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Abstract -Proton magnetic resonance spectra of substituted benzaiblthiophenes is 

reviewed. 

me proton magnetic resonance spectra of many aromatic and heterocyclic canpounds have been studied 

1 
in detail .   ow ever, most  of the detailed investigation of bicyclic system has been restricted to a 

refined study of the spectra of the parent compound and a few of its simple derivatives such as naph- 

thylpyridine2, benzofuran3, indole4, hdarole5, indazoline6 and a~aindaroline.~+ The influence of 

substituent on the chemical shift of zing protons in benzenoid polynuclear and heteroaromatic system 

has been the subject of a large number of com"nications1'-16 during the last decade. The benraibl- 

thiaphene system has been studied by a anurez of  worker^^+'^ in the hope that the knowledge of the 
n.m.r. parameters, especially the influence of substituents on the chemical shifts of the ring pra- 

tons would be useful in assigning structures to new derivatives in the series and, secondly, data of 

this type might be expected to throw some light on the influence of ~ubstituents an the n.m.r. para- 

meters i" aromatic systems in general. 

Takahashi et and ~lvidge er 8.1." were the first to measure the chemical shifts of the six pro- 

tons from partial deuteration experiments. re was observed that chemical shifts of the 5- and the 6- 

hydrogens are almost the same. The difference in the chemical shifts of ibout 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 

naphthalene.17 On the other hand, the larger chemical shift of the 7-hydrogen as compared to the 4- 

hydrogen has been attributed to the magnetlcanisotropyor to the electronic effect of the sulphur 

atam. 
15 

Chapman et a1." and Caddy et a~~~ have scudied the substitvent effects an the n.m.r. parameters in 

the benzoiblthiophene series. kcording to Chapman et a ~ "  the AB pattern arising from "-2 and H-3 in 

benroib)thiophene was totally obscured by the X-5, H-6 band and this made it difficult to estimate the 

chemical shifts for "-2 or H-3. The downfield shift of the benzenoid protons by 0.07 ppm was also 

observed, when deuteriochloroform was ueed as a solvent. me chemical shifts for 5-substituted henzo- 

iblthiophene, and the measured subsriruents chemical ehifts relative to benzoiblthiophene or 3-methyl- 

benzoiblthiophenes are eummarieed in Table 1 & 2. 



TABLE 1 

Chemical Shifts For Benzo(blthiophenesa' 

substitvents 'i2 H6 H7 Ref. 

5-Meb 

5-Etb 

5-pri 
t b 5-BU 

5-08 

5-Br 

5-MeS0.0 

3-Me, ;-P 
3-Me, 5-Clb 

3-Me. 5-Brb 

3-Me, 5 - I ~  

3-Me, 5-=tb 

3-Me, 5-M1 
2 

3-Me, 5-ACNE 

3-Me, 5 - 4  

3-Me, 5-CN 

3-Me, 5-CCOX 

3-Me, 5-NO 
2 

3-CH2C1, 5-MeSO 
2 

3-CH Ac, 5-C1 
2 

3-CN, 5-C1 

3-CHO, 5-C1 

3 - k ,  5-C1 

3-~r, 5-NO 
2 

3-cCO~t~ 

2-CCOEt 

2-As, 5-C1 

2-CWEt, 5-F 

2-CWEt, 5-C1 

2-CWEt, 5-Br 

2-CWEt, 5-1 

2-CWMe, 5-OMe 

2, 3 - ~ i M e ~  

2. 3-DiMe, 5-C1 

2. 3-DiW, 5-Br 
b 
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~ ~ 

Snbstituents 
3 4 El 6 '7 

Others Ref. 

2, 3-DiCH B r ,  5-Br 
2 

2, 3-DiCH Br, 5-C1 
2 

2-CWEt, 3-Me. 5-CF? 

2-CWEt, 3-Me, 5-NO 2 

2-COOMe, 5, 6-0CH2S 

5-NH 
2 

5-OMe 

5-XOMe 

5-0 

5-C1 

5-CH OH 
2 

NH2, 3.62 

OW, 5.28 

COMe. 2.23 

OH, 2.17 

CH2, 4.73 

CH2, 4.68 

COMe, 2.12. NH, 8.56 

NH2, 4.05 

NH2, 3.61, CWMe, 3.89 

o m ,  3.94 

COMe. 2.32, O W ,  3.93 

COMe, 2.25 

7.13 7.53 7.60 X-5, 7.00, CH2C0. 3.78, OH 19 

11.45. Et:I.38, 4.05 

7.95 8.20 7.50 7.77 OMe. 3.97, COMe, 2.62 19 

NH. 8.17 

8.66 8.80 7,90 19 

8.22 8.80 8.33 8.02 OMe, 4.02 19 

7.73 8.75 8.28 NMe2, 3.27 19 

6.48 8.67 8.18 7.83 OMe,4.02 19 

7.67 8.62 8.25 7.93 CoMe, 2.43 19 

a. 17, deuteriachlaroform, unless othervise indicated 

b. In carbon tetrachloride 

c. chemical shirts are expressed in S (ppm) 



TABLE 2 

SUBSTITUENT EFFECT ON HorthO IN 5-SUBSTITUTED BENZO(b)TEIOPHENES 

substituent induced chemical shifts ( A  6 1 in ppm 

Compound Substituent 
H4 '6 

positive values denote an upfield shift far compounds (1-21) with respect to the unsvbstituted 

substance, and with respect to 3-methylbenzo(b)thiophene for compounds ( 2 2 - 2 3 ) .  

a. Values abrained by extrapolation to infinite dilution in carbon tetrachloride. 

b. values obtained by extrapolation to infinite dilution in deuteriochlaraform. 

c. Indirectly obtained values 
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me plot of the chemical shifrs of the two artho protons (El-4 and "-6) in 5-substituted benrolbl- 

thiophenes against each other gave a straight line, the dope of which was not 4S9, thereby infer- 

ring that 8-4 is more susceptible than 8-6 to substituent effects.l9 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 mare to the ground stare than the higher energy 

structure 11 .18 

muever, the con~ideration 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  lightly reversed for the 

chloromethyl and formyl derivatives, hut is significantly anomalovs with the 5-acetamidc derivative. 

mis has been attributed to the higher relative population of the conformer (11x1 as compared to 

the conformer (IVl . 

~ea~urement of the spectra over a range of temperature showed a sipificant change in the chemical 

shift of 8-4 (by 0.10 ppm) to higher field with an increase of temperature, while the chemical shifts 

of H-7, 8-2 and "-6 shoved a slight change 10.02 - 0.03 ppml over the same temperature range.   hie 

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

me presence of an ethoxycarbonyl group in the 2-position produces a general deshielding of the ben- 

zene ring due to mesomeric effect. The deshielding is m i m u m  at the 4- and 6-positions as expected 

from the msomeric effect of the subsriruent ( w .  

V OEt 



1" case of 3-methylbenzo(blthiophene, H-4 is clearly shielded relative to benzo1h)thiophene. I" 

case of 4-methylbenzo(b)thiophene a reverse peri effect9 plus shielding of 8-3 has been observed. 

I" contrast, a methyl substituent in systems containing two fused eix membered rings deehields the 

peri position. A strongly anisotropic group such as C O M ~ ,  COE~, CN and CHO in the 3-position causes 

18 
a large deshielding of H-4 and allows the proton to be readily identified in the n.m.r. spectrum. 

The shielding of H-2 (ca.0.40 Hz) by the methyl group in 3-methylbenrolblthiophene is much higher 

than the ueual value for aromatic systems (ca. 0.17 HZ), thereby reflecting the high bond order of 

the 2, 3-b0nd.~~ ii carbonyl group in the 3-position produces a downfield shift of H-2 which is 

larger than that of 8-3 produced by a carbony1 group in the 2-position.'" mi* suggests a 

greater contribution of structure VT relative to that of "TI. 

me ortho coupling constants lJ6, 71 far 5-substituted benzo1b)thiophene have values similar to the 

orfho coupling constants in benzene derivatives.lg' "' 45' 82 The mgnitude of JEta coupling 

varies significantly with the nature of the substituent across the coupling path.18' 45' 82 
NO 

correlation with the electronegativity of the subsrituenr has been observed. rr can be seen from 

Table 3, that meta coupling across a substicuent increases in the order: H < m 3 ,  CN, I < CWH, 

alkyl < Br, C1, NO2 < OH, 0S02Me, NH < F, OMe. This order is similar to the order of increasing 
2 

J in the 7-substituted quinolines. 
28 

6, 8 

TABLE 3 

COUPLING CONSTANTS lC/S) FOR BENZO1b)THTOPHENES 
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5-0SO2Me 

5 - C l  

5-CH 08 
2 

5-CH C1 
2 

5-CN 

5-NHCOMe 

5 - 1  

5-CEO 

5-CWMe 

5 - C W H  

5-NO 
2 

5-OH 

5 - B r  

5-MeSO 0 
2 

3 - C W E t  

2 - C W E t  

2-Rc,  5-C1 

2 - C W E t ,  5 - ~ ~  

2 - C W E t ,  5-C1 

2 - C W E t ,  5 - B r  

2-CWMe,  5-OMe 

2 .  3-DiMe,  5-C1 

2 .  3-DiMe,  5-Br 

2 ,  3-DiCH BE, 5 - C I  
2 

2 ,  3-DiCH Br, 5-Br 
2 

2 - C W E t .  3-Me, 5-CF 
3 

2 - C W E t ,  3-Me, 5-NO 
2 

2-CWMe,  5.6-OCH 0 
2 

4-Br ,  5-NH 
2 

2-CWMe,  5-NH2 

4, 6-DiBr, 5-OMe 

2-CWMe,  5-CWMe 

4 - B r ,  5-NHCOMe 

2-CWMe.  5-NHCOMe 

2 ,  3 - D i B r ,  5-NO 
2 

2-CWMe,  5-NO 
2 

2-CONMe2, 5-NO 
2 

3-OMe, 5-No2 

3 - C W M e ,  5-NO 

3-Me, 5-F 
6 

3-Me, 5-C1 

3-Me, 5 - B r  



TABLE 3 (COntd.1 

a. Less than the resolution of the instrument. b. This parameter could not be extracted from a 

complex spectrun. c .  Not measured. d. J 9.41 J 
4. F 

6 ,  9.01 J 4,8 =/see. 
7, F 

J 4, 8.28 J 7.0; J 5, 1.2 c/sec. h. J4, 8.61 J 6, 6.0 c/sec. 
5 ,  6 

J2, 
5.5 m 1 9 a  12, 15, 82-86 

rs smaller than the benrenoid ortho coupling consrant and ia not 

markedly affected by substituents in the benzene ring.18' The well established long-range coupling 

between "-3 and "-7 (J = 0.6 - 0.8 Hz)16' 459 83-86 
3, 7 

and H-2 and H-6 (H = 0.5 - 0.6 84r 
2, 6 

86 in benzo(b1thiophene derivatives is believed to rake place along the "straight zig-zag" (trans) 

conjugated pathways (VTTIl and 879 smaller long-range coupling ( <  0.3 is sometimes 

observed between H-3 and H-4 and possibly between H-2 and H-4.16' Although H-2 and H-5 are connected 

by a straight 11zig-zag9s pathway, long-range coupling between them has nor been observed.16 
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In case of 3-methyllienzalblthiophene and 3-methyl-5-ethylbenro(blthiophene, a fairly well resolved 

multiplet for H-4 consistent with J = 1.7, J = J = 0.6 c/sec. is observed. Benzolblthio- 
4.  6 4, 7 4, 5 

phenes containing a methyl nubstituent in the benzene ring show coupling of the methyl protons lortho 

side-chain coupling, J = 0.6-0.7 Hal and a much unaller coupling with other ring protons. 
12 

mich larger spurring are observed between H-3 and a 2-thy1 group (J 2, = 1.1-1.5 ~ z ~ ~ *  143 l9 1 

oving to the -re localized nature of the 2, 3-doubled bond. A similar effect is observed in the 

case of mercaprobenzo(b1thiophene ring.45 m case of 3-methyl-5-trifluoromethylbenro(b1thiophene. 

substantial coupling between CF3 and with H-7 U7, CF = 0.7 Hz) and also with the adjacent ring 
3 

proton (J4, CF = 0.7) ,18 was observed. 2, 3-DLmethyl-benzo(blthi0phene shows h-benzylio coupling 
3 

(J2, 
= 0.75 or 0.8 Hz). 

N.m.r. spectroscopy has been successfully utlized in the structural determination of various substi- 

tuted benro(b1thiophensn. me method has been found of particular value in case of nitrobennO(b1thio- 

phenes, in which the long-range coupling constants are readily measured. 
45 

m e  mixtore resulting f r w  the reaction of nitric acid in acetic acid with benzawthiophene at 60°C 

was analysed quantitatively by n.m.r. spectroscopy. The reaults indicated the complete absence of the 

5-niYo isomer and gave the approximate proportion of 3, 4, 2, 7, and 6-nitrobenzalblthiophenes present 

as 56:13:12:11:10.42 

Substitution of the nitro group into the benzene ring of the heterocyclic molecule yielded an easily 

resolved mx spectrum with a sumrimposed long-range 2, 6 and/or 3, 7-coupling of 0.3 to 0.9 cps. 

This long-range coupling between the 2. 6-protons and between 3, 7-protons in benlo(b1thiophene is 

knom to 44 m e  unsyonoetrioal 2- and 3-nitrobenzo(b)rhiophenee has an ABXY pattern, but 

wan difficult to analyse due to long-range couplings. nowever, the long-range 2, 6 and 3 ,  7-coupling 

facilitated the analysis since it allowed the pinpointing of the 6- and 7-prot0ne.~~ coupling con- 

s tan ts  J4, and J ~ ,  are larger than J which must be due u, partial bond fixation. 
5, 6 

Analysis of the chemical shifts in the isomeric mmonimbenzolblthiaphenes in term. of d m  field 

shifts with respect to the siqnals f r w  the corresponding protons in benz0lb)thiophene itself reveals 

that an ortha-relationship to the nitro group gives a shift of 0.81-1.19 ppm, a meta-relationship 

gives a ehift 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 more remote positions are those for 2-H and 4-nitro- 

benzolblthiophene and 6-nicrobeneo(blthi0pheee. 

In case of 3, X-dinitrobenzolblthiopheee (Xl, the spectra can be regarded as 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. m e  relative magnitude of Jo, J and J Permitted instant identification of LXal and Xdl 
m P 



X 

Xa, X=7-N@ Xb, X=6-NQ 
Xc, X=5-N@ Xd. X=4-NQ 
Xe, X=4,6 /N@h 

as 1, 2, 3-trisubstituted benzenes ' and of (MI and lxc) as 1, 2, 4-trisubstituted ' benzenes. The 

estahlishea coupling between 2-H and 6-H permitted ready distinction between structures (Xal and IXbI. 

while the extreme downfield shift of 4-8 in IXcI ascribable to a combination of ortho to nitro and 

peri effects, further distinguishes compounds (Xb) and (xc). Higher chemical shift in (Xdl as com- 

pared to (xb) was attributed to both magnetic anisotropy of the nitro group4' and the sreric suppres- 

sion of ground state mesomeric effects. 
42 

Nitration of 2-broor~-3-methylben~olblthiophhhh gave a mixture of products from which 2-bromo-+methyl- 

4-nitrobenzo(b)thiaphene was idenrifiad by its n.m.r. spectrum. ~ t s  benzenoid protons showed the 

coupling pattern expected for either a 4- or 7-nitro derivatives. me signals h e  ra the proton ortho 

or para to the nitro group were exerting their full mesomeric effect which is expected from 4-nitro- 

benza (bl thiophene. 
46 

me other product 3-methyl-3-nitrobenzo(blthiophene-2(3H)-one (XT) showed the presence of 4 benzenoid 

protons and a tertiary methyl group (6 2.03 ppm). ~espita the presence of an adjacent nitro group 

the latcer signal appears at higher field than the methyl signal for 2-bramo-3-methylbenlolblthiophhhh 

16 2.32 ppml, thus suggesting the loss of thiophene ring current during the formation of XI in the 

nitration reaction. 
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Chemical shifts 6 ippml and coupling constants Jim1 for the nitrobenroLblthiophene protonsa 

Substituent H-2 8-3 F3-4 X-5 H-6 H-7 Others Coupling constants (Hz1 Ref. 
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eromlnation of 5--0-3-methylbenzo(b1thiophene gave 5-amino-4-bromo-3-methylbenza(blthiaphene.33 

It6 structure wan established by n.m.r, spectrum which showed clearly the 6- and 7-proton signals 

ae ortho-coupled doublets J - 8.3 c/sec, with the peaks due to 6-proton further split by long 
6.7 

range campling with the 2-proton IJ = 0.6 c/secl. 
2.6 

N.m.r. spectrum of 7-subatituted 4-methoxybenzo(b1thiophenn showed two distinct AB quartets due to 

5-E, 6-8, 2-H and 3-H, which were easy to distinguish due tc the higher value of the coupling between 

two adjacent benaanoid proton= (JSs6 = 8HzI as oompared to the two adjacent thiophene peotons (J = 
2.3 

5 . 7  .34 Long-range coupling18 (ca. 0.5 HZ) between 2-8 and 6-e enabled the assignment of the 

signals due to 2-H and 6-H. The absence of such coupling in the spectra of 2, 7-dibrm- or 2, 7- 

Unitrobenzo(blthi0phenes confirmed the presence of a 2-substituent. Due to the presence of 4- 

merhoxy group, tho 3 4  signal appeared at lower field than the 2-H signal. The 5-proton was strongly 

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

Synthesis of the sulphur analog of peilocin (XI11 carried out by two different research groups has 

been r e ~ r t e d , ~ ~ '  36 but with different physical constants of some of the c o m n  intermediates. The 

& c H 2 c H 2 N ~ c H ~ l p  

XI1 

Xlla, R=H Xllb, R=C& 

structures of various intermediates involved in the synthesis was finally established by n.m.r. 

spectroscopy. The main intermediate, 4-methaxy-3-methylbenlo(bl thiophene gave a mvltiplet at 6 6.76 

(2-H) , doublet of doublet at 6 6.50 15-a), quarter at 6 7.16 (6-HI, doublet of doublet at 6 7.32 (7-81, 

singlet at 6 3.79 ( 4 - 0 ~ ~ ~ )  and doublet at 6 2.56 (3-CH~I .36 mese valves differed from those of 

C h a p "  et al.35, who had reprted a quartet at 6 6.80 (2-81. singlet at 6 3.85 (4-0CH31 and a doublet 

at 6 2.60 (3-a3). mese data shwed that the methyl group is either attached to C-2 or C-3 and 

coupled to either H-3 or H-2. 

Different coupling constants (J = 1.1 - 1~537, 1.1 - 1.s3', 0.08~~' 39 , 1.1 - Hz1 between 
2,3 

a proton at C-2 and a methyl group at C-3 have been reported.   his confused reporting of coupling 

constants war solved by the synthesis of 4-methoxy-2-methylbem(b1thiophene. in which the coupling 

constant between a proton at C-3 and a methyl group at C-2 was found equal to 1.0.~' 

hlrther treating the campovnd X l m  with butyl lithivm and quenching the resulting lithiobenzo(b1thio- 

phene with deuterium oxide resulted in the formation of X I L ~  deuterated at C-2, the n.m.r. spectrum 



of which shoved the complete disappearance of the signal at 6 6.92 with the remainder of the spec- 

trum being unchanged. 

Iddon and ~crowsron~~ have reported that cyclisation of ketDsulphides with polyphasphoric acid may 

result in rearrangement to produce 2-substituted benzo(b1thiophenes. Bawever, this was shown not to 

Occur in the cyclisation of 3, 4-disubetituted phenylthi~acetoacetates ( X I " ) ,  which yielded a 3-sub- 

stitvted benzo1b)thiophene. This was confirmed by treating compound XV with butyl lithium followed 

by deuterium oxide. The deucerated compound thus obtained exhibited only two signals at 6 7.2 and 

6.95 as compared to the n.m.r. spectrum of X v ,  which exhibited three singlets for aromatic protons 

at 6 7.2, 6.95 and 6.8. The protons at position2- and 3-alkylbenralb!thiophenes have been shown to 

occur in the ranse of 6 7.67 - 6 . ~ 9 . ~ ~  

Cyclisation of XVI gave a quite sdtisfactory yield of the benzo(b)thiophene-2-carbbbylic acid 

(xvrI).41 me acid and its methyl ester were characterired by their n.m.r. spectra, which exhibited 

characteristic singlets for pramns at the 3-position at 8 8.12 i 0.5 for a single proton adjacent 

to a methyl group at position-4 in the range of 6 7.73 t 0.10 ar at 6 7.41 + 0.14 for a single proton 

"'w‘r;cOO" A, C O O R  

X V I  

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

at 6 7.43 t 0.18 when flanked by a methoxy group at 6 IXvIIa, XvIIbl and at 6 7.75 ? 0.08 when flanked 
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by a methyl group at 6 (X V I I I ~  or XVIII~). mese dara are consistent with cyclisation occurring. 

H3c0'J3J H.C COOR 

Lfts are in the only to position para to methyl or methoxy groups rewectively and the chemical sh: 

range as expected. 

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







TRBLE 5 (Oontd.) 

subrtituents chemical shif t  6 IPP~), ~ i l t i p l i c i t y ,  coupling constant, J in RZ. ~~~ss iymment  Ref. 

7.43-7.23(m, 4-H and 5-75), 7.051s. 2-81, 6.731dd. 6-HI, 5.21(s, OH), 2.38(s, 3-Me1 

7.571dd. 4-H), 7.111s. 2 - H I ,  3.48(s, SH), 2.301s. 3-Me1 

7.81158. m, aromatic protons), 9.0511H. br, NHI 

4.74, 8.0 (each lH, br, NHl, 5.75 (In, s ,  XB1, 7.0-8.0 (15H, m, aromatic prot~ns) 

3.7511H, br, OBI, 5.62(1H, s, >CHI, 6.90-7.801108, m, aromatic protons, 

2.4013B, s, CH ) ,  7.0-8.2 114H, m, aromatic protons), 9.011H. br, NH) 
3 



TABLE 5 IContd. I 

substituents Cnemiial Shift 6 lppml, Multiplicity, capling Constant, J in n r ,  assignment Ref. 

7.0-8.21198, m, aromatic proronsl, 8.5118, br, NH) 

7.0-7.71~1, 4H, benzene ring proronsl, 6.81s, 18, 3-81, 2.81t, 2H. CH2-m), 1.1-1.9lbr, m. 8H. 

central ethylene protons). 0.9lt. 3H. CH3) 

8.29(1H, 6 .  2-HI, 8.5811H, d, 4-H1.U 2.0). 7.34118, dd, 6-81, JqS6 21, 7.7011E, d, 7-el, 
4,6 

(Jgr7 8). 10.0211H. s, M O )  

8.36(18, s, 2-H), 8.3611H. dd, 4-81, J4,6 2.5, J 9.5 7.2111H, td, 6-XI, J ~ , ~  2.5, 
4,s' 

JgrF 8.5, J6,9 91. 7.79118. ad, 7-HI, Jgr7 9, J7,F 51. 10.0811H. s, CHOI 

2.301s. 3H1, 3.911s. 3Hl. 3.931s. 3H). 7.25(s, la), 7.63(s. lx). 6.971s. la1 

2.301s. 3H). 3.821s. 3HI. 7.231s. lHl, 7.261d, 2H, J, 2), 6.5716. 1H) 

2.301s. 38). 3.90(s, 3Hl, 7.551s. lH1, 7.8318, IH), 8.0715, la1 

2.381s. 381, 3.9715, 381. 4.02(s, 38). 7.271s. 181, 7.671s, 18). 8.051s. 1H) 

2.321~~ 3H1, 3.901s. 3H). 7.14-7.371m. 3H1, 7.581s. la1 

7.2512-HI, 7.80(d, 4-8. J 2.01, 7.67(d, 7-H, J 9.01, 7.25166. 6-81. 7.371C B 1 
6 5 

7.25I2-8l. 7.96(d, 4-8, J 1.81, 7.6016. 7-H, J 8.51. 7.381C6H51 

7.80-6.951~1, -1, 2.44(CH31 

8.041d. 4-8, J 2.01 

7.801d. 4-H, J 2.01 

2.50-1.501~1. cyclohexane ring), 2.5511H. OH, exchangable), 7.55-2.201~1, 5-8 and 6-H), 7.90-2.65 

lm, 4-a and 7-HI 

7.80-7.1O(m, 5-8, 6-H and 7-HI, 8.73lm. 4-HI, 7.401C B I, 9.971CEO) 
6 5 

8.51(6, 4-8, 3 1.7). 1.58(d, 7-H,,J 8.2). 7.17ldd. 6-H), 2.501CH3), 7.451C6B5). 9.991CED) 

7.80-7.5Olm, 6-H, 7-8 and C6H61r 9.llId, 4 4 .  J 2.0). 10.06lCBO) 



8.771d. 4-H, J 2.01, 7.691d. 7-H, J 8.51, 7.361dd. 6-HI, 7.521C6H51, 9.981CHOI 

2.321CH31, 7.80-7.10lm. Ar-81 

8.0516. J 9.0, 7-81. 7.8018. J 2.0, 4-HI, 7.531dd. 6-HI 

7.7718. J 2.0, 4-11). 7.661d. J 8.2, 7-XI. 7.4012-XI. 7.30Idd. 6-81 

7.4416. J 8.0, 7-81, 7.431d. J 1.7, 4-81, 7.08Idd. 6-HI, 7.451MeI 

7.4316. J 1.7, 4-8). 7.3316. J 8.2, 7-HI, 7.4012-HI, 6.80(dd, 6-81 

8.6512-HI, 8.411d. J 1.8, 4-81. 7.931d. J 8.5, 7-HI, 7.381dd. 6-HI 

8.8012-HI, 8.5916, J 2.0, 4-11), 8.191d, J 8.7, 7-HI, 7.571dd, 6-HI 

8.2812-81. 8.551d. J 1.8, 4-81, 7.311dd, 6-81, 7.77(d, J 8.2, 7-HI, 2.52(MeI, 10.l71U101 

8.3512-HI, 8.7316. J 2.0, 4-73], 7.40Idd. 6-HI, 7.7516. J 8.7, 7-HI. 10.15lCXOI 

0.8-2.25 and 5.10-4.35174 and 2-H, m, n-C H ), 6.15-6.30 and 7.40-7.55118 an8 18, AB system, 
4 9 

6-H, 7-8, J 8.51, 7.50-7.60 and 7.75-7.85118 and In, AB system, 2-H, 3-H, J 6.01 

3.05-3.35 and 4.35-4.65128 and 2a. m, ce CH I ,  6.15-6.30 and 7.43-7.55118. 1H u system, 
2 2 

6-8, 7-Hr J 8.51. 8.101IB and 18, AB system, 4-8, 5-H, J 8.51, 8.1011H,,5, 2-HI 

1.201t. 3H, ester CH31, 3.821s. 28, ArCH I, 4.151~1, 2 H ,  ester CH21, 771-8.01m. SX, W E )  
2 

3.651s. 28. a2I, 6.921.. 1H. NHI, 8.0-7.llm. 6H. NH and Arii) 

2.671d. 38, CH31r 3.77)s, 28, CH I ,  5.7815, 1H. NHI, 7.2-8.01m. 5H. N H I  
3 

3.231m, 4H, CH2-CH21, 7.2-8.2lm, 5H, ArHl . 8.471s, br, 3H, R*i 1 
3 

2.931%. 3R. CH I, 3.40(s, 4H. CH CH 1, 7.3-8.11m. 5-H, ArB] 
3 2 2 



Subatituents chemical shift 6 Ippm), ~ultiplicity. Couplinq constant. J in Hz, ~ssignment Ref. 

3 - M  Br, 2-COOEt 
2 

3-CB BT. 4-Br, 2-CCOEt 
2 

3 - M  BI 5-BT, 2-Et 
2 2' 

3-M2Brr 5-COOEf, 2-C03Et 

6.9212-8). 6.651dd. 5-8). 7.17(q, 6-81, 7.33(dd, 7-HI, 3.84(OCB31 (J7,5 1.6. J 7.5) 
6.7 

8.101s, 3-81, 6.70(m, 5-81, 7.32(m, 7-HI, 3.94(OCB31 

7.061m. 3-8). 6.55166. 5-8). 7.10(q, 6-HI, 7.24166. 7-X) . 3.761s. m 3 ) ,  2.44(d, 2-a), 

(J2,3 1.0. JSr6 7.8, J5,7 1.0, J6,7 8.01 

6.98(m, 2-HI, 7.27(4-HI, 7.27(5-HI, 6.7tIm, 6-HI. 3.93(s. 7-OW31, 2.381d. 3-CH31, lJ2,3 1.11 

2.65(s, 5-Rcl, 10.75(s, OH), 7.23(6, 7-HI. 7.3116, 2-HI, 7.51(6, 6-H). 7.601d. 3-81. 

(JZr35.5, J 8.5, J 0.7.J 
6.7 3.7 2.6 0.5) 

2.40(s, Rc1, 7.01(66, 5-H), 7.2416, 7-HI, 7.431s. Ph), 8.09(6, 4-H), (Jqr5 8.2, J 1.81 
5.7 

2.31(s, OACI, 2.62(s. AC). 7.211dd. 5-8). 7.61Ld. 7-H), 8.221s. 2-H), 8.75(d, 4-8). 

(Jqr5 8.7, J 2.2) 
5.7 

2.32(s, OSC), 2.621s. AC). 7.10166, 5-H), 7.551dd. 7-81. 7.8616, 4-8). 7.92(6, 3-81, 

lJ4,5 8.5, Jgr7 1.9, J 0.6) 
3.7 

2.55(s, ACI , 6.85(6, 6-H) , 7.351d. 2-8). 7.8016. 5-8). 7.9716, 3-81. (J 5.8, J 7.9) 
2,3 5.6 

7.49(6, 7-81. 6.9116. 6-H), 4.0Ibr. s. NH2), 3.116. 3-Me), 
IJ6,7 

7.74(dd. 5-HI. 7.61dd. 7-H). 7.211t. 6-H). 3.11s. 3-Me). 1JgG6 8, JLt7 and J 2) 
5.7 

8.25(dd. 4-H) . 7.90(66. 6-H) , 7.68ldd. 7-8). 6.901q, 2-8). 4.351q. CH3-CH21r 2.331d. Arm3). 

1.321t. M CE I ,  IJZs3 1.2. J 1.6, J 0.6, JLr7 8.5) 
3 2 4.6 4.7 

8.05-7.40(m, 4. 5. 6. 7-H). 5.216. 3-CH Br) 
2 

7.77(q, 5-HI, 7.67(dd. 7-H). 2.2916-8). 5.641s. 3-CH2Br), 8, J6,7 8 and J 11 
5,7 

7.68(6, 6-El, 7.69(d. 7-HI. 5.651s. 3-CH2Brl, 1Jgr7 8) 

8.58(dd, 4-81, 8.081dd. 6-11), 7.881dd. 7-X), 7.001t. 2-8). 4.741s. 3-CH2Brl, 

IJ2,31.1,J 1.4.J 1.0, J 8.5) 
4.6 4.7 6.7 



TABLE 5 1Contd.l 

substirvents chemical shift 6 (ppm), ~ultiplicity, coupling Constant. J in HZ, assignment R e f .  

5-08, 3-CB CONE 
2 2 

7.75-7.57im 4-89, 7.5-7.31~ 5-8 and 6-HI, 7.12is, 2-El, 3.19(s, so2Mel, 2.421s, 3-Me1 

7.66is, 2-81, 7.35-7.25lm, 4-8 and 5-HI , 6.85 14, 6-HI, 4.20 is, CX2CNl 

7.6216, 7-81. 7.31(s, 2-HI, 7.1516, 4-HI, 6.89(dd, &HI, 6.14(6, OH), 3.76(s, 3-CH2Ir 

3.651s. M31 

7.70(d, 7-81, 7.49(br, s. 081, 7.4218, 2-HI, 7.1716, 4-HI, 6.951br. s, m2), 6.891dd, 6-81. 

3.541s. 3-M21r IJ4,6 2.5, J6,7 8.31 

2.551d, 3-Me), 3.851s, Om), 6.551d. 5-81. 6.9(q, 2-81, 7.3(d, 6-HI, 1J2,3-w 0.8. J 8.01 
5.6 

2.61s. 3-Me), 3.951s. Om). 6.75166, 5-HI, 7.26(t. 6-81. 7.36(dd, 7-81, (JSr6 = J = 
6.7 

8.0. J5,7 2.0) 

2.651s. 3-Me), 4.01s. O m ) ,  6.61d. 5-81, 7.3 id, 6-81. iJ5,6 8.01 

3.051s. 3-Me), 3.951s. OMeI, 6.8Idd. 5-El. 7.32it. 6-HI, 7.49166. 7-81, (=5.6 = '6.7 = 

8.0, J 1.8) 
5,7 

2.651~3, 3-Me), 4.01s. O n e ) ,  6.771d. 5-HI, 7.051q. 2-H), 8.33id. 6-HI, lJ2,3-He 0.8, J 8.01 
5.6 

4.!.41s, 0-1, 7.35id. 5-H), 8.45(s, 3-H), 8.71d. 6-HI, IJg s 6  8.01 

3.051s. 3-He). 4.151s. OMeI, 6.961d, 5-HI, 8.551d. 6-81. 8.01 

2.9is. 3-Me), 3.91s. OMel, 6.91diffuse dd, 5-HI, 7.351m. 6-H and 7-81. 10.221s. CBOI 

2.55id. 3-He), 3.951s. OMe), 6.821d, 5-11). 7.01q. 2-El, 7.71d. 6-El, 10.01ln. c m l ,  

(J2, +Me' JSe6 8.0) 

2.55is. ACI, 2.921s, 3-Me), 3.8811, OMel, 6.961diffuse dd, 5-HI, 7.31m. 6-a and 7-El 

2.54(s, XI, 2.616, 3-Me), 3.91s. OMeI, 6.6516, 5-HI, 6.981q. 2-H), 7.2816, 6-81. 

(J2, 3-Me 0.8, J 8.01 
5.6 

2.951s. 3-Me), 3.901s. OMeI, 6.721d. 5-HI, 7.341d. 6-81. 8.01 
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TABLE 5 1Conrd.l 

Substituents chemical shift 4 Lppml, ~ultiplicity, ~oupling conatant JLHzl, Assignment Ref. 

7.89 and 7.2412H. d, aromatic, J 9.0, 6-8 and 7-HI, 7.52 and 7.02(2R, d, aromatic, 

J 6.0, 2-H and 3-HI, 5.06(4H, q, J 7.0. CH21, 1.06(68, t, J 7.0, cH31, 2.3216a, s,  acetyl CE31 

7.45-7.10(48, m, aromatic), 5.50lbr. 6 ,  ZH, exchangeable, NB I, 4.0-3.80148. m. CCB21r 
2 

3.05-2.85(4H, m, NCH21 

7.58(2-HI, 7.2814-HI, 7.0916-HI, 7.7917-HI, 3.55(m, CH I, 4.54(f, +CHI 
2 

7.3912-Rl, 7.04(4-HI, 7.00(6-HI. 7.6817-Hi, 3.75(d, CB21 

7.45(2-HI, 7.29(4-HI, 7.1016-HI, 7.7417-Xl , 3.381m, CH CH I 
2 2 

7.5412-81, 7.41(4-HI, 7.09K-HI, 7.8217-Xi. 3.33(m, CH CH I, 3.951DCn3I 
2 2 

7.29 12-81 , 7.35 (4-HI , 6.92 (6-HI, 7.67 17-HI, 2.99 17, ArCH21, 3.42 (q, ZH, CB2NHOUL3) 

7.1212-81. 7.2214-HI, 7.0(6-HI, 7.68(7-H), 3.021m. ArCH21, 3.581m. ZH, CH2NHCCCB I 
3 

7.4612-81, 7.2714-HI, 7.00(6-HI, 7.70(7-HI, 3.841M21 

7.5012-HI, 7.35(4-HI , 7.00(6-HI, 7.75(7-HI. 3.86Lr. M21, 3.861CCH31 

7.3512-H). 7.1314-El, 6.86(6-H and 7-ill, 3.801s. CH2i, 9.36(NCH3I2 

7.1912-Hi. 7.2714-HI, 6.98(6-HI, 7.66(7-HI, 3.84(s, CH21, 3.871CCH31 

7.18(2-HI, 7.26I4-XI, 6.9616-HI, 7.64(7-HI, 3.81(d, M21. 3.871CCH31 

7.29(2-HI, 7.14 14-HI, 7.0016-HI, 7.70(7-HI, 3.77(s, CH I, 3.851OM ) 
2 3 

7.41(2-HI, 7.31(4-HI, 7.0216-H), 7.68(7-HI, 3.54(t, CH2CH21 

7.47(2-HI, 7.35(4-HI, 6.9716-H). 7.6217-HI, 3.36(t, CH CH I, 3.95(NHM31 
2 2 





TABLE 6 

Compound chemical  s h i f t  6 (ppmJa, M u l t i p l i c i t y  Ref. 

R = R = C ~ E ~ " ,  R = CMC H 
1 2  2 5 

R - R  - 
1 - 2 - C4ngn, R = C M H  

R = 3, R = CH3, R = W N H  
1 2 2 

1.231t ,  3H. e s t e r  CH31, 3.8011, 28. ArCHZ), 3 .97(s ,  6H. 2 x OCH 1 ,  4.171q. 2H. ester CH 1 
3 2 

7.23(m, 3h. =HI 

1 .27( t ,  3H, ester CH 1 ,  3.771s, ArCH2), 3.901s. 3 ~ ,  6-wx I .  4.201q, 28, e s t e r  CH ) 3 3 2 

7.231% 38. IUH1. 5.831s. 1H, OH, exchangeable) 

7.23118), 7.1515. 2XI. 6.121s, 1E1, 3.7911, 3x1. 3.721s, 28) .  3.621s. 3Hl 

7.601s. 18) .  7.401s. lH1, 7.301s. 1H). 5.351s. 2X. Cli2WH3), 4.2519, e s t e r  CH2i 

4.01s. 5-H ) ,  3.851s, a M  1 ,  3 .60(s ,  6-WE3], 1 .33l t ,  e s t e r  CH 1 
3 2 3 

7.61(s. lX1, 7.401s. lH) ,  7.2918. IH),  5 .35(s ,  ZH), 3.981s. 3H). 3.8116. 2H1, 3.7015, 3 H i  

3.6018, 3Hl 

7.301s. lH1. 7.101s. Z H ) ,  6.251s. OH), 3.8016. 3H). 3.701sm 2x1, 3 .63(s ,  3e) 

7.601s, lH1, 7.201s. 2H). 5.251=, 2HI. 3.921s. 381, 3.771s, 2H). 3.661s. 3H). 3.501s, 3R) 

7.131m. 3H. ILIH) ,  3.75(s, ArCH2), 4.181q, ester cn 1 ,  1.271f. ester mi3) ,  1.701s, 6H. I C H ~ I ~ C )  
2 

7.131m, 3H. Arlil, 3.771s, 2H, AZCH21, 6.4318, br, 2H. P ~ O B ) ,  4.231q. e s t e r  CH2), 

1.271t. 3X, ester [a ) 
3 

7.271s, lH1, 7.131s, 181, 7.101s, i n ) ,  4.30-3.90lm, 6Xi. 3 .68(s ,  2K1. 2.12-1.90lm. 178) 

7.3515. 1H). 7.251s. 2X1, 8.4515. l H ) ,  4 .10( t ,  4H1, 3.821e. 2X). 2.1-1.851m. 14x1 

7.25-7.52(m, 481, 9.081s. 1X. 081, 6 .97(s ,  181, 3.871s. 381, 3.531s, 2H1 



Compound Chemical s h i f t  6 (ppmIa, M u l t i p l i c i t y  Ref. 

7.6015, l e1 ,  7 .55(s ,  l H 1 ,  7.50(5, 1H1, 7 .32(s ,  le1, 7.00(5, 181 

5.201s. 2H). 3 .88(s ,  3H1, 3.6015, 2H1, 3.441s. 3Hl 

1.231t. 38, ester M 1 ,  3.771s. 28, ArM21, 3.901s. 3H. ArKH31, 4.17(q, 2H, e s t e r  M 1 
3  2  

9.8 (s, lH, OK). 7.2OIm, 3H, ArHl 

7.5718, l E l ,  7.48(5, lH1, 7 .33(s ,  l H 1 ,  7.28(s, 1x1, 6.90(s, lH1, 5.151s. 2H1. 3.781s. 3R) 

3.52(8, 28) .  3 .33(s ,  381 

3.5516, ZH, M 2 1 ,  6 .93(5,  l H ,  N H l ,  7.18(m, 3H, A r H ) ,  7 .40(s ,  18, NH), 8 .97(s ,  28, OH) 

7.441s. 181. 7 .40is .  151. 7.30(s. 181. 5 .63(s ,  281, 4.181t. 481, 3.901s. 281, 

2.18-1.15lm. 14H1 

7.201s. 1H1, 6 .95(s ,  1H1, 6 .8 ( s ,  181. 3 .8(s ,  6"). 2.5Lm, 4H1 

7.4816, 181, 7.271s, l H 1 ,  7.20(s, 181, 3 .90(s ,  381, 3 .60( t ,  281, 3.221f. 281 

7.53(s ,  1H1, 7 .42(s ,  1H1, 7.35(1, 181, 4 .02(s ,  381, 3.60-3.10lm, 4x1 

7.31-7.12(38, R I - H I ,  4.151t. 4H1, 3.651t. 2H1, 2 .98i t .  2H1, 2.10-1.95(m, 1481 

7.31s. 1HI. 7 .25(s ,  l H 1 ,  7.01s. l H 1 ,  5.681s. l H 1 ,  3.92(s. 6H1, 3.521t, 2H1, 1 .9(s ,  3H1 

7.61s, lHl ,  7.42-7.10lm. 311, 5.31s. 2H1, 4.01s, 3HI. 3 .70(t .  281, 3.601s. 381 

3.70Ct. 2H1, 3 .60(s ,  3H1, 3.101t. 2H1, 2.001s. 3") 
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Substitnents Chemical Shift 6 (ppmla, Multiplicity, Coupling constant JiHzl Ref. 

3-CCCH3, 2-CH 
3 

2.65(~, Me), 2.67(s, Ac) 60 

5-Br, 2-CHO 9.91(5, CHOI 60 

5-81. 2-CH 
3 2.5716. Me), 7.lIq. 3HI. (JZf3 1.11 60 

5-a, 2-UI 
3 

2.61(d. ne1. 7.l(q, 3-a), I J ~ , ~  1.1) 60 

5-COCK3, 2-CH 
3 2.57(d, Me), 2.6115. A C I ,  7.40(9, 3-Hi, 7.791dd. 6-HI, 8.03(7-HI, 8.55(dd, 4."). 60 

(J2,3 1.1, J 8.0, JaG6 1.5, J4,, 0.6) 
6.7 

3-CH Br, 2-CH 
2 3 2.52(s, me), 4.551s, 28, CH ~ r )  

2 
60 

6-Br, 3-CH Br. 2-CH 
2 3 2.541s. Me). 4.57(s, 28, CH Br), 7.53(dd, 5-Hi, 2.92(dd, 7-81, 7.95(dd, 4-XI. 

2 
60 

(JqT5 8.5, JsZ7 1.6, J 0.5) 
I 4.7 

w 2-CH3, 3-CHO 2.8(s, Me), 10.25Ls. CEO1 
m 

60 

"7 
m 6-CC€H3, 2. 3-(C!33)2 2.32(s. 2 x Me), 2.521s, Ac)m 7.93(dd, 5-HI, 8.00(dd, 4-HI, 8.37ldd, 74), 60 

I 
(J7,8 8.2, J5,7 1.4, J 5.8 0'5) 

2-Br. 3-CHO 10.15(s, CBO) 60 

2-COCt13 2.61s. COMel, 8.014. 3-8) 61 

2-Ctlo 10.09(s, CEO), 8.08(s, 3-H) 61 

2-CN 8.011, 3-8) 61 

2-NO 
2 8.351s. ?-HI 61 

2-Acetamid0 Z.l5(s, 3H. COMel 61 

2-CH OH 
2 

4.87(s, 28, CH2), 1.96(s, 1H. OH1 61 



TABLE 8 

Substituents Chemical Shift f i  1ppm1, Multiplicity, Coupling constants J (HZ) Ref. 

7-Br, 3-W2, Br, 2-CH 
3 

2.50(s, Me) 

2.551s. Me), 2.65(5, AcI 

2.681%. ~e), 9.0215, CHOI 

2.601d, Me), 6.981q, 3-HI, (J2,3 1.0 XzI 

2.52(s. ~ e )  

2.621s. Me), 2.801s, 2 x AcI . 7.801dd. 8-8). 7.991dd. 7-H), 8.411dd. 5-HI, (J7,8 8.2, J5,7 1.2, 
J 0.6) 
5.8 

2.62(s, "4, 2.851s. Ac) 

2.64168, m. Me and =I, 7.0(q, 3-H), 7.751dd. 8-HI, 7.981dd. 7-HI, 8.441dd, 5-A), 132,3 1.1, 

J7,8 1.5, J 0.5) 
5,s 

2.581s. Me), 4.561s, 2H, CH BrI, 7.391dd, 6-H), 7.98(dd. 5-HI. 7.851dd. 8-mI, IJsG6 8.1, 
2 

Jgr8 1.5, J 0.5) 
5.8 

2.59(s, Me), 4.561s. 2H. CH2BrI, 7.45 Ldd, 7-HI. 7.581dd. 8-H) , 7.94(dd, 5-XI, 1J7,8 8.2. 

J5,, l"5, JSs8 0.6) 

2.241s. 2 x Me),  2.6215, A c ) ,  7.711dd. 8-XI, 7.94166. 7-HI, 8.431dd. 5-8). 1J7,8 8.2, 

JSS7 1.4, J5,8 0.5) 

10.031CRO) 

9.96(s, CEOI, 8.1815, 2-HI 
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.deating a mixture of 5-azi&benzo(blthiDphhne,polypharphoric acid and acetic acid at 135'C resulted 

in the formation of thienabenza(b1oxazole. the structure of which was deduced from its n.m.r. 

spectm.49 mus 2-methylthiena[~, 3-gibenzoxazo~e (XIXI showed two overlapping AB system (J = 
4.5 

9.0, J = 5.0 Hz1 which agree with those obrained before for the 6,718.0-9.0 Hz1 and 2,3-couplings 
7 8  

(5.0-6.0 Hz1 in benzo(b)thiophene systems." The assignment of the low field AB quwret in the 

spectrum to the 4- and 5-protons fallowed from the coupling constants and from the collapse of the 

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

PPA 
CH3COOH 

X X I I  
XIX , R, = R2 = H 
XX , RI = COOEt , R, = H 
XXl , Rl = COOMe , R, = H 
XXII. R, = H . R2 = Me 

in compound xx and XXI), the 7-H signal of compound XXII was split by the adjacent methyl group. 

Similar treatment of 5-azidobenro(b)thiophene 1,l-dioxide resulted in the fomtion of Z-mefhylthieno- 

(3.2-flbenzaxazole-7,7-dioxide (XXIIII. ~ t s  n.m.r. spectrum gave t w  pairs of doublets iJ4,8 = 0.5. 

J5,6 = 7.0 Hz1 in agreement with the values obtained for the 4,7(0.5-0.7 Hz1 and 2.3-coupling 16.0- 

7.0 Hz1 of benzo(b1thiophene 1,l-dioxides. 
49 

X X I I I  

In a similar reactian, 6-aaido-2.3-dibromobenzo(blthiophene ga-re thienoL3,Z-glbenzaxarole LXXIV). Its 

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

Me X X I V  

R ,  = R 2  = B r  

to the methyl group at S 2.72. mitian of Eulfodl to a solution of XXIV in chloroform separated 
3 

these signals a d  showed that they constituted an AB system with J 9.0 Hz, which is in agreement with 

the proposed angular structure. 50 



Cycloaddifion of mesitonitrile oxide to 3-methylbenaolblthiophene-1-oxide in refluxing benzene led 

U, the formation of r w  diastereoisomerr xxva-sp and XXva-anti in a 1:l ratio.51 The n.m.r. 

assignments of the adduct xxva-anti shows that che chemical shift of nja, eclipsed with the 5-0 

bond, is situated at higher field (64.781. a the aecond diasrereoisomer XXVa-ryn, the chemical 

shift of H is at lover field (65.151A 6 = 0.37 ppm). 
301 

 eating a mixture aE mesitonitrile oxide and benzolbjthiophene-1.1-dioxide in refluing benzene 

reeulred in the formation of a single adducr XXYI.~' The n.m.r. spectrum of XXYT shows f w  doubler 

signals (3 = 9.5 Hz1 at 65.3711~1 and 6.46ilH). Comparing this with the n.m.r. spectru of XXVIa, 

the signal at higher field is assigned to Hja, located at the @-position with respect to the sul- 

phone group. m adduct xxvr the coupling constant (Jja, 8b = 51.5 Hz) of It3, and nab located at the 

junction of the heterocycle is in agreement with a dihedral angle of loe. 

Irradiation of a solution of oxadiazole and benzolblthiophene in benzene afforded 3-benzayl-benzolbj 

thiophene ixxvrrl, benroylhydrazane IXXVIIII and 121 cyclo-adduct IXXIX). Reduction of Xxrx with 

sodium borohydride afforded a dihydro compovnd IXXX1 ." the n.m.r. spectrum of which exhibLted orethane 

proton signals at 6 4.67 Ina, t, 3 = 8Hd. 6.23 1%. d, J = 28 Hz1 and 6.32 lHc, d, 3 = Bez), besides 

aromafic and NH proton signals. In the n.m.r. spectrum of XXIX-d prepared from XXIX by reduction 1 

with sodium borohydrids-d4, the doublet at 6 6.32 does not appear. The two doublets, 3 1 8 ~ ~ )  are 

displayed at 6 4.67 and 6.25. 

Ph Ph 

X X V I I  xxv111 
Ph H, I D '  Qfjy dN, 
0 4  

I I 
H b  P h \ s 

XXX Ph 
X X I X  
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Irradiation of XXXI for 8 hr resulted in the formation of two monomeric photoadducts XXXTI and 

~ ~ ~ 1 1 1 . ~ ~  ~.m.r. of XXXT~I revealed amng others, an alkylic quartet IlX) at 6 6.10 weakly coupled 

(J = 1.6 81) with a methyl doublet (3~1 at 6 1.86 and two multiplet~ centered at 6 2.28lZHl and 

4.54 (2"). whereas the spectrum of WIT gave a methyl doublet (3") at 6 2.03, weakly coupled 

X X X I  I X X X I I  

0 
X X X I I I  dcH3 0 

13 1.2 HZ) with a methine doublet I ~ H )  at 6 4.42. 

on the other hand, 2-(2-benzothienyl)ethyl-but-2-ynoatt (XXYIV) when irradiated in benzene in presence 

or acetophenone for 23 hr gave only one product IXXXV) ,53 the n.m.r. of which gave two-proton trip- 

lets at 6 3.16 and 4.49, &shielded methyl singlet at 6 8.23. The data are consistent with either 

of the two naphthapyranone XXXV and XXXYT. Reduction with lithium aluminium hydride gave a diol 

XXXVTT and xxxvrrr, the n.m.r. of which gave an absorption of an upfield methyl group at 6 2.41 with 

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

relatively low chemical value of 6 2.74, it is most likely that XXXVIII is isolated naphthalene rather 

0 
II 

X X X l V  X X X V  

X X X V l l  

CH,CH,OH X X X V l l l  CHs 

than xxxvrr, since p -methylnaphthalenes (6 m3-2.3-2.5) absorb about 0.2-0.3 p a  at higher field 

than Ol-nethylnaphthalenes. 
54. 

me results are su-rised in Table 9. 



TABLE 9 

Compound Chemical shift 6 Ippm), Multiplicity, Coupling Constant Jim1 ~ e f .  

Ethyl-5-azidobenzo1b)- 

thiaphene-2-carbowlate 

Methyl-5-azidobenzolbl- 

thiophene-2-carbowlate 

5-Alidobenzolblthiophene- 

1,ldioxide 
d 

3-Azidobenzo lbl thiophene- 

1.1-dioxide 

COOEt 

7.4516.651m. aromatic HJ 

7.101d. 2-HJ , 7.37id, 3-H) , 7.31 Id. 4-HI, 6.88 and 6.68 

id, 6-H and 7-HI, (JqZ6 2.0, J6,7 9.0, JZs3 5.51 

8.0412-H). 7.55Id. 4-HJ, 7.17 and 7.891d. 6-H and 7-HI, 

(J4,6 2.0, JKS7 8.51, 4.56Iq. J 7.0, M21, 1.431t. J 7.0, CH31 

7.9613-H), 7.481d. 4-8). 7.19 and 7.73(d, 6, 7-HI. 

1JqS6 2.0, J 9.01, 6.OiMel 
6.7 

7.70-6.80imJ 

8.72118. s ,  8-HJ, 7.54 and 7.38128, d, 4-8 and 5-HI. 

(JqZ5 7.0)' 4.34(211, q, 5 7.0. CX31, 

4.2212H. q, J 7.0, CH ) .  2.65i38, s, 2-M 1, 1,401 
2 3 

1.4013H, t, J 7.0, CH I, 1.3Bl3H, t, J 7.0, CX3J 
3 

2.3311. Me). 6.91-8.22lm, aromatic) 

2.39(8, ~ e i ,  4.06ibr, s, NH J, 6.47-7.55lm, aromaticl 
2 

2.531s. Mel, 6.47-7.671~ aromaticl 

2.701s. Me), 4.121br. E, NH2), 6.5-8.01n. aromaticl 
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TABLE 9 lcontd. 1 

Compound chemical shift 6 lppm), ~ultiplicity, coupling constant JlHzl R e f .  

2.031d. 3H. CH3, J 1.21, 2.42-2.63lm, 28, CH21r 4.40-4.88 53 

lm. 28, CH I, 4.4216, 1H. msthine. J = 1.2 Hz), 7.121br, 6 ,  48, 1VI 2 

0 a 1.901m. ZH, CxZlr 2.751t, ZH, cH21, 2.981t. 2H. H2 and El3), 
II 

3.921m, 2". XI and H61, 4.121t. ZR, CH I. 6.121t. ZH, H and H 1 
2 7 8 

6.931br a ,  1". H I, 7.29-7.951m. 9H. Arl, 7.2815, 58, Phl 3 

a 3.031t, ZH, H and H I, 3.11(m 1 ~ .  H~ and H61, 
2 3 

4.461t. ZH, H and H I, 6.931br s, 18, H31, 
7 8 

7.15-7.911m. 9H, -1, 7.251nt 5H. Phl 

a 

4.67118. t, CB J 8.01, 6.23, 6.321each IH, d, CH, J 81, 

6.5-7.8(14~, m, aromaticl, 8.011H. br, NXI 

Hb 



TABLE 9 (Contd.1 

Compound chemical shift 6 lppml, ~ultiplicity, covplinq constant J ( H Z )  ~ e f .  

N-N w"h H 

4.85, 6.971each IH d, j CH, J 2.5 He), 7.1-8.01148, m, 

aromatic1 

2.04(38, S ,  CH 1, 4164(1H, s, 3 CHI, 7.0-8.4(14H, m, 
3 

aromtic1 

6.4& H, J 9.5 Hz). 5.371d. H, J 9.5), 

2.071s. M I, 4.93(s, la], 2.20(s, ortho-a,), 2.9ols, p-CH31, 
3 

5.001s. IHI, 1.45is. CH 1, 2.06-2.401ortho-CH31, 2.281~-CH31, 
3 

5.141s. 1HI. 2.2914. ortho-CH3). 2.39(s, p-CH31, 

5.781s, 1HI. 2.21(5, ortho-CH31, 2.2816. P-CH31, 1.56-1.70(m, 

piperidine Hl 
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Reaction of 2, 3, 5-trimethylbenzolblthiophhhh with isopropyl iodide and silver retrafluoroborate 

resulted in the formation of two products XXXIX and XL, which were identified by their n.m.r, spectra. 
55 

The 5-methyl group gave separate singlets at 62.51 and 2.49 and similarity of their intensities 

indicated a 1x1 mixture. me 2- and 3-methyl groups appeared at 6 2.45 and 2.35 respectively. The 

methyl groups of the isopropyl groups were "on-equivalent and gave rise ta four pairs of doublets at 

6 1.30-1.10. me methine proton gave a quintuplet at 6 4.58. m e  6-isopropyl group of xxxv showed 

as a six-proton doublet at 61.50 and a one-proton septuplet at 63.14. A low field sharp singlet 

at 6 7.82 confirmed the 6-substitution. me 7-proton of XXXIV gave a doublet at 6 7.900 8Hzl. 

Comparison of the chemical shifts of the protons of the 1-alkylbenzo1b)thiaphenim salts with those 

of the parent compaunds, the results obtained showed  able 10) that for the benaa1b)thiaphenium 

salts, the general trend i3 3H > 7-H > 6-H > 4-H > 2-H and for the dlbenro(b,d)thiophenium salts 

(1-5) 3-H > 4-H > 2-H > 1-8. The large downfield shift of the 3-proeon [cf, 1aLI)l relative to the 

2-proton [cf. (XL1I)I is consistent with the view that (xrrr) is a resonance contributor of little 

importance. 

m e  7-proton signal for the benzo1b)thiophenium salts was always observed as a low field doublet and 

similar large downfield shift relative to the parent benzo1b)thiophene for both the 6- and 7-protons 

show that there must be considerable interaction between the positively charged sulphur atom and the 

carbocyclic ring. me downfield shift for 5-proton was greater than that of the 4-proton. 
55 

m case of the cis- and trans-2-ntyrylbenzo(b)thiophenium salt, the 1-methyl and 7-proton resonances 

in the cis-isomer were in the range of 0.3-0.4 and 0.14-0.22 ppm to high field of thoss of the trans- 

isomers. This is consistent with the "on-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 rreric arrangement of the cis-is-r, resulting in the styryl proton lying in the deshielding 

zone of the sulphur 

me results are svnrmarised in ~abie lo. 
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The n.m.r, specrra of several benzaib)fhiophene-1,l-dioxides show the following features. (a1 2-8 

and 4-H are consistently shielded. (bl 5-x and 6-H are consistently deshielded. (c) 3 4  is little 

affected and the changes in 7-H are small and of variable sip." m e  loss of aromaticity of the 

fhiophene ring on oxidation of the sulphur atom leads to a more localised 2.3-double bond and a 

consequent increase in J 2,3, J ~ , ~  and JZs3, J ~ , ~  is no longer observed, since the conjugated path- 

way (YIIT) aver which this coupling operates is partiany removed by oxidation of <he sulphur atom. 

me overall upfield shift of 2-e has been attributed to the ring current and the anisorropy effect, 

whereas the downfield shift of 4 - 8  and 6-8 to the dipole field effect. The Emall effect an 7-II 

18 
has been attributed to the opposing factors, i.e. anisotropy and dipole field effects. 

m the reaction of 3-(Oi-chloroethylIbenzo(b)thiaphene-1.1-dioxide IXLIVI with piperidine the product 

IXLIII) showed in addition to four phenyl protons and ten piperidine protons a methyl doublet at 

61.49 (J = 7.4 cps), a  roton on quartet at 6 4.11 IJ = 7 . 4  cps1 and a one-proton singlet at66.67. 

01 the other hand treatment of 3-(a-chloro-a-methylethyl)benzo(b)rhiophene (XLIV) in piperidine and 

C I  H 
I 
CH-CH, rnH C,H,,NH 

0 2  0 2  CH, X L l l l  

X L l V  

benzene gave a high yield of an enamin* (XLVII. Its n.m.r. spectrum revealed four aromatic protons. 

ten piperidine protone and a dimethyl singlet at ( 6 1.52, 6x1.  his spectrum differentiates it from 

Me H 
I 

Me 
,NC5H,o 

C-CH, 

Me 

O2 X L V  X L V l  0z Me Oz X L V N  

the other possible compound (XLYT), having tw distinct methyl groups, should give a doublet for one 

of the methyl. mrther prwf comes from the hydrolysis of the enamine which gave a carbonyl compound 

(XLvrrrl, the n.m.r. spectrum of which revealed an aldehydic hydrogen at69.72 and a methlnyl hydrogen 

as a doublet at 6 3.87 (J 3.7 cpsl, in place of the signals for the vinyl and piperidine proton. 
88 

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

11. 



TABLE 11 

UIWCAL SHIFTS IN SUBSTITUTED BENZO(blTBIOPBENE, 1.1-DIOXIDE 

S u b s t i t u e n t  chemical  S h i f t  ~ ( P P ~ I .  n u l t i p l i c i t y ,  covpl ing constant J (cpsl WE. 

2-8, 6.65, J Z S 3  6.7; 3-H, 7.15, J3,7 0.8; 4-H, 7.12; 6 4 ,  7.26, J 6 , j  7.5; 7-H, 7.54 

2-8, 6.75, J 6.7; 3-H, 7.17, J 
2.3 

3,7 0.71 4-H, 7.46, JaS6 2.0. J4,, 0.6; 6-H, 7.62, JgZ7 8.4; 

7-8, 7.53 

3-11, 7.33, s 

2-8, 7.00, s 

2-&, 2.17, d ,  J 1.7; 3-8, 6.85, q, 1.7 

2-8, 6.58, q, J 1.5; 3-Me, 2.25, d ,  J 1.5 

b 
2-8, 6.48. t, J 1.5; -CE2CH3, 2.63, q, J 7 " s .  J 1.5 i -CH2cn3, 1.28, L, J 7.5 

2-8, 6.67, t, J 1.5; g 2 C 1 ,  4.47. d .  J 1.5 

2-H, 6.73, d ,  J 1.4; 3-~(OBICH3,  4.98; 3-CH(OHlz3, 1.52, d ,  J 7.0; 3-CH(OB)CB3, 3 ~ 4 6 ,  d, J 497 

2-H, 6 ~ 7 2 ,  d ,  J 1.3, 3 -F1CH3,  5.02, q, J 7.0, J l.3b; 3-CHC1g3, 1.82, d ,  J 7.0 

b 3-8, 7.25, d .  J 1.5; 2 - E K E 3 ,  5.10, 4, J 6.9, J 1.5 ; Z-cHclc~~,  1.99, d ,  J 6.9 

2-H, 6.55, s; 3-CH(piperidine1M3. - 3.70, q, J 6.3; 3 - C H l p i p e r i d i r 1 e I ~ ~ ,  1.28, d. J 6.3; 

p i p e r i d v l e  p ro tons  I a,  2.48; 0 and Y, 1.46) 

3-H, 7.03; 2 - ~ ( p i p e r i d i n e l C H 3 .  3.87, q, J 6.8, J l.lb; 2 - C H i p i p e r i d i n e l c ~ ~ ,  1.42, d .  J 6.8; 

pipexidine p ro tons  ( a ,  2.55; 6 and Y ,  1.511 

2-H, 6.75. t, J 2.0; 3-CH -O(p-ani6oyll. 5.35, d ,  J 2.0; -CCC3, 3.85, s. 
-2 

2-a, 6.77, t, J 1.73 3-CH -O(mesi toyl l .  5.38, d .  J 1.7; g, r-cx3, 2.29, s 
-2 

2-H# 6.65, t ,  J 1.5; 3-Z2CCH2CH3. 4.48, d ,  J 1.5; 3 - C H 2 ~ 2 c H 3 .  3.60. q. J 7.0; 

3-CH20-CH2-s3, 1.23* t, J 7.0 

2-H, 6.84, t , J 1.5; 3-g2NC5H10, 3.55, d ,  J 1.5; p i p e r i d i n e  p rc tons ,  ( 01, 2.5; f l  and Y, 1.51 



T ~ L E  11 (conrd.) 

CHEMICAL SHIFTS IN SUBSTITUTED BENZO(~JTHTOPHENE, 1,l-DIOXIDE 

substituents Chemical Shifts 8 (ppm), Multiplicity. Coupling Canstant J (cps) ~ e f .  

2 a 3 ,  3-CE NC tI 
2 5 10 

2-CU3, 2.20, sj 3-CtI (piperidine) , 4.43, s; piperidine pr~tons I a, 2.45; fl and 7, 1.50) 
-2 

88 

2-CH NC H 
2 5 10, 3-Cn3 

2-CH (piperidinel, 3.49, s; 3-CH3. 2.28, s; piperidine protons ( 0 1 ,  2.48, 0 and Y, 1.501 
-2 

88 

2,3-!CH3)2, 5-Br 4-H, 7.48, J 1.9, JqS7 0.3; 6-H. 7.58, J 8.0; 7-H. 7.56 
4.6 

88 
6.7 5 -- 

3 

a. In deuteriochloromrm; b. quarter of doublets. 8 2 
The multiplicity is abbreviated thus: 5. singlet, d. doublet, t. triplet, q. quartet .k 

2 
U ', 
2 
P 
c" - * 
OD 
Oi 
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