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Procedure (Note 1)

A. (E)-1-Phenylethan-1-one oxime (1). A 250-mL, three-necked (19/22 for
each joint, one neck equipped with a reflux condenser, two necks equipped
with septa) round-bottomed flask equipped with a Teflon-coated magnetic
stir bar (12 x 25 mm, oval) is charged with acetophenone (12.0 g, 100 mmol,
1.0 equiv) (Note 2), hydroxylamine hydrochloride (10.4 g, 150 mmol, 1.5
equiv) (Note 3), sodium acetate (12.3 g, 150 mmol, 1.5 equiv) (Note 4), EEOH
(80 mL) (Note 5) and water (40 mL) (Note 6). The mixture is stirred (400 rpm,
under air) in an oil bath at 50 °C (internal temperature, 41 °C) (Figure 1A) for
2 h (Note 7). The reaction mixture is cooled to room temperature and slowly
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poured into a 500-mL separatory funnel (24/40 joint) charged with 150 mL
1M NayCO; solution (Note 8). Then the mixed solution is extracted with
EtOAc (50 mL x 3) (Note 9). The combined organic phase is washed with 100
mL saturated NaCl solution (Figure 1B) (Note 10), dried with anhydrous
Na,SO; (Note 11), and concentrated under reduced pressure (30 °C, 100 mm
Hg). The resultant white solid is purified via column chromatography (Note
12). The obtained white solid (Figure 1C) is further dissolved in 70 mL
petroleum ether at 60 °C (Figure 1D) and recrystallized to give a white
crystalline solid (11.2 - 12.2 g, 83 - 90% yield) (Figure 1E) (Notes 13, 14 and
15).

Figure 1. A. Reaction setup; B. Extraction setup of organic phase and
saturated NaCl solution; C. White solid after purified by column
chromatography; D. Recrystallization setup; E. White solid after

recrystallization (Photos provided by authors)

Org. Synth. 2025, 102, 236-250 237 DOI: 10.15227 / orgsyn.102.0236



0]

rganic

—-
Syntheses
B. (S)-N-(1-Phenylethy)hydroxylamine (2). A flat-bottomed 300-mL
stainless steel autoclave with overhead stirring and a four-blade agitator is
(Figure 2A) charged with compound 1 (2.70 g, 20.0 mmol, 1.0 equiv),
Ni(OAc),-4H:0O (103 mg, 0.41 mmol, 0.02 equiv) (Note 16), and (S,S)-Ph-BPE
(208 mg, 0.41 mmol, 0.02 equiv) (Note 17). The stainless steel autoclave is
transferred into a nitrogen-filled glovebox (Note 18). Then the degassed
solvent 2,2, 2-trifluoroethanol (TFE, 100 mL) (Note 19) and acetic acid (10 mL)
(Note 20) are added to the autoclave (Figure 2B). The autoclave is then sealed
and taken out from the glovebox. The nitrogen gas in the autoclave is
displaced with 10 bar H, three times and charged with 50 bar H,. The

autoclave is heated with an electric heating mantle to 50 °C (Figure 2C).

Figure 2. A. Reaction vessel (Photo provided by checkers); B. Reaction
solution before reaction (Photo provided by authors); C. Reaction vessel
in electric heating mantle (Photo provided by checkers)

The reaction is stirred at 500 rpm, 50 °C for 24 h and then cooled to room
temperature (21-22 °C). The hydrogen gas is released slowly and the reaction
mixture is poured into a 500-mL separatory funnel (24 /40 joint). Then 200 mL
NaOH (1 M) aqueous solution (Note 21) is slowly added to the separatory
funnel and the mixed solution is extracted with CH,Cl, (50 mL x 3) (Figure
3A) (Note 22). The combined organic phase is dried with a 1:1 mixture of
anhydrous of Na,SO; and MgSO. (Note 11) and concentrated under reduced
pressure (20 °C, 100 mm Hg). The resultant brown solid is purified via
column chromatography using a 40 x 500 mm column of 80 g silica gel (Note
23) and eluted sequentially with 300 mL 2:1 petroleum ether:EtOAc and 500
mL 1:1 petroleum ether:EtOAc to give a white solid (2.03 g, 74% yield) (Figure
3B) (Notes 24, 25 and 26).
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Figure 3. A. Extraction setup; B. White solid after purified by column
chromatography (Photos provided by authors)

Notes

1.

Prior to performing each reaction, a thorough hazard analysis and risk
assessment should be carried out with regard to each chemical substance
and experimental operation on the scale planned and in the context of the
laboratory where the procedures will be carried out. Guidelines for
carrying out risk assessments and for analyzing the hazards associated
with chemicals can be found in references such as Chapter 4 of “Prudent
Practices in the Laboratory” (The National Academies Press, Washington,
D.C, 2011; the full text can be accessed free of charge at
https:/ /www.nap.edu/ catalog /12654 / prudent-practices-in-the-

laboratory-handling-and-management-of-chemical. See also
“Identifying and Evaluating Hazards in Research Laboratories”
(American Chemical Society, 2015) which is available via the associated
website “Hazard Assessment in Research Laboratories” at
https:/ /www.acs.org/about/governance / committees / chemical-

safety.html. In the case of this procedure, the risk assessment should
include (but not necessarily be limited to) an evaluation of the potential
hazards associated with acetophenone, hydroxylamine hydrochloride,
sodium acetate, (E)-1-phenylethan-1-one oxime, nickel(Il) acetate
tetrahydrate, 1,2-bis((2S,55)-2,5-diphenylphospholan-1-yl)ethane, (S)-N-
(1-Phenylethyl)hydroxylamine, ethanol, petroleum ether, n-hexane, i-
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propanol, ethyl acetate, toluene, 2,2,2-trifluoroethanol, acetic acid, 1,3,5-
trimethoxybenzene, mesitylene, sodium carbonate, dichloromethane,
sodium sulfate, silica gel, and deuterated chloroform.

Acetophenone (98%) was purchased from Aladdin and used as received.
Checkers obtained this from Sigma Aldrich (99%).

Hydroxylamine hydrochloride (98%) was purchased from Energy
Chemical and used as received. Checkers obtained this from Sigma
Aldrich (99%).

Sodium acetate (99%) was purchased from 3A Materials and used as
received. Checkers obtained this from Sigma Aldrich (>99%).

EtOH (99.7%) was purchased from Adamdas-beta and used as received.
Checkers obtained this from Pharmco (200 proof, 100%).

Water was collected from Shanghai standard tap water and used as
received. Checkers collected water from the AbbVie deionized water
system.

Reaction progress was monitored after 2 h using TLC analysis on silica
gel with 5:1 petroleum ether:EtOAc as eluent (petroleum ether (60-90 °C)
which were purchased from Sinopharm Chemical Reagent Co., LTD and
used as received. Checkers used petroleum ether from Sigma Alrich (60-
80°C, >99.5%). Visualization of the TLC plate was performed with UV
irradiation (254 nm). The starting ketone material has R¢ = 0.54 (left black
dot), the desired oxime product has R¢= 0.40 (right black dot).

Figure 4. TLC of the crude reaction mixture (left is the starting
material, right is the reaction mixture) (Photos provided by authors)

Na;CO; (99.8%) was purchased from Adamdas-beta and used as
received. The aqueous solution (IM) was prepared using 15.9 g Na,COs
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and 150 mL tap water in a 300 mL beaker. Checkers obtained sodium
carbonate from Sigma Aldrich (>99.5%)

EtOAc (99.5%) was purchased from Sinopharm Chemical Reagent Co.,
LTD and used as received. Checkers obtained this from Sigma Aldrich
(>99.7%)

NaCl (99%) was purchased from Adamdas-beta and used as received.
Saturated NaCl solution was prepared using tap water. Checkers
obtained NaCl from Sigma Aldrich (99%)

Anhydrous Na,SO; (99%) was purchased from Adamdas-beta and used
as received. Checkers obtained this from Sigma Aldrich (99%). Checkers
obtained anhydrous MgSO, from Sigma Aldrich (>99.5%).

Purification procedure of compound 1 via column chromatography: A
column (diameter: 40 mm, height: 500 mm) was charged with 100 g of
silica (Yantai Jiangyou Silica gel Development Co., LTD: 200-300 mesh))
and petroleum ether. Sand with 10 mm minimum height (30-50 mesh
particle size; purchased from Adamdas-beta) was added to the top of the
column (sand was used to assist packing). The crude residue was
dissolved in toluene (10 mL) (toluene 99.5% was purchased from
Sinopharm Chemical Reagent Co., LTD and used as received. Checkers
obtained this from Sigma Aldrich, 99.7% HPLC grade) and transferred to
the column with subsequent rinses of the round-bottomed flask using
toluene (1 mL x 3) to ensure quantitative transfer. The column was eluted
with eluted sequentially with 550 mL 10:1 petroleum ether:EtOAc and
600 mL 5:1 petroleum ether:EtOAc. The product eluted over
approximately 16 fractions (25 mL, fractions 5-20).

Recrystallization procedure for compound 1: A 250-mL single-necked
(24/40 joint) round-bottomed flask was charged with crude solid
compound 1 and petroleum ether (70 mL). Then the flask was heated in
an oil bath at 60 °C. Once all of the solid were dissolved (solution
temperature raised to 41°C), the flask was transferred to a room
temperature bath (16 °C) for 5 h. The flask was then transferred to a
freezer at -18 °C for another 2 h. The cold slurry was filtered using a 110-
mL filter funnel with a 10y frit. The resulting white granular crystals were
washed with cold petroleum ether (-18 °C, 15 mL x 2) and dried under
vacuum (less than 1 mm Hg).

(E)-1-Phenylethan-1-one oxime: mp 59.1-59.8 °C. 'H NMR (400 MHz,
chloroform-d) 6 9.43 (br. s, 1H), 7.67-7.57 (m, 2H), 7.44-7.33 (m, 3H), 2.33
(s, 3H); ®C NMR (101 MHz, chloroform-d) § 156.0, 136.5, 129.3, 128.5,
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126.1, 12.3; IR (film): 3211, 1447, 1365, 1305, 1007, 927, 763, 694 cm’;
HRMS-ESI (m/z) [M+H]* calcd for CsH;oNO* 136.0757; found, 136.0756.
The purity of 1 was determined to be 99.9 wt% by qNMR using 1,3,5-
trimethoxybenzene (Sigma Aldrich, 99.96%) as the internal standard.
Ni(OAc)4HO (99.9%) was purchased from Macklin and used as
received. Checkers obtained this from Sigma Aldrich (99.995%)
(S,5)-Ph-BPE (98%) was purchased from Laajoo and used as received.
Checkers obtained this from Sigma Aldrich (98%)

The use of nitrogen-filled glovebox for solvent addition was to avoid the
existence of oxygen in the reaction solution, which has negative impact
via the oxidation of phosphine ligand.

2,2,2-Trifluoroethanol (99%) was purchased from Adamdas-beta
(Checkers obtained this from Sigma Aldrich, 99%) and purified by
distillation from calcium oxide (General-Reagent, >98%; Checkers used
this, 99.99%), followed by degassing. The use of large amount of solvent
was to decrease the concentration of the hydroxylamine product, because
as the reaction proceeded, high concentration of hydroxylamine was very
harmful for the activity of the catalyst. The checkers identified the use of
freshly distilled solvent as critically important for reaction performance.
Acetic acid (99.5%) was purchased from Sinopharm Chemical Reagent
Co., LTD and purified by distilling and degassing. Checkers obtained this
from Sigma Aldrich (glacial, >99%). The checkers identified the use of
freshly distilled solvent as critically important for reaction performance.
NaOH (96%) was purchased from Adamdas-beta and used as received.
Checkers obtained this from Sigma Aldrich (97%). The aqueous solution
(1IM) was prepared using 8.0 g NaOH and 200 mL tap water in a 500 mL
beaker.

CH:Cl; (99.5%) was purchased from Adamdas-beta and used as received.
Checkers obtained this from Sigma Aldrich (99.8%). TLC analysis was
carried out on silica gel with 2:1 petroleum ether:EtOAc as eluent.
Visualization of the TLC plate was performed with UV irradiation (254
nm). The starting oxime material has R¢ = 0.74 (left black dot), the desired
hydroxylamine product has R¢= 0.2 (right light black dot: second dot
from top to bottom). The product could also be visualized with KMnO,
stain.
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Figure 5. TLC of the crude reaction mixture (left is the starting
material, right is the reaction mixture) (Photos provided by authors)

23. Purification procedure of compound 2 via column chromatography: A
column (diameter: 40 mm, height: 500 mm) was charged with 25 g of
silica (Yantai Jiangyou Silica gel Development Co., LTD) and petroleum
ether. Sand with 10 mm minimum height (30-50 mesh particle size;
purchased from Adamdas-beta) was added to the top of the column
(sand was used to assist packing). The crude residue was dissolved in
CH:Cl; (15 mL) and transferred to the column with subsequent rinses of
the round-bottomed flask using CH>Cl, (2 mL x 3) to ensure quantitative
transfer. Product eluted during the 1:1 petroleum ether:EtOAc portion of
the elution. The product eluted over approximately 13 fractions (25 mL,
fractions 17-29).

24. A second run provided the product (2.11 g) in 77% yield. (S)-N-(1-
Phenylethyl)hydroxylamine: mp 95.7-96.7 °C. '"H NMR (400 MHz,
chloroform-d) § 7.29-7.14 (m, 5H), 4.01 (q, ] = 6.6 Hz, 1H), 1.31 (d, ] = 6.6
Hz, 3H); *C NMR (101 MHz, chloroform-d) 6 142.1, 128.5, 127.6, 127.2,
61.8, 19.3; IR (film): 3255, 2875, 2821, 1426, 1006, 996, 933, 757, 697 cm’;
HRMS-ESI (m/z) [M + H]" caled for CsH;,NO* 138.0913; found, 138.0912.

25. HPLC-Conditions: Column: CHIRALPAK OJ-H (5.0 pm, 150 x 4.6 mm).
Column temperature: 35 °C. Wavelength: 210 nm. Pressure: 3.8 MPa.
Flow rate: 1.0 mL/min, n-Hexane (Sigma Aldrich HPLC Grade, 95%) / i-
PrOH (Sigma Aldrich HPLC Grade, 99.9%) = 95:5 as eluent, tr = 9.8 min
(S), tr = 10.9 min (R); [a]Z’ = -28.4 (c 1.74, CHCl;) for 94% ee.

26. The purity of compound 2 was determined to be >99 wt% by qNMR
using mesitylene (Sigma Aldrich, 99.9%) as the internal standard.
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Working with Hazardous Chemicals

The procedures in Organic Syntheses are intended for use only by persons
with proper training in experimental organic chemistry. All hazardous
materials should be handled using the standard procedures for work with
chemicals described in references such as "Prudent Practices in the
Laboratory" (The National Academies Press, Washington, D.C., 2011; the full
text can be accessed free of charge at
http:/ /www.nap.edu/ catalog.php?record id=12654). All chemical waste
should be disposed of in accordance with local regulations. For general
guidelines for the management of chemical waste, see Chapter 8 of Prudent
Practices.

In some articles in Organic Syntheses, chemical-specific hazards are
highlighted in red “Caution Notes” within a procedure. It is important to
recognize that the absence of a caution note does not imply that no significant
hazards are associated with the chemicals involved in that procedure. Prior
to performing a reaction, a thorough risk assessment should be carried out
that includes a review of the potential hazards associated with each chemical
and experimental operation on the scale that is planned for the procedure.
Guidelines for carrying out a risk assessment and for analyzing the hazards
associated with chemicals can be found in Chapter 4 of Prudent Practices.

The procedures described in Organic Syntheses are provided as published
and are conducted at one's own risk. Organic Syntheses, Inc., its Editors, and
its Board of Directors do not warrant or guarantee the safety of individuals
using these procedures and hereby disclaim any liability for any injuries or
damages claimed to have resulted from or related in any way to the
procedures herein.

Discussion

Hydroxylamines play important roles in chemical synthesis and
biological activities because N-OH-containing compounds readily undergo
biotransformation in vivo.** However, hydroxylamines, especially chiral
ones, are sorely lacking due to their difficult synthesis.>®> Asymmetric
hydrogenation using H, is one of the most attractive methods for the
synthesis of such compounds from oximes due to its high efficiency and
practicality in the synthesis of optically pure compounds.®

Since the 1960s, great progress has been made in the area of transition
metal catalyzed asymmetric hydrogenation.® However, the efficient
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asymmetric hydrogenation of oximes (C=N-OH) for the preparation of the
corresponding chiral hydroxylamines (C-NH-OH) has not been developed.*
Most efforts targeted at the catalytic reduction of oximes to hydroxylamines
produce only primary amines as a result of the cleavage of a weak N-O
bond.?’” The critical reason is that the N-O bond can be readily ruptured under
reduction conditions mainly due to the repulsion between the lone pairs of
both the N and O atoms of the N-OH group.>” After developing several
metal-catalyzed asymmetric hydrogenations of poorly active unsaturated
compounds promoted by weak interactions mechanism,® we studied the Ni-
catalyzed asymmetric hydrogenation of oximes for the preparation of the
corresponding chiral hydroxylamines by weak interactions between the
catalyst and oximes. This mechanism could reduce the reaction barrier and
stabilize the intermediate states in this reaction.’

NfOR' Ni(OAC),*4H,0 (2 mol%), (S,S)-Ph-BPE (2 mol%) HN/OR'
R)kAlky\ TFE/ACOH (v/v = 20:1), H, (50 bar), 50 °C, 24 h R)\Alky\
OH mn-OH
¥ _OH _OH
HN HN FC HN
3 M
o) e
[ j Me { I j “Me Me
o
F CFs4
32 4 5 6
97% yield, 99% ee 93% yield, 99% ee  89% yield, 92% ee®  91% yield, 93% ee®

_OH
HN’OH HN

OH _OH

HN © HN ©

Ph\H\Me @/‘\El [ j v [ ] ‘ >
Ph

E/Z =70:30 substrate  E/Z = 55:45 substrate
7 8 9 10
77% yield, 90% ee® 9 96% yield, 99% ee 90% yield, 95% ee® 91% yield, 85% ee®

~OEt OEt OEt 0._COOM
HN HN” HN” HNT ©
C /'\ OH
Me Me ©/b ©/LMe
O,N
1 12 13 14
99% yield, 92% ee®®¢  90% yield, 94% ee>%? 99% yield, 95% ee®®? 98% yield, 98% eed

Scheme 1.°Reaction conditions unless otherwise noted: 1 (0.2 mmol),
Ni(OACc),*4H;O (0.004 mmol), (S,S)-Ph-BPE (0.004 mmol), H, (50 bar),

TFE/AcOH (2 mL, v/v = 20:1), 50 °C, 24 h; *"Reaction temperature is 55 °C;
“TFE:AcOH (v/v = 10:1); “Reaction time is 48 h
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In summary, a series of chiral hydroxylamines and their ethers were
prepared with up to 99% yield, 99% ee, and 1000 S/C (13) by using a readily
available bisphosphine nickel catalyst (Scheme 1, representative products).’
Among them, alkyl-protected oximes were more stable than unprotected
oximes in the hydrogenation. Additionally, the aryl-alkyl model substrates
were more suitable for this catalytic system. The chiral hydroxylamines
synthesized via this method provide a sound foundation for their further
application. The asymmetric hydrogenation of other substrates with C=N-O
structure is in progress.
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Appendix
Chemical Abstracts Nomenclature (Registry Number)

Acetophenone; (98-86-2)
Hydroxylamine hydrochloride; (5470-11-1)
Sodium acetate; (127-09-3)
(E)-1-Phenylethan-1-one oxime; (613-91-2)
Nickel(IT) acetate tetrahydrate; (6018-89-9)
(5,5)-Ph-BPE: 1,2-bis((25,55)-2,5-diphenylphospholan-1-yl)ethane; (824395-
67-7)
(S)-N-(1-Phenylethyl)hydroxylamine; (53933-47-4)
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Purity determined to be 99.7 wt% versus 1,3,5-
trimethoxybenzene as internal standard.

16 scans, relaxation delay (d1) =30 s

Internal standard = 47.2 mg

Sample =46.1 mg

%P of Standard = 99.96wt%

MW of 1 = 135.17 g/mol

MW of Standard = 168.19 g/mol
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Chiral HPLC conditions: The chiral HPLC analysis was performed by isocratic elution
using a 95:5 mixture of n-hexane (Sigma Aldrich 95%): i-PrOH (Sigma Aldrich HPLC
grade) using a Chiralpak OJ-H (5 um, 4.6*150 mm) Part Number 17324, Flowrate of 1
ml/min, monitoring at 210 nm at column temperature of 35°C. tg=9.77 min ts=10.68 min.
(Note that the retention time obtained by checking was consistently, significantly shorter
than that obtained by submitter.)
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H, 400 MHz, CDCls

Purity determined to be 99.6 wt% versus mesitylene as internal standard.
16 scans, relaxation delay (d1) =30s

Internal standard =52.98 mg

Sample= 42.46 mg

%P of Standard =99.9 wt%

MW of 2 =137.18 g/mol

MW of Standard =120.19 g/mol
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