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SUMMARY

(1) The attempted cyclisation of ethyl l3-ketomyristate

with potassium t-butoxide at high dilution, gave polymeric
material and 13-ketomyristic acid, Ethyl a-acetylbrassylate
under similar conditions, and also with sodium hydride as base,
gave only ethyl hydrbgen a-acetylbrassylate along with polymeric
material.

(ii) The cyclisation of ethyl 6-oxo-5-phenylheptancate

with sodium ethoxide was shown to give 6«0xo0=5-phenylheptancic
acid, 2-acetyl-5-phenylcyclopentanone and a mixture of 3-ethoxy-
carbonyl-2-methyl-l-phenylcyclopent-l-ene and 3-ethoxycarbonyi-
=2=-methyl-l-phenylcyclopent-2-ene.

(iii) A route to cycloheptane-=l,3~-dione by isomerisation of

the epoxide of the previously reported 2-oxocyclohexylideneaceti:
acid failed, and reinforced doubts.as to the structurebof the
starting material. Cycloheptane-1,3-dione was finally synthesisec
by catalytic hydrogenation of l;3~dimethoxycycloheptatriene,
followed by hydrolysis of the resulting diene with oxalic acid.
The instability of a conjugated .enone system in a seven-membered

ring was demonstrated.



GENERAL INTRODUCTION

Acyclic B-dicarbonyl compounds have been readily
accessible from the earliest days of organic chemistry, as indeed
have several cyclohexane-1,3-diones. Recent work has shown the
dependence of both the physicai and the chemical properties of
compounds containing this functional group on the steric inter.-
actione operating in the molecule,

In a B-dicarbonyl compound, enolisation is encouraged
by the resultant formation of a conjugated enone system., Measure-
ment of the enol content of acyclic B-diketones by 1!1!&;(@:1?1 by
bromine titration, surprisingly showed that in polar solvents
they exist to a large extent in the diketo form, while in non-
-hydroxylic solvents they are extensively enolised. 1In addition,
the enol forms are more volatile than the diketo. To explain
these anomalies, Sidgwick? introduced the concept of a strain-free
enol chelate, in which the enclic proton, simultaneously held by
both carbonyl groups, forms a six-membered hydrogen bridged ring

of pseudo-aromatic character (I).



Since the enolic proton is no longer available for inter-
molecular exchange with the solvent, the enol form is now more
hydrophobic than the diketo form. As a consequence, the
solubilities of the two forms in a given solvent are once again
in agreement with the van't Hof:waimroth8 expressions

lenola - g = -8olubility enol
keto solubility keto

where G is a constant independent of the solvent.

The existence of these enol chelates has since been confirmed by
ultraviolet‘ and infrared5 spectral measurements.

The stability conferrsd on P-diketones by formation of this
hydrogen bonded ring, dictates tThat the chelate will be the
preferred form where steric factors permit, i.e. if the enol of
the acyclic B-diketone can be planar (to maximise resonance energy)
and cyclic (to permit strong hydrogen bond formation).

Open chain P-diketones are in fact an equilibrium mixtuze of
three forms, namely the diketo, the gis-enol, and the Eggggfenolo
In any solvent the equilibrium depends on the ionisation constanis

of these forms, i.e. their scidic properties and degree of solvatiom.

Q
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While conducting an examination of the colours of the iron
compléxes produced when f-diketones are treated with agqueous or
methanolic ferrie chleride, Heneckaé cbserved several B-diketones
which gave no colouration, but which could be shown by bromine
titration to contain appreciable amounts of the enolic form.

This was especially true of compounds containing a branched
a-substituent such as isopropyl. He attributed the absence of
complex formation to steric prevention of cig-enolisation, causing
exclusive formation of the trans-enol. A similar postulate had
previously been used by Arndi gﬁ_glz to explain (incorrectly)

the apparently anomalous solubility properties of keto-enol
systems,

In acyclic B-diketones it is only on enolisation that the
bulk of the alkyl substituents becomes vitally important, and
can affect the formation of the enol chelate. In the diketo form,
where there is free rotation about the carbon-carbon single bonds,
the size of the substituents has little influence on conformation.
The trans-conformation is favoured by low dipole moments as one
would expect the value for the gis-isomer to be high.

The idea of 'trans-fixed' f-dicarbonyl compounds has been
developed with special reference to the alicyclic series by

Eistert and Reissg When a P-dicarbonyl function is contained
in a four-, five-, or six-membered ring, not only are the carbonyl

groups held in a trans alignment in the diketo foxrm, but
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clis-enolisation is sterically impossible so that chelate
formation cannot occur.

In & study of B-diketones in solution, KXabachnik and his
coeworkers9 applied the theory of acid-base equilibrium to the
tautomeric equilibrium befween the ketonic and cis- and trams-
enolic forms of B-diketones. That the tautomeric equilibrium is
ionic, involving proton transfer, and is determined by the
equilibrium of keto and encl forme with their corresponding
anions and solvated protons, was vérified experimentally,10 i.e.

KE + S = E- + sB* = 88 + s
where KH is the diketo form, EH is the enol form and E ~ the
enolate anion of a B-diketone, and 5 is the solvent,

It was found that 'trans-fixed' B-diketones did not obey
the relationship developed by Meyer? for keto-enocl equilibrium
constantss -

K = EL
where E is a constant measuring the enolisability of the solute
and L is a constant measuring the enolising power of the solvent.
This is explained by the fact that cis- and trans- enols are
acids of different chemical types, while the Meyer expression
is developed from the Br{msted‘1 theory of acid-base equilibrium
which coﬁsiders acide of the same type. A4s & result two distinct
equations must be considered, one for the keto cis-enol

equilibrium and one for the keto irans-enol equilibriums -



K cis-eno%/&eto = EL and. X transaeno%/keto = BVl

Where E and E! are constants which measure the tendency of the
solute to enolise to the cis~ and irans- enol respectively,
and L and L' are constants denoting the enolising capacity of
the solvent to the cis- and trans- enol respectively. E and E?
are independent of the solvent, and are determined by the structure
of the keto-encl, while L and L' depend sclely on the golvent and
are common to a2ll keto-enols.

The overall equilibrium constant, which is that measured

by bromine titraticn, is now expressed by

K = EL + E'L?

Results obiained by Kabachnik? Tor the encl contents of
certain 'trens-fixed' B-diketones, led him f{o believe that
trans-enolisation was independent of solvent (i.e. K = BL + E1 ),
but this was refuted by Eistert and Geiasiz for 'trans-fixzed!®
B-diketones of the dimedone type and cyclic malonic esters., Hore
recent work by Eistert and Geisaia and by XKabachnik and his
eu-workers,l‘ has led to the furfther subdivision of 'irans-fixed!
B-diketones intc three categories:-

(1) Cyelic B-diketonee of the dimedone type {II) whose trans-
enclisation is sclvent dependent, being enhanced ia hydrophilic

eclvents.



(i1) Cyclic acylals of malonic ester, such as isopropylidens
melonate (III) (Meldrum's Acid), which are completely unenolised
and in which equilibrium takes place directly between the dikete
form and the enolate anion. Here, addition of a proton to the
gyclic anion does not cause any gain in mobility, so that the
anion hag a low proton affinity and these compounds esre thersfore
highly acidic.

(iii) a-Akyltetronic acids (IV), a-alkylacetoacetic esters and
a-alkylacetylacetonates whose trans-enolisstion is apparently
independent of solvent. In fact it does vary with solveni, but
the changes in solvation energy of ketonic and trans-enolic forms
with églvent are 80 small that trans-enolisation is constent

to a first approximation.

Os 20 O0— _
| C{f o0 Me Ch-co, /R

C
\:O--o/ e O—-—-cdl Y
Me Me

(E) (m) (z)

All further considerations will be concerned solely with
the first of these categories.

‘gzgggffixed' B-diketones owe their distinctive properties
to the inability of their enols to chelate. In four-, five:,

and six-membered rings, the diketo form of P-diketones is a



rigid structure. Enolisation, therefore,occurs readily, as the
increase in rigidity resulting from formation of the enone systen
(V) is small, and gives rise %o the trans-coplanar arrangement

in which oxygen=oxygen repulsion is minimised and reﬁonance

stability lis maximised.

:——-(: — ;-:éo
(T)

(The enols of acyclic P-diketones are less stable in this
conformation, as there is interference between the residues A
and B flanking the functional group).

Trans-enolisation is encouraged by intermolecular
hydrogen bonding, As a result, enolisation in non-polar
solvents is concentration dependent, and falls with increased
dilution. The trans-enol has a proton avzilable for hydrogen
bonding to a molecule of solvent, énd ite formation is therefore
enhanced in hydroxylic solvents. Conversely enolisation is
inhibited in non-polar solvents.

18
Eistert and co-workers  cobserved the high acidity of

these cyclic PB-diketones, which have pKa values typically in the
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range zeaesos. a-lonosubatitution of the B-dicarbonyl function
diminishes this acidity, while it is of course completely absent
in the non-enolisable wa-disubstituted compounds. The acid
strength of unsubstituted ‘trans-fixed' P-diketones results from
their extensive enolisation, and froh the gain in rescnance energy
obtained by formation of a symmetrical resonance stabilised anion
(VI). Removal of the proton does not involve the breaking of a
hydrogen bond as it does in chelated cis-enols. The wigidity

of the enolate anion so produced is even greater than that of the
enol, but since the original diketc form is itself rigid, there
is no greet entropy change due to loss of mobility. Blout gj.g;ia
have shown that the extent of enolate anion formation of ¢yclic
f-diketones in neutral solution is concentration dependent, and
increases with dilution.

'Trans-fixed®' P-dicarbonyl coppounda exhibit amphoteric
halochroismﬁib In going from neutral to alkaline solution, there
is a bathochromic shift in the ultraviolet absorption maximum of
about 250@30039 due to the conversion of the unsymmetrical enol (V)
to the symmetrical, resonance stabilised, enolate anion (VI). In
concentrated acid, a slightly smaller bathochromic shift is
observed due to formation of the symmetrical oxonium cation (VII).

In both cases the extinction coefficient is increased, to a greater

extent for the enolate anion.
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N
(v). Y\( 7//\( enol (uasym.)
(v1) ) enolate anion
(sym.)
(viI) 07/\(0 7/\( oxonium cation
(&yi.)

The chemical properties of P-diketones are also influenced

I
\

I
\

i

A ]
by ‘trans-fixing'. The enol ethers of ‘trans-fixed' B-diketones
are much more readily prepared than those of the acyclic series,
where formation of the ether involves breaskage of the enol
17
chelate ring.
The formation of copper complexes by shaking with copper
acetate, or indeed of the complexes of any bivalent metals (VIII)
18
a8 found with cis-enolisable analogues, is sterigcally impossible

with trans-~-fixed'! P-diketones. Cyclic P-diketones can however

iz
R (:'//'C\ c ARy
| I
o\me "’é
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form salts with metals and care is required not to misinterpret
this phenomenon as evidence of the formation of coloured complexes.
Thus dimedone can be induced to give & colour with methanolic
ferrie chlorids.

In cyclic P-diketones °‘trans-fixing' is a function of ring
size., While in four- and five-membered rings the two carbonyl
éioups are held trans-coplanar, in the diketo form of cyclohexane-=
=l,3-dione (IX) the carbonyl groups, though still rigidly held,

are skew to one another. The enone (X) once again provides a

Yrans~- coplanar system.

As the ring size is enlarged, the factors keeping the
oxygen atoms apart will be reduced end an increase in the mobility
of the molecule will become apparent, Models of the seven-
membered cyclic B-diketone show the diketo form to have a
congiderable degree of freedom. As with the six-membered ring,
the conformation with trans-coplanar carbonyl groups is unstable ,
invoiving in this case a strong l,4-transannular interaction and

eclipsed methylene groupe (see Section III). On enolisation,
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these steric factors are again present in the trans-coplanar
@onf@:mation, and a non-coplansr conformation, in which the
advantages of conjugation are minimised, is more favoured.

If the number of carbon atoms in the ring is progressively
increased, a sufficiently large ring size should be reached at
which the properties of the alicyclic B-diketones revert to
those of the open chain series, with thé poesibility of cis-
enolisation and chelation. Increasing the ring size in other
seriee has caused similar reductions in strain, e.g. in syclo-
octene it has been shown that the conformation with a trans-
double bond is capable of existences;9 and exceptions to Bredt's
ruleaa are frequent in the macrocyclic serieai1 An axaminafion
of the relationship between the ‘trans-fixing' of alicyclic
B-diketones and ring size is therefore desirable. Unforitunately,
it is probable that reversion to acyclic pfOpertiea will only be
found in very large rings, and & study of the problem has been

hampered by the inaccessibility of these macrocyclic P-diketones,

While cyclohexane-1l,3-dione has long been available by
Dieckmann cyclisation of ethyl 5-=oxohexanoatez2 (XI) and of
ethyl 2=ethoxycarbonyl~5=oxohexanoate83 (XII) or, more usefully,
by catalytic hydrogenation of resorcinol using a variety of
catalyets?,4 these methods cannot be extended to macrocyclic

B=diketones.
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CH;CO(CH, ); COOEt CHy CO(CH, ), CH(COES ),
(x1) (x11)
Other routes to this dione are:-

5
(1) Birch reduction of 1,5,Setrimethoxybenzenei-

| Sodium in -
oMo EOH ¢ ligNry g =0

, 26 ,
(2) the synthesis of K8tz and Grethe, by formation of the

dioxime from cyclohexenone and subsequent hydrolysis,

uu,ou
Sde_ys Q '@% 0 Q«A
il

27
(3) eyclisation of w-hexynoic acid with trifluoroacetic anhydri@e,

" =CH
(exco),0
COOH
m/

3”3\



The laet two preparations suggest possible synthetic psths to
f-diketones of higher ring size, although negéﬁive results are
reporteﬁvin an attempted cyclisation of w-heptynoic acid,

In the four-membered ring series, tetra-alkylcyclobutane-
1,3-diones (XIII) are easily cbtainable by symmetrical dimerisati: =

28
of ketoketenes. The structure of these dimers has been confirme:d

& W (fi)

29 30 51
by Raman spectra, X-rays, and electron diffraction.
Aldoketenes and ketene itself can theoretically dimeriee to

give any of five products,viz.

RCE, coxg::c:o RCE, ?zc':-n RCB=(: -?n-n
R 0-CO 0-CO
(x17) (xv) (xv1)
RCH-CO RG=C-0H
to-ban CO-CH-R
(xviI) - (xviII)

32
Since the claim by Chick and Wilsmore, based on a
33
suggestion by Staudinger and Bereza, that the product they
obtained on dimerisation of ketene was cyclobutane-1,3-dione

{(XVII, R = H), controversy has raged as to the true nature of



this dimer. As recently as 1943, Rice and Robertsae s8till
preferred this formulation. The sccumulation of evidence which
has led to éhe acceptance of ithe vinyl-lactone (XVI, R = H) as
the true structure is well summarised in a recent paper by Enk
and Spesﬂ35 the most weighty being electron diffraction measure-
mentsfs

As with ketene, the dimers of aldcketenes are so reactive
that determination of the correct sfru@ture by the methods of
organic chemistry is difficult. Dimerisation of methylketene
gave two forms - a ligquid with similar properties to diketene
and accepted as having s B-lactone structurei7 and & crystalline
scidic form which Woodward and Small — have identified as the
enol (XVIII, R = Me).

Enk and Spes35 have alsc shown that the trimers of aldo-

ketenes are enol esters of dialkylcyclobutane-l,3-diones (XIX)

from which the free enols (XVIII) are readily obtained by

hydrolysis.

R OCOCH,R R OH
CO-~CH C0—CH
\R R

(x1X) (XVIII)
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An garlier claim to the preparation of 2,4-dimethylcyclo-
butane-1,3-dione by cyclisation of dimethyl aa’-dimethylacetons-
dicarboxylate (XX) with cold sulphuric acid followed by

8°

38940
saponification and decarboxylation, was shown to furnish

instead, the pyranone (XXI). On treatment with barium hydroxide,

(o

|
CHs\CH /,c:o\ml o, i »
(%) (zx)

however, this product rearranges to give 2,4-dimethylcyclobutane-
-l,3-dione (XVII, R = Me) and provides the most useful source

38
of this compound. The mechanism which Woodward has postulated

for the rearrangement involves ionic intermediates (XXII) and

(xxr111),

(zm) ‘ (zzm)
The preparation of cyclobutane-1,3-dione itself has now
' ‘ 41 42
been realised by Wassermen and Dehmlow. Nieuwenhuis and Arens
had shown that pyrolysis of ethymyl ethers (XXIV) gave cyclobutane-

1,3-dione enol ethers (XXV), and suggested a mechanism which



involved initial ketene formation followed by reaction with a

further molecule of the ether. The practical soundness of this

8~ o — +
CH, - .
(Xx1v)
R-CHFC<O R~CH=~C

> — b
Bt0 - C = C -~ R L =6
Et0 R

(xxv)

mechanism was confirmed in reactions bhetween ketenes and
l-alkoxy-l-alkynes (XXIV)‘;3 which gave rise to monoalkylecyclo-
butane~l;3-diones.

Wasserman and Dehmlow found that by bubbling ketens
(XXVI, R = H) through ethoxyacetyleme {XXIV, R = H) in methylene
chloride and hydrolysing the enol ether formed with celd sulphuric
acid, cyclobutane-l,3-dione (XVII, R = H) was readily available
in 30% yield. The diketone is solid, stable at low temperatures,
and exhibits infrared absorption both in the solld state and
in chloroform solution consistent with a four-membersd ring
ketone, and extremely weak double bond absorption (Table I).
The nuclear magnetic resonance spectrum in deuterochloroferm

shows that it exists exclusively as the dione in this solvent,



whaille in polar media it is largely wmenolised. Also in kesping
with ite !'trans-fixed® structure is a pKg value of 3. This
exceptional scidity is in agreement with previous predictions.
Woodward and Smallaa had attributed the high acidity of 2,4-
dimethylcyclobutane~1l,3-dione to the fact that in the ground
stete a greater contribution by the forms (XXVII) and (XXVIII)
would be expected, especially (XXVII) as this removes the double
bond from the ring and thereby reduces ring strain. Roberts

é4 _
and his go~workers  preferred Yo explain the acidity by

+ +
- //@M &OH
b — |
o7 "o
(3w (Z=im)

cons idering the increase in delocalisation due to cross-ring,
non-bonded, electronic interaction. For the cyclane-l,3-diones
the delocalisation energies calculated from L.C.A.0. theory
diminish as ring size is increased from four to five to six,

end hence the anion becomes léss stable as the ring is enlarged.




In the five-membered ring, the parent dicne has again
proved more inaccessible than iits derivatives. OCyclopentane-

Y
1,3-dione (XXIX)  was first obiained as a degradation product

of aureomycin.

HO R #

. NaDH .
sureomycin -—STmi /
[ O=

i
CbNHz

(%K)
: 46
The synthetic dione was prepared by Boothe et al., in an
overall yield of 7.5%,by cyclising the ethylene ketal of ethyl

methyl B-ketoadipate (XXX) followed by hydrolysis and decarboxyla-

tion.
_ Cooss _ COOEt ;m{r
cH, coone CH, cooMe - Jes
io | Yy B &ﬂ ey o0 §@
CH o~ S
2 ~N .
ey \r\»f CHy
(%EX) (XBIX)

47 .
Depuy and Zaweski have also obtained cyclopentane=1l;35-

dione by the following route from cyclopentadiene:-

"~ B¢




lte: ,,LJ,,‘,’Q ” . LR Y .n. - . _ ‘8
conducted using either palladivm, or Raney nickel with a trace
eond

of potassium iodide.49 As cyclopentens=3,5-di0ol (XXXI) is
of potassium iodide.49 As cyclopentens=3,5-di0l (XXXI) is

now commercially available, cyclopentane-l,3-dione has been
rendered readily accessible.

The five-membered dione is a white so0lid whose infrared
absorption (Teble I) indicates partisl enolisation. The ultra-
vioclet absorption in acid at 2420 2,(@ 20,700) undergoes a
bathoschromic shift in alkali to 2570 A.(€ 29,400). As expected,
it has a somewhat lower‘acidity than cyclobutane=1,3-dicne
(Table I) and gives no coloured complex with ferric chloride.
The 2-methyl derivative of ¢yclopentane-1l,3-dione is

worthy of mention because of its extensive use in the total

118
syntheses of steroids to provide & D-ring having a 17-oxo

function, e.g.

) benzene, pTsotl _

¢ b P I
«“ 8§  #po




. 136
Orchin and Butz prepared 2-methylcyclopentans-1l,%-dionse

from methyl ethyl ketone and ethyl oxalate as follows:-

_.COCOOE
COOE® 0B [f0Br Ch
; +  _C0 -5 |go co —_—
COCES CH, ~cg”
§
CHy CBy

In the reduction stage a mixture was obtained which
contained the desired ketone in poor yield. Panouse and Sannid’ '’
found that a modified final stage,in which the monosemicarbazone
of the triome (XXXII) wae reduced under Wolff-Kishner conditions,
gave 2-methylcyclopentane-l,3-dione in 86% yield.

mild
condnNs.

0f the cyclic P-diketones with more than six ring
members the only parent compound reported till now was cyclo-
heptane~l,3~dione (XXXIII), details of which were published
during the course of our own investigations. This compound was

]
first prepared by Eistert, Haupter and Schankoo who used the



) 51
catelytie hydrogenation technique of Klingenfuss %o reduce

f-tropolone {XXXIV) to the enolate anion of cycloheptane-1,3-dione,

(xezm)

As P-tropolone is itself obtained by catalytic hydrogenation
of 2,5,T=tribrome-3-hydroxytropone (XXXV), Raney nickel
hydrogenation of this compound under basic conditions gave the
enclate anion, and by acidification the free dione. The tribromo-
compound was obtained from resorcinol dimethyl ether by the route52

outlined below,

OMe .

The yield of cycloheptane-l,3-dione obtained by this

hydrogenation technique was only 4%.
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After many unsuccesaful attempts to improve this yield by
ring closure and expansion techniques, the same authors53 obtained
cycloheptane-l,%-dicne by ring expansion of the momc-ketal of
cyclohexsne~1,3=dione (XXAVI) with diszoacetic ester using zinc
chleride as catalyst. The ester produced was hydrolysed with
base, as acid hydrolysis caused ring opening. Acidification to
rupture the ketal followed by thermal decarboxylation gave
eycloheptane-1l,3-dione, which could be extracted with sther
only after the aquecous solution had been saturated with ammonium

sulphate.

By adherence to rigidly defined experimental conditions,

an overall yield of 28% based on cyclohexane-l,3-dione was

obtained. The product was found to be an oil, and behaved to



some extent as a ‘irans-fixed' B-diketone giving no ferric chloride

colouration and no metal chelates?

An apparently general method for preparing 2-phenylcyclane-
1,3-diones (XXXVII) has been reported by House and Wassonié who
epoxidised mono-a-benzylidenecyclanones (XXXVIII) and rearranged
the epoxide with boron trifluoride. In this way the six-,
seven-, and eight-membered ring compounds -were prepared (see

Taeble II).

The properties of the six-membered ring analogue again
indicate an enolised structure, while the seven- and eight-
exist largely in the diketo form. Lack of enolisation in these
cases was attributed to steric factors, which inhibit formation

of a planar conjugated enone system in rings of this size.

® Details of the properties of cycloheptane-l,3~-dione ars given

in Seection III.
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TABLE I

! - ©
Dione Phase —  I.R. (em,” ) U,V, abvﬁ
mill or film CHCl; sutral® | Ytrace OH”
¢yclobutane~ |s0lid 1755 mw 1755 2370
1,3=dione  |(m.p.119-120°) | 1570 (g 1570 (w.w.) | (11,800)
cyclopentane= .
1;,3=-dione solid .
, (m.p. 150-151%)| 1717 1703 21,20 .2570
1649 1668 {(20,700) | (29,400)
1562 1589 {im O.1N {0.1N NaOH]
HC1]
cyclehexane~ |solid 174 2% 2550 2800
1,3-dione (m.p.105-106°) 1717 (22,300) (26,650)
eycloheptane- liquid (b.p. |[1728 2650 2880
1,3~djone | 119-121°/15mm)| 1704 (3.410) (21, 060)
AwwwsmﬁouoS¢
in CClg)
scetylactone | iiquid (b.p. |1730-1700 1709 2720 2930
139°) 1650 1639-1538 ()| (12,500) (21,900)
'1600
¥

Solution in ethanol unless otherwise

stated,




TABLE II

i{one
XXXVII

Phase

Ferric Chloride
(aq.)

1
I.R.(cm.” )

u.v.(3)

]

]

plates (160-161°)

needles (76-77°)

plates (43-45°)

+ve violet

-ve

3400 (unassoc. COOH)
3000 (assoc. COOH)
1615 (broad, enolised

dione)

1590
no OH
1720) (unenolised
Hmwmw dione)
no OH
1705) (unenolised

dione)

1680

2650 (9300)
2300-2570 (6200)

2660 (3100)

(673)
(6143)

2590
2650




The dependence of the properties of cyclic B-diketones
on ring size is demonstrated in Table I, in which the properties
of the four-, five-, six- and seven-membered ring compounds

are compared with those of acetylacetone.

While certain special macrocyclic fi-diketones have

been preparedi5 large ring compounds with this functional
group have been virtually undocumented and the problem of
relating ring size to the properties of the B-dicarbonyl
function has been neglected. Since the preparation of this
manusceript, however, a general synthetic route to eyclic

B-diketones has been reported in a preliminary publication by
Eistert and Schankjl18 These authors converted alicyclic
ketones to l-chlorocyclenes (XXXIX) by halogenation with
phosphorus pentachloride and subsequent dehydrochlorination.
Allylic bromination and oxidation with sodium dichromate then
gave the 3-chlorocyclenones (XL), which on hydrolysis gave the
cyclic B-diketones (XLI). In this way cyclo-octane~l,3-dione
(XLI, n = 5) cyclononane-1,3-dione (XLI, n = 6) and cycle-

dodecane~1,3-dione (XLI, n = 9) were prepared. While the
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8+
(xx=TX)
}3 Ok é?
Na ¢+,0, -~ c\k». H,0 A\ -~ c\
—227, (o) oM iy (CH) o — en) e,
HOAc/ L) | 2 / & 7/
b % %
() (¥53)

eight- and nine-membered ring compounds showed a very weak tendenc:

<

to enolise similaer to cycloheptane-l,3-dione, the twelve-membered
analogue had lost all ‘trans-fixed' nature and behaved like
acetylacetone. Cyclododecane-l,3-dione crystallised as the enocl
chelate, and was more strongly enolised in hydrophobic solvents
than in neutral hydroxylic solvents. It gave a red complex with
ferric chloride and formed a copper chelate. In contrast %o the
eight-and nine-membered cyclic f-diketones which gave crystalline
294adiﬁitrophenylhydrazones, cyclododecane-1,3-dione gave a
pyrezole (as does acetylacetone).

The authors are proceeding with the preparation of the
other medium ring cyclic P-~diketones, im order to examine the

iransition from "trans-fixed' to ¢is-enclisable compounds.



SECTION I

RESSSSEIIT TSI EMER

HIGH DILUTION CONDENSATIONS



Interest in macrocyclic ketones developed after the proofs
of structure of civetoness and muscone57 by Ruzicka, and more
recently of products from the scent gland of the musk ratfa

Because of their odoriferous nature, this interest has expanded
in conjunction with the perfume industry.

Synthetic routes to these compounds have been evolved by
pyrolysis of transition metal salts of a,m-diacidsg59 by cyclisa-
tions of aguJ-dinitriles,so diketenesg61 and @ -=haloacylacetic
esters,s2 and by the acyloin process.s3 Even when using the high
dilution technigues propounded by Rugglisa to prevent inter-
molecular reaction, preparative yields of medium ring compounds
(eight- to twelve-membered) have been negligible except by the
acyloin approach. Prelog65 attributed lack of ring closure in
this region to ring strain and van der Wsal's repulsion. A recent
attempt by lLeonard and Schimelpfenig66 to extend the Dieckmann
cyclisation to rings with more than seven carbon atoms,; by using
potassium t-butoxide in refluxing xylene at high dilution, has
confirmed previous impressions. The difficulties encountered
in the formation of medium ring compounds have been reviewed by
Huisgen.sv

Until very recently no large ring f-diketones had been

‘ 68 .
prepared. Lecnard and Owens, hoping to oxidise the corresponding
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B-hydroxyketones, treated an@yclenoneax with hydrogen bromide

to give the B-bromoketones. All attempts to hydrolyse these

gave not the P-hydroxyketone, but a2 mixture of af- and Bx =
cyclenones, indicating either that dehydrobromination is faster
than replacement or that the p-ketoalcohols are too unstable

to be isolated. Oxidation of %-{'~pyrrolidino)-cyclotetradecanone
with a variety of reagents chosen to prevent ring fission, énd

of the enol acetate of cyclodecunone with selenium dioxide,

also failed.

The difficulties occasioned in the preparation of medium-

sized cyclanones by the steric requirements of ring formation and
by the instabllity of the products, will be further increased by
the pressnce of a second carbonyl function. Acyclic f-diketones
are obtained from methyl or a-methylene ketones by acylation,
either with esters and acid chlorides in the presence of basie
condensing agents or with anhydrides in the presence of acidie

69
condensing agents. More recently they have been prepared by

the acylation of enamines.”? It was thought that adaptation
of the base catalysed acylations of ketones to produce intra-
molecular condensations in compounds with long carbon chains
would be feasible using high dilution techniques.

The requirments, as summarised by Henecka,va for this type

of condensation arel) a strongly acidic methylene component

Egltraviclet dats quoted leave some doubt as to the purity of
these isomers.
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2) a readily polarisable carbonyl function, and 3) the production
of a resonance stabilised anion which will displace the equilibriux
in favour of the condensed product. The condensation may be

considered to occur in three reversible stages:-

H
- g -
B~ + CH - COR &2 BH + CH - COR
! i
0 0"
@ - '
-CC + CH - COR =2 -c‘:-ca-con
OEt i OEtl
0 0 )
) ] - |
-?—?HGOR = |{-C -fncon+om£;wc t(.ZGOR
OEt +EtOH
The product is resonance stabilise& as follows:-
o 0 0
~6scn-<‘:'n H-&-cn-ﬁﬁ;w-&-cauc-n
- { -
0 o 0

The reaction is dependent on equilibria in a polar medium
and thus, in base, the strongest possible acid will be produced.
Henecka explained the reluctance of Dieckmann cyclisations to
produce large rings by the diminishing acidity of the products

as ring size iz increased.



The stronger the base used, the more rapidly is the anion
formed in the initial stage, and reaction is thereby promoted.
The equilibrium may also be disturbed by removal of either the
alcohol or the diketone from the reaction mixture, as they are
formed.

Although this reaction has been used to prepare five-
and six-membered cyclic l,3-diketones, its extension to‘larger
rings has not been recorded. Following the successful preparation
of a ¢cyclohexane-1,3-dione by this raezthmi,a'2 it was hoped that
cyclisation of w-ethoxycarbonylacylacetic esters (I) might occur
at the apparently more reactive carbon-2,independent of the ring
size of the product, and thus provide a general route toeyclic
B-diketones.

ROOC(CH, ), = CH, = CO =~ CH, = COOR
4 3 2 1

(%)
73
When Allan and Sneeden cyclised 1,6-diethoxycarbonylhexane
-2-one (I, n = 3, R = Et) however, condensation took place at

carbon-4 and gave rise to the cyclopentanone derivative (11)

instead of the desired cyoloheptano-l,}-dioue.

€ocH,cooze

()



Simultaneously, Hauser and his coaworkersv4 showed that
with B-diketones of type (III), use of excess base caused forme-
tion of the dianion (IV), and that alkylation and acylation took
placs preferentially at the methyl rather than the a-methylene
group. The authore7s therefore explained the formation of the
cyclopentanone derivative on the basis of the dianion (V, n = 3,

R = Et) which would cyclise more veadily to give the five-membered

ring,

CH; COCH, COR 552 COCHC GR
(1I1) (1v)

ROOC(CH, ), CHCOCHCOOR
(v)

It is also possible that condensation at the desired centre is
inhibited by enol chelate formetion with an atom of sodium.

It was thersfore of interest to examine the condensation
of ethyl a-acetylbrassylate (V1) under similar besic conditions,
since cyclisation of the dianion (VII) in this compound could

give the desired cyclic f-diketone.

COCEt COCE®
e .
CHyCOCH(CH, ), oCOCE® CE,COC(CH, ), ,COGE®
(vI) (VvII)
COCE®
gy~ 00~ §-(0%, o™ gRCOES o

[ ad -
: ) o

8 (]

-] &

i
s
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Theoretically, ethyl a-acstylbrassylate can give rise %o
anions by the loss of protons from three reactive methylene
groups at C_, G, and C_ (VIII). However, the acidity of the
hydrogen atom on Cc is considerably reduced by the length of the
carbon chain to which it is attached. By analogy with the
results of Hauser et gio:‘ ethyl a-acetylbrassylate should give
rise to the dianion (VII) in strong base, and condensations
should take place preferentially at the terminal carbon atom.
In addition, cyclisation at the methyl group would give a
fourteen-membered ring, while the products of the alternative
intramolecular condensations would contain the less stable

twelve-membered (i.e. medium sized) ring.

ﬁAn alternative cyclisation using an w-ethoxycarbonyl-
acylacetic ester of long chain length, was also envisaged to
verify the dianiom hypothesis and to ensure that the cyclisation
of Sneeden and Alla.n.?8 had not been directed purely by considera-

tions of ring size.

Phe projected synthesis of ethyl a-acetylbrassylate (V1)
involved the condensatiom of ethyl ll-bromoundecancate (IX,
R = Et, X = Br) with acetoacetic ester. The bromo-ester was

obtained by‘addition of hydrogen bromide to w-undecenoic acid (x)
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under anti- Markownikoff conditions, followed by azeotropie
esterification. The condensation reaction with acetoacetic

ester presented unexpected difficulties.

CH, = CH(CH, )gCOOR XCH, CH, (CH, )gCOOR
(x) (1x)

A trial condensation of ethyl ll-bromoundecanocate and
acetoacetic ester with sodium ethoxide, gave a complex mixture
of starting materials and products which were not readily
separable. The bromo-ester was thereupon converted to its
iodo-analogue, and a trial condensation effected using the
conditions employed by St&llbergmstenhagen?s for similar
condensations between ethyl ll-icdoundecancate and B-ketoesters,
nanely potassium carbonate in methyl n-propyl ketone. As only a
small quantity of the condensed product was obtained, the reaction
was repested on & larger scale. On this occaslon, none of the
desired product was obtained, and the distilled material, which
solidified on cooling, gave no copper derivative. From speciral
and physical constants the product was identified as ethyl
13-ketomyristate (XI, R = Et) and this was confirmed by
preparation of the semicarbazone and by hydrolysis %o l3-keto-
myristic acid. Robinson77 also found that ethyl 13-ketc-
myristate was formed in an attempted condensation of the sodium

salt of ethyl a-acetylbrassylate and hexanoyl chloride.
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As ethyl l3-ketomyristate was obtained in good yield and
should provide similar aniomns to its d-gcetyl derivative, it was
of interest to study the possibility of effecting a cyclisation
of this ester by the action of strong base under conditions of
high dilution. Once again, condensation is expected at the
methyl rather than the a-methylene carbon due to the formation
of the dianion (XII), especially as this would give a fourteen=

membersd ring, instead of the alternative twelve-membered ring.

CHgCOCEk(CHé)IOCOOR EEQCOEH(CH5)1°COOR
(x1) (XI1)
Cyclisation of ethyl l3-ketomyristate was attempted at
high dilution using a four molar excess of dry potassium t-
butoxide im vigorously stirred, refluxing xylene, under

®
anaerobic conditions. A solution of the keto-ester in xylens

was added to the bese via the dilution chamber, and refluxing
continued a further thirty minutes on completion of addition,
The cooled reaction mixture was acidified with acetic acid,
washed with water, and the organic layer evaporated to leave

a yellow wax, which had a pleasant musk-like odour. By shaking
an ethereal solution of the wax with aqueous copper acetate, a
copper derivative was obtained in 43% yield. This material
decomposed on warming ané could not be recryestallised. Sheking

the 8alt with dilute mineral acid regenerated the wax without




The wax, which gave a red=brown colouration with methanolic
ferric chloride showed acidic hydroxyl, broad carbonyl and
double bond absorption bands in the infrared. In the
ultraviolet, the absorption maximum at 2760 K.in neutral and
acidic ethanol was displaced to 2960 A.in alkali.

All attempts to triturate and to recrystallise this wax
failed. On sublimation the amount of distillable material
wag negligible, the major portion being left as a dark brown
gum, No simple carbonyl derivatives could be prepaied. An
endeavour to convert any B-dicarbonyl function present to its
enol methyl ether with diezomethane, and to reduce this with
lithium gluminium hydride tc an «f-unsaturated ketone, gave
a hydroxylic plastic, which was insoluble in all solvents and
did not give a 2,4-dinitrophenylhydrazone.

The wax was hydrolysed with base and the resulting acids
esterified. Retention times on gas chromatography indicated
that the mixzture contained the methyl esters of l3-ketomyristic
acid and brassylic acid, along with other products. Brassylic
acid could arise from the hydrolysis of linear or cyclic
condensation products.

The residual ether layer, after shaking the cyclisation

product with copper acetate, was evaporated leaving an olive

green oil, Hydrolysis of this residue by shaking with dilute



mineral acid, gave a viscous oil, whose ultraviolet snd infrared
spectra were very similar to those of the original cyclisation
product, and which gave l3-ketomyristic acid (XI, R = H) on
sublimetion and recryétallieation, Alternatively, l3-keto-
myristic acid could be isolated by washing the green o0il from
insoluble copper salts with ether, and extracting the evaporated
washings with hexane., The acid was characterised by direct
compariscon with authentic material.

As the products of this condensation were obviously a mixture
of hydrolysed starting material and polymeric compounds, the
cyclisation was repeated at increased dilution., Very slow
addition of ethyl 13-ketomyristate to strong base over an
extended period, however, gave identical reaction products.

At this stage it was decided to revert to the originally
proposed cyclisation with ethyl a-acetylbrassylate. Having
failed to obtain condensation between either ll-bromo- or
l1l-iodoundecanoates and the morpholinc enamine of acetoaceiiec
ester, the base catalysed condensation of ethyl ll-iodoundecan-
oate and acetoacetic ester was reinvestigated. With sodium
ethoxide, under apparently,#he same conditions as used
previously with the bromo-ester, the condensation was effected
to give the desired homogeneous product in 80% yield.

Ethyl c-acetylbrassylate was firet subjected to the high

dilution reaction conditions employed for ethyl l3<ketomyristate,



again using a four molar excess of potassium t-butoxide in
xyvlene. As'befoies acidification and extraction gave a yellow
wax with an odour of musk. The wax showed carboxyl, ester,
carbonyl and double bond absorption in the infrared and gave
& weak red-=brown colour with ferrie chloride. Distillation of
the crude product yielded only l3-ketomyristic acid, while the
greater part remained as a non-distillable tar. Conversion of
the wax to a copper salt did not afford a means of purification,
as this salt was not recrystallisable and the wax was regenerated
unchanged. In the ultraviolet, a bathochromic shift from
2740 X. to 2860 2. was again obtained on addition of alkali,
while with acid no shift was apparent.

The cyclisation was repeated at even greater dilution
using tetrahydrofuran as solvent in order to reduce the
temperature in the reaction chamber, and perhaps thersby protect
any labile products formed. On this occasion the oil isolated
by acidification and extraction did not give a solid derivative
with copper acetate, but gave instead a blue syrup. Regeneration
by shaking with mineral acid, gave a viscous o0il, which was
shown to be a mixture by thin layer chromatography. The 01l
wag separated by chromatography on silica into two fractions,

Phe less strongly adsorbed minor fraction was an oil which could

not be distilled, It did not give a colouration with ferric

chloride and from ite infraved spectrum was apparently an ester.



The major fraction solidified on sianding to give a waxy
white solid, which, from infrared ebsorption, was a half acid
ester. This compound could not be recrystallised, and attempted
distillation gave only small amounts of dietillate while leaving
a large tarry residue. The distillate, again a waxy solid,
showed new infrared absorption consistent with an anhydride.

As the acld gave no simple carbonyl or acid derivatives,
it was converted to its methyl ester, which gave a feeble
golouration with ferric chloride and did not form a copper
derivative. The ultraviolet absorption of the ester was identical
with that of ethyl a-acetylbrassylate. These two esters showed
similar flow rates on thin layer chromatography and similar

retention times when chromatographed in the vapour phase.

CHyCOCH(CH, ), ,COOEt CH; COCH(CH, ), ,COOMe
ﬂ
COOMe COCE
(X111) (x1v)

Analytical and nuclear magnetic resonance determinations
confirmed the identity of the methylation product as one of the

ethyl methyl a-acetylbrassylates (XIII and XIv).

Following the failure to obtain cyclisation of ethyl
a-acetylbrassylate with potassium t-butoxide as basic condensing
agent, it was decided to employ sodium hydride and a condensation

was attempted at extremely high dilution in tetrahydrofuran.



The product isolated by acidification and extraciion was a red
oily, which gave a red colouration with ferric chloride but
did not give a solid copper derivative; The o0il, evidently
& mixture, again showed acid absorption in the infrared.
Chromatography on silice gave two major fractions, one acidic
and one neutral.

The neutral fraction again left a considerable residue
on attempted distillation. The extremely small distillate
and the residue wers both keto~esters which differed from the
starting material most markedly in the introduction of a signal
in the nuclear magnetic resonance spectrum at ) 3,15 (singlet).
(In the distillate this was accompanied by loss of the triplet
at §3.36). These high boiling products could not readily be
characterised,

The acidic component solidified to give a low melting white
wax, which could not be induced to erystallise or distil.
The behaviour and properties of this wax were similar to those
of the 'scid' obtained in the previous cyclisation. The
corresponding methyl ester was prepared and this was shown
t0 be identical with the esier obtained from the acid in the
former cyclisation, by comparison of their spectra and

retention times on gas chromatography.

The major products of the attempted cyclisation are thus

identified as ethyl hydrogen a-acetylbrassylate and a

polymeric ester.



The failure of similar attempts at cyclisation has been
attributed64 to the difficulty of formetion of large carbocycles
and to the reversible nature of base catalysed acylations,

These factors suggest that, even under high dilution conditions,
medium and large rings will not be formed unless the equilibrium
is disturbed by immediate removal of the products. Furthermore,

it would appear from results that will be discussed later

(Section IIIc), that large ring B-~diketones are unstable in the
pregence of ealkoxides, undérgoing conversion %o a-acetylcyclanones.

Unfortunately, from the resulis of the present studies, it
is impossible to say whether the condensation had produced
linear or cyclic products. TFormation of the acidic material
is presumably the result of hydrolysis of condensation products,

In view of the products obtained and the experimental
difficulties involved, this approach to cyclic P-diketones

=
was abandoned.

® Henecka’ atitributed the failure of cyclisation of the
analogous ethyl a-acetylglutarate to the relative mesomeric
stabilities of the reactant and the product,
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Infrared spectra recorded are for liquid films,
end ultraviolet spectra are for sthanolic solutions,
unless otherwise stated.

Nuclear magnetic resonance spectra are for solutions
in deuterochloroform and the chemical shift §, in p.p.m.,
is based on §(CHy ),Si = 0. The coupling constant,
J, is in c.p.s,

The following contractions are used:-
8, singlety d, doublet; & triplet; 9, quadruplet;
m, multiplet, b, broad; w, weaky 8, strong(lR).

Light petroleum refers to the fraction boiling

60-80°,

High dilution apparatus.

A diegram of the apparatus used to achieve conditions of
high dilution is shown on paga44. The compound for cyclisation
was added from e constant rate dropper, and flushed through
the dilution chamber by refluxing solvent before entering the
reaction vessel, where vigorous agitation was producéd by a

vibromixer.



HIGH DILUTION APPARATUS



1l-Bromoundecanoic acid. (IX, R = H, X = Br)

Hydrogen bromide was prepared by addition of biomine
(390 g.) to boiling tetralin (230 ml.) at suéh a rate as %o
produce a steady gaseous output, and was then freed from
contamination with bromine by bubbling through tetralin. The
excess . of hydrogen bromide was passed into an ice-cooled
solution of ®w-undecenoic acid (155.0 g.) in toluene (2000 ml.),
through which was paseing a vigorous siream of air. On completion
of the addition, the toluene was evaporated at reduced pressure
to leave a blackish solid, which. by repeated recrystallisation
from light petroleum gave ll-bromoundecanoic acid (53.8 g.s
69%) as white plates, m.p. 49-51° (]litojs m.p. 49-52°), vnujol

max
-1
3400-2500, 1700, 894 (broad) and 722 cm.

Ethyl ll-bromoundecancate. (IX, R « Et; X = Br)

A solution of ll-bromoundecanoic acid (60 g.) %in
ethanol (82 ml.) and benzene (120 ml.) was refluxed with
naphthalene-2~-sulphonic acid (1.3 g.) as catalyst, and the
water azeotrope pun off. On cooling, the solution was washed
with water, dried (Na,S0,), and distilled to give ethyl
1l-bromoundecancate (63.5 g% 95%) as a colourless oil, b.p.
144-1485/0.6 am., 2§° 1.4610 (186, bop. 144-145/0.5 mm.s

-1
20 1,4610), ?m x'l'lj‘)' and 722 cm.

Ry a



Ethyl ll-iodoundecancate. (IX, R = Et, X = I)

Ethyl ll-bromoundecanocate (63,0 g.) in acetone (1800 ml.),
was vefluxed overnight with sodium iocdide (134 g.). The acetone
was evaporated to small bulk, and the residue taken up in ether,
washed with sodium thiosulphate, water, and dried (Nazsoﬂ).
Distillation gave ethyl ll-icdoundecancate (68.9 g.3; 94%) as a
pale yellow oily, b.p, 140-142%0.5 mm. , ny® 1.4643, ¥ _ 1734

o1 . 79980 ’
and 721 cm. . (lltog bepo 1}5=141° 0,5 mm, nﬁO 1.4835).

Stenhagen condensation of ethyl ll-iodoundecanocate and

acetoacetic ester: Rthyl l3-ketomyristate (XI, R = Et)

Methyl n-propyl ketone was dried over potassium
carbonate and distilled from it before uss.

A mixture of ethyl ll-iodoundecanoate (68.9 g.),
acetoacetic aster (27.5 g.), and potassium carbonate (103.5 g.)
in freshly dried methyl n-propyl ketone (500 ml,) was refluxed
for 24 hr. The mixture was acidified (H,50,) and ether extracted.
The extracts were washed with sodium thiosulphate, then water,
dried (Ne,S0;), and distilled to give, as the major product,
ethyl 13-ketomyristate (20,2 g.3 37%), bop. 160»170?/imm6
(litgt b.po 164=166§/l mm. ), which solidifjed on cooling %o &
whito mess, m.p. 289, Y. 1735, 1710, and 722 em.”

(Founds C,70.453 Hy10.6. Calec. for CygHyoQ ¢ CsT1.05
H,11.2%).



The semicarbazone was recryatallised from alcohol
as white needles, map; 105=106° (litet m.po 105-106°) (Found:
C,62,155 H,10.1y N,12.5. Calc. for Ci9Byg N5 05 ¢ C,62.353
H,10.153 N,12.8%).

Ethyl 13-ketomyristate, on warming with a mixture of
acetic and sulphuric acids, gave l3-ketomyristic acid as white

77
plates (from light petroleum) m.p. 72-74° (1it., m.p. 76°),

v nujol

nax. 3400-2400, 1710-1690 (broad twin carbonyl), 878, and

-t
724 om.” (polymethylene chain).

Attempted cyclisation of ethyl 13-ketomyristate with potassium

t-butoxide as catalyst.

The cyclisation apparatus described previously was
flushed with dry nitrogen throughout the experiment. In a
typical run, sodium-dried xylene (300 ml.) was placed in the
reaction chamber, and a portion (ca. 50 ml.) distilled from the
system, to remove any residusl moisture. t-Butyl alcohol
(42.9 g.), which had been refluxed over sodium and then
distilled from it,was added, followed by potassium metal (10.0 g. )
The mixture was refiuxed till all traces of molten potassiunm
had dissolved, and the formation of potassium t-butoxide wae
complete., Excess t-butyl alcohol was distilled from the
system, until the refractive index of the distillate being run
off at the tap was identical with that of pure xylene. Additional
dry xyleuevwaa added to maintain a suitable level in the reaction

gshamber,



A solution of ethyl 1l3-ketomyristate (15.0 g.) in
xylene (130 ml.) was now added from the constant rate dropper
to the dilution chamber, from which it was washed by refluxing
solvent into the vigorously agitated basic solution. Addition
was complete after 8 hr., and was followed by an additional
half-hour reflux. The reaction flask was allowed to cool and
placed in an ice bath before acidification with glacial acetic
acid. (A yellow solid which had formed during the addition,
dissolved on acidification). After standing overnight, the
xylene solution was washed repeatedly with brine, dried (MgSO,),
and the solvent evaporated at reduced pressure to leave a yellow
wax (13.5 g.), 1)2zit 3500-2500 (acidic hydroxyl), 1720-1690
(broad, carbonyl), 1640-1590 em.™ (broad, double bond).

The wax (12.0 g.), in ether, was shaken with excess
agueous copper acetate to give & palé green copper derivative
(6.7 g.3 equivalent to 43% of the reaction product), which

nujol
decomposed to a red oil on heating (at ~240°), ‘vmaxj

1700
-

(w, carvonyl), 1565 (chelate carbonyl), and 1510 cm.

(chelate double bond).

The copper derivative was shaken for 3 hr. with an
ether-dilute hydrochloric acid mixture, the ethereal layer
separated, dried (Nazsoh), and evaporated to regenerate :he

2 H
wax (5.0 g.)» vmax unchanged, Xmax°2760 A. (¢ 5460), xm&xo
] ° OH‘: @
2760 4. (€ 5840) and xm,a%o A, {¢ 10,730). [¢€ values

L degma S
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weak red=brown colouration with methanclic ferric chloride.
The ether layer from the copper salt preparation

was evaporated to leave an olive-green oil. This product was

heterogeneous, but chromatography on celite with light

petroleum did not afford a separation., Attempts to redissolve

the 0il in ether left a small blue-coloured solid residue.

The ether washings were evaporated and the residue extracted

with light petroleum (40-60) to give l3-ketomyristic acid,

which recrystallised from light petroleum as white plates,

m.p. T1l=73°, alone and admixed with an authentic specimen,

nujol
’ymax.

carboxyl carbonyls). (Founds C,68,93 H,11.2. Cale., for

CiqBpg05 2 ©:69:33 H,10.87).
Hydrolysis of the green oil by shaking with dilute

-1
34002600 (carboxyl) and 1710-1690 cm.  (keto and

mineral acid gave a wax, whose infrared and ultraviolet spectira
were very similar to those of the original condensation product.
On sublimation, this wax gave small amounts of partially solid
sublimate, while a large quantity of gum remained as a residue.
The solid distillate was recrystallised from light petroleum

and on resublimation gave l3-ketomyristic acid.

Identical products were obtained when the condensation

process was carried out at higher dilution, adding 7.0 g. of

ethyl 1l3-ketomyristate over 13 hr,



Ethyl a-scetylbrassylate (VI).

A mixture of &hyl ll-iodoundecancate (109.6 g.) and
freshly distilled acetoacetic ecter {58.09 g.) was held at &
temperature of 55-60°, while s solution of sodium (7.3 g.)
in absolute alcohol {220 ml.) was added dropwise during one
hour. The reagents were refluxed for 36 hr., by which time
the solution had pH 7-8. On cooling, the products were poured
into water containing a small quantity of acetic acid, and
extracted with ether, The organic extract was washed with
sodium thiosulphate and water, dried (Na,50,), and distilled
to yield ethyl a-acetylbrassylate (90.2 g.3 82%) as a

77 %82
colourless oil, b.p. 168-170°/0,2 mm. (lites = bop. 202%/
0.5 mm. , 17}=183°/0009 mm), nd7 1.4498, ¥ 1738, 1721, 855 (u)

and 722 (w)em.; M\ 2590 A, (€ 480), A3 2860 . (€13,600),

na
(Found: C€,66,453 H,10,0. Cale. for C, 0,05 ¢ C,66.65 H,10.0%).
NoM.Ro: § 4,19 (g3 J = 1) § 4.07 (g3 J = 7) two COCH,CHy,

§ 3.36 (&) COCH(CH, )60, § 2.25(b) CHyCO (emol), § 2.16 (g)
CH;CO (keto).

Attempted cyclisations of ethyl a-acetylbrassylate.

(a) Using the same apparatus and techniqué as before, a solution
of ethyl a-acetylbrassylate (8,41 g.) in xylene (280 ml,) was
added to a solution of potassium t-butoxide [from potassium

(5.7 g.) and t-butanol (70 ml,)] in xylene (500 ml.) ovex

17 hr. On cooling, the solution was acidified with glacial

acetic acid, diluted with water, and extracted with ether,
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Evaperation gave a yellow wax (6.02 g:) which smelled of musk
and gave a red-brown colouration with ferric chloride. The

wax was shaken in ether with aqueous copper acetate, to give an
ether soluble copper salt which could nét be purified. The

copper salt was shaken with dilute mineral acid to regenerate

the wax, vLaxo 3500-2800 (C00%), 1755, 1720, 1695 (ester and

conj. carbonyl) and 1670-1595 cm.” shoulder (double bond),
;max°274oz, X;zxo 2750 A., kmgij 2860 A. The wax decomposed
to a brown tar on attempted distillation. By sublimation a small
amount of l3-ketomyristic acid was obtained and recrystallised
from light petroleum as white plates, m.p. 69-71°, al@ne or
admixed with an authentic specimen,

(v) Aé before, ethyl a-acetylbrassylate (12.43 g.) in tetra-
hydrofuran (500 ml.) was added to potessium t~butoxide [from
potassium (8.5 g.) and t-butanol (100 ml.)] in refluxing tetra-
hydrofuran (800 ml.) over 84 hr,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>