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INTRODUCTION

Sodium borohydride as well aas sodium trimethoxy borohydride

are of spscial interest because of thelilr potential vssefulness

gen, Uranium borohydride and its derivaties are of Interest

because they are the most volatile compounds of uranium except

Previous studies of sodium borohydride, NaBH,, as a reduc-
ing agent by Schlesinger, Schaeffer and collaberators have been
concerned with the application in the fields of inorganic and
snalytical chemistry, but they have nevertheless served to

ndicate the potential value of sodium borohydride in organic
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is. Dr, Saul Chaiken and Dr. W. G. Brown were the first
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two to use sodium borohydride as a reducing agent with organic
compoundsa. They sucecessfully reduced aldehydes and ketones to
their corresponding alcohols (5},

The purpose of the research done for this thesis is to in-
vestizate the reducing power of sodium borohydride with benzoic

acid in the absence of solvents.



HISTORICAL

Synthesis of Sodium Borohydride

Sodium borohydride, NaBH,, was first synthesiZed and identi-
fied by Schlesinger and Brown (14.15,18) from sodium trimsthoxy

borohydride and diborans,

L]

2NeBH (0CH; )z 4+ BgHs = ENaRH, 4 2B{0CHR 7
Sodiuvm trimethoxy borohydride was prepared from sodium
hydide, NaH, and methyl borate,B(0CHz)z (12},

2
This exothermic reaction proceeds with moderate rapidity and
with a great increase in the guantity of the product. It may
be carried cut in the absence of any liquid medium other than
methyl borate itself,

&t high temperature sodium trimethoxy borohydride breaks
down as follows (4)3

4NaBH(OCH,)z = NaBHy +  3NaB(OCHz)4
Gontinued heating with constant evacuation causes the decomposi-
tion of sodium tetramethoxy borate, NaB(OCHz),, to sodium meth-
oxide, NaOCHz, and trimethyl borate, B(OCH5)5°
WaBOCHg), = NaOCH; 4  B(OCHz)gz
Tne residual NaOCHz and NaBH, are separated by the use of

isc

io!

ropyl amine or ammonia, which dissolves sodium borohydride
tut not seodium methoxide (8, 13 j, |

Sodium hydride, NaH, reacts with trimethyl borate, B(OCHgz)z,
or triethyl borate, B(OCQH5)55 without any solvent to give sodium

borohydride (9, 13}.



4NaH 4  B(0CHz)z = NaBHy +  3NaOCH3
It was also observed that sodium tetramethyl borate
reacted with diborane yielding sodium borohydride (9, 17).
| NaB(OCH;), + 2BgHg = G3NaBH; + 4B(0CHz)s
The borohydride may also be nbtained by heating a wmixture of

sodium hydride and boric oxide, BgOz, in a glass vessel at

300P.3500¢ (12},

Pnysical Properties of Sodium Borchydrids

Sodium borohydride is a white crystalline salt. It is
thermally stable. Heated in an evacuated tube, it exhibits no
appaf@nt change at tempsratures approaching 400°% (17, 23},
Zy means of an X-ray powder method it has besen shown that the
erystal structure of sodium borchydride is based upon a face
centerad cubic lattic with the unit cell containing four Na
and four B atoms,

It is very soluble in liquid ammonia and in the lower
aliphatic amines., It is also soluble in water. It is insol-
uble in dioxane, ethyl acetats, tehyl ether, diethyl amine,
and trimethyl amine (9,0}

Tablea of solubility and thermodynamic date are given in

the follewing pagesd.



TABLE T
SOLUBILITY OF SODIUM BOROHYDRIDE
IN SEVERAL SOLVENTS (18)

Solubility

Solvent B,F. °¢  ©°¢ Grams /100 Grams Sclvent:
Liguid Anmmonia =33.5 25 104
Methyl Amine ~ 6.5 ~20 27.¢
Ethyl amine 16.6 17 20.9
N-Propyl Amine 48,7 28 9.6
Isopropyl Amins 34,0 28 6.0
N-Butyl Amine 77.8 28 4.9
Ethylene Diamine 118.0 75 22.0
Cyclohexyl Amine 134.0 28 1.8
Aniline 184,0 75 .6
Pyridine 1156.3 25 3.1
Pyridine 115.3 75 - 3.4
Morpholine 128,53 25 1.4
Morpholine 128,3 75 2,5
Acetonitrile 82,0 28 0.2



TABLE II
THERMODYNAMIC PROPERTIES OF NaBH, AT 25°¢

Entropy = 25,024 cal,/mole=deg. (3}

Bntropy of formation = 51.58 cal./mole-dsg. (3)

e
(&

Heat of formetion = =43.83 % 0,07 keal. /mole (7}
Pree energy of formation = -28,45 kecal/mole (3)

~66,760 cal./mole {2)

[

Internal energy of hydrolysis
Heat of hydrolysis =  -57.0 keal./mole (13}
Density = 1,08 g./ml, {(7)

Spesific heat = 0.85 I 0.1 cal./g. deg. (7)

[

Heat of solution {0.07 molal) in isopropyl amine
=7.6 keal,/mole (13)

fleat of solution (1 molal) in ammonia <= =10 keal./mole

(

13}



Chemical Properties and Reactions.

Hydrolysis of sodium borohydride in cold water is very
slow. Moderately concentrated aqueous solutions at room tem-
perature lose about 10% of their available hydrogen per day and
the ?eactionrbeeomes slower with increasing time. A% 100°C,
sodium borohydride completely reduces water in one or two min-
utes, a fact that is advantageocus when the compound is used
25 a reducing agent in analytical procedures, (12)

Reduction can also be greatly catalyzed by small guanti-
ties of metal salts. Cobaltous 3a1ts*are the moat effective
catalysts. (1g) Thelr reaction has been shown to be due té

formation of a compound Co.B, which is the actual catalyst

- 2
{9,13).
Sodium borohydride reacts with dilute hydrochloric acid

and methanol (18).

NaBH, 4 2H,0 = 4Hy; ¢ NaBOjz

H20
NaBH, + HC1l 4 3Hg0 === NaCl + HzBOz + 4Hg
NeBH, - 4CHzOH = NaB(OCHg), + 4H,

The reaction with methanol proceeds at an appreciable rate at
-40°C. Sodium borohydride reacts quantitatively with boron
flouride stherate to liberate diborane {(18).

 BNaBH, -+ 4BF:0(C Hs), = O3NaBFy 4 2BHg +

4
4{02H5)O

Since sodium borohydride is a very powerful reducing agent, its

reactions can be divided into (1) reactions with inorganic conm-

pounds and (2) reactions with organic compounds.

Qodium borohydride in agueous solution reduces Iron (III)

to Iron {(II), Thallium (IIT) in alkaline solution is reduced



to Thallium (I}. Vanadium {V) as a sulfate is reduced in acid
media to Vanadium (IV). Silver iodide in acid solution is
quantitatively reduced to silver. Manganese. (VII) yields
Manganese (II), Manganese (IV) and Manganese (VI) in acid;

neutral and basic solutions. 1In zcid and neutral solutions,

*

Chromium {(VI) is reduced to Chromium {(III), but no ra:diziion

13

geeurs in alkaline solubion. Molybdenuw (Vi) is raeducsd to
Molybdenum (V) in acid or meutral solution (1il.

Sodium borohydride in water or methanol solution is an

&

sffective reagent for the conversion of aldehydes or ketones
to the corresponding alechols., The reactions occur rapidly at
room temperature in most cases, although occaaionally heating
is required., Reduction of aliphatic aldehydes is carried out in
an aqueous solution of sodium borohydrids: hydrolysis of the
intermediate boron ester takes place concurrently. 1In th@_r@=
duction of arcmatic aldehydes and some of the ketones studied,
subsequent heating with alkali was necessary in order to liber-
ate the alcohols, By means of quantitative observations, it has
been shown that four moles of aldehyde or ketone reacted with
one mole of the berohydride and the course of the reactions may
be formulated as follows: (5)

48,00 < NaBH4 = NaB(OCHRy),

NaB(OCHR2)4 4 2NaOH <4 HOH =~ Na5BO5 + 4RoCHOH

Acia chloridss are reduced to primary slcohols in non

aguecus media., Reaction isa vigorous with aliphatic acid chior-
ides, but aromatic acid chlorides requirs hsating (5},
the enol acetate of cholestencns by sodium

borohydride in methanoic acid solution yielded approximately



75%‘cholesterol° Reduction with lithium aluminium hydride,
using anhydrous ether as the solvent with reaction carried out
in an atmosphere of nitrogen, gave a yield of 35% cholesterol
(6).

Sodium borohydride is an excellent reagsnt far convarting
carbohydrates with a reducing group into the corresponding
alechols (243,

Sodium borohydride has been emplcyed in aqueous solution
to effect the following reductionss D-lyxono-r-lactene to
D-iyzose (or D=-arabitol) D=-glucurcnate and D-galacturcnate
salts to L-gulono-r-lactone, respectively; methyl (methyl-D-
galactopyrancsid)-uronate(l}, it's B=D-anomer and methyl
{methyl-D-glucopy rancsid)-uronate to the methyl pyranosides

of amDagalactose{ 2 ), B-D=galactcse and a-D-glucose, respec-

tively (24,1).

(2)



TABLE III
REDUCTION OF ALDEHYDES AND KETONES
IN AQUEOUS SOLUTIONS (8)

Compound Product % Yiels
Acetonylecetons Hexanediol-2-~5 86
N-Butyraldehyde N-Butanol 856
Chloral Hydrate 2,2,2=trichloroethanol 61
Crotonaldsehyds Crotyl Alechol 85
‘Cyclopentanonse Cyclopentanol 90
Diacetyl Butanediocl=2-3 62
‘Levulinie Acid r-Valerclactons 81
Mesityl Oxide 4=-Methyl-3=pentenol 77

Methyl BEthyl Kstone s=Butancl 87

e



REDUCTION OF ALDEHYDES AND KETONES

TABLE IV

IN METHANOL SOLUTIONS (5}

Compound
Anizaldehyde
Bengzil

w-RBrompacetophenone

Cinnamaldehyds

p=Dimethylamine -

banzaldehyde

m-Hydroxybsenzaldehyde

m=Nitrobensaldehyde

Hydrotenzoin
Styrene bromohydrin

Cinnamyl alcohol

4

Pic
p=Dimethylaminc~

benzyl aleohol

m-Hydroxybenzyl alcohol

m=Nitrobenzyl alcohol

7o lohexyl carbinol

% Yisld

3]
s3]

G0
©

3

Q
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REDUCTION OF ACID GHLORIDES‘(S)

Compound
Benzoyl chloride
n~Butyoeyl chloride
Cinnameyl chloride
Monoathyl succinate
acid chloride
Palmitoyl chlorids

0-Pathayl chloride

TABLE V

Product
Benzyl slcochol
n=Butancl
Hydrocinnamyl aleohol

Butyro lacicne

Cetyl aleohol
Phthalide
Phthalyl alcohol

% Yield
76
81
1z
40

87
49
18

11



TABLE VI
REDUCTION OF SUGARS WITH
SODIUM BOROHYDRIDE {24)

Sugar Acetylated Product % viel
D-Gincose Sorbitol hexazcetate 78
D-Mannose D=Mannitol hexaacetats 92
D=Galacteose Dulcitol hexaacetate 87
LeArabinose L=Arabitol pentaacetate 87.5
D=Xylose Xylitol pentaacetate. 80
D=Fructoas A mixture of sorbitol and

D-Mannitol Hexaacetate 75

Maltose Maltitol nonaacetate 70

i



EXPERIMENTAL

Purification of Sodium Borohydride

Crude sodium berohydride (20 grams, 0.5262 mole) and

500 ml., of anhydrous pyridine were mixed and the solution was
allowed to stand for six hours with occasional shaking. At
the end of the sixth hour, the sodium borohydride-pyridine
solution was filtered by suction using a fine Tritted glass
funnel. The residue was washed with another 200 ml. of an-
nydrous pyridine. The sodium borohydride was precipitated

by adding anhydrous diethyl ether until no more precipitate
separated., The sodium borohydride was collected by suction

using 2 Buchner funnel. It was then placed in a drying pis-

[

tol and dried at 100°C for five hours, using a water aspira-
tor with drying tubes to obtain a partial vacuum. During

the five hours of heatihgs the pistol was occasionally

opensed to remove any pyridine which condensed at the cold

snd of the apparatus. After drying was completed, the pistol
was removed to a dry box. The pure sodium borohydride was
ground in a motar into a very fine powder., It was then

laced in weighing bottles which were stored in a desicca-

]

Heaction of 3Sedium Borohydride and Acetic Acid
Sodium boronydride is a powsrful reducing. agent. Very
vigorous veactions cccur when liquid organic. acids react

with sodium borohydride. To prevent such an instantaneous

reaction, the glascial acetic scid was coolad down to its

13
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freezing point. Nitrogen gas then.flushed.through the
reaction flask before and after the addition of sodium boro-
hydride. Yet, with all these precautions explosions occur-
red, because cf the presence of oxygen. Two runs were per-
formed without any resulits. Hence, it was théen decided to

d.

e

gubstitute benzoic acid in place of the glacial acetic ac

Reaction of Sodium Borohydrids and Benzolc Acid

In these experiments, sodium borohydride was weighed in
a dry bex then placed in the reacting vessel. Al times dur-
he coursa of the sxperimsnts, the benzclz acid weighed
on an ordinary balancs, then transferred into the veacilng

y =sontaining the borohydrids in an atms3apners

The BEffect of Heat Upon Reaction

Sodium borohydride {0.5929 grams, ©.0156 mole) and ben-
zoic acid (3.9223 grams, 0,0321 mole) were thoroughly mixed
in a three neck, round bottle flask in an atmosphere of nitro-
gsn, connscted to the apparatus and then the flask was im-
marsed in a2 wax bath. The tempsrature was raised slowly to
200%C without noticeable change in color. At temperatures
sround 129°-138°C meximum reacticn was noted with vigorous
svoiution of hydrogen gas which sontinuwed for three minutes.
The volume of hydrogen gas collected was 785 ml. at a room
temparature of 29,53°C and at & room Dpressurs of 744,58 mm. Hg.

At the end of the reaction, the solid residue from the

resction was collected in a 600 cec beaker. Two ether extrac-



tions of 100 ce¢ each were carried out in order to separate
unreacted benzoic acid along with benzyl alcohol which might
have formed during the resaction from the bulk of the material.
The ether soluble product was transferred into a distilling
flask and the ether distilled. The residue meltsd at 1282°C
which was the melting point of banzeice acid.

To the esther inscluble materisal was added 30 co ol
approximately 0.5 N NaQH, and refluxed for oune hour zt a
temperature of 100°C. At the end of the refluxing, another
ether sxtraction was carried ocut. The ether soluble pPortion
was transferred intoc a 500 ce¢ Ilask and the ether distilled,
The residue was in too small an amount to analyze.

The amount of sodium borohydride and bsnzoic acid in
gas measurement was found to be vital during the course of
the experiment because of the small size of the gas measuring
burette. Hence five runs were made to determine the best mole
ratio.

Run I = Sodium borohydride (0.2062 grams, 0.0054 mole) and
benzoic acid (1.3555 grams, 0,0229 mole) were thoroughly mixed
in a three neck, round, Standard taper flask in an atmosphere
of nitreogen, and then immersed in a water bath. At a tempera=
ture of 129°C-123°C the reaction reached its maximuim, The

volume of hydrogen gas collected was 160 cc or 0.0064 mole,

A
ot

8 room pressure of 746,58 mm Hg. and. a room. temperature of

e}

0o
o3}
R
O

7 a

Run IT -« Sodium borohydride (1.6140 grams, 0.0425 mole) and

benzoic acid (10.3619 grams, 0.1727 mole) were reacted. At

15
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128°C reaction started with fuming inside the flask. As the
temperature kept increasing up to 133°C the amount of hydrogen
gas evolved was more than the gas measuring burette could hold;
therefore, the three neck, standard taper flask was opened to
release the excess gas, This run was without signifizcance,
Run III - Sodium borohydride (0.4928 grams, 0.131 mole) and
benzolc acid (4.8021 grams, 0.8000 mole) were reactsd., Gas
evolution started at 128°¢ and proceeded up to 142°C, then it
diminished slowly. Tempetrature was raised to 185°C. The
volume of hydrogen gas collected was 445 ml. or 0.0176 mole

at a room temperature of 26,.2°C and at a room pressure of
739.80 mm. Hg.

Run IV = Sodium borohydride (00,5047 grams, 0,0132 mole) and
benzoic acid (4,7253 grams, 0,0787 mole) were reacted. Reection
commenced at 127°C and became vigorous as the temperature kept
increasing to 145°C, and then slowly receeded. The volume of
hydrogen geas collected was 315 ml. or 0,125 mole at a room
temperature of 26,1°C and at a room pressure of 751.80 mm, Hg.
Run V - Sodium borohydride {0.2064 grams, 00,0054 mole)} and
benzoic acid (1.£666 grams, 0.0278 mole) were reacted. The
volume of hydrogen gas collected was 18C ml. or 0.0072 mole

at a room tempsrature of 26.0°C and a room pressure of 750,00

mm, Hg.
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TARLE VII
THE BEFFECT OF VARYING THE MOLE RATIO
OF THE REACTANTS

Run number i I I1T v v
Moles of NaBH, 0.0054 0.,0425 0.0131 0,0132 0.0054
Moles of GgHCOOH 0.0229 0.1727 0.8000 0.,0787 0.0278

Mole ratic of reactants 4,2407 4,0835 6.1069 5.8621L 5,1481
Moles gas evolved 0.0064 0.0176 00,0125 0,0072

Mcoles gas per mole '
boronydride 1.1851 1.3435 0.94692 1,3333
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:Although reaction between sodium borohydride and benzoic
acid:was initiated around 128°C; yet the reactionmnevgr went
to co%mpletiono In these experiments. one should bear in mind
the difference in the melting points of sodium borohydride and
benzcic acid, which was a great obstacle in their reaciion.

In order to be able teo arrive at a final prbductg & series
of runs were carried out, using different mole ratios esach run,
and neglecting the volume of hydrogen gas given off.

Run I - Scdium borohydride (2.0000 grams, 0.0526 mole) and
benzoic acid (12.8021 grams, 0,1049 mole) were mixed in a 500
ce three-neck flask in a nitrogen atmosphere. The flask was
then dipped in a water bath and heat appliad“slowlyo Reaction
started around 128°C. At the end of the reaction three por-
tions of 200 cc anhydrous diethyl ether were used for the
extraction. The ether insoluble portion was hydrolyzed with
200 ¢e of approximately 0.5 N NaOH solution for one hour. At
the end of hydrolysis another ether extraction was made. Ths
regidual ether was distilled. Nothing remained in the distill-
ing flask. The sodium hydroxide solution was retained.

Rupn IX -~ The same amount of reactants as. were Run I was used,
The ether insoluble product was divided intoc two portions. The
first portion was hydrolyzed with 200 cc of approximately 0.5

¥ WalH sclution. The second portion was washed with e¢cld dis-
tilled water of about 4°C. Sodium borohydride is water scluble.
During the washing with cold distilled water about one~-fourth
thé reactant went into solution with foam formation. The

in&ol&ble residue was collected and driedoﬁ This white product
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was ground and a melting point was taken. At 434°C it started
turning gray, without melting. Due to the decomposition of the
material at such a high temperatureg the melting point determi-
nation was stopped.

The hydrolyzed portion was extracted with diethyl sther
and the ether was distilled. The residue had a smell charact-
eristic of either benzyl alcohol cr bensaldeunyde. The residus
was in too small an amount to analyze.
Run IIT - Sodium borohydride (4.2160 grams, 0,.1109 mqle} and
benzoic acid (40,6069 grams, 00,3324 mole) were mixed and heated
to 248°¢, As the temperaturs was increased,. the reaction became
vigoroua. After the reaction subsided, thres sther extractions
were carried out. The ether insoluble product was hydreclyzed
with 200 cc of approximately 0.5 N NaQH solution for one hour.
After the ether was distilled, the residue was found to be yellow
ia color and about. three-fourth of a cc. Odor of the residue
wag very close to that of benzaldehyde., A Beckmann DU Spectro-
pnotometer was used to.determine the type of curve., Cyclo-
hexane was used as the solvent. A similar run, using pure and
kanown benzaldehyde was made.. The two curves. obtained were dif-

srent. This test, so far, explained the absence of benzalde-

Bun IV < Sodium borohydride (2.2698 grams, 0.0598 mole) and
panzoic acid (14.5278 grams, 00,1107 mole) were placed in a three
reck reaction flask; then nitrogen gas was. passed. through for
fifteen minutes. At 128°C the benzoic acid began melting with

the evolution of a gas continuing up to. 145°C. Ether extrac-
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tion was carried out on the residue; using three extractions
of 200 ml. each. The ether soluble portion was transferred
into a distilling flask and the ether distilled from the resid-
ual benzoic acid. The insoluble portion was refluxed for one
and cnhe~half hours with 2000 cc of approximately 0.5 N NaOH
solution., At the end of the one and one-half hours, the solu-
tion was extracted with another three portions of 200 cc sther.
The ether soluble part was put into a distilling flask and the
ether distilled. The yellow colored residue consisted of &
mixture of benzoic acid and either benzaldehyde. or benzyl
alecohol,

The following test was rub for the detection of the
carbonyl radical, that 1s, detection of benzaldehyde: fif-
teen milliters of hydroxylamine hydrochloride reagent asnd 50
ml, of pyridine-bromophenol blue sclution were put in a 250
ml. glassnstoppered Erlenmeyer flask, fitted with a reflux con-

denser. To the solution was added 0.23 cc. of the unknown
material, The resulting mixture was refluxed for two hours.
At the eﬁd of the two hours the solution was cooled to within
5°¢ of room temperature and then titrated with 0.5 N sodiﬁmi

hydroxide in 90% methanol,

P _milliters NaCH x N NaOH x mol,wt. comp.x 100
m‘carbonyl compound = grams sample x 10000

About 4.5 ce sodium hydroﬁide was used without ohénge in color.
More of the 0.5 N NaOH solution was added and still no change
in ¢olor resulted, which meant that the compound was not ben-
zaldehyde, If it were benzaldehyde a definite chaﬁge in célor

should occur and percentage of the carbonyl should have been
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101, 6 £ 1.4 % (21).

Tollen's Test - When the unknown compound was.added. to Tollen's

reagent in a test tube nothing happened. Upon heating, a dark
brown precipitate was formed. No silver mirror formation was
observed on the side of the test tube. When known benzalide-
hyde was substituted,; a silver mirror formation was distiuc-
tively observed on the sides of the test tube. Again the test
for benzaldehyde was negaiive.

Benzidine Test - With known benzaldehyds and some benzidine

in a test tube, the following changes in color were observed:
yellow to red to yellow precipitate. With a sample of the un-
known, the color was yellow. When hsat was applied, ndo pre-
cipitate was formed and the color remained yellow. Once more,
this constituted a negative test for the presence of benzalde-
hyde.

Since tests for benzaldehyde had proved negative, it was
decided to run some experiments for testing for the presence
oif benzyl alcohol.

Run I - Sodium borchydride (2,7569 grams, 0.0725 mole) and
benzoic acid (26,4752 grams; 0.2171 mole) were reacted. The
benzoic acid inside the flask started melting with hydrogen

gas evolving at a temperature of 128°C. Temperature was in-
creased up to 240°C with ne change in color of the reactants,
The ether insoluble portion was refluxed with 200 cc of approx-
imately 0.5 i hydrochloric acid, instead. of sodium hydroxide.
This substitution was made, for fear that, during the reflux-
ing with sodium hydroxide solution, a Cannizaro Reaction might

have taken place. Heat was applied for one hour at 100°¢.,
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At the end of the heating period, the solution was cooled. It
was observed during the cooling process that three layers
formed. In the upper layer was benzoic acid; the second layer
was pale yellow in color, though solid; and the third layer
was liquid,; mostly the hydrochloriz acid solution. The hydro-
chloric acid solution was separated, and extracted with ether.
When the ether was distilled, white crystala were formed.
These were identified as benzoic acid. The second laysr, a
pale yellow solid, was dissolved in ether. The ether portion
was distilled. Near the end of the ether distillation, the
pale yellow sclution suddenly foamed into a semisolid mass.
The melting point of the 5011dnmaterialmwas.the‘saﬁe a8 that
of benzoic acid. |

Run IT = Sodium borohydride (4.2819 grams, 0.1126 mole) and
banzoic acid (68.6140 grams, 0.5624 mole) were reacted, The
ether insoluble material was refluxed with“EOO,cc,of'approxi=‘
metely 0.5 N sodium hydroxide at 100°C for one and one half
hours, At the end of hydrolysis, the solution’was.extraéted
with 200 cec of ether. The ether soluble portion, which was
vellow in coler, was transferred to a distilling flask, and
the ether distilled., A very small amount of a pale yellow
liguid remained in the distilling flask. .The odor was charac-
teristic of benzyl alcohol. Xanthate test for the presence of
alcohol proved positive.

Bun IIT = Sodium berohydride (3.5701, 0.0932 mole) and benzoic
acid f3701529 grams 0.3045 mole) were mixed. Gas evolution

commenced at 133°C, became rapid at 135°C, An ether extraction
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wags performed in three portions of 200 cc each, and the ether
distilled. The residue was hydrolyzed with approximately 1 N
sodium hydroxide solution for four hours. A final ether extrac-
tion was made and the ether distilled, leaving a yellow residue
of about one milliter. The odor was similar to that of benzyl
glcohol, The preparation of an alcohcl derivative cof the un-
knowin compound was attempted, A urethan derivative was mede,
using the following procsdure: ©C.5 cc phenyl isocyanate was
mixed with the unknown compound in a test tube, heated in a
water bath for five minutes and then tranzferred into a flask
full of ice. The solid material formed was purified by means

of carbon tetrachloride, heatsd in a water bath and filtered.
The filtrate was transferred into a 50 cc beaker and immersed

in an ice bath. A precipitate began forming. The precipitate
was collected and dried. It melted around 176°-177°C. In the
literature the melting point of benzyl phenyl urethane was given
as 177°-178°C. This benzyl phenyl urethan derivative served as
a definite positive teat for the presence of benzyl alcohol.

Run IV = Sodium borchydride (2.4931 grams, 0.0656 mole) and
benzoic acid (23.9238 grams, 0.1960 mole) were reacted. Re-

action started around 124°C and proceeded vigorously up to

[}

128°C, From 129°-146°C reaction was slow. At the end of the
reaction, extractions, using 150 cec of ether, each were carried
sut, The ether insoluble solution was put into a flask and
retained, The ether soluble part was tranaferred into a distill-
ing flask and distilled, leaving approximately one milliliter of
2 yellow liquid as residue., Tests proved that once again the

regidue was benzyl alcohol.



Run V - Same mole ratic as run IV was used, that is 2,4931
grams sodium borohydride to 23,9238 grams benzoic acido The
reactants were put in a 250 milliter three-neck round bottom
flask. Nitrogen gas was flushed through for fifteen minutes.
Gas evolution which commenced at 128°C became rapid as tne
temperature increased to 132°C. The sther inscluble matsrial
was refluxed for three and one halfl hours with 200 cc of
approximately 0.5 N sodlum hydroxide solution. The solution
was cooled and then ancther thres ether extractions were per-
formed, again using 200 cc of ether for each. The ether sol-
uble portion was transferred into a distilling flask and the
ather distilled, leaving some yellow liquid as residue. By
means of a Beckmann DIJ Spectrophotometer an ultra-violet
light spectrum was determined for the residue for comparison
with spectrum of an unknown concentraction of benzyl alcohol,
The twe obtained curves were very similar. Cyclohexape was
used as the solvent. This run verified that benzyl alcohol
#es the final product obtalned by the redu@tion of benzoic
acid with sodium borohydride.

Formation of Scdium Tetraborate

During the course.of the experiments, the sodium hydro-
xids solutions after the ether extractions were retained in
Tlasks., These flasks were not numbered sccording to their
runs. About three weeks later, transparent crystals of vari-
sus shapes from triangular to octagonal were observed on one
of the flasks. They were collected and stored in a moisture

free container. The following solubility tests were made on

the crystals. The crystals were insoluble in ether, sodium
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hydroxide, hydrochloric acid, acetone, and pyridine; but
were very slightly soluble in cold water, and moderately
soluble in hot water. Melting points for the crystals
ranged from 76°C to 78°C. An Infra-red spectrum graph was
obtained for the crystals. Since the crystals wers present
in very small amount, however further tests were neglected,
No further crystals formation was noted for awhile. Again,
unexpectedly, some crystals were seen growing in another one
of the flasks (same shapes as the previous crystals). Sol-
ubility tests were the same as before. Melting point of the
crystals was found to be from 76°C to 77°C. Ancother Infra-
red spectrum graph was made,

The following test for the presence of boron in the
srystals was made: one milliliter of 1/24 N hydrochloric
aeid and one milliliter of 10% tumeric solution is added to
2 10 cc sample in a porcelain evaporating dish, and the mix-
ture evaporated to dryness slowly on a water bath. If boron
is absent, the residue will not be pink: if boron. is present,
the pink or rose color may be used for estimation of the
amount by zompariscn with a series of_standards.(ze)° In
this test tumeric paper was substituted for the tumeric solu-
tion. The color of the tumeric paper was. pale yellow before
thetest, and after the test the color turned pink. This test
constituted a positive test for the presence of boron in the
erystals, Melting point of the sodium tetraborate (NaByO,.

EGH?O) in the handbook of chemistry was found to be 75°C (10).

by

Since the results were the same, it was concluded that the

crystals formed were those of sodium tstraborate,
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ISOLATION OF AN INTERMEDIATE FROM THE REACTION
OF SODIUM BOROHYDRIDE AND BENZOIC ACID

Considerations

Due to the fact that the reduction of benzoic acid by
sodium borohydride failed %to yield a large amount of the
final product, it was speculated that some other kind of
reaction was taking place during the course of the experi-
ment, Although the identification of the intermediate was
not of prime interest to this work, yet some preliminary
tests were made in order to study them.

There are two methods by which sodium borohydride and
benzoic acid might react. One of the methods involves the
evolution of hydrogen gas. Equations for the two possible

reactions are:

[}

, \ :
(1} CzHgCOOH < H-B- 06d5m§=oa§n + H

0

i

(2) CgHCOOH + H-B- = 06H5m?=omé»

OH
Compound (2) is essential for the formation of benzyl alcohol0
The intermediate was insoluble in ether, soluble.in hot water
and in het sodium hydroxide solution. It was quite soluble in
oyridine, but slightly soluble in approximately 0.5 N HC1
golution,

Experimental:

Run I = Sodium borohydride (1.0298 grams) and benzolic acid

(6.5907 grams) were reacted. Gas evolutlion was noted at 125°C
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and proceeded vigorously to 135°C, The reacted product was
collected and then followed by two ether extractions, using
200 cc each of ether. The ether insoluble material was dried.
Instead of refluxing with sodium hydroxide solution;, cold
distilled water (4°C) was substituted. Cold distilled water
was used because hydrolysis of the material might occur at a
higher temperature., Upon the addition of the cold distilled
water to the dried ether insocluble product, Toaming of the
material occured with part of it going inte solution. The
water insoluble materisl was dried and a melting point determ-
ination was made. The temperature kept increasing to 460°C
with the following color changes noticed during the course of
heating: white to gray to dark brown. Although such changes
in color were noticed, yet the material did not melt. It
finally decomposed,

Bun II = Sodium borohydride (2.4112 grams) and benzoic acid
(30,8656 grams) were reacted. Gas evolution,commenced at
129005 became,répid 23 the temperature kept increasing to
140°C and then slowly subsided. The product waé.twice ex-
tracted with 200 cc volume of ether. The ether insoluble
portion was dried, then washed with cold distilled water,

end again dried. The material in the capillary tube melted
around 140°C. Such a low melting point could only be accounted
for by tne presence of an excesas.of benzoic acid.

Run III ~ Sodium borohydride (2.3146 grams) and benzoic acid
{14.8109 grams) were reacted. The ether insoluble material

was dried and then washed with coldeistilledwwater (2°¢).
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The solution was found to have a pH 8., The residus was
collected and dried. At a temperature of 262°C part of the
intermediate in the capillary tube melted. Another portion
of the same material was rewashed and a melting point determ-
ination tried again. Temperature incrsased to 4200009 with
the intermediate turning from white to gray. Agsin the
material decomposed. The tempersture could not be raised above
£20°C becsuse the apparatus was not capable of working at
higher temperatures.
Run IV = Sodium borohydride (2,0000 gramsj and benzoic acid
{12.8021 grams) were reacted. The ether-~-insoluble product
was washed with cold distilled water. The water-insoluble
portion was collected and dried. During the melting point
determination the temperature was increased to 434°C where
charing occurred.

From the runs of this experiment, the mixure should con-
sist of two compounds, one of which reacted with water more

readily than the other.

1 - '
- R e - Rl o
(1) E H < HO % H5C6 H ? o) g H5C6 + Hgo
0 0
R o e 7 - et g -
(1) H~$mOgQHSC6 4+ HOH - w?=OH, + C6H5C00Ha
0
, ¢ 7 H
III) <B-H - G- = ~B-0-C-HgC4.
(TIT) ? H 4 HO g H5C6 ? 0 8HH506
¢
: g
{1 ws et ) e 4 = N H ; ?
{1V} ? 0 ? H506 += HOH CGH5CH20H ?
OH

The appsarance of benzcic acid by treating the product of

reaction (I) with water could be accounted for as due to the



v
ease of hydrolysis of the complex Hm§~O~C~H5C6.
n
0
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DISCUSSION

In the early part of this thesis the reduction of sodium
borohydride with other organic compounds in the presence of a
solvent was discussed. The work that was done here with
sodium borohydride was based on the absence of a solvent.
RBesults obtained from this research and the one which pre-
cesded it showed that solvents are not necessary for the
formation of reductive products. In the case of acid chlorides,
auccessful reduction was obtained by employing a suspension
of sodium borohydride in dioxane or other inert sblventu

Direct mixing of the borohydride with acids especially
if the acids were liquids in the presence of air was found
extremely dangerous., Therefore, (1) liquid acids should
always be cooled down to their freezing points. (2) Nitro-
gen gas should be bubbled through. for at least fifteen min-
utes before the addifion of the berohydride and fifteen min-
utss after the addition. (3) A safety screen should always
be vlaced between the worker and the apparatus. (4) The
aodium borohydride mist be well dried and free from moisture.
Fgilure to mest these requirements resulted in poor reaction
if not an explosion.

If during the course of the experiment air was let in,
the white reactants immediately turned gray or black. The

opening of the reaction flask during the experiment was done
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only when (1) too much of reactants were used or (2) when the
condenser was clogged with sublimed benzoic acid.

Reaction between sodium borohydride and benzoic acid
were obgerved to initiate around 1280m15000, and to subside
around 138°-140°¢,

From the reduction of benzoic acid by sodium borohydride,
three products were identified. These were benzyl alaochol,
sodium tetraborate and hydrogen gas. Although some examination
was mede with the intermediates no definite product was {denti-
fied,

The reaction of one mole sodium bérohydride.at s tandard
temperature and pressure should give 89.6 liters of hydrogen
gas., From the results obtained in these experiments wasg estab-

lished the fact that the reduction was net complete.
Na‘BH4 H %—E 4Ho . |
37.817 grams -—p 8,128 grams or 89,6 liters at S.T.F.

-~

5 0,183 grams or 1.287 liters at S.T.F.

0.504 grams
At a temperature of 26.1°9C and at a pressure of 751.80 mm Hg.

~» 1.412 liters of Hgf

0,504 grams
Prom experimental work 0.315 liter of hydrogen gas or 22030%52
was obtained at Zéoloc and at a pressure of 751.80 mm. Hg., If
the veaction were a complete one 1.412 liters of hydrogen gas
would have been evolved. Therefore, the major portion of the
rasction was the reduction of benzoic acid.
There appear to be two possible ways by which.sodium boro=

hydride and. benzoic .acid would reacts
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{
9-C-g
(1) 4C,H_COOH 4 NaBH, = g-5=0-B-0~C~@
5 0 0 Na + 4H,
0=C-¢
H o~gﬁ -0H |
(2) 4C.H_COOH N.BH, = |@-G-0-B=0-C-H-g/| NaT
675 + a4 gHQ]'% bH
H-C-¢
0H

These two complexed would differ upon hydrolysis. The com=

blex from reaction (1) would react more readily with water

than the complex from reaction (2), because it would be easily
hydrolyzed back to benzqic acid,

— -
¢=9=o~é=g=8=¢ wat 4 HOE =  @COOH 4 -B-OH
q :
wmgxo

y No iree aldehydegmélcohol or acid were present in thevefher
insoluble portion of the reaction mixture. On hydrolysis both
benzyl alcohol and benzoic acid were recovered. No aldehyde
was obtained., From complex (2), two routes are possible., An
additional molecule of benzoic acid could react to release
benzaldehyds. The aldehyde would then react rapidly with mofe
borohy drlde to form the reduced complexo The second alternam
1V@ would be an attack by another borohydride on complex (2)3
ﬁhuﬁ veducing the aldol to the alcohol complex. In any eventg
the alcobwl is preoduced only after hydrolysis.

The action of sodium borohydride on orgenic acids in the
&Esemce of a solvent follows the same pattern as reduction in
the presencs of solvents on all compounds except amides. It
1s now known that with amides the Péduction products are formed

directly.



The mechanism for the formation of sodium tetraborate-
NaZB4O7OlOH20w from the remnant sodium hydroxide solution is
unknown and leaves a field for further investigation.

The identification of the intermediates remains doubtful

in spite of all of the efforts dirscted to this end.
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SUMMARY

Sodium boronydride and benzoic acid were reacted in the
absence of solvent. Thres products were 1soclated and identi-
fied. These wers (1) benzyl alcohol, (2) hydrogen and (3)
sodium tetraborate, The alcohol was obtained only after
bydrolysis of the reduction mixturs.

Mechanism for the reaction of sodium borechydride and
benzoic acid have been postulated for the formation of the
two possible complexes. One of these complexes reacted
readily with water giving back benzoic acid. This complex was
easily hydrolyzed, The mechanism whereby the other complex
gives benzyl alcohol upon hydrolysis has not yet been fully
slucidated, Likewise, the mechanism for the formation of

sodium tetraborate ia still unknown,
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APPENDIXES

I. Spectra of Benzyl Alcohol and Unknown using Beckmann
Spsctrophotometer, Model DU,

II. Infrared Spectra of Sodium Tstraborate.
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