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IRTRODUCTICN

At the present t&on are oﬁly & few feasible methods
for determining active hydrogens and 'urbonyl content of
unknown substances. The Zerswitinoff method and its wodie
ficaticons are probably most commonly used., Lately lithium
iluninu- hydride has also been used as & reagent for gaso-
motric detemination of active hydrogen. These uthod-;

however, require spociaslised gasometric equipment not readily _' g

aval lable, .
The purpose of the present investigation was to develop

‘& volumetric method of analysis based on lithium aluminum

hydride as the reagent and a simple electrometric or color-
imetri¢c detection of the endpoint. A successful development
of a simple volumetriec method of determining active hydrogen

- and earbenyl groups would provide organie¢ and pharmaceutical

mww; :

chemists with & very useful research tool in characterising

and establishing structures of natural drugs and otvher unkmown

arganic compounds. ‘8uch & method may also prove to be of
considerables value in quantitative analysis of many pharma-
ceuti cal compounds. -'
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PAST WORK IM THE FIELD . 1

A search of the literature showed that considerable work |
has been done on the compound lithium aluminum hydride both
for preparatory and snalytical purposes. No attempt, howsver,
gesmed to have been made to apply the reagent to wolumetrie
ut.hea of analysis. | : |

' Synthesis of the new powerful reducing agent, uth.'ma

) llunim h;dridc. was first described by Finholt, Bond and
Sehlnlnur. They treated an excess of lithium hydride in
- absolute .thcg\ with an ethereal solution of aluminum chloride
. with constant stirring. The slumipum chloride was introe
. duced at such a rate that boiling of the uqﬂ.d_ in the
reaction vessel was eont.imou-.‘ The proupiu€ﬁ lithium
ehlcrido anﬂ lithium aluminum chlorido were uparnt.od froma
| the nolut.ion by filtration. The filtrate and vashings were
... - eombined and evaporated under vacuum to yield a 95.5 per cent |
weeon: pure sample of lithium alumious hydride. The overall yleld
of the reaction was 85.7 per cemt of the theoretical., -
J.ua’ncls_&hﬂ., m‘.yucj,. |

e i = o S = FIBEAr

Addition of further quntit.iu of aluminum chloride yields | E
an ethereal solution of aluminmum h)dridt. ' .
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: ﬂ" httor is not stable; it soon deposits a white -om in
which the atomic ratio of aluminum to hydrogenstill is })
t.c 1, but from which the ether cannot be recovered without . -
| 1on of hydrogcn. '
| Through the use of lithium alumimum hydri.do new methods,
" far simpler than any previously available, have been de-

veloped for the pfepantion of hydrides such as silane and ‘
stanneane and their partially alkylated derivatives. In
addition, its use has led to the preparation of previously
unknown hydrides such as those of sing and beryllium. The

types of reaction by which these results have been achieved

are illustrated by the equationst
| l.ulhb » 8101, —!-th—"-'—} L1l » 1;1013 N smb_ |
LiALH, o 2(0113)2 8nCly L"*-'-‘l-) L1C ¢ ACl, 4
- z(cn,), SnN,
i.um,, * (C%lgh-ﬁ?‘—% | umcn,)zaz * Zniy

Reactions such as these usually proceed smoothly at

™

room umperature. and in zeneral giu excellent yielda or |
~ producte of high pur:lty.

Experimsnts with organie compounds mdint.i thit thii
hydride is capabls of reducing carbonyl, carbalkoxy, secyl
chlorih’; and hit.m ;roupa?. but is without action om the
double bonds of simple olefing’

Ptz ‘:;y'q x g




- Aldehyde

3

The attractive features of lithium aluminum hydride as
a reagent which, combined, place it inm a unique position are
(1) that it 1s easily prepared on either a large or small
scale from comercially available lithius hydride, {2) that

it 1s indefinitely stable at room temperature, (3) that it is
" eother soluble, (L) that as oompared with other reducing

agents, excepting hydirogen, it has a favorable ratio of reduce
ing capacity to mass, (5) that the roactions ocour at room

 temperature, (6) no umusual equipment is needed.

The reaction of lithium aluminum hydride on functional
(rmpc of aldehydes, ketones, acid chlorides and acid anhy-
dridu’ gives reduction to the nieﬁhol stage with extreme
rapidity and virtually no side reactions., The yield nppom"

to be limited principally by the efficiency of the procsdures

employed subsequent to isclating the products. As determined
by the hydride consumed, the reductions proceed guantita-

tively in accordance with the following general equations: |

. In ;omr-l' the yields are better with lithium aluminum
hydride in the reduction of aldehydes than can be achieved

by other methode including the erossed Cannissaro, catalytic

hrdro;mtion.;_ de the Meerwein-Ponndorf reaction. It lacks

- the specificity of the Meerwein-pPonndorf nductiou- for poly-




functional groups containing éarboxyl. ester, or nitro -

radicals. rhuo groups are reduced by the hydride q ul.l

as the lldohydc pars of the moleculs while they are unmebod _

by the Neerwein-Ponndorf. On the other hand, the hydride
can be used for amino or hydroxy-aldehydes im which the
Meerwein-Ponndorf reaction fails. s ‘

!etdﬁog’ | |
A Rg00 ¢ LMl —)  (RaCHE)Lin

. Commsnts sbove under aldehydes apply aleo here.

- Pinacol by-pmducu have not been observed with lithium

aluminum hydride.
Anhydrides?
(RCD) 20 AL (RCH,0 AL o § 8020,
100) 2 * Fi % ““-9 #(RCH,0), LiAl ¢ i,&é 104

Acid ehloridog’ R

|3 HOOGL ¢ LAALH, ——) #(BCHZ0)L14 o & A2y

L
o RCOOH ¢ 3 LiAlH, ——  (RCH0),L1Ad ¢ 2 L1A10; ¢ AHp




The direct reduction by other means is usually poor.
Electrolytic reduction and catalytic hydrogenation result
in numerous side reactions. In the reduction of hydroxy'mﬂ

anino acids, the hydroxyl and amino groups neither interfere,
nor are they removed. This is especially important because =

in other methods of reduction, certain amino and hydroxyl
groups are removed if they are not protected.

sams’

_ 2 RCOOR? ; x.ma,, _._) uncu,on,uu v i(m),,x.m

- Examples of esters which are reduced nf.htaotorﬂy with
lithium alumimum hydride but ortn not by ordinary methods

(s.8¢ sodium aloohol or eatalytie hydrogenation) are hydroxyl

and amino esters, substituted malonic esters, and highly
conjugated esters, o

—

Antdes®?
In ;mrcl amides are reduced u the -u.nu as shown
in the first tquntion below but some oxanplu of alcohol

v

romtioa are knm. Poniblo uquat:lona are:
2 RCORRz ¢ LIS, ——> 2 ROH WRj » 14A20,

s !00!!3'3 ' 2 x.hm., — umoca,n),, ¢ LIAL(NR'2)A

4 RCONHR 4 3 LI.AI.II;. =3 L1AL{OCHZR), ’ 2 mn'l]z ¢+
\ b Hz

R el S




Nitrileg’
2 RON ¢ LAALE, ~—> (RCRN) LA
gldiiiu-f ‘

b RCH ® WK ¢ LiALH, —> (RCH®), L4A2

Arsmatis sitre compasdal
auo,."um,,—a R R R R R

' 'l'hh is & arplc and gensitive test for the aryl nitreo
;roup and u und in the characterisation of the compound.

mmmm.nnmnw

i

Asoxy cgoundg"'

2 RNZ0R ¢ 3 LI, —> 2R BENa-ReLiAlOy ¢ 2K

Bpoxides’ '

4 R(CHON,)0 o LaalW, —> [ROH(CH;)0 ], Lin1

Quinones’

Quinones are reduced to hydroquinones in excellent yields.

U
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Alkyl Halides’

‘l'h_a halogen atoms h alkyl halides may be replaced with
hydrogen to form hydrocarbons following the usual order of

activity, fodide > bromide > gchloride,

A RX ¢ LIAMW, —— & RH ¢ L1AMX,

Alicyclic and aryl halides are very unreactive.

Alsohola, glycola, and phenola
& ROH ¢ LUAIN, = LiAL(OR), ¢ b hy

rinary amines®

| 2 RNHp ¢ LiALH, —> MAL(RN), ¢ & B,

wl

3

... Carbon to Carbon dmblc bonds are not generally atuckod.’
" making possible sslective reduction of functional groups = -

in unsaturated compounds. The one c¢lass which is an excep

 tion to this is represented by an ethylenic nucleus substie

tuted ha one side by a phenyl group and on the other dy &
reducible group, such as carboxyl, nitro, aldehyde, etc.
At room temperature in the normal reduction procedure the |

{

s RV e iy
i, i
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double bond is reduced, thus cinnamaldehyde is converted to 3.
hydrocinnanyl alcohol. Reversing the node of addition by Y ;
sdding hydride solution % & solution of cinnamaldehyde at = ‘*
o temperaturs below 10° c . sxcellent ylelds of cinnamyl A4
alechol are btained. Cinnamyl slechol in turn was found t0 |
" be reduced at room temporuture to hydrocinnamyl alcohol. *
Thus there appears to be two stages of reduction, the attack 1
on the double bond being slower than that on the funotional =
E group. In gemral, at nol temperature, the reduction of JJ
double bonds in alpha-beta unsaturated aliphatic compounds is
extrenely slow so that good yields of unsaturated alechols
may be obtained. At higher temperatures naturated aloohols . - |
may be formed. | I

Lithiuu aluminum hydrido als0 reacts uith sOne !.nors:nic -

P
{

- cempounds. o e

i ;n,o.mm,. -—-) H.ib 11(011)305!

This rucf.:lon cceurs extrvuely rapidly and eonp],.t..],y. J
™ 1f 1ithium aluninus hydride & treated with my bt vepy | ]
' large ssounts of water, the resulting reaction is so vigorous = -
© that the solid may be heated to incandesence with & resulting _
loss of hydrogen by thermal decomposition. Exposure of the |
“hydride to moist air causes & relatively slow decomposition.

A R TR ST, JAS)




‘This is probabdly a-.i. w the formation of a protestive conting
of aluminum hydroxide.

Ammonia reacts with lithium eluminum hydride to give a
quantity of hydrogen whiok is from §3-99 per sent of that
ealoulated acoording to the equations

. a4 '+ § BB,-—‘;[““’{W’;]z m:}ﬂz 3

Two diffe-ent resctions may ﬁko phul with lithium
aluminum hydride aml oarbon dloxide, With an exoess of
~earbon dioxide, dsriwtives of formaldehyde are formed, -
.while with an excess Of She hydride, methanocl derivatives
are produced. The latter reaction bas been investigated for
the preparation of methanmol eontaining isotopie eardon,

Blries oy

A 00z ¢ 3 LIAME, ey L1AY(0GH,), ¢ 2 LIALD,

AS shown above many sompounds sontaining aotiwe hydros- |

+ gens Pemot with lithium eluminum hydride $0 liberate hydrogea
gas, A moasursment of the gus evolved offers s method of
qmt;zuunl.r determining aotive hydrogens in a manner _
_sintlar to the Zepswitinoff proselurs but with sn sdvantage
~ over the Grignard reagents | | :
| | N

N

0
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. This use of the Orignard reagent is the basis for the

nt.hod"l_o depending upon the quantitative mtnriction in a

closed system of substances containing groups reactive to the -

Orignard reagent with or without the evolution of gaseous

" hydrocarbons, ‘Thus substances belorging to the following

g!‘ouju: aloohdiu , thiozlachols, phenols, thiophenols, acids, - |

anides, sulfonamides, amines and nitro compounds are treated
with & known amount of methyl magnesium iodide to ylield

methane quantitatively. The volume of methane formed is then :

: uuﬁﬂd in a suitably oonatmto_d nethaneometer,

~ After the evolution due to active hydrogen, the unused |
Orignard reagent is reacted with & known quantity of aniline
and the volume of methane thus ;on-raf.od is again measured.
Thus by oirreronu. such groups as rncﬁ with methyl mag~

nesium iodide without the evolution of methane can be deter~ |

h -mod by the amount of Grignard reagent consumed.

o

Zaugg and llormn‘ used lithium nlunim hydride in [ 3
suitable solvent in the Modified and combined Grignard

- and Qnmuﬁuw Hydrogenation Apparatus described by Zaugg

and hmr. .- Their work sompared the efficacy of lithium .

aluminum hydrm. with methyl ngmiul 1odide as & quantita-

tive reagent not only for active hydrogon atoms but more

particularly for reactive functional groups in organic

coupouullu
" It was found by Zsugg and Horrom® that in the case of

bensoie acid the hydride reagent is superior to the Crignard i

\\

-
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reagent for the measuremert of both the active hydrogen and
carbonyl function, Heating was required for quantitative
reaction in reasonable time of the ecarbonyl group with

 hydride. Similer o onditions with the Grignard reagent, how-
. aever, did not ruult. in quantitative reaction. L:lkowht with

aniline it was evident that the hydride was a better reagent

than the Orignard for the detection of both hydrogens of the

smino group. With hmmd nitriles, practically no reaction
of the Orignard reagent was cbserved even on long heating.

Heating with the hydride produced a result fairly clase to

~ the theorstical. - . T e \.
_ Hochatoinu used a modified micro-scale Orignard machine

to compare lithium aluminum hjdrtdc- with methyl mniun' ,
fodide. HNis quantitative studies gave satisfactory results

~ for the determination of active hydrogen in alcohols, phenols,

and smines.. Bensyl alcohol, n-amyl alcohol, nemplﬁmml.
thio-B~naphthol, 2,b,6, trlhcnly.l. phenol, m:ylanilm N

. diphenylamine and dibensylamine gave values indicating 1.09
) active hydrogens with an average deviation of $0.C15.,

*;':".Phonylot.hyhm glycol. 1 &hmncdiol, hydroquinone , aniline
and n-butyl mine gave values ;,ndicatm 2.00 active hydrngonn.
‘with an average deviation af ﬁp 010, o | < |
_ . ¥With licthium alumirum h;mrieo being und ia quuuuuu -
P ‘st}udiu a rapid method for determination of its concentration
" {n solution was needed. Krynitsky, Johnson, and Carhart

13

based their method on the lidberation of hydrogen by the

s
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hydrolysis of lithium aluminum hydride ueordih; to the .
following nquaf.:lom | |

Lum,, ¢ & B0 -—} Lmn * n(on), * b n,

'altt.-r was nllmd to drop into a solution d’ lxt.hm
aluminum hydride and the hydrogen evolved aumod by a
manometer. The x_'mltl of this determination show that the

~ method is reproducible and sufficiently accurate for the qual~ i
titative detemination of lithium aluminum hydride im ether.

| " Krynitsky, Johnsoa and cazhartn'_appuod' this msthod to
quantitative studies on organic ¢ompounds possessing active

hydrogens. A known smount of material was added to an excess

of 1ithium aluminum hydride-sther sclution at 0° and the

. 1iderated gas messured by changes in pressure. The authors -
folind that many of the simple alcohols, phenols, and actds
mei with lithium ili:nimm hydride im ether to libarate
hydrogen in the expected manner and give results which are in _

. good agreement with the theorstical vﬁluu.”f;neoncluuvt_

& Ldmieain i

Mlu were obtained with gy_droqﬁinom. suceinic acid, and

‘terephthalic acid, This may be due to the formation SO

insoluble material which coats the crystals and inhibite
further rnetion.' ‘Compounds chumlmd by this msthod
included alcohols, an:ldu. uinu. nldu. nitro and r.aut.o-

metnic eompounds. The reaction of Mthius aluminum hydride

with coapound. oxhibit:l.n‘ ‘keto-enol tautomerisa was rapid
and the uaultn lndiuud that the mpounda tntod Inhnud

e dae
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s

S R




A

as though they were only partially enolized. With the

"ﬂrigrm-d reagent similar compounds act &s thaush they exist

~ 4n the enol form only. |
None of the quantitative methods baud on lithium alum-

mﬁ; hydride are similar to the volumetric determination }

*

proposed here. The only somparable analytiocal method of this

nature ie thi Karl Fischer titrar.lonl""l’ for the detection
of nt.or. This methcd involves & direct titration of the

~ sample with & solution of iodine, silfur dioxide, and pyrtdim

in mthmol. t.ho reagent serving as ivs own indicator. u
dark substances interfere with the colorimetris endpoint ,
lhym developed an electrometric method. A Beckman pH uuf
and & platinum tungstan slectrode systea were \u'od to _dct.or-l
uine the change in potential. Although the Karl Plscher

" method is mot directly applicable to the determination of |

alcohols, carbonyl compounds, organic acids, acid anhydrides,
etc., it has been adapted to the analysis of these by means
of udificatioa which make use of water producin; reactions.

Tho sajor drawbacks to the determination of functional mupg ,J
SR
4
3

by the Karl Fischer method are (1) the method is time con~
suming, (2) the reactions are not always qantitative, (3)

many side reactions are &p% to oscur.

\
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Development of the Mothod

RS e S L




~ Introduction

Since tae meterial on this subject has been covered in
some detail in the two manuscripts "Electromstric Titration
Of Soxs Munctional Groups™ and"Electromstric Titration of

Aleohol Using Lithium Alumimum Hydride™ accepted for publica- |

vion in SCIENCE and ANALYTICAL CHEMISTRY respectively, they

~ are reproduced hcroiu.' Hdnnr.’ as may be expected, certain
~ aspects such as the initial difficulties are not treated in

. I:‘;}..".- 1 e g

;"'-*_’?‘-w.}l_ A

these papers. For this reason a report on these aspectis are
also included in this section. P
The first manuscript was written primarily to establish
our priority i the dovolopniat of the method as applied to
all types of compounds. ‘!hc'lueond paper covered the actual
donlépnnt and application of the msthod mainly to hydroxyl

sompounds . -
E S T LR P e A, S BN NETNP R oy, k. o 3 bl ! . i 1 . .y lia ..o "
L AU B St ‘f( D oy U TR a1 R TR TR e g e e

Preliminary gtudiig

~ The purpose of the lnit.ia:l study was to experimentally
test the proposed theorstical ideas regarding aebrupt poten-

’ tial change associated with end poimts of lithium aluminum
_ hydride titrations (see page 26)., The first apparastus (shown
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4n Figure 1) was relatively simple, It consisted of silver

and platinus electrodes sealed in separate ;ieces of glass

" tubdng., The silver electrode was essentieclly isolated ty
" means of & piece of glass tuding and was connected to the
) recction mixture by a salt bridge, This apparatus also

inoluled & Beckman Model H pH aour. However, this
apparatus was soon discarded as the resotion misturs ditb

‘fused into the silver slectrode tubing and influemoed

. the potential of the olootrou. After several uourzoauou

the sleotrode shown in figure 2 was sdopted and tud h

" all future work of the open system method,

‘of the system should change markedly, The point of change in

AR A

As hydrides are yowerful 'roaming agenta, it was thought
that on the addition of lithium aluminum hydride solution %o
e solution eontaining aotive _hrdmml. all hydride would de

destroyed until all the hydrogen had resoted, As 800D 88 &

slight excess of hydride is present the reduction potential

poz;nual would then eorrespond to the endpoint, As prelim-

. inary investigations enfirmed the anticipated shange l.l'

mguummluummnuﬂma.mmhum

" tried amalytieslly, S Rav

'. The first saalytical method tm-a wmutaﬂ of a dlran i
tisretion of & lithium aluminum hydride with a lower nl.p“h“ T

primary alschol, A lithius aluminus mfuc solution in
tetrelydrofuren was prepared and the aloohols wn:n dried as

desorided on pege )2 in the paper 0 ANALYTIOAL CHERMISTHY,

Y
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Figure 2 The improved apparatus used in the Open

System.
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The procedurs employed at this point was as ralinual
10.0 ml of the lithium aluminum hydride solution was added
to 50 ml of tetrahydrofuran and was agitah;l for 15 minutes
with inxnct..lc stirrsr. This mixture wus plwod in the
apparatus shown in figure 2 and titrated directly with the
specified alechole - ' .

The endpoint was taken as that amount of alcohol added
 beyond which a sharp change in indicated potential took
place. \'
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The results of this method were as follows:

SAMPLE

Hcthyl
Alcohol |

m:hyl

Alcohold

-~ Repropyl

llcoho

hoprogyl
Alc oho

K-butyl -
Alcohol

Isobutyl

Alcoh

g (I‘{

Liﬁlﬂtn

 8oluti

10
10
10

_3 10
10

10
10
10
-
10
10

0

|

Ml
Alcohol
Congunmed

1.05

1.00

1.05

1.2
1,20

1.55

1.60

1.6
1.1
1.5
1.15
1.20
. 1420

-7

ora Mole euh
Bgquivalent X

26,0
24,8
26.0

20.5
20.5

20.8
2.4
18.5
18.5
12.6
12.6
13.0
13.0

103
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On titrating the methyl alcohol, & thick gel formed | % |

that seriocusly interfered with ths electrude reaction. The E
mixture was too thick to be agitated with the magnetiec

stirrer. No such untoward reaction was noticed with the i

~ other alcohols. It was believed that a constamt molecular j

amount of alcohol would be consumed on titrating a constant }

 volume of lithium alumimum hydride with each of the various

~ alcohols. As the values for n-butyl and iuohut.ylh alcohols “

" were low as determined above, it was believed that they re-~ 4

acted very slow and that during the titration time did not ;

| react completely. To overcoms this it was decided to add the -
specified alochol to an excess of the lithium aluminum
hydride solution, allow them to react for a specified ammnt |
of time, and then titrate the e xcess lithium aluminum hydride = -:.
with a knowa alcohol. . | o , 4
e ‘l'hia method was adopted for all future open system work ' |
_ and was the basis for the work described in the twe following .]

i
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Soms of the early difficulties of the method included |
diffusion of the rsaction mixture into the salt bridgse,
stoppage of the opening of the silver slectrode, too vigor-
cus reaction of the Tespsctive aleohol with the hydride, snd

T _dru‘uu of the galvanomster needle., In early work it was

attemgted to follow the reaction by a Cameron pH meter.

However, thls instrument could not be balanced gquickly emoughe

Before & sufficient quantity of tetrahydrofuran was

" available, dioxans with known limitations as & poor cone-

| ductor of electricity was tricd.

BT 5

The additional Womatton on the final doulopmt of

the method and results obtained as mentioned above are mat.od" '

in thl following two papers..
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ELECTROMETRIC TITRATION OF SOME FUNCTIONAL GKOUPS

Carl J. Lintner, Robert Hugo smhﬂ'E and T. Riguehi

Fellows, American Foundation for Pharmaceutical
: Education.
Supported in part by the Research Committee of
the Craduate School from funds supplied by the
- ¥isconsin Alumni Research Fund..

Although simple titrimetric methods are muihbh for
quantitative analysis of many di fferemts types of inorganie
compounds, relatively few organiec conpouhdc lend themselves
to rapid volumetric anaslysis. Carboxylic acids and smino
compounds, which can be titrated besause of their acid-base

" property, and olefinic compounds, mich can be determined by

{odine or bromins titration, represent the main types of
organic ¢ ompounds usually assaysd volumetrically. A brief’
description is given in t.hh prouaiury riport of a rela=-
tively simple electrometriec method for the volume tric ualyQ
oi:: of several functional groups including ~OH, -NHy, R,C0,

s ROHO, ncm ‘and other easily reducible groups based on

1ithius slumirum hydride titration,® .o iict it o

#The u#o of lithium aluminum hydride for quantitative
determination of various functional groups is not new.
Hochstein (Je Am. Chem. Soc. 71, 305, (1%49), Zuugg and

'Borrom, Anal. Chem. 20, 1026é) 1948), Krynitsky et al. (J.
»

Am. Chem. S0¢e 70, h00, (15 and others have described

- gasometric methods analogous to the Zerewitinoff method based

on measurement of hydrogen gas liberated by the sample o
reaction with the hydride. These are, however, not true
volumstric methods where a standard solution is added to &
stoichiometric endpoint indicated by some visual or elec-
trical change. :

Manuscript accepted for publication in ANALYTICAL CHEMISTRY,
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_ The apparatus used, shown in ﬁghn 2, consiats of &
'sunr slectrode, salt bridge, and isolated silver elec-
trode and an automatic burette. Dried and puru’iod tetra-
hydrofut-m 1s used to f£ill the salt bridge and the isolated
slectrode chamber, LiBr being mployod as the nloetrolyt.c |
both cases. In addition a small amount of lodine is added . -
to the electrode chamber to act ss & depolarizer, The i i

R e

potential of the electrical cell ias most conveniently - | | e
followed by an indicating potentiometer such as Beckman : |
Type R pH meter, R I i
The procedure onployod ig as follows: & ui&i:ml sample _
of approximately one gram of the unknown gubstance to be ' 4 _
analysed is introduced imto the reaction vessel. 50 M1 of BRI
' pure tetrahydrofuran and 20 ml of roughly 0.1 moler lthium N
" aluminum hydride solution in tetrahydrofuran are added in _
" turn and alloved to stand for & few minutes. The excess | | ;
hydride is determined potentiomstrically by adding & -t.andard
solution of ethyl or propyl alcohol in dry bensens. The ende -
v poimt is indicated by & sharp change 1n t.ho voltage of the
(] "™t electrical cell. Yhe difference betwesu the amount of
aleohol consumed during this back titration and that und

. i3 . t
_"_ .. 8 ]

during a blank run made withoaut the sample represents

4

 stoichiomatrically the amount of substance in the tmpla | 4
ﬁp:hh of reacting with 1ithium aluminum hydride. - | L
Typical results are shown {n figures 4 and 6, In salculate g

ing the molar concentration of various functional types other
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than an alcoholic hydroxyl, it must be kept in mind that
| «OH = j~NHg = ~Ry00 = <RCHO= #~COOR = 1/3-COOK

" More complete details on the development and applics-
tion of the titrimetriec method described will be presented
shortly in another publication.
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TITRATION OF 1S0BUTYL ALCOHOL

Fig‘ure 4 Results obtained with the 1mnroved Open
System Apparatus : _
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VOLUME OF STANDARD RLCOHOL ADDED
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BLECTROMETRIC TITRATION OF ALCOHOLS USING 1

' LITHIUM ALUMINUM HYDRIDE 1

Carl J. Lintner, Robert ., Schleif, and T. Higuechi

School of Pharmacy, University of Wisconsin
| !’cilm. American Foundation for Pharmaceutical Education.

" suﬁpwud in part by the Research Committee of the Craduate .

School from funds supplied by the Wisconsim Alumni Research f

_ The possibility of using lithium aluminum hydride

. solution for the electrometric tritration of several funce
| e

tional groups including hydroxyl, amino, carbonyl -ng ears §

boxyl in organic compounds was recently pointed cut. In “

" this paper the details involved ia the development of the

method and further experimental results in its application

to hydroxyl compounds are presented. |

FRAAAARA L

. ing active hydrogen or sasily reducible groups have been

s R s e e e

 DISCUSSION OF THEORY
. _‘-’_.._’ » B -1_'-_5?'. * St . . N . s 2 ‘f‘- B Vot et

| The potentialities of lithium aluminum hydride as a |
reagent for !qnunt.it.min determination of compounds containe

widely rocognind."”“'_’ Nearly all of the methods pube

1ished have been based on modifications of the Zerewitinoff ;
Manuscript accepted for publication in ANALYTICAL CHEMISTRY. U :
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_ ui-.had. requiring uht.inly daﬁorat.o_ g;sont.rie apparatus.
The method proposed (hereafter referred to as the Higuchl-
untmﬁ-sdhhif method) dirfon. uiontially from those of

 previcus workers in that it is & true volumetric method
‘here & standardized solution is added from a burette to .

 stoichiometric end-point. gsuch a procedure is, however,

i.’,....f-_-_m.m'.:'-.,,_-.;..._..-._-.‘nr-q»t(m-‘-l._-_._-:: x I il

fessible only if a suitable means of end-point detection is
Cavailsble. .
. In the lizuchi.-&izﬁmr-&ehhif nt.hd the stoichioe
" metric point is located by & sudden change in the uduet.icn
potential of the system, In titration of a solution of uth!.ul %
aluminum hydride with an aleohol, for ‘example, the reduction - L |
potential of the solution up to the end-point is very high

A

since hydrides are powerful reducing agents nearly in a class |

. with free alkali metals., With introduction of & slight excess .
of the alcohol, however, the potential drops sharply since now i
only lithium and aluminum alkoxides which are relatively weak 4
reducing agents are present. This behavior is depicted in :

AR e 1

| .. . uROE & LIAIE, —> Ay ¢ LR ¢ AL(OR)y

T oo
r Fig. & in the potentiometrie gitration curve (marked "Blank® .o

in the figure) obtained by titrating a hydride solution with
five per cent n-propyl alcohol solution in benzens. The

. ‘voltage dnnn eorncponding to the end-point is large Com-
pared to that sncountered in most other types of potentio-
metrig titrations. It must be kept in mind that absolute
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metrically to the amounts of eyclohexanol added.

" suitable for elsctrometric titration, yet inert toward

- proudun for titration. Thon are dinuuod in turn.

Salaction of Solvant: Several mlwuu were mtdor«l for -
.. wers ruled cut because they were to0 nemndueun;. lalogon- g
* R W 1
| Pyridine, hea.un of its nullans solvent properties and

" It proved unsuitable because of a slow interaction with the

=rhi**ﬂil%*

g
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potential values are not too significant since t.hn electrode
reaction at the indicator electrode is in all probability not
reversible. The second eurve shown was cbtained under
identical eonditions except that a weighed amount of erclé- E
hexanol was added to the hydride before titrationm, she dife
ference betwssn the two titrations corresponding stoichioe

P B T = T A O
ISP BN P YT L SRR PO LA e
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sk L o

DEVELOPNENT OF METHOD RN e
In the development of the method, the 'p.roblm which ¥

presented themselves were (1) selection of a solvent wedium

1lithium aluminum hydride; (2) choice of a suitable pair of
electrodes; and (3) development of & proper operational

study. Strictly nonpolar hydrocarbons and ordinary sthers .

ey

ated hydrocarbons, alcohols, esiers, mtoms, primary and
secondary amines, and other similar functional types mld
not be employed becauss of their reactivity to the hydrido..

R I L LT

oo ke

ready availabilitvy, was one of those seriously considered. SRR

N PP o

hydride, Tetrahydrofuran was finally chosen because of {ts




relatively high polarity, which makes it a good solvent for
many salts, and its inertness toward the hydride. Its
principal drawback was its tendency % form peroxide with
atmospherie oxygen. Although neither aliphatie nor ﬁwr-

ated cyclis tertiary smines were studied, it 1s conceivable
" that some of these may be superior to tetrahydrofuran. .

W‘. The choice of a suitable electrode system .

to measure the reduction potential of the titration mixture

of fered no special difficulty. “Platinum and silver indicator

 electrodes were tried and found te be effective, the latter

et m'.’;‘“! 1o

giving somewhat more stable results. The selection and design

of the refersnce slectrode wers governed by the fact that it

must be uninfluenced by the changing conditions in the ti-

trating flask but still be in electrical contact with its
content., This was accomplished by using an isolated silver

chetrédd surrounded by an electrolyte of lithium bromide and )

jodine (tetrabutyl ammonium iodide was also added in some
cases) in utrahydromru.t_ ' | '

Titration Procaducrss In the development of the operatiomal : .. v

procedure, the employment of standardised hydride solution
for direct titi-ut.ion of samples was precluded for several .
uamu_l._ Higher alcohols, ketones, aldehydes, esters, . '

LF

oThe addition of iodine is probably siperfluous. It -

" wag added with the thought that silver {odide may be formed.

i Ey‘: A:;;_-.q_—
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hotanu.- amines, 8te., react too slowly to porn:li titration

at a reasonabls rate. All these compounds can be titrated by |
" the indirect method.® Noreover, the strength of hydride

solution, because of slow reaction with atmospheric moisture

and carbon dioxide, slowly changes on s tanding, necessitating o

" frequent restandardisation. Also since the solvent used to

dissolve the samples contains some moisture and peroxide, it

is necessary to run a blank svery day. It is very difficuls,
" furthermore, to dispense the solution from a buret since all

nopcoak lubricants either are dissolved or react with the
potent mixture. For these reasons, the reverse procedure of

. back titrating an excess of the hrdrido \d.'r.h a standardised

alcohol solution m adopted.

A solution of nﬁropyl alcohol in bensens was found
t.b be gemerally nti;ractw as the standard. Higher
alcohols, as mentioned previocusly, were generally too unre-

~ active to permit direct titration. The use of methyl alcohol

tonded to lead to gel formation, Ethyl alcohol was fairly

.. satisfactory except for its high volatility. Branched ale

cohols were not studied since branching usually results ia
lower reactivity. Bengene was chosen as the diluent for the
standard since it can be dried sasily, does not form
poroxidu as ethers do. and is insrt with respect to the

 hydride. It is, honur. by no means an ideal solunt. for

£

.-Egtdoneo for this statemernt will be prucntd in t.h:la

" and later paperse. .

~ . ) .‘ ) . . ok
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this purpose since its low polarity oftem results in precie .
pitation of salts from the reaction mixture. | |
In the remainder of the paper, results of experimental

~ evaluation of the method as npplud to hydroxyl compounds

' * electrode, it was necessary to make the slectrode resistance ‘

are presented.
EXPERINENTAL
Apparatug: Two different setups wers used in studying the

feasibility of the msthod, The first, shown schematically
in Pig. 2, was relatively crude and simple, the titration

being carried out in an open beaker. The reduction potential |

was followed by measuring with a Beokman Model B pH meter,
the voltage developed across a platinum indicator electrode

and a reference electrode as shown in the diagram. 8ince the

low resistance lead of the instrument (which normally cone
nects to the calomel cell) was connected to the refersnce

as low as possible to obtain stable readings. | For this rea-

son & fairly J.Arn opening was used on the slectrode; this, . . .. -

e

howsver, resulted in slow cross diffusion of the electrode
clccmlﬁo and the beaker content. This apparat.us, nevere
t.holon. was cnploytd for -mt pm in tho present ltady |
decause cf ite li:pl:lcity. _ _ _

¢ The ucond ut.up, depicted in ﬂso %, wvas somewhat more
claborau. An at.tcnpt was nade in its design to reduce the

~
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‘moisture piclmﬁ hot.tccd uitli m-mlhr npptﬂhn.' i'h:lc was
- done by onolo-ing the reaction aysu-. the only eponinc boin;

a small hole to admit the tip of the sutomatic burette. In
addiuan the refersnce ohetmdo was redesigned to cut down

: tho txchmac of .olut.ion between it and the titration uhtm. o

A separate salt bridge chamber was introduced and the tip of

“the W;_o_ was drawn down to & fine eapillary. This ehange,
__\diich resulted in considerable doéruu in the Sonéuct.ivuy

" of the slectrode, was made possible by connecting the refer-.
ence electrode to thi high 't?uiut.am lead (which s normally N

eonnected to the glass electrode in the usual pH set-up) and

the silver 1nd1cat.or clutndc to the lw resistance umlm o

 of the volt.ut.cr._

) e

hgautg:' lugm and nnplu und were pr.pam in the ek

following menner:
| tosnhydrofurm suhnical grade aolunt. as roui.vml
L ~ from Dupont and Co. was purified by distilling Swice
' over lithium aluminum hydride. This procedure was
- found to be effective in removing water, residusl
peroxide, inhibitor, end all other impurities which
may interfere with the titration. Waste lolvonﬁ
_ remaining in the titration flask was found to be
recoverable in the same nmr... Since purified THP
forms peroxide rapidly, it was usually purified as
| nudod. RO more than & few days supply being dis-

T TR A e

e R 4
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tilled at any one time.,

L1AIN \ Solutions: @ saturated solution of Linlu; vas

prepared by refluxing an excess of the compourd with
THP (purified). This was allowed to stand overnight

and then centrifuged, The clear supernatant solutiomn.
 was poured off and stored in a bottle fitted with a

. tube of destwant. The lower goncentrations were pre- 3
~ pared by dilution with purified THF., On standing for

several weeks the solutions usually turned eloudy,

but were still usable.

standard Alcohol in Bensens Soluuom p~-propyl and

ethyl alcohol solutions wers employed. In each case
the alcohol was first distilled over sodium. The
solutions were made up volumetrically, definite

. wolumes of alcohols being added to volumetriec flasks

and made to the mark with dry bensems (distilled

. over sodium).

. Samplest ncohoh, n-butyl, isobutyl, and nd-ml wre '_ i

Drierite for 48 hours. They were then distilled
after addition of uuluc sodium and atorcd in glass

| stoppered Erlenmeyer flasks fitted with a onsiua o
" chloride drying tube . Samples 0 prepared gave m

ecolor with mhydrml copper sulfate,

__ ‘
e ey L

e A i W AR 3 a0 i AR A

PN B

P S Y]

A




b - w L wE = oww — - —

\

' . Eastman P-Cresol was freshly digtilled and
- ‘recrystallised, the purified product melting betwem

" | 34.5-36° C. Octadecyl alcohol, m.p. 58.5-59° C.;
~ gholesterin (Wilson brand), m.p. W8-150% C.; and

gotyl alcohol, m.ps 49=49.5° C., wers used untrested -

~ except for drying at Kp® C. in a hot air oven for 48
hourwe Analytical p"ndo phenol, m.p. 40-41% C., was
M untreated mapt for drying by ruhbin‘ on a
porous phto. e

m: Tho following pmodnr. with ntuor mificaum. S |

was uployul in cbtaining experimental results reported in

this paper. In all cases only oven dried ;hu wAl'® was :

used., . | | | o
 Exactly 50 ml. of purified THF and 20 ml. of THF solu=

_tion of lithium alumimum hydride were pipstted into the reaoc-

tion vessel (see Fig. 2 and 7). The weighed sample was added
and the mixturs allowed to react for 15-30 nmm under
uit.ation. rhc rucuoa nixture was then titrated potentio-

.. metrically with @ standard aloohol benzene mixture. The emd=

~ point was indicated by a large change in the volngt_ on

"

addition of a small amount of the 'hydridt reagent, VWithin g

few tenths of a ml. of the endpoint, it was necessary to walt
10-20 geconds after each addition before taking a reading.

. S\
A bdlank run was made for each get of determinations,
identical procedures being used except for the addition of

ooyl e o Fn R
A T e e o e S e
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the semple, The number of gram equivalents present in the
sample was calculated according to the foramula

A et et AR © i L B

" Fusber of gram equivalents s J&.¥
where b = :1. of standard alcohol solution consumed by the

lank

v ® ml, of standard alcohol ooluuou wmud by
sample titration

N ® solarity of the standard alcohol solution used.

e i W iR T

BESULTS AND DISGUSSION

| In Table I are listed some results cbtained with the
apparatus shown in Pig. 2. The agreements between the theos .
retical and the experimental columns are as good as can be |
expected with such an open system. Since molsture pickup |
occurred both in blank and in sample titrations, the values
prdubly reflsct certainamount af sutomatic compensation
for this source of error. These runs were made during wvinter
«+: months when relatively dry atmospheric conditions prevailed. 5
i T dam in the table, the absolute errors were of the order e
of & few tenths of a millimole,
. Improvememt in the accuracy of the method with the |
| nvind setup (Fig. 7) is evident in Tabls II where analytical

. P
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data for a phenol and several alcohols are presented. :
Smaller samples and less concentrated standard alcohol solue R j
L tion (5% nwprOpyi aloohol) were uged in obtainirg these re- ) i
| sults. In every ﬁn the anslytical results were higher i
 than would be expected theoretically. This was probably due
. to residual moisture in the samples. It.' sust be kept in mind =
that for a compound with an equivalent weight of 180, 0.05% 25
of moisture would produce approximately 1% high result. }
 Exoept in thi case of t-butyl alcohol, the dif ference between ; '
the theoretical and expesrimental was usually less than & untli e 1
~of a millimole.® By
| Results of n reprodueibint.y study are shm in hbh |
I1I. 8ix samples of cyclohexanol were titrated with the il
mmnd spparatus. The mean error for the 'u:'-iu is - o L
‘apprum“ly one part iu a thousamd, conptnblo to shou A
found with usual good volumetric methods. |
#These annlytu were made during the guzmer months when 8
pelative bumidity and cmp.rat.uro un botah in the nineties. i
.
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SOURCES (F EREOR

Vater is the principal source of error for the method,

. As was pointed out previocusly, a trace of Boisture can cause

& disproportionate error in the asnalytical result because of
the low molecular weight of water. Inadequate drying of
ssmples, wet glassware, and absorption of atmospherie

moizturs lead to spurious results. Where it is ispossible -
%o remove last traces of water, it may be necesaary to deter~
- mine the moisture concentration by Karl Pischer titration, |

APPLICATION OF THE METHOD

 The method can be employed to advantage in determining

~ soncentrations of functional groups both for snalytical and

characterisation work, In this repors its application to

- only hydroxyl eontaining eompounds has been coversd. The

method 1s squally applicable to all types of compounds reacte

- ing quantitatively with the hydride. As presently dav_olapcd.

Wt

it can not distinguish, however, between functional groups

_ - eontaining active hydrogens and those possessing readily
i reducible groups. Because of slow interaction of the hydride

with certain ester linkages, however, these say be differen

tiated by r.gulat.ing'" the reaction time. Principal advantages '
~ of the method for studies of this nature are its relative

simplicity and rapidivy,
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The applicability of the method in cbtaining a useful

chemical constant in the analysis of essential oils is under -

investigation. The extent of interaction of the hydride

“with the oils should be a measure of their hydrmtyl and

carbonyl content.

FUTURE DEVELOPMENTS

The design of the “impiroved™ apparatus is. still rela-

tively quite crude as compared to the elaborate setups em-

ployed in Karl Fischer titration in keeping out extraneous
moisture. it is hoped that interference from this source
can be further minimised. -

An investigation is presently in progress to atudy the

 feasibility of substituting & chemical indicator in place of

the electrode assexdbly. Several compounds, in particular

~ p-anino ascbensens, have been found to change color sharply

at the equivalence point. No data are available at the

moment on the comparative sensitivity of the electrical and
ehonioal indicator oysf.en. The htur mld be of apeatal
uluc in am.lyau of micro iwlu. AL
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The development of an electrometric lithium aluminum
hydride titration procedure for the quantitative determina-
tion of certain functional groups has beesn described in

Part A. In this section results of an investigat ion studyinz-'-

the f easibility of this method of analysis as applied to
various pharmaceutical compounds are presented. '
In the first paper the results of nineteen dif ferent

substances are presented, The average error of the compounds

studied was less than two per cent and included amines, acids,
lactones, alkaloids, alcohols, aldehydes, esters, and phenols.
In all cases the reaction with the hydride followed the pre-

- dicted stoichiometric relationship. -

“'-In addition the analytical data for essential oil und

essential oil isolates are presented. The value of this as

& critefioq'_:oz_- purity and ider‘xt;'i_t_y of vol_at.iie ‘oila' is dis-

- gussed,

The following are manuscripts submitted for pu‘blication

to the Scientific Edition of the Journal of imerican Pharma-

ciuttul Asaociation,
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- APPLICATION OF LITHIUM ALUNIKUM HYDRIDE ‘!ITBDIE'!RIQ
METHOD TO PHARMACEUTICAL COMPQURDS': " 2
: 7"‘?

Carl J. Lintmr,lﬁ" Donald A. Zuck, and T. Higuehi -

In investigations of either erude or pure pharmaceuticals  '— _
it it 1o ofﬁn desirable to know the concentration of functional i

% groups present. Such_iufomatioa 1s of value not only for

- purely analytical reasons but is also often noénury for

characterisation and identification purposes. It is evident

' that knowledge, for example, of milliequivalences of alde-

i hydiec or ketonie grouping prcunf. in an unknown mph would =

' prove very useful in many cases.

_ Such information ean de readily obmmd for acidie or

- umm groups by the usual alkalimetric or acidimetric

' mucm Poundation for Pharmaceutical Education Fellow.
* Bupported in part by the Research Committee of the

Oraduate School from special funds mpplm by she Wisconsin - .

Alumni Research Foundation.
_g Contribution from the School of Phl.moy, ﬁnivcrnity
of Iiscon.tn, ll(adimn. Wisconsin. _

" Manuscript submitted for publication to JOURNAL NERICAN
PHABMACLUTICA asaocx:.rxa SCIENTIFIC EDITION. )

Bl e




&3

procedures. Comparable information for alcoholie; aldehydie,

ketonic and many other groups is not, however, easily obtaine

able by the present methods. In this paper, results of
splication of the HLS method’’? which utilises lithium alue

minum hﬁrid.o solution for volumetric determination of these

latter functional sroupi are pregented.

The thecoretical basis of the method has been covered
in detail in previous papcn.l'z The method is essentially
based on quantitative reactions of lithium aluminua hydride

| with various functional mupa.' These are:

Alochols, glycols and phenols
AROB ¢ L1ALH, -ﬁ umm),, ¢ My

carbo:quc acida
- ARCOOH ¢ Jan,, — (BCHR0[\L1AL ¢ 2L4A10, + 2H,

Fm

' ZMFH ¢ L, ""7 un(mg O by T

Second ary ninu
ARZNE ¢ LiALH, —> LIAL(RQN), ¢ bl

lldohrdcl .
‘Rcm L ] Lumk —5 (Rcl‘lzo, “Lill
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~ Aromatie Nitro Compounds .

Ketones
LR,CO ¢ LiALR, ——> (R,CHO),L1AY

Esters

2‘*00031 ¢ LiAE, —> i(ﬂﬂﬂzO),,x.m ’ i(aio),,un h

| Anhydr:ldu '

(acolgo * Lu:m‘ — uacazouuu * i;.umz

Acid chlcridu

2RC00) o Liul!,. ""-% i(ncﬂzo)‘uu L ‘&1313

Anides - \ | . _
znconaz ’ LiAlRJ, ——> 2RCHNRp ¢ L1A10,
&Ecmi ¢ 2L1AMH, ——> LIAL(OCHZR), ¢ uump,,
LRCONHR' ¢ 3LiAlH, ——> LiAL(OCHZR), ¢ 2LiAL(R'N),
¢ bH,

Fitriles : |
ZRCN 0.‘1.1&1!!‘ _.:, (RCH K laad

" ARNOZ ¢ LIAIK, —-y AR-Ra- o 2, wuo, T

In addition to the organic compounds listed above,

1ithium aluminum hydride reacts with the following inarganic

compoundes

3

B Y W—s: 2
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Vater | |
L1AlR, « :_.n'zo ——> LiOH ¢ AL(OH); ¢ LHp

.unénia : :
2LLRIN, ¢ SNy [Lanan(NEZ) ) T)oNu ¥ 6H,

mul Balides _
WMnCln ¢ nu.AlH‘ > MHn ¢ nLiCl ¢ lt.hlf‘l3

Carbon Dioxide ,
LilfOy ¢ :n.umh — JLiAl(OcHﬁ,. ¢+ 21.15103
. fwo different reactions may take place with carbon
dioxide. With an excess of carbon dioxide, derivatives of

formaldehyde are formed, while with an excess of the hydride,

methanol derivatives are produced. The latter reaction has
been invcstigat_ed for the preparation of methanol contalning

" {sotopic sarbdon,
From available evidence most reactions are quantitative - |

s A
T e ke L
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The essent ial difference hotwun the present method and
the 1ithium aluminus hydride methods?#*s5 that have been

~ previcusly proposed is in the analysis of lithium sluainum

hydride which had undergons reaction. Earlier msthods have

- been based on rather complicated gasometris determinations;

{n the HLS method use is mmde of electrometric snalysis of
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of the residual lithium sluminum hydride. _

- The basis of the electrometric method lies in the fact
that hydrides are powerful reducing agents. On addition of
~lithium aluminum hydride solution to a solution comtaining

alcohol for example, all hydride would be destroyed ulnt.il. all

the alcohol had reacted. As soon as a slight excess of
hydride is present the reduction potential of the system
(as indicated, for exampls, by a bright pht!.;ma or silver
elactrode) should increasse markedly.

ghn of ¥ork
In the present atﬁdr an Mvﬁmnuon of the feasibility
of the HLS method for analysis of various typical pharma-

esutical ad-pounda has been made, The methods used and
results obtained are reported in the following sections.

Apparatug

The apparatus used in t.hs.; series hu already been

deacribed in a previcus paper. It is shown schematically in . ...

Pigure 7. It is essentially an electrometric titratiom
assembly with an isolated silver slectrode as the referunce
slsetrode and a bright silver electrode as the indicator

slectrode, Because of the umisual mwﬁ of the elecyPélyte

J used, it is more desirabls to connect the reference instead
of the usual indicator electrode %o the high resistance lead

o Y
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of the indicating voltmeter, Beckman Model H pH meter has
been found to be satisfactory for the latter function.

Reagents

Reagents .uud were prepared in the following manner:

Tetrahydrofuran, which is used as the solvent for the
lithium aluminum hydride and also iz the electrolytic system,
was purified by doudble distillation over lithium aluminum
hydride. |

Livhium aluminum hydride solution was prepared by
refluxing an excess of the compound with purified tetrahydroe.
furan. This was allowed to stand overnight and "ihon_ contrie
fuged, The clear supernatant solution was poured off and

stored in a bottle fitted with a tube of Drierite and A.acarit.n.. |

Standaxd Alcohol-benzena sglution was made by adding dry,
_‘ thiophene~-free bensens to dry, analytical grade, normal pmpyl

alcohol. Exactly 50 ml, of the alcchol was made up to one
liter in a volumetric flask. The solution was stored in an
automt !.e burottc ﬁtto& w!.th a Dmﬂto-hcar:lto tubo.

¥ ' ; ¥ :.‘ ) _’«\{_‘ L A e ,,,,‘,

" Procedure

~ The lithium aluminum hydride solution was pipetted into

. a 125 ml. glass stoppered erlemmeyer flask., The dried com=
ipcmnﬂ to be analyzed was mixed with 25.0 ml. of previcusly

dried tetrahydrofuran. The reaction mixture was then either

s R A TP %, s SR, (r g
ST R AR ST L SLY % WA By SN R
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Binthylmilim - Baker Chemical ¥orks = n?5 = 1, 5550 was

" Bensotic Acid - analyticel grade = M.P. 121-121.5° dried by

48

-~ heated under reflux for 60 minutes or, altmuyoly-. g
| agitated with a mechanical stirrer for 30 minutes. In either
" case, the mixture was protected by a Drierite drying tube.

~ The electrodes werse then inserted and the solution titrated

with the 58 n-propyl alcchol solution in bensens. 'rholbhnk

determination was made with the same procedure except for

~ addition of the sample.

The number of gram equivalences ot' mnct.ioul group

| }- present in the sample were calculated according to the fol-
~ lowing formula: s

Kusber of Gram -qus.val.ntuﬁ:l—%%-an

where B = :hn:f standard aleohol solution eonnund by the

Y & ml. of standard alcohol solution consumed by
sample titration.

- N e molarity of the standard alcohol used.
The following substances were anulysod

" Aniline - Mallinckrodt - n?® & 1.5797 dried by d:lct.illin; from

metallic sodium.

. niphonnam « M.Pv 52-530 dried by rubbing ca a poraus pht--o-
'Y Alpha Naphthylamine = H.P. 4k8-49.5° dried by rubbing on &

porous plate.
dried by dht.illat.ion.

' rubbing on & porous pht.o.

A
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Salicylie acid - analytical grade M.P. 158-159“ dried by
rubbing on a porous plate.

Amidopyrine - n.r. 107-109° dried in hot air oven at 90°

~ for 48 hours.

Coumarin « Fritssche Brothers = M.P. 68-69.5% = ’dri.od by
rubbing on a porous plate. :

Morphine = Merck - recrystallised from aleohol-wnt.cr mixture,
dried in hot air oven at 114° C. for 48 '
hourse M.Pe 252.5-254%,

cindmnidino e« Lehn snd Pink « recrystallised rro- elcohole
water and dried in ovon at 114° for 46 hourse.
MePo 202.5-2010

'Iarbonalol « aglucone prepared from urbonalha a glucoside
isolated from Verbena St.rict.a. Courtesy of
Pr. L. M. Parks. M.Pe i1728- 130 .

 Methyl Salicylate = Merck = Bng ® 1.5341 dried by distillation,

Benzaldehyde = Merck = npg # 1.54L20 dried by distillation.

Vanillin = Pritzsche Brothers - M.P. 81~82° dried by mbbing

. On & porous plate. .
Aspirin = M.P, 135-136° dried in an oven at 102% for 48 hours.
Salol = M.P, 41.5-43° dried by rubbing on & porous plate.
Bensyl Alcohol «n ® 1.5368 dried by distillatiom.

| 'rhynol « Magnus, Mebee and Reynard « M.P. 51-5?" dried by

~ rubbing en t porous plate.

Hent.ho]. - Merck - _n.r’. 43-44° dried by mbb‘ng on & poroua |

plate.
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 Rimcuasion and Conclusianat
" The experimental values obtained by thc.ln.s method
. agree favorably with the predicted value. The higher values
are wnny dus to low molecular weight impurities. v&m, _
in particular, is an important scurce of error. Lower values
umallr indicate an meo-plna reaction as with an:llim and
bensoic acid, ,

ﬂinco the end point obtained by the method is extremely
- sharp and reproducibility is usually good under proper condi«~
tion.." even better mlyuul. Agcuracy appears to be peni.hl.c
with mrt.hor roﬂnmnt. ,
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* BLECTROMETRIC TITRATION OF VOLATILE OILS AND VOLATILE
OIL ISOLATES USING LITHIUM ALUMINUX HYDRIDE

By carl J. Lintner, Joseph V. Swintosky,
Donald Zuck and T. Higuchd

-~

Introduction

The amlysis of volatile oils and related substances

" 1s & highly specialised ficld of analytical Cheamistry which

requires diverse phy-icdrmd chemical procedures. The

mdybiui procedures are esployed to characterise oils, to

detect spoilage, to detect adulteration and sophistication,

~ and for the gemsral purpose of establishing the mint.it.y and

validity of these products. Such useful quantitative indices

as optical rotation, refractive index, acid number, sster
_number, etc., which collectively aid in establishing the
| pur!.t.r and :ldcntity of these substances are usually obtained,

4 The prount invnt.igation was undertaken with the supposition

that a new unml qumut.auu index may be obtuinnblo for
volatile oils and related substances by ;ppla.c-atiou of the

- new quantitative electrometric titration method employing

lithium aluminum hydrido. The purpou of the initial study

Manuscript submitted for u_blieation to JOURNAL AMBRICAN
PHABMACEUTICAL AS3SUCLATION 3 TIFIC EDITION,.
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was %o mablhh the feasibility of this type of analysis
 far volatile oils. | .

The spplication of the lithium aluminum hydride eleg-
tromstric titration procedure (HL3 method) to the quintituun
determmination of various functional groups has been descrided
| proumly,l"" and allusion has already been made to the

possibility of using this procedure in the analysis of _
wlatile oils. It is observed, in the limited amount of
© data resulting from the use of the HLS method, that alcohols,
phenols, aldehydes, ketones, esters and carboxylic acids,
compounds which are present in essential oils, react quantie
tatively with lithium aluminum hydride in the following =
Banner: b ! '
Alcohols and Phenols
4R-OH ¢ LiAlH, ——3 LIAL(OR), + AH,

-, Aldehydes

ARCHO ¢ LiAlR, ——> (RCH20),liA2
Ketoms _ : ' |
&R2CO ¢ LiAlH, > (azcnolbuu -

| Baters | : - _
ZR-COCR' ¢ LIALR, —— $(RCHZ0),11A) « §(B'0),LiAY



5

curhozync Acids | . | e

4ROOCH ¢ 3L4ALH, — (acazo) 1AL § su.mo2 ¢ 4B,

Lithium aluminum hydride does not as a rule react with

. ether linkages or ethylenie double bonds. In substances such

as ¢innamic acid, where the unsaturated bond is definitvely

activated by eonjugation with an aromatiec nucleus on one side

and a readily reducidle group om the otshcr. n&zcuon of the
unsaturated linkage is ocbserved. - ' o

.~ Is is common knowledge that volatile eii- consist of _
mixtures of the typs ¢ ompounds enumerated above together with

~ other types which do mot react with lithium aluminum hydrldt. |

Volatile oils then should undergo reaction with this agent;

" and 1f different lots of a given volatile oil are qualita-
tively and quantitatively similar (the premise upon which all

present indices are based) then a lithium aluminum hydride
squivalence of rather constant valus for individual oils

“should be establishable.

Y\
%

| IR EEC Ve e 7% PN Y R e T A A S N T A T e R ey

~ The ducripuon o:!‘ thc apparatus and the preparation

: of the standard reagents for this procedure have been fully

tlucn':l.l'.-ocl2 in previous pudblications. Techniques consistent

_with the established procedure were followed in these analyses.

Exactly 50 ml. of purified tetrahydrofuran (THF) and
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exactly 5 ml., or 10 ml,, of THF golution of lithium
aluminum hydride were pipetted into the reaction vessel.
The weighed volatile 04l or isolate was added to this solu-
tion and alloﬁd to react for 15 minmutes under magnetic |
stirrer agitation. A standard golution of 5§ n-propyl

alcohol by volume in bensens was then used in the Pﬂﬂnﬁ‘&;
metrie titration of exceas lithium aluminum hydride. For .

- each d_-tomimtion 8 blank run was conducted with the iden~
" tical procedure except for the addition of the sample. The

equivalence of each substance was expressed in millie.
squivalents per gram of sample. G m
. The following substances were analysed: R _
Eucalyptol. Mallinkrods U.8.P. grade eucalyptol was

' miynd after drying by' distillation over metallic sodium.

The refractive index (n) of this pnrinod wbltmo um’ 25"
was 1.4498. _ |
© Mathyl Salicylats. Nerck methyl uucqu vas dried by

- distillation over metallic sodium (ngs » 1.5341) and analysed.

Zugenol., Merck sugenol dried over Drierite for 48

~ hours (ngs » 1.5375) was mlyéed Wi thout further treatment.

. Bansaldehyde. Nerck U.8.P, grade bensaldehyde was
dried by d:mnnn; over metallic sodium “‘25 s 1.5420)

; before analysis.

Thymol. mnu. llapees.:anﬂﬂ;ﬁémm VeSoP, grndo thymol
was dried on & porous plate (I.P. 51-52") and uml.yud withe

. out further pretreatuent.
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Menthol, Merck V.8.P, grade menthol wes dried on a

- porous plate (N.P. A3-44°) and analysed without further

pretreatmnt,

-_mmggm. A student preparation derived from 041 of

nmloqk nﬁ ucryutaluud three times from bensems (M.P, ®

 208-210°) and analysed without further treatment.

Litronallol. Oity Chemical Corporation of New York

eitronellol was dried by standing over magnesium p.rchloéau G
. for 48 hours (nps = 1.4500) and analysed. o

Terpineol. Fritssche Bros. terpimeol was dried by
standing over magnesium perchlorate for l_.! hours (n” .
1.4798) and analysed without further treatment,

d-carvone. A lnborltory-propartd sample* of d-carvone -

was dried by standing over magnesium perchlorate for 48 hours
_ (nzs e 1.4969) and analysed,

Bipercnal (Hellotrapin). Fritssche Bros. piperonal was
dried on a porous phu (M.P, & 37.37.5°) and subjutcd to

analysis.

l-menthone, Eastman Kodak l-menthone was dried by

_I standing over Drierite for 43 haurl (n25 & 1.“.75) and | N
analysed wit.haut. mruur t reataent .,

Linalool. Fritseche Bros. 1inalool was dried by stand-
ing over magnesium porohlonu for 48 hours ("25 a 1.&689)
and unlyud. ol - |

¢ Samples mm-ma by Dr. Goﬂ!on Mboda, now at the
School of Pharmacy, Uniuroit.y of Kansas. '
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Limonens. Fritssche Bros. limonens was dried by
standing over magnesium perchlorate for 48 hours (325 s
1.6727) and analysed.

The following volatils oils were each dried over C.P.
calcium chloride for A8 hours before analysis:

dalacted FPeppermint Oil. Fritssche Bros,
041 of Spearmint. Fritssche Bros., V.3.P, grade.

041 of Lavender. Fritssche Bros. U.8.P, grade..

¢ 94l of Cinpamon Cevlon Imitation. PFritssche Bros.
0il of Cloves. Magnus, ¥abee and Iloymmd US.P, grads.

'M..Mmh.ﬁnldmm Fritssche Bros. - -

- U8.P. grade.,

mwmm.nm. Fritssche Bros.

Q11 of Bergamot F.B., Extra Pina. Fritssche Bros.

Fd . .
T Results and Discussion

PrEERS The results of the analyses on the various volatile

041 of Rosemary. Fritssche Bros., U.3.P. grade, S '

"™ oils and related sibstances are given in Tables I and 1T, - ,

The equivalents per sample ars expressed as the fraction of

milliequivalent per gram is then readily calculated from the

expression

4 mole of aleohol to which a given sample is oquivalcnt.. The
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M.E. per t!‘l_lll o | Weight of Sample

The data om the volatile oil isolates showy that for
each substance titrated, expsrimental and theoretical values

| ¢heck reasonadbly well except for borneol. The method is thus

quantitative and a determination af the M.E. per gram on a :
mixtures of such substances as they may ocour in wlatile oils
should serve as a useful index in ascertaining the relative

amounts of reactive oxygenated components in a natural proe

duct aof this type. _ S
The results of the analyses ca the wolatile oils of

. Table II indicate the reproducibility of the HLS method, and

the possibilities for this procedure in establishing a lithium :
aluminum hydride equivalence as a quantitative index for
purity and identity of these products. The low 'l.l. per gram
in 011 of Lemon and 01l of Orange, for example, is in keeping

_with the fact that each of these oils contain approximately

90% or more of limonens plus other hyirocarbons which do not

; reacs wi'ch 1ithium alumimum hj'd!‘idt. ‘The rolativoly high B
- M.E, p-r pu ror ‘such oils as SPOarniut. 'rhm. and Poppon-

mint likewiss is in keeping with our tmlcdgo that these

 01ls contain high percentages of esters, phenols, alcohols,

and other components which react with lithium aluminum hydride.
The data for all of the oils correlatej well with ocur present
kno{rlndgo of the qualitative and quantitative chemical com-
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position of these produdtu. The HLS method thus provides a
simple, readily reproducidle procedure for a rapid deter-
mination of a chemical index which should be a useful tool
in the analysis and identification of wolatile oils.

The anulytical possibilities af- the method drefurther

1llustrated in Table IIX, where results of analysis of

several synthetie mixtures of 0il of Lemon and 0il of Spear-
mint are shown. It is evident that results are reasonably
quantitative in nature even at present athu of development
of the method.
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Table III.

" Analysis of Syathetis Kixtures of Volatile

04l of 0il of 01l of 0il of P
Nixture ~ lemon Spearmint Lemon @ Spearmint

X . M58 .02 708 2.2
I 53.26 A6.h . 52.8 47.1
IIT - 35.58  Ghua2  35.8 oy
b . 20,26 79.7% .  19.6  80.b
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Summary

The spplication of the HLS method of potentiomstric
titration with lithium aluminum hydride has been fllustrated

4in ana.lyui of volatile oils and volatile oil isolates. The

titration of knowm whuh oil isolates gives oxporianntal_. :

© valuss which check well with theoretical valies. Titration
| values on volatile oils gorrelate well with predicted value
3 bmd on knowhdgo of the chemical compositions of these
| 011-. The possible usefulness of the lithium aluminus
~ hydride equivalence as am index for purtty and umm.y of
_ -volat.!.h oils hu ‘been point-od out.
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Development of the coloriutuc. Method
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ntroduction

After the development of an slectrometric lithium
aluminum hydride procedure for the quantitative determination
of certain functional groups, it was thought that & eolorie
metrie method would be advantageous. A colorimetric method |
would eliminate the complex apparatus required in the electro-
metric procedure and would be more adaptable to micro '
technique. B

Thaoretical Baals

A very weak acid is required as the indicator. That
h'. acids weaker by several pKk units than the samples to be
analysed. In addition the chosen hxd.{oatar must be soluble
ha the reaction mixture, react slower than the sample, and
paunu a digtinect color ohanso at the endpoint .

Two type structures, the aso and the earbonium ion typu,-ﬁ e

g o e TR T

were tried in zhiu series of dounimziom.

~ Commercial grade diphenylamine, rlﬁbﬂm. bensidine,

_ y-mnu:obanum; diasoamino benszens, N-R' di-B-naphthyle

p-phenylene diamine and E-N' diphenyl-p-phenylene diamine end
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| analytical grade triphenyl methane were used without further
 treatment. | | |
~ Nephenyl-p-aminoascbensene was prepared according to
~ the method of Torrey and xacPhononl by diasotising aniline
and then c¢oupling it with 4 iphenylamine in the presence of
glacial acetic acid. The product was rocrysulnnd from
Skelly B, N.P, 80-81°,
Repethyl-p-amino uobonnn. was prepared by f.hi
diasotization of aniline followed by ¢ cupling with methyle
aniline., The product was recrystallised once from Skelly B.
M.P. 179-180%, - | | L
_ 1 aso bensens-N-phenyl-B-naphthylamine was prepared by
coupling diasotised aniline with N-phenyl-B-naphthyl-amine?,
The product was rocmt.all:lud once f{roas Skollr Be M.Pe 140-
41.5°, |
~ Tridiphenyl methane® was prepared by the reduction of
~ tridiphenyl carbinol with tin and hydrochloric acid. The
‘product was recrystallised once from chloroform. M.P. 235
I TR 237°% The tridiphenyl carbinol was previocusly prepared by
. P treatizg pechlorbiphenyl with disthyl sarbonate and metallic
ndiun’t | _ ' _
- A 0.1 per cent solution of each of the above ecompounds
was prepared in dry bensene and J drops of each aolur.ion used
as the indicator. -




_ the determinations,

) ngarat.ug

Reagents

Reagents used were prepared as follows:
~ Tetrahydrofuran, which is used as the solvent for the
lithium alumimua hydride was purified by double distillation

~ over lithium aluminum hydride.

Lithium alunioue hydcide Solutlion was prepared by -

refluxing an excess of the compound with purified tetre~
 hydrofuren, This was allowed to stand overnight and then

centrifuged. The clear oupormt.ms solution was poured off
and stored in & bottle fitted with & tube of Drierite and
Ascarite, .

Wwﬂm was prepared by adding

| ~ dry thiophene-free bensens to dry analytical grade normal

propyl alcohol. Exactly 50 ml. of the alcohol was made up
to one liter in a volumetri¢ flask. The solution was stored
in an smutomatic burette fitted with a Drierite~Ascarite tube.

| -  Cyclohexanol, previcusly dried by distilling in the
presence of metallic sodium, was used as the sample in all of L

U TR e T AR Y RN T e M M s e S st TR e e e

23

The spparatus used in this series of determinations is
shown schematically in figure 8. |

WRRIT LU

b1
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Procedure

The lithium aluminum hydride solution .m pipetted into
a 125 nl glass nopplro_d erlemmeyer flask. The dried cyclo=-
hexanol was mixed with 25.0 ml of previously dried tetrahydro-
furan., The reaction mixture, which was agitated with a mag-
hot»ie stirrer for 30 minutes was protected by a Drierite dry- |
ing tube. l‘in-dropu of the indicator solution was added
and the solution titrated with the standard alcohol-bensens
solution. A definite color change that m:lm_d for 30

seconds was taken as the endpoint.

_ A blank determination was made with the same proomro
exgept for the addition of the sample. ‘
The musber of gramquivalents presemt in the sample

" was ealculated according to the formulas

Number of Oram Equivalents= %B

: whlu B oqualu the ml. of standard alcohol ooluuun
- _ consumed by the blank.

| oqulo the ml., of standard alcohol mwuﬂ BTy

by the sample titration.

" X equals the molarity of the ‘standard aleohol YT

solution used.
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Basulta and Diacuasion
The first 1ndicatbr tried, p~amino asobensene, gave a

¢olor changse from orange to yellow., However, this change was
very gradual and the endpoint very difficult to detect. As

- showm in the table on page 71 the r"uult.n varied and in all |

cases wers lower than the theoretical value expected.
With benxidine a purplish brown color changing to & light
brown was pmdueod._ This color uh@nto. which was reversibls, o
was very gradual and the endpoint hard to detect. |
* There was no ¢olor change produced with dasocamino-bensens

'md diphenylamine.

" An indistinct gradxal color dancu from a dari: brown to

& lighter hue was yroduc.d by I-asobonuno-luphmylpa-
| mphthyluim . '

| i-phonyl-p-uinouohem gave a definite reversidble
color echange from orange tol' yellow tut the results as shown

“4n the table were far from the theoretical value expected.
Becauge of t.ho low nluu obtained, it. was decided to QT
_ lubutimu the l-phenyl radical with k-unsthyl. The reversible

color change produced by the K-methyl-p-amino-azobensens was
very satisfactory in:_t-ha it changed from an orange to a light
yellow to orange again before pcmmiy becoming colorless
at the endpoint. The endpoint was very easy to see and the
final color ehnngol was produced by one drop of the standard
alochol-bensens solution. The o;porimntal values obtained
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are close to the theoretical value. ]
After completion of the work on the aso type compounds,

: '_ 4t was decided to try compounds of the carbonium ion type.

Triphenyluethane was readily available and was the first
tried, Under the conditions of this determimation no solor
change was produced., Tridiphenylmethane was synthesised im

- order to obtain a more acidie molecule., Again no color

change was produced, A quantity of fluorens was available
and as 1t had a pK value in the proper range it was decided '

i to try te follow the titration under ultra vioclet light,

Because atmoespheric oxygen affected the color changs, & stream '
of nitrogen gas was bubbled into the reaction mixture. A
color change from a dark to & light blue under the ultra

yiolet light was observed. Although this change was rever-

sible, it was a gradual change and unsatisfactory for
detecting the endpoint. '
At this time & quantity of several rubber antioxidants |
becams avallable and it was decided to try them as indicators.
N~N'Di-B-naphthyl=p-phenylens dimmine and K-K'=diphenyl =

< puphenylens diamine were used and the titrations agaim followed ...
by ultra violet light. Both indicators gave a yellow color i '

that turned to & blue. The color change was vdi-y gradual

- and hence unsatisfactory.



Conclusion S o SRR -
~ The best 1ndieator developed to dnt'o. N-methyl p-amino e
' asobensgene, gave results about 96 per cent of the theoretical, '_
. This substance exhibite a definite reversible color change T
that s easy to detect. Although the colorimetriec method has

. not glven as accurate results as the electrometric method,
the colorimetric method shows definite promise. .

T T R R T T TR
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CONCLUSION

An electrometric method based on lithium alumimum hydride
for the qmntttittn determnination of certain functional
groups has bemndeveloped. This method, which was applied to
nﬂm pharmaceutical compounds including alcohols, alde- | .
hydes, carboxylic acids, ketones, esters, amines, lactonss, .
essential oils and essential oil isolates, gives good results.

In addition a colorimetric method was shown to be feasiblaw.
Although the latter method ,“ not as accurate as the electro- |
metric method, the colorimetric procedure shows promise.
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SUIARY

An electrometric and & colorimetric lithium aluminum
hydride prc;coduru for the quantitative determination of
gertain functional groups were developed. Two slectrometric
methods, the open system md the glosed system, were used.
'rn. rnulu of the various methods are given in tabular form
~ 4in the respective sections. | | _ | |

The agreement betwesn the theoretical and experimental
v_aluu are &s good as can be expected with the open system
 apparatus. The absclute errors of the open system results
- were of the order of a few tenths of a millimole. |
| The sccuracy of the method was improved with the e.lénd
‘system. VWith one exception, the differsnce bot.vun the |
| ‘theoretical and oxpori.sinud. uhn was nnualljr less than a

~tenth of a millimole.

" of pharmaceutical compounds. The experimental values ob-

The electrometric method was applied to various types

tained agree favorably with the predicted value. The titra-
tion values of volatile oils correlated well with the predicted
value based on the knowledze of the chemical composition of
these oils. - . _ R - :

Eleven potential indicators for the colorimetrie method
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 were imvestigated. The best indicator tried to date,

© Nemethyl-p-amino asobensens, gave sxperimental results 96 | |

. per eent of the theoreticals. This substance exhibits &
definite meversible color change that is sasy to detect.

£ R N A e L O R PR S s RO e B e s



FUTURE WOKK

As the deaign of the '1uprovad' apptrctﬁl is ltill
relatively crude as couparod to the elaborate not-up used
in the Karl Pischer titration, it is hoped to further refine )

. the apparatus. |
: The chemical kinetics of several reactions of lithium
aluminum hydride are to be studied, as well as the deter-
mination of the amount of water of hydration in inorganie
coupoundu. | |
. MNew indicators for the eoluriuntrie nathod are to be
investigated.

As the applicanion ot the 01-ctrunotr1¢ nnthod to J'
essential oils has been shown to be feasible, future plans
include the study of_daaontial cils from different localie

. ties and the davaIOpucnz of a new quantitative index for |
esaential oils, | .
o :; ;; ?ha apﬁlicabion of an amperomctric mnthod for tho

detection of the ondpoint 1- achodulad for tuturo uork.
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