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SUJ.VlMARY 

The thermal ciegradation of rr..odel compounds of a~ine-cur2d 

epoxide resins has been studied with the aim of investigating 

the thermal stability of the "cure-linkage". · 1, 3-Diphenoxy­

propan-2 ~ol and l-(N-ethylanilino)-3-phenoxypropan-2-ol have been 

synthesised and degraded m~er various conditions. The results 

of these degradations are presented and their relevance to t~1.e 

thermal dE:!gradation of amine-cured epoxide resins is discussed. 

The effect of the presence of alumina, which b.as been used as a 

filler for epoxide resins, on the thermal stability uf 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. 



1 

I. INTRuDUCTION 

The demand for materials possessing good thermal stabilii.:y 

for ·use in many fields, particularly in aerospace applic8ticns, 

has led to considerable interest i"!:1. the behaviour of thermo-
. . 1 

s8tting resins at high temper~turP.s Particular atter..tton has 

been paid to epoxide resins which are noted f0r their .good 

rn~char..ical, P.lectrical and adhesive properties
1

. The maximum 

.operating temperatures of conventional epoxide resL.1s are in the. 

region of 200 tu 260°C but it is considered that they can be · 

2 
modif i_ed for use at higher temperatures A. typical and 

commonly used epoxide resin is based on BisphenoJ A and has the 

following structure
3 

C" -~H-CH -0 0 -l~IQ\-O-CH -hH-CH -0 

·o ~CH OH 

2 2 l\.':J' 2 2 

L CH3 

Where n may vary from 0 to 20. 

Epoxide resins may be cured by reaction with a va!'.'iety of 

cross-linking agents (hardeners) including aliphatic and. 

aromatic diamines, acid anhydrides and dicarboxylic acids. 

The ther.mal stability of the cured resin depends on the 

particular epoxide/hardener combination. An amine-cured 

epoxide resin based on Bisphenol A has the following part-

structure: 
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0H CH
3 

OH 
I I I 

-N-CH -CH-CH -0 @-c-@·-0-CH -CH-CHr -0 
I 2 2 .. I 2 'L 

CH · Ort 

I 3 I @r@-0-CH2 CH-CH2-v-
CH

3 n CH3 

FIGURE 1. 
OH 
I 

The "cure-:linkage" is represented by the -O-CH 2 -CH-CH 2 -~- group. 

Investigations of the thermal behaviour of cured epoxide 

:cesins which attempt to determine ~he initial point of break-

down of the resin netwo~k and the mechanism of degradation may 

provide a rational basis for improving the thermal properties 

of ti1ese materials. An appn~ciable amount of work in this 

dire~tion has been done. 

The effect of oxidising ccnditions on the thermal 

d d · f ·d · d. d1 ' 4 egra ation o epoxi e resins was stu ie Results showed 

that oxidation of the hydroxyl group to a carbonyl group 

occurred at relatively low temperatures (150 - 200°c) 
5

'
6

. 

DANTE and CONLEY6 suggested that in amine-cured resins 

oxidation occurred at the nitrogen atoms followed by fission of 

the network and rearrE,ngement t) form keto groups. 

The thermal degradation in vacuo of amine- and anh~7dride-

cured r:esins provided much usef".11 information on the degre.dation 

. 1 reaction::; . 
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Much work carried out on the uncured or incompletely cu~ed 

epoxide led to the pcstulation of reaction mE>chanisms which 

depended on the presence cf free 2poxide groups. These 

h . 1 d by LEE 7 ' 8 d IEMAN d k 9-ll mec anisms, postu ate " an N ~1 an cowor ers - , 

were used to account for the more volatile degradation products. 
, 

LEE' also postulated a mechanism for the formation of higher 

boiliP.g 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. Furthermore, infra-red studies 

showed that very fE>w epoxide groups remain in a prcpeLly cured 

. 12 resin 

Th~ suggestion that dehydration reactions occur during 

the degradation of epoxide re~ins, originally put forward by 

LEE
7

'
8 
' 

was supported by many workers in this field 13- 15 . In 

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

degradation of amine-cured epoxide . 1,16 resins . Water was 

positively identified as a degradation product and infra-red 

studies indicated. that double bond structures were formed 

. 1 15 16 during the early stages of degradatior. ' ' • LEISEGANG, 

17 STEPHEN and PATERSON-JONES suggested that dehydration 

preceded to a large extent ~ny further degradation of the 

resin network aad that the driving force behind the reaction 

was the increased stability of thP. system which resulted from 

cross-conjugation. 
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BISHOP and SMITH 18 showed that initial degraciation of 

amine-cured epoxide resins at 400°c led to the formation of 

hydroger.. 1 methane and ':·mter; a process ·which, they suggested, 

did not involve breakd0wn of the network structure. Methane 

was shown by 
14

c-labelling to be liberated initially from the 

isopropylidene group. These workers postulated that hyd~ogeri 

and water were formed by competing dehydrogenation A.nrl 

dehydration reactions associated wi:.:.h the secondary alcohol 

groups in the cured resin structures. 

16 A study of the changes in dielectric properties of an 

epoxide resin based on the diglycidyl ether of Bisphenol A 

cross-linked with £,E'-diaminodiphenylmethane (DDM) (fig.2) 

. 0 
post-cured at temperatures rangiug from 200 to 310 C rGveale<l 

two dispersion regions : A high temperature/low frequency 

region associated with the glass transition of the network 

and a broad low temperature/high frequency region attributed 

to movement of the hydroxyl dipole of the glyceryl portion of 

the network. Other·workers 19 , 20 attributed the latter 

dispersion region to movement of the entire glyceryl portion 

of the network. In any event absorption 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. 



CH
3 

. 
I . 

HO-@-c-@-oH 
I 

CH
3 

BISPHENOL A 

0 CH 0 

~~H-CH2~o-@+~@-o-CH2-l~H2 
CH :; 

DIGLYCIDYL ETHER OF BISPHENOL A 

H N-~-CH -0;\-NH 2 ~ 2 ~ 2 

p,p'-DIAMINODIPHENYLMETHANE (DDM) 

A section of the cured resin may be represented as follows: 

FIGURE 2 
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The results of PATERS0N-JONES 16 et al. indicated that 

post-cure of the resin at approximately 220°C rather than 

200°c increa.::ed the cross-linking 'Jf the network (reflected 

by an increase in the hydroxyl concentration) while the glass 

transition t(;mperature remair-!ed apIJroximately constant. Post-

cure at approximately 245°C left th2 concentration of hydroxyl 

groups unaltered but caused the glass transition temperature 

to be lowered. This indicated that chain scission reactions 

were taking place. At £.. curing temperature of 2gs0 c both the 

hydroxyl concentration and the glass transition temperature 

decreased which indicated that both dehydration as well as 

chain fission reactions had occ-u.rred. 

13 14 16..-18 
Many workers ' ' pc~tulated that decomposition of 

epoxide resins occurred through degradation of the reacted 

glycidyl gronp and breakdown of the isopropylidene linkage in 

the Bisphenol portion of the network. BOWEN 2 investigated the 

relative thermal stability of these two groups by radiothermal 

analysis. His results showed that products resulting fro~ the 

breakdown of the reacted glycidyl group.in amine- and anhydride-

cured epoxide resins were released at. 3. temperature much lower 

than thr:.t observed for the release of products from the 

isopropylidene gre:up. This result was confirmed by the work 

18 of BISHOP and SMITH • 
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BOWEN's
2 

method of studying the liberation of 14c-labelled 

fragments from the network unfortunately required the scission 

of two bonds in the network and did not necessarily pinpoint 

the initial point of breakdown of the resin alth0ugh his results 

did suggest chat. the "cure-linkage" played an important part in 

Lhe degradation reactions. The p:::-odu.ction of larg2 quantities 

of N-substituted anilines in the degradation of the DDM-cured 

Bisphenol A epoxide resin
16 

emphasised the importance of the 

"cure-linkage" in the degradation process. 

A detailed study of the thermal degradation of model 

compo1mds of amine-cured epoxide resins was expected to provide 

further information or. the mechanism oi: the deg::::-E1dation. In 

the present work model compounds were studied with the aim of 

investigating the thermal stability of the "cure-linkage". 

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

2-ol were synthesised and degraded under va:.ious conditions. 

The degradation of 1,3-diphenoxypropene provided ferther 

insight into the mechanism of the dcg:;:-adation of 1,3-diphenoxy­

propan-2-ol. These results were used to interpret the mechanism 

involved.in the degradation of l-(N-ethylanilino)-3-phenoxypropan-

2-ol which in tu:;:-n was related to the degradation of ami~e-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 
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interact with one another. A cured resin, however: exiGts tn 

the form of a relatively rigid three-dimensional network in 

which inte:ractions between different portions of the network 

are less likely21 . The major products of the degradation of 

l-(N-ethylanilino)-3-pheno:;~ypropan-2-ol were, however, 

analogous with those found by PATERSON-JONEs 22 to result from 

the degradation of ·the adduct of the diglycidyl ether of 

Bisphenol A and £,E'-diaminodiphenyl~ethane (fig.2), an 

indication that the mechanism involved in the degradation of 

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

A variety of fillers has bee~ used to modify the 

properties of cured epoxide r.esins. Th£ thermal stability of 

a resi~ 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 determine its 

effect on the degradation reaction. 

Products containing the benzofuryl moiety were observed 

among the major componer.ts of tr.e degradation of the DDM-cured 

diglycidyl ether of Bisphenol A
17 . 22 It was suggested that 

thermal degradation of model corapounds of this resin may 

provide a synthetic route to benzcfuryl compounds. This 

pos~ibility was investigated. 
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II. EXPERIMENTAL 

II .1. ANALYTICAL TECHNIQUES 

II.LL Gas Chromatography (GLC) 

A Pye series 105 model 15 automatic preparatlv2 gas 

chromatograph was used to ~solate and to identify unknown 

products by a comparj_s~n 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 

silanised 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 approximately 

constant: 

Operating temperature 

Ca1:rier gas (N
2

) flow rate 

Column pressure 

180 - 1°C 

206,9 ml/min 

30 - 1 p. s. i. 

Retention.times whic.h were measured from the time of injection 

of the samples were corrected against rhe retention times of 

standard compounds. Correct>2d ret·2r:.tion times were calculated 

by 
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t - t X t /t I 
c s s 

where t = c corrected ret.:mtion tim2 

t = measured retention time 

t = actual s :;:-e tentiori time of standard 

t = measured retention time of standard. I s 

II.1.2. 

IR spectra were ffieasured on a Perkin-Elmer model 457 

-1 -1 
grating spectrophotometer scanning from 4000 cm to 250 cm . 

The maximum resolution of the spectrophotometer is quoted as 

-1 -1 -1 -1 
2 cm at 3000 cm aad 1 cm at J_OOO era . 

IR spectra of liquid compounds w~re determined on liquid 

films between potc...ssium bromide plates and spectra of solid 

compounds were measured on potassium bromide discs. 

II.1.3. Proton Magnetic Resonance Sµectrosc0py 

PMR spectra were determined on a Varian A-60 Analytical 

PMR spectrollleter. Deuterated chloroform was used as the s0lvent 

with tetramethylsilane (TMS) as the internal standarc. 

II.1.4. Mass Spectroscopy 

Mass spectra were used to elucidate chemical structures and 

also to determine the structures of unknown conrpou.nds by a 



comparison of their mass spectra with those of standard 

compounds. 

10 

In certain cases the products of degradation rea~tions 

were separated and collected by prei:-iarative GLC and were 

identified from 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 

compou11ds which eluted from the chromatograph (this work was 

performed by Mr. P.R. Boshoff of the Department of Chemistry, 

University of Stellenhosch). The same chromatograph column was 

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

II.1.5. Elemental Analyses 

E~_emental analyses were performed by Dr. K.G. Fuhr OL the 

Department of Chemistry, University of Cape Town and by 

Dr. F. Pascher, Bonn, Germany. The results are collected in 

table 1. 

II.1.6. Melting Points 

All melting points quoted are corrected and were determin.ed 

on a Kofler hot stage. 
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II.2. SYNTHETIC METHODS 

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

The prepar9tion of 1,3-diphenoYypropan-2-ol was based on 

the method of KULIEV, ALEKPEROV and AKHMEDOv
23

. 

Epichlorohydrin (39 ml; 0,5 mole) was added dropwise to a 

stirred solution of phenol (9L~g; 1 mole) in a 40% sodium 

hydroxide solution (55 ml; 0,55 mole). The mixture was heated 

under reflux on a waterbath for 2 - 3 hr. -On cooling the 

mixture to room temper9.ture a precipitate formed which was 

filtered, washed and recrys te.l lized from a mixture of acetone 

and water (white prisms; 98,lg; 80,41%; m.p. 81-2°Cs Lit. m.p. 

81-2°c23 - 26 ). The sample's structure was established fLom IR, 

PMR and mass spectra. Elemental analyses are given in table l. 

II.2.2. l-(~-Ethylanilino)-3-phenoxypropan-2-ol 

The synthesis of this compound was based on the method 

25 
suggested by BEASLEY, FETROW and STEPHENSON . 

Phenyl glycidyl ether (97,3g; 0,649 mole) and N-ethyl-

aniline (78,5g; 0,649 mole) in ethanol (75 ml) were heated 

under reflax on a waterbath for 4 hr. The solution was distilled 

under reduced pressure and collected as a pale yellow syrup 

(138,Gg; 78,9%; 0.p. 198-200°C/l,l mm Hg; Lit. b.p. 156°C/ 
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25 O,l mm Hg ). The.structl!re of the procuct was confirmea from 

IR, PMR and mass SlJectra. Elemental·analyses are given in 

table l. 

/ 

II.2.3. Phe!]Y.1 allyl ether 

Phenol (136 g; 1,45 m0le) and allyl bromide (132 ml; 

1,55 mole) dissolv(;d in dry acetone (800 ml) were healed under 

reflux for 4,5 hr over a"Qhydrcms potassium carbonate (300 g). 

The mixLure vms poured into water ( l 1) and ext:i:-acted with ether·. 

The Gtherea.l extract was washed with a. 10% sodium hydroxide 

solution and then with water nntil neutral, dried over anhydrous 

sodium sulphate and distilled. Phenyl allyl ether was coll~cted 

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 

anelyses are given in table 1 . 

II.2.4. . Q.-Al lylphenol 

o-Allylphenol was prepared by the ~laisen rearrangement of 

27· 
phenyl allyl ether . 

Phenyl allyl ether (73 g) was heated under reflux for 5 hr 

after which time the reflux tempPrature remained constant 

(rv214 °c). The solution was taken up in etr~er and extracted with 

a 10% sodium hydroxide solutio.n. The basic solut.ion was acidified 

and extraC;.ted with ether. This ethereal solution was washed, 
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dried over .s.nhydrous sodiutn sulp!'1ate and distilled. .2,-Allyl-

phenol was collected a.s a colourless liquid (54,l g; 71+,1%; 

b.p. 117-9°C/27 r:im Hg) and charactRrisec1 f:com IR, Pt.fR and mass 

sper..tra. Elerr.ent-'.il analyses are given in table 1. 

II.2.5. 2-Methylcoumaran 

2-Methylcou..~aran was sy~thesised by the acid catalysed 

28 
~yclisation of o-allylphenol 

o-Allylphenol (178,5 g; 1,448 mole), glacial acetic acid 

(750 ml) and hydrobromic acid (400 ml; ~8%) were heated under 

reflux for 30 min, cooled, poured into water ( 1 1) and extracted 

with ether. The ethereal s0lution was washed successively with 

water, sodium hydroxide (211) an~ wateL, dried over anhydrous 

sodium sulphate and distilled. The fraction b.p. 94-:.o'8°Ci 

14 mm Hg was collected. On redistillation 2-methylcoumaran was 

collected as a colourless liquid (73,3 g; 41,06%; b.p. 84-5°C/ 

9,5 mm Hg; Lit. b.p. 85-8°C/15 mm Hg
28

) and characterised from. 

IR, PMR and mass spectra. Elementc..1 analyses are given in 

table 1. 

II.2.6. 2-Methylbenzofuran 

The dehydrog(~nation of 2-methylcoumaran to 2-methyl-

benzofuran using N-brouosuccinimide was based on the method of 

29 LOOKER and HOLM for the dehydrogenation of flavones. 
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2-Methylcoumaran (lOg; 0,075 mcle) and t!-bromosucci;:iimide 

(13,5g; 0,075 mole) were heated gently ·in chlcroform.(200 ml). 

The chloroform sol11tion turn~d orang.:.~ and violent frothing was 

controlled by cooling tl1e reactior.. flask in an icebat.h. After 

the reaction had subsided the chloroform solution was colourless 

and the precipitate was orange. The mixture was heated u.nd2r 

reflux until all the N-bromosuccinimid2 had been cor..?8rted to 

the lighter succinimide. A 10% sodium hydroxide solution (100 ml) 

was added to dissolve the precipitate. The chl0roform solution 

WdS separated and washed c.nd the chloroform was removed by 

distillation. Potassium hydi.oxide (13g) dissolved in ethanol 

(100 ml) was added to the residue and the solution was heaced 

under reflux for 1 hr. A fraction (5,12g) b.p. 72-102°C/18,5-20 

mm Hg was collected and redistilled. A mixture of 2-methyl-

benzofuran and 2-methylcoumaran (2g; b.p. 194-8°C; Lit. 

0 30 . 
2-methylbenzofuran b.p. 196-8 C ) was collected and separated 

by preparative gas chromatography (section II.1.1.) to yield 

2-methylbenzofuran (rvl ml) which was ctaracterised from IR, PMR 

and mass spectra. Elemental analyses are give:1 in table 1. 

II.2.7. Phenoxyacetone 

Phenoxyacetone was prepareJ by the method of HURD and 

PERLETZ 
31

. 
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Chloroacetone (24r;; 0,26 mole), dry acetone (20 ml) and 

pot.assiu~ iodide (0,43g) were allowed to stand overnight. 

Phenol (14,3g; 0,152 rr.ole), potassium carbonate (5g) and dry 

acetone (20 ml) were sti1:red and heated under "!:"eflux for 15 mi:i . 

. The chlo~oacetone mixture was then added 3lowly. After on2 

quarter of this mixture was added, potassium carbondte (5g) and 

enough acetone to thin the mixture were added. A second portion 

of the chloroacetone mixture was added dropwise. This procedure 

was repe~ted until 20g of potassium carbonate and all the 

chl0roacetone mixture had been added. The mixture was stirred 

(15 hr) and filtered. Dry acetone was used to wash the residue. 

The combined filtrates were Jistilled and a f~action b.p. 108-

134°C/36 mm Hg was collected (17,7g). An IR spectrum showed the 

presence of hydroxyl groups which suggested the presence of 

l-phencxypropan-2-ol. 

The mixture was separated by column chromatography with · 

chloroform as eluent on a 40 x 2,3 cm Ld. silica gel column. 

··~ Under uv" light two bands could be discerned. The first, a pale 

green band, was collected and distilled. The fraction b.p. 

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

have less hydroxyl. 

This mixture was rechromal:.ographed. The first band was 

collected and distilled. The·f:caction b.p. 134-6°C/30 m!TI Hg 

was collected as phenoxyacetone, a colourless liquid which 

*UV = ultra-violet 
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tu!"ned black 011 standing (7,7g; 33,77%). The structure was 

confirmed from IR, PMR and mass spectra. Elemental annlyses 

are given in table 1. 

11.2.8. 3-Met.hylbenzofuras 

The preparation of 3-m2i:.hylteP..zofurari was based on the 

method of FOSTER and ROBERT80l': 32 for the synthesis of benzofuran. 

CondensatioL of o-hydroxyacetoµher:one \vith ethyl bromoacetate 

yieldsd ethyl o-acetylprenoxyacetate. This ester was hydrolysed 

to o-acetylphenoxyacetic acid which was cyclised to form 

3-methylbenzofuran-2-carboxylic acid and 3-methylbenz0furan. 

33 
II.2.8.1. o-Hydroxyacetophenone was prepared by the Fries 

34 
rearrangement of phenyl acetate . 

II.2.8.2. Ethyl o-acetylphenoxyacetete 

o-Hydroxyacetophenone (Slg; 0,38 mole), ethyl bromoacetate 

(66g; 0,38 mole), potassium carbonate (76g) and acetone (300 ml) 

were heated under reflux (2,5 hr), poured into water (600 ml) 

and extracted with ether. The ethereal extract was washed with 

water, dried over anhydrous sodium sulphate and the solvent was 

removed by distillation. The remaining crude ethyl £-acetyl-

phenoxyacetate weighed 82,68g (98,01%). 
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II.2.8.3. o-Acetylphenoxyacetic acid 

Crude ethyl o-acetylph2noxyacetate (82,68g; 0,37 mole) ~.vas 

dissolved in a 11:% sodium hydroxide solution (800 ml). The 

solution was allowed to stand (24 hr) ::ind hydrochloric ai:id was 

added until the solution rP.ached pH2. £-Acetylphenoxyacetic 

acid (37,14g; 51,74%; m.p. 112-4°C) crystallized from the 

solEtion, was filtered, washed and dried. 

II.2.8.4. 3-Mcthylbenzofuran 

Crude o-acetylphenoxyacetic ac.id (37,14g; 0,19 mole) was 

heated under reflux (2 hr) with acetic anhydride (370 ml) 

containing anhydrous sodium acE:tate (lllg). The solu.tion was 

cooled and poured into a water/ice mixture (600g). A col<l 

sodium hydroxide solution was added until the solution reached 

pHB. The solution was extracted with ether. The ethereal 

extract was washed with water, dried over anhydrous sodium 

sulphate and distilled. 3-Methylbenzofuran ( 9., 69g; 38, 36%: 

0 . • 0 35) b.p
9 

195-8 C/763 mm Hg; Lit. 195-7 C was collected as a 

colourless liquid and characterised from IR, PMR and mass 

spectra. Elemental analyses are given in table 1. 

II.2.9. _!-PhenOX'[?ropan-2-ol 

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

method of McSWEENEY, WIGCINS an<l ~00D36 . 
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A mixture of propylene oxide (19g; 0,33 mole) was added 

to phenol (3lg; 0,33 mole) and sodii..2m hydroxide (0,67g; 0,02 

mole) in a minimurr:. amount of -water a.nd heated under reflu;~ 

( 1 hr). The wixture was taken up in ether. The ethereal 

extract was washed successively with water, 10% sodium hydroxide 

and water, dried over anhydrous sodium sulphate a11d distilled. 

l-Phenoxypropan-2-ol (29, 74g; .J9 1 8%; b.p. 154-6°C/6G I11m Hg;. 

Lit. b.p. 134-6°C/15 mm i.-Ig
36

) was collected as a colourless. 

liquid and characterised from IR, PMR and mass .:;pectra. 

Eleme.ntal analyses are given in table 1. 

II.2.10. Chroman 

The synthesis of chroman waf: based on the method nf HURD 

and HOfFMAN
37 

in which the acetic ester of o-allylphenol was 

treated with hydrogen bromide in the presence of peroxides. 

II.2.10.1. o-Allylphenyl acetate 

o-Allylphenol (75g; 0,56 mole) and acetic anhydride (114g; 

1,13 mole) were heated under reflux (3 hr). The mixture was 

taken up in ether, washed several times with water, dried over 

anhydrous sodium sulphate and distilled to yield o-allylphenyl 

acetate (85~ 18g; 86,5~~; b.p. 131-2°C/29 mm Hg; Lit. b.p. 110-

ll0,50C/ 11 !nrn Hg, 123-4°C/20 mm Hs; 37 )_, 
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II.2.10.2. Chioman 

An excess of hydrogen bromide (prepared by the action of 

liquid bromine (33 ml) on boiling tetralin (165 ml)) w~s added 

slowly (45 min) to £-allylphenyl acetate (85g; 0,49 mole) and 

benzoyl peroxide (2g) in dry c2rbon tetrachloride (350 ml). 

After aqdition of the hydrogen bromide the reaction flask 

was sealed and allowed to stapd overnight, The solvent was 

removed and the reaction mixture was washed with watc;r and a 

dilute sodium carbonate solution. The water insoluble layer was 

heated under reflux (5 hr) with potassium hydroxide (60g) 

dissolved in water (200 ml) and ethanol (350 rr.l). The mixture 

was poured into water (600 ml) and extracted with ether. A 

fraction b.p. 109-12°C/32 mm Hg (44,15g) was collected. This 

was redJ.stilled to yield chroman ( 35, 3g; 53, 76%; b. p. 90-2°C/ 

5,6 mm Hg; Lit. b.p. 95-6°C/15 mm Hg 37 ) which was characterised 

from IR, PMR and mass spectra. Elemental analyses are given 

in table 1. 

II.2.11. Benzofuran 

Benzofuran ~as synthesised by the decarboxylation of 

coumarilic acid. The synthesis of coumarilic acid was based on 

the method of FUSON, KNEISLEY and KAISER 38 . 

II./. .11.1. Couma:i:iU.c acid 

Bromine (66,2g; 0,4. mole) was added dropwise (1 hr) to a 
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stirred so lu.tion of coumarin ( 64-, 6g; 0, 1+ IPole) in chloroform 

( 1.50 ml). Excess bromine was removed under ,racuum at room 

temperature. A solution of potas:,ium hydroxide (74,5g; 1,3 

mole) i.n ·.vat er ( 350 ml) was added and the mix Lure ,...,,as steam-

distilled. The remaining solution was cooled, decanted from 

traces of a heavy brown oil and acidified with dilute hvdro-

chloric acid. The prec.ipitc::.ted couf!larilic acid was filtered, 

r2crystallized from hot water and dr:i ed under vac11um at ss
0
c. 

(32g; 44~6%; m.p. 190-2°C; Lit. m.p. 190-3°c
38

). 

II.2.11.2. B2nzofuran 

The coumarilic acid (32g) was distilled off soda lime 

(60g). The distillate was taken up jn ether, washed successively 

with a 10% sodium hydroxide solution and water, dried over 

anhydrous sodium sulphate and distilled. ~enzofuran was 

collected as a liquid (9g; 39,12%; b.p. 169-73°C; Lit. b.p. 

174°c39 ) and characterised from IR, l:'MR and mass spect1'."a. 

Elemental analyses are given in tabl2 1. 

II. 2. 12. Phenyl vinyl e.J:.her 

Phenyl vinyl ether was prepared by the method of WOHL and 

BERTHOLD40 . The synthesis of phenyl-S-brorr:oethyl ether, which 

was required for this preparation, was based on the method of 

SCHREIBER41 for the preparation o.f .E,-tulyl-~-bromoeth.yl ether. 
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Ii.2.12.1. Phenyl-S-bromoe~!::ry:l ether 

Sodium ( 23g; .1 mo le) was added slowly to a solution of 

phenol (94g; 1 mole) in ethauol (2j0 ml). After compiete 

reaction dibrornoethane (300 ml) was added and the solution was 

allowed to stand (24 h.r). A whit.:; precipitate (sodium bromide) 

which formed was removed by filtration and the solution was 

heated under reflux (1 hr). Where further precipitate formed 

the process of filtration and heating under reflux was repeated 

unt:!.l no further precipitation occurred. The ethe.nol and 

dibromoethane i;·:ere removed from the solution by distillation 

and the diphenoxyethane was removed by steam-distillation. 

The residue was taken up in ether, washed successively -i;·Jith a 

10% sodium hydroxide solution &nd water, dried over anhydrous 

sodium sulphate and distilled. Ph~nyl-S-bromoethyl ether was 

collected as a colourless liquid which solidified on cooling 

( 6 2 , 4 g ; 31 , 2 /~ ; b . p . 12 5 - 6 ° C / 16 , 5 mm Hg , m . p . 31- 3° C ; Lit . b . p . 

0 0 40 
108-10 C/7 mm Hg, m.p. 32-3 C ). 

II.2.12.2. Phenyl vinyl ether 

Phenyl-S-bromoethyl ether (SOg; 0,25 mole) was added to 

copper (2g) and finely powdered anhydrous potassium hydroxide 

· (lOOg). The mixture was heated gently to ensure that the 

temperature of the distilling liquid would not rise above 160°C. 

After 3 hr the mixture was heate<l 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 sodi1rn sulphate and distilled. 

8,Jg of product (b.p. 120-J90°C) was collected and redistilled 

to give phenyl vinyl eLheY as a coloui:'less liquid (2,7g; S%; 

. i5· 7oC L'. b ,5c: 6oC40,42) D.p. J. 4- j .:tt. .p. l. J- • 

II.2.13. ~,~-Diethylan~line 

N,N-Diethylaniline was prepared by the N-GthylaL.ion of 

N-ethylaniline. 

A mixture of ethyl 'iodide (Bg; 0,05 mole) and N-ethylaniline 

(6g; 0,05 mole) was allo«ved to stand (30 min). Ethanol (25 ml) 

was added and the mixture waa heated under reflux (2 hr). A 

solution of potnssium hydroxide (lOg) in water (100 ml) was 

added and the mixture was steam-distilled. The distillate was 

extracted with chloroform and dried over anhydrous sodium 

sulphate. The chloroform was removed by distillation from the 

mixture of N-ethylaniline and N,.t:_-diethylaniline which was 

separated by column chromatography. A 40 x 2,3 cm i.d. silica 

gel column was used with chloroform as eluent. The first 

fraction, which appeared purple under UV light, was coll.2cted 

and distilled. l~,N-Diethylaniline was collected as a pale 

yellow liquid (2,Blg; 38,1%; b.p. 74-6°C/2,9 mm Hg; Lit. b,p. 

21'.>,5°c39 ) and characterised from IR, PMR and mass spectra. 
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II.2.14. tI-Ethyl-N_-methylaniline 

A mixture of N-ethylaniline (5ml; 0,25 mole) and 

iodom<:::thane (5ml; 0,5 mole) was allowed to stan(l (19 hr) at 

room tempera.ture. The iodomethane was removed undEr vacuu~. 

E-Toluenesulphonyl chloride (3,8g) W<'-S c.:.dded to a solu'L.ion of 

the reaction mixture iri 10% sodh1m hydroxide ( 100 ml). The 

mixture was shaken (15 min) and extracted with ether. The 

ethereal solution was wash'2d with water and the e.ther was 

removed by distillation. The residue was steam-disLille<l and 

the distillate was extracted wtth ether. The ~thereal solutiou 

was dried over anhydrous sodium sulphate and distilled. l,4g of 

a product (b.p. 199-240°C) was collected as a brown oil. After 

the oil had CJoled a precipitate formed. The solution was fil-

t~red and distilled. N-Ethyl-N-methylaniline was colle~ted (0,5g; 

0 . 0 39) 1,6%; b.p. 201-3 C; Lit. b.p. 201 C and characterised from 

IR, PMR and mass spectra. 

II.2.15. N-Allyl-N-ethylaniline 

AlJ.yl bromlde (7ml; 0,08 mole) was added dropwise to 

N-ethylar:-iline (lOml; 0,08 mole). _The mixture was heated under 

reflux on a waterbath (15 min). A 20% potassium hydroxi<le 

solution (40ml) was add2d and the mb~ture was steam-distilled. 

The·distillate was extracted with chloroform, dried over anhydrous , 

sodium sulphate and filtered. N-Allyl-N-ethylaniline was 
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seµaratP.d from unreacted N-ethylaniline by column chromatography 

on a 40 x 2;3 cm Ld. silica gel column with chloroform as 

eluei.1t. The fir::>t band which was :yellow was collected and 

distilled. N-Allyl-1~>ethylaniline was collected (7 ,67g; 60%; 

b.p. 91-3°C/5 mm Hg) and cha:ca::.'cerised from IR, PMR and mass 

spectra. 

II.2.16. N-Ethyiskatole - ' 

.N-Et.hylskatole was prepared by the N-ethyialion of the 

. 1 f k - 43 
potassium sa t o · s ato1~ Skatole (3,Sg; 0,028 mole), 

ethy~ iodide (0,612g; 0,028 mole) and potassium (l,08g; 0,028 

mole) were heated under reflux 5.n benzene until. .:::11 th£ 

potassium had reacted. Thin layer chromatography (TLC) showed 

the presence of unreacted skatole and another product, This 

product was separated from the skatole by column chrom2.tography 

(column: 40 x 2,3 cm i.d. silica gel; eluent: chloroform). 

Repeated passage through the column was required to purify thE' 

product. The fractions which TLC showed to.contain pure prodnct 

were combined and distilled. N-I.:thylskatole (l,09g; 2()%: b.p. 

10S-6°C/2,9 mm.Hg) was collected as a pale yellow liquid. IR~ 

P~ and mass spectra confirmed the expected N-ethylation of the 

s.katole, 

II.2.17. N~EthylindolE 

The synthesis and isolation of N-ethylindole followe0 the 
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method used in section IT..2.16. for the preparation of N-ethyl-

ska.to] G. N-Ethylindole -was obtainecl ir~ 20% yield as a pale 

'='11 ·· 1.: 'd fb 10° l 2°C/4 H · ·1· ·- b - r52 3° 1~4 \ d Y-=- ow .... qui , .p. .,-_ mm g,. i...... .p. 'L - C / an 

charactt:rise::d from IH., ?MR and mass spectra. 

II.2.18. N-Ethyltetrahydr0quinoline 

Tetrahydroquinoline (Sg; 0,038 mole) and ethyl iodide 

(5,8g; 0,038 mole) were hsated under reflux (5 hr). A 25% 

solution (40ml) of potci.ssium hydroxide was addecl to the reaction 

flask and the mixture was steam-distil l_ed. 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 collected 

by preparative gas chromEtography. N-Ethyltetrahydroquinoline 

was characterised from IR, PMR and mass spectra. Elemental 

analyses are given in table 1. 

II.2.19. lz.]-Diphenoxypropene 

1,3-Diphenoxypropene was prepared by the fusion of the 

E-toluenesulphonate ester of 1,3-diphenoxypropan-2-ol with 

powdered potassium hydroxide. 
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II. 2 .19 .1. 1, 3-Diphenoxyprop-2-yl J2~tolt_:enesulphon.s.te 

1,3-Diphenoxypropan-2-ol (104g; 0,426 molt:) and£­

toluenesulphonyl chloride (134g; 0,705 mole) were dissolved in 

pyridine (350 ml) and allowed to stand (17 hr) at room 

temperature" A white soU.d precipitated from the solution. 

The entire contents of the flask were poured into 10% su.lphuric 

acid (1,5 1). The precipitate was separated by filtration, 

washed with water and <lr:i..ed.. Recrystallization of the product 

from a mixture of ethanol (800 ml) and acetone (300 ml) 

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

II.2.19.2. 1,3-Diphenoxypr,opene 

A Pl.ixture of 1, 3-diphenoxyprop-2-yl E.-toluenesulphonate 

(70g; 0,175 mole) and powdered rotassium hydroxide (16,5g; 

0,295 mole) was heated under vacuum. Approximately 23g of 

distillate was collected and taken up in ether. The ethereal 

solution was washed successively with a 10% sodium hydroxide 

solution and water, dried over anhydrous sodium sulphate and 

distilled. An IR spectrum of the distillate (b.p. 66-200°c; 

approximately 7 mm Hg) showed the pres8nce of compounds 

containing hydroxyl groups. These were removed by colum~ 

chromatography (column~ 4.0 Y. 2, 3 cm i. d. silica gel; eluent.: 

chlotoform). The chloroform solution containing the des~red 

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 F:VIR spectra. Elemental analyses are 

given in table 1. 
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II. 3. DEGRADATION PROCEDURE 

1, J-Diphenoxypropan-2·-·o1 was degrE4ded under L~ different 

conditions: 

1 Over aluminium oxide "Camag" M..F .C. Brockmann 2ctiviL:.:,T 1 

(neutral) 100 - 240 mesh. 

2 Over aluminiu..rn oxide "Camag" M.F.C. Brockmann ac'.::.ivity l 

(pH6) lOC - 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 

0 at 150 C under vacuum. The alumina was then mixed with twice 

its weight of 1,3-diphenoxypropan-2-ol and the reaction mixture 

heated in an apparatus which allowed the products to be 

distilled and collected during the degrRdation. In degradation 

4(a) the reaction flask was purged wich nitrogen for 15 min 

prior to degradation and during the degLadation. Degradation 

4(b) was carried out in air. In each case 1,3-diphenoxypropan-

2-ol was heated at such a rate that the disttllation temperature 

remained. 
0 

below 250 C ( 1, 3-diphenoxypropan·-2-ol distili.s at 

360°C/760 ,nm Hg). In most cases degradation was continued 

until the 1,3-diphenoxypropan-2-ol had decomposed completely. 
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1,3-Diphenoxypropene and l-(!i-ethylanilino)-3-phenoxy-

propan-2-ol were degraded under 2 different conditions: 

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

(pH6) 100 - 240 mesh. 

2(2) Under nitrogen and (b) in air. 

The cl.eg-radation procedures were the same as those used for 

1, 3-diphenoxyp·.copan-2-ol. 

II.3.1. The DegLadatiDn of l,3~Diphenoxypropan-L-ol 

II.3.1.1. The degradation of 1,3-dipheno;cyprol?an-2-ol over 

neutral alumina (DH7) 

1,3-Diphenoxypropan-2-oL (20g) was heat~d over neutral 

alumina (lOg). 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 water was reddish-·browri.. The 

products (8,8g; 44/~ w/w) were steam-distilled ar;d the distillate 

extracted with ether. The ethereal solution was washed 

successively with a 10% sodiwn 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. 
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The above procedure was repeated on a larger scale (200g 

l,3-diphenoxypropan-2··ol) and the neutral products were 

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

The p:r.oducts .s.hd their means of identification are 

indi.c.atecl in table 7-. The identified compounds were synthesised 

by alternative routes and their physical characteristics 

compared with those of the degradatio~ products (table 2). 

·II.3.1.2. The degradation of 1,3-d~Eh,enoxypropan-2-ol over 

acidic alumina (pH6) 

1,3-DipheQoxypropan-2-ol (lOg) was heated over a~idic 

alumina (Sg) for approximately 30 min when reaction appeared 

to be complete. The residue was dark and the distillate which 

contained water was reddish-br.o~n (4g; 40% w/w). The tempera­

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

A GLC trace of the products is shown in fig.4. The GLC 

reterition tlmes 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 table 3. The more volatile aliphatic 

compounds were identified by a comparison of their retention 

times with those of standard compounds at three different 

temperatures namely 181°C~ 108,7°C and 8L.,5°C (table 4). 
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The nature and relative abu:i.da11ce of the neutral products 

of this degradation were identical with those of the degradation 

over neutral alur.1ina. 

II.3.1.3. The degradation o~ __ l,3:d~heri.oxypropan-2-ol over 

basic alumina (µH9) 

P:'.:'ior to this degradatirrn. the alumina was tre&ted in three 

ciif f erent ways; 

( 1) heated at 75°C under vacuum f O!.' 4 hr 

(11) heated 
0 ,.. 

14 hr at 150 C under vacuum .cor 

(111) 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 (20g) was heated over basic 

alumina (lOg) for approximately 1 hr after which time degrada-

tion appeared complete. The residue was dark and the distillate 

which contained water was light brown (8,lg; 40% w/w). The 

distillatio:i temperature rose to amaxitnum of 200°C. Th2 

present degradation did not proceed as readily as th~ degrada-

tions over neutral and acidic alumina. .The GLC trace of the 

degradation products (fig.5) differed from those obtained for 

the deg!.'"cidA.tions over ne.utral and acidic alumina (figs. 3 and 4). 

The GLC retention times of the products of the present 
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degradation ivere compared with tlios e of standard compounds 

(tahle 5) as a means of identification. The r.eldtive c:.bunda.nce 

of the products is also indicated in table 5. 

The mer~ vol~tile products were identjfied by a comparison 

of i:heir retention times wi t-11 those of standard co:np:Junds at 

three different temperatures namely 18 i 
0 c, 108, 7°C a:1.d 82; s0 c 

(table 6). 

Mass spectra of all the products ·of the present degradation 

(except for benzene and acrolein which ':<Jere present in too 

small a concentration to analyse) provided identification &nd 

further confirmation of the nature of the products of this 

degradation. 

II.3.1.4. The degradation of l,3-d:iJ2.henoxy2ropan-2-ol (1) under 

nitrogen and (2) in air 

On heating 1,3-diphenoxypropan-2-ol undei:- nitrogen anti in 

air the compound distilled largely :J.n:::-eacted at 360°C, but if 

heated under reflux for approximately 2 hr befor0 dist,;_llation 

a sample of the degradation products could be obtained. 

II.3.1.4.1. The degradation uw;J.er nitrogen of 1,3-diphenoX''/­

propan-2-ol 

The reaction flask containi~g 1,3-dip~enoxypcopa~-2-ol 

(20g) W3.S purged with nitrogen for 15 min, after which time the: . . 
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compound was heated undE:i' reflux for 1, 5 hr with e. gentle 

st'."."eam of .nitrogen passing through the liquid. The degradation 

products were removed by distillation. The t~mperature or the 

distilling products rose to a maximum of 200°C and approximately 

l ml of distillate was collected. 

The GLC tr~ce of the products of this degradation (fig.6) 

was found to correspond with that of tl1e previous degradation 

over basic alumina (fig.5), The products of the presc.nt 

degradation were identified by a comparison of their GLC 

retention times with those of standard compounds. The GLC 

retention times and relative ab11ndance of the products u.re 

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 allyl ether was not observed). 

II.3.1.4.2. The degradation in air of l,3-diphenoxypropan-2-2! 

l,3-Diphenoxypropan-2-ol.(Sg) was heated under reflux for 

approximately 2 hr prior to distillation of the products. The 

distillation temperature did not exceed 200°C and approximately 

0,5 ml of distillate was collecced. The GLC trace of the 

products (fig.7) was identical with that of the degradation 

unde:L nitrogen (.Eig.6). A compc:Jrison of the GLC retention 

times of the products with those of st~ndard compounds provided 
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identification of the products (table 8). 

The nature and relative abundance of the products of this 

degradation correspond with those of the degradation under 

nitrogen. 

II.3.2. The Degradation of l·-<li:]_thyl-3.nilino )-3-:ehenoxypropan-

2-ol 

II.3.2.1. The degrwiation of l-(N-ethylanilino)-3-pr~enoxypropan-

2-ol over acidic, a.lumina (pH6) 

l-(N-ethylanilino)-3-phenoxypropan-2-ol (40g) wa3 heated 

over ac:Ldic alumina ( 20g) at such a rate that the temp2rature 

of the distiliing products did not exceed 242°C. After 

approximately 37 .min reaction appeared complete. The residue 

had charred and an orange-red distillate (26,13g; 65% w/w) 

which contained water was collected. The GLC trace of the 

products is shown in fig.8. 

The distillate was taken up .in ether (100 ml). The 

ethereal solution (A) was extracted with a 10% sodium hydroxide 

solution (3 x }5 ml). The combined aqueous extracts were 

washed with ether and acidified. The liberated products were 

taken .up in ether. This ethereal sol'.J.tion was washed with 

water, d.Lied over anhydrous sodium sulphate and stored as the 

acidic fraction. The ethereal solution (A) was washed 
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successively wii:h a 10% socJ.ium hydroxide solution and wat.er and 

then extracted with 5% hydrochloric acid (3 x 75 ml). The 

combjn~d aqucJus fractions were wa~hed with ether and basified. 

The liberated prorlucts were taken up in ether. This ethereal 

solution was wash2d with water, dr_i_ed over anhydrous sodium 

sulphat~ and stored as the basic fraction. The ethereal 

solu.tion (A) was further washed with 5% hydrochloric acid and 

w21ter, dried over anhydrous sodium sulphate and stored as the 

neutral fraction. 

GLC traces of the neutral and basic. fractions are shown in 

figs. 9 and 10 respectively. 

A ~reliminary 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 (section II.1.1.). N-Ethylskatole which was not 

identified from its mass spectrum alone was collected by 

preparative GLC and identified from its IR and PMR spectra which 

were identical with those of synt~esised N-ethylskatole 

(section II.2.16.). Mass spectra were not obtained for the 

compounds l-phenoxypropan-2-oJ, phenol, anisple, phenyl vinyl 

ether, 5tyrene, ethylbenzene, toluene, acetone and acetaldehyde. 

These products were identified by their GLC retention times 

only. GLC retention times were used to cor.fi~m the identifica­

tion of the rerr.ainder of the products by a comparison of the 
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retentiori times of the products with those of si:andard compounds 

(table 9). In the c&se of 3-methyl-N-phenylpyrrole the 

standard -.;:as not a synthesised compcn:nd but 3-methyl-N-

phenylpyrrole which was separated from the products of th1~ 

thennal degradation of 1-(tJ-ethylanilirio )-3-phenoxyprol!an-2-ol 

(section II.3.2.2.). The relative abundance of p"l'."oducts is 

indic~ted in table 9. 

II.3.2.2. The th2rwal degradation of l-(N-ethylanilino)-3-

phenoxypropan-2-ol 

The thern•al degradation of 1-(~ -ethylanilino )-3-phenoxy-

propan-2-ol was ca'l:'rierl out t:nder nitrogen and in air. The GLC 

traces uf the products of these two degradations were identical 

(fig.11). 

II.3.2.2.1. The degrada·tion of l-(N-ethylanilino)-3--- . 

phenoxypropan-2-ol under nj_trogen 

The reaction flask containing l-(N-ethylanilino)-3-

phenoxypropan-2-ol (20g) was purged with nitrogen (15 min) prior 

to degradation. Degradation prc,ceeded for approximately 50 min. 

The temperature of the distilling products rose to a mm.imum of 

0 212 C and a light brown distillate which contained water was 

collected (5~5g; 27,5% w/w). The Gl.C trace of the produ.cts 

(fig.11) did not corres~ond with that of the degradation over 
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acidic alumina (fig. 8). 

The distil.late was separated into neutral, basic aud acidic 

fractions by the method outlined in section II.3.2.1. GLC 

traces of the neutral and basic fractions are shown in figs. 

12 and 13 respectively. 

Mass spertra were obtained for the products tolu~ne, 

r;thyloenzene, styrene, anisole, phenetole, benzofuran, 

N, N-dimethylaniline, £!-ethyl-N-methylani line, i:~ -ethylc:m] line, 

N-allyl-N-et.hylaniline and 3-methyl-N-ph.enylpyrro::..e. 3-MF:thyl­

N-phcnylpyrrole was collected by preparative GLC and identified 

from :i. ts IR, PMR and mass spectra. The na.ture cf the products 

of this degradation (excluding 3-methyl-N-phenylpyrrole) was 

established by a comparison of their GLC retention times with 

.those of standard compounds (table 10). The relative abundance 

of the products is also indicated in table 10. 

II.3.2.2.2. The degradation of l-(N-ethylanilino)-3-

phenoxypropan-2-ol in air 

l-(N-ethylanilino)-3-phenox.ypropan-2-ol (20g) was 

degraded for approximately 45 min after which time reaction 

appearec complete. The distillation temperature rose to a 

maximum of 2S0°C. The residue had charred and a U ght brown 

distillate which contained water was ccllPcted (7,23g; 36% w/w). 
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The GLC trace of the produ.cts of this degradation compared with 

that of the degradation under nitrogen (fi;.11) and the products 

were not furLher investigated. 

II.3.3. The Degradation cf l...zl_-I)iphenoxyprop_ene 

1, 3-Diphenoxypropene was degraded OVt~r acidic alumi-na (pH6) 

and in air. The nature and Jistribution of the products of 

these two degradations were jdentical. 

II.3.3.1. The d~radation of 1,3-diphenoxypropene over acidic 

alumina (pH6) 

1,3-Diphenoxypropene (lg) was heated over acidic alumina 

(O,Sg). The compound degraded. readily. The temperature of 

the distilling products rose to a maximum of 206°C. A yellow-

brOi.vn distillate was collected (0, lg; 10% w/w). 

A GJ.C trace of the products of this degradation is shown 

in fig.14. The major products phenol, 2-chromene, 3-chromene 

and 2- and 3-methylbenzofuran were identified from thE:ir mass 

spectra and by a comparison of their GLC retention times with 

those of standard compounds (table 11). 
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, II.3.3.2. '.fh~_!_l!_~~egradation of ]~diphenoxypropene 

The thermal degradation of 1,3-diFhenoxypropene (lg) 

occurred readily. The tern.perature of the dist:!_ l ling p:r.oduc. ts 

1~ose to a r.:1aximum of 22J°C and a pale yellow distillate v.;as 

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

The GLC tract: of the prodl.;.cts (f:lg.15) wa.s idenUcal with 

that of the degradation ever acidic alumina (fig.14). The 

nature of the ruaj or products of the present degradation was 

established by a compRrison of their GLC retention times with 

those of standard compounds (table 12.). 
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III. RESULTS 

III.l. ELE'.1ENTAL ANALYSES 

TA:3LE l 

Compound 
Calculated FourLj 
%C %H %C %H 

1,3-diphenoxypropan-2-ol 73,8 6,6 73,8 6,6 

1-U~ -ethylanilino) ~3-phen.oxy-
7,7a propan-2-ol 75,3 7,7 7S,O 

1,3-diphenoxypropene 79,6 6,2 79,4 6,4 

phenyl allyl ether 80,6 7,5 81,2 7 '4 

2-methylcoumaran 80,6 7,5 80,5 7,7 

2-methylbenzofuran 81,8 6,1 82,6 6,6 

3-methylbenzofuran 81,8 6,1 81,l 6,6 

chroman 80,6 7,5 81,3 7,6 

phenoxyacetone 72,0 6,7 7li6 7,0 

l-phenoxypropan-2-ol 71, 0 8,0 70,5 8,3 

o-allylphenol · 80,6 7,5 80,4 7,6 

benzofuran 81, 4 5,1 82,3 - ') 

.) ' ,;.. 

N-ethyltetrahyd~oquinoline 82;0 9,3 81,6 9,4 

a 
N calculated .J, 2%; found 5, l/~ 



III.2. 

TABLE 2 
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DEGRADATION DATA 

Neutral produc~s of the deg~adation over neutral 

alumina of 1,3-diphenoxypropan-2-ol 

GLC Retention Time Mea:J.s of 
Compound 

of standard of 
a degn. product Identif icat1.on 

min min 
-----· 

phenyl allyl ether 13,3 13,2 IR, MS 
b,c 

2-methylcm.:..maran 15,8 15,9 IR, MS 
c 

2-methylbenzofuran 17 '4} 
3-methylbenzofuran 

17,7 IR, MS, PMR 
18,l 

chroman 25,9 25,7 IR, MS c 

phenoxyacetone 46,1 45,8 IR, MS, PMR 

l-phenoxypropan-2-ol 58,1 66,9 IR, MS, PMR 

adegn. = degradation; bMS = mass spectroscopy; cinsufficient 

sample was available for PMR to be determined. 
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.GLC trace of the neutral products of the degradation ov~r neutral alumina 

(pH7) of 11 3- diphenoxypropan- 2- ol. 
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TABLE 3 Products of. the c.J.egradation over acidic alumina of 

l,3-diphenoxypropan~2-ol 

Relative GLC Retentinn Time 
Conipound AbunJance of standard of degn.:_->roduct 

min min 

Phenol major 57,2 57,5 

phenoxyacetone " 46,1 46' ]_ 

l-phenoxypropan-2-ol minor 68,1 67,9 

2-methylbenzofu.ran } fl 17,4 } 11' 5 3-methy lbenzofu1-an 18,1 

2-methylcoumaran trace 15,8 15,8 

phenyl allyl ether II 13,3 13~1 

chroman " 25,9 25,9 

2 -chromene II 22,1 22,4 

3 -chromene II 30' 7 30' 9 

acetone } " 1,8 } 1,8 
propionaldehyde 1,7 

n-propanol II 2,4 2,4 

acetaldehyde II 1,5 1,5 
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diphenoxypropan - 2- ol. 
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TABLE 5 Products of the degradation o·ver basic alumina of 

1,3-diphenoxypropan-2-ol 

Relative GLC Retention Tim~ 
Compound Abundance of standa.rd of degn. prr,duct 

min min 

Phenol major 57,2 57,1 

benzaldehyde II 13,8 13,8 

phenylacE:taldehyde rn5nor 19,8 19,8 

o-allylphenol II 96,7 96,9 

phenoxyacetone. II 46,1 46,3 

benzofuran 
} 

II 12,9 
} 13,1 

phenyl allyl ether 13,3 

2-lL1ethylbenzofuran 
} 

II 17, L} 

} 17,5 
3-rnethylbenzofurdn 18,1 

2-rnethylcournaran trace 15,8 15,8 

l-phe11oxypropan-2-o 1 II 68,1 68,5 

benzylalcohol II 38,5 38,6 

3-chrornene II 30' 7 30' 6 

chrornan II 25,9 25,9 

2-chromene II 22,1 22,1 

anisole II 7' 3 7,3 

styrene II 5,7 5,8 

toluene II 3,1 3, l 

acetone II 1,8 1,8 

acetaldehyde II 1,5 1,5 

ethylbenzene II 3,9 4,0 

benzene II 2,4 2,5 

acrolein " 1,9 1,9 
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TABLE 7 Products of the degradu.tion under nitrogen of 

1,3-diphenoxypropan-2-ol 

GLC Retention Time 

Compotmd 
Relative 

of standard af degn. product Abundance. 
min min 

phenol. . major 57,2 57,0 

benzaldehyde " 13,8 .13,9 

phenoxyacetone minor 46,1 46,1 

phenylacetaldehyde " 19,8 19,8 

2-m3thylbenzofuran 
} 

II 17 J 4 
} 17,5 

3-methylbenzofuran 18, l 

o-allvlphenol trace 96,7 97,3 

benzylalcohol II 38,5 38,5 

1-phenoxypropan-L-ol " 68,1 68,2 

3-chromene II 30' 7 30' 7 

benzofuran II 12,9 13,0 

2-methylcoumaran II 15,8 i.S i 8 

chroman " 25,9 25,9 

2-chromene II 22,1 22,2 

anisole " 7,3 7,4 

styrene II 5,7 5,8 

toluene II 3,1 3,2 

acetone " 1,8 1,8 

acetaldehyde " 1,5 1,5 

benzene 
,, 

~~4 2,5 

ethylbenzene " J,9 4,0 

acrolein " 1,9 1,9 
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FIGURE 6 

G LC trace of the products of !he degradation under nitrogen of I, 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 ReJ.ative 
of standard of degn. product Abundance 

min min 

phenol major 57,2 57,1 

benzaldehyde II 13,8 1_3' 8 

phenoxyacetone minor 46,1 4-6' 1 

phenyJ.acetaldehyde II 19,8 19,8 

2-methylbenzofuran 
} 

II 17,4 
} 17,5 

3-methylbQuzofuran 18,1 

o-allylphenol trace 96~7 96,4 

benzylalcohol " 38,5 38,4 

l-phenoxypropan-2-ol " 68,1 68,0 

benzofuran II 
12~9 12~9 

2-methylcoumaran II 15,8 15,8 

3-ch:c(1mt:;ne " 30' 7 30' 7 

chroman II 25,9 25,7 

2-chromene II 22,1 21,6 

anisole II 7,3 7,3 

styrene " 5,7 5,7 

to]uene II 3,1 3,1 

acetone II 1,8 1,8 

acetaldehyde " 1,5 1,5 

ethyl benzene " 3,9 3,9 

benzene II 2,4 2,5 
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G LC tru~e of the products of the degradation in air of 1,3- diphenoxypropan-2- ol. 
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TABLE 9 Products of the degradation ov8r acidic alumina of 

l-(N-ethylanilirio)-3~phenoxypropan-2-ol 

GLC Retention Time 

Compound 
Relative of standard of degn. product 

Abundance min min.· 

N-ethylaniline major 24,6 24,6 

phen8! II 57,2 . 57 '4 

N-ethylskatole minor 78>9 79,6 

N-ethvl··N-
- J ·-

methylaniline " 17,0 17,0 

N;N-diethylaniline II 18,0 17s9 

N-allyl-N-ethylaniline " 26,6 26,5 

N-ethyltetrahydro-
quinoline II 54,0 54,0 

phenetole trace 8,1 8,2 

phenoxy ace ton·~ " 46,1 46,3 

chroman " 25,9 26,0 

2-methylbenzofuran 
} 

·17,4 
} II 17,6 

3-methylbenzofuran 18' 1 

2-chromene II 22,l 22,1 

N-ethylindole II 61,8 62,0 

l-phenoxypropan-2-ol " 68,l 68,0 

3-methyl-N-phenyl-
II 66,1 "-' 66 a pyrrole 

benzofuran II 12,9 13;0 

2-methylcoumaran " 15,8 15,9 

phenyl vinyl ether " 7,0 7,0 

anisole " 7,3 7,3 

3-chromene :t 30' 7 30' 7 

ethanol II 1,9 1,9 

n-propanol II 2,5 2,4 
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TlillLE 10 Products of the thermal degradation of 

l-(N-ethylanilino)-3-phenoxypropan-2-ol 

Relative 
GLC Retention 

Compound Abundance of standard of 
min 

phenol mcjor 57,2 

N-ethyl-N-
methylaniline " 17,0 

N-ethylaniline If 24,6 

3-methyl-N-phenyl-
pyrrole minor 

N-allyl-N-- - II ethylaniline 26,6 

benzofuran " 12,9 

benzaldehyde " 13,8 

2-methylbenzofuran 
} 

II 17 '4} 
3-methylbenzofuran 18,l 

£-allylphenol trace 96,7 

anisole " 7,3 

N-ethylskatole " 78,9 

N,N-dimethylaniline " 14,8 

ethylbenzene " 3,9 

toluene II 3,1 

benzene II 2,4 

styrene II 5,7 

N-ethyltetra-
hydroquinoline " 54,0 

N-ethylindole " 61,8 

chroman 
,, 

25,9 

2-chromene II 22,l 

benzylalcohol II 38,5 

3-chromene II 30, 7 

so 

Time 

degn. pr0duct 
!llin. 

57,3 

17,0 

24,6 

66,1 

26,5 

12,9 

13,8 

17,5 

95,1 

7,3 

78,9 

14,9 

4,0 

3,2 

2,5 

5,7 

54,2 

61,3 

25,6 

22,5 

38' 6 

30 }5 



TABLE 10 (continued) 

·compmind 

acetone 

acetaldehyde 

pnenetole 

Relative 
Abuadance 

trace 
II 

" 

51 

GLC Retention Time 

of standard 
min 

1,8 

1,5 

8,1 

of degn. product 
min. 

1,8 

1,5 

8 ,.2 
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GLC trace of the products of the· degradation of I- (N-ethylanilino)-3- phenoxy­

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

alumina of 1,3-diphenoxypropene 

Compound 

phenol 

2-ch::-0mene 

3-chromern= 

Relative 
Abundance 

major 
II 

mf nor 

2-methylbenzofuran } 

3-methylbenzofuran 

II 

of 

GLC Retentio1J. Time 

sta.ndar<l of degn. prcduc.t 
min min 

5752 57,2 

22,1 22,3 

30' 7 30,9 

17 '4} 17,7 
18,1 

TABLE 12 Major products of the thermal degradation of 

1,3-diphenoxypropene 

Compound 

phenol 

2-chromene 

3-chromere 

Relative 
.\bundance 

major 
II 

minor 

2-methylbenzofuran ,, 

3-methylbenzofuran } 

of 

GLC Retention Time 

standard of degn. product 
min min 

57,2 57,2 

22,1 22,2 

30' 7 30' 8 

17 '4} 17,6 
18,l 
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III. 3. DISCUSSION OF Al\'ALYTICAL RESULTS 

III.3.1. Mass Spectra of the Model Compounds li3-DiphenoxypropaD-

2-ol and l-(N-Ethylanilino)-3-phenoxyprop~n-2-ol 

III.3.1.1. The mass SJ2ectrum of l,3-diphen0xypl.·opan-2-o_l 

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

peaks at mle 244, mle 150, mle 133, rnle 107, mle 94 and role 77. 

The molecular ion (!!,!le 2~ 1+) appears to decompose to the 

M-94 ion (~I~ 150) thr~ugh the loss. of phenol. This process is 

supported by the appearance of a metastable peak at !!!le 92,2 and 

~strong peak at !!!le.94 possibly due.to the charged phenol 

fragment. The ml~ 107 fragment which may originate from the 

molecular ion (supported by a metastable peak at !!!le 46,9) or 

from the M-94 ion (supported by the presence qf a metastable 

peak at mle 76,4) may decompose to the mle 77 fragment through - - - -
the loss of CH

3
co as indicated below. The appearance of a 

metastable pe?.k at ml e 72, 5 indicates t~1at the !!!I e 133 fragment 

may ori_ginate from the molecular ion. The exact nature 0£ this 

fragment and the mechanism involved in its formation are not 

known. A possible fragmentation pattern for the decomposition 

of 1,3-diphenoxypropan-2-ol may be depicted: 
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rr./e 150 
!!!/~ 150 

!!!I~ 66 + !!:!1~ 65 

mle 43 !!!1~ I 07 

[ ?H l~j 
l:\_o--CH2-CH tcH--- -o-0 - ~ \.:::_/ $ t:. \::....J CH 2 - 0 + \:f/ 

ml~ .244 

[ 0-oiCHz~-CHz-0-0 r 
ml~ 244 

~OR 
mle 133 

-H" 

~CH3 

~v 
mle 133 

mle 77 

!!J/~ 51 

The mass spE'ctrum of phenoxyacetone has major peaks at 

to the above fragmentation of the ~/e 150 fragment. 



IIJ.3.1.2. The mass spcc~rum of l-(N-ethylanilino)-3-phenoxy­

propan-2-ol 

The molecular ion (m/e 271) of l-(N-ethylanilino)-3-
. . 

phenoxypropan-2-ol loses @-0-CH'>-C.HOH to give a strong peak 
L. 

at ~/e 134 (base peak). This decomposition is suppocted by the 

presence of a metastable peak at !!!le 66,3. The M-137 ion 

(m/e 134) decomposes to the M~l65 ion (!!:!/e 106) through the loss 

of ethylene. This process is supported by the presence of a 

metastable peak at ~/e 83,9. The decomposition may be represented 

as follows: 

! 
m/e 271 

~/~ 134 (base peak) m/e 106 

.Two other strong peaks in t:1e mass spectrum of 1-(N-

etr.ylanilino)-3-phenoxypropan-?.-ol occur at: ~/e 86 and !E_/e 84. 

The fragmentation pattern leading to the formation of these two 

fragments is not known. 
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III.3.2. The Mass Spectrum of Chroman 

. 
- CH 3 

tn* I 05 17 i~ 
(a) ml~ 134 (c) ml.~ 1:9 

(b) [!)!£ 13'.3 

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

chroman decomposEs to the M-15 ion (c) through the expulsion of 

a methylen2 group. T~is has been regarded. as an unlikely process 
45 

45 
and it has been suggested that the M-15 peak is due rather to 

the presence of a contaminating homologue containing one less 

m2thyl group. 

In thE.· present work a mass spectrum of pure chroman was 

obtained by determining the mass spectrum on the GLC peak 

representing chroman as it emerg8d from a gas chromatograph 

(section II.1.1.). Contamination of the sample by 2-methyl-

coumaran (which decomposes to (c) through the loss of CH
3

) is 

considc:red unlikel'; since this compound has a different reten~~ion 

time. The presence of a metastable peak at !£/e 105,7 in the 

mass spectrum of chroman supports the loss of a methyl g~oup 
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from the molecular ion (a) to form the M-15 ion (c). It is 

possible that chroman rearranges to the 2-methylcoumaran 

sti.ucture prier to loss of CH
3 

to form the M-15 ion (c). 

III.3.3. The PMR Spec=rum of 1,3-DipheI:ioxypropene 

trans - isomer ---
(quartet) 

4 1 2 - 5 1 IT (multiplet) 

51 4 T {quartet) 

cis ~ isomer 

The PMR spectrum of a mixtur.e of the cis- and trans-isomers 

rif l,3~diphenoxyprcpene is complicated by the difference between 

chemical shifts46 and ccupling constants
47 

of corresponding 
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protons in the tv!O isomers, The met.hir1e groups a and a' are 

represeni::e<l by a pair of doublets around 3,46i. The methine 

gro~ps b and b' give rise to a complicated multiplet around 

. 4,65T. The methylene g~oups c and c' give rise to a pair of 

doublets around 5,4T. 

III.3.4. The PMR Spectra of Phenoxyacetone and l-Phenoxypropan-

2-ol 

Phenoxyacetone 

0 
II 

@O-CH2 - C - CP.3 

(a) (b) 

l-Phenoxypropan-2-ol 

OH 
I 

G"O-CH2 - CH-CH3 

(a) (b) 

a 

b 

5,47 r 

7, 73 i 

a 6, 10 T 

b : 8,75 r 

(singlet) 

(singlet) 

(multiplet) 

(doublet) 

The PMR spectra of phenoxyacetone and l-phenoxypropan-2-ol 

which were se?arated from the products of the degradation ove.c 

neutral alumina of 1,3-diphenoxypropan-2-ol (section II.3.1.1.) 

were used to identify these products. 

III.3.5. The PMR Spectra of 2- and 3-Methylbenzofuran 

2- and 3-i·1ethylbenzofuran we.ce separated from the products 

of the degradati·::m over neutral alumina of 1, 3-diphenoxypropan-

2-ol (section II.3.1.1.) as a mixture of the two products. 
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The PMR spectrum of the mixtnre provided identification of the 

products. The PMR spectra of the pure synthetic 2- and 3-

methylbenzofuran are summarised: 

2-methyltenzofuran 

H (a) 

~ CH3 ~~-o,_. ( b) 

· 3-methylbenzofuran 

. CH3 (b) 

~H (o) 

a 

b 

3,72'f 

7' 62 'f 

a -"./2,63'T 

b 7,79'f 

In the spectrum of the mixture two distinct methyl signals 

are observed at 7,6T and 7,8T. The signal at 3,7'T is shown by 

integration to represent one methine group while 9 aromatic 

protons including the hydrogen adjacent to oxygen in J-~ethyl-

benzofuran are represented by a multiplet 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 

degradation over acidic alwnina of l-(N-ethylanilino)-3-phenoxy-

propan-2-ol (section II.3~2.1.). The GLC retention time, IR and 

mass spectra indicated that the product was N-ethylskatole. This 

was confirmed from its PMR spectrum. 
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N-ethylskatole 

CH3 (b) a 3, 16T ro-H (a) b 7, 68 T / 
'" I 
CH2CH3 

2-:nethyl.indole 

H (a) 3, 79 T 

ffi-cH 3 

a 
(b) b "J,S':JT 

N 
H 

ska tole 

. CH3 (b) a . 3, 14 T 

~h 
. . 

(a) b 7, 66 T 

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. 

III.3.7. The Identification of 3..,;Methyl-N-phenylpyrrole 

3-Methyl-N-phenylpyrrole w~s separated from the products 

of the thermal degradation of l-(N-et~ylanilino)-3-phenoxypropan-

2-ol (sectioP II.3.2.2.1.) 

m.p. 70-1°c
48

). 

0 . 
as a white solid (m.p. 63-4 C, Lit. 

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

The PMR spectrum clearly indicates the position cf the methyl 



group on the heterocyclic ~ing. 

(a)H· H(b) 

@-~ 
( 

') H . CH3 
a (c) 

a+a': 3,0-3,32r 

b 3j92T 

C 7:86T 
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(multiplet) 

(multiplet) 

(singlet) 

The methine signals at 3,0 - 3,32T and 3,92T occt.~r as 

, . 1 b f 1 1. h . 49 mu_,_ tip ets . ecause o ong-rc:ng!= coup ing across Le ring 

The above assignments are in agreement with the values of 

·the methine groups in t.he 2 end 3 positions of pyrrole namely 

f._9 
3,40T and 3,91T respectively' That the. methyl group is in 

the 3 position on the heterocyclic ring is confirmed by proton 

integration of the methine signal at the higher frequency 

(3,92T). 

This result is supported by the fact that whereas the 

degradation product is a solid, 2-methyl-N-phenylpyrrole is a 

so 
liquid at room temperature 

The mass spect:::-um of the degradation product is in agreement 

with th~ proposed structure. The molecular ion (~/e 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: 
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-H 

rn/e 157 ~/~ 156 (base peak) 

l 
®+O 
rn/~77 

. 45 
It has been reported that pyrroles containing only 

C-methyl substitue.nts have their base peaks at M-1 and that 

other fragmentations a.re of relatively low abundance (the M-1 

. b bl . h . d. . . 45 ) 1ons pro. a y exJ_st as t e pyr1 1n1um cat1ons . 

The IR spectrum of the degradation product is also in 

agreement with the structure of 3-methyl-N-phenylpyrrolc. 

III.3.8. The Identification of 2-Chromene 

2-Chromene was identified as a degradation product by a 

compar:lson 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 (!!!/,'.':, 131, base peak). Very little further 

fragmentation occurs. 
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~H 
0 CH 

ml~ 132 

' 
"' - u• 

~ 
@:Q 

0 . 

!:!!/~ 131 (base peak) 

The GLC retention time of 2-chromene (21.l min) in the 

degradation over acidic alumina of l-(fi-ethylanilino)-3-phenoxy-

propan-2-ol (section II.3.2.1.) was used as a standard for 

comparison with the retention times of 2-chromene in other 

degradations. 

The assignment of the 2-chromene structure to the product 

eluting at 21,l min in the gas chromatograms of the degradation 

products is supported by the retention times of the products 

2-chromene, chroman and 3-chromene which elute in the following 

order: 

2-chrornene 

22,l min 

chroman 

25, 9 m:i_n 

3-chromene 

30, 7 min 
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These compounds may be represented by the followin~ part-

structures: 

2-chromenc: + 

ethyl benzene phenyl vinyl ether 

chroman + 

ethy lbenzer,e phenetole 

3-chromene + 

styrene: phenetole 

2-chromene and chroman differ in that 2-chromene has the phenyl 

vinyl ether part-structure whereas chroman has the corresponding 

phenetole part-structure. That the retention time of chroman is 

longer than that of 2-chromenA is supported by the fact that the 

retention tin1e of phenetole ( 8, 1 min) is longer than that of 

phenyl v.i.nyl ether (7 ,O min); The difference between chroman 

and 3-chromene lies in the ethylbenzene part-structure of 

chroman and the corre3ponding styrene part-structure of 

3-chromene. Their order of elution :Ls supported by the order of 

elution of ethylbenzene (3,9 min) and styrene (5,7 min). 
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A similar situation exists in t.he c.a.se of 2-methyl­

be~zofuran which elutes after 2-methylcouoaran. 2-Methyl­

benzofuran contains overlepping styrene and phenyl vinyl ci::.her 

part-struc.tures, The effect of the form~r part-structure 

appears to predominate because. of the longer retention time 

of 2-methylbenzofuran. Jn fact the effect of the styrene part­

structure appears the stronger since the ratio of tLe retention 

times of styrene and ethylbenzene (1,45) is greater than the 

ratio of the retention times of phenetole and phenyl vinyl 

ether (1,16). 
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IV. DISCUSSION 

IV. 1. ~HE DEGRADATION OF l,3-DIPHENOXYPROPAN-2-0L 

1,3-Diphenoxyprcpan-2-ol was degraded under four different 

conditions; 

1 over neutral alumina (pH7) 

2 over acidic alumina (i;:,H6) 

3 over basic alumina (pH9) 

4 under nitrcgen and in air. 

The products o?. the first two degradations (tables 2 a.nd 3) 

were identical and diffAred from those .of the second two 

degradaLions (tables 5,7 and 8) which were also identical. 

The nature of the alumina appeared to modify the degradation 

reaction. 

. 51 
It has been found that alumina has intrinsic acidity which 

can undergo profound modifications as a result of the alkali 

content of the alumina. This varying acidity has been used to 

explain the disagreement between reports of different investiga-

tors not 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 of ten contains sodium 

- 52 
carbonate and bicarbonate . The alkali of alumina may be 
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removed by washing with water or dilute acid giviug; on 

· · 200°r 1 · d · 1 · 52 reactivation at ~t neutra or aci ic a umina . 

53 
FEACHAM and SWALLOW have shovm that a decrease in sodium 

content enhances the catalytic activity of alumina with respect 

to the rate of dehydration 0£ ethanol to ethylene. The activity 

of alumina for dehydration and i someriss.t ion is markedly 

d d b d b d d . . . 54-58 -l 11 f ecrease y a sor e so ium or potassium ions anu a o 

the dehydrating capacity can be removed by impregnation with 

0,025-0,3 mmole of sodiu~ ions per gram of alumina55 , 59 , 60 . 

In the degradation of 1,3-diphenoxypropan-2-ol the effect 

of this acidity was evident. Interaction with neutral and acidic 

alumina gave rise to products with three aliphatic carbon atoms 

which suggested that catalysed carbon-oxygen fissi8n had occurred. 

Interaction with basic alumina gave rise to the same products as 

the degradation without alumina in which thermal homolysis might 

have occurred causing fission of both carbon-oxygen and carbon-

carbon bonds. It appeared that the basic alumina had not caused 

preferential carbon-oxygen fissioa to any appreciable extent, 

The degradation bver ba~ic al1wina, however, proceeded more 

readily than the degradation without alumina which suggested 

that basic alumina ha.d in some way accelerated the degradation. 

< ·61 62 
It was found ' that impregr.ation of alumina with lithium 

atoms caused an increase in its adsorptive capacity for c2 to c4 
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alcohols. The desorption of ethanol in the form of ethanol and 

of diethyl ether wai:s intensified and its decomposition to 

ethylene we.s inhibited62 . In a similar manner basic alumina 

might have restricted the mobility of the 1,3-diphenoxyproFan-

2-ol molecule, .thus facilit~ting decomposition without 

necessarily promoting carbon-oxygen fission. 

IV.1.1. The Degradation of 1,3-Diphi:.;noxypropan-2-ol over 

Neutral and Acidic Allil.llina 

At low temperatures alumina has a strong tendency to be 

51 63 
completely hydrated at the surface ' . The tempeL"ature of 

reactivation of the catalyRt considerably affects both the nature 

63 
and relative proportions of the reaction products . Prior heat-

treatment of the catalyst above 800°C causes both dehydro-

63 
genation and dehydration reactions of alcohols to occur The 

55 
formation of trace amounts of butyraldehyde from E-butanol , 

56 2-butanone fr0m 2-butanol and acetaldehyde and acetone from 

63-65 ethanol has been reported. The formation of carboxylate-

like structures by alcohols on the surface of alumina has been 

66-68 68 reported and it has been suggested that dehydrogenation 

reactions occur via this intermediate. 

0 69 
Reactivation of the alumina at 90 C under vacuum or at 

2oo
oc52 1 . . r 1 d52' 63 eaves the structure of the surr:ace uncnange . In 

this works before each degradation, the alumina was heated for 
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0 
at least two ho~rs at 150 C under vacuum to remove adsorbed 

water without causing a change in the alumina surfa~e whlch 

would promote dehydrogenation reactions. 

The details cf alcohol dehydr~tion reactions on alumina 

have been summarised by WINfIELD
70

, PINES ar.d MANA::iSEN
54 

and 

recently by NOTARISl and BREMER and coworkers 
60 

M,)St more . 
postu1ates of mechanisms f cr alcohol dehydration are keyed to 

the formation of chemi~:;Qj:bed alkoxide :::;pecies 71-75 In addition, 

ethers can be cleaved on P.lumina to form the same :i ntermedj ate 

. . . 51 62 67 76 77 
alkoxide spec:!.es as the corresponding alcohols ' ' ' ' • 

The formation of the surface alkoxide requires the presence 

f b h f 1 . . d 'd . 51 o ot sur ace a uminium an oxi e icns The generally 

. 59 60 66 
accepted model ' ' for the surface of alumina proposed by 

78 79 PERI ' assumes that the surface ~etains a random configuration 

of hydroxyl groups after dehydration, which leaves adjoining 

residual oxide ions and oxide vacancies (exposed aluminium ions). 

The aluminium ions provide the electric field by which negative 

oxygen atoms are attracted and chemisorbed and tte oxide ions 

help dissociation of the hydrogen or organic fragment by the 

f . f O OR- 51,59,80 ormation o H er groups 

1, 3-Diphenoxypropan-2-ol may react with aluu-1ina to form 

alkoxide3 which result from fission of aliphatic carbon-oxygen 

bonds. Fission of aromatic ca.rbon-oxygen bonds _;_s not considered 
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likely because of their sta_bility which results from resonance: 

~- J + 
0 .- - --......:_· - -· (J=o- -~ '/ - -=0- •-Ol!E- - - --~ O + 

- 0-

This postulate leads to the following possible intermediates: 

lA @-O-CH2-CH-CH 2 er I I 
0 0 0 OH 

I I I I 
Al Al Al Al 

I \l \ I\ I \ 
0 

lB @-0-CH -CH-CH © 
2 ! I 2 I 

OH 0 0 

I I 
Al Al 

I \ I \ 

2A © CH -CH-CH © I 2 I I 2 
I I 
6 0 0 0 0 OH 

I I I I I I 
Al 

/A\ jA\ '\ 
Al Al 

I \ I \ - I \ 
0 0 

2B © fHz-1H-?H2 e 
I I 
0 0 OH 0 0 

I I I I 
Al Al Al Al Al 

I \ I 'QI \(; \ I \ 



3 ~~0-CE -CH-CH -O-fO\ 
~ 21 2 \::.! 

0 

I 
Al 

I \ 
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The intermediate structures lA and 2A have two and three 

oxygen atoms respectively on adjacent carbon atoms bonded to 

a.lumi_nium ions in the aluminci.. ·such a bonding fl?.ay require a 

certain amount 0£ distortion of the molecules in order to form 

these intermediates but this distortion is not considered 

prohibitive. 

According to PERI 79 an oxide ion on the surface occupies 

. 02 
an area of approximately SA . The internuclear distance between 

two oxygen atoms of a molecule occupying adjacent vacancies on 
0 

the surface would therefore be approximately 2,83A. If it is 

assumed that the carbon-carbon and ca.rbon-oxygen bond lengths 
0 0 

are the same as those in the free molecule namely. l,54A a.nd l,41A 

respectively then· it c;.an be shown· that the required distortion of 

the carbon-carbon-oxygen bond angle from the normal tetrahedral 

109° ~8' to aµproximately 118° is not too severe. The ~ormation 

of the intermediate 2A with three adjacent carbon atoms hEt.ving 

oxygen atoms adsorbed on the surface.may require furt,her 

distortion of the molecule. 
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It should be noted, however, that the structure of the 

alkoxide will be affected by the ionic character of the oxygen 

to aluminium bond as well as the temperature at which adsorption 

occurs. The alkoxide chemisorLed surfac'= species of normal 

alcohols have been reported to exist on the surface between 

150°C and 430°c
66

'
82

. 

In general, the intermediate structures lA and 2A suffer 

a certain degree· of distortion hut this is not consid0red 

sufficient to prevent their formation in view of the relatively 

small distortions required, the partially ionic bonding and the 

temperatures involved. 

·The inter.mediate alkoxides can undergo reactions which 

lead to the formation of alcohols, ethers and olefins
51

: 

The carbon atom attached to oxygen in these intermediate: 

alkox1des is the positive end of a dipole
51 

and can there~ore 

be attacked by a nucleophile e.g. OH which leads to the 

generation of a neutral alcohol molecule and leaves an ionic 

51 59 
vacancy. This process may be represented as follows ' : 

R H 

(b":b 
\ I I 

Al Al Al 

I \/ \/ \ o a 



R H 
\ I 

\ I 
0~+0~5 I I_, 

\1 Al 1-\l 

I \/\I\ 
0 0 
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\ /o\ 
Al Al Al + ROH 
,!\/\/\ 

0 0 

This rnechanlsm has been adopted to explain the possible 

alcohol desorption reactions in the degradation of 1~3-diphenoxy-

propan-2-ol over alumir1.a (fig.16.). 

A similar mechanism which involves the reaction of two 

adjacent alkoxide groups can be postulated for ether formatior. 

1 
. 51 on a umina , 

68 71 82-84 
although many authors ' ' claim that ether 

formation results from the reaction of an alkoxide with a 

molecularly adsorbed alcohol molecule. HEIBA and LANDis
76 

have, 

however, shown that aluminium alkoxi<les decompose to form Leth 

ethers and olefins. 

1, 3-Diphenoxypropan-2-ol was degrl!.ded at approximately 360°C 

with uo apparent ether formation. The production of appreciable 

quantities of any particular ether structure was considered 

unlikely because of the number of possible alkoxid.e structures 

produced on the alumina surface. Furthermore it has been found 

56,60,63,67,85 h 1 h 1 d f h b t at c
2 

to c
8 

a cc o s o not orm et ers a ove 

...,50°(' 
..) '-' . 
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The dehydration of alcohols over alumina occurs by the 

concerted or s~quential removal of the hyd~oxyl group of the 

alcohol by an acidic site of the r:atalyst and the abstraction 

~4 68 
of a proton by a base~ ' This.base may be a basic site on 

h 1 . 51.54.68,86 h 1 h , . 1 1 87 t e a umina · or anot i.er a co oi. mo ecu e · . 

. .86-88 
·Although products of Y-elimination have been reporced 

h . . h . SJ. t.is is not a common mec anism . If the molecule contains 

. . 51 54 68 
~-protons, 6-elimination appears to predominate ' ' . It 

has b~en suggested that Y-elimination competes with S~elimination 

87 
only when steric hindrance retards absLraction of the ~-hydrogen . 

Preferential cis- or trans-elirninatio'J. of the 6-hydrogen has been 

51 86-88 reported ' . In order to explain the tra~-elimination 

54 PINES and MANASSEN have prop0sed a mechanism similar to 

solvolytic elimination ·reactions, for which purpose the concept 

of alumina acting as a "pseudo-solvent" which surrounds the 

alcohol ~olecule has been advanced. The hydroxyl group and 

the proton are removed from opposite sides of the molecule by 

the acidic and basic sites of the alumina (fig.17). The reaction 

takes place within th~ pores and/or crevices of molecular 

dimensions of the alumina. 

FIGURE 17 
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Objections to this mechanism are based on the severe steric 

requirements for acconmodation of the alcohol molecules in the 

cracks and mJ..cropores of the ci lumiJ.1a 
51 

. 

. NOTARr 51 has suggested an alternative mechanism of 

dehydration which explains the formation of either i::.is- or trans-

isomers from alcohols containing two S-hydrogens by invbking a 

cis-eli~ination reaction on a single surface of alumina. Thjs 

mechanism however cannot explain the formation of trans-isomers 

from alcohols containing only one S-hydrogen. NOTARI's 

mechanism requires the formation of a cyclic transition state 

by the alcoholic oxygen atom, the a- and S-carbon atoms, one of 

the S-hydrogen atoms, one oxide ion of the surfo.ce and an 

aluminium ion in the interior oi the solid (fig.IBA). In order 

to form this cyclic transition state a S-hydrogen is di1:ected 

towards the surface, whether this is the ci~- or trans-hydrogen, 

in an alcohol containing two S-hydrogen atoms, is determined by 

the steric repulsions between the bulky groups of the molecule 

and the surface. Steric interact.ion with the surface may be 

more important than inseraction ~vith the other groups of the 

molecule; thus, depending on the natu:.:e of the alcohol either 

60 
~is- or trans-isomers may be formed. BREMER and coworkers 

have postulated the formation of a similar cyclic intermediate 

(fig.18B) to explain the dehydration mechanism. 
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FIGURE iSA FIGURE 18B 

The two intermediate st~uttures are essentially the same; 

in both cases the .adsor'.Jed alcohol forms the same complex with 

the surface. 

This mechanism which involves th~ internal degradation of 

an aluminium alkoxide has been used by many workers to explain 

olefin formation67 ,Jl,ll,B 9 , 9o. 

In the degrc:-tda.tion of 1,3-diphenoxypropa.n-2-ol many products 

resulting from dehydration reactions were observed. Their 

formation can be explained by the mechanism p:coposed by NOTAR:t 51 

i.e. the abstra.ction of a hydrogen from the .aluminium alkoxidG 

by an oxide ion on the surface of alumina (fig.J6). Whether this 

. 1 f f h 1 . 51,60 . . occurs on a sing e sur ace o t e a umina or in a crevice 

as suggested by PINES and MANASSEN54 is immaterial since the 

products involved do not exhibit geometrical isomerism. 

In many cases carbonium ion formation has been postulated to 

explain dehydration reaction.s whic.h involve ske l.etal isom2risati0Il 
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or where the preferred cis- or trans-elimination h~s not 

d
51,54,68,70,91 

occurre . . The aluminium alkoxide can undergo 

heterclytic dissociatlon of the cerbon-8xygen bond tc form 

a carbonium ion ~·Jhi.ch can rearrange to a different structure 

which may be stabilised by the loss of a proto!1 to the surface 
51 

or by the abstraction of a hydride ion from a neutral molecule. 

Hydrogenation 

92 93 ·reported ' 

reactions of <::.1.kenes on u.lumina have been 

The formation of many products in the degrad&tion 

of· 1,3-diphenoxyp.ropan-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 the abstraction of a hydride f_rom a neighbouring source 

(fig.16). 

An alternative mechanism for the formation of thes2 

products which would not liberate free carboniurn ions would 

involve prio:i: 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 carbon-oxygen bond and stabilisation through 

either loss 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-ol have been depicted in fig.16. 
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FIGURE 19. 

(I) dehydration renction. 
(2) heteraiytic fission of the C-Obond. 

(3) H- (ldd1tiu11 

(4) loss of H+. 

Possible alternative routes to certain products in th(! degradation over alumina 

of : 1 3- diphenoxypropan - 2 - ol. 
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The formation of some products has been dspicted for the sake of 

. simplicity as occ11rring through the reaction of the intermediate 

alkoxides lA and 2A where two or three oxygen functions of 

J , 3-diphenoxyprcpan-2-o 1_ a:re simultaneously adsorbed on the 

alumina surface.. In fact thes2 products ~ay be formed by the 

stepwise addition of the ~ecessary oxygen functions and their 

subsequent react.ions. This would require the liberation of 

neutral molecules which irt turn readsorb onto the surf ace and 

undergo further reaction. This is illustrated by the formation 

of acetone (fig.20). 

In fig.16 the loss of a proton from the t-.ertiary carboniu.:n 

ions 

and 

to form the aromatic benzofuran strur,tures was considered more 

likely than the addition of a hydride ion to these ions to fo:r·m 

the corresponding coumaran structures. This was supported by the 

fact that 3-methylcoumaran was not observed amongst the 

degradation productB. 

The degradation of 1,3-diph~noxypropan-2-ol over neutral or 

acidic alumina as depicted in [ig.16 explains the formation of 

the products of this degradation without invoking secondary 

r~actions of the liberated compounds wi_th alumina.· In fact it 
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(2) heterolytic fission of the C-0 bond. 
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An alternative mechanism leading to the formatio!1 of acetone in the degradation 

over aluminn of I, :1- diphenoxypropan- 2-ol. 
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i.:; likely that .nany products once formed ·may be readsorbed onto 

the surface of alumina to undergo further rsaction and thus 

provide alter~ative routes to some of the products 0£ this 

degradation. f 

KA.RAKHANOV and coworkers 94 have found that on heating c.hroman 

at 2S0°C over alumina 2-methylcoumaran is produced. The dehydra-

tion of cyclohexanol over alumjna gives cyclohcxene as the 

primary product and methylcyclupentenes in a seconcary isomerisa­

tiou reaction57 '
72

. 2- and 3-Methylbenzofuran may have been 

formed by a s imil.'.lr rearrangement of 2- and 3-chromene. Substitu-, 

. 95 96 
ted methylhenzofurans have also resulted from photolysis ' and 

97 93 
acid treatment of aryloxyacetones and butanones . Phenoxy-

acetone may be a source of the methylbenzofurans. CORSON and 

. 99 
coworkers decomposed l-phenoxypropan-2-ol over acti\,-ated alumina 

at 4oo 0 c and obtained a variety of products which were identified 

as ethylene, propylene, propionaldehyde, acetone, n-propanol, 

water, pheLol, 2-methylcoumarah, 2-methylbenzofuran, phenoxy-

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

products. 

99 CORSON et al. found that the decomposition involved mainly 

the remc·val of the c
3 

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 precursors of 

propion&ldehydP 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 tl1is work the formation 

of these pro~uct3 has been suggest~d to have bccurred via the 

enol from (fig.16). CORSON ct al. also suggested that dehydration 

and rearrang~ment of l-phenoxypropan-2-ol gave rise to o-allyl-

phenol and 2-methylcoumaran and that dehyd-rogenation of the latter 

to 2-methylbenzofura.n and ox~.<lation of l-phenoxypropan-2-cl to 

phenoxyacetoae had occurred. They proposed the scheme for 

decomposition $hown in ftg.21. 

99 . 
The products found by CORSON and coworkers correspond with 

the major products found in the degrad~tion of 1,3-diphenoxypropan-

2-ol over neutral and acidic alumina. The discrepancies between 

the two results may be attribut~d to t.he different conditions of 

the degradations. In the present study the aliphatic hydro-

carbons were.not investigated and o-allylphenol was not found but 

was assumed ~o have been completely converted to 2-methylcoumaran. 

The absence of phenyl allyl ether in the degradation of 1-phenoxy-

propan-2-ol might have been due to the operating temperatur2 of 

2i' 400°C which caused rap:i_d rearraniSement to o-allylphenol Other 

compounds not found in CORSON' s 99 degra.dation included 3-methyl-

benzofur:;i.n which occurred in a mixture of 2- and 3-methylbenzofuran; 

and chroman, 2- an·l 3-chromene and acetaldehyde which occurred 

in trace amounts in the present degradation. 
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99 The results of CORSON and coworkers sugg2st that 1,3-

diphenoxypropan-2-ol may be considered to rec.ct with alumina to 

form phenol and l-phenoxypropan-2-ol. The latter may then r£act 

with the surface to form the products ohtained in the pres~nt 

degradativi.l.. 

The possi'oility that 1, 3-dipheno:;~ypropan-2-ol is arl.sorbed 

on alumina only at the hydroxyl group to form the intermediaLe 

structure 3A was not included Ln the degradation scheme (fig.16). 

This intermE:.1diate would pJ:"obably undergo a dehydration reaction 

to yield 1,3-diphenoxypropene. 

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

aluraina 

1,3-Diphenoxypropene was degraded over acidic alumina to 

yield phenol and 2-chromene as major products. 3-Chromene and 

2- and 3-methylbenzofuran were obtained as minor products. 

Possible routes to these products are indicated in fig.22. The 

-0-CH= bond in 1,3-diphenoxypropene is stabilised by cross-

conjugation and fission may be expected to occur at the -0-CH2-

bond as indicated in fig.22. This will give rise to an inter-

mediate which may cyclise to form 2-chromene. 2-Chromenc may 

isomerise to 3-chromene and further :i.somerisation of these 

products may produce the methylbenzofu:cans. An alternative 

mechanism for the degradation may involve the Claisen rearrange-
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·FIGURE 22. 

Possible routes. to the major products of ti1e degradation over alumina 

of 11 3-·diphenoxypropene. 
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me:11t of 1, 3"'.'diphenoxypropene and subsequent cyclisation to 

phenol and 3-chrome.ne which may rearrange under the reaction 

conditions to form 2-chromene as a major product and the metl:yl­

benzQfurans as minor products (fig.23). 

Since ?.-chromene was not produced in any appreciable 

quantity in the degradation of l,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 caus2d almost complete 

conversion of the chromenes to 2~ and 3-methylbenzofuran which 

occur as minor products in the degradation of 1,3-diphenoxy­

propan-2-ol. Thus initial .dehydration of 1, 3-diphenoxypropan-

2-ol may occur to a limited extent but fission at the ether 

linkage is seen to predominaL~ since, after phenol, phenoxy~ 

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

IV. 1. 2. The Degradation of i,3-Diphenoxypropan-2-ol over Basic 

Alumina, under Njtrogen and in Air. 

Thf: nature of the products of the degradations of 1,3-

diphenoxypropan-2-ol over bai:;ic alumir..a, under nitrogen and in 

air indicate that fission of the carbon-carbon bond comp-:;tes 

successfully with fission of the carbon-oxygen bond in the 

molecule. The nature and number of products formed suggest also 

that hom61ytic fission of these bonds may have occurred. The 



(';';- O-CH2 - CH= CH-o-0 
'--...1 LI 

Claisen t earrongem ent 

-·- 0) 
/ 

FIGURE 23 

An alternative route to the major products of the degradation 

of I, 3-· diphenoxypropene. 
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formation of all the products fo11nd, can be explained by the 

reaction of the following radical intermediates: 

OH 
I .. 

@-OlCH 2 -CH ··Cii 2 -o-@ 

l OH 

. I @ CH -CH-CH -0- 0 2 2 @-o~ 

OH 

1::~·\_0-cHlbH-cH -o~(~o> 
~ 2 2 \.::...) . 

! 

Possible routes to the products of these degradations a.re 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-

27. 37 37 
phenol ' which in turn cyclises to form 2-methylcoumar.s:n 

P 1 . +: • 1 4.82 700°C h b l lOO · ld yro ysis o .... aniso e at - as een s1own to yie 

benzene, toluene, benzylalcohol and benzaldehyde. Anisole 

rearranges to benzylalcohol whic)1 ·decomposes on further heating 

- 101 to benzaldehyde, benzene and toluene . In the degradation schemes 

the formation of intermediates which have not been identified is 

~ostuJ.~ied but ~heir concentration may have been too low for their 



~CH3 
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·CHz l ,, 
'cHOH cl~6H2 
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WOH 

! (3) 

~ ~ (2) ~O . • (I) 
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(2) l . . 
CH-

@>' 

©:):_cH3 
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(2)i 

~CH3. 

FIGURE 24A. 

(I) H" addition 

(2) Luss of H' 

(3) Lo~s of ·oH 
(4) Thermal rt: arrangement 

Possible routes to the products of the thermdl degradation of 

1,3- diphenoxypropan-2-ol. 



(I) addition of H• 

(2) Loss of H
0 

{3) Loss of OH 
{ 4) Loss of H2o 

FIGURE 24 B. 

0CH20H 

(3) l (I] 
0'CH3 

-CH3 ! (I] 
0 

Possible mutes to the products of the thermal degradation of 1,3-diphenoxypropari 

-2-ol. 
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presence to have been detected. 

There are many other possible routes to the products of this 

degradation. Since aryJ oxyaceton.es rearrange on photolysis to 

95 96 
give 2-methylbenzofurans ' and on ·acid treatment to give 

97 3-methylbenzofurans , it is possible that thermal rearrangement 

of phenoxyacetone gives rise tc one of the methylbenzofurans. 

Vinyl e_thers 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). 

o~ 
heat 

5 4 

Phenylacetaldehyde may have resulted from a similar rearrangement 

. of phenyl vinyl ether which could ha\Te been formed in the thermal 

degradation of 1,3-diphenoxypropan-2-ol (fig.25). Products 

related to phenylacetaldehyde, e.g .. styrene and ethylbenzene, 

possibly resulted from the same re.action. 

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

The rrature and distributio·,:i 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 a11d 2- alJ.d 3-methylbenzofuran were 



-
(I) H. addition 

FIGURE 25 · 

Ari alternative mechanism for the formation uf phenylacetald~hyde in the 

thermal degradation of I, 3-diphenoxypropan-2-ol. 
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also produced (fig.15). ?ossible route~ to the majoL products of 

thE: thermal degradation of 1,3-diphenoxypropene are 3hown in 

fig.26. It is possible that Claisen rearrangement and cyclisa-

tion of 1,3-diphenoxyprcpene leads to the formation of phenol 

and 3-chromene which may isomerise to 2-chromene and the m:.thyJ.-

benzofurans (fig.23). This reaction ma.y proceed as indicated 

since pnenol, once produced, may catalyse the cyclisation. 

The mechanism of degradation postulated in fig.26 involves 

homolytic cleav::i.ge of the weakest bond in the molecule. Th.€'. 

dissociation energy of the =CH-CH~- bond exceeds that of the 
L 

103 
-CH

2
-o- bond by approximately 19 Kcal/mole (table 13) whereas 

in the saturated molecule the dissociation energy of the carbon-

carbon bond is approximately 7 Kcal/mole less than that of th? 

carbc~-oxygen bond. The lower energy required for fission of 

the carbon-oxygen bond in 1, 3-diphenoxypropene · ( 70 Kcal/mo ~-e as 

oppos€d to 90. Kcal/mole in the saturated compound
103

) provides 

an explanation for its ready degradation. 

Compounds which result from fission of ca~bon-carboE bonds 

were not observed in the degradation of 1,3-diphenoxypropene. 

This indicated that the enhanced thermal stability of the carbon-

carbon bond was sufficient to p.~eclude its scission in the 

degradation. Many products resulting from carbon-carbon fission 

were observ~d in the thermal degradation of 1,3-diphenoxypropan~ 



G:CJ· 0 

·0-0-CH. = CH-CH2~o-0 

( 2) 

I 
·~· 

+ 

( I ) 

_Ho-0 

~CH3 

FIGURE 26. 

(I) addition •Jf H' 

(2) loss of H' 

Possible routes to the major proL1ucts of the thermal degradation of 

·I, 3- diphenoxyprop en e. 
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TABLE 13 Bond dissociation energies 
103 . 

Approximate bond 
Bond dissocia.tion energy 

Kcal/mole 

@-o 107 

@-N 94. 

(CH =CH)-0 
2 

>9017 

(CH =CH)-N 
2. 

>9017 

(CH =CH)-C 
2 

90 

C-0 90· 

c-c 83 

C-N 79 

(CH 2=CH-CH 2)-0 71 

(CH =CH-CH )-N 2 2 
64 
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2-ol. Clearly, reactions leading to their formation occurred 

prior to the dehydration of 1, 3-diphenoxyp1·opan-2-o 1 to· 1, 3-

diphenoxypropen2. In fact the nature of the produ~ts uf the 

thermal degradation of 1,3-diphenoxypropan-2-ol (tables 7 ar..d 8) 

indicate that very little if any dehydration preceded degradation. 
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THE DEGRADATTON OF 1-(N-ETHYLANILINO) --3-PHENOXY­

PROPAN-2-0L 

l-(N-Ethylanilino)-3-phenoxypropan-2-ol was degraded under 

two differ.ent conditions; 

1 over acidic alumina (pH6) 

2 under nitrogen and in air. 

The products of these two degradations differed both in ~ature 

and in relative abundance. The nature and distributions of the 

products of these two degradations are indicated by their GLC 

traces (figs. 8 and 11 respectively) and in tables 9 and 10 

respectively. 

The degradation of l-(N-ethylanilino)-3-phenoxypropan-2-ol 

occurred more readily than the degradation of 1, 3·-diphenoxy-

propan-2-ol. 1,3-Diphenoxypropan-2-ol could be distilled 

unreacted at 360°C, whereas 1-(N-ethylanilino)-3-phenoxypropan-

2-ol showed inmediate signs of degradation on the application 

of strong heat. It appears that the zeplacement of the oxygen 

atom in the molecule by a nitrogen atom has caused the thermal 

' stability of the molecule to decrease. 

IV. 2 .1. The Degradation o~ l-(!i-Ethylanilino)-3-phenoxypropan-

2-ol over Acidic Alumina 

The nature of the products of this degradation (table 9) 
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indicates that fission has occurred predominantly at the 

aliphatic carbon-oxygen bond and the aliphatic carbon-nitrogen 

bond giving rise to phenol and N-eth/1aniline as the major 

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 N-ethyl-i:~-

mei:hylaniline and N,N-diethyla:-iiline were also produ:sd (fig.10). 

It appears that the alum:_na has catalysed carbon-oxygen and 

carbon-nitrogen bond fission but has not preclu~ed carbon-carbon 

bond fission. 

The reactions of nitrogen-containing compounds with alumina 

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

ammonia does not chemisorb on alumina to form NH+ 
81

,
104

-
6 

ions 4 

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

- 81 105 + 104 
alumina to form NH

2 
groups ' and possibly NH

3 
groups·~ 

In the former case ammonia dissociates on the surface in a 

reaction analogous to the adsorption of water
105 

(fig.27A). In 

the latter case a coordinate bond is formed between the nitrogen 

atom and the alun1inium ion by the transfer of 3.n electrc,n from 

the nitrogen to t.he aluminium ion which leads to the formation 

of an NH+ ion
104 

(fig.27B). 
. 3 
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1112 11~1 

---- Al Al 
/ "'o/ "-, 

""'·•. FIGURE 27A 

-
FIGURE 27B 

59 
PARERA and FIGOLI suggested that nitrogen bases dissociate 

on adsorption on alumina. The reaction of diethylamirie v.rith 

alumina is shown below: 

C H 
/ 2. s. /o"" 

HN + Al Al 
"-c H /. ""o/ "-

2 5 

The decomposition of nitrogen-con'.:aining compounds over 

alumina gives rise to many complex reactions which include deamina-

tion reactions, carbon-carbon bond cle~vage and cyclisation 

reactions
107

. It is difficult to postulate with any certainty 

a detailed mechanism for the breakdown of l-(N-ethylanilino)-.3-

phenoxypl:'opan-2-ol over alumina. A brit.f outline of the possible 

decomposition of l-(N-ethylanilino)-3-pheYJ.oxypropan-2-ol in this . 
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degradation is giv~n in iig.28. 

If it is assumed that the nit:-oge·l• function behaves as the 

f . d 1 • d by PER.I 105 d oxygen unction oes 01-1 a .... Wtil.na, as suggeste · an 

59 
PARERA and FIGOLI , then possible rr:~chanisms can be proposed 

for the formation of cor~poends which result from fission of the 

aliphatic carbon-nitrogen and carbun-oxygen bonds in 1-(N-

ethylanilino)-3-phenoxypropan-2-ol (figs. 29 and 30 respectively). 

It is not kno·wn whether carbon-carbon fission in this degradation 

has occurred heterolytically or homoly~ically. 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-(!:!-Ethylanilino)-3-

phenoxypropan-2-ol 

The nature and distribution of the products of the 

degradations of l-(N-ethylanil_ino)-3-phenoxypropan-2-ol under 

nitrogen and in air were identical and differed from those of 

the degra.dation of this compound over acidic alumina. The 

catalytic activity of the alumina is, therefore~, evident although 

the vrecise mech&nism 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 hemolytic scissio11 of al:i.phatic carbon-oxygen and 



@:{O-CH2-CH 3 ©.::> @O-CH=CH2 

@rCH2- CH 3 @CH=CH 2 

FIGURE 28. 

Produ~ts of the degradation over alumina of i -( ~ - ethylanilino) - 3 -

phenoxypropan - 2- ol. 
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Possible routes to ti1e products of the degradation over alumina of I- ( N'­

~thylanilino) - 3- phe.noxypropon - 2-ol which result from cleavGgP. of the 
ca:-bon - nitrogen bond. · 
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(I) alcohol desorption 

(2) dehydration reaction 

(3) carbonium ion formation 
(4) H-addition 
(5) H+ elimination 
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FIGURE 30. 
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Possible rout es ·to the products of the degradatiof"I over al•Jmina of 1-(t!-ethylanilino) 

-3-pner.oxypropa·n-2-ol which result from cleavage of the corbon-o~ygen bond. 
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aliphatic carbon-carbon bonds o~curs ar1d is followc:d by subse­

quent r~actions of the free radicals produced (section IV.1.2.). 

As may be expected, the products of t:.he thermal degradation of 

l~(N-ethylanilino)-3-ph~noxypropan-2-ol are more diverse than 

those of the thermal degradation of l,3-diphenoxypropan-2~ol. 

Their formation can also be explained by postulating sci.s.3ion of 

al i_pha.tic carbon-oxygen, carbon-nitrogen and carbon-carbon bonds 

followed by reaction of the radicals produced. Possible routes 

to the products of this degradation are shown in figs. 31A and 31B. 

In these sc.hemes which are speculative is postulated the formation 

of intermediate products which have not in fact been identified. 

The concentration of intermedjates may in any event 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 terr,perature, the thermal degradation of l-(N­

ethy lanilino) -3-phenoxypropan-2-·) l 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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FIGURE 31A 

Possible routes to the products of the thermal degr::idotion of 1-(N-ethylanilino) 

- 3- phenoxy propan - 2 - ol. 
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Possible routes to the pi·oducts of the fhermal degradation of l-(~-eth:1lanilino) 

-3- phenoxypropan - 2- ol. 
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diphenoxypropan-2-ol produces significant quantiti~s of phenoxy­

acetone and l-phenoxypropm.~·-2-ol. 

(c) The three inajor products of the present degradation are 

phenol, !'i-ethylaniline and N-ethyl-N-me~hylaniline. If the la.st 

product is formed by homolttic scission of the carbon-ca~bon 

bond· adjacent to nitrogen then this proce;3S competes favourably 

with those giving rise to phenol and N-ethylaniline. 

The role that the nitrogen atom 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 of its lone pair 

of electrons. 

Standard bond dissociation energies (table 13) show that 

whereas aromatic carbon-oxyger. and carbon-nitrogen bonds are. 

very st~ble, aliphatic carbon-nitrogen bonds have approximacely 

the same energy as aliphatic carbon-carbon bonds. On this basis 

there is, ~priori no reason for the ready degradation ~f 

l-(N-ethylanilino)-3-phenoxypropan-2-ol and, further, no reason 

for the apparent weakness of the aliphatic carbon-.carbori bond 

adjacent to nitrogen. The values quoted in table 13, ·however, 
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may -be modified by the presence of adjacent groups in the 

molecu1e. The quantitative effect of the adjacent oxygen and 

nitrogen atoms on the bond discociation energies of the aliphatic 

carbon-carbon bands is uot known and it is possible that the 

ca:i:·bon-carbon bond adjacent to nitrogen in l-(N-ethylanilino)-3-

phenoxyJ:.>ropan-2-ol is the weakest bond iri. this compound, its 

scission during degradation giving rise to the large quantity 

of N-ethyl-N-methylaniline found in the degradation. 

Nitrogen may play a catalytic role in the degradation. 

In particular, by virtue of its l~ne pair of electrons, the 

nitrogen may induce, at the temperatures involved, base-cataly3ed 

dehydration reactions. Dehydration of the initial compound may 

lead to the formation of structures 6 and 7. 
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In structures 6 and 7 Lha allyl-nitrogen and allyl-oxygen 

bonds are relativel~r weak. Homo1.ytlc scission of these bonds 

by analogy with the behc:.viol::.r of 1, 3-diphenoxypropene ( sectiori_ .. 
IV.l.2.1.) may occur r.-eadily to produce phenol, l\J-ethyl&niline 

and compou:.i.ds containing 3 aliphatic carbon atoms as shown in 

f . ~? ig .. 5.. •. ri:'he ready Jegradation of l-(N-ethylanilir~o) ·-3-phenoxy-

propan-2-ol may be due, at lea3t in parL, to the ease of 

degradation of structures 6 and 7 which may be foJ'."med inore 

easily than 1, 3-diphencjxypropene is formed <luring the degradation 

of 1,3-diphenoxypropan-2-ol becaus12 of the baste nature of the 

nitrogen present. In addition, dehydration may expla~.n the 

absence of products cont9ining :::i.n oxygen function on the central 

aliphatic carbon atom. 

It is clear from an exam~_nation of the products of this 

degradation (table 10) that dehydration does not precede all 

further reaction. In particular, the formation of the major 

product N-ethyl-N-methylaniline and ruinor p:-:oducts containing 

one or two aliphatic carbon atoms cannot be rationalised as 

occurring from structure3 6 and 7. The formation of N-ethy1-

N-methylaniline as a major p1:oduct with the probably concurrent 

formation of benzofuran is a puzzling feature of the degradation. 

Unless a specific reaction is occurring to form these products 

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

bond adja~ent to nitrogen then the dissociation energy of this 
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FIGURE 32. 

Po(;sible· routes to the pro_ducts whicl-i may be formed by the thermal degradation 

of the dehydrated I - ( N- ethylanilino) - 3 phenoxypropan '-- 2 -ol structures. 
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bond must be appreciably lcwer than tho8e of the o~her bands in 

the molecule and, i.n fact, must be low enough for its homolysis 

to compete successfully with f:Lssion o:E the allyl-nitrogen and 

allyl-oxygen bonds in ti1e dehydrated strl.1.i:.tures. 

In conclusion it is evident that the degradation uf 

l-(N-ethylanilino)-3-phenoxypropan-2-ol is an extremely complex 

reaction which has some features w:iic.h are not well understood. 

That dehydration accompanies hemolytic fission of bonds appears 

likely but the nature cf the reaction which leads to the 

·formation of benzofuran and N-ethyl-N-methylaniline, two 

major products, is not clear. 
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V. CONCLUSION 

A comparison of the degradations of 1,3-diphenoxy~ropan-2-ol 

and 1-(N-ethylar;.ilino) ·-3-phenoxypr.opan-2-o 1 clearly demonstrates 

that the presence of the nitro0en atom in the model compc:ind 

modifies its degradation profoundly. l-(N-Ethylanilino)-3-

phenox.ypropan-2-ol degraded more readily than 1, 3-dip~ienoxy­

propan-2-ol. The degradation of the la.tte:c compound 8.pparently 

proceeded without initial d~hydration whereas denydration of the 

former compound appeared tc accompa11y 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-(N-ethylanilino)-3-phenoxypropan-2-ol is due partly to the 

reduced thermal stability of the dehydrated structure. Fu~ther­

more it appears that the aliphatic carbon-carbon bond adjacent 

to nitrogen in l-(N-ethylanilino)-3-phenoxypropan-2-ol is 

particularly unstable and that fission of this bond competes 

with the degradation of the dehydrated structures. 

V.l. AN EXTENSION OF THE RESULTS OF THE PRESENT STUDY TO THE 

THERMAL DEGRADAT~ON OF AMINE-CURED EPOXIDE KESINS 

Conclusions reached about the degradation of the model 

compounds may oe extended to the thermal degradation of amine­

curecl epoxide rE:sins based on Bisphenol A (fig.2). 
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The instability of such resins appP~rs to be due to the 

f h . . tl " 1 . k " presence o t e niLr0gen atom in 1e cure- in age. The section 

of the resin represented by the 1,3-aiphenoxyp~opan-2-ol model 

will be more st&ble than the "cure -linkage' but the presence of 

h . . h " 1 • k ,, ff h b. l . t E: nitrogen atom in t e cure-_ in age may a ect t e sta i __ ity 

of other parts of the network by promoting dehydration reactions. 

If the 1~3-diphenoxypropan-2-ol part-structure is dehydrated to 

form a 1,3-diphenoxypropcne part-structure, degradation will 

proceed with ease (1,3-diphPnoxypropene degrades more ~eadily 

than l,3-U.iphenoxypropan-2-ol). 

The results of the present study suggest that dehydration 

and fission of tQe aliphatic carbon-carbon bond adjacent to 

nitrogen may be competing 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 d · 1 13 ' lS · h d d ' . d . F h ra ica s - in t e egra en epoxi e resins. urt ermore 

the 
- 17 0 

degradation at low temperatures (approximately 300 C) of 

an amine-cured epoxide resin in which the 1,3-diphenoxypropan-2-ol 

part-structure was absent (n=o in fig.I) produc.ed phenols, 

N ,.N-dimethylanilL:1es, N-methylanilines and benzofuryl structure.s 

as major products. This result -~_mpl ies that at low temperatures 

fission of the aliphatic carbon-carbon bone adjacent to nitrogen 

competes successfully with dehydration of the.resin network. The 

1 - ,. G 108 . d. h l . h b resu ts oI SU ITA in icate t at at iig er temperatures car on-



99 

carbon fission adjacent to nitrugen to form N-methyl- a!1d 

N,N-dimethylanili!1es and benzofuryl structures_ is largely 

0•1el.·shadoweci by dehydration ot the:: resit1 network to form N­

unsubstitu.ti::d anllines and phenols as major products. 

V.2. THE EFFECT ·oF FILLERS ON THE THERMAL STABILITY OF 

AMINE-CURED EPOXIDE RESINS 

The degradation of the model compounds 1, 3··diphenoxypropan-

2-ol and l-(N-ethylanillno)-3-phenoxypropan-2-ol was profoundly 

affected by the presence of alumina. The alumina appeared not 

only to promote the degradation of the model compounds but also 

to modify the degradation mechanisms (sections IV.l. and IV.2,). 

The rate and mechanism of decomposition also depended on the 

nature of the alumina used. Degradation over neutral and acidic 

alumina proceeded more readily than degradation over basic 

alumina. The mechanisms involved in these degradationB were 

different (section IV.l.). Neutral and acidic alumina appeared 

to promote ionic reactions whereas basic alumina allowed thermal 

homolysis to take plac-.e. 

It is evident that the presence of .fillers, such as alumina 

and siiica 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 COMPOUNDS AS A SYNTHETIC ROUTE TO 

.BENZOFURAN 

Benzofuran was not produced in sufficient quantit~r in the 

degradations of the model compounds fo:r. ics isolation to be 

effected. The J-argest yield of benzofuran was obtained i:i the 

thermal degradation of l-(N-ethylanilino)-3-phenoxypropan-2-ol 

(section IV.2.2.). The nature and distribution of the;; products 

of this degradation indicated that many competing reac.tions were 

taking place and that the process leading to ben~ofuran formation 

was not predominant. Polymerisation of benzofuran may also have 

~educed its yield. 

An appreciable quantity of 2-chromene was produced in the 

degradation of 1,3-diphenoxypropene but separation of the product 

from th'= degradation mixture containing 3-chromene and 2- and 3-

methylbenzofuran might prove difficult. Small amounts of 2-

chromene may be separated by preparative gas chromatography. 

The method by which 1,3-diphenoxypropene was synthesised in this 

work (section II.2.19.) would, howev12r, have to be improved 

before this technique could be used as an ef f ic.ient synthetic 

route to 2-chromene. 
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