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ABSTRACT 

The interaction between the 3p orbital on a sulfur 

atom, specifically in 1,3-dithianes, with the sigma orbital 

of a carbon-tin bond is investigated. It appears that the 

ability of these two orbitals to interact effectively 

depends on the geometry of the orbitals concerned, maximized 

when coplanarity is possible. This interaction is monitored 

via cyclic voltammetric experiments, where the oxidation 

potential of 1,3-dithiane is 1.18 V, while the potential 

drops dramatically to 0.19 for 2,2-bis-(trimethylstannyl)-

1,3-dithiane. Anancomerically locked dithianes, where ring

flipping of the dithiane ring is prohibited, were also 

investigated. Various NMR experiments, including variable 

temperature 13C NMR and nOe were performed to determine the 

conformation in solution of many of these compounds. This 

phenomenon was briefly examined via photoelectron 

spectroscopy, where a similar decrease in the ionization 

potential of bis-stannyl-1,3-dithiane suggests that the 

observed oxidation potentials do not arise from any surface 

or heterogeneity effect, and instead arise from an inherent 

property of the molecule concerned. 
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CHAPTER 1 

INTRODUCTION 

Section 1: The Beta-silicon Effect: 

The beta-silicon effect1 is invoked in situations where a 

silyl group at the beta position results in the facilitation of 

carbocation formation and/or stabilization of the carbocation 

formed. A great deal of investigation into this phenomenon has 

been performed over the past few decades, with the bulk of the 

work focused on the formation and stabilization of cationic2 

beta-silicon stabilized compounds as well as a few beta-silicon 

stabilized radical species. 3 Investigations into the ability of 

a comparably positioned silicon group to demonstrate similar 

behavior in cation radical systems, however, has been largely 

ignored, with the exception of some preliminary work published 

by Cooper and Owen,4 until extremely recently when Yoshida and 

coworkers published their results. 5 

The potential for interaction between an appropriately 

oriented heteroatom and an alpha-silyl sUbstituent in 

facilitating one electron transfer prompted Yoshida and 

coworkers to investigate the electrochemical oxidation of alpha

silyl ethers, amines, sulfides and carbamates. A significant 

point of confusion arises from Yoshida and coworkers' use of the 
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term beta-silyl effect in reference to these compounds, which 

are instead sUbstituted in the alpha position. Presumably this 

originates from comparisons to the known beta-silyl effect, 

where the terminology accurately describes the relationship 

between the silicon group and the developing cation or radical. 

However, in order to avoid further unnecessary confusion, the 

use of the terms alpha-silyl or neighboring (silyl) group will 

be used in this dissertation. 

When Yoshida and coworkers generated the desired cation 

radical via one electron electrochemical oxidation6 (Table 1), 

they observed that in the case of alpha-silyl ethers, the peak 

potential for oxidation was substantially less positive (anodic) 

than potentials required for the oxidation of either simple 

ethers or tetraalkylsilanes, demonstrating that the silicon 

fosters the formation of the cation radical. (It was noted that 

when the silyl group was further removed from the ether or 

alcohol (beta-silyl ether or alcohol), the oxidation potential 

was not affected, and reflects the known oxidation of the silyl 

group). Similar, but much less dramatic reductions in oxidation 

potential were also observed for alpha-silyl amines, sulfides 

and carbamates. 

15 



TABLE 1: Oxidation Potentials for Selected Silyl Ethers, 
Sulfides, Amines, and Carbamatesa 

Compound Epb (V) E(1/2) (V) 

C7H15CH2oH >2.5 
C7H15CH2oCH3 >2.5 
C7H15CH2Si(CH3)2Ph 2.25 
C9H19CH(Si(CH3)3)OCH3 1. 60 1. 50 
C7H15CH(Si(CH3)3)OCH3 1. 72 
CSH17CH(OH)Si(CH3)2Ph 1. 70 1. 43 
C7H15CH(OH)CH2Si(CH3)2Ph 2.26 
CH3(CH2)6CH2SPh 1. 20 
CH3(CH2)7CH(SPh)Si(CH3)3 1.10 
PhSCH2Si(CH3)3 1.10 
PhNHCH2CH3 0.59 
PhNHCH2Si(CH3)3 0.44 
Ph(CH2)2N(CH3)C02CH3 1. 95 
Ph(CH2)2N(CH2Si(CH3)3)C02CH3 1. 45 

a Taken from Yoshida, J-I.; Maekawa, T.; Murata, T.; Matsunaga, 
S-I.; Isoe, S. J. Am. Chem. Soc. 1991, 112, 1962-1970. 
b cyclic voltammetry and rotating disk electrode were carried 
out with a glassy carbon electrode in 0.1 ~ LiCI04 in CH3cN 
versus Ag/AgCI. 

Previously, Block7 and coworkers had shown that similar 

beta-silyl heteroatom systems exhibited a comparable decrease in 

the ionization potential via photoelectron spectoscopy (PES). 

(Note: It has been shown that there is a linear correlation 

between oxidation potential and ionization potential.)S 

With these results in hand, Yoshida and coworkers 

proceeded to undertake the daunting task of determining the 

origin of the beta-silicon effect for cation radicals. Based on 

his electrochemical data, Yoshida suggested two theories on the 

origin of the "beta-silicon effect" (neighboring silyl effect) 

16 



for cation radicals. ~he first theory describes the 

stabilization of the generated cation radical by the overlap of 

the half-filled 2p orbital on oxygen with the filled carbon-

silicon (C-Si) sigma orbital (similar to the known beta-silyl 

effect - Figure 1)). 

Q 
--c 

81 
(J 

Figure 1: {n-cr)p Conjugation between the silicon-carbon bond 
and the developing positive charge in the transition state. 
taken from Colvin, E. Silicon in Organic Synthesis, Butterworth 
and Co. Ltd. Toronto 1981, pp. 19. 

Yoshida's second theory entails an interaction between the 

filled 2p on oxygen and the filled c-si sigma orbital in the 

neutral alpha-silyl ether resulting in destabilization of the 

HOMO (Figure 2), thereby allowing for easier oxidation. 

Pictorially, these two situations can be described using a 

reaction coordinate schematic (Figure 3). In a "normal" 

sequence, the molecule requires a certain amount of energy to 

cross the activation barrier leading to a cation radical 
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o 

Figure 2: Molecular orbital drawing for the interaction between 
a carbon-silicon sigma bond with the lone pair 2p orbital on 
oxygen. Taken from Yoshida, J-i.; Maekawa, T.; Murata, T.; 
Matsunaga, s-i.; Isoe, S. J. Am. Chem. Soc. 1991, 112, 1962-
1970. 

intermediate or transition state. If the first situation were 

followed, stabilization of the generated cation radical, then 

the energy associated with this intermediate or transition state 

would be lowered, and a smaller activation energy would be 

required. In the second situation, the destabilization of the 

HOMO causes an increase in the energy of the unreacted molecule 

while leaving the energy associated with the intermediate or 

transition state unaffected, effectively decreasing the 

activation barrier between the two states. 

Theoretical studies were necessary in order to determine 

the relative importance of these two rationales to explain this 

phenomenon. A variety of ab initio calculations (UHF/3-21G, 

STO-3G, STO-3G*,RHF/3-21G) as well as molecular mechanics 

studies (MM2 and MNDO) were performed, with the general 

conclusion that the stabilization energy from generated alpha-

silicon radical cations was on the order of 0.3 eV, a quantity 

which cannot fully explain the observed decrease in either 
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Figure 3: Reaction Coordinate for the generation of a cation 
radical. Solid line refers to unaffected situation. Dotted 
line refers to stabilization of generated cation radical (first 
theory). Dashed line refers to destabilization of HOMO (second 
theory) . 

oxidation or ionization potentials. Yoshida and coworkers then 

proceeded to examine the second possibility: the 

destabilization of the HOMO in the neutral alpha-silyl ether. 

The calculated HOMO energy was shown to vary dramatically with 

Si-C-O-R torsion angle, reaching a maximum at approximately 90 0 

where the c-si bond is coplanar with the oxygen 2p orbital, and 

a minimum at 00 and 180 0 where the HOMO mainly reflects the 

energy of the oxygen lone pair since the orbitals concerned are 

perpendicular to each other and no direct interaction is 

possible (Figure 4). The difference between these two extremes 

is 0.9 eV which satisfactorily explains the experimental 

decrease in oxidation potential and ionization potential. 
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Figure 4: Plot of HOMO energy versus torsion angle for Si-C-O-H 
and C-C-O-H as calculated by 3-21G. Taken from Yoshida, , J-i. 
Maekawa, T.; Murata, T.; Matsunage" S-i.; Isoe, S. J. Am. Chem. 
Soc. 1990, 112, 1962-1970. 

Yoshida and coworkers observed that since the interaction 

depends upon torsion angle, it should be possible to design 

molecules tailored to take advantage of the beta-silicon effect. 

Various 2-silyl-1,3-dioxolanes and 2-silyl-1,3-dioxanes were 

examined and it was found that predictions for geometrical 

constraints determining oxidation potential were shown to be 

accurate. The most convincing argument Yoshida put forth 

described the electrochemical oxidation of 2-trimethylsilyl-1,3-

dioxane, where at low temperatures, the predominant conformation 

in solution is that in which the silyl group is in the 

20 



equatorial position and therefore unable to interact effectively 

with the perpendicular oxygen 2p orbitals. At higher 

temperatures, the solution contains a larger proportion of the 

conformation which has an axial trimethylsilyl group, which is 

more correctly aligned with the oxygen 2p lone pairs, and 

demonstrates a significant decrease in the observed oxidation 

potential. 

As mentioned previously, Yoshida and coworkers also 

briefly looked at the interactions of alpha-silyl sulfides, 

amines and carbamates. As shown in Table 1, while a slight 

effect was observed, the magnitude of the interaction was very 

slight in comparison to that of alpha-silyl ethers. This was 

attributed to the fact that while the oxygen 2p orbital and the 

c-si sigma orbital are of similar enough energy to permit 

efficient interaction, the sulfur 3p, nitrogen 2p and carbamate 

2p orbitals are of sufficiently different energy that the 

interaction is limited, resulting in a much smaller neighboring 

silicon effect. 
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Section 2: Rationale for a-Stannyl Thioethers: 

The previously described destabilization of the HOMO of 

correctly oriented beta-silyl ethers is unlikely to be a 

phenomenon unique to silicon. Investigation, therefore, of 

other group 14 (4B) elements (Ge, Sn, Pb) for similar reactivity 

was in order. While literature precedent was found for 

hyperconjugative behavior in carbocation formation and/or 

stabilization for all remaining group 14 (4B) metals and 

metalloids (although the degree of investigation for these 

elements has been very limited) 9, our review of the literature 

revealed no investigations into the behavior of one electron 

electrochemical oxidations on these systems. 

A review of the known hyperconjugative group 14 (4B) 

systems, in addition to the results reported by Yoshida and 

coworkers, provided a framework for a rational selection of a 

system by which we might study the potential for observing the 

neighboring effect in another group 14 (4B) metal. We 

searched for a group 14 (4B) element whose carbon-metal sigma 

bond was energetically similar to the 3p orbital on sulfur as to 

allow effective interaction. Yoshida had previously noted that 

the carbon-silicon sigma bond was too different energetically 

from the sulfur 3p lone pairs to allow for effective 

interaction. It was determined that the most logical choice of 
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a group 14 (4B) metal/metalloid for study in this sulfur 

containing system was tin (Table 2). 

Table 2: Ionization Potentials for Representative Ethers, 
Thioethers, Silyl and Stannyl Compounds 

Class Compound IP (eV) 

Ethers MeOMe 10.04a 

1,3-Dioxane 10.1, 10.35<1 

Thioethers MeSMe 8.72a 
1,3-Dithiane 8.55, 8.97 c ,a 

Silyl Me4Si 10.57a 

Stannyl Me4Sn 9.70 

Me::lSntBu 8.50, 9.620 

a Kimura, K.; Katsumata, S.; Achiba, Y.; Iwata, S. Handbook of 
HeI PES Spectra of Fundamental Organic Molecules. New York 1961. 
b W h'd" , ong, C.I.; Mac 1 a, K.; Gln, A.; Welner, M. A.; Kochl, J. K. 
J. Org. Chern. 1979, 44, 3979. 
c Glass, R. S.; Wilson, G. S.; Coleman, B. R.; Setzer, W. N.; 
Prabhu, U. D. G. Adv. Chern. Ser. 1982, 201, 417. 
d Sweigart, D. A.; Turner, D. W. J. Am. Chern. Soc. 1972, 94, 
5599. 

It was anticipated that by constraining the interaction 

within a cyclic system a minimalization of the geometrical 

variables as observed by Yoshida would be attained, since the 

rotational freedom is decreased as compared to a corresponding 

acyclic system, thereby simplifying the analysis of the 

electrochemical experiments. As our group has had previous 

interest in the electrochemical oxidation of the six membered 

ring sulfur containing systems, 2-metalated 1,3-dithianes were 
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chosen for study. In addition, since the syntheses of the 

desired 2-alkyl-l,3-dithianes, as well as many of the 2-silyl

and 2-stannyl-l,3-dithianes has been previously documented, 

slight modification of existing precedents provided a 

straightforward pathway for the synthesis of many previously 

unknown stannyl 1,3-dithianes as required for the study of the 

beta-effect induced by tin on thioethers. For certain other 

stannyl 1,3-dithianes , a completely new methodology had to be 

developed and is described in Chapter 2. 
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CHAPTER 2 

SYNTHESIS 

section 1: Unlocked 1,3-Dithianes: 

The syntheses of the variously substituted 1,3-dithianes 

was straight-forward, following established precedent by Seebach 

and corey10, where deprotonation of the specific 1,3-dithiane is 

readily accomplished using a strong base such a n-butyllithium, 

or LDA11 when the molecule contains a stannyl group already. 

Reaction of the generated carbanion with the appropriate organic 

halide readily yields the desired product, in good to excellent 

yields. This procedure is shown schematically in Figure 5. 
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PfR 1) nBuLi 
---> 
2) Rr'aMCI 

R=H, tBu, Ph, SiR'3 

M=Si, Sn 

R=SnR'3 

M=Si, Sn 
Figure 5: General Synthetic Scheme for Substituted 1,3-
Dithianes. 
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section 2: Anancomeric 1,3-Dithianes: 

The synthesis of cis-4,6-dimethyl-l,3-dithiane was 

published by Eliel and coworkers 12 , and involves the 

transformation of a diastereomeric mixture of 2,4-pentanediol 

into its ditosyl derivative, from which the meso diastereomer 

can be obtained in reasonable purity by repeated fractional 

recrystallizations. Conversion of the ditosyl compound into the 

dithioacetate is performed by reaction with potassium hydroxide 

and thiolacetic acid. The crude dithioacetate is then exposed 

to ethylenediamine, which results in the formation of meso-2,4-

pentane dithiol. After purification via distillation, the 

dithiol is cyclized with dimethoxymethane in the presence of a 

Lewis Acid catalyst, specifically BF3·0Et2, to yield the desired 

anancomeric locked cis-2,4-dimethyl-l,3-dithiane (Figure 6). 

O~ OHi OTsOTs OTsOTs 

AA -7AA -....;> M --> 

--~ 

Figure 6: Eliel and coworkers' preparation of cis-4,6-dimethyl-
1,3-dithiane (anancomeric 1,3-dithiane). 
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Eliel and coworkers had used this anancomeric 1,3-dithiane 

to explore the stereospecificity of deprotonation and reaction 

of the carbanion. Upon deprotonation at C2 and reaction with 

some alkyl halide, it was found that only one diastereomer was 

formed: that in which the alkyl group occupies the equatorial 

position. Upon addition of a strong base to an equatorially 

alkylated anancomeric 1,3-dithiane, it was found that 

deprotonation was exceedingly slow, but possible. Upon reaction 

of the resulting carbanion with DCI, only one product was 

obtained, that in which the deuterium occupies the equatorial 

posi tion. These observations led Eliel and cO\-Iorkers' to 

conclude that the equatorial carbanion is much more stable than 

the axial anion, and that in the case of an equatorially 

substituted 1,3-dithiane, the abstraction of the axial hydrogen 

is very slow, and results in the formation of an unstable axial 

carbanion which rearranges to the more stable equatorial 

carbanion, which can then be protonated or alkylated (Figure 7). 

nBuU 
~ 

Figure 7: Eliel and coworkers' observations for deprotonation 
and reaction at C2 for the anancomeric 1,3-dithiane. 
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A more detailed description of the underlying factors of 

this phenomenon are explored by Lehn and Wipff13, where the 

stabilization of an equatorial carbanion relative to an axial 

carbanion in this system is attributed to two distinct factors. 

The first is an anomeric type interaction where the carbanion 

lone pair HOMO interacts with the unoccupied a* orbital on the 

antiperiplanar C-S bond (Figure 8). This interaction is 

expected to stabilize the equatorial carbanion relative to the 

axial carbanion as the orbitals which are mixed are the lone 

pair orbital of the carbanion and the unoccupied a* for the C-S 

bond. 

c-s 

Figure 8: Anomeric Type Interaction: stabilize equatorial 
carbanion relative to axial carbanion. 

The second factor is of a reverse anomeric type, where the 

carbanion lone pair interacts with the occupied lone pair 

orbital on the heteroatom (Figure 9). This interaction is 

expected to disfavor the axial carbanion relative to the 

equatorial carbanion as it mixes two filled orbitals, one from 

the carbanion lone pair (n) and one from the lone pair on the 

sulfur atom (p). 
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c.o.oon 

Figure 9: Reverse Anomeric Interaction: disfavors ax1al 
carbanion relative to equatorial carbanion. 

Some small additional effect from the stabilization of the 

equatorial carbanion by the coordination of the equatorial 

lithium cation with the lone pairs on the sulfur is also 

possible (Figure 10). 

Figure 10: Possible stabilization of equatorial carbanion by 
coordination of the lithium cation to the lone pairs on the 
sulfur. 

Using similar techniques to those for the simple 1,3-

dithiane system, deprotonation at C2 of the anancorneric 1,3-

dithiane with n-butyllithium resulted in the formation of the 

corresponding carbanion, which was then reacted with 

chlorotrimethylstannane to give the desired r-2-

trimethylstannyl-cis-4-cis-6-dimethyl-1,3-dithiane (anancomeric 

equatorial-stannyl 1,3-dithiane) in reasonable yield (Figure 
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11). Purification of this compound was accomplished by column 

chromatography using silica gel as the stationary phase and 30% 

methylene chloride in hexanes as the mobile phase. 

1) IfllBuU 
----? 

2) MesSnCI 

Figure 11: Synthetic Scheme for anancomeric equatorial-stannyl 
1,3-dithiane. 

As mentioned previously, Eliel and coworkers had shown 

that it was possible, although difficult, to deprotonate an 

equatorially-substituted anancomeric 1,3-dithiane. It was 

anticipated that deprotonation of the axial hydrogen at C2 would 

give the unstable axial carbanion, which should, according to 

Eliel and coworkers' work, rearrange to the more stable 

equatorial carbanion. This carbanion could then be reprotonated 

(or deuterated) or stannylated to give respectively, the 

anancomeric axial-stannyl 1,3-dithiane and the anancomeric bis-

stannyl 1,3-dithiane. However, upon attempting to deprotonate 

the anancomeric equatorial-stannyl 1,3-dithiane, no conditions 

for this deprotonation could be found. The susceptibility of 

the tin to nucleophilic attack by sufficiently strong bases such 

as n-butyllithium14 resulted in the selective cleavage of the C-

Sn bond preferentially to any deprotonation at C2. other less 
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nucleophilic bases such as LDA were insufficiently strong enough 

to remove the axial hydrogen at C2. These unsuccessful and 

planned syntheses are shown below in Figure 12 and Table 3. 

Figure 12: Attempted deprotonation and planned syntheses of 
anancomeric stannyl 1,3-dithiane. 

32 



Table 3: Results of Attempts to Deprotonate Anancomeric 
Equatorial-stannyl 1,3-Dithiane. 

Base Reaction Result 
Conditions 

LDAa 2 d at RT in TMEDA No deprotonation 
LiNHtBu 1 d at -30oC in No deprotonation 

THF 
NaH 1 h at RT in THF C-Sn bond cleavage 
KH 1 h at RT in THF some C-Sn bond 

cleavage, no 
deprotonation 

Ph3CLia up to 3 h at RT in no deprotonation, 
THF unidentified 

decomposition 
products 

KAPAa 4 h at RT in THF C-Sn bond cleavage 
KotBu 2.5 h at RT in THF C-Sn bond cleavage 

Lochmann's base 6 h or 2 d at RT starting material 
(KOtBu + nBuLi) in THF plus unidentified 

decomposition 
product .. . -T - T' • a LDA, l~th~um d11sopropylam1de, KAPA, K ( NHCH2CH2CH2NH ) K. 

Arnett, E. M.i Venkatasubramaniam, K. G. J. Org. Chern. 1983, 48, 
1569-1578i Ph3CLi: Gilman, H.i Gaj, D. J. J. Org. Chern. 1963, 
28, 1725-1727. 

since it appeared impossible to arrive at the desired 

anancomeric axial-stannyl and bis-stannyl 1,3-dithianes using 

established methodology, it was necessary to find a new route to 

these compounds. 

In the presence of a base, the thermal decomposition of 

the tosyl hydrazone derivative of 2-keto-1,3-dithiane was known 

to result in the formation of the carbene. 15 In addition, it 

was known that some carbenes can insert into the tin-tin sigma 

bond. 16 It was therefore hoped that the anancomeric bis-stannyl 
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1,3-dithiane might form on reaction of the 1,3-dithiane carbene 

with hexamethylditin. In addition, it was known that one could 

selectively cleave one stannyl group off of the unlocked bis-

stannyl 1,3-dithiane. 17 It was hoped that this chemistry could 

be extended to the anancomeric system as well. 

It was necessary to first investigate the potential of 

this type of chemistry by attempting the insertion of a known 

dithiocarbene into hexamethylditin. Although the corresponding 

bis-stannyl 1,3-dithiane was formed as anticipated, the mono-

stannyl 1,3-dithiane was found as well. The mechanism for 

formation of the mono-stannyl compound is unclear (Figure 13). 

NNHTs NaH 0. M reflu: f:::I 
+ 

W SnMe
, 

Figure 13: Generation and trapping of unlocked 1,3-dithiane 
carbene with hexamethylditin. 

Mali 

However, upon attempting to extend this methodology to the 

anancomeric system, it was found that the cyclization of the 

precursor to the tosyl hydrazone derivative of the anancomeric 

1,3-dithiane was incomplete, and the desired carbene precursor 

was unavailable (Figure 14). 
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Figure 14: Attempted cyclization to give the tosyl hydrazone 
derivative of anancomeric 1,3-dithiane. 

Although we were unsuccessful in preparing the tosyl 

hydrazone derivative of the anancomeric 2-keto-1,3-dithiane, 

there are other types of compounds which are known to decompose 

to carbenes,18 and it was thought that perhaps the synthesis of 

one of these types of compounds might prove easier. Again, 

preliminary investigations were done using the unlocked 1,3-

dithiane system. Reaction of 1,3-propanedithiol with 

trimethoxymethane in the presence of BF3·0Et2 gave the known 

trimer. Thermal decomposition of this compound in the presence 

of a base readily yielded the desired carbene, which could be 

reacted with hexamethylditin to give the bis-stannyl 1,3-

dithiane or with trimethylstannyllithium to give the mono-

stannylated 1,3-dithiane carbanion which could then be 

protonated (Figure 15). 
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Figure 15: Synthesis, thermal decomposition to carbene, and 
carbene trapping for unlocked 1,3-dithiane system. 

It occurred to us that similar manipulation of the 

anancomeric system would result in a loss of one-third of our 

hard-won meso-dithiol. (The reaction of the meso-dithiol with 

trimethoxymethyane proceeds in a very poor yield, with numerous 

uncharacterized by-products.) Fortunately, 2-methylthio-1,3-

dithiane had also been shown to behave in a similar fashion for 

the generation of carbenes. 19 We therefore undertook the task 

of synthesizing the 2-methylthio derivative of the anancomeric 

1,3-dithiane. This proved quite simple as deprotonation of the 

anancomeric 1,3-dithiane followed by reaction with 

dimethyldisulfide provides an excellent yield of the crystalline 

compound (Figure 16). 
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1) nBuLi 
--~ 

2) MeSSMe 

SMe 

Figure 16: synthesis of r-2-methylthio-cis-4-cis-6-dimethyl-
1,3-dithiane. 

The spectroscopic data (see Experimental section) of this 

compound is consistent with a structure which contains an 

equatorial SMe group. As deprotonation at C2 proceeds to give 

the equatorial anion, reaction with dimethyldisulfide should 

give the equatorially substituted product. Indeed, the 2-

methylthio-1,3-dithiane exists in solution primarily in the 

equatorial-SMe conformation. 19 Additionally, deprotonation of 

the SMe substituted anancomeric 1,3-dithiane followed by 

protonation yields a product whose spectroscopic properties are 

consistent with an axial-SMe anancomeric 1,3-dithiane. 

For the unlocked 2-methylthio-1,3-dithiane, deprotonation 

and decomposition were readily accomplished even at very low 

temperatures (-20oC). However, for the corresponding 

anancomeric system, while deprotonation readily occurred at -

20oC, heating under reflux conditions were required for the 

generation of the corresponding carbene. While this carbene 

demonstrated no reactivity towards hexamethylditin, reaction 

with trimethylstannyllithium resulted in the formation of the 
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axial-stannylated 1,3-dithiane carbanion which could then be 

kinetically quenched with HCI to give the anancomeric axial-

stannyl 1,3-dithiane, or reacted with chlorotrimethylstannane to 

give the anancomeric bis-stannyl 1,3-dithiane (Figure 17). 

1 

Figure 17: Synthesis of anancomeric axial-stannyl and bis
stannyl 1,3-dithianes. 
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CHAPTER 3 

ELECTROCHEMISTRY 

Section 1: Theory: 

Cyclic voltammetry20 is a technique by which an applied 

voltage is varied continuously to a sample. This is done 

experimentally by beginning at a potential at which no oxidation 

or reduction occurs and moving towards, and through, the 

potential where some reaction of the substrate occurs, followed 

by reversing the direction of the sweep back to the initial 

potential (Figure 18). 

t
Z 
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Figure 18: Cyclic voltammogram for a representative reversible 
redox reaction. 1 M 02 in 0.10 M Et4NCl04 versus Ag/O.01 M 
AgN03 with a mercury electrode. T = 20oC, scan rate = 100 Vis. 
Taken from Evans, D. H.i O'Connell, K. M.i Petersen, R. A.i 
Kelly, M. J. J. Chem. Ed. 1983, 60, 290-293. 
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When the potential sweeps through a value sufficiently 

energetic to oxidize or reduce the substrate, a complete cycle 

of electron flow is established, and is recorded by a flow of 

current through the detector, resulting in a voltammogram. This 

type of experiment is designed to record both oxidation and 

reduction of the sample. This technique has the advantage in 
.': :.: ...... 

that the direction of potential scan can be reversed rapidly so 

that reactive products produced by the initial oxidation or 

reduction at the electrode surface may be oxidized or reduced 

before any subsequent chemical reaction. In our system, 

however, the oxidation of the electroactive species results in a 

very fast subsequent chemical reaction, such that the oxidation 

is an irreversible process, even at very fast scan rates (Figure 

19). As such, instead of reporting the formal potential of a 

half reaction (E1/2)' anodic peak potential (Ep) is given. 

+1.0 o 

Figure 19: Cyclic voltammogram of representative irreversible 
oxidation. 1.00 M 1,3-dithiane in 0.1 M NMe4BF4/CH3CN versus 
Ag/0.1 M AgN03 with a platinum electrode. T = 25 0 C, scan rate = 
100 mV/s. 
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In practice, the sample is dissolved in a solvent which is 

not electroactive in the range of interest. since most solvents 

are very poor conductors, an electrolyte such as lithium 

perchlorate (LiCl04) or tetramethylammonium tetrafluoroborate 

(Me4NBF4) is added so that the solution can transmit electricity 

efficiently. As this technique is extremely sensitive, the 

concentration of the sample is generally on the order of 1.00 

mM, while the concentration of the electrolyte is maintained at 

much higher levels (0.1 M) in order to ensure that the 

conductivity of the solution is maintained. For the cyclic 

voltammetric experiments reported herein, an undivided 

electrochemical cell (Figure 20) was used. In this setup, the 

solution of interest is placed into the undivided 

electrochemical cell, and any dissolved gases are removed by 

bubbling an inert gas, such as argon, through the sample for 5 

to 10 minutes, after which a continuous argon stream is passed 

over the solution. Placed into the solution are the working 

platinum electrode, an auxiliary platinum electrode and the 

reference electrode, in all cases a Ag/O.1 M AgN03 in CH3CN 

electrode. 

The working platinum electrode was cleaned between scans 

by scrubbing the electrode surface with a fine alumina powder 

solution and sequentially rinsing with distilled water, 

distilled deionized water, and acetonitrile. Any remaining 

liquid was removed from the electrode with a Kim-wipe. Scanning 
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Ag/O.1 M AgN03 reference electrode 

Pt auxilliary electrode 
Pt working electrode (anode) 

Solution (solvent, electrolyte, analyte) 

Figure 20: Schematic of an undivided electrochemical cell. 

the solution was routinely performed by first turning on the 

electrochemical cell followed by initializing the scan routine 

as the working electrode was inserted into the solution of 

interest. Numerous scans of each sample were performed in order 

to obtain reproducible oxidation potentials. In addition, 

cyclic voltammograms of the electrolyte solution were monitored 

to ensure the detection of extraneous peaks due to impurities in 

the electrolyte. 
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Results: 

The purpose of this section is to briefly mention each of 

the representative cyclic voltarnmograms, pointing out any 

specific items of interest in the voltammogram itself. The file 

name for each of the representative cyclic voltammograms shown 

below is in bold letters. Each of the individual representative 

cyclic voltammograms, along with a key, are contained in 

Appendix B. General parameters for running cyclic voltammograms 

are contained in the Experimental section. Note: 

Representative spectra may differ slightly from the reported 

average oxidation potential. 

htms004: 2-trimethylsilyl-l,3-dithiane oxidizes readily 

at 0.99 V. There is also a substantial reduction peak near 0.70 

V, which is too far removed from the oxidation peak to be 

directly related and is therefore attributed to the secondary 

reduction of a product of the oxidized species. 

TESdi002: 2-triethylsilyl-l,3-dithiane oxidizes at 

slightly lower potential than its trimethyl analogue. Again, a 

secondary reduction peak is observed near 0.68 V, and is 

attributed to the reduction of a product of the oxidized 

species. 

TBDMS003: 2-t-butyldimethylsilyl-1,3-dithiane oxidizes at 

1.02 V, and contains a shoulder band at approximately 0.93 V. 

The origin of this shoulder band is unknown. A reduction peak 
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near 0.71 V again corresponds to a secondary reduction of a 

product of the original oxidation. 

TiPS002: 2-triisopropylsilyl-1,3-dithiane oxidizes very 

sharply at 0.81 V. A less significant reduction peak is 

observed near 0.68 V, and presumably originates from a secondary 

reduction of some product of the original oxidation. 

am18: 2-t-butyl-2-trimethylsilyl-1,3-dithiane oxidizes 

cleanly and irreversibly at 0.95 V. 

phtms003: 2-phenyl-2-trimethylsilyl-1,3-dithiane oxidizes 

very sharply at 0.85 V, and also exhibits a small secondary 

reduction peak far removed from the oxidation peak near 0.70 V. 

btms001: 2,2-bis-(trimethysilyl)-1,3-dithiane oxidizes 

very easily and cleanly, giving an oxidation potential of 0.70 

V. This oxidation is irreversible. 

bnstmt06: 2-trimethylsilyl-2-trimethylstannyl-1,3-

dithianes adsorbs to the platinum working electrode, resulting 

in a shift to higher potential. By carefully timing the 

immersion of the electrode to the start of the scan, 

reproducible oxidation potentials can be obtained. The 

irreversible oxidation potential obtained for this compound is 

reported at 0.44 V. 

TEST005: 2-triethylsilyl-2-trimethylstannyl-1,3-dithiane 

adsorbs to the platinum working electrode also, again causing an 

increase in the observed oxidation potential. Similar 

manipUlations to those mentioned above for 2-trimethylsilyl-2-
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trimethylstannyl-1,3-dithiane result in a reproducible 

irreversible oxidation potential at 0.38 V. 

TiPST010: 2-triisopropylsilyl-2-trimethylstannyl-1,3-

dithiane also has a substantial adsorption problem. 

Reproducible oxidation potentials at 0.35 V were obtained by 

timing the immersion of the electrode with the start of the scan 

routine. 

TBST005: 2-t-butyldimethylsilyl-2-trimethylstannyl-1,3-

dithiane oxidizes irreversibly at 0.35 V. Again, a substantial 

adsorption problem can be overcome by timing immersion of the 

electrode with the start of the scan. 

BTMT003: 2-trimethylstannyl-1,3-dithiane adsorbs very 

strongly to the platinum working electrode, making 

interpretation of the representative cyclic voltammogram 

difficult. Reproducible oxidation potentials were obtainable 

only if the initial potential was very slightly less than the 

oxidation potential itself (Initial voltage at 700 mV, observed 

oxidation potential at 0.74V). Additionally, a reduction peak 

at approximately 0.63 V was observed. This peak appears to be 

unrelated to the oxidation at 0.75 as the separation between the 

two peaks is over 100 mV. One also observes a broad oxidation 

peak beginning near 0.50 V. This peak corresponds to the 

oxidation of the adsorbed electroactive species, where with 

repetitive scans, the current flow decreases to almost zero as 

the electrode surface becomes coated with the analyte. 
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tBtMt002: 2-t-butyl-2-trimethylstannyl-1,3-dithiane 

readily undergoes irreversible oxidation cleanly at 0.55 V. 

tBtBT003: 2-t-butyl-2-tri-n-butylstannyl-1,3-dithiane 

oxidizes at 0.54 V. There is a second oxidation peak at 0.98 V, 

the cause of which is unclear, and is possibly due to 

impurities. The oxidation at 0.54 V is fairly well defined, and 

irreversible. 

phtmt001: 2-phenyl-2-trimethylstannyl-1,3-dithiane 

adsorbs quite strongly to the platinum working electrode, but 

this difficulty is easily overcome by methods mentioned 

previously, to give a well defined oxidation peak at 0.79 V. 

PtBT002: 2-phenyl-2-tri-n-butylstannyl-1,3-dithiane 

absorbs strongly to the electrode surface, yielding a poorly 

defined oxidation peak. The potential for this irreversible 

oxidation is found to be 0.86 V. 

btMTOll: 2, 2-bis-(trimethylstannyl)-1,3-dithiane 

irreversibly oxidizes at 0.19 V. This is a relatively well 

defined peak, and minimal absorption problems were encountered. 

dmdit001: cis-4,6-dimethyl-1,3-dithiane irreversibly 

oxidizes at 1.12 V (slightly lower than the oxidation potential 

for 1,3-dithiane itself). 

eqTdMOOl and eqT~i011: r--2-trimethylstannyl-cis-4-cis-6-

dimethyl-l,3-dithiane adsorbs very strongly to the platinum 

working electrode. This adsorption could not be overcome by 

manipulating the timing of the immersion of the electrode to 
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coincide with the start of the scan. While the peak was not 

well enough defined to give a peak value, the peak was 

approximated at 0.75 V. The use of a glassy carbon electrode 

provided a more well-defined peak, with much less adsorbtion to 

the electrode surface. Use of the glassy carbon electrode 

resulted in essentially the same oxidation peak as on platinum, 

at 0.74 V. A small reduction peak is also observed near 0.63 V, 

presumably arising from the reduction of secondary products of 

the original oxidation. 

atdm001, atdm007 and atdm010: r-2-trimethylstannyl-trans-

4-trans-6-dimethyl-1,3-dithiane experiences severe adsorption to 

the platinum working electrode. In addition, several additional 

peaks are apparent in the cyclic voltammogram. Scan rate 

dependence studies (see Chapter 3, section 4) were performed on 

the various peaks in the cyclic voltammogram, with the 

conclusion that the oxidation peak at 0.81 V and the reduction 

peak at approximately 0.60 V are results of the oxidation and 

reduction of products of the original oxidation, which was 

determined to occur at 0.40 V using the platinum working 

electrode. This was best accomplished by setting the initial 

potential to just below the true oxidation potential, and 

carefully timing the insertion of the electrode with the start 

of the scan. Use of a glassy carbon electrode greatly 

diminished the adsorption problem, but the additional peaks as 
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mentioned above were still observed. The oxidation potential 

for this compound using the glassy carbon electrode was 0.29 V. 

bTdMditO: bis-(2,2-trimethylstannyl)-cis-4,6-dimethyl-

1,3-dithiane experienced only minor adsorption difficulties, and 

reproducible oxidation potentials at 0.34 V were readily 

obtained. A minor peak near 1.0 V is observed but not 

investigated. 

eTMS003: r-2-trimethylsilyl-cis-4-cis-6-dimethyl-1,3-

dithiane readily oxidizes at 1.13 V. 
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section 3: 2-Alkyl/Aryl- and 2,2-Dialkyl/Aryl-l,3-Dithianes: 

We began by reviewing previously reported electrochemical 

results on a variety of 2-alkyl/aryl-l,3-dithianes and 2,2-

dialkyl/aryl-1,3-dithianes (Table 4). As reported by Glass et 

al,21 the substitution of either one or both hydrogens at C2 of 

1,3-dithiane results in a decrease in the oxidation potential of 

appoximately 0.4 V. This decrease does not appear to depend on 

the nature of the alkyl or aryl substituent, as the observed 

oxidation potentials in all cases reported were within 0.02 V. 

The cause of this decrease is therefore attributed to a 

branching effect arising from substitution at C2. 

Table 4: Electrochemical Oxidation Potentials of 2-Alkyl/aryl
and 2,2-Dialkyl/aryl-1,3-dithianes. 

R R' Number or Ep {v)O 
Lettera 

H H A 1.18 
CH3 H B 0.75 
tBu H E 0.75 
Ph H D 0.73 

CHl CH~ C 0.73 
Ph CH3 F 0.74 

a Letters correspond to known compounds, numbers to new 
compounds. A complete listing can be found in Appendix B. 
b 1.00 roM in 0.1 M LiCI04/CH3CN, vs. Ag/AgNo3 with Pt electrode. 
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section 4: 2-Silyl-, 2-Silyl-2-Alkyl/Aryl- and 2,2-

Bis(trimethylsilyl)-1,3-Dithianes: 

In the work of Yoshida et aI, it was shown that the C-Si 

sigma orbital and the oxygen 2p were of the proper energy to 

interact strongly when the correct geometrical constraints were 

available. Therefore, one would not expect any significant 

interaction between the c-si sigma orbital and the sulfur 3p 

orbital in the 2-silyl-l,3-dithianes examined. 22 While the 2-

silyl and 2-silyl-2-alkyl/aryl systems studied do result in an 

observed decrease in oxidation potential (Table 5) relative to 

1,3-dithiane itself, these potentials presumably all arise from 

conformations with an equatorially disposed silyl group. It was 

noted that the oxidation potential of these compounds was 

consistently higher than those observed for dialkyl/aryl-l,3-

dithianes. One can postulate that perhaps branching with 

equatorial silyl substituents at C2 does not result in a large 

branching effect and concomitant decrease in oxidation 

potential. Regardless of the exact cause, sUbstitution of an 

equatorial silyl group at C2 does not produce the desired 

substantial decrease in oxidation potential, as was anticipated 

based on the results of Yoshida and coworkers. 
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Table 5: Electrochemical Oxidation Potentials of 2-silyl- and 
2-Silyl-2-alkyl/aryl-1,3-dithianes. 

R R' Number or Ep (v)O 
Lettera 

H SiMe3 G 0.99 
H SiEt3 1 0.95 
H Si(iPr)3 3 0.81 
H Si(Me3)2tBu 2 1.03 

tBu SiMe3 T 0.95 
Ph SiMe3 U 0.85 

SiMe3 SiMe3 H 0.70 

a Letters correspond to known compounds, numbers to new 
compounds. A complete listing can be found in Appendix B. 
b 1.00 mM in 0.1 M LiCl04/CH3CN, vs Ag/AgN03 with Pt electrode. 

Only one bis-silyl 1,3-dithiane, (H), was available for 

electrochemical analysis. It was mentioned above that silyl 

branching at C2 produced a lowering of the oxidation potential, 

but to a lesser extent than carbon sUbstituents. Upon the 

addition of a second trimethylsilyl group at C2, the oxidation 

potential drops further to 0.70 V. (Recall that the placement 

of a second alkyl or aryl group has no additional effect on the 

observed oxidation potential.) since in this molecule it is 

required that one trimethylsilyl group occupy the axial position 

(assuming a chair conformation), and since with one trimethyl-

silyl group one obtains a solution conformation which contains 

a predominately equatorial trimethylsilyl group, it apears that 
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the addition of the second trimethylsilyl group results in a 

slight interaction, leading to a small decrease (0.29 V) in the 

observed oxidation potential. In attributing this small 

decrease to an ineffective interaction of orbitals of 

significantly unlike energies (C-Si sigma and sulfur 3p), a 

parallel can be drawn to Yoshida and coworkers' almost identical 

results. 
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Section 5: 2-Stannyl- and 2-stannyl-2-Alkyl/Aryl-1,3-Dithianes: 

The replacement of one hydrogen at C2 with a stannyl 

group, 2-trimethylstannyl-1,3-dithiane (I), results in a 

decrease in the oxidation potential to 0.75 V. This decrease is 

essentially identical to the decrease observed in the 2-

alkyl/aryl and 2,2-dialkyl/aryl systems (Section 3), and since 

it is known that the stannyl group preferentially exists in the 

equatorial position, one can conclude that stannyl sUbstitution 

at C2 merely results in a similar branching effect and there is 

no additional inductive effect due to the tin itself. 

A number of 2-stannyl-2-alkyl/aryl systems were examined, 

and the resulting oxidation potentials appeared to vary 

according to the alkyl or aryl group concerned (Table 6). with 

2-phenyl-2-stannyl compounds (Wand 11), the oxidation potential 

actually increased from that observed in the analogous 2-

stannyl- or 2-phenyl-1,3-dithiane. Although two conformations 

are possible due to ring flipping, Eliel and coworkers' 1H NMR 

work on 2-phenyl-2-trimethylstannyl-1,3-dithiane23 demonstrated 

that only one conformation exists in solution: that in which 

the phenyl group occupies the axial position while the stannyl 

group occupies the equatorial position. The cause of the 

observed increase in oxidation potential must therefore arise 

from interactions between the coplanar delocalized pi system on 

the aromatic ring and the sulfur 3p orbitals. 
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Table 6: Electrochemical oxidation Potentials of 2-Stannyl- and 
2-Stannyl-2-alkyl/aryl-1,3-dithianes. 

R R' Number or Ep (V)o 
Lettera 

H SnMe3 I 0.75 
tBu SnMe3 8 0.54 
Ph SnMe3 W 0.81 
tBu Sn(nBu)3 10 0.55 
Ph Sn{nBu)3 11 0.86 

a Letters correspond to known compounds, numbers to new 
compounds. A complete listing can be found in Appendix B. 
b 1.00 roM in 0.1 M LiCl04/CH3CN, vs Ag/AgN03 with Pt electrode. 

It was hoped a more effective anchor for the 2-stannyl 

l,3-dithiane in the desired orientation (axial stannyl group) 

would be obtained by placing a bulky t-butyl group at C2, which 

is known to preferentially occupy the equatorial position 

whenever possible. In the case of the 2-stannyl-2-t-butyl-1,3-

dithianes (8 and 10), however, it was unclear which of the 

sterically similar stannyl substituent and the t-butyl 

sUbstituent would prefer the equatorial position. When the 2-

stannyl-2-t-butyl-1,3-dithianes were examined, the anticipated 

destabilization of the HOMO due to effective orbital 

interaction, and a subsequent significant decrease in oxidation 

potential was finally observed. These 2-stannyl-2-t-butyl-1,3-
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dithiane systems irreversibly oxidized at 0.54 and 0.55 V, a 

decrease of ca. 0.6 V relative to 1,3-dithiane. While the 

electrochemical data was promising, the absolute solution 

conformation was eventually determined by variable temperature 

13C NMR spectroscopy to exist in a conformation which contains 

an equatorial stannyl group (see Chapter 4). It seemed obvious 

that the conformation of this molecule could not be one which 

contained a static axial stannyl group. We therefore attempted 

next to construct a molecule which was likely, based on our 

information thus far, to contain an axial stannyl group. 

Specifically 2-trimethylsilyl-2-trimethylstannyl-l,3-dithiane 

(X) and 2,2-bis(trimethylstannyl)-1,3-dithiane (J) were 

examined. 
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Section 6: 2-Trimethylsilyl-2-Trimethylstannyl-l,3-Dithiane and 

2, 2-(Bistrimethylstannyl)-1,3-Dithiane: 

Electrochemical oxidation of 2-trimethylsilyl-2-trimethyl-

stannyl-1,3-dithiane (X) resulted in an oxidation potential of 

0.44 V (Table 7). Note that the oxidation potential has been 

further decreased relative to 2-trimethylstannyl-2-t-butyl-1,3-

dithiane (8). This confirms our previous opinion that 2-

trimethylstannyl-2-t-butyl-l,3-dithiane (8) cannot contain an 

exclusively axial trimethylstannyl group or else the observed 

oxidation potential would be less that 0.44 V, as required by 

axial trimethylstannyl group, since it is known that an 

equatorial trimethylsilyl group has a less negative effect on 

oxidation potential than alkyl or aryl groups. 

Table 7: Electrochemical Oxidation Potential of Trimethylsilyl-
2-trimethylstannyl- and 2,2-bis(trimethylstannyl)-1,3-dithiane. 

R R' Number or Ep (V)D 
Lettera 

SiMe:i SnMe:i 4 0.44 
SnMe3 SnMe1 J 0.19 

a Letters correspond to known compounds, numbers to new 
compounds. A complete listing can be found in Appendix B. 
b 1.00 roM in 0.1 M LiCl04/CH3CN, vs Ag/AgN03 with Pt electrode. 

56 



The most striking result was obtained when investigating 

the only bis-stannylated dithiane available, 2,2-bis(trimethyl

stannyl)-1,3-dithiane (J). The oxidation potential dropped to 

0.19 V versus Ag/AgN03. This potential is almost an entire volt 

lower than that observed for 1,3-dithiane, and significantly 

more negative than any previously studied 2-stannyl-1,3-

dithiane. As it has been demonstrated that this compound exists 

in solution at room temperature as fast ring-flipping chair 

conformers (via variable temperature 13c NMR spectroscopy - see 

Chapter 4, section 2a), the question remains which of the 

comformers is the oxidized species. If the oxidized species 

were either of the equivalent chair conformers, then one would 

expect that 2-t-butyl-2-trimethylstannyl-1,3-dithiane (8) would 

have an essentially identical oxidation potential if it also 

exists in a conformation with an axial stannyl group. However, 

via variable temperature 13C NMR spectroscopy (Chapter 4, 

section 2b), it was shown that 2-t-butyl-2-trimethylstannyl-1,3-

dithiane (8) exists exclusively as the equatorial-stannyl 

conformer. It was still unclear which of the possible 

conformations of 2,2-bis-(trimethylstannyl)-1,3-dithiane (J) was 

the species resulting in the observed oxidation potential at 

0.19 V. In an attempt to more effectively anchor the dithiane 

ring into a static axial-stannyl chair conformation, a number of 

approaches were tried and are described. 
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Section 7: 2-Silyl-2-Trimethylstannyl-l,3-Dithianes: 

As described above, the oxidation potential of 2-

trimethylsilyl-2-trimethylstannyl-l,3-dithiane (X) was 

approximately 0.29 V lower than 2-trimethylstannyl-l,3-dithiane 

(I). It was postulated that this decrease might originate from 

an increase in the proportion ofaxial-stannyl dithiane in 

solution. Therefore by raising the steric requirements of the 

silyl substituent, one might further influence the ring flipping 

equilibria to favor the conformer where the sterically larger 

silyl group preferentially occupies the equatorial position. To 

this end, a series of 2-silyl-2-trimethylstannyl-l,3-dithianes 

were synthesized for electrochemical analysis. 

It was anticipated that the larger the silyl group, the 

greater its preference for the equatorial position would be and 

therefore the lower the oxidation potential since by default the 

stannyl group would occupy the axial position. Upon 

electrochemical analysis, however, it was found that although 

there was a very slight dependence upon steric bulk, the 

oxidation potentials decreased only very slightly, reaching a 

minimum of 0.36 V with 2-(triisopropylsilyl)-2-trimethyl

stannyl-l,3-dithiane (6) (Table 8). 
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Table 8: Electrochemical oxidation Potential of 2-Silyl-2-
trimethylstannyl-1,3-dithianes. 

R R' Number or Ep {V)O 

Lettera 

SiMel SnMe1 4 0.44 
siEt3 SnMe3 5 0.39 

Si{iPr)3 SnMe3 6 0.36 
Si{Me)?tBu SnMe3 7 0.37 

a Letters correspond to known compounds, numbers to new 
compounds. A complete listing can be found in Appendix B. 
b 1.00 mM in 0.1 M LiCl04/CH3CN, vs Ag/AgN03 with Pt electrode. 
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section 8: 2-Stannyl-cis-4,6-dimethyl-1,3-dithianes: 

Eliel and coworkers reported that effective anchoring of 

the 1,3-dithiane ring can be achieved via diequatorial methyl 

groups at C4 and C6. 12 Due to the extremely high energy 

associated with 1,3 dimethyl diaxial interactions,23 ring 

flipping is essentially checked and the dithiane ring locked 

into place. Eliel adopted the term "anancomeric" from 

Anteunis24 to describe the bias this system exhibits. 

Considering the difficulty thus far encountered in biasing the 

simple dithiane system to favor one conformation, it was 

envisioned that a change to this anancomeric 1,3-dithiane system 

would allow for the synthesis of various anancomerically locked 

stannyl dithianes. 

The details of the synthesis of the anancomeric "axial"-

(14), equatorial- (12), and bis-stannyl 1,3-dithianes (lS) can 

be found in the Experimental section. Once these compounds were 

available, cyclic voltammetric studies were performed. The 

oxidation potential of the anancomeric 1,3-dithiane, cis-4,6-

dimethyl-1,3-dithiane (K), was observed at 1.12 V. This value 

is slightly lower than the unlocked unsubstituted 1,3-dithiane 

(A), which is reported at 1.18 V. This decrease arises from a-

branching effects at C4 and C6. The oxidation potential of the 

anancomeric equatorial stannyl-l,3-dithiane (12) is observed at 

0.75 V. This value is identical to the oxidation potential 

reported for the similar unlocked 2-trimethylstannyl-1,3-
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dithiane (I), and indicates that both compounds exist in true 

chair conformations where the stannyl group occupies the 

equatorial position exclusively. 

Upon electrochemical analysis of the anancomeric axial 

stannyl-1,3-dithiane (14), severe adsorption problems were 

encountered. The details of these difficulties, as well as the 

methods used to overcome them are described in Appendix B. In 

addition, multiple peaks were observed even though determination 

of the purity of the sample had shown it to be analytically pure 

(see Experimental section for full characterization). These 

additional peaks were determined to arise from a secondary 

oxidation and reduction and not from the primary electroactive 

species itself. The method for this determination was a scan 

rate dependency study, which is detailed in Chapter 4, section 

10. The primary oxidation potential was determined to be 0.40 V 

using a platinum electrode. (When a glassy carbon electrode was 

used instead, although the additional peaks were still observed, 

the oxidation potential of the primary oxidation dropped to 0.29 

V.) Although this potential is significantly lower than the 

parent anancomeric 1,3-dithiane oxidation, it is significantly 

higher than the only other compound which has an axial stannyl 

group, the 2,2-bis-{trimethylstannyl)-,3-dithiane (J). Recall 

this compound was determined to undergo fast ring flipping, and 

oxidizes at 0.19 V. Following electrochemical analysis, the 

conformation of the anancomeric axial stannyl-1,3-dithiane (14) 

61 



was investigated via nuclear Overhauser effect studies, where it 

was determined that the molecule is severely distorted from a 

chair conformation, and is more accurately described as a 

twisted boat. The significance of the observed electrochemical 

oxidation potential must therefore be reexamined. The structure 

of the anancomeric "axial" stannyl-1,3-dithiane (14) most 

consistent with the available data is one which is rapidly 

exchanging between two equivalent twist-boat conformations. 

This effectively moves the C-Sn sigma bond out of the axial 

plane and places it into a more equatorial position. In the 

process, the lone pairs on the two sulfur atoms within the 1,3-

dithiane ring are rotated such that complete interaction with 

the carbon-tin sigma bond is never possible. Based on models 

using a static twist-boat, it is obvious that the angle for one 

lone pair-s-C-Sn(ax) is very large (between 60 and 70 0 ), while 

the other lone pair-S-c-Sn(ax) is quite small (between 10 and 

200 ). Since coplanarity of the orbitals concerned is never 

achieved in the molecule, the expected oxidation potential 

should be significantly higher than a true chair anancomeric 

axial stannyl-1,3-dithiane would be predicted. Additional data 

and discussion regarding the solution conformation of the 

anancomeric axial stannyl-1,3-dithiane can be located in the 

119Sn NMR section of this chapter. 

The conformation of the anancomeric bis-stannyl-1,3-

dithiane (15) was determined by combining data from a variety of 
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experiments, including variable temperature 13C NMR and X-ray 

analysis of the unlocked bi.s-stannyl 1,3-dithiane and comparison 

of these results with those for the corresponding anancomeric 

1,3-dithiane. These experiments showed that the bis-stannyl 

anancomeric 1,3-dithiane exists in a conformation which is a 

true static chair, and therefore contains both an axial stannyl 

group and an equatorial stannyl group. Upon electrochemical 

analysis, the bis-stannyl anancomeric 1,3-dithiane (15) was 

found to oxidize at 0.35 V, when using a platinum electrode. 

R 
R' 

Table D6: Electrochemical oxidation Potential of Anancomeric 
1,3-Dithianes. 

R' R Letter or Ep (V)O Ep (V)C 
Numbera 

H H K 1.12 -----
SnMe1 H 12 0.75 -----

H SnMe3 14 0.40 0.29 
SnMe3 SnMe3 15 0.35 

a Letters correspond to known compounds, numbers to new 
compounds. A complete listing can be found in Appendix B. 
b 1.00 roM in 0.1 M LiCl04/CH3CN, vs Ag/AgN03 with a Pt 
electrode. 
c 1.00 roM in 0.1 M LiCl04/CH3CN, vs Ag/AgN03 with a glassy 
carbon electrode. 

The observed oxidation potential for the bis-stannyl 
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stannyl-1,3-dithiane (15) of 0.35 V was surprising, given that 

the oxidation potential for the corresponding unlocked 1,3-

dithiane was substantially lower, at 0.19 V. The cause of this 

dramatic difference was eventually ascribed to the presence of 

additional conformers for the unlocked bis-stannyl-1,3-dithiane. 

In the solid state for the unlocked bis-stannyl-1,3-dithiane, 

the dihedral angle between the carbon-tin sigma bond and the 

lone pairs on the sulfur atoms was determined to be 18 0 • As the 

solid state structure (via X-ray crystallography) of the 

unlocked bis-stannyl 1,3-dithiane and the anancomeric bis

stannyl 1,3-dithiane were concluded to exist in essentially 

identical conformations, a value of 180 is assigned to the Sn

C2-S-: dihedral angle for this compound also. As the unlocked 

bis-stannyl 1,3-dithiane undergoes ring inversion, it passes 

through various conformation. In a number of these 

conformations, better alignment of the C-Sn sigma bond and the 

lone pairs on the sulfur occurs. As these orbitals reach 

coplanarity, the maximal interaction between them is achieved, 

and therefore the greatest destabilization of the lone pairs. 

This effectively results in a lower oxidation potential than 

that observed for a rigidly held chair conformation such as the 

anancomeric bis-stannyl-1,3-dithiane. 
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Section 9: Scan Rate Dependency Studies: 

In running the cyclic voltammogram of the "axial "-stannyl 

anancomeric 1,3-dithiane, multiple peaks were observed. Other 

analytical techniques had demonstrated that the sample was pure 

and it was believed that the additional peaks in the CV arose 

from oxidation and reduction of the already oxidized axial-tin 

compound. This belief was tested by performing a scan rate 

dependency experiment, where the sample is subjected to cyclic 

voltammetry with various scan rates. The purpose of this type 

of experiment is to determine the relationship between the 

current flow and the square root of the scan rate. If this 

relationship is linear, the electroactive process is thought to 

be diffusion controlled and therefore arises from the original 

electroactive species. If the relationship is non-linear, then 

the process involves a species on the electrode itself, i.e. a 

diffusion-controlled species which has already undergone the 

initial oxidation. 

The scan rate is varied in the sequence, 10, 50, 100, 200, 

500, 1000, 2000, 5000, 10000 mV/s, and the current associated 

wi th each peak measured. (Note: the computer program will 

calculate this value for well-defined peaks. For poorly-defined 

peaks, the amplitude of a peak is measured from the baseline as 

illustrated in Figure 21). 
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Figure 21: Determination of the amplitude for poorly-defined 
peaks. 

Using this method, the plots for each of the three peaks 

(corresponding to the first and second oxidation, and one 

reduction peak) were obtained and are shown below (Figures 22-

24) : 
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Figure 22: Plot of the square root of the scan rate versus the 
current for the first oxidation peak ca. 0.4 v. 
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Figure 23: Plot of the square root of the scan rate versus the 
current for the second oxidation peak ca. 0.8 v. 
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Figure 24: Plot of the square root of the scan rate versus the 
current for the reduction peak. 

Therefore, the extraneous oxidation (second oxidation peak 

at approximately 0.80 V), and the reduction peak are concluded 

to arise from secondary oxidation and reductions, and only the 

first oxidation peak at approximately 0.40 V arises from the 

initial oxidation of the "axial"-stannyl anancomeric 1,3-

dithiane. 
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CHAPTER 4 

NMR SPECTROSCOPY 

69 

Following the synthesis of the desired 2-stannylated 

locked and anancomeric 1,3-dithianes, it was necessary to 

determine the conformation in solution of these compounds since 

the proposed interaction between the carbon-stannyl sigma bond 

and the 3p lone pair orbital on sulfur should only occur when 

coplanar. The assignment of the solution conformation of a 

molecule can be determined through a number of techniques, 

including various NMR experiments. 
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Section 1: !H NMR Spectroscopy:25 

It seemed reasonable to assume that a stannyl group in an 

equatorial position at C2 on the 1,3-dithiane ring would be in a 

significantly different chemical and magnetic environment than a 

stannyl group in an axial position. We therefore began our 

investigation into the solution conformation by comparing the 

chemical shifts for the hydrogen atoms on the stannyl group 

(Table 10). 

Table 10: 1H NMR Chemical Shifts for 2-Stannylated 1,3-
Dithianes 

Compound Letter or 1H NMR 
Numbera (ppm) 

2-Trimethylstannyl-1,3-dithiane I 0.24 
2-Phenyl-2-trimethylstannyl-1,3- W 0.18 

dithiane 
2-t-Butyl-2-trimethylstannyl-1,3- 8 0.27 

dithiane 
2-Trimethylsilyl-2- 4 0.28 

trimethylstannyl-1,3-dithiane 
2-Triethylsilyl-2- 5 0.30 

trimethylstannyl-1,3-dithiane 
2-(Tri-i-propylsilyl)-2- 6 0.36 

trimethylstannyl-1,3-dithiane 
2-t-Butyldimethylsilyl-2- 7 0.32 

trimethylstannyl-1,3-dithiane 
2,2-Bis(trimethylstannyl)-1,3- J 0.24 

dithiane 
r-2-Trimethylstannyl-cis-4-cis-6- 12 0.25 

dimethyl-1,3-dithiane 
r-2-Trimethylstannyl-trans-4- 14 0.24 
trans-6-dimethyl-1,3-dithiane 

2,2-Bis(trimethylstannyl)-cis- 15 0.17 
4,6-dimethyl-1,3-dithiane and 

0.22 
a Letters correspond to known compounds, numbers to new 
compounds. A complete list can be found in Appendix B. 
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In comparing these values, it appears that the dependence 

of the chemical shift on the orientation of the stannyl group at 

C2 is minor. Indeed, for the unlocked bis-stannyl-1,3-dithiane 

(J) only one resonance due to the two trimethylstannyl groups is 

observed, and this value is quite close to the known chemical 

shift for 2-trimethylstannyl-1,3-dithiane (I). This 

demonstrates that the chemical shift range for the trimethyl

stannyl group is relatively small and that corrections of the 

chemical shift arising from the geometric effects are minor. 

Therefore, the use of this technique for the determination of 

the geometry at C2 is not especially informative. 

It should be noted that coupling between tin and the 

methyl hydrogens results in extremely large coupling constants 

(on the order of 26 to 28 Hz)26. Coupling to both 117sn and 

119Sn are observed, although assignment of each is not possible. 

Due to the natural abundancies of each of these isotopes (I 

1/2), signals arising from the methyl hydrogens appear as 

"triplets". That is, the normal signal arising from 118Sn (I = 

0) has two sets of smaller peaks on either side, giving rise to 

a "triplet", where the ratio is approximately 1:9:1. 
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section 2: 13C NMR Spectroscopy: 

The chemical shift range for carbon is approximately 200 

ppm. 27 While the range associated with a carbon directly bonded 

to a tin atom has been investigated,28 we were hopeful that this 

technique might yield additional information regarding the 

geometry of stannylation at C2. Again, a comparison of the 

stannylated 1,3-dithianes was performed, with the results shown 

in Table 11. 

Table 11: 13C Chemical Shifts for 2-Stannylated 1,3-Dithianes 

Compound Letter or .L",C NMR 
Numbera (ppm) 

2-Trimethylstannyl-l,3-dithiane I -10.19 
2-Phenyl-2-trimethylstannyl-l,3- W -9.63 

dithiane 
2-t-Butyl-2-trimethylstannyl-l,3- 8 -4.49 

dithiane 
2-Trimethylsilyl-2- 4 -6.08 

trimethylstannyl-l,3-dithiane 
2-Triethylsilyl-2- 5 -4.98 

trimethylstannyl-l,3-dithiane 
2-(Tri-i-propylsilyl)-2- 6 -1. 87 

trimethylstannyl-l,3-dithiane 
2-t-Butyldimethylsilyl-2- 7 -4.21 

trimethylstannyl-l,3-dithiane 
2,2-Bis(trimethylstannyl)-1,3- J -6.77 

dithiane 
r-2-Trimethylstannyl-cis-4-cis-6- 12 -6.96 

dimethyl-l,3-dithiane 
r-2-Trimethylstannyl-trans-4- 14 -7.63 
trans-6-dimethyl-l,3-dithiane 

2,2-Bis(trimethylstannyl)-cis- 15 -8.56 
4,6-dimethyl-l,3-dithiane and 

-4.83 
a Letters correspond to known compounds, numbers to new 
compounds. A complete list can be found in Appendix B. 

d 
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While the range of 13C chemical shifts for these molecules 

was significantly larger than for the corresponding lH chemical 

shifts, unequivocal answers as to the conformation of some of 

these compounds was impossible. For the unlocked bis-stannyl 

1,3-dithiane (J), only one resonance was observed, similar to 

its lH NMR spectrum. This observation is reasonable if the 

molecule is undergoing very fast equilibration between two 

identical chair conformations. For other compounds, the 

observation of one resonance is reasonable, but it remains 

unclear if this corresponds to the existence of only one 

conformer in solution, or to the fast equilibration between two 

forms, giving the time-averaged signal. Although some 

information is available using this technique, the knowledge 

gained has some interpretative limitations. Coupling of this 

data with additional data, such a variable temperature 13C NMR 

spectroscopy, should yield data more readily interpreted. 

While the solution conformation of a number of these 

compounds had been investigated previously, we were especially 

interested in the orientation of the 2-t-butyl-2-

trimethylstannyl- (8), mixed silyl-stannyl- (4,5,6,7), and 2,2-

bis(trimethyl-stannyl)-1,3-dithianes (J). Since investigation 

of the 13C NMR spectra at room temperature was unable to 

determine the difference between a static structure and a very 

fast equilibration between two conformation, it was decided that 

a lowering of the temperature might help clarify the situation. 



To this end, a series of variable temperature 13C NMR 

spectroscopic experiments were performed and are described 

below. 
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Section 2a: variable Temperature 13C NMR Spectroscopic Studies 

on 2,2-Bis(trimethyl-stannyl)-1,3-dithiane (J): 

2,2-Bis(trimethylstannyl)-1,3-dithiane (J) was dissolved 

in CD2C12 and the spectra run at ambient temperature (296 K 

probe temperature). The spectrum observed (Figure 25) shows 

peaks associated with the two equivalent trimethylstannyl groups 

at -6.73 ppm, with averaged 2Jsn ,c couplings of approximately 

340 Hz. Also seen are C5 at 26.56 and C4/C6 at 30.71 ppm. 

3Jsn ,C4/C6 of 26.8 Hz are seen at C4/C6, while C2 is not 

observed in this spectrum. 

Upon cooling to 257 K (Figure 26), the signals for the 

methyl carbons on the trimethyl tin are broadened significantly. 

In addition, the two bond coupling between the tin and the 

methyl groups on the tin are not observable. The remainder of 

the spectrum is e~sentially unchanged from that at room 

temperature, with the exception of a new peak at approximately 

21 ppm, which is assigned to C2. 

Further cooling to 247 K (Figure 27) broadens the methyl 

signal even further, making assignment of a chemical shift 

difficult (the range is approximately -6 to -8.5 ppm). Again, 
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the remainder of the spectrum remains unchanged. At 242 K 

(Figure 28), the compound has reached coalescence, and the 

methyl resonances are extremely broad. A further cooling of 5 K 

to 237 K (Figure 29) results in more definition to the broad 

peak in the range -5 to -9 ppm, where it now appears that two 

distinct peaks are beginning to emerge. Upon additional 

cooling, to 227 K (Figure 30), indeed, two broad peaks, at -5.40 

and -9.27 ppm become evident. To this point, the remainder of 

the spectra has remained relatively constant, with the exception 

of the peak at 20.5 ppm, assigned to C2, which was not observed 

at room temperature. 

At 217 K (Figure 31), however, changes in other regions of 

the spectra become evident. In addition to further sharpening 

of the methyl resonances at -5.47 and -9.37 ppm, 3Jsn ,C4/C6 

couplings become indistinguishable. At 209 K (Figure 32), the 

methyl signals are quite sharp, and 2Jsn ,c couplings reappear 

(approximately 296 and 327 Hz), although the individual 117sn 

and 119Sn coupling are difficult to distinguish. Additionally, 

the beginnings of distinct 3Jsn (ax),C4/C6 and 3Jsn(eq),C4/C6 

couplings become apparent. Mathematical manipUlation (Gaussian 

multiplication, GB = 0.2) of the spectra results in reported 

coupling constants of 15.5 and 37.5 Hz, corresponding to the 

axial and equatorial couplings, respectively. Finally, at 190 K 

(Figure 33), approaching the low temperature limit of the 

solvent, the spectrum sharpens to give equally intense axial and 
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equatorial trimethylstannyl signals with distinct two bond 

coupling constants (2Jsn (ax),c = 328 and 344 Hz (117 sn and 

119Sn ), 2Jsn (eq),c = 305 and 290 Hz (117 Sn and 119Sn ), as well 

as the three bond coupling constants for axial and equatorial 

tin coupling with C4 and C6 (3Jsn (ax),C4/C6 = 37.5 Hz and 

3Jsn (eq),C4/C6 = 14.7 Hz). The process of coalescence and 

resolution of the peaks is demonstrated clearly in Figure 34. 

The similarities between the low temperature 13c NMR 

spectrum of 2,2-bis(trimethylstannyl)-l,3-dithiane (J) and the 

ambient temperature 13C NMR spectrum of 2,2-bis(trimethyl

stannyl)-cis-2,4-dimethyl-1,3-dithiane (15), as well as x-ray 

crystallography studies (Chapter 6), lead one to conclude that 

these two "frozen" conformations are essentially identical and 

in true chair conformations (see Table 12). 
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Table 12: 13c Comparison of 2,2-Bis(trimethylstannyl)1,3-
dithiane (J) (190 K) and 2,2-Bis(trimethylstannyl)-cis-2,4-
dimethyl-1,3-dithiane (15) (RT) 

Chemical Shift or Unlocked Bis-tin Locked Bis-tin 
Coupling Constant 1,3-dithiane (J) Anancomeric 1,3-

Dithiane (15) 

.l.jC d SnCH~(ax) -9.67 -8.56 

.l.jC d SnCH3(eq) -5.78 -4.83 
.l.jC d C2 19.75* 29.68* 

.L.jC d C4/C6 29.50 39.87** 
.l.jC d C5 25.33 44.35*** 

~JSn{;=l~\ r. 328 and 344 Hz **** 
~JSn(ea) C 305 and 290 Hz 305 and **** Hz 

~JSn(ax) C4/C6 14.7 Hz 14.5 Hz 
L:JSn (en)C4/c6 37.5 Hz 39.9 Hz 
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* Using an a value of 0.7 ppm for an equatorial methyl group 
(from comparison of 1,3-dithiane with cis-2,4-dimethyl-1,3-
dithiane), a calculated value of 21.15 ppm is obtained, which is 
dramatically different from the observed value of 29.68 ppm. 
This error presumably arises from the "frozen" unlocked bis-tin 
C2 value which shifts position depending on temperature. 
** Using an a value of 0.7 ppm and a g value of 8.7 ppm for an 
equatorial methyl group (from comparison of 1,3-dithiane with 
cis-2,4-dimethyl-1,3-dithiane), a calculated value of 38.90 ppm 
is obtained for C4/C6, which is extremely close to that 
observed. 
*** Using a b value of 9.0 ppm obtained for an equatorial methyl 
group (from comparison of 1,3-dithiane with cis-2,4-dimethyl-
1,3-dithiane), a calculated value of 43.33 ppm is obtained for 
C5, which is reasonably close to that observed. 
**** Exact values not available, but very similar to unlocked 
bis-stannyl coupling constants. 
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Figure 25: 13C NMR spectrum of 2,2-bis-(trimethylstannyl)-1,3-
dithiane (J) in CD2C12 at 296 K. 
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Figure 26: 13C NMR spectrum of 2,2-bis-(trimethylstannyl)-1,3-
dithiane (J) in CD2C12 at 257 K. 
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Figure 27: 13C NMR spectrum of 2,2-bis-(trimethylstannyl)-1,3-
dithiane (J) in CD2C12 at 247 K. 
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Figure 28: 13C NMR spectrum of 2,2-bis-(trimethylstannyl)-1,3-
dithiane (J) in CD2C12 at 242 K. 
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Figure 29: 13C NMR spectrum of 2,2-bis-(trimethylstannyl)-l,3-
dithiane (J) in CD2C12 at 237 K. 
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Figure 30: 13C NMR spectrum of 2,2-bis-(trimethylstannyl)-1,3-
dithiane (J) in CD2C12 at 227 K. 
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Figure 31: 13C NMR spectrum of 2,2-bis-(trimethylstannyl)-1,3-
dithiane (J) in CD2C12 at 217 K. 
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Figure 32: 13C NMR spectrum of 2,2-bis-(trimethylstannyl)-1,3-
dithiane (J) in CD2C12 at 209 K. 
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Figure 33: 13C NMR spectrum of 2,2-bis-(trimethylstannyl)-1,3-
dithiane (J) in CD2C12 at 190 K. 
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Figure 34: Variable temperature 13c NMR spectra of 2,2-bis
(trimethylstannyl)-1,3-dithiane (J) in CD2C12 at the following 
temperatures (reading top to bottom): 190, 217, 227, 237,242, 
257, 296 K. 



Section 2b: Variable Temperature 13c NMR Spectroscopic Studies 

on 2-t-Butyl-2-trimethylstannyl-1,3-dithiane (8): 

88 

Upon cooling of a CD2C12 solution of 2-t-Butyl-2-

trimethylstannyl-1,3-dithiane (8) from 296 K to 190 K, minimal 

changes in the spectra were observed. Slight broadening of some 

peaks at extremely low temperatures was attributed to the 

slowing of rotational barriers opo the trimethylstannyl groups, 

and the beginnings of differentiation of each of the methyl 

group attached to the stannyl atom. Figures 35, where T = 296 

K, and 36, where T = 190 K, depict the very minor degree to 

which the molecule is changed as the temperature is varied. 
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Figure 35: 13C NMR spectrum of 2-t-butyl-2-trimethylstannyl-
1,3-dithiane (8) in CD2c12 at 296 K. 
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Figure 36: 13C NMR spectrum of 2-t-butyl-2-trimethylstannyl-
1,3-dithiane (8) in CD2C12 at 190 K. 
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Section 2c: Variable Temperature 13C NMR Spectroscopic Studies 

on 2-Silyl-2-trimethylstannyl-l,3-dithiane (4,5,6,7): 

The solution conformation of all of the mixed silyl

stannyl-l,3-dithianes were unknown. Each of these compounds had 

given only one trimethylstannyl resonance in the 1H NMR 

spectroscopy as well as 13C NMR spectroscopy. The 

electrochemical oxidation potentials for these compounds, 

however, was sufficiently low that it was doubtful that the 

exclusively equatorial stannyl conformation existed in solution. 

It was decided that a variable temperature NMR experiment 

was necessary to obtain additional information regarding the 

conformation in solution. Of the four mixed silyl-stannyl 

compounds, only three were available at the time these 

experiment were performed. Of these three, only two were in 

sufficient quantity so as to obtain quantitative data. The 

results for these compounds are described below. 

Only a trace amount of 2-trimethylsilyl-2-trimethyl

stannyl-1,3-dithiane (4) was available. Upon cooling directly 

to 190 K, and allowing for thermal equilibration, two peaks for 

each of the trimethylsilyl and trimethylstannyl groups were 

observed. Due to the quantity of material present, quantitation 

of the peaks was not possible. Qualitatively, however, a great 

deal of information regarding this mixed silyl-stannyl compound 

is obtained. At 190 K, coalescence has been surpassed and 

resolution of the distinct conformers has begun (see Figures 37 



and 38). As two peaks for each of the trimethylsilyl and 

trimethylstannyl groups are present then necessarily two 

distinct conformations are present in solution. There two 

conformers are the axial-silyl-equatorial-stannyl and 

equatorial-silyl-axial-stannyl compounds, respecti~Tely. 
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Figure 37: 13C NMR spectrum of 2-trimethylsilyl-2-trimethyl
stannyl-l,3-dithiane (4) in CD2C12 at 296 K. 

93 



o 
~ 

I 

o 

o 
ru 

Figure 38: 13C NMR spectrum of 2-trimethylsilyl-2-trimethyl
stannyl-l,3-dithiane (4) in CD2C12 at 190 K. 
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2-Triethylsilyl-2-trimethylstannyl-1,3-dithiane (5) was 

available is sufficient quantity so as to obtain quantitative 

data. Upon cooling of the CD2C12 solution to 190 K, and thermal 

equilibration, two distinct peaks were observed at 6.41 and 2.75 

(triethylsilyl) and -4.53 and -8.23 (trimethylstannyl), where 

the ratio ofaxial-silyl-equatorial-stannyl to equatorial-silyl

axial-stannyl conformers was determined to be 2:3. These 

spectra are shown in Figure 39 and 40. It appears that the 

ratio ofaxial-stannyl to equatorial-stannyl has been increased 

slightly in changing from a trimethylsilyl to a triethylsilyl 

group. However, since the 2-trimethylsilyl-2-trimethylstannyl-

1,3-dithiane (4) spectrum is not quantitative, there is 

significant error associated with this statement. 
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Figure 39: 13C NMR spectrum of 2-triethylsilyl-2-trimethyl
stannyl-l,3-dithiane (5) in CD2C12 at 296 K. 
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Figure 40: 13C NMR spectrum of 2-triethylsilyl-2-trimethyl
stannyl-l,3-dithiane (5) in CD2C12 at 190 K. 
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2-(Tri-i-propylsilyl)-2-trimethylstannyl-l,3-dithiane (6) 

is relatively unstable, decomposing over time to (tri-i-propyl

silyl)-1,3-dithiane (3). None of this compound was available 

for analysis at the time these experiments were being performed. 

Although sufficient quantities of 2-t-butyldimethylsilyl-

2-trimethylstannyl-l,3-dithiane (7) were available for analysis 

using variable temperature techniques, it was found that the 

compound precipitates out of solution at relatively high 

temperatures (approx. 250 K). This temperature is sufficiently 

high that coalescence is never achieved prior to precipitation. 

Additional information regarding the orientation of the 

stannyl group is available by the analysis of the three bond 

coupling constants between the stannyl atom and C4 and C6. The 

geometry of the stannyl group at C2 determines the ability of 

these atoms to couple effectively with each other. A complete 

analysis of this effect is given in Chapter 5, section 2. 
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section 3: 119Sn NMR Spectroscopy 

As mentioned previously, there are two isotopes of tin 

(119Sn and 117sn ) which are reasonably abundant and also have a 

nuclear spin associated with them (I = 1/2). Most commonly, it 

is 119Sn which is used for NMR spectroscopic purposes. 29 The 

known range for 119Sn is extremely large, over 300 ppm. While a 

significant amount of work has been published on the chemical 

shift relationship with different substituents,30 no studies 

into the relationship between the chemical shift with 

stereochemistry were found. Since the electrochemical 

investigations into the effect showed that the ease of removing 

an electron from a 3p orbital on sulfur appeared to depend 

greatly on the orientation of an a-stannyl group, it was 

presumed that this relationship would be reciprocal and that the 

lone pairs on the sulfur atom would have a differing effect on 

an a-tin atom depending on if the relationship between the two 

moieties was axial-axial or axial-equatorial. 

Thus an investigation into the dependence of chemical 

shift on geometry, as well as additional factors, was begun. 

The chemical shift for 2-trimethylstannyl-1,3-dithiane (I), 

which is known to exist in a conformation in solution which is 

predominantly equatorial, was found to be 7.03 ppm, versus 

Me4Sn. This seems to indicate that there is minimal interaction 

between the lone pairs on the sulfur with the tin atom, since 

the chemical shift is so similar to the standard. Further 
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investigation into the chemical shift values for various 2-

alkyl/aryl-2-stannyl-1,3-dithianes are given in Table 13. 

Table 13: 119Sn Chemical Shifts for 2-Alkyl/aryl-2-stannyl-1,3-
dithianes 

Compound Letter or 119sn 0 
Numbera (ppm) 

2-trimethylstannyl- I 7.03 
l,3-dithiane 
2-phenyl-2- W 33.53 

trimethylstannyl-
l,3-dithiane 
2-t-butyl-2- 8 10.74 

trimethylstannyl-
l,3-dithiane 

2-phenyl-2-tri-n- 11 0.35 
butylstannyl-1,3-

dithiane 
2-t-butyl-2-tri-n- 10 -11.18 
butylstannyl-1,3-

dithiane 
a Letters correspond to known compounds, numbers to new 
compounds. A complete list can be found in Appendix B. 

From the data available thus far, it does appear that the 

chemical shift for tin is dependent on a number of factors, 

including the presence of a phenyl group at the alpha position, 

where the chemical shift for 2-phenyl-2-trimethylstannyl-1,3-

dithiane (W), also known to exist in a conformation containing 

an exclusively equatorial stannyl group, is shifted by ca. 26 

ppm downfield to 33.53 ppm. A t-butyl group, however, does not 

seem to have a dramatic effect on the chemical shift, as the 

value for 2-t-butyl-2-trimethylstannyl-1,3-dithiane (8) is 

10.73, only ca. 3 ppm downfield from 2-trimethylstannyl-1,3-
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dithiane (I) itself. In addition, the chemical shift appears to 

depends greatly on the sUbstituents on the tin atom itself, as 

in changing from a trimethylstannyl group to a tri-n-butyl-

stannyl group causes an upfield shift of 20 to 30 ppm. 

The observed chemical shifts for the remaining unlocked 

dithiane are shown in Table 14. 

Table 14: 119sn Chemical Shifts for Various 2-Stannyl-1,3-
dithianes 

Compound Letter or 119sn 0 
Numbera (ppm) 

2-trimethylsilyl-2- 4 not done 
trimethylstannyl-l,3-

dithiane 
2-triethylsilyl-2- 5 19.67 

trimethylstannyl-l,3-
dithiane 

2-{tri-i-propylsilyl)- 6 19.64 
2-trimethylstannyl-1,3-

dithiane 
2-t-butyldimethylsilyl- 7 18.75 
2-trimethylstannyl-1,3-

dithiane 
2,2-bis- J 23.61 

{trimethylstannyl)-1,3-
dithiane 

a Letters correspond to known compounds, numbers to new 
compounds. A complete list can be found in Appendix B. 

A number of surprising patterns emerge from these results. 

Although the mixed silyl/stannyl series was chosen and designed 

to vary the populations of axial and equatorial stannyl group 

conformers as argued in Chapter 3, it appears that this is not 

the case and all of the mixed silyl/stannyl 1,3-dithianes 
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experience almost identical magnetic environments. This 

actually reinforces the conclusions from the electrochemical 

data, where these same compounds were oxidized at almost 

identical potentials. In addition, only one chemical shift was 

observed for the unlocked bis-stannyl 1,3-dithiane. This 

indicates that there is very fast exchange between the two 

possible chair conformations, resulting in the time averaging of 

the two distinct axial and equatorial tin atoms. 

The analysis of the stannylated anancomeric 1,3-dithianes 

should help clarify the effect of stereo-position on chemical 

shift. These results are given in Table 15. 

Table 15: 119Sn Chemical Shifts for Stannylated Anancomeric 
1,3-Dithianes 

Compound Letter or ~~~Sn d 
Numbera (ppm) 

r-2-Trimethylstannyl-cis-4- 12 15.54 
cis-6-dimethyl-1,3-dithiane 
r-2-Trimethylstannyl-trans- 14 15.49 

4-trans-6-dimethyl-1,3-
dithiane 

2,2-Bis{trimethylstannyl)- 15 25.62 
cis-4,6-dimethyl-l,3- and 

dithiane 21.93 
a Letters correspond to known compounds, numbers to new 
compounds. A complete list can be found in Appendix B. 

While it was gratifying to observe two distinct signals 

for the bis-stannyl anancomeric 1,3-dithiane (15), assigned as 

axial-trimethylstannyl group at 21.93 ppm and equatorial 

trimethylstannyl group at 25.62 ppm. It was noted that the 
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single peak for the unlocked bis-stannyl 1,3-dithiane (J) was 

observed at a chemical shift of 23.61, essentially the average 

of the two distinct peaks for the corresponding anancomeric 

system. It was initially puzzling why the chemical shifts for 

the equatorial- (12) and axial-stannyl anancomeric 1,3-dithianes 

(14) were essentially identical. Further analysis of the axial

stannyl group showed that severe distortion of the 1,3-dithiane 

ring occurs in this molecule and exists in a conformation where 

the "axial"-stannyl group is actually pseudo-equatorial due to 

this deformation of the chair into a twist-boat. 

It was disappointing that the chemical shift difference 

between the axial- and equatorial-stannyl groups (in the only 

molecule to truly contain these moieties - the bis-stannyl 

anancomeric 1,3-dithiane (15)) was so small. Although the 

chemical shift for a tin atom appears to be sensitive to a large 

number of factors, it appears that the stereo-relationship with 

the lone pairs on an a-sulfur is not one of them. This 

technique, while yielding some valuable clues regarding the 

solution conformation and dynamics of various molecules, does 

not appear to be an appropriate technique for the determination 

of the geometry of a-stannyl thioethers. 

section 3a: Variable Temperature 119Sn NMR spectroscopic 

Studies on 2,2-Bis(trimethylstannyl)-1,3-dithiane (J): 
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Upon cooling, the CS2 solution (containing a trace amount 

of CD2C12 for locking purposes) of 2,2-bis(trimethylstannyl)-

1,3-dithiane (J), prior to any coalescence, the signal abruptly 

disappeared near 230 K. Although the sample was not directly 

observed (by removing the sample tube from the cooled probe), 

this behavior is consistent with the sample precipitating out of 

solution. The solubility of the compound was therefore 

determined in CD2C12 to approximately -7SoC by immersion in a 

dry ice/acetone bath, and was found to be reasonable soluble 

(the solution clouded somewhat, but no precipitate appeared). 

In using 119Sn NMR spectroscopy, however, since only one tin 

resonance is observed, the determination of the sample 

precipitating out of solution can otherwise only be determined 

indirectly by the disappearance of a peak which resembles 

coalescence. The study of a different nucleus, 13c for example, 

other unaffected carbon nuclei are present and are therefore a 

constant direct indication of the solubility of the compound at 

lower temperatures. 



section 4: Nuclear Overhauser Effect 

Although the anancomeric system was chosen so as to bias 

the conformation such that only the desired static chair is 

available, Eliel and coworkers had noted some extreme cases 

where complete anchoring of the dithiane ring was not 

observed12 . The nuclear Overhauser effect (nOe) was used to 

effectively yield additional information regarding the spatial 

relationship between specific nuclei in two of the stannylated 

anancomeric 1,3-dithianes, specifically the axial (14) and 

equatorial (12) mono-stannylated compounds. 

The nuclear Overhauser effect experiment 41 is 

fundamentally different from all other NMR experiments in that 

it is the only one which is independent of the scalar coupling 

between the nuclei concerned (i.e. it is independent of any 

through-bond interactions, and is instead completely dependent 

on only through-space interactions). Indeed, the nuclear 

Overhauser effect is mainly used to determine the spatial 

proximity of nuclei which are isolated from each other within a 

molecule. In an nOe experiment, one nuclei of interest is 

perturbed, and the remaining nuclei are observed for any 

changes, usually in intensity. By perturbing one nuclei, we 

effectively change the relaxation pathways of any nuclei which 

are associated with it l and therefore the intensity of those 

nuclei will be affected. 
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The details of exactly how this perturbation affects the 

relaxation mechanisms of proximate nuclei are quite complex, and 

not germane to this dissertation. The effect has been 

extensively reviewed41 and thus will not be further discussed 

here. Equation 1, denoting the inverse proportionality of the 

nOe has been justified41 , and will be used here. 

It was apparent that for the equatorial-tin anancomeric 

1,3-dithiane (12), the nuclei which should yield the most 

information would be that of H4/H6 and H2, which exist in a 1,3-

diaxial relationship, assuming the dithiane ring maintains a 

static chair conformation. These nuclei are therefore in 

reasonably close proximity to one another and should demonstrate 

a reasonable nOe. Any deformation of the chair would result in 

an increase in the distance between these nuclei, and therefore 

a smaller nOe. Irradiation at H2 and observation at H4/H6 

presents significant difficulties since H4 and H6 are doublets 

of doublets of quartets (ddq) (not including any minor four-bond 

couplings to the 117Sn and 119sn isotopes), and are therefore 

spread out over almost 0.2 ppm. Conversely, irradiation, using 

a wide pulse so as to completely "zap" the broad range, at H4/H6 

is much more logical as H2 is essentially a singlet (with 

sidebands associated with coupling to 117sn and 119Sn ), and 

should therefore be more readily subtracted from the original 

spectra to yield the percent nOe. This was in fact the method 

used to determine the nOe for H2 and H4/H6, which was found to 
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be 26%. This indicates that no deformation of the dithiane ring 

is occuring and the equatorial-tin anancomeric 1,3-dithiane 

indeed exists in a static chair conformation. (Figure 41) 

Should the axial-tin anancomeric dithiane exist in a 

static chair conformation, there should be no interaction 

possible between H4/H6 which are axial, and H2, which is 

equatorial. (Figure 41) 

(12) (14) 

Figure N1: H2,H4/H6 interactions in chair conformation of 
equatorial-stannyl axial-stannyl anancomeric 1,3-dithiane. 

In fact, probing the nOe between these nuclei resulted in 

no observable (n.o.) change in the intensity at H2 upon 

irradiation at H4/H6. However, this result is also predicted 

should the 1,3-dithiane ring be deformed into any other 

conformation such as a boat or a twist-boat. A better method 

for determining the conformation of the axial-tin anancomeric 

1,3-dithiane is to monitor the nOe between H2 and H5(axial). In 

107 



a true chair conformation, these nuclei whould be well separated 

and therefore demonstrate no nOe, while in a boat or a twist-

boat conformation, these nuclei have moved much closer and 

should give an nOe which reflects exactly how close these nuclei 

are. (Figure 42) 

chair boat twist boat 

Figure 42: H2,H5(axial) interactions in chair, boat and twist 
boat conformations ofaxial-stannyl anancomeric 1,3-dithiane. 

Again, irradiation at H5(axial) and observation at H2 was 

more logical given the complexity of couplings at H5(axial). 

Upon irradition at H5(axial), and subtraction of the original 

unirradiated spectra, an nOe of 48% was obtained. Since the 

theoretical maximum for any nOe is 50%41, this indicates that 

H2, in the "equatorial" position, and H5(axial) are in extremely 

close proximity, which is not possible in a true chair 

conformation. A boat or a twist boat conformation is therefore 

the likely conformation for the "axial"-tin anancomeric 1,3-

dithiane compound. Although a definitive answer as to the exact 

conformation of this molecule is difficult without a crystal 
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structure, an educated guess using the available data is 

possible. 

The equation which describes the relationship between the 

observed nOe and the distance between nuclei is shown in 

equation N1: 

(eq. 1) 

where ni(s) is the nuclear Overhauser effect (this number is 

commonly multiplied by 100 in order to give a percentage value), 

~c is the molecular correlation time, p* is the "extra 

relaxation arising from other dipolar interactions"41a, and r is 

the distance between the nuclei concerned. If one assumes that 

(~c/p*) is constant for the anancomeric series as reasoned by 

Bell and Saunders 42 , this is reasonable given that only similar 

molecules under identical conditions are observed, then one can 

calculate this value for the true chair equatorial-stannyl 

anancomeric 1,3-dithiane (distances between nuclei were obtained 

from models using average bond distances 43 - see Figure 43). 
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Figure 43: Model for calculation of internuclei distances for 
true chair equatorial-stannyl anancomeric 1,3-dithiane. 

0.26 = (Tc/P*) (1/5.5 A); (TC/P*) I::l 7200 

Using this value for (TC/P*)' a distance between nuclei for an 

nOe of 48% can be calculated: 

0.48 (7200) (1/r6 ); r 5.0 A 

Based on models, using average bond distances (see Figure 44), 
this distance between H2 and H5(axial) corresponds to a twist
boat conformation (r = 5.0 A), rather than to a true boat (r = 
4.4 A). 

~ SnMe
3 "<OJ 

4.4 A 

boat 

~ SnMe
3 ~O;-

5.0 A 

twist boat 

Figure 44: Models for 
calculation of internuclei 
distances for true boat and 
twist boat conformations of 
axial-stannyl anancomeric 1,3-
dithiane. 

One additional note regarding the conformation of the 

"axial"-tin anancomeric 1,3-dithiane concerns the physical 
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properties of the molecule. This compound is a reasonably 

viscous liquid, which does not solidify even upon cooling to dry 

ice/acetone temperatures. This seems quite reasonable if the 

compound exists in a twist-boat conformation, where the low-

energy, rapid flipping between the two possible conformers 

(figure 45) should occur even to extremely low temperatures. 

Figure 45: Rapid equilibration of twist boat conformers of 
"axial"-stannyl anancomeric 1,3-dithiane. 
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CHAPTER 5 

CONFORMATIONAL ANALYSIS OF 1,3-DITHIANES 

section 1: A Values: 

Investigations into the conformation in solution of 

substituted cyclohexanes have generated various techniques31 by 

which one can measure the orientational preference of various 

substituents (Figure e1). These are generally reported as A 

values or -~Go, where ~Go is the difference in free energy 

between the axial and equatorial substituted cyclohexane (Figure 

46), as shown in equation 2: 

RTlnK and K = [B]/[A] 

~ 
R 

Figure 46: Ring flipping equilibrium for substituted 
cyclohexanes. 

eq. 2 

(For ring flipping barriers, ~Gt is used.) Therefore a larger A 

value indicates a greater preference for the equatorial 

position. A great many substituents have been investigated in 

112 



this manner and the corresponding A values are reported in Table 

16. 

Table 16: A Values for Substituted Cyclohexanes 

R A Method Reference 
(kcal/mole) 

Me 1. 74 see 31b 
tBu 5.4 force-field see 36 

calculation 
SiMe3 3.41 force-field see 31 

calculation 
GeMe3 2.1 13C variable T see 37 
SnMe3 1. 06 ·l3C variable T see 37 
PbMe3 0.67 13C variable T see 37 

The conformational preference for similarly sUbstituted 

heterocycles was initialized in the late 1960's in an attempt to 

extend beyond simple hydrocarbon systems to those systems which 

are more widespread in nature (i.e. alkaloids and 

carbohydrates) . 

1,3-Dioxanes (Figure 47) were initially investigated using 

a variety of techniques, including equilibriurn32 and 

thermochemica133 methods. 
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R 
--? 
~--

R 

Figure 47: Ring flipping equilibrium for substituted 1,3-
dioxanes. 

In 1,3-dioxanes, as compared to sUbstituted cyclohexanes, 

the position of sUbstitution plays a large role in the 

orientational preference. The reported A values for various 

sUbstituents and their positions are shown in Table 17. 

Table 17: A Values for Substituted 1,3-Dioxanes 

R A (kcal/mole) Method Reference 

5-Me 0.8 equilibration see 32a 
5-tBu 1.5 equilibration see 32a 
4-Me 2.9 equilibration see 32a 
2-Me 3.6 equilibration see 32a 

Note: ~Ho (4-Me) = 2.9 ± 0.5 kcal/mole; ~Ho (2-Me) = 4.1 ± 0.7 
kcal/mole. Taken from Pihlaja, K.; Heikkila, J. Acta Chem. 
Scand., 1967, 21, 2390; ibid, 2430-; Pihlaja, K.; Luoma, S. ibid 
1968, 22, 2401. 

The largest preference for an equatorial conformation was 

observed for substituents at C2, while increasing the steric 

bulk of a substituent at C5 not surprisingly resulted in a 

larger A value. Eliel suggested "a relatively short c-o bond 

length and possibly slight inward bending of the axial 2 
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substituent are primarily responsible for the high -~Go values 

at positions 2 and 4 while the absence of syn-axial hydrogens 

possibly combined with ring flattening leads to the low values 

at position 5".32a 

The study of 1,3-dithianes (see Figure 48) was begun in 

the 1960's where conformationally biased dithianes (cis-4,6-

dimethyl-1,3-dithiane35 or 4-methyl-1,3-dithiane36 ) were used 

for study. For the 2-alkyl series, the A values listed in Table 

18 were reported. 

R 

Figure 48: Ring flipping equilibrium for substituted 1,3-
dithianes. 

Table 18: Table of A Values for Substituents at C2 on 1,3-
Dithiane. 

R -~Go Method Reference 
(kcal/mole)a 

Me 1. 77 ± 0.01 BF3 equilibration see 34 
Et 1. 54 ± 0.01 BF3 equilibration see 34 
iPr 1. 95 ± 0.01 BF3 equilibration see 34 
tBu 2.72 ± 0.01 BF3 equilibration see 34 

a error in standard deviation. 

For methyl (1.77), ethyl{1.54) and isopropyl (1.95) 

sUbstituents, conformational preferences for the equatorial 
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position at C2 were almost the same as those observed for 

cyclohexane (1.7, 1.75 and 2.15 kcal/mole, respectively).31g 

However, the value of 2.72 kcal/mole appears unreasonably low 

for a preferentially equatorially oriented t-butyl group, unless 

~ome additional factor, such as deformation of the 1,3-dithiane 

ring, is considered (the t-butyl group has a greater than 4.9 

kcal/mole preference for the equatorial position in cyclohexane, 

calculated33 ; 5.4 kcal/mole, observed34 ). 

Drew and Kitching 26 investigated the conformational 

preference of trimethylsilyl, trimethylstannyl and 

trimethylplumbyl groups in 1,3-dithiane via low temperature 13C 

NMR spectroscopy. In all cases, no axial-substituted 1,3-

dithiane was detected for the 2-trimethylstannyl- and 2-

trimethylplumbyl-1,3-dithianes, even at very low temperatures. 

This indicates that the A values for these substituents are much 

larger for the 1,3-dithiane system than in the correspondingly 

substituted cyclohexane, where A values of 1.06 for SnMe3 and 

0.67 for PbMe3 are reported. A minimum value of 2.15 kcal/mole 

for each of these groups was predicted based on the absence of 

any axial stannyl or plumbyl conformers in the compounds 

studied. 

The use of 2-substituted-2-trimethylstannyl-or 2-

substituted-2-trimethylplumbyl-l,3-dithianes was anticipated to 

confirm the A values obtained with 2-trimethylstannyl- and 2-

trimethylplumbyl-1,3-dithiane, as discussed above. Thus the 
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effect of an axial versus equatorial stannyl or plumbyl group 

could be measured against the known preferences of an axial and 

equatorial alkyl group would be determined. For 2-methyl-2-

trimethylstannyl-1,3-dithiane, only one conformer - that with an 

equatorially oriented stannyl group - was detected. This was 

also the case for 2-phenyl-2-trimethylstannyl-and 2-methyl-2-

trimethylplumbyl-1,3-dithiane, confirming a high A value (>2.0 

kcal/mole) . 

The cause of the extraordinarily high preference of these 

metal/metalloid groups for an equatorial orientation is 

suggested to arise from stereoelectronic interactions, similar 

to those put forth by Lehn and Wipff13 to explain the 

stereospecificity in deprotonation and alkylation of locked 1,3-

dithianes such as cis-4,6-dimethyl-1,3-dithiane as observed by 

Eliel and coworkers. 12b 

Building on previous work just discussed, additional 2-

metallated 1,3-dithianes were synthesized and studied. The A 

value for 2-t-butyl-1,3-dithiane was shown to be 2.72 kcal/mole, 

an amount which is substantially smaller than the A value in the 

corresponding cyclohexane system, and is ascribed to some 

deformation or distortion of the dithiane ring when the t-butyl 

group is axial. The synthesis of 2-t-butyl-2-trimethylstannyl-

1,3-dithiane (8) is straight-forward, and is described in the 

Experimental section. The 1H NMR spectroscopic data (Table 19) 

is consistent with a conformation which has an exclusively 
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equatorial trimethylmetalloid group. (This is confirmed by a 

variable temperature 13C study for 2-t-butyl-2-trimethylstannyl-

1,3-dithiane study where no indication of any change in 

conformation was observed even to 190 K.) In both the 1H 

spectrum and the 13C spectrum, the remainder of the spectrum is 

consistent with the molecule maintaining a chair conformation 

(i.e. chemical shifts and complexity of coupling patterns is 

approximately the same). 
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Table 19: 1H NMR data for 2-t-Butyl-2-trimethylstannyl-1,3-
dithiane. 

Chemical Shift, 2-t-Butyl-2-
Coupling trimethylstannyl-
Pattern 1,3-dithiane (8 ) 

H4e/H6e 2.85, unresolved 
ddq, appears as 

d,t,q 
H4a/H6a 2.36, unresolved 

ddq, appears as two 
sets of triplets 

H5e 2.05, 
undistinguishable 

multiplet 
H5a 1. 86, appears as 

t,t,t 

While the evidence presented thus far is not definitive, it is 

indicative that the chair conformation is maintained for these 

compounds. In this case, we now have a new lower limit for the 

and trimethylstannyl group for 2-metalloid-1,3-dithianes, A > 

2.72 kcal/mole. 

In actuality, the above rationale could be considered to 

be severely flawed since 2-trimethylsilyl-2-trimethylstannyl-

1,3-dithiane, which has similar 1H NMR spectroscopic properties 

to those discussed above, has been shown to contain multiple 

conformers by variable temperature 13c NMR spectroscopy. These 

conformers must be undergoing ring flipping extremely fast as 

the 1H NMR spectrum shows only a single peak, arising from the 

time averaging of the two different conformers. However, for 

the 2-t-butyl-2-trimethylstannyl-1,3-dithiane, collaborative 
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data (13C variable temperature NMR spectroscopy) allays any 

doubts regarding the new A value for this system. Similar 

variable temperature 13c NMR spectroscopy was not performed on 

the similar 2-t-butyl-2-trimethylsilyl-1,3-dithiane, and 

therefore there remains some question. regarding the validity of 

the A value reported herein. 
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section 2: ~JC4/C6,sn Values: 

Of the various isotopes of tin, two the the more abundant 

(each approximately 8%) forms, 117sn and 119sn , have nuclear 

spins which can be used for NMR spectroscopic analysis. In 

addition to allowing direct analysis of the tin itself, indirect 

information regarding the orientation of the stannyl group can 

be obtained by the analysis of any couplings to the tin atom. 

Although a significant amount of work into the three bond 

couplings between tin and carbon has been reported28 , the 

majority of these investigations have been performed on 

hydrocarbon systems and therefore have no direct application to 

the 1,3-dithiane system. One significant exception to this is 

those C-Sn coupling constants study reported by Drew and 

Kitching26 where an equatorial stannyl coupling (3JC4/C6,sn) of 

28 Hz is observed. (Note: for cyclohexane, an equatorial 

trimethylstannyl group results in a similar three bond coupling 

of approximately 65 HZ, and an axial trimethylstannyl group 

gives a coupling of 10 to 12 Hz, indicating that the intervening 

sulfur atoms in the 1,3-dithiane system significantly hinder any 

coupling between the stannyl group attached to C2 and the carbon 

atoms at C4 and C6.) 

As no static compounds containing an exclusively axial 

stannyl group were available, Drew and Kitching examined the 

averaged C4/C6,Sn coupling constant obtained from 2,2-
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bis(trimethylstannyl)-1,3-dithiane (J), which is 26.9 Hz. with 

these results and by analogy to the cyclohexane system (where 

the ratio of vicinal couplings for an equatorial versus an axial 

trimethylstannyl group is approximately 1/6 - 1/7), Drew and 

Kitching predicted a very small (ca. 4 Hz) coupling constant for 

an axial stannyl group. 

By selecting a dithiane system which is conformationally 

anchored, the arrival at static axial- and equatorial-stannyl 

dithianes should be possible. The analysis of r-cis-2-

trimethylstannyl-cis-4-cis-6-dimethyl-1,3-dithiane (anancomeric 

equatorial-stannyl) gave identical results to Drew and 

Kitchings, where the 3JC4/C6,sn coupling constant was found to 

be 28 Hz. Unfortunately, the conformation of the anancomeric 

"axial"-stannyl compound was found to exist in a twist-boat 

conformation, and therefore could not be used to confirm Drew 

and Kitching's predictions regarding the coupling constant for 

an axial stannyl group. 

When investigating 2,2-bis(trimethylstannyl)-cis-4,6-

dimethyl-1,3-dithiane (15) (anancomeric bis-stannyl), one would 

therefore expect to observe two distinct coupling constants 

3JC4/C6/sn(ax) and 3JC4/C6/sn(eq)' which should be, based on 

Drew and Kitching's predictions, 4 Hz and 28 Hz, respectively. 

Obtaining these coupling constants, however, presented some 

difficulties. In actuality, the only observable coupling 

constants were surprisingly large, 40 Hz and 14.5 Hz. Both of 
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these value are significantly larger than those previously 

observed or predicted. However, upon analysis of the coupling 

constants for the unlocked bis-stannyl 1,3-dithiane at 190 K, it 

was found that the these values were abnormally large also, 38 

Hz and 15 Hz. Since the conformation of this compound in the 

solid state (and therefore presumably also "frozen" out in 

solution) was determined to be a true chair conformation, it 

seems reasonable that the true conformation of the anancomeric 

bis-stannyl 1,3-dithiane is also a true chair, and that the 

unusually large coupling constants observed in both of these 

cases arises from some unknown factor. These results are 

tabulated in Table 20 below. 
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Table 20: Axial and Equatorial C4/C6, Sn Coupling Constants for 
Unlocked and Anancomeric Stannylated 1,3-Dithianes 

Compound ,jJC4/C6/sn(eq) ,jJC4/C6/Sn(ax) 
(Hz) (Hz) 

2-Trimethylstannyl- 28 -----
1,3-dithiane (I) 

2,2- 26.9 * 4 (predicted) 
Bis(trimethylstannyl) 

-1,3-dithiane (J) 
"Frozen" 2,2- 38 15 

Bis(trimethylstannyl) 
-1,3-dithiane (J) 

anancomeric 28 -----
equatorial-stannyl-
1,3-dithiane (12) 

anancomeric "axial"- ----- 15** 
stannyl-1,3-dithiane 

(14) 
anancomeric bis- 40 14 

stannyl-1,3-dithiane 
(15) 

* averaged coupl~ng constants for ax~al and equator~al stannyl 
groups. 
** not a true axial chair conformation, instead is deformed to a 
twist-boat where the stannyl group is in a pseudo-equatorial 
orientation. 
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section 3: y Shifts on C4/C6: 

The presence of a sUbstituent at the gamma position can 

have a dramatic effect on the chemical shift of a carbon atom 

(the y effect). This effect is strongly geometry dependent and 

one can therefore analyse the chemical shift of C4 and C6 to 

determine the probable orientation of a substituent at C2. 

While the pioneering work for this effect has be 

extensively investigated by Grant and coworkers38 for the 

cyclohexane system, the scope of this technique has been 

extended to include l,3-dioxanes39 and l,3-dithianes 40 . Upon 

reviewing a large number of alkyl sUbstituted l,3-dithianes, 

Eliel and coworkers found that the fit for calculated and 

observed shifts was significantly poorer than for a similar 

comparison for the l,3-dioxane series. This arises from 

additional energetically low-lying conformations of the 1,3-

dithiane system which necessarily contain different geometries 

and therefore have different gamma shifts. 

Regardless, it was necessary to investigate the 

possibility of using this technique to determine the solution 

conformation of the compounds of interest. In their study of 

unlocked 2-metalloid l,3-dithianes, Drew and Kitching reported y 

values for various geometries of metalloid groups, where y 

effect for an axial SiMe3 group is -4.7 ppm, and a y effect for 

an equatorial SiMe3 group is 1.12 ppm. For an equatorial SnMe3 

group, a y value of 2.60 ppm is given, while the corresponding y 
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effect for an axial SnMe3 group is reported to be -2.2 ppm. A 

comparison of these values to those obtained using Eliel's 

anancomeric dithiane system will demonstrate if any 

discrepencies arise from ring flipping as allowed in Drew and 

Kitching's model. For the anancomeric equatorial-stannyl 1,3-

dithiane, the reported chemical shift for C4/C6 is 41.52 ppm. 

By subtracting from that the chemical shift value at C4/C6 for 

the unsubstituted anancomeric 1,3-dithiane of 39.22, we obtain 

an equatorial y value of 2.3 ppm, which is slightly smaller than 

Drew and Kitching's reported y value of 2.6 ppm. For the 

anancomeric "axial"-stannyl 1,3-dithiane, no comparison to the 

unlocked 1,3-dithiane system is possible as this compound is 

severely distorted. We can, however, arrive at a value for the 

axial SnMe3 y effect by the analysis of the anancomeric bis

stannyl 1,3-dithiane. The C4/C6 chemical shift for this 

compound is 39.87 ppm. subtracting the C4/C6 chemical shift 

value for the unsubstituted anancomeric 1,3-dithiane and the 

known equatorial y value of -2.3 ppm, we arrive at an axial y 

value of -1.65 ppm, a value which is significantly smaller than 

that reported by Drew and Kitching of -2.2 ppm. As the geometry 

of the anancomeric system is rigid while the unlocked 1,3-

dithiane system is flexible, it seems logical that the value of 

-1.65 is substantially more accurate than that of -2.2 ppm. The 

pertinent C4/C6 chemical shifts, as well as the y values are 

reported in Table A6 below. 
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Table A6: Pertinent C4/C6 Chemical Shift Data and resulting y 
effect for unlocked and anancomeric unsubstituted and 

stannylated 1,3-dithianes. 

Compound C4/C6 Chemical y effect 
Shift (0, ppm) (ppm) 

1,3-Dithiane 29.83 -----
2-Trimethylstannyl-1,3- 32.43 2.6 

dithiane (I) (SnMe~)eq 

2,2- 30.22 -2.2 
Bis(trimethylstannyl)- (SnMe3)ax 

1,3-dithiane ( J) 

cis-4,6-Dimethyl-l,3- 39.22 -----
dithiane (K) 

anancomeric equatorial- 41.52 2.3 
stannyl 1,3-dithiane (SnMe3)eq 

(12) 
anancomeric "axial"- 37.92 -1.3 
stannyl 1,3-dithiane 

(14) 
anancomeric bis- 39.87 -1. 65 

stannyl-l,3-dithiane (SnMe3)ax 
(15) 
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CHAPTER 6 

X-RAY CRYSTALLOGRAPHY 

The x-ray structure 44 of 2,2-bis-(trimethylstannyl)-1,3-

dithiane (J) was solved by Dr. Michael Bruck of the Chemistry 

Department at the University of Arizona using an Enraf-Nonius 

CAD4 computer controlled kappa axis diffractometer. Two almost 

identical molecular structures were present in the single 

crystal provided to the molecular structure laboratory. This 

crystal was obtained by dissolving the sample in a minimal 

amount of warm methylene chloride, followed by cooling the 

solution to OoC. ORTEP (Oak Ridge thermal ellipsoid program) 

drawings of the two molecular forms are shown in Figures 49 and 

50. (Original data given in Appendix C.) 
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Figure 49: ORTEP drawing of Form A crystal structure of 2,2-
Bis(trimethylstannyl)-1,3-dithiane. Thermal ellipsoids are 
drawn at the 50% probability level. 
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Figure 50: ORTEP drawing of Form B crystal structure of 2,2-
Bis(trimethylstannyl)-1,3-dithiane. Thermal ellipsoids are 
drawn at the 50% probabiity level. 
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The bond distances and angles were obtained, and the average 

values are given in the tables below (complete original data 

located in Appendix C) : 

Table 22: Table of Average Bond Distances in Angstroms. 

Form A - Form B -
Bond Bond 

Distance Distance 
Range (A) Range (A) 

Sn-C 2.13 - 2.14 -
(methyl) 2.167 2.18 

Sn (ax)-C2 --- ---
Sn(eq)-C2 --- ---

S-C2 1. 791 - 1. 798 -
1. 798 1. 801 

S-C4/C6 1. 80 - 1. 79 -
1. 84 1. 80 

C4/C6-C5 1.53 1.53 -
1. 61 

These bond lengths, with the exception of the axial and 

equatorial tin-carbon sigma bonds, readily fall into the range 

of typical values, which are reported as follows: C-S = 1.81(5) 

± 0.01, C-Sn = 2.143 ± 0.008, C-C = 1.541 ± 0.003. 43 The 

extraordinarily long C-Sn(ax) and the even longer C-Sn(eq) bonds 

presumably arise from the steric congestion around the 

quaternary carbon at C2. 



Table 23: Table of Selected Bond Angles or Ranges in Degrees. 

Atoms Form A Form B 
Angle Range (0 ) Angle Range (0 ) 

Sn-C2-Sn 103.5 - 113.8 104.7 - 113.3 
Sn(ax)-C2-S 113.6 - 113.9 112.7 - 113.8 
Sn(eq)-C2-S 102.0 - 105.0 104.4 - 105.0 

S-C2-S 112.2 (5 ) 111. 5 (5 ) 
C2-S-C4/C6 101. 4 - 101. 8 102.4 - 102.6 

In examining Table 23 above, it should be noted that C2 is 

essentially tetrahedral, although slightly distorted as can be 

inferred from the four reported angles about C2 (109.1, 113.8, 

103.5 and 112.2 or 108.6, 113.3, 104.7 and 111.5) which deviate 

slightly from a true tetrahedral angle of 109.5 0 • Additionally, 

the small C-S-C angle of 101.6 and 102.5 demonstrate the degree 

of strain associated with placing the sulfur atoms within the 

six-membered ring (the C-S-C angle for MeSMe is 105.30 ) .45 

Torsion (or dihedral) angles 46 are used to describe the 

angle which describes the relationship between two vicinal 

bonds. 'I'his is most easily visualized using Newman projections 

(Figure 51): 
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Figure 51: Newman projection for visualization of dihedral 
angles in A-B-C-D system. 

where in a system A-B-C-D, and looking down the B-C bond, the 

dihedral angle is that angle formed by rotating the A-B bond 

coincident to that of C-D. Note that this torsion angle has a 

specific sign (+ or -) associated with it, and reversing the 

order, DCBA, also changes the sign). We are most interested in 

the dihedral angle formed between the 3p lone pair on sulfur 

with the carbon-tin sigma bond, as this angle is predicted to 

determine the degree of interaction between the two orbitals, 

and thus the oxidation potential for the molecule. 
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Unfortunately, lone pairs can not be detected using x-ray 

crystallography. The location of the 3p orbital can, however, 

be calculated by assuming that it is perpendicular to the C-S-C 

plane. In Table 24 are reported the absolute values of selected 

torsion (dihedral) angles of interest: 

Table 24: Table of Selected Torsion (Dihedral) Angles in 
Degrees. 

Bond Series Form A Form B 
Dihedral Dihedral 

Angle Angle 
Range (o ) Range (OJ 

C4/C6-S-C2-Sn{ax) 71. 90 - 71. 02 -
72.22 71. 61 

C4/C6-S-C2-Sn{eq) 168.47 - 170.40 -
170.86 170.73 

C4/C6-S-C2-S 58.53 - 57.86 -
59.02 57.89 

C2-S-C4/C6-C5 58.81 - 59.95 -
60.20 62.05 

S-C4/C6-C5-C4/C6 66.93 - 67.50 -
68.42 68.36 

Therefore the calculated torsion angles for an axial 

stannyl group relative to the 3p lone pair of electrons on 

sulfur is [90 - {72.06 + 71.32)/2] = 18.00 • Similarly, the 

torsion angle for an equatorial stannyl group in relation to the 

3p orbital on sulfur is [{169.67 + 170.44)/2 - 90] = 80.00 . 

An understanding of the degree to which a ring is puckered 

or flattened can be achieved by examining the endocyclic torsion 

angles. In a perfect chair (where e equals the vicinal bond 

angles and $ equals the torsion or dihedral angle), e = 1090 28' 
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and $ = 60 0 {in cyclohexane, actual values of a = 1110 and $ = 

560 are observed).46 In 2,2-bis-{trimethylstannyl)-1,3-dithiane 

(J), both the vicinal bond angles and the dihedral angles are 

significantly different from a true chair. This is almost 

entirely due to the presence of the two sulfur atoms, and a 

better comparison for determining the degree of puckering would 

be to compare the 2,2-bis{trimethylstannyl)-1,3-dithiane vicinal 

and torsion angles with those of 1,3-dithiane itself. 

Surprisingly, the crystal structure of 1,3-dithiane (A) is 

unreported. Fortunately, other dithianes, specifically 7,16-

dithiadispiro[5.2.5.2]-hexadecane and cis-4,6-dimethyl-1,3-

dithiane (Figure 52) have been investigated, and are described 

below (Table 25). 

Figure 52: Structures of 7,16-Dithiadispiro[5.2.5.2]
hexadecane and cis-4,6-dimethyl-1,3-dithiane. 
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Table 25: Table of the Absolute Values of Selected 
Torsion Angles in Representative Chair Dithianes. 

ANGLE 7-16-Dithiadi- cis-4,6-
s p iro[5.2.5.2h dimethyl-1,3-
-hexadecanea , dithianea,c 

BOND 
VALENCE BOND 

S-C2-S 110.2 (1 ) 114.5 (3) 
C2-S-C4/C6 102.2(1?) 99.2 (2 ) 
S-C4/C6-C5 116.6 (2? ) 112.8 (3 ) 

C4/C6-C5-C4/C6 109.2 (2 ) 116.7 (3 ) 

TORSION BOND 
S-C2-S-C4/C6 63.56 (5 ) 61.8° 

C2-S-C4/C6-C5 60.48 (4 ) 57.1° 
S-C4/C6-C5-C4/C6 56.74 (4 ) 64.0° 

a numbers in parentheses are estimated standard deviations in 
the least significant digits. 
b Stadnicka, K.i Lebioda, L. Acta Cryst. B 1982, 38, 985-988. 
c McPhail, A. T.; Onan, K. D.; Koskimies, J. J. Chem. Soc., 
Perkin Trans. 2, 1976, 1004-1008. 
d standard deviation not given, average of two values. 

In both of these two cases, the 1,3-dithiane ring is puckered 

approximately to the same extent as the bis-tin dithiane, and it 

was therefore concluded that the presence of the two stannyl 

groups on the dithiane ring have no real effect on the 

conformation of the dithiane ring in the solid state, and a 

chair conformation is maintained. 

Another measure of the puckering of the dithiane ring can 

be seen is comparing the two planes (C4/C6-C5-C4/C6 or S-C2-S 

with the plane defined by C4, S, S, and C6). In cyclohexane, 

the angular difference between these two planes is 60 0 • In the 

bis-tin compound this angular difference is calculated to be 

57.5 0 (S-C2-S) and 59.90 (C4-C5-C6). It therefore seems that 
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the dithiane is reasonably chair-like by this analogy, and the 

puckering observed arises in the sulfur containing portion of 

the 1,3-dithiane ring. 

The conclusions which we can therefore arrive at from this 

x-ray crystal structure are two-fold: first, the dithiane ring 

in 2,2-bis-(trimethylstannyl)-1,3-dithiane, while slightly 

distorted relative to cyclohexane, is consistent with known 

chair conformers of 1,3-dithianes. Secondly, the static 

structure of the solid 2,2-bis-(trimethylstannyl)-1,3-dithiane 

defines the torsion angle between the 3p lone pair with the 

axial stannyl group at 18.00 • This unlocked dithiane is known 

to undergo fast ring flipping in solution and therefore this 

angle is meaningless in solution. However, in the case of the 

locked (anancomeric) bis-tin, which has been determined to exist 

in the same conformation as the "frozen" or solid unlocked bis

tin, ring flipping is prohibited in solution, and therefore this 

angle of 18.00 defines the solution conformation between the 3p 

orbital and the carbon-tin bond. Since it is predicted that 

only with coplanarity is completely effective interaction 

between these orbitals observed, one expects significant 

differences between the oxidation potentials of the locked and 

unlocked bis-tin compounds, as is observed. 
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section 1: Theory: 

CHAPTER 7 

PHOTOELECTRON SPECTROSCOPY 

Photoelectron spectroscopy (PES)47 is a technique by which 

a gaseous sample is bombarded by monoenergetic photons (21.2 eV, 

1 eV equals 96.3 kJ mole-I) generated from a helium lamp (He I). 

As this photon strikes the sample, any electron of lesser energy 

potentially could be ejected from its orbital (this probability 

is dependent on the cross-section of the specific orbital, and 

is well characterized for most orbital types). These ejected 

electrons would possess a kinetic energy, E, equal to the 

difference between the photon impacting energy, U or hv, of 21.2 

eV and the orbital ionization potential, I, as shown in equation 

3. 

E U - I (eq. 3) 

As valence orbitals generally possess an energy varying 

from 5 to 30 eV, most valence orbitals can be ejected using He I 

photons; and thus by measuring the kinetic energy of the ejected 

electrons, one can simultaneously obtain the ionization 

potentials of all of the valence orbitals in a molecule. This 

process is shown schematically in Figure 53. 
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Fig. 53: Taken from Atkins, P. W., Physical Chemistry, 
3rd edition, W. H. Freeman and Company, New York, N. Y., 1986. 
pp. 476. An incoming photon of energy hv impacts X, resulting 
in ion X+ and an electron possessing a kinetic energy of (hv -
I) • 

Additional information is available from the fine 

structure of the ejected electron since the associated ion 

formed has a number of vibrational, Evib, and rotational, Erot, 

states available to it, modifying equation P1 to give equation 4 

as follows: 

E = U - I - Evib - Erot (eq. 4) 

Therefore the electron ejected from a given orbital could 

possess anyone of many discrete energies associated with the 

various vibrational and rotational states available to that 

specific valence orbital, resulting in broadened peaks instead 

of the very sharp peaks one might expect from equation 1. While 
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the energy associated with the various rotational states is very 

small, and is normally only observed on very high-resolution 

instruments; the larger vibrational energy leads to vibrational 

fine structure which can be easily observed. Under normal 

conditions, the "most probable" ionization involves an 

ionization from a ground state parent molecule to an ionic 

vibrational state of lowest energy, corresponding to an 

internuclear distance equal to the parent molecule (Franck

Condon factor). This vertical ionization potential (u' ~ 0) is 

most commonly reported. 

In interpreting photoelectron spectra, it is commonly 

assumed that changes in the peak position can be directly 

correlated with changes in the substitution pattern (inductive 

and electronegative effects) and that molecular orbitals can 

generally be treated as localized or semi-localized. 
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Section 2: Results: 

1,3-Dithiane has been previously examined via 

photoelectron spectroscopy,48 where the two most easily oxidized 

orbitals are attributed to the 3p lone pair electrons on each of 

the two sulfur atoms. While these orbitals are identical due to 

symmetry (C2 axis), in the dithiane ring they project into and 

out of the ring, resulting in significant overlap, such that new 

combined molecular orbitals are formed. Upon repeati.ng the PES 

of 1,3-dithiane (A) (Figure 54. See DITHAN.4Cl in Appenix A for 

complete original data), minor deviations from reported values 

were observed by Lichtenberger and Jatcko, and were not 

explained. The ionization potentials for the sulfur 3p orbitals 

were reported as 8.43 and 8.87 eV, where the average widths at 

half height are 0.40 and 0.24, respectively. 
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Figure 54: Photoelectron spectrum of l,3-dithiane. Hash marks 
correspond to original data, filled line corresponds to best 
fit, dotted line corresponds to deconvolution (curve fitting) of 
spectrum. 
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The PES of 2,2-bis-(trimethylstannyl)-1,3-dithiane (J) was 

also investigated, and differed significantly from 1,3-dithiane 

(Figure 55 - see DIT2SN.3dl in Appendix A for complete original 

data). Again, the orbitals of highest energy are the two sulfur 

3p, which interact to form two new MO's. In the bis-stannyl, 

however, these ionization potentials have been shifted to lower 

potential by appoximately 1 eV each. The actual values for the 

sulfur 3p orbitals are 7.48 and 7.97, with average widths at 

half height of 0.60 and 0.36, respectively. Additional 

ionization potentials arising from the trimethylstannyl groups 

are also observed, but are of relatively high potential, and do 

not interfere with the assignment of the sulfur 3p orbitals. 

Therefore the effect of placing two trimethylstannyl 

groups at C2 of 1,3-dithiane appears to dramatically affect the 

ionization potential of the most readily accessible orbital, 

that of the lone pair of electrons (3p) on the sulfur atoms. 

This orbital's energy is effectively raised by ca. 1 eV, or 

96.32 KJ/mol, demonstrating the extent to which the presence of 

the stannyl groups effect the 3p orbital on sulfur. This also 

demonstrates that this effect is an inherent molecular property, 

and not some special surface effect in the electrochemical 

experiments, as the photoelectron spectroscopy experiments are 

run in the gas phase and therefore any such complications are 

absent. 
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Figure 55: Photoelectron spectrum of 2,2-bis(trimethylstannyl)-
1,3-dithiane. Hash marks correspond to original data, filled 
line corresponds to best fit, dotted line corresponds to 
deconvolution (curve fitting) of the spectrum. 
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EXPERIMENTAL SECTION 

Section 1: Synthesis of Substituted 1,3-Dithianes: 

Melting points are uncorrected and were taken with a 

Thermolyne melting point apparatus. IR spectra were obtained 

with a Perkin-Elmer FTIR 1600 spectrophotometer. NMR spectra 

were measured with a Bruker WM-250 spectrometer at 250 MHz for 

1H and 62.89 MHz for 13c , unless otherwise noted, and 

referenced against CHCI3. (Note: 117Sn and 119sn (I = 1/2) 

readily couple with other nuclei of interest. For H2, these two 

bond couplings result in the appearance of a "t", where the 

ratio is 1:9:1). 119Sn spectra were measured on an AM-250 

instrument at 93.20 MHz, unless otherwise noted, and referenced 

against tetramethyltin. Mass spectra were measured with a 

Varian MAT 311A mass spectrometer equipped with a Varian SS-220 

data system. Elemental microanalyses were performed at Desert 

Analytic, Tucson, AZ. Tetrahydrofuran and benzene were purified 

by distillation under nitrogen from the ketyl of benzophenone 

and sodium. Purified acetonitrile for electrochemical 

experiments was obtained by distillation of technical grade 

acetonitrile (obtained from Fisher Scientific) from phosphorus 

pentoxide under a nitrogen atmosphere and stored over activated 

3A molecular sieves. n-Butyllithium was obtained from Aldrich 

and periodically titrated using standard methods. 49 All other 
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chemicals were obtained from Aldrich Chemical Company and used 

without further purification, unless otherwise noted. 

Compounds. Standard procedure lO of converting 1,3-dithiane to 

2-substituted-l,3-dithianes, and 2-substituted-l,3-dithianes to 

2,2-disubstituted-l,3-dithianes via deprotonation with n-BuLi in 

hexanes (for non-tin containing 1,3-dithianes) or with LOA (for 

tin containing 1,3-dithianes), followed by quenching with the 

appropriate organic halide was followed for all dithiane systems 

except for 2-phenyl-l,3-dithiane and 2-t-butyl-l,3-dithiane 

which were prepared by condensation of 1,3-propanedithiol with 

the appropriate aldehyde in the presence of p-toluenesulfonic 

acid. lOa Spectral characterization of the following compounds 

was in agreement with published data: 2-trimethylsilyl-l,3-

dithiane (G);lOd 2-trimethylstannyl-l,3-dithiane (I);50 2-t

butyl-2-trimethylsilyl-l,3-dithiane (Z);10d 2-phenyl-2-

trimethylsilyl-l,3-dithiane (U);lOd 2-phenyl-2-trimethylstannyl-

1,3-dithiane (y);37 2,2-bis-trimethylsilyl-l,3-dithiane (H);lOd 

2,2-bis-trimethylstannyl-l,3-dithiane (J);ll cis-4,6-dimethyl-

1,3-dithiane (K) .12d 

Below is a procedure for the synthesis of 2-t-butyl-2-

trimethyl-stannyl-l,3-dithiane, followed by full 

characterization. This general procedure is followed for the 

syntheses of many substituted 1,3-dithianes: the exact amounts 

for each are included below as well as the characterization of 

each new compound. 
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2-t-Butyl-2-trimethylotannyl-1,3-dithiane. To an oven-dried, 

evacuated 50 roL round bottom flask equipped with a stir bar and 

placed under argon was added 2-t-butyl-1,3-dithiane (0.20 g, 

1.14 mmol) and freshly distilled THF (5 roL). After cooling to 

-30 0 C, 1.25 ~ n-butyllithium in hexane (0.92 roL, 1.15 mmol, 1.01 

equiv) was added and allowed to react at least 8 h at -30 0 C at 

which time a solution of trimethylchlorostannane (0.28 g, 2.6 

mmol) in THF (0.5 roL) was added and allowed to react at -300 C 

for 3 d. After warming to room temperature, 10% v/v distilled 

water was added and the THF was removed by rotary evaporation. 

The residue was extracted into diethyl ether (10 roL) and 

sequentially extracted with water (5 roL), 10% KOH (10 roL), and 

water (5 roL). After drying with anhydrous K2co3, filtering and 

evaporation, the crude product, a colorless oil, was obtained. 

Crystallization from hexanes yielded a white solid(0.17 g, 0.51 

mmol, 45 % yield): mp 49-500 ; 1H NMR (CDC13) 0 2.85 (m, 2H, 

H4a/H6a), 2.36 (m, 2H, H4e/H6e), 2.10 (m, 1H, H5e), 1.87 (m, 1H, 

H5a), 1.17 (s, 9H, C(CH3)3)' 0.28 (lftlf, 9H, 2Jsn ,H9 = 25.6 Hz, 

Sn(CH3)3); 13c (CDC13) 047.8 (s, C2), 56.1 (s, ~(CH3)3 = C7), 

30.0 (q, C(~H3)3 = C8), 27.9 (t, C4/C6), 24.3 (t, C5), -4.5 (q, 

Sn(CH3)3 = C9); 119sn (CDC13) 0 10.73; FTIR (NaCl) 2950, 1360, 

1268, 770 cm- 1 ; MS, m/z 340 (120sn M+), 338 (118Sn M+), 175 [M+ 

- Sn(CH3)3]. Anal. Calcd for C11H24S2Sn: C, 38.96; H, 7.13. 

Found: C, 39.23; H,7.26. 

2-t-Butyl-2-tri-n-butylstannyl-l,3-dithiane. 2-t-Butyl-1,3-
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dithiane (0.20 g, 1.14 romol, 1.00 equiv.) in THF (5 roL) at -300 

plus 1.6 ~ n-butyllithium (0.93 roL, 1.49 romol, 1.31 equiv) for 

16 h. Tri-n-butylchlorostannane (0.33 roL,1.22 romol, 1.07 

equiv.) added at -300 C and stirred for 3 d. After normal 

workup, chromatography on 10 g silic3 gel eluting with hexanes 

yielded a clear, colorless oil (0.42 g, 0.90 romol, 79 % yield). 

A small amount was distilled from bulb-to-bulb for analytical 

purposes: bp 83 0 (0.37 rom); 1H NMR (CDCI3) 0 2.85 (m, 2H, 

H4a/H6a), 2.34 (m, 2H, H4e/H6e), 2.07 (m, 1H, H5e), 1.91 (m, 1H, 

H5a), 1.42 (m, 6H, SnCH2C~2 or SnCH2CH2C~2)' 1.29 (m, 6H, 

SnCH2C~2 or snCH2CH2C~2)' 1.16 (s, 9H, tBu), 1.06 (m, 6H, 

SnC~2)' 0.87 ("t", 9H, CH3); 13c NMR (CDCI3) 0 30.2 (q, 

C(~H3)3)' 29.1 (t, snCH2cH2~H2)' 28.0 (t, C4/C6), 27.5 (t, 

SnCH2~H2)' 24.4 (t, C5), 13.97 (t, Sn~H2)' 13.6 (q, CH3)' C2 and 

~(CH3)3 impossible to distinguish; 119Sn NMR (CDCI3) 0 -11.18; 

FTIR (NaCI) 2953, 2870, 1464, 1267, 1073 cm- 1 ; MS m/z 486 (120sn 

M+), 484 (118 Sn M+), 175 [M+ - Sn(nBu)3]. Anal. Calcd for 

C20H42S2Sn: C, 51.62; H, 9.10. Found: C, 52.01; H, 9.11. 

2-Phenyl-2-tri-n-butylstannyl-l,3-dithiane. 2-Phenyl-1,3-

dithiane(0.20 g, 1.02 romol, 1.00 equiv) in THF (5 roL) at -30 0 C, 

plus 1.6 ~ (n-butyllithium 1.34 romol, 1.32 equiv) for 16 h. 

Tri-n-butylchlorostannane (0.33 roL, 1.22 romol, 1.19 equiv) added 

at -30 0 C and stirred for 3 d. After normal workup, 

chromatography through 10 g silica gel eluting with hexanes 

yielded clear, colorless oil (0.46 g, 0.95 romol, 93% yield). A 
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small amount was distilled from bulb-to-bulb for analytical 

purposes: bp 90 0 (0.23 rom); 1H NMR (CDCI3) /) 7.89 (d, 2H, Jo,m 

7.8 Hz, Hortho)' 7.31 (dd, 2H, J o / m = Jm,p = 7.8 Hz, Hmeta)' 

7.07 (t, 1H, Jm,p = 7.8 Hz, Hpara), 2.85 (m, 2H, H4a/H6a), 2.24 

(m, 2H, H4e/H6e), 2.16 (m, IH, H5e), 1. 91 (m, IH, H5a), 1. 39 (m, 

6H, SnCH2CH2C!!2), 1.22 (m, 6H, SnCH2C!!2) , 0.90-0.84 (m + q, 15H, 

Sn C!!2 + CH3) ; 13C NMR (CDCI 3 ) /) 144.1 (s, Cipso) , 128.4 ( d, 

Cortho) , 127.6 (d, Cmeta) , 124.1 ( d, Cpara ) , 28.7 (t, 

snCH2cH2~H2)' 27.3 (t, C4/C6), 26.7 (t, snCH2~H2) , 25.6 (t, C5, 

13.6 q CH3)' 10.04 (t, SnCH2), C2 impossible to distinguish; 

119Sn NMR (CDCI3) /) 0.35; FTIR (NaCI) 2954, 2929, 2852, 1485, 

1268, 1074 cm- 1 ; MS m/z 486 (120Sn M+), 484 (118 Sn M+), 195 [M+ 

- Sn(nBu)3]. Anal. Calcd for C22H38S2Sn: C, 54.44; H, 7.89. 

Found: C, 54.44; H, 7.98. 

2-Triethylsilyl-l,3-dithiane. 1,3-Dithiane (0.50 g, 4.16 romol, 

1.00 equiv) in THF (20 roL) at -30 0 C plus 2.5 ~ n-butyllithium 

(1.7 roL, 4.25 romol, 1.02 equiv) for 1.5 h. Triethylchlorosilane 

(0.71 roL, 4.24 rom 0 I , 1.02 equiv) added at -300 and stirred for 

18 h. After aqueous workup, chromatography through 35 g silica 

gel eluting with 20% methylene chloride in hexanes yielded a 

clear, colorless oil (0.55 g, 2.35 romol, 56% yield). A small 

amount was distilled from bulb-to-bulb for analytical purposes: 

bp 54-560 (0.55 rom); IH NMR (CDCI3) /) 3.80 (s, 1H, H2), 2.87 

(m, 2H, H4a/H6a), 2.68 (ro, 2H, H4e/H6e), 2.05 (ro, 2H, H5a/H5e), 

1.00 (t, 9H, JH7,H8 = 8 HZ, CH3 = H8), 0.68 (q, 6H, JH7,H8 = 8 
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Hz,); 13C NMR (CDCI3) 0 31.4 (t, C4/C6), 26.4 (t, C5), 7.42 (q, 

CH3)' 2.16 (t, Si~H2); FTIR (NaCI) 2952, 2875, 1458, 725 cm-1 ; 

MS m/z 234 (M+), 205 (M+ - Et), 115 (SiEt3+). Anal. Calcd for 

C10H22S2Si: C, 51.21; H, 9.47. Found: C, 51.62; H, 9.55. 

2-Triisopropylsilyl-l,3-dithinnc. 1,3-Dithiane (0.50 g, 4.16 

mmol, 1.00 equiv) in THF (20 mL) at -30 0 C plus 2.5 ~ n

butyllithium (1.7 mL, 4.16 mmol, 1.00 equiv) for 1.75 h. 

Triisopropylchlorosilane (0.95 mL, 4.24 mmol, 1.02 equiv) at -

300 and stirred for 18 h. After aqueous workup, chromatography 

on 35 g silica gel eluting with 10% methylene chloride in 

hexanes yielded a clear, colorless oil (0.38 g, 1.38 mmol, 33% 

yield), which slowly crystallized to a white solid: mp = 44-450 ; 

1H NMR (CDCI3) 0 3.92 (s, 1H, H2), 2.88 (m, 2H, H4a/H6a), 2.70 

(m, 2H, H4e/H6e), 2.16 (m, 2H, H5a/H5e), 1,36-1.15 (septet + d, 

JH7,H8 = 6 Hz, 21H, SiCg = H7, SiCH(cg3)2 = H8; 13C NMR (CDCI3) 

o 32.5 (d, C2), 32.2 (t, C4/C6), 26.6 (t, C5), 18.8 (q, ~H3)' 

11.1 (d, Si~H); FTIR (NaCI) 2942, 2893, 2864, 1464, 883, 667 

cm-1 ; MS m/z 276 (M+), 233 (M+ - iPr), 157 [M+ - C4H7S2 

(dithiane)]. Anal. Calcd for C13H28S2Si: C, 56.46; H, 10.20. 

Found: C, 56.81; H, 10.30. 

2-t-Butyldimethylsilyl-l,3-dithiane. 1,3-Dithiane (0.50 g, 4.16 

mmol, 1.00 equiv) in THF (12 mL) at -30 0 C plus 2.5 M n

butyllithium (1.7 mL, 4.16 mmol, 1.00 equiv) for 1.75 h. t

Butyldimethylchlorosilane (0.65 g, 4.32 mmol, 1.04 equiv) in THF 

(2 mL) added at -30oC and stirred for 21.5 h. After aqueous 
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workup, chromatography through 50 g silica gel eluting with 15% 

methylene chloride in hexanes yielded a clear, colorless oil 

(0.74 g, 3.16 romol, 76% yield). A small amount was distilled 

from bulb-to-bulb for analytical purposes: bp 55 0 (0.55 rom); 1H 

NMR (CDCI3) 0 3.79 (m, 1H, H2), 2.89 (m, 2H, H4a/H6a), 2.65 (m, 

2H, H4e/H6e), 2.03 (m r 2H, H5a/H5e), 0.96 (s, 9H, SiC(CH3)3)' 

0.10 (s, 6H, Si(CH3)2)i 13c NMR (CDCI3) 0 32.0 (d, C2), 31.2 (t, 

C4/C6), 27.0 (q, C(fH3))' 26.1 (t, C5), -7.23 (q, Si(CH3)2), 

f(CH3) impossible to distinguish; FTIR (NaCI) 2929, 2896, 2856, 

1470, 1249, 827 cm-1 ; MS m/z 234 (M+), 219 (M+ - CH3), 177 (M+ 

- tBu). Anal. Calcd for C10H22S2Si: C, 51.21; H, 9.46. Found: 

C, 51.55; H, 9.53. 

2-Triethylsilyl-2-trimethylstannyl-l,3-dithiane. 2-Triethyl

silyl-1,3-dithiane (0.41 g, 1.75 romol, 1.00 equiv) in THF (13 

mL) at -30 0 plus 2.09 ~ n-butyllithium (0.84 mL, 1.76 romol, 1.01 

equiv) for 17 h. Trimethylchlorostannane (0.50 g, 2.51 romol, 

1.43 equiv) in THF (2 mL) was added at -300 and stirred for 3 d. 

After aqueous workup, chromatography through 35 g silica gel 

eluting with 5% methylene chloride yielded a clear, colorless 

oil (0.43 g, 1.08 romol, 62% yield). A small amount was 

distilled from bulb-to-bulb for analytical purposes: bp 67-

690 (0.14 rom); 1H NMR (CDCl3) 0 2.62 (m, 4H, H4a/H4e/H6a/H6e), 

1.97 (m, 2H, H5a/H5e), 1.06 (t, 9H, JH7,H8 = 8 Hz, SiCH2C~3 = 

H8), 0.78 (q, 6H, JH7,H8 = 8 HZ, SiC~2 = H7), 0.30 ("t", 9H, 

2Jsn ,H9 25.3 Hz, Sn(C~3)3 = H9); 13c NMR (CDCI3) 0 28.6 (t, 
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C4/C6), 25.4 (t, C5), 8.5 (q, SiCH2£H3 = C8), 4.9 (t, Si£H2 = 

C7), -5.0 [q, Sn(£H3)3]; 119Sn NMR (CDCI3) 0 19.67; FTIR (NaCl) 

2951, 1460, 1379, 1239, 1009 cm- 1 ; MS m/z 398 (120Sn M+), 396 

(11S Sn M+), 233 [M+ - Sn(CH3)3]. Anal. Calcd for C13H30S2Sisn: 

C, 39.30; H, 7.61. Found: C, 39.53; H, 7.77. 

2-Triisopropylsilyl-2-trimethylst~~yl-l,3-dithiane. 2-

Triisopropylsilyl-1,3-dithiane (0.30 g, 1.09 mmol, 1.00 equiv) 

in THF (8 mL) at -30 0 plus 2.09 ~ n-butyllithium (0.52 mL, 1.09 

mmol, 1.00 equiv) for 17 h. Trimethylchlorostannane (0.44 g, 

2.01 mmol, 1.S4 equiv) in THF (2 mL) added at -30 0 and stirred 

for 3 d. After aqueous workup, chromatography through 35 g 

silica gel eluting with 5% methylene chloride in hexanes yielded 

a white solid (0.24 g, 0.55 mmol, 50% yield). This compound 

decomposes over time to yield 2-triisopropylsilyl-1,3-dithiane, 

and therefore was unavailable for complete characterization. 1H 

NMR (CDCI3) 0 2.69 (m, 2H, H4e/H6e), 2.54 (m, 2H, H4a/H6a), 1.9S 

(m, 2H, H5a/H5e), 1.39 (septet, 3H, JH7/HS = 7 Hz, SiC~ = H7), 

1.20 (d, lSH, JH7/HS = 7Hz, SiCH(C~3)2 = HS), 0.36 ("t", 9H, 

2Jsn ,H9 = 24 Hz, Sn(CH3)3 = H9). 

2-t-Butyldimethylsilyl-2-trimethylstannyl-l,3-dithiane. 2-t

Butyldimethylsilyl-1,3-dithiane (0.5S g 2.48 mmol, 1.00 equiv) 

in THF (15 mL) at -30 0 plus 2.09 ~ n-butyllithium (1.2 mL, 2.51 

mmol, 1.01 equiv) for 17 h. Trimethylchlorostannane (O.SO g, 

4.02 mmol, 1.62 equiv) in THF (4 mL) added at -300 and stirred 

for 3 d. After aqueous workup, chromatography through 35 g 
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silica gel eluting with 5% methylene chloride in hexanes yielded 

a clear, colorless oil (0.60 g, 1.51 rnrnol, 61% yield). A small 

amount was distilled from bulb-to-bulb and crystallized to give 

a white solid: mp = 40-41 0 ; 1H NMR (CDCI3) 0 2.63 (m, 4H, 

H4a/H4e/H6a/H6e), 2.00 (m, 2H, H5a/H5e), 1.04 (s, 9H, SiC(C~3)3 

= H9), 0.32 ("t", 9H, 2 Jsn ,H10 = 24.6 Hz, Sn(CH3)3 = H10), 0.15 

(s, 6H, Si(CH3)2 = H7); 13c NMR (CDCI3) 0 29.0 (q, SiC(fH3)3 = 

C9), 27.3 (t, C4/C6), 25.2 (t, C5), 20.8 (s, C2 or C8), -3.3 (q, 

Si(CH3)2 = C 7), -4.21 (q Sn(CH3)3 = C10), C2 or C8 difficult to 

distinguish; 119Sn NMR (CDCI3) 0 18.75; FTIR (NaCI) 2927, 2855, 

1471, 1250, 827, 770 cm-1 ; MS m/z 398 (120S n M+), 396 (118Sn 

M+), 233 [M+ - sn(CH3)3]' Anal. Calcd for C13H30S2sisn: 

C,39.30; H, 7.61. Found: C, 39.41; H, 7.80. 

2-Trimethylsilyl-2-trimethylstannyl-l,3-dithiane. 2-

Trimethylsilyl-1,3-dithiane (0.37 g, 1.92 rnrnol, 1.00 equiv) in 

THF (20 roL) at -30 0 C plus 1.2 ~ n-butyllithiurn (1.7 roL, 2.04 

rnrnol, 1.06 equiv) for 16 h. Trimethylchlorostannane (0.39 g, 

2.04 rnrnol, 1.06 equiv) in THF (2 roL) added at -30 0 C and stirred 

for 3 d. Following normal workup and chromatographic 

separation, a clear colorless oil was obtained. 1H NMR (CDCI3) 

o 2.74 (m, 2H, H4a/H6a), 2.49 (m, 2H, H4e/H6e), 2.23 (m, 2H, 

H5a/H5e), 0.28 ("t", 9H, 2Jsn/H8 = 25.3 Hz, Sn(CH3)3), 0.20 (s, 

9H, Si(CH3)3); 13c NMR (CDCI3) 028.1 (C4/C6), 25.5 (C5), 0.27 

(Si(CH3)3)' -6.08 (Sn(CH3)3); FTIR (NaCI): 2952, 2916, 2854, 

1421, 1248, 868, 837, 770 cm-1 . MS m/z 191 (M+ - Sn(CH3)3)' 
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r-2-Trimethylstannyl-cis-4-cis-6-dimethyl-l,3-dithiane. cis-

4,6-Dimethyl-1,3-dithiane (251.8 mg, 1.70 romol, 1.00 equiv) in 

THF (5 mL) at -78°C plus 2.0 ~ n-butyllithium (0.86 mL, 1.72 

romol, 1.01 equiv) for 1.5 h. Trimethylchlorostannane (427.8 mg, 

2.15 romol, 1.26 equiv) in THF (1 mL) added at -78o C and slowly 

warmed to RT over 20 h. After aqueous vlorkup, preparative TLC 

eluting with 30% methylene chloride in hexanes, followed by 

distillation via bulb-to-bulb yielded a clear, colorless oil 

(114.7 mg, 0.37 romol, 22% yield), bp 46-50oC(0.33 rom). 1H NMR 

(CDCl3) 0 3.81 ("t", 1H, 2JSn /H2 = 22.8 Hz, H2), 2.75 (ddq, 2H, 

JH4/H5a = JH5a/H6 = 11.3 Hz, JH4/H5e = JH5e/H6 = 2.3 Hz, JH4/CH3 

= JH6/CH3 = 6.9Hz, H4/H6), 2.06 (dt, 1H, JH4/H5e = JH5e/H6 = 2.3 

HZ, JH5a/H5e = 13.8 HZ, H5e), 1.37 (m, 1H, H5a), 1.14 (d, 6H, 

JH4/CH3 = 6.9 Hz, CHC!:!3 = C7), 0.25 ("t", 9H, 2Jsn/H8 = 27.4 Hz, 

Sn(CH3)3 = H8); 13c NMR (CDC13) 0 44.5 (t, C5), 41.6 (d, C4/C6 

3Jsn/C4,C6 = 30.9 Hz), 28.0 (d, C2), 21.8 (q, CH£H3 = C7), -7.0 

(q, Sn(CH3)3 = C8); 119Sn NMR (CDC13) 0 15.54; FTIR (NaCl): 

2958, 2921, 2867, 1554, 1241, 1026 cm- 1 . MS m/z: 312 (120Sn 

M+), 310 (118 Sn M+), 297 (120Sn M+ - CH3), 147 (M+ - Sn(CH3)3)' 

r-2-Methylthio-cis-4-cis-6-dimethyl-l,3-dithiane. cis-4,6-

Dimethyl-1,3-dithiane (600.8 mg, 4.06 romol, 1.00 equiv) in THF 

(10 mL) at -78°C plus 2.0 ~ n-butyllithium (2.05 mL, 4.10 romol, 

1.01 equiv) for 1.5 h. Dimethyldisulfide (2.00 mL, 21 romol, 5.2 

equiv) added at -78°C and allowed to warm to RT slowly. After 

workup following established procedure, 51 the crude trithio 
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compound was chromatographed on SO g silica gel eluting with 30% 

methylene chloride in hexanes and yielded a white solid (0.6S g, 

3.35 mmol, 83% yield): mp = 40-42.S oC; 1H NMR (CDC13) 0 4.90 

(s, 1H, H2), 2.96 (ddq, 2H, JH4/HSa = JHSa/H6 = lS.3 Hz, JH4/HSe 

= JHSe/H6 = 2.3 Hz, JH4/CH3 = JH6/CH3 = 6.9 Hz, H4/H6), 2.33 

(s, 3H, SCH3), 2.03 (dt, 1H, J H4/HSe = 2.3 Hz, JHSa/HSe = 14 Hz, 

HSe), 1.24-1.17 (m + d, 7H, JH4/CH3 = 6.S Hz, HSa + CHC~3 = H7); 

13C NMR (CDCl3) 0 49.6 (d, C2), 42.2 (t, CS), 41.3 (d, C4/C6), 

21.1 (q, CHfH3 = C7), 13.04 (q, SCH3); FTIR (NaCl): 2960, 2921, 

2 S 69, 2831 , 1643 , 14 S 4, 124 6 , 114 9, 1027 cm-1. MS m/z 194 

(M+), 147 (M+ - SCH3). Anal. Cal cd for C7H14S3: C, 43.2S; H, 

7.26. Found: C, 43.36; H, 6.90. 

r-2-Trimethylstannyl-trans-4-trans-6-dimethyl-l,3-dithiane r-2-

Methylthio-cis-4-cis-6-dimethyl-1,3-dithiane (194 mg, 1.00 mmol, 

1.00 equiv) in THF (10 roL) at -7S oC plus 2.0 ~ n-butyllithium 

(O.S roL, 1.00 mmol, 1.00 equiv) for 2 h. Trimethylstannyl

lithium, generated via known procedureS2 through the reaction of 

hexamethylditin (1.64 g, S.OO mmol, S.OO equiv) and 2.0 M n

butyl lithium (2.S roL, 5.00 mmol, S.OO equiv) in THF (S roL) at -

20 0 C for lS min, was added at -7S oC and immediately warmed to 

RT, then heated at reflux for 2h. After cannulation into 0.1 N 

HCI (60 mL), the solution was extracted with methylene chloride 

(3 x 2S roL), dried over magnesium sulfate and evaporated. The 

crude mixture was purified via preparative TLC eluting with 30% 

methylene chloride in hexanes, yielding a clear, colorless oil 
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(126 mg, 0.41 mmol, 41% yield): 1H NMR (CDC13) 0 3.42 ("t", 1H, 

2JSn/H2 = 26.1 Hz, H2), 2.69 (ddq, 2H, JH4/HSa = JHSa/H6 = 13.9 

Hz, JH4/HSe = J HSe / H6 = 2.S Hz, JH4/CH3 = JH6/CH3 = 6.B Hz, 

H4/H6), 2.03 (dt, 1H, JH4/HSe = JHSe/H6 2.S Hz, JHSa/HSe = 11 

Hz, HSe), 1.32 (m, 1H, HSa), 1.20 (d, 6H, JH4/CH3 = JH6/CH3 = 

6.B Hz, CHcg3), 0.24 ("t", 9H, 2Jsn/CH3 = 26.3 Hz, Sn(CH3)3); 

13c NMR (CDC13) 0 43.3 (C2), 37.9 (C4/C6 3Jsn/ C4,C6 = 14.B Hz), 

26.7 (CS), 22.3 (CH~H3 = C7), -7.7 (Sn{~H3)3 = CB); 119Sn NMR 

(CDC13) 0 lS.49; FTIR (NaCl): 1960, 2921, 14S2, 1244, 770 cm-1 . 

MS m/z 312 (120Sn M+), 310 (118 Sn M+), 297 (120Sn M+ - CH3)' 147 

(M+ - Sn(CH3)3). Anal. Calcd. C9H20S2Sn: C, 34.7S; H, 6.4B. 

Found: C, 34.S2; H, 6.39. 

2,2-Bis(trimethylstannyl)-cis-2,4-dimethyl-l,3-dithiane. r-2-

Methylthio-cis-4-cis-6-dimethyl-1,3-dithiane (194 mg, 1.00 mmol, 

1.00 equiv) in THF (10 mL) at -7BoC plus 2.0 ~ n-butyllithium 

(O.S mL, 1.00 mmol, 1.00 equiv) for 2 h. Trimethylstannyl

lithium, generated via known procedureS2 through the reaction of 

hexamethylditin (1.64 g, 5.00 mmol, 5.00 equiv) and 2.0 M n

butyllithium (2.S mL, 5.00 mmol, S.OO equiv) in THF (S mL) at -

20 0 C for 15 min, was added at -7BoC and immediately warmed to 

RT, then heated at reflux for 2h. The solution was then cooled 

to room temperature, and further cooled to -30oC. 

Chlorotrimethylstannane (1.2 g, 6.02 mmol, 6.02 equiv) was 

added. The reaction was allowed to warm slowly to room 

temperature, where it was stirred for 20 h. After cannulation 
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into 0.1 N HCI (60 roL), the solution was extracted with 

methylene chloride (3 x 50 roL), dried over magnesium sulfate and 

evaporated. The crude mixture was purified via chromatography 

over silica gel using 20% methylene chloride in hexanes , 

yielding a white solid (230 mg, 0.48 mmol, 48% yield): mp 

34 0 Ci IH NMR (CDCI3) 0 2.57 (ddq, 2H, JH4/CH3 = 6.8 Hz, JH4/H5e 

= JH5e/H6 = 2.3 HZ, JH4/CH3 = JH6/CH3 = 6.8 Hz, H4/H6), 1.98 

(dt, IH, JH4/H5e = JH6/H5e = 2.3 Hz, JH5a/H5e = 13.6 HZ, H5e), 

1.22 (m, IH, H5a), 1.09 (d, 6H, JH4/CH3 = JH6/CH3 = 6.8 HZ, 

CH(C!i3)2' 0.22 ("t", 9H, 2Jsn/CH3 = 26.6 Hz, Sn(CH3)3)' 0.17 

("t", 9H, Sn(CH3)3)i 13C NMR (CDCI3) 0 44.35 ("t", C2 (residual 

coupling to Sn)), 39.9 (d, C4/C6 3Jsn/C4,C6 = 14.5 and 35.4 Hz), 

29.7 (t, C5), 21.6 (q, CH(CH3)2)' -4.8 (q, Sn(CH3)3 equatorial), 

-8.6 (q, Sn(CH3)3 axial); 119Sn NMR (CDCI3) 0 25.62 Sn 

equatorial, 21.93 Sn axial; FTIR (NaCI): 2920, 2813, 1454, 1240, 

764 cm- l . MS m/z 311 (120Sn M+ -Sn(CH3)3' 

r-2-Trimethylsilyl-ais-4,6-dimethyl-l,3-dithiane. cis-4,6-

Dimethyl-l,3-dithiane (0.50 g, 3.38 mmol, 1.00 equiv) in THF (15 

mL) at -30 0 C plus 1.9 ~ n-butyllithium (1.78 roL, 3.38 mmol, 1.00 

equiv) for 2 h. Trimethylchlorosilane (0.55 roL, 4.33 mmol, 1.28 

equiv) was added and stirred at -30 0 C for 18 h. After aqueous 

workup, the crude product was purified by column chromatography 

on 50 g silica gel with 25% methylene chloride in hexanes, to 

give a clear colorless liquid (0.38 g, 1.73 mmol, 51% yield), bp 

44-47 (0.75 mm): IH NMR (CDCl3) 0 3.55 (s, IH, H2), 2.69 (ddq, 
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2H, JH4,H6/H5e = 2.3 Hz, JH4,H6/HSa = 11.5 Hz, JH4,H6/CH3 = 6.8 

Hz, H4/H6), 1.99 (dt, 1H, JH5e/H4,H6 = 2.3 Hz, JH5e/H5a = 

13.8Hz, H5e), 1.24 (dt, 1H, JH5a/H4,H6 = 11.S Hz, JHSa/HSe 

13.8 Hz, H5a), 1.12 (d, 6H, J CH3/H4,H6 = 6.8 Hz, CH3)' 0.09 (s, 

9H, SiCH3)3). 13C NMR (CDC13) 0 44.04 (t, CS), 40.42 (d, C4/C6), 

35.68 (d, C2), 21.79 (q, CH3)' -3.05 (q, Si(CH3)3). FTIR 

(NaCl): 29S8, 2922, 2869, 14S6, 1250, 860, 843 em-1 . MS m/z 

220 (M+), 147 (M+ - Si(CH3)3)' 73 (Si(CH3)3) Anal Caled for 

C9H20S2Si: C, 49.03; H, 9.14. Found: C, 49.18; H, 9.03 .. 
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Section 2: General Electrochemical Experimental: 

An undivided electrochemical cell was cleaned with dilute 

nitric acid and sequentially rinsed with distilled water and 

acetone, followed by drying in an oven for a minimum of 1.5 hrs. 

The reference electrode used in all cases was silver/0.1 M 

silver nitrate dissolved in acetonitrile. The auxiliary 

electrode used in all cases was a platinum coil which was 

cleaned with either dilute nitric acid and sequentially rinsed 

with distilled water and acetone and air dried or flame cleaned. 

The electrolyte solution was, in almost all cases, a 0.1 ~ 

lithium perchlorate in acetonitrile solution, as determined in a 

volumetric flask. The specific electroactive compound was 

dissolved in the requisite amount of electrolyte solution and 

shaken/stirred until completely dissolved, then transferred to 

the cell where argon was bubbled through the solution for a 

minimum of five minutes, after which argon flow blanketed the 

solution. The working electrode was a platinum wire approx. 1 

rom diameter in a plastic casing, which was cleaned before and 

between cyclic voltaromograms by scrubbing on a glass plate with 

very fine alumina sand, followed by rinsing with distilled 

water, distilled deionized water and acetonitrile, and wiped dry 

with a kim-wipe. Note that many of the compounds have severe 

adsorption difficulties, resulting in a shift of the observed 

electrochemical oxidation potential, usually to more positive 

values, and a decrease in the current flow. This problem was 
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generally successfully overcome by carefully timing the 

immersion of the electrode with the start of the electrochemical 

run. Changing the initial voltage also clarified any adsorption 

occurring. If these attempts were unsuccessful, changing the 

working electrode from platinum (Pt) to glassy carbon (GC) 

occassionally resulted in more definitive peaks. Scans of the 

blank electrolyte solution were run periodically to determine 

the presence of any impurities, as well as provide background 

spectra for subtraction purposes. The use of a polar cosolvent 

such as water generally helped solvate the electroactive species 

and therefore helped the adsorption problem, but favors 

subsequent reaction. For dithianes, a well known secondary 

oxidation was usually (but not always) observed at approx 0.73 

V. For the acyclic compounds, while severe adsorption problems 

were overcome, the observed oxidation potential shifted to 

significantly less positive potential as a result. 

160 



section 3: Photoelectron Spectrum (He I): 

Photoelectron Spectra were run by Dr. D. Lichtenberger and 

Dr. M. Jacko of the Chemistry Department at the University of 

Arizona using a McPherson ESCA36 instrument. Only two compounds 

were analyzed: 1,3-dithiane, and 2,2-bis-trimethylstannyl-1,3-

dithiane. Each was rigorously purified via recrystallization 

from hexanes prior to analysis. The samples were sublimed (at 4 

to 12.5 °c for 1,3-dithiane and at 48-56oC for 2,2-bis

trimethylstannyl-1,3-dithiane) and bombarded by 24 eV He I 

electrons. The results are reported in Appendix C. 
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CHAPTER 9 

CONCLUSIONS 

The work reported herein was originally based on results 

published by Yoshida and coworkers, where a decrease in the 

electrochemical oxidation potential of a-silyl ethers was 

rationalized as a result of a destabilization of the HOMO 

orbital via an interaction between the carbon-silicon sigma 

orbital and the 2p lone pair orbital on the oxygen atom. This 

destabilization is geometry-dependent, and is maximized where 

the two orbitals concerned are coplanar. As our group has had 

previous interest in the electrochemical oxidation of sulfur 

containing heterocycles, such as 1,3-dithiane, determination of 

similar behavior for a-stannyl thioethers was investigated. 

It was found that there is a dramatic decrease in the 

electrochemical oxidation potential for a-stannyl thioethers, 

but only if the appropriate geometry (coplanarity between the 

carbon-tin sigma orbital and the 3p lone pair orbital on the 

sulfur) is available to the molecule. For molecules where this 

arrangement of orbitals is prohibited, such a 2-trimethyl

stannyl-l,3-dithiane, the observed oxidation potential is 0.75 

v. Considering that 2-alkyl-, 2-aryl-, and 2,2-dialkyl/aryl-

1,3-dithianes oxidize equally easily, the oxidation potential 

for the equatorially oriented stannyl compound, 2-trimethyl-
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stannyl-1,3-dithiane, is considered to arise from a simple 

branching effect at C2. 

In attempting to bias the system so as to favor a 

conformation which contains an axially oriented stannyl group, a 

number of approaches were made. Limited success was observed 

for the analysis of mixed silyl-stannyl 1,3-dithianes. It was 

determined via variable temperature 13c NMR spectroscopy that at 

least some of these compounds exist in solution as rapidly 

flipping conformers. The observed oxidation potential for these 

compounds varied from 0.44 V to 0.36 V, where the lower 

potentials correspond to larger silyl groups. However, these 

potentials are significantly higher than the oxidation potential 

observed for 2,2-bis-(trimethylstannyl)-1,3-dithiane, at 0.19 V. 

In anchoring the dithiane ring by the strategic placement 

of two diequatorial methyl groups on carbons 4 and 6, limited 

success was observed. While the chair conformation of the 

dithiane ring is maintained for the anancomeric equatorial 

stannyl-1,3-dithiane and the anancomeric bis-stannyl-1,3-

dithiane, the anancomeric "axial" stannyl-1,3-dithiane was found 

by nuclear Overhauser effect experiments to deform severely, 

such that the dithiane ring exists in a twist boat conformation. 

Electrochemical investigation of the equatorial-stannyl 

anancomeric 1,3-dithiane resulted in an observed oxidation 

potential of 0.75 V. This value is identical to that for the 

unlocked mono-stannyl 1,3-dithiane, and serves to confirm 
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previous conclusions regarding the effect of an equatorially 

disposed stannyl group. Determination of the oxidation 

potential of 0.40 V for the anancomeric "axial" stannyl-1,3-

dithiane has minimal meaning, as the exact dihedral angles for 

the rapidly equilibrating twist boat conformers can only be 

approximated. Perhaps the most significant result was obtained 

while investigating the electrochemical oxidation of the 

anancomeric bis-stannyl-1,3-dithiane, determined to be 0.35 V. 

While this result was at first confusing, upon re-examination of 

the data available concerning the true solution conformation of 

this, and other, molecules, a clearer picture of the dynamics of 

this interaction became possible. 

The conformation of the anancomeric bis-stannyl-1,3-

dithiane was determined (by a comparison of spectroscopic 

properties to the "frozen" unlocked bis-stannyl 1,3-dithiane) to 

exist exclusively in a static chair conformation, such that the 

dihedral angle between the axial carbon-tin orbital and the 

projected 3p lone pair orbital is 180 . In solution, the 

unlocked bis-stannyl 1,3-dithiane can overcome this barrier 

through the process of ring flipping, which is known to occur 

very quickly. It is this dynamic ability of the unlocked bis

stannyl 1,3-dithiane which accounts for its significantly lower 

oxidation potential. 

We determined, using variable temperature 13c NMR, that 

the some of the various mixed silyl-stannyl 1,3-dithianes were 
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also undergoing fast equilibration between conformers. The 

oxidation potential for these compounds (0.44 to 0.36 V), 

however, was significantly higher than that of the unlocked bis

stannyl 1,3-dithiane. If the oxidized conformer indeed contains 

complete coplanarity between the sulfur 3p and the carbon-tin 

sigma bond, then one would expect an oxidation potential of 0.19 

V. However, we have not taken into consideration the effect of 

the other sUbstituent at C2. For the unlocked bis-stannyl-1,3-

dithiane, the effect of the second stannyl substituent has not 

been considered. Similarly for the mixed silyl-stannyl-1,3-

dithianes, the effect of the silyl substituent is unknown. The 

determination of these effects cannot be determined as it is a 

high energy conformer on the ring flipping coordinate which is 

proposed as the oxidized species. However, perhaps an 

indication of the direction of these effects can be obtained. 

It is known that the effect of placing an equatorial stannyl 

group at C2 on 1,3-dithiane results in a decrease in the 

oxidation potential of ca. 0.44 V. The similar placement of an 

equatorial silyl group results in only a ca. 0.2 V decrease. By 

extrapolating these observations to the bis-stannyl and mixed 

silyl-stannyl 1,3-dithianes, this argument, while not proven, at 

least appears qualitatively consistent. 

The observed decrease on the electrochemical oxidation 

potential for an appropriately oriented a-stannyl thioether was 

reflected in the ionization potentials for 1,3-dithiane and 2,2-
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bis-(trimethylstannyl)-1,3-dithiane. (Recall that photoelectron 

spectroscopy is performed in the gas phase, where negligible 

complicating factors, such as heterogeneity in electrochemical 

investigations, are present.) The observation of a similar 

effect on the ionization of the 3p lone pair orbital on the 

sulfur by the presence of a stannyl group indicates that the 

electrochemical results are not a product of some special 

surface effect, and does indeed reflect an inherent property of 

the molecule. 

Although molecular modeling and ab initio calculations 

were not performed on this system, the observations and 

conclusions arrived at appear to be consistent with the 

arguments and results published by Yoshida and coworkers. 

There remains many facets to this investigation which 

should be explored. While the determination of some ionization 

potentials via photoelectron spectroscopy were performed, the 

remaining samples simply await a PES operator. Preliminary 

investigations into the effect of an a-stannyl group on acyclic 

thioethers and trithianes was also performed, and are detailed 

in Appendix D. In addition, investigations into the theory of 

this effect for a-stannyl thioethers should be undertaken in 

order to arrive at a better understanding of the interactions 

between orbitals in molecules such as these. 
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Appendix A 

X-Ray Crystallography Data 

The following is a complete listing of the original data 

for the x-ray crystal structure of 2,2-bis{trimethylstannyl)-

1,3-dithiane. Details concerning the instrumentation can be 

found in Chapter 6. The ORTEP drawings and labeling assignments 

for the two molecular structures present in the single crystal 

are shown in Figures 49 and 50 in Chapter 6. (Note: the 

calculated density of the crystal was 1.786.) 
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Table of Least-Squares Planes 
-----------------------------

Orthonormal Equation of Plane 1 
0.1652 X + 0.1848 Y + -0.9688 Z - 2.3041 = 0 
0.0047 0.0047 0.0001 0.0879 

Crystallographic Equation of Plane 
2.5434 X + 3.0412 Y + -12.8032 Z - 2.3041 = 0 
0.0723 0.0781 0.0519 0.0879 

Atom X Y Z Distance Esd 
Sn21 4.3690 22.7733 2.7112 0.0000 +- 0.0006 
C20 2.2345 22.4741 2.2901 0.0000 +- 0.0085 
Sn22 1.9034 20.3539 1.8292 0.0000 +- 0.0006 

Orthonormal Equation of Plane 2 
-0.5743 X + -0.7803 Y + -0.2475 Z - -19.3868 = a 

0.1069 0.0068 0.0051 0.0012 
crystallographic Equation of Plane 

-8.8411 X + -12.8402 Y + -2.8043 Z - -19.3868 = a 
0.1069 0.1045 0.0840 0.0643 

Atom X Y Z 
s22 1.6891 23.3439 0.8135 
C20 2.2345 22.4741 2.2901 
S21 1.1610 22.8186 3.6951 

Distance Esd 
0.0000 +- 0.0026 
0.0000 +- 0.0084 
0.0000 +- 0.0024 

Orthonormal Equation of Plane 3 
-0.9835 X + 0.0664 Y + -0.1685 Z - -0.2494 = a 

0.1068 0.0005 0.0046 0.0027 
Crystallographic Equation of Plane 

-15.1389 X + 1.0923 Y + -1.4612 Z - -0.2494 = 0 
0.1068 0.0081 0.0750 0.0394 

Atom X Y Z 
S22 1.6891 23.3439 0.8135 
S21 1.1610 22.8186 3.6951 
C23 1.7153 25.0597 1.3435 
C21 1.2566 24.6037 3.8327 
Chi Squared = 0.1 

4 

Distance Esd 
0.0006 +- 0.0026 

-0.0006 +- 0.0025 
-0.0007 +- 0.0118 

0.0007 +- 0.0107 

Orthonormal Equation of Plane 
-0.5275 X + -0.8131 Y + 
0.0118 0.0079 

Crystallographic Equation of 
-8.1202 X + -13.3801 Y + 

0.1817 0.1293 

-0.2462 Z -
0.0054 

Plane 
-2.8220 Z -
0.1083 

-21.6118 
0.1792 

-21.6118 
0.1792 

a 

o 

Atom X Y 
C23 1.7153 25.0597 
C22 0.7466 25.3387 
C2l 1.2566 24.6037 

Z 
1.3435 
2.4980 
3.8327 

Dihedral Angles Between Planes: 

Plane No. Plane No. 
--------- ---------

1 2 
1 3 
1 4 
2 3 
2 4 
3 4 

Distance 
0.0000 +-
0.0000 +-
0.0000 +-

Dihedral Angle 
--------------

89.96 +- 0.28 
89.25 +- 0.31 
89.94 +- 0.42 
56.31 +- 0.52 
3.28 +- 9.97 

59.58 +- 0.81 

Esd 
0.0102 
0.0105 
0.0099 
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Table of Leaet-SqunreD Plnnee 
-----------------------------

Orthonormal Equation of Plane 1 
-0.1306 X + 0.7063 Y + -0.6958 Z - 9.1220 = 0 

0.0041 0.0036 0.0029 0.0720 
Crystallographic Equation of Plane 

-2.0101 X + 11.6226 Y + -9.0065 Z - 9.1220 = 0 
0.0627 0.0595 0.0615 0.0720 

Atom X Y Z Distance Ead 
C10 5.1370 14.5932 2.1664 0.0000 +- 0.0079 
Snll 2.9801 14.5404 2.5277 0.0000 +- 0.0006 
Sn12 5.6377 13.1146 0.5916 0.0000 +- 0.0006 

Orthonormal Equation of Plane 2 
-0.6028 Z - -5.6351 0 0.6117 X + -0.5123 Y + = 

0.0066 0.0045 0.0031 0.1125 
Crystallographic Equation of Plane 

9.4162 X + -8.4309 Y + -9.3512 Z - -5.6351 = 0 
0.1011 0.0734 0.0732 0.1125 

Atom X Y Z Distance Esd 
Sl1 6.1190 14.0916 3.5908 0.0000 +- 0.0025 
C10 5.1370 14.5832 2.1664 0.0000 +- 0.0082 
S12 5.7137 16.1242 1.4418 0.0000 +- 0.0025 

Orthonormal Equation of Plane 3 
0.9855 X + 0.1663 Y + -0.0330 Z - 8.2604 = 0 
0.0005 0.0035 0.0037 0.0549 

Crystallographic Equation of Plane 
15.1707 X + 2.7366 Y + -1.1776 Z - 8.2604 = 0 

0.0083 0.0573 0.0512 0.0549 
htom X Y Z Distance Esd 

Sl1 6.1190 14.0916 3.5808 -0.0046 +- 0.0025 
S12 5.7137 16.1242 1.4418 0.0047 +- 0.0026 
C11 5.9224 15.5368 4.6954 0.0053 +- 0.0112 
C13 5.5594 17.2545 2.8373 -0.0054 +- 0.Ol05 
Chi Squared = 7.2 

Orthonormal Equation of Plane 
0.5801 X + -0.5385 Y + 
0.0127 0.0091 

crystallographic Equation of 
8.9295 X + -8.8618 Y + 
0.1950 0.1500 

Atom X Y 
C11 5.9224 15.5368 
C12 6.4155 16.8242· 
C13 5.5594 17.2545 

4 
-0.6111 Z -

0.0064 
Plane 

-8.4368 Z -
0.1193 

-7.8011 
0.2338 

o 

-7.8011 = 0 
0.2338 

Z 
4.6954 
4.0291 
2.8373 

Distance 
0.0000 +-
0.0000 +-
0.0000 +-

Esd 
0.0110 
0.0110 
0.0102 

Dihedral Angles Between Planes: 

Plane No. Plane No. Dihedral Angle 
--------------

1 2 91.28 +- 0.30 
1 3 89.33 +- 0.31 
1 4 91.77 +- 0.50 
2 3 57.49 +- 0.48 
2 4 2.40 +- .*.* 
3 -4 59.85 +- 0.86 
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Table of Bond Distances in AngBtroms 
------------------------------------

Atom 1 Atom 2 DiBtance Atom 1 Atom 2 DiBtance 
====== ====== ======== ------ ------ ======== Snll CI0 2.187(9) Sn21 C20 2.196(8) 
Snll Clll 2.13 (1) Sn21 C211 2.18(1) 
Snll C1l2 2.167(9) Sn21 C212 2.17(1) 
Snll C1l3 2.15(1) Sn21 C213 2.14(1) 
Sn12 CI0 2.218(8) Sn22 C20 2.195(9) 
Sn12 C121 2.13 (1) Sn22 C221 2.11(1) 
Sn12 C122 2.17(1) Sn22 C222 2.18(1) 
Sn12 C123 2.12 (1) Sn22 C223 2.15(1) 
Sll CI0 1.7!H(B) S21 C20 1.801(9) 
Sll Cll 1.B4 (1) S21 C21 1.79(1) 
S12 C10 1.798(8) S22 C20 1.798(9) 
S12 C13 1.80 (1) S22 C23 1.80(1) 
cll C12 1.53(2) C21 C22 1.61(1) 
C12 C13 1.53(1) C22 C23 1.53(2) 
----------------
Numbers in parentheBes are estimated standard deviations in 
the least significant digits. 

Table of Bond Angles in Degrees 
-------------------------------

Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle 
------ ------ ====== ----- ====== ------ ===== 
CI0 Snll C111 109.3(4) C20 Sn21 c211 114.2(4) 
CI0 Sn11 C112 113.7(3) C20 Sn21 C212 110.6(4) 
C10 Snll C1l3 109.0(3) C20 Sn21 C213 105.3(3) 
Clll Snll C1l2 108.9(4) C211 Sn21 c2I2 105.7(4) 
C111 Snll C113 109.9(4) C2ll Sn21 C213 110.9(4) 
C112 Snll C113 105.9(4) C212 Sn21 C213 110.1(4) 
CI0 SnI2 C12I 107.6(4) C20 Sn22 C221 107.1(4) 
C10 Sn12 C122 107.8(4) C20 Sn22 C222 107.4(4) 
C10 SnI2 C123 109.4(4) C20 Sn22 C223 107.9(4) 
C121 SnI2 C122 113.5(4) C221 Sn22 c222 110.4(4) 
C121 Sn12 C123 109.4(4) C22I Sn22 c223 110.5(4) 
C122 SnI2 C123 109.1(5) C222 Sn22 C223 113.2(4) 
C10 Sll Cll 101.8(4) C20 s21 C2I 102.6(4) 
CI0 S12 CD 101.4 (4) C20 S22 C23 102.4(5) 
Snll CI0 SnI2 109.1(3) Sn21 C20 sn22 108.6(4) 
Snll CI0 Sl1 113.9(4) Sn21 C20 s21 113.8(4) 
Sn11 C10 S12 113.6(4) Sn21 C20 s22 112.7(4) 
SnI2 CIO Sl1 105.0(4) Sn22 C20 S21 105.0(4) 
Sn12 CI0 S12 102.0(4) Sn22 C20 S22 104.4(4) 
Sl1 C10 S12 112.2(5) S21 C20 S22 111.5(5) 
S11 Cll C12 111.3 (7) S21 C2I C22 112.0(7) 
Cll C12 CD 113.3(9) C21 C22 C23 110.0(B) 
S12 CD C12 112.3(7) S22 C23 C22 112.8(7) 

----------------
Numbers in parentheses are eBtimated standard deviations in 
the least significant digits. 



Atom 1 Atom 2 Atom 3 Atom 4 
====== ------ ------ ====== 
Cll! Snll CI0 Sn12 
Clll Snll CI0 Sll 
Clll Snll CI0 S12 
C1l2 Snll CI0 Sn12 
C1l2 Snll CI0 Sll 
C1l2 Snll CI0 S12 
C1l3 Snll CI0 Sn12 
C1l3 Snll CI0 S11 
C1l3 Sn11 CI0 S12 
C121 Sn12 C10 Sn11 
C121 Sn12 CI0 Sll 
C121 Sn12 CI0 S12 
C122 Sn12 CI0 Snll 
C122 5n12 CI0 Sll 
C122 Sn12 CI0 S12 
C123 Sn12 CI0 Snll 
C123 Sn12 CI0 Sl1 
C123 Sn12 CI0 S12 
Cll 511 CI0 Snll 
Cll 511 CI0 Sn12 
Cll Sl1 CI0 S12 
CI0 Sl1 Cll C12 
C13 S12 CI0 Snll 
C13 S12 CI0 Sn12 
C13 S12 CI0 511 
CI0 S12 C13 c12 
Sll Cll C12 C13 
Cll C12 c13 S12 

Table of Torsional Angles in Degreeo 
------------------------------------
Angle Atom 1 Atom 2 
----- ====== ====== 

-85.55 0.(3) C211 Sn21 
157.51 0.(4) C2ll Sn21 
27.43 0.55) C211 Sn21 

152.51 0.37) C212 Sn21 
35.56 0.53) C212 Sn21 

-94.51 0.(9) C212 Sn21 
34.63 0.441 C213 Sn21 

-82.32 0.47) C213 Sn21 
147.61 0.42) C213 Sn21 

41. 97 0.45) C221 Sn22 
164.42 0.(1) C221 Sn22 
-78.42 0.471 C221 Sn22 
-80.77 0.(6) C222 Sn22 
41.68 0.53) C222 Sn22 

158.84 0.(4) C222 Sn22 
160.68 0.39) C223 Sn22 
-76.87 0.(9) C223 Sn22 
40.29 0.51) C223 Sn22 

-72.22 0.511 C21 S21 
168.47 0.(4) C21 S21 
58.53 0.57) C21 S21 

-58.81 0.81) C20 521 
71.90 ( 0.51) C23 522 

-170.86 ( 0.421 C23 S22 
-59.02 ( 0.56) C23 522 
60.20 ( 0.79) C20 522 
66.93 ( 1.03) S21 C21 

-68.42 ( 1.03) C21 c22 

Atom 3 Atom 4 
t:===== c===== 

C20 Sn22 
C20 S21 
C20 S22 
C20 5n22 
C20 S21 
C20 S22 
C20 Sn22 
C20 521 
C20 S22 
C20 Sn21 
C20 S21 
C20 S22 
C20 Sn21 
C20 521 
C20 S22 
C20 Sn21 
C20 S21 
C20 S22 
C20 Sn21 
C20 Sn22 
C20 S22 
C21 C22 
C20 Sn21 
C20 Sn22 
C20 S21 
C23 c22 
c22 C23 
C23 s22 

Anglo 
c==== 

-149.70 ( 0.38) 
-33.18 ( 0.57) 

95.12 ( 0.50) 
-30.57 ( 0.(8) 
85.94 ( 0.50) 

-145.76 ( 0.441 
88.38 ( 0.47) 

-155.10 ( 0.49) 
-26.80 ( 0.57) 

-163.87 ( 0.40) 
74.08 ( 0.(9) 

-43.39 ( 0.51) 
77.53 ( 0.461 

-44.52 ( 0.50) 
-161.99 ( 0.(2) 
-44.87 ( 0.46) 

-166.92 ( 0.401 
75.61 ( 0.46) 
71.02 ( 0.52) 

-170.40 ( 0.42) 
-57.89 ( 0.561 
59.95 ( 0.78) 

-71.61 ( 0.551 
170.73 ( 0.46) 

57.86 ( 0.59) 
-62.05 ( 0.86) 
-67.50 ( 0.95) 
68.36 ( 0.99) 

.... 
-..J .... 
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Table of Positional Parameters and Their Estimated Standard Deviations (cont.) 

Atom x y z B(A2) 

Sn21 0.29401(4) 1.38393(4) 0.20718(4) 3.79(1) 

Sn22 0.13053(4) 1.23690(4) 0.13977(5) 4.21(1) 

S21 0.0893(2) 1.3867(2) 0.2824(2) 4.60(6) 

S22 0.1128(2) 1.4186(2) 0.0622(2) 5.03(6) 

C20 0.1538(5) 1.3657(5) 0.1750(7) 3.7(2) 

C21 0.0960(7) 1.4952(6) 0.2929(7) 6.0(2) 

C22 0.0579(7) 1.5398(6) 0.1909(9) 6.2(3) 

C23 0.1165(8) 1.5229(6) 0.1027(9) 6.6(3) 

C211 0.3263(7) 1.4815(7) 0.3151(8) 6.5(3) 

C212 0.3535(7) 1.2750(6) 0.2740(8) 5.8(2) 

C213 0.3454(7) 1.4084(8) 0.0619(7) 6.4(3) 

C221 0.0041(7) 1.2281(7) 0.0687(9) 7.1(3) 

C222 0.1379(7) 1.1708(6) 0.2842(9) 6.3(3) 

C223 0.2263(7) 1.1983(6) 0.0369(8) 6.2(3) 

-------------------
Anisotropically refined atoms are given in the form of the 
isotropic equivalent displacement parameter defined as: 
(4/3) II< [a2*B(l,l) + b2*B(2,2) + c2*B(3,3) + ab(cos gamma)*B{l,2) 
+ ac(cos beta}*B(l,3) + bc(cos alpha)*B(2,3)] 
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Table of Positional Parameters and Their Estimated Standard Deviations 

Atom x y z B(A2) 

Sn11 0.20310(4) 0.88362(4) 0.19315(5) 3.84(1) 

Sn12 0.36843(4) 0.79697(4) 0.04444(5) 4.34(1) 

Sl1 0.4110(2) 0.8563(2) 0.2736(2) 4.90(6) 

S12 0.3766(2) 0.9799(2) 0.1102(2) 4.86(6) 

CIO 0.3419(6) 0.8862(5) 0.1655(6) 3.5(2) 

C11 0.4024(7) 0.9442(7) 0.3588(8) 6.5(3) 

C12 0.4319(7) 1.0224(7) 0.3079(9) 6.7(3) 

C13 0.3718(7) 1.0486(6) 0.2168(8) 6.3(2) 

Clll 0.1348(7) 0.9621(7) 0.0872(9) 6.5(3) 

Cll2 0.1744(6) 0.9190(6) 0.3468(7) 5.0(2) 

Cll3 0.1558(6) 0.7610(6) 0.1740(7) 5.7(2) 

C121 0.2662(7) 0.8063(7) -O.0711(7) 6.1(3) 

C122 0.3781(8) 0.6777(6) 0.1l48(9) 8.1(3) 

C123 0.4886(7) 0.8259(8) -0.0187(8) 7.2(3) 



Formula: C10H24S2Sn2 

Space Group: P21/c 

Diffractometer: CAD4 

a: 13.1084(5) 

b: 16.456(1) 

c: 15.394(7) 

V: 3315.0(3) 

a.: 90.00 

/3: 93.320(4) 

y: 90.00 
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APPENDIX B 

REPRESENTATIVE CYCLIC VOLTAMMOGRAMS 

175 

The following table (Table 26) associates filenames and either 

letters or numbers with each of the compounds for which cyclic 

voltammograms are reported. Letters are used to designate compounds 

which have been previously reported in the literature, while numbers 

are assigned to new compounds as synthesized according to Chapter 8, 

section 1. Page numbers refer to the page on which the 

representative cyclic voltammogram for that compound can be located. 



176 

Table 26: Key to Compounds 

Filename Compound Name Letter Page 

or Number 

Number 

tBtMt002 2-t-butyl-2-trimethylstannyl-1,3-dithiane 8 179 

tBtBT003 2-t-Butyl-2-tri-n-butylstannyl-1,3- 10 180 

dithiane 

PtBT002 2-Phenyl-2-tri-n-butylstannyl-1,3- 11 181 

dithiane 

htms004 2-Trimethylsilyl-1,3-dithiane G 182 

btmsOOl 2,2-Bis-(trimethylsilyl)-1,3-dithiane H 183 

TESdi002 2-Triethylsilyl-l,3-dithiane 1 184 

TBDMS003 2-t-Butyldimethylsilyl-1,3-dithiane 2 185 

TiPS002 2-Triisopropylsilyl-1,3-dithiane 3 186 

phtms003 2-Phenyl-2-trimethylsilyl-1,3-dithiane U 187 

tmstmt06 2-Trimethylsilyl-2-trimethylstannyl-1,3- X 188 

dithiane 
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TiPST010 2-Triisopropylsilyl-2-trimethylstannyl- 6 190 

1,3-dithiane 

TBST005 2-t-Butyldimethylsilyl-2- 7 191 

trimethylstannyl-1,3-dithiane 

HtMT003 2-Trimethylstannyl-1,3-dithiane I 192 

AM18 2-t-butyl-2-trimethylsilyl-1,3-dithiane T 193 

phtmt001 2-Phenyl-2-trimethylstannyl-1,3-dithiane W 194 

btMT011 2,2-Bis-{trimethylstannyl)-1,3-dithiane J 195 

dmdit001 cis-4,6-Dimethyl-1,3-dithiane K 196 

eqTdM001 r-2-Trimethylstannyl-cis-4-cis-6- 13 197 

dimethyl-1,3-dithiane 

(Platinum working electrode) 

eqTdM011 r-2-Trimethylstannyl-cis-4-cis-6- 198 

dimethyl-1,3-dithiane 

(Glassy Carbon working electrode) 

atdm001 r-2-Trimethylstannyl-trans-4-trans-6- 14 199 

dimethyl-1,3-dithiane 

(Platinum working electrode) 

atdm007 r-2-Trimethylstannyl-trans-4-trans-6- 200 

dimethyl-1,3-dithiane 

(Glassy Carbon working electrode) 
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atdm007 r-2-Trimethylstannyl-trans-4-trans-6- 200 

dimethyl-l,3-dithiane 

(Glassy Carbon working electrode) 

atdmOl0 r-2-Trimethylstannyl-trans-4-trans-6- 201 

dimethyl-l,3-dithiane 

(Platinum working electrode) 

bTdMditO Bis-(2,2-trimethylstannyl)-cis-4,6- 15 202 

dimethyl-l,3-dithiane 

etms003 r-2-Trimethylsilyl-cis-4-cis-6-dimethyl- 16 203 

1,3-dithiane 

trthi007 1, 3, 5-trithiane Q 204 

mtrth002 2-Methyl-l,3,5-trithiane W 205 

TMT002 2-Trimethylstannyl-l,3, 5-trithiane R 206 

2tmt002 cis-2,4-Bis-(trimethylstannyl)-l,3,5- 17 207 

trithiane 

tttrt004 cis-cis-2,4, 6-Tris (trimethylstannyl)- 18 208 

1, 3, 5-trithiane 

bTMM004 Bis-(thiomethyl)methane N 209 

BTMbT005 Bis-(trimethylstannyl)-bis-(thiomethyl)- P 210 

methane 
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Cyclic Voltammetry 
Init E (mV): 500 High ~ 1100 
Scan Rate (mV /sec): 100 

~ E I e 

1 £37.00 0.00 0.00 
2 305.00 0.00 o.CO 

> 
.r-! 

lJ 
"-< 
::J 

0 
0 
0' 

a::l 

+.I 
C 
Q) 

c... 
c... 
::J 
U 

File: c: \htms004 
Low E: 300 Final E: 500 
Number a f Scan: 1 

., 

1100 1020 940 BSO 780 700 620 540 460 380 300 

Potent 1a 1 (mV) 

.... 
CD 
N 
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Cyclic Voltammetry 
In it E (mV): 500 High E: 1100 
Scan Rate (mV /sec): 100 

~ E I 9 

1 ~.OQ o.ao 0.00 

-> 
-rl 
"C 

'<:( 
:J 

o 
o 
o 
CD 

+J 
C 
OJ 
t.. 
t.. 
:J 
U 

File: a:TESdi002 
Low E: 500 Final E: 500 
Number of Scan: 1 

1100 1040 980 920 B60 BOO 740 680 620 560 500 

Potent i a 1 (mV) 

.... 
co 
.r. 



Cyclic Voltammetry File: a:TBDMS003 
Init E (mV): 500 High ~ 1200 Low E: 500 Final E: 500 
Scan Rate (mV!sec): 100 Number of Scan: 1 

is E I !3 

1 1023.00 o.~ 0.00 

> 
..-t 

'C 
"
~ 
:J 

o 
o 
o 
o 
C\J -
+J 
c: 
Q) 

L 
L 
:::J 
U 

1200 1130 1060 990 920 850 780 710 640 570 500 

Potential (mV) 

.... 
CD 
(J1 



Cyclic Voltammetry File: a: TiPS002 
Init E (mV): 500 High ~ 1050 Low E: 500 ~inal E: 500 
Scan Rate (mV /sec): 100 Number of Scan: 1 

o E I tl 

1 G15.00 0.00 0.00 

-> 
oM 

"0 
......... 
<t 
:::J 

o 
o 
o 
o 
CD 

+J 
C 
Ql 
Co. 
Co. 
:::J 
t.J 

JC 

~ .. 

1050 995 940 ees 830 775 720 665 S!O 555 500 

Potentia 1 (mV) 

I-' 
(X) 

en 



Cyclic Voltammetry 
Init E (mV): 500 High 8 1000 
Scan Rate (mV /sec): 100 

o E I a 

1 G51.~ o.co 0.00 
2 319.00 0.00 o.GO 

-> 
oM 

U 
"« 
::J 

o 
o 
o 
o 
ru 

+J 
C 
Q) 

c.. 
c.. 
::J 
tJ 

I 
~51. 

File: c:\phtms003 
Low E: 300 Final E: 500 
Number of Scan: 1 

1000 930 860 790 720 650 580 510 ~O 370 300 

Potent 1a1 (mV) 

~ 
co 
-...J 



Cyclic Voltammetry File: c:\tmstmt06 
Init E (mV): 300 High E: 800 Low E: 0 Final E: 300 
Scan Rate (mV /sec): 100 Number of Scan: 1 

tI E I Il 

1 431.00 0.00 0.00 
2 10.00 0.00 0.00 

-> 
..-i 

'0 
""« 
::J 

o 
o 
o 
m 

.., 
c 
Q) 

t.. 
t.. 
::J 
U 

800 720 640 560 480 400 320 2~0 

Potent ia 1 (mV) 

160 eo o 

.... 
CD 
CD 



Cyclic Voltammetry 
Init E (mV): 200 High E: 550 
Scan Rate (mV/sec): 100 

o E I g 

l:l4.00 0.00 0.00 
2 2.00 0.00 0.00 

-> 
..-f 
"'0 
........ 
« 
::J 

o 
o 
o 
CD 

+) 

c 
Q) 

c... 
c... 
::J 
tJ 

File: a:TEST005 
Low E: 0 Final E: 200 
Number of Scan: 1 

550 495 440 385 330 275 220 165 110 55 0 

Potential (mV) 

.... 
co 
\0 



Cyclic Voltammetry File: a: TiPST010 
Init E (mV): 0 High E: 900 Low E: 0 Final E: 0 
Scan Rate (mV /sec): 100 Number of Scan: 1 

~ E I G 

1 ~.OO 0.00 0.00 
2 C29.00 0.00 O.GO 

-> 
orl 

"C 
"
oCt 
:J 

o 
o 
o 
CD -
4.J 
C 
OJ 
c.. 
c.. 
:J 
U 

900 B10 720 630 540 450 360 270 

Potential (mV) 

180 so o 

.... 
\0 
o 



Cyclic Voltammetry File: a: TBST005 
Init E (mV): 0 High E: 500 Low E: 0 Final E: 0 
Scan Rate (mV /sec): 100 Number of Scan: 1 

o E I G 

1 SOt.CO 0.00 o.co 

-> ..... 
1:l 
"q: 
:J 

o 
o 
o 
CD -
~ 
c 
cu 
c... 
c... 
:J 
U 

500 450 400 350 300 250 200 150 

Potential (mV) 

100 50 o 

.... 
\D ..... 
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Cyclic Voltammetry File: c:\HtMT003 
Init E (mV): 650 High 8 1050 Low E: 0 Final E: 650 
Scan Rate (mV/sec): 100 Number of Scan: 1 

o E I 9 

1 7.0.00 0.00 0.00 
2 10.¢tl.CO 0.00 0.00 
3 150.00 0.00 0.00 

-> 
oM 

"C 
"« 
:J 

o 
o 
o 
(D 

+J 
C 
OJ 
c.. 
c.. 
:J 
U 

1050 945 840 735 630 525 420 3i5 210 

Potent ia 1 (mV) 

i05 o 

.... 
ID 
W 



Cyclic Voltammetry File: c:\phtmt001 
Init E (mV): 0 High ~ 1100 Low E: 0 Final E: 0 
Scan Rate (mV /sec): 100 Number 0 f Scan: 1 

~ E I e 

1 7a.~ 0.00 0.00 

-> 
·rl 
"C 
"< 
:::J 

o 
o 
o 
~ 

oJ.) 

C 
III 
t.. 
t.. 
:::J 
U 

1100 990 BBO 770 660 550 440 330 220 110 0 

Potential (mV) 

.... 
\D 
~ 
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Cyclic Voltammetry 
Init E (mV): 600 High 8 1400 
Scan Rate (mV/sec): 100 

o E I IJ 

1 111£1.00 0.00 0.00 
2 1400.00 0.00 0.00 

-> 
"" 't:I 

" < 
:J 

o 
o 
o 
o 
C\J 

~ 
c 
Q) 

t.. 
t.. 
:J 
(,J 

File: c:\dmdit001 
Low E: 600 Final E: 600 
Number of Scan: 1 

1400 i320 1240 1160 iDeO 1000 920 840 760 6eo 600 

Potent i a 1 (mV) 

...... 
\0 
0) 



Cyclic Voltammetry File: a: eQTdM001 
Init E (mV): 350 High 8 1150 Low E: 0 Final E: 350 
Scan Rate (mV/sec): 100 Number of Scan: 1 

o E I e 

1 1149.00 0.00 0.00 
2 g.oo 0.00 0.00 

> 
..-t 

'0 
"« 
::J 

o 
o 
o 
CD 

+I 
C 
Q) 

t. 
t. 
::J 
(J 

1150 1035 920 B05 690 575 460 345 230 

Potential (mV) 

115 o 

.... 
\0 
-..J 



Cyclic Voltammetry 
Init E (mV): 300 
Scan Rate (mV/sec): 15 

o E I 0 

1 7S3.00 o.co 0.00 

-> 
~ 

"C 

'
<t 
::J 

o 
o 
o 
o 
C\I 

+J 
C 
[l) 

c.. 
c.. 
::J 
U 

File: a: eqTdMOU 
High E: 850 Low E: 300 Final E: 300 

Number of Scan: 1 

850 795 740 685 630 575 520 465 410 355 300 

Potent 1a 1 (mV) 

.... 
\D 
00 



Cyclic Voltammetry File: a: \atdm001 
In1t E (mV): 0 High ~ 1300 Low E: 0 Final E: 0 
Scan Rate (mV/sec): 100 Number of Scan: 1 

o E I G 

480.00 0.00 0.00 
2 01b.00 0.00 0.00 
3 120~.OO 0.00 0.00 
~ 473.00 0.00 0.00 

-> ..... 
"C ....... 
oCt 
:J 

o 
o 
o . 
II) -
~ 
c 
Q) 

t. 
t. 
:::J 
tJ 

1300 1170 1040 910 780 650 520 390 260 130 0 

Potent 1a 1 (mY) 

~ 
\D 
\D 



Cyclic Voltammetry File: a:\atdm007 
Init E (mV): 200 High E: 600 Low E: 0 Final E: 200 
Scan Rate (mV Isec): 100 NUmber of Scan: 1 

(I E I e 

1 Ecr7.00 0.00 o.~~ 

2 573.00 o.~o O.CO 
S 3.00 0.00 0.00 

> 
..-f 
"0 
"'<t 
:J 

o 
o 
o 
o 
ru -
+J 
C 
Q) 

t. 
t. 
:J 
U 

600 540 480 420 360 300 240 

Potentia 1 (mV) 

180 120 60 o 

!\) 

o 
o 



Cyclic Voltammetry File: a:\atdm010 
Init E (mV): 300 High E: 500 Low E: 0 Final E: 300 
Scan Rate (mV/sec): 100 Number of Scan: 1 

o E I G 

1 ~.CO 0.00 0.00 
2 100.00 0.00 0.00 

-> 
oM 

"C 
"oct 
:::J 

o 
o 
o 
'<;f" -
+J 
C 
Q) 

c... 
c... 
:::J 
U 

500 ~50 400 350 SOO 250 200 

Potent 1a 1 ClnV) 

150 100 50 o 

N 
o .... 



Cyclic Voltammetry File: a: bTdMdi to 
Init E (mV): 0 High e 1200 Low E: 0 Final E: 0 
Scan Rate (mV/sec): 100 Number 0 f Scan: 1 

f} E I D 

1 344.00 0.00 0.00 
2 1197.00 0.00 0.00 

-> 
..-1 

"C 
'« 
::J 

o 
o 
o 
"=t -
+J 
C 
QJ 

c.. 
c.. 
::J 
(J 

1200 1080 960 840 720 600 480 360 240 

Potent ia 1 (mV) 

120 o 

N 
o 
N 



Cyclic Voltammetry File: a: eTMS003 
Init E (mV): 700 High ~ 1200 Low E: 700 Final E: 700 
Scan Rate (mV /sec): 100 Number of Scan: 1 

o E I Q 

1 11!2.00 o.co o.CO 

-> 
..-t 

"C 
"
<t 
:J 

o 
o 
o 
o 
ru 

+J 
C 
Q) 

t.. 
t.. 
:J 
U 

1200 1150 1100 1050 1000 950 900 B50 BOO 750 700 

Potential (mV) 

I\) 

o 
w 



Cyclic Voltammetry File: c:\trthi007 
Ini t E (mV): 900 High E: 1350 Low E: 900 Final E: 900 
Scan Rate (mV/sec): 100 Number of Scan: 1 

o E I o 

1 1231.00 O.O~ O.CO 

-> 
...t 
'C 
........ 
<t 
::J 

o 
o 
o 
o 
C\J 

~ 
c 
Q) 

t.. 
t.. 
::J 
U 

1350 1305 1260 1215 1170 1125 1080 1035 990 945 900 

Potential (mV) 

t\) 
o 
"'" 



Cyclic Voltammetry 
Init E (mV): 600 High 8 1350 

File: c:\mtrth002 
Low E: 600 Final E: 600 

Scan Rate (mV/sec): 100 Number 0 f Scan: 1 

o E I I) 

1 1204.00 0.CX) 0.00 

-> 
..-t 
"C 
......... 
<t: 
:J 

o 
o 
o 
CD -
+J 
C 
Q) 

c... 
c... 
::J 
U 

1350 1275 1200 1125 1050 975 900 825 750 675 600 

Potent ia 1 (mV) 

f\) 

o 
(J1 



Cyclic Voltammetry 
Init E (mV): 300 High ~ 1100 
Scan Rate (mV /sec): 100 

{I E I IJ 

1 672.00 0.00 0.00 
2 !OS!l.OO 0.00 0.00 

-> 
..-t 
"0 

"<{ 
::J 

o 
o 
o 
~ -
4.J 
C 
Q) 

c.. 
c.. 
::J 
U 

File: c: \ TMT002 
Low E: 300 Final E: 300 
Number of Scan: 1 

1100 1020 940 8S0 780 700 620 540 460 380 300 

Potential (mV) 

f\) 

o 
0'1 



Cyclic Voltammetry 
Init E (mV): 300 High 8 1000 
Scan Rate (mV/sec): 100 

~ E I G 

1 824.00 0.60 0.00 
2 1000.00 0.00 0.00 

> 
.~ 

'0 
"<i 
::J 

o 
o 
o 
(I) 
~ 

+I 
C 
OJ 
c.. 
c.. 
::J 
tJ 

File: c: \2tmt002 
Low E: 300 Final E: 300 
Number of Scan: 1 

1000 930 850 790 720 650 580 510 4~g 370 300 

Potent ia 1 (mV) 

I\) 

o 
...,J 



Cyclic Voltammetry 
Init E (mV): 600 High ~ 1100 
Scan Rate ~V/sec): 100 

" E I 9 

1 911.00 O.O~ 0.00 

-> 
..-f 

"C 
"
<{ 
:::J 

o 
o 
o 
m -
+J 
C 
III 
'
'
:::J 
U 

File: c:\tttrt004 
Low E: 600 Final E: 600 
Number of Scan: 1 

1100 1050 iOOO 950 900 850 BOD 750 700 650 600 

Potential (mV) 

I'\) 

o 
co 



Cyclic Voltammetry File: a:bTMM004 
Init E (mV): 900 High E: 1250 Low E: 900 Final E: 900 
Scan Rate (mV /sec): 100 Number 0 f Scan: 1 

c E I G 

1 Ual.CO 0.00 0.00 

-> 
.r-! 

U 
........ 
<t 
:J 

o 
o 
o 
CD 

+J 
C 
QJ 

c.. 
c.. 
::J 
U 

1250 ~215 1180 1~45 1110 1075 1040 1005 970 935 900 

Potential (mV) 

I\J 
a 
1.0 



Cyclic Voltammetry File: a: bTMbT005 
Init E (mV): 0 High 8 1300 Low E: 0 Final E: 0 
Scan Rate (mV /sec): 100 Number of Scan: 1 

" E I g 

1 1299.CO O.CO 0.00 

-> 
.r-! 

1:1 
"< 
:::J 

o 
o 
o 
~ 

+J 
C 
III 
'
'
:::J 
U 

1300 1170 1040 910 780 650 520 390 260 130 0 

Potentia 1 (mV) 

N 
I-' 
a 



APPENDIX C 

PHOTOELECTRON SPECTRA 

The following is a complete listing of the original data 

for the photoelectron spectra for l,3-dithiane (A) (DITHAN.4Cl) 

and 2,2-bis-(trimethylstannyl)-l,3-dithiane (J) (DIT2SN.3dl). 

Details concerning the instrumentation or analysis of this data 

can be found in Chapter 7. 

211 



THE INPUT FILENAME IS --) DITlWl.4Cl 

DIITA TITLE. DITHANE 
ADDITIONAl, COIiHENTS. 

________________________________________________________________________ 0 _____ - __________________ _ 

• 
0$ 

$ 
$$ 
$ 
$ 

l 
$:1 $ 
0;1 0 

$ l 
;I 
$ 
l 

$;1 $ 
*S$ 0 00 

S$ $ 0 O. 
$ 3$$ $ $$ 

$·333· $$$ 
$$ 3 $ $ $ $ 
$ 3 $0 $ $1 0$ 

0$* 3 • ;1;1 $ 1 
0$ 3 3$ SIS 
$ 3 $ 2 $0 0 

OS$O 3 • $ S $ 
$$ 3 $ 0 $ 
$0 3 3 ;I $ $* $ 

$$ 3 $ $ $ 
$ 3 ;I l $ $ 
$ J $ $ 0.1 1 

$ 3 $ $ $ $ 
$ 3 $ $ 1 

$ 3 3$ • $ 
*$ 3 2 $ $1 $ 
$ 3 $ $ 2*$ 
$ 4 2 $$ $ 

$* 44443 $ $ $1 
$ 4 43 3$ $ $ 

$*4.. * 1 1 
$ $41 34 $ $ 1 $ 
$$ $*4 3 4 5 *;1 21 1 
5$$ $$4 3 .. $ $ 1 $ 
55$$ $44 3 44 3 *$ 1 * 

55$$ 0$ 4 3 4 $ .$ 1 $* 
5*$$ "$$4 3.. 55 *$2 12 $ 

5 $$$$ 44 3.. 3$ .0$ 11 $ 
5 4 3.. $$ eo $ 1 l $* 
55.. 33 .. 3$ ... $2 1 IS 

' 

.... ,55411111133 ....... ,44 3$$ * * .... * $2 11 2 $* 
44555 333 1'44""""'33'$$$$$$$$$$$$$$$$$$$$$$$$2,""111""2' 1$$*' 

212 

444444333555555555555555555555555555555555555555555555555555555555555555555555555555555555555$$$$$$$$ 
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INITIAL BINDING ENERGY 
TOTAL NUMBER OF DATA POINTS 
MAXIMUM COUNTS ABOVE HINWl1M -

1~.OOOOO FINAL BiOOlIlG Ii:NERGY -
301 DELTA ENERGY 

3136 CONSTANT ADJUS'n<IENT -

7.77770 
0.0140743 

11 

••• •••• • ••••••• PEAK PIT PARAMETERS· ••• ••• •• ···_·. 

NOTE: MEANS TIlE PARAMETER IS ON AN UPPER OR LOWER BOUND. "B" 
"I'" 
MNN M 

MEANS THE PARAMETER !S FIXED AND NOT OPTIMIZED IN FITTING. 
MEANS TIllS PARJIHETER IS CONS'rnAINED TO VARY IN CONSTANT 
RELATIOIl TO PARAMETER INDEXED NN. 

BASELINE VALUE ON HIGH END, ON LOW END 
13:1.61345 I' 16.61345 F 

AHPLITlJDE POSITION WIDTH HIGH WIDTH 

PEAK 1 ~036. 93 0.43333 0.51685 0.~7054 

PEAK ~ :nO:l.22 0.07980 0.36246 0.1~456 

PEAK 3 ~06J.53 10.79968 0.55368 0.35617 

PEAK 4 920.51 11.21355 0.55368 11 0.35617 

PEAK 5 771.77 12.~0000 F 0.40000 I' 0.57758 

••••• e •••• **.OINTEGRATED PEAK AREAS •• • •••••• o.o •• 

(POSITION) 
PEAK 1 ( 8.4333) 1.0000 1.2311 0.8629 1.9344 2.1474 
PEAK 2 ( 8.8798) 0.0123 1.0000 0.7010 1.5713 1.7443 
PEAK 3 ( 10.7997) 1.1588 1. 4 266 1.0000 2.2417 :1.4885 
PEAK 4 ( 11.2136) 0.5169 0.6364 0.4461 1.0000 1.1101 
PEAK 5 ( 1:1.~OOO) 0.4657 0.5733 0.4018 0.9008 1.0000 

.·····.··WEIGHTING CONDITIONS OF Tlffi FIT·.·· •••• 

THE CONTRIBUTION OF EACH DATA POINT TO THE FIT IS WEIGHTED ACCORDING TO 
THE VALUE OF THE DATA POINT RAISED TO THE 1 POWER. 

E.G. : WEIGHT(DATA POINT) - VALUE(DATA POIN'r)"KWTS, WHERE KIlTS -

**···············**CONSTRAINTS·****····**········ 
PEAK 4 WIDTH IIIGI! IS EQUAL TO PEAK 3 WIDTH I!IGII TIIffiS 

PEAK 4 WIDTII LOW IS EQUAL TO PEAK 3 WIDTII LOW 'l'lIffiS 

1.00000 

1.00000 

DATA lIAS BEEN SHOOTIlED O. TIMES. 
TOTAL COLLECT TIME IS: 2.800 SECONDS. 

HOTE: TilE HINIHUH COUNTS TO THE DATA IS 11.00000 
THE CONSTANT SUBTRACTED FROH EACH DATA VALUE IS 
THE DATA IS LISTED CONSECUTIVELY IN X,Y PAIRS 

12.00000 
11.94370 
11. 68741 
11. 83111 

721. 
576. 
435. 
374. 

11.98593 
11. 92963 
11.67333 
11.01703 

694. 
565. 
115. 
392. 

11. 97185 
11. 91555 
11. 85926 
11.00296 

661. 
501. 
110. 
306. 

0.00000 

11.95770 
11.90148 
11.84510 
11. 78089 

573. 
507. 
412. 
380. 

LOW 

1~ 

1 

AVG WIDTI! 

0.39770 

0.~4351 

0.45493 

0.45493 

0.48879 
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11.17481 371- 11.76074 354. 11.74666 345. 11. 73~59 343. 
11.71851 366. 11.70444 340. 11. 69036 353. 11.676H 353. 
11. 66222 370. 11.64814 369. 11. 63407 399. 11. 61999 368. 
11.60592 439. 11.59164 459. 11.57777 433. 11.56370 480. 
11. 5496~ 484. 11.53555 496. 11.5~147 549. 11.50740 550. 
11.493n 551. 11.47925 603. 11.46517 657. 11. 45110 786. 
11.43703 176. 11.42295 762. 11.40068 839. 11.39480 846. 
11.38073 902. 11.36665 966. 11.35258 1057. 11.33851 1115. 
11.32443 1127. 11.31036 1055. 11.29626 1:101. 11.26221 1:118. 
11.26813 1:176. 11. 25406 1339. 11. :13999 1369. 11. :12591 1440. 
11.:11184 1476. 11.19776 1564. 11.16369 1620. 11.16961 1539. 
11.15554 1654. 11.14147 1659. 11.12739 1639. 11.11332 1640. 
11. 09924 1779. 11.06517 1752. 11.07109 1656. 11.05702 1610. 
11.04294 1854. 11.02867 1799. 11.01480 1051. 11.00072 1696. 
10.96665 1633. 10.97257 1936. 10.95650 :1013. 10.94442 1976. 
10.93035 2049. 10.91626 2034. 10.90220 :1051. 10.66613 :1160. 
10.67405 :ll~7. 10.65996 ~174. 10.64590 :I~30. 10.63163 ~~09. 

10.61776 :1164. 10.80366 :1216. 10.76961 ~062. 10.17553 2092. 
10.76146 :1217. 10.74736 :1007. 10.73331 1969. 10.71924 1024. 
10.70516 1866. 10.69109 1655. 10.67701 156~. 10.66294 . 1454. 
10.64006 1399. 10.63479 1316. 10.62072 1145. 10.60664 1009. 
10.59257 671. 10.57049 754. 10.56442 717. 10.55034 632. 
10.53627 561- 10.52219 453. 10.50612 363. 10.49405 309. 
10.47997 271- 10.46590 199. 10.45162 173. 10.43175 157. 
10.42367 1~0. 10.40960 149. 10.39552 115. 10.36145 106. 
10.36736 113. 10.35330 n2. 10.33923 114. 10.32515 103. 
10.31106 104. 10.29700 92. 10.~0293 106. 10.~6086 97. 
10.25478 113. 10.24071 98. 10.22663 99. 10.21256 95. 
10.19646 102. 10.10441 99. 10.17034 61. 10.15626 62. 
10.14219 71- 10.12811 66. 10.11404 72. 10.09996 8l. 
10.06509 69. 10.07182 07. 10.05774 81. 10.04367 5l. 
10.02959 71- 10.0155:1 85. 10.00144 67. 9.98737 73. 

9.97330 74. 9.95922 74. 9.94515 70. 9.93107 72. 
9.91700 71- 9.90292 75. 9.88865 71. 9.67477 89. 
9.86070 86. 9.84663 60. 9.03255 93. 9.81840 93. 
9.80HO 73. 9.79033 71. 9.77625 68. 9.76210 Ol. 
9.74811 84. 9.73403 05. 9.71996 79. 9.70588 104. 
9.69101 17. 9.67773 01. 9.66366 08. 9.649!>9 90. 
9.63551 71- 9.62144 110. 9.60736 107. 9.59329 113. 
9.57921 97. 9.56514 129. 9.55106 115. 9.53699 105. 
9.52292 129. 9.50884 139. 9.49477 149. 9.48069 140. 
9.46662 133. 9.45254 147. 9.43847 144. 9.42440 100. 
9.41032 182. 9.39625 206. 9.38217 210. 9.36810 207. 
9.35402 206. 9.33995 230. 9.32580 245. 9.31180 264. 
9.29773 250. 9.28365 310. 9.26950 309. 9.25550 350. 
9.24143 300. 9.22736 367. 9.21326 456. 9.19921 512. 
9.16513 506. 9.17106 576. 9.15698 653. 9.14291 704. 
9.12003 680. 9.11476 915. 9.10069 946. 9.00661 1156. 
9.07254 1305. 9.05646 1385. 9.04439 1595. 9.03031 1746. 
9.01624 1943. 9.00217 2155. 8.96809 2226. 0.97402 2339. 
6.95994 2486. 8.94507 2561. 6.93179 2614. 8.91772 2819. 
8.90365 3017. 8.68957 3064. 6.87550 3147. 8.86142 2070. 
8.84735 2570. 0.83327 2245. 6.81920 1852. 8.60513 1494. 
0.79105 1305. 6.77698 1062. 0.76290 970. 8.74863 1021. 
0.73475 1023. 6.72066 1006. 8.70660 1006. 6.69253 1047. 
6.67846 1160. 8.66438 1294. 8.65031 1302. 0.63623 1315. 
8.62216 1359. 8.60800 1397. 0.59401 1497. 0.57994 1509. 
6.56566 1623. 0.55179 1735. 0.53771 1805. 6.52364 1891. 
0.50956 1964. 0.49549 2021. 8.48141 2175. 6.46734 2116. 
6.45327 2175. 8.43919 2136. 6.42512 :H16. 6.41104 1921. 
6.39697 1966. 6.38209 1690. 0.36602 1742. 8.35475 1687. 
0.34067 1494. 6.32660 1345. 8.31252 1194. 0.29045 1105. 
8.20437 950. 8.27030 630. 8.25623 720. 6.24215 605. 
0.22000 529. 8.21400 440. 8.19993 375. 8.18585 203. 
6.17170 260. 6.15771 193. 8.14363 183. 8.12956 131. 
6.11546 105. 6.10141 94. 8.08733 70. 8.07326 90. 
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8.05919 53. 11.04511 46. 8.03104 49. 0.01696 36. 
0.00289 35. 7.98881 28. 7.97474 43. 7.96066 24. 
7.94659 29. 7.93252 30. 7.91844 31- 7.90437 27. 
7.89029 2l. 7.87622 24. 7.86214 :11. 7.84807 24. 
7.83400 2l. 1.81992 23. 1.00505 11. 7.79117 11. 
1.17770 19. 
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DATA TITLE, 
ADDITJONAL COMMENTS. 
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0 ____________________________________________________________ _ 

!* ·S 
*S* 
Iss 
9 ft S * 
9 $ •••• -.-

9$* * *$SSSS$SS* 
9 $ $S* $. * S$ 

9$ $*$ $" S 
9$* $ $ $ .. $ 
9 $ $$$ $ $ *S* *$ 

9$ *S*$ $ $ $S 44$* $S 
9$ *S*$$ $ *S $ 441$ *SS 
9S $* *S *$ $ S $ 44 44$ S*S* 
9 $ $ $* *$$$ * $ $$ 4 4$ $ $ 

9$ $$ $S $ $ S $ S "4$* $ $ 
9$ $* $S$ $ $ $ *$ 4 4$ $ 
9$$ $ *.* $ $ $*$* 4 44$ *$ $ 
9 $ $ 7 $ $ 6 $$$ 4 4$ $* $ 

9$ $ 777$ $666 * 44 4$ $22 $ 
9$$ *$ 6 7 7$ $ 6 6 4 $ $2 2 $ 
9 $ *$ 86 7 7$ $ 6 6 4 4 $ * $2 2 $ .* 
99$ $ 686 7 7$ $ 6 6 4" $ *. *2 2 $$ *$$S 

9S$**$ 0 0 7 7 $ $6 555 4 4S *$$$ $ 2 $ *$$*$ 
9 $$$* 0 6 7 7$ *$6 6 55 554 4*S**$**S* .$2 $$$$11$$ 
9 $$ 6 7 7$ $ 6 6 5 5 4 4 $$$$ $ $2 2 *$*1 1$ 
99 ** 0 8 7 $$$ 6 6 5 5 4 4 *SS 333$ *2 2 *11 $ 

9 0 8 7 7 $$ 6 5 55 "* 3 3$ $2 2 1 1$ 
9 8 8 7 7 * 6 6 5 5 3 $ $ 1 1$ 
9 8 0 7 7 6 6 5 5 4 3 3$ $ 2 1 $ 

9 0 7 6 55 5 4 3 3$ S2 2 1 $* 
9 0 87 7 6 65 4 5 4 3 $ 1 1$ 
9 0 87 7 6 65 4 5 4 3 S $2 21 $ 
99 0 87 6 55 4 5 4 3 3$ $2 21 $ 

9 8 7 7 6 6 4 5 " 3 3$ $ 11 $$ 
9 0 78 7 6 6 4 5 43 3$ $ 2 1$ 
9 8 78 7 6 5 6 4 5 43 $ $2 2 $ 

98 78 6 5 4 5 43 3$ $2 11 $ 
9 78 7 5 6 4 5 43 3$ $2 12 1$ 
99 7 7 5 6 4 5 34 3$ *$ 1 2 1$ 
89 7 8 7 5 6 4 5 34 $$ $2 1 2 $ 
899 7 8 7 5 6 4 5 34 3$*$2 1 2 1$ 

8 9 77 8 67 5 6 4 55 3 44 3$$$2 11 2 1$* 
8 99 7 8 6 7 55 6 44 5 3 4 33 2 1 2 $$ 

, 

... 11 .. 8 611 9 7 8 6 7 55 6 4 5 33 4 3 2 11 2 1 $ 
8 1'977",,0"'66'7'5"""64' 5 3 44 3 2 1 2 $$* 

88 99 6 6 775 46,1, •• "",55',331.,14""'" 3 1 2 1$$ * 
68 7 99 88 66 557 4466 5533" 1233'11""""2"""""'1$$$$** 

---086----777---99999886555--774444---66---------3555-------444--221333---------222---------.111$$$$ 

••••• •••••• •••••• SPECTRUH LIMITS· •••••••••••••••• 



INITIAL BINDING ENERGY 1:2.10000 FINAL BINDING ENERGY - 6.59:265 
TOTAL HUMBER OF DATA POINTS 501 DELTA ENERGY 0.0110147 
MAXIMUM COUNTS ABOVE MINIMUM - :1158 CONSTANT ADJUSTKEHT -

******·.*.··.**PEAK FIT PARAMETERS-- •• _ ••••• _._.-

HOTE: "B" MEANS THE PARAMETER IS ON AN UPPER OR LOWER BOUND. 
"p" KEANS THE PARAMETER IS PIXED AND NOT OPTIMIZED IN FlTTIIIG. 
"NN" MEANS TillS PARAMETER IS CONSTRAIIIED TO VARY IN CONSTANT 

RELATION ro PARAMETER INDEXED NN. 

BASELINE YAWE ON HIGH END, ON LOW END 
:200.31709 P 41. 68291 P 

AMPLITUDE POSITIOH WIDTH HIGH WIDTH LOll 

PEAr: 1 1087.:2:2 7.47671 0.61:289 0.5:1496 

PEAK :I 1:186.71 7.96900 0.39663 0.31454 

PEAK 3 993.11 6.71944 0.50385 0.3965:2 

PEAK 4 161:2.53 9.33099 0.73065 0.50365 11 

PEAr:: 5 11:28.71 13 9.83303 0.73085 15 0.50385 11 

PEAr:: 6 1309.56 10.3:243:2 0.4:2769 0.3:2651 

PEAl: 7 1311. 03 10.63333 0.46:225 0.32737 

PEAr:: 8 1:217.9:2 11. 24053 0.48:2:25 :27 0.3:1737 :28 

PEAl: 9 1978.57 1:2.:10000 F 0.40000 P 0.90987 

··.**.·**** •• *INTEGRATED PEAK AREAS-._._._ •••••• -

(POSITION) 
PEAl: 1 ( 7.4168) 1. 0000 1.4231 1.4565 0.6541 0.9345 
PEAK :I ( 7.9690) 0.7027 1. 0000 1. 0234 0.4596 0.6566 
PEAK 3 ( 8.7194) 0.6866 0.9771 1.0000 0.4491 0.6416 
PEAK 4 ( 9.3310) 1. 5288 :2.1757 :2.2266 1.0000 1.4286 
PEAl: 5 ( 9.8330) 1. 0701 1. 5230 1.5586 0.7000 1.0000 
PEAK 6 ( 10.3:143) 0.7584 1. 0793 1.1046 0.4961 0.7087 
PEAK 7 ( 10.8333) 0.8150 1.1599 1.1871 0.5331 0.7616 
PEAK 8 ( 11.2405) 0.7571 1.0775 1.1028 0.4953 0.7075 
PEAK 9 ( 12.2000) 1.9900 :1.83:20 :2.8984 1.3017 1. 8596 

••••••••• WEIGHTING CONDITIONS OF THE PIT •• • ••••• 

THE CONTRIBUTION OP EACH DATA POINT TO THE FIT IS WEIGHTED ACCORDING TO 
THE VALUE OF THE DATA POINT RAISED TO THE 1 POWER. 

E.G. : WEIGHT(DATA POINT) - VALUE(DATA POINT)"~S, WHERE KIlTS -

*********·*·*******CONSTRAIHTS*···*******··****** 

PEAl( "WIDTH LOW IS EQUAL TO PEAl: 3 WIDTH HIGH TIMES 

PEAl( 5 AMPLITUDE IS EQUAL TO PEAK "AMPLITUDE TIMES 

PEAK 5 WIDTH HIGH IS EXlUAL TO PEAK 4 WIDTH HIGH TIMES 

1.00000 

0.70000 

1.00000 

1 

31 

AVG WIDTH 

0.59694 

0.35559 

0.45019 

0.61735 

0.61735 

0.37710 

0.40481 

0.40181 

0.65493 

1.3186 1.2270 
0.9265 0.8622 
0.9053 0.e424 
2.0159 1.8758 
1.4111 1. 3130 
1. 0000 0.9305 
1.0747 1.0000 
0.9984 0.9290 
:2.6240 :2.4417 

1. 3208 
0.9281 
0.9068 
:2.0191 
1.4134 
1.0016 
1.0764 
1.0000 
:2.6:183 

0.50:25 
0.3531 
0.3450 
0.768:2 
0.5378 
0.3811 
0.4096 
0.3805 
1. 0000 

N .... 
...J 
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PEAK 5 NIDTII LOl1 IS !::QUilL TO PEAX 3 IIIDTH HIGH TIMES 1.00000 

PEAK o WIDTH HIGH IS EQUAL TO PEAK 7 WIDTH HIGH TIllES 1.00000 

PEAK e WIDTH LOW IS EQUAL '1'0 PEAK 7 tlIDTH LOW TItlES 1.00000 

••••••• ** ••••••••••• e*DATA···o ••••••••••••••••••• 

DATA HAS BEEN SKJOTIIIID O. TIllES. 
'roTAL COLLECT TItlE IS. 6.900 SEeOHDS. 

t:OTE. THE HINIHUH COUNTS TO THE DATA IS 31.00000 
THE CONSTANT SUBTRACTIID PROll EACH DATA VAWE IS 0.00000 
THE DATA IS LISTED CONSECUTIVELY IN X. Y PAIRS 

1l.10000 2189. 12.08899 2029. 12.07797 2050. 12.06696 2088. 
12.05594 1927. 12.04493 1977. 12.03391 2007. 12.02290 1954. 

·12.01188 2002. 12.00067 1950. 11.96985 1901. 11.97884 1862. 
11.96702 1892. 11.95661 1643. 11.94579 1859. 11.93478 1767. 
11.92377 1722. 11.91275 1719. 11.90174 1626. 11. 89072 1729. 
11.87971 1626. 11.86869 1606. 11. 85768 1596. 11.84666 1504. 
11.83565 1419. 11.82463 1502. 11. 81362 1439. 11.80260 1365. 
11.79159 1:164. 11.78057 1273. 11.76956 1264. 11.75654 1161. 
11.14753 1220. 11. 73652 1221. 11.72550 1163. 11.71H9 1164. 
11.70347 1096. 11.69246 1090. 11.68144 1104. 11.67043 1063. 
11.65941 1129. 11. 64840 1070. 11.63738 1056. 11.62637 1110. 
11.61535 978. 11.60434 1009. 11.59332 1042. 11.58231 1042. 
11.57129 1000. 11.56028 1020. 11.54926 1027. 11. 53825 1126. 
11.52724 1066. 11.51622 1061. 11. 50521 1156. 11.49419 1174. 
11.46316 1213. 11.47216 1229. 11.46115 1229. 11. 45013 1186. 
11.43911 1260. 11.42610 1199. 11.41709 1302. 11. 40607 1321. 
11.39506 1316. 11.38404 1398. 11.37303 1364. 11.36202 1445. 
11.35100 1432. 11.33999 1627. 11. 32697 1506. 11.31796 1567. 
11.30694 1546. 11.29593 1563. 11.28491 1562. 11. 27390 1595. 
11. 26268 1656. 11.25187 1657. 11.24085 1642. 11.22964 1663. 
11. 21882 1590. 11.20781 1621. 11.19679 1667. 11.18578 1654. 
11.17477 1628. 11.16375 1656. 11.15274 1533. 11.14172 1640. 
11.13071 1599. 11.11969 1576. 11.10866 1556. 11. 09766 1565. 
11.06665 1464. 11. 07563 1516. 11.06462 1416. 11.05360 1360. 
11.04259 1463. 11.03157 1372. 11.02056 1370. 11 .00955 1393. 
10.99653 1363. 10.96752 1348. 10.97650 1369. 10.96549 1383. 
10.95447 1406. 10.94346 1403. 10.93244 1429. 10.92143 1486. 
10.91041 1492. 10.89940 1547. 10.88838 1506. 10.87737 1500. 
10.86635 1491. 10.85534 1531. 10.84432 1540. 10.83331 1537. 
10.82230 1545. 10.81128 1542. 10.80027 1507. 10.78925 1511. 
10.77024 1422. 10.76722 1466. 10.75621 U75. 10.74519 1322. 
10.7341B 1275. 10.72316 1219. 10.71215 .1. 1 • 10.70113 1187. 
10.69012 1100. 10.67910 1054. 10.66B09 1072 • 10.65707 1063. 
10.64606 1000. 10.63505 999. 10.62403 913. 10.61302 972. 
10.60200 924. 10.59099 936. 10.57997 943. 10.56B96 951. 
10.55794 976. 10.54693 1072. 10.53591 1072 • 10.52490 1082. 
10.51388 1121. 10.502B7 1119. 10.49185 1211. 10.40004 1240. 
10.46982 1270. 10.45881 136B. 10.44779 1343. 10.4367B 1430. 
10.42577 1465. 10.41475 1513. 10.40374 1595. 10.39272 1586. 
10.38171 1601. 10.37069 1652. 10.35966 1724. 10.346b6 1777. 
10.33765 1754. 10.32663 1800. 10.31562 1835. 10.30460 1806. 
10.29359 1805. 10.28257 1771. 10.27156 1821. 10.26055 1796. 
10.24953 1769. 10.23852 1819. 10.22750 1645. 10.21649 1610. 
10.20547 1565. 10.19446 1596. 10.18344 1586. 10.17243 1522. 
10.16141 1499. 10.15040 1497. 10.13930 1402. 10.12637 1418. 
10.11735 1379. 10.10634 1366. 10.09532 1343. 10.08431 1295. 
10.07330 1290. 10.06226 1352. 10.05127 1263. 10.04025 1346. 
10.02924 1327 . 10.01822 1404. 10.00721 1333. 9.99619 1380. 

9.98518 1358. 9.97416 1415. 9.96315 1357. 9.95213 1447. 
9.94112 1509. 9.93010 1495. 9.91909 1526. 9.90806 1552. 
9.89706 1565. 9.08605 1595. 9.07503 1677. 9.86402 1633. 
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9.05300 1659. 9.04199 1620. 9.03091 1696. 9.01996 1n3. 
9.00694 1606. 9.19193 1180. 9.10691 1156. 9.71590 1635. 
9.76480 1772. 9.15307 1662. 9.14285 1054. 9.73164 1734. 
9. n063 1691. 9.70981 1643. 9.69860 1656. 9.66770 1055. 
9.67677 1065. 9.66575 1093. 9.65474 1195. 9.64372 18~6. 

9.63271 1650. 9.62169 1065. 9.61068 1659. 9.59966 1635. 
9.58865 18n. 9.57763 1931. 9.56662 1659. 9.55560 1942. 
9.54459 1155. 9.53356 1087. 9.52256 1901. 9.51155 1869. 
9.50053 1041. 9.48952 1069. 9.47850 1818. 9.46749 1655. 
9.45647 119l. 9.44546 1794. 9.43444 1884. 9.42343 1869. 
9.41241 1673. 9.40140 lOn. 9.39038 166l. 9.31931 1644. 
9.36035 1630. 9.35734 1659. 9.346n 1651. 9.33531 1829. 
9.32430 1803. 9.31326 1757. 9.30227 1177. 9.29125 1837. 
9.26024 1665. 9.26922 1677. 9.25621 1694. 9.24119 1694. 
9.:n616 157!. 9.22516 1617. 9.21415 1634. 9.20313 1632. 
9.19212 1500. 9.10110 1483. 9.11009 1505. 9.15906 1450. 
9.14006 1465. 9.13705 1350. 9.12603 1316. 9.11502 1303. 
9.10400 1291. 9.09299 1174. 9.06191 1108. 9.07096 1135. 
9.05994 1080. 9.04893 1090. 9.03791 1029. 9.02690 1049. 
9.01588 901. 9.00481 929. 0.99365 943. 6.96264 969. 
0.97103 962. 0.96081 1012. 0.94900 1055. 0.93878 974. 
6.92777 977. 8.91615 1049. 0.90574 960. 8.09472 1066. 
8.88371 1013. 8.07269 1065. 6.66166 1077. 8.85066 1100. 
0.63965 1059. 8.82663 11n. 8.81162 1006. 0.60661 1100. 
8.79559 1105. 8.76456 1090. 0.77356 1157. 0.76255 1102. 
6.75153 1160. 6.14052 1089. 6.72950 1192. 0.11049 1076. 
0.70741 1110. 6.69646 1081. 6.68544 1059. 0.67443 1069. 
0.66341 1068. 6.65240 105l. 6.64136 979. 0.63031 999. 
0.61936 939. 0.60634 931. 6.59133 661. 6.58631 641. 
6.57530 160. 8.56426 760. 6.55327 691. 6.54225 666. 
8.53124 606. 0.52022 564. 6.50921 506. 8.49619 501. 
0.46716 466. 6.41616 466. 0.46515 406. 0.45413 423. 
0.44312 373. 0.43211 359. 0.42109 353. 0.41006 372. 
0.39906 303. 0.36605 323. 0.37703 350. 0.36602 345. 
8.35500 303. 0.34399 299. 6.33291 313. 6.32196 334. 
0.31094 356. 0.29993 375. 0.26691 396. 6.27790 434. 
0.26666 412. 8.25567 469. 6.24465 494. 6.23364 552. 
0.22283 531. 6.21101 606. 6.20060 626. 8.16976 684. 
6.17677 736. 6.16775 734. 6.15674 606. 0.14572 666. 
6.13471 960. 6.12369 989. 6.11268 1044 • 0.10166 110l. 
6.09065 1167. 8.07963 1277. 8.06862 1311. 6.05761 1359. 
0.04659 1326. 0.03556 1453. 0.02456 1542. 8.01355 1565. 
6.00253 1514 • 7.99152 1536. 7.96050 1591. 1.96949 1644. 
7.95647 1615. 1.94746 1624. 7.93644 1632. 7.92543 1607. 
7.91441 1564. 1.90340 1575. 7.89230 1553. 7.86137 1492. 
7.67036 1524. 7.65934 1433. 7.64633 1372. 7.63731 1351. 
7.62630 1345. 1.61526 1263. 7.60427 1202. 1.79325 1196. 
7.76224 1229. 7.77122 1131. 7.76021 1122. 7.74919 1143. 
1.73616 1092. 7.72716 1013. 7.71615 1079. 1.70513 1065. 
1.69412 985. 7.60311 963. 7.67209 1065. 1.66106 909. 
7.65006 1099. 7.63905 1030. 7.62803 1096. 7.61102 1048. 
1.60600 1151. 7.59499 1002. 7.58397 1103. 1.57296 1144. 
7.56194 1094. 7.55093 1123. 7.53991 1123. 7.52890 1166. 
7.51788 1101. 7.50607 1173. 7.49586 1192. 7.48484 1126. 
1.47303 1206. 7.46281 1002. 7.45180 1097. 7.44078 1209. 
7.42977 1132. 7.41875 1117. 7.40774 1092. 7.39672 1094. 
1.30571 1075. 1.37469 1048. 7.36366 1001. 1.35266 967. 
1.34165 933. 1.33064 933. 1.31962 907. 1.30861 94l. 
1.29759 603. 1.28656 600. 7.27556 818. 1.26455 761. 
7.25353 753. 7.24252 699. 1.23150 656. 7.22049 615. 
7.20947 640. 7.19046 553. 1.10744 536. 7.17643 466. 
7.16541 426. 1.15440 432. 7.14336 361. 7.13237 37l. 
7.1:2136 359. 7.11 034 331. 7.09933 306. 7.00031 262. 
7.07730 262. 7.06626 263. 7.05527 260. 1.04425 236. 
7.03324 185. 7.02222 168. 7.01121 176. 7.00019 164. 
6.90918 155. 6.97816 146. 6.95715 131. 6.95614 161. 
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6.9451:2 143. 6.93411 109. 6.92309 106. 6.91208 109. 
6.90106 112. 6.89005 75. 6.87903 91- 6.06802 76. 
6.85700 95. 6.84599 87. 6.83497 95. 6.02396 100. 
6.81294 60. 6.80193 79. 6.79091 73. 6.17990 82. 
6.76889 71. 6.75787 60. 6.74686 Sf. 6.73504 52. 
6.72403 57. 6.71381 49. 6.70280 56. 6.69178 SO. 
6.68077 49. 6.66975 55. 6.65874 59. 6.64772 43. 
6.63671 40. 6.62569 54. 6.61468 4:1. 6.60366 4:1. 
6.59:165 31. 



APPENDIX D 

OTHER a-STANNYL THIOETHERS 

In addition to the study of the 1,3-dithiane system, 

preliminary investigations into the synthesis and 

electrochemical behavior of other a-stannyl thioethers was 

begun. Specifically, the study of an acyclic system, bis

(thiomethyl) methane, and 1,3,5-trithiane. The synthesis of the 

stannyl analogues for the acyclic system have been reported 

previously. Electrochemical analysis of the parent bis

(thiomethyl)methane and its mono- and bis-stannyl analogues was 

performed. 53 While the electrochemical analysis of the parent 

compound was straight forward, overwhelming absorption 

difficulties were encountered for the mono- and bis-stannylated 

bis-(thiomethyl)methane compounds. This problem could not be 

overcome using a variety of methods for the trimethylstannyl

bis-(thiomethyllmethane, and no oxidation potential for this 

compound is reported. An oxidation potential for the bis

stannyl compound was eventually obtained after digitally 

subtracting a background spectrum from the spectrum of interest. 

Even so, the spectra is misshapen, and considerable question in 

regards to the accuracy of the reported oxidation potential 

exists. Representative spectra for the parent and bis-stannyl 

compounds are included in Appendix B. 
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The deprotonation of 1,3,5-trithiane and reaction of the 

generated carbanion with chlorotrimethylstannane has been 

shown54 to give the 2-trimethylstannyl-l,3,5-trithiane. In 

addition, it has been shown that deprotonation of the mono-silyl 

analog and reaction with chlorotrimethylsilane yields 

exclusively the 2,2-bis-(trimethylsilyl)-1,3,5-trithiane. 54 If 

similar reactivity patterns exist for the stannyl system as 

demonstrated in the silyl system, we envisioned a quick 

synthesis of the 2,2-bis-stannyl-l,3,5-trithiane, where we could 

continue our investigations. Following this methodology, we 

deprotonated the mono-stannyl-l,3,5-trithiane with LDA and 

reacted the carbanion with chlorotrimethystannane. To our 

surprise, this resulted in the isolation of cis-2,4-bis(tri

methylstannyl)-1,3,5-trithiane rather than the 2,2-bis-stannyl 

derivative. continuing along this vein, the addition of a third 

trimethylstannyl group similarly proceeds to give the cis-cis-

2,4,6-tris-(trimethylstannyl)-1,3,5-trithiane. Deprotonation of 

this compound was not attempted as similarities in the structure 

of this compound and cis-4,6-dimethyl-l,3-dithiane were marked, 

and it was anticipated that this molecule would pose similar 

deprotonation difficulties as those noted before. Alternate 

routes to the 2,2-bis-stannyl trithiane, such as the generation 

and trapping of a carbene were unsuccessful, due presumably to 

the presence of the additional sulfur atom. The electrochemical 

oxidation potential of the parent trithiane and its 2-mono-, 
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cis-2,4-bis-, and cis-cis-2,4,6-tris-stannyl derivatives are 

1.25, 0.68 (0.50 roM), 0.82 (0.33 roM), and 0.91 V, respectively 

(Cyclic voltammograms included in Appendix B). (Note: 

optimization of the reaction conditions, as well as complete 

characterization of the two new stannyl trithianes was not 

performed as axial-stannyl containing compounds were 

unavailable). 
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