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CONFORMATIONS
OF 4,5,6-TRIPHENYL-TETRAHYDRO-
1,3-THIAZINE-2-THIONES AND THEIR
N-ALKYL DERIVATIVES. UNUSUAL
THIAZINETHIONE OR AZETIDINE
FORMATION UPON REACTION
OF 3-AMINO- AND 3-METHYLAMINO-1,2,3-
TRIPHENYLPROPYL CHLORIDES
WITH POTASSIUM ETHYLXANTHATE

VANYA B. KURTEVA and MARIA J. LYAPOVA®

Institute of Organic Chemistry, Bulgarian Academy of Sciences, 1113 Sofia,
Bulgaria

(Received August 24, 1999; In final form October 14, 1999)

Reaction of 3-amino- or 3-methylamino-1,2,3-triphenylpropyl chlorides (6 or 7) with potas-
sium ethylxanthate leads to 4,5,6-triphenyl-tetrahydro-1,3-thiazine-2-thione 1 or
1-methyl-2,3,4-triphenylazetidine 8 depending on the N-substitution. Conformational distri-
bution of all possible diastereoisomeric thiazinethiones 1 and their N-alkyl derivatives 2-5 is
determined by means of 'H NMR spectroscopy. Allylic strain caused by N- substituents in
the trans,cis-isomers strongly shifts the equilibrium between conformations with a,ae or
e.e,a phenyl groups towards the conformer with an axial neighbouring Ph-4 group. Vicinal
couplings data for the diastereoisomeric azetidine 8 show different ring geometry depending
on the configuration.

Keywords: Thiazinethiones; conformations; allylic strain, NMR; chemoselectivity; azeti-
dines
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INTRODUCTION

We are interested in conformational behaviour of heterocyclic derivatives,
of 1,3-bifunctional diastereoisomers with two or three neighbouring phe-
nyl groups. Steric hindrance of such compounds makes them useful mod-
els for conformational relationship studies. In the hitherto reported studies
on different isomers of 4,5-diphenyl-! and 4,5,6-triphenyl-tetrahy-
dro-1,3-oxazine-2-ones® a N-substituent strongly shifted the equilibrium
towards the conformation with an axial neighbouring phenyl group as a
result of allylic strain®. The role of similar effect in sulfur derivatives is not
well studied so in this paper we report on the conformational distribution
of sulfur analogues of diastereoisomeric triphenylated oxazinones, namely
4,5,6-triphenyltetrahydro-1,3-thiazine-2-thiones (1) and their N-alkylated
derivatives (2-5). We also wish to present the different behaviour of the
starting 3-amino- and 3-methylamino-1,2,3-triphenylpropyl chlorides (6
resp. 7) in the reaction with potassium ethyl xanthate shown on Scheme 1.

h " Ph s,R=Hl 1, %
R=H P TT/ET 4.7 :1| 60 trans.cis
H ET/TT 8.3:1| 86 trans,trans
EE/TE 1.2:1| 44 cis,trans +
22 cis,cis
Ph EE/TE 7.5:1| 83 cis,trans

Ph.__4._Ph KSCSOEt 1
MeOH A
RNH Cl

67 Ph Ph 7,R=Me | 8,%

TT/ET 8.9:1] 73 cis,frans +
M;‘l 9 trans,trans
CH;,/ Ph EE/TE 1.6:1| 43 cis,trans +

8 28 cis,cis

SCHEME 1

RESULTS AND DISCUSSION

Conformations of triphenylated thiazinethiones

The model N-substituted thiazinethiones 2-5 were prepared by alkylation
of the corresponding diastereoisomeric compounds 1 with already known
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configuration®. The four possible isomers of the following general For-
mula are now available:*

Ph
Ph 4 3N/R cis,cis*-1-§
S trans,cis* - 1-5
2 cis,trans* - 1-5
Ph S S trans,trans*-1,3
Compd.l 1 2 3 4 5

R| H CHy CHs iCHy allyl

In all compounds the protons of the propane skeleton gave rise to AMX
spectra (J,p=0) with H-5 resonance at highest field as a doublet of dou-
blets as can be seen from Table I. The doublets of H-4 are broadened or
further split due to coupling to the neighbouring NH proton and this was
the criterium for their assignment. The same proton in N-alkyl thiazi-
nethiones shows a similar patern of behaviour. Since H-4 and H-6 protons
appeared at nearly the same field, assignment of their signals was checked
additionaly by the 2D NMR technique HMQC applied to selected com-
pounds (Table II). The C-4 carbon is shifted downfield due to its bonding
with N-atom in comparison with C-6 which is bonded with S-atom. The
cross peaks in the 1H-13C correlations (HMQC) confirmed assignment of
signals in proton spectra.

The following stereochemical conclusions were reached on the bases of
the coupling constants presented on Table I. The diastereoisomers of com-
pounds 1-5 as sofa conformations are shown on Scheme 2. An indication
for the ring geometry can be obtained from the coupling constants for the
cis,cis isomers where the phenyl groups are symmetrically arranged in a sin-
gle e,a,e-conformation A. Almost the same values found for J4 5 (3.4-4.3
Hz) and J5 ¢ (4.1-4.3 Hz) reflect the more or less equal torsion angles of the
bonds at C-4,5 and C-5,6 which is in accordance with the sofa conformation.
On the contrary the alternative half-chair conformation is prefered for the
triphenylated tetrahydro—1,3-0)(azine-2-ones2 where for the N-unsubstituted
cis,cis-isomer J4 5 is 4.9-5.0 Hz against a J5 ¢ value of 2.7-2.8 Hz.

* Such designation are used for the sake of simplicity to denote the relative configurations
at C-4,5 and C-5,6 respectively according to IUPAC nomenclature, e.g. trans, cis refers to the
r-4,t-5,t-6-isomer.
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The trans,cis-series of compounds is of particular interest because of the
equilibrium between conformers C and D. In the N-unsubstituted com-
pound 1 the value of 7.9 Hz found for the trans-coupling J, 5 shows a pref-
erence for the e,e,a- conformer C. N-alkylation leads to conformational
changes. The low values of 4.7-5.0 Hz observed for Jas in the trans,cis
N-substituted derivatives 2-5, which are practically substituent independ-
ant, indicate an equilibrium shifted to the diaxial conformer D. This shift is
apparently due to interaction of N-substituent and the vicinal equatorial
phenyl as a result of some ring flattening caused by a partial double N-CS
bond character. In other words the effect is similar to the familiar allylic
strain A-1,23.

In complete contrast to the case of the trans,cis-N-substituted deriva-
tives where a,a,e-conformation is strongly prefered in the cis,frans-series
of compounds the equilibrium is shifted to the diequatorial conformer F as
indicated by the Js¢ value of 9.6-11.3 Hz.

The trans,trans-isomers 1 and 3 are in the biased triequatorial conforma-
tion G evidanced by the high J45 (10.0-10.9 Hz) and J5¢ (11.3 Hz) values.
The alternative a,a,a-conformation H can be ruled out on steric grounds as
it involves axial phenyl groups in positions 4 and 6.

In conclusion it may be stated that the conformational distribution for
the 4,5,6-triphenyl-thiazinethiones 1-5 studied in this work is strongly
affected by the N-substituents. The allylic strain induced by the latter leads
to strong preference for either a,a,e- or a,e,e-conformation depending on
the trans,cis- or cis,trans-configuration which shows also the balancing
role of the third cis- phenyl group.

Diastereoisomeric 1-methyl-2,3,4-triphenylazetidines

In a previous work* we reported on the three of the four possible isomers
of the N-unsubstituted thiazinethione 1 prepared in a reaction of
3-amino-propyl chloride 6 with potassium ethylxanthate as a result of a
ring closure of the intermediate O,S-diester of dithiocarbonic acid with
elimination of ethanol. Surprisingly, in an extention to the N-methylthiazi-
nethione 2 from 3-methylamino-propy! chloride 7 and potassium ethylx-
anthate the unexpected diastereoisomeric 1-methyl-2,3,4-
triphenylazetidines 8 were obtained in high yields as can be seen on
Scheme 1. The difference in the reaction behaviour of amino and methyl-
amino chlorides studied is most probably due to the higher basicity of the
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Favoured
Ph Compd.  confor-
mation
Ph R A
7
h sy H
H
H A cls,cle B
Ph ,‘
Ph NF — H H 1 C
PHY sy o 25 D
ph © trans,cls Ph

Ph Ph
Ph /n F%
HH s*s y pr H 1S F

Ph
cls,trans
pn E . F

Ph
Ton " V's

H a trans,trans Ph N

SCHEME 2

nitrogen in methylamino series where an intramolecular aminolysis is tak-
ing place in advance of xanthate formation. Obviously, the potassium
ethylxanthate participates in the reaction only as a base but not as a nucle-
ophile. This is demonstrated with the formation of the same products when
the reaction is carried out in the absence of potassium ethylxanthate
(NayCO; as a base). On the other hand decrease in a bond angle
(3-C-N-H) in methylamino chlorides 7 compared to the amino compounds
6 provoked by the repulsion between the two gem-substituents makes the
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small ring generation more favourable, the co-called Thorpe-Ingold
effect>. It should be noted however that in the same reaction both amino
and methylamino chlorides derived from norephedrine and ephedrine
respectively lead to the corresponding 1,3-thiazolidine-2-thiones®.

The stereochemistry of the azetidines 8 was assigned on the basis of
their 'H NMR spectra (Table III). The common signal for H-2 and H-4 in
the cis,cis- and trans,trans-isomers is a direct proof for their configura-
tions. The vicinal couplings for the third possible isomer cis,trans-8 (equal
to trans,cis-8) established from NOE experiments (Scheme 3) as J;, ¢
5.4 Hz and J;; 8.7 Hz are in accordance with the data for similar tetrasub-
stituted azetidines’. The different values for J trans Of 5.4 and 8.6 Hz and
for J;; of 7.8 and 8.6 Hz are an indication for dissimilar ring geometry
depending on the configuration. Close values of J;; and J,,,,,; in cis,cis
and trans,trans azetidines correlated with puckered conformation accord-
ing to established data of Kingsbury® while in cis,trans-isomer the planar
ring conformation with dissimilar J;; and J,, ., values is most likely pre-
ferred.

TABLE III 'H NMR data of 1-Methyl-2,3,4-triphenyl-azetidines 8

Compound H-2 H-3 H4 Jo3 Iy Other

ciscis-8  4644d° 4280t 4.644d° 78 7.8 CH;32.652

cistrans-8  5.169d 4.266dd 4897d 87 54 CHy2.127

trans,trans-8 4.077d® 3397t 4.077d* 86 86 CH;2.127

trans,irans-8 6.023 dd* 5.046tr 6.023dd® 109 109 NH* 13.207, Sy p.2 63,
HCI salt CH; 1.984, Joyy3.ny 5.8

a. Common signal.

9.3%

IR,
Ph
Ph H
o \ /CH; = ~CHy ™ ~CHy
trians, trans-8 cis,cis8
cis,trans-8

SCHEME 3
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EXPERIMENTAL

The melting points were taken on capillary tubes; the NMR spectra on a
Bruker DRX 250 in deuterochloroform; chemical shifts are quoted in ppm
in 8-values, coupling constants in Hz; the mass spectra on a Hewlett Pack-
ard GC/MSD 5890/5970 spectrometer.

Reaction of amino chloride 6 and 7 with potassium ethylxanthate.
General procedure

To a solution of 3-amino- or 3-methylamino-1,2,3-triphenylpropyl chlo-
ride hydrochlorides 6 or 7 (1 mmol) as mixtures of two diastereoisomers
with the same configuration at C-2,C-3 in 30 ml of abs. methanol potas-
sium ethylxanthate (3 mmol) was added. After 4 hrs refluxing with stirring
the solvent was removed and the residue formed was extracted with meth-
ylene chloride-water. The organic layer was washed with brine, dried over
MgSO, and evaporated to dryness.

Trans,trans-4,5,6- Triphenyl-tetrahydro-1,3-thiazine-2-thione 1°

From ET/TT-3-amino-1,2,3-triphenylpropyl chloride hydrochloride 6 in
an isomer ratio of 8.3:1 (NMR); 86% of 1; m.p. 211-2°C (methylene chlo-
ride-hexane); Anal. calc for C,5HgNS,: C, 73.09; H, 5.30; N, 3.87; §,
17.74. Found C, 73.04; H, 5.24; N, 3.93; S, 17.81.

Cis,cis- and cis,trans-1-Methyl-2,3,4-triphenylazetidine 8

From EE/TE-3-methylamino-1,2,3-triphenylpropyl chloride hydrochlo-
ride 7 in an isomer ratio of 1.6:1 (NMR), Column chromatography on Sil-
ica gel (ether-hexane 1:5 as eluent): cis,cis-8; 43%; m.p. 79-81°C
(hexane); MS(EI) 298, 283, 270, 180, 118, 77; Anal. calc for C5,H,N: C,
88.25; H, 7.07; N, 4.68. Found C, 88.31; H, 7.09; N, 4.70; cis,trans-8,
28%; m.p. 65-7°C (hexane); MS(EI) 298, 283, 270, 180, 118, 77; Anal.
calc for Cy,H,N: C, 88.25; H, 7.07; N, 4.68. Found C, 88.22; H, 7.08; N,
4.65.
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Cis,trans- and trans, trans-1-Methy!-2,3,4-triphenylazetidine 8

(a) From TT/ET-3-methylamino-1,2,3-triphenylpropyl chloride hydro-
chloride 7 in an isomer ratio of 6.9:1 (NMR), Column chromatography on
Silica gel (ether-hexane 1:5 as eluent): cis,trans-8; 73%, identical with the
product obtained from EE/TE-chlorides; trans,trans-8; 9%; MS(EI) 298,
283, 270, 180, 118, 77; as hydrochloride: m.p. 188-9°C (benzene-methyl-
ene chloride); Anal. calc for Cy,H4,NCl: C, 78.67; H, 6.60; N, 4.17.
Found C, 78.50; H, 6.76; N 4.33. (b) From the above mixture of methyl-
amino chloride hydrochloride 7 in the absence of potassium ethylxanthate,
NayCO; (3 mmol) as a base, Column chromatography on Silica gel
(ether-hexane 1:5 as eluent): cis,trans-8; 69%; trans,trans-8; 6%; both
identical with the products according to protocol (a).

N-Alkylation of 4,5,6-triphenyl-tetrahydro-1,3-thiazine-2-thione.
General procedure

To a suspension of NaH (3 mmol) (oil was elliminated by trituration with
dry pentane) in freshly destillated THF (5 ml) 4,5,6-triphenyltetrahy-
dro-1,3-thiazine-2-thione-1 (1 mmol) was added. The mixture was stirred
at room temperature 0.5 hr and then alkyliodide (8 mmol) was added.
After 4 hrs stirring at room temperature NaH was destroyed with water
and solvent was removed. The residue formed was extracted with methyl-
ene chloride-water. The organic layer was washed with brine, dried over
MgSO, and evaporated to give a quantitative yield of the corresponding
N-alkyl thiazine thione 2-5. Analytical data are shown in Table I'V.

TABLE IV Analytical data of 3-Alkyl-4,5,6-triphenyl-tetrahydro- 1,3-thiazine-2-thiones 2-5

Analysis (found,calc.)
Compd. m.p. (°C) Mol.Form., Mol.Wieght
c H N
cis,cis-2 141-2  Cy3HyNS,, 73.38 5.46 3.84
trans,cis-2 176-7 375.561 7335 5.56 3.87
cis,trans-2 12526 7366 550 3.79
calc: 73.56 5.63 3.73

ciscis-3 110-1  CyHpuNS,, 7375 592 3.69
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Analysis (found, calc.)

Compd. m.p. (°C} Mol.Form., Mol. Wieght
C H N

trans,cis-3 64-5 389.588 74.06 6.08 3.44
cis,trans-3 88-9 74.18 5.99 357
trans,trans-3 78-9 74.08 6.02 3.56

calc: 73.99 595 360
cis,cis-4 125-6  CysHysNS,, 74.36 6.19 345
trans,cis-4 oil 403.615 74.28 620  3.60
cis,trans-4 89-90 74.32 6.28 3.52

calc: 74.40 624 347
cis,cis-§ 102-3  CysH3NS,, 74.70 5.77 3.49
trans,cis-5 oil 401.599 74.69 5.72 3.40
cis,trans-5 92-3 74.85 604 355

calc: 74.77 5.77 3.49

Acknowledgements

The authors are grateful to Dr. N. Halatcheva from Bulgarian Doping Lab-
oratory for carrying out the mass spectra of azetidines.

References

1

B.J. Kurtev, M J. Lyapova, S.M. Mishev, O.G. Nakova, A.S. Orahovatz and 1.G. Pojar-
lieff, Org. Magn. Resonance, 21, 334 (1983).

1.G. Pojarlieff, M.J. Lyapova and B.J. Kurtev, J. Chem. Res. (S) 231; (M), 3119 (1980).

3. F. Johnson, Chem. Rev. 68, 375 (1968).
4. V.B. Kurteva, M.J. Lyapova and 1.G. Pojarlieff, J. Chem. Res. (S) 398; (M) 3311

(1986).

(a) R.M. Beesley, C.K. Ingold and J.F. Thorpe, J. Chem. Soc. 107, 1080 (1915);
(b) A J. Kirby, Adv. Phys. Org. Chem. 17, 183 (1980).

H.J. Roth and H. Schlump, Arch. Pharm. 296, 213 (1963).

(a) V.B. Kurteva, M.J. Lyapova and L.G. Pojarlieff, J. Chem. Res. (S) 270 (1993);
(b) J. Barluenga, F. Fernandez-Mari, A.L. Viado, E. Aguilar and B. Olano, J. Org.
Chem. 61, 5659 (1996).

C.A. Kingsbury, D.S. Soriano, K.F. Podraza and N.H. Cromwell, J. Hererocyclic
Chem. 19, 89 (1982).

The cis,cis-, cis,trans- and trans,cis-isomers of 1 are published in ref. 4.



