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The ring transformations of dichloro-p-lactam-fused 2-aryl-1,3-benzothiazines with sodium methoxide
were investigated. With 2 equiv of base, the dichloro-f-lactam derivatives underwent rearrangement
and dihydro-1,4-benzothiazepines, 3,4-substituted isoquinolines and substituted thiazole disulfides were
isolated. A possible reaction mechanism is proposed for the simultaneous formation of the novel
products. The formation of isoquinoline and thiazole derivatives can be explained by sulfur extrusion and
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1. Introduction

Derivatives of four-membered nitrogen heterocyclic ring systems
are probably among the most widely studied families of heterocyclic
compounds.! Within these ring systems, particular attention has
been paid to azetidin-2-one counterparts.? The continuously in-
creasing research interest in f-lactam chemistry originated primarly
from the unquestionable usefulness of many such compounds in
everyday medical practice (e.g., penicillins, cephalosporins, carba-
penems, taxol derivatives, the cholesterol-lowering ezetimibe).
Besides these drugs, a huge number of four-membered ring com-
pounds also exhibit valuable pharmacological effects* (antidiabetic,®
anti-HIV,® anti-inflammatory and analgesic,” and inhibitors of hu-
man cytomegalovirus,® human leukocyte elastase,® tryptase'® and
thrombin'!). From a chemical aspect, various modifications of these
ring systems have been achieved and, due to their strained nature, f3-
lactams display relatively high reactivity. This makes them versatile
intermediates for a wide range of nitrogen-containing target com-
pounds, such as functionalized B-amino acids, p-peptides, amino
alcohols, and chiral catalysts.'> Moreover, they can be utilized as

* Corresponding authors. Tel.: +36 66 463763; fax: +36 66 526539 (L.F); tel.:
+36 1 3722911; fax: +36 1 3722592 (P.S.); e-mail addresses: fodor@pandy.hu (L.
Fodor), sohar@chem.elte.hu (P. Sohar).
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building blocks for natural products and different heterocycles.!®
Such features serve as the driving force for the invention of many
synthetic pathways for the preparation of B-lactams, and conse-
quently their reactions have been widely studied.! ™3

Increasing attention has also been paid to halo-substituted B-
lactams.'*~7 In view of their reactivity, besides the ring strain in
four-membered lactams, the introduction of a halo substituent
markedly extends the range of utilizability of these compounds,
allowing the development of novel reactions on the ring atoms,
leading to new functionalized derivatives'* or exceptionally in-
teresting rearragements or ring transformations.!®~!7 By means of
these latter methods, chloro-p-lactams have been transformed, for
example, to aziridines,'® pyrrolidin-2-ones,'® bicyclic y-lactams!”
or macrocyclic p-amino amides,'® which are valuable in-
termediates in the synthesis of homalium alkaloids.

We recently reported a convenient and general synthetic
pathway for rare 2-aryl-3-alkoxycarbonyl-substituted 4,5-dihydro-
1,4-benzothiazepines, utilizing monochloro-f-lactam derivatives,
trans-2-chloro-2a-aryl-2,2a-dihydro-5,6-dimethoxy-1H,8H-azeto
[2,1-b][1,3]benzothiazin-1-ones, as starting materials.'® The ring
expansion of monochloro-p-lactams with sodium methoxide
afforded 1,4-benzothiazepines as single products in good yields. As
a further aim, in the present paper we set out to investigate the
transformations of the corresponding dichloro-B-lactams, 2,2-
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dichloro-2,2a-dihydro-5,6-dimethoxy-1H,8H-2a-arylazeto[2,1-b]
[1,3]benzothiazin-1-ones in response to basic treatment.

2. Results and discussion

The Staudinger reaction was applied for the synthesis of the
starting dichloro-B-lactams 2a—g. The reactions of 1,3-
benzothiazines 1a—g with dichloroacetyl chloride in refluxing tol-
uene furnished azeto[2,1-b][1,3]benzothiazin-1-ones 2a—g in good
yields (Table 1). The treatment of dichloro-f-lactam 2a with excess
sodium methoxide led to the formation of three compounds, which
were separated by column chromatography. Surprisingly,
structure investigations demonstrated that the major product was
a known benzothiazepine, 7,8-dimethoxy-2-methoxycarbonyl-3-
(4-methylphenyl)-4,5-dihydro-1,4-benzothiazepine 6a. It was
identical with the compound obtained earlier in the rearrangement
of monochloro-p-lactam derivative 3a'® with sodium methoxide in
dry methanol under reflux (Table 1). Similar substituted 4,5-
dihydro-1,4-benzothiazepines have been prepared by the ring ex-
pansion of benzoisothiazoles on treatment with alkynes.°

6,7-Dimethoxy-4-methoxycarbonyl-3-(4-methylphenyl)iso-
quinoline 4a was identified as the second product. It is note-
worthy that the preparation of 3,4-disubstituted isoquinolines
with the tools of conventional synthetic organic chemistry is
relatively complicated, and novel reactions have therefore re-
cently been developed for the synthesis of these alkaloid-type
compounds.?! The remaining compound was identified as iso-
thiazole disulfide 5a. To extend the possibility of this novel ring
expansion, compounds 2b—g were reacted under the same
conditions, which led to the analogous isoquinolines (3b—g),
thiazole disulfides (4b—g) and benzothiazepines (6b—g).

A possible reaction pathway for the formation of these com-
pounds is depicted in Scheme 1. In the first step, methanol-induced
dehalogenation is associated with the opening of the dichloro-§-
lactam ring, affording chloroketenes 7 and methyl hypochlorite. On
the addition of methanol followed by intramolecular S-alkylation
and subsequent tautomerization, the ketene intermediates are
transformed into dihydrobenzo|f][1,4]thiazepines (7—8—9—6).
These primary products in part undergo hypochlorite-mediated
S-chlorination, resulting in the corresponding sulfonium salt,

base-catalysed deprotonation, of which and subsequent sulfur ex-
trusion leads to isolable isoquinolines (6 —10—11—-12—-13—-4).
Besides sulfur elimination, the presumed benzo[f][1,4]thiazepine-
2-carboxylates 12 react with the elemental sulfur present in the
reaction mixture in a [4+1] cycloaddition step to generate the
corresponding sulfur-bridged intermediate 14, which undergoes
ring opening associated with the formation of a thiazole ring. In the
final step, spontaneous oxidation of the resulting thiazolyl thio-
phenols gives disulfides 5 as isolable products.

The structures of the compounds investigated follow un-
ambiguously from the data (Tables 2 and 3).

The high ¥C=0 frequencies of 2a—g (1794+4 cm™!) are char-
acteristic of p-lactams.?? The frequencies are enhanced by the —I
effect of the two vicinal chlorine atoms.

The downfield shifts of the H-5 and H-8 signals (by ~0.47 and
0.66 ppm) in 4 as compared with 2 are striking. This can be explained
by the —I effect of the condensed hetero ring and for H-8 by the an-
isotropic neighbouring effect of the ester carbonyl.?3 The latter ob-
servation is supported by the higher downfield shift in4b and 4£(0.58
and 0.81 ppm) where the ortho-substituted Ar group (perpendicular
to the molecular skeleton in the preferred conformation because of
the steric hindrance between the Ar and ester groups) forces the ester
carbonyl into a coplanar arrangement with the skeleton.

This conformational preference is also revealed in the upfield
shift of the methyl singlet of the ester group in 4b and 4f relative to
the other molecules of type 4 (by 0.16 and 0.06 ppm), due to the
anisotropic effect of the perpendicularly oriented Ar ring?3" in the
predominant conformation.

The downfield 'H NMR signal (9.14+0.04 ppm) and '3C NMR
line (15143 ppm) of H-4 and C-4, respectively, in 4 are proof of the
isoquinoline moiety.>¢ Similarly, the high chemical shifts of C-2
(166.7+2 ppm) and C-4 (158.2414 ppm) for thiazoles 5 confirm the
presence of this hetero ring.23¢

The downfield shift of the H-5 signal is due to the anisotropy of the
near-lying lone pair on the N atom?3 in the preferred rotamer. For
more extended electron delocalization including the three aromatic
and heteroaromatic rings, a coplanar arrangement predominates in
both halves of 5. To avoid steric interaction between H-5 and the ester
group, the S-cis arrangement of the two S atoms and consequently the
closeness of the H-5 and the nitrogen atoms are plausible.

Table 1
Synthesis of isoquinolines, thiazole derivatives and 1,4-benzothiazines from 1,3-benzothiazines via the ring transformation of f-lactam-condensed 1,3-thiazine derivatives
Ar Q| Ar |
\‘ C: \l/Ar Cl,CH,COCH RU S cr R S H
Et3N toluene 2 N N
2
reflux R e} R o
2a—g 3
NaOMe MeOH]| reflux
& l Ref. 19
COOMe Y
) R $% COOMe
R AT RJ S
+ 2 S COOMe | \
R 0 Ar
2 = N | 2
R N R NH
Ar 6
4a—g 5a—-g a-g

Ar R! R? B-Lactam Yield (%) Isoquinoline Yield (%) Thiazole Yield (%) Thiazepine Yield (%)
4-Me—CgHy MeO MeO 2a 92 4a 16 5a 24 6a 26
2-Me—CgHa MeO MeO 2b 90 4b 17 5b 21 6b 25
4-MeO—CgH4 MeO MeO 2c 94 4c -2 5c 21 6¢ 32
3,4-diMeO—CgH3 MeO MeO 2d 95 4d -2 5d 19 6d 28
4-Cl—CgH, MeO MeO 2e 89 4e 15 5e - 6e 22
2-Cl—CgH4 MeO MeO 2f 90 af 16 5f 21 6f 24
Ph EtO EtO 2g 88 4g 9 5g A 6g 28

¢ Not isolated.
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Scheme 1.

In summary, we have investigated the ring transformation re-
actions of 2,2-dichloro-2,2a-dihydro-5,6-dimethoxy-1H,8H-2a-aryla-
zeto[2,1-b][1,3]benzothiazin-1-one derivatives in the presence of
sodium methoxide. The structures of the ring transformation products
formed simultaneously (7,8-dimethoxy-2-methoxycarbonyl-3-aryl-
4,5-dihydro-1,4-benzothiazepines,  6,7-dimethoxy-4-methoxycarb
onyl-3-arylisoquinolines and isothiazole disulfide derivatives) were
proved by means of IR and NMR spectroscopy. A possible mechanistic
pathway is proposed for the formation of novel compounds.

3. Experimental
3.1. General

Melting points were determined on a Kofler micro melting ap-
paratus. Elemental analyses were performed with a Perkin—Elmer

2400 CHNS elemental analyser in the Institute of Pharmaceutical
Chemistry. Merck Kieselgel 60F,54 plates were used for TLC, and
Merck Silica gel 60 (0.063—0.100) for column chromatography.
Dichloroacetyl chloride was purchased from Fluka. 1,3-
Benzothiazines 1a—g were prepared by literature methods.'%?4

IR spectra were recorded in KBr pellets with a Bruker IFS 55
FT-spectrometer. '"H and 3C NMR spectra were recorded in
CDCl3 solution in 5 mm tubes at RT, on a Bruker DRX 500
spectrometer at 500 ('H) or 125 (3C) MHz, with TMS
(61ms=0 ppm) as internal reference, and the deuterium signal of
the solvent as the lock. Assignments were supported by DEPT,
HMQC and HMBC measurements. DEPT spectra were run in
a standard manner, using only the ®=135° pulse to separate CH/
CH; and CH; lines phased ‘up’ and ‘down’, respectively. 2D-
HMQC and 2D-HMBC spectra were obtained by using the stan-
dard Bruker pulse programs.
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Table 2

Characteristic IR frequencies® and 'H NMR data® of 2a—g, 4a, b, e—g and 5a—d, f°
Compound vC=0 vC—Oester ~yCpH XCH3 s OCH; OCH3 NCHzfs,d H-5's H-8s H-2 H-6 H-3' H-5' H-4'

e
band  bands Band? Band? M) ester  (Pos.6,7)  ordd (R (H) 57 group attached to the heteroring®

2a 1794 — 809 843 2.38 — 3.87,3.84 420489 6.76 6.77 7.32 7.23 —
2b 1794 — 740 831 2.60 — 3.89,3.84 427492 6.83 6.79 — 7.29 ~7.25
2c 1795 — 801 853 3.81 — 3.85,383 4.22488 6.74 6.75 7.36 6.92 —
2d 1794 — 809 868 389,393 — 3.86,3.84 4.19487 6.74 6.76 6.91 6.97 — 6.86 —
2e 1797 — 810 845 — — 3.86,3.83 420488 6.74 7.37 —
2f 1790 — 744 832 — — 3.86,3.80 426492 678 676 — 747  ~725 ~731 ~725
2g 1792 — 748 827 142,145 — 4.06" 420487 6.78 6.79 7.42 7.39
4a 1723 1204,1151 820 846 241 3.73 4.03,4.04 9.13 7.24 7.31 7.57 7.26 —
4b 1717 1210,1154 749 841 2.23 3.55 4.06,4.05 9.16 7.29 7.37 — 7.20 7.28
4e 1705 1214,1161 823 835 — 3.71 4,02 9.10 7.22 7.29 7.60 741 —
4f 1722 1239,1155 780 839 — 3.61 407,405 9.17 7.28 7.57 — 7.48 7.33 7.34 7.40
4g 1731 1249,1164 705 853 1.55' 3.69 425" 9.12 7.24 7.31 7.67 7.46 7.39
5a 1711 1263,1019 822 875 242 3.82 3.84,3.79 — 7.68 7.09 7.77 7.26 —
5b 1714 1256,1017 755 869 2.25 3.77 3.88,3.78 — 7.77 7.06 — 7.37 7.30 7.26 7.35
5c 1721 1253,1021 832 870 3.88 3.84 385,380 — 7.66 7.12 7.89 6.99 —
5d 1688 1241,1029 759 877 3.95' 3.84 3.86,3.79 — 7.65 7.12 7.61 7.58 — 6.96 —
5f 1718 1260,1019 760 875 — 3.78 387,380 — 7.76 7.05 — 7.54 7.49 7.33 7.38

2 In KBr discs (cm™"). Further IR bands, yCa,Ca, (ortho-disubstituted Ar group): 692 (2g), 679 4g; »C—Cl: 1 or 2 bands between 662 and 698 cm ™! (2a—g).
b In CDCl; solution at 500 MHz. Chemical shifts in ppm (6tms=0 ppm), coupling constants in Hz.

¢ Assignments were supported by 2D-HMQC and 2D-HMBC measurements.

4 Ar/condensed (2, 4) or S-substituted (5) benzene ring.
€ 2xs (2x3H) for 2d, 5d, 2 xt (2x3H) for 2g, t (6H) for 4g, X: Ar (a, b), O (c, d), CH; (g), J: 7.0 (2g), 7.0 (4g).

f 2xd,J: 16.1 (2a), 15.6 (2b), 16.0 (2c), 15.8 (2d,e), 15.7 (2g), CH=N, s (1H) for 4.
& AA'BB’-type spectrum, ~d (2H), J: 8.1 (2a, 4a, 5a), 8.8 (2c, 4c, 5c), 8.3 (4e).

M CH,(OEt), m (4H, 2g), ga (4H, 4g).

! Two overlapping signals.

J The IUPAC numbering of the benzothiazines (2) is used here and in the spectroscopic part of the text for the condensed (4) and S-substituted benzene ring (5).

3.2. General procedure for the preparation of dichloroazeto
[2,1-b][1,3]benzothiazines (2a—g)

To a stirred solution of the 4H-1,3-benzothiazine (1a—g)
(2.0 mmol) in anhydrous toluene (10 mL), dichloroacetyl chloride
(3.0 mmol) was added. The solution was refluxed, and triethyl-
amine (0.4 mL, 3.0 mmol) in anhydrous toluene (20 mL) was
added dropwise over 1 h under reflux. The reaction mixture was

chloride was washed with toluene. The organic layer was
extracted with brine (20 mL) and dried with NaySO4. After
evaporation, the oily residue crystallized on trituration with
ethanol.

3.2.1. 2,2-Dichloro-2,2a-dihydro-5,6-dimethoxy-1H,8H-2a-(4-
methylphenyl)azeto[2,1-b][1,3]benzothiazin-1-one (2a). A white
crystalline powder; mp 118—120 °C; 0.75 g, yield 92%; Rr (55%,

then cooled and filtered, and the remaining triethylammonium chloroform:methanol 99:1). Anal. Calcd for Cy9H17CI;NO3S

Table 3

13C NMR chemical shifts? of 2a—g, 4a, b, e—g and 5a—d, f°
Compound C=O0 OCH; NC© C-4a C-5 C-6 Cc-7 C-8 C-8a N-Cquat*® Cq(sp3); C-1 c-2' c-6 Cc-3/ C-5' c-4'

Benzothiazine (2), isoquinoline (.'q(spz)f Ar attached to the skeleton (2,4) or thiazole (5)
(4) or subst.-benzene and thiazole (5)¢

2a 163.6 56.48, 56.52 444 1253 111.7 1486 1495 113.1 1220 82.6 90.3 135.0 126.0 129.8 139.7
2b 163.6 56.5% 452 126.7 111.7 148.7 149.6 113.1 1221 83.7 89.7 137.2 135.7 1295 1324 126.4" 1254
2c 163.5 56.48, 56.51 443 1249 111.7 1486 1495 113.1 1220 823 90.5 129.9 127.7 1144 160.6
2d 163.6 56.3," 56.6" 444 1252 111.7 148.7 1495 113.1 1220 82.6 90.5 136.9 130.2 1189 1496 111.2 150.2
2e 163.4 56.50, 56.53 445 1249 111.8 1488 149.6 1132 1214 82.1 89.9 136.6" 1293 127.7 135.7"
2f 163.3 56.5% 448 1249 1115 1486 149.7 113.0 1219 823 89.6 137.2 1326 1314 127.1" 1307 127.3"
2g 163.6 62.22,i 62.26' 446 1254 113.8 1484 1493 1151 1218 826 90.2 129.1" 129.6" 120.0
4a 170.3 56.5, 56.6 151.3 1235 1059 150.9%¢ 1545 1029 130.8 150.98% 121.7 138.2 128.8 129.5 138.6
4b 169.2 56.57,56.64 150.8 123.7 106.1 151.1 154.7 103.1 130.8 151.9 1231 136.8 1403 1293 1257 128.6 130.5
4e 169.9 56.5, 56.6 1513 123.7 1059 151.1 154.7 1029 130.8 1494 122.0 139.5 130.3 129.0 134.9
af 168.7 56.56,56.63 151.5 1242 106.0 1513 154.7 103.5 130.8 150.2 121.9 140.4 1334 1298 1269" 131.1 129.7"
4g 170.2 65.0, 65.1! 151.2 1236 1070 1505" 1543 103.7 130.7 150.6" 122.7 1411 128.9 128.8 128.6
5a 162.6 56.54,56.45 166.6 129.1 112.7 1503 1509 117.8 126.5 159.8 122.6 131.7 130.3 128.9 139.6
5b 162.2 56.5, 56.6 166.7 129.2% 1129 1504 150.8 118.2 126.7 160.1 124.8 135.0 1372 1303 1304 125.6 129.28
5¢ 162.7 56.4, 56.5 166.5 129.0 112.7 1502 1509 117.7 126.6 159.3 121.8 126.9 132.0 113.6 160.8
5d 162.7 56.43)/56.5" 1665 1287 1127 1502" 151.0 117.3 126.8 159.3 1219 127.0 114.0 123.7 1485 123.7 150.4"
5f 162.0 56.5, 56.6 166.9 129.5 1129 1506 150.8 118.6 1264 156.6 126.1 134.7 1341 131.7 1295 126.8 130.4

2 In ppm (é1ms O ppm) at 125.7 MHz. Solvent: CDCls. Further signals, CH3(Et): 15.1, 15.2 (2g), 14.8, 14.9 (4g); ArCHs: 21.6 (2a,b), 21.7 (4a), 20.2 (4b), 21.9 (5a), 20.4 (5b); OCH3

(Ar): 55.7 (2¢), 56.50, 56.52 (2d)" 55.7 (5¢), 56.32" 56.39" (5d); OCHj (ester):
Assignments were supported by DEPT, HMQC and HMBC measurements.

NCH, (2), N=CH (4), N—C(sp?) —Ar (5).

=1

S—C—N (2), C-3 (isoquinoline, 4), C-4 (thiazole, 5).
CCl; (2), C-4 (isoquinoline, 4), C-5 (thiazole, 5).
Two overlapping lines.

" Reversed assignments is also possible.

' OCH, (Et).

@ ™ 0 Ao n o

52.8 (4a,g), 52.5 (4b), 52.9 (de), 52.6 (4f, 5a—c), 52.7 (5d,f).

The IUPAC numbering of the benzothiazines (2) is used here and in the spectroscopic part of the text for the condensed (4) and S-substituted benzene ring (5).
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(410.31): C, 55.62; H, 4.18; N, 3.41; S, 7.82. Found: C, 55.93; H, 4.45;
N, 3.22; S, 8.05.

3.2.2. 2,2-Dichloro-2,2a-dihydro-5,6-dimethoxy-1H,8H-2a-(2-
methylphenyl)azeto[2,1-b][1,3]benzothiazin-1-one (2b). A white
crystalline powder; mp 173—176 °C; 0.74 g, yield 90%; Rf (56%,
chloroform:methanol 99:1). Anal. Calcd for Cy9H17Cl;NO3S
(410.31): C, 55.62; H, 4.18; N, 3.41; S, 7.82. Found: C, 55.88; H, 4.42;
N, 3.70; S, 7.61.

3.2.3. 2,2-Dichloro-2,2a-dihydro-5,6-dimethoxy-1H,8H-2a-(4-
methoxyphenyl)azeto[2,1-b][1,3]benzothiazin-1-one (2c). A white
crystalline powder; mp 143—146 °C; 0.80 g, yield 94%; R¢ (56%,
chloroform:methanol 99:1). Anal. Calcd for C1gH17CI;NO4S (426.31):
C,53.53; H,4.02; N, 3.29; S, 7.52. Found: C, 53.78; H, 4.28; N, 3.02; S,
7.32.

3.2.4. 2,2-Dichloro-2,2a-dihydro-5,6-dimethoxy-1H,8H-2a-(3,4-
dimethoxyphenyl)azeto[2,1-b][1,3]benzothiazin-1-one (2d). A white
crystalline powder; mp 202—204 °C; 0.87 g, yield 95%; Rf (57%,
chloroform:methanol 99:1). Anal. Calcd for Cy9H19CI;NOsS
(456.34): C,52.64; H, 4.20; N, 3.07; S, 7.03. Found: C, 52.47; H, 4.48;
N, 3.31; S, 7.29.

3.2.5. 2,2-Dichloro-2,2a-dihydro-5,6-dimethoxy-1H,8H-2a-(4-
chlorophenyl)azeto[2,1-b][1,3]benzothiazin-1-one (2e). A white
crystalline powder; mp 114—116 °C; 0.77 g, yield 89%; Rf (58%,
chloroform:methanol 99:1). Anal. Calcd for CigH14CI3NO3S
(430.73): C,50.19; H, 3.28; N, 3.25; S, 7.44. Found: C, 49.98; H, 3.45;
N, 3.42; S, 7.71.

3.2.6. 2,2-Dichloro-2,2a-dihydro-5,6-dimethoxy-1H,8H-2a-(2-
chlorophenyl)azeto[2,1-b][1,3]benzothiazin-1-one (2f). A white crys-
talline powder; mp 122—124 °C; 0.78 g, yield 90%; Rr (56%, chlor-
oform:methanol 99:1). Anal. Calcd for CigH14CIsNO3S (430.73): C,
50.19; H, 3.28; N, 3.25; S, 7.44. Found: C, 50.43; H, 3.45; N, 3.11; S, 7.52.

3.2.7. 2,2-Dichloro-2,2a-dihydro-5,6-diethoxy-1H,8H-2a-phenyl-
azeto[2,1-b][1,3]benzothiazin-1-one (2g). A white crystalline pow-
der; mp 122—123 °C; 0.75 g, yield 88%; R¢(52%, chloroform:methanol
99:1). Anal. Caled for CgH19CI,NO5S (424.34): C, 56.61; H, 4.51; N,
3.30; S, 7.56. Found: C, 56.85; H,; N, 4.73; S, 7.81.

3.3. General procedure for the preparation 6,7-dimethoxy-4-
methoxycarbonyl-3-phenylisoquinoline (4), 4,4',5,5'-
tetramethoxy-[2,2’-di-(5”-methoxycarbonyl-4"-aryl-2"-
thiazolyl)]-diphenyl disulfide (5) and 7,8-dimethoxy-2-
methoxycarbonyl-3-aryl-4,5-dihydro-1,4-benzotiazepines (6)

Compound 2 (5 mmol) was dissolved in methanol (20 mL), and
NaOMe (0.54 g, 10 mmol) was added, and the solution was stirred
under reflux. After 3 h, the reaction mixture was diluted with
chloroform (150 mL) and extracted with water. The organic layer
was dried (Na;SO4) and evaporated to dryness, the residue was
dissolved in the minimum amount of chloroform, and the solution
was chromatographed on a silica column. The column was de-
veloped with a 1% solution of methanol in chloroform.

3.3.1. 6,7-Dimethoxy-4-methoxycarbonyl-3-(4-methylphenyl)iso-
quinoline (4a). A white crystalline powder; mp 156—159 °C; 0.27 g,
yield 16%; Rg (62%, chloroform:methanol 99:1). Anal. Calcd for
Co0H19NO4 (337.37): C, 71.20; H, 5.68; N, 4.15. Found: C, 71.42; H,
5.81; N, 3.98.

3.3.2. 6,7-Dimethoxy-4-methoxycarbonyl-3-(2-methylphenyl)iso-
quinoline (4b). A white crystalline powder; mp 159—161 °C; 0.29 g,

yield 17%; Rf (61%, chloroform:methanol 99:1). Anal. Calcd for
CyoH19NO4 (337.37): C, 71.20; H, 5.68; N, 4.15. Found: C, 71.11; H,
5.86; N, 4.01.

3.3.3. 6,7-Dimethoxy-4-methoxycarbonyl-3-(4-chlorophenyl)iso-
quinoline (4e). A white crystalline powder; mp 184—187 °C; 0.27 g,
yield 15%; Rf (60%, chloroform:methanol 99:1). Anal. Calcd for
C19H16CINO4 (357.79): C, 63.78; H, 4.51; N, 3.92. Found: C, 64.02; H,
4.80; N, 3.76.

3.3.4. 6,7-Dimethoxy-4-methoxycarbonyl-3-(2-chlorophenyl)iso-
quinoline (4f). A white crystalline powder; mp 215—218 °C; 0.29 g,
yield 16%; Rf (64%, chloroform:methanol 99:1). Anal. Calcd for
C19H16CINO4 (357.79): C, 63.78; H, 4.51; N, 3.91. Found: C, 63.92; H,
4.66; N, 3.82.

3.3.5. 6,7-Diethoxy-4-methoxycarbonyl-3-phenylisoquinoline
(4g). A white crystalline powder; mp 153—155 °C; 0.16 g, yield 9%;
Rr (60%, chloroform:methanol 99:1). Anal. Calcd for Cy1Hz1NOg4
(351.40): C, 71.78; H, 6.02; N, 3.99. Found: C, 71.52; H, 6.20; N, 4.21.

3.3.6. 4,4',5,5'-tetramethoxy-}2,2'-di-[5"-methoxycarbonyl-4"-(4-
methylphenyl)-2"-thiazolyl]}-diphenyl disulfide (5a). A yellow crys-
talline powder; mp 213—216 °C; 0.96 g, yield 24%; Rr (82%, chlor-
oform:methanol 99:1). Anal. Calcd for C49H3gN205S4 (800.99): C,
59.98; H, 4.53; N, 3.50; S, 16.01. Found: C, 60.23; H, 4.70; N, 3.65; S,
16.28.

3.3.7. 4,4',5,5'-tetramethoxy-}2,2'-di-[5"-methoxycarbonyl-4"-(2-
methylphenyl)-2"-thiazolyl]}—diphenyl disulfide (5b). A yellow
crystalline powder; mp 190—193 °C; 0.84 g, yield 21%; R (83%,
chloroform:methanol 99:1). Anal. Calcd for C49H36N208S4 (800.99):
C,59.98; H, 4.53; N, 3.50; S, 16.01. Found: C, 60.24; H, 4.70; N, 3.68;
S, 15.89.

3.3.8. 4,4',5,5'-tetramethoxy-}2,2'-di-[5"-methoxycarbonyl-4"-(4-
methoxyphenyl)-2"-thiazolyl]}—diphenyl disulfide (5c). A yellow
crystalline powder; mp 182—185 °C; 0.87 g, yield 21%; Rr (82%,
chloroform:methanol 99:1). Anal. Calcd for C40H3gN2010S4
(832.99): C,57.68; H,4.36; N, 3.36; S, 15.40. Found: C, 57.82; H, 4.58;
N, 3.11; S, 15.12.

3.3.9. 4,4',5,5'-tetramethoxy-}2,2'-di-[5"-methoxycarbonyl-4"-(3,4-
dimethoxyphenyl)-2"-thiazolyl[}-diphenyl disulfide (5d). A yellow
crystalline powder; mp 192—195 °C; 0.85 g, yield 19%; Rr (86%,
chloroform:methanol 99:1). Anal. Calcd for C4uH40N201254
(893.04): C,56.49; H, 4.51; N, 3.14; S, 14.36. Found: C, 56.65; H, 4.78;
N, 3.35; S, 14.59.

3.3.10. 4,4',5,5'-tetramethoxy-}2,2'-di-[5"-methoxycarbonyl-4"-(2-
chlorophenyl)-2"-thiazolyl]}-diphenyl disulfide (5f). A yellow crys-
talline powder; mp 153—155 °C; 0.88 g, yield 21%; Rr (81%, chlor-
oform:methanol 99:1). Anal. Calcd for C3gH39CI;N205S4 (841.82): C,
54.22; H, 3.59; N, 3.33; S, 15.24. Found: C, 54.48; H, 3,76; N, 3.58; S,
15.10.

3.3.11. 7,8-Dimethoxy-2-methoxycarbonyl-3-aryl-4,5-dihydro-1,4-
benzotiazepines (6a—g). The physical and analytical data on 6a—g
were identical to those published earlier.!%?*

Acknowledgements
The authors express their thanks to the Hungarian Scientific

Research Foundation (OTKA K-83874 and K-68887) for financial
support. The European Union and the European Social Fund also



6586 L. Fodor et al. / Tetrahedron 68 (2012) 6581—-6586

10. Sutton, J. C.; Bolton, S. A.; Hartl, K. S.; Huang, M.; Jacobs, G.; Meng, W.; Ogletree,

provided financial support for the project under grant agreement
M. L.; Pi, Z.; Schumacher, W. A.; Seiler, S. M.; Slusarchyk, W. A.; Treuner, U.;

no. TAMOP 4.2.1./B-09/KMR-2010-0003.

Zahler, R.; Zhao, G.; Bisacchi, G. S. Bioorg. Med. Chem. Lett. 2002, 12, 3229.

11. Han, W. T,; Trehan, A. K.; Wright, ]. J. K.; Federici, M. E.; Seiler, S. M.; Meanwell,
N. A. Bioorg. Med. Chem. 1995, 3, 1123.
References and notes 12. (a) Aranda, T. M.; Pérez-Faginas, P.; Gonzales Muniz, R. Curr. Org. Synth.
2009, 6, 325; (b) Brandi, A.; Cicchi, S.; Cordero, F. M. Chem. Rev. 2008,
. Singh, G. S.; D’hooghe, M.; De Kimpe, N.; Alcaide, B.; Aragoncillo, C.; Almendros, 108, 3988; (c) Fu, N.; Tidwell, T. T. Tetrahedron 2008, 64, 10465; (d)
P.; Marchant-Brynaert, ].; Brulé, C.; Mehta, L. K.; Parrick, J. In Comprehensive Alcaide, B.; Almendros, P.; Aragoncillo, C. Chem. Rev. 2007, 107, 4437; (e)
Heterocyclic Chemistry III; Katritzky, A. R., Ramsden, C. A., Scriven, E. F. V., Taylor, D’hooghe, M.; Dejaegher, Y.; De Kimpe, N. Pure Appl. Chem. 2005, 77,
R. ]. K, Eds.; Elsevier: Oxford, 2008; vol. 2, pp 3—311. 2061; (f) Filop, F. Chem. Rev. 2001, 101, 2181; (g) Alcaide, B.; Almendros,
. Alcaide, B.; Almendros, P.; Arrieta, A.; Banik, B. P.; Banik, L.; Bari, S. S.; Basu, B.; P. Synlett 2002, 381.
Becker, E. F.; Bhalla, A.; Cossio, F. P.; Ghosh, P.; Granito, C.; Lecea, B.; Mandal, B.; 13. (a) Palomo, C.; Aizpurua, ]. M.; Ganboa, I.; Oiarbide, M. Curr. Med. Chem. 2004,
Oiarbide, M.; Palomo, C.; Pindinelli, E.; Troisi, L. In Topics in Heterocyclic 11, 1837; (b) D’hooghe, M.; Dekeukeleire, S.; De Kimpe, N. Pure Appl. Chem.
Chemistry, Heterocyclic Scaffolds I, 8-Lactams; Maes, B. U. W., Banik, B. K., Eds.; 2010, 82, 1749.
Springer: Heidelberg, 2010; vol. 22, pp 1-375. 14. (a) Ceri¢, H.; Sindler-Kulyk, M.; Kovacevi¢, M.; Peri¢, M.; Zivkovi¢, A. Bioorg.
. (a) Alcaide, B.; Almendros, P.; Aragoncillo, C. Curr. Opin. Drug. Discovery Dev. 2010, Med. Chem. 2010, 18, 3053; (b) Bari, S. S.; Bhalla, R.; Hundal, G. Tetrahedron
13, 685; (b) Lysek, R.; Katarzyna Borsuk, K.; Furman, B.; Katuza, Z.; Kazimierski, A.; 2009, 65, 10060 Bhalla, A; (c) Tato, F.; Reboul, V.; Metzner, P. J. Org. Chem. 2008,
Chmielewski, M. Curr. Med. Chem. 2004, 11,1813; (c) Deshmukh, A. R. A. S.; Bhawal, 73, 7837; (d) Venugopalan, P.; Bhasin, K. K.; Bari, S. S. Tetrahedron 2007, 63,
B.M.; Krishnaswamy, D.; Govande, V. V.; Shinkre, B. A.; Jayanthi, A. Curr. Med. Chem. 3195; (e) Dejaegher, Y.; Denolf, B.; Stevens, C. V.; De Kimpe, N. Synthesis 2005,
2004, 11, 1889; (d) Alcaide, B.; Almendros, P. Curr. Med. Chem. 2004, 11, 1921. 193.
. Mehta, P. D.; Sengar, N. P. S.; Pathak, A. K. Eur. J. Med. Chem. 2010, 45, 5541. 15. (a) Mollet, K.; D’hooghe, M.; De Kimpe, N. J. Org. Chem. 2011, 76, 264; (b)
. (a) Wang, W.; Devasthale, P.; Farrelly, D.; Gu, L.; Harrity, T.; Cap, M.; Chu, C; D’hooghe, M.; Mollet, K.; Dekeukeleire, S.; De Kimpe, N. Org. Biomol. Chem.
Kunselman, L.; Morgan, N.; Ponticiello, R.; Zebo, R.; Zhang, L.; Locke, K.; Lippy, 2010, 8, 607.
J.; O'Malley, K.; Hosagrahara, V.; Zhang, L.; Kadiyala, P.; Chang, C.; Muckelbauer, 16. (a) Rao, S. N.; O’Ferrall, R. A. M. J. Org. Chem. 1990, 55, 3244; (b) Van Brabandt,
J.; Doweyko, A. M.; Zahler, R.; Ryono, D.; Hariharanb, N.; Chenga, P. T. W. Bioorg. W.; De Kimpe, N. J. Org. Chem. 2005, 70, 3369.
Med. Chem. Lett. 2008, 18, 1939; (b) Goel, R. K. J. Pharm. Pharm. Sci. 2004, 7, 80. 17. Dekeukeleire, S.; D’hooghe, M.; De Kimpe, N. J. Org. Chem. 2009, 74, 1644.
. Sperka, T.; Pitlik, J.; Bagossia, P.; Tozsera, ]. Bioorg. Med. Chem. Lett. 2005, 15, 3086. 18. (a) Begley, M. ].; Crombie, L.; Haigh, D.; Jones, R. C. F.; Osborne, S.; Webster, R. A.
. (a) Kumar, A.; Rajput, C. S. Eur. J. Med. Chem. 2009, 44, 83; (b) Bhati, S. K.; Kumar, B. J. Chem. Soc., Chem. Commun. 1993, 2027; (b) Banfi, L.; Guanti, G.; Rasparini,
A. Eur. J. Med. Chem. 2008, 43, 2323; (c) Kumar, A.; Rajput, C. S.; Bhati, S. K. M. Tetrahedron Lett. 1998, 39, 9539.
Bioorg. Med. Chem. 2007, 15, 3089. 19. Fodor, L.; Csom6s, P.; Csampai, A.; Sohar, P. Synthesis 2010, 2943.
. (a) Ogilvie, W. W.; Yoakim, C.; Do, F.; Hache, B.; Lagace, L.; Naud, J.; O’'Meara, J. 20. Spitz, C.; Reboul, V.; Metzner, P. Tetrahedron Lett. 2011, 52, 6321.
A.; Deziel, R. Bioorg. Med. Chem. 1999, 7, 1521; (b) Deziel, R.; Malenfant, E. Bi- 21. (a) Si, C,; Myers, A. G. Angew. Chem. 2011, 50, 10409; (b) Hui, B. W.-Q.; Chiba, S.
oorg. Med. Chem. Lett. 1998, 8, 1437; (c) Yoakim, C.; Ogilvie, W. W.; Cameron, D. Org. Lett. 2009, 11, 729; (c) Gilmore, D.; Allan, K. M.; Stoltz, B. M. J. Am. Chem. Soc.
R.; Chabot, C.; Guse, L.; Hache, B.; Naud, J.; O'Meara, J. A.; Plante, R.; Deziel, R. J. 2008, 130, 1558; (d) Wang, B.; Lu, B.; Jiang, Y.; Zhang, Y.; Ma, D. Org. Lett. 2008,
Med. Chem. 1998, 41, 2882; (d) Borthwick, A. D.; Weingarten, G.; Haley, T. M.; 10, 2761; (e) Movassaghi, M.; Hill, M. D. Org. Lett. 2008, 10, 3485.
Tomaszewski, M.; Wang, W.; Hu, Z.; Bedard, J.; Jin, H.; Yuen, L.; Mansour, T. S. 22. Holly, S.; Sohadr, P. In Theoretical and Technical Introduction” to the Series "Ab-
Bioorg. Med. Chem. Lett. 1998, 8, 365. sorption Spectra in the Infrared Region; Lang, L., Prichard, W. H., Eds.; Akadémiai
. (a) Cainelli, G.; Galletti, P.; Garbisa, S.; Giacomini, D.; Sartorb, L.; Quintavalla, A. Kiadé: Budapest, 1975; p 113.
Bioorg. Med. Chem. 2005, 13, 6120; (b) Finke, P. E.; Shah, S. K.; Fletcher, D. S,; 23. Sohar, P. Nuclear Magnetic Resonance Spectroscopy; CRC: Boca Raton, Florida,
Ashe, B. M,; Brause, K. A.; Chandler, G. O.; Dellea, P. S.; Hand, K. M.; Maycock, A. 1983; (a) 1, pp. 32, 33, 2, p. 61; (b) 1, pp. 35—-38; (c) 2, p. 192; (d) 2, p. 190; (e) 2,
L.; Osinga, D. G.; Underwood, D. ].; Weston, H.; Davies, P.; Doherty, ]J. B. J. Med. pp. 89, 90.
Chem. 1995, 38, 2449. 24. Fodor, L.; Szabo, ].; Szfics, E.; Bernath, G.; Sohar, P. Tetrahedron 1984, 40, 4089.



	Ring transformations of β-lactam-condensed 1,3-benzothiazines to isoquinoline and thiazole derivatives by sulfur extrusion  ...
	1. Introduction
	2. Results and discussion
	3. Experimental
	3.1. General
	3.2. General procedure for the preparation of dichloroazeto[2,1-b][1,3]benzothiazines (2a–g)
	3.2.1. 2,2-Dichloro-2,2a-dihydro-5,6-dimethoxy-1H,8H-2a-(4-methylphenyl)azeto[2,1-b][1,3]benzothiazin-1-one (2a)
	3.2.2. 2,2-Dichloro-2,2a-dihydro-5,6-dimethoxy-1H,8H-2a-(2-methylphenyl)azeto[2,1-b][1,3]benzothiazin-1-one (2b)
	3.2.3. 2,2-Dichloro-2,2a-dihydro-5,6-dimethoxy-1H,8H-2a-(4-methoxyphenyl)azeto[2,1-b][1,3]benzothiazin-1-one (2c)
	3.2.4. 2,2-Dichloro-2,2a-dihydro-5,6-dimethoxy-1H,8H-2a-(3,4-dimethoxyphenyl)azeto[2,1-b][1,3]benzothiazin-1-one (2d)
	3.2.5. 2,2-Dichloro-2,2a-dihydro-5,6-dimethoxy-1H,8H-2a-(4-chlorophenyl)azeto[2,1-b][1,3]benzothiazin-1-one (2e)
	3.2.6. 2,2-Dichloro-2,2a-dihydro-5,6-dimethoxy-1H,8H-2a-(2-chlorophenyl)azeto[2,1-b][1,3]benzothiazin-1-one (2f)
	3.2.7. 2,2-Dichloro-2,2a-dihydro-5,6-diethoxy-1H,8H-2a-phenylazeto[2,1-b][1,3]benzothiazin-1-one (2g)

	3.3. General procedure for the preparation 6,7-dimethoxy-4-methoxycarbonyl-3-phenylisoquinoline (4), 4,4′,5,5′-tetramethoxy-[2,2 ...
	3.3.1. 6,7-Dimethoxy-4-methoxycarbonyl-3-(4-methylphenyl)isoquinoline (4a)
	3.3.2. 6,7-Dimethoxy-4-methoxycarbonyl-3-(2-methylphenyl)isoquinoline (4b)
	3.3.3. 6,7-Dimethoxy-4-methoxycarbonyl-3-(4-chlorophenyl)isoquinoline (4e)
	3.3.4. 6,7-Dimethoxy-4-methoxycarbonyl-3-(2-chlorophenyl)isoquinoline (4f)
	3.3.5. 6,7-Diethoxy-4-methoxycarbonyl-3-phenylisoquinoline (4g)
	3.3.6. 4,4′,5,5′-tetramethoxy-}2,2′-di-[5″-methoxycarbonyl-4″-(4-methylphenyl)-2″-thiazolyl]}-diphenyl disulfide (5a)
	3.3.7. 4,4′,5,5′-tetramethoxy-}2,2′-di-[5″-methoxycarbonyl-4″-(2-methylphenyl)-2″-thiazolyl]}–diphenyl disulfide (5b)
	3.3.8. 4,4′,5,5′-tetramethoxy-}2,2′-di-[5″-methoxycarbonyl-4″-(4-methoxyphenyl)-2″-thiazolyl]}–diphenyl disulfide (5c)
	3.3.9. 4,4′,5,5′-tetramethoxy-}2,2′-di-[5″-methoxycarbonyl-4″-(3,4-dimethoxyphenyl)-2″-thiazolyl]}-diphenyl disulfide (5d)
	3.3.10. 4,4′,5,5′-tetramethoxy-}2,2′-di-[5″-methoxycarbonyl-4″-(2-chlorophenyl)-2″-thiazolyl]}-diphenyl disulfide (5f)
	3.3.11. 7,8-Dimethoxy-2-methoxycarbonyl-3-aryl-4,5-dihydro-1,4-benzotiazepines (6a–g)


	Acknowledgements
	References and notes


