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Abstract: A reagent combination of toluenesulfinic acid and trimethylacetyl chloride affords a
putative trimethylacetic p-toluenesulfinic anhydride. This reagent has been used to prepare a
series of sulfinate esters from primary and secondary alcohols. In addition, the reagent was used
to convert Baylis-Hillman substrates into allylic sulfones. Attempts to use the reagent to convert

amines to sulfinamides were unsuccessful. In contrast, the use of 2-pyrrolidinone afforded N-p-



toluenesulfinyl pyrrolidinone in 64% yield. The use of a chiral 4-benzyl-1,3-oxazolidinone or 4-

benzyl-1,3-oxazolidine-2-thione led to the isolation of S-p-tolyl p-toluenethiosulfonate.

Key words: Trimethylacetic sulfinic anhydride, sulfinate ester, Baylis-Hillman, allylic sulfones,

sulfinamide

Introduction

Sulfinate esters (1) are versatile synthetic intermediates that have been used in the
preparation of chiral sulfoxides'? and sulfinamides (Scheme 1).*°® These compounds have also
been recently employed as highly selective probes for thiol bioimaging.” The synthesis of
sulfinate esters has been achieved through a variety of methods including esterification of aryl-
and alkylsulfinates in presence of sulfuric acid,? treatment of sulfinyl chlorides with alcohols,’ or

10a-¢ and other methods. % A less common method

DCC coupling of sulfinic-acids with alcohols
for the preparation of sulfinate esters that has not been explored is that of the reaction of mixed
anhydrides of sulfinic acid reacting with alcohols. Kobayashi and coworkers' explored the

synthesis of mixed anhydrides containing a p-toluenesulfinyl moiety, but did not fully explore

the passibility of using these compounds as tools for the preparation of sulfinate esters.
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Scheme 1. Sulfinate ester synthesis and utility.



In the context of employing an anhydride based methodology, we became interested in
determining if such a reagent could be prepared and successfully used in the preparation of
sulfinate esters. We opted to pursue the use of the synthesis and application of a mixed anhydride
reagent in which the p-toluenesulfinyl group would be the favored group for nucleophilic attack.
This inspired the use of trimethylacetyl (pivaloyl) group as based on its success in amide bond
formation.'> Thus, the proposed trimethylacetic p-toluenesulfinic anhydride reagent was
prepared by the addition of trimethylacetyl chloride to a methylene chloride solution of
anhydrous sodium p-toluenesulfinate (Scheme 2). The solution was initially heterogeneous with
the suspended sulfinate salt, but became an opaque, homogeneous solution within an hour. This
solution was stirred for a total of 5 hours, and an alcohol substrate was added in addition with
triethylamine (scavenger base). The reaction was then stirred for 12-15 hrs and the sulfinate ester
product was isolated in 57 to 82% yield (Table 1). The alcohol substrates included primary and
secondary alcohols, including L-menthol. In the case of the sterically hindered L-menthol, the
compound S-p-tolyl p-toluenethiosulfonate (6) also formed as a byproduct (~4%) (Scheme 3).
The identity of 6 was confirmed by spectroscopy (*H, **C NMR, IR) and X-ray crystallography
(Figure 1). It is proposed that this material originated from a disproportionation of the anhydride
4 when there is'no suitable nucleophile present. Kobayashi and coworkers* proposed a pathway
for this disproportionation that involves the formation of a variety of species in solution (Scheme

4).
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Scheme 2. Synthesis and application of the Trimethylacetic p-toluenesulfinic anhydride.

Table 1. Isolated yields for the synthesis of the sulfinate esters.

entry alcohol substrate product yield®

1 CoHsCH,CH,OH 5a R 71%
S\/\/@
IO
Me

2 BrCe¢H4CH,OH 5b Q 73%

S
JORAS!
Me' Br

(@)

3 CIC¢H4+CH,0OH 5¢c 79%
Me Cl
4 MeCgH4CH,OH 5d 0 73%
/©/S\O/\©\
Me' Me
5 N02C5H4CH20H 5e ﬁ 63%
Me NO,
6 rac-CgHs(CH3)CHOH 5f o0 e 82%
L
JORA®
Me
7 sec-butyl alcohol 59 65%
/ e

S
/©/ \O
Me’

8 L-menthol 5h Me 57%"

1,0
Me PN

3Isolated chemical yields were determined after flash chromatography. °The crude product was
obtained as a 66:34 ratio of diastereomers. The purified product was obtained as a 74:26 mixture of

diastereomers.



The thiosulfonate 6 has been proposed to originate from the disproportionation that forms
p-toluenesulfinic anhydride 9 which then undergoes a rearrangement to a labile intermediate

thioxosulfonate 9 that ultimately forms the observed thiosulfonate 6.
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Scheme 3. S-p-tolyl p-toluenethiosulfonate (6)

Figure 1. S-p-Toluenesulfinyl p-toluenesulfonate formation.

Based on the Kobayashi disproportionation, the sulfinylating agent could be anhydride 4 or
the sulfinyl chloride 7, having been formed in situ via the putative anhydride. Regardless of the
identity of the agent, there was an interest in applying this reagent combination to the synthesis
of allylic sulfones derived from allylic alcohols sourced from the Baylis-Hillman (BH) reaction.

In 2009, Tian and coworkers developed an expeditious route to allylic sulfones from Baylis-
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Hillman adducts by direct reaction of phenylsulfinyl chloride (PhSOCI) with MBH derived
allylic alcohols.™ In addition to this work, Tian and coworkers also developed a methodology in

which MBH derived sulfonamides could be converted into allylic sulfones.**

More recently,.in
2010 and 2011, Yadav and coworkers®*" developed a method for the preparation of these
compounds by the use of p-toluenesulfonylmethyl isocyanide (TosMIC) in the presence of the

ionic liquid 1-n-hexyl-3-methyl-imidazolium bisulfuate. Finally, Reddy and coworkers

developed a method for the preparation of MBH allylic sulfones by using p-toluenesulfonyl
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cyanide.
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Scheme 4. The disproportionation proposed by Kobayashi and coworkers.

To pursue the alternate methodology of the trimethylacetic p-toluenesulfinic anhydride,
Baylis-Hillman adducts 10a-e were prepared using the method of Aggarwal and coworkers
(Table 2)." These adducts were then reacted with 4 and stirred for 12-15 hrs. This process

yielded the targeted allylic sulfones 1la-e in fair to good yield (59-98%). In all cases, the



products were primarily obtained as the (Z)-diastereomer (Z:E, ~ 95:5) as determined by ‘H
NMR spectroscopy.

Table 2. Preparation of allylic sulfones via the trimethylacetic p-toluenesulfinic anhydride.

(e}
\)(T\ [.(\17 OH O "4" CH,Cl, /\ﬁ}\
§ )\”/”\ — = > Ar OCH;
OCH;  ArCHO Ar OCH, 12-18 hrs
SO,p-Tol
10a-f 11a-f
entry Aldehyde adduct yield (%)? Allylic sulfone yield (%0)®
1 Ce¢HsCHO 10a 70 11a Y o 74
SO,p-Tol
2 p-N02C6H4CHO 10b 62 65
H (6]
X OCH,
O,N SO,p-Tol
11b
3 m-CH3;0CsH4,CHO 10c 80 0 88
\ OCH;
SO,p-Tol
11c OCHs
4 p-CI-C¢H4,CHO 10d 34 H 0 59
cl SO,p-Tol
11d



5 1-CgH,CHO 10e 31 98

®Isolated chemical yield after purification.
The stereochemistry of the product was confirmed by X-ray crystallography of allylic sulfone
11e (Figure 2). Mechanistically, it is proposed that the BH adduct undergoes formation of the p-
toluenesulfinate ester which then rearranges to the sulfone. This argument is proposed based on
the work of Tian and coworkers® wherein the use of phenylsulfinyl chloride was employed to

initially create the sulfinate ester as a transient intermediate‘in the formation of the sulfone target.

Figure 2. X-ray crystal structure for 11e.

We were gratified to learn that the synthesis of the allylic sulfones was viable. This inspired
further study with the trimethylacetic p-toluenesulfinic anhydride in reacting with amines.

Attempts to employ benzylamine (12) in the reaction of the anhydride 4 failed to produce the
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expected sulfinamide, but afforded the pivalamide as part of a mixture of products (Scheme 5).
This was an interesting observation in connection with the Kobayashi disproportionation
(Scheme 3). If a p-toluenesulfinyl chloride entity was present in significant amount, the facile
formation of the sulfinamide would have been predicted. Reaction of 2-pyrrolidinone with
anhydride 4 was successfual and afforded the product in 64% yield. It is proposed that the
reduced nucleophilicity of the amide as compared to the benzylamine contributed to the success
of the reaction. The success of this reaction prompted the use of oxazolidinone 16a and
oxazolidine-2-thione 16b in this process. The reaction generated the thiosulfonate 6 and the
oxazolidinone and oxazolidine-2-thione unchanged. The failure of the coupling reaction was

attributed to the steric hindrance associated with the appendant C4-benzyl substituent structure.
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Scheme 5. Reaction of anhydride 4 with nitrogen based nucleophiles.

A new reagent mixture based on the reaction of trimethylacetyl chloride and sodium p-

toluenesulfinate has been investigated. The utility of the method described in this work has been



demonstrated in the synthesis of a series of sulfinate esters derived from primary and secondary
alcohols. In addition, the reagent has been used to synthesize allylic sulfones from Baylis-
Hillman adducts. Finally, the reagent does not readily react with amines, but does with 2-

pyrrolidinone.
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Highlights

“A mixed anhydride approach to the preparation of sulfinate esters

and allylic sulfones: Trimethylacetic p-Toluenesulfinic anhydride”

Eric Jacobsen, Mihir K. Chavda, Kokou M Zikpi, Stephanie L. Waggoner, Daniel J. Passini,
Jesse A. Wolfe, Robert Larson, Chelsea Beckley, Christopher G. Hamaker,

and Shawn R. Hitchcock™

> A new putative reagent tirmethylacetic p-toluenesulfinic anhydride has been prepared
» The reagent has been used to synthesize sulfinate esters
» Sulfones were prepared from Baylis-Hillman derived alcohols

» The reagent has been used to prepare a N-p-toluenesulfinylamide.
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