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SILVER-CATALYZED REARRANGEMENT OF PROPARGYLIC
SULFINATES: SYNTHESIS OF ALLENIC SULFONES
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1. Procedure

A.  But-3-yn-2-yl 4-Methylbenzenesulfinate. A flame-dried 500-mL,
three-necked, round-bottomed flask is equipped with a 5.0 cm magnetic stir
bar, an internal thermometer, a 125-mL pressure-equalizing addition funnel,
and a rubber septum containing nitrogen inlet and outlet needles. The flask is
charged with tosyl chloride (9.55 g, 50.1 mmol, 1 equiv) (Note 1),
dichloromethane (125 mL) (Note 2), and triethylamine (7.65 mL, 5.56 g,
55.0 mmol, 1.1 equiv) (Note 3), resulting in a colorless solution. The
solution 1s cooled to 19 °C (internal temperature) in a water bath. To this
solution is added, dropwise over 70 min by means of the addition funnel, a
well mixed yellow solution of 3-butyn-2-ol (4.00 mL of 97% solution, 3.50
g, 50.0 mmol, 1 equiv) (Note 4) and triphenylphosphine (13.1 g, 50.0 mmol,
1 equiv) (Note 5) in 125 mL of dichloromethane, during which time the
reaction solution turns a pale yellow color. The rate of the addition is
adjusted so as to keep the temperature of the reaction mixture at 19 °C. The
reaction is run under an inert nitrogen atmosphere and monitored by TLC.
After the disappearance of starting material, the solution is transferred to a
500-mL round-bottomed flask and concentrated on a rotary evaporator (35
°C, 10 mmHg) to a volume of about 50 mL. Ether/hexanes (200 mL/1:4)
(Notes 6 and 7) is added to the flask. Upon swirling by hand, a voluminous
amount of white solid (triethylamine hydrochloride salt) forms, which is
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filtered through a short silica gel column (40 g of silica in a 150-mL sintered
glass funnel) (Note 8). Diethyl ether (150 mL) is used in three portions to
rinse the flask and the solid. The filtrate is concentrated on a rotary
evaporator to give a faint yellow oil. The crude oil is purified by silica gel
column chromatography. The product is charged on a column (5 x 18 cm) of
150 g of silica gel and eluted with 1:4 ether/hexanes (1000 mL). Collection
of 25 mL fractions begins immediately, and the desired product is obtained
in fractions 15-38. The product-containing fractions are combined in a 1000-
mL round-bottomed flask and concentrated in vacuo by rotary evaporation
(35 °C, 10 mmHg) to afford 9.64 g (93%) of a 1:1 mixture of two
diastereomers of but-3-yn-2-yl 4-methylbenzenesulfinate as a faint yellow
(almost colorless) oil (Note 9).

B.  1-(Buta-1,2-dien-1-ylsulfonyl)-4-methylbenzene. A 250-mL round-
bottomed flask equipped with a 3 cm magnetic stir bar is flame dried under a
nitrogen flow. After the flask has cooled to room temperature, it is charged
with silver hexafluoroantimonate (266 mg, 0.774 mmol, 0.02 equiv) (Note
10) and protected by a nitrogen atmosphere. The but-3-yn-2-yl 4-
methylbenzenesulfinate (8.05 g, 38.7 mmol, 1 equiv) in 77 mL of
dichloromethane (0.5 M) is introduced to the flask containing silver
hexafluoroantimonate via cannula over 3 min. The reaction is run under a
nitrogen atmosphere and monitored by TLC. After the disappearance of
starting material (within 10 min), the contents are passed through a short
silica gel plug (10 g silica gel in a 60 mL sintered glass filter funnel) and the
pad of silica is rinsed with 100 mL of diethyl ether. After concentration of
the filtrate on a rotary evaporator (35 °C, 10 mmHg), the residue is put on a
high vacuum pump to remove trace amounts of solvent to provide 7.93 g
(98.5%) of 1-(buta-1,2-dien-1-ylsulfonyl)-4-methylbenzene as a faint yellow
oil. The oil is mixed with 50 mL of 1:4 diethyl ether/hexane (10 mL/40 mL)
in a 100-mL round-bottomed flask. The solution is cooled to —20 °C and
maintained at that temperature for 22 h, and the resulting crystals are
collected by suction filtration on a 60-mL sintered glass funnel quickly so as
to not allow the filtrate to warm too much. The flask and the crystals are
rinsed using cold hexanes (100 mL). The crystals are transferred to a 100-
mL, round-bottomed flask and dried under high vacuum pump to afford 7.73
g (96%) of a white solid (Note 11).

310 Org. Synth. 2011, 88, 309-316



2. Notes

1. p-Toluenesulfonyl chloride (99%) was purchased from Acros and
used as received.

2. Dichloromethane was purified by passing through alumina using
the Sol-Tek ST-002 solvent purification system directly before use.

3. Triethylamine (99%) was purchased from Aldrich and used as
received.

4. 3-Butyn-2-ol (97%) was purchased from Aldrich and used as
received.

5. Triphenylphosphine (99%) was purchased from Aldrich and used
as received.

6. ACS reagent grade ether was purchased from Fischer and used as
received.

7. ACS reagent grade hexanes was purchased from Fischer and used
as received.

8. Silica gel, standard grade, was purchased from Sorbent
Technologies, with 0.040 — 0.063 mm particle size.

9. For characterization purposes, the diastereomers were separated,
but the product was used in the next step as a 1:1 mixture. The product
displayed the following physical properties. Diastereomer 1: 'H NMR (500
MHz, CDCls, 298 K) o: 1.59 (d, J = 6.5 Hz, 3 H), 2.39 (d, J = 2.5 Hz, 1 H),
2.42 (s, 3 H),4.98 (dq, /= 2.0, 7.0 Hz, 1 H), 7.32 (d, J= 8.0 Hz, 2 H), 7.63
(d, J=8.5 Hz, 2 H). "C NMR (125 MHz, CDCl;, 298 K) &: 21.5, 23.7, 62.0,
74.4, 81.9, 125.4 (2 C), 129.6 (2 C), 141.6, 142.9. Diastereomer 2: 'H NMR
(500 MHz, CDCls, 298 K) 6: 1.52 (d, J= 7.0 Hz, 3 H), 2.42 (s, 3 H), 2.64 (d,
J=2.5Hz 1 H), 502 (dq,J=2.0,7.0Hz 1 H), 7.34 (d, J = 8.0 Hz, 2 H),
7.64 (d, J = 8.0 Hz, 2 H). °C NMR (125 MHz, CDCl;, 298 K) &: 21.5, 22.9,
63.8, 75.0, 82.2, 125.0 (2 C), 129.7 (2 C), 142.4, 142.9. IR (film) : 3291,
3250, 2989, 2935, 2118, 1596, 1446, 1330, 1138, 1019, 901, 813 cm™;
TLC: R, = 0.23, 0.29 (for two diastereomers respectively, SiO,,
Et,O/hexanes, 1:4); MS m/z (relative intensity) : 209 (15%, M—+H), 198
(10%), 215 (11%), 229 (100%), 241 (10%); HRMS m/z : calcd. for
C1H20,S [M+H] 209.0636, found 209.0636; Anal. calcd. for C;1H,0,S:
C, 63.43; H, 5.81. Found C, 63.20; H, 5.84.

10. Silver hexafluoroantimonate (98%) was purchased from Aldrich
and used as received.
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11. The product displayed the following physical properties: mp 47—
48 °C; '"H NMR (500 MHz, CDCl;, 298 K) &: 1.78 (dd, J = 3.0, 7.5 Hz, 3 H),
2.44 (s, 3 H), 5.80 (dq, J=6.0, 7.5 Hz, 1 H), 6.14 (dq, J = 6.0, 3.0, 1H), 7.33
(d, J=8.0 Hz, 2 H), 7.77 (d, J = 8.5 Hz, 2 H); °C NMR (125 MHz, CDCl,
298 K) o: 13.0, 21.6, 95.9, 100.7, 127.6 (2 C), 129.7 (2 C), 138.4, 144.3,
206.1; IR (film): 3020, 2925, 1954, 1596, 1317, 1146, 1085, 815, 767cm’.
TLC: Ry = 0.35 (S10,, EtOAc/hexanes, 1:1) (Note 12); MS m/z (relative
intensity) : 209 (57%, M+H), 201 (100%), 198 (10%), 212 (76%), , 218
(64%), 219 (46%); HRMS m/z : calcd. for C;1H,0,S [M+H] 209.0636,
found 209.0642; Anal. calcd. For C;;H;,0,S: C, 63.43; H, 5.81. Found C,
63.69; H, 5.75.

12. ACS reagent grade ethyl acetate was purchased from Fischer and
used as received.

Safety and Waste Disposal Information

All hazardous materials should be handled and disposed of in accordance
with “Prudent Practices in the Laboratory”; National Academy Press;
Washington, DC, 1995.

3. Discussion

Allenic sulfones® have a rich chemistry that involves such diverse
reactions as the carbon-accelerated Claisen rearrangement,” metal-catalyzed
reactions® and DNA cleavage.” New, facile approaches to their synthesis are
thus in demand.

The preparation of allenic sulfones has been accomplished thermally®
and under the influence of various metal catalysts including those based on
rhodium’ and palladium.® The present method was discovered during a
systematic study to use gold catalysts in the rearrangement of propargylic
sulfinates to allenic sulfones. Although gold catalysts were effective, we
found that the much more economical silver cation was as good or better in
effecting the transformation.”

The synthesis of propargylic sulfinates used in this study is based on the
method of Toru'® and is related to one published by Sharpless.'' This
approach avoids the preparation of reactive sulfinyl chlorides and broadens
the scope of sulfinate ester formation considerably, since many sulfonyl
chlorides are either commercially available or very easy to prepare.
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The procedure succeeds with a variety of propargylic alcohols. Primary,
secondary and tertiary propargylic sulfinates rearrange upon exposure to
silver cation in near quantitative yields (Figure 1). A chiral, non-racemic
alcohol produced a chiral, non-racemic sulfone in the process with no
apparent loss of stereochemical integrity. Overall the conversion from
alcohol to sulfone is rapid and easy to perform and compares favorably with
those methods that use more expensive metal catalysts.

Figure 1
OSOpTol 2 mol% AngF6 pTO|802
Ri——=HA >='=(
! R MeNO,, rt
R, R3 2
pTolSO, Me pTolSO, H pTolSO,
H Me H H
(97%) (98%) (96%)
pTOISOz H pTOISOZ Et pTOISOZ
Me H H Me
(99%) (97%) (97%)
pTolSO, Ph pTolSO, Me pTolSO, :
H H Et H
(97%) (97%) (97%)

1. Department of Chemistry, University of Missouri-Columbia, Columbia,
MO, 65211, email: harmatam@missouri.edu. This work was supported
by the National Science Foundation.

2. (a) Back, T. G.; Clary, K. N.; Gao, D. Chem. Rev. 2010, 110, 4498-
4553. (b) Ma, S. Acc. Chem. Res. 2009, 42, 1679-1688. (c) Back, T.
G. Tetrahedron 2001, 57, 5263-5301.

3. Denmark, S. E.; Harmata, M. A. J. Am. Chem. Soc. 1982, 104, 4972-
4974,

4. (a) Inagaki, F.; Sugikubo, K.; Miyashita, Y.; Mukai, C. Angew. Chem.,
Int. Ed. 2010, 49, 2206-2210. (b) Kawamura, T.; Inagaki, F.; Narita,
S.; Takahashi, Y.; Hirata, S.; Kitagaki, S.; Mukai, C. Chem. Eur. J.
2010, /6, 5173-5183. (c) Inagaki, F.; Kawamura, T.; Mukai, C.
Tetrahedron 2007, 63, 5154-5160.

Org. Synth. 2011, 88, 309-316 313



5. (a) Das, S.; Basak, A. Bioorg. Med. Chem. Lett. 2009, 19, 2815-2818.
(b) Nicolaou, K. C.; Skokotas, G.; Maligres, P.; Zuccarello, G.;
Schweiger, E. J.; Toshima, K.; Wendeborn, S. Angew. Chem., Int. Ed.
Engl 1989, 28, 1272-1275.

6. Braverman, S.; Cherkinsky, M. Top. Curr. Chem. 2007, 275, 67-101.

7. Mukai, C.; Hirose, T.; Teramoto, S.; Kitagaki, S. Tetrahedron 2005, 61,
10983-10994.

8. Hiroi, K.; Kato, F. Tetrahedron 2001, 57, 1543-1550.

9. Harmata, M.; Huang, C. Adv. Synth. Catal. 2008, 350, 972-974.

10. Watanabe, Y.; Mase, N.; Tateyama, M.-A.; Toru, T. Tetrahedron:
Asymmetry 1999, 10, 737-745.

11. (a) Klunder, J. M.; Sharpless, K. B. J. Org. Chem. 1987, 52, 2598-602.
(b) Braverman, S.; Pechenick, T.; Zafrani, Y. ARKIVOC (Gainesville,
FL, United States) 2004, 51-63.

Appendix
Chemical Abstracts Nomenclature; (Registry Number)

But-3-yn-2-yl 4-Methylbenzenesulfinate: Benzenesulfinic acid, 4-methyl-,
1-methyl-2-propyn-1-yl ester; (32140-54-8)

Tosyl chloride: Benzenesulfonyl chloride, 4-methyl-; (98-59-9)

Triethylamine: (121-44-8)

3-Butyn-2-ol; (2028-63-9)

Triphenylphosphine; (603-35-0)

1-(Buta-1,2-dien-1-ylsulfonyl)-4-methylbenzene: Benzene, 1-(1,2-butadien-
1-ylsulfonyl)-4-methyl-; (32140-55-9)

Silver hexafluoroantimonate; (26042-64-8)
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