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The conformations and barriers to conformational interchange of isopropyl, neo-
pentyl, and isobutyl groups attached to position 3 of 1,3-thiazolidin-4-one-2-thi-
ones (rhodanines) have been studied by temperature-dependent 'H NMR spec-
tra. The iPr groups take up a bisected conformation with the Me groups directed
toward the carbonyl group (A); the CH,tBu and CH,iPr groups take up perpendi-
cular orientations. Diastereomeric forms of the latter (C and D) result when the
rhodanine ring is monosubstituted in position 5. When R = Me, these forms have
nearly the same energy, but when R® = Ph, the rotamer with the tBu or iPr group
on the opposite side of the ring plane (C) is favoured. The barriers to rotation of
the CH,tBu group are similar in all compounds, ~40 kJ/mol, although slightly
higher when R® = Ph; those for the CH,iPr groups are ~30 kJ/mol. The barrier in

an analogous mesoionic 3-neopentyl compound is 45 kJ/mol.

In conjunction with a current investigation of
chromatographic enantiomer resolution and chi-
roptical properties of 3,5-disubstituted rhoda-
nines (thiazolidin-4-one-2-thiones),! we have
studied conformations and barriers to conforma-
tional interchange in 3-isopropyl-, 3-isobutyl-,
and 3-neopentylrhodanines without a substituent
and with a methyl or phenyl group in position 5
(1-9, Scheme 1). In these compounds, orienta-
tion and barrier to rotation of the 3-substituent
are determined by the sizes and orientations of
the flanking C=S and C=O0 groups, and in order
to study the influence of a perturbation of this en-
vironment, a mesoionic analogue (10) of 3-neo-
pentyl-5-phenylrhodanine (6) was included in the
investigation. In 10, the C*—N? bond is shortened
and the N*~C* bond is lengthened with respect to
the corresponding bonds in 9 (Scheme 2).>* In
addition, the effective sizes of S and O can be ex-
pected to be different in 9 and 10.

Results and Discussion

The 'H NMR spectra of the 3-isopropyl deriva-
tives I-3 (Table 1) show no temperature depend-
ence. The 3-iPr resonance of the 5-H, compound
1 consist of a doublet and septet, whereas the chi-

*To whom correspondence should be addressed.
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ral compounds 2 and 3 display two equally in-
tense doublets and one septet, due to the pres-
ence of diastereotopic methyl groups. In an
X-ray crystallographic study of 3, the 3-iPr group
was found to take up an orientation with the
CH,—-C—-CH, angle bisected by the rhodanine
plane, and with the methine proton directed to-
wards the thiocarbonyl group (A4, Scheme 3).
This is the expected favoured orientation also in

S 10 SCH,
RS
R? H Me Ph
iPr 1 2 3
CH,tBu 4 5 6
iBu 7 8 9
Scheme 1
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solution,*® and the absence of selective broaden-
ing in the low temperature spectrum indicates a
very low proportion of the other expected mini-
mum energy conformation (B). Analysis of the
low-temperature spectra of 5 and 6 (see below)
indicate a shift difference between the methine

proton resonances in A and B = 0.5-0.6 ppm,
and consequently the proportion of B is esti-
mated to be <0.5% at ~—50°C, assuming that
an exchange broadening of 0.5 Hz would be read-
ily observable.’

The 3-neopentyl and 3-isobutyl groups in com-
pounds 4-10 should take up perpendicular orien-
tations as in C and D (Scheme 3).>*° For the
5—H, compounds 4 and 7 and for 10, C and D
form a pair of enantiomers, but for 5, 6, 8, and 9
they are diastereomers. Thus, the 3—CH, reso-
nance of the 3-neopentyl compound 4 is a singlet
at ambient temperature which broadens at lower
temperature and appears below —82°C as an AB
system. On slow rotation of the 3-substituent, the
S protons are also diastereotopic, and their reso-
nance appears as an AB quartet with a smaller
shift difference. A free energy barrier (AG?,) of

rot.

Table 1. 'H NMR spectra of compounds 7-10 (100 MHz) in CHCL,F, except when otherwise stated.

Compound TrC R?

RS

12 =75

1.43 (6H, d, J 6.9 Hz), 5.21 (1H, sept, J 6.9 Hz) 3.93 (2H, s)

1.65 (38H, d, J 7.3 Hz), 4.03 (1H, q, J 7.3
Hz)

5.07 (1H, s), 7.31 (5H, m)

3.98 (2H, s)

20 +25 1.46 (3H, d. J 7.0 Hz), 1.48 (3H, d, J 7.0 Hz),
5.26 (1H, sept, J 7.0 Hz)
3 +25 1.43 (3H, d, J 7.0 Hz), 1.48 (3H, d, J 7.0 Hz),
5.25 (1H, sept, J 7.0 Hz)
4 +25 0.98 (9H, s),3.93 (2H, s)
-100 3.64, 4.17 (2H, AB, J,; 13.4 H2)
5 +25 0.95 (9H, s),3.99 (2H, s)
-103 3.64, 4,23 (AB, J,s 13.3 Hz)
3.69, 4,19 (AB, J,z 13.3 Hz)
6 +25 0.95 (9H, s),3.92, 4.06 (2H, AB, J,; 13.4 Hz)
-107 3.69, 4,26 (AB, J,; 13.2 Hz)*®
3.69, 4.30 (AB, J,s ca. 13 Hz)
7 +25 0.88 (6H, d, J 6.9 Hz), 2.25 (1H, m),
3.82 (2H, d, J 7.1 Hz)
—140 broad, Ad,; ca. 0.6 ppm
8 +25 0.90 (3H, d, J 6.9 Hz), 0.98 (3H, d, J 6.9 Hz),
2.28 (1H, m), 3.78 (2H, d, J 7.5 Hz2)
-130 broad, Ad,; ca. 0.6 ppm
9 -53 0.86 (3H, d, J 7.0 Hz), 0.93 (3H, d, J 7.0 H2),
2.29 (1H, m), 3.83, 3.91 (2H, AB part of ABX,
Jig 12.9, Jax,Jsx 7.8 Hz)
-125 broad, Ad,; ca. 0.6 ppm
10 +25 1.04 (9H, s), 3.92 (2H, s)
-94 3.41, 4.33 (2H, AB, J,; 13.0 Hz)

3.91, 4.1 (2H, AB, J,; 19.0 Hz)

1.65 (3H, d, J 7.4 Hz), 413 (1H, q, J 7.4
Hz)
1.58 (d, J 7.4 Hz), 1.72 (d, 7.4 Hz)

5.17 (1H, s), 7.3-7.4 (5H, m)
5.13, 5.42 (singlets, 4.6:1)

3.89 (2H, s)
1.65 (3H, d, J 7.2 Hz), 413 (1H, q, J 7.2

Hz)

5.23 (1H, s), 7.3-7.4 (5H, m)

7.3 (5H, m)

2Solvent CD,Cl,. *Major rotamer.
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38 + 1 kJ/mol to rotation of the 3-neopentyl
group is found by band shape analysis of the ex-
change-broadened spectra.

For the 3-isobutyl group in 7, AG, is lower,
but below —121C°, the iBu CH, protons give a
very broad AB(X) system, giving AG?, 31 + 2kJ/
mol. No splitting of the 5—H resonance is ob-
served.

The 3—CH, protons in 5 are diastereotopic
also when the rotation of the 3-substituent is fast
on the NMR time scale, but due to accidental
equivalence, the resonance appears as a singlet at
ambient temperature. Below —79°C, two AB
spectra of nearly equal intensity appear, and the
5—Me resonance changes from a doublet to a
doublet of doublets, also with equal intensity.
Evidently, the two diastereomeric rotamers C
and D in this case have very equal energies. This
is also the reason for the equivalence of the
3—CH, protons under conditions of fast ex-
change, when the weighted average environ-
ments of H, and H, are nearly equal. Bandshape
analysis of the S—Me resonance gave AGY, 39 +
1 kJ/mol.

The spectrum of the 3-isobutyl analogue 8 dis-
plays a doublet for the 3—CH, protons at am-
bient temperature (accidental equivalence),
which broadens strongly at lower temperatures.
At slow exchange, two overlapping AB parts of
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ABX spectra should result, but the barely re-
solved bands appearing below —130°C do not
permit a detailed analysis. Assuming the same
chemical shifts as for 5, we could calculate AG?,
= 30 + 2 kJ/mol.

The 3-neopentyl-5-phenyl compound 6 be-
haves differently. At ambient temperature, the
3—CH, protons give an AB spectrum with an AB
shift difference of 0.14 ppm, which changes be-
low —80C° to two overlapping AB spectra with
much larger and quite similar chemical shift dif-
ferences (0.57 and 0.61 ppm) but with an inten-
sity ratio 4.6:1 at —107°C. The 5—H resonance
similarly changes from a singlet to a doublet with
the same intensity ratio. In this system, the dia-
stereomers C and D have different energies (AG®
= —2.1 kJ/mol), and AG!, (maj - min) =42 £ 1
kJ/mol. The energy difference and also the
higher barrier must be related to steric inter-
action between the phenyl ring and the 3-neopen-
tyl group. According to the X-ray crystallo-
graphic study of 3,° the plane of the phenyl ring is
nearly orthogonal to that of the rhodanine ring,
and a model shows that the nearest ortho proton
in this arrangement approaches the tBu group in
the D form of 6 within repulsive distance. This
would indicate that the C form is the favoured ro-
tamer.

The 3—CH, resonance of the 3—iBu analogue
9 appears as the AB part of an ABX spectrum
with an AB shift difference of 0.08 ppm at
—53°C. Assuming that the C form is the domi-
nating one and that the AB shifts for the C and D
forms are the same as for 6 and independent of
the temperature, we can calculate AG° (C — D)
= 0.4 kJ/mol. At lower temperatures, the CH,
resonance broadens and appeared below —120°C
as a partly resolved set of two overlapping AB
spectra with an AB shift of the order of 0.6 ppm.
The effect of the AX and BX couplings cannot be
observed, but assuming the same parameters as
at higher temperatures, AG?, (C— D) = 30 + 2
kJ/mol can be calculated.

The 3—CH, proton resonance of the mesoionic
compound 10 is a singlet at ambient temperature
but changes below —46°C to an AB system with a
shift difference of 0.92 ppm, giving AG?, 45 + 1
kJ/mol. This barrier is distinctly higher than
those of the other 3-neopentyl compounds, in-
dicating a more congested environment in the
transition state. In the rhodanines, the iPr and
tBu groups of the 3-substituent must pass on the
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side of the smaller of the flanking groups, the car-
bonyl group, during the C = D exchange. There-
fore it is unexpected that the barrier should be
raised when the critical N3—C4 bond is length-
ened, unless this effect is compensated for by in-
creased van der Waals radius of the oxygen atom
due to the enhanced negative charge on this atom
in the mesoionic compound. The shortened
C2—N3 bond contributes to the increased barrier
by raising the energy of interaction between the
3—CH, protons and the sulfur atom in the tran-
sition state, but this effect is expected to be
smaller.

Conclusion

This study shows that secondary alkyl groups,
with the isopropyl group as model, take up one
strongly preferred bisected orientation when at-
tached to the nitrogen atom in rhodanines. Pri-
mary alkyl groups, exemplified by neopentyl and
isobutyl groups, take up perpendicular orienta-
tions. In the 5-phenyl compounds, the diastereo-
meric rotamers have different energies, whereas
the interaction with the 5-methyl group seems to
be negligible. The effects of these conformations
on the CD spectra of the chiral rhodanines will be
discussed in a forthcoming publication.'

Experimental

Neopentylammonium  N-neopentyldithiocarba-
mate (11) and its isobutyl analogue (12) were pre-
pared in yields >90 % by reaction between the
appropriate amines (2 mol) and CS, (1 mol) in
dry ether as described for the isopropyl analo-
gue.’ The identities of the salts were ascertained
by their 'H NMR spectra (60 MHz, CDCL,). 11: §
0.97 (9H, s), 1.06 (9H, s), 2.87 (2H, ), 3.45 (2H,
broad d, J ~5 Hz), 6.70 (3H, s), 7.7 (1H, broad).
12: 5 0.95 (6H, d, J 7.0 Hz), 1.02 (6H, d, J 7.0
Hz), 1.98 (2H, m), 2.88 (2H, d, J 7.5 Hz), 3.46
(2H, m, broad), 7.7 (4H, broad).

Several different methods were tried to pre-
pare the rhodanines /-9; those presented here
have been selected mainly on the basis of yield
and purity of the product. The identity and purity
of the products were checked by MS and 'H
NMR spectra (Table).

3-Isopropylthiazolidin-4-on-2-thione (1). Brom-
oacetic acid (0.005 mol) was dissolved with so-
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dium bicarbonate (0.0055 mol) in water (5 ml).
Solid isopropylammonium N-isopropyldithiocar-
bamate® (0.005 mol) was added with cooling
(0°C) and stirring. After dissolution, the tem-
perature was allowed to rise to +25°C. After 3 h,
the solution was added with stirring to warm
(+75°C) 6 N HCl (15 ml), and the mixture
briefly heated to 90°C."" After cooling, extraction
with chloroform gave nearly pure 1 in 73 % yield;
colourless needle-shaped prisms, m.p. 63-64°C
after recrystallization from absolute ethanol. MS:
175 (M, 21), 100 (72), 86 (14), 60 (25), 47 (22), 46
(68), 45 (38), 43 (74), 42 (73), 41 (100), 39 (64).

3-Isopropyl-5-methylthiazolidin-4-on-2-thione
(2). Ethyl 2-bromopropancate (0.005 mol) in ab-
solute ethanol (4 ml) was added to a solution
of isopropylammonium N-isopropyldithiocarba-
mate (0.005 mol) in absolute ethanol (25 ml).
The progress of the reaction was followed by
monitoring the UV absorption of the diminishing
dithiocarbamate bands at 255 and 275 nm and the
increasing rhodanine bands at 265 and 300 nm.
After 48 h, the reaction was complete; evapor-
ation gave a 75 % yield of 2, m.p. 86-87°C after
recrystallization from absolute ethanol (colour-
less needle-shaped prisms). MS: 189 (M, 22), 100
(100), 86 (17), 61 (31), 60 (63), 59 (33), 45 (29),
43 (56), 42 (32), 41 (87), 39 (49).

The preparation of 3 in 30 % yield is described
in Ref. 3; however, with the method described
above for 2, the yield of 3 was nearly quantita-
tive.

3-Neopentylthiazolidin-4-on-2-thione (4). Sodium
bromoacetate (0.005 mol) and neopentylammo-
nium N-neopentyldithiocarbamate (0.005 mol)
were reacted in 85 % aqueous methanol (35 ml)
for 3 h, followed by acidification with 5 N HCIl
(1.7 ml). Evaporation of the methanol was fol-
lowed by extraction with ether (3X20 ml). Evap-
oration of the dried ether extract gave a non-crys-
talline product consisting, according to the NMR
spectrum, of the uncyclized product, carboxy-
methyl N-neopentyldithiocarbamate. Heating
with acetic anhydride (5 ml) at 70 + 5° for 3 h af-
fected cyclization, and complete evaporation left
a colourless liquid; yield 30 % after flash chro-
matography with toluene as eluent. MS: 203 (M,
13), 105 (16), 74 (16), 69 (13), 57 (92), 55 (33), 46
(33), 45 (25), 43 (42), 42 (45), 41 (100), 39 (49).



3-Neopentyl-5-methylthiazolidin-4-on-2-thione
(5). Preparation as described for 1 gave a liquid
product in 59 % yield after flash chromatography
on silica with toluene/chloroform (96:4) as elu-
ent. MS: 217 (M, 13), 161 (21), 72 (23), 61 (22),
60 (55), 59 (20), 57 (90), 56 (34), 55 (48), 45 (22),
43 (34), 41 (100), 39 (44).

3-Neopentyl-5-phenylthiazolidin-4-on-2-thione (6)
was prepared as 4. In this case also, cycliza-
tion at room temperature failed, and the isolated
intermediate was reacted with dicyclohexyl car-
bodiimide in chloroform, finally under reflux for
23 h. Evaporation and recrystallization from ab-
solute ethanol gave 6 in 58 % yield as colourless
prisms, m.p. 135-136°C. MS: 279 (M, 11), 122
(33), 121 (25), 91 (26), 90 (43), 57 (80), 55 (30),
45 (34), 43 (44), 41 (100), 39 (44).

3-Isobutylthiazolidin-4-on-2-thione (7) was ob-
tained as a colourless liquid in quantitative yield
by the same method as was used for 2. MS: 189
(M, 15), 134 (65), 106 (14), 72 (24), 60 (26), 56
(47), 55 (25), 46 (42), 45 (35), 43 (26), 42 (44), 41
(100), 39 (63).

3-Isobutyl-5-methylthiazolidin-4-on-2-thione (8)
was obtained as a colourless liquid in 54 % yield,
using the same method as for 2. MS: 203 (M, 7),
148 (48), 72 (30), 61 (70), 60 (46), 59 (25), 57
(20), 56 (66), 55 (53), 45 (34), 43 (31), 41 (100),
39 (57).

3-Isobutyl-5-phenylthiazolidin-4-on-2-thione (9)
was obtained as 2 in 77 % yield as colourless
prisms, m.p. 99-100°C after recrystallization
from absolute ethanol. MS: 265 (M, 8), 210 (13),
134 (13), 121 (15), 91 (100), 90 (29), 77 (11), 72
(10), 63 (10), 55 (17), 51 (10), 45 (29), 41 (57), 39
37).

Anhydro-2-methylthio-3-neopentyl-4-hydroxy-5-

phenylthiazoline hydroxide (10). 3-Neopentyl-5-
phenylrhodanine (6, 0.0025 mol) and methyl io-
dide (0.003 mol) were added to N sodium eth-
oxide in absolute ethanol (2.5 ml) at —15°C. The
orange solution was kept at —18°C for 72 h then
evaporated. The red semisolid residue was sub-
jected to flash chromatography on silica with
chloroform/ethyl acetate (88:12) as eluent and a
solid product was obtained in 74 % yield; dark
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yellow prisms, m.p. 103-105°C after recrystalli-
zation from absolute ethanol. MS: 293 (M, 17),
223 (29), 150 (14), 121 (50), 77 (19), 74 (18), 71
(67), 55 (14), 43 (100), 41 (39), 39 (17).

The mass spectra were recorded with a Finni-
gan model 4021 mass spectrometer. The 'H NMR
spectra were recorded with a Jeol MH—100 spec-
trometer, with the samples of compounds 4-10
~0.6 M in dichlorofluoromethane and with TMS
added to provide the internal lock. The samples
were degassed by several cycles of freezing and
thawing under high vacuum before being sealed
off. The temperatures were measured as previ-
ously described.”” The rate constants, k,,, for ro-
tation of the 3-alkyl groups in compounds 4-10
were evaluated by fitting calculated band shapes
to the experimental ones in the regions of the lar-
gest band broadening. The following exchange
systems were employed for band shape calcula-
tions. For 4, both the 3—CH, and 5—CH, groups
give AB = BA systems, as does the 3—CH,
group for 10. The 3—CH, protons in 5 and 6 par-
ticipate in AB = CD exchanges, but k,, for 5 was
evaluated from the AX = BY system displayed
by the 5-methyl protons, and for 6 from the A =
B system displayed by the proton in position 5.
The 3—CH, protons in 7 participate in ABX =
BAX systems, but the spectrum at —121°C was
not sufficiently resolved to allow the evaluation
of the spectral parameters; at lower temperature,
general broadening occured. The exchange-
broadened spectra of the 3—CH, protons were
therefore calculated assuming the same Av,; and
J,pasfor4andJ,, =J,, = 7.8 Hz as for 9. With
these parameters a reasonable fit could be ob-
tained. The 3—CH, protons of 8 and 9 participate
in ABX = CDY systems and were treated as
such, assuming J .y = Jgy = J4p = Jpy = 7.8 Hz.

The evaluation of T, values was performed as
previously described.” The free energy of activ-
ation, AG?,, was calculated using the Eyring
eqn." in the form (1). The error limits for the 3-
neopentyl group rotational barriers in 4-6 and 10
were mainly based on the estimated maximum
AG?

ot = RT ln (kBp’h kror) (1)
error in the temperatures, whereas the error lim-
its for the 3-isobutyl group rotational barriers in
7-9 were also based on estimates of maximum er-
rors in the NMR parameters.
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