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ABSTRACT

The products of the reaction of excess anhydrous pyridine with
D-mannitol hexanitrate at 30°C. have been analysed and five of the major
components identified. & gés consisting of nitric oxide, nitrous oxide
and nitrogen wes evolved and D-mannitol-1,2,L,5,6-pentanitrate and
pyridinium nitrate were recovered from the reaction mixture. Twelve other
non-nitrogenocus unidentified components were detected in the reaction
mixture by paper-partition chromatography.  Establishment of a nitrogen
balance for the reaction indicated that ccomplete removal of nitrogen from
about 2 moles of pyridine and from about 0.25 moles of the hexanitrate

occured during the formation of 0.75 moles of mannitol pentanitrate.
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INTRODUCTION

Since the first discovery of the pjridine denitration of mamnitol
and dulcitol hexa itrates to the corresponding pentanitrates no attémpts
have been made to determine the mechanism of the reaction. However, since
the reaction has recently been shown to fésult in specific denitration §f
bothbmannitol- and dulcitol~hexanitrate in the three (or chemically
equivaleﬁt L4~) position, it has become important as a possible method of
making available?specific secondary hydroxyl group in polyhydric alcohols
and possibly also in sugar molecules. This speg@ficity coupled with the
desirable characteristics of nitrate groups as carbohydrate "blocking
groups" suggedts the use of the carbohydrate nibrates as intermediates-in
sugar syntheses. Further developmentvtoward this goal required the
investigation of the mechanism of the pyridine-carbohydrate hitrate
reaction.

The present work describes the isolation and identification of
the major'by-products of the reaction of pyridine.with mannitélhhexanitrate,

together with preliminary studies on the rate of the reaction.

HISTORICAL INTRODUCTION
The pyridine denitratidn of mammitol hexaitrate was first
discovered by Wigner in 1903 (2%) when he found that pyridine was aumore
selective denitrating agent than Tichanowitsch's ammoniacal ether (2%).
The latter reagenﬁ was stated by Wigner to cause some deep-seated decomp-
osition as a result of its action as a caustic alkali. Pyridine, however,

did not show this undésirable secondary effect. The method described was



-2 -

to dissolve the mannitol hexanitrate in six times its weight of pyridine
with cdoling, when necessary, to prevent the reaction from becoﬁing too
vigorous. The reaction was accompanied by theevblution of large amounts
of "nitrous vapor" and by a gradual change in the solution from cdlorless
to bright yelloﬁ. The crystalline penta itrate was isolated bj
precipitating with water and was purifiedvby crystéllizaﬁion from aqueous
ethanol.

No further investigation of the reaction was attempted until
Hayward, in 1951, showed by methylation, denitration and periodate,
oxidation that the partiéldenitratingeaction of the pyridine is spécific
to the 3- (or equivalent L~) position of the mannitol hexanitrate molecule
(8). »

McKeown, in 1952, showed that the 3- (or L-) position is élso
the point of attack of pyridine on dulcitol hexanitrate (10).

The action of pyridine and other weak bases on nitrated carbo-
hydrate derivatives has been investigated'by severdl workers. Walter (23)
in 1911, noted that guncotton, soaked with one of dimethylaniline,
phenylhydrazine, o~ or p~toluidine or naphthylanine, and left in the
dark, suffered a gradual change in color indicating decomposition.

Angeli (1) found that pyridine—moistened nitrocellulose gives
an 80% yield 6f the original weight of nitrocellulose with a nitrogen
content reduced frdm aﬁ original 124 to 9-10% indicating decided
decomposition. ‘

Giannini (5) extended this work in 1924. He found.that a gas
containing carbbndioxide, nitric oxide, nitrous oxide and nitrogen, , was

given off and that the carbohydrate product, after L5 days in contact with
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pyridine; had approximately the molecular weight of a biose unit. In
okl Glédding and Purves (6) found that pure, dry pyridine caused a
vigorous-decqmposition of dissolved, stabilized guncotton at 100°C.
Nitrogen dioxide was evolved as a volatile pyridine complex which readily
crystallized above the solution on cooling.

Ryan aﬁd Casey (15) studied the effect of primary, secondary
and tertiary amines on various carbohydrate nitrate esters. Dimethyl |
aniline reacted with mannitol hexanitrate at an elevated temperature to
evolve a gas consisting of 70% Nitrous oxide and 30% nitrogen.

Much work has recently been done on the action.of hydroxylamine,
metboxyaniﬁe andvtheir corresponding hydrochlorides on pyridine solutions.
of carbohydrate nitrates.

The reactions observed were aséumed to be caused by the ammonia.
derivative with the pyridine aclting merely as solv ente |

In 1946 Segall (lg) found that excess hydroxylamine‘in pyridine
at room temperature, acted on cellulose trinitrate to give a cellulose
dinitrate with the evolution of one mole of nitrogen per mole of
~anhydroglucose. The nitrate groups attacked proved to be secondary in
nature. Uniike other cellulose nitrates, theproduct was stable to
pyridine. Methoxyamine acted similarly except that no nitrogenvvés

evolved. With excess hydroxylamine hydrachloride the product appeared to
be a cellulose ketoxime dinitrate and the gas evolved consisted of 85%
nitrous oxide and 15% nitrogen. |

Hayward (7) followed up this work by investigating the action of
hydroxylamine in pyridine on methyl- «=-and /3 -D-glucopyranoside tetrani-

trates. In preliminary experiments he found that an alcoholic solution
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of hydfoxylamine had little or nb effect on methyl- ¢ -or /3 ~D-glucoside
tetranitrate. When the compound was dissolved in anhydrous pyridine,
highly colored products were rapidly formed but no gas was evolved.
The « -isomer was recoﬁered in 76%‘yield after four and one half hours,
and in 60% yield after sixtéen hours. 4 vigorous exothermit reaction
ensued on addition of hydroxylamine in anhydrous pyridine to methyl- B8 -
D-glucoside tetranitrate. Nitrogen gas was evolved in the ratio of 1.3
moles per mole of tetranitrate,rand the product contained methyl- 4 -D-
glucoside-2, 3,6~trinitrate (53%), methyl- 3 -D-glucoside-B,6—dini£raté
(33%2) and unidentified methyl- 3 ~D-glucoside trinitrates

The action of hydroxylamine hydrochloride in pyridine on methyl-
3 -D-glucopyranoside tetranitrate, invéstigated by Rooney (15), was slower
and more complex. The gas evolved was 87% nitrous oxide and 30% nitrogen,
and the carbohydrate products appeared to be a mixture of partially
denitrated methyl glucoside and completely denitrated polyoximé products.
Methyl= <@ =D~gluco-pyra oséde-2, 3y6-trinitrate and a substance believed to
be methyl- 3 ~-D-glucopyranoside-2,6-dinitrate were isolated.

An investigation of the action of quinoline on methyl-3 -D-
glucoside tetran itrate by Swan (20) showed that a ‘partial denitration

occurs with theevolution of a gase

DISCUSSION OF RESULTS
The reaction of ﬁannitol hexanitrate with pyridine (denitration
reaction), carried out in air, led to the evolution of a brown gas and the
formation of a thin film of nearly colourless crystals on the walls of the
glass vessel sbove the solution. This érystalline material (m.p. 116 =

117°C. after crystallization from methanol) was tentatively identified as
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pyridinium nitrate by means of a mixed melting point with an-authentic
- sample of pyridinium nitrate. Whep, however, the reaction was carried out
in the absence of aifﬁinythe Toricellian vacuum of a Lunge Nitrometer, the
gas evolved was colourless and no crystal line material was-deposited. The
gas turned red-brown on admission of commercial oxygen, but did not deposit
any solid material. Consideration of the reaction indicated that the
follopigg components could be anticipated in the gaseous product:
nitric oxide, nitrous oxide, carbon dioxide,-carbon monoxide, nitrogen -
and pyridine vapour. Since the gas was colourlessbut reacted with oxygen
to give a red-brown gas, nitric oxide must have been present and nitrogen
dioxide»and oxygen absent. The alkaline, oxidizing conditions prevéiiing
in the reaction mixture made fhe formation of gaseous ammonia, hydroéen
cyanide, formic acid, formaldehyde and hydrocarbons unlikely. Water-wpour
was shown to Ee absent when no solid was deposited on admission of oxygen
to the gas.

A method for the analysis of such a mixture was not available in
the Literature. However, several reagents, described as absorbents for
nitric oxide were chekked, in the Orsat apparatus, for absorption of
commercial nitrous oxide. These were 15% aqueous sodium sulphite, 1% in
potassium hydroxide (L), 20% potassium hydroxide (11), 0.l normal sulphuric
acid l% in potassium permanganate (28) and 0.1 normal potassium hydroxide
1% in potassium permanganate (9). In each case the nitrous oxide was
slowly absorbed. Aqueous ferrous sulphate, recommended by Scott (17) was
not tested because the unstable complex formed with nitricoxXide is reported
to have an appreciable vapour pressure of nitric oxide in equilibrium with

it (2§).
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The nitrogen dioxide formed by reaction of oxygen with the gas
was found to react fairly readily with mercury if sufficient surface was
available for reaction, The disappearance of the characteristic colour
of the gas was taken as eﬁidence for the completion of the reaction:

2N0 + 20é +Hg — Hg (N03)2.
Carbon monoxide, if present, would, of course, be oxidized to carbon
dioxide during this reaction. The possible components then remaining
would be nitrous oxide, carbon dioxide, nitrogen, pyridine vapour and the
excess oxygene Lhe nitrous oxide was absorbed in 95% ethanol (18) which
would also absorb the pyridine vapour. The carbon dioxide was absorbed
in L4O% potassium hydroxide and the excess oxygen in alkaline pyrogallol (2%).
The prcentage of pyridine in the gas could be calculated (from the ratio i
of its vapor pressure at the temperature of the reaction'to the atmospherid
pressureigtbtracted from the percentage of the gas absorbed in ethanol to
give the true percentége nitroﬁs oxide. However, since its concentration
was small and fairly constant (2.5 - 2.8%), the correction was not
- considered necessary and the total gas absorbed in ethanol Wwas c¢alculated
as nitrous oxide. The absorption of oxygen by ethanol was found to be
nil within the experimental error. (The volume of the gas increased due
to the pressure of ethancl vapour but returned to the original when the
latter was absorbed in LOZ potassium hydroxide).

In a test with comﬁercial nitrous oxide ethanol was found to
absorb 98.5% and 98.%%, the absorption t&ing about 13 hours. In the
analysis of the oxygen-treated gas, a repass through the ethancl pipette
was required after absorption in potassium hydroxide to establish how much

of the gas absorbed was ethanol. Within the limits of the experimental
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error (about 1.5%) the loss in volume of the gas on passage through
potassium hydroxide was due to absorption of ethanol vg ours

The molecular weight of the gas unabsorbed during the analysis,
determined by the vapour density method (3), was found to vary between 28.5
and 29.5. -The variable discreparncy between these val ues and the theoretical
&alue for niﬁrogen_was attributed to contamination of the unabsorbed gas
with pyridine. Tﬁe cémposition of the gas was found to vary considerably
from run to run in spite of extreme care in attempting to control the
reaction conditions. Thé rate of evolution of the gas during each reaction
was also found tO'vary; It appeared that the observed variations might be
the result of.a varying water content'of the hygroscopic pyridine.
However, use of pyridine dried over barium oxide and freshly fractionally
distilled through a 20 inch Widmer column(bpiling range 115.0‘— 115.5tcorr. )
did not lead to reproducesble gas compositions or rate curves. In Fig. 1.
are plotted moles of gas per mole of mannitol hexanitrate for severd runs
using anhydrous pyridine.

To chéck the possibility that the absolute number of moles of
nitrogen evolved in the various forms was a constant quantity, the mate
and analytical data were calculated to gram atoms of nitrogen per mole
of mannitol hexanitrate. The resulting plots, while not reproduceable
(as is shown in’Fig. 2) were more closely grouped than the plots of moles
of totdl gas evolved (Fige 1).

"The effeé£ of water on the reaction was further tested.
Denitra%ions were car;ﬁed out with the addition of 0.00lh mole of water
in oﬁe case and 0.0028 mole in another. A marked decrease in the total

amount of nitrogen evolved resulted. In the first case the yield of gas
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calculated as nitrogen was reduced by about one quarter and in the second
by about one half of the average yield from an anhydrous reaction.

» plots Fand G

The results are plotted in Fig.2., The composition of the gas
was not significantly altered, as can be seen by reference to Table I,
but the yield of crude mannitol pentranitrate was g parently increased.
However, since the nitrogen evolved during these reactions was significantly
less than that evolved during an "anhydrous" reaction and the colour of
the reaction mixture diluted to 250 ml. was‘much lighter, it is indicated
that the reaction did not proceed as far in these cases as it did under
under anhydrous conditicns. Therefore, it is likely that the isolated
products contained unreacted mannitol hexanitrate. |

. The water soluble reaction products, (residue) after reduction

to dryness, wereextracted with acetone (about 0.5% by Wéight did not
dissoive) and subjected to fractiongl crystallization from that solvent.
While a small sample of pyridinium nitrate was isolated by this method,
no further separation was possible. The pyridinium nitrate was eliminated
from the residue by neutral ization wifh potassium hydroxide but it was found
that the coloured components in the resulting residue were no more easily
separable from potassium pitrate by fracticnal crystallization than they
had been from pyridinium nitrate. & change in the colour of thg agueous
solution of the residue from yellow-orange to brick?red during the
neutralization, indicated that a reaction in addiﬁion to neutral ization
vhad taken place.

Pure pyridinium nitrate was isolable from the residue by removal
~of the coloured components with éctivated charcoal .

Paper-partition chromatorgraphy of the residue separated it into
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TABLE I

RESULTS OF THE ANALYSES OF THE GASEOUS PRODUCT ,
y | { i 4 ‘ | . |

Run  Time of  Vol. of . Composition of Evolved  Gm. Atoms weight
Reaction water added Gas N2 evolv ed M.P.N.3¢
hrs. min. % N9 % NO #M, - in L hrs.

A 3 nil 67.5  ° 1L.8 17.9  2.98 (3 hr) 1.398 g.

67.3 1.7 18.2 )

B 3 20 nil 66.3  15.2 18,5  3.12 (3hfr. 1.61 g.
' '. ' ) 20 min.)

¢ L 30 nil 65.7 15,3  20.0 3.0k 1.8 &.

D 5 nil  68.7 9.8 21.5  3.0L 1.61 g.

E L nil . 6338 18.2  18.1  2.92 1.6 g.

F L 0.025 ml. 63.5 16.L  20.3 2.16 1.75 g.

G s

0.05 ml. 60.8 = 16.5 22.8 1.h49 1.72

3¢ Mannitol Pentanitrate.
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fourteen components with Rf values ranging from 0.0 to 0.S. The developing
solvent had the composition butanol hO%, water L9%, ethanol lO% and ammonia
1% by volume. The spots were detected by their ultraviolet fluorescence
and by development with a 1% solution of aniline trichloroacetate in glacial
acetic acid. Interpretation of the'spots wés made difficult by their number,
by considerable trailing of some of the compaserts and by the relatively
high proportion of pyridinium nitra?g in the residue.

& very large spot with au Rf vd.ug of 0.35 wés identified, bi.
comparison with a standard, as pyridinium nitrate. ‘Mannitol pentanitrate
gave é spot with Rf value 0.9 as identified by comparison with a standard. R
This spot did not fluoresce appreciably but was detercted as a salmon pink
spot on treatment with aniline trichloroacetate. The Rf. values of the
spots and their color are given in Table IT.

-

 The components of the neutralized residue did not separate very
well on partition chromatographing; but se;en spots apbeared under ultfa—
violet irradiation aﬂd one on de;eloping with anilige tricﬁloroacetate;
One-éf these spots was probably produced by potassiuh nitréte‘and ahothéf‘ 
by mannitol pentranitrate. hree of the'spots appear to be due to compounds
also present in the untreatea residue and therest to compounds produced by
the action of the potassium hydroxide. Adsorption chromatography of the
acetone soluble portion of the residue on silica gei using acetone as the
eluting solvent, l to six fractions which were detected by their reaction
or non-reaction with diphenylamine reagent. Most of the residue was collxted
in the firsﬁ and fourth fractions, the first containing a small quantity

of brown gum and the fourth, heavy yellow needles contaminated with an orange

syrup. - However, it appeared that the method would be useful for
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PAPER-PARTITION CHROMATOGRAFHIC ANALYSIS

OF RESIDUE FRACTIONS

N IRIDERE
3 3 & & © LSRN
b4 o Q [0 [} L [ =
el a4 ]2 |38 |38 |8 5
Rf Value Color 8 o = e g e g ATy i
: Ko g |laglso |30 |gF | g
S|IF31E2 1823168 |88 |S& (3
d3199 {18 1D ~é? TN N U b s
5888 |58 (381829254 5x 8%
g g [@ ScH AL nlALn é:-,o L;E:.p
0. yellow-orange X X b4 b4 X
016 yeklow x X . X X xTr |x
.07 orange X X X xTr | x
09 orange b4
.10 sky blue . x
.15 yellow (ATCA) X X
.18 orange x xTr | x x
«19 blue X
.19 orange X
.20 {orange X
22 orange b4
2L sky blue x X
.25 1ight orange X. X x "
. e26 light orange X '
.28 yellow x X
.29 blue ' X
032 yellow X
.35 quench x x xIr
. «35. blue ' X
Lo blue x X x
Ll yellow X X xTr
.50 light orange bd X
63 sky blue X ‘
o9 salmon pink x' X X b X

‘Tr = trace.

The colors appeared under ultra-violet irradiation except where
aniline trichloroacetate (ATCA) is specified, in which case
development of the chromatogram with that reagent was reqmired.
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resolution of the residue only after the pyridinium nitrate had first been
removed,

A quantitative method for determination of pyridine was sought
in order that both the amount of pyridine used in the reaction and the
amounntt in the form of pyridinium nitraéé could be determined.

The method of Spacu (19), designed for the estimation of copper,
was found to give low yields (96%) of.the green pyridine complex with
copper thiocyanate (Cu(CgHglN),(CNS)o) when 1 mole potassium thiocyanate
and 0.5 molar cupric sulphate were added in slight excess to a standard
0.1 molar pyridine solution. Addition of further precipitating reagents
to the solution lead to precipitation of white potassium thiocyanate.

The method was therefore considered unsatisfactory.

Precipitation of the pyridine from a glacial acetic acid solution
of the residue as pyridinium perchlorate would have the advantage that an
excess of précipitan£ could be removed from thpfiltrate by precipitation
with potassium acetate. Thus the remaining'residue would be relatively
free from salts.. The method was therefore applied to the residue in
spite of the fact fhat it gavernly 98% of the theoretical yield with a
standard ﬁyridinium nitrate solution.,v The resulting pfecipitate was a
bright yellow instead of white as expectéd. The indication was that
coloured cations were present in the solution>of the reéidue ﬁhat mrecipit-
ated with perchloxiate anions. On solution of the precipitate in acetic
acid, removal of perchlorate with potassium acetate and cautious reduction
to dryness, a part white, part brown powder was obtained (weight &b out
0.3 gmi). The white material was assumed to be potassium acetate.

Thé perchlorate ions were similarly removed from the yellow
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filtrate and the solution evaparatéd. Acetone gxtractiOn removed the
coloured components from the resulting light brown solid (assumed to be
mostly potassium acetate) and evaporation df the remaining solution 1kft
Ol gme. of dark orange-brown, amorphous, hygroscopic materiale

The spots produced by paper-partition chrdmatography of the
perchlorate-precipitated fraction and the soluble fraction, corresponded
to those produced by chromatography of the potassium hydroxide neutralized
residue. Ihe fraction precipitated #with perchlorate ions gave five spots,
one of which appeared to be potéssium acetates

The wnpredpitated :-fraction of the residue showed two spots,
one being mannitol pentanitrate, and a faint spot for potassium acetate.

Since the denitratidn reaction could involve polymerization of
the pyridine, it was thought that dialysis of the residue might lead to
some separation. Preliminary tebsts showed that pyridinium nitrate easily
passed through cellophane dialysis tubing.

o Almost the entire residue passed through the pores of the membrane
during didl ysisy leaving only 0.02 gme of solid material from an original
0.8 gm. of residue. The solid material in the dialysing:solution. could be
extracted with acetoné which dissolved out the pyridinium nitrate, . mannitol
pentanitrate and three.other components as-shown by papergrams of the two
resulting'fractiqps. ' ‘ o -

The Rf values of some of the spots (10 appeared under ultraviolet)
produced b& the acetone insoluble fraction did not correspond to those.of
the residue,‘but it appeared that these values were dependent on the amount
of pyridinium nitrate mresent. The method of dialysing ﬁighﬁ, however,

have produced some changes in the residue.
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The fact that acetoné dissolved only part of.the dialysea material
but‘pfactically all of the original residue sﬁpported the latter view,’

The solid remaining in the dialysis bag'remained at the poin£ of
applicétion'when‘subgected to paper-partition chromatogréphy.ﬂ

nyidiniﬁmvnitrate was found to be nearly complétely removed from
a standard-équeoﬁs solution by the weakly basic anion.exchénge.fésin
Amberlite I—R-hS; On application of the method to the residub,'howéver;'
it was found that the resin retained a part of the residue which could
be recovered from the regenerafing bicérbénaté solution by reduction to
dryness and éxtraction with acetones | The material recoVefédAin fhi% way
(0.32 gm.)‘appeared to be mostly colorless érystéls of éodiﬁm'biéafbbna%e
on which was debosiﬂe& a small quantity of very dark brown mafériél;

The treated residue solution yielded 0.l gm. of hard, amorphous, fairly
dark ofange—brOWn material which gave nine spots on a papef-péffition‘
chrbmatogfam, one of whiéh correspondéd to mannitol pbntgﬁitrate. No
spot appeared for pyrldinlum nltrate. " The material retéinédﬂﬁy the
resin gave one spot corresponding to one of those from the neutréllzed
residue and two indistinct spots for components'readily'detéctablé'iﬁ
thébffactioh unaffected by I-R-45. The results of thé chromatography
experlments are summarized in Table IT. -

An estimate of the amounts of pyridine remaining after reaction
and pyridinium nitrate produced was obtaimed by titration of the reaction’
mixture after removal of the mannitol pentranitrate and ‘dilution with water
to 250 mle End points were detecte& with a calibrated Beckman model tGw
pH meter equipped with standard glass and saturated calomel electrodes.

A:25'ml. aliquot of the solution was first titrated with 0.2 = 0,3 N
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pdtassium hydroxide for nitrate ion and then with 0.6 normal sulphuric
acid for pyridine. The pyridine titrated thus included thatloriginaily
bound as pyridinium nitrate. The accuracy, as determined by analysis of
Standsrd samples, was i 0.3% for both titrations. The loss of the volatile
pwridine involved in the manipulation of the reaction mixture was found to
be $.3% i 0.2% by subjecting a pyridine sample to the transferringvand
filtering required of the reaction mixture. After determination of the
volume of potassium hjdroxide solution required, another 25 ml. aliguot
of thevsolution was treated with a known eicess of potassium hydroxide
and reduced to dryness for determination of the weight of Pyridinium
nltrate-free residue. L

With these data it was possible to make a rough calculation of
the composit‘;on and weight of the reaction products to be expected in the
residue andﬂto compare the calculated weight‘of residueltq_@het found.
The celculations showed that there was essentially no nitrogen to be
expected in the residue other than that determined as nitrate ion, that
_carbon and hydrogen were present in uhe appfoximate_ratio of 1:1 and that
oxygen was present in very small quantity.' This'couposition is inconsis-
tant with the character of the residue since it indicatesluhe.presence
of only hydrocarbon material. Houever, in calculating the numser of moles
of oxygen in the residue, it was assumed that all of the oxygen as nitrate
ion came from the reactants, while the probability is that it.came in lerge
- part, from the water into uhdch the reaction products were boured. When.
it was assumed that the acidic material titrated was produced from nitric
ox1de after the reactlon, the ratio of carbon to ‘oxygen became apprax1mately

3:1 and the water solubility of the:- residue was then con51stant W1th ﬁle

»
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caleulations. Approximgtely two moles of pyridine‘were used in the
reaction for each mole of mamnitol hexanitrate added. The discrepancy
between the calculated and experimental values for the weight of residue
must be attributed to the presence in the reaction mixture of a volatile,
pyridine and water soluble fraction which would be lost in the evaporation
of the neutralized residue to dryness. The results of the vclumetric
analyses for three denitration runs are given in Table III. Table IV.
gives the composition of the residues calculated from the analytical data.
The.value for pyridine added was corrected for losses in manipulation.

The experimentally determined weight of residue given in Table IV. was
that obtained from the weight of the neutralized water soluble‘reaction
products by subtracting the known weights of potassium nitrate and
potassium hydroxide. The calculated weight of residue is the weight of

pyridinium nitrate-free residue. : -

CONCLUSIONS

The prinéipal reaction'which occurred on solution of ma;nitoi
‘hexanitrate in pyridine resulted in fhe feplacement of thgvnumber three
. nitrate ester group of the hexanitrate by hydrokyl. Since no inversibn "
or racemization occurred, the rep&acemenﬁ progably involved éubétitution
of a proton for a nitronium &on.. Thg source of this proton remains un-
known since the.results éf the present investigation indicated prbfqund
decomposition of both the pyridine used in the reéction aﬁd the manmitol
hexanitrate not recovered as the pentanitrate. Papér-paftition ¢
chromatography indicated that no less.than fourteen solid products ﬁére
.formed during the reaction and analysis of the gaseous product showed

that it contained three components. The substitution of the nitronium



% 19 =

TABLE IIT

VOLUMETRIC ANALYSIS OF THE WATER~-SOLUBLE

RELCTION PRODUCTS

Run E F G
_ moles moles moles
Water added 0.0 0.00LL 0.0028
Mannitol hexanitrate added " 0.00553 |0.00553 | 0.00553
Mannitol péntranitrate recovered { 0.00403 .0.00h3O 0,00423
Mannitol hexanitrate lost in
reaction 0.00150 | 0.00123 0.00130
Pyridine added 0.222 0.222 0.222
Pyridine recovered 0.211 0.210 0.212
Pyridine used in reaction 0.011 0.012 | 0,010
Gm. Atoms of nitrogen.in
gaseous prod. 0,01613 | 0.01221 0.00798
Nitrate i§n recovered 0.00902 | 0.00919

0.00958
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TABLE IV

. MATERTAE BALANCE BASED ON THE ANALYSIS OF THE

AQUECUS AND GASEQOUS REACTION PRODUCTS

Run B P G
moles méles ' | moles

Nitfoggp in the residue -0.,001 | 0.002 10,004
Carbon in the residue 0.0éh 0.065 .0.055
Hydrogen in the residue 10,063 0,063 0.053
Oxygen in the residue 0.019 0.016 0.019
Calculated weight of résidue ‘1713 gm. i.lB-gm.‘ :1.07 gme
Determined weight of residue 0.697 gtm. 6.0h6 gm. 10.102 Elrie
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ion into the pyridine ring with ejection of a prbton appeared unlikely in
view of the extreme conditions required for the nitration of pyridine (12).

Nitrogen was recovered in simple molecules far in excess of one
gran atom per mole of mannitol pentanitrate pfoduced (six gram atoms of
nitrogen per mole of mannitol pentanitrate_wére produced in the case cof
the anhydrous reaction). In fact, the calculations based on the analyses
of the reaction products from the anhydrous denitration accoﬁnt for all
the nitrogen content of the reactants in mannitol pentanitrate unreacted
pyridine, niﬁric oxide, nitrous oxide, nitrogen and nitrate ion.

In the two denitrations done with the addition of water to the
reactants, the calculations showed that a small amount of nitrogen was
rresent in the unidentified products; However, an increased‘yield of
water-insoluble product was obtained from these two reactions (Table III)
and this increase could be accountedifor b&'assuming the presence of |
unreacted hexanitrate. Thus a nitr;gen balance was achieved in the three
cases which indicated the unidentified products to be nitrogen-free.

The hexanitrate nop recovered as pentanitrate must then have been complete-~
ly denitrated, probably with further oxidative degradation. The pyridine
used in the feaction must -also have been degraded at least to the extent

of ring opening to eliminate the nitrogen.

It ﬁay be conjectured that these products were low molecular
weight unsaturated alcchols, aldehydes and acids. One possible component
is glutaconaldehyde (27). It has an empirical fommula (CSH602) consistent

with the calculated composition of the residue (C3H30) and has two forms

depending on the pH: in acid solution it has the yellow~brown dialdehyde

structure; in basic media it is in the form of the dark r ed enolate ione.

[
- A
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OHC~CHp~CH = CH-CHO ==5 VB-CH = CH-CH = CH=CHO + H'
acid base
The presence of this compound or similar ones in the reaction product
would account for the observed colour change on neutralization of the
residue and for the extraction of a portion of the residue by an anion
exchange resin..

The major problem'in the resolution of the solid residue was the
removal of the very large quantity of pyridinium nitrate. Very'miid
conditions wefe required because the expécted components would be subject
to ready polymerization and decompbsition. Alkaline solutions had to be
avoided because of thé possibility of aldol type condensations and Cannizano
disproportionations. Of the methods utilized in this work, treatment of
the residue in aqueous solution with the weakly basic anion exchange resin
amberlite:I-R-hS gppeared to be the one most suited for the removal of fhe
pyridinium nitrate. In addition, it separated at least one coloured -
anionic componeﬁt from the rest of the residue. The treated residue could
then be subjected to adsorption chromatography on unactivated silica gel |

. , ' .
using acetone followed by methanolias the eluting solvent. - The' fluorescence
of the fractions under ultrafriolet irradiation should serve to differentiate
them. The number of components in each fraction could be determined by
application of paper-partition chromatography.  Further work should be done
on the total analyses of(the reaction products. - This should include
analysis of the crude mannitol pentanitrate and of the neutralized residue
for nitrogen. An investigation to ascertain the identity of the compon-
ents e#éporated during the reduction of the neutralizéd residue to dryness -

should also be undertaken.
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EXPERIMENTAL

Special Precautions

The explosive character of mannitol hexa- and pentaﬁitrates made
it essential that special ﬁrecautions be taken in handling these compounds
and the solid byproducts of the deﬁitration reaction. The mannitol was
nitrated in 5 gram lots and no more than the product of one nitration was
storedin thé dry state at one time. Distilléﬁions were carried out on
a steam bath at reduced pressure to a minimum volume of residue of approx-
imately 25 ml. Further drying was accomplished at room temperature in a
vacuum desiccator.

Materials and Methods -

Nitric Acid. Red fuming nitric acid subplied by Baker and Adamsonwas
usedvfor all nitrationse |

Pyridine.  A.R. pyridine supplied by The British Drug Houses was used
for thegiénitraﬁions. | :
Mannitol. D-Mannitol suppliéd by theSchering-Kahlbaum Company, Berlin,
Germany, melting point 166-167°C., [x] EO - 0.53° (C, 7.00) Hy0 was
used in the mreparation of mannitol hexanitrate.k

D-Mannitol-1,2,3,l,5,6~hexanitrate was prepared in five gram lots as

described by Patterson and Todd (1L).

Diphenylamine Reagent used in testing for .nitrate was prepared by the

‘method of Mulliken (13).

Ion Exchange Resin. Amberlite I-R-L5 anion exchange resin supplied

by Rohm and Haas Company, The Resinous Products Division, was used for

the removal of anionse
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Dial ysis Tubing. Cellophane 1%% inch Osmosis Membrane supplied by
Central Scientific Company, wezs used in six inch lengths, tied off at
the bottom with a rubber band, for all dialysis experiments.

Paper-Partition Chromatographic Paper. Watman No.l. Paper, supplied

by W. and R. Baker, Ltd. was used_fbr*the.paper-grams.
Silica Gel. Technical Dessigel was ground in a corn mill and sieved.

The 80-115 mesh portion was used.

Paper-Partition Chromatography. . Spoté of the materialﬁto be analyzed
were appiied to thé 50 cﬁ. paper sfrip 8 cm. from the top and at inter-
vals of 3 cﬁ. Thevconcentration of the mateiial'on-sach'spot was
bﬁilt up by repeatéd,applicafion of thesolution-of~the‘material from a
capillaryhtipped piéetté, the‘spots allowed to dry between éach
appIication. ‘The chrdmatogfgm‘was‘developéa by suspending it from

a trough of the developing solvent (LOZ butanol, L9% water, 10% ethanol
and 1% ammonia by volume) in an insulated chromatography tank with a
iightéfittihg-CQVer. After allowing the @éveloping_bfocess to proceed
for twenty-foﬁr;ﬁoﬁrs; the cﬁromatogrém was'remOVed from the tank and
allowed toAdry.. It waslthen ;nvésﬁigatea in a photograrhic dark-room

]

- under ultra-viclet irradiation. - Spraying of the chromatogram with

1% aniliné trichloroacetate in. glacial acetic acid by means of an
atomiier then followed. The chromatogram was allowed td dry and thén
heated in an oven for three minutes. - Spots producéd by ﬁhe aniline
trichloroacetate appeared the following day.

A ®
Preliminary Experiments

N

Mannitol hexanitrate (5 grams) was dissolved in 30 ml. of

pyridine in a 250 ml. erlenmayer flask (7). The solution changed from

-~
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colourless to yellow-orange in twenty minutes. A frosting of crystals on
the walls of the flask & ove the solution had also appeared by this time.
In one half hour the container had filled with a red brown gas. After this
time external cooling of the mixture t0 keep the temperature below 357C.,
was no longer necessary. . After 2l hours the solution (now red-brown) was
poured into 250 ml. of distilled water. 4 white, curdy precipitate of
mannitol-},2,4,5,6-pentanitrate immediately deposited and was filtered off
after two hours, leaving a yellow-orange solutipne Wash-water (200 ml.)
.added to the main filtrate caused further precipitation but another 100 ml.
used for further washing after refiltering the mother-liquor induced no
precipitation. |

The pentahitrate product, after two crystallizations from
ethanol-water,.melted correctly at 81-82°C. (27). The yield of crude
product was 3.1 gme. (69% of theory).

Determination of the Rate of Gas Evolution

The reaction .was carried out in a Lunge Nitrometer equipped with
a buretﬁe calibrated to read in moles x 1o‘h at 20°C. The weight of
mannitol hexan itrate used in each case was 2.500 r40.00h@h " The temper-
ature of thé reaction mixture was contrelled to 30 I 2°c. by means of a
Jjacket surrounding the reaction chamber. The mannitol hexanitrate was
placed in the cup and washed into the reaction chamber with pyridine.
Evolution of the colorless gas started in three to six minutes. The rate
of gas evolution is plotted in Fig. 1.

Analysis of thelvolv ed Gas

K11 estimations of gas composition were done by the volumetric

method using a Fischer Technical model Orsat apparatus. The retaining
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liquid was water saturated with the gas to be analysed. Results are.
tabuiated in Table I.

After removal of the reaction mixture from the Lunge Nitrometer,
the reaction chamber was rinsed and dried with acetone.

& volume of commerciél oxygen (approximately one half the volume
of the evolved gas) was then admitted to the reaction chamber and transferred
to the burette. The gas became deep brown in contact with the oxygen.

The mercury levelling bulbs were so adjusted that mercury passed from the
reaction chamber through the gas. In about two hours the gas was
colorless, indicéting complete reaction of the nitric oiide with oxygen
and mercury.

fter néting the residual volume of the gas, it was tranferred
to the Orsat apparatus equipped with pipettes containing 95% ethanol,

LO% potassium hydroxide and alkaline pyrogallol solutions, for absorption
of nitrous oxide, ®thanol and oxygen respectively.

The percentage of nitrous oxide was given by

a x V2

Ty

percent of residual gas absorbed by ethanol

where a
and potassium hydroxide

Vl = volume of gas before admission of oxygen
- Vo = volume of residual gas.

The percentage of nitrogen in the gas was given by

bXVZ

K

where b = percentage of residuvual gas unabsorbed.



The percentage of nitric oxide was given by

c
Ty = Vo +
(-T2 + 5 %2) L 100

3
where ¢ = percentage volume of gas absorbed in alkaline
pyrogallols. |

The original gas volume was corrected for pyridine vapor in accordance
with Van der Meulen and Mann (22).

| The molecular weight of the gas remaining unabsorbed after being
passed through the various solutions was determined as described by
Daniels, Mathews and Williams (3). The unabsorbed gas was transfered from
the Orsat apparatus into a previously evacuated and weighed glass bulb of
known volume (11.00 ml.). The pressure and température of the gas in the
bulb were recorded and the bulb then closed by means of a stopcock, wiped
with a moist then a dry chamois cloth, allowed to stand in the balance
case for ten minutes, then weighed. The weight and pressure of the gas
were corrected for the weight and pressure of water present, assuming
saturation,and the molecular weight calculated from the equation

M=glTIR
pv

where M = the molecular weight.

g = the corrected weight of gas
T = temperature in d egrees Kelvin
R = the universal gas constant

p = the corrected pressure of the gas

<3
i

the volune.

Results from several different runs were:
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1. 29.3, 25.2

2. 28.7
3. 28.6
he 29.1
5. 29.6

Fractionation of the Water Soluble Reaction Products

The filtrate was concentrated under reduced pressure on the steam
bath to approximately 25 ml. of clear orange liquid, transferred to a small
beaker and dried in vacuo over phosphorous pentoxides and potassium hydrox-
ide pellets. The residue so obtained was dark orange-brown in color and
semi-crystalline, readily dissolved in cold wéter,'dissolved almost
completely in methanol, ethanol and acetic acid, and to the extent of
about three quarters in hot acetbne. It was partly soluble in chlproform
and slightly soluble in ether, benzene and petroieum ether,

- The residue (2.18) was extracted in a Wazitski extractor with
acetone until fresh acetone did not become colored. The undissolvéd
material was almost black and weighed 0.128, Fractiondl crystallization
of the extract led to tﬂe isolation of 0.02 g. of near white needles
that melted at 115.5-117°C unchanged in‘admixture with pure pyridinium
nitrate prebared by the action of concentrated nitric acid-on pyridine
and purified to constant melting point (116-117.5°C.) by recrystallization
from methanol. | |

The colored components could not be separated from the colorless
crystals which appeared ﬁo make up fhe bulk of the residue.

4 portion of the residue (0.86 g.) was dissolved in 60 ml. of

water and neutralized to pH 9 (pH paper) with 7.5 ml. of 10% potassium
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hydroxide (original pH = L4). Yhe color of the solution changed during the
addition from orange-brown to Erick-red. A distinct odor ef pyridine was
noted.

The solution was eva;brated on the steam bath under reduced
pressure to 25 ml. and further evaporated to dryness in a vacuum desiccator,
leaving heavy red-black needles. This residue was insoluble in petroleum
ether, benzene and ether, slightly soluble in chloroform, more soluble in
acetone, ethancl and methanol, and completely soiuble inwater. On
successive extraction in a Wazitskic extractor with acetone (yellow
solution), methanol (dark red soclution) and ethanol (almost colorless
solution), three fractions were obtained, the major one being the acetone
soluble fraction. Fractiocnal crystallization appeared, in separating the
components of the acetone soluble fraction, to be no more efficient than
it had been.in the case cf thé.untreated residue and the methed was
abandoned.

Isolation of Pyridinium Nitrate

A_porfion of residue weighing 0.78 g. was dissolved in 50 ml.
of water, heated to boiling with 1 gm. of activated charcoal, and filtered
through Kiesllguhr. The yield of akmost colorless needles obtained from
the solution after drying and recrystallizing from acetone was 0.2 g.
(31% of the weight of the residue), mepe 115-116.2°; m.pe in admixture
with pure pyridinium nitrate 115.5 to 117.2°,

Adsorption Chromatogfaphy of the &cetone~Soluble Residue

Unactivated 80-115 mesh silicagel (50 gm.) assaislurrycid acetone
was introduced into a column 1.3 cm. in diameter and plugged at the

constricted end with glass wool. The height of the resulting colum of
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silicagel was 52 ecm. The colum was flushed with acetone until the
effluent was clear. .. The acetone extract of 0.8 gm. of residue (volume
22 ml.) was added to the column and collection of'8 ml. fractions
commenced. The flow-rate was 8 ml. in two amd & half ﬁinutes. The .
separation of the fractions was detected by testing the 8 ml. portions
of effluent with diphenylamine reagent -(13) on a spot-plate. When,~
after colleétionvof 15 - éight ml. portions, the portions .showed only
a iéint,.gradually decreasing testjto diphenylamine_reagent, methanol
was added to the véiuﬁiﬁg solvent in gradually increasing propprtions
until acetone was eliminated ccmpletely. In this manﬁer two further

fractions were obtained. A total of 180 - eight ml. portion;s, of effluent
was collected, which yielded six  -fractions. The first was an orange-brown
gummy meterial, theAsecqnd a very small quantity of yellbw .oil, the third
a small quantity of orange-brown semicrystalliné material, . the fourth
contained heavy light yellow needles in admixture with an orange gum,

_the fifth a_light brown_semi—qrystalline material and the sixth an érange
o0il,

Determination of Pyridine and Ryridiﬁium Nitrate in the Residue

(a) Precipitation as the Copper Thiocyanate Complex (19)

(i) Estimation of Pyridine. 4 50 ml. aliguot of 0.101 molar .

aqueous pyridine was treated with 7 ml..each of one“mblar
aqueous potassium thiocyahate.and 0.5 molar aqueous cupric
;u;phate. A greén floéculent precipitate appeared which was '
filtered after one hour on a fine sintefedAglass_funnelov The
precipitate was dried rdqﬁgggg. Yield 0.82 gm. (96%). 4

~ second run gave 0.81 g. of product (95%). Addition of further
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precipitating reagentsito the filtrate gave a white precipitate
presumablyvof copper thiocyanite. .

. (ii).)Estimation of Pyridine in Pyridinium Nitrate. A solution of

058 gm.- of pyridinium nitrate dissolved in 100 ml. of water
was neutra ized to pH 10 (alkaéid paper). The pyridine-water
azeotrobe was distilled off under reduced pressure in an all
glass apparatus into a.100 ml. receivér cooled in a brine bath
at =10°C. The receiver. was backed up by a dry ice.trap.

The coﬁtents of the receiver andutrap were washed into a beaker
and the pyridine estimated by precipitation as the. copper
thiocyanate.complexs. The yield was 80%. of theory.. Two:
repetitions of this procedure gave yields of 91.3% and 91.3%"
of. theory.. | |

(b) Precipitation as Pyridinium Perchlorate

* To 0_562 gri. of pyridinium nitrate dissolved in 10 ml. of:glacial
acetic acid was added a 1. N. solution of perchloric acid in acetic

acid until precipitation of the white pyridinium perchlorate was

¢o: ol tcomplete.

. The precipitate.was filtered and dried in vacwo. Yield 0.75
gme (98%). ~ About 0.7 gm. of residue.was dissolved.in 10 ml. of
glacigl acetic acid, filtered from a véry small guantity of medium~
brown'insoluble‘material and treated with 1 N;‘perchloric acid in
glacial acetic acid. ‘he solution was made up.to 125 ml. with ether
to inducé further precipitation.‘ The‘precipitate was filtered and
dried in vacuo. Yield10.73 ge of‘heavy yellow needless The mother

liquor was yellow in colore. - L.
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The precipitate was dissolved in 100 ml. of glacial acetic acid
and treated with 7 ml. of 10% potassium acetate in glacial acetic

" acid. The fine white.précipitate of potassium perchlorate was -
filtered off and the éolution evaporated under redubed=pressureb
The solid:material remaining was part ﬁhite,’part brown powder.
rléhé white material probably was potassium acetates
The filtrate from the perchlorate precipitation, after

precipitation of "excess perchlorate with potassium acetate in
acetif acid, was concentrated under reduced pressure and dried
in vacuo. The solid, light brown residue was extréctéd‘with
acetone wntil the remaining solid was almost colorless. The
acetone solution was evaporated to dryness (the last stage in-- -
nggg) leaving 0.1 gm. of dark orange-brown ambrphous hyﬁrsscopic

: _material which was then chromatographed on paper (Table II).

(¢) Separation by Dialysis ’ » C

(i) Dialysis 6f'Pyridinium~Nitra£éaﬂ ‘A_dialysis"bagwwas-charged‘i_i
" with 1 gme of pyridinium nitrate in 100 mle. of water and ‘the
whole suspended in a beaker.cl Water was constantly admitted to
the beaker from the bottom. In a twenty-four hour period ‘the
solution in the ‘dialysis bag'gave a negative test for nitrate
- to diphenylamine feagent and had no pyridine odor.:

(ii)Dialysis of the Residue. - A solution of ‘0.8 gm. of residue in

© 100 ml. of water was dialysed in a liquid-liquid extractore
The color of the solution in the bag did not appear to diminish
but the extracting liguid ‘became yeIIOWHorange. After twenty--

four hours no more color was extracted-from the bag, the contents
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of which gave a negative test to diphenylamine reagent. Both

bag contents and dialysing solution were reduced to solid

- residues by the usual procedure. The bag residue weighed

0.01 gm., was dark brown in color and difficulty soluble in

‘water. ‘he solid from the dialysing solution was light

orange-brown in color and had more crystalline character than
the original residue. It could be separated, by extraction

with acetone, into a partly crystalline yellow-orange acetone

'soluble fraction and an orange-brown amorphous material.

(d) Separation by.Ion Exchange

(1)

Preliminary Tests. In preliminary tests, Ambérlite I-R-LB.

anion exchange resin was found to "throw" its eolor bédly and
so was subsbituted with Amberlite I-R-US. = -

Approximately 20 gm. (damp) of Amberlite I-R-L5 anion
exchange resin was stirred for twenty minutes witﬁ a solution
of one gram of pyridiniim nitrate dissolved in 100 ml. of
water. The mixture was then filtered on a coarse sintered

'

glass funnel and the resin washed with water. The resinwas

_then regenerated by washing with 5%'NaHCOB~(200 ml.) and then

(i1)

%

water until the washings were neutral to‘pH-paper. Filtrate

and resin were then recombined and the process repeated twice.

After two treatments the solution gave only a faint test with
diphenylamine reagent and the third treatment had no notice-
able effecte

Treatment of the Residue with Amberlite I-R-U5 Resin. A

‘portion of the resin (0.68 gm.) was treated in the @ eceeding
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manner except that the sodium bicarbonate regenerating
solution was saved since it was yellow in color. On the
third regeneration the regenerating solution was not colored.
The tréated solution was eva?orated to dryness, leaving
a hara, amorphous, fairly dark orangefbrOWn residue weighing
0.11 gm. The combined regenerating soluticns were reduced
to dryness. The solid residue (mostly sodikum bicarbonate)
was then extracted with acetone until it was colorleés. Cn
evaporation of the acetone, 0.32 gm. of very dark brown
material was obtained. The'crystalline character appeared
to be attributable to colorless crystals of sodium bicarbon-
ate. 1In any case, the dark material was only.a very small
part. of the total.

(e) Titrimetric Determination

(i) Preliminary Tests. & 250 ml. aqueous solution was pfepared,
containing 1.340 gm. of pyridinium nitrate and 17.55 gm. of
pyridine. Aliguots of 25 ml. of this solution were. titrated
first with standard 0.2 N. potassium hydroxide from a 5 ml..
burette for estimation of nitrate, and then with standard 0.6
N Sulfuric acid for estimation of ‘total pyridine (free pyridine
addea plus pyridine freed from pyridinium nitraté). The end |,
points were detected with the .aid of a Beckman model "G pH
meter equipped with a standard glass electrode and a,fibfe-
tipped calomel electrode containing saturated potassium
chloride solution. The end point in the potassium hydroxide

titration occured at a pH of about 9.2 with a maximum change



- 35 -

in pH per drop of potassium hydroxide solution (0.033 ml.)
of about 0.35 pH units. <The end point in the titration
with sulphuric acid occurea b a pH of about 3.05 with a
maximum change inpH per four drops of sulphuric ‘acid
solution (0.20 ml.) of about 0.16 pH units. <The determined
weight of pyridinium nitrate was 0.1343 (1oo.é%) and 0.1347
em. (100.4%).

The determined weight of pyridine (actual weight was
18.2 gm.) was 18.1 gm. and 18.1 gm. (99.5%).

The pyridine lest in manipulation of!ﬁhe reaction
mixture was determined as followss
?yridiﬁe (15 ml.) was subjected to the entire procédure of
the denitration and preparation of the agueous reaction
products for titration. The theoretical weight of pyridine

- titratable then should be 17.7 gm. The results were as

follows:
Run 1. 17.52  Run 2.  17.52
17.h9 17.52
17.L8 17.59
average = 17.49 averaée = 17.5L
=175 = 17.5° .
pyridine lost = 0.2 gm. (1.1%) 0.2 gn. (1.12).

deviation between the results'of the two runs is 0.0S Ml e

£ (0.28%).

(ii) Volumetric Analysis of the Water Soluble Reaction Products.

The denitration reaction was carried out as usual in
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the Lunge Nitromeber. Special care was taken in handling the
pyfidine and the reaction mixture to prevent loss in maﬁipha
lation. The reaction was allowed to proceed for four hours
and the rate of evolution of the gas was recordédi. After
transferring the reaction mixture to a 250'@1. groundglass
stoppered erlenmeyer flask containing 200 mle of water, the
‘reacticn qhamber'was_rinsed with three one-ml. poftions of
pyridine delivered from a one-ml. pipette and then with 10 nl.
of water in three portions. The mixture was then allowed to
stand for at least two hours, the precipitéte»of pentanitrate
was filt ered and washed on a previously weighed course sintered
glass funnel and the filtrate transfered to a 250 ml. volum-
etric flask and diluted tq the mark. Twent&five ml.
al iquots of this solution were then titrated as described in
thé preceding section. One 25 ml. aliquot was-treéted with
a measured excess of potassium hydroxide and evaporated to
dryness in a desiccator for determination of the weight of

residue. lhe results are tabulated in Table III.
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