THE ADDITIQN QF
A HALOGEM HYDRIDIE

70 3-HEPTENE,

Thesis

"
ey

Robert T.Dillon.

In partial fulfillment of the requirements for
the degree of Bachelor of Science in

Chemistrye.

CALIFORNIA INSTITUTE OF TECHNOLOGY.
Pasadena, California.

1925



1.
2.

TABLE OF CONTENTS .

Introduction,

Outline of Work.

3. Sxperimental Work.

4,
5.

7

a) The Preparation of 4=heptanol.

b) The Preparation of Iaheptanol.

g

o
d) The Preparation of the
Resul ts.

Conclusionss

Diagrams.

Bibliography.

=wpage
-=nage
-=page

-=Dage

The Preparation of the 4-halogen heptanes,-=page 1

3=-hal ogen heptanes.--page

-=nage
-=Dage

- w1

k3
)
[
[+]

]
]
e
@
(5]
&

- DAFE L

1

43

(o) L Xa



page 1

INTRODUCTION,

The purpose of this study is to determine the rela-
tive affinity for electeons of the ethyl and propyl
groups and thereby to check the indications of the ione
ization constants of certain acids and amines, The ion—
ization constants of methyl, ethyl and propyl amines and
acetic, proplonic and butyric acids, indicate that the
ethyl group has a smaller affinity for electrons than

either the methyl or the propyl group., Lucas and Moyse(l)
have shown this to be true with respect to the methyl

group and it is the intent of this work to investigate
the evidence with respect to the propyl group.

Two theories regarding the electronié character of
carbon union have been proposed, The first is the alterw
nate polarity theory which has been supported and worked
on by Cuyﬁz)(3)gghe second is the displacement theory
which has been proposed by Lewis(4) and has been used by
Latimer and Rodebush(g) in accounting for the ionization
constants of some acids of phosphorus. The latter theory
has also been worked on in this laboratory by Lucas and
Jameson(é). Lucas, Simpson and Carter(7) and Lucas and
Moyse$8)‘

According to the alternate polarity theory the carbon
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atoms in aliphatic chain tend %o become arranged alter-
nately positive and negative. Therefore, 3-heptene
(minus the hydrogen atoms) would appear to be

—C- +C+ —gZ Yo+ —C- 48+ G-

1 2 3 4 5 6 7

As may bhe seen C=3 is preponderantly negative while C-4
is positive. Therefore, when a strong polar compound such
as hydrogen bromide is added to this unsaturated hydroe-
carbon, the positive hydrogen will go to C-~3 , while the
bromine will go to C=4 , The theory consequently predicts
the formation of 4-bromo-heptane on the addition of
hydrogen bromide to 3J-heptene,

The ionization constant, Ka of propionio-acid(g) is
1.35 X 10 and of butyric acid is 1,65 X 107 while K,
of ethyl amine is 5.6 X 10 and of proyl amine is
4.7 . X 1o'ﬁ These‘values indicate that the propyl group
has a greater affinity for electrons than the ethyl
group, The validity of this apparent difference in afe
finity for electrons forms the basic assumption on
which the displacement theory is based. This difference
results in the displacement of the electronic orbits
in the chain, which may be represented by a displace=-
ment of the average position of the electron pair,

Therefore, 3-heptene (minus the hydrogen atoms) would
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appear to be(%o);

C—e—C—oC_3C—=C—oC—oC

i 2 3 4 5 6 7
Consideration of the preceeding diagram indicates that
C=3 is essentially positive in comparison to C-4 , When
hydrogen bromide is added to this hydrocarbon the theory
predicts the fermation of 3J«bromo-heptane, This is oppo=
site to that predicted by the first theory.

A factor which must be considered in dealing with this
problem is that of symmetry of the molecule., Reference to
innumerable organic compounds shows that the tendency toe
wards this symmetrical formation is exceedingly great., In
the addition of hydrogen bromide 1o 2-pentene as well as
to 3=-heptene, as mentioned above, the two theories predict
different products. 1In the case of 2-pentene, the synm-
metrical form is predicted by the displacement theory,
and this isomer in the work of Lucas and lioyse was found
to be formed in exmcess. Howe%er, in the case of 3=-heptene
the unsymmetrical form is predicted, Therefore 1f the un-
symmetrical form ls produced in excess the evidence shows
unquestionably the agreement of the electiron affinities
of the ethyl and propyl groups with the indications of
the ionization constants, 1t also shows the factor of

symmetry to be of minor importance compared to that of
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electron affinity. On the other hand, if the symmetrical

form is produced in excess the evidence showa that the

factor of symmetry is not of minor importance,



page 5
QUTLINE OF VORK,

It is evident that the addition of hydrogen chloride or
hydrogen bromide to 3-heptene will serve the purpose of de-
terming the relative affinity for electrons of the ethyl
and propyl groups. The position taken by the two groups of:
guch a polar ccmpound will be a measure of this relatione
In crder to study this problem the following steps must be
taken :

a) the preparation of 4-heptancl.

b) the preparation of 3J-heptanocl.

¢) the preparation and identification of the
4-halogen heptanes.

d) the preparation and identification of the

J-halogen heptanes,

[¢]
e

the preparation of 3-heptene.

]
T

the addition of = halogen hydride to 3-heptene,
g) the analysis of the mixture of halogen heptanes.,
Due to the lack of time the problem has not been completed,
The work has been carried out only through the first four
stepss
The 4-heptancl was prepared by the Grignard reaction(lb)
of propyl magnesium bromide on ethyl formate. This method

was chosen because of the ease with which it may be pre-
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pared in = high degree of purity. The propyl magnesium
broride was made ir the usuzl manner by adding an etheral
solution of propyl bromide to¢ magnesium shavings. The ad-
dition compound resulting from the reaction of the mag-
nesiuvr bromide with ethyl formate was changed into the
alcchol with ammonium chloride soluticn.(lz) The use of
this latter resgent however was found to bhe unsatisface
tery because of the‘formation of a‘precipitaté of mage
nesium carbonate.which was found to occlude z great =z
mount of the etheral sclution, Refractive index and densi-

ty rezdings on the sample were made in order to check the

values ¢f previous preparaticns and %o compare wlth the
values ¢f 3<heptanocl.

The attempt was made to make the 3=heptancl by a simia-
1ar Grignard reaction of ethyl magnesium bromide and butyl
magnesiuvnw bromide on ethyl formate. It was thought that
the reactior would take place in steps, that is, that the
one oxygen bond would be affected completely before the
second one was tcuched. However, the attempt was unsuc-
cessful, for a mixture of di-ethyl and di-butyl carbincls
resulted., This indicates that the reaction of an alkyl
magnesivm halide with the formate, affects both of the
oxygen bonds of a particular molecule at the same time.

This indication is substantiated by the evidence found in
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regard to the preparation of aldehydes by this methodgls)
The resulis of this experiment might have been antici-
pated because it was noted that only carbinols having
the two substituted groups the same, had been maie by
this method, However, as no statement to the contrary
was found it was thought feasible.

After the faillure of the above method the 3-heptancl
was conveniently prepared by the action of butyl magne-
sium bromide on propionic-aldehyde and the subsequent
changing of the resulting aédition compound into the al-
cohol by means of dilute sulphuric acid. The results of
the refractive index, density, and boiling point values,
showed the alcochol to have properties exceedingly sinmilar
to those of 4-heptanol. These resultis may bhe indicative
of those that may be expested to be found between the twc.
forms of chiorides and bromides., They are therefore in-
dicative of difficulty in analizing a mixture of the two
igomers. The heavier atoms associated with the carbon
atom may however have a greater affect on these values
thath doew the lignt hydroxyl group. Also the factor of
symmetry of the two forms may affect the freezing point
to a much greater degree than any other properiy, in

which case this last method may have to be relied upon

for the analysis.
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The bromo-heptanes were produced by heating constant
boiling aqueous hydrogen bromide with the alcohols for a
period of four hoursﬁl%} The bromides were purdfied in
the usual manner but the physical constants were not de-
ternbned because of the lack of time,
The chloro-heplanes were produced by heating concen-
trated hydrogen chloride with the alcohols in the press

ence of anhydrous zineg chlorideglg)

These were left in
the same state as the bromides,

The work necessary to be carried out in the future
consists in the last three steps outlined above, as well
as the determination of the physical constants of the
chlorides and bromides that have been made. These latter

results will determine the method by vhich a mixture of

the two isomérie formes will be analized,



EXPERIMINTAL WORK

1) The Preparation of 4-heptanol.

The reactions involved in this preparatlon vere:
2C,H,Br + 2Mg + 2(C, Hs )P — 2(C,H, KgBr-2(C, B, )0 )
2{C,H MgBr-2{C,H, )0 )+ HCOOC,HzC,HsQligBr-2(C,H, )0

{C,H, ), CHOUGBr - 2(C, H, )0
(C,H,), CHOlNgBr - 2(C,H, )0+ 3, SO ~§MgS0,+HlighB,
(c,H,), CHOH+ 2(C, K, )0

The materisls used were;

Substance ligle used Weiéhg_ ye%, :
C,H,Br 314 3 8 203

lig 3¢ 7

HCOOC,Hy le5 113.5  123.9
(C.Hs)Q Gl 680 945
H,0 1453 27.6 27,6
NH,CL 153 81.9

The propyl bromide was prepared from Bastman's propyl
slecohol, scdium bromide and concentrated sulphurlc acid$16§
The crude product was washel with water, cencentrated
sulphuric acid, water, sodium carbonate solution and water.
After drying with calcium chloride it was distilled, 1t
was dried again, this time with potagsium carbonate, and
then redistilled, after which the product boiled at 68,2°-
69.2°(uncorr). The ethyl formate, previously prepared,
wes redistilled after drying with phosphoric anhydride.

Its boiling point was 52.0°- 53.4°(uncerr). The edther was
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absolute znd was dried with = small amcuni of godium Jjust
previous to its use. Basiman's magnesium shavings were
used for the Grignard resction, after being dried at 100°
for an hour,

The 4ry magnesium shavings were placed in a 3J-liter
Jeneck flask.(See diagram #1,) surrounded by a water bath,
The shavings were agitated by means of a mechanical stir-
rer inserted in the center neck. A reflux condenser pro-
vided with a large calcium chloride drying tube was at-
tached to the one side neck and a 250 c.c. dropplng funnel
to the other. A small portion of the propyl bromide was
added directly to the magnesium shavings tc start the re-
action, after which some ether was added. The remainder of
the bromide was mixed with an equsl volume of ether and
dropped slowly into the reaction flask through the funnel,
At convenient inéervals the remainder of the skher was ad-
ded, {Note.- An excess of ether over the two mols required
for the production of the addition compouni is always ne=
cessary in order to keep the products in solution.) The
mixture after the completion of the addition was stirred
for a short time and then allowed ‘o siand, The ethyl for-
mate mixed with an equal volume of ether was next added
drop 3y drop accompanied vigorous stirring. The water bath

at this point was replaced by a salt and ice mixture.
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After stvanding over night the ammonium chioride dissol=
ved in 500 c.c. 0of water was added., This was done slowly
at first dve to the vidblence of.the reaction. The solution
geparated into s clear etheral layer and an opagque water
layer containing a considerable amount of flocculent mage
nesivm carbonate precipitate. The two layers were separated
and the precipitate in the water layer 4issolved with svle-
phuric acid. The etheral sclution which was occluded by
the precipltiate was added to the previous sclution. This
was washed with water, dried with calcium chloride and
distilled to a three degree boiling range.( 150°- 153°).

The fractions obtained in this distillation were ;

1. 349- 40° fither to be recovered,
20 4‘00" 700 3 CeCoe
30 700" 1050 CaCo
4, 105°= 15€° 5 < e
5. 150%°« 153° 166 <«
6’ 1530" 8 c. g

The crude product of fraction 5 was redistilled after a
thorough dryving with anhydrous potassium carbeonate with
the following resulis ;

1. 150.6 - 153.4° 8 coc.]
2. 153-4:- 153,58 84 gm, ' lsi.thermcmeter
154,

153.9 = 3 29 gm.
3. 154.3°- 3 cec ! 2nd, thermometer

The gap in the boiling point range of the second frac-
tion is probably due tc a discrepancy in one of the two

thermoneters that were used in the distiliation. The yield
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of 4-heptencl was -13 gms. { 84 gus. 29 gms.) or 63.5% with
a boiling point of 153.4" - 153.6° and 153.9" = 154.3° (corr) at
745 mm. ; Dy = 8175 : m% = 144395, 1.4190 : n2- 1,4173,

1.4170C

2) The Preparation of 3-heptanol,

The attempt to prepare this alcohol by a method sinmiilar
to that used in the preparation of the 4-heptancl was un=
successful. 1t was thought that the Grignard method illus-
trated by the following reactions would take place :

C,H,Br+lig+2(C,H,)0—=C,H, ligBr- 2(C, H, )0
C,HsBr + Mg +2(C H, }0—C,HligBr - 2(C,H)0
0 OlgBr-2(C,H,)0
C,H, ¥gBr-2(C,H, )0 +Hé| .= 08,H/>H-C=CC, H;
CyHs

CligBr- 2{C, Hs )0 GMgBr - 2(C H, )0
H-(ll-OCz Hy + C,H.MgBr.2{C,H,)0 —»H-(f-czﬁ,

C,H, By,

+ C,H,0MgBr- 2(C_H,)0

OligBr- 2(C,Hs )0

HaC-C, H, + 5H, S0, C, HeCHOH-C, H $UgSO+ HigBr, + 2(GHu0

C, Hy

However from the results of the experiment it was found
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that the reactions taking place were :
0 MgBr-2(d9,H, )0
04H,MgBr-2(CszL94%H-§-601H;4-%H-C-04H,
CyHy
MgBr-2(C,H, )0
CzH,MgBr'2(CZH;L94-éH-i-OCzH;>%H-C-CZH,
2Hy
#(C, B, )z CHOMgBr-2{C_H, JO+ $H,50:>%(C, H, ); CHOH
+4Ugs6 + ¢MgBr,+ (C. 4.0
+(C,H, ) CHOlgBr-2(C H)0++H, 804 (C,H, );CHOH
+ -i—MgSOj-ﬁIv’IgBrz+ € Hho
The materials used in this preparation were :

Substance lMole uged Welght Volume
S,

CyH, I 1.0 154,0 n4.0
C,H,Br 1.0 108.9 75.
I\Pg 2.2 5306

HCOOC. H, 1.0 74,1 80 5
{c,H:)0 6.0 444,0 618
H,80,{(6n.}) 1.0 - 167.0

The butyl iocdide was purified in the manney given for
the propyl bromide in the previous experiment and beiled
at 127.70- 128.l°(unconr}. The ethyl bromide was prepared
from ethyl alcohol, sodium bromide and concenirated sule
phuric acid in the usval manner. After purification it
boiled at 37.3°- 39.3° (uncorr). Dilute sulphuric acid was
used instead of ammonium chloride for the production of 1

the alcohiol., The ether and the magnesium used were the
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pame as in the previous experiment,

The apparatus used is shown in diagram #2. The butyl
magnesium bromide was made in the small flask and then
slowly siphoned intoc the ethyl formate contained in the
large flask. After standing for some time the ethyl mag-
nesium bromlde was made in the small flask and i1 like-
wise added to the large fls=k and allowed to stand, As in
the previous experiment all of these addlitions were ace
companles by stirring. A cooling bath was also used., The
mixture on treatment with the dilute sulphuric acid yieBde
ed the two layers. The etheral layer was separsted, wash-
ed with water, d4ilute sodium carbonate solution and dilute
sodiuvm thiosulphate solution, The latter was done in order
to remove the iodine which was produced by side reactions
and was dissolved in the layer. The sclution was again
washed with water and dried with potassium carbonate. The
first distillation yielded the following resulis :

1. 34° - 40° Bther to be recovered.
2. 40°= 100° 2 c.c.
3. 100°- 114 1Y e.c.
4, 114°=120° 12 c.ce
e 120° - 145° 10 c.c.
6, 145°- started to decompose.
The last fraction was subjected to a vacuvum fraction-

al distillation.(See diagram #3) The results of this dis-

tillation were
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.lo 300" 580 15 i, 2 CaCo

2e 58°- 80° 12 mm, 3 cece

3. 80t - B84° 10 rm. 60 c.c.

4. - 84 - 4’ am, 3 Caloe WOuld nOt
distilli

A second fractional distillation of all of the fractions

gave the following results ;

l. 35 - 105 749 e, 1l CeCe
2. 105 - 1106° 749 rm, 20 CceCe
3. 110°- 120 749 mn, 12 CeCe

25°= 10 mm, cec.

5. 76° - 80 8° 10 mm., 60 c.c.

The last results indicated that the desired alcohol,
namely, 3-heptanol , was not present as its boiling point
i5 157°at 750 mu{27) The substance of lower boiling point
appeared to be 3-pentancl *8) wnich boils at 116°. The
higher boiling substance appeared to be Senonanoly :which
was found in an accompanying experiment to have a2 Dboil-
ing point of 77°~ 79.5°(uncorr) at 10 mm, (193°at 766 mm.)
(19). The GSenonanol was prepared in the same manner as the
4-heptanol .

The reactions involved in tpe second and successful at-
tenpt to prepare 3-heptanol were !

C,HyBr+lNg+ 2(C,H, )0—C,H, MgBr- 2(C,H, )0
OMgBr« 2(C,E,)0
C,H,MgBr-2(C,H, )0+ caHr-j-H-—-’-CaH,-(lt-H
C,He

[
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lgBr-2(C,H, )0 C.Hs
CHe=C-H + §H, 30,—*H-C-0H +3MgBr +$Mgs0+2(C,H, )0
CyHy Cotly

The materials used were :

Substance Yole used Velght Volume

C,H, Br 1.13 155.C 121
M-g 1015 2705 -
O HCHO 1.13 65.6  81.3
(C.Hs)O 6.7 503.0  698.0
H,S50,(6n.) « 57 - 190.0

The butyl bromide supply was purified in the ususal
panner, the oroduct used boiling at 99.1° - 100.0° (uncorr)
The propionic aldehyde was prepared by the oxidation of
propyl alcohol with sodium dichromate and concentrated
sulphuric scid. The ecrude product was dried earefully

with potassiunm carbonate and fractionated three tinmes in

order to obtain the finsl product boiling at 45.5°% 50,57

(uncorr). The ether, magnesiuvm and sulphuric acid were
thie same as in previous experiments,

The bﬁtyl magnesiunm bromide was made zs in the other
work, by dropping th: bromide onto the magnesium containe
ed in the three neck flask.(8ee diagram #1) After stand-
ing the aldehyde mixed with an equal volune of ether was

added., “he product was decomposed with sulphuric acid

and the alcohol purified as before. rhe first distillation

yielded the following results !

l. 349- 40° Zther to be recovered.
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2. 40 - 100°

5 CeCas
30 100°~ 1300 5 glno
4e 130%- 140" Se5 gm,
e 140°- 150° 6.9 g,
6. 150° - 154° 52.7 gm,
7 1)4 - 161 17.3 gn.
Be 161° = 0 g,

4
Using fractions 4. 5 and 6, =2 second and third dig-

tillation gave :

Second.,
1. 140°= 181° 3.0 gm,
2 15‘1"- 1557  51.5 am.
3¢ 155°%= 157.5° 11 7 gn.
4, 157.5°=- 3.C gnm.
Third.
lo o 500 gnlo
Ze 2 6.0° 53.1 em.
3‘ 105 gl

The second fraction of this third distillation was
taken as the yield of 3gheptancl. It was 53.1 gms. or
40.6% yields with a boiling point of 153.2°= 156.0° (corr)

C o

s* 20 28
at 745 mn.: Do - o8L59 : n, = 1.4197 : n, = 1.4175 .

3) Preparation of the 4-halogen heptanes.
The reacﬁions involved in the preparation of these
heptaenes were ;
(C4H,),CHOH+HCL (in the presence of ZnCl )
—(C,H, ), CHCL + H,0
{¢c,H,), CHOH+HBr (constant boiling, agueous )
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—= (C,H, ), CHBr +H,0

The materials used were :

Substance liole used Weiggt Volume
: 15.0

(C,H, ), CHOH ~ 141 18,
HC1l (conec) . 282 - 23.5
ZnClz .282 38.4 -
(CsH, ), CHOH  .141 15,0 18,
HBp - “ 564 ? 58.§

The hydrogen chloride was concentrated and C.P., and
the zince chleride was anhydrous. The hydrogen bromide was
eonstant boiling of sp. gr. 1.49 and contained 52.5% of
hydrogen bromide. The alcohol was the 4-heptancl prepared
in a previocus experiment,

The zinec chloride was dissolved in the cold concen=-
trated hydrogen chloride and put into a 100 c.c. flask
provided with a condenser. The alcohol was added and the
mixture refluxed for =an hour and a half, The chloride
layer was distilled from the mixture and the resulting
two layers separated in a funnel. The chloride layer was
~washed twice with water, thrice with cold concentrated
sulphuric acid and twice with saturated sodtum carbonate
solution. This procedure required consideradble time be-
cause of the formation of an emulsion which was diffi-
cult to handle. This formed at the time of the first wash-
ing and persisted throughout the remainder of them. The

chloride was then dried with potassium carbonate for

4 PRy 3 WL * o e o T
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several days, after which it showed a considerable de-
crease in its opagueness., At this point the cloudiness
vaAs prébably due to suspede® potassiuvm carbonate,

The work will be continued from this point in thre
future,

In the case of the bromide the aqueocus hydrogen hro-
mide was added to the alcohol contabned in a flask
fitted as in the previous case. The mixture was refluxed
for period of five hours and then it was treated as in
the preceeding experiment. One deviatlon was made in that
the first washing with water was replaced by a sodium car-
bonate solution. The emulsion even though slightly heav-
ier was easier to handle because the boundary line be-
tween the wash solution and the bromide was more pro-
nounced. The hromide was dited with potassium carbonate

and was thus left for future work,

4) The Preparation of the 3=halogen heptanes.

The reactlons involved are the same as in the pre-
ceeding experiment except that 3-heptanol was used in-
steal of 4-heptanol.

The materials used and the prodedure followed were
a).so the same. The crude products were left in the same

condition as those above,
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The results of this problem are not complete as the
time available has been insufficient for completling the
work, The work accouplished consists in

1) preparing 4-heptanol by means of the Grignsrd
resction of propyl magneslum hromide gn ethyl formate,

2) showing that both of the oxygen bonds of a nol=-
esule of ethyl formate are affected by the Grignard
reagent at the same tine,

3) preparing 3J-heptanol by means of the CGrignard
reaction of butyl magnesium bromide on propionic ale
dehyde,

4) preparing 3- and 4=bromo-heptanes,

and 5) preparing 3= and 4-chloro-heptanes,



CONCLUSIONS.

Yo conelusions In regard to the solution of the zactual
problemn being studled can be made at this time. However,
some concluslions in regard to partlcular problems ins =
volved in the work may be drawn. They are !

1) that conslderable investigation into the appli-
cati§§ of and the proper vonditions for the use of the
Grignard reagent is needed, and

2) that more care should be exercised by auvthors of

articles in order to make them comprehensilbe and come

plete and yet conclse,



Hg seals.

2% S
Diagram #2,
g
:
EF O
t
)
(0 )
), 2-way cock p 3away cock
M 1]
){ Diagram #3. ,
Al {] ﬂ~
) = —(%)
‘l
' .. L
;
==y

To pump ——



BIBLIOGRAVHY .

(1) Lucas and Moyse : J.Am.Chem.Scc. 47, 1459, (1925)
{2} Cuy : J.Am,Chem.Soc. 42, 503, (1920)
(3) Sec also :
Lapworth : J.Chem.Soce. 121, 416, (1520)
Kennack ani Robinson : J,Chem.Soc. 121, 427, (1920)
Stieglitz:: J.Am,Chem,Soc. 44, 1301, (1922)
Hanke and Koessler : J.Am.Chem,.Soc, 40, 1726, (1918)
(4) Lewis : J.Am,Chem.Soc, 38, 762, (1916)
Lewis : "Valence and the Structure of Atoms and

Molecules,"

(5) Latimer and Rodebush : J.Am.Chem.Sce, 42, 1419, {1920)

{6) Lucas and Jameson : J.Am.Chewm,Scc. 46, 2475, (1924)

(7) Lucas, 8impson and Carter : J,Am.Chem.Soc. 47, 1462,
(1925)

(8) Lucas and lioyse : J.Am.Chem.Soc. 47, 1459, (1925%)

{(9) Bee Scudder : "Conductivity and Ionizatioa Constants
of Organic Compounds,"

{10) See for explanation of nomenclature :

Lucss, Simpson and Carter ; J.Am.Chem.Soc. 47, 1462,

(1925)

(11) Wilcox and Brunel : J,Am.Chem,Soc. 38, 1838, (1916)



(r2)
(13}
(14)

(25)
(16)
(17)
(18)
(19)

page 24
Grighard : Chem.Zentr. 1901, I, 612

Lucas and lioyse : J.Am.Chem.Soc. 47, 1459,1{1925%)

Vaters.: Am.Chenm.J. 33, 304, (1904}

Wood and 3carf : J,Scc.Chem.Ind, 427, 137, (1923)

Gattermann and Maffezzoll : Ber. 36, 4152, (1903)

Norris; Watt and Thomas : J.Am.Chem.Soc. 38, 1071,
(1916)

Norris and Taylor : J.Am.Chem.Soc. 46, 753, (1924)

Adams : "Organic Synthesis." Vol.l , 6

Blaise and Picard : Chem.Zentr, 1911, I, 1117

Beilstesn (1918 ed.) : Vor.I, 385

Beilstein (1918 ed.) : Vol.l, 424



