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HISTORICAL

Reactions involving the use of lithium aluminum hydride were first
reported before the Symposium on Hydrides and Related Compounds at the
Chicago meeting of the American Chemical Society, September 10, 1946,
The paper which reported these reactions was a joint contribution by Finholt,
Bond, and Schlesinger (1). The reactions of lithium aluminum hydride with
organic compounds was preseated in a series of three papers by Nysirom
and Brown (2) (3) (4).

Lithiwn alwninum hydride, which has the formula LiAlHg4, is one
of a group of complex metal hydrides. It has been described in the literature
as a selective reducing ageat for various polar functional groups. The
following are some of the organic functional groups that are reduced by
lithium aluminum hydride and the reduction products.

Aldehyde Primary Alcohol
Ketone Secondary Alcohol
Epoxide Alcohol

Ester Primary Alcohols
Lactone Diel

Carboxylic acid Primary Alcohol

Anhydride Primary Alcobol



The reducing power of lithium aluminum hydride has been given the
distinction of being called selective, since certain organic groups capable of
reduction are not reduced under normal operating conditions. The following
types are reduced either slowly or not at all: alcohols, ethers, ketals,
carbon-carbon double and triple bonds, diaryl sulfones, and diakyl peroxides.

Reductions with lithium aluminum hydride are usually made in diethyl
ether. Occasionally, when solide of limited solubility in diethyl ether are
encountered, it is convenient to use solvents such as dioxane, tetrahydrofuran,
or n~dibutyl ether. These higher boiling solvents also have been used to
permit the operation of a particular reaction at temperatures above the boiling
point of diethyl ether.

Reductions with lithium aluminum hydride closely resemble conventional
procedures for syntheses using Grignard reagents. As in Grignard syntheses,
the reactions usually give rise to intermediate metal alkoxides from which
the desired products are liberated by hydrolysis. Reactions with the hydride
usually proceed quite rapidly and are relatively free of side reactions. The
principal limitation on yield is the loss entailed in the isolation of the product.

The structure of lithium aluminum hydride has never been determined.
However, it can be assumed to have a structure similar to lithium borohydride
since they closely resemble each other in properties and reactions. X-ray
data on lithium borohydride indicate a polar structure consisting of lithium ions
and borohydride ions (5). So, it is reasonable to assume that in ether solutions,
lithium aluminum hydride exists as ionic groupings of highly solvated lithium

ions and alumino hyﬂride fons.



Reductions with lithium aluminum hydride usually proceed by displace~
ment of a highly electronegative element (O, N, halogen, stc.) and thea the
acceptance of a hydrogen atom at the eleciron deficient center (6). Followed
by coordination of the neutral aluminum hydride or the lithium ion with the
nucleophilic fragment. 5o, it is nﬁamabh to assume that hydrogen is trans-
ferred as hydride in a bimolecular nucleophilic displacement. The following
is an illustration of the reduction of a ketone using lithiwn aluminum hydride
as the reducing agent.

AlHS 4 C = 0 — Ally + HeG-0" 1
At this point in the reduction the alkoxide ion which bas been formed can either
combine with a lithium ion

H-G-0" 4 Li* — H-C-0" ui* n
or coordinate with the neutral aluminwm hydride and form a new fon.

H-G-0" + AlHy —— H-C-0-AlH, m
This new ion can, by a series of bimolecular reactions with additional molecules
of the reactant, be converted as in equations I and II to the following:

H
oo

0

'l 1 i

HeColeAln0-Coll
1 1 1
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Hewever, it can not be stated with certainty that the aluminum hydride that
is formed in the first step of this reaction coordinates with the anions formed
and continues reducing other molecules of reactant by nucleophilic displace-
menis. It bas been observed in the reduction of certain alkyl halides that

it is necessary to add one mole of lithium aluminum hydride per mole of
alkyl halide since the reaction virtually stops after one of the four hydrogens
of the original lithium aluminwm hydride has reacted.

Reductions involving compounds containing nitro groups, sulfoxides,
ete., proceed by a more complicated series of reactions. In these reductions
there is an evolution of hydrogen gas. In reactions of this type a hydrogen
atom combines with a sulfur atom or a nitrogen atom forming an active
hydrogen atom, which is removed by further reaction with the metal hydride.

H
R'C o8 +LiAlHg = R'-C-8-H v
¥ -}
H H OH
R'-G-8-H +AlHg" == R'-C-8-A1°H + H, v
R A &

There is confusion in the literature concerning the reduction of carbon-
carbon double bonds by lithiuwm aluminuwm hydride. Nystrom and Brown cited
the fact that the double bonds, in certain unsaturated compounds, were not
reduced (Z). In their paper they reported that crotonaldehyde was reduced to
erotyl alcohol, methyl oleate was reduced to oleyl alcohol, and sorbyl chioride
Was reduced to sorbyl alcobol. In each of these cases the carbon-carbon
double bond was not reduced. In another paper Nystrom and Brown stated
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that double bonds of aliphatic unsaturated acids, e.g., sorbic acid, were not
affected by lithium aluminum bydride (4). Later, Hochstein and Brown
reported the reduction of the double bond in aityl alcohol under forcing con-
ditions (7). Likewise, upon prolonged refluxing, alpha-ethyl crotonamide

was reduced to beta-ethyl butyl amine (8). However, cinnamic acid, cinnamyl
alcohol and cinnamaldehyde were reduced by lithium aluminum hydridd to
bydrocinnamyl aleochol. This product was obtained if the cinnamic acid, or
cinnamyl alcohol, or cinnamaldehyde, in ether solution, was added to a
solution of lithium aluminum hydride, even, if the reaction was started at
room temperature and never exceeded the boiling point of the diethyl ether
(34, 6°C). However, reduction of the double bonds in these compounds could
be avoided by mixing the reactants in the inverse order, operating the reaction
at a lower temperature, and adding a minimum quantity of the hydride. It
was suggested by Nystrom and Brown that it is characteristic of lithium
aluminum hydride to reduce ethylenic nuclei that are substituted on one side
by a phenyl group and on the other side by a reducible group (carboxyl,
carbonyl, nitro, ete.) (4).

Benedict and Russell carried out the reductions of acetylene dicarboxylic,
propiolic, acrylic and fumaric acids with lithium aluminum hydride at room
temperature (9). According to their results, acids containing triple bonds
such as acetylene dicarboxylic and propiolic were reduced to the corresponding

ethylenic alcohols; acrylic and fumaric acids were reduced to allyl alcohol

*Sufficient LiAlH4 was added to reduce the double bond.



and 2-butene - 1, 4 diol respectively. These results are in disagreement

with the results obtained by Slysh (10). Slysh observed that upon reducing
dimethylfumarate with lithiure aluminum hydride, he obtained the completely
reduced product, butane - 1, 4 diol. The reduction of dimethylfumarate

with lithium aluminum hydride in ether and in tetrahydrofuran at room tem-
perature and in tetrahydrofuran at ice temperature under nitrogen, resulted

in butane ~ 1, 4 diol. Further, fumaric acid was reduced by lithium aluminum
hydride in ether solution according to the procedure employed by Benedict

and Russell. The reduction product in this experiment was not successfully
isolated. This reaction was not repeated by Slysh. Again, fumaric acid

was reduced by lithium aluminum hydride in tetrahydrofuran. The reaction
was carried out in an icu-wn.tm" bath. Care was taken to keep the temperature
of the reaction mixture below 5°C. The reduction product from this experiment
was identified as butane - 1, 4 diol.

Carbon-carbon double bonds have been reported to have been reduced by
lithium aluminum hydride in molecules that do not contain polar functional
groups. An example of this was the reduction of p-bromobenzylidenefluorene
to p-bromobensylfiuorene, which has been reported by Lavie and Bergmann (11),
Several other unsaturated fluorene compounds were reduced by Lavie and
Bergmann, In some of the fluorene compounds which they investigated, there
was: conjugated carbon-carbon double bond unsaturation. With t}un compounds

it was observed that one of the carbon-carbon double bonds was reduced and



the other was not reduced. As example of this is the reduction of 9~
¢lanamylidenefluorens to 9~ cisnamylfluorene. |
Our work has involved the reduction of ceriain alpha~bata unsaturated
carbonyl compounds and the reduction of two compounde that did not
contain alpba-bets unsaturated carbonyls. These compounds that had alpha-
beta unsaturation contained & coujugated carbonyl and carbon-carbon
double bond. Following is a list of the compounds which we reduced:
dimethyl fumarate *
diethylmaleate alpha-beta
unsaturation
chalcone {Benaylidens acetophenone)
4-phenyi ~ 3 butene - 2 ~ one (bensalacetone)
methyl viayl cycio mwn&lmm“‘l '»
no alphs-beta unsaturation
bicycloheptadiene J
The aim of this project was to determine the extent of the saturation of
carbon-carbon double bonds; therefore, the svaporaied concentrates were
titrated for double bond conteat without attempting to isolate separate
products; it was felt that Slysh might have obtained some butens~diol in
his reduction of fumarates, but that his separation technique isolated only

the saturated portion of the products.
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EXPERIMENTAL

1. | R, ent .“#m m Pz«lmm a»(m rous Ether

A single neck, two liter flask, fitted wiﬁt a ground glass stoppered
refluxate take~off and a condenser, was charged with one mole of butyl
bromide (137,), aa squal volume of diethyl ether, and .25 moles of magune~
slam (6g) um reaction was & little sluggish in starting some of the
magnesivwm was broken under the liquid with a stirring rod. If the reaction
#till did not start heat was appiied to the flask by mesns of 3 Glas-col heater,
Once the reaction started an exothermic reaction ensued and it was necessary
to cool the flask with a water bath, When the . 25 moles of magnesiwn had
completely reacted and the flask had cooled sufficiently, more magnesium
was added. This process was continued until one mole of magnesium had
been added to the flask. At this point diethyl ether was added to the flask
until the flask was about three gquarters full.

Whenever anhydrous ether was needed the flask was heated by means
of a Glas-col heating mantle and ihe ether was distilled into an arm on the
take~off and from there it was drained direcily into the reaction flask. The
take~off was positioned between the flask and the condenser.

As the ether in the flask was depleted, more ether would be added
periodically to replenish the supply. When the Grignard reagent lost its
characteristic gray color the solution was discarded and a new solution was
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2. Reduction of Dimethylfumarate and Muquenx* Williamson Sythesis Attempt
A one neck flask that was fitted with a condenser and a magnetic stirrer
was charged with . 125 moles (14. 5g) of dimethylfumarate. A sufficient
quantity of anhydrous diethyl ether was added to dissolve it. In a separate
container 0. 187 mole (7. 1g) of LMI&; was weighed out and to it was added
anhydrous ether. The suspension of LiAlH, in ether was added to the flask
batchwise. The ether in the flask began refluxing everytime a batch of the
LiAlH, suspension was added. After the addition of the last batch, the
reaction was allowed to stir for 72 hours. Then 0. 75 moles (106g) of
methyl iodide was added to the reaction flask in 10 batches, After the addi-
tion of each batch of methyl iodide, the reaction flask was shaken. It was
necessary to shake the flask since the solids formed in the reaction prevented
the magnetic stirrer from agitating the mixture adequately. The ether in
the flask refluxed with each addition of methyl iodide. However, when the
last batch of methyl iodide was added, no refluxing was observed. The
reaction was then permitted to stir for three days. The mixture was filtered
under nitrogen and the filtrate was concentrated by distilling the ether,
Only a fraction of a gram of materials remained behind. An infrared analysis
was made on the crystalline product and the spectrum that was obtained
indicated that no organic materials were present. This material melted at
70-71°C. A red flame test led to an investigation of lithium salts; it was

!oun-d' that Lil* 3H,0 melts at 73°C.

*Prepared by R. Slysh in this laboratory; m. p. B2 6
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The solid material was mixed with water in an attempt to find the
organic products. This was then filtered and the filirate was continually
extracted with chloroform for three days. The chloroform was distilled
from its extract solution and an infrared analysis made oun the small
fraction of & gram of the product. The product showed very liitle hydroxyl
absorption. This spectrum lacked a strong OH" absorption, but showed
2 carbonyl absorptions at 5. 64 microns and 5. 74 microns and ester
absorptions at 8. 75 microns and 8. 54 microns.

3. Reduction of Gimmu;dghydt‘md Subsequent Mwmumm Synthesis Attempt

This reaction was carried out simultaneously with the one just described.

A one neck flask that was fitted with a condenser and a magnetic stirrer
was charged with 0. 10 moles (13, 2g) of freshly distilled cinnamaldehyde.
Anhydrous ether was added to the flask until the cinnamaldehyde was com-
pletely dissolved. In a separate coniainer a slurry of 0. 050 moles (1. 9g)
LiAlHy in ether was prepared. The suspension of LiAlH, was added to
the flask batchwise. With each addition of LiAlH, a vigorous reaction
followed, The reaciion was stirred for 72 hours. After this period 0.2
moles (28. 4g) of methyl iodide was added batchwise to the reaction flask.
When the methyl iodide was added there was no apparent reaction. Again,
it was necessary to shake the flask, since sufficient agitation could not be
obtained with the magnetic stirrer. The reaction was filtered under nitrogen
and then concentrated by distilling the ether. The weight of the ether-

soluble material from this reaction was 10. 67g. The infrared spectrum
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showed some uwareacted cinnamaldehyde to be present (greatly reduced
C=0 absorption at 5, 95 microns). The other absorption peaks were
generally similar to those of chtnmwmﬁ with the exception of a
strong OH" absorption at 2, 96 microns and a medium strength absorpticn
at 9, 17 microns.

4. Reduction of Dimethylfumarate

An apparatus was assembled Mh consisted of a 500 cc. three neck
flask which was fitted with a mechanical stirrer, an extraction vessel in
each of the side arms, with & condanser attached to each of the extraction
vessels. Hach of the extraction vessels contained a platform of sintered
glass on which the LiAlHy or the material to be reduced could be placed.

One extraction vessel was charged with U. 125 moles (14, 5g) of
dimethylfumarate and the other extraction vessel was charged with 0, 25
moles (9. 5g) of LiALIH " The reaction flask was filled to about the half
way mark with anhydrous ether and then the flask was heated causing the
ether to reflux. It was cbserved after a few minutes that the ether was
only refluxing in the sxtraction vessel containing the dimethylfumarate.
~ The beating mantle was uw and the apparatus was disassembled,
Examination of the extraction vessel containing the LiAlH, indicated that
the sintered glass was being plugged with LiAlH, due to its limited solubility

in ether.



In order to overcome this difficulty the reagents were transferred to
two straight glass columns which were loosely plugged with glass wool at
the bottom. The apparatus was reassembled with the glass columns in place
of the extraction vessels and again the flask was heated. The refluxing ether
brought the reactants int:; the reaction flask at a.houtv.tho same rate. After
four hours the reactants were all in the reaction ﬂaﬁ. The mixture was
permitted to stand for 72 hours. Water was cautiously added to decompose
the excess of LiAlH4 and to hydrolysze the salts. The ether layer was care-
fully decanted and found to contain 2. 7g of a material with a very disagreeable
odor. The solids were mixed with more water and then filtered. The filtrate was an
orange-brown color. After continuously extracting the aqueous solution for
10 hours with chloroform, it was found that only a fraction of a percent of
product had been extracted. The agquéous solution was exiracted several times
with chloroform by shaking vigorously in a separatory funmel. Again, the
combined chloroform extracts were found to contain only a frucﬂm of a percent
of product. The sréudt were then mixed with chloroform and permiited to
stand for three days. The material was filtered and again the chloreform was
found to have extracted only a fraction of a percent of product.

The aqueous solution was neutralized with dilute hydrochloric acid.
Toluene was added and the entire mixture was placed in a distilling apparatus.
After the water was completely removed by azeotropic distillation from the
mixture, a sticky amorphous solid remained on the bottom of the flask. The

amorphous solid was found to weigh 8. 05g. The infrared spectrum on this
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material indicated the presence of butane - 1,4 diol and lithium or
aluminum sailts of carboxylic acids.

The product was redissolved in water and extracted with ethyl
acetate. When the ethyl acetate was evaporated it was found to contain
0.17g of material. An infrared spectrum of this material matched the
spectrum of butane~ 1,4 diol fairly closely, the main difference being
that of carbonyl peaks at 5. 70 microns and 5. 95 microns in this spectrum.

The aqueous solution was extracted with other solvents in an attempt
to affect a better separation. Following is a list of the solvents used:

me-cresol
cyclohexane
petroleum ether
ethyl butyl ketone
methyl amyl ketone
isobutyl keptyl ketone
2, 4 pentandione
Nothing was extracted with any of these solvents.

The infrared spectrum of the agueous concentrate showed absorption
peaks found in butane - 1,4 diol (see reference infrared spectra in Union
College Chemistry Department file). Besides these, absorptions were
found at 6. 2, 6.3 and 7.1 microns which are in accord with Bellamy's (13)
{ref. - p. 149, 150) assignment for the carboxylate ions. A flame test on

the aqueous solution confirmed the presence of lithium ions. Absorptions
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at 3,40 and 3.47 microns respectively indicate the presence of CH
and CHj absorptions. Results of titration for unsaturation in this aqueous
concentrate are found in table L

5. Reduction of Diethylmaleate

A 500 cec three neck flask was fitted with a mechanical stirrer, a
glass column in one of the side arms, which contained-a soxhlet extraction
tube, a condenser on top of the glass column, and a dropping funnel in
the other side arm of the flask., The soxhlet extraction tube was filled
with 0. 25 moles (9. 5g) of LiAlH, and the dropping funnel was charged with
0. 125 moles (21. 5g) diethylmaleate, sp.g. 1.0675,refractive index 1.4408
{values of 1,070 and 1.4407 respectively from Lange's Handbook). Anhydrous
ether was added to the flask until it was about half full.

The flask was heated, by means of a heating mantle, causing the
ether to reflux and extract the LiAlH, . At the same time diethylmaleate
was dripped into the flask. It was observed that as the diethylmaleate reacted
with the LiAlH, sufficient heat was generated to cause the ether to reflux.
So, the heating mantle was turned off. The reaction was stirred for two hours
after all of the reactants were in the flask, and then permitted to stand for
72 hrs. Sufficient water was cautiously added next to decompose the excess
LiAlH4 and to hydrolyze the salts. The reaction was filtered. The filtrate
was extracted, in a separatory funnel, several times with chloroform. The
chloroform was evaporated and it was found that none of the product had been

extracted.



The aqueous solution containing the product was placed in a one
neck flask that wase fitted with the necessary distillation equipment.
Toluene was added to the flask and the flask was heated causing the
toluene and water to azeotrope. As the toluene in the flask was depleted,
the heating was stopped and the toluene that had been distilled was
returned to the flask. This process was continued until about all of the
water was removed from the product. It was observed that as the water
was removed a relatively small amount of a crystalline solid was forming
on the walls of the flask., This was assumed to be the water soluble LiOH,
The reaction product was then vacuum filtered to remove the crystalline
solid that was present. Then the filtrate was redissolved in distilled
water and continuously extracted with ethyl acetate. The ethyl acetate
was evaporated. A total of 1. 55g of product was extracted by ethyl acetate.
This would correspond to a 14% yield, if it were pure butane 1, 4 diol.

Its infrared spectrum indicated that it was almost entirely butane 1, 4 diol
(Union College Infrared Spectrum #55-6). There was a trace of carbonyl
absorption at 5. 81 microns.

In order to determine the amount of carbon-carbon double bond
unsaturation remaining in the product, a2 method of titrating double bonds
was adapted from Siggia (12). A summary of the results obtained for this
titration, the titration of reaction products obtained in the subsequent
experiments, and the titration of the unreduced parent cmpawn.. will be

found at the end of the experimental section in table I
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6. Rgduction of Dimethylfumarate

Dimethylfumarate was again reduced in order to obtain enough of
the reduction product for a titration to determine the percentage of
remaining double bonds. The same amounts of reactants were used in
this reaction as were used in the previous reduction of dimethylfumarate.
Essentially the same apparatus and conditions were employed in this
reduction as were used in the previous one. Runlt;u of the titration on
the product of this reaction are tabulated at the end of the experimental
section.

7. Reduction of Chalcone (nausylidono_ Acetophenone)

A 500 cc., three neck flask fitted with a mechanical stirrer and a
reflux condenser was charged with 0. 20 moles (41. 6g) of chalcone and
sufficient ether to dissolve the chalcone. 0.10 moles (3. 8g) of finely
powdered LiAlHy was added to the reaction flask batchwise. As the
LiAlH, was added, no refluxing of the ether was observed. The reaction
was then permitted to stand for 72 hours. At this time, no visible
changes seemed to have occurred. |

A 25 cc. sample of the clear liquid was taken from the reaction flask.
Emu;h water was added to the sample to decompose the excess x.u;m4
and to hydrolyze the product. Dilute hydrochloric acid was added to
neutralize the sample. The ether layer was decanted and the ether removed
by evaporation. An infrared analysis and a titration for double bonds was
made on the sample. These results will be recorded after the next

paragraph,
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The remainder of the mixture in the flask was refluxed for 36 hours,
Sufficient water was then added to just decompose the excess LiAlH, and
hydrolyze the salts. The coantents of the ﬂgﬂk were filtered. The filtrate
was a pale yellow color. Afier -evapa?&tiag the ether it was found that
a nearly quantitative yield was obtained (41. S—glv.

No differences at all were noted beiween the spectra of the early
sample and the hydrolyzed ead product. Both -huwpdltﬂo strong OH"™
absorption at 2. 9 microns. New absorptions appeared at 3.4l and 3,50
microns. The former absorpiion is due to CH, groups which resuit {rom
reduction of the carbon carbon ‘double bond. The original absorptions at
3. 26 and 3. 30 remain (trans and cis CH absorptions respectively at HC=CH
double bond group in the commevrcial mixture of the two), indicating that
double bond reduction is not complete. If the relative intensities of these
two absorptions before and after reduction are significant, it would appear
that the trans isomer is reduced at the double bond to a greater degree than
the cis isomer. The new abaorptiauﬁﬂ 3. 50 microns may be due to the
secondary alcohol CH absorption at C-0-H.

An absorption alsc occurs at 5. 95 microns which is found as a shoulder
in the parent chalcone. This is probably not a carbonyl absorption since the
carbonyl abosrption of the pareat compound oceurs at 6. 01 microns. The
C-0 stretch of the alpha-beta unsaturated alcohol appears in the pa;edwct
at 9.5 micvons (Zeiss & Tsutsui (14} ). A broad absorption shoulder for

saturaied alcohol C~Q abserption occurs at 9. 0 microns,
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Titration data for chalcone and the reduction products are to be found
in table 1 at the end of this experimental section. Neither the parent com-
pound nor its reduction product gave satisfactory titrations by Siggia's method,
either with the HgS8Qy catalyst or without it.

8. Reduction of Benzalaceione {4~phenyl 3-buten 2-one)

A 500 ce., three neck flask fitted with a mechanical stirrer and a reflux
condenser was charged with 0. 20 moles (29. 2g) of benzalacetone and sufficient
ether to dissolve the benzalacetone. 0.10 moles (3. 8g) of LIAlH, was finely
powdered and added to the reaction batchwise. Each time a portion of LiAPH,
was added, the ether refluxed for a few minutes. The reaction was then
permitted to stand for 72 hours.

Just enough water was added to the reaction to decompose the excess
LiAlH, and hydrolyze the salts. The reaction was filtered and the filtrate
was concentrated by evaporating the ether. After weighing the product it was
determined that nearly a guantitative yield (29. 5g) was obtained. Titration
data are to be found in table I at the end of this section of experimental work.

The infrared spectrum of the reduced mixture of benzal acetone
indicated both trans and cis C-H stretching absorptions (3. 36 and 3. 40 microns
respectively). The trans had been the stronger of the two peaks in benzal
acetone, but this relationship was reversed in the reduction mixture. The
C-O carbonyl absorption had disappeared. In the reduction product, carbinol
was noted by O-H absorption at 2. 96 microns and the two C-O stretch
absorptions at 8.9 and 9. 5 microns for a saturated secondary alcohol and the
unsaturated allyl type alcohol respectively. Saturation of the double bond
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was indicated by absorption for CH, groups at 3. 41 and 3. 5 microns
respectively.

9. Reduction of Methyl Vinyl Cyclotetrasiloxane

A 500 ce., three neck flask fitted with a mechanical stirrer and
condenser was charged with 0. 125 moles (43g) of methyl vinyl
tetrasiloxane. Sufficient ether was added to dissolve it. 0. 125 moles
(4. Tg) of LiAlHy was finely powdered and added to the flask batchwise,
The ether did not reflux when the LiAlH, was added to the flask, However,
it was noted that an odor reminiscent of a silane was given off by the
reaction mixture when the LiAlH, was added. After the addition of the
last portion of LiAlH, the reaction was permitted to stand for 72 hours.

When w@ik was resumed on this reaction it was found that all of
the ether had evaporated. The silicone product on the bottom of the flask
was observed to be a waxy solid. Water was added to decompose the
excess LiAlH4 and hydrolyze the salts. Toluene was added to dissolve
the silicone. The entire mixture was then filtered. The toluene solution
was shaken with several portions of water until the solution was neutral
to litmus paper. The mlu;m solution was then transferred to a one neck
flask fitted with a Snyder gplumn. thermometer, and a condenser. After
distillates boiling up to about 115° were removed, it was determined that
7. 8g of product remained in the flask. This corresponds to an 18.1%
yield, Data on the results of the titration of this product can be found at
the end of the experimental section in table Il. The in:t'nrtdr absorption

spectrum of the reduced product shows only three peaks not found in the
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parent methyl vinyl cyclotetrasiloxane, and these are found to be the
strongest peaks of toluene, so are apparently due to traces of toluene,

10. Reduction of Bicycloheptadiene

A 500 cc., three neck flask fitted with a mechanical stirrer and a
condenser was charged with 0. 25 moles (23g) of bicycloheptadiene.
Sufficient ether was added to dissolve it. 0.125 moles {4. Tg) of LIAIH 4
was finely powdered and added to the reaction ﬂui; batchwise. It was
observed tihnt the ether did not reflux when the LiAlH 4 Was added, but
that gas v&u evolved fairly rapidly at each addition. The reaction
mixture was permitted to stand for 72 hours.

When work was resumed, water was cautiously added to the reaction
flask. The reaction was then filtered and transferred to a one neck flask
fitted with a packed column, a thermometer and a condenser. Xylene
was added to the flask as a chaser for the distillation. The flask was
heated and ether began distilling at 36° C. Following the distillation
of the ether, four fractions were collected. The four fractions were

collected over the following temperature ranges:

Estimated Volumes

Fraction 1 41°C - 61°C 10ce
Fraction 2 64°C -~ 70°C See
Fraction 3 87°C -~ 95°C 10ce

Fraction 4 110°C - 125°C l2ce
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The boiling point of the pure bicycloheptadiene is 96° C.

Infrared data indicated the following:

Fraction 1:

Fraction &

Fraction 3:

Fraction 42

This fraction contained mostly ether, since all of the
diethyl ether peaks were found to be present. In addition,
none of the bicycloheptadiene peaks were missing, except
peaks where ether absorptions covered the area and then
lack of absorption might have been noted. Ether CH,
absorptions obscured the presence or lack of reduction of
double bonds in bicycloheptadiene.
Again, ether absorptions were present, although diminished
in intensity. And again, all parent absorptions were

found present. The only new absorption ‘nntod, which was
not found in the parent compound or ether, was one at
5. 6 microns,
Absorptions for ether were now largely lacking except for
possibly trace amounts causing the absorption at 8. 95
microns. Beyond the parent peaks, this fraction showed
absorptions at 5.5, 6.18, 6. 60, 7.42, 8.95 (possibly ether),
9,31, 9. 66, 11. 34, 13.04 and 14. 5 microns.
Rather than list absorptions, it might best be said that all

absorptions fitted those for either the parent compound or

xylene.
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DIBCUSBION

iﬂvayﬂmﬂpaaulﬁiﬁhﬁ.'wﬁﬂﬂtHWlﬁ*hwlmlﬂmrﬁhiiﬁaéﬂﬂ&ﬁmtﬁiﬁfuittu&u
wmemwnmudumumm&ccuumpuuuaﬁdehimmaumaawwmﬁunmaawﬁrw&n. The
majority of the compounds studied possessed a carbonyl with conjugated
carbonecarbon double bond unsaturation. The other two compounds merely
posseassd carbon-carbon double bonds which could have been reducible
ﬂﬂﬁh;ﬁﬁkhwuaumnmnﬁwunalmdhﬂdnw&umrwulmnuuhna;mﬂmaﬁnrnw‘unuunw&e strain,

#@um;gmmn@nuaummﬁhdﬁmutqﬁnuummu by Siysh and by others it was
found that when a diol resulted from the reduction of a particular compound
with lithium aluminum hydride, separation of the diol was difficult. The
poor yield obtained for these reactions has been attributed to the absorption
of the diol on the surface of the Al (OH)y, In an attempt to overcome this
difficuity, a Willlamson Synthesis was tried on the metal alkoxide inter~
gmaduuu;gtihn'ﬁ&dﬂﬁﬂ&tuwmrwﬁndn- The following equations will serve to

explain the abm of this triak

vi

4pCHp-CHz O Lit2CH3I= CH3zO-CHz-CHp CHp CH2-OCHz+2L VI

ﬁhnﬂitwr1¥£uunnmmmntwwuk3yuwhnu&n'nwu&muh.ﬁhﬁ#*uuwwa!nmvt.'Mwmaa;puuamuu

ﬁhl#emmﬂhlbumnuhmmmnoaumu'umﬂnasmnﬁiwuﬂsnwbnra
dinuﬂﬂqﬂﬁwuummumnanmiihmuﬂwhtnqﬂaas1§1ANannag~c,g..a,,@,..&._

However, in the case of

the reduction of
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& product was obtained that was not ether soluble; this fact suggested
that the Williamson type synthesis had not occurred. The lack of
ether solubility of this product pointed to the possibility that an
intermediate different from the expected one, may have been formed.
The mmm could have been a peuﬂm intermediate in m reaction:
~Al we:uran;-cna-mra‘. m-
This intermediate would undoubtedly have very little alkoxide nature
to it and hence would not displace iodide ion from methy! lodide.
Similarly, the lithium ion might have complexed strongly with the
alkoxide ions, preventing an SN, d;tplucmm of jodide jon from
methyl iodide by alkoxide ions. After failing to find any of the product
in the ether layer, water was added to the reaction. The solids were
extracted several thmes with water. Then the water scvlution was
extracted with chloroform and a small amount of material was obtained.
The infrared spectrum of this material indicated two new absorptions
at 5. 64 microns and 5. 74 microns. Reference to Bellamy'' ¥ (5 155 4 163)
suggested the presence of two different types of esters. Alse, two new
absorptions were observed at 8. 5¢ microns and 8, 75 microns. These
would be C+0 stretch absorptions which would be consistent with the
product contalning 2 uuia. mwmr; these frequencies do not
correspond to esters of maleic or fumaric aclds. These ester absorptions
seem to correlate better with the lactone frequency absorptions,
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This suggests the possibility that the reaction produced a small amount

of
H

S ‘g“‘ Iﬁz - CH;
Hjy =0 and = O These are not
C\O/ H; -0

unlikely in small amounts if, for some reason, the LiAlH  was not present
in excess or if the lactone or last of the LiAlH, became tied up in the

Precipitate and was not available for further reaction.

The Williamson Synthesis proceeds according to the following general

e@quation;

RONa + R'I = ROR' + Nal .

From this cquation it might be speculated that had NaBHy been used to
reduce the compound, the sodium alkexide would have been formed, which
upon subsequent treatment with methyl iodide would have undergone the
Williamson Synthesis.

The reduced cinnamaldehyde contained monofunctional alcohols which
would have been ether-soluble. The treatment of the reduction intermediate
with methyl iodide was to check for ether formation. The infrared spectrum
of the ether-soluble product had an absorption at 9. 17 microns, which is
near the aliphatic ether abeorpiion wavelengih (Baltamy“ 3 p. 100).

Since absorptions (based on the spectrum of diethyl ether) have been found

to be so very much stronger than any other peak, this rather weak absorption
in the crude mixture could represent only very small amounts of methyl

cinnamyl ether or methyl hydrocinnamyl ether.
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Furthermore, the strong hydroxyl absorption at Z. 96 microns indicates

that the main producis of this reaction contained alcohol functions.

This led to an investigation of the spectrum for C-O absorption of primal

aleohols. It was noted that the only new absorption was at 9. 17 microns

in the usual range of C-O stretch absorption. Thus, this absorption

which might have been ascribed to ether seems mrc}mly to have been

due to alcohol., Together with the observations for dimethylfumarate,

this would suggest that little, if any, Williamson type synthesis occurred

in this reaction either. CH absorptions and C=C absorptions which

might have indicated the degree of unsaturation in the reduced

cinnamaldehyde were obscured by other absorptions.

In the reaction of dimethylfumarate with LiAIl& followed by

hydrolysis the jnfrared spectrum of the aqueous concentrate seemed

to have absorption peaks of butane ~ 1,4 diel. This is what Slysh found.

However, an abserption at 3. 40 microns (C-H groups) indicate d the

gome unsaturation. That this wase due to butene-1, 4 diol

there was no characteristic absorption at 11. 25

presence of

seeras unlikely since

microns (butene -1, 4 diol; &nion Qalinn Chemistry Dep't. Spectrum

#58-5). Since there Were carboxylate absorption peaks, it seems likely

that some fumaric acid oF gamma-hydroxy buten-2-oic acid was present.
These could account for the C-H absorption at 3. 40 microns.

Titration with promine by the method of Siggia (2) was made on the

ﬁqueéus concentrate and indicated that roughly one tenth of the double
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bonds still remained. The titrgtion was performed on the second reaction

of dimethylfumarate with lithium aluminum hydride. The two titrations

 of the aqueous solution agreed within + .02. However, the parent compound,
dimethylfumarate, indicated on two titrations that it had only about . 4

double bonds per mole, Since the dimethylfumarate was of known origin

and had very good physical constants, this casts some doubt on the validity

of the titration of fumarate esters by this technique. This also leaves some
serious doubt as to the validity of the titration of the reduction products.

It was noted that the fumarate ester titration involved a heterogeneous mixture

(this was not the case in the titration of diethylmaleate, which titrated well).

The titration of the reduction product was on 2 water soluble material.

At any rate, there definitely seemed to be some hydrogenation of the

carbon-carbon double bond. The residual unsaturation was close to that

 found in the reduction product of diethylmaleate.
Reduction of diethylmaleate produced ether insoluble products
which gave about 14% of product soluble in ethylacetate, which was mostly

butane-1, 4 diol as determined by comparison of its infrared spectrum

with that taken on Slysh's butane- 1, 4 diol, The only other product
probable in this reaction, according to the spectrum, seems to be some
unreacted diethylmaleate (absorption at 3. 81 microns); the weakness of the

carbonyl absorption indicates that only Very small amounts of ester are
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present. This yield of butane-1, 4 diol is in agreement with yields
Slysh obtained from reductions of fumarates and maleates.

Titration of the aqueous phase after ether extraction suggested that
the residual unsaturation in the reduction mixture approximated that
ing mixtures from the reduction of dimethylfumarate.

left in correspond

fn this case, however, the titration results were in excellent agreement
Moreover, the pavent compound, diethylmaleate, titrated

99+ . 002). The better titration

{see table I).
close to one double bond per molecule (.

in this case than in the case with dimethylfumarate stems from the

solubility of the former in the titration media wheresas dimethylfumarate
formed a separate phase.

Titrations on chalcone were found to consume too much bromine

with mercuric sulfate catalysti without it, results were too erratic

to trust the titration of this product. It was felt that even though fairly

good agreement was obtained on one set of two titrations, the lack of

agreement of two titrations on the parti
of any determinations made on this reduction

al reduction mixture of chalcone

throws out the validity

mixture. The lack of rcpmducimity may well stem from benzene-ring

bromination m the reduction mixture, 2 substitution reaction of bromine

an addition reaction. However,
that unreduced double bonds were left;

rather than the interpretation of the

infrared leaves little doubt
there were absorptions at 3, 26 and 3.3 microns for CH stretching
absorption, and a C-© stretch at 9. 5 microns for an allyl type secondary
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alcohol. Also, indication of some reduction of the double bonds was
found; absorption at 3. 41 microns, is typical for CH; groupings; also,
a saturated secondary alcohol absorption shoulder was found at 9.0
microns. An interesting fact is that little relative differences in sizes
of these absorptions are to be found between spectra taken of the early
sample of the chalcone reduction and the sample after complete reduction;
reaction then must have been rapid between the chalcone and LiAlH,,
although it did not appear to bave undergone any reaction. The relative
sizes of the 3. 26 and 3. 30 absorptions for trans CH=CH and cis CH=CH
ghift during the course of the reduction, suggesting thattrans has the
more readily reduced double bond. This might have been due to some
complexing of an intermediate in the reduction of the carbonyl with the
pi electrons of the C=C double bond, with subsequent reduction of the
double bond. ‘

As was observed in the case of chalcone, the commercial mixture
of cis and trans benzalacetone showed stronger trans absorption at
. lzﬁ'ml_zcrana, but the reduction mixture showed stronger cis absorption
at 3. 33 microns. This again suggests that the carbon~carbon double
bond is more readily reduced in the trans isomer. The CH, absorptions
at 3. 41 microns and 3. 50 microns are enhanced in the reduced
benzalacetone, the parent showed it because of the methyl group, but
reduction of the double bond led to more C‘i&z type stretching. No carbonyl
absorption was left in the reduced mixture, and the strong OH absorption

was found at 2. 96 microns. That partial reduction of the carbon-carbon
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double bond had occurred was indicated by the C-O stretch of the
alcohol at 8. 9 microns; some double bond was left as iudiai.ted by the
allyl type C~O stretch absorption at 9. 5 microns.

Titration of benzal acetone gave good results for double bond
content, but only when the catalyst, mercuric sulfate, was omitted;
with catalyst, there was apparently substitution of bronime on the benzene
ring. The reduced benzal acetone indicated that about 531‘3% of the |
double bonds remained or that about 47% saturation of the carbon-carbon
double bond had occurred.

Meek, Lorenzi, and Cristol (15) have reported a quantitative
yield when benzalacetone was reduced with lithium aluminum hydride.

The product they obtained was identified as styrylmethylearbinel. However,
they did not perform any quantitative experiments to determine if any
carbon-carbon double bonds in the compound had been reduced.

Titration of the reduction product of methylvinylcyclotetrasiloxane
indicated that none of the carbon-carbon double bonds had been reduced.
This reaction indicates that a vinyl group is not reduced by lithium
aluminum hydride when it is bonded to a silicon atom. The infrared
spectrum indicated that this was only unreacted methylvinyleyclotetrasloxane.
It is apparent from the yield and observations of this reaction however,
that some reaction had occurred between the lithium aluminum hydride
and methylvinyleyclotetrasiloxane. The cyclotetrasiloxane can

polymerize by base catalyst, and, at least in part, this had occurred.
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formmeds An example of re-equilibration is:

£ >
ma\l , | Gy e
0.8 | CHy V
v 's ‘
However, lower fragments would have had hydroxyl groups were it & case
of base hydrolysis when iu contact with water. The likely products from
this would bes |
- CHy ‘imz ?”3

!
Ve 5 - OH and V- 8i-0Bi-V

on b om
However, ail of theve products would have bolling poiats well over 115°,
with cdors of volatile silicone preducts during the reduciion, makes it
mmwmmﬁnwvm-mmamam
MMW@aﬁ-ﬁc These conceivably could have ocourred by hydride



specium was taken s It 1o cheok for Si-H sbsorptions, The (MeVEIOL,
polymer imell can b converied hack 1o telvamar by besting in telusas
with & basic cnialyst, conditions which may well bave saisied in

In the reducilvo of bleycichepiadione the inirared spotits oa
fraciions § and 2 wore of 20 value for interpretation because of the
srasence of diathyl oiher, Thore was sue absorpiion ai 5, § miczens
which could aet be suvibuted W the perent compound or sther| howaver,

fa {raction ) » relatively strouy sbeorptivn as 5. § wicvons indicaies
MaMmea%hMmdmmhMy
st the cause sinas, i the ebsence of siber absurption &t 7. 08 misrons,
MMdmwmwmm»WWWMMwm
wi a viayl growp. Att of the aew abserpilons in {ractien could it
memmmm»mnmmmmmh
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part of the mixture; it would even explaia the absorption at 5. 5 microns.

Such a product might be possible by a rearrangement such as:

H H
S
m: & 2(—\ Hc” \m
‘1 2” + A, l | A, x1
HC. HE . P
@ I +H
‘ CH,

The last fraction showed absorptions which fitted those of either the
parent compound or xylene. It was, therefore to be concluded that the
infrared specira showed nothing definite, but suggested the presence of
some toluene in fraction 3.

Titration data on bicycloheptadiene were very unsatisfactory for
actual results, but gave very consistent results, indicating about 1.4
double bonds per molecule. It is suspected that this may be due to the
impurity of the parent compound. Titration of the fractions was hampered
by volatility of the compound--as regards both weighing of samples
accurately and in ritrating in a system under reduced pressure. The
problem is made more difficult by the other solvents being present in
unknown concentrations. The ‘tkird fraction, which was largely free of
either ether or xylene, gave divergent titration results, which were thus

not to be trusted.
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1. In the reduction of dimethylfumaraie and cianamaldehyde with
lithiwn aluminwn bydride followed by a Willlamson type synthesis,
it appears that the leiter reaction does m occur, This possibly
is due to the fact that an intermediate is formed which pessesses
little alkoxide nature.

2. Butane-1, 4 diol seemns to bave been formed in yields of about 15%
by reduction of diethylmaleate with lithium aluminum hydride.

3. Reduction of double bonds did opcur not only ia dimethyliumarate,
but also diethylmaleate. Reduction of olefin unsaturation was not
complete in these two compounds, but seems o bave been largely
compleie.

L]

4. Reduction of the Gghg-CHsCH-U- system gave some reduction of
double bonds as well as complete reduction of the carbonyl function--
but olefin reduction was not complete. It appears thai, in these
commercial mixtures of cis and trans isomers, trans is slightly
favored for reduction of the double bond.

$, Reaction ocourred with methylvinyleyclotetrasiloxane and lithium
aluminum hydride, but no reduction of carbon-carbon double bonds
occurred. Lass of volatile portions suggests that some Bi-H compounds
may have been formed by reaction with lithium aluminwn hydride and
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