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ABSTRACT

The protonn NMR spectra of several 1,4-thiazinan-3-
ones were analyzed using LAOCOON. The geminal
and vicinal coupling constants indicate that the ring
conformation of this heterocycle is a half-chair sim-
ilar to 6-valerolactam. Molecular mechanics calcu-
lations show that the energy of the boat is only slightly
higher than that of the half-chair. The conformational
equilibria of methyl-substituted compounds were cal-
culated by the coupling constant method. These ener-
gies are compared to those obtained by molecular me-
chanics.

INTRODUCTION

In a previous paper [1] it was reported that 1,4-
oxathian-2-one prefers to adopt a somewhat unu-
sual classical boat conformation both in solution
as well as in the solid state [2]. Therefore, we de-
cided to investigate the ring conformation of the
corresponding lactam 1,4-thiazinan-3-one [4]. In the
present study we describe the proton NMR spectra
of lactams 1-8 and the conformational conclusions
drawn on them (Figure 1).

RESULTS AND DISCUSSION

1,4-thiazinan-3-one (1), a not uncommon hetero-
cycle [5,6], has been patented for sedative [7] and
calcium-antagonist activity [8] as well as for use as
transdermal accelerators [9] and moisturizers in
cosmetics [10]. Related compounds show antiin-
flammatory [11] or antihypertension [12] proper-
ties. The NMR spectra or the conformations of thia-
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zinanones have not been described. The conformation
of the carbon analogue of §-valerolactam is believed
to be a flattened chair on the basis of experimental
[13] and theoretical [14,15] considerations. Because
of the strong resonance, the amide moiety of the
ring is almost planar, while the rest of the ring is
bent out of the plane. In thiazinanone the absence
of several gauche C—H interactions, and the long
bonds and small bond angle of sulfur, may well
lower the energy of the boat so that this confor-
mation will become important in the structure of
the compound (Figure 2). Indeed, two X-ray crystal
structures exist in which thiazinanone assumes a
boat conformation, presumably because of the fused
planar 5-member ring [16,17].

MM Calculations

A molecular mechanics (Macromode] MM2) [18]
calculation on thiazinanone confirms the previous
assumptions. The molecule has two separate con-
formations, the half-chair being favored by 5.6 kJ/mol
with respect to the boat. This corresponds at room
temperature to a ca 10:1 mixture of chair and boat.
The structure with minimum energy is a flattened
chair (or half-chair) with the amide moiety nearly
planar and the sulfur atom especially deviating from
this plane. The amide deviates from plane (torsion
angle C1-C2—N-C4 10.3°) because the molecule tries
to minimize the angle strain that is the major con-
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FIGURE 1 List of compounds.
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FIGURE 2 Ring conformations of thiazinanone.

tributor to the total steric energy of the molecule.
The boat form, on the other hand, has almost a
planar amide group (torsion angle C1-C2-N3-C4
4.0°), the increase in energy being due mainly to
the torsional component and the van der Waals
component. For comparison, the corresponding
dihedral angles in the boat forms of the X-ray struc-
tures [16,17] are 0.1° and 6.4°. The energies calcu-
lated with MacroModel for possible conformations
of 1-8 are listed in Table 1. It is obvious that the
boat is a minor but significant contributor to the
conformational equilibrium in substituted thiazin-
anones such as 2 and 4.

NMR Spectra

NMR spectra were obtained in CDCl; solution using
a 200 MHz or a 400 MHz instrument at 24°C. The
interpretation of the proton spectra was not pos-
sible without resorting to simulation and iterative
analysis on the LAOCOON [19] program because
the C-5 and C-6 protons gave a second order spec-
trum with overlapping peaks even on a high field
instrument. The pattern for the 5 methylene pro-
tons is further complicated by coupling to the ni-
trogen proton. The chemical shifts and the coupling
constants were optimized until the RMS error was
less than 0.1 (except for 1, 0.22) and the probable
errors for the iterated parameters were less than
0.1 Hz. From the AA’'BB’X spectrum of 1 only the
couplings Jag and Jap- could be obtained. An ex-

ample of a simulated spectrum is depicted in Figure
3.

The Chemical Shifts. The assignments of the
chemical shifts were based mainly on the magni-

TABLE 1 MacroModel Energies (kJ) Calculated for
Conformations of 1-8

Compound Chair Boat

1 31.6 37.2

2 e: 39.3 a: 434 e: 441 a: 49.8
3 e: 346 a:. 36.3 e 429 a:48.3
4 e 355 a: 39.5 e: 39.9 a: 40.3
5 ee: 42.1 aa: 48.1 ea: 555 ae: 556
6 ea:43.8 ae:. 466 ee:49.2

7 e:40.8 a: 46.0

8 e. 51.3 a: 56.6

tude of vicinal coupling constants: The vicinal pro-
tons having a large coupling constant were desig-
nated axial (see Table 2). In this way the protons «
to nitrogen (C-5) and the protons a to sulfur both
have the equatorial hydrogen resonating at a lower
field in accordance with the shielding effects re-
ported by Lambert [20]. Of the two C-2 protons the
higher field one was assigned equatorial. This is
consistent with the known shifts of the methylene
protons next to sulfur in a six-member ring [20].
This assignment is supported by the appearance of
a long range coupling in 5-methyl-1,4-thiazinan-3-
one (3) of 1.4 Hz between the equatorial C-6 proton
and the high field proton of the C-2 methylene. A
planar W-arrangement required by this type of Js
coupling is more likely to be attained between the
two equatorial protons rather than between equa-
torial and axial.

The Geminal Couplings. The C-2 geminal cou-
pling constants (Table 3) (16.1-16.7 Hz) fall be-
tween the corresponding C-3 geminal couplings in
1,4-oxathian-2-ones (14.0-14.9 Hz) [1] and C-3 in §-
valerolactones (17-18 Hz) [21,22]. The value of this
constant is useful in determining the conformation
of the ring; it is dependent on the angle between
the carbonyl bond and CH, because of hypercon-
jugation between the m-system and the CH, group.
The maximum deviation from the normal value is
obtained when the C=0 bisects the CH, group

TABLE 2 The Proton Chemical Shifts of Thiazinanones in
ppm

Compound H,, Hyy Hs Hse Hsa Hee Hea  Me

190 MHz 3.29 7.29 3.61 2.81
1200 MHz 3.29 7.80 3.61 2.82
2 3.54 6.96 3.64 3.53 2.89 2.86 1.46
3 3.23 3.27 6.89 3.79 2.77 2.51 1.29
4 3.25 3.37 7.03 3.55 3.29 3.19 1.30
5 3.49 6.13 3.77 2.85 2.62 1.47
1.32
6 3.48 6.13 3.85 2.76 2.62 1.51
1.26
7 3.25 3.33 6.98 3.58 3.32 299 Me 1.63
CH, 1.64
1.63
8 3.67 7.15 3.53 3.47 2.73 2.70 CH, 2.90
3.47

Ph 7.26
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FIGURE 3 The resolution
enhanced 400 MHz spectrum of 6
and 5 protons of 2 (top). The 6
protons’ multiplet (top left) is
overlapped by a quartet resulting
from the 2 proton. Below is the
simulated spectra.
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Table 3 Proton Coupling Constants for Thiazinanones in Hz
Comp Jaz Jss Jee Jsese  Jsesa  Jsage  Jsasa Jase Jasa Jue Others
1 7.27 3.86 3.52
2 13.19 12.41 564 434 390 916 466 374 6.97
3 16.70 13.30 3.63 9.12 1.99 6.45 Joese = 1.36
2e6a = —0.27
Jeex = 1.0
4 16.33 12.91 3.78 929 462 263 6.73
5 12.36 3.67 9.68 3.25 Me, 7.00 Joe
Me; 6.35
6 13.75 3.70 97 1.61 Me;, 7.15 Jog = 1.04
Me;s 6.97
7 16.11 13.08 3.85 898 424 280 CH, 4.39
9.71
Me 7.34
8 13.44 1284 523 443 426 875 49 3.2 CH,9.27
4.45

14.09
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(J/ = —18 Hz), whereas close to normal coupling
constants (J/ = —12 to —13 Hz) are observed when
C=0 bond is parallel to the H-H axis of CH; [23,24].

We estimate the base value for thiazinanone C-
2 to be 2J = —13 Hz from the value for undistorted
cyclohexanones —12 to —13 Hz [24] and —13 for
thiane [24]. Accordingly, in thiazinanones the hy-
perconjugative contribution to the geminal cou-
pling amounts to 13-16 .4 = 3.4 Hz. Using Cookson's
experimental curve, [24] it may be estimated that
this corresponds to the angle of 20° between the
C-H and C=0. MM models for chair and boat forms
give this angle as 26° and —6° respectively. Thus,
the chair model is consistent with the C-2 geminal
couplings constant. The C-5 and C-6 geminal cou-
pling constants appear to be normal. The C-5 cou-
plings range from - 12.9 to - 13.2 Hz and are close
to what has been observed for piperidines (=11 to
—14 Hz) and N-acylpiperidines (=13 to —13.2 Hz)
[24]. The 2J of C-6 (12.3—13.7 Hz) falls between the
corresponding values for thianes (13.4-15 Hz [24])
or 1,4-oxathiane (13.5 Hz [25]) and for 1,4-oxathi-
anones (11.9-12.4 Hz [1]).

Vicinal Couplings. The vicinal coupling con-
stants (Table 3) between the protons at 5 and 6 are
most important in the determination of the ring
conformation because of the Karplus relationship.
These couplings are remarkably constant regard-
less of the ring substitution. The puckering or flat-
tening of the ring can be deduced from Lambert's
R-value [26]. These parameters vary from 1.88 for
the parent compound 1 to 1.61 for the 2-benzyl com-
pound 8 (Table 4). This means that the N-CH,CH?>-S
part of the ring is somewhat flattened compared to
cyclohexane (in the parent compound the R-value
gives [26] an internal ring N4-C5-C6—S1 dihedral
angle, ¥ = 55.9°) and is somewhat more flattened
in the 2-methyl and 2-benzyl compounds, 2 and 8.
The torsion angle of 55° calculated from the R-value
does not agree very well with those obtained from
the MM calculation for chair or boat forms of the
ring. However, it is closer to the value of 59.4° of
the chair model than to the much puckered model
for the boat form (67.7°), thus supporting the chair.
The largest vicinal coupling constant is around 9
Hz for the compounds studied (2—8). (This implies
that in 2—8 the substituents have only slight pref-
erence for the (pseudo)equatorial position at 2, 5,
or 6.) It seems unlikely that the true axial-axial
coupling constant of thiazinanone would be as low

CH;
< NHQ/
—>
o} -

FIGURE 4 Possible conformations of 2.

TABLE4 R-ValuesandCorrespondingDihedral Angles ¥

R ¥
1 1.88 556.9°
2 1.80 56.2°
8 1.61 53.4°

TABLE 5 Conformational Equilibria and Energies (kJ) of
Thiazinanones at 24°C

Compound K AG AH(MM2)
2 2.32 21 = 0.7 4.2
3 2.88 26 = 0.7 1.7
4 2.94 2.7 = 0.7 4.0
5 3.90 34 +£09 6.0
6 3.90 34 x4 2.8
7 2.47 22 =08 52
8 1.78 (28°C) 1.4 + 0.8 5.3

as 9 Hz. The calculation using the Karplus equation
[27] and MM model geometry gives the J,, = 12 Hz
in both possible conformers. The lower coupling
constant observed must arise from averaging methyl
equatorial and methyl axial half-chair conformers
(ring inversion) and/or methyl equatorial con-
former of the boat. Ignoring the contribution of the
boat conformations for simplicity, calculation of
the conformational energy for 2-methyl from its vic-
inal coupling constant Js, = 9.16 and the J,, = 12.2
Hz and J,, = 2.1 of the half-chair, obtained from the
half-chair MM model by the Karplus equation, gives
K = 2.3 and AG = 2.1 kJ/mol. Similarly, roughly
equal values are obtained for the conformational
energies of 5-methyl (2.6 kJ/mol) and 6-methyl (2.7
kJ/mol) (Table 5). The size of AG for 6-methyl proves
that the ring conformation is chair since in the boat
form this value is expected to be negligible [1].

The methyl couplings. It has been demon-
strated that the vicinal methyl coupling in a 6-
member ring is larger for the axial than for the
equatorial methyls [1,21,28]. Inspection of the methyl
couplings of the two 2,4-dimethyl lactams shows
that compound 6 has larger coupling constants both
for 2-methyl and 4-methyl, whereas in its isomer,
5, these coupling constants are similar to mono-
methyl couplings in compounds 2 and 3. This in-

S CH,



dicates that in 6 the methyls have considerable ax-
ial character and therefore 6 must be cis and 5 trans,
in accordance with the long range coupling data
(see below).

The NH is coupled to both 5 hydrogens (Table
2). The J,s, is between 4.2 — 4.7 Hz while J,5, varies
more from 1.6 to 3.7 Hz. Obviously, there is a de-
pendence on the dihedral angle between the cou-
pled protons [29]. The dihedral angle in half-chair
thiazinanone (from the MacroModel) between the
NH and equatorial 5 proton is around 48 degrees,
and the observed coupling constant fits well with
the value obtained from the Karplus—Conroy curve
[30]. The torsional angle between NH and the axial
5 proton, 66°, would indicate a coupling in the range
1.5—-4 Hz, which also is observed. However, the sig-
nificant variation observed in this coupling cannot
be from a similar variation in the dihedral angles
of the half-chair. The most likely explanation is that
there are variable amounts of boat conformation in
the conformational equilibria of these compounds,
because in the boat torm the torsional angles for
H~C5-N-H are very different compared to the chair
form (e.g., angle H,—C5-N-H ca. 115°).

Long Range Couplings. In compound 3 the
equatorial 6 proton is coupled to the high field sig-
nal of the 2 protons (see above). This fact is used in
the assignment of the 2 protons. The long range
coupling through a planar W-arrangement through
sulfur is well known [31]. A similar coupling (J =
1.0 Hz) is clearly visible in compound 6 (Figure 5).
Hence the minor isomer of the two 2,5-dimethyl
compounds must have the 2-methyl group predom-
inantlv pscudoaxial (for the J,.s. to be visible). It
follows that compound 6 is cis and the major isomer
5 trans.

C-13 Spectra. The carbon resonances were as-
signed on the basis of signal multiplicity and cor-
relation of signals from different compounds (see
Table 6). The shifi parameters (4;) for methyl sub-
stituents are obtained from:

8ky=Cp + > A

where 8(k) is the chemical shift of carbon &, C; a
constant for carbon k, and Ay is the shift increment
predicted for carbon k upon introduction of the

H H
- -
H,C

3 J=14Hz 6
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TABLE 6 Carbon-13 Shifts of Thiazinanones (ppm)

C-2 C-3 C-5 C-6 Others
1 29.31 168.48 43.88 25.62

2 35.65 172.54 43.28 26.44 16.41
3 32.18 168.16  50.76  29.25 21.67
4 29.14 168.81 5060  34.62 18.74
5 35.32 172.33 4985 3258 16.74
21.24
6 37.08 171.83 52.17 3229 17.77
22.21
7 29.25 169.53 4899 4220 26.65
12.08
8 43.47 171.5 43.74 26.17 37.52

i138.5
o,m 129.66
128.68
p 127.11

TABLE 7 C-13 Shift Parameters for Methyl Substituents
(see text)

Position Cc-2 C-3 C-5 C-6
@ 4.89 — 7.29 8.62
B — 3.73 6.12 5.30
Y —-0.69 -0.07 — 1.95
) 1.7 0.82 -0.06 —

methyl substituent at carbon i (Table 7). Compared
to similar parameters in 1,4-oxathianones [32], the
size of @ and B parameters would suggest that there
is a notable contribution of the axial conformation
in the methyls. The small or negligible vy shift pa-
rameters would speak for the half-chair rather than
for the boat conformation being the dominant con-
formation [32].

CONCLUSION

The ring conformation of thiazinanone is a some-
what flattened half-chair, based on the magnitude
of the geminal coupling constant at 2 and vicinal
couplings. However, the boat form is energetically
not very far above the chair (by 5.6 kJ/mol
MacroModel calculation) and may be an important
contributor to the conformational equilibrium of
substituted compounds. That the boat is not the

S H FIGURE 5 Long range coupling 5J.
CH,4
HN (o)
J=1.0Hz
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predominant conformation is evident from the fol-
lowing considerations: (1) The selective irradiation
of the axial proton in compound 3 caused only a
0.5% increase in the signal intensity of the axial 5
proton. (2) The appearance of a long range coupling
of ca. 1 Hz between the equatorial 2 and 6 protons
in compound 3 and 6 requires chair-like confor-
mation. (3) The conformational equilibria (see be-
low) are explained best if the half-chair is the main
conformer.

The conformational equilibria for half-chair ob-
tained by the coupling constant method are clearly
not compatible with the enthalpy differences ob-
tained by the molecular mechanics method (Table
5). The expected value for methyl AG in these com-
pounds would be a little lower than the energy of
one syn—axial Me/H interaction (3.8 kJ/mol in cy-
clohexane). The discrepancy may be attributed at
least partly to the large error in the AG value. The
error arises from the coupling constants J., and J,,
that, in turn, are determined by the geometries
produced by MM and the Karplus equation used.
If the existence of boat forms that are in the equi-
libria measured by the coupling constant method
is taken into account (see Figure 6) the AG values
for methy! in half-chair thiazinanone in positions
2,5, and 6 are =2.1, =2.6, and 2.7 kJ/mol. These
figures come closer to MM values, though the dif-
ference is still significant and cannot be attributed
only to the entropy term TAS. By making the as-
sumption that AG,.y. = AGgm. (the methyls have
similar steric interactions) the chair-boat energy
difference in compound 2 can be estimated to be

FIGURE 6 The equilibria in 2-4
obtained by the coupling constant
method.

S
NH@
HyC /i/ O +

5.9 kJ/mol. The corresponding value from MM cal-
culations, 4.8 kJ/mol, is fairly close.

The 1,4-thiazinanone ring is conformationally
mobile, the main form being a half-chair. In methyl-
substituted compounds, the boat energies become
so low that, at room temperature, the compounds
appear as a mixture of half-chair and boat forms.

EXPERIMENTAL

Thiazinanones (see Table 8) were prepared by two
methods: In method A, the reaction of appropri-
ately substituted ethylene imine and ethyl mercap-
toacetate gave the §-amino acid ester, which under-
went ring closure to the desired lactam [5,6]. In
method B, replacement of acetate by sulfur in the
appropriately substituted B-nitroethyl acetate with
ethyl mercaptoacetate gave the ester of the é-nitro
acid. Reduction of nitro by iron followed by cycli-
zation gave 1,4-thiazinan-3-one [6]. trans- and cis-
2,6-Dimethyl-1,4-thiazinanone (5 and 6) were ob-
tained as a mixture, mp 83-90°, which was not re-
solved. 2-Benzyl-1,4-thiazinanone (8) was prepared
by treatment of 1,4-thiazinanone (0.20 g of 1) with
n-butyllithium in tetrahydrofuran for 15 min at ca.
—30° followed by addition of benzyl bromide. The
product was isolated by evaporation, taking it up
into ether, washing with water, and drying. After
preparative TLC on silica (Merck PSC-Fertigplatten
Kieselgel 60 F,s4 Art. 5717) 80 mg (24%) of 8, an
oil, was obtained; high resolution mass spectrum:
calculated for C,H,5ONS: 207.0718; found 207.0719.

The NMR spectra were recorded on Bruker 400

2
AG=2.1KJ
o CH,
S
= L owl
S o} CH,

3
AG=2.6kJ
H,C ’]\ A — O
HN OS - NH < s 7
H,C
4
H,C AG=2.T7KJ CH,4

S H,C
NHL N [ E z s' :k
HC/ O " HN > NH><47O *HN S
o ™ S V O’a:\l



TABLE 8 Preparative Data for Thiazinanones 1-8
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IRicm- '@
Compound Subst. Method Yield% Mp. (iit.) Ref. C=O0 NH
1 — A 61 87-91° (90-91°) 5 1665 3190
2 2-Me A 40 78-79° (75-76°) 6 1670 3220
3 5-Me A 78 128-30° (128-30°) 6 1660 3180
4 6-Me B 8 53-57° (58—-60°) 6 1665 3180
5,6 3,5-diMe A 37 83-90° (93-95°) 6 1665 3190
7 6-Et B 8 35-40° (40—42°) 6 1665 3120
8 2-Bz C 25 — — 1660 3375°
2KBr.
> Film.

MHz, Jeol 90 MHz, JEOL GX400, and Varian Gem-
ini 200 MHz instruments in ca. 5-10% CDCl; so-
lutions. The LAOCOON III program [19] was run
on VAX 8800 (VMS) and the calculated spectrum
was plotted with DISSPLA VERSION 11.0.
MacroModel 3.0 [18] was run on MicroVax as a
VMS version.
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