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Abstract-The chemical shift differences (Av) of the diastereotopic thienyl protons of I-phenyl (dJ 
ethyl 2,2’dithienylglycolate have been measured for different solvents and at different temperatures. 
The solvent dependence of the Au’s are interpreted as being due mainly to solvent shifts of the di- 
astereotopic protons. 

The chemical shift differences of diastereotopic 
groups of protons in esters of a-hydroxy acids 
with an asymmetric centre have beem reported.‘-” 
Thus, for a given solvent, the magnitude of the 
chemical shift difference, Av, “will be influenced by 
the specific differences in the averaged environ- 
ments of the two groups including the type and 
anisotropy of the other portions of the molecule, 
the distances between the groups and the portion of 
the molecule responsible for the diastereomerism 
of the environments, . . .“.4 

In the present work the solvent induced changes 
in the magnitude of the AV’S of the thienyl protons 
of 1-phenyl (-d,) ethyl 2,2’-dithienylglycolate, 

have been investigated at different temperatures. 
The dependence of each of the Au’s (i.e. for the 
thienyl protons 3, 4 and 5) on solvents at +36“ is 
shown in Table 1, which has been arranged accord- 
ing to decreasing Av’s. The choice of solvents is 
somewhat arbitrary but an attempt was made to 
cover a fair range of solvent dielectric constants. 

RESULTS 

The proton resonance spectra (at 60 MHz) of 
the thienyl protons are treated, for the solvents and 
the temperatures considered, as two separate three 
spin systems I and II, since in none of the spectra 
could splittings be detected which were due to 
coupling to the protons of the other thiophene ring. 
No crossing over was found to occur; i.e. the AV’S 
of Table 1 are all of the same sign, which hold for 

the entire temperature regions investigated. The 
determinations of the AY’S are judged to be reliable 
within 0.1 Hz. Fig 1 provides an example of the 
type of spectra encountered in this work. 

In Fig 2 are given the temperature dependences 
of Au3 of the solutions listed in Table 1. The type of 
dependences reveal that the temperature ranges do 
not include the low temperature limit in which 
cases sigmoid plots should be obtained. The 

Ibl 

Fig I. Proton resonance spectrum of the thienyl protons 
of I-phenyl (dJ ethyl 2,2’-dithienyiglycolate in 0. I 1 molar 
cyclohexane solution at + 36°C. 
a) Observed 60 MHzspectnun 
b) XY recorder ploP of the computed (LAOCOON 3) 

spectrum 
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Table 1. Chemical shift differences (Av Hz), chemical shifts (6 ppm rel. internal TMS) and coupling constants (J Hz) of 
the thienyl proton spin systems I and II (cf. text) of I-phenyl (-ds) ethyl 2,2’ditbienyIgIycolate measured for ditferent 

solvents at + 36” 

Cone Au, Av, Aus 6Hs 8HI 6H, JU J, J45 
Solvent mol I-’ Hz I II I II I II I II I 11 1 II 

Cd-I,* 0.11. 12.4 6.3 4.6 7.19 698 6.85 6.75 7.11 7.03 369 3.70 I.22 l-27 .5.19 5.14 
ccl, 040 11.8 5.8 4.2 7.16 697 6.91 6-81 7.19 7.12 3.90 3.67 l-31 I-30 4.85 5.19 
CDCls 0.47 11.4 5.7 4-l 7.22 7.03 6.95 6.85 7.25 7-19 3.70 3.84 1.27 1.45 5-24 4.96 
MeNO, 0.47 9.2 4.3 3.3 7.28 7.13 7.01 6.93 7-37 7.31 3.68 3.67 l-40 1.53 4-92 4.83 
MeOH 0.39 8.4 4.3 3.2 7.18 7.04 694 6.87 7-33 7-27 3.82 3.67 l-43 1-48 4.98 4.93 
MeCN 048 7.7 3.7 2.7 7.20 7.07 6.96 690 7-34 7-29 3.87 3.67 148 l-53 4.83 4.93 
Me&Z0 0.49 7.7 3.7 2.7 7.24 7.11 6.97 6.90 7.36 7-32 3.56 3-72 l-38 1.43 5.04 4-98 

*The cyclohexane solution had to be more diluted than the other solutions due to low solubility of ester. 

Fig 2. Temperature dependence3 of Avs (Hz) of I-phenyl (da ethyl 2,2’dithienylglycolate for differ- 
ent solvents. (0 CJI,,,O CC&, A CDC&, 0 CHsNOp, A CH,OH,m CH3CN,!13(CH&CO). 

changes of Aw, and AvJ with temperature are within 
the 20.1 Hz error, but decreasing trends with 
temperature increase could be noticed for these 
cases as well. 

DI!XUSSlON 

The values of Aw measured for the present com- 
pound must be considered to be relatively large in 
view of the fact that the diastereotopic protons are 
separated from the asymmetric centre with 5-7 
bonds (Table 1). However, according to the quota- 
tion* above, the distance between the pertinent 
groups is not the only factor responsible for the 
magnitude of Av, also the magnetic properties of 
these groups are important. Thus in the present 
case the combined effects of the strongly aniso- 
tropic phenyl and thienyl groups (“the magnetic 
field gradients”5) are believed to be responsible 
for the unexpectedly high AV values. 

The progression of AV values “through the thio- 
phene ring” (Table 1) is in the same sense for the 

solvents listed and demonstrates clearly, other 
things being equal, the distance dependence of Av. 
Solvent induced changes in AV (cf Table 1) have 
been suggested6 to be due to solvent induced con- 
formational changes, which in the present case 
should imply that the relative orientation of the 
dithienyl and the I-phenyl ethyl groups should not 
be the same in all solvents. Accordingly there 
should then also be some changes in the distances 
between the different thiophene protons and the 
I-phenyl ethyl group. Some solvent dependence of 
the ratios between AvJ, Avl and Av, should then be 
expected. Log log plots of e.g. Ay and Av, against 
Aus yield, however, slopes of near unity for the 
solvents of Table 1. Thus (at +36”(Z), the equations 
AVs = 3.Ay5(*S5M.01B md &,, = 1 .3.Av5~1~M+O~01) m 

obtained from the least squares fits of the log log 
plots. Hence, Av,/Av, = constant is approximately 
valid which implies that the ratios of the AY’S are 
nearly solvent independent at constant tempera- 
ture. Consequently different solvents can not pas- 
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sibly induce significant variations in the relative 
orientations of the diastereotopic dithienyl group 
and the asymmetric 1 -phenyl ethyl group. 

In discussing the solvent dependence of the 
Av’s it is pertinent to observe that for cyclohexane 
solution the shift difference GHJ--SHS changes 
sign in going from spin system I to II (cf Fig 1). 
According to Table 1 this occurs for cyclohexane 
solution only; for the other solvents listed the shift 
difference in question has the same sign for the two 
spin systems. This fundamental difference between 
the cyclohexane and the other solvents with re- 
spect to the behavior of the thienyl proton shifts 
prevails at all temperatures and concentrations 
investigated. 

In the present context cyclohexane is the only 
one of the solvents which can be assumed to be 
inert with respect to the solute molecules. Accord- 
ingly, the observed difference in the relative shield- 
ings of protons 3 and 5 in the spin system 1 and II 
must presumably be due only to the long range 
shielding effect of the anisotropic phenyl group at 
the asymmetric centre with no interference whatso- 
ever of the solvent cyclohexane. The result implies 
a preferred conformation3 in which the phenyl 
group is closer to one of the thienyl rings than to 
the other. The solvent independence of the ratios 
AvJAY~ and AuJAv, strongly suggest that the pre- 
ferred conformation found in cyclohexane solution 
is then also the same for the other solvents. The 
fact that the particular spectral appearence of the 
relative thienyl proton shifts in cyclohexane solu- 
tion is not shown for the other solvents, suggest 
that the concept of specific solvent shifts’ applies 
for these solutions. Solvent shifts arise principally 
from the formation of collision complexes between 
the solvent and the solute.’ Thus if the solvent 
molecules form collision complexes with the thienyl 
rings the shifts of the thienyl protons will be modi- 
fied and, bearing in mind the spatial requirements 
of such complexes,’ the closer proximity of one of 
the rings to the phenyl group will then result in net 
contributions to the shift differences Au. 

If the chemical shift data of Table 1 are referred 
to those of the cyclohexane solution it is found that 
the shifts of spin system II are significantly more 
solvent sensitive than those of I. It is probable 
therefore that II represents the sterically more 
accessible one of the two thienyl groups, presum- 
ably the one farthest from the phenyl group. This is 
supported by the fact that for cyclohexane solution 
it is spin system I which is deviating from all the 
others (with respect to the 6H, - 6HS difference cf 
Table 1). which should be expected for an inert 
solvent if, in the time average, system I represents 
the thienyl group closest to the anisotropic phenyl 
group. 

It is well known that a-hydroxy esters are both 
intra- and intermolecularly hydrogen bonded.*-lo 
The intramolecular hydrogen bond obviously 
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results in a highly preferred arrangement of the 
dithienylhydroxymethyl group relative to the car- 
bony1 group. The intermolecular hydrogen bond 
between solute molecules has been shown* to per- 
sist down to cu 0.1 molar Ccl, solution. Thus if 
there should be significant differences between the 
conformations representing inter- and intramolecu- 
lar hydrogen bonding, this should be reflected in a 
concentration dependence of Au for solvents like 
cyclohexane, Ccl, and CDCI,. According to Table 
2, however, the variations obtained are weak and 
inconsistent. Thus any regard to contributions 
from changes in intermolecular H-bonding is not 
Warranted. 

Table 2. Avr values for different con- 
centrations of I-phcnyl (-dJ ethyl 2.2’- 

dithiwylglyc&te 

Chnc. Temp. Av3 
Solvent moll-l T HZ 

C&L* o-47 90 10.4 
0.22 90 10.8 
o-22 50 11.8 
0.11 50 11.2 

CCI, O-40 36 11-8 
o-13 36 12.2 
o-07 36 12.1 

CDClj o-47 36 1 I -4 
0.13 36 10.9 
O-07 36 11.3 

With respect to the intramolecular H-bond it is 
not possible to draw conclusions, from the present 
results, which are relevant to the imposed rotational 
barrier_ The decrease of the A& (Fig 2) with tem- 
perature is therefore interpreted as being due to the 
sum contributions of the equalization of the p-opula- 
tions of the various wnfonners.lL 

In conclusion the present work is meant to show 
that solvent dependence of chemical shift differ- 
ences of diastereotopic atoms or groups of atoms 
(magnetic non-equivalence) may be interpreted 
according to the current concepts of solvent shifts.’ 
This approach has been feasible since diasteree 
topic spin systems have been studied rather than 
diastereotopic atoms or groups of equivalent atoms, 
which have hitherto been the subjects of several 
investigations.l* 

The present compound may further be regarded 
as a model substance for certain pharmacologically 
active esters of diarylglywlic acids.13 Provided the 
spin systems I and II can be identified with cer- 
tainty with each one of the two thienyl groups, the 
result pertaining to daferent complex forming 
capacity with solvent may conceivably be utilized 
in the research bearing on the understanding on the 
molecular level of the biological action of these 
drugs, since it has been foundlg that at least one 
aryl group is required for their activity on the CNS. 



2118 B. iisr~lru 

EXPERIMENTAL 
The NMR spectra were obtained with a Varian A 6OA 

Analytical Spectrometer equipped with the Varian V 6057 
variable temperature system. 

Preparuriun of 1 -phenyl (-d,) ethyl 2,2’-dirhienylgb- 
colnre. The Grignard reagent of bromobenzene (-d,) 
(Stohler Isotope Chemicals, Bern, Switzerhmd) was re- 
acted with acetaldehyde to yield I-phenyl (4) EtOH, 
which was subsequently reacted with methyl 2,2’-di- 
thienylglycolatel in a transesterification reaction to give 
I-phenyl (-d,) ethyl 2.2’~dithienylglycolate.* The synthe- 
tic product was purified on a silica gel column (Merck 
0.05-0.2 nun) with benzene as eluant, m.p. 87-88.2”. 

The mass-spectrum had its base peak at m/e 195 com- 
spending to the dithienylhydroxymethyl fragment charac- 
teristic of the fmgmentation of dithienylglycolic esters.” 
The NMR spectrum (CDCl$ had signals at VMS rcfer- 
ence) I.55 ppm (d, Me), 465 ppm (OH). 6.00 ppm (sym. 
au. CH). 68-7.33 nnm (m. thienvl). with relative intensi- 
tie~inthkratios3:i:l:6. _ 

NMR measurements. The solvents used for the mea- 
surements were either of spectroquality (Merck or East- 
man) or analytical (Merck), and were used without further 
purification from freshly opened bottles. Ordinary NMR 
tubes were used, they were, however, matched. The tubes 
were acid washed, rinsed and tinally dried in an oven. 
Samples of the ester were weighed in the dried tubes, the 
solvent was pipetted (0.5 or 0.6 ml) down in the tubs and 
these were finally sealed off. The temperature of the 
NMR probe was determined by means of the internal 
shift differences of standard ethyleneglycol and methanol 
samples for high and low temperatures, respectively. 

For the determination of the shift differences (Av,, Av,, 
AvJ) spectra were run at 50 Hz sweep width at optimum 
conditions, usually with a sweep rate of 0.1 Hz/second. 

Specrral assignmenrs. The shifts and coupling con- 
stants were extracted from the spin systems I and II by 
means of the common ABX procedure.15The calculations 
involved were facilitated by using a FOCAL program. 
Since several of the bands of I and 11 coincided in the AB 
regions of the spectra of the cyclohexane. chloroform and 
carbontetrachloride solutions, the ABX parameters of 
these spectra were adjusted with theiterative LAOCOON 
3 program to give a ftt within 0.1 rms error of the cal- 
culated frequencies to the corresponding experimental 
lines. These calculated spectra were plotted” and com- 
pared with the experimental. Fig I b is an example of the 

*The compound was kindly supplied by Mrs. Gun 
Wallet-berg. 

kind of plots which were used. The adjusted shift pam- 
meters deviated from 0.1 to 0.7 Hz from the ABX shift 
assignments. The probable errors of the adjusted shifts 
and coupling constants are in general given by the pro- 
gram as 20.05. The iterative procedure was not con- 
sidered necessary for the spectra of the solutions from the 
other solvents, since these were almost completely re- 
solved making even fusl order assignments in close agree 
ment with the ABX treatment. 
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