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INTRODUCTION 

Sodium borobydride as well as sodium trimetboxy borobydride 

are of speaial interest because of their potential usefulness 

as reducing agents and as sources for the generation of hydro

gen. Uranium borobidride and its derivaties are of interest 

because they are the most volatile compounds o-r uranium- except

the hexaflourides {12). 

Previous studies of sodium borohydride, NaBH4 , as a reduc

ing agent by Schlesinger, Schaeffer and collaborators have been 

concerned with the application in the fields of inorganic and 

analytical chemistry j but they have nevertheless served to 

indicate the potential value of s.odium borohydr:i,.de in organic 

synthesis. Dr. Saul Chaiken and Dro Wo Go Brown were the first 

two to use sodium borohydride as a reducing agent with organic 

compounds. They successfully reduced aldebydes and ketones to 

their corresponding alcohols (5). 

The purpose of the research done for this thesis is to in

vestigate the reducing power of sodium borobydride with benzoic 

acid in the absence of soiventso 
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HISTORICAL 

Synthesis of Sodium Borobydride 

Sodium borobydride, NaBH4 , was first synthesized an~ identi

fied by Schlesinger and Brown (14~15,16) from sodium trimethoxy 

borohydride and diborane. 

+ = + 2B(OCH3)3 

Sodium trimetboxy borohydr.ide wa.s prepared from sodium 

bydide9 NaHs and methyl borate9B(OCH3)3 (12), 

Na.H f B (OCH3 ) 3 :: NaHB (OCH3 ) 3 

This exothermic reaction proceeds with mo.dera te rap1di ty and 

with a great increase in the quantity of the product. It may 

be carried out in the absence of any liquid medium other than 

methyl borate itselt. 

At high temperature sodium trimetboxy borohydride breaks 

down as follows (4): 

4Na.BH{ OCH3 ) 3 + 
Continued heating with constant evacuation causes. the decomposi

tion of sodium tetramethoxy borate, NaB(OCH3 ) 4 , tQ sodium meth

oxide, NaOCH3 , and trimethyl borate 9 B(OCH3 ) 3 • 

NaB (OCH3 )4 - N&OCH3 t B(OCH3)3 

The residual NaOGH3 and Na.Bff4: a.re s apa.ra. ted by the use of 

isopropyl amine or ammonia.I) wbich dissolves sodium borobydride 

but not sodium methoxide (8» 13 ). 

Sodium hydride 9 NaH 9 reacts with trimethyl borate, B{OGH3)3, 

or trietbyl borate» B(OG2H5 )3 .11 without any solvent. to give sodium 

borohydride (9p 13). 

2 



4NaH + = + 3NaOCH3 

It was also observed that sodium tetrametbyl borate 

reacted with diborane yielding sod tum borohydride ( 9, 17). 

NaB(OCH3 )4 + 2B2H6 ·~ 3NaBH4 + 4B(OCI-I3 )3 

rehe <borobydride may also be tained b11· 
" 

hes. ting B. m:txtu.re 

sodium hydride and borio oxide, B203 , in a glass vessel at 

3oo0 "35o0 c C1i), 

Sodium borohydr•ide is a white crystalline salt~ It is 

thermally stable. Heated fn an avacuated tube, it exhibits no 

apparent cbange at temperatures approaching 400°c (17, 23). 

rneans an X-ray powder method it bas been shown that the 

crystal structure of sodium borohydride is based upon a face 

centered cubic lattic with the unit cell containing four Na 

and four B atoms. 

It ls very soluble in liquid ammonia and in the lower 

ali.pbatic amines" It is also solubl!3 in watero It is H:isol= 

uble in dioxane, ethyl acetate, te~yl ether, diethyl amine, 

trimethyl amine (9,J) 

'rables of solubilj_ty and thermodynamic date are given in 

the following pageBo 
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TABLE I 

SOLUBILITY OF SODIUM BOROHYDRIDE 

IN SEVERAL SOLVENTS (18) 

Solvent Bo P. oc o,.. 
V Grams/100 

Liquid Ammonia =33o3 25 

Methyl Amine - 6.5 -20 

Ethyl amine 16.6 17 

N-Propyl Amine 48o7 28 

Isopropyl Amine 34.0 28 

N-Bu tyl Amine 77.8 28 

Ethylene Diamine 118.0 75 

Cyclohexyl Amine 134.0 28 

Aniline 184.0 75 

Pyridine 115.3 25 

Pyridine 115.3 75 

Morpholine 128.3 25 

Morphollne 128.3 75 

Acetonitrile 82.0 28 
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Sol~bili ty 

Grams Solvent: 

104 

27.6 

20.9 

9.6 

6.0 

4.9 

22.0 

1.8 

006 

3.1 

3.4 

1.4 

2.5 

0.9 



TABLE II 

THERMODYNAMIC PROPERTIES OF NaBH4 AT 25°c 

Entropy ;:;: 25,02-4 caL/mole-deg. (3) 

Entropy of formation :: 5lo58 cs.lo/mole-deg. (3) 

Heat of formation : =43.83 ± 0.()7 kcaL/mole (7) 

Free energy of formation :: -28.45 kcal/mole (3) 

Internal energy of hydrolysis 

Heat of hydrolysis = =57.0 kcal./mole (13) 

Density ~ LOS g.,/mL (7) 

Spec :i.fic heat o,, 1 ca.la /g. dego (7) 

Heat of solution (0.07 molal) in isopropyl amine 
=7.6 kcal~/mole (13) 

Heat of solution (1 molal) in ammonia -= =10 kcal./~ole (1~) 
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Chemical Properties and Reactions. 

Hydrolysis of sodium borohydride in cold water is very 

slow. Mod~rately concent;rated aqueous solutions at room tem

perature lose about 10% of their available hydrogen per day and 

the reaction becomes slow,r with ~.ncreasing time • .At 100°c, 

sodium borohydride completely reduces water in one or two min-

utes, a fact that is advantageous when the compound is used 

as a reducing agent in a.n!llytl.cal procedures. (12) 

Reduction can also b~ greatly catalyzed by small quanti

ties of metal saltso Cob~ltous salts a-re the mo.st effective 

catalysts" (19) Their reaction has been shown to be due to 

formation of a compound Co 2B» which is the actual catalyst 

( 9 J 13) 0 

Sodium borobydride r~acts with dilute hydrochloric acid 
•/ 

and methanol (18). 

NaBH4 .t 2H20 - 4H2 t NaB03 -

6 

Na.BH4 t HCl + 3H20 
H20 

NaCl + H3B03 + 4H2 
_,_ 

NaBH4 + 4CH3 0H = NaB(OCH3 ) 4 + 4H2 

The reaction with meth~nol proceeds at an appreciable rate at 

=40°Co Sodium borohydride reacts quantitatively with boron 

flouride etharate to liberate diborane (18). 

3NaBH4 + 
4(C 2H5 )0 

4BF3 ~o(C 2H5) 2 3NaBF4 + + 

S16ce sodium borobydride iS a ve~y powerful reducing a.gent 9 its 

reactions can be divided into (1) reactions with inorganic com

pounds and (2) reactions with organic compounds. 

Sodium borohydride in aqu.eous solution reduces Iron (III) 

to Iron (II). Thallium (III) in alkaline solution is reduced 



to Thallium (I}o Vanadium (V) as a sulfate is reduced in acid 

media to Vanadium (IV)o Silver iodide in acid solution is 

quanti t!1 ti ve ly reduced to silver. Mangane.se. {VII) yields 

Manganese (II) 9 Manganese (IV) and Manganese (VI) in acid9 

neutral and basic solutionso In acid and neutral solutions$ 

Chromiupi (VI) is reduced to Chromium (III)$ but no :r. ... ~<r1wcinY1 

occurs in alkaline solution" M;ilybdenm11 (VI) iEL radu.cad to 

Molybdenum (VJ in acid or neutral so~1ti~n (11). 

Sodium borobydride in wa.te:r or methanol. solution is a.n 

effective reagent for the conversion of aldehydes or ketones 

to the corresponding alcohols. The reaction~ occur rapidly at 

room temper•atu1"e in most cases 9 altb.ough occasionally heating 
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is requiredo Reduction of aliphatic aldehydes is carried out in 

an aqueous solution of so.dium borohyd:ride;: hydrolysis of the 

i.ntermediate boron ester takes place concurrently. In the re= 

dnction of aromatic 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.11 it has 

been shown that four moles of aldehyde or ketone reacted with 

one mole of the borohydride and the course of the reactions may 

be formulated as follows~ (5) 

{R2CO + NaBH4 

NaB(OCHR2 ; 4 + 
= NaB(OCHR2 )4 

2NaOH + HOH . = Na3B03 t 
A0id cbloI·ides are reduced to primary alcohols in non 

aqueous media. Reaction is vigorous with aliphatic acid chlor= 

ides 9 but aromatic acid chlorides require heating (5) o 

Reduction of the enol acetate of chol.e.s.tenone by sodium 

borohydride in methanoic acid solution yielded approximately 



75% c holes tero 1. Re due tion with lithium alumin lum hydride J 

using anhydrous ether as the solvent with reaction carried out 

in an atmo"'Sphere of nitrogenj) gave -a yi-eld of 35% cholesterol 

Sodium borohydride is an excellent reagent fo~ ccnvarting 

carbohydrates with a reducing group into the corresponding 

alcoholti (24) o 

Sodium borohydride has been employed in e.queous solution 

to effect the following reductions: D-lyxono-r-laotone to 

D·~lyxose (or D=arabi tol) D=glucuronate and D=ga.lacturonate 

salts to L=gulono=1"'=lactone Jl respectively~ methyl (methyl=D·~ 

galactopyranosid)-uronate(l), it's B-D-anomer and methyl 

(methyl=D=glucopy ranosid)=uronate to the methyl.pyranosides 

a=D=galactose( 2 L B=D=galactose and a,=D=glu.cose 9 respec-

8 
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TABLE III 

REDUCTION OF A.LDEHYDES A.ND KETONES 

IN AQUEOUS SOLUTIONS (5) 

Compound Product 

Ac et:onylac:,i::1toue Hexanedio1°~2-5 

N = Bu tyra.1d a hyd e N=Bt.1tanol 

Chloral Hydrate 2,2,2-trichloroetbanol 

Ci-•otonaldehyde Ot-otyl Alcohol 

'Cyc lopentanone Cyc lopentano 1 

Diacetyl Bu tanedio 1=2=3 

·Levulinie A.cid r=Valerolactone 

J.\'1esi tyl Oxide 4=Methyl=3=pentenol 

Methyl Ethyl Ketone s=Butanol 

9 

% Yi•ald 

86 

85 

61 

85 

90 

62 

81 

77 

87 



T.A..BLE IV 

REDUCTION OF ALDEHYDES AND KETONES 

IN :METHANOL SOLUTIONS (5) 

Compound 

1\nisaldeb.yde 

Benzil 

w=Bromoacetophenone 

C.1 r.mama ld e hy(h:; 

Dicyclohexyl ketone 

p-,Dimethylamino

benza ldebyde 

Product 

A.nisyl alcohol 

Hydrobcmzoin 

Styrene bromohydrin 

Cinnamyl alcohol 

Dicyclohexyl carbinol 

p=Dimethylamino

benzyl a le oho 1 

'I, Yield 

96 

89 

71 

97 

88 

96 

m=Hydroxybenzaldehyde m=Hydroxybenzyl alcohol 93 

m=Ni trobenza.ldehyde m=Ni trobenzyl alcohol 82 
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T!BLE V 

REDUCTION OF ACID CHLORIDES (5) 

CcHnpound 

Banzoyl chloride 

n=Butyoyl chlorid~ 

Clnnamcyl chloride 

Monoetbyl succinate 

a.cid c;bloride 

Palmitoyl abloride 

0-Phthayl chloride 

Product % Yie 

Benzyl alcohol 76 

11=Butanol 81. 

Hydrocinnamyl alcohol . 12 

Bu ty:rol:s.c tone 40 

Cety1 aloobo 1 

Phtbalide 

Pbthalyl alcohol 

87 

49 

15 

11 



Sugar 

D=Glu.cose 

D=Galactose 

L=.f\rab:tnose 

D=Xylose 

D=Fructose 

Maltos a 

T.I\BLE VI 

REDUCTION OF SUGARS WITH 

SODIUM BOROh'YDRIDE ( 24) 

Acetylated Product 

Sorbitol bexaacetate 

D=Mannitol hexaacetate 

Dulcitol hexaacetate 

L=Arabitol pentaacetate 

Xylitol pantaacetate 

A mixture of sorbitol and 
D-Mannital Hexaaoetate 

Maltitol nonaacetate 

12 

ot 70 Yield 

78 

92 

87 

87o5 

80 

75 

70 



EX PER IMEN T.A.L 

Purification of Sodium Borohydride 

Crude sodium borohydride (20 grams 9 0.5262 mole) and 

500 rnL of anhydrous pyridine wer•e mixed and the solution was 

allowed to stand for six hours wltb occaaional .. shaking. At 

end the sixth hour, the sodium borohydride-pyridine 

solution was filtered by suction t.:.sing a fitrn f'ritted glass 

f'unnel. The residue was washed •11itb another 200 mL of an,~ 

hydrous pyrj_dine .... The sodium borohy.drlde was prec ipi ta. ted 
" 

by adding anhydrous diethyl ether un ti 1 no. more precipitate 

separated~ The sodium borohyd.ride was colLected by suction 

using a Buchner funneL It was then placed in a drying pis-

land dried at 100°c for five hours, using a water aspira-

tor wi tb. drying tu.bes to obtain a partial vacuumo During 

t five hours of heating, the pistol was occasionally 

opened to remove any pyridine which condense~ at the cold 

,end of the apparatus" .After drying was completed., the pistol 

was removed to a dry bo:x. The pure sodium borohydride was 

nd in a motar into a very fine powdero It was then 

ed in weighing bottles which were stored in a dasicca-

of Sodium BorobJ!Eride and Acetic Acid_ 

Sodium borohydride is. a powerfu.l redw:.dng agent., Very 

·t/ oro1..1s I"ea.ctions occur when 15_qu"id __ .or.g.anic .. acid.s react 

th sodium borobydride. To prevent such an. instantaneous 

r,':lac tlon 9 the glacial acetic acid was coo led down to its 
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freezing pointo 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 of the presence of oxygen. Two runs were per-

formed without any results. Hence,, it was then decided to 

substitute benzoic acid in place of the glacial acetic acid. 

ReactioQ._of_l:\od:!R~~ride a~d Benzoic Acid 

In these experiments, sodium borobydride was weighed in 

a dry box than placed in the reacting vessel. At times dur-

the axperimentsj the benzoi~ acid weighed 

on an ordinary b&laace, tben transferred into the reacting 

vessel already containing the hydride in an atmosphere 

1l1he Eff,eHJJt of Heat llpon Reac t:ton 

Sodium borohydride (0.5929 grams, 0.0156 mole) and ban

zoic aaid (3.9223 grams, 0.0321 mole) were thoroughly mixed 

in a three necks round bottle flask in an atmosphere of nitro-

9 0-or:insated to -the apparatui.'3 and then the flask was im= 

mersed in a wax bath, The temperature was raised slowly to 

200°c without noticeable change in color. At temperatures 

('iU"otu1cl 129°=138°C ma:ximum reaction was noted with vigorous 

,3,.r:e tion o.f hydrogen gas whic, h continued for three minutes. 

vo lum:£: o:f hydroget1 gaB collected was 785 mL at a l"oom 

temperature of 290 53°C and at a room pressur,e of 744 o 58 mmo Hg. 

At the end of the reaotion 9 the solid residue from tbe 

1:--eaction was collected in a 600 cc beakero Two ether extrac-

14 



tions of 100 cc each were carried out in order to separate 

unreacted benzoic acid along with benzyl. alcohol which might 

have formed during the reaction from the bulk .of the material. 

The ether soluble product was transferred into a distilling 

flask and the ether distilled. The residua melted at 122°c 

which was the melting point of benzoic acid. 

To tbe ether insoluble material was added 50 cc nr' 

approximately O. ti N NaOHs and refluxed foi• one hour at Et 

temperature of 100°c. At the end of tb.e refluxing 9 another 

ether e.xt:i:•action was carried ou.L The ether soluble portion 

was transferred into a. 500 cc r-iask and the etheP distilled. 

1rne res:ltdue was in too small a.n a.mount to analyze" 

rrhe a.mount of sod h"1.m borohydride and benzoic 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 

r·atioo 

I= Sodium borohydride (0.2069 grams, 0.0054 mole) and 

banzoic acid (1.3555 grams, 0.0229 mole) were thoroughly mixed 

in e. th:r•ee nee k ~ round p standard taper f l~u:1k in an a. tmos phere 

nitrogenp and then immersed in a water bath. Ata tempera= 

re of' 129°C""123°C the reaction reached i.ts. maximum. The 

volume of hydrogen gas collected was 160 c . .c or 000064 mole~ 

at a room pressure of 7460 58 mm Hgo and a room .. temperature of 

Hun II= Sodium bo;r:ohydride (L6140 grams~ 000425 mole) and 

~enzoie acid (10.3619 grams~ 0.1727 mole) were_~eactedo At 

15 
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12a0 c reaction started with fuming in.si_de th.e .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 9 standard taper flask was opened to 

release the excess gas. This ru.n was. without signif1eance. 

Run III - Sodium bor6hydride (0.4928 grams, 0.13.1 mole} and 

benzoic acid (4.8021 grams 9 0.8000 mole) w0re ~eacted. Gas 

evolution started at 12s0 c and.proceeded up to 142°C/J then it 

diminished a lowly. Temperature was rai.s ed to 195°0. . The 

volume of hydrogen gas collected was 445 ml. or. Oa0176 mole 

at a room temperature of 26.2°c and at a room pressure of 

739.80 mni. Hg. 

Run IV = Sodium borohydride (Oa5047 grams 9 0.0132 mole) and 

benzoic acid (4.7253 grams 9 0.0787 mole) were reacted. Reaction 

commenced at 127°c and became. vigorous as the tempera t1,1re kept 

increasing to 145°c.l) and then slowly receededo The volume of 

hydrogen gas collected was 315 mL_ or Oo 125 mole at a room 

temperature of 26oi0 c and at a room pressure of 751.80 mmo Hg. 

Run V = Sodium borohydride (002064 gramss 0.0054 mole) and 

benzoic acid (1.6666 grams,, 000278 mole) were reacted. The 

volume of hydrogen gas collected was 180. mL or 000072 mole 

at a room tempera-ture of 26. o 0 c and a room pres_s.ure of 750. 00 
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TABLE VII 

'Tb'E EFFECT OF VARYING THE MOLE RATIO 

Run number l II III IV V 

Moles of NaBH4 Oo. 0054 Oo 0-425 Oo 0131 o. 0132 000054 

Moles of c6n5COOH 0.0229 001727 Oe8000 Oo 0787 0,, 0278 

Mo le ratio of reactants 402407 400635 601069 509621 5. 1481 

Moles gas evolved· 000064 000176 000125 0.0072 

Moles gas per mole 
borohyd1 ... ide l, 1851 L3435 0.9469 103333 



Although reaction between sodium borobydrids and benzoic 

acid was initiated around 128°0 9 yet the reaction never went 

to cdmpletiono In these experiments one should bear in mind 

the difference in the melting p~ints of sodium borobydride and 

benzoic acid 9 which was a great obstacle ir1 their rf)&r:"'..:iono 

In order to be able to arrive at a final product, a series 

of runs were carried out 9 using different mole_ ratios each run~ 

and neglecting the volume of hydr.ogen_gas given off" 

Run I - Sodium borohydride (200000 grams, 0.0526 mole) and 

benzoic acid (12.8021 gra.ms 9 0.1049 mole) we1~e mixed in a 500 

cc three-neck flask in a nitrogen a. tmos phere •- The flask was 

then dipped in a water bath and heat a.pplied. slow.l_yo Reaction 

started around 120°c. At the end of the reaction three por

tlons. of 200 cc anhydrous diethyl ether were used for the 

extraction~ The ether insoluble portion was hydrolyzed with 

200 cc of approximately 0.5 N NaOH solution for one bouro .At 

the end o.f hydrolysis another ether extraction.was.made. The 

:cesidual ether was dlstillecL Nothing remained in the distill

ing flasko The sodium hydroxide soluti.on was retained. 

Run II = Tbe same amount of reactants as. .were Run I was used. 

'I1he ether insoluble product was divided into two portions. The 

f":trs t portion was hydrolyzed with 200 cc of' approximately O o 5 

18 

N NaOH solution. The second portion was washed with cold dis

tilled water of about 4°Co Sodium borohydride is water solubleo 

During the washing with cold distilled water a.bout one-fourth 

of the1 reactant went into solution with foam formation. The 

in:6loluible residue was collected and driedo This whit~ product 
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was ~ound and a melting point wa.s takeno At 434°c it started 

turning gray 1 without meltingo Due to the decomposition of the 

material at such a high temperature 9 the melting po_int determi

nation was stoppedo 

The hydrolyzed portion was. extracted with diethyl ether 

and the ether was distilled., The residue bad a smell cha.ract~ 

er:ist:ic of either benzyl alcohol er bensa.1.dehydeo The residue 

was in too small an amount to analyzeo 

Run III = Sodium borohydride ( 4 o 2160 grams 9 O. 1109 mo le} and 

benzoic acid (4006069 grama 51 003324 mole) were mix_ed. and b.eated 

to 248°Co As the temperature was. increased .. 9 .. the reaction became 

vigorous o After the reaction subsided 9 three ethe.r extractions 

were carried out o The. ether ina.o1ubla. product. was. .. hydrolyzed 

with 200 cc of approximately 0.5 N Na.OH solution for one houro 

After the ether was distilled 9 the residue _was found. to be yellow 

in color and about three=fourth of. a cc o Odo.r.. of .. the residue 

was very close to that of benza_ldehydeo A Beckmann DU Spectro

photometer was u.aed to determin.e. the type of curveo Cyclo= 

hexane was used as the. sol:vento . A similar run., using wre and 

known benzaldehyde was madeo. The two __ cu.rve.s obtained. were dif-

ferent o This test.11 so. far 9 explaine.d th.a_ abs.en.ca of benzalde-

hydeo 

Run IV = Sodium borohy.dr.id.e. ( 2 o 2698 gra.ms._.1>·. Oo.05.98 mo le) and 

benzoic ac:td (14.,5278 grams.11 Ooll.0_7 ma_le). w.ere placed. __ in a three 

neck reaction flask, then.nitrogen gas.was. .. pas.s.ed_.through for 

fifteen minutes. A, t 12s0 c the benzoic. ac.id beg.an melting with 

the evolution of a gas. contin.uin~ .up to_ 14-5°C. Etner extrac -
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tion was carried out on the residue; using three extractions 

of 200 mL eacho The ether soluble portion was transferred 

into a distilling flask and the ether distilled from the resid-

ual benzoic a.cido The insoluble portion was refluxed for one 

and one-half hours w:i.th 2000 cc o.f approximately Oo fi N Na.OH 

solutlono At the end of tb.e one and one-half boursi the solu-

tion was extracted with another three portions of 200 cc ether. 

The ether soluble part was put into a distilling flask 8.nd tbe 

ether distilledo The yellow coloredresidue conststed of a 

mixture of benzoic acid and either benzaldeh.yd.e. or benzyl 

alcohol. 

The following test was run for the detection o:f' the 

carbonyl radicalj that is~ detection of benzaldBhyde: fif

teen m:i.111 ters of hydroxylamine hydrochloride reagent and 50 

mL of' pyri.dine=bromophenol blue solution were put in a 250 

mL glass=stoppered Erlenmeyer flask~ fitted with a reflux con= 

denser. To the solution was added Oo23 cc. of the unknown 

materiaL The resulting mixture was refluxed for two hours o 

At the end of tbe two hours the solution was cooled to within 

5°C of room temperature and than titrated with Oo5 N sodium 

hydroxide in 90% met~anol. 

% carbonyl compound 
millitar~NaOH x N NaOH x mol~wto comp.x 100 

:::: grams sampla x 10000 

About 4o5 cc sodium pydroxide was used without change in color. 

re of the 0.5 N NaOH solution was added and still no change 

in color resulted, wbich meant that the compound wa~ not ben-

za.ldehyde. If it were benzaldeh.yde a def1ni te change in color 

should occur and percentage of. the carbonyl should have been 
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10106 f 1.4 % (21). 

Tollen 1 s Test - When the unknown compound was_ add.e.d_. 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 benzalde

byde was substituted;, a silver mirror formation .. was distinc

tively observed on the sides of the test tube. Again the test 

for benzaldehyde was negativeo 

Benzidine Test = With known benzaldebyde and .som.e benzidine 

in a test tube 9 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 beat was. appliedjl nb pre

cipitate was formed and the color remained.yellow. Once more 9 

this constituted a negative test for the presence of benzalde

hyde. 

Sine e tests for benza1dehyde had_ .proved negatives it was 

dee id ed to run some experiments for tea.ting. _i'o-r the presence 

o.f' benzyl alcohol. 

Run I= Sodium borobydride (207569 grams 9 0.0725 mole) and 

benzoic acid (2604752 grams_ 9 0.21_71 mole)were reacted. The 

benzoic acid inside the flask_started melting with hydrogen 

gas evolving at a temperature .of 128°Co Tempera.ture was in

creased up to 240°0 with no change in color of the reactants. 

rrhe ether insoluble portion was refluxed.with 200 cc of approx

imately Oo5 N hydrochloric acid 9 instead_ of sodium hydroxide. 

Thia subs ti tu tion was made .11 for fear tba t 9 during. the reflux

ing with sodium hydroxide solution 9 a Cannizaro Reaction might 

have taken place. Heat was appl1-edfor.one.b..o.ur at 100°c. 



At the end of the heating period 9 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 s6lld; and th~ third layer 

was liquid 1 mostly the hydrochloric acid solution. Tbe hydro

chloric acid solution was separated,, and extracted with ether. 

When tbe ether was d:l.st:!.lled 9 wbite cryst;a:l.s were formed. 

These were identified as benzoic acid. The second layer, a 

pale yellow solid, was dissolved in ether. The ether ~ortiob 

was distilled. Near the end of the ether distillation, the 

pale yellow solution suddenly foamed into a semi-aolid mass. 

The malting point of the solid .. materia.Lwas. th.e s.ame as that 

of benzoic acid. 

Run II = Sodium borobydride (402819 grams.~ 0.1126 mole) and 

benzoic acid (68.6140 grams, 005624 molajwere reactedo The 

ether insoluble material was refluxed with 200 cc of appro:xi= 

mately 0.5 N sodium hydroxide at 100°c for_ one and one ha.lf 

rs. At tbe end of hydrolysis 9 the solution was extracted 

with 200 cc of' ether. The ether soluble portion 9 wbic b was 

yellow in color, was transferred to a distilling flask 9 and 

ether distilled. A very smi1L amount of a pale yellow 

lj.quld remained in the distilling flask •. The odo;r was charac

teristic of benzyl alcohol. Xanthate test for the presence of 

a obol proved positive. 
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Hun III= Sodium borobydride (3.5701, 0.0939 mole) and benzoic 

acid (37.1529 grams 9 0.3045 mole) were mixedo Gas. evolution 

commenced at 133°Cs became rapig at 135°Co An ethe.r extraction 
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was performed in three portions of 200 cc each 9 and the ether 

distilledo The residue was hydrolyzed with approximately 1 N 

sodium hydroxide solution for four hourso A final ether extrac

tion was made and the ether distilled~ leaving a yellow residue 

of about one m111iter. The odor was similar to that of benzyl 

alcohol. The preparation of an alcohol.derivative or the un

knowt1 compound wa.s attempted. A uretban der'lvative was made i 

using the following procedure: Co5 cc phenyl isocyanate was 

mixed with the unknown compound 1-n a test tu be~ tiea ted in a 

water bath for fiv1e minutes and then transferred into a flask 

fu 11 of :tee. The so lid material formed was pur.ifled by means 

of carbon tetrachloride, hea~ed in a water bath and filtered. 

The .filtrate was transferred into a 50 cc beaker. and :t.mmersed 

in an ice bath" A prec ipi ta te began formingo The precipi ta. te 

was collected and driedo It melted around 1'76°=177°c. In the 

literature t be melting point of benzyl phe.nyl urethane was given 

as 177°-178°C. This benzyl phenyl uretban ~srivative served as 

a definite positive teat for the presence of benzyl alcohol. 

Rum IV = Sodium borobydride (2.4931 grams_J 0.065.6 mole) and 

benzoic acid (23.9238 grams, 0.1960 mole) were reactsd. Re

action started around 124°C and proceeded vigorously up to 

U~S From 129° = 146°c reaction was slow. At the end of t be 

reac on, extractions 9 using 150 cc of ether, eac~ were carried 

out, '.I'he etber insoluble solution was put :Lnto a flask and 

:i~etai.nedo The ether soluble part was transferred into a distill= 

ing flask and distilled~ leaving approxi.raately< on.e .. milliliter of 

8. yellow liquid as residue o Tests proved tbat once again the 

residue was benzyl alcohol. 



Run V = Same mole ratio as run IV was used, that is 2.4931 

grams sodium borohydride to 23.9238 grams benzoic acid. The 

reactants were put in a 250 milli ter three-neck round bottom 

flask. Nitrogen gas was flushed through for fifteen minutes. 

Gas evolution which commenced at l28°C became rapid as the 

temperature increased to 132°0. The ether insoluble material 

was refluxed for three and one half hours with 200 cc of 

approximately 0.5 N sodium hydroxide solution. The solution 

was cooled and then another three 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 

ether distilled 9 leaving some yellow liquid as residue. By 

means of a Beckmann DU Spectrophotomete.r ~n ultra-violet 

light spectrum was determined for the.residue for comparison 

with spectrum of an unknown concentra.ction of benz.yl alcohol. 

The two obtained curves were very simiiar. Cyc.l.ohexa.ne wa.s 
I 

used as the solvent" This run verified that benz.yl alcohol 

was the final product obtained by the ~eduction of benzoic 

~cid _with sodium borohydrideo 

F.'or.na tion of Sodium Tetra bo1~a t'e 

During the course. of the experiments:; the .sodium hydro

Aide solutions after the ether extractions were retained in 

f'la.sks. These flasks were not numbered according to their 

runso About three weeks later 9 transparent crystals of vari

ous shapes from triangular to octagonal were observed on one 

of the flasks. They were col lee tea and stored in a moisture 

free container. The following solubility tests were made on 

the crystalso The crystals were insoluble in e-ther.11 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°Co An Infra-red spectrum graph was 

obtained for the crystals. Since tbe crystaia were present 

in very small amount, however further tests were neglected. 

No further crystals formation was noted for awhile. Again,, 

tJLnexpeetedly, 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. Another Infra-

r•ed spectrum graph was maaeo 

The following test for the presence of boron in the 

orystals was made~ one milliliter of 1/24 N hydrochloric 

acid and one milliliter of 1096 tumeric solution is added to 

a 10 cc sample in a porcelain evaporating dish 9 and the mix-

ture evaporated to dryness slowly on a water bath. If boron 

is absent 9 the residue will not be pink 9 if boron is present, 

tbe pink or rose color may be used fo_r estimation of the 

amount by comparison with a series of standards (22). In 

this test tumeric paper was substituted for.the tumeric solu-

on o The color of the tumeric paper was. pale yellow before 

tbetestj and after the test the color turned pink. This test 

constituted a positive test for the presenne of boron in the 

crystals o Melting point of the sodium tetraborate (NaB407 • 

the handbook of chemistry was found to be 75°c (10). 

Since the results were tbe same 9 it was concluded that the 

crystals formed were those of sodium tetraborate. 
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ISOL/.\TION OF AN INTERMEDIATE FROM THE REACTION 

OF SODIUM BOROHYDRIDE AND BENZOIC ACID 

Considerations 

Due to the fact that the reduction of benzoic a.c id by 

sodium borohydride failed to yield a large amount of tbe 

final product, it was speculated tbat some other kind of 

reaction was taking place during the course of the experi= 

mt:it'1t o Although the identification of the intermediate was 

not of prime interest to this work 9 yet some preliminary 

tests were ma.de in order to study themo 

There are two methods by which s.odJ.u.m borohydride and 

benzoic acid might rea.cto Ona of the me.thods involves the 

evolution of hydrogen gaso Equations for the two possible 

reactions are: 

( 1) 

+ H-B= = 
= 

OH 

+ 

Compound (2) is essential for the formation of benzyl alcoholo 

The intermediate was insoluble in ether, soluble. in bot water 

and in hot sodium bydroxid e solution o It was quite soluble in 

pyridine." but sl5-gbtly soluble in approximately Oo5 N HCl 

s,, lu tion o 

E~perimental: 

Run I = Sodium borohydriae ( L 0298 grams) ancL benzoic acid 

(605907 grams) were reacted" Gas evolution. was noted at 125°c 
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and proceeded vigorously to 135°Co The reacted product was 

collected and then followed by two ether extractions, using 

200 cc each of ethero The ether insoluble material was driedo 

Instead of refluxing with sodium hydroxide solution.I> cold 

distilled water (4°C) was substitutedo Cold distilled water 

was used because hydrolysis of the material migb.t occ~r a.t a 

higher temperatureo Upon the addition of the cold distilled 

water to the dried ether insoluble product 9 foaming of tbe 

mater•ial occured witb part of it going into solution" 'l'be 

water insoluble material was dr•ied 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 

beating: white to gray to dark browno Although such changes 

in color were noticed, yet the material did not melto It 

finally decomposedo 

Run II ~, Sodium borohydride (204112 grams) and benzoic acid 

(3008656 grams} were reactedo Gas evolutio.n commenced at 

129°c, became rapid as the temperature kept increasing to 

140°c and then slowly subsidedo The prorluct was twice ex

tracted with 200 cc volume of ethero The ether insoluble 

portion was dried, then washed with cold distilled water, 

and again drieclo The material in the capillary tube melted 

a:round 140°Co Such a low melting point could onl.y be accounted 

by the presence of an excess o.f benzoic acido 

Run III - Sodium borohydride (2.3146 grams.) and henzoic acid 

(1408109 grs.ms) were reacted. The ether insoluble_ material 

'Was dried and then washed with co ld .. distilled wa,te:r ( 2°c) o 



The solution was found to have a pH Bo The residue was 

collected and dried o At a temperature of 262°0 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 ino~~~sed to 420°c.~ with 
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the intermediate turning from white to grayo Again the 

material decomposecL The temperature coul.cL not be 1~a.ised above 

420°c because the apparatus was not capable of working at 

higher temperatures. 

Run IV = Sodium borohydride (2.0000 grams) .and benzoic acid 

( 12.8021 grams) were reacted. The ether-imrnlu.ble product 

was washed with cold distil.led water. The water-insoluble 

portion was collected and dried. During the melting point 

determination the temperature was increased to 434°0 where 

charing occurred. 

From the runs of this experiment~ the miXiu.re should con

sist of two compounds 9 one of which reacted :with water more 

readily than the othero 

(I) 

(II) 

I 

-B=H 
! 

' 

+ HO=O-R5C 6 
!t 

0 

H-B-OC=H c6 
, " 5 + HOH 

0 

I 

(III) =B-H + HO=C-H5C ,, 6 

(IV) 
! I; 

=~=0=9=H5C6 
OH 

0 

+ HOH 

I 

H-B=O-C-H C 
I ti 5 6 + 

0 

=B=OH t 
V 

r H 
=B=O=C =H 5C6 • 

' OH 

? 

The appearance of benzoic acid by treating the produ,c t of 

reaction (I) with water could be accounted for aa. dqe to the 
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i 
ease of hydrolysis of the complex H=B-0-C-H c6 . 

i 11 5 
0 



DISCUSSION 

In the early part of this thesis the reduction of sodium 

borohydride with other organic compounds in the presence of a 

solvent was discussedo The work that wa8 done here with 

sodium borohydride was based on the absence of a solvento 

Results obtained from this research and the_ one which pre

ceeded it showed that solvents are not necessary for the 

formation of reductive productso In the cas.e of acid chloridess 

successful reduction was obtaitted __ by employing. a_ suspension 

of sodium borohydride in dioxane or other inert solvent. 

Direct mixing of tbe borohydride with acids especially 

if the acids were liquids in the presence o.f air was found 

extremely dangerouao Therefore 9 (1) liquid.acids should 

always be cooled down to their. free.zing pointso (2) Nitro= 

gen gas should be bubbled through. for. at least fifteen min

utes before the addi tio.n of the ... borohydride and .. fifteen min= 

utes after the addition. (3) A safety screen should always 

be pl&cea between the worker and the apparatus. (4) The 

sodium borohydride must be well_ dried and free from moistureo 

.F'ailure to meet these requirements resulted. i.n poor reaction 

if not an explosion. 

If during the course of the experiment air was let in, 

the white reactants immediately turned gray or. blacl!o 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 acido 

Reaction between sodium borohydride and benzoic acid 

were observed to initiate around 128°-130°c, and to subside 

around 138°=140°c. 
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From tbe reduction of benzoic acid by aodium borohydride, 

three products were identifiedo These were benzyl alcobol 9 

sodium tetraborate and hydrogen gas. Although acme. examination 

was made with the intermediates no. definite product was identi= 

fied. 

The reaction of one mole sodium borohydride at standard 

temperature and pressure should give 89.6 liters of hydrogen 

gaso From the results obtained in these experiments.was estab-

liabed the fact that the reduction was not complete. 

NaBH4 H + ~ 4H2, 

37,817 grams } 8,128 grams or 890 6 liters at SoT,Po 

0,504 grams ' 0.183 grams OI' L287 liters at S,T.P, 
"f' 

At a temperature of 26~1°C and at a pressure of 751,80 mm Hg. 

0 0 504 grams ~--1 L 412 liters of H2 ° 

m experimental work 0.315 liter of hydrogen gas or 22.30'.%H2 

was obtainsd at 2s.1°c and at a pressure of 751.80 mm. Hg. If 

~~-. t" =er~ a complete one 1.412 liters of hydrogen gas ,Y1,,::, reac. J.on ., "' 

would have been evolvedo Therefore, the major portion of the 

reaction was the reduction of benzoic acid. 

There appear to be two possible ways by which.sodium boro= 

hydride and benzoic acid would react~ 
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-
( 1) + = 

(2) + :: 

These two complexed would differ upon hydrolysiso The com

plex from reaction (1) would react more readily with wa.tl'.n' 

than tb.e complex from reaction (2), because it would be. easily 

hydrolyzed back to benzoic acicL 
91 . ', -

Q o-c=o 
¢=C=O-B=0=~={1 Na+ t HOH = 

¢-&i~o o 

(/coou 

No free aldehyde~ ale oho l or acid were present in the ether 

insoluble portion of the reaction mixture. On hydrolysis both 

benzyl alcohol and benzoic acid were recovered. No aldehyde 

was obtained. From complex (2) 9 two routes are possible. An 

~dditional molecule of benzoic acid could react to release 

benzaldeqyd<:h The aldehyde would then react rapidly with more 

borohydride to form the reduced complex. The second alterna= 

tive would be an attack by anotper bo;rohydride on complex (2) 9 

thu.l"l reducing the aldol to the alcohol. complexo In any event 9 

the alcoqol is produced only after bydrolysis • .. ·, 

The action of sodium borohydride on organic acids in the 

absence of a solvent follows tb.e same pattern as reduction in 

the presence of solvents on all compounds except ~mides. It 

is now known that with a.midas tre red1.J,ction products a.re formed 

directly. 



The mechanism for the formation of sodium tetraborate

Na2B407olOH2o- 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 directed to this end. 

33 



SUMMARY 

Sodium borohydride and benzoic acid were reacted in the 

absence of solvento Three products were isolated and identi

fiedo These were (1) benzyl alcohol» (2) hydrogen and (3) 

sodium tetrabora.te. The alcohol was obtained. only after 

hydrolysis of the reduction mixture. 

Me6hania.m for the reaction of sodium borohydride and 

berizoic acid b.ave been pos tu la.tad for the formation of the 

two possible complexes. One of tbes.e complexes reacted 

readily with water giving back benzoic. acid. This complex was 

easily hydrolyzed. The mechanis.m whereby the other complex 

gives benzyl alcohol upon hydrolysis bas not yet been fully 

elucidated. Likewise 9 the mechanism for the formation of 

sOdium tetraborate is still unknown. 
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APPENDIXES 

L Spectra of Benzyl .Alcohol and Unknown using Beckmann 
Spectrophotometer 9 Model DU" 

IL Infrared Spectra of Sodium Tetrabora te. 
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