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INTRODUC TION



& STUDY QOF THE CONDENSATION OF

THIOISOPH THALATLEHY DE

CHAPTER I
INTRODUC TION

Thiocaldehydes and thioketones have been used effectively as
starting materials in the synthesis of substituted stilbenesl and
similar ethylenic compounds. The method involves the oondensation of
two thicocarbonyl groups with the removal of the sulfur atoms. Copper
powder has been used as the condensing egent, but in some instances when
copper failed, Raney nickel was used successfully.

At the present time, only monothio compounds have been successfully
condensed in this manner. The treatment of a dithio compound could give
two different productss a linear polymer, or under suitable conditions,

a eyclic hydrocarbon. The latter could prove to be & more direct method
for the preparation of certain polynuclear hydrocarbons. An attempt has
been mede to synthesize ocoroneme by thias method.2 The 2,7-dithioaldehyde
of naphthalene was heated with copper powder but failed to give the
desired product.

This present work was undertaken in order to study the condensation

of thioisophthalaldehyde, a simpler dithio compound than the one previously

Yood, Bacon, and Meibohm, et. al., J. Am. Chem. Soc., 63, 1334
(1941). - -

2Wood and Stanfield, J. Am. Chem. Soc., 64, 2343 (1942).




studied. It was proposed to study the condensation in an effort to pro-
duce the cyclic hydrocarbon (V) which could then be dehydrogenated to
yield the polymuclear hydrocarbon, pyrene (VI).

The reactions proposed are as follows:

2 Q .2 2 QH
CHy " CHs CHBr>™ChiBr, cHo > cHO

(1) ‘(I% (1)

CHS ~"CHs CH : CH
aﬁggns CH : CH
(IV)

(V) (V)

Dithioisophthalaldehyde (IV) has not been previously reported in
the literature. It was proposed to prepare it by conversion of the
corresponding oxyaldehyde (III). This can be prepared from m-xyleme (I)

via the tetrabromo derivative (II). The conversion of a dialdehyde into



a dithioaldehyde has been reported by Wood and Stanfield.® It was
agsumed, however, that both aldehyde groups had been converted and no
analysis was made. In this present work it was planned to prepare both
the monothioisophthalaldehyde and dithioisophthalaldehyde and to prove
their structures by analysis.

The tetrabromo compound has been prepared by direot bromination
of m.--xylene.4 The 1literature reference, however, does not describe the
procedure in any detail and, hence, it was deairable to study the prep-
aration in order to arrive at the optimum conditions for carrying out

the reaction. A similar reaction is described im Qrganic Synthesea5

for the preparation of the tetrabromo derivative of p-xylene. Hydrolysis
of the &,v, u:d' tetrabromo m-xylene gives isophthalaldehyde.

This investization, therefore, has the following purposes:

1. To study the preparation of W,¥,w,w' tetrabromo m-xyleme by
direct bromination of m-xylene in order to arrive et the optimum condi~
tions for carrying out this reaction.

2. To prepare monothicisophthalaldehyde and dithioisophthalaldehyde
and to prove their structures by analysis,

S+ To study the condensation of dithioisophthalaldehyde in order

to produce a cyclic hydrocarbon which can be dehydrogenated to pyrene,

S1bid.
4Thiele and Gunther, Ann., 347, 109 (1906).

5411en, QOrganic Synthesés, Vol. 20, (New Yorks John Wiley and
Sons, Inc., 1940), p. 9.
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CHAPTER II

HISTORICAL

A wu,w,w’

tetrabromo m=-Xylene

This compound has been prepared by Thiele and Guntherl by
refluxing m-xylene with bromine over a period of three hours. A 7T5%
yield of long colerleses needles was reported.

& similar procedure is described in much greater detail in

Organic Synthes'esz for the preparation of Ww, w;w' tetrabromo p-xylene.

p-Xylene is refluxed in an oil bath maintained beiween 1409 C. and
160° C. The reaction mixture is contimally stirred while bromine is
added dropwise over a period of from 8 to 10 hours. 4 tungsten lamp is
used as a source of ultraviolet light. Yields ranging from 51 to 55%

have been reported.

B. Isophthalaldehyde

The hydrolysis of W,w), H',U' tetrabromo m=xylene yields isophthal-~
aldehyde. This has been carried out by Thiele and Gunther.d Mild
hydrolysis by potassium oxalate in 50% ethanol for 30 to 38 hours gave a
95% yield of the aldehyde melting at 89.5° C. The hydrolysis was also
oarried out by concentrated sulfurie acid in a much shorter time but

the yield was somewhat lower, being 70%.

1Thiele and Gunther, Ann., 347, 109 (1906).

2)llen, QOrganic Synthesés, Vol. 20, (New York: John Wiley and
Sonﬂ, Iﬁo., 19435: P 92-

3Thiele and Gunther, loc. cit.




Isophthaleldehyde has been prepared by several other methods, but
these usually involve difficultly available starting materials or glve
low ylelds. The oxidation of m-xylene by chromic acid in acetic acid
followed by hydrolysis of the resulting tetraacetate 1s reported by Thiele
and Winter.* Yields range fram 40 to 50%. Rosenmund® has carried out
the reduction of isophthalyl chloride to the aldehyde with an 83% yield.
A more recent preparation5 makes use of the Reimer-Tiemamn reaction,
benzaldehyde being treated with shloroform and potassium hydroxide and
the resulting 3-oxobenzilidene chloride hydreolyzed. Isophthalaldehyde

oan also be prepared by hydrolysis of the tetrachloro zylene.Taa

C. Thioisophthalaldehyde

This compound has not been previocuasly prepared. There are several
methods known for preparing thioaldehydea. The simplest, and hence the
one most of ten used, consists of conversion of the correaponding oxyalde-
hyde. The aldehyde is dissolved in a suitable solvent and dry hydrogen
chloride and hydrogen sulfide is passed in. The solution is kept at
0% C. Precipitation of the thiocaldehyde usually results in fram 10 to
30 mimtes. This may be in the form of a linear polymer, in which case
it is usually insoluble in the common solvents, or it may come down as a

trimer with a definite melting point. Ethanol, methanol, ethyl acetate-

4Thiele and Winter, Amn., 311, 359 (1900).
SRosenmund, Ber., 54B, 2888 (1921).

6Chaudhuri, J. 4m. Chem. Soc., 64, 318 (1842).

TColson and Gautier, Bull. Soc. Chim., 45, 509 (1886).

8Meyer, Ber., 20, 2006 (1887).



benzene, as well as pure benzene have been used as reastion solvents.
Thioaldshydes have been known for many years. Such compounds s
trithiobenzaldehyde, trithiosaljoylaldehyde, and trithiomethyl vanillin,
to name but a few, have been made from the corresponding oxyaldehyde.
Recently several new thiocaldehydes have been prepared by Wood and Bost?

in a study of the properties of sulfur compounds.

D. Condensation of Thioaldehydes
When & thiocaldehyde is heated to pyrolysis either alone or with
some sulfur-liking metal, a type of oondensation reaction occurs. This
consists of a removal of the sulfur atoms from the thicaldehyde and the
subsequent joining up of two molecules to form an ethylenic linkage.
The reaotion was first reported by H. Klingerl0O who noticed a considerable
emount of stilbene in the decomposition products resulting from the dis-
tillation of trithiobenzaldehyde. He then heated the thicaldehyde with
finely divided copper powder and produced stilbene in large amounta,
Since then, other thioaldehydes and also some thioketones have been
sucoessfully condensed in this manner. Wood and co-workersll have made
use of this reaction in preparing several substituted stilbenes as well
ag8 their analogues in the naphthalene, anthracene, and phenanthrene series.
The condensations were carried out by grinding the thioaldehyde

to a fine powder and then mixing it intimately with 3 to 4 times the theo-

SWood and Boat, J. 4m. Chem. Soc., 59, 1721 (1937).

10xiinger, Ber., 9, 1893 (1876).

1lWood, Bacon, Meibohn, et al., J. Am. Chem. Soc., 68, 1334
(1941).




retical amount of freshly reduced copper powder. The mixture was then
heated for 30 to 60 minutes in a small flask by means of an oil bath. The
temperature used was that at which pyrolysis of the thiotldehyde began.

The ethylene cappound was then extracted from the reaction mixture by boil-
ing benzene.

In some cases the condensationa have been carried out successfully
using Raney nickel instead of copper powder. Thioa.cetophenonel2 has been
condensed by Raney nickel while copper powder fails. Bergman15 reports
the condensation of g-phenanthrene thiocaldehyde by Raney nickel with a
20% yield. DBecause of the pyrophoric nature of Raney nickel the reactions
were carried out in a solvent which boiled at or near the pyrolysis tem-

perature of the thiocaldehyde.

E. Diphenylene Diethene

When thiocisophthalaldehyde is condensed so that the two aldehyde
groups of one molecule react with the two aldehyde groupe of another
moleculs a new oyclic hydroccarbon is formed. Pellegrin]-* has reported
a compound which he believed to be this hydrocarbon. He proposed the
name diphenylene diethene.

While making a study of the Fittig reaction, Pellegrin treated a
quantity of dibromo m-xylene and bromobéenzene with sodium. Upon separa-

tion of the products by vacuum distillation he obtained a small guantity

12c1ine, Campaigne, and Spies, J. Am. Chem. Soo., 66, 1136
(1944).

13Bergmann snd Israelashwili, J. Am. Chem. Soc., 67, 1951 (1945).

l4pellegrin, Rec. Trav. Chim., 18, 452 (1889).




of & yellow visoous liquid boiling at 258° C. at 15 mm. This was recrys-
tallized from an alcchol-ether mixture and gave colorless needles melting
at 191° C. The compound analyszed for CygHjz and was found to add four

bromine atoms.

F. Pyrene

This hydrocarbon has been known for seversl years, It occurs in
nature in carbonaceous materials such as tar, coal, and heavy hydrocarbon
oils. Pyrene is cbtained commercially from such materials in sufficient
quantities to meet any demand for its use, The process consists of the
destructive hydrogenation of bituminous coal and coal tars follewed by
extraction of the pyrene from the mixture of hydrocarbons that are pro-
duced. Many syntheses of pyrene have been devised but in all cases either
the yleldes have been too small or the starting materials have not been
readily available. There is no suitable synthesis starting from a simpler
ring system.

FPyrene, because of its reactivity, is being considered as a possi-
ble starting material in the synthesis of higher polycyclie hydrocarbons.
It is difficult, however, to prove the location of substituents in pyrene
derivatives. Degradation does not serve to establish the position of
the substituent in that the 1,4,5,8,-tetra carhboxylic acid of naphthalene
is formed. (m the other hand suitable synthesis methodsz are not, at
present, available.

In this present work a synthesis of pyrene starting from & dithio-
aldehyde of bentene is preposed. In a like manner a substituted thio-

isophthalaldehyde may be used to prepare a substituted pyrene compound.



This would then serve as a proof of the structure of the pyreme deriva~

tive by synthesis.
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CHAPTER III
BXPERIMENTAL

4. Preparation of w,w,u}u' tetrabromo m-Xylene

The procedure given in Organic Syntheses} for the preparation of

w,w,&//W-tetrabromo p-xylens was followed but with some modifications.
Bromine (220 ml.), previously dried by shaking with concentrated sulfuric
acid, wap added dropwise to 100 g. of m-xylene. The reaction vessel was
a one liter three-necked flask fitted with a mechanijcal stirrer, a 500 ml.
dropping funnel and & reflux condenser., Glass helioces were packed into
the condenser in order to minimize losses of bromine and xylene by entrain-
ment in the hydrogen bromide given off in the reaction. A 300-watt
unfrosted tungsten lamp was used as & source of ultra violet radiatiom.
e flask was heated in an oil bath.

The reaction was started with the temperature between 125 and 130°
C., Bromine was added gradually at such a rate that there was never any
large amount of unreacted bromine in the fiask. After one hour about
half the bromine had been added and during this period the temperature
was slowly raised to 150° C. This temperature was maintained for another
aix hours until all the bromine had been added after which stirring and
heating was continued for an additional hour.

Upon cooling the reaction mixture solidified into a brown mess
which was recrystallized from 95% ethanol. A second recrystallization

from the same solvent gave pale brown needles melting at 107° C. (uncorr.).

lg11len, Organic Syntheses, Vol. 20, (Kew York: John Wiley and
Sons, Inoc., 1940i, pes 92,
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Total yield was 211 g. or 53%.
Several attempts were made to increase the yield. It was found
that starting the bromination at the boiling point of xyleme, as suggested

by Organic Synthoselz, caused appreciable losses of xylene by entraimment

in the hydrogen bromide. Toc large an excess of bromine also caused a
lowering of the yield as well as making the recrystalliration difficult.
Continuation of the atirring and heating for another hour after the

bromination had been completed gave a product of higher purity.

B. Preparation of Isophthalaldehyde
The procedure followed was that given for the preparation of

terphthalaldehyde in Orgenic Syntheses.® The Wﬂ,w:w' tetrabromo m-xylene

was hydrolyted by concentrated sulfuric acid to yield isophthalaldehyde.
A two liter distilling flask with a capillary ebullution tube and &
receiver was arranged as for a vacuum distillation. Finely powdered
MN,H,'"' tetrabromo m=-xylene (84 g.) and 200 ml. of 95% sulfuric acid
was introduced into the flask. A vacuum was applied by means of a water
aspirator and a stream of air was allowed to pass through the capillary
tube to facilitate the removal of the hydrogen bromide. The flagk waa
heated on &n oil bath to 70° C, and when the evolution of the gas becamse
less vigorous the temperature was slowly raised to 110° C. The entire
reaction time was about two and one-half hours.

When the resaction was complete, as shown by & clear solution and

lack of hydrogen bromide being given off, the flask was allowed to cool

2Tbid., p. 92.

SIbid., p. 93,



12

and the contents poured on 600 g. of ocrushed ice. A brown solid precip=-
itated which after filtering off was reorystallized from 10% methanol.
The coler was removed by the addition of a small amount of Norite. The
yield was 17 g. or 70% of white needles melting at 87° C. (uncorr.).

The hydrolysis of larger amcunts of tetrabromo compound wes less
satisfactory, as indicated by inferior yields. It was poasible to recover

some of the unreascted tetrabromo compound.

C. Preparation and Properties of Monothioisophthalaldehyde and Dithio-
isophthalaldehyde

The thio compounds were prepared by treating & solution of isophthale
aldehyde with dry hydrogen chloride and dry hydrogen sulfide. The hydrogen
chloride generator consisted of the outer jacket of a Victor Meyer vapor
density apparatus which was fitted with a three hole rubber stopper con-
taining a side arm, a dropping fummel and a tuhe to equalize the preasure
between the funnel and the inside of the generator. Concentrated hydro-
chloric acid was added through the dropping funnel into the generator
which contained concentrated sulfuric acid. This gave dry hydrogen
chloride at a rate easily contreclled by the rate of addition of the hydro-
chloric acid. A&n ordinary Kipp Generator was used to produce the hydrogen
gulfide which was then passed through a calcium chloride tube to remove
any moisature.

The reaction tube consisted of a large test tube, 24 cm. x 4 onm.,
fitted with & mechanioal stirrer and two small gas-inlet tubes. In order
to allow the gases to pess through as large a portion of the reaction

mixture as possible, the inlet tubes were extended to within 4 cm. of the
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bottom of the test tube. Before entering the reaction vessel each gas
was passed through a large trap and then through a bubble counter contain-

ing the liquid used as the reaction solvent.

Monothioisophthalaldehyde

Isophthalaldehyde (5 g.} was dissolved in 120 ml.'s of ethyl acetate
and placed in the reaction vessel. Hydrogen chloride was passed through
the solution for one hour. The Kipp Generator was then started and the
hydrogen sulfide and hydrogen chloride waa bubbled thraugh.tho solution
together. The temperature during the reaction was maintained at Q© ¢,
fhe low temperature ailded the reasction as larger amounts of the gases
could be dissolved in the solvent.

A8 soon as the hydrogen began bubbling through, the solution took
on & blue=-grey coler which become more intense as the reaction proceeded.
After 10 to 15 minutes a white solid began to precipitate from the solu-
tion. The reaction was continued for another 45 minutes after which the
precipitate was filtered coff and washed with boiling ethanol to remove
any occluded isophthalaldehyde and then with csarbon disulfide to remove
any precipitated sulfur. The product was dried for six hours in & drying
pistol at 56° C. and under a vacuum from & water aspirator. The yield
of orude material was three grams or 50%.

The product, & fine white powder, did not melt but decomposed
gradually over a range from 220° C., to 250° C. It was insoluble in all
of the common solvents and hence could not be purified by recrystalliza-
tion. When heated with concentrated sulfuric acid a deep red coler

resulted. An analysis was made with the following results: Calculated
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for GgHgOS: sulfur, 21.4%; hydrogen, 4.00%; cerbon, 64.0%. Founds
sulfur, 21.7%; hydrogen, 4.62%; carbon, 61.0%. A discussion of these

analyses will be found in Chapter IV.

Dithioiscphthalaldehyde

The procedure was exactly the same as for the monothioaldehyde
except for the reaction time. Isophthalaldehyde (5 g.) was dissolved in
120 ml. of ethyl acetate and treated as before. The reaction was continued
for a period of 15 hours in order to complete the conversion of both
aldehyde groups. The precipitate was filiered off, washed with boiling
ethanol and carbon disulfide, then dried in & drying pistol at 56° C.
under vacuum. The yield of crude material was 5.1 g. or 82%.

The product was a fluffy white powder. It was much lighter than
the monothioaldehyde in that an equal weight occupied about three times
the apace of the monothio compound. It decomposed gradually from 2400 C.
to 270° C. and did not dissolve in any of the common solvents. Upon
heating with concentrated sulfuric acid it gave the same deep red color
ag did the monothioisophthalaldehyde. An analysis was made with the
following results: Calculated for CgHgS82s sulfur, 38.6%; hydrogen,
3.61%; carbon, 57.8%. Founds sulfur, 37.8%; hydrogen, 4.17%; oarbon,
54.2%. A discussion of these analyses will be found in Chapter IV.

Attempts were made to improve the purity of the product as well
as Lo increase the yields. Seversl runs were made at various resction
times and led to mixtures of monothio and dithicaldehydes. The effect
of the reaction time on the per cent aulfur and on the yield of product

i8 shown belows
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1 hour 21.7% 2.98 g.
8 hours 32.3% 4.53 g.
12 hours 37.7% 5.06 g
15 hours 37.8% 5.10 g.

Ethyl acetate was found to be a suitable solvent. A& solution in
benzene was treated for 15 hours and yielded a product containing only
31,5 sulfur. Ethanol solutions led to a less pure product due to the
precipitate coagulating and forming hard lumpa. As this did not occur
in benzene or in ethyl acetate, it was thought to be due %o the presence

of water in the ethanol.

D. Attempted Condensation of Dithioisophthalaldehyde

The condensation of a thioaldehyde by heating with copper powder
hes been described in Chapter II. The copper powder was prepared by the
displacement of the copper in a solution of copper sulfate with metallic
zines, 2Zinc dust wes slowly added to a known solution of copper sulfate
until the amount theoretically needed to replace all the oopper had been
added. During this addition the solution was stirred continuocuasly. The
precipitated copper was removed by suction filtration and washed with
dilute hydrochloric acid to remeove any unreacted erinc, then with distilled
water to remove the acid and finally with several portions of methanol.
It was then dried in a drying pistol at 66° C. The copper powder was

always prepared immediately before using.

Trial 1
Dithioisophthalaldehyde (4 g.) and finely divided copper powder

(20 g.) were mixed intimately in an egate mortar. The mixture was placed
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in a 125 ml. pyrex flask fitted with & reflux condenser. A sand bath was
used at an approximate temperature of 250° C. for a period of two hours.

After the heating was completed the flask was removed from the sand bath

and ellowed to cool. |

The black mass was extracted with several portions of boiling
bengene, The benzene extract had a pale green color with a slight blue
fluorescence. No precipitate resulted when the benzene was svaporated
down to 25 ml. and'cooled. The remaining benzene was then evaporated
leaving & very small amount of & greenish-brown, oily residue., Thia was
extracted with a little ethanol and formed an oily brown material, which
upon filtration remained as an oily paste on the filter paper. Attempts
to improve the material by recryatallizing from vearious solvents were
not successful.

The trial was repeated several times with smaller quantities of
the thioaldehyde. Temperatures tried were 210° C,, 225° C., 270° C., and
300° C. Heating periods were varied from one to four hours. In all
cases the same greenish-brown cil resulted on evaporating the benzens,
The amounts of this residue did not change noticeably in the various runs.

The material was tested by sodium fusion and sulfur was shown to
be present. The absence of any olefinic linkages was indicated when the

material did not react with a soclution of bromine in carbon tetrachloride.

Trial 2

It was then decided to dilute the reaction mixture with a large
volume of fine sand. The basis for this will be discussed in Chapter IV.
Dithioisophthalaldehyde (4 g.) and copper powder (20 g.) were mixed

intimately as before, added to three times its volume of fine sand, and
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again mixed. The mixture wae heated for two hours at 270° C. in the same
manner as described in trial 1. Upon extraction with benzene and subse-

quent svaporation the usual small amount of a greenish-brown oil resulted.

Trial 3

As satisfactory results were not obtained on heating with copper
powder it was decided to try Raney nickel as the condensing agent. The
Raney nickel was prepared from nickel aluminum alloy by the method sug-
gested by Adkins.? fThe time of wasghing wes considerably diminished by
simply shaking the nickel with portions of water until the washings no
longer tested basisc to litmua.

Because of the pyrophoric nature of the Raney nickel, the reaction
could not be carried out in the dry sitate as was the case in the copper
trials. A liquid reaction medium was decided upon., It was necessary, of
course, for the reaction medium to be inert towards Raney nickel and the
thiocaldehyde as well as to have & boiling point above the temperature at
whioch the trial was to be run.

Dithioisophthalaldehyde (2 g.) and Raney nickel (20 g.) were added
to 50 mi. of chloronaphthalene in a 200 ml. three~necked flask fitted
with a reflux condenser and a mechanical stirrer. The flask was heated
by means of an oil bath to 2509 C. and held at this temperature for a
period of 45 minutes. The reaction mixture was cocled and filtered.

The residue was extracted with 50 ml. of boiling chloronaphthalene. This

was added to the filtrate which was a dark red. The chloronaphthalene

4adkins and Palvic, J. Am. Chem. Soc., 68, 1471 (1946).
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was removed by vacuum distillation leaving a viscous red oil. Attempts
to cause this oil to become a solid were unsuccessaful.

In order %o mecertain if the chloronaphthalens entered into a
reaction with the Raney nickel, the trial was repeated without the thio-
aldehyde., When the chloronaphthalene wag vacuum distilled a wviscous red
0il remained in the distilling flask. This apparently resulted from

interaction between the chloronaphthalsne and the nickel.

Trial 4

In view of the results of the previous trial it was found necessary
to pick a different medium for the reaction. Benzyl ether was found to
be suitable. The thioaldehyde (2 g.), Raney nickel (20 g.), and 50 ml.
of benzyl ether were heated as in trial 3. The temperature was held at
250° G, for one hour. A small quantity of water apparently remained in
the nickel and this caused much splattering and bumping during the trial.
After the heating period was over the contents were cooled and filtered
and the residue extracted with several portiona of boiling benzene. The
benzene sxtract was added to the filtrate which was a dark red. Upon
vacuum distillation of the benzene and benzyl ether a viscous red oil
remained. Attempts to cause this oil to crystallize were unsucoessful.

It was decided to try to purify this oil by chromatographic
adsorption. 4 glass column, 30 cm. X 3 om., was packed to a depth of
25 em, with activated alumina. The o0il was dissolved in 50 ml. of petro-
leum ether and this solution was poured into the column and allowed to
pass through by gravity flow. The color was adsorbed at the top of the
column and the liquid leaving the bottom was clear. About two liters of

a ten per cent solution of benzene in petroleum ether were then poured
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through the column. A number of colored bands appeared. They were main-
ly green and brown. The green bands were slowly eluted down the column
while the brown bands remained in the upper portion. The alumimme oxide
was then carefully removed from the glass column and each colored band
was separately extracted with boiling benzene. The benzene was evaporated
from each extract but the residues consisted only of oils and no solid
material resulted.

Only the first three bands yielded sufficient material to warrant
further study. They were numbered one, two, and three, counting down
from the top of the column. The majority of the material was in band
one. This was dissolved in & little hot ethanol and cooled. A small
amount (0.0l g.) of a reddish brown solid resulted. This decomposed
over a range from 115° C., to 130° C. A sodium fusion test showed the
presence of sulfur and the absence of any olefinic linkages was indicated
by no reaction with bromine in carbon tetrachloride.

Bands two and three were taken up in hot ethanol, but attempts
to cause the oily residues to s0lidify did not succeed. The residues
were analyzed as before. No sulfur was found in either and no olefinic

linkages were indicated,

Trial 5

This was a repeat of the previous trial with the exception that
4 g. of the thiocompound was used. Care was taken to omit any possibility
of water entering the reaction vessel. The benzyl ether was carefully
redistilled. A4ny liquid rem#ining on the Raney nickel was removed by
washing with benzyl ether. The flask was heated as in the previous trial

to around 260° C. and the temperature wag maintained for two hours. The



20

contents were cooled and extracted as before. This time, however, the
filtrate had a pale green ¢olor as in trials 1 and 2 with copper powder.
Both benzene and benzyl ether were removed by vacuum distillation leaving
& small quantity of a brown oil. Upon the addition of a little ethancl
an oily brown material resulted which resembled the product obtained in
the previoua trials with ocopper powder.

The nature of the material was not improved by treatment with
othanol and when it was removed from the eolvent it was plastic and sticky
and seemed to sink into the filter paper. The material was found to
contein sulfur when tested by sodium fusion. It did not react with a
solution of bromins in carbon tetrachloride indicating the absence of any
olefinic linkages.

The trial was repeated twice with the same results. Lowering the
temperature to 220° C. had no noticeable effect and neither did adding the

thioaldehyde gradually during the first hour of the reaction.

Trial 6

It was of interest to inveatigate the behavior of the thiocaldehyde
when heated under the same conditions as in the previous trial but with-
out any Raney nickel. A mixture of 2 g. of the thioaldehyde and 76 ml.
of bentyl ether were heated in a 200 ml., fleak fitted with a reflux
condenser. The temperature was held at approximately 260° C. for two
hours. After five mimutes of heating the mixture began turning pink,
then red and finally & dark red. Most of the thioaldehyde seemed to have
gone into the benzyl ether. A small amount of & red solid remained.
This was filtered off and dried. It was insoluble in benzene and ethanol

and decomposed over a range from 250° C. to 270° C.
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The benzyl ether was vacuum distilled and about 2 ml. of a viscous
dark red oil remained in the distilling flask. This oil still had the
characteristic odor of the thiosldehyde. It was found to be very soluble

in benzene and gave a definite test for sulfur.
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CHAPTER IV
DISCUSSION OF RESULTS

The preparation of N,w,w,'v' totrabromo m-xylene by direct bromination
of m-xylene was carried out with a yield of 53% of the desired product.,
Thiele and Guntherl have carried out this bromination and report a yield
of 70% of the tetrabromo compound. In & similar preparation given in

Organic Syntheses? a yield of 55% was obtained. This is in agreement

with the present yield of 63%.

The low yield may be attributed mainly to pyrolysis and polymeriza-
tion reactions that occur to some extent in any vigorous reaction such
as bromination, especially at high temperatures. This is represented by
the viscous black material which remains when the tetrabromo compound is
separated from the products of bromination.

The formation of penta- and hexabromo compounds should also be
considered. The bromination of methyl groups on an aromatic nucleus
proceeda in a stepwise manner, With one bromine atom the methyl group
becomes more reactive towards fiurther bromination and with tweo bromine
atoms the reactivity is still greater. Thus the tetrabromo compound is
more easily brominated than is the me=xylens. Any local concentration of
bromine that might form during the bromination may lead to the formation
of some penta or hexabromo compounds. By adding the bromine slowly and

never allowing any large excess of bromine in the reaction veasel, losses

1Thjele and Gunther, Ann., 347, 109 (1906).

2&llen, Organic Syntheses, Vol. 20, (New York: John Wiley and
Sons, Inc., 1940), p. 92.
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of this kind may be kept &t a minimum. This oxplains the low yield of a
product which was difficult to crystallize when too large an excess of
bromine was used.

The bromination of m-xylene is a photochemical reaction in that
it is initiated by ultraviolet light. In this present work a 300-watt,
unfrosted, tungsten lamp was used as a source of ultraviolet light. The
intensity of these rays, however, was diminished almost 90% in passing
through the pyrex-glass walls of the reaction vessel. Further study on
the effect of using a gquartz-windowed reaction vessel as well as a more
powerful scurce of ultraviolet light is suggested.

The hydrolysis of the tetrabromo compound was carried out rapidly
end smoothly using concentrated sulfuric acid. A yield of 70% was

obtained. A similar hydrolysis given in Organic Syntheses® reports a

yield of 80%.

The treatment of the isophthalaldehyde with hydrogen sulfide and
hydrogen chloride yielded two new thioaldehydes, monothicisophthalaldehyde
and dithicisophthalaldehyde. These compounds are fine white powders which
have no melting points but decompose gradually over a range of about
thirty degrees. They were found to be insoluble in all of the common
solvents. Thiocompounds do not normally exist as single molecules but
form either trimers or polymere. The trimers are usually crystalline
solids with definite melting points while the polymers are amorphous
materials with no definite melting points and are oftemn found to be

insoluble. The properties of these new thiocaldehydes strongly suggest

3Ibid., p. 93.
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that they are polymeria.

The two thiocompounds were obtained in an impure state., Usual
methods of purification were not possible due to their insolubility.

The extent of the impurities can easily be seen from the analyses that
were made. In the case of the monothioisophthalaldehyde the per cent
sulfur was 21,7% or three tenths of a per cent higher than the caloulated
value, This would infer that some dithioaldehyde was present ae an
impurity. The per cent sulfur in the dithioisophthalaldehyde was 37.5%
or eight tenths of a per cent lower than the calculated value. This, in
turn, may be explained by the presence of some monothiocaldehyde as an
impurity. In both compounds the per cent carbon is approximately 2.8%
lower than the calculated value, indicating some non-carbon containing
impurities which were probably occluded as the polymers were being formed.
These impurities were not removed by washing with 95% ethanol and carbon
disulfide,

During the course of the investigation it was found that a reaction
period of one hour gave a product which analyzed for monothioisophthal-
aldehyde. A much longer time wag needed to produce the dithioaldehyde.
The conversion of the isophthalaldehyde proceeded in two definite steps
as may have been expected. The second step, that of converting the
monothioaldehyde to the dithioaldehyde, takes place more slowly and the
monothioaldehyde may be isolated by stopping the reaction at the proper
time. The yield, however, is only 60%. By increasing the reaction time
8 higher yield may be obtained but some dithiocaldehyde is also formed
and this contaminates the product.

The monothioisophthalaldehyde is only very slightly soluble in the
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reaction medium. As the reasction occurs in solution, the amount of
monothio available for conversion to dithio at any one time is very amall.
This would explain the long reaction time needed to produce the dithio-
aldehyde.

The condensation of thioaldehydes have been brought about by heat-
ing the materials at their pyrolysis temperatures in the presence of
finely divided copper powder or in some cases Raney nickel. It was
assumed that the pyrolysis temperature was in the vicinity of 250° C.,
since the thiocaldehyde decomposed near this value.

Because of the presence of two reactive groups on & single moleculse,
the condensation of dithioisophthalaldehyde could possibly lead to the
formation of a linear polymer. On the other hand, if the two groups of
one molecule were condensed with two groups on anbther molecule a simple
eyclic hydrocarbon would be formed. This latter condensation product is
the desirable ons as it could then be dehydrogenated to yield pyrene. In
order to decrease the rate of formation of the linear polymer and to
enhance the possibility of condensation taking place between two mole~
cules, the reaction was carried out using low concentrations of the thio-
compound. This was in accordance with the dilution principle which has
been used successfully in various organic syntheses to permit the forma-
tion of large cyclic compounds when a linear polymer may also be formed.

Heating the dithioisophthalaldehyde with a large excess of copper
powder yielded a small amount of a brown oil. This material still con-
tained sulfur and wag not unsaturated irdicating that it had not resulted
from any condensation of the thiocompound. The addition of a large

amount of fine sand to further increase the dilution gave the same result
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as before.

On heating the dithioaldehyde with Raney nickel in a medium of
chloronaphthalene a small amount of & dark red oil was produced. It was
discovered later, however, that apparently a reaction was taking place
between the Raney nickel and the chloronaphthalene and & small amount of
solid was obtained. A possible explanation of this phenomena could be
the removal of the chlorine atoms by the active niskel and the subsequent
formation of bimaphthyl. This reaction would be comparable to the Ullmen
biaryl synthesis with copper powder. Further investigations of this
reaction are planned.

The first attempted condensation using Raney nickel and benzyl
ether as the reaction medium yielded a small quantity of a red oil.

This was purified by chromatographic adsorption and gave several colored
bands indicating the presence of several different materials. The top
band, which contained the major portion of the material, contained aulfur
and was not unsaturated. This would indicate that it was not produced

by a condensation reaction. The next two bands were found to contain no
sulfur and again showed no unsaturation. Theae materials mey have been
formed by & partial decomposition of the thiocompound.

When the trial was repeated with the reaction time doubled a brown
0il was produced similar to the meterisl obtained in the copper trials.
Thie run was repeated three times with the same result. Again only a
very small quantity (on the order of (0.04 g.) was produced. As it still
contained sulfur and was not unsaturated, it did net result from a
condensation of the thiocompound.

Heating dithioisophthalaldehyde (2 g.) under the same conditions
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as in the previous trials but without the Raney nickel gave three milliliters
of a heavy red oil. This material still retained the characteristic odor

of the thiocompound and was found to contain sulfur. It did not show any
unsaturation and was soluble in benzene. The possibility that the

material resulted from the partial depolymerization of dithioisophthal-
aldehyde is suggested., In view of these results it would seem that the

red oil obtained in the first nickel triul was & result of an insufficient
reaction periecd.

The possibility that condensation has taken place to form a three-
dimensional polymer must not be overlocked. Such a polymer would likely
have been insocluble in the solvents used, and thus was not extracted from
the reaction mixture. The low yielda of materials that were extracted
indicate that most of the reaction products had remained in the residues.
The thioaldehyde could not remein &s such under the conditions of the
reaction. If it formed the heavy red oil, as it did in the blank run,
this material would have been extracted in the benzene. When the copper
powder or the Raney nickel was present only a small amount of material
could be extracted and thie was not a red oill. The condensing agent did
play a part as the results were different when it was present. An
insoluble three-dimensional polymer would explain these results.

Further investigations are definitely indicated. The residues from
the copper and nickel trials should be analyzed to determine whether a
three-dimensional hydrocarbon polymer is present. In order to utilize
the dilution principle more effectively the condensations should be
attempted in & solution. Methods of depolymerizing the dithioisophthal-

aldehyde in order to make it soluble must be investigated. The attempted
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condensation of the scluble heavy red oll produced by heating the thio-

compound in benzyl ether might prove interesting.



CHAPTER V

SUMMARY
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CHAPTER V

SUMMARY

The preparation of w,ﬁu#ﬂ“‘tetrabromo m-xylene by direct bromina-
tion of m-xylene has been studied. The reaction conditions finally
arrived at gave a yield of 53% of the desired product.

Two new thioaldehydes, monothioisophthalaldehyde and dithicisoph-
thalaldehyde, have been prepared. Their properties were determined and
each compound was analyzed for carbon, sulfur and hydrogen.

Several attempts were made to condense dithicisophthalaldehyde
by heating with copper powder or Raney nickel in & manner that would
lead to the cyclic dimer, diphenylene diethene. These attempts were

not successful,
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