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SUMMARY

The tﬁermai degradation of model compounds of amine-curzd
epoxide resins has been‘studied with the aim of investigating
the thermal stability of the '"cure-linkage". - 1,3-Dipheunoxy-
propan-2-ol and 1-(N-ethylanilino)-3-phenoxypropan-2-ol have becen
synthesised and degradéd under various conditions. The results
of these degradations are presented and their relevance to tne
thermal degradation of amine-cured epoxide resins is discuésed.
The effect of the présence of alumina, wﬁich has been used_as.a
filler for epoxide resins, on the thermal stability of the model
compounds has been examined. The possibility that the degrada-
tion of model compounds may be used as a synthetic route to

benzofuran has been investigated.



I. INTRODUCTION

The dgmand forlmaterialé possessing good thermal stabiliiy
for use in many fields, particularly in aerospace applicaticns,
has led to considerable interest in the behaviour of thermo-
;etting resins at high'teﬁperaturesl. Particular attention has
been paid to epoxide resins which.are noted for their good
mechanical, electrical and adhesive'propertiesi. The maximum
operating temperatures of conventional epoxide resins are in the
region of 200 to 260°C buat it is considered that they can be-
modified for use at highef témperaturesz. A.typicél and
commonly used epoxiae resin is based on Bisphenol! A and has the
following structure
| /’o CH, OH CH | /o\
CszéH—CHZ—O -F ~(0)-0-cH,, -CH-CH, -0 <:> <:> -0-Clty-Chi-CH,

L cHy ~ . CH3

Where n may vary from O to 20.

Epoxide resins may be cured by reaction with a Variétyjof
cross-linking agents (hardeners) including aliphatic and
aroﬁatic diamines, acid anhydrides and dicarbexylic acids.

The thermal stability cf the cured resin depends on the
particular epoxide/hardener combination. An amine-cured
~ epoxide resin based on Bisphenol A has the following part-

structure:



OH cH ., oW CH. - od
| E | & B ~
-N- -CH- -04{0)~-C- 0= -CH- - -C-(o0)-0-CH_--CH- -N-
N-CH,, ~CH-CH, -0 '§> F <:> 0-CH,,-CH-CH,, o‘<:> C <§> 0-CH,, - CH-CH,,-N
CH,, | n CH,
FIGURE 1.

The "cure-linkage' is represented by the -O-CHZ—CH—CHZ—v- groug.

Investigations of.the'thcrmal behaviour of cured epoxide
resins which attempt to determine the initial pecint of break-
down of the resin network and the mechanism of degradation may
provide a rational basis for improving the thermal properties
of tliese materials. An appreciable amount of work in this

direction has been done.

The'effgct of oxidising ccnditions on the thermal
degradation of epoxide resins was studiedl’h} Results showed
that oxidation of the hydroxyi group to a carbonyl group
occurred at relatively low temperatures (150 - ZOOOC) 5’6..
DANTE and CONLEY6 suggested that in amine-cured resins

oxidation occurred at the nitrogen atoms followed by fission of

the network and rearrengement t>» form keto groups.

The thermal degradation in vacuc of amine- and anhvdride-
cured resins provided much useful information on the degradation

.1
reactions



Much work carried out on the unéuréd or incompletely cured
epoxide led to the pestulation of reaction mechanisms which
depended on the presence‘of free epoxide.groups. These
mechanisms, postulated by LEE7’8 and NIEMAN and coworkers™  —,
wére used ﬁo account for the more vola;ile degfadation products.
LEE7 alsc postulated a mechanism for the formation of higher
boiling degradation products, which were mostly phenols and
cresols, from uncured epoxide resins. These mechanisms did
not account for the differing stabilities imparted to the net-
work by different hardeners. Furtﬁermore, infra-red studies
showéd that very few epoxide groups remain in a prcperly cured

resin

Tha suggestion that dehydration reactions occur during

the degradation of epoxide resins, originally put forward by

7,8 13-15

LEE , was supported by many workers in this field In

fact it was shown that dehydration is an early step in the

1’16. Water was

degradation of amine-cured epoxide resins
positively identified as a degradation product and infra-red
studies indicated that double bond structures were formed

1’15’16. LEISEGANG,

during the early stages of degradation
 STEPHEN and PATERSON-JONES17 suggested that dehydration

: p?eceded'fo a 1afge éxtent any further degradation bf the
resin netWofk and.that the driving ferce behind the reaction

was the increased stability of the system which resulted from

cross-conjugation.



BISHOP and SMITH18 showed that initial degraagation of
amine~-cured epoxide resins at AOOOC led to the formation of
hydrogén, methane and water, a proccss which, they suggested,
did not involve breakdown of the network structure. Methane
was shown by 14C-labelling tc be liberated initially frdm the
isoprbpylidene group. These workers postulated that hydiogen
and water were formed by compeﬁing dehydrogeﬁation and
dehydration reactions associated with the secgndary alcchol

groups in the cured resin structures.

A study16 of the changés in dielectfic properties of an
epoxide resin based on the diglycidyl ether'of_Bisphenol A
crbss—linked with E,R'-diaminodiphenylmethane (DDM) (fig.2)

- post-cured at temperatures ranging from 200 to SlOOC revealed
two dispérsion regions : A high temperature/low frequency
region aésociated with the glass transition of the network
and a broad low temperaturé/high frequency region attributed
to movement of the hydroxyl -dipole of the glyceryl portion of

19’20 attribputed the latter

the network. Other workers
dispersion region td-movement of the.entire glyqeryl portion
of the network. In any event absofption would depend on the
presence of the hydroxyl group and the extent of this

absorption would give an estimate of the hydroxyl concentration

in the network.



\JI-‘ , |
<_/ <:> -OH
v CH3 |

BISPHENOL A

Q\ E 'CH /}X
CH,,-CH-CH,, =0-(c) <:> -0-CH,~CH-CH,
|
cH,

DIGLYCIDYL ETHER OF BISPHENOL A

HZN—@-CH2—~NH2
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A section of the cured resin may be represented as follows:

OH : H ' OH

-CH, | | CH2 ~CH- CH,,-0- <:> ? <:>-o ~CH,,-CH- CH2
BN ' CH
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15 et al. indicated that .

The results of PATERSON-JONES
post-cure of the resin at approximately 220°C rather than
200°C increased the cross-linking sf the network (reflected
by an increase in ﬁhe-hydroxyl concentration) while the glass
transition temperature remained approximately coﬁstant. Post-
cure at approximately 245°C ieft the concentration of hydroxyl
groups unaltered but caused ;he glass transition temperature
to be.lowered; This indicated ‘that chein scission reactions
were taking place. At = cﬁring temperature of 295°C both the
hyaroxyl eoncentration end the glass transition temperature

decreased which indicated that both dehydration as well as

chain fission reactions had occurred.

13,14,16-18 pcstulated that decomposition of

Many workers
epoxide resins occurred through degradation of the reacted
glycidyl group and breakdown of the isopropylidene linkage in
the Bisphenoi POrtien of the network,fBOWEN2 investigated the
relative thermal stability of these fwoAgroups by radiothermal
analysis. His results showed that products resulting frcﬁ the
breakdown of the reacted glycidyl group in amine-~ and anhydride—
cured eéoxide resins were released.at a temperature much iower
than that observed for the release of products from the
isoprepylidene grcup. This result was confirmed by the work

of BISHOP and SMITH18.



BOWEN's2 method of studying the liberation of 14C-labelled
fragments frém the network unfortunately required the scission
of two bonds in the network and did not mnecessarily pinpoint
the initial point of breakdown of the resin althnugh his results
did suggest that the "cure-linkage"'played an important part in
the degradation reactions.‘ The'production of lérge quantities
of N-substituted anilines in the degradation of the DDM-cured
Bisphenol A epoxide resinl6.emphasised the importance of the

"cure-linkage" in the degradation process.

A detailed study of the thermal degradation of model
compormds of amine-cured epoxide resins was expectea to provide
further information on. the mechanism or the degradation. In
the present work model compounds were studied with the aim of
investigating the thermal stability of the "cure-linkage'.

1, 3-Diphenoxypropan-2-o0l and 1-(N-ethylanilino)-3-phenoxypropan-

2-0l were synthesised and degraded under vazious conditions.

The degradation of l,3-diphenoxypropene provided further
insight‘into the mechanism of the dggradation of 1,3-diphenoxy-
propan-2-ol. These recults were used to interpret the mechanism
involved 'in the degradation of 1-(N-ethylanilino)-3-phenozypropan-
2-0l which in turn was related to the degradation of amine-cured

. epoxide resins.

The study of model compounds has a limitation in that the

compounds are degraded in the liquid state and are free to .



iﬁteract with one another. A cured resin, however. exists in
the form of_a relatively rigid three-dimensional network.in
which intcractions between different portions bf the network
are less like1y21. The ﬁajor products of the degradation of
1-{N-ethyianilino)-3-phenoxypropan-2-ol were, however,
analogous with those found by PATERSON;JONES22 to result froin
the degradation of the adduct of the diglycidyl ether of
Bisphenol A and p,p'-diaminodiphenylmethane (fig.2), an
indication that thé mechaniém involved in the degradaﬁion of

the model compcund could be related to that ot the resin.

A varietyv of fillers has been used télmodify the
_properties of cured epoxide resins. The thermal stability of
a resin may be profoundly.modified by the nature of the filler
used. The model compounds were degraded over alumina, a
material which has been used as a filler, to determiné its

effect on the degradation reaction.

Products containing the benzofuryl moiety were observed
among the majér components ofvﬁhe degradation of the DDM-cured
diglycidyl ether of Bisphenol A17. It was sugge_sted22 that
thermal degradation of model compouﬁds of this resin may
provide a synthetic route to benzcfuryl compounds. This

possibility was investigated.



IT. EXPERIMENTAL

IT.1. ANALYTICAL TECHNIGUES

II.1.1. Gas Chrematographv (GLC)

A Pyve series 105 model 15 automatic preparative gas
chromatograph was used to isolate and to identify unknown
products by a comparison of their retention times with those

of standard compounds.

A polar 4,57m x 0,953cm diameter glass preparative column
packed with 25% polyethyleneglycol PEG 20M on 60-72 mesh
'silanisea Celite provided.a good separation of the products.
Permanent gases, aliphatic hydrocarbons and very polar compounds
with heavy substituents were, however, not detected and no
atte@pt was made to isolate or to identify these compounds.

The operating conditions for each chromatogram were epproximately

constant:
Operating temperature 180 - 1°%
Carrier gas (N7) flow rate - 206,9 ml/min
Column pressure ' 30 -1 p.s.i.

Retention.times which were measured from the time of injection
of the samples were corrected against the retention times of

standard compounds. Corrected retention times were.calculated

by



t = txt/t
c S/ s'
. where tc = corrected reteniion timz
t = measured retention time
t. = actual retentioa time of standard'
t v = measured retention time of standard.
I1.1.2. Infra-red Spectroscopy

IR spectra were measured on a Perkin-Elmeir model 457
grating spectrophotometer scanning from 4000 cm—l'to 250 cm~
The maximum resolution of the spectrophotometer is quoted as

2'c:m-‘l at 3000 cm_l and 1 cm_l at 1000 cm-l

IR spectra of liquid compounds w2are determined on liquid
films between potassium bromide plates and spectra of solid

compounds were measured on potassium bromide discs.

IT1.1.3. Proton Magnetic Resonance Spectroscopy

PMR spectra were determined on a Varian A-60 Analytical
PMR spectrometer. Deuterated chloroform was used as the scolvent

with tetramethylsilane (TMS) as the internal standarc.

IT.1.4. Mass Spectroscopy

Mass spectra were used to elucidate chemical structures and

also to determine the structures of unknown compounds by a
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comparison of their mass spectra with those Qf standard

compounds.

In certain cases the products of degradation reactions
were separated and collected by preparative GLC and were
identified trcm their mass‘spectra. In other cases a mess
spectrometer coupled to a Perkin-Elmer model 990 gas‘chromato~
graph was used to provide the mass spectra of individual
compounds which eluted from the chromatograph (this'work was
performed by Mr. P.R. Boshoff of the Departmént of Chemistry,
University of Stellenbosch). The same chromatograph column was

used as in the preparative GLC (section II.1.1.).

IT1.1.5. Elemental Analyses

Elemental analyses were performed by Dr. K.G. Fuhr or the
Department of Chemistry, University of Cape Town and by
Dr. F. Pascher, Bonn, Germany. The results are collected in

table 1.

I1.1.6. Melting Points

All melting points quoted are corrected and were determinred

on a Kofler hot stage.



I1.2. SYNTHETIC METHODS

)

I1.2.1. 1, 3-Diphenoxypropan-2-ol

The preparation of 1,3-diphenoxypropan~2-ol was based on

the method of KULIEV ALEKPEROV and AKHMEDOV23

Epichlorohydrin (39 ml; 0,5 mole) was added dropwise to a
stirred solution of phenol (94g; 1 mole) in a 40% sodium
hydroxide solution (55 ml; 6,55 mole). The miﬁture was heated
under reflux on a waﬁerbath for 2 - 3 hr. Omn eooling the
mixture to room'temperature a precipitate formed which was
filtered, washed and recrystallized.from a mixture of acetcne
and water (white prisms; 98,ig; 80,41%; m.p. 81—20C; Lit. m.p.

0.23-26 | |

81-2"C ). The saﬁple's structure was established fiom IR,

PMR and mass spectra. Elemental analyses are given in tabie 1.

11.2.2. 1-(N-Ethylanilino)-3-phenoxypropan-2-ol

‘The synthesis of this compound was based on the method

suggested by BEASLEY, PETROW and STEPHENSON®”.

Phenyl glycidyl ether (97, 3g; 6,649 mole) and N-ethyl-
aniline (78,5g; 0,649 mole) in ethanol (75 ml) were heated
under reflux on a waterbath for 4 hr. 4The solutien was distilled
under.reduced pressure and collected as a pale yellow syrup

(138,6g; 78,9%; b.p. 198-200 c/1 ] mm Hg; Lit.b.p. 156°C/



25 ~ .
0,1 mm Hg " ). The structure of the product was confirmed from
IR, PMR and mass spectra. Elemental analyses are given in

table 1,

11.2.3. Phenyl allyl ether

Phenol (136 g; 1,45 mole) and allyl bromide (132 ml;‘
1,55 moie) dissoived in dry acetone (800 ml) were heated under
reflux for 4,5 hr  over anhydrous potassiuﬁ carbonéte (300 g).
The mix;ure was poured into water (1 1) and extracted with ether.
The ethereal extract was washed with a 10% sodiuin hydroxide
soluticn and then with water until‘neutral,dried over anhydrous
sodium sulphate and distilled. Phenyl allyl ether was collected
as a colourless liquid (178,5 g; 91,8%; b.p. 83-5°c/10 mm‘Hg)
and characterised from IR, PMR and mass spectra. Elemental

anzlyses are given in table 1.

I1.2.4. o-Allylphenol

o-Allylphenol was prepared by the Glaisen rearrangement of

phenyl allyl ether27.

Phenyl allyl ether (73 g) was.heated undér reflux for 5 hr
'afFer which time the reflux temperature remained constant
GinAOC). Tke solution was taken up in ether and extracted with

a 10% sodium hydroxide solution. The basic solution was acidified

and extracted with ether. This ethereal solution was washed,



dried over anhydrous sodium sulphate and distilled. o-Allyl-
phenol was collected as a colourless liquid (54,1 g; 74,1%;
b.p. 117-9°C/27 mm Hg) and characterised from IR, PMR and mass

spectra. Elemental analyses are given in table 1.

I1.2.5. 2—Methy1coumaran

2-Methylcoumaran was synthesised by the acid catalysed

- cyclisation of g—allylphen0128

o-Allylphenol (178,5 g; 1,448 mole), glaciai acetic acid
{750 ml) andAhydrobromic acid (400 ml; 48%)vwere heated under.
reflux for 30 min, cooled; poured into water (1 1) and extracted
with ether. The ethereal solution was washed successively with
watér, sodiﬁm hydréxide (2M) and wateir, dried over anhydrous
sodium sulphate and distilled. The fraction b.p. 94-108°C/
‘14 mm Hg was collected. On redistillation 2-methylcoumaran was
collected as-a colourless liquid (73,3 g}A 41,06%; b.p. 84—50C/
9,5 mm Hg; Lit. b.p. 85—800/15_mm Hg28) and characterised from.
IR, PMR and mass spectra. Elemental analyses afe givén in

table 1.

11.2.6. 2-Methylbenzofuran

The dehydrdgenation of 2-methylcoumaran to 2-methyl-

benzofuran using N-bromosuccinimide was based on the method of

LOOKER and HOLM29 for the dehydrogenation of flavones.
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2-Methylcoumaran (]Og; 0,075 mcle) and N-bromosuccinimide
(13,5g; 0,075 mole) were heated gently -in chlcroform. (200 ml).
The chloroform solution turned orang: and vioient frothing was
controlled by cooling tue reaction flask in‘an icebath. After
the reaction had subsided the chlcroform solution was colourless
and the precipitate was orange. The mixture was heated under
reflux until all the E—bromosuecinimide had been converted to
the lighter succinimide. A 10% sodium hydroxide solution (100 ml)
was added to diséolve the precipitéte. The chlcroform solution
was separated and washed znd the chioroform was removed by
distillation. Potassium hydioxide (13g) dissolved in ethanol
(lCO ml) was added to the residue and the solution was heaced
under reflux for 1 hr. A fraction (5,12g) b.p. 72-10200/18,5—20
mm Hg was collected and redistilled. A mixtﬁre of 2-methy!-
benzofuran and 2-methylcoumaran (2g; b.p. 194—80C;vLit.
2-methylbenzofuran b.p. 196—80C3O) was collected and separéted
by preparative gas chromatography (section II.1.1.) to yield
2-methylbenzofuran (~1 ml) which was ctaracterised from iR, PMR

and mass spectra. Elemental analyses are given in table 1,

I1.2.7. PhenoXyacetone

Phenoxyacetone was prepared by the method of HURD and
31 ‘

PERLETZ



thoroacetone (24g; 0,26 mole), dry acetone (20 ml) and
potassium iodide (O,éBg) were allowed to stand overnight.
Phenol (iA,Bg; 0,152 mole), potassium carbonate (Sg) and dry
acetone (20 ml)‘were stirred and heated under reflux for 15 min.
.The chloroacetone mixture was then added slowly. After one
quarter of this mixture was added, potassium carbcnate (5g) and
enough acetone to thin the mixture were added. A second portion
of the chloronacetone mixture was added dropwise. This procedure
was repéated until 20g of potassium carbonate and all the
- chloroacetone mixtﬁre had been added. The mixture was stirred
(15 hr) and filtered. Dry acetone wés used to wash the residue.
The combined filtrates were distilled and a fraction b.p. 108-
' l340C/36 mm Hg was coliected‘(l?,?g). An IR spectrum showed the
presence 6f hydroxyl groups which suggested the presence of

1—phéncxypropan—2?ol.

The mixture was separated by column chromatography with
chloroform as eluent on a 40 x 2,3 cm i.d. silica gel column.
Under UV* light two bands could be discerned. The first, a pale
green band, was collected and distilléd. The fraction bﬁp.

118-130°C/41 mm Hg (10,4g) was collected and found by IR to

have less hydroxyl.

This mixture was reChromatographed. The first band was
collected and distilled. The‘f;action-b.p. 134-6°C/30 mm Hg

was collected as phenoxyacetone, a colourless liquid which

*UV = ultra-violet
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turned black ou standing (7,7g;-33,77%), The structure was
confirmed from IR, PMR and mass spectra. Elemental analyses

. are given in table 1.

11.2.8. 3-Methylbeh20fura§

The preparation of 3nmethy1benzofuran was based on the
methbd of FOSTER and ROBERTSON32 for the synthesis of benzofuran.
Condensaﬁion of g-hydroxyacetophénone with ethyl bromoacetate
yielded ethyl o-acetylphrenoxyacetate. This ester was hydrolysed
to o-acetylphenoxyacetic acid which was cyclised to form

3-methylbenzofuran-2-carboxylic acid and 3-methylbenzofuran.

11.2.8.1. o-Hydroxyacetophenone was prepared33 by the Fries

rearrangement of phenyl acetate

11.2.8.2. Ethyl o-acetylphenoxyacetate

o-Hydroxyacetophenone (51g; 0,38 mole), ethyl bromoacetate
(66g; 0,38 molé), potassium carbonate (76g) and acetone (SOObml)
were heated under reflux (2,5 hr,, poured into water (600 ml)
and exﬁractéd with ether. The ethereal extract was washed with
water, dfied overvanhydrous suvdium sulphate and the solvent was
removed by distillation. The remaining drude ethyl o-acetyl-

phenoxyaéetate weighed 82,68g (98,01%).
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II1.2.8.3. c-Acetylphenoxyacetic acid

Crude ethyl g;acetylphenoxyacetate (82,68g; 0,37 mole) was
dissolved in a 2% sodium hydroxide solution (800 ml). The
solution was allowed to stand (24.hr) and hydrochloric acid was
added until the solution reached pH2. o-Acetylphencxyacetic
écid (37,14g; 51,74%; m.p. 112-4°¢C) crystéllized from the-

solution, was filtered, washed and dried.

11.2.8.4. 3-Mcthylbenzofuran

Crude g—acetylphenoxyacetic acid (37,l4g; ©,19 mole) was
heated under refluk (2 hr) with acetic anhydride (370 ml)
containing anhydrous éodium_acetaﬁe (111g); The solution was
cooled and poured into a water/ice mixture (600g). A cold
sodium hydroxide solution was added until the solution reached
pH8. The éolution was extracted with ether. The ethereal
extract waé washed with water, dried over anhydrous sodium
sulphate and distilled. 3—Methy1benzofuran‘(9,69g; 38,36%:
kb.p. 195-8°C/763 mm Hg; Lit. 195—7OC35) was collected as a
colourless liquid énd characterised from IR, PMR aﬁd mass

spectra. Elemental analyses are given in table 1.

11.2.9. 1-Phenoxypropan=-2-ol

The synthesis of 1-phenoxypropan-2-ol was based on the

method of McSWEENEY, WIGCINS and WOOD36‘
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A mixture of propylene oxide (19g; 0,33 mole) was added
to phemnol (31g; C,33 mole) and éodium hydroxide (O,67g; 0,02
mole) in a minimum amount of water and heated under reflu:x
(1 hr). The mixture was taken up in ether. The ethereal
eftract was washed successively with water, 10% $odium hvdroxide
and water, dried over anhydrous sqdium sulphate and distilled.
1-Phenoxypropan~2-ol (29,74g; 59,8%; b.p. 154-6°C/66C wm Hg;‘
Lit. b.p. 134-6OC/15 mm Hg36) was collected as a colourless
- liquid and characterised from IR, PMR and mass cSpectra.

Elemental analyses are given in table 1.

I1.2.10. Chroman

The synthesis of chroman was based on the method of HURD
and HOFFMAN37 in which the acetic ester.of.g—allylphenol was

treated with hydrogen bromide in the presence of peroxides.

II.Z.lO.i.g-Allylphenyl acetate

| o-Allylphenol (75g; 0,56 molé) and acetic anhydride (1llég;
1,13 mole) were heated under reflux (3 hr). The mixturec was
taken up in ether, washed several times with water, dfied over
anhydrous sodium sulphate and distilled to yield o-allylphenyl
acetate (85,l8g§ 86,5%; b.p. 131-2°¢/29 mm Hg; Llit. b.p. 110-

110,5°C/ 11 mm Hg, 123-4°C/20 mm Heo').
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I1.2.10.2. Chroman

An excess bf hydrogen bromide (prepared by the action of
liquid bromine (33 ml) on boiling tetralin (165 ml)) was added
slowly (45 min) to o-allylphenyl acetate (85g; 0,49 mole) and

‘benzoyl peroxide (2g) in dry ccrbon tetrachloride (350 ml).

After addition of the hydrbgen bromide the reaction fiask
‘was sealed and allowed to stand ovérnight, The solvent was
removed and the reaction mixture waé washéd with water and a
dilute sodium carbonate solution. The water insoluble layer was -
héatgd under reflux (5 hr) with potassium hydroxide (60g)
dissolved in water (200 ml) and ethanol (350 ml). The.ﬁixture
was poﬁréd into.water (600 ml) and extracted with éther. A
fraction b.p. 109-12°¢/32 mm Hg (44,15g) was collected. This
was redistilled to yield chroman (35,3g; 53,76%; b.p. 90-20C/
5,6 mm Hg; Lit. b.p. 95-6°C/15 mm Hg37) which was characterised
from IR, PMR and mass spectra. Elemental analyses are given

in table 1.

I1.2.11. Benzofuran

Benzofuran was synthesised by the decarboxylation of
~coumarilic acid. The synthesis of coumarilic acid was based on

the method of FUSON, KNEISLEY and KATISER-C,

IT.2.11.1. Coumarilic acid

Bromine (66,2g; 0,4 moie) was added dropwise (1 hr) to a
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stirred solution of coumarin (64,6g; 0,4 mole) in chloroform
(150 ml). Excess bromine was removed under vacuaum at room

température. A solution of potaésium h?droxide (74,5g; 1,23

mole) in water (350 ml) was-added and the mixture was steam-
distilled. The remaininé solution was cooled, decanted from
traces.of a heavy brown oil and acidified with dilute hydro-
chloric acid. The precipitated coumarilic acid was filtered,
recrystallized from hot water and dried under vacuum at 55°¢C.

(32g; 44,6%; m.p. 190-2°C; Lit. m.p. 190-3°¢3%)y .

11.2.11.2. Benzofuran

The coumarilic acid (32g) was distilled off soda lime
(60g). The distillate was taken up in ether, washed successively
with a 10% sodium hydroxide solution and water, dried over
anhydrous sodium sulphate and distilled. Benzofuran was
collected as a liquid (9g; 39,12%; b.p. 169-73°C; Lit. b.p.
1746C39) and characterised from IR, FMR and mass spectra.

Elemental analyses are given in table 1.

11.2.12. Phenyl vinyi ether

Phenyl vinyl ether was prepared by the method of WOHL and
BERTHOLDAO. The synthesis of phenyl-8-bromoethyl ether, which
was reqﬁired for this preparation, was based on the method of

_SCHREIBERAI for the preparation of R-tolyl—e-bromoethyl ether.
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I1i.2.12.1. Phenyl-g-bromoechyl ether

Sodium {(23g; 1 mole) was added slowly to a solution of
phenol (94g; 1 mole) in ethanol (250 ml). After ccmplete
reaction dibfomoethane (300 ml) was added and the. solution was
allowed to stand (24 hr). A white precipitate (sodium bromide)
which formed was removed by filtration and the solution was
heated under reflux (1 hr). Wher. further precipitate formed
the process of filtration and heating uﬁder reflux was repeated
until no further precipitation occurred. The ethanol and
‘dibromoethane were removed from the sclution by distillation
and the diphenoxyethane'was removed by steam-distillation.

The residue was taken_up in ether, washed successively with a
10% sodium.hydroxide solution and water, dried over anhydrous
sodium sulphate and distilled. Phenyl-B-bromoethyl ether was
collected as a éolourless liquid which solidified on cooling

(62,4g; 31,2%; b.p. 125-6°c/16,5 mm Hg, m.ﬁ. 31-39C; Lit. b.p.

108-10°C/7 mm Hg, m.p. 32-30040).

"11.2.12.2. Phenyl vinyl ether

Phenyl-g-bromoethyl ether (50g; 0,25 mole)‘was-added to
copper (2g) and finely powdered anhydrous potassium hydroxide
- (100g). The mixture was heated gently to ensure that the
temperature of:the distilling liquid would not risé above 160°C.
After 3 hr the mixture was heated strongly‘and the temperature

rose to 220°C. The distillate was taken up in ether, washed
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with water, dried over anhvdrous sodium sulphate and distilled.
8,7g of product (b.g. 120-19OOC) was cocllected and redistilled
to give phenyl vinyl ether as a colourless liquid (2,7g; S%;

b.p. 154-7°C; Lit. b.p. 155-6°¢*0"%%y.

'11.2.13. N,N-Diethylaniline

N,N-Diethylaniline was prepared by the N-zsthylaiion of

N-ethylaniline.

A mixture of ethyl iodide (8g; 0,05 mole) and N-ethylaniline
(6g; 0,05 mole) was allowed to stand (30 min). Ethanol (25 ml)
was added‘and the mixture was heated under reflux (2 hr). A
solution of potassium hydroxide (10g) in water (100 ml) was
added and the mixture was steam-distilled. The distillate was
extracted with chloroform and dried over anhydrOQS sodium
sulphate. The chloroform was removed by distillation from the
- mixture ofrﬂ—ethylaniline and N,N-diethylaniline which was
sepérated by column chromatography. A 40 x 2,3 cm i.d. silica
gel cclumn was used with chloroform as eluent. The first
fraction, which appeared purple under UV light, was coliacted
and distilled. W,N-Diethylaniline was collected as a pale
yellow liquid (2,8lg; 38,1%; b.p. 74-6°C/2,9 mm Hg; Lit. b.p.

0.3

215,5°C 9) and characterised from IR, PMR and mass spectra.



I1.2.14. N-Ethyl-N-methylaniline

A mixture of N-ethylaniline (5ml; 0,25 mole) and
sodomethane (5ml; 0,5 mole) was allowed to stand (19 hr) at
room temperature. The iodomethare was removed undervvacuum.
p-Toluenesulphonyl chloride (3,8g)‘was added to é soluition of
the reaction mixture in 10% sodium hydroxide (100 mi). The
mixture was shaken (15 min).and extracted with ether. The
ethercal solution was washaed with water and the ether was
removed by distillation. The residue was steam-distilled and
the distillate was extracted Withlether. The cthereal solution
was dried over anhydrous sodium sulphate and distilled. 1;4g of
a product (b.p. 199n24006) was collected as a brown oil. After
the oil had cooléd_a precipitate formed. The solution was fil-
tered apd distilled. ﬁ—Ethyl-ﬁ-méthylaniline was collected (0,5g;

3

1,6%; b.p. 201-30C; Lit. b.p. 201°¢ 9) and characterised from

IR, PMRtand.mass spectra.

II.2.15. N-Allyl-N-ethylaniline

’Allyl bromide (7ml; 0,08 mole) was added dropwise to
N-ethylaniline (10ml; 0,08 mcle). .The mixture was heated under
reflux on a watetbéth (15 min). A 20% potassium hydroxide
solution (40ml) was adaed and the mi:xture waé steam—distilled.
The'distillate was extracted with chloroform, dried over anhydrous

sodium suiphate and filtered. ﬁ—Allyl—E—ethylaniline was
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separated from unreacted N-ethylaniline by column chromatography
on a 40 x 253_cmvi.d. silica gel column with chlorcform as
eluent.‘ The first band which was yellow was collected and
distilléd. N-Allyl-N-ethylaniline was collected (7,67g; 60%;
b.p. 91-3OC/5 mm Hg) end characterised from Iﬁ, PMR and mass

spectra.

IT1.2.16. N-Ethylskatole

;S-Ethylskatole was prepared by the N-ethylation of the
potassium salt of Skatole43. Skatole (3,5¢g; 0;028 mole),
ethyl iodide (0,612g; 0,028 mole).and potassium (1,08g; 0,028
mole) were heatéd undér reflux in benzene untii cli the
potaséium had reacted. Thin layer éhromatbgraphy (TLC) showéd
the presence of unreacted skatole and another product. This
product was separated from the ékaﬁole by column chromatography
(column: 40 x 2,3 cm i.d. silica,gél; eluent: chlorpform).
Repeated pascsage through the cdlumn was required to purify the
product. The fractions which TLC showed to. contain pure product
were combined and distilled. N-Ethylskatole (l,d9g; 26%: b.p.
105-6°C/2,9 mm.Hg) was collected as a pale yellow liquid. IK,
PMR and mass spectra coﬁfirmed the expected ﬂ—ethylation of the

skatole.

I1.2.17. N-Ethylindole

The synthesis and isolation of N-ethylindele followed the



method used in section IT.2.16. for the preparation of N-ethyl-
skatole. N-Ethylindole was obtained i 20% yield as a pale

v : "
yellow liquid (b.p. 109-12°C/4 mm Hg: Lit. b.p. 252-3°C**) and

characterised from IR, PMR and mass spectra.

I1.2.18. N-Ethyltetrahydroquinoline

‘Tetrahydroquinoline (5g; 6,038 mole) and ethyl iodide
(5,8g; 0,038 mole) were heated under reflux (5 hr). A 25%
solution (40ml) of potassium hydrokide was added to the reaction
flask and the mixture was steam-distilled. The distillate was
extracted with chloroform. The chloroform solution was dried
over anhydrous sodium sulphate. The chloroform was removed by
distillation and approximately 0,3 ml of product was cecllected
by preparative'gas chromeztography. ﬁ—Ethyltetraﬁydroquinoline
was characterised from IR, PMR and mass spectra. Elemental

analyses are given in table 1.

1I1.2.19. 1,3-Diphenoxypropene

1,3-Diphenoxypropene was prepared by the fusion of the
p-toluenesulphonate ester of 1,3-diphenoxypropan-2-ol with

powdered potassium hydroxide.
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I1.2.19.1. 1,3-Diphenoxyprop-2-yl p-tcluenesulphonate

1, 3-Diphenoxypropan-2-ol {104g; 0,426 mole) and p-
toltenesulphonyl chloride {(134g; 0,705 mole) were dissolved in
pyridine (350 ml) and allowed to stand <l7 hr) at room
temperature. A white solid preéipitated from theAsolution.

The entire contents of the flaék were poured into 10% sulphuric
acid (1,5 1). The precipitate was separated by filtratjion,
washed with water and dried. Recrystallization of the produét
from a mixture of ethanél (800 ml) and acetone {300 ml)

yielded the tosylate (162,7g; 95,9%; m.p. 117-8°C).

I1.2.19.2. 1,3-Diphenoxypropene

A mixture of 1,3-diphenoxyprcp-2-yl p-toluenesulphonate
(70g; 0,175 mole) and powdered potassium h&droxide (16,5¢g;
0,295 mole) was heated under vacuum. Approximately 23g of
distillate waé collected and taken up in ether. The ethereal
solution was washed successively with a 10% sodium hydroxide
solution and water, dried over anhjdréus sodium sulphate and
distilled. An IR spectrum of the distillate (b.p. 66-200°C/
approximately 7 mm Hg) showed the presence of compounds
containing hydroxyl groﬁps. These were removed by columr
chromatography (column: 4C » 2,3 cm i.d. silica gel; eluent:
chloroform). The chloroform solution containing the desired

product was distilled. 1,3-Diphenoxypropene was obtained as a
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pale yellow liquid (5,96g; 15%;b.p. 172-6°C/6,3 mm Hg) and
characterised from IR and FMR spectra. Elemental analyses are

given in table 1.
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II.3. DEGRADATION PRCCEDURE

1, 3-Diphenoxypropan-2-0l was degraced under & different

conditions:

1 Over aluminium oxide 'Camag' M.F.C. Brockmann activiiy 1

(neutral) 100 - 240 mesh.

2 Over aluminium oxide "Camag' M.F.C. Brockmann activity 1

(pH6) 10C - 240 mesh.
3 Over aluminium oxide calcined B.D.H. (pH9).

4(a) Under nitrogen and (b) in air.

Prior to degradations 1 -3 the alumina was heated tor 2 hr
aﬁ 150°C under vacuum. The alumina was thén mixed with twice
its weight of 1,3-diphenoxypropan-2-ol aﬁd the reaction mixture
heated in an apparatus which allowed the productsAto be
distilled and collected during the degradation. In degradation
4(a) the reaction flask was purged wich nitrogen for 15 min
prior to degradation and during the degradation. Degradatiun
4(b) was carried out in air. in each case 1, 3-diphenoxypropan-
2-0l1 was heated at such a rate that the distillation temperature
remained below 250°¢C (l,3—diphenoxypropan~2Fol distilis at
36OOC/76O qm Hg).. In most cases degradation was continued

until the 1,3-diphenoxypropan-2-oi had decomposed completely.



(3]
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1, 3-Diphenoxypropene and 1-{N-ethylanilino)-3-phenoxy-

prepan-2-o0l were degraded under 2 different conditions:

1 Over aluminium oxide '"Camag' M.F.C. Brockmann activity 1
(pH6) 100 - 240 mesh.
2(a) Under nitrogen and (b) in air.

The degradation procedures were the same as those used for

1, 3~diphenoxypropan-2~ol.

I1.3.1. The Degradation of 1, 3-Diphenoxypropan=-2-o0l

I7T.3.1.1. The degradation of 1, 3-diphenoxypropan-zZ-ol over

neutral alumina ({(pH7)

1,3—Diphenoxypropan-2-olr(QOg) was heated over neutral
alumina (10g). The temperature of the distilling products rose
.to a maximum of 210°C. After 20 min the temperature dropped and
heating was discontinued. The residue was dark and the
distillate which contained some waiter was reddish-brown. The
products (8,8g;v44% w/w) we£¢ steam-distilled ard the distillate
extrécted with ether. The ethereal solution was washed
successively with a 10% sodium hydroxide»solution and water
and dried over anhydrous sodium sulphate. A sample was injected
into the GLC. A GLC trace of the neutral products is shown in

fig.3.



The above procedure was repeated on a larger scale {200g
1,3-diphenoxypropan-2-0l]) and the meutral products were

separated and collected by preparative GLC (gection II.1.1.).

The products and their means of identification are
indicated in table 2. The identified compounds were synthesised
by alternative routes and their physical characteristics

compared with those of the degradation products (table 2).

'1I.3.1.2. The degradation of 1,3-diphenoxypropan-~2-ol over

acidic alumina (pH6)

1, 3-Diphenoxypropan-2-ol (10g) was heated over acidic
alumina (5g) for approximately 30 min when reaction appeared
to be complete. The residue was darkvand the distillate which
contained water was reddiéh—bro“n (4bg; 40% w/w). The.tempera_

ture of the distilling products rose to a maximum of 226°C.

A GLC trace of the products is chown in fig.4. The GLC
retention times of the products of this degradation were
compared with those of standard compounds (table 3) as a means
of identification. The relative distribution of products is
-also indicatec in téble 3. The wmore volatile aliphatic
compounds were idernitified by a comparison of their retention
times with those of standard compounds at three differént

temperatures namely 181°C. 10%,7°C and 87,5°C (table 4).
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The nature and relative abundance of the neutral products
cf this degradation were identical with those of the degradation
over neutral alumina.

o]

I1.3.1.3., The degradation of 1,3-diphenoxypropah—2—ol over

basic alumina (pH3)

Prior to this degradatinn the alumina was treated in three

~different ways;

(1) heated at 75°C under vacuum for &4 hr
(11) heated at 150°C under vacuum for 14 hr
(11D) heated at approximately 250°C for 2 hr.

The GLC chromatograms of the products of these degradations

were identical (fig.5).

1,3;Diphenoxypropan—2—ol (ZOg) was heated over basic
alumina (10g) for approximately 1 hr after which time degrada-
tion appeaced complete. The residue was dark and the distillate
which contained water was light brown (8,lg; 40% w/w). The
distillation temperature rose to ajmaximum of ZOOOC.  The
present degradatioﬁ did not proceed as readily as the degrada-
tions over neutral and acidic alumina. The GLC trace ot the
degradation products (fig.5) differed from those obtained for
the degrédationsover neutral and acidic alumina (figs. 3 and 4).

The GLC retention times of the preducts of the present
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degradation were compared with those of standard compounds
(table 5) as a means of identification. The relative abundance

-

of the products is also indicated in table 5.

The mcre volatile products were identified by a comparison
of their retention times with thcse of standard ccmpounds at

Cyser ) .0 -0On 5 =On
three different temperatures namely 181 C, 108,7°C and 82,5 C

(table 6).

Mass spectra of all the producis of the presentvdegradation
(except for benzene and acrclein which were present in toco
small a concentration to analyse) provided identification and
furtheir confirmation of the naturé of the products of this

degradation.

I1.3.1.4. The degradation of 1,3-diphenoxypropan-2-0l1 (1) under

nitrogen and (2) in air

On heating 1,3-diphenoxypropan-2-ol under nitroger and in
air the compourd distilled largely unreacted at 36OOC, but if
heated under reflux for approximately 2 hr before distillation

a sample of the degradation products could be obtained.

II.3.1.4.1. The degradation under nitrogen of 1,3-diphenoxy-

propan-2-ol

The reacticn flask containing 1,3-diphenoxypropan-2-ol

{(20gz) was purged with nitrogen for 15 min, after which time the



compound was heated‘under réflux for 1,5 hr with a gentie

stream of nitrogen passiug throﬁgh the liquid. Tﬁe degradation
products werevremoved by distillation. The temperature of the
distilling products rose to a maximum of ZOOOC and approximately

-

1 ml of distillate was collected.

The GLC trace of the preoducts of this degradaﬁion (fig.6)
was found to cbrrespond with that of the previous degradation
over basic alumina (fig.5). The products of the present
degradation were identified by a comparison of their GLC
retention times with those of standard comﬁounds. The GLC
retention times and rélative abundance of the products are

shown in table 7.

The product represented by the peak at 13,0 min in the gas
~chromatogram of the products was shown by mass spectroscopy to

~contain benzofuran only (phenyl ally! ether was not observed).

I1.3.1.4.2. The degradation in air of 1,3-diphenoxypropan-2-ol

1,3-Diphenoxypropan-2—ol.(Sg) was heated.under feflux for
appfoximately 2 hr prior to distillation of the'products. The'
distillation temperature did not exceed ZOOOC,and approximately
0,5 ml of distillate was.collecced. The GLC trace of the
products (fig.7) was identical‘with that of the degradation
under nitrogen (fig.6). A comparison cf the GLC retention

times of the products with those of standard compounds provided



34

identification of the products (table 8).

The pature and relative abundance of the products of this
degracdation correspond with those of the degradation under

nitrogen.

11.3.2. The Degradation of lf(ﬁ~Ethylanilinc)—S-Qhenoxypropan-
2-0l

I1.3.2.1. The degradation of 1-(N-ethylanilino)-2-phenoxypropan-

2-0l over acidic alumina (pH6)

1-(N-ethylanilino)-3-phenoxypropan-2-ol (Aog) was heated
over acidic alumina (ZOg) at suchva rate that the temperéture
of the distiliing products‘did not exceed 242°C. After
approximately 37 min reaction appeared complete. The residuve
had charred and anvorangejred distillate (26,13g§ 65% w/w)
which contained water was collected. The GLC trace of the

products is shown in fig.8.

The'distilléte wés taken up .in ether (100 ml). The
ethereal soiution (A) was extracted with é-lO% sodium hydroxide
solution (3 x 75 ml). The combined aqueous extracts were
washed with ether and acidified. The liberated prodﬁcts were
taken up in ether. This ethereal solution was washed with
watéf, dried over anhydrous sodium culphate and stored as the

acidic fraction. The ethereal solution (A) was washed
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successively with a 10% sodium hydroxide solution and water and
“then extracted with 5% hydrochloric acid (3 x 75 ml). The
combined aqucous fractions were washed with ether and basified.
The liberated products were taken up in ether. hiis ethereal
solution was washed with water, dr.ed over anhydrous sodium
sulphate and stored as the basic fraction. The ethereal
solution (A) was further washed with 5% hydfochloric acid and
water, dried over anhydrous sodium sulphate and stored as the

neutreal fraction.

GLC traces of the neutral and basic fractions are shown in

figs. 9 and 10 respectively.

A preliminary identification of the degradation products in
the neutral and basic fractions was provided by their mass
spectra which were determined as they eluted from a gas
chromatograph (cection II.1.1.). N-Ethylskatole which was not
identified from its mass spectrum alone was ccllected by
preparative GLC and identified from its IR and PMR spectra which
were identical with those of'synthesised N-ethylskatole
(section II1.2.16.). Mass spectra were not obtained for the
compounds l-phenoxypropan-2-ol, phenol, aniéole, phenyl vinyl
ether, styrene, ethylbenzene, toluene, acetone and acetaldehyde.
These products were identified by their CLC retention times
only; GLC retention times were used to confirm the identifica-

tion of the remainder of the products by a comparison of the



retention times of the products with those of standard compoundé
(table 9). 1In the case of 3-methyl-N-phenylpyrrole the

stapdard was not a synthesised compound but 3-methyl-N-
phenylpyrrole which was separated from the products of the
thexmal degradation of 1-(MN-ethylanilino)-3-phenoxypronan-2-ol
(section 11.3.2.2.). The relative abundance of products is

indicated in table 9. -

11.3.2.2. The thermal degradatioh of 1-(N-ethylenilino)~-3-

phenoxypropan-2-ol

The thernal degradation of 1-(N-ethylanilino)-3-phenoxy-
propan-2-ol was carried out under nitrogen and in air. The GLC
traces of the products of these two degradations were identical

(fig.11).

I1.3.2.2.1. The degradation of 1-(N-ethylanilino)-3-

phenoxypropan-2-ol under nitrogen

The reaction flask containing l—(ﬁ—ethylanilino)—B-
phenoxypropan—Z—ol (20g) was purged with nitrogen (15 min) prior
to degradation. Degradation proceeded for appfoximately 50 min.
The temperature of thevdistilling products rose to a‘mamimum of
212°C and a light brown distillate which contained water was
collécted (S,Sg; 27,5% w/w). The GLC trace of the products

(fig.11l) did not correspond with that of the degradation over
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acidic alumina (fig. 8).

The distillate was separated into neutral, basic aud acidic
fractions by the method outlined in section IT1.3.2Z.1. GLC
traces of the neutral and basic fractions are shown in figs.

12 and 13 respectively.

Mass spectra were obtained for the products tcluene,
ethylbenzene, styrene, anisole, phenetole; benzofuran,
N,N-dimethylaniline, E—ethyl-ﬁ?metbylaniline, N-ethylaniline,

~allyl-N-ethylaniline and 3-methy1-ﬁ;phenylpyrrole._ 3-Methyl-

1=

N-phenylpyrrcle was collected by preparatiQe GLC and identified
from its IR, PMR and mass spectra. The natﬁre cf the products
of this degradation (excluding 3-methyl-N-phenylpyrrole) was
established by a comparisoh of their GLC retention times with
those of standard compounds (table 10). The relative abundance

of the products is also indicated in table 10.

I1.3.2.2.2. The degradation of 1-(N-ethylanilino)~-3-

“phenoxypropan-2-ol in air

1—(§—ethylanilino)—3-phenoxypropan—2-ol (ZOg)rwas
degraded fof approximately 45 min after which time reaction
appeared cémplete. The distillation temperature rose to a
maximum of 250°C. The residue had charred and a light brown

distillate which contained water was ccllected (7,23g; 36% w/w).



38

The GLC trace of the products of this degradation compared with
that of the degradation under nitrogen (fig.ll) and the products

were not furiher investigated.

I1.3.3. The Degradation cf 1,3-Diphenoxypropene

1, 3-Diphenoxypropene was degraded over acidic alumina (pH6)
and in air. The nature and discribution of the prodﬁcts of

these two degradations were identical.

I.3.3.1. The degradation of 1,3-diphenoxypropene over acidic

alumina (pH6)

1, 3-Diphenoxypropene (lg) was heated over acidic alumina
- (0,5g). The compound degraded readily. The teémperature of
the distilling products rose to a maximum of 206°C. A yellow-

brown distillate was collected (0,1lg; 10% w/w).

A GI.C trace of the products of this degradation is shown
in fig.l4. The major pfoducts phenol, 2-chromene, 3-chromene
and 2; and 3-methylbenzofuran were identified from their mass
spectra and by a comparison.of their GLC retention times with

those of standard compounds (table 11).
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- IL.3.3.2. The thermal degradation of 1, 3-diphenoxypropene

The thermal degradation of 1,3-dithenoxypropene (lg)
occurred readily. The temperature of the distilling products
. ~~0 . .
- rose to a maximum of 220 C and a pale yellow distillate was

collected (0,4g; 40% w/w),

The GLC trace of the products (fié.lS) was identical with
that of the degradation cver acidic alumina (fig,ié). The
nature of the major products cf the preéent degradation wac
established by a comparison of their GLC retention times with

those of standard compounds {table 12).
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Ii1 RESULTS
ITI.1. ELEMENTAL ANALYSES
TABLE 1
Compound Salculatfd - Found o
- %C 7%H 7%C yASt
1, 3-diphenoxypropan-2-cl 73,8 6,6 75,8 6,6
1-(N-ethylanilino)~3-phenoxy- |
proEan—Z—ol 75,3 7,7 75,0 7,72
1, 3-diphenoxypropene 79,6 6,2 79,4 6,4
ohenyl allyl ether 80,6 7,5 81,2 7,4
2-methylcoumaran , 8G,6 7,5 80,5 7,7
2-methylbenzofuran - 81,8 6,1 82,6 6,6
3-methylbenzofuran 81,8 6,1 81,1 6,6
chroman | 80,6 7,5 81,3 7,6
phenoxyacetone . 72,0 6,7 71,6 7,0
1-phenoxypropan-2-ol 71,0 8,0 70,5 8,3
o-allylphenoi- 80, 6 7,5 80,4 7,6
benzofuran | | 81,4 5,1 82,3 5,2
ﬂ-ethyltetrahydroquinoline 82,0 9,3 81,6 9,4

a
N calculated 5,2%; found 5,1%
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I1I.2. DEGRADATION DATA

TABLE 2 : Neutral products of the degradation cver neutral

alumina of 1, 3-diphenoxypropan-2-ol

GLC Retention Time

Compound a Means of
OmP of standard of degn. product Identification
min _ min '

. b,c
phenyl allyl ether 13,3 13,2 IR, MS
Z-methylcoumaran l 15,8 15,9 i IR, MS ¢
2-methylbenzofuran -17,4}
3-methylbenzofuran 18,1 17,7 IR, M5, PMR
chr oman | 25,9 25,7 IR, MS ©
phenoxyacetone 46,1 45,8 IR, MS, PMR
1-phenoxypropan-2-ol 68,1 66,9 iR, MS, PMR
a . b ' c, .

degn. = degradation; MS = mass spectroscopy; insufficient

sample was available for PMR to be determined.
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TABLE 3 : Products of the degradation over acidic alumina of

1, 3-diphenoxypropan-Z2-ol

GLC Retentinn Time

Comipound Relative
o Abundance of standard of degn.product
' ' min min
Phenol major 742 57,5
phenoxyacetone " 46,1 46,1
l1-phenoxypropan-2-ol minor 68,1 67,9
2-methylbenzofuran " 17,4 17.5
3-methylbenzofuran } 18,1 ’
2-methylcoumaran trace 15,8 15,8
phenyl allyl ether " 13,3 13,1
chroman " 25,9 25,9
2 -chromene " 22,1 22,4
3 -chromene " 30,7 30,9
acetoue } " 1,8 1.8
propionaldehyde , '
n-propanol i 2,4

acetaldehyde
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TABLE 5 : Producis of the degradation over basic alumina of

1,3-diphenoxypropan-2-ol .

IC Retention Time

Compound Relative ) |
Abundarnice of standerd of degn. product
min min
Phenol . major 57,2 . 57,1
benzaldehyde " 13,8 13,38
phenylacetaldehyde minor 19,8 19,8
o-allylphenol b ’ 96,7 : 96,9
phenoxyacetone " o 46,1 46,3
benzofurén } " : ’l?,9 } 13,1
phenyl allyl ether _ _ 13,3 ‘
2~uwethylbenzofuran } " | 17,4 } v 17,5
3-methylbenzofuran 18,1 ’
2-methylcoumaran trace 15,8 - 15,8
l1-pheuoxypropan-2-ol " 68,1 '68,5
benzylalcohol | " 38,5 38,6
3-chromene " 30,7 . 30,6
chroman . " ' 25,9 . 25,9
2 -chromene " . 22,1 22,1
anisole - ) 7,3 - 7,3
_styrene - o _ - 5,7 5,8
toluene | "o 3,1 _ 3,1
acetohe " | 1,8 _ 1,8
acetaldehyde " 1.5 Al,5
ethylbenzene woo 3,9 4,0
benzene - " 2,4 | | 2,5

acrolein ' " - 1,9 1,9
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TABLE 7 : Products of the degradation under nitrogen of

1, 3-diphenoxypropan-2-0l.-

LC Retention Time
"Relative

Compcund Abundance . of st?ndard cf degn.'product

min min
phenol | : ~major ,l 57,2 57,0
benzaldehyde o 13,8 13,9
phenoxyacetone minor 46,1 46,1
phenylacetaldehyde " . 19,8 - 19,8
2-m2thylbenzofuran " 17,4 }> 17,5

"~ 3-methylbenzofuran : 18,1

o-allylphenol trace 96,7 : 97,3
benzylalcohol " . 38,5 38,5
1-phenoxypropan-z-ol " 68,1 : 68,2
3-chromene " 30,7 30,7
benzofuran ‘ " | 12,9 ' 13,0
2-methylcoumaran | " 15,8 | 15,8
chroman " 25,9 25,9
2-chromene " 22,1 ' 22,2
anisole : _ " » 7,3 ' 7,4
styrene | " 5,7 5,8
toluene ' " 3,1 3,2
acetone " - 1,8 1,8
acetaldehyde " - 1,5 | 1,5
benzene " : 2.4 2,5
ethylbenzene " | 3,9 4,0

acrolein " 1,9 - 1,9
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GLC trace of the products of the degradation under nitrogen of |,3- diphenoxypropan-2-ol.
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TABLE 8 : Products of the degradation in air of 1,3-

diphenoxypropan-2-ol

GLC Retention Time

Compound Aiiig;izz of‘sténdard of degn..product
min , min
phenol | major ' 57,2 _ 57;1
benizaldehyde . " 13,8 13,8
phenoxyacetone : minor 46,1 46,1
phenylacetaldehyde " 19,8 19,8
2-methylbenzofuran " 17,4 } '17’5
3-methylbenzofuran 18,1 ' '
g-allyiphenol trace . 9.7 . 96,4
benzylalcohol " 38,5 38,4
l—phenéxypropan-Z-ol " 68,1 - 68,0
benzofuran " 12,9 12,9
2-methylcoumaran " 15,8 15,8
3-chromene " 30,7 30,7
chroman " 25,9 25,7
- 2-chromene " 22,1 21,6
anisole o o 7,3 7,3
styrene " 5,7 | 5,7
toJuene " 3,1 3,1
acetone " 1,8 1,8
acetaldehyde " ,'1,5 1,5
ethyibenzene oo | 3,9 3,9
X 2,4 2,5

benzene
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TABLE 9 : Products of the degradation over acidic alumina of

l-(ﬁ—ethylanilinb)—3ﬂphenoxypropan—2*ol

GLC Retention Time

Compound AiiiZZiZE of>st§ndard of degn,.product
min min. -

N-ethylaniline major 24,6 24,6
phenol - " 57,2 57,4
N-ethylskatole minor 78,9 79{6
N-ethyl-N- |
methylaniline - " 17,0 17,0
N,;N-diethylaniline " 18,0 - 17,9
N-allyl-N-ethylaniline 26,6 26,5
N-ethyltetrahydro- | ‘_' ] o
quinoline " 54,0 54,0
phenetole trace 8,1 8,2
phenoxyaceton. " 46,1 46,3
chroman " 25,9 26,0
2-methylbenzofuran 17,4
3-methylbenzofuran.'} "’ 18,1 } 17,6
2-chromene " 22,1 22,1
N-ethylindole " 61,8 62,0
1-phenoxypropan-2-ol " 68,1 68,0
3-methyl-N-phenyl- o a
pyrrole " 66,1 ~ 66
benzofuran " 12,9 13,0
2-methylcoumaran " 15,8 15,9
phenyl vinyl ether " 7,0 7,0
anisole ' " 7,3 7,3
3-chroméné " 30,7 | 30,7
ethénol " 1,9 1,9
n-propanol " 2,5 2,4
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TABLE 10 : Products of the thermal degradation of
1-(N-ethyianilino)-3-phenoxypropan-2-ol

GLC Retenticon Time

Compound Relative_ .
: Aburnidance of standard of degn. product
min ' min,
phenol major 57,2 57,3
N-ethyvl-N- _ :
methylaniline " 17,0 17,0
N-ethylaniline " 24,6 24,6
3-methyl-N-phenyl-
pyrrole minor - - 66,1
N-allyl-N-
ethylaniline " 26,6 26,5
benzofuran " 12,9 12,9
benzaldehyde " 13,8 13,
2—methy1benzofuran } " 17,4} | 17,5
3-methyibenzofuran 18,1
o-allylphenol ‘trace 96,7 ‘ 95,1
anisole " , .7,3 7,3
N-ethylskatole " 78,9 78,9
N,N-dimethylaniline " 14,8 14,9
ethylbenzene " : 3,9 _ 4,0
toluene " 3,1 3,2
benzene " 2,4 | 2,5
styrene _"‘ ' 5,7 | 5,7
N-ethyltetra- |
" hydroquinoline " 54,0 54,2
N-ethylindole " 61,8 61,3
chroman oM 25,9 o 25,6
2-chromene ' "o 22,1 22,5
benzylalcohol : " 38,5 , 38,6

3-chromene | _ " 30,7 ' . 30,5



TABLE 10 (continued)

GLC Retention Time

‘ ' Relative 3 '
Compound Abundance of sténdard of degn..product
min _ min.
acetone trace 1,§& 1,8
acetaldehyde " 1,5 1,5
phenetole " 8.1 8,2
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GLC trace of the products of the degradation of (- (N=-ethylanilino)-3- phenoxy-

- propan-2—ol
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TABLE 11 : Major products of the degradation over acidic

alumina of l,3-diphénoxypropene

GLC Retention Time

Compound Relative
N Abundance of standard of degn. prcduct

min min

phenol major 57,2 57,2

2-chrcmene " 22,1 22,3

- 3-chromens minor 3G,7 - 30,9

- ' nz 1 '
2 methylbe17ofuran.} " 7,4-} A 17,7
3-methylbenzofuran ’ 18,1 '

TABLE 12 : Major products of the thermal degradation of

l,3—diphenoxypropene

GLC Retention. Time

Relative ,
Compound Abundance of st?ndard of degn..product

: min : min

phenol major 57,2 57,2

 2-chromene " 22,1 ' " 22,2

3-chromere minor 30,7 - 30,8

2—methyloenzofuran.} " | l7,4 } 17,6
3-methylbenzofuran 18,1
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III.3. DISCUSSION OF ANALYTICAL RESULTS

" III.3.1. Mass Spectra of the Model Compcunds 1,3-Diphenoxvpropan-

2-0l and 1-(N-Cthylanilino)-3-phenoxypropan-2-ol

ITI.3.1.1. The mass spectrum of 1,3-diphenoxypropan-2-ol

The mass spectrum of 1,3-diphenoxypropan-2-0l contains major

peaks at m/e 244, m/e 150, m/e 133, m/e 107, m/e 94 and m/e 77.

The molecular ion (m/e 24%4) appears to decompose to thc
M-94 ipn (g/g 150) through the loss of phenol; This process is
supported by the appearance of a metastable peak at m/e 92,2 and
a strong peak at m/e 94 poSsibly due to the charged phenol
fragment. The m/e 107 fragment which may originate from the
molecular ion (supported by a metastable peak at m/e 46,9) or
from the M-94 ion (supported by the presence of a metaétable
peak at m/e 76,4) may decompose to the m/e 77 fragment through
the loss of CH3COYas indicated below. The appearénée of a
metastable peak at m/e 72,5 indicates that the m/e 133 fragment
may originate from the molecular ioﬁ: The:exact nature of}this
fragment and the mechanism involved in its formation are not

known. A possible fragmentation pattern for the decomposition

of 1,3-diphenoxypropan-z-ol may be depicted:
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/e 150

@/gllg‘ff m/2 150 /" '\ _

- o+
m/e 66+ m/e 65 CH; ~C=0 Ch,=0-(0
m/e 43 m/e 107

- m/e 133 m/e 133

The mass spectrum of phenoxyacetone has major peaks at

m/e 150, m/e 107, m/e 77, m/e 51 and m/e 43 which lend support

to the above fragmentation of the m/e 150 tragment.
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7.3.1.2. The mass spectrum of 1-(N-ethylanilino)-3-phenoxy-

propan=-2-ol

¢

The molecular ion {m/e 271) of 1-(N- ethyLanlllpo) -3-
»phenoxypropan 2-0l loses <:> -0- CH CHOH to give a strong peak.
at m/e 134 (base peak). This decomposition is supported by the
preseﬁce of a metastable peak at g/g'66,3. The M-137 ion
(m/e 134) decomposes to the M-165 ion (m/e 106) through the loss
of ethylene. This process is supported by the presence of a
metastable peak at m/e 83,9. The decompositicn may be represented

as follows:

OH +
| ‘
(&)t -crz or-ci-0-(2)
CHp~CH3
l m/e 271 B
#CHy CHo
2 +/ 2
—_— N + CH, = CH
/CH2 @, 2 2
CH2 H . i
m/e 134 (base peak) m/e 106 |

Two other strong peaks in the mass spectrum of 1-(N-
ethylanilino)-3-phenoxypropan-2-ol occur at m/e 86 and m/e 84.
The fragmentation pattern leadiﬁg to the formation of these two

fragments is not known.
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T11.3.2. The Mass Spectrum of Clhroman

O '. _"—-—_—» O .
eyl ¥ 105,7 Ay
(a) m/e 134 (c)m/elio

)
o6

(b) m/e 133

45
it has been suggested that the M-1 ion (b) derived from

chromain decomposes to the M-15 ion (c) through the expuision of
a methylene group. This has been regarded as an unlikely process
and it has been suggested45 that the M-15 peak is due cather to

the presence of a contaminating homologue containing cne less

methyl group.

In the present work}a mass spectrum of pure chroman.was
obtaiped by determining the mass speétrum on fhe GLC peak
representing chroman‘as it'emerged from a gas chﬁomatograph
(section II.1.1.). Contamination of the sample by 2-méthyl—

- coumaran (which decomposes to (c) through the loss of éH3) is
considered unlikelv since this compound has a different reten®ion
time. The preéence of a metastable peak at m/e 105,7.in the

mass spectrum of chroman supports the loss of a methyl group
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from the molecular ion (a) to form the M-15 ion (¢). It is
possible that chroman rearranges to the 2-methylcoumaran

stiucture pricr to loss of CH_, to form the M-1i5 ion (c).

3

. . \ ] .

I11.3.3. The PMR Spectrum of 1,3-Diphenoxypropene

(b)

@Oi A

C=C

H/ \CHZ—O—@ |

(a) (c)

“frans - isomer o
a+ad | 3,46 T (quartet)

b+b : 4,2-5,1T (multiplet)
ct+e! i 54T (quartet)

, {(ch
- (oo oHe-0(9)
c=cl ,
W e
(@" (b)

Cis -~ isomer

The PMR spectrum of a mixture of the cis- and trans-isomers
of 1,3-diphenoxvprcpene is complicated by the difference between

. . 46 . 47 .
chemical shifts and ccupling constants of corresponding
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protons in the two isomers. The methine groups a and a' are

represenced by a pair of doublets around 3,46T. The methine

roups b and b' give rise to a complicated multiplet around
g p g p

4,657, The methylene groups ¢ and c¢' give rise to a pair of

doublets around 5,4T.

and l-Phenoxypropan-A

I1T1.3.4. The PMR Spectra of Phenoxyacetone

2-01
Phenoxyacetone
i 5
@0—CH2~C—CH3 a i 3,47
b 7,73
(a) (b)
1-Phenoxypropan-2-o0l
OIH
@/O—CHZ—CH“CH3 a . 6,].0
- (a) (b) | b : 8,75

T (singlet)
T (singlet)

T  (multipiet)
T - (doublet)

The PMR spectra of phenoxyacetone and 1—phenoxypropan-2-ol

which were separated from the products 2f the degradation over

neutral alumina of 1,3-diphenoxypropan-2-ol

were used to identify these products.

(section II1.3.1.1.)

ITI.3.5. 'The PMR Spectra of 2- and 3-Methylbenzofuran

2~ and 3-tlethylbenzofuran were separated. from the products

of the degradation over neutral alumina of 1,3-diphenoxypropan-

2-0l (section II.3.1.1.) as a mixture of the two products.
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The PMR spectrum of the mixture provided identification of the
products. The PMP spectra of the pure synthetic 2- and 3~
methylbenzefuran are summarised:

2-methylbenzofuran

GDIO\'&CHz, (b) b 7,627

" 3-methylbenzofuran

1Y

:n42;63T

(@)
T
w
G
W]

In the spectrum of the mixture two distinct methYl signals
are observed at 7,6T and 7,3T. The signal at 3,77 is shown by
integration to represent one methine group while 9 aromatic
protons including the hydrogen adjacent to oxygen in 3-methyl-
benzofuran are represented by a ﬁultiplet at approximately 2,6T.
IR and mass spectra of the mixture confirmed the presence of

both 2- and 3-methylbenzofuran.

III.3.6. The PMR Spectrum of N-Ethylskatole

N-Ethylskatole was separated from the products cf the
degrédation over acidic alumina of 1-(§-ethylanilino)—3-phenoxy—
propan—2-ol-<section I1.3.2.1.). The GLC retention time, IR and
mass sbectra indicated that the product was N-ethylskatole. This

was confirmed from its PMR spectrum.



N-ethylskatole

. |
CHz (b) a: 3,167
\—" [

o (a) ' b : 7,687
|

CHoCH3

2-methylindole

( )
A \a>  : 3,791
J‘,CHs (b) b : 7,597
H
skatole
s (0) a i 3,147
N )

H

' The frequencies of the methine and methyl signals of the
product N-ethylskatole clearly establish the position of the

methyl group on the heterocyclic ring.

II1.3.7. The Identification of 3-Methyl-N-phenylpyrrole

34Methyl—ﬁ-pheny1pyrrole was separated from the products
of the thermal degradation of 1-{N-ethylanilino)-3-phenoxypropan-
2-0l (section II1.3.2.2.1.) as a white solid (m.p. 63-400, Lit.

m.p. 70-1°¢*8).

IR, PMR and mass spectra were used to identify the product.

The PMR spectrum clearly indicates the position cf the methyl
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group on the heterocyclic ring.

N B
(a) g n(b) ata': 3,0-3,327 (multiplet)

.<§>_Q:: b : o 3,927 (multiplet)

H o CHy c : 7,867 (singlet)

(d) (&)

The methine signals at 3,0 - 3,327 and 3,92T occur as
multiplets -because of long-range coupling écross the rimgl+9
The above assignments are in agreement with the values of
"the methine groups in the 2 and 3 positions of pyrrole namely
3,401 and 3,917 respectiyelyég. hat the methyl group is in
the 3 position on the heterocyclic ring is confirmed by pfoton
integration of the methine signai at the highér frequency

(3,927).

This result is supported by the fact that whereas the
degradation product is a solid,2—methyl—ﬂ-phenylpyrrole is a

. s 5
liquid at room temperature

The mass spectrum of the degradation product is in agreement
with the proposed structure. The molecular ion.(g/g 157) loses
a proton to give the very stable M-1 ion (m/e 156, base peak).
Very little further fragmentation occurs but the peak at m/e 77

may be explained:



o - @0

m/e 57 m/e 156 (bese peak)

<§g> + Qt:>

m/277

- It has been reported4 that pyrroles containing only
C-methyl substituents have their base peaks at M-1 and that

other fragmentations are of relatively low abundance (the M-1

. . v s . 45
ions probably exist as the pyridinium cations ).

The IR spectrum of the degradation product is also in

agreement with the structure of 3-methyl-ﬁ-phenylpyrrole.'

IiI.3.8. The Identification of 2-Chromene

2-Chromene was identified as a degradation product by a

comparison of its mass spectrum with that of 3-chromene.

2- and 3-chromene have identical mass spectra. Both
molecular ions decompose through the ioss of H' to the very
stable M-1 ion (m/e 131, base peak). Very little further

fragmentation occurs.
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O
)
o o

T

I3
~

10
o
N

m/c 131 (base peak)

" The GLC retention time of 2-chromene (21,1 min) in the
degradation over acidic alumina of i-(ﬁ—ethylanilino)-3~phenoxy-
propan-2-ol (section IT1.3.2.1.) was used as a standard for
compariéon with the retention times of 2-chromene in otner

degradations.

The aséignment of the 2-chromene structure to the product
eluting at 21,1 min in the gas chromatograms of the degradation
products is supported by the retention times of the products
2—chromené, chroman and 3-chromene which elute in the foilowing

order:.

celNCeRce

2-chromene chroman 3-chromene

22,1 min 25,9 min 30,7 min
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These compounds may be represented by the following part-

structures: .

' 2~chromen§ | 'Eéi]/\Q.. + | [Ei]\ojj -

ethylbenzene phenyl vinyl ether

chroman | [gi]/A\ ﬂ'- [gil\oj, |

ethylbenzene phenetole

_ : X
3-chromene [éij/xﬁ + [gil\oj
styrene phenetole

2-chromene and chroman differ in that 2-chromene has the phenyl
vinyl ether part—strucéure whereas chroman has the corresponding
phenetole part-structure. That the retention time of chrbman is
Ionger than.that'of 2-chromene is supported by fhe'fact that ﬁhe
retention time of phenetole (8,1 min) is longer than that of
phenyl vinyl ether (7,0 min) 'The difference between chroman
and 3-chromene lies in the ethylbenzene parthtructﬁre of
chroman and the cérresponding styrene part—structure of
3-chromene. Their ordef of elution is sﬁpported by the order of

elution of ethylbenzene (3,9 min) and styrene (5,7 min).
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A similar situation exists in the case of 2-methyl-
benzofuran which elutes after 2—methylcoumarén. 2-Methyl-
benzofuran contains overlapping styrene and phenyl vinyl echer
part-structures. The effect of the former part-structﬁre
appears to predominate because of the ionger retention time
6f,2-methylbenzofuran. In fact the effect of the styrene part-
structure appears the Stronger since the ratio of the reténtion
times of styfehe and ethylbenzene (1,45) is greater than the
ratio of the refention times of phenetole and phenyl vinyl

ether (1,16).



IV, DISCUSSION

THE DEGRADATION OF 1,3-DIPHENOXYPROPAN-2-OL

1, 3-Diphenoxypropan-2-0l was degraded under four different

Iv.

conditions;

1 over neutral alumina (pH7)
2  over acidic alumina (pH6)

3 over basic alumina (pH9)

4 under nitrcgen and in air.

The products of the first two degradations (tables 2 and 3)

were identical and differed from those of the second two

degradations (tables 5,7 and 8) which

The nature of the alumina appeared to

reaction.

can undergo profound modifications as

content of the alumina.

It has been found51'that alumina

This varying

were also identical.

modify the degradation

has intrinsic acidity which
a result of the alkali

acidity has been used to

explain the disagreement between reporis of different investiga-

tors mot only about the reaction mechanism but also about the

nature of the products formed from the same starting materials.

Calcined alumina has a pH of 9 and often contains sodium

. 52
carbonate and bicarbonate

The alkali of alumina may be



removed by washing with water or dilute acid giviug; on

. . 0 Y .92
reactivation at 200 C, neutral or acidic alumina™ .

FEACHAM and SWALLOW53 have shown that a decrease in sodium
content enhances the catalytic activity of alumina with respect
to the rate of dehydration of ethanol to ethylene. The activity

of alumina for dehydration and isomerisation is markedly

54~

decreasedvby adSofbed sodium or potassium ions 8 and all of

the dehydrating capacity can be remcved by impregnation with

0,025-0,3 mmole of sodium icns per gram of alumina55’59’60.

Ini the.degradation of l,3-dipﬁenoxypropan—2-ol the effect
of this acidity was evident. Interaction with neutral and acidic
alumina-gave rise to products with threé aliphatic carbon atoms
which suggested that catalysed carbon-oxygen fission had occurred.
Interaction Qith basic alumina gave rise to the same‘products as
thé.degradation without alumina in which thermal homolysis might
have occurredAcausing fission‘of both carbon—oxygen and carbon-
carbon bonds. It appeared that the basic alumina had not caused
preferential carbon-oxygen fission to any appreciable extent. .
The degradation over basic alumina, however; proceeded more
readily than the degradation without alumina which suggested
that basic alumina had in some way accelerated the degradation.

v

61,62 that impregnation of alumina with lithium

It was found

atoms causcd an increase in its adsorptive capacity for CZ to C4
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"~ alcohols. The desorption of ethanol in the form of ethanol and
of diethyl ether was intensified and its decomposition to

e s 62 e . .
ethylene was inhibited . In a similar maaner basic alumina
might have restricted the mobility of the 1,3-diphenoxyprcgan-
2-cl molecule, thus facilitating decomposition without

‘necessarily promoting carbon-oxygen fission.

Iv.i.l. The Degfadation of 1,3-Diphenoxypropan-Z-ol over

Neutral and Acidic Alumina

At low temperatures alumina has a strong tendency to be
completely hydrated at the surface51’63. The temperature of
reactivation of the_catalyét cousiderably affects both the nature
and relati?e_proportionS'of the_reaction.products63. Prior heat-
treatment ofrthe catalyst above 800°C causes both déhydro-
genation and dehydration reactions of alcohols:-to occur63; The
formation of trace amounts of butyraldehyde from n—butanolss,
2-butanone from 2—butan0156 and acetaldehyde and acetone from
ethanolv63"65 has been reported. The formation df carboxylate-
like structures by alcohols on the surface of alumina has been

reported06_68 and it has been suggested68 that dehydrogenation

reactions occur via this intermediate.

. s ‘ o o 6
Reactivation of the alumina at 90 C under vacuum ? or at

0,.52 ' 52,63

200 °C leaves the structure of the surface unchanged In

this work, before each degradation, the alumina was‘heated for
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o _ -
at least two hours at 150 C under vacuum to remove adsorbed
water without causing a change in the alumina surface which

would promote dehydrogenation ireactions.

The details c¢f alcohol dehydration reactions on alumina
, . .70 IR 11
have been summarised by WINI'IELD , PINES ard MANASSEN and
=51 60 :
more recently by NOTARI and BREMER and coworkers ~. Most
postulates of mechanisms for alcohol dehydration are keyed to
. e . . 71-75 ‘o
the formation of chemisorbed alkoxide species . In addition,
cthers can be cleaved on alumina to form the same intermediate

alkoxide species as the corresponding alcbhols51’62’67’76’7/.,

The formation of the surface alkoxide requires the presence
of both surface aluminium and oxide icnsSl. The generally

59,60,66

accepted model for the surface of alumina proposed by

PERI78,/9

assumes that the surface retains a random configuration
of hydrbxyl groups aftef dehydration, which leaves adjoining
residual oxidé ions and oxide vacancies (exposed aluminium ions).
The aluminium ions provide the electric field by which negative
oxygen atoms are attracted and chemisorbed and thke oxide ions
help dissociation of the hydrogen or organic fragment by the

formation of OH- cr OR™ groups51’59’8o.

1, 3-Diphenoxypropan-2-ol may react with alumina to form
alkoxides which result from fission of aliphatic carkton-oxygen

bonds. Fission of aromatic carbon-oxygen bonds is not considered
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likely because of their stability which results from resonance:
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The intermediate structures.lA and 2A have two énd three
oxygén atoms.reépectively on adjacent carbon atoms bonded tbl
aluminium ions in the alumina. ‘Such a bonding may require a
certain amouﬁt of distortion of the molecules in order to form
these intermediates but this distortion is not considered

prohibitive.

. 79 . . .
According to PERI an oxide ion on the surface occupies
, 02 L L
an area of approximately 8A". The internuclear distance between
two oxygen atoms of a molecule occupying adjacent vacauncies on
: , _ . 0
the surface would therefore be approximately 2,83A. If it is
assumed that the carbon-carbon and carbon-oxygen bond lengths
. (0] 0
are the same as those in the free molecule namely 1,54A &and 1,41A
respectively then it can be shown that the required distortion of
the carbon-carbon-oxygen bond angle from the normal tetrahedral

o o , 1,0 . - ,
28" to approximately 118  is not too severe. The formation

109
of the intermediate 2A with three adjacent carbon atoms having

oxygen atoms adsorbed on the surface may require further

distortion of the molecule.



It should be noted, however, that the structure’of the
alkéxide will be affected by the ionic character of the oxygeﬁ
to aluminium bord as well as the temperafure at whicli adsorption
occurs. The alkoxide chemisorbed surféce»species of normal
alcohols have been reported to exist on the surface between

150°C and 430°¢%0182

In general, thé intermediate structures lA and 24 suffer
a ceftain degree of distortion but this is not considered
sufficient to prevent their formation in view of the relatively
small distortions required, the partially ionic bonding and the

temperatures involved.

"The intermediate alkoxides can undergo reactions which

lead to the formation of alcohois, ethers and olefinsSI:

The éarbon atom attached to oxygen.in these intermediate
alkoxides is the positive end of a dipole51 and can therefére-
be attacked byva nucleophile e.g. OH which leads to the
generétion of a neutral alcohol molecﬁle-and leaves an ionic

- vacancy. This process may be represented as follow351’59:

R

Y/ N
| \Xl A§;A\Al ___ﬁb' \kl‘ ?“ .?
AVAVANREEEEVAVAVAN
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,\: AVVAN
\/ -

-) AVAVAN

- This mechenism has been adopted to explain the possible
alcohol desorption reacticns in the degradation of 1,3-diphenoxy-

propan-Z-ol over alumina (fig.16.).

A similar mechanism which involves the reaction of two
adjacent alkoxide groups can be postulated for ether formatior.
on aluminaSl, although many authors68’7l’82"8_4 claim that ether
formation results from the reaction of an alkoxide with a
molecularly adsorbed alcohol molecule. HEIBA and LANDIS76 have,

however, shown that aluminium alkoxides decompose to form bcth

ethers and olefins.

1,3FDiphenoxypropan—2-ol was degréded at approximately 260°C
with no apparent ether formation. The pfoduction of appreciable
quantities of any particular ether structure wasvconsidered
unlikely because of the number of possible alkoxide struCturés

produced on the alumina surface. Furthermore it has been found

56,60,63,67,85 that C2 to 08 alcohdls do not form ethers above

350°¢.
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The dehydration of aicohols over alumina occurs by the
concerted or saquential removal of the hydiroxyl group of the
alcohel by an acidic site of the catalyst and the abstraction

54,68

of a proton by a base This base may be a basic site on

51,54.68,85
a

. ' ‘ , 87
the alumin or another alcohol molecule ' .

- Although products of Y-elimination have been reportéd8§-88

., . 51 . .
this is not a common mechanism™ . If the molecule contains

51,54,68 L

p-protons, B-elimination appears to predominate
has.béen suggestaed that Y-elimination competes with BFeliﬁination
only when steric hiﬁdraﬁce retards-abstraétion-of the B—hydrbgen8
Preferential cis- or trans-elimination of the B-hydrogen has been

, 51,86-88
reported .

In crder to explain the trans-elimination
PINES and MANASSEN54 have broposed a mechanism similar to
solvolytic elimination reactions, for'which purpose the concept
of alumina acting as a "bseudo—solvent" which surrounds the
alcohol molecule has been advanced. The hydroxyl group - aﬁd

the proton are removed from opposite sides of the molecule by

;he acidic and basic sites of the.alumina (fig.l?). The reaction

. takes place within the pores and/or crevices of molecular -

dimensions of the alumina.

| LSS

H
N
-c3c-
(q

OH

LSS S G S SS

FIGURE 17
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Objections to this mechanism are based on the severe steric
requirements for accommodation of the alcohcl molecules in the

/

' .ol
cracks and micropores of the alumina .

'NOTART®?

has suggested an alternative mechanism of
dehydration_which explains the formation of either <is- orvtrans—
visomefs from alcohols containing two g -hydrogens by invrking a
cis-elimination reaction on a single‘surface of.alumina. This
mechanism however cannot explain the formation of trans-isomers
from alcohols containing only one B-hydrogen. NOTARI's
mechanism requires the formation of a cyclic transition state
by the alcoholi;“oxygen atom, the a- ande-carbon atomé, one of
the 8 -hydrogen étoms, one oxide ion of the surface and an
aluminium ion in the interior orf the solid (figf18A). in order
to form this cyclic transition state a B—hydrogen-is directed
towards the éurface, whether this is fhe cis- or E£§g§-hydfogen,
in an alcohol containing two P-hydrogen atoms, is determined by
bthe steric fepulsions between the bulky groups of the molecule
and the surface. Steric interaction with the surface may_be'
more important than inceraction with thebother_groups of the
molecule; ﬁhus,.depending'on the natﬁ:e of the alcéhol either
cis- or trans-isomers may be formed. BREMER and coworkers

have postulated the formation of a similar cyclic iatermediate

(fig.18B) to explain the dehydration mechanism.
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The two intermediate structures are essentially the same;
in both cases the adsoriLed alcohol forms the same complex with

the surface.

This mechanism which involves the internal degradation of
an aluminium alkoxide has been used by many workers to explain

olefin formation67’7l’77’89’9u.

In the degradation of 1,3- dlphenoxypropan 2~ o1 many products
resulting from dehydration reactions were observed Their
formation can be explained by the mechanism proposed by NOTARI51
i.e. the abstraction of a hydrogen from the aluminium alkoxide
by an oxide ion on the surface of alumina (fig.16). Whether this

. . 51,60 . .
occurs on a single surface of the alumina or in a crevice

as suggested by PINES and MANASSEN54 is immaterial sincc the

‘products involved do not exhibit geometrical isomerism.

In many cases carbonium ion fermation has been postulated to

explain dehydration reactions which involve skeletal isomarisation
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or where the preferred cis- or trans-elimination has not

occurred51’54’68’7o’9l.' The aluminium alkoxide can undergc

heterclytic dissociation of the carbon-oxygen bond tc form
a carbonium ion which can rearrange to a different structure

. s 51
which may be stabilised by the loss of a proton to the surface
or by the abstraction of a hydriae ion from a neutral molecule.
Hydrogenation reactions of clkenes on alumina have been

92’93. The fermation of many products in the degradation

reported
of»1,3Fdiphenoxypropan—2-ol over alumina can be explained by

postulating carbonium ion.formation followed by rearrangeinent
and stabilisation through the loss of a proton to the surface

or thc abstraction of a hydride from a neighbouring source

(fig.16).

An alterﬁative mechanism for the formation of these
products which would not liberate free carbonium ioné would
involye prior rearrangement of the alkoxide group on alumina
initiated by the positive Character of the carbon adjacent to
oxygen in the alkoxide followed by the simultaneous heterolytic
fission of the carbén-oxygen bornd and stabilisation through
eitherAloss of a proton.to the surface or hydride abstraction

(fig.19).

Possible routes to the products of the degradation over

alumina of 1, 3-diphenoxypropan-2-o0l have beeun depicted in fig.leé.
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Possible clternative routes to certain products in the degradation over alumina

of i,3—- diphenoxypropan — 2 — ol.
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The formation of some products hgs been depicted for the sake of
simplicity as occurring through the reaction of the intermediate
alkoxides lA_and 2A where two or three oxygen functions of

], 3-diphenoxyprcpan-2-ol are simultaneﬁusly adéorbed on the
~alumina sﬁrfaée“ In fact thesz products may be formed by the
stépwisé addition of the necessaryvdxygen functions and their
subseduent reacﬁions. This would'réquireAthe liberation of
neutral molecules which in turn readsorb onto the surface aﬁd
undergo further reaction. This is illustrated by the formation

of acetone (fig.20).

In fig.16 the loss of a proton from the tertiary carbonium

ions
' CH3

+ o . X
0 .

to form.thé aromatic benzéfuran structures was considered more
likely than the addition of a hydride ion to these ions to form
the corresponding coumaran structures. This waé suppofted by the
fact that 3-methylcoumaran was not obser%ed'amongst the ”

degradation products.

The degradation of l,3-diphenOXypropan42—ol over neutral or
‘acidic alumina as depicted in fig.lé explains the formation of
the products of this degradation without invoking secondary

reactions of the liberated compounds with alumina. In fact it
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An alternative mechanism !eading to the formation of acetone in the degradation
over alumina of |, 3~ diphenoxypropan~ 2 —ol.
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is likely that many products once formed may be readsorbed onto
the surface of alumina to undergo further recaction and thus
provide alternative routes to some of the products of this

degradation. d

KARAKHANOV and coworkers94 have found that on heating chroman
at 250°C over alumina 2~-methylcoumaran is produced. The dehydra-
tion of cyclohexanol over alumina gives cyclohexene ac the
primary product and methylcyclopentenés in a seconcary isomerisa-

57,72

tion reaction 2- and 3-Methylbenzofuran may have been

formed by a similar rearrangement of 2- and 3-chromene. Substitu-

95,96
a

ted methylbenzofurans have also resulted from photolysis nd

acid treatment of aryloxyacetones97 and butanonesge. Phenoxy-
acetone may be a source of the methylbenzofurans. CORSON and
coworkérs99 decomposed 1l-phenoxypropan-2-ol over activated alumina
at 400°C and obtained a variety of préducts which Qeré identified
as etﬁylene; propylene, propionaldehyde, acetone, n-propanol,

- water, pherol, 2-methylcoumaran, 2-meth&lbenzofuran, pnenoxy-

acetone, o-allylphenol, l-phenoxypropan-2-ol and high-boiling

products.

CORSON et gi.gg found that the decomposition involved mainly
the remcval of the C3 side chain and loss of water. A similar
result was observed in the present study of the degradation of

1;3-diphenoxypropan-2-ol. They suggested that the precurscrs of

propionaldehyde and acetone might have been enols or propylene
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oxide which had been reported to rearrange to both propionaldehyde
and acetone under similar conditions. In this work the formation
of these_products has been suggested to.have occurred via the

enol from (fig.l6), CORSON ct al. also suggested that dehydration
and rearrangement of l-phenoxypropan-2-o0l gave rise tolg—allyl—
phenol and 2—methyicoumaran and that dehydrogenation of the latter
to 2—mgthylbenz§furan and oxidatibn of l-phenoxypropan-2-cl to
rhenoxyacetone had occurred. They proposed the scheme for

decompdsition shown in fig.21.

The products found by CORSON and coworkers99 cofrespond with
the major products found in the degradation of 1,3-diphenoxypropan-
2-0l over neutral and acidic alumina. The discrepancies between
the two results may be attribuﬁcd to the different conditions of
the degradations. In the present study the aliphatic hydro-
carbons were mnot investigated and o-allylphenol was not found but
was assumed to have been completely converted tQ Z—methylcoumaran.
The absence of phenyl allyl ether in the degradation of l-phenoxy-

propan-2-ol might have been due to the operating temperature of

[

400°C which caused rapid rearrangément to g—allylphenolzi. Other
compouhds not found in CORSON's99 degradation included 3-methyl-
benzofuran which occurred in a mixture of 2- and 3-methylbenzofuran:
~and chroman, 2- and 3-chroméne and acetaldehyde which occurred

in trace amounts in the present degradation.
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The results of CORSON and coworkers” > suégest that 1,3;
diphenoxYpropan-Z-Ql may be considered to react Qith alumina to
form phenol and l-phenoxypropan-2-ol. The latter may then react
with the surface to form the products obtained in the present

degradation.

The possibility that 1,3-diphenoxypropan-2-ol is adsorbed
on alumina only at the hydroxyl group to form the intermediate
structure 3A was not included in the degradation scheme (fig.16).
This intermediate would probably undergo a dehydration reaction

to yield 1, 3-diphenoxypropene.

IV.1.1.1. The degradation of 1,3-diphenoxypropene over acidic

alumina

1,3-Diphenoxypropene was degraded over acidic alumina to
yield phenol and 2-chromene as major products. 3-Chromene and
2~ and_3—methyibenzofuran were obtained as minor.products.
Possible rbutes to these products are indicatedvin fig.22. The
-0-CH= bond in 1,3-diphenoxypropene is stabilised by cross-
conjugation and fission may be expected to occur at the’—O~CH2-
bond as indicated in fig.22. This will give rise to an inter-
mediate which may cyclise to form 2-chromene. Q-Chromenc may
isomerise to 3-chromene and further isomerisation of these

products may produce the methylbenzofurans. An alternative

mechanism for the degradation may involve the Claisen rearrange-
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Possible routes to the major products of the degradation over alumina

1
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ment of l,37diphenoxypropene'and subsequent cyclisation to
phenol and 3-chromene which mav rearrange under the reaction
conditions to form 2-chromene as a major product and the methyl-

benzofurans as minor products (fig.23).

Since 2-chromene was not produced in any appreciable
quantity in the degfadation of 1,3-diphenoxypropan-2-ol over
neutral or acidic-alumina,.initial dehydration‘to 1,3-diphenoxy-
propene does not appear to have been significant. The conditions
of the degradation may, however, have caused almost complete
conversibn of the chromenes to 2- and 3-methylbenzcfuran which
occur as minor products in the degradation of 1,3-diphenoxy-
propan-2~-ol. Thus iﬁitial.dehydration of 1,3-diphenoxypropan-
2-0l may occur to a limited extent but fission at the ether
linkage is seen to predominate since, after phenol, phenoxy-

acetone and l-phenoxypropan-2-ol are the major products.

Iv.1l.2. The Degradation of 1;3—Diphenoxypropan-2—ol over Basic

Alumina, under Nitrogen and in Air.

| The nature of the préducts of the degradations of 1,3-
diphenoxypropan-2-ol over basic alumira, under nitrogen and in
- air indicate that fission of the carbon-carbon bond comp=tes -
successfully with fission of the carbon-o#ygen bond iﬁ the
molecule. Thé‘naturé and number of products formed suggest also

that homolytic fission of these bonds may have occurred. The
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formation of all the products found, can be explained by the
reacticn of the following radical intermediates:
0H

<E§>-SXCH2-éHQc32-o-<Ez>

OH

(G)o  én,-caci,-0-(0)

OH

<E§>—O~CE;1LH—CH2-O¥<E§> '

L ?H
-0- . *CH- -0-
' 0 CH2 C CH2 0 @

Possibhle routes to the products of these degradations are given

in figs. 24A and 24B.

The mechanisms depicted in figs; 24A and 24B are speculative.

Phenyl allyl ether is known to rearrange thermally to o-allyl-

.3 : 3
p..henol?j'”7 which in turn cyclises to form 2-methylcoumaranj/

Pyrolysis of anisole at 482-700°C has been shown °° to yield
benzene, toluene, benzylalcohol aﬁd benzgldehyde. Anisole
rearranges to benzylalcohol which'decoﬁposes on further-heating
to benza1dehyde, benzene and toluenelOI. In the degradatiqn schemes
the formation 6f intermediates which haye ﬁot been identifiéd is

postulated but their concentration may have been too low for their
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presence to have been detected.

There are many other possible routes to the products of this
degradaticn. Since aryloxyacetones rearrange on photolysis to

give 2-methylbenzofurans9 ’

and on ‘acid treatment to give
97 .. . '
2-methylbenzofurans” , it is possible that thermal rearrangement
of phenoxyacetone gives rise tc one of the methylbenzofurans.
Vinyl ethers have been shown to rearrange thermally to form
102

aldehydes . An example is the formation of 3-(fur-2-yl)-

propanal (4) from fur-2-ylmethyl vinyl ether (5).

@W _pear C\)\/\/O‘ |

5 4

Phenylacetaldehyde ﬁay have‘resulted from a similar rearrangement
of phenyl vinyl ether which could have been formed in the thermal

degradation of 1,3-diphenoxypropan-2-ol (fig.25).b'Products
related to phenylacetaldehydé,e.g..styrene and_ethylbenzene,

possibly resulted from the same reaction.

IV.1.2.1. The thermal degradation of 1,3-diphenoxypronene

The nature and distributioa of the products of the degrada-
tions of 1,3-diphenoxypropene in air and over acidic alumina were
identical. Phenol and 2-chromene were the major products and

smaller amounts of 3-chromene and 2- and 3-methylbenzofuran were
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An alternative mechanism for the formation of phenylacetaldehyde in the
- thermal degradation of 1,3-diphenoxypropan—2-ol.
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also produced (fig.l5). Possible routes to the majox producfs of
the thermal degradation of l,3~diphenoxypropenevare shown in
fig.26. It is possible that Claisen rearrangement and cyclisa-
tion of l;3-diphenoxypropene leads to the formatién of phenol

and 3-chromene whiéh may isomerise to 2-chromene and the ﬁathyl-
benzofurans (fig.23). This reaction may proceea as indicated

since pnencl, once produced, may catalyse the cyclisation.

The mechanism of degradation postulated in fig.26 involves
homolytic cleavage of the weakest bond in the molecule. The
dissociaticn energy of the =CH+CH2- bond cxceeds thét of the
-CHZ-O- bond by approximately 19 Kecal/mole (table 13)103 whereas
in the saturated molecule the dissociation energy of the carbon-
carbon bond is approximately 7 Kcal/mole less than that of th=
carbcn—oxygen bond. The lower energy required for fission of
the carbon-oxygen bond in 1,3-diphenoxypropene (70 Kcal/mole as

opposed to 90 Kcal/mole in the saturated compound103) provides

an explanation for its ready degradation.

Compounds which result from fission of carbon—éarbon bonds
were not observed in the degradation of 1, 3-diphenoxypropene.
This indicated that the enhanéed thermal stability of the carbon-
carbon bond was sufficient to preclude its scission in the
degradation. Many products resulting from carbon-carbon fission

- were observaed in the thermalAdegradation of 1,3-diphenoxypropan-
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: ' 103
TARLE 13 : Bond dissociation energies ‘

, | Approximate bond
Bond ‘ ' dissociation energy
Kcal/mole

<:>—o o _' . 107
{oyn N | | | 94

(CH2=CH)—6 l | >901/

(CH,=CH) -N . | - >0t
- (CH,=CH)-C I

C-0 S - _ . 90

, . ‘

c-C | | - 83

C-N | | ‘ 79

(CH,=CH-CH,)-0 - 71

(CH,=CH-CH,) -N | 64




2-0l. Clearly, reactions leading to their formation occurred
prior to the dehydration of 1,3-diphenoxypropan-Z-ol to'1,3-
diphenoxypropenz. In fact the nature of the products of the.
thermal degrédation of i,3-diphenoxypropan—2-ol (tables 7 ard 8)

indicate that very little if any dehydration preceded degradation.



88

1V.2. THE DEGRADATTON OF 1-(N-ETHYLANILINO)-3-PHENOXY -
PROPAN-2-0L ' '

l-(ﬁ—Ethylanilind)-3—phenoxypropaﬁ-2—ol was degraded under

two different conditions;

1 over acidic aiumina (pHb6)

2 under nitrogen and in air.

- The products of these two degradationsldiffered both in nature
and in relative abﬁndance. The nature aﬁd distributions of the
products of tﬁese two degradations are indicated by their GLC
tracés (figs. 8 and 11 respectively) and in tables 9 and 10

respectively.

The degradation of l—(ﬁ—ethylanilino)-3—phenoxypropan-2-ol
occurred mOre readily thaﬁ the degradation of i,3~diphenoxy—
pfopan-Z—ol. 1, 3-Diphenoxypropan-2-ol éould be distilled
unreacted at 360°C, whereas 1-(N-ethylanilino)-3-phenoxypropan-
2-0l showed inmediate signs of degradation on ﬁhe application
of strong heat. It appears that the repladement of the oxygen
atom in the molecule by a nitrougen atom has caused the thermal

1
stability of the molecule to decrease.

'IV.2.1. The Degradation of 1-(N-Ethylanilino)-3-phencxypropan-

2-01 over Acidic Alumina’

‘The nature of the»pfuducts of this degradaticn (table 9)
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indicates that fission has occurred predominantly at the
aliphatic carbon-oxygen bond and.thé aliphatic carbon-nitrogen
bond giving rise to phenol and N-ethylaniline as Ehe ma jor
products. The fragment remaining after phenol formation appears
to have rearranged to form the major neutral product, N-ethyl-
skatole (fig.9). Approximately equal amounts of E-ethyl-ﬂv
methylaniline and N,N-diethylaniline were also produced (fig.10).
It appears that the alumiﬁa has catalysed carbon-oxygen and
carbon-nitrogen bond fission but has not precluded carbon-carbon

bondvfission.

The reactions of nitrogen-containing compounds with alumina

are not clearly understood. . Infra-red studies have shown that

. . . L + 81,104-6 .
ammonia does not chemisorb on alumina to form NH, ions

but there is evidence to suggest that ammonia can react with the

05 + 104

’ R
3 &roups .

alumina to form NHZ- groups81 105 anda possibly NH

In the former case ammonia dissociates on the surface in a
. ‘ . 105 .
reaction analogous to the adsorption of water (fig.274A). 1In
the latter case a coordinate bond is formed between the nitrogen
atom and the aluminium ion by the transfer of an electrcn from
the nitrogen to the aluminium ion which leads to the formation
+ . 104
n (

of an'NH io

3 fig.27B).
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PARERA and FIGOLI ? suggested that nitrogen bases dissociate
on adsorption on alumina. The reaction of diethylamine with

alumina is shown below:
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The decomposition of nitrogen-con-aining compounds over
alumina gives rise to many complex reactions which include deamina-
tion reactions, carbon-carbon bond cleavage and cyclisation

. 107 o aiees . .
reactions . It is difficult to postulate with any certainty
a detailed mechanism for the breakdown of 1-(N-ethylanilino)-3-
phenoxypropan-2-ol over alumina. A brief outline of the possible

decomposition of 1-{N-ethylanilino)-3-phenoxypropan-2-ol in this
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degradation is given in fig.28.

If it is assumed that the nitrogen function behaves as the

oxygen function does on alumina, as suggested: by PERIlOS'and

PARERA and FIGOLISQ, then possible mechanisms can be proposed
for the formation ofvcompounds which result from'fission of thé
aliphatic carbon-nitrogen and carboun-oxygen bonds in 1-(N-

. ethylanilino)-3-phenoxypropan-2-ol (figs; 29 and 30 respectively).
It is not known whether carbon-carbon fission in this degradation
has occurred heterblytically or homolytically. For this reason

a mechanism for the formation of compounds requiring carbon-

carbon fission has not been proposed.

IV.2.2. The Thermal Degradation of l-(N-Ethylanilino)-3-

phenoxypropan-2-o0l

The nature and distribution of the products of the
degradations of l~(ﬂ~ethylénilino)-3—phenoxypropan?2—ol under
nitrogen and in air were identical and differed from thosé of
the degradation of this compound over acidic alumina. The
catalytic activity of the alumina is, therefore, evident although
the precise mechenism of the degradation is not known (section

Iv.2.1.).

The nature and diversity of the products of the thermal
degradation of 1,3-diphenoxypropan-2-ol can be explained by

assuming that homolytic scission of aliphatic carbon-oxygen and
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aliphatic carbon—carﬁon_bonds occurs and is followed by subse-
quent reactions of the free radiéals producedl(section Iv.1.2.).
As may be expected, the products of the thermzl degradation of
14(E—ethylanilino)—3—ph§n6xypfopan—2—ol are more diverse than
those of the thermal degradation of 1,3—diphenoxypropan—2~01.
Theif formation can.also be explained by postulating scission of
aliphatic carbon=-oxygen, carbon-nitrogen and carbon-csrbon bonds
fdllowed by reaction of thevradicals produced. Possible routes

to the products of this degfadation are shown in figs. 31A and 31B.
In these schemes which are speculative is postulated the formation
of intermediate products which have not in fact been identified.
‘The concentration of intermediétes'may in any eveht be too low

for their presence to be detected. The schemes are, in addition,
not comprehensive. For example N-ethyltetrahydroquinoline may
arise from Claisen rearrangement followed by cyclisation of

N-allyl-N-ethylaniline.

There are, however, three aspects of this degradation which

merit further attention.

(a) Whereas 1,3-diphenoxypropan-2-ol degrades with difficulty
at its reflux temperature, the thermal degradation of 1-(5—

ethylanilino)-3-phenoxypropan-2-n1 proceeds readily.

(b) None of the products of the degradation of the latter
compound appear to have retained the oxygen function of the

central aliphatic carbon atom whereas the degradation of 1, 3-
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diphenoxypropan-2-ol produces significant quantities of phenoxy-

acetone and l-phencxvpropau-2-ol.

(c) The three major products of the present degradation are
phenol, N-ethylaniline and ﬁ-ethyl-ﬁ-methylaniline. If the last
product is formed by homolytic scission of the carbon-carbon
bond adjacent to nitrogen thenvrhis proceés cémpefes favourably

-with those giving rise to phenol and N-ethylaniline.

The role that the nitrogen atcm plays in the degradation is,
therefore, not a trivial one. The effect of the presence of the

nitrogen may be twofold.

(a) The presence of the nitrogen may modify the stability of
the adjacent aliphatic carbon-carbon bond relative to that of the

aliphatic carbon-carbon bond adjacent to oxygen.:

(b) The nitrogen may act as a base by virtue cf its lone pair

of electrons.

Standard bond dissociation energies (table 13) show that
whereas aromatic carbon-oxygen and carbon-nitrogen bonds ére
very stable, aliphatic carbon-nitrogen bonds have approximately
the séme energy as aliphatic carbon-carbon bonds. On this basis
there is, a priori no reason for the ready degradation cf
1-(E—ethylanilino)—3—phenoxypropan—2—ol and, further, no reason
foi'the apparent weakness of the aliphatic carbon-carbon and'

adjacent to nitrogen. The values quoted in table 13, -however,
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may be modified by the pfesence of adjacent groupé in the
molecule, The'quantitativeveffeét of the adjacent oxygen and
nitrogen atoms dn the bond dissociation energies of the aliphatic
carbon-carbon bonds is uot known and it is possible that the
carbon-carbon bond adjécent to nitrogen in 1-<ﬁ—ethylanilino)—3—
phenoxypropan-2-ol is the wealkest bond in this compound, 1its
scission dﬁring degradétion giving rise to the large quantity

of ﬁ—ethyl-ﬁ—methylaniline found in the degradation.

Nitrogen may play a catalytic role in the degradation.
In particulaf, by Virtue'of its lone pair of electrons, the
nitrogen may induce, at the temperatures involived, base—catalyéed
déhydration reactions. Deﬁydration of the initial compound may
léad to the formation of structures 6 and 7.
70H\'/<:H @
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In structures 6 and 7 the allyl-nitrogen and allyl-ox?gen

| bonds.are relatively weak. Homolytlic scission of these bonds
by‘analogy with the behavio:f of 1,3-diphenoxypropene (section
IV.i.2.1.) may éccur reédily'to produce phenol, N-ethylaniline
and compounds containing 3 aliphatiC’carbon atoms as shown in
fig.32. The ready degradation of t-(N-ethylanilino)~-3~-phenoxy-
' propan—2-6l may be due,'at least in part, td the ease of
degfadation of structures 6 and 7 which may be formed wmore
easilj»than 1,3-diphenoxypropene is formed during the degradation
of l,3—diphenoxyprbpan-2-ol because Qf the basic nature of the
nitrogén present. In'addiﬁion, dehydration may explain the
'aBsence of producté containing an oxygén function on the central

aliphatic carbon atom. ' ‘

It is clear from an examination of the products of this
degradatidn (table 10) that dehydration does not precede all
further reaction. In particular, the formation of the major
product N-ethyl-N-methylaniline and minor-bgoducts containing
-one or two aliphatic carbon atoms cannot be rationalised as
occurring from structures 6 and 7. The formation of N-ethyl-
N-methylaniline as a majof product. with the probably concurrent
formétion_of benzofuran is a puzziing feature of the degradation.
Unless a specific reaction.isboccurring to form these products

by a process other than initial homolysis of the carbon-carbon

bond adjacent to nitrogen then the dissociation energy of this
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bond must be appreciably icwer than those of the other bonds in
the molecule and, in fact, must be low enough for its homolysis
to compete-successfully with fission of the allyl-nitrogen and

allyl-oxygen bonds in tlie dehydrated structures.

In conciusion it is evident that thevdegradation of
l—(ﬁ—ethylanilino)-3fphen0xypfopan—2—ol is an extremely complex
reaction which has some features which are not well understood.
That dehydration accompanies homolytic fission of bonds appears
likély but the nature cf the reaction which leads ‘to the
‘formation of benzofuran and N-ethyl-N-methylaniline, two

major products, is not clear.



V. CONCLUSION

A comparison‘of'the degradatioﬁs of l,3—diphehoxypropan—2—ol
and 1-(N-ethylanilino)-3-phenoxypropan-2-ol cléarly demonstrates
that the presence of the nitrogen atom in the inodel compcund
modifies its degradation profoundly. 1-(N-Ethylanilino)-3-
pheno»ypropan-2-ol degraded more readily than 1, 3-dipiencxy-
‘propan~2—ol. The degradation of the latter compound apparently
proceeded without initial dehydration whereas denydration of the
former compound appeared tq.accompauy its degradation. It has
been suggested that dehydration is catalysed by the basic
properties of the nitrogen atom and that the ready degradation
of l—(ﬁ-ethylanilino)—3—phenoxypr§pan~2—ol is due partly to the
reduced thermal stability of the dehydrated structure. Further-
more it appears that the aliphatic carbon-carbon bond adjacent
to nitrogen in 1-(N-ethylanilino)-3-phenoxypropan-2-ol ié
particularly unstable and that fission of this bond competes

with the degradation of the dehydrated structures.

V.l. AN CXTENSION OF THE RESULTS OF THE PRESENT STUDY TC THE
THERMAL DEGRADATION OF AMINE-CURED EPOXIDE RESINS

Conclusions reached about the degradation of the model
compounds may be extended to the thermal degradation of amine-

cured epoxide resins based on Bisphenol A (fig.2).
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The instability of such resins appears to be due to the
presence of the nitrogen atom in the 'ture-linkagd. The section
of the resin represented by the 1,3-diphenoxypropan-2-0l mgdél
will be more étable'than the 'cure -linkagd but the presence of
the nitrogen atom in the'cure-linkagé may affect the stability
of other parts of the network bv promoting dehydration reactions.
If the 1, 3-diphenoxypropan-2-ol part-structure is dehydrated to
form a l,3—diphenoxyﬁropene part-structure, degradation will
proceed with.ease (i,3—diphenoxypropene degrades more readily

than 1,3-diphenoxypropan-2-o0l).

The results of the present study suggest that dehydration
and fission of tne aliphatic carbon—carbon bond adjacent to
nitrogen may be gémpeting reactions>in the degradation of amine-
cured epoxide resins. This is supported by evidence of dehydra-

1,13-16,18

tion reactions and the presence of resonance stabilised

free radicalsl3’15

in the degraded epoxide resins. Furthermore
the dégradation17 at low temperatures (approximately 300°¢C) of

an amine-cured epoxide resin in which thé 1, 3-diphenoxypropan-2-o0l
' part-structure was absent (n=o in fig.l) produced phenols,
Elﬁ-dimethylanilines, N-methylanilines and benzofuryl structures
as major products. This result “‘mplies that at low temperatures
fission of the aliphétic»carbon—cafbon bond adjacent to nitrogen
competes successfully with dehydratipn of the resin network. The

results of SUGITAlOS indicate that at higher temperatures carbon-
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carbon fission adjacent to nitrcgen to form N-methyl- and
N,N-dimethylanilines and benzofuryl structures is largely
overshadowed by dehydration of the resia network to form N-

unsubstituted anilines and phenols as major products.

V.2, - THE EFFECT'OF FILLERS ON THE‘THERMAL STABILITV OF
AMINE-CURED EPOXIDE RESINS
' The degradation of the model compounds 1,3--diphenoxypropan-
2-0l and 1-(N-ethylanilino)-3-phenoxypropan-2-ol was profoundly
affeqtgd by the presence of alumina. The alumina appeared not
only to promote the degradation of the model compouncs but also

to modify the degradation mechanisms (sections IV.1l. end IV.2.).

The rate and mechanismvof decomposition also depended on the
nature of the alumina used. Degradation over neutral and acidic
alumina proceeded more readily than degradation over basic
aluminé. The mechanisms involved in these degradations were
different (section IV.1.). Neutrél and acidic alumina appeared
to promote ionic reactions whereas basic alumina allowed thermal

homolysis to take place.

It is evident that the presence of fillers, such as alumina
and silica flour, which have catalytic properties may alter
significantly the thermal stability of amine-cured epoxide

resins.
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V.3. THE USE OF MODEL COMPCQUNDS AS A SYNTHETIC ROUTE TO
BENZOFURAN |

Benzofuran was not produced in sufficient quantity in the
degradations of the model compounds for its isolation to.be
effected. The.lafgest yield of benzofuran was obtained in the
thermal degradation of 1-(N-ethylanilino)-3-phenoxypropan-2-ol
(section iV.2.2.). The nature and distribution of the products
of this degradation indicated that many competing reactionsvwere
taking place and that the process leading to benzofuran formation
was not predominant. Polymerisation of benzofuran may also have

reduced its yield.

An appreciable quantity of 2-chromene was produéed in the
degradation of 1,3-diphenoxypropene but separation of the product
from the degradation mixture containing 3-chromene and 2- and 3-
methylbenzofuran might prove difficult. Small amounts of 2-
chroméne may be separated by preparative gas chromatography.

The method by which l,3—diphenoxypropene was'éynthesised in thisA
&ork (Section I1.2.19.) would, however, have to be improved
before this technique<c§uld be ﬁsed as an efficient synthetic

route to 2-chromene.
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