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groups have demonstrated that the insertion of carbon monoxide
into the carbor-heteroatom bond of cyclic compounds contain-
ing one heteroatom (usually N, S, or O) can be effectively used
to synthesize the aforementioned heterocyclic structutas.
contrast with these studies, little attention has been paid to the
carbonylative insertion reaction of substrates containing two
adjacent heteroatonis.

Our research group has recently reported several examples
that illustrate the applicability of this methodolodfy.In
particular, we found that the carbonylative ring expansion of
N-alkylisothiazolidine¥’2 and 1,3-thiazolidiné$¢ could take
place with a rhodium-based catalyst (chloro(1,5-cyclooctadiene)-
rhodium(l) dimer) and elevated pressures and temperatures
(typically 1000 psi of CO and 130 or 18C depending on the
substrate used). Despite the severity of the conditions required
for this transformation to occur, the corresponding tetrahydro-
2H-1,3-thiazin-2-ones could be isolated in modest to good yields
(35—88% yield).

Due to the intrinsic value of developing alternative strategies
for the synthesis of this valuable class of compounds, we decided
to expand our studies in this area. We were particularly
interested in the possibility of applying a metal-catalyzed
carbonylation reaction to benzisothiazole substrates in order to
directly access the corresponding benzothiazin-2-ones. We felt

zothiazin-2-ones is described herein. The strategy relies onthat this methodology could be distinctively useful due to the

a highly regioselective palladium-catalyzed carbonylation of

limited availability of synthetic methods to elaborate these

2-substituted-2,3-dihydro-1,2-benzisothiazoles to give the Structures. To our knowledge, only one example has been

corresponding 3,4-dihydrok21,3-benzothiazin-2-one de-
rivatives in good to excellent yields.

Transition-metal-catalyzed carbonylation reactions have be-

come an invaluable tool in organic synthesis in both industry
and academi&:* These reactions provide access to a broad
range of structurally diverse organic compounds, including

functionalized heterocyclic structures such as lactams, lactones,

or thiolactones$:”
From a practical point of view, one of the main advantages
of this methodology is the possibility of accessing functionalized

heterocycles in a single reaction step. Thus, a number of research
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reported in the literature thus far for the preparation of this class
of functionalized heterocycles (Scheme 1). The strategy relied
on the reaction of benzenethiol derivatidss-d with phosgene,

a transformation that generally proceeds in poor to modest yields
(33—62%) 11

SCHEME 1. Synthetic Approach Followed by Szabeet al.
R SH COCl,, Et3N, R s o)
I:(/“ HX benzene, reflux D/\/T
R R’ R R’
3a, X=Cl aR=MeO,R =H 4a, 33%
3b, X =1 b R =MeO, R' = Me 4b, 38%
3¢, X =Br cR=MeO,R' = Et 4c, 62%
3d, X=Cl dR=H,R'=H 4d, 36%

To test the viability of utilizing a metal-catalyzed carbony-
lation approach toward the synthesis of benzothiazin-2-ones,
we needed to access precursor hus, we envisioned a strategy
in which benzisothiazold would be derived from an amino
intermediate5 (Figure 1). This key intermediate would be
subjected to a tandem oxidatief2,3]-sigmatropic rearrange-
ment reaction with concomitant nucleophilic attack to give
The key amino derivativé would be obtained via reductive
amination of aldehyd®, which in turn would be synthesized
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FIGURE 1. Retrosynthetic analysis.

from readily available 2-mercapto benzoic a@idia a three-
step sequence (reductieallylation—oxidation).

The synthesis of the benzisothiazole precufsstarted with
the lithium aluminum hydride reduction of commercially
available 2-mercapto benzoic acilto give the alcohol8
(Scheme 2}2 Allylation of 2-(mercaptophenyl)methan8iwith
allyloromide in the presence of potassium carbotatnd
subsequent oxidation of the alcohol moiety with sulfur trioxide
pyridine compleX* afforded the aldehyd@in 94% overall yield.
At this stage, the amination éfwas carried out with a number
of different amines and the in situ reduction of the corresponding
imines was performed with sodium borohydride. The resulting
secondary amines were then converted into their hydrobromic
salts 9a—g in good yields. The sulfur atom of these last
intermediatePa—g was oxidized with sodium metaperiodate
to produce the sulfoxide derivative$0a—g.t> The latter
spontaneously underwent a [2,3]-sigmatropic rearrangéfnent
to form the corresponding sulfenatéda—g followed by a
concomitant intramolecular thiophilic substitutiéh.

SCHEME 2. Synthesis of
2-Substituted-2,3-dihydro-1,2-benzisothiazoles

1) allylbromide, K,CO3,
SH

acetone, reflux
2) SO;.py, DMSO, 0-5°C
8

94% yield

X
S

1) RNH,, MgSOy, CH,Cl,
2) NaBH,, MeOH, 0 °C -> RT
3) HBr, MeOH, 0 °C

X

CHO 67 - 82% yield R
6 9(a-g)
1) NalOy4, H,0,0-5°C
2) rotary evaporator, N
water bath = 40 °C, S(\
pressure = 0.1 bar or ~o
pentane, RT NHR
15 - 55% yield"> 10(a-g)
Q/m aR=Bu
S s bR =i-Bu
\ cR=i-Pr
NHR | — NR " d R = cyclohexyl
e R=Bn
fR=PMB
11(a-g) 1(a-g) g R = naphthylmethyl

JOCNote

With these precursors in hand, the carbonylation reaction of
a series of 2-substituted-2,3-dihydro-1,2-benzisothiazideg
was performed using 5% of tetrakis(triphenylphosphine)-
palladium(0) in dry pyridine and 300 psi of carbon monoxide
at 80°C for 24 h1” Column chromatography of the resulting
crude reaction mixture allowed the isolation of the corresponding
3-substituted-3,4-dihydroF2-1,3-benzothiazin-2-ones in good
to excellent yields and as the only products. Table 1 summarizes
the outcome of this study. The reaction is compatible with a
number of substituents, including primary and secondary alkyl
groups (entries 1 to 4) and benzylic (entries 5 to 6) and the
naphthylmethyl (entry 7) functionalities. Comparison of the first
four entries of the table shows that the yield is clearly dependent
on the size of the substituent attached to the nitrogen atom.
When the steric hindrance decreaseBB(< i-Bu < i-Pr =
cyclohexyl), the yield of the carbonylation reaction increases
(n-Bu > i-Bu > i-Pr~ cyclohexyl). Entries 5 and 7 show that
both benzylic and naphthylmethyl groups are well tolerated,
whereas a diminution of yield is noticed when a methoxy group
is introduced in the para position of the aromatic ring. In all
the cases, we observed that the conversion is complete and that
the carbonylative insertion occurs with complete regioselectivity
in the N—S bond under these reactions conditions. In addition,
it is worth noting that the conditions are somewhat milder than
those used for the carbonylative insertion of other heterocycles
such as isoxazolidines ardtalkylisothiazolidineg%ac

TABLE 1. Palladium-Catalyzed Carbonylation of
2-Substituted-2,3-dihydro-1,2-benzisothiazolés

entry reactants products yield (%)
1, R=Bu la 2a 92
2,R=i- Bu 1b 2b 8
3,R=i-P 1c 2c 56°
4,R=c yclohexyl 1d 2d 62
5 R=B le 2e 95
6, R= PMB 1f 2f 75, 86
7, R= naphthylmethyl 19 29 91

a8 Reaction conditions1 (0.5 mmol), Pd(PP$)4 (0.025 mmol), pyridine
(1 mL), and CO (300 psi) at 8T for 24 h.? Isolated yield ¢ Reactant not
pure, yield calculated as if it was puréReaction conditions1f (2 mmol),
Pd(PPb)4 (0.1 mmol), pyridine (4 mL), and CO (300 psi) at 8C for
24 h

The structures of the produ@s—g were assigned based on
analysis of the spectroscopic data (see the Experimental Section).

(12) Roberts, C. F.; Hartley, R. @. Org. Chem2004 69, 6145.

(13) Burkhard, C. A.; Schmitz, J. V.; Burnett, R. E.Am. Chem. Soc.
1953 75, 5957.

(14) Nicolaou, K. C.; Gray, D. L. F.; Tae, J. Am. Chem. SoQ004
126 613.

(15) (a) Hoffmann, R. W.; Goldmann, €hem. Ber1978 111, 2716.

(b) Antonjuk, D. J.; Ridley, D. D.; Smal, M. AAust. J. Chem198Q 33,

2635. (c) It must be noted that the efficiency of this process is highly
dependent on the nature of the alkyl amine. With some of the substrates
the overall yields were acceptable (485%) but with some other alkyl
amines, this tandem oxidatietfi2,3]-sigmatropic rearrangementucleo-
philic substitution process was low yielding (see the Experimental Section).
A possible solution to this problem could be to follow a different approach,
see ref 15d. However, we decided to employ this strategy for all our
substrates due to the inherent convenience of utilizing the “one-pot” reaction
sequence. (d) Kanakarajan, K.; Meier, Ahgew. Chem1984 96, 220.

(16) (a) Miller, E. G.; Rayner, D. R.; Thomas, H. T.; Mislow, K.Am.
Chem. Soc1968 90, 4861. (b) Bickart, P.; Carson, F. W.; Jacobus, J.;
Miller, E. G.; Mislow, K. J. Am. Chem. Sod 968 90, 4869. (c) Tang, R.;
Mislow, K. J. Am. Chem. Sod97Q 92, 2100. (d) Evans, D. A.; Andrews,

G. C.Acc. Chem. Red974 7, 147.

J. Org. ChemVol. 73, No. 4, 2008 1613



JOCNote

Thus, we observed that théC NMR spectra show a signal at  ents, including primary and secondary alkyl groups and benzylic
165.3-166.4 ppm corresponding to the carbonyl group in the and naphthylmethyl functionalities.
benzothiazin-2-one adduc2a—g and that the infrared spectra
display a thiourethangc—o bond at 1635, 1643, or 1647 ct Experimental Section
In addition, the structure c2e was also confirmed by X-ray
crystallographic analysis (see Figure 2). The synthesis and purification of the substrates-g are
described in the Supporting Information. Anhydrous pyridine was
purchased from Aldrich and was used without further purification.
s1 Tetrakis(triphenylphosphine)palladium(0) was purchased from Strem
Chemicals.
3-Butyl-3,4-dihydro-2H-1,3-benzothiazin-2-one (2a): Typical
Procedure for the Palladium-Catalyzed Carbonylation Reaction
of 2-Substituted-2,3-dihydro-1,2-benzisothiazoles t&g. Based
on the method of Kuniyasu et &f.,into a 50 mL stainless steel
autoclave containing a glass liner and stirring bar were added freshly
prepared 2-substituted-2,3-dihydro-1,2-benzisothiadale(07 mg,
0.5 mmol), anydrous pyridine (1 mL), and Pd(BRI29 mg, 0.025
mmol) under an argon atmosphere. The autoclave was then purged
three times with carbon monoxide and pressured to 300 psi. The
FIGURE 2. ORTEP view of compoun@e. reaction mixture was stirred at 8@« for 24 h, cooled to room
temperature, and diluted with a 1:1 mixture of hexangdigthyl
A plausible mechanism for the palladium-catalyzed carbo- ether (ca25 mL). The precipitate was filtered through Celite and
nylation of 2-substituted-2,3-dihydro-1,2-benzisothiazoles is washed several times with hexaneliethyl ether (1:1). The filtrate
proposed in Scheme 3. After the loss of phosphine ligands, thewas concentrated in vacuo and the crude mixture was purified by
resulting coordinatively unsaturated Pd(0) complex inserts into flash chromatography on silica using a mixture of hexanes
the N—-S bond of1 via oxidative addition generating a Pd(ll) methylene chloride (polarity increasing from 3.5:1.5 to 1:1) as

: : c eluent.2a (102 mg, 92%) was isolated as a yellow otld NMR
speciesl2. Insertion of carbon monoxide into the-£d bond (300 MHz, CDCh with TMS) 6 7.29-7.22 (m, 4 H), 4.39 (s, 2H),

or the N-Pd bond in12 produces a transient palladidzm 3.53 (1,0 = 6.4 Hz, 2H), 1.641.54 (m, 2H), 1.381.25 (M, 2H)
carbonyl intermediaté3, which affords the desired produgt g (t:J — 6.4 Hz, 3H5;13C NMR (75' MHz, CDC} with 'IiMS),
and regenerates the catalyst via reductive elimination. This § 165.3 (s), 132.9 (s), 131.3 (s), 128.3 (d), 126.6 (d), 126.1 (d),
mechanism is also consistent with the trend in yields observed 126.0 (d), 52.8 (t), 49.0 (t), 29.9 (t), 19.9 (t), 13.8 (q); EI-HMRS
in our experiments, since it is well-known that Pd reactions are calcd for G,H1sNOS [M]* 221.0874, found 221.0881.

o1

c8

particularly sensitive to steric factors. 3-Isobutyl-3,4-dihydro-2H-1,3-benzothiazin-2-one (2b):H
NMR (300 MHz, CDC} with TMS) 6 7.29-7.22 (m, 4H), 4.39
SCHEME 3. Proposed Mechanism for the (s, 2H), 3.36 (dJ = 8.7 Hz, 2H), 2.06-1.92 (m, 1H), 0.89 (dJ
Palladium-Catalyzed Carbonylation of 1 = 7.7 Hz, 6H);13C NMR (75 MHz, CDC} with TMS) 6 165.6
PdL, (L = PPhy) (s), 133.0 (s), 131.4 (s), 128.3 (d), 126.6 (d), 126.1 (d), 126.0 (d),
I 56.5 (t), 53.5 (t), 27.6 (d), 19.9 (2q); EI-HMRS calcd for.8;s-
S\]&O S, NOS [M]* 221.0874, found 221.0868.
©/\/N\ PdL, @/N_R 3-Isopropyl-3,4-dihydro-2H-1,3-benzothiazin-2-one (2c)!H
2 R 1 NMR (300 MHz, CDC} with TMS) 6 7.30-7.19 (m, 4H), 4.84

4.70 (m, 1H), 4.25 (s, 2H), 1.21 (d,= 6.8 Hz, 6H);13C NMR
(75 MHz, CDCh with TMS) 8 165.6 (s), 133.2 (s), 132.0 (s), 128.3
(d), 126.6 (d), 126.0 (d), 125.9 (d), 46.8 (d), 45.7 (t), 19.9 (2q);

sy’ S-pa, .. EI-HMRS caled for GiHiNOS [M]* 207.0718, found 207.0696.

@ baL, or @ o ©;'.’sz 3-Cyclohexyl-3,4-dihydro-H-1,3-benzothiazin-2-one (2d)iH
N N Nog NMR (300 MHz, CDCh with TMS) 6 7.30-7.21 (m, 4H), 4.46-
R 13 R 2 4.30 (m, 1H), 4.27 (s, 2H), 1.851.67 (m, 5H), 1.551.31 (m,
4H), 1.21-1.06 (m, 1H):13C NMR (75 MHz, CDC} with TMS)

5 165.8 (s), 133.3 (s), 132.2 (s), 128.2 (d), 126.6 (d), 126.0 (d),

125.8 (d). 55.0 (d), 46.8 (1), 30.3 (21), 25.5 (21), 25.4 (1); EI-HMRS

o calcd for GaHiNOS [M]* 247.1031, found 247.1009.

3-Benzyl-3,4-dihydro-2H-1,3-benzothiazin-2-one (2e)*H NMR

In conclusion, we have described a novel approach toward (300 MHz, CDC} with TMS) 6 7.36-7.26 (m, 7H), 7.26:7.14
the synthesis of 3-substituted-3,4-dihydnd-2,3-benzothiazin- (M, 1H), 7.07-7.04 (m, 1H), 4.73 (s, 2H), 4.29 (s, 2HJC NMR
2-ones that relies on the palladium-catalyzed carbonylation (75 MHz, CDCkwith TMS) 6 166.1 (s), 135.9 (s), 132.4 (s), 130.9
reaction of 2-substituted-2,3-dihydro-1,2-benzisothiazoles. This (3)' 1122%89 (de)’ 51122'32(td?'|51|2ﬁﬁé28d)’ }Zd?fB (@, 1’%]%2 (c'i&l, +126'2
carbonylative insertion process occurs in good to excellent yields(2 ), : f( ), 05 (21); ElI- calcd fori€H,3 [(M]
with total regioselectivity at the NS bond of the benzisothia- 55.0718, found 255.0739. . I

| dth . | b f substi 3-(4-Methoxybenzyl)-3,4-dihydro-H-1,3-benzothiazin-2-
zole precursor and the reaction tolerates a number of substitu-, o (2f): 3H NMR (300 MHz, CDC with TMS) 6 7.25-7.24 (m,
2H), 7.21-7.18 (m, 2H), 7.16:7.12 (m, 1H), 7.06-7.03 (m, 1H),
< (17) (a) mniéasuc'?{; Hilrgg;e;-;;\é'&fiti M Tanal;ﬁ A Sugf;h K  6.86-6.81 (M, 2H), 4.64 (s, 2H), 4.25 (s, 2H), 3.77 (s, 3MC

urosawa . Org. em y . FOr some other exampies on :

Pd-mediated carbonylation of the-$ bond, see: (b) Knapton, D. J.; NMR (75 MHz, CDC} with TMS) 6 166.4 (s), 159.7 (s), 132.9
Meyer, T. Y.J. Org. Chem2005 70, 785. (c) Kuniyasu, H.; Kato, T.; (S), 131.4 (S), 129.9 (Zd), 128.7 (d), 128.4 (S), 127.0 (d), 126.7 (d),
Asano, S.; Ye, J. H.; Ohmori, T.; Morita, M.; Hiraike, H.; Fujiwara, S. I.; 126.4 (d), 114.6 (2d), 55.7 (), 52.1 (t), 51.8 (t); EI-HMRS calcd
Terao, J.; Kurosawa, H.; Kambe, Netrahedron Letf.2006 47, 1141. for C16H1sNO,S [M]*™ 285.0823, found 285.0803.
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