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THE SATURATION OF 2 PENTENE WITH HYDROGEN BROMIDE.
INTRODUCTION.:

The purpose of this investigation was to de-
termine whether 2 pentene upon saturation with hy-
drogen bromide,vgave 2 brom pentene or 3 brom pen=-
tane or, in case some of both compounds was formed,
t&wﬂetermine_the relative proportion of the two
compounds existing'in the product.

. There are two theories existent by which the
position to which the entering hydrogen and brimine
atoms Wil% go, can be predicted.v

1. The first of these two theories is the alter-
nate polarity theory which states that the carbon
atoms in a chain are alternately positive and negsa-
tive. This theory as avplied to the structure of 2

pentene will appear as follows:

G- 4G4 -0 =104+ -0-
1 2 3 4 5

The first carbon atom has four negative cha;ges, three
of which are neutralized by the positi?e charges of
the three hydrogen atoms joined to it. 'Thé segond
carbon atom has two negative charges neutralized by
hydrogen and two positive charges neutralized by the

two negative chgrges of adjoining carbon atoms, etc.
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FProm- & study of the relation between the third and fourth
- garbon atoms, it is evident that the third carbon atom is much
more negative than is the fourth carbon atom; Hence, in the
~addition of E' Br to this compound, the prediction of the al=
_ tefnate.polarity theory is that the Wydrogen atom being posi-
- tive would be attraéted to the more negative of the two carbon
- atoms, and therefore, would go to the third csrbon atom. On
the other hand, the bromine being negative would go to the
fourth carbon atom.

Thus we may see that in the saturation of 2 ﬁenténe with
hydrogen bromide, the alternete vnolarity theory would predict
that the compound formed would be 2 brom pentane. CH_B,'CH2 CH

2
ce Br om,

The second of the two theories is known as the electron
displacement theory and its theory as to the relation existing
: between‘carbon atoms in a chain, aprears graphiéally as
- follows - only the electrons participating in the diéplacement
will be illustrated: m

c:C:+:C::2 C:C
The above'represents the relative position of the électron

without any displacement, After the displacement of the elec-

trons we have the following relationship.
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The reason for this shift may be stated as follows:k The

carbon atoms 1l and 2 éonstitute an ethyl group, which is more
. ,

positive in its effect than is the single carbou atom 5.

As a result‘theatwo electrons vetween carbon atoms 2 and
/ 5 are displaced toward carbon atom 3. This causes a shift of
the four électrons between carbon atoms 3 and 4 towérd carbon
. atom 4. This may be explained by saying that each carbon
atom has a constant potential and, because of this, when the
potential is increased on the oue side by & displacenent of
the electrons toward a carbon atom, there must be a corres-
ponding shifting away of the electrons oiu the other side of
the atom.

From a consideration of carbon atome 3 and 4, it 1s seen
~that carbon atom 4 is much more negative than is carbon atom 3,
beeause 0f the disvlacement of the four electrouns constituting
the so-called double bond toward the fourth carbon atonm.

Hence,‘in the addition of E' Br, the cromine being neg-
ative, will be attracted to the more positive of the two car-
bon atoms, which is the tkhird carboun atom. The kydrogen atom,
cimilarly, since it ie positive, will be attracted to the

fourth carbon atom which is the more negative of the two.
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The prediction of the'eleeércﬁ dieplacement theory then,
is t%at upon ;he addition of hydrogen bromide to 2 pentene, 3
brom pentene, CH, CH, CE Br CE, CH,, will be formed.
jSince-the slternate poiariﬁy trheory predicts the form-

ation of 2 brom nemt e and the electron displacement theory

ndicates

w

that 3 brom pentane will be formed, the correctuess
¢t the two theories can be ascertained through the saturation
of 2 pentene with hydrogen bromide

L@

In the attempt to test the correctness of the alternate
polarity and electron displacement theories, it was decided
that the saturation of 2 pentene with hydrogen bromide would

be used as a test reaction, bvecause of the fact that the al-

ternate polarity theory predicted that the bromine would be

added to the secoud carbon atom of the chain, while the elec-
tron displacement theory predicted its addition to tre third

carbon atom.

In order to earry out the above reacticn 1t was first
necessary to synthesize £ pentens involvwing the following
stepg, in the order mentioned:

(1) Preparstion of ethyl formate from sodium formate snd ethyl

alcohol.
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ilz),Preparation of diethyl carbinol by use of Grignard's Re-
action.
- (3) Preparation of 3 brom pentane from diethyl carbinol.
;{ﬁ).UnSaturation of 3 brom pentane to give 2 pentene.
 Tﬁe‘2'pentene was then saturated with hydrogen bromide, form-
ing brom.pentane; |
| Since the boiling voints of the 2 brom and 3 brom pen-

tane are 113°C and 118°C respectively, it seemed ad?isable to
have a method of analysis for the two comrounds which was in-
“dependent of the boiling points because of the small temper-
ature difference gxisting between them.

Since no chemical method of analysis could be found to
use in distinguishing between the two compounds, it was de-
cided to ascertsin whether there existed any appfeciable dif-
ference in the refractive indices of the two éompounds. Upon
~preparation of the two compounds a reading at 20°C for the 3
brom pentane of 1.4443 was obtsined with an Abbe refractometer,
while the reading of the 2 brom pentane was 1.4322 at 20°C.
However, becéuse of the difficulty of obtaining pure 2 pentanol
the figure given for the index of 2 brom pentane may be slight-
ly in error.

The 1ar;e difference that was found to exist between the

indices of refraction of the two compounds justified the use
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U_éf the yndices,as 8 metrkod of analysis and the results of the
: bromination of 2 pentene were interpreted by the use of this
method of analysis in conjunction with that of tre difference
~of the bsiling roints.
The fgrst bromination of the 2 pentene was carried out
-at 60°cC, in‘a’pfessure bottle containing glacial acetic acid
saturated with an exéess of hydrogen bromide and gave a trom
pentane which, after washing and drying, was distilled using
a fractionating column} The first droy of disgtillate came
over at 117.2°C, but practically thre whoie of the distillate.
came over between(the teﬁperatures of 118%°and 118.2°. The
reading for the refractive index of the product of this run
was 1.4430 at 20°,

Thé second bromination was carried out in the cold
witkhout the use of pressure by placing the pentene in an
- Brlenmeyer Flask containing glacial acetic acid saturated with
an excess of hydroge: bromide. In the distiliétion ol the
washed and-well dried product the first drop of the distillate
came over at 117.4%and, as in the Zirst run, the temperature
immediately rote to 118°and stayed constant there for the

remainder of the run.
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The'refractive index for the brom pentsne obtained in
this run was 1.4431 st 20°agfeeing very closely with the

vélue of 1.4430 from the first run.

DISCUSSION OF EXPERIMENTS.
| In the preparation of some-of the compounds involved
in the synthesis of 2 pentene, the literature on tﬁe svbject
was.fqﬁnd‘to be eitker unsatisfactory or totally lacking and
for this reason original methods of pfeparation were used
which may be of interest.
A new method of preparing ethyl formate was developed
~in which ethyl sulphuric‘aéid (1 mol §f ethyl alcohol+1.15
molskof sulphuric acid, sp. 6. 1.84) was added to 1 mol of
C.P. Sodium formate and allowed to stand over night. Upon
distillation the following day, water white ethyl formate
was obtained. The whole of tke ethyl formate upon redistill-
ation came over within a tempefature range of .4°., The
yields using this method were very satisfactory varying from
87% to practically theoretical. N
One method for the preperation of éthyl formate which
was found in the literature, involved the mixing of ethyl
alcohoi and glacial formic acid witkh a subsecuent satura-
tion with dry hydrochloric scid gas. 'It can easily be seen

that the first mentioned method rossesses several

1. 7. OChem. Soc. Vol 63. 7 1305,
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?yédvaﬁtéges, in-that it does away with the necessity of obtain-
ing glacial formie acid and also does mnot call for the satura-
tion of the solution with hydrochloric sacid gas.

In preparing this ester it is desirable to have all re-
_agénts as water-free as possible and because of the téﬂdency
-of formic acid to form a constant boiling mixture containing
~about 30% water, it is advantageous to do away with the use
of formic acid in the reaction.

The prevaration of diethyl carbinol from ethyl formate
was carried out by means of Grignard's réaction and conformed
very closely with the nethods mentioned in the Iiterature%
with the exception perhaps of the relative ouantities of
material used and in minor points of technigue, as for instance
the dissolving of the £0lid matter in the bottom of the resctio:
flask with dilute sulphuric acid in order to form two layers of
- liquids in the flask, one of which, the ether layer, contained
practically the whole of the product desired.v“

An extremely satisfactory method for brominatiﬁg alcohol
and unsaturated hydrocarbons was made use of in trke experi-
mental work of this research. Use was made of’preSsure bottles

in all cases reoquiring bromination. The alcohol to be

1. Compt. Rend 132, 336, 1901
Jo. Chem Soec, 1901, 1,250
J. Chem Soc, 1901, 1,679
J. Chem Soc, 1900, 382



Page
‘brominated is placed in the rressure bottle, preferably fill-
ing it about one-hali full. The alcohol is next saturated
“with hydrogen bromide formed by dropping licuid bromine upon
“napthalene and removing bromine wvapor by use of = dfying tube
filled with napthalene.

An excess‘bf hydrogen bromide is dissolved, generally
~around 25%. The’bottle is next closed, placed in a pressure
frame and heated in a water bath, The heating serves not
only to increase the rate of reaction by raising the temper-
ature but also greatly increases the preésure of the hydrogeﬁ
bromide gas in tﬂe bottle.

A few hours of heating usually suffices to complete the
reaction, whereupon the contents of the bottle are roured in-
to water, the hydrobhéoric acid going over to the aqaeous
layer while thé brominated alcohol forms a layer of ite own.
Any of the original alcohol remaining‘in the brominated layer
may be removed by wasking with councentrated sﬁlphuric acid,

The unsatursting of brom pentane was carried out by
dropping the brom yperntane slowly into boiling aleoholic po-"*
tassium hydroxide solution. A reflax condenser was placed
above the reaction flesx and was sept at 40°, at which‘temper-k
ature the vaporized alcohol would be condeused and returned to
the flask, while the renteune was allowed to pass through the

condenser.
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The sddition of nydrogen bromide to the £ pen-
tene Was accomplished'in much the séme manier as was
the bromination of the slcohol. The pentene was
vrlaced in glacial acetic aoid and éaturated with an ex-
cess of hydrogen bromide. In one case the reaction
was carried out in a pressure bottle at about 50°, while
in the'sécond case, the abrominstion was allowed to
take place in the cold. The addition proceeds very
aguickly even at 10@ temperatures. The reaction was
carried out at a low temperature in the second run to
do away with any possibility of any 2 brom peﬁtane
'changing over to & brom reuntane uroun heating. Iun botk
casés, however, the productes were identical in all
respects and varied by only 0.0001 in their indices of

refraction at 20 C.

CONCLUSION.

From a consideration of the fact that in boﬁh
cases where 2 pentene wag saturated with hydrogen bro-
mide, to give brom pentane, the product upon careful
dietillation with an efficient fractionating column,
pave absolutely no distillate at 112°- 113°, or the
‘boiling voint of 2 brom pentane, but rose to practic-
ally 118°, the boiling point of 3 brom pentane before
any distillaﬁé arpeared and then continued to

4istill over at 118° till the whole of the charge

10
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bad been distilled, we can conclude that little or no
2 bromvpentane waS‘preSent in the prbducﬁ formed by the
saturation of the pentene,

Thisléonclusioﬁ is‘furfher stfengthenea by the
fact that the index of refraction of the brom pentane
made by saturating 2 pentene with hydrogen bromide check-
ed very élosely the index of réfraction of some 3 brom
péntane mede by brominating diethyl carbinol, 1.4430 sas
compéred with 1.4445, while it varied by & very lerge
smount from the index of refrasction of 2 brom pentane

whose index was 1.4322.

SIGNIFICANCE OF EXPERIMENTAL RESULTS.

As was stated earlier in this paper, the prediction
of the alternste polarity theory wss that, in the case
of this reaction, the product formed would be 2 brom
pentane, while, according to the electron displacement
theory, the compound resulting from the saturation of 2
- pentene with hydrogen bromide should be & brom pentane.
The experimental work connected with this investi-
gation hes shown, in the case of the resction in gquestion,
that the product formed was 3 brom pentsne. Hence, the
following two conciusions mey be made:
(l)‘That the alternste polesrity theory is incorrect and
does not givé a satisfsctory explanation of the relations

between the cesrbon stom in a chain compound.

11
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_ »(2, Thap the pfedictions of the electron displacement
theory are thoroughly’in sgreement with what has been
found to take plsce in the case of this resction and
‘while this work does not sérve as a finsl proof, it at
1eas£ furﬁishes 8 pertisl substentiation for the eleqtron

displacement theory.

EAPERIMSNTAL.
% (1) Preparation of Ethyl formate (H COO C,H,)
( Ne OOCE+H, S6, = HOOCH +Ns HSO,
( HOOCH +C,H _WOH = HCOOC,H,+H,0
Materials used:
 NeOOCH -100 gms C.P.
C, H.0OE 89 c.c. =-95%
H,80, 8l c.ce. SP.G. 1.84
Method:
100 gms, of C. P, sodium formate were placed in a 1.5
litre flask to which was added ethyl sulphuric acid
(89 c.c. ethyl alcohol#8l c.c. Sulphuric acid), while
still warm from mixing.
The mixture was allowed to stand over night and
then distilled from a wster bath, using a Hempel column
and coil condenser in series end catching the liguid in

en ice colled flaske. The distillate was then washed with
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 aodium carbonate solution three times using a sepasrstory
funnel for separating the product from the agueous layer.
Phosphoric an hydrid was then sdded until no further
hissing was hesrd on further additioh. The solution wés
then cleared of the sludge by decantation and filtration
and finally redistilled. Practically the whole of the
liquid distilled over within s temperature range of 0.4°.

The yield obtained using the above method were
extremely good, varying from 87% to précticaliy theore-
tical.

Preparstion of Di - Ethyl Carbinol.

HC-0C, H +C, H, Mg Br = HC C 2 Hs
OC H;
O Mg OMg Br
HL—C H +C H Mg Br BG- GQH
%%35 CH
Mg Br _0H _Br

Hc’ (C,H) +H,0" = HCZ(C,H,), MeZOH
Msterials used.

C, H, Br 294 ¢ ¢

¢, H2 OOCH 162c-c
M 96 s

(C,H; .0 416 cc

Method:
The first step was to cover 96 gms of Wmgnesium ribbon

with 416 ¢ ¢'s of absolute ethyl ether, using & 3 litre
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,'flask. 294 ¢ c¢. of ethyl bromide were then added thru

& reflaxing column, csre being taken to keep the re-

action flssk well cooled. Following the addition of

the ethyl bromide, 162 ¢ ¢ of ethyl formate were added

to the ethyl magnesium bromide. Upon completion of the
reaction’suffieient dilute sulphﬁric acid was esdded to
&issolve up the magnesium bromide and form magnesium

- sulfate. |

There were two‘layers in the flask at this‘point,
one being the aqueous layer and the other the éther
layer containing the diethyl carbinol. The léyers were
separated by use of & sepsratory funnel. The ether
solution was then distilled, the ether psssing off quick-
1y, leaving the diethyl carbinol, which lster aistilled
over, The diethyl carbinol wss then well washéd; dried
over calcium chlorid snd redistilled over & range of
117* - 119°. (Cor.) | |
(Matkod of Premartion)

A yield of epproximstely 75% was obtainéd.
Preparstion of 3 BrSm Pentene from Diethyl Carbinbl.

The bromination of diethyl csrbirol was carried out
by plscing the csrbinol in & pressure bbttle, ssturating
the alcohol with hydrogen bromide gas and then subject-
ing to pressure by putting the bottle into & preésuie

o
bottle frasme snd hesting by immersing in water at 60 .
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This pxocess of ssturation and compression was repéated
until the relative size of lsyers in the pressure bottlg
underwent no change upon further treatment, requiring sbout
ten hours in ell. |

The product was then poured into a separatory funnel
end Washed four times with wster to remove any hydro-
bromic scid thet might be present in excess. The next
weshing was cone with cold, concentrated sulphuric scid
and served 1to remove any alcohol remaining. This_was
followed with twq washings'with water and two with sodium
cerbonate solution. The product was then dried‘over
celcium chloride snd distilleds The distillate ceme over

entirely between 117.5° and 119°. (cor.)

Preparation of 2 Pentene from 3 Brom Pentane‘and
Bromination of 2 Pentene.

In the first ruh the 3 brom pentsne was unssturated
by using boiling slcoholic potaessium hydroxide solution
and the & peﬁtene was caught in & pressure bottle con-
teining glecial acétié scid sstursted with hydrogen
bromide. |

The second run wss changed in a few details.} The
vepors from the reaction flask were casught in xylene cooled
with a sslt anda ice cooling bsth. The pentene was distill-

L J .
ed from the xylene into a flask containing glscial acetic
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| acid saturated with hyarogen bromide. The hydrogen bromide
and pentene were allowed to react in the cold. In the first
run the pressure bottle was used.an& the reaction cesrried on
'under pressure.

Run #1. ,

'CH, CH, CHBr CH, CH;%-KOH (ale) — CH, CH, CH=CH -

| CH_+KBr + H,0.

CH, CH, CH = CH CH +HBr - CH, CH, - CH Br CH, CHS--or'CH3

CH, CH, CH Br CH. | |

Materials.

(C,H,), CH Br 60 gms.
KOH 60 gms.
C,H 0 H 90 gms.
Method.

60 gms. of 3 brom pentsne were sdded, drop by drop, to
& boiling solution of 60 gms. of potassium hydroxide in
90 gms. of ethyl slcohol. Connected to the flask wes e
reflax condenser kept at 40°which allowed the péntené to
pess bﬁt'refluxed the alcohol. From the reflux conéenser
the vepor psssed to & bottle of water at 4(® through which
it bubbled. This bottle served to catch any alcohél that
might have pessed over. The vepor next passed through a
calcium chloride drying tube, slso at 40°,_and finelly wes
condensed in a pressure bottle codled by a salt and ice
~cooling mi;ture. The pressure bottle contained spproxi-

maetely 60 gms. of glscisl acetic acid to which 40 gms. of
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hydrogen brouwide were added by bubbling the gas through the
acetic acid. The pressure bottle was then removed, closed
and placed in the pressure frame where it wés allowed to
remain thrée hours et 50°. The contents of the bottle were
then poured into water and the brom pentane layer séparated
by use of & separstory funnel. This layer was washed twice
with water, once with sodium carbonate solution, three times
with cold, concentrsted sulphuric acid, once with water and
twice with sodium carbonate solution,in the order named.

The product wes then daried..over night using'caldium
chloride. Upon 5istillation, using 8 fractionsting column,
the first of the distillste came over at 117.2°(cor.) but
reised immedistely to 118°(cor.) where it remsined coustsant
until only & very small quantity of liquid remained in the
flask.

The finel product weighed 28.2 gms., & yield of
46.7% from the 3 brom pentane and had a refréétive index
of 1.4430 at 20°. &
Run #2

The generation:0of the pentene wés carried out exactly
as in the first run. The vapor was caught in an ice-cooled
- flask of ®Wylene from which it was later distilled, the pen-
tene coming over at 36° - 37°. The penteﬁe distilled wss
caﬁght‘in a cooled Erlenmeyer flesk confaining 60 gms. of
glacigl scetic scid saturasted with 43.2 gms. of hydrogen

bromide.
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The yield of pentene from 57.5 gms. of & brom pentane was
20.8 gms. corresponding to & yield of 78.2%.
The resction mixture of pentene and hydrogen bromide

in scetic acid was kKept for two hours at 0°to 5°and then

allowed to stand over night in an ice box gt a temperature

of 10°to 154 The follow1ng day it was worKed up as des-
- cribed in the first run, the final distillation giving a

distillate whose first drop came over at 117.4° (cor.).

18

The temperature rose quickly to 118%(cor.) where it remained

for practically the whole of the distillation. The last
part of the distlllation\g&ve a gradusl tempersture rise
up to 118.8° {cor.).

The weight of brom pentsne was 3%.3 gms, & yield of
74,3% from the pentene and 57.9% from % brom pentsne.

The refractive index at 20°was 1.4431, Indices of Refrac-
tion of & Brom Pentane &t Various Temperatures.

The & brom pentsne which was used in obtalnlng the
following readings was the fraction which distilled over
renge of 118° - 118.2%(cor.). The 3 brom pentsne used
for the refrasctometer resding was some thst had beén made
by brominating diethyl csrbinol. The fraction boiling at
118° - 118.2°(cor.) was considered the purest becsuse it
was at this tempefature that the lergest pbrtion of the
aistillate ceme over. This fraction gaée the following

. N . . . : /
refractive indices as meassured with an Abbe refrsctometer
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- using white light.,
' d

20 = 1.44493

dog = 1.4427
450 = 1.4400
dg0 = 1.4351

&45 = 1.4322

Prepsrsation of 2 Brom Pentane.

An effort waes made to prepare 2 brom pentsne from
2 pentanol put out by the Stendard 0il Company. The
procedure was the same in all respects as was the brom-
ination of diethyl carbinol; 3 pentanol.

2 brom pentsne boils at 115°but upon distillation
of the brominated alcohol no satisiactory results were
obtained in that the boiling point rose grsduaslly from
aboutl 110°t0 125 “with no period where it seemed &8 though
& pure proauct were coming over. |

The fraction boiling from 112° - 114°(cor.) hsd

the following refractive indices:

990 1.4405
dos  1.4282
d30  1.4354

A0  1.4297
45 1.4269
Because of the fasct that there is only & 1°or 2°

difference in the boiling points of 2 pentanol aﬁd 3
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5§entanol, there is no surety in the correctness of the
above resdings. There is & distinct possibility that the
brominated proauct was a mixture of 2 end & brom pentsne.
A second attempt wes made to obtain 2 brom pentsne by first
carefully frectionating the alcohol. Following the pro-
’cedure,mentioned before in this psper, the product was
'prebgred and gave a réfractive index resding of 1,4522. at
20°. This value is probably much closer to the correct
velue than are the readings for 2 brom pentsne made from
the 2 pentanol not fractionated.

Summary, l

Ethyl formste was produced by & new method which,
from the standpoint of yields and purity of product, was
‘exceptionally good. |

Diethyl carbinol waes synthesized from ethyl formate'
by use of Grigrard's resction with minor changes.

S brom pentsne was made from diethyl carbiﬁol by
use of & pressure bottle containing diethyl cerbinol’
saturated with sn excess of hydrogen bromide.

2 pentene wes obtasined from 3 brom pentane by sdding
the 3 brom pentsne to s boiling solution of slcoholic
potessium hydroxide. |

Brom pentsne was made from 2 pentene by sllowing the

2 pentene to resct with hydrogen bromide.
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Boiling points and refractive indices indicsasted
that the brom pentane mentioned sbove was 3 brom pentsne.
This fact serves to disprove fhe correctness of the pre-
dictions of the slternste polarity theory and also,servés

to substantiate the election displacement theorj.
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