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ABSTRAC T

Fluorination, chlorination and bromination of the I- and 2- haloalkanes and some
related compounds have been investigated in the gas phase. Fluorination proved
to be the least selective process, bromination the most. A substituent halogen
accelerates bromination at the carbon atom to which substituent is attached, but
chlorination is slightly and fluorination strongly retarded at this position. All
three modes of halogenation are retarded at adjacent sites; fluorination being
relatively most affected, bromination the least. Experiments have been carried
out over a range of temperatures and indicate that changes in reactivity observed
are due principally to changes in activation energy for hydrogen abstraction. These
results throw light on the factors controlling hydrogen abstraction by free radicals.

It was also found that radicals of the type -CHXeH- where X is a halogen atom
are relatively unstable. This is oi some importance in allylic substitution.
Another unexpected observation was that RCHXaHR radicals are stereospecific in
their reactions.
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I N T RL 0 1) U C T I 0 N

(a) General Background

In spite of the intense technical interest in the pr'qparatiou of

organic fluorine compounds, the investigation of the reaction between

elementary fluorine and organic compounds has been largely qualitative.
1

This qualitative work, which was begun by Moissan himself , har bcen most

2
extensively developed by Bigelow . However, little attention has been

paid t9 quantitative studies, and practically no inform.a.tion is rnailnb1'O

about the influence different substituents have on the course of fluorinntion.

The mechanism of fluorination is beyond doubt identical to that of

3
chlorination"3 Chlorination is easier to study and a considerable body of

x+ iui -1 + ILK (2)

S+ X2 Y. + x. (3)

data is available about the mechanism and kinctics of chlorination." For

this reason it seemed suitable to attempt to study flhorination by comperinrr

it with chlorination under similar conditions. Wnrk on these lines had

already been undertaken in these laboratnries, and tbe fluorination and

chlorination of n-butane and iso-butane bad been compared in both the gas

4,5
and liquid phases . As the work proceeded it became clear that similar

experiments with bromination would greatly assist the theoretical interpretation

of the results. Thus a complete study of the halogenation (fluorination,



chlorination and bromination) of the monohalobutanes was undertaken.

(b) Objectives of the Present Investigation

The work described in the present report was intended to be a

direct continuation of the halogenation studies already undertaken in this

laboratory. Substituted aliphatic compounds were to be fluorinated,

chlorinated and brominated in order to obtain a picture of the effect

different substituents have on these reactions. The easiest and most

interesting substituents to commence this work are the halogens. There

has been considerable previous study of the halogenation of the alkyl

halides6,7,8t991011112,13., usually involving the same halogen as reagent

and substituent. The early workers made the generalisation that the heloge.

atom already in the molecule directs attack away from itself6 and this has

been accepted13 in spite of the fact that the results already available show

that this is a poor approximation of the truth. The present work described

below involves the fluorine both as a substituent and reagent for the first

time, it also provides far more precise data for chlorination and bromination

than available previously.

E X P ER I M E N TA L

(a) General Procedure

Two gaseous streams, one of the halogen and nitrogen and the other

of the alkyl halide in nitrogen, were preheated separately to the intended
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reaction temperature and then brought together in a mixing vessel. Reaction

occurred in this mixing vessel and a subsequent reaction spiral, both of

which were maintained at the same temperature. After passing through the

reactor the r.s stream containued through a pact-ed column to remove unchanged

halogen and a second column to remove the halogen halide formed and finally

through a trap maintained at -700 in which the reacti-n products and

unchanged lakyl halide condensed. Samples of liquid were then withdrawn

from the trap for injection into a gas phase chromatography column which was

used for both the separation and estimation of the components of the product.

By far the greatest problem in the present work has been the

correct identification of the various isomer formed during each halogenation.

When dihalides of known structure were available the procedure was to

chromatograph the product and then add the individual dihalides one at a

time to the reaction product and see which peak had been enlarged. By

this means the peaks on the original chromatogram could be identified

unequivocally. However, in many cases synthesis of the dihalides would have

been tedious in the extreme, for instance no satisfactory synthesis of

unsymmetrical 1:2 dihalides is known. Another method was to halogenate

a 2-halobutane and compare the retention times of the products, e.g.

chlorination of n-butyl fluoride yielded four dihalide peaks, fluorination

of 2-chlorobutane likewise yielded four dihalide peaks, two of which had

identical retention times to two peaks from the former. These must therefore
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be 1-fluoro-2-chlorobutane and 1-fluoro-3-chlorobutane. It was possible

in some cases to identify peaks by analogy, e.g. chlorination of n-butyl

fluoride and a-butyl chloride yielded chromategrams of identical shape,

differing only slightly in their relative areas. All peaks from the

chlorination of butyl chloride had been identified by addition of known

compounds. The final peak from butyl fluoride which corresponded to the

l:4-diehlerobutane peak was identified as 1-fluore-4-chlorobutane by the

same means. The reasonable assumption was therefore that the other peaks

from butyl fluoride corresponded with these from butyl chloride similarly.

(b) Pre.aration and Synthesis of Authentic Dihalides for Identification

l:l-Diehlsrobutane. : n-Butyraldehyde (62 cc.) was added drop by drop

to phosphorus pentaehloride (100 g.); in some preparations the phosphorus

pentachloride was dissolved in carbon disulphide. The mixture was stirred

overnight and then heated to 1000 for a short while. The cooled mixture

was poured on to ice and steam distilled. The upper layer of the distillate

was separated, washed with sodium hydrogen carbonate, dried and then distilled.

The fraction boiling at 114-1150 was collected; yield 20-25%.

1:2-Dichlorobutane: n-Butyl iodide was prepared from m-butyl bromide by

15treatment with sodium iodide in acetone . The iodide (b.p. 126-80) was

added drop by drop to a saturated solution of potassium hydroxide in alcohol

16which was under reflux1* Gaseous butene-1 was passed through a calcium

chloride tube and collected in a trap at -70°. When the evolution of
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butene-I ceased, the trap was disconnected and joined instead to a chlorine

cylinuer. A deficiency of chlorine was added and the trap was allowed to

warm up to room temperature so that unchanged butene-1 distilled out. The

residue was nearly pure 1:2-dichlorobutane.

l:3-Dichlorobutane: 1:3-butandiol was saturated with hydrogen chloride.

The solution was heated at 1000 in a sealed tube for two days. The tube

was then opened and the solution resaturated with hydrogen chloride and the

17
process repeated1. The final product consisted of two layers. The upper

layer was separated, washed with water and then with sodium hydrogen carbonate

solution. The final product was dried and distilled.

l:4-Dichlorobutane: Eastman Kodak material was found by chromatography

to be quite pure and was used without further purification.

1:1-Difluorobutane: Hydrogen fluoride (15 cc.) was added to a mixture

of l:l-dichlorobutane (32 g.) and red mercuric oxide (60 g.) in a copper

reactor, cooled to -700* The reaction mixture was stirred vigorously

and slowly allowed to warm to 00. After half an hour the reactor was opened

and the contents poured on to crushed ice. The organic layer was separated

and gas phase chromatography indicated the presence of three components apart

from traces of low boiling products. These were l:l-diflurobutane,
A

1-chloro-l-fli obutane and unchanged l:l-dichlerobutane. The pure

ll-difluorobutane was isolated by collecting the eluted material from

several runs of the gas phase chromatogram, b.p. 13-190; Found: C, 51.4;
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li, R.5; C4 HO 2 requires C. 51.1; H, 8.6%. 1:1-Difluorobutane was also

prepared by using mercuric fluoride prepared using elementary fluorine as

for the 1:3-difluoride, see below.

1:3-Difluorobutane: Mercuric chloride (158 g.) was placed in a

"Monel" metal autoclave. The mercuric chloride was stirred and heated

while fluorine was passed through the bomb. The passage of fluorine was

continued until no chlorine could be detected in the outflowing gas.

1:3-Dibromobutane (54 g.), which had been prepared from 1:3-butanediol by

treatment with concentrated hydrobromic acid and sulphuric acid, was added

to the bomb and there was an immediate evolution of heat. The autoclave

was heated and over a period of three hours 15 cc. of crude material was

distilled. Gas phase chromatography indicated that this consisted mainly

of the desired 1:3-difluorobutane, b.p. 63-68°. (Found: C, 50.7; H, 8.6;

C4 H8 F 2 requires C, 51.11 H, 8.6%.)

1:4-Difluorobutane: 1:4-Butanediol di-k -toluene sulphonate was treated

with potassium fluoride in ethylene glycol1. The 1:4-difluorobutane had

b.p. 780. 1:4-Difluorobutane was also prepared from 1:4-dichlorobutane by

treatment with potassium fluoride in ethylene glycol according to the method

of Hoffman 2 0 .

1. Fluore-4-chlerobutane 21: 1:4-Dichlorobutane (254 g.) was added to a

mixture of potassium fluoride (175 g.) and ethylene glycol (250 cc.). The

mixture was refluxed at 1100 for twenty hours and then poured into water
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(1,000 cc.). The organic layer was extracted with ether and the extract

dried over sodium sulphate. The ether was evaporated and the residue

fractionated, the fraction boiling at 1150 (47.3 g., i.e. 21%) was collected.

1-Chlore-l-fluorobutane 2 3 : The preparation was carried out exactly

as previously reported for 1,1-difluorobutane but using a decreased

proportion of hydrogen fluoride and mercuric oxide to that of the

1,l-dichlorobutane. The product was isolated by gas phase chromatography.

1.2-Dibromobutane: The comercial material was found by chromatography

to be quite pure and was used without further purification.

1.3-Dibromobutane : Concentrated hydrobromic acid (D4 25 1.46)

(833 g.) and sulphuric acid (250 g.) was mixed and 1,3-butandiol (180 g.)

was added. The mixture was heated slowly under reflux as sulphuric acid

(400 g.) was run in dropwise. The mixture was refluxed for an hour and then

distilled until no water insoluble product appeared in the distillate. The

water insoluble layer was separated, washed with water, followed by 36 ml.

of concentrated sulphuric acid and then sodium bicarbonate solution. The

product was dried over sodium sulphate and distilled at reduced pressure.

The fraction boiling at 69-730 at 40 mm. pressure was collected.

1l4-Dibromobutane 25: Dry hydrogen bromide was passed into

tetrahydrofuran at 90°C. The mixture was then distilled under reduced

pressure. The fraction boiling at 106-1100/30 m.Hg was collected.

7



1-Bromo-3-chlorobutane: Dry hydrogen bromide (1 mole) was passed into

1,3-dihydroxybutane (1 mole) at O°C and the solution was heated on a steam

bath for half an hour. After cooling chloroform and ice were added and the

mixture made neutral. The chloroform layer was separated and the aqueous

layer extracted twice with chloroform. The combined extracts were dried

over sodium sulphate and the chloroform removed under reduced pressure.

The 1-bromo-3-hydroxybutane26 distilled at 66-68°C at 15 mm. Hg pressure.

1-Bromo-3-hydroxybutane (14 g.) was refluxed for one hour with thionyl

chloride (14 g.), poured into water and the mixture made neutral. The

mixture was extracted with ether and the combined extract was 4died over

sodium sulphate. The ether was evaporated and the residue fractionated.

The 1-bromo-3-chlorobutane boiled at 34-36.3°C/15 mm. Hg. (Found: C, 28.3;

H, 4.8. C4 H8 ClBr requires C, 28.0; H, 4.7%.)

1-Bromo-4-chlorobutane 27: Dry hydrogen chloride was passed into

tetrahydrofuran at room temperature. The saturated solution was allowed to

stand at room temperature for 12 hours and then distilled in vacuo. The

crude product boiling between 80-90°C at 15 mm. Hg was redistilled and the

pure 4-chlorobutan-l-ol collected at 84-5 0 C/15 mm. Hg. 4-Chlorobutan-l-ol

(109 g.) was added to a mixture of concentrated hydrobromic acid (D4
2 5 1.46)

(209 g.) and sulphuric acid (63 g.). A further 50 g. of sulphuric acid

was run in slowly and the mixture refluxed for two hours. The l-bromo-4-

chlorobutane was isolated as described for 1,3-dibromobutane and boiled at

8



69-72°C/15 M. Hg.
28

2.2-Dichlorobutane 2 To dry, stirred methyl ethyl ketone (200 .l.)

was added in portions phosphorus pentachloride (500 g.). Stirring was

continued for a further 2-3 hours and then the mixture was poured on to

ice and stirred for one hour. The organic layer was separated, washed wit!

sodium carbonate solution, dried over sodium sulphate and fractionated.

This yielded about 100 g. of olefinic material and 61 g. of the desired

dichloride boiling at 100-1010C.

2.3-Dichlorobutanes 29: Sec-butanol (200 ml.) was refluxed over stirred

syrupy phosphoric acid (300 ml.) at 1200 C. The butene-2 evolved was collected

in a trap at -78 0 C. A calculated quantity of chlorine diluted with an equal

volume of nitrogen was metered into the butene-2 at -78 C. The product was

fractionated and the dichlorobutanes (156 g.) collectedat 114-1160 C.

2-Chloro-2-fluorobutane30 and 2.2-difluorobutane 28: 2,2-Dichlorobutane

(20 g.) was run on to antimony trifluoride (40 g.) containing about 5% of

bromine. The mixture was warmed slowly on a water bath and when the reaction

started a further 40 g. of 2,2-dichlorobutane was added and heating continued

at 60-800 C. The product distilled between 65 and 70 0 C and hydrogen fluoride

was evolved. After the addition of a little sodium fluoride to absorb the

hydrogen fluoride the product was fractionated. The fraction boiling at

40-650C was shown to contain a large proportion of 2,2-difluorobutane and the

fraction boiling at 65-66 0C contained the 2-chloro-2-fluorobutane. Bromine

was added to remove chlorobutenes and the products isolated by gas phase

9



chrmatography.

2-Chloro-3-fluorobutaues: The 2,3-dichlorobutanes were reacted

with mercuric oxide and hydrogen fluoride exactly as for the preparation

of l-chloro-l-fluorobutane. The products were isolated by gas phase

chromatography.

2.3-Difluorobutanes: The 2,3-dichlorobutanes were reacted with

mercuric oxide and hydrogen fluoride exactly as for the preparation of

1,1-difluorobutane. The products were isolated by gas phase chromatography.

Besides the meso- and dl,2,3-difluorobutanes, a third product was isolated

which was identified by its infra-red spectrum as 2,2-difluorobutane. A

rearrangement must have taken place, probably by loss of hydrogen fluoride,

to give a 2-fluorobutene and subsequent Markownikoff readdition.

Attempted preparation of 1-chloro-2-fluorobutane: 1,,2-Dichlorobutane

(20 g.) was reacted with mercuric oxide (45 g.) and hydrogen fluoride (10 ml.).

Two products were expected, 1-chloro-2-fluoro- and 2-chloro-l-fluorobutane.

The chromatogram. of the product contained only one chloro-fluorobutane peak, the

retention time of which corresponded to that of the peak containing both

l-chloro-2-fluoro- and 1-chloro-3-fluorobutane from the fluorination of

u-butyl chloride, and the chlorination of see-butyl fluoride. No

product was present with a retention time corresponding to that of

2-chloro-l-fluorobutane from the chlorination of n-butyl fluoride. The

infra-red spectrum of the compound isolated from the reaction surprisingly

was almost identical to that of the final peak in the chlorination of sec-butyl

10



fluoride, which would be expected to contain mostly 1-chloro-l-fluorobutane

and a little of the l-chloro-2-fluorobutano. Thus the evidence seems to

indicate that there had been a rearrangement to form l-chloro-3-fluerobutano.

If, as suggested before, this takes place by loss of hydrogen fluoride and

readdition, the expected direction of addition of hydrogen fluoride to

1-ehlerobut-2-eno would give l-chloro-3-fluorebutane.

(c) Awaratus and Procedure for the Halosenations

Two identical reactors were constructed, one made of glass which

fitted into a vapour jacket (see Fig. I), the other made of copper which

fitted into an electric furnace. They consisted of two pro-heating spirals

made from 6 mnm. 0,D, tubing (total volume 25 cc. each) which entered a

mixing vessel with their jets opposed. The mixing vessel (75 cc.) ended

in a reactor spiral of similar tubing (total volume 100 cc.).

The butyl halide was introduced into the reactor by passing a

stream of nitrogen through a trap containing the compound. The trap was

surrounded by a constant temperature bath. The concentration of butyl

halide in the gas stream was controlled by the temperature of this bath

and actual concentration determined from a vapour pressure curve which was

measured in the conventional way beforehand. The concentration of the

halogen used was so low that it was impractical to metro the gas at the flow

rates requires. The halogen was therefore mixed with nitrogen in a large

11
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mixing vessel to the correct relative concentration, but only part of the

mixed gases were fed into the reactor, the remainder escaped to waste.

By this means accurately measured flows of halogen could be used.

The controlling factors for total concentration of reactants

were the exothermic nature of the reactions and the volatility of the

6products. The former problem has been discussed previously When the

products had very low volatility the total concentration of the reactants

had to be kept low to prevent condensation of the products either in the

reactor or in the subsequent parts of the apparatus. This would have

required very lengthy reaction times in order to get sufficient material

for analysis, so long as the apparatus was used at atmospheric pressure.

However, by coupling the apparatus to a high-speed vacuum pump, much greater

flow rates could be obtained, while keeping the relative concentrations of

the reactants the same but lowering the total concentration in the reactor

by reducing the pressure. The rates of flow were now controlled by a

series of capillaries.

(d) Gas Phase Chromatography

1The appautus has been described previously1. The analysis depends

on the assumption that the thermal conductivity of the isomeric dihalobutanes

is very similar. All the data at present available indicate that any variation

in the thermal conductivity of isomers of this type would be extremely small.

In the chlorination of butyl chloride the validity of this assumption was

checked by analysing identical runs on both our chromatography column and on

a Pyo Chromatograph. The results were the same within experimental error.

13



n-Butyl Chloride
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Figure Z. Chroltograms of Chlorinted n-Butyl Halides
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sec-Butyl Chlorine
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Figure 3. Chromatograms of Fluorinated n -Butyl Halides
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Figure 4. Chromatograms of Fluorinated n -Butyl Halides
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sec -Butyl Chloride
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Figure 5. Chromatograms of Fluorinated 2ec-Butyl Halides
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n-Butyl Chloride
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Figure 6. Chromatograms of Brominated n-Butyl Halides
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sec- Butyl Chloride
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Figure 7. Chromatograms of Brominated sec-Butyl Halides
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Figure 8. Chromatograms of Chlorinated n-Amyl Halides
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(e) Chlorination of n-Butyl Chloride

n-Butyl chloride (10 parts) + chlorine (1 part) + nitrogen (400 parts)

Temperature No. runs CH2 C1 CH2  CH2  CH3

a 35 10 8.5 - 0.3 27.0 - 1.4 49.5 - 1.4 15.0 + 1.6

350 10 8.1 0.6 25.8 0.6 48.6 -1.1 17.5 -1.2 %

780 10 9.6- 0.8 26.1 -1.1 45.7 -1.0 18.6 -1.0 %

1460 8 9.6 -1.1 22.5 -1.2 47.1 -0.8 20.8 2.0 %

S1460 5 8.2 -0.7 22.1 -1.6 41.5 -1.8 22.2 -3.1

Nitrogen (200 parts)

Analysed on a Pye Argon Chromatograph Cat. 12,000.

The products were identified by the individual addition of the authentic

dihalide to the reaction products.

(f) Chlorination of n-Butyl Fluoride

n-Butyl fluoride (10 parts) + chlorine (1 part) + nitrogen (100 parts)

Temperature No. runs CH2F ICM2  CH2  CH3

00 10 9.7 0.6 20.8 0.6 52.5 0.6 17.0 1.5 %

35° 10 10.7 - 0.8 20.8 - 0.5 48.6 - 0.7 19.9 - 0.9 %

A 780 7 11.4 -0.4 21.8 0.4 47.4 0.4 19.4 -1.0 %

1460 7 12.7 0.8 21.5 0.8 45.4 0.5 20.4 1.4 %

Nitrogen 400 parts.
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Identification of products: 1-fluoro-4-chlorobutane was identified by

the addition of authentic material. The shape of the chromatogra. was

identical to the shape from chlorinated butyl chloride. Fluorination

of see-butyl chloride yielded a mixture, the chromatogram of which had two

peaks which coincided with the chromatogran from the above results, these

were therefore 1-fluoro-2-chloro- and 1-fluoro-3-chlorobutane. The

remaining peak was therefore 1-fluoro-l-chlorobutane.

(g) Chlorination of n-Butyl Bromide

n-Butyl bromide (4 parts) + chlorine (4 parts) + nitrogen (200 parts)

The experiments were performed at 252 smi. of Hg.

Temperature No. runs CH2 Br C"2 CH2 CH3

350 4 8.0 - 0.8 Trace 66.8 - 1.5 25.2 - 1.9 %

780 6 7.8 -0.5 64.9 1.7 27.3 -2.0

Identification of products: there were five peaks on the chromatogram.

The first in order of elution proved to be l:2-dichlorobutane. The fifth

peak was identified as 1-bromo-4-chlorobutane by the addition of authentic

material, and the fourth peak was identified as 1-bromo-3-chlorobutane

similarly. The second peak was established as 1-bromo-l-chlorobutane by

comparison with the products from the bromination of butyl chloride. The

third and smallest peak was therefore 1-bromo-2.-chlorobutane.
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(b) Fluorination of n-Butyl Fluoride

Temperature No. runs CR2F -C2  CH2ý C%

21 lO ? 23.8 - 1.8 30.5 - 1.4 45.7 - 1.6

Identification of products: only three peaks appeared on the chromatogram.

The first in order of elution was identified as 1:3-difluorobutane and the

last to be eluted was 1:4-difluorobutane. Addition of authentic material

showed that any l:l-difluorobutane present in the product would have been

masked by the unchanged butyl fluoride. Therefore the remaining peak was

1:2-difluorobutane. Because of the impossibility of separating the

1,1-difluorobutane from the unchanged butyl fluoride by gas phase

chromatography, the reaction product was examined on the mass spectrometer.

The calculation of results from the mass-spectra proved considerably more

difficult than expected; the large excess of unchanged butyl fluoride again

greatly complicated the problem. The products from two runs having identical

conditions to those described previously were analysed and the results (M)

were as follows:-

Unchanged C4H9 F 1,1- 1,2- 13- 1,4-C4 HF 2

92.2 0.5 1.3 3.5 3.0

92.0 0.5 1.0 4.9 2.1

The agreement between the mass-spectra results and those obtained by gas

chromatography is very good (the relative proportions of the 1.2- and the

14-isomer are identical by both methods, and the mass-spectra indicate the

presence of slightly more of the 1,3-isomer). The mass-spectra clearly show

the 1,1-isomer to be present in the smallest proportion.
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(i) Fluorination of n-Butyl Chloride

n-Butyl chloride (5 parts) + fluorine (1 part) + nitrogen (100 parts)

Temperature No, runs C 12Cl Ce2  CH2  CH3

210 5- 52.3 + 1.6 47.7 + 1.6

Identification of products: there were only two peaks on the chromatogram.

The second was established as due to 1-chloro-4-fluorobutane by addition of

authentic material. Comparison with the chromatogram of chlorinated

n-butyl fluoride and addition of authentic material showed that 1-chloro-l-

fluorobutane would not have been separated from the unchanged butyl chloride.

In the chlorination of n-butyl fluoride, the chlorofluorobutanes were eluted

in the order 1,1-, 1,2-, 1,3- and 1,4-. In the fluorination of n-butyl

fluoride the elution order of the 1,2- and the 1,3-difluoride was inverted.

This suggested that in the fluorination of butyl chloride the 1-chloro-2-

fluoro- and 1-chloro-3-fluorobutane would have very similar retention times.

The size of the first peak actually obtained indicated that the retention

times of the two products were so similar that only one large peak appeared

on the chromatogram. This was confirmed by careful comparison with the

chromatogram from the chlorination of 2-fluorobutane.

(j) Bromination of n-Butyl Chloride

n-Butyl chloride (10 parts) + bromine (1 part) + nitrogen (400 parts)

Temperature No. runs CH2 C1 CH2  CH2  CH3

1460 9 23.0 + 2.0 21.7 + 0.9 55.3 - 2.4 Trace
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Identification of products: the very mall peak which was the last to be

eluted was identified an due to l-bramo-4-chlorobutano by addition of

authentic material. The first peak was identified as due to 1-bromo-l-

chiorobutane by comparison with the chromatograms from the chlorination of

n-butyl bromide. The remaining two peaks were therefore of 2-bromo-l-

chlerobutane and 3-bromo-l-cblorobutane and were assumed to be eluted in

this order by analogy with the dichlorobutanes.

(k) Bromination of n-Butyl Fluoride

n-Butyl fluoride (10 parts) + bromine (2 parts) + nitrogen (400 parts)

Temperature No. runs C 2F H 2

1460 5 10.0 t 0.5 8.9 + 0.5 81.1 ! 0.6 Not detected

Identification of products: there were only three peaks on the chromatogram

and the third and largest .was collected and submitted to nuclear magnetic

spectroscopy. Both the I and 1 9 F spectra were examined. The proton

spectrum clearly established the presence of a methyl group adjacent to a

-C=X- group. This means that the peak must have been due to 3-bromo-l-

fluorobutane and all the other details of the spectra confirmed this. The

remaining peaks were assumed to be due to 1-bromo-l-fluorobutane and

2-bromo-l-fluorobutane eluted in this order by analogy with the results

described above.

(1) Bromination of n-Butyl Bromide

Bromination of n-butyl bromide was strongly inhibited by some product
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of the reaction, and when conditions similar to those described for the

bromination of butyl chloride and butyl fluoride were employed a large

proportion of the bromine failed to react and the sides of the vessel

became coated with a brewn film. We believe this to be due to the

formation of olefinio material by lose of bromine from some of the intermediate

radicals (-ZH-CHBr- -- -CH-CH-). Runs were attempted at both 780 and

1460; the chromatogram only showed one large peak which was found to be due

to 1,3-dibromobutane by the addition of authentic material. There were

other very small and badly defined peaks; two of these were identified as

due to 1,2- and 1,4-dibromobutane, but there remained other low-boiling

empounds which could not be identified.

(n) Chlorination of n-Hexane

n.-Hexane (10 parts) e chlorine (1 part) + nitrogen (340 parts)

Temperature No. runs 1-chlorohexane 2- and 3-chlorohexane

780 7 19.4 - 0.6% 80.6 - 0.6%

Identification of products: there were two peaks on the chromategram.

The boiling points of 2-chloro- and 3-chlorehexane are extremely close and

the sime of the first peak indicated that they were eluted together and

that the second peak was the 1-chlorohexane.

(n) Chlorination of n-Asyl Chloride

n-Asyl chloride (1 part) + chlorine (1 part) + nitrogen (300 parts)

The experiments were performed at 252 sm. of Hg.

Temperature No. runs C1---Cli CE3

780 7 5.9 t 0.7 14.7± 1.1 27.7 ± 1.5 40.7 ± 1.6 11.1t 0.8%
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