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m/z 144 (M*, 1), 101 (17), 74 (7), 73 (9), 71 (57), 43 (100). Caled
for C;H,,05: 144.17. Analytical GLC conditions: column, DB
210, temp 1, 60 °C, time 1, 5 min, rate 20 °C/min, temp 2, 200
°C, time 2, 5 min, injector temp, 250 °C, detector temp, 250 °C,
inlet P, 24 psi. Retention times: 3-(acetyloxy)-3-methyl-2-bu-
tanone, 8.5 min, 1-(acetyloxy)-3-methyl-2-butanone, 9.2 min,
3-(1-0x0-2-methylpropoxy)-3-methyl-2-butanone, 9.4 min.
Preparative GLC conditions: column 5% SE-30 (10 ft X 3/5 in.),
column temp, 85 °C, injector temp, 100 °C, detector temp, 100
°C, collector temp, 60 °C, He flow, 45 mL /min, current, 150 mA.
Retention times: 3-(acetyloxy)-3-methyl-2-butanone, 7 min, 1-
(acetyloxy)-3-methyl-2-butanone, 11 min, 3-(1-oxo-2-methyl-
propoxy)-3-methyl-2-butanone, 17 min.

Flash Vacuum Pyrolysis of Dimethyldioxirane. A solution
of dimethyldioxirane (60 mL, 0.068 M) was placed in a round-
bottom flask which was attached to a FVP apparatus. A vacuum
(0.2 mmHg) was applied in order to carry the vapors of acetone
and la into the pyrolysis zone. The pyrolysis zone consisted of
a glass tube packed with glass beads which was enclosed in a tube
furnace at 150-180 °C. Vapors leaving the heated zone were
condensed by passing them through a double trap (liquid N, and
dry ice-acetone). A pale yellow condensate was collected and dried
with Na,SO,. NMR analysis of this material indicated that the
major component was methyl acetate. No peaks due to acetol
or acetol acetate were present. Amazingly the NMR indicated
that some of the dioxirane had survived exposure to the pyrolysis
zone.

Treatment of Dimethyldioxirane with BF;-Etherate. A
solution of 1a (freshly prepared, dried with Na,S0,) in acetone
(0.5 mL) in an NMR tube was treated with a small drop of
BFjetherate (3-4 uL). After 15 min the NMR of the solution
indicated the presence of acetol (peak at 4 4.16). The peak due
to methyl acetate (8 3.59) was observed to increase while, si-
multaneously, the absorption due to the methyl groups in 1a (6
1.65) was observed to decrease in height. This absorption dis-
appears in 90-100 min while the peaks due to acetol and methyl
acetate cease to increase in intensity. At this point the solution
was colorless. Repetition of this experiment four times always

gave the same results. Upon completion of the experiment the
acetone was evaporated off. The residue was dissolved in CH,Cl,
and dried with Na,SO,. Examination of this solution by NMR
indicated that acetol and methyl acetate were present in the ratio
of 5:1.
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1H, 13C NMR, DEPT, and two-dimensional 'H-3C heteronuclear correlation spectra of 3-(alkylsulfenyl)-,
3-(alkylsulfinyl)- (its two epimeric sulfoxides), and 3-(alkylsulfonyl)-N-methylpiperidinium chlorides (alkyl =
methyl, ethyl, isopropyl) have been recorded and fully interpreted. Magnetic resonance parameters (chemical
shifts of 'H and '°C, and geminal and vicinal coupling constants) of these compounds are described for the first
time. Conformational analysis has been carried out on conformations selected by a molecular mechanics force
field (MMX). In all compounds there is a single ring conformation, the undistorted chair with N-methyl and
SO,R (n =0, 1,2; R = Me, Et, Pr') in the equatorial orientation. These conclusions are supported by the observed
vicinal coupling constants. Configurational assignment of ring nitrogen and carbon C; has been carried out from
observed vicinal axial-axial coupling constants, and the relative configurations of the diastereomeric sulfoxide
pairs have been established from observed °C chemical shifts for ring carbons C; and C,.

The substitution of a ring methylene unit in cyclohexane
by a heteroatom provides a system with a rich variety of
conformational properties. Among six-membered satu-
rated heterocycles, the piperidine ring is one of the most
important ones because of its occurrence in many alkaloids
as well as in compounds of pharmacological importance.!™
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These piperidyl derivatives have been also widely used in
synthesis of metallic complexes,>® which are useful sub-
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Table I. Calculated Dihedral Angles for Distorted Unstaggered Conformations of Compounds 1-4

conformation (Me/Et/Pri)?

dihedral angle A B D (Et/Pr) F G H (Me)
a 36/36/48 93/94/97 44/44 24/29/20 113/105/100 42
b 74/74/63 48/48/44 80/80 98/93/101 14/22/26 76
c 48/54/60 71/71/75 37/38 22/28/18 105/97/94 44
d 63/56/50 39/39/34 88/87 90/85/95 17/25/28 72
e 56/62/67 82/83/86 28/28 28/33/23 102/94/92 45
f 84/78/73 27/26/22 83/83 98/93/102 9/17/20 81

¢Dihedral angles have been summarized in the order R = Me, Et, Pr!, except for conformations D (R = Et, Pri) and H (R = Me).

oh

2
§R SO,R
cy 0y
NT ¢ N cr
Me H Me H Me H
1a-¢ 2a-c (S-sulfoxides) 4a-c
3a-c (R-sulfoxides)

R: a, Me; b, Et; ¢, Pri
Figure 1.

strates for several organic syntheses. There are many
studies about conformational equilibria in piperidines and
N-alkylpiperidines,'® but there is little information about
these compounds with polar substituents. The present
work is the first systematic conformational and structural
study of 3-substituted N-methylpiperidinium chlorides
with sulfide, sulfoxide, and sulfone groups. Previous
studies of heterocyclic compounds with two heteroatoms
in a 1,3-relative position have been confined to 3-substi-
tuted thianes,'® oxanes!” with polar groups (OR, SMe,
SOMe, and SO;Me), 5-substituted 1,3-dithianes,'® and
1,3-dioxans!® with SMe and OMe as polar groups.

In the present work 3-(alkylsulfenyl)-N-methyl-
piperidinium, la-e¢, 3-(alkylsulfinyl)-N-methyl-
piperidinium, 2a-c¢ and 3a—c¢, and 3-(alkylsulfonyl)-N-
methylpiperidinium, 4a—¢, chlorides (Figure 1) have been
studied. The syntheses of these compounds and the sep-
aration of diastereomeric sulfoxides have been previously
reported.?’

(8) Bayon, J. C.; Gonzéalez-Duarte, P. J. Chem. Soc., Dalton Trans.
1982, 487.

(9) (a) Sola, J.; Yafiez, R. J. Chem, Soc., Dalton Trans. 1986, 2021. (b)
Barrera, H.; Sols, J.; Vifias, J. M. J. Chem. Res., Sypn. 1985, 8, 270. (c)
Mas, M.; Sola, J.; Solans, X.; Aguilo, M. Inorg. Chim. Acta 1987, 133, 217.
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(10) (a) Armarego, W. L. F. Stereochemistry of Heterocyclic Com-
pounds; Wiley-Interscience: New York, 1977; Part 1. (b) Riddell, F. G.
The Conformational Analysis of Heterocyclic Compounds; Academic
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The principal tool to elucidate the conformation and
configurational assignment have been 'H and 3C NMR
spectroscopy at room temperature. Earlier work on 'H
NMR in piperidines has been carried out by Lambert,!!
Booth,'? and Robinson,!® but at present there is not an
extended study of proton resonance parameters of the
N-methylpiperidinium ring. The results reported in this
work are the first ones in this field. Earlier work on the
13C NMR of piperidines has been carried out by Jones,
Feltkamp,?? Booth,?® Duch,? Eliel,’¢!® and an extensive
review of 1*C NMR spectra of saturated heterocycles (in-
cluding piperidines) has been published.??

Results and Discussion
Conformational Analysis. The conformational
analysis of the compounds la—c, 2a—c, 3a—¢, and 4a—c has
been carried out using the molecular mechanics force field
(MMX derived from MMP2 program)? as the funda-
mental tool. The significant conformations have been

(20) Alvarez-Ibarra, C.; Cuervo, R.; Fernandez-Monreal, M. C.; Garcia,
M.; Ruiz, P.; Eliel, E. L. J. Chem. Soc., Perkin Trans. 1 1991, 1473.
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selected by a careful study of rotational barriers and
minimization of all conformations with a relative energy
minimum coming from chair inversion of the N-methyl-
piperidinium ring and rotation of the SO,-alkyl groups in
position C;. The N-methylpiperidinium ring adopts in all
compounds a single undistorted chair conformation with
the N-methyl and SO,-alkyl groups in fixed equatorial
orientations. Different conformations have been selected
by rotation around C;~SO,R and SO,-R bonds (n =0, 1,
2). The selected conformations as a result of this energy
minimization have been displayed in Figure 2.

The dihedral angles calculated for distorted conforma-
tions (conformations A,B,D (R =Pr)),F,G,and HR =
Me)) have been collected in Table I. Staggered confor-
mations C, E, and J have dihedral angles of 60°.

The results of this energy minimization with the mo-
lecular mechanics force field MMX are very reasonable
and a qualitative interpretation of them, taking into ac-
count steric and polar interactions, can be performed.
Ideal staggered conformations for compounds 1-4 deduced
by rotation around the C;~SO,R (n = 0, 1, 2) bond have
been summarized in Figure 3.

The attractive polar interactions that exist in the se-
lected conformations by the molecular mechanics force
field MMX can be justified by taking into account the
residual charges on ring nitrogen and carbons, calculated
by Rescha program.” The ring nitrogen and carbons C,
and C; are o-deficient, and ring carbons C, and C; are

(27) (a) Baumer, L.; Sala, G.; Sello, G. Tetrahedron Comput. Metho-
dol. 1989, 2, 37. (b) Baumer, L.; Sala, G.; Sello, G. Ibid. 1989, 2, 93. (¢)
Baumer, L.; Sala, G.; Sello, G. Ibid. 1989, 2, 105. (d) Residual charges
calculate for compounds 1-4 in elemental electric charge units: (1) Nin
the compounds 1a-4a, 1b—4b, and 4c = +0.487; in the compounds le~-3¢
= +0.504; (2) C; in the compounds la—-4a, 1b—4b, and 4¢ = +0.058; in the
compounds le-3¢ = +0.053; (3) C; in the sulfides 1 = —0.017; in the
sulfoxides 2-3 = +0.003; in the sulfones 4 = +0.020; (4) C, = ~0.040; (5)
C; = -0.039; (6) C = +0.058; (7) O in the sulfoxides 2-8 = -0.352; in the
sulfones 4 = —0.303.
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o-rich. The ring carbon C; is ¢-rich in sulfides and o-de-
ficient in sulfoxides and sulfones.

Sulfides. The conformation III for studies 1la—¢ (Figure
3) is sterically hindered because it has a larger number of
gauche interactions between substituents than conforma-
tions I and II. The ideal staggered conformations I and
II (Figure 3) evolve to distorted conformations A and B
(Figure 2), respectively, as a result of a stabilizing polar
interaction that takes place by the proximity of the lone
pair of sulfur to the o-deficient carbon C;. A is the major
conformation because the energy of the 1,2-gauche R/Hj,,
steric interaction for B is higher than A (the dihedral angle
R-S-C;-H,, is larger for conformation A than conforma-
tion B, see Table I).

Sulfoxides. A clear predominance of two major con-
formations has been established for sulfoxides: types IV
and V for R-sulfoxides (3a—c) and VII-VIII for S-sulfoxides
(2a—c). Conformations of types VI and IX are Coulom-
bically unfavored because the o-deficient C, and o-rich
sulfinyl oxygen have an antiperiplanar orientation, in ad-
dition the conformation IX has two steric gauche inter-
actions. The staggered conformation of type IV in R-
sulfoxides is undistorted (conformation C, Figure 2; see
Table I) because the proximity of carbon C, to the sulfinyl
oxygen, Coulombic favored, is hindered by the increase of
gauche interaction C,/R. The ideal staggered conforma-
tion of type V (Figure 3) for sulfoxides 3a and 3b evolves
to conformation D (Figure 2; see Table I) because a polar
stabilizing interaction between the sulfinyl oxygen and
carbon C; is present. The energy of this polar interaction
can be estimated as 2.4 kcal/mol (sulfoxides 3a and 3b)
or 2.1 kcal/mol (sulfoxide 3¢) from the model proposed
by Zefirov,? the residual charges for the sulfinyl oxygen
and carbon C, calculated from the Rescha program (see
ref 27d), the C,—0 distances deduced from minimization
with molecular mechanics force field MMX, and the
equation E, = 332exey/rx,y (kcal/mol) proposed by Ab-
raham.”? In this equation ex and ey are the residual
charges for groups X and Y (as fraction of elemental
electric charge) and rx y the distance (A) between groups
X and Y. On the other hand, the conformation of type
V for sulfoxide 3¢ (R = Pr') is undistorted (conformation
E, Figure 2) because the proximity of carbon C, to the
sulfinyl oxygen is hindered by the increase of the gauche
interaction C;/R. C is the major conformation because the
energy of steric interactions for D and E is higher than C.

The ideal staggered conformations VII and VIII (Figure
3) for S-sulfoxides are strongly distorted (conformations
F and G, Figure 2). The strong distortion can be easily
justified because the increase of the stabilizing polar in-
teraction O/C, by the proximity of carbon C, to the sul-
finyl oxygen is higher than the increase of the destabilizing
steric gauche interaction between the group R and hy-
drogen Hj,. The energy of this polar attractive interaction
can be estimated as 2.4 kcal/mol (sulfoxides 2a and 2b;
conformations F and G), or 2.2 kcal/mol (sulfoxide 2c¢;
conformations F and G) form the Zefirov model?® and the
Abraham equation.?? The populations of the two signif-
icant conformations F and G for sulfoxides 3a-c have
similar values (Figure 2) with a small predominance of
conformation F. These results can be easily justified be-
cause these two conformations have similar steric and polar
interactions.

Sulfones. The sulfones 4a—c are present in a single

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

(29) Abraham, R. J.; Rossetti, Z. L. J. Chem. Soc., Perkin Trans. 2
1973, 582.
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Table II. 'H Chemical Shifts for Compounds la-c, 2a-¢, 3a-c, and 4a—c® (CDCly; 25 °C; TMS as Internal Reference)

compd° Hz, Hg‘ Hg. H“ H‘. H“ H5. HSO Hs.
la 3.63 (ddd) 2.65 (dt)  3.34 (tt) 2.20 (br d)*  1.36 (cd) 196 (dq) 2.35 (dtt)  3.50 (dm) 271 (tdd)
2a 3.78 (dm) 3.12 (t) 3.50 (tt)* 217 (brd) 181 (cd) 2.07 (dq)  2.44 (dtt) 3.54 (dm)* 2.78 (br t)
3af 3.75 (br d) 3.10 (t) 3.46 (br t)* 2.06-2.20 1.85 (brc) 2.06-2.20 2.40 (m) 3.55 (br d)*  2.90 (m)¢
4a 3.53 (br d) 2.73 (t) 4.12 (tt) 2.36 (brd)* 1.77 (cd) 2,09 (dq)  2.45 (ct)* 3.84 (br dt) 2.90 (m)*¥
1b 3.61 (br d) 2.74-2.82% 3.40 (tt) 217 (brd) 1.40 (cd) 197 (dg) 2.31(dtt) 3.49(brd) 2.74-2.82¢
2b 3.68 (dm) 3.09 (t) 3.58 (tt)e 2.16 (dm) 1.85 (cd) 2.06 (dq)  2.44 (dtt)  3.54 (br d)* 2.70-2.98"
3b 3.72 (brdd) 8.15(t) 3.51 (tt)¢ 2.07 (brd)? 1.86 (ed) 2.12 (dq)® 240 (dtt)  3.55 (br d)* 2.88-2.94¢
4 3.70-3.82¢ 3.08 (t) 3.70-3.82° 214 (brd) 1.57 (cd) 197 (dq)* 1.89 (dtt)¢ 3.38 (brd)  2.93 (t)
le 3.59 (br d) 2.53-2.74°  3.45 (tt)? 217 (brd)  1.35 (cd) 1.94 (dg)  2.36 (dtt)  3.48 (brd)¢ 2.53-2.74°
2c 361 (brd)e 3.08 () 3.71 (tt) 2.14 (dm)*®  1.89 (cd) 2.07 (dg)¥ 2.43 (dtt) 3.55 (brd)* 2.81 (brt)
3¢ 3.64-3.74 3.06 (m) 3.54~3.74 1.78-2.14 1.78-2.14 1.78-2.14 246 (dm) 3.50 (brd) 2.78 (m)
4c 3.57 (br d) 3.01 (t) 4.06 (tt) 2.30 (brd)* 1.79 (cd) 2.11 (dq)  2.21 (dtt)* 3.81(brd) 2.81 (td)

sbr, broadened; ¢, quartet; d, doublet; q, quintuplet, m, multiplet; t, triplet. ®Other signals: 1a, 2.18 (s, 3 H, SMe), 2.82 (d, ®J = 4.8 Hz,
3 H, HN*Me), 12.38 (br 5, 1 H, HN*Me); 2a, 2.70 (s, 3 H, SOMe), 2.92 (s, 3 H, HN*Me), 12.60 (br s, 1 H, HN*Me); 3a, 2.64 (s, 3 H, SOMe),
2.91 (s, 3 H, HN*Me), 12.33 (br 5, 1 H, HN*Me); 4a, 2.88 (s, 3 H, HN*Me), 3.00 (s, 3 H, SO,Me), 13.12 (br s, 1 H, HN*Me); 1b, 1.29 (t, °J
= 7.5 Hz, 3 H, CH,CH,), 2.56-2.73 (AB portion of the ABX; system, 2 H, 6, = 2.67 ppm, ég = 2.62 ppm, Jup = -12.3 Hz, Jx = Jpx = 7.5
Hz, CH,CH,), 2.85 (s, 3 H, HN*Me), 12.18 (br s, 1 H, HN*Me); 2b, 1.39 (t, 3 H, 3%J = 7.5 Hz, CH;CH,), 2.70-2.98 (m, 2 H, CH;CH,), 2.89 (s,
3 H, HN*Me), 12.56 (br s, 1 H, HN*Me); 3b, 1.37 (t, 3 H, 3J = 7.5 Hz, CH;CH,), 2.73 (dc, %J = -12.9 Hz, 3%J = 7.5 Hz, 1 H, CH,CH,), 2.87
(dc, 2J = -12.9 Hz, 3%J = 7.5 Hz, 1 H, CH,CHj), 2.91 (s, 3 H, HN*Me), 12.68 (br s, 1 H, HN*Me); 4b, 1.25 (t, *J = 7.5 Hz, 3 H, CH;CH,), 2.78
(s, 3 H, HN*Me), 3.21 (¢, 3J = 7.5 Hz, 2 H, CH,CH,), 11.2 (br 5, 1 H, HN*Me); le¢, 1.28 (d, 3J = 6.8 Hz, 3 H, MeCHMe), 1.33 (d, *J = 6.8 Hz,
3 H, MeCHMe), 2.79 (d, 3J = 4.2 Hz, 3 H, HN*Me), 3.09 (septuplet, °J = 6.8 Hz, MeCHMe), 12.47 (br s, 1 H, HN*Me); 2¢, 1.32 (d, °J = 6.9
Hz, 3 H, MeCHMe), 1.39 (d, 3J = 6.9 Hz, 3 H, MeCHMe), 2.88 (s, 3 H, HN*Me), 2.99 (septuplet, °J = 6.9 Hz, 1 H, MeCHMe), 12.56 (br s,
1 H, HN*Me); 3¢, 1.20 (d, 3J = 6.9 Hz, 3 H, MeCHMe), 1.37 (d, °J = 6.9 Hz, 3 H, MeCHMe), 2.83 (s, 3 H, HN*Me), 2.97 (septuplet, 3J =
6.9 Hz, 1 H, MeCHMe), 12.8 (br s, 1 H, HN*Me); 4c, 1.42 (d, 2 = 6.9 Hz, 3 H, MeCHMe), 1.44 (d, 3°J = 6.9 Hz, 3 H, MeCHMe), 2.91 (s, 8
H, HN*Me), 3.22 (septuplet, °J = 6.9 Hz, 1 H, MeCHMe), 12.00 (br s, 1 H, HN*Me). °Partially overlapped with the signal of group SMe.
de Partially superimposed signals. /Together a 33% of diastereomer 2a. £Partially superimposed with the signal of group NH*Me. *The
signal for this proton is superimposed with signals of groups NH*Me and SCH,CH;. ‘In DMSO-ds. /Together 10% of diastereomer 2c.

Table III. 3C Chemical Shifts for Compounds la-c, 2a-c, 3a—c, and 4a—¢ (CDCly; 25 °C; TMS as Internal Reference)

carbon
compd Cc2 C3 C4 C5 Cé other signals
la §7.56 38.17 27.46 22.22 53.03 12.60 (SMe), 42.87 (HN*Me)
2a 50.70 52.02 23.37 21.756 53.91 36.06 (SOMe), 44.05 (HN*Me)
3a 53.73 52.32 16.12 20.87 53.67 34.93 (SOMe), 43.62 (HN*Me)
4a 51.97 55.96 21.15 21.35 54.08 39.76 (SO,Me), 44.12 (HN*Me)
1b 58.97 37.19 28.79 22.68 §3.70 14.82 (SCH,CH,), 24.75 (SCH,CHjy), 43.38 (HN*Me)
2b 50.91 49.77 23.35 21.79 53.69 7.23 (SOCH,CHjy), 43.44 (SOCH,CH,), 43.86 (HN*Me)
3b 53.90 50.85 16.70 20.97 53.67 7.32 (SOCH,CHjy), 42.79 (SOCH,CH;), 43.62 (HN*Me)
4b° 50.20 53.61 20.32 20.90 52.28 5.77 (SO,CH,CH,), 42.56 (SO,CH,CHjy), 44.51 (HN*Me)
1c 58.49 35.87 28.64 22.35 52.81 23.21, 23.02 (SCHMe,), 34.10 (SCHMe,), 42.74 (HN*Me)
2¢ 50.58 47.17 23.35 21.54 53.03 15.20, 15.57 (SOCHMe,), 43.27 (HN*Me), 47.83 (SOCHMe,)
3c 54.84 48.21 16.88 21.17 54.11 15.95, 16.15 (SOCHMe,), 43.98 (HN*Me), 48.74 (SOCHMe,)
4c 52.77 51.37 20.95 21.51 54.05 14.58, 15.19 (SO,CHMe,), 44.22 (HN*Me), 52.20 (SO,CHMe,)

¢ Spectrum recorded in DMSO-d,.

conformation (conformation X, Figure 3). The confor-

. ( ) . Table IV. Geminal Coupling Constants for Compounds
mation XI is sterically very hindered because two gauche

la-¢, 2a-c, 3a—c, and 4a-c (CDCly; 25 °C)

interactions CH,/R are present. The conformation XII compd Joaze Jeods ot Joase

is polar unfavored because two repulsive polar interactions la  -121£02 -128£01 -144%01 -123 %03
between the two sulfonyl oxygens and the o-rich carbon 2a -120£01 -128+02 -147£01 -11.8402
C, and a single attractive gauche interaction C,/O are 3a -1184£02 -126+£03 - -11.9 % 0.5
present. The conformation of type X (Figure 3) for sulfone 4a  -121%02 -13.0+02 -143+04 -12.0%03
4a is distorted to conformation H (Figure 2) because a lb  -120£03 -13.0+01 -144+01 -124%07
stabilizing gauche interaction between carbon C, and the 2b  -118£02 -131£01 -143+01 -12.7£07
sulfonyl oxygen is involved. The energy of this interaction i:., :};'g : g'; jﬁg : 8’3 j‘ﬂ : g? :igg : gg
can be estimated as 2.0 keal /mol from the Zefirov model® le -120£03 -132%01 -145%02 -12.7 0.4
and the Abraham equation.”? However, the ideal staggered 2¢ -117+02 -130%01 -14501 -121#03
conformation X (Figure 3) for sulfones 4b and 4c¢ is un- 3c -b -5 -14.4 £ 0.4 -12.0 + 0.3
distorted (conformation J, Figure 2) because the approach 4c -115x05 -126801 -146x01 -12.0+%06

of carbon C, to sulfonyl oxygen (polar favored) is sterically
hindered by the large increase of the gauche interaction
R/H;,.

NMR Spectroscopy. The 'H and *C NMR spectra of
compounds la—¢, 2a—c, 3a~c, 4a, and 4¢ were measured
in CDCl; (4b in DMSO-d,) at room temperature. 'H and
13C chemical shifts are contained in Tables II and III,
respectively, geminal coupling constants in Table IV, and
vicinal coupling constants in Table V.

'H NMR. The assignment of the observed signals to
hydrogens was made by comparison of chemical shifts with

¢In DMSO-d;. ®The measure of these coupling constants was
unsuccessful on the spectra.

literature values for N-methylpiperidinium chloride!?
taking into account the deshielding contributions of groups
SR, SOR, and SO;R (R = Me, Et, Pr!),* by homonuclear
decoupling experiments, from observed multiplicity for
signals, and by the well-supported hypothesis that an axial

(30) Ginther, H. NMR Spectroscopy; John Wiley: New York, 1980;
p 96.
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Table V. Vicinal Coupling Constants for Compounds la-c, 2a-¢, 3a—c, and 4a—-¢ (CDCl;; 25 °C)°

R/ Jos oo
compd J2a3s 3040 Jia 8 e 6a J20,30 3040 Jia e Ioate J5a60 Jga,50 Jiope e 00

la 123+0.1 126+04 13.0x0.1 129+03 38%£01 39+01 35%x01 39+01 39+01 3301 33+01 33%01
2a 120+£0.1 125+05 135+01 124+05 39%£0.1 39%+01 36%x03 36401 36+01 33+01 3301 33+0.1
3a 122402 12603 126%03 -¢ -4 -4 - -4 —d —d -4 -

4a 123+0.1 126+03 133+05 129209 39%01 3901 36£03 39801 36+03 33+£01 3301 33%01
1b 123+01 127404 13201 12407 39£01 39£01 36£03 39+01 39%+01 33x01 33@01 33%x01
2b 119+£02 1254+05 13302 12707 39+£01 39%£01 3505 36+01 36%x01 2802 28+02 28+02
3b 120+ 03 126+04 12902 129%£0.2 38%x01 3901 3901 36%x01 36+01 29+02 27+03 32805
4b 120+ 03 120£03 120+£03 120£03 -4 - 39£05 36£01 36x01 33%£02 33%x02 33£02
lc 120+ 03 127+04 132£01 127+04 39%£01 3901 36+£03 36+03 39%x01 33201 33x01 3301
2¢ 119+04 126+03 13101 126x05 39%£01 39+01 36+03 3901 3901 33+01 33+01 33=x01
8¢c¢ - - - - - - - - - - - -

4c 122+02 125+02 130x03 129%£03 36%£01 36%x01 3603 3303 33+03 32+01 32+01 3201

¢In CDCl;, except 4b in DMSO-d; at room temperature. ?Other vicinal axial-axial couplings: 1a, 3Ji,,, = 9.6 = 0.3 Hz, 3J,,4, = 9.6 + 0.3 Hz.
3 8, 8/
¢Qther vicinal axial-equatorial couplings: 1a, 3J;,2, = 1.8 % 0.2 Hz. ?The measure of these coupling constants was unsuccessful on the spectra.

He H,, Me
Hi N-
K7 W H., < H SO,R
H —
Me. " 2./ SO0.R
N H, Hy/
H, Ha
X XIv
n=0 and R=Me

2(MeS---H)q 5.4= 0 kcal/mol (Me---SMe) 3.p= 2.8 keal/mol
1,2-9 3-p

(MeS---H)y 3.p= 0.5 kcal/mol
(Me---H); 3.p= 1.1 kcal/mol
(*HNMe---SMe)4 2. = -0.90 kcal/mol

Figure 4.

proton is more shielded than an equatorial one.*

The observed multiplicity for protons has been able to
be justified by a first-order analysis, which has been sum-
marized in Table II. The vicinal coupling constants be-
tween axial NH* and MeNH* has been observed for sul-
fides 1a and le. The values collected in Table V for vicinal
coupling constants are midway (i.e., the arithmetic mean
of) between the measured values for all constants on
multiplets of the usual spectra and spectra recorded with
homonuclear decoupling of each one of the protons.

Analysis of Coupling Constants. The observed gem-
inal coupling constants have been gathered in Table IV.
Generally, the order (in absolute value) 2Jg, 6, < 25, 9o <
%J o 4e < 2J5q50 has been observed. This order is in agree-
ment with the hypothesis well established in the litera-
ture® that substituents with an inductive effect - make
geminal coupling constants more positive. Thus, the most
negative geminal coupling constant corresponds to the ring
methylene at position 5, and the most positive value cor-
responds to ring methylene groups at positions 2 and 6.

The equilibrium between the two alternative chair
conformations XIII and XIV is the only equilibrium taken
into account to discuss the conformational analysis of
piperidinium ring because nitrogen inversion for these
compounds is locked!? (Figure 4). The observed values
for vicinal coupling constants® (see Table V) prove that
the N-methylpiperidinium ring adopts a single undistorted
chair conformation.

In all cases, the signal of the proton attached to carbon
C; appears as a triplet of triplets with vicinal coupling
constants according to a fixed antiperiplanar orientation

(31) Reference 30, p 72.

(32) The observed values for axial-axial vicinal coupling constants
correspond to an antiperiplanar orientation of the protons (dihedral
angles of 180°), and the values of axial-equatorial and equatorial-equa-
torial couplings correspond to a 1,2-synclinal orientation of the protons.
See ref 12.

(33) Reference 30, pp 103-16.

of the hydrogen H; with H,, and H,,, indicating that the
major conformer has an axial Hj, hence the SO,R group
is equatorial. On the other hand, in the spectrum of the
compound 1a, the measured values for vicinal coupling
constants for NH* with the protons H,, and Hg, (9.6 Hz)
are in agreement with an axial arrangement for the proton
attached to the nitrogen. These facts indicate that the
conformational equilibrium is fully shifted toward con-
formation XIII (Figure 4) with groups N-methyl and SO,R
in equatorial position. Thus, compounds 1-4 are mono-
conformational at room temperature, and the observed
magnetic resonance parameters are the values of those for
conformation XIII.

A semiquantitative evaluation of the equilibrium con-
stant and conformational populations of the two chair
conformations XIII and XIV for 1a has been carried out
from literature data described for free conformational
energies of groups Me and SMe on methylpiperidinium
and cyclohexane systems, respectively (Figure 4).

The conformational free energies described in the lit-
erature are the following: AG°gy, = 1.0 kcal/mol (ring
cyclohexane);* AG°y, = 2.2 keal/mol (at position 3 of a
ring of N-methylpiperidinium),’® and the energy of a
gauche interaction SMe/H is zero.” The free energies
for 1,3-parallel interactions SMe/H and Me/H can be
estimated as 0.5 and 1.1 kcal/mol, respectively, from the
well-known relationship between the free conformational
energy of a group X and the energy of a 1,3-parallel in-
teraction X/H.%® A minimum value for the free energy
of a 1,3-parallel interaction Me/SMe can be estimated as
2.8 kcal/mol.® The energy of the polar gauche interaction
between a ring nitrogen and SMe can be calculated as —0.9
kcal /mol from the empirical equation proposed by Zefi-
rov,?® the residual charges for ring nitrogen and sulfur
calculated by the Rescha program,?” and the distances
between nitrogen and sulfur calculated by minimization
with the molecular mechanic force field MMX program.?
From these values and computing the differential inter-

(34) Lambert, J. B.; Featherman, S. I. Chem. Rev. 1975, 75, 611.

(35) Buys, H. R. Recl. Trav. Chim. Pays-Bas 1969, 88, 1003.

(36) Eliel, E. L.; Kandasamy, D. J. Org. Chem. 1976, 24, 3899.

(37) (a) Scott, D. W.; Finke, H. L.; McCullough, J. P.; Cross, M. E.;
Williamson, K. D.; Waddington, G.; Hoffmann, H. M. J. Am. Chem. Soc.
1951, 73, 281. (b) Hayashi, M.; Shimanouchi, T.; Mizushima, S. J. Chem.
Phys. 1957, 26, 608.

(38) Eliel, E. L.; Allinger, N. L.; Angyal, S. J.; Morrison, G. A. Con-
formational Analysis; Interscience Pub.: New York, 1965.

(39) The empirical relationship (X - Y), 5, < 0.87(AG°x + AG®y),
proposed in the literature,% allows the estimation of a minimum value
for 1,3-parallel interaction between two groups X and Y for the free
conformational energies for groups X and Y.

(40) (a) Fernandez-Gonzalez, F.; Pérez-Ossorio, R.; Rico-Sarompas, M.
An. Quim. 1974, 70, 524. (b) Fernandez-Gonzilez, F.; Pérez-Ossorio, R.
Ibid. 1973, 69, 101.
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actions that are present in conformations XIII and XIV,
a value of ~300 can be calculated for the equilibrium
constant of interconversion XIV = XIII,

The C;~C,~C;—Cg¢ and C,—C;—C4—N dihedral angles
calculated from the experimental coupling constants by
the use of empirical equations proposed by Lambert* and
Buys® and the values displayed for these dihedral angles
by the MMX program? are in a very good agreement
(supplementary material, Table S1). These facts support
the validation of the structural minimization carried out
by the MMX program and the hypothesis of the mono-
conformational nature of all compounds studied.

The application of empirical equations of the Karplus
type proposed by Altona*! and Osawa*? to calculate vicinal
coupling constants in an ethane fragment ratifies the same
conclusions. The vicinal coupling constants have been
calculated from the geometrical parameters (dihedral an-
gles and distances) provided by program MMX and the
electronegativities proposed by Huggins*® (Altona equa-
tion) and Mullays* (Osawa equation). These calculated
vicinal coupling constants for compounds 1a~4a together
with the observed vicinal coupling constants and correla-
tion coefficients of linear regressions between calculated
and observed vicinal coupling constants are included in
the supplementary material (Table S2). The results for
compounds 1b-4b and 1c—4¢ have to be fully analogous
because the optimized geometry for the N-methyl-
piperidinium ring by the molecular mechanics force field
MMX is identical for all compounds.

The agreement between the observed and calculated
vicinal coupling constants from the Altona and Osawa
equations is excellent. The linear regression coefficients
of the two empirical equations were almost identical.
However, axial-equatorial and equatorial-equatorial vi-
cinal coupling constants calculated from the Altona
equation were better than those from the Osawa equation.
Thus, the observed vicinal coupling constants for com-
pounds 1-4 can be proposed as model values for the con-
formational analysis of cyclic and acyclic compounds
conformationally heterogeneous and structurally related
to compounds 1-4.4%

13C Chemical Shifts. The observed *C chemical shifts
at room temperature for compounds 1-4 have been sum-
marized in Table III. The only available literature data
for related compounds were the data described by Eliell®
for 1-methyl-, 1,2-dimethyl-, 1,3-dimethyl-, and 1,4-di-
methylpiperidinium chlorides. The assignment of observed
signals to carbons has been carried out from DEPT
spectra® and two-dimensional 'H-'3C heteronuclear cor-
relation spectra.t” The proposed assignment is fully un-
equivocal and is in agreement with the described values
for N-methylpiperidinium chloride!® taking into account
the contributions of groups SMe, SOMe, and SO;Me in
a cyclohexane system.%

The contributions of equatorial groups SR, SOR, and
SO.R (R = Me, Et, Pr') in a ring N-methylpiperidinium,
and a ring quaternary nitrogen in a (methylsulfenyl)-,
(methylsulfinyl)-, and (methylsulfonyl)cyclohexane have
been calculated from °C chemical shifts described for
N-methylpiperidinium chloride,! thiosubstituted cyclo-

(41) Haasnoot, C. A. G.; de Leeuw, F. A. A. M,; Altona, C. Tetrahedron
1980, 36, 2783.

(42) Imai, K.; Osawa, E. Tetrahedron Lett. 1989, 4251,

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

(44) Mullay, J. Ibid. 1984, 106, 5842.

(45) Schneider, H. J.; Hoppen, V. J. Org. Chem. 1978, 43, 3866.

(46) (a) Doddrell, D. M.; Pegg, D. T.; Bendall, M. R. J. Magn. Reson.
1982, 48, 323. (b) Pegg, D. T.; Dodrell, D. M.; Bendall, M. R. J. Chem.
Phys. 1982, 77, 745.

(47) Bax, A. J. Magn. Reson. 1983, 53, 517.
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hexanes,* and the experimental data described in this
work (supplementary material, Tables S3 and S4).

The '2C experimental chemical shifts for compounds 1-4
can be used as model values for the conformational analysis
of acyclic and cyclic compounds structurally related to
compounds 1-4.

Configurational Assignment. The configurational
assignment of the quaternary nitrogen and ring carbon C,
for compounds 1-4 is unequivocal and immediate from
observed values for vicinal axial-axial coupling constants
310,200 18,600 Joa 300 AN 33, 4, (see Table V). In all com-
pounds the observed values for these coupling constants
agree with an antiperiplanar orientation for hydrogens that
are unequivocally axial. Thus, the configurational as-
signment of these two asymmetric centers was established
as (18,3R, 1R,38).

The configurational assignment of the sulfinyl sulfur for
sulfoxides 2a—c and 3a-c was less direct. The proton
magnetic parameters (chemical shifts and coupling con-
stants) for each pair of diastereomeric sulfoxides 2a/3a,
2b/3b, and 2¢/3c were very similar. For this reason, the
criteria well established in the literature® from geminal
coupling constants,*® chemical shifts of a-protons from
sulfinyl sulfur,® the syn-axial effect,*® induced chemical
shifts by aromatic solvents,? or induced chemical shifts
by lanthanide reagents,’>5! have not been able to be
applied. Then, the configurational assignment of the
sulfinyl sulfur for sulfoxides 2a/3a, 2b/3b, and 2¢/3c has
been supported by observed *C chemical shifts for carbons
C; and C, (see Table III) because these were the only
magnetic resonance parameters substantially different for
each pair of diasteromeric sulfoxides.

Observed Chemical Shifts for Carbon C,. The di-
hedral angle O-8-C4~C, for two major conformations of
S-sulfoxides (Figure 2, conformations F and G) was sig-
nificantly less than 60° (28° and 9°, respectively; see Table
I). For this reason, carbon C, is shielded by the proximity
of the g-rich sulfinyl oxygen. This situation was not
present in the major conformation for the R-sulfoxides
(Figure 2, conformation C). The geometry of this con-
formation is staggered and carbon C, has a gauche orien-
tation relative to the sulfinyl oxygen and the lone pair of
sulfur. Thus, the chemical shift observed for carbon C,
on S-sulfoxides has to be less than for R-sulfoxides. Then,
the configuration S of the sulfinyl sulfur can be assigned
to sulfoxides 2a, 2b, and 2e¢, and the configuration R to
sulfoxides 3a, 3b, and 3c.

On the other hand, the chemical shift for carbon C, on
R-sulfoxides must have an intermediate value between the
observed chemical shifts for carbon C, on the sulfides and
sulfones, because the situation of carbon C, in the major
conformation of R-sulfoxides (Figure 2, conformation C)
is halfway between the arrangement of this carbon on the
sulfides (conformation A) and sulfones (conformation H
or J). Thus, the configuration R again can be assigned to
sulfoxides 3a, 3b, and 3c.

(48) Lett, R.; Marquet, A. Tetrahedron 1974, 30, 2379.

(49) (a) Wolfer, S.; Rank, A. J. Chem. Soc., Chem. Commun. 1966, 778,
(b) Foster, A. B.; Duxbury, J. M,; Inch, T'. D.; Webber, J. M. Ibid. 1967,
881. (c) Foster, A. B.; Inch, J. D.; Qadir, M. H.; Webber, J. M. Ibid. 1968,
1086. (d) Carson, L. J.; Bogg, L. M.; Lundin, R. E. J. Org. Chem. 1970,
35, 1594.

(50) (a) Nachtergaele, W. A.; Tavernier, D.; Anteunis, M. J. O. Bull.
Soc. Chim. Belg. 1980, 89, 33. (b) Fraser, R. R.; Drust, T.; McClory, M.
R.; Vian, R.; Wigfiled, Y. Y. Int. J. Sulf. Chem., A 1971, 1, 133. (c) Lett,
R.; Bory, S.; Moreau, B.; Marquet, A. Bull. Soc. Chim. Fr, 1973, 2851, (d)
Ledaal, T. Tetrahedron Lett. 1968, 1683.

(51) (a) Hofer, O. Topics in Stereochemistry; Eliel, E. L., Allinger, N.
L., Eds.; Wiley-Interscience: New York, 1976; Vol. 9, p 111. (b) Brunet,
E.; Garcia-Ruano, J. L.; Martinez, M. C.; Rodriguez, J. H.; Alcudia, F.
Tetrahedron 1984, 40, 2023.
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Observed Chemical Shift for Carbon C,. The rela-
tive arrangement of the lone pair of the sulfinyl sulfur and
carbon C, is antiperiplanar in the major conformation for
R-sulfoxides (conformation C, Figure 2). However, the
relative arrangement of the lone pair and carbon C, is
gauche in major conformations for S-sulfoxides (confor-
mations F and G, Figure 2). From the well-known fact that
the shielding effect of a lone pair on a carbon chemical shift
is greater for a relative antiperiplanar arrangement than
for a gauche arrangement, it can be established that the
chemical shifts observed for carbon C, have to be less in
R-sulfoxides than S-sulfoxides. Thus, the relative con-
figuration R is supported for sulfoxides 3a, 3b, and 3¢, and
the configuration S for sulfoxides 2a, 2b, and 2c.

A semiquantitative configurational assignment for the
sulfinyl sulfur on the diastereomeric sulfoxide pairs 2a/3a,
2b/ 31%3 and 2c/3c has been carried out by solving eqs 1
and 2

6°bst = ZN ,-éicj (1)
Z:N i = 1 (2)

where 8°™; is the chemical shift observed for carbon C;,
&'c; is the chemical shift for carbon C; in the conformation
i, and N; the population of conformation i.

The application of these two equations by using the
observed chemical shifts for carbons C; and C, and taking
into account the conformations C and D (or E) (Figure 2)
for R-sulfoxides, and conformations F and G for S-sulf-
oxides (Figure 2), gives rise to a sytem of 6 equations with
12 unknown parameters. In order to reduce the number
of these parameters, we can consider that (a) the chemical
shifts for carbon C, in conformations C and F are prac-
tically identical because the relative arrangement of carbon
C; and the lone pair is gauche and the arrangement of
carbon C, and group R is antiperiplanar in these two
conformations; (b) the chemical shifts for carbon C, in
conformations D (or E) and G have to be practically
identical because carbon C, has a gauche arrangement with
the sulfinyl oxygen and group R and an antiperiplanar
arrangement with the sulfur lone pair; (c) the chemical
shifts for carbon C, in conformations D (or E) and F have
to be identical because in these conformations carbon C,
has a relative gauche arrangement with the sulfur lone pair
and group R and an antiperiplanar arrangement with the
sulfinyl oxygen; (d) the chemical shift for carbon C, in
conformation G (5%¢,), and the chemical shift for carbon
C, in conformation F (6¥y), can be related as 8%¢, = 8%,
— 33.4 ppm, the value of 33.4 ppm being the difference
between the chemical shifts observed for carbons C; and
C, of N-methylpiperidinium chloride.?

Considering all combinations of values for populations
of major conformations between zero and one for the two
alternative configurational assignments, a set of solutions
are obtained. The valid solutions can be selected taking
into account that the following conditions have to be
satisfied simultaneously:

8y > 8F¢y; 680y > 8P Blgy; 8y > 6%
86cy > 8DCr Bl s 88y > 6Ccy; No > Ny

These conditions are very reasonable according to the
influences of the sulfur lone pair and the sulfinyl oxygen
on chemical shifts for carbons C, and C,. In all solutions
selected the chemical shifts for carbons C, and C, of

(52) Carretero, J. L. Ph.D. Dissertation, Universidad Auténoma de
Madrid, Madrid, Spain, 1985.
(53) Eliel, E. L. Chem. Ind. (London) 1959, 568.
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sulfoxide 2a, 2b, and 2¢ correspond to S-sulfoxides, and
the chemical shifts for these carbons of sulfoxides 3a, 3b,
and 3¢ correspond to R-sulfoxides. Furthermore, the
calculated unknown parameters taking into account all
logical solutions have a small variation and are very rea-
sonable,

Sulfoxides 2a/3a: 0.2< Ny <1.0;06 <N, <1.0;38 <
8%, < 5D(°'E)c§ < 50 ppm; 54 < §¥c, = 8%, < 57 ppm; 23
< §F¢, = 8POB),, < 35 ppm; 14 < %, < 16 ppm.

Sulfoxides 2b/3b: 0.2< Ny <1.0;06 S Nc<£1.0;39 <
G, = 8PCE), < 50 ppm; 54 < ¥, = 6%, < 57 ppm; 19
< ¥y = 8P0B), < 35 ppm; 13 < §%;, < 17 ppm.

Sulfoxides 2¢/3¢: 0.2 < Ny < 1.0; 0.6 S N < 1.0; 33
< 6Gcg = 6D(°rE)C%S 50 ppm; 54 < 6F02 = 5002 <64 pPpm,
21 < &F, = 8PeB, < 35 ppm; 15 < 6, < 19 ppm.

The calculated values for conformational populations
N¢ and Ny by this procedure are very analogous with the
calculated populations from relative energies established
from the molecular mechanics force field MMX (see Figure
2). Likewise, the calculated range of variation for the
chemical shifts of carbons C, and C, in the major con-
formations of R- and S-sulfoxides is in good agreement
wit)h chemical shifts observed for these carbons (see Table
III).

A full spectroscopic study (*H and *C NMR) of 3-(al-
kylsulfenyl)-, 3-(alkylsulfinyl)-, and 3-(alkylsulfonyl)-N-
methylpiperidines is in progress.

In summary, then, 3-(alkylsulfenyl)-, 3-(alkylsulfinyl)-,
and 3-(alkylsulfonyl)-N-methylpiperidinium chlorides
(alkyl = Me, Et, Pri) have been studied for the first time
to evaluate the importance of polar interactions between
a quaternary nitrogen and a sulfur (sulfide, sulfoxide, or
sulfone) in relative positions 1,3. The application of mo-
lecular mechanics force field MMX has made it possible
to perform a correct analysis of conformational equilibria
for all compounds. The N-methylpiperidinium ring for
all compounds adopts a single undistorted chair confor-
mation with the groups N-methyl and SO,R in fixed
equatorial positions. The conformational differences be-
tween different compounds come from rotation around the
bond C;~8O,R. The results can be rationalized by taking
into account the steric interactions and attractive or re-
pulsive polar interactions between the s-deficient and
o-rich ring carbons C, and C,, the lone pair of sulfur, and
the o-rich oxygen of the sulfoxide and sulfone groups. The
residual charges for all atoms have been computed with
the Rescha program.

Likewise, the magnetic resonance parameters (:H and
13C NMR chemical shifts and geminal and vicinal coupling
constants) have been described for the first time for these
compounds. The assignment of signals has been carried
out from observed chemical shifts, homonuclear decoupling
experiments, DEPT spectra, and two-dimensional *H-13C
heteronuclear correlation spectra. The observed axial-axial
vicinal coupling constants establish that the N-methyl-
piperidinium ring for all compounds adopts a single un-
distorted chair conformation. The configurational as-
signment of ring quaternary nitrogen and ring carbon C;
has been carried out from vicinal axial-axial coupling
constants observed for protons H,, and Hz,. The config-
urational assignment of sulfinyl sulfur in the diastereo-
meric sulfoxide pairs has been carried out from the dif-
ferences observed for chemical shifts of carbons C, and C,.

Experimental Section
The synthesis of compounds lac, 2a—¢, 3a—¢, and 4a-c and
the separation of diastereomeric sulfoxides 2a~c/3a—c have been
previously described.® Proton (300 MHz) and 5C NMR (75 MHz)
one- and two-dimensional spectra were recorded at 25 °C on a
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Varian VXR 300S instrument operated in the pulsed Fourier
transform mode and locked on solvent deuterium. Samples were
prepared as 10-15% solutions in CDCl; (4b in DMSO-dg) with
0.1% of TMS as internal reference in 5-mm-o.d. tubes.

One- and two-dimensional spectra were recorded under the
following conditions. 'H NMR: spectral width, 7500 Hz; ac-
quisition time, 3.742 s; number of scans, 16/32/128; pulse width,
7 us (85°); weighting function, line broadening of 0.8-1.0 Hz and
gaussian apodization of 0.543 s; zero filling of 64 K; digital res-
olution, 0.23 Hz/point. 3C NMR: spectral width, 16500 Hz,
acquisition time, 0.8 s; delay time between pulses, 1 s; pulse width,
4 us (30°); number of scans, 1024-4096; weighting function, line
broadening of 0.6-1.0 Hz; decoupler, Waltz-16 modulated; zero
filling of 64 K; digital resolution, 0.5 Hz/point. DEPT spectra:
spectral width, 3614 Hz; acquisition time, 0.8 s; delay time between
pulses, 1.5 s; pulse width, 12 us (90°); pulse width of decoupler,
18 us (90°); number of scans, 128/256/512; decoupler, Waltz-16
modulated; weighting function, line broadening of 1.0 Hz.
Two-dimensional !H-13C heteronuclear correlation spectra, 13C
dimension; spectral width, 3766 Hz; acquisition time, 0.8 s; pulse
width, 12 us (90°); delay time between pulses, 1.5-2.0 s; number
of scans, 512/1024; number of increments; 32/64. 'H dimension:
pulse width, 18 us (90°); decoupler gated on during acquisition
and off during delay; decoupler, Waltz-16 modulated. Data

processing, zero filling: 'H dimension, 2 K and *C dimension,
0.5 K. Weighting functions: 'H dimension, sine bell of 0.034 s,
and '°C dimension, sine bell of 0.020 s.
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Effective methodology for the synthesis of cubanes with novel substitution patterns is presented. The use
of an electron-withdrawing group to accelerate ortho-metalation of amide-activated cubanes is described, as is

the effect of the steric bulk of the activating group on the degree of ortho-metalation.

In previous work from this laboratory it was shown that
the ortho-metalation process so well-known in aromatic
chemistry could be extended to certain strained, saturated
systems like cubane and cyclopropane.! This discovery
has led to novel and useful methodology for systematic
substitution on such compounds. For example (Scheme
I), the activation provided by the N,N-diisopropyl-
carbamoyl groups on the 1,4-disubstituted cubane 1 per-
mits a strong base like lithium tetramethylpiperidide
(LiTMP) to remove a proton ortho to one amide group,
giving the lithiated cubane 2, When there are no amide
groups (cubane itself) only very little deprotonation oc-
curs.!? The amide adjacent to the lithiated position assists
ortho-metalation, presumably as it does in aromatic cases.’
The remote amide group (position 4) stabilizes the lithiated
cubane significantly via its general electron-withdrawing
inductive effect; without it the equilibrium is much less
(about !/55) to the right.'* The reaction can be drawn

(1) (a) Eaton, P. E.; Castaldi, G. J. Am. Chem. Soc. 1985, 107, 724. (b)
Eaton, P. E.; Daniels, R. G.; Casucci, D.; Cunkel, G. T. J. Org. Chem.
1987, 52, 2100. (c) Eaton, P. E.; Cunkel, G. T.; Marchioro, G.; Martin,
R. M. J. Am. Chem. Soc. 1987, 109, 948. (d) Eaton, P. E.; Higuchi, H.;
Millikan, R. Tetrahedron. Lett. 1987, 28, 1055.

(2) (a) For use of a tertiary amide as a directing group in aromatic
ortho-metalations, see: Beak, P; Brown, R. A. J. Org. Chem. 1982, 47,
34 and references cited therein. (b) The role of the directing group is
complex. Both inductive and coordinating effects are relevant. For a
recent review and key references, see: Snieckus, V. Chem. Rev. 1990, 90,
879. See also refs 5 and 6.

Scheme I

A HgCl,

A Litmp

g

A = C(OIN(i-Pr),
X = Clor TMP

Scheme I

Al = A

Li HgX

—
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completely over to a metalated species by coupling the first
equilibrium step with a transmetalation process in which
the cubyl lithium is converted into a far less polar and
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