Supporting Information

for

C-H-Functionalization logic guides the synthesis of a
carbacyclopamine analog

Sebastian Rabe', Johann Moschner?, Marina Bantzi', Philipp Heretsch*? and

Athanassios Giannis**

Address: 'Universitat Leipzig, Institut fur Organische Chemie, Johannisallee 29, D-04103 Leipzig,
Germany and “Rice University, Department of Chemistry, BioScience Research Collaborative, 6100
Main St., Houston, Texas 77005, United States

*Corresponding author

Email: Philipp Heretsch - heretsch@rice.edu; Anthanassios Giannis - giannis@uni-leipzig.de

Experimental procedures, characterization data, and copies of

'H and **C NMR spectra for new compounds

Table of Contents

1. GENERAL INFORMATION ...coeoeeeeeeeteeeeeeeeeeeeeeeeeeeees e seeesee e e eeeeee e ee e ee s eeseee s ee e ee e eeseee e ee e s eeseee s s ee s eeseesees S2
2. SYNTHETIC ROUTE ..ot e et e e e et se e e e e s4
3. EXPERIMENTAL PROCEDURES........veoeeeeeeeeeeeeeee e e e eeeee s ee e ee et e s s e ee e e s ee et s e se e e es e ees e ee e S5
3.1 3B-O-TETRAHYDROPYRANYLANDROST-5-ENE-17-ONE (15): ....vveeveeverieeeeeeeeeeeeseeeseeseeeeeeeseessseesseeseseseseseseesses s S5
3.2 17-(N-2-PYRIDYLMETHYL)IMINO-3B-O-TETRAHYDROPYRANYL-ANDROST-5-ENE (16): -.....verveoreeerereeereseresrrenrenee. S5
3.3 (-)-3B,12B-DIHYDROXYANDROST-5-ENE-17-ONE (B):......veoveeeveeeeeeeeeeeseeeseeeseeesssessseeseeeeee e eseeesseeseee e sesessseesses s S6
3.4 (-)-3B,12B-BIS(TRIETHYLSILYLOXY)-ANDROST-5-ENE-17-ONE (17) ©v..-veevereeeeeeerseeseeeeeeeeseeeseeseeeeseeeseesseeseesesesereeseenn S6
3.5 (-)-3p-HYDROXY-12B~(TRIETHYLSILYLOXY)ANDROST-5-ENE-17-ONE (7):......evveivereeeereseresseereeeoseeeesessseseeesesesereseeons s7
3.6 (-)-3p-TOSYLOXY-12B-(TRIETHYLSILYLOXY)ANDROST-5-ENE-17-ONE (18): .....e.vereeeereereeeereeeseeeseesseeseeeseseseresseons S8
3.7 (+)-3B,5-CYCLO-5p-6B-METHOXY-12B-TRIETHYLSILYLOXY-ANDROSTANE-17-ONE (8):......vevveoreeerereesresereesrresrsee S8

3.8 (+)-3B,5-CYCLO-5p-6B-METHOXY-12B-TRIETHYLSILYLOXY-17-TRIFLUOROME THANESULFONYLOXYANDROST-16-
EINE (1) c+vreeeeveeeeeeeeeeeeeee e eeeeeeee s eeeeeeseeee e e e e e e eeeeseee e e s ee e eeseee s e ee e ee e eeeeee e e et ee et e e e e ee e e et ee e e e e ee s S9

S1


mailto:heretsch@rice.edu
mailto:giannis@uni-leipzig.de

3.9 (-)-METHYL-3B,5-CYCLO-53-63-METHOXY-123-TRIETHYLSILYLOXYPREGNA-16,20-DIENE-21-CARBOXYLATE (4):.S9

3.10 (+)-METHYL-3B,5-CYCLO-5B-12B-HYDROXY-68-METHOXYPREGNAN-21-CARBOXYLATE (9):.....veovereeeeersreereenens S10
3.11 (-)-METHYL-3p,12B-DIHYDROXYPREGN-5-ENE-21-CARBOXYLATE (20):........vereeeeeeeeseesseeeeeeeseeeeesesseeseseeeseesseeseenens s11
3.12 (-)-3B,12B-DIHYDROXYPREGN-5-ENE-21-CARBOXYLIC ACID (21): c..veoveoeereeeeeeeeoseeeseoeeeeeee e eeeeeseeseenens Ss11
3.13 (-)-3B.12B-DIFORMYLOXYPREGN-5-ENE-21-CARBOXYLIC ACID (10):.......eveoveeeeeoseeeseeseeeeeeeeseeeseeeee e S12
3.14 (-)-3B-ACETOXYPREGN-5-ENE-21,12B-CARBOLACTONE (25):.........eveeeeeereeeeeeeseessseeseseesesseessssesseeseseseeseeesseseeese e s12
3.15 (-)-21-NOR-24-DIAZ0-3B,128-DIFORMYLOXY-CHOL-5-ENE-23-ONE (3): .....vevveeveereeeieeoseeeeseeseeeseeeeeeeeeeeesseesensens S13
3.16 (-)-21,26,27-TRI-NOR-24-DIAZO-3p,12B-DIFORMYLOXYCHOLEST-5-ENE-23-ONE (24) ......vvoeveeveeeeeeeeeeeeeseeeneenens S13
3.17 (=)-(17R)-SPIRO[3p,12B-DIFORMYLOXY-ANDROST-5-ENE-17,3'-CYCLOPENTA-T-ONE] (11):.....ververeeeeerereesenens s14
3.18 (0)-(17R)-SPIRO[3B,12B-DIHYDROXY-ANDROST-5-ENE-17,3'-CY CLOPENTA-1-ONE] (22): vv.vveevereeeeeeeereereeeseenens S15

3.19 (9)-(17R)-SPIRO[3B-TERT-BUTYLDIMETHYLSILYLOXY-12B-HYDROXYANDROST-5-ENE-17,3-CYCLOPENTA-1-ONE]
(L2 ettt ettt ettt ettt et e ettt ettt ee e ettt e e et er e S15

3.20 (+)-(17R)-SPIRO[14(13—12)ABEO-3B-TERT-BUTYLDIMETHYLSILYLOXY-ANDROSTA-5,12-DIEN-17,3'-CYCLOPENTA-
P2 ONE] (L3): evveeveeeeeee e e eeeeeeeeeeeeeeeeeeeeesesesee e et e ee e e e e ee e et eeeeeee e ee e ee et seee s e e et ee e ee e e ettt S16

3.21 (-)-(17R)-SPIRO[14(13—12)ABEO-3B-TERT-BUTYLDIMETHYLSILYLOXY-ANDROSTA-5,12-DIEN-17,6’-PYRINDAN]
(23):

) et e et e e ettt ettt e ettt s ettt e e e e e ettt e et ettt et st ee et s17
3.22 CARBACYCLOPAMINE ANALOG 2:......coovoieeeeeoeeeeeeeeeeee e eeee e ee e e e ee e ee s e e s ee s s17
4. ACID STABILITY ..ottt et e et s e e ee e e et e st e e et et eeseee e e e s eeseee s e eseeseeeens s18
5. BIOCHEMISTRY ..ottt eeeee et eee e ee et s e et ee e e s e e et s e e e e et es e ee s ee e e e s e s eee e ee s s s18
5.1 LUCIFERASE REPORTER ASSAY ......oovoioeieeeeeeeeeeeeee e eeeeeeeeessee s sesesesees s e e e es e eseee e e eesee s ese e esee s S19
B. NIMR SPECTRA ...ttt et e e et e e e e e et e e e e e et s eee s e e et ee e ee e e et e s es e ee s s21
T REFERENCES. ...ttt ettt e et e e e ettt s e et eeeeee e e e e s e s es e ee s S44

1. General Information

General procedures. All reactions were run under an atmosphere of argon unless otherwise
indicated. Room temperature refers to 22 °C, ambient pressure to 1013 hPa.

Reagents and anhydrous solvents were transferred via oven-dried syringes and cannulae.
Flasks were flame-dried under vacuum and cooled under a constant stream of argon.
Tetrahydrofuran was distilled from potassium under argon, dichloromethane from SICAPENT
(phosphorus pentoxide on solid support with indicator), ethanol from magnesium ethoxide

and triethylamine from calcium hydride. Methanol, toluene, acetone, dimethylformamide,
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acetonitrile and pyridine were purchased from Acros or Sigma-Aldrich (anhydrous over
molecular sieves).

All other chemicals were purchased from ABCR, Acros, Sigma-Aldrich, Alfa Aesar,
Fluorochem, Merck and TCI Europe at the highest commercially available purity and used as
such.

Reactions were monitored by thin-layer chromatography using Merck silica gel 60 Fzs4 TLC
aluminium sheets and visualized with ceric ammonium molybdate, potassium permanganate
or vanillin staining solution. Chromatographic purification was performed as flash
chromatography on Merck silica gel 40-63 um, 60 A, using a forced flow of eluent (method of
Still). Concentration under reduced pressure was performed by rotary evaporation at 40 °C at
the appropriate pressure.

Yields refer to chromatographically purified and spectroscopically pure compounds.

NMR spectra were recorded on a Bruker Avance 700 (operating at 700 MHz for *H and 176
MHz for **C), Varian Mercury plus 400 (operating at 400 MHz for *H and 100 MHz for **C)
and a Varian Mercury plus 300 (operating at 300 MHz for *H and 75 MHz for **C
acquisitions). Chemical shifts & are reported in ppm with the solvent resonance as the
internal standard (d;-chloroform: 7.26 (*H-NMR), 77.16 (**C-NMR); d¢-benzene: 7.16 (*H-
NMR), 128.06 (**C-NMR); d,-methanol: 3.31 (*H-NMR), 49.00 (**C-NMR). Coupling
constants J are reported in Hertz (Hz). Multiplicities are classified by the following
abbreviations: s = singlet, d = doublet, t = triplet, g = quartet, p = quintet, and combinations
thereof, or m = multiplet, or br = broad signal.

Where 2D-spectra were recorded and allowed complete assignment of all hydrogen and
carbon-atoms of a compound, spectral data include this assignment using common steroid
numbering. Where this is not the case, all hydrogen signals below 2 ppm are omitted and
only methyl groups and isolated signals in this range are listed. All spectra can be found as
copies at the end of the experimental section.

High resolution mass spectra were obtained on a Bruker Daltonics ESI-FT-ICR-MS APEX II.
IR spectra were obtained on an ATI/MATTSON Genesis FT-IR and JASCO FT/IR-4100typeA
as thin film (in CCl;) or KBr disk. Absorbance frequencies are reported in reciprocal
centimeters (cm™).

Melting points were measured on a Boetius-micro hot stage and are uncorrected.

Optical rotations were obtained on a Schmidt+Haensch Polartronic MHZ-8 at the sodium-D

line (589 nm) using a 50 mm path-length cell and solvent and concentration as indicated.
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2. Synthetic Route
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3. Experimental Procedures

3.1 3B-O-Tetrahydropyranylandrost-5-ene-17-one (15):
To a solution of dehydroepiandrosterone (5) (80.0 g, 277.0 mmol, 1.0 equiv.) in CH,CI,

(1.1 L) at room temperature was sequentially added 3,4-dihydro-2H-pyran (55.0 mL, 604.0
Me O mmol, 2.7 equiv.) and pyridinium para-toluenesulfonate (3.48 g,
13.9 mmol, 0.05 equiv.). After stirring for 2.5 h the mixture was

guenched with water (400 mL). The phases were separated, the

THPO aqueous layer was extracted with CH,CI, (2 x 300 mL) and the
combined organic phases were dried (MgSQO,). All volatiles were
removed under reduced pressure to give crude title compound (84.5 g, 227.0 mmol, quant.;
mixture of diastereocisomers) as a colorless solid which was used in the next step without
further purification.

15: mp.: 166-169 °C; Ry 0.33 (n-hexane/EtOAc, 5:1); IR (KBr): vimax 2940, 1731, 1112, 1057,
1028, 975 cm™*; *H-NMR (400 MHz, CDCly) & 5.37 (m, 1 H), 4.71 (m, 1 H), 3.90 (m, 1 H),
3.52 (m, 1 H), 3.49 (m, 1 H), 2.45 (m, 1 H), 2.37 (m, 1 H), 1.03 (s, 3 H), 0.87 (s, 3 H); **C-
NMR (100 MHz, CDCl3) 6 221.1, 170.6, 140.1, 122.0, 73.9, 51.8, 50.3, 47.7, 38.2, 37.1, 36.9,
35.9, 31.6, 31.5, 30.9, 27.8, 22.0, 21.6, 20.5, 19.5, 13.7; HRMS (m/z): [M+Na]" calculated for
C,4H3603Na: 395.25567, found: 395.25532; calculated for C,sH;,OgNa: 767.52211, found:

767.52123.

3.2 17-(N-2-Pyridylmethyl)imino-33-O-tetrahydropyranyl-androst-5-ene (16):
To a solution of 15 (26.3 g, 70.7 mmol, 1.0 equiv.) in toluene (600 mL) was sequentially

added para-toluenesulfonic acid monohydrate (336 mg, 1.80 mmol, 0.025 equiv.) and 2-
7\, Ppicolylamine (38.2 g, 353.5 mmol, 5.0 equiv.). The mixture
N was heated to 110 °C for 3.5 h with a Dean-Stark trap and
then allowed to cool to room temperature. The reaction
mixture was diluted with EtOAc (950 mL) and washed
sequentially with saturated aqueous NaHCOs-solution (2 x
500 mL) and saturated brine (500 mL). The combined

organic phases were dried (Na,SO,), the crude was

concentrated under reduced pressure and the residue was recrystallized from a mixture of
boiling EtOAc:Et,O (2:1, 620 mL) to give pure title compound (30.1 g, 65.1 mmol, 92%,
mixture of diastereoisomers) as colorless needles.

16: mp.: 158-160 °C; IR (KBr): vmax 2944, 2849, 1672, 1591, 1438, 1136, 1074, 1031, 765
cm®; 'H-NMR (300 MHz, CDCls) & 8.52 (m, 1 H), 7.65 (m, 1 H), 7.42 (m, 1 H), 7.12 (m, 1 H)
5.37 (m, 1 H), 4.72 (m, 1 H), 4.63 (d, J = 16.5 Hz, 1 H), 4.55 (d, J = 16.5 Hz, 1 H), 3.91 (m, 1
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H), 3.49 (m, 2 H), 2.44 (m, 2 H), 2.34 (m, 1 H), 1.04 (s, 1 H), 0.91 (s, 1 H); *C-NMR (75
MHz, CDCl) & 186.0, 160.6, 149.0, 141.5, 141.3, 121.6, 121.1, 97.0, 76.0, 63.0, 58.1, 53.4,
50.7, 45.7, 40.4, 38.9, 37.5, 37.3, 37.1, 34.2, 31.7, 31.4, 29.8, 28.1, 25.6, 23.4, 20.8, 20.1,
19.5, 16.3; HRMS (m/z): [M+H]" calculated for CsoH43N,0,: 463.33191, found: 463.33132;
calculated for CgoHgsN4O4Na: 947.63848, found: 947.63743.

3.3 (-)-3B,12B-Dihydroxyandrost-5-ene-17-one (6):
To a suspension of imine 16 (30.8 g, 66.7 mmol, 1.0 equiv.) in acetone (600 mL) was added

copper(l) tetra(acetonitrilo) hexafluorophosphate (29.8 g, 80.1 mmol, 1.2 equiv.) in one

HO Ve O portion. The brownish suspension was stirred for 1 h after which dry
oxygen was bubbled through the suspension for 30 min and the
resulting dark-green solution was stirred under an atmosphere of

oxygen for 24 h. The solvent was removed under reduced pressure,

the resulting green solid was taken up in EtOACc/Et,O/NH; (aq, 25%)
(2.0 L, 1:2:1), the layers were separated and the organic layer was washed with aqueous
ammonia (25%, 2 x 300 mL) and saturated brine (150 mL), dried (Na,SO,) and the solvents
were removed under reduced pressure. The residue was redissolved in MeOH/AcOH (600
mL, 1:1) and heated to 90°C for 6 h. The solvents were removed under reduced pressure
and the residue was partitioned between EtOAc (1.3 L) and saturated brine (200 mL). The
organic phase was dried (MgSO,) and concentrated under reduced pressure. The crude
product was purified by silica gel chromatography (SiO,, n-hexane/EtOAc, 1:2, v/v) to give
pure title compound (9.36 g, 30.7 mmol, 46%) as a yellowish solid.
6: mp.: 190-194 °C; R;: 0.38 (n-hexane/EtOAc, 1:2); [o]p*%: —22.3 (deg cm®* g™ dm™, ¢ = 0.99,
CHCIl,); IR (KBr): vmax 3429, 2931, 1730, 1466, 1437, 1383, 1047, 846 cm™; *H-NMR (400
MHz, MeOH-d,) § 5.39 (m, 1 H), 3.74 (dd, J = 11.2, 4.8 Hz, 1 H), 3.40 (m, 1 H), 2.44 (m, 1
H), 1.06 (s, 3 H), 0.94 (s, 3 H); **C-NMR (100 MHz, MeOH-d,) & 223.0, 142.3, 121.9, 73.1,
72.2, 52.8, 51.0, 50.6, 42.9, 38.4, 37.8, 36.5, 32.2, 31.7, 31.4, 30.4, 22.4, 19.8, 8.4, HRMS
(m/z): [M+Na]" calculated for CigH,sOsNa: 327.19307, found: 327.19359; [2M+Na]
calculated for C3gHs606Na: 631.39691, found: 631.39730.

3.4 (-)-3B,12B-bis(Triethylsilyloxy)-androst-5-ene-17-one (17) :

To a solution of diol 6 (6.00 g, 19.7 mmol, 1.0 equiv.) and 2,6-lutidine (9.2 mL, 78.8 mmol,
40 equiv.) in CH)Cl, (800 mL) at 0 °C was added dropwise triethylsilyl

TESO Me O trifluoromethanesulfonate (9.8 mL, 43.4 mmol, 2.2 equiv.) over a
period of 45 min. After 3 h at the same temperature another

portion of triethylsilyl trifluoromethanesulfonate (2.3 mL, 10.0
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mmol, 0.5 equiv.) was added and the mixture was stirred for an additional 1 h. The reaction
was then quenched with saturated aqueous NaHCOg;-solution (200 mL), the phases were
separated and the aqueous phase was extracted with CH,Cl, (2 x 200 mL). The combined
organic phases were dried (MgSO,), all volatiles were removed under reduced pressure and
the crude product was purified by column chromatography (SiO,, n-hexane/EtOAc; 20:1, v/v)
to give pure title compound (8.30 g, 15.6 mmol, 79%) as a colorless oil.

17: Ry 0.63 (n-hexane/EtOAc, 10:1); [o]p*%: —17.3 (deg cm® g™ dm™, ¢ = 1.05, CHCly); IR
(KBI): vmax 2953, 2875,1744, 1459, 1093, 1012, 825, 741 cm™; *H-NMR (300 MHz, CDCl,)
§5.34 (m, 1 H), 3.72 (dd, J = 10.8, 4.9 Hz, 1 H), 3.47 (m, 1 H), 2.41 (m, 1 H), 1.02 (s, 3 H),
0.96 (s, 3 H); **C-NMR (75 MHz, CDCl;) & 218.2, 141.8, 120.6, 72.3, 72.2, 52.0, 50.4, 49.4,
42.9, 37.5, 36.8, 35.8, 32.2, 31.7, 30.6, 30.5, 21.2, 195, 84, 7.2, 7.0, 6.9, 6.6, 5.7, 5.4, 5.0;
HRMS (m/z): [M+Na]" calculated for Cs;Hs¢03Si;Na: 555.36602, found: 555.36555; [2M+Na]"
calculated for Cg,H11,06SisNa: 1087.74282, found: 1087.74281.

3.5 (=)-3B-Hydroxy-123-(triethylsilyloxy)androst-5-ene-17-one (7):
To a solution of HFepyridine complex (70% HF, 30% pyridine, 3.6 mL) in pyridine (22 mL)

and THF (110 mL) at 0 °C was added dropwise a solution of bis-silylether 17 (8.62 g; 16.2
TESO Me O mmol, 1.0 equiv.) in THF (20 mL). After 2 h at the same temperature

the reaction mixture was diluted with Et,O (400 mL) and neutralized
with saturated NaHCOs-solution (200 mL). The phases were

HO separated and the aqueous layer was extracted with Et,O (3 x 300

mL). The combined organic layers were dried (MgSQ,), all volatiles

were removed under reduced pressure and the crude product was purified by column
chromatography (SiO,, n-hexane/EtOAc; 3:1, v/v) to give pure title compound (5.64 g, 13.8
mmol, 85%) as a colorless foam.
7: Ri: 0.30 (n-hexane/EtOAc, 3:1); [a]p?*: —40.9 (deg cm® g™ dm™, ¢ = 0.63, CHCly); IR (KBr):
Vmax 3435, 2955, 2875, 1742, 1458, 1240, 1102, 1054, 825, 742 cm™; *H-NMR (400 MHz,
CDCl,) §5.36 (m, 1 H), 3.72 (dd, J = 10.8, 4.9 Hz, 1 H), 3.51 (m, 1 H), 2.41 (m, 1 H), 2.31 (m,
1 H), 2.23 (m, 1 H), 1.02 (s, 3 H), 0.96 (s, 3 H); **C-NMR (100 MHz, CDCls) & 218.3, 141.0,
121.0, 72.1, 71.7, 51.9, 50.4, 49.2, 42.3, 37.3, 36.7, 35.8, 31.7, 31.7, 30.6, 30.5, 21.2, 19.5,
8.4, 7.1, 5.3; HRMS (m/z): [M+Na]" calculated for CysH4,05SiNa: 441.27954, found:
441.27933; [2M+Na]" calculated for CsoHg,O6SiNa: 859.56986, found: 859.56940.
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3.6 (—)-3B-Tosyloxy-12p-(triethylsilyloxy)androst-5-ene-17-one (18):
To a solution of the alcohol 7 (5.70 g, 13.6 mmol, 1.0 equiv.) in pyridine (50 mL) at 0 °C was

added para-toluenesulfonyl chloride (6.40 g, 34.0 mmol, 2.5 equiv.) and the reaction mixture
TESO Me O was stirred for 16 h at room temperature. The mixture was then
cooled to 0 °C and quenched with water (25 mL). The reaction

mixture was extracted with EtOAc (3 x 60 mL), the combined

TsO organic layers were washed with saturated brine (50 mL) and dried

18

(MgS0Q,). All volatiles were removed under reduced pressure and
the crude product was purified by column chromatography (SiO,, n-hexane/EtOAc; 10:1, v/v)
to give pure title compound (7.32 g, 12.8 mmol, 94%) as a colorless foam.

18: Ry 0.20 (n-hexane/EtOAc, 10:1); [o]p?%: —29.3 (deg cm® g™ dm™, ¢ = 0.90, CHCl,); IR
(KBI): vmax 2953, 1741, 1364, 1176, 1095, 940, 865, 739 cm™; 'H-NMR (400 MHz, CDCl5)
§7.79 (d, J=8.2 Hz, 2 H), 7.33 (d, J = 8.2 Hz, 2 H), 5.34 (m, 1 H), 4.32 (m, 1 H), 3.70 (dd, J
= 10.8, 4.8 Hz, 1 H), 2.44 (s, 3 H), 2.36 (m, 3 H), 0,95 (s, 3 H), 0.91 (s, 3 H); **C-NMR (100
MHz, CDCly) 6 218.0, 144.6, 139.1, 134.8, 129.9, 127.8, 122.9, 82.0, 72.0, 51.9, 50.2, 49.0,
38.9, 36.9, 36.5, 35.7, 31.6, 30.5, 30.4, 28.6, 21.8, 21.1, 19.2, 8.4, 7.1, 5.3; HRMS (m/z):
[M+Na]" calculated for Cs,H.s0sSSiNa: 595.28839, found: 595.28787; [2M+Na]* calculated
for CesHoeO10S,SibNa: 1167.58765, found: 1167.58798.

3.7 (+)-3B,5-Cyclo-53-63-methoxy-12 g-triethylsilyloxy-androstane-17-one (8):
A flask containing potassium acetate (8.50 g, 86.8 mmol, 7.0 equiv.) was dried under

vacuum (0.7 mbar) at 120 °C for 24 h. It was allowed to cool to room temperature and a

TESO Me O solution of tosylate 18 (7.10 g, 12.4 mmol, 1.0 equiv.) in MeOH (230 mL)

was added. The reaction mixture was heated to 64 °C for 1.5 h. The
mixture was allowed to cool to room temperature, water (100 mL) was
added and the mixture was extracted with EtOAc (3 x 500 mL). The
OMe combined organic layers were washed with saturated brine (100 mL),
8 dried (MgSO,) and concentrated under reduced pressure The so-
obtained crude product was purified by column chromatography (SiO,, n-hexane/EtOAc;
20:1, v/v) to give pure title compound (7.83 g, 11.2 mmol, 90%) as a colorless foam.
8: Ry 0.28 (n-hexane/EtOAc, 10:1), [o]p*% +54.4 (deg cm® g”' dm™, ¢ = 1.60, CHCIly); IR
(KBI): vmax 2953, 2874,1743, 1457, 1092, 1016, 853, 741 cm™; 'H-NMR (400 MHz, CDCl5)
§3.77 (dd, J = 11.2, 4.8 Hz, 1 H), 3.34 (s, 3 H) 2.81 (m, 1 H) 2.41 (m, 1 H), 1.03 (s, 3 H),
0.96 (s, 3 H), 0.48 (dd, J = 7.9, 5.3 Hz, 1 H); **C-NMR (75 MHz, CDCl;) & 218.3, 82.0, 72.6,
56.8, 52.5, 50.1, 46.6, 43.5, 35.8, 35.0, 33.9, 33.5, 33.1, 29.4, 25.0, 21.3, 21.0, 19.3, 13.3,
8.7, 7.1, 5.3; HRMS (m/z): [M+Na]" calculated for C,sH,403SiNa: 455.29519, found:
455.29541; [2M+Na]" calculated for Cs,HgsOsSi,Na: 887.60116, found: 887.60202.
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3.8 (4+)-3B,5-Cyclo-5B-63-methoxy-12B-triethylsilyloxy-17-trifluoromethane-sulfonyl
oxyandrost-16-ene (19):
To a solution of i-steroid 8 (10.30 g, 23.9 mmol, 1.0 equiv.) in THF (250 mL) at —20 °C was

added potassium hexamethyldisilazide (0.5 M in toluene, 134.0 mL, 67.0 mmol, 2.8 equiv.)

TESO . OTf and the reaction mixture was stirred for 1 h. The cooling bath was
removed and the mixture was stirred for 15 min while warming to room
temperature. Afterwards, the reaction mixture was cooled to —10 °C

and a solution of N-phenyl-bis-(trifluoromethane sulfonimide) (14.50 g,

OMe 40.6 mmol, 1.7 equiv.) in THF (50 mL) was added dropwise. The
19 reaction mixture was stirred for 20 min at —10 °C at which time it was
partitioned between water (50 mL) and EtOAc (250 mL). The aqueous layer was separated
and extracted with EtOAc (3 x 300 mL), the combined organic layers were washed with
saturated brine (250 mL), dried (MgSO,) and all volatiles were removed under reduced
pressure. The so-obtained crude product was purified by column chromatography (SiO,, n-
hexane/EtOAc; 30:1, v/v) to give pure title compound (11.50 g, 20.3 mmol, 85%) as a
colorless solid.
19: mp.: 125-128 °C; Ry 0.48 (n-hexane/EtOAc, 10:1); [a]p?%: +21.7 (deg cm®* g™ dm™, ¢ =
0.90, CHCls); IR (KBr): vmax 2956, 1626, 1423, 1212, 1144, 1090, 894, 816, 733 cm™; *H-
NMR (400 MHz, C¢Dg) §5.34 (m, 1 H), 3.85 (m, 1 H), 3.13 (s, 3 H) 2.49 (m, 1 H) 1.88 (m,
1 H), 0.52 (m, 1 H), 0.33 (dd, J = 8.0, 5.2 Hz, 1 H); *C-NMR (75 MHz, C¢Ds) & 159.6, 115.0,
82.0, 75.1, 56.7, 51.8, 50.8, 47.4, 43.8, 35.4, 34.1, 33.5, 32.9, 27.9, 27.8, 25.1, 21.3, 19.3,
13.4, 11.3, 7.3, 6.0; *F-NMR (376 MHz, C¢Ds) & —73.8; HRMS (m/z): [M+Na]" calculated for
C,7H43F305SSiNa: 587.24448, found: 587.24411.

3.9 (-)-Methyl 3B,5-cyclo-5B-6B-methoxy-12 A-triethylsilyloxypregna-16,20-diene-21-
carboxylate (4):

To a stirred solution of enoltriflate 19 (3.70 g, 6.56 mmol, 1.0 equiv.) in DMF (75 mL) at room
temperature was added triethylamine (2.8 mL, 19.7 mmol, 3.0 equiv.), methyl acrylate (1.50

CO,Me mL, 16.4 mmol, 2.5 equiv.), triphenylphosphine (172 mg, 0.66
mmol, 0.1 equiv.) and palladium(ll) acetate (74 mg, 0.33 mmol,
0.05 equiv.). The reaction mixture was heated to 70 °C for 75
min and then allowed to cool to room temperature. It was
partitioned between water (25 mL) and EtOAc (150 mL) and the
agueous layer was extracted with EtOAc (100 mL). The

combined organic layers were washed with saturated brine,
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dried (MgS0O,) and all volatiles were removed under reduced pressure. The so-obtained
crude product was purified by column chromatography (SiO,, n-hexane/EtOAc; 20:1, v/v) to
give pure title compound (2.10 g, 4.20 mmol, 64%) as a colorless oil.

4: Ry 0.25 (n-hexane/EtOAc, 10:1); [a]p?%: —29.8 (deg cm® g™' dm™, ¢ = 0.93, CHCly); IR
(CCly): Vimax 2953, 2875, 1651, 1084, 1016, 788, 743 cm™; *H-NMR (300 MHz, CDCls) & 7.51
(d, J = 16.0 Hz, 1 H), 6.18 (d, J = 16.0 Hz, 1 H), 6.10 (m, 1 H), 3.73 (s, 3 H), 3.72 (m, 1 H),
3.34 (s, 3 H) 2.79 (m, 1 H), 2.21 (ddd, J = 16.6, 7.0, 3.2 Hz, 1 H), 1.05 (s, 3 H), 0.95 (s, 3 H),
0.48 (dd, J = 8.0, 5.3 Hz, 1 H); ®*C-NMR (75 MHz, CDCl,) & 167.7, 151.8, 141.3, 132.6,
118.0, 82.3, 76.6, 56.8, 54.2, 52.2, 51.4, 47.5, 43.7, 35.3, 35.0, 33.3, 32.9, 28.2, 25.0, 21.4,
19.2, 13.2, 12.4, 7.1, 5.6; HRMS (m/z): [M+Na]® calculated for CsyHssO04SiNa: 523.32141,
found: 523.32145; [2M+Na]" calculated for CgHesOsSi,Na: 1023.65359, found: 1023.65675.

3.10 (+)-Methyl 3B,5-cyclo-5B-12B-hydroxy-63-methoxypregnan-21-carboxylate (9):
To a stirred solution of diene 4 (2.09 g, 4.17 mmol, 1.0 equiv.) in MeOH (100 mL) was added

palladium on charcoal (10%, 340 mg, 0.32 mmol, 0.08 equiv.). The reaction mixture was

CO,Me flushed five times with H, and stirred under an H,-atmosphere
for 2 h. The suspension was filtered through Celite and
concentrated under reduced pressure. The so-obtained crude
product was purified by column chromatography (SiO,,

n-hexane/EtOAc; 5:1, v/v) to give pure title compound (1.34 g,

3.42 mmol, 82%) as a colorless oil.

9: Ry 0.63 (n-hexane/EtOAc, 2:1); [a]p*%: +50.4 (deg cm® g~
dm™, ¢ = 1.00, CHCLy); IR (CCl,): vmax 3470, 2950, 2870, 1737, 1083, 787, 713 cm™; *H-NMR
(300 MHz, CDCl3) & 3.73 (s, 3 H, -COOCHj3), 3.41 (dd, J = 11.2, 4.5 Hz, 1 H, H-12), 3.31 (s,
3 H, -OCHj3), 2.76 (m, 1 H, H-6), 2.33 (m, 1 H, H-21), 2.30 (m, 1 H, H-21), 1.91 (m, 1 H, H-7),
1.86 (m, 1 H, H-16), 1.71 (m, 1 H, H-2), 1.69 (m, 1 H, H-8), 1.65 (m, 1 H, H-15), 1.57 (m, 1 H,
H-11), 1.52 (m, 1 H, H-2), 1.50 (m, 1 H, H-1), 1.43 (m, 2 H, H-20), 1.43 (m, 1 H, H-17), 1.41
(m, 1 H, H-11), 1.28 (m, 1 H, H-15), 1.22 (m, 1 H, H-16), 1.03 (s, 3 H, H-19), 1.02 (m, 1 H, H-
7), 0.94 (m, 1 H, H-14), 0.87 (m, 1 H, H-3), 0.86 (m, 1 H, H-1), 0.71 (s, 3 H, H-18), 0.65 (M, 1
H, H-4), 0.44 (dd, J = 8.0, 5.2 Hz, 1 H, H-4); "*C-NMR (100 MHz, CDCl;) § 175.1 (C-21), 82.4
(C-6), 80.2 (C-12), 56.7 (-OCH3), 54.4 (C-14), 51.7 (-COOCHj3;), 50.6 (C-17), 47.4 (C-13),
47.1 (C-9), 43.5 (C-10), 35.3 (C-5), 35.0 (C-7), 33.6 (C-21), 33.4 (C-1), 32.3 (C-11), 29.6 (C-
8), 29.0 (C-16), 27.7 (C-20), 25.0 (C-2), 24.5 (C-15), 21.5 (C-3), 19.3 (C-19), 13.2 (C-4), 7.4
(C-18); HRMS (m/z): [M+Na]" calculated for CyHssO4Na: 413.26623, found: 413.26650;
[2M+Na]" calculated for C,sH760sNa: 803.54324, found: 803.53868.
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3.11 (-)-Methyl 3B,12p3-dihydroxypregn-5-ene-21-carboxylate (20):
To a solution of methylester 9 (1.33 g, 3.40 mmol, 1.0 equiv.) in 1,4-dioxane (60 mL) and

water (6 mL) was added para-toluenesulfonic acid monohydrate (108 mg, 0.57 mmol, 0.17
CO,Me equiv.) and the mixture was heated to 64 °C for 5 h. The
reaction mixture was allowed to cool to room temperature
and concentrated under reduced pressure. The so-

obtained residue was partitioned between EtOAc (80 mL)

HO and water (15 mL) and the phases were separated. The

20

organic phase was washed with saturated brine (30 mL),

dried (MgSQ,), and all volatiles were removed under reduced pressure. The so-obtained
crude product was purified by column chromatography (SiO,, n-hexane/EtOAc; 1:1, v/v) to
give pure title compound (960 mg, 2.55 mmol, 75%) as a colorless solid.
20: mp.: 122-125 °C; R;: 0.23 (n-hexane/EtOAc, 1:1); [a]o?%: —31.7 (deg cm®* g' dm™, ¢ =
0.73, CHCIly); IR (KBr): vinax 3423, 2942, 2867, 2360, 1737, 1437, 1049, 1002, 953 cm™; *H-
NMR (300 MHz, CDCly) § 5.34 (m, 1 H), 3.67 (s, 3 H), 3.51 (m, 1 H), 3.46 (dd, J = 11.2, 4.6
Hz, 1 H), 1.02 (s, 3 H), 0.68 (s, 3 H); **C-NMR (75 MHz, CDCl,) § 175.2, 140.9, 121.6, 80.0,
71.8, 54.6, 51.8, 50.3, 49.9, 47.0, 43.3, 37.4, 36.8, 33.5, 31.7, 31.1, 30.6, 29.0, 27.7, 24.6,
19.5, 7.2; HRMS (m/z): [M+Na]" calculated for C,3H3s04Na: 399.25058, found: 399.25066;
[2M+Na]" calculated for C4H-,OgNa: 775.51194, found: 775.51203.

3.12 (-)-3B,12B-Dihydroxypregn-5-ene-21-carboxylic acid (21):

To a solution of methyl ester 20 (960 mg, 2.55 mmol, 1.0 equiv.) in THF (50 mL) was added
aqueous LiOH-solution (1.0 M, 50.0 mL, 50.0 mmol, 20 equiv.). The mixture was stirred at 30
CO,H °C for 4 h, allowed to cool to room temperature and
neutralized with aqueous HCI (1.0 M, 50.0 mL, 50.0 mmol,
20 equiv.). The organic solvent was removed under reduced

pressure and the remaining aqueous phase was extracted

HO with EtOAc (5 x 150 mL). The combined organic layers were

21

dried (MgSOQ,), all volatiles were removed under reduced
pressure and the so-obtained crude was purified by column chromatography (SiO,, n-
hexane/EtOAc; 1:1, v/v) to give pure title compound (831 mg, 2.30 mmol, 90%) as a
colorless solid.
21: mp.: 205-208 °C; Rs: 0.30 (EtOAc); [a]p?%: —17.8 (deg cm® g™ dm™, ¢ = 0.90, MeOH); IR
(KBI): vmax 3428, 2942, 2820, 2360, 1683, 1271, 1049, 1017, 950 cm™*; *H-NMR (300 MHz,
MeOH-d,) § 5.34 (m, 1 H), 3.39 (m, 1 H), 3.30 (m, 1 H), 1.04 (s, 3 H), 0.69 (s, 3 H); *C-NMR
(100 MHz, MeOH-dy) 6 178.3, 142.2, 122.4, 80.7, 72.4, 55.9, 51.8, 50.3, 48.0, 42.9, 38.6,

S11



37.8, 34.5, 32.7, 32.3, 32.2, 31.6, 29.0, 28.8, 25.5, 19.8, 7.7; HRMS (m/z): [M+Na]"
calculated for C,,H3,04Na: 385.23493, found: 385.23477; [2M+H]" calculated for C,4HggOs:
725.49870, found: 725.49870; [2M+Na]" calculated for CyHesOgNa: 747.48064, found:
747.48106.

3.13 (-)-3B,12B-Diformyloxypregn-5-ene-21-carboxylic acid (10):
A suspension of dihydroxycarboxylic acid 21 (831 mg, 2.30 mmol, 1.0 equiv.) in formic acid

(98%, 16 mL) was heated to 50 °C for 30 min. The reaction mixture was allowed to cool to
CO,H room temperature and under reduced pressure to give
the crude product which was purified by column
chromatography (SiO,, n-hexane/EtOAc; 1:1, v/v) to give
pure title compound (818 mg, 1.96 mmol, 85%) as a

colorless solid.

10: mp.: 64-65 °C; Ry 0.50 (n-hexane/EtOAc, 1:1); [o]p**:
-52.4 (deg cm® g™' dm™, ¢ = 0.84, CHCL): IR (KBr): vmax 3431, 2932, 1722, 1453, 1384,
1184, 932 cm™; *H-NMR (400 MHz, CDCls) & 8.10 (s, 1 H), 8.03 (s, 1 H), 5.40 (m, 1 H), 4.82
(dd, J =11.3, 4.6 Hz, 1 H), 4.73 (m, 1 H), 2.37 (m, 1 H), 2.33 (m, 2 H), 2.23 (m, 1 H), 1.04 (s,
3 H), 0.79 (s, 3 H); *C-NMR (100 MHz, CDCl;) & 179.4, 161.2, 160.7, 139.3, 122.8, 81.6,
73.8, 54.6, 49.7, 49.4, 45.4, 38.0, 37.0, 36.9, 33.2, 31.5, 31.0, 28.4, 27.7, 27.2, 27.1, 24.3,
19.3, 8.3; HRMS (m/z): [M-H'] calculated for C,4H3306: 417.22816, found: 417.22800; [2M-
H']" calculated for C4sHe7O12: 835.46380, found: 835.46334.

OHCO

10

3.14 (-)-3B-Acetoxypregn-5-ene-21,12B-carbolactone (25)
To a solution of the dihydroxycarboxylic acid 21 (250 mg, 0.69 mmol) in pyridine (8 mL)

acetic anhydride (0.40 mL, 4.2 mmol, 6.0 equiv.) and 4-dimethylaminopyridine (21 mg, 0.17
mmol, 0.25 equiv.) were added at room temperature. The reaction
mixture was stirred for 1.5 h and then concentrated to half the
volume. The resulting solution was diluted with EtOAc (20 mL),
washed with water (2 x 10 mL) and brine (10 mL), dried (MgSQO,)

and evaporated to dryness under reduced pressure. Purification by
AcO

column chromatography (SiO,, n-hexane/EtOAc; 1:1, v/v) gave
pure title compound (195 mg, 0.53 mmol, 77%) as colorless needles.

25: mp.: 65-68 °C; Ry 0.40 (n-hexane/EtOAc, 2:1) [a]p?*: —16.2 (deg cm® g™' dm™, ¢ = 0.52,
CHCI); IR (KBr): vmax 2945, 1773, 1723, 1606, 1467, 1440, 1366, 1248, 1194, 1168, 1034,
788, 763 cm™; 'H-NMR (400 MHz, CDCl3) § 5.38 (m, 1 H), 4.58 (m, 1 H), 4.11 (m, 1 H), 2.77
(dd, J =12.9, 5.6 Hz, 1 H), 2.33 (m, 1 H), 2.02 (s, 3 H), 1.03 (s, 3 H), 0.63 (s, 3 H). **C-NMR
(100 MHz, CDCl3) 6 175.4, 170.7, 139.7, 122.2, 84.5, 73.7, 54.5, 54.0, 49.4, 45.3, 38.1, 37.1,
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36.8, 31.1, 30.4, 27.8, 27.5, 26.7, 23.8, 23.1, 21.6, 21.5, 19.4, 7.0; HRMS (m/z): [M+Na]"
calculated for C,4H3,04Na: 409.23493, found: 409.23476.

3.15 (-)-21-nor-24-Diazo-3B,12B-diformyloxy-chol-5-ene-23-one (3):
To a solution of carboxylic acid 10 (200 mg, 0.48 mmol, 1.0 equiv.) in CH,Cl, (10 mL) at

room temperature was added oxalyl chloride (87 L,
0.96 mmol, 2.0 equiv.) and DMF (1 drop) sequentially
and the reaction mixture was stirred for 2 h. The so-
obtained solution of the acid chloride was concentrated
under reduced pressure and redissolved in THF (6 mL).
To this solution at 0 °C was added a freshly prepared

solution of diazomethane in Et,O (ca. 0.2 M, 8.0 mL, ca.

1.6 mmol, ca. 3.3 equiv.) and the reaction mixture was

kept at this temperature for 1 h. The resulting yellowish solution was allowed to warm to
room temperature and stirred for another 1 h. The reaction mixture was quenched carefully
with acetic acid (80 pL, 1.40 mmol, 2.9 equiv.) and all volatiles were removed under reduced
pressure. The so-obtained crude product was purified by column chromatography (SiO,, n-
hexane/EtOAc; 3:1, v/v) to give pure title compound (180 mg, 0.406 mmol, 85%) as a yellow
solid.
3: mp.: 68-70 °C; Ry 0.50 (n-hexane/EtOAc, 1:1); [a]p?*: —26.4 (deg cm® g™' dm™", ¢ = 1.21,
CHCl,); IR (KBr): vmax 2932, 2103, 1720, 1642, 1363, 1184, 930, 788, 763 cm™; 'H-NMR
(300 MHz, CDCl3) 6 8.10 (s, 1 H), 8.03 (s, 1 H), 5.39 (m, 1 H), 5.19 (s (br), 1 H), 4.82 (dd, J =
11.4, 4.5 Hz, 1 H), 4.71 (m, 1 H), 2.36 (m, 1 H), 2.25 (m, 2 H), 1.04 (s, 3 H), 0.77 (s, 3 H);
3C-NMR (100 MHz, CDCls) § 195.2, 161.1, 160.7, 139.3, 122.8, 81.5, 73.7, 54.6, 49.9, 49.4,
45.5, 38.0, 37.0, 36.9, 31.5, 30.9, 28.5, 27.7, 27.6, 27.3, 24.3 (2 x C), 19.3, 8.3;™ HRMS
(m/z): [M+Na]" calculated for CpsH3sN,OsNa: 465.23599, found: 465.23613.

3.16 (-)-21,26,27-tri-nor-24-Diazo-3B,12B-diformyloxycholest-5-ene-23-one (24):
To a solution of carboxylic acid 10 (28.0 mg, 70.0 pmol,

1.0 equiv.) in CH,CI, (2 mL) at room temperature was
added oxalyl chloride (13 pL, 140 pmol, 2.0 equiv.) and
DMF (1 drop) sequentially and the reaction mixture was
stirred for 2 h. The so-obtained solution of the acid

chloride was concentrated under reduced pressure and

! One signal is hidden by doubling. NMR shift values of hidden signals were assigned by comparison
with an assigned 2D-NMR of an analogous compound. The C24-signal is missing due to low
concentration of the NMR sample and the quadrupolar coupling with N.
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redissolved in THF (1 mL). To this solution at 0 °C was added a freshly prepared solution of
diazoethane in Et,O (ca. 0.2 M, 2.0 mL, ca. 0.4 mmol, ca. 5.7 equiv.) and the reaction
mixture was kept at this temperature for 1 h. The resulting yellowish solution was allowed to
warm to room temperature and kept at this temperature for another 3 h. All volatiles were
removed under reduced pressure and the so-obtained crude product was purified by column
chromatography (SiO,, n-hexane/EtOAc; 3:1, v/v) to give pure title compound (14.7 mg, 32.0
pmol, 46%) as a yellow solid.

24: mp.: 50-51 °C; Ry: 0.40 (n-hexane/EtOAc, 2:1); [o]p?*: —43.3° (deg cm® g™ dm™, ¢ = 0.49,
CHCl,); IR (KBD): vinax 2942, 2069, 1721, 1635, 1384, 1184, 932, 788 cm™; *H-NMR (400
MHz, CDCl3) § 8.09 (s, 1 H), 8.02 (s, 1 H), 5.40 (m, 1 H), 4.82 (dd, J = 11.1, 4.5 Hz, 1 H),
4.72 (m, 1 H), 1.09 (s, 3 H), 1.04 (s, 3 H), 0.78 (s, 3 H); **C-NMR (100 MHz, CDCl5) & 196.5,
161.1, 160.7, 139.3, 122.8, 81.5, 73.7, 54.6, 49.9, 49.4, 45.6, 38.0, 37.3, 37.0, 36.9, 31.6,
31.5, 30.9, 28.6, 27.7, 27.3, 24.3 (2 x C), 19.3, 8.3;11' HRMS (m/z): [M+H]" calculated for
Co6Ha7N,Os:  457.26970, found: 457.26987; [M+Na]® calculated for CysH3sN,OsNa:
479.25164, found: 479.25188; [2M+Na]" calculated for Cs,H7,N,Oi0Na: 935.51407, found:
935.51462.

3.17 (5)-(17R)-spiro[33,12B-Diformyloxyandrost-5-ene-17,3’-cyclopenta-1’-one] (11):
A suspension of rhodium(ll) acetate dimer (6.2 mg, 14 umol, 0.07 equiv.) in CH,CI, (3 mL)

was degassed three times using freeze-and-thaw cycles. The resulting green suspension
was heated to 41 °C and a solution of diazoketone 3 (88 mg,
0.20 mmol, 1.0 equiv.) in degassed CH,CIl, (2.5 mL) was
added dropwise. The mixture was kept at this temperature for
2 h, allowed to cool to room temperature, and all volatiles were

removed under reduced pressure to obtain the crude product

which was purified by column chromatography (SiO,,
n-hexane/EtOAc; 5:1, v/v) to give pure title compound (43 mg, 0.104 mmol, 52%) as
colorless crystals.

11: mp.: 122-126 °C; Ry 0.20 (n-hexane/EtOAc, 5:1); [o]o*%: —33.4 (deg cm® g”' dm™, ¢ =
1.09, CHCly); IR (KBr): vmax 2965, 1741, 1715, 1466, 1387, 1185, 931 cm™; *H-NMR (400
MHz, CDCl,) § 8.05 (s, 1 H), 8.01 (s, 1 H), 5.39 (m, 1 H), 5.04 (dd, J = 11.0, 4.8 Hz, 1 H),
4.76 (m, 1 H), 1.05 (s, 3 H), 0.98 (s, 3 H); *C-NMR (100 MHz, CDCl,) & 218.5, 160.6, 160.6,
139.2, 122.7, 76.7, 73.6, 53.6, 52.4, 48.9, 47.5, 47.1, 38.0, 37.3, 37.0, 36.8, 36.3, 32.8, 31.6,
31.5, 27.6, 27.1, 24.3, 19.3, 10.3; HRMS (m/z): [M+Na]® calculated for CysHs,OsNa:
437.22985, found: 437.22957; [2M+Na]" calculated for CsoHgsO10Na: 851.47047, found:
851.46981.
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3.18 (-)-(17R)-spiro[3B,12p-Dihydroxyandrost-5-ene-17,3’-cyclopenta-1’-one] (22):
To a solution of cyclopentanone 11 (82 mg, 0.20 mmaol, 1.0 equiv.) in THF (4 mL) was added

aqueous LiOH-solution (1.0 M, 4.0 mL, 4.0 mmol, 20 equiv.) and the resulting mixture was
heated to 30 °C for 2 h. The reaction mixture was allowed to cool
to room temperature, acidified with aqueous HCI (1.0 M, 4.2 mL,
4.2 mmol, 21 equiv.) and extracted with EtOAc (5 x 10 mL). The

combined organic phases were dried (MgSQ,), all volatiles were

HO removed under reduced pressure and the so-obtained crude

22

product was purified by column chromatography (SiO,, n-
hexane/EtOAc; 1:1, viv) to give pure title compound (67 mg, 0.186 mmol, 94%) as a
colorless solid.

22: mp.: 123-125 °C; Ry 0.23 (n-hexane/EtOAc, 1:1); [a]p?*: —26.1 (deg cm® g~' dm™, ¢ =
1.16, CHCL); IR (KBr): vmax 3435, 2933, 1731, 1633, 1403, 1278, 1171, 1049, 1013, 956 cm’
L 'H-NMR (300 MHz, CDCl3) § 5.34 (m, 1 H), 3.68 (dd, J = 10.8, 4.5 Hz, 1 H), 3.50 (m, 1 H),
1.02 (s, 3 H), 0.86 (s, 3 H); **C-NMR (75 MHz, CDCls) & 220.6, 140.8, 121.6, 74.7, 71.7,
53.6, 52.5, 49.4, 48.2, 47.9, 42.2, 37.5, 37.4, 36.7, 36.4, 33.1, 31.7, 31.6, 31.6, 31.4, 27.3,
19.5, 9.2; HRMS (m/z): [M+Na]" calculated for C,3H3,0O3Na: 381.24002, found: 381.24005;
[2M+Na]" calculated for C,sHesOgNa: 739.49081, found: 739.49165.

3.19 (9)-(17R)-spiro[3B-tert-Butyldimethylsilyloxy-123-hydroxyandrost-5-ene-17,3’-
cyclopenta-1’-one] (12):
To a solution of diol 22 (66.0 mg, 0.180 mmol, 1.0 equiv.) in DMF (2 mL) at room

temperature was added sequentially imidazole (50 mg, 0.72 mmol, 4.0 equiv.) and tert-
butyldimethylsilyl chloride (68 mg, 0.45 mmol, 2.5 equiv.). After
1.5 h at this temperature, water (3 mL) was added and the
mixture was extracted with CH,Cl, (3 x 10 mL). The combined

organic layers were dried (MgSQO,), all volatiles were removed

1BSO under reduced pressure and the so-obtained crude product

12

was purified by column chromatography (SiO,, n-
hexane/EtOAc; 4.1, v/v) to give pure title compound (83.0 mg, 0.176 mmol, 95%) as a
colorless solid.

12: mp.: 193-195 °C; Ry 0.23 (n-hexane/EtOAc, 1:1); [o]o*%: —10.6 (deg cm® g™ dm™, ¢ =
1.28, CHCIl3); IR (KBr): vmax 3435, 2932, 2901, 2857, 1731, 1634, 1472, 1254, 1095, 888,
872, 837, 775 cm™; *H-NMR (300 MHz, CDCl;) § 5.30 (m, 1 H), 3.69 (dd, J = 10.9, 4.8 Hz, 1
H), 3.46 (m, 1 H), 2.41 (d, J = 16.8 Hz, 1 H), 2.34 (m, 1 H), 2.31 (d, J = 13.8 Hz, 1 H), 2.02
(d, J = 16.5 Hz, 1 H), 1.02 (s, 3 H), 0.88 (s, 9 H), 0.86 (s, 3 H), 0.05 (s, 6 H); **C-NMR (75
MHz, CDCl,) 6 220.3, 141.4, 121.0, 74.7, 72.6, 53.7, 52.5, 49.5, 48.2, 48.0, 42.8, 37.5, 37.5,
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36.8, 36.4, 33.2, 32.1, 31.7, 31.6, 31.5, 26.0, 24.8, 19.5, 18.4, 9.2, —4.5; HRMS (m/z):
[M+Na]" calculated for CyoH4g03SiNa: 495.32649, found: 495.32598; [2M+Na]" calculated for
CssHgesO6SiNa: 967.66376, found: 967.66378.

3.20 (+)-(17R)-spiro[14(13—12)abeo-33-tert-Butyldimethylsilyloxyandrosta-5,12-dien-
17.,3’-cyclopenta-1’-one] (13):
To a solution of hydroxysteroid 12 (83 mg, 0.18 mmol, 1.0 equiv.) in toluene (12 mL) was

added 4-dimethylaminopyridine (131 mg, 1.08 mmol, 6.0 equiv.) and N-(5-chloro-2-
pyridyl)bis(trifluoromethanesulfonimide) (211 mg, 0.54 mmol,
3.0 equiv.) in one portion. The flask was immersed into an oil
bath at a temperature of 130 °C and the reaction mixture kept
at this temperature for 1 h. The suspension was allowed to cool

to room temperature and was filtered through Celite washing

TBSO several times with toluene. All volatiles were removed under

reduced pressure and the so-obtained crude product was purified by column
chromatography (SiO,, n-hexane/EtOAc; 20:1, v/v) to give the title compound (71 mg, 0.16
mmol, 89%) as an inseparable mixture of endo- and exo alkene (endo:exo, 4:1, ratio
determined by the *H-NMR integrals of the signals at 5.34 ppm (endo) and 4.89 ppm (exo)).
To remove the minor isomer, the mixture was dissolved in EtOAc (4 mL) and rhodium on
carbon (10%, 12 mg, 12 umol, 0.07 equiv.) was added. The reaction mixture was flushed five
times with H, and stirred for 1 h at room temperature under an H,-atmosphere. The
suspension was then filtered through Celite, washing several times with CH,Cl,, and
concentrated under reduced pressure. The so-obtained residue was purified by column
chromatography (SiO,, n-hexane/EtOAc; 30:1, v/v) to yield pure title compound (56 mg, 0.12
mmol, 70%) as a colorless solid.

'H-NMR of the mixture (300 MHz, CDCls) & 5.34 (m, 1H, exo+endo), 4.89 (d, J = 1.8 Hz, 1H,
exo), 4.87 (d, J = 1.6 Hz, 1H, exo), 3.50 (m, 1H, exo+endo), 2.57 (d, J = 18.0 Hz, 1H, endo),
1.59 (s, 3H, endo), 1.00 (s, 3H, exo), 0.98 (s, 3H, endo), 0.89 (s, 9H, exo+endo), 0.06 (s, 6H,
exo+endo);

13: mp.: 180-184 °C; R;: 0.25 (n-hexane/EtOAc, 20:1); [a]p?%: +19.6 (deg cm® g™' dm™, ¢ =
0.92, CHCly); IR (KBr): vimax 2929, 2856, 1746, 1636, 1462, 1379, 1252, 1095, 877, 836, 775
cm™; *H-NMR (300 MHz, CDCl;) § 5.34 (m, 1 H), 3.48 (m, 1 H), 2.41 (d, J = 18.0 Hz, 1 H),
1.59 (s, 3 H), 0.98 (s, 3 H), 0.89 (s, 9 H), 0.06 (s, 6 H); **C-NMR (75 MHz, CDCl;) & 220.5,
142.6, 140.9, 126.7, 121.5, 72.8, 52.5, 51.1, 49.4, 44.4, 42.5, 42.4, 38.5, 36.8, 36.2, 35.7,
32.0, 31.7, 31.1, 29.0, 26.1, 24.4, 19.8, 18.4, 13.9, —4.4; HRMS (m/z): [M+Na]"* calculated for
CaoH460,SiNa: 477.31593, found: 477.31591; [2M+Na]® calculated for CsgHg,04Si,Na:
931.64264, found: 931.64341.
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3.21 (-)-(17R)-spiro[14(13—12)abeo-33-tert-Butyldimethylsilyloxyandrosta-5,12-dien-
17,6’-pyrindan] (23):
A solution of C-nor-D-homo steroid 13 (36.0 mg, 80.0 umol, 1.0 equiv.), propargylamine (10

pL, 0.16 mmol, 2.0 equiv.) and sodium[tetrachloroaurat(lIl)]
dihydrate (2.9 mg, 8.0 umol, 0.1 equiv.) in EtOH (3 mL) was
prepared in a microwave vial. The vial was sealed and
heated to 100 °C for 10 h. The reaction mixture was allowed
to cool to room temperature and the so-obtained suspension
was filtered through Celite, washing several times with

CH,CI,. All volatiles were removed under reduced pressure
and the so-obtained crude product was purified by column chromatography (SiO;, n-
hexane/EtOAc; 10:1, v/v) to give pure title compound (17.4 mg, 36.0 umol, 45%) as a
colorless solid.

23: mp.: 135-138 °C; R 0.25 (n-hexane/EtOAc, 10:1); [a]p?*: =57.1 (deg cm® g™ dm™,
¢ =0.07, CHCLy); IR (KBI): Vmax 2926, 2854, 1734, 1716, 1383, 1255, 1092, 836, 775 cm™;
'H-NMR (300 MHz, CDCls) $8.34 (d, J = 5.0 Hz, 1 H), 7.43 (d, J = 7.4 Hz, 1 H), 7.03 (dd, J =
7.4, 5.0 Hz, 1 H), 5.35 (m, 1 H), 3.35 (m, 1 H), 3.42 (d, J = 17.2 Hz, 1 H), 3.01 (d, J = 16.8
Hz, 1 H), 2.63 (d, J = 17.2 Hz, 1 H), 2.60 (d, J = 16.8 Hz, 1 H), 1.55 (s, 3 H), 0.99 (s, 3 H),
0.90 (s, 9 H), 0.07 (s, 6 H); **C-NMR (75 MHz, CDCl;) & 164.8, 147.5, 142.6, 139.7, 136.3,
132.6, 128.0, 121.5, 121.3, 72.8, 52.6, 49.5, 46.8, 43.2, 42.6, 42.5, 38.5, 38.5, 36.8, 32.0,
31.2,28.8, 26.1, 24.9, 18.9, 18.4, 14.7, —4.4; HRMS (m/z): [M+H]" calculated for C3,H4sNOSI:
490.34997, found: 490.34987; [M+Na]" calculated for Cs,H,,NOSiNa: 512.33191, found:
512.33188.

3.22 Carbacyclopamine analog 2:
To a solution of silylether 23 (6.0 mg, 12.0 umol, 1.0 equiv.) in THF (0.5 mL) at room

temperature was added tetrabutylammonium fluoride (1.0 M in THF, 36 pL, 36 umol, 3.0
equiv.) and the reaction mixture was stirred for 10 h. After this
time water (3 mL) was added and the mixture was extracted
with CH,Cl, (3 x 5 mL). The combined organic layers were
dried (MgSOQO,), all volatiles were removed under reduced

pressure and the so-obtained crude product was purified by

column chromatography (SiO,, CHCI; + 3% MeOH) to give the
title compound in ca. 90% purity judged by *H-NMR (3.6 mg, 9.9 umol, 79%) as a colorless

solid.
2: mp.: 170-175 °C; Ry: 0.53 (CHCls/MeOH, 95:5); [a]p*%: —33.0 (deg cm® g™* dm™, ¢ = 0.12,
CHCLy); IR (CCly): vmax 3420, 2929, 2875, 2854, 1733, 1716, 1457, 1436, 1384, 1260, 1092,
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1072, 786, 763 cm™; *H-NMR (700 MHz, CDCl;) § 8.34 (d, J = 4.9 Hz, 1 H, H-2), 7.43 (d, J =
7.4 Hz, 1 H,H-4),7.03(dd,J=7.4,4.9Hz, 1 H, H-3), 5.39 (m, 1 H, H-6), 3.56 (m, 1 H, H-3),
3.42(d,J=17.1Hz, 1 H, H-7"), 3.01 (d, J = 16.5 Hz, 1 H, H-5"), 2.69 (d, J = 17.1 Hz, 1 H, H-
7’),2.60 (d, J=16.5Hz, 1 H, H-5), 2.39 (ddd, J = 2.1, 4.6, 12.6 Hz, 1 H, H-4), 2.27 (m, 1 H,
H-4), 2.24 (m, 2 H, H-7 + H-11), 2.08 (m, 1 H, H-11), 1.87 (m, 1 H, H-14), 1.86 (m, 1 H, H-
16), 1.83 (m, 2 H, H-2 + H-15), 1.78 (m, 1 H, H-7), 1.74 (m, 1 H, H-1), 1.56 (s, 3 H, H-18),
1.53 (m, 1 H, H-2), 1.47 (dt, J = 9.1, 11.6 Hz, 1 H, H-9), 1.22 (m, 1 H, H-8), 1.20 (m, 1 H, H-
1), 1.14 (m, 1 H, H-15), 1.00 (s, 3 H, H-3); **C-NMR (176 MHz, CDCl;) & 164.9 (C-7a‘), 147.6
(C-2), 141.8 (C-5), 139.6 (C-12), 136.4 (C-4a‘), 132.6 (C-4’), 128.0 (C-13), 122.1 (C-6),
121.3 (C-3’), 72.1 (C-3), 52.4 (C-9), 49.5 (C-14), 46.9 (C-7’), 45.8 (C-17), 43.2 (C-5’), 42.4
(C-8), 38.5 (C-16), 38.3 (C-1), 36.7 (C-10), 31.5 (C-2), 31.1 (C-7), 28.7 (C-11), 24.9 (C-16),
18.8 (C-18), 14.7 (C-19); HRMS (m/z): [M+H]" calculated for C,sH34sNOSi: 376.26349, found:
376.26386; [M+Na]" calculated for C,sH33sNOSiNa: 398.24544, found: 398.24593.

4. Acid Stability
To a solution of carbacyclopamine analog 2 (2.0 mg, 5.5 pumol) in THF (0.5 mL) was

dropwise added aqueous HCI (2.0 M) until a pH value of approx. 0.3 was reached. The
mixture was stirred for 1 h at room temperature after which the solution was neutralized with
saturated NaHCO;-solution, extracted with CH,CI; (3 x 5 mL), dried (MgSO,) and filtered. All
volatiles were removed under reduced pressure and the so-obtained white solid (2.0 mg, 5.5
umol) was used directly for H-NMR measurements. The *H-NMR spectra recorded before

and after treatment with acid are shown in Figure 1.
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Figure S1: '"H-NMR spectra of carbacyclopamine analog 2 in CDCl3; before (700 MHz, blue) and after treatment
with hydrochloric acid at pH 0.3 (400 MHz, maroon).
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5. Biochemistry

The interference of the carbacyclopamine analog 2 with the hedgehog signaling pathway
was tested in an established reporter gene assay [1] based on the inhibition of the target
gene Glil. Shh-LIGHTII cells (ATCC CRL-2795, LGC, Wesel, Germany) represent a clonal
mouse fibroblast cell line (NIH 3T3), which stably incorporates a Gli-dependent firefly
luciferase reporter and a constitutive Renilla luciferase reporter. They were grown in 75 cm®
cell culture flasks at 37°C in a humid atmosphere with 5% CO,. Cell growth medium
DIMETHOXYETHANEM (Dulbecco's Modified Eagle's Medium, high glucose, sodium
pyruvate, w/o glutamine), ZeocinTM Selection Reagent and Geneticin® Selection Antibiotic
(G418 sulfate) were obtained from Invitrogen. Additive L-glutamin and trypsin were obtained
from PAA. VerseneTM chelating agent was obtained from Gibco, bovine fetal serum (FBS)
from Sigma. The cell freeze medium contained 5% DMSO in complete growth medium. The
cell number was counted wusing a Neubauer-Zahlkammer (Hemocytometer).
DIMETHOXYETHANEM (high glucose, sodium pyruvate, w/o glutamine) supplemented with
0.5% FBS, 4 mM L-glutamin and 50 mM HEPES buffer (4-(2-hydroxyethyl)-1-piperazine
ethanesulfonic acid) (pH 7.4) was used as incubation medium. The measurement of reporter
gene and constitutive Renilla luminescence was performed with the Dual Luciferase®
reporter system according to the manufacturer’'s instructions (Promega, Mannheim,
Germany) using a GENios reader (TECAN, Crailsheim, Germany).

5.1 Luciferase reporter assay

Incubation of cells. For performing the assay, Shh-LIGHTII cells were grown to reach 80%
confluence, washed twice with Versene, detached with 2 mL trypsin for not longer than 2 min
and resuspended in 8 mL of growth medium. After centrifugation for 3 min, the supernatant
was removed and the cell pellet dissolved in approximately 10 mL of growth medium. Finally,
20,000 to 100,000 cells per well were cultured in a 24-well plate for 48 h. For exposure to the
analog the growth medium was removed and the cells were exposed to the compound in 500
pL/well incubation medium for 48 h. Stock solutions were prepared in EtOH and introduced in
different concentrations into the incubation medium to reach a final solvent concentration of
0.05%. Due to the assay principle, Shh-LIGHTII cells had to be co-exposed to 100 nM of
SAG (Smoothened agonist) for determining the inhibitory activity of the compounds. A SAG
stock solution was prepared in EtOH and introduced into the medium. The final EtOH-
concentration — introduced by SAG and the test compound — was 0.1%. As a positive control
a 100 nM SAG solution in incubation medium (0.1% EtOH) was used, negative controls were
treated with EtOH only.
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Performing the luciferase measurement. After 48 h of incubation cells were washed with
500 uL PBS (phosphate buffered saline, w Mg/Ca, Invitrogen) and afterwards incubated for
15 min with 100 pL 1x passive lysis buffer on a shaker. The lysed cells together with lysis
solution were transferred into 1.5 mL reaction tubes, centrifuged for 1 min at 4°C and kept on
ice until further use. At first, the blank of luminescence of a 96-well plate (flat bottom, white,
Greiner bio-one) was recorded. Then, 100 pL luciferase assay reagent and 10 L cell
supernatant were mixed per well and the luminescence of firefly luciferase was recorded.
Addition of 100 pL Stop&Glo® reagent permitted the recording of Renilla luminescence. The
measurement was performed per row of a well, i.e. assay reagent was added to 8 wells and
luminesescence recorded, before the next row was processed. Analysis of constitutive
Renilla luminescence was used to normalize for any potential unspecific Glil-reporter gene

luminescence.
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6. NMR Spectra

M(—:‘o
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13C-NMR (100 MHz, CDCls,)
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Solvent: cdecl3
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THPO

S. Rabe
—
Sample: SR-141M §

Pulse Sequenca: s2pul
Date: Jul 29 2010

Solvent: cdcl3
Temp. 26.0 C / 299.1 K
Operator: walkup
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3C-NMR (100 MHz, CDCl5)

S. Rabe
Sample: SR-141T

Pulse Sequence: s2pul
Date: Jul 29 2010

Solvent: cdcl3
Temp. 26.0 C / 299.1 K
Operator: walkup

Mercury-300BB "jutta"

Relax. delay 1.000 sec
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Acg. time 1.301 sec
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6  H-NMR (400 MHz, CD;0D)

S. Rabe

Sample: SR-144
Pulse Sequence: s2pul
Date: Aug 25 2010

Solvent: cd3od
Temp. 26.0 C / 299.1 K
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3C-NMR (100 MHz, CD;0D)

S. Rabe

Sample: SR-144

Pulse Sequence: s2pul
Date: Aug 25 2010

Solvent: cd3od
Temp. 26.0 C / 299.1 K
Operator: walkup
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TESO 17

Sampla: SR-181

Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 26.0 C / 299.1 K

Operator: vnmrl
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Pulse Sequence: s2pul

Solvent: cdcl3
Temp. 26.0 C / 299.1 K
Operator: vnmrl
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Pulse 45.0 degrees
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HO 7

Sample: SR-182

Pulse Sequence: s2pul
Da Mar 14 2011

Solvent: cdcl3

Temp. 26.0 C / 299.1 K,

Operator: walkup 2
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Date: Mar 14 2011
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8 'H-NMR (400 MHz, CDCls)

. Rabe ) )

Sample: SR-185

Pulse Sequence: s2pul
Date: Mar 28 2011

Solvent: cdcl3
Temp. 26.0 C / 299.1 K
Operator: walkup
Mercury-400BB "felix"
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Sample: SR-185

Pulse Sequence: s2pul
Date: Mar 28 2011

Solvent: cdel3

Temp. 26.0 C / 299.1 K
Operator: walkup
Mercury-400BB "felix"

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.300 sec

Width 24154.6 Hz

544 repetitions

OBSERVE C13, 100.5802649 MHz
DECOUPLE H1, 400.0028477 MHz
Power 38 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
FT size 65536
Total time 40 min, 57 sec
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S.Rabe

. em. NS EMOETOWrN®N®DYOOdOEOY NN~ M o & n o om ©
Sample: SR-106 S SdafRNBrLhSANOrRANBRR SRR 2y Ao adEERLANR
M®TTMMOO O AN ®@®MONIWB®OST &0 O N0 ®Wo® LW vMon
SRSt LignsanERnan e amRn TR R em R e B e B el e
Pulsesaquence:aZpul Hrlﬂrir{l-l-lrlﬂ—!v-"‘n",’a 0O 0O 0o oo oo o0 o0 oo o
a4 IS
Eal

Date: Apr 14 2010

Solvent: cdcl3

Temp. 26.0 C / 299.1 X

Oparator: walkup

Mercury-400BB  "faBizt
R o
o %5

Relax. delay 1.000_spce

Pulse 30.0 degrees

Acq. time 1.996 sac

Width 6402.0 Hz

32 repetitions

OBSERVE H1, 400.0177308 MHz

DATA PROCESSING

Line broadening 0.2 Hz

FT size 32768 o

3.661

Total time 1 miny 50 sec
T
\\\\
"
S
" %
i
! -
T T e O s e e e L e e e e e e e e e e e e e ) ) R R S
10 9 8 7 6 5 4 3 2 1 PpPm

13C-NMR (100 MHz, CDCls)

S.Rabe
Sampla: SR-106

Pulse Sequence: s2pul
Date: Apr 14 2010

Solvent: cdcl3
Temp. 26.0 C / 299.1 K
Operator: walkup
Mercury-400BB "felix"

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.300 sec

Width 24154.6 Hz

352 repetitions

OBSERVE C13, 100.5845239 MEz
DECOUPLE H1, 400.0197460 MHz
Power 38 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536 RO
Total time 42 min, 58 sec I I - gN_ﬁqu
@ ~m HE .
2o f30382548, G”SajT
© o o N e T : S o ® oo
FiEfsfasafis 2q2gall)
~ oo A Mm@ oo«
MK[\T" \\Kkmwﬂn
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OMe
19

'H-NMR (400 MHz, C¢Ds)

Rabpe

Sample: SR-112

Pulse Sequence: s2pul
Date: May 3 2010

Solvent: c6d6
Temp. 26.0 C / 299.1 K
Operator: walkup

ggodd o3

@
3
@
-

1.870
1.709
1.675
1.664
1.643
1.632
1.612
1.602
1.579
1,575
1.488
1.467
1.457

Tad, dalay 1000 st

Relax. dellay|1.004 sbc

Puls \Dkbq ;{

Acq. tima~T:8)6l%:

Swidth 6402.0

52 zepetitions\

BSERVE ~ H1, 400.0008295 M
A PROCESSING

Line-broadening 0.2 Hz

FT size 32768

Total time 1 Win, 50 sec

TP

N NN

0.984

0.691
0.679
0.659
0.530

—0.518

13C-NMR (100 MHz, CDCls,)

_xape

sample: SR-112
Pulse Sequence: s2pul
Date: May 3 2010

Solvent: c6dé

Temp. 26.0 C / 299.1 K
Operator: walkup
Mercury-400BB "felix"

128.302
128.060
127.943
127.818

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acg. time 1.300 sec

Width 24154.6 Hz

480 repetitions

OBSERVE C13, 100.5802458 MHz
DECOUPLE H1, 400.0028837 MHz
Power 38 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz

FT siza 65536

Total time 42 min, 58 sec

LB

159.640
115.029

8

81.954

75.087

;—56.655

51.832

J —50.792

—43.763

35.394

3.503

i
.895

27.874

27.852

25.141

21.337

19.300

11.289
7.324

PSSR - X -

i

5.968

-
©
-
~
-

LS. . 2 L 5 B S 2t 5 000 0 2 2 I e L 9 2 7 B O L 2 e I 1 ) 0 D B v
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40

20
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SR-118

Pulse Sequence: s2pul
Date: May 10 2010

Solvent: ecdecl3
Temp. 26.0 C / 299.1 K
Oparator: walkup
Mercury-300BB  “jutta"

Relax. delay 1.000 sac
Pulse 30.0 dagrees
RAcq. time 1.998 sec
Width 4800.8 Hz
16 repetitions
OBSERVE H1l, 300.0536871 MHz
DATA PROCESSING
Line broadening 0.2 Hz
FT size 32768
Total time 1 min, 47 sec

7.536
7.482

'H-NMR (300 MHz, CDCls)

3C-NMR (75 MHz, CDCl,)

_.a: SR-118

Pulse Sequence: APT
Data: May 10 2010

Solvent: cdcl3
Temp. 26.0 C / 299.1 K
Operator: walkup
Mercury-300BB "jutta"

Relax. delay 1.000 sec

1st pulse 90.0 degrees

2nd pulse 135.0 degrees

Acq. time 1.000 sec

Width 18115.9 Hz

560 repetitions

OBSERVE C13, 75.4485473 MHz
DECOUPLE H1, 300.055190§ MHz
Power 36 dB X

7

on during acquisition @
WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz
FT size 65536

Total time 37 min, 11 se

]

151.799

141.298

132.644

118.041

82.304

77.585
77.160
76.742

76.603

56.833
54.203

F— 2. 282

51.360
47.454

16.19

43.651
35.268
34.982
33.341

32.865

13.37

31.729
28.175
24.995
21.434

19.228

13.227

12.377

7.145
5.592

T8 PR £ g L 5 L L . S 1 e I i 2 T (577 L LS AP P T P 77 A Y L L A
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9 'H-NMR (300 MHz, CDCls)

S.Rabe

Sample: SR-91

3.349
2.824
2.519
2.488
2.454
2.427
2.130

Pulse Sequence: s2pul
Date: Feb 2 2010

Solvent: cdel3
Tamp. 26.0 C / 299.1 K
Operator: walkup

Mercury-300BB "jutta" o
2
«

3.775
3.753

3.737

Ralax. dalay 1.000 sec
Pulse 30.0 degraas
Acq. tima 1.998 sec
Width 4800.8 Hz
32 repetitions
OBSERVE  H1, 300.0536871 Miz

DATA PROCESSING
Line broadening 0.2 Hz

FT size 32768 &

Total time 2 min; 5 sec

1.741
1.727

1.682
1.668
1.650

538
1.513

1.485
1.471

@
8 R
N e
]

0.493
0.466

-

3C-NMR (75 MHz, CDCls)

S.Rabe
Sample: SR-91

Pulse Sequence: s2pul
Data: Feb 2 2010

Solvent: cdel3

Temp. 26.0 C / 299.1 K
Operator: walkup
Mercury-300BB "jutta"

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.301 sec

Width 18115.9 Hz

176 repatitions

OBSERVE C13, 75.4485479 MRz
DECOUPLE H1, 300.0551900 MHz
Power 36 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hz

FT size 65536

Total time 1 hr, 24 min, 1 sec

223,023

o

77.585
77.160
76.742

-

81.960

I

72.976

56.841
52.078
49.506
46,670

43

|

I

702

35.972
34,946
34.030
33.378

i

29.758
29.384

‘—24.922

749

21

21.317

1

19.243
13.352

9.265
8.501

:

AT KT
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'H-NMR (300 MHz, CDCls)

Aok

Sample: SR-284 III

Pulse Sequence: szpul

Solvent: cdcl3
Temp. 26.0 C / 299.1 K
Operator: wvnmrl

Mercury-300BB "jutta"
MmN MY 0 MmN N0 N YO dd NNV MNP OO0 O TR AHNOOONNDEDNOWY OO NO
W o OmWVW e MWBWOLONCGO >N NT 060 VYW UMOo VLWL AdAONO®®M W ITMAEHS®O®DWVWMNO RO W < N
0 Y N e WM MmN NNNNNNNNAAOO® DO ® O WYW 0O WY T T T T T T MmN NNNN
Refam. debiyld0F el i N i N i N i N N N N N NN A dddddddddddddddddddddddddedddd

0.681

%ﬁ'll PROCESSING
“Line broadening 0.2
FT size 32768

3C-NMR (75 MHz, CDCl5)

Sample: SR-X68 III

Pulse Sequence: s2pul

Solvent: cdel3
Temp. 26.0 C / 299.1 K
Operator: vnmrl
Marcury-300BB "jutta"

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acqg. time 1.301 sec

Width 18115.9 Hz

480 repetitions

OBSERVE C13, 75.4555946 MHz
DECOUPLE H1, 300.0832710 MHz
Power 37 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 1.0 Hz
FT size 65536
Total time 42 min, 2 sec

n o O =
898 . ggp E#8f8,3p8d¢g
5 us o oy T o) Do ? <
TEEYE FRBacqnsafioafce
. § g R0 R &
o~ - .
~ o -
k) » o~
8 =
Ead
- [ | IM\ N L
|IIV|||1|I|1|l|[|l|||!l|1||III[KI\II|||||||l1]vlll[|\lv[l||||lIII|\|>|‘|\|\|\|\|¢|\'|\|1|\|\|\|\|\|\|\n|11]rllv
200 180 160 140 120 100 80 60 40 20 rpm
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.Rabe

Sample: SR-164b

3.416
3.401
3.379
3.364
3.342
3.314
3.303
2.309
2.267
2.256
2.226
2.198
2.017
2.005
1.983
1.964
1.941
1.910
1.891
1.880
1.870
1.829
1.778
1.719
1.695
1.681
1.664
1.637
1.623
1.562
1.545
1.508
1.465
1.451
1.436
1.422
1.399
1.382
1.360
3.509
1.281

w
Pulse Sequence: s2puls

Solvent: cd3od T

Temp. 26.0 C / 299.1
Operator: vnmrl

Mercury-300BB "jutta™

Relax. delay 1.000 sac
Pulse 29.7 degiten
Acq. time 1.99§:sac

w

32 repetitions
OBSERVE  H1, 300.08:
DATA PROCESSING

Line broadening 0.2 Hz
FT size 32768
Total time 2 min, 5 sec

'H-NMR (300 MHz, CD;0D)

1.002
0.965
0.940
0.789
0.689

13C-NMR (75 MHz,

Sample: SR-164b

Pulse Sequenca: s2pul
Date: May 9 2011

Solvent: cd3od
Temp. 26.0 C / 299.1 K
Operator: walkup
Mercury-400BB "faelix"

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.300 sec

Width 24154.6 Hz

1344 repetitions

OBSERVE C13, 100.5805346 Miz
DECOUPLE H1, 400.0044237 MHz
Powar 38 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

49.000

48.787

48.575
48.362
38.571

7

51.836
51.301
49.425

55.918
49.638

Total time 1 hr, 21 min,

50 sec

72.364
47.974
42.924

80.661

37.794
34.518

32.723

32.276

32.239
31.645
29.469

28.794

25.467
19.839

178.281
142.201
122.420

7.680

—\

=3

—\"
A\

LB G 0 e o 3 B = L L L e 2 L L

180 160 140 120 100

51 R 5 2 ) T B 2 e T R TEL 2 L L 0 O . G 2 o b

80 60 40 20 ppm
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S.Rabe

Sample: SR-160-2

Pulse Sequence: s2pul
Date: May 17 2011

2.370
2.347
2.334
2.310
2.245
2.226

Solvent: cdel3
Temp. 26.0 C / 299.1 K
Operator: walkup

Mercury-400BB "felix"

.407
4.828
4.811
4.739
4.725
4.712

-
>
Relax. delay 1.000 secw :
Pulsa 30.2 degraes

Acq. tima 1.996 sec

Width 6402.0 Hz

32 repatitions 2
OBSERVE H1, 409.000%935 muz
DATA PROCESSINGS & |

Line broadenings n:z 2.

FT size 32768 ||
Total time 1 min, 5

5.297

ac

1.986
1.963
1.946
1.929
1.906
1.893

-
a4 m
@ &
P~
“
B

'H-NMR (400 MHz, CDCly)

1.649

1.550
1.538

\—1.043

R\

012
0.992

0.911

885

0.827
0.785

\—i

13C-NMR (100 MHz, CDCl,)

S.Rabe
Sample: SR-160B

Pulse Sequence: s2pul
Data: Nov 15 2011

Solvent: edel3

Temp. 26.0 C / 299.1 K
Operator: walkup
Mercury-400BB "felix"

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.300 sec

Width 24154.6 Hz

976 repetitions

OBSERVE C13, 100.5794451 MHz
DECOUPLE H1, 399.9994929 MHz
Powar 38 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Hz
FT size 65536

Total time 42 min, 58 sec

161.150
160.732

179.355

n "
e

O e

139.273

122.834

77.475
77.160

I

81.572

Y

i

76.845

54.594
49.699
49.361

73.759

45.440

38.024
37.012
36.873
33.223
31.523
30.958
29.830

/-
/~

w‘m “* L

28.445
27112

o

27.206

27.067
24.318
19.305

8.283

[T

200 180 160

140
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100

80
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40

20
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Sample: SR-152

Pulse Sequencae: sZpul
Date: Sep 29 2010

Solwvent: edel3
Temp. 26.0 C / 293.1 K
Oparator: walkup
Mercury—400BE “felix"

~—2.780

2.7683
/_

2.748

—4.118

Relax. delay 1.000
Pulse 30.0 degrees
Acg. time 1.996 skc o

Width 6402:0 Hz 7 b
32 repetitions | un

OBSERVE H1, 400.0007935 M=
DATA PROCESSING
Line broadening, 0.2 Ez
FT size 32768

Total time 1 miny 50 sec

10 9 8

13C-NMR (100 MHz, CDCls,)

Sample: SR-152

Pulse Sequence: =2pul
Date: Sep 29 2010

Solvent: cdcld
Temp. 26.0 C / 299.1 K
Operator: walkup
Mercury-400BB “felix"

Relax. delay 1.000 =ec
Pulse 40.5 degrees

Acq. tima 1.300 sec

Width 24154.6 Hz

720 repetitions

OBSERVE €13, 100.5802649 MHz
DECOUPLE HI, 400.0028477 MHz
Power 38 dB

continuously on

WALTZ-16 modulated
DATA PROCESSING

Line broadening 0.5 Hz
FT size 65536
Total time 42 min, 58 sec

———175.411
~170.654

13%.675

122.247

—84.504

o
g
E:
z
S

L

60.501
+—54.536

o
&
&
=
iy
.

Vs ~T6.845

/
/
Y —73.737

-

-—45.272

~—38.148

27 .544

~——23.051

0.850
0.631

v ‘{'}.U"J'_w;"i“ ﬁwl :__LJL—

@
e
@
@
i
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S.Rabe

Sample: SR-2058

Pulse Sequence: s2pul

Solvent: cdecl3
Temp. 26.0 C / 299.1 K
Jperator: vnmrl

ercury-300BB “jutta®

Relax. delay 1.000 sec
Pulsa 29.7 degrees
Acq. time 1.998 sec
Width 4800.8 Hz

32 repetitions
JBSERVE H1, 3¢9.08190
JATA PROCESSING S &
Line broadening’ 0e2 Hz

o
©
~

]
S « o
<aa
- m
o T
w n

98 MHz

'T size 32768 \
fotal time 2 min, 21 gec

'"H-NMR (300 MHz, CDCly)

110
f1 (ppm)

9 8 7 6 5 3
3C-NMR (75 MHz, CDCls)
1 ] & 8 o o SNLNNQUOMOCIT OO
w - o o n ~ LM OO NMANNM b4
< b i} S = R FITLREBLRRIRNANNIS o«
I \ I I FNCY S N ==
Parameter Value
1 Title SR205BC
2 Comment S.Rabe
3 Origin Varian
4 Owner
5 Site
6 Spectrometer mercury
7 Author vnmrl
8 Solvent cdcl3
9 Temperature 26.0
10 Pulse Sequence s2pul
11 Experiment 1D
12 Number of Scans 656
13 Receiver Gain 20
14 Relaxation Delay 1.0000
15 Pulse Width 0.0000
16 Acquisition Time 1.3005
17 Acquisition Date 2011-10-25T10:11:57
18 Spectrometer Frequency 75.46
19 Spectral Width 18115.9
20 Lowest Frequency -1141.6
21 Nucleus 13C
22 Acquired Size 23560
23 Spectral Size 32768
T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 100 90 80 70 60 50 40 30 20 10

[ 3500

[~ 3000

2500

2000

1500

1000

500
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S. Rabe

Sample: SR-162

Pulse Sequence: s2pul

Date: Nov 3 2010

Solvent: cdcl3

Temp. 26.09C_/ 299.1

Operator; Walkug

Mercury-@00BB; "Felixg
T - .~
PN <N

: KL& &
Ralax. delay 1.000.s

Pulse 30.0 degrees
Acq. time 1.996-sec
e

Width, 6402.0 Hz o

32 rifpetitions
OBSERYE H1, 400.0007.
@ﬁg PROCESSING

oFine broadening 0.1 H

Pgtfize 32768.
Total % M

K

4.142
-4.124
4.107

—2.366

o~
@
©

—3.646

e

935 Milz-._
2

ec

e

'H-NMR (400 MHz, CDCly)

———1.072

0.641

I8 T =T & &% T & = AU T T—T T Tl T T T T T=—r
9 8 7 5 4 3 2 1 ppm
13
C-NMR (100 MHz, CDCly)
R 83 4 ] - < T RONOT N NDN MO oM T o I 28000
o —_o @ IN] n ~ LMo NQRVINGVNNMM o
a bR Q S s R FETLBERBARKRERNRNIS
v Lo 1N e
26000
[~ 24000
Parameter Value
1 Title SR162C
2 Comment S. Rabe 22000
3 Origin Varian
4 Owner
5 Site 20000
6 Spectrometer mercury
7 Author walkup 18000
8 Solvent cdcl3
9 Temperature 26.0
10 Pulse Sequence s2pul 16000
11 Experiment 1D
12 Number of Scans 608
13 Receiver Gain 38 [ 14000
14 Relaxation Delay 1.0000
15 Pulse Width 0.0000
16 Acquisition Time 1.3005 [ 12000
17 Acquisition Date 2010-11-03T09:02:00
18 Spectrometer Frequency 100.59 F 10000
19 Spectral Width 24154.6
20 Lowest Frequency -1524.0
21 Nucléus ] 13C t 8000
22 Acquired Size 31413
23 Spectral Size 32768
6000
[~ 4000
2000
ro
T T T T T T T T T T T T T T T T T T T T T T T
220 210 200 190 180 170 160 150 140 130 120 f1%0 )100 90 80 70 60 50 40 30 20 10 0
1 (ppm
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'H-NMR (400 MHz, CDCls)

1.005
0.979

Sample: SR-169-2

Pulse Sequence: s2pul
Date: May 30 2011

5.394

Solvent: cdcl3
Temp. 26.0 C / 299.1 K
Operator: walkup
Mercury-400BB "felix"

260

Relax. delay 1.000 s}c"
Pulse 30.2 degreed -

®
Acg. time 1.996 s&
®

Width 6402.0 Hz
32 repetitions K

OBSERVE H1, 400.0007936 MHz
DATA PROCESSING

Line broadening 0.2 Hz

FT siza 32768

Total time 1 min, 50 sec

13C-NMR (100 MHz, CDCls,)

Sample: SR-169-2

Pulse Sequence: s2pul
Date: May 30 2011

Solvent: cdcl3
Tamp. 26.0 C / 299.1 K
Operator: walkup
Mercury-400BB "felix"

Relax. delay 1.000 sac
Pulse 45.0 degrees

Acqg. time 1.300 sec

Width 24154.6 Hz

2000 repetitions

OBSERVE C13, 100.5802671 MHz
DECOUPLE H1, 400.0028477 MHz
Powar 38 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 0.5 Ez

FT size 65536

Total time 1 hr, 25 min, 53 sec

N
oY m ® n 53
o =
& o wnof83g83ec wed$338ng
ga Tearlfgste Y08 R Y %Ko,
g o HLone 48 nern a2 gd9N I8 a3 Q
o 8 ol S ) ol MY . WM N “
] ~ Y~ ~ - Mm o MM 3
A o (5 m ]
- S 3
s &
0 Lzl o
@ a e}
o L]
,\I!I||I1I||l>|[ll¥![I\:l|I\IV|VIIK]I|VI[I\ll[v)l\ll\l!]!\l\llnl||\I\I]ll\||!lll‘ll?"[!vvl‘l\vljl\lv’l\\\|V‘Iﬁ|
220 200 180 160 140 120 100 80 60 40 20 Ppm
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'H-NMR (400 MHz, CDCly)

Sample: SR-191

Pulse Sequence: s2pul

Solvent: cdcl3
Temp. 26.0 C / 299.1 K
Operator: vnmrl

Mercury-3008B ":u:td‘;l

-
Relax. delay 1.000 sec
Pulse 29.7 degrees
Acq. time 1.998 sgc
Width 4800.8 Hz ©
32 repetitions L
OBSERVE  H1, 300.0817105
DATA PROCESSING
Line broadening 0.2 Hz
FT size 32768
Total time 1 m'uE 57 sec

o
N
©
™

~

L

T

1.046
—0.858

0.796

{U\A__.\.Lg.____..

13C-NMR (100 MHz, CDCls,)

S.Rabe

Sample: SR-191
FID directory:
Pulse Sequence:

/home/vnmrl/service/SR191C. fid
s2pul

Solvent: cdcl3
Temp. 26.0 C /
Operator: vnmrl
File: SR191C
Mercury-300BB

299.1 K

"jutta"

Relax. delay 1.000 sec
Pulse 45.0 degrees
Acqg. time 1.301 sec
Width 18115.9 Hz

608 repetitions
OBSERVE C13, 75.4555881 MHz
DECOUPLE H1, 300.0832710 MHz
Power 37 dB
continuously on
WALTZ-16 modulated
DATA PROCESSING

Line broadening 3.0 Hz
FT size 65536

Total time 1 hr, 24 min,

,—77.693
77.268
~—-76.843

1 sec

121.639

—140.792

220.618

e i

ey

T

ppm
R S S | W
45.15 15.68

16.00 6.28 9.09

6.538
33.248

\

36.787
31.716

o

—\

3

52.576
49.514
48.327

~—48.033
37.585

74.784
71.780
42.275
37.490
31.504
24.859
19.569

N—
\ —29.907

L

—. 533

X

—

53.748

\

B\

o i
v W st v L bl | Y ™

T LN |

120

T T

100

I

80

T T
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'H-NMR (400 MHz, CDCly)

.mple: SR-193

Pulse Sequence: s2pul

Solvent: cdcl3
Temp. 26.0 C / 299.1 K
Operator: vnmrl

3C-NMR (100 MHz, CDCl5)

mple: SR-193

Pulse Sequence: s2pul

Solvent: cdecl3
Temp. 26.0 C / 299.1 K
Operator: vnmrl
Mercury-300BB "jutta"

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acq. time 1.301 sec

Width 18115.9 Hz

880 repetitions

OBSERVE C13, 75.4555951 MHz
DECOUPLE H1, 300.0832710 MHz

Power 37 dB i
cont inuousl; w9 g
y on o oS
WALTZ-16 modulated E d e
DATA PROCESSING oo e ] ~
Line broadening 0.5 Hz g
FT size 65536
Total time 1 hr, 24 min, 1 sec
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SR194H 5 8&k e 830318 RRRRRANIAIRNGABIIIIIIIRRBLSE8ERS
S. Rabe ¥ 185 14 NSRRI Ininiininin b
P rr T p—— e
Parameter Value
1 Title SR194H
2 Comment S. Rabe
3 Origin Varian /
4 Owner /
5 Site S - e - / !
6 Spectrometer mercury
7 Author walkup
8 Solvent cdcl3
9 Temperature 26.0
10 Pulse Sequence s2pul
11 Experiment 1D
12 Number of Scans 16
13 Receiver Gain 16
14 Relaxation Delay 1.0000
15 Pulse Width 0.0000
16 Acquisition Time 1.9961
17 Acquisition Date 2011-06-09T09:49:44
18 Spectrometer Frequency 400.00
19 Spectral Width 6402.0
20 Lowest Frequency -801.1
21 Nucleus 1H
22 Acquired Size 12779
23 Spectral Size 16384
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Sample: SR-203-2

0.958
0.939
0.893
0.862
0.831
0.794
0.762
0.062

Pulse Sequence: s2pul
Date: Sep 23 2011

Solvent: cdcl3

2

Temp. 26.0 C / 299. K

Operator: walkup
Mercury-400BB

Relax. delay 14‘300 sec
Pulse 30.0 dagx?ol
Acg. time 1.996-sec

Width 6398.0
56 repatitions

1.490

OBSERVE _ H1, 399.9975

'DATA PROCESSING

1.139

Line broadening 0.2 Hz

FT size 32768

1.109

Total time 3 min,

13C-NMR (100 MHz, CDCls,)

3o g

~

51
~-140.85
—126.66

—121.46
—72.80
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L
S. Rabe

Sample: SR-216-2

Pulse Sequence: s2pul

Solvent: cdcl3

Temp. 26.0 C / 299.1 K

Operator: vnmrl

Mercury-300BB "jutta"
2R <3

238,32
Relax. defay 190§ sécr

Width 4800.8 H
44 repetitions
OBSERVE  H1, 300.081710
DATA PROCESSING

Line broadening 0.1 Hz
FT size 32768

Total time 28 min, 47 sec

7.440

8.347
8.331

7.416

=

\\—1.053
\\\\—1.032

\\\\\\\—1.007

\

0.828
0.065

t.

3C-NMR (75 MHz, CDCl5)

Std Carbon experiment
Sample: SR-216-2

Pulse Sequence: s2pul

Solvent: cdcl3
Temp. 26.0 C / 299.1 K
Operator: vamrl
Mercury-300BB "jutta"

Relax. delay 1.000 sec
Pulse 45.0 degrees

Acqg. time 1.301 sec

Width 18115.9 Hz

20000 repetitions

OBSERVE C13, 75.4555935 MHz
DECOUPLE H1, 300.0832710 MHz
Power 37 dB

continuously on

WALTZ-16 modulated

DATA PROCESSING

Line broadening 1.0 Hz

FT size 65536

Total time 13 hx, 28 min, 40 sec

139.680

———————136.332

142.626

164.841
147.513

‘ | el

121.532
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132.625
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'
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J

g
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52.556
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'H-NMR (700 MHz, CDCly)

&R 58 & a8 28T 88 TTRNRIRREILLARRAY
6 @ NN 6 5 e NN NNNNNN S o o
v Voo v NN e e N e
900
Parameter Value - 800
1 Title Rabe_700/ 1
2 Comment SR-219-2
700 MHz
3 Origin Bruker BioSpin GmbH 700
4 owner fndy / [ 1 / foor bl /
5 Site
6 Spectrometer drx700
7 Author [ 600
8 Solvent CcDCI3
9 Temperature 300.0
10 Pulse Sequence zg
11 Experiment 1D 500
12 Number of Scans 64
13 Receiver Gain 20
14 Relaxation Delay 4.0000
15 Pulse Width 8.4579 [ 400
16 Acquisition Time 3.3292
17 Acquisition Date 2011-11-15T09:56:13
18 Modification Date 2011-11-15T09:56:26
19 Spectrometer Frequency 700.18 [ 300
20 Spectral Width 9842.5
21 Lowest Frequency -1671.0
22 Nucleus 1H
23 Acquired Size 32768 200
24 Spectral Size 65536
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g 3 2438 8 8§ 8 YeERLY2ERE RXIN 8 3 R
by S TEAEG & 8 = NPOUBANBES —oH@ I S <
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Parameter Value
1 Title Rabe_700/ 5 [ 120000
2 Comment SR-219-2
13C
3 Origin Bruker BioSpin GmbH 110000
4 Owner findy
5 Site
- 100000
6 Spectrometer drx700
7 Author
8 Solvent cpai3 [ 90000
9 Temperature 300.0
10 Pulse Sequence 2gdc30 L 80000
11 Experiment 1D
12 Number of Scans 8548
13 Receiver Gain 8192 70000
14 Relaxation Delay 3.0000
15 Pulse Width 11.5000
16 Acquisition Time 1.4999 [ 60000
17 Acquisition Date 2011-11-16T01:45:13
18 Modification Date 2011-11-16T11:17:28
19 Spectrometer Frequency 176.08 [ 50000
20 Spectral Width 38759.7
21 Lowest Frequency -1790.8
22 Nucleus 13¢ [ 40000
23 Acquired Size 58137
24 Spectral Size 131072 F 30000
20000
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