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Perfluoroglutaric acid when reacted with methyl magnesium iodide affords
2,6 diol 2,6 dimethyl hexafluoro pyranlin nigh yield and heone, 1,2,3
hexofluoro caproicIIacid in low yield. The former material appears to exist
in a range-melting form (64-79°C) and a very labile form of melting point
96-93°C.  The 2,6 diol 2,6 dimethyl hexafluoro pyranl yields a mono semi
carbazonelll, and also a monolVand a di 2:14 dinitro phenyl hydrazone. V
The mono 2:4 dinitrophenyl hydrazone appears to be cyclic. Reduction both
with lithium aluminium hydride and sodium borohydride yields 2,6 diol 3,4,5
hexafluoro nnheptane.VI There is evidence to suggest that resction with
dried calcium sulphate gives 2 ene, 2 methyl 3,4%,5 hexafluor 6 one cyclo=-
hexaneVll  Reaction with benzoyl chloride affords 2,6 dibenzoate, 2,6
dimethyl hexafluoro pyran.

4 one 1,2,3, hexafluorocaproic acid was characterised as a 2:4 dinitro
phenyl hydrazonelXand also as an S benzyl thio-uronium salt.X  Infra-red
spectral evidence suggests the 5 benzyl thio uronium salt probably exists in
the straight chain form.

Numbers in the above text refer to the Flow Sheet, Figure 1.
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Introduction

In recent years there has been considerable interest in polymeric
materials of increased thermal stability and one of the more successful
commercial materials of this type is polytetrafluoroethylene. Also
availsble are fluorinated rubbers of the Viton series. Nevertheless
there are relatively few fluorinated polymers commercially available, this
is not surprising, as far less is known about the reactions of fluorinated
compounds than about organic compounds containing hydrogen, oxygen and
nitrogen, etc.

The aim of the work described -in this Note was to investigate the
reactions of perfluorogliutaric acid,

HOOC - CF5 . CFp - CF» .COOH, which has two functional groups, to see
if other difunctional materials could be made from it that might be suitable
starting points for new polymeric systems, of improved thermal stability.

Organo-magnesium compounds, (Grignard Reagents) are well-known inter-
mediates of great use in synthetic organic chemistry and previous work had
shown that trifluoracetic acid (CFs.COOH) could be converted to 1,1,1,
trifluoroacetone (CFs .CO .CHs) in this way.® This reaction was taken as
the base for further research, it was hoped that a diketone, a diol and a
di-ene could be prepared, and possibly other di-functional materials.  Any
of these could conceivably form the basis of a polymeric system, though even
so a good many polymers exist which do not have useful properties.

In the event a rather unexpected reaction took place, giving rise to
a pyranose ring structure,

This compound appeared to have a normal or 'ground' state, with a melting
range of 6L4~79°C, and also a very labile form of melting point 96-98°C.
Even mechanical agitation could cause the labile form to return to the
range-melting form. A full explanation of these phenomena is not apparent,
undoubtedly this problem requires further research, as it is of an unusual
nature.

An interesting diol, namely 2,6 diol, 3,4,5 hexafluoro n heptane,

OH OH
(CHs . C . CFp . CFp . CF2 . C . CH3)
H H
was alsc prepared. This may be a useful synthetic intermediate. It is

interesting to note that theoretically this compound should show similar
optical isomerism properties to tartaric acid, but this point was not
investigated.



Historical Survey

The preparation of Perfluoroglutaric acid from hexafluoro dichlero
cyclopentene is described by Henne and Zimmerschied.t  This was done by
oxidation using alkaline permangenate. They also describe the preparation
of the dimethyl ester.

A preparation of the acid starting from hexa chlOoro cyclopentadiene,
which was converted using antimony pentafluoride to hexafluordichlor cyclo
pentene and subsequently oxidised to perfluoroglutaric acid using potassium
permangenate is described by McBee, Wiseman and Bachman .? This paper
describes the preparation of the diethyl ester, amides, nitriles and also
several hydrogenations or these.

An alternative preparation from 3H nonafluoro cyclohexene, by oxidation
using potassium permangenate is described by Evans and Tatlow”. They describe
the di-anilinium salt (m.p. 219-220°C) and the di S~benzyl thio uronium
salt (m.p. 188-190°C). They also describe the preparation of the di-amide.

Murray, Hauptschein and Groth, describe the use of the silversalts of
perfluoroglutaric acid to prepare the corresponding perfluoroalkyl halides.*

The reaction of conventional non-fluorimated carboxylic acids with
Grignard compounds is described in detail by Huston and Bailey? The only
previous descriptions of the reaction is a Bayer patent,sand by‘Grignardf
where tertiary alcohols were obtained. Huston and Balley made sixteen
tertiary alcohols by adding one mole of the organic acid to 3.3 moles of
the Grignard reagent, followzd by 2 hrs reflux. Less than 15% yield of
ketone was obtained from the reaction of butyric acid and s-butyl magnesium
bromide, and less than 2% from the same acid and tert-butyl magnesium
bromide. Attempts to prepare ketones by adding two moles of Grignard
reagent to one mole of the acid gave, as the main product, the tertiary
alcohol. Before the addition of water at the end of the reaction, the
formation of a white complex, of uncertain composition, was noted.

The reaction of the sodium salts of the carboxylic acids with Grignard
compounds was described by Salkind and Beburischwile® Here ketones were
cbtained, but in yields below 25%.

The reaction of fluorinated carboxylic acids with Grignard compounds
was described by Sykes, Tatlow and Thomas? The authors had noted that
highly fluorinated compounds can exist in which one carbon atom can be
linked to two oxygen atoms, e.g. B . CFs . CR/(OR" )2, because the stabilities
of these materials are greatly enhanced by the presence of the electronegative
fluorine atoms. + seemed therefore possible that when a carboxylic acid
had first eliminated active hydrogen by the Zerewitinoff reaction, followed
by addition to the carboxyl group, that the latter complex might resist
further reaction with the Grignard reagent, particularly any replacement
of oxygen containing groups such as 0.Mg.X.



The suthors describe the reaction of anhydrous trifluoracetic acid
with a number of Grignard reagents R Mg X. Here R = methyl, ethyl, iso-
propyl, n-butyl, tert~butoyl, phenyl. After decomposition of inter-
mediates in the usual way the corresponding ketones (CF5.CO.R) were
obtained in 40-60% yields. Heptafluoro~butyric acid yielded heptafluoro
propyl methyl ketone when reacted with methyl magnesium iodide. The best
vields of ketone were found at a molar ratio of 2.5 moles of Grignard reagent
to 1 mole of acid, no improvements were found by adding the Grignard reagent
to the acid. In some cases dibutyl ether was used as a solvent to facilitate
separations of ketones from the solvent. ’

The ketones were characterized as 2:4 dinitro phenyl hydrazones.
On treatment of the ketones with aqueous alkali the usual haloform cleavage
took place to give the corresponding carboxylic acid and fluoro-hydrocarbon.
The acids were mainly identified as s-benzyl thio uronium salts.

The authors found that yields of the methyl and ethyl ketones from
0.1 mole of trifiuoracelic acid were 25-30% with 0.18 moles Grignard compound,
35-40% with 0.2 moles Grignard compound, and 50-60% with 0.225 - .30 mole
Grignard compound. In these reactions the acid was added to the Grignard
compound.  Thus after allowing 0.1 mole of Grignard compound for the
Zerewitinoff reaction it appeared that more than 0.1 mole was required to
complete the reaction.

. Though it is known that fluoro-carbonyl compounds are liable to reduction
to secondary alcohols if reacted with Grignard reagents having f hydrogen
atoms the authors found that appreciabie yields of ketones were obtained
using branched-chain Grignard compounds. This shows that the groups adjacent
to the fluoro-carbonyl function have profound influence on its behaviour
with Grignard reagents. The authors believe that the known ability of
fluoro=-acids to form complexes with ethers is of some importance in this
aspect of the reaction.

A1l the ketones described by the authors seemed to distil in the
normal way and there was no evidence of stable hydrates being formed or
isolated as such. In all cases the haloform reaction took a normal course.

Dishart and Levinel®also found that perfluorinated monobasic acids
could be converted to ketones using Grignard reagents.

Grothlldescribes the reactions of some perfluorinated dicarboxylic acids
with Grignard compounds. The reaction of perfluorosuccinic acid with methyl
magnesium bromide yielded the diketone, which was characterised as the 2: 4
dinitro phenylhydrazone.

Methyl magnesium bromide was reacted with perfluoroglutaric acid in
the ratio of 8 moles of Grignard compound to 1 mole of acid. This reaction
was performed at 0°C. Fractionation of the ethereal layers and extracts
gave a mixture, a liquid boiling at approximately 147°C and a material boiling



mostly at 177°C. The higher boiling point fraction appeared to be a
cyclic hemi-ketal
HO Q. CH=

AN
3;>F ?‘\CHB

CFs  CFa
ché'
0 OH
Presumably this would be formed by the cyclisation of CH.C.CF5.CF5.CF5.C(CHs)o
Infra-red analysis showed the absence of the carbonyl group and the presence
of the hydroxyl group. ‘

It was claimed that the lower boiling point material was a mixture of
the diketone and one of two Unsaturated mono ketones:
CHs
a) CHs.C0.CF5.CF5.CFo.C = CHo

b) CH3.C0.CF5.CF5.CF5.CH = CHpo

It was claimed that infra-red spectra showed the presence of a carbenyl and
olefin function, as did tests with bromine water, permangenate solution,

and 2:4 dinitro phenyl hydrazone. The 2:4 dinitro phenyl hydrazone had

a m.p of 120°C, its nitrogen analysis (carbon or hydrogen were not reported)
supported the mono derivative of structure: a) Analysis of the mixture
itself however supported structure, b) Groth explained this by postulating

a mixture of the diketone and structure a). The question of the material

of b.p. approx. 147°C thus appeared to be doubtful, but a reasonasble analysis
is quoted for the hemi-ketal. (Requires C38.09% H3.9T7% Found C37.75% Hk.35%).

Because it was considered possible that we obtained 2,6 diol 2,6 dimethyl
hexafluoropyran in cis and trans forms, work on hydrocarbon analogues was
investigated. W. Rigby*®reports work on the separation of the cis and trans
forms of cyclo-hexane 1:3 diol. (resorcitols). Previous attempts by
fractional crystallisation were described by Sebatier and Mailke®®, Lindemann
and Baumann®*, Rothstein'S, Coops, Dienske and Aten*Sand Dimroth and Resinl?.
These workers had not achieved an efficient separation. The attempts failed,
according to Rigby, because they attempted to separate first the less soluble
trans-compound. The more soluble, but more easily crystallisable cis compound
was isolated first by Rigby, who describes an efficient separation.  Acetone
was used as a solvent and 97% of the total resorcitols present in the
original mixture were isolated as pure cis-compound (m.p. 85-85.7°C) and
pure trans resorcitol (m.p. 118-118.5°C). The higher melting point form
was shown to be the transform by studies of alkaloidal salts. There was
no suggestion that the cis and trans forms were unusually unstable in any
way.

Cope and Fournier describe a stereo specific synthesis of 2,6 dihydroxy-
methyl tetra hydro pyran from 2,6 pyran dicarboxylic acid*®  The proof of
gstructure is accepted from the work of Czorndolal®? This compound appeared
to have normal stability.



Some fluorinated ketones form stable hydrates. Hexafluoroacetone
hydrate is reported by Henne, Shepherd and Young.go This material was
dehydrated by distillation from phosphorus pentoxide and the resulting
ligquid was sufficiently stable to be distilled. However, on exposure
to atmospheric moisture it reverted to the hydrated form.

Perfluorcheptane 4 one hydrate is described by Hauptschein and
Braun?' The parent ketone was a fairly stable liquid of b.p. 83°C but
on addition of water and evacuation a solid hydrate m.p. 35°C was obtained.
This formed a triethylamine adduct which was recrystallised from benzene.
Wo attempt at dehydration is described.

Reid eand Calvin®2describe the production of copper chelates from
diketones of the type CF3.CO.CHR.CO.R. The ketones were not hydrates
and could be regenerated from their copper chelates by reaction with
hydrogen sulphide. Crystalline chelates are described prepared by reactlon
of an ethanolic solution of the ketone with aqueous, saturated cupric acetat
solution. The chelates could be recrystallised from ethanol or xylene
The chelates gave definite analyses.

Discussion

After some slight exploratory work attempbing a Claisen condensation
of ethyl acetate with diethyl perfluoroglutarate it was decided to react
perfluoroglutaric acid with methyi magnesium iodide. Following the work
of Sykes, Tatlow and Thomas®we would have expected to get 2,6 dione, 3.L.5
hexafluoro heptane, but in fact we obtalned inltially very low yields of
unidentified material. Azeotropic drying of the perfluoroglutaric dcid
produced some improvement, but at this stage the products of the reaction
were contaminated with iodine. When it became clear that there were both
acidic and neutral products it was decided to render the aqueocus layer
mildly alkaline, in order to fix the acids as their sodium salts, and perform
a liguid-~liquid continuous extraction to extract the neutral products, which
could then be worked up from the ethereal solution. The aqueous layer
had sodium thiosulphate dissolved in it in order to deal with iodine, and
the ethereal solution of the neutral products was treated with precipitated
silver and charcoal in order to deal with Lurthef iodine and decolourise the
solution.

Tter removal of the neutral products the agueous layer was rendered
acid to litmus, by a small quantity of concentrated sulphuric acid, and
another liguid-liquid extraction was performed to obtain an etherea* solution
of the acid materials, which were freed from iodine using precipitated silver.

Attempts to distil the neutral products gave a material which distilled
over a wide range, the liquid product solidified to a material whose analysis
corresponded to the mono-hydrated form of the ketone :

0 HQ OH :
CHs.C.(CF5)s.C.CH- . The melting point of this material was over




a wide range (64-79°C), suggesting that it was a mixture of several forms.

The inherent improbability of the existence of a monohydrate, in a symmetrical
structure coupled with the absence of a ketone fregquency in the infra-red
spectrum, suggested that in fact the material was based on a pyranose ring
structure ‘

Ho o~ ~, JOH
wl ] l\CH 2,6 diol, 2,6 dimethyl
3 ) 3 £
CFa P hexafiuoropyran.
e
CPFz

Groth'thad reported the .ccurence of a similar pyranose structure.

N.M.R. analysis shows two groups of peaks, one group based on 6.2p.p.m
(OH?) and the other at about 1.5p.p.m. (CHs) in approximately 1:3 ratio.
In the CHs region there were two groups of peaks, each of which was further
split inexplicably. All this can be roughly interpreted as a 4:1 mixture
of cis aud trans isomers.

The data cannot be interpreted in terms of a single structure. The
data are consistent with the pyranocse ring structure proposed.

It appeers that the above structure can exist in cio and trans forms,
presumably boat and chair forms as well. The existence of several stereo-
isomexrs would explain the fact that the distillation and melting points were
both over a range. :

Working at a molar ratio of 8 moles of Grignard compound to 1 mole of
acid the yield was 70.49%, at a molar ratio of 16 moles of Grignard reagent
to 1 mole of acid the yield was T4.8%, and at a molar ratio of 4 moles of
Grignard reagent to 1 mole of acid the yield was 30.12%. Distillation of
the neutral products resulted in considersble losses, it was found satisfactory
to evapcrate off the ether in an evaporating dish and to purify the crude
neutral products by recrystallisation procedures, to obtain analyses.

The acid materials gave a product b.p. 113~5°C at 12 mm in approx. 4%
vield. This material appeared to be 1,2,3 hexafluorc 4-one caproic acid,
in a non-hydrated form, this was supported by the presence of a pronounced
ketone frequency in the infra red analysis. A 2:4 dinitro phenyl hydrazone
was prepared, and characterised, alsc an S benzyl thio uronium salt. The
presence of the carbonyl function frequency in the infra red spectrum of
this latter compound, combined with its marked likeness to the spectrum of
the S benzyl thiouronium derivative of penta fluoropropionic acid suggest
that the material ig linear. Also strange is the fact that the ketone
group is not hydrated, as in the neutral products.

A similar case is recorded by Sayers, Stephens and Tatlow®>who found
that the S benzyl salt of 2,2,3,3,4,4,5,5 octa fluoro 6 one heptanoic acid
showed the infra-red frequency of a free carbenyl group at about 1760om *.
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Here again the ketone group did appear to be hydrated.

It may be considered possible that the materials are cyeclic, but
the infra-red absorptions of the lactone carbonyl group that would result
may be similar to that of the normal carbonyl group in any case. Otherwise
it is difficult to see why a carbonyl group near to 3 or 4 CFs groups is
hydrated in the neutral products, but not in the acid products.

The neutral product 2,6 diol 2,6 dimethyl hexafluoropyran formed
two 2:4 dinitro phenyl hydrazones a mono compound of m.p. 140-1°C and a
di~compound of m.p. 203-4°C. Infra-red evidence suggested that the mono
material had a cyclic structure but the di-compound was linear, as might
be expected.

A mono semi-carbazone was also prepared. This was not cyclic, and
the ketone group was hydrated, according both to analysis and the infra-red
spectrum. Why this is hydrated and the mono 2:4 DNPH cyclic, is not
entirely clear, but may be connected with the fact that the NH group in
2:4 DNPH's is amine-like, whereas in the semi-carbazones it is amide-like.

Dehydration of the material proved difficult, most of the standard
dehydrating reagents merely giving charring. Calcium sulphate gave a
product which is believed to be 1:2 ene, 2 methyl 3,4,5 hexafluoro 6 one
cyvelo hexane.  As this distils over in two layers, with water as the
other layer, it may be doubtful if calcium sulphate is acting as a dehydrating
agent. On the other hand, calcium sulphate is necessary for this reaction
to occur, it seems to function as some sort of eatalyst. N.M.R., and
infra-red evidence was consistent with the proposed structure. (see
Experimental Section).

Reduction of the material using sodium borohydride and lithium
aluminium hydride yielded the same product, 2,6 diol 3,4,5 hexafluoro
n-heptane. The infra-red spectra were in agreement with this structure.
As might be expected, the m.p. of this compound is over a range 54-68°C.
It may be supposed.that this compound has D, L, mesc and racemic forms
analogous to tartaric acid, but this point was not investigated.

Reaction with benzoyl chloride yielded a dibenzoate, a material which
crystallises with great difficulty and so was difficult to purify, its m.p.
was 48-50°C. - Theoretically this material could exist in cis and trans
forms, but the relatively narrow melting range might be explained by the
fact that the cis compound may be difficult. to form due to steric hindrance.

The haloform reaction, which was examined under many different conditions,
gave anomalous results, it certainly did not give acetic acid as might ‘
have been expected, fluoride ion was detected even using N caustic soda.
Organic products were difficult to characterise, and varied according to the
concentration of caustic soda. Hauptschein, Stokes and Grosse reported
that even aqueous hydrolysis of perfluoroy butyrolactone gave. perfluoro=-
succimic acid.®?
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Two fluorine atoms are here removed as fluoride Ion under mild conditions.
The results of the haloform reaction, on the neutral material give support
to the idea of a cyclic structure, rather than a simple linear diketone,
where a normal haloform cleavage might have been expected.

Attempts to react tre 2,6 diol 2,6 dimethyl perfluoropyran with both
phosgene and malanoyl chloride gave nc definite products. Attempts at
condensing the material with acetone were unsuccessful.

Attemgts at the formation of a copper chelate by the method of Reid
and Calvin®2did not yield any definite compound, but it is possible that a
material of a polymeric nature, softening at 300°C was obtained. This
material did not appear to be an oxide of copper.

As prepared, by removal of ether by eveporation, or even by distillation
2,6 diol 2,6 dimethyl hexaflucrcpyran has a melting range of 64-79°C. As
theoretically a cis and a trans form of the above compound can exist it was
supposed that the range-melting material was a mixture of the two forms.
It was supposed that the sort of recrystallisation methods used by Rigbylz
on the resorcitols might conceivably effect a separation of the cis and trans
forms, if these existed.

Preliminary exploration showed that hydroxylic solvents such as water
and ethanol were not suitable, but good recrystallisations could be obtained
from benzene, toluene, 80-100 petrol and chloroform. These particular
solvents were examined in great detadil. On some occasions it was found
possible to obtain a form of the material m.p. 96-93°C. The preparation of
this material was never certain, once it had started to form in the first
instance high yields of the 96~98°C melting material could be obtained by
evaporating down the mother liquors. If it were not formed in the first
instance, it did not appear by further evaporations and crystallisations.
Normally distillation yielded range-melting material, but there is one case
at least where material melting sbove 90°C was also obtained by distillation.
Apart from range-melting and 96~98°C melting materials, intermediate forms
melting in the 80's were sometimes noted.

It was found possible to prepare large crystals of material, portions
of which melted at 64~79°C, these crystals were birefringent and elongated.

The form of the material of melting~point 96-98°C appeared to be very
labile, it returned to lower melting forms when merely left for two or three
weeks. The return to range-melting material was hastened by increased
temperature (45°C). Once range-melting material had been produced by this



thermal ageing process it did not appear to be possible to regenerate the
96-98°C form back again, using the accepted crystallisation procedures.

It was noted that shaking, as in a vehicle, or under controlled
conditions in a laboratory shaker, also brought about a change in the
96-98°C form by lowering its melting-point. On one occasion agitation
at the temperature of liguid air brought about the transformation. Ve
have referred to this phenomenon as 'vibromutation! (L vilro, shake;
matare to change). Merely forcing the 96-98°C melting form through a
sieve to prepare powders for X~-ray work was found to change the 96-98°C
melting form back into the range-melting form. It was also found that
exposure to X-rays brought about the same transformation.

The 26-98°C form of the material is thus uncertain in its preparation
and very labile when obtained.

X=ray crystallographic studies were undertaken, using the rotating
crystal powder method and Cu X ¢ radiation, to try to compare the range-
melting form with the 96-98°C melting form. Subsidiary tests unfortunately
suggested both X-rays and sieving procedures, necessary to get the powder
into the small glass tubes of the X-ray machine, converted the 96-98°C form
back inbto the melting range form. We cannot be sure that the photographs
of the 96-98°C form represent that material. The melting range and 96-98°C
forms showed a definite crystalline pattern, it was not possible to definitely
distinguish between thenm. Both melting range and 96-98°C melting material
showed pronounced asterism in the photngraphs. A careful check using
powdered nickel showed that this effect was not due to the instrument.

The usual interpretation of this phenomenon is that the materials are in
a state of strain, thus causing lattice distortion.

Gas chromatography studies were undertaken on an ethereal solution of
the neutral material. Using a silicone based column at 150°C, apart from
the ether peak, a double peak was noted, suggestive of two materials in
similar quantities. They are only Just resolved and thus probably of a
similar chemical character.

There is no evidence for hydration producing the 96~08°C melting form.
The problem of the different forms of 2,6 diol 2,6 dimethyl hexafluoropyran is
obscure, and undoubtedly further study will be required to elucidate it.
The author would however like to put forward the following comments.

The pattern of events is not like the separation of two stable isomers,
such as is reported by Rigby*®in the separation of the resorcitols. Firstly,
we do not obtain two definite forms as he did; as one form crystallises out,
the mother liquors should become richer in the other form, this is not the
case with the 2,6 diol 2,6 dimethyl hexafluoropyran.

This fact, coupled with the erratic nature of the process suggests the
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96-98°C form is a particular lattice structure or polymorph, as a
hypothesis we may say that the range-melting form may be a solid solution
of cis and trans forms, but the 96-98°C form is a particular lattice
structure into which both the cis and trans molecules can fit.  For this
form to crystallise certain exact conditions mus® be fulfilled, the nature
of these are unknown, perhaps depending on crystal seeds or the exaci
proportion of cis and trans materials. Courtauld atomic models suggest
the cis and trans forms are very similar and could fit into the same
crystalline lattice. For reasons not at present clear, the 96-98°C
melting material crystallises into crystals which contain internal strains,
these at least partially ease themselves by the lattice changing into the
s0lid solution lattice, or range-melting material. This would account

for the various fvibromu*ation' phenomena. The cis and trans materials
are present and it has not proved possible to separate these because either:

a) they have very similar solubility properties in the solvents
investigated

or b) they convert rapidly into each other and normally only exist in
an equilibrium mixture, even in the solid state.

It was hoped to 'lock' the cis form by preparation of an internal
carbonate or maloncate but this was unsuccessful. The dibenzoate may be
the trans form due to steric hindrance. An attempt to prepare the
di(phenyl urethane) was unsuccessful.

It is interesting to note a certain structural likeness between 2,6
diol, 2,6 dimethyl hexafluoropyran and glucose. Optical isemerism will
not occur in the fluorine compound as it has a plane of symmetry.

CH;OH
O
" om
H I )
o OH
oD glucose B~D glucose

‘i!"fj iGH
=0\ 6H
‘QH Fﬁ<,%cgjfij
I CH
F FoE 13
trans 2,6 diol cis 2,6 diol 2,6 dimethyl

2,6 dimethyl hexafluoropyran hexafluoropyran



o glucose is prepared by crystallisation of the ordinary D form (which
contains mostly oD material, but some 8D material) from acetic acid con-
taining some water. Crystallisation from pyridise or at higher temperatures
pure acetic acid, yields B glucose.24

No such simple separation can be effected using the analogous fluorine
compound. Considering that there would be internal hydrogen bonding in
the cis form and not in the trans, one might expect the behaviour of the
two forms to differ in hydroxylic sclvents, the two forms may differ in
dipcle moment which would possibly lead one to expect the two forms to
differ from each other in a solvent such as chloroform. That this was not
the case may support the idea that there is easy inter-conversion of one
form into the other.

Models show that to change from the cis to the trans form a carbon-
oxyvgen bond in the pyranose ring must be broken and refonmed. If one or
both of these bonds have a strongly ionic character, or even a totally ionic
character under certain circumstances,. this change might occur. It is
possible that the strongly electronegative fluorine atoms, compared with the
glucose structure, may bring this sbout. This would explain why it has
not proved possible to separate the cis and trans forms by simple means, due to
rapid inter~-conversion.

The problem of the 96-98°C melting form, is in the author's opinion,
an entirely separate problem to that of cis trans isomerism; its explanations
would seem to be crystallographical in as far as it can be explained at all,
at the present time.

EXPERIMENTAL SECTION

Claisen condensation of ethyl acetate and diethyl perfluoroglutarate

13g. of diethyl perfluoroglutarate (prepared by standard esterification
procedures) were mixed with 18g of ethyl acetate and the mixture added, with
caution, to 2.3g of sodium wire in a round-bottomed flask fitted for reflux.

The reaction was moderate and produced a dark syrupy liquid. To this
30 moles of sodium dried ether were added and the material refluxed overnight.

Ether was removed, the remaining brown solid was reacted with 150 moles
of 10N sulphuric acid and the resultant solution extracted with ether
(b x 100 mls). The ethereal extracts were dried over anhydrous magnesium
sulphate, ether stripped off and the remaining liquid distilled off under
vacuum (10-1% mm). The distillation range was 62°C - 140°C.  This material
was redistilled under vacuum off phosphorous pentoxide and collected in
three cuts. Once again the wide distillation range was noted.

Analysis of the central cut did not correspond to either the mono or
di-Claisen esters of diethyl perfluoroglutarate.
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Acid hydrolysis of this material was however attempted but a material
distilling over the range 48°C - 120°C at 1L mm pressure was obtained.

The material had an acid reaction in water, but no positive sulphate
reaction.

It proved impossible to prepare any definite crystalline 2: 4 dinitro
vhenyl hydrazones from the material, which appeared to be a mixture.

L e e e T

Theory suggests that the molar ratio should be 6 moles Grignard reagent
(methyl magnesium iodide) to 1 mole of perfluoroglutaric acid.

“The initisl experiment was at the above molar ratio.

7.2g of dried magnesium were reacted with 43g of methyl iodide
dissolved in 75 c.c. of sodium - dried ether in the usual manner for
Grignard reactions.  After % hr. reflux with stirring the material was
decanted off the solid metal that remained. 12.00g of perfluoroglutaric
acid in 30 c.c. of absolute ether were added, a violent reaction took place.
The reactants were stirred for 1 hr. at room temperature after the addition
of the acid. 30 c.c. of distilled water were then added followed by 75 c.c.
of hydrochloric acid. (25 c.c. conc. acid in 100 c.c. water. Water and
ethereal layers were separated and the water extracted with ether (5 x 50 c.c. )
and the combined ether extracts were dried over anhydrous sodium sulphate
overnight.

Ether was removed by distillation, the remaining liguid was then
distilled initially at atmospheric pressure ylelding a liquid boiling over
a continuous range from 40-90°C, a further portion distilled at 180-200°C
under vacuum, which solidified on cooling and was believed to be perfluoro-
glutaric aci '

The Tirst fraction was again redistilled into two fractiocns, the higher
boiling of which seemed to decompose. An attempt was made to redistill
the first fraction using a ’pig', and semi-micro apparatus. All the
fractions were brown or yellow and purple vapours were observed at aboub
104°C. It was assumed from this that the materials were polluted with
iodine and this distillation was not persued. Exploratory attempts to
-meke 2:4 dinitro phenyl hydrazones produced materials, but these did not
have definite melting points, recrystallisation did not improve the melting
points.

The following procedure was used for drying perfluoroglutaric acid.
12g of perfluoroglutaric acid were dissolved in 100 mls of benzene and

refluxed for 3 hrs, approx. 2 mls of water were observed. Benzene was
stripped off at atmospheric pressure, and sodium~-dried ether (30 c.c.) was
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run on to the perfluoroglutaric acid at the point when the first crystals
were seen forming on the surface of the molten perfluoroglutaric acid.
The ethereal solution of perfluoroglutaric acid was stored over anlydrous
sodium sulphate. The above drying procedure has been used in all
subsequent work. :

The previous preparation (molar ratio) was now repeated‘using dried
perfluorogliutaric acid and the following modifications: =

After drying over anhydrous sodium sulphate for 24 hours the ether
was removed using a Vigreux column, iodine vapour was observed, so anlydrous
ether was replaced. The ethereal solution was washed by extraction with
aqueous sodium thio-sulphate solution (3 x 50 c.c.). One extraction was
performed using acqueous sodium bicarbonate. . After the extractions the
ethereal solution was again dried for 2 hours over anlydrous sodium
sulphate.

Ether was then stripped off using a Vigreux column, the remaining
ligquids were distilled under vacuum using a 'pig! and three cuts obtained

1. a liquid b.p. (FEmich) 114°C yield .06g.
2. a liquid b.p. 117°C yield 0.29g.
3. a liquid b.p. 118°C yield 0.63g.

The material, especially of fraction 3 was yellow, probably due to traces
of iodine.

Attempts to prepare semi-carbazones resulted in solids, after recrystal-
lising from methanol, which had indeterminate melting-points.

Though some progress had been made in over-comihg the problem of
contamination by iodine the yields were too low to make the process practical.

An attempt was made to use methyl bromide in place of methyl ioaide,
but partly owing to the low boiling point of methyl bromide, this was not
successful. :

A modified procedure was adopted, still using 60 moles Grignard reagent
to 1 mole of acid, but attempting to separate acidic from neutral products
in a more satsifactory way. 12g. of perfluoroglutaric aclid were dried
azectropically and dissolved in 40 ¢.c. sodium dried ether and dried over
anhydrous sodium sulphate.

Methyl magnesium iodide was prepared in the normal way, using stirring,
from 7.2g. oven dried magnesium, 43g, of methyl iodide in 75 c.c. of sodium-
dried ether. The materiel was refluxed for 1 hour and the ethereal solution
of the Grignard reagent was added. A pale yellow ! soap' ~1like substance was
observed, and a gas, presumed to be methane, was observed. 30 c.c. of :
distilled water were cautiously added, followed by 75 mls of 25% hydrochloric
acid.
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Sodium bicarbonate was added to the agueous layer and the ethereal
and agueous layers shaken together for l% hours, 2g. of thiosulphate of
sodium were added and shaking continued. The aqueous layer was alkaline
to litmus. It was hoped that the acidic substances would be fixed as
their sodium salts, the agueous layer was now extracted with ether ccntin-
wously for 24 hours and the ethereal solution was worked up.

fter removel of ether by distillation under atmospheric pressure, a
liquid boiling at 92-94°C (1.16g) was obtained, small quantities of higher
boilirg materials were obtained which gave mushy solids on standing. All
the products were a faint yellow colour, and presumably tainted with ilodine.

The aqueous layer from the above experiment was now treated with conc
gulphuric acid until it was acid to litmus. Sulphur was precipitated.
The ethereal extract was distilled, but the presence of purple vapours,
black crystals and brown distillates showed this material was contaminated
with iodine. Attempts to prepare coppersalits of the acids failed. In
spite of a revised procedure the preparation was still vitiated by the
presence of lodine impurities and poor yields.

Preparation at a molar ratio of 8 moles Grignard reagent to 1 mole of
perfluoroglutaric acid.

12g of perfluoroglutaric acid were dried in the usual way, and
dissolved in 100 c.c. sodium dried ether.

57¢ of methyl iodide were redistilled, dissolved in 100 c.c. sodium
dried ether and stored over anhydrous sodium sulphate.

9.7g of dried magnesium were reacted with 57g of methyl iodide, in
the normal way, using 100 c.c. of ether. The reactants were refluxed for
1é~hours. The perfluoroglutaric acid in sodium dried ether (100 c.c.) was
then added, once again the creem ' soap-like' substance was noted. The
ethereal slurry was stirred at room temperature for 3 hours. 30 mls of
distilled water were added with caution, followed by 100 c.c. of a 25%
hydrochloric acid solution. Sodium bicarbonate solid was added to the
agueous layer, until the agueous layer was alkaline to litmus, the layers
were then shaken together for l% hours. The layers were separated, the
alkaline aqueous layer was then extracted with ether for 16 hours and the
combined ethereal portion dried over anhydrous sodium sulphate.

The aguecus layer was then acidified with concentrated sulphuric acid
and again extracted with ether which was dried over anhydrous sodium sulphate.

Work up of neutral materials.was by distilling off the ether, followed
by distillation of the remaining products. At atmospheric pressure material
was found that boiled over a continuous range of 94-130°C.  Further material
boiling from 40-82°C at 15 mm was obtained. No simple clear cut boiling
point or points, were observed, the materials were brown or yellow, due to
iodine contamination.
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Total yield was 2.59g. Iodine contamination prevented analysis.
The work up of the acidic materials was as follows:=

Ether was stripped off under reduced pressure, but the crude acids
(6.78g) were not distilled. Attempts were made to prepare a semi=-carbazone
from the crude material. A material m.p. 238°C (decomp) yield .03g was
obtained after recrystallisation from methanol. The yield suggested this
was not a significant material. Attempts were made to prepare an s~benzyl
thio-uronium derivative from a portion of the crude acids. A material m.p.
185°C yield 0.1bg was obtained. A separate S benzyl thio uronium salt was
prepared from lg. perfluoroglutaric acid. Yield 1.26g. m.p. 185-6°C.

Mixed m.p. of derivative from crude acids with material from perfluoro-
glutaric acid 185«6°C.

A few tests were performed on the crude acid materials:

1) soluble in water, solution was acid to litmus, the brown colour of the
solution was discharged by sodlum thio=-sulphate solution.

2) An aqueous solution gave a yellow precipitate with an aquecus, acidic
solution of 2:4 dinitro phenyl hydrazine, suggesting a carbenyl group.

3) The hydroxylamine-feric chloride test for an ester was performed with
negative result.

It was decided to increase the molar ratio to 10 moles Grignard reagent
to 1 mole perfluoroglutaric acid. It was decided to attempt to overcome
the icdine problem by washings with sodium thio-sulphate and treatment,
where necessary, with finely powdered silver.

The preparation was similar to the previous case except that the ethereal
layers of both neutrals and acids were washed with aqueous sodium thio-sulphate
solution, followed by water, and also treated with charcoal and precipitated
silver, prior to work up.

Work up of the neutral materials proceeded by evaporating off ether
under atmospheric pressure using a steam bath, followed by distillation under
atmospheric pressure and vacuum of the residual products. Though the
materials appeared free of iodine contamination the total yield was very
small, being 0.78g in all, boiling over a continuous range of 90~125°C ‘at
atmospheric pressure, and 45-75°C at 11-13 mm. pressure.

The work up of the acid materials was as follows: -

After filtering off charcoal, and sodium sulphate from the ethereal
solution, ether was removed by distillation using a steam~bath. The crude
acid products were treated with precipitated silver overnight, filtered and
distilled in vacuo. Yield of crude acids 8.4g.
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Boiling range Pressure Yield
lst cut 110 - 120°C 142 mm. 1.13g. liquid
2nd cut 120 - 130°C 144 mm. 1.27g. liquid
3rd cut over 150°C 145 mm. 1.55g. sclid

Boiling point of 1lst cut 160 - 162°C (Emich)
2nd cut ca. 193°C.

An S benzyl thio uronium salt was prepared from the entire 3rd cut.
Yield 0.49g. melting point 185°C.
Mixed m.p. with the salt from perfluoroglutaric acid 18L4°C.

The 3rd cut is largely unchahged perfluoroglutaric acid.

Attempts to prepare tosyl derivatives from the lst and 2nd cuts proved
unsuccessful.

An attempt was made to prepare a 2:4 dinitro phenyl hydrazone (see section
on derivatives).

An attempt was made to separate mounobasic from dibasic acids in mixtures
of two, using aniline salts, but this proved unsuccessful with the gbove
materials.

Though the iodine problem had been overcome to some extent, the objection
of low yilelds still remained.

A preparation was now attempted using 10 moles of Grignard reagent to
1 mole of perfluoroglutaric acid. The above procedures were followed, except
that the neutral materials were not processed. Using a portion of the
ethereal extracts of the acid materials attempts were made again to separate
monobasic from dibasic materials by means of thelr aniline salts. Again there
was no significant precipitation, any aniline salts formed being presumably
fairly soluble in ether.

The ethereal solution of the remaining acidic residues was worked-up
in the following way: =

Ether was removed by distillation, the residues filtered to remove silver,
and attempts were made to prepare the derivatives from the crude acid materials.
(See section on derivatives).

12g. of perfluoroglutaric aczid were drled by the usual procedure and
dissolved in 100 mls sodium dried ether and stored over anhydrous sodium
sulphate. Redistilled methyl iodide, stored over anhydrous sodium sulphate,
was used in the preparation.

9.7g. of dried magnesium were reacted with 57g. of methyl iodide in 100 c.c.



of sodium=-dried ether in the usual manner for Grignard reactions. Mechanical
stirring was used. The reaction was conciuded by l%'hours reflux.

Perfluoroglutaric acid in 100 mls sodium dried ether was carefully
added, a cream 'soap' was obtained and more ether was added to make the
materials into a slurry.

This was then refluxed for 21/4 hours. ~ (This was not done in previous
preparations).

After cooling 30 mls of distilled water were added, the reaction vessel
being cooled by ice and great care being exercised. This was followed by
100 mls of a 25% solution of hydrochloric acid. Extra acid (50 mls of a
SO% solution) were required to dissclve all solid materials. Sodium
bicarbonate (solid) was added to the agueous layer until the latter was
mildly alkaline, sodium thio-suiphate was also added and the two layers
shaken together for 1 hour, the brown colour of the ether layer was discharged.
The aqueous layer was then continuously extracted for 24 hours with ether and
the ether extract was dried over anhydrous sodium sulphate for 24 hours.

The acqueous layer was acidulated with concentrated sulphuric acid and
extracted for 24 hours, the ether extracts were dried over anhydrous sodium
sulphate for 24 hours. A yellow precipitate from the acids was Tiltered
of f and shown to be sulphur. (Lassaigne test).

Neutral materials were worked up as follows: -

Ether was removed by distillation using a steam-bath, the remaining
oil was treated with precipitated silver and distilled, first under atmos=-
pheric and then under reduced pressure. '

Material distilled continuously at abtmospheric pressure between 70 and
115°C giving initially two ligquid products, one of which seemed immiscible
in the other. '

Further distillation at 19 mm pressure gave an oil which distilled at
approximately 80°C.

All these liquids, when left standing, turned into crystalline solids
m.p. 64=79°C.  Total yield 6.30g.

After washing with ether and drying a sample was analysed. Required
0 HQ OH
for CHz.C.CFs.CF5.CF-.C. CHs

C33.09% H 3.17% Found C32.80% H 3.11%.

Infra-red analysis showed an absence of the ketone frequency at ca. 1750 cm T
and pronounced hydroxyl freguencies. Derivatives were prepared (see section
on derivatives).
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Acidic materials were worked up as follows:-

Ether was removed using a steam bath, the crude brown oil remaining was
treated with precipitated silver by shaking for 6 hours and then storing
overnight.

Little material could be distilled over under atmospheric pressure,
the bulk of the material (1.22g) distilled at 13.5 mm. pressure at 112°C.
0.128g. were collected at 13.5 mm. pressure boiling at 115° - 125°C.

Analysis of material was b.p. 112 C/T .5 mm ND  1.3596. Required for
4 one 1,2,3 hexafluoro caproic acid C 30.27% H 1.69%, found C 29,32% H 2.05%.

The previous brew was repeated exactly, but the ethereal sclution of
neutral materials was used for gas chromatographical analysis., Using a
propylene glycclecolumn at 150°C one main substance, other than ether was
observed. Using a silicone gel column at 150°C this one peak was partially
resolved into two peaks. This suggests two very similar substances may be
present.

O s o - T . o A - " - «..-—u--o—--.--n-v--u-—-—--uu o o e ot o -

2hg. of perfluoroglutaric acid were dried according to the conventional
procedures. As usual, methyl iodide was redistilled.

12.1g of dried megnesium were reacted with 7lg of methyl iodide (dis-
solved in 200 c.c. of absolute ether, in the usual manner for Grignard compounds
and reflexed for 1 hours. Perfluoroglutaric acid in 200 c.c. (drled ovevw
night over N82804) absolute ether was added cautiously and the 'cream soap’
obtained, further ether was added to give a slurry. This was refluxed
for 2 hours.

40 mls of water were added, followed by 140 mis of 50% hydrochloric
acid, the liquid then separated into 3 layers.

Work up of the middle layer (which was separated off using a separating
funnel)showed that it largely consisted of water, ether, hydriodic acid, and
iodine.

Work up, using the usual continuous extraction techniques on the aqueous
layer, gave 4.07g. of a material m.p. 64=-79°C after distillation. Work up
of acid materials gave 0.0lhg. of a liquid b.p. 120-135°C at 27 mm. pressure.
The effect of increasing the amount of Grignard compound and at the same time
using more vigorous conditions is to increase the amount of iodine and
hydrogen iodide impurity.

Preparation at 8 moles Grignard compound to 1 mole acid.

2hg. of perfluoroglutaric acid were dried azeotropically in the usual
way and dissolved in 200 c.c. of absolute ether, and stored over anhydrous
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gsodium sulphate.

Magnesium iodide was redistilled and dried over anhydrous sodium
sulphate.

19.4g. of magnesium (dried at 100°C) were added to the flask and
11lkg. of methyl iodide in 200 c.c. of absolute ether were slowly added to
maintain the reaction, the materials were then refluxed for 13 hours.

The perfluoroglutaric acid in 200 c.c. of absolute ether was slowly
added, the cream slurry so obtained was refluxed for 2 hours. 4O mls of
distilled water were added with caution, followed by 140 mls of 506 hydro-
chloric acid.

The aqueous layer was rendered alkaline by sodium bicarbonate, sodium
thio=sulphate was also added and the aqueous and ethereal layers shaken
together for %-hour. The alkaline aqueous layer was continuously extracted
for 24 hours and the ether layer reduced in bulk and stored over anhydrous

sodium sulphate.

After this the agueous layer was acidulated with sulphuric acid,
continuously extracted with ether for 24 hours, the ether extract was then
dried over anhydrous sodium sulphate prior to work up.

The ethereal solution of the neutral products was treated with pre-
cipitated silver prior to work up, for several days. After removal of the
ether, distillation was continued under atmospheric pressure. The liquid
boiled continucusly over a range of temperatures from 70-120°C when the
distillation was continued under reduced pressure. Material boiling between
70-100°C initially formed two layers. Total yield of products distilled
under atmospheric pressure was 6.55¢. o

Under a pressure of 19 mm. Hg liquid distilled continuously between
40-83°C, yield 1.hkg.

Both lavers, after separation, of liguid neutral products gave 2: 4
DNPH' s of m.p. 203-204°C (mixed m.p. with original 2:4 DNPH of the monolydrate).
After exposure in Petri dishes all the liquid products crystallised to
materials m.p. 63~79°C.

The acid residues were worked up as follows: -

The ethereal solution of the acid products was stood over precipitated
silver for several days, filtered, the ether removed by distillation, followed
by distillation of the remaining materials under vacuum. The bulk of the
material distilled at 130-140°C under 27 mm. vacuum. Yield 0.183g.

The material was cloudy, but did not crystallise. A 2:4 DNPH was
obtained m.p. 115°-120°C (impure). :
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A preparation was performed cutting out the procedure of distilling
the neutral materials, this procedure was taken as standard for the
preparation of the crude material, believed to be 2,6 diol, 2,6 dimethyl
3,4,5 hexafluoropyran. The molar ratio is based on 8 moles methyl
magnesium iodide to 1 mole perfluoroglutaric acid. The following describes

B R = e L T T R WPy

1) 2hg. of crude perfluoroglutaric acid were dried by azeotropic dis-
tillation in 200 mls benzene, using the Dean and Stark apparatus. Benzene
was removed by distillation, the material in the pot cooled, until the
crystals first are seen forming, and then dissolved in gbsolute ether and
dried over anhydrous sodium sulphate.

2) Methyl iodide was redistilled and dried over anhydrous sodium sdlphate.

3) Using a three-necked reaction vessel with stirrer and double Liebig

reflux condenser methyl magnesium iodide was prepared in the usual manner
for Grignard compounds using 19.lg magnesium (previously dried at 100°C)

and 11l4g. of me thyl iodide dissolved in 200 c.c. sodium dried ether. At
the end of the reaction the materials were refluxed for 1% hours.

The 24g. of perfluoroglutaric acid in 200 c.c. of absolute ether were
added with caution, cooling the flask with ice-water. More sodium~dried
ether was added to obtain a more fluid slurry. The cream coloured slurry
was refluxed gently for 2%/, hours.

40 mls of distilled water were then added with great caution cooling
the vessel with ice water. This was followed by slow addition of 140 mls
of 50% hydrochloric acid.

Sodium bicarbonate solid was added to the aqueous layer, until the
aqueous layer was alkaline to litmus paper. Sodium thio-sulphate was also
added to the agueous layer, the ethereal and aqueous layers were then shaken
together for 3/4 hour in a separating flask, the brown colour of the ethereal
layer being discharged.

The alkaline acqueous layer was continuously extracted for 24 hours .and
the ethereal solution so obtained was treated with anlydrous sodium sulphate,
charcoal, and precipitated silver overnight and then these materials were
filtered off. The solution was reduced in bulk by distillation and the
ethcreal solution placed in Petri dishes in a fume cupboard. The crystalline
material so obtalned is the crude neutral product.

The alkaline aqueous layer, after this extraction was preformed was
rendered acid to litmus-paper using a small quantity of sulphuric acid.
Sulphur was precipitated and sulphur dioxide was observed. The agueous
acid layer was continuously extracted with ether for 2L hours and the ethereal
solution so obtained was treated with anhydrous sodium sulphate, charcoal and
precipitated silver for 24 hours. The acid material was normally worked up,
after removal of ether by vacuum distillation.

The results of this procedure on several different preparations is set
forth in table form balow.
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Preliminary investigations revealed that the following materials are
recrystallising solvents for the 2,6 diol 2,6 dimethyl hexafliuoropyran.

1) carbon tetra-chloride 2) chloroform 3) benzene U) toluene
5) 80-100 petroleum.

Trichloethylene is unsatisfactory as materials fail to recrystallise
out from it.

3z. of crude 2,6 dimethyl 2,6 diol hexafluoropyran, (this will be
referred to as DDHP in future accounts) were recrystallised from 80-100
petroleum, washed with this solvent, and dried for 16 hours in vacuo over
phosphorus pentoxide. Solvent was remnved under reduced pressure using a

Claisen head. TFour repeats of this experiment were performed, the effects
of ageing the materials a) by leaving in the atmosphere under room
temperature and pressure conditions (but inside desiccators). b) by

thermal ageing, were investigated.

B e o .- o1 - - - S - -

Melting range Melting range Melting range Melting range

Time 1st expt. 2nd expt. 3rd expt. Lth expt.
1 day 97-99°C 96-100°C 95-98°C 96-99°C
2 days 95-98°C 9k-97°C 95-98°C -

3 Gays 9k-98°C 94-97°C - -

4 days 93-97°C - - 9k~96°C
5 days - - 93-95°C 85-06°C
6 days - - 81-95°C 8L.gk°C
7 days = 9L4-95°C - 81-95°C -

8 days 78-95°C - - -

9 days 75-95°C - - -

10 days - - ' - 82-95°C
11 days - - 80-95°C -

12 days - , - - -

13 days  75-95°C - - -

Material of m.p. 96-99°C was stored was aged at 45°C and at - 12°C.
Material aged continuously at 100°C decomposed.
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Time ‘ Aged at 45°C Control‘Material at -~ 12°C
70 hours 8% - 89°C 95 - 97°C

94 hours bL - 79°C -

118 hours 63 - 75°C -

- 214 hours 6l - 77°C -

Material of m.p. 96 = 98°C sent to Birmingham University was found to have
a melting point in the range 64 - 79°C.

Preliminary attempts to crystallisc crude DDHP from water were
unsuccessful.

Attempts to repeat the above recrystallisations, using 3g. of crude
DDPH, and similar techniques to the above yielded material of m.p. 90 - 93°C.

A portion of this was stored at - 12°C for 10 days and then recrystallised
from 80 - 100 petroleum. m.p. 89 - 95°C. A portion of material was aged
at 45°C for 10 days (m.p. 64 - 78°C) and then recrystallised from 30 - 100
petroleum. m.p. T4 - 77°C.

T - 1 . . 0 . B R 0 S - s

The scheme is represented diagrammatically as follows:-

In all cases 4g. of material were dissolved in 100 mis of solvent, the
liguid raised to reflux temperature and then cooled overnight. In all cases
materials filtered off were dried over phosphorus pentoxide in vacuo for
16 hours, before weighing and melting point measurements were taken. Set
quantities of solvent were then removed by distillation at atmospheric
pressure, the liquid remaining was then cooled to - 12°C overnight and any
material obtained was collected by filtration and dried, as described above.

In several cases distillates were checked for crystalline residues and
it was established that materials distilled over with the solvents to some
extent.

In some cases precipitates were redissolved in set quantities of fresh
solvent and stated quantities removed. Recrystallisation was then carried
out according to the procedures, as described below.
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The key to the diagrams 1s as follows: -

20 moles off

20 mcles on 10 off

- . - - 0

reduction of the initial quantity
of solvent in moles.

s0lid material was re-dissolved in 20 moles
and then reduced by 10 moles to recrystallise.

a precipitate is formed. Melting ranges
and yields are quoted.
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g in 100

no ppt \\\
N 20 mis off
| N
no ppt. {F2
20 mls off
m.p. 92-94°C |
e oE 73
O.hg
20 mls cff
m.p. 97-98°C 7L |

0.TTg- \

10 mls on .~
5 mls cff, < ™
- m.p. 98-99°C

s -1
- 01377- '
m.p. 83=85°C ° l
0.2g.
n.p. 63=77°C
0.25g.

\L total evaporation

residue m.p. 91-9L°C
0.11g.
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rystallisation of DDHP from benzene
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ihg 100 mls%

20 mls off
no ppt. —
P
20 mls off
2
m.n. 95-97°C
0.35g. ,'ﬁé’i
_ 20 mls off
m.p. 9hm9550
1.62g. F,e
20 mls on -
10 mls off ~ é:////”/
o~
e . o
. 20 off
m.p. 95-96°C
Hep- 94_96 C 0.1g. —
5 mis off \‘ 10 nls on 10 mls off
Y5 uls off T Booss
. ‘
-~ 0 - | p—
90-93°C \ m.p. 924--'9600 }_F\{
N [ae- P \
%,EILg. 95 96 50C O")Bb' / \
{ o 5 mls
. 10 mls on 0.15g. -
total total 5 mls off \
!evaporatlon » ! \
I evaporation ; _
residue N | ;La
m.p. 38-50°C residue i ol
0.03g. p. 95-98°C m.p. 95-97°C -
0.0Lg. 0.16g.
m.p. 95-97°C
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he, 100 mls‘

20 mls off
' 7]
m.p. 92-94°C
| 0.8g. . 20 mls off
:50 mls on noe PP?-
| 20 mls off EEQ
. 20 mls off
! ,,/ “‘
m.p. 93=95°C m.p. 94-95°C L
0.3g. 0.61g F3
z/ //// c 20 mls off
20 mls on o '
10 mls off . m.p. 96-97°C M
j/lO mls off 0.123. }ﬁlj
/ . 10 mls off
i . K ‘
n.pe. 97-'98 C / ) . ,.....--
0.lg. m.p. 96=99°C o 2 | F5]
ppt.
0.05g. , .
.5 mls off
P :
m.p. 97-98°C .
0.22g. {5%;‘
total
evap.
P -95°C
m.p. 95-95 0.72.

0.05¢.
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Iﬂop . 80"‘80 05 OC
1.252.

10 mls
off

m.p. 34-86°C
0.09¢.

Analysis

10 nls on
\ 5 mis off
\

A

\

of material Me“rystal

Requires for 2,6 dimethyl 2 6

(‘)

35 o_L/O,
52.7%,

found C

Q—'H

d

Hh

‘\\\20 mls off
. 5«-@6" —
0.2g. f§3
e ‘\\
PO
no ppt. \ 20 mls off
\
F |
no ppﬁ.
5 mls off
m.p. 8

From 80-100 petroleum.
perfluoropyran

0.12g. 50-80°C
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Attempts, enumerated below, were made at Cranfield and at Birmingham
to repeat sections of the above schemes with a view to obtaining material

of m.p. 96-98°C.

1) Using 80-100 petrolewn on material of m.p. v 907C.

he of this material were dissolved in 100 mls solvent, the liquid
taken to reflux, and then cooled overnight at - 1 °C. The ppt was filtered
in vacuo over phosphorus pentoxide for 16 hours. Yield 2.L45g m.p. 90-96°C.

The above material was dissolved in 50 mls of 80-100 petroleum. 20 mls
of solvent were removed by distillation and the above procedures repeated.
Yield 1.9g m.p. 83.5 - 86°C.

This material was redissolved in 30 mls of fresh 80-100 petroleum,

10 mls were removed by distillation and the above process repeated. Yield
1.6g 84-87°C.

2) Using chlorofom on crude 'as prepared DDHP.

kg of material were dissolved in 100 mls of chloroform and 40 mls
removed by distillation. The liquid was cooled overnight at - 12°C and
the usual procedures carried out. m.p. 98-99°C.

The liquid was further reduced by distillation by 20 mls and cooled
overnight at -~ 12°C. Following the usual procedures a further precipitate
was obtained. Yield 1l.1lg m.p. 98.5-99°C.

The filtrate was further reduced by distillation and a precipitate
obtained according to the usual procedures. Yield 0.49g. m.p. 98.5-99°C.

5) lg of material of m.p. 98.5-99°C was dissolved in 15 mls of 80-100
petroleum, 7 mls of liquid were removed by distillation, the liquid was
then cooled at - 12°C overnight and the previous procedures repeated. The
material obtained had m.p. 95-100°C. Yield 0.72g.

h) Recrystallisation experiments on materials obtained by thermal ageing
of 96~98°C melting material.

Material of m.p. 68-83°C was dissolved in 10 mls of chloroform, taken
to reflux, 5 mls of chloroform removed by distillation and the liquid cooled
at = 12°C overnight. TFollowing the usual procedures a material m.p. 89-91°C
was obtained.

Further recrystallisation by redissolving this material in 10 mls of
chloroform and removing T mls of solvent gave a material of m.p. 87-92°C.

Material of m.p. 60-9C°C (obtained by thermally ageing a material of



m.p. 96-98°C) was dissolved in 10 mls of 80-100 petroleum, 5 mls removed
by distillation and the liquid cooled to - 12°C overnight. Following
the usual procedures a preclpitate of m.p. 64-72°C was obtained.
Redissolving this in 100 mls of 80-100 petroleum and removing 5 mls and
following standard processes gave a material of m.p. 66-73°C.

5) The above experiments were repeated at Birmingham University, but
only material melting at 64-79°C could be obtained. :

6) (a) kg of crude material were dissolved in 100 mls of chloroform
and 4C mls removed by distillation. The liguid was cooled overnight at
- 12°C, the precipitate was obtained in the usual way. Yield 1g.

m.p. 90-94°C. (m.p. verified by Dr. J. Burdomn). :

(v) kg of crude DDHP were dissolved in 100 mls of 80-100 petroleum,
teken to reflux, cooled at =-12°C and the precipitate obtained according to
standard procedures. Yield 1.75g. m.p. 88-93°C. (m.p. 90-95°C according
to Dr. J. Burdon).

Material from experiment(a)were dissolved in 20 mls of chloroform,
10 mls were taken off, the material treated in the usual way giving a
material yield 0.32g m.p. 91-93°C.

Material from experiment{b)was taken, and dissolved in 40 mls of
petroleum (80~100) and 15 mls caken off. After the usual treatment of
cooling at - 12°C etc. material was obtained m.p. 89-91°C yield 1.lLg.

7)  Repeated recrystallisations from chloroform were performed on a scale
of 8g of crude DDHP dissolved in 200 mls of chloroform and following the
conventional scheme for chloroform under the systematic recrystallisations.
Only materials of m.p. 85-88°C could be obtained. Recrystallisations of
this material only yielded further material of m.p. 89~91°C.

A portion of material (1.75g) melting at 85-88°C was dissolved in 10
mls of benzene, 5 mls removed by distillation and the precipitate obtained
in the usual way gave m.p. 89-91°C yield 1l.khg.

A series of similar experiments were undertsken using benzene. These
are summarised in tabular form. In every case 4g of crude DDHP was dissolved
in 100 mis of benzene, the material cooled to = 12°C overnight, the benzene
melted, filtered, and the resulting material dried over vhosphorus pentoxide
in vacuo overnight.
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Benzene recrystallisations

Volume of liguid

removed from 100 mls Yields : Melting Range
(1) - .

20 mls off Crop 1 0.25g 96 - 97°C
o0 mls Off ol Crop 2  0.9%g _ oo Ok = BC_ e
(2) s

20 mls off Crop 1 1.0lg 96 - 97°C
..2omsoff . _Crop2 0:35¢ ________ 952 96%C e
(3) 0

20 mis off Crop 1 1.0lg 91 - 92°C
e 20mis off .. Crop 2  0.5% _________ 96 = 97°C e —-
(1) )

20 mls off Crop 1 0O.lég 95 - 96°C

20 mls off Crop 2 0.55g 95 - 97°C
_____ 20mls off ______  Crop3~0.02 95 -91C ___________
(5) ]

20 mls off Crop 1 1.35g m.p. 96 = 98°C

20 mls off Crop 2 0.55g m.p. 95 - 9%5°C

20 mls off Crop 3 0.55g m.p. 9%3.5 = 95°C

20 mls off 1.15¢ 96 - 98°C

20 mls off - 93 - 96°C

Attempts were made to recrystallise the crude DDHP at Birmingham
University from benzene, but these only gave material melting in the range
64 - 79°C. The work was done according to the gbove scheme.

Attempts were made to recrystallise crude DDPH from 30-100 petroleum,
using reduced pressure to remove the solvent. In both cases similar
conditions were used but material of m.p. 85.5 = 89.5°C was obtained in
the first case and in the second case material of m.p. 96~100°C was
obtained. ) '
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The complete neutral products of a Grignard preparation (17—l9g)
were made up to 300 c.c. using sodium dried ether and then treated according
to the following scheme.

- - - - -

A. 30 c.c. of solution were evaporated down in a Petri dish, exposed



overnight and the material remaining was recrystallised from 6 mls of
benzene, material was filtered and dried in the usual way.

m.p. T4 - 76°C vield O.lg.

This material was again recrystallised from fresh solvent in the same
manner.
m.p. 75 = 77°C  yield ~ .lg.
B. 50 c.c. of material were evaporated down in a round-bottomed flask’
using a steam bath, the residue was taken up in benzene, the bulk reduced

to approx. 6~7 mls and tuen cooled at - 12°C overnight. The precipitate
was Tiltered and dried according to the usual procedures.

m.p. 72 = 74°C  yield 0.lg.
On recrystallising the above material from fresh solvent we obtained

m.p. 75 - 76°C  yield negligible
c. 70 c.c. of the @bove material was storcd in a bottle at Cranfield until
the completion of the Birmingham experiments. It was then eveporated down
in a Petri dish and the material recrystallised from benzene in the same
manner as above.

m.p. 67 - 79°C.
At _Birmingham
A. Repeated exactly. m.p. 70 - 75°C

B. Repeated exactly. m.p. 70 ~ 76°C

C. 70 c.c. of material were returned to Cranfield, evaporated and re-
crystallised as in previous experiment C.  m.p. 81 = ©0°C

2. ttempt to prepare 98°C melting material by exact repetition of
previous recrystallisaticns at Birmingham University and Cranfield.  The
neutral products of a Grignard preparation (16-19g) were divided into two
parts.

At Cranfield, one part of this solution was evaporated in a Petri dish.
Yield 7.hg. Lg of this material were dissolved in 100 mls of benzene, 20 mls
removed by distillation and the remaining ligquid cooled at - 12°C overnight.
After melting the benzene the material was filtered off and dried in the
usual manner. m.p. 96 - 9B°C  yield 1.06g.

The remaining liquid was allowed to evaporate slowly over several days
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and large discreet crystals were grown. One of these, after conventional
drying in vacuo, was ground up and m.p. was 72-80°C.  The crystals, which
were needle-shaped, were shown to be birefringent.

One half of the solution of the neutral materials was teken to
Birmingheam and treated precisely in the same way as at Cranfield, in
exact detail, using glass-ware taken from Cranfield.

Yield of crude materials 8.34g. k4g recrystallised as in the above
experiment. yield l.lg. m.p. 60-71°C.
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1) It was found impossible to recrystallise the material DDHP from water,
it was found to throw out as an oil.

2) Attempts to recrystallise the meterial from ethanol likewise gave an
0il, it was also found that a 50% mixture of benzene and ethanol yielded
an oil on attempting the usual recrystallisation procedures.

3)  0.5g of DDHP were dissolved in approx. 10 mls of 1 dichlero 1,
monofluoro, 2 monochloro 2, difluoro ethane and the precipitate treated
and dried in the usual manner. The yield was 0.27g. m.p. 95 - 96.5°C.
Analysis requires for 2,6 dimethyl 2,6 diol tetra-fluoropyran 033.1% H 3.2%
Found ' C33.0% H 2.9%

4) The material was found to be very sparingly soluble in trifluoromethyl
benzene, though a very small quantity of material melting at 79-86°C was
obtained.
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1) Three samples of material of melting-point 96-98°C, obtained by re-
crystallisation from chloroform were aged for 48 hours at 45°C.

m.p. Sample 1 73-95°C
m.p. Sample 2 75-97°C
m.p. Sample 3 68-83°C

0.37g of material of m.p. 68-83°C (previously of m.p. 93°C before
thermal ageing were dissolved in 10 mls of chloroform and refluxed, 5 mls
were removed by distillation and the precipitate obtained irn the usual way.
m.p. 89-91°C. .

This material was redissolved in 10 mls of chloroform and 6 mls were
taken off and the residue cooled overnight at - 12°C ~ the ppt processed
in the usual way. m.p. 87-92°C.

‘A second sample of thermully aged material was treated in an identical
manner to the above.
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1st recrystallisation m.p. 64=72°C
2nd recrystallisation m.p. 66-75°C
It was not found possible to regenerate 93°C m.p. DDHP in this experiment.

2) Thermal ageing of material of m.p. 34-87°C
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Material melting at 8L-87°C was aged for 5 days at 50°C with the
following resilts: :

after 1 day wmelting point was 79-87°C
after 2 days melting point was 79~87°C
after 3 days melting point was T74-87°C
after 4 days melting point was

£t

er 5 days melting point was 55-81°C.

Analysis after ageing. Requires for 2,6 dimethyl 2,6 diol hexafluoro-pyran
C 33.1% H 3.2% Found C 32.7% H 3.2%. :

3) It had been observed that material of m.p. 96-98°C when sent to
Birmingham University acquired the melting range 64-80°C overnight, i.e.
in the post. t was suspected that the material could be affected by
mechanical shaking.

Material of m.p. 90-95°C was subjected to the following test. It was
divided into two parts, one part as a control, the other being kept in a car,
and then shaken in a shaker.

s

M.p. standing at R.T. M.p. car rides (25 miles M.p. in Refrigerator
daily ) - 12°C
after 3 days 83-87°C . after 3 days 79-85°C 1 day 83-36°C
after 4 days 8L4-83°C after 4 days 80-86°C -
after 6 days 85-83°C after 6 days 82-856°C -
+ 2k hrs 85-38°C + 24 hrs 77-80°C -
in shsaker

It appeared that the material was affected by mechanical vibration.

Dr. J. Burdon attempted to place material m.p. 95-98°C in small bottles,
weighed down under the surface of liquid nitrogen in Dewar flasks, the material
on arrival at Birmingham hed m.p. 6L-80°C.

L)  Attempts to regenerate material of m.p. 98°C from thermally aged material
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Two samples of material DDHP, original m.p. 95-96°C were continuously
aged at 45°C as reported below:~



lst Sample 2nd Sample

1 day m.p. 87-95°C 4 days T78-85°C
5 days m.p. 79-92°C 6 days ©h=35°C
6 days m.p. 64=78°C 7 days 65-85°C
7 days m.p. 65=73°C . 8 days 58-71°C

The combined weight of the two samples was 0.88g. This material
was dissolved in 20 mls of benzene, 5 mls were removed by distillation,
the liquid was then cooled at - 12°C overnight. The precipitate was
taken and treated in the usual way. Yield 0.41lg. m.p. 78-81°C.

The material was similarly recrystallised from 10 mls of benzene,
5 mls being removed by distillstion. M.p. 78-81°C. A repetition of this
process gave a material of m.p. 78-30°C. It was not possible in this
experiment to regenerate materisl of m.p. B °C once it had been thermally
aged.

5. Ageing of material at 707C

lg of material m.p. 64-79°C was aged for 7 hours at 70°C.  The material
became liquid and was cooled overnight at - 12°C to solidify. m.p. 58-80°C.
The lower end of the melting range was lowered by this process.

6) Repitition of ageing of material at 45°C
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Material DDHP of melting point 9L-96°C was aged for 3 days at 45°C.
Resultant m.p. 58-75°C. Attempts to regenerate material of m.p. 95-98°C
did not succeed. .
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1) lLg of crude (m.p. 64-79°C) DDHP were placed in 50 mls distilled water
and shaken for 4 hours. The aqueous part was decanted off, remaining solid
matter and then continuously extracted with ether for 2k hours. Ether was
evaporated off by distillation and the crude remaining material was re-
crystallised in the usual manner from 30-100 petroleum m.p. ok°C. This was
recrystallised a second time and gave a material of m.p. 96-98°C.

2) 3¢ of material were dissolved in 100 mls of wet ether (previously made
by shaking ether and water together for several hours) and stood for 6k

hours to gain conversion. Anhydrous sodium sulphate was then added to the
solution and the material stood for a further 24 hours. The sodium sulphate
was filtered off and ether then removed by evaporation under reduced pressure.
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Material was recrystallised, using the usual procedures, from
80-100 petroleum. yield 1.88g m.p. 96-99°C.

A similar second recrystallisation from 80~100 petroleum gave material
m.p. 99~100°C. yield 1.32g.

3) by of crude DDHP were dissolved in 100 mls of distilled water and
shaken at room temperature for 6 hours.

The undissolved residue (vwhich was slight) was removed by filtration
and the liquid continucusly extracted with ether for 24 hours. No effort
was made to dry the ether.

25 mls of the sbove solution was exposed in a Petri dish overnight
to evaporate off the ether and the resultant material recrystallised
in the standard manner from approx. & mls of 80-100 petroleum. m.p. 81-85°C.
A second similar recrystallisation from 80~100 petroleum gave a material of
m.p. 88-90°C. yield 0.3lg.

A second portion (25 mls) of the ether solution was evaporated down
in a Petri dish, as In the previous experiment, and then recrystallised
rom benzene in the usual manner. Mel*ing range 88-00°C. yield 0.25g.

A further portion (25 mls) was transferred %o Birmingham University
where the identical evaporation process was performed and the resulbtant
material was recrystallised from benzene. m. range 70-75°C.

3g of crude DDHP were dissolved in 100 mls of wet ether and left for
3 days. Anhydrous sodium sulphate was then added and the material left
overnight. The solution was transferred to Birmingham, sodium sulphate
removed by filtration and ether stripped off under reduced pressure.
The material soc obtained was recrystallised fromt 80~100 petroleum after
3 hours cooling and normal overnight drying. m.p. 76-80°C.

Remaining material was cooled overnight in the deen freeze, filtered,
and placed in a vac. desiccator for 4 hours. m.p. 82-86°C.

Infra-red sprectra of the sbove materials were identical to each other
and also identical with the spectrum of standard material of m.p. 64-79°C.

Experiments on distillation of crude DDPH
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1) 3g of crude DDHP were distilled under atmospheric pressure and the
material collected in two cuts.

Cut 1 distillation range 95-120°C
Cut 2 distillation range 120-170°C.

Some liquid from Cut 1 was left in the collecting flask, some was placed in
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the open air in a watch glass, the same was done for Cut 2 and the materials
were then left overnight.

m.p.'s Cut 1 Flask mushy liquid
Cut 1 Watch glass 63-67°C
Cut 2 Flask 87-90°C

Cut 2 Watch glass  T70-77°C.

The solid materials were then dried overnight, in vacuo, over phosphorous
pentoxide and the melting points retaken:

Cut 1 Flask 78~89°C
Cut 1 Wacch glass 92-93°C
Cut 2 Flask 9395 °C

Cut 2 Watch glass 87-90°C.
A sample of material of m.p. 93-95°C was aged for 48 hours at 45°C.

m.p. 69-75°C.

2) Distillation of a sample of DDHP of melting point 90-93°C
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lg of the @bove material was distilled under atmospheric pressure.
Most of the material boiled between 140-160°C and the only cut examined
was in this range.

Some liquid was left in the flask overnight and some material was
exposed on a watch glass overnight.

Material was dried according to the usual procedure and melting points
were taken: :

m.p. material in flask g92-9L°C
m.p. material on watch glass 92-94°C.
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Lg of crude DDHP were dissolved in 100 ml of benzene, 20 mls were
removed by distillation, the liquid cooled at ~-12°C overnight and the solid
material obtained according to normal filtering and drying procedures.

m.p. 96-98°C,

A sample of material of melting range 64-79°C was also examined.
The method was the rotating crystal method using Cuky radiation. Two
photograghs of the material of melting range 6L-79°C were taken. (Photographs
I and II).
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Figure 2. The first photograph shows the material in a more finely
divided state, than in the second photograph. Both show a reasonable,
crystalline pattern.

Figure 2 Photograph III shows material of m.p. 96-98°C after sieﬁing

-

Figure 2.  Photograph IV shows material of m.p. 96-98°C which was not

sieved, the particles of which were stuck on the outside of the instruments
tube.

Figure 2. Photograph V shows material of m.p. 96~98°C, which was not

- e o

sieved, but which was forced inside the tube of the instrument.

Several of the photographs showed marked asterism, and it was shown
using nickle powder that this was not due to an instrumental.effect, and -
may therefore be due to some form of distorted or strained crystalline
lattice.

Material of m.p. 96-983°C was found to have a m.p. of 91-96°C after
24 hours at room temnerature

Material of m.p. 91-96°C was forced through the sicve used for K-~ray
powders, m,p. immediately after sieving 69-T4°C.

A m.p. was done on the non-sieved material stuck on the outside of
the tube, after the X-ray photograph, m.p. 78-82°C.

A m.p. was done on the non-sieved material placed inside the glass
tube of the X°ray equipment. m.p. 78-87°C. It may be doubtful if the
material had a m.p. of 96-98°C whilst the photographs were being teken.

The photographs are shown on Plate 1 at the end of the Note.
Measurements on ring dismeters as far as could be done, showed no difference
between the photographs. The lattice is not one of the simple cubic systems.

Apalysis on LDPH recrystallised from solvents
Crude DDHP was recrystallised from 80-100 petroleum and had initially
the m range 96-98°C, which subsequently fell to 6L-79°C.

Analysis Found C 32.7% H 3.1%
Requires C 33.1% H 3.2%

Crude DDHP (p. ) was recrystallised from 1 dichloro 1, monofluoro,
2 monochlero 2, difluoroethane and had a m.p. 95-96.5°C. This subsequently
changed to 64-80°C and analysis taken

Found C 33.0% H 2.9%
Requires C 33.1% H 3.2%
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Using a Perkin-Elmer model 452 gas chromatograph the ethereal solution
of neutral materials was examined.

a) Using the polyethylene glycol column at a temperature of 150°C (See
chart I). It will be noted that there is one peak, other than the ether
peak. The initial negative peak is due to air.

b) Using a silicone based column at a temperature of 150°C (see Chart II).
Apart from the ether peak it will be noted that the second peak, due to the
dissolved substance, is divided, possibly suggesting the resolution of two
very similar materials.
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l) Using o methanolic medium two 2:4 dinitro phenyl hydrazones were
prepared from the solid material DDHP of melting range 64-79°C. Using a
methanolic acidic medium and an excess of 2:4 dinitro phenyl hydrazine
reagent a bright yellow material was obtaired, filtered and dried in the
usual way. Various recrystallisation procedures proved unsuccessful.
m.p. 203-4°C. '

Found for di 2:4 dinitro phenyl hydrazone

C 38.12% H 2.58%
Required C 38.25% H 2.37%

It has also been found possible to prepare this material in an aqueous
mediuwm. :

2) Using a methanolic medium and an approximate 1:1 molar ratio of 2:4
dinitro phenyl hydrazone to DDHP an orange material was obtained, filtered
and dried in the usual way. Again various recrystallisation procedures
proved unsuccessful. m.p. 140-1°C.

Found for the mono 2:k4 dinitro phenyl hydrazone C 37.70h H 2.36b.
Required C 37.50% H 2.42%. The di (2:4 DNPH) showed the C = N stretching
frequency at 1630 cms .

The mono (2:4 DNPH shewed the C = N stretching frequency at 1630 ans™ L,
but no carbonyl frequency in the 1700-1750 cms 1 range. This suggests a
cyclic structure.

3) Attempts to prepare tosyl derivatives were unsuccessful.

h) 3:5 dinitro benzoates were only obtained in very low yield and were not
analysed. The system of preparation in pyridine was used.



-4l -

5) A semi-carbazone was successfully prepared as follows: -

0.2g of semi~carbazide hydrochloride was dissolved in approx. 10 mls
of a saburated solution of sodium acetate. To this 0.1g of crude DDHP
(m range 64-79°C) was added. The material was heated using a water bath
for %»hour, and then cooled for several days at - 12°C. White crystals
appeared, washed with water, filtered, dried 16 hours over phosphorus

pentoxide in vacuo. m.p. 201-2°C.
‘ HQ _OH
Required for CHz.C.CF2=CF2=CF2~C~CHz
N.1H.CO.MH,
C 30.91% H 3.56%
Found C 31.31% H 3.50%

An infra-red analysis of the material was found to have a broad C = N
absorption at 1700 cms 1 similar to that of 1,1,1 trifiluoroacetone semi=-
carbazone. There was no carbonyl frequency.

Derivatives of acid product of the reaction. 1,2,3 hexafluoro L.one caproic
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acid (or_a_cyelic form).

1) Using an aqueous medium, and an excess of an aqueous acidic solution

of 2:4 dinitro phenyl hydrazone, a yellow material, long needle-like =rystals,
was oObtained, filtered and dried in the usual marner. It was found impossibl
to recrystallise the material, m.p. 124°C.

Required for L one 1,2,3 hexafluorocoproic acid 2:4 dinitro
phenyl hydrazone C 3L4.45% H 1.93%
Found C 34.17% H 2.25%.

The lassaigne test was positive for fluorine and nitrogen.
2) An attempt to prepare a tosyl derivative was unsuccessful.

3)  0.5g of the material was dissolved in 4 mls of water and titrated to
an orange colour using 10% caustic soda solution. One drop of dilute
sulphuric acid was then added, followed by 5-6 mls of a saturated solution
of 8 benzyl thio-uronium chloride. The material obtained was filtered off,
and recrystallised from 80% aqueous ethanol, dried in the usual manner.

m.p. 1hL-145°C.

Required for L4-one, 1,2,%, hexafluoro-caproic acid
S benzyl thio-uronium salt. C 30.91% H 3.565h.
Found C 31.31% H 3.50h.

Infra-red analysis showed a carbonyl frequency at 1760 cmul and showed
a marked similarity to the S benzyl thio-uronium salt of pentafluorcpropionic
acid.
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1) Reductions with Lithium Aluminium hydride.

Attempts at reduction under mild conditions, using a reaction time
of 15 minutes at room temperature were not successful.

1.5g of lithium aluminium hydride was placed in a 3 necked flask fitted
for reflux, and with a stirrer and made into a slurry using sodium dried
ether. 3g of DDHP (m.p. 64-78°C) were dissolved in 30 mls of sodium dried
ether, the solution was then run into the slurry of lithium aluminium hydride
in the cold, exercising some caution. The reactants were stirred cold for
2% hours and then refluxed without stirring for 24 hours.

12 mls of water (distilled) were added to the ether layer, followed by
50 mls of 20% sulphuric acid to remove all solid matter. The ether layer
was separated, and then washed with 20 mls of 20% sulphuric acid followed
by 20 mls of water. The ether layer was dried overnight over anhydrous
sodium sulphate. Ether was removed by distillation leaving a brown liquid
which crystallised over a period of 10 days. Attempts to recrystallise this
material from 80-100 petroleum gave a browm liquid layer. Ether was added
and the solution decolourised with charcoal. On removing the ether under
reduced pressure an oil appeared which crystallised at -~ 12°C overnight.
Yield 1.35g. m.p. 56-65°C.

Recrystallisation was repeated according to the above procedure.
Yield 0.30g. m.p. 56-61°C.

Required for 2,6 diol 3,4,5 hexafluoro n-heptane C 35.0% H 4.2%
Found C 35.0% H 4.1%.

The infra-red spectrum was consistent with the proposed structure.

2)  Beduction using sodium borohydride.

3g of DDHP of m.p. 65-~79°C were dissolved in 90g of water, with warming
and shaking. The small amount of material which did not dissolve was
separated. out with a separating funnel.

1.5g of sodium borchydride was dissolved in the above solution and shaken.
There was some initial effervescence and the material was left at room
temperature for 5 days.

Using diluted sulphuric acid the liquid was turned acid (to litmus)
and continuously extracted with ether for 24 hours. The ether extract was
dried overnight over anhydrous sodium sulphate, ether was removed by dis-
tillation and the solid remaining was dissolved in 80-100 petroleum, and
after decolourisation with charcoal was recrystallised from the petroleum.
Yield O0.7g m.p. 52-64°C.

The material was again recrystallised from 80-100 petroleum.
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Yield 0.%3g. m.p. 54-68°C. Mixed m.p. with material from lithium
aluminium hydride 55-66°C.  Required for 2,6 diol 3,4,5 hexafluoro
n- heptane. .

C 35.0% H k.29
Found C35.00 H 4.3%

The infra-red spectrum was ildentical m.’ch that or reduction product f’rom
lithium aluminium hya ride.

3) Reaction of DDHP (m.p. 64-79°C) with benzoyl chloride
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(ratio of 1 mole of DDHP to 2 moles of benzoyl chloride).
Pyridine was dried by distillation off phospvhorus pentoxide.

2g of DIHP were dissolved in dry pyridine (20 mls) and 2.22g of
benzoyl chloride were dissolved in 20 mls of dry pyridine.

The two solutions were mixed and in 10 minutes crystals appeared.
The solution was left overnight and the crystals filtered off. An abtempt
to recrystallise them from pyridine was unsuccessful.

Several drops of water were added to the filtrate which was left for
3 hours. 100 mls of saturated agueous sodium bicarbonate solution were
now added and stirred in. Insoluble sodium bicarbonate was filtered off.

The nyrldlne/aqueous layer was hand extracted with ether (3 x 100 mls),
the combined ethereal extracts were washed with 15% dilute sulphuric gcid,
a strong exothern was noted, which causes considerable, dangerous volatal-
isation of the ether. This process was contlnued until the washings were
acid to litmus. The ethereal layer was then extracted with agueous sodium
bicarbonate solution.

The remeining ethereal layer was decolourised using charcoal and
dehydrated with anhydrous sodium sulphate. After removal of ether by
distillation over a steam-bath a viscous liquid remained behind. This
formed a waxy solid overnight.

Yield of crude material 1.7g
m range 37-44°C.
lg of the above materlal was recrystallised from 80100 petroleum us1ng
normal procedures. ’
Yield 0.5g m.p. 46-49°C.

Analysis requires for the dibenzoate C 53.55% H 3.6%
Found C 49.3% H 2.75%

Repurification of the material was attempted by further recrystallisation
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in the usual way from 80~100 petroleum. Solvent was removed by
distillation under reduced pressure. Material was dried in wvacuo over
phosphorus pentoxide. m.p. 48-50°C.

As the analysis was not correct, fresh crude bhenzoate was taken and
twice recrystallised from 80-100 petroleum. m.p. 43-50°C.

Once again the analysis was not correct, this was presumed to be due
to the fact that it is extremely difficult to crystallise this material.
It normally comes down as an oil, It was found impossible to recrystallise
the above material from benzene, owing to extreme solubility in that solvent.

Preparation of a_phenyl urethane

4)  Attempts to prepare a urethane, using phenyl isocyanate proved
unsuccessful.,

5)  Dehydration reactions. _Preliminary experiments.
Attempts were made to dehydrate DDHP (m range 6L4-79°C) by distillation
of the material from several dehydrating agents at atmospheric pressure.

a) from anhydrous calcium sulphate. A liquid distilling at 98°C was
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observed, this formed two layers in the receilving vessel. There was no
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A small guantity of brown oil distilled over at 150°C.

c¢) using phosphorus pentoxide. A small quantity of liquid distilled over
covering a distillation range from 80-150°C. The liquids were pink, but
were decolourised by standing for several days over precipitated silver.
Most of the material did not distil and the contents of the flask were

violently charrsad.

a) using calcium hydride. Material in very small yield distilled over

continuously between 60°C and 150°C. Very considerable charring in the
distillation vessel was observed.

e) using boric anhydride. This material was previously dried before use
for 1 hour at LO0°C. On attempted distillation it was found that nothing
could be distilled off at all, and that a glassy material was formed in the

distillation vessel which made distillation very difficult.

- - - o~ oy o

fz using dried silica gel. The silica gel was dried prior to use for
1% hours at 170°C and ground to a fine powder.

On diétillation it was found that hardly any material could be distilled
over at all.
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Detailed examination of distillation using calcium sulphate

Several experiments showed that in order to get better results it
was necessary to roast the calcium sulphate overnight at 650°C.
Distillation was done by intimately mixing the calcium sulphate and crude
DDHP, using previously dried apparatus; the method of heating the flask
was by means of an oil=bath. 3g of DDHP were reacted with 30g of calcium
sulphate. Initielly, by tilting the apparatus backwards the material was
allowed to reflux before distillation commenced. Materigl distilled off
at 94=~96°C and the liquid collected in the receiving vessel was seen to be
in two layers. Even on several days standing these liquids did not mix
or crystallise out. Using a semi-micro separating funnel the two liquids
were separated. : ‘

Upper layer nDel 1.3751
Lower layer nD21 1.3343
Distilled water nbzlﬁ 1.3327

Quoted n. 2% distilled water 1.3333. An infrg~red spectrum of the lower
layer was that of water, thus the lower layer was water. A repitition of
the above experiment gave similar results, upper layer nDla 1.375k.

As a control experiment crude DDHP m.p. 65-81°C was distilled without
calcium sulphate being present, distillation occurring over a range 80~160°C.

Distillate having a refractive index of nDlB 1.35235.

A third repitition of the dehydration experiment described above gave
upper layer b.p. 96°C at atmospheric pressure npt® 1.3756.

An attempt to prepare a 2:4 dinitro phenyl hydrazone using the methanolic
medium gave a viscous reddish oil, which did not form crystals, but
separated out in droplets.

Analysis for 1:2 ene 2, methyl 6 one 5,&,5 hexafluoro cyclohexane.

Found C 40.13% H 1.87%
Requires C 38.55% H 1.85%.

Spectroscopic data

T o o T

The infra-red shows the carbonyl frequency at 1700 cm ' and a double
bond frequency at 1600 cm *.

There are two peaks in the N.M.R. spectrum, one at 2.2 p.p.m. (CHs) and
the other at 6.4 p.p.m. (H adjacent to double band) in approximate ratio 3:1.
This is consistent with the proposed structure.
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3g of the sbove materialweneplaced in a dried round bottomed flask
with 30g of phosphorus pentoxide and distilled, giving 15 minutes reflux,
by tilting the apparatus back before distillation. Temperature of reflux
was 150-160°C.

Two cuts were taken for distillation

1st Cut distilled 140-150°C np3° 1.36350
2nd Cut distilled 140-150°C np®° 1.36L465

The combined yield was 0.25g, there was very great charring and
decomposition in the reaction vessel.
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Varying quantities of crude DDHP and aqueous caustic soda were
refluxed together. Attempis were made to prepare S benzyl thio-uronium
derivatives of any organic acids formed and also, using cerous nitrate
attempts were made to test for fluoride ion, in certain cases. The results
of these experiments are summarised.in the tables below: -

Quantity Quantity of Normality S benzyl thio
of crude Caustic of Caustic Reflux Time Fluoride Ion uronium salt
DDHP Soda Soda
0.3g. 5 mls. 2N 70°C for lhr. - v. small yield
0.2g. 3 mls. oN % hr. reflux - yield .0lg m.p.187°C
0.13g. 3 mls. N 2 hr. reflux - no material
0.49¢. 8 mls. Ly 3 hrs reflux - -8 mg. m.p. 152°C
Lg. 64 mis. LN 3 hrs reflux - 0.145g. m.p.162-4°C
2g. 32 mls. Ly 6 hrs. shaken - m.p. 172=4°C

at r. temp.

12 hrs. standing
hg. 64 mis. Ly 3 hrs. reflux - m.p. 166-7°C
2g. 32 mls. Ly 3 hrs. reflux positive m.p. 190°C
2g. 32 mis. oN 3 hrs. reflux positive m.p. 181°C
2g. 32 mls. N 3 hrs. reflux dubious m.p. 186-7°C

1g. 16 mls. N 2 hrs. reflux positive no derivative
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S benzyl thio-uronium salts appeared in low yields and with
extremely erratic melting points. The S benzyl salts of formic acid
(m.p. 151°-2°) and acetic acid (132-4°C) were prepared in the usual way,
but material of m.p. 152°C gave a depression of 6°C when 2 mixed m. D
with S benzyl thio uronium formabte was done. There was no evidence at
any stage for the presence of S benzyl thio-uronium acetate.

Fluoride ion was tested by reaction with a solution of cerous nitrate
in acetic acid, the precipitate being tested with dilute nitric acid, when
it should remain insoluble if fluoride ion is present. It may be noted
that fluoride is present, even after reaction with N caustic soda.
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Attempts were made to react crude DDHP (m.p: 64-79°C) with phosgene,
by dissolving the material in toluene and mixing this solution with a 12%
solution of phosgene in toluene. = The product of this reaction, after
working up, was a brown liquid which decomposed on attempted vacuum
distillation at 15 mm pressure.

Reaction of crude DDHP with malanoyl chlorlde

RS W S e . i W . S k. B8 VD S 8. 400 o N o u--n—m—u—u-n-u—,—mau

An attempt was made to react the above material with malanoyl chloride
formed by the reaction of malonic acid and phosphorus pentachloride. The
end product of this reaction was a tarry material, which was not worked up.

Condensation of crude DDHP with acetone to form a ketone acetal

An attempt was made to react the crude DDHP (m range 64-79°C) with acetone,
in an ethereal medium, using p-toluene sulphuric acid as a catalyst.
"his reaction was not successful. -
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Attempte were made, using the method of the gbove authors, to react
crude DDHP with copper acetate in a water/ethanol medium. This reaction
yielded no definite compound, but a brown material, insoluble in ethanol
and xylene, was obtained melting between 300 -~ 340°C. The flame test
suggested this material was a copper compound but it did not appear to be
one of the copper oxides. The material may be of a polymeric nature.
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A1l photographs were teken using CuXKg radiation.

IIT

Range-melting material, sieved.

Range~melting material, sieved.

Material m.p. 98°C after sieving and placed in the tube of the
instrument.

Material m.p. 98°C, not sieved, particles stuck to the outside
of the instrument tube.

Material m.p. 98°C, not sieved, forced inside the tube.
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