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ABSTRACT: Ab initio 6-31G and MP2/6-31G/6-31G methods were used to calculate the relative energies of the
rotamers in the chair conformations of 4-alkyltetrahydk-thiopyrans (tetrahydrothiopyrans, thiacyclohexanes,
thianes; CH, CHs, i-C3H-, t-C4Hg, NneaCsHy 4, SiMes). The MP2/6—318/6-31G conformational energies{AG°®

or Avalues, kcal mot) of the 4-alkylthiacyclohexanes (Me =1.94; Et =1.7:Pr =1.62;t-Bu =5.49;necPent =1.39;
SiMe;=2.76) are similar to those calculated for the corresponding alkylcyclohexanes. Plots of the calculated
conformational energies for the 4-alkylthiacyclohexanes versus the calculated conformational energies for the
corresponding alkylcyclohexanes are linear (slope =1.01r ar@ 999 for 6-31Gand slope =1.09 and= 0.990 for
MP2/6-31G//6-31G). The conformational energies are strongly influenced by the magnitude and number of
repulsive nonbonded hydrogen-hydrogen interactions andjabehe(synclinal) effects in the conformers. The
carbon-sulfur bond lengths are mostly in the narrow range of 1.815-1.8Mi8"C—S—C angles vary from 97.o

99.£ and the C(3)—C(4)—C(7) angle in the most stable axial conformer is larger that the corresponding angle in its
most stable equatorial conformér. 1998 John Wiley & Sons, Ltd.

KEYWORDS: conformational energy; tetrahydrothiopyraal;initio molecular orbital

INTRODUCTION (The free-energy difference between conformers is
referred to as the conformational enertyor sometimes
Substituents on the chair conformation of cyclohexane as the A value! For substituted cyclohexanes it is
[(1, R=H), Eqn (1)} * or at the 4-position of the half-  conventional to specify the value ofAG° for the
chair conformation of cyclohexefgenerally prefer the equilibrium axial = equatorial. Since—AG™ will be
equatorial position. In monosubstituted cyclohexardgs (  negative when the equatorial conformation is more stable
the axial substituents may have steric interactions with than the axial conformation, the value 6fAG’ is
the synaxial hydrogens at C(3) and C(5) [1, 3-diaxial positive for substituents that favor the equatorial posi-
interactions, Eqgn (1)] and with other hydrogens on the tion.) The larger the conformational energy, the greater
ring. The more stable equatorial conformer generally the preference of the substituent for the equatorial
experiences fewer repulsive non-bonded hydrogen—position. While much work has been dedicated to the
hydrogen interactions. The difference in energy betweenstudy of conformational energies in carbocycles and in
the most stable axial and its most stable equatorial molecules containing first-row elements, much less effort
conformer is called the equatorial preference and has been devoted to systems containing second-row
designated the conformational enerdyGC or A value).  element$*

H R

R
tPresented at the 214th American Chemical Society National Meeting, M — M (1)

Las Vegas, Nevada, September 7-11, 1997 and the Pacific Conference
on Chemistry and Spectroscopy, Irvine, California, October 21-25,
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Figure 1. Plot of the 6-31G* conformational energies of 4-alkylthiacyclohexanes versus the conformational energies of the

corresponding alkylcyclohexanes

thiopyran(tetrahydrothiopyranthiacyclohexanethiane,
2), by comparingthe geometries(6—31G*) and con-
formationalenergiegMP2/6—31G*//6—31G*singlepoint
energiespf 4-alkylthiacyclohexanel3, R = CHs,C,Hs,i-
C3Ho,t-C4Hg,neo CsH1 1, SiMes, Eqn(2)] with thoseof the
correspondingalkylcyclohexanegl, Eqn (1); Figuresl
andﬂ andwith selected-alkylthiacycloheanedq4, Eqn
©)F

H R
S)jﬁ — S%—R (2)

2R=H 2R=H
3a 3b

0 1998JohnWiley & Sons,Ltd.

L3777 )

4a 4b

Theoreticakalculationgprovideenergydifferencegor
isolatedmoleculesat 0 K. Therefore theoreticalcalcula-
tions are not expected,in principle, to reproducethe
experimentalresultsquantitatively** Neverthelessit is
possibleto carryoutabinitio calculationsatthe Hartree—
Fock level, from which many propertiesand structures
canbeobtainedwith anaccuracythatis competitivewith
experimen9Sincethetheoreticaresultsarefreefrom
intermoleculaiinterferencesthey area valuabletool for
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Figure 2. Plot of the MP2/6-31G*//6-31G* conformational energies of 4-alkylthiacylohexanes versus the conformational

energies of the corresponding alkylcyclohexanes

a systematicstudy of substitutenteffectsin cyclohex-
anes** tetrahydro-#-pyrans (tetrahydropyranspxacy-
clohexanespxanes)* andthiacylohexanegTablesl and
2)_8—13

COMPUTATIONAL METHODS

The optimized geometries(6—31G*) and single point
energiesMP2/6-31G*//6—31&) were calculatedusing
the SPARTAN 4.1 computational program?°>~2* The
resultsfrom MP2/6—-31G*//6—3&* calculationsareused
in the conformationakenergie3® discussiondelow.

0 1998JohnWiley & Sons,Ltd.

RESULTS AND DISCUSSION

Althoughthiacyclohexan€?) hasachairstructurg(Table
1) similar to cyclohexandl, R = H), it is morepuckered
in orderto accomodatéhe bondanglesandbondlengths
characteristiof sulfur. Electrondiffraction studiesin the
gas phase reveal a slight flattening of the chair
conformationof cyclohexaneThe C—C—C—Ctorsion
anglesare 55.9, comparedwith 60° for the ideal chair
conformatior?® Thegaucheinteractionsn cyclohexanes
andthiacyclohexanemay not be comparabldo thoseof
gauchebutanebecausehe hydrogen—hydrogeimterac-
tions are minimized in the cyclic structures®2® The
calculationalmethodsusedhere give someapproxima-
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Table 1. Comparison of calculated and experimental bond lengths (A), bond angles (°) and dihedral angles (°) for

thiacyclohexane (2)
(=T

2

Parameter MM31213 MM4 1213 6-31G* Mw 30 ED**
Bond length
C—H 1.114 1.113 - 1.095 1.114
Cor—Hax - - 1.085 - -
Cor—Heq - - 1.083 - -
C—Cs 1.536 1.531 1.528 1.533 1.528
C:—C, - - 1.532 1.533 1.528
C—S 1.813 1.814 1.817 1.832 1.811
Bondangle
H—C—H 106.4 106.4 - 108.5 105.9
H—C—H - - 1.074 — -
H—Cz—H - - 1.071 - -
C—Cs—C, 112.7 112.7 112.8 107.9 112.3
Cs—C,—Cs 112.6 112.9 113.2 109.2 113.8
Cs—C—S, 111.3 112.8 112.9 114.1 112.7
C—S—=Cs 97.5 97.4 98.5 99.2 97.6
Torsionangle
c—C—C—-C - - 59.4 - 58.6
c—C—C—S - - 60.0 - 60.8
c—C—S—C - - 53.4 - 55.4

Table 2. Comparison of calculated bond lengths (A), bond angles (°) and dihedral angles (°) for 4-methylthiacyclohexane (5)

yHc H
2)~ 3 7 c
Hp
S 6 5
5a 5b
5a 5b
Parameter MM4 (rg'>*3 6-31G* MM4 (rg'>*3 6-31G*
Bondlength
Cr—Hax 1.112 1.084 1.112 1.085
Co—Heq 1.111 1.088 1.112 1.083
C—Cs3 1.534 1.529 1.535 1.528
Cs+—Cy 1.523 1.539 1.529 1.535
S—GC, 1.813 1.817 1.812 1.816
S—Cs 1.813 1.817 1.812 1.816
Bondangles
H—C—H 105.8 107.1 106.1 107.4
H—Cs—H 106.2 106.9 106.5 107.0
C—Cs—Cy 114.3 1145 1131 1135
Cs—C,—Cs 111.5 111.6 111.6 111.9
S—C—C; 112.9 111.6 112.8 112.9
C—S—=Cs 97.5 98.8 97.1 98.2
Torsionangles
Cr—C3—C4—Cs 57.5 57.8 59.2 59.0
S5——C—Cs:—C,4 60.7 59.7 61.8 60.5
Cr—S,—Cs—Cs 54.1 52.6 54.8 53.3
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Table 3. Calculated energies (hartree), conformational energies (—AG° or Avalues, kcal mol~"°>~ and dipole moments (D) of 4-

alkylthiacyclohexanes®™

6-31G* MP2/6-31G*//6-31G*
Alkyl group Energy —AG® Dipole moment Energy —AG®
H 2° —592.681604 - 2.0 —593.456783 -
CHzax 5a —631.713486 - 21 —632.622890 -
CHgeq 5b —631.717048 2.24 2.0 —632.625992 1.94
CoHsax 7a —670.746041 - 21 —671.787628 -
CoHseq 7b —670.749503 2.17 2.1 —671.790376 1.72
CoHseq 7c —670.748147 [1.32] 2.1 —671.789316 [1.06]
i-CaH7ax 8a’ —709.776830 - 2.1 —710.953716 -
i-CsHveq 8b —709.780663 241 2.1 —710.956291 1.62
i-CsHveq 8c —709.779648 [1.77] 21 —710.955540 [1.14]
t-C4Hoax 9a —748.800258 - 2.2 —750.114537 -
t-C4Hgeq 9b —748.810048 6.14 21 —750.123278 5.49
necCsHj1ax 10a —787.843427 - 2.2 —789.287832 -
neoCsHiieq 10b —787.846649 2.02 2.1 —789.290046 1.39
SiMezax 1la —999.886225 - 2.1 —1001.143807 -
SiMegeq 11b —999.892066 3.67 21 —1001.148201 2.76

& The othervaluesin the —AG® columnsarethe energydifferences(in brackets)oetweerthe moststableaxial conformerandits otherequatorial

conformer.
b C, point groupunlessspecifiedotherwise.
¢ Cs point group.

Table 4. Calculated torsion angles (°) in 4-alkylthiacyclohexanes

Torsionangle

Alkyl group C2—03—C4—C7 Ce—C5 C4—C7 C3-C4—C7—C8 CTC4 C7—C3
CHaax 5a 69.6 69.6 - -
seq 5b 176.9 176.9 - -

CoHsax 7a 68.3 69.5 63.8 69.5
CoHaeq 7b 177.6 176.1 64.7 170.7

oHseq 7c 172.0 172.0 63.6 63.5
i-CaHrn 8a 66.9 66.9 178.3(55.7) 55.7(178.3)
i-CoHreq 8b 170.7 172.0 69.6(164.1) 57.3(69.0)
i-CsH7eq 8¢ 177.4 177.4 179.1(56.0) 56.2(179.4)
t-CyqHoax 9a 84.2 80.8 50.5(173.3),70.0 82.3(40.5),157.3
t-C4Hoeq 9b 170.6 170.6 63.4(175.4).57.8 63.6(57.8).175.4
necCsHj1ax 10a 70.0 69.6 1115 121.9
neoCeHi1eq 10b 1763 176.4 1065 1293
SiMezax 1la 77.8 78.7 77.2(162.1),45.1 56.4(64.3),178.7
SiMéseq 11b 1735 1735 63.6(175.7).57.0 63.6(57.1).175.8

tion to the equilibrium bond lengths(r.), whereasthe
experimentalvaluesfrom electron diffraction (rg) and
microwave(rs) spectroscopicstudiesgive vibrationally
averagedvalues. Thesenumbersare different physical
guantitiesand havedifferent numericalvalues.Thus,re

needgo be convertedo ry andrg in orderto makevalid

comparisong® Althoughthe chairconformatiorof 2 was
deducedrom themicrowavespectroscopitvestigation,
the rotational constantsproved insufficient to uniquely

0 1998JohnWiley & Sons,Ltd.

specify the molecular conformation®®** The carbon-
sulfur bond (1.817A) in 2 is longer than the carbon—
carbonbond(1.532A) in cyclohexaneandthe C—S—C
bond angle (98.5°) in 2 is smaller than the C—C—C
tetrahedrabngle(111.5) in cyclohexane.

Table 3 showsthat the equatorialconformer5b [zero
gauche(synclinal) butaneinteractions, Table 4] of 4-
methylthiacyclohexane(5) is more stable (—AG° =
1.94kcalmol™) than the axial conformer 5a [two
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gauche(synclinal)butaneinteractionsTable4].?%13:26-

28 Gauchein A—B—C—D, ligandsA andD aregauche
if thetorsionangle(ABCD) aboutthe B—C bondis near
+60° or —60°. Synclinal(sg: in X—A—B—Y, ligands
X andY aresynclinalif thetorsionangle(XABY) about
the A—B bondis between+30° and +-90° or between
—30° and —90°.* The MP2/6-31G*//6-31G*calculated
conformationaknergyfor 5 (—AG° = 1.94kcalmol™) is

larger thanthe value (—AG° = 1.78 or 1.82kcalmol™)

obtainedby Allinger and co-worker$®332ysingmole-
cular mechanics(MM3 and MM4) and the value of

1.80kcalmol~* obtainedfrom the low-temperature->C

NMR studiesof Barbarellaet al.>® (in CD,Cl,) and of

Eliel and Willer®*3* (in CDCls). The MP2/6-31G*//6—
31G* calculated® and the experimenta®>° conforma-
tional energyvaluesfor 2-methylthiacytohexang4) are
1.00 and 1.42kcalmol™?, respectively. The MP2/6—
31G*//6-31G* calculated*?®3°3" and the experimen-
tal*®39 conformationalenergy values for methylcyclo-
hexane(6) are 1.96 and 1.74kcalmol™, respectively.
The similarities and small variations among the con-
formational energiesof alkylcyclohexanes(1) and 4-

alkylthiacyclohexaes(3) areseenin Figs1 and2. [It is

found experimentally that there is little variation in

—AG?° betweercyclohexananddifferentheterocyclesit
the 4-position?® For example, axial and equatorial
methyl groupsat C(4) appearto be ‘cyclohexane-like’
excepffor variationsin theexactring shapeasexpected.]

Table 5. Calculated bond angles (°) in 4-alkylthiacyclohexanes

H
H ¢
H b
5 § 71 7| Ho
H,
4 3 2
6a 6b

In the axial conformation 5a, the distancesfrom
C(2)—Hax to C(7)—H, andfrom C(6)—Hay to C(7)—H,
are 2.388 and 2.388A, respectively,which are shorter
than the sum (2 x 1.20=2.40A) of the van der Waals
radii for hydrogen.The van der Waalsradius,which is
determinedrom interatomicdistancesn crystals,is the
effective size of the atomic cloud arounda covalently
bondedatomasperceivedby anotheratom.The vander
Waals radius is not the distanceat which repulsive
interactionsof the electronson two atomsoutweighthe
attractive forces between them. Hydrogen-hydrogen
distancesgreaterthan 2.500A are not includedin the
discussion. Many sets of van der Waals radii are
available™™*) The C(4)—Hq to C(7)—H, and to
C(7)—H. distancesare2.453and2.453A , respectively.
In the equatorial conformation 5b, the C(4)—H,4 to
C(7)—H, and to C(7)—H, distancesare 2.480 and
2.480A , respectively.lt is the strongerrepulsivenon-
bondechydrogen—hydrogeimteractionsn 5awhichalso
contributeto its higher energyrelative to 5b. Table 5
showsthatthe C(2)—C(3)—C(4)andC(3)—C(4)—C(7)
anglesin the axial conformer5a are slightly largerthan
the correspondin@gnglesin its equatorialconformer5b.
This suggeststhat the methyl group in the axial
conformer5aiis tilted awayfrom the interior of thering
in orderto minimize the repulsivenon-bondednterac-
tions with the synaxial C(2) and C(6) hydrogens.The

Bondangle

Alkyl group CZ_S_L_CG CZ—C3—C4 Cg—C4—C5 C3—C4—C7 C5—C4—C7
- 2 98.5 112.8 112.9 - -
CHazax 5a 98.8 114.5 111.6 1125 1125
CHzeq 5b 98.2 113.5 111.9 110.8 110.8
CoHsax 7a 99.0 114.5 110.7 1141 111.9
CoHseq 7b 97.9 113.6 111.4 112.2 109.9
CoHseq 7c 98.4 113.0 111.6 1125 1125
i-CaH7as 8a 99.4 114.4 109.0 114.0 114.0
i-CsHveq 8b 98.2 113.2 1111 111.8 114.0
i-C3H7eq 8c 97.1 114.3 110.7 111.7 111.7
t-C4qHoax 9a 98.3 117.4 109.8 115.9 117.6
t-C4Hgeq 9b 97.6 113.4 109.9 113.7 113.7
NnecCsHj1ax 10a 98.2 114.7 111.0 112.9 112.6
NeoCsHi1eq 10b 98.1 113.6 1111 1113 110.9
SiMezax 11la 98.7 114.6 110.9 116.5 116.2
SiMezeq 11b 98.1 113.6 1115 112.7 112.7

0 1998JohnWiley & Sons,Ltd.
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Table 6. Calculated (6-31G*) bond distances (A) of 4-
alkylthiacyclohexanes

Bonddistance

A|ky| group C4—C7 C4—C5 Cz—Sl Crsl
- 2 - 1.532 1.817 1.817
CHaax 5a 1.534 1539 1.817 1.817
CHaeq 5b 1.530 1.535 1.816 1.816
CoHea 7a 1540 1540 1.818 1.817
CoHseq 7b 1.537 1.537 1.815 1.815

Heeq 7c 1539 1536 1816 1816
i-CaH7ax 8a 1.551 1.542 1.818 1.818
i-CsH1eq 8b 1549 1538 1.815 1.815
i-CaHzeq 8c 1.551 1.540 1.812 1.812
t-CyHom, 9a 1571 1542 1.815 1.815
t-C4Hgeq 9b 1.565 1.542 1.813 1.813
neoCsHji1ax 10a  1.553 1.540 1.816 1.816
neoCsHizeq 10b  1.550 1.537 1.815 1.815
SiMesn, 11a 1922 1545 1816 1.817
SiMegeq 11b  1.913 1.543 1.815 1.815

carbon=sulfubonddistancesn 5a and5b arethe same
(1.817A, Table6).

Table 3 showsthat the equatorialconformer7b of 4-
ethylthiacyclohexae (7) is more stable than its axial
conformer 7a (—AG® = 1.72kcalmol™?). This value is
larger than the calculated (—AG® = 1.16kcal mol™2)
value for 2-ethylthiacyclohgane (4)'* andis similar to
the calculated(—AG® = 1.80kcal mol~1)3® and experi-
mentalvalues(—AG° = 1.79kcal mol™Y) for ethylcyclo-
hexang(in solution,theentropyandenthalpictermsmust
be considered®3984y. The axial conformerhasthree
rotamers:7a (two gauchebutaneinteractions)*®?and
its mirror image, and a high-energyrotamer(very low
population)with the methyl group pointing toward the
ring. The equatorial conformer 7b also has three
populatedrotamers:conformer7b (one gauchebutane
interaction)andits mirror image,andconformer7c (two
gauchebutaneinteractions).*~28 Interestingly, the 6—
31G* and MP2/6-31G* //6—-31G* calculated energy
differencebetweenthe equatorialconformers7b and7c
are 0.85 and 0.66kcalmol,”* respectively, either of

which is approximately one gauche butane interac-
tion.1:26-28

In the axial conformation 7a, the distancesfrom
C(7)—Ha to C(2)—Ha.x andto C(6)—H,, are2.361and
2.381A, respectively. The C(4)—Hyq to, C(7)—H,
distanceis 2.468A and C(3)—H.q is 2.294A from one
C(8)—H. In the chiral equatorial conformer 7b, the
C(4)—Hax to C(7)—H,, the C(5)—Hgqto C(7)—H, and

0 1998JohnWiley & Sons,Ltd.

7c

S

the C(3)—H.qto C(8)—Hdistancesire2.493,2.364,and
2.276A, respectively. The six repulsive honbonded
hydrogen—hydrogeudistancesn the symmetricalequa-
torial conformer7c for C(3)—H,y to C(8)—H,, C(3)—
Heq to C(7)—Hy,, C(4)—Hax to C(7)—H,, C(4)—Hax to
C(7)—Ho, C(5)—Hq to C(7)—H, and C(5)—H. to
C(8)—H, are 2.367, 2.490, 2.396, 2.396, 2.490, and
2.367A, respectively.Thus, the additional non-bonded
interactionsandthe additionalgauchebutaneinteraction
help to make the equatorial conformer 7c of higher
energy that 7b. The similarity of the calculatedcon-
formational energiesfor 5 and 7, is consistentwith
rotation aboutthe C(4)—C(7)bondin 7 in sucha way
that the ethyl group adoptsconformationswhich mini-
mizetheeffectsof theadditionalmethylgroup(cf. 5a, 6a
and7a).°

Table 3 shows that the equatorial conformers 8b
(—AG° = 1.62kcalmol™*) and8c of isopropylthiacyclo-
hexane(8) are more stablethanthe axial conformer8a.
Interestingly, the conformationalenergy (—AG° = 1.62
kcalmol™) of 8 is close to the calculatedvalue for
isopropylcyclohexang—AG® = 1.59kcalmol™*, Fig. 1
and?2).2*4°The axial conformer8a (four gauchebutane
interactionsj®2® exists as a single rotamer and the
equatorialconformerhasthreerotamers(8b and 8c and
its enantiomer)The morestableequatoriaktonformer8b
hastwo gauchebutaneinteractionsand the less stable
conformer8c andits mirror imageeachhasthreegauche
butaneinteractionsThedifferencein energybetweerthe
equatorial conformers 8b and 8c is 0.48kcalmol™*
(Table2).

9
pl FHa
H CH,

w

°°O~4 wlo

8a 8b 8c

In the axial conformer8a, the distancegrom C(7)—H
to C(2)—H,, andto C(6)—H,, are 2.353and 2.353A,
respectively which are shorterthanthe sum of the van
der Waals radii for hydroger*'~*" The C(3)—Heq to
C(9)—H andthe C(5)—H.qto C(8)—H distancesn 8a
areis 2.176and2.176A, respectively.In the equatorial
conformer8b, the C(3)—Hqto C(9)—H andthe C(5)—
Heq to C(8)—H distancesare is 2.129 and 2.127A,
respectivelyIn the equatorialconformer8c, the C(3)—
Hax to C(8)—H, distanceis 2.399A, the C(5)—H, to
C(8)—H, distances 2.308A andthe C(7)—Hto C(5)—
Heqdistances 2.337A. In addition,in 8c, the C(3)—Hq
to C(9)—H, distanceis 2.283A andthe C(4)—H.x to
C(9)—H, distanceis 2.403A.

An axial tert-butyl group cannotavoid the stringent
steric repulsionof the 1,3-diaxial interactionswith the
methyl group.The equatorialconformerdb (four gauche
butaneinteractions)f 4-tert-butylthiacyclohexae (9) is
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more stable than its axial conformer 9a (5|x gauche
butaneinteractions,—AG® = 5.49kcalmol ™). In 93, the
distancesrom C(2)—H.,x to C(8)—H, andfrom C(6)—
Haxto C(8)—H,are2.174and2.194A, respectivelyThe
distancefrom C(5)—H.qto C(9)—His 2.440A. Also in
9a, the C(3)—H.qandC(4)—Hgqdistanceso C(10)—H,
and C(10)—H, are 2.157 and 2.394A, respectively.In
9b, the C(3)—Hqto C(8)—Hdistances 2.118A andthe
C(4)—H,x to C(10)—H, andthe C(5)—Hq to C(10)—
H, distancesare 2.444 and 2.117A, respectively.The
C(3)—Hax to C(9)—H, andthe C(5)—H.x to C(9)—H,
distancesare2.325and2.325A, respectively.The much
largerconformationakenergyvaluefor 9 comparedwith
methyl(5), ethyl(7) andisopropyl(8) is aconsequencef
requiringa methylgroupto resideovertheinterior of the
thiacyclohexaneing in the axial conformation(9a) of 9.

10

® cH.7CHa 8
H H CH3 H H 7.-9H:3
2 3 49 2 3 CH
: CHg
S~ 6 5 S 6 5
9a 9b

Table 3 showsthatthe equatorialconformer10b (two
gauchebutaneinteractions)of 4-neopentylthiacyclohex-
ane(10) is morestablethantheaxial conformerl0a(four
gauche butane interactions, —AG® = 1.39kcalmol™).
Thesimilarity of theconformationaknergyfor of 10and
4-ethylthiacycldexane (7, —AG°=1.72kcalmol™)
againreflectsthe ability of the methyl group (in 7) and
the tert-butyl group (in 10) in the axial conformerto
rotateawayfrom thering in orderto minimize repulsive
non-bondednteractions.In the axial conformation10a
thereare four repulsivenonbondechydrogen—hydrogen
interactions The distancedrom C(2)—H,x to C(7)—H,
andfrom C(6)—H,y to C(7)—H, are2.285and2.364A,
respectivelyAlso in 104 thedistancefrom C(4)—Hgqto
C(9)—H s 2.209A andthe distancefrom C(4)—Hqt0
C(10)—H is 2.266A. In the equatorialconformer10b,
the C(3)—Hax to C(7)—H, andthe C(5)—H.x to C(7)—
H, distancesare 2.418 and 2.362A, respectively.The
C(4)—Hax to C(10)—Hand C(11)—Hdistancesn 10b
are2.342and2.215A, respectivelyTheserepulsivenon-
bondinginteractiongn theequatoriatonformerlOb may
also contributeto the lower equatorialpreferencein 10
relativeto 7.

11 10
CH, CHg NI
~=GHs CHsCH,

Ho. 8<% 9
Hp H oy 7,/<CH3
2 2 3 \"'H
Hy 2
s 6 5 &6 s
10a 10b

Table3 showsthatthe equatorialconformerl1b (four
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gauchebutaneinteractions)of 4-trimethylsilylthiacyclo-
hexane(11) is more stablethanthe axial conformerlla
(six synclinalinteractions,—AG® = 2.76kcalmol™). In

the axial conformer11a there are two repulsive non-
bondedhydrogen-hydrogemteractions:C(2)—H,y to

C(8)—H,=2.416A and C(6)—H.x to C(8)—
H,=2.357A. There are no non-bonded hydrogen—
hydrogen interactions (<2.500A) in the equatorial
conformer11b. The smaller conformationalenergy of

thetrimethylsilyl grouprelativeto thetert-butyl group(9,

—AG° =5.49kcalmol™) is due to the longer carbon—
siliconbondwhich movesthemethylgroupsfartherfrom

thering. Thecarbon=silicorbondlengthsin 11aand11b

are1.922and1.913A, respectively.

7 ,CH3 10

i, CH

‘CH 7¥8
M e BT
CH3

s 5 8
11a 11b
CONCLUSIONS

Table3 showsthatconformationaknergyis notsolelya
functionof substituensize.Perusabf theconformational
energiesndicateghatanalkyl groupin eithertheaxial or
equatorialposition can orientitself in sucha way asto
minimize repulsive non-bondedinteractions with the
ring. The numberof gaucheinteractionsin a population
of conformerswhenthe alkyl groupsarein the axial or
equatorialposition and the non-bondedepulsiveinter-
actions in all conformers must be considered in
evaluating conformational energies®28:38:39.48:49Th o
carbon-sulfubondlengths(Table6) in the 4-substituted
thiacyclohexanesare mostly in the narrow range of
1.815-1.81& for the 14 axialandequatoriakonformers
studied.The C—S—C anglesvary from 97.1° to 99.4
andthe C(3)—C(4)—C(7)anglein the moststableaxial
conformeris largerthat the correspondinganglesin its
moststableequatorialconformer(Table 5).

It is recognizedthat the conformationalenergiesof
groups in heterocyclesgenerally cannot be directly
equatedwith cyclohexaneAG® valuesowing to differ-
encesn bondanglesandbondlengths.However,if it is
assumedthat there are no stereoelectroniceffects, it
should be possibleto derive a proportionality constant
that relatescyclohexaneo thiacyclohexandy compar-
ing conformationalenergiesof simple alkyl groupsand
other nonpolarcarbonfunctions**>%>[Although steric
effects are consideredto be responsiblefor equatorial
preference cyclohexanes,naturbbndorbital analysis
(NBO)* suggestshatbond—anti-bondnhteractionsof the
exocyllcC(l) C(7)bondin methylcyclohexané6) with

c—c and o c_y bondsare mainly responsiblefor the
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equatorial preference.]Plots (Figs 1 and 2) of the

calculatedconformationalenergies(—AG°®) for the 4-

alkylthiacyclohexaes versusthe calculated—AG® va-

luesfor the correspondingalkylcyclohexanesre linear

(slope=1.01andr = 0.999for 6-31G*;slope=1.09and

r =0.990 for MP2/6-31G*//6—3G*).*° Thus, although
thethiacyclohexaneing maybemorepuckeredhatthan

the cyclohexaneing, the conformationakenergiesn the

heterocyclesreinfluencedsimilarly by factors(gauche
effects, non-bondedinteractions,steric effects, stereo-
electroniceffects)which areobservedn the correspond-
ing alkylclohexanes.
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