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ABSTRACT 

The 119Sn and 13C nmr spectra of solutions of 

2,2-di-n-butyl-l,3,2-dioxastannolane (1) and a number of its symmetrical 

derivatives in non-polar solvents have been studied as functions of 

temperature and concentration. The species present for solutions of 1 

and of related derivatives of disecondary diols have been identified as 

dimers, trimers, tetramers and pentamers. The compositions of the 

mixtures of oligomers were found to be approximately the sane for all of 

these compounds at the same temperature and concentration. In contrast 

to earlier work, no evidence for the presence of monomers was obtained. 

Thermodynamic parameters for equilibration of the oligomers of 1 and 

another compound were calculated. The compositions of the oligomeric 

mixtures are extremely temperature dependent because of the large entropy 

terms. A derivative of a ditertiary diol, 2,2-di-n-butyl-

4,4,5,5-tetramethyl-l,3,2-dioxastannolane exists in non-polar solvents 

predominantly as a dimer over the temperature range studied, from -60 to 

+80°C. It undergoes exchange with a very small amount of monom.ar present 

in the solution. 

A number of di-n-butylstannylene acetals derived from carbohydrates 

have been studied in solution by Hi, 13G and 119Sn nmr spectroscopy. The 

oligomeric species present in solutions of these compounds have been 

identified. The particular oligomer or oligomers present has been found 

to be mainly determined by the orientations of the substituents on 

carbons in the pyranose ring adjacent to those in the stannylene ring. 

The regiochemistry of reactions of stannylene acetals was related to the 

species present in solution. The species present in solutions of 

stannylene acetals containing N-methylimidazole (NMI) were identified as 

dimer, dimer-NMI and monomer-NMI adducts. Evidence was presented as to 

which of the NMI adducts is responsible for the marked increase in 

reaction rate and the change in regioselectivity sometimes observed in 

the presence of nucleophiles. 
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1. INTRODUCTION 

1.1 Oligomerization equilibria of 2,2-di-n-butyl-l,3,2-

d i oxas t anno1anes 

1.1.1 General 

2I2-Di-n-butyl-l,3,2-dioxastannolane derivaties of simple 1,2-diols 

and of carbohydrate derived diols and polyols have attracted 

1-3 
considerable interest. They have been shown to be very useful 

intermediates for achieving selective reactions of diols or polyols. 

Reactions that result in monoacylation, monoalkylation or monooxidation 

of diols can be performed in high yield via an intermediate of this type 

and the reaction is also often regiospecific or highly regioselective. 

As a result, reactions involving these and the related tri-n-

butylstannyl ether intermediates have become part of the standard armory 

of methods employed when blocking groups are required for diols or 

1 
polyols. In addition, extremely useful ion carrier intermediates such 

as macrocyclic tetralactones can be selectively prepared from 2,2-di-n-

4 5 
butyl-5,3,2-dioxastannolanes and diacyl dihalides (Shanzer reaction). ' 

These two reactions were introduced ' in 1974 and 1981, and already 

three reviews have appeared citing over 200 references to their use. 

The source of the regio- and stereoselectivity has been related to the 

associated structures assumed by the tin-containing derivatives although 

the precise cause has not been clearly identified. Further, in recent 

years it was demonstrated that these intermediates can be used for 

7 
enantiomeric purity determination of 1,2-diols and for optical 

enrichment of 1,2-diols. 

These tin-containing compounds, which are formally analogous to 

1 



2 

normal acetals, are easily prepared by refluxing mixtures of 1,2-diols 

1 
with equivalent quantities of polymeric di-n-butyltin oxide in benzene 

or tolusne and azeotropically removing water. 

n 

-OH 

•OH 

[(Bu)2SnO]n 
*. n 

Benzene 
Sn + nH20 

Figure 1.1 

The same class of compounds may also be prepared at fairly high 

g 
dilutions in refluxing methanol , Their formation is practically 

quantitative, and more extensive purification is seldom, if ever needed. 

Several confusing methods of nomenclature have been used in the 

literature for this class of compounds such as stannylenes , 

8 9 10 
stannoxanes , stannoxacycloalkanes , 1,3,2-dioxastannolanes , 

in 11 
stannolidine ' and dibutyltln glycolates . Therefore, it was necessary 

12 
to determine the proper nomenclature using the accepted rules as 

outlined by the IUPAC Committee on Nomenclature. This class of 

derivatives can be regarded as heterocyclic compounds and according to 

12 
the rule B-l , the most appropriate way of naming them is as 1,3,2-

dioxastannolane derivatives or for the compounds described herein, as 

2,2-di-n-butyl-l,3,2-dioxastannolane derivatives. This method has been 

used throughout the text except for the derivatives of carbohydrate 

derived diols which will be termed as stannylenes or stannylene acetals 
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(see Sections 1.2, 1.3, 2.2 and 2.3). 

These intermediates often give highly regioselective reactions but 

quite often reactions are not regioselective. Theories had been 

advanced as to the cause of the regioselectivity but convincing evidence 

as to their correctness was lacking. It was considered important to 

determine the precise cause of the regioselectivity in the reaction in 

order to determine when this methodology could be usefully applied In 

synthetic organic chemistry. In order to understand the reactivity of 

these widely used intermediates, it is necessary to fully define the 

species that are present in solution and to determine the factors that 

influence their equilibria. 

119 
Sn nmr spectroscopy has proven to be a powerful technique for 

13 
obtaining information about the coordination status of tin atoms. It 

10 14—16 
has been observed ' that tin nuclear shielding increases by >100 

ppm per unit increase in coordination number. For instance, the 

119 
observation of signals in the Sn nmr spectra with chemical shifts in 

the range 0 to -34 ppm for solutions of open chain analogues of 1,3,2-

dioxastannolane, dialkyltin di-t-butoxides were assigned to 

14 15 
tetracoordinate tin ' , whereas the signals in the ranges -125 to -135 

and -260 to -285 ppm for solutions of 2,2-di-n-butyl-l,3,2-

dloxastannolane were assigned to pentacoordinate and hexacoordinate tin 

atoms respectively. These very large increases in shielding are still 

not clearly understood and are difficult to rationalize merely in terms 

15 17 
of increased electron density on tin atom. However, it is believed ' 

that they may be due to a reduction in the paramagnetic component of the 

shielding (or ). This component is affected both by the changes in bond 

order and in symmetry of the electron distribution among the tin 5p_ and 

5d orbitals that occur on increased coordination, and by the reduction 
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In effective nuclear charge which leads to a radial expansion of the tin 

valence orbitals, thus decreasing rĵ  via <r > terms. 

1.1.2 Equilibria of non-cyclic dialkyltin dialkoxides 

Acyclic analogs of 1,3,2-dioxastannolanes, dialkyltin dialkoxides 

(such as (C.H ) Sn(OR) , R = OL,, C IL, etc. ) have been shown by means 

119 
of Sn nmr chemical shifts from spectra recorded at or above ambient 

temperature to exist in non-polar solutions as rapidly equilibrating 

mixtures of monomeric and dimeric forms (Figure 1.2). Straight chain 

119 primary dialkoxides are thought to exist chiefly as dimers with Sn 

nmr chemical shifts of -125 to -165 ppm, while the di-t-butoxy 

derivatives exist as monomers with shifts of 0 to -34 ppm, depending on 

conditions. Di-n-butyl- or dimethyl-tin diisopropoxides or other 

secondary or large primary dialkoxides are present as mixtures in non-

polar solvents whose compositions change to favour the monomer on 

increasing temperature or dilution ' 

BJ 

Bu 

Sn.. 

OR 

B U / ^ S n — O 

. / 

/ 

0 — S n : >iw^ 
L#\Bu 

Bu 

OR 

Monomer Dimer 

Figure 1.2 
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1.1.3 Literature results on the structure and oligomerization 

equilibria of 2,2-di-n-butyl-l,3,2-dioxastannolane in 

solution 

18 
In the first study of this type of compound, Considine reported 

that the reaction between polymeric dibutyltin oxide and ethylene glycol 

yields a solid product (1, m.p. 223-226.5 C) which, on recrystallization 

from benzene, showed a molecular weight (determined by ebullioscopic 

measurements) of 586 g mol (calc. 293 g mol ) and showed no OH 

absorptions in the infrared (IR) spectrum in CHC1 or CS„ solution. 

From these observations, it was inferred that the product was in fact, a 

ten-membered heterocycle (A) with a distorted tetrahedral (four-

g 
coordinate) environment around the metal atom. Pommier and Valade 

obtained the H nmr spectrum of 1 in dilute cyclohexane or CC1 solution 

and noted that the sharp resonance of the protons on the carbon atom 

next to the oxygen (3,33 ppm with respect to Me.Si) was indicative of 

the same cyclic structure A (Figure 1.3) as that suggested by 

Considine . 

0 

Bun.,,.,. 
Bu^» Sn 0 

O Sn^, B u 

Figure 1.3 
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Mehrotra and Gupta determined the molecular weights of 1 in 

benzene and in pyridine using a semimicro-ebulliometer. They obtained 

-1 -1 

an average value of 967 g mol in benzene and 667 g mol in pyridine. 

Thus, they suggested that equilibria of the following type are present, 

although molecular weight obtained was higher than that of the dimer. 

1 « * A 1.1 

In a donor solvent like pyridine, the equilibrium appeared to be shifted 

to the left to some extent. 

14 1 119 

Smith et al . , making use of a 60 MHz H nmr (22.37 MHz Sn 

frequency) spectrometer, observed that the tin resonances in saturated 

solutions of the 1,3,2-dioxastannolanes in chloroform-d were shifted 

upfield by 155-189 ppm relative to tetramethyltin and concluded from 
119 

these data, as well as from Sn Mossbauer parameters, that the local 
environment about the metal atom was in fact pentacoordinate with 

structure B (Figure 1.4). 

Bui 
B u ^ * Sn 0 

P S n ^ B u 

0 

v R 

X! 
X/iX /f\„/ 

B 

Figure 1.4 
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They also observed a high field shift (-213 to -233 ppm) for 

saturated solutions of cyclic alkoxytin derivatives derived from 1,3-

diols. From this observation, they suggested that for the dialkyl 

cyclic dialkoxytin derivatives in saturated solution, higher oligomers 

of the type C (Figure 1.4) containing six-coordinate tin atom(s) could 

also be present. 

14 
The oxygen-bridged dimeric structure (B) proposed is similar to 

119 
that inferred for the acyclic dimeric dialkoxides on the basis of Sn 

nmr chemical shifts. However, there is a striking discrepancy between 

1 13 
the H and C nmr spectra and dimeric structure B. On the basis of 

1 13 
pure symmetry considerations, the H ani C nmr spectra for structure B 

should reflect the magnetic non-equivalence of the adjacent methylenes; 

1 13 
in fact, these groups appear as singlets in H and C nmr spectra. The 

1 
H nmr spectrum of B should contain an AA'BB' pattern while proton 

13 
de joupled C nmr spectra should contain two different resonances. 

10 
In order to understand these inconsistencies, Roelens and Taddei 

1 13 119 
made use of variable temperature H, C and Sn nmr spectroscopy, 

1 
employing chloroform-d as solvent. In the H nmr spectrum at room 

temperature, they also observed a single sharp resonance for the ring 

methylene groups at 3.611 ppm. At 0.063 ppm further downfield in dilute 

samples was a smaller singlet, that increased in intensity on dilution. 

This signal was assigned to the methylene protons of the monomeric 

structure 1 of 2,2-di-n-butyl-l,3,2-dioxastannolane. The signals are 

somewhat broad and together with the observation of two separated lines, 

they concluded that dissociation into monomeric structure 1 was slow on 

1 
the H nmr time scale. 

slow 
1 < B 1.2 
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13 From the C nmr spectra, they obtained basically the same information. 

119 The Sn nmr spectrum showed a single band at a chemical shift in the 

range for pentacoordinate tin, but at the upper limits of the range. 

The signal in spectra of samples with increased concentration had a 

119 
further upfield shift. Because tha Sn nmr chemical shift of these 

samples was approaching the six-coordinate tin range, it was concluded 

that the signal must be an average resonance arising from a fast 

exchange between five- and six-coordinate tin in the system, i.e. fast 

equilibria between dimeric 1,3,2-dioxastannolane and higher oligomers 

with an observed chemical shift that depended on the relative mole 

fractions of the various oligomers. 

119 In variable temperature Sn nmr spectra, lowering the 

temperature induced first, a low frequency shift and line broadening 

caused by association, then a separation into two sets of signals in the 

typical ranges of penta- and hexacoordinate tin. Further cooling (a 0.2 

M solution was used to avoid precipitation) gave rise, at the lowest 

temperatures obtainable, to splitting of the pentacoordinate tin signal, 

the hexacoordinate tin being already present in two bands. From these 

observations, Roelens and Taddei concluded that intermolecular exchanges 

between dimeric and oligomeric 1,3,2-dioxastannolanes, which are fast at 

10 room temperature or above, slows as the temperature is lowered. 

fast fast fast 
Dimer~ "~ Trimer^ "̂  Oligomer ̂  * Polymer 1.3 

13 
From the C variable-temperature nmr experiments they found that 

the effect was evident on ring methylene and on butyl methylene carbons 

in the position X, to the tin atom. Both these signals, singlets at room 

temperature, broadened with cooling to a coalescence point. For the 

CHgO moiety, whose chemical shift moved upfield with decreasing 
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temperature reflecting increasing association, coalescence occurred at 

about the lowest temperature accessible, so that no further information 

could be gained. The signal of the oi-methylene of the butyl group 

o 
broadened then split at ca. -40 C into two signals. With these data, 

Roelens and Taddei inferred that an exchange process responsible for the 

apparent averaging of the two different ring methylene signals and the 

averaging of the two butyl groups is slowing down with decreasing 

10 
temperature. Further, they noted that, with increasing dilution, the 

119 
Sn nmr resonance broadens instead of narrows, as if It resulted from 

VI V 

averaging of the sharp (for Sn ) and broad (for Sn ) lines. These 

observations and the low temperature splitting of the pentacoordinate 

tin signal led them to conclude that some kind of intramolecular fast 

tin exchange involves in the dimer only. Thus, they proposed an 

intramolecular dissociat ion-inversion mechanism as described in Figure 

1.5. 
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Bu 
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î _ ^O—S«v**Bu 

Bu 

BU 
1 *Bu 

Bu ^ \ 
BU 

K 
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Bu 

\ 
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qA v 

B u Bu 
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Figure 1.5 Intramolecular dissociation-inversion mechanism 

The fluxional character of the dimer is thus consistent with 

scrambling of CH„0 and butyl moieties, through symmetrical intermediates 

D and E. The pentacoordinate tin in crystalline substituted stannylene 

20 21 
derivatives is a distorted trigonal bipyramid ' ; three oxygen atoms 

can occupy two axial and one equatorial positions or vice-versa and the 

two isomers racemize by fast tin inversion by the mechanism. Thus, the 

two different pentacoordinate tin signals coalesce to one at room 

13 
temperature. The splitting of the C nmr signals corresponding for 

CH„0 moieties and oC-methylene moieties of the butyl groups in the low 

13 
temperature C nmr spectra also support this interpretation. This 

intramolecular mechanism and the interpretation of the nmr spectra 
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with respect to this proposed mechanism will be shown to be totally 

incorrect (section 2.1). 

1.1.4 Literature results on oligomerization equilibria of 

substituted 2,2-di-n-butyl-l,3,2-dloxastannolanes 

8 1 

Shanzer et al_. have examined the H nmr resonances at room 

temperature of a number of dibutyl-l,3,2-dioxastannolanes in chloroform-

d solutions at different concentrations using a high-field spectrometer 

(270 MHz). The experimental results for the 2,2-di-n-butyl-l,3,2-

dioxastannolanes (2a, 2ab) derived from optically active and racemic 

propane-1,2-diol are shown in Table 1.1. 
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Table 1.1 H nmr data for 1,3,2-dioxastannolanes 2a and 2ab 

H2 

CJVV-0 \ 
Sn(CH2CH2cH2CH3)2 

H-7 rf /3 V S 

H1 

(a) Spectra for 0.20 M solutions in CDC1-

Chemical shift , S 

1,3,2-Dioxa- 1,3,2-Dioxa-
stannolane 2ab stannolane 2a 

Associate Monomer Associate Monomer 

3.706b 3.719b 

3.000 3.014 

1.118 1.134 1.138 1.154 

1.637 1.628 

1.297 1.300 

1.386 1.387 

0.918 0.946 0.919 0.948 

(b) Effect of dilution 

Proton Chemical shift , 8 

1,3,2-Dioxastannolane 2ab 1,3,2-Dioxastannolane 2a 
0.200 M 0.050 M 0.010 M 0.200 M 0.050 M 0.010 M 

Proton 

1 2 
or+cH 
CH1 

CHCH3 

*-CH2 

/*-C H2 

T-CH2 

8-CH3 

M u l t i p l i c i t y 

( J , Hz) 

m 

t ( 9 . 5 ) 

d(6) 

m 

m 

m 

t ( 7 ) 

CHCH3 

Associa te 

Monomer 

CH3 

Associa te 

Monomer 

R a t i o 0 

1.118 

1.134 

0.918 

0.946 

8.1 

1.123 

1.159 

0.921 

0.948 

2 .2 

1.127 

1.172 

0.921 

0.947 

0.44 

1.138 

1.154 

0.919 

0.948 

5.6 

1.123 

1.158 

0.920 

0.947 

3.0 

1.127 

1.171 

0.921 

0.948 

0.60 
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a b 

Chemical shifts are relative to TMS. The lines shapes of the two 

multiplets are different indicating that the spectral parameters 

involved are different. Associate/monomer from CHCHL signals. 

From the experimental results in Table 1.1, they observed the 

following points, (i) The chemical shifts and nmr patterns are 

different for the racemic (2ab) and the optically active (2a) samples. 

The most pronounced chemical shift differences between the racemic (2ab) 

and optically pure (2a) samples are observed for the protons that are 

nearest to the chiral center, (ii) The methyl protons of the 

propanediol and methyl protons of the butyl residues give rise to two 

clearly distinguishable signals in both the racemic (2ab) and the 

optically active (2a) samples; the relative intensities of these signals 

change gradually upon dilution in favour of the lower field signals in 

both samples. The change of the slope is higher for the racemic (2ab) 

than for the optically active (2a) sample, (iii) The chemical shifts 

for both species, the monomer and the associate, are dependent on the 

concentration. At high concentration (0.20 M), the chemical shifts for 

the racemic and optically active samples are different, while at low 

concentration (0.01 M) they become identical. 

From the occurrence of two distinct sets of signals for both the 

racemic and optically active samples and their intensity change upon 

dilution, they concluded, in agreement with the conclusion drawn by 

10 
Roelens and Taddei , that both the racemic and optically active 

derivatives form molecular complexes which dissociate into their 

components upon dilution and that their exchange rate is slow. 
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Moreover, the pronounced chemical shift differences observed for the 

protons near the chiral center indicate that these are most affected by 

association. Further, since the nitr' patterns of the two samples at high 

concentration are different, and since In the optically pure sample only 

chiral complexes (components having the same configuration) can be 

formed, they concluded that in the racemic mixture meso complexes 

(components having opposite configuration) are present. Because the 

chemical shifts of both the associates and the monomeric species change 

upon dilution, they concluded that an additional fast equilibrium is 

superimposed on the first, slow equilibrium between dimer and monomer. 

Thus, they represented the overall behaviour of 1,3,2-dioxastannolanes 

as shown in Scheme 1.1. 

Scheme 1.1 Equilibration of dimer and monomer 

DDD 
+D 

+D 
D t \_ DD 

-D >^+L 

-L^ DDL ^-D 

+ D ^ D L Z I Z ^ D + L 

+L 

_ LII .1 . -D ^ DLL +L 

L „ LL 
-L \ +L 

$5 
LLL 

D = 1,3,2-dioxastannolane of D configuration and L = 1,3,2-

dioxastannolane of L configuration. 
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This scheme is in compliance with the occurrence of two equilibria, 

a slow and a fast equilibrium, and is compatible with the different 

nmr patterns for the racemic and optically active 1,3,2-dioxastannolanes 

at high concentrations and with the identical nmr patterns at low 

concentrations. Moreover, since the slope of the intensity -atio change 

is higher for racemic than optically active, it was concluded that meso 

complexes are thermodynamically less favoured and are thus formed 

preferentially from oligomeric complexes at high concentrations. 

16 
Luchinat and Roelens later studied the dynamic processes present 

for the following substituted 2,2-di-n-butyl-l,3,2-dioxastannolanes. 

V 
R, 

Bu \ 

' "'/Bu 

Rl R2 

2 Me 

3 Ph 

4 Me 

5 Ph 

6 H 

ab = racemic form 

a = pure enantiomer 

Figure 1.6 

H 

H 

Me 

Me 

C02Me 

H 

H 

H 

H 

C0„Me (meso 

With monosubstituted compounds 2 and 3, they observed splitting of 

the butyl group signals below room temperature, decreasing in magnitude 
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from the ofr- to the S-carbor. Above room temperature, the signals 

13 
coalesce to a single line. The C nmr spectra of the butyl region and 

methyl signal of 2 from different enantiomeric excess (ee) of the parent 

diol showed that the separation of the carbon lines and their relative 

intensities are directly related to ee. From this, it was Inferred that 

the effect seems to depend on both the diastereotopism of the two groups 

and the enantiomeric self-discrimination in a fast exchange regime. The 

phenyl derivative 3 exhibits analogous behaviour. 

119 

Sn dnmr of 3ab showed a single band, broad at room temperature 

and narrowing with increasing temperature. Thus, it was concluded that 

the tin atoms are equivalent in the temperature range where butyl 

carbons are not. 

For compound 4, there is no splitting of any signal in the room 
13 

temperature C nmr, but the low temperature dnmr behaviour shows the 

same pattern that described for 1 (see section 1.1.3). A somewhat 

lower exchange rate is evident from the high coalescence temperature 

(T ) 257 K, for (CH ^ signal in comparison with 2, 3 and the 

unsubstituted derivative (1) which appeared to coalesce at 240, 243 and 

227 K respectively . 

13 
C nmr spectra of compound 5 shows somewhat anomalous behaviour in 

the series. The od-carbon appears as four lines at room temperature that 

coalesce to two at 332 K; in the process, two of the lines decrease in 

intensity with respect to the other two. The 8-carbon signals shows 

coalescence of two lines and for the ̂ -carbon the coalescence of two 

signals of intensity ratio roughly 1:3 leads to two equally intense 

lines. The methyl signal exhibits the coalescence of two lines, with an 

intensity trend similar to the oC-carbon. Since no splitting is 
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f 
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exhibited by any other carbon signal and exchange at room temperature is 

slow, it was concluded that at least two species are present with 

119 
accidentally equivalent signals. The Sn nmr spectra of B showed only 

one strong narrow single line for pentacoordinate tin and significant 

broadening was observed only above room temperature. The very low 

intensities of other signals indicate that species other than dimers are 

negligible. 

13 
In the C nmr spectra of B, butyl signal splitting is observed at 

304 K, giving a single line for ̂ -carbon and approaching coalescence 

for the (it-carbon at 333 K. 

In their discussion, since low intensities of signals are found in 

119 
hexacoordinate tin region of Sn nmr spectra, they assumed that 

oligomers higher than dimer contributes only a small amount. Thus, they 

analyzed all nmr data assuming dimeric structure for all systems. 

7 
Rapid scrambling of monomeric units of opposite chirality occurs 

in derivatives of racemic diols. Thus, this process involves an 

intermolecular exchange and has been ascribed to the presence of higher 

oligomers as intermediates. Besides this low temperature intermolecular 

exchange, it was also proposed that a second process was also involved 

which was observed at high temperature, similar to the one proposed for 

10 
unsubstituted systems (Figure 1.5). With these unsymmetrically 

substituted systems, evidence about this second process was found from 

the shape of the butyl group signals, particularly for 2 and 3. For 

both the racemic and the enantiomerically pure compounds, these signals 

were split in the temperature range where the scrambling of monomers of 

opposite chirality among dimers is fast. The coalescence of signals at 

high temperature can only be ascribed to a process which averages the 

signals for diastereotopic butyl groups in the dimeric 1,3,2-



18 

dioxastannc one. The suggested mechanism (Figure 1.7) for the process 

in which a scrambling of tin atoms occurs between the two diol moieties 

of the dimer, causing loss of diastereotopism of the butyl groups (only 

the meso dimer is illustrated). 
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Figure 1.7 
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1.1.5 Solid state data from literature 

1.1.5.1 X-ray crystallographic data 

Two simple 1,3,2-dioxastannolanes, 1 and 2,2-di-t-butyl-l,3,2-

23 25 dioxastannolane 7 have been studied ' by X-ray crystallography. The 

23 studies of 1 showed that individual 1,3,2-dioxastannolane units are 

linked together to form an infinite ribbon polymer (R value is 6.9 % ) . 

The view of the structure of the compound is shown in Figure 1.8. For 

simplicity, the butyl carbons C-2, C-3 and C-4 from each butyl group are 

not shown. 

Figure 1.8 

The association places the tin in a severely distorted octahedral 

environment, where the angle 0-1—Sn—0-2 is 149.0(6) , angle C-1—Sn— 

C-1" is 138.6(6)° and the endocyclic angl 0-1'--Sn—0-2' is 79.0(5) o 

The average Sn-0 bond length within the 1,3,2-dioxastannolane rings is 

0 o 

2.04(1) A and that between the rings is 2.51(1) A. The rings are in a 
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half-chair conformation with the two carbon atoms displaced to either 

side of the mean plane. 

From Mossbauer spectroscopic data, it was concluded that 1 and its 

22 23 24 
substituted derivatives exist as dimers in the solid state ' ' 

Therefore, the X-ray result emphasizes that great caution must be 

exercised in the interpretation of Mossbauer data. 

25 The X-ray study of 7 shows that it exists in the crystal as a 

dimer containing five-coordinate tin in a severely distorted trigonal 

bipyramidal configuration (Figure 1.9j (R value is 2.9 '/•). 

4r 
i l 2 / 

10 2 b 1 1^ 

2 : ?Q ?1' 
/ -ci 

Figure 1.9 

The tin and oxygen atoms lie on a crystallographic mirror plane, and the 

two halves of the molecule are related by a two-fold rotation axis 

passing perpendicularly through the centre of the SnOSnO ring. The 

119 presence of a C axis is also evident from the solid state Sn imr 

spectrum which has no line doubling (section 1.1.5.2). The carbon atoms 

of the OCR CU<3 ring are disordered, half lying on each side of the 

mirror plane. The endocyclic angle 0-1—Sn-1—0-2 is 79.7° and the 

angle C-1—Sn-1—C-2 is 125.0°. The average Sn—0 bond length within 
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o 
the 1,3,2,-dioxastannolane ring is 2.07 A and the bond length between 

the rings Is 2.25 A. This difference between 1 and 7 clearly 

demonstrated that the t-butyl groups in 7 sterically prevent association 

beyond the stage of dimer. 

119 
1.1.5.2 Solid state Sn nmr spectroscopic data 

119 
The only compounds for which solid state Sn nmr data were 

23 
available in literature are tetraphenyltin, 2,2-di-t-butyl-l,3,2-

dioxastannolane (7) and 2,2-di-n-butyl-l,3,2-dioxastannolane (1). For 

119 
comparison, solution and the solid state Sn nmr chemical shift values 

are tabulated in Table 1.2. 

C" 119 
Table 1.2 Values of o( Sn) in solution and th- solid state 

t 119 
Compound 0( Sn) 

b a 

Solution Solid state 

7 -225° -225 

Tetraphenyltin -120+10d -120.75 

1 -189+5e -230 

Pleasured by magic angle spinning. Deuterated chloroform. Ref. 25. 

Estimated; ref. 17. eRef. 14. 

The tin atom in tetraphenyltin is four-coordinate and tetrahedral 

whereas that in 7 is five-coordinate and trigonal bipyramidal in both 

solution and the solid state. As would be expected, the chemical shifts 
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are essentially the seme under the two conditions. On the other hand, 

119 
the value of the Sn nmr chemical shift for the 1,3,2-dioxastannolane 

1 shows an upfield shift of 41 ppm on going from solution to the solid 

state. This observation was attributed to a change in coordination 

14 
level at tin atom . 

1.1.6 Vapour phase data from Mass Spectrometry (m.s.) 

2,2-Di-n-butyl-l,3,2-dioxastannolane derivatives of cis- and trans-

cyclohexane-l,2-diol were examined by the field desorption mass 

spectrometry. In both cases, clusters of more than 30 peaks, centered 

118 
on the mass number 692 of the most abundant Sn-dimer were observed. 

No peak reflecting the presence of monomeric species was observed. 

Therefore, it was concluded that the dimeric structures assumed in 

solutions persisted in the vapour state. 

Chemical ionization m.s. gave similar spectra for both cis- and 

trans-cyclohexane-l,2-diol. But, in addition, peaks with mass numbers 

reflecting monomeric species were found. It was suggested that these 

could correspond to an opan-chain, strainless isomer. A number of peaks 

of intermediate masses were explained as a result of progressive 

stripping of the dimer. 

1.1.7 Applications of 1,3,2-dioxastannolanes derived from simple 1,2-

diols 

1.1.7.1 Optical enrichment of 1,2-diols8 

9 11 18 

It was shown previously ' ' that 2,2-di-n-butyl-1,3,2-

dioxastannolanes derived from 1,2-diols undergo self-association to form 

mainly dimers and that their thermodynamic stability strongly depends on 



23 

14 8 

stereochemical factors . On this basis, Shanzer et al_ . demonstrated 

their applicability for the optical enrichment of enantiomeric mixtures 

of diols. 

Asymmetric 1,3,2-dioxastannolane may form two types of molecular 

dimers: those composed of two molecules of opposite configuration (meso 

dimers) or those composed of two molecules of identical configuration 

(chiral dimers). Since these two types of dimers are diastereomers, 

they should differ in their properties and should be readily 

distinguishable by physicochemical tools. 

Enantiomeric mixtures rich in 1,2-R-propanediol, (2R,3R)-2,3-

butanediol, l-benzyl-2-R-glycerol and diethyl (2S,3S)-2,3-

dihydroxysuccinate (diethyl tartrate) were converted to their 1,3,2-

dioxastannolanes. The crude products were crystallized and the 

crystalline precipitates separated from the mother liquors. The optical 

purity of each fraction was established by regenerating the free diol 

via treatment with oxalic acid and by subsequently determining their 

optical rotation. The results are summarized in Table 1.3. 
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Table 1.3 Optical enrichment of 1,2-diols via 1,3,2-dioxastannolanes 

Initial 
1,2-Diol optical 

purity, JJ 

1,2-Propane- 80 
diol 

2,3-Butane- 75 
diol 

1-Benzyl 
glycerol 

Diethyl 
tartrate 

75 

75 

Precipitate Filtrate 
Yield,'/. Optical Yield, % Optical 

purity,% purity,% 

63 

48.5 

33 

62 

75 

98 

19.3 

83 

34 

38 

68 

13 

100 

37 

100 

42 

The results show that all of the samples could be significantly 

enriched by a single crystallization step. However, in the case of 1,2-

propanediol and 1-benzylglycerol the crystalline precipitates were rich 

in racemic materials and the filtrates were rich in optically pure 

materials. In the case of diethyl tartrate and 2,3-butanediol, the 

crystalline precipitates contained the optically pure material and the 

filtrates the major enantiomeric impurities. This difference in 

solubility pattern follows the parallel behaviour of the systems with 

one chiral center (1,2-propanediol and 1-benzyl glycerol) and of those 

with two chiral centers (2,3-butanediol and diethyl tartrate). 

1.1.7.2 Enantiomeric purity determination of 1,2-diols without 

7 
chiral auxiliaries 

When a compound present as two enantiomers, d and 1_, forms stable 

dimers, dd(l_l_) and dl_(ld) or the parent enantiomeric species (d and 1_) 

exchange slowly among the dimers, each diastereomeric dimer gives rise 
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to a different nmr spectrum. When the exchange is fast each parent 

enantiomer (d or 1_) should give rise to a different spectrum, as long as 

the enantiomeric composition differs from that of the racemic mixture, 

with signal intensities directly proportional to [d] and [11, because 

the enantiomers d and I spend at least fractions of time in 

diastereotopic environments. The mixture would thus exhibit "self-

7 

discrimination". Luchinat and Roelens showed that the self-

discrimination could be conveniently used for the enantiomeric purity 

determination of chiral 1,2-diols via their 2,2-di~n-butyl-l,3,2-

dioxastannolane derivatives, as they form dimers that exchange rapidly 

8 10 
through higher oligomers ' 

1.1.7.3 Synthetically useful reactions 

1 2 27 
1.1.7.3.1 Mono- and di-derivatization of symmetric diols ' * 

27 
Shanzer showed that the 2,2-di-n-butyl-l,3,2-dioxastannolane 

derived from 2,3-butanediol underwent condensation reaction with one 

equivalent of benzoyl chloride or tosyl chloride and subsequent 

hydrolysis gave the corresponding hydroxybenzoate or hydroxytosylate in 

quantitative yields. 



26 

Me* 

Me-

-Q 
\ B.CI 
Sn Bur 

•O 
/ 

Me 

PSnBu2CI 

N ^ ^N^0^ 

Scheme 1.2 

The same approach could also be applied for the synthesis of non-

symmetric diesters by consecutive reaction with two different acyl 

halides (see Scheme 1.2). This reaction is not limited to 1,2-diols; 

mono-derivatization of 1,3-diol is also achieved by this method. 

Mono-derivatization and non-symmetric di-derivatization of 

symmetric diols demonstrate the potential utility of the 1,3,2-

dioxastannolanes. The stepwise reaction for di-derivatization is 

attributed to the presence of the deactivating electronegative chlorine 

substituent on tin after the attack on the first bond (see Scheme 1.2). 

1.1.7.3.2 Regioselective acylation of diols 
1,2,28 

A dramatic reversal of chemoselectivity ie., selective 

esterification at the most substituted hydroxyl group, has been 

28 
observed in mono-O-acylation of simple unsymmetrically substituted 
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glycols through their 1,3,2-dioxastannolane derivatives. 

1. PhPOCI 

° \ llrtv
Bu 2" Me2PhSiCI 
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OCOPh 

OSiphMe2 

8 

R \ ^ O S i p h M e 2 
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OCOPh 

dil. HCl 9 

• OH 

k OCOPh 

Scheme 1.3 

Two non-symmetric diols , propane-l,2-diol and l-phenylethane-l,2-diol 

were quanti tat ively converted into 2,2-di-n-butyl-l ,3,2-dioxastannolanes 

(2 and 3) and subsequently treated with benzoyl chloride (1 equiv.) and 

phenyldimethylsilyl chloride (1 equiv.) , at 0 - 5 C in concentrated 

CHC1„ solution. Mild hydrolysis (cold d i l . HCl) of the obtained 

regioisomeric s i l y l ether es ters 8 and 9 afforded the corresponding 

hydroxy es ters (see Scheme 1.3). The yields of the products in th is 

method (Method A) and in a conventional method (Method B) for 

comparison, are tabulated in Table 1.4. 
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Table 1.4 Products yields and isomeric ratios from the monobenzoylation 

of glycol; 

1,2-Diol 

Propane-1,2-dlo1 

l-Phenyl-l,2-diol 

a 
s . 

Method A 
yield(%) 8:9 

84 85:15 

90 95:5 

Method Bb 

yieldC/.) 8:9 

78 9:91 

81 4:96 

a b 

Values determined by g.c. Standard acylation method in benzene, in 

the presence of stoicheionetric amount of pyridine, using (i) PhCOCl 

(ii) MBgPhSlCl. 

1.1.7.3.3 Oxidation reactions1,2,29 

2,2-Di-n-butyl-l,3,2-dioxastannolanes are easily oxidized to keto-

alcohols by the mild reagent, bromine in dichloromethane. The reaction 

proceeds at room temperature at a speed of a titration. In many cases 

the bromine oxidation becomes sluggish after addition of two-thirds of 

30 30 

the stoicheiometric amount of bromine . It was suggested that the 

HBr generated in the reaction (see Scheme 1.4) may attack the starting 

1.3.2-dioxastannolane. 
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Br. 

R, Q 
\ 

SnBuoBr + HBr 

K J° 
/ 

V 0 H 
2 + SnBu2 Br2 

Scheme 1.4 

Thus, good to excellent yields were obtained in the presence of HBr 

scavengers such as 4A molecular sieves or tributyltin methoxide. 

Examples of regioselective oxidation will be discussed in section 

1.2 with carbohydrate molecules. Neither racemization nor rearrangement 

1 29 

occurs during the reaction ' . Classical reagents for oxidizing 1,2-

diols often lead to predominate C-C bond cleavage on such substrates. 

4 5 8 31 
1.1.7.3.4 Synthesis of macrocyclic polylactones ' ' ' 

4 5 8 
Shanzer et al ' * ., have developed an important reaction between a 

1,3,2-dioxastannolane (derived from chiral or achiral 1,2-diols) and 

diacyl dihalides or dicarboxylic anhydrides (chiral or achiral) in 

apolar solvents to give macrocyclic tetralactones with remarkable yields 



30 

and outstanding regio- and stereo-selectivities. They also demonstrated 

5 
that mixed tetralactones could be prepared as a sole product by 

successive addition of two different diacyl dihalides (or dicarboxylic 

anhydrides). Neither racemization of diol nor formation of the 

corresponding macrocyclic dilactones was observed. For examples, see 

Figure 1.10. 
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c \ v̂VBu CICP-(CH2)5-CPCI 
Sn 
/ (Bu * teW (CH2)£ 

o o-

10 

Me 

* A. / 
Me. JR) 

\ ..-iBu 

2a 

S n ^ R / ^ B t * 

CIC0-(CH2)5-CPC1 
* (CH2), (CH2V 

p o-

Me 
11 

Mv 

ui/ 
Me. 

X 
° \ .Bu ClCO-(CH2L-CPCI 

XSn< Bu 
(CH2) 2/5 

2ab 
P o-

(CH2), 

Me 
12 

Figure 1.10 
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The covalent template effect of tin has been attributed to the 

formation of these macrocyclic tetralactones. In other words, the sole 

formation of macrocyclic tetralactones 11 and 12 was due to the presence 

of dimeric structures F and G respectively, in which methyl groups are 

located as apart as possible from the bulky butyl groups attached to tin 

atoms (see Figure 1.11). 

BUIimM.5n o 
Bu*"-

Buiu«».Sn . p 
' /•/ B u « ^ I I 

„,ut«Bu 

6—SnrfS 
O Sroi«Bu 

Me 
Me 

G 

Figure 1.11 

A stepwise insertion of the two diacyl dihalides has been proposed, 

based on the following experimental observations, (i) Formation of 

mixed macrocyclic tetralactones as the sole products when two different 

diacyl dihalides were used. (ii) Failure to obtain cyclic product upon 

addition of 0.5 equivalent of diacyl dihalide. 

31 
Recently, Roelens has spectroscopically proved that a series of 

macrocyclic polylactones has really been formed in reactions of 

concentrated solutions. After doing appropriate quenching experiments 
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with (CH„)„SiCl, he proposed that an intermediate of the type H was 

formed that cyclized intramolecularly to give the observed series of 

macrocyclic polylactones among which the tetralactone (n=2) has 

selectively been formed (see Scheme 1.5). 

Bu Bu 

Sn(Bu)2Cl 

Vnf 

c *0 P 
<KA 52J„-i 

r~\ 
° \ y0 + Bu2SnCl2 

Sn 

/ 
BuBu 

Scheme 1.5 
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1.1.8 Some special properties of 2,2-dialkyl-l,3,2-dioxastannolane 

1.1.8.1 Telomerization of polymeric dialkyltin oxide and 2,2-

32 
dialkyl-1,3,2-dioxastannolane 

1,3,2-Dioxastannolane 1 when heated under refluxing benzene or 

toluene with appropriate equivalent of dibutyltin oxide gave 

32 
dibutylstannoxane oligomers 13 (see Scheme 1.6). 

0 o 

Bu Bu 

[(Bu)2SnP]n 

Benzene 
\ 

p {-SnBu2s 

?)n 

0 Sn Bu; 
13 

Scheme 1.6 

The dibutylstannoxane oligomers themself form dimers of the type I 

(Figure 1.12). 
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Q—ii - (-Sn Bu2» 

X) -SnBu2 

\ 

C 

/ 

P)n 

(o; 

^u^Sn-

B U £ * H H 

Figure 1.12 

This is supported by the Mossbauer spectra. When n=l or 2, the 

-1 
appearance of a second doublet (quadrupole splitting 2.3-2.4 mm s ) of 

equal or double the intensity, respectively results from the presence of 

non-bridging tetrahedral tin atoms. These dibutylstannoxane oligomers 

can be used as source of dibutyltin oxide to prepare 1,3,2-

dioxastannolane, when dibutyltin oxide reaction is restricted. 
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1.1.8.2 Formation of five-coordinate complexes with ligands 
33 

£v°-
S^c / 

SnBu2 + L 
h^ \ 

/ 
SnBu2L 

1 R . , R_ - R„, R. = H, H 

2 Rv R2 = H, Me; Rg, R4 = H, H 

14 R ^ R2 = R3 , R4 = Me, H 

L = C5H5N (Py) 

= Me2S0 (DMSO) 

= (CH2)40 (THF) 

= Me2NCHO (DMF) 

= (CH2)4S02 (SANE) 

Scheme 1.7 

When 2,2-di-n-butyl-l,3,2-dioxastannolanes were dissolved on 

warming in the ligand (pyridine(Py), dimethyl sulphoxide (DMSO) or 

tetrahydrofuran (THF)), complexes of the type J rapidly separated in 

33 
high yield (see Scheme 1.7). Complexes with N,N-dimethylformamide 

(DMF) separated when solutions were left to stand overnight. Complexes 

with sulpholane (SANE) were obtained by dissolving the 1,3,2-

dioxastannolane and SANE in warm chloroform, and allowing the solvent to 

evaporate. Most of these complexes were unstable in air, reverting back 

to 1,3,2-dioxastannolane. Thus, all gave melting points approximating 

to that of the parent 1,3,2-dioxastannolane presumably because the 

ligand was lost on heating. 



1.2 Selective mono-esterification and alkylation of monosaccharides 

via their di-n-butylstannylene derivatives 

1.2.1 General 

Carbohydrates are widely distributed in nature and serve a large 

number of biological roles. As a result, substituted monosaccharides 

are of interest for a wide variety of reasons: for studies of 

properties, as antibiotics, as synthons providing chirality and as 

intermediates for the synthesis of larger structures like nucleosides or 

oligosaccharides. Many techniques are available for their 

34-37 
preparation . However, new general techniques that would result in 

the production of monosubstituted derivatives in high yield are highly 

desirable. Before the stannylene reaction was introduced, attempts to 

introduce an ester group or an alkyl group selectively at 0-2 or 0-3 or 

34-37 
0-4 usually resulted in complex mixtures and very low yields . Some 

mono-0-benzyl derivatives have been obtained via several-step 

35,38 
syntheses. 

Dialkylstannylene acetals are easily formed from diols and serve as 

intermediates in reactions that have shown considerable promise towards 

the preparation of monoacyl- and monoalkyl derivatives of polyhydroxy 

1-3 
compounds without protecting more reactive primary hydroxyl groups. 

6 39 

Since their initial use by Moffat and coworkers and by David , di-n-

butylstannylene acetals derived from many different carbohydrates have 

been observed to react with several types of electrophiles to give 
1-3 

predominantly monosubstitution products. Sometimes, even enzyme-like 

selectivity has been achieved where only one hydroxyl group of as many 

40 
as seven reacts . Another substantial experimental advantage of these 

intermediates is that £-D-mannopyranosides can be prepared in excellent 

37 



38 

41 
yield in a one pot reaction . 

Alkylation, esterification and oxidation of stannylene acetals are 

the most common reactions and monosubstitution products are often 

1-3 
obtained in a regicspecific or highly regioselective manner. In 

addition, stannylene acetals react much faster with electrophiles than 

1-3 do free diols. However, the stannylene acetals of many carbohydrate 

1-3 
diols do not undergo regioselective reaction. Esterification 

reactions are carried out at room temperature in polar (1,2-dimethoxy 

ethane, acetonitrile, dioxane) or non-polar solvents (benzene, toluene, 

1-3 chloroform) with and without added nucleophiles (triethylamine, N-

methylimidazole or tetra-n-butylammonium bromide or iodide are most 

common). Sometimes, the p_-toluenesulfonation reactions take place only 

42 
in the presence of additional nucleophiles. Stannylene acetals are 

30 
oxidized at room temperature with bromine at the speed of a titration 

(see scheme 1.4). To date, oxidation reactions have been performed in 

30 30 43 44 
benzene , dichloromethane , chloroform , or acetonitrile 

Alkylation reactions are much slower and they occur only at high 

1 45 
temperatures in polar solvents such as N,N-dimethylformamide , dioxane 

45 46 
or acetonitrile or in non-polar solvents such as benzene or 

44 47 
toluene in the presence of an added nucleophile (N-methylimidazole , 

46 
tetra-n-butylammonium bromide or iodide ) often with excess alkylating 

1-3 
agent. Although hydrogen halide is not produced in esterification or 

1-3 ° 

In alkylation reactions, some workers have added 4 A molecular sieves 

to the reaction mixture, presumably to scavenge any moisture 

inadvertently introduced into the reaction pot and/or to scavenge a 

small amount of hydrogen halide produced by the reaction of acyl halide 

with atmospheric moisture. 
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We particularly desired a new efficient method for the preparation 

of either 2- or 4-mono-substituted derivatives of 1,6-anhydro-y8-D-

glucopyranose in order to shorten the route to l,6:2,3-dianhydro-4-0-

benzyl-/8-D-allopyranose. Further, in order to understand the cause(s) 

of selectivity of stannylene acetals, we have chosen a collection of 

carbohydrate derived stannylene acetals and some reactions have been 

performed on those stannylene derivatives for which there was 

insufficient data about reaction selectivity. 

1.2.2 Selectivity order of hydroxyl groups in monosaccharides towards 

electrophiles 

1.2.2.1 Selectivity among equatorial hydroxyl groups 

Ethoxycarbonyl or benzyloxycarbonyl chloride is, by virtue of 

resonance involving the ester function, less reactive than acetyl 

chloride, and the reagent has found application for selective 0-

37 
acylation. With this reagent, methyl 4,6-0-benzylidene-oe-D-

37 
glucopyranoside (15) yielded 2- and 3-esters in the ratio 24:1. Thus, 

in compound 15 2-OH group is much more reactive than 3-OH group. 

Unimolar esterifications of methyl 4,6-0-benzylidene-/j-D-glucopyranoside 

37 
(16) are much less selective than that of 15 . In the benzoylation of 

16 with triethylamine-benzoyl chloride, the formation of the 3-0-

benzoate was found to be favoured (43 '/.), accompanied by 12 % of the 2-

48 49 

0-benzoate. Stanek and Jary also showed that, in the benzoylation 

reaction of 16 with N-benzoylimidazole, the formation of the 3-0-benzoyl 

derivative is kinetically favoured. At a later stage of the reaction, 

the reaction mixture contains more of the more stable 2-0-benzoate. 
op 

Unimolar benzoylation of benzyl 4,6-0-benzylidene-^-D-
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glucopyranoside (17) with N-benzoylimidazole in chloroform resulted in a 

mixture of 20 '/. of the unreacted 17, 20 % of 2,3-di-Q-benzoyl derivative 

and in 30 % each of the two monobenzoylated derivatives (2-0-benzoyl and 

3-0-benzoyl). Unimolar benzoylation of benzyl 4,6-0-benzylldene-cd-D-

glucopyranoside (18) with N-benzoylimidazole resulted in a mixture of 

9.5 % 2,3-di-0-benzoyl derivative, 40 % of 2-0-benzoyl derivative and 

11.8 Y. 3-0-benzoyl derivative. Benzoyl migration experiments from the 

monobenzoylated derivatives of 17 and 18 indicated that the 2-0-benzoyl 

derivative of 17 and 3-0-benzoyl derivative of 18 were more stable. 

From the results of many selective-esterification reactions the 3-

0H group of eC- and ya-glycosides of 4,6-0-benzylidene-D-galactopyranose 

37 
was recognized to be more reactive than the 2-OH group. Thus, methyl 

4,6-0-benzylidene-oHD-galactopyranoside (19) with benzoyl chloride, p_-

toluenesulfonyl chloride or ethoxycarbonyl chloride in pyridine gives 3-

37 
esters in yields of 46, 40 and 59 '/., respectively . Selectivity for 

reaction at 3-OH appears to be even greater in the /J- than the »C-

series. Thus, partial esterification of methyl 4,6-0-benzylidene-yB-D-

galactopyranoside (20) with ethoxycarbonyl chloride or p_-toluenesulfonyl 

37 
chloride gave the 3-esters in yields of 65 and 58 %, respectively . 

Benzoylation of benzyl 4,6-0-benzylidene-#-D-galactopyranoside (21) with 

50 
N-benzoylimidazole gave the corresponding 3-0-benzoate in 89 % yield . 

50 
It was suggested that favoured reaction at the 3-OH group in the 

£- series of 4,6-0-benzylidene-D-galactopyranoside could be due to its 

stronger involvement in hydrogen bonding with the axial oxygen atom on 

C-4. A similar correlation of the enhanced reactivity of the 2-OH with 

the presence of a cis 0H-2—0-1 hydrogen bond may be made for the 

results for 15 and 18. 
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1.2.2.2 Selectivity among equatorial and axial hydroxyl groups 

The results of many selectlve-esterification reactions indicated 

that equatorial hydroxyl groups have greater reactivity than axial 

37 
hydroxyl groups. Methyl 4,6-0-benzylidene-cC-D-mannopyranoside (22) 

reacts selectively at equatorial hydroxyl group with benzoyl chloride in 

pyridine at low temperature to give the 3-0-benzoyl derivative in 90 V. 

. .,37 
yield. 

l,6-Anhydro-£-D-glycopyranoses have proved to be useful compounds 

for selective-esterification studies in this regard, as they are rigid 

37 
systems having predictable molecular geometries . Unimolar p_-

toluenesulfonylation of l,6-anhydro-2-0-benzoyl-y3-D-altrose (3-OH eq, 4-

0H ax) and 1,6-anhydro-yQ-D-mannopyranose (2-OH eq, 3-OH ax, 4-OH ax) 

resulted in each case in favoured sulfonylation at the equatorially 

37 
oriented hydroxyl group. However, further studies have shown that the 

position occupied by the hydroxyl group on the ring can play an equal or 

more important part in controlling reactivity than its equatorial/axial 

nature. Thus, re?~tion of 1,6-anhydro-3-deoxy-yg-D-xy_lo-hexopyranose 

(2-OH ax, 4-OH eq) with three molar equivalents of £-toluenesulfonyl 

chloride or 1.5 molar equivalents of benzoyl chloride in pyridine gave 

37 
the 2-esters in yields of 70 and 63 %, respectively. Infrared (IR) 

measurements in dilute solution showed that the starting diol exhibits 

hydroxyl absorption bands at 3590 and 3610 cm , suggesting the presence 

of an intramolecular hydrogen bond (2-OH—0-5) and a free hydroxyl 

37 
group. 
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1.2.2.3 Selectivity order of the three axial hydroxyl groups in 

1,6-anhydro-#-D-glucopyranose 

Considerable attention has been paid to selective reactivity of the 

37 
hydroxyl groups in 1,6-anhydro-yB-D-glucopyranose (23). From the 

conformation of 23, the hydroxyl group at position 3 can be assumed to 

be less reactive than the two hydroxyls at C-2 and C-4. These two 

hydroxyls should be of about equal reactivity, since they differ only 

slightly in their distances from the oxygen of the 1,6-anhydro bridge. 

As could be expected from these considerations, esterification of 23 

with two moles of p-toluenesulfonyl chloride or of benzoyl chloride in 

pyridine solution gave 2,4-diesters as major products; monoesters, 

34 
triesters and starting material were however also obtained. The same 

products were obtained, but in different proportions when the reaction 

34 was carried out with a single mole of either acid chlorides. For 

34 
instance, unimolar p-toluenesulfonylation of 23 in pyridine yielded 2 

% of 2,3,4-tri-0-tosyl derivative, 31 V. of 2,4-di-O-tosyl derivative, 10 

V. 4-0-tosyl derivative and 19 % 2-0-tosyl derivative, A similar 

proportion of derivatives were also obtained in the benzoylation 

34 
reaction of 23 with benzoyl chloride in pyridine . Thus, the 

reactivity order of the three hydroxyl groups appears to be 2 > 4 » 3. 

1.2.3 Selectivity of di-n-butylstannylenes derived from carbohydrate 

molecules 

1.2.3.1 Selectivity of di-n-butylstannylenes derived from 

primary-secondary 1 2-diols 

Only a few dl-n-butylstannylenes derived from primary-secondary 
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1,2-diols have been subjected to esterification and oxidation 

reactions. 
1-3 The results from the reactions are shown in Table 1.5. 

Table 1.5 Reactivity of di-n-butylstannylene derivatives from primary-

secoiidary 1,2-diols 

Diola 

or 
Stanny­
lene 
acetal 

Reaction Solvent Temp. Reaction selectivity Ref. 
CO 

24 

25 

26 

2ab 

3ab 

27 

Tosylation MeOH 

Oxidation enzene, 
C H2 C 12 

5 

20 

•/. at 
Prim. 

81 

Benzoylation Pyridine 20 

Benzoylation Chloroform 3 

Benzoylation Chloroform 3 

,b 

100" 

15 

5 

75 

'/. at 
Second. 

-

48 

-

85 

95 

— 

51 

30 

52 

28 

28 

53 Benzoylation MeOH 0 

T"or structures see Figure 1.13; ethyl 2,3-di-0-benzyl-£,-£-

galactofuranoside (24); l,2-0-isopropylidene-3-0-methyl~<<HD-

glucofuranose (25); 1,2-0-isopropylidene-3-0-benzoyl-«t-D-glucofuranose 

(26); 2,2-di-n-butyl-4-methyl-l,3,2-dioxastannolane (2ab); 2,2-di-n-

butyl-4-phenyl-l,3,2-dioxastannolane (3ab); 3-deoxy-3-fluoro-1,2-0-

b c 
isopropylldene-oC-D-glucofuranose (27). Triethylamine added. Yield 65 

% after a second reaction in a one-pot procedure. 
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OEt 

OBn 
CH2OR 

24 R = H 

b 2R = Sn(Bu)2 

25 R = H , R 1 = OMe 
26 R =H> R-!=OCPPh 

27 R = H, R-| = F 

Figure 1.13 Structures of 1,2-diols listed in Table 1.5 

Conventional methods of esterification (in the presence of 

28 
pyridine) usually yield primary esters predominantly . Table 1.5 shows 

that reactions of di-n-butylstannylene derivatives performed in polar 

solvents like methanol or pyridine also occurred predominantly or 

regiospecifically at primary hydroxyl groups. One report has appeared 

in which reactions were carried out in non-polar solvents like 

chloroform, benzene or dichloromethane reaction. For these non-

carbohydrate diol derivatives, reaction occurred regioselectively at the 
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secondary hydroxyl groups. 

The synthetic potential of this reversal of chemoselectivity via 

di-n-butylstannylene acetals of primary-secondary 1,2-diols is obvious, 

since it is complementary to available procedures. 

1.2.3.2 Selectivity of di-n-butylstannylene derivatives of 

carbohydrates having isolated cls-l,2-diols on pyranose 

rings 

A number of carbohydrate compounds having isolated cls-l,2-diols 

have been subjected to different reactions (etherification, 

esterificatlon and oxidation) under different conditions. The 

reactions, conditions and the stereoselectivities achieved are listed in 

Table 1.6. 
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Table l.C Selectivity of di-n-butylstannylene derivatives of 

carbohydrates having isolated cis-1.2-diols on pyranose rings 

DIol a 

22 

28 

29 

30 

31 

32 

33 

34 

35 

36 

Reaction 

Allylation 

Benzoylation 

Benzylation 

Methylation 

Allylation 

Benzylation 

Benzylation 

Methylation 

Allylation 

Methylation 

Methylation 

Benzylation 

Methylation 

Benzylation 

Benzoylation 

Tosylation 

Benzylation 

Benzoylation 

Solvent 

DMF 

. Benzene 

Benzene 

Dioxane 

DMF 

DMF 

DMF 

DMF 

Toluene 

DMF 

DMF 

DMF 

DMF 

DMF 

DMF 

Toluene 

THF 

Benzene 

THF e 

Benzene 

DMF 

Dioxane 

Benzoylation Dioxane 

Temp. 
(°C) 

100 

20 

20 

20 

100 

45 

100 

100 

70 

45 

75 

45 

45 

25 

38 

100 

20 

20 

20 

20 

100 

20 

20 

Reaction 
% at 
C-2 

-

85 

-

25 

-

-

-

-

-

-

f 
100 

54 

f 
30 

83f 

f 
49 

-

9 

41 

10 

18 

-

91 

b 

•/. at 
C-3 

79 

15 

90 

35 

85 

76 

73 

60 

82 

66 

_g 

_g 

70g 

13g 

43g 

73 

67 

59 

74 

82 

62 

-

81 

sel. 
•/. at 
C-4 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

-

Ref. 

54 

55 

55 

56 

54 

54 

57 

57 

44 

57 

41 

41 

41 

58 

58 

59 

60 

60 

60 

60 

61 

56 

57 

(continued on page 47) 
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(continued from page 

37 

38 

39 

40 

41 

42 

Allylation 

Methylation 

Benzylation 

46) 

DMF 

DMF 

DMF 

Benzoylation Benzene 

Oxidation 

Benzylation 

Methoxyme-
thylation 

Oxidation 

Benzylation 

Tosylation 

Benzylation 

Tosylation 

Benzylation 

C H2 C 12 

Benzene 

Benzene ' 

Benzene, 
DMF 

Benzene 

Benzene 

Benzene 

Benzene 

DMF 

100 

45 

100 

20 

20 

80 

h 2 0 

20 

80 

20 

80 

20 

100 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

79 

77 

72 

74 

-

87 

92 

56 * 

95 

90 

95 

98 

_ 

57 

57 

57 

30 

75 30 

46 

46 

-^ 62 

63 

64 

65 

64 

60 66 

For s t r u c t u r e s see Figure 1.14; methyl 4,6-0-benzylidene-ot-D-

mannopyranoside (22); 1 ,4 .5 ,6- te t ra-0-benzyl -myo- inos i to l (racemic) 

(28); 3,4,6-tri-O-benzyl-D-mannopyranose (29); 3 ,4 ,6- t r i -O-benzyl -D-

glucopyranose (30); 3,5-di-0-benzyl-D-ribofuranose (31); N-benzyl-1,5-

dideoxy-l ,5-lmlno-4,6-0-isopropylidene-D-manitol (32); methyl 4 , 6 - d i - 0 -

benzyl-et-D-mannopyranoside (33); methyl 4-0-methyl-oC-L-rhmnopyranoside 

(34); methyl 4,6-0-benzylidene-rt-D-allopyranoside (35); a l l y l 2 ,6-d i -O-

benzyl-oHD-galactopyranoside (36); benzyl 2,6-di-0-benzyl-o6-D-

galactopyranoside (37); benzyl 2,6-di-0-benzyl- /6-D-galactopyranoside 

(38); 2,3-O-isopropylldene-^-D-fructopyranoside (39); methyl 2 , 6 -

dideoxy-yQ-L-lyxo-hexopyranoside (40); methyl 2.6-dldeoxy-oC-L-lyxo-

hexopyranoside (41); 2-0-allyl-l ,6-anhydro-y9-D-galactopyranose (42). 

S i t e not a v a i l a b l e . Added N-methylimidazole. Added t r i e thy lamine . 



ril 

Added tetrabutylammonium bromide or iodide. Position 1. ^Position 2. 

Molecular sieves added. Position 4. JPosition 5. 

} 



49 

Figure 1.14 Structures of 1,2-diols listed in Table 1.6 

O Me 
22 

OBn OR 

6 ^ 
Br> O OR 

OBn 

28 

29 30 

BnO 

iRn O R OBn o R 

31 

-^V^V?R
N 

Br 

RO 

32 

BnQ 

O ^ 

\ OR 

RO 
OM e 

33 

OMe 

/VfeQ 

(continued on page 50) 
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(continued from page 49) 

OMe 

RO-4^-*T"-^ 

Bno . 
ORi 

36 R-j = allyl 

37 R1 = Bn 

R 0 

i — j B n 

U ^ O 
R O - A ^ - T - ^ - 0 6 " 
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OBn 

38 
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CH2OH 
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OMe 

I OR 
RO 

41 

R=H 
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Table 1.6 indicate that when any of the three types of reaction 

(esterification, etherification or oxidation) is performed in a polar 

solvent or in the presence of an added nucleophile, reaction occurs 

regioselectively or regiospecifically at the equatorial oxygen. In some 

cases, when the same reaction is carried out in a non-polar solvent 

without added nucleophiles the reaction occurs regioselectively at the 

axial oxygen. For instance, benzoylation of 22 in benzene with added N-

r^thylimidazole occurs regiospecifically at the equatorial oxygen, 

whereas, without added N-methylimidazole, it occurs regioselectively at 

55 
the ax5.a.1 oxygen . However, this is not always observed. Benzoylation 

of compound 37 in benzene occurred regiospecifically at the equatorial 

oxygen whereas oxidation occurred regiospecifically at the axial 

30 
oxygen . 

1.2.3.3 Selectivity of di-n-butylstannylene derivatives of 

carbohydrates having isolated trans-1.2-diols on 

pyranose rings 

A number of carbohydrates having isolated trans-1.2-diol have also 

been subjected to different reactions using different conditions. The 

selectivity results are tabulated in Table 1.7. 
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Table 1.7 Selectivity of di-n-butylstannylene derivatives of 

carbohydrates having isolated trans-1.2-diol on pyranose 

rings 

Diola Reaction Solvent Temp. Reaction sel. Ref. 
(°C) '/. at % at '/. at 

C-2 C-3 C-4 

15 

18 

43 

44 

16 

45 

46 

Benzoylation 

Benzylation 

Methylation 

Oxidation 

Tosylation 

Benzylttion 

Oxidation 

Oxidation 

Allylation 

Dioxane 

Benzene 

Benzene 

DMF 

DMF 

C H2 C 12 

n, b 
Dioxane 

DMF 

CH3CN
e 

CHgCN6 

Benzene 

Benzoylation Benzene 

Benzylation 

Methylation 

Tosylation 

Benzoylation 

Benzylation 

Methylation 

Tosylation 

Benzoylation 

Oxidation 

Benzene 

DMF 

Benzene 

Toluene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene, 
CH„C10 

20 

20 

20 

100 

45 

20 

20 

110 

25 

25 

80 

20 

80 

45 

20 

-45 

80 

80 

20 

20 

20 

86 

93 

100 

70 

57 

60 

70 

77 

33 

-

33 

49 

29 

22 

21 

c 

c 

c 

c 

c 

c 

— 

-

-

20 

30 

-

-

-

17 

50 

60 

39 

61 

66 

63 

70 

70 

52 

75 

59 

-

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

-

-

18 

-

22 

72 

56 

30 

55 

67 

30 

30 

56 

67 

68 

68 

42 

42 

42 

42 

42 

64 

64 

64 

64 

30 

30 

2 2 

(co '-t̂ vaed on page 53) 
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(continued from page 52) 

21 Benzoylation Benzene 

Benzylation 

Oxidation 

Oxidation 

47 Benzylation 

48 Benzylation 

19 Tosylation 

Benzene 

CH2C12 

Benzene 

f 
Toluene 

Toluene 

Dioxane 

20 

80 

23 

23 

70 

70 

25 

-

15 

-

-

50g 

c 

64 

95 

85 

72 

46 

39h 

46 

_ 

c 

c 

c 

c 

c 

43 

c 

30 

46 

30 

30 

44 

44 

56 

ror structures see Figure 1.15; methyl 4,6-0-benzylidene-oi-D-

glucopyranoside (15); benzyl 4,6-0-benzylidene-ot-D-giucopyranoside (18); 

methyl 3",4'-0-isopropylidene-«-lactoside (43); methyl 3',4'-0-

isopropylidene-£~lactoside (44); methyl 4,6-0-henzylidene-#~D-

glucopyranoside (16); methyl 2,6-dideoxy-et-L-arabino-hexopyranoside 

(45); methyl 2-0-methyl-6-0-triphenylmethyl-o6-D-glucopyranoside (46); 

benzyl 4,6-0-benzylidene-$-D-galactopyranoside (21); l,2:3,4-dl-0-

cyclohexylidene-myo-inositol (47); 1,2:5,6-di-0-cyclohexylidene-myo-

inositol (48); methyl 4,6-0-benzylidene-oC-D-galactopyranoside (19). 

Added triethylamine. Site not available. Added N-methylimidazole. 

e f 
Molecular sieves added. Added tetrabutylammonium bromide or iodide. 

gPosition 5. ^Position 6. 
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Figure 1.15 Structures of 1,2-diols l i s ted in Table 1.7 

15 R-|= PMe, R 2 = H 

18 R-| = OBn, R2 = H 

16 R-)=H, R 2 - P M e 

43 FL=H, R1 = OMe 

44 R = OMe,R 1 = H 

PMe 

--7 O ^ V 

*0~—L*T "* 
RO 

45 

MeP OMe 

46 

Ph 

ORI 
* 1 

21 Ri = H, R^OBn 

19 Ri= OMe, R 2 =H 

47 
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Table 1.7 indicate that for compound 16, when a reaction is carried 

out in a polar solvent or in a non-polar solvent containing an added 

nucleophile, the reaction occurs selectively at 0-3 whereas in non-polar 

solvent without an added nucleophile, the reaction was observed to occur 

selectively at 0-2. Further, for compounds having 3- and 4-hydroxyl 

groups involved in the stannylene acetal, reactions occur preferentially 

at 0-3, except for oxidation, which occurs regiospecifically at 0-4. 

1.2.3.4 Selectivity of di-n-butylstannylene derivatives of 

carbohydrates having more than two hydroxyl groups on 

adjacent carbon atoms 

A number of carbohydrates having more than two hydroxyl groups on 

adjacent carbon atoms were subjected to different reactions using 

different conditi^nc. The observed selectivities are listed in Table 

1.8. 



Table 1.8 The selectivities of dl-n-butylstannylene derivatives of 

carbohydrates having more than two hydroxyl groups on 

adjacent carbon atoms 

Diol 

49 

50 

51 

52 

53 

54 

Reaction 

Benzoylation 

Benzylation 

Allylation 

Methoxyme-
thylation 

Methylation 

Benzoylation 

Benzylation 

Methoxyme-
thylation 

Methylation 

Benzoylation 

Benzylation 

Methoxyme-
thylation 

Benzoylation 

Benzylation 

Methoxyme-
thylation 

Benzylation 

Benzoylation 

Benzylation 

Methoxyme-

Solvent 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

Benzene 

Dioxane 

DMF 

Dioxane 

Temp. 
(°C) 

20 

100 

100 

50 

100 

20 

100 

50 

100 

20 

100 

50 

20 

100 

50 

80 

20 

100 

50 

Reaction 
% at % at % 
C-2 C-3 C-

76 

75 

79 

80 

56 

39 

49 

49 

10 

26 

-

-

-

-

-

-

-

20 

39 

-

25 

21 

20 

44 

-

13 

23 

17 

51 

71 

90 

53 

95 

93 

67 

65 

80 

61 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

— 

sel. 
at % at 
•4 C-6 

-

-

-

-

-

86 

38 

28 

73 

23 

-

-

-

-

-

-

-

-

_ 

Re: 

69 

45 

45 

45 

45 

69 

45 

45 

45 

69 

45 

45 

69 

45 

45 

46 

69 

45 

45 
thylation 

(continued on page 
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(continued from page 

55 

56 

57 

58 

59 

60 

61 

62 

Allylation 

Methylation 

Benzoylation 

56) 

DMF 

DMF 

Benzene 

DME 

Benzoylation Benzene 

Benzylation 

Benzoylation 

Benzylation 

Allylation 

Methoxyme-
thylation 

Methylation 

Benzoylation 

Benzylation 

Methoxyme-
thylation 

Benzoylation 

Benzylation 

Methoxyme-
thylation 

Oxidation 

Benzoylution 

Benzylation 

Methoxyme-

Benzene 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

Dioxane 

DMF 

Dioxane 

Dioxane 

Benzene 

a 
Benzene 

Dioxane 

Dioxane 

80 

45 

20 

-10 

20 

80 

20 

100 

100 

50 

100 

20 

100 

100 

50 

20 

20 

20 

100 

50 

Chloroform 20 

Dioxane 

Dioxane 

Dioxane 

20 

100 

50 

-

-

25 

-

95 

-

64 

59 

62 

56 

57 

-

-

50 

51 

10 

-

-

-

-

-

-

-

_ 

75 

75 

60 

100 

-

28 

-

6 

8 

13 

-

-

-

f 

7 

61 

54 

80 

85 

74 

-

69 

74 

86 

-

-

-

-

-

-

36 

35 

30 

31 

43 

78 

70 

50 

42 

29 

39 

20 

15 

26 

65 

31 

-

_ 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

70 

41 

55 

55 

55 

46 

69 

45 

45 

45 

45 

69 

45 

45 

45 

69 

55 

55 

45 

45 

43 

69 

45 

45 
thylation 

(continued on page 58) 
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(continued from page 57) 

63 Benzoylation Benzene 20 d - 65 35 

Benze ,g 20 d 100 - h 

Oxidation Benzene, 20 d 61J 

DME 

c i 
64 Allylation Benzene 80 - 70 - -

a b 

Only mono-acylated or mono-alkylated products are tabulated. For 

structures see Figure 1.16; methyl ot-D-glucopyranoside (49); methyl /3-D-

glucopyranoslde (50); methyl «t-D-galactopyranoside (51); methyl £-D-

galactopyranoside (52); benzyl /J-D-galactopyranoside (53); methyl ct-D-

mannopyranoside (54); methyl 6-0-trityl-«t-D-mannopyranoside (55); methyl 

6-chloro-6-deoxy-ot-D-mannopyranoside (56); methyl 6-chloro-6-deoxy-oC-D-

glucopyranoside (57); benzyl 6-0-benzyl-/3-D-galactopyranoslde (58); 

methyl «£-D-xylopyranoside (59); methyl /S-D-xylopyranoside (60); methyl ft 

-L-arabinopyranoside (61); phenyl oc-L-arabinopyranoside (62); 1,2-0-

isopropylidene-jQ-D-fructopyranoside (63); methyl ̂ Q-lactoside (64). 

c d e 
Added tetrabutylammonium bromide or iodide. Site not available. 35 

f E 

% 2,3-Di-0-benzyl derivative also formed. Trace amount. &Added N-

methylimidazole. Position 5. Position 3 of the galactopyranoside 

unit; yield after two successive reactions. 

55 

55 

62 

40 
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Figure 1.16 Structures of 1,2-diols l i s t ed in Table 1.8 

OHL 

49 Ri = OH, R2= OMe, R3= H 

50 Ri = OH, R2=H, R 3 -OMe 

57 R=C1, R = OMe, R = H 

HO ^- - R 1 

HO R, 

R f * \ OH 

OMe 

51 R1 = 0H,R2=OMe, Rj=H 

52 Ri = OH, R2=H, R3=OMe 

53 Ri = OH, ̂ H , R3=OBn 

58 Ri = 08n, R2= H, Rj= OBn 

54 R-, = OH 

55 Ri'OCPh3 

56 R-i = CI 

HO 
HO 

O. 

V\0 fc\ 

59 R.,= 0 Me, R2= H 

60 Rj=:H,R2=:OMe 

HO 

HO 
VP 

Ri 

61 R-i = 0 Me, R2= H 

62 R,= H, R2=OPh 

jo 

H O O H 

63 

OMe 

64 
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Consideration of the data in Table 1.8 allowed the following four 

generalizations to be derived, (i) One of two or more secondary 

hydroxyl groups sometimes reacts selectively even in the presence of a 

more reactive primary hydroxyl group, (ii) For compounds having vicinal 

cis-axial hydroxyl groups, reactions occur very selectively at the 

equatorial oxygen atom except for the oxidation reaction which occurs 

selectively at the axial oxygen atom, (iii) For compounds that do not 

have vicinal cis-axial hydroxyl groups, but do have a 2-hydroxyl group 

in a cis relationship to the anomeric alkoxy group, reactions occur 

selectively at the 2-0 position (examples, compounds 49, 57 and 59). 

(iv) The compounds that do not belong to the above two categories 

undergo the least selective reactions (examples, compounds 50 and 60. 

45 55 56 69 
A number of theories ' ' ' have been developed to explain the 

observed selectivities in polyhydroxy compounds. None of them seems to 

explain satisfactorily all of the observed selectivities. 

Munavu and Szmant suggested that formation of a five-membered 

stannylene ring from two equatorial OH groups would be favoured by 

coordination of the tin atom to a neighbouring oxygen atom having an 

axial orientation. They put forward this theory from the selectivities 

observed for the acylation reactions of 49, 50 and 51 and their 4,6-0-

benzylidene derivatives. Compounds 49 and 51 and their 4,6-0-

benzylidene derivatives react selectively at 0-2 whereas 50 and its 4,6-

0-benzylidene derivative do not react selectively at 0-2. 

69 
Tsuda et al_ carried out several reactions with several compounds 

including 51. They found that 51 reacts selectively at 0-3. They 

advanced the following theories based on their findings. (i) The 

formation of a five-membered stannylene ring is most favourable for cis-

vicinal glycols, where only the equatorial OH group is activated. (ii) 
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If there is no such sequence available for stannylene ring formation, 

the acyclic stannylene acetal is stabilized by coordinating with the 

neighbouring oxygen atom of the cis arrangement (see Figure 1.20) and 

the five-membered stannylene ring is not formed between two equatorial 

oxygen atoms, (iii) When neither sequence is available, Bu?SnO only 

enhances the reactivity of the most reactive OH group. However, this 

theory does not completely account for the observed selectivity of 60. 

55 
Holzapfel et al carried out a number of reactions using different 

compounds with and without added nucleophiles. They observed changes in 

selectivities in the presence of an additional nucleophile. From their 

findings, they suggested that when Bu„SnO is used, five-membered 

stannylene acetals are indeed formed. The two vicinal hydroxyl groups 

involved in the ring are those which avoid the greatest gauche-

interaction. However, this suggestion does not account for the observed 

selectivity of 59. 



1.3 Structures of stannylene acetals from carbohydrate-derived diols 

and their effects upon addition of nucleophiles 

1.3.1 General 

A continuing goal of synthetic organic chemists particularly those 

working with carbohydrates and nucleosides, has been to develop 

reactions that occur at only one of two or more hydroxyl groups in 

similar environments. Dialkylstannylene acetals are easily formed from 

1,2-diols and serve as intermediates in reactions that have shown 

considerable promise towards achieving this goal. In section 1.2.3, di-

n-butylstannylene acetals derived from many different carbohydrates have 

been observed to react with several types of electrophiles to give 

predominantly monosubstituted product(s) in a regiospecific or highly 

regioselective manner. In addition, stannylene acetals react much 

1-3 
faster with electrophiles than do free diols. However, the 

stannylene acetals of many carbohydrate diols do not undergo 

regioselective reactions (see sections 1.2.3 and 2.2). Neither the 

types of structures of substrates for which the selective reactions can 

be anticipated nor the cause of selectivity have been fully defined. An 

additional factor in reactions with stannylene acetals is the effect(s) 

of nucleophiles like tetrabutylammonium halide or tertiary nitrogen 

bases that are often added to the reaction mixtures. These nucleophiles 

markedly increase rates of reactions with electrophiles and are 

particularly useful with less reactive electrophiles such as benzyl 

bromide (see section 1.2). For some substrates, the regioselectivity of 

the reaction is changed drastically when these extra components are 

present (see sections 1.2.3 and 2.2). Although propor*~,s have been 

1 2 55 
made ' ' as to the causes of these effects, no direct, evidence from 

62 
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solution has been presented other than analyses of reaction products. 

The aims of this study were to improve fundamental understanding of 

stannylene chemistry, to define the structure(s) present in solution, to 

relate them to reactivity and selectivity, to identify the causes of the 

selectivity in the absence and presence of added nucleophiles and to 

determine the mechanisms of these reactions in the absence and presence 

of nucleophiles. 

1.3.2 X-ray crystallographic data 

Two di-n-butylstannylene acetals 15b and 22b from carbohydrate-

derived 1,2-diols, methyl 4,6-0-benzylidene-o6-D-glucopyranoslde (15), 

and methyl 4,6-0-benzylidene-oC-D-mannopyranoside (22), respectively 

20 21 20 

have been studied ' by x-ray crystallography. Studies of 15b 

showed that two monomeric di-n-butylstannylene acetal units are linked 

together to form discrete dimer units (R value is 10.9 % ) . Figure 1.17 

illustrates the dimer found in the crystals of 15b. For simplicity, the 

sugar moieties and the butyl carbons C-2, C-3 and C-4 from each of the 

four butyl groups are not shown. 
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2 o x /O. 

CB1 

.CA1' 

A>CBf 

Figure 1. 17 

The coordination polyhedra around each tin atoms are distorted trigonal 

bipyramids. Two such bipyramids are associated through a conunon edge in 

the dimer so that oxygen atoms 0-3 and 0-3' are at the same time in 

apical and equatorial positions. The bond lengths and bond angles 

around the two tin atoms in the coordination polyhedra are tabulated in 

Table 1.9. 
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Table 1.9 The bond lengths and bond angles around the two tin atoms in 

the coordination polyhedra 

Around Sn Around Sn' 

a Bonds Bond lengths(A) 

Sn—0-2 

Sn—0-3 

Sn—0-3' 

Sn—C-1 (A) 

Sn—C-KB) 

2.11(5) 

2.13(8) 

2.29(7) 

2.26(4) 

2.23(4) 

Bond angles Angles( ) 

0-2—Sn—0-3 

0-2—Sn—0-3' 

0-3—Sn—0-3' 

0-2—Sn—C-1(A) 

0-2—Sn—C-l(B) 

0-3—Sn—C-1 (A) 

0-3—Sn—C-l(B) 

0-3'—Sn—C-1(A) 

0-3'—Sn—C-l(B) 

82 

149 

67 

97 

101 

113 

106 

92 

91 

Bonds 

Sn' —0-2 

Sn'—0-3' 

Sn' —0-3 

Sn'— C-1 (A) 

Sn'—C-KB) 

Bond angles 

0-2'—Sn'—0-3' 

0-2' —Sn' —0-3 

0-3'—Sn'—0-3 

i 

0-2'—Sn'—C-1 (A) 

0-2'—Sn'—C-r 

0-3'—Sn'—C-1' 

0-3*—Sn*—C-T 

0-3—Sn'—C-1' 

0-3—Sn*— C-1' 

'(B) 

'(A) 

'(B) 

(A) 

(B) 

Bond lengths(A) 

2.03(4) 

2.09(8) 

2.17(7) 

2.23(4) 

2.25(4) 

Angles( ) 

77 

147 

70 

105 

100 

116 

116 

90 

95 

C-l(A)—Sn—C-KB) 139 C-1' (A)— Sn* — C-1* (B) 126 

a b 
Standard deviations are in parentheses. Mean standard deviation is 

2°. 
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The two monomer units in the dimer have similar bonding arrangements but 

bond lengths and bond angles around the two polyhedra are slightly 

different. Thus, the dimeric molecule as a whole may be considered to 

have a pseudo C_ axis of symmetry. Also, it should be noted that the 

average value of 148° for the bond angles 0-2—Sn—0-3' and 0-2'—Sn' — 

0-3 is far from the ideal value, 180 . Further, the average value of 

2.23 A for the intermonomer Sn—0 bond lengths is considerably larger 

o 
than the average value, 2.09 A, of the Sn—0 bond lengths within the 

monomer units. 

21 
The X-ray studies of 22b showed that the structure present in 

crystals obtained from hexane was a pentamer (R value is 7.7 % ) . The 

coordination polyhedra around the tin atoms in the two end monomer units 

are distorted trigonal bipyramids and those around the tin atoms in the 

middle three monomer units are distorted octahedral. 

a - axial 

e - equatorial 

Figure 1.18 



Figure 1.18 illustrates the pentamer found in the crystals of 22b. For 

simplicity, the sugar moieties and the butyl carbcns, C-2(B), C-3(B), C-

4(B), C-2'(B), C-3'(B) and C-4'(B) from each of the five monomeric units 

are not included. Intermolecular Sn—0 bond lengths and some collected 

bond angles are listed in Tables 1.10 and 1.11, respectively. 

Table 1.10 Intermolecular Sn—0 bond lengths within the pentamer' 

Bond 

Sn(D—0-(3,2) 

Sn(2)—0-(3, l ) 

Sn(2)—0-(2,3) 

S n ( 3 ) ~ 0-(2,2) 

Sn(3)—0-(2,4) 

Sn(4)—0-(3,3) 

Sn(4)— 0-(3,5) 

Sn(5)—0-(3,4) 

0 
Lengths(A) 

2.23 

2.44 

2.60 

2.49 

2.46 

2.43 

2.45 

2.27 

HThe numeral following the comma indicates to which molecule the oxygen 

atom belongs. 
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3. 

Table l.li Bond angles around the tin atoms 

Angle Monomeric unit 
1 2 3 4 5 

0-2—Sn—0-3 80.0 78.3 78.0 77.6 79.1 

B)-~Sn—C-1'(B) 127.4 134.7 136.3 142.7 124.2 

—Sn—0-2 - 142.0 69.2 67.5 146.9 

—Sn—0-3 - 65.6 146.8 144.4 69.6 

—Sn—C-l(B) - 91.8 85.6 87.7 91.5 

—Sn—C-l'(B) - 83.8 81.4 82.2 102.1 

—Sn—0-2 149.0 66.6 145.2 142.4 -

—Sn—0-3 70.6 143.9 68.0 65.5 

—Sn—C-l(B) 89.0 81.5 85.6 84.1 

—Sn—C-1 '(B) 94.2 80.8 82.0 86.9 

—Sn—0( + ) - 150.5 145.2 150.0 -

and 0(+) indicate oxygen atoms in the preceding and following 

molecules, respectively. 

C-1 

0(-

0(-

0(-

0(-

0( + 

0( + 

0( + 

0( + 

0(-

ao( 

o 
The average value of 2.07 A for the Sn—0 bond distances within the 

o 
monomeric units, is very similar to that found for 15b (2.09 A). 

0 

Further, the average value of 2.23 A, found for the intermonomer Sn—0 
o 

bond distances in 15b is also comparable to 2.23 and 2.27 A that 

separate the two terminal tin atoms from their respective neighbouring 

oxygen atoms in the pentamer. The average intermonomer Sn—0 distance 

o o 

to hexacoordinate tin is 2.48 A. The average value of 138 for the bond 

angles C(B1)—Sn—C(B2), corresponding to the hexacoordinate tin atoms 

is far from the ideal value, 180 . 
21 

It has been suggested that the varying degrees of association 
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between the two stannylene derivatives 15b and 22b is due to the 

difference in steric interaction between the sugar residues. In the 

glucose derivative 15b, the pyranose units lie in the plane of the 

dimeric unit and protect the tin from further association. In the 

mannose derivative 22b, the pyranose units project perpendicular from 

this plane and allow the association to proceed as far as a pentamer. 

119 
1.3.3 Sn nmr data from the literature 

119 
No solid state Sn nmr data is available in the literature for 

the di-n-butylstannylene acetals derived from carbohydrate diols. Di-n-

butylstannylene derivatives 15b, 22b, 38b and 21b, derived from methyl 

4,6-0-benzylidene-ot-D-gIucopyranoside (15), methyl 4,6-0-benzylldene-oC-

D-mannopyranoside (22), benzyl 2,6-di-0-benzyl-/8-D-galactopyranoside 

(38) and benzyl 4,6-0-benzylidene-y5-D-galactopyranoside (21), 

119 
respectively had been the subjects of Sn nmr studies. The results 

are summarized in Table 1.12. 
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119 
Table 1.12 Sn nmr chemical shifts of di-n-butylstannylene 

Stannylene 
derivative 

15b 

22b 

38b 

21b 

derivatives 

Solvent(s) 

Chloroform 

Toluene 

Benzene 

Benzene and 
1 eq. N-meth­
yl imidazole 

Chloroform 

Chloroform 

Chloroform-
pyridine(l:l)e 

Chloroform-
pyridine(l:3)e 

Pyridine 

Dimethyl-
formamide 

Temp. 
(°C) 

24 

24 

40 

40 

24 

-53 

24 

67 

-40 

24 

60 

60 

26 

26 

6b 

-125.4C 

-131.6 

-132.5(2.8)d,-143.7(2.2) 
-145.9(2.5),-156.6(1) 

-132.5(2)d,-146.1(1.2) 
-156.8(1.7),-157.6(1) 

-125.6 

-149.1 

-145.1 

-143.0 

-154.5 

-147.0 

-146 

-151 

-138.2 to -158.3 

f 
-157 

Re: 

20 

71 

21 

21 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

a b 
Perdeuterated. Measurements were made with Brucker WH 90 spectrometer 

at 33.55 MHz; downfield from tetramethyl tin; sharp signal W ca 3 Hz 

c 119 117 
(unless stated otherwise). Coupling constant Sn, Sn 124 Kz. 
d e f 
Relative Intensities are given in parentheses. By volume. Very 

broad, W . ca 560 Hz. 
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119 
All the Sn signals are observed in the typical range for 

pentacoordinate tin. By analyzing reaction products (see section 

1.2.3.4), Munavu and Szma suggested that the formation of the five-

membered stannylene ring between two equatorial OH groups would be 

favoured by coordination of the tin atom with a neighbouring oxygen atom 

having an axial orientation. That is, a chelated structure is favoured 

by coordination of an axial oxygen atom (see Figure 1.19). 

Bu 

Figure 1.19 

56 
Although the chelated structure proposed (Figure 1.19) for 15b is 

119 
consistent with the observed single Sn nmr signal in the 

119 117 
pentacoordinate range, it does not account for the observed Sn- Sn 

119 
coupling of 124 Hz in the Sn nmr spectrum (see Table 1.12). This 

coupling can only be explained by the Sn„0? parallelogram observed in 

the X-ray structure of 15b (see Figure 1.17). Therefore, it was 

20 
assumed that 15b is still dimeric in solution, at least in non-polar 

solvents like chloroform, benzene, etc. Since only one signal was 

observed in the pentacoordinate region for the three chiral compounds 

(lDb, 38b and 2ib, see Table 1.12), it was concluded that the two tin 
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atoms of the dimer from these compounds are in a symmetrical 

environment. Because, only C„ symmetry is possible for the association 

26 
of two chiral monomers, it was assumed that the C_ symmetry axis first 

20 
found on the solid state structure of 15b may very well be a common 

119 
feature in stannylenes of diols in general. Variable-temperature Sn 

nmr measurements on 21b (see Table 1.12) indicated only a 6 ppm decrease 

in chemical shift for a temperature change from -53 to +67 C, in 

contrast to the dramatic change, -90 (at 30°C) to -34 ppm (at 79°C) 

14 
observed for Bu Sn(0CHMe ) . Addition of increasing amounts of 

pyridine to the chloroform solution of 21b changed the position of the 

resonance slightly but not the shape. However, the width increased to 

several hundred Hz in pure pyridine or in dimethylformamide, with not 

much change in the average position (see Table 1.12). This observation 

was interpreted as indicating a coordinating interaction between the tin 

atom in 21b and the polar solvents. 

119 The Sn nmr spectrum of 22b in deuteriobenzene showed several 

1n 14—1R 
sharp resonances, all in the typical pentacoordinate range. ' 

Since 22b exists in crystals as a pentamer, the observation of several 

sharp resonances has been attributed to the several associated species 

including higher oligomers which are interconverting slowly on the nmr 

21 
tirxe scale . We assigned these signals to hydrolyzed products (see 

section 2.3.7.2). The change in the position and relative intensities 

119 
of the Sn nmr resonances (see Table 1.12) upon addition of 1 

equivalent N-methylimidazole was explained by virtue of its ability to 

coordinate directly to tin, which competes with the coordinative 

association between monomeric units. 
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1 3.4 Proposed structures in solution 

1.3.4.1 In the absence of additional nucleophile or polar 

solvent 

56 
Manavu and Szmant after analyzing the reaction products, 

suggested that the stannylene acetals derived from carbohydrates having 

two equatorial OH groups and a neighbouring axial oxygen atom could have 

structures, in solutions of the type shown in Figure 1.19. 

69 
Tsuda et, al_ after analyzing reaction products from several 

stannylene derivatives, suggested that the stannylene acetals derived 

from carbohydrates having two or more equatorial OH groups on adjacent 

carbon atoms and a neighbouring axial oxygen atom could have structures 

in solution of the type shown in Figure 1.20. 

MeO 

Figure 1.20 

That is, they suggested that a cyclic stannylene cannot be formed 

between two vicinal equatorial oxygen atoms. The OMe group comes from 

the methanol used in their preparations of the tin derivatives. 

PC CO 

Although the above two groups of workers ' carried out reactions 

in polar solvent (dioxane) with and without added triethylamine, they 

did not consider the possibility of the interactions between tin and the 
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polar solvent and/or triethylamine. 

David et al_, after investigation of stannylene derivatives of 

carbohydrates by X-ray , Sn nmr (see section 1.3.3), field 

desorption mass spectra and reaction products analyses ' , suggested 

that all stannylene derivatives exist as dimers with C symmetry (see 

Figure 1.17) in all three physical states (solid, gas and solution) 

except may be when dissolved In polar solvents. However, these authors 

did not specify which of the two possible dimers with C_ symmetry would 

be favoured. The driving forces to dimerization were attributed to the 

presence of two electronegative substituents at tin and an acute angle 

at the tetrahedral tin which can only be achieved with d-orbital 

participation. 

Holzapfel et al_ also investigated the carbohydrate derived 

21 119 21 
stannylene acetals by X-ray , Sn nmr and reaction products 

55 
analyses . They observed that the stannylene derivative (22b) of 

methyl 4,6-0-benzylidene-od-D-mannopyranoside (22) exists in crystals as 

119 
a pentamer. Although, they observed several sharp Sn nmr resonances 

(see Table 1.12), all in pentacoordinate region for solutions of 22b in 

benzene-dg, they concluded that stannylene acetals can exist in solution 

of non-polar solvents, not only in a dimeric form but also in higher 

molecular weight oligomeric states. Further, by analyzing reaction 

products from several stannylene derivatives using different 

55 
conditions , they concluded that the association of stannylene 

derivatives will occur via the sterically less hindered oxygen (example 

equatorial oxygen in vicinal equatorial-axial pair), rendering the 

sterically hindered position more reactive. 
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1.3.4.2 In the presence of an additional nucleophile or in 

polar solvent 

119 Changes both In position and line widths of the Sn nmr 

119 26 

resonances were observed when Sn nmr measurements in non-polar 

solvents with added nucleophiles and in polar solvents were compared to 

those in pure non-polar solvents (see Table 1.12). The same group of 

workers carried out reactions ' in a non-polar solvent with and 

without an added nucleophile and also in polar solvents and observed 
46 changes in selectivity and reactivity. Thus, they proposed very 

qualitatively that the coordination of the nucleophile or nucleophilie 

atom(s) from polar solvents to the monomeric stannylene enhances the 

nucleophilicity of one of the bound oxygen atoms. 
119 21 

Sn nmr measurements (see Table 1.12) on stannylene derivative 

22b in benzene with and without an added nucleophile (N-methylimidazole) 

showed a change in the position and relative intensities. Further, from 
55 the reactions (using different conditions) of stannylene derivatives, 

15b and 22b a reversal of regioselectivity was observed in the reactions 

of 22b in benzene upon the addition of 1 equivalent of N-

methylimidazole. On the other hand, no change in regioselectivity was 

observed in the reactions of 15b under the same conditions (see Tables 
55 

1.6 and 1.7). Thus, It was suggested that intermolecular coordination 

of a tin-bound oxygen atom of one molecule to the tin atom of another, 

is in competitive equilibrium with coordination by solvent molecules or 

other Lewis bases as shown in Figure 1.21. 
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< 

Bu I Bu J % \ °v P 
B BuBu Bu §" 
K Bulu 

Figure 1.21 

In monomeric species such as K (Figure 1.21), the relative reactivities 

of the coordinated oxygen atoms result only from steric and electronic 

properties of the carbohydrates. 

1.3.5 Literature results on nucleophilie enhancement and selectivity 

1.3.5.1 In the absence of nucleophiles 

2 
The Sn—0 bond is much more easily cleaved than the Si—0 bond . 

Thus, any complex of alcohol with tin will undergo much faster 

nucleophilie reactions. 

56 
It has been suggested that in stannylene acetals which have 

structures of the type shown in Figure 1.19, 0-2 atom will be activated 

preferentially. 

69 
Although Tsuda et. al_ , proposed different structure (see Figure 

1.20), they also suggested that 0-2 will be activated in those tin 

complexes that contain an adjacent axial anomeric oxygen atom. The 
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activation was ascribed to coordination with the tin atom. 

on OR 
David and coworkers ' advocated a hypothetical theory for 

nucleophilic enhancement and selectivity based on the structure that 

1 26 
they proposed. These authors suggested ' that dimers with C ? symmetry 

(see Figure 1.17) were formed from stannylene acetals in general. 

Within one monomeric unit of the dimer, the tin binds apically io one 

oxygen atom of the parent diol and equatorially to the other oxygen atom 

(see Figure 1.17). The apically bound oxygen atoms are not involved in 

the SnJDp parallelogram. Thus, in such structures, nucleophilic 

enhancement and hence the selectivity of the apical oxygen atom may be 

the result of (1) less sterically hindered dicoordinate oxygen atom when 

compared to other equatorially bound oxygen atom which is tricoordinated 

in the dimeric structure (see Figure 1.17), (ii) electron channelling 

from the tin atom toward the apically bound oxygen atoms resulting ?n 

preferential and cooperative activation. Thus, the origin of the 

selectivity is Inherent in the constitution of dimer. They also 

suggested that in the dimers with C symmetry, the oxygen which binds 

apically may be the more electronegative one. This theory nicely 

explains the regiospecific reactions observed with 15b, assuming that 

the same dimer exists in solution as found in the solid state. 

1.3.5.2 In the presence of nucleophiles 

46 55 
It was suggested ' that the nucleophilic enhancement and the 

changes in selectivity and regioselectivity by the added nucleophiles is 

due to the coordination of the nucleophile to the tin in the monomeric 

structure. 

72 
Although Alais and Veyrieres carried out benzylation reactions 
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with tri-n-butylstannyl ethers using tetrabutylammonium halides as 

catalyst, they proposed the following general mechanism, for the 

nucleophilic activation of tin complexes. 

x" 

R3SnOR~7"T.R3Sn(X)0R _, " R3SnX + RO 

Thus, the enhanced reactivity of the alkoxide can be attributed to the 

formation of an ion pair RO N(Bu). with a large cation-anion 

separation. 



2 Results and discussion 

2.1 Oligomerization equilibria and dynamics of 2,2-di-n-butyl-1,3,2-

dioxastannolanes derived from simple 1,2-diols 

2.1.1 General 

In recent years, several papers on oligomerization equilibria and 

dynamics of 1,3,2-dioxastannolanes derived from simple 1,2-diols have 

appeared in the literature (see Introduction). However, none of them 

seems to expliin satisfactorily all of the experimental observations. 

For instance, it was claimed ' ' that dissociation of dimer into 

monomer is slow on the nmr time scale from the appearance of two 

13 1 8 

separate signals in the C and H nmr spectra. A further claim that 

the monomer chemical shift changes with concentration are due to the 

fast equilibration of monomer with dimer via higher oligomers is clearly 

incompatible with the first statement. These and other conclusions 
7 8 10 

drawn ' ' require careful investigation. 

Li order to understand thoroughly the complex dynamic 

oligomerization equilibria of 1,3,2-dioxastannolane and to evaluate 

steric effects by the substituents on the 1,3,2-dioxastannolane ring on 

the equilibria, the following symmetric 1,2-diols were chosen for study: 

1,2-ethanediol, (2R,3R)-2,3-butanediol and 2,3-dimethyl-2,3-butanediol. 

To Improve understanding of the regio- and stereo-selectivities of 

1,3,2-dioxastannolane derivatives of carbohydrate molecules, the 1,3,2-

dioxastannolane derived from (IS,2S)-1,2-cyclohexanediol was chosen as an 

appropriate model compound. Resolution of trans-1.2-cyclohexanediol to 

give (IS,2SJ-1,2-cyclohexanediol was accomplished by means of a reaction 

73 
developed by Praly and Descotes . 

79 
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2,2-Di-n-butyl-l,3,2-dioxastannolane derivatives 1, 65a, 65ab, 14a 

and 66 (Figure 2.1) were prepared by treatment of the following diols, 

with di-n-butyltin oxide with azeotropic removal of water: ethylene 

glycol, (IS,2S)-1,2-cyclohexanediol, trans-1.2-cyclohexanediol. (2R.3R)-

2,3-butanediol and 2,3-dimethyl-2,3-butanediol, respectively. 

r 
r\ ""••)—f-n r\ 

»Me *ie.H Me f> ^ M e 

°x /° o o ov o 
h A /i 

B u B u Bu Bu Bu Bu 
1 65 14a 66 

Figure 2.1 

2.1.2 Resolution of trans-1.2-cyclohexanediol 

The diastereomeric mixture of ̂ -glycosides (68 and 69; Scheme 2.1), 

obtained when trans-1,2-cyclohexanediol is reacted with 2,3,4,6-tetra-0-

acetyl-o6-D-glucopyranosyl bromide (67) in carbon tetrachloride in the 

presence of yellow mercuric oxide' and mercuric bromide, yields two 

diastereomeric cyclic orthoesters (70 and 71) in the same pot, when 

73 
treated with iodine under irradiation (see scheme 2.1). 

I 
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L 
+ R,R 

AcO—y 

1. AczO, HC!04 A c O - — r - 4 _ — O 

• A C ^ U " T 4 H 
2. Red P, Br2, ^ \ ] 

H2O,20°C A c 0 4r 

67 

/ \ ^ > 0 H , 
(racemic) 
HgO, HgBr2 

AcO—y 

AcO-—T--1—-O 

AcO I 

70 (major) 

+ R,R 

71 (minor) 

1. 70 separated by 

column 

2- IR120(H+ ) , 90 C 

3- NaOMe 
"X) HO 

Scheme 2.1 Resolution of trans-1.2-cyclohexanediol 
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Presumably for steric reasons, one (70) of the two orthoesters is 

preferentially formed and it can be separated by column chromatography. 

Hydrolysis of 70 with Amberlite 120(H+) at 80-90°C yields (1S,2S)-1,2-

cyclohexanediol. 

74-73 
Among the few other methods of resolutions , this method was 

chosen for the following reasons; (i) the reaction materials are easily 

available; (ii) the method is more reproducible, although longer than 

74 
recrystallization of the monomenthyloxyacetyl ester ; (iii) the 

separation of diastereomers by column chromatography used in this method 

79 
is more reliable. It has been reported in the literature that attempts 

to resolve trans-1,2-cyclohexanediol through recrystallization of 

monomenthyloxyacetyl ester has failed. Although the value of optical 

rotation obtained here, +42.9 , was slightly smaller than the largest 

literature value, +46.5 , obtained for the enantiomer resolved by the 

74 
recrystallization method , there was no evidence for the presence of 

any of the (R,R)-enantiomer in the spectra to be discussed later. 

2.1.3 Studies of oligomerization and dynamics of equilibria 

2.1.3.1 Methods of measurements 

Unsubstituted 2,2-di-n-butyl-l,3,2-dioxastannolane (1) had been 

1 13 119 
studied previously by H, C and Sn nmr spectroscopy at lower field 

10 7 8 10 

strengths . Chloroform-d was used ' ' as the solvent of choice for 

studies of 1,3,2-dioxastannolanes at low temperatures because of their 

poor solubility in most other solvents. Therefore, the previous 

investigation covered the temperature range +60 to -60 C. In our 

investigation, it was found that compounds 1, 14a, 65a, 65ab and 66 were 

soluble in mixtures of chloroform-d and dichiorofluoromethane at 
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concentrations < 0.5 M at temperatures as low as -100 C. Because each 

nmr sample was prepared in a sealed nmr tube under vaccum, we could run 

the nmr spectra safely at temperatures as high as +60 C in a chloroform­

ed—dlchlorofluoromethane mixed solvent and as high as +80 C with 

chloroform-d solvent. Thus, our investigation covered the temperature 

range +80° to -100°C. 

Considerable caution was taken to avoid moisture during the 

preparation of samples of compounds 1, 14a, 65a, 65ab and 66 (see 

experimental section). In initial experiments, it was observed that 

119 13 
both Sn an.. C nmr spectra of samples prepared without these 

precautions contained additional signals. Compound 66 was particularly 

sensitive in this regard. Davies and Price have reported that treatment 

of a chloroform solution of 1 with water gave ethylene glycol and a 

33 
soluble hydrated form of dibutyltin oxide. 

11R 117 11Q 

Three of the ten tin isotopes (' Sn, Sn and Sn) have spin 

80 
half nuclei and therefore zero quadrupole moments . The rest of all 

tin isotopes have zero spins. Table 2.1 illustrates the nmr properties 

of the three spin half tin isotopes. 
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Table 2.1 Nmr Properties of tin isotopes 

Isotope 

115Sn 

117Sn 

119Sn 

^Relative 

Natural 
abundance{%) 

0.35 

7.61 

8.58 

to 1 3C (DC). 

Magnetogyric 
ratio(T) 

(107 rad T"1 S"1) 

-8.748 

-9.530 

-9.971 

Relative 
receptivity' 

DC 

0.7 

19.5 

25.2 

119 
The greater abundance and receptivity of Sn clearly indicate that it 

is the most suitable isotope to study tin compounds by tin nmr 

spectroscopy. 

119 
In order to determine optimum parameters for recording Sn nmr 

spectra, T. measurements were performed at different temperatures, on 

the signals of the tV-i nuclei of 65a. The values obtained ranged from 

16 to 54 ;as (See Table 2.2). 

Table 2.2 

(°C) 

119, 
Sn nmr T. (sec) values for 65a 

-50 

-55 

-65 

Pentacoordinate tin 
signals 

Dimer and 
Trimer 

35.2 

39.2 

39.5 

Tetramer 

35.2 

43.0 

53.2 

Hexacoordinate tin 
signals 

Tetramer 

18.4 

19.7 

22.8 

Trimer 

18.2 

19.1 

16.8 

k 
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119 
To ensure that integration of Sn nmr signals were reliable, pulse 

intervals were kept longer than 5 T. and the decoupler was gated off 

during the pulse delay to avoid the negative NOE possibly arising from 

119 119 
the negative magnetogyric ratio of Sn In the Sn-<H} double 

resonance situation. NOEs were evaluated from the spectra obtained from 

119 
the difference of Sn—(H> nmr spectra which were recorded with and 

without proton decoupler off during the pulse delay. Chemical shifts of 

coalescing signals at or above the coalescence temperature (T ) were 

estimated by extrapolation of those values obtained at temperatures 

below T . 
c 

119 
Sn nmr signals were broad and were integrated carefully by the 

119 
triangulation method (Simpson's rule). Sn nmr spectra for 

integration were expanded enough to minimize the possible errors. The 

cases of slightly overlapping signals (pentacoordinate tin signals) were 

resolved by partitioning the common triangle in the ratio of the areas 

measured for the remainders of the two peaks. The uncertainties in the 

integrated areas were taken as +5 '/.. The uncertainties in the 

temperatures at which the spectra recorded were taken to be +2 . The 

uncertainties in the estimated concentrations of nmr samples were taken 

as +10 '/.. 

2.1.3.2 2,2,-Di-n-butyl-l,3,2-dioxastannolane(l) 

119 
2.1.3.2,1 Sn nmr spectroscopy 

10 14 19 119 
As previously reported ' ' , the Sn nmr spectra of solutions 

of 1 in chloroform-d at room temj erature or above contain a single very 

broad signal. For a 0.5 M solution in chloroform-d (solution A) at 

55 C, the sigtkxl is centered at about -170 ppm with a line width of 
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1, .5 M 

f ku t°c 

J' 455 

*w 

^WMtfW^ 
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-40 

V^W -55 

- i — i — , — r -

-50 -100 -150 -200 -250 -3o0 PP" 

119 

Figure 2.2 13-1.6 MHz Sn dnmr spectra of a 0.5 M solution of 1 in 

chloroform-d (solution A) 

i 
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about 2700 Hz. The position of the signal and line width are quite 

concentration dependent. The peaks from a 0.52 M solution in 

chloroform-d: dichlorofluoromathane 3:1 (solution B) and from a 0.072 M 

solution i chloroform-d:dichlorofluoromethane 3:2 (solution C) are 

centered at about -168 and about -137 ppm respectively at the same 

temperature. The line width for solution B at 55 C is about the same as 

that of solution A (2700 Hz) whereas the line width for the solution C 

is about 3850 Hz. As the temperature of solution A is lowered, first 

the band broadens reaching a maximum line width of about 9000 Hz between 

35 and 15 C. When the temperature is lowered further it splits into 

two signals, one at about -130 ppm and the other at about -270 ppm. 

Further cooling led to first splitting of the signal at -270 ppm and 

then the signal at about -130 ppm (see Figure 2.2). This type of 

splitting pattern is observed with other two solutions B and C as well, 

but the temperatures at which the signal splittings occurred depend on 

concentration; signals from concentrated solutions (solution A and B) 

split at lower temperatures than that of the dilute solution (solution 

C). Further, it was noted that the relative intensities of the signals 

at low temperatures are also concentration dependent. At very low 

temperatures, (less than -60 C), the solutions B and C gave three new 

small peaks, two in between -255 and -260 and one at about -134 ppm (see 

Figure 2.3). 
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Tetramar 

119 
Figure 2.3 134.6 MHz Sn nmr spectrum of a 0.52 M solution of 1 in 

chloroform-d:dichlorofluoromethane 3:1 (solution B) at -80°C 

No signals were observed in the region between +50 and -100 ppm even for 

a 0.02 M solution. Roelens and Taddei also observed the splitting 

into four signals for a 0.2 M solution of this compound in chloroform-d 

solvent at the lowest temperatures attainable. At low temperatures, 

they used a 0.2 M solution for solubility reasons. They noted increased 

line broadening with dilution in the spectra recorded at room 

temperature as we also did. 

119 
Increasingly low frequency Sn nmr absorption is associated with 

I 
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Increased coordination at tin ; shifts in the -120 to -150 ppm region 

for 1,3,2-dioxastannolanes have been assigned to pentacoordinate tin, 

while values between -250 and -300 ppm are assigned to hexacoordinate 

tin. ' ' Because the chemical shift of the single resonance for 

solutions A and B, at room temperature or above is intermediate between 

the five- and six-coordinate ranges, and because the signal split as the 

temperature was lowered into two signals that lie in the typical ranges 

of penta- and hexacoordinate tin, it is concluded that the single signal 

at high temperatures must be an average resonance arising from a fast 

exchange between five- and six-coordinate tin in the system. 

Broader lines were observed for signals from dilute solutions than 

for signals from concentrated solutions above coalescence. Signals from 

dilute solutions split at slightly higher temperatures in comparison to 

those from concentrated solutions. Both observations suggest that the 

fast exchange phenomenon is an intermolecular exchange process. Five-

coordinate tin atoms in dimers and as end groups in higher oligomers 

have high frequency shifts whereas the six-coordinate tin atoms in 

trimers and other higher oligomers (see Figure 2.4) have low frequency 

shifts. 

I I H 
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Figure 2.4 Structures of oligomeric species of 1 
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Therefore, the shift of the average signal from the dilute solution 

(solution C) to high frequency by about 30 ppm, suggests that the 

intermolecular exchange phenomenon is an associative exchange processes. 

Since the chemical shifts and line broadening at 55 C for nearly the 

same concentration solutions A and B are approxiiaately the same, it is 

concluded that the mixed solvent, chloroform-d and 

dichlorofluoromethane, has about the same effect as that of chloroform-d 

on the associative exchange processes. In other words, the mixed 

solvent does not alter the relative proportions of the five- and six-

coordinate tin atoms or their rate of exchange with respect to 

chloroform-d solvent significantly. The absence of any detectable 

15 
signal between +50 and -100 ppm , even for a 0.02 M solution, indicates 

that the amount of tetracoordinate tin involved in the associative 

exchange processes is negligible. Although the relative intensities of 

the four major peaks (two in the pentacoordinate and two in the 

hexacoordinate range) are highly concentration dependent, at all 

concentrations and in all solvents employed the intensities of the low 

frequency pentacoordinate tin f gnal (ie., signal at -131 ppm) and high 

frequency hexacoordinate tin signal (ie., signal at -266 ppm) are equal 

within the experimental error limits. The intensities of these two 

peaks increase dramatically relative to the intensities of the other two 

peaks as the concentration is increased. Thus these two peaks must be 

assigned to one species. 
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119 
2.1.3.2.1.1 Assignment of low temperature Sn nmr signals 

In order to assign all the low temperature signals, it is necessary 

to consider the structures and symmetries of possible oligomers in the 

exchange processes. It will be assumed that the conformational 

interconversions in the five-membered rings are fast at the temperatures 

at which the present spectra have been recorded, although slowing of 

ring conformational interconversion has been reported for 1,3,2-

dithiastannolanes at temperatures below -81 C. Crude strain energy 

calculations of ring-interconversion barriers for the five-membered 

rings in chelates of metals with ethylene diamine indicated that the 

barrier size is highly dependent on metal-N bond length; the bond length 

must be > 2.30 A for the barrier to ring interconversion to be large 

82 
enough for the process to be observed by nmr. The Sn-S bond lengths 

on average are about 2.43 A in the 1,3,2-dithlastannolanes ' whereas 

Sn-0 bond lengths on average are about 2.07 A in 1,3,2-

on o* oo OR 
dioxastannolanes. > x» • in addition, it is assumed that the butyl 

substituents adopt equatorial orientations in a trigonal bipyramid about 

pentacoordinate tin or are opposed across an octahedral tin as observed 

on 01 o"3 oc 
in solid state structures ' ' ' and that tricoordinate oxygen atoms 

are planar or inverting rapidly. With these assumptions, the dimer has 

C , symmetry and the two pentacoordinate tin atoms are equivalent. A 

trimer, with C_ symmetry, has a single hexacoordinate tin atom and two 

equivalent pentacoordinate tin atoms. A tetramer, with C„, symmetry, 

has two tin atoms in equivalent pentacoordinate environments and two in 

equivalent hexacoordinate environments. A pentsjner would have the same 

symmetry as the trimer and hence would have two equivalent 

pentacoordinate tin atoms, two equivalent hexacoordinate tin atoms and 



93 

another tin atom in a different hexacoordinate environment. 

Of all of the possible oligomers, only the tetramer can give rise 

to two equally intense pentacoordinate and hexacoordinate tin nmr 

signals. Thus, the two equally intense signals, one in pentacoordinate 

region (at -131 ppm) and the other in hexacoordinate region (at -266 

ppm), shown to belong to one species, must be assigned to the tetramer. 

The other major hexacoordinate tin signal, that at -283 ppm, decreases 

in Intensity relative to the tetramer signals as the concentration is 

increased. Thus, it must be assigned to a less associated species. The 

119 
only possibility is a trimer. As shown previously, the Sn nmr 

spectrum of a trimer should also contain a signal in the pentacoordinate 

region of the spectrum having twice the intensity of the signal at -283 

ppm. The intensity of the remaining signal, at -126 ppm, was always 

greater than twice that of the hexacoordinate trimer signal. Hence, the 

chemical shift of the signal of the tin atoms in the dimer must be the 

same as that due to the tin atoms in pentacoordinate environments in the 

trimer. At temperatures below -60 C, two additional low intensity 

119 
signals appeared in the hexacoordinate region of the Sn nmr spectra 

on the high frequency side of the tetramer signal with intensity ratios 

1:2 and another appeared on the low frequency side of the 

pentacoordinate tetramer signal with about the same intensity as the 

larger of the two other new signals. Since these three low intense 

signals appeared at the same temperatures, these must be assigned to one 

119 
species, the pentamer (see Figure 2.3). The Sn nmr chemical shifts 

of signals from solution A, B and C are listed in Table 2.3. 
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119 
Table 2.3 Sn chemical shifts of compound 1 

Solution Dimer Trimer , Tetramer . Pentamer . 
Penta Hex Penta Hex Penta Hexl Hex2b 

AC -126.8 -126.8 -283.0 -131.4 -266.1 d d d 

Be -126.7 -126.7 -283.1 -131.5 -266.8 -133.6 -257.8 -260.1 

Cf -127.3 -127.3 -283.9 -132.1 -268.1 -134.2 -259.7 -261.3 

^Signal of pentacoordinate tin atoms. "Signal of hexacoordinate tin 

atoms. On a 0.5 M solution in chloroform-d at -60 C. Not observed. 

On a 0.52 M solution in a chloroform-d:dichlorofluoromthane 3:1 at 

-80 C. On a 0.072 M solution in a chloroform-d: dichlorofluoromethane 

3:2 at -95°C. 

2.1.3.2.1.2 Oligomerization equilibria 

In order to treat the oligomerization equilibria of the 

constituents (dimer, trimer, tetramer and pentamer) in the system 

quantitatively, all the signals in the spectra were carefully 

integrated, at each of 9 or 10 different temperatures. The signals in 

the spectra of 0.52 M solution (solution B) were not integrated because 

the signals were still broad at quite low temperatures (-60 ). As a 

result, they overlapped too heavily for integrations to be reliable. 

The signals in the spectra of the 0.072 M solution in a 3:2 mixture 

of chloroform-d and dichlorofluoromethane were integrated at nine 

different temperatures between -85 C and -45 C. Equilibrium constants 

were obtained (see Appendix I) for the following equilibria: 
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2 Dimer ^ *~ Tetramer 2.1 

3 Dimer 7~~**2 Trimer 2.2 

4 Trimer ̂  *3 Tetramer 2.3 

Dimer + Trimer ~ ^Pentamer 2.4 

The equilibrium constants were used to derive enthalpy and entropy 

values for the equilibria. The results are shown in Table 2.4. 

Table 2.4 Thermodynamic parameters for the oligomerization equilibria 

of compound 1 

Equilibrium Enthalpy Entropy Free Energy 

-1 -1 -1 -1 

(kcal mol ) (cal mol deg ) (kcal mol ) 

-22.9+6.3 -2.5+0.1 

-27.6+8.8 -3.3+0.1 

-13.4+3.6 -1.03+0.03 

-49+19 -1.4+0.2 

0.072 M Solution in chloroform-d:dichlorofluoromethane 3:2; 

uncertainties are at the 95% confidence level. At 200 K. 

2 . 1 

2 . 2 

2 . 3 

2 . 4 

-7 .1+1.3 

-8.8+1.8 

-3.7+0.7 

-11.0+3.9 

Each value in Table 2.4 represents an overall change in which the 

products have two more Sn-0 bonds than the starting materials and two 

pentacoordinate tin atoms become hexacoordinate. The negative values of 

free energy changes at 200 K indicate that the more associated species 

are more stable, but are strongly disfavoured at higher temperatures by 

the large negative entropy terms. 
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As our studies show that at high temperatures mainly the entropy 

terms determine the level to which oligomerization proceeds, one would 

expect more association to occur in the solid state provided that steric 

interactions do not play a major role. The entropy changes for the 

association in the solid state will be much smaller, because the major 

contributions in solution, the loss of translational energy levels and 

the loss of rotational energy levels on association do not contribute in 

solid state. Indeed, this was the case found In the solid state of 1 

23 

which exists as an infinite ribbon polymer . 

The temperature dependence of the oligomerization equilibria can be 

seen from the calculated mole fraction of the oligomers at different 

temperatures (see Table 2.5). 

Table 2.5 Calculated mole fractions of the oligomers in solution of 

compound l a 

Temperature Mole fraction of oligomers 
(K) Dimer Trimer Tetramer Pentamer 

200 0.14 0.52 0.29 0.058 

243 

273 

300 

328 

Calculated from the equilibrium constants at that temperature using an 

iterative procedure (see Appendix I). 0.072 M solution in chloroform-

d:dichlorofluoromethane 3:2. 

0.43 

0.63 

0.77 

0.86 

0.43 

0.30 

0.20 

0.13 

0.14 

0.07 

0.03 

0.01 

0.001 

0.0001 

0.00002 

0.000002 
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At 200 K for the 0.072 M solution, the mole fractions of dimer, trimer, 

tetramer and pentamer are calculated to be 0.139, 0.517, 0.286 and 0.058 

respectively; at 300 K, they are 0.768, 0.200, 0.032 and <0.001, 

respectively. The mole fraction of dimer present for the 0.072 M 

solution only becomes more than 0.5 when the temperature Is greater than 

-20 C and, for more concentrated samples, the proportion of dimer is 

even smaller. This finding is in contrast to that obtained previously 

where virtually all authors have considered the dim^r to be the dominant 

4-8 
species in non-polar solutions under all conditions , except at very 

low concentration or at very low temperatures. ' 

One possible cause of the previous underestimation of the 

contribution of higher oligomers is that the signals of the 

hexacoordinate tin nuclei are approximately twice as broad as those of 

pentacoordinate tin, at least in spectra recorded at 134 S MHz. In 

addition, the previous workers have discussed these equilibria in terms 

of monomer, dimer and polymers. As a result, they associated the mole 

fraction of pentacoordinate tin with the amount of dimer present, 

although they were aware that this crude assumption was not 

10 1R 

correct. ' The fact that the higher oligomers present are largely 

the trimer and the tetramer has major implications for the evaluation of 

the equilibria. For instance, a 0.85 M solution in chloroform-d at room 

temperature was roughly calculated to have a mole fraction of 

pentacoordinate tin of 0.65 and it was concluded that it contained 

predominantly dimer. The trimer has a mole fraction of 

pentacoordinate tin of 0.67 and hence at room temperature, it is 

probably the major species present in this solution which is at a higher 
119 concentration than any studied here. Another interesting Sn nmr 
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observation which led these authors to assign the pentacoordinate tin 

signals mainly to dimers, was the low temperature splitting of 

pentacoordinate tin signals into two while the hexacoordinate tins 

appeared already as two signals. Thus, the two pentacoordinate tin 

signals were interpreted as due to two different dink, 's having the two 

butyl groups in equatorial positions or one in equatorial and the ether 

in axial position of trigonal bipyramidal configuration of tins in the 

dimer (see Figure 1.5). 

119 
As a final confirmation of our treatment of 1, the average Sn 

nmr chemical shift value at 55 C for 0.072 M solution (see Apendix I) 

was calculated using the calculated mole fractions of dimer, trimer, 

tetramer and pentamer at 55 C and the extrapolated chemical shift values 

at that temperature for each of the different tin atoms in those 

constituents. The value obtained, -134.4 ppm, was in excellent 

agreement with the observed chemical shift, -137+5 ppm at 55 C. 

13 
2.1.3.2.2 C nmr spectroscopy of 1 

13 
C nmr spectra at room temperature or above showed, in line with 

the previous observations ' ' , single resonances for the ring 

methylene carbons and for each of the four butyl carbons, with a 

markedly broad signal for the oC-CH_ carbon. Chemical shifts are listed 

117/119 
in Table 2.12. All resonances were coupled with Sn nuclei. For 

1 n 117/11°, 
a 0.25 M solution a value of 640 Hz observed for J( C, Sn) for 

the signal of the <>C-CH_ carbon of the butyl group, is very close to the 

83 10 
two literature values, 653 Hz and 643 Hz . The observation of a 

117/119 
single resonance flanked with Sn satellites (coupling value 40 

Hz) for the two ring methylene carbon atoms could be due to a single 

structure with symmetry 'elating the two GEL groups or could be due to 
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an averaged symmetry in which the CIL groups exchange identical 

positions in one or more types of species. Since any single structure 

with symmetry relating the two CHp groups does not explain the observed 

119 
variable temperature Sn nmr spectra, it is concluded that the 

117/119 
observed single resonance flanked with Sn satellites is caused by 

averaged symmetry in which the CH_ groups exchange Identical positions 

in one cr more types of species. Table 2.5 shows that at room 

temperature or above, mainly dimers and trimers are present in a 0.072 M 

solution. Thus, high average symmetry is observed in which particular 

CH„ groups in dimers exchange positions with the other positions in 

dimers and in trimers via fast multiple repetitions of the exchange 

process described as in Figure 2.5. 

r\ r~\ r\ . . . 
cS< \ fJ* JSn \ t / Sn- ^ r. ,Sn \ i / Sn \ » / Srv 

b a 

n r\ r\ r\ 
v. V>4 *==t v-NKV • W /V> • vvrw y\y^ &. 

a b 
U 

Figure 2.5 Exchange processes of a dimer and trimer 



In this exchange process, the two ring carbon atoms of 1,3,2-

dioxastannolane from dimers and trimers exchange through the two 

environments "a" and "b" and also become equivalent when the monomer 

occurs in the middle position of trimer (see Figure 2.5). The 

117/119 
observation of a single signal with Sn satellites at high 

temperatures for the two ring methylene carbon atoms Is consistent with 

the exchange process described in Figure 2.5, because here the 

individual monomer units stay together during the exchange process. 

119 13 

In accordance with the Sn nmr results, no C nmr signal 

corresponding to monomer was observed, even for 0.02 M solution. This 

observation is in contrast to the previous studies by Roelens and 

Taudei , where a small signal was observed about 1.17 ppm downrield 
13 

from the main C nmr signal. Since the Intensity of that signal 

increased with increasing dilution, it was assigned to the monomer. In 

1 
the H nmr spectrum of a 0.02 M solution in chloroform-d recorded at 300 

10 
MHz , the intensities of the signal assigned to the ring methylene 

protons of the supposed monomer and that of the signal corresponding to 

the dimer were about the same (see Figure 2.6). 
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4.7X102 M 2.3X10* M 

Figure 2.6 300 MHz H nmr spectra of ring methylene region of 1 from 

reference 10 

Thus, the mole ratio of monomer:dimer was considered to be 2:1 . In 

119 
our studies, no detectable Sn signal corresponding to monomers 

(between +50 and -100 ppm) was observed in the temperature range studied 

even for the 0.02 M solution. Therefore, it is concluded that the 

1 13 
previous assignment of high frequency H and C nmr signals to 

monomer is incorrect. The signals observed were the result of 

hydrolytic decomposition of some of the 1,3,2-dioxastannolane as will be 

shown in section 2.1.3.2.3. 

Since the possibility of the presence of a very small amount of 

monomer, at least at high temperature, cannot be eliminated, in addition 

to the exchange processes described in Figure 2.5, at least some 

contribution from the monomers to the similar exchange processes with 

dimers and trimers to give a single resonance as observed for the ring 
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methylene carbons cannot be ruled out. The chemical shifts at 55 C for 

a 0.25 M solution in chloroform-d are listed In Table 2.12. 

13 

Low temperature C nmr experimental results are briefly shown in 

Figures 2.7 to 2.9. The effect of complex exchange processes at low 

temperatures was especially evident on ring methylene and on butyl *-

methylene carbons. Both these signals were singlets at room 

temperature, and broadened on cooling to a coalescence point. For the 

CHo0 moiety, coalescence occurred at about -55 C and for the butyl tt-CH. 

carbon, coalescence occurred at about -40 C. Thus, in the temperatures 

between -40 and -60 C the ot-CH? signal splits into two peaks that have 

chemical shifts of about 19.5 and 26.7 ppm at -60°C (see Figure 2.7). 
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Figure 2 .7 90.8 MHz C dnmr s p e c t r a of a 0.25 M s o l u t i o n of 1 in 

chloroform-d 
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Roelens and Taddei also observed this coalescence and the accompanying 

splitting down to -60°C. 

64 63 62 61 60 59 PPM 

Figure 2.8 The effect of concentration on the signals assigned to C-4 

and C-5 of the 1,3,2-dioxastannolane ring in the low 

13 
temperature 90.8 MHz C nmr spectra of 1 

The ring methylene signal splits as the temperature is lowered 

further into what becomes five separate bands at the lowest temperatures 

studied (see Figure 2.8). The single butyl ot-CH_ carbon signal at room 

temperature splits into two peaks at about -40 C and then each of these 

peaks divides into two at temperatures below -60 C (see Figure 2.9). 
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Figure 2.9 The effect of concentration on the signals assigned to the 

carbons e<, to tin in the butyl groups in the low temperature 

13 
90.8 MHz C nmr spectra of 1 

The calculated mole fractions, of dimer, trimer, tetramer and pentamer 

present at -80 C in a 0.072 M solution in a 3:2 mixture of chloroform-d 

and dichlorofluoromethane were 0,10, 0.49, 0.30 and 0.11, respectively; 

at -80 C in a 0.52 M solution in a 3:1 mixture of chloroform-d and 

dichlorofluoromethane, they were estimated from rough integration to be 

0.07, 0.40, 0.46 and 0.07, respectively, Analysis of the symmetries of 

the two major species at low temperatures, the trimer and the tetramer, 

indicate that there are seven environments possible for ring methylene 

carbons; they can be attached to a dicoordinate oxygen (DO) atom that is 

attached to a single pentacoordinate tin (PT) atom in both species, to a 

tricoordinate oxygen atom (TO) attached to one PT atom and one 

hexacoordinate tin (HT) atom (two different environments in both the 

trimer and the tetramer), and to a TO atom attached to two HT atoms in 
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the tetramer. Of the five signals shown in Figure 2.8, the two at 

extreme high and low frequencies appear to have the same intensities at 

all concentrations. Therefore, these two lines must result from overlap 

from signals of both species. The central signal has low intensity 

compared to its two neighbours in the spectrum from the high 

concentration samples, but high intensity in that from the low 

concentration samples. Thus, the central signal is a trimer signal 

while the two signals flanking the trimer signal are tetramer signals. 

The initial splitting (above -60 C) for the butyl o6-CH? carbon 

signal had previously been explained by suggesting that the butyl groups 

could occupy axial or equatorial orientations in the trigonal 

1 n 1 R 
bipyramidal configuration of tin in the dimers. ' Because the dimer 

has now been shown to be a minor constituent at low temperatures, an 

alternative explanation of the spectral changes must be developed. The 

probable cause of the Initial splitting is the different coordination 

levels at tin. In support of this conclusion, the butyl oc-CH„ carbon 

signal of 66, which is only present as a dimer (see Section 2.1.3.5), 

appears as a singlet at all temperatures. The two low frequency signals 

at 19.16 and 19.42 ppm can be assigned to od-CH? carbons attached to 

pentacoordinate tin (PT) on the basis of the magnitudes of their one-

1 13 117/119 
bond carbon-tin coupling constants ( J( C, Sn)), while the high 

frequency signals are assigned to o£-CH? carbons attached to 

hexacoordinate tin (HT). In a 125.8 MHz spectrum of the 0.072 M 

r\ 117 /1 1 Q 

solution of 1 at -84 C, a pair of satellite peaks caused "y Sn 

coupling were observed on each side of the peaks at 19.16 and 19.42 ppm 

1 13 117/119 
with coupling constants ( J( C, Sn)) of 586 and 57S Hz, 

1 13 117/119 
respectively. In the spectra of tin (IV) compounds, J( C, Sn) 
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84—86 
values ranging from 307 to 1175 Hz have been observed. The 

1 n 117/119 
magnitude of J( C, Sn) has been related »o the size of the C-Sn-

84 
C bond angle, increasing with increasing angle size. C-Sn-C bond 

angles are larger about hexacoordinate tin than pentacoordinate tin in 

90 91 9*3 9R 
crystal structures containing dialkyldialkoxytin derivatives. ' * ' 

10 83 

The value of 640 Hz (lit. 643 Hz and 653 Hz ) observed at room 

temperature is an average of values from pentacoordinate tin mainly in 

dimers and trimers and from hexacoordinate tin mainly in trimers. 

Because the coupling values observed for the signals at 19.16 and 19.42 

ppm at low temperature are smaller than the average coupling values and 
1 13 119 

are very similar to the values, 589 and 563 Hz of J( C, Sn), and 
1 13 117 
J( C, Sn), respectively measured for compound 66, which exists 

solely as a dimer with pentacoordinate tin (see Section 2.1.3.5), these 

former signals are assigned to oC-CH„ carbons attached to pentacoordinate 

tin. 

This assignment based on coupling constant values can be further 

substantiated by the observations made with the 1,3,2-dioxastannolane 

(87b) derived from benzyl 4,6-0-benzylidene-eC-D-mannopyranoside (87) 

(see Section 2.3). The solutions of 87L in chloroform-d were found to 

contain a mixture of a dimer and a trimer in the temperature range, -55 

o 13 
to 80 C studied. In the variable temperature C nmr spectrum of 87b, 

13 
the butyl *-CH C nmr signal first split into two signals of unequal 

intensity. The intensity ratio of the low frequency to high frequency 

butyl «-CH2 C nmr signal, 8.3:1 at 20°C is approximately equal to the 

intensity ratio of pentacoordinate to hexacoordinate tin signals (8.6:1) 

at the same temperature. Moreover, as the temperature decreased the low 

13 
frequency butyl «C-CH C signal is further split into six lines at 

-55 C, the number expected for et-CH_ groups attached to pentacoordinate 



tin in a mixture of dimer (with C„ symmetry) and trimer (with no 

symmetry) of 87b. Thus, in general, the signals of cl-CH2 groups from 

butyl groups attached to pentacoordinate tin appear at lower frequencies 

than those attached to hexacoordinate tin. 

The signals from «-CHn groups attached to hexacoordinate tin were 

obscured by the A- and f-CHp carbon signals. If the symmetries 

considered previously are valid, there should be one signal for a C-«C 

attached to PT and one signal for a C-06 attached to HT for the trimer 

with intensity ratios of two to one, and two equally intense C-oc signals 

for carbons attached to PT and HT for the tetramer. Thus, there are 

four different environments possible for ot-CH„ carbons attached to tin 

atoms. Therefore, the additional splitting observed when the 

temperature was lowered beyond -60 C is caused by the different 

environments in the trimer and the tetramer. In each pair, the high 

frequency signal is more intense at lower concentrations and must be 

assigned to lower oligomer, the trimer (see Figure 2.9). In general, 

these observations and conclusions are consistent with the structural 

assignments made previously. 

2.1.3.2.3 The effect of water or ethylene glycol on compound 1 

Roelens and Taddei observed an additional small signal at a 

1 13 
slightly larger frequency than the 0CH_ signal in both the H and C 

nmr spectra of 0.2 M solutions of 1 at room temperature in chloroform-d 

10 
that increased in intensity as the solutions were diluted . Shanzer et 

al made similar observations for chloroform-d solutions of 4-methyl--2,2-

di-n-butyl-1,3,2-dioxastannolane . In our studies, no signals were 

119 
observed in the region of the Sn nmr spectra, +50 to -100 ppm, where 



14 15 monomers are expected to absorb ' , for 0.2 or 0.02 M solutions of 1 

in chloroform-Q either at room temperature or -60 C, indicating that 

monomers were not present. To confirm that our negat've results were 

not caused by line broadening due to exchange or by some other 

8 10 
unanticipated difficulty, we attempted to repeat the previous ' 

observations. We did not observe any of the extra signals in samples 

prepared as described in the experimental or from non-sealed samples 

prepared as described in the experimental except that the predried 

chloroform-d was transferred by syringe to the reaction product 

maintained in an argon atmosphere. 

Addition of very small amounts of water produced mainly an 

1 13 additional peak in the H and C nmr spectra at chemical shifts (see 

10 Table 2.6) almost identical to those reported by Roelens and Taddei . 

8 10 
Clearly, the additional peaks observed earlier ' resulted from 

hydrolytic reaction of the 1,3,2-dioxastannolanes with water in the 

chloroform-d or from the atmosphere. 
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1 13 
Table 2.6 The effect of a very small amount of water on the H and C 

nmr spectra of 1. 

Sample Signal Chemical shifts (ppm) 

H nmr C nmr 

1 SnOCBL 3.625 63.170 

1+H 0b SnOCHg 3.624 63.170 

NoJ signal 3.687 64.224 

c 0.063 1.054 

Ref. 10 SnOCJL 3.611d 62.89e 
— 2 

Extra signal 3.674d 64.06e 

c 0.063 1.17 

a0.2 M in chloroform-d at 25°C at 361.06 and 90.8 MHz for H and 13C nmr 

b c 

spectra respectively. Very small amount. Chemical shift difference 

between new signal (or extra signal) and that of SnOCJL. 0.2 M in 

chloroform-d at 300 MHz. e0.85 M in chloroform-d at 20 MHz. 
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1 13 
Table 2.7 The effect of ethylene glycol on the H and C nmr spectra 

of 1 

Sample 

l+(H0Cj^)2
b 

1+(H0CH2)2
C 

l+tHOCHg)^ 

(H0CH2)2 

Signal 

SnOCJL, 

New s ignal 

SnOCJL, 

New s ignal 

SnOCJL, 

New s ignal 

HOQL, 

Chemical 

H nmr 

3.622 

3.695 

3.622 

3.693 

s h i f t s (ppm 

13C nmr 

63.148 

64.194 

63.087 

64.059 

63.042 

63.872 

63.666 

1T 13, 
0.2 M in chloroform-d at 25 C at 361.06 and 90.8 MHz for H and C nmr 

V* r* /"J 

spectra respectively. Very small amount. 0.5 equivalents. Two 

equivalents. 
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Figure 2.10 361.0 MHz H nmr spectra of ring methylene region of 1 in 

chloroform-d containing increasing amounts of water 
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1+H20 

2 M, 26°C 

62.5 PPM 

13 
Figure 2.11 90.8 MHz C nmr spectra of ring methylene region of 1 in 

chloroform-d containing increasing amounts of water 



114 

Addition of excess amounts of water produced other overlapping 

1 13 
signals in H and C nmr spectra to greater extent (see Figures 2.6, 

2.10 and 2.11). Addition of small or excess amounts of ethylene glycol 

1 13 
produced only one additional peak in H and C nmr spectra. When small 

amounts of ethylene glycol are added, the chemical shifts (see Table 

2.7) of the new signals are almost identical to those produced by the 

addition of small amounts of water (Table 2.6). When increasing amounts 

of ethylene glycol are added, the chemical shifts of the new signals 

approach the chemical shifts of pure ethylene glycol (see Table 2.7). 

119 
Sn nmr spectra indicate that complex mixtures were obtained even 

119 
with slight amounts of added water. The Sn nmr spectra of the 0.2 M 

solutions of 1 at 55 C with slight amounts of added water included a 

small extra signal at -134.6 ppm, at a greater frequency and much 

sharper than the broad main signal which may have other signals 

superimposed on it. At -60 C, the Sn nmr spectra of this mixture 

closely resembled the spectra without added water, except that there 

were a number of additional small peaks, at -131.0, -142.5, -144.5, 

-152.9, -153.9, -153.5, -156.0, -156.7, -253.5 and -257.5 ppm. Of these, 

119 
the peaks at -131.0 and -152.9 ppm were the most Intense. The Sn nmr 

spectra of the 0.2 M solution of 1 at -60 C with small amounts of added 

ethylene glycol very closely resembled the spectra without added 

ethylene glycol except that very small amount of water in ethylene 

glycol produced the same number of additional peaks as found in the 

sample with added water, but at a low level. The spectra of a sample 

prepared as in the experimental section, except that two extra 

equivalents of ethylene glycol were added, did not contain any new 

peaks, but relative intensities and chemical shifts at -60 C and line 



widths at 55°C and at -60°C may have been altered (see Table 2.8), 

119 
Table 2.8 The effect of ethylene glycol on Sn nmr chemical shifts 

and line widths of compound 1 

Dimer Trimer Tetramer 

Pentb HexC Pentb HexC 

Chemical -126.8 -126.8 -282.7 -131.5 -265.9 
shift 
(ppm) 

W d 

Wl/2 
Chemical -129.0 
shifts 
(ppm) 

W, d , e 84 109 97 120 

1/2 
aFor a 0.2 M solution in chloroform-d at -60°C. Signal of 

c d 
pentacoordinate tin atom. Signal of hexacoordinate tin atom. Half-
height line width in Hz. Sample containing two equivalents of ethylene 

197 

-129.0 

194 

-275.9 

155 

-133.9 

147 

-258.4 

glycol. 

Noticeably much narrower line widths were observed at -60 C for the 

sample with excess ethylene glycol than for a sample of identical 

concentration but without any excess ethylene glycol. Further, the 

half-height line width value of 5300 Hz was observed for the average 

119 

Sn nmr signal from a 0.2 M solution of 1 in chloroform-d containing 

two equivalents of ethylene glycol at 55°C. This value Is much larger 

than the half-height line width value, 3850 Hz observed for the average 
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119 

Sn nmr signal from a 0.072 M solution of 1 in chloroform-d in the 

absence of ethylene glycol at 55 C. The extra two equivalents of 

ethylene glycol in this sample were evident because of an extra peak at 

63.87 ppm with an Intensity of about two times that of 1,3,2-
13 

dioxastannolane in the room temperature C nmr spectrum as discvssed in 

the previous paragraph. 

33 
Several observations support the suggestion of Davies and Pric*. , 

that ethylene glycol and soluble forms of dibutyltin oxides are produced 

when water is added to 1,3,2-dioxastannolanes. First, the addition of 

very small amounts of water to the solution of 1 produced one major new 

1 13 
signal in both the H and C nmr spectra. These new signals have 

chemical shifts almost identical to those of the signals produced in H 

13 
and C nmr spectra when small amounts of ethylene glycol are added. 

The chemical shifts of the signals produced when ethylene glycol is 

added, approach those of pure ethylene glycol when excess amounts of 

ethylene glycol are added. New peaks are present in the low temperature 

119 
Sn nmr spectra of samples with added water but not in those with 

119 
added ethylene glycol. Most of the peaks observed in the Sn nmr 

spectra ^ere in the region where pentacoordinate tin absorbs. 

Therefore, these compounds probably have ladder type structures that 

contain two, three or more dibutyltin oxide monomer units as illustrated 

in Figure 2.12 for a dimer and a trimer. 
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HO Sn—OH HO Sn—OH 

Figure 2.12 Possible structures for soluble hydrated forms of di-n-

butyltin oxide. One of the two dimer stereoisomers and one 

of the three trimer stereoisomers are illustrated 

The following evidence indicates that ethylene glycol undergoes a 

fast exchange process. The chemical shift of the additional signal 

produced when a small amount of ethylene glycol has been added to the 

solution of 1 changes as more ethylene glycol is added so that the 

difference between it and the chemical shift of pure ethylene glycol 

approaches zero (Table 2.7). This fast exchange process cannot be the 

interchange of ethylene glycol moiety from 1 with ethylene glycol 

13 itself, because the C nmr spectra of solutions containing ethylene 

glycol had sharp distinct signals for both species at room temperature. 

Therefore, it is most likely that the fast exchange process observed is 

similar to that of other nucleophiles with the related 1,3,2-

dioxastannolanes (section 2.3). Support for this contention can be 
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obtained from the observation of broader line widths at temperatures 

above coalescence temperature (T ) and narrower line widths at 

119 
temperatures below T for Sn nmr signals from a 0.2 M solution 

containing two equivalents of ethylene glycol. 



2.1.3.3 (IS,6S)-8,8-Di-n-butyl-7,9,8-

dioxastannabicyclo[4,3,0]nonane(65a) and its racemate(65ab) 

119 
2.1.3.3.1 Sn nmr spectra of 65a and 65ab 

119 
In general, the changes in the Sn nmr spectra of 65a and 65ab 

with temperature were similar to those of 1 (see Figure 2.13). The 

following minor differences were observed: (i) at temperatures below 

119 
coalescence, the Sn nmr signals of 65a and 65ab were narrower than 

those of 1. For instance, for a 0.5 M solution of 1 in chloroform-d at 

-50 C, the approximate half-height line widths for the hexacoordinate 

tin signals of the trimer and the tetramer were 475 and 293 Hz 

respectively, whereas those from a 0.5 M solution of 65a in chloroform-d 

119 
were 67 and 75 Hz respectively, at the same temperature; (ii) the Sn 

nmr chemical shifts were 8-16 ppm more negative (see Tables 2.3 and 

2.9); (iii) in the spectra recorded for <0.15 M solutions, as the 

temperature was lowered, the two central major signals, one in each of 

the pentacoordinate and hexacoordinate regions, appeared at about -10 C 

and then sharpened simultaneously at temperatures about 20 C lower than 

that of the lowest frequency signal; (iv) each of the four major signals 

in the spectrum of the racemate (65ab) was further split below -40 C 

(see Figure 2. 15 and Table 2.9); (v) a small signal appeared on the high 

119 
frequency side of the pentacoordinate trimer peak in Sn nmr spectra 

of 65a recorded at temperatures lower than -50 C for samples with 

concentrations less than 0.15 M (see Figures 2.13 and 2.14). 
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Figure 2.13 The effect of temperature and concentration on the Sn 

nmr spectra of solutions of 65a in chloroform-d: 

dichlorofluoromethane 3:1 
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119 
Figure 2.14 The part of the 134.6 MHz Sn nmr spectrum of a 0.063 M 

solution of 65a in chloroform-d: dichlorofluoromethane 3:1 

that contains the signals of the pentacoordinate tin atoms 
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119 
Table 2.9 Low temperature Sn nmr chemical shifts of compounds 14a, 

65a, 65ab and 66 

Comp. Dimer Trimer , Tetramer , Pentamer , 
Penta Hex Penta Hex penta Hexl Hex2b 

65ac -141.5-142.5 -291.8 -148.7 -276.1 d d d 

65ae -142.2 -142.2 -292.3 -148.5 -275.3 -150.2 -257.5 -270.9 

65abf -142.0,-142.2, -292.5, -148.1, -275.2 d d d 

-142.91 -293.71 -148.61 

14ag -132.0 -132.0 -284.9 -138.1 -266.0 d d d 

66h -139.6 d d d d d d d 

a b 

Signals of the pentacoordinate tin atoms. Signals of hexacoordinate 

tin atoms. On 0.063 M solution in a chloroform-d:dichlorofluoromethane 

3:1 at -75°C. Not observed. e0n a 0.43 M solution in chloroform-

d: dichlorofluoromethane 3:1 at -60 C. On a 0.5 M solution in 

chloroform-d at -50°C. g0n a 0.5 M solution in chloroform-d at -60°C. 

On a 0.23 M solution in chloroform-d at 20 C. More intense signal. 

119 
The observation of markedly narrower Sn nmr signals below 

coalescence, for compounds 65a and 65ab, when compared to those of 

compound 1, suggests that the rate of exchange In the oligomerization 

equilibria for 65a and 65ab are much slower than that of 1. In other 

words, 4,5-disubstitutcd 1,3,2-dioxastannolanes (65a and 65ab) exchanga 

much slower than the unsubstituted 1,3,2-dioxastannolane (1) in the 

oligomerization equilibria. The simultaneous appearance and sharpening 

of the two central major peaks in the spectra recorded for <0.15 M 

solutions provides additional confirmation that these two signals belong 



to one species, the tetramer. 

In the case of the racemic compound (6Sab), extra complexity is 

expected in the low temperature spectra because, when the rates of 

equilibration of the oligomeric species are slow, solutions of 65ab will 

contain two diastereomeric dimers, three trimers and six tetramers. Two 

of the three diastereomeric trimers (SSS or RRR and SRS or RSR. S-

represents the 1,3,2-dioxastannolane with (lS,2S)-l,2-cyc]ohexanediol 

moiety and R-represents the 1,3,2-dioxastannolane with (1R,2R)-1,2-

cyclohexanediol moiety) have C axes and so each will have two tin 

signals, one in each of the pentacoordinate and hexacoordinate regions 

with intensity ratios of 2 to 1. The other trimer (SSR or RRS) has no 

symmetry elements and thus will have three equally intense tin signals, 

two in the pentacoordinate region and one in the hexacoordinate region. 

Thus, the pentacoordinate and hexacoordinate trimer signals should split 

into four and three signals, respectively. Calculated mole fractions of 

dimer, trimer, Letramer and pentamer for the chiral compound 65a (see 

Table 2.9), suggest that the amount of dimer present at temperatures 

below -50 C is very low. Therefore, the highest and the lowest 

frequency signals for the racemic compound 65ab can also be considered 

as resulting only from trimers, assuming that the SS- and RS-dimers have 

comparable stabilities. Evaluation of interactions in models of the 

dimers supports this assumption. 
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119 Figure 2.15 134.6 MHz Sn nmr spectra of solutions of 65a and its 50 

% ee in chloroform-d 
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The pentacoordinate trimer signal is split into three signals, one more 

intense and two with approximately equal intensities, while the 

hexacoordinate trimer signal is split into twc signals with intensity 

ratio of approximately 1:2.5 (see Figure 2.15 and Table 2.9). Comparing 

these signal intensities with the signal intensities in the spectrum 

from a sample containing a 50% encntiomeric excess (two approximately 

equally Intense signals in the hexacoordinate trimer region and one 

strong signal (high frequency low-intensity signal in racemic mixture) 

and two similar intense signals for pentacoordinate trimer) indicate 

that all three diastereomeric trimers are present roughly in statistics"• 

ratio. The penta- and hexacoordinate tin signals from all six tetramers 

are located within 3 ppm of each other and are insufficiently resolved 

to be analyzed. 

The additional small signal observed on the high frequency side of 

119 
the pentacoordinate trimer peak in the Sn nmr spectra of 65a recorded 

at temperatures lower than -50 C for samples with concentrations less 

than 0.15 M was found to increase in intensity with further dilution. 

Therefore, this new signal was assigned to the dimer. 

Nine low temperature spectra of a 0.063 M solution of 65a in 

chloroform-d:dichlorofluoromethane 3:1 between -75 and -35 C and ten 

spectra of a 0.43 M solution of 65a in the same solvent mixture between 

-65 and -20 C were carefully integrated. The results were used to 

derive thermodynamic parameters for the equilibria (2.1 to 2.4) as 

previously outlined for 1 (see Table 2.10). 



Table 2.10 Thermodynamic parameters for the oligomerization 

equilibria, 2.1 to 2.4 of compound 65aa 

Cone. 

(M) 

0.063C 

0.43° 

Tlncerti 

Equi1ibrium Enthalpy 

2.1 

2.2 

2.3 

2.1 

2.2 

2.3 

2.4 

ainties are 

(kcal-

mol""1) 

-7.1+0.8 

-7.9+1.0 

-5.6+0.6 

-9.1+0.9 

-10.3+0.8 

-6.2+0.8 

-8.6+1.3 

at the 95% 

Entropy 

(cal mol -

deg ) 

-22.7+3.8 

-23.5+4.5 

-20.9+2.6 

-31.6+3.7 

-34.2+4.3 

-24.1+3.5 

-34.6+5.5 

confidence leve 

Free Energy 

(kcal mol ) 

-2.6+0.1 

-3.2+0.1 

-1.40+0.05 

-2.8+0.1 

-3.4+0.2 

-1.4+0.1 

-1.6+0.2 

T. bAt 200°K. Cln 

chloroform-d:dichlorofluoromethane 3:1. 

The negative values of free energy changes at 200 K (Table 2.10) 

indicate that for compound 65a, as for 1, the more associated species 

are more stable, but are strongly disfavoured at high temperatures by 

the negative entropy terms. 

The temperature dependence of the oligomerization equilibria of 

compound 65a can also be seen from the calculated mole fractions of the 

oligomers at different temperatures (see Table 2.11). 
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Table 2.11 Calculated mole fractions of the oligomers present in 

•a 

solutions of two different concentrations of compound 65a 

Cone. Temperature Mole fraction of oligomer (M) 

0.063b 

0.43b 

(K) 

200 

243 

273 

300 

200 

243 

273 

300 

Dimer 

0.16 

0.45 

0.63 

0.76 

0.06 

0.29 

0.52 

0.70 

Trimer 

0.49 

0.42 

0.31 

0.21 

0.36 

0.45 

0.36 

0.25 

Tetramer 

0.34 

0.13 

0.06 

0.03 

0.43 

0.23 

0.11 

0.046 

Pentamer 

c 

c 

c 

c 

0.15 

0.03 

0.006 

0.0015 

3. 
Calculated from the equilibrium constants at that temperature using an 

b c 
iterative procedure. In chloroform-d:dichlorofluoromethane 3:1. Not 

observed for this sample. 

The parameters derived for the 0.063 M solution of 65a were almost 

identical to those derived for the 0.072 M solution of 1. Evidently, 

the replacement of a primary center by a secondary center does not 

affect the position of the equilibria much, particularly when the 

substituents on the secondary center are held remote from the 

substituents on tin by being incorporated in a ring. 

13 
2.1.3.3.2 C nmr spectra of 65a and 65ab 

13 
C nmr spectra of 65a and 65ab at room temperature or above showed 

single sharp resonance for each of cyclohexyl <*.-, £- and f- carbons and 



for each of the four butyl carbons, as observed for compound 1. The 

butyl oC-CHp carbon signal is very broad even at 50 C, when compared to 

the corresponding signal of 1 at the same temperature. This observation 

again emphasizes the fact that when the primary carbons in 1,3,2-

dioxastannolane are replaced by secondary carbons, the rate of 

intermolecular exchange that causes signal averaging, slows down. The 

13 
high temperature C nmr chemical shifts are listed in Table 2.12. 

13 

Table 2.12 C nmr chemical shifts for 2,2-di-n-butyl-1,3,2-

dioxastannolane derivatives 1, 14a, 65a, 65ab and 66 

Comp. Temp. Chemical shifts (ppm) 

( C) Diol derived carbons Butyl carbons 

C-4, Cyclohexyl Cyclohexyl C-ot C-£ C-7 C-5 
C-5 ^-carbons T-carbons 

or Me 

22.0° 27.5 27.4 13.6 

22.9f 27.5 27.0 13.6 

23.6f 27.5 27.0 13.6 

23.1° 27.5 27.0 13.6 

25.0 27.3 27.1 13.6 

In chloroform-d. 0.25 M solution. Broad signal. 0.5 M solution. 

eCyclohexyl eC-carbons in 65a and 65ab. Very broad signal. g0.23 M 

solution. 

lb 55 

65ad 50 

65abd 50 

14ad 25 

66g 23 

63.4 

79. 0e 

79. 0e 

74.7 

78.3°, 

75.1° 

34.3 

34.3 

21.2 

26.5°, 

26.4° 

25.3 

25.3 



The low temperature C nmr spectra are quite complex and 

overlapping signals, cyclohexyl ot-carbons with chloroform-d and the 

butyl <*-CH_ with the cyclohexyl T-carbons or butyl £-CH2 or 7-CH2, 

prevent full assignments. Nevertheless, the number of signals observed 

for each type of carbon is close to seven, the number expected for a 

mixture of a trimer and a tetramer of 65a and 14a. The trimer and 

tetramer of 65a have only Cp symmetry; the trimer contains three equally 

populated diastereotopic butyl groups and three equally populated 

diastereotopic carbons for each of <*-, $- and T^carbon of the cyclohexyl 

group, while the tetramer contains four equally populated diastereotopic 

butyl groups and four equally populated diastereotopic carbons for each 

of oC-, /&- and f- carbon of the cyclohexyl group. Six separate signals 

can be seen for the cyclohexyl yg-carbons between 33.3 and 34.0 ppm in 

the spectrum of the 0.43 M solution of 65a at -70 C. In the same 

spectrum, four signals were observed at 20.25, 20.32, 21.71 and 22.03 

ppm and were assigned to the oc>CH? when attached to pentacoordinate tin, 

by analogy with the assignments made for 1. The other three signals of 

the e6-CH? attached to hexacoordinate tin must lie in the same region as 

the signals of the cyclohexyl T-carbons (six lines between 24.3 and 25.1 

ppm) or the #-CH2 and T~CH2 signals (at least ten lines between 27.9 and 

13 
29.0 ppm). The C nmr spectrum of a 0.5 M solution of the racemate 

65ab in chloroform-d at -55 C is very complex, containing several 

overlapping signals for each type of carbon. This overlapping makes 

assignment of signals impossible. These observations are again 

consistent with the occurrence of three and six diastereomeric trimers 

and tetramers respectively. 



2.1.3.4 (4R,5R)-2,2-Di-n-butyl-4,5-dimethyl-l,3,2-dioxastannolane 

(14a) 

119 
2.1.3.4.1 Sn nmr spectra of 14a 

119 
The Sn nmr spectra of 14a closely resembled those of 65a. For 

instance, the intensities of the four peaks (from peak heights) 

expressed as percentages of total intensity in the spectrum of a 0.5 M 

solution of 14a in chloroform-d at -50 C were each within 2% of the 

values obtained for the corresponding peaks in the spectrum of a 0.5 M 

solution of 65a in chloroform-d at the same temperature. 

13 
2.1.3.4.2 C nmr spectra of 14a 

13 
High temperature and low temperature C nmr spectra of 14a also 

closely resembled those of 65a. However, the value of the half-height 

line width, 45 Hz for the butyl ot-CHL signal in the spectrum of a 0.5 M 

solution of 14a in chloroform-d at 25 C, is intermediate between those 

of 0.5 M solu' as of 1 and 65a, 16 and 270 Hz, respectively in 

chloroform-d at 25 C. This observation also emphasizes that the rate of 

intermolecular exchange processes in 14a is intermediate between those 

13 
in 1 and 65a. C nmr chemical shifts of a 0.5 M solution of 14a in 

chloroform-d at 25°C are listed in Table 2.12. The singlet for C-4 and 

C-5 at 74.7 ppm split as the temperature was lowered into three bands 

each of which again split into two below -50°C (shifts 75.07, 75.02, 

74.23, 74.07, 73.34 and 73.21 ppm at -65°C). As for the comparable 

carbon in 65a, seven peaks should be observed if only trimers and 

tetramers are present. The peak at 74.07 ppm was larger than the 

others, consistent with the expected number of peaks. The other carbon 

signals are complex and overlapped as in the spectra of compound 65a. 



2.1.3.5 2,2-Di-n-butyl-4,4,5,5-tetramethyl-l,3,2-dioxastannolane (66) 

119 
2.1.3.5.1 Sn nmr spectra of 66 

119 The Sn nmr spectra of 66 were very different than those observed 

for 1, 14a, 65a and 65ab. A single signal in the pentacoordinate tin 

region was observed from -60 to 80 C for solutions in chloroform-d. For 

the spectra recorded below room temperature, a pair of satellite peaks 

2 
caused by tin-tin spin coupling [ J(Sn, Sn)] were clearly observed. A 

2 117 119 coupling constant, J( Sn, Sn), of 136.2 Hz was measured for a 0.23 

M solution in chloroform-d at -10 C. Thus, it was concluded that 66 is 

present almost entirely as a dimer. Further, the signals from more 

dilute solutions were narrower. The half-height line widths for 0.36, 

0.23 and 0.05 M solutions of 66 in chloroform-d at 23°C were 40, 17.3 

and 6.5 Hz respectively. The following three changes were also observed 

as the temperature was raised. (i) For solutions of 66, the signals 

broadened as the temperature increased. For instance, the half-height 

line width for a 0.23 M in chloroform-d solution changed from 9.5 Hz at 

-10°C to 101.7 Hz at 80°C (see Table 2.13). (ii) Chemical shift changes 

with temperature are illustrated in Figure 2.16 for 0.23 and 0.36 M 

solutions in chloroform-d. 
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Figure 2. 16 Plot of the Sn nmr chemical shift of 66 in chloroform-d vs temperature 
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The two solutions' have a common slope below 55 C for chemical shift 

changes with temperature. Above 65 C, linear changes with temperature 

were observed for both solutions with slopes greater than that from below 

55 C. The slopes observed above 65 C for the two solutions were 

different and the greater slope was observed for the more dilute 

solution (see Figure 2.16). In other words, above 55 C, the chemical 

shift curiously moves to high frequency at a greater rate than that 

caused by the normal effect of temperature and larger effects are 

observed for more dilute samples, (iii) The signals in spectra of 

solutions of 66 in 1,1,2,2-tetrachloroethane-cip recorded at temperatures 

above 80 C, continued to broaden as the temperature was raised and two 

new small broad peaks (-90.0 and -138.8 ppm) appeared whose intensity 

increases with increasing temperature. The half-height line width of 

the major signal at the maximum temperature studied, 120°C was 743 Hz. 



134 

Table 2.13 Chemical shift and half-height line width variation with 

9. 
temperature for compound 66 

Temp. Chemical shifts(6) 8+0.36' 
(oC) 0.23 M 0.36 M 

30 -139.36 -139.73 

35 -139.28 -139.63 

40 -139.19 -139.54 

45 -139.09 -139.45 

50 -139.00 -139.35 

55 -138.88 -139.24 

60 -138.77 -139.66 

65 -138.60 -139.04 

70 -138.44 -138.90 

75 -138.27 -138.79 

80 -138.11 -138.71 

aIn CDC13.
 bIn ppm. CFor 0.36 M solution, ^alf-height line width. 

eFor 0.23 M solution. 

8+0.36° 

-139.37 

-139.27 

-139.18 

-139.09 

-138.99 

-138.88 

-138.80 

-138.68 

-138.54 

-138.43 

-138.35 

W 1 / 2
d ' e (Hz) 

23.6 

31.5 

41.8 

50.7 

60.6 

69.1 

81.0 

87.6 

94.9 

101.7 

13 
2.1.3.5.2 C nmr spectra of 66 

13 
The C nmr spectra of 66 were also comparatively simple. Chemical 

shifts at room temperature are listed in Table 2.12. At 23°C for a 0.23 

M solution in chloroform-d, the quaternary carbons appeared as two 

somewhat broadened peaks at 78.3 and 75.1 ppm, while the 4,4,5,5-methyl 

carbons appeared as two broadened signals at 26.5 and 25.4 ppm. The 

four types of carbons in the two butyl groups each gave rise to a single 

peak. Next to the signals of butyl o4- and £-CH? carbons, satellite 
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117 119 
peaks caused by Sn and Sn coupling were clearly observed. 

Coupling constants, 1J(117Sn, 13C) and ^ K ^ S n , 13C) of 562.5 and 589.1 

117 119 
Hz were measured for <*-CH2 carbon coupling to Sn and Sn, 

2 117/119 13 
respectively, and the average coupling constant, J( Sn, C) of 

117/119 
23.1 Hz for £-CH2 carbon coupling to Sn. All of these 

observations are consistent with a dimer structure with C2. symmetry. 

As the temperature was raised, the signals of the methyl groups 

coalesced at about 48 C. The signals of the quaternary carbons 

broadened and disappeared under the solvent signals, and presumably also 

coalesced. The changes in the 0.36 M solution were similar. 

Similar observations were observed with the solutions of 66 in 

1,l,2,2-tetrachloroethane-d_ at temperatures <80 C. The C nmr spectra 

recorded at or above 90 C showed at least two signals for quaternary 

carbons (75.0 and 77.0 ppm (broad)) and a very complex pattern for butyl 

13 
#-, £- and 7*-CH„ carbons and 4,4,5,5-methyl carbons. C nmr spectra of 

cooled solution are also very complex and they differ from the pattern 

13 
observed at high temperatures. However, in the C nmr spectra of the 

cooled solutions, two of four or more signals in the quaternary carbon 

region correspond to the two quaternary carbon signals in the original 

spectra (before heating above 80 C) of the same solution at the same 

temperature, although they appeared a little broader. All of this 

information suggests that compound 66 undergoes irreversible changes 

when heated above 80 C, possibly due to disproportionation reactions as 

15 observed for related compounds and the original compounds exchange 

with the rearranged products. Therefore, it is concluded that the 

119 broadening and the appearance of two new signals observed in the Sn 

nmr spectra of 66 in 1,1,2,2-tetrachloroethane-gU at temperatures above 



80 C is due to the products formed in the rearrangement reaction and the 

exchange processes of the unreacted compound with the rearranged 

products. 

Line-shape calculations were performed for the exchange of the 

methyl groups for both 0.23 and 0.36 M solutions in chloroform-d. Line 

shapes were generated for 13 temperatures between 28 and 80 C for the 

0.23 M solution and 11 temperatures between 30 and 70°C for the 0.36 M 

87 
solution using a program for classical t'o-site exchange . Figure 2.17 

compares experimental and simulated spectra. 

Figure 2.17 Experimental and simulated 90.8 MHz C nmr spectra 

at various temperatures of the 4,4,5,5-methyl signals of a 

0.23 M solution of 66 in chloroform-d 

The calculated rate constants (see Table 2.14) were used to derive 

kinetic parameters which are presented in Table 2.15. 



13 
Table 2.14 Rate constants for exchange of C nmr signals of methyl 

groups of 66 In two different concentrations derived from 

EL 

line-shape analysis 

Temperature 

23 

28 

30 

35 

40 

43 

45 

46 

48 

50 

52 

53 

55 

60 

62 

65 

70 

80 

Rate constants (sec ) 
0.23 M 0.36 M 

73+3.2 

105+6 

169+9 

244+9 

274+9 

377+30 

455+11 

518+16 

606+26 

784+50 

1070+23 

1490+70 

2040+130 

3570+300 

143+4 

208+6.5 

325+3 

465+8.5 

680+14 

820+13 

980+29 

1370+40 

1460+53 

1870+35 

2480+43 

In chloroform-d 



138 

Table 2.15 Activation parameters for exchange of methyl groups of 66 in 

two different concentrations derived from line-shape 

analysis ' 

Concentration AG*U AH AS 

(M) (kcal mol"1) (kcal mol"1) (cal mol"1 

deg ) 

0.23 14.89+0.05 14.2+0.5 -2.4+1.5 

0.36 14.74+0.01 14.2+0.3 -1.9+1.1 

Uncertainties are at the 95% confidence level. At 300°K. 

2.1.3.5.3 Mechanisms for exchange processes in 66 

In view of the species present and the mechanisms considered for 

compounds 1, 14a, 65a and 65ab, three different mechanisms could be 

proposed for exchange of carbons attached to dicoordinate oxygen with 

those attached to tricoorrtinate oxygen in a dimer. (i) Association of 

dimer with trimer, assumed to be present in low concentration, to give a 

transient intermediate pentamer that dissociates to trimer plus dimer as 

illustrated in Figure 2.5 for compound 1. (ii) A second associative-

dissociative exchange process very similar to (i), involving monomer, 

assumed to be present in low concentration, could occur via a transient 

intermediate trimer. These two processes would be expected to have 

large negative entropies of activation, similar in magnitude to the 

entropies measured for the equilibria. The observation of small and 

slightly negative values for the entropies of activation indicate that 

either (i), (ii) or both cannot be the sole mechanisms responsible for 

the exchange, (ill) Simple dissociation of the dimer to two monomers 
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would also account for the coalescence of methyl group signals as the 

temperature was raised. This process would have a large positive 

entropy of activation. Therefore, the mechanism (iii) also cannot be 

the sole mechanism responsible for the exchange. However, if mechanisms 

(i) or (ii) and (iii) are operated simultaneously, it is possible that 

the overall entropy of activation could be slightly negative as 

observed. 

Mechanisms (i) or (ii) and/or (iii) involving trimers or monomers 

would result in exchange of tin atoms In pentacoordinate environments 

with tin atoms in very different environments, hexacoordinate tin for 

the trimer and tetracoordinate tin for the monomer. It has been shown 

that the amount of broadening at coalescence of an nmr signal that 

exchanges with the signal of a species that has a population less than 

10% that of the major species is equal to the product of the population 

88 
of the minor species and the chemical shift difference . Hence, the 

119 
observed broadening of the Sn nmr signal in the temperature range 

from -60 to +80 C could be caused by exchange with a minor species, if 

the species exchanging with the dimer, that is, the monomer or the 

trimer, were present in sufficient concentration. 

If a trimer was the species involved in the exchange process, its 

population would increase as the temperature was lowered. Spectra were 

recorded at -60 C for a 0.36 M solution in chloroform-d to search for 

119 

Sn nmr signals with chemical shifts between -250 and -310 ppm. No 

signals were observed under conditions where any signal having a height 

larger than 2% of the height of the dimer signal would have been 

observed. 

If monomers are involved in the exchange process, their 



119 
concentration at room temperature is low. Sn nmr spectroscopy was 

used to search for monomers. The heights of exy signals in the region 

from +50 to -80 ppm were less than 1% that of the dimer for a 0.23 M 

solution at 23 C. Although it is possible that the monomer signals were 

too broad for observation at this temperature, searches at -20 C were 

also unsuccessful. As for other oligomerization equilibria, it would be 

expected that the monomer-dimer equilibrium would be highly temperature 

dependent with the concentration of monomer decreasing rapidly with 

decreasing temperature. 

119 
Continued broadening of the Sn nmr diner signal and the 

appearance of two new signals at temperatures above 80 C from solutions 

of 66 in 1,1,2,2-tetrachloroethane-d^ is attributed to a rearrangement 

reaction and exchange processes involving rearranged product and the 

unrearranged 1,3,2-dioxastannolane (see Section 2.1.3.5.2). Thus, 

exchange with an intermediate on the pathway to rearrangement or with a 

very small amount of rearranged product may also contribute to the 

119 
broadening observed in the high temperature chloroform-d Sn nmr 

119 
spectra. The fact that the Sn nmr chemical shift moves gradually to 

high frequency in the temperature range 55 to 80 C at a rate larger than 

that caused by the temperature effect and that the shift to high 

frequency is larger for a more dilute sample (see Figure 2.16) suggest 

that the species exchanging with the dimer is the monomer and that the 

coalescence occurred at a temperature between 55 and 65 C. 



119, Figure 2.18 Plot of the half-height line width (W1/2) of the 90.8 MHz Sn nmr signal of 66 

in chloroform-d vs temperature 

100-0 -

20-0 

*» 
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The further broadening observed above 65 C arises from a second process 

as quoted above. This is supported by the observation of a slight 

change in the trend of increasing line broadening above 65 C for a 0.23 

M solution (see Table 2.13 and Figure 2,18). The large chemical shift 

changes observed for both 0.23 and 0.36 M solutions are in between 60 

and 65 C. Thus, the raid point, 62.5+5.0 C, of the temperature range, 60 

and 65 C can be taken as the approximate coalescence temperature (T ). 

c 
Therefore, from Figure 2.16, for 0.23 M solution the chemical shift of 

dimer (6\J and the average chemical shift (6 ) of dimer and monomer at 
D avg 

coalescence temperature, 62.5+5.0°C are -138.765+0.095 and 

-138.684+0.164 ppm, respectively. The monomer-dimer chemical shift 

difference, Sw-Sp. can be estimated to be 105+20 ppm ' . Therefore, 

the degree of dissociation M at the coalescence temperature can be 

calculated using the following equation. 

A value, 0.00077+0.00182 is obtained for oC- Therefore, the mole 

fraction of monomer is 0.00154+0.00363. Assuming only one exchange 

mechanism with monomer, the line broadening (L.B) at coalescence 

o 88 

temperature, 62.5+5.0 C can be estimated to be 21.8+51.5 Hz. Free 

energy of activation can also be calculated at 62.5+5.0 C from the 

calculated line broadening and population using the relationship 

88 —1 
developed by Okazawa and Sorenson . A value of 16.4+1.6 kcal mol was 
obtained for exchange of monomer with dimer by a single mechanism. This 

-1 
value is 1.4 kcal mol larger than the value calculated at this 

temperature from the activation parameters from line-shape analysis, 

15.0+0.1 kcal mol , vhe two values lie within the ranges defined by 

the uncertainties. This suggests that the two changes, coalescence of 

the 4,4,5,5-methyl carbon signals and high frequency shift of the tin 



signals belong to the same phenomenon. Since trimers are not involved 

in the exchange processes, the slightly negative values of entropies of 

activation calculated from line-shape analysis (see Table 2.15) favour 

both mechanisms, exchange of monomer with dimer via a trimer as a 

transient intermediate and dissociation of dimer to two monomers. Thus 

-1 
the value 16.4 kcal mol calculated for the free energy of activation 

119 
from the Sn nmr signal coalescence could at least partly be due to 

the involvement of two exchange mechanisms between monomer and dimer. 

In view of the species present and the complex exchange mechanisms that 

compounds 1, 14a, 65a and 65ab undergo, two exchange mechanisms between 

monomer and dimer are not unexpected (see Section 2.1.3.6.3). 

The spectra of acyclic di-n-butyltin dialkoxides indicate that 

monomers become more stable with respect to dimers as the alkoxy group 

1 A 1 R 

becomes more branched ' . Hence of the 1,3,2-dioxastannolanes 

studied, 66 should contain the largest proportion of monomer. It has 

been suggested that solutions of 1 at room temperature contain the 

monomer to an extent observable by nmr spectroscopy, and that the 

proportion of monomer increases with respect to dimer as the 

concentration decreases from 0.1 to 0.02 M and that exchange with dimer 

is slow at that temperature . Our results indicate that the 

concentration of monomer present in non-polar solvents at room 

temperature for compounds 1, 14a, 65a and 65ab is negligible, much less 

than that estimated for 66 (0.16%) at 62.5°C, and probably less than 

0.01%. 
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2.1.3.6 General discussion 

2.1.3.6.1 Mistakes in the previous studies of oligomerization 

and dynamic equilibria of 1 

The monomer has been considered to be an Important constituent in 

10 19 
the equilibrium mixtures present in solutions of 1 ' and its 4-methyl 

8 8 10 
derivative , particularly at low concentrations ' or elevated 

19 19 
temperatures . Picard et al analyzed "dlmer-monomer" equilibria at 

119 
room temperature and above by considering the observed Sn nmr 

chemical shift as average of dimer and monomer shifts. Here, the dimer 

chemical shift was shown to be about -127 ppm. The choice of the room 

temperature chemical shift of a 0.1 M solution in chloroform-

d:mesitylene 1:1 of -181 ppm as the chemical shift of the dimer as well 

19 
as the use of an over-simple model Invalidate the results. Roelens 

10 
and Taddei analyzed the equilibria of 1 in terms of monomer, dimer and 

polymers. 

slow fast 
Monomer m ** Dimer ^ * Polymer 2.5 

10 
In addition to these equilin'ia, they also proposed an intramolecular 

dissociation-association by which the two different dimers (one with two 

butyl groups occupying equatorial positions and the other with one butyl 

group equatorial and the other butyl group axial position) equilibrate. 

Shanzer et al_ analyzed the equilibria of 4-methyl derivative of 1 in 

terms of monomers, dimers and higher oligomers. Since two different 

1 13 
signals were observed in H and C nmr spectra for monomer and for 

dimer and polymers, they concluded that dimerization of monomer is slow 

enough to be detected by nmr spectroscopy, but, still dimer and polymers 

Q 

exchange rapidly through monomer. Thus, there is a very sharp 



contradiction between their observations and conclusions. Since we 

1 13 
showed that the additional signals observed in their H and C nmr 

spectra are due to hydrolysis products produced in the reaction of 2,2-

dl-n-butyl-1,3,2-dioxastannolane with water In the chloroform-d and/or 

from the atmosphere, the increase in intensity of the additional signal 

with dilution is also in agreement with our conclusion. Previous 

1-32 workers have considered that all 1,3,2-dioxastannolanes are not very 

7-9 
moisture sensitive. There is considerable evidence in previous work , 

such as wide melting point ranges and large deviations between 

calculated and observed elemental analyses, that provides support for 

the facile decomposition of 1,3,2-dioxastannolane by atmospheric 

moisture. 

2.1.3.6.2 Populations of higher oligomers 

Steric effects are known to strongly influence the level of 

1 14 15 25 association of dialkyltin dialkoxides. ' ' ' It is now possible to 

specify the number and type of substituents required to influence the 

oligomerization equilibria of 2,2-di-n-butyl-l,3,2-dioxastannolanes. 

The populations of higher oligomers for trans-4.5-disubstituted-1.3.2-

dioxastannolanes were found to be almost the same as for the 

119 unsubstituted parent compound (1). Supplementary Sn nmr spectra in 

ref. 16 indicate that monosubstitution at C-4 by methyl or phenyl groups 

does not affect the proportion of higher oligomers much nor does 4,4-

disubstitution by methyl groups. However, solutions of 4-methyl-4-

phenyl derivative of 1 contain only a very small amount of higher 

16 
oligomers at low temperature . The amount of higher oligomers present 

for 2,2-dl-n-butyl-l,3,2-dloxastannolanes obtained from carbohydrate 

derived vicinal-diols ranges from negligible to substantial depending on 
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the stereochemistry and substitution pattern of the carbohydrate diol 

(see section 2.3). Thus, it appears that solutions of 2,2-di-n-butyl-

1,3,2-dioxastannolanes having mono- or di-substitution by small 

substituents will contain about tho same amounts of trimers and higher 

oligomers as do those of 1. Additional substitution, even by methyl 

groups, destabilizes higher oligomers as observed for the 4,4,5,5-

tetramethyl derivative (66) here. 2,2-Di-t-butyl-l,3,2-dioxastannolane 

(7) has recently been shown to exist as a dimer both in solution and in 

25 
the solid state . The cause of this steric destabillzatlon will be 

discussed further with equilibria of carbohydrate derivatives (see 

section 2.3) where it Is possible to define more precisely the nature of 

the steric interactions required to destabilize trimers and higher 

oligomers. 

2.1.3.6.3 Mechanisms of exchange 

The evidences reported in our work are consistent with the exchange 

processes observed here occurring by two or more of the following 

related reversible associative or dissociative pathways: 

Monomer + Monomer „ ** Dimer 2.6 

Dimer + Monomer * Trimer 2.7 

Dimer + Dimer ^ * Tetramer 2.8 

Dimer + Trimer m * Pentamer 2.9 

Dimer + Tetramer ^ ** Hexamer 2.10 

Trimer + Trimer „ * Hexamer 2.11 

No direct evidence was obtained for the last two processes. 

However, these two processes have to occur to some extent in order to 

explain the observed equilibria of dimers, trimers and tetramers 
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(equilibria 2.1 to 2.3). The first two processes (2.6 and 2.7) will only 

become favoured over pathways 2.8 and 2.9 when higher oligomers are 

severely destabilized as observed for compound 66. Thus, for compounds 

1, 14a, 65a and 65ab, the most important exchange pathways are the 

reversible association of two dimers to a tetramer, of a dimer and a 

trimer to - ^er^.amer and of a dimer and a tetramer or of two trimers to 

a hexamer. Speeding up these processes cause the signals of the various 

types of tetracoordinate, pe ,acoordinate and hexacoordinate tins to 

coalesce. 

119 
The broader line widths observed in the Sn nmr spectra of 1 as 

compared to those from spectra of 65a at the same temperature suggest 

that the rate constants for the processes 2.8, 2.9, 2.10 and 2.11 become 

smaller by substitution. Processes 2.8, 2.9, 2.10 and 2.11 are also 

119 
evident in the broadening and coalescence of Sn nmr signals and of 

13 
the butyl ooQHL C nmr signals. It waj shown earlier that the 

splitting of these signals occurs because the environments for the ofr-CH 

carbons are different for attachment to pentacoordinate tin than for 

attachment to hexacoordinate tin. 

Interconversion of sites on or attached to 1,3,2-dioxastannolane 

rings that are homotopic in a monomer or in the central monomer units of 

higher oligomers with odd number of monomer units, but become 

diastereotopic in the dimer and in the higher oligomers except those in 

the central monomer units of higher oligomers with odd number of monomer 

units, can take place via those processes which involve monomers, that 

is processes 2.6 or 2 7 and also via higher oligomer, ut only through 

the association of species containing odd numbers of monomer units with 

those containing even number of monomer units, namely, via process 2.9. 

Several repetitions of pathway 2.9, in which dissociation of the 
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pentamer occurs by cleavage of different Sn-0 bonds than were formed 

during association (see Figure 2.5), result in exchange of all of these 

sites. 
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« 2.2 Selective mono-esterification and alkylation of some 
f 

monosaccharides via their di-n-butylstannylene derivatives 

2.2.1 General 

In the Introduction (section 1.2.3) all the reactions that have 

been performed with carbohydrates via their di-n-butylstannylene 

derivatives in the literature were outlined. Good to excellent 

selectivities were observed in most cases. A number of theories have 

been developed as to the cause of selectivities (see sections 1.2.3.4 

and 1.3) but proof of their correctness was still lacking. We have 

chosen to study a series of carbohydrates that contained isolated trans-

1,2-diols on pyranose rings with the four possible combinations of 

different stereochemis ries at the adjacent centres to determine the 

factors which cause selectivity in reactions on the stannylene 

derivatives of these carbohydrates. We have also studied one compound 

that contained an isolated cls-1.2-diol unit on a pyranose ring. Some 

reactions have been performed on those stannylene derivatives for which 

there was insufficient data about reaction selectivity. 

We also particularly desired a method for the preparation of either 

2- or 4-mono-substituted derivatives of 1,6-anhydro-jS-D-glucopyranose 

(23) in order to shorten the route to l,6:2,3-dianhydro-4-0-benzyl-j6-D-

allopyranoso. This compound had been used in this laboratory as an 

89 
intermediate in the synthesis of 3-substituted-D-glucose derivatives 

90 
vhich affect the rates of growth of certain yeasts . 

2.2.2 Methods of measurement 

Since the mono-acylated or alkylated products of monos czliarides 

are structurally very similar, their column chromatographic separation 

149 



ISO 

is always a problem. In some cases only 50% of the two possible 

components could be separated and in some cases a very poor separation 

was observed on t.l.c. In the various solvent systems used (see 

experimental section). Repetitive column separation is very time 

consuming and cannot be done without considerable loss of components. 

Therefore, the exact determination of the proportion of products is 

another problem. One way of solving this problem is by measuring the 

1 13 
intensity ratio of a particular signal in the H and/or C nmr spectra 

of the two isomeric components of the mixture. Although the intensity 

13 
of each peak in a C nmr spectrum may not correspond to the proportion 

of the respective component due to the variability r" relaxation times 

among the carbon atoms, we found that the intensity ratio of anomeric 

13 
carbon or benzal carbon signals in the 90.8 MHz C nmr spectrum is 

almost proportional to the ratio of the anomeric proton or benzal proton 

signal respectively in the 361 MHz H nmr spectrum of the corresponding 

compound. Thus, by using either of the above methods or the combination 

we can easily determine proportions of products without doing a complete 

separation. In most cases the signal height was used as a measure of 

the signal intensity. The assignments of the products were confirmed 

after purification of each component, where possible. 

2.2.3 Structural assignments 

1 
Structural assignments were made from the 361 MHz H nmr spectra by 

using the chemical shifts of the skeletal protons. Assignments here are 

possible because two types of signals can normally be readily 

distinguished. The signal for H-1 was always a sharp doublet except for 

the derivatives of 1,6-anhydro-y3-D-glucopyranose (23) and it appears at 
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the lower field end of the spectral region where skeletal protons 

absorb. The signals for the primary protons of the benzyl group 

attached to anomeric carbon could be easily assigned because they appear 

as an AB quartet and the geminal coupling constant between them is about 

12 Hz. From these two definite starting points, the other protons were 

assigned by single frequency homonuclear decoupling working from the 

known signals to the unknown signals. Each spectrum contained at least 

one exchangeable sharp doublet (see experimental section and Table 2.18) 

corresponding to the proton of the OH group. Decoupling of this signal 

allowed the unambiguous assignment of the secondary proton on the carbon 

bearing hydroxyl group. Thus, when It was known which signal was 

assigned to which proton, the structure of the molecule could be 

immediately assigned. Confirmation of assignments came from the 

91 
deshielding and shielding effects of benzoate ester and benzyl ether 

group respectively, on the secondary proton attached to the same carbon 

atom and also in most cases, from the splitting pattern of each proton. 

In the cases where the separation of the components was very poor 

on t.l.c, the mixture was acetylated and the components in the mixture 

of the acetates were identified by assignment of the signals of the 

skeletal protons which had shifts greater than 5 ppm (see experimental 

section). 

2.2.4 Selective mono-esterification and alkylation 

2.2.4.1 Selective reactions of di-n-butylstannylene derivative 23b 

of 23 

2.2.4.1.1 Benzoylation of 23b 

The di-n-butylstannylene derivative (23b) of 23 formed easily when 


