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Two simple and efficient methods for the synthesis of sulfinate esters and thiosulfonates from
sodium salts of sulfinic acids are described. Different alcohols were converted into the
corresponding sulfinate esters in good yields and purity in an open flask. By the adjustment of
the reaction conditions thiosulfonates could also be obtained in a very short reaction time.

2017 Elsevier Ltd. All rights reserved.

Sulfur compounds are widely used in-organic-synthesis and
the importance of sulphides, sulfoxides-and sulfones not only to
increase the structural complexity of organic molecules but also
in asymmetric reactions is unquestionable.

Tricoordinate sulfur compounds such as sulfinate esters
and sulfoxides can adopt a-trigonal pyramidal structure,
however, the presence of an electron lone pair gives to the
sulfur centre a tetrahedral framework and unlike amines,
sulfoxides and sulfinate esters are configurationally stable at
ambient temperatures.?

The synthesis of sulfinate esters is mainly based on the
seminal work developed by Douglass using sulfinyl
chlorides.> Some other methods for the synthesis of this
class of compounds such as the use of N-nitroso sultams,*
substitution of benzyl alcohols with arylsulfonylmethyl
isocyanides,® reaction of sulfonyl hydrazides with alcohols,®
alcoholysis of sulfinamides,’ the use of disulfides® were also
described.

More recently, the oxidation of sulphides to the
corresponding sulfinyl radicals® and the use of equimolar
amounts of BF;eEt,0 and sodium sulfinates!® were also
described. These methods, however, have some limitations
such as the need of inert atmosphere, the generation of
sulfur dioxide as by product or the use of unpleasant
sulphides.

Thus, despite the plethora of methods for the synthesis of
sulfinate esters, the development of a simple and reliable
method, based on the use of easy to handle reagents and mild
reaction conditions would be of the great interest.

The use of Brgnsted acids as catalysts in academic
laboratories and chemical manufacturing plants is universal and,
this fact, together with the use of sodium salts of sulfinic acids

and alcohols as starting materials would be a more appropriate
choice due to their commercial availability, low cost and high
stability. In addition, sulfinic acids can act as nucleophiles or
electrophiles, depending on the conditions used.’

For preliminary optimization of the reaction conditions,
sodium p-toluenesulfinate, 1a (1 mmol) and methanol (1 mL)
were submitted to acidic conditions using CH,CI, as solvent at
room temperature. The results are depicted on Table 1.

When the reaction was performed without the use of H,SO,
in CH,Cl,, the desired product was not observed after 24 h (Table
1, entry 1). The addition of 0.5 equiv. of H,SO, gave the desired
sulfinate ester 2a in low yield after 24 h (Table 1, entry 2).

By increasing the amount of H,SO, in the reaction higher
conversions of la to 2a were observed (Table 1, entries 2-5).
However, when 4 equiv. of H,SO, were used, a significant
decrease in the conversion together with the formation of the
corresponding sulfone was observed after 24 h (Table 1, entry 6).
This result is in agreement with the literature where the acid-
catalysed reaction of sulfinic acids and benzyl alcohols at 100°C
gave the corresponding sulfones. A dramatic effect was
observed when 4 A molecular sieves were used in the reaction,
where the reaction time decreased to 8h and the desired product
2a was obtained in a conversion of 80% (Table 1, entry 7).

The optimized reaction conditions namely: 1a (1 mmol) and
methanol (1.2 mmol) using H,SO, (2 equiv.) and 4 A molecular
sieves in CH,Cl,were then applied to different alcohols.*?

An interesting fact to be observed is that, depending on the
structure of the alcohol, it can be used as the solvent in the
reaction without the need of CH,Cl,. The results are described on
Table 2.
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Table 1. Effect of the amount of H,SO, on the synthesis of
methyl benzenesulfinate, 2a°

MeOH

p-TolSO,Na — p-TolSO,Me
[conditions]
1a CH,Cl, 25°C 2a
Entry conditions 5a (%)"
H,SO, (equiv.) Time (h)
1 - 24 -
2 0.5 24 36
3 1.0 24 42
4 15 24 65
5 2.0 24 88
6 4.0 24 78
7 2.0 8 80°

® Reaction conditions: Reactions were performed with 1a (1 mmol) and
MeOH (1.0 mL) using the indicated amount of H,SO, in CH,CI, (4 mL) at
the temperature indicated. ® Determined by GC analysis; ¢4 A molecular
sieves (200 mg) was added to the reaction.

From Table 2 it can be seen that the method was efficient for
most of the alcohols used. When primary aliphatic alcohols such
as methanol, ethanol and n-propanol were used, good yields were
observed in all cases (Table 2, entries 1-3).

A similar yield was observed when a secondary aliphatic
alcohol was used (Table 2, entry 4). The effect of alcohol
bulkiness was more evident when t-butanol was used, where only
traces of 2e were observed together with a complex mixture of
compounds after 16 h (Table 1, entry 5).

Allyl and propargyl alcohols also gave the corresponding
sulfinate esters 2f and 2g in good yields (Table 1, entries 6 and
7). This result is important while 2g is a precursor for the
synthesis of allenic sulfones through a [2,3]-sigmatropic
rearrangement.”® Benzyl alcohol also gave the corresponding
product 2h also in good yield (Table 1, entry 8).

An interesting result was obtained when (-)-menthol was used
as the alcohol source where (1R,2S,5R)-(=)-Menthyl (S)-p-
toluenesulfinate, 2i was obtained in 50% vyield in a 53:47
diastereomeric ratio (Table 1, entry 9). The synthesis of 2i is
generally carried out by converting 1a into the corresponding p-
toluenesulfinyl chloride using" thionyl chloride in benzene
followed by the addition of (-)-menthol. The less soluble (S)-(—)
diastereomer can be isolated by recrystallization from the mixture
using acetone at —20°C.**

In order to explore the scope of the reaction other sodium
sulfinates were used. For example, sodium benzenesulfinate 1b
gave similar results for primary (Table 2, entries 12-13) and
secondary alcohols (Table 2, entry 14) indicating that the method
is general for aromatic sulfinic acids.

When sodium 1-methyl 3-sulfinopropanoate, 1c was
submitted to the optimized reaction conditions using methanol,
the corresponding product 2p was obtained in 52% after 12 h
(Table 2, entry 15). However, when n-propanol was used, a
mixture corresponding to the desired product 2q and the product
resulting from the transesterification reaction 2r were obtained in
56% vyield in a 60:40 ratio (Table 2, entry 16). Finally, when
sodium trifluoromethylsulfinate was used, the corresponding
product 2s was not obtained (Table 1, entry 17).

Another factor that must be taken into account in the
development of new synthetic methods is the scale-up of the
reaction. Thus, when the synthesis of chiral sulfinate ester 2i was
performed using 1.0 g (6 mmol) of la under the conditions
described on Table 2, the desired product was obtained in 72%
yield, indicating that the developed reaction conditions could be
also applied to carry out reactions on a larger scale.

More recently, the use of thiosulfonates gained particular
attention due to the fact that these reagents are more effective in
sulfenylation reactions when compared to disulfides.”® In
addition, these compounds exhibit greater stability and ease of
handling when compared to sulfenyl chlorides.® Moreover,
interesting biological activities and industrial applications in fine
chemicals,'” photographic processes™ and as protecting groups™
were described.

These facts led to the development of several methods for the
synthesis of thiosulfonates, being the most common approach
based on the oxidation of the corresponding disulfides.”” Other
approaches based on the use of sulfides,® sulfonic acids,”
sulfonyl chlorides,”® and sulfinic acids* ‘and esters” were also
described.

The synthesis of methyl and diaryl sulfones using salts of
sulfinic acid and aryl iodides promoted by copper was
described by Wang.”® By analogy, the adjustment of the
reaction conditions developed for the synthesis of sulfinate
esters by using 0.5 equiv. of copper iodide (I) and an excess
of H,SO, (7.5 equiv.) gave the corresponding thiosulfonates
in good yield, purity:and in a very short reaction time
compared to- the methods previously described on the
literature (Scheme 1).

Cul, H,S0,
—_—

RSO;Na RSO,SR
1 CH,Cl,, 25°C 3
o 0
Sl pTol 0 en AP _come
p-Tol S Ph~°>s” MeOZC/\/ \S/\/ 2
3a 3b 3c
81%, 5 min. 85%, 8 min. 40%, 1.5 h

Scheme 1. Synthesis of thiosulfonates

In summary, we have shown an efficient and versatile method
for the synthesis of sulfinate esters and thiosulfonates from
commercially available and low cost sulfinic acids in a very
chemoselective way.

In the case of sulfinate esters, the use of different alcohols
gave the corresponding products in good to moderate yields
without the need of anhydrous solvents or sulfonyl chlorides as
precursors.

The method is simple, fast and general, allowing further
applications in the synthesis of more complex compounds. By
changing the reaction conditions, thiosulfonates can be obtained
in a reaction promoted by cooper iodide in an open flask. The
products were obtained in a very short reaction time when
compared to the previously described methods.
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Table 2. Synthesis of different sulfinate esters 2 from the corresponding sulfinic acid sodium salts, 1 and alcohols®

R20H

R'SO,Na ———— R'SO,R?
1 H2804, CH2C|2 2
4A MS, 25°C
Time Yield
entr 1 R’0OH 2
’ (0 (06
Q
C
1 p-TolSO,Na, 1a MeOH 8 p-Tol” S oMe 6
2a
Q
2 la EtOH 8 p-Tol/s‘OEt 70°
2b
3 la n-ProH 8 pTol~ S on-pr 69°
2C
Q
4 la i-PrOH 8 p-ToI/S\O/-Pr 67°
2d
1 d
5 la t-BuOH 16 p—ToI/S\Ot—Bu -
2e
Q
6 1a N 5 ol S0~ 63°
2f
7 1a HO 8 p-ToI/S\O/\\\ 65°
29
8 la BnOH 4 pTol~>~0Bn 65°
2h

o _
° la (-)-menthol 4 p—Tol/S\o“‘? 50°
i

2
OH Q /©/ f
10 la /©/ 16 p-Tol” >0 i

2j

oH 9 Q/Noz .
11 la /©/ 16 pTol” >0 i
O,N

z I

onN

12 PhSO,Na, 1b MeOH 8 PS5 OMe 84°
2m

13 1b EtOH 8 P~ S 0Et 73
14 1b i-PrOH 8 Ph/S\Oi-Pr 71°

15 MeCO,(CH,),SO:Na, 1c MeOH 12 Me0,& S ome 52
2p
(0]

g
16 1c n-PrOH 15 Me0,C~ > 5~0n-pr* n-pro,c” > 0n-pr 56
2q+2r

I f
17 CF3SO,Na, 1d MeOH 16 .S OMe -
25

® Reaction conditions: Reactions were performed with 1 (1 mmol), ROH (3 mmol), H,SO, (106 pL, 2 equiv.) and 4 A molecular
sieves (200 mg) in CH,Cl, (4 mL) at room temperature. "isolated yields; ¢ The reaction was performed using 1.0 mL of the alcohol
without losses in the yield. “Only traces observed after 16h; ®1.5 equiv. of H,SO, was used; " The product was not observed after 16 h;
9Obtained as an inseparable mixture in a 60:40 ratio determined by GC analysis.



4

Tetrahedron Letters

References and notes

10

11

12

13

14

15

16

17

18

19

20

21

(a) Back, T. G.; Clary K. N.; Gao, D.; Chem. Rev., 2010, 110, 4498-
4553; (b) Fernandez, I.; Khiar, N.; Chem. Rev., 2003, 103, 3651-
3706; (c) For a review on sulfinate derivatives see Aziz, J.;
Messaoudi, S.; Alami, M.; Hamze, A.; Org. Biomol. Chem. 2014, 12,
9743-9759.

Metzner, P.; Thuillier, A. in Sulfur Reagents in Organic Synthesis
(Best Synthetic Methods) Academic Press, 1995.

Douglass, I. B.; J. Org. Chem. 1965, 30, 633-635.

White, E. H.; Lim, H. M.; J. Org. Chem. 1987, 52, 2162-2166.

Li, H-J.; Wang, R.; Gao, J.; Wang, Y-Y.; Luo, D-H.; Wu, Y-C.; Adv.
Synth. Catal. 2015, 357, 1393-1397.

Du, B.; Li, Z.; Qian, P.; Han, J.; Pan, Y.; Chem. Asian J. 2016, 11,
478 — 481.

Bujnicki, B.; Drabowicz J.; Mikolajczyk, M.; Molecules, 2015, 20,
2949-2972.

Brownbridge, P.; Jowett, I. C.; Synthesis, 1988, 252-254.

Shyam, P. K.; Kim, Y. K.; Lee, C.; Jang, H-Y.; Adv. Synth. Catal.
2016, 358, 56— 61.

Huang, M.; Hu, L.; Shen, H.; Liu, Q.; Hussain, M. I.; Pan, J.; Xiong,
Y.; Green Chem., 2016, 18, 1874-1879

(a) Jerkeman, P.; Lindberg, B.; Acta Chem. Scand. 1964, 18, 1477-
1482; (b) Forzelius, S-E.; Jerkeman, P.; Lindberg, B.; Acta Chem.
Scand. 1963, 17, 1470-1471.

Representative Procedure for the Synthesis of methyl 4-
methylbenzenesulfinate (2a): In a test tube containing sodium p-
toluenesulfinate, 1a (178 mg, 1 mmol) was added methanol (1 mL, 25
mmol) followed by dichloromethane (4 mL). Under stirring, sulfuric
acid (106 plL, 2 equiv.) was added, dropwise. After 30 minutes,
powdered 4 A molecular sieves (200 mg) was added. The mixture
was stirred for additional 8 h period and then diluted with
dichloromethane (10 mL) and transferred to a separation funnel. The
organic phase was washed with water (2 x 20 mL), dried over
anhydrous MgSO, and filtered through a pad of silica. The solvents
were removed in vacuo to yield 129 mg (76%) of the tittle compound
sufficiently pure for characterization. '"H NMR (300 MHz, CDCl;) &
7.57 (d, J = 9 Hz, 2H); 7.33 (d, J = 9 Hz, 2H); 3:45 (s, 3H); 2.41 (s,
3H); *C NMR (75 MHz, CDCl;) & 142.8, 140.9, 129.7,125.4, 49.4,
215.

(a) Hampton, C. S.; Harmata, M.; Tetrahedron Lett. 2015, 56, 3243—
3245; (b) Hampton, C. S.; Harmata, M.; Adv. Synth. Catal. 2015, 357,
549-552.

(a) Solladié, G., Synthesis, 1981, 185-196; (b) Mioskowski, C.;
Solladié, G.; Tetrahedron 1980, 36, 227-236; (c) Solladié, G.; Hutt,
J.; Girardin, A.; Synthesis 1987, 173.

Bandgar, B. P.; Pandit, S. S.; J. Sulfur Chemistry, 2004, 25, 347-350.
(a) Sobhani, S.; Aryanejad, S.; Maleki, M. F.; Synlett, 2011, 319-322;
(b) Zhang, D.; Cui, X.; Zhang, Q.; Wu, Y.; J. Org. Chem., 2015, 80,
1517-1522; (c) Chemla; F.; Synlett, 1998, 894-896.

Mampuys, P.; Zhu, Y. P.; Vlaar, T.; Ruijter, E.; Orru, R. V. A,
Maes, B. U. W.; Angew. Chem. Int. Ed. 2014, 53, 12849-12854.
Zheng, Y.; Qing, F.-L.; Huang, Y.; Xu, X.-H. Adv. Synth. Catal.
2016, 358, 3477-3481

(a) Smith, D. J.; Maggio, E. T.; Kenyon, G. L.; Biochemistry, 1975,
14, 766-771; (b) Trost, B. M.; Chem. Rev. 1978, 78, 363-382.

(a) Natarajan, P.; Tetrahedron Lett. 2015, 56, 4131-4134; (b) Luu, T.
X. T.; Nguyen, T. T. T.; Le, T. N.; Spanget-Larsen, J.; Duus, F.; J.
Sulfur Chem. 2015, 36, 340-350; (c) Zhang, P.; Wang, Y.; Li, H.;
Antonietti, M.; Green Chem. 2012, 14, 1904-1908; (d) Xu, Y.; Peng,
Y.; Sun, J.; Chen, J.; Ding, J.; Wua, H.; J. Chem. Res. 2010, 358-360;
(e) Fujiki, K.; Tanifuji, N.; Sasaki, Y.; Yokoyama, T.; Synthesis 2002,
343-348; (f) Xia M.; Chen, Z-H.; Synth. Commun., 1997, 27, 1301-
1308; (9) Billard, T.; Langlois, B. R.; Large, S.; Anker, D.; Roidot
N.; Roure, P.; J. Org. Chem.; 1996, 61, 7545-7550.

(a) Keshari, T.; Kapoorr, R.; Yadav, L. D. S.; Synlett, 2016, 27, 1878-
1882; (b) Iranpoor, N.; Firouzabadi, H.; Pourali, A. R.; Phosphorus,
Sulfur, and Silicon, 2006, 181, 473-479; (c) Iranpoor, N.; Mohajer,
D.; Rezaeifard, A-R.; Tetrahedron Lett., 2004, 45, 3811-3815; (d)
Iranpoor, N.; Firouzabadi, H.; Pourali, A-R.; Synlett, 2004, 347-349;
(e) Iranpoor, N.; Firouzabadi, H.; Pourali, A-R.; Tetrahedron 2002,
58,5179-5184.

22

23

24

25

26

Zefirof, N. S.; Zyk, N. V.; Beloglazkina, E. K.; Kutateladze, A. G.;
Sulfur Rep. 1993, 14, 223-240.

(a) Bahrami, K.; Khodaei, M. M.; Khaledian, D.; Tetrahedron Lett.
2012, 53, 354-358; (b) Liu, Y.; Zhang, Y.; Tetrahedron Lett. 2003,
44, 4291-4294; (c) Mabhieu, J-P.; Gosselet, M.; Sebille, B.; Beuzard,
l.; Synth. Comm. 1986, 16, 1709-1722; (d) Palumbo, G.; Caputo, R.;
Synthesis, 1981, 888-890.

Clarke, V.; Cole, E. R.; Phosphorus, Sulfur, and Silicon. 1994, 90,
171-173.

Takata, T.; Kim, Y. H.; Oae, S.; Bull. Chem. Soc. Jpn. 1981, 54,
1443-1447.

Baskin, J. M.; Wang, Z. Org. Lett., 2002, 4, 44234425

Supplementary Material

Additional experimental procedures and spectra associated

with this article can be found inthe online version.



Tetrahedron Letters

journal homepage: www.elsevier.com

Non-Expensive, Open-Flask and Selective Catalytic Systems for the
Synthesis of Thiosulfonates and Sulfinates

Arisson Tranquilino, Silvia R. C. P. Andrade, Ana Paula M. da Silva
Paulo H. Menezes* and Roberta A. Oliveira*

Depto de Quimica Fundamental, Universidade Federal de Pernambuco, Recife- PE, Brazil

Highlights:

e A versatile method for the synthesis of sulfinate esters and thiosulfonates is
described;

e The methodology is simple and flexible in design;

e Sulfinate esters were obtained.in good yields without the need of anhydrous
solvents;

e Thiosulfonates were obtained in a reaction promoted by cooper iodide in an

open flask.



