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Abstract. The reactivity of readily prepared heterocyclic enaminones with some doubly
electrophilic reagents is described. Different classes of interesting fused heterocyclic
systems are obtained from these enaminones in a single reaction. © 1999 Elsevier Science Ltd.
All rights reserved.

The reactivity of enaminones as dinucleophiles with a wide variety of doubly electrophilic systems,
to give different types of heterocyclic compounds is well known.! For example, the reaction of
cyanoacrylates with quinones or Knoevenagel products are cited in the literature as suitable ways to
synthesize pyrrolinones,2 indoles? or 1,4-dihydropyridines.# Due to the pharmacological activities
displayed by many polysubstituted polyheterocyclic compounds, it is of interest to introduce new strategies
for synthesizing complex condensed heterocyclic compounds. With this aim, we have studied the reactivity
of two heterocyclic enaminones prepared by us, with different o,3-unsaturated carbonyl compounds.
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functionalized alkyl chain carrying a heteroatom with unshared electron pairs (X atom), promote
cyclizations to dihydropyridines fused with other heterocyclic rings. We have now moved to the use of
cyclized starting enaminones, containing the X atom incorporated into a heterocycle, as a way to prepare
other types of fused heterocyclic systems (Figure 1b). In this paper we describe the synthesis of 1,4-
benzothiazines, pyrido[2,1-c]thiazines, phenothiazines and pyrido[2,1-c] [1,4]benzothiazines, starting from
dihydro-1,4-thiazine enaminones (Figure 1b, X=S). There are described in the literature many
pharmacological activities for these type of fused compounds, such as calcium antagonism, antifungal,

antipsychotic or antiprotozoal properties.’
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Figure 1. a) Previously prepared fused dihydropyridines from ac;rclic enaminones
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Methods and Resuits
The heterocyclic enaminones 1 and 2 were obtained in high yield using ethyl 4-chloroacetylacetate
and 2-thioethanolamine or 2-aminothiophenol as starting materials (Scheme 1).
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Scheme 1. Synthesis of starting materials 1 and 2

We first studied the reaction of enaminone 1 with Knoevenagel products, in order to prepare hydro-
pyrido[2,1-c]thiazines related to antihypertensive thiazolo[1,2-b]pyridines. The reaction between 1 and
methyl 2-(3-chlorobenzylidene)acetylacetate was carried out in MeOH, yielding only 3. When the reaction
was carried out in benzene, the major reaction product was the 3,4,6,7-tetrahydro-2H-1,4-benzothiazine 3,
isolated in 60% yield, while the expected 3,4,8,9-tetrahydropyrido[2,1-c]thiazine 4 was isolated in very low
yield (5%). The existence of four olefinic carbons (4a, 5, 8, 8a), the lack of olefinic protons and the NH
bonded to the carboxylate, allowed us to determine the structure of compound 3, while the structure of

minor product 4 was differentiated by the presence of the shielded olefinic proton H-1 at 4.90 ppm.
In both compou i
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¢ enaminone moiety to the Knoevenagel product followed by the
reaction between the keto group and the nucleophilic 2' position, could explain the formation of the major
product. On the other hand, if the second reaction would take place between the keto group and the nitrogen
atom compound 4 would be produced (Scheme 2)., The formation of products originating from the
competition between both nucleophilic sites (y-carbon and nitrogen) in the second step of the reaction is a

common feature for all these reactions.
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To confirm the structure of compound 3 and 10 check that it could be converted into benzothiazine
derivatives, the dehydrogenation of 3 with DDQ was carried out. The expected benzothiazine derivative §
and compound 6 were obtained in 45% and 40% yield, respectively. The formation of benzothiazole 6 can
be explained by the oxidation to the fully aromatic benzothiazolium salt followed by rearrangement. The
formation of benzothiazole derivatives by ring contraction of 1,4-benzothiazine rings upon oxidation8 with
oxygen or H207 in basic conditions or from 2H-3,4-dihydro-1,4-benzothiazines by irradiation with UV
light has been described.? In our case the previous formation of a benzothiazonium cation by the DDQ, the
basic reatment during the work-up and the tendence to aromatization by ligth and/or air could explain the

formation of 6, as depicted in Scheme 3.
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After these results we decided to study the reaction of this type of enaminones with smaller doubly

electrophilic reagents, in order to gain a better understanding of their behaviour and synthetic utility for the

ms. We e eaction of enaminone 1 wi

preparation of heterocyclic systems. We examined the

]
"

was only possible 1o identify the tetrahydro-1,4-benzothiazine 7 and its dehydrogenation product 8. The
pyridothiazine analogue of 4 corresponding to the aza:annulation, was not found among the reaction
products.

We then turned our attention to the enaminone 2, in the first instance in the reaction with MVK.
Different reaction conditions, molar ratio of reagents and temperature were assayed. When we used a 1:1
ratio between 2 and MVK, the starting material was always detected as the major component of the reaction
mixture, but if we increased the MVK concentration to 1:2 ratio, at room temperature, we isolated 9 (95%)
as the sole reaction product. Under MeOH reflux the reaction gave the phenothiazines 9 (10%) and 10
(72%), whose structures were established by an array of mono and bidimensional NMR experiments

COSY, HMRBC, nQOe) (Scheme 4). The absence of nO¢’s between H-4a and other

fn etween H-4a 1er protons on the
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bicyclic system and the nOe’s observed between H-2a, H-3 and hydrogen atoms on the ethane bridge were
definitive to stablish the relative stereochemistry of compound 10,

The double conjugate addition of the a-carbon of the enaminone system to one molecule of MVK,
followed by a second addition (Scheme 5. a), accompanied by an intramolecular condensation with one of
the carbonyl groups (Scheme 5. b), would account for the formation of the tricyclic structure 9. When the
reaction was carried out by heating, the aldol condensation (Scheme 5. ¢) became faster than reaction b,

thus yielding the tetracyclic derivative 10, through a new intramolecular conjugate addition.
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Scheme 5. Formation of 9 and 10 from 2

The condensation and aza-annulation sequence was especially attractive if heterocyclic enaminones
1 and 2 were used in the reaction with dimethy! acetylenedicarboxylate (DMAD). A mixture of the Michael
addition product 11 (or 13) and the cyclization product 12 (or 14) were found. The simple heating of the
isolated 11 (or 13) in MeOH was enough to transform them in quantitative yield, into 12 (or 14). The
structures proposed for compounds 11 and 13 are supported by the presence of IR and 1H NMR signals of

hydrogen bond between the NH-group and the carbethoxy group in both cases.

COOE! E[OO(II COOMe COOMe

H L
N DMA N )\ COOE[

J — LI CooMe * )‘J\

11 62% 4\/" 12 16%

9
COOEt EOOC  COOMe O\,/\(COOMC
] . H o
N\/\/‘

SJZ' CoOMe 3‘\/'\«,)6
g
13 63% 14 2%

8
0

Scheme 6

LRI

In summary, the Michael addition of these heterocyclic enaminones to o,f-unsaturated carbonyl

compounds, followed by aza-annulation represents a simple and efficient approach to the synthesis of 1,4-
benzothiazines (> 60%), phe nothiazines (> 90%), ﬁ-nxnnvmdnm 1-clthiazines(> 75%) or 10- Ox(mvnd(‘)TZ 1-
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EXPERIMENTAL

Melting points were determined on a Buchi 510 instrument and are uncorrected. !H NMR and 13C
NMR were recorded on a 200 (Bruker WP200SY) and 400 (Bruker SY) spectrometer, using CDCl3 as

solvent with TMS as internal standard. IR spectra were obtained in CHCl; film in a Nicolet (Impact 410)
spectrophotometer. GC-MS analyses were carried out with a Hewltt-Packard 5890 Serie II and Finnigan
MAT95 (HRMS) instruments. Column chromathography was performed over silica gel Merck 60 (0.063-
0.2 mm). For flash chromatography, an Eyela EF-10 apparatus was used, with 3-85 mL/min flow rate, over

silica gel (0.040-0.063 mm). TLC was performed on precoated silica gel polyester plates (0.25 mm
thickness) with fluorescent indicator UV 254 (Polychrom SI Fjs4). Microanalyses were obtained in a
Perkin-Elmer 2400 CHN elemental analyzer.

Table 1.- 13C NMR data for compounds 3, 5, 7 and 8, Solvent CDCI3. TMS as internal standard.
NeC| 2 3 4a 5 6 7 8 8a 9 10 11 12 13
3 1262 411 1500 874 39 3.8 132.0 1204 219 171.0 1700 524 14.4;59.1
R =Ar-3Cl: 146.2 (1°);, 129.5 (2°); 133.8 (3"); 127.6 (4°); 125.3 (5"); 126.5 (6”)
5 244 417 1432 111.5 1352 116.6 1334 124.1 17.5 169.0 1694 51.6 13.1; 60.6
R = Ar-3Cl: 142.8 (1°); 128.7 (27); 135.9 (3"); 128.5 (4"); 126.7 (5°); 126.8 (6°)
7 26.1 415 1514 864 31.6 20.7 140.7 117.1 21.4 1704 144;589 - -

8 [244 415 1412 1088 117.0 127.6 136.0 1i5.6 207 1689 14.4;603 -  --

hiazin-3-ylidenacetate (1

A solution of eth l 4-chloroacetoacetate (2.99 g, 18.2 mmol) ) and 2-aminoethanethiol (4.20 g,‘ 54.6 mmol)
in 50 mL of MeOH, was allowed to stand at room temperature for 24 hours. The solvent was evaporated in
vacuo and by crystallization in MeOH gave the title compound 1 (3.0 g, 88%) as a white solid, m.p. 58-
59°C; [Found: C, 51.0; H, 6.7, N, 7.6. CgH3NO3S requires C, 51.32; H, 7.00; N, 7.48 %]; Vmax (KBr)
3336, 1652, 1629 cm’!; 8y (200 MHz, CDCI3) 8.61 (1 H, brs, NH), 4.55 (1 H, s, H2), 4.10 (2 H, q,/J 7,3
Hz, -CH2-CH3), 3.53 (2 H, m, Hs), 3.24 (2 H, 5, H2), 293 (2 H, m, Hg), 1.26 (3 H, t, J 7,3 Hz, -CH2-CH3);
d¢ (200 MHz, CDCl3) 170.6, 159.5, 81.6, 58.6, 40.3, 28.2, 27.9, 14.6 ; GC-MS m/z : 187 (M+, 52), 141
(100).

Ethyl 3,4-dihydro-2H-1,4-benzothiazin-3-ylidenacetate (2)

A solution of ethyl 4-chloroacetoacetate (1.53 g, 9.3 mmol) ) and 2-aminothiophenol (1.28 g, 10.3 mmol) in
50 mL of MeOH, was allowed to stand at room temperature for 24 hours. The solvent was evaporated in
vacuo and by crystallization in MeOH gave the title compound 2 (1.63 g, 74%) as a pale yelow solid, m.p.
64-65°C; [Found: C, 61.2; H, 5.3; N, 5.9. C12H3NO3S requires C, 61.25; H, 5.56; N, 5.95 %]; Vmax
(KBr) 3273, 1661, 1614, 1577, 975 cm™1; 8y (200 MHz, CDCI3) 10.60 (1 H, br s, NH), 6.8-7.2 (4 H, m,
Ar), 4.68 (1 H, s, Hp), 417 (2 H, q, / 7.1 Hz -CH-CH3), 3.39 (2 H, s, H2), 1.29 3 H, t,J 7,1 Hz, -CH»-
CH3); 8¢ (200 MHz, CDCIl3) 170.4, 150.4, 136.4, 128.3, 127.2, 122.5, 120.4, 117.6, 85.6, 59.4, 30.0, 14.5;
GC-MS my/z : 235 (M*, 74), 189 (100).
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in MeOH gave the title compound 3 as a yellow solid in quantitative yield.
in benzene 3 (325 mg, 60%) and the title compound 4 (26 mg, 5%) were obtamed after flash
chromatography (80% hexane/EtOAc).
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(£)-(6S,7R)-Ethyl 6-(3-chlorophenyl)-3,4,6,7-tetrahydro-8-methyl-7-methoxycarbonyl-2H-1,4-benzo

thiazin-5-carboxylate (3)
m.p. 119-120°C; [Found: C, 58.6; H, 5.5; N, 3.1. CyoH22CINO4S: requires C, 58.89; H, 5.43; N, 3.43 %];

R (80% hexane/EtOAc) 0.40; Vmax (KBr) 3355, 1733, 1640 cm!; 8y (200 MHz, CDCI3) 9.67 (1 H, br s,
NH), 7.1 (4 H, m, Ar), 4.49 (1 H, s, Hg), 4.01 (2 H, q,/ 7.1 Hz, -CH2-CH3), 3.71 (3 H, 5, OMe), 3.14 (1 H,
s, H7), 3.03 (2 H, dd, 7 10.6, 3.6 Hz, H3), 2.85 (2 H, dd, J 10.6, 3.6 Hz, Hy), 1.83 (3 H s, Hg), 1.09 (3 H, t,
J 7.1 Hz, -CH2-CH3); 8¢ (200 MHz, CDCIl3) (Table 1). GC-MS m/z: 407 (M+, 81), 361 (28), 334 (100).

owm Ao

rr) (zm y.)) unyl zs-u chiorophenyi)-6-methyi-7-methoxycarbonyi-3,4,8,9-tetrahydropyrido{2,i-]

nnnnnn MMeM AN AR, A MimiiAd Filam) 172N 1£072 ,,.....-], S _NNNRALTI . AN AN L0 7T A7 ATY e
l\[ \OU 70 UU)\d“cl WAL V.00, Umax \uqmu iy 1/70u, 1000 LIl °, OH (4UV IViNZ, LU\,lj) 0.7-7/.4 (4 11, 11,
Ar), 490 (1 H, s, Hy), 453 (1 H, s, Hg), 4.42 (2 H, dt, J 13.6, 3.4, Hz, Hy), 4.15 2 H, g, J 6.9 Hz, -CHp-
CH-2Y 3A(83( HmI—In\ 183 (3 c OMeY 306 (T H ¢ Ha) 2 8A (2 ¢ Hind 1722/ H ¢+ TAO .HA_
di )y VY e iy y KA )y Jed T \J Ady Oy WIAVAV )y JUU L XXy Oy XRYJy LedU T L1y Oy KA]{JJy 2.&T \J L1y L J U7 =CX1)
CHA) 8- (200 MH~ NDCIAY 1708 1682 1801 1457 13230 172798 1270 12964 1764 12588 1N1 R
N2 W \LVY GVRRL, NASNAR)) A T V) AVGLy AUVl ATV MDD Ty Aadedy Ldiady A&\ Ty LANLTy LLdldy 1ULLO,
98.8, 61.0, 52.0, 51.0,44.2, 41.4,26.9, 16,0, 14.2; MS m/z: 407 (M*+, 19), 334 (90), 296 (100). HRMS Calc.
for CagH22CINO4S 407.9177 found 407.9166

Oxidation of 3 with DD(Q
A solution of 3 (100 mg, 0.24 mmol) and DDQ (130 mg 0.57 mmol) in 10 mL of dry benzene was
allowed to stand at room temperature for 30 minutes. The solvent was evaporated in vacuo and the title

compound 5 (43 mg, 44%) and the title compound 6 (40 mg 40%) were isolated, as yelow oils, from the
merAda manAtian meadiiat e Flach Ahemos b oen il QK. lhnunna e A AN\
LIUAC [Cabuon provult, Uy LidsH CIHITOLIAIOETAPIlY {0070 NCAANC/EINVJ AL ).
Fthyl G (2_chlaranhenvil. R Ad_dihvdrao. Q. maoathvl. 7. mothavvearhanvl . 2.1 Ad_ hanzathiarin &
Liny:r O=\J=CiUTrOpnacnYy:/=0,5=GIaYyaGri=0-MCinyi=/-MENOXYlarsOnN Y- iii-1,4=-0CNZ0UIIaZiN-o5-
arboxylate (5)
R’.,r (85% hexane/EtOAC) 0.40; Dmax (film) 3300, 1725, 1644, 1597, 1026 cm-1; 8 (200 MHz, CDCI3) 7.0-
7.3 (4H, m, Ar), 381 2 H, q,J 7.3 Hz, -CHp-CH3), 3.712 H, 1, J 3.3 Hz, H3), 3.43 (3 H, 5, OMe), 3.03 (2
H, m, Hy), 2.22 (3 H, s, Ho) 0 8 (3 H, t, / 7.3 Hz, -CHy-CHs); ¢ (200 MHz, CDCI3) ( Table 1); GC-MS

miz: 405 (M+, 81), 347 (10), 35% (100)
Ethyl 5-(3-chlorophenyl)-2- formyl-7-methyl-9-methoxycarbon_yl-1,3-benzothiazol-4-carboxylate (6)
Ry (85% hexane/EtOAc) 0.34; Umax (film) 2850, 1750, 1703 cm™1; 8y (200 MHz, CDCl3) 10.18 (1 H, s,
CHO), 7.2-7.4 (4 H, m, Ar), 4.21 (2 H, q, / 7.1 Hz, -CH2-CH3), 3.59 3 H, s, OMe), 2.67 (3 H, s, Hg), 1.03
(3 H, 1,/ 7.1 Hz, -CH2-CH3); 8¢ (200 MHz, CDCl3) 185.1, 167.8, 167.5, 165.9, 150.0, 138.8, 138.8, 137.6,
136.0, 134.5, 133.5, 131.8, 129.3, 129.0, 128.4, 127.2, 61.9, 52.4, 19.7, 13.6; GC-MS m/z: 417 (M*, 60),
388 (6), 340 (100). HRMS Calc, for C20H 16CINO5S 417.8695, found 417.8699.

Reaction of enaminone i with methyl vinyl ketone

A solution of enaminone 1 (200 mg, 1.07 mmol) and methyl vinyl ketone (75 mg, 1.07 mmol) in 25
mal AF AN wwne allawad ta o?nnr‘ at ranm tarmnaratnra far 2 hanre The caluant svannratad 1w variza and
1111, UL IVIU\U/L1 vwWao alluwiuuld LJu olal [« NS R V.V 001 l\/llly\dlalul\d 11Ul U 1IUU1 ). 1l UL YLiLL vvay\.ﬂatuu e VUL WAL Qllu
after flash chrematoafﬂnh" (0909 hexane/FtOAc) were obtained the title comnound 7T (20 me. R9%) and he

1y (YU% hexang/miOUAC) were odlained e e compound (LU mg, 8%) and ne

title compound 8 (35 mg, 14%) as white oils.

Ethyl 3,4,6,7-tetrahydro-8-methyl-2H-1,4-benzothiazin-5-carboxylate (7)

Rf (90% hexane/EtOAc) 0.43; vpax (film) 3346, 1731 cm-1; 3y (200 MHz, CDCI3) 9.50 (1 H, br s, NH),
413 (2 H, q,J 7.3 Hz, -CHz-CH3), 3.50 (2 H, m, H3), 2.88 (2H, m, H2), 2.37 2 H, t, J 7.8 Hz, Hg), 2.14 (2
H,t,J 7.8 Hz, Hy), 1.94 (3 H, s, Hyg), 1.25 (3 H, t, / 7.3 Hz, CH2-CH3); dc (200 MHz, CDCI3) ( Table 1);
MS mi/z: 239 (M+, 68), 166 (100). HRMS Calc. for C12H7NO2S 239.3277, found 239.3270.

Ethyl 3,4-dihydro-8-methyl-2H-1,4-benzothiazin-5-carboxylate (8)

Rf (90% hexane/EtOAc) 0.38; Vmax (film) 3342, 1675, 1594, 1570, 1511, 769 cr'}; 8y (200 MHz, CDCI3)
7.95 (1 H, d, J 8.4 Hz, He), 6.42 (1 H, d, J 8.2 Hz, Hy), 428 (2 Hq, J 7.1 Hz, -CH2-CH3), 3.70 (Z H, m,
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H3), 3.00 (2 H, m, Hp), 2.22 (3 H, s, Hy), 1.36 (3 H, t, J 7.1 Hz, -CH»-CH3); 8¢ (200 MHz, CDCI3) ( Table
1); MS mv/z: 237 (M*, 10), 191 (100).

Reaction between the enaminone 2 and methyl vinyl ketone: Preparation of phenothiazines 9 and 10
A muxture of enaminone 2 (200 mg, 0.85 mmol) and methyi vinyl ketone (119 mg, 1.70 mmol) in 20

mL of MeOH was refluxed for 12 hours. After flash chromatography (80% hexane/EtOAc) the iitle
nnnnnnnn A Q vy 1NN nrmA ¢ha #/4], mrrammizead TV /)1 L e TV wrara 1o0-laead WMo, shhn waned e
L(III'l[JUuH.u -4 \JU Hls, 1V /0] alid LIIC Hic LU’IL‘JUMHU AU (&1L llls, 14770) WEIT iSO1aicq. vv i€l ¢ reaclion lb
carried out at room temperature 9 was isolated in 95% yield. '

Ethyl 4-methyl-1-(3-oxobutyl)-2,3-dihydro-1H-phenothiazin-1-carboxylate (9

=LA LVALLRILY L35t 141 it

I

Rf (80% hexane/EtOAc) 0.40; Vmax (film) 1723, 1658 cm™1; 53 (400 MHz, CDC13) 7.3 (4 H, m, Ar), 4.17
(2 H, q,7 7.1 Hz, -CHy-CH3), 2.75 (1 H, ddd, / 17.2, 10.4, 5.2 Hz, Hyp), 2.60 (1 H, ddd, / 17.2, 104, 5.2
Hz, Hy),2.40 (1 H, m, Hj), 2.34 (2 H, m, H3), 2.14 (3 H, s, Hy'), 2.08 and 2.27(2 H, m, Hy"), 1.84 (1 H, dd,
J11.2, 5.6 Hz, H2), 1.78 (3 H, 5, C4-Me), 1.23 3 H, t, J 7.1 Hz, -CH,-CH3); 8¢ (400 MHz, CDCl3) 208.6,
173.4, 158.6, 139.4, 135.7, 129.7, 127.5, 126.6, 126.0, 124.9, 116.2, 61.3, 53.2, 39.4, 30.2, 30.0, 29.2, 28.0,
20.5, 14.2 ; MS m/z: 357 (M, 44), 213 (100). HRMS Calc. for CyoH23NO3S 357.4574, found 357.4568.
Ethyl 3-acetyl-4-methyl-2,3,4,4a-tetrahydro-1H-1,4-ethanephenothiazin-1-carboxylate (10)

Rf (80% hexane/EtOAc) 0.36; Umax (film) 1732, 1637 cm™1; 8y (400 MHz, CDCI3) 7.25 (1 H, m, Hg),
7.23 (1 H, m, H7), 7.13 (1 H, m, Hy), 7.05 and 7.23 (1 H, m, H¢), 4.35 (1 H, dq, J 10.7, 7.1 Hz, -CH»-CH3),
425 (1 H,dq,/J10.7, 7.1 Hz,-CH2-CH3), 4.06 (1 H, s, H4a), 2.96 (1H, dd, / 11.0, 8.0 Hz, H3), 246 (1 H,

dddd, J 13.5, 11.6, 2.9, 2.0 Hz, Hy), 2.38 (1 H, ddd, J 13.6, 8.0, 2.9 Hz, H»p), 2.23 (1 H, ddd, J13.8, 11.9,
-7 A 1I_ Y _ ~ AN D . raZa.V VY N 1Z£ 717 1Y o I | 12 £ 11 N 1Y TY_\ 1T N 71 XY 233 ) 4 1 £ 171 7 £ A
7.4 Hz, H9), 2.20 (3 H, 5, CO-Me), 2.16 (1 H, dd, J 13.6, 11.0 Hz, H»), 1.93 (1 H, ddd, J; 13.5, 11.3, 6.4
LI II.A 1T A7 /1T H AAAA 7128 1NQR 20 79 WU A 129 /21T ¢ 771 e (ML OIS 197 (21T ¢
N, £ij'y, 157 1y, QGUlU, v 1000, 1U.0, 4.7, L4 114, K177}, L.O&L \J X1, 4, J /.1 X1&, ~\oX17-Up13), L.41 \J 11, 5,
. May A~ 74 MH-> ODCIZY 2104 1712 161 1420 12772 12672 12722 ANA S1Q ARA AN S
\aq l'L\',, UL \-f\l\l AVALE Ry \zl./\.al_)/ - A \JJTT, A4 7 k.U, PRV AV N l, l-l'l-.\l, Ldei l-’ lh\l.k’ th-J, AVAV) \l’ Jl./, T, U’ e AV N J,
36.4,32.4, 29.8,29.8, 26.5, 22.4, 14.1;, MS m/z: 357 (M*, 24), 241 (100). HRMS Calc. for C20H23NO3S
357.4574, found 357.4581.

Reaction of enaminone 1 with dimethyl acetylenedicarboxylate
A solution of enaminone 1 (0.83 g, 4.43 mmol) and dimethyl acetylenedicarboxylate (630 mg, 4.43
mmol) in 20 mL of MeOH was allowed to stand at room temperature for 3 hours. The crude of the reaction

was purified by flash chromatography (90% hexane/EtOAc) and gave the ritle compound 11 (900 mg, 62%)

A sz Y1

as a yeuow SOllG and the title Compouna' 12 (10 mg 10"/0), as a yEUOW oil. When 11 was refluxed in

wine ~Ahtniaa

19 14
lVlCUl_l, LL wdad UUldlllCU Hl quauutauvc _lelu

Dimethyl 2-[(ethoxycarbonyl)(perhydro-1,4-thiazin-3- yliden)methyl]fumarat (11)

m.p. 105-106°C (MeQH); [Found: C, 51.2; H, 5.7; N, 4.3. C14HgNOgS: requires C, 51.05; H, 5.81 N,

4.25 %); Rf(90% hexane/EtQAc) 0.45; umax (KBr) 1720, 1666 cm'l; 8y (200 M_Hz, CDCI3)9.71 (1 H, br

s, NH), 6.75 (1H, s, H3), 4.16 (1H, dg, J 11.6, 7.3 Hz, -Cl—!____z'-CHg? 4.01 (1H, dg, J 11.0, 7.3 Hz, -CHp-
70

(1 1
CH3), 3.77 (3H, s, OMe), 3.70 (3 H, s, OMe), 3.53 (2 H, m, Hs), 2.91 (2 H, m, Hg), 3. 15 and 3.36 2 H,
AB, J 14.6 Hz, Hy), 1.15 3 H, t,J 7.3 Hz, -CH»-CH3); o¢ 8__ (200 MHz, CDCl3) 168.1, 168.0, 165.0, 160.7,
141.5, 126.0, 87.6, 52.2, 58.7, 51.3, 39.5, 27.3, 24.5, 13.9.
Ethyl 8-methoxycarbonyl-6-0x0-1,3,4,6-tetrahydropyrido[2,1-c]thiazin-9-carboxylate (12)
R (90% hexane/EtOAc) 0.38; max (film) 1739, 1715, 1683 cm-1; 8y (200 MHz, CDCI3) 7.06 (1 H,s, Hy),
4.02 (2H, g, J 7.3 Hz, -CH2-CHz3), 3.71 (2 H, m, Ha), 3.68 (2 H, s, Hy), 3.66 (3 H, s, OMe), 3.08 (2 H, m,
H3), 1.31 (3 H, t, J 7.3 Hz, -CH2-CH3); 8¢ (200 MHz, CDCI3) 169.8, 166.4, 162.2, 132.2, 130.8, 129.1,
112.7,52.1, 38.6, 30.2, 25.9; MS m/z: 297 (M, 100).

71 NS o A AL AIN il bl e b 1 bt FEAN e A AL i AT 2 AN

f'\ mlx[urc OI ‘ (1.uo g 4.40 mmoi) ana mmcmy aCClYICIICUILAI DUA Y 1ALL (USV 1l1g, 490 1 101) 111 4V

¥ L ERANLT Lino ra fliswvad fAr 24 hanre Tha rrida of tha reartian wae nurified hv flach chramataoranhvy
ML O IviEUri, wdd ICIIUATU 101 L5 HUULS. 1LHU LIUUL ULl UIC Tealldull wad puiilitdl Uy Llasii viluviliaiwugiapii
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(80% hexane/EtOAc) and gave the title compound 13 (1.05 g, 63%) as a white oil, and the title compound
14 (15 mg, 2%), as a white solid. When 13 was refluxed in MeOH, 14 was obtained in quantitative yield.
Dimethyl 2-[(ethoxycarbonyl)(3,4-dihydro-2H-1,4-benzothiazin-3-yliden)methyl] fumarate (13)

R (80% hexane/EtQAc) 0.43; vmax (film) 3270, 1724, 1662, 1606, 1571 cm'l‘ SH (200 MHz, CDCl3)

11.56 (1 H, br s, NH), 6.9-7.1 (4 H, m, Ar), 6.56 (i H,s, H3), 4.16 (2 H, dq, J 10.3, 7.3 Hz, -CHa-CH3),

o P

3.80 (3H, s, OMe), 3.72 (3 H, s, OMe), 3.37 (2 H, 5, H2), 1.20 (3 H, t, J 7.3 Hz, -CH2-CH3); 8¢ (200 MHz,
CDBCl3) 168.5, 167.6, 165.3, 150.0, 140.0, 136.2, 129.0, 127.9, 127.0, 123.4, 121.1, 118.0, 91.3, 60.0, 52 8,
52.0, 26.3, 14.2; MS m/z: 377 (M*, 100), 331 (26). HRMS Calc. for C1gH19NOgS 377.3856, found
377.3862.
Ethvl 10-0x0-6 10-dihvdronvridol2.1-2111 d1Thenzothiazin.f meathavvrarhanvl.7.carhavviata (14)

LLLA AV AT AU TR J A VP S P LU My AT Jl Ay T JULTIILUVMITIGRLIM U IV IIIVA T VA UV YIS 7 =0dl UVAyIdLL \4177)
m. p. 163-164 °C (MeOH); [Found: C, 59.3; H, 4.2; N, 4.1, Cy7H15NQsS: requires C, 59.12; H, 4.37 N,
4.05 %]; Rf (80% hexane/EtOAc) 0.38; vmax (film) 1738, 1665, 1606, 1590 cm-!; 8y (200 MHz, CDCI3)

9.19 (1 H,d, J 7.6 Hz, Hy), 7.52 (1 H, 5, Ho), 7.1-7.2 (3 H, m, Hp, H3 and Hy), 4.37 (2 H, q, J 7.3 Hz, -CHp-
CHa), 3.89 (2 H, s, He), 3.71 3 H, s, OMe), 1.37 (3 H, t, J 7.3 Hz, -CH-CH3); 6¢ (200 MHz, CDCI3)
170.0, 165.5, 162.3, 133.2, 132.8, 129.7, 128.3, 126.3, 125.5, 124.5, 119.2, 117.1, 112.7, 61.7, 52.3, 30.7,
14.1; MS m/z: 345 (M*, 100).
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