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General Information: Commercial reagents were used as received from Sigma-Aldrich.
Routine monitoring of reactions were performed by thin-layer chromatography (TLC)
using precoated plates of silica gel 60 F»s4 and visualized under ultraviolet irradiation
(254 nm). Column chromatography separations were performed by with silica gel 60
(0.040-0.063 mm). Petroleum ether with a boiling point range of 60-80 °C was used.
Organic extracts were dried over anhydrous sodium sulfate. Evaporation of solvent was
performed at reduced pressure. Chemical shifts () were reported in parts per million
(ppm) downfield from tetramethylsilane (TMS= 0) or relative to CHCl; (7.26 ppm) for 'H
NMR. Multiplicities are abbreviated as: (s = singlet, d = doublet, t = triplet, q = quartet,
br = broad, m = multiplet). Coupling constants are expressed in Hz. FT-IR spectra were
obtained on Nicolet Avatar 370 thermonicolet spectrometer. MS data was measured on a
Bruker Daltonics HCT Ultra. HRMS were recorded on a Brukar micrOTOF instrument
with an ionization potential of 70 eV with ESI positive mode. The enantiomeric excess
was determined by HPLC using a Chiralpak AS-H or OD-H column with n-heptane and
i-propanol as eluents.
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Procedure for the Synthesis of Racemic PicAm (2)

A mixture of hydroxylammonium chloride (3.0 equiv, 3.33 g, 48.0 mmol) and Et;N (3.0
equiv, 6.69 mL, 48.0 mmol) in EtOH (53 mL) was stirred at room temperature for 30
min." The corresponding ketone (1.0 equiv, 4.82 g, 16.0 mmol) was then added. After
heating under reflux for 8 h, the solvent was removed by rotary evaporation and the
residue was extracted with EtOAc (50 mL x 3). The combined organic layers were
washed with brine, dried over Na,SO4, and concentrated to give the crude oxime as a
brown oil. Without further purification, the crude oxime (1.0 equiv, 5.06 g, 16.0 mmol)
was added to EtOH (70 mL) with NH4OAc (1.3 equiv, 1.64g, 20.8 mmol) and NH,OH
(59 mL, 25% v/v in H,0). This solution was heated at reflux and zinc powder (5.0 equiv,
5.05 g, 80.0 mmol) was added portion wise over 2 h every 15 min. After refluxing for an
additional 8 h, the reaction mixture was cooled to room temperature and concentrated
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NaOH was added until reaching a pH of 12. After filtration through celite and washing
with diethyl ether, the layers were separated. The aqueous layer was further extracted
with Et,0. The organic phases were combined, washed with brine, dried over Na;SOy,
filtered, and concentrated. After column chromatography, EtOAc/pet ether (1:4), racemic
PicAm (2) was afforded as a pure viscous oil (65% yield).'
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Resolution of Racemic PicAm (2)

To a stirred solution of unnatural tartaric acid, (S,S)-D-tartaric acid (0.50 equiv, 1.59 g,
10.6 mmol), in a boiling mixture of THF/CH3CN 1:5 (180 mL), was added racemic
PicAm (2) (1.0 equiv, 6.4 g, 21.2 mmol).” The mixture was gently refluxed (~70 °C) for 1
h. During this time some precipitation of the salt may occur and is normal. The
precipitated salt color, in the solution, is brown. The oil bath was then turned off. In this
way the solution was allowed to come to room temperature over ~1 h. After stirring for
an additional 1-2 h at room temperature the precipitate was filtered giving 5.14 g of off-
white to brown colored solid. This material was crystallized a total of four more times but
now from EtOH/H,0 (95:5 vol-to-vol ratio). The EtOH used was Sigma-Aldrich cat. #
32205. Each EtOH/H,O crystallization was performed by dissolving the salt into the
minimum volume of 95% ethanol sufficient to dissolve the salt at 70 °C. This was
followed by gentle reflux for 1 h, then cooling to 25 °C in a controlled manner over 1 h.
This was followed by 2 h of stirring at 25 °C, followed by filtration. Repeat three more
times. After the five resolutions (1 with THF/CH3;CN and 4 with EtOH/H,0), high
vacuum drying furnished the (R)-PicAm 2 salt as a white powder (26% weight recovery,
2.10 g, 99% ee) [Note: salt ratio undetermined]. Before use in reactions, the salt was first
converted to the corresponding free amine by addition to EtOAc (75 mL) and NaOH (75
ml, 0.5 M). Further extraction (EtOAc, 50 mL x 2) of the basic aqueous layer, was
followed by organic extract combination and concentration (Rot Vap) providing the free
amine [(R)-PicAm 2] as an oil. This free amine was then dissolved in MeOH and
unnatural tartaric acid ((S,S)-D-tartaric acid, 1.0 equiv) was added, this 1:1 salt of (R)-
PicAm 2 was used for the reactions as indicated. The absolute configuration was
determined by x-ray analysis of the 1:1 salt. The absolute configuration of D-tartaric acid
is known, (S,S), and relative to this PicAm 2 was of the R configuration.
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We thank Dr. Michael Bolte (Institute for Inorganic Chemistry, J.-W.-Goethe-Universitéit, Frankfurt/Main,
Germany) for paid X-ray crystal structure service.

The ee of PicAm-2 was determined by chiral HPLC (Chiral OD-H, i-PrOH/heptane 5/95,
flow rate = 1 mL/min, A = 254 nm): tmgjor= 10.4 min, tpiner = 13.8 min.

Free amine (R)-PicAm 2: '"H NMR (400 MHz, CDCls) (ppm): 1.78 (br s, 2H), 2.45-2.50
(m, 2H), 2.57-2.62 (m, 2H), 2.70-2.76 (m, 1H), 3.97 (d, J = 3.66 Hz, 1H), 7.02-7.26 (m,
12H), 7.54-7.58 (m, 1H), 8.55 (d, J = 5.04 Hz, 1H); °C NMR (400MHz, CDCl;) (ppm):
34.5,36.8,49.2, 56.6, 121.6, 125.7, 125.8, 128.2, 128.3, 129.0, 129.1, 136.0, 141.0, 148.7,
163.9. FT-IR (R)-PicAm Naphthalenesulfonic acid salt: (KBr), Vimax: 3441, 3025, 2924,
1593, 1495, 1473, 1181, 1042 cm'; MS (EI), m/z (relative intensity): 325 [M+Na]",
100%), 286 [M- NH,] 19.5%; HRMS (ESI-TOF) calculated for C;H»nN, [M+H]"
303.1856; found: 303.1868.

General Procedure for Racemic Aldol Formation (3-12)

The following procedure can be used to synthesize all of the racemic aldol products
shown in this manuscript. To a solution of water and methanol 4.0 mL (1:1 v/v) was
added 2-picolylamine (0.40 mmol), aldedyde (2.0 mmol, 1.0 equiv), and ketone (1.5 to
3.3 equiv). This stirred at room temperature for 12-24 h, TLC was used to determine
complete reaction. Ry values for each compound can be found in the experimental
procedures found below for all enantioenriched aldol products. The reactions were
quenched with a saturated solution of NH4Cl (20-25mL) and the resulting mixture was
extracted with EtOAc (30 mL x 2). The combined organic layers were separated, dried
over anhydrous sodium sulfate, evaporated to give the crude aldol product. Column
chromatography on silica gel using EtOAc/pet ether (1:9) gave the pure aldol product
(70-90% yield). Although not examined further in this manuscript, tetrahydro-4H-
thiopyran-4-one (see main text, Scheme 1, X= S), also readily provided the racemic aldol
product under these conditions. Although all reactions were by-product free, this was not
true for benzaldehyde, not examined in this manuscript, which afforded the expected
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aldol product and ~20 % of the corresponding elimination product under the above noted
conditions.

General Procedure for Enantioselective Aldol Reaction (compounds 3-12)

Four general reaction conditions were found to be optimal depending on the ketone
examined. The limiting reagent was the aldehyde, which was always used at the 0.50
mmol scale:

Catalyst mixture A: The 2,4-dinitrobenzenesulfonic acid (2,4-DNBSA) salt of (S)-PicAm
2 (MW=550.58, 13.8 mg, 0.025 mmol, 5.0 mol%)

Catalyst mixture B: The 1-naphthalenesulfonic acid (1-NSA) salt of (R)-PicAm 2
(MW=510.65, 12.8 mg, 0.025 mmol, 5.0 mol%).

Catalyst mixture C: The 1:1 salt of (S,S)-D-tartaric acid (unnatural tartaric acid) and (R)-
PicAm 2 (MW=45250, 11.3 mg, 0.025 mmol, 5.0 mol%). Sodium
dodecylbenezenesulfonate (NaDBSA) (MW= 348.48, 8.7 mg, 0.025 mmol, 5.0 mol%)
was additionally added.

Catalyst mixture D: The 1:1 salt of (R,R)-L-tartaric acid (natural tartaric acid) and (S)-
PicAm 2 (MW=452.50, 11.3 mg, 0.025 mmol, 5.0 mol%). Sodium
dodecylbenezenesulfonate (NaDBSA) (MW= 348.48, 8.7 mg, 0.025 mmol, 5.0 mol%)
and 2,4-dinitrobenzenesulfonic acid (2,4-DNBSA) (MW=248.17, 6.2 mg, 0.025 mmol, 5
mol%) were additionally added.

One of the above catalyst mixtures (A, B, C, or D) was added to distilled water or brine
(1.0 mL, 0.5 M). The ketone (1.66 mmol, 3.3 equiv) and aldehyde (0.5 mmol, 1.0 equiv)
were then added. This mixture was stirred and heated at 45 °C for the indicated reaction
time. [NOTE: extension of the indicated reaction times can be detrimental to the
diastereoselectivity (o-keto epimerization), do not extend the reaction time.] The reaction
was quenched by simply adding water (10 mL) and EtOAc (10 mL). The resulting
aqueous layer was extracted a total of three times with EtOAc (10 mL x 3). The
combined organic extracts were dried (Na,SOjs), evaporated (Rot Vap), and then exposed
to high vacuum for 1 h. The resulting crude product was examined by 'H NMR to
determine the dr. The crude material was then purified by column chromatography
(EtOAc/ petroleum ether). [Note: During column chromatography almost all of the aldol
products epimerize. The o-keto-product epimerization likely occurs via enol induced
processes on the acidic silica gel. Attempts to ‘neutralize’ the silica gel using eluent
doped with EtsN or pretreatment of the silica gel with NH4OH treated solvent were
helpful but did not completely and satisfactorily suppress the noted epimerization. As a
consequence 'H NMR data obtained after chromatography shows a lower dr than before
chromatography.] The after chromatography '"H NMR data supplied here is only provided
to confirm the purity of the aldol products. The chromatography purified aldol products
were then examined by HPLC to determine their ee. The relative and absolute
configurations of the products were determined by comparison with the known "H NMR
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data and by direct comparison with the literature available HPLC data for aldol products
3-11, while product 12 is reported here for the first time.

O OH
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2-(hydroxy(4-nitrophenyl)methyl)cyclohexanone (3)3

Catalyst mixture A was used. The reaction medium was brine.

4-Nitrobenzaldehyde: 75.5 mg, 0.50 mmol, 1.00 equiv

Cyclohexanone: 0.17 mL, 1.65 mmol, 3.30 equiv

Reaction time: 16 h; flash column chromatography: (EtOAc/Pet ether = 10:90); yield:
92%; The ee was determined by chiral HPLC (Chiral OD-H, i-PrOH/heptane 5/95, flow
rate = 1 mL/min, A = 210 nm): tmajor= 24.2 min, tmine—= 36.5 min, ee = 99%, dr = 22:1
(anti/syn), R&= 0.29 EtOAc/pet ether (2:3).

'H NMR (400 MHz, CDCl3) (ppm): 1.26-1.41 (m, 1H), 1.54-1.66 (m, 3H), 1.82 (m, 1H),
2.10 (m, 1H), 2.36-2.49 (m, 1H), 2.53-2.61 (m, 2H), 4.11 (br s, 1H), 4.90 (d, J = 8.4 Hz,
1H), 7.52 (d, J = 8.6 Hz, 2H), 8.23 (d, J = 8.6 Hz, 2H).

(@] OH
4

CF3
2-((4-(trifluoromethyl)phenyl)(hydroxy)methyl)cyclohexanone (4)*
Catalyst mixture A was used. The reaction medium was water.
4-(Trifluoromethyl)benzaldehyde: 67 uL, 0.50 mmol, 1.00 equiv. Note this aldehyde was
stored over crucible crushed KOH.
Cyclohexanone: 0.17 mL, 1.65 mmol, 3.30 equiv
Reaction time: 22 h; flash column chromatography (EtOAc/Pet ether = 7:93); yield: 88%;
The ee was determined by chiral HPLC (Chiral OD-H, i-PrOH/heptane 5/95, flow rate =
0.5 mL/min, A = 219 nm): tpejor= 23.5 min, tmine= 30.7 min, ee = 99%, dr = 12:1
(anti/syn), R= 0.31 EtOAc/pet ether (1:4).
'H NMR (400 MHz, CDCl3) (ppm): 1.25-1.39 (m, 1H), 1.48-1.73 (m, 3H), 1.79-1.83 (m,
1H), 2.07-2.14 (m, 1H), 2.35-2.39 (m, 1H), 2.46-2.51 (m, 1H), 2.57-2.64 (m, 1H), 4.05
(s, 1H), 4.84 (d,J =8.6 Hz, 1H), 7.44 (d,J =8.1 Hz, 2H), 7.61 (d, J = 8.1 Hz, 2H).
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2-((3-chlorophenyl)(hydroxy)methyl)cyclohexanone (5)6

Method C was used. The reaction medium was water.

3-Chlorobenzaldeyde: 56 uL, 0.50 mmol, 1.00 equiv

Cyclohexanone: 0.17 mL, 1.65 mmol, 3.30 equiv

Reaction time: 40 h; flash column chromatography (EtOAc/pet ether = 7:93); yield: 82%;
The ee was determined by chiral HPLC (Chiral OD-H, i-PrOH/heptane 5/95, flow rate =
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Il mL/min, A = 210 nm): tmejor= 14.1 min, tmine= 10.9 min, ee = 95%, dr = 5.5:1
(anti/syn), R&= 0.36 EtOAc/pet ether (1:4).

"H NMR (300 MHz, CDCl3): § = 1.20-1.30 (m, 1 H), 1.43-1.75 (m, 4 H), 1.99-2.07 (m,
1 H), 2.23-2.55 (m, 3 H), 3.93 (s, 1 H), 4.70 (d, J=8.7 Hz, 1 H), 7.08-7.23 (m, 4 H).

O OH NO,

6

2-(hydroxy(2-nitrophenyl)methyl)cyclohexanone (6)’

Catalyst mixture A was used. The reaction medium was water.

2-Nitrobenzaldehyde: 75.5 mg, 0.50 mmol, 1.00 equiv

Cyclohexanone: 0.17 mL, 1.65 mmol, 3.30 equiv

Reaction time: 20 h; flash column chromatography (EtOAc/Pet ether = 10:90); yield:
84%; The ee was determined by chiral HPLC (Chiral OD-H, i-PrOH/heptane 5/95, flow
rate = 1 mL/min, A = 210 nm): tpajor= 14.9 min, tmine—= 18.9 min, ee = 98%, dr = 30:1
(anti/syn), R= 0.43 EtOAc/pet ether (2:3).

'H NMR (400 MHz, CDCl3) (ppm): 1.53-1.82 (m, 4H), 1.83-1.86 (br d, J=12.1 Hz, 1H),
1.2.04-2.12 (m, 1H), 2.30-2.38 (m, 1H), 2.42-2.48 (m, 1H), 2.73-2.80 (m, 1H), 4.04 (br s,
1H), 5.44 (d, J = 8.4 Hz, 1H), 7.40-7.45 (m, 1H), 7.61-7.65 (m, 1H), 7.75-7.77 (m, 1H),
7.82-7.84 (m,1H).

O OH

2-(hydroxy(p-tolyl)methyl)cyclohexanone 7’

Catalyst mixture A was used. The reaction medium was brine.

p-Tolylaldehyde: 58 uL, 0.50 mmol, 1.00 equiv

Cyclohexanone: 0.17 mL, 1.65 mmol, 3.30 equiv

Reaction time: 24 h; flash column chromatography (EtOAc/Pet ether = 3:97); yield: 55%;
The ee was determined by chiral HPLC (Chiral AS-H, i-PrOH/heptane 5/95, flow rate =
0.5 mL/min, A = 210 nm): tmajor= 22.5 min, tmine= 26.9 min, ee = 96%, dr = 8:1 (anti/syn),
R#= 0.52 EtOAc/pet ether (2:3).

'H NMR (400 MHz, CDCl3) (ppm):1.18-1.38 (m, 1H), 1.50-1.70 (m, 3H), 1.72-1.82 (m,
1H), 2.03-2.14 (m, 1H), 2.34 (s, 3H), 2.35 (td, J = 13.2, 6.0 Hz, 1H), 2.43-2.51 (m, 1H),
2.54-2.66 (m, 1H), 3.91 (d, J = 2.7 Hz, 1H) 4.75 (dd, J = 9.0, 2.7 Hz, 1H), 7.18 (dd, J =
17.1, 8.4 Hz, 4H).

O  OH

L s
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2
2-(hydroxy(4-nitrophenyl)methyl)cyclopentanone (8)**
Catalyst mixture B was used. The reaction medium was water.
4-Nitrobenzaldeyde: 75.5 mg, 0.50 mmol, 1.00 equiv
Cyclopentanone: 0.14 mL, 1.65 mmol, 3.30 equiv
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Reaction time: 16 h; flash column chromatography (EtOAc/Pet ether = 7:93); yield: 81%.
The ee was determined by chiral HPLC (Chiral AS-H, i-PrOH/heptane 20/80, flow rate =
0.5 mL/min, A = 254 nm): tmejor= 31.5 min, tmine= 41.1 min, ee = 92%, dr = 1.2:1
(anti/syn), R= 0.43 EtOAc/pet ether (2:3). The syn-diasteromer had an ee of 89%.

'H NMR (400 MHz, CDCl;) (ppm): 1.54-2.02 (m, 4H), 2.27-2.45 (m, 3H), 4.76 (s, 1H),
4.84 (d,J=9.2 Hz, 1H), 7.50-7.55 (m, 2H), 8.19-8.23 (m, 2H).

3709
N NO

2
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tert-Butyl 3-(hydroxy(4-nitrophenyl)methyl)-4-oxopiperidine-1-carboxylate (9)9

Catalyst mixture C was used. The reaction medium was water.

4-Nitrobenzaldeyde: 75.5 mg, 0.50 mmol, 1.00 equiv

Tert-butyl 4-oxopiperidine-1-carboxylate: 328 mg, 1.65 mmol, 3.30 equiv

Reaction time: 33 h; flash column chromatography (EtOAc/Pet ether = 7:93); yield: 82%.

The ee was determined by chiral HPLC (Chiral AS-H, i-PrOH/heptane 5/95, flow rate = 1

mL/min, A = 280 nm): tmajor = 45.1 min, tpiner = 51.1 min, ee = 98%, dr = 16:1 (anti/syn).

Catalyst mixture D was also examined. The reaction medium was brine.
4-Nitrobenzaldeyde: 75.5 mg, 0.50 mmol, 1.00 equiv

Tert-butyl 4-oxopiperidine-1-carboxylate: 328 mg, 1.65 mmol, 3.30 equiv

Reaction time: 35 h; flash column chromatography (EtOAc/Pet ether = 7:93); yield: 81%;
ee = 96%, dr = 33:1

R#=0.26 EtOAc/pet ether (2:3).

'H NMR (300 MHz, CDCl3): & 1.39 (br s, 9H), 2.52 (br s, 2H), 2.76 (br s, 1H), 2.93 (t, J
=11.8 Hz, 1H), 3.27 (br s, 2H), 3.85 (br s, 2H), 4.18 (br s, 1H), 4.96 (d, J = 7.8 Hz, 1H,
anti), 5.48 (br s, 1H, syn), 7.56 (d, J= 7.2 Hz, 2H), 8.24 (d, J = 7.0 Hz, 2H).

N~ cl

|

Boc
tert-butyl 3(hydroxy-(4-chlorophenyl) methyl)-4-oxopiperidine-1-carboxylate (10)'°
Catalyst mixture A was used. The reaction medium was brine.
4-Chlorobenzaldeyde: 70.0 mg, 0.50 mmol, 1.00 equiv
Tert-butyl 4-oxopiperidine-1-carboxylate: 328 mg, 1.65 mmol, 3.30 equiv
Reaction time: 48 h; flash column chromatography: (EtOAc/Pet ether = 10:90); yield: 55
%; The ee was determined by chiral HPLC (Chiral AS-H, i-PrOH/heptane 5/95, flow rate
= 0.5 mL/min, A = 254 nm): tmajor= 30.0 min, tyine= 38.3 min, ee = >99%, dr = 66:1
(anti/syn), R= 0.22 EtOAc/pet ether (2:3).
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'H NMR (400 MHz, CDCls) (ppm): 1.40 (br s, 9H), 2.47-2.53 (m, 2H), 2.72 (brlH),
2.83-2.89 (t, J = 11.2 Hz, 1H), 3.27 (br, 1H), 3.73 (br, 2H), 4.13 (s, 1H), 4.82 (d, J = 8.8
Hz, 1H), 7.25-7.35 (m, 4H).

O OH

o ©°
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7-[Hydroxy-(4-nitro-phenyl)-methyl]-1,4-dioxa-spiro-[4.5]decan-8-one (1 n'"

Catalyst mixture A was used. The reaction medium was brine. Two equiv of the ketone
were used for this reaction.

4-Nitrobenzaldeyde: 75.5 mg, 0.50 mmol, 1.00 equiv
1,4-Cyclochexanedione-monoethylenacetal: 156 mg, 1.00 mmol, 2.00 equiv

Reaction time: 21 h; flash column chromatography: (EtOAc/Pet ether = 5:95); yield: 91%;
The ee was determined by chiral HPLC (Chiral AS-H, i-PrOH/heptane 20/80, flow rate =
1 mL/min, A =280 nm): tmino= 25.6 min, tyejor= 40.6 min, ee = 98%, dr =>65:1 (anti/syn),
R#= 0.20 EtOAc/pet ether (2:3).

'H NMR (400 MHz, CDCls) (ppm): 1.48-1.54 (m, 1H), 1.69-1.74 (m, 1H), 1.92-2.13 (m,
2H), 2.44-2.50 (m, 1H), 2.71-2.77 (m, 1H), 2.95-3.03 (m, 1H), 3.85-3.99 (m, 4H), 4.03
(d, J=3.1 Hz, 1H), 4.94 (dd, J = 3.1, 8.1 Hz, 1H), 7.48 (d, ] = 8.4 Hz, 2H), 8.19 (d, ] =
8.4 Hz, 2H).

O OH NO,

o Yo 12
-/

7-[Hydroxy-(2nitro-phenyl)-methyl]-1,4-dioxa-spiro-[4.5]decan-8-one (12)

Catalyst mixture A was used. The reaction medium was brine.

2-Nitrobenzaldeyde: 75.5 mg, 0.50 mmol, 1.00 equiv
1,4-Cyclochexanedione-monoethylenacetal: 257 mg, 1.65 mmol, 3.30 equiv

Reaction time: 38h; flash column chromatography: (EtOAc/Pet ether = 5:95); yield: 80;
The ee was determined by chiral HPLC (Chiral AS-H, i-PrOH/heptane 20/80, flow rate =
1 mL/min, A = 280 nm): tminor= 24.3 min, tmajor= 29.3 min, ee = 91%, dr = 18:1 (anti/syn),
R=0.23 EtOAc/pet ether (2:3).

'H NMR (400 MHz, CDCl3) (ppm): 1.69-1.75 (m, 1H), 1.96-2.07 (m, 3H), 2.42-2.54 (m,
1H), 2.64-2.81 (m, 1H), 3.11-3.19 (m, 1H), 3.89-4.01 (m, 4H), 5.43-5.45 (d, J = 6.87 Hz,
1H ), 7.42-7.48 (m, 1H), 7.67-7.74 (m, 1H), 7.75-7.76 (m, 1H), 7.85-7.94 (m, 1H),

C NMR (400MHz, CDCl3) (ppm): 34.1, 37.6, 38.6, 52.9, 64.3, 64.6, 69.1, 106.7, 124.0,
128.3, 128.8, 133.1, 136.2, 148.3, 212.9. FT-IR (KBr), vmax: 3431, 2961, 1703, 1524,
1360, 1120, 1009 cm ™' ; MS (EI), m/z (relative intensity): 330 [M+Na]", 100%),

312[M- H,0] 7.5 %; HRMS (ESI-TOF) calculated for C;sH;7NOg [M+Na]™ 330.0948;
found: 330.0932.
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s
T T T T T T T
== =.5 s.0 F.5 0.0 1z.5 15.0 175
min
< Results>
F2 Ch1 220nm <tnm
Feak# Fet Time Frea Height Frea Height %% WWidth at 10% Height [EET™
1 10.7=< FEATa=E 22715 S50 7= 59092 1072
= 1a.0zs FoSz0a 1e=1s ER-RT) a5 .a57 1159
Total EF= = Te=T-T-3 Az03 100,000 EYaI=N=TaTe]
il 1 10.910 | 10S0SS56 | IZ0SSI | 29 592 )| 29 970 | 1.095 | ]
| 1=.2826 | Aazsa | 17s0 | o0 | o.5=0 | o.7FoA | |
[Total | | 1090190 | 2227 | 1o0.000 | 100000 | |
1

HPLC of Racemic 2-(hydroxy(4-nitrophenyl)methyl)cyclohexanone (3)
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==== Shimadzu LCsolution Analysis Report ====

lmcquired b Admin
Sample Hame : Maweed
Sample I 200 mas L
il # BR ]
Injection “olume FE L=
Cata File Hame s Aldol-cyclohex<anone racemic. led

hdethod File Hame : ODH-Aldol-S5% iPrOH. lem

: hdusterrepart.lor
Cata mocquired 05 07 2009 19:5=:21
Data Processed D 0507 2008 21:55:10

Chromatogram>

CaMaveedwvaldolvAldol-cyclohexanone racemic. lad
msdd
= = FDA hdulti 1
Z00 = O OH g
z = 8
150 5 = =3
= i K
3 X NO
s0] Racemate
o T T T + T +
: T
175 200 z25 250 =2F.s Z0.0 Zz.5 350 e ]
min
< Results:>
FDa Ch1 210nm <dnm
Feak & BEet Time Srea Height e a Height =% wridth at 10%% Height [EET
1 19 723 A1ZE=10 og=z9 1= 6232 12 507 12249
= =21 7032 095129 =057 1= 527 16 . 606 1271 LT
= =2 5749 11019320 {ml=] fel=Jci=>c] =2 800 1571 Rrs
= =3.2=25 A10ZSS51 A0S el =R =i=] =5 959 =.a935
[Total ZOZ2TISTO S3931 A0 oo0 A0D.O00
HPLC of 2-(hydroxy(4-nitrophenyl)methyl)cyclohexanone (3)
==== Shimadzu LCsolution Analysis Report ====
v cquired by
Sampls Mams
Sample I
ail &
Injection Wolume
> ata File Name caB_lI_Z_co.lod
PA=thod File Nam= :ODH 52 1 ml Mawv cat.lem
B atch File Hame
Report File Mame : Musterreport. lor
Crata Aoquired $O01.01.2010 19:13:29
Crata Frocessad 01012010 19:52:05
Chromatogram>>
Dvvhtaramiz O10vSolvent TestwsB_ 12 oo lced
msdd
1504 g FDa kAulti 1
4100~ 3
S0 =
=
s
=k T + T = +
T
17.5 =Z0.0 =25 z25.0 =27.S 0.0 =25 5.0 =TS
min
< Results>
FCA Ch1 210nm <tnm
Feoak # FEet Time Sarea Height Sarea Height %% uridth at 10% Height [EETH
1 =23.7=1 QOZTEA3E 150521 o9.571 29.6=29 1752
= =5.613 pei=io =] L=1=1-] o.g=9 0.Z76 1.525
Total 20 AS1150 A0D .00 A00.000
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Crude '"H NMR of 2-(hydroxy(4-nitrophenyl)methyl)cyclohexanone (3)

0O OH

Crude "H NMR for dr assessment 3
(after work up) it/'\@\
(= NO

30
I

2215

2

—_—

20
10

L0
'

-
3
3

T T T T T T
90 80 e 60 50 40 an

amn ——=-

X : parts per Million : LH

'"H NMR of 2-(hydroxy(4-nitrophenyl)methyl)cyclohexanone (3) (after
chromatography)

AB_I_124 rxul —2df
fisd

3
2
205
;%
Z w
®)
N
203

0
—
0.91
—
052
M'—‘—‘\

Ly
I

abundance

T T T
90 80 7.0 6.0 50 40 i
[TI i | | g g r
FAA AN AN
;e et - 4= 2
EE RS H § o5 H
ik 3 3 aa 2

wadad

X : parts per Million : 1H
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HPLC of Racemic 2-((4-(trifluoromethyl)phenyl)(hydroxy)methyl) cyclohexanone (4)

Royal Society of Chemistry 2010

==== Shimadzu LCsolution Analysis Report ====

lacquired by
Sample Name
Sample ID

ail #
Injection Wolume
Cata File Mame
hiethod File Hame
EBatch File Mame
Report File Mame
D ata Acquired
Cata Frocessed

cadmin
CH+9-CF2Ben racemic test 27 Now
I CH+SG CF2Ben racemic test 27 Mow
o1
H [= T
CH+4- CF2Ben racemic test 27 Mowl . lod
:0ODHS% 0.5 mil.lem

: Mustereport.lor
26 1 2009 Z21:=0:13
2T A 20090 00326

Chromatogram>=>

OAaMaveedites CH+F- CFZBen racemic test 27 Nowl . lcd
mssu
= = FD2 Wl 1
1] g
SO0 =5 E
= & O OH
=00 4
200
5 CF3 o
= 5
100 3 Racemate =
= g
. =
o T 4 4
T T T T T T T T
15.0 17.5 zZ0.0 225 Z5.0 prar =) =0.0 Zz.5
min
< Results>
PSS Ch1 217 nm SGnm
Feak# FRet. Time Srea Height Srea W Height %% Wridth at 10% Height hlark
1 17.z209 19932757 SZToST a42.252 S0.9z2 o.221
=3 12.572 1947 AZ2Z0 47292 IT 512 L= b=rc] 0.002
= =22.9454 So10495 A7A=9 =2.2321 1.523 1.209
<3 =0.557 SZ077a 12451 =Z.005 1.202 1.524
[T otal 20962321 1035979 100000 A00.O00

13
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HPLC of 2-((4-(trifluoromethyl)phenyl)(hydroxy)methyl) cyclo- hexanone (4)
(after column chromatography with silica gel)

==== Shimadzu LCsolution Analysis Report ====

lscquired b :Aadmin
Sample Hame :RAMU_I_103_GCC majorspot
Sample ID S RAMU_I_103_CC majorspot
ail # A
injection Wolume S0 uL
Crata File Name : MNU_II_103_CC major spot.led
hizthod File Mame : ODH 5% 0.5 ml.lom
Batch File Mame :
Feport File Mame : husterreport.ler
Cata Acquired D OS2 2000 204215
Cata Frocessed 100 12,2000 17 5525

Chromatogram:>

ChMavesdvildo MhAMU_I_103_CC major spot.lod
M
= FOA hiulti 1
O OH
=0
15
10 =
5 =
L + T S
o
T T T T T
175 200 225 250 275 200
min
< Results>
PO Ch1 219nm SGnm
Feak # Fet Time Farea Height Farea % Height = uridth at 10% Height hdar
A =E.545 RS ZZEEE 90,573 o0 ==z 1A9F
2 20 720 5706 =] o627 o7rs o823
Total S0z7a =240 100,000 100,000

Crude '"H NMR 2-((4-(trifluoromethyl)phenyl)(hydroxy)methyl)cyclohexanone (4)

MNU_IL_103 Crude-2.jdf
iH

1215

Crude '"H NMR for dr assessment
(after work up)

£
1

abundance

T T T T
9.0 8.0 7.0 60 50 4.0 kX 20 o "

X : parts per Milllon : 1H

"H NMR 2-((4-(trifluoromethyl)phenyl)(hydroxy)methyl)cyclohexanone (4) (after
chromatography)
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MNU_II_103_Pure-2.jdf
1H

a7

0
0

16
106

X 1 parts per Million : 1H

g
* U _lgt___ﬁnww_l
9<|0 aju 7.‘0 G.In 5<Iﬂ 4:0 3.‘0 1
AN | | T

HPLC of Racemic 2-((3-chlorophenyl)(hydroxy)methyl)cyclohexanone (5)
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==== Shimadzu LCsolution Analysis Report ===

lequired by :Admin
Sample Hame . CH+3Cl-Ben racemic test after GG
Sample ID : CH+3CI-Ben racemic test after ©

ail # :1
Injection Walume D10 uL
Cata File Hame . CH+3CI-Ben racemic test after CC.lod
Method File Name : ODH 5% 1 ml Mawv cat.lcm
Eatch File Mame :
Report File Hame
Crata Acquired
Cata Frocessed

: Wusterrepart.lor
1 2441 2000 00:06:54
1 29.11.2000 00:20:37

Chromatogram=>

DN aveedutestuCH+ZC1-Ben racemic test after CC . lcd
mAl
= = = P A PAulti 1
3 = S
L = 3 O OH
= = =2
3 = =
= g Cl
5
1000 - =
]
=
SO0
Racemate
1
o T T l1 T
T T T T r
TS 100 1z.5 15.0 A7 .5
min
< Results>
FPDaA Ch1 2100m <bnm
Feak# Eet. Time e g Height Area % Height % Uwidth at 10% Height har
1 =5.37TT ZE9AZ055 AT 25253 Z5.057 ZZ.F0Z 05
b=y 2.32Z0 ZC0FTZZEG AS52G51= Z25.215 Z29.11% O.2=
2 10.6932 29947922 124959437 29128 22597 o.597
=} 13521 253256330 pl=1=1=lc 24600 13525 1.012
[Total A0ZSJ00192 SZTTSET A0O.000 A0D.000

HPLC of 2-((3-chlorophenyl)(hydroxy)methyl)cyclohexanone (5)
(after column chromatography with silica gel)

==== Shimadzu LCsolution Analysis Report ====

lecquired by s Aadmin
[Sample Name D RAMU_N_106  Lspot
Sample ID CRAMU_NI_106 Lspot

ail # B
injection walume © 10 ul
Cata File Mame D RAMU_N_106
hicthod File Hame : OBH 5% 1 ml Mawv catlem
Eatch File Mame :
Report File Hame
O ata fcquired
O ata Frocessed

: hdusterrepart.ler
: 09122009 20:03:92
109122009 20257

Chromatogram:=>

DoMaveeduslda N U_H_106_
maL
1500 = FOa hdulti 1
b
O OH
1000 b é/\©/
SO0 =
=
=
a I . "
T T T T T
7.5 10.0 1z.5 15.0 17.5
min
< Results>
FLoChl 210nm <nm
Feak# Fet Tim= Ar=a Height Ar=a % Height %6 Mfidth at 10% Height [XFTY
1 10Eod 1550628 5350 = 520 5.5603 055
= 1a7=T ESE500a5 1AZE06S o7 a5 99 397 1538
Total GSO01Z7 = 15==a1G Ao0.000 100000

Crude '"H NMR 2-((3-chlorophenyl)(hydroxy)methyl)cyclohexanone (5)
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MNU_II_106_rxn2_crude-2.jdf
IH

| 3 Q OH
Crude H NMR for dr assessment - cl

(after work up) 5

06 07 08 09 10 L1 12 13 14 15 L6
FFPPPS TPPRY FETIY PPTIN FETIN PRI FIPI FITPL FIPTY | I 1

01 02 03 04 05

0
!

T
9.0 80,

T T
50 40
i i P o poegT” g
I A al [/ AT
Wz 5 IS
232 e % & 2% &R £
S 35 %3 33 88 E

X : parts per Million : 1H

"H NMR 2-((3-chlorophenyl)(hydroxy)methyl)cyclohexanone (5) (after
chromatography)

MNU_IT_106_rxn2 Pure-2.jdf
1H

" 0 OH
S c s ;

2 E

o«
s
n
B
=
=

Abundance
L
L

0000 —=- r

4.765
4742

4010

X : parts per Million : 1H

HPLC of Racemic 2-(hydroxy(2-nitrophenyl)methyl)cyclohexanone (6)
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==== Shimadzu LCsolution Analysis Report ====

lmcquired b cadmin
Sample Hame : AB_I_9=2 2Hitro Aldol both spot after oo
Sample ID AE_I_92 ZMitre Aldol both =po
il & B
Injection “Wolume c A0 ul

Cata File Hame
Method File Mame
Batch File Mame
Feport File Mame
Cata scquired
Cata Frocessed

:AaB_1_93 ZHitra Aldol bath spot after co.lod
: ODH 59 1 ml Haw cat.lem

: hdusterreport.lor
D11 .09 2009 11:07:032
DEF0.11. 2009 155599

Chromatogram=>

Dwvnaveed-ahttram aldohScreeningwaB_I_92 ZNitro Aldol both spot after co.lod
maald

F Do hdulti

=

O

S0 —

=

OH NO,

=5

B447 1161882
103147160351

Racemate

= =)
min

< Results>

FCo Chi 210nm <tbnm

Feak® Fet Time= Ere=a Height Erea % Height o MFidth at 10%% Height XY

1 =.aa7 R CERES ENEr] T =7 0.a5c

= 10.=1a 1E0=5 A === = o5z 5 10= [ER=T=F

) 14 =00 1aFanaz S51=4 a5 zoo a5 S7a 0552

a 7Tz EECr =] s=2o04 as.0=2 29216 1.0a7

T otal A0SF =S A=a5a7 A00. 000 100 000

HPLC of 2-(hydroxy(2-nitrophenyl)methyl)cyclohexanone (6)

after column chromatography with silica gel)

==== Shimadzu LCsolution Analysis Report

lmcquired by
Sample Hame
Sample 1D

ail #
Injection Wolume
Crata File Hame
hiethod File Mame
Blatch File Hame
Feport File Mame
O ata scquired
Cata Processed

tAdmin

D oAE_
CoAB_l_

B
D40 oL

1ZE_rnd_ce
1Z6_mind_ce

:AB_I_126_r<ni_cc lod
:ODH 5% 1 ml Maw cat.lem

: hdusterreport.or
D20 A0.2002 150057
: F0.11.2009 19:01:50

Chromatograms>

Cnavesd-ahttram aldeltvisldvaB_I_126_mnl_cc.led

mssll
= FPOA bdulti 1
4000 —
O OH NO,
SO0 —
] N 6
] =]
Zz50—| b3
] g
] =
i
] z
] N B3
— 4
o ] T T
1z.5 15.0 175 ZO.0O Pt
min
= R ocslts
FDA Chl Z210nm SGnm
Peak # Ret. Time Area Height Area % Height 24 Wiridth at 10% Height [EETN
1 13,93 ZF125ZS32G6 AD1S0Z3Z 29 207 29 . 292 0937
= 1=5.953 Z2E55ZZZ FFAS o799z 0.752 o973
Total FZ22028152 A025 737 00000 A00.000

Crude '"H NMR 2-(hydroxy(2-nitrophenyl)methyl)cyclohexanone (6)

18




Supplementary Material (ESI) for Organic and Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2010

- 7?;!{3_[_116_::11 1after wu crude-3,jdf = O OH N()2
. 1 =
: Crude H NMR for dr assessment ( A
K (after work up)
Il
2] = [
: PRI |
g o
T A o f.‘ | A " = o o T
¥ H
X : parts per Million : 1H

'"H NMR 2-(hydroxy(2-nitrophenyl)methyl)cyclohexanone (6) (after

chromatography)
AB_I_145_vxnl_pure-2.jdf -
il H

20

—_—
108
—w
1.03
——
087
—
081
N——yr
0.9
=
—

sbundance

£
"
&
—
£

546
4025

X 1 parts per Million : LH

0000 —=o

HPLC of Racemic 2-(hydroxy(p-tolyl)methyl)cyclohexanone (7)
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<Chromatogram>
D:\Ahtaram\AB_|_152_racemic 5%1.lcd
mAU ]
3 PDA Multi 1
&
S
150 O OH
o
3
&
100
Racemate
50
o . L - -
— e e —— — —]
21 22 23 24 25 26 27 28 29
min
1 PDA Multi 1/230nm 4nm
<Results>
PDA Ch1 230nm 4nm S R o
[ Peak # Ret. Time Area I Height | Area % Height % Width at 10% Heigh Marj%
1 22.337 ] 8746455 N 71441 | 49.663 51.690 | 1.520
2 ) 27.045] 8865284 60233 50.337 | 48.310 1.632 i
Total 17611739 331673 100.000 | 100.000 |

HPLC of 2-(hydroxy(p-tolyl)methyl)cyclohexanone (7)
(after column chromatography with silica gel)

<Chromatogram>
D:\Ahtaram\2010\AB_II_29_rxn1_cc1.lcd
mAU §
5 23 PDA Multi 1
[}
-5
b
10 7 g
S
>
v & 4
r
as| T S — — I — —
21 22 23 24 25 26 27 28 29
min
1 PDA Multi 1/230nm 4nm
<Resulits>

[ Peak # |

| [ Height Area % [ Height % | Width at 10% Height [Marl
1 22.583 | 547585 | 18673 97.712] 97.795 — 0.834 |
|2 { 26.912 | 12824 | 421 2.288 | 2.205] 0.855
[Total | 560409 | 19094 100.000/ 100.000 | . | i

Crude '"H NMR 2-(hydroxy(p-tolyl)methyl)cyclohexanone (7)
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01 02 03 04 05 06 0.‘7 08 058 L0 l.ll 12 13 14

AB_II_29_rxnl_brine_22h-3.jdf
1H

Crude "H NMR for dr
assessment (after work

up)

X : parts per Million : 1H

é -
g ] A
g o = g g 3 = 2 5 T
X : parts per Million : LH
"H NMR 2-(hydroxy(p-toly)methyl)cyclohexanone (7) (after chromatography)
AB_II_29 rxnl_CC-2.jdf -
:_1(—[
] O OH a
s 7 o fif I /
L e
| S
9.'0 8}0 /\%/J‘ ‘7."] 6.'0 5.‘0 ‘\ 4'(]‘ 3.'0‘ ww{ﬂ)“g‘\ I“F“H‘Uw«m ”/w“\ l.l(l T

HPLC of Racemic 2-(hydroxy(4-nitrophenyl)methyl)cyclopentanone (8)
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==== Shimadzu LCsolution Analysis Report ====

Acquired by
Sample Name
Sample ID

Admin

CP+4NB racemic 7Dec
CP+4NB racemic 7Dec
[e]

Vail #

Injection Volume : 10 ulL

Data File Name : CP+4NB racemic 7Dec.lcd

Method File Name : method cycpent+4nitro 20%IlsoPr 0.5ml.lcm

Batch File Name
Report File Name
Data Acquired

Musterreport.lcr
07.12.2009 20:15:01
Data Processed : 08.12.2009 11:06:20
Diese Probe heilst: CP+4NB racemic 7Dec

<Chromatogram>

D:\Naveed\CP+4NB racemic 7Dec.lcd
mAay

j E] PDA Multi 1
2
i n§ = O OH
400 |
s = 8
== -
== 8
300 & = X
|, = | z
= =
200 || = = g
| N02 2
100 J |‘ Racemate I
o L.l., ~ ~_ . ]
T X T T 1
T - T T T T
10 2o 30 40 50 60 70
min
1 PDA Multi 1/280nm 4nm
<Results>
PDA Ch1 280nm 4nm
[ Peak # | Ret. lime Ares Heigh Width at 10% Height
] | 29.0 _ 48.003, - .00
z | 30.2 26.077
3 39.1 16.426
=S 60.4 - - 494
Total ] 10 i 100.000 | -

HPLC of 2-(hydroxy(4-nitrophenyl)methyl)cyclopentanone (8)
(after column chromatography with silica gel)

==== Shimadzu LCsolution Analysis Report ====
Acquired by :Admin
Sample Name : MINU_LII_104
Sample ID T MNU_II_104
Vail # -0
Injection Volume : 10 ul
Data File Name D MNU_LII_104
Method File Name : method cycpent+4nitro 20%IsoPr 0.5mi.lcm
Batch File Name H
Report File Name : Musterreport.lcr
Data Acquired :05.12.2009 22:21:47
Data Processed : 06.12.2009 00:43:07
Diese Probe heidt: MNU_II_104
<Chromatogram>
D:ANaveed\MNU_II_104
mAU
= PDA Multi 1
75 g
1 2
] 2
1 = )
] OH .
b < 2
i 8 5
i =
E 2 3
= | : z
s
: NOy/ |
i e N
0 il
N T T - T T T T
10 20 30 40 50 60 70
min
1 PDA Multi 1/254nm 4nm
<Results>
PDA Ch1 254nm 4nm _
Peak # Ret. Time | Area i Height Area Y% I Height ¥ Width at 10% Height Mark
1 30.420 | 3064 3217 4.202 7.804 0.000 |
z 31.560 | 3514206 T725E 48.193 73.381 .351 |
E 41.131 4946¢ 280 2.050 2.660 .503 |
4 I e3.864 3321841 17008 | 45.555 16.154 5.655 B
Total | 7291960 | 105283 | 100.000 100.000 | o I

Crude '"H NMR 2-(hydroxy(4-nitrophenyl)methyl)cyclopentanone (8)
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;t:lNL'_[[_NJ_C[‘A-INB_L'mdc wu-2.jdf

Crude 'H NMR for dr = O OH
assessment (after work up) = J :

abundance

©
=
®
S
-
=
-
s
=
-
=
=
N
=
=

0000 ——=-]

5417 —
4819 ——

X : parts per Million : 1H

'"H NMR 2-(hydroxy(4-nitrophenyl)methyl)cyclopentanone (8) (after
chromatography)

- MNU_T_04_sftercC-2.it s
4 O OH
= -
- 3 )
=
N -
=
= -
&3 sl N02
]
2
B
-
=
=]
o]
b
g
§ 39
g
% L
'y "y L Il
T T T T T T T T T T
0. 7
. R o L 0 b M [ETTR !
/M i R
£28 2T b 25
/2= inin 3 =52
2EZ il 3 3=
X ¢ parts per Million : 1H

HPLC of Racemic Tert-butyl 3-(hydroxy(4-nitrophenyl)methyl)-4-oxopiperidine -1-
carboxylate (9)
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Acquired by
Sample Name
Sample ID

Vail #

Injection Volume
Data File Name
Method File Name
Batch Fi Name
Report File Name
Data Acquired
Data Processed
Diese Probe heidt:

Al

Shimadzu LCsolution Analysis Report ====

: Admin

: Aldol-Boc+4nitrobenzal racemic test 1
: Aldol-Boc+4nitrobenzal racemic

B}

S10 uL
: Aldol-Boc+4nitrobenzal racemic test 5%.lcd
: method thiopyran+4 nitroben.lcm

: Musterreport.lcr

: 25.08.2009 22:53:34
1 25.08.2009 23:59:33
1a

ol-Boc+4nitrobenzal racemic test 1

<Chromatogram>

D:\Naveed\Aldol-Boc+4nitrobenzal racemic test 5%.lcd

1126757 |

mAU _
= = PDA M
2 8
g g
400 2
] 2 5
] ot = =
300 é g
] = b
= =
200 3 =
B =
100
. _
T ol * —
Y — . — - ————————
35 40 as 50 55 60
1 PDA Multi 1/280nm 4nm
<Results>
PDA Ch1 280nm 4nm -
~ Area T Height _ | Area %
40262782 453435
331871
188652
152799

HPLC of tert-Butyl 3-(hydroxy(4-nitrophenyl)methyl)-4-oxopiperidine-1-
carboxylate (9) (after column chromatography with silica gel)

==== Shimadzu LCsolution Analysis Report

Acquired by : Admin
Sample Name MNU_II_102
Sample ID MNU_II_102
Vail # o

Injection Volume 10 uL

Data File Name : MNU_lI_102

Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

: 5% iPrOH 1 ml BOC.lcm

: Musterreport.lcr

: 04.12.2009 12:21:07

: 05.12.2009 20:11:05
MN

<Results>

4.162

7589965

t 10% Height Mark

Diese Probe heifkt: uU_li_102
<Chromatogram>
D:\Naveed\MNU_lI_102
mAU
& e
50 g PDA Muiti 1
] O OH
] 2 m 9
25— N N02
] o I
1 8 Boc
| S
Ofr“ * LN
x *
T T T T T T T T T T T
25 30 35 40 a5 50 55 60 65
min
1 PDA Multi 1/280nm 4nm
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Crude 'H NMR tert-butyl 3-(hydroxy(4-nitrophenyl)methyl)-4-oxopiperidine-1-

carboxylate (9) in water

[MNU_IT_102_after WU crude-3.jdf
1H =
O OH =
< . ?
|'| f
|
N NO, f
= il
Boc 9 - o I
1 h ) El ) a [ 5

Crude '"H NMR for dr
assessment (after work up)

ST I U WLMLJM

abundance

0.001 ——=-

6.075
9:

X : parts per Million : 1H

Crude 'H NMR tert-butyl 3-(hydroxy(4-nitrophenyl)methyl)-4-oxopiperidine-1-

carboxylate (9) in brine
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X : parts per Million : 1H

"H NMR fert-butyl 3-(hydroxy(4-nitrophenyl)methyl)-4-oxopiperidine-1-carboxylate
(9) (after chromatography)
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HPLC of Racemic tert-butyl 3-((4-chlorophenyl)(hydroxy)methyl)-4-oxopiperidine-
1-carboxylate (10)
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Shimadzu LCsolution Analysis Report

Acquired by : Admin

Sample Name : AB_II_20_rxn1_rac_5% 0.5ml
Sample ID : ABZII_20_rxn1_rac_5% 0.5ml
Vvail # o

Injection Volume 10 uL

Data File Name : AB_II_20_rxn1_rac_5% 0.5ml.lcd

Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed

: 5% iPrOH 0.5 mil BOC.lcm

. Musterreport.lcr
:19.01.2010 11:35:08
:17.02.2010 18:05:14

Diese Probe heifst: AB_Il_20_rxn1_rac_5% 0.5ml
<Chromatogram>
D:\Ahtaram\2010VAB_II_20_rxn1_rac_5% 0.5ml.lcd
mAU I _ S
20— = = & PDA Multi 1
] H 2 = (@] OH ]
] = £ S 10 5
. g g S
1 5 = <
10 1 b3
1 N f
] 5 . ‘
E \
‘7\1_/'Ak \
L
T v T
25 30 55 &0
min
1 PDA Multi 1/254nm 4nm
<Results>
PDA Ch1 254nm 4nm _
[ Peak Ret. Time Area Height Area % Height % Width at 10% Height Mark]
1 30.026 159674 23241 16.975 | 26.160 1.446
2 37.108 169361 21547 17.117 24.253 1.561
) 40.700 | 2273726 272397 33.283 30.837 2.383
a 54.428 | 2228722 16658 32.624 | 18.750 3.783
Total | 6831484 88843 100.000 | 100.000 ]

Crude HPLC of tert-butyl 3-((4-chlorophenyl)(hydroxy)methyl)-4-oxopiperidine-1-
carboxylate (10)

Shimadzu LCsolution Analysis Report

Acquired by : Admin

Sample Name I AB_II_23_rxn1_48h HV
Sample ID i AB_II_23_rxn1_48h HV
WVail # e

Injection Volume : 10 ulL

Data File Name TAB_II_23_rmxn1_48h HWV1.lcd

Method File Name
Batch File Name
Report File Name
Data Acquired
Data Processed :

: 5% iPrOH 0.5 ml BOC.Ilcm

: Musterreport.lcr
1 22.01.2010 11:21:36
24.02.2010 11:51:38

Diese Probe heilt: AB_II_23_rxn1_48h HV
<Chromatogram>
AL D:\Ahtaram\2010\AB_II_23_rxn1_48h HV1.lcd
1 § =] D |
%] & dr assessment 2 " 10
00 = (98.396+0.111) : (1.332+0.161) = 66:1 dr
200

= 8 =
2 g Boc
100 s s %

] g = 2

o} 4 2 . = . By
1 - T - T T i . I T T T
2‘5 3‘0 35 40 45 50 55 S0
min
1 PDA Multi 1/254nm 4nm

<Results>
PDA Ch1 254nm 4nm
[ Peak # | Ret. Time Area Height Area % Height % Width at 10% Heigh Mark
1 1 30.071 2318566€ 434957 98.396 98_829 5
2 | 38.340 2613 . 853 o0.111 D.148 (=1
3 | 41.674 31382 4093 1.332 D. 930 2
4 | 55.773 800 - 408 0.161 0.093 2.54
Total |l 23 4 440111 100.000 100.000

'H NMR
carboxylate (after chromatography)

tert-butyl

3-((4-chlorophenyl)(hydroxy)methyl)-4-oxopiperidine-1-
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X : parts per Million : 1H

HPLC of Recemic 7-[Hydroxy-(4-nitro-phenyl)-methyl]-1,4-dioxa-spiro-[4.5]decan-
8-one (11)
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<Chromatogram>
D:\Naveed\2010\AcetalCH+4NB racemic 20%1ml.lcd
mAU
] 3 2 3 PDA Multi 1
15 E ?‘3 ;’.5, (6] OH
] [ ©
] > hy
g S 2
10 3 :
] NO,

39.535/992981

15 20 25 30 35 40 45
min

1 PDA Multi 1/280nm 4nm
<Results>
PDA Ch1 280nm 4nm

Peak # Ret. Time Area Height Area % Height % Width at 10% Height Mark
1 24.763 977198 16981 18.350 24.835 1.656

2 28.980 1618985 18056 30.402 26.407 2.616

3 33.054 1736108 22930 32.601 33.536 2.166

4 39.535 992981 10408 18.647 15.221 2.739
Total 5325272 68376 100.000 100.000

HPLC of 7-|[Hydroxy-(4-nitro-phenyl)-methyl]-1,4-dioxa-spiro-[4.5]decan-8-one (11)
(after column chromatography with silica gel)

<Chromatogram>
D:\Naveed\2010\MNU_II_121_21h wu.lcd
mAU
1 o PDA Multi 1
15+ S
] O OH
10
N o
5 g
] 3
p 3
4 & .
O*ﬁﬂ—/\_’,,TQL x
—— T T —— T —
15 20 25 30 35 40 45
min
1 PDA Multi 1/280nm 4nm
<Results>
PDA Ch1 280nm 4nm
Peak # Ret. Time Area Height Area % Height % Width at 10% Height Mark
1 _25.644 11862 229 0.817 1.491 1.476
2 40.668 1439832 15123 99.183 98.509 2.732
Total 1451693 15352 100.000 100.000

Crude "H NMR 7-[Hydroxy-(4-nitro-phenyl)-methyl]-1,4-dioxa-spiro-[4.5]decan-8-

one (11)
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3.0

_IMNU_II_121_Crude-2.jdf
1H

65.35

Crude '"H NMR for dr
assessment

65.3

abundance

~0.000 —=-

758 —_
7504
5521

X : parts per Million : 1H

"H NMR 7-[Hydroxy-(4-nitro-phenyl)-methyl]-1,4-dioxa-spiro-[4.5]decan-8-one (11)
(after chromatography)

MNU_IL_121_afterCC-2.jdf
H

NO,

abundance
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X : parts per Million : 1H

HPLC of Recemic 7-[Hydroxy-(2-nitro-phenyl)-methyl]-1,4-dioxa-spiro-[4.5]decan-
8-one (12)
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<Chromatogram>
D:\Naveed\2010\CHacetal+2NB racemic 20%1ml.lcd
mAU
20 3 PDA Multi 1
1 8 O OH N02
| S
q o
10— S
8
1 o
1 s
4 ~
| B (@]
o
[ N
-10
v . T T T - . . T . . T
156 20 25 30 35
min
1 PDA Multi 1/280nm 4nm
<Results>
PDA Ch1 280nm 4nm )
Peak # Ret. Time Area Height Area % Height % Width at 10% Height Mark
1 B _20.563 1305104 27805 52.763| 66.178 1.348
2 . 24.712 618200 10078 24.993 23.986 1.781
3 28.848 550223 4133 22.244 '9.836 3.748
Total I 2473528 42016 100.000 100.000

HPLC of 7-[Hydroxy-(2-nitro-phenyl)-methyl]-1,4-dioxa-spiro-[4.5]decan-8-one (12)

(after column chromatography with silica gel)
<Chromatogram>

D:\Naveed\2010\MNU_II_137_CCF-14.lcd

mAU
0.0 S PDA Multi 1
] S
] = O OH NO,
-2.5-]
-5.0-
N ~
] &
-7.5-] 3
] =
— 3
-1 0.0i T
]
T T T T T T T T
15 20 25 30 35
min|
1 PDA Multi 1/280nm 4nm
<Results>
PDA Ch1 280nm 4nm : _ S
Peak # Ret. Time k _____Area Height Area % Height % Width at 10% Height Mark
1 24.315 35297 620 4.499 s911| 1.629
12 | 2,9,2941 749229 = 9867 ___95.501 94.089 - 2.202
1 784526 10487 100.000f  100.000|

Crude '"H NMR 7-|Hydroxy-(2-nitro-phenyl)-methyl]-1,4-dioxa-spiro-[4.5]decan-8-
one (12)
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X : parts per Million : 1H

H NMR 7-[Hydroxy-(2-nitro-phenyl)-methyl]-1,4-dioxa-spiro-[4.5]decan-8-one (12)
(after chromatography)

MNU_IT_137_CC-2.jdf
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X : parts per Million : 1H

"H NMR of Racemic 7-[Hydroxy-(2-nitro-phenyl)-methyl]-1,4-dioxa-spiro-
[4.5]decan-8-one (12) (after chromatography)
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l\':INUJLlZO,ran afterCC racemic-2.jdf
1

423

O OH NO,

12
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