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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
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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.
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COPPER-CATALYZED THREE-COMPONENT REACTION OF 1-
ALKYNES, SULFONYL AZIDES, AND WATER: N-(4-
ACETAMIDOPHENYLSULFONYL)-2-PHENYLACETAMIDE

SO2N3 . NHAC
= CuCN (1.0 mol %) H /©/
N Et;N (1.1 equiv) st\
H,0, 25 °C 0O 00
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Submitted by Seung Hwan Cho, Seung Jun Hwang, and Sukbok Chang.'
Checked by Melissa J. Leyva and Jonathan A. Ellman.”

1. Procedure

A single-necked, 250-mL round-bottomed flask equipped with a
magnetic stir bar was charged with copper(I) cyanide (45.0 mg, 0.5 mmol)
(Note 1) and 4-acetamidobenzenesulfonyl azide (12.01 g, 50.0 mmol) (Note
2). Distilled water (100 mL) was added to the flask, and then
phenylacetylene (6.04 mL, 55.0 mmol) (Note 3) was added via syringe at
room temperature. To this stirred mixture, triethylamine (7.67 mL, 55.0
mmol) (Note 4) was slowly added via syringe over one min at room
temperature (Note 5). The reaction mixture was then vigorously stirred while
open to air for 4 h at room temperature (Note 6). The reaction was quenched
by the addition of a saturated aqueous ammonium chloride solution (20 mL)
via syringe at room temperature. Methanol (50 mL) (Note 7) was added, and
then the mixture was stirred for an additional 20 min at the same temperature.
The resulting mixture was filtered through a Celite pad (7.0 g) (Note 8), and
the pad was washed with methanol (5 x 50 mL). The filtrate was
concentrated to half volume using a rotary evaporator (20 mmHg, water bath
temperature 28 °C), and then the remaining solution was treated with 1IN
HCI (50 mL) at room temperature to make it slightly acidic (Note 9). The
solution was concentrated using a rotary evaporator (20 mmHg, water bath
temperature 28 °C) (Note 10), and then the resulting solid was collected by
suction filtration with the aid of distilled water (Note 11). The solid was
washed with a pre-cooled (0 °C) mixture of diethyl ether and isopropyl
alcohol (20:1, 50 mL) followed by diethyl ether (50 mL) (Note 12). The
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remaining solid was transferred to a pre-weighed 250-mL round-bottomed
flask (Note 13) and then was dried under vacuum at room temperature for 12
h to yield a light yellowish solid (14.4 g, 86%) (Note 14). To obtain
analytically pure product, the crude material was dissolved in about 800 mL
of boiling methanol in a 2-L Erlenmeyer flask (Note 15). The flask was
cooled to room temperature and let stand for 30 h. Upon storage in a — 4 °C
refrigerator for 3 days, the crystalline product was collected by suction
filtration and was washed with 30 mL of pre-cooled (0 °C) methanol (Note
16). The solid was transferred to a pre-weighed 250-mL round-bottomed
flask and then was dried under vacuum at room temperature for 10 h to
afford N-(4-acetamidophenylsulfonyl)-2-phenylacetamide as a white solid
(9.91 g, 60%) (Notes 17, 18).

2. Notes

1. Copper(I) cyanide (99.98%) was purchased from Aldrich
Chemical Co., Inc and was used as received.

2. 4-Acetamidobenzenesulfonylazide (97%) was purchased from
Aldrich Chemical Co., Inc and was used as received.

3. Phenylacetylene (98%) was purchased from Aldrich Chemical
Co., Inc and was used as received.

4. The submitters purchased triethylamine (99%) from Junsei.
Chemical Co., Ltd., and the reagent was distilled from sodium before use.
The checkers purchased triethylamine (99%) from Fisher Scientific Inc., and
the reagent was distilled from calcium hydride before use.

5. During the addition of triethylamine, the original heterogeneous
reaction mixture turned to a yellowish solution.

6. The internal temperature of the reaction mixture increases to
36 °C over 2 h, and the color becomes dark red. The progress of the reaction
was monitored by TLC until complete conversion was observed, and during
this time the internal temperature returned to room temperature. For TLC
analysis, EMD Chemicals, Inc. silica gel 60 F,s, TLC plates were used. 4-
Acetamidobenzenesulfonyl azide and N-(4-acetamidophenyl sulfonyl)-2-
phenylacetamide have Ry values of 0.52 and 0.25, respectively
(dichloromethane/methanol, 15:1).

7. The submitters purchased methanol (99.9%) from Merck & Co.,
Inc., and it was used as received. The checkers purchased methanol (HPLC
Grade) from Fisher Scientific Inc. and it was used as received.
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8. Celite 545® was purchased by the submitters from Daejung Co.,
Ltd., and by the checkers from Fisher Scientific Inc., and the reagent was
used as received. A glass filter (60 mL) with a medium porosity fritted disc
was used. A round-bottomed flask (1 L) was used to collect the filtrate.

9. When the 1 N HCI solution was poured into the mixture, a slight
exotherm was observed (internal temperature: 29.3 °C) and a white slurry
formed. The solution was measured to have a pH of 3.

10. As the solution was concentrated, solid began to precipitate in the
bottom of the round-bottomed flask.

I11. A 60-mL glass filter with a medium porosity fritted disc was
used. Solid that adhered to the flask was transferred using distilled water
(two 35-mL portions).

12. The submitters report 2% of product was lost during this process
of filtration and washing, which was measured using an internal standard
(1,1,2,2,-tetrachloroethane).

13. A round-bottomed flask of joint size 24/40 was used to minimize
the loss of product during the transfer.

14. The submitters report a yield of 12.0-12.3 g, 72.2-74.0% without
further purification. However, the elemental analysis that was reported was
0.85% low on carbon; Anal. Calcd. for C;cH;sN,O4S: C, 57.82; H, 4.85; S,
9.65; N, 8.43; Found: C, 56.97; H, 4.93; S, 10.10; N, 8.59.

15. The Erlenmeyer flask was heated on a hot plate while stirring
with a magnetic stir bar and boiling methanol was added until the solid
dissolved.

16. A porcelain Biichner filter funnel fitted with 90-mm Whatman 1
qualitative filter paper was used.

17. A half-scale run afforded 5.03 g (61%) of analytically pure
product.

18. The product exhibits the following physicochemical properties:
R;=0.25 (6.25% methanol in dichloromethane); mp 225-226 °C (decomp);
'H NMR (400 MHz, DMSO-d;) §: 2.09 (s, 3 H), 3.53 (s, 2 H), 7.14-7.15 (d,
J=17.2 Hz, 2 H), 7.22-7.29 (m, 3 H), 7.76-7.84 (m, 4 H), 10.40 (s, 1 H),
12.26 (s, 1 H); °C NMR (100 MHz, DMSO-d;) §: 24.2, 42.0, 118.4, 126.9,
128.4, 129.0, 129.3, 132.5, 134.0, 143.9, 169.2, 169.4; IR (neat): 3371, 3241,
3175, 3132, 2970, 1738, 1653, 1590, 1455, 1366, 1167 cm™. Elemental
analysis; Calcd. for C;sHN,O4S: C, 57.82; H, 4.85; S, 9.65; N, 8.43;
Found: C, 57.77; H, 4.75; S, 9.62; N, 8.43.
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Safety and Waste Disposal Information

All hazardous materials were disposed in accordance with “Prudent
Practices in the Laboratory”; National Academic Press; Washington, DC,
1995.

3. Discussion

The amide group is a key motif in chemistry and biology.” Although
traditional chemical methods for amide synthesis rely heavily on an
interconversion strategy between carbonyl groups or their equivalent
reactive compounds,” the lability of those functional groups often restricts
their ubiquitous applications. Hence, the development of alternative routes
has been challenging to synthetic chemists.’

Recently, we have reported the highly efficient Cu-catalyzed three-
component reactions of terminal alkynes, sulfonyl azides, and amines or
alcohols to afford amidines or imidates.’ It is believed that the reaction
proceeds via a common ketenimine intermediate, which is generated from
the copper-mediated intermolecular cycloaddition of azides and alkynes
followed by the release of N,.” On the basis of this postulate, a novel non-
conventional amide synthesis could be realized by allowing the plausible
ketenimine intermediates, generated in situ under the reaction conditions, to
react with water.®

This present procedure describes a convenient approach for the
preparation of N-sulfonylamides from the reaction of terminal alkynes,
sulfonyl azides, and water in the presence of a Cu(l) catalyst. It should be
mentioned that water is employed in this case as both a solvent and reagent.
The reaction proceeds smoothly at room temperature within a few hours and
generates molecular nitrogen as a sole byproduct. A broad range of both
terminal alkynes and sulfonyl azides are readily employed under the reaction
conditions as demonstrated in Table 1. In addition, a range of copper(l)
reagents can be readily used as the catalyst with a similar efficiency. For
example, product yields were not significantly changed upon using either
Cul or CuCN catalyst, although the latter displayed a slightly faster reaction
rate.
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Table 1. Preparation of Various N-Sulfonylamides.

Entry Alkyne Time (h) Isolated Yield (%)

H3C

FsC

R Q Q
\ \ \

82
=
4 3 86
5 N 2 84
X
6° \\/\/\\ 4 85
A

& Reaction conditions: 4-acetamidobenzenesulfonyl azide (5.0 mmol), alkyne (5.5 mmol),
CuCN (2.0 mol %), Et3N (5.5 mmol) in water (15 mL) at room temperature. ® The average
yield of three runs.  CuCN (4.0 mol %) was used relative to azide, and the yield is of

bisamide product.
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Appendix
Chemical Abstracts Nomenclature; (Registry Number)

Copper Cyanide; (544-92-3)

Phenylacetylene; (536-74-3)
4-Acetamidobenzenesulfonyl azide; (2158-14-7)
Triethylamine; (121-44-8)
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