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The dehydrogenations with iron(III) chloride, potassium permanganate, and for the first time, CAN, tris-
[trinitrato-cerium(IV)]-paraperiodate (TTNCPP), and (diacetoxyiodo)benzene (IBDA) are investigated.
Hydrogen peroxide, sodium periodate, potassium permanganate, and ammonium cerium(IV) nitrate (CAN)
oxidation of chiral benzothiazolines, O- and O,N-acylated derivatives of the condensates of D-galactose

with 2-aminothiophenols or L-cysteine, are also reported.

J. Heterocyclic Chem., 43, 1141 (2006).

In the introduction of part I of this series, transfor-
mation of N,S-acetals: 3-acyl-1,3,4-thiadiazolines and the
importance of ring-chain tautomerism (see Scheme 1)
during the oxidation and dehydrogenation of cyclic N,O-
and N,S-acetals has been concisely discussed [1]. As an
extension of our studies on the cyclic N,S-acetals 1,3,4-
thiadiazolines, we decided to investigate the reactions of
their 4-C-analogues, benzothiazolines (1,3) and thiazoli-
dines (7), formerly prepared by us [29,32-34], with
various similar oxidants and dehydrogenating agents of
diverse mechanisms of action. These derivatives are,
partially or fully saturated cyclic N,S-acetals chirally
substituted at C-2.

Benzothiazolines, particularly the 2-arylsubstituted
derivatives, undergo dehydrogenation quite readily, e.g.
upon treatment with benzoyl peroxide/dichloromethane
[2], iron(III) chloride [3], 2,3-dichloro-5,6-dicyano-1,4-
benzoquinone (DDQ) [4], and other organic H-acceptors
[5], or oxygen [4] to give benzothiazoles. However, when
treated with hydrogen peroxide/methanol 2-substituted
benzothiazolines transform [2] into 2-methyleneamino-
phenyl disulfides as a result of a ring-chain tautomerism
(B==C, Scheme 1) [2,5,6]. The benzothiazoline
skeleton (form C, Scheme 1) can be stabilized by
acylation at position 3, nevertheless, the nature of the acyl
group (e.g. formyl, acetyl, propionyl) may have an
influence on the biological activity [4d]. Benzothiazolines
without N-acyl group and containing accessible
nucleophilic groups (e.g. condensates of 2-aminothio-
phenol with aldoses, type 1a,b) are especially unstable in
protic solvents and their oxidation by air result in 2-
aminophenyl disulfides and aldoses [7] as a consequence
of a C—>B—A transformation (see Scheme 1).
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During the second half of the last century, stimulated
mainly by the penam—cephem ring-expansion transfor-
mations of B-lactam antibiotics [8] containing cyclic N,S-
acetal moieties, the chemistry of sulfoxides [9] has been
very intensively elaborated. Although the hydrogen
peroxide oxidation has been used for the transformation of
3-acylthiazolidines into both the corresponding sulfoxides
and sulfones [10], the reactions are time-consuming and
often not chemoselective. For the preparation of
thiazolidine or benzothiazoline 1,1-dioxides potassium
permanganate oxidation of the 3-acyl sulfide analogues has
been successfully applied [11]. Related 3-arylbenzothia-
zoline 1,1-dioxides, and not the corresponding sulfoxides,
have been obtained by condensing 2-arylamino-
benzenesulfinic acids with aldehydes or ketones [12].

As the regioselective partial dehydrogenation of thia-
zolidines has not been well elaborated yet [13], the
unsaturation of thiazolines is generally performed in the
course of heterocyclization [14]. The aromatization of
thiazol(id)ines, with the concomitant rearrangement [14a],
has been achieved by dehydrogenation with (alkaline)
potassium hexacyanoferrate(Ill) [24a,15], mercury(Il)
acetate [15b], quinones (1,4-benzoquinone [14c.f],
phenanthrenequinone [14c], tetrachloro-1,4-benzoquinone
(chloranil) [14c,f], DDQ [13b,14f]), hydrogen peroxide
[14a], iron(Ill) chloride [14a], potassium dichromate
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[14a], sulphur [14a,b], manganese(IV) oxide [13b,c,16],
or nickel(IT) peroxide [13b,17].

Results and Discussion.

The reaction of 2-monosubstituted 3-acyl-1,3,4-thiadi-
azolines with potassium permanganate or CAN has been
found to afford thiadiazoles [1]. We observed that
treatment of the analog benzothiazoline lactam 3 with
CAN led to the formation of benzothiazol-2-ylbenzoic
acid derivative 5 as well as the benzothiazoline sulfoxide
4 (Scheme 4). Periodic acid oxidation of 3 gave also
sulfoxide 4 in similar yield.

2-(Pentaacetoxy)pentylbenzothiazolines 1¢,d are more
stable than their polyhydroxy analogues la,b and they
could be dehydrogenated to benzothiazoles 2ab by
treatment with iron(III) chloride or more favourably with
CAN (Scheme 2). Treatment of 1d with potassium
permanganate afforded dehydrogenation to 2b in a poor
yield (see Table 1). However, it oxidized the 3-acetyl
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readily dehydrogenated to benzothiazole 2a by treatment
with potassium dichromate/aq. acetic acid, or preferably
with DDQ, CAN or tris[trinitrato-cerium(IV)] paraperio-
date (TTNCPP, see Scheme 2 and Table 1). The one-
electron acceptor CAN readily dehydrogenated benzothia-
zoline 1e to 2a in excellent yield (see Table 1). However,
under similar conditions, sulfoxide 1f and sulfone 1g,
with electron deficient sulfur, completely resisted any
transformation. Moreover, treatment of analog com-
pounds with (diacetoxyiodo)benzene in methanol at room
temperature for 36 h dehydrogenated the S—CHR-NAc
acetal 5-acetamido-3-acetyl-2-(4-chlorophenyl)-1,3,4-thia-
diazoline in 93% yield [1]. Due to the lack of a relatively
basic reaction centre (NH), only ca. 75% of 3-acetyl-2-(D-
galacto-pentaacetoxypentyl)benzothiazoline (le) was
dehydrogenated to 2a when boiled for 8 days. Treatment
of (+)-2-[D-galacto-(pentaacetoxy)pentyl]-3-acetylbenzo-
thiazoline 1-oxide ((+)1f) with acetic anhydride afforded
(see Scheme 3 and Experimental) the corresponding

Scheme 2
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derivative le to the corresponding 1,1-dioxide 1g (see
Scheme 3 and Experimental). Both dehydrogenating and
oxidizing feature of potassium permanganate has been
also observed in its reaction with chiral 4,5-dihydro-1,3-
thiazoles. Under phase-transfer conditions, 2-thiazolines
are dehydrogenated to thiazoles when treated with
potassium permanganate. However, in the presence of 1
equiv. benzoic acid, they are oxidized to 2-thiazoline 1,1-
dioxides [35]. The 3-acetylbenzothiazoline le was also

benzothiazole (2a) identical with that obtained by CAN,
TTNCPP, DDQ, and potassium dichromate dehydrogen-
ations of the sulfide analog (+)1e or by iron(III) chloride
dehydrogenation of the benzothiazoline analog unacetyl-
ated at position 3 ((*)lc, see Scheme 2 and Table 1).
Under similar conditions, 3-acetyl-2-phenyl-benzothia-
zoline 1-oxide is known to give 2-phenyl-benzothiazole as
the major product (along with the disproportion products
benzothiazoline and 1,1-dioxide) [36b]. However, 2-
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Table 1

Dehydrogenation of 2-(D-galacto-Pentaacetoxypentyl)benzothiazolines 1c-e

Substrate Agent Solvents Reaction Workup [a] Product Yield [b] Mp (°) Lit. mp (°)
(mmol) (mmol) (mL) temp. (°) (%) (solvent) (solvent)
(time, h)
(¥)1c [c] FeCl;.6 H,O [d] EtOH (40) 23 B,F 2a [e] 33 134 133-135
2) (2.88) (46) (EtOH/H,0) (EtOH) [f]
(-1d [g] CAN MeCN (3) 23 B,D 2b [e] 48 156 149
(0.25) (0.51) H,0 (0.4) (0.5+0.1) [h] (EtOH/hexane) (EtOH) [f]
(-)1d [g] KMnO, AcOH (5) <20 E,B,D 2b [e] 13 155 149
(0.5) (3.65) H,O (8) (1.5+2) [h] (EtOH/hexane) (EtOR) [f]
(+)1e [i], [1] CAN MeCN (3) 23 B,D 2a [e] 76 134 133-135
(0.5) (0.95) H,0 (0.5) (0.25+0.5) [h] (50% 2-PrOH) (EtOH) [f]
(+)1e [i] TTNCPP [j] PhH (5) 65 A,G 2a [e] 92 134 133-135
(0.25) (0.5) 3) (50% 2-PrOH) (EtOH) [f]
(+)1e [i] DDQ PhH (25) bp B,D,H 2a [e] 83 133-134 133-135
5) (6) (24) (50% 2-PrOH) (EtOH) [f]
(+)1e [i] K,Cr,0, AcOH (5) 23 B,D,H 2a [e] 38 [k] 133-134 133-135
(0.5) (0.81) H,0 (0.6) (89) (50% 2-PrOH) (EtOH) [f]

[a] For general operations of processing the reaction mixtures see Experimental. [b] For the pure product, without workup of the mother

liquors. [c] Ref. 29. [d] To a solution of iron(III) chloride hexahydrate in commercial anhydrous ethanol was added 1c. [e] Identical (mp, tlc,

ir) with an authentic compound. [f] Ref. 30. [g] Mp 171-172° (from commercial anhydrous ethanol), [ct] %)3 =-13.0 (¢ = 1 in chloroform), —
93.5 (¢ = 1 in pyridine); ref. 29, mp 162° (from ethanol), [o] %; =-93.9 (c = 0.52 in pyridine). [h] Input + additional. [i] Mp 147° (from
ethanol), [a] %; = +193 (¢ = 1 in chloroform); ref. 29, mp 131-132° (from ethanol), [a] %; = +72.1 (¢ = 0.43 in pyridine). [j] Tris[trinitrato-
cerium(IV)] paraperiodate, [(NO;);Ce];H,IOq; ref. 31. [k] In addition, 50% unreacted (+)le was isolated. [1] In contrast with this, under

similar conditions, sulfoxide 1g resisted any transformation.

Scheme 3
O‘\s NA S_ _NA S_ _NA SN
o* € aqKMno, € 300 H,0,/AcOH OF € A0 7
- D

OAc AcOH OAc or HIO, OAc OAc
AcO AcO AcO AcO
AcO AcO AcO AcO

OAc OAc OAc OAc

OAc OAc OAc OAc

1g le 1f 2a

methyl and 2,2-disubstituted or spiro analogs transform
into 1,4-benzothiazine derivatives in a ring-expansion
reaction [36a,b,37a]. Dehydrogenation of 2-substituted
benzothiazoline, containing no acyl group at position 3,
with 4-toluenesulfonic acid in hot ethanol is also known
via heterolysis of the C(2)-C bond [3d]. The transfor-
mations 1—2 and 3—5 (Scheme 2-4) could be easily
followed by the pmr and ir spectra due to the
disappearance of S—CHR-N and the amide O=C-CH,
signals and the amide band, respectively.

The reactions of some oxidizing agents with the cyclic
N,S-acetals 1,3,4-thiadiazolines and benzothiazolines,
show essential differences. Treatment of 3-acetyl-5-meth-
ylthiophenyl-1,3,4-thiadiazoline with 3-chloroperbenzoic
acid has been reported to transform the exocyclic and then

the endocyclic sulfur into sulfoxides [18a], or with potas-
sium permanganate successively into the corresponding
disulfone and methylsulfonylthiadiazole [18], respec-
tively. Moreover, upon treatment with triethylamine, the
disulfoxides have been transformed to 5-methylsulfinyl-2-
phenyl-1,3,4-thiadiazole. In addition, 3-acyl-5-acylamino-
2-phenyl-1,3,4-thiadiazoline 1-oxides, prepared with 3-
chloroperbenzoic acid [19] or — in poor yields — with
potassium permanganate [19a] oxidation of the corre-
sponding sulfides, have been reported to undergo
dehydrogenation by treatment with a base (pyridine or
triethylamine) to give thiadiazoles [19]. Thermolysis of
analog 1-oxides and 1-oxides with tertiary 5-acylamino
group vyields 1,3,4-oxadiazoles and 1,3,4-thiadiazoles,
respectively [19]. Whereas potassium permanganate
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Oxidation of 3-acetylthiazolidines (7b,d.g.j), the chiral
benzothiazoline (+)1e as well as compound 6a [11b], by
hydrogen peroxide or preferably by potassium perm-
anganate afforded the 1,1-dioxides 7c¢.fil and 1g.
Autoxidation of N-chloroacetylbenzothiazoline is known
to yield the corresponding 1-oxide [36b]. The preparation
of similar sulfoxides with 3-chloroperbenzoic acid or
sodium periodate oxidants is much more advantageous
[36a]. Periodate oxidation, known to convert sulfides to

Table 2

Preparation and Properties of Thiazolidine 1-Oxides 7e, h, k and 1,1-Dioxides 7¢, f, i, 1

Substrate Agent Solvents [a] Reaction Workup [b] Product Yield [c] Mp (°) (o] 23
D
(mmol) [ 23 (mmol) (mL) temp. (°) (%) (solvent) in CHCl,
D
in CHCl, (time, h) c=1
c=1
7b [d] -20.3 H,0, AcOH (4) 75 B,D Tc 78 170 -30.5
0.4) (13.2) 3) (EtOAc/hexane)
7d [d] 4.7 NalO, 2-PrOH (10) bp B,D Te 62 137 +10
(0.5) 2) H,0 (8) 3) (EtOAc/hexane)
7d [d] H,0, AcOH (4) 100 B,D 7t 67 140 —14.5
(0.46) (8.8) 4.5) (EtOAc/hexane)
7d [d] KMnO, AcOH (10) 20 E,B,D 7t 84 140
(0.5) (3.75) H,0 (7) (1.5) (EtOAc/hexane)
7g [e] -6 NalO, 2-PrOH (10) bp B,D 7h 80 136 +12
(0.5) 2) H,0 (8) “4) (EtOH/hexane) [f]
7g [e] H,0, AcOH (5) 75 B,C 7i 73 148 [g] -20.0 [e]
(1) (22) 2) (PhH/hexane)
7g [e] KMnO, AcOH (10) 23 E,B,D 7i 88 152
(0.5) (3.75) H,0 (7) ([€))] (PhH/hexane)
7j [d] +4 NalO, H,0 (16) 100 D [h] 7k 87 170 +21
[€))] “4) 3) (EtOAc/hexane)
7j [d] KMnO, AcOH (10) 23 E,B,D 71 [i] 91 166 +7
(0.5) (3.75) H,0 (7) (0.75) (EtOAc/hexane)

[a] Organic solvents for the substrate, water for the oxidant. [b] For general operations of processing the reaction mixture see Experimental. [c] For
the pure product, without workup of the mother liquors. [d] Ref. 32. [e] Ref. 33. [f] Anhydrous. [g] Ref. 33, mp 140-143° (from benzene with
addition of petroleum ether). [h] Previously the cooled reaction mixture (a solution) was extracted with chloroform and then processed according
to G. [i] An identical product was obtained from sulfone 7f as follows: a mixture of 7f (0.5 mmol), acetic anhydride (26.5 mmol), 4-
dimethylaminopyridine (0.05 mmol), and triethylamine (1 mmol) was kept at 42° for 16 h, and then concentrated. A chloroform solution of the
residue was washed with 1 N hydrochloric acid, aq. sodium hydrogencarbonate, and water, dried (magnesium sulfate) and then concentrated.
Crystallization of the residue from ethyl acetate with addition of hexane afforded 71, mp 167-168°, in 74% yield.

oxidation of 3-acylthiazolidines 7 (see also Table 2) and -
benzothiazolines (e.g. 1e or 6a) affords the corresponding
1,1-dioxides (e.g. 1g, see Experimental; or 6b, Scheme 5)
[11b], that of the 2-substituted 3-acetyl-1,3,4-thiadia-
zolines has been reported to give heteroaromatic thia-
diazoles, i.e. dehydrogenation products [20]. Accordingly,
a quantumchemical study of the isoelectronic furan,
pyrrole, thiophene, thiazole heterocycles, as well as
thiadiazoles and their mostly hypothetical sulfur-
hypervalent derivatives has revealed that the thiadiazoles
are aromatic compounds, with larger aromatic character
than pyrrole, thiophene and furan. In contrast, the 1,3,4-
thiadiazole 1-oxide or 1,1-dioxide derivatives would have
a nonaromatic or antiaromatic character [21].

sulfoxides with high chemoselectivity [38], was applied to
the stereoselective transformation of the chiral 3-acetyl-
benzothiazoline 1le and 3-acylthiazolidines 7d,g,j
resulting the corresponding 1-oxides 1f and 7e,hk (see
Schemes 3, 6, Table 2 and Experimental). The stereo-
selective formation of sulfoxides is probably controlled by

0\\; E

NAc
Y,
O/ N

Scheme 5

m-Cl CgH4CO3H/CH,Cl, [11b]

or 30%H,0,/Ac,0 [11b]
N or KMNO4/AcOH [11b]

6a 6b
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steric effects of the N-Ac group and the C-1 and C-2 OAc
groups of the chiral 2-(polyacetoxy)alkyl side chain.
Upon oxidation, the C-2 chirality of these cyclic N,S-
acetals was not effected, since the C-2 benzothiazoline
and thiazolidine epimers would be highly laevorotatory
[for (2R)-3-acetyl-2-[D-galacto-(pentaacetoxy)pentyl]-4-
thiazolidinecarboxylic acid (the COOH analog of 7g),

[a] és = -19.7 (¢ = 1 in chloroform) [33], for the (25)

diastereomer, [o] és =-117.7 (¢ = 1 in chloroform) [32]].

Specific optical rotations of the sulfoxides (+)1f and (2R)-
7eh k reflect the formation of a new asymmetric center
(S=0) and changes in the polarity, polarizability of the
cyclic N,S-acetal moiety. Configuration of the pyramidal

sulfoxide moiety is stable under the conditions of the
synthesis due to the back donation of an electron pair of
the oxygen into a d orbital of the sulfur (“back bonding”)
[39]. Racemization at the sulfoxide moiety was observed
under more vigorous conditions, at about 200°C, for
acyclic benzyl and 50°C for allyl sulfoxides in the
presence of strong Bronsted or Lewis acids in acetic
anhydride through oxygen exchange reactions [39].
Non-stereospecific and non-stereoselective oxidation
of racemic open-chain or cyclic sulfides may lead to the
formation of C-epimeric sulfoxides, cyclic
diastereomers preponderant with frans sulfoxide moiety
[36a,37] (however, without any “C-2 epimerization”™).
Oxidative syntheses of cyclic sulfoxides have been also
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Table 3
Analytical Data of Thiazolidine 1-Oxides and 1,1-Dioxides
Compound Formula Analysis (%)
(mol. mass) Calcd./Found
C H N S
7c C,H,NO,5S 44.44 5.15 247 5.65
(567.5) 44.58 5.19 2.44 5.70
e C,H,,N,0,,S 47.01 6.01 522 5.98
(536.6) 47.12 6.10 5.20 5.88
7t C,H,,N,0,5S 45.64 5.84 5.07 5.80
(552.6) 45.76 5.89 5.17 5.88
7h C,,H;,NO,,S 46.72 5.53 2.48 5.67
(565.5) 46.84 5.60 2.44 5.58
7k C,;H:N,0,5S 47.74 5.92 4.84 5.54
(578.6) 47.86 5.98 4.89 5.47
7 C,;H:N,0,,S 46.46 5.76 471 5.39
(594.6) 46.28 5.79 4.86 5.40
Table 4
IR Spectral Data of Sulfoxides 1f, 7e,h.k and Sulfones 1g, 7¢.f 1
Compound IR (KBr) v (cm™)
1f 1750, 1690, 1640, 1584, 1463, 1430, 1374, 1350, 1220, 1145, 1042, 960
1g 1750, 1698, 1691, 1645, 1592, 1467, 1431, 1374, 1323, 1250, 1220, 1153,
1121, 1036, 954
Tc 1758, 1745, 1700, 1432, 1370, 1336, 1280, 1219, 1160, 1116, 1049, 1034,
970, 956
Te 3259, 2936, 1748, 1648, 1503, 1406, 1379, 1222, 1169, 1051, 959
7f 3281, 2983, 2939, 1750, 1650, 1430, 1392, 1371, 1330, 1257, 1212, 1143,
1121, 1042, 952
7h 2954,2936, 1751, 1678, 1438, 1372, 1348, 1301, 1230, 1061, 1038, 956
7k 2959, 2935, 1754, 1674, 1668, 1500, 1426, 1373, 1353, 1220, 1141, 1128,
1042, 957
71 2953,2935, 1752, 1674, 1500, 1425, 1373, 1350, 1257, 1221, 1141, 1127,
1079, 1040, 956
R? RN R R X
: 2 . 7a Ac H OH S
X R R R T Ac H OMe S
la. S H H H 7c Ac H OMe SO,
X Nwgz 1 S H H (] 7d H Me NMe, S
o le S Ac H H 7e H Me NMe; SO
- Ia S Ac H O Ao 7 H Me NMe, SO,
le S Ac Ac H 7¢ Ac Me OMe S
RO , If SO Ac Ac H AcO— 7h Ac Me OMe SO
oR Ig SO Ac Ac H —Ohc 7i Ac Me OMe SO,
OR L—0Ac 7j Ac Me NMe; S
1 7&k  Ac Me NMe, SO
7 7 Ac Me NMe, SO,

reported without observing configurational iso-
merization [36]. Stereoselective pyrolytic cyclization of
a thiosulfinate into a 2,2-disubstituted 3-acetylthi-
azolidine 1-oxide, with cis sulfoxide moiety in relation
to the more bulky substituent at C-2, and into 3- acetyl-
4-thiazoline has been reported [40]. The configuration of
the sulfoxide group may have an effect on the

conformation of the cyclic substituents [41]. Sulfoxide
configuration of 1-benzothiopyrans was reported to exert
an influence on the conformation of the heterocycle [42].
On the other hand, when a given ring conformation is
preferred, two diastereomeric sulfoxides could have
been isolated [43]. Recently, vibrational cd (vcd) [42]
and “sulfoximine method” nmr investigations [44]
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have been reported for configurational analysis of
(benzo)sulfoxides.

CAN-mediated transformations of N,0 or S-containing
related compounds of various types described here are
known [22]. Treatment with ceric salts transforms thio-
phenols and aromatic nitriles into 2-arylbenzothiazoles [23],
sulfides into sulfoxides [24]. Treatment of 7-phenylimino-
1,4-thiazepine-3-ones or 1,4-thiazepine-3,7-diones with
equimolar amount of CAN has been reported to give 4-oxo-
thiazolidine-2-acetic acid derivatives via ring contraction
[25]. CAN, with the ability to effect selective one-electron
oxidation of a susceptible heteroatom, transforms cephal-
osporins via subsequent formation of a sulfur-stabilized
carbocation into 2-alkoxycephalosporins with intact cephem
skeleton [26] or in a lower yield, with ring-contraction and
subsequent cleavage of the lactam ring, into thiazole
derivatives [27]. The intramolecular proximity of the highly
electrophilic quinonoid dication moiety, generated by CAN
from a 4-methoxyphenyl N-protecting group, has been
found to effect ring cleavage of 2-substituted 3-acetyl-
thiazolidine (at the C(2)-S bond) [28a,b] but not that of the
analogous 3-acetyloxazolidine derivative (at C(2)-O) [28b].
Quite recently, exocyclic C(2)-C bond fragmentation of
radical cations generated by photochemical one-electron
oxidation of cyclic N,S-acetals 2,2-disubstituted 3-methyl-
benzothiazolines to afford 2-substituted 3-methylbenzothia-
zolium derivatives has been accurately examined [28c]. 2,2-
Disubstituted benzothiazolines with free NH group are well
known to transform into 2-substituted benzothiazoles via
C(2)-C bond cleavage [4a,28d-f].

In conclusion, we found that in the reaction between a
wide variety of oxidants and cyclic N,S-acetals, the
reaction route (oxidation/dehydrogenation) depends on
the degree of (un)saturation and on the potential of the
heterocyclic substrate for a ring-chain tautomerism as
well as on the presence of an acyl group (instead of a
hydrogen) at position 3. With a chiral (polyacetoxy)pentyl
group at position 2 chirally substituted benzothiazolines
and thiazolidine-4-carboxylic acid derivatives transform
into the corresponding 1-oxides with a good chemo- and
stereoselectivity.

EXPERIMENTAL

Melting points (uncorrected): Kofler block. Solutions were
concentrated under reduced pressure in a rotary evaporator
(<50°, bath). Tlc: Kieselgel 60 F,5, (Merck, Alurolle). Ir
(potassium bromide disks): Unicam SP-200G, Perkin-Elmer 16
PC-FT and Perkin-Elmer 283 B spectrophotometers. 200 MHz
pmr: Bruker WP 200 SY instrument. Optical rotations: Schmidt-
Haensch visual polarimeter (1 dm path length).

General Procedures (cf. Tables 1 and 2).
Ammonium Cerium(IV) Nitrate (CAN) Dehydrogenation.

To a stirred suspension/solution of the powdered substrate in
acetonitrile were added powdered ammonium cerium(IV) nitrate
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in small portions (the proper time intervals being indicated by
the change of color) and water in 3-4 portions. For reaction
conditions and processing the reaction mixtures see the
indications in Table 1 and the General Operations of Processing.

Tris[trinitratocerium(IV)] Paraperiodate (TTNCPP) Dehydro-
genation.

A mixture of the substrate, solvent and the finely powdered
oxidant was stirred as stated in Table 1. The inorganic solid was
filtered off in the cold and the filtrate concentrated. The residue
was crystallized.

2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) Dehydro-
genation.

A solution of the quinone and the substrate in benzene was
boiled as stated in Table 1. For processing the reaction mixture
see the indications in Table 1 and the General Operations of
Processing.

Potassium Dichromate Dehydrogenation.

To a solution of the substrate in acetic acid was added the
finely powdered oxidant with stirring. During the first two hours
of reaction, water (2x0.3 mL) was added to form a homogeneous
solution. For processing the reaction mixture see the indications
in Table 1 and General Operations of Processing.

Potassium Permanganate Dehydrogenation/Oxidation.

To a stirred and cooled suspension of the finely powdered
substrate in 99% acetic acid were added finely powdered
potassium permanganate in small portions and water in 3-4
portions. For processing the reaction mixtures see the indications
in Tables 1 and 2 and the General Operations of Processing.

Hydrogen Peroxide Oxidation.

To a solution or suspension of the finely powdered substrate
in 99% acetic acid was added 30% hydrogen peroxide with
stirring. The mixture was allowed to react as stated in Table 2.
For processing the reaction mixtures see the indications in Table
2 and the General Operations of Processing.

Sodium Periodate Oxidation.

To a hot solution of the oxidant in water were added the
substrate and 2-propanol (for the transformation 7j—7k the
presence of 2-propanol was superfluous). The mixture was
allowed to react and then processed as stated in Table 2 and the
General Operations of Processing.

General Operations of Processing the Reaction Mixtures: (see
Tables 1 and 2).

(A) The product was filtered in the cold. (B) The reaction
mixture was concentrated. (C) The cold residue was triturated
with ice/water. (D) A solution of the product in chloroform was
washed with aq. sodium hydrogencarbonate and water, dried
(magnesium sulfate), and then concentrated. (E) Under ice/water
cooling, to the stirred reaction mixture was added 30% hydrogen
peroxide in small portions until discoloration was complete. (F)
A solution of the product in chloroform was washed with aq.
ammonium thiocyanate and water, dried (magnesium sulfate),
and then concentrated. (G) The filtrate was concentrated. (H)
The residue was separated by cc [silica gel 60; chloroform/
acetone (95:5)].
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(+)-2-(D-galacto-Pentaacetoxypentyl)-3-acetylbenzothiazoline
1-Oxide ((+)1f).

Procedure A.

A mixture of (+)-benzothiazoline (+)1e [1.079 g, 2 mmol, mp
147° (from ethanol), [a] %)3 =+193 (¢ = 1 in chloroform); [29]:
mp 131-132° (from ethanol, [ca] %)3 = 472.1 (¢ = 043 in
pyridine)], periodic acid (1.711 g, 8 mmol), water (32 mL), and
2-propanol (10 mL) was boiled for 2.5 h, then cooled and diluted
with water (~150 mL) to give crude (0.970 g, 87%) or
recrystallized (+)1f (0.777 g, 70%), mp 170° (from ethyl
acetate), [a] %)3 =+161 (¢ =1 in chloroform).

Anal. Calcd. for C,,H,,NO,S: C, 51.88; H, 5.26; N, 2.52; S,
5.77. Found: C, 51.92; H, 5.28; N, 2.58; S, 5.75. The product
when crystallized from ethanol forms an ethanol solvate, mp
108°, tlc [chloroform/acetone (9:1) or ethyl acetate/methanol
(9:1)] identical with the product melting at 170°.

Procedure B.

To (+)-benzothiazoline (+)1e (1.079 g, 2 mmol) in acetic acid
(10 mL) was added 30% hydrogen peroxide (1.4 mL). The
solution was kept at 40° for 18 h, then concentrated. The residue
was triturated with water to give crude (1.032 g, 93%) or
recrystallized (+)1f (0.586 g, 53%), mp 170° (from ethyl
acetate), tlc identical with the sulfoxide obtained in A.

(+)-2-(D-galacto-Pentaacetoxypentyl)-3-acetylbenzothiazoline
1,1-Dioxide (+)1g.

To a solution of (+)-benzothiazoline (+)1e [1.079 g, 2 mmol,
mp 147° (from ethanol), [a] 5, = +193 (¢ = 1 in chloroform)] in
96% acetic acid (30 mL) was gradually added a solution of
potassium permanganate (2.370 g, 15 mmol) in water (30 mL) at
room temperature with stirring and occasional cooling. The
reaction mixture was kept at room temperature for 1.5 h and
then 30% hydrogen peroxide was added dropwise to decompose
unreacted potassium permanganate. The colorless solution was
concentrated and the residue triturated with water. A solution of
the crude product in chloroform was washed with aq. sodium
hydrogencarbonate and water, dried (magnesium sulfate),
treated with charcoal, and then concentrated. The residue was
crystallized from anhydrous ethanol and dried at 61°/0.1 Torr
over phosphorus(V) oxide to give pure (+)1g (0.839 g, 73%), mp
92-94°, [a] 5’ =+23.8 (c = 1 in chloroform).

Anal. Calcd. for C,,H,,NO,S: C, 50.43; H, 5.11; N, 2.45; S,
5.61. Found: C, 50.62; H, 5.14; N, 2.64; S, 5.40.

Transformation of Benzothiazoline 1-Oxide (+)1f into
Benzothiazole 2a.

A mixture of (+)1f (0.556 g, 1 mmol) and acetic anhydride (5
mL, 53 mmol) was kept at 125-128° (bath) for 3 h and then
concentrated. A solution of the residue in benzene was treated
with fuller’s earth and charcoal and concentrated to give syrupy
crude [0.271 g, 55%; tlc benzene/ethyl acetate (1:1) almost
homogeneous] or crystalline benzothiazole 2a (0.140 g, 28%),
mp 132.5° (from anhydrous ethanol/hexane), identical (mp, tlc,
ir) with an authentic [30] compound.

8,9-Dimethoxyisoindolo[1,2-b][1,3]benzothiazol-10(5aH)-one
5-Oxide (4) and 6-(2-Benzothiazolyl)-2,3-dimethoxybenzoic
Acid (5).

Procedure A.
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To a stirred suspension of finely powdered benzothiazoline
lactam 3 [34] (1.497 g, 5 mmol) in acetonitrile (85 mL) were
added water (5 mL) and ammonium cerium(IV) nitrate (CAN,
2.619 g, 4.777 mmol) in small portions, until the dissolution of
the substrate was complete during 3.5 h, and then further 2.943 g
(5.368 mmol) during 1 h. The mixture was stirred for 15 min,
and then concentrated. A solution of the residue in chloroform
was washed with water, dried (magnesium sulfate), and
concentrated. Separation of the residue by cc [Silica-Woelm
100-200 um; chloroform/ethyl acetate (95:5)] afforded 4 (0.159
g, 10%), mp 219° (from ethyl acetate); ir (potassium bromide):
1726, 1696, 1684, 1680, 1592, 1038 cm™; pmr (200 MHz,
deuteriochloroform): 6 3.96 and 4.12 (2 s, each 3 H, 2 MeO),
592 (s, 1 H, 5a-H), 7.28-7.49 (m, 3 H, H-Ar; 7.26 = CHCL,),
7.68-7.80 (m, 2 H, H-Ar), 7.94-7.98 (d shaped m, 1 H, 4-H-Ar).

Anal. Calcd. for C,(H,;NO,S: C, 60.94; H, 4.15; N, 4.44; S,
10.17. Found: C, 60.33; H, 4.16; N, 4.38; S, 10.15. The second
eluate of the cc was concentrated. The residue was triturated
with some diethyl ether and hexane was added to give the
amorphous acid 5 (0.378 g, 24%), an isomer of sulfoxide 4; ir
(potassium bromide): 1768, 1716, 1680, 1654, 1648, 1582,
1496, 1372 cm™; pmr (200 MHz, deuteriochloroform): & 3.99
and 4.17 (2 s, each 3 H, 2 MeO), 7.16-7.24 (m, 2 H), 7.33-7.43
(m, 2 H), and 7.62-7.70 (m, 2 H; altogether 6 H, H-Ar).

Anal. Calcd. for C,¢(H,;NO,S: C, 60.94; H, 4.15; N, 4.44; S,
10.17. Found: C, 61.12; H, 4.13; N, 4.15; S, 10.18.

Procedure B.

A mixture of 3 [34] (0.1497 g, 0.5 mmol), sodium periodate
(0.321 g, 1.5 mmol), 2-propanol (5 mL), and water (5 mL) was
boiled with stirring for 3 h and then concentrated. The residue
was triturated with cold water to leave undissolved crude
(0.0268 g, 17%) or recrystallized 4 (0.015 g, 9.5%), mp 215°
(from ethyl acetate). The product was identical (mp, tlc, pmr)
with compound 4 obtained in A by CAN oxidation.

2(R)-(D-galacto-Pentaacetoxypentyl)-3-formylthiazolidine-4(R)-
carboxylic Acid (7a).

Procedure A.

A mixture of 85% formic acid (1 mL, 22.1 mmol) and acetic
anhydride (2 mL, 21.2 mmol), prepared at room temperature,
was added in small portions under 20 min to a solution of 2(R)-
(D-galacto-pentaacetoxypentyl)thiazolidine-4(R)-carboxylic
acid [33] (0.500 g, 1.013 mmol) in anhydrous pyridine (2.5
mL, 31 mmol) with ice/salt cooling. The reaction mixture was
cooled for an additional 2 h, then poured into ice-water and
extracted with chloroform. The chloroform solution was
washed with aq. potassium hydrogensulfate and water, dried
(sodium sulfate) and concentrated. The residue was
crystallized from ethyl acetate with addition of hexane to give
the title compound 7a (0.369 g, 70%), mp 174.5-175°, [a] 5
= —13 (¢ = 1 in chloroform); ir (potassium bromide): 1740-
1750 (OAc), 1670 (NCHO) cm™.

Anal. Caled. for C,0H,,NO;S: C, 46.06; H, 5.22; N, 2.69; S,
6.15. Found: C,46.12; H, 5.28; N, 2.65; S, 6.11.

Procedure B.

A solution of 2(R)-(D-galacto-pentaacetoxypentyl)thiazo-
lidine-4(R)-carboxylic acid [33] (1.000 g, 2.026 mmol) in 98-
100% formic acid (10 mL, Merck) was warmed on a steam bath
for 1 h and then concentrated. A chloroform solution of the
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residue was treated with charcoal and concentrated. The residue
was crystallized from ethyl acetate (2.5 mL) with addition of
hexane (3 mL) to give 7a (0.389 g, 37%), mp 147.5°, [a] 5 = —
14 (¢ = 1 in chloroform).

Names of Substrates and Products Listed in Tables 1-4.

2-(D-galacto-Pentaacetoxypentyl)benzothiazoline (1c¢); 2-
(D-galacto-Pentaacetoxypentyl)-5-chlorobenzothiazoline (1d);
2-(D-galacto-Pentaacetoxypentyl)-3-acetylbenzothiazoline (1e);
2-(D-galacto-Pentaacetoxypentyl)-3-acetylbenzothiazoline 1-
oxide (1f); 2-(D-galacto-Pentaacetoxypentyl)-3-acetylbenzo-
thiazoline 1,1-dioxide (1g); 2-(D-galacto-Pentaacetoxypentyl)-
benzothiazole (2a); 2-(D-galacto-Pentaacetoxypentyl)-5-
chlorobenzothiazole (2b); 2(R)-(D-galacto-Pentaacetoxy-
pentyl)-3-formylthiazolidine-4(R)-carboxylic acid methyl ester
(7b); 2(R)-(D-galacto-Pentaacetoxypentyl)-3-formylthiazo-
lidine-4(R)-carboxylic acid methyl ester 1,1-dioxide (7¢);
2(R)-(D-galacto-2,3,4,5-Tetraacetoxy-1-hydroxypentyl)-3-
acetylthiazolidine-4(R)-carboxylic acid dimethylamide (7d);
2(R)-(D-galacto-2,3,4,5-Tetraacetoxy-1-hydroxypentyl)-3-
acetylthiazolidine-4(R)-carboxylic acid dimethylamide 1-oxide
(7e); 2(R)-(D-galacto-2,3,4,5-Tetraacetoxy-1-hydroxypentyl)-
3-acetylthiazolidine-4(R)-carboxylic acid dimethylamide 1,1-
dioxide (7f); 2(R)-(D-galacto-Pentaacetoxypentyl)-3-acetyl-
thiazolidine-4(R)-carboxylic acid methyl ester (7g); 2(R)-
(D-galacto-Pentaacetoxypentyl)-3-acetylthiazolidine-4(R)-
carboxylic acid methyl ester 1-oxide (7h); 2(R)-(D-galacto-
Pentaacetoxypentyl)-3-acetylthiazolidine-4(R)-carboxylic
acid methyl ester 1,1-dioxide (7i); 2(R)-(D-galacto-
Pentaacetoxypentyl)-3-acetylthiazolidine-4(R)-carboxylic
acid dimethylamide (7j); 2(R)-(D-galacto-Pentaacetoxy-
pentyl)-3-acetylthiazolidine-4(R)-carboxylic acid dimethyl-
amide 1-oxide (7Kk); 2(R)-(D-galacto-Pentaacetoxypentyl)-
3-acetylthiazolidine-4(R)-carboxylic acid dimethylamide
1,1-dioxide (71).
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