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1
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, indenez' 3, benzofuran3'4’ 5, benzothiophene4’ 6,

indolel’ ' indazole8 indolizineg, azaindolizinesga, diazanaphthalenesgb

’ 3 ’

thienopyrroleslo-m,

1,19

15«
thienothiophene14 quinoline 5 18, isoquinoline4,

»

naphthalene , anthra<:enel 19, acridinezo, acridonezo, dipyridoimada-

zolinium cationZI, indenyl anion?za, chromene4 and borazonaphﬂxakeneZZb.

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 certain types

of benzylic coupling have been discussed by several authorsl'4’ 23_25.
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We now wish to report some evidence for the presence of a small

long-range interaction between H_ and H, in some derivatives of benzo-

6

2
thiophene and indole.

o8 @b oo

(1 [11] [11)

The NMR sper:trum’.= of 3-methoxy-5-nitrobenzothiophene in
deuterochloroform consists of a singlet at 241 ¢/s [methoxyl], an unresolved
signal at 389 ¢/s [HZ], a doublet of doublets at 465 and 474 ¢/ with
splittings of 6.8 and 0.7 ¢/= [H7], a doubiet of doublets of doublets at
458 and 467 ¢/s with splittings of 8.8, 2.3 and 0.5 ¢/s [H6] and a doublet
of doublets at 520 ¢/s with splittings of 2.3 and 0.7 ¢/s [H4]. The
additional splitting of 0.5 ¢/s in the signal assigned to H6 can only be

due to an interaction with HZ. The lack of resolution in HZ could be due
6,27

to a very small additional splitting by the methoxyl group.

* At 60 Mc, chemical shift in ¢/s downfield from internal TMS.
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Similarly, I—I6 in 5-nitrobenzothiophene also gives rise to a doublet
of doublets of doublets with the smallest splitting of about 0.4 ¢/s. In
4-bromo-5-aminobenzothiophene the signal due to HZ is a doublet of
doublets with splittings of 5,7 [JZ, 3] and approximately 0.5 ¢/s.while
the signal due to H

is a broadened doublet [W_. =1 c/s at a resolution

6
at which the signal due to TMS had W

H

HS 0.4 c/s] with the principal

splitting equal to 8.8 ¢/ [J6, 7].

The NMR spectra of N-deuterated 5-methoxyindole7 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 HZ is a doublet of doublets with splittings of 3.2 and 0.4 ¢/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 H_ overlap partially, but

7

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: J6,7: 8.7 c/s, J6,4:

J2’3: 3.2 ¢/s, J7'4: 0.8 ¢/s.

2.5 ¢/s, J(,,z’ 0.4 c/s, J7'3: 0.8 ¢c/s,

It thus may be considered as tentatively established that an appreciable
HZ' H6 coupling may be a general feature in benzothiophene and indole

spectra, As analogous interactions have also been tentatively proposed

in indolizi.mesga and diaza.naphthalenesgb and may correspond to those
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established in 1:}1ienopyrroleslo-l3 it is likely that long range coupling

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

indicated in I} and [II]. It is noteworthy that H, and H, in [II] are

6

connected by a "straight zig-zag pz-;.th”23 which is conjugated in a number

. 4
of canonical forms .

Few of tte 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 H6 in other benzothiophenes has been
independently noted by Takahashize. Other NMR data on a number of

benzothiophenes and indoles will be published elsewhere.

REFERENCES

1. S. Sternhell, Revs, Pure. Appl. Chem,, 14, 15 [1964]

2. D.D. Elleman and S.L. Manatt, J. Chem. Phys,, 36, 2346 [1962]

3. J.A. Elvidge and R.G. Foster, J. Chem. Soc,, 590 [1963]

4, J.A. Elvidge and R.G. Foster, J. Chem. Soc., 981 [1964] and references
therein,

5. K.D, Kaufman, J.F.W, Keana, R.C, Kelly, D, W, McBride and G.
Slomp, J, Org. Chem., 27, 2567 [1962]

«6, K, Takahashi, T, Konda and Y, Matsuki, Bull., Chem. Soc. Japan,

37, 768 [1964]



10.

11.

12

13

14

15

16

17

18

19

20.

21

.

.

No.28 2397

a] H. Rottendorf and S. Sternhell, Aust. J. Chem., 17, 1315 [1964]
b] P.J. Black and M, L. Heffernan, Aust. J. Chem., 18, 353 [1965]
P.J. Black and M, L. Heffernan, Aust. J, Chem., 16, 1051 [1963]
a] P.J. Black, M.L. Heffernan, L.M. Jackman, Q.N. Porter and
G.R. Underwood, Aust, J, Chem., 17, 1128 [1964]

b] P.J. Black and M.L. Heffernan, ibid, 18, 707 [1965]

R.J. Tuite, A.D. Josey and H.R. Snyder, J, Am, Chem, Soc., 82,

4360 [1960]

H.S. Gutowsky and A, L., Porte, J, Chem. Phys., 35, 839 [1961];
R.J. Tuite, H.R, Snyder, A.,L. Porte and H.S, Gutowsky, J. Phys,
Chem., 65, 187 [1961].

E.T. Holmes and H.R. Snyder, J, Org. Chem,, 29, 2155 [1964];
W.W. Cole, A.N. Scott and H.R. Snyder, ibid., 2160 and 2165
R.K. Olsen and H.R. Snyder, J, Org, Chem,, 30, 184 [1965]

B. Gestblom, Acta. Chim, Scand., 17, 280 [1963]

F.A.L. Anet, J, Chem. Phys., 32, 1274 [1960]

W.G. Paterson and G. Bigam, Canad. J. Chem., 41, 1841 [1963]
P.J. Black and M. L. Heffernan, Aust. J. Chem., 17, 558 [1964]
T. Schaefer, Canad. J. Chem., 39, 1864 [1961]

W. Brlgel, private communication

J.P. Kokko and J.H. Goldstein, Spectrochimica Acta, 19, 1119 [1963]

I.C. Calder, T, McL. Spotswood and W,H,F. Sasse, Tetrahedron

Letters, 95 [1963]



2398 No,28

22. a] T. Schaefer and W.G, Schneider, Canad. J. Chem., 41, 966 [1963]
b] M. J.55, Dewar, G.J. Gleicher and B.P. Robinson, J. Am. Chem.
Soc., 86, 5698 [1964]

23, C.N. Fanwell and ‘N, Sheppard, Disc. Farad. Soc., No.34, 115 [1962]

24, R.A, Hoffman, Arkiv, Kemi., 17, 1[1961]

25, G.P. Newsoroff and 5. Sternhell, Tetrahedron Letters, 3499 [1964]

26, S, Forsen, J. Phys, Chem., 67, 1740 [1963]

27, S, Forsen, B, Akermark and T. Alm, Acta, Chem. Scand., 18, 2313

[1964]
28. K. Takahashi, T. Kanda, F. Shoji and Y. Matsuki, Bull, Chem. Soc.

Japan, 38, 508 [1965]



