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Long-range spin-spin coupling’ between protons situated on different 

rings of polynuclear systems has been reported in the parent systems, 

or the derivatives of, indene 2,3 , benzofuran 3,4,5 , benzothiophene 496 , 

indole” 4* 7, indazole8, indolizine9, azaindolizines9a, diasanaphthalenes9b, 

thienopyrrolee 
IO-13 14 , thienothiophene , quinoline 

15-18 4 , laoquinoline , 

naphthalene 
I,19 

, anthracene 
1,19 

, acridine 
20 , acridone 

20 
, dipyridoimada- 

zolinium cation 
21 , mdenyl anion 

22a 
, chromene 

4 2ib 
and borazonaphthal,ene . 

Typically, such coupling is between protons separated by five bonds 

in a straight zig-zag pattern as in [I] and [II], although other interactions 

have also been reported. This coupling and its relation to cettain types 

of benzylic coupling have been discussed by several authors 
1,4,23-25 

. 
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We now mish to deport some evidence for the presence of a small 

long-range interaction between H2 & H6 in some derivatives of benso- 

thiophene and indole. 

Qc$ (p&-j H&$@H 
H H 

PI [III PII1 

The NMR spectrum* of 3-methoxy-5-nitrobenaothiophene in 

deuterochloroform consists of a singlet at 241 c/s [methoxyl], an unresolved 

signal at 389 c/s [HZ], a doublet of doublets at 465 and 474 c/s with 

splittings of II. 8 and 0.7 c/s [H7], a doubiet of doublets of doublets at 

458 and 467 c/s with splittings of 8.8, 2.3 and 0.5 c/s [H6] and a doublet 

of doublets al 520 c/s with splittings of 2.3 and 0.7 c/s [H4]. The 

additional splitting of 0.5 c/s in the signal assig’ned to H 6 
can only be 

due to an interaction with H2. The lack of resolution in H2 could be due 

to a very sma~ll additional splitting by the methoxyl group. 
26.27 

+ At 60 MC, chemical shift in c/s downfield from internal TMS. 



Similarly, H6 in 5-nitrobenzothiophena also giver rise to a doublet 

of doublets of doublets with the smallest splitting of about 0.4 c/s. In 

4-bromo-5-aminobensothiophene the signal due to H2 is a doublet of 

doublets with splittings of 5.7 [ J2 3] and approximately 0.5 c/s.while 

the signal due to Hb is a broadened doublet [WH = 1 c/s at a resolution 

at which the signal due to TMS had WH = 0.4 c/s] with the principal 

splitting equal to 8.8 c/s [J6 7]. 
. 

The NMR spectra of N-deuterated 5-mcthoxyindole7 in acetone or 

deuterochloroform show the signal assigned to H6 as a doublet of 

doublets of doublets with splittings of 8.7, 2.5 and 0.4 c/s, the signal 

assigned to A2 is a doublet of doublets with splittings of 3.2 and 0.4 c/s, 

the signal assigned to H3 as a doublet of doublets with splittings of 3.2 

and 0.8 c/s; the signals assigned to H4 and H7 overlap partially, but 

H7 appears to give rise’to a doublet of triplets with the doublet splitting 

of approximately 9 c/s and triplet splitting of approximately 0.8 c/s. 

This spectrum is compatible with the following [first order] coupling 

constants: J 6 7: 8.7 c/s, J6 , 4: 2.5 c/s, J6 c/s, t 2: 0.4 J7 0.8 c/s, 
# 

3: 

J 2 3: 3.2 c/s, 
f 

J7 4: 0.8 c/s. 

It thus may be considered as tentatively established that an appreciable 

H2, H6 coupling may be a general feature in beneothiophene and indole 

spectra. As analogous interactions have also been tentatively proposed 

in indoliaines9a and diazanaphthalenes9b and may correspond to those 
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established In thienopyrroles 
10-13 

it is likely that long range coupling 

along the paih indicated in [III] is general, like that along the paths 

indicated in 1 I] and [II]. It is noteworthy that H2 and H6 in [III] are 

connected by a “straight zig-zag path” 
23 

which is conjugated in a number 

4 
of canonical forms . 

Fe.w of th.e lines observed are as narrow as those due to TMS and 

residual chloroform and this could indicate still further long-range inter- 

actions. However, at the resolution available it is difficult to ascertain 

that point. 

The coupling between H2 and H 
6 

in other benzothiophenes has been 

independently. noted by Takahashi 
28 

. Other NMR data on a number of 

benaothiophenes and indoles will be published elsewhere. 
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