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Downfield y -gauche and y -antiperiplanar 
Effects on '"C NMR Chemical Shifts Exerted by 
Thiophene Sulphur 

J. W. de Haan,* M. E. van Dommelen, L. J. M. van de Ven and A. Cowers 
Laboratories of Instrumental Analysis and Organic Chemistry, Eindhoven University of Technology, Eindhoven, 
The Netherlands 

The y-effects of sulphur on "C NMR chemical shifts have been measured in a series of steroidal compounds 
containing thethiopheneringindifierent configurationswithrespectto therest of themolecule.Thedataconstitute 
the first example of downfield effects exerted by sulphur on both gauche and antiperiplanar y-carbons. The 
y-gauche effect of sulphur amounts to 1.6-1.8 ppm, the y-antiperiplanar effect from practically zero to almost 
1 PPm* 

INTRODUCTION 

Recently several papers have appeared concerning the 
influence on 13C NMR chemical shifts exerted by 
hetero atoms in y-position with respect to the carbon 
atom under consideration.' For second row elements a 
general rule seems to emerge that both in gauche 
fragments and in antiperiplanar fragments the shifts 
are upfield with respect to systems containing only 
all-carbon interactions.? The difference is larger in 
antiperiplanar fragments.la 

It seems clear that third row elements like chlorine 
and sulphur (as in chlorides and thioethers respec- 
tively) cause only very small upfield effects on an 
antiperiplanar y-carbon: c. -1 ppm.l" Results re- 
ported later for 2,5-dialkyl-173-dithianes seem to sug- 
gest that 1,4-gauche effects by sulphur are larger: c. 
-1 to -3 ppm per sulphur atom. It should be kept in 
mind that accompanying effects on C-2 substituents, as 
well as on axial and equatorial protons at the 2- and 5 -  
positions of 1,3-dithianes and 1,3-dioxanes, are still 
largely unexplained.' 

Independently, Barbarella et al. demonstrated that 
antiperiplanar shifts caused by sulphur depend mar- 
kedly on the electronegativity of the sulphur atom.3 
Values of -2.1 to -4.2ppm for y-effects in 6-  
membered rings were explained as changes in the 
&effects of the same relative magnitudes; the largest 
effect was observed with an S-Me group. 

In conformationally mobile systems the weighted 
average of gauche and antiperiplanar effects is practi- 
cally constant at -3ppm. This could be due, as 

+ 

* Author to whom correspondence should be addressed. 
'The terms y-gauche and y-antiperiplanar refer to the confor- 
mations: 

13C ,x 13c 

'c-c 'C-C 
'x 

gauche antiperiplanar 

suggested by the authors, to changing conformational 
equilibria or to progressively downfield gauche effects 
with increasing positive charge on s ~ l p h u r . ~  At present 
it seems impossible to distinguish between these two 
possibilities, or a combination of both, without data 
pertaining to gauche interactions exerted by 'charged' 
sulphur in rigid systems. 

In view of the above it would be of interest to 
investigate the influence of sulphur embedded in a 
thiophene ring in which an electron from sulphur may 
be dispersed within the ring. Here, we present results 
obtained with steroidal compounds containing the 
thiophene ring in different configurations with respect 
to the rest of the molecule. In these systems (3-8), as 
well as in a pair of models (1,2), some methylene 
carbons are held in fixed anti configurations with 
respect to the sulphur atom of the thiophene ring, 
while, in the 'odd members' of this series another 
methylene or a methyl group within the same 
molecule occupies a y-gauche position with respect to 
the sulphur atom. 

1 2 

EXPERIMENTAL 

Compounds 1 and 2 were prepared from 2-methyl-5- 
(3-thienyl)pent-2-ene and 2-methyl-5-(2-thienyl)pent- 
2-ene, re~pectively.~ The structures of these precursors 
were verified in the usual way from their chemical and 
physical properties." The stereochemical relationships 
between the sulphur atoms and the methyl groups in 1 
and 2 are established unequivocally by the syntheses 
from the respective  precursor^.^ 

The steroidal compounds 3 and 4 were prepared in 
a similar manner. Subsequently, these were converted 
to the epoxides 7 and 8 and thence to the ketones 5 
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and 6.4 13C NMR spectra were measured in the pulse 
mode in CDCl, solutions at 25.15 MHz on a Varian 
HA-100 spectrometer, interfaced with a Digilab FTS- 
NMR-3 Pulsing and Data system. Usually, about 500- 
1000 spectra were accumulated; pulse angles of 
about 90" were applied at 10s  intervals, 8 K  data 
points were sampled using a bandwidth of 4544 Hz. 
Chemical shifts were measured with res ect to TMS in 
C,Br,F4, which served as an external I t  F lock. 

SPECTRAL ASSIGNMENTS 

The assignments of the signals of 1 and 2, which serve 
as model compounds for the A and B rings of steroidal 
systems 3-8 were obtained as follows. 

The thiophene rings yield two singlets and two 
doublets which may be assigned by means of the 
known substitution rules of thiophenes.' The signals of 
C-8 and C-10 are assigned based on signal multip- 
licities (off -resonance experiments) and/or signal 
areas. The allylic hydrogens at C-5 resonate at lower 
'fields than those at C-6 and C-7 (S = 2.5 and S = 1.7 
respectively). Therefore, the signals of C-5 can be 
located by means of selective decoupling experiments. 
The remaining two triplets near 21.5 ppm and 
40.0ppm are assigned by taking into account the 
known effects of geminal dimethyl substitution in a 
cyclohexane ring. 

The thiophene signals of 3, 5 and 7 are assigned by 
comparison with those of 1, and, correspondingly, the 
signals of 4, 6 and 8 with those of 2. 

The entire C and D part of 6 (C-7-C-17) can be 
analysed by comparison with the known assignments 
of estrone acetate; the discrepancies are generally 
smaller than 1.5ppm with the exception of C-16 and 
C-17. Of the remaining two triplets, the one near 
26 ppm was assigned by means of a selective decoupl- 
ing experiment irradiating near S = 2.7 in the 'H NMR 
spectrum. The same experiment also yielded addi- 
tional evidence for the location of the C-15 signal at 
36.83 ppm since the corresponding protons are known 

3 5 7  

3,4 

c-I 
c-2 
c-3 
c4  
c-5 
C-6 
c-7 
C-8 
c-9 
c-10 
c-I 1 
c-I 2 
C-I 3 
C-I 4 
C-I 5 
C-16 
C-17 

4,6,8 

D =  

Table 1. Carbon-13 NMR chemical shifts of 1-8 

1 

122.19 
127.88 
134.54 
26.91 
21.17 
40.27 
34.67 

147.25 
33.48 

D =  

D =  

to absorb at relatively low field. Finally the signal at 
27.60 ppm was still considerably broadened, as is to be 
expected from the relatively high-field position of the 
corresponding protons. 

A further and final verification was obtained from a 
selective decoupling experiment near 6 = 1.55 in the 
'H NMR spectrum. As expected, the other four trip- 
lets are now better decoupled. It is worth noting that 
the relative position of the signals of C-5 and C-6 in 6 
is reversed with respect to that in estrone acetate. The 
analysis of the 13C NMR spectrum of 5 is straight- 
forward by comparing it with that of 6 and with the 
model compounds 1 and 2 in order to allow the 
distinction of the signals of C-6 and C-10. 

Off-resonance decoupling at high field in the 'H 
NMR spectra of 3 and 4 ( 8  = -1.2) yielded relatively 
large residual splittings for three triplets which were, 
therefore, classified as being due to the allylic carbons 
C-5, C-11 and C-15. The triplets near 26.5ppm in 
both 3 and 4 were assigned to C-5 by reference to 1,2 
and 5, 6 (see above). Moreover, the signals near 

2 

125.94 
122.46 

134.81 
26.33 
21.70 
39.44 
33.97 

144.69 
31.67 

3 4 

126.03 
122.63 122.72 
128.14 
135.25 136.04 
26.78 26.29 
28.89 29.29 
42.52 42.48 
50.42 49.76 

141.16 139.61 
34.32 32.55 
28.89 28.94 

136.48 136.70 
52.71 52.71 
26.68 26.78 
38.20 38.29 

129.73 129.56 
14.60 14.69 

5 8 7 8 

126.06 126.50 
123.16 123.22 122.98 123.07 
128.92 128.76 
135.72 136.26 136.04 136.66 
26.63 26.15 26.78 26.40 
27.66 28.03 28.28 29.18 
40.59 39.74 42.92 42.90 
44.83 44.65 44.86 44.13 

140.93 139.84 140.94 139.64 
29.24 27.60 31.89 30.22 
32.64 32.70 28.67 28.41 
49.57 49.32 72.30 72.28 
50.72 50.72 47.02 46.98 
22.81 22.81 24.53 24.72 
36.83 36.83 33.70 33.84 

221.38 221.38 69.48 69.43 
15.23 15.17 16.32 16.50 
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28.9 ppm are due to C-11 and those at c. 38.2 pprn to 
C-15 as is evident by comparison with C-2 in exo- 
methylenecyclohexane (taking into account the shield- 
ing by the (Z)-methyl-group) and with substituted 
cyclopentenes, respectively. An additional case in 
point is the similarity of these shifts in 3 and 4; the 
differences are less than 0.1 ppm and these carbons 
are relatively far from the thiophene ring and should 
therefore not differ very much. Of the remaining three 
triplets the signal near 29 ppm is attributed to C-6 by 
comparison with 5 and 6. The signals near 26.8 ppm 
(mutual difference 0.1 ppm) should be remote from 
the thiophene rings and agree with those of substituted 
cyclopentenes; they are therefore assigned to C- 14. 

In a similar way, high field CW decoupling of the 
epoxides 7 and 8 yielded large residual splittings for 
the triplets at 26.78 ppm and 33.70 ppm and for the 
triplets at 26.40 pprn and 33.84 ppm, respectively. The 
high field triplets were assigned to C-5 by analogy with 
the previous examples and the triplets near 33.8 ppm 
to C-15 which is p to the epoxy oxygen. 

The signals due to C-14 were assigned with refer- 
ence to the known upfield y-effect of an epoxy ring 
with respect to a C=C bond. There is no unambigu- 
ous way in which the remaining three triplets for 7 and 
8 can be assigned rigorously. The signals at 28.28 ppm 
and 29.18ppm in 7 and 8, respectively, could be 
assigned to C-6 since the mutual difference in chemi- 
cal shifts is then similar to that in the previous pairs. 
The shifts near 28.5 ppm are relatively close together 
and are most probably due to C-11, leaving the signals 
at 31.89ppm in 7 and at 30.22ppm in 8 to be 
assigned to C-10. The assignments are summarized in 
Table 1. 

DISCUSSION 

The resulting shifts for C-10 in comparable ‘odd’ and 
‘even’ compounds reflect the influence of the y-gauche 

sulphur atom: AS(1-2) = 1.81 ppm, AS(34) = 
1.77 ppm, AS(5-6) = 1.64 ppm and AS(7-8) = 
1.67 ppm. In the same way the y-antiperiplanar shifts 
were found to range from practically zero (C-7 in 3, 4 
and in 7, 8) to almost 1 ppm (C-6 in 7, 8, C-7 in 1, 2 
and in 5, 6). 

To our knowledge, the data given above constitute 
the first example of unambiguously determined combi- 
nations of downfield effects exerted by sulphur on both 
gauche and antiperiplanar y-carbons. In the conforma- 
tionally mobile system 2-n.butylthiophene an average 
gauche and anti effect on the y-carbon is to be 
expected. Actually, C-p in 2-n.butylthiophene is de- 
shielded by +1.1 pprn with respect to the comparable 
atom in 3-n.butylthiophene. Similar differences have 
been found in other 2- and 3-substituted thiophenes 
containing long side chains.6 

Without going into details as to the exact nature of 
the observed effects we note that recent ASIS experi- 
ments suggest that the sulphur atom in thiophene is at 
the negative end of the molecular dip01e.~ MO- 
calculations indicate donation of T-electrons by sul- 
phur to the rest of the thiophene molecule with con- 
current withdrawal of o-electrons.’ In this respect 
sulphur in thiophene might well differ from that in 
other systems studied thus far. Further experimental 
data will be needed before more refined treatments 
can be given. In the meantime, detailed conforma- 
tional analyses based on y-sulphur-induced effects on 
13C NMR shifts are to be considered with caution. 

Acknowledgement 

This investigation has been supported by the Netherlands Founda- 
tion for Chemical Research (SON) with financial aid from the 
Netherlands Organization for the Advancement of Pure Research 
(ZWO). 

REFERENCES 
~ 

1. (a) E. L. Eliel, W. F. Bailey, L. D. Kopp, R. L. Willer, D. M. 
Grant, R. Bertrand, K. A. Christensen, D. K. Dalling, M. W. 
Duch, E. Wenkert, F. M. Schell and D. W. Cochran, J. Am. 
Chem. SOC. 97, 322 (1975); (b) W. Kitching, M. Marriott, W. 
Adcock and D. Doddrell, J. Org. Chem. 41, 1671 (1976); (c) J. 
B. Lambert, D. A. Netzel, H. Sun and K. K. Lilianstrom, J. 
Am. Chem. SOC. 98, 3778 (1976). 

2. (a) E. L. Eliel, V. S. Rao, F. W. Vierhapper and G. Zuniga 
Juaristi, Tetrahedron Lett. 4339 (1975); (b) E. L. Eliel, V. S. 
Rao and F. G. Riddell, J. Am. Chem. SOC. 98,3583 (1976). 

3. G. Barbarella, P. Dembech, A. Garbesi and A. Fava, Org. 
Magn. Reson. 8, 108 (1976). 

4. (a) A. Cowers, J. H. van Mil, M. M. E. Sap and H. M. Buck, 
Recl. Trav. Chim. Pays Bas *,I8 (1977); (b) A. Cowers, P. Ch. 

Scheers, J. W. de Haan and H. M. Buck, Red. Trav. 
Chim. Pays Bas 96,279 (1977). 

5. J. B. Stothers, Carbon-13 NMR Spectroscopy, Academic 
Press, New York (1972). 

6. J. W. de Haan, A. Corvers and M. E. van Dommelen, 
unpublished results. 

7. F. J. Barton, R. W. Roth and J. G. Verkade, J. Am. Chem. 
SOC. 94, 8854 (1972). 

8. U. Gelius, B. Roos and P. Siegbahn, Theor. Chim. Acra 27, 
171 (1972). 

Received 11 June 1977; accepted 26 October 1977 

318 ORGANIC MAGNETIC RESONANCE, VOL. 11, NO. 6,1978 @ Heyden & Son Ltd, 1978 


