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The monoelectronic reduction of hexakis(alkylsulfonyl)benzenes (atkylethyl 1a, ethyl 1b, butyl 1c, iso-

propyl 1d, andiso-butyl 1€) to the corresponding radical anion in dimethylformamide involves two widely
separated redox systems, except in the caseéleothat shows a single perfectly reversible system.
Electrochemical data supported by calculations of molecular modeling (DFT and PM3 methods) show the
existence of a four-member square scheme for which the neutral and radical anion species can both exist
under chair and boat conformations. The relative stability of the conformers was found to be strongly dependent
on the nature of the alkyl substituents. Generally, the most stable neutral forms adopt a chairlike geometry,
and the radical anions adopt a boatlike geometry. For the most hindered conimtimel steric contribution

of the (so-butylsulfonyl) substituents becomes so strong that the conformational changes are considerably
slowed, resulting in a frozen chair conformation.

Introduction unusual because, depending on the experimental conditions, one
The reduction of aromatic sulfones lead to radical anions, O WO reversible waves can be observed for a globally one-

for those formation potentials and lifetimes strongly depend on €/€ctron reduction. Among aromatic molecules which undergo
the number and nature of the electron-withdrawing groups bound Structural changes, highly hindered hexasubstituted berizeftes

to the aromatic ring-8 For example, radical anions electro- show confqrmgtlonal flexibility |r)volvmg some c_;llstortlons of
generated from mongé-1,2-bis-36 and 1,3,5-tris(alkylsulfonyl)- the aromatic ring. For b_oth steric and electronl_c reasons, the
benzeness are found to decay along different chemical benzene ring of 1,3,5-tris(dialkylamino)-2,4,6-trinitrobenzene
pathwaysl name|y, bond C|eavage, self-radical a|ky|ation and was reported to be SeVerer distorted to a boat form in order to
dimerization processes. In contrast, more complex polyaromatic maximize push-pull conjugationt” In solution, such a form was
sulfones such as 1,2,4,5-tetrakiand pentakis(alkylsulfonyl)-  seen to inconvert rapidly into a twist conformer by means of a
benzenées are reversibly reduced, and the electrogenerated pseudorotation pathway, with an interconversion barrier of 9.1
radical anions are not degraded within the time scale of the kcal mol™. In contrast, the aromatic ring of hexakis(dimethyl-
electrochemical experiments. In this class of molecules, the caseamino)benzene retains a planar conformation, which is converted
of some hexakis(alkylsulfonyl)benzengsappears to be very  into a twist form upon two-electron oxidation to dicatitt%20
special because the production of the radical anion involves two In connection with these studies, hexakis(trimethylsilyl)ben-
widely separated redox systems. This electrochemical behaviorzené® and hexakis(trimethylgermyl)benzehavere reported to

is highly affected by the nature and bulkiness of the alkyl group exist as an equilibrium mixture of chair and boat forms. Thus,
bound to the polysulfonyl moiety but also by the temperature these representative examples demonstrate that the preference
and the experimental time. In a preliminary repbitthas been for a specific conformation is directly governed by both the
proposed that these two redox processes could be related to thelectronic properties and the steric hindrance of the substituents
existence of two different conformers. Cases of structural modi- bound to the benzene ring.

fications induced by a change of the I’gadOX state have been re- |, the present paper, the cathodic reduction of these aromatic
ported for several organic molecuf’s?® However, the ob- g tones is fully investigated in aprotic solvent to determine

served electrochemical behaviors for the reduction of hexakis- poh the kinetic and thermodynamic constants associated with
(alkyl_sulfonyl)bgnzenes are different as rep_orte_d Cases generch phenomena and to analyze them as a function of the alkyl
ally |r!voliljg legltlger two-electron stepg with |nl\ger8|on of substituent. Also, calculations of molecular modeling based on
potential$ coor one-electron |rreyerS|bIe steffs. For.th'e ensity functional theory (DFT) and semiempirical methods
molecules of interest here, the described events are striking an PM3) are performed in order to propose an optimized structure

* To whom correspondence should be addressed. Fe8d 2 23 23 67 for each involved conformer in agreement with electrochemical
32. data.
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Experimental Section
Chemicals. All substratesl (see Scheme 1) were prepared 2 — T T T T T T T T T
according to already reported procedures, consisting in the A2 10 08 06 04 -02 00 0.2
oxidation of poly(alkylthio)benzenes by-chloroperbenzoic E/Vyvs FelFer
acid?24-27 Dimethylformamide (DMF) from SDS containing 60
less than 50 ppm of water was used without further purification. 18
Tetran-butylammonium hexafluorophosphate BiPFR; was 404
purchased from Fluka (puriss, electrochemical grade). 20_'
Instrumentation and Procedures. Linear potential sweep |
cyclic voltammetry experiments were performed with an Au- . ¢
tolab PGSTAT 20 potentiostat from Eco Chemie B. V., equipped <

with General Purpose Electrochemical System (GPES) software -20
(version 4.5 for Windows). For the highest scan rates, the
electrochemical instrumentation consisted of a Tacussel GSTP4
generator and a home-built potentiostat equipped with a positive
feedback compensation devi€eand the data were acquired , ' , , , . ,
with a 310 Nicolet oscilloscope. The working electrode was a 42 10 08 06 -04 -02 00 02
platinum disk (area: 0.8 m#hand the counter electrode was a

. . E/V vs Fc/Fc+
glassy carPon rod._Potentla_Is were measured against the systergigure 1. Cyclic voltammograms otb (1 x 10-3 mol L-%) in DMF
Ag/Agl/10~* mol L™ NBu4l in DMF. Ferrocene was added to  1"1g-1 mo| L1 Bu,NPF; at 0.1 (A) and 100 V st (B).
the electrolyte solution at the end of each series of experiments.
The ferrocenef/ferricinium (Fc/Eg couple served as an internal ~ fonyl)benzenesl was studied in dimethylformamide (DMF)
standard, and all reported potentials are referenced to itscontaining 0.1 mol ! BusNPFs as the supporting electrolyte.
reversible formal potential. Electrolyte solutions were thoroughly The redox behavior was found to be strongly dependent on the
purged and kept under a positive pressure of dry argon during nature of the alkyl substituent bound to the sulfone moiety.
each run. All measurements were carried out at room temper-When the alkyl group was a linear chain (molecules-1c, R
ature (20+ 2 °C). Digital simulations of the voltammograms = methyl, ethyl, and butyl), their voltammograms displayed one
were performed with the commercial software package DigiSim Single reduction peak (process A) and one oxidation peak
(Bioanalytical Systems, version 3.03) using the default numerical (Process B) on the reverse scan. The difference between the
options with the assumption of planar diffusion. The electron- two peak potentials was large (around 0.5V). As an example, a
transfer coefficiento, was taken as 0.5, and the diffusion typical cyclic voltammogram recorded at a scan rate 0.1 V

40

-60 4

coefficients were equal for the all of the species<(1075 cr? s~tis shown in Figure 1A for the sulforitb, R = ethyl €. =
s71). The experimental voltammograms were not subjected to —0.818 V andEEa = —0.344 V vs Fc/Ft WhereE’,jC and E,?a
background subtraction. are the cathodic and anodic peak potentials Aorand B,

Theoretical Modeling. The calculations were performed respectively). The anodic peak was only observed if the
using the Gaussian 98 packaféor density functional and  inversion potential was more negative thaﬁk indicating that
solvation calculations and the Tif&rsoftware for semiempirical  this process corresponds to the reoxidation of a product formed
calculation. Gas-phase geometries and electronic energies werafter reduction ofLb. Upon increasing the potential scan rate
calculated by full optimization without imposed symmetry of , Eﬁc and Eg‘a shift toward negative and positive potentials,
the conformations USing the BSL\?:PdenSﬂy functional with respective|yEAc and EBawere found to vary |inear|y with |og_
the 6-31G* basis s&32or the PM3 semiempirical methdd. (v) in the rangpe of 0410 V s1, with slopes of ca—40 and

PM3 conformations were validated by frequency calculations. +36 mv for a 10-fold increase im (see Figure 2§¢ Within

Solvation free energies were calculated on the gas-phasegyig range of scan rates, the ratitﬁyyl/z andI® 012 (where

optimized conformations according to the SCRF (self-consistent | A 4B
pc

reaction field) method using the IPCM metfi®end the B3LYP pa8r€ the current intensities of the cathodic and anodic
. ) . : peaks) were almost constant indicating diffusion-controlled
density functional. In this method, the solvent is treated as a

. . ielecti i which th ute | currents. It is important to notice that after a complete cycle
continuum of un|fqrm dlelectrlc constant in which the solute Is (reduction and oxidation) the initial product is always obtained.
placed into a cavity defined as an isodensity surface of the |; 5150 appears that the shape of the voltammograms and the

molecules. The value for the isodensity surface was chosen as,qay potential values were not significantly modified when the
0.001 electrons/bohis used in previous published calculati®is. .\ centration was varied from 0.5 t0s5 10~ mol L-X. For

scan rates higher than 50 Vs a partial reversibility appears

for the two systems (Figure 1B) indicating that the chemical
Cyclic Voltammetry of Hexakis(alkylsulfonyl)benzenes reactions following the electron transfers do not interfere at such

Reduction. The electrochemical reduction of hexakis(alkylsul- scan rate. The two formal potentids'aa-- andE®' g/ were

Results and Discussion
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TABLE 1: Simulation Data of the Cathodic Reduction of Different Hexakis(alkylsulfonyl)benzenes in DMF+ 10~ mol L1
Bu;NPFs on Pt Electrode (Temperature 298 K)

E* war! E”e/p/ ksl kse/ Kar—ge-/ ke—n/
va va cms?® cms® Kg/a© st Kein® st
la —0.777 —0.280 0.20 0.20 1.6 165-1.0x 10° 150 6x10°—6x 10 150
1b —0.858 —0.302 0.10 0.20 1.6 10°-1.0x 10° 1500 4x 107 -4 x 104 200
1c —0.943 —0.293 0.02 0.02 5.6 10 >1000 1.1x 10°° 200
1d —0.635 —0.290 0.04 0.04 3.6 10 300 4.6x 10 300
le —0.601 0.04 <0.005

aVs Fc/Fc'. ® Uncorrected for double-layer effectsKg-—/a- = [B* Jed[A* Jeq = Kar—g--/ke——a—. ¢ Keia = [Bled[Aleq = Ka—a/ks—a. €A single
one-electron reversible system was observed for this compound, at all used scan rates.

-0.20 T T

-0.80 converted into another species which is subsequently oxidized

Epa at the much more positive potentEEa. Similarly, the neutral

form produced aEgais converted to a more difficult reducible

species. To extract the chemical kinetics rate constants, it is

interesting to note that the global mechanistic scheme can be

| .0.88 simplified into two independent EC processes in the case where
B is more easily reduced thaA (E° g~ > E*an-) and
provided that the chemical steps are irreversibié.For the

--0.92 reductions ofla and 1b, this condition is confirmed by the

absence of a cathodic peak aroun@.3 V in the first sweep

whatever the scan rate, which indicates that the starting

concentration oB is negligible, i.e. Kgia = [Bled[Aleq < 1

and that the rate constaki g is too low to produceB during

040 . . . 1.00 the experimental time. In such case, the two kinetics constants

-1 0 1 2 ka-——p— andkg—a, (corresponding to the conversion &f~ to
log (v/V s'l) B*~ andB to A, respectively) are directly measured from the

scan rates for which the voltammograms become reversible (see
Figure 2. EZ andE}, — log v plots for the reduction ofb (1 x 1073 Table 1)37:38

AN 1 -1
mol L) in DMF 410" mol L™* BuNPFs. Using the determined values &, k, andks, the voltam-
mograms were compared with simulated curves at different scan

derived as the half-sum between the two corresponding peak'ates to extract the other parameters. For all of the investigated
potentials (we noté/A*~ andB/B*~ the couples with the most hexasulfones_, good agreements were found between the experi-
and least negative potentials respectively). The peak-to-peakmema| and simulated voltammograms in a large range scan rates

separations for each systesi, andAE] were larger than the from 0.1 to 100 V s (Figure 3) justifying the assumption of
56 mV expected for a Nernstian one-electron charge transfer@ four-member scheme mechanism. Earnd1b, the simula-
indicating a kinetics limitation by the heterogeneous electron 10NS allow the estimation of a range for the two equilibrium
transfers. The corresponding apparent heterogeneous electronCONStantKe-—/a-— andKegss that should be compatible with the
transfer standard rate constants (uncorrected from the doubld!"€versible chemical reaction steps (fob: 1.0 x 10° <

o nee 7 4y 41
layer effect)ksa and ks g were derived fromAES and AEZ, Kg-ja~ < 1.0 x 10°and 4x 1077 < Kgja < 4 x 1094 In
respectivelys? 3 P P contrast with the linear alkyl chain-substituted derivatives, the

Concerning the two other linear alkyl chain-substituted voltammograms recorded fotd (R = isc-propyl) differ

derivativeslaandlc, their voltammograms display comparable markedly (Figure 4A). First, for low scan rates (052 V

1 L2 .
patterns with similar variations of the characteristic parameters S ).' 1d eXh.'b'tS a revey&ble system §0.350 V followed by
(EA EB. 12512, and| /12 with v (similar to Figure 2). The an irreversible cathodic peak. Upon increasing the scan rate,
por Epar 1pd V% pd? v 9 i the first cathodic peak is replaced by a plateau, whereas the
only noticeable differences were the valueg&dfandAE, deter- . . ’
shape of the related anodic peak remains unchanged. Further-

mined at the highest scan rates (see Table 1). Without presumingmore the ratio between the anodic peak and cathodic plateau

of the nature of the chemical step, all of these observations can ’ . il

be rationalized in terms of a four-member scheme (Scheme 2)currents became larger than 1.0 and increased withihis
behavior indicates a change in the kinetics control and that the

chemical steA — B acts now as a preequilibrium prior to the

electron transfet243 Adjustment of the experimental voltam-

mograms with the simulated curves gives us a measufggf

4.6 x 1072 andKg-—a-- = 3 x 10* (Figure 4), which reveals

-0.24 -0.84

-0.284

-0.32

Ep/V vs Fc/Fc+

-0.36 F-0.96

SCHEME 2: Square Scheme Depicting the Different
Species Involved in the Reduction of
Hexakis(alkylsulfonyl)benzenes

A+ e E‘_A_’i A that the most stable form at the radical anion leveB<s. For
L 1c, a small plateau was also observed during the first scan
(Korn) ka_,A“ ks ka5 (Kaint) recorded at the lowest scan rate (G-G61 V s corresponding
B to a similar CE kinetics §|tuat|on but with a Iower.equmbnum
B+ ¢ =—= B- constanKg/a. Forle(R = iso-butyl), only one reversible system
ko was observed whatever the scan rate. The meadtifedas

similar to the other molecules and corresponds to the A system.
involving two EC mechanisms (EC: one-electron electrochemi- The most likely interpretation of this behavior in terms of the
cal step followed by a first-order chemical reactiéh)n other previous square scheme mechanism is that the chemical
words, the radical anion eIectrogeneratedE@g is rapidly reactions involved in the conversion Afto B do not occur at
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Figure 3. Experimental (left) and simulated (right) cyclic voltammo-
grams of 0.35x 10 mol L™t laat 10 Vst (A), 1 x 103 mol L™
1b at 100 V s?* (B), and 0.75x 103 mol L™* 1cat 100 V s! (C).
Double-layer capacitandgy values were introduced into the simula-
tion: 1.35x 104 (A), 3 x 105 (B), and 5x 105 F cm 2 (C). The
other simulation parameters are indicated in Table 1.

time scale of the voltammetric experiment resulting in the
observation of the sole systefn

Molecular Modeling of Hexakis(alkylsulfonyl)benzenes.
The previous kinetics investigations allow us to establish that

all of the studied hexasulfones follow the same general square
scheme mechanism. The next question concerns the nature of

the chemical reaction involved in the transformatiorAab B.
As we suggested previously, a possible explanation for the

square scheme mechanism is related to the existence of two
conformers for both the neutral species and the radical anions.

To investigate this hypothesis, we performed a series of
molecular modeling calculations to determine both the geom-

etries and the stabilities of the neutral and radical anion species.

To minimize the size of the molecules and thus calculation
times, we focused on the methyl substituted compdiaad he
geometry optimizations were performed with the semiempirical
PM3 method and with the density functional B3LYP using the
6-31G* basis set. For neutrab, the conformer with the lowest
energy displays a “chair” like geometry (Figure 5). This
prediction was in good agreement with X-ray diffraction
structure determinations of bulky hexasulfones=R-butyl)

for which chair conformer was already found for the neutral
molecule? In the experimental structure and in those obtained
from the PM3 and DFT calculations, the benzene is distorted
and the six S@groups are located alternately up and down
from the plane of the aromatic ring.

The optimized geometry calculated foae~ was very different
from that of la. The most stable radical anion now adopts a
“boat” conformer with aCs symmetry where alkylsulfonyl
substituents S1 and S4 are nonequivatémn the absence of

J. Phys. Chem. A, Vol. 106, No. 22, 2002425
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Figure 4. Experimental (left) and simulated (right) cyclic voltammo-
grams of 0.75< 103mol L™ 1d (A) and 1 x 10 3mol L~* 1e(B) at
0.1V st Cy=5x 10°5F cnr2 The other simulation parameters are
indicated in Table 1.

Figure 5. Optimized geometries calculated at the B3LYP/6-31G* level,
of the neutralA and radical aniorB*~ conformers ofla. Side view
(left) and top view (right). See text for atoms numbersBin.

reported in our previous rep8pprovide additional evidence for
the boat form. Indeed, a 1:2:1 triplet was observed at room
temperature for the radical anion electrogenerated ftonor
1cindicating that one Ckgroup bound to one sulfone moiety
was nonequivalent to the five others as in agreement with our
calculated geometrd?. Such a result precludes a planar benzene
ring as a more complex EPR spectrum having theoretically 13
lines would be expected in the case where all of the six
(alkylsulfonyl) substituents were equivalent. A geometry of the
radical anion with a structure similar to the neutral form (chair)
and, inversely, a geometry of neutral with a structure similar to
the radical anion (boat) were also obtained, but their respective

crystallographic data for the radical anion species, EPR dataenergies were higher. Similar types of conformers were obtained
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TABLE 2: Molecular Modeling of 1a and la—2 the boat conformer becomes the most stable conformer for the
AUg or A(AHy)/ radical anion. The calculations also predict that the boat
kJ mol-1b conformers are easier to reduce by about—@4 V in
radical AE°/ agreement with the experimental observations. All of these
method neutral anion Ve results are consistent with the proposed square scheme mech-
anism whereA andB represent the chair and boat conformers,
PM3 24.3 —13.4 0.39 . . . ]
B3LYP/6-31G*/B3LYP/6-31G* 59.4 167 0.79 respectively. It is noticeable that the geometries of the two
B3LYP/6-31+G*//B3LYP/6-31G* 58.6 —18.4 0.80 conformers are very different and consequently that considerable
B3LYP/6-31G*//B3LYP/6-31G*, 41.4 -37.2 0.82 conformational changes are associated with the electron transfer.
IPCM (e = 36.64) However, the electron transfer and the conformation changes
experimentdl 18.4-29.3 —28.5t0—17.2 0.50

occur in two discrete steps, the reduction of A leads to a transient
@ Estimations of the thermodynamic stabilities of boat versus chair radical anion that is rapidly converted to the other conformer

conformers?® For DFT calculationsAUel = (Ueiboat = Uelchai), and as attested by the observed instability of béttt andB. The
onlrzf Mi 1A/|£AHf) - (AHﬂbja‘_ AvaCha")'_c AB® = Eboat — Ecnar With large amplitude of these modifications which involves changes
~ [(Uel,radicalanion Uel,neutra)boat (Uel,radicalanion_ Uel,neutra)chair] in the bond Iengths and angles Implles |arge I’eorganization

for DFT, and AE° =~ _1/F[(AHf,radicaI anion — AHf,neu'(rabboat - . . . A A
(AH: radical anion — AHtneura)onai] for PM3. @ The energetic values are  €nergies. These points are confirmed by the rather modest kinetic

calculated from the equilibrium constarg;x and Kg—a given in rate constants measured for the structural changes that remain

Table 1. Also, it is assumed that the standard poteRfi@ equivalent in the 16 s and also explain that both types of conformers

to the formal potentiak®’. (boat and chair) are easily observed.

TABLE 3: Comparison between Experimental and PM3 Concerning the substituent effects, it is verified that the steric

Theoretical Energies Calculations hindrance increases with the number of the carbon atoms in

AEN Ken Ker jar the alkyl c_:hain a_nd the_ branching on tlecarbon atom.

However, it remains difficult to obtain a general rule as the

compd exp thed exp thed exp thed

steric hindrance of the alkyl group affects the four species
la 050 039 6¢107°—-6x 10" 5x 107 10— 10° 2 x 10° involved in the square scheme. In all cases, it is noticeable that
10 0.56 041 4x 10~ —4x 107 2x 107 103 - 103 2 x 1¢ a good agreement is obtained between the experimaiEl
1c 0.65 0.50 1.1x 10~ 3x10%5.0x 10" 1¢° AR . . .
_ variation and the calculation when changing the size of the
3AE® = E°hoat — E’char With AE® ~ —1/F [(AH; adicalanion — substituent. As an overall trend for the experimental data (see
AHtneura)ooar — (AHiadicaranion — AHineura)enai].  Determined from Table 1), the stability of the boat conformer increases for the
A(AH) given in Table 2. neutral sulfone with the bulkiness of the substituent. This effect

both by PM3 and B3LYP/6-31G*, and PM3 geometries were ©N E*'aa— andE*ge- is also difficult to rationalizeE* wa-
validated as corresponding to true energy minima by frequency decreases weakly frormto 1c but increases dramaﬂca]ly for
calculations confirming thata andla~ both exist under boat 0 WhereaE"gg is almost unchanged (Table 1). Intuitively,
and chair conformers. The relative stabilities of the boat It IS conceivable that the boat conformer is less sensitive to
conformer versus the chair conformer and equilibrium constants Substituent effects than the chair form owing to smaller steric
for laandla~ can be estimated from the differences between constraints caused by the alkylsulfonyl groups. The fact that
their heats of formatioH; for PM3 (or their electronic energy ~ the reduction of the chair is a more difficult form when going
Ue for DFT) calculated in gas phase. Similarly, the standard from lato 1ccan be explained by increasing steric interactions
potential differenceAE® = E°yoai— E°chairfor the two couples  Of the linear alkyl chains. Following this line, the reduction
can also be estimated from the differences between their indi- Potential of chairld should be more negative than thatiaf
vidual AH; (or their electronic energye for DFET; Table 2). Experimentally, the contrary situation is encountered, as the
To check the validity of the method, we investigated the chair form of1ld possesses the least negative reduction potential,
effects of the basis set and solvation on our thermodynamic Which is consistent with a better stabilization of the radical anion
estimations. The second effect may be considerable as all ofor destabilization of the neutral specieslaffor the chair form.
the calculations concern molecules in gas phase. The introduc-Because the geometry optimizationlaf has not been achieved,
tion of diffuse functions in the basis set modifies the individual it remains difficult to discuss about potential structural differ-
electronic energies but has little effect on the calculated €nces between its chair conformer and that@tc. However,
differences. Solvation energies in DME & 36.64) were it appears that the optimized chair conformerd af-c are not
estimated by means of the IPCM method (see experimental part) significantly deformed when the size of the substituents is
As expected, solvation decreases considerably the energies o¢hanged if one refers to the dihedral folding angles of the
the radical anions, but it is noticeable that stabilization is larger aromatic ring passing from 14.8average) at the neutral state
for the boat conformers than for the chair ones certainly becauseto 19.T at the radical anion state. Finally, besides the steric
of higher charge localization in the boat conformer. However, effects, the electronic contribution of the substituents cannot
the differenceAE® was not considerably modified by solvation. be involved to account for the large observed differences
Thus, the use of the PM3 methodology seems justified to predict betweenld and 1a—c as the electron donating contributions

experimental trends for the other members of the setiesiid are not expected to change much between the different alkyl-
10) taking into account in the discussion of the experimental sulfonyl groups'’ In the case of the most hindered compound
data, that solvation will favor the boat conforméts. 1le the steric contribution of thego-butylsulfonyl) substituents

As seen in Table 3, both experimental data and theoretical becomes so strong that the conformational changes are consider-
calculations show an inversion for the conformers stabilities ably slowed. As a result, the voltammetric reduction of this
when passing from the neutral to the radical anion. For the compound shows a single reversible system indicating that the
neutral sulfoneda—c, a chair form is predicted to be the most conformer is frozen in the chair conformation as the energy
stable conformer in agreement with the experimental observa-barrier for the structural changes becomes too high. Concerning
tions and the measured equilibrium constants. On the contrary,the electron-transfer rates, the global analysis of data in Table
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1 indicates that the value d& determined for each redox (7) Simonet, J. InThe Chemistry of sulphur-containing functional
conformer decreases from 0.2 to 0:0204 cm st as the size ~ 9roups Patd) S., Rappoport, Z., Eds.; Wiley & Sons: New York, 1993; p
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