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Bbstract — Proton magnetic rescnance spectra of substituted benzo({b)thiophenes is

reviewed.

The proton magnetlc rescnance spectra of many aromatic and heterocyclic compounds have been studied
in detaill. However, most of the detailed investigation of bicyclic system has been restricted to a
refined study of the spectra <f the parent compound and a few of ite simple derivatives such as naph-
thylpyridinez, benzofuran3, indole4, indazoleS, indazoline6 and a.zainfja.zoline.-'r--8 The influence of
substituent on the chemical shift of ring protons in benzenoid pelynuclear and hetercaromatic system
has been the subject of a large number of communications“_16 during the last decade. The benzo{b)-
thiophene system has been studied by a number of workarsg_16 in the hope that the knowledge of the
n.m.r. parameters, especially the influence of substituents on the chemical shifts of the ring pre-
tons would be useful in assigning structures to new derivatives in the series and, secondly, data of

this type might be expected tc throw some light on the influence of substituents on the n.m.r. para-

meters in aromatic systems in general.

Takahashi et al.ls and Elvidge et a.l.10 were the first to measure the chemical shifts of the six pro-

tons from partial deuteration experiments, It was cbserved that chemical shifts of the 5- and the 6-
hydrogens are almost the same. The difference in the chemical shifts of zbout 0.5 ppm between the 4~
and 5- or between 6- and 7-hydrogens was attributed to the ring current effect similar to that of
napk‘lth-?tlene.1.'7 On the other hand, the larger chemical shift of the 7-hydrogen as compared to the 4-
hydrogen has been attributed to the magnetic anisotropy or to the electronic effect of the sulphur

1
atom. 3

Chapman et al.l8 and Caddy et al.l9 have studied the substituvent effects on the n.m.r. parameters in
the benzo(b)thiophene series. According to Chapman et al}s the AB pattern arising from H-2 and H~3 in
benzo(b}thiophene was totally obscured by the H-5, H-6 band and this made it difficult to estimate the
chemical shifts for H-Z or H-3. The downfield shift of the benrenoid protons by 0.07 ppm was alsc
observed, when deuteriochloroform was used as a selvent. The chemical shifts for 5-substituted benzo-
(b) thiophene, and the measured substituents chemical shifts relative to benzo (b)thiophene or 3-methyl-

benze(b)thiophenes are summarised in Table 1 & 2.
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TABLE 1

Chemical Shifts for Benzo{bjt:hj.ophenesa

P

Substituents HZ H3 H4 HG H.;, Ref.
5-mal 7.26 7.12 7.49 7.05 7.64 18
5-gt° 7.18 7.08 7.47 7,02 7.62 18
5-pct P 7.22 7.11 7.53 7.08 7.64 18
5z P 7.23 7.15 7.69 7.28 7.66 18
5-oH” 7,12 7.38 7.19 5.88 7.65 18
7.40 7.15 7.21 6.91 7.67 19
5-3r .3 7.13 7.85 7.33 7.61 18
7.24 7.23 7,92 7.40 7.6 19
5,93 5.74 6.45 5.94 6.21 56
§-4es0.0 7.53 7,31 7.73 7.25 7.86 18
3-Me, 5-F° 7.02 7.29 7.07 7.66 18
3-Me, 5-c1” 6.95 7.54 7.18 7.59 18
3-Me, 5-Br” 6.99 7.76 7.31 7.64 18
3-Me, 5-I° 6.93 7.90 7.45 7.43 18
3-Me, 5-E° 5.86 7.38 7,08 7.60 t8
3-de, - 5.88 6.79 6.57 7.47 18
3=-Mea, S5~ACNE 6.98 7.94 7.28 7.62 18
3-Me, 5-ch; 6.99 7.86 7.44 7.75 18
3-Me, 5-CN 7.20 7.79 7.51 7.89 18
3~Ma, 5=COOH 7.16 8.51 8.08 7.90 13
3-me, 5-NO, 7.23 8.54 8.14 7.87 18
3-CH,C1, 5-Meso, 7.57 7.78 7.32 7.86 18
3—CH2AC, 5-Cl T.27 7.56 7.23 7.67 18
3-CN, 5-CL 8.14 7.92 7.42 7,80 18
3-CHO, &5-Cl 8.33 8.69 7.41 7.78 18
3-Be, 5-CL 8.19 8.69 7.25 7.63 18
3-Br, 5-NO, 7.62 8.71 8.25 7.95 18
7.68 8.77 8.30 8.02 19
3-coont® 8.15 8.76 7.33 7.73 18
2-COCEL 7.88 18
2-Ag, 5-CL 7.81 7.82 7.30 7.76 18
2-COOEt, 5-F 8.20 7.56 7.26 7.84 13
2-CO0Et, 5-C1 7.91 7.79 7.35 7.72 tg
2-COOEt, 5-Br 7.91 7.95 7.49 7.66 18
2-CO0Bt, 5-I 7.83 8.10 .59 7.48 18
2-CO0Me, 5-OMe 7.95 7.26 7.08 7.09 18
2, 3-pine® 7.38 7.17 7.62 18
2, 3-DiMe, 5-Cl1 7.41 7.11 7.49 18
2, 3-Dime, 5-mr" 7.56 7.22 7.43 18
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Substituents I-l2 33 H4 H6 H7 Others Ref.
2, 3-DiCHZBr, 5-Br 7.77 7.34 7.69 i8
2, 3—DiCH2Br, 5-cl 7.93 7.49 7.63 ig
2~COQEL, 3-Me, 5—CF3 8.05 7.62 7.87 i8
2-COOEt, 3-Me, S—NO2 8.66 8.26 7.87 18
2-CO0Me, 5, 6-0CH2O— 7.86 7.16 7.16 18
5-NH2 7.35 7.12 7.07 6.74 7.61 KH,, , 3.62 19
5-0Me 7.43 7.25 7.28 6.99 7.73 OMe, 5.28 19
5-0COMe 7.36 7.18 7.48 7.03 7.63 CoMe, 2.23 i9
5-D 7.43 7.33 7.82 7.34 7.88 15
5-C1 7.44 7.22 7.75 7.27 7.73 19
5—CH20H 7.42 7.26 7.73 7.26 7.81 OH, 2.17 19
CH,, 4.73
S—CHZCI 7.45 7.30 7.81 7.35 7.84 CHZ' 4.68 19
5-CN 7.59 7.38 8,10 7.52 7.93 19
5-NHCOMe 7.39 7.15 8.11 7.32 7.70 COMe, 2.12, NH, B.56 19
5-1 7.41 7.23 8.16 7.59 7.59 13
5-CHO 7.55 7.46 8,28 7.85 7.98 CHO, 10,07 19
5-C0O0Me 7.51 7.42 8,54 8.00 7.91 COOMe, 3.94 19
5-COO0H 7.54 7.45 8.62 8.07 7.96 19
S—ND2 7.65 7.49 8.71 8.18 7.98 19
4-Br, S—NH2 7.45 7.35 6.80 7.53 NHZ' 4.05 19
2=CO0Me, 5—NH2 7.84 7.08 6.87 7.59 NH, , 3.61, COOMe, 3.89 16
4, 6-DiBr, 5-OMe 7.50 7.42 8.00 OMe, 3.94 19
2-CO0Me, 5-0CCMe 7.97 7.57 7.16 7.80 COMe, 2.32, OMe, 3.93 19
4-Br, 5-NHCOMe 7.50 7.40 7.75 8.20 COMe, 2.25 19
3—CH2(:00H, 6~0Et 7.13 7.53 7.60 E-5, 7.00, CH,CO, 3.78, OH 19
11.45. Et:1.38, 4.05
2-CO0Me, 5~NHCOMe 7,95 B8.20 750 7.77 OMe, 3.97, CCMe, 2.52 19
NH, 8.17
2,3-DiBr, 5—1\1()2 §.66 8.80 7.90 19
2=CO0Me , 5—1\[02 8.22 8.80 8.33 8.02 OMe, 4.02 19
2-CDNME2, S—NO2 7.73 8.75 8.28 NMez, 3.27 19
3-0Me, 5—N02 6.48 8.67 g8.18 7.83 OMe, 4,02 19
3-COOMe , 5-}302 7.67 8.62 8,25 7.93 COMe, 2.43 19

a. In deuteriochloroform, unless otherwise indicated

b, In garben tetrachleride

c., <hemical shifts are expressed in & {ppm}
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SUBSTITUENT EFFECT ON Hc

rtho

TABLE 2

IN 5-SUBSTITUTED BENZO (b) THIOPHENES

Substituent induced chemical shifts (A §) in ppm

Compound Substituent H4 H6
1 Me 0.21 0.19
2 Et 0.25 0.22
3 Pr 0,17 0.16
4 Bu 0.01 -0.04
5 ol 0.59 0.43
6 Br -0.15 -0,09
7 [ 0.75 0.80
8 OMe 0.54 0.35
9 ocome® C.34 0.31
10 D 0 0
11 DSDzMea 0.07 0.08
12 1 0.07 0.07
13 CH,08 .09 ¢.08
14 CH,CL 0.01 -0,01
15 cn -0,28 ~0.18
15 NHCOMe -0.29 0.02
17 I -0.34 ~0.25
18 cHO -0.46 -0.51
19 come -0.72 -0.66
20 COOH -0.80 -0.73
21 No, -0.89 -0.84
22 3-Me, 5-F 0.32 G.17
23 3-Me, 5-C1 0.07 0.06
24 3-Me, 5=Br -0.15 -0.07
25 3-Me, S5-I ~0.29 -0.21
26 3-Me, 5-Et 0.23 0.19
27 3-Me, 5-NE, 0,90 0.77
28 3-Me, 5-AcHH -0.25 0.66
29 3-Me, 5-CF, -0.25 -0.20
30 3-Me, 5-CN -0.29 -0.17
31 3~Me, 5-COCH -0.82 -0.74
32 I-Me, 5-NO, -0.85 -0.80

Positive values denote an upfield shift for compounds (1-21)

substance, and with respect to 3-methylbenzc(k)thiophene for

a.

b.

Cu

Values obtained by extrapolaticn te infinite dilution in

values obtained by extrapolation tc infinite dilution in

Indirectly cobtained values
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The plot of the chemical shifts of the two ortho protons (H-4 and H~6) in S-substituted benzo {b) -
thiophenaes against each other gave a straight line, the slope of which was not 45°, thereby infer-
ring that H-4 is more susceptible than B-6 to substituent effects.19 This is particularly evident
when the 5-substituent has a strong mesomeric interaction with the ring in the ground state (+ M
effect): Canonical structure I probably contributes mere to the ground state than the higher energy

structure II. 18

X X
| | x=o0H#,NH, or F

However, the consideration of the individual values (Table 2) shows that the effect is negligible
for a number of cases where a substantial effect would be expected, is slightly reversed for the
chloromethyl and formyl derivatives, but is significantly anomalous with the S-acetamide derivative,
This has been attributed to the higher relative population of the conformer (III) as compared to

the conformer (IV).

I Iv

Measurement of the spactra over a range of temperature showed a significant change in the chemical
snift of H-4 (by 0.10 ppm} to higher field with an increase of temperature, while the chemical shifts
of H-7, H-2 and H-6 showed a slight change (0.02 - 0.03 ppm) over the same temperature range. This

suggested that an imperfect averaging of long range shielding effects is involved.

The presence of an ethoxycarbonyl group in the 2-peosition produces a general deshielding of the ben-
zene ring due to mesomexic effect. The deshielding is maximum at the 4~ and 6-positions as expected

from the mesomeric effect of the substituent (V).

S
T \;}
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In case of 3-methylbenzo(b)thiophene, -4 is clearly shielded relative to bhenze(b)thiocphene. In

case of 4-methylbenzo(b)thiophene a reverse peri effect9 plus shielding of H-3 has been observed,
In contrast, a methyl substituent in systems containing two fused six membered rings deshields the
peri position, A strongly anisotropic group such as COMe, COEt, CN and CHO in the 3-position causes

i8
a large deshielding of H-4 and allows the proton to be readily identified in the n.m.r. spectrum.

The shielding of BE-2 {c¢z2.0.4C Hz) by the methyl group in 3-methylbenzo (b}thiophene is much higher
than the usual value for aromatic systems {ca. 0.17 Hz), thereby reflecting the high bond crder of

18
the 2, 3-bond. A carbonyl group in the 3-position produces a downfield shift of H-2 which is

larger than that of H-3 produced by & carbenyl group in the 2-positicn.18' 80, 81 This suggests a
greater contribution of structure VI relative to that of VII.

)

C.e @

~0
09
s~ @ R} c”
VI :

vii R

The ortho coupling censtants (JB, 7) for 5-substituted benzo (b}thiophene have values similar to the

19. 18, 45, B2

ortho coupling constants in penzene derivatives. The magnitude of Jme coupling

ta

varies significantly with the nature of the substituent across the coupling path.lB' 19, 45, 82 No

correlation with the electronegativity of the substituent has been cbserved. It can be seen from
Table 3, that meta coupling across a substituent inecreases in the order: H < CFE’ CN, I < COOH,

alkyl < Br, Cl, NO_, < CH, OGSO Me, NH

5 o o < F, OMe. This order is similar to the order of increasing

J6 8 in the 7-substituted quinolineso28
’

TABLE 3

COUPLING CONSTANTS (C/S) FOR BENZO(b) THIOPHENES

Substituent J2’ 3 J6, 7 qu 7 J3, 7 J2, G J4, 6 Ref.
5-Me 5.4 8.4 0.6 0.7 a 1.7 18
5-Et 5.4 5 9.6 a 1.8 18
5-prt 5.5 4 2.6 a 1.7 18
5-Bu® 5.6 8.3 0.6 0.7 a 1.7 18
5-Nu, 5.3 2 0.5 0.80 0.45 2,15 19
5-OMe 5.3 7 a a a 2.5 19
5-0COMe 5.6 8.8 a 0,70 0.50 2.3 19
5-D 5.6 8.5 a a a a a8z
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Substituent 3,3 Je, de 7 Iy g I 6 I e Ref.
5-050, Me 5.3 8.4 a a a 2.4 19
5-CL 5.60 8.6 0.5 0,75 0.50 2. 19
5-CH,,CH 5.5 8.0 0.6 0.75 0.45 1.7 19
5—CH2C1 5.4 8.5 a a 1.8 19
5-CN 5.6 8,2 0.6 0.70 0.50 1.6 19
5-NHCOMe 5.6 8.7 0.7 0.70 a 2.0 19
5-1 5.5 =} a a a c 19
5-CHO 5.4 8.5 0,75 0.65 0,35 1.5 19
5-CO0Me 5.3 8.4 a 0.70 a 1.4 19
5-COOH 5.6 8.4 a a a 1.5 19
5-N0, 5.6 8.9 a a 0.30 2,10 19
5-0H 5.5 8.5 0.6 0.7 2.3 18
5-Br 5.4 8,4 0.6 2,0 18
5-MeS50,0 5.5 8.8 0.6 0.7 0.6 2.3 18
3-COOEE 8.2 0.6 1.2 18
2-COOEt £ £ 18
2-ag, 5-Cl 8.5 0.6 2.0 18
2-COOEt, 5-F" 8.6 a 2.5 18
2-CO0EL, 5-CL 8.4 0.6 0,7 2.1 18
2-COCEt, 5-Br 8.5 0.5 7 t.9 18
2-COCMe, 5-OMe 8.3 0.6 0.7 2.5 18
2, 3-DiMe, 5-Cl 8.3 0.4 2.3 18
2, 3-DiMe, 5-Br 8.5 0.6 1.8 18
2, 3-DiCH B, 5-Cl 8.5 0.7 2.0 18
2, 3-DiCH Br, 5-Br 8,5 0.6 2.0 18
2-COCEt, 3~Me, 5-CF, 8.4 0.6 1.4 18
2-COOEL, 3-Me, 5-NO, 8.7 0.6 2.0 18
2-CoMe, 5,6-0CH,0 0.6 0.6 18
4-Br, 5-NE, 5.7 0.7 0.4 1%
2-cooMe, 5-NH, . 0.60 0.60 2.4 19
4, 6-DiBr, 5-OMe 5.6 0.60 19
2-CO0OMe, S-COOMe 8.6 0,60 0.8 2.3 19
4-Br, 5-NHCOMe 5.5 9.0 19
2-COOMe, 5-NHCOMe 8.9 2.0 19
2, 3-DiBr, 5-NO, 8.9 2.3 19
2-coote, 5-NO, s.1 0.5 0.9 2.3 19
2-CONMe.,, 5-KO, 9.0 0.5 0.8 2.0 19
3-Me, 5-NO, 8.8 0.65 0.5 2,2 19
3-COOMe, Z—NOZ Torgn %.2 0.6 2.2 19
3-Me, 5-F 1.1 8.5 b a 2.5 18
3-Me, 5-Cl 1.2 8.3 0.6 2.1 18
3-Me, 5-Br 1.1 8.6 0.6 0.5 1.8 18
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TABLE 3 (Contd.)

substituents er 3’ .JGr 7 34' - J3r 7 J2r 5 96 Ref,
3-Me, S5-I 1.1 8.8 0.6 a 1.4 18
3-Me, 5-Et 1.2 8.2 0.7 a 1.7 18
3=Me, 5-NH, a 8.5 0.6 0.6 2.2 18
3-Me, 5-ACNH b 8.7 b b b 18
3-Me, 5-CF, 1.1 8.4 0.6 b 1.4 18
3-Me, 5-CN 1.2 8.5 0.7 a 1.5 18
3-Me, 5-COOH 1.1 8.6 0.6 a 1.7 18
3-Me, 5-NO_ 1.1 8.7 0.6 0.8 2.1 18
3-CH,C1, 5-080,Me 1,1 8.5 0.6 0.6 2.3 18
3-CH As, 5-€1 1.1 8.8 0.6 b 2.1 i8
3-CN, 5-Cl 1.1 8.7 0.6 0.5 2.2 i8
3-CHO, 5-Cl 8.5 0.6 0.5 2.0 18
3-Ac, 5-CL 8.5 0.6 c 2.0 18
3-Br, 5-NO, 8.5 0.6 0.6 2.0 18

a., Less than the resclution of the instrument. b, 7This parameter could not be extracted from a

complex spectrum, <, Not measured. d, J 9.4

4, F JG, F 9.0;

57' F 4,8 ¢/sec.

J 8.2; J 7.0; JS, 7 1.2 cfsec. h. 54' F 8.6; J 6, F 5.0 ¢/sec.

12, 15, 82-86 :
r ! is smaller than the benzencid orthe coupling constant and is not

18, 19

9,
J2r 3 {ca 5.5 Hz)

markedly affected by substituents in the benzene ring. The well established long~range coupling

16 -
= 0.6 - 0.8 Hz)®r 43¢ BIB6 4 k2 and B-6 (& = 0.5 - 0.6 Hz)45, 84,

7 2, 6
in benzo{b)thiophene derivatives is believed to take place along the "straight Zig=Zag" (trans)
85, 87, 88

between H-3 and #-7 (J3
’
85, 86

Smaller long-range coupling (< 0.3 Hz)19 is sometimes
16, 18

conjugated pathways (VIII) and (XI).

cbserved between H-3 and H-4 and possibly between H-2 and H-4, Although H-2 and H-5 are connected

H-2 N

©

VIII =7 1x

by a straight "Zig-Zag" pathway, long-range coupling between them has not been 0bserved,16
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In case of 3-methylbenzo (b)thiophene and 3-methyl-5-ethylbenzo (b) thiophene, a falrly well resolved

multiplec for H-4 consistent with J =1.7, 0 = 0.6 c/sec. ik obgerved. Benzo(b)thio-

4, 6 4,7 "%, s
phenes containing a methyl substituent in the benzene ring show coupling of the methyl protons (ortho

12, 8l and a much smaller coupling with other ring protons.12

12, 14, 18

side-chain coupling, J = 0.6-0.7 Hz}

Much larger splitting are observed between B-3 and a 2-methyl group (J = 1.1-1.5 Hz )

2, 3
owing to the more localized nature of the 2, 3-doubled bond. A similar effect is observed in the
case of mercaptobenzo (b)thicphene ring.45 In case @f 3-methyl-5-trifluoromethylbenze(b)thiephene,
substantial coupling between CF

and with H=7 (J7, CF_ = 0.7 Hz) and also with the adjacent ring

3 3

proton (J4, CF. = 0.7} ,18 was observed. 2, 3-Dimethyl-benzo(b)thiophene shows homobenzylic coupling

3

(J2' 3= 0.75 oxr 0.8 Hz).

N.m.r. spectroscopy has been successfully utlized in the structural determinaticn of varicus subsci-
tuted benzo(b)thiophenes. The method has been found of particular value in case of nitrobenzo(b)thio-

phenes, in which the long-range coupling constants are readlly measu.lred.‘15

The mixture resulting from the reacticn of nitric acld in acetic acid with benzo(b)thiophene at 60°C
was analysed quantitatively by n.m.r. spectroscopy. The results indicated the complete absence of the
S5~nitro isomer and gave the approximate proportien of 3, 4, 2, 7, and 6-nitrobenzo (b)thiophenes present

as 56:13:12:11:10.%2

Substitution of the nitro group into the benzene ring of the heterocyclic molecule yielded an easily
resolved ABX spectrum with a superimposed long-range 2, & and/or 3, 7-coupling of 0.3 to (.9 cps.
This long-range coupling between the 2, &-protons and between 3, 7-protons in benzo (b)thiophene isg

known to occur.“’ 44

The unsymmetrical 2= and 3-nitrobenzo(b)thiophenes has an ABXY pattern, but
was difficult to analyse due to long-range couplings. However, the long-range 2, & and 3, 7-coupling
facilitated the analysis since it allowed the pinpeinting of the 6- and 7-—protons.45 Coupling con—

stants J and J

4, 5 5, 7 are larger than J

5 6 which must be due to partlal bond fixation.
!

Analysis of the chemical shifts in the iscmeric mononitrobenzo (b}thiophenes in terms of down field
shifts with respect to the signals from the corresponding protons in benzo(b)thiophene itself reveals
that an ortho-relationship te the nitro group gives a ghift of 0.81-1.19 ppm, a meta-relationship
gives a shift of 0.9~0.19 ppm, and a peri-relationship gives a shift of 0.72-0,88 ppm. The largest
downfield shifts caused by the nitro group at mere remote peositlons are those for 2-H and 4-nitro-

benzo (b} thiophene and é-nitrobenzo{b}thiophene.

In case of 3, X-dinitrobenzo(b)thiophene (X), the spectra can be regarded ag arising from 3-spin
system due to protons on the benzene ring, with cross ring coupling due to 2-H as a first order per-

turbation. The relative magnitude of J_, J and Jp permitted instant identification of (Xa) and Xd)
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NO,

X |
5
X
Xa, X=7-NG, Xb, X=6-NG,
Xc, X=5-NG, Xd, X=4-NG;

Xe, X=4,6 (NOok

as 1, 2, 3I~trisubstituted benzenes ' and of (Xb) and (Xc} as 1, 2, 4-trisubstituted ' henzenes, The
established coupling between 2-H and 6-H permitted ready distinction between structures (Xa} and {Xb),
while the extreme downfield shift of 4-H in (Xc) ascribable to a cowbination of ortho to nitro and
peri effects, further distinguishes cempounds (X&) and (Xc}. Higher chemical shift in ({Xd) as com-
pared to (Xb) was attributed to both magnetic anigotropy ©of the nitreo group4a and the steric suppres-

s 42
sion of ground state mesomeric effects.

Nitration of 2-browo-3-methylbenzo (b)thiophene gave a mixture of products from which 2-bromo-3-methyl-
4~nitrobenzo(b)thiophene was identified by its n.m.r. spectrum. Its benzenoid protons showed the
coupling pattern expected for either a 4= or 7-nltro derivatives. The signals due to the proton ortho
or para to the nitro group were exerting their full nesomeric effect which is expected from 4-nitro-

benzo(b)thiophene.46

The other product 3-methyl-3-nitrobenzo{b)thiophene-2 (3H)-one {XI} showed the presence of 4 benzepoid

NO, y
Me CH, ¢
_— | . NO,
5 Br S Br 5 0
XI

protons and a tertiary methyl group (& 2.03 ppm). Despite the presence of an adjacent nitre group
the latter signal appears at higher field than the methyl signal for 2-bromo-3-methylbenzo(b)thicphene
(6 2.32 ppm), thus suggesting the loss of thiophene ring current during the formation of XI in the

nitratien reaction.
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TABLE 4 {(Contd.)

Chemical shifts § (ppm) and coupling constants J{Hz)} for the nitrobenzo(b)thiophene protonsa

Substituent H-2 B-4 H-5 H-6 H-7 Others Coupling Constants (Hz) Ref.

Tn'—NO2 7.49 7.33 7.07 7.22 - J2’3 2.20; J2r6 0.45; J4,5 7.97; 45
J4,6 1.08; JS,G 7.83;
2,3-Br,, 5-Me, 4-Nc>2° - - - 7.29 7,72 2,40 47
2,3-Br,, S-Me, 6-NO, - 7.66 - - 8.43 2.73 47
o, d
2,3-Br,, 4-NO, - - 7.59 7.43 7.87 - 47
2,3-8c,, 6—u02° - 7.82 .27 - 8.64 - 47
4-N02 8.17 - 8.59 7.80 8.24 - 47
-] - - - - . . ) . . .23 .9;
2-Br, 3 CHB' 4 NO2 7.63(ad) 7.37(ad) 7.88(ad) 2.28(8,Me) J,___,"5 8.2 JS,7 1.2; J6,7 7.9; 45
- - — N - " . - . . .73 .3: Ny
2=Br, 3=Me, 6 02 7.70(dd) 8.21{dd) 8.62(dd) 2.42(5,Me) J4r5 8.,7; JS,'? 2.3; J4",1 0.6 a6
2-COOEt, 3-Me, 4—N02, - - - 8.18(4; 7.,9(d) 2.23(S8,Ac} 46
5--0C]:I3 2,55({5,Ar-Me)
8.01 br (NH)
= CDCl

= 3
b (CD,) ,C0
¢ = Analysed as ABX and/or AB
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Bromination of 5-amino-3-methylbenzo(b)thiophene gave S5-amino-4-brome-3-methylbenzo (b)1'-1"::i.cu;)hene-33

Its structure was established by n.m.r, spectrum which showed clearly the 6- and 7-proton signals

as ortho-coupled doublets J = B.3 ¢/sec, with the peaks due to 6~proton further split by long

6,7

range coupling with the 2-proton (J = 0.6 c/sec).

2,6

N.m,r. spectrum of 7-substituted 4-methoxybenzo(b)thiophene showed two distinct AB quartets due te
5-#, é-H, 2-H and 3-~H, which were easy to distinguish due to the higher value of the coupling between

twe adjacent benzenold proteons (J

18

= BHz} as compared to the two adjacent thiophene protons (J =

5,6 2,3

5.7 Hz) .34 Long-range coupling (ca. 0.5 Hz) hetween 2-H and 6-H enabled the assignment of the
signals due te 2-H and 6=H. The absence of such coupling in the spectra of 2, 7-dibrome- or 2, 7-
dinitrobenzo (b) thiophenes confirmed the presence of a 2~substituent. Due to the presence of 4=

methoxy group, the 3-H signal appeared at lower field than the 2-H sjgnal., The 5-protch was strongly

shielded by the 4-methoxy group, which helped in its assignment.

synthesis of the sulphur analeg of psilocin {XII} carried out by two different research groups has

35, 36

been reported, but with different physical constants of some of the common intermediates. The

OR
CH,CH,N(CHy),

XII
Xla, R=M Xilb, R=CH,

structures of varjious intermediates involved in the synthesis was finally established by n.m.x.
spectroscopy. The main intermediate, 4-metheoxy-i-methylbenzo (b)thiophene gave a multiplet at & 6,76
(2-H}, doublet of doublet at & 6.50 (5-H), quartet at § 7.16 {6-H), doublet of doublet at § 7.32 (7-H),
singlet at § 3.79 (4-OCH,) and doublet at 6 2.56 {3-CH,) .3 Ihese values differed from those of
Chapman et a1,35, who had reported a guartet at § 6.80 (2-H), singlet at & 2.85 {4—0CH3) and a doublet
at & 2.50 (3—CI-13}. These data showed that the methyl group is either attached to C-2 or C-3 and

coupled to either H-3 or H~2.

35, 39
r

Different coupling constants (J. ' = 1.1 - 1.5°7, 1.1 - £.5°0, 0.08 1.1 - 1.4%® uz) between

L)
2,3
& preton at C-2 and a methyl group at C-3 have been reported. This confused reporting of coupling
constants was solved by the gynthesis of 4-methoxy-2-methylbenzo (b)thiophene, in which the coupling

constant between a proton at C=3 and a methyl group at C-2 was found equal to 1.(:».65

Further treating the compound XIib with butyl lithium and quenching the resulting lithiobenzo (k)thio-

phene with deuterium oxide resulted in the formation of XIIb deuterated at €-2, the n.m.r. spectrum

—124]1—




of which showed the complete disappearance of the signal st § 6.92 with the remainder of the spec-

trum being unchanged.

Iddon and Scrowston40 have reported that cyclisation of ketosulphides with polyphosphoric acid may

result in rearrangement to produce 2-substituted benzo(b)thiophenes, However, this was shown not to
occur in the cyclisation of 3, d4-disubstituted phenylthiocacetoacetates (XIV), which yielded a 3-sub=-

stituted benzo(b)thiophene. This was confirmed by treating compound XV with butyl lithium followed

R,0 R,0
COOR, COOR,
; _— |
R,0 $s7 s R,0 s
XV, Ry = Ry = (M NH;/CHyCOOH
Rp=H.:R = [H
Rp=CH Ry = H
R,0 R0
CHzNH, Red | CONH,
R0 s R,0 S

XV

by deuterium oxide. The deuterated compound thus obtained exhibited only two signals at 8 7.2 and
6,95 as compared to the n.m.r. spectrum of XV, which exhibited three singlets for aromatic protons

at § 7.2, 6.95 and 6.8. The protons at position 2- and 3-alkylbenzo (b)}thiophenes have been shown to

occur in the range of & 7.67 - 6,89,65

Cyclisation of XVI gave a quite satisfactory yield of the benzo(b)thiophene=2-carboxylic acid
(X\i’II)‘,41 The acid and its methyl ester were characterised by their n.m.r. spectra, which exhibited
characteristic singlets for protong at the 3-position at b 8.12 £ 0.5 for a single proton adjacent

to a methyl group at position~4 in the range of §7.73 & 0.10 or at § 7.41 2 0.14 for a single proton

R COCH R
~

R, SH R, S COOR

XVI XV”Q, R:[H_; N R, -:'ij N Rz:Uij
XVHb, R=H ;. R=0CHy ; Rp=CHy

adjacent to a methoxy group. The singlet protons at position-7 are in approximately the same range,

at & 7.43 + 0.18 when flanked by a methoxy group at 6 (XVIIa, XVIIb) and at § 7.75 + 0.08 when flanked

—1242—
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by a methyl group at 6 (XVIIIa or XVIIIb). These data are consistent with cyclisation oceurring.

H,CO

HaC 3 COOR

XVilla ; R=H
XVillb ; R=CHy

only to pesition para to methyl or methoxy groups respectively and the chemical shifts are in the

range as expected.

N.m.r. results are given in Takles 5, 6, 7 and 8.

—1243—
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TABLE 5 {Contd.)}

Substituents Chemical shift § (pom), Multiplicity, Coupling Constant, J in Hz, Assignment Ref.
4-0OAC 7.32(d, 2-H), 7.43{&, 3-H}, 7.05(dd, 5-H), 7.15(dd, &-H), 7.69(dd, 7-H), {Jz 3 5.9, Je g 8.1, 67
6,7 8.0, I2.6 0.5)
3~Br, 4-0d 7.22(2-8), 6.25(dd, S-®), 7.28(dd, 6-H), 7.45(ad, 7-H), (I 7.85, J 7.95, J 0.5) &7
5,6 6,7 2,6
5-Br, 3—CH3, 4-0H° 6.78(2-H}, 7.46(d, 6-H), 7.18(d, 7-H), 5.15(0H), 2.35(3-Me), (J6 7 7.8, J2 6 0.15-0.8) 67
r r
5, 7—Br2, 3—CHB, 4-0H 6.91(2-H), 7.42(6-H}), 5.75(pH), 2.52(3-Me}, (J2 6 0.5-0.8) &7
S—NDZ, 3—CH3, 4-0H 7.01(2-H), 7.92{4, 6-H), 7.28(d, 7-H), 11.92(0H), 2.65(3-Me), (JE 7 8.05, a, 6 0.5-0.8) &7
5, 7-(NO2)2, 3-CH3, 4-05 7.6B(2~H), 8.55(6-H), 11,59(CH), 23%{(3-Me), (J2 & Q.5-0.7) 67
5-CHO, 3—CH3, 4-OH® 6.,35(2-H), 6.92{(é, 2-H), 6.55(d, 7-H), 12.69(0H}, 2.51(3-Me), 9.28(CHO), (J6 7 8.15, I 6 0.4-0.8) 67
’ r
5-allyi, 3—CH3, 4-0H 6.85(2-H), 7.02(d, €-H), 7.35(d, 7-H}, 5.45(0H), 2.65(3-Me), (JG " 8.10, J2 & 0.4-0.8) 67
r ’
4-0BC 4 S-CHS' 4—0H 6.98{2-H), 6.91(ad, 5-H), 7.22(6-H), 7.55(d, 7-H), 2.40(3-Me), 2.25(CaC), (Js s 8.0, J6 7 8.0, &7
I r
JZ,G 0.5-0.8)
2-pc, 3-CH3, 4-0H 6.92(dd, 5-H), 7.32(6~H), 7.45{(dd, 7-H), 3.40(0H}, 2.60(Ac), 2.85(3-Me), (JS 6 7.85, JG 7 7.85) 67
’ r
7-Ac, 3—CH3, 4—0Hd 7.22(2-H}, €.85(4, 5-H), §.05{d, 6-H), 3.38(08}), 2.58(3=Me), 2.50(Ac), (JS 6 8.25, J2 6 0.5-0.7) 67
2-Ac, 7-C1, :-‘;—CH3 7.80-7.65(dd, 4-H or 6-H!}, 7.53~7.25(m, 5-H and 6-H or 4-H), 2.70(s, Ac}, 2.60(=s, 3-Me), 67
3-Me, 7-0H 7.43~7.23(m, 4-H and 5-H), 7.05(s, 2-H), 6.73{dd, 6-H), 5.21(s, OH), 2.38(s, 3-Me) 67
3—CH3, 7-SH 7.57(dd, 4-H), 7.1i(s, 2-H), 3.48(s, gH), 2.30(s, 3-Me) 67
I-‘:h
3- ¢ =NHCOPh 7.8(15H, m, aromatic protons), 9.05(1H, br, NH) 52
Ph
3 & INHNHCOPh 4.74, 8.0 (each 1H, br, NH)}, 5.75 (lH, s, >CH), 7.0-8.0 (13H, m, aromatic protons) 52
I-“h
3- CH-OH 3.75(1H, br, COH), 5.62(1H, s, »CH), 6.90-7.80(10H, m, aromatic protons) 32
lfh
3= C=NNHCOPh, 2~CH 2.40(3H, s, CH )}, 7.0-8,2(14H, m, aromatic protons), 9.0(1H, br, NH) 52

3
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TABLE 5 (Contd.)

Substituents Chemical Shift § (ppm), Multiplicity, Coupling Constant, J in Bz, Assignment Ref.
Ph

3-Ph, 2-CeNNHCOPh 7.0~8,2(198, m, aromatic protons), B8.5(1H, br, NH) 52

SZ—Heny.b 7.0-7.7(m, 4H, benzene ring protoas), 6.8(s, 1H, 3-H), 2.8{t, 2H, CHZ—Ar), 1.1-1.9(br, m, EH, 72
central methylene protens), 0.9(t, 3H, CHB)

5-Cl, 3-CHC 8.29(tH, s, 2-H), B.58(1H, 4, 4-H],(J4'6 2.0), 7.34(1H, 4d, 6-H), J4,6 2), 7.70(18, 4, 7-W), 73
(JG,_’ 8}, 10.02(1H, s, CHO)

5-F, 3-CHO 8.36{1H, s, 2-H), B.36(1H, ad, 4-H), 34'6 2.5, J4'F 9.5 7.21{1H, td, 6-H), 36 2.5, 73
Js,E‘ 8.5, J6,9 9}, 7.79(18, ad, 7-H), J6,7 9, J_,'F 5}, 10.08(1H, s, CHO)

5-c1-13, G-OCH3, 2-COOCH, 2.30(s, 3H), 3.91(s, 3H), 3.93(s, 3H), 7.25(s, 1H), 7.63{s, 1€}, 6.97(s, 1H) 41

5-CH3, 6——0CH3 2.30(s, 3H), 3.82(s, 3H), 7.23(s, 1H), 7.26(4, 2H, J, 2}, 6.57(s, 1E} 41

6—(:1:13, 5-0CH3, 2-C00H 2.30(s, 2H), 3.90(s, 3H), 7.55(s, 1H), 7.83(s, 1H), B.07(s, iH) 41

6-CH,, 5-OCH,, 2-COOCH, 2.38(s, 38), 3.97(s, 3H), 4.02{s, 38}, 7.27(s, 1H), 7.67(s, 1H), 8.05(s, 1H} 41

6-ca, s-ocu.” 2.32(s, 38), 3.90(s, 3H), 7.14-7.37(a, 38), 7.58(s, 1H) a1

5-Cl, 3-ph? 7.25(2-H), 7.80(d4, 4-H, J 2.0}, 7.67(d, 7-H, J 9.0), 7.25(dd, 6-H), 7.37(CSH5) 74

5=Br, 3-prP 7.25(2=-H), 7.96(d, 4-#, J 1.8, 7.6C{d, 7-H, J 8.5}, 7.38(CGH5) 74

3-Br, 2-Th, 5—(:513b 7.80-6.95(w, Ar), 2.44(CH,) 74

3, 5-Br,, 2-Fh B8.04(d, 4-H, J 2.0) 74

3-Br, 5-c1, 2-ph® 7.80(d, 4-H, J 2.0) 74

1-Cyclohexanol, 3-Br 2.50-1.50(m, cyclohexane ring), 2.55(1H, OH, exchangable), 7,55-2.20(m, 5-H and 6-H), 7.90-2.65 74
{m, 4-H and 7-H)

2-ph, 3-cHO® 7.80-7.10(m, 5-8, 6-H and 7-H), 8,73{m, 4-H}, 7.40(CH_), 9.97 (CHO) 74

S—CHS, 2-?h, 3—CﬂOh 8.574{4, 4-8, J 1.7y, 7.58(4, 7-H,,J 8.2), 7.17(&4, 6-H), ZoSDlCHBTI, 7.45[06335), 9.99(CHED) 74

5-Br, 2-Ph, 3-CHO 7.80-7.50{m, 6=H, 7-H and CSHG), 9.11(d, 4-H, J 2.0}, 10.06(CHO) 74

S§8&1 'S ON ‘ET 194 'ST1DAD0¥IIIH




8¥21

TABLE 5 ({(Contd,)

Substituents Chemical Shift 6 (ppm), Multiplicity, Coupling Constant, J in Hz, Assignment Ref.
5-Cl, 2-Ph, 3-CHO 8.77(d, 4~E, J 2.0), 7.69(d, 7-#, J 8.5), 7.36(dd, &~H), 7.52(C,H_), 9.98(CHO) 74
3-ca,, 2P 2.32(CH,), 7.80-7.10(m, Ar-g) 74
2, 3-Br,, 5-c1% 8.05(d, J 9.0, 7-E), 7.80(d, J 2.0, 4-H), 7.53(dd, 6-8} 75
3-Br, 5-c1° 7.77(4, J 2.0, 4-H), 7.66(d, J 8.2, 7-H), 7.40(2-8}, 7.30(dd, 6-H) 75
2, 3-Br,, s—cnab 7.44(d, J 8.0, 7-H), 7.43(d, J 1.7, 4-B), 7.08(ad, &-H}, 7.45(Me) 75
3-EBr, 5—(:513h 7.43(d, J 1.7, 4-H), 7.33(d, J B.2, 7-H), 7.40(2-H), 6.80(dd, &-H) 75
5-CH,, 3-cocs® B.65(2-H), 8.41(d, J 1.8, 4-H), 7,93(d, J 8.5, 7-H), 7.38(dd, &-H) 75
5—C1, 3-coor® 8.80(2-H), 8.59(d, J 2.0, 4-H), 8,19(d, J 8.7, 7-H), 7.57(ad, &-H) 75
5-CH,, 3-CHO 8.28(2-H), 8.55(d, J 1.8, 4-H), 7.31{dd, 6-H), 7.77(d, J 8.2, 7-H), 2.52{Me), 10.17(CHO) 75
5-C1, 3-CHO 8.35(2-H), 8.73(d, J 2.0, 4-H), 7.40(dd, 6-H), 7.75(d, J 8.7, 7-H), LO.l5(CHC) 75
4-pu”, 5-no° 0.8-2,25 and 5.10-4.35(7-# and 2-H, m, 0-C/H)), 6.15-6.30 and 7.40-7.55(1K and 1H, A3 system, 76
6-H, 7-H, J 8.5}, 7.50~7.60 and 7.75-7.85(1H and 1H, AB system, 2-H, 3-H, J 6.0)
4-(CH2)2Ph, S—NOb 3.05-3.35 and 4.35~ 4.65(2H and 2H, m, CHZCH 6.15-6.30 and 7.40-7.55(1H, 1lH AB system, 76
6-H, 7-H, J 8.5), B.tO(IH and 1H, AB system, 4-H, 5-H, J 8.5}, B.10(1H, 5, 2-H)
3-CH,C00C H, 1.20(t, 3u, ester CH), 3.82(s, 2H, ArCH,), 4.15(q, 21, ester CH,}, 7:1-8.0(m, 5, ArH) 77
:'J—c:1-12c01~11{2‘i 3.65(s, 2, CH,), 6.92(s, 1B, NE), 8.0~7.1{m, 6H, NH and ArH) 77
3-CH,, CONHCH,, 2.67(d, 34, CH)), 3.77)s, 28, CR ), 5.78(s, iH, N§), 7.2-8.0(m, 5H, ArH) 77
3-CH,CH_NH, 3.25(m, 44, CH,-CH.), 7.2-8.2(n, 5H, Ark), 8.47(s, br, 3H, Rﬁ‘ﬂB) 77
3-CH,CH_NHCH,, 2.93(s, 34, CH,), 3.40(s, 4H, CH,CH }, 7.3-8.1(m, 5-H, ArH) 77
3-CH,CH N(CH,), 2.32(s, 6H, CH;), 2.42-3.2{m, 48, CH,CH)), 6.9-8.0(m, 5H, ArE) 77
3-CH,NH,, 4.63(s, 2H, CH,}, 7.8-8.2(m, SH, ArH) 77
2,98(s, 6H, 77

3-CHN(CH,),

CH3), 4,.57(s, 2H, CH3), 7.3-8.1(ArH}
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TABLE 5 (Centd.)

Substituents Chemical Shift § (ppm)s Multiplicity, Coupling Constant, J in Hz, Assignment Ref.
— - . ~HY, 6. ; 5= . ~H), 7. -H), 3.84(CCH .6, .
4 OCH3, 3 CHZCHZN(CH3)2 6.92 (2~H), 6.65(dd, 5-H), 7.17{g, &-H), 33{dd, 7-H), 3.84( 3) (JT,E 1.6 JG,? 7.5) 36
4-00133, 2-CHO 8.10(s, 3-H), 6.70(m, 5-H), 7.32{(m, 7-H), 3.94(0(:1{3) 36
4—OCH3, 2-Me 7.06(m, 3-H), 6.55(dd, 5-H), 7.10{(q, &-H), 7.24(dd, 7-H), 3.76(s, CCHS}, 2.44(d, 2-Me), 36
(32'3 1.0, I5 6 7-8x I5 5 L0, 3 4 8,0)
7-0CH,, 4-o 6.98(m, 2-H), 7.27(d-H), 7.27(5-0), 6.71(m, 6-H), 3.93(s, 7-0CH,), 2.38(d, 3-CH), (I, ; 1.1) 36
L3
5-Ac, 4-0H 2.65(s, 5-Ac), 10.75(s, OH), 7.23(d, 7-#), 7.31(d, 2-H), 7.51(d, 6-H}, 7.60(d, 3-H), 78
(J2,3 5.5, JE,? 8.5, J3’7 0.7, J2,6 0.5}
3-Ac, 6-0CH, 2-Ph 2.40(s, Ac), 7.01{a&g, 5-H), 7.24(d4, 7=-H), 7.43(s, Ph}, 8.09(d, 4-H), (J4 5 8.2, J5 7 1.8) 78
r r
6-~DAc, 3-Ac 2.31(s, 0AC), 2.62{s, AC}, 7.21(4d, 5-H), 7.61(d, 7-H), 8.22(s, 2-H), 8.75(d, 4-H), 78
(J‘q'5 8.7, J5'7 2.2)
6-0Ac, 2-Ac 2.32(s, OAC), 2.62(s, AC}, 7.10(ad, 5-H), 7.55(dd, 7-H), 7.86(d, 4~H), 7.92{4, 3-H), 78
(34'5 8.5, JS,'? 1.9, 33’7 0.6)
4-Ac, 'J‘—-OHd 2.55({s, BRC), ©.85{d4, 6-H}, 7.35(4, 2-H), 7.80(4, 5-#}, 7.927(4, 3-1), (Jz 3 5.8, J5 6 7.9} 78
I r
S—NHZ' 4=-Br, 3-CH3, 2-COOEt 7.49{d4, 7-H), 6.91(3, 6-H), 4.0(br, s, NHZ}' 3.1(d, 3-Me), (J6 7 8) 64
4-Br, 3-CH_, 2-COQEt 7.74(dd, 5-H), 7.6(ad, 7-8), 7.21(t, 6-H}, 3.1(s, 3-Me}), (J 8, J and J 2) 64
3 5,6 6,7 5,7
3—CH3, 5=CO0EL g.25{(44, 4-H), 7.90(d4a, 6-H}, 7.68(dd, 7-H}, 6.90(q, 2-H}, 4.35(qg, CH3-CH2), 2.33(4, Ar(!i{3), 64
1.32(c, CHSCHzl, (JZ.B 1.2, J4’6 1.6, 34'7 0.6, :rﬁ'7 8.5}
3-(:323:, 2-COOEL 8.05-7.40{m, 4, 5, &, 7-H}, 5.2(s, 3—CHZBr} 64
3-CH_Br, 4-Br, 2-COQEL T.77{q, 5-H), 7.67(8d4, 7-H}, 2.29(6-H), 5.64(s, 3-CH_Br), (J 8, J 8 and J 1) 64
2 2 5,6 6,7 5,7
3=CH, Br,, 5-Br, 2-COOEt 7.68(d, 6-H), 7.69(d, 7-H), 5.65(s, 3-CH,Br), (J, , 8) 64
r
3—CH231', 5=COQEt, 2-COOEL 8.58(4a4, 4-H), 8.08(dd, 6-H), 7.88(dd, 7-E), 7.00(t, 2-H), 4.74(s, 3—CHZBr), 64
(Jz,a 1.1, 34'6 i.4, J4’7 1.0, JG,? 8.5)
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TABLE 5 (Contd.)

Substituents Chemical Shift § (ppm), Multiplicity, Coupling Constant, J in Hz, Assignment Ref.
3—CH3, 7.-0502ME 7.79-7.57(m 4-09, 7.5-7.3{m, 5-H and &-H), 7.12(s, 2-H), 3.19%(s, SOZMe). 2.42(s, 3-Me) 69
7-0H, 3—CEECNd 7.66({s, 2-H), 7.35-7.25{(m, 4-H and 5-H), 6.85(q, 6-H}, 4.20(s, CHz(':N) 65
5-CH, 3-CHZCOOCH3 1.02(a, 7-H), 7.31(s, 2-H), 7.15(d, 4-H), 6.89(dd, 6-H), 6.14{s, CH), 3.76(s, 3—CH2), 69
3.65(s, CH3)
5=CH, 3-CH2CONH2 7.70{&, 7-H), 7.49(br, s, OH), 7.42(s, 2-H), 7.17(4, 4-H), 6.95(br, s, N‘Hz), 6.89(dd, 6-H), 69
3.54(s, 3-532), (J4’6 2.5, JS'.? 8.3)
7-Br, 4—0CH3, 3-C:H3 2,55(d, 3-Me}, 31.85(s, OMe), 6.55(&, 5-H), 6.%(q, 2-H), 7.3{a, 6-H), {J2,3—Me 0.8, J5,6 8.0) 34
2-Pr, 4-0CH3, 3—CE[3 2.6({8, 3-Me), 3.95(s, OMe}, 6,75(ad, 5-H), 7.26{t, 6~H), 7.3&{dd, 7-H), (JS 6 = Js 7= 34
8.0, JS,? 2.0)
4—OCH3, 2, T—Brz, 3—CEI3 2.65(s, 3-Me}, 4.0(s, OMe}, 6,6(d, 5-H}, 7.3(4, &-H), (J5 6 8.0) 34
r
4—0CH3,. 3—CH3, 2—N02 3.05(s, 3-Me), 3.95(s, OMe), 6,B(dd, 5-H), 7.32{t, 6-H), 7.49{d4d4, 7-E}, (Js 6= JG 7= 34
v ’
8. J .
o, 5,7 1.8)
4—0CH3, 3—CH3, 7-—N02 2.65(d, 3-Me), 4.0(s, OMe}, 6.77(d, 5-H), 7.05(g, 2-H), 8.33(d, 6-H), (JZ,3-ME 0.8, Js'6 8.0) 34
4-OCH3, 2, 7—(N02)2d 4.14(s, OMe), 7.35(d, 5-H), 8.45(s, 3-H}, 8.7(4, 6-H), (J5 6 8.0) 34
r
4-OCH2, 3—083, 2,7-(N02)2 3.05(s, 3-Me}, 4.15(s, OMe), 6,96(d4, 5-H), 8.55(d, 6-H), (.:rs 6 8.0) 34
r
4—0(:53, 3-CH3, 2=~CHQ 2.9(s, 3-Me), 3.9(s, OMe), 6.9{diffuse dd, 5-H), 7.35(m, 6-H and 7-H), 10.22(s, CH®) 34
4—0C113, 3—C83, 7-~CHOQ 2.55(d, 3-Me), 3.95(s, OMe), 6.82(d4, 5-H), 7.0{g, 2-W}, 7.7(4, 6-H), 10.01(s, CHO}, 34
(Jz, 3=Me’ Js,s 8.0
2—CDCH3, 4-0(:33, 3—(:113 2,55(s, AC), 2.92(s, 3-Me), 3.8B(s, OMe), 6.96(diffuse dd, 5-H), 7.3(m, 6~H and 7-H) 34
T—COCH3, 4-0Cii3, 3—CH3 2.54(s, AC), 2.6{(d, 3-Me), 3.9(s, OMe), 6.65(d, 5-H), 6.98(q, 2-#}, 7.28(d, 6-H), 34
Ty, 3ome 98¢ Tg g 8-0)
2.95(s, 3-Me), 3.90(s, OMe), 6.72(d, 5-H), 7.34(d, 6-H), (J 8.0) 34

2-COCH,, 7- _
4 7-Cl, 4-0cH,, 3-CH,

5,6
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TABLE 5 (Contd.}

Substituents Chemical Shift 45 (ppm) , Multiplicity., Coupling Constant J(Hz), Assignment Ref.

4—N(COCH3)2, 5—N(C2H5)2 7.89 and 7.24(2H, d, aromatic, J 9.0, 6-H and 7-H), 7.52 and 7.02(2H, d, aromatic, 59
T 6.0, 2-H and 3-8}, 5.06 (48, q, J 7.6, CH,), 1.06(6H, t, J 7.0, CH,), 2.32(6H, s, acetyl CH,)
4—NH2, 5-morpholino 7.45=7.10(4H, m, arematic}, 5.50(br, s, 2ZH, exchangeakle, N'Hz), 4,0-3.80(48, m, OCE[2),. 59
3.05-2.85(4H, m, NCHZ}
M,

5-0H, 3-CHZCHCOOHJ' 7.58(2-H), 7.28(4-8}, 7.09(6-H}, 7.79(7-H), 3.55{m, CHz), 4.54(t, —¥CH) 79
5-OCH3, 3—CH2CNi 7.39(2-H), 7.C4(4-H), 7.00{6&~H), 7.68(7-H}, 3.75(d, CHZ) 79
5-0H, 3—CI:I‘_,‘CH2NH‘,2 7.45(2-H), 7.29(4-H), 7.10(6-H), 7.74(7-H}, 3.38(m, CHZCHZ) 79
S—OCH3, 3—CHZCH2N'H2i 7.54(2-H), 7.41(4~H), 7.09(6-H), 7.82(7-H}, 3.33(m, CHZCHZ)' 3.95(0C113) T 79
5-CH, 3—CHZCE[2NHCDCH3 7.29(2-H), 7.35(4-H), 6.92(6-H), 7.67(7-H}, 2.99(7, ArCHZ), 3.42(q, 2H, CHZNHCOCH3} 79
5—OCH3, B—CEZCHZNHCOCH3 7.12(2-H), 7.22(4-H), 7.0{6-H), 7.68B(7-H}), 3.02(m, A::CHZ), 3.58(m, 2H, CHZNHCDCH3) 79
5~0H, 3—CH2CDOHi 7.46(2-H), 7.27(4-H), 7.00(6-H), 7.70{7-H), 3.84 (CHZ) 73
5—0CH ., a-mzcmﬂi 7.50(2-H), 7.35(4-H), 7.C0(6-H), 7.75{7-E)}, 3.86(s, CH,}, 3.86(CCH,) 79
5-0H, 3-CH2CON(CH3)2 7.35(2-H), 7.13(4-H), 6.86(6-H and 7-H), 3.80(s, CHZ), 9.36{1\1{:{-13)2 79
S-OCH3, 3—CHZCON(CH3)2 7.19(2-8), 7.27(4-H), 6.98(6-H), 7.66{7-H), 3.84(s, CHZ)' J.BT(OCHB) 79
5-0CH3, 3—CﬁchN(CZH5)2 7.18(2-H), 7.26(4-H), 6.96(6-H), 7.64(7-H), 3.81(4, CHzJ ¢ 3.87 (OCH3} 79
S—OCH3, 3-C:BZCON!-1CH3 7.29(2-4), 7.14(4-B}, 7.00(6-H), 7.70{7-H), 3.77(s, CHZ)' 3.85(0CH3} 79
5-0H, 3-CHZCH2N(CB3)2 7.41(2-H), 7.31(4-H), 7.02(6-H}, 7.68(7-H), 3.54(t, CHZCsz 19
5—DCH3, 3-CI-12CHZNHCH3 7.47(2-H), 7.35(4=-8), 6.97(6=H}), 7.62(7-H), 3.36(t, CHZCHZ), 3.95€NHCH3) 79
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TABLE 6
R,0

R,0 s

Chemical Shift §(ppm)®, Multiplicity

G621

cooc,Hy

= COOCH

1.23(t, 38, ester CH,), 3.80(s, 28, ArCH,), 3.97(s, 6H, 2 x OCH,), 4.17(g, 2H, ester CH,)

7.23{m,
1.274{t,

7.23(m,

3H, ArH)
3H, ester CHS), 3.71(=, ArCHz), 3.90(s, 3H, G-OCH3), 4,20(g, 2H, ester CH2)
3H, ArH), 5.83(s, 1H, OH, exchangeable}

7.23(1H), 7.15{s, 2H), 6.12(s, 1H), 3.79(s, 3%}, 3.72(s, 2H), 3.62(s, 3H)

7.60(s,

1H), 7.40(s, iH}, 7.30(s, 1H), 5,35(s, 2H, CHZGCH3). 4.25(q, ester cazj

4.0(s, 5-OCH.), 3.85(s, ArCH,), 3.6C{s, 6~OCH,}, 1.33(t, ester CH )

7.611({s,
3.60(s,
1.30¢(s,
7.60(s,
T.13(m,
7.13(m,
1.27(t,

T.27 (s,

7.35(s,

18}, 7.40(s, 1H), 7.29(s, 1H), 5.35(s, 2H), 3.98(s, 3H), 3.81{s, 2H}, 3.70(s, 3H)

3H)

1H), 7.10({(s, 2H), 6.25(s, OH), 3.80(s, 3H), 3.70(sm 2H), 3.63{s, 3H}

0y, 7.20(s, 2H), 5.25(s, 2B}, 3.92(s, 3H), 3.77{s, 2H}, 3.66(s, 3H), 3.50(s, 3H)

3H, ArH), 3.75(s, ArCHz], 4.18(q, ester CHZ), 1.27{t, ester CH3), 1.70({s, &H, (CH3)2C)
38, ArH), 3.77(s, 2H, A¥CH,}, 6.43(s, br, 2H, PhOH), 4.23(q, ester ci ),

3H, ester CH3)

i), 7.13(s, 1H), 7.10(s, 1H), 4.30-3.90(m, 6H), 3.68(s, 2H), 2.12-1.90(m, 17H)

1H), 7.25(s, 2H), 8.45(s, 18), 4.10{t, 4H), 3.82(s, 2H), 2.1-1.85(m, 14E)

7.25-7.52{(m, 4H), 9.08(s, 15, OH}, 6.97(s, 1H), 3.87(s, 3H), 3.53(s, 2H)

62

62

62

62

62

62

62

62

62

62

62

02

62
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TABLE & (Contd.)

Compound Chemical Shift 5 {ppm)a, Multiplicity Ref.
R, = CH)OCH,, R, = CH, 7.60(s, 1H), 7.535(s, 1H}, 7.50{s, 1H), 7.32(s, 1H), 7.00(s, 1H) 62
R = co:mz‘i 5.20(s, 2H), 3.88(s, 3H), 3.60(s, 2H), 3.44(s, 3H) 62
R1 = CH3' R2 =H, R = COOCZH5 1.23(t, 38, ester CH3), 3.77(s, 2H, AICHZ), 31.90(s, 34, ArOCH3), 4.17(g, 2H, ester CH2) 63

9.8 (s, 1H, OH}, 7.20(m, 3H, ArH)
R = CH,, R, = CH,OCH, 7.57{s, 1H), 7.48{s, 1H), 7.33(s, 1H), 7.28{s, 1H), 6.90(s, 1H), 5.15(s, 2H), 3.78(s, 2H) 62
R = CONH.zd 3.52(s, 2H), 3.33{(s, 3H)
R =R, =H, R = cormzd 3.55(s, 2H, CH,), 6.93(s, 1H, NH}, 7.18(m, 3H, ArH), 7.40{s, 1H, NH), 8.97(s, 2H, OW) 62
R =R, =n-CH R~ oomazd 7.44(s, 1H), 7.40(s, 1H), 7.30(s, 1H}, 5.63(s, 2H), 4.18(t, 4H), 3.90(s, 2H), 62
2,18-1,15(m, 14#)

R, =R, - CH,, R = CHNH, 7.20(s, 1H), 6.95(s, 1H), 6.8(s, 1H), 3.B(s, 6H), 2.5(n, 4H) 62
Ry =H, R, = CH, R = CHZNHZi 7.48(s, 1H), 7.27(s, 1H), 7.20{s, 1H), 3,90(s, 3H), 3.60(t, 2H}, 3.22(t, 2H) 62
R =CH, R, =H, R= CH2NHZi 7.53(s, 1M}, 7.42(s, 1H), 7.35(s, 1H), 4.02(s, 3H), 3.60~3.10{m, 4H) 62
Ry = By, CHym, R = CHNH, 7.31-7.12(3H, ArH), 4.15(t, 4H), 3.65(t, 2H), 2.98(t, 2H), 2.10-1.95{m, 14H) 62
R =R, =CH, R~ crazmcomﬂ3 7.3(s, 1H), 7.25(s, 1H), 7.0(s, 1H), 5.68(s, 1H), 3.92(s, 6H), 3.52(t, 2H), 1.9(s, 3H) 62
R, = CH,OCH,, R, = CH,, 7.6(s, 1B), 7.42-7.i10(m, 3H}, 5.3(s, 2H}, 4.0(s, 3H), 3.70(t, 2H), 3.60(s, 3H) 62
R = CH KBCOCH 3.70{t, 2H), 3.60(s, 3H), 3.10(¢, 2H), 2.00(s, 3H) 62
R, = #, R, = CH,, R = CH,NHCOCH, 7.25(s, 2H), 7.0(s, 1H), 5.00{s, 2H), 3.95(s, 2H), 3.50(t, 2H), 2.90(t, 2H), 2.10(s, 3H) 62
R, = CHy, R, = CH,OCH,, 7.70(s, 1H), 7.35(s, 1H), 7.11(s, 1H), 5.80{(s, lH), 5.33(s, 1H), 4.05(s, 2H}, 3.60(s, 2H) 62
R = CH, CONHCH, 3.59(t, ZH), 3.10(t, 2H), 2.05(s, 3H) 62
R = CHy, R, = H, R = CH,CONHCH, 7.32(s, 18), 7.28(s, 1H), 7.10(s, 1¥}, 8.03(s, OH), 4.70(s, 1H), 3.88(s, 3H), 3.55(t, 2H), 62

2.80(t,

2H), 1.80(s, 3H)
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TABLE 7 (Contd.)

Substituents Chemical Shift § (ppm)a, Multiplicity, Coupling Constant J{Hz) Ref.
3—COCHS, Z-CH3 2,65(s, Me), 2.67(s, Ac) 60
5-Br, 2-CHO 9.91(s, CHQ} 60
5-Br, 2-CH 2.57(d, Me), 7.1(q, 3H), (J 1.1} 60

3 2,3
5-CN, 2-CH 2.61(d, Me}, 7.1{q, 3-H), (J 1.1) 60
3 2,3
5-—C0CH3, 2—CH3 2.57(d, Me), 2.61(s, Ac), 7.40(g, 3-H), 7.79(dd, 6-H), B.03(7-E}, 8.55(dd, 4-H), 60
(J2r3 1.1, J6,7 g.0, 34,6 1.5, 34',’ 0.6}
3—03231‘, 2-CH3 2.52(s, Me), 4.55(s, 2H, CH2BIJ 60
6-Br, 3-CH2Br, 2-CH3 2.54(s, Me), 4.57{(s, 2H, Cﬂzﬁr), 7.53{(dd, 5-H), 2.92(dd, 7-E), 7.95(d4, 4-8H), &0
Wy 585, Ty 5 1.6, 3, ; 0.5)
2-—CH3, 3-CHO 2.8(s, Me), 10.25(s, CHO) 60
G—COCHE, 2, 3—((.‘33)2 2.32(s, 2 x Me), 2.52(s, Ac)m 7.93(dd, 5-H), 8.00(dd, 4-H), 8.37(dd, 7-H), 60
{J'?,B 8.2, JS,'? 1.4, JS,E 0.5)
2-Br, 3-CHO 10.15(s, CHO} 80
2—COC113 2.6(s, COMe), 8.0(s, 3-H) 61
2-CHO 10.09(s, CHCQ), B.08(s, 3-H) 61
2-CN 8.0(s, 3-H) 61
2-¥o, 8.35(s, 3-H) 61
2-Acetamidc 2,15{s, 3H, CCMe) 61
2-ci, 00 4.87(s, 28, CH,), 1.96(s, 1H, OH) 61
a = ¢DCl




‘TABLE §

6S21T

'
T I § 2
[} 5 3
5 4
Substituents Chemical Shifc 5 (ppm) , Multiplicity, Coupling Constants J {Hz) Ref.
2-Br, I'!—c‘,H3 2.50(s, Me) 60
2—CCCH3, 3-CH3 2.55(s, Me), 2.65(s, Ac) 60
3-033, 2-CHO 2.68(s, Me), 9.02(s, CEHO) 60
2-ca, 2.60(d, Me), 6.98{g, 3-H), (1, ;1.0 Hz) 60
r
3-Br, Z—C:H3 2.52{s, Me) 60
2-033, 3, 6(COCH,), 2.62(s, He), 2.80(s, 2 x Ac), 7.80(dd, 8~m), 7.99(dd, 7-H), 8.41(dd, 5-H), (I, , B.2, I, . 1.2, 60
r r

J, -

5,8 08
3—COCH3, Z—CH3 2.62{s, Me), 2.85(s, Ac) 60
6—C0CH3, 2-CH3 2.64(6H, m, Me and Ac), 7.0(g, 3-H}, 7.75(dd, 8-H), 7.98(dd, 7-H), 8.44(dd, 5-H), [J2 3 1.1, &0

’

75,8 1.5, I5,8 0.5)
7-Br, 3-CH,, Br, 2~CH, 2.58(s, Me), 4.56(s, 2H, CH Br), 7.39(dd, 6-#), 7.98(dd, 5-u}, 7.85(dd, 8-H), (I, . 8.1, 50

o8 150 95 g 0:5)
6-Br, 3-CH2, Br, 2—(::'.-:3 2.59{s, Me), 4.56(s, 2H, CHZBr), 7.45(ad, 7-"), 7.58(&d, 8-H), 7.94{d4d, 5-H), (J? g 8.2, 60

JS,? 1.5, JS,B 0.6}
6=-COCH,, 2, 3—(CH3)2 2.24(s, 2 x Me), 2.62(s, Ac), 7.71{(dd, 8~H), 7.94(dd, 7-W), 8.43(a&, 5-H), (I, . 8.2, 60

35’7 1.4, JS'B G.5)
2-Br, 3-CHO 10.03 (CHO) 60
3-CHO 9.96{s, CHQ), 8.18(s, 2-H) 60
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Heating a mixture of 5-azidobenzo (h)thiophene, polyphosphoric acid and acetic acid at 135°C resulted

in the formation of thlenobenzo(b)oxazole, the structure of which was deduced from its n.m.r.

Slper.:tm.url.49 Thus 2-methylthieno[2, 3-gibenzoxazole (XIX) showed twe overlapping AB systenm (J4 5 =
L

9.0, J = 5.0 Hz) which agree with those obtained before for the 6,7(8.0-9.0 Hz) and 2,3-couplings

7.8
{(5.0-6.0 Hz) in benze(b)thiophene systemsgia The assignment of the low field AB quartet in the
spectrum to the 4~ and S-protons followed from the coupling constants and from the collapse of the

high field AB quartet to a singlet on substitution of the thiophene ring by an ester function (i.e.

Me
N7/—0
Ns R2 PPA &
| —_—— |
g-~g, CHsCOOH S7R,
XX, Ry =R = H
XXII XX, Ry = COOEF , R, = H
XX, Ry = COOMe , Ry = M

XXH, Ry =H , Ry = Me

in compound XX and XXI}, the 7~H signal of compound XXII was split by the adjacent methyl group.

Similar treatment of S-—azidobenzo{b)thiophene 1,l1-dicxide resulted in the formation of 2Z-methylthieno-

{3,2-f)benzoxazole~7,7-dioxide (XXIII}. Its n.m.r. spectrum gave two pairs of doublets (J4 8= 0.5,
L4
JS 6 " 7.0 Hz} in agreement with the values obtained for the 4,7(0,.5-0.7 Hz) and 2,3-coupling (6.0-
.

7.0 Hz) of benzo(b)thicphene 1,1—dicxidesu49

N

A '
Me 0 5

0,
X X111

In a similar reaction, 6-azido-2,3-dibromobenzo{b)thicphene gave thienol[3,2-glbenzoxazole (XXIV). Its

n.m.¥. spectrum gave two singlets, cne at 87.78 for the two aromatic protons, and one corresponding

N s R,
Yo
Me XXIV
R, = R,= Br
to the methyl group at 8§ 2.72. Addition of Eu(fod)3 to a solution of XXIV in chleroform separated
these signals and showed that they constituted an AR system with J 9.0 Hz, which is in agreement with

the propesed angular structure.so

—1261—




Cycloaddition of mesitonitrile oxide to 3-methylbenzo(b)thiophene-l-oxide in refluxing benzene led
to the formation of two diastersoisomers XAva-syn and XXVa-anti in 2 1:1 x:atin:i..51 The n.m.r.
assignments of the adduct X¥XVa-anti shows that the chemical shift of HSa' eclipsed with the S5-0
bond, is sitvated at higher field {§4.78), In the second diastereoisomer K¥Va-syn, the chemical

shift of H, is at lower field 185.15; A6 = 0.37 ppm) .

[¢]
XXVa-syn , XXVa-anti
XXVe-syn , XXVe-anfi

QO—N
Ry Ry
L, + c=no —
S R,
02

XXvi
XXVia Ry = H, Ry = CHy

4a 2

Heating a mixture of mesitonitrile oxide and benzo (b)thiophene~l,l-dioxide in refluxing benzene
resulted in the formaticn of a single adduct }'IJlIVI.s1 The n.m.r. spectrum of XXVI shows twe doublet
signals {J = 9,5 Hz) at § 5.37{1H) and 6.46{1H}. Comparing this with the n.m.r. spectrum of XXVIa,

the signal at higher field is assigned to H,_ , located at the (X=-position with respect to the sul-

la

phone group, In adduct XXVI the coupling constant (J3 = 9.5 Hz) of H3a and H located at the

a, 8b 8b

junction of the heterocycle is in agreement with a dihedral angle of 107,

Irradiation of a scolution of oxadiazole and benzo(b)thiophene in benzene afforded 3-benzoyl-benzo(b)
thiophene (XXVII), benzoylhydrazone (XXVIII) and 1:1 cyclo-adduct (XXIX}. Reduction of XXIX with
sodiun borohydride afforded a dihydre compound (XXX} ,52 the n.m.r. spectrum of which exhibited methane
proton signals at 5 4.67 (Ha, t, J = BHz), 6.23 (Hb, d, J = 28 Hz) and 6,32 (Hc, d, J = BHz}, besides
aromatic and NH proton signals. In the n.m.r, spectrum of XXIJ{—C'l1 prepared from XXIX by reduction
with sodium borohydr.l.da-d4, the doublet at 6 6.32 does not appear. The two doublets, J(8Hz) are

displayed at § 4.67 and 6.25.

I‘r’h Ph
/TI\-—:\: + @j hy c=0 (f:=NNHCOPh
Ph c]z’L\Aph S S I *’ S {
(0} XXVII XX VIl
Hy T2 H‘/H Ph
N
\N =N
@ii( Lo
Hy © Ph 5 O’<Ph
XXX XXIX
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Irradiation of XXMI for 8 hr resulted in the formation of two monomeric photoadducts XXXII and
){:-{XIII.53 N.m.r. of XXXIII revealed among others, an alkylic quartet (1E} at & 6.10 weakly coupled
tJ = 1.6 Hz) with a methyl doublet (3E} at & 1.86 and two multiplets centered at & 2.28(2H) and

4,54 (2H}, whereas the spectrum of XXXII gave a methyl doublet {3H} at § 2,03, weakly coupled

c 0
H
o e 0
C-C=C
| g hy m

S S CH,

XXXI XXATIL
h¥
/e,
(8]
XXXIII S
o]

(J 1.2 Hz) with 2 methine doublet (1H) at O 4.42.

On the other hand, 2-(2-benzothienyl)ethyl-but-2-ynoate {XXXIV) when irradiated in benzene in presence
of acetophenone for 23 hr gave only one product {(XXXV) ,53 the n.m.r. of which gave two-proton trip-
lets at O 3.16 and 4.49, a deshielded methyl singlet at § 8.23. The data are consistent with either
of the two naphthopyranone XXXV and XXXVI, Reduction with lithium aluminium hydride gave a diol
XXXVII and XXXVIII, the n.m.r. of which gave an absorption of an upfield methyl group at 6 2.47 with

an aromatic fine structure pattern in good agreement with 1,2,3-trigubstituted naphthalene. From a

relatively low chemical value of & 2,74, it is most likely that XXXVIII is isclated naphthalene rather

0
n
Cu CH
4 =C-—CH 3
| o ¢ CHy hy o
s 0 o
XXXIV XXXV ¢y, ©
lRed
OH
XXXVII CH,OH
CHRCH,0OH XXX VIl CHg

than XXXVII, since B =methylnaphthalenes (& CH3~2.,3-2.5) ahsorb about 0.2-0.3 ppm at higher field

than ¢-methylnaphthalenes. 5

The results are summariged in Table 9.
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TABLE 9

Compound Chemical shift § (ppm), Multiplicity, Coupling Constant J(Hz) Ref.
4=Azidobenzo (b} thicphene 7.45(6.65(m, aromatic H) 49
5-Azidobenzo (b}thiophene 7.10(d, 2-8), 7.37(d, 3-f), 7.31(d, 4-H), 6.88 and 6.68 49

(d, 6-H and 7-H), (J4,6 2.0, JG,? 9.0, J2'3 5.5}
Ethyl-3-azidobenzo (b) - B.04(2-H), 7.55{d, 4-H), 7.17 and 7.89(d, 6-H and 7-H}, 49
thiophene=2-~carboxylate (7, & 2.0, I o 845D, 4.5%6{q, J 7.0, CH,), 1.43(t, 7 7.0, CHy)
r L
Methyl-5-azidokenzo (b) - 7.96(3-H), 7.48(d, 4-H), 7.19 and 7.73{d, &, 7-H), 49
thiophene—2-carboxylate (6 2.0, J 3.0), 6.0(Me)
4,6 6,7 ’
5-Azidobenze {b) thiophene- 7.70=6,80 {m) 49
1,1-dioxide?
3-Azidobenzo (b) thiophene= 6.45(2-H), 7.85-7.50(m, 4, 5, 6, 7-H) 49
1,1-djoxide
Me N 8.72(lH, s, B-H), 7.5% and 7.38(2H, &, 4-H and 5-H), 59
— a
E1’N I (‘Iz;,s 7.0}, 4,241, g, J 7.0, css),
5 COOE} 4.22(24, 4, J 7.0, CHZ}, 2,65(3H, s, 2-(:[-13), 1.40¢
t.40(3H, t, J 7.0, CH3), 1.38(3H, £, J 7.0, CHB)
Me a
@S% 2.33(s, Me), 6.91-8.22(m, aromatic) 58
R S
il R= Ny 2.3%(s, Me), 4.06(br, s, NH,), 6.47-7.55(m, aromatic)
ii) R = aminopheny!
s 3 ;
@/ 7 2.53(s, Me), 6.47-7.67(n, aromatic)
Me 5
i} R=Ny
ii) R =ominophenyl 2.70(s, Me), 4.12(br, s, NHZ)' 6.5-8.0(m, aromatic)
2,53{d, Me), 6.36(q, 3-H), 7.45(ad, 5-H), 7.72(dd, 6-H), 7.75(d4d, 67
9-8) , (Js,e 8.1, Ja'9 5.9, T3 e 0.8, Je,g 0.75, JS’S 0.45)
o a
o 1.86(d, 3H, CHB’ J 1.6), 2,17-2.38!m, 2H, CH2), 4.43-4.64(m, 2H, 67

CH,), 6.10(q, 1H, B-aryl, 7 1.6), 7.19(br, s, 4H, Ax)
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TABLE 9 (Contd.)
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Compound Chemical Shift § (ppm), Multiplicity, Coupling Constant J (Hz) Ref.
a
CHy
2,03, 38, CHy, J 1.2), 2.42-2.63(m, 2H, CH,), 4,40-4.88 53
5 0 (m, 2H, CH,), 4.42(d, 18, mathine, J = 1.2 Bz), 7.12(b7, s, 48, Ax)
4]
a
| 3.20(t, 26, CH,), 4,76(t, 2H, CH), 7.40-8.19(n, 48, Ax) 53
s o
0
1.90(s, 3H, CH.), 3.87(s, 3H, COCH.), 4.65(s, 1H, H_ methine) 53
a 3 3 5
Ph
: S ; COOCH,
CHy 1.94(s, 3H, CH,), 3.8B4(s, 3H, COOCH ), 4.42(s, iH, Hy methine) 51
a
O COOCH,3
‘:S:F:CH Ph 2.10(d, 3%, CH,, J 1.4}, 3.80(s, COOCH,), 4.32(q, 1H, Hg methine, 53
3
cn, a J 1.2), 1.10-7.75(m, 9H, Ar)
‘ :S:!Ph :coocus
CHy 2.07(d, 38, CH,, J = 1.4 Ha), 3.78(s, 3§, COOCH,), 4.78(q, 1H, 53
5 Ph H5 methine, J 1.2}
COOCH,
l (l}l 4 1.900e, 28, CH,), 2.75(t, 28, CH,), 2.98(t, 2, H, and K,), 53
$°N(CH,) ~0~C Ph
by 3.92(m, 2, B and B.), 4.12(t, 2, CH,), 6.12(t, 2H, H, and Hy)
] 6.93(br s, 1H, K,), 7.29-7.95(n, 98, Ar), 7.28(s, 5H, Ph)
@1 o a 3.03(c, 28, H, and H;), 3.11(m 28, B, and HJ), 53
I Ph
) (CHE)Z—O—C / 4.46({t, 2H, H, and HE), 6.93(br s, 1H, H)),
:] 7,15-7.91(n, OH, Ar}, 7.25(s, 5§, Ph)
|
w PR M a
: N-H 4.67(1H, t, CH J 8.0}, 6.23, 6.32(each 1H, 4, CH, J 8, 52
s ,{ 6.5-7.8(14H, mw, aromatic), 8.0(1H, br, NH)
Hy © Ph
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TABLE ¢ {Contd.)

Compound Chemical Shift § (ppm), Multiplicity, Coupling Constant J(Hz) Ref.
H Ph 2
0 Ph
TI/ 4,85, 6.97(each 1H d, —» CH, J 2.5 Hz), 7.1-8,0(14H, m, 52
s N—N
H aromatic)

2.04(3H, s, CH3), 4.64(tH, s, —» CH), 7.0-8.4(14H, m, 52
arcmatic)

1.07{34, s, cu3), 6.87(1H, s, —» CH), 7.0-8,1(14H, n, 52
aromatic)

1.95(s, CH3), 5.15{(s, 1H), 2.38(s, ort.ho—CHa, 2.28(s, para—CH3) 52
2n15(CH3), 4.78(s, 1H), 2,15(s, ortho—CHB), 2.31(s, para—CHJ) 52
£.23(s, 1m), 2,19(s, crtho-CHa), 2.25(s, para-CHB) 52
4.97(s, 1H), 2.24(s, ortho—CIia), 2.28(s, para—CHaj 52
6.4{d, H, J 9.5 Hz), 5.37(d, H, J 9.5), 51

2.07(s, CHB" 4.93(s, 1H}, 2.20{(s, Grtho—CH3J, 2.901s3, p-CHB),

5.00(s, 1H), 1.45(s, CH ), 2.06-2.40 (ortho-CH,), 2.28(p-CH,),

i , Rz = R3 = H 5.14(s, 1H), 2.29(s, ortho-CHa}, 2.39¢(s, p"CHa),
ﬂ7,92=H, Ry = [H

i), Rz =[J"£; . R_; - H 5.78(s, 1H}, 2.214s, ortho—CH3), 2.28(s, p-CH3), 1.56-1.70(m,
rI/}, Rz = H . R3 = Qf‘& piperidine H}

V},R2=H,R3:.C~

a =epCl, b = ccl
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Reaction of 2, 3, 5-trimethylbenzo(b)thiophene with isopropyl iodide and silver tetrafluoroborate

resulted in the formation of two products XXXIX and XL, which were identified by their n.m.r. spectra.55
Hac CH5 H,C CH,
i
S” TCH, Pr S7 “CH,

XXXIX XL

The 5-methyl group gave separate singlets at $2.51 and 2,49 and similarity of their intenslties
indicated a 1:1 mixture. The 2- and 3-methyl groups appeared at & 2.45 and 2.35 respectively. The
methy]l groups of the isopropyl groups were non-equivalent and gave rise to four pairs of doublets at
$1.20-1.10. The methine proton gave a guintuplet at § 4.58. The 6-isopropyl group of XXXV showed
as a six-proton doublet at §1.50 and a one-proton septuplet at §3.14. A low field sharp singlet

at ¢ 7.82 confirmed the 6-substitution. The 7-proton of XXXIV gave a doublet at § 7.90(J 8Hz}.

Comparison of the chemical shifts of the protens of the l=-alkylbenzo(b)thicphenium salts with those
of the parent compounds, the results obtained showed {Tahle 10} that for the benze (k) thiephenium
salts, the general trend is 3H > 7-H > 6-H > 4~H > 2~H and for the dibenzo(b,d)thiophenium salts
(1-5) 3-H > 4~H > 2-H > 1-H, The large downfield shift of the 3-proton [c¢f. (XLI)] relative to the
2-proton [ef. (XLII)] is consistent with the view that (XTII) is a rescnance contributor of little

importance.

T+
Y
74
-]

X LI XLl

The 7-proton signal for the benzo(b)thiophenium salts was always observed as a low field douklet and
similar large downfield shift relative to the parent benzo(b)thiophene for both the &~ and 7-protons
show that there must be considerable interaction between the positively charged sulphur atom and the

carbocyclic ring. The downfield shift for 5~proton was greater than that of the 4-protcn,55

In case of the cis~ and trans=-2-styrylbenzo(b)thiophenium salt, the l-methyl and 7-proton resonances
in the cls-isomer were in the range of 0.3-0.4 and 0.14-0.22 ppm tc high field of those of the trans—
isomers. This is consistent with the non-planar conformation taken up by the cis-isomer and shield-
ing by the phenyl ring, S-methylation leads to little change in the chemical shifts of the styryl
proton adjacent to the charged ring is shifted to 0.6 ppm downfield, which must be due to the pre-
ferred steric arrangement of the cis—isomer, resulting in the styryl proton lying in the deshielding

zone of the sulphur at:omr,55

The results are summarised in Takle 10.
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The n.m,r. spectra of several benzo(b)thiophene-l,1-dioxides show the following features. (a) 2-H
and 4-H are consistently shielded. (k) 5-H and 6-H are consistently deshielded. (c) 3-H is little
affected and the changes in 7-H are small and of variable sign.l‘8 The loss of aromaticity of the
thicphene ring on oxidation of the sulphur atem leads to a more lecalised 2,3-double hond and a

and J

consequent increase in J is no longer observed, since the conjugated path-

2,3 72,2 2,3 "2.8
way (VIII} over which this coupling operates is partially removed by oxidation of the sulphur atom,
The overall upfield shift of 2-H has been attributed to the ring current and the anisotrecpy effect,
whereas the downfield shift of 4-H and 6~K to the dipole field effect, The small effect on 7-H

has been attributed to the cpposing facters, i.e. anisotropy and dipole field effects.18

In the reaction of 3-(@&-chlorcethyl}benzo (b)thiophene=1,1-@ioxide (XLIV) with piperidine the product
(XLITIT) showed in addition to four phenyl protons and ten piperidine protons a methyl doublet at
51.49 (J = 7.4 cps), a one-proton quartet at & 4.11 (I = 7.4 cps) and a one-proton singlet atd6.67.

On the other hand treatment of 3-{-chloro~(X-methylethyl)benzo(b)thiophene (XLIV) in piperidine and

FI H NC.H
CH - CH, \C/ sHio
C:HWNH
H
C:sj:H C[s:(
Op 0, CHy i

XLV

benzene gave a high yield of an enamine (XLVI). Its n.m.r. spectrum revealed four aromatic protons,

ten piperidine protons and a dimethyl singlet at ( 6 1.52, 6H), This spectrum differentiates it from

Me

H Me
| \ NCsz NCgH,,
C—CH, c” e
, ) C:HIQNH
S ¢l 5 Me 5 Me
Oz xLv XLvi Oz Me 02 H v

the other possible ceompound (XLVI}, having two distinct methyl groups, should give a doublet for one
of the methyl. Further proof comes from the hydrolysis of the enamine which gave a carbonyl compound
{XLVIIT), the n.m.r. spectrum of which revealed an aldehydic hydrogen at $9.72 and a methinyl hydrogen

as a doublet at @ 3.87 (J 3.7 cps}, in place of the signals for the wvinyl and piperidine prc:t:.n:un.a8

H
NC H
N s R _cHo
Me  H/H0 Me
s s
o, Me 0, Me

XL

The chemical shifts of the protons and coupling constants of several 1,1-dioxides are listed in Table

11.

—1271—




zlel

TABLE 11

CHEMICAL SHIFTS IN SUBSTITUTED RENZO (b) THIOPHENE, 1,1-DIOXIDE

Substituent Chemical Shift §{ppm), Multiplicity, Coupling Constant J (cps) Ref.
5—(283 2~H, 6.65, J2-3 6.7; 3-H, 7.15, J3'7 0.8; 4-H, 7.12; 6-H, 7.26, J6,7. 7.5; 7=B, 7.54 18
5-Br 2-H, 6,75, J2'3 6.7; 3-H, 7.17, J3,7 0.7; 4-H, 7.46, J4,6 2.0, J4’7 0.6; 6-H, 7.62, J6,7 8.4; 18

7-H, 7.53
2-Br 3-8, 7.33, s 88
3-Br 2-H, 7.00, s 88
2-CH3 2-Me, 2.17, d, J 1.7; 3-H, 6.85, gq, 1.7 88
3—CH3 2=-H, 6.58, q, J 1.5; 3-Me, 2,25, d, J 1.5 88
3'C2H5 2-H, 6.48, t, J 1.5; -_C]_'I_ZCH3, 2.63, q, J 7.5, J 1,5b; _CH2E3' 1.28, t, J 7.5 88
3—CH2C1 2-H, 6,67, t, J 1.5; EZC&, 4.47, 4, J 1.5 38
3-CH (0H) CH, 2-H, 6,73, d, J 1.4; 3-CH(OH)GH,, 4.98; 3-CH(OH)CH,, 1.52, d, J 7.0; 3-CH(QHICH_, 3.46, d, J 4.7 88
3-CHC1CH, 2-H, 6.72, 4, J 1.3, 3-CHCICH,, 5.02, q, J 7.0, J 1.3% 3-CHCICH,, 1.82, 4, J 7.0 88
2-CHCLCH, 3-1, 7.25, d, J 1.5; 2-CHCICH,, 5.10, g, J 6.9, J 1.5% 2-CHCICH., 1.98, d, J 6.9 88
3—CH(NC5HIO]CH3 2~H, 6.55, s; 3—g(piperidiHE)CHE, 3.70, q, J 6.3; 3—CH(piperidine)ga, 1,28, d, J 6.3; a8
piperidine protons (¢, 2.48; 3 and Y, 1.46)
2—CH{NCSH10)CH3 3-H, 7.03; Z—E(Qiperidine)(:ﬁy 3.87, q, J§ 6.8, J l.lb; 2—CH(piperidine)E3, 1.42, 4, J 6.8; 88
piperidine proteons (O, 2.55; 6a.nd Y, 1.5
3—CH20(E—anisoy1) 2-H, 6,75, £, T 2.0; BH_CEZ—O{E—anisoyl), 5.35, 4, J 2.0; —OEB, 3.85, s. 88
3—CH20(mesitoyl) 2-H, 6.77, t, J1.7; B—QZ—O(mesitoyl], 5.38, 4, T 1.7; O, E‘Cﬂy 2.29, s a8
3-CH,0CH, CH 2-H, 6.65, t, J 1.5; 3-CH,OCHCH,, 4.48, d, J 1.5; 3-CH,OCK,CH,, 3.60, q, J 7.0; 88
3-CH,0~CH,~CH., 1.23, t, 1 7.0
3-CH_NC_H 2-H, 6.84, t, J 1.5; 3-CH NC_H o' 3.55, d, 7 1.5; piperidine prctons, (O, 2.5; Band 'Y, 1.5} 88

277510
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TABLE 11 (Contd.)
CHEMICAL SHIFTS IN SUBSTITUTED BENZC (b)THIOPHENE, 1,1-DIOXIDE

Substituents Chemical Shifts § (ppm), Multiplicity, Coupling Constant J (cps) Ref.
2,3-(CH3]2 2,3-CH3, 2,12, s 88
2-Br, 3-(.‘H3 3-Me, 2.25, s 88
2-Br, 3—(:285 cH,, 2.72, q, 3 7.5; CHE,' 1,23, £, J 7.5 88
2—C2H5, 3-Br CH}?' 2.73, 4, J 8.0; CH3, 1,38, t, J B.0 88
2—CH3, 3—CH2C1 2—CH3, 2.20, s; 3—CH2, 4.48, s a8
2—C82Cl,. B-CH3 2—@2. 4,55, s8; 3-—CH3, 2,28, s 88
Z_CHB' 3—CH2NC5H10 2—CH3, 2.20, s; 3-ﬂz{piperidine}, 4.43, s; piperidine protons { (¥, 2.45; ﬁ and Y, 1.50) 88
Z-CHZNCSHIO' 3—CI:I3 2—9&2 (piperidine), 3.49, 3; 3—CI-13, 2.28, s; piperidine protons ( ¢, 2.48, B and 'Y, 1.50) 88
3--CH3, 5-F 2-H, 6.54, J2.3 1.5; 4~H, 7.09, J4,6 2,0, Jq'.? 0.5; 6-H, 7.19, JG,'? 8.4; 7-H, 7.68 88
3—CH3, 5-C1 2-H, §.51, J2,3 1.5; 4-H, 7.36, J4,6 1.7, .2[4',7 0.6; 6-H, 7.48, J6,7 8.0; 7-KE, 7.61 Ba
3-033, 5-Br 2-H, 6,49, 32’3 1.5; 4-H, 7.52, J4,6 1.7, 3417 0.5; 6~H, 7.85, J6,7 8.1; 7-H, 7.55 88
3—CHJ, 5-1 2-H, 6.45, J2'3 1.5; 4-H, 7.72, .]44'(5 1.5, J4,7 0.5; 6-H, 7.87, J6,7 8.4; 7-H, 7.41 88
3—CH3, S-NO2 2-H, 6.66, J2,3 1.6; 4-H, 8,23, J4,6 2.0, J4,7 0.6; 6-H, £.43, JG,T 8.4; 7-H, 7.88 88
3-Br, 5-N02 2-8, 7.16; 4-H, 8.39, J4,6 2.0, J4,7 0.7; 6-H, 8.5C, JG,? 8.3; 7-H, 7.92 88
2,3—(C33J2, 5-C1 4=8, 7.32, J&,G 1.8, J4,7 0.6; 6-H, 7.40, JG,':' 8.1; 7-H, 7.62 88
2,3-[CH3)2, 5-Bx 1-H, 7.48, J4,6 1.9, J4,.7 0.3; 6-H, 7.58, J6,7 8.0; 7-H, 7.56 88
a. In deuteriocchloroform; b. quartet of doublets.

The multiplicity is abbreviated thus: s. singlet, d. doublet, t, triplet, gq. guartet
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