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L I V . 4 n  the Possibility of Ring-chain Valency 
Tautomerism and of a T y p e  of Mobile-hydrogen 
Tazctomerism analogo,u.s to the T4hgner-Meerwein 
Re-arrangement. Part I .  Xoin e Derivatives of 
Phorone. 

By CHRISTOPHER KELK INCOLD and CHARLES WILLIAM SHOPPEE. 
IT is now a commonly accepted view that whereas the stability 
and small additive power of certain ring systems containing several 
double linkings are to be attributed to some form of internal 
association of the centres of unsaturation, the numerous trans- 
formations which such systems undergo require the introduction 
of other phases into the general dynamic conception of their 
structure. Reasons for including a bridged ring in the dynamic 
scheme representing certain cyclic systems have recently been 
given. The phases (I) and (11), representing the gem-dialkyldicyclo- 
pentenes or gem-dialkylcyclopentadienes, express the dual chemistry 
of these substances, as, for instance, their oxidative fission to both 
ethylene and cyclopropane derivatives, and the fact that both 
static bridged-rings and static monocyclic compounds are formed 
on blocking the tautomeric system by substitution (Farmer and 
Ingold, J., 1920, 117, 1362; Farmer, Ingold, and Thorpe, J., 1922, 
121, 128; Ingold, Grimwood, and Thorpe, J., 1923, 123, 3303; 
Toivmen, Ann. Acad. Sci. Fennicae, 1927, A, 29, No. 20; Ingold 
and Seeley, J., 1927, 1684). Further, the tautomeric substances of 
this series have been shown to exhibit many close analogies with 
aromatic compounds ; and corresponding expressions representing 
transient forms of the aromatic nucleus have been proved possible 
by synthesis, and have been shown to furnish a consistent explan- 
ation of many aromatic phenomena, including the enhanced meso- 
dissociation of 9 : 10-diarylanthracenes * as compared with anthra- 
cene (Ingold, J., 1922, 121, 1133, 1143 ; Ingold, Seeley, and Thorpe, 
J., 1923, 123, 852; Challenor and Ingold, ibid., p. 2066; Ingold 
and Marshall, J., 1926, 3080) : 

Excepting for the blocked systems referred to, the only bridged 
five-membered rings which have hitherto been studied are those 

* The criticisms of Barnett, Cook, and WiItshire (J., 1927, 1726) fail on 
the ground that it wm not the fact of meso-dissociation but the relatiwe 
exhibition of the phenomenon by 9 : 10-diarylanthracenes and by anthracene 
which was advanced as evidence of the existence of the bridged phase. 
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whose chemistry is complicated by their participation in an intra- 
annulax tautomeric system. Nevertheless it is evident, in view of the 
situation outlined above, that considerable interest attaches to  the 
conditions controlling the formation of static bridged-rings, and 
especially to instances of their preferential formation in reactions 
which might have been expected to yield unsaturated monocyclic 
or open-chain isomerides. 

The reaction (I) ---+ (11) clearly involves interaction between 
non-contiguous unsaturated carbon atoms. Using the term 
" conjugation "in a general sense to connote the yoking together of 
centres of unsaturation, not only when they are contiguous, but 
also when separated, the change implies conjugation through space 
and suggests the possibility of a similar conjugation between 
double bonds situated at  a, distance in open-chain olefinic com- 
pounds.* Thus a reaction such as (111) --+ (IV) appears possible; 
and, if it were reversible, it could appropriately be described as an 
instance of " ring-chain valency tautomerism " : 

That we have been in a position to examine both reversible and 
complete reactions which are apparently of this type is due to the 
kindness of Professor P. Francis, who suggested that we should 
continue the investigation of phorone derivatives commenced 
by himself and Mr. F. G. Willson in 1913 (J., 103, 2238). 
Phorone is a AlZ4-pentadiene and is obviously precluded by its 
structure from isomerisation to a butadiene derivative ; hence, 
any direct conjugation between the ethylenic linkings must be 
through space. Assuming that such a tendency exists, then, since 
in substituted phorones it will presumably vary from case to case, 
it follows that in a sequence the extremes of which are represented 
by (V) and (VII) the physical and chemical properties should vary 
in a manner which can be specified theoretically. Thus on passing 
through the series (V) -+ (VI) + (VII), where (VI) is a general 
expression representing a gradation of intermediate states, one 
would expect to observe diminishing colour, decreasing refractivity, 
decreasing parachor, diminishing unsaturation, an increasing 
tendency to react in form (VII), and a decreasing tendency to 
react in form (V). 

* Certain olefhic terpenes, 'tlllch EL% farnesene, which readily yield cyclio 
isomerides, could thue be regarded as possesshg a conjugated structure. 
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Francis and Willson have already accumulated evidence which 
favours the view that certain phorone derivatives behave in the 
manner indicated. Phorone itself is undoubtedly mainly of type 
(V);  it is a bright yellow substance possessing a high refractivity 
(exaltation 3 units), and a nearly normal parachor (Sugden, 
following paper) ; it is also highly unsaturated, decolorising 
permanganate instantly, adding four atoms of chlorine and bromine 
and two molecules of hydrogen bromide, yielding diisobutyl ketone 
on reduction, and giving oxalic acid, acetone, and carbon dioxide on 
oxidation, all in accordance with formula (VIII). 

CBr-we, CBr--CMe, 

c*<;-:; C0QB r-&e2 _ _ _  i co<&oH)&€32 
(VIII.) (IX.) (X.1 

An approach towards the saturated condition is, however, 
observed on passing from phorone to dibromophorone, which we 
regard as approximating to an intermediate condition which for the 
moment may be represented by formula (IX). This substance is 
only feebly coloured, its exaltation of refractivity is much smalIer 
(Francis and Willson, Zoc. ci t . , ;  see also p. 384), and its parachor 
abnormally low (Sugden, Zoc. cit.). Francis and Willson found it to 
be unattacked by mild oxidising agents, and either unaltered by 
reducing agents or converted in small amount into phorone; it was 
also unaffected by hydrogen bromide in acetic acid and by bromine 
in carbon disulphide. We have investigated the action of oxidising 
and reducing agents and find that little, if any, oxidation takes 
place in the presence of alkaline hydrogen peroxide, ferricyanide, or 
silver oxide, but that boiling alkaline permanganate cauges oxidation 
to oxalic and acetic acids. Mild reducing agents also have 110 action, 
but vigorous reduction by Clemmensen’s method yields small 
quantities of phorone and of deoxyphorone, a known reduction 
product of phorone (Claisen, AnnuZen, 1875, 180, 6). On the other 
hand, Francis and Willson hydrolysed dibromophorone to a cyclic 
substance to which they assigned formula (X), and we have reduced 
it with phosphorus and hydriodic acid to a cyclopentrtne ketone. 
This ketone, which is a highly characteristic, crystalline, camphor- 

like substance, was previously obtained in a different way by 
Francis and Willson, who assigned to it formula (XIV). This is 
obviously in agreement with its formation from the dibromo- 
compound (IX); but, for reasons which will appear, it became of 
first importance during this investigation to make sure of the 
structure of the ketone and we have therefore been a t  pains to 
confirm it. Francis and Willson oxidised the substance to  a@P- 
tetramethylglutaric acid, and this, of course, agrees with the 
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suggested constitution, but does not dispose of the possible altern- 
ative structure in which the carbonyl group is next one of the 
CMe,-groups. It will be shown in the sequel that the production 
by the reactions indicated of a ketone of the latter constitution is 
not inconceivable. The formation of alkylidene derivatives should 
decide the matter, but Francis and Willson experienced difficulty 
in obtaining definite condensation products with benzaldehyde and 
0- and m-nitrobenzaldehyde ; we are, however, able to show that the 
ketone forms a dipiperonylidene derivative (XV), and a well- 
characterised dioximino-compound (XVI), which, with hydroxyl- 
amine, forms the trioxime (XVII) of a substance (XVIII) having 
the characteristics of a 1 : 2 : 3-triketone. These reactions, which 
were carried out in 1924, clearly establish formula (XIV), since the 
isomeric ketone could form only mono-alkylidene and mono- 
oximino-derivatives. Farmer and Kracovski have recently shown 
(J., 1927, 683) that ppp'p'-tetramethyladipic anhydride, on heating, 
gives Francis and Willson's ketone, which proves the same point. 

A satisfactory confirmation of the structure has also been 
obtained by the synthesis of the ketone from tetramethylethylene 
dibromide (XII) and ethyl acetonedicarboxylate (XI), by way of 
the cyclic ketonic ester (XIII). 

CO,Et*CH, Br CMe, CO,Et*CH*(iMe, ~ co CH,*CMe, 

C0,Et H, Br*CMe, 
(XI.) (XII.) (XIII. ) (XW.1 

co$ + I ('1NaOlSt) -+ CO,Et*CH*CMe, co< <CH2*CMe2 I 

CH,O, :C ,H,*CH :'c CMe, 

HON:C*CMe, CO*CMe, 

O<C 0 JMe,  HON:C*CXe, 
(XVIII.) 

The above results may be summarised in the statement that 
dibromophorone (and dichlorophorone appears similar, although it 
was not investigated in the same detail) exhibits abnormal physical 
properties, e.g., colour, refractivity, parachor ; and, as compared 
with phorone, markedly diminished unsaturation. Further, it 
appears that, whereas on treatment with certain powerful reagents 
it undergoes reactions which, in so far as they indicate anything, 
point to  a formula of t'he ordinary phorone type, its behaviour 
towards other reagents reveals a strong tendency to  form closed 
rings. The effect of substituting phosphorus and concentrated 
hydriodic acid for zinc and concentrated hydrochloric acid in 
causing the formation of a cyclic instead of an open-chain reduction 

(XVII.) HON:C< I 
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product is noteworthy, and, along with the other physical and 
chemical evidence, suggests a condition intermediate between the 
open- and the closed-chain state. 

A much more strongly marked approach towards the cyclic 
condition is apparent on passing to  the bromohydroxy-derivative to 
which Francis and Willson assigned formula (X), and it is necessary 
now to consider the chemistry of this substance and its more 
immediate derivatives in some detail. 

First, we have effected an independent synthesis of the bromo- 
hydroxy-compound from the ketone (XIV) by successive treatment 
with bromine and water. When the bromination is carried out in an 
anhydrous solvent, up to six atoms of bromine are absorbed and 
hydrogen bromide is evolved. During the process a crystalline 
bromide is produced and may separate, but our efforts to isolate 
and analyse it failed owing to the rapidity with which it decomposed 
into an oil containing between two and three atoms of combined 
bromine. We are not a t  present prepared to express any view as to  
the constitution of this intermediate product, beyond that it 
consists at least in part of a substance which, on treatment with 
water, gives the bromohydroxy-compound (X). When the bromin- 
ation is incomplete (we suspect that it is affected by the fortuitous 
crystallisation of the solid bromide), as indicated by the smaller 
bromine-content of the residual oil, the change effected by water is 
also incomplete, and an unreactive compound containing two atoms 
of combined bromine remains. On further bromination this is 
converted into the precursor of the bromohydroxy-compound. 
Though modifications are possible, the following scheme is regarded 
as approximating to  the observations, the compound (XIX) 
representing the unreactive, and (XX) the reactive, bromination 
product : 

(XXI.) 

The elimination of hydrogen bromide from (XXI) is in accordance 
with analogy. Evidence of interaction between the a- and 
a’-positions of a cyclic ketone was encountered by Wallach (Annulen, 
1917, 414, 296) in the case of cyclohexanone derivatives, and in the 
present instance the tendency to  a reaction of this type would be 
expected to  be increased by the accumulation of gem-dimethy2 
groups. The fact that, even where excess of bromine is employed, 
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only six and not eight atoms are involved is also in accordance with 
Wallach’s observations on the halogenation of cyclic ketones 
(Annulen, 1905, 343, 41), and may be compared with the difficulty 
often experienced in replacing this last available hydrogen atom in 
a keto-enol system (compare Dieckmann, Ber., 1894, 27, 964; 
1897, 30, 1471 ; Thorpe, numerous papers) ; it is also possible that 
higher bromination products are formed, but immediately bridge 
with the elimination of elemental bromine, as is suggested by the 
experiences of Guareschi (Atti R. Accad. Sci. Torino, 1910-1911, 
46, 662) and Meerwein (J. pr .  Chem., 1922, 104, 161), thus giving a, 
smaller net absorption. However this may be, it is evident that 
the process involves no re-arrangement of the carbon skeleton, since 
the bromohydroxy-compound on reduction both by acid arid by 
alkaline reagents yields the original tetramethylcyclopentanone 

We have taken the view that this complete synthesis, even when 
taken together with Francis and Willson’s degradation of the 
bromohydroxy-compound to tetramethylsuccinic acid, does not 
fully establish their formula, for the compound; for although that 
formula, certainly provides the simplest interpretation of the facts, 
the latter concern a field of organic chemistry in which subtle 
changes are possible, so that caution is necessary in drawing con- 
clusions as to structure. We do, however, regard the following 
features as having been definitely diagnosed : (i) the presence of the 
cyclopentane ring, (ii) the adjacent situation of the two gem-dimethyl 
groups, (iii) the unsymmetrical situation of the bromine atom with 
respeot to the gem-groups, (iv) the symmetrical situation of one 
oxygen atom with respect to the gem-groups, (v) the presence of a 
hydroxyl group. In  addition to formula (X), there is another 
formula which embraces all these conclusions, namely (XXII), and 
this can be brought into harmony with the reduction to the 
symmetrical cyclopentane ketone (XIV), because preliminary 
1 : 4-addition of hydrogen, followed by ketonisation and further 
reduction, could bring about the necessary alteration in the position 
of the carbonyl group : 

(XTV). 

The scheme represented is illustrative, and its essentials are 
independent of any particular supposition regarding the stage a t  
which the halogen is removed from the molecule. Further, formula 
(XXII! is not inconsistent with the evidence of synthesis; for the 
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two formulae (X) and (XXII) are more closely related than appears 
a t  first sight, in that, although they are distinct in framework and 
m e r  in the position of a hydrogen atom, the latter is ioniable in 
either case, and hence potentially mobile, and the two carbon 
skeletons are related like those of the factor and produd of a 
Wagner re-arrangement . 

Considerations based on the electronic theory of vdency lead 
u8 to formulate the pinacol-pinacolin, Wagner-Meerwein, and 
related transformations, such as the pinacolic deamination,* by the 
following general scheme :- 

R\ R 
fL /dn 

X-A-B-WY + X' + A = B-C + Y' 

in which the tendency of X to part from, and Y to hold, electrons 
during ionisation or combination with a reagent supplies the 
driving force of the reaction. In the case under discussion, if we 
assume preliminary ionisation, the electron repulsion of the negative 
pole collaborating with the electron attraction of the neighbouring 
cwbonyl group might provide the impetus necessary for the inter- 
conversion of the structures : 

O H  

The postulated change in either direction may be compared with 
the formation of methylenecyclobutane (B) from wo'-dibromo- 
1 : 1-dimethylcyclopropane (A) and zinc (Ingold, J., 1923, 123, 
1756) on the supposition that an atom of metallic zinc first removes' 
an atom of bromine with a sextet : 

* *  I 
:Bri ..; 

I 

* Here the electron sink, Y, is presumably the positive pole of the diazoniurn 
ion formed by the action of nitrous acid (compare Baker, Cooper, rtnd Ingdd, 
this VOI., p. 426). Similarly in the benzil-benziIic acid change the electron 
sink, X, is the negative pole formed by the addition of hydroxide ion : 

Ph Ph Ph 
I r n l  /An \ 

o=c--(i=* S) 7-0 - (3.1 
Ph HO Ph 
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Thus, tautomerism between the structures (XXIII) and (XXIV) 
is readily conceivable, and the problem of distinguishing between 
them becomes in the first instance that of ascertaining the position 
or positions occupied by each of the characteristic groups by the 
study of suitable derivatives. 

Francis and Willson found that when the bromohydroxy-com- 
pound was reduced with zinc dust and glacial acetic acid the bromine 
atom was replaced by hydrogen and a compound was formed which 
closely resembled the halogenated parent and evidently possessed 
a similar constitution. All our experiments confirm that con- 
clusion ; we have, for instance, regenerated the original bromo- 
hydroxy-compound by directly brominating the hydroxy-compound. 
Further, the derivatives formed by the bromohydroxy-compound 
resemble the corresponding derivatives of the hydroxy-compound ; 
for instance, the latter, on acetylation, gave the same compound as 
that which Francis and Willson obtained by reduction of the acetyl 
derivative of the bromohydroxy-compound. Similarly, the bromo- 
benzoyloxy-compound, the bromomet7toxy-compound, and the bromo- 
p-bromobenxyloxy-compound, which were prepared directly from the 
bromohydroxy-compound, on reduction gave benxogloxy-, methoxy-, 
and p - bromobenxyloxy- derivat ives which were also obtained from 
the hydroxy-compound by acylation or alkylation. It is evident, 
then, that the constitutions of the halogen compounds are 
referable to those of the corresponding hydrogen derivatives (with 
the reservation mentioned on p. 379), and we have therefore 
concerned ourselves mainly with the bromine-free hydroxy-com- 
pound (XXV or XXVI) in the investigation, described below, 
regarding the respective functions of the two oxygen atoms contained 
in the complex : 

co.@-(iMe2 (XXVI.) 
C( OH)*CMe, 

First, it should be stated that the alkyl and acyl compounds 
mentioned above are actually O-derivatives, and not C-derivatives, 
because the alkyl and acyl groups can readily be removed. For 
example, the bromoacetoxy- and bromobenzoyloxy-compounds are 
hydrolysed by acids, and the corresponding hydrogen derivatives by 
alkaline hydrolysing agents. The methyl group in the bromo- 
methoxy-compound can be eliminated by the Zeisel method. The 
corresponding experiment was not tried with the bromo-p-bromo- 
benzyl derivative, the same point having been proved for this con- 
pound a t  an early stage in the investigation through the observation 
that on ozonolysis the alkyl group appears in the form of p-bromo- 
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J. 
Hydroxy -compound 

benzaldehyde. 
scheme : 

These relations are summarised in the following 

@ (XXXII Bromohy or X r ;  droxy -compound In. p i  16') \\ 

In  contrast with the close similarity between the bromohydroxy- 
compound and the bromine-free hydroxy-derivative in their 
hydroxylic reactions, these two subshnces differ notably in the 
degree to which they exhibit ketonic properties. In  fact, neither 
Francis and Willson nor we have been able to obtain an oxime or 
semicarbazone of the bromohydroxy-derivative, and we have 
similarly failed in the case of all its derivatives in which a bromine 
atom is attached to the five-membered ring; yet on any probable 
view of the constitution of these substances a ring-bound carbonyl 
group must be present. On the other hand, the compounds of the 
reduced series all form oximes with moderate ease ; indeed, from the 
parent hydroxy-derivative we obtained two oximes as well as a 
semicarbazone. In  our view this remarkable difference is to be 
attributed, not to some fundamental difference of constitution, but to 
the inhibiting effect of the bromine akom. Oximation is a, remtion 
notoriously- sensitive to constitutional influences, and the strong 
inhibition (probably polar as well as steric) produced by bromine and 
chlorine in halogenated ketones is often such as to prevent oxime 
formation altogether. On the other hand, we are unwilling to 
employ the facts referred to as the basis of any constitutional 
argument regarding the relative positions of the bromine atom and 
carbonyl group in the bromo-compound (XXIV or XXIII), since the 
possibility of '' short-cuts " for the transmission of polar influences 
in compact ring-structures cannot be disregarded. 

Our attention was first focussed on the two oximes in view of the 
possibility that they might be position-isomerides representing the 
two forms (XXV and XXVI) of the parent. This, however, was not 
the case, since the two oximes were found to be interconvertible 
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directly (p -+ a) and through the hydrochloride of one of them 
( x  cj P) in accordance with the following table : 

Compound XXV or XXVI, m. p. $6" 

Ac0N:C 

The orientation of the oximino-group in (XXVII), and of the 
amino-group in (XXVIII), thus depend on the oonstitution ascribed 
to the ketone (XIV), which w a ~  established in two independent ways 
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and is therefore beyond doubt. Although the experimental evidence 
is thuR complete, the whole of it is further strengthened by the fact 
that, by methods described below, we have been able to prepare 
the isomeric unsymmetrical ketone, having its carbonyl group 
adjacent to one of the CMe,-groups, its oxime, the corresponding 
unsymmetrical amine and its salts and acetyl derivative, all of 
which are easily identified crystalline compounds, as are the iso- 
merides of the symmetrical series. We conclude that in the 
hydroxy-compound, m. p. 86", the group exhibiting ketonic re- 
activity is that situated symmetrically with respect to the two gem- 
dimethyl groups in the carbon skeleton. 

With regard to the space configurations of the two oximes 
(XXVII) we are able to advance the following evidence. On 
Meisenheimer's theory of trans-interchange, the two oximcs might 
yield the following internal amides under the conditions of the 
Beckmann transformation : 

Me&!*CH,*NH 
Me,C-CO-NH -C*OH O H  --+ Me,C-C0-60 

OH 
-Q=N Me,C]*CH,*QO -Q==?? 
-C*OH + 
(=x.) (XXXI.) (XXXII.) (XXXIII.) 

Under the conditions in which we have effected a, change of this 
type the a-oxime passes into its p-isomeride, and is therefore not 
available for the experiment. On the other hand, the p-isomeride, 
on treatment with excess of dry hydrogen chloride in a warm solvent, 
yields a re-arrangement product which apparently possesses formula 
(XXXIII). Its properties are in agreement with this constitution, 
and it is not the imide (XXXI), for we have prepared the latter by 
the action of gaseous ammonia on aap@-tetralmethyZgZutaric anhydride. 
If this interpretation is correct, it follows that the a-oxime, m. p. 
96", is to be regarded as having the configuration (XXX), and the 
p-oxime, m. p. 115", is represented by (XXXII). It should be 
remarked that the p-oxime (but not the a-)  gives a strongly coloured 
iron salt, in which the iron is conceivably chelated (compare 
formula XXXII) . 

Turning to the acyl derivatives of the bromohydroxy-compound 
and its halogen-free analogue, the benzoyl derivatives offered an 
attractive point of attack, since both are crystalline and possess 
all the characteristics of pure compounds. Both substances appear 
to be saturated. Thus neither responds to the Baeyer test for 
unsaturation, and neither absorbs bromine in chloroform. It is 
true that the bromobenzoyloxy-compound is attacked by zinc dust 
and acetic acid, but the reduction stops abruptly after the bromine 
atom has been replaced by hydrogen, the nucleua being unaffeoted. 
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When the halogen-free benzoyl compound is treated with 
hydroxylamine, one molecule of this reagent is taken up and one 
of benzoic acid is simultaneously eliminated. This takes place 
in the cold under conditions which preclude ordinary hydrolysis of 
the acyl group, and we therefore infer that it is the hydroxylamine 
which has displaced the benzoyl radical. The compound formed 
(m. p. 115") is isomeric with, and different from, t,he a- and p-oximes 
of the symmetrical series (mixed m. p. depressions), which were 
prepared from the parent hydroxy-compound without previous 
benzoylation, and is evidently the unsymmetrically oximinated 
analogue, since (a)  it yields the original hydroxy-compound (m. p. 
86") on hydrolysis, and ( b )  on prolonged treatment with hydroxyl- 
amine it gives the same dioximino-compound as that prepared by 
further oximination of the symmetrical cc-oxime. It is consistent 
with this interpretation that the new monoxime (XXXVII), on 
re-arrangement, gives an internal amide (XL) isomeric with the 
amide and h i d e  mentioned above (XXXI and XXXIII) and that 
the dioxime (XXXVIII) readily yields a furaxan (XLI). On 
reduction with sodium and boiling alcohol the new monoxime gives 
the hydroxy-amine (XXXIX). The whole series of observations 
corresponds with Francis and Willson's formulation of the bromo- 
hydroxy- and hydroxy-compounds, and may accordingly be 
represented as follows : 

xxv Or--+ (XXVII.) 

(XXXIV.) (XXXV.) 

It must be pointed out that the above scheme for the orientation 
of the benzoyloxy-group in (XXXIV) and (XXXV) is dependent on 
the correckness of the inference that, because hydroxylamine 
displaces the benzoyl radical, the osimino-group therefore occupies 
that nuclear position from which the extruded group has been 
removed. Such a substitution of groups might take place through 
the reversible addition of hydroxylamine giving the addition product 
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(XXXVI), the subsequent irreversible decomposition of which is 
determined by the stability of the benzoate ion. We are not 
prepared to go further than to say that these assumptions seem to 
us plausible, and that we regard the orientation as tentative only. 

The p-bromobenzyloxy-derivatives both of the bromohydroxy- 
and hydroxy-series are also crystalline, behaving in all respects as 
pure compounds, and closely resembling the benzoyl derivatives in 
their indications of saturated character. The bromo-p-bromo- 
benzyloxy-compound (XLII) on reduction by zinc and acetic acid 
is converted into the p-bromobenzyloxy-derivative (XLIII), which 
is formed without by-products and appears to be incapable of 
further reduction by this method. It forms an oxime (XLIV), and, 
as might be expected, there is little or no tendency towards extrusion 
of the alkyl group. We have not yet succeeded in establishing 
satisfactory conditions for the reduction of the oxime itself, but its 
acetyl derivative (XLV), on reduction with sodium and boiling 
alcohol, yields a saturated hydroxy-amine (XLVI), isomeric with 
(XXXIX). These reactions may be formulated as follows, the 
interpretation being dependent on that applied to the benzoyl 
compounds : 

TMe2 + co<TH ?Me2 -+ 
C( O*C,H,Br)*CMe, 

C O < P  
C ( O*C,H 6Br) *CMe2 

(XLII.) (XLIII.) 

TAfe, --+ BcON:C<?~ ?Me2 HON:C<FI~  C( O*C,H,Br)*CMe, C( O-i-C,H,Br)*CMe, 
(XLIV.) (XLV.) 

-+ NH,*HC< CH2-7Me2 (XLVI.) 
CH( OH)*CMe, 

It is now necessary to consider some derivatives of the bromo- 
hydroxy- and hydrouy-compounds which exhibit some remarkable 
differences of behaviour as compared with the acyl and alkyl 
derivatives just mentioned. The group of compounds referred to 
includes the acetoxy-derivatives, the methoxy-derivatives, and 
probably also the liquid by-product which was obtained (see p. 388) 
along with the crystalline main product on alkylation of the bromo- 
hydroxy -compound with p - bromobenz yl bromide. 

They arc a1 1 
oils, excepting the bromoacetoxy-derivative, which is crystalline ; 
and for this reason we have examined the acetosy-compounds in 
greater detail than the others. In  illustration of the unsaturated 
character of these substances, the bromoacetoxy-compound rapidly 
reduces cold alkaline permanganate under conditions in which the 
bromobenzoyloxy-compound causes no perceptible reduction over 

These compounds are conspicuously unsaturated. 



378 INGOLD AND SHOPPEE: ON THB POSSIBILITY OF 

an extended period. The acetoxy-compound rapidly absorbs 
bromine in cold chloroform, in contrast with the benzoyloxy- 
oornpound, which remains unaffected under these conditions, and, 
even on boiling, is extremely slowly attacked. Again the acetoxy- 
compound is reduced by zinc dust and acetic acid to a dihydro- 
derivative, whereas the benzoyloxy-compound, as already men- 
tioned, is unaffected by this treatment. 

These contrasts suggest that the bromoacetoxy- and acetoxy- 
compounds may be derived from the unsaturated, monocyclic forms 
of their respective parents; and in support of this view we are able 
to  advance the following experiments, which appear to orient the 
acetoxy-group in the symmetrical position with respect to the pair 
of gem-dimethyl groups. The bromoacetoxy-compound was reduced 
in the following stages with successive treatments with zinc or 
sodium amalgam in glacial acetic acid : bromoacetoxy-compound 
ym+ HBr + acetoxy-compound (2Hj dihydroacetoxy-compound 
-+ H-OAc + dihydro-compound. The final product, which is 
a saturated ketone, C,H,,O, proved to be, not the symmetrical 
tetramethylcyclopentanone already described, but its unsymmetrical 
i s m e r i d e  (XLIX) (vide infra). It was converted into its oxime (LI), 
which was reduced with sodium and alcohol to the unsymmetrical 
tetramethylcyclopentylamine (LII). Finally the oxirne (LIII) of the 
dihydroacetoxy-compound (L) was completely reduced, and the 
prqduct identified as the same tetramethylcyclopentylamine. If the 
monocyclic unsaturated formulae (XLVII) and (XLVIII) be adopted 
for the bromoacetoxy- and acetouy-compounds respectively, the 
above relationships are capable of explanation on the following 
lines : 

(2H) 

AcO*CH< CH2p7Me2 (LIII.) 
/ C( :NOH)*CMe, 

(LI.) CH2<CH2--(?Me2 
C( :NOH)*CMe, 

\ Y  

The symmetrical and unsymmetrical ketones (XIV and XLIX) 
are superficially extremely similar (both have the appearance, 
adour, and large volatility of camphor), but are readily distinguished 
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becauae they depress one another's m. p.'s, as do the derived oxirnes 
and semicarbazones. Both ketones, on oxidation with dilute nitric 
acid, yield aapp-tetramethylglutaric acid, and this, taken in con- 
junction with the work already described on the symmertricd 
ketone, establishes the constitution of the unsymmetrical ketone. 
The two tetramethylcydopentylamines are also crystalline, although 
on account of their volatility, we have, to conserve material, usually 
handled them in the form of their picrates or acetyl derivatives, 
which also give mixed m. p. depressions. The following cornpariaon 
of m. p.'s illustrates the general similarity of the isomerides : 

A 
f 

A 
Y / Y 

Oxime Semi- Acetyl 
hydro- carb- ChIoro- deriv- 

Ketone. Oxime. chloride. azone. Amine. Picrate. aurate. ative. 
Symmetrical ... 130' 107' 119' 224' 100-102' 225" 230' 95' 
Unsymmetrical 119 102 125 222 hottilken. 243 197ca. 116 

Although the ketone (XLIX) is undoubtedly the main product 
of the reduction represented in the scheme formulated above, it is 
usually accompanied by a small, but detectable, quantity of the 
isomeric symmetrical ketone (XIV) (for separation, see p. 397). 
In this connexion it may be remarked that, theoretically (and also 
practically), an essential condition for the preparation of the 
unsymmetrical ketone by the method outlined is that the acetyl group 
should remain attached to the molecule during the first two stages 
of the reduction ; this follows from the tautorneric hypothesis 
relating to the cyclic hydroxy-ketones, for the formation by 
hydrolysis of a free hydroxyl group would liberate the mobile 
system, the reduction product of which is knowii to  be the sym- 
metrical ketone (XIV). It was for this reason that glacial acetic 
acid was employed as medium throughout the reductions, and that 
the intermediates (XLVIII) and (L) were purified and analysed in 
order to  confirm the integrity of their ester groups. On the other 
hand, although the bromoacetoxy-compound appeazs to be a single 
individual, its reduction products (XLVIII) and (L) are liquids, and, 
despite their constant boiling points, it cannot be asserted that they 
do not contain isomerides. The migration of acyl groups is such a 
common experience that the possibility must be considered, but 
whether the appearance of the symmetrical ketone as a by-product 
is actually to be ascribed to tautomeric mobility of the acetyl groups 
under certain conditions, or to some undiscovered mechanism, 
cannot, we think, be decided on the evidence. We are likewise 
open-minded with regard to the possibility of the migration of 
0-alkyl groups during the reduction of the bromo-alkyloxy- 
compounds. 

The bromomethoxy-compound (LIV) is unstable to permwmtie  
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and, like the bromoacetoxy-derivative, can be reduced by zinc and 
acetic acid, not only to the halogen-free parent (LV), but also to the 
dihydro-derivative of the latter (LVI). The methoxy-group in the 
dihydro-compound cannot be eliminated by continued treatment, 
but since both the oxime (LVII) of the methoxy-compound and that 
(LVIII) of the dihydromethoxy-compound yield the unsymmetrical 
tetramethylcyclopentylamine (LII) on reduction with sodium in 
alcohol, we infer that the methyl and acetyl derivatives of the 
bromohydroxy- and hydroxy-compounds possess corresponding 
structures : 

(LVII.) (LVIII.) 

Summarising the above experiments on the substitution products 
of the bromohydroxy-compound, it appears that Francis and 
Willson’s conception of that substance requires extension by the 
introduction of the alternative unsaturated formula (XXII) . 

Further evidence tending in this direction has been obtained by 
continuing the study, commenced by Francis and Willson, of the 
behaviour of the parent bromohydroxy-compound itself in the 
presence of reagents towards which it would be expected to reveal 
any unsaturated character it possessed. 

The first series of experiments along these lines relates to oxidation. 
Francis and Willson used alkaline permanganate and obtained 
the lactonic acid (LXII) (compare Rothstein and Shoppee,* J., 1927, 
531), formed by additive ring closure of the ketonic acid (LXI). 
We have obtained the same lactonic acid by employing also alkaline 
chlorate in the presence of osmium tetroxide, alkaline ferricyanide, 
and alkaline hydrogen peroxide. Using alkaline chlorate and 
osmium tetroxide, we have isolated, in addition, the lactonic acid 
(LX) of the dibasic hydroxy-acid (LIX). Oxidation with chromic 
anhydride or chromic acid (Francis and Willson) causes complete 
degradation to tetramethylsuccinic acid (LXIII). 

* The opportunity may be taken to mention that in the light of observ- 
ations recorded on p. 406, Rothstein and Shoppee now regard the compound, 
previously considered to be methyl y-keto-aapp-tetramethylglutarate, as the 
lactone of methyl hydrogen y-hydroxy-y-methoxy-a@/3-tetramethylglutarate, 

COGMe,.CMe,.C(OMe).CO,Me, a conclusion which further strengthens their 
c w e  in favour of the cyclic constitution of the homologues of Balbictno’s acid 
and its derivatives. 

----0---7 
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The interpretation of these results in terms of the unsaturated 
formula of the bromohydroxy-compound is not compulsory ; 
nevertheless, we believe that this structure affords the more satis- 
factory basis for explanation, having regard to the sensitivity 
towards oxidisiiig agents of the methyl and acetyl derivatives. 
Also, in view of the fact that the attack of mild oxidising agents 
usually proceeds much more smoothly in alkaline than in neutral 
solution, we suspect that degradation occurs most readily through 
the ion. These and other considerations relating to the observations 
lead us to  advance the following general scheme for the oxidation 
of the bromohydroxy-compound : 

CHBr *C3le, 
co,n/ 

C 0 , d  

7/ CO,H*CMe, 1 CO,H*~H-CMe, 

H C O . C Q a  I J. I /’ 1 CO\-CMe, 
7f (LX.) ‘> 1 CBr*CMe, A$ 

a \GO-CMe, CH( OH)*?i\le, 
4 

C0,H--CMe, WX.1 C02H*CMe2 

i CO,H*CMe, 
i I I 

.I. 
CO,H*CMe, 1 + (LXIII.) 1 (LXI.) 9 I 

i 
1, CO,H 

,,CBr*CMe, \co--cM~, \ ~ ~ - - C ~ ~ e ,  

CO,H*C( OH)-CRlle, 

I 
\CO----CXk, 

(? I 
COBr*CJIe, (LXII.) 

I A: + 
\bCO-CMe, I 

H p C  ;.” 

4 
CO,H 

It will be understood that this scheme is based p r t l y  on direct 
evidence and partly on indirect evidence or analogy. As an 
illustration of the use which has been made of the latter, the 
following point may be considered. When ozonised oxygen is 
passed into a chloroform solution of the bromomethoxy-compound, 
elementary bromine is eliminated, proving that the XBr-group is 
involved in the attack; the product obtained on decomposing the 
ozonide is the hydroxy-lactonic acid (LXII). On the other hand, 
when the bromoacetoxy-compound is treated with ozone under 
silriilar conditions, the bromine atorn remains attached to the mole- 
cule until the ozonide is reduced with zinc dust. Now the attack a t  
the XBr-group with fission a t  bb is probably dependent on the 

Q D- process X-C--CBr, the effectiveness of which should vary 
according to the value of X as an electron-source. The 
theoretical order, O@>OMe> OAc, being known, the inference, as 
rega>rds the ion, is obvious. 

0 
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We have further examined the behaviour of the bromohydroxy- 
compound towards halogens. Rancis and Willson observed that 
on bromination in acetic acid a dibromo-compound is formed to 
which they ascribed formula (LXVI) ; since, however, one bromine 
atom (and only one) is readily removed by hydrolysis in the form of 
hypobromous acid, the original bromohydroxy-compounds being 
regenerated, they also recognised a possible tautomeric form 
represented by the alkyl hy-pobromite structure (LXIX) ; and 
having regard to our evidence in favour of the monocyclic formula of 
the bromohydroxy-compound, it is necessary to envisage the 
possibility (LXX) in addition. 

Lauer has recently shown that tribromophenol bromide and its 
congeners, which exhibit the same peculiarity in regard to 
hydrolysis, are actually aryl hypohalites ( J .  Arner. Chern. Xoc., 
1926, 48, 442), and not halogeno-quinone derivatives, as had 
previously been supposed (Thiele and Eichwede, Ber., 1900, 33, 
673). On the other hand, Norris and Thorpe have proved (J., 1921, 
119, 11 99) that the dihalogeno-derivatives of dihydroresorcinol 
homologues, which also exhibit the peculiarity, are not hypohalites. 
but 2 : 2-dihalogeno-1 : 3-diketones. It follows that the exhaustive 
halogenation of ketones can give rise to both types of structure, and 
that the elimination of one atom of halogen as hypohalous acid on 
hydrolysis is not (contrast Vorlknder, Annalen, 1897, 294, 253), a 
criterion which will decide between them. The abnormal hydrolysis 
of the dihalogeno-diketones may be regarded as a six-cycle promoted 
by the electron affinity of the groups attached to the halogen-bearing 
carbon atom : 

Obviously the process cannot be repeated with the second bromine 
atom originally present in (LXIV), for it cannot occur with the 
enol (LXV), and, if this were ketonised, it repetition would merely 
enolise it again, since the forces operate to remove the atom (hydro- 
gen) which most readily parts with electrons. This accounts for 
the dissimilar behaviour of the two bromine atoms, and expresses 
Norris and Thorp's suggestion that the elimination of the halogen 
is fundamentally concerned with the tendency of the system to 
acquire a mobile hydrogen atom.* It also follows that, if two 

* [Added in proof] Soper and Smith's interesting experiments (this vol., 
p. 139) suggest that the hydrolysis of aromatio ohloroemines may be 
adogous. 
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different halogen atoms are attached to the central carbon atom, 
t,he product of hydrolysis will retain that which has the greater 
affinity for electrons (F>Cl>Br>I). Obviously the water molecule 
might act as such or as H' and OH' ions. A similar explanation 
may be given of the elimination of carbethoxyl as ethyl carbonate 
from cyano-esters (Rogeraon and Thorpe, J., 1905, 87, 1702; 
Ingold and Thorpe, J., 1919, 115, 143) 

NC NC 

and this shows why the &double bond is necessary, why the group 
R is necessary (since otherwise hydrogen would be removed), and 
why a py-unsaturated cyano-ester yields an ap-unsaturated nitrile 
(Kon and Narayanan, J., 1927, 1536). 

We find that Francis and Willson's dibromo-compound is actually 
the dibromo-diketone (LXVI), and is not an alkyl hypobromite 
(LXIX or LXX). For the derivative obtained by chlorinating the 
bromohydroxy-compound is identical with that prepared by 
brominating the chlorohydroxy-compound, which shows that the 
halogen atoms in the common product (LXVII) are in structurally 
equivalent positions ; further, this derivative, the dichloro-compound 
(LXVIII), and the dibromo-compound, are so very closely similar 
(see table) that the same conclusion must, we think, be applied to the 
latter two. As would be expected, the chlorobromo-diketone, on 
hydrolysis, yields the chlorohydroxy-compound exclusively : 

Bromoh ydroxy-compound. Chlorohyd roxy-compound. 

co <CBr,*pe, CClBr ?Mez 
CO-CMe, 

(LXVI ; orange, (LXVII ; orange, (LXVIII ; orange, 
m. p. 182") m. p. 178') m. p. 187') 

Here, &s with oxidation, one is not compelled to  interpret the 
reactions on the basis of the monocyclic unsaturated formula for 
the bromohydroxy-compound, but, nevertheless, there are good 
grounds for doing so. According t o  Orton, Hughes, and Watson 
(J., 1927, 2461), the bromination of a ketone takes place by direct 
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p-bromine-substitution of the enol, the product being necessarily 
ketonic : 

The reaction is assumed to occur on “ activation ” of the enol, and 
one form which activation might conceivably assume would be the 
ionisation of the hydroxyl group with the production of a strongly 
electron-repelling negative pole. This may be the significance of 
the observation that, whereas the dihalogeno-diketones are readily 
produced by halogenation in cold acetic acid (ionising solvent), they 
cannot be prepared in pure chloroform or carbon disulphide (non- 
ionising solvents) (compare Francis and Willson). Taking the view 
that in the bromination, as in the oxidation, of the bromohydroxy- 
compound, the reactive individual is probably the ion, and, accepting 
Orton, Watson, and Hughes’s mechanism, the constitutions 
(LXVI-LXVIII) follow automatically. 

It is now possible to develop the suggestion made on p. 368 that 
clibromophorone represents a balanced example of ring-chain 
valency tautomerism. In its chemical properties it has much in 
common both with phorone and with its fully cyclised oxygenated 
derivatives. Sugden’s parachor determinations provide interesting 
physical evidence pointing to  an intermediate condition, and some 
additional confirmation from the physical side is provided by 
refractivity data : 

Exaltation ( A  5893) for 

Dibromo-derivative ..................... 1-37 3-10 3.65 
Dichloro-derivative ..................... 0.30 2.03 2-57 
Acetoxy-derivative ..................... - 1.52 0.2 1 0.76 

The varying action of different substituents in favouring to 
different degrees the cyclic form of the phorone system arises, we 
believe, from their different electron-giving tendencies. An electron- 
giving group in position (1) (LXXI), collaborating with the elctron- 
attracting carbonyl group in position ( 5 ) ,  will produce a series of 
mutually dependent displacements of the labile electrons of the 
double bonds (1-2) and (3-4), giving as the fbst stage of space- 
conjugation a partial valency between the carbon atoms (2) and 
(3) (LXXI). If the tendency to this change is sufficient, the mole- 
cule may reach or approximate to the dipolar condition, represented 
by (LXXII), in which the labile double-bond-electrons are now at 
(4-4, and are subject to simultaneous repulsion by the negative 
charge at (5 )  and attraction towards the positive charge a t  (1). 
This condition corresponds to a partial valency between (4) and (l), 
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and depola'risation in the direction of the potential gradient might 
establish the bond (4-1) (LXXIII). Formula (L3XXII), then, 
may be taken to represent a whole range of states on either side of 
the dipolar condition ; its equilibrium with (LXXI) exemplifies the 
conception of ring-chain valency tautomerism, and its equilibrium 
with (LXXIII) that of tautomerism corresponding with the Wagner 
re-arrangement. It is evident, also, that any mechanism for 
external depolarisation (e.g., association with another ion) might 
obviate the necessity for internal re-adjustment. 

,--> 
0- 
0 

(LXXIII. ) 

According to this view, the tendency of a substituted phorone to 
close up should run parallel with the basicity (tendency to become 
shared) of the unshared electrons in X ;  and, for the groups, X, 
examined, the order of the effect, as indicated, for instance, by 
op-directive power in aromatic substitution, should be OR> 
halogens> H, which agrees with the observations. 

E X  P E R I M  E M T A L .  

[Note : The analysis of many of the compounds described in this 
section gave difficulty until it was discovered that by the use of 
cuprous chloride (Haas, J., 1906, 89, 570) the escape of unburnt 
methane and ethane could be avoided and correct results obtained. 
Most of the carbon and hydrogen estimations recorded below were 
carried out by Haas's method.] 

aa-Dib.romophorone (1 : 4-Dibromo-2 : 2 : 3 : 3-tetramethyl-[O7l,2]- 
dicyclopentanone) .-This was prepared in the manner recommended 
by Francis and Willson (yields 80--88%; m. p. 32"). It is 
necessary that the phorone tetrabromide (yields 80-90%; m. p, 
88') should be perfectly pure and our practice was to crystallise it 
three times from alcohol before conversion. 

Care being taken to avoid accidental inoculation, dibromo- 
phorone, when fused and cooled to Z O O ,  remains liquid long enough 
to enable its density and refractive index to be determined. We 
found d:!' 1.5727, and np:' 1.54766, whence [A?,], = 59.74. Wrancis 
and Willson, working a t  37", obtained [R1,ID = 59.77. The exalt- 
ations recorded on p. 384 are calculated from Eisenlohr's (1910) 
atlomic and structural constants and our observed value for 
[ELID. 
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Reduction of DibromophoTone to Phorone and Deoxgphorone. 
Dibromophorone was reduced with amalgamated zinc and boiling 

concentrated hydrochloric acid (compare Clemmensen, Ber., 1913, 
46, 1837). In  the early stages of the process phorone distilled from 
the short condenser employed. After 2 hours the product was 
distilled in steam, the distillate extracted with ether, and the 
deoxyphorone thus obtained purified by washing with a little 
ligroin and crystallisation from alcohol; m. p. 190" (Found : C, 
82.9; H, 10.7. Calc. : C, 83.0; H, 104%). The portion of the 
reduction product which did not distil in steam was a yellow, 
viscous oil, which decomposed on attempted distillation at 2 mm. 
It decolorised permanganate, but did not yield a semicarbnzone or 
other crystalline derivative. 

Reduction of Dibromophorone to 3 : 3 : 4 : 4-Tetramethylcyclo- 
pentanone.-Dibromophorone (25 g.), hydriodic acid (250 g. ; 
d 1*7), and red phosphorus (30 g.) were boiled together under reflux 
for 4 hours and the product waa distilled in steam. Owing to the 
volatility of tetramethylcyclopentanone in ether vapour, it was found 
advantageous to proceed with its isolation without the use of ether. 
The first 60 C.C. of distillate, which contained the bulk of t'he ketone, 
were therefore collected separately and saturated with ammonium 
sulphate; the oil was then removed, dried directly with calcium 
chloride, and distilled; b. p. 190-195"; m. p. 130" (Found : 
C, 76-7; H, 11.5. Calc. : C, 77.1; H, 11.4%) (compare Francis 
and Willson, bc. cit.).  The aqueous liquid, on treatment with 
semicarbazide acetate, yielded the semicarbezone of the same 
ketone; m. p. 224" (Found : C, 60.7; H, 9.6. Calc. : C, 60.9; 
H, 9.6%) (compare Francis and Willson). 

1 - Bromo - 2 : 2 : 3 : 3 - tetramethyl- [0,1,2] - dicyclopentan - 4 - 01- 
5-one (1-Bromo-2 : 2 : 3 : 3-tetramethyl-As-cyclopenten-5-oZ-4-one).- 
This compound (yield nemly quantitative; 111. p. 116". Found : 
C, 46.4; H, 5.6. Calc. : C, 46.3; H, 5.6%), its acetyl derivative 
(m. p. 74". Found : C, 48.2 ; H, 5-6. Calc. : C, 48.0 ; H, 5.5%), 
and benzoyl derivative (m. p. 92". Calc. : 
C, 57.0; H, 5*oy0), we have prepared by the methods of Francis 
and Willson. The free hydroxy-compound gives a wine-red colour 
with aqueous-alcoholic ferric chloride. Since the benzoyl deriv- 
ative provides the most convenient route to the reduced compounds 
mentioned below, the following details of its preparation may be 
given. The hydroxy-compound (12 g.) and benzoyl chloride (8 g.) 
were heated in pyridine solution on the steam-bath for 30 minutes. 
The ethereal extract obtained after the mixture had been poured 
into water was washed several times with dilute sulphuric acid and 

Found : C, 66.8 ; H, 5.3. 
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with dilute sodium hydroxide solution, dried with calcium chloride, 
and eva!porated. The solid residue was crystallised twice from 
aqueous alcohol, and obtained as colourless needles, m. p. 
92". Neither the acyl derivatives nor the hydroxy-compound 
appears to yield an oxime or semicarbazone. The d-brornocumphor- 
sutphonyl derivative was prepared by boiling a xylene solution of 
d-bromocamphorsulphonyl chloride with the silver derivative of the 
bromohydroxy-compound. After distillation of the xylene, the 
product was extracted with ether and the extract was washed with 
aqueous sodium carbonate, dried, and evaporated. The residue 
crystallised from ligroin or alcohol in pearly plates, m. p. 150" 
(Found : C, 43.2; H, 5.2. C,,H,,05Br,S requires C, 43.3; H, 
5.0%). The compound decolorises permanganate in cold acetone 
with moderate rapidity, and does not appear to be capable of 
separation into optical isomerides by fractional crystallisation. 

The rnethyZ derivative was prepared by the action of an excess of 
methyl iodide on the solution obtained by adding the bromohydroxy- 
compound to an exact equivalent of alcoholic sodium ethoxide. 
After heating for 1 hour on the steam-bath, the mixture was poured 
into water and extracted with ether. The extract was washed with 
water, dilute sodium hydroxide solution and water, dried with 
calcium chloride, and evaporated. Distillation yielded the product 
as a colourless oil, which gave no colour with aqueous alcoholic 
ferric chloride. As it did not appear to form an oxirne or semi- 
carbazone, we have not been able to characterise it by means of 
crystalline derivatives, and there is therefore no proof that it is not 
a mixture of isomerides. If this is the case, however, the principal 
constituent is an unsaturated 0-methyl ether, because the oil 
readily reduces cold permanganate in the presence of sodium 
hydrogen carbonate in aqueous acetone, and on hydrolysis by 
hydriodic acid yields the original bromohydroxy-compound. The 
refractive indices of different preparations do not agree very closely : 

dii' 1.3203, <?* 1.3159, d$* 1.3162; and the following uncorrected 
b. p.'s: 95"/3 mm., 120°/14 mm., 130"/20 mm., 133'125 mm. 
(Found : C, 48.3; H, 5.9. C,,,H1,O,Br requires C, 48.6; H, 
6.1 yo). A substance having substantially identical properties can 
be obtained, but less satisfactorily, by methylating the bromo- 
hydroxy-compound with twice the theoretical amount of methyl 
sulphate and excess of aqueous sodium hydroxide. The mixture was 
heated on the steam-bath for 1 hour, poured into water, and ex- 
tracted with ether. A third method consists in allowing the silver 
salt of the bromohydroxy-compound to react with excess of methyl 
iodide in the cold ; d:'" 1.3167 ; n:' 1.5148. 

Tb2n--2i* 1, 1.5131-1-5147 ; the following densities have been observed : 
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The p-bromobenxyE derivative was prepared by means of p-brorno- 
benzyl bromide and alcoholic sodium ethoxide, the mixture being 
heated on the steam-bath for 2 hours before being worked up as in 
the preceding example. The residue from the ethereal extract 
readily solidified and on crystallisation from dilute alcohol yielded 
iridescent plates, m. p. 65" (Found : C, 47.8; M, 4.4. C16H1802Br2 
requires C, 47.8; H, 4.5%). The same compound is obtained by 
allowing p-bromobenzyl bromide to react with the silver derivative 
of the bromohydroxy-compound in boiling ethereal-alcoholic 
solution. It forms no semicarbazone and does not give a colour 
with aqueous-alcoholic ferric chloride. It does not attack bromine 
in chloroform, does not form a semicarbazone, and is remarkably 
stable to dilute alkaline permanganate in aqueous acetone even a t  
65-70'. Part of the product of the action of p-bromobenzyl 
bromide on the sodio-derivative is an uncrystallisable oil, which is 
obtained from the ultimate mother-liquors in the crystallisation. 
It reduces permanganate but does not give a colour with ferric 
chloride ; its behaviour on reduction is described below. 

The p-nitrobenxyl derivative, similarly prepared, crystallises from 
alcohol in pearly plates, m. p. 111' (Found : C, 52.2; H, 5-1. 
C,,H,,O,NBr requires C, 52.2; H, 4.9y0). 

1-Cyano-2 : 2 : 3 : 3-tetramethyl - [0, 1,2] - dicyclopentan - 4 - oZ - 5 - one 
(1 -Cyan02 : 2 : 3 : 3-tetramethyl - A5 - cyclopenten - 5 - 01 - 4 - one) .-This 
substance was obtained in poor yield both by heating the bromo- 
hydroxy-compound in 50 yo alcoholic solution containing an excess 
of potassium cyanide on the steam-bath for 3 hours, and by boiling 
a solution of the bromohydroxy-compound in ligroin (b. p. 100- 
120') with silver cyanide for 6 hours. After several crystallisations 
from ligroin, it was obtained as colourless needles, m. p. 172-173" 
(Found : N, 8-0. C,,H1,02N requires N, 7-8:/,). 

2 : 2 : 3 : 3-Tetramethyl-[O,1,2]-dicyclope.?zta~a-4-oZ-5-one (2 : 2 : 3 : 3- 
Tetramethyl-A5-cyclopenten-5-ol-4-one).-This was prepared, as 
described by Francis and Willson, both by reduction of the bromo- 
hydroxy-compound with zinc dust and glacial acetic acid, and by 
reduction of the bromoacetoxy-derivative with the same reagents 
and subsequent saponification with aqueous sodium hydroxide. 
Even by the latter method, however, we were unable to obtain more 
than an approximately 70% yield (contrast Fraiicis and Willson), 
owing, as it subsequently appeared, to the €act that under our 
conditions part of t'he unsaturated halogen-free acetoxy-compound 
undergoes further reduction to zt dihydro-derivative (vide infra) . 
The free hydroxy-compound gives a dull red colour with aqueous 
alcoholic ferric chloride. The acetyl derivative, when purified by 
distillation after preparation in the manner indicated, or when 
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prepared by acetylation of the halogen-free crystalline hydroxy- 
compound by boiling for 1 hour with excess of acetic anhydride, is 
a colourless oil, b. p. 120"/15-16 mm. (Found : C, 67.0; H, 8.7. 
CllH1603 requires C, 674;  H, S . 2 ~ 0 ) .  It readily absorbs bromine 
in chloroform, and decolorises a cold aqueous acetone solution of 
potassium permanganate and sodium hydrogen carbonate ; it gives 
no colour with aqueous-alcoholic ferric chloride. For the density 
and refractive index we find 1.0190 and nz0 1.4549, whence 
[R&, = 52-21. The exaltations given on p. 384 are calculated 
from Eisenlohr's (1910) constants. The benzoyl compound was 
prepared by Francis and Willson by benzoylation of the hydroxy- 
derivative. We have prepared it in considerable quantities by 
reducing the bromobenzoyloxy-compound with half its weight of 
zinc dust in boiling glacial acetic acid for about 2.5 hours. The 
mixture is then cooled, the liquid decanted from the zinc and zinc 
acetate into water, the solid washed with fresh acetic acid, and the 
precipitated oil extracted with ether. The extract was washed with 
cold 10% sodium hydroxide solution, dried, and evaporated. The 
product separates from dilute alcohol in glistening plates, m. p. 
68" (after two crystallisations), and is identical with the material 
prepared by Francis a,nd Willson's method (Found : C, 74.25; 
H, 7.1. It gives no colour with aqueous- 
alcoholic ferric chloride, and permanganate in aqueous acetone 
containing sodium hydrogen carbonate remains coloured for many 
hours. It is also unaffected by bromine in chloroform, and does not 
appear to undergo further reduction by prolonged treatment with 
excess of zinc dust in boiling glacia.1 acetic acid. It is not easily 
hydrolysed by aqueous sodium hydroxide, but hydrolysis can be 
effected by heating on the steam-bath for 1 hour with 10% aqueous- 
alcoholic potassium hydroxide. The mixture is then evaporated to 
expel most of the alcohol, acidified, and extracted wifh ether, and 
the benzoic acid is removed from the ethereal solution by washing 
with aqueous sodium hydrogen carbonate. This provides the most 
satisfactory method for the preparation of the free hydroxy- 
compound. 

The metAyZ derivative has been prepared by the following three 
methods : (1) The halogen-free hydroxy-compound was warmed 
on the steam-bath for 2 hours with methyl sulphate and 10% 
aqueous sodium hydroxide. After decomposition of the excess of 
methyl sulphate the methylation product was extracted with ether. 
In  one experiment we obtained an oil, which, on strong cooling, 
yielded well-formed needles, m. p. 37" (Found : C, 71.2; H, 9.8, 
C,,H,,O, requires C, 71.4; H, 9.5%). The quantity obtained was 
small and was almost all used for the analysis. Unfortunately, 

Cslc. : C, 744 ; H, 7.0%). 

0 2  
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despite many attempts, we have not since succeeded in reproducing 
this result, and are therefore unable to describe the properties of this 
solid derivative. On all other occasions the product has been a 
colourless oil, b. p. 112-115"/21 mm., nl;* 1.4687 (Found : C, 70.2; 
H, 9.3 ; OMe, 18.1. Calc. : OMe, 18.5%), which rapidly decolorises 
cold alkaline permanganate, and absorbs bromine in chloroform. 
It gives no colour with ferric chloride. (2) The hydroxy-compound 
was heated for 2 hours on the steam-bath with a methyl-alcoholic 
solution of sodium methoxide (1 mol.) and excess of methyl iodide. 
The product was poured into water and extracted with efher, and 
the extract dried and distilled. The distillate, b. p. 108-112"/ 
18 mm., ng* 1.4657, OMe 18.l%, has properties identical with those 
of the product obtained by method (1). (3) The bromomethoxy- 
compound was reduced by the method already described for the 
reduction of the bromoacetoxy-compound. The methoxy-compound 
so obtained was purified by distillation, controlled by b. p. 
and refractive-index determinations (vide the dihydro -derivative). 
Since the liquid methoxy-compound gives an oily oxime, and we 
have not been able to prepare a crystalline derivative, there is no 
proof that it is not a mixture of isomerides; but if this is so, the 
principal constituent is 5-methoxy-2 : 2 : 3 : 3-tetramethyl-A5-cy&- 
penten-4-one7 as is shown by its behaviour on further reduction 
(below). The Zeisel determinations show that it cannot contain a 
substantial proportion of any C-methylation product. The oxime 
has b. p. 140-150"/22 mm. 

The p-bromobenxyl derivative was prepared by reducing the 
bromo-p- bromobenzyloxy-compound with glacial acetic acid and 
excess of zinc. After boiling for 3 hours, the acetic acid aolution 
was poured into water and extracted with ether. The ethereal 
extract was washed with cold alkali, dried, and evaporated. The 
crystalline residue separated from ligroin in long, colourless prisms, 
m. p. 86" (Found : C, 59.2; H, 5-9. C,,H,90,Br requires C, 
59.3; H, 5.9%). The same substance was obtained by heating the 
hydroxy-compound (1.0 g.) with methyl-alcoholic sodium methoxide 
(prepared from 0.16 g. of sodium) and p-bromobenzyl bromide 
(1.7 g.) on the steam-bath for 1 hour (yield, 90%). The compound 
gives no colour with aqueous-alcoholic ferric chloride. It slowly 
decolorises permanganate in acetone, and does not appear to absorb 
bromine in cold chloroform, although on warming bromine disappears 
and hydrogen bromide is evolved, showing that substitution has 
taken place. 

3 : 3 : 4 : 4-Tetramethylcyclopen~none.-Francis and Willson 
obtained this substance from the bromohydroxy-compound by 
reduction with sodium amalgam, which is a convenient reagent for 

It forms a crystailine oxime (p. 403). 
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the preparation of small quantities. Por larger amounts the 
Clemmensen method is preferable. The reduction is complete in 
1 hour and the ketone is then removed from the water-cooled trap 
employed to collect it. A further small quantity is obtainable from 
hydrochloric acid solution by distillation in steam (total yield, 
76%). We have also prepared the ketone by the actioii of sodium 
amalgam on B hot aqueous solution of the bromine-free hydroxy- 
compound, and by the action of hydriodic acid a t  140" on its 
methyl and p-bromobenzyl derivatives, as well as by the mothods 
described elsewhere in this paper. 

The dipiperonylidene derivative was obtained by boiling under 
reflux a solution of the ketone (0.5 g.), piperonaldehyde (1-5 g.), and 
potassium hydroxide (1.5 g.) in SOY, alcohol (30 c.c.) for 1 hour. 
The cooled solution was diluted with water, and the product, which 
was precipitated as a slowly solidifying oil, was drained, washed 
with ligroin, and crystallised from methyl alcohol, from which it 
separated in yellow, rhombic prisms, m. p. 125" (Found : C, 74-0; 
H, 6.0. Cz,Hz40, requires C, 74.2; H, 6.0%). 

The aa'-dioximino-derivative (1 : 3-dioxime of 4 : 4 : 5 : 5-tetra- 
methylcyclopentanetrione) was prepared by treating the ketone 
(0.7 g.) with isoamyl nitrite (1.2 8.) in ethyl alcohol (1.0 c.c.) con- 
taining 10 drops of concentrated hydrochloric acid. After being 
kept for 30 minutes, during which the temperature rose to  40", 
the solution was basified with sodium hydroxide and extracted with 
ether, then acidified, and again extracted with ether. The second 
extract waa washed with sodium hydrogen carbonate solution, 
dried, and evaporated, and the residue was washed with ether and 
chloroform (yield, 60%). The same substance was obtained from 
the ketone (0.7 g . ) ,  isoamyl nitrite (1.2 g.), and 0.5 C.C. of a solution 
of sodium methoxide prepared by dissolving 0.12 g. of sodium in 
2 C.C. of methyl alcohol. The mixture was kept a t  40" for 20 minutes, 
cooled, diluted with water, mixed with aqueous sodium hydroxide, 
and extracted with ether. The aqueous solution was then saturated 
with carbon dioxide and again extracted. Another method which 
has been used consists in passing nitrosyl chloride into a solution of 
the ketone in chloroform, ether, or ligroin. The dioxime separates 
from alcohol in pale yellow needles, m. p. 223" (decornp.) (Found : 
C, 54.1; H, 7-0. C,H,,O,N, requires C, 54.5; H, 7.1%). On 
hydrolysis with hydrochloric acid in the presence of formaldehyde 
(Perkin's method) it yielded a nitrogen-free oil which reduced 
Fehling's solution and stained the skin purple just as does 
1 : 2 : 3-triketohydrindene. This evidently consisted of tetramethyl- 
cydopentanetrione or its hydrate, since on treatment with excess of 
hydroxylarnine acetate in boiling 90% alcohol, it was converted 
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into a crystalline 1 : 2 : 3-triozime, which was isolated by evaporating 
the alcohol and extracting the residue with chloroform. The same 
trioxime was obtained directly from the 1 : 3-dioxime by treatment 
with hydroxylamine acetate under the conditions described. It 
separates from chloroform-ether in colourless needles, m. p. 168- 
169" (Pound : My 19.5. CgH1503N3 requires N, 19*7%), and gives 
a strong purple colour with aqueous-alcoholic ferric chloride. 

The oxime was prepared by heating tetramethylcyclopentanone 
with an excess of aqueous-alcoholic hydroxylamine acetate for some 
hours on the steam-bath. The partly evaporated solution was 
extracted with ether, and the dried and concentrated ethereal 
solution was treated with dry hydrogen chloride, which precipitated 
the hydrochloride of the oxime, m. p. 119" (Found: C1, 18.4. 
CgH,,ON,HC1 requires C1, 18.5%). The solution of this in aqueous 
sodium carbonate yielded the pure oxime, m. p. 107", on extraction 
with ether (Found : N, 9.1. C,Hl,ON requires N, 9*Oyo). The 
oxime is very soluble in most organic solvents, but can be crystallised 
from ligroin. It reduces Fehling's solution 
and gives a green colour with bromine in aqueous pyridine (Piloty, 
Ber., 1898, 31, 454). 

Formation of 3 : 3 : 4 : 4-Tetramethylcyclopentanone from Pinucol 
and Ethyl Acetonedicarboxy1ate.-Pinacol was converted into 
Fy-dibromo-py-dimethylbutane (m. p. 173" ; compare Centurier, 
Ann. Chim. Phys., 1892, 26, 444) by treatment with the theoretical 
amount of phosphorus tribromide. Ethyl acetonedicarboxylate 
(20.2 g.), the dibromide (24.4 g.), and alcoholic sodium ethoxide 
prepared from 4-6 g. of sodium and 50 g. of ethyl alcohol were heated 
together for 4 hours on the steam-bath. The product was worked 
up into fractions insoluble in alkali, insoluble in sodium hydrogen 
carbonate but soluble in sodium hydroxide, and soluble in carbonate, 
but difficulty was experienced in the purification of these, and they 
were therefore hydrolysed by boiling with 20% hydrochloric acid 
under an efficient condenser. On distillation in steam the eliminated 
alcohol and the ketone passed over in the first runnings, from which 
the ketone was collected in the form of its semicarbazone, m. p. 224") 
after addition of semicarbazide acetate. 

Conversion of 3 : 3 : 4 : 4-Tetrumethylcyclopentanone into the B r m o -  
hydroxy-compound.-A general description of these experiments is 
given in the introduction (p. 369), and it need be added only that the 
product was identified by m. p., mixed m. p., and analysis, and by 
the m. p. and mixed m. p. of its acetyl derivative. 

3 : 3 : 4 : 4-TetramethyZcyclopentylamine.-( 1) A solution of 
3 : 3 : 4 : 4-tetramethylcydopentanone oxime (2.0 g . )  in alcohol was 
heated to 50-60" while 2.5% sodium amalgam (50 g.) and hot 

It is volatile in steam. 
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glacial acetic acid were gradually added. The solution was cooled, 
separated from the mercury, diluted with water, and extracted with 
ether to  remove any unchanged oxime. After basification with 
sodium hydroxide, the amine was extracted with ether, and the 
extract was dried with potassium carbonate and distilled through a 
fractionating column. 

(2) A boiling solution of the oxime (2.0 g.) in absolute alcohol 
(50 g.) was slowly poured oii sodium wire (5 g.), contained in a flask 
fitted with a n  efficient reflux condenser. After addition of an 
excess of aqueous acetic acid, the solution was evaporated to  drive 
off most of the alcohol, extracted with ether, basified, and again 
extracted, the ether being finally removed through a column. 

(3) The oxime (1.0 g.) was first converted into its acetyl derivative 
by mixing a solution in dry pyridine with acetyl chlorida (0.5 g.) 
with external cooling. The product was isolated by pouring into 
dilute sulphuric acid and extracted with ether. The extract, aft'er 
being washed with dilute acid, dried, and evaporated, gave a 
colourless oil, which yielded no precipitate when its solution in dry 
ether was treated with dry hydrogen chloride. The acetate was 
dissolved in 75 C.C. of glacial acetic acid, and treated with 10 g. of 
palladised barium sulphate (corresponding to 0.5 g. of palladium) , 
and hydrogen at the ordinary temperature and 1-5 atmospheres 
pressure, with shaking, until t'he requisite amount of hydrogen had 
been absorbed (usually less than 1 hour). The mixture was then 
decanted into water, and the precipitate washed by decantation 
with fresh acetic acid ; the diluted acid solution was then extracted 
with ether, basified with sodium hydroxide, and again extracted, 
bhe second extract yielding the amine. 

The base obtained by these methods forms colourless needles, 
m. p. 100-102", having a characteristic odour. Owing to  its 
volatility, and great solubility in the usual solvents, we did not 
recrystallise it, but characterised i t  by means of its salts and acetyl 
derivative. The picrate was precipitated in alcoholic solution and 
crystallised twice from alcohol, from which it separated in bright 
yellow needles, m. p. 255" (decomp.) (Found: C, 48.1; H, 6.0. 
C15H220,N4 requires C, 48.6 ; H, 6.0%). The chloroaurate, obtained 
by addition of chloroauric acid to  a hydrochloric acid solution of 
the base, separated from 15% hydrochloric acid in orange-yellow 
needles, m. p. 230" (decomp.) (Found : C, 22-6; H, 4.6; Au, 39.9. 
C,H20NC1,Au requires C, 22.4; H, 4.2; Au, 40.10/,). The hydro- 
chloride, precipitated from ethereal solution by dry hydrogen 
chloride, had m. p. 308" (decomp.) and was very deliquescent. 
The acetyE derivative was prepared by boiling the picrate (0-5 g.) 
for 2 hours with excess of acetic anhydride in the presence of 
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anhydrous sodium acetate (0.5 g.). The product was poured into 
water, and, after decomposition of the acetic anhydride, extracted 
with ether. The acetic acid and picric acid were removed by wash- 
ing with 5% aqueous sodium hydroxide, and the extract was dried 
with potassium carbonate and evaporated. The oil solidified while 
still hot (yield, 0-20 g.; m. p. 95", unpurified), and crystalliaation 
from ligroin yielded felted needles, m. p. 95" (Found : C, 71.9; H, 
11.4. 
2 : 2 : 3 : 3-TetramethyZ-[O,1,2]-dicyclopentun-4-ol-5-one 0ximes.- 

A solution of the hydroxy-ketone (0.5 g.), hydroxylamine hydro- 
chloride (0.23 g.), and sodium acetate (0.27 g.) in 3 C.C. of 10% 
aqueous sodium hydroxide was kept a t  40" for 40 hours; the 
preoipitate was then collected, and washed with a little water, 
alcohol, and ether. This substance, m. p. 200" (decornp.), contained 
sodium and was evidently the sodium salt of an oxime. Its solution 
in water, on treatment with carbon dioxide, yielded the mono- 
hydrate of the a-oxime, m. p. 75", as pearly plates, which after a 
further crystallisation from water had m. p. 76-77" (Found: 
H20, 9-6. CSH1,O,N,H,O requires H,O, 9.7%). On desiccation 
in a vacuum the hydrate became converted into the anhydrous 
a-ozime, m. p. 96" (Found : N, 8.5. C,H,,O,N requires N, 8*3%), 
which crystabed from carbon tetrachloride-ligroin in long prisms 
having the same m. p. The filtrate from the oxime hydrate was 
acidified with hydrochloric acid at  0" and extracted with ether; 
a gum wits then obtained which, on desiccation, set to a slowly 
crystallising glass. On crystallisation from carbon tetrachloride- 
ligroin, this yielded pearly leaflets, m. p. 174-175", which gave the 
reactions of a hydrochloride and contained solvent of crystdlisation. 
On hating at 100" a loss in weight amounting to 38% (theory for 
1 mol. of CCl,, 43%) occurred, and the product then had m. p. 189- 
190" (Found : C, 53.5; H, 8.2. CSH,,O,NCl requires C ,  62.5; 
H, 8.2%). This is apparently the hydrochloride of the a-oxime, since 
its solution in water is acid, contains chloride ions, and on basification 
yields the a-oxime. This was obtained by extraction with ether 
after addition of sodium cmbonate, and dehydration in ethereal 
solution with anhydrous potassium carbonate. The product was 
identified with the oxime, m. p. 96" (mixed m. p.), and then cryatd- 
lised from water, the monohydrate, m. p. 76-77", being obtained. 
The carbon tetrachloride-ligroin mother-liquors, on concentration, 
deposited crystals of the same oxime hydrate. In another exper- 
iment in which 6 g. of the hydroxy-ketone were condensed with 
hydroxylamine acetqts, precipitation 03 the sodium salt of the 
oxime did not owur, and the whole yield of oxime was isolated by 
way of $he hydrochloride in the manner indicated by the prelim- 

C,,H2,0N requires C, 72-1 ; H, 11.4y0). 



RING-CHAIN VALENCY TAUTOMERISM, ETC. PART I. 395 

investigation described. The benzoyl derivative of the oxime 
crystallised from dilute alcohol in colourless needles, m. p. 134-135" 
(Found : C, 70.0 ; H, 7.4. C,,H,,O,N requires C, 70.3 ; H, 7.0%). 

When the or-oxime is treated with dry hydrogen chloride in cold 
ethereal solution, a new hydrochloride, m. p. 69-70", is precipitated. 
On basification of its solution with sodium carbonate the hydrate of 
the or-oxime is precipitated, and the mother-liquors on concentration 
yield further crops of the same substance. However, on desiccation 
in a vacuum over potassium hydroxide the p-hydrochloride loses 
hydrogen chloride and gives the p-oxime, m. p. 114-115", which 
on crystallisation from chloroform-ligroin forms rhombic prisms, 
m. p. 115" (Found: C, 64.1; H, 9.1. C,H1,O,N requires C 63-9; 
H, 8.9%). On two occasions the p-oxime was obtained directly 
from the hydroxy-ketone and hydroxylamine, but we have not 
determined the exact conditions in which it is produced in place 
of the a-oxime. The second of these experiments was conducted as 
follows. A solution of the hydroxy-ketone (1 mol.), hydroxylamine 
hydrochloride (1 mol.), and sodium acetate (excess) in aqueous 
methyl alcohol was warmed at 40" for a short time and kept over- 
night. The solution was then made strongly acid with 15% hydro- 
chloric acid, extracted with ether to  remove the unchanged ketone, 
carefully neutralised with sodium hydrogen carbonate, made 
alkaline with sodium carbonate (1 mol.), and immediately extracted 
with ether. The residue from the ether was an oil, which solidified 
on rubbing, and after being washed with ligroin and crystallised, 
was identified as the p-oxime, m. p. 115". 

On boiling with water the p-oxime is converted into the hydrate 
of the a-oxime. A mixture of the a- and p-oximes melted at about 
60". Both oximes reduce Fehling's solution, but the a-oxime forms 
no colour with ferric chloride, whereas the p-oxime gives a red- 
purple colour. 

When the p-hydrochloride was treated with hydrogen chloride 
in boiling ethereal solution, a red oil was obtained which subse- 
quently solidified. The drained crystals were crystallised first from 
carbon tetrachloride-ligroin, and then from water (charcoal) which 
removed the red colour and yielded needles, m. p. 113" (a mixture 
with the 8-oxime melted below 80") (Pound : C, 63.7 ; H, 8.9. 
C,H1,O,N requires C, 63.9; H, 8.9%). The substance is not 
soluble in cold aqueous sodium carbonate, but in 10% potassium 
hydroxide it forms a pale yellow solution which, on acidification, 
becomes colourless. On account of its non-identity with a@@-tetra- 
methylglutarimide, we provisionally assign to this substance the 
formula of the lactarn of b-amino- a- keto- pyy-tetramethylvaleric 
acid, 
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ctaBp-Tetramethylglutaric anhydride, which was prepzred from the 
acid and acetic anhydride in the usual way, has m. p. 184". On 
heating in a stream of dry gaseous ammonia, it is converted into the 
imide, which after sublimation has in. p. 200-202" (Found: N, 
8.8. CgHI5O2N requires N, 8*3:/,). The imide gives no colour 
with ferric chloride. 

The hydroxy-ketone, or its ct-monoxime, m. p. 96", was heated 
€or 2 hours on the steam-bath in ethyl-alcoholic solution with an 
excess of hydroxylarnine hydrochloride, and anhydrous sodium 
acetate. The solution was filtered while hot, and mixed with ice- 
cold water, and the precipitated dioxime of 3 : 3 : 4 : 4-tetramethyl- 
cyclopentane- 1 : 2-dione purified by crystallisation from dilute 
alcohol. It forms rhombic prisms, m. p. 211" (decomp.) (Found : 
C, 58.8; H, 8.6. CgH160,N, requires C, 58.7; H, 843%). Its 
formulation as a 1 : 2-dioxime was confirmed by conversion into 
the furazan. For this purpose, the dioxime (0.5 g.) was heated 
with 3 C.C. of concentrated aqueous ammonia in a closed tube at 
160-170" for 5 hours. The furaxan, which crystallised on cooling, 
was dried and crystallised from a large volume of ligroin (b. p. 100- 
120"), from which it separated in flattened prisms, m. p. 209" (Found : 
C, 64.9; H, 8.8. CgHI,ON, requires C, 65.0; H, 8.5%). The 
furazan is insoluble in cold lOyo aqueous potassium hydroxide. 
The same dioxime and furazan can be prepared by starting with 
the a-oxime, m. p. 96", in place of the hydroxy-ketone. 

The hydroxy-ketone and o-phenylenediamine in equimolecular 
proportion were boiled in glacial acetic acid solution. The con- 
densation product, which separated, after cooling, on addition of 
water, crystallised from dilute alcohol in golden-yellow needles, 
m. p. 100" (Found : C, 7843; H, 8.1. C,,H,,N, requires C, 79.5; 
H, 8.0%). 

The semicarbaxone of the hydroxy-ketone was prepared by the 
usual method ; it crystallised from dilute alcohol in colourless 
plates, m. p. 211-213" (decomp.) (Found : C, 56.8; H, 8.4. 
C1,H1,02N, requires C, 56-9 ; H, 8.1y0). 

The anil of the hydroxy-ketone, which was obtained by heating 
the latter (0-5 g.) with aniline (0.3 g . )  at 100" for 1 hour, separated 
from ligroin in rhombic prisms, m. p. 104" (Found : C, 78.3 ; H, 8.4. 
C,,Hl,ON requires C, 78.6 ; H, 8.4%). The p-dimethylaminoanil, 
similarly prepared and purified, formed yellow needles, m. p. 90" 
(Found : C, 75.4; H, 8.8. C1,H,,ON, requires C, 75.0; H, 8.8yo). 
These anils do not react easily with hydroxylamine, but when heated 
for 30 hours in alr oholic solution with hydroxylamine hydrochloride 
(6 11101s.) and anhydrous sodium acetatle (excess), yield the dioxime, 
in. p. 211", and unidentified substances. 
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Reduction of the u-Oxime (m. p. 96") to 3 : 3 : 4 : 4-Tetramethyl- 
cyc1openfyZumine.-This was effected by the three methods men- 
tioned on p. 392, the oxime being acetylated before reduction by 
method 3. The identity of the base with that obtained from 
3 : 3 : 4 : 4-tetrarnethylcyclopentanone oxime (m. p. 107") was 
established by the following ccmparisons of m. p.'s and mixed 
m. p.'s :- 

Dichloro- Hydro- Acetyl 

From 96O-oxime ... 100-102" 254" 229" 306" 9.1" 
,, 107"-oxime ... 100-102 265 230 308 95 

Mixed m. p. ......... 100-102 254-255 22'3-230 306 94 

Reduction of the Acetyl Derivative of the Hydroxy-ketone.-A 
boiling solution of the acetyl derivative (7.5 g.) in glacial acetic 
acid (100 c.c.) was treated with 10 g. of zinc dust, which was added 
gradually during 6 hours. The cooled solution was filtered, the 
solid residue washed by decantation with fresh acetic acid, and the 
combined filtrates mixed with water and extracted with ether. The 
extract was washed with aqueous sodium carbonate solution, dried, 
and evaporated. The oily residue on fractional distillation yielded 
a small quantity of iinchnnged substance (b. p. 130"/15-16 mm.; 
1.2 g.) and a main fraction (3.4 g.), b. p. 127"/15--16 mm. This 
substance is shown in tEe sequel to  be 5-acetoxy-2 : 2 : 3 : 3-tetra- 
methylcyclopentanone (Found : C, 66.2 ; H, 9.3. Cl1H1,0, requires 
C, 66.6; H, 9.2:h). On hydrolysis i t  gives a hydroxy-ketone, 
C,H,,O,, m. p. 140", which is being investigated. These substances 
are more conveniently prepared directly from the acetyl derivative 
(112. p. 74") of the bromohydroxy-compound by reduction under the 
conditions described above. 

2 : 2 : 3 : 3-Tetramethylcycl~pentanone.-A boiling glacial acet8ic 
acid solution of the acetoxytetramethylcyclopentanone was treated 
during 0.5 hour with 100 g. of 2.5% sodium amalgam. The cooled 
and diluted solution was extracted with ether, and the extract 
washed with dilute sodium carbonate solution, dried, and distilled 
(column). The oily residue, which had a strong odour resembling 
that of camphor, was distilled; 2 : 2 : 3 : 3-tetrumethylcyclopentunone 
was then obtained as a wax-like solid, b. p. lOO0/l6 mm., m. p. 119" 
(mixed m. p. with 3 : 3 : 4 : 4-tetramethylcyclopentanone, lOS"), 
together with a less volatile fraction, b. p. 127"/16 mm., consisting 
of the unaltered acetoxy-ketone. The 2 : 2 : 3 : 3-tetramethyl- 
cyclopentanone obtained by this method is liable to be contaminated 
with traces of the 3 : 3 : 4 : 4-isomeride7 which may be removed 
by talking advantage of the fact that  i t  combines with semicarbazide 
much more rapidly than the 2 : 2 : 3 : 3-compound. For this 
purpose the crude ketone is treated with aqueoiis-alcoholic serni- 

Base. Picrate. aurate. chloride. derivative. 
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carbazide acetate at  18" for 30 minutes, and any precipitate which 
is formed is removed by filtration. From this the ssmicarbazide 
of the 3 : 3 : 4 : 4-ketone has been isolated by crystallisation. The 
2 : 2 : 3 : 3-ketone is recovered from the filtrate by largely diluting it 
and extracting it with ether, and is finally purified by distillation. 
For the preparation of 2 : 2 : 3 : 3-tetramethylcyclopentanone in 
quantity it is convenient to employ, in place of the saturated 
acetoxy-ketone, the mixture of reduction products obtained by the 
action of zinc and acetic acid on the bromoacetoxy-compound, the 
precaution being taken of removing any 3 : 3 : 4 : 4-ketone in the 
manner described. It is also possible to obtain the ketone directly 
from the bromoacetoxy-compound by reduction with glacial acetic 
acid and a larger proportion of sodium amalgam. 

The semicurbaxone separates in the course of 24 hours when the 
ketone is left in contact with aqueous-alcoholic semicarbazide 
acetate at the ordinary temperature. It crystallises from dilute 
alcohol in needles, m. p. 222" (decornp.) (mixed m. p. with the 
semicarbazone, m. p. 224", of 3 : 3 : 4 : 4-tetramethylcycbpentanone, 
200-205") (Pound : C, 60.9 ; H, 9.9. Cl,H190N, requires C, 60.9 ; 
H, 9.6%). 

The oxime was prepared by boiling an alcoholic solution of the 
ketone for 18 hours with a slight excess of hydroxylamine hydro- 
chloride and anhydrous sodium acetate. After dilution with water, 
the oxime was extracted with ether, and the extract washed with 
aqueous sodium carbonate, dried with calcium chloride, and con- 
centrated to a small bulk. Dry hydrogen chloride was then passed 
in, and the oxime hydrochloride, m. p. 125" (Found: C1, 18.6. 
C,H1,ON,HCl requires C1, 18.5%), collected and washed with ether. 
The free oxime, liberated by means of sodium carbonate and isolated 
by extraction with ether, had m. p. 101-102". It is extremely 
soluble in the usual organic solvents. 

2 : 2 : 3 : 3-TetrarnethyZcyclopentylarnine.-This was prepared from 
the oxime by reduction with sodium and alcohol as described on 
p. 392. The base is crystalline (needles) a t  the ordinary temperature, 
and is closely similar in odour and volatility to 3 : 3 : 4 : 4-tetra- 
methylcycZopentylamine ; but, apart from noting these points, we 
have not investigated the free amine owing to the rapidity with 
which it disappears. I ts  picrate separates from methyl alcohol- 
ligroin in yellow needles, m. p. 242-243" (decomp.). Found : C, 
48-9 ; H, 5.9. C,,H,,O,N, requires C, 48.6 ; H, 6.0%). It is closely 
similar in appearance to the picrate (m. p. 255") of the isomeric bme, 
but a mixture of the two melted at  235-236". The acetyl derivative, 
obtained from the picrate by boiling with acetic anhydride and 
sodium acetate, separated from ligroin in prisms, m. p. 115" (Found : 
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C, 71.9; H, 11.4. C,,H,lON requires C, 72.1; H, 11.4%). A 
mixture with the acetyl derivative of the isomeric base had m. p. 

Reduction of the Oxime of 5-Acetozy-2 : 2 : 3 : 3-tetramethylcyclo- 
pentunone.-The oxime was prepared in the usual way, but it could 
not be crystallised and therefore was reduced, without purification, 
by means of sodium and alcohol. The product was identified as 
2 : 2 : 3 : 3-tetramethylcycZopentylamine. 

Action of Hydroxylumine on the Benwyl Derivative of the Hydroxy- 
ketone.-( 1) The benzoyloxy-compound was dissolved in a cold 
ethyl-alcoholic solution of hydroxylamine hydrochloride (1 mol. ) 
containing dry sodium hydrogen carbonate (1 mol.) in suspension. 
After being kept at the ordinary temperature for 18 hours, the 
product was poured into water and extracted with ether, and the 
extract was washed with dilute sodium carbonate solution, dried, 
and evaporated. The oxime thus obtained in excellent yield 
separated from hot water or from chloroform-ligroin in well- 
developed prisms, m. p. 115" (Found : 0, 63.8; H, 8.8. C9H,,0,N 
requires C, 63.9; H, 8.9%). The sodium carbonate solution on 
acidification yielded benzoic acid. The new oxime, which may be 
distinguished by the prefix y-, gives it pale red-brown colour with 
ferric chloride. It is soluble in sodium hydroxide and concentrated 
hydrochloric acid, and can be recovered from each solution un- 
changed, in the former case by neutralisation, and in the latter 
by dilution. A mixture with the p-oxime (m. p. 115O), described 
on p. 395, melted at about loo", and a mixture with the isomeric 
lactam (m. p. 113") (p. 395) melted at 85". The =me oxime was 
obtained by various modifications of the method desoribed above, as, 
for instrance, heating an alcoholic solution of the hydroxy-kebne 
with anhydrous sodium acetate (excess) and hydroxylamine hydro- 
chloride (1 mol.) for 3 hours on the steam-bath. On boiling with 
dilute hydrochloric acid, the oxime is hydrolysed to the original 
hydroxy-ketone, which may crystallise from the solution on cooling 
or can be extracted with ether. When, however, hot concentrated 
hydrochloric acid is used in attempted hydrolysis, deep-seated 
changes take place and an intractable oil is produced. 

(2) An alcoholic solution of the benzoyloxy-compound (2.5 g.) was 
boiled for 2 hours with hydroxylamine hydrochloride (3.5 g.) and 
rtnhydrous sodium acetate (4.0 g.). On working up the product, 
M in the preceding experiment, the dioxime, m. p. 211" (decomp.), 
was obtained together with benzoic acid. The same dioxime is 
obtained when the monoxime is further oximated under the same 
conditions. 

Re-arrangemnt of the y-Oxim.-The monogime was heated in 

83-85". 
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a closed tube a t  100" for 30 minutes with a chloroform solution of 
nitrosyl chloride. On evaporation an oil remained which soon 
became semi-solid. The crystals were drained, washed with ligroin 
and with xylene, and crystallised from carbon tetrachloride-ligroin, 
from which colourless octahedra separated, m. p. 200" (Found: 
C, 63.5; H, 8.5. C,H,,O,N requires C, 63-9; H, 8.9%). The 
substance is soluble in cold 10% potassium hydroxide solution, 
and gives a faint red colour with ferric chloride. It is provisionally 
regarded as the lactam of 8-amino-a-keto-yy-dimethylisoheptoic acid. 

Reduction of the y-0xime.-The oxime was reduced with excess of 
sodium in boiling alcohol, as described on p. 392, and the base 
isolated and converted into its picrate. The latter was much more 
soluble in alcohol than the picrates of the tetramethylcycbpentyl- 
amines, and was therefore precipitated from ethereal solution. In 
the crude state it had m. p. 220-221", and separated from alcohol- 
ligroin in yellow needles, m. p. 221' (Found : C, 46-8, 46.9; H, 5-7, 
5.8 ; N, 14.9. C,,H,,O,N, requires C, 46.6; H, 5.7 ; N, 14.5%). 
The substance thus appears to  be the picrate of 5-hydroxy-2 : 2 : 3 : 3- 
tetramethylcyclopent ylamine. 

Action of Amyl Nitrite and Sodium Hethoxide on 3 : 3 : 4 : 4- 
Tetramethylcyc1openhnone.-Unless special precautions are taken, 
the sole product obtained from the reaction indicated is the aa'- 
dioximino-compound described on p. 391. By carefully regulating 
the conditions, however, we have obtained, although in very small 
yield, a mono-oximino-derivative which appears to  be identical 
with the y-oxime obtained from the benzoyloxy-compound (above). 
The ketone (6 g . )  and isoamyl nitrite (5 g.) were mixed at 0" with a 
solution of sodium methoxide prepared from 0.12 g. of sodium and 
2 C.C. of methyl alcohol. The mixture was slowly warmed to  
35-38' and maintained a t  this temperature for 20-30 minutes. 
(The limiting conditions of success in this experiment are very 
narrow ; for example, in a similar experiment in which the mixture 
was kept a t  32" oximination did not take place, and another exper- 
iment at 40" yielded mainly the dioximino-derivative.) After 
addition of water, the mixture was shaken with 10% sodium 
hydroxide and ether, and the aqueous solution saturated with 
carbon dioxide and again extracted with ether. The second extract 
was washed once with sodium hydrogen carbonate solution, dried 
with sodium sulphate, and evaporated. The residue, after draining 
on porous porcelain, was washed with ligroin containing a little 
xylene to  remove coloured impurities, a.nd then extracted with hot 
ligroin, in which the dioximino-compound is only slightly soluble. 
The solution on cooling deposited colourless needles, m. p. about 
105" (Found : N, 8.5. C,H,,O,N requires N, 8.3%) ; these probably 
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contained traces of the dioximino-compound, which, with the small 
qua.ntities at our disposal, we have been unable to  eliminate. I n  
its general reactions, however, this oxime closely resembles the 
7-oxime described above : for instance, it gives a pale red-brown 
colour with ferric chloride, reduces Fehling's solution, and on 
hydrolysis by means of hydrochloric acid yields the hydroxy-ketone 
(m. p. 86"). Similar results have been obtained by using nitrosyl 
chloride in place of isoainyl nitrite and sodium methoxide, but 
here again we have been unsuccessful in establishing the conditions 
for a satisfactory preparation. On the two occasions in which the 
mono-oximino-compound was isolated, chloroform was employed 
as solvent, and in one case the temperature was 0", and in the other 
15". Upwards of a dozen similar experiments, with ether, ligroin, 
or chloroform as solvent, and at temperatures ranging from - 12" to 
-/- 15", yielded the dioximino-compound unaccompanied by any 
appreciable quantity of the mono-oximino-derivative. 

An isomeric oximino-compound was obtained under the following 
conditions. A solution of the ketone (0.6 g.) in methyl-alcoholic 
sodium methoxide (0.5 C.C. of a solution prepared from 0.12 g. of 
sodium and 4 C.C. of methyl alcohol) was kept at 60-65" while 
isoamyl nitrite (0.5 g.) was added very slowly through a capillary 
tube. The sodium salt which separated during tJhis treatment 
(0.15 g., m. p. 200") was drained from the adhering mother-liquor, 
washed with ether and ligroin, and decomposed in aqueous solution 
by means of carbon dioxide. The 6-oxime monohydrate precipitated 
was crystallised from water and obtained as clusters of colourless 
needles, m. p. 83" (Found : C, 57.7, 57.9; H, 8.7, 8.9. C,HI,O,N 
requires C, 57.8 ; H, 9.1%). On keeping it in a vacuum at 100" over 
phosphorus pentoxide, the anhydrous 6-oxime is obtained as a white 
powder, m. p. 170-172", which, on crystallisation from carbon 
tetrachloride-ligroin, gives colourless needles, m. p. 172" (Found : 
N, 8.3. C,H,,O,N requires N, 8.3%), and on crystallisation from 
water passes back into the monohydrate, m. p. 83". This oxime 
gives a strong red colour with ferric chloride, a blue-green precipitate 
with cupric acetate, and reduces Fehling's solution. An attempt 
to hydrolyse the compound by boiling with concentrated hydro- 
chloric acid and formaldehyde led t o  the production of aaPP-tetra- 
methylglutaric acid (m. p. 144" ; mixed m. p., the same). This may 
be explained on the assumption that  a Beckmann change first 
takes place, producing tetramethylglutarimide, which is then 
hydrolysed ; the explanation would accord with the supposition 
that the y -  and 8-oximes are stereoisorneric, since the y-oxime on 
re-arrangement yields an isomeride of the glutarimide. 

Reduction of the Methyl Derivative of the Hydroxy- ketone .--The 
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reduction product, 6-methoq-2 : 2 : 3 : 3-tetramethylcyclopentanone, 
is obtained as a by-product in the preparation of 5-methoxy- 
2 : 2 : 3 : 3-tetramethyl-A5-cyclopenten-4-one by reduction of its 
bromo-derivative with zinc dust and boiling glacial acetic acid, 
and it can be separated from the accompanying unsaturated ketone 
by fractional distillation. The unsaturated ketone can be reduced 
to  the dihydro-derivative by the same method, but it is d a c u l t  to 
induce the reaction to proceed to completion, and hence fractional 
distillation is again necessary. The following method gives satis- 
factory results. The methoxytetramethylcyclopentanone is treated 
with 15 times its weight of 2.5% sodium amalgam in boiling glacial 
acetic acid, and the product is extracted with ether after being 
poured into water. The extract is washed with sodium carbonate 
solution and dried and the residue obtained on evaporation is 
distilled. The saturated methoxy-ketone is a colourless oil, b. p. 
88-90"/10 mm., ng' 1.4580; b. p. 90"/11 mm. ; b. p. 90-9Z0/13- 
14 mm., nz' 1-4574 (three different preparations) (Found : C, 70.2; 
H, 10.4; OMe, 18.0. Cl,,H1802 requires C, 70.6; H, 10.6%. 
C,H,,O*OMe requires OMe, 18.2~0) .  The oxime is an oil which 
could not be crystallised, and it was not found possible to  prepare a 
solid semicarbazone or phenylhydrazone. 

the 
saturated methoxy-ketone shows little tendency to undergo further 
reduction to a tetramethylcydopentanone on treatment with zinc 
or sodium amalgam in acetic acid solution, although we have 
observed the characteristic camphor-like odour in some experiments. 

When the methyl derivative of the hydroxy-ketone is reduced 
by bohng with concentrated hydriodic acid, 3 : 3 : 4 : 4-tetra- 
methylcyclopentanone is formed, which was identified directly 
and through its semicarbazone. Since methyl iodide is also pro- 
duced, we assume that demefhylation with the formation of the 
tautomeric hydroxy-ketone constitutes the first stage in the 
reaction. 

Reduction of 5-Nethoxy-2 : 2 : 3 : 3-tetramethyl-A4-~yclopentenone 
0zime.-The oxime (p. 390) was reduced with 5 times its weight 
of sodium in boiling ethyl alcohol, and after acidification with dilute 
acetic acid and extraction with ether, the free base was liberated 
by addition of alkali and extracted. The product was similar in 
all respects to  2 : 2 : 3 : 3-tetramethylcyclopentylamine and was 
identified by the analysis and properties of the piorate and acetyl 
derivative and by mixed m. p. determinations with authentic 
specimens. 

Reduction of 5-Methoxy-2 : 2 : 3 : 3-tetramethylcyclopentQnone 
0sime.-The oxime (above) prepared from the methoxy-ketone 

Unlike 5 - acetoxy-2 : 2 : 3 : 3 - tetramethylcycbpentanone, 
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(1.7 g.), hydroxylamine hydrochloride (1 -4 g.), and anhydrous 
sodium acetate (1.65 g.) by boiling in alcoholic solution for 2 hours, 
was reduced with sodium (4 g.) in boiling ethyl alcohol. The 
product, 2 : 2 : 3 : 3-tetra1nethylcycbpentylamhe, was isolated and 
identified as in the preceding experiment. 

Action of Nydroxyhmine on the p-Bromobenxyl Derivative of 
the Hydroxy-ketone.-The p-bromobenzyloxy-compound (0-8 g.), 
hydroxylamine hydrochloride (0.4 g.), and anhydrous sodium 
acetate (0.8 g.) were heated for 2 hours in absolute alcohol on the 
steam-bath. The solid precipitated from the filtered solution by 
addition of ice-water was collected, dried, dissolved in ether, and 
treated with hydrogen chloride. The oxime hydrochloride, M. p. 
133" (decomp.) (Found, by estimation of hydrochloric acid in the 
aqueous solution : C1, 9.3. C,GH2,02NBr,HCl requires C1, 9*50/,), 
which rapidly crystallised, was collected, washed with ether, and 
dried in a vacuum (yield, #-50%). The ethereal filtrate, on 
evaporation, gave a rapidly solidifying oil consisting of the unaltered 
p-bromobenzyloxy-ketone. The hydrochloride was basified with 
warm aqueous-alcoholic sodium carbonate, and when solution was 
complete the liquid was diluted with water and cooled to 0". The 
oxime which separated (m. p. 170-172") crystallised from dilute 
alcohol in colourless needles, m. p. 175" (Found : C, 57.3 ; H, 6.2 ; 
N, 4.0, 3.9. It 
reduces Fehling's solution. 

Reduction of the Oxime and its Acetyl Derivative.-We were unable 
to obtain satisfactory results on reducing the fwe oxime either by 
sodium wire and boiling alcohol or by sodium amalgam in boiling 
acetic acid. In each case very small amounts of basic material 
were isolated which gave an impure picrate, m. p. about 202-203", 
and the reduction appeared to yield mainly non-basic substances 
which have not been identified. 

The oxime (1.6 g.) was therefore converted into its acetyl derivative 
by treatment with pure acetyl chloride (0.5 c.c.) in dry pyridine 
solution. The mixture was heated for a short time to complete 
the reaction, and then poured into water and extracted with ether. 
The extract was washed successively with water, dilute hydro- 
chloric acid, dilute potassium hydroxide solution, and water, dried 
and evaporated. The residual oil solidified on being rubbed with 
ligroin; the product then crystallised from dilute alcohol as thin 
prismB, m. p. 84" (yield, 1.3 g.) (Found : C, 56-6; H, 6.1. 
Cl8H,,O3NBr requires C, 56.8; H, 5.8%). This substance on 
reduction with sodium and boiling alcohol yielded a considerable 
amount of a non-basic produot, which in the crude state had an 
d o u r  of toluene, and on draining and cryatallising from chloroform 

C,,H2002NBr requires C, 56.5; H, 6.2; N, 4.1%). 
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yielded colourless needles, which melted at 161-162" and decom- 
posed a few degrees higher. This substance seemed pure, but on 
analysis gave figures (C, 69.7, 69.5 ; H, 5.0, 4.7 ; N, 6.45, 6 6 % )  to 
which we can assign no simple formula. It gives no colour with 
ferric chloride, is insoluble in water and dilute acids and alkalis, and 
does not reduce Fehling's solution. Accompanying it in the crude 
neutral product is an oil which gives a deep crimson colour with 
ferric chloride. Besides these non-basic substances, an oily base 
was isolated, which yielded a picrate, m. p. 213" (decomp.) without 
purification, m. p. 215" (decomp.) after crystallisation from methyl 
alcohol-ether (Found : C, 46.9, 47-0; H, 5.9, 5.8; N, 14-6, 14.8. 
C,,H,,O,N, requires C, 46.6; H, 5-7 ; N, 14.5%). The compound 
thus appears to be the picrate Gf  2-hydroxy-3 : 3 : 4 : 4-tetramethyl- 
eyclopentyhmine. A mixture with the isomeric picrate (p. 400) 
melted at about 195". 

Beduction of the p-Bromobenxyl Derivative of the Hydroxy4etone.- 
On treatment with sodium amalgam in glacial acetic acid, under 
conditions in which the corresponding methyl compound is con- 
verted into its dihydro-derivative, no reduction occurs, the original 
substance being recovered unaltered (m. p. 85". Found : C, 59.1 ; 
H, 5.8%). On reduction by means of boiling concentrated hydriodic 
acid 3 : 3 : 4 : 4-tetramethylcyclopentanone is formed (identified 
directly and through the semicarbazone), together with p-bromo- 
benzyl iodide. We suppose that dealkylation constitutes the f i s t  
stage of this reaction. 

Examination of the Oily By-product obtuined in the Alkyhtion of 
the Bromohydroxy-compound with p-Brmobenxyl Bromide.-This 
was reduced under the conditions used for the reduction of the 
crystalline bromo-p-bromobenzyl compound (p. 390), and the 
product, an oil, was converted into its oxime, also an oil which could 
not be purified. On reduction by means of sodium and boiling 
alcohol, this was moderately smoothly converted into 2 : 2 : 3 : 3- 
tetramethylcycEopentylamine, which was identified in the manner 
already described. 

Action of Uxidising Agents on the Brmohydroxy-compound .- 
(1)  Xodium chlorate. A solution of the bromohydroxy-compound 
(5 g . ) ,  sodium chlorate (13.0 g.), and osmium tetroxide (0.3 g.) 
in 150 C.C. of water containing a small excess of sodium hydroxide 
was kept a t  40" in a thermogtat for 72 hours ; a considerable amount 
of chloride had then been formed. The solution was evaporated 
to a small bulk, cooled, filtered from the excess of sodium chlorate, 
acidified, and repeatedly extracted with ether. The residue, which 
readily solidified, was found to be separable by a prolonged series 
of fractional crystallisations from chloroform-ligroin into the lactonic 
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acid of yy-dihydroxy-aaFP-tetramethylglutaric acid and the lactonic 
acid of y-hydroxy-aapp-tetramethylglutaric acid. A more rapid 
method of proving the presence of these two substances is the 
following. The mixed acids were boiled for 1 hour with excess of 
acetic anhydride and the product was distilled under reduced 
pressure. After the exccss of acetic anhydride had passed over, a 
small fraction was obtaincd, b. p. 150-200"/15 inn?., and then tho 
main bulk distilled at 220-245"/15 mm. The small fraction 
solidified, and after cryatallisation was identified 3s the lactonic 
acid of the y-hydroxy-yacetoxy-xa~~-tetramel,hylglutsric acid, 
m. p. 148", described by Rothstein and Shoppee (loc. cit.). The main 
fraction, which also solidified, crystallised from benzene-ligroin in 
prisms, m. p. 177--178" (Found- : C, 61.0; H, 7 - 7 .  C1,H,,O, 
requires C, 61.0; H, 7.4yh). The compound is therefore the 

dilactone anhydride, I >O O< I . On hydrolysib 

it yields the lactonic acid, 121. p. 68", of y-hydroxy-orcrp~-tetramethyl- 
glutaric acid. 

(2) Potassium pernzanganate. The bromohydroxy-canpound 
(2.2 g.) was freated with potassium permanganate (1.0 g.) ir, acetone 
solution at 0" in the presence of excess of carbon dioxide. After 
evaporation with water, filtration, and acidification, the acid 
product was extracted with ether and identified as the lactonic 
acid of aa-dihydroxy-Eapp-tetramethylglntaric acid (compare 
Francis and Willson, Zoc. cit.). 

(3) Potassium ferricymzide. The bromohydroxy-compound (2-0 
g.) was kept at 80" for 96 hours in an aqueous solution contalnirig 
18 g. of potassium ferricyanide and 4 g. of potassium carbonate. 
The product extracted with ether after acidification was the same 
lactonic acid. 

(4) C'hromium trioxide. Experiments were carried out with 
quantities of chromium trioxide correspoading with 1, 3, and G 
atoms of available oxygen, in glacial acetic acid solution. In each 
( w e ,  tetramethylsuccinic acid was obtained and no earlier product 
of oxidation could be recognised. The acid was isolated by distill- 
ation in steam, during which it probably passed over as its anhydride, 
tvhich became rehydrated in the receiver. It was extracted from 
the distillate with ether, and crystallised from chloroform-ligroiii 
containing only a very little alcohol (rn. p. 190"). 

The bromohydroxy-compound. (2.4 g.) 
was dissolved in acetone and oxidised at the ordinary temFerature 
with 6 C.C. of 6% aqueous hydrogen peroxide containing a little 
potassium carbonate. Acidification and extraction with ether 

CNe,*CH-CO G*CQ-CIEII*CB~e, 

CNe ,*CO CO CMe 

(5 )  Hydrogen peroxide. 
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yielded only the lactonic acid of the aa-dihydroxytetramethylglutaric 
acid. 

Action of Oxidising Agents on  the Bromomethoxy-compound.-(1) 
Ozone. The methoxy-derivative (4.0 g.) was treated in chloroform 
solution with a stream of ozonised oxygen for 72 hours. Bromine 
was evolved, which the excess of oxygen carried over into a trap 
containing cooled chloroform, in which the bromine dissolved and 
was identified. The oily ozonides obtained after evaporation of 
the solvent in a vacuum were decomposed by shaking in ethereal 
solution (100 c.c.) with acetic acid (10 c.c.) and zinc dust (5 g.). The 
diluted and filtered solution was extracted with ether, and separated 
into neutral and acid fractions by means of aqueous sodium carbonate. 
The neutral portion on distillation yielded a fraction (1.5 g . ) ,  b. p. 
155-165"/13 mm., which was shown by analysis and hydrolysis 
to consist essentially of the Zactone of methyl hydrogen yy-dihydroxy- 
aapp-tetramet7~yZgZutaric acid (Found : C,  56.3 ; H, 7.3. C,,H,,O, 
requires C, 55.6 ; H, 7-5%), although it was probably impure, since 
we could not crystallise it. A fraction, b. p. 165-210"/13 mm., 
was also obtained, but its nature was not ascertained. The acid 
fraction yielded a small quantity of an oil which after some days 
partly solidified. The crystalline portion was identified by direct 
comparison and a mixed m. p. determination with the substance 
(m. p. 103") described by Rothstein and Shoppee (Zoc. cit.) as 
dimethyl y-keto-aaPP-tetramethylglutarate (Found : C, 57.3 ; H, 
8.1. It is probably identical with the 
product, m. p. 93-97', obtained by Francis and Willson (Zoc. cit.) 
by the action of diazomethane on the lactonic acid of yy-dihydroxy- 
~~PP- te t r a~mcth~I~ lu ta r i c  acid. I ts  formation in the reactions 
now described is very remarkable and suggests the implication of 
two molecules of the bromomethoxy-compound. I ts  appearance 
in the acid fraction may be explained by the supposition that its 
constitution is really that of the lactone of methyl hydrogen 
y-hydroxy-y-methoxy-ccccpp-tetramethylglutarate, which would be 
soluble in alkali with ring fission, and, assuming its identity with 
Francis and Willson's methylation product, this structure corre- 
sponds with their method of preparation. It is readily soluble in 
cold 10% potassium hydroxide solution. 

A solution of the bromomethoxy- 
compound (1.0 g.) in aqueous acetone containing sodium hydrogen 
carbonate was oxidised with potassium permangmate (0.38 g . ,  
= 1 atom of available oxygen), which was added gradually with 
stirring. The product, when worked up for organic acids in the 
usual way, yielded the lactonic acid of the dihydroxytetramethyl- 
glutaric acid. 

Calc. : C, 57.4; H, 7.976). 

(2) Potassium permangunate. 
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Oxonolysis of the Brow-p-benzyloxy-compound.-A solution of 
this substance (6.0 g.) in glacial acetic acid was treated with ozonised 
oxygen for several days. Bromine was liberated, and that carried 
over by the oxygen was caught in cooled chloroform and identified. 
The ozonides were decomposed by boiling with water, and t,he 
products were separated into a neutral and an acid fraction by 
means of ether and sodium carbonate, The neutral product was a 
yellow oil which, on treatment with semicarbazide acetate in aqueous 
alcohol, gave an immediate precipitate of p-bromobe~zxa~ehyde- 
senzicuybazone, which separated from alcohol in pearly plates, 121. p. 
232" (Found : C, 39.4; H, 3.3. C,H80N,Br requires C, 39.7 ; H, 
3.3%). The aqueous-alcoholic filtrate on dilution with water gave 
a small precipitate consisting of the unchanged bromo-p- benzyloxy- 
compound. The acid product contained two substances differing 
in solubility in water. The sparingly soluble compound was 
identified as p-bromobenzoic acid (leaflets from alcohol, m. p. 250"). 
A small amount of the same substance was collected from the 
chloroform solution of the ozonides. The soluble acid was obtained 
as an oil which became largely solid. The drained solid. on crystalliu- 
at'ion from chloroform-ligroin had m. p. 180-1S5" (decornp.), and 
was identified as tetramethylsuccinic acid by direct comparison with 
a specimen of this substance. 

Action of Oxidising Agents on the Bromoacetoxy- compound .-- 
(1) Ozone. The bromoacetoxy-compound (3.0 g.) was treated with 
ozonised oxygen in glacial acetic acid solution until no further 
absorption of ozone occurred. A yellow colour, which was not due 
to the liberation of bromine, was produced and disappeared on 
reduction of the ozonides with zinc dust after addition of ether. 
In  another experiment the bromoacetoxy-compound was treated 
with ozone in chloroform solution, and here also no liberation of 
bromine took place. I n  this case, the ozonides were decomposed by 
boiling with water. Both experiments yielded tetramethyl- 
succinic acid (m. p. 190". Found : C, 55.1; H, 8.4. Calc. : 
c, 55.1 ; El[, 8*1%), and an acid gum the nature of which was not 
determined. 

This experiment was carried out 
in the same way as the corresponding experiment with the bromo- 
methoxy-compound. It yielded the same lactonic acid, which was 
obtained by crystallising the crude acid product from ethyl acetate- 
ligroin . 

Oxidation of the Bydroxy- ketone.-Oxidation was effected by 
excess of 6% hydrogen peroxide in the presence of sodium carbonate 
at the ordinary temperature. The solution was extracted with 
ether, acidified, and again extracted. The residue from the second 

(2) Potassium permngamte. 
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extraction yielded ~apf~tetramethy1glutaric acid, which was 
crystallised from et'hyl acetate-ligroin (leaflets, m. p. 144". Found : 
M ,  190; C, 57-2; H, 8.4. 

Oxidation o j  2 : 2 : 3 : 3-Tetrarnethylcyclopentunone.-Oxidation 
is not easily effected by means of cold neutral potassium perman- 
gaazate in acetone, although aapp-tetramethylglutaric acid can be 
obtained in this way in small yield. More satisfactory results were 
obtained by boiling the ketone under reflux with nitric acid (d 1.20) 
until oxides of nitrogen ceased to be evolved, the ketone which 
collected in the condenser being returned to the liquid from time to  
time. The nitric acid solution was extracted with a large volume 
of ether, a'nd the extract was washed six times with small amounts 
of water, dried, and evaporated. The solid residue, after being 
washed with benzene and crystallised from ethyl acetate-ligroin, 
was identified as aapp-tetramethylglutaric acid (m. p. 144") by 
direct comparison and mixed m. p. determination. A further 
small quantity was obtained by evaporation of the aqueous 
washings. 

Brmination of the Hydroxy-ketone.-( 1) I n  chloroform. The 
hydrosy-ketone readily absorbs 2 atcms of bromine in cold chloro- 
form, but an excess over this quantity is not decolorised. On 
removing the ch1oroform, hydrogen bromide and excess of bromine, 
the bromohydroxy-compound is obtained in an almost pure state 
(m. p. 115-116" ; after purification, m. p. 116"). 

In  this solvent 4 atoms of bromine are 
rapidly absorbed and the product is the orange dibromo-diketone 
(M. p. 182") described by Francis and Willson. 

Dichlorophorone (1 : 4 - Dichloro - 2 : 2 : 3 : 3 - tetramethyl - [0,1,2] - 
dicyclopentanone) .-Phorone tetrachloride (m. p. 59") and dichloro- 
phorone (b. p. 115-117"/18 inn ,  niy 1-5074, dii" 1-1661 ; compare 
Hellthaler, Annalen, 1919, 406, 150) were obtained by methods 
similar to those used for the preparation of the bromine analogues, 

1-Chloro-2 : 2 : 3 : 3 - tetramethyl - [0,1,2] - dicyclopentan - 4 - 01 - 5 - one 
(1-Chloro-2 : 2 : 3 : 3-tetramethyl - A5 - cyclopenten - 5 - 01 - 4 - one).-This 
was prepared by hydrolysis of dichlorophorone, following Francis 
and Willson's rnethod €or the corresponding bromine derivatives, 
and crystallised from dilute alcohol, from which it separated in well- 
formed, colourlesa needles, m. p. 116" (Pound : C, 57.2; €€, 6-9. 
C,H,,O,Cl requires C, 57.2; H, 6.9%). 

The ncetyl derivative, prepared in the same way as its bromo- 
analogue, separates from dilute alcohol in prisms, m. p. 47" (Found : 
C, 57.3 ; H, 6.5. 

1 : 1-Dichloro-2 : 2 : 3 : 3-tetrctrnethylcyclopentanedione.-This sub- 
stance was prepared from the chlorohydroxy-compound by treat- 

Calc. : M ,  158; C, 57.4; H, 8.5%). 

(2) I n  glacial acetic acid. 

Cl,H150,Cl requires C, 57.2 ; H, 6.5%). 
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ment with excess of chlorine in cold glacial acetic acid solution. 
It separates from alcohol in orange, foliated masses, m. p. 187" 
(Found : C, 48.6 ; H, 5-5. 

On boiling in aqueous-alcoholic solution with addition of carbamide 
to destroy the hypochlorous acid, the chlorohydroxy-compound is 
formed. 

1-Chloro-l-bromo-2 ; 2 : 3 : 3-tetramethylcyclopentanedione was prc- 
pared by the action of bromine in acetic acid solution on the chloro- 
hydroxy-compound, and crystallised from alcohol in orange, foliated 
masses, m. p. 178" (Found : C, 40.9 ; IT, 4.8. C,M1,@,CIBr requires 
C, 40.4 ; H, 4.5%). The same substance is formed when the bromo- 
hydroxy-compound is treated with chlorine in acetic acid, but in this 
case an unidentified colourless by-product, m. p. 197", is also formed 
in small amount. 

Reduction with boiling aqueous-alcoholic carbamide yields the 
chlorohydroxy-compound exclusively. Since the bromo- and 
c hlorohydroxy-compounds melt at the same temperature ant1 gii P 

somewhat small ni. p. depressions in admixture, t,he reduction 
product was converted into its acetyl derivative (bromo-, m. p. 74" ; 
chloro-, m. p. 47") which was crystallised in fract'ions from diluttl 
alcohol, in which the bromoacetoxy-compound is less soluble than 
its chloro-analogue ; all the fractions had m. p. 47". 

1 : 1-Ditromo-2 : 2 : 3 : 3-tttramethylcyclopentanedione.--This sub- 
stance (herring-hone-like clusters of orange rhomboids, m. p. 182". 
Found : C, 34-6; H, 3.9. Calc. : C, 34.7 ; H, 3-8%), which Francis 
and W-illson found t o  be reduced incompletely by boiling with water 
or alcohol, is, like its analogues, quantitatively converted into 
the halogenohydroxy-compoixnd by boiling with aqueous-alcoholic 
carbamide. 

C,H,,Q,CI, requires C, 48.4 ; H, 5.4%). 

This paper is published mainly in order to place on record the 
observations which have accumulated during the four years in 
which the work has been in progress; but it is realised that, in 
constitutional problems of this character, conclusions must neces- 
sarily be regarded as provisional, and accordingly further experiments 
on a-ketols a,nd dialkylideneketones are in progress, which ma,y 
help to resolve some of the issues raised. We would mention that 
the method of correlating the tautomeric substances, through their 
oximes or derivatives of their oximes, wit,h the saturated cyclic 
amines, which has yielded illuminat,ing results, was originally 
suggested to us by Mi .  W. A. Wightman, and that on many occasions 
Dr. F. R. Goss has placed his t,ime and great skill in micro-analytical 
technique at our service. Generous. assistance in defraying the 
heavy cost of the investigation has been given by the Royal Society 
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and the Commissioners of the 1851 Exhibition, to whom our thanks 
are due. At one stage the continuity of the work was maintained 
by means of a valuable gift of the bromohydroxy-compound from 
Professor Francis. 
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