'?C NMR SPECTRA OF ISOMERIC 2,3,4=-TRISUBSTITUTED TETRAHYDROTHIOPHENES
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The chemical shifts and direct carbon—proton spin—spin coupling constants in the
'3C NMR spectra of a number of isomeric 2,3,4-trisubstituted tetrahydrothiophenes
were found. It is shown that the '°C spectra, in contrast to the 'H NMR spectra,
can be used not only for the determination of the structures of individual isomers
but also for the analysis of the isomeric composition of a mixture of compounds.

We have previously begun a study of the effect of the three-dimensional structures on
the parameters of the '?C NMR spectra of substituted tetrahydrothiophenes in the case of iso-
meric 3,4-disubstituted compounds [1]. In a continuation of these investigations we studied
the "°C NMR spectra of isomeric 2,3,4-trisubstituted tetrahydrothiophenes I-V:
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1 R=0!], R’=COGCgH;; 11 R=0H. R"=CONHj,; IIl R=0OH, R"=H-HCIl; IV R=NHCONH,,
R’=CONH;; V R=NH;-HBr, R"=H - HBr;
a-d — isomers :a — 4 3-f 2-1;b A-r, 3-t, 2-¢; ¢ — 4-r, 3-¢, 2-c; d — 4-r, 3-¢, 2-1

Compound Va was investigated in a mixture with isomer Vb.

The configurations of Ia-d, Ila-d, IIIc,d, and IVa,b were previously established [2-7]
by means of the characteristic peculiarities of the 'H NMR spectra of the isomers of trisub-
stituted tetrahydrothiophenes [2, 8] and by means of the temperature dependences of the vicin~
al proton—proton spin—spin coupling constants [9]. The configurations of tetrahydrothio-
phenes IITa,b [4] and Va-c [6, 7] were determined indirectly from the 'H NMR spectra of the
derivatives of these compounds.

It should be noted that it is not possible to determine the configurations of Va and Vc
by 'H NMR spectroscopy. The chemical shifts of the 3- and 4-H protons, as well as the 5'-
and 5"-Hprotons, in the spectra of these compounds are close (Table 1), and the developed
method for the determination of the form of the isomer from the temperature dependences is
therefore unsuitable, and, from the point of view of the established characteristic peculiar-
ities, their spectra are anomalous. One might have expected that the '°C NMR method would
prove to be more promising for the study of the isomerism of these and other compounds simi-
lar to them with identical substituents attached to C,/sy and C(a>- In addition, the '°C NMR
method may be useful for the determination of the composition of a mixture of isomers with
close chemical shifts of the 3- and 4-H protons, as, for example, in the case of mixtures of
IIIa-d and Va-c (gsee Table 1 and the literature cited in [5]).

In the assignment of the signals in the '°C spectra of I-III (Table 2) the choice be-
tween the signals of secondary and tertiary '°C atoms was made on the basis of a comparison
of the spectra obtained with complete suppression of the spin—spin coupling with the protons
with the spectra without decoupling but also with the Overhauser nuclear effect. For the
compounds investigated in low concentrations (IVa,b, and Va-c) the data obtained for disub-
stituted tetrahydrothiophenes [1] and for the isomers of I-III were used for this purpose.
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TABLE 1. 'H Chemical Shifts in the Spectra of Solutions of
IIIa,b and Va-c in Deuteropyridinea

Com- 8, ppm
pound
2-H 5-H | 57-H A grgr
b
I11a 3,760 5,274 4,441 3,624 3,575 0,049
. *(3.575) (3.624)
IITb 3,421 4, 648 4 148 3,394 3,692 0,298
Va 4,14 —5 3,55—3,75
Vb 378 432 ] ——520 3,62 I 3,62 0
Ve 4,30 0-—5 3,72 3,72 0

8The chemical shifts were determined as the centers of the mul-
tiplets, and the spin—spin coupling constants (J) were deter-—
mined as the distances between the corresponding lines in the
multiplets. DPJas = 5.7, Jas = 5.9,35J4s = 12.0, and Jstsn =
11.6 Hz. CJy5= J34 = 9.2 Hz, J,sr = 7.3 Hz, Jusn = 10.3 Hz,
and Js1sn = 10.3 Hz.

TABLE 2. Parameters of the *°C NMR Spectra of Solutions of Iso-

mers of I-V in Deuteropyridine?
5, ppm (Lcy, Hz)
Com- substifuent attached t0C ot
pound @) sscisc,l S| s EE
Cay | S |G | o |g,. | Con| Co 1o S S o
W) jca (VO 2 3 2
Ia! 503 | 77,1 | 60,1 | 33,0 |30,7 ] 251 | 28,5 (33,8 |—4,5] 0 |~57 2 3
(140) | (146) [ (146) [(144)
16| 505 | 81,6 | 59,8 | 30,2 [352] 251 | 28,1 (340 0 |-03|~12 ©
(140) | (144) | (143) | (144)
Ie | 508 | 73,5 | 57,9b 31,6 310|250 | 281 (338 |—81(—-22|—-54] 3
(140 | (147 (143)
1d | 53,4 | 77, 56,0 | 31,9 1364 | 24,7 | 27,7 |33,5 [—4,11—4,1 0 3 0
(142) | (147) | (143) ] (143)
Ila | 50,1 | 77,6 | 60,1 | 33,9 {306 25,0 | 286 (339 [—44| O —5,6
Iiv | 50,1 | 82,0 | 59,4 | 31,0 [349 ] 249 | 27,9 (33,9 0 |-07]1-13
Ile | 505 | 74,3 | 58,6 | 32,6 [31,4 | 250 | 282 1339 —77|-1,51—48
11d | 52,7 | 78,4 | 56,6 | 32,7 1362 | 24,8 | 27,9 33,8 1—3,61—3,5 0
11a¢| 50,1 | 78,5 | 60,1 | 33,5 | 30,7 | 25,56 | 29,0 [34,4 —351 0 |—41 3 6
(140) | (146) | (145) | (143) i
116° 494 | 82,0 | 60,8 | 30,3 34,8d 252 | 28,0 344 0 0,7 0 Y i
(140) | (143) | (140) | (144)
1| 499 | 748 | 57,9 | 31,5 |30,7 | 2562 | 28,2 341 {—72(-22[—-41 3 0
(140) | (146) | (139) | (142)
[11a | 49,0 | 76,0 | 59,2 | 30,2 | 30,9 | 24,9 | 27,9 |33,8 —441 0 | —486] 2 3
(141) | (146) | (149) | (144) .
[I1b | 486 | 80,4 | 58,8 28,24 34,7 | 25,3 | 27,9 345 0 |—-04]—-08 O 0
iy laa) | (146) | (144)
e | 51,0°] 73,2 | 57,8°| 30,7 | 31,0 § 25,2 | 28,4 (340 |-72 —1,41 45 4
(148) (144)
1d | 526 | 77,1 | 56,2 | 30,9 |35,5 | 24,7 27,8 33,7 |—-3,3|-3,0 0 3 0
(141) | (147) | (146) | (144)
Iva | 475 | 61,1 | 583 | 33,1 | 314 | 251 | 283 (339 }|-15 0 | -39
IVe | 47,7 | 62,6 | 59,0 | 32,1 1353 | 250 27,9 33,9 0 0,7 0
va | 484 | 60,3 | 58,0 | 32,6 1305 | 24,7 | 28,1 335 |-2,0 -15
vb | 487 | 62,3 | 58,3 | 30,6 |32,0 | 254 | 287 34,5 0 0,3 0
Ve | 49,7 | 56,9 | 56,1 | 30,7 |30,4 | 24,8 | 28,0 3351-541-19]—16

8golution concentrations (mole/liter): 0.7 (Ia-d), 0.33 (Ila-d),
0.7 (ITTa-d), 0.06 (IVa,b), and 0.09 (Va-c). PThe Jisgy value can-
not be determined with sufficient accuracy because of overlapping
of the lines in the spectrum. CThe solvent was CD;COOD. drhe
assignment was ambiguous,

In the spectra of compounds with diffetrent substituents attached to Cgay and C,a, (Ta-d,
IIa-d, and I1Ta-d), of the two weak-field signals of the tetrahydrothiophene’ ring, h% most
weak-field signal [&§ 73.2-82.0 ppm (Table 2)] was assigned to C(a), since the OH (OR) group
shifts the C, signal to weak fleld to a greater extent than the NHR group [10, pp. 141, 166].
The most Weak—fleld signal in the '°C spectra of compounds with identical substituents at-
tached to C(s) and C .,y (IVa,b and Va-c) was also assigned to C sy, since the weak-field 8
effect of an alkyl substituent in the 2 position is greater than the vy effect.
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The selection of the C(s) signal from the five '®C signals of the methylene groups was
made from the IJCH values on the basis of the fact that the JJCH value increases as the elec-—
tronegativity of the substituent increases [11]: IJC(S)H >(140—144Hz):>JC(1.’2|,3-’“.)H(125_

130 Hz). Tt is apparent from Table 2 that the chemical shift of one of the four methylene
groups of the side chain changes significantly, depending on the orientation of the substi-
tuents attached to C(z and C(s) (30.4-36.4 ppm), while the chemical shifts of the three other
methylene groups remain virtually constant for all of the investigated compounds (24.7-25.5,
27.7-29.0, and 33.5-34.5 ppm, Table 2). A change in the mutual orientation of the substi-
tuents attached to C(zy and C(sy should be reflected in the position of the C(4) signal in
the spectrum because of the contribution to the chemical shift of this signal for 2,3-cis
isomers of the steric y effect, which is widely used in the determination of configurations
[12-14]. The signal with the changed chemical shift was therefore assignéd to C(Ay>, while
the remaining signals were assigned to C(lv), Cr244y, and C(a.) . This assignment was con~-
firmed by analysis of the '?C spectra of deuterium~labeled (in the 2, 4, and 4' positions)
Ia and Ib [15].

It can be seen from Table 2 that the '°C spectra of the isomers of all of the investigat-
ed 2,3,4-trisubstituted tetrahydrothiophenes differ appreciably, including the spectra for
Va-c, which have similar 'H NMR spectra (Table 1). Differences are observed not only in the
chemical shifts but also in the direct carbon—proton spin—spin coupling constants (AlJCH =
2-6 Hz, Table 2). As one might have expected [16], a stable steric y effect is observed for
C(h.): the C(a') signals of the isomers with a cis orientation of the substituents attached
to C¢,) and C(y) (isomers a and c¢) are shifted to strong field as compared with the

trans-2,3 isomers (b, d). For the 3~0H group (isomers of I-IIT) the magnitude of the
effect (from —4.1 to —5.7 ppm) is close to that previously observed for isomeric 2-methylcy-
clopentanols (—4.6 ppm [12]). The effect is somewhat smaller (-3.9 ppm) for the NHCONH. group
(IVa,b), whereas it is substantially smaller (from —1.5 to 1.6 ppm) for the NHz*HC1l group
(Va-¢). Nevertheless, the difference in the 6C(bv)[ASC(413] values may serve as a reliable
criterion for the determination of the orientation of the substituents attached to the C(z)
and C(s) atoms in 2,3,4-trisubstituted tetrahydrothiophenes.

We have previously noted that in the spectra of cis-3,4-disubstituted tetrahydrothio-
phenes the signals of the vicinal '?C atoms that bear substituents are shifted to strong
field as compared with the trans isomers [1]. It is apparent from Table 2 that this effect
is retained for the C sy atoms of the investigated 2,3,4-trisubstituted tetrahydrothiopenes.
The weakest-field signai is the C sy signal in the spectra of the isomers with a di-trans oxr-
ientation of the substituents attacged to C(z) and C(Q) with respect to the substituent at-—
tached to C(g) [two trans orientations, isomer b, Aéc(s) 0 ppm]. In the spectra of isomers

with one cis and one trans orientation (isomers a and d) the Céa) signal is shifted to strong
field [Adgq 2 from —1.5 to —4.5 ppm]. For the isomers with a di-cis orientation (isomers c)
the magnit&de of the shift of the C(g) signal to strong field [Adg 3) from —5.4 to —8.1 ppm]
is approximately twice that for the isomers with one cis and one t£ans orientation (isomers

a and d). The values of the effects observed for C, sy in the spectra of 2,3,4-trisubstituted
and 3,4-disubstituted tetrahydrothiophenes are close (Table 2, [1]). The C,4y signal is also
shifted to strong field in the spectra of compounds with a cis-3,4 configuration (d and c as
compared with a and b). For compounds with a trans orientation of the side chain with re-
spect to the substituent attached to C,4y (4-r, 2-t) the magnitudes of the observed effects

are greater [Aﬁc_a from —3.0 to —4.1 ppm] than for compounds with a cis configuration
4

[ASE_E from 0.8 to —2.9 ppm]. The C(z chemical shifts for isomers a-c virtually coincide
(Table”2), whereas for the d isomers (4-r, 3-~c, 2-t) the C(2) signal is shifted appreciably
to weak field [Aéc(2> 2.,2-3.1 ppm, Table 2]},

Thus regularities associated with the configurations of these compounds are observed in
the '°C NMR spectra of 2,3,4-trisubstituted tetrahydrothiophenes. The peculiarities found
in this research can also be used for the analysis of a mixture of isomers, since the dif=-
ferences in the chemical shifts of the isomers are significant. In the present research we
used the '°C NMR spectra to analyze the isomeric composition of Va,b, The compourd with the
stronger-field C 61y and C,3y signals (30.5 and 60.3 ppm, Table 2) was assigned to the 4~r,
3-t, 2-t series EVa, cis orientation of the substituents attached to C(z) and C(a)]o The ‘H
NMR method is not applicable for the solution of such problems.
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EXPERIMENTAL

The H NMR spectra of compounds IIla,b were taken on a Bruker Wm-250 spectrometer (work-
ing frequency on the protons 250.13 MHz). The 'H NMR of compounds Va-c and all the **C NMR
spectra were taken on a Bruker WP-80 spectrometer (working frequency on the protons 80 MHz;
on the *3C nuclei, 20.1 MHz). Pulse duration 1.5 usec for "M and 4.5 usec for '°C (30°C).
We used computer memories 4K/1000 Hz for 'H and 16K/5000 Hz for '°C. The data were taken
over 2.048 sec for 'H and over 1.638 sec for '°C. The interval between pulses for 'H was

2 sec. TMS was used as internal standard. Solvents were CsDsN and CDs;COOD. The isomers
of each compound were investigated under one set of conditions — in the same solvent, at the
same concentration, and at the same temperature (v50°C for *°C and 28°C for '1). The temper-

ature was measured with a thermometer placed in the ampul with the sample in the pickup of the
NMR spectrometer.
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