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INTRODUCTION

During the course of an investigation it is often either necessary or
advantageous to make use of an aldehyde as a means of achieving a desired
product., The very nature of aromatic aldehydes (i.e., sensitivity toward
air oxidation and/or polymerization on standing) prohibits the commercial
availability of all except those Hr which there is a considerable demand;
therefore, in many instances the desired aldehyde must be obtained by
synthesis.

The literature contains only one method for the preparation of
L4-phenyl-3-butenal (22). This method requires the synthesis and purifi-
cation of nine intermediate compounds in order to obtain this aldehyde
from readily available starting materials. This, in conjunction with the
reqiuired conditions for the final conversion - a pyrolysis at 280—3000,
at which temperatures the aldehyde is unstable - suggested the improbabil-
ity of obtaining the aldehyde on a preparative scale,

Of the various general methods for the preparation of aldehydes, the
Rosemmund reduction of acid chlorides seemed to suggest the most interest-
ing possibilities, and was therefore the reaction used.

The following scheme was decided upon in anticipation of obtaining

the aldehyde, 4-phenyl-3-butenal:

€ H GH,CHO. + CH, (CooH) , (Sl ¢

H,CH1 CHCH_COOH + H,0 + CO
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Phenylacet- Malonic
aldehyde acid L, ~Phenyl-3-buten-
oic acid



C,H_CHsCHCH . COOH + &0C1, -=-—-» CH CH:CHCHchCI + HC1 + SO

65 2 2 - 65 2

L-Phenyl-3-buten-
oyl chloride

CgH.CH:CHCH,COCL + H, —Pd=BaSd, CgHigCHICHCH,CHO +  HC1
poison
4-Phenyl-3-butenal

Of the various methods reported (38, 1, 6) for the preparation of
L-phenyl-3-butenoic (styrylacetic) scid, that of Linstead and Williams
(21) seemed the most promising in that it was simple and straight-forward
and gave the most favorable yleld. The phenylacetaldehyde-malonic acid
condensation is the method suggested by lLinstead and Williams.

& » A -Unsaturated aldehydes generally undergo a condensation-cycliza-
tion reaction with hydrazine to yield the corresponding pyrazolines. By
analogy, might not B ,Y -unsaturated aldehydes also undergo the same type
reaction to give derivatives containing the pyridazine nucleus even though
the onjugation between the carbonyl and the double bond is no longer
present?

The purpose of this investigation was to prepare /-phenyl-3-butenal,
react it with hydrazine, and try to determine whether or not cyclization
had occurred. The desired reaction is presented as follows:

H

2

c
N
u6}15~c CH2

HN CH
\./

6-Phenyl-1,L4,5,6~tetra~
hydropyridazine

G 6H50H:CHCH20H0 + HZNile

L 4
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The selective catalytic reduction of an acid chloride to the correspond-
ing aldehyde is known as the Rosemmund reduction (30). This is oftem the
easiest means of obtaining an aldehyde when the corresponding acid is readily
available.

The conditions that permit the formation of the aldehyde from the acid
chloride are also conducive to further reduction according to the following

sequence of reactions:

RCOCL -——-tp-——y RCHO ——-Hp—y ROH,OH ---Hypeos RCH,
cat. cat. cat,

Therefore, it is apparent that a cstalyst regulator is necessary which
permits the reduction of the acid chloride to the aldehyde and simultan-
eously inactivates the catalyst toward further reduction.

The necessity for a catalyst poison or regulator was recognized by
Rosemmund and Zetzsche (32) when they failed to get reproducible results
from the reduction of benzoyl chloride to benzaldehyde using purified
solvente. The earlier results (30) had been practically quantitative when
technical grade solvents were used; and this success was doubtless due to
impurities, in the solvent and/or the acid chloride, which regulated the
reducing power of the catalyst.

In the event the aldehyde be reduced further to the alcohol and
hydrocarbon, both the alcohol and water formed will react with the acid
chloride to produce the acid and ester. The acid thus formed is capable
of reacting with the acid chloride to yield the acid anhydride.



These reactions proceed according to ithe following scheme:

RCOC1 + RCH20H ————e———3 RCOOCHzﬂ + HC1
RCOC1 + HOH e HCOOH + HC1
RCOCY + RCOOH —~——————- (RCO) 0 + HC1

The anhydride formation becomes pronounced in the reduction of heterocyclie
acid chlorides with improperly ireated hyjirogen, i.e., hydrogen that has
not had the last traces of oxygen and moisture removed (28).

As other side reactions, the formation of the ether, RCHzocHzB, and
cleavage of the ester, RCOOCHZE, to the acid, RCOOH, and the hydrocarbon,
RCHB, nave been encountered (34).

Many heterocyclic acid chlorides (24) undergo reductive removal of the
-COC1 group as follows:

RCOC1 + H RH + CO + HC1

2

v

This cleavage has been observed as a side reaction in the aromstic series
as well, e.g., in the preparation of p-snisaldehyde (34), 3,4,5-trimethoxy-
benzaldehyde (37), and 2-naphthaldehyde (17).

Palladium supported on barium sulfate is the catalyst most commonly
used. The palladium content is usually 5 per cent, occasionally 2-3 per
cent, and less commonly 10 per cent. Catalyst supports such as charcoal
(30, 9), kieselguhr (32, 9, 33), asbestos (8), and calcium carbonate (39)
have been reported. Other metals such as platinmum (12, 36), nickel (30,
12, 31), and osmium (9) have been used but seemingly without any definite
advantage over palladium. Generally, the catalyst-acid chloride ratio is

from 1:5 to 1:10 (17, 24).



The catalyst regulator is usually an organic sulfur compound.
Thioquinanthrene and uinoline-S, & crude preparation of thioquinanthroﬁe,
are the ones most comuonly used. Thiourea has also been employed. Cenerally,
10 mg. of regulator per gram of catalyst is satisfzctory (17). The absolute
necessity for a catalyst poison in every case is questionable in view of the
fact that fully two-thirds of the reported reductions were conducted without
the use of 2 regulator (24). In two instances, the use ol a regulator was
definitely disadvantageous: from l-phenyl-3-methyl-5-chloropyrazole—i~
carboxylic acid chloride the acid anhydride was obtained as the main product
(28), and 2-anthraguinonecarbonyl chloride gave a very poor yleld of the
aldehyde (23).

Xylene is the solvent most favored as the reduction medium. 3Benzene,
toluene, tetralin and decalin are used to a lesser extent. For the sake of
reproducible results, it is recommended that purified solvents be enployed
with a known amount of regulator added when deemed necessary (24).

The reaction temperature will vary with the solvent and the acid
chloride; nevertheless, the optimum condition is the lowest possible tempera-
ture which permits a constant ewlution of hydrogen chloride. rac.-"ilopiec
acid enloride is reduced at room temperature in good yleld (25) whereas
isovaleraldehyde is produced quant:tatively in the vapor phase (28).

Commerc¢ial electrolytic hydrogen is satisfactory for the reduction
of most acid chlorides. When the last traces of oxygen and moisture must
be removed, as in the case of heterocyclic acid chlorides, the hydrogen is
passed over a red-hot copper spiral (29) 2nd dried over Drierite (17).

The yields obtained in the Rosemmmnd reaction vary from zero to
quantitative. Concerning the products obtasined other than (and in some



cases in lieu of) the expected aldehyde, only a few examples will be cited.
Triphenylacetyl chloride was converted guantitatively to triphenylmethane (3).
Suceinyl chloride yielded mainly butyrolactone with 3 -formylpropionic acid
and succinic anhydride as by-products (9). 1-Phenylpyrazole-5-carboxylic
acid chloride gave a considerable amount of l-phenylpyrazole (29). 3-Methoxy-
L-acetoxybenzoyl chloride was converted to vanillin in 82 per cent yield (35).

The extent to swhich reducible groups other than -COCl in a molecule may
interfere with the Rosenmund reduction is not known snd generalizations camnot
be made 2s yet concerning them (24). Acid chlorides containing nitro or
halogen groups have been successfully reduced without affecting the groups
mentioned (32). Certain halogenated pyridinyl acid chlorides heve given the
corresponding helogenated aliehydes in the absence of & regulator (11, 10).
Cinnamoyl chloride has given 50-60 per cent yields of cinnamaldehyde (35)
whereas, undecylenoyl chloride resulted in both partial reduction and exten-
sive migration of the double bond (5). However, this might ve expected since
isolated double bonds are generally more susceptible to catalytic hydrogena-
tion than conjugated double bonds.

An excellent review of iLhe Hosenmund reduction with a survey of the
literature to November, 1947 has been made by Mosettig and Mozingo (24) and
the accumulated data on all reported reactions are summarized in concise,

tabulated form.



EXPERIMENTAL

Purification of Xylene (17)

Approximately 600 ml. of technical-grade xylene was charged to a liter
round-bottom flask, refluxed over 3 g. of sodium for 14 hours, decanted
into a liter distillation flask containing a fresh 3-g. supply of sodium
and distilled. The distillate was then stored over 3 g. of sodium.

Purification of Thionyl Chloride (7)

To a 200-ml. round-bottom flask were charged 50 ml. of technical
grade thionyl chloride (Eastman Kodak Co.) and 10 ml. of quinoline. The
contents of the flask were intimately mixed and distilled. The distillate
was charged to a 200-ml. round-bottom flask, intimately mixed with 20 mil.
of boiled linseed oil and distilled. The water-white thionyl chloride
(bep. 73-75°) was stored in a paraffin-sealed, glass-stoppered bottle.

The yield of purified thionyl chloride was approximately 80 per cent of
the original material.

Preparation of Palladium Catalyst (40)

Palladium chloride was prepared from metallic palladium in the follow-
ing manner: to 1.002 g. of palladium in a2 small, porcelain casserole was
added 5 ml, of concentrated hydrochloric acid to dissolve any impurities
present. The palladium was filtered and then taken up in two 10-ml. portions
of agua regia and the solution was evaporated almost to dryness on the steam
bath after each digestion. The garnet-colored crystals were taken up in



three 7-ml. portions of concentrated hydrochloric acid snd evaporated to dry-
ness as before. The yleld of palladium chloride was 1.626 g. and represents
a 97.4 per cent conversion of palladium to the chloride. The palladium
chloride was dissolved in about 30 ml. of hot distilled water containing a
drop of concentrated hydrochloric acid.

3ariwa sulfate weas precipitated in the cold by adding an agueous solution
of sodium sulfate (6.084 g. in 300 ml. of distilled water) to an aqueous
solution of barium chloride dihydrate (10.44 g. in 300 ml., of distilled water).
The barium sulfate was suspended in the supernatant liquid by s high speed,
power stirrer. The previously prepared palladium chloride solution was added
to the stirred solution. Next, the palladium was precipitated as the hydro-
xide on the suspended barium sulfate by the slow addition of & slight excess
of approximately 2 N, agueous sodium carbonate.

After the material had settled, the supernatant liquid was decanted and
the chocolate-brown residue washed repeatedly with distilled water until the
washings no longer gave a test for alkalinity with Hydrion indicator paper.
The catalyst was then filtered with gentle suction and dried over potassium

hydroxide pellets for 8 days. The yield was 11.96 g.

Preparation of Quinoline-S (17)

To an 8-inch test tube arranged for reflux were charged 1 g. of sul-
fur and 6 g. of freshly distilled C. P. grade quinoline (Lastman Kodak Co.)
and the mixture was refluxed for 5 hours. The resulting dark brown crystals
(Hershberg and Cason (12) reported a dark brown liquid) were dissolved in
sufficient purified xylene to make 70 ml. of solution.



The above procedure was repeated using twice-distilled quinoline but
again a mass of dark brown crystals was oblained in lieu of the dark brown
lioquid. Closer exammination indicated the presence of three different crys-
talline modifications: colorless needles, light brown shiny platelets, and
a dark brown powder. Separation by selective solvent extraction was tried
without success. FEthanol-water, methanol-water, acetone-water, 1,,-dioxan-

water, ether, petroleum ether and bensene were the solvents used.

Preparation of 4-Phenyl-3-butenoic Acid

The following procedure is essentially the one suggested by Linstead
and Williams (21).

Technical-grade phenylacetaldehyde (50 per cent in ethanol, Matheson)
was freshly distilled at a pressure of approximately L0 mm. of mercury
before each run. Since the material distilled without apparent separation
of alcohol and aldehyde, it was assumed that half of the distillate was
phenylacetaldehyde. Diethylamine was used as a catalyst.

To a liter round-bottom flask arranged for reflux were charged 146 g.
of freshly distilled aldehyde-alcohol mixture, 61 g. of melonic acid (Eimer
and Amend), an additional 160 ml. of absolute ethanol, and 12 drops of diethyl-
amine. The mixture was refluxed for 6 hours, coled, and poured into an
excess of 2 N sodium carbonate. The reaction mixture was extracted with
ether and the agueous layer was neutralized with dilute sulfuric acid. The
oil that first formed crystallized readily when the wall of the container
was scratched with a glass rod. The crude white crystals melted at 78 - 830
and then at 83.5 - 85° after one recrystallization from ethanol. Linstead
and Willisms reported a melting point of 87°. =
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The average yleld for five runs was 20 per cent with variations in yield
from 7 to 37 per cent. The yield of acid decreased with increasing age of the
original aldehyde-alcohol solution. Linstead and Williams (21) reported a
yield of 60 per cent but noted that the lower ylelds sometimes obtained were
due to extensive esterification.

The ether extract from the first run was investigated after removal of
the ether by distillation on the steam bath. A 10-ml. sample was refluxed
with an excess of 60 per cent aqueous potassium hydroxide for 3 1/2 hours.

The mixture was cooled and extracted with ether, and the aqueous layer was
neutralized with dilute sulfuric acid producing a cloudy solution, but no
acid settled out.

Since the original ether extract still gave positive aldehyde tests with
both Schiff reagent and methone, a recovery of phenylacetaldehyde was attempt-
ed. Unless otherwise noted, all qualitative tests used for characterization
and identification are those suggested by Cheronis and Entrikin (2).

After removing the solvent from the remaining ether extract, on the steam
bath, the material was charged to a Claisen flask and distilled at L0 mm. of
mercury pressure. Iwo cuts were taken: Cut I (approximately 60 ml.) dis-
tilling at 105 - 135° and Cut II (approximately 30 ml.) distilling at 137-
165°. Both cuts were treated as previously described. No acid was obtained
from Cut I; however, Cut Il yielded approximately 0.2 g. of acid when the
neutralized aqueous layer had stood for 2 days at room temperature.

One of the five runs gave such a poor yield of acid (7 per cent) and
smelled so strongly of ester that extensive esterification was assumed to have
occurred., Therefore, the oily layer from the ether extract was charged to a

500-ml. round-bottom flask containing an excess of 5 N agueous sodium hydroxide



and refluxed for 5 1/2 hours. The reaction mixture was cooled, extracted
with ether, and the aqueous layer was neutralized with dilute sulfuric acid,
whereupon considerable cloudiness was observed. No acid was obtained,
however, even when the solution was concentrated to half its original wvolume
by evaporation and the residue wzs chilled in an ice bath,

Preparation of 4~Phenyl-3-butenoyl Chloride

Of the three common methods for the preparation of acid chlorides, the
thionyl chloride method is the cleanest reaction in that both of the by~
products are gases. Moreover, the phosphorus trichloride and phosphorus
pentachloride methods are not desirable when the acid chloride is to be sub-
Jected to a Rosermmnd reduction, because even traces of phosphorous compounds
either seriously retard or completely mrevent the reduction (41).

Considerable difficulty was encountered in the preperation of the acid
chloride. Tarry products resulted when thionyl chloride was added directly
to the acid, regardless of purity or dryness of the sample or the rate of
addition of thionyl chloride. These results suggested the necessity of a
solvent despite the fact that Linstead and wWilliems (21) have prepared the
acid chloride by the thionyl chloride method with no mention of 2 solvent
being used. The application of heat either during the reaction or during
solvent removal resulted in resinous products. Failure to exclude moisture
rigorously from the system also proved detrimental.

The effect of moisture on the acid chloride was an interesting phenom-
enon of itself. Instead of a recovery of the acid, as might normally be
expected, a white powder was obtained which on repeated reprecipitation from
petroleum ether began to decompose at 108°, This materisl might possibly be



the acid anhydride; however, the fact that it seemed to possess neither a
definite crystalline structure nor a sharp melting point would seem to pre-
clude its being the anhydride.

Petroleum ether dried over anhydrous calcium chloride was found to
function excellently as a solvent. Benszene (thiophene-free) worked quite
satisfactorily also.

The apparatus for the acid chloride preparation was as nearly all glass
as possible. Two 500-ml. standard-taper flasks (A and B) were comected by
means of an elbow and a modified adapter which extended into flask B, Small-
diameter suction tubing comnected the adapter and a 2-liter aspirator bottle
via two drying towers -- the one nearer the aspirator bottle contained .-mesh
anhydrous calcium chloride whereas the one nearer the adapter contained a
m’xture of Drierite and activated alumina. The aspirator bottle was fitted
with a three-way stopcock and an additional piece of glass tubing through
which the aspirator bottle was connected with the rest of the system. One
prong of the stopcock was joined to the water pump, the other was connected
to a calcium chloride drying tower which in turn was opened to the atmos-
phere by means of a thick-walled capillary tube. The following is the pro-
cedure for a typical run:

To flask A were charged 20 g. of recrystallized and desicator-dried
acid, 125 ml, of petroleum ether, and 20 ml. of purified thionyl chloride.
Flask A was then connected to the system and the stopcock was opened to the
atmosphere. The reaction, which was endothermic, was allowed to proceed at
room temperature (29 - 330) with an occasional shaking, or rather swirling,
of the contents of the flask. The end of the reaction was evidenced by the

disappearance of solid acid, cessation of gas evolution, and thermal
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equilibration between the flask and its surroundings. The reaction usually
required about 3 days for completion but this time could be reduced to 36
hours with very frequent shaking of the reaction flask.

The stopcock wes then turned to comnect the water pump with the system
and the solvent was removed at diminished pressure (about 40 mm. of mercury)
at room temperature. After removing the solvent, the stopcock was regulated
so that the pressure of the system was slowly raised to that of the atmosphere.

The acid chloride was always slightly discolored; however, since earlier
attempts at purification were abortive, the flask was weighed, a small sample
was taken for melting point determination, and 30 ml. of purified xylene
were added to the flask, which was stoppered and placed in the ice box until
used.

The acid chloride melted at 39.5 - 41°. Linstead and Willlms (21)
reported a melting point of 42° for the recrystallized product. The yield

of acid chloride seemed to be practically quantitative.



Preparation of 4~Phenyl-3-butenal

Run I.

To a 500-ml., 3-neck, standard-taper flask fitted with hydrogen-inlet
tube, reflux condenser, and Tygon-seal power stirrer were charged 100 ml. of
purified xylene, 3.54 g. of palladium-barium sulfate catalyst, and 35 mg. of
Quinoline-S. (A Tygon-seal stirrer was used in lieu of the customary mercury-
seal hecause mercury is detrimental to the reaction and the high-speed stirr-
ing necessary for samooth operation almost precludes the complete elimination
of mercury from the reaction vessel.) Electrolytic hydrogen, which was first
passed through a Drierite column, was bubbled slowly through the reaction
flask thereby reducing the catalyst and displacing any air in the system. The
solvent was refluxed on an oil bath., After a few milliliters of solvent had
distilled and codistilled any moisture in the system simultaneously, heating
was interrupted and the hydrogen cock was turned off. A solution of 42.2 g.
(0.234 mole) of L-phenyl-3-butenoyl chloride in 100 ml. of xylene was added
through the condenser opening and the condenser was washed down with an
additional 50 ml. of purified solvent. The gas evolution tube was then
assembled. This consisted of a L-foot length of rubber tubing extending from
the top of the condenser to an appropriate length of 3-mm.-bore glass tubing
which extended to the bottom of a 500-ml, Erlemmeyer flask containing 400 ml.
of distilled water and 5 drops of 1 per cent phenolphthalein solution.

The bath temperature was raised to 1h5° and the flow of hydrogen was
regulated so that from 100 to 300 bubbles per minute emerged in the Erlenmeyer
flask. The stirrer was then started. The solution darkened almost instanta-
neously upon bubbling hydrogen through it. (This was characteristic of all
runs.) The bath temperature was raised to 160° and maintained at this
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temperature for about 20 minutes, but was lowered to the initial 143 - 147°
range since the evolution of hydrogen chloride was no more rapid at the
higher temperature.

The cleaved hydrogen chloride was titrated with 5 N sodium hydroxide.
During the first 15 minutes, 5.5 ml. of base was neutralized. The total
hydrogenation time was 10 1/2 hours. Contrary to expectation (17), the end
of the reaction was not evidenced by an abrupt cessation of hydrogen chloride.
The reaction was interrupted when the last partial drop of base was not
neutralized within 2 minutes. The required alkali was 41.7 ml. and was equiv-
alent io 89 per cent of the theoretically cleaved hydrogen chloride.

After cooling the flask, 2 g. of decolorizing charcoal was added and
the reaction mixture was filtered with gentle suction through a2 hardened
filter paper. The darkened solution was not significantly altered by
addition of the charceal.

The solvent was stripped from the reaction mixture by flash distillation
at diminished pressure (17). This was accomplished by arranging a 125-ml.
Claisen flask for vacuum distillation (water pump) with the usual capillary
tube replaced by a dropping funmnel whose stem extended to the bottom of the
flask., The reaction mixture was added at such a rate that an accumulation
of xylene was prevented. This operatlion required approximately 5 hours.
Heating was accomplished by means of an oil bath maintained at a temperature
of 95 - 102°,

After removing the solvent, the bath temperature was slowly raised to
125° quring which time only a small forerun (approximately 10 ml.) of
material smelling strongly of xylene was collected. Heating was interrupted,

the dropping furmel was replaced by a capillary tube, and a vacuum pump was
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comnected to the system. The flask was then heated by a direct flame.
Approximately 15 ml. of light yellow, slightly viscous material was obtained
before decomposition of the reduction products became manifest. Heating was
interrupted at this point. The material which distilled with only slight
discoloration darkened considerably as soon as the vacuum was released.

In attempting to identify the reduction products, the following quali-
tative aldehyde tests were run: Schiff reagent, negative; methone, positive;
phenylhydrazone, negative; 2,L-dinitrophenylhydrazone, negative; semicarbazone,
positive—a few crystals formed but attempts to rid them of the contsminating
0il were unsuccessful. The following qualitative alcohol tests were run:
acetyl chloride, negative; xanthate test, negative.

The reduction material was set aside, and on standing three weeks a few
crystals were formed., After standing an additional week in the icebox,
approximately 250 mg. of crystals separated from the mother liquor. The
mother liquor was decanted and selective solvent extraction was tried on the
crystals without success. Methanol-water, ethanol-water, acetone-water, and
benzene were the solvents used. Finally, a few crystals were placed on a
filter paper and carefully wiped until the contaminating oil was no longer
absorbed. Then the crystals were taken up in 4 drops of methanol, a drop
of water was added, and the test tube was chilled in an ice bath., The re-
sulting crystals were placed on a porous plate, dried in the desiccator,
and the melting point determined, m.p. 84.6 - 86.2°. This value compared
favorably with that of 4-phenyl-3-butenoic acid (21) and the crystals were
suspected of being the acid., The melting point of the prepared amide,

129.2 - 129.7°, as compared with the value 130° listed in Heilbron (16),

confirmed this belief.,
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Run II,

To effect the reduction of small quantities of acid chloride, a differ-
ent type hydrogenator was devised and employed in both Runs II and ITI. The
reaction chamber consisted of a heavy-walled, pyrex test tube of approximate-
1y 100-ml. capacity. The open end was drawn out and to it 2 standard taper
joint was sealed. A piece of glass tubing (/~mm. bore) was sealed inte
the bottom and curved to run parallel with the larger tube. Hydrogen, enter-
ing through the bottom of the reaction chamber, kept the catalyst well
stirred. The apparatus was scrupulously cleaned and dried before using,

To the reaction flask were charged 1.62 g. of palladium-barium sulfste
catalyst and 40 ml, of purified xylene. A standard taper condenser was fitted
into the mouth of the vessel and the solvent was refluxed on an oil bath,
Hydrogen, which was first pessed through a calcium chloride-activated alumina
drying tower, was bubbled through the solution until the catalyst had been
reduced to metallic palladium and approximately L ml. of solvent had dis-
tilled, Heating was interrupted and the hydrogen cock was closed. 1A solu-
tion of 6.2 g. (0.051 mole) of L-phenyl-3-butenoyl chloride in 12 ml, of
xylene was added and the gas evolution tube wes arranged as described in Run
I. The oil-bath temperature wes regulated to 135 - 1L3° and a2 stream of
hydrogen was passed through the solution at such a rate that the catalyst
remained suspended. The evolved hydrogen chloride was titrated with 1,02 N
sodium hydroxide. The required alkali was L4L.2 ml, and was equivalent to
88 per cent of the theoretically cleaved hydrogen chloride. The end of the
reaction was evidenced by an abrupt cessation of evolved hydrogen chloride,
The totsl reaction time waz 190 minutes. No catalyst poison was used in

this run.
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The solvent was removed by flash distillation as described in the
preceding run. The dark brown residue was quite viscous, became semi-solid
when chilled in an ice bath, and was greasy to the touch, Crystals were
observed in the micture; therefore, selective solvent extraction was attempt-
ed on several small portions. Methanol-waler, ethanol-water, acetone-water,
benzene, ether, petroleum ether, and 5 per cent sodium hydroxide were Lried
to no avail. The remainder was divided into two portions.

Part 1 was subjected to a high-vacuum distillation at the mercury pump
(0.65 - 0.35 mm. of mercury). The material refluxed from 150 - 165° but it
would not distill. Continued increases of temperature only resulted in
extensive charring of the wmaterial.

Part 2 was subjected to an extraction with boiling water. The super-
natant layer was pipetted off and upon cooling yielded & wiiite crystalline
product which was slightly contaminated. After two additional recrystalli-
zations from boiling water, approximately 0.5 g. of materlial was obtained
which was identified as L-phenyl-3-butenoic acid, m.p. 86.2 - £6.6%; amide,

m.p. 129.5 - 130°.

Run ITI.

The hydrogenation apparatus described in the preceding run was employed.
The preliminaries were essentially those described therein.

The quantities of materizls used were as follows: 35 ml, of purified
xylene, 3.0 g. of supported catalyst, 20 mg. of thiourea, and 9.2 g. of
h~phenyl-3-butenoyl chloride. The end € the reaction was evidenced by a

rather abrupt cessation of evolved hydrogen chloride. The total hydrogen-
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ation time was 215 minutes. Of the theoretically cleaved hydrogen chloride,
95 per cent was accounted for by titration with standard sodium hydroxide.

Solvent removal was accomplished by flash distillation at reduced
pressure as mreviously described. The dark brown, slightly viscous residue
showed no indication of crystallization even when chilled in an ice bath,

The material was washed twice with 10-ml. portions of 1 N sodium
carbonate and then with three 10-ml. portions of distilled water. The car-
bonate washings were combined and carefully acidified with dilute sulfuric
acid; however, no solid was obtalned wven when subjected to an ice-salt
bath temperature for 6 hours which indicated thaet A-phenyl-3-butenoic acid
was not formed in this run.

The following cualitative tests for azldehydes were run: methone,
positive; semicarbazone, negative; benzidine, inconclusive; and sodium bi-
sulfite, a few crystals separated only after 8 days standing. Both Fehling
and Be_nedict solutions were reduced at room temperature which indicated
the presence of a very easily oxidizable group. The acetyl chloride test
for hydroxyl groups was negative.

The remainder of the reduction material wes charged to a 25-ml.
distilling flask arranged for vacuum distillation. The neck of the [lask
was packed loosely with glass wool. Heat was supplied by 2 Glas~Col mantle.
At 165° and approximately LO mm., of mercury pressure, two drops of water-
white distillate were obtained which darkened and became quite viscous as
soon as the pressure of the system was ralsed to that of the atmosphere.
The preparation of a semicarbagone derivative was attempted on the distil-
late. On standing overnight in the cold, three needle-like crystals

precipitated which were insufficient for a melting point determination.
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The carbonaceous material left in the still pot had a sickening, jasmine
odor which, to the author, is characteristic of partially decomposed aromatic
aldehydes. The glass-wool plug was removed from the flask and subjected to
an 2xtraction with boiling water. A few droplets of reddish-brown oil

were obtained which had a jesmine odor but failed to give a semicarbazone.

Investigation of the Solvent Fractions

The solvent fractions from the hydrogenation runs weore investigated to
determine whether or not a high boiling hydrocarbon had been formed during
reduction, Unfortunately, the solvent fractions from Runs II and III had
been combined previously and therefore could not be investigated separately.

The solvent was charged to a 100-ml. round-bottom flask equipped with
a Snyder 3-ball fractionating column for & rough separation. Most of the
material distilled at 135 - 138°. When distillation ceased in this tempera-
ture range, heating was interrupted. Approximstely & ml. of dark material
remained in the still pot. This was charged to a 10-ml, distilling flask
and the neck packed with glass wool. Three cuts were taken before decom-
position became apparent: Cut I, b.p. 137 - 14,2%; Cut IT, b.p. 140 - 146%3
and Cut III, b.p. 165°. The first two cuts were slightly discolored where-
as the last cut was water white. A total of epproximately 5 ml. of material
was obtained.

The sodium D line refractive indices of the three cuts and the original
solvent were read 2t 27° and compared. They were as follows: purified
xylene, 1.4929; Cut I, 1.5097; Cut II, 1.5155; and Cut III, 1.5185. Since

the trend sppeared favorable, further purification was undertaken.
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All three cuts were combined and charged to a small still pot. Approxi-
mately 10 ml. of n-batyl chthalate was added as a booster liguid. Fractions
were taken on a Todd semimicro fractionating column with spiral column at
742 mn, mercury pressure. Four cuts were taken as follows: Cut I, b.p.

137 - 4% Cut II, b.p. 142 - 145°; Cut III, b.p. 172 - 172.5%; and Cut
IV, ca. 194°. Cuts T and II accounted for approximately 3 ml. of the
original charge; Cut III, 1 ml.; and Cut IV, 0.2 ml,

Cut III seemed to indicate the presence of a high boiling hydrocarbon
in that its odor wee reminiscent of phenylcyclopropane sand it had a2 similar
boiling point (see Table I). The following physical constants were deter-
mined (See Table I for numerical values): refractive index (nD) on the Abbe
refractometer, molecular weight by the vaporimetric mercury displacement
method (14), density with the semimicro pycnometer, znd ultraviolet absorp-
tion spectrum in isooctane on the Beckman DU Model spectrophotometer. The
molar refraction was calculated from experimental data and the Lorenz-
Jorentz equation,

Since the physicel data obtained thus far did not confirm the material
as being a pure compound, Cut III was assumed to be a mixture and treated
accordingly. Previous cqualitative tests indicated the absence of an active
hydroxyl group by means of ceric nitrate reagent and the presence of an
easily oxidizable group by means of neutral permanganate. /An orange pre-
cipitate was given immediately with 2,4~dinitrophenylhydrazine (20) and
when recrystallized from methanol melted at 237°(d.). Both methone and
benzidine reagents gave positive tests which differentiated the carbonyl
as being aldehydic in nature. The semicarbazone was prepared with some

difficulty and separated from the alleged hydrocarbon layer only after
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being chilled in an ice bath overnight. The shiny white platelets were dried
on a porous plate for 4 hours and, without further purification, melted at
213.6 - 214.2° as compared with Heyer's value of 212 - 214° for A-phenyl-3-
butenal semicarbazone (1). Approximately 10 mg. of material was obtained
and this was sufficient for three melting point determinations. CSince the
samicarbazone was the only known derivative of 4-phenyl-3-butenal, it was
decided to attempt the preparation of other well known aldehyde derivatives
end determine their melting points. The 2,4-dinitrophenylhydrazone was
again prepared (20), recrystallized from methanol, and the melting point
determined, 237° (d.), which corroborated the yrevious determination. The
phenylhydrazone was an oil. This was not expected in view of the fact that
the 2,4~dinitrophenylhydrazone had such a high melting point. The methone
derivative melted at 192.8 - 193.2°. The xanthene derivative was prepered
by cyclizing the methone derivative with a drop of concentrated hydrochloric
acid (19). The crude material melted at 202.8 - 203.2° after one recrystal-
lization from methanol,
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Run I.

To a2 200-ml., 3-neck flask fitted with power stirrer, reflux condenser,
and dropping funnel were charged 20 ml, of absolute ethanol and 8 ml, of
hydrazine hydrate. The solution was raised to reflux temperature on an oil
bath and a solution of 2.5 g. of Lf-phenyl-3-butenoic acid in 15 ml. of
absolute ethanol was added dropwise over a period of 65 minutes. Refluxing
wes continued for an additional 3 hours.

The solvent and excess hydrazine were removed by flash distillation at
diminished pressure as previously described. A small amount of dark red,
viscous material resulted. On standing overnight, a small amount of white
precipitate was observed which was insoluble in water and only slightly
soluble in methanol and acetone. The reaction mixture was extracted with
cold acetone and the residue was dissolved in hot methanol and reprecipi-
tated by the addition of a few drops of water, Only a few milligrams of
material was obtalned; therefore, a qualitative nitrogen determination was
run via sodium fusion., The test for nitrogen was negative.

Ifter evaporation of the solvent from the acetone extract, the viscous
material smelled strongly of quinoline. Howev r, the minoline odor van-
ished in approximately 4 hours. The material gave a negative test for

hydroxyl zroup with acetyl chloride.



Run II.

The apparatus described in the previous run was used here. The prelimi-
naries were essentially those described therein. The quantities of materials
used were as follows: 20 ml. of benzene (thiophene free), 3 g. of hydrazine
dihydrochloride, and 4.4 g. of A-phenyl-3-butenoyl chloride in 15 ml. of
benzene,

The hydrazine dihydrochloride was suspended in the benzene, and the acid
chloride solution was added dropwise over a period of 45 mimites. The total
reflux time was 2 hours,

The reaction mixture was cooled and filtered. The precipitate was
extracted with water to remove the unreacted hydrazine dihydrochloride and
filtered. The resulting precipitate was washed with acetone, dried, and its
melting point determined, m.p. 108 - 110° (d.). A sodium fusion was run on
the solid material and then, qualitative nitrogen tests were run on the
alkaline filtrate. These tests were negative.

The solvent was stripped from the reaction mixture by flash distilla-
tion at reduced pressure, and the darkened residue was distilled. Approxi-
mately 2 ml, of 2 colorless oil was obtained which darkened within 15
minutes.

In attempting to determine whether or not cyclization had occurred,
the following qualitative tests for carbonyl group were run: phenylhydrazone,
an o0il resulted; 2,4-dinitrophenylhydrazone (20), an orange precipitate
was obtained which melted at 218 - 221° (d.); semicarbazone, after standing
in the cold for several days a small amount of white precipitate formed

which was insufficient for a melting point determination after recrystalli-



zation from methanol. Both benzidine and methone reagents gave negative

tests and indicated that the carbonyl group was not aldehydic in nature.
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DISCUSSICN

I. The Rosemmund reduction of 4-Phenyl-3-butenoyl chloride

This investigation was, primarily, an extension of the Rosenmund
reduction, The experimental results indicate that the Rosermund reaction
is not a satisfactory method for the preparation of 4-phenyl-3-butenal
from the corresponding acid chlaride, at least not under the conditions
used. The aldehyde was obtained in very small quentity and was isolated
as the 2,/~dinitrophenylhydrazone, semicarbazone, znd methone derivatives.

A. Composition of Cut III (See Table I, page 28)

1. Two maxims of the ultraviolet absorption spectrum of the
fraction containing the aldehyde (Cut III) compared rather favorably with
known values for styrene (26). It is believed that the styryl zroup in
l~phenyl-3-butenal (styrylacetaldehyde) is a plausible explanation for
these maxima, in view of the fact that a methylene group separates the
styryl and carbonyl groups and therefore the latter shquld modif{y only
slightly the absorption maxima of the styryl group or, more specifically,
styrene. The similarity between the Cut III values and those of styrene
is even more siriking when one considers that experimental readings were
taken neither between 280 and 284 nor at 291 millimicrons. However, both
l-phenyl-l-propene and l-phenyl-li-butene would be expected to give very
similar absorption spectra; moreover, it is possible to explain either or
both of these hydrocarbons as products from the Hosenmund reduction of
l~phenyl-3-butenoyl chloride.

2. The boiling point and molecular weight determinations seem

to agree about egqually well with both l-phenyl-l-propene and
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phenylcyclopropane. The cut would not {reeze, although cloudiness was
observed, when subjected to an ice bath for about 1 hour. This wuld not
eliminate l-phenyl-l-propene as a possibility of itself, because the
presence of the aldehyde would not only lower the freezing point of the
solvent but also would make crystallization very difficult indeed.

3. The refractive index, when converted to 20°, gives closer
agreement with that of phenylcyclopropane than l-phenyl-l-propene. It also
gives fair agreement with that of phenylcyclobutane.

4. The molar refraction agrees well with only that of phenyl-
cyclobutane.

5. The density does not agree well with any of the compounds
under consideration; however, the low value may be due to experimental error.

6. The experimental data seem to favor both l-phenyl-l-propene and
phenylcyclopropane as possibilities. The odor of the material would faver
phenylcyclopropane; the absorption spectrum, l-phenyl-l-propene. It camot
be said with certainty which, if either, of the hydrocarbons might be present.

7. Since all analyses were run on a l-ml. constant-boiling fraction,
it was deemed more advisable to attempt the identification of the aldehyde

present rather than the alleged hydrocarbon.
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1. The values for boiling point, density, and refractive index for each of the hydrocarbons
are from Egloff, "Physical Constants of Hydrocarbons" (4).

2. The boiling point of L-phenyl-3-butenal is that reported by Meyer (22).

3. The u.v. absorption spectra values for styrene and phenylcyclopropane are from Robertson,

Music, and Matsen (26).

L. The molar refractions (except Cut III) were calculated from the Auwers-Eisenlohr values

for atomlc refractivities (94).



B. Recommendations

Future work on the Rosenmund reduction of 4-phenyl-3-butenoyl
chloride might include:

1. working at room temperature since the acid a‘hlori.de was
found earlier to be unstable toward heat.

2. operating at slightly reduced pressure. Cinnamoyl chloride
has been reduced satisfactorily at 540 mm. of mercury (18).

3. using solvents such as ether and petroleum ether which could
be removed from the reaction mixture at room temperature and thereby would
minimize the possibility of polymerization., Solvents more volatile than

xylene would also enhance the ease and probability of a clean separation.



II. Reactions with Hydrazine

Had l-phenyl-3-butenal been obtained on a preparative scale, it was
intended to investigate the products obtained from the reaction between the
aldehyde and hydrazine. o ,f -Unsaturated aldehydes are well known to undergo
a condensation-cyclization reaction with hydrazine to yield the corresponding
pyrazoline derivatives. It would be interesting, indeed, to know whether or
not ﬁ , ¥ —unsaturated aldehydes might undergo the same type of reaction to
glve the corresponding pyridazine derivatives. This would tend to explain
the effect, if any exists, of conjugation on cyclization. |

Carrying the analogy & step further, it was decided to react both
L-phenyl-3-buteonic acid and the corresponding acid chloride with hydrazine
separately, and try to determine whether or not cyclization had occurred.

In either case the cyclization product would be the same substituted pyrida-

zone, The anticipated reaction is presented as follows:

gz\ gz\
:CHCH H
#CH ,COC1 - v - ﬁ_g yd i,
+ ————> ! [ [ [
HN C:0 HN COH
HMNIH, \H/ Ny
H
6-Phenylhexahydro- Lactim form

3-pyridazone
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A, Indications of cyclized reaction products

The products obtained from the reaction between L-phenyl-3-butenoyl
chloride and hydrazine dihydrochloride gave positive ketone tests which
indicated that cyclization might have occurred to a small extent. The
condensation-cyelization product would be 6~phenylhexahydro-3-pyridazone,

a compound which has not yet been reported in the literature.

The sulfanilamido derivatives of several of the subsiituted

3-pyridagones have been prepared and found to possess enhanced bacterio-

static activity (12, 13); therefore, the sulfanilamido derivative of this

postulated pyridazone might also be beneficlal as a medicinal,

B, Hecommendations
Further work on this reaction might include:
1. using pure hydraszine which is soluble in organic solvents and
therefore would be likely to improve the yield.
2. varying the temperature to determine its effect on the yield.
3. eamploying the ester in lieu of the acid chloride to determine

whether or not it would undergo the cyclization reaction.
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1. 4~Phenyl-3-butenoic (Styrylacetic) acid was prepared by the
phenylacetaldehyde-malonic acid condensation method suggested by Linstead
and Williams (21). The average yield for five runs was 20 per cent as
compared with the 60 per cent yield reported by them.

2. 4-Phenyl-3-butenoyl (Styrylacetyl) chloride was prepared in
petroleum ether from the acid by the modified thionyl chloride method. It
was found that only by operating at room temperature and in a solvent could
the acid chloride be obtained. An anhydrous system was also necessary. The
yield of acid chloride was almost quantitative under these conditions.

3. The acid chloride was reduced with electrolytic hydrogen using a
palladiu-n-bnriun sulfate catalyst. Reactions were run using Quinoline-S,
thiourea, and no catalyst regulator.

L. A4-Phenyl-3-butenoic acid was obtained when either Quinoline-S
or no catalyst regulator was used. No acid was obtained when thiourea
was employed.

5. A constant-boiling cut (about 1 ml.) was obtained from the
stripped solvent fractions on the Todd semimicro column, This fraction was
suspected of being a hydrocarbon. Its odor was reminisecent of phenylcyclo-
propane. The following physical constants were determined: demnsity,
refractive index (nD), molecular weight, molar refraction, and ultraviolet
absorption spectrum. However, these values were insufficient to establish
the identity of the alleged hydrocarbon present in this cut.

6. L=Phenyl-3-butenal (Styrylacetaldehyde) was isolated as its

derivatives and identified by the melting point of the semicarbazone,



213.6-214.2°,

7. The following characteristic derivatives of 4-phenyl-3-butenal,
as yet unreported, were prepared and their melting points determined:
2,4~dinitrophenylhydrazone, 237° (d.); phenylhydrazone, an oil was
obtained; methone, 192.8 - 193.2°; xanthene, 202.8 - 203.2°. The quanti-
ties of derivatives obtained indicated that the yield of aldehyde was
extremely small,

8. 4-Phenyl-3-butenoyl chloride was reacted with hydrazine
dihydrochloride and qualitative tests were run on the reaction mixture to
determine whether or not cyclization had occurred. The 2,4-dinitrophenyl-
hydragzone was prepared and melted at 218 - 221° (d.). The semicarbazone
was prepared; however, an insufficient amount of material was obtained
for a melting point determination after recrystallization. Both benzidine
and methone reagents gave negative tests which indicated that the carbonyl

group was not aldehydic in nature.
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