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Procedure (Note 1)

A. S-Phenyl thioacetate (1). In air, a 100-mL single-necked (24/40 joint) round-
bottomed flask equipped with a 15x8 mm octagon stir bar is charged with
benzenethiol (5.38 g, 48.8 mmol, 1.0 equiv) (Note 2) and acetic anhydride (5.26
g, 51.5 mmol, 1.05 equiv) (Note 3). The round-bottom flask is equipped with
a 24/40 to 14/20 glass adapter and a 10-mL dropping funnel (14/20 joint,
pressure compensation) that is filled with triethylamine (5.45 g, 53.8 mmol,
1.1 equiv) (Note 4). A rubber septum is attached to the dropping funnel,
through which a needle connected to an open argon manifold line is inserted.
To the mixture, cooled with an ice-water bath, triethylamine is added
dropwise over 3 min (Figure 1).
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Figure 1. Addition of Triethylamine (photo provided by checkers)

The ice-water bath is then removed, and the mixture is stirred at room
temperature (23 °C) for 24 h (Note 5). The color of the reaction mixture
becomes light-yellow. After 24 h, water (50 mL) is added to the reaction
mixture. The resulting mixture is extracted with ethyl acetate (3x30 mL) using
a 200-mL separating funnel. The combined organic extracts are washed with
brine (2x30 mL), and they are transferred to a 250-mL Erlenmeyer flask. The
washed organic extracts are dried over anhydrous Na,SO; (3 g) and filtered
through a cotton plug. The filtrate is then concentrated on a rotary evaporator
(22 mm Hg, water bath: 33 °C) to give a yellow crude product in a 30-mL
round-bottomed flask (15/25 joint).

A Claisen distillation head (all 15/25 joints), a thermometer (15/25 joint),
a Liebig condenser (15/25 joint), and a cow-type distillation receiver (15/25
joint) with 10-mL and 20-mL round-bottomed flasks (15/25 joint) are
attached to the flask containing the crude product and a 15x8 mm octagonal
stir bar (Figure 2). Reduced-pressure distillation (2 mm Hg) is started at room
temperature (~22 °C) with an oil bath. The collection of the first distillate
starts at 69 °C and ends at 72 °C (oil bath: 115 °C). The collection of the main
distillate starts at 72 °C. As the volume of the distillate decreases, the
temperature gradually drops, but the distillate is collected as a main distillate
until the temperature drops to 70 °C (2 mm Hg, oil bath: 115 °C). A colorless
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oil (6.49 g, 39.6 mmol, 87% yield, 98% purity as determined by qNMR using
dimethyl sulfone as an internal standard) (Note 6) is collected as the main
distillate.

- ‘ TR T “
Figure 2. Distillation of Crude 1 (photo provided by authors)

B. N,N-Dichloro-tert-butylamine (2). In air, a 500-mL one-necked, round-
bottomed flask (29/32 joint) equipped with a 25x8 mm Teflon-coated octagon
stir bar is charged with tert-butylamine (5.02 g, 68.6 mmol, 1.0 equiv) (Note
7) and CH,Cl, (180 mL) (Note 8). The flask is immersed in an ice / water bath,
and the solution is stirred open to air. To the stirred solution, calcium
hypochlorite (70%, 20.6 g, 144 mmol, 2.1 equiv) (Note 9) is added in one
portion under cooling with an ice/water bath, and the mixture becomes a
white emulsion (Figure 3).
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Figure 3. White Emulsion After the Addition of Ca(OCl). (photo provided
by authors)

A 250-mL dropping funnel (15/25 joint) charged with 3 N hydrochloric
acid (180 mL) is attached to the flask with a joint adapter (29/32 and 15/25).
In air, 3 N hydrochloric acid is added dropwise over 1 h to the stirred mixture
under cooling with an ice/water bath. When the addition is complete, the
addition funnel is removed. The resulting yellow-colored, two-layered
reaction mixture is stirred vigorously for 21 h in air with a gradual increase
in the temperature of the ice/water cooling bath to room temperature
(~22 °C) with melting ice (Note 10) (Figure 4).

Figure 4. Reaction after 21 h (photo provided by author)
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The mixture is transferred to a 500-mL separatory funnel, and a yellow
organic layer is separated. The organic layer is washed with brine (2 x 60 mL),
dried over anhydrous Na,SO,, and filtered through a cotton plug. Distillation
of volatiles in the filtrate is started at 190 mm Hg under cooling with a water
bath (Note 11), and the pressure is gradually reduced to 130 mm Hg at a rate
of 10 mm Hg /30 min (Figure 5). Then 2 contaminated with CH,Cl. is obtained
as a yellow liquid (8.70 g, 54.7 mmol, 80% yield, 89 wt% purity as determined
by gNMR using dimethyl sulfone as an internal standard) (Note 12).
Compound 2 is used in the next step without purification (Note 13).

. ¥ "v B J" J \“ &J

Figure 5. Distillation of volatiles (photo providéd by authors)

C. N-tert-Butylbenzenesulfinimidoyl chloride (3). A 200-mL round-bottom flask
(29/32 joint) equipped with a 25x8 mm octagonal stir bar is charged with
N,N-dichloro-tert-butylamine (2) (5.50 g, 85 wt%, 32.9 mmol, 1.07 equiv) and
dry benzene (60 mL) (Note 14). Soon after the addition of S-phenyl thioacetate
(1) (4.88 g, 96 wt%, 30.8 mmol, 1.00 equiv) (Note 15) to the solution, a reflux
condenser (29/32 joint) is attached to the flask, and the reaction mixture is
stirred at reflux for 1.5 h under an atmosphere of argon (Note 16). The color
of the reaction mixture changes from yellow to orange (Figure 6).
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Figure 6. Reaction after 1.5 h under Reflux (photo provided by authors)

Volatiles are distilled out at 20-30 °C under vacuum (20 mm Hg) with
trapping the volatiles by cooling with an ice/water bath for 20 min (Figure
7), and the reduced pressure is released by flushing with nitrogen gas to
prevent hydrolysis of 3 under air. After concentration, the 200-mL round-
bottomed flask containing the crude product of 3 is sealed with a glass
stopper (29/32 joint).

- -

Figure 7. Evaporation of volatiles (photo provided by authors)
Placed in a polyethylene glove bag (Note 17, Figure 8A) are a 200-mL
round-bottomed flask with a glass stopper containing the crude product 3, a
30-mL glass filter (3G4, Shibata, cylindrical funnel) with its outlet closed up
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with a septum (Figure 8B), a 200-mL vacuum filtration assembly flask with
a side-arm, a large spatula, a 30-mL Erlenmeyer flask, a funnel with a cotton
plug, a 20-mL glass syringe with a needle, a 50-mL round-bottomed flask
(15/25 joint) containing freshly distilled hexane (ca. 25 mL) sealed with a
rubber septum, and a 100-mL round-bottomed flask (29/32) with a three-way
stopcock (Figure 8C).

Figure 8. A. Glove bag; B. Glass filter closed with a septum; C.
Apparatus within glove bag (photo provided by author)

The wide outlet of the glove bag is then closed, and nitrogen gas is
introduced. The gas in the glove bag is then evacuated by using a diaphragm
pump (Note 17). The evacuation/refilling is repeated three times. The glove
bag is again filled with nitrogen and dry n-hexane (16 mL) (Note 18) is added
to the 200-mL round-bottomed flask containing the crude product of 3 by
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using a 20-mL glass syringe with a needle at room temperature (~22 °C). A
small amount of white solids begins to precipitate in a yellow solution. The
mixture is filtered through a cotton plug into a 30-mL Erlenmeyer flask to
remove the white precipitate. The cotton plug is washed with dry n-hexane
(1 mL). Then the 30-mL glass filter with its outlet blocked by a septum is
cooled with dry ice (Note 19, Figure 9A) pressed against the outside of the
glove bag. The yellow filtrate in the 30-mL Erlenmeyer flask is poured into
the chilled glass filter, and yellow solids precipitate onto the filter (Note 20,
Figure 9A). When the yellow solids have fully precipitated, the septum is
removed and the chilled glass filter is attached to a 200-mL vacuum filtration
assembly flask with a side-arm (Note 21). The yellow solids are obtained by
vacuum filtration (~150 mbar) (Figure 9B). The yellow solids (Figure 9C) are
transferred to a 100-mL round-bottomed flask (29/32 joint) using a spatula in
the glove bag filled with nitrogen, and the flask is sealed with a three-way
stopcock. The round-bottomed flask containing solidified 3 is taken out from
the glove bag, and volatiles with 3 are evacuated under vacuum (18 mm Hg)
over 30 min at room temperature (~22 °C) to yield 3 as a yellow solid (3.70 g,
15.8 mmol, 51% yield, 92% purity as determined by gNMR using dimethyl
sulfone as an internal standard) (Note 22, 23, 24).

Figure 9. A. Cooling the glass filter from the outside of the glove bag and

precipitation of 3; B. Vacuum filtration in the glove bag; C. Isolated
compound 3 (photo provided by authors)
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Notes

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 triethylamine, acetic anhydride, hydrochloric
acid, calcium hypochlorite, thiophenol, dichloromethane, benzene, N,N-
dichloro-tert-butylamine, and N-tert-butylbenzenesulfinimidoyl
chloride, as well as the proper procedures for vacuum distillation.
thiophenol, N,N-dichloro-tert-butylamine, and N-tert-butyl
benzenesulfinimidoyl chloride have unpleasant odors, are highly toxic,
and should be dealt with exclusively in a fume hood. All vacuum
distillations in this procedure must be carried out in a well-ventilated
fume hood and the glassware used should be cleaned within the fume
hood.

Benzenethiol (99%) was purchased from Acros Organic and used as
received.

Acetic anhydride (>99%) was purchased from Alfa Aesar and used as
received.

Triethylamine (99%) was purchased from Tokyo Chemical Industry and
used as received.

The reaction was monitored by TLC analysis on silica using hexane /
ethyl acetate (5/1, v/v) (Figure 1). R of 1 = 0.7. Benzenethiol was
gradually consumed until 2 h, but it was not consumed completely even
after 24 h.
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Product 1 is characterized as follows: "H NMR (500 MHz, CDCl3) &: 7.47—
7.37 (5H, m), 2.42 (3H, s); *C NMR (151 MHz, CDCl;) d: 194.0, 134.5, 129.5,
129.2, 128.0, 30.2; IR (film) 3061, 1702, 1478, 1440 cm™; HRMS (ESI+) m/z
calc’d for CsHsOS [M+H]* 153.0374, found 153.0369. The purity of
compound 1 was determined to be 97.7 wt% as determined by gNMR
using dimethyl sulfone as an internal standard. A second run on the same
scale by the checkers yielded 6.50 g (87% yield, 96% purity by gNMR
using dimethyl sulfone as an internal standard).

Tert-butylamine (>98%) was purchased from Oakwood Chemical and
used as received.

Dichloromethane was purchased from Fischer Scientific and used as
received.

Calcium hypochlorite (70%) was purchased from Oakwood Chemical
and used as received. The authors noted that old calcium hypochlorite
should not be used since its use resulted in unsuccessful preparation of
2.

The ice-water bath is not removed, and ice is allowed to melt gradually.
The temperature of the cooling water ranged from 2 °C to 12 °C.

The temperature of the water bath ranges from 15 °C to 25 °C.

Product 2 is characterized as follows: 'H NMR (500 MHz, CDCl;) &: 1.38
(9H, s). ®"C NMR (151 MHz, CDCls) d: 72.6, 25.9. IR (film) 2982, 2938, 1478,
1458, 1393, 1366, 1237, 1183 cm™; HRMS (ESI+) m/z calc’d for C;HoCIN
[M-CI]* 108.0394, found 108.0394. Compound 2 has an unpleasant odor,
and it should be handled in a well-ventilated hood. The purity of
compound 2 was determined to 89.3 wt% as determined by qNMR using
dimethyl sulfone as an internal standard. A second run on the same scale
by the checkers yielded 8.63 g (76% yield, 85% purity by qNMR using
dimethyl sulfone as an internal standard).

Distillation of the crude product induced decomposition of 2 as reported
by Zimmer and Audrieth.” Pyrolysis of 2 was reported.”

Benzene (Sigma Aldrich, anhydrous) is used as received.

Distilled S-phenyl thioacetate (1) that is prepared by procedure A is used.
The crude product or a product contaminated with the first distillate in
procedure A should not be used. S-Phenyl thioacetate (1) can be
purchased from Tokyo Chemical Industry and used without purification.
The temperature of an oil bath is 120 °C. A needle connected to an argon
manifold is inserted into a rubber septum placed on the reflux condenser
(15/25joint). The reaction progress is checked by TLC analysis. An eluent
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of hexane: ethyl acetate 5:1 was used with silica gel 60 F»s4 plates. The TLC
was visualized under UV light (254 nm) to observe the consumption of
S-phenyl thioacetate (1) (hexane/ethyl acetate = 5/1) (Figure 10).
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Figure 10. TLC analysis after 1.5 h under reflux

A polyethylene glove bag with a gas inlet and outlet tubes. The gas inlet
tube is connected to a nitrogen gas cylinder. The authors used model AZ
ONE, GBU-1, 580 mm x 430 mm x 430 mm (H). The checkers used model
Sigma Aldrich AtmosBag 584 mm x 965 mm x 279 mm. The gas outlet
tube is connected to a diaphragm pump (vacuubrand, MZ 2C). The
filtration must be conducted strictly with avoidance of air since
compound 3 is easily hydrolyzed. Hydrolysis of 3 can be recognized by
loss of its yellow color.

n-Hexane (Fischer Scientific) is freshly distilled in the presence of CaH,
(Oakwood Chemical, =90%). Hexane is the most suitable solvent for
crystallization of 3 among other solvents including hexane/ether (3:1),
ether, and toluene.

Finely crushed dry ice is put in a polyethylene bag (280 mm x 270 mm),
and the glass filter in the glove bag is cooled by contact from the outside
of the glove bag.

The yellow solids should be precipitated directly on the cooled glass filter.
The process is difficult to control since the 3 solidifies at -78 °C in the
round-bottomed flask and the yellow solids redissolve during transfer of
3 onto the glass filter.

A diaphragm pump is connected to the side arm through a tube.
Product 3 is characterized as follows: "H NMR (400 MHz, CDCl;) &: 8.16-
8.10 (2H, m), 7.66-7.56 (3H, m), 1.58 (9H, s). >C NMR (100 MHz, CDCl,)
O: 143.0, 133.4, 1294, 126.2, 64.4, 29.8. NMR sample is prepared by
dissolving 3 (25-35 mg) with dry CDCl; (0.6 mL) that is dried with
molecular sieves 4A; m.p. 52.0-54.0 °C. The sample for the measurement
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of the melting point is prepared by enclosing it in a glass capillary under
a nitrogen atmosphere and the outlet of the capillary is closed by heating
it with a burner. IR (film) 2969, 2890, 1512, 1374 cm™. The purity of
compound 3 was determined to 91.8 wt% as determined by qNMR using
dimethyl sulfone as an internal standard. A second run on the same scale
by the checkers yielded 4.80 g (62% yield, 90 wt% purity by qNMR using
dimethyl sulfone as an internal standard).

23. The purity of the product obtained from this procedure (92%) represents
an improvement over commercial sources (typically ~80%). The purity of
both was determined by gNMR using dimethyl sulfone as an internal
standard. It should be noted that the authors report a purity of 96% for
the product obtained by this procedure whereas the checkers were
unable to surpass 92% purity. The authors report a yield of 70%.

24. We kept compound 3 at 2 °C for long-term storage. Compound 3 is

moisture-sensitive and must be kept under a nitrogen or an argon

atmosphere. Storage of 3 at room temperature (~22 °C) induces its
decomposition even under an inert gas atmosphere.

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.

Org. Synth. 2025, 102, 477-493 488 DOI: 10.15227 / orgsyn.102.0477


http://www.nap.edu/catalog.php?record_id=12654

0 rganic
Syntheses

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

N-Tert-butylbenzenesulfinimidoyl chloride (3) is an oxidizing reagent for
oxidation of alcohols to aldehydes and ketones® and for oxidation of amines
and N-protected amines to the corresponding imines.* Also, 3 is a powerful
oxidant for dehydrogenation of carbonyl compounds to the corresponding
a,B-unsaturated carbonyl compounds® since the dehydrogenation proceeds
in one step even at —78 °C. It is noteworthy that highly strained phenols are
prepared by dehydrogenation of cyclohexenones with 3.6

Polymer-supported 3 is also developed’ for avoiding separation of N-fert-
butylbenzenesulfenamide (4) that is formed after oxidation with 3 (Scheme
1). Purification of products after oxidation with 3 is sometimes troublesome
since oxidation products have to be separated from 4 and compounds formed
by hydrolysis of 3. In addition, the odor of 4 is detected in the crude product
of oxidation. Although 3 has these shortcomings, it has been utilized as a
special oxidant in organic synthesis, especially in total synthesis of natural
products.®*®
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Scheme 1. Oxidation of alcohols, amine, and ketones with 3 with co-
formation of sulfenamide 4

Compound 3 was first prepared by Markovskii et al. by a reaction of S-

phenyl thiobenzoate and N,N-dichloro-tert-butylamine (2).° We reported a
modified method for preparation of 3 by using S-phenyl thioacetate (1) and
2.3 This method has an advantage of more facile removal of acetyl chloride
than removal of benzoyl chloride that is formed by Markovskii's method.
After our first report of 3 as an oxidizing agent, 3 has been used without
purification since reliable purification of 3 was not developed. Purification by
distillation of 3 is not recommended. Here, we describe a reproducible
synthesis and purification method for 3.
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Appendix
Chemical Abstracts Nomenclature (Registry Number)

S-Phenyl thioacetate: Ethanethioic acid, S-phenyl ester; (934-87-2)
N,N-Dichloro-tert-butylamine: N,N-Dichloro-2-methyl-2-propanamine;
(2156-72-1)
N-tert-Butylbenzenesulfinimidoyl chloride: N-(1,1-
Dimethylethylbenzenesulfinimidoyl chloride; (49591-20-0)
Benzenethiol: Thiophenol; (108-98-5)
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*C NMR (151 MHz, CDCl5)
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'H NMR (500 MHz, CDCls)

Internal standard = 15.2 mg
Sample = 14.3 mg

Molar ratio = [2.90/5]/[6.0/6]= 0.58
%P of standard = 0.98
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*C NMR (151 MHz, CDCl5)
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"H NMR (500 MHz, CDCls)

Internal standard = 15.0 mg
Sample = 15.9 mg

Molar ratio = [5.78/9]/[6.0/6]= 0.64
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*C NMR (151 MHz, CDCls)
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'"H NMR (500 MHz, CDCI;): Commercial Material from TCI (product # M38UH-KJ)
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Internal standard = 17.0 mg
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