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CHAPTER I

INTRODUCTION




THE PREPARATION OF CERTAIN ESTERS OF

2~-THIOPIENE CARBOXYLIC ACID
CHAPTER I
INTRODUCTION

Much interest Hés.been shdwnﬂﬁreViousxf iﬁ fiﬁ&ing useful
derivatives of phiophenEfcompqunds. Recently this interest has
centered around Finding useful'derivatives for 2;acety1 thiophene,
which is the starting compound in th;s investigation.

Tt was theorized that 2—aéet§1 ‘thiophene, being much the same
structurally as acetophenone, showld have the same general chemical
characteristics and have similar chemical reactivity as the latter.
Since acetophenone is easily oxidized to benzoic acid, it was felt
that the 2-acetyl thiophene could be Just as easily converted to its
acid, 2=thiophene carboxylic acid, and this acid in turn used to
prepare esters by reacting it with the various alcohels.

A complete literature survey was made and the assumptions cited
above were found to be factual. As was expected, Beilstein® cited
several references for methods of preparing 2-thiophene carboxylic
acid by various means, One of the methods cited was that of Curtius

2

and Thyssen“ by oxidizing 2-acetyl thiophene with sodium permanganate.

1Beilstein, 18, p. 289 (193L).

2P, Gurtius and H. Thyssen, J. prakt. Chem. (2) 65, pp. 67, (1902).
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Tt will be noted later (Chapter III, Experimental) that the results
using this method were ﬁot satisfactory and anothér-ﬁethod was exploited.
The reading also indicated that the preparation of only one ester
of 2=thiophene carboxyliﬁ acid had been reported, that being the Ethyl
Ester.3 Therefore, it was decided that an attempt would be made to

prepare a series of the esters and compare their physical properties.

The following recorded data'pertaining to 2-thiophene earboxylie

acid and the ethyl ester was found: . ‘ :

2=-Thiophene Carboxylic Ac1d, alpha—Thlophenlc acld, Thenoice s
Acid: CgH),025, MV 128, needles from water mp 126-7° G, very ‘
soluble hot water, ethyl alcohol, and ether; sparlngly soluble
in petroleum ether; has irritating odor. Ethyl Ester: C7Hg023, "

MW 156; bﬁ 218° €, 115° C/25 mm, 96 C/18 mmy -density 1.162 k
at 16°

3Tbid,

hHeilbron; Dictionary of Organic Compounds, p. 758 -(1946).
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CHAPTER II
PURPOSE CF THIS INVESTIGATION

As stated in Chapter I, this'préﬁleﬁ'wa§,en$e#ed into with the
object being tbrprepéré'a'nﬁmbef of'the‘estérs;of 2-thiOphene carboxylic
acid and compare the physical conétaﬁtsfof»th;dpure products,

Since 2=acetyl thiophene ié the "parent" compound, the first .
step in the experimental portion of the:inveétigation,deals with the
preparation of the 2-thiophene carbbxylic acid by oxidation of 2=acetyl
thiophene, It might be mentioneélthé£ the acid is available on the
market, but the price is almost prohibitive at this time, especizlly
1f large quantities are-to Qe used in research.

Aside from the aspects of Chemistry involved with respect'to
technique and acceptable processes, the writer has placed a great
emphasis on the practical aspects of the investigation. Such things as
economy of materials and using available equipment without ordering

higher priced and more satisfactory pieces has been practiced. Further—
more, the importance of purity of the products and accurate physical
constants have been placed above high yields, In other words, at times
high yields have ?robably been sacrificed to insure obtaining pure
products ﬁith copstants ﬁorphy of publication, It is felt that if
accurate results are reﬁorted, methods can be improved and ylelds in-

creased in future investigations.,
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JHAPTER ITT
EXPERIMENTAL-

The Preparation of 2-Thiophene Carboxylic Acid

Tigure 1

In the preliminary eéxperimental work an attempt was made to
utilize the methad of preparatien as cited by Curtius and Thyssen.s

K 3=liter 3=neck flask was fitted with an efficient electric
stirrer and a dropping funnel, Twelve grams (0.3 mole) of sodium
hydroxide was dissolved in one liter of water.in the fiask, To the
sodium hydroxide solution 11.5 grams of 2-acetyl thiophene was added;
forming an immiscible solution., Sinece the sodiuwm permanganate was not
available, an equivalent amount of potassium permanganate was dissolved
in one liter of water and admitted dropwise through ‘the' dropping :E‘unnel‘i
with stirring. This solution consistgd of 68,3 grams (0.L3 moles) of
potassium permanganate dissolved in the one liter of water.

The process included allowing the reaction mixture to stand over-

SCurtius and Thyssen, loc. cit.




night and then heating on a water bath until all green color disappeared,
The solution was filtered and hydrochloric acid was added to the solution
wntil only weakly alkali. The solution was then evaporated to about
250 cc and, after cooling, a mixture of 9 grams of 30% hydrogen peroxide
and 8 grams of water was added. The mixbure was then warmed for four
hours on a water bath and acidified with hydroehloric acid. Upon cooling
the 2-thiophene carboxylic acid precipitated out, but the yield and
purity was very poor.

Other attempts using the same precedure produced equally poor
results., A search was begun for a better method of preparation.

Through Dr. E. Emit Reid, word was recelved that industrial
chemists at the Soconthacuum Pil Co., Inc., ‘had experlenced censiderable
success preparing the acid by using a method analogous to that reported

by Newman and Holmes6

for the preparatlon ‘of beta-naphtn01c acide It
was decided to try this method in hopes of finding a successful method of
acid preparation. The method entailed oxidation of a ketone by using a

freshly prepared sodium hypochlorite seolution according to the following

reaction:

HC——CH" —CH
e o H 1
HC C E 60- 70" HC. /C—E“OH

Figure 2

6M S. Newman and H. L. Holmes, Organie Synthe51s, Coll. Vol. II,
pe 428 (19143)




6

In the sodium hypochlorite oxidétion of the 2~-acetyl thiophene, a.
3-liter, 3-neck flask was fitted with amn efficient stirrer, a therﬁbmeter,
and a delivery tube, Into the flask was placed 218 grams (5,45 moles) of
sodium hydroxide and 300 cc of water to éffect solution. The solutioﬁ
was allawéd to cool to room temperature and 1250 grams of cracked ice was
added to the flask.  The reactien apparatus was placed under the hood and
a tank of commercial chlérine gas was comnected to the delivery tube into
the flask. Chlorine gas was bubbled in‘ﬁith‘stirring and maintaining the
temperature at zero degrees until a, gain in weight of 161 grams was noted
by occasionally weighing the flask and cggfents. The ice originally added
was sufficient to maintain the zero temperature. The delivery tube was
then replaced by a dropping funnel-énd_th@,édlutiﬁﬁ=warmed to 55° €. To
the mixture, 63 gréms (0.5 mole) of 2-acetyl thiophene wag‘addéd dropwise
over a period of 30-L0 minutes mdth'éfirfiﬁg%aﬁd*ﬁainiaining_the tempera-
tare at 60-70° C, The misfture was stinrdd 30 minutes longer aftexr
addition of the 2—aéety1 thiophene and qn?«eXpess sodium hypochlorite was
destroyed by adding a solution of 50 grams of sodium sulfite in 200 cc
of water. The sg;ution-was tested with stérch—iodide paper to make
certain that all chlorine was gone. The solution was then cocled to room
temperature, placed in a Li=liter beaker and carefully acidified with
concéntrgted hydrochloric acid. A nice, white precipitate of 2-thiophene
carboxylic acid precipitated out with violent foaming upon acidification.
Constant stirring should be maintained during the careful acidification.

Yields using this method were very high {over 90%), and the purity
of the compound as denoted by the melting point ﬁﬁs ﬁéry'good, being

sufficiently pure not to réquire any type of purification., The melting




point of the product was found to be 126~128° C as compared with a

literature -value of 126~127° GC.

Several batches of 2-thiophene carboxylic acid were preparéd by

this method to provide & supply of the acid with which to prepare the

esters.

This concluded the preliminary experimental werk and efforts

were concentrated on the preparation of the various esters.




'ThewGeneral,Mchod,gi Esterification

The ééﬁer&l methéd 6f e;terificafiﬁn introdﬁcedfﬁ& E. Fischer!
was chosen as the method,of‘éste} éjﬁthééisito be used in this research
problem. This method consists of the refluxing of an acid with exXcess
alcohol in the presence of about 3% of dry hydrogen chloride or sulfuric
acid as a catalyst. It was deqided to use dry hydrogen chloride as the
catalyst; | |

Figure 3, page 9 following, indicates a type reaction for esterifi-

cation using the Fischer method,




OR+- HZO

Figure 3




The Preparation of the Ethyl Ester of

2=Thioephene Carboxylic Acid

HIC———CH |
HC\S/LI'_@_O Cotls

Figure L

10

It was'dacided to prepare the ethyl agﬁer'first since it had been

préviously pxee'pared8 and some.physical constants were available,” In

doing this, an indication of the probable future success of the invesbi-

gation could ‘be ascertained and any glaring errors in technique could

be worked cut before attempting o prepare the unknown esters,

This being the first atiempt, the reaction apparatus was relatively

crude. ‘It will be noted later that as subsequent preparations were made,

the apparatus was constantly improved as a result of the knowledge

gained through experience.

The reaction apparatus consisted of a 200 ml 3-necked pyfex'flask '

fitted with a delivery tube, a reflux condenser, and a thermometer. A

Bunsen burner was used as a sources of heat and a water trap was fitted

to the reflux condenser to safely carry away any excess hydrogen chloride

SCurtius and Thyssen, loc. cit.

PHeilbron, loc. cit.




1L

gas driven off.

The hydrogen chloride gas was produced by dropping concentrated
hydrochloric acid into concentrated sulfuric acid., A safety trap was
.placed between the hydrogen chloride generator and the reaction flask,

"In an effort to conserve starting materials, it was decided to
conduct this experiment in small quantities, 0.05 moles {7 grams) of
the 2~thiophene carboxylic acid was placed in the reactioﬁ flask ﬁith an
excess of ethyl alcohol (25 grams). Sincelonly‘about 3% dry hydrogen
chloride is required to catalyze fhe reactionl® the reaction mixture was=
saturated with the gas by bubbling it through the delivery tube prior
to refluxing the mixiure. The delivery tube was then replaced by a
rubber stopper and heat applied.

The temperature of the refluxing mixture was noted-periodically
and stabilization of this temperature after four hoﬁrs.refluxing was
assumed to indicate that the reaction was near completion.

The mixture was steam distilled with the distillate coming over
as a colorless oil~water immiscible mixture. The distillate was then
Pgalted out" with a saturated sodium chloride solution and extracted
with ether. The ether solution was washed with a 5% solution of sodium
bicarbonate until basic to litmus and then washed with water. The
ether layer was dried ovef arhydrous sodium sulfate.

The ether was distilled off and the remainiﬁg product was distilled
under 23 mm pressure, coming over a2t 111-113° centigrade. The literature

lists the boiling point as 115° under 25 mm pressure.

10Feiser, loc. cit.
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The product is a clear, light brown, slightly oily liquid with a

very pleasant odor. BRedistillation under more reduced pressure caused

the slight color to disappear.

The yield was calculated as 3L.2% of the theoretical, but it must
be again pointed out that high yields have been sacrificed for high
purity. Furthermore, workihg in such smallIQuaﬁtities weuld obviously
result in decreased vields through mechanlcal losses. “

From thls "pllot" experlment the follow1ng conclusions were
drawns: _

(1) The method is successful and adaptabie to this investigation.

(2) Larger quantities must be used to give larger yields

facilitating determlnatlon of physical constants.
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The Preparation of the Methyl Ester of

2-Thiophene Carboxylic Acid

HC——CH
Lo
XTE00H,

Figure 5

This experiment marks the first attempt in this investigation to
prepare‘Qh*éﬁtérhof ZEtpéépﬁeﬁé~cdfbézyli; aci@?ﬁéfiﬁfeﬁiously'prepared
or regprded'in 1iteratﬁre. it‘alsoimarks‘thé fifstlmoaification of
equipment and techﬁiéué:557; résult~0f éxperienée;

- Larger quantities of the étérting material were used which
necessiﬁated the use of a larger reaction flask. In this instance a
three liter 3=neck flask was used and was fitted with a delivery-tubé,
reflux condenser, and thermometer. The reflux condenser was connected
to a water trap to eliminate the excess hydrogen chlbfide gas,

Commercially prepafea hydrogen chloride gas was used in préféfence
to generaforﬁproduced gas to saturate the reaction mixture and a
controllable electric heating source of the trade name "Ful-Kontrol®
replaced the Bunsen burner as a heat source.

2-Thiophene carboxylic acid in the amount of 0.25 mole (32 grams)
was placed in the reaction vessel with an excess of methyl alcohol

(2.5 moles or 62 grams).

R o o B o i Ay i P




Heat was applied to the mixture causing refluxing. Again the
reflux temperature was noted pericdically and stabilization of this
temperature taken as an indication of completion of reaction. The :
temperatére stabilized after five hours refluxing.

Steam distillation, "salting out", ether extraction, drying, and
‘vacuum distillation was: carried oub as indicatéd on pages 11 and 12,

The pure product distilled at 102° centigrade under a reduced
pressure of 20 mm as a clear, colorless, siightly oily liquid with a
very pleasant odor almost identical to the odor of methyl salicylate
(0il of wintergreen).

A yield of 8l.L4% of the theoretical was obtained. Other physical

constants will be treated in detail in Chapter IV,




The Preparation 2£ the Propyl Ester of -

2=Thiophene Carboxylic Acid

Figure 6

The same modifie@ apparatus as described in the{preparation of
the methyl ester (page 13) was used in_this-preparation; Again
commercially prepéred hydfogen clhdoride gas was used as the catalyst.

2—Thiophqu'carboxylic acid in the amount of 0.25 mole (32 grams)
was placed in thehthree liter reaétion flask with an excéss of hﬁprOpylr
alcohol (2.5 moles or 122 grams).

Stabilization of The refiux tém?erature was again used as an
indication of the completeness of the reaction. After six hours
refluxing this temperature stabilized.

Steam distillationy Vsalting out,!" ether extraction, drying, and
vacuum distillation was carried out as indicated on pages 11 and 12.

The pure préduct_distilled at 126-128° under a reduced pressure
of 20 mm and ab 130° at a reduced pressure of 25 mm. Other physical
constants will be considered in det.ail in Chapter IV.

A yield of 42% of the theoretical was obtained.
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The Preparation of the_Buﬁyl'Ester of

2~Thiophene Carboxylic Acid

i

HC O C—O C4H
S

HC—

:Figure 7

The same modified apparatus as described in the preparation of
the methyl ésterr(page 13) was used in thisﬁpreparation. Commmercially
prepared hydrogen chlorlde gas was used as a catalys£T

2-Thiophene carboxylic acid in the amount*of 0.25 mole (32 grams)
was placed in the three liter3-neck flask with an excess of n—butvl
alcohol (2.5 moles or 185 grams)..

Stabilization of the refiux teﬁperature used as an indication
of the completeness of the reaction., After fourteen hours refluxing
this temperature stabilized,

Steam distillatioh, "saiting but;ﬁ;ether extraéﬁiqn, drying, and
vacuun distillafion was carried out as indieated on pages 11 and 12

The pure product distilled at 134¢5° under a reduced pressure of
20 mm. Other physical constants will be discussed in detail in Chapter
Iv.

A yield of L6.3% of the theoretical was obtained,
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The Preparation-of the Amyl Ester of

2—ThiOpheﬁe[Carboxylic Acid

Figure 8

The same modified apparatqsuas_described in the preparation-of
the methﬁl ester (page 13) was used inrthf%‘preparation. Commercially
prepared hydroven chlorlde was used as .a catalyst. '

2—Thlophene carboxylic acid in the amount of 0.25 mole (32 grams)
was placed in the reaction flask with an. excess of n~amyl alcohol=(2.5
moles or 220 grams).

Stabilizatién of the reflux temperature was used as an indication
of the completeness of the reaction@ After eight hours. refluxing this
temperature stabilized,

Stean distillation, "salting out,"‘ether extraction, drying, aﬁd
vacuum distillation was carried out as indicated on pages 11 and 12, It
might be mentiocned that the products became more difficult to steam
distill as the series was ascended on the basis of larger R-groups. -

Due to excessive bumping when distilling under reduced pressure,
it was difficult to obtain a constani boiling peint at 20 mm pressure

_considered accurate enough to repert. The reader is referred to
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Chgpter Ve In the determination of physical constants discussed in this
chaptér,rextréme care andkthe best possible technique with modifications
of apparatus was used.

Bunping of the distillation mixture has been a problem in all the
previous reduced pressure distillations and has become worse as the
higher members of the series were prepdared. The use of boiling chips
used in conjunction with & capillary tube introduced below the surface
of the liquid and fitted with é short section of rubber tubing and pinch
clamp at the top did not suitably reduce the bumping.

Increasing tendency to decompose‘under reduced pressures of 20—

25 mm previously used for distillation of the product has been noted,
A Jower pressure abowe the di§tillation mixture will be‘used.

A:boiling point of 116.5° under a reduced-Pressure of i Tm was
obtained.

The yield of the pure product was 26.5% of the theoretical,
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The Preparation of the Hexyl Ester of -

2-Thiophene Carboxylic Acid

T
HC\S /C_ﬁ_OCGHB

* Figure 9

Theureactioq‘apparatus;wgg;greatly'modified for this preparation.
A 500 mltlﬁneck‘pyrex'flask with~ground glags fitting was used for the
reacti@ﬁiveSsei; To.ﬂhis was fitted a4 Deén?étark distilling tube
recéiver calibrated in 1/8 cc's to receive 10 cc of liquid from the
reflux condenser, anything in excess of this amount returning to the
reaction flask, To.the top ground glass fittingrpf the distilling tube
© receiver was fitted a finger~type condenser with a matching ground glass
fitting. This condenser served as the reflux condenser and to it was
connected a water trap to safely.carry away any excess hydrogen chloride
driven off. A 500 ml heating mantle aﬁd a controllable variac were
used as a source of heat. |

2-Thiophene carboxylic acid in the amount of 0.25 ﬁole (32 grems)
was placed in the reaction flask with an excess of n~hexyl alc&hol
(1 mole oxr 102 grams).

The reaction ﬁixture was saturated with commercially prepared

hydrogeh chloride gas prior to assembling the reaction apparatus.
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The distilling tube receiver serve@-as an excéllent means of
indicating when the reaction was complete., The refluxing mixture wvapors
rose and struck the cold finger of the condenser. The vapors then
condensed. and the liquid dropped into the receiver. The water present
peing heavier than the un—reacted alcohol fell to the bottom of the'
receiver forming a two layer system. The receiver being calibrated, it
was very easy to note When the calculated émognt of water formed in the
reaction had depositéd itself in the receiver.

Steam distillation was exceedingly difficult., Large volumes of
wgter (stegm) appeared to come over with very littié product. This
observation was found to be correct when the extraction process was
carried to completion gnd a_yie}d‘pf pnly.agf% offthe theorétical,was
obtained. This was coﬁgidered fdo lo& fa}bé acceptable and another
technique was deemed necessary.

It was postulated that since only acid and alcohol are used in
this syﬁthesis, since the acid is very soluble in water, and since the
excess alcohol is distilled off -at 2 lower temperature than the product,
it would be feasible to dilute the reaction ﬁixture with water after
completion of the reaction, thus dissolving any uhréacted acid. Then
it was felt that the steam distillation process could be eliminated
and the diluted final reaction mixture extracted with ether. The theory
was that the unreacted acid impurity ip very dilute water solution would

be separated with the water léyer of the ether extraction; the unreacted

alcohol being separated cut with the ether layer and later distilled off.

The preparation was attempted again with this postulation in mind.

The usual steps were carried out as indicated above except that upon




completibn of the reaction, the reaction mixture was diluted with water

and ether extraction carried out at this point.

The ether portion was then dried over anhydrous sodium sulfate,

21

the ether distilled off, and the crude product vacuum distilled under L mm

pressure.

. The postulation Was'found todbe valid since a yield of 29.8% of the

theoretical was obtained and the product was proved to be that desired
and in pure form (see Chapter IV, Determination of Physical Constants
and Chapter V, Idéntification of the Esters).

The pure product has a beiling pointkof 131° at L mm pressure.
More complete physical constants will be presented in Chapter IV.

Possibly the separation gpd~pu;;f;cation of the products of
esterification formed when the acid aﬁd longer chained alcohols are
reacted warrants further investigation., However, this technique of
separation and purification seems to offer one solution and a suitable

method until such investigation can be carried out.
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The Preparation of the Heptyl Ester of

2=Thiorhene Carboxylic Acid

HG——CH

(: .
Hl‘l\ Y *@*Cﬁls
S

Figure 10

fThetsamgsimpreved apparatus and modified techniéue as discussed
in detail;in the reﬁort’of the preparation of the hexyl ester (pages 19-
21) wéré'uséd-in-this preparation.. | i
| 2=Thiephene carboxylic acid in thé amountkqua.ES mole (32 grams)
and an excess of n=heptyl alcohol (1 mole or 117 grams) were placed ”
together in the reaction flask. The mixture was saturated with dry
hydrogen chloride prior to assembling the apparatus,

When the wgter Eollected in the distilling tube receiver indicated
that the reaction was cemplete, the reaction mixture was diluted with
water and ether extraction effected: The ether layer was dried over
anhydrous sodium sulfaté, the -ether then distiiled off, and the crude
product distilled under réduced ﬁres;ure;

This preparation alseo seemed to validate the postulation made in
the-previous preparation since a yileld of 47.3% of the theoretical waé
obtained using this technigue. Therproduct was later proved to be that

desired and was proven pure (see Chapter IV, Determination of Physical
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Constants, and Chapter V, Identification of the Esters).
The pure product-has a boiling point of 145° under 4 mm of pressure.

More coﬁplete physical constants will be discussed in Chapter-IV.

e e
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CHAPTER -IV
DETERMINATION OF PHYSICAL CONSTANTS
|




CHAPTER IV
DETERMINATION OF PHYSICAL CONSTANTS

Bolling Point Determinations

The purpose of these determinations was to obtain accurate boiling
points under reduced pressure that would be valid and worthy of publica~
tion.

As expérienced previously, orie of the biggest problems in these
distiilations was the eliminaticn or control of bumping in the distilling
flask. To overcome this, a 50 mi Claisen type distillihg flask was used.
Into the flask were placed boiling chips and 1oosgégnpacked glass wool
sufficient to £ill the bulb of the flask. These pgécautions proved
successful, |

The vacuum distillation apparatus was fitted with a fractien
cutter which facilitated isolation of the pure product.

A pressure of L mm was the lowest that couldﬂge obbained wiﬁh?
the apparatus available, It was at this pressure that the distillationé
were made and the boiling points recorded.

Table I lists the bolling points for the various esters prepared.
Figure 12 is a graph of the boiling points plotted against the R-group
of the parent alcohol used in making each particular estér. It will
be noted that the boiling points of the esters, members of a series,

all fall on a smooth curve.




TABLE I

Boiling Points

25

22 the Esters of 2-Thiophene Carboxylic Acld Prepared

ESTER BOILING POINT
. (4 mm, Pressure)

Vethyl

,Ethmﬁtz”

Pfopyi

Butyl | 103.5° C
Ayl 116.5° G

Hexyl

Heptyl

Figure 11

- 72.0°

79.0° C
90.0°

15.0°

c

o




BOILING POINT

|60 T

150 1+

140+

130 4

1204

R GROUP of ESTER

37

G H
4 9

Figure (2

9¢
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Density Detérminations

The purpose of these deterﬁinéﬁigns ﬁas to establisﬁ densities
of the esters at a specified temperatufe'that would Dbe valid, worthy
of publication, and of the accuracy required for use in molar refraction
calculations.

A constant temperature bath mainfained at 25° C was utilized to
measure the densities at a constant specified temperature.

Each individual density was calculated by using the following

formida:

Wt. of specified vol, of water at 25° _  Density of water at 25°
Wt. of equal vol. of ester at 25° Density of ester at 235°

Table II lists the densities ﬁpr the various esters prepared.
Figure 1) is a graph of the densities plotted against the R-group of

the parent alcohol used in malking each particular ester.




of. the Esters of 2-Thiophene Carho:»qylic Acid Prepared

TARLE II

ansities

ESTER

Yethyl
Ethyl
Propyl
Butyl
Amyl
Hexyl

Heptyl

Figure 13

DENSITY AT 25° C

1.22070
1.16000

1,1195h

1.08870
1.06&56
1.03035
1.00054




DENSITY vs. R GROUP of ESTER

25°C.

| | | | ! |

|
CoHg C3H- Cy G, CgHiz  GHig

Figure |4

62
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Refractive Index Determinations

The pﬁrpése of these detérminaﬁion5vwés'té establish refractive
indices of the esters prepared that would be_valid, worthy of publication,
and ¢f the accuracy required for molarireffaéiion calculations.

The refractive indices were“detérmined at a constant temperature
of 2§° ¢ so that the data would correspond to and could be used with the
densities determined at the same temperature in connection with molar
refraction determinations.

4 refractometer in conjunction with a constant temperature bath
and centrifugal pump to circulate the waber through the instrument was
used for the determinations.

Table IIT lists the refractive indices for the various esters
prepared. Figure 16 is a graph of the refractive indices plotited against
the R~group of the parent alcohol used in making each particular ester.
It will be noted that the points of the graph fall on a smooth curve
ﬁith two exceptions., It is felt that the discrepancy of the two points
not falling on the curve is probably due to the fact that the deter~
minations of the refractive indices are much more accurate than the
graph paper permits plotting; i.e., refractive indices are read with
extreme ggguracy'to the fourth decimal place, whereas graph paper does
not permit plottihg with this accuracy. DRepetition of the determinations
on these two esters checked the results obtained. In addition, it is
felt that the molar refraction caleulations involving these experimental

values (Chaplter V) verifies the validy of the values.




TABLE ITI

Refractive Indices

of the Esters of Z-Thiophene Carboxylic Acid Prepared

ESTER

Methyl
Ethyl
Propyl
Butyl”
Amyl
Hexyl

Heptyl

‘11556h7‘

Figure 15

REFRACTIVE INDEX

25°C
1.5393
1.5238
1.5158
1.5105

1.L956

-1.L891

20°C
1.5418
1.5261
1.5181
1.5130
1,5072
1.L979
1.L91k
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REFRACTIVE INDEX vs. R GROUP of ESTER

54T
153
|052'__
.51
l.soh—
Las .
o | |
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Ry Gy GH, Gy Gy T Gy CpHyg
Figure 16
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IDENTIFICATION OF THE ESTERS
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CHAPTER V
IDENTIFICATION OF THE ESTERS

General

Two separate and distinct methods of identification were used to
identify the esters prepared. These methods were:
(1) Calculation of the experimental molar refraction and
| comparison with thecoretical molay refraction,
(2) Calculation of the molecular weights using saponification
data and:comparison with theoretical molecular weight,
The fbllowing pages contain a discussion of these methods of

jdentification and the tabﬁlation of the results obtained.
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Molar Refraction "

The calculation of the theoretical and experimental molar
refractions for the esters prepared was carried out according to the
method discussed by Glasstone, 1L

In the calculation of the theoretical molar refractions, the

following atomic refraction eguivalents for the D-line were used:

Carbon.sesesesassansans ceeees 2442 cc
Hydrogen .......... rese 110 cc
Oxygen (1n co gzoup) veerass 2421 cc
Oxygen (in ether. llnkage);... 1.6h ce
SUlfur.cesiverecrsesannasass 8,00 cC
Double Bond....v-.n sr s aan s 1.73 cc

In the calculation of the experimental molar refractions for the

esters prepared, the following formula was used:
-1 U
n® + 2 d

M.Re =

M.Re is molar refraction
n 1is refractive index
M is molecular weight
d is density
Obviously, it is important that the refractive index and density
used in the calculation must be obtained at the same temperature. In
these caleulations, the temperature was 25° C,
Table IV is a compilation of the theoretical and experimental
molar refractions for the esters prepared.

It will be noted that in each case the experimental wvalue is

approximately equal to the theoretical value.

Hs, Glasstone, The Elements of Physical Chemistry, pp. 157-8 (1946)




TABLE IV

Mola) Refractions

of the Esters of 2-Thiophene Carboxylic Acid Prepared

Este{

Methyl
Ethyl
Propyl
Butyl
Amyl
Hexyl

Heptyl

Molar Refraction

Theoretical
36,43 cc

11,05 ce
15,67 cc
50.29'cc'T
54491 ce
59.53 cc
6l415 ce

Figure 17

Experimental

36.08 cc
41,13 cc
15.59 cc
5G,64 cc
55.13 cc
60.08 ce
65.1h cc
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Saponification of the Esters

For the saponification of the esters an aleoholic solution of
sodium hydrexide approximately 0.5 N was prepared. Tc insure saponifi-
cation under comparable conditions, four reflux condensers were set up
with Bunsen burners as a source of heat. For each run, four 200 ml
Erlemmeyer flasks were washed and dried in an oven. After drying, the
flasks were removed and allowed to cool, One flask was used as a Wplank"
in each run, and into this flask was placed 30 ml of the alcoholic sodium
hydroxide solution, 20 ml of 95% ethyl alcohol, and two drops of phenol-
phthalein. Into each of the other three flasks carefully weighed samples
of the ester being saponified were placed. An amount of sample approxi-
mately equal in weight to 1/100 the molecular weight of the ester was
used in each case except as noted later., After the samples had been
mweighed, 30 ml of the alcoholic NaOH was added to each flask from the
burette. Ethyl alcohol in the amount of 20 mls and 2 drops of phenol-
phthalein were also added to each flask. The blank and three samples
were then attached to the reflux condensers and reflﬁxed gently for the
same length of time. After the refluxing had been acconmplished, the
flasks were removed, 50 mls distilled water added, the flasks cooled,
and the solutioﬁs titrated with an HC1 solutipn-of;apprdximately'thé
same normality as the alcoholic NaQH solution {in this case 0.h7h‘N).

By using the following formula, the expérimental molecular wéight

for each sample was calculated:

Wb, of sample x 1000
(cc blank = cc sample) x Na

MW,
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In the formula above, ce blank is the amount of acid used in neutrélizing
the blank, cc saﬁple is the amount of acid used in neutralizing the
sample, and Na is the normality of the acid. |

The saponifications of the methyl, propyl, bubtyl, and amyl esters
were easily accomplished in one to two hours and the calculated molecular
welghts were in very close agreement wi£h the theoretical valﬁes.

Some difficulty was encountered iﬁ'the saponification of tﬁe hexyl
and heptyl esters when the methoc described above was used, It was found
that the molecular weights calculated for the individual samples were
not in very close agreement anﬁ were generally high. It was decided
that this‘discrepancy could be possibly attributed to one of the following
causes: '

(1) Incomplete saponification

(2) Slightly impure samples

inran effort to obtain results more nearly in agreement with thé
theoretical, the weight of the sample was reduced one-half (1/200 the
molecular weight of the ester), and thefsame amount of alcoﬁblic NaQH
was used (30 ml). In additioh, the reflux time was extended to L hours
in the caée of fhe ﬁexyl ester and 5 hours in the case of the heptyl
ester. This modifihétion.of‘séfbnification technique improved the
results greatly, but still did not bring them as close to the theorétical
molecuiaf welghts as in the‘case of the first four esters (seé Chaptér VI
for further discéussion). | |

| Table V lists tﬂe theoretical molecular weights as compared to

the calcuiated molecular weights'using saponification equivalents.



TABLE ¥

Theoretical and Calculated Experimental Moleculér Weights

of the Esters of 2-Thiophene Carboxylic Acid Prepared

Using Saponifiecation Equivalents

Molecular Weight

Ester Thecoretical Calculated

(Average)
Methyl 142.0 U2.7
Propyl 170.0 169.9
Butyl 184.0 18l
Amyl 198,0 198,56
Hexyl 212.0 217.0
Heptyl 226.0 237.0

Figure 18
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CHAPTER VI

GENERAL DISCUSSION OF THE RESULTS

OF THE INVESTIGATION .
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CHAPTER VI

GENERAL DISCUSSION OF THE RESULTS

OF THE INVESTIGATION

In general, the results of this investigation were very gratifying
to the writer and are believed to be accurate. Great care and every
possible precaution was used to insure accurate results. -

It is felt that the boiling points and densities are accurate
as indicated by the curves plotted. The methyl, propyl, butyl, and
amyl esters are believed to be 100% pure and the data related to these
esters are believed to be beyond question,

As a result of the difficulty encountered in obtaining the desired
results in saponification of the hexyl and heptyl ester, some questions
arise concerning these two esters, This difficulty might indicate that
the curve for the refractive indices (Figure 16) might correctly be
drawn through the butyl and amjl poinﬁs instead“of the hexyl and heptyl
points.

The hexyl and heptyl esters might rightfully not be 100% pure
as the ﬁrocedUre for preparation hAd'td”betéiﬂéred for these esters
eliminating tpe-stéam:distillation’Step. If this is‘thé'éase, the
calculations in commection with the saponification indicate that these
particular esters are 96-98% pure, which is considefed acceptabie purity
for an organic compound prepared snythetically.

It is the intention of the writer to continue the investigation
of the ésters of 2-thiophene carboxylic acid in the near future. If this

desire becomes a reality, the hexyl and heplyl esters will be inveétigated




Lo

thoroughly in an attempt to perfect a method of preparation of the pure
compounds and to either verify thé physical constants obtained or correct
same, After this is accomplished, an attempt will be made to prepare

higher esters of the series,




CHAPTER VIT

SUMMARY
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CHAPTER VII
SUMMARY

In"bhis investigation, the methyl, propyl, butyl, amyl, heiyl,
and heptyl esters of Z-thicphene carboxylic acid were prepared.
According to a literature search made prior to s'{;a.rbing the problem,
the esters named above had not been before prepared and were not
reported in literature.

Complete physical constants were determined for the esters
prepared, and a two-method scheme of identification wasA carried out,

It is the anticdipation and desire of the writer to carry on
further research in the synthesis of the esters of 2-thidphene

carboxylic acid in the very near future,
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