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Benzothiazole reacts with dimethyl acetylenedicarboxylate in methanol to give tetramethyl 1 H-pyrido[2,1-6] - 
benzothiatole-l,2,3,4-tetracarboxylate (6) and dimethyl 4-formyl-2,3-dihydro-1.4-benzothiazine-2,3-dicarb- 
oxylate (7). A similar reaction of benzothiazole with dimethyl acetylenedicarboxylate in dirnethylforrnamide 
affords tetramethyl 4aH-pyridoC2.1 -b]benzothiazole-2,3,4,4a-tetracarboxylate (8). The structures of these 
compounds were confirmed by the l H  and 13C n.m.r. and mass spectra and X-ray analyses. 

REID et aZ.2*3 in 1964 reported a reaction between thiazole 
and dimethyl acetylenedicarboxylate in methanol which 
gave p yrrolo [ 2,l -b J t hiazole-5,6,7-t ricarb- 
oxylate (1). From these reagents in dimethylformamide, 
however, they obtained a compound which they con- 
sidered could possess either a [6.2.0] bicyclic structure 
(2) or a nine-membered ring structure f3), on the basis 
of n.m.r. spectra. 

Acheson et aL4 later reported that the reaction of 
dimethyl acetylenedicarboxylate with thiazoles , benzo- 
thiazole, and benzoxazole gave 2 : 1 adducts. In the 
case of benzothiazole, with methanol as solvent, a com- 
pound considered to be tetramethyl 4aH-pyrido[2,l-b]- 
benzo t hiazole-1 ,2 , 3,4-te t racarboxylate (6') was obtained 
in fair yield (21%) at 0 "C.4 Reid et aL3 reported that 
trimethyl pyrrolo [2, l-b] benzothiazole-l,2,3-tricarboxyl- 
ate (7'), m.p. 135-136", was obtained from the reaction 
of benzothiazole with dimethyl acetylenedicarboxylate 
in methanol, but gave no analytical or spectral data. 

We now describe a re-examination of the products 
from benzothiazole and dimethyl acetylenedicarboxylate 
by means of lH and 13C n.m.r. and mass spectroscopy 
and X-ray analysis. 

We have already reported briefly the isolation of the 
abnormal addition product, dimethyl 4-formyl-2,3- 
dihydro-1,4-benzothiazine-trarcs-2,3-dicarboxylate (7), 
from benzothiazole and dimethyl acetylenedicarboxylate 
in methanol, and the confirmation of its structure by 
X-ray analysis. Treatment of benzothiazole with 2 
mol. equiv. of dimethyl acetylenedicarboxylate in 
methanol at room temperature afforded 5% of tetra- 
methyl lH-p yrido [2,1 -b] benzot hiazole- 1,2,3,4-t etra- 
carboxylate (6) as yellow prisms, m.p. 239-240", and 
8% of the adduct (7) as colourless prisms, m.p. 135- 
136". The former product (6) was recently obtained by 
the same reaction by Acheson et aL5 Its mass spectrum 
showed a parent peak at m/e 419, and high resolution 
measurements showed an initial loss of CH,O. The i.r. 
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spectrum of (6) showed absorptions at 1736, 1712, and 
1 659 cm-l (ester). The lH n.m.r. and 13C n.m.r. (Table 
1) spectra were in full agreement with structure (6), which 
was finally proved by an X-ray analysis. 

The crystals of (6) are triclinic (a = 10.13,, b = 

119.5,", space group Pi) and there are two molecules in 
the unit cell. Intensity data were collected with a 
Philips four-circle automatic diffractometer by using 
monochromated Cu-K, radiation ( A  1.5418 A). A total 
of 1550 independent structure factors out of the 2 662 
theoretically possible were obtained. The structure 
was solved by the heavy-atom (sulphur) method and was 
refined by the block-diagonal-matrix least-squares 
method to a final R value of 0.074. Bond lengths and 
angles are given in Table 2. 

Compound (7) is probably the substance obtained by 
Reid et aZ.3 but formulated as (7'); it showed M+ 296 
and an initial loss of CO in the mass spectrum; details 
and high resolution data are available in the Supple- 
mentary Publication. The i.r. and lH n.m.r. spectra 
show the expected features including a low-field formyl 
proton n.m.r. signal. The 13C n.m.r. spectrum (Table 1) 
shows the bridgehead carbon atom signals (=C-S and 
=C-N) at 122.3 and 133.7 p.p.m., respectively; the CHO 
and two C0,Me signals appear at 161.4, 167.5, and 169.0 
p.p.m., respectively (cJ6 HCO*NMe, signal at 162.4 
p.p.m.). Bond lengths and angles obtained in the X-ray 
analysis are given in Table 3. 

A similar reaction of benzothiazole with 2 mol. equiv. 
of dimethyl acetylenedicarboxylate in dimethylform- 
amide solution at room temperature afforded tetra- 
methyl 4aH-pyrido [2, 1 -b] benzothiazole-2,3,4,4a-tet ra- 
carboxylate (8) in 10% yield. Compound (8) is identical 
(m.p., mixed m.p., and U.V. and n.m.r. spectra) with the 
compound originally described as (6'), but now con- 
sidered5 to have structure (8) in agreement with our 

3 D. H. Reid, F. S. Skelton, and W. Bonthrone, Tetrahedron 
Lettevs, 1964, 1797. 

4 R. M. Acheson, M. W. Foxton, and G. R. Miller, J .  Chem. 
SOC., 1965, 3200. 

P. J. Abbott, R. M. Acheson, U. Eisner, D. J. Watkin, and 
J. R. Carruthers, J.C.S. Chem. Comm., 1975, 15p. 

L. F. Johnson and W. C. Jankowski, Carbon-13 NhlR 
Spectra,' Wiley, New Yorlr, 1972. 

10.22,, c = 11.23, A, a~ = 71.8,", p = 109.5,", y = 
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results. The structure was confirmed by lH and 13C group P2,/c), and there are four molecules in the unit 
(Table 1) data. Compound (8) gives no 13C absorption cell. Intensity data were collected as for compound (6). 
at ca. 50 p.p.m. (other than C02*CH3) assignable to A total of 1 920 independent structure factors out of the 
an ~$~-hybridised carbon atom. The resonance assigned 2 520 theoretically possible were obtained. The struc- 
to C-4a was observed in CD,N02 at 75.6 p.p.m. and is at ture was solved by using the symbolic addition method 

C02Me 

C02Me F s T 2 M e  N C02Me 

C02Me C02Me C02Me 

( 5 )  \ C02Me 

( 6 )  

SCHEME 1 

low field because of the presence of adjacent nitrogen 
and sulphur atoms. 

Mass spectra of compounds (6) and (8) revealed similar 
fragmentations, with the fragment mle 360 ( M  - C0,- 
CH,) as the base peak. The compositions of the main 

and was refined by the block-diagonal least-squares 
method to a final R value of 0.069. Bond lengths and 
angles are given in Table 4. 

The mechanism of these reactions may be represented 
as shown in Scheme 2. The reaction in methanol is 

TABLE 1 

13C N.m.r. data of compounds (6)-(8) (6 values) 

Compd. C-1 C-2 C-3 C-4 C-4a C-5 C-6a C-6 C-7 C-8 C-8a C-9 C-9a CO,CH, COJH, CHO 
56.6 140.7 161.1 100.8 161.3 128.2 122.2 127.0 124.6 111.1 138.8 164.0 61.8 

164.6 52.3 
167.6 52.5 
167.7 53.2 

(6) 

A 
I \ 

53.1 (2) 133.7 120.4 126.7 126.4 127.2 122.3 167.5 42.6 161.4 
I 7 169.0 51.1 

(7) O 

(8) 141.7 110.3 138.8 103.9 76.6 129.4 127.7 127.6 123.9 110.3 140.3 166.3(2) 52.4 
168.0 53.0(2) 
170.2 54.4 

4 In CDCI,. b In CD,NO,; some assignments can be interchanged 

fragments were confirmed by high-resolution measure- 
ments (see Supplementary Publication). 

Further c o n h a t i o n  of structure (8) was provided by 
an X-ray analysis. The crystals were obtained from 
ethanol as yellow needles, m.p. 225-227' (monoclinic, 
a = 13.69,, b = 6.60,, c = 20.58, A, p = 10O.O4', space 

thought to involve the successive addition of two mole- 
cules of dimethyl acetylenedicarboxylate to benzothia- 
zole, leading first to an ylide intermediate (A). Sub- 
sequent 1,4rdipolar cycloaddition of the second molecule 
gives (el), which rapidly isomerizes to (6). This is 
suggested by the similarity to the adduct of pyridine and 
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(a) Bond lengths (A) with e.s.d.s in parentheses (b) Bond angles (") with e.s.d.s in parentheses 

Length 
1.398 (1 2) 
1.3 90 (7) 
1.760(8) 
1.41 1 (12) 
1.379 (9) 
1.42 1 (1 3) 
1.398( 11) 
1.404( 11) 
1.639(8) 
1.469(7) 
1.512(11) 
1.470(7) 
1.3 60( 9) 
1.607( 10) 
1.436(7) 
1.7 30( 7) 

Bond 
C ( 1 O)-C( 1 6) 
C(ll)-C(lO) 
C( 11)-N 
C( 12)-0(1) 
C( 12)-0 (2) 
C( 13)-0 (3) 
C ( 1 3)-0 (4) 
C( 14)-0 (6) 
C( 14)-0 (6) 
C (1 6)-0 (7) 
C( 16)-0 (8) 
C(16)-0(1) 
C( 17)-0(3) 
C(18)-O(6) 
C( 19)-0 (7) 

Length 
1.467(9) 
1.393( 12) 
1.369(8) 
1.241 (1 1) 
1.223( 13) 
1.341 (8) 
1.202(9) 
1.348( 9) 
1.189 (6) 
1.349( 11) 
1.196( 7) 
1.6 13 (9) 
1.467 (7) 
1.46 1 (14) 
1.461( 11) 

Bond 
C(2)-C(I)-C(6) 
c (3)-C (2)-C( 1) 
C(4)-C(3)-C(2) 
C(5)-C(4)-C(3) 
C( 6)-C (6)-C (4) 
N-C (6)-C (1) 
N-C( 6)-C( 6) 
C( 1)-C(6)-C(6) 
C( lo)<( 1 1)-N 

C( 9)-C( 1 O ) - C (  15) 
C( 1 1)-C( 10)-C( 16) 
C( 8)-C (9)-C (1 0) 
C(8)-C( 9)-C( 14) 
C( lO)-C(9)-€(14) 

C (7)-C[ 8)-C( 1 3) 

C(9)-C( lO)-C(ll) 

C(7)-C(8)-C(9) 

C(9)-C(8)*(13) 
CW-C(7)-C(8) 
C( 12)-C( 7)-N 

Angle 
12 1.8 (6) 
1 16.4 (7) 
122.0( 7) 
12 1.6 (7) 
116.0(6) 
11 1.6 (6) 
1 26.4 (6) 
122.1 (6) 
120.9(6) 
1 16.6 (6) 
126.6(6) 
1 1 7.3 (6) 
12 1.1 (6) 
120.1(6) 
1 1 8.3 (6) 
1 19.6 (6) 
11 8.9 (6) 
121.6(6) 
113.6(6) 
1 08.0 (6) 

Bond 
C( 8)-C( 7)-N 
0 (2)-C (1 2)-C (7) 

C( 7)<( 12)-O( 1) 

0(3)-C( 13)-0(4) 
C( 8)-C( 13)-0(4) 
0 (6)-C( 14)-C (9) 
0 (6)-C ( 14)-0 (6) 
C( 9)-C( 14)-0 (6) 
0 (7)-C( 1 6)-C( 10) 
O( 7)-C( 16)-0 (8) 
C(lO)-C(16)-0(8) 
C(G)-N-C(ll) 
C( 6)-N-C (7) 
C(11)-N-C(7) 
C( 12)- (1)-C ( 16) 
C( 13)-O(3)-C( 17) 
C ( 1 4)-0 (6)-C( 1 8) 
C( 16)- (7)-C( 19) 

0 (2)-c ( 1 2)-0 ( 1) 

0(3)-C(13)-C(8) 

AngIe 
109.2 (6) 
120.1 (8) 
121.7( 8) 
11 8.2 (7) 
122.0(6) 
123.1 (6) 
124.9( 6) 
110.7(6) 
126.2 (6) 
124.1 (6) 
111.9(6) 
122.9(6) 
126.2 (6) 
114.2(6) 
123.9 (6) 
12 1.4( 6) 
114.q 7) 
1 16.4( 6) 
1 14.3 (6) 
1 16.7 (6) 

(c) Final atomic parameters (e.s.d.s in parentheses) ; anisotropic temperature factors ( x  lo4) of the form: exp(-Bllh2 - B2,k2 - 
B331a - Bl&k - Bl& - B23kI) 

xla 
0.2869(7) 
0.2472( 7) 
0.1302(8) 
0.0669(8) 
0.0977 (7) 
0.21 67( 7) 
0.2 1 26( 6) 
0.3396( 6) 
0.4676(6) 
0.4729(6) 
0.3916(6) 
0.0761(7) 
0.3346(7) 
0.6869(7) 
0.6804(7) 

0.1867( 8) 
0.6604( 10) 
0.7666(9) 
0.0646(6) 

0.1988(6) 
0.4386(6) 
0.6383(6) 
0.7 109 (6) 
0.6439(6) 
0.6081f61 

-0.0899(11) 

-0.0118(9) 

Y lb 
0.362 1 (6) 
0.4679(7) 
0.4240( 8) 
0.2 7 6 6 ( 8)  
0.1604( 7) 
0.2049(6) 

-0.0638(6) 
-0.1064(6) 
-0.0290(6) 

0.1096(6) 
0.1834(6) 

-0.1300(7) 
- 0.2346( 6) 
-0.0777(6) 

- 0.3263( 10) 
- 0.4363( 7) 
-0.2666(11) 

- 0.2632(6) 
- 0.0703( 10) 
- 0.3076(4) 
-0.2726(6) 
-0.2023(6) 
- 0.0163(6) 

0.1886(6) 

0.1708(9) 

0.1017(6) 
0.3 137m 

Z l C  
0.21 92 (6) 
0.21 60( 7) 
0.2806(7) 
0.3426 (7) 
0.3472(6) 
0.2860(6) 
0.3233(6) 
0.3694 (6) 
0.2961(6) 
0.2066(6) 
0.2116(6) 
0.2 170 (7) 
0.4661(6) 
0.3320(6) 
0.1 197 (6) 
0.0994(9) 
0.6081(7) 
0.3232(11) 
0.0343(7) 
0.1992 (6) 
0.1639( 9) 
0.601 7 (4) 
0.6 13 7 (4) 
0.2824(6) 
0.3968 (4) 
0.1 1 62 (4) 
0.0674(4) 

Bl, 
9 4 w  

120(10) 
139(11) 
164( 11) 
113(9) 
106(8) 
89@) 
96W 
84(7) 
9 W )  
84(8) 
96(9) 

109(9) 

104(8) 
102(8) 

208( 16) 
138(10) 
186( 16) 
18 1 (13) 
226( 10) 
299(16) 
112(6) 
lOS(6) 
lOZ(6) 
87 (6) 

172(8) 

B22 

89(8) 
96(9) 

129( 10) 
126 (1 0) 
118(9) 
92(8) 
76(7) 
80(7) 
70(7) 
89(7) 
81 (7) 

71(7) 
84(8) 
83(8) 

99(9) 

113(9) 

196 (1 6) 

206( 16) 
180( 12) 
140(8) 
399(18) 

117(7) 
106(6) 
111(6) 
147(7) 
121(7) 

94(6) 

B23 

- 8(5) 
- 8(6) 

-10(7) 
-11(7) 
-11(6) 
- 12(6) 
- lO(6) 
- 17(6) 
-24(6) 
- 14(6) 
- 9(5) 

-47(7) 
- 12(6) 
- 16(6) 
-11(6) 
- 70( 11) 

- 129(14) 

-59(6) 
- 2 7 6 (1 5)  

30(6) 

0(8) 

14(4) 
19(5) 

4(6) 

- 62(6) 
-30(4) 
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dimethyl acetylenedicarboxylate.7-9 A possible mech- 
anism for the formation of the benzothiazine compound 
(7) in methanol is also shown in Scheme 2. 

EXPERIMENTAL 

M.p.s were measured for samples in capillary tubes. 
lH N.m.r. spectra were measured for solutions in CDCl, with 
a Varian T-60 spectrometer, 13C n.m.r. spectra with a 

Crystallographic structure factor tables and mass spectral 
data for compounds (6)-(8) are available as SupplementaT 
Publication No. SUP 21534 (28 pp., 1 microfiche).t 

Reaction of Benzothiazole with Dimethyl Acetylenedicarb- 
oxylate in Methanol.-To a solution of benzothiazole (2 g) in 
methanol (20 ml), dimethyl acetylenedicarboxylate (4.2 g) 
was added. After 5 days a t  room temperature the meth- 
anol was evaporated off under reduced pressure. Chromato- 
graphy (CC1,-CHCl,, 1 : 1) of the remaining tar afforded 

TABLE 3 

Data from X-ray analysis of compound (7) 

( 7 )  
(a) Bond lengths (A) and angles (") with e.s.d.s in parentheses 

Bond Length Bond Length Bond 
C(l)-C(2) 1.540(6) C(7)-C(8) 1.408(8) c ( 1)-c (2)-c (1 0) 

C(1)-s 1.81 7(5) C( 9)-0( 1) 1.205( 9) c ( 1 )-s-C( 8) 
C(2)-N 1.46 1 (8) C( 9)-0 (2) 1.329 (6) C(l)-C(9)-0 (1) 

C(3)-N 1.425(6) C(10)-0(4) 1.328(6) C(2)-C( 1)-C(9) 

C(l)-C(9) 1.518(9) C(8)-S 1.75 7 (6) C( 1)-C(2)-N 

C( 2)-C( 10) 1.502 (9) C( 10)-0 (3) 1.205( 9) C( 1)-C( 9)-0 (2) 

C (3)-C (4) 1.3 99 (8) C ( 1 1)-0 (5) 1.22 8 (7) C( 2)-C( 10)-0 (3) 
C(3)-C(8) 1.407(7) C(ll)-N 1.377(8) C (2)-N-C( 3) 
C(4)-C(5) 1.409(9) C(12)-0(2) 1.492(10) C (2)-N-C ( 1 1) 

C (6)-C (7) 
C( 5)-C( 6) 1.404 (9) C ( 1 3)-0 (4) 1.473 ( 10) C( 2)-C(l)-S 

1.3 93 ( 10) C( 2)-C ( 1 0)-0 (4) 

C(S)-C(S)-S 

C(31-N-C(ll) 

C( 3)-C( 8)-C( 7) 

C(3)-C(4)-C(5) 

Angle 
1 10.9 (4) 
1 1 1.9 (4) 
1 02.6 (2) 
1 25.3 (5) 
110.5(5) 
1 1 1.4(4) 
123.5 (5) 
12 1.8 (4) 
1 18.3( 4) 
11 1.2(3) 
11 2.0(4) 
119.8( 5) 
1 24.9 (4) 
1 20.3 (5) 
1 1 9.1 (4) 

Bond 
C(4)-C(5)-C(6) 

C(4)-C(3)-C(8) 

C( 7)-C( 8)-s 

C(9)-C( 1)-s 

C( lO)-C(2)--N 
0(1)-C(9)-0(2) 

C(4)-C(3)-N 

C( 5)-C( 6)-C( 7) 
C(6)-C( 7)-C(8) 

C( 8)-C( 3)-N 
C \9)-0 ( 2)-C (1 2) 

C ( 1 0)-0 (4)-C ( 13) 

O(3)-C( 10)-0 (4) 
0(5)-C( 11)-N 

Angle 
119.5(6) 
1 19.7 (6) 
1 1 9.7 (5) 
120.2(6) 
1 20.1 (6) 
1 15.2 (4) 
120.4(4) 
115.2(6) 
1 1 1.1 (3) 
1 1 6.1 (5) 
114.2(4) 
124.0(6) 
124.1(5) 
123.0(5) 

(b) Final atomic parameters (e.s.d.s in parentheses) ; anisotropic temperature factors ( x 10') of the form: exp( --Bl1h2- BzZP - 
B3312 - B,,hk - Bl,hZ - Bz3kZ) 

Atom xla Y Ib ZlC Bll BZ, B33 BlZ B13 B23 

C(l) 0.1628(7) 0.2276(5) 1.0785(7) 109(10) 44(4) 76(9) 3(5) 25(7) -11(5) 
C(2) -0.0023(7) 0.1803(6) 0.9224(7) 90(9) 47(4) 63(9) lO(6) 29(7) -8(5) 
C(3) 0.1079(6) 0.3027(4) 0.6905(6) 89(8) 38(4) 72(8) 9(4) 36(7) -4(4) 
C(4) 0.0779(8) 0.3232(6) 0.5077(8) 158(12) 61(6) 94(10) 31(6) 62(9) 6(6) 
C(5) 0.1666(10) 0.4320(6) 0.4442(9) 217(15) 67(6) 150(13) 38(7) 112(12) 23(7) 
C(6) 0.2601(10) 0.5211(6) 0.5651(10) 206(15) 61(6) 190(15) 26(7) 120(12) 24(7) 

0.2834(8) 0.5035(5) 0.7463(9) 146(12) 47(6) 158(13) 6(6) 76(10) 4(6) 
0.2083(7) 0.3939(6) 0.8103(7) 103(9) 6(6) 36(7) -6(5) 

C(10) -0.1592(7) 0.2368(5) 0.9180(7) 109(10) 109(10) l l(6) 60(8) -3(5) 

C(12) 0.5869(10) 0.107418) 1.3149(11) 143(14) 131(9) 216(18) 67(9) -26(12) l(10) 

O(1) 0.3056(6) 0.0690(6) 1.0216(6) 160(9) 153(10) 53(6) 16(7) -38(6) 

O(3) -0.1766(6) 0.2730(6) 1.0482(6) 181(10) ll6(6) 146(9) 46(6) 69(8) -44(6) 
O(4) -0.2824(5) 0.2323(4) 0.7575(6) 105(7) 85(4) 118(8) 29(4) 36(6) -2(6) 
g(6)  -0.0666(7) -0.0130(4) 0.7063(6) 253(11) 46(3) 133(9) -23(6) 94(8) -29(4) 

0.2434(2) 0.3869(1) 1.0405(2) 176(3) 47(1) 83(2) -17(1) 29(2) -21(1) 
N 0.0332(6) 0.1907(4) 0.7635(6) 108(8) 36(3) 67(7) l(4) 39(6) -14(4) 

C(9) 0.3076(7) 0.1492(6) 1.1143(7) lOO(10) ti[:{ ::[!%) 6(6) 24(8) 2(6) 

C(11) 0.0162(8) 0.0858(6) 0.6663(8) 164(12) 103(10) 4(6) 50(9) -26(5) 

C(13) -0.4520(9) 0.2692(8) 0.7467(11) 118(13) 137(9) 240(18) 62(9) 67(12) 18(10) 

O(2) 0.4369(6) 0.1781(4) 1.2670(6) 134(9) 131(9) 24(6) -27(7) -21(6) 

Varian HA-100 or JEOL PS 100-PMT spectrometers, with yellow prisms (0.29 g, 5%) of tetramethyl lH-$yrido[2,l-b]- 
Me,Si as internal standard, and mass spectra with a JEOL- benzothiazole-l,2,3,4-tetracarboxylate (6), m.p. 239-240" 
01s spectrometer (by direct insertion and a t  75 eV). 

7 R. M. Acheson and G. A. Taylor, J. C h e w  Soc., 1960, 1691. 
* R. M. Acheson and A. 0. Plunkett, J .  Chem. Soc., 1964,2676. 
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TABLE 4 

Data from X-ray analysis of compound (8) 

(a) Bond lengths (A) with e.s.d.s in parentheses (b) Bond angles (") with e.s.d.s in parentheses 

Length 
1.390( 12) 
1.392( 12) 
1.754( 7) 
l.408( 11) 
1.388 ( 13) 
1.399( 13) 
1.390 ( 10) 
1.41 9 ( 10) 
1.360( 11) 
1.364(11) 
1.466(10) 
1.487( 11) 
1.366( 11) 
1.600( 11) 
1.61 4( 11) 
1.487 ( 10) 

Length 
1.636(11) 
1.847( 9) 
1.487(9) 
1.1 93 ( 1 0) 
1.320( 9) 
1.487 ( 12) 
1.347 ( 10) 

1.462( 10) 
1.320( 9) 
1.193( 10) 
1.460( 10) 
1.322( 9) 
1.200 (9) 
1.467( 11) 

1.200 ( 1 0) 

Angle 
120.7( 7) 
126.1(6) 
1 12.9 (5) 
1 18.1 (7) 
1 20.4 (8) 
12 1. 6( 8) 
1 17.4( 7) 
1 12.8( 6) 
126.4(7) 
12 1.6( 7) 
11 9.6( 7) 
1 19.2 (7) 
12 3.4 (6) 
1 16.6( 7) 
119.0(6) 
120.1 (6) 
120.4 (6) 
1 18 .O (6) 
120.6(6) 
121.3 (6) 
1 1 4.1 ( 6) 
107.9 (6) 
107.3 (6) 

Bond 
C( lo)<( 11)-s 

O( 1)-C( 12)-C(11) 
O( 1)-C( 12)-O( 2) 
c(11)-€(12)-0(2) 

C(lO)-C(ll)-N 
S-C( 1 1)-N 

0(3j-C(14)-C( 10) 
0 (3)-C( 14)-O( 4) 
C( 1 O)-C( 14)- (4) 
O( 6)-C( 16)-C( 19) 
0 (6)-C( 16)-0 (6) 
C (9)-C( 16)-0 (6) 
0 (7)-C( 18)-C( 8) 
0 (7)-C( 18)-0 (8) 
C( C(S)-C(1~)-0(8) 1)-s-C( 11) 

C( 6)-N-C(7) 
C(6)-N-C(11) 
C 7)-N-C( 1 1) 
C( 12)- (2)-C( 13) 
C( 14)- (3)-C( 16) 
C( 16)-0 (6)< ( 1 7) 
C ( 1 8)-0 ( 7)-C ( 1 9) 

Angle 
1 13.9 (6) 
108.3 (6) 
104.4 (4) 
124.2(7) 
124.3( 7) 
11 1.3( 6) 
1 10.8( 6) 
123.9( 7) 
1 26.1 (7) 
111.4(6) 
126.4( 7) 
1 2 3.0 (7) 
11 1.4( 6) 
124.9( 7) 
123.6 (7) 
91.6(3) 

1 26.8 (6) 
1 14.1 (6) 
1 18.6( 6) 

116.2(6) 
1 1 6 .O( 6) 
1 16.4 (6) 

1 16.1 (6) 

(c)  Final atomic parameters (e.s.d.s in parentheses) ; anisotropic temperature factors ( x 10') of the form : exp( -Bllh2 - B z z k 2  - 
B3J2 - B12hk - B13hZ - B2,kl) 

xla 
0.2695(6) 
0.2868(6) 
0.3640( 6) 
0.423 7 (7) 
0.4082 (6) 
0.3 304 (6) 
0.3642(6) 
0.33 30 (6) 
0.2 7 38 (6) 
0.2 1 6 8 (6) 
0.2076(6) 
0.1299(6) 

0.1 63 3 (6) 
0.03 8 2 (6) 
0.2849 (6) 
0.2043(7) 
0.3849(6) 
0.4149 (7) 
0.1368(6) 
0.0632(4) 
0.0866(4) 
0.1832(4) 
0.2044 (4) 
0.3678(4) 
0.3607 (4) 
0.441 6 (4) 
0.18 18( 2) 
0.3060(4) 

- 0.0302 (6) 

Y lb 
0.2762( 13) 
0.1266(14) 
0.1632( 14) 
0.3 24 1 ( 15) 
0.4737( 14) 
0.4461 (13) 
0.7466(13) 
0.8341( 12) 
0.7227( 12) 
0.6666( 12) 
0.6322( 12) 
0.6670(13) 
0.8174(17) 
0.4338( 12) 
0.1793(14) 
0.7637(13) 
0.8806 (1 9) 
1.0270( 12) 
1.2721(14) 
0.7294( 12) 
0.7002( 10) 
0.3998 (9) 
0.4 1 6 3 (9) 
0.8482(9) 
0.7216(9) 
1.0961(9) 
1.1088(9) 
0.2667 (3) 
0.67 7 3 (3  0) 

rlc 
0.6164(4) 
0.663 6 (4) 
0.6 1 7 1 (4) 
0.6206(4) 
0.67 17(4) 
0.61 94( 4) 
0.46 1 9 (4) 
0.391 3(4) 
0.3 3 72 (4) 
0.3 6 1 3 (3) 
0.4227(4) 
0.4470(4) 
0.4 1 86 (6) 
0.2984(4) 
0.2 766 (4) 
0.2 67 2 (4) 
0.16 38 (4) 
0.382 1 (4) 
0.304 1 (4) 
0.6020(3) 
0.3996(3) 
0.31 86( 3) 
0.2441 (3) 
0.2 3 34 (3) 
0.2467(3) 
0.32 10( 3) 
0.4262(3) 
0.4423( 1) 
0.4646(3) 

Bas 
121 (21) 
1 62 ( 26) 
16 7 (26) 
136(26) 
162(26) 
113(22) 
98(20) 

106(20) 
106(21) 
1 36 (22) 
130(22) 
147(23) 
3 2 6 (36) 
77(20) 

147 (24) 
90(20) 

402 (40) 
99(21) 

123 (24) 
330(23) 
209( 19) 
14 1 ( 1 6) 
172(17) 
143( 16) 
172 (1 7) 
136(16) 
163(17) 
111(6) 
132 ( 19) 

Bl, 
- lO(9) 

9(10) 
l l(10) 
6(10) 

- 1(8) 
l(9) 

4(8) 
4(8) 

-6(10) 

-11(8) 

- 12(8) 
- 14(8) 

62(12) 
- 4(8) 

-31(10) 
- 19(9) 

- 2(8) 

28(9) 
23(7) 

12(6) 
1(7) 

26(14) 

- 26( 11) 

-26(6) 
- 14(7) 

-27(7) 
-28(7) 
-23(2) 
- 9(2) 
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(from methanol) (245-247" on a Reichert hot-stage 
apparatus), v- (KBr) 1736, 1712, 1669 (CO,CH,), 1683, 
and 751 cm-l (Ph), Lz (EtOH) 228 (log E 4.26), 259 (4.04), 
309 (4.22), and 414 nm (4.15), 3.69, 3.82, 3.85, and 3.93 
(12 HI s, 4 x CO,Me), 6.43 (1 H, s, CH), and 7.3-7.8 
(4 H, m, ArH) (Found: C, 64.15; H, 4.05; N, 3.05. 
C1,Hl,N08S requires C, 54.4; H, 4.1; N, 3.35%). 

C02Me 
I 

thiazole (1 g) in dimethylformamide (8 ml), dimethyl 
acetylenedicarboxylate (2.1 g) was added. After 5 days at 
room temperature, the organic solvent was removed under 
reduced pressure. Crystallization from methanol gave 
tetramethyl 4aH-pyrido[2,l-b]beneothiazoZe-2,3,4,4a-tetra- 
carboxylate (8)  as yellow needles (0.6 g, lo%), m.p. 225- 
227' (m.p. and mixed m.p. with authentic sample 6 233- 

C0,Me 

I 
C02Me 

C02Me C02Me 

From the mother liquor of (6), dimethyl 4-farmyZ-2,3- 234' on a Reichert hot-stage apparatus), vmaK (KBr) 1 738, 
dihydro-l,4-benzothi~zine-2,3-dicarboxyZate (7) was obtained 1 717, and 1 703 (CO,CH,), 1 598, and 765 cm-l (Ph), 
as colourlessprisms (0.37 g, 8%), m.p. 135-136', v- (KBr) (EtOH) 221 (log E 4.11), 270 (4.06), 299 (3.71), and 428 
1 740 (CO,CH,), 1 690 (CHO), 1 575, and 715 cm-l (Ph), nm (3.65), 8~ 3.70, 3.79, 3.84, and 3.92 (12 H, s, 4 x CO,Me), 
& (EtOH) 229 (log E 4.28), 268sh (3.86), and 299 nm 7.2-7.3 (4 H, m, ArH), and 8.49 (1 H, s, 2-H) (Found: 
(2.90), 8~ 3.72 and 3.76 (6 H, s, 2 x CO,Me), 4.60and 6.14 C, 54.35; H, 4.2; N, 3.05. C&1,NO8S requires C, 54.4; 
(2 H, dd, J 3.8 He, 2 x CH), 7.20br (s, ArH), and 8.76 H, 4.1; N, 3.35%). 
(1 €3, s, CHO) (Found: C, 62.76; H, 4.5; N, 4.66. 
NO,S requires C, 82.86; H, 4.45; N, 4.75%). 

C,,H,,- This work was supported in part by a grant-in-aid from 
Reaction of Benzothiazde with Dimethyl AcetyZenedi- the Of 

carboxylate in- Dimethylformawide.-To a solution of benzo- [4/2611 Received, 16th December, 19741 




