
THE RICE INSTITUTE 

The Stereochemistry of Elimination 
/ 
in 2-Butyl Chlorosulfite 

by 

Donald C. Duffey 

A THESIS 

SUBMITTED TO THE FACULTY 

IN PARTIAL FULFILLMENT OF THE 

REQUIREMENTS FOR THE DEGREE OF 

Master of Arts 

Houston, Texas 

May, 1955 



ACKNOWLEDGEMENT 

I wish to express my sincere appreciation to 

Dr. E. S. Lewis for his guidance and encouragement 

throughout this work, 



TABLE OP CONTENTS 

Page 

I. Introduction   1 

II. Discussion  9 

A. Stereochemistry of Experiments .... 9 

B. Results    11 

C. Discussion of Results  12 

III. Experimental  18 

A. Materials   18 

B. Preparative Procedures   18 

C. Analytical Procedures  23 

IV. Summary  25 

V. Bibliography   . 26 



INTRODUCTION 

Most organic molecules which are subject to nucleophilic 

displacement will also undergo elimination. In many cases 

the conditions favoring elimination are not very different 

from those under which displacement occurs, and as a result 

the two reactions can often be made to proceed simultaneously. 

Perhaps the most thoroughly investigated instance of 

concurrent nucleophilic displacement and elimination is the 

reaction of alkyl halides with sodium alkoxides. For exam¬ 

ple, at 55° C sodium ethoxide in ethanol reacts with isobutyl 

bromide to give almost equal amounts of olefin and ether (l). 

Both reactions were shown to follow kinetically second order 

paths. The stereochemistry of the two reactions is of inter¬ 

est in view of the specificity shown by each in analogous 

cases. The base catalyzed dehydrohalogenation has been dem¬ 

onstrated as trans in menthyl chloride (12) and benzene 

hexachloride (2) while the displacement gives rise to an in¬ 

verted product (13). The close relationship of the two re¬ 

actions is further demonstrated by an inspection of the 

transition states. The similarity between the transition 

states shown below is evident even though all of the inter¬ 

actions between the reacting species cannot be represented. 

H 
l 

Displacement 
Transition State 

Elimination 
Transition State 
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It seems reasonable, however, that when the elimination and 

displacement occur to similar extents, the most probable 

transition states would show some displacement by ethoxide 

ion of both the bromine and hydrogen from their normal 

positions. 

This example serves to Illustrate the importance of 

studying the various aspects of both reactions in the rela¬ 

tively common type of complex reaction involving parallel 

elimination and nucleophilic displacement when a complete 

understanding of the mechanism of each is desired. For this 

reason, the investigation to be described here was under¬ 

taken in an effort to elucidate some new aspects of the 

elimination reaction in alkyl chlorosulfite decomposition. 

The thermal decomposition of secondary alkyl chlorosul- 

fites may be considered as a partial picture of the reaction 

of thionyl chloride with certain alcohols. The first step 

of this reaction has been found in these cases to consist of 

the formation of the chlorosulfite though it may not possess 

sufficient stability to permit isolation (3-8). The reac¬ 

tion leading to the chlorosulfite is shown below. 

R-6H-R' + SOCIz > R-CH-R'  >■ R-CH-R' + HCI 
I I 

&o ''a V 
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The examples of secondary alkyl chlorosulfites which 

have been studied in most detail include 2-octyl, 2-pentyl, 

2-butyl, and isopropyl. All of these compounds have been 

isolated in rather high purity (6, 9). The kinetics of the 

decomposition of these chlorosulfites has been extensively 

investigated as well as the stereochemical changes occurring 

in the formation of the secondary alkyl chlorides. Both 

aspects of the reactions were found to be particularly sen¬ 

sitive to solvent changes. 

The solvent effect in these decompositions was antici¬ 

pated in a general way from the previously known examples, 

such as the reaction of a-phenyl ethanol with thionyl 

chloride. This reaction normally leads to a chloride of 

retained configuration, but in the presence of pyridine in¬ 

version is observed (3, 10). Through the work of Lewis and 

Boozer an explanation for the solvent effects on the stereo¬ 

chemistry of the displacement reaction has been obtained (7). 

In this explanation the chlorosulflte is assumed to 

dissociate into ion pairs as the first and probably slowest 

step. Further separation of the ions then occurs giving 

rise to a carbonium ion "solvated" on one side by sulfur 

dioxide. When the decompositions were carried out in sol¬ 

vents such as isoootane and toluene, blocking by sulfur 

dioxide favored a backside attack by chloride ion leading to 

an inverted product. In dioxane, however, the solvent 

possesses a greater solvating power than sulfur dioxide 
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leaving the front more vulnerable to attack by chloride ion 

and producing a product of the same configuration as the 

starting alcohol. In every case the decomposition followed 

a klnetically first order path since the extent of solvent 

participation was indeterminate. The slower rate of dis¬ 

appearance of chlorosulflte observed in isooctane lends 

additional qualitative support to this explanation. 

Lewis and Boozer reported the relative yields of olefin 

and chloride from the chlorosulflte decompositions obtained 

in the first of their investigations (6), but little infor¬ 

mation regarding the elimination reaction was presented 

though mention was made in this paper that 2-pentene was 

produced in 40$ yield from 2-pentyl chlorosulflte while no 

1- pentene was isolated. In a later paper, however, the same 

workers reported the results of a study on the effects of 

isotopic substitution on the elimination reaction. Using 

2- pentyl chlorosulflte containing 86^ deuterium in the 1- 

and 3-positions no change could be found in the relative 

yields of chloride and olefin, and little or no isotopic 

fractionation was observed in the olefin. It was therefore 

concluded that there is no more than a small isotope effect 

in dioxane solution even though there is an additional 

activation energy of 780 cal for the elimination reaction 

which would usually be attributed to cleaving a-hydrogen. 

Clearly, there must be &-hydrogen cleavage in the elimina¬ 

tion reaction, and a primary Isotope effect might be 
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expected in the deuterated compound which would appreciably 

decrease the rate of olefin formation. Since this effect 

was not observed, some over-all changes in the force con¬ 

stants for the carbon-hydrogen bonds were postulated which 

would cancel the effect of a large stretching in one such 

bond, and the additional activation energy for the elimina¬ 

tion reaction was thought to arise from a source other than 

j9-hydrogen cleavage. A large retardation of the decomposi¬ 

tion rate in isooctane in contrast to little change for 

dloxane was observed in this work of Lewis and Boozer, and 

the magnitude of the retardation was so great as to suggest 

a primary isotope effect. Since it was also observed that 

there is little solvent participation in isooctane, the 

existence of a primary isotope effect in that solvent did 

not appear surprising, but as no evidence was available for 

the cleavage of a 8-hydrogen in the rate-determining step 

for the decomposition in isooctane the source of the isotope 

effect was not established. Further evidence was obtained 

in this investigation, however, that both elimination and 

displacement in dioxane solution proceed through the same 

carbonlum ion. 

In the work to be described here, an effort has been 

made to study the stereochemistry of elimination of chloro- 

sulfites in isooctane solution. A possible mechanism for 

this elimination involves a cyclic transition state for 

which the following evidence exists. The chlorosulfite 
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decomposition is unimolecular, and in lsooctane there is 

little solvent participation. Also, the elimination reac¬ 

tion requires the cleavage of a P-hydrogen as a proton or 

hydrogen atom since it is improbable that under the condi¬ 

tions employed the V-electrons of the final double bond 

would be furnished by the oxygen attached to carbon. The 

activation energy of the elimination is too low on the 

other hand to indicate the loss of a free proton or hydrogen 

atom, thus implying a simultaneous rebonding of the hydrogen 

to an electronegative atom. The only reasonable electro¬ 

negative atoms to which the hydrogen can be bonded are the 

neighboring chlorine and oxygen. Thus, the elimination 

might be expected to follow a els pattern with the concerted 

formation of hydrogen chloride, loss of sulfur dioxide and 

olefin formation proceeding through a cyclic transition 

state. Such a cyclic mechanism would conceivably give rise 

to a situation which might be expected to show a primary 

isotope effect. 

That the elimination may follow other paths not 

proceeding through a cyclic transition state, however, is 

also not unlikely. One such mechanism, for example, can be 

visualized by analogy to the displacement reaction in iso¬ 

octane. This mechanism in contrast to the cyclic process 

would presumably involve dissociation followed by migration 

of the chloride ion to a point of attack on a-hydrogen. 
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A mechanism of this type need not lead exclusively to 

either cis or trans elimination. 

In an effort to anticipate with greater assurance the 

probable processes which may occur in the chlorosulfite de¬ 

composition involving elimination, a similar case has been 

found in the decomposition of isopropyl chlorocarbonate. 

The thermal decomposition of isopropyl chlorocarbonate as 

studied by Choppin and Compere (l4) was found to consist of 

parallel elimination and displacement. Furthermore, the 

reaction, which was carried out in the gas phase, liras homo¬ 

geneous, kinetically first order, and did not follow a free 

radical path. From dipole moment studies the favored con¬ 

figuration of the chlorocarbonates was found to be a ring- 

like structure in which the chlorine approaches the 

ot-carbon. Rotation about the RO-(COCl) bond is only 

partially restricted, however, particularly at high temper¬ 

atures, but the activated complex pictured for either 

displacement or elimination shows the chlorine atom between 

the methyl groups. This picture of the activated complex 

is reminiscent of the intermediate proposed by Hughes, 

Ingold and co-workers (17) in chlorosulfite decomposition, 

and though this type of intermediate has been shown unlikely 

in dioxane and isooctane it may be less improbable in other 

cases. The analogy of ehlorccarbonates to chloroBulfites 

appears to be a rather close one, but it cannot be pressed 

further at present for lack of stereochemical evidence. 
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Still, the picture of a cyclic transition state for the 

chlorosulfite decompositions in isooctane is of interest in 

view of the numerous cases of cis eliminations in other 

types of esters through cyclic transition states. Out¬ 

standing examples of cis eliminations in esters are the 

pyrolyses of acetates and xanthates (15) and the base- 

catalyzed cis elimination of acetates (l6). 

Thus, in this discussion it has been pointed out that 

while there is some evidence available at present regarding 

the stereochemistry of elimination in alkyl chlorosulfites 

this evidence is inconclusive and may satisfactorily fit a 

number of mechanisms. One of these mechanisms involves a 

cyclic transition state leading specifically to cis elimina¬ 

tion while another resembles the displacement mechanism in 

isooctane and could lead either to cis or trans elimination. 

The work to be described here was undertaken, therefore, in 

an effort to provide more direct evidence of the stereo¬ 

chemistry of elimination in isooctane of secondary alkyl 

chlorosulfites which may aid in resolving the existence of 

a primary isotope effect in the reaction as well as the 

mechanisms through which the elimination may occur. 



DISCUSSION 

A. Stereochemistry of Experiments 

For the study of the elimination reaction in alkyl 

chlorosulfltes the secondary butyl compound was chosen 

because it was the only previously studied example which 

permitted preparation of the monodeutero-diastereoisomers 

sought through steps of knov/n stereochemistry without a 

multiplicity of isomeric intermediates. 

The preparation schemes leading to dl-threo and 

dl-erythro-3-deutero-2-butyl chlorosulfite are represented 

by the sequences below. 

dl-3-Chlorobutanol-2‘ 

Butene-2 

(18, 19) 

VCWj 
erythro no /l. 
,  / / Cl 

trans-II 

cis 
2,3-Epoxybutane 

(19, 20) 
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2,3-Epoxybutane 
(19, 20) 

trans 

CHj 

V 

M?/ o 
threo 

dl-2-Butanol-3di 
— (16, 19) 

V 

erythro A 

—y o 
c*r\ 

dl c 
oS<?/o 

CH,xC\ H 

threo-I erythro-I H 

dl-3-Deutero-2-Butyl \scii3 
cTTlorosulfite (6, 21) Oso S\ 

y o 
Sc\ CH; H 

By using a known diastereoisomer of the monodeutero- 

chlorosulfite, the structures of 2-butenes possible from 

the decomposition can be predicted. The origin of these 

products is illustrated below. 

trans-II Cis _ trans trans-D-II 
< = threo-1     ^ 

cis-D-II elimination elimination cis-II 

trans-D-II cis _ trans trans-II 
<   "  erythro-1      y 

cis-II elimination —*  elimination cis-D-II 

The other products which may be formed include 1-butene 

and secondary butyl chloride. 
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B. Results 

In two experiments using undeuterated 2-butyl 

chlorosulfite, the distribution of olefin products was 

found to be that reported in Table I. The decompositions 

we re not carried beyond 85$ completion as estimated from 

previously determined rates (6), and the total products 

collected during this time represented about 90$ recovery 

based on the amount of chlorosulfite decomposed. Of 

these products secondary butyl chloride formed less than 

30$ the remainder being olefins. 

In the decompositions where deuterated 2-butyl 

chlorosulfite was used the distribution of products fol¬ 

lowed a similar pattern and the deviations fell within 

the experimental error. Since fractions containing a 

single component were not obtained in the olefin distilla¬ 

tions, the compositions of several are reported (in Table 

II) for the decompositions of monodeutero-chlorosulfite. 

A combustion analysis of the deuterated alcohol before 

dilution showed 9.55*0.10$ deuterium or 48$ deuterium in 

the 3-position. Thus, the diluted alcohols contained 

1.26$ total deuterium and 1.20$ total deuterium for the 

threo and erythro compounds, respectively, when the chloro- 

sulfites were prepared from them. The first olefin 

fractions from the decomposition using the threo- 

chlorosulfite contained 1-butene primarily and were 
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disc arded. Fewer fractions were taken, however, when the 

erythro-chlorosulflte was used. The compositions of these 

fractions are reported in Table III together with the 

total deuterium content of each fraction. 

The best value for the over-all deuterium content 

in a single olefin was obtained from the fraction contain¬ 

ing the largest amount of that olefin. A combustion 

analysis of 1-butene isolated from the decomposition 

products of the threo-chlorosulfite was not performed, 

but the amount of deuterium in that isomer was found to be 

slightly higher than in the 1-butene from the erythro- 

chlorosulfite. The comparison was made from the relative 

intensities of the carbon-deuterium stretching band in 

the Infrared spectra appearing at 4.65yU. The values for 

the deuterium distribution among the products are reported 

in Table IV. 

C. Discussion of Results 

In a preceding section it was pointed out that 

neither cis nor trans elimination alone leading to 2- 

butenes can produce more than two Isomeric products from 

one diastereomeric chlorosulfite, and only one of these 

isomers will contain deuterium. Thus, since an Isomer 

containing deuterium can be formed only by a single path, 

the amount of deuterium retained by each isomer is a 

measure of the extent to which a particular path has been 
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followed in the decomposition. In order to determine the 

degree of stereospecificity in the elimination from one 

diastereomeric, deuterated chlorosulfite, however, it is 

necessary to determine the amounts of the deuterated 

isomers which are formed by both modes of elimination. 

The values for the extents to which each elimination path 

is followed were calculated from the amounts of deuterated 

2-butenes obtained from each chlorosulfite and summarised 

in Table V. The values from the deuterated olefins are 

denoted by the symbol (D). The extent to which each path 

leading to an undeuterated olefin occurred was obtained 

by difference and is also reported in Table V. 

In determining the values reported in Table V, two 

assumptions were made. First, it is assumed that no 

change in the product distribution from the undeuterated 

chlorosulfite results from introducing monodeutero- 

chlorosulflte to the extent of about 10 mol Second, it 

is assumed that only a small change in the dilution ratio 

can result from an isotope effect in the decomposition of 

the monodeutero-chlorosulfite. 

The validity of the first assumption is evident, 

and the validity of the second assumption cam be demon¬ 

strated in the following manner. If cis-2-butene contain¬ 

ing one atom of deuterium per molecule is produced in a 

yield of 21^ from a monodeutero-chlorosulfite as compared 
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to a normal 4.2^ yield from a corresponding undeuterated 

chlorosulfite, it would correspond to a five-fold increase 

in the amount of cis-2-butene formed and would lead to a 

value of about 4.5 atom-percent deuterium. Since the 

secondary butyl chloride and 1-butene are formed in 

higher yield and are therefore less sensitive to isotopic 

fractionation, however, the reasonable deuterium analyses 

reported for these products indicate that the additional 

cis-2-butene would be formed at the expense of the trans 

isomer. The deuterium analysis of the trans-2-butene is 

also rather insensitive to a concentration of deuterium, 

and the moderate values reported for this isomer in Table 

V indicate that an anomalous distribution of products re¬ 

sulting from an isotope effect cannot occur to such a 

large extent. 

Consequently, an isotope effect favoring the 

formation of cls-2-butene, the product most sensitive to 

such an effect, must not increase the amount of cis-isomer 

by a factor larger than two or three, and the values re¬ 

ported for the cis-isomer are correct to within 10fj. 

The values reported in Table V thus lead to the 

conclusion that the decomposition of 2-butyl chlorosulfite 

in isooctane follows a path leading predominantly to els 

elimination. In addition, the enhanced amount of isomer 

appearing in each case where deuterium could be retained 
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indicates that a significant isotope effect is operative 

in the reaction and is influencing the stereochemistry of 

elimination to a small extent. 

It is reported in this work that 1-butene is formed 

in the elimination in about 32^ yield. This fact is an 

interesting contrast to the results obtained previously 

from the decomposition of 2-pentyl chlorosulfite in 

dioxane solution (6). In this former case pentene-2 was 

the only olefin product while in the work described here 

elimination according to the Hofmann rule occurs to a 

large extent. This result together with the preponderance 

of cis-elimination may be taken as evidence that some of 

the elimination in 2-butyl chlorosulfite proceeds through 

a cyclic transition state in view of the similarity be¬ 

tween this reaction and the pyrolysis of acetates which 

also follows the Hofmann rule (22). 

Table I: Distribution of Olefin Products (mol-percent) 

EXP. 1-Butene trans-2-Butene cis-2-Butene 

II 

I 45 

45 

50 

49 

5 

6 
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Table II: Analysis of Products from 
threo-Chlorosulfite 

FRACTION 
Mol # 

1-Butene 
Mol # 

cis-2-Butene 
Mol $ 

trans-2-Butene i^100 

IX 18 14 67 0.66 

X 8 32 60 0.61 

XI 0 48 52 0.74 

XII 0 85 15 0.91 

Table III: Analysis of Products from 
erythro-Chlorosulfite 

FRACTION 
Mol io 

1-Butene 
Mol $ 

cls-2-Butene 
Mol fo 

trans-2-Butene O
 
O
 

I 92 0 8 1.05 

II 57 0 43 1.00 

III 11 55 34 0.80 

Table IV: 

CHLORO- 
SULFITE 1-Butene 

threo 1.15 

erythro 1.10 

Distribution of Deuterium / j) \ 
in Decomposition Products 

sec-Butyl 
cis-2-Butene trans-2-Butene Chloride 

1.00 

0.69 

0.40 

0.86 

1.10 

1.01 
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Table V: Extent of Elimination Paths Leading 
to 2-Butenes ($ of total isomer) 

cis-Elimination trans-Eliminatlon 

CHLORO- 
SULPITE cis-Olefin trans-Olefin cis-Olefln 

threo 87(D) 68 13 

erythro 42 72(D) 58(D) 

trans-Olefin 

32(D) 

28 



EXPERIMENTAL 

A. Materials 

Phillips Petroleum Company pure grade trans-butene- 

2 and Matheson cis-butene-2(C.P.) were UBed as starting 

materials. Mathieson HTH (70$ available chlorine) was 

used to prepare the chlorohydrins. The epoxides were re¬ 

duced with lithium aluminum deuteride (99$ deuterium) 

from Metal Hydrides using Mallinckrodt Ether, Anhydrous, 

A. R., as a solvent. Eastman white label grade thionyl 

chloride was further purified by fractional distillation, 

bp T6,2-J6A°C. Matheson sec -butyl alcohol vras fraction¬ 

ally distilled and the portion boiling at 99-100°C was 

used as the undeuterated alcohol. Mallinckrodt A.R. 

petroleum ether (30-60°) was used as solvent in the 

preparation of the chlorosulfites. Phillips Petroleum 

Company pure grade isooctane (2,2,4-trimethylpentane) was 

used without further purification. Matheson mixed 

butenes-2(C.P.) was used to prepare 2,3-dibromobutane for 

comparison purposes. 

B. Preparative Procedures 

Preparation of 2,3-Butylene Chlorohydrins 

Both threo and erythro-2,3-butylene chlorohydrins 

were obtained from the olefins using the procedure de¬ 

scribed by Lucas and Pressman (23) with the modifications 
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that the temperature was allowed to rise during the course 

of the reaction from -20 to -10°C and 1:1 nitric acid was 

used on occasion to decompose the emulsion remaining at 

the end of the reaction (l8). The mixture of products 

contained in the organic layer consisted primarily of 

2,3-diehlorobutane, 3-chlorobutanol-2, and 2-acetoxy-3- 

chlorobutane. This layer was trashed and dried with potas¬ 

sium carbonate and used in preparing the epoxide without 

further purification. This modification was made since 

both the chlorohydrin and ester could be used to produce 

epoxide while the course and yield of this dehydrohalogen- 
\ 

ation reaction were unaffected by the contaminants. In 

addition, extraction of the aqueous layer with diisopropyl 

ether was seldom carried out since concentration of the 

extracts produced relatively little product. 

Preparation of 2,3-Butylene Oxide 

The cis- and trans-2,3-epoxybutanes were prepared 

from the mixture of products obtained in the preparation 

of the chlorohydrins using the procedure of Lucas and 

Pressman (23). After the addition of the chlorohydrin 

mixture had been carried out, however, the residual 

epoxide in the reaction vessel xvas carried over by steam 

distillation (19). The total distillate was dried im¬ 

mediately with magnesium sulfate and fractionally 

distilled. Both cis- and trans-2,3-butylene oxides tended 
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to be hygroscopic, and as a result drying with magnesium 

sulfate was often incomplete. Satisfactory drying could 

be accomplished, however, by freezing the water out in a 

dry ice-acetone bath. The remaining water was removed as 

an azeotropic mixture in the forerun containing less than 

5$ water. The boiling point and refractive index for 

trans-2,3-epoxybutane are 5^.7-55.1°C and n^p 1.3703, 

respectively. The corresponding values for the cis isomer 

are 6l-62°C and n^° I.3832. 

Preparation of erythro- and threo-2-Butanol-3d2 

The procedure (16, 19) used for reducing cis- and 

trans-2,3-epoxybutane was as follows: 

7.5g(0.178 mole) of LiAlDij. was weighed into a 

500ml, 3-neck flask in an atmosphere of dry nitrogen, 

covered immediately with 125ml of anhydrous ether, and 

boiled under reflux for two hours. The resulting suspen¬ 

sion was allowed to cool before the addition of 51. 

(0.712 mole) of the desired epoxide was begun. The addi¬ 

tion was carried out at a rate sufficient to cause 

moderate boiling and usually required about two hours. 

The epoxide was added either neat or in ether solutions 

of various concentrations with no noticeable effect on the 

yield. In the case of the more dilute solutions, however, 

it was necessary to distill off approximately half of the 
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solvent after the reaction mixture had stood under reflux 

for 18-24 hours. No advantage was found in continuing 

the refluxing for more than 24 hours. After this period 

had elapsed, 25ml of moist ether could be added rapidly 

without causing appreciable evolution of heat. The hy¬ 

drolysis was completed by adding 30ml of water. The 

hydrolysis product was then shaken with 200ml of 15$ 

aqueous KOH solution, and the ether layer was decanted. 

The aqueous layer was then extracted with 2-50ml portions 

of ether. The ether was distilled from the combined 

ether solutions, and the residue was fractionated in an 

efficient glass center-rod column. Some difficulty was 

experienced in obtaining a clear-cut fractionation at 

first apparently as the result of the presence of some 

unreduced epoxide. By drying the residue from the ether 

distillation over CaO for several minutes this difficulty 

was largely eliminated. 

Using this procedure, 50$ of the deuterium in 

LiAlDi| was utilised. Further investigation showed a near¬ 

ly linear relation between the amount of deuterium 

utilized and the mole ratio of epoxide to LiAH>4. The 

boiling point and refractive index of threo-2-butanol-3dT 

were 99.3-99.7°C and n^ 1.3950. The corresponding values 

for erythro-2-butanol-3di we re 99.2-99.’S°C and n^ 1.3941. 
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Preparation of 2-Butyl Chlorosulfite 

The procedure of Lewis and Boozer (6) was used in 

preparing the 2-butyl chlorosulfites without substantial 

modification. The monodeutero-alcohols were diluted with 

undeuterated sec-butyl alcohol to give a solution con¬ 

taining 10.6 mol f threo-2-butanol in one case and 10.0 

mol f> erythro-2-butanol-3di in the other case. 

Decomposition of 2-Butyl Chlorosulfite 

The chlorosulfite solution (250ml) in isooctane was 

added to 50ml of refluxing isooctane over a period of 3 

hours. The refluxing was continued then for about 14 

hours to allow a total time corresponding to more than 

two half-lives. A slow stream of dry nitrogen was passed 

through the system to facilitate the removal of the 

gaseous products. The exit gas stream was passed through 

15$ aqueous NaOH to remove hydrogen chloride and sulfur 

dioxide before entering a cold trap in which the butene 

was effectively condensed. The cold trap condensate was 

found to contain a small amount of isooctane and butyl 

chloride in addition to the olefins. A dry ice and 

acetone bath was found most satisfactory for cooling the 

cold trap, but liquid nitrogen froze the incoming vapors 

so rapidly as to block the inlet tube. The material 

collected from the trap was fractionated in an all-glass, 

center-rod column of low hold-up. 
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C. Analytical Procedures 

The olefinic fractions obtained from the chloro- 

sulfite decomposition were treated with liquid bromine 

while still in a cold liquid condition. Ihe brominated 

product was washed with a small amount of 2% sodium thio¬ 
sulfate solution and extracted with ether. The ether was 

removed with a water pump and the dibromide was dried with 

magnesium sulfate. 

The dibromide was burned over hot copper oxide in a 

stream of nitrogen. The reduced copper oxide served to 

trap out the bromine produced by the combustion. No de¬ 

crease in the efficiency of the copper oxide as a result 

of this procedure was found after reoxidation. The water 

of combustion was collected and purified by the method 

described by Boozer (24). The deuterium content of the 

water of combustion was determined by comparing the 

density with the densities of standards of known deuterium 

content using the technique described as the density 

gradient method (25). 

The concentration of each butene isomer in a 

fraction was determined by infrared analysis of the vapor. 

The analysis ’was made using a Perkin-Elmer Model 12C 

Spectrometer with rock salt optics, and a gas cell of 

10cm length. The absorption bands listed in Table VI 

were used, and in determining the concentrations of the 
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minor components corrections were made for the absorptions 

of the other constituents. The error in this method is 

0.1 x mol % reported in the previous tables. 

Table VI: Extinction Coefficients 
(mm of Hg"1 - cm"1) 

WAVELENGTH (fJ.) 1-Butene els-2-Butene trans-2-Butene 

3.37 3.0xl0“3 2.6x10”3 3.1xlO"3 

4.99 2.8xl0"5 7.8X10”
5 

5.4X10”
5 

6.00 4.2x10”^ 
-4 

2.9x10 8.0xl0“5 

9.62 7.0X10’5 
-4 

3.2x10 * 1.8x10“^ 

10.37 
-4 

2.2x10 
-4 

7.0x10 3.0xl0“3 

10.96 2.1x10“3 6.0xl0“5 2.4x10“^ 



SUMMARY 

In this work the diastereomeric chlorosulfites of 

2-butanol-3d^ are prepared, and their thermal decomposi¬ 

tion is studied with particular regard to the elimination 

reaction. The decompositions are carried out in boiling 

isooctane. The elimination reaction is found to take 

place in 70$ yield giving rise in both the threo- and 

erythro-chlorosulfites primarily to the products of els 

elimination. The existence of a significant isotope 

effect is also observed which appeared to influence the 

stereochemistry of the elimination to a small extent. It 

Is also pointed out that the predominance of cis elimina¬ 

tion, the existence of an isotope effect, and the large 

amount of 1-butene produced may be considered as evidence, 

by analogy to previously studied acetate pyrolysis, that 

some of the elimination proceeds through a cyclic 

transition state. 



-26- 

BIBLIOGRAPHY 

1. M. L. Dhar, E. D. Hughes, C. K. Ingold, A. M. M. 
Mandour, G. A. Maw, and L. I. Woolf, J. Chem. Soc., 
2093 (19^8). 

2. S. J. Cristol, J. Am. Chem. Soc., 69, 338 (1947). 

3. J. Kenyon, H. Phillips, and P. M. H, Taylor, J. Chem. 
Soc., 382 (1931). 

4. J. Kenyon, H. Phillips, and V. P. Pittman, ibid., 
1072 (1935). 

5. W. Gerrard, ibid., 85 (1944). 

6. E. S. Lewis and C. E. Boozer, J. Am. Chem. Soc., 74, 
308 (1952). ~~ 

7. E. S. Lewis and C. E. Boozer, ibid., 75, 3132 (1953). 

8. D. J. Cram, ibid., 75, 332 (1953). 

9. E. S. Lewis and G. M. Coppinger, ibid., 76, 796 (1954). 

10. A. McKenzie and G. V/. Clough, J. Chem. Soc., 103, 687 
(1913). 

11. C. E. Boozer and E. S. Lewis, J. Am. Chem. Soc., 76, 
794 (1954). — 

12. W. HUckel, V/. Tappe, and G. Legutke, Annalen, 543, 203 
(1940). 

13. H. Gilman, ed., Organic Chemistry, An Advanced 
Treatise, vol. Ill, New York: JohnUiley & Sons, Inc., 
1953J P 47. 

14. A. R. Choppin and E. L. Compere, J. Am. Chem. Soc., 
70, 3797 (1948). 

15. E. R. Alexander and A. Mudrak, ibid., 72, 3194 (1950). 

16. D. Y. Curtin and D. B. Kellom, ibid., 75, 6011 (1953). 

17. V/. A. Cowdrey, E. D. Hughes, C. K. Ingold, S. 
Masterman, and A. D. Scott, J. Chem. Soc., 1196 (1937). 



-27- 

18. C. E. Wilson and H. J. Lucas, J. Am. Chem. Soc., 58, 
2396 (1936). 

19. P. J. Leroux and Ii. J. Lucas, ibid., 73, 4l (1951). 

20. H. J. Lucas and H. K. Garner, ibid., 72, 2148 (1950). 

21. W. Gerrard, J. Chem. Soc., 85 (1944). 

22. W. J. Bailey, J. J. Hewitt, and C. King, J. Am. Chem. 
Soc., 77, 357 (1955). 

23. H. J. Lucas and D. Pressman, Principles and Practice 
in Organic Chemistry, New Yorlcl John Wiley cS-Sons, 
inc 77" Tm: 

24. C. E. Boozer, Thesis, The Role of Solvent and 
Neighboring Hydrogen Atoms on the ionization of 
'Certain 2-Pentyl' 'Derivatives, The Rice institute, 
Houston,' Texas, 1953. 

25. K. Lindstrom-Lang and H. Lanz, Comp. rend, trav., 
Lab. Carlsberg, Ser. chira., 21, 316 (1938). 


