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Abstract. Several gauchke interactions Dbetween sulfur and
nitrogen functions are determined from measurement of
conformational equilibria of 3-(X)-thiacyclohexanes (X = NH:z,
NMez, NHPh and NHCO2But), their epimeric sulfoxides, and the
corresponding sulfones, by low-temperature carbon-13 and proton
NMR spectrogcopy. The (RNH/S)gauche interaction is 0.18 (R=H),
-0.04 (R=Ph) and ~0.31 (R=COzBut) kcal/mol. The (MezN/S)gauche
interaction is 0.70 kcal/mol, of which 0.26 kcal/mol is
estimated to arise from the gauche repulsive effect between the
electron lone pairs. The (RNH/SOx)gauche interactions in the
trans-sulfoxides (x=1) are approximately as destabilizing as
expected on simple steric grounds, whereas in their cis epimers
and in the sulfones they are 0.65 (R=H, x=1), 0.28 {(R=H, x=2),
-0.78 (R=Ph, x=1), ~0.22 (R=Ph, x=2), < -1.894 (R=COzBut, x=1)
and <-1,41 (R=COzBut, x=2) kcal/mol. Concentration and solvent
effects in the RNH- series are small, intermediate and large,
respectively, when R 1is H, Ph or COzBut. The effect of
protonation upon conformational equilibria is also discussed.

INTRODUCTION

He report in this paper the conformational analyeie of 3-amino-
thiacyclohexane and some derivatives 1listed in Scheme I, with a view to
measuring the interactions between the sulfur and nitrogen functions in these
compounds. Previcus work related to this topic waes confined to several acyclic
systems, in which only semiquantitative conclusions could be reached.l In
contrast, the recent conformational etudy of 3-oxygenated thiacyclohexanes? lead
to quantitative values for various interactions between oxygen and sulfur
functions. In +the present paper we continue the systematic study of 3-
substituted thiacyclohexanes with polar substituentes by low temperature NMR. The
interaction of three different nitrogen functions, NHz, NHPh and NHCOz2But, with
sulfide, sulfoxide and sulfone groups has been studied and compared with
corresponding interactions of oxygen functions.2® In addition, study of 3-
dimethylamincthiacyclohexane has led to an evaluation of the N/§ gauche

repulsive effect earlier seen in acyclic systems.

(*) Dedicated to Prof. Ernest L. Kliel on the occasion of his 65tk birthday.
1751



1752 E. BRUNET and P. AZPEITIA

K

H
/ Hy' -AG =Rtk A—g
B | Hy' He

A B

Hy

Im

Compound A B X

1 : : NH2

2(¢t) : 0 NH2

3(c) (o} : NH2

4 (o} o} NH2

5 : : NHPh

6(t) : [¢) NHPh

T(c) [0} : NHPh

8 o (o) NHPh

9 : : NHCO2But
10( ¢) (o) NHCO2But
11(¢c) o : NHCO2But
12 0 (o) NHCOzBut
13 : NMe2
(t = trans; ¢ = cis; = lone pair)

Scheme I

SYNTHESIS AND NMR SPERCTRA

Reduction of 3-thianone oxime3 with LiALH4 and of 3-thiacyclochexylidene-
phenylamine with NaBH4 yielded the corresponding seulfides 1 and 5 which, in
turn, were converted to 9 and 13 by treatment with an equivalent of di-t-butyl
carbonate or by methylation with formic acid/formaldehyde.¢ Oxidation of
sulfides 5 (by H20z2/trifluoroacetic acid) and 9 (by NalO4 or mchloroperbenzoic
acid) yielded the corresponding sulfoxides 8-7 and 10-11 (mixture of cis and
trans diastereomers) or sulfones (8, 12) by treatment, respectively, with one
mole or excess of oxidant. Sulfoxides 10 and 11 were separated by flash
chromatography and converted to the free amines 2 and 3 by mild acid hydrolysis.
Sulfone 12 required basic hydrolysis for conversion to 4.

Table I summarizes the results of the firest-order analysis, at room
temperature, of the C(2)-C(3) fragment (Scheme I) whose protons were in general
easily discerned by simple double resonance decoupling experiments. The table
also contains the approximate populations of axial and equatorial conformers,

calculated from the averaged coupling constants as previously described.2b,5
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Table I.- First-Order Coupling Constants (Hz) and Chemical Shiftes (ppm) of the
Protons in Positione 2 and 3 for some of the Compounds in Scheme I at 25°C and
Approximate Mole fractions of the Conformere in Scheme 1 (see text).

Coupling

Chemical shifte Constants Mole fract.c

compd 8olva concbd Hz H2- Hs Jz2,s Jz-,s XA XB
1 A 1.79 2.52 2.23 2.81 3.3 9.4 0.28 0.72
A 0.01 2.67 2.38 2.97 3.4 9.3 0.30 0.70

A+B 10 2.99 2.71 3.717 2.6 6.8 0.63 0.37
3 A 2.60 2.88 - 2.58 3.3 10.2 0.17 0.83
A 0.02 2.90 - 2.69 3.2 10.0 0.20 0.80
A+B 8 3.72 2.84 4.25 2.4 3.2 %1.00 =0.00
4 A 0.51 3.15 2.72 3.29 3.6 10.5 0.11 0.89
A 0.001 3.44 2.79 - 3.6 10.4 0.12 0.88

A+B 20 3.68 3.48 4.17 - 8.9 0.29 0.71
5 A 1.00 2.88 2.42 3.53 3.0 8.1 0.44 0.56
A 0.01 2.98 2.44 3.84 3.1 8.1 0.44 0.56
A+B 100 2.83 2.66 3.94 2.8 8.0 0.46 0.54
1 A 0.54 - - 3.92 - =8.1 0.87 0.33
A 0.01 - - 4.09 - %5.5 0.74 0.26
A+B 5 2.90 3.60 4.33 2.9 =4.0 =0.96 =0.04

8 A 0.02a 3.48 2.92 4.08 - 9.8 0.18 0.81

a Solvent A is CDCls; A+B, CDCls + TFA. ® Mol/l; the numbers in italics refer to
the thiane:TFA molar ratio (thiane concentration =< 0.1M) ¢ Mole fractions of
conformere with axial (xa) and equatorial (xg) nitrogen group (Scheme I). 4 Very
low solubility; the spectra in CDCls/TFA were deceptively simple.

Room- and low-temperature 13C chemical shifts on one hand, and conformational
parameters (equilibrium constants and free energies) under several conditions on
the other, are indicated 1in Tables 1II and III, respectively. The numbers in
parenthesis in Table II correspond to the difference between the observed
chemical shifts and shifte calculated by parametric addition, the ehift
parameters to be added being derived from the spectra of the thiacyclohexane
ring systems® and of various cyclohexylamines.?7,.8 The linear regression of the
plot of observed vs. calculated shifts in general gave excellent correlation
coefficients® and we have thus assigned configurations of the cis- and trans-
sulfoxides, 2-3, 6-7 and 10-11 on the basis of the data in Table II. The finding
that the conformational equilibria in the trans isomers (2, 6, 10) are strongly
biased (cf. Table 1I1I) toward one side (e-NHR/&-S0), in contrast to those of

their epimers 3, 7, 11 (see below), supporte this assignment.
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Table 1I1.- Room- and Low-Temperature 13C NMR Chemical Shifts (ppm) of Thiane
Ring Carbone for the Compounds Studied in This Work (See Scheme I)2

b c,d C(2) C(3) C(4) C(5) Cc(6) coefe

1 E 36.1(-3.2) 49.9(-2.2) 34.6(-2.3) [27.0(+0.4)] [27.6(-0.4)]
A  32.1(-3.7) 42.6(-4.3) 20.2(-0.8) 0.993
RT (35.2] 48.7 [36.7] [26.3] [27.8]

2 E 52.2(-3.1) 40.4(+1.0) 34.1(-0.6) 15.8(+1.9) 43.8(0.0) 0.997
RT 53.4 41.3 34.5 18.1 45.3

3 E 59.1(-3.0) 46.4(-0.8) 33.2(-1.5) 18.0(-2.7) 50.0(-0.8)
A 27.2(-4.0) 8.4(+0.1) 44.8(0.0) 0.996
RT 58.5 47.2 34.4 18.1 50.4

4 E 58.4(-4.2) 48.0(-1.0) 32.6(-1.7) 20.4(-3.1) 49.2(-2.1)
A 55.4(-3.7) 46.4(+3.2) 30.8(0.0) 17.8(-0.1) 51.2(-1.1) 0.990
RT 68.6 48.7 34.0 21.0 50.7

5 32.5(+2.7) 50.4(-0.8) 32.4(+5.0) 27.6(+2.1) 28.1(+1.1)

E
A 32.8(+2.7) 42.9(-3.4) 27.7(-0.1) 20.7(0.0) 26.7(-0.3) 0.973
RT 33.7 49.2 31.7 26.1 28.2

8 E 47.8(-2.3) 40.9(+2.4) 31.5(+1.8) 16.3(+3.5) 44.2(+1.4) 0.995
RT 50.3 43.0 32.8 7 45.8

7 E 54.7(-2.4) 46.5(40.2) 30.2(+0.5) 18.9(-0.7) 50.2(+0.4)
A [45.6(-0.4)] [44.5(+10.9)] 24.8(-0.8) g.1(+1.0) [44.8(+2.1)] 0.996¢
RT 50.3 47.6 28.8 13.6 47.9

8 E 48.5(+0.4) 30.1(+0.7) 20.5(-1.9) 48.8(0.0)
A 44.7(+1.5) 24.7(-0.5) 18.2(+0.6) 0.997
RT 55.9 49.7 30.0 20.4 51.2

9 E 32.8(-1.7) 48.5(-2.3) 31.9(~0.2) 1[26.9(+1.7)]) [28.9(+1.8)}
A 41.8(-3.4) 29.2(+0.2) 21.1(+0.5) 0.994
RT 33.8 46.5 31.7 25.3 28.0

10 E 48.5(-1.8) 40.1(+2.0) 31.1(+1.2) 16.3(+3.8) 43.5(+0.8) 0.998
RT 50.4 42.0 31.8 16.5 45.6

11 E 55.9(-1.4) 45.1(-0.8) 30.3(+0.4) 18.9(-1.4) 50.0(+0.1)
A [44.5(-2.7)] 44.3(+11.8) 28.8(+2.0) 9.8(+1.9) [44.8(+1.5)) 0.996¢
RT 49.5 44.8 29.6 13.0 47.0

12 E 55.6(-2.2) 46.8(-0.9) 29.8(+0.3) 20.4(-1.7) 49.5(-0.9)
A 63.4(-1.3) 44.9(+2.8) 27.9(+1.5) 19.8(+2.3) 51.1(+0.3) 0.994

RT 55.2 46.5 29.4 19.9 50.9

13 E [28.2(-2.8)] 62.3(-3.0) [27.6(-1.0)] [26.7(-0.4)] [27.8(-0.9)]
A 57.6(-4.3) 18.8(-3. 1) 0.988
RT (28.9] 63.5 [28.8)] [28.5] [28.7]

a Chemical shifts for carbons different from those of the thiane ring are not
included in the table for the sake of simplicity. Nevertheleas, compounds 5-8
showed the phenyl ring signals at 113.3%0.4, 118.1%0.7, 129.4120.2, 145.6%0.6
ppm; compounds 9-12 the COzBut signals at 28.120.2, 79.320.5, 154.610.2 ppm; and
compound 13 the NMez signal at 40.4 ppm; close-by values in brackets may be
exchanged. b Compound number (see Squeme I). ¢ Low-temperature spectra in
CD2Clz2: A (axial) and E (equatorial) are referred to the position of the
nitrogen function. 4 RT, averaged spectrum in CDCls at room temperature.
8 Correlation coefficient for 1linear regression analysise of observed vs.
calculated values. f The regression does not include C(3).
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Table I11.- Conformational Free EKnergy (kcal/mol) for the Equilibrium of the
Compounds Studied in This Work (See Squeme I)

compd solva(conc)® signals measuredc Kf{El/[A]} -8Goa

1 A (0.186) 3C 13.75 £ 2.25 0.88 £ 0.05
C (1.9) 3C 15.06 t 2.08 1.03 £ 0.05

2 A (0.32) >50.0 >1.40

3 A (1.13) 3C 31.83 = 3.10 1.24 £ 0.03
A (0.4) 3C 27.98 £ 3.52 1.27 + 0.04
C (2.0) 1C 28.04 £ 3.16 1.27 £ 0.04

4 A (0.51) 3C 28.30 = 7.47 1.20 + 0.08
C (0.5) >50.0 >1.40

5 A (0.9) 4C 3.81 = 0.04 0.56 £ 0.04
C (0.2) >50.0 >1.40

[ A (0.2) >50.0 >1.40

T A (1.0) 2C 0.76 £ 0.01 -0.10 £ 0.01
A (0.2) 2C 0.56 £ 0.03 -0.22 £ 0.02
B (0.2) 1C 2.00 0.27
C (0.2) >50.0 >1.40

8 A (0.1)e 2C 4.82 t 0.18 0.64 £ 0.02

9 A (0.2) 2C + 2H 2.08 * 0.22 0.25 £ 0.03
A (0.002) 2H 2.16 t 0.03 0.26 ¢+ 0.01
C (0.2) 2H 20.41 + 4.02 1.01 £ 0.06

10 A (0.77) 2H 26.32 + 4.10 1.24 £ 0.06
A (0.01) 1H 21.28 1.16
C (1.0) >50.0 >1.40

11 A (1.24) 4C + 1H 0.84 = 0.03 -0.07 £ 0.02
A (0.003) 1H 0.02 -1.49
B (0.8) 3C 0.87 £ 0.01 -0.01 £ 0.02
B (0.04) 1H 0.58 ~0.21
C (0.9) 2C 10.33 t 0.42 0.89 ¢t 0.01
C (0.03) 1H 10.77 0.90

12 A (0.78) 2C 4.74 £ 0.04 0.59 £ 0.01
A (0.0001) 2H 0.37 £ 0.05 -0.38 £ 0.05
B (0.02) 2H 28.57 t 4.76 1.27 £ 0.06
C (0.02) >»50.0 >1.40

13 A (0.81) 2C 52.63 = 5.01 1.42 * 0.03
C (0.86) 2C =125 1.8

a Solvent A is CD2Cl2; B, acetone-ds; C, CDsOD. b Mol/l. ¢ Number of signal
pairs used to evaluate K: C, 13C signals; H, 1H signals. ¢ Temperature was set
between 170 and 203K, depending on the solubility of the compound, to attain the
best possible s8/n ratio; e Insoluble in methanol at low temperature.

RESULTS AND DISCUSSION

Table IV summarizes the gauche interactions between different X groups and
the studied sulfur functions estimated, assuming additivity of the interactions
present in each conformer of Scheme I, by means of the following equations: i)

(X/S) = -4G° - (X/CHz)gauche; 11) trans-(X/S0) = -AGO - (X/CHz)gauche + a + b;



1756 E. BRUNET and P. AzPEITIA

1i11) c1s8-(X/0S) = -8G° - (X/CH2)gauche - a; iv) (X/025) = -AG® - (X/CHz)gauche +
b, where a is the (SO/Hsa) interaction [similar to that in thiane S-oxide (-0.08
kcal/mol)10], and b ie the (SO/Hsa) interaction. The latter depends on X and is
taken to be that 1in 1,4-oxathiane S-oxide (-0.34 kcal/mol)lil for X = OH, OAc,
OMe, in 1,4-thiamorpholine S-oxide (-0.22 kcal/mol)i2 for X = NHz, NHPh, and in
N-t-butoxycarbonyl-1,4-thiamorpholine S-oxide (-0.49 kcal/mol)i2 for X =
NHCOzBut. The numbers in parenthesis ( A ) correspond to the difference between
these interactione and their values calculated from an “"exclusively steric”
point of view.13,14,15 Therefore, a negative value of QA indicates that the
interaction between the hetercatomic functions is smaller (attractive) than
expected on steric grounds. Although thege numbers have a limited quantitative
meaning due +to the neccesary approximations made, they will be useful to guide
the discussion and to give an indication of the presence of interactione between
the heteroatoms other than steric, such as dipolar interactions, lone pair/lone
rair repulsions and intramolecular hydrogen bonding.

Table IV.- Comparison Among the Heteroatomic Interactions in CD2Cl:z (kcal/mol)
for Several 3-(X)-Thiacyclohexanes and their Sulfoxides and Sulfones (see

text).a
X(compd)

interact.? OHe OAce OMec NH2 NHPh NHCOzBut NMe 2
(X/8) -0.08 0.91 0.79 0.18(1) -0.04(5) -0.31(9) 0.70(13)
4) (-0.26) (0.67) (0.61) (-0.25) (-0.43) (-0.64) (0.26)
(X/S0)e -0.25 -0.39 >0.40(2) >0.46(6) 0.13(10)

(4) (-0.52) (-0.59) (>-0.08) (>0.02) (-0.24)

(X/0S)¢c <-1.50 >1.00 1.13 0.65(3) -0.78(7) <«-1.94(11)

) (<-1.93) (>0.44) (0.71) (-0.35) (-1.80) («-2.868)

(X/028)  <-0.80 >0.57  >0.67 0.28(4) -0.22(8) <-1.41(12)

(A) (<-1.23) (»0.01) (>0.25) (-0.82) (-1.14) (<-2.29)

& The numbers in parenthesis (A ) correspond to the difference between the
heterocatomic interactions and their values calculated from an "exclusive steric”
point of view (see text) ® Subscripte ¢t and ¢ refer to trans and cis,
respectively. ¢ Estimated from - GO values of ref. 2b.

Let ue first focus on the thioethere. It may be seen in Table IV that the
(X/S)gauche interaction 1is lower than expected on steric grounds when X 1is OH

(A =-0.26 kcal/mol), NHz (1; A = -0.25 kcal/mol), NHPh (5; A = -0.43

kcal/mol) and NHCO2But (13; A -0.64 kcal/mol), i.e. in compounds where
intramolecular hydrogen bonding can take place. Unfortunately, the strength of
the hydrogen bond cannot be evaluated esince the dipole/dipole interaction
between C-5 and C-0 or C-N bonde is not known. However, room-temperature 1H NMR

spectra in CDCls of compounds 1 and 5 (Table I), and low-temperature 13C NMR

spectra in CD2Clz of carbamate 8§ (Table III) show that the conformational
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equilibria of these compounds are insensitive, over a relatively wide range, to
concentration, i.e. there is no competition between inter- and intramolecular
interactions. This contrasts with the situation in 3-hydroxythiane, in which
-AGo changes by ca. 1 kcal/mol from 3.5M to 10-3M solutions in CD2Clz or CDClszbd
and suggests that hydrogen bonding in the aminothianes ie much weaker than in
the analogous hydroxy derivative. When intermolecular interactions with solvent
become important, as in methanol-ds4 (which may act as acceptor as well as donor
in hydrogen bonding) equilibrium in the three thioethers 1, 5 and 8 does shift
to the equatorial eside (Table III). On the other hand, the (X/S)gauche
interaction is higher than expected from a steric viewpoint when X is OAc (A =
0.67 kcal/mol), OMe ( A = 0.61 kcal/mol) and NMez (13;A = 0.26 kcal/mol; cf.
Table IV), i.e. in +those cases where the heterocatom turne a pair into the ring
in the A conformer (Scheme I) to avoid the strong eteric interactions that would
otherwiese result. Taking into account that the C-N bond is less polar than the
C-0 bond and that dipolar repulsion is already small in 3-hydroxythiane2®, one
may take the energy excess of the (MezN/S)gauche interaction (0.26 kcal/mol; cf.
Table IV) as an estimate for the "gauche-repulsive’ effect18® between nitrogen
and sulfur in 13.

In the trans-sulfoxidee 2 and 6 1in solvent CDz2Clz (Table III) the mole
fraction of the conformer with axial sulfinyl and equatorial nitrogen is higher
than 95% (-AG? > 1.4 kcal/mol). The estimated values of A (Table 1IV), >-0.08 and
>0.02 kcal/mol for 2 and 6, respectively, are close to zero but they can be
higher. This suggeste that the trans-(NHR/SO) interaction is at least as
repulsive as it should be expected on steric grounds when R is H or Ph. In
contrast, the interaction of sulfinyl sulfur with axial OAc and OMe groups (4=
-0.52 and -0.58 kcal/mol, respectively; cf. Table IV) is attractive, presumably
by electrostatic 05-/58+ interaction. In the case of the carbamate 10, the
(e-NHR/&a-S0) conformer, for unknown reasons, appears to be less stable than
expected in view of the negative A value calculated for thie compound (-0.24
kcal/mol; cf. Table IV}). In this case we cannot postulate an attractive
interaction between ©S6+ and nitrogen in the (a-NHR/e-50) conformer since the
amido nitrogen is also electron deficient due to resonance with carbonyl.

The population of the diaxial conformer in the cis-3-(X)-thiane S-oxide
series in CD2Clz (dilute solution) varies (see Table III and ref. 2b) from less
than 3% in 3 (X = NHz; -8G% = 1.27 kcal/mol) and the 3-methoxy derivative (X =
OMe; - AG® > 1.3 kacl/mol2b), to at leastl? 64% in 7 (R = NHPh; -0G°0 = -0.22
kcal/mol), and to more than 97% in both 11 (X = NHCO2But; -AGO® < -1.49 kcal/mol)
and the 3-hydroxy derivative (X = OH; -AGC® < -1.3 kcal/mol2). The (X/0S)gauche

interaction in the cis 1isomers is much more complex than in their trans
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counterparte since there may be attractive components [both electrostatic ones
(X8-/88+ when X = OR!'® and N8+/08--S in 11) and X-H...0-S hydrogen bonding] as
well as repulsive parte ([both electrostatic (X8-/0%--S when X = NH2 (3), NHPh
(7), and N&6+/56+ in 11) and steric]. Estimation of the total interaction (Table
IV) gave a value of +0.65 kcal/mol for 3 (X = NHz), -0.78 kcal/mol or leesl? for
7 (X = NHPh), lese than -1.94 kcal/mol for 11 (X = NHCOzBut), and less than -1.5
kcal/mol for X = OH. In all these cases, the estimated values for A are
negative suggesting that the attractions are more important than the repuleions,
in contrast with the 3-methoxyderivative in which the (Me0/0S)gauchre interaction
is repulsive (1.13 kcal/mol; A= 0.71 kcal/mol; cf. Table IV). Unfortunately, the
picture is too complex to evaluate the exact contribution of all the components.
Neverthelees, the concentration dependence of -AG¢ in CD2Clz shown by compounds
7 and 11 (Table 1III), but not by 3 (J2',s changed very little, by ca. 0.2 Hz,
when 3 was diluted 130 times in CDCls, whereas the same coupling constant in 7
changed by ca. 0.6 Hz when 7 was diluted 54 times in the same solvent; see Table
I), strongly suggests that intramolecular R-NH...0-S interaction ie a very
important stabilizing factor for the diaxial conformer of the compounde estudied
when R is Ph or COz2But. The competition between thies intramolecular attraction
and solute-solute (at high concentrations in CDz2Clz) or solute-solvent
associations (in acetone-de or methanol-ds) - which favor the dieguatorial
conformer2 for steric reasons -~ explaine why the conformational equilibria of
compounds 7 and 11 are shifted to the diequatorial side in concentrated
solutions in CD2Clz, or in acetone-ds or methanol-ds (Table III).

The eulfones 4, 81? and 12 also showed different behavior among each other
but similar, for corresponding nitrogen substituents, to that of the
aforediscussed cis-sulfoxides. Thue, the axial conformation becomes more
populated in CD2Clz as one goes down in Table III (3% in 4, ca. 17% in 8, and
73% in 12 at high dilution), i.e. from NHz to NHPh to NHCOzBut groups, and the
(X/02S) gauche interactions (Table 1IV) showed a similar trend: 0.28 (4, X=NH2),
-0.22 (8, X=NHPh) and <-1.41 (12, X=NHCOzBut) kcal/mol. The lower population of
the axial conformer in 8 and 12 compared to that of 7 and 11 under similar
conditione (cf. Table IV) suggests that the sulfone group interacts lees
favorably with the phenylamino or carbamate group than does the cis-sulfoxide.
This is in agreement with the known, weaker hydrogen-bonding ability of eulfonee
compared to the more polar sulfoxides.

Finally, the effect of protonation at nitrogen wae studied. It may be seen
from Table I that, 1in the case of compounde 1, 3, 4 and 7, the addition of an
excess of trifluoracetic acid (TFA) shifted the equilibrium toward the conformer

with axial nitrogen (Scheme 1), suggesting that the attractione between the
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heterocatomic functional groups are enhanced by protonation. Thus, compound 1
displayed a change in xa from 28% in CDCls to ca. 63%, when a ten-molar excess
of TFA was added +to the solution, i.e. -AG® changed by -0.9 kcal/mol from
nonprotonated to protonated NHz in 1. In contrast, the population of the axial
conformer in the phenylamine 5 hardly changes with protonation (cf. Table I),
suggesting that the inductive effect of the phenyl group plays an important role
in minimizing the (*N/S)gauche interaction.29 The s8hift in equilibrium of the
cis-sulfoxide 3 upon protonation is, in turn, striking: the nitrogen changes ite
axial preference from ca. 17% in CDCls to virtualy 100% at a 8:1 TFA/substrate
molar ratio, suggesting a very strong (+NH3/S0O)gauchre interaction, presumably
due to hydrogen bonding as well as to electrostatic +N/08- attraction. 1In
contrast, the equilibrium of the corresponding sulfone 4 changed very little (by
ca. 18%) which is reasonable in view of the lower polarity of sulfone group

compared to sulfoxide.

EXPERIMENTAL SECTION

1H (200 MHz) and 13C NMR (50 MHz) were recorded on either Bruker WP-200-SY
(UAM, Spain) or AC-200 (UNC, USA) instruments (coupled to ASPECT 2000 and 3000
computers, respectively) equipped with 5 mm dual tH/13C probes, operated in
pulse FT mode and locked on s8olvent deuterium. Low temperature gpectra were
controlled in both spectrometere with a Bruker B-VT-1000 wunit previously
calibrated by standard procedures. The 13C spectral parameters were set as
described elsewhere.2b Mags spectra (MS) were recorded on a Hewlett-Packard 5985
spectrometer (UAM, Spain) at electron impact (70 eV). Mass data are reported in
mas units (m/z) and the values in brackets regard the relative intensity from
base peak (as 100%). Boiling and melting points are uncorrected. Microanalyses
were performeéd by M-H-W Laboratories (Phoenix, AZ, USA). IR espectra were
recorded on a Nicolet FT-20DX instrument (UNC, USA).

3-Aminothiacyclohexane (1). To a suspension of 2.47 g (65 mmol) of LiAlH4 in 85
ml of anhydrous ethyl ether was s8lowly added 4.25 g (32 mmol) of 3-
oxothiacyclohexane oxime? in 130 ml of anydrous ethyl ether. The reaction
mixture was 6tirred and refluxed for 2 h and the excess of reducing agent
carefully destroyed with ethyl acetate at 0-59°C. The residue was treated with
water until the two phases separated and extracted with CHzClz. Standard workup
of the extracts yielded 3.78 g (99%) of crude 1 which was purified by
crystallization, from ethanol, of the corresponding oxalate (mp 2260C) or
picrate (mp 175-1760C) obtained by standard methods: IR (film) 3314, 2923, 2848,
1590, 1450, 1437 and 1423 cm-1.; 1H NMR (CDCls) & 1.22 (m, 1 H), 1.66 (s broad,
2 H), 1.75 (m, 1 H), 1.90 (m, 1 H), 2.05 (m, 1 H), 2.39 (m, 1 H), 2.48 (m, 2 H),
2.67 (m, 1 H) and 2.98 (m, 1H); MS 117 M+ (88.8), 100 (4.3), 85 (6.8), 74
(11.1), 56 (78.8), 43 (100), 42 (24.7). Anal. Calcd. for Ci11H14N407S (picrate):
C, 38.16, H, 4.08. Found: C, 37.92, H, 4.19.

N- t-Butoxycarbonyl-3-aminothiacyclohexane (8). To a solution of 1 in anhydrous
CH2Clz was added slowly an equimolecular amount of di-t-butyl carbonate, used as
received from Aldrich. Co., and the mixture was stirred overnight at room
temperature. The solvent was then removed and the crude 5 crystallized from
hexane (mp 80-810C). Yield 85%. IR (nujol): 3343, 3290, 1682, 1524, 1166 cm-1;
1H NMR (CDCl3) 6 1.45 (s, 9 H) 1.46 (m, 1 H), 1.80 (m, 2 H), 1.96 (m, 1 H), 2.48
(m, 3 H), 2.87 (m, 1 H), 3.82 (m, 1 H), 5.05 (d broad, 1 H). MS 217 M+ (11.86),
161 (7.8), 144 (7.1), 118 (9.3), 100 (100), 85 (8.6), 73 (5.6), 57 (41.8), 43
(34.0).

N-t-Butoxycarbonyl-3-aminothiacyclohexane S-Oxide (10, 11). To a dispersion of
ticether 9 in water was added an equimolecular amount of sodium metaperiodate at
0-50C. The mixture was stirred overnight at room temperature, the solvent
removed, and the resulting cake extracted with CHCls in a Soxhlet apparatus. The
mixture of diastereomers 10 and 11 was purified by flash chromatography on
silica gel (acetone; yield 73%) and they were separated by a second flash
chromatography [chloroform-methanol (10:1)] (mp 10, 156-157¢C; mp 11, 85-899C).
IR 10 (0.1M CDCls): 3444, 2982, 2932, 2869, 1708, 1501, 1165, 1068, 1041, 1015
cm-1; IR 11 (0.01M CDCls): 3443, 3381, 2982, 2833, 2866, 1701, 1505, 1166, 1062,
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1031 cm-1; 1H NMR 10 (CDCls) 6 1.45 (s, 9 H), 1.55 (m, L H), 1.95 (m, 2 H), 2.50
(m, 3 H), 2.92 (m, 1 H), 3.18 (m, 1 H), 4.23 (m, 1 H), 4.90 (d broad, 1 H); H
NMR 11 (CBCls) 1.25 (m, 1 H), 1.40 (s, 9 H), 1.70 (m, 3 H), 2.43 (m, 1 H), 2.70
(m, 1 H), 2.90 (m, 2 H), 4.11 (m, 1 H), 6.53 (d broad, 1 H). MS (10) 217 (0.4),
177 (25.4), 160 (27.0), 133 (17.0), 116 (18.8), 100 (14.4), B2 (14.2), 70
(38.7), 57 (100), 43 (14.2), 41 (23.1); MS (11) 233 M+ (0.3), 216 (0.6), 177
(60.8), 160 (54.4), 133 (26.1), 116 (31.3), 100 (16.7), 82 (19.0), 70
(34.8), 57 (100), 43 (19.5), 41 (26.86).

N-t-Butoxycarbonyl-3-aminothiacyclohexane S,S-Dioxide (12) was prepared by
treatment of 8 with an excees of oxidant following the procedure described for
the sulfoxides 10, 11. The crude sulfone was purified by flash chromatography
(acetone). Yield 87%. (mp 1340oC). IR (0.03M CDCls): 3421, 2983, 2938, 2871,
1708, 1504, 1313, 1165, 1138 cm-1; 1H NMR (CDCls) 6 1.32 (s, 9 H), 1.50 (m, 2
H), 1.90 (m, 2 H), 2.89 (m, 3 H), 3.22 (m, 1 H), 4.04 (m, 1 H), 5.55 (d broad, 1
H). MS 248 M+ (0.6), 194 (10.8), 176 (13.1), 150 (39.1), 133 (12.5), 101 (6.2),
81 (30.6), 69 (74.4), 57 (100), 43 (58.9), 41 (67.1). Anal. Calcd. for
Ci10H18NO4S: C, 48.17, H, 7.68. Found: C, 48.40, H, 7.52.

3-Aminothiacyclohexane S-Oxide (2, 3). The two diastereomers were separatedly
obtained by acid hydrolyeis of 10 and 11, respectively, as follows: the starting
carbamate was dissolved in 3N HCl in ethyl acetate and stirred for 10 min, the
solution was carefully neutralized with sodium bicarbonate, the solvent removed,
and the 80lid mass extracted with CHCls in a Soxhlet apparatus. The crude
sulfoxides were purified by flash chromatography (methanol; yield 50%) but did
not crystallize in our hands. IR 2 (film): 3436, 3317, 3265, 1653, 15697, 1445,
1416, 1026, 994 cm-!; IR 3 (film): 3301, 2930, 2858, 1653, 1443, 1428, 1028
cm-1, 1H NMR 2 (CDCls) 6 1.35 (m, 1 H), 1.60 (m, 1 H), 1.70 (s broad, 2 H), 2.00
(m, 2 H), 2.35 (m, 2 H), 2.95 (m, 1 H), 3.15 (m, 1 H), 3.45 (m, 1 H); 1H NMR 3
(CDCls) 6 1.26 (m, 1 H), 1.56 (m, 1 H), 1.83 (s broad, 2 H), 1.85 (m, 1 H), 2.13
(m, 1 H), 2.48 (m, 2 H), 2.98 (m, 1 H), 3.14 (m, 1 H), 3.23 (m, 1 H). MS (2) 133
M+ (22.0), 116 (58.8), 105 (2.5), 99 (24.2), 91 (6.3), 82 (19.7), 70 (53.4), 57
(52.8), 43 (100), 42 (39.9); MS (3) 133 M+ (8.7), 116 (24.7), 105 (10.0), 99
(12.3), 91 (10.5), 82 (15.5), 89 (32.0), 56 (34.2), 43 (100), 42 (35.2).

3-Aminothiacyclohexane S,S-Dioxide (4). Carbamate 12 was dissolved in a 10%
potassium hydroxide/methanol 1:1 mixture and refluxed for 48 h. The solvent was
then removed and the resulting solid mass extracted with CHCls in a Soxhlet. The
usual workup of the extracts yielded the crude sulfone which was purified by
recrystallization from hexane/ethyl acetate (mp 83-840C). IR (nujol): 3358,
1272, 1130 cm-1; 1H NMR (CDCls) &6 1.36 (m, 1 H), 1.82 (8 broad, 2 H), 2.09 (m, 3
H), 2.81 (m, 1 H), 2.98 (m, 2 H), 3.23 (m, 1 H), 3.40 (m, 1 H). MS 149 M+ (1.3),
121 (0.2), 106 (7.8), 84 (6.3), 69 (16.8), 57 (34.1), 43 (100), 42 (27.6).

N, N-Dipethyl-3-aminothiacyclohexane (13). To 0.66 g (5.7 mmol) of 1 was slowly
added 17.1 mmol of 88% formic acid and 17.1 mmol of 37% formaldehyde at 0oC. The
reaction mixture waEs stirred at 800oC for 24 h and acidified with 20%
hydrochloric acid at room temperature. The solution was extracted once with
CH2Cl2z and the extract discarded; the aqueous layer was then carefully
neutralized with sodium bicarbonate and extracted with CHzClz. Standard workup
of the extracts yielded crude 13 that was purified as the oxalate by
recrystallization from ethanol (oxalate mp 111-1120C). 1H NMR (CDCls) & 1.32 (m,
1 H), 1.70 (m, 1 H), 1.92 (m, 1 H), 2.14 (m, 1 H), 2.30 (8, 6 H), 2.860 (m, 5 H).
MS 145 M+ (29.2), 101 (8.6), B84 (63.1), 71 (100), 56 (23.0), 42 (17.5). Anal.
Calcd. for CesHi17NO4S (oxalate): C, 45.94, H, 7.28. Found: C, 46.05, H, 6.98.

N-Phenyl-3-aminothiacyclohexane (5). A solution of 4.24 g (37 mmol) of 3-
oxothiacyclohexane, 4.08 g (44 mmol) of aniline and 0.04 g of anhydrous zinc
chloride in 100 ml of benzene was refluxed in a Dean-Stark for 5 h. The solution
was filtered and the solvent evaporated. The residue was dissoclved in 100 ml of
ethanol and 1.39 g of sodium borohydride were added at 0-5°C in small portions.
The reaction mixture was stirred overnight at room temperature and treated with
50 ml of water. The solution was concentrated and extracted with CHCls. Work up
of the extracts afforded 6.5 g& of crude product which was purified by
distillation in the KRugelrohr {(bp. 120-1400C/0.1 mm Hg) or by flash
chromatography (CHCls). IR (film): 3386, 2928, 1601, 1503, 749, 692 cm-1; 1H NMR
(CDCls) & 1.39 (m, 1 H), 1.72 (m, 2 H), 1.95 (m, 1 H), 2.32 (m, 1 H), 2.45 (m, 2
H), 2.86 (m, 1 H), 3.52 (m, 1 H), 3.84 (8 broad, 1 H), 6.556-7.1 (m, 5 H).

N-Phenyl-3-aminothiacyclohexane S-oxide (6, 7). To a solution of 68 mg (0.35
mmol) of 6 in 0.1 ml of trifluoracetic acid (TFA) was added 0.34 ml (0.35 mmol)
of a solution of 0.12 g/ml of 30% hydrogen peroxide in trifluoracetic acid at
0oC. The mixture was stirred 1 h, carefully neutralized with msaturated NaCOsH
solution and extracted with CD2Cl2. Work up of the extracts afforded a 2:1
mixture of the diastereomers (cis isomer as major product). Yield 57 mg (77%).
The trans isomer precipitated from ethyl acetate (mp 172-173oC) and the cis
isomer in the mother liquore was partially purified by flash chromatography
(ethyl acetate/methanol 4.5:1); however, it was always contaminated with ca. 20%
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of its diastereomer and was not crystalline in our hands. IR (nujol; mixture of
diastereomers): 3347, 1601, 1497, 1009, 752, 696 cm-1; 1K NMR 6 (CDCls) & 1.43
(m, 1 H), 2.00 (m, 1 H), 2.18 (m, 2 H), 2.43 (m, 1 H), 2.56 (m, 1 H), 2.98 (m, 1
H), 3.1 (8 broad, 1 H), 3.39 (m, 1 H), 6.7-7.2 (m, 5 H); 1H NMR 7 (CDCls) & 1.68
(m, 1 H), 1.90 (m, 2 H), 2.45 (m, 1 H), 2.91 (m, 2 H), 3.03 (m, 2 H), 3.96 (m, 1
H), 6.6-7.2 (m, 5 H). Anal. Calcd. for Ci11H15NOS (trans-isomer): C, 63.12, H,
7.22. Found: C, 63.02, H, 7.10.

N-Phenyl-3-aminothiacyclohexane 5,S5-dioxide (8). To a solution of 67 mg (0.35
mmol) of thiocether 5 in 0.2 ml of trifluoracetic acid was added 0.1 ml (0.88
mmol) of 30% hydrogen peroxide at 0°C. The mixture was stirred for 1 h,
carefully neutralized with saturated NaCOsH solution and extracted with CDz2Cl:.
Work up of the extracts yielded 62 mg of sulfone 8 which was purified by flash
chromatography (ethyl acetate) and recrystallized from methanol. Mp. 182 oC. IR
(nujol): 3372, 1603, 1498, 1283, 1135, 744, 695 cm-1; 1H NMR (CDCls) &6 1.65 (m,
1 H), 2.06 (m, 2 H), 2.23 (m, 1 H), 2.87 (m, 1 H), 3.00 (m, 2 H), 3.46 (m, 1 H),
3.95 (8 broad, 1 H), 4.09 (m, 1 H), 8.75-7.25 (m, 5 H). Anal. Calcd. for
Ci11H15NO2S: C, 58.64, H, 6.71. Found: C, 58.76, H, 6.81.
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