C(15B) -35.4(3)
C(17B)-C(15B)-C(16B)-O(4B) 155.3(2)

Symmetry transformations used to generate equivalent atoms:

S104



Table 7. Hydrogen bonds for nd1236 [A and °].

D-H..A

N(2A)-H(2AA)...O0(2A)#1
N(2A)-H(2AB)...O0(6A)
N(2A)-H(2AB)...0(6B)#2
N(2B)-H(2BA)...0(2B)#3
N(2B)-H(2BB)...O(6A)#4
N(2B)-H(2BB)...0(6B)

d(D-H)

0.89(3)
0.93(3)
0.93(3)
0.88(4)
0.78(3)
0.78(3)

d(H...A)

2.06(3)
2.10(3)
2.18(3)
2.07(4)
2.29(3)
2.22(3)

d(D...A)

2.946(3)
2.803(3)
3.020(3)
2.932(3)
3.013(3)
2.798(3)

Symmetry transformations used to generate equivalent atoms:
#1x,y-1,z #2-x+1y-1/2,-z #3x,y+1,z #4 -x+1,y+1/2,-z

<(DHA)

173(2)
131(3)
151(3)
169(3)
155(3)
131(3)
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X-ray Structure Report

for compound 31 (nd1237)
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DISCUSSION

The compound crystallizes as dark red blocks. There are two crystallographically independent
molecules of the compound in the asymmetric unit of the primitive, acentric, monoclinic space
group P2;. The correct enantiomer of the compound and enantiomorph of the space group were
determined by comparison of the known handedness of the molecule and by comparison of
intensities of Friedel pairs of reflections. The measurement of intensity differences agreed with
the known configuration. The Flack x parameter is 0.06(17) and the Hooft y parameter, based on
Bayesian statistical analysis of the reflections is 0.10(5). Values of zero are indicative of the
correct configuration.

The structure of the molecules is analogous to compound 32. Although there are two
crystallographically independent molecules in the asymmetric unit, they are chemically identical.
The connectivity and variation of bond distances is also similar. The tautomer is depicted in the
appended ChemDraw Figure. Examination of the structure reveals one difference compared with
ND1236. The benzo-isoxazol ring systems of the two independent molecules form a n-n stacking
interaction (ring — ring distance = 3.31A). presumably lack of steric interference allows this
favorable interaction.

The amino hydrogens (N2) on both molecules were located from a difference Fourier map and
included in refined positions. As with the cyano analog, one hydrogen forms an intramolecular
H-bond with a nitro oxygen. The remaining amino hydrogen forms an H-bond to the carbonyl
oxygen, O2, of an adjacent molecule related by translation along the b-axis. Unlike the cyano
adduct, this H-bond is to the same molecular species, and not to the other molecule in the
asymmetric unit. The resulting motif is a pair of one-dimensional chains of each molecule that
are oriented parallel to the b-axis with additional stacking from the weak n-n interactions (see
Figures).

The bond distances and angles within the molecules exhibit the same variations as observed with
the cyano-analog.

CRYSTAL SUMMARY

Crystal data for C1sH1sN4Os; M, = 362.34; Monoclinic; space group P2;; a = 9.66900(10) A; b =
8.06660(10) A; ¢ =20.7830(3) A; a = 90°; B = 90.6040(10)°; y = 90°; V = 1620.90(4) A*; Z = 4;
T = 120(2) K; MCu-Ko) = 1.54184 A; p(Cu-Ka) = 0.979 mm™; deac = 1.4859.Cm'3; 25993
reflections collected; 5760 unique (Rin: = 0.0221); giving R; = 0.0393, wR, = 0.1100 for 5559
data with [[>26(I)] and R; = 0.0406, wR, = 0.1116 for all 5760 data. Residual electron density
(e.A™®) max/min: 0.384/-0.250.

An arbitrary sphere of data were collected on a dark red block-like crystal, having approximate
dimensions of 0.08 x 0.08 x 0.06 mm, on a Bruker APEX-II diffractometer using a combination
of - and ¢-scans of 0.5°. Data were corrected for absorption and polarization effects and
analyzed for space group determination. The structure was solved by direct methods and
expanded routinely. The model was refined by full-matrix least-squares analysis of F? against all
reflections. All non-hydrogen atoms were refined with anisotropic thermal displacement
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parameters. Unless otherwise noted, hydrogen atoms were included in calculated positions.
Thermal parameters for the hydrogens were tied to the isotropic thermal parameter of the atom to
which they are bonded (1.5 x for methyl, 1.2 x for all others).
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Table 1. Crystal data and structure refinement for nd1237.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient ()
F(000)

Crystal color, habit

Crystal size

0 range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to 6 = 71.36°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [[>206(I)]

R indices (all data)
Absolute structure parameter
Largest diff. peak and hole

nd1237

C16H18N4Os

362.34

120(2) K

1.54184 A

Monoclinic

P2,

a=9.66900(10) A  a=90°
b =8.06660(10) A B =90.6040(10)°
c=20.78303) A  y=90°
1620.90(4) A®

4

1.485 g.cm™

0.979 mm™

760

dark red, block

0.08 x 0.08 x 0.06 mm?®
2.13t0 71.36°
-11<h<11,-9<k<9,-25<1<22
25993

5760 [Rin = 0.0221]

96.9 %

Numerical

0.9907 and 0.9247
Full-matrix least-squares on F
5760/ 1/ 487

1.051

R; = 0.0393, wR, = 0.1100
R: = 0.0406, wR, = 0.1116
0.06(17)

0.384 and -0.250 e A
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Table 2. Atomic coordinates and equivalent isotropic displacement parameters (A?%)
for nd1237. U(eq) is defined as one third of the trace of the orthogonalized Uj; tensor.

O(1A)
0(2A)
0(3A)
0(4A)
O(5A)
O(6A)
N(1A)
N(2A)
N(3A)
N(4A)
C(1A)
C(2A)
C(3A)
C(4A)
C(5A)
C(6A)
C(7A)
C(8A)
C(9A)
C(10A)
C(11A)
C(12A)
C(13A)
C(14A)
C(15A)
C(16A)
O(1B)
0(2B)
0(3B)
0(4B)
O(5B)
0(6B)
N(1B)
N(2B)
N(3B)
N(4B)
C(1B)
C(2B)
C(3B)
C(4B)
C(5B)

X

0.97602(15)
0.29114(16)
0.20879(19)
0.16671(18)
0.63721(17)
0.84021(16)
0.86081(19)
1.0425(2)
0.34478(18)
0.72547(19)
0.7601(2)
0.6223(2)
0.5277(2)
0.5633(2)
0.6958(2)
0.7996(2)
0.9410(2)
0.3772(2)
0.1994(2)
0.1364(2)
0.2213(2)
0.3737(2)
0.4303(2)
0.1519(2)
0.1784(3)
0.2189(4)
0.50694(15)
1.19168(16)
1.26680(16)
1.31372(18)
0.84579(16)
0.63786(18)
0.62214(18)
0.44125(19)
1.13701(18)
0.75521(19)
0.7226(2)
0.8599(2)
0.9554(2)
0.9193(2)
0.7865(2)

y

0.5268(2)
0.5648(2)
-0.0409(2)
0.1301(3)
0.9346(2)
0.9394(2)
0.4216(3)
0.7537(3)
0.3042(3)
0.8760(3)
0.4898(3)
0.4267(3)
0.5122(3)
0.6636(3)
0.7213(3)
0.6375(3)
0.6521(3)
0.4627(3)
0.2503(3)
0.2398(3)
0.1268(3)
0.1766(3)
0.1906(3)
-0.1386(3)
-0.0347(4)
-0.3053(5)
0.9211(2)
0.8864(2)
1.4994(2)
1.3331(3)
0.5173(3)
0.5228(3)
1.0261(3)
0.6911(3)
1.1455(3)
0.5790(3)
0.9581(3)
1.0216(3)
0.9378(3)
0.7883(3)
0.7302(3)

z

0.76550(8)
0.80606(9)
0.92124(8)
1.00691(8)
0.92257(8)
0.88079(9)
0.75275(10)
0.82162(10)
0.83781(9)
0.88854(9)
0.78547(10)
0.78907(11)
0.82438(10)
0.85619(10)
0.85441(10)
0.81934(10)
0.80473(10)
0.82342(10)
0.83338(12)
0.89993(13)
0.94347(11)
0.94379(11)
0.87595(10)
0.97223(11)
1.03042(12)
0.97198(14)
0.73712(8)
0.69740(9)
0.58171(8)
0.49589(9)
0.57779(8)
0.61325(9)
0.74966(9)
0.68293(10)
0.66329(9)
0.60944(9)
0.71585(10)
0.71263(10)
0.67790(11)
0.64454(10)
0.64634(10)

U(eq)

0.029(1)
0.036(1)
0.034(1)
0.037(1)
0.033(1)
0.035(1)
0.029(1)
0.032(1)
0.027(1)
0.025(1)
0.024(1)
0.026(1)
0.024(1)
0.025(1)
0.024(1)
0.024(1)
0.026(1)
0.026(1)
0.031(1)
0.032(1)
0.029(1)
0.029(1)
0.026(1)
0.032(1)
0.038(1)
0.052(1)
0.027(1)
0.035(1)
0.030(1)
0.038(1)
0.033(1)
0.042(1)
0.028(1)
0.029(1)
0.026(1)
0.028(1)
0.023(1)
0.025(1)
0.025(1)
0.025(1)
0.024(1)
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C(6B)
C(7B)
C(8B)
C(9B)
C(10B)
C(11B)
C(12B)
C(13B)
C(14B)
C(15B)
C(16B)
H(2NA)
H(2NB)
H(2A)
H(4A)
H(9A)
H(9B)
H(10A)
H(10B)
H(12A)
H(12B)
H(13A)
H(13B)
H(14A)
H(15A)
H(15B)
H(16A)
H(16B)
H(16C)
H(2NC)
H(2ND)
H(2B)
H(4B)
H(9C)
H(9D)
H(10C)
H(10D)
H(12C)
H(12D)
H(13C)
H(13D)
H(14B)
H(15C)
H(15D)
H(16D)
H(16E)

0.6824(2)
0.5420(2)
1.1055(2)
1.2799(2)
1.3460(2)
1.2588(2)
1.1090(2)
1.0489(2)
1.2579(3)
1.3403(3)
1.3156(3)
1.129(4)
1.016(2)
0.5970
0.4947
0.1943
0.1461
0.0407
0.1322
0.3844
0.4280
0.5267
0.4308
0.0499
0.1090
0.2719
0.2059
0.1767
0.3180
0.356(3)
0.456(3)
0.8843
0.9876
1.3344
1.2809
1.4388
1.3578
1.1048
1.0525
1.0444
0.9538
1.1596
1.3090
1.4401
1.2684
1.3015

0.8123(3)
0.7959(3)
0.9884(3)
1.2046(3)
1.2248(3)
1.3330(3)
1.2730(3)
1.2569(3)
1.6020(3)
1.5016(4)
1.7706(4)
0.733(6)
0.839(4)
0.3273
0.7241
0.1403
0.3299
0.1968
0.3521
0.2845
0.0930
0.2319
0.0799
-0.1513
-0.0568
-0.0557
-0.3568
-0.3754
-0.2933
0.711(4)
0.613(4)
1.1211
0.7296
1.1246
1.3124
1.2751
1.1143
1.1640
1.3522
1.3674
1.2116
1.6106
15226
15278
1.8207
1.8401

0.68187(10)
0.69744(10)
0.67891(10)
0.66965(11)
0.60380(12)
0.55959(11)
0.55696(11)
0.62438(10)
0.52438(11)
0.47750(14)
0.53673(14)
0.8100(19)
0.8446(11)
0.7674
0.8786
0.8123
0.8067
0.8963
0.9191
0.9660
0.9681
0.8778
0.8554
0.9653
1.0640
1.0484
0.9296
1.0049
0.9812
0.6948(13)
0.6525(13)
0.7344
0.6212
0.6956
0.6924
0.6092
0.5839
0.5351
0.5315
0.6450
0.6216
0.5093
0.4327
0.4812
0.5734
0.4985

0.022(1)
0.025(1)
0.025(1)
0.029(1)
0.030(1)
0.026(1)
0.027(1)
0.026(1)
0.036(1)
0.047(1)
0.043(1)
0.073(12)
0.018(6)
0.031
0.030
0.038
0.038
0.039
0.039
0.035
0.035
0.032
0.032
0.039
0.046
0.046
0.078
0.078
0.078
0.035(7)
0.031(7)
0.030
0.030
0.034
0.034
0.036
0.036
0.032
0.032
0.031
0.031
0.043
0.056
0.056
0.065
0.065
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H(16F) 1.4148 1.7620 0.5463 0.065
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Table 3. Anisotropic displacement parameters (A?) for nd1237.
The anisotropic displacement factor exponent takes the form:
27°[h%a**Uyy + ... + 2hka*h*Uy]

O(1A)
0(2A)
0(3A)
0(4A)
O(5A)
0(6A)
N(1A)
N(2A)
N(3A)
N(4A)
C(1A)
C(2A)
C(3A)
C(4A)
C(5A)
C(6A)
C(7A)
C(8A)
C(9A)
C(10A)
C(11A)
C(12A)
C(13A)
C(14A)
C(15A)
C(16A)
O(1B)
0(2B)
0(3B)
0(4B)
0(5B)
0(6B)
N(1B)
N(2B)
N(3B)
N(4B)
C(1B)
C(2B)
C(3B)
C(4B)

Ui

0.0239(7)
0.0242(7)
0.0493(10)
0.0435(9)
0.0318(8)
0.0273(8)
0.0251(9)
0.0233(9)
0.0219(8)
0.0261(9)
0.0237(9)

U22 U33 U23

0.0291(9) 0.0325(8) -0.0027(7)
0.0286(10) 0.0542(11) 0.0056(8)
0.0244(10) 0.0274(8) -0.0008(7)
0.0376(11) 0.0311(9) -0.0118(8)
0.0311(10) 0.0366(9) -0.0078(8)
0.0318(9) 0.0460(10) -0.0122(8)
0.0298(11) 0.0327(10) -0.0011(8)

Uiz

0.0045(6)
0.0008(7)
0.0089(7)
0.0155(7)
0.0028(7)
0.0032(7)
0.0037(7)

0.0391(13) 0.0346(11) -0.0059(10) 0.0019(8)

0.0251(11) 0.0332(10) 0.0069(8)
0.0233(10) 0.0259(9) -0.0027(8)
0.0237(12) 0.0250(10) 0.0038(9)

0.0257(10) 0.0222(12) 0.0308(11) 0.0030(9)
0.0245(10) 0.0226(12) 0.0259(10) 0.0051(9)
0.0242(9) 0.0249(12) 0.0247(10) 0.0028(8)
0.0273(10) 0.0225(12) 0.0235(10) 0.0037(9)
0.0230(9) 0.0265(12) 0.0224(10) 0.0050(9)
0.0256(10) 0.0248(12) 0.0269(10) 0.0009(9)
0.0239(10) 0.0241(13) 0.0286(11) -0.0001(9)

0.0009(7)
-0.0031(7)
0.0009(8)
0.0006(8)
0.0001(8)
0.0005(8)
-0.0024(8)
-0.0018(8)
0.0000(8)
0.0019(8)

0.0248(10) 0.0253(13) 0.0438(13) 0.0046(10) -0.0048(9)
0.0231(9) 0.0240(12) 0.0504(14) -0.0063(10) 0.0042(9)
0.0327(11) 0.0249(12) 0.0289(11) -0.0076(10) 0.0091(9)
0.0286(10) 0.0310(13) 0.0276(11) 0.0006(10) 0.0034(9)
0.0230(9) 0.0257(12) 0.0307(11) 0.0055(9) 0.0030(8)
0.0317(11) 0.0343(12) 0.0315(11) 0.0079(9) 0.0004(9)

0.0426(13) 0.0437(16) 0.0290(12) -0.0059(11) 0.0046(10)

0.077(2)

0.0216(7)
0.0236(7)
0.0346(8)
0.0376(9)
0.0315(8)
0.0315(8)
0.0221(8)
0.0217(9)
0.0196(8)
0.0263(9)
0.0245(9)

U

0.0013(6)
0.0024(6)
-0.0080(7)
-0.0124(8)
0.0055(7)
-0.0065(7)
-0.0044(8)
-0.0028(8)
-0.0017(7)
0.0008(7)
0.0006(8)
-0.0016(8)
-0.0019(8)
0.0022(8)
0.0018(8)
-0.0019(8)
0.0018(9)
-0.0005(9)
-0.0055(9)
-0.0042(8)
-0.0061(9)
-0.0014(9)
0.0019(8)
-0.0097(10)
-0.0174(11)

0.0425(18) 0.0373(14) 0.0080(12) -0.0014(14) 0.0039(15)

0.0261(9) 0.0324(8) -0.0045(7)
0.0257(10) 0.0564(11) 0.0085(8)
0.0201(9) 0.0359(8) -0.0002(7)
0.0400(11) 0.0363(9) -0.0005(8)
0.0322(10) 0.0356(8) -0.0092(8)
0.0379(11) 0.0572(11) -0.0205(9)
0.0250(11) 0.0365(10) -0.0044(9)
0.0314(12) 0.0333(10) -0.0029(9)
0.0264(11) 0.0313(9) 0.0032(8)
0.0276(11) 0.0297(10) -0.0013(8)
0.0218(12) 0.0242(10) 0.0024(9)

0.0256(10) 0.0211(11) 0.0279(11) 0.0013(9)
0.0233(9) 0.0231(12) 0.0279(10) 0.0049(9)
0.0253(10) 0.0232(12) 0.0263(10) -0.0001(9)

0.0032(6)
0.0025(7)
0.0008(7)
0.0153(7)
0.0016(7)
0.0106(8)
0.0056(7)
-0.0003(8)
0.0007(7)
0.0015(8)
0.0026(8)
0.0034(8)
0.0012(8)
0.0041(8)

0.0005(6)
0.0015(6)
-0.0046(6)
-0.0070(8)
0.0050(7)
-0.0114(8)
-0.0019(7)
-0.0017(8)
-0.0032(7)
0.0017(8)
0.0000(9)
-0.0023(9)
-0.0021(9)
0.0029(9)
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C(5B)
C(6B)
C(7B)
C(8B)
C(9B)
C(10B)
C(11B)
C(12B)
C(13B)
C(14B)
C(15B)
C(16B)

0.0273(10) 0.0212(11) 0.0223(10) 0.0023(9) -0.0004(8)
0.0238(10) 0.0201(11) 0.0222(9) 0.0045(8) -0.0001(8)
0.0269(10) 0.0265(13) 0.0219(10) 0.0037(9) -0.0003(8)
0.0224(9) 0.0256(12) 0.0265(10) 0.0004(9) 0.0052(8)
0.0230(10) 0.0278(13) 0.0350(12) 0.0038(10) -0.0030(9)
0.0215(9) 0.0253(12) 0.0437(13) -0.0007(10) 0.0041(9)
0.0252(10) 0.0244(12) 0.0293(11) -0.0017(9) 0.0057(9)
0.0237(10) 0.0279(12) 0.0286(11) -0.0012(9) 0.0013(8)
0.0212(9) 0.0282(12) 0.0282(11) 0.0046(9) 0.0031(8)
0.0355(12) 0.0360(13) 0.0355(12) 0.0091(10) -0.0016(10)
0.0552(16) 0.0420(17) 0.0436(14) 0.0080(13) 0.0156(13)
0.0587(16) 0.0281(14) 0.0422(14) 0.0048(11) -0.0008(12)

-0.0018(8)
0.0004(8)
0.0045(9)
0.0016(9)

-0.0040(9)

-0.0029(9)

-0.0025(9)

-0.0042(9)
0.0013(8)

-0.0042(10)

-0.0093(13)

-0.0044(12)
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Table 4. Bond lengths [A] for nd1237.

atom-atom

O(1A)-C(7A)
0(2A)-C(8A)
O(3A)-C(14A)
O(4A)-C(11A)
O(6A)-N(4A)
N(2A)-C(7A)
N(3A)-C(13A)
N(4A)-C(5A)
C(LA)-C(6A)
C(3A)-C(4A)
C(4A)-C(5A)
C(6A)-C(7A)
C(10A)-C(11A)
C(12A)-C(13A)
C(14A)-C(16A)
O(1B)-N(1B)
0(3B)-C(11B)
0(4B)-C(11B)
O(5B)-N(4B)
N(1B)-C(1B)
N(3B)-C(8B)
N(3B)-C(13B)
C(1B)-C(6B)
C(2B)-C(3B)
C(3B)-C(8B)
C(5B)-C(6B)
C(9B)-C(10B)
C(11B)-C(12B)
C(14B)-C(16B)
N(2A)-H(2NA)
C(2A)-H(2A)
C(9A)-H(9A)
C(10A)-H(10A)
C(12A)-H(12A)
C(13A)-H(13A)
C(14A)-H(14A)
C(15A)-H(15B)
C(16A)-H(16B)
N(2B)-H(2NC)
C(2B)-H(2B)
C(9B)-H(9C)
C(10B)-H(10C)

distance

1.345(3)
1.223(3)
1.435(3)
1.426(3)
1.234(3)
1.322(3)
1.462(3)
1.462(3)
1.434(3)
1.429(3)
1.364(3)
1.409(3)
1.520(4)
1.522(3)
1.493(4)
1.421(2)
1.420(3)
1.431(3)
1.208(3)
1.324(3)
1.344(3)
1.474(3)
1.424(3)
1.358(3)
1.507(3)
1.418(3)
1.525(3)
1.528(3)
1.491(4)
0.89(4)
0.9500
0.9900
0.9900
0.9900
0.9900
1.0000
0.9900
0.9800
0.88(3)
0.9500
0.9900
0.9900

atom-atom

O(1A)-N(LA)
O(3A)-C(11A)
O(4A)-C(15A)
O(5A)-N(4A)
N(1A)-C(1A)
N(3A)-C(8A)
N(3A)-C(9A)
C(1A)-C(2A)
C(2A)-C(3A)
C(3A)-C(8A)
C(5A)-C(6A)
C(9A)-C(10A)
C(11A)-C(12A)
C(14A)-C(15A)
O(1B)-C(7B)
0(2B)-C(8B)
0(3B)-C(14B)
0(4B)-C(15B)
0(6B)-N(4B)
N(2B)-C(7B)
N(3B)-C(9B)
N(4B)-C(5B)
C(1B)-C(2B)
C(3B)-C(4B)
C(4B)-C(5B)
C(6B)-C(7B)
C(10B)-C(11B)
C(12B)-C(13B)
C(14B)-C(15B)
N(2A)-H(2NB)
C(4A)-H(4A)
C(9A)-H(9B)
C(10A)-H(10B)
C(12A)-H(12B)
C(13A)-H(13B)
C(15A)-H(15A)
C(16A)-H(16A)
C(16A)-H(16C)
N(2B)-H(2ND)
C(4B)-H(4B)
C(9B)-H(9D)
C(10B)-H(10D)

distance

1.423(3)
1.434(3)
1.420(4)
1.210(3)
1.314(3)
1.351(3)
1.473(3)
1.429(3)
1.365(3)
1.509(3)
1.418(3)
1.520(4)
1.526(3)
1.491(3)
1.349(3)
1.230(3)
1.453(3)
1.436(4)
1.225(3)
1.323(3)
1.466(3)
1.471(3)
1.425(3)
1.432(3)
1.368(3)
1.405(3)
1.517(3)
1.528(3)
1.502(4)
0.88(3)
0.9500
0.9900
0.9900
0.9900
0.9900
0.9900
0.9800
0.9800
0.90(3)
0.9500
0.9900
0.9900
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C(12B)-H(12C)
C(13B)-H(13C)
C(14B)-H(14B)
C(15B)-H(15D)
C(16B)-H(16E)

Symmetry transformations used to generate equivalent atoms:

0.9900
0.9900
1.0000
0.9900
0.9800

C(12B)-H(12D)
C(13B)-H(13D)
C(15B)-H(15C)
C(16B)-H(16D)
C(16B)-H(16F)

0.9900
0.9900
0.9900
0.9800
0.9800
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Table 5. Bond angles [°] for nd1237.

atom-atom-atom

C(7A)-O(1A)-N(1A)

C(15A)-O(4A)-C(11A)
C(8A)-N(3A)-C(13A)
C(13A)-N(3A)-C(9A)

O(5A)-N(4A)-C(5A)
N(1A)-C(1A)-C(2A)
C(2A)-C(1A)-C(6A)
C(2A)-C(3A)-C(4A)
C(4A)-C(3A)-C(8A)
C(4A)-C(5A)-C(6A)
C(6A)-C(5A)-N(4A)
C(7A)-C(6A)-C(1A)
N(2A)-C(7A)-O(1A)
O(1A)-C(7A)-C(6A)
0(2A)-C(8A)-C(3A)

N(3A)-C(9A)-C(10A)
O(4A)-C(11A)-O(3A)
O(3A)-C(11A)-C(10A)
O(3A)-C(11A)-C(12A)
C(13A)-C(12A)-C(11A)
O(3A)-C(14A)-C(15A)
C(15A)-C(14A)-C(16A)

C(7B)-O(1B)-N(1B)

C(11B)-O(4B)-C(15B)

C(8B)-N(3B)-C(9B)
C(9B)-N(3B)-C(13B)
0(5B)-N(4B)-C(5B)
N(1B)-C(1B)-C(6B)
C(6B)-C(1B)-C(2B)
C(2B)-C(3B)-C(4B)
C(4B)-C(3B)-C(8B)
C(4B)-C(5B)-C(6B)
C(6B)-C(5B)-N(4B)
C(7B)-C(6B)-C(1B)
N(2B)-C(7B)-O(1B)
O(1B)-C(7B)-C(6B)
0(2B)-C(8B)-C(3B)
N(3B)-C(9B)-C(10B)
0(3B)-C(11B)-O(4B)

0(4B)-C(11B)-C(10B)
O(4B)-C(11B)-C(12B)
C(11B)-C(12B)-C(13B)

angle

111.09(16)
105.8(2)
125.59(19)
112.51(18)
118.75(19)
125.1(2)
121.0(2)
121.4(2)
117.4(2)
121.4(2)
121.3(2)
102.6(2)
115.9(2)
108.6(2)
118.6(2)
110.54(19)
106.53(19)
109.31(19)
109.1(2)
111.85(19)
103.1(2)
116.0(2)
110.89(16)
108.4(2)
120.05(19)
112.98(18)
118.65(19)
114.02(19)
121.6(2)
120.9(2)
117.6(2)
121.7(2)
121.03(19)
102.87(19)
115.40(19)
108.7(2)
118.2(2)
110.95(18)
106.23(19)
110.56(18)
109.14(18)
111.33(17)

atom-atom-atom

C(11A)-O(3A)-C(14A)

C(1A)-N(1A)-O(1A)
C(8A)-N(3A)-C(9A)
O(5A)-N(4A)-O(6A)
0(6A)-N(4A)-C(5A)
N(1A)-C(1A)-C(6A)
C(3A)-C(2A)-C(1A)
C(2A)-C(3A)-C(8A)
C(5A)-C(4A)-C(3A)
C(4A)-C(5A)-N(4A)
C(7A)-C(6A)-C(5A)
C(5A)-C(6A)-C(1A)
N(2A)-C(7A)-C(6A)
0(2A)-C(8A)-N(3A)
N(3A)-C(8A)-C(3A)

C(9A)-C(10A)-C(11A)
O(4A)-C(11A)-C(10A)
O(4A)-C(11A)-C(12A)
C(10A)-C(11A)-C(12A)
N(3A)-C(13A)-C(12A)
O(3A)-C(14A)-C(16A)
O(4A)-C(15A)-C(14A)
C(11B)-O(3B)-C(14B)

C(1B)-N(1B)-O(1B)
C(8B)-N(3B)-C(13B)
O(5B)-N(4B)-O(6B)
0(6B)-N(4B)-C(5B)
N(1B)-C(1B)-C(2B)
C(3B)-C(2B)-C(1B)
C(2B)-C(3B)-C(8B)
C(5B)-C(4B)-C(3B)
C(4B)-C(5B)-N(4B)
C(7B)-C(6B)-C(5B)
C(5B)-C(6B)-C(1B)
N(2B)-C(7B)-C(6B)
0(2B)-C(8B)-N(3B)
N(3B)-C(8B)-C(3B)

C(11B)-C(10B)-C(9B)
0(3B)-C(11B)-C(10B)
0(3B)-C(11B)-C(12B)
C(10B)-C(11B)-C(12B)
N(3B)-C(13B)-C(12B)

angle

108.20(18)
103.72(19)
119.27(19)
123.7(2)
117.55(19)
113.98(19)
118.5(2)
120.7(2)
120.1(2)
117.2(2)
139.9(2)
117.50(19)
135.5(2)
123.0(2)
118.3(2)
110.84(19)
109.6(2)
110.97(19)
111.1(2)
109.96(18)
108.8(2)
103.58(19)
105.69(18)
103.53(18)
125.14(19)
124.1(2)
117.29(19)
124.4(2)
119.0(2)
121.2(2)
119.9(2)
117.2(2)
140.2(2)
116.87(19)
135.9(2)
123.5(2)
118.22(19)
111.67(18)
108.63(18)
111.06(19)
111.1(2)
109.36(17)
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O(3B)-C(14B)-C(16B)
C(16B)-C(14B)-C(15B)
C(7A)-N(2A)-H(2NA)
H(2NA)-N(2A)-H(2NB)
C(1A)-C(2A)-H(2A)
C(3A)-C(4A)-H(4A)
C(10A)-C(9A)-H(9A)
C(10A)-C(9A)-H(9B)
C(9A)-C(10A)-H(10A)
C(9A)-C(10A)-H(10B)
H(10A)-C(10A)-H(10B)
C(11A)-C(12A)-H(12A)
C(11A)-C(12A)-H(12B)
N(3A)-C(13A)-H(13A)
N(3A)-C(13A)-H(13B)
H(13A)-C(13A)-H(13B)
C(15A)-C(14A)-H(14A)
O(4A)-C(15A)-H(15A)
O(4A)-C(15A)-H(15B)
H(15A)-C(15A)-H(15B)
C(14A)-C(16A)-H(16B)
C(14A)-C(16A)-H(16C)
H(16B)-C(16A)-H(16C)
C(7B)-N(2B)-H(2ND)
C(3B)-C(2B)-H(2B)
C(5B)-C(4B)-H(4B)
N(3B)-C(9B)-H(9C)
N(3B)-C(9B)-H(9D)
H(9C)-C(9B)-H(9D)
C(9B)-C(10B)-H(10C)
C(9B)-C(10B)-H(10D)
C(11B)-C(12B)-H(12C)
C(11B)-C(12B)-H(12D)
H(12C)-C(12B)-H(12D)
C(12B)-C(13B)-H(13C)
C(12B)-C(13B)-H(13D)
O(3B)-C(14B)-H(14B)
C(15B)-C(14B)-H(14B)
C(14B)-C(15B)-H(15C)
C(14B)-C(15B)-H(15D)
C(14B)-C(16B)-H(16D)
H(16D)-C(16B)-H(16E)
H(16D)-C(16B)-H(16F)

111.1(2)
113.8(2)
120(3)
125(3)
120.7
120.0
109.5
109.5
109.5
109.5
108.1
109.2
109.2
109.7
109.7
108.2
109.6
111.0
111.0
109.0
109.5
109.5
109.5
118.9(18)
1205
120.0
109.5
109.5
108.0
109.3
109.3
109.4
109.4
108.0
109.8
109.8
110.1
110.1
111.0
111.0
109.5
109.5
109.5

0(3B)-C(14B)-C(15B)
0(4B)-C(15B)-C(14B)
C(7A)-N(2A)-H(2NB)
C(3A)-C(2A)-H(2A)
C(5A)-C(4A)-H(4A)
N(3A)-C(9A)-H(9A)
N(3A)-C(9A)-H(9B)
H(9A)-C(9A)-H(9B)
C(11A)-C(10A)-H(10A)
C(11A)-C(10A)-H(10B)
C(13A)-C(12A)-H(12A)
C(13A)-C(12A)-H(12B)
H(12A)-C(12A)-H(12B)
C(12A)-C(13A)-H(13A)
C(12A)-C(13A)-H(13B)
O(3A)-C(14A)-H(14A)
C(16A)-C(14A)-H(14A)
C(14A)-C(15A)-H(15A)
C(14A)-C(15A)-H(15B)
C(14A)-C(16A)-H(16A)
H(16A)-C(16A)-H(16B)
H(16A)-C(16A)-H(16C)
C(7B)-N(2B)-H(2NC)
H(2NC)-N(2B)-H(2ND)
C(1B)-C(2B)-H(2B)
C(3B)-C(4B)-H(4B)
C(10B)-C(9B)-H(9C)
C(10B)-C(9B)-H(9D)
C(11B)-C(10B)-H(10C)
C(11B)-C(10B)-H(10D)
H(10C)-C(10B)-H(10D)
C(13B)-C(12B)-H(12C)
C(13B)-C(12B)-H(12D)
N(3B)-C(13B)-H(13C)
N(3B)-C(13B)-H(13D)
H(13C)-C(13B)-H(13D)
C(16B)-C(14B)-H(14B)
0(4B)-C(15B)-H(15C)
0(4B)-C(15B)-H(15D)
H(15C)-C(15B)-H(15D)
C(14B)-C(16B)-H(16E)
C(14B)-C(16B)-H(16F)
H(16E)-C(16B)-H(16F)

Symmetry transformations used to generate equivalent atoms:

101.4(2)
103.9(2)
114.5(16)
120.7
120.0
109.5
109.5
108.1
109.5
109.5
109.2
109.2
107.9
109.7
109.7
109.6
109.6
111.0
111.0
109.5
109.5
109.5
121(2)
119(3)
1205
120.0
109.5
109.5
109.3
109.3
107.9
109.4
109.4
109.8
109.8
108.2
110.1
111.0
111.0
109.0
109.5
109.5
109.5



Table 6. Torsion angles [°] for nd1237.

atom-atom-atom-atom

C(7A)-O(1A)-N(1A)-C(1A)
O(1A)-N(LA)-C(1A)-C(6A)
C(6A)-C(1A)-C(2A)-C(3A)
C(LA)-C(2A)-C(3A)-C(8A)
C(8A)-C(3A)-C(4A)-C(5A)
C(3A)-C(4A)-C(5A)-N(4A)
O(6A)-N(4A)-C(5A)-C(4A)
O(6A)-N(4A)-C(5A)-C(6A)
N(4A)-C(5A)-C(6A)-C(7A)
N(4A)-C(5A)-C(6A)-C(1A)
C(2A)-C(1A)-C(6A)-C(7A)
C(2A)-C(1A)-C(6A)-C(5A)
N(1A)-O(1A)-C(7A)-C(6A)
C(LA)-C(6A)-C(7A)-N(2A)
C(LA)-C(6A)-C(7A)-O(1A)
C(9A)-N(3A)-C(8A)-O(2A)
C(9A)-N(3A)-C(8A)-C(3A)
C(4A)-C(3A)-C(8A)-O(2A)
C(4A)-C(3A)-C(8A)-N(3A)

C(13A)-N(3A)-C(9A)-C(10A)
C(15A)-O(4A)-C(11A)-O(3A)
C(15A)-O(4A)-C(11A)-C(12A)
C(14A)-O(3A)-C(11A)-C(10A) -
C(9A)-C(10A)-C(11A)-O(4A)
C(9A)-C(10A)-C(11A)-C(12A)
O(3A)-C(11A)-C(12A)-C(13A)
C(8A)-N(3A)-C(13A)-C(12A)
C(11A)-C(12A)-C(13A)-N(3A)
C(11A)-O(3A)-C(14A)-C(16A) -
O(3A)-C(14A)-C(15A)-O(4A)

C(7B)-O(1B)-N(1B)-C(1B)
O(1B)-N(1B)-C(1B)-C(2B)
C(6B)-C(1B)-C(2B)-C(3B)
C(1B)-C(2B)-C(3B)-C(8B)
C(8B)-C(3B)-C(4B)-C(5B)
C(3B)-C(4B)-C(5B)-N(4B)
0(6B)-N(4B)-C(5B)-C(4B)
0(6B)-N(4B)-C(5B)-C(6B)
N(4B)-C(5B)-C(6B)-C(7B)
N(4B)-C(5B)-C(6B)-C(1B)
C(2B)-C(1B)-C(6B)-C(7B)

angle

0.0(2)
0.8(2)
1.5(3)
172.7(2)

-175.0(2)
-179.37(19)
-171.4(2)

6.7(3)
1.4(4)

-177.83(19)

178.2(2)
-2.3(3)
-0.8(2)

-176.6(3)

1.2(2)
-0.7(3)

-176.3(2)

50.2(3)

-134.1(2)

60.0(3)
23.9(2)
-94.7(2)
120.65(19)
175.20(19)
52.2(3)
68.6(3)
102.3(2)
54.6(3)
142.7(2)
33.3(2)
0.4(2)
179.3(2)
-2.1(3)

-173.0(2)

175.0(2)
178.13(19)
176.9(2)
-3.5(3)
2.1(4)

-179.77(19)
-179.3(2)

atom-atom-atom-atom

O(1A)-N(LA)-C(1A)-C(2A)
N(LA)-C(1A)-C(2A)-C(3A)
C(LA)-C(2A)-C(3A)-C(4A)
C(2A)-C(3A)-C(4A)-C(5A)
C(3A)-C(4A)-C(5A)-C(6A)
O(5A)-N(4A)-C(5A)-C(4A)
O(5A)-N(4A)-C(5A)-C(6A)
C(4A)-C(5A)-C(6A)-C(7A)
C(4A)-C(5A)-C(6A)-C(1A)
N(LA)-C(1A)-C(6A)-C(7A)
N(LA)-C(1A)-C(6A)-C(5A)
N(LA)-O(1A)-C(7A)-N(2A)
C(5A)-C(6A)-C(7A)-N(2A)
C(5A)-C(6A)-C(7A)-O(1A)
C(13A)-N(3A)-C(8A)-O(2A)
C(13A)-N(3A)-C(8A)-C(3A)
C(2A)-C(3A)-C(8A)-O(2A)
C(2A)-C(3A)-C(8A)-N(3A)
C(8A)-N(3A)-C(9A)-C(10A)

N(3A)-C(9A)-C(10A)-C(11A)

angle

-178.6(2)
-179.1(2)

1.3(3)
-3.3(3)
2.5(3)
8.6(3)

-173.3(2)

179.5(3)
0.3(3)
-1.2(2)
178.30(19)
177.4(2)

4.1(5)

-178.2(3)
-160.9(2)

23.5(3)

-121.6(3)

54.2(3)

-102.6(2)

-55.6(3)

C(15A)-O(4A)-C(11A)-C(10A) 142.1(2)

C(14A)-O(3A)-C(11A)-O(4A)

-2.2(2)

C(14A)-O(3A)-C(11A)-C(12A) 117.6(2)

C(9A)-C(10A)-C(11A)-O(3A)

-68.4(2)

O(4A)-C(11A)-C(12A)-C(13A) -174.3(2)
C(10A)-C(11A)-C(12A)-C(13A) -52.1(3)

C(9A)-N(3A)-C(13A)-C(12A)

-59.0(3)

C(11A)-O(3A)-C(14A)-C(15A) -19.0(2)
C(11A)-O(4A)-C(15A)-C(14A) -35.4(2)
C(16A)-C(14A)-C(15A)-O(4A) 152.1(2)

O(1B)-N(1B)-C(1B)-C(6B)
N(1B)-C(1B)-C(2B)-C(3B)
C(1B)-C(2B)-C(3B)-C(4B)
C(2B)-C(3B)-C(4B)-C(5B)
C(3B)-C(4B)-C(5B)-C(6B)
O(5B)-N(4B)-C(5B)-C(4B)
0(5B)-N(4B)-C(5B)-C(6B)
C(4B)-C(5B)-C(6B)-C(7B)
C(4B)-C(5B)-C(6B)-C(1B)
N(1B)-C(1B)-C(6B)-C(7B)
N(1B)-C(1B)-C(6B)-C(5B)

-0.7(2)
177.9(2)
0.4(3)
1.4(3)
-1.5(3)
-2.6(3)
177.0(2)

-178.3(3)

-0.2(3)
0.8(2)

-178.02(19)
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C(2B)-C(1B)-C(6B)-C(5B)
N(1B)-O(1B)-C(7B)-C(6B)
C(1B)-C(6B)-C(7B)-N(2B)
C(1B)-C(6B)-C(7B)-O(1B)
C(13B)-N(3B)-C(8B)-O(2B)
C(13B)-N(3B)-C(8B)-C(3B)
C(4B)-C(3B)-C(8B)-O(2B)
C(4B)-C(3B)-C(8B)-N(3B)
C(13B)-N(3B)-C(9B)-C(10B)
C(14B)-0(3B)-C(11B)-O(4B)
C(14B)-0(3B)-C(11B)-C(12B)
C(15B)-0(4B)-C(11B)-C(10B)
C(9B)-C(10B)-C(11B)-O(3B)
C(9B)-C(10B)-C(11B)-C(12B)
O(4B)-C(11B)-C(12B)-C(13B)
C(8B)-N(3B)-C(13B)-C(12B)
C(11B)-C(12B)-C(13B)-N(3B)
C(11B)-O(3B)-C(14B)-C(15B)
0(3B)-C(14B)-C(15B)-0O(4B)

2.0(3)
0.1(2)
179.7(3)
-0.4(2)
161.7(2)
-22.5(3)
-52.9(3)
131.0(2)
-58.3(3)
28.1(2)
-90.4(2)

-123.9(2)

71.1(2)
-51.4(3)
175.3(2)

-105.0(2)

-56.1(3)
-37.8(2)
33.2(3)

N(1B)-O(1B)-C(7B)-N(2B)  179.94(19)

C(5B)-C(6B)-C(7B)-N(2B) -2.0(5)
C(5B)-C(6B)-C(7B)-O(1B)  177.8(2)
C(9B)-N(3B)-C(8B)-O(2B) -1.8(3)

C(9B)-N(3B)-C(8B)-C(3B)  174.1(2)
C(2B)-C(3B)-C(8B)-0(2B)  120.7(3)
C(2B)-C(3B)-C(8B)-N(3B)  -55.4(3)
C(8B)-N(3B)-C(9B)-C(10B)  107.0(2)
N(3B)-C(9B)-C(10B)-C(11B)  53.4(3)

C(14B)-O(3B)-C(11B)-C(10B) 147.10(18)

C(15B)-O(4B)-C(11B)-0(3B)  -6.2(3)
C(15B)-O(4B)-C(11B)-C(12B) 113.6(2)

C(9B)-C(10B)-C(11B)-O(4B) -172.73(18)

0(3B)-C(11B)-C(12B)-C(13B) -67.9(2)
C(10B)-C(11B)-C(12B)-C(13B) 53.2(3)
C(9B)-N(3B)-C(13B)-C(12B)  59.4(2)
C(11B)-O(3B)-C(14B)-C(16B) -159.1(2)
C(11B)-O(4B)-C(15B)-C(14B) -17.2(3)
C(16B)-C(14B)-C(15B)-O(4B) 152.6(2)

Symmetry transformations used to generate equivalent atoms:
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Table 7. Hydrogen bonds for nd1237 [A and °].

D-H..A

N(2A)-H(2NA)...0(2A)#1
N(2A)-H(2NB)...0(3A)#2
N(2A)-H(2NB)...O(6A)
N(2B)-H(2NC)...0(2B)#3
N(2B)-H(2ND)...0(3B)#4
N(2B)-H(2ND)...O(6B)

d(D-H)

0.89(4)
0.88(3)
0.88(3)
0.88(3)
0.90(3)
0.90(3)

d(H...A)

2.07(5)
2.62(2)
2.04(3)
2.13(3)
2.51(3)
2.08(3)

d(D...A)

2.868(3)
3.090(3)
2.763(3)
2.900(3)
3.096(3)
2.759(3)

Symmetry transformations used to generate equivalent atoms:

#l x+1y,z #2x+1ly+l;z #3x-1)y,z #4x-1y-1,z

<(DHA)

148(4)
114.5(18)
139(2)
146(3)
123(2)
131(2)
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