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NMR spin coupling constants in a number of methyl and aldehyde
substituted thienothiophenes have been determined. Long-range
cross-ring couplings have been found in some cases. These are dis-
cussed in terms of g-electron and =-electron contributions to the
contact coupling. A comparison with the coupling constants in the
corresponding unsubstituted compounds shows that the large cross-
ring couplings in thieno[2,3-b]Jthiophene and thieno[3,2-b]thiophene
are primarily transmitted through the g-electron interaction.

Long-range interactions between protons situated on different rings in
polyring systems have been observed in a number of compounds. These
couplings tend to be large between protons separated by five bonds in a
zig-zag configuration. Large couplings have also been observed between protons
separated by six bonds which fulfill the stereo-electronic requirement of
following a straight zig-zag path.! In thienothiophenes and selenothiophenes,
these couplings are the largest observed.%,5 It has been proposed that residual
long-range o-induced couplings persist for the straight zig-zag paths.®

Some insight into the nature of these couplings can be obtained by studying
the side-chain couplings in methyl and aldehyde substituted compounds. The
aldehyde couplings are believed to be transmitted within the g-electron frame-
work, and in aromatic aldehydes, they show the same stereospecific behaviour
of being large only along straight zig-zag paths.?,® Methyl couplings, on the
other hand, are known to be transmitted through the n-electron framework.%10
The theory also predicts that on the replacement of a proton directly bound
to the ring system by a methyl group, the m-electron transmitted coupling
should remain almost unchanged in magnitude but reverse its sign.!',> This
C=CH->C=C—-CH, replacement technique has, for instance, been used to
clarify the nature of the long-range side-chain couplings in thiol-substituted
thiophenes, and has been taken as evidence against a m-electron mechanism
for the aldehyde couplings.’® It has also been used for a discussion of the
couplings in methylated butadienes and similar compounds.!

In the present work, we have studied the side-chain couplings in a number
of methyl and aldehyde substituted thienothiophenes, where interaction across
the rings might be expected.
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RESULTS

2-Formyl-thieno[2,3-b]thiophene. The spectrum of 2-formyl-thieno[2,3-b]
thiophene is shown in Fig. 1. The resonances from hydrogen 3 have been
shifted to low field due to the electron attracting aldehyde substituent. The
cross-ring coupling Jg,= —0.20 Hz is very well resolved in the 4-hydrogen
band. This coupling is also visible in the 3-proton band, where additional
structure reveals the presence of another small coupling of magnitude 0.12 Hz.

|1
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Fig. 1. NMR spectrum at 56.444 MHz of 2-formyl-thieno[2,3-b]thiophene in ca. 10 9,
acetone solution. Analysis gave the parameters (in Hz): vego=5562.44, v,=459.37,

v, =419.65, v,=432.04, Jcgo-s= +0.12, Jego-«=0.00, Jego-s= +0.09, Jy = —0.20,
Jys=0.01, and J=5.36.

In the 5-hydrogen band, a splitting of 0.09 Hz is observed. These last-men-
tioned small splittings are obviously due to couplings of the 3 and 5 hydrogens
to the aldehyde proton. They could, however, not be resolved in the aldehyde
band. This assignment of couplings was confirmed by a double resonance ex-
periment, in which the CHO resonance was strongly irradiated, resulting in
the collapse of the 3-proton triplet and 5-proton quartet into doublets.

The signs of these small couplings cannot be determined from the spectrum,
nor can a simple double resonance experiment be conceived to give these
signs, since no group of three mutually coupling protons are to be found in
this molecule. The sign of J,, is assumed to be negative in agreement with
unsubstituted thieno[2,3-b]thiophene.4

3-Formyl-thieno[2,3-b)thiophene. In this spectrum, the aldehyde resonance
is sharp and shows no apparent couplings to the three ring protons. The 2-
proton resonance is shifted to low field, while the 4 and 5 proton resonances
fall close together, forming the strongly coupled AB part of an ABMX type
spectrum. In addition to the large couplings J,; and J;, a splitting of 0.25 Hz
appears in the 2 and 4 proton bands. Analysis of the spectrum shows that
this is a virtual coupling;!® the J,, coupling in this compound is actually close
to zero as in other thieno[2,3-b]thiophenes.

The assignment in this compound is based on the known magnitudes of
the couplings in other thienothiophenes. The 4 and 5 proton resonances appear
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in reverse order compared to the unsubstituted compound, indicating a strong
substituent effect of the aldehyde group into the other ring.

On irradiation of the CHO resonance by a second rf field, the 2 and 5 proton
resonances remain unchanged, while the 4 proton resonance lines get sharper.
This indicates the existence of a small coupling J, oo, Which would be a
few hundredths of a Hz at most. The coupling J, y, is zero in this com-
pound.

2-Formyl-thieno[3,2-b]thiophene. In the spectrum of 2-formyl-thieno[3,2-b]
thiophene, the 6 hydrogen appears at high field as a quartet of lines, giving
the large couplings J;; and Jg4, the magnitudes of which agree with the results
from other thieno[3,2-bJthiophenes.? The 3 proton band — shifted to low field
through the influence from the CHO group — consists of two 1:2:1 triplets.
The separation between the triplets gives the J,4 coupling (0.7 Hz), and the
splittings between the components in the triplets are 0.12 Hz. This can only
be interpreted so that the 3 hydrogen couples both to the 5 hydrogen and the
CHO proton with couplings |Jg5=|J3 yol/=0.12 Hz. However, these
couplings could not be resolved in the aldehyde or the 5 hydrogen band. This
indicates the presence of a cross-ring coupling over seven bonds between the
CHO and 5 protons.

An attempt to estimate the magnitude of this coupling from the width of
these unresolved resonance lines by calculating the line-shapes as a sum of
four Lorentzian lines of width 0.12 Hz gave the result |J ., 5/ =0.08 Hz.
Irradiation of the CHO resonance with a second rf field confirmed the existence
of this coupling — the resonances in hydrogens 3 and 5 became sharper.

Although determination of the signs of the CHO couplings through selec-
tive double irradiation experiments is possible in this molecule, the small size
of the splittings compared to the line-width (0.12 Hz in our spectra) made
these experiments resultless. The sign of the coupling J4; was taken as negative,
as this is the case for other thieno[3,2-b]thiophenes.

3-Formyl-thieno[3,2-bthiophene. In this compound, the CHO resonance is
very narrow, and no couplings at all of the aldehyde proton to the ring protons
could be found. The shifts of the proton resonances appear in the order to be
expected with the hydrogen 2 resonance at low field. Analysis of the spectrum
gives couplings of the same size as obtained from similar molecules.

2-Methyl-thieno[2,3-blthiophene. In the ring-proton part of the speetrum, a
1:3:3:1 quartet with 1.2 Hz splittings appears. This indicates the presence of a
coupling J.y, s, the methyl coupling normally observed to protons in ortho
position relative to the methyl group in substituted aromatic compounds.
This coupling has been shown to be negative in methyl-substituted thiophenes.1®
The CH, resonance appears as a doublet. No cross-ring interactions could be
detected in this molecule. However, the line-width of the sample was a few
tenths of a Hz, implying that not even the J,, coupling could be resolved
(—0.15 Hz in similar compounds). The resonance of the 3 proton appeared
_at higher field than the 4 and 5 protons, due to the effect of the methyl sub-
stituent.

3-Methyl-thieno[2,3-b]thiophene. The methyl resonance in this compound
appears as a doublet with a splitting of 1.2 Hz. The 4 and 5 hydrogen resonances
appear at low field and give the coupling Jy;= —1.15 Hz, and J,;=5.21 Hz,
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in good agreement with the unsubstituted compound. The 2 hydrogen band
at high field appears as a quintet due to the similar size of the two couplings
Jys and J.g, . No long-range couplings could be detected in this molecule.

2-Carboxy-3-methyl-thieno[2,3-blthiophene. The CH, resonance appears as a
single sharp line, and the 4 and 5 hydrogens give a simple AB pattern with
J45=>5.3 Hz. No further interactions were observed.

2,4-Dimethyl-thieno[2,3-blthiophene. The methyl part of the spectrum
consists of two doublets with almost equal splittings of 1.2 Hz, situated 12 Hz
apart. The two corresponding 1:3:3:1 quartets from hydrogens 3 and 5 were
only about 5 Hz apart. A double resonance experiment showed that the low
field methyl group was connected to the high field proton, and the high field
methyl to the low field proton. No other couplings could be found. The two
1.2 Hz couplings being practically equal, the assignment had to be based on
chemical shift considerations. If we assume that the substituent effect of the
two methyls are not sufficiently unequal to revert the order of the ring hy-
drogen bands, we can assign the 5-hydrogen to the low field band. This means
that the 4 methyl group gives the high field band.

2-Carboxy-3,5-dvmethyl-thieno[2,3-b]thiophene. This compound was difficult
to dissolve, and the resonances from our sample were fairly weak and broad.
The large coupling Jyu;, 4= —1.2 Hz and the shifts of the resonances could
be determined.

‘ 5 ) 5) ) ) 3 L CH,
W05 400 395 360 385 380 /w0 iz from

Fig. 2. NMR spectrum at 56.444 MHz of 2-methyl-thieno[3,2-b]thiophene in ca. 20 9,

CCl, solution. The analysis finally gave the parameters (in Hz): vog, = 139.29, v, = 382.85,

v;=401.31, »,=396.75, Jop,.s=—1.18, Jcg,.s= —0.35, Jcu,s=0.08, Jy=—0.16,
J35=0.69, Jy=5.24.

2-Methyl-thieno[ 3,2-bthiophene. The ABCX, spectrum of 2-methyl-thieno-
[3,2-b]thiophene is reproduced in Fig. 2. The assignment can, as in the other
compounds studied, be based on the magnitudes of the observed ring coupling
constants. This agrees with the chemical shifts — the proton ortho relative to
the methyl group is shifted to higher field. The usual coupling between the
methyl group and the ortho proton (— 1.2 Hz) is readily recognized. The cross-
ring coupling across five bonds Ju=0.7 Hz is recognized from other thieno-
[3,2-b]thiophenes. However, an additional cross-ring interaction between the
methyl protons and hydrogen 5 can be observed, this coupling being |J .y, 5| =
0.35 Hz.
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The sign of this coupling cannot be determined by selective double
resonance experiments, as the small interaction J,; completely disappeared
in this spectrum. Nor can any coupling be found between the CH, group and
hydrogen 6. The sign of the coupling Jcg, 5 can, however, be determined by
a general double resonance experiment.

The method employed here consists of placing a strong non-selective H,
field somewhere in the ABC part of the spectrum, while the methyl resonance
is observed. For certain values of H, and »,, the methyl quartet can be ex-
pected to show some type of asymmetry. The same type of experiment has
been performed by Forsén et al. on ABX and ABCX, spin systems.17,18

The general double resonance Hamiltonian for the ABCX, system gives a
64 x 64 matrix. A first step towards simplification is to treat the spectrum as a
superposition of two identical ABCX spectra and one ABCQ spectrum, where
Q stands for a spin 3/2.1® The double resonance Hamiltonian for an ABCD
system is given in Ref. 18, and this matrix can also be used for the ABCX,
system under consideration, if we make the following modifications. The
ABCX double resonance Hamiltonian can be obtained from the ABCD Hamil-
tonian in Ref. 18 by neglect of the off-diagonal elements containing the X
coupling constants, and neglecting the effect of the irradiating H, field on
the X part of the spectrum. The ABCQ Hamiltonian can be obtained from
the ABCX Hamiltonian if it is realized that the ABC part in an ABCX spectrum
can be looked upon as a superposition of two ABC spectra with different
“effective chemical shifts” due to the couplings to the X group, the X group
having magnetic quantum number my= +1/2. Thus the ABCQ matrix is
obtained from the ABCX matrix by simply replacing my—s>my,= +3/2,
+1/2.

These simplifications will result in 4 different 8 x 8 matrices for the ABC
part, corresponding to my,mg,= +1/2, and my= + 3/2. These 8 x 8 matrices
were diagonalized numerically, and the X transitions calculated as transitions
between different matrices. The calculated intensities for the transitions be-
tween matrices for spin + 1/2 were multiplied by a factor of three (two from
ABCX and one from ABCQ). A Lorentzian line shape function was assumed
for all these X transitions. By finally adding all these contributions, a
theoretical spectrum of the methyl part could be obtained for any choice of
amplitude and frequency of the H, field.

After having determined a suitable amplitude for H,, a number of ex-
perimental observations were made for different v, offsets in the ABC part
of the spectrum. These spectra were run on an extra recorder where they were
broadened by a factor of ten, making the asymmetries more apparent. Theo-
retical curves were calculated for the same », offsets. The sign of the J.y, 4
coupling constant was taken as negative, in accordance with all other ex-
perimental results, and the calculations were carried out for the two possible
signs of the unknown coupling constant J.;, . The experimental and theo-
retical double resonance curves are shown in Fig. 3. It is seen that a satis-
factory fit of experimental and theoretical spectra is only obtained if J, 5
is assumed to be negative, i.e. Joy, 5= —0.35 Hz.

A complete analysis of the spectrum was now possible, using a least squares
fit of experimental and theoretical spectra. The proton-proton coupling Jg
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Fig. 3. Double resonance spectra of the methyl group in 2-methylthieno[3,2-b]thiophene.
The upper part of the figure shows computer calculated spectra with Jcgy, ,= +0.35 Hz,
the middle part the actually recorded spectra, and the lower part the computer cal-
culated spectra with Jcy,_ 5= —0.35 Hz. The irradiation amplitude was 5.75 Hz, and
the »4 frequencies 392.14, 394.85, and 398.00 Hz from TMS.

iii

was found to be —0.16 Hz, a value which is in good agreement with other
thieno(3,2-b)thiophenes. The analysis also gave the coupling J,, ¢ as being
non-zero (0.08 Hz).

3-Methyl-thieno[3,2-blthiophene. The spectrum of this compound is shown
in Fig. 4. The assignment is easily made, noting the large cross-ring coupling

420 45

N bl W

CHy
L s " . L " /L Hz from
125 420 415 L0 405 400 7730 TiMs

Fig. 4. NMR spectrum at 56.444 MHz of 3-methyl-thieno[3,2-bjthiophene in ca. 20 9%,

acetone solution. Analysis gave the parameters (in Hz) v, = 399.61, vy, =130.10, v;=

419.96, vs=410.72, Jeg, 3= —1.17, J4;=1.58, Jy= —0.10, JCH,_,-O 00, Jcy,—s=0.00,

and Jg=>5.21. The coupling Jcy, s is, however, not quite zero, as is seen from the result

on the 5 proton band, when the high-field CH, line is irradiated by a second rf field.
(A part of the double resonance spectrum is inserted in the figure.)
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Jy5=1.5 Hz found in these molecules. The small coupling J,; cannot be re-
solved; the analysis, however, gives the value J,;= —0.10 Hz. The result of a
double resonance experiment, in which the high-field methyl resonance line
was irradiated, is inserted in Fig. 4. The hydrogen 6 band remains unchanged,
while the first and the third line in the hydrogen 5 band get more narrow and
appear higher. The effect is small, but it shows the existence of a small interac-
tion Jy, 5. This also confirms the different signs of J, , and J,5. A complete
analysis of the spectrum results in a zero value for the coupling J .y, ;.

2-Carboxy-3-methyl-thieno[3,2-blthiophene. The resonance lines in the
spectrum of this compound were fairly broad, consisting of one line from the
methyl group and a simple AB pattern from the ring hydrogens. All lines were
of the same width, and even though irradiation of the methyl resonance seemed
to make the AB transitions more narrow, no certain conclusions could be
drawn from this effect.

2,6-Dimethyl-thieno[3,2-b]thiophene. In the spectrum of this compound,
both ring hydrogens have almost identical chemical shifts, the 3 proton band
consisting of 4 strong peaks, while the 5 proton band owing to couplings to
both methyl groups consists of 16 lines. The 6-methyl group gives a doublet
with the usual spacing of 1.2 Hz, while the 2-methyl group gives rise to a
quartet. A long-range coupling Jacn, 4 of about 0.3 Hz could also be resolved.
No methyl-methyl coupling could be seen in the spectrum. The sign of J ey, 5
was determined by a selective double resonance experiment, in which the 2-
methyl resonances were irradiated and collapses in the 6-methyl quartet
studied. Small but significant asymmetries appeared, and Jy.p, 5 was found
to be of the same sign as Jg.,, 5 ¢.6. negative, which is in accordance with
the result obtained in 2-methyl-thieno[3,2-b]thiophene.

2-Carboxy-3,5-dimethyl-thieno[3,2-b)thiophene. This compound was difficult
to dissolve. The two methyl groups have practically identical chemical shifts,
and the only coupling obtained from the spectrum was Jscx, . No methyl —
methyl interaction could be observed.

DISCUSSION

The largest cross-ring couplings in unsubstituted thienothiophenes have
been observed between protons separated by six bonds in a straight zig-zag
configuration, i.e. Jy;=1.5 Hz in thieno[3,2-b]thiophene, and Jy=1.2 Hz in
thieno[2,3-b]thiophene.* When the 2 hydrogen is replaced by an aldehyde
group, a small coupling Jcro—s can still be observed, this coupling being
reduced below 0.1 Hz. Such a reduction of the coupling can be expected with
the increasing number of bonds if a g-electron interaction is assumed for the
contact coupling.l®

The aldehyde couplings have been shown to be stereospecific, being large
only along straight zig-zag paths.® In the 2-substituted thienothiophenes, one
of the rotational conformations gives a straight zig-zag configuration for the
coupling to the 5 proton of the kind which has been found favourable for
long-range aldehyde couplings in other aromatic compounds, e.g. benzenes.?,8,20
These couplings have been observed to be large over five bonds. In the thieno-
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thiophenes, this coupling has to be transmitted over seven bonds, and substan-
tial reduction of the magnitude of this coupling is not unexpected.

The ortho couplings in the aldehyde substituted thienothiophenes seem to
exist only when the CHO group is in « position relative to S. These couplings
have not been reported in thiophenes before. The sign of this small coupling
(0.12 Hz) was not determined in this study, but in analogy with CHO-substituted
benzenes it could be assumed to be negative. The sign of this coupling in
fluorothiophenes has been determined by Rodmar et al.!

A methyl group in the 2 position of thieno[2,3-b]thiophene does not couple
to protons on the other ring, not even to the 5-position hydrogen, which shows
the largest long-range coupling in the unsubstituted compound, J,;=1.20 Hz.
This would indicate that the cross-ring coupling J,; is not a s-electron trans-
mitted contact coupling according to the criterion of Hoffman and Gronowitz
of approximately constant magnitude and sign reversal of a z-electron coupling
on methyl substitution.

In 2-methyl-thieno[3,2-b]thiophene and in 2,6-dimethylthieno[3,2-b]thio-
phene, on the other hand, the methyl group couples to the 5 proton with a
coupling constant Jcg, ;= —0.35 Hz. The finite magnitude and the reversed
sign to the coupling in the unsubstituted compound J,;=1.5 Hz, strongly
indicates that this coupling is partially z-electron transmitted.

The J3cn,—s couplings in the methyl substituted thieno[3,2-b]thiophenes
turned out to be zero. In the unsubstituted compound, this coupling is Jgq=
0.75 Hz, and if one uses the same line of reasoning, this coupling appears not
to be m-electron transmitted.

The theoretical expression for the magnitude of the n-electron contribu-
tion to the couplings in unsaturated compounds, as calculated by Karplus,
has recently been modified, leading to a substantial reduction of n-electron
transmitted couplings and also indicating that the o-contribution could be of
importance also over five bonds.2 This work is restricted to acyclic unsat-
urated compounds, however, as are also the works by several authors who
have discussed the long-range couplings in butadienes, using different ap-
proaches =28

Our results in this investigation indicate that the cross-ring couplings in
thienothiophenes are primarily transmitted by some other mechanism than a
n-electron contact coupling (with the possible exception for the J,; coupling
in thieno[3,2-b]thiophene). The results of this study are in agreement with the
suggestion of Banwell and Sheppard ¢ of a residual ¢-induced long-range
coupling which persists for straight zig-zag paths.

EXPERIMENTAL

The compounds used in this investigation were prepared according to Ref. 26. The
solvent employed was acetone (exceptions noted in Table 1), and the concentration in
the samples were 15— 20 9%, by weight, with exception for the carboxy substituted com-
%ounds which had a concentration of only a few percent. All spectra were run on a Varian

A-60 spectrometer operating at 56.444 MHz, with TMS serving as lock signal and
reference. A Muirhead D-890-A oscillator was employed in the double resonance ex-
periments.

Acta Chem. Scand. 25 (1971) No. 7



2555

SIDE-CHAIN SPIN COUPLINGS

"OPIUBULIOFIAYJOUWIIp JueA[Og 4

"0 Jueajog ,

"SYIPIM-OUI] WOy PeyBWIlIST

*oJ0z-uou umoys Aqppjuewriredxy

‘usouyun udig ,

*90UeIeJoI [BUIOTUI §B ST, 0% 0A1e[ed ‘ZHN $HF'9S 18 ueald o1e s9JIys o', ,

ag'g SL0 03'0— 030— 991 [l 8'1T¥ 6'13¥ i 64 6'13¥ (¥ ‘394) pongyysqnsupn
LUT— 00 00 - - - 1°90% L'9%T 6°9%1 - £3) HOOD ‘(9) *HD “(8) °*HD
SI'T— 000 00'0 200°0 3€0— 6I'l— $°931 1°06¢ 1°68¢ S 0PI (9) *HO “(3) °*HO
33'¢ 00 00 - - - Q'8%¥ 6°66% 8°081 - (3) HOOD &) °*HD
13°¢ 00°0 00 0T'0— 891 LT'T— L'0T% 0'03¥ 1081 9°66¢ (e) *mD
¥3'Q 69°0 91°'0—  80°0 gg'0—  SI'l— 8°96€ ¢'10¥ 6'28¢ £'681 A3) *HOD
83°'C 00°0 0’0 PI0O— P91 00°0 0°03¥ 8°FEY 6°09¢ 6°98¥ (¢) 0HO
0g'e €L°0 30— 000 4800 @10 313¥ [cilei 42 £'e9% L'999 (z) OHOD
"p % %p % %P ©p 9 <4 24 4 Juen3Isqny
S
£ |1 _m souoydoryy[q-g‘gloueryy,
4 9
S
£3'g 30°0— S8I0— 031 30°0— €3¢ '61¥ 3'80¥ 3'80% 1'61¥ (¥ "30) PormImIsqnsup)
31— 00 0°0 - - - 6°F¥I 0°86¢ €'6%1 - (@) HOOD “(¢) *HD (&) °*HD
ST'T— 000 0070 00°0 00°0 21— 3'06¢ g'831 8°q8¢ (<1728 (¥ *HO ‘(3) *HO
$e'¢e 00 00 - - - 8°63¥ '91% 3’681 - (2) HOOD (&) *HD
13°S 00°0 00°0 03’1 00°0 er'1 — a'00% £°36¢ 3LIT L'8LE o(8) *HD
03°¢ 00 S0~ 00 0'0 121~ b3 4114 ¥'c6g 9'€8¢ 3'e8I (3) *HO
93°9 00°0 0°0 93’1 80°0— 000 9°38¥ 8°ge¥ £'99¢ g'es¥ (¢) oHO
9¢'g 100 03°0— 4600 00°0 PN} 0°38% L'61¥ ¥'68¥ P399 () OHO
e s ¥ Sp ¥ & <t i €y 34 Juenyigsqng
s__S
M_ _ _w souoydoryy[q-g‘glousryy,

‘seueydoryjousIy) pejngIjsqns owos ut (Z| ur) syueisuod Juridnoo pue , s3J1Ys [BorWIeY)) I 2)90,[

Acta Chem. Scand. 25 (1971) No. 7



2556 HARTMANN, GESTBLOM AND BUGGE

Acknowledgements. The authors wish to thank Professor Kai Siegbahn for all facil-

ities placed at their disposal. Thanks are also ex;:ressed to Malmfonden, Swedish Founda-

tion for Scientific Research, and to the Swedis

Natural Science Research Council, for

providing the funds necessary to purchase the spectrometer.

o ok e ot e ek ok ek
NO MR WN OO OIS T R W -

-
[*

DO D =
~O©

B N DD DO B
(=R o LR U]

REFERENCES

. Gutowsky, H. 8. and Porte, A. L. J. Chem. Phys. 35 (1961) 839.
. Martin-Smith, M., Reid, 8. T. and Sternhell, S. T'etrahedron Letters 1965 2393.
. Tobiason, F. L. and Goldstein, J. H. Spectrochim. Acta A 23 (1967) 1385.

Bugge, A., Gestblom, B. and Hartmann, O. Acta Chem. Scand. 24 (1970) 105.
Bugge, A., Gestblom, B. and Hartmann, O. Acta Chem. Scand. 24 (1970) 1953.

. Banwell, C. N. and Sheppard, N. Discussions Faraday Soc. 34 (1962) 115.

. Forsén, 8. and Akermark, B. Acta Chem. Scand. 17 (1963) 1712,

. Kowalewski, D. G. and Kowalewski, V. J. Mol. Phys. 9 (19656) 319, 331.

. Hoffman, R. A. Mol. Phys. 1 (1958) 326.

. Karplus, M. J. Chem. Phys. 33 (1960) 1842.

. Hoffman, R. A. and Gronowitz, S. Acta Chem. Scand. 13 (1959) 1471.

. Hoffman, R. A. and Gronowitz, S. Arkiv Kemi 16 (1960) 471.

. Hoffman, R. A. and Gronowitz, S. Arkiv Kem: 16 (1960) 563.

. Albriktsen, P., Cunliffe, A. V. and Harris, R. K. J. Magn. Resonance 2 (1970) 150.
. Musher, J. I. and Corey, E. J. Tetrahedron 18 (1962) 791.

. Gestblom, B. and Mathiasson, B. Acta Chem. Scand. 18 (1964) 1905.

. Forsén, S., Gestblom, B., Hoffman, R. A. and Rodmar, 8. Acta Chem. Scand. 19

(1965) 503.

. Forsén, 8., Alm, T., Gestblom, B., Rodmar, S. and Hoffman, R. A. J. Mol. Spectry.

17 (1965) 13.

. Corio, P. L. Structure of High-resolution NMR Spectra, Academic, New York 1967.
. Karabatsos, G. J. and Vane, F. M. J. Am. Chem. Soc. 85 (1963) 3886.
. Rodmar, 8., Moraga, L., Gronowitz, S. and Rosén, U. Acta Chem. Scand. 25 (1971).

In press.

. Ditchfield, R. and Murrell, J. N. Mol. Phys. 15 (1968) 533.

. Bothner-By, A. A. and Harris, R. K. J. Am. Chem. Soc. 87 (1965) 3451.
. Cunliffe, A. V. and Harris, R. K. Mol. Phys. 13 (1967) 269.

. Barfield, M. J. Chem. Phys. 48 (1968) 4443.

. Bugge, A. Acta Chem. Scand. 25 (1971) 27.

Received December 22, 1970.

Acta Chem. Scand. 25 (1971) No. 7



