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SUMMARY

On irradiation di-p~t=butylphenyl cerbonate has been

i s,

shown 0 rearrvange via & novel pholo-gatalysed double Friss
reaction to yield 4,5 ~di=t~butyl-2,2%-dihydroxybenzophenone,

The uwnsubstituted phenyl carbonate gave rise o 292”=dihyd?0ﬁy§-"

and 2,4'-dihydroxybenzophenone. An indiocation that the mechanis

of the reaction involved the formation and eventnal r@&@ramg@meéﬁ
of the coryesponding selicylate was obitained by isolation of
bet-bubyisalioylic agid and by the dlxmadiation of phanyl
sealicylate,

The oheielysis of aryl foxrmate esterg has indicatad
that tho primary decomposition progess may well be intzramoleculas
grtrusion of carbon monoxide alithough there is some evidonce the
other dissceiation procesges are in opevation. The irvadistion
of fe-naphthyl, phenyl, p=bt<butylphenyl, 2,6-xylyl and p-chloro-
phenyl formates in cyclohexene gave rise to the corresponding
aryl cyclohexyl ether. This photocatalysed addition to an
olefin is not restrichted to cyclohexene and irradiation of
p~t-butylphenyl formate in pent-2-ene gnd 2-methylpsnit-l-cne
gave rise to the respective atvhers. Attempts were made %o
elucidate the mechenism by irradiation of 2-8llyl=4-t-butylpheny:
formpte and 2-(3%°,3'~dimethylallyl)phenol. Both irradiations
gave rise t0 good yields of the normal addition produets,

Anothey route to the genersdion of aryloxy wradicals
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was investigated involving the synthesis and decomposition of
peroxy compounds containing pheonoxy ether groups. Thé
gsynthesis and decomposition of Bis-(f-phenoxypropionyl)peroxide
has been carried out showing the generaticn of phenoxyethyl
radicals. 0,0=t-Butyli-0~phenylmonopercarbonate has been
gynthegised and analysis of the mixture obitained from its
degomposition in oyclohexene has shown the presence of phenyl
eyclohexyl ether.

Methyl and ethyl S-phenoxypenta-2,4-disncate were
synthesised, the formexr by condsnsation of phenol with mebhyl
tel-en~I-yoe-l-carborylate, the latter by reuction of carbethoxn
methy lene~triphenyl phosphorane and 3-phenoxyucrolein. Avtempis
o synthesise this systen by reaction of 3-phenoxyacrolein with
gaveral componnds baving an active methylene group were
unsuceogsful, Digls-Alder reactions wers carvied oul on ths
ethyl ester to give, l-ethyl 2,35-dinethylbenzene~1,2,3-bricarbosxy
late with dimethylacetylenedicarboxylate, ethyl l-naphthoste with
bengyne and 3-carbebhoxy=6-phenoxy-1,2,3,6~tetrahydrophthalic
anhydride and the corresponding acid with maleic ahhydride.

Ethyl 2-methyl-S-phenoxypenta~-2,4-dienoate, synthesised
by reaction of 3I-phenoxyacrolein and l-carbethoxyethylidene -

triphenyl phosphorane fid not react with the above diencphiles.
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Thers are itwo ways in which a covelent molescule may
be Tupbured during the course of a chemieal veaction, Either
the bond is byrokemn symmetriecally to yield neutral entities ox

radicals, eacgh possessing an unpaired eleairon,
€ B 2 B ez flo 4 Be

or the bond is broken heterolytically %o yield an ion pair

of opposite charge,

& -
8o 4 3 B ——p A ¢+ 3B

Subsequently the liberated ioms or free radicals, being very
reactive species, reast re&dily-with other agtivated Fragments
or with neutral molecules %o yield, eventually, stable melegulaxr
reaction products.

Radicals can be produced by variowg roubss buid in the
preperation of aryloxy radicals oxidative methods have been
by far the most extensively employed. Oxidation of oxganis
molecules invelves the rupture of an elestron paiyr bond, liks
all other veactions of covalently bonded molesules., This, as
shown above, can either bs hetevolysis oxr homelysis. Nearly
all heterolytic oxidation processes ers recognisable addition
or eliminetions involving polay sleciyophilic reagents vhils
homolytic oxidations, since they sever elecirom pairs, nesessavily
involve the itransient production of free radicals which can eften

be detested. Homelytic oxidetion can be effested either by




e

hydrogen atom removal
eog. CHyGH,OH + Re cememp CH;CHOA + RH

or merely by wemoval of an eleciron

= A
Bue O & Fé ennmmman i

and can be divided inito two groups ascovding %o the shove

reaction schemes. asctive free atoms such as chlorine, active
free radiecals, such as -OH, -CzMg or °CH;, together with
molecules from which they meay be generated, e.g. benzoyl
peronlde, fall into the first group, while higher valence ionsg
such as Fegél RM?$ and Q@ﬁ$ are cexidants of the second group.
While in many oxidaiions it is possible %o detexmine what route
the reaction may he taking it is sometimes diffienlt to decide
whether the bond fissions, which izke plase in some concerted

elasgciron removal processes, are heterclytis or homolytic processss.

PHENOLIC OXIDATION

{a) Reactions of Simple Fhenols

In wecent years phenolic oxidation and the vesgents used
E N 2 O i 93 93 Sé 5
%o elfegt it has been sxtensively reviewed. Punmerey

commencsd an investigationof the oxidation of phencls by alkaline

Terrigyanide forty years ago. Oxidaticn of the phenolats anfon.

in this case by an 2leeitron abstwaction reastion, gives wrise to
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a mesomeric free radical (1),

o= - ©Q o) @) —
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Such a free radleal is very reacltive and van reast to give

many dimeric products im which the aromatic rings have been
upited by carbon-earbon coupling in the ortho or para position
{IIk, IIT)}. Coupling through oxygsn is also found. Censrally
the intermediate guinonoid form (I1Ia) canunot be isolated, ixn

the simpler molecules, but rearranges to give the phenoliec

&

comnponnd . A typical example of this is

e

+,

o




0f particonlar interest is the Tormation of Pummerer's ketone
(I11) the structure of which was fully elucidated by Barton,

: 6
Peflorin and Bdwards. A similar ranges of products was

728
obtained by other oxidatlive progesses such as electroliysis

) o
and Fenton's reagenty,

Naphthols also give similar producths. a-Naphihol

reacts o give all three possible ortho and para carbon-carbon

bonded predu@tsnlﬁ In acidic oy neutral solutions with ferric
c¢hloride B-naphthol glves a good yield of 1,1 -binaphthol (IV),

but with alkaline ferwvigyanide only a small amounit of ihe

. 11942
hydroxynaphithyl ether (IVa) conld be isolated,

f-Naphthol can be oxidised, beyound the dinaphthol (IV),
by ferricyanide aceording %o the following scheme. The
existence of the diradisal (V) and of radisal (VI) has been

proposed from anelysis of the signals obiained from eleciwon




(v) Stable Phenoxy Free Radicals

In the last ten years a significant advance has been made

189486 L891% 948
in parallel obaervations by Coock and Muller and Ley '
that 2,4,6=-tri-t=butyliphenol {VIT; R = g=butyl) was

readily oxidised to yield a blue solution of 2,4,6-tri-t~butyi-
phenoxyl (¥III, R = Bu") which is stable in the absense of air apr

OXY SN
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The stability of this radical has allowed a detailed
study of the spatisl distribution of the unpaired elegtron

9 .

about the molesule. Tariows polysubstituted radicals of
saszy o2e

this sort have been prepared the most stable being

galvinoxyl (1%, R = CH). 4 stable nitrogen analogue (IX, R = N)

23
has also been prepared.

% = G=butyl
A = Br or NQ,

IX b4

These free aryleoxy radicals (VIIIl, R = Bu?) react immediate-
ly with halogens and aitvogen dioxide o give guinonoid adducts
of structure {X) and with oxygen %o give peroxides (XI1) which

. 1 24%R6726
decompose thermally as shown,




The reactivity of fthe vadicals towards oxygen decreases with

incressing phenyl substitution, 2,4,06~triphenylphenoxyl

(vITi, R = Ph) being quite stablai? The radicels have almosh
all been detected and examined by magnetic susceptibility and
electron spin resonance measuremenis, Analysis of the

hyperfine splitting of the E.5.R. spectrum indicated that the
probability of the free electron occurring at the para=carbon
wag much greater than at the ortho position and that the slestron
codd distribute itsell over alkyl groups and hebtexro-atoms in

. B8=d3
the ortho and pare position,

The radicals ave all charvacierisitlically coloured and show
! . - u PR - o "":i‘ - N
an abgorpilien Land In tre infrared near 1500 cm. shits daifering
guite markedly from the colourless guinol dimers which have a

douklet at 1660, 1640 @moc3

When the oritho and pare positions of the phenols were
substituted with & methyl group, as in 2,6=di-t<buityl-d-methyle
phenol (XI1, R = H), the vhenoxy radieal rearranges %o give two

) 38041 942
preducts {XIIT, XI¥) linked through the para methyl group.
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Pal—p e X = % bubyl

The substituted 4e-methyl derivetives (XII, B = Ph, Me)
and their reactions %o give the corresponding quinone methides
_ . 39?490
{(XITe, R = Ph, Me) have been studied.

The proposal to azsount for the formation of these two
dimewrs (XIII, X1¥) was ihat the phenoxy redical, almost immedi-
ately after it was produced, rearrvanged to the benzylradical.

C 43 24
Similariy 2,4,6-tri-methylphencl and 2,0=0i=t-budyl-

45
phenol  afforded para-para linked dimers on oxidation.




The requirments for & sisble monoegyelic phenoxy radical
are therefore that the ortho and paxa positions must be
substituted to prevent nuclear dimerisation end the substituent
groups must not héve a=hydrogen etoms since this, as exemplified

above, can glve rise %0 benayl radicals.

(c) Thenoxy Radical Goupling Mechanisms.

The coupling mechanisme of phenols and their hiosgnﬁﬁeti@“
implications have been extensively reviewed by Barton and Cohﬂnés
and Erdiman and Wa@htmeisteroe? In the reaction of phenoxy |
radicals it is essential to distinguish between the substitution
of a phenoxy radical inito a molecule of phenol followed by
further oxidation and the radicel pairing reaction. In both
cases ceritain restrictions have to be enforced on the mode of
goupling and in fact bolth meshanisms prediet oritho-para
goupling but nave different implications in biosynthesis, the
coupling mechanism being more restrictive than the substitution
reaction. Barton.gg*gé,ae favour the coupling mechanism since
the oxidation of p-cresol in the presence of excess veratrole
gave no veratrole incorporated in the phenolic produeis.

Thus the weight of evidence appears %o he in Ffavour of vadical
coupling and almost all.prqdupts from phenolic oxidation can be
accounted f@r by this mechanism. However it is also pointeé out
thet oases exist where products could be accounted for by a
substitution mechanism ae in the following scheme for the

formetion of Pummerer's ketone (III). o E
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Barton gt gl. point out that while the radical coupling
“ A
mechanism is favoured the oxidation-substiituiion-oxidation
pechanism does not alter any biogenetbic arguments which have

been made and only by long and exhaustive radio-tracey studies

will the mechanism be Tinally verifisd.

PHOTOCHEMICAL FRIES REACTION

It is an elemeniayry prersouisite for phetochemicel
acktion that the irradiating light must be absorbed, Thus
Einstein s Law of photochemical equivalence states that one
molecule reacts per guantum absorbked. The energy gbsorbed by
the molecule, 48 K.eal per mele at 6000 Za and 26 XK.cal. pex
acie at 3000 Eog may be dissipated in many ways, by fluorescenge,
ccllision or bond rupture. Thus rupbture of & bond is not

elvays a conssquense of iight absorption and a vavieiy of
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chemical transformations can result. Often these photochemical
rearrangenents and transformations give rise to strustures which
are difficult to obtain by other meagns., These reavrangemenis

49 . B0
have been extensively reviewed by Schonbesrg, Baxton,

GE 62
Schengk and Mayo.

g0

.32
Phe detailed wechanism  of wmany of these photochemiegal

reactions is only partly undersiood. Typically they involve
vnsaturated molecules offten with carbonyl groups or one oxr more
carbon;@arhoﬁ double bond. Initial light sbsorption by molegules
of this type is believed %o invoive excitation of an electron

in a T oxrbital or in an unshsred peir to an exgited singles
stat@eﬁé This excited gtate very guickly loses its snergy by
fluorescence, thermal degradation or chemical reaction or i%

may pass to £ louger lived tzxiplet stabte whieh msy in turm emit
light, react or dissipate 1its enevgy thermally., Since the tviplei
state is a diradical, sny reaction, in which it is involved, can
be considered as & radieal proeess even though cleavage of the

FaIR 3

T e & e -~ - o e o~ b A - pn
moleounle inte vadical Tragmonts dees noi taks plocs,

{(a) applications of the Photo-Peiss Reaction.

Recently fthe photo-gatalysed Fyries rearrengement has
keen recognised and investigated. The corresponding clagsical
scid catelysed rearrangement is well est@blishednﬁs It was
Tound by various workers that wherve the acid catalysed

rearrangenent almost always fevouvred the pare isomer, if both




o
~

the ortho and pare posiltions were vacan%, the phoiochemical
rea¢ction favoursd the oeriho. Lnother obvious advanbage of

the photo-reantion is that in ue repsrted case has s para-alkyl
subgtituent been displaced.

Thls photo~reastion was first carried out as an gnalogy

. , 56 257
0 & rearrangemnent situdied by Barton and Quinkexrd.
R, 5\?@.
AcO
@e{%ﬂ hy e,
s " wem(HGR, == QHCHC G,
By G[R G&); o 3 * f-'-Ri
1 ¥
2
2\.".1. RZ; = R‘l@ it EE

The irradiation of {(XV) in a satuvabed solubion of water in eiher
effected ving opening to yield the unsaburated acid (XVI, R, ~ H)
and with eniline as the nuclsophile, the anilide (XVI, R, =

NH=Gg B s in the absence of sitroung nucleophiles irradiation

ot { ?) (sz

¢

By = R, = Me) brought about slow aromatisation

%0 the phenel (XVII}.

O+

?%gﬁﬂ N ﬁfﬁﬂ&

UL
QL QMe

!
Me

R¥IX
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F
tnderson and Reese , wrecognising the possible sgope

of this latter wearrangeswment iuv the aromatic series irradiated

the simplest aromatic analogue (XVIIL.R = MeCO).

oK oM
-OR OH
O o™
' | R
AVIN XIX

This cauged the moleculs t0 yeavrange yielding the fwo

possible isomers 2,3%-dihydroxyacetophencone (XIX, B = MeGO),

3. d~dihydroxyacatophenone (X%, R = Me(0) and deasylsted material.
pyregatechol (XVIIL, R = ¥},

More reesntly ch%&ﬁﬁ irradiated & series of subabtitutsd
aryl esters in ethanol and bemzene o obitain the expected
subsiituted 2-hydroxrbenzovhencnes, A typical example of
this is the irvadiation of (XXI) (R = Bu%) to give the

substituted benszophenons (XZII, R = BuV).



14

OH  ©
5@%\TL &%‘#"
O Q
¥R
R ) XKIT

!
OO .-

IXIla

&0 64
Andermson and Reese and Finnegan 2t al., have irradiated phenyl

bengoate (¥XIT, R = H) which gave the two possible isomers (XXII1,
XX1%a, B = K}. Phenyl fevrrocens carbox ylau@ (X%311) geve only
the para isouer, parehydroxybenzoyl Fervocene (XXIV), which
indivated s passidble role.in the veastion meshanism, Tor ihe

iron atom,

LRIV
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680 L.
A proposal was made that the phoitochemical Fries reastion

61

wag prediciable from chservations made by Klinger  who allowed
a solution of phenanthragquincne (XXV) and acebtaldshyde %o siand
in sunlight, the produat isclated belng the substituied

phenanthrene (XXVI), wherems hydroguwinone, under the sane

O OCOMe

a2 : -
conditions, gave 2,4-dihydroxyeceiophencne {XIVII).

1.
rt"

O
AXTIL

Vaxriovs extensious have since apyesved in the literature,
85 2
Xne 2% al. used the vearrangement as a step (KXVIII, XXIX) in

the btotal synithesis of griseofulvin,




IRVIIX AXIX

On strugtural considerations the veacltion need not
be rvestricted to phenyl esbers since any sysitem which can be
rvepresented by X - ABC where X is a chromophore capable of
excitation and ABC is a triad capable of resonrance stabilisaibion

i1e.@, A« B = C G A = B =

sonid in theoxy he expecied 0 reavvange. Thus Finnegan gnd
G4 N 65 . )
Hagen  and Gorodeisky and NMazue dryadiated vinyl benzoates.

In the case of vinyl bensoate (XXX, R = ") the producia
bensoyl-acetaldehyde (XXXI, R - H) and acetophenone (XXX, R = H)

66
were the same as those obiained during pyrolysis studies.

? 2
AOCCHRCHD - CCHR
Q)
T
AB3 XXKT REAIT

ok
In the case of {(XXXIII), howevewr, Aifferences were Ffound From
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the pyrolysies in that phoitolysis was accompanied by ring opening

to yield the unsaturated diksitone (XXXIV) whereas only (EX¥V)

. L
was obtained on pyrolysis.

o
i
- Z _/"’Qﬂ Fh
(\\ : fmmg’
<7 OGP #~N0
TIXTIX XXKIV IRV

Photolysis of Weaoyl anilines {XXXVIi) to the corrgsponding
2- and 3-sminophenyl ketones (XXXVIX, ZXX¥IIT) and deacylaied
anine has been raporﬁeﬁ$g thus showing that the rearvangeuwsntd
cau be applied o compounds having heterc-mtoms other than
§9 970

oxygen. N-foyl anilines have heen rearvanged by acid catalysis

but gave only poor yields of the para isomers.

NHCOR N,

Qe 0D

AXXVI AXFVIT XEXV1IT

}/4%H

whers R = methyl; n-propyl or n=buiyil




. Photo-removable Proteciing Groups.

Such a reaciion has obrvious ueses in synthetic organie
chenistxry, not only for the synthesis of solecules, which are‘
aiffioult to prepare by the more conventional roubes, buf alsec
for readily removabls proteslting groups. Bariton §§‘§§i1 reported
that 2,4~dinitrophenylthic estexrs of carboxylic acids (XXXIX)

canr be cleaved pheisochemiscally te glve good yields of the
P & g <y @

eorras onding acid (AL}

NGO,
gi“ >‘ MO, = RCOM +NO&
ARRIK XL R = Alkyl

Phe tact that the 2-nitro group was veduced during the veastion
indicated that it mumst participate in the reaction, no doubd
similarly %o the oxrtho- nitro group in the oxtho- nitrobensmalide-
hyde rearrangem@ntﬁg

B~Naphthyl ssters have been situdied to find a suistable
photo=active protecting group. ’ It has heen found thot emters
which give wmise %0 a stable radical vegenerate tha naphithol
in good yield., The best vesulés have been cblained wsing

fluorene-9-carboxylic ssters (XILI) which give rise o the stable

fluworenyl radicel (XLII).
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{c) Provesed ¥schanisms

Yarious atlempis have been made o elucidate the
mechanism of the photo- Fries resceition., 411 the investigaisors
agree that it is free radical but there ave ceriain major
differanceso Anderson and Reeseéa propose that the mechanism
is predominantly imtrgmeleular besing this on the fact that
irradiation of a soluition of phenol and pyrocatechol moncacatats
gave ounldy & trage of 4-hydroxyacetophencne. However, El&ﬂf
who investigated ithe elogﬁly analogous ﬁbacylanilingsg proposed
that the vearrangement, in ithis ease.comlﬁ be intermoleculax.
irradiation of a mixtuve of acetanilide {XXXVI, R = Me) and
e=t0luldine gave rise to0 & mixture of the oxrtho-~ and pave=
aminoacstophenones (XXXVII, XAXVIII; R = Ne) and also
2~amino%3~methy1n‘and F~methyl-d-sninoacetophenones (XLIII,
XLI¥) which can only erise from attack of the acetyl radical

on o=toluniding,
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The resistance of the meta position to suvbstitution has
6056 : L) o » a ol ]
been shown, independentily, by the irradiation of dihvdyro-
coumarin (XLV) and benzcoumarin (XIWI). Boith these rveactions
gave none of khe hydroxy-indanone nor hydroxy=flucrenone which
“would have resulisd from mets attack. In the case of (XI¥) only
the corresponding ester (XIVII), which resulted from solvolysis

of the coumsxrin ring, was isolated,

ALY aLirl

aa

Anderson and Reaese propose that the reactiion goess via an

intevrmediate divadical system (XIVIIT , XLIX) which can golliapae
to give dienones capable of enolising to the corrvesponding

aromatic compounds.
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| XIVIIT

Phe fact that phenol was obiained in all reactiocus of
this sort was explained by a separate intermolecular reaction
gimilar to the solvolysis encountered with (XIV).

On the other hand Kbbsaﬁg proposed that the reaction
took place by absorpiien of a quantum of light bringing abous
rupture of the egter linkage 10 give a radical pair (L) contained
within a solvent cage. Such & system sould yield all the pro-

ducts identified from the reaction mizxture.

R @ 0%@%& gﬁﬁ@@ + g Qms%

L

By ithe irvvadistion of ithe esier in Benzens solution bhe
possibility of phenol arising from selvolysls, proposed above,
is eliminated. - Since phenol is isolated vegavrdless of solvent

i% would appear that the latier mechanism is Tavoured.

PHOROLYS IS OF FORMATES

Althowgh alkyl formates hove been known foy many years

Lithle has been done To sindy thelyr unsensitized decomposition




o

by ultraviolel irradiation.
«
Phe alkyl formates have abeorpiion below 2400 A, aund in
. s 75 074 .
ethanol show strong abserptionat 21504. Ausloos ivrediated
a serigs of alkyl formates %o investigate the primary decomposi-
tion processes both in the gas and liguid phase and investigated

the effect of dilution with & solvent. The most imporitent

primary processes were Tound to be intramolecular rearvangements

{4 and B).

i.2. HOCOE ==—p HOR + GO0 {8) R = alkyl

HEOOR =3 HGOOE + alkene (38)

@A}Was found Ho be independent of both temperatuvre and intensity
over s wide range and {B)was dependent on the alkyl group (R)
baving a B=hydrogen.

The rate of desomposiilion was slowed by a factor of itwenty
when a filter, cuitting off light helow 2250 Eog was inserted.

It wes suggested that, since evelution of carbon monoxide occuryed

=]

e

Lower wavelesugbies than the eliminaiion reaction (B), the
rearvangements tock place from different electronic levels.

To a lesser extent dissociation processes (C)and(D) were °
alsa necessary to account for the gquanitities of other volatile

products, i.e. hydrogen, melthane, ethane, cbitalimed. In general

BUOOR «==——e HOO  + OR . (Q>

ety + "GO0R (D)




it was found that processes (4) and (0} ccourwed momtly at low
wavelengthe.

Dilution with solvenis, e.g. n-hepvans, ebbyl alcohol and
ethyl ether, tended %o dimiunish the priﬁary process (B), bus

process (A), the evolubtion of carbon monoxide, was unaffscied.

PHOTOLYGIS OF PHENOLS ,

The resopnance stabilisation whiech iz, to s large exhent,
responsible for the exisience, at room itemperature, of triphenyl-
methyl and similay vadicals of the type first deseribed by Gomberg?ﬁ
resuldz in & reduection of the bond dissociation energy in many
aromatic male@ulesg?g although it may not he sufificient to give a
detectable gquilibrium concentration of free radicals., Photolytie
bond fission will take place at the weakest bond in the molecule
and it might be expected that a common photochemical dissociation
process in an aropatie molecule will be that which resulis in ihe
formation of two radisals possessing together a greater resonance
energy than that of the pavent mole@ulefT Thus in the arvomatic
sevries dhe simplest cases are the benzyl, aniline and phenoxy
free radicels. These radicals are capable of existing in both
benzenoid and gquinoneid forms, itypified by the canonical Torms
of the avyloxy wadieal, (LI}, which give rise %o considerable

resonance® stabilisation.
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In vecent years the gpeetra, both in the ultraviolet and
infrared reglons, of the arylexy radical has been studied, Tnitial

[

study carried out by Porxrter and Wright was in the.as phase and
due to the short life-time of the radicals gener&tedyﬁiloaase@ep
little could be asceritained from the spectra obtained. On the
basis that, at low temperatures and in a rigid medium, the
radicals would have less chance of reacting either with the solvensy
or othey radicals due to immobility, research was carvied oud in
79930 7P

solvent glasses and solid nitrogen.

Trapped phenoxyradicals, produced by irvradiating phenol,
anisole or phenetole with ulfraviolet in the range 3450-2250 Ea
were shown to have an ulitraviolet speetrum with bands at 2400 and

bt
v

e ®© JaQ
2950 8., and at 3950 and 3800 4. Photolysis of the trapped
radicals, with & high pressure mercury are tube, brought about
degomposition and a distinet change in both the ultraviolet and

7%
infrared spectira.

. ]

From the data obtained the 2950 A.band wag assigued to
80

the excitation of a ' eletron from a bonding to an anil<bending

orbital produeing rupture of the adjacent carbon=carbon bhond %o




Field an activated G-0x0-1l,3,;5~-hexatrienyl-1 radisal (L11).

am—c:::'—-—'ﬁh QO ‘e' Prﬁdu@'ﬁﬁ

The fate of this pariicular radical is either deactivation %o
give the trapped radieal or decomposition to yield carbon
meonexide and other unspecifisd decomposition products.
) B 80
In all the cases situdied by Ilend gi al. the primary
produel on phoitolysis of a phenol or phenolate anion was the

formation of o phenoxy vadical progess (A} being the ejestion

of & hydrogen atom and (B) the ejection of an eleciron.

f(;;,?H
> 4 &)
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This work was carvied oult in an attempt to find a
non-oxidative woute to the preduwction of axyloxy free
radicals. Photochemicel studies weve carried oubt on & gseriss
of esters end attempis to trap the free radicals fermed were
made, Another route via the decomposition of peroxides vas
investigated. The synthesis of the S-phenoxy-pente-~2,4«-
diencic acid system is deseribed together with some attempis
t0 gynthesise a cyclohexadiene systen via Diels-Alder

addition reaetions,
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Irvadiatlion of Axyl Carbonetes, Phenyl Salicylate and

Phenyl Denzoabe.

The photo-ghemical Fzies. rearrangement has been knoun
for a few years but as yet no rigorous proof of the mech-
anism has been produced. Two mechanisms have been
proposed l. by Andexrson and Reese - which involves a
eyelic diradical intermediate (XIVW1Il,XL1X) capable of
collapsing %o give the rearrangement products and 2. by
chs&ﬁag who studied a sexies of substitulted vhenyl
benzoaten, involving the formation of a radical pair (L),
gafter absorption of a guantum of Iight had caused rupiure
of the acyl carbon-oxygen bond. Since phenoxy radicals
might be produced in this manner it was hoped that ths
Tollowin: study might well lead to a convenient sourge of
axvyloxy vadicals. To be of practical application the
aster decomposition would have o give a good yield of
phenol, Since the ester rearrangementis carried out by the
above workers gave only a& small yield of the corresponding
phenel the irradiation of a series of previously uninvesti-
gated esters was carried out with a view %o obtaining

phenel witheu% the inzcuvenience of rearvangement producis.
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Di=p=t-butylphenyil carbonate ai { 1d¥, Reﬁu%) was
readily prepered by the reaction of the corresponding phenol
{1111, ReBu®) with phosgene in the presence of & base,
Irvadiation of the aster in ethanol gave a mixtuxe of
producits readily separable by chromatography on silica gel,
These were, in order of ease of elution, unchanged starting
material (L1V, R=Bug)9 5 5=di-tbutyl-2,2t=di-hydroxybenzo-
phenone (IVil, R=Bul), p-t-butyiphenol {1111, R<Bu®) and a
gum, apparently polymeric, which gave on slow crystallisation
2 trace of 59Eﬂadimtmbutylw292Bmdihydroxybiphenylﬁz(zﬁﬂ RuBut)n
Examination of the recovered impure stariing material gave,
after hyrdrolysis, S-t-butylsalicyliic acidpaa thus accounting
Tor the carbonyl frequency ait 5095Pn

{1¥1a, ReaBuff}o

o
r««*ﬁ\f C‘)@A@ o ?g
- O O —
: gfaz“"‘-\j' e &
&
L11% LIV Vil

The rearrangement of aryl carbonates to yileld dinydroxy-

benscphenones was fuxrther exemplified by irradiation of phenyl
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caxbonate {IA¥,R=H) in ethavel to give 2,2¢-dibydroxy(IVii;R=H)and
254° -inydronys( LK  B=H i bensophencaes il was obvious from

tnes®4° -dihydromy( LIX ,B=H ibensephencans Al was Obvious from

some @ffeot on the sitability of the ester since the t-butyl

substituted carbonate rearvanged iu 24 hr  whereas the

(?H
@
k

L1X

unsubstitnted ester took 150 hxy . to only paxiially reavrangs.
It is possible that the presence of the i=-buiyl group reduces
the energy required ie bring about a transition to the first
excited shalte of the molgeunle.

On the assumpiion that the photo-Fries rearrange&ent
proceeds via a radicel mechanism the reaction scheme would be
sbsorption of a quantuwm of light giving the radical pair
{1¥, R=H or Bmt) resuliing in the formation of the intere
mediate salicylate {I¥l, RﬁBuﬁ)u The dnitermedlate éaiicylatﬁ
step was confirmed by the idsclation, after hydralyais,of the

free acid (i¥la}.
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The salicylate can then absoxb light giving the internediaite
{1viil, RﬁBmﬁ} to yield the bemzophenone (IFil), The phenoil
can be accounted for at two places in this scheme 1.e. where
aryloxyradicals (I¥, IF1lll) are generated., Similarly the.
biphenol {IX) is sccounted fox at the same aitage by dimerisa-
tion of the mesomerie radieal (LXa) to give the carbon-carbon
bonded bipherncel on enolisation. 1t would seem %o be a
reasongble essumpiion that & radical mechanism is in operation
since an intramolecular cyclic mechanism couwld not account fox

the produciion of phenel or ithe carhon-carbom honded dimer,



}
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The Iiterature fallasd to reveal an szample of an acid
catalysed Fries vearrangement of en aryl carbonaie., Howewaw
the double Fries reerrangenent is xeported in the literature
involving the rearzrangement of axyl esiexrs of warious esliphatic

84«82
di=carboxylic acids to give hydroxydikstones of the type

{1x1) {(n=2 or moxe).

O
L

X



The postulated instability of phenyl salicylate (W1,
R=E) t0o ulira-violet light was verified by its irradiation
to yield the two expecied isomers EQELdihy&roxyg{LVIIDRQE)
and 2,4°'-dihydroxybenszophenone {L1X, R=M) as well as a little
phenel} (L1131, R=H).
Phenyl benzoate (LALI1) was similarly photolysed in ethanol

giving 2-hydroxy-(L%iil ) and 4-hydroxybenzophenone {IX1V),

(@) O O
i . i )
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ATier the aulthor had completed this work similar vesulls weye
60,84
reparted by iwo groups of workers. The vesulis obitsined

differ only slighily from the published resulis the difference
helng abtributable to the use by the author of a2 more concen-

trated solution of reactant.
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From this dinitial geries of irradietions it wasg
apparent that vearrangement, was by far the major reaction
and as a source of phenol did not justify furither examination.
Furﬁﬂermora it would appear that the mechauism is probably xis
free radicals which are capable of withstanding the initial
gollisions with molecules 1l.e. a cage reaction, to recombine
to give the rearrangement produchts. It is alsoe of note thaet
it wasin onnikle toaccount for all of the initial phewnoxy
material in the recovered phenol and resrvangement products,
contrary te the observatiomns of Xobsa. The seemingly polymexic
material could be explained eilther by secondarxry phoetolysis of
the reaction products derived from the phenyl-scyl radical ox
move probably by polymerisation of the aryloxy radical (1Xe) %o
give units of poly-phenal. This was given additional weight
by isclaticn of a trasce of the biphenol (11X, Rﬁﬁuﬁ} from the
irradiation of di-p=t-butylphenyl carbonate and from the fact
" that the infra-red speetra of the gums, obtained from the tail-
end of the chromatographic separation, onmly indicated the
presenca of hydroxyl Tunctiomal groups,

Since these esters had not proved useful in the quantity

of phenol produced it was fell that an examination of simpler



esters, namely formates, might prove Truitful.

Synthesis of Esters.

A literature search revealed that few aryl formates had
heen previously prepared. Phenyl formate had been prepured
by several groups of workers by reasction of phenol and formio

20,94 ] 92
ox sodium formate with phosphorus oxychlorids

acld
and more vecsntly by veaction of formyl fluoridegéand phenol.
m=Talyl formate is alse reporited having been synihesised by
reaciion of silico formio acid omn m«creaolﬁﬁ 1t was decidad,
due to gase of spplication, 0 use ithe synthesis described by
Adickes §§M§§Pgi for the preparation of most of the vyl
Tormatas used. Slightly betver yilelds were obiained from
this synthesis by decyeasing the iemperature of the yesction
by 10, Distillation of the reaction mixiture did not give a
pure product but it was found thet chrometography om sililca
gel goave yeady separation of the esterx from unveasied phenol.
By ihis method the Tfollowing new formates were prepared, p-i-
hutylpbenyl {LX¥, Rye Ry = Hj By= Buﬁ)g p=~chlovophenyl {(LXV,
Ry = By = Hp By= Cl), 2,6-xylyd (Wi¥, Ry= My R = ¥y =He) and

2-naphthyl formate (IZVa).
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TEV IXVa
Por & later experiment 1t was necgessary te synthesise

2-8llyl-4-t-butyl-phenyi formate {(LiV,R;e H; R,= Butg R, w
allyl).  An ahtempt by the mbove method yiclded e formate
eater but the n.m.». spsetrur and micro-gnalysis showed that
hydzraochlorinabtion of the allyl side-chain had taken place.
Anelysis of the n.m.y. gpectrur showad that "uwormal’
addition had prcbably itaken place to give nredominantly ths
2inghloro=propyt side-chain. It was, howveveyr,difficuls %o
determine the multiplicity of ithe splittinmg of the terminal
methyd group (¢) due to the strong t-butyl resonance signal
ogourying in the same regilon. The specirum of 4et=-bulyl-2-
{2 1-0hloro-propyl)-phenyl Toxrmate (4) had the following peaks

and assignments.

o Tormyl & laaear)singleﬁ
jﬁ%ié@i& b e phenyl B 2,75 7 multiplet
e G, CHOH, a 6,96 T° donblet split by (b)
<::>l 1 b 5.82 7 mnltipled split by(a)and{c)
N\t o G T.12 T multiplicity unceriain
Y t=butyl 8,70 7 singlet
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Formates have basn synthesised din good yield by heating
the corregponding alchhol with formic acid however an attempted

26
synthesis with 2-allyl-4-t-butyl phenol and formic acid gave
only the cyclisation product S.t-butyl-2;3~dibhydro~2-methyi-
26 .

benduran (IX¥1) reported originally by Sen and Rastoji who

uvged more wigowous acid calalysed conditions,

A less eigorous method of estexrfication was therefore
sought, Dieyclohexyl-carbodilmide (DCC) haes been used for

9v_98 99
the aynthesis of peptides " and esters of aromatic acids

and more vecently for the esterification of phenolnfonﬂioi
By application of this method Zwallyl-4-t-bubyiphenyl {(LXV,
Ry= Hy Ryw Butq R, = allyl) and p-tolyiformate (LXV.R, » B; = Hj
R, = M) were preparved. For ﬁhe nechanisr of this esterifica..
tion the followiny scheme (R = H) anslogous to that proposed

o8
by Khorana  for the formetion of peptide linkages may be

sugoested,




Phis involvea the initial addition of the acid to the
DGC, sinee weekly scidic phenols do not react in this manney
at room temperaiure. The low yields from the reaction
could be accountad for by the intramolecular rearvangemens
{LX¥11=1XV111l) Ho yield the amcyl urea {LXV111) which was not
isolaled, The evolution of gas noticed during the
agterification could be atiributed either to the logs of
carben monexide from (1X¥11l1, R=H) %o give dicyclohexyluvea
or hy & direct loss of carbon momoxide from intermediats

{ LXF1l) %o yield, om ketonisation, the mres.

nGe
ROGOH oo G Hy Hescﬂml\iﬁﬁ@ By

~ Q=GR
A 1P 8
/
A\ .
4 Cq By 5 NH-C-NEGq H, 5
Gg By g RoOoREGa 5, o '
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4
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4
~ QCHO

CeH, WHCONZ GgHy, + 2 <;,,
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Irradiation of Axryl Formate Toters,

Previous work on the non-sensitised irradintion of alkyl
formates has been carried out by Auslooa$59?@wha studied the
possible mechanisms of decompesition im the gas and liquid
phase and the effect of solvent @ilution. The results
obtained indicated thait evolution of carbon monoxide tended o
be an intra-molecular elimination reaction. Howevar, to
acgount for other producis obtained, it was essential o
postulate other dissociation procegses giving rise to radieels.
1% was thoughti that om this basis there was sufficient
Justification %o dnvestigabte the aryl formate decomposition as
2 possible Tadieal source.

p-t-Butylphenyl formate (LAT, B = Bje By Ry= Bu’) on
irradiation in ethancl gave a good yield {80F%) of p-t-bulyi-
phénol (LI11L,R = But) acconpanied by & gum from which was
isolated a trace of the carbon-carbon bonded biphenol {1X, R=But)c
Tests on the ethanol solvent showed the presence of acetaidehyde-
The ges evolved duvring the reaction (1.5 mole per mole of
ester)was shown, by its infra-red spectrum, tc be predominanily
carbon monoxide. From these observations it ds difficuls to
propese by what mechanism the phenol is produced. The resulis
indicate that at least part of the reaction scheme is fres

radical since it is possible fo isolate 5,5'=di-t-butyi-
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2,2 =@ihydroxy-bipheny) and acetaldehyde from the reaciion
mixturég acetaldehyds being explained by radical sbetracition
of hydrogen from a molecule of ethanol and snbsequent loss
of hydrogen to yield the aldshyde,e mechanism proposed by

i 02
Herz and Waters.

Ro & QN,CH, OH i CH,GHOH ~—» CH,CHO
While parit of the reaction would seem %o account Tfoxr the
praduction of wradicals an intremelecular rsarrangsments can
he prapessd te sgcount for the production of phenel as

followes=

£
pd o :
QTHO %?““f O
. Y 4 .
rw\fé£¥\éﬁﬁa ﬁ% g d Jﬁ% Fia, ﬁk& o
2 h T S Ay =
ﬂ w&mr%} § =i e e\ OJM"H ey BAAL
Wp‘/ £ {;‘::’ ~
| z ™
= =, =
2 - 2 =
LKw

irradiation of the formate in benzene, however, gave &
reducéd yield of the phencl as well as the expecied rsarranse-
ment product S-b-bubyl salisyleldehyde (LX1%, ReBu®), The

slownese of the decomposition rate in benzene ¢ould be




o
0

attributahle to the opacity of beunzene o the ulibre-violed
light below QYQm%an This tends bto indicate tha®v the Fformate
is degomposed primarily by the high enexgy light hetween 200
and E?Om%ma in bengene solubion it appears that the formyl
radical {(.CHQ}, generated by esier clsavage, is more stabls
than in cthanel giving rise to a small smount (6%) of the
rearrangenent product {IX1X, RmBut)o Thus it would appeaxr
that in benzens, as well as the initramelecular rearrvangemend
suggested above, there is a slighily better yield of the
produets generaited by formation of radicals by ithe following

suggested schewrez-

’éﬂr / !\ CHO

—— b ﬁ \ N
WAV et &g;jj} 4 LY ————— (::;U
- = \
[ L
R \ _ N
W . LRI

L1

1% 3is thus difficult to make a definite mochaanistie

proposal based on the author’s cbservations. Tt appears
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that two schemes ars compeiing l. the mejor reaction being an
intramolecular elimination of carbon monoxide and 2. esiex
cleavage giving rise to radiesals, The fate of the formyl
radical is howewer obscurs. It would appear that reaction
with the solvent probably takes pluge, giving rise %o
formasldehyds, before any cellision with the phenoxy radicel,
%o give the o-rearrangement product, can cesur.

Secondary photolysis of the formaldehyde could taks place %o
yield carbon monoxide and hydrogen.

Due te the diffdcunlity of deteccting hydrugen im a mixture
containing hydrogen amd cerbon monoxide it was decided ieo
irvradiate p-t-bultylephenyl acetate {LKKngBut)o It was hoped
thei pholtolysis would give rise to the acelbory radical (G%%éo}
capable of decomposing to give, uliimately, carbon monoxide
and methang, veadily detectable by infra-red spectrascQpy.
Thus irradiation of p-t-buiylphenyl ascetate in ethanol gave,
on chremahography, H=i-butyl-2-hydroxyacetophenons {IXX1,

% . . \ .
R=Bu }, originally obtained by an acid catalysed Fries

1G5
reaciion » and p-t-butyilphenol as the identifigble
produets, An infra-red spectioum of the grs evolved indicated

the presence of carbon monoxide and a hydrocarbon gas thoughst

to be m@thgneo



Tha probable mechenism is as followsgs-

QCOMe e + COME  we® €O ¢
Q O _ _
LXK §; 3 LEXL

In order %o compleds this series of eshera the iryvadiation of
phenyl formete {LXIXL, R = B, =R, =H) was carried out in ethancl.
Diphenyl {1ZX11, R=§) an&Adiwpwtmbutylphenyl ezxalate {IXX11,
Raﬁnt} were synthesised analogously %o the farm&tesgg and
izradiated in ethanod. In all cases only the phenol was
isolated, lerge quaniities{Seh) of spparensly poliymeric
meterial wexe also obltained fxom which no jdentifiable
praducis could be isolaited, it was of imterest, however,
that the oxalates yielded the phenel since intramolecular
axtrusion of sarbon monoxide, as im the case of the formates.
is impossible. This fact helps to strengthen the case fox &

free radical mechanism.

=4
3 g
\ H). ﬂ SO, + polymerie
NS A5 . ' 4 material
- g R 1{,
¥
R
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Ho zearrangement producits were obliained during the photolysis
of the oxalates.Thiz is predictable asince the acid catalysed
Fries reaction with oxalates and malonaies does not yield
rearrangement produgtseaa Little direct study of the asia
catalysed reaciion has been carried oul although work on the
attenmpted formation of %the @cuma?andionesig@shawed that
rearrvangenment of p-tolyl-oxalyl chlorids {4) in presense of

aluminium chloride gave a itrace of 2=hydroxy-S-methylbenzoie

acid (B).
Qo CO,H
J(ijﬁa@CCCﬁ fiiw;{f@ﬁ
— 0
e Me”
A B

Irrediation of Formates in Qlefing.

The reactions of free vadicals in solution is a subjsel

LY y - 19& 3.'@6,
which hes been exiensively rveviewsd boih as a geneval topie’ ’

.07 . 108 . -

ant Trom the shereccchemical viewpeint. Alkoxy vedicals,

genarated by decompoesition of hydroperoxides in agueous
) 2099410

systems have bsen frapped and studied by Kharasch 2% al,

employing congugated disnes as the txapping nediuvm. Howevaer

there are few velferences to ihe trapping of phencoxy radicals by
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this %$echnigue. Pummerex et _8l, prepared an adducs
(1ERIX1) from 2,;3-Gimsthyl-buta-l,j-diene and methylietre-

chlorophenoxyl. & series of adduels

N R
e EP -~ \V N ]
Fﬁ& Me [ r
LEXA1Y IAXRY

142
bave also been prepeved from 2,4,;6-tri-i-butylphencoxyi

and various conjugated dienes giving rise o the 2:3
radicel: diene ratic obltained by Pummerer bui differxent in
the respect of foxrming quinonoid struciurss (IXXIV) and nod
the ethers as in (Lxxlll)né The elosely analogéug thic-
phenexy radicals and their additioms %o colefinie sysitems
have alsg been examin&da115M13®

Due %o the scale of the reaction that was being
employed in this case the author felt that it was more
advantagecus to use an olefin which was readily obitainable
and readlly retalined in the reaciion ninture, at smbien®

temperatures, for the time involved to decompese ithe estew.

With these vesitricitioms in mind cyclcohexene was chosen as



& suitable material.

A seriea of axyl Formates namely, p-t-butyiphenyl
{1X¥, R, Ry=H3 Ry Bu'), phenyl (IAV, R, =R, =R, =E), 2,6~
xylyl {(LXV R, =Ry «la3 R, =H) and P-naphthyl formate {(Liva)
were idirrvadiated im rvedisitilled cyclohexene, Chromato-
graphy of the residues from these reaciions yielded, im
erder of sase of elution, a hydrocerbon oil, described
laber in the text {pagse 55 ), the aryl cyclohes xyl ethew
{1¥RV¥, IXAVa}, unchanged ester plus, in twe cases {IXV¥,
R, =R, =H3 RumBu& and R, =R, =Ry =H), rearrangement products
{ 13 %, ReBu' and R=H respectively) and the corresponding
phemol in all cases. The amount of cyclohexyl ether
isolated inm each case was less than 10% of the theoretical

yieldd.

Y amt

3

w @O
;\ 8

R, “

LXXV LAEVg



45

Irradiation of Formate Eaters in Cyoclohexens.

Formate Ester. Produat.
p=t=butylphenyl- p-t=butylphenyl cyeclchexzyl ether
LEV R, =Ry eHp Ry=Bu' LRK¥, R, = Ry= Hp

Ry« Bu’ (8% yield)

phenyl= phenyd cyclebexyl ethey

IXY o R, =R, =R =H WAV, Ry= Ry= By= H (1% yield)
2,6=xrlyl- 2y,6~dimethylphenyl cyclohexyl ether
IAV, R, =R;=Me; R,<R KXV, By = By= Mey By= H (6% yield)
B-Naphbhyl- f-naphihyl cyclohexyl ethex

LAVa LAV & (4% yield)

The n.m.x. spectra of the sthers oblained are discussed later
in the text {page 56 )} and the dais are recorded in Appendix
1L,

The irrvadiation of p-chlorephenyl formate (IXV¥, R; =R, <H;
RzﬁCl) in cyclohexene exhiblied cexiain differsnces. A8
wgll as the hydrocarbeon fraction and p=-chlorephenyl eyclohezyl
ether (LXXV, R, =B, «Hp R,=Cl) %two phenolic products were
igolsted. A small amount of a erysierlline material, which
analysed Tor end had the same meliing point as p-cyclohexyl-
phenol (IXXWL) was obtaimed. The R.m.r. sSpectrum, recovded

in Appendix I, showed, & quariet at 5017: typieal of the A,B,




system of a p-disubstituted aromatic ring, & singlet at 5U27*
for the phenoiic proten and an unvesolved multiplet at 8.4 7
sccounting for the cyclohexyl protons. It is possible te
account for the formation of IXXV1 by pholtolytic removal of
the chloxine atom, in p-chlorcophenol, anrd addition of the

resulting aryl radical to gyelohexens,

?H
GORG ?ﬁ 05 o«
'Y ele
O—0O—Q =
f ‘ ©
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LXXV L

No repoxrdt of addition of this soxt to cyclohexene could be
found im the literature, however, the closely analogoms
photolysis of substituted iodo-benzenes BEB-iR1 in benszene
give rise, by this preoposed mechanism, %0 substituted bi-
phenyls. 1t is conceivable that although the G-C1 bond is
stronger at 80K.cals per mole than the §-I bond (52.6K.sal.

per mole) that the polychromatic source employed is gapabls

of seveeing such a dond,

The oither phemolie product, designated Product 4, was



harder %o chavacterise and justify. From the infra-red
spectrum it was not possible %o determine whether the syramedie
nmacleus was lpd4-di= or tixi-substituted. The presence of &
phenolic hydroxyl group and‘an allyl substituent was in-
dicated, Elementary analysis of the benzoate from producsh

A was in agreement with a molecular formula of €, ¥ ;C10 for
Ao Reaction of Produet A with zine and ethanol gave unchang-
2d material whereas reaction with alceliolic potassiuvm hydrox-
ide yilelded a gum. On this besis the halogen was thought to
be bonded %o the aromatic ring. Pwo structurss are therefors
propesed for Product A, i, being vejected on the chemical
evidence thalt the helaogen is atitached to the benzene nucleus,
2, on the basis of the m.m.r. spectrum, could be & possible
structure, although & mechanism for its production is obscure.
The oyclohexenyl group is preferved to the cyclohexyl group
becauge of the sharpening of the alkyl resonance at 80§5¢T1
The phenolie proton ogours 8t 5.2 § . The group of peaks

NoMoRo Spectrum

&waalues Integral
206“’304 403
5020 1
8053 808
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“between 2.6 and 3,4 | are more @ifficult o amssign, I% is
feasible that the peaks at 3.0 and.ﬁolﬁ'Tfeould be attributed
t0 protons (&) and (b) and protons (¢) and {d) be assigned %o
the peaks at 2.G4 and 2,75 % Such a struetuﬁe is backed up
by the int@grﬂl‘which shows & ratic of 4@3312808'whieh-15 in
reasonable agreement with IX requiring 4:1:8. o

Bo damanatraté the versatility of this photocheﬁi@&l
addition  reactlon the dxrradistion of p=t-butylphenyl formabe
in pent-2<ene was carried oul giving the corresponding ether
{1x%v1l). I% was, however, not possible to decide from the
Bel.To Specirum {Appendix II)}) whether the ether was the 2- o

the 3-isomer or, whether 1% was a mizture of both.,

4
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To obiain some imndication of the mechanism of addition
it was necessary o use an olefim which would give rise to
either a primary ox tertiary ether since it would then be
possible b0 invesitigate the preponderance of one of the isomers

by anslyesis of $the n.m.T. spectrum with refervence to the



hydrogen gitached to the ether carben. Irradiation of the
Tormate in 2-metbhyl-peni=l-ene was carried out giving @2
sample of an ether shown %o be wholly pe-t-butylphenyl 2-(2-

methylpentyd) ether (IXXVILL),

Mg
= \
Mo G- O == H,
LXA¥111

The n.m.r. speatrum of this ether did not show the presence
of the primary elther. From these observations it appesred
that the addition was taking thagﬂormalqor ionic route since
attaciment of the phenoxy gréuping wag ftaking place at ths
potential positive centre.

Since the yields of ethereal product from the above
reseiionswere poor irradiations of formates embodying their
awn clefinic systems were contemplated. The irradiaticn of
2-811yl-4=4-butyliphenyl formate (LXV,R;=H; R,=Bu's R, =Allyl-)
in benzene was therefore carried out giving H-t-bulyl-2,3<

dihydro-2-methylbeazfuran {IX¥I) the predicted normal cyclisa-

tion product. The isomerisation of the allyl side~chain was
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considered probable but exemination ol recovered Z-allyl-4=
t=-butylphenol did not exhibilt any change.

A% this stage in the study it was shown that p=i=bulyl-
ﬁhenolp on irradiation in cyclohexene, gave s suall yield of
the cyclohexyl ether as the only identifiable material. A
reaction between p-t-butyliphenol and cyclohexene a% reflux
temperature 4id not yield any cyclohexyl ether thus eliminat-
ing the possibility of self-catalysed addition.

Prior %o further studies with allyl phenols it was
found thet the formateester grouping was not essential for photo-
. gatalysed cyclisation since the irrediation of 2-allyl-4-t~
butyliphenel gave rise tc a good yield of the bemzfuran,

To eliminate the possibility of the suggested isonerise~
tion {see page 49) the irradiation of 2-{3!3'-dimethylallyl)
phenol {IXXIL) srepared by the method of Hurd and Hoffmani?a
wes carried out im henzene. The ethersal product isolated
was shown to be the six membered cyclic ether 2,2-dimethyl-

129
chroman ~ {LKEX).

» B

=
wal
E0

CH CH=CMe,

LERLE LXK
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The isolabtion of this ether added weight to the possibility
of an iomic mechanism. it is wovthwhile noting that Hurd
and Eoffm&nﬁazcarxi@d out abttempisz to bring abouvt the
tapnovual ! eddition of hydvogen bromide o the allyl side -
ghain bul in nqe case were they able te effect coyclisation
to the dibydrofuran,

It is difficult to draw any dafinite comclusions fowx
the mechanism of this obgerpred addition of phenols o olefins.
1% 48 probable, however, that the pr@dominént step in the
photelysis of formates is the exitrusion of carbon monoxide
to give the phenol although there may well also be a litile
ester cleavage. Thus the formate group appears 20 bhe acting
as a photo=sensiiive protecting group singe it is possible %o
igsoleate nnrescted phencol and formate from irradiation in
oyclohexene while a pavallel experiment wsing the phenol
alone in cyclohexene gave no xeooﬁew&hﬁ& phenol.

The generxation of radicals by photolysis of the phencl
thus seems to be impoxrtant im the addition to olefins. The
results published by a mumbexr of auvthors showed comclusively
that the photolysis of & ph@na1??m$@in the L'-E5()()::-f}O*!;)(.?z,fé;..> region

gave rise 0 a devectsable coneentration of phenoxy radicals,
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On this assumpiion wo radical mechanisms can he pronosed to
account for the cbserved producits.

1. The generated radical interacts with the T electrons
of the double bomnd giving rise to a bridged or resonating

redical {IXXX1, B=H or Me).

1
P2

i N,
CH
QL4

A

LAXRR
Such an intermediate has an analogy in the attack of a drozime
atom at & douwble oxr iriple 1010:(3.&912/rg Recent studies by Abell
and Pi@tt@iaﬁhave shown that a cyelic intermé&i&te.is possible
and that the attaching bromine aton is héld in the electrom
clond evenly placed, in symmetrical compounds, hevween the two
carbon atoms of the double bond., Rowsver, in the closely
enalogous fiekd of thiyl radicals %this cyclic intermediate is

) R26,.530
net favoured and a classieal open-chain radical ;

is used
o axplain the sterecchenisixy of the addition exncounbered.
With the above cyelic intermediate the free slectyon om the

oxygen would have to form a bond at the more poaitive ceanibre
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at carbon 2(R=H) or carbon 3(R<le) to account for the
formaiion of ths benz-furanm {(R-8) and the chroman (R=NMe)
formed after hydrogen abstraction. This would imply thet
radical addition %0 an olefin which commonly gives rise to

the enti-Markownikoff product, wes giving the normal addition
producit, This would mean thai polar effects, origin&llg?ﬁﬂ
thought %o have no Qdreciive effect during such attack, wvers
determingng the divection of free radical additiona. Recently
a suggestian&sghas beer made thalt polar effecte can coniribute
in eertein cases where there is little difference in the
stability of the imtermediate radicals.

2, Anothexr moxe probable mechanism depends on the formation
of the more sitable radiecal resulting from bydrogem atom atiack
on the olefin. This gives xise toﬁnormaf addition products
and is initielly a2 Maxkownikoeff eddition leading %o the moxe

stable radicals, sscondaxy in the case of IXXX1l and teviiazy

in the case of IXXELLL.
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Gyclisation would then take place to give the observed
prodnuets it is howevepr possible to explain the results by
an ionic mechanisa. This would involve heterclytic cleavage
of the phencl}l oxygen-hydrogen bond. The resulting addition
of the protom %o the allyl side-chain would give rise %o the
more stable carbomium ion {(ILXXX1lla, IX%XX1lla) which would then
cyolise to the observed produeis.

& €$%1

LAKRE e WXRi1le

On the basis of the experiments described howe, it has
not been possible to ascribe & definite mechanism o the
addition. Howaver, while it ie known that ultra=violei
irradiation can bring adbout heterolysiz, a free rudical
mechanism 18 prefsrred, The evidence obtained by othew
workers shows that the fizst propesal of a cyclie intermediate
is net fessible and therefors the second propossl, involving
addition of hydrogen as the first step, is preferved.

Rydrecarbon Fraction.

From all the irradiatioms carried out in ¢yelohexene a
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hydrocarbon fraction was oblaimed at the faore-~front of the
chromatographie separation. This was pupified by distillation
and subjected to vapour phase chromatography. The material
was shown to consist of three major components one of them
having the same retention time as an authentic specimen of 2
Eﬂw&i@yc}ohexenylogﬁa Attenpts to identify the other two
components were wnsuccessful. Chemical vroof of the existe
enece of dicycloherxenyl 4in the mixture was obtained by isolation
of dicyclohaxenyl tetrabromide after bromination of the mixture
in chloreforn, It was at first thoughi that the presence of
dicyolohexaenyl was indicative of the generation of free
radlicals during the irradiation by abstraction of an allylie
hydrogen Tallowed by dimerisation of two eyolohexsnyl radicals
to give dicyclohexenyl.,  However, irradiation of redistilled
gyclohexens gave rise to the same hydrocarbon material with

the same componenbs, Vapour phase chromatography of redis-
$3iled eyclohexene showed only one component. Thus it would
seem that phetolysis must be generating redicals presunshly by
cleavage of allyl cerbon-hydrogen bond. The fate of such &
gyclohexenyl radical could give rise to a mixbture of hydro-

carvbons one of which would be the d&imexr dieyeclohexenyl.
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Aryd Cyclohexyl Ethers.

Sanples of the aryl cyclohexyl sthers encountered during
the irradiation experiments were synthesised independently
for identification purposes. The synﬁheaislsﬂ?x5$amplaygd
was the reaction of the corresponding phencl with syclohexens

and a catalytic amount of concemntrated sulphuric acid.

Y Y

Chromatography was used to separate the resuliting ether from
the phanol and any C-alkylated material which might have besn
formed during the reaction. By this methed pure samples of
pebobutylphenyl (LKX¥, B, =By «Hy R,=Bu’), 2,6-di-methylphenyl
(IXRV, B, =R, -Nog R,=H) snd p-chlorophenyl {IXAV, R, <R, vl B, =C1)
gyelohexyl others were prepared. The n.m.r. specstya of these
gthers are contained in Appendiz IX. Generally they axhibit
typical aromatic proton wesomance at 2.5-3.5 1, ether proiton

at 5.8 T and $he oyelohexyl protons, complicated by the sube
stituent alkyl groups, as an unvesolved multiplet at 8.4 1%

It was found, however, bthat a sample of B-nephthyleyclo-
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hexyl sther {IXX¥a} synithesised by this route diffeved in ite
meliing point {66-68°) from that veported in the literature
{116“} by Wangfﬁﬁwh@ prepaxrad a sample by reaction of chlorse-
crelohexsne with the sediuvm salt of f-naphthol. The sample
prepared in this case was shown to be authentic by its n.m.¥.
spectrum {Appsndix I1), the integral of which agreed with the

proposed sirugture, and micro-analysis.

p=t=Butylohenyl Cyclohex-2-eonyl Ether.

s a passibl@ extension of the phetolytic cyclisation of
allyl phenels it was proposed to atitempt the gynthesis of 4-
b-butyl=-2-cyelohex-2*=enylphencl. The synthetioc rouie chosen
was by the synthesis of pe=t-buiylphenyl eyeclohex=2-anyl athew
(IXXXI¥) Dby reaction of p-t-butyiphenol and 2-bromoeyclobexenss

I~ ¥\

praparad by Zisglex bromination of cyclohexene, in the

188

pressnee of anhydrous potassium carbomaie in acelbons,

The ether was obtained in good yield as a colourless liquid.

Yerification of the sitructure was obitained from analysis of its



YioR. T~ SpectIum, The integral obtained was im good agres-

Phenyi protons Quartet 3,05 1
vinylis pirotomns Doublet 4.15 I
= ‘\ g ! 3
: Ef¢4@&» proton {a) Hump 5.3
@Ziiﬁ?ﬂf remaining oyclohexenyl protons Bump 8.2 1
P il .
Vef-" Bu® Singlet 8.7 T°

ment with the expected struciurs. An attempbed CGlaisen
rearrengement proved unsuccessful, p-t-butyiphencl deing
rocoverad as the only phenclic material. Geéxmlforth §§u§;31$8
had previcusly imvestigated the pyrolysis of phenyld
eyclohexenyl ether cobitaining only & poor yield of the ovthe
reaxrrangenend produ@#o Even on inmcreasing the weaction

time fxom 5 min, %o 2 hx  no rearrangement product could be

isolated,

Preparation and Decomposition of 0,0-t-Butyl-O-Fhenyl Nono-

percarhonate.

Another possible voute to the generation of phenozy
radicals was sought. ‘The decomposition of peroxides appeared
Ho he worthy of investigation and it was decided to synthesise
2 phenyl monepzrcarbonais, chosen becauwse atbtemps %o

. ‘ 262
synthesise diphenyl yerexydicarbonate hed been unsuccessful.



This approach to the generation of phenoxy radicals appeared
to be reasonable since experimenis by Bartlett gﬁmggiaogasi
had shown that per-estevs of the type (LXXXV) would decompose
by & concerted mechanism, severing iwoe bonds, to give rise to
t~butoxy and R-radicals as well as garbom dioxide, provided
that the R group possessed sufficient stebility te exist as &
frae radical on its own. This pestulate was exmemplified by
the gensration of bemuyl rvadicala by decomposition of t-butyl-
ph%nyl?ara@etat@ (LZXKY, R=PhOH, ) .

& &

Rnéwﬂcﬁéﬁm éﬁ-a}» Roe & GC& 4 Eu@
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LXXET

Thuws the synthesis of 0,0-t=buityl=0-phenylinonopercarbonate
{IX%X?1) was carried out by meaction of phenylchlnroforma%aiﬁ?
with purified t=bubyl hydr@paroxideﬁﬁlhy an extension of the
procedure of Davies and Humt@wgzﬁ@wh@ syathesiged dialkyl
m@n@gar@arhonagﬁsby this method.

Pli=O~3=Gl 4 HO,0Bu' ~e—p Fhe 0B 0o 0-Bu" .

[ 2.9 L'

The ester was obteined as a sweeh smelling il which, beling
heat sensitive, cowld not be purified by dilsiillation.

Chromatographby was carried oul until titrimetric analysis

166
for active oxygen  showed that the ester was greaber than
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97% pure. The infra-ved spectrum of the ester always hod &
small shoulder present on the ester carhonyl peak attributed
to the presence of diphenyl carbonate as an impurity.
Pyrolysis of the ester was carried out by refluxing in
ocyclohexene with & view to trapping any phenoxy radicals
formed, Separation of the mixture, after decomposition wase
complete, gave & trace of hydrocarbon oil, having & similar
infra-red spectrum te that of dicyclohexenyl, phenyl cyclohexyl
ether and diphenyl carbonate.. A large quantity of insoluble
anorphous mabterial was also present. This was not ldentified
and could have arisen by radical-radical coupling giving »isec
%o & complex mixture. The presence of acetone was shown by
the isolatioq of its 2 4-dinitro-phenylhydrasone dewivative.

P o0l 0, DBn® o Ehy - 00 + €O 4 Bu'o,

LERXVL Ct 3// / \\

,x CH,CO0H,

s
; \F
{Wtwdﬁ\\“ polymeric £y
material

The presence of carbon dioxide and & hydrocarbon gas wap shomn
by the infra-red specivum of a gas sample. The above homolysis

snd reaction scheme could well account for all the yproducts

isolated.



Synthesis and Desompositicn of Bis(P-phenoxypropionyl)

pezozide.

The synthesis and decomposition of this peroxide wes
underiaken Lo investigate the possibility of such a system
giving rise 3o phenoxy free radicals. The homolysis would,
howeverx, have to dring about rupiure of itwo bonds in order %o
generate the desired radical siné@ rupture of ithe oxygen=-
axygen voad would give only acyl radicels.

The synithesis of ethyl PB-phenoxypropionais was effeciad

159
by the method of ¥Mall and Stern, "“an extension of the sdaitiom

of alcohols %0 acrylic doudble bondsﬂﬁﬁ@i@aby condengation of
vhenceld with ethyl scxylate. Hrdrolysis of the asiterxr by the
method descrided inm the literature, 4id not give the free swid
in good yield. No unchanged ester could be recoversd from
the hydrolysis mixture and it was thouwghit, since a strong
smell of phenol was evideat after acidification of the mixture,
that slimination of phenoxide ion was taking place by the
following suggesied mechanism:-

P
£} X »"fg s
Prami‘glﬁsz E,{Qﬁ;\mew © ey PheD” 4 OF, =CH, + GO,

‘% Q!—Wu
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Acidic hydrolysis wes therefore used giving reasonabhle
conversion to the free acid and allowing recovery of un-
changed ester. Conversion to the acid chloride was carried
out by reaction with purified thiopyl chloride giving the
chloride as a low melting cxysialline solid, conitraxy to the
observations of Powallo%éa it was purifiéd by wasuwum
sublimation. Tha perexide, Bis(P-phenoxypropionyl) peroxide

Xy
{IXXE¥11) was synthesised dy the methed of Fieser @&wggg

Pb-0-0Hy 08B 00-01  S2l I8, (o _oonscnco, -),

LRAXFLL

The peroxride, obitained as colourless plates, sxhibived &
doublet carbonyl stretching frequency ssparated by 25 am-t
agreeing with the obsexvations of Davisgmﬁﬂawho siudied &
seriee of alkyl and axyl peroxides in the infra-red.
bBecomposition was earried out by heating the cysitalline
peroxide under xveduwoed pressurs w0 a few degrases above iis
nelding point. Chromatography of the residual gum yielded

1,4-diphenoxybutens (LEXXXVILD .

IXREXVLL L Ph-0{CHyCH, )y~ OFh
q' g TRXEVIAL
13

2 Ph-0-CHyCH- 0O Z% 2 Phe0-CHpOH,

X¢ XC1
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Decomposition was also carried cul by wrefluxing in cyolo-
hezane . Separation of the mixture showed the presence of
phenetole (IAXX1IX), l,4-diphenmoxybutane, unchanged peroxide
and an unidentified carbonyl compound,

Prrolysis of an acyl perexide generally brings about
homolysiaiﬂﬁ@iéﬁnf the weak oxygen-oxygen bond glving rise to
two acyl radicals {(%G)., Such an acyl redical is relatively
shoxrt lived and if the gquantily of absiractable hydrogen is
low d.e. in the solid phase oy in a nom hydrocarbon solvantﬂﬁgg
the fate I8 loss of caxhom dloxide to give the alkyl radiesl
{%01) which yields the dimex (IXXEV1IL).

in the above decomposition the amount of 1,4=diphenony-
butans doss not account for all the residus obtained from ihe
pyrelysis, It is thought that the gums obtained could well
be due 0 verions radical-redical oxr radical-product atiacks
giving =ise %o an ingeparsbls mizture.

In & hydrocarbon solvent, however, the fate of a radical
begomes more complex. Attack of the alky) madical {(7¢1) om
the solvent would give wrise %o phemeitele (IXAXIXE).

vt Sefe, m.0-GB,CH + Ph-O(CH,CH, )y OPh « unknown

VA carbonyl compound
\ mmzz\ IXXXVLLL ’Q
Y

\\\
2 PROCH,CH, Q00 By  PROGH, CHy
- e %
\

* PhOCH, CH, G0, + PHOGH, CHe
‘5 a "
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Dimerisation of the alkyl radical (XG1) gives rise to 1,4~
diphenoxybutane (IXXXV1lii). Formaiion of esiters, a known
reaction of acyl radicals, can be by alkyl-cerboxyl radical
union or by carboxyl-cyclohexyl radical union, thus twgo
possible structures ave XGIL and XCIIT to account for the
unidentified carbonyl compound.

Ph- 0~CH; CHs CO5 CHy GH;OPh thﬁwcngaﬁgcq5<<m*mj>

AQTX XCTIL T

Miero-analysis failed to fascilitate identification although
the results indicated that XCII was more probable. Foyrther
identification conld not be sarried out due to lack of
materialc

The esrlier experiment with Bis(B-phenonxypropionyl)
peroxide had shown that this system, generating initially
acyl radicals, 4ld not yield the desired phenoxy radicals.
It was thought that, by synthesising pervoxides derived from
phenyl subgtituted propionic acids, ithe chance of rupturing
the oxygen-carbon bond might well be enhanced. By the
presance ol the phenyl groups it wes hoped that the formation
of the phenyl substituled ethylenic fragment might be fevoursd

on homaelysis of the pevoxide, thus providing a drivimg Tores
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for the rupture of the ether linkage. The methods employed
for the syntheses of [(-phencxyphenyl substitutad propiondc
acids were unguccessful. The experimental details are
contained in Appendix .  Another possible example considerad
wag the synthesis of cyclohexadiens systems bhearing & phenoxy
and & carboxyl grouping on the 1 and 4 posilion respectively.
Such a system, if it could be synthesised, would give a
reroxide whose decomposition could well yield phenoxy radicals,
The dxiving force fer cleavage of the ether bond would be
aronatisation of the cyclohexadienyl radical, formed on initial
decompesition of the peroxide, to yield benzene. The wrouies
investigated to achieve this ain wers via the novel othyl 5-
phencexyponta=2,4-diencate (XG1¥, R=E%). The following dis-
cuggion outlines the attemptds to synthesise this molecule and
its Diels-Aldex addition reactionms with various dienophiles.
The synthesis of the desired system wos effected by
condensation of phenol with methyl bub=l-en=3-yne-l-garboxylate
16@{XGV9 R=lm), & modificatien of a method described by
Ruhamammfeio This condensate afforded methyl S-phencxypenta-
2.4-dienocate {XCI¥,R=Me) as an o0il which oxystallised slowly

%o give colourless needles. Hydrolysis to the free acid
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GHEG.CH=CH=CO,R + PAOH wmowd PROCH=CHoCH-CH.CQ,R
ACV xcm?i
FhOCH=CH.CR-CH.& 0,
XCiva

{XCivVa)was effected with dilute alcoholic pot.hydroxide solutiom.
The overall yield of the ester was extremely low and a more
profitable synthesis was gsought for using condensations with
Y=phenoxyacyrelein,

ﬁwPhencxy&erolaimfﬁs(Kﬁ?l) was weadily synthesised by
condensation of phencl with propergylaldehyde in the presence
of base., Attenptz wexe made to achieve condensation of this
aldehyde with the aotive methylene group of malonic anﬂisWand
ethyl @yancacatatalﬁaﬁ In both cases gums wers obiained which
counld mot be induced to grysitallise. ®with ethylcyancacetate o
gmell amount of an amorphous s0lid was obitained which showed
the presence of Cslf, CQ,Et and conjugated double bonds in ite
infra-red spectrum but owlng to the triviel amounts obtained
this route was absndoned. Polymerigation, induced by the
reaction conditions, is & possible reason for the lacgk of

identifiable producis.
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An sttemphed Raform&tskyﬁﬁﬁreaetion between the aldehyde
and ethyl bromocacetate failed to yleld any desired msterial,
Phenol was recovered in good yield from the reaction mixturs
and it was assumed that elimination of phenol from the react-

ant oxr the product was being induced by the conditions

employed.
3-Phenoxyscrolein and carbethoxyme thylene-triphenyi
a2 94.6%
phosphnrane (xCc¥11) were allowed to react in ethyl acetate

by an extension of & method of Destmann and Schulmm4 By this
aynthesis an excellent yield of ethyl S-phenoxy-penta=2,4-
dlencate (XQIV,R=E%) was obiained.

Fhy, P=CHOQ,BE ¢  FhO-GH=CHQHO =~ PhO {Cﬂrzeiﬁ)g(:()aﬂ

FGVYL AZCVY ZOA¥

Bergelson and Shsmyakin?ﬁﬁhava proposad thet reactions with
this phosphorane proceed via g mechanism invelving nucleophilis
attack by the aldehyde carbonyl oxygen on the ¥ylide
phosphorous atom, the elecgiron distribulion being represented
by (XCV11k). The resuliing intexmediaie di-iom then
vearranges ¢ give the sterically favoured intermediate

A0VLiile whxch can them di sociate bto give the irans olefin.
08 TR R RO
‘Pha?mé"ﬁ;(‘ ,  GemPhy

? SoEs Lﬂ-,fé:
AN,
R” \\*3 CO,E
XCVILL XQViile
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in the m.m.T» SpeciTum {reported im Appendix II) it was
difficuld to ddentify the olefinic protoms.  Consideration
of the integrel showed thgt the protonms wexe in the wvatio oF
7223233 the latier two groupa making up the eihyl ester group,
the methylene at 5.85 T and the methyl at 8.75 T . The other
two grodps of protons were therefore split into phenyl protons
plus the two most highly shisldsdolefinic protons at 2c3w302?§
making up seven protons, and the two de-shielded protons
ccouring at 4.08 T

The ester (XCIV,R-E+%) was treated with dimethyl mcetylene-

dicarboxylate @Jgﬁﬁi
Geoots 220 AL e
«Y bl - H wx:»s.:.:'s-.—._:') %
KOIV,ReBt o c‘:coom 3 < EOIX
= /\.( @ HE‘

in zyiene. Ghromatography did not yield the desized produst.
The infra-red spectrum showed the absense of a phenoxy group
and it was proposed that elimination of phemol had taken place
giving rise to the aromatic compound l-ethyl 2,3-dimethyl
benzene~1,2,%-tricarboxylate (#C1X). This structure was
proved by micro-analysis end study of the n.m.r. spectrum
(recorded in Appemdixz IT1) of the product and its hydrelysis %o
hemimellitic acid.

1689167

A reaction with benzene diazonium-2-carboxylale

and the ester (XC1V) gave ethyl l-naphthoate (C) and phenol ae
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well as unchanged ester.:

XCIV 4 + PhOZ

G

An snelogy for the ohsexved esiimination of phenol was found
in the investigations wreporied by Plieninger and Egetse in
their studies on the prephenic acid system, Ziegler bromﬁnati@n
of (01) brought about elimination of ethyl bromoacetate to

give ethyl benzoate. The propesed mechaniem is shown bslow.,

B0, € CHLO,E | @ Fe
X & CHOO, X
™ N
, / - S gman A % >
@ E&iﬁ ng & ;C w{‘;@ E,gh E’\) * ﬁ-’"\@“ﬁ,,;(»@;z& “
b o N ; s
1:-{;’,&’{;\ RS
HY M
¢

On this basis the eliminetion encountered by ithe anthor can

alse be explained.

_ ¢ \{} 4 gy
ey Ll H
¢ OO, Me o

. / - (uﬁ fte
}KQ 1‘? b ﬁ%:} o t 7 “"—"""""“"""’*"—“}) W\&;{:} ”m‘g \ g‘@ ﬁ ‘r-mv-ni\ (W
GO o Mo { ‘Qmw‘m\{& e /” {:".y
CQQ Me O, e
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In an affort o obitain Diels-Aldexr addition withoub
elimingtion of phenol a reaction was carried out with maleie
anhydride in b@ngenmaiﬁg After bydrolysis of the weasctiom
mixture with boiling water two producits 3-carbethoxy=1,2,%,06~
tetrahydro=-6-phenoxy-phthalic anhydride (CII), as the neutral
compound and 3-carbethoxy-1,2,3,6 -tetrahydro-bH-phenoxye-

phthalic acid {(GIIT), as the acidic compound, were isclated.

rew ﬁ (@)

GI1 CIIX

Traatnent of the ester {(ACL¥) with tolans gave no reaction.

It was thus apparvent that the synthesis 0f the desired

cyclobenediene system could not be accomplished by this appreach

due to the ohserved elimination. To prevent this eliminatioxn

the synthesis of ethyl 2-meithyl-S-phenoxypenta-2,4-dienoate

(617) was carvied out by veaction of F-phenomy-scrolein with
62 2163

a-gsrhethoxyethylidene-triphenylphosphorane (o).

Hydrolysis of the ester gave the free acid (CVi).



No ¥e
§
PhO=-Clas(H-CHO <+ Fhy PeGGORES ey Phogﬁwﬁﬂﬁgﬁa%-gcbﬂt

cv ﬂ Giv ?ﬁ
PhOCH=CH.CHa(G CO, ¥
C¥21

The n.M.¥. spectrum of this esber iz reported in
Appendix IIi. In general this gpestrun was found te be
gimilar to that of the previous estexr, The integral showed
the molegule o consist of protoms in the ratio of 751223333,
The third and last group of protons making up the ethyl ester
(5,82 and 8,721 ). The fourth group accounted for the methyl
on the @-carbon, this peak being present as a doublet et 8,111
(split by the B-hydrogen). - The first group of protons was
mede up, a8 inm the previous cese, by ithe pienyl plus the twe
shielded protons {2,65-3,151). The fact that there was only
one de—shielded protom (3.857T) hLelped to show that the €
hydrogen, preseant in the previous ester, wust have been one of
the de-ghlelded proioms. No attempt has been made, however,
to specify which of the othexr protons is the lesst shielded.

It was hoped that the methyl group on carbom 2 ﬁould
prevent slimination. Howevey, the reactlons carried out

showed that the ester was in fact unveactive. Reactions with

maleic anhydride and dimethyl acetylenedicarboxylate gave only



gums which yielded no orystalline material om chromatography.
With diphenylucetylene and benzene diagonium-2-carboxylate no
reaction tock place. The explanation of this poor reastivity
could be due to the sheric effect of the two substituents on
carhon 2. The literature shows that in only a few cases
cauld dienes with a cis substituvent in this position be made
to undergo additianaﬁ?@ — e It 15 an established fact that
cls methyl groups deactivate the diene towards addition and
enhance the possibility of gide'reaetions to give polymerie

178
products .
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General Bxperimental Progsdives

Melling Pointg:~ were determined on a Gallenkamp Melting

Point Apperaius and are uncorrected.,

Infrared Speotraz- wers generally measured as potassinm

ochloride dises (2 mgo£200 MZe)o 1n othey specified cases
Bpeotra were meassured as carbon tetrachloride solutbions
at a concentration of 10 mgn/mle in seodiuvm chloride cells,

Buclear Magneitic Resonangs Spectra. Spectra vafer to

carbon tetrachloride solutions and were measured on a Pevkin
Blmer 40 N/C speétrametera

Resgents. The gilica gel used for chromatography wes
Hopkin and Williame, N.F.GC., Grade. Petroleum sther had e
boiling poimt of 60-80°., Cyclohexene, used in irvadiations,
was BoDo.H., meagent grade and was distilled through e Hemple
column (9 in.} pricr o use,

Izradiation Techunigue. The irradiastionswers carried out in an

annnrlar apparatus having a capasity of 650 ml. fThe 5.0 watt
nedium pressure mercury exc lamp {Hanovia 509/12} vas immersed
in the solution in a water-cooled guartz down tube. The
muterial wag dissolved in the desired solvent and flushed

out overanight wilh a stream of dried, deoxygenated nitrogen.
Irradintion was carpied out until almost no sster carbonyl

frequencies were deitechable in the infrared. The reaction




T4

was FTollowed by removing samples (2 ml.) at regular

intexrvals, boiling off the solvent, dissolviig the residue

in carbon isirvachloride {1 ml.)} and running an infrared spegirum

in the vegion 4.0~7.0 P




Irradintion of Di-p=t-Butylphcayl Carbonate.

Di-p=t-butylphenyl carbonate (8.0 g.3 0,024 molsa),
fope L09=-112° (litugi m.p. L08°) was irradiated in absolute
ethanol (650 ml.) for 24 hr. After vemovel of the solvent
the wresulting yellow o0il was chromatographed on silica gel.
Blution with pelrolsum ether<henzene (3:13 800 ml.) gave & mix-
ture of unchanged starting materisl and a compound having a
carkonyl stretching frequency in the infrarved a8t 5.925 2
(1.2 5.3 15%). TFurther elution with petroleum ether-bengene

{3113 2.4 litres) gave 5,5'=Qi-t=butyl=2,2¢-dibydroxybenzophen-

one (2,1 go3 26.3%) as iong yellow needles, m.p. 104-106°,
from aqueous ethanol., (Founds C,77.53 H,8.2. €, 8.0,

)
requires G,77.43 H,Suoﬁ)oifmax (ccl, solm.) 1626 cm, {(C=0).

The 2,4-dinitrophenylhydrazone, m.p. 293-255%, crystallised

from ethanol. {(Found: C,63.5; Hy6.65 Ny10.7. CpoHy oM, 04
reguires C,64,0; He5.93 W,11.1%)., Benzene eluted p-t-butyle
phenol (1.8 g.3 22.5%); mop. 99-100°, undepressed on admixture
with an suthentic specimen. Benzene-efhor {4:1) eluwted poly-
mevic material (2.1 g.3 26.3%). Slow crystallisation of this
material from petroleoum ether gave & colouvliess crysialline
compound identified as 5,5'~di~t-butyl-2;27=dihydroxybiphenyl,
MoPo 210=212° (lituﬁg moPo 208°), crystallised ss small

eolouriess needles from isco-octane. (Founds C,80.43 Hy8.8.




Calculated for G, o Hq02 C,80.5; TM,8.7%). (kCl diss)

¥ max,
3375 om.” (0H).

Hydrolysie of the first fraction {from chrvomeltegraphy
(1.2 g.) was carried out by refluxing with alcoholic potamssinm
hydroxide {50 mi.; 50%; 1IN) for 2 hx, The material was
extracted with eithsr, after dilution wiith water and acidifica-
tion to Congoe-red. Phe ethereal extract was washed with
aqueous sodium bicarbonate selution which, after acidification,
wes extracted with ether. The ethereal exitract was washed
with water, dried (WEQSG@} and evaporadesd %o dryness to give
S-~t-butylsalicyclic acid (0.11 g.). Crysballisation of this
from agueous ethanol gave fine colourless needles, m.p.
154-155° (lituss Bop. 151°). {Found: C,67.53 H,7.6. Caleculasted
for G, M, ,05: G,68,03 H,7.2%).

Irrediation of Di-p~t-Butylphenyl Carbonste in Benzene and

Phenyl Carbonaie in Bthanol,

Results descyibed in Table I, puge TT.

Irradiation of Phenyl Salicylaie.

Phenyl salicylate (107 g3 0.05 mole), mop. A2-4%°
{1i%, mop» 43%°) was irvediated in abselute ethanol (650 ml,)
for 76 hrv. After removal of %he solvent by distillation the
residue was chromaitographed on gilica gel, Elution with

petrolevm ether-benzene (3:k; 5 litres) gave phenyl salicylate
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{5.15 g.3 48.,1%). Further eluition gave a yellow band
yielding 2,2'-dihydroxybenzophenone (2.0 go3 18,7%) as &
paie yellow oil, distillation, bhath temp. 180“/005 mm. , gave the

banzophenone as pele yellow prisms; w.p. H8~60° (Lit, @op.

{f

59“600)4% maxo(xel disec, ) 1626 emoni {(C = 0): B.¥.R. data arve
reporbed in Appendix II. Benzene cluied phenol (0,12 g.¢

1.0%) isolated as its benzoate (0.25 g.), Mepe 69=70°,
Bengene~ether (19:1) eluted 2,4°'~dihydroxybenzophenons (2.32 o3
21.T%) as pale yellow plates, m.p. 47-150° {iit. m.p. 151°),
mixed melting point undepressed. Bensene-ether (131)

gluted a bhrown gum (0.9 g.) which failed %o crysiallise.

Ivradiation of Phenyl Benzmoate.

Phenyl benzoate (10.0 g.; 0.05 mole), m.p. 6Y~TL°
{erystallised from ethancl) {1it., m.p. 70°), was irvadiaied
in absolute ethanol {650 ml,) for 7C hr. After removal of the
solven® the residue was dissolved in ether. Ixitrachtion with
godium hydroxide solution (3 x 100 ml. 10%) removed the
phenolic material. The ethereal extrach after washing with
water and drying (W¥a,50,) gave phenyl benzoate (6.2 goj 62.0%).
The sodium hydroxide exiract was acidified with dilute
hydrochloric acid (10%) end extracted with ether. The
organic layer was washed with water, dried (Ha,50,) and

evaporated to give phenolic material (3.8 g SSQO%),
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Chromatography of this material on silica gel gave the
following resulis. DBenzene eluted 2-hydroxybenzophenone

(Lo7T os 1ToTH)y mapo 36387 {1i%. moePo 39°). {(Found s
Q,78:95 My5.5. Caleulated for € 5H, 40,5 C,78:.95 Hy5.4%).
Benzmena-cther {19:1) eluted phenol (0,45 g.5 4.5%) isolated as
the benzoate {0.94 g.). Benzene-sther elubted A-hydroxybenzo-
phenona (1.60 go3 16.0%), mope 135° (lite mope 135°).

(Founds ;78,95 H,5.4. ~ Caloulated Tor C ;8 .0,z C,78.%
Hy5.4%) .

Synthesis of Formates.

The formates used in the irradiation oxpevimenis were
synthesised by 2 slight modification of the method of
Adickes, Bruanert and Lucker. The phemol (0.5 mole),
phosphorusoxychloride (0.75 mole), formic acid (100%; 2.5
mole) and aluminiunm trichloride (0.045 mole) wore heated on
& water bath at 60° for 10 hr, After cooling the mixzture
was extracted into ether (250 ml.) and washed twice with
cold water. The ethereal extract was dried (Na,850,),
filtered and the ether vemoved by distillation. The residue
was distilled under reduced pressure (12-15 min.), The
distillate was chvomatographed on gsilica gel (30 g. ver L g.
formate) petroleum ether-benmene {3:1) eluting the desired

formate uncontaminated with unchanged phenol. TFurther
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distillation yielded the formabto as & colourless oil,
Thenyl formater~ 24.9% yields bu.n., T4-T76% 12 nm,

(1ite  bopa T2.5-3.5°/10 mm,) \/ (1ig. film) 1762,
“ maR.

o

T
1?42 Gl s KG:U

acmed

et -Bobtylphenyl formates~ 36.0% yicld; b.p. 128°/20 mm,,
X ARY : ‘

22
B3 Lo 5011, (Found: Cy74.03 H,;803. G, B ,0, veguives C,T4.1;
H,7095) Y mex (¢cel, asolm,) 1786, 1760 cmo {G = 0)a

oS 0 .

2,6-Bydyd foxmabes- 58.5% yields bap. 91°/12-15 mm.s

20 :
ﬂ33105065a {(Pound: C,72.33 H7.0. GCgH, ,0, Tequires (,72.03
Hy6.7%) Y max, (1igeFiln) 1770, 1740 em. " (G = 0)

p-Chlorophenyl formate:- 29.6% yields bo.po 8?=683f12 mMo 3

4
n,:1.5298. (Found: G,54.03 Hy3.23 C1,23.1. GC,H,010, requires
=1
C553055 Hp3025 CLy22.7%). ) mam, (Hige film) 1773, 1754 cm.
{C = 0).

2-Kaphthyl formate:- 21,0% yields b.p. 14a°/12 mm. 3
colourless needles, Mm,p. 2%5=24° (Foand: CpTT-43 HodoTo

G, 80, requires C,76.8; HgdaT%OOE; — (liq. film) 1767,
1742 cmo (¢

Attempted Synthesis of 2-Aliyl-4-t-buiylphenyl formaie

it

0)

(a) 2-Allyli-d=t~butylphonocl (15.5 &.50.08 moles b.p. 78?/003 R )
96

{lit DoPo 125=126;f095 mmo}phosphorus oxychloride (17.6 ml.s

30 803 0.2 mole}, formic acid (22 g.; 18 mlep 0.5 mole) and

alominium trichloride (0.6 g.) were heated om &n oil-bath Ffor
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8 hr. at T0°C. The resulting black material was dissclved in
ether and washed with cold watevw (va 50 ml.)e Aftew

the ethereal solution had been dried over anhydrous scodiuvm
sulphate and evaparated the residus was chromatographed on

gilica gel. Petroleum ether-benzene (3:1) eluted f-t~butyl-

~2=(21 ~chloropropyl )=phenyl formate (5.8 g.3 208%); hop. 99-101%

0,15 mme,nifs 1.511%, (Found: G,66.95 Uy8.03 €1,14.0. G, 4C10,
requires G,66.03 Hy7.53 cs.,,mm%}.;;mm (1ig. film) 1770,

1745 em.” (C = 0). N.M.R. date arc reporied in Appendix II.

(b) 2-A11lyl=4-t-butylphenol {2.5 g.30.05 mole) end Formic acid
(100%; 28 go3 2% mles 0.5 mole) we?e rofluxed for 24 hr. After
cooli@g, the mixture was dissolved in ether (100 ml.) and

washed twice with cold water (2 x 50 ml.}. The ethereal
soclution was dried over anhydrous sodium sulphate and distilled
te remove ether. The residue was chromatographed on silica
gel, petroleum cthev<benzene {3:1) eluting bé~t-butyl-2,3-dihydrc-
2~methylbensfuran (5.8 go)s bopo 62a64ﬂ/002 mmo (litogebopo
106-107°/2 mn. ). Benzsne-sther (9:1) eluted unchanged
2-allyl~dt-butylvhencl (4.3 g.)-

2=411yi=-4=t-butylphenyl formate,

2=p1lyi~d~t~butyiphenol {19.0 gog 0.1 mole), Pformic acid
(10085 406 gop 0ol mole) aud dicyelohexylourbodiimide (2006 &oj

Dol mole} were allowed to voact in dry tetrehydrofuran {500 mi,)
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L1001 0% ] L
sccoxding %o the method of Busmas. Buring the sddition

of the carbodiimide to the weaction nixiure the temperaiture wes
maintained at 0° and stored in e religerator for 24 hr. Duving
this time ocecasional evolution of gas was noticed. Afterx
filtration, to remove dicycelohoxylures, the solvent wes removed
by distillation and the vesidue was chromatographed on a long
column (4 £3, = 8, in,) of silicae gel. Petroleum ebher-bensene
(3:1) eluted 6-t-bubyl-2,3-dihydro-2-methylbensfuran (49 g.)
identical withsemple coblained fyvom the preceeding experiment.
Purther elution with petroleum ether-benzene (3:1) cluted the
desired ester 2-allyl-4-t-butyiphenyl formets (T.4 goz 34.0%)
Bopo 113.*/12 mme s P34 1.5079 (Found: C,78.05 Hy8:B. Cyylyq0,
veguires C,77.0; Hsaoﬁﬁ).}/?mmm}(liga film) 1770, 1748 cmoui
(¢ = 0}

p-Tolyl Formate.

p=Tolyl formate was synthegised similazrly by the reaction
of p-crezsoel (1%.6 gap 0.1 molde), moPo 32=34° (1it. meDo 36°),
formic acid (100%; 46 g.3 0.1 mole) and dicyclohexylearbodiimide
(20,6 go3 0.1 mole) in dvy tetrahydrofuran (250 ml.) foxr 24 hr,
in g reflrigerator. Chromatography on siliea gel yielded the

desired estexr p-tolyl formate om slution with petroleum ethew-

243 1,5070.

bengane {3:1) (4.7 g£.3 34.5%) bodo 74«751;12 Mo 5 Ny
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(Found: €,70.63 Hy5.9. GgyHgQ, vequirves C,70.53 39509%)01;maxb

(1ig. £ilm) 1786, 1755 em.™ {C = 0).

Synthesis of Oxalates.

The two oxalates used wevre prepared, in poor yicld, by
the method of Adickes, Brunnert and Lucker which involved the
reaction of oxalic acid (0.5 mole), phenol {1.5 mole), phosphorus.
aoxychloride (0.8 mole) and steunic chlowvide (as catalyst) on
ap 0il-bath at T70° foxr 16-20 hr, This yielded the desired
producis.
-

pi=phenyl cxalate:- 153 m.p. 142° as prisms from cdhanol

(cCcl, soln.) 1788, 1764 cmccl (¢ = 0).

91 )
(]«ito MoePo 1540)1 }/f nex .

Di-~pet-butylphenyl oxalates=  135%; m.p. 152,5-154.5° as

prisms from peiroleum ether. (Found: C,74.1ly H,T.4. Con B0,

o
{cc1, solm.) 1789, L767 cm.

requires C,T74.53 H9704%)03; —

(¢ = 0),

Irradiation of Aryl Formaies and Oxalates.

| Genexrally the ester was irradiated in absolute ethancl
(650 ml,) or bensene (650 ml.; sodium dried) for a sufficiend
time to affegt complete degomnposition., The solvent was removea_
by distillation and the wresidue chromatographed on silica gel,
Paetroleum ether-bensene (%3:1) eluted unchangaed starting muterial
followed, in one case by, the resrvaungement product S-t-butyl-

salicylaldehyde. In the case of p-i-butylphenyl aceitate the
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arrveangenent product was eluted with pesitroleum ethev-benzene
{1:1), The corresponding phenol was eluted with pelroleum
ether-benzene (1l:3) ov benszene. Benzene-sther (I:1) eluted,
extremaly slowly, polymeric melterial 2o & brown gum.

The gas evolved from the irradiation of p-t-butylphenyl
formate in ethanol wes itrapped over waler and had am uncorreched
wvolume of 1,75 litres (souivalent %o 1.5 mole pey mole of formale ).
The infrared spectrum of & sample showed the prosenece of caxrbon
monoxide }fmaxa(ga3) 2198, 23137 em,

The gas evelved from the irvradiation of p~t-butylphenyl
acetate amounted to 234 ml. {(equivalent to 21% of the theoretical)
aund showed the presence of caxbon monoxideq} — (gan) 2198,

2137 @mgwi and of a'hydrocarbon &a8, prohably methane, }’maxo (gas)
5012, 2959, 2899 em.” |

Distillation of the ethanol, vescovered from the irrvadiation
of p-~t=butylphenyl formate and scetate, into Brady'. Resgent gave
sapples of aceialdebyde 2,4-dinitrophenylihydrazone (0.4 and

024 po zespectively), Bop. 360-3162° {11%. mopo 163.5-164.5%).



Detailins the itrradistions of ﬁ(.wﬁﬁ@a&awawiﬁﬁmﬁﬂww ferpals nnd acetate
AxOURD % o 2 (OFTICRO + ArDH + polymer
. . . | E : oz i
A Guantity Solvent Time 7] ?Wﬂaﬁwﬁme L OE . Polywer
% L
Comversion
] 2
B fephenyl 8.7 g. |Ethanol i2 hr, 6.02 .3 1.03 z.
R = K 9.05 mole 08 5% 80.5% 11.8%
i
|
— ) . s . - - I S S S
pe Dz “=phreny .9 &, Senene 39 hr, 0.6 o ¢ .16 2.3 D. um 2o
k
-en ay P 2 7 )
R = H C.05 mole 5 . 2% 6.8% 55.4% 8.6% ﬂ
- PP - o . e, o USRS DU e - T PN | s P SOOI - s L e
% % ) - 5 5 e - 5w & - _ - 3
Py eplhony o o 3t Bthanol 3L hre. L2428 oo 8 Le3 2o 1.1Y o8
R = He 0.025 mole . 100% Dy O 3k .6% 23.1%
Ml 9
- - 4 - - -
g, Tielded 5,5 «~di=t-butvi-2 ,m dibydroxy-biphenyl AmQ vb Moo 2402129 Aﬁuﬁeﬁc g e
ﬁﬁ@mmm@w on slow crysialliseticn frow peirelsum ethes
be Ldt. bep. 251-252%, Foundy C,7h.7z H,8.L, Calculated for Cy3Hy,0 Qewrcmeﬁmﬁccﬁ?
. > - p L7 I P TR e BT o ¢ , ¢
iR . ?emf Fiim) 1662 em? (C=0). 2, kedinitrophenyihydranone w.p. 267-270° {decomp.)
(Founds N,15.80,C:7Hy3¥,;0; requires ¥,i5.6%; .
o Bops 2UBw256°/760 mm (31.29% bop, 65979 mm., )
)
do Bope 72=73°/0.15 mm., 111%.%9% B.p. 130%/12 wm. ), ymex. {(Iig. £ilmw) 1646 cm.” (€ = 0
A - -, - \\ 3 T
2, hwDinitropheny lhyvdrazone, W.p. L73=1754° {(14¢.%%% @m.p, 170°},
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Detailing the irradiatiomsof phenyl formate, diphenyle and
di-p~t-butylphenyloralates. Percenstage conversion is based

on recoversd stapling material.

R Time Polvmeri@;
el 3% L renh MO 4 e 3
Eeter Quantity Salvent Conversion Phenol Materiak |
T o T a ~ ,
Phenyl 6.1 gos Ethanol 20 hr, 2,13 go 3,0 gey |
formate 0.0% mole 650 ml. 100% 49,0% 50%
- - . e o ; -
Ph.&n;{l :":}.)6‘55 Hoyp Ethancl 3‘2 h:‘."g Gn?g Eo 1.8 o
oxalate 0.015 mole § TG0 mil. 91.7% 2%,5% 54%
- 8
ﬂi”?mt“hutylﬂ 4.C Eop Ethanol 24 hy, Lo 37 'E,’o . 105 gy
Fhenyl oxalate] 0,012 mole | TO00 ml. 81, 5% 40 . 4% 37 . 5%

@&y b, phenol isolaited as the benzoate (4.85 g. and 1.63 g,
respectively); m.p. 69-T0° (R.m.p. undepressed).

€, MePo 29-100° (1lit, mop. 99°).
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Irradigtion of Formate )wtexs in 0lefings,

Generally the formate ester (0,05 mole) was dissolved
in redisitilled olefin (oyclohexens, pent-l-gne and Z2-methyl-
pent=2-ene ), fiushed out overnight with a sirean of niitrogen
and photolysed for 24 hv., or until most of the ester had heen
deegmposeﬁa The solvent was removed by diebtillation and the
residue was chromatographed on silice gel. Petyroleum ethexw
eluted hydrocarbon meierial. Pelroleum sther-benzens (33:1)
rapidly eluted any sxyl cyclohexyl edher followed slowly by the
rearrangsnent produckh amd/or unchangsd gtarting madterial, Benzene
elut@é the corrvesponding phenol and unidentified meterial, appare
ently polymeric, was eluited with benzepe-ather {(1:1),

In bthe cease of a mixture ofsalicylealdehyde and unchanged
formate esber being obizined in fracition 3%, separsebtion could only
be eifected by the following precedure. Phe mixture was
hydrolysed in agueous sodium hydroxide solution (20%) by warming R
05 bw,on s stesmtath, The mixturs was cooled, acidified with diluta
hydroehloric acid and extrachied with elher. The organic layer
was washed with water, dvied (Na,S50,) and evaporated to give &
mixdure of salicyleldehyde and phenol. Chromatography of this

on silica gel gave the pure saliecyloldohyde on elution with

vetroleun ether~benzena (%21 ).




&8

Toble 4: details the producis end amounts isolated from the
irradiation of phenyl, p-t-butylphenyl, 2,6~xylyl and 2-naphihyl
formathes in cyclobexene,.

Table 5: details the producits isolated from the Srradiastion of
petebutyliphenyl formate in pent-2-enc and 2-methylpsnt-le-sune.
Table 6: details the producis iscolated from the irrvadiation of
allylphenols and esters in benzene or gyclohoxense. Separation

¢f the mixtures was cavried out by the above tebhnique. Generslly
petroleun ethersbenzenc {5:1) eluted the cyclisation product and
petroleum ether-benzene (1:1l) or benzene eluted unchanged phenol

or ester,
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TADLE I

+ ArOCHO =3 Dicyclohexenyl + ArOCsHyy + o-Ar{OHJCHO + AvDH + polyseric

hr Guentity Tiwe H/c .
of Conversion Matewial ArOCy Hyy jo-he{0B)GIG | 4: (U Po Lymer
LpDTHD _
...zkrm.wmww.m- &.@e@ Fod mﬁ‘w e ..ﬂruw £ - QQHN.Q S @9@\ oy ..m.&.m#uw 7 a P
: o o o
G.,082 mole 317, Bop.98-99°/1 1.3 4 2ip ¥
12 wma. |
W
ﬁﬁ@ﬁ@ﬁﬂ.&wm mnm R .Mbw B, mmm o 1.1k e ©<m Fog 2% &
i .hw.m‘:. rZ ~ c AMU Fod e Cae e .3\
paeny . 2.,0% mole 1009 Bew,26-37°/) 8.3% 5.6% 32 05
.15 wm,
2, 6eXy iy 75 £e3 24 Ty, 5.5 =z, 0.62 . O3 mos
et o . AN el
.05 mple mmounwﬂ ﬁn.ﬁewwmwﬂ\ mn rE [ L,n\w
12 wa.
Bulaphthylt 8.6 =. 90 hw, 02 2.4 C.42 £, 2.7 Z.3
. ﬂm L
- St e B 7 &
0.08 mole 67 4% B.p.31%/ 3.7% ¢ 2
! .l wmm,
N o S § -
= Xooplated mm ﬁw enyibenzoate (3.9% o), BeP OHI=TOP (mized Mo undepressed) The
of the otheyr phenosisz isclated verified by undepressed wmized meltims poiut: with a
mﬁmawﬂmﬂma
Aldehyden icolmited were ldentified by their infrared spestra and formaiic: of the corres-
pounding 2, h-dinitrophenyihvdrazons.

The hydroecs U@ﬁ oil tsolated im 2ll the above cases was purified by Jisti tation
%@Ewﬁ@@ @ a@cﬁcmsmuﬁm#me
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Noves Tox Table 1.

a, Foeonylovelobhexvl ethor s

bath temp. LO5-L10°/0.2% mm,
The identities of
be peteBuntyl-phenylceyelohexyl

the athers wore
%‘33}%‘&&?{*3‘* heﬁ}q BEIG/QGQ_{; iﬂﬁhu

AR

coniMtrmed by

@0 2,0-=Dipethyl-phonylceyveiohexyl comparison with

etheri- bath temp, 98-1000F
Q.0 wmm.

apthentic speclmens.

de BeNaphthyleyvelohexyl ethorse

Mofpe G5wG7®

S o o e Wond SagS W hped S S e



PARIE 5.

A Quensity of | Tima Dlefin mfe ArO-allyl |
ArQGHQ fraction
- U N e e
Deb-butyi-~ 8.9 & 24 hr.; pent-2-ene .58 goy
vheny L 0,05 mole Bopa.36=37° 4,16 g 14. 4%

(Lits Dapo
36.5°2

G058 g0 A8 hr.] 2-m ethyl .

P ¥ w"?menf_ (2.5 'o-’%

0,037 mole b ;@ Goucxe | 1207 g -
(13t.h.p.62°) 5o 3

8., 2~ and 3-pentyl pet-buiylphenyl edther: bop. 94ﬁ/000§5 i
(Founds G,81.25 H,12,3. €, :¥,,0 requives G,81,65 H,10.9%).
)/ mat. (3igs film) 1242 emo“is 1182 cm. ™ {#r0 and RO respeci-

ively ).
B pmu«butylphenyl 2-(2-mathylpsntyl) ether: bath bemp. 115 120°f

0.5 mme,m 1.4887.  (Founds G,82.5) Hyllil, C,oH,0

requizes C,82.05 H,11.1%) y o, (10 $ilm) 1252, 1169 cm,™

{8.0-9.0 p region},

Huclear magnetic regonance spaciral data avre reaoxded

in Appendix II,
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Irrediation of p=Chlorophonyl Foxmalbe in Cyclohezens

peGhilorephenyl Tormate (7.89 g.3 0,05 mole) was
&b s ’}h S

irvadiated in vedistilled eyclobhumene {650 ml,) for 24 hr.

ghromatographed on sllica gel, Peiroleun ether rapidly eluted
& hrdrocavbon fractiom {1.44 go). Petroleum sthor-hengene

{531} eluted p-chloropbenyleyelohexyl ether (G.64 g.3 G.1%)

distilled %0 give a colourless oll, dath temp. lSOmlﬁEﬂJGQO? R.ifa
Further elution with petroleum ather-benzene {(3:1) gave

unchanged p-chilorophenyl Formate (1.8 go.p 22.9%). Benzene

eluted an oil (2.44 g.) vhich slowly crysiallised Ho yield
pecyolohexylphenol (0.2 gvksreergstalliae& irom hkensene-potroleum
ether, as fine colourless needles,; TapPo 228.5-130,5° (litnlvi
Bope 1350°), {Founds C,81.63 H,9.5. Caleulabed C,81.83 H,9.1% )
}/ i o (XC1 disc) 333% omo ™ {CH), the N.M.R. spectrum is
r;?eportﬁ}d in the a;pendix I1; and p-chloxophencl (2.2 g.; 34.3%)
MoDo 42-43°%; undepressed on adwixiunre with an authentic specimen,
Ether-benzene (9:1) cave a colourless crystalline product {2.33
g.) [Product A}y recrystallised from petrolsum elhor-benzene as
fine golourless needles, m.po. 144m145“. (Found: G,69,7; H,8.0%)
Lfmaxo(xcl disg) 3195 cmu”i (OH). The N.M.R. specirum 48

rapeorted im Appendix IX. This compound formed a henzoata, 8s

golourless needles from dhanol, me.p. 175-177° (Pound: C,72.43
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2

. 1
Boboly Gl,11.0%), WV o {XCi dise) AT32 em, (G = G).
Ether-benzene {311) gave a brown gun (1.2 g.) which 4id not
erxystallise.

Reaotion of Product A with Zinc and Ethanod.

Product A&  (0.21 g.3 . & nmole) and zine (1.6 go3
0.028 g, atom) weve refluxed in ethanol (25 ml,) for 11 hw,
The yenction mixture wan filterved hot and the precipitate was
washed with bolling ethanol, The ethancl was removed by
distiliation and the product cxysitallised from densenes
patroleun ether as eolourless needles, m.p. 140-14%%,
undepressed on adnimsuve with siteriing material.

Reacticn of Pvoduct A with Alcoholic Potassium Hydroxide

Produgt A& (0,2

o)

g5 ¢ L mmole) was wvefluxed for 11 he.
with & scindion of potassium hydroxide in ethancl (15 mlo}

0,6 gojmla)n After coodadng the mixbture was pourved inbo watey,
acidified with diluse hydroehloric acid and ether added, WThe
organie leyer was sepavebed, washed wiith wadew, dried (Na,50,) and
the sther vemoved 10 give ab crangs gur (0,15 g.) which conlid

not be made to corysialliss.

Trrafdintion of pei-Buitylphenyl Formate in Bonzene-gyclohexens

Mixture.
p-t-Butyilphenyl formaite (8.9 g.5 0,05 mole) in beanzene
{325 ml.380d, drisd)} and cyclohexans {325 ml.; vedistilied

bops B83°) was irradiated for 24 hr, ’The reaction mizbure was
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worked up similazly to the previous eoxyerviments. The column
viag eluted with getroleum.ether.to remove any hydvocarbon
material.. Petroleum ether~henzene (3:1) eluted the desired
p=t~bubtylphenyleyclohexyl ether {0o43 go3 3.T%)s both temp.
130°/0,05 mm., identified by comparisen with an authentic

speclmen,

Azyld Cyclohexyl Eihers

The aryl cyclohexyl ethers obtained from the
irradiation expsriments wevre identified by their iufrared and
N.#.R, spegtxa, which are veporited in sppendix II, and by
comparizon of these and their refracitive iundices and boliling
poinss, in one case the melting paini, with suthentic samples
synthesised independently by the follewing methed,

Phenol {0.01 mole), cyclohemene (0.05 mole) ond
concentrated sulphuric acid (4 drops) werve heated on & sicam
bath for 8 hy. The materisl was dissolved in elher (25 ral, )
and unchanged phenol was exiracted by washing with sodium
hydroxide solution (10%; 3 x 20 ml.). The eithereal solution
was washed futher with water, dvied over anhydfous sodium
sulphate, Tiltered and the ebther vemoved by distillation.

The residue was chrematographed on silica gel, petzeleunm
ether-benzena (5:1) eluting the aryl ether. Purther

purification was obtained by distillatior ab reduced pressuve.



96

p=t=Bubylphenyleyolohexyl hihers- 21.8% yield: hnp°90m9lif

0.1 mia] n%@:105152. (Pounds €,82,0; H,10,9, G gH 4 O reguives
el

CQSZD?% Hgiao’ﬁ%)o )} BEK (liq-afiim) 12429 1182 Gl (ﬂ:f’“":'p

R=0 respectively).

; gt e #
p~Chiorophenyleyelohexyl Eihewrs- 6L.%% yields bop387=88ij

Ca.l W § R%@}.utj:'sﬁln (Foll,nd:? {3969623 }15\?{\5% C::Ersl;ét}()éi\;‘it.{iiﬁctic

raquires $,68.4; H,7.13 Glgléoﬁﬁ}o} (lig. Film) 1241,

/ max.
f"‘j-
1170 cm. {4x-0, R=0 respectively ).

2,6=-Dime thylphenyloyelohexyl hiherse 5%.9% yiald;

24
bath benp, llOi/Ool mm.3 1, 1.95169 (Found: $,82,2; 1,9.5.

D
. 57
0, 4l o0 TRquives C,82.4p H,9.68%),

ah
Vaax {lig. film) 2202,1185 cm.  (Ar=0, B=0 respectively).

o

2-Naphthyleyclohexyl Ether:i= 38.4% yvields bopo L15°% 0.2 mm.
diloa 2 p

veerystallised as fine golourless nesdlss from petroleum ethewr,
mopo 66-68° (Found: €,83.25 HyB.2, G, H, o0 raguives C,83,2;

. -
ﬁﬁsgg%)ymmo(ml dise) 1214, 1178 cm.  (Ar-0, R-0 respectively).

Irradiation of n=%i-Buiyliphenol in Cyclohsrene.

o-t~-Bubylivhenol (7a5 go3 0,09 mole), M.p.29=200°,
{1i%, mope 100°) was irradialbed in cyclohexens {650 ml.), h.p.
83-84° Yor 24 hy. . 4fber vemoval of the solvent the vesidue
(14,0 go), o ved oil, was chromatographed on silica gel,
Petroleum ether rapidly eluted a hydrocarbon fraction (7.2 g.)

which when distilled yislded & colourless o0il (3.9 &.) Deps
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383f0n1 mm. The remginder of the material did nodt distil

nor could i1t be made %0 cerystellise. Peiroleum ether~benzene
(%31) eluted p=t-hutylphenyleyclohexyl evher {0.51 go 4.4%)

Ve Do 88m90°‘bol nm, ideuiticel to previous samples obiained.

No unchanged p-bebubtylpohensl was obbained on Turther elution of
the column with benzene and mintures of bhenzene~ather,

Regction of p~i-Bubyiphencl in Gyelehexens

pet-Butyliphenol (3.75 g.3 0.025 mole}, mop. L00=-102°

(reoxvstallised from ethancl) was vefluxed for 80 hr. in

redistilled eyclohexens {(%2% ml.) b.p. 83%, Chrematography
of the residue, after vemoval of the sdlvent, ylelded p=-i.
butylohenol (3.7 g.) on elution with henzene.

Teraediation of Cyelohexene.

Cyclohezene (550 ml.; redistilled, b.p. 83°) was
irvadiated for 24 hr. Removal of the excess cyclohewmene by
distiliation yielded a vesidue (3.606 g.) as a pale yellow oil,
Pistillation yilelded a colourless oil (1,54 2:)5 Dope 90§f2 MM .
This materisl had sn identical infrared spectrom to that of the
oils obtained from previcus irrvadiation in cyclohexene. The
residue (2.} go) could not be made to orystallise and was in

the fTorm of & gum.



V.P,C, Analygis

Coluum Packing: 20% Silicous BI0L slastowmer or sillicsouns—ised
Cesliite BO=120 wosh.

Mabtagial No. off Retoubtlon Coluwmm Data
Poaks | Time {(mins) | (Lengih 6%%,)

1 /¢ fraction 1 3 4o bo5,.0, 5.2 | Pomp. 212°
inlet wress. B57.L ome
sutlet press.22.5 om.

Ny flow rate L.0 Litwe

2 H/C fraction 2 3 Boliy5.0,5,1 / hw,
detector surront
S5m amp.
dicyoelohogenyl 1 2,76 Tewmp, 219°
inlet press. 6.6 om,
ountlet press, 19.5 om.
N flow wate L.4 1itre
H/C fosctlon 1 2 2,28, 2.72 / v,
detector carrent 100
W SR o
WAC frastion 2 2 2,36, 2.76

oliexewy L 1 3.8 Temp., L9977
inled press. 6J.1 cin.
ountlet press. 228.bh om.

I 2 n I 7 ¢ v B e 2 3‘:..' W oEE e 2 I.‘_ .':.J: ‘;\?:ﬁf(gf
B/C Feaction 1 2 3.0, 3.75 Vg low mat °'fl£y
detector cuwrreuds 90
B QD
H/C fraction 3 2 3.0, 375
Praction Lz B/C fractiown From fixwediation of peit-bulylphenyd

Pormate Ln oyeloheXand.
Poooetion 2 H/C fracstion Ffrom frpadiation of pet-butylphewol

.

1y cyvelohexens.

By o Praction Prow trradiation of eyelohexens,

»
)
[}

Fonetidon O

ot
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Bromination of Hydrocarbon Fragchions.

The hydrocarbon frection (0.2 g.) from the
srradistion of p-t-bubtylphenyl formate in cyclohexene was
dissolved in chloroform {10 ml.) and & solution of bromine
in ehloroform was added wniil & faint permanen® colour was
obtained. Removal of the gelvent lefl a wiscous oil which
gryesbaliised slowly from ehlovoform to yisld dicyclohexenyl
ts%r&brcmi@é {70 mg.); ®m.D-160-161° undepressed on admixiuve

1P 176
with an authentic specimen, m.p. 162-163° (1313, BaPo 1597,

3,

189-190°},

Similarly bthe hydrocarbon fraction from the irvadiation
of p-t-butyiphenol in cyclohexene yielded dicyclehexenyl
tetrabronide, mop. 16G-162° {(mixed m.p. undepressed).

p-b-Butylphenyleyclohex=2-enyl Either.

3-Bromocyclohexene (20 g.3 0.12 mole), hapa56m5?3f12 iy
(liﬁnis? Bopo 7@;f28 mm); pet-butylphenol (L7.7 go3 Q.12 mole)
and finally ground anhydrous potassium carbonate {18 g.) were
ghirred at veflux temperature in acetone (40 ml.; anhydrous)
for 4 hr, The reugtion mixture was filtered hot and allowed
%0 cool, The agetone wag remeoved by distillation and the
residue was dissolved in ether and washed with dilute sodium
hydroxide solution (x 5). After vashing with weter, drying

{Na,50,) the ether was wemoved o yield the desired product.
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Pistillation gave pebt-buirlphenyleyclohex~2-onyl ebher (12.6 go

68.0%) as a coleouriess oil, b.p. 96if§004 mite {(Found; G, 83.7,

Hy Qa5 Gyl O woquires GyB3053 Hy9eb), mBA:1.5309 4y
. A

{lig.Tilm) 1238, 1182 cm  {(Ar=0, R-~0)., H.#.B. data ave

vegorded in Appendin 1T,

Astempied Claisen Rearvengement of p-t-bulylphenyloyelobhex-2-

enyl Bther,

pet-Butylpkenyloyelohex=-2senyl ether (6.6 g.) was
heated under ni%rogan for 2 hr., at 210%, The residue was
allowed %0 cool and dissolved in ether. The sthereal soluiien
was extractsd with dilute sodiuvm hydroxide solubtion (x 3).
The gediuvm hydroxide solution was acidified and extracted with
ether. The orgenic layer was washed with watew, drisd (Eagsoﬁ)
and the ether removed by distillation %o yield pe-t-butylphencl

(Lo33 go3 30.9%). No other phenolic product was abtained.
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Hydwolysis of Ethyl f-phenoxy propionate.

Ethyl Bephenoxy prepion&taimg (30 g.) wes hydrolysed
by vefluxing in squeous sulphuric seid (300 ml.s W) for 18 hw,
The mixture was cooled and ether was addad. The orgunis layer
was sepaveied,; washed with sodium hydroxidelsolution (% x 100
ml,. )}, water and dried (WQQSQ@)Q The ethey was wremoved by
dimtillation to yield sthyl B-phenoxy propionate (8.0 g,).

The godiug hydzoxide layer was acidified with dilute hydro-
ehlario acid %o yield, om filiérabtion, B-phenoxy propioniec
aoid (16,8 goy 69.5%) crystallised Trom aguecus ethancl as

i ,, 1G9 N
celourless plates, m.p. 94<96° {1it. MePo QF~98°).

{(Pounds (,64,93 H,6.0. Galoulated for Golly 05 « 0,650 H,6.1%)

n

Y e, (KC1 dise) 1695 cm.” {C = 0O),

¥

Synthesis of Bis{B-phenoxy proplonyl) peroxide.

B~Phenoxypropionic acid (5.0 goj 0.03% mole) and
purified thionyl chloride (3.6 g.3 0.03 mole) wevre allowsd to
stand for 60 hr. Exgoess thionyl ohloride was removed undey
vacuum o yield & crystalline solid, m.p. 24-26° (sublimed
to yield colourless needles, m.p. 28%) which was itaken o be the

]
acid chlorida}} (liq. film) 1800 em” {(G=0). P=Phenoxy-
MK »
propionyl chloride (7.6 g.3 0.04 mole) was converted to the

desired bis~(B-phenoxy propionyl) peroxide (2.5 g.3 36.0%),

obiained as colourless plates from agqueous ethanol; m.p.

95~94° (Found: €,65.5; H;5.8. C gl 50, vequires C,65.4;
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5, 5%) . jm (X013 dise) 1810, 178% cm.  {€=0), by reaciion
with hydrogen peroxide {3.6% mlog GoO% mole; 28%) and sodium
hydroxide (6,0 ml.y Q.06 mole, 1QH) in enhydrous ether af

144 "

=L0°C according to the asthod of Fieser ¢t al.

Degomposition of Bise (Brpaprmagnrovsomvl}pow@xiden

{(a) Bis-(B-phenoxypropionyl)pe:oxide {0C.4 g.) was heated in

a flask, nnder reduwced pressure (12 mm.)}, at 95°. Violent

decomposition tock place yielding a brown gum. Chromatography

¢f the residwe on alumina, with benszene asg eluent gave 1,4~

1

:.y .
diphenexyhubtane (0,12 g}y Mmup. 96-97° (Aztu s Po 29=1007)

. wll X
7 (XG1 ddise) 1250, L170 em, {ArQ, RO resvectively)
V max. £
undepressed on admixbure with an authentic specimen,

{b) In gyelpohexane.

Bis-{p-phenoxypropionyl) peroxide {0.5 g.) was
refluxed in wodistilled cyelohoxane (10 mi.) for 3 hr, The
solvent was removed by distillation. The vesidue (0.3 g.) was
chromatographed on silica gel. Pebroleum ether-benzene (1:1)
eluted l,4-diphencxybuitane (%6 mg.). Benzene eluted unchanged
peroxide (0.32 g.) and benzene-eiher (4:1) elnted an unidentie
fied material (102 mg.) purified by oublimation under reduced

Pressure, m.pP. 82-84° (eolourless prisms). (Found: C,68.4;

Hy606%) y

-

- (KG1 dise) 1740 em.” (G = 0)}. The presence

af phenetole in the distillate was shown by V.P.C. analyzis.
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A semple of the distillate oxhibited two peaks one
goryresponding ¢yclohexene and the othex to phenetole.

04 Ot ~Buty l=-O=phenylnonopercarhonate

Phenylchlornformate (4.7 g.3 0.03 mole) bop. 6B°f12 malo

(11%0153 Bepeo 74~?5j}13 e ) ond purified t-butylhydroperoxide
{2.7 go3 0,03 mole ), bepo§6m581220 Mo (lituiﬁs RoPo 36°f16 AW )
were allowed %o react at 0° with pyridine (4.7 g.5; 0,06 mola)
accoxding to the method of Davies and Hunteruiﬁé The preducs
conld nod be distilled and was purified by chromatography on

silica gel. Renzene eluied the puve Qp0-t-bubyl-O-phenylnono-

percarbonate (5.9 gos 95%) as & colourless oil. Analysis

155 , 20
for active axygen showed 98% purity n, 1.486%. (Found:

Ggﬁf}o(}ﬁ Bgﬁoéo Cilﬁiﬁr{}'ﬁ Tacriras 6962099 Hgﬁo?%)a} (liQr

”E BeX o
ol
£ilm) 1812 em.  {(C=0)

Degomposition of Q,0=-i-Butyl-O-phenylmonopercarbonaiss.

In_Cyclohexeng.

0, O=t-Butyl-0O-phenylmonopercarbonste (1.0 g.) was
dissolved in eyclohexene {10 ml.) and the solution refliuxed
for 20 hy., under nitrogen. Gas evolutiom during the wveaction
was 120 pl, The infrarved spectrum of the gas showed the
presence of carbon dioxide, }Bmgxa(gas} 2355 ampsL and 2
hydrocarbhon gaa}ﬁmﬂh(gas) 2985 cm(g' Chromatography of the

regidue, on remaval of the eyclohexsne, on silica gel gavs, on
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elution with petroleum ether, @ hydrocarbon muterial (13 mg.)
which had an iufrerved gpectrum similar to thut of an authentic
sample of dicyclohexenyl. Petroleum ether-benszene (%5:1) gave
phenyleyalohexyl ebhex (57 mg.). Petvolsum ether-benzene {1:1)
cluted diphenyl cazbonaie (30 mg.), mop. T79-80°, undepressed on
admizture with an authenbic gpecimen., No fuvthey material could
be eluted from the column. The ether insoluble material {07 go)

wag not chyomatographed,
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A«Phenoxyvacrolein

Propargyl) sldehyde (2% g.; 0.46 mole) bop. 54°
(iitoi7a bope 53-55°) was pagesd as its vapour, inlbe & mizxture
of phenol {47 g.; 0.5 mole), water (120 ml.) and pyridine (1.2 g.)
kept below 40°C Dy imaxeign in an ice-baih. When the addition
was complete the mixture was extracted with ether (250 ml.),
The orgenie layer was washed with sodium hydroxide solution
(10%), dailude hydrochlorvic acid, water snd dried (Wa, 50, ),

Removal of the sther by distillation yielded a red oil which

was Turther vurified by distillation to give 3-phenokyacyolein

56

1
(46,8 goj 69%); bop. 26-98°/1.2 mu. (1it, bope 130-136°/
U-jl
1imm, ) V s {i1ig. £ilm) 1684 cm. (@ = 0}, as a colourless
oil.

Avtempted Reaotion betwesn d-Phenosyacrolein and Fihyl-

cyanoaceiate

. 3-Phenoxyacrolein (5.0 go3 0.034 mole) and athyloyano-
acetate (3.8 go;0.0%4 mole) were dissolved inethyl alcohol
{16 ml.) and potassium fluoride (2.0 g.; 00009 mnole) as
catalyst, wes added. The reaction was distinctiy exothermic and
the reastion mixture became red afber 10 min. The mixture
was allowed to stand for 1 hr. Dilubtion with e?hyl alcohol
and Liltration, to remove the potassium fluariﬁeg'yielded ;%

black gum, on remaval of the solvent. Slow crystallisgtion
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from ethyl alcohol-benzane ylelded & pale orvange material
(0.1 go) Mepe 195-200°, PFurither atbempds to purify thie
material proved to be unsuccessinl due to its insolubility

in all but ethanol and walter. The infrared spectirum showed
the following strong bends (K01 dise) 2260 (Czal), 1692 (C=0),
1648 (C=C)}, 1550 omo ™ 1231, 1194, 1162, 1089 emo ™ {region
8.0-10,0 m}; 976, 761 ems ™

Abtemplied Resoiion bstween 3-Phenoxyecrolein with Malonio Acid

3-Phenoxracrolein (5.0 .5 0.034 mole), malonic acid
{353 gos 0.03% mole) and pyridine (4.3 z.3 0,054 mole) wers
heatad onm 8 steam-bath for 3 hr, The wmizture was nenbralised
| by addition of sulphuric acid (1.5 ml.,conc.) in watey (3 ml.).
Bxitraction of this mixiture with ether (3% x 100 ml.), drying
with anhydrous sodium sulphate ard evaporation to dryness gave
& red gum whichfailed to crystallias,

Attempied Reaction hetween 3-Phenoxyacyolein and Ethyl

bromoacetate,

Zine (LoTT gos 0,027 ge.-atom) was coveved with ether
(10 m3,) im a 100 mi, flask. o this was added helf of s
solution of Jephenoxyacrolein (4.0 goy 0,027 mole) and ethyl
bromoncetate (4.51 go3 0.027 mole) in ether {25 ml.). The
reaction was initiated by the addition of a cyysital of iodine,
The vemainder of the solution was added dwxopwise al such &

rate as 0 maintai.n boiling. When the addition was complete
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the mixture was refluxed for 0.5 hr. on a sieam~baith,

Hydrolysis was effected by addition of a dilute scetic acid
solution (100 ml.; 10% aguoous). FBther (100 ml,) was added

and the organic leyor was sepavaied, washed with saturaied
sediuin bieaxbonate seluticn, water and dried (Na,S50, ).

Removal of the ether by distillation yi @lda& a wed oll {4.0 zo}o
Fractional distillation of this gave Dnenol (2.3 203 DoDo
§6m3ﬁf§oﬁ am. ) and a frection boiling over a lavge range

(116°~130°/%.2 mu.). FPurther distillation of this failed

PN

PousYhY) BUPhanonypeniacr s ~dienoate

s

He, ¥ethylbub-legn<3~yne-l-carvorylate (4.5 g.; 0.041

7 160
mole), b.pe §2w54ﬁfﬁo mm. {11t0 PopPo ij%& mm%}pwepar@i
AL ¥

mol@)ﬁ_bopc §2w54“730 it 8 {1i$o Bepo 9 1f5ﬁ mmi}pwepaf@&
by the method of Eéilbron ei al, wos added to a mixture of |
sodium (0.94 gos 0.04) go~atom) dissolved in phenol (15 g.;
0,16 mole) and xylene {15 ml.). The whole was heated ab
140-150° for 14 hr., After cooling the mixnture was dissolved

in etheyr, excess phenol was removed by extraction wilth modium
hydvoxide solubion {j ¢ 50 ml,; 10%) and after washing with
water, drying over anbhydrous sodium sulphate, the sther and
xylene were removed by distillation under reduced pressure

o give a colouwrpless oil., Distillation of this oil éava

mathyl Sepbenoxypenia~2,4-diencate (1.8 g., 34.5%); b.p.92-96° /

0,05 mim. 3 n%5:1657? ag 8 colourless oil which crysitallised on
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standing to give colourless needles, m.p. 66-68° (Founds
CoT0.7s Hy60.6. C,,H,,0; reguires C,70.63 Hy%09%) Eymaxo
(1ig. £4ilm) 1711 emqmi {(C=0)., Methyl Sephenoxypenba-2,d-
dienoate (0.6 g.) and alccholic potassivm hydwvoxide (25 ml.,
kﬂg5o%) were vefluxed for I hr. Dilution with water and
acidification with dilute hydvochloric acid (10%}9 0 &
Congo-red end~point,; gave the free acid H-phencxypento=i,4-
diencic acid {0.2 g.) as colourless needlss crysiallised from

zqueocus ethavol, m.p. L30-138° {(Found: €,69.43 W,6,.0,

’
ot

Cizﬁzaqﬁ regunires 0,69.5; Hgﬁoﬁ%)c {KC1 Qisc) 1684 om.

‘%} HaX o

{G@O,\Fo

Bthyl S5=Fhenoxypento-<,d-diencate.

Carbethorymethyl~triphenyl-phosphonivm bromide
{50 go3 0,12 mole ), mop. 156°{d) (litaisggiﬁﬁ BePo 158°¢)
was dissolved in water (1 litve) and the mixture was neutralised
to a phenolphthalein end-point by addition of sodium hydrexide
solution (20% agqueous), Piltration yielded the desired carb-
ethoxymethylene-triphenyl-phosphorane (30 g3 Td.0%), MoPo
133-315° (145,00 + o0 o pe 116~117°)
Carvethoxymethylens-triphenyl-phosphorans (25 g, ;
0,072 mole) was dissolved in ethyl aceitate (800 ml.) and
3-phenoxyacrolein (10.7 g.i 0.072 mole), bopa leﬂ/lS mm .

was added with stivrring. The mixture wes allowed to siand

for 8% hr, After removal of the solvent by distillation
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the vesidue was extracted several btimes with psiroleum ether
which on evaporabtion yielded a red oil. Chromatography, on

pilica gel, yielded eithyl S-phenoxypenta-¢,4-diencaie (13,7 go4

87%), on éluti@n with benzene-petroleum ether {(Lil), m.p.60=-63"
38 colourless ﬁeedies £rom ﬁ@nt&naq {Foundz: C,Til.45 H,6.0.

ol
€y 58, .05 Tequires C,7TL.6y H,6.4%) :fj . (XCL disc) 1702 cm.
{(G=0),

¥ydrolysis of thiz ester (0.5 g,) by welfluxing wibh
alooholic potassium hydrozide (2% mi.; 1Ny 50%) gave, on
dilution with water and scidification to & Congow-red end
point, S-phenoxypsaitu-2,4-diencis aoild, o Do 136-136¢
{momsp. undepresssd with acild obtained from moihyl esier).

Reaction of Ethyl S-Phenexypenbe-2,4~dienocate with

dimethylacetylenedicarboxylate.,

' Ethyl S-phenoxypente-2,4-diencate (2,18 g.! 0.0% mole)
and dimethylacetylensdicaxrboxylate (1.42 g.3 0.0l mole) were
refluxed for 18 hr. in xylene (30 ml.{ sodium dried). After
removal of the solvent by distillation under reduced pressure
the residue was chromalographed on silica gel, Elution with
benzens-petroleum ether (1:1) gove & mixture of starting
materials (1.54 g.; 43%). Benzens~potroleum ether (3:1) gave

phenol (0.1 g.) and ether-benzens (1:19) gave l-ethyl 2,3-

dimethylbensene-1,2,3-tricarboxylate (1.14 g.5 43%), mopo 63-65%
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obtained as colouvless prisms from petroleum ether. {Found:
£052:.1; H;5.6. C,sl 405 requires Co%5Boby Hy5.5%). V max.
(KG1 dise) 1739 cm.” (Q=0).

The ester (0.1 g.) and alcoholic potassivm hydroxide
{25 mlos 1 H) wers vafluxed for 2 hr. After cooling and
dilution with water the mixture was extracted with ether,
The etharesl oxlrvact yielded, after weshing with water and
drying (Na, 50, ) hemimellitic acid (30 mg.); mep. 222-225°
{m.m.p. undepressed on admixture with an authenbic spscimen
(1i%, mep. 2R2%-224°),

Beactlion of Ethyl S-Phenoxypente-2,4-dlencats with NMaleic

Anbydride.

Ethyl S-phenoxyventa-2;4-disncate, (1.5 gos 6.9 mmole)
and malelc anhydride {0.T3 o3y To5 mmols, freshly sublimed)
wers cefluxed in dry benzene (15 ml.) for 24 hry. After
removal of the solvent the miuture was vrefluxed in water (25 ml.)
for 1 hr. to effect hydrolysis. The agueous mixture was
extracted with ether. &Separation of the product into neuvtral
and acidie compounds waes effected by extracting the ethereal
extract with squsous sodium bicarbonate solution. The
ethereal exiract, after washing with water, drying (Na,S0,)

and removal of the ether by distillation yielded 3-carbethoxy-

~Gm=phenory~1,2,3,6~tetrahydrophthalic anhydride (0.54 go0),




MoPoetliB=121° as colouriess nesdles crystallised from benzense
petroleun ether. (Foumnds C,64.63 Hy5.5. €, ,H, 05 requires

Cy64.53 Hy5.1%) }j

P

(!

m&xo(xgi dise) 1B69, 1789, 1730 cm.  (C=G)

Acidification of the sodium bicarbonaie extraci,; 10 Congo-zed,

Ffollowed by extracition with ether gave, after washing with

waher, drying (RaESOA} aud removing the ether by distillavion

(H

$=garbethory~b-phenoxy=1,2,%, 0=t trahydrophthalic acid (1.0 go)y

BoDoL34=E85° a8 colouriess prisms from agqueouns sthanol. {Found

£

C,61.03 H,5.4. € o8 40, wequires C,61.4y H,5.9%). y {kC1

max .
. s ) o
dimc), 1736, LT12 om. {C = 0},

Reaction of Bthyl S-Phencxypente=-2,4-diencate wiith Bengene

Disgonium-2Z=garhoxylate.

{e) Benzene diszonium-2-carboxylate (0.7 g.3 4.Tamole), =.p.
54°(d}), prepared dy the method of Stiles, Miller and Eurckharﬁ%i
was stivred with ethyl S-phenoxy~penta-2;4-diencate (5.0 g.3
0,023 mole) in refluxing ether (50 ml.; sodium dried) for

60 hr., After removal of inscluble material by Tiltration and
evaporation of the ethereal solution to dryness, the residue
was chromatographed on silice gel. Elution with benzene-
petroleum ether {1:1) smave ethyl l-naphthoate (U.36 g.j

40,5%) efter 1.2 litres and unchanged stariing material (3.4 go:
68,0%) after five litres,

{b) The wesntion was repeated on the same scale. The mixturs

was abtirred Tor 60 hr, in ether 8t room temperature, The
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product was ltyeated in the same way as above and chromatography

L3

on silica gel gave ethyl lenaphthoote {SC mges
5,6%) on elution with venzene-petroleum ether {1:1). Furiher
elution gave unchanged sdarting material (4.0 g.;80.0%).

Attempted Reasctltion of Tihyl S5-Phenoxypenta-2,d-diencate and

folans.

Ethyl Sephenoxypenta<?2,d-diencate (1.09 g.; 0.0L molie),
tolane (0.892 goj 0.0 mole}, mop, 63-62° {1it, mop. 62.5%),
woere refluxed in zylene {15 ml., sodium dried) Ffor 18 hr.
ATter wemoval of the solvent the mixture was chromategraphed
on silica gel., Petroleum ether eluted tolane (0.85 g.; 95%)
and pétrcleum ether-benzene (L:1) eluted unchanged sitarting
meverial (0.99 g.s 21%), Further elution failed to yisld any
desired material.

sthyl 2-Methyl-5-phenoxypente-2,4~dienoate.

Triphenylphosphine (26.2 g.5 0.1 mole) and ethyl
2-bromopropionate (18.1 g.; C.L mole) were refluxed in bengene
(120 ml.; sodium dried) for 6 hy, Aftew allowing to cool
the precipitate was removed by filtration and washed with
petroleum ather. The l-cavrbethoxyethyl-triphenylphosphonium
bromide was dissolved in water {500 ml.) end neutralised to
2 phenolphthelelin end-point by addition of aqueous godiun
hydroxide sclution (20%)0 The precipitate wag removed by

filtration to give the desired l-carbethoxy-ethylidenee
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triphenylphosphorane {17 go.) m.y. 162-165%° on crysiallisation
from ethyl scetate-petroleum ether (litpissmapa 157°) .

F-Phenoxyacvolein (5.3 g.5 0,036 mole) and i~
carbethoxy -2 thylidene-triphenylphosphorane {13 g., 0,056 wols)
were allowed Lo stend in ethyl acetate {600 ml.) for 24 hr.
The solvent was removed by distillation and tho residua was
extracted with ether. The ether extract, after evaporation
to dryness, was chromatographed on silica gel. Bensens

eluted ethyl 2-methyl-Hephenoxypenta~2,4-dionoate (5.% g

66.0%) as & pale yellow oil. Distillation geve the esisr as

a colourless oily Bope 120m1213f001 mm. (Found: C,72.43 Hy6.%.
C,,H, 50y Tequives C,72.43 HoTo3%). Egm&x“(liq° film.) 1718 Qmﬁﬁi
{C=0). Hydrolysis of the esier (0.% g.) was effected by
refluzing with alcoholic podassium hydroxide (25 ml.31N) fox

1 hr. DMlution with water and acidifioation, bto Congo-red, gave

Z2=methyl-S-phenoxypenta-2,4=-dienoic acid, m.p, 138-140°, as

colourless needles from agueous ebthanol. (Foumd: C,70.03

HoSedo C,,H,,Q wequires C,70.95 He5.9%). (ke aisc)

I‘x"a BEX .
ot
1667 om. (C=0),

Attempbted Beaction of Ethyl 2-Methyl-S=phenoxypenta~2,4-diencate

with Tolene.

Ethyl 2-methyl=S~phenoxypenta~2,4~dicenoate (2,32 g.3
0.01 mole) tolane (1,78 g.; 0.01 mole) and hydroguinone (G.2 g.)

were healed to 165° in a sealed tube for 30 hr., The residue
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was chromatogrephed on silico gel, petroleum ether eluted
tolane {1.63 g., 91.5%) and benzene eluted ethyl Z2-mothyl-
5-phenoxy-pente~2,4-dienonte {2.22g., 95.5%). Wo desired
material was obitained on fTurther sliution.

Attempted Reaction of Bthyl 2-Methyl-S-vhenoxypente-2,4-

diencate with M¥Maleic Anhydride.

Ethyl 2-methyl-S-phenorypenta=2,4-diencate (2.32 z.;
0,01 mole), maleic anhydride {0.98 g.; 0.0l mole, freshly
gublimed) and hydroquinone (0.2 g.) weve hested in a sealed
tuba for 30 hr. at 165° . The mixture was hydrolysed by
refluxing in weber (50 ml.) for L hx. The msieriael wes exitvactied
inte ether. Washing with sodium bicarbonate soluiion (3 x S0
ml. ), water and drying (Na,S0,) gave, on removal of the ether
by distilletion, unchenged staviing material {1.48 g.: 65.5%).
ATter acidifisation of the sodium bicarbonate extracet, extraciion
with ether yielded a ved mum (1.22 g.) which failed to sublime
or crysitellise.

Atbtemphed Reaction of Bihyl 2-Methyl-S-phenoxypenta=2,4-

diencate with Dimethyl Acetylenedicarbonrylate.

Ethyl 2-methyl-S-phenoxypenta~2,4-diencate (1,16 g.;
0,05 mole) and dimethyl acetylene~dicarboxylate (0.Ti gas
0,05 mole) wers veflured in xylems (20 nl.; sodium dried) for
24 br. The xylene was removed by distillation end the residue,

a roed gum, was chromatographed on silica gel. Petroleun
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sther~bensene (1:1) eluted dinmethyl acetylene-dicarboxylate
{036 g.; 51.0%), bensene eluted unchanged ethyl 2-methyl-5-
phenoxypenta<2,4-dienoate (0.62 g.; 53.5%6) and dbenzene-sthew
(9:1) eluted a red gum (0.31 g.) which did not crystellisa.

Resction of Ethyl 2-Hethyl-H-phenoxypentae-2,4-diencate and

Banzene Diazonium-2-garboxylaite.

Bepzene diazonium-2-garboxylate (2.7 g.; 0,018 mole)
and ethyl 2-methyl-S-phenoxypenta-2,4-diencate (5.0 g.i 0,022
mole) were wefluxed in ether (50 ul.), with mechanical stirring,
for 60 hv., The insocoluble material was vemoved by filtration
and discarded. The ether was removed by distillation and the
veaidue chrometographed on sllics gel. Peitvolesum ether-benzene
{(121) eluted & slightly coloured oil (0,16 g.) distillation
vath tenmp, 90m95”f 0,06 mm. gave a colourless oil. The infrawved
and N.M.R. spectra falled to show anything conclusive, Further
slution with petroleum ether-benzene (1:1) gave unchanged

gtarting material (3.2 go, 64.0%).




Atteupted syntheses of some phenyl substitubed

Lephenoxyproplionle acids
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Attempied Synthesis of 2-Phenoxy-ly,2~diphenylpropionic Acid.

2-Hydroxy-l,2-diphenyloropionic acid (2.0 z., 8,3 mmoie)
m.po 180-~181° (litai79 Mo Po 1?50)§1fmaxa {XC1 disc) 3350 cmOML
{oH)p; 1697 c;mq"'-‘i (C=0), was converited %o Z-bromo-l,2-diphenyl-
propionic acid by reaction with s saturated solution of
hydrogen bromide in glacial acetic acid (50 ml,) For 4 doys
at ambilent tempersiures. The mixture was peurad inte water
and filtered. Crzystallisation of the precipitate from henzene
yielded the 2-bromo acid (2.1 z.; 83.3%%) ss colourless needles,
Bopo 355-197° (1ituisﬂ Map. L85°) (Pound: ¢,5%.1; H,4.73

Bry25.8. Celoulated for €, H ;Br0,. ;59,05 Hy4.33 Br,26.2%).

R

(a) 2-Bromo-1,2-diphenyipropionic acid {0.5% g.) 1.6 mmole) angd
sodiuw phenoxide (0.2 go; 1.6 ﬁmole) were vefluxed in benzense
(20 m1,) for & hr. The miziure was allowed to cool and waler
was added. The organic layey wos sepavated and dried (Gaﬂla)o
Bvaporation to dryness gave unchanged stvarting material

(0,16 gop 32.0%), mop, L78-180° undepressed on admixture with
an authentic specimen. The aqueous layer was acidified with
ail. hydro@hloric acid and filtered., The precipitate was
erystallised from petroleum ether giving d-phenylcinnemic acid
(024 o) 65.3%), mopo 173-175° {mixed melting point

181
undepressed (1ift. mop. 172°),




(h) 2-Bromo-1,2-diphenylpropionic acid {4.5 g.; 0.015 mole),
phenel (1.9 g., 0.02 mole) and pyridine (5.0 g.; 0.06 mole)
were refluxed in benzene (10 ml.) Ffor 8 hr, After cooling
the mixture wes diluted with bensene and washed with water,
dilute hydrochlorie acid, water and dried (Call,). 'The
benzens was removed by distillaltion and the residue was
crystallised fTrom petroleum ether bo yield cephenylcinnamic scid
(15 mop A563%), mopo 173-176° (m.m.p. undepressed ).
Crysiallisation of the petroleum ether goluble fracltion gave
trans-gtilbene (1.0 go; 43.55), mepo L25-124.5° (1it. m.po
125°) (m.mop. undepressed).

Attempted Synthesls of Z-Phenoxy-l,22-%triphenylpropionic Acid.

{a) 2-Hydvoxy-1l,2,2-triphenylpropicnic acid (2.0 g.s 6.3 nmole)

L8282 2588
Moo 206-208° (1%, ?

Wepo 206=208°) )}mﬁxo(Kcl disc)

3505 cmami(OH)g 1681 cma”i(cac) and phenol {(0.59, 6.3% mmole)
were refluxed in itoluene (50 ml.), similarly to the methed of
S_pivca;s,rj};63'a for 14 hr. After vemoval of the solveni the

residue was chromatogrephed on silica gel. Benzene eluted
benzophenone {(0.94 g.5 4T.0%), mopo T5-T6° (monm.p. undepressed
and benzene-ether (4:1) gave phenyl acetic acid (0,73 gos
3605%).

{v) 2-Hydroxy=1,2,2-triphenylipropionic acid (0.5 g., 1.6 nmole)

was rcacted with hydrcogen bromide in glacial ecetic scid
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{310 ml., S5T%) at ambiont btemperatures for % days. The deep
rod mixture was poured into water and filtered. Unchanged
sterting material was dissolved in hengene and bthe residue
crystallised fromether o yield 2,%-diphenylindone (0.2 go,
45%) s Moo 19309=155,5° (lituxaﬁ Bopol53°), idemntified by
comparison of the infraved spectrum with that of sn suthentic

specimen. . (KCT dise) 1706 cm.” (0=0),

naxr.
Lttempied Bynthesis of 2-Phenoxy-l,lediphenvipropionic Acid.

(a) 2-Bromo-l,l-~diphenylpropicnic acid (§ud gy 0,016 mole)
Ropo 203=205° {1it. moPo 195-197°),{Founds ©,60,03 Hydo3.
Caloulated for C,gH ;Br0, o 0,59.05 H,y4.3%), prepared by the
nethed of Wegmann and B&hniaﬁph@nol (1.6 g.3 0,017 mols)

apnd pyridine (5.0 go) wer@‘refluxeﬁ in bengene (20 ml.) forx

5 hr, The mixture was digsolved in ether and the organic
layer was washed with water, dil. hydrochloric acid, dil.sodium
hydroxide solution, water and dried {Na,S0,). The solvent

was yemoved by dietillation 1o yield 1l,l-diphenylethylens

(2.7% goy 92.5%} (Found: C,9%.43 H,7.2. Caloulated for

Coallypo C39%.3, He6.7%) Y maz.
(p) Methyl 2-Bromo-lJl-diphenylpropionate.

A
(liquilm) 894 cmom (G“’H}a

2-Bromo-1,1-diphenylopropionis acid (5.0 g.; 0.016
18
mole ) was reacted with diasome thane in ether and allowed
%0 stand overnight. Removal of the solvent gave the desired

methyl 2-bromo<l,l-diphenylipropionate (5.2 g.y 100%)
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cryesbtalliced as prisme from aqueouvs eithanoly m.p. 44-46°,
{Founds (,60.33 HodoTs G, gH; s Br0, wequires 0,60, H,4.7%)
J ma, (K61 ddse) 1712 oms ™ {6=0),

Methyl 2-<bromo-l,l-diphenylpropionate (1.0 goj
3 pmole) was reacted with phenol {0.41 g.; 4.4 muwole) and sodium
{0l 8oy 0.0044 gop @bom.) insthanel {10 ml., absolute) aib
reflux temperatuve for 20 hr. The mixiture was cooled,; poured
into water and =xtracted with ethewr, The ethereal extract was
washed with sodium hydroxide golution, wabter and dried (Me,50,).

Removal of the ether by distillation gave unchunged startinge
g & &

naterial (009 gos ?0’%}0
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Substituted Hydroxy-Bensopheonones

Tane.

j 2
i,!:-:. s C} fff\\ “

fl

Subatd buent

Integral

ST B

Assiprment

Ry wRg w03 R =Ry =l

=0, 16 (s)
2 @ 2“‘*’3 65

=V

ayryl protons

9..
Ry #iig w0l Ry =Ry =B

=045 ()

2410 {m) s 2.90(s)

3.02(e) s 3.15{s)
8.68 (u)

= e ™
Do

L

540

iyl protons

&
Bex

Ryl g RpoRg «Ry =H

2e2@395

= OF]

ary i pretons

. &
RymQHg Ry wBu 3
Ho 2Ry wRE

=1.70(e)
2.42{m)s 2.98(s)
Bagiﬂgl

8,78

<« O

aryl protons

Bu%

(@} w piungleds

{m) =

mr b iplet
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Substitonted Phouvyl Cvolehaexyl Etheows

Substitusnt - values Integzral | Assignment
Rxﬁ% EER@ rsf 2 wﬁ"‘-’-‘i} 95 Pipes
5.8 Proton b
8.4 cyclohexyl ping
Ry wRg g Rgmﬁuﬁ 3.13 {a) avoun tlc protoms
5 .85 Probton b
B.45 oye lohoxyi wing
8,75 (w) Bu®
Ry uellp wMa g Rg »=H Bgﬁﬁim) arometic protons
5 .88 Proton b
w2, 80{s) M
B.l ocyelohexyl wimng
Ry whg vy By =CL 2,08 (g) aromatic pretuns
5 .85 Proton b
8.458 ey lohesyl wing

{m} w gingledg

{g) = grartes
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Mipeellaneous Avomatic Bihoewxs

JTutegral g
14 319’8 3008 36 06 313(93

() w"m‘{(f; \

T waluos se Ph 3.05(q)s {a) n.15(s)s () $5.35: (e) 8.17(m)
b v
Ba" 8.7(s)

Tntegwral g-
7281 312,3

T valuwess- {a) 2.45(m)s 2.92(m)s (b) 5.65s5 (c) 8,45 (w)
L 2—.: ) Integral
R =G, M gwe L 8=
* Q;} ﬁ(C"“” o) h.231 [Phs(b)]
‘ =
(b}

Tvalues s~ Ph 3.1{g)s (b) 5.85; Bm% 8.75(s)s (&) 8ol ol

T values e Ph 3.03(q) s Bu® 8.75(s) s alkyl vesidue 8.29.3

(&) = singlety (q) = guawrtets (m) = multipliet.
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Gyroalic Bthews

M@ (
2 5 e
- "“ 4 Integral s
£ L.}%(Q) .3323236.3
)

T valuesi- {a) 2.9-3.%3 (B) 7.3 (£)s () 8.30 {&);
(@) 8.73 (o)

ney
e ‘@
j \\f “”i@ Totogend. e
.\{& e

ﬁ:} 38@4;8 83@8532.30?
i?gkw

T valves:- {(a) 2.9{wm)s 3.05(s)s 3.38{s); 3.60(s) s

(b) 3.28(m)p (e) 7.05(m)s (a) 8.52(w)s
Bu® 8.6 (s)

{g) = singlets (%) = teiplet (m) = mmitipled
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Miscellaneons Besiers
(b} (4}
CO,CH, M,
+COCH, Tntegral s

| ﬁi;:) () 3.0632:5:2,8
(a) & ETNCO,0H,

=

T valuees- (a) 1.78{m); 1.96(s)s 2.55(w) s (b) 5.68(q)s
(¢) 6.13{s)s (@) 8.63(¢).

ébzfﬂ {a} Tntepral s-
N OO 0.9 83,25 59
(ii) §£ Unassigned poalkes

é iy
Mg, T T OHEHCH,  1.3830181.2

T valnes s {a) 1.80{(s) g () 2.75(m)s 2.94(s) s Buta 8.70(s)
other unassisned peaks at 5.82(m) s 6.96{(s) s 7.12(s)

(iiﬁﬁ (o) Tatesral ge
¢ e, o OGO L8k 33.281.8
Ol @

Me L7 ™ ”’“«:‘.a.aaa@;s«%::@fmsg

T valuesse (a) 1.90(s)s (b) 2.88(m)s 3,03(s)s (&) 3.6=5.6
(a) 6.95(a): Bu®s 8,7 () {wm)

Tntegral 3=
YR Y X% N

v

(2)
T vatnes o (0) 1.05(m)s 1.75-2.9(m)s () 5.6(a)s (e} 8.6(%)

() = esinglets {(d) = doublety () = twiplet;
(@) = guaibel g (m) = mmltﬁplaﬁo




125

@) {bY
M}wg} 2wﬁ® CHEH,
i i

Integralse 7.,330.922.933
7wva1u@&3m Pz o+ two shislded protons 2.3=3.2a);s
two do-shielded protons 4.08(m)s (a) 5.85(q)s
(») 8.75(s)

&a) i%}

T vealues i~ Ph + twe shielded protons 2.65-3.15{m)s oune
de-ghiclded proton )ggﬁﬁmﬁg (&) HB&{Q)” (b} 8, il(d),
(n) 8.72(s)

(ﬁ) twiplets (q} guartety (m) peltiplet.
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