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Synthesis, configurational assignment, and conformational analysis of diastereoisomers of 2-
(methylsulfinyl)-1-(2-quinolyl)ethanol, 3a, 2-(methylsulfinyl)-1-(1-isoquinolyl)ethanol, 3b, 2-
(methylsulfinyl)-1-(2-pyrazyl)ethanol, 3¢, and their O-methyl derivatives 4a—c are reported. The
configurational assignment and conformational analysis of the two diasterecisomers of f-hydroxy
sulfoxides and S-methoxy sulfoxides have been carried out from the observed vicinal coupling
constants using the molecular mechanics force field (MMX) and the Altona relationship as
fundamental tools. The confomational equilibrium is explained in terms of polar and steric factors.
Of significant importance was the role of intramolecular hydrogen bonding in the RS/SR isomers

of B-hydroxy sulfoxides.

Oxisuran (2-(methylsulfinyl)-1-(1-pyridyl)ethanone) and
its metabolites are immunosuppressive agents which
have been reported to have the unique property of
inhibiting cell-mediated immunity without any concomi-
tant suppression of humoral antibody formation.! These
compounds have prompted the study of several series of
bioisosteres incorporating different heterocyclic systems.?
In many cases, they are less toxic than oxisuran and may
be used as potential immunosuppressants. Despite the
interest in these drugs, little is understood of their action
mechanism or their drug—receptor interactions. Con-
formational analysis and configurational assignment of
oxisuran and its bioisosteres and metabolites are the first
stage in order to clarify the relationships between the
structure of these compounds (conformational behavior)
and their associated pharmacological properties.

A correct analysis of conformational equilibria can be
carried out using the molecular mechanics force field
MMX:® (derived from the MMP2 program),* as we have
previously reported.’ The validity of this method was
tested studying monoconformational compounds.®

In the present paper, we report the synthesis, configu-
rational assignment, and conformational analysis of
several bioisosteres of oxisuran and its metabolites, in
which the pyridine moiety has been replaced by quino-
line, isoquinoline, and pyrazine rings (see Scheme 1).

® Abstract published in Advance ACS Abstracts, September 1, 1994.
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Ar= a: 2-quinolyl; b: 1-isoquinolyl; ¢: 2-pyrazinyl.
Im= 1-imidazolyl.

Results and Discussion

Synthesis. The synthetic pathways used in the
preparation of compounds 1—4a—c are shown in Scheme
1. B-Oxo sulfoxides 2a and 2b were prepared following
a method previously reported.® The synthesis of 2¢ by
the same procedure was unsuccessful probably due to the
low solubility of pyrazinic acid in THF. This low solubil-
ity prevents the formation of the imidazolide. Compound
2c¢ was synthesized by acylation of lithium (methylsulfi-
nyl)methylide with 2-(ethoxycarbonyl)pyrazine.

The reduction of the carbonyl group of compounds
2a—c with NaBH, yielded 8-hydroxy sulfoxides 3a—c as
a mixture of two diastereoisomers (designated as o and
B according to their NMR spectroscopic patterns) without
any observable asymmetric induction. The separation of
both epimeric compounds was achieved by column chro-
matography on silica gel.

The mixture of the epimeric hydroxy sulfoxides was
methylated by reaction with dimethyl sulfate in the

(6) Alvarez-Ibarra, C.; Cuervo-Rodriguez, R.; Ferndndez-Monreal,
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Table 1. 'H-NMR Parameters and Conformational Populations of Isomers o and § of Compounds —38a—c
¢ (ppm) J (Hz) conformer, % rotamers?
compd solvent H, H, Hs OH CH; Ji2 Jis Ja3 Jion Xa Xn Xc A B C
3aa CDCls 551 329 312 555 274 26 105 -129 - 87 1 12 Ay Bs Cye
DMSO-ds 518 319 316 626 263 28 110 -129 5.1 92 4 4 A Bs Cq
3aj CDCl3 554 346 316 569 2.77 3.0 81 -1385 - 62 8 30 Ay By Cy’™
DMSO-d¢ 527 324 343 616 272 74 51 -13.2 5.4 19 53 28 Ay By Co’
3ba CDCl, 6.04 328 294 520 270 15 105 -129 - 95 0 5 Ad By Cy¢
DMSO-d¢ 576 3.15 348 6.15 265 27 105 -129 6.6 88 7 5 A Bs C
3bs CDCl3 6.20 343 298 562 289 27 81 -14.1 - 64 0 36 Agye  Bgd (Cyd
DMSO-ds 5.74 350 322 594 262 6.0 6.3 -129 6.6 35 38 27 Ay By (o7%
3ca CDCl3 549 326 318 563 273 26 9.6 -—13.2 5.4 77 P 21 Ay Bs Cy°
DMSO-ds 509 310 314 628 262 27 108 -129 5.7 90 5 5 Ay Bs Cq
8¢p CDCl; 552 341 312 521 277 27 9.0 -132 3.9 73 6 21 A By Cy™
DMSO-d¢ 5.17 3.18 334 6.18 268 69 54 —13.2 5.7 22 47 31 Ay’ By Cy’

@ Calculated conformational populations. ¢ Selected rotamers for calculation of the conformational populations. ¢ Intramolecular hydrogen
bonding with the sulfinyl group. ¢ Intramolecular hydrogen bonding with the nitrogen of the aromatic ring.

Table 2. 'H-NMR Parameters and Conformational Populations of Isomers a and f of Compounds 4a—c
6 (ppm) J (Hz) conformer, %° rotamers®

compd solvent H1 Hz H3 OCH3 CH3 J 1,2 J 1,3 o 2,3 XA XB Xc A B C
4aa CDCl3 5.02 3.20 3.23 3.43 2.67 24 102 -135 87 9 4 A Bs Cq
DMSO0-ds 4.83 3.05 3.35 3.29 2.61 21 104 -132 90 6 4 A Bs Cz

4ap CDClyg* 500 - - 3.40 274 - - - - - - - - -

DMSO-d¢® 490 - - 3.28 268 - - - - - - - - -

4bo. CDCls 5.71 3.12 349 3.40 2.67 24 101 -132 88 10 2 Ay Bs C:
DMSO-ds 543 3.09 3.65 3.22 2.63 25 101 -13.5 88 12 0 A B; C
4b3 CDCl3 5.75 345 342 3.39 2.77 6.0 69 -135 38 39 22 Ay By CY
DMSO-dg 5.54 3.54 3.48 3.24 2.70 6.5 66 -—13.2 34 45 21 Ay By CY
4co CDCls 491 3.09 3.21 345 2.67 25 103 -13.2 88 11 1 A Bs Cs
DMSO0-ds 4.79 3.07 3.29 3.31 2.64 24 104 132 90 9 1 Ay B; Cq
4cp CDCls 4.95 3.26 3.29 3.44 2.74 7.0 53 -134 22 46 32 Ay By G
DMSO-ds 4.87 3.34 3.37 3.33 2.70 7.0 56 -13.5 25 47 28 Ay By G

@ Calculated conformational populations. ? Selected rotamers for calculation of the conformational populations. ¢ Deceptively simple

spectrum.

presence of (methylsulfinyl) methylide as base, to afford
the epimeric methoxy sulfoxides 4a—c, which were
separated by column chromatography on silica gel.

Configurational Assignment and Conformational
Analysis. The H-NMR parameters of compounds 3a—c¢
and 4a—e¢, which are relevant for this conformational
analysis, are collected in Tables 1 and 2. The remaining
parameters can be found in the Experimental Section.

The spectra were recorded in CDCl; and DMSO-ds to
obtain information about the influence of solvent polarity
on the conformational equilibria. As can be seen from
the data of Table 1, the experimental values of the vicinal
coupling constants, J; 3 and J; 3 in CDCls, are markedly
varied, for all compounds. On change of solvent to
DMSO-ds, the experimental coupling constants, J; 2 and
J13, are markedly varied for only the o-epimers (3aq,
3baq, and 3ca) but these constants for the S-epimers (3a8,
3bjs, and 3¢p) show no (or only a slight) variation.

On the other hand, the compound 3c¢f displays, in
CDCls, a low vicinal J; oy coupling constant (3.9 Hz; Table
1). This value is in good agreement with a spatial
arrangement in which there is an intramolecular OH-
OS association.” The value of this coupling in DMSO-d;
increases to 5.7 Hz (Table 1) indicating the destruction
of that association. The epimer 3ca displays in CDCl;
and DMSO-d¢ vicinal Jyoy values (5.4 and 5.7 Hz,
respectively) which are incompatible with the intramo-
lecular association above mentioned. This vicinal cou-
pling J; ou constant was only observed in DMSO-dg, with

(7) (a) Abraham, R. J.; Bakke, J. M. Tetrahedron 1978, 34, 2947,
(b) Jochims, J. C.; Taigel, G.; Seeliger, A.; Lutz, P.; Driesen, H. E.
Tetrahedron Lett. 1967, 4363. (c) Moniz, W. B.; Poranski, C. F.,, Jr,;
Hall, T. N. J. Am. Chem. Soc. 1966, 88, 190.

values between 5.1 and 6.6 Hz, for the other compounds
(see Table 1).

These facts indicate that the preferred conformer in
the S-epimers of the hydroxy sulfoxides 3a—c in CDCl,
is stabilized by an intramolecular hydrogen bond. When
this intramolecular association is suppressed by the
solvent (DMSO-dg) the conformational equilibria are
drastically changed to other more stable conformers and
the Jy3 and J13 values become very similar. On the
contrary, the solvent effect on the conformational equi-
libria of a-epimers is negligible. Therefore, the most
significant conformer should not be stabilized by in-
tramolecular hydrogen bonding.

The O-methyl derivatives 4a—c exhibit in CDCl; and
DMSO-d; vicinal J; 5 and JJ; 3 constants (Table 2) which
are very similar to those observed for the hydroxy
sulfoxides 3a—c in DMSO-dg (Table 1). This experimen-
tal fact supports the hypothesis indicated above.

The configurational assignment and conformational
analysis of the diastereoisomers o and S of compounds
3a—c and 4a—c have been carried out from the experi-
mentally observed vicinal coupling constants (J/;2 and
J13), using the molecular mechanics force field (MMX)?
as the fundamental tool.

The staggered conformations around the CH—CH;
bond for both diastereoisomers are shown in Figure 1.
Rotation around the CHy;—S bond gives rise to three
rotamers for each conformer of Figure 1. These new
additional conformers are designated with the subscripts
1, 2, and 3 and they are collected in Figures 2 and 3.

Hydroxy Sulfoxides. In the o epimers, a marked
difference between the two vicinal coupling J1» and oJ; 3
constants has been observed (Table 1). This fact indi-
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Figure 1. Staggered conformations resulting from the rota-
tion of the C;—C; bond.
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Figure 2. Staggered rotamers around the C;—C; and C;—S
bonds for diastereoisomer RR/SS.
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Figure 3. Staggered rotamers around the C;—C; and Co—S
bonds for diastereoisomer RS/SR.

cates a clear predominance of either conformer A or con-
former B in the conformational equilibria, because in
conformer C, J; 3 and oJ; 3 values would be similar (Figure
1).

A marked preference for either conformer A or con-
former B is also observed in CDCl; for S-epimers (very
different J;2 and J; 3 values), and this conformational
preference decreases in DMSO-d; (oJ12 and oJ; 3 values are
very close).

Alvarez-Ibarra et al.

Considering the nine possible conformations for each
diastereoisomer (Figures 2 and 3), the most significant
of each type is chosen as a function of steric and polar
criterions before submitting them to a geometry optimi-
zation by energy minimization using the molecular
mechanics force field (MMX).2 Thus, the selected con-
formers (pointed out with a box) do not bear 1,3-parallel
interactions between second row atoms of the Periodic
Table, except when intramolecular hydrogen bonding is
possible. Nevertheless, calculations using the MMX
program for the C;, Cy, and C;’ rotamers were also
performed in order to check the validity of this criterion.

In the hydroxy sulfoxides there are two intramolecular
hydrogen bonding possibilities: the OH—sulfur function
and the OH—N (of the aromatic ring) associations. The
intramolecular association with the nitrogen of the
heterocycle ring was considered in the process of the
geometry optimization when the hydrogen bond with the
sulfur function was impossible. The association with the
nitrogen of the heterocycle ring is possible in all rotamers,
when the aromatic ring is isoquinoline (8ba and 8bp).
However, when the aromatic ring is quinoline or pyrazine
(3aa, 3ap, 3ca, and 3¢f), the intramolecular hydrogen
bond with the nitrogen is only possible for rotamers C,’
and C;’. This intrameolecular association is only possible
when the aromatic ring adopts a suitable spatial ar-
rangement by rotation around the C,—C; bond.

The proportion of conformers of type A (Figure 1) have
to be higher than the participation of rotamers of type B
for all compounds in CDCI; from the following consid-
erations: (a) The size of an heteroaromatic ring is larger
than that of any oxygenated function® and therefore, the
steric interactions of the SOCHj group will bring about
the relative stability sequence A > B > C; (b) the
intramolecular hydrogen bonding between the OH and
the oxygen of the sulfoxide group will stabilize the
rotamers A and C with respect to rotamers B; (¢) the
electrostatic attraction between the negatively charged
oxygen of the hydroxylic group and the electron-deficient
sulfur atom of the sulfinyl group will again contribute to
an increase of stability of rotamers A and C vs rotamers
B. In addition the rotamers of type B have a destabiliz-
ing polar interaction between the o-deficient sulfur of the
sulfinyl group and the closest aromatic carbon.

The energy of these polar interactions can be estimated
as —2.3 keal/mol for OH/SO groups and +0.5 kcal/mol
for Cs/SO groups taking into account the model proposed
by Zefirov,® the residual charges for the involved atoms
calculated from the Rescha program!® (Figure 4), the
distances between groups deduced from the geometrical
optimization with the MMX program® and eq 1 proposed
by Abraham.l! ex and ey being residual charges for

E, = 332eyey/ry/y (kcal/mol) 1)

groups X and Y (expressed as a fraction of the elemental
electric charge) and ryy the distance (A) between groups
X and Y.

Assuming the predominance of conformers of type A,
and taking into account the experimentally observed

(8) Winstein, S.; Holness, N. J. J. Am. Chem. Soc. 1955, 77, 5562.

(9) Zefirov, N. S.; Gurvich, L. G.; Shashkow, A. S.; Krimer, M. Z,;
Vorob’eva, E. A, Tetrahedron 1976, 32, 1211.

(10) (a) Baumer, L.; Sala, G.; Sello, G. Tetrahedron Comput. Meth-
odol. 1989, 2, 37. (b) Baumer, L.; Sala, G.; Sello, G. Ibid. 1989, 2, 93.
(c) Baumer, L.; Sala, G.; Sello, G. Ibid. 1989, 2, 105.

(11) Abraham, R. J.; Rossetti, Z. L. J. Chem. Soc., Perkin Trans. 2
1978, 582.
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Calculate charges on aromatic carbon and heterocyclic nitrogens of compounds 3a-c¢ and 4a-c.

Eompound 3a 3b 3c 4a 4b 4c
EN +0.067 +0.067 +0.068 +0.065 +0.065 +0.068
N -0.201 -0.202 -0.1492 -0.153b -0.195 -0.196 -0.1472 01510

2 On nitrogen number 1. P On nitrogen number 4.

Figure 4. Residual charges (fraction of elemental electric charge) of the atoms for compounds 3a—e and 4a—ec.
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Figure 5. Donor--acceptor n—d° interaction in A; rotamer.

values for vicinal /; 3 and </, 3 coupling constants (Table
1), a-sulfoxides have to exhibit a more marked participa-
tion of rotamers A than the corresponding 3 epimers. The
observed behavior is opposite for both diastereoisomers
when the solvent is changed from CDCl; to DMSO-
d¢.Thus, the preference for rotamers A increases for o
epimers while it decreases for 5 epimers. On the other
hand, an unequivocal assignment of H; and H; signals
from the coupling constants data (Table 1; Figure 1) can
be established from the predominance of rotamers of type
A

The most populated rotamers of type A in the RR/SS
diastereoisomer (Figure 2) have to be the A; and A,
conformations (the last stabilized by hydrogen bonding).
The rotamer A, should be more stable than A; because
the (O/H), 3., interaction seems to be stabilizing!? whereas
a (Me/H), 5., interaction must be slightly destabilizing.1?
On the other hand, the apparent electrostatic repulsion
between the sulfur and oxygen lone electron pairs is
negligible for the rotamer A;. The undirectional char-
acter of the sulfur lone pair in similar sulfoxides has been
clearly established by Day et al.l* Furthermore, the
geometry of the rotamer A, is suitable for the develop-
ment of a stabilizing donor—acceptor interaction between
an unshared electron pair of the oxygen of the hydroxyl
group and a properly oriented empty d orbital of sulfur2?
(Figure 5). CNDO/2 studies for similar sulfoxides have
shown that the unassociated rotamer A; is more stable
than the rotamer A,.'?

However the rotamer Ay’ is much more stable than the
conformer A" for the RS/SR diastereoisomer (Figure 3).
The energy minimization derived from the molecular

(12) Allinger, N. L.; Hirfch, J. A.; Miller, M. A.; Tyminski, L. J. J.
Am. Chem. Soc. 1969, 91, 337.

(13) Frieze, D. M.; Evans, S. A. J. Org. Chem. 1975, 40, 2690.

(14) Day, R. O.; Kingsbury, C. A;; Day, V. W. J. Org. Chem. 1981,
46, 1004.

mechanics MMX force field® indicates that the relative
energy differences of the conformer Ay’ (stabilized by an
intramolecular hydrogen bond) with the rotamer A," are
1.3, 2.7, and 3.1 kcal/mol when the heterocyclic ring is
isoquinoline, quinoline, and pyrazine, respectively.

Taking into account the (H/Me), 5., and the (O/H), 3,
interactions computed for rotamers of type B, the con-
former By’ for the RS/SR diastereoisomer has to be more
stable than the rotamer B; for the RR/SS diastereoiso-
mer. A relative energy differences between these two
rotamers of 1.3, 1.7, and 1.5 kecal/mol have been calcu-
lated from energy minimization (cbtained from the
geometrical optimization with the MMX program?®) when
the heterocyclic ring is isoquinoline, quinoline, and
pyrazine, respectively. Thus, the conformational popula-
tions for By’ in the RS/SR isomers have to be higher than
the participation of B; in RR/SS isomers. This fact
should be most marked in DMSO-ds, when the stabilizing
hydrogen bond is absent. In this solvent, the rotamer
B2’ should be more stable than the conformer A,".

On these assumptions, the RS/SR configuration can
be assigned to the 3 isomers because a high participation
of rotamers of type B is consistent with the proposed
configurational assignment. The low participation of
rotamers B for o isomers is in agreement with the RR/
SS configuration.

Analysis of Vicinal Coupling Constants. Equa-
tions 2 and 3 have been widely applied in conformational
analysis.!®

SJ,'J'ObS — anSJU (2)

Y, =1 3)

The application of these equations to the experimen-
tally observed 'H—'H vicinal coupling constants for the
CH—-CH,; rotational system (Table 2) involves a previous
evaluation of the theoretical coupling constants of rota-
mers A, B, and C (Figure 1). This evaluation has been
carried out by means of the empirical equation of Karplus
type proposed by Altona et al.'® (eq 4) for an ethane
fragment with three substituents (CH—CHs). This em-

(15) (a) Alcudia, F.; Carrefo, M. C.; Garcia-Ruano, J. L.; Rodriguez,
J. H.; Secundino, M. A. An. Quim. 1982, 78C, 374. (b) Brunet, E.;
Garcia-Ruano, J. L.; Rodriguez, J. H.; Secundino, M. A.; Garcia de la
Vega, J. M. J. Mol. Struct. 1986, 144, 109. (c) Brunet, E.; Garcia-Ruano,
J. L.; Hoyos, M. A.; Rodriguez, J. H.; Prados, P.; Alcudia, F. Org. Mag.
Reson. 1983, 21, 643.

(16) Haasnoot, C. A. G.; de Leeuw, F. A. A. M.; Altona, C.
Tetrahedron 1980, 36, 2783.
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Table 3. Dihedral Angles and Calculated 3J; of the Considerate Rotamers for the Diastereomer RR/SS of the

Compounds 3a—c

rotamers?®
compd A; AP Ast Bs Bab C, Cy° Cs Cs

3a H;-Hy¢ 302.10 - 291.70 173.97 - 57.54 62.43 58.52 -
H,—-H3¢ 185.20 - 175.19 57.51 - 301.09 305.26 303.83 -
J19° 2.41 - 1.42 11.20 - 4.23 3.53 4.09 -
J1,3 11.66 - 11.24 448 - 2.05 2.54 2.37 -

3b H,-H# 297.60 289.79 290.87 173.39 177.02 53.91 53.67 66.67 -
H,-Hg¢ 179.00 172.13 173.46 56.9 60.54 297.99 297.43 312.18 -
J19 1.92 1.29 1.36 11.16 11.39 4.78 4.82 2.97 -
J13° 11.47 10.99 11.11 4.58 4.03 1.73 1.68 3.48 -

3c H;—Hy¥ 299.70 - 291.94 176.34 - 57.14 62.26 59.89 56.60
H;—H3? 183.05 - 175.45 59.79 - 300.63 305.10 305.01 301.07
J12 2.14 - 1.43 11.35 ~ 4.29 3.56 3.89 4.37
J1,8 11.62 - 11.26 4.14 ~ 2.00 2.52 2.51 2.05

@ Rotamers submitted to energy minimization. ® Intramolecular hydrogen bond between OH and N of the aromatic ring. ¢ Intramolecular
hydrogen bond between hydroxylic and sulfinyl groups. ¢ Dihedral angle H—C;—Cz—H provided by MMX program. ¢ Calculated 3J by the

Altona equation,16

Table 4. Dihedral Angles and Calculated 2J;; of the Considerate Rotamers for the Diastereomer RS/SR of the
Compounds 3a—c

rotamers®
compd Ay Ay Ay By By® Cy Cy? Cy Co?® Cs"
3a H,~-Hy? 293.51 - 293.14 172.11 - 62.19 57.91 56.62 58.95 58.78
H,—Hs¢ 176.70 - 175.43 54.77 - 306.59 302.78 299.76 303.17 303.47
J12f 1.55 - 1.52 11.06 - 3.57 418 4.37 4.03 4.05
J13° 11.34 - 11.26 4.90 - 2.71 2.24 1.20 2.29 2.32
3b H;-H¢ 292.74 293.59 296.79 172.85 172.09 55.20 54.35 49.09 57.67 48.59
H;—Hg? 176.08 177.13 179.66 55.41 54.78 299.79 298.75 294.86 301.04 294.27
J1,28 1.49 1.56 1.84 11.12 11.06 4.58 471 5.52 4.22 5.59
J1,3 11.30 11.37 11.50 4.80 4.90 1.91 1.81 1.46 2.05 1.41
3c H;-Hy¢ 295.90 - 293.62 172.42 - - 54.62 57.44 60.89 56.77
H;~Hy¢ 179.38 - 175.88 55.22 - - 239.11 300.50 304.01 301.19
J1,9° 1.76 - 1.56 11.09 - - 4.67 4.25 3.75 4.35
J13° 11.49 - 11.29 4.83 - - 5.26 1.99 2.39 2.06

¢ Rotamers submitted to energy minimization. ® Intramolecular hydrogen bond between OH and N of the aromatic ring. ¢ Intramolecular
hydrogen bond between hydroxylic and sulfinyl groups. ¢ Dihedral angle H—-C1—Cz—H provided by MMX program. ¢ Calculated 3J by the

Altona equation.16

pirical equation relates the H—!'H vicinal coupling
constants with the values of dihedral angles, the elec-
tronegativity of the substituents attached to the rota-
tional system, and their relative orientation with respect
to the considered protons.!’

3Jij=P1cos2¢+P2cos¢>+P3+
S AglP, + Py cosX(v,6 + PlAgD] (4)

Calculations of the theoretical vicinal coupling con-
stants (3J;;) for all considered rotamers (Figures 2 and 3)
were carried out from eq 4 using the electronegativity of
the atoms directly linked to the CH—CH; rotational
system proposed by Huggins?® and the dihedral angles
provided by the geometrical optimization established
with the MMX force field.® The results have been
summarized in Tables 3 and 4.

The most stable rotamer of each type (A, B, and C; see
Table 1) was selected taking into account the results of
the energy minimization obtained with the MMX force
field.? Then, the conformational populations of all com-

(17) (a) Jackman, L. M.; Sternhell, S. Application of Nuclear
Magnetic Resonance Spectroscopy in Organic Chemistry, 2nd ed.;
Pergamon Press: Oxford, 1978. (b) Kagan, H. B. Determination of
Configurations by Spectrometric Methods; Georg Thiense: Stuttgart,
1977, Vol. 1, pp 63—75. (c) Forrest, T. P.; Sukumar, S. Can. J. Chem.
1977, 55, 3686. (d) Wasylishen, R. E.; Chun, K.; Bukata, J. Org. Magn.
Reson. 1977, 9, 473. (e) Bhaua, N. S,; Williams, D. H. Applications of
NMR Spectroscopy in Organic Chemistry; Holden-Day: San Francisco,
1964.

(18) Huggins, M. L. J. Am. Chem. Soc. 1953, 75, 4123.

pounds were estimated from eqs 2 and 3 using the
calculated values for 3J;; of the selected rotamers and the
experimentally observed vicinal coupling constants
(3J;;°b%). The results have been collected in Table 1.

The different conformational behavior observed in the
studied compounds can be justified from the most stable
rotamers selected by the MMX force field.

o-Epimers. The rotamer A, is much more stable than
B;, Ci, or Cs. As a consequence, the population of
conformers of type A is higher than the participation of
rotamers of type B and C, in CDCl; and DMSO-ds, for
all compounds. The rotamers A;, B3, and C; (the latter
stabilized by hydrogen bonding) in CDCl; and A;, B3, and
C; in DMSO-ds have been considered for o epimers of
compounds 3ac and 3ca. The most stable rotamer of
type C is the conformer C,, when the previously men-
tioned intramolecular association is destroyed in DMSO-
dg. Thus, the population of the rotamers of type A (Xa)
increases at the expense of the population of the rotamers
C (Xc) when the solvent changes from CDCl; to DMSO-
ds.

In concordance with the conformational behavior ob-
served, the rotamers A;, B3, and C;, with or without
hydrogen bonding, have been considered as significant
conformations in CDCl; and DMSO-dg, respectively, for
the o epimer of the compound 3b.

The population of the rotamers C (X¢) values and their
variations with the solvent are small in all cases studied.
However, some differences between the compound 3bo
and other a epimers have been observed. In DMSO-ds,
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Table 5. Dihedral Angles and Calculated 2J of the Considerate Rotamers for Compounds 4a—c

rotamers®
diastereomer RR/SS RS/SR
compd A Bs C Ce Cs Ay By Cy Co Cy’

4a H;—Hz? 291.79 174.97 59.99 59.21 57.72 297.82 174.13 57.75 55.93 61.32
H;~Hgs 173.72 58.83 303.62 304.79 302.19 181.26 56.81 302.39 299.31 307.16
J1,9¢ 1.42 11.27 3.88 3.99 4.21 1.94 11.21 4.20 4.47 3.69
J1,38° 11.13 4.28 2.34 2.48 2.17 11.57 4.59 2.20 1.86 2.78

4b H;—Hy* 289.91 176.33 47.34 65.40 53.37 298.93 173.04 60.67 55.86 -
H,—-Hz® 171.58 59.90 293.48 311.22 298.29 182.51 55.68 305.61 299.52 -
J12° 1.30 11.35 5.78 3.13 4.86 2.05 11.14 3.78 448 -
J1,8° 10.94 4.12 1.35 3.34 1.76 11.61 4.76 2,58 1.89 -

4c H;—Hz? 292.10 177.46 66.44 61.10 56.29 298.55 173.55 58.36 56.62 61.08
H:—Hg? 173.99 61.14 310.53 306.55 300.74 181.99 56.28 302.98 299.93 306.81
J19° 1.44 11.41 3.00 3.72 4.42 2.01 11.17 411 4.37 3.72
J1 5 11.15 3.94 3.24 2.70 2.01 11.59 4.67 2.26 1.93 2.74

@ Rotamers submitted to energy minimization. ® Dihedral angle H—C;—Cs—H provided by MMX program. ¢ Calculated 3J by the Altona

equation.1®

when the intramolecular association by hydrogen bonding
is prevented, the most stable rotamer of type C is C; for
compounds 3ao. and 3co because the conformer C,
(without hydrogen bonding) presents a strong destabiliz-
ing interaction (O/OH), 3.,. However, the rotamer C; for
compound 3bo. is more stable than C,, because in the
former the isoquinoline ring adopts a spatial arrange-
ment which locates the nitrogen at an adequate distance
from the o-deficient sulfur atom (3.14 A) to develop a
polar stabilizing interaction. Furthermore, the isoquino-
line ring places the nitrogen near to the o-rich sulfinyl
oxygen (3.04 A) in rotamer Cs, and a destabilizing polar
interaction is operative.

p-Epimers. The population of the rotamers A (X,) is
the highest in CDCl; because the rotamer A’ (stabilized
by the hydrogen bond OH/OS) is the most stable. How-
ever, a different conformational behavior between 3bg
and the other 8 epimers of compounds 3a and 8¢ has been
observed. Thus, the most significant conformer of type
C in CDCl; is C3’ (stabilized by the hydrogen bond OH/
OS) for compounds 3af and 3c¢f, and Cy’ (stabilized by
intramolecular association between hydroxyl group and
the aromatic nitrogen) for 3bS. The isoquinoline ring in
the rotamer Cy’, places the nitrogen close to the methyl
carbon, and a polar destabilizing interaction is present
together with a strong destabilizing steric interaction (Ar/
Me)1,3-p-

The conformational equilibria change drastically in
DMSO-ds. The rotamer By is more stable than the
conformation A;’ for all compounds. The population of
rotamers of type B increases at the expense of the
population of rotamers of type A, and the population of
rotamers of type C is also important (Table 1).

In this sense, the most stable conformer of type C is
obviously Cy’ for compounds 3af and 3¢. However, this
conformer is 1.2 kcal/mol less stable than C,’ for com-
pound 3bj. This change can be reasonably interpreted
as the isoquinoline ring adopts a spatial arrangement
which places the nitrogen at an adequate distance from
the o-deficient sulfur atom (3.27 A) to develop a polar
stabilizing interaction in the rotamer C,". Furthermore,
the isoquinoline ring locates the nitrogen near to the
sulfinyl oxygen (3.35 A) in the rotamer Cy’ and as
consequence a destabilizing polar interaction is operative.

Methoxy Sulfoxides. The dihedral angles, provided
by the MMX program, together with the vicinal coupling
constants calculated from by Altona equation’® (eq 4) for
all rotamers submitted to geometry optimization, have
been collected in Table 5. The most stable rotamer of

each type (A, B, and C) and the calculated conformational
populations are shown in Table 2.

The conformational behavior of methoxy sulfoxides
4a—c is identical to the corresponding hydroxy sulfoxides
8a—c in DMSO-d¢ (see Tables 1 and 2), where intramo-
lecular hydrogen bonding is inoperative. Thus the most
significant rotamers are identical and the conformational
populations are obviously very similar. As a conse-
quence, the RR/SS configuration can be assigned to a
epimers and the RS/SR configuration to 8 epimers.

The conformational behavior of methoxy sulfoxides
supports the validity of the method used to achieve the
configurational assignment and conformational analysis.

The application of molecular mechanics force field
MMX has made it possible to perform a suitable analysis
of conformational equilibria and the configurational
assignment of §-hydroxy and S-methoxy sulfoxides with
a heterocyclic ring at the S-position of the sulfur atom.
The conformational equilibria are conditioned by polar
and steric factors, and the role of the intramolecular
hydrogen bond, especially in the 5 'epimers of the hydroxy
sulfoxides, is very important.

Experimental Section

Melting points were determined on a Gallenkamp apparatus
in open capillary tubes and are uncorrected. Infrared (IR)
spectra were recorded on a Perkin-Elmer 781 spectrophotom-
eter. 'H (300 MHz) and '3C (75 MHz) spectra were recorded
at 25 °C on a Varian VXR-300S spectrometer. Samples were
prepared as solutions in CDCl; and DMSO-d¢ in 5 mm o.d.
tubes. The chemical shifts are quoted as & values from
tetramethylsilane as internal reference.

Solvents were purified by the usual procedure.’®* Dimethyl
sulfoxide (DMSO) was dried over calcium hydride and distilled
under vacuum. Methyllithium was purchased from Aldrich
Chemical Co., Janssen Chimica Beerse, and Merck A. G. Silica
gel used in column chromatography was Merck K-60 (230—
400 mesh ASTM).

The geometrical optimization was performed using PC-
MODEL,? with default parameters (dielectric constant 1.5).

2-(Ethoxycarbonyl)pyrazine (1c). A mixture of 1 g (8.06
mmol) of 2-pyrazinecarboxylic acid, 9 mL of absolute ethyl
aleohol, and 1.5 mL of concentrated sulfuric acid was heated
under reflux for 7 h. Then, the reaction mixture was poured
over ice and made alkaline with ammonium hydroxide and
extracted with chloroform. The organic extracts were dried
with anhydrous magnesium sulfate, filtered, and evaporated.
The residue was recrystallized from hexane to afford 0.9 g of

(19) Vogel, A. Textbook of Practical Organic Chemistry; Longman:
New York, 1988.
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yellow needles (74%): mp 50—-51 °C; IR (KBr) ecm™ 3040, 3000,
2950—2850, 1740, 1570, 1470, 1440, 1420, 1370, 1310, 1155,
770, 720; *H NMR (CDCl;3) 6 1.48 (t, 3H, J = 7.2 Hz, CH,),
4,53 (q, 2H, J = 7.2 Hz, CHy), 8.75—-9.33 (m, 3H, Ar); 1*C NMR
4 13.99 (CHa), 62.11 (CHy), 143.31 (C-2), 144.13 (C-3), 146.00
(C-6), 147.35 (C-5), 163.65 (CO).

Oxo Sulfoxides. The synthesis of compounds 2a and 2b
have been previously described.®

2-(Methylsulfinyl)-1-(2-pyrazyl)ethanone (2c). Meth-
yllithium (10.28 mL of 1.6 M solution, 16.45 mmol) was added
slowly with stirring under nitrogen to a mixture of dimethyl
sulfoxide (1.4 mL, 19.74 mmol) and THF (30 mL) at 0 °C. The
mixture was allowed to reach room temperature and stirred
for 40 min. Then, a solution of 2-(ethoxycarbonyl)pyrazine (1
g, 6.58 mmol) in anhydrous THF (5 mL), was added slowly by
syringe, and the mixture was stirred for 3 h at room tempera-
ture. The reaction mixture was hydrolyzed with water (20 mL)
and extracted with chloroform. The aqueous phase was
acidified to pH 6—7 by addition of concentrated hydrochloric
acid and extracted with chloroform, and the organic phase was
dried with anhydrous magnesium sulfate, filtered, and evapo-
rated. The unreacted DMSO was removed by vacuum distil-
lation (0.1 mmHg, 60 °C), and the solid was recrystallized from
ethyl acetate—hexane to yield 0.36 g (30%): mp 98—100 °C;
IR (KBr) em™! 3040, 3000, 2980, 2890, 1685, 1570, 1525, 1470,
1400, 1350, 1010, 845, 770; 'H NMR (CDCls) é 2.81 (s, 3H,
CHj), 4.59—4.77 (AB system, 2H, 84 = 4.68, 0p = 4.62, J =
13.5 Hz, CHy), 8.71—9.29 (m, 3H, Ar); 13C NMR ¢ 48.34 (CH3),
69.05 (CH,), 152.44 (C-6), 152.59 (C-5), 155.19 (C-2), 157.38
(C-3), 201.54 (CO). Anal. Calcd for C;HgN20,S: C, 45.64; H,
4.38; N, 15.21; O, 17.37; S, 17.40. Found: C, 45.20; H, 4.72;
N, 15.32; O, 17.39; S, 17.35.

Hydroxy Sulfoxides. General Procedure. 2-(Methyl-
sulfinyl)-1-(1-isoquinolyl)ethanol (8b). Sodium borohy-
dride (0.023 g, 0.6 mmol) was slowly added to a solution of 2b
(0.2 g, 0.858 mmol) in 7 mL of methanol. The mixture was
stirred at room temperature for 1 h, followed by the addition
of water. The solvent was removed and the residue extracted
several times with chloroform. The organic phase was dried
with anhydrous magnesium sulfate, filtered, and evaporated
to afford 0.188 g (93%) of 3b as a brown oil. A 48:52 mixture
of the two diastereoisomeric sulfoxides was observed by 'H-
NMR and 13C-NMR spectroscopy. The crude oil was chro-
matographed on a flash silica gel column, eluting successively
with ethyl acetate—hexane (70:30; 90:10), ethyl acetate, and
ethyl acetate—methanol (99:1—30:70) to yield the minor dias-
tereoisomer 8ba. as a pure product. The other isomeric product
8bj was isolated with 86% of purity: IR (film) cm™! 3260, 3100,
2920, 1605, 1580, 1550, 1490, 1435, 1360, 1085, 1035, 810, 755.
Anal. Caled for C12H1sNOsS: C, 61.26; H, 5.57; N, 5.96; O,
13.61; S, 13.60. Found: C, 61.27; H, 5.55; N, 5.95; O, 13.63;
S, 13.60.

Compound 3ba: *H NMR (CDCls) 6 2.70 (s, 3H, CHs), 2.94
(dd, 1H, J = 10.5, 12.9 Hz, CHy), 3.28 (dd, 1H, J = 1.5, 12.9
Hz, CHy), 5.20 (bs, 1H, OH), 6.04 (dd, 1H, J = 1.5, 10.5 Hz,
CH), 7.66—8.47 (m, 6H, Ar); 'H NMR (DMSO-de) 4 2.65 (s,
3H, CHy), 3.15(dd, 1H, J = 2.7, 12.9 Hz, CHy), 3.48 (dd, 1H,
J =10.5, 12.9 Hz, CHy), 5.76 (ddd, 1H, J = 2.7, 6.6, 10.5 Hz,
CH), 6.15 (d, 1H, J = 6.6 Hz, OH), 7.65—-9.00 (m, 6H, Ar); 13C
NMR (CDCls) é 39.73 (CHg), 64.36 (CHy), 64.62 (CH), 121.45
(C-4), 123.92 (C-5), 124.49 (C-9), 127.63 (C-7), 128.22 (C-8),
130.81 (C-6), 136.61 (C-10), 140.39 (C-3), 157.97 (C-1).

Compound 8b3: 'H NMR (CDCls) 6 2.89 (s, 3H, CHy), 2.98
(dd, 1H, J = 8.1, 14.1 Hz, CHy), 3.43 (dd, 1H, J = 2.7, 14.1
Hz, CHy), 5.62 (bs, 1H, OH), 6.20 (dd, 1H, J = 2.7, 8.1 Hz,
CH), 7.64—8.46 (m, 6H, Ar); 'H NMR (DMSO-dg) 6 2.62 (s,
3H, CH3y), 3.22 (dd, 1H, J = 6.3, 12.9 Hz, CHy), 3.50 (dd, 1H,
J = 6.0, 12.9 Hz, CHy), 5.74 (ddd, 1H, J = 6.0, 6.3, 6.6 Hz,
CH), 5.94 (d, 1H, J = 6.6 Hz, OH), 7.55—8.40 (m, 6H, Ar); 13C
NMR (CDCl;) 6 37.22 (CHy), 58.02 (CHy), 61.89 (CH), 120.36
(C-4), 123.04 (C-5), 128.55 (C-9), 126.49 (C-7), 127.07 (C-8),
129.65 (C-6), 135.57 (C-10), 139.25 (C-3), 157.31 (C-1).

2-(Methylsulfinyl)-1-(2-quinolyl)ethanol (8a). Standard
workup yielded 74% of a mixture of the two diastereoisomers
(44:56 ratio by NMR) of the hydroxy sulfoxide 83a. The isomers
were separated by flash chromatography on silica gel column
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eluting successively with ethyl acetate and ethyl acetate—
methanol (95:5; 90:10). The minor diastereoisomer 3aa was
isolated as a pure orange oil. The S epimer could not be
isolated in pure state. Spectroscopic data was obtained from
enriched samples of 3a8: IR (film) cm™! 3280, 3060—2900,
1590, 1550, 1500, 1455, 1420, 1365, 1075, 1035, 1020, 780, 760.
Anal. Calced for 012H13N02S: C, 61.26; H, 5.57; N, 5.96; O,
13.61; S, 13.60. Found: C, 61.29; H, 5.55; N, 5.94; O, 13.62;
S, 13.62.

Compound 8ac: 'H NMR (CDCl3) 6 2.74 (s, 3H, CHy), 3.12
(dd, 1H, J = 10.5, 12.9 Hz, CHy), 3.29 (dd, 1H, J = 2.6, 12.9
Hz, CHy), 5.55 (bs, 1H, OH), 5.51 (dd, 1H, J = 2.6, 10.5 Hz,
CH), 7.53—8.23 (m, 6H, Ar); 'H NMR (DMSO-dg) 6 2.63 (s,
3H, CHy), 3.12—-3.19 (ABX system, 2H, 6, = 3.19, g = 3.16,
J =2.8,11.0,12.9 Hz, CHy), 5.15—5.20 (ABX system, 1H, 6 =
5.18, J = 5.1 Hz, CH), 6.26 (d, 1H, J = 5.1 Hz, OH), 7.58—
8.57 (m, 6H, Ar); 13C NMR (CDCl;) 6 39.28 (CH3), 61.99 (CHy),
67.98 (CH), 117.78 (C-3), 126.70 (C-8), 127.51 (C-5, C-10),
128.40 (C-7), 129.83 (C-8), 137.57 (C-4), 146.41 (C-9), 159.56
(C-2).

Compound 3a8: 'H NMR (CDCl;) 6 2.77 (s, 3H, CHy), 3.16
(dd, 1H, J = 8.1, 13.5 Hz, CHy), 3.46 (dd, 1H, J = 3.0, 13.5
Hz, CHy), 5.54 (dd, 1H, J = 3.0, 8.1 Hz, CH), 5.69 (bs, 1H,
OH), 7.51—-8.20 (m, 6H, Ar); 'H NMR (DMSO-ds) 6 2.72 (s,
3H, CHjy), 3.24 (dd, 1H, J = 7.4, 13.2 Hz, CH,), 3.43 (dd, 1H,
J = 5.1, 13.2 Hz, CHy), 5.27 (ddd, 1H, J = 5.1, 5.4, 7.4 Hz,
CH), 6.16 (d, 1H, J = 5.4 Hz, OH), 7.57—8.43 (m, 6H, Ar); 13C
NMR (CDCls) 6 39.16 (CHjy), 59.58 (CH,), 68.75 (CH), 117.99
(C-3), 126.60 (C-6), 127.58 (C-5, C-10), 128.59 (C-7), 129.85 (C-
8), 137.38 (C-4), 146.55 (C-9), 159.75 (C-2).

2.(Methylsulfinyl)-1-(2-pyrazyl)ethanol (3c). Compound
3c was obtained by standard workup (64%) as a mixture (44:
56) of two diastereocisomers, which could not be isolated in pure
form. Flash chromatography on silica gel column, eluting
successively with ethyl acetate—hexane (70:30; 90:10), ethyl
acetate, and ethyl acetate—methanol (99:1-30:70), yielded
enriched samples of 3ca and 3¢S from which their respective
spectroscopic data was extracted: IR (film) em™! 3290, 3040,
3000, 2890, 1520, 1480, 1400, 1355, 1110, 1010, 950, 830, 750.
Anal. Caled for C-H oN20:S: C, 45.15; H, 5.42; N, 15.05; O,
17.19; S, 17.19. Found: C, 45.17; H, 5.40; N, 15.02; O, 17.19;
S, 17.22.

Compound 8ca: 'H NMR (CDCl3) 4 2.73 (s, 3H, CHjs), 3.18
(dd, 1H, J = 9.6, 13.2 Hz, CH,), 3.26 (dd, 1H, J = 2.6, 13.2
Hz, CHy), 5.49 (ddd, 1H, J = 2.6, 5.4, 9.6 Hz, CH), 5.63 (d, 1H,
J = 5.4 Hz, OH), 8.51—8.92 (m, 3H, Ar); 'H NMR (DMSO-ds)
6 2.62 (s, 3H, CHj3), 3.06—3.19 (ABX system, 2H, 6, = 3.14, Js
=3.10,J = 2.7, 10.8, 12.9 Hz, CHy), 5.06—5.12 (ABX system,
1H, 6 = 5.09, J = 5.7 Hz, CH), 6.28 (d, 1H, J = 5.7 Hz, OH),
8.58—8.82 (m, 3H, Ar); 13C NMR (CDCls) 6 38.67 (CHy), 60.00
(CHy), 67.19 (CH), 143.23 (C-5), 143.50 (C-3), 144.00 (C-6),
156.23 (C-2).

Compound 3cs: 'H NMR (CDCls) 6 2.77 (s, 3H, CHjy), 3.12
(dd, 1H, J = 9.0, 13.2 Hz, CHy), 3.41 (dd, 1H, J = 2.7, 13.2
Hz, CHy), 5.21 (d, 1H, J = 3.9 Hz, OH), 5.52 (ddd, 1H, J =
2.7,3.9,9.0 Hz, CH), 8.50—8.92 (m, 3H, Ar); 'H NMR (DMSO-
dg) 6 2.68 (s, 3H, CHj), 3.18 (dd, 1H, J = 6.9, 13.2 Hz, CHy),
3.34 (dd, 1H, J = 5.4, 13.2 Hz, CHy), 5.17 (ddd, 1H, J = 5.4,
5.7, 6.9 Hz, CH), 6.18 (d, 1H, J = 5.7 Hz, OH), 8.58~8.82 (m,
3H, Ar); 3C NMR (CDCly) 6 38.56 (CHzs), 58.54 (CH), 68.96
(CH), 143.10 (C-5), 143.46 (C-3), 144.06 (C-6), 156.12 (C-2).

Methoxy Sulfoxides. General Procedure. 2-(Methyl-
sulfinyl)-1-methoxy-1-(1-isoquinolyl)ethane (4b). Meth-
yllithium (1.64 mL of 1.6 M solution, 2.62 mmol) was added
slowly with stirring under nitrogen to 1.6 mL of dimethyl
sulfoxide at 20—22 °C. The mixture was stirred for 45 min.
Then, a solution of 0.616 g (2.62 mmol) of 3b in 2.5 mL of
anhydrous dimethyl sulfoxide and 0.27 mL (2.88 mmol) of
dimethyl sulfate were added by syringe. The mixture was
stirred for 10 min at 20—22 °C. The reaction mixture was
hydrolyzed with water and extracted with chloroform. The
organic extracts were washed with water, dried over magne-
sium sulfate, and evaporated. The DMSO was removed by
vacuum distillation (0.1 mmHg, 60 °C). The residue was
purified by flash chromatography on silica gel column (ethyl
acetate—methanol 70:30) to obtain 0.423 g (65%) of product
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4b as an oil. A 55:45 mixture of the two diastereoisomeric
sulfoxides was observed by 'H and !3C-NMR spectroscopy.

The oil was chromatographed on a flash silica gel column,
eluting successively with ethyl acetate—hexane (70:30), ethyl
acetate, and ethyl acetate—methanol (95:5—30:70) to yield the
major diastereoisomer 4bo as a pure product. The other
isomeric product 4bj was isolated with 85% purity: IR (film)
cm™! 3060, 2900, 2845, 1600, 1575, 1550, 1480, 1445, 1365,
1110, 1035, 960, 770 755. Anal. Caled for C;3HisNOoS: C,
62.63; H, 6.06; N, 5.62; 0, 12.83; S, 12.86. Found: C, 62.62;
H, 6.09; N, 5.59; O, 12.85; S, 12.85.

Compound 4ba: *H NMR (CDCl;) 6 2.67 (s, 3H, CHjy), 3.12
(dd, 1H, J = 2.4, 13.2 Hz, CHy), 3.40 (s, 3H, OCH3), 3.49 (dd,
1H, J = 10.1, 13.2 Hz, CHy), 5.71 (dd, 1H, J = 2.4, 10.1 Hz,
CH), 7.63—8.58 (m, 6H, Ar); 'H NMR (DMSO-ds) 6 2.63 (s,
3H, CHjy), 3.09 (dd, 1H, J = 2.5, 13.5 Hz, CHy), 3.22 (s, 3H,
OCH3y), 3.65 (dd, 1H, J = 10.1, 13.5 Hz, CHy), 5.43 (dd, 1H, J
= 2.5, 10.1 Hz, CH), 7.70—8.57 (m, 6H, Ar); *C NMR (CDCls)
6 39.44 (CHjy), 57.04 (OCHy), 60.74 (CHy), 74.86 (CH), 121.07
(C-4), 123.44 (C-5), 126.31 (C-9), 127.51 (C-T), 127.72 (C-8),
130.21 (C-6), 136.46 (C-10), 141.89 (C-3), 156.85 (C-1).

Compound 4bj: 'H NMR (CDCl,) 6 2.77 (s, 3H, CHjy), 3.39
(s, 3H, OCH3), 3.38—3.50 (ABX system, 2H, d = 3.45, 5 =
3.42,J = 6.0, 6.9, 13.5 Hz, CHy), 5.72-5.77 (ABX system, 1H,
dx = 5.75, CH), 7.63~8.50 (m, 6H, Ar); 'H NMR (DMSO-ds) 6
2.70 (s, 3H, CHzy), 3.24 (s, 3H, OCH3), 3.44—3.58 (ABX system,
2H, 64 = 3.54, oz = 3.48, J = 6.5, 6.6, 13.2 Hz, CHy), 5.52—
5.56 (ABX system, 1H, 6 = 5.54, CH), 7.71—8.57 (m, 6H, Ar);
13C NMR (CDCls) 4 38.68 (CHy), 56.50 (OCHjs), 56.99 (CHy),
74.99 (CH), 121.21 (C-4), 124.27 (C-5), 126.62 (C-9), 127.43 (C-
7), 127.74 (C-8), 130.25 (C-6), 136.54 (C-10), 141.66 (C-3),
156.93 (C-1).

2-(Methylsulfinyl)-1-methoxy-1-(2-quinolyl)ethane (4a).
Prepared by the same procedure used for compound 4b, the
product obtained was chromatographed on flash silica gel
column (ethy! acetate—methanol 70:30) yielding 4a (30%) as
a 45:55 mixture of the two diastereoisomers. Pure 4ac was
obtained on a silica gel column eluting successively with ethyl
acetate and ethyl acetate—methanol (90:10; 70:30). The 8
epimer could not be isolated pure. From the enriched mixtures
of 4ap we have extracted its spectroscopic data. IR (film) cm™!
3090, 2950, 2840, 1595, 1550, 1500, 1475, 1440, 1365, 1100,
1030, 960, 820, 770. Anal. Calcd for C;3H;5NO2S: C, 62.63;
H, 6.06; N, 5.62; 0, 12.83; S, 12.86. Found: C, 62.65; H, 6.02;
N, 5.61; O, 12.84; S, 12.88.

Compound 4aa: 'H NMR (CDCly) 6 2.67 (s, 3H, CHj), 3.15—
3.28 (ABX system, 2H, 6, = 3.23, dp = 3.20, J = 2.4, 10.2,
13.5 Hz, CHjy), 3.43 (s, 3H, OCHj;), 4.99—-5.04 (ABX system,
1H, 6x = 5.02, CH), 7.54—8.25 (m, 6H, Ar); 'H NMR (DMSO-
ds) 6 2.61 (s, 3H, CHs), 3.05 (dd, 1H, J = 2.1, 13.2 Hz, CHy),
3.29 (s, 3H, OCHy), 3.35 (dd, 1H, J = 10.4, 13.2 Hz, CHjy), 4.83
(dd, 1H,J =2.1, 10.4 Hz, CH), 7.58—8.48 (m, 6H, Ar); 13C NMR
(CDCly) 6 39.78 (CH3), 57.72 (OCH3), 61.52 (CHy), 78.70 (CH),
118.40 (C-3), 126.83 (C-6), 127.65 (C-5), 127.74 (C-10), 129.31
(C-7), 129.92 (C-8), 137.36 (C-4), 147.90 (C-9), 159.42 (C-2).
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Compound 4a8: 'H NMR (CDCls) 6 2.74 (s, 3H, CHs), 3.26—
3.38 (ABX system, 2H, CHby), 3.40 (s, 3H, OCHj3), 4.98—5.02
(ABX system, 1H, dx = 5.00, CH), 7.51—8.24 (m, 6H, Ar); ‘H
NMR (DMSO-ds) 4 2.68 (s, 3H, CH3), 3.26—3.33 (ABX system,
2H, CH,), 3.28 (s, 3H, OCHjy), 4.89—4.93 (ABX system, 1H, &
= 4.90, CH), 7.58—8.48 (m, 6H, Ar); 13C NMR (CDCls) 6 39.07
(CHs), 57.39 (OCH3), 59.27 (CHy), 79.23 (CH), 118.52 (C-3),
126.85 (C-6), 127.69 (C-5), 128.70 (C-10), 129.17 (C-7), 129.93
(C-8), 187.44 (C-4), 147.73 (C-9), 159.40 (C-2).

2-(Methylsulfinyl)-1-methoxy-1-(2-pyrazyl)ethane (4c).
Prepared similarly, starting from compound 8c¢, the crude oil
was purified by flash chromatography on a silica gel column
(ethyl acetate—methanol 70:30) yielding 69% of the title
compound 4c¢ as a mixture 46:54 (ratioc by NMR) of two
diastereoisomeric sulfoxides. The mixture was chromato-
graphed on a flash silica gel column eluting successively with
ethyl acetate—hexane (70:30), ethyl acetate, and ethyl acetate—
methanol (95:5—70:30). The major diastereoisomer 4cf was
isolated as a pure product and the other isomeric product 4ea
with 90% purity: IR (film) em™! 3060, 3000, 2890, 2835, 1535,
1480, 1415, 1355, 1110, 1020, 960, 810, 755. Anal. Calcd for
CsHi2N:20:28: C, 47.99; H, 6.05; N, 14.00; O, 15.99; S, 15.98.
Found: C, 50.01; H, 6.02; N, 14.03; O, 15.97; S, 15.98.

Compound 4co: 'H NMR (CDCl,) 6 2.67 (s, 3H, CHy), 3.09
(dd, 1H, J = 2.5, 13.2 Hz, CHy), 3.21 (dd, 1H, J = 10.3, 13.2
Hz, CHy), 3.45 (s, 3H, OCHy), 4.91 (dd, 1H, J = 2.5, 10.3 Hz,
CH), 8.63—8.81 (m, 3H, Ar); *H NMR (DMSO-ds) ¢ 2.64 (s,
3H, CHy), 3.07 (dd, 1H, J = 2.4, 13.2 Hz, CHy), 3.29 (dd, 1H,
J =10.4, 13.2 Hz, CHy), 3.31 (s, 3H, OCHjy), 4.79 (dd, 1H, J =
2.4, 10.4 Hz, CH), 8.67—8.82 (m, 3H, Ar); 3C NMR (CDCly) &
39.27 (CHy), 57.54 (OCHs), 60.64 (CHy), 75.94 (CH), 142.84
(C-5), 144.19 (C-3 y C-6), 153.87 (C-2).

Compound 4c8: 'H NMR (CDCls) 6 2.74 (s, 3H, CH3), 3.21—
3.33 (ABX system, 2H, 64 = 3.29, 6 = 3.26,J = 5.3, 7.0, 134
Hz, CHy), 3.44 (s, 3H, OCHa), 4.93—-4.977 (ABX system, 1H,
ox = 4.95, CH), 8.55—8.80 (m, 3H, Ar); *H NMR (DMSO-ds) 6
2.70 (s, 3H, CHjs), 3.31—-3.40 (ABX system, 2H, d5 = 3.37, dg
= 3.34,J = 5.6, 7.0, 13.5 Hz, CHy), 3.33 (s, 3H, OCH3), 4.85—
4.90 (ABX system, 1H, 6 = 4.87, CH), 8.60—8.83 (m, 3H, Ar);
13C NMR (CDCls) 6 38.99 (CHy), 57.22 (OCHas), 57.75 (CHy),
76.18 (CH), 143.19 (C-5), 144.24 (C-3), 144.28 (C-6), 153.98 (C-
2).
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