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The title compounds, dimethyl 4-thia-1-azatetracyclo[5.4.0.0°'.0%®]undeca-2,9-diene-5,6-dicarboxylates,
were prepared in low to moderate yields by the reactions of various 1-pyridinio[(thiocarbonyl)methylide]s and 3-
(1-pyridinio)thiophene-2-thiolates with dimethyl acetylenedicarboxylate in chloroform or benzene at room tem-
perature or at the elevated temperature. Some compounds could also be obtained by heating the corresponding
dimethyl 10aH-pyrido[1,2-d][1,4]thiazepine-1,2-dicarboxylates once separated from the reaction of pyridinium
ylides with the same reagent. These 4-thia-1-azatetracyclo[5.4.0.0>'*.0®®]undeca-2,9-diene derivatives were
smoothly thermolyzed in xylene at the reflux temperature to afford dimethyl phthalate and the corresponding
thiazole derivatives in good yields. The structures of these 4-thia-1-azatetracyclo[5.4.0.0°'!.0%®]undeca-2,9-di-
enes were mainly identified by their physical and spectral inspections together with mechanistic considerations,
and confirmed finally by the X-ray analyses of two compounds.

In our previous papers,’"? we have described first
preparation of 10aH-pyrido[1,2-d|[1,4]thiazepine deriva-
tives from the reactions of 1-pyridinio[(thiocarbonyl)-
methylide]s having a cyano or a benzoyl group at the
ylidic carbanion and 3-(1-pyridinio)thiophene-2-thio-
lates with dimethyl acetylenedicarboxylate (DMAD)
in chloroform at room temperature. In our recent
attempts to extend this reaction, however, we found
that other pyridiniomethylides such as 1-pyridinio-
[[ethoxycarbonyl[(methylthio)thiocarbonyl]jmethylide]s
and 1-(2-methylpyridinio)[[cyano[(methylthio)thiocar-
bonyl|jmethylide] reacted smoothly with the same
reagent even at room temperature to afford quite dif-
ferent types of 1:1 adducts.® Some spectral evidences
for these products and the mechanistic consideration
suggested that these products must be the intramolec-
ular Diels—Alder type of adducts of 1,2-dimethyl 5-eth-
yl 4-methylthio-10a H-pyrido[1,2-d][1,4]thiazepine-1,2,5-
tricarboxylates or dimethyl 5-cyano-7-methyl-4-(meth-
ylthio)-10aH-pyrido[1,2- d]{1,4]thiazepine-1,2-dicarbox-
ylate initially formed from the reactions of pyridinium
ylides with DMAD. From this standpoint of view, we
examined the reactions of some other 1-pyridinio[(thio-
carbonyl)methylide]s with DMAD under more severe
conditions and confirmed the formation of the same
types of products. In this paper we wish to report
the syntheses of title compounds, dimethyl 4-thia-1-
azatetracyclo[5.4.0.0511.0%-8Jundeca-2,9-diene-5,6-dicar-
boxylates, from the reactions of various 1-pyridinio-
[(thiocarbonyl)methylide]s with DMAD, and their ther-
molyses leading to the fragmentation to dimethyl ph-
thalate and thiazole derivatives.

Results and Discussion

Preparations of Dimethyl 4-Thia-1-azatetra-
cyclo[5.4.0.0%-11.0%8]undeca-2,9-diene-5,6-dicar-
boxylates. In contrast with the formation of 10aH-
pyrido[1,2- d|[1,4]thiazepine derivatives from the reac-

tions of 1-pyridinio[(thiocarbonyl)methylide]s having a
cyano or benzoyl group at the ylidic carbanion with
DMAD (2), the reactions of 1-pyridinio[[ethoxycarbon-
yl[(methylthio)thiocarbonyl)]Jmethylide]s 1a—c with 2
in chloroform at room temperature did not give any
colored product such as pyridothiazepine derivatives 4
at all as described earlier by us,»? but they afforded
compound 3a—c as colorless prisms in 51,46, and 38%
yields, respectively. When these reactions were done
in boiling chloroform, the yields for products 3a—c in-
creased to 71, 73, and 41%, respectively. On the other
hand, the reaction of 1-(3,5-dimethylpyridinio){[eth-
oxycarbonyl[(methylthio)thiocarbonyl)]jmethylide] 1d
with 2 in boiling chloroform gave a mixture of 3d
(7%) and 5-ethyl 1,2-dimethyl 8,10-dimethyl-4-meth-
ylthio-10a H-pyrido[1,2-d][1,4]thiazepine-1,2,5-tricarbox-
ylate 4d (53%). Similarly, other 1-pyridinio[[ethoxy-
carbonyl[(substituted thiocarbonyl)|Jmethylide]s 1e—1
reacted with 2 in boiling chloroform to give the cor-
responding products 3e—I1 in 14—40% yields, respec-
tively (Scheme 1). Furthermore, 1-pyridinio[[cyano-
(substituted thiocarbonyl)]methylide]s 1m,o—s and
1-pyridinio[[benzoyl(substituted thiocarbonyl)]methyl-
ide]s 1t—x, which gave only 10aH- pyrido[l,2- dJ-
[1,4]thiazepine derivatives 4 at room temperature,’
also reacted with 2 in boiling chloroform to yield
the corresponding compounds 3m,0—x (4—59%) to-
gether with 10a H-pyrido[1,2-d][1,4]thiazepines 4t,v—x
(22—32%). Interestingly, 1-(2-methylpyridinio)[[cyano-
[(methylthio)thiocarbonyl]|methylide] 1n afforded only
product 3n in 28% yield even at room temperature.
These results are shown in Scheme 2.

Similarly, 3-(1-pyridinio)thiophene-2-thiolate deriva-
tives ba—g,i, reacted with DMAD (2) in boiling chlo-
roform or benzene to give the corresponding thiophene-
fused adducts 6a—g,i in 14—62% yields, respectively.
On the other hand, the reaction of ylide 5h with DMAD
in boiling chloroform or benzene gave a complex mix-
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ture and no significant product was isolated. The corre-
sponding products 6h, however, were obtained from 5h
and 2 in 28% yield by lowering the reaction temperature
to 50 °C (Scheme 3).

Compounds 3d,m,o,p,t could also be obtained in
good yields (65—79%) by heating the corresponding
pyridothiazepines 4m,o in chloroform for 4 h or by
keeping 4d,p,t in chloroform at room temperature for
about 30 d. Similarly, adducts 6d,g were formed in 64
and 51% yields from the reactions of 2-ethyl 5,6-dimeth-
yl 1-methyl- 4y and 1-phenyl-6aH-pyrido|[1,2-d]thieno-
[2/,3"-b][1,4]thiazepine-2,5,6-tricarboxylates 4z") in boil-
ing chloroform (Scheme 4). These facts strongly sug-
gested that 10a H-pyrido|[1,2-d][1,4]thiazepine derivatives
such as 4 are precursors for these compounds 3a—x and
6a—i.

The elemental analyses (see Experimental) and
'H NMR spectra (Table 1) clearly showed that the prod-
ucts 3a—x and 6a—i are the 1:1 adducts between pyri-

dinium ylides 1a—=x or pyridinium betaines 5a—i and
DMAD (2). Furthermore, the formation of the same
adducts 3d,m,o,p,t and 6d,g from the corresponding
10aH-pyrido|[1,2-d][1,4]thiazepines 4d,m,0,p,t and 6aH-
pyrido[1,2-d]thieno[2’,3"-b][1,4]thiazepines 4y,z and the
dramatic decrease of the number of the olefinic protons
derived from the original pyridine ring in the *H NMR
spectra suggested the possibility that compounds 3a—=x
and 6a—i are the intramolecular Diels—Alder type of
adducts of the initially formed pyridothiazepine deriva-
tives such as 4. In the 'HNMR spectra of adducts
3a—x and 6a—i, for example, the maximum numbers
of the olefinic protons derived from the pyridine ring
are 2, and this means that these adducts have a tetra-
hydropyridine moiety. Furthermore, the proton signals
of the 2- and 5-methyl groups on the pyridine ring in
starting 1-pyridinio[(thiocarbonyl)ylide|s 1b,d,h,j,n,p,
s,u,v and 5c¢,f,i appeared in the range of 6=1.42—1.59
as a singlet, and the proton signals of the 2-, 5-, and
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6-positions appeared in the ranges of §=3.60—4.18,
6=2.36—2.77, and 6=3.28—3.77, respectively. These
higher chemical shifts for the protons and the methyl
protons indicated distinctly that they are on sp® hy-
bridized carbons. On the other hand, the signals at-
tributable to the protons and the methyl groups at the
3- and 4-positions on the pyridine ring appeared in lower
regions (6=>5.55—5.74 and 6=1.78—1.97 respectively).
From their chemical shifts and signal patterns we con-
cluded that these molecules must have a 1,2,3,6-tetra-
hydropyridine moiety in their structures. Interestingly,
a long-range coupling (1.0 Hz) between the 2- and 6-
protons on this 1,2,3,6-tetrahydropyridine ring was ob-
served. This long-range coupling should be a W-shaped
one as seen in some cage compounds,” and, from the
consideration of the conformation with Dreiding mod-
els, the appearance of such long range coupling could be
understood. However, there is still the problem of which

double bond in the 4,5-dihydro-1,4-thiazepine struc-
ture of primary compounds 4 acts as a 27t component
in these intramolecular Diels—Alder type of reactions.
This answer could also be obtained by considering nor-
mal electron demand (diene(HOMO)-olefin(LUMO)) in
such a reaction® and in part by indicating an «,(3-un-
saturated cyano absorption band (2191—2211 cm™)
in the IR spectra of compounds 3m—s: the double
bond which acts as the 27t component during these in-
tramolecular Diels—Alder type of reactions must be the
more electron-deficient one between the 6- and 7-posi-
tions rather than that between the 2- and 3-positions
in the 4,5-dihydro-1,4-thiazepine structure.

To confirm our proposed structures and to obtain fur-
ther structural data for these adducts 3a—x and 6a—i,
we did X-ray structural analyses for two compounds,
3n and 6b. The crystal and structure analysis data
as well as the selected bond lengths and angles for 3n
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Table 1. 'HNMR Spectral Data for 4-Thia—l-azatetra.cyclo[5.4.0.05’u.OG'S]undeca-2,9-dienes
Compd 6 (CDCls)
No*® C7 C8 C9 C10 C-11  RPorRS COzMe Others
3a 3.58 2.66 5.7—6.4 3.88 243 3.66 3.66 1.29 3.9—44
dd brt m brd S s s t m
3b 3.57 253 6.28 5.63 1.52  2.45 3.66 3.66 1.28 3.9—44
d brt q dd s s S S t m
3c 3.51 242 185 5.69 3.76  2.39 3.60 3.62 1.27 3.9—44
dd dd d brd dd s s s t m
3d 3.37 145 5.61 1.78 °) 2.40 3.69 3.69 1.29 3.9—44
d s brs d s S s t m
3e 362 271 5.7—6.5 396 133 301 371 371 1.33 3.9—44
dd brt m brd t q s S t m
3f 356 244 189 5.65 3.79 129 294 3.60 3.62 1.29 3.9—44
dd dd d brd dd t q S S t m
3g 3.62  2.67 5.7—6.4 381 365 1309 3.69 3.69 1.30 3.9—44
dd brt m brd s t S s t m
3h 361 253 627 563 153 368 12719 360 3.60 1.27 3.9—44
d brt q dd s s t S s t m
3i 3.53 243 187 5.64 377 358 1.21Y 363 3.63 1.27 3.9—44
dd dd d brd dd s t s S t m
3j 3.38 147 558 175 4 360 1299 3.60 3.60 1.29 3.9—4.4
d S brs d s t s s t m
3k 3.58 2.65 5.7—6.4 392 413 730 366 3.68 1.24 3.8—4.5
dd brt m brd s brs S S t m
31 3.58 245 191 565 3.79 413 730 3.66 3.70 1.26 3.8—4.5
dd dd d brd dd s brs s S t m
3m ©) 2.66 5.7—6.4 4.00 247 3.67 3.7
brt m brd S s s
3n °) 2.56 6.26 5.61 1.59 248 3.65 3.69
brt q dd S S s s
3o °) 2.44 189 5.61 3.87 244 3.656 3.69
dd d brd dd s s s
3p 350 145 564 1.81 3.80 247 3.72 3.72
d s brs d d S S s
3q ©) 2.75 5.7—6.5 3.8 134 301 370 3.75
brt m brd t q s s
3r °) 248 190 5.59 387 134 296 362 3.66
dd d brd dd t q S s
3s 3.77 144 561 1.79 3.60 1.30 292 3.70 3.70
d ) brs d d t q s S
3t 3.28  2.50 5.8—6.4 4.10  2.37 3.65 3.65 T7.2—8.1
dd brt m brd s S S m
3u 3.40 243 6.21 5.66 1.68  2.43 364 364 7.2—8.1
d brt q dd s s S s m
3v 345 238 187 574 4.06  2.40 3.69 369 7.2—-8.1
dd dd d brd dd S S s m
3w 3.54  2.59 5.8—6.4 418 1.27 292 369 369 7.2—8.1
dd brt m brd t q s s m
3x 3.53 236 1.83 5.67 4.04 123 284 364 364 7.2—8.1
dd brt d brd dd t q S s m

and 6b are summarized in Tables 2 and 3. Tables of
the coordinates, bond lengths, bond and torsion an-
gles, and F,— F, tables are deposited as Document No.
67028 at the Office of the Editor of Bull. Chem. Soc.
Jpn. ORTEP drawings® for 3n and 6b are shown in
Figs. 1 and 2. As might be expected from the Dreiding
models for compounds 3a—x and 6a—i and was also
demonstrated from the ORTEP figures for 3n and 6b,

these molecules have very rigid and strained structures.
In molecules 3n and 6b, significant extensions of some
bond lengths were observed as the result. In particular,
two bond lengths (f=1.533 A and h=1.557 A for 3n and
(f=1.564 A and h=1.579 A for 6b, see Fig. 3 and Ta-
ble 3) for the cyclopropane ring and the other one bond
length (n=1.588 A for 3n and n=1.564 A for 6b) for
the cyclohexene ring are considerably longer than those
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Table 1. (Continued)

Compd 6 (CDCls)
No.>?) c7 C8 C9 Cl10 C-11 R® or R® CO,Me Others
6a 3.56 2.77 5.8—6.5 4.16 2.40 3.74 3.74 3.82
dd brt m brd S s s S
6b 3.52 2.55 1.97 5.72 4.00 2.39 3.70 3.70 3.79
dd dd d brd dd S S S S
6¢c 3.30 1.47 5.67 1.83 3.93 2.37 3.72 3.72 3.80
d S brs d brs s ) S )
6d 3.56 2.78 5.8—6.5 4.17 2.38 3.70 3.70 1.33 4.28
dd brt m brd s s S t q
6e 3.51 2.57 1.94 5.73 4.02 2.37 3.70 3.70 1.31 4.28
dd dd d brd dd S s s t q
6f 3.34 1.52 5.67 1.88 3.95 2.41 3.75 3.75 1.37 4.30
d S brs d brs s s s t q
6g 3.46 2.64 5.7—6.3 °) 7.38 3.70 3.70 1.09 4.09
dd brt m brs S S t q
6h 3.50 2.46 1.87 5.69 ) 7.39 3.76 3.76 1.12 4.17
dd dd d brd brs S S t q
6i 3.28 1.42 5.55 1.80 4.01 7.40 3.77 3.77 1.15 4.12
d S brs d brs brs S S t q

a) For the tetrahydropyridine moiety in compounds 6a—i, the same numberings with that in thiophene-free
compounds 3a—x were used. b) The coupling constants are as follows: J78=7.0, Jg 9=6.5, Jg,10=8.5,

J10,11=7.0, Jg,10=2.0, and J7,11=1.0 Hz.

c) Overlapped with the proton signals of the methoxycarbonyl

group. d) Overlapped with the methylene proton signals of the ethoxycarbonyl group.

Table 2. Crystal and Structure Analysis Data Compounds 3n and 6b

3n 6b
Formula C16H16N204S: C19H19NO6S:
Formula weight 364.43 421.48
Crystal system Orthorhombic Triclinic
Space group Pbca; Z=8 PT; Z=2
Lattice parameter
a/A 13.748(5) 9.826(2)
b/A 26.567(2) 13.674(2)
c/A 9.033(2) 7.353(2)
af° 90 104.51(2)
B/° 90 90.22(2)
~/° 90 95.84(2)
V /A3 3300(1) 951.0(4)
Deaicd /g Cm3 1.467 1.472
Crystal size/mm? 0.22x0.28x0.48 0.40x0.08x0.80
Diffractometer Rigaku AFC5S Rigaku AFC5S
Radiation MoKa (A=0.71069 A) MoKa (A=0.71069 A)
Monochromator Graphite Graphite
Scan type w w—20
20 Max 55.0° 55.0°
Computer program TEXSAN system® TEXSAN system?®
Structure solution MITHRIL® MITHRILY

Hydrogen atom treatment
Refinement

Least-squares weight

No. of measurement ref.
No. of observations®

No. of variables
Residuals R;R.,

Max Shift/Error
Apmax/e” /A3

Observed, isotropic

Full-matrix, anisotropic

4F,% /0% (Fo?)
Total: 4282
1970

282

0.043; 0.047
0.00

0.25

Calculated, not refined
Full-matrix, anisotropic
4F,? /0% (F,?)

Total: 4608 Unique: 4352
3204

253

0.067; 0.105

0.49

0.55

a) See Ref. 7. b) Direct methods, see Ref. 8.

¢) I>3.000(1).
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Table 3. Selected Bond Lengths and Bond Angles for Compounds
3n and 6b (esd’s where given, are in parentheses)

3n 6b 3n 6b
Bond lengths®
a 1.450(4) 1.453(6) j 1.303(6) 1.313(7)
b 1.340(5) 1.352(7) k  1.505(5) 1.504(7)
c 1.748(3)  1.750(5) 1 1.508(4)  1.487(6)
d 1.848(3) 1.857(5) m  1.459(4) 1.459(6)
e 1.511(4) 1.491(7) n  1.588(5) 1.564(7)
f 1.533(4)  1.564(7) o — 1.428(7)
g 1.504(5) 1.493(7) p — 1.378(7)
h 1.557(5) 1.579(6) q — 1.745(5)
i 1.457(6)  1.484(7) r — 1.730(5)
Bond angeles®
ab 124.1(3) 123.1(4) gm 114.8(3) 114.9(4)
al 112.0(3) 110.3(4) hi 118.1(3) 118.9(4)
am 108.3(3) 108.1(4) ij  117.0(4) 114.8(4)
be 123.4(3) 127.5(4) ik 117.0(4) 115.8(4)
cd 101.0(1)  96.3(2) kI  105.8(3) 108.4(4)
de 109.7(2) 113.4(3) kn 109.2(3) 109.0(4)
dn 109.0(2) 118.7(3) Im  104.4(2) 102.8(4)
ef 104.7(3) 104.3(4) In  100.2(3) 102.6(4)
eh 114.9(3) 111.9(4) a0 — 121.8(4)
en 102.0(2) 102.6(4) bo — 114.9(4)
fg 61.7(2) 62.2(3) br — 111.6(4)
fh 58.3(2) 56.7(3) cr — 120.9(3)
fm 108.3(3) 107.9(4) op — 110.2(4)
gh 60.1(2) 61.1(3) pq — 112.6(4)
gi 116.6(3) 118.4(4) qr — 90.7(2)

a) For the alphabetical symbols of the bond lengths and angles, see
Fig. 3.

Fig. 1. ORTEP drawing of dimethyl 2-cyano-11-meth-
yl-3-methylthio-4-thia-1-azatetracyclo[5.4.0.0%1.0%8]-
undeca-2,9-diene-5,6-dicarboxylate (3n) showing the
atom labeling scheme and 50% probability thermal

ellipsoids.

1651

Fig. 2.

observed for usual cyclopropanes (1.512 A) and cyclo-
hexenes (1.52 A).9) This large ring strain seems to make

these compounds 3a—x and 6a—i thermally unstable
and this must be a driving force for their subsequent

ready fragmentation (see below).

Thermolysis of Adducts 3a,g.k,m,t.

In the

ORTEP drawing of trimethyl 3,11-dimeth-
yl- 5, 7- dithia- 1- azapentacyclo[8.3.1.0%6.0%13.0%14]-
tetradeca-2(6),3,11-triene-4,8,9-tricarboxylate (6b)
showing the atom labeling scheme and 50% proba-
bility thermal ellipsoids.

reactions of pyridinium ylides 1 or 5 with DMAD (2)
in boiling chloroform, the prolonged reaction time re-

sulted in a decrease of the yields for the intramolecular

Diels—Alder type of adducts 3 and 6. This strongly
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Table 4. Some Data for Heterocage Compounds 3a—x and 6a—i

a . b
Compd ) Yiide Yield Mp v(KBr) Formula®)
No % °C cm-!
3a 1a 71(51) 135—136 1721 1674 C17H19NOgS,
3b 1b 73(46) 125—126 1725 1674 C18H21NO6S2
3c 1c 41(38) 136—137 1748 1723 1680 C18H21NO6S,
3d 1d 74 142—144 1752 1703 1678 C19H23NO6S,
3e le 40 104—106 1721 1676 013H21N06SQ
3f 1f 20 133—134 1707 1682 C19H23NOgS:
3g 1g 22 122—124 1746 1723 1682 C20H23NOgSs
3h 1h 14 128—130 1742 1722 1680 C21H25NOsS,
3i 1i 25 133—134 1746 1713 1682 C21H25NOgS2
3j 1j 22 114—115 1748 1730 1711 1678 C22H27NOsgS2
3k 1k 36 136—137 1738 1717 1667 Ca3Ha3NOgS2
31 11 39 134—135 1750 1719 1678 C24H25NO6S:
3m 1m 26 157—159 2203 1721 015H14N20482
3n In 46(28) 128—130 2191 1721 ClGH16N204S‘2
30 1o 59 137—139 2209 1746 1718 C16H16N204S2
3p 1p 4 160—161 2195 1748 1713 C17H18N204S;
3q 1q 30 123—124 2209 1750 1725 C16H16N204S,
3r 1ir 55 130—132 2211 1730 C17H18N204S:
3s 1s 5 110—111 2209 1715 ClsH20N204SQ
3t 1t 12° 151—152 1725 1707 C21H19NO5S,
3u lu 6 160—161 1725 1707 022H21N0582
3v 1v 76 143—144 1752 1711 C22H21NO5S,
3w 1w 128) 122—124 1744 1711 C22H21NO5S,
3x 1x gh) 129—130 1750 1709 C23H23sNO5S,
6a 5a 32 153—155 1745 1711 ClSH17N0682
6b 5b 52 184—186 1741 1716 C19H19NO6S:
6¢ 5¢ 23" 134—136 1749 1718 C20H21NO6S2
6d 5d 62 148—150 1747 1701 C19H19NOgS2
6e 5e 14 165 1745 1711 C20H21NOgS2
6f 5f 201 134—136 1753 1718 C21H23NOgS2
6g 5g 54 187—189 1750 1723 1707 C24H21N0682
6h 5h 289 125—127 1747 1716 Ca5H23NO6S:
6i 5i 449 165—167 1749 1718 C26H25NO6S2

a) Compounds 3a—s and 6a—i were obtained as colorless prisms, and 3t—x as pale yellow needles. b) The
yields in the parenthesis are those for the reactions at room temperature. c¢) Satisfactory elemental analyses
(within +£0.3% for C, H, and N) were obtained for all compounds. d) Plus 4d (53%). e) Plus 4t (24%).
f) Plus 4v (32%). g) Plus 4w (22%). h) Plus 4x (30%). i) The reaction was done in boiling benzene.
j) The reaction was done in benzene at about 50 °C.
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Fig. 3. a |a COEt Me
b |g COEt CH,CO,Et
suggested the possibility of further thermolysis of these c [ k COEt CH,Ph
adducts once formed during these reactions. When d|m CN Me
adducts 3a,g,k,m,t were heated in boiling xylene for e [t COPh Me
2 h and the resulting mixtures were separated in the
Scheme 5.

usual manner, two types of fragments, 5-(alkylthio)thi-
azoles Ta—e and dimethyl phthalate (8), were isolated
in good yields (Scheme 5). The structures of Ta—e  with the authentic dimethyl phthalate in all respects.

were readily identified by the spectral and analytical Reaction Mechanisms. Possible mechanisms
data. Another product, 8, was in complete accordance  are postulated in Scheme 6. Evidently, the formation
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Table 5.
[5.4.0.0>*.0%8]undeca-2,9-dienes

Synthesis and Reaction of 4-Thia-1-azatetracycloundecadienes
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Some Data for the Thermolyses of 4- Thia- 1- azatetracyclo-

Compd®®  Yield® Mp

v(KBr)/cm™?!

React. Formula®

No. % °C CN CO
3a 7a 89(95)  60—61° 1701 C7HoNO,2S2
3g 7b 85(96)  68—70 1736 1692 C10H13NO4S:
3k 7c 55(95)  57—58 1694 Ci3H13NOS:
3m 7d 87(93) 176—178 2214 CsHaN2S,
3t Te 62(62)  64—65 1615 C11HoNOS;

a) All compounds 7a—e were obtained as colorless prisms.

b) The 'HNMR spectra

for these thiazole derivatives 7a—e are as follows; 7a, 'HNMR (CDCl3) §=1.43 (3h,
t, J=7.0 Hz, OCH2 CH3), 2.62 (3H, s, SMe), 4.45 (2H, q, J=7.0 Hz, OCH>CH3), and
8.63 (1H, s, 2-H). 7b, § (CDCl3)=1.27 and 1.42 (each 3H, t, J=7.0 Hz, 2xOCH2 CH3),
3.78 (2H, s, SCH3), 4.30 and 4.40 (each 2H, q, J=7.0 Hz, 2xOCH>CH3), 8.70 (1H, s,
2-H). 7c, § (CDCl3)=2.71 (3H, s, SMe) and 8.81 (1H, s, 2-H). 7e, § (CDCls)=2.64

(3H, s, SMe), 7.3—8.5 (5H, m, Ph), and 8.71 (1H, s, 2-H). «¢)

The yields in the

parenthesis is for dimethyl phthalate 8. d) Satisfactory elemental analyses (within
+0.3% for C, H, and N) were obtained for all compounds. e) Lit,'V) mp 57 °C.
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i 11 i IDA: Intramolecular Diels-Alder Reaction

R Es
e O

7a-e 8

RDA: Retro Diels-Alder Reaction
FR: Fragmentation or Aromatization

Scheme 6.

of adducts 3a—x and 6a—i proceeds via the inter-
vention of 10aH-pyrido[1,2-d][1,4]thiazepines such as
4, which were formed first from the reaction of pyri-
dinium ylides 1la—x or 5a—i with DMAD (2), as de-
scribed in our preceding papers."'? From the consid-
eration of the stereochemistry for these intramolecular
Diels—Alder type of reactions which lead to the corre-
sponding adducts 3a—x and 6a—i and of the extremely
smooth formation of 11-methyl derivatives 3b,n, the
transition state with conformations such as 9 in which
there is no severe peri-interaction between the 5- and 7-
positions in 10aH-pyrido[1,2-d][1,4]thiazepine structure
4,® must be involved in these reactions. The retarda-
tion for this intramolecular Diels—Alder reaction of 8,10~
dimethyl-10a H-pyrido[1,2-d][1,4]thiazepine 4d can also
be explained by the consideration of the peri-interaction

between the 1-methoxycarbonyl (Es, see Scheme 6) and
the 10-methyl group (R*) in the same conformer 9. On
the other hand, the fragmentation of the adducts 3a,
g,k,m,t to 5-(alkylthio)thiazoles 7a—e and dimethyl
phthalate 8 may be curious as a glance. However, the
rigid and strained structure of the adducts 3a—x and
the reversibility of Diels—Alder reaction immediately
prompted us to postulate the intervention of an impor-
tant intermediate, dimethyl 2-alkylthio-5a,9a-dihydro-
benzo-1,4-thiazepine-5a,9a-dicarboxylate derivative 10.
This molecule 10 should be formed via the alternative
retro Diels—Alder reaction of the adducts 3a,g,k,m,t
in which the C;—C;; and C;—Cg single bonds are both
broken with the movement of the Cy—C1q double bond.
To lead to the final products 7 and 8 from the resulting
dihydrobenzothiazepine derivatives 10, the generation
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and fragmentation of a biradical intermediate 11 may
be considered further, since concerted cis-1,2-elimina-
tion (02s+02s) is a thermally forbidden process.!® A
possible alternative intermediate, 12, from 10 can be
neglected because of its structure, which does not sta-
bilize the cationic center.

Experimental

The melting points were measured with a Yanagimoto
micromelting point apparatus and not corrected. Micro-
analyses were done on a Perkin—Elmer 2400 elemental ana-
lyzer. The 'HNMR spectra (60 MHz) were measured with
a Varian EM360A spectrometer in deuteriochloroform with
tetramethylsilane used as an internal standard; the chemical
shifts are expressed in § values. The IR spectra were taken
with a JASCO FT/IR-5300 infrared spectrophotometer.

Reactions of Pyridinium Ylides 1 and Betaines 5
with Dimethyl Acetylenedicarboxylate (2). Gen-
eral Method A. After a chloroform solution (50 ml) of
pyridinium ylide or betaine (1 or 5, 5 mmol) and DMAD (2,
1 g, 7 mmol) was heated under reflux for 3—4.5 h, the result-
ing solution was concentrated under reduced pressure with a
rotatory evaporator. The residual oil was separated by col-
umn chromatography on alumina (or silica gel when 10aH-
Pyrido[1,2-d][1,4]thiazepine derivative 4 was also formed to-
gether with intramolecular Diels—Alder type of adduct 3 or
6) using ether and then chloroform as eluents. The ether
fractions involving pyridothiazepine 4 and the chloroform
fractions involving the corresponding adduct 3 or 6 were
collected, and the respective solutions were concentrated un-
der reduced pressure. Recrystallizations of the respective
residues from chloroform-hexane afforded the corresponding
compounds 3a—x or 6a,b,d,e,g as colorless or pale yellow
crystals and compounds 4d,t,v—x as red crystals, respec-
tively.

General Method B. Since the expected Diels-Alder
adducts 6c¢,f,h,i could not be obtained by general method
A described above, the reactions of pyridinium betaines 5c,
f,i with 2 were done in boiling benzene for 4 h. Usual work-
up of the resulting reaction mixtures afforded the expected
products 6¢,f,i. On the other hand, compound 6h could be
obtained only by the reaction of betaine 5h with 2 in ben-
zene at lower temperature (about 50 °C), while the reaction
at the reflux temperature gave a complex mixture without
the isolation of any significant product.

These results and some data are shown in Tables 1 and 4.

The structures of 10a H-pyrido[1,2-d][1,4]thiazepine deriva-
tives 4m,t,v—x were confirmed by comparisons with the au-
thentic samples we described earlier.’? Some spectral and
analytical data of a new compound, 5-ethyl 1,2-dimethyl 8,
10-dimethyl-4-methylthio-10a H-pyrido[1,2-d|[1,4]thiazepine-
1,2,5-tricarboxylate (4d) are as follows; red prisms, mp
135—136 °C, v (KBr) 1668 and 1720 (CO) cm™!, 'THNMR
(CDCls) 6=1.33 (3H, t, J=7.0 Hz, OCH2CHs), 1.64 (3H,
s, 8-Me), 1.86 (3H, s, 10-Me), 2.30 (3H, s, SMe), 3.61
(3H, s, OMe), 3.69 (3H, s, OMe), 4.19 (2H, q, J=7.0 Hz,
OCH,CH3), 5.66 (2H, br s, 9- and 10a-H), and 5.78 (1H, s,
7-H) Anal. (CIQHQ,?,NOGSQ) C,H,N.

Transformations of 10aH-Pyrido[1,2-d][1,4]thiaze-
pines 4d,m,o,p,t,y,z to Intramolecular Diels—Alder

Akikazu KAKEHI, Suketaka ITO, Michiharu MITANI, and Masamichi KANAOKA

[Vol. 67, No.6

Type of Adducts 3d,m,o,p,t and 6d,g. When a chlo-
roform solution (20 ml) of 10aH-pyrido[1,2-d]{1,4]thiazepine
(4m,o0,y,z, 1 mmol), which was synthesized by the reaction
of pyridinium ylide (1m,o0 or 5d,g) and 2 in chloroform at
room temperature,? was heated under reflux for 4 h in a
water bath and the resulting reaction mixture was treated in
a similar manner as described above, the same adduct 3m,o
or 6d,g was obtained in 67, 71, 64, or 51% yield. However,
similar treatment for compounds 4d,p,t did not provide
good results, because these transformations required a lot of
reaction time and the prolonged reaction time caused these
adducts 3d,p,t to decompose smoothly. These compounds
4d,p,t could be transformed to 3d,p,t in 65, 66, and 79%
yields respectively by keeping their chloroform solution at
room temperature for about 30 d.

Thermolyses of Adducts 3,a,g,k,m,t. Gen-
eral Method. Dimethyl 4-thia- 1- azatetracyclo-
[5.4.0.0%1.0%8undeca- 2, 9- diene- 6, 7- dicarboxylate (3, 1
mmol) was dissolved in xylene (20 ml) and the resulting
solution was heated under reflux for 2 h. The resulting mix-
ture was then concentrated under reduced pressure and the
residue was separated by column chromatography on alu-
mina using hexane and ether as eluents. The hexane frac-
tion involving dimethyl phthalate (8) were collected and the
combined solution was concentrated under reduced pressure.
The physical and spectral data for this residual oil were com-
pletely in accord with those for an authentic sample 8 in all
respects. The ether including a thiazole derivative was simi-
larly treated and recrystallization of the residue from ether-
hexane gave the corresponding products 7a—e as colorless
crystals.

The melting point (60—61 °C) which was observed for
known compound 7a by us was consistant with that (57
°C) reported earlier.!V)

These results are summarized in Table 5.
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